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ABSTRACT
Described are 4501 projects in progress during 1968

under the general headings: Nature of Water; Water Cycle; Water
Supply Augmentation and Conservation; Water Quality Management and
Control; Water Quality Management and Protection; Water Resources
Planning; Resource Data; Engineering Works; and Manpower, Grants and
Facilities. Each description outlines the objectives of the project
and the procedures being used. The name of the principal investigator
and the address of the institution are given, and supporting agencies
are identified. There is a subject index, a principal investigator
index, a contractor index, and a supporting agency index. (EB)
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INTRODUCTION

This Volume 4 of the Water Resources Research Catalog is published pursuant to the
Water Research Act of 1964 (78 Stat. 329 as amended by 80 Stat. 129), whose purposes
(as stated in the preamble) are: "In order to assist in assuring the Nation at all times of a supply
of water sufficient in quantity and quality to meet the requirements of its expanding population,
it is the purpose of the Congress, by this Act, to stimulate, sponsor, provide for, and supplement
present programs for the conduct of research, investigations, experiments, and the training of
scientists in the field of water and resources which affect water."

The Catalog series, initiated in February, 1965, with Volume 1, Part 1, presents annually
summary descriptions of current research on water resources problems. Such information is
needed by the Office of Water Resources Research as one of the tools for administration of
the program C research support in accordance with the statutory requirement to avoid undesir-
able duplication of effort. The Catalog also makes readily available to all who are engaged in
water-related research, or otherwise concerned with water resources problems, information
on what is being done, by whom, and where. Three years of experience demonstrates that
availability of this information is valuable to research program administrators, research scientists
and engineers, and the users of research results.

Continuing enlargement of research activities, responsive to the magnitude and urgency
of water resources problems, makes all the more necessary availability of information on current
activities. Volume 4 of the Catalog is one means of providing that,

Appreciation for continuing effective cooperation and support of the Catalog project is
expressed to Dr. Bernard B. Berger, Chairman, and to each of the individuals who constitute
the membership of the Committee on Water Resources Research of the Federal Council for
Science and Technology. They are responsible for the timely provision of informative summaries
of 3,824 federally-supported research projects. Appreciation also is expressed to the personnel
of the universities, research institutions, state agencies, industrial enterprises, and others who
have voluntarily contributed the descriptive summenies of 677 research projects that are wholly
supported from non-Federal sources. As in the case of Volume 3, publication of this volume is
possible only because of the outstanding cooperation, the special efforts, and the highly skilled
performance of the Science Inforrnation Exchange in completing its assigned task.

Volume 4 includes description of 4,501 active research projects in comparison with 4,193
in Volume 3 for 1967. This increase generally reflects the expanding interest in water resources
research that has taken place and the accompanying research activity. The Catalog lists
5,749 investigators, 781 performing organizations of which 194 are Federal and 587 non-
Federal, and 320 supporting organizations of which 31 are Federal and 289 non-Federal.

ef. aPr..4-1A

Roland R. Renne
Director
Office of Water Resources Research



EDITOR'S NOTE

Volume 4 of the Water Resources Research Catalog hos been prepared at the request of

the Office of Water Resources Research, Department of the Interior, by the Science Information
Exchange of the Smithsonian Institution as part of its continuing responsibilities as the national

cataloging center for current water resources research. It provides information on 4,501 on-
going water resources research projects, supported by both Federal and non-Federal funds,

which were collected by the Science Information Exchange through a special solicitation of
Federal and non-Federal sources. About 101 additional potential non-Federal sources of water
research were queried over those contacted for Volume 3. Also, the director of each of the 51

state water research institutes was requested to submit records for new non-Federal projects.

Included in Volume 4 are reports of research being carried on in the 50 states, the District
of Columbia, and Puerto Rico as well as research in about 25 foreign countries. The total of
4,501 summaries in Volume 4 represents an increase of 308 over the number that were listed in

Volume 3. However, this should not be construed only as an absolute increase in the amount
of research being done, but rather as a combination of increased water research effort plus

more complete coverage of existing research not previously registered at the Exchange. At the
same time, a more rigorous screening out of inappropriate projects was accomplished by the

contributing agencies.
The research listed has been forwarded for inclusion by the supporting agencies. Frequently,

several agencies contributed substantially to a single research project, or to various aspects
of a single project, and several summaries were received describing essentially the same
research. If these similar descriptions could be accurately identified as comprising the same

research, there would still remain the problem of deciding which summary best described the

research. Thus only projects with identical summaries have been removed. The various supporting

sources are identified in every case.
The projects included herein were reviewed, updated, and designated as water resources

research by the original source of the material: Federal and state agencies, private industry,

academic institutions, private foundations, and individual scientists. The contributors also

assigned each summary to one of the nine major water resources research categories estab-

lished by the Committee on Water Resources Research of the Federal Council for Science and

Technology (February 1966). The categories define the nine chapters of the Catalog in which
the summaries appear. In addition to the summaries of the 4,501 projects, the Catalog contains

the following indexes: Subject Index, Investigator Index, Contractor Index, Supporting Agency

Index, and an Index of Chapter Definitions. The information which appears in the summaries

and indexes was taken directly from the project records as received by the Exchange.

The Subject Index is based on a hierarchy developed by the Science Information Exchange.
The index terms are arranged in hierarchies indicating relationships between broader and
narrower subject terms. Related terms are thus grouped together under broader terms. The
hierarchical term is followed by the project title, a list of about five keywords, and the chapter
number of the project. All index terms were selected to emphasize the water aspects of the

project.
The indexing is as specific as the language of the project summary, however, as it is

hierarchical in nature, a project which deals with "riparian rights" will be indexed to that specific
term under a hierarchy consisting of the term "water rights" and the still broader term "legal
aspects of water." Thus, one must turn to the high level term "legal aspects of water" to find
projects dealing with riparian rights, but he will also find all other legal studies grouped together
in the same section. To further aid in locating subject areas, the first high level hierarchical
term to appear on a left-hand Subject Index page is also printed in the upper left-hand Corner

of that page, and the last high level term to appear on the right-hand page will also appear
in the upper right-hand corner of that page in dictionary fashion.

The Supporting Agency Index consists of a single alphabetic listing of both, Federal and

non-Federal sources of support. In view of the large number of state agencies and departments,



they are displayed as a combined group under each state. All investigators cited on the sourcedocument are included in the Investigator Index. An asterisk is used to designate the indi-fidualspecified as principal investigator. However, in some instances it is apparent that the "principalinvestigator" denoted on the source document is, in fact, a program manager who is not workingat the contractor location given in the project summary. The Contractor Index is an alphabeticlisting of the performing organization and its location.
All of the indexes in the Catalog were generated by means of a computer, necessitating alimitation of the number of characters available for index terms and caption. Thus, in someinstances, abbreviations had to be used.
We hope that the users of this Catalog will advise the Science Information Exchange of anyerrors of omission or commission that have been made. Also, critiques of this Volume areencouraged so that future editions might best reflect the information therein in a format andwith indexes which are most convenient and acceptable to the user.

Monroe E. Freeman, Director
Science Information Exchange
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DESCRIPTION OF RESEA

L NATURE OF WATER
Properties of Water; Aqueous Solutions,

1.0001, THE EFFECT OF SURFACTANTS ON THE
AQUEOUS SOLUBILITY OF OXYGEN AND HYDROGEN
SULFIDE
R.H. DINIUS, Auburn University, Water Resources Research
Inst. , Auburn, Alabama 36830

The solubility of oxygen and hydrogen sulfide as effected by
surfactants in aqueous systems is being determined. Cationic and
anionic surfactants with alkyl groups representing optimum sur-
face activity, wetting ability and the combination of the twG
propoerties are being utilized in this investigation. Wet chemical
methods are used to determine oxygen and hydrogen sulfide con-
centrations. The maximum surfactant concentrations used in this
investigation correspond to the critical miscelle formation con-
centration.
SUPPORTED 6Y U.S. Dept. of Interior - 0. Water Res. Rch

Auburn University

1.0002, DIFFUSION OF OXYGEN AND HYDROGEN SUL-
FIDE IN WATER AS 2FFECTED BY DISSOLVED SURFAC-
TANTS
R.H. DINIUS, Auburn University, Water Re
Inst. , Auburn, Alabama 36830

The proposed research is to determine and measure the ef-
fect of surfactants upon the diffusion coefficients of oxygen and
hydrogen sulfide in aqueous solutions of surfactants. A secondary
objective is to determine the effect of surfactants on the structure
of the near infrared absorption spectra of water. A comparison of
the effects of surfactants on both sets of measurements will be
made in terms of the molecular size, spatial conformation and
charge distribution of the surfactant molecule.

Diffusion coefficients are being measured in terms of con-
centration change as a function of time across a diaphragm diffu-
sion cell. Oxygen concentrations will be determined with galvanic
type cells and H2S concentrations will be determined via the gas
chromatograph.

NIR spectra will be measured in the 0.8 to 1.5 micron range
as a function of surfactant concentration.

As a result of initial work with the galvanic type oxygen
determination cell an effort is being made to improve its long
term stability and like time, The possible effects of the absorption
of foreign species on the membrane of the cell upon cell sensitive
to oxygen is being determined.

sources Research

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University

1.0003, DIFFUSIVITY OF OXYGEN AND SULFIDE SPE-
CIES IN AQUEOUS SOLUTIONS
R.H. DINIUS, Auburn University, Graduate School, Auburn,
Alabama 36830

The Proposed research has three objectives: 1. Continuation
of oxygen diffusivity investigations to determine the effect of
solutes (e.g. surfactants and some simpler electrolytes such as
phosphates a,:el carbonates) found in waste discharges. 2. Extend
the diffusivity studies to sulfide ions in the solution systo, esed
above. 3. Continue development work on a continuous, ean-
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destructive
tions.

SUPPO

RCH TASKS
method for measuring hydrogen sulfide concentra-

RTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University

1.0004, PATHWAYS OF TRACE ELEMENTS IN ARCM
LAKE ECOSYSTEMS
R.J. I3ARSDATE, Univ. of Alaska, Inst. of Marine Sciences, Col-
lege, Alaska 99735 (AT(04-3)310-4)

This research is a study of the behavior and abundance of
trace metals in high latitude lakes. It includes the quantitative
determination of Co, Cu, Fe, Mn, and Zn in water,sediments and
bio materials by atomic absorption and electrochemical
techniques. To assess the role of dissolved organic substances,
separations of organic components are being made by gel filtra-
tion and solvent extraction, the isolated fractions being tested for
complexation ability. Tracer techniques, dialysis, andchromatog-
raphy will be employed to establish the abundance and strength of
complexes in lakes. To determine the effects of complexation by
sulfides and organic substances and of the competition between
these two systems, several lakes with differinia concentrations of
dissolved organics and sulfides are beingexamined.

In addition to the treatment of trace metals, in progress are a
general chemical description and classification of high latitude
lakes and studies of lake ice and complexation of the major ca-
tions.

Observations of the geochemistry of ice include the partition
of dissolved substances during freezing, the effects of ice cover on
terrestrial run-off and atmospheric fall-out, and the spatial dis-
tribution of impurities in ice.

Substantial fractionation of the major cations has been ob-
served during the precipitation of the salts of organic acids. Since
similar precipitation occurs in some lakes, this mechanism may
influence the natural distribution of Na, K, Cs, Mg, Ca, and Sr.
The relative stability and solubility of complexes of these cations
with organic acids will be determined by equilibrium dialysis and
tracer techniques. Analysis of lake waters will be made to confirm
the mechanism and assess its importance.

SUPPORTED BY U.S. Atomic Energy Commission

1.0005, ORGANIC COMPOUNDS IN ALASKA PER-
MAFROST GROUNDWATER
N.J. BIRKHOLZ, Univ. of Alaska, Inst. of Water Resources Res. ,
College, Alaska 99735

Detection and identification of trace organic compounds in
well waters associated with the interior Alaska permafrost regime
are being studied using gas and thin layer chromatogrpahy and
spectra. Surface waters and soil samples are being similarly in-
vestigated to the extent that they can clarify the origin of organics
at deeper levels. Changes in trace organics will be studied during
development of a well.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

1.0006, THE KINETICS OF MICROBIOLOGICAL
MODIFICAM4 OF ORGANIC SUBSTANCES OCCURRING
IN NATURAL WATERS
D.K. BUTTON, Univ. of Alaska, :nst ofMarine Sciences, College,
Alaska 99735



1. NATURE OF WATER

We have found large changes in the efficiency of the sub-
strate transport systems of microorganisms with changing exter-
nal conditions. We propose to examine this phenomenon care-
fully and to use it as an avenue to study the transport systems of
microorganisms which effect the concentration of dilute sub-
strates in a natural environment. We further eropose to in-
vestigate the kinetics of degredation of the rather stable high
molecular weight dissolved organic fraction one can concentrate
from most lake and sea water. This will be done using continuous
culture techniques.

SUPPORTED BY U.S. Dept. of Interior - 0. Wa r Res. Rch
University of Alaska

1.0007, NUCLEAR TECHNIQUES IN SOILS HYDROLO-
GY, SNOW GAGING, AND RELATED APPLICATIONS
J.L. SMITH, U.S. Dept. of Agriculture, Pac. Sw. For. & Rg. Expt.
Sta. , Berkeley, California (AT(49-11)-2773)

Previous work has been in the field of soils hydrology, con-
struction and use of a snow density gage, water use by plants, and
hexadecanol tracing in the application concerned with reducing
evaporation. Current studies are concerned with the following:

Effect of Aspect and Cover Upon Snow Accumulation,
Metamorphosis, and Melt: The objective of this study is to deter-
mine the mathematical relation that exists between the snow con-
dition as determined by the snow gage at the Central sierra Snow
Laboratory and that existing at various locations away from the
Laboratory (radius of 5 miles). Hopefully, it will be demonstrated
that the Atrally located snow gage can be used to determine
snow condition at any other point within its area of influence.

Soil Collection and Analysis - This work will continue since
the conformation is essential to furnish data on soil hydrologic
properties to the water tracing by isotopes study.

Study of Soil Water Movement Under Saturated and Non-
saturated Soil Moisture Conditions This is a joint effort with
Hazelton Nuclear Science Corporation (see contract AT(04-3)-
676. Attempts will be made to measure the movement rate and
amounts of water in the soils studied, determine the path and tate
of soil water movement in its journey down slope from hilltop to
stream, determine water use ovegetation growing on a hillside by
using double tracers.

Determination of Water Movement in Plaits by Nuclear and
Heat Pulse Techniques This study is concerned with water move-
ment in various vegetation indigenous to Sierra Nevada. Areas of
concern are the determination of the relation between velocity of
water movement in the stems and environmental driving factors
such as solar radiation, soil moisture availability, and tempera-
ture.

In all instances, isotopes will be a prime tool used in the stu-
dies.

SUPPORTED BY U.S. Atomic Energy Commission

1.0008, FILTRATION OF AQUEOUS EFFLUENTS CAR-
RYING EMULSIFIED OILS
S.L. GO REN, Univ. of California, Graduate School, Berkeley,
California 94720

A number of aqueous wastes carry micron and submicron
droplets of emulsified oils which may affect the quality of the
water into which these wastes are discharged. A promising
method of separating such emulsions cheaply and thoroughly is to
promote coalescence of the dispersed phase by passing the stream
through a fibrous mat.

We are studying the coalescence of aqueous emulsions by
fibrous media with the aim of elucidating the mechanisms in-
volved and establishing the effectiveness of coalescence as a func-
tion of such variables as drop size, fiber size, mat geometry, fluid
and surface properties, flow rate, etc. Emulsions Nell charac-
terized as to drop size are passed through mats made from
uniform diameter fibers, and the extent of coalescence is deter-
mined from measurements of turbidity and/or drop size distribu-
tions made with a Coulter counter before and after the mats. Pres-
sure drop is also measured.

In addition to the purification of aqueous wastes containing
emulsified oils, some of the results may be of importance in the
filtration of solid wastes and in the improvement of water quality
by percolation through soils.
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SUPPORTED BY University cf California

L0009, DETERMINATION OF OXYGEN IN SEA WATER
S. LYNN, Univ. of California, School of Engineering, Berkeley,
California 94720

Dissolved oxygen can be determined quantitatively by mea-
suring the limiting current drawn by a rotating disk electrode. In
sea water certain organic and/or inorganic materials may inter-
fere. The proposed project would aim to a) determine the most
suitable electrode material, geometry, and cell configuration; b)
determine the range of oxygen concentrations in artificial sea
water which can be determined by this method; c) determine
which common constituents of sea water interfere wi h the
method and whether this interference can be prevented, e;4d, d)
develop the design and circuitry for a device for the continuous
monitoring of oxygen in sea water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0010, STUDY OF A SPECIFIC INFLUENCE OF IONIC
SPECIES ON STRUCTURING IN WATER
J. GREYSON, North Amer Rockwell Corp. , Canoga Park,
California

The proposed work entails an investigation of the free energy
and entropy of transfer of ionic salts between heavy and normal
water. The salts to be studied will include carbonates, sulfates,
phosphates, alkaline earth cations, tetraalkylammonium halides
and a large anion such as tetraphenyl boride. The purpose of the
investigation is to obtain insight into the influence of dissolved
ions on the structure of water. The investigation will be carried
out by measuring the heat of solution of the selected electrolytes
in heavy and normal water and the electromotive force of elec-
trochemical cells, the configuration of which will represent the
process of transfer of the electrolytes between heavy and normal
water. Cell configurations will include half cells of heavy and nor-
mal water solutions separated by ion exchange membranes. The
resulting data will be used to obtained the transfer entropy values
which can then be related to the structure influence of the elec-
trolytes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0011, A STUDY OF PRESCALING DEPOSITION
RECHT, North Amer. Rockwell Corp. , Canoga Park,

California
A continuation of the laboratory investigation of the

phenomenon of scale formation on heat transfer surfaces in saline
water conversion will be carried out by exploring the energetics
and mechanism involved in prescale deposition preceeding actual
scale formation utilizing radioactive tracer techniques. Specifi-
cally, the following will be carried out:

1) Investigate the energetics and mechanism of the surface
influenced processes that precede the appearance of bulk scale
on heat transfer surfaces.

2) Measure equilibrium and kinetic parameters of the sorp-
tion of calcium sulfate from an aqueous solution onto metals such
as copper, copper-nickel alloys, platinum, copper and nickel ox-
ides, and any other materials that appear appropriate.

3) From the measurements values obtained estimate heat of
sorption, activation enert for sorption, and entropy of sorption
for the various surfaces.

4) Correlate the measured and calculated properties on the
basis of bulk scale formation tendencies of the materials.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0012, AQUATIC TRANSPORT OF NUCLEAR DEBRIS
A.R. TAMPLIN, Univ. of California, Lawrence Radiation Labora-
tory, Livermore, California 94551 (W-7405-ENG-48)

Aside from the physical transport by ocean, ground, and sur-
face water systems, our review of this problem indicated that the
major determinants of the ultimate fate of radionuclides within
these media are the ion-binding and ion-exchange properties of
soils and bottom sediments, and the interactions that occur when
fresh water containing soluble radioisotopes merges wth salt
water. The ion-binding and exchange properties of soil and bot-



tom sediments determine the rate at which fallout material will be
leached and moved about by surface water. The fresh-salt water
reactions will determine whether or not a soluble radioisotope
between fresh water will be precipitated at and, hence, concen-
trated in the area of interface between fresh and salt water. Both
factors considered together determine whether or not a marine
`hot spot' could develop subsequent to the construction of a sea-
level canal by nuclear explosives. In this case, it is Imperative to
develop the ability to predict the rate at which radionuclides arc
leached from fall-back, throw-out, and base-surge material of the
canal site by rainfall and, in addition, the ability to predict
whether or not these leached radionuclides will be concentrated
as a marine 'hot spot' where this fresh water flows into the ocean.

At the present time, a concerted analytical effort is being ap-
plied to this area to bring together and analyze the data contained
in existing literature. It is felt that the state-of-the-art as reflected
by this literature is adequate to develop a practical predictive
capability. If this is not the case, experimental programs will be in-
itiated to obtain the necessary additional information.

SUPPORTED BY U.S Atomic Energy Commission

1.0013, TRACE ELEMENT STUDY OF SOIL-PLANT-
WATER SYSTEMS
G.R. BRADFORD, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 925^,2

Objectives: 1) Establish the concentration of certain trace
elements ( Fe, Mo, Mn, Ba, Cu, Zn, Ni, Co, Cr, Si, Pb, Ti, Al, V, B,
Sr, Be, Ag, 3e, Ga, Bi, T1, La, Sn, Cd, As, Au, Sb, and Se) in sur-
face and ground waters of California, 2) Relate trace-element
concentrations to the past history of the water, including geologic
and use factors, 3) Determine how trace-element concentrations
are modified upon the passage of watev through soils, 4) Establish
the effects of water composition and water-soil interactions on
crop plants.

Description of work proposed: Water samples and
background data will be supplied through a cooperative arrange-
ment with the California State Department of Water Resources.
The above objectives will be accomplished by improved analyti-
cal techniques using direct reading emission spectrographic and
atomic absorption instrumentation. Samples will be pretreated
with chelating compounds and solvent extraction techniques used
to separate and concentrate trace elements. Twenty- four large
lysimeters installed at the Citrus Research Center will be used to
study the water-son interaction on crop plants and modifications
of trace element concentration upon the passage of water through
soils.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

1.0014, PROPERTIES OF SEA WATER AND ITS CON-
CENTRATES AT TEMPERATURES UP TO 400 DEGREES
FAHRENHEIT
L.A. BROMLEY, Univ. of California, Graduate School, San Diego
- La Jolla, California 92038

These data are important for desalination processes and for
increasing the fundamental understanding of the physico-chemi-
cal behavior of sea water. Under OSW Research Grant 14 -01-
0001 -363, heat capacities at constant pressure of one atmosphere
have been determined 'from 2-80 degrees C for sea water solu-
tions ranging from 1.1 - 11.7% salinity. These are approximately
1/3 to 3 1/2 times the natural concentration of sea water. Also, a
high pressure calorimeter has been designed and partially built to
extend these measurements to 200 degrees C under the present
Research Grant. Heats of concentration, vapor pressures, and
viscosities will also be studied.

Heats of concentration will be measured as heats of dilution.
The atmospheric pressure heat capacity calorimeter has been
modified for this new use For high temperature measurements,
the high pressure calorimeter will be altered as required.

The method we are most seriously considering for vapor
pressures is the direct measurement of boiling point elevations
using an original modification of conventional ebulliometers.
These values, cross-checked by those calculated from heats of
concentration and heat capacities, should resolve existing dif-

1. NATURE OF WATER

ferences among present values reported by various investigators,
Also, enthalpies will be determined from heat capacities and
vapor pressures.

Available data on the viscosities of sea water cover only a
narrow range of temperature and concentration. It is our present
plan to use capillary viscometers at both atmospheric and
elevated pressures. Conventional pressure viscometers will have
to be modified to satisfy the specific requirements for sea water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0015, DETERMINATION OF THE PHOSPHATE CON-
TENT OF NATURAL WATERS, AT THE NUTRIENT LEVEL,
BY SOLVENT EXTRACTION
G.C. CAVE, Mcgill University, Graduate School, Montreal -
Quebec, Canada

(a) The Proposed Research: To study solvent extraction as a
technique for the quantitative concentration of trace amounts of
phosphate from natural waters. Phosphate in the resulting con-
centrate may then be determined by novel or conventional
methods.

(a) The objectives, briefly: To develop a rapid quantitative
method for phosphate in natural waters, preferably a method
capable of automation.

(c) Relation to Health Field: To provide Public Health En-
gineers with a reliable rapid method for large-scale surveys of lake
and river water for phosphate at the nutrient level.

SUPPORTED BY Canadian Government
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1.0016, THEORY OF LIQUIDS
D. HENDE'RSON, Univ. of Waterloo, Graduate School, Waterloo
- Ontario, Canada

The successful perturbation theory of liquids developed by
Barker and Henderson will be applied to liquids in which the in-
termolecular potential has a soft-core and, in particular, to the
6:12 potential. This should yield a theory which will give good
results for the thermodynamic properties of simple liquids. In ad-
dition, better approximations to the second-order term will be
sought and this approach will be applied to develop a theory of
solutions of molecules of different sizes. The possibility of apply-
ing this approach to the calculation of the radial distribution func-
tion will be investigated.

Also, improvements to the Percus-Yevick, hyper-netted
chain and Born-Green-Yvon theories will be sought by direct cal-
culation of the correction terms to the basic approximations of
these theories.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0017, CHANGES IN THE PHYSICAL AND BIOLOGI-
CAL CHARACTERISTICS OF GROUND WATER RESER-
VOIRS AND ADJACENT SURFACE WATERS
S.M. MORRISON, Colorado State University, Natural Resources
Center, Fort Collins, Colorado 80521

The mechanism of removal of bacteria from suspension in
waste water flowing through soil materials is under investigation.
There are four component studies required: ( 1) measurement of
the electrophoretic mobilities of the bacteria in various elec-
trolyte solutions at different pH; (2) measurement of the electri-
cal potential generated in porous media during flow through the
porous material by various electrolyte solutions at various pH; (3)
measurement of the removal of bacteria, tagged with a radioac-
tive tracer, from a bacterial suspension passing through a column
of porous material; and (4) determination of the distribution in
the porous column of the bacteria removed during flow through
the column.

A computer program modeling the movement of contami-
nants in ground mater aquifers is being developed. This model will
incorporate the effects of natural recharge on the quality of
ground water as well as the effects of contamination sources such
as brine pits, irrigation and feed lots.

Substantial progress has been made in delineating boundary
conditions for ground water flow in the alluvial plains of the
Lower Cache la Poudre River Basin. In particular, sub-alluvial
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bedrock topography has been established for approximately 900
square miles in Larimer and Weld Counties, Colorado.

Anisotrophy of flow in the unconsolidated sediments is being
analyzed through geophysical techniques. This analysis should
lead to improved understanding of patterns of dispersion of con-
taminants in subsurface waters.

A series of experiments have been carried out in attempts to
clarify the knowledge on survival and movement of microbial ',Ar-
ticles through soil.

The survival of organisms in soil with known organic addi-
tives are to be studied. Also the microbial factor which seems to
control survival of enteric in soil is to be studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

1.0018, ION-SOLVENT INTERACTION
R.M. FUOSS, Yale University, Graduate School, New Haven,
Connecticut 06520

This research will be directed towards a deeper understand-
ing of the several kinds of short range interionic and ion-solvent
interactions that govern observed behavior of aqueous saline
solutions. Short range interionic effects are superimposed on the
electrostatic forces which cause primary ion associations to pairs.
Short range anion-cation effects include dipole (and quadrupole)
forces for ions with aspherical charge distribution, polarization
forces, and steric factors. Ion solvent effects include charge-
dipole electrostatic interaction, hydrogen bonding, polarization
(and dielectric saturation), electrostriction, and complex ion for-
mation. F1JM conductance data, the limiting conductance, as-
sociation constant and contact distance can be calculated by
theoretical analysis. Dependence of these parameters on struc-
ture and properties of ions and solvent molecules is the informa-
tion sought. Typical systems to be investigated include the follow-
ing: (1) lithium, sodium and potassium chlorides in water- diox-
ane mixtures over a concentration range ten times higher than has
previously been covered (made possible by quite recent advances
in the theory of conductance); (2) conductance of these salts in
mixtures of water with dimethylsulfoxide, acetonitrile and urea;
(3), conductance of magnesium, manganese, copper and nickel
sulfates in water-dioxane mixtures (and possibly in other mix-
tures); (4), conductance of potassium and silver nitrates in diox-
ane-water mixtures; (5 ), conductance of selected 1-1 and 2-2
salts at 35 degrees and 50 degrees; (6), conductance of alkali and
quaternary sulfonates and carboxylates to study non-coulombic
association.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0019, THE DETERMINATION OF THE ENGINEERING
THERMO-PHYSICAL PROPERTIES OF SOLUTIONS CON-
TAINING DISSOLVED SOLIDS
D.A. FISHER, Univ. of Connecticut, School of Engineering,
Storrs, Connecticut 06268

The raw feed to conversion equipment used in the produc-
tion of fresh water consists of a solution containing dissolved
solids such as brackish water, sea water, the effluent of sewage
plants, and other waste waters. Process analysis and the engineer-
ing development of conversion equipment is frequently hampered
by a lack of knowledge of such properties as specific heat capaci-
ty, enthalpy, viscosity, and thermal conductivity of the raw feed
and of the concentrated solution as it progresses through the
process. It is proposed to experimentally determine these proper-
ties to engineering accuracy.

The first phase of the work will be to design and build a
calorimeter for the determination of specific heat capacity in the
temperature range 40 - 400 degrees Fah. and to prove its accura-
cy using distilled water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

1.0020, ION - ION AND ION - MOLECULE INTERAC-
TIONS IN AQUEOUS SALT SOLUTIONS
W.L. MASTERTON, Univ. of Connecticut, Graduate School,
Storrs, Connecticut 06268

The objective of the proposed research is to evaluate the
relative importance of electrostatic forces, Van der Waals forces
and solvent -structure effects in determining the extent of: (1) As-
sociation between oppositely charged ions (ion pairing) in aque-
ous salt solutions. (2) Interactions between solute molecules and
ions in water solution.

The electrolytes used in this study will be stable coordination
compounds derived from cobalt (III). It is believed that ther-
modynamic data for solutions of these 'model compounds' can be
more readily interpreted than that for so-called 'simple' salts
derived from alkaline earth or transition metals (e.g., Ca(NO3 )2,
CoC12), where the exact nature of the cationic species is unk-
nown. The molecular compounds studied will include aromatic
hydrocarbons and their halogen derivatives. Here, we shall ex-
amine the effect of size and polarity of the non-electrolyte
molecule upon its interaction with ions in solution.

The experimental work will involve the measurement of: (I)
Activity and osmotic coefficients of coordination compounds in
aqueous solution. (2) Conductivities of these compounds in water
and mixed solvents. (3) Solubilities of non-electrolytes in water
solutions of coordination compounds.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut
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1.0021, SCATTERING MEASUREMENTS ON ALKALI -
WATER SYSTEMS
T.I. MORAN, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

The proposed experiment will study the interactions between
alkali atoms and water molecules by atomic scattering
techniques. These techniques are well established and yield im-
portant information on the intermolecular forces involved. Ex-
periments of this type are performed by directing a velocity
selected alkali atomic beam through water vapor and measuring
the intensity of the scattered alkali beam. At the present time the
atomic beam laboratory has an apparatus capable of making such
measurements and is studying alkali-halogen interactions
(preliminary results have been presented at a recent meeting of
the American Physical Society.) The water molecule is of special
interest for scattering studies since it has a permanent electric
dipole moment (unlike the halogen molecules) which may enable
it to be oriented relative to an incident alkali atom. Reactive scat-
tering can also occur with a typical channel being Na plus H2O
yields NaOH plus H. The experiments will yield information on
the interaction of a single alkali atom with a single H2O molecule
(an unusual feature of this type of experiment).

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

1.0022, SCATTERING MEASUREMENTS ON ALKALI -
WATER SYSTEMS
T.I. MORAN, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

The proposed experiment will study the interactions between
alkali atoms and water molecules by atomic scattering
techniques. These techniques are well established and yield im-
portant information on the intermolecular forces involved. Ex-
periments of this type are performed by directing a velocity
selected alkali atomic beam through water vapor and measuring
the intensity of the scattered alkali beam. At the present time the
atomic beam laboratory has an apparatus capable of making such
measurements and is studying alkali-halogen interactions
(preliminary results have been presented at a resent meeting of
the American Physical Society). The water molecule is of special
interest for scattering studies since it has a permanent electric
dipole moment (unlike the halogen molecules) which may enable
it to be oriented relative to an incident alkali atom. Reactive scat-
tering can also occur with a typical channel being Na H2O react
to form NaOH H. The experiments will yield information on the
interaction of a single alkali atom with a single H2O molecule (an
unusual feature of this type of experiment).



SUPPORTED BY University of Connecticut

1.0023, AIR OXIDATION OF ORGANIC COMPOUNDS IN
AQUEOUS SYSTEMS
D.W. SUNDSTROM, Univ. of Connecticut, School of Engineer-
ing, Storrs, Connecticut 06268

Organic compounds can be oxidized chemically in an ague-
ous'system by heating under pressure in the presence of air. When
applied to the disposal of aqueous wastes, the technique is
referred to as wet oxidation. Under the usual operating condi-
tions, the organic wastes are not completely destroyed during ox-
idation. The method is of particular interest since the wastes are
removed by chemical rather than by biological action.

The purpose of the project is to determine the reaction
kinetics of several organic compounds during wet oxidation. The
rate and extent of oxidation of several organic compounds will be
examined over a range of temperatures, pressures and concentra-
tions. Since simultaneous mass transfer and chemical reaction
occur during wet oxidation, the relative magnitudes of these rate
processes will be established. Initial experiments will emphasize
the destruction of an insoluble organic compound in a flow reac-
tor. The results of this study should provide a better understand-
ing of the wet oxidation process.

SUPPORTED BY University of Connecticut

1.0024, AN ANALYSIS OF PHOSPHORUS AND

NITROGEN COMPOUNDS IN TIDAL MARSHLAND
DRAINAGE - LABORATORY PROCEDURES
F.C. DAIBER, State Board'of Game & Fish, Dover, Delaware

Objective: An evaluation of the effects of various types of
marshland management on the diurnal and seasonal concentra-
tions of phosphorus and nitrogen in tidal marshes.

Procedures: The water samples collected in the field will be
processed in the following manner: 1. Inorganic phosphorus -
Reimold, R. J., 1965. An evaluation of inorganic phosphate con-
centrations of Canary Creek Marsh. This procedure requires that
inorganic phosphorus determination be made immediately after
sample collection to avoid errors due to sample storage. Tne
determination, a spectrophotometric technique, requires electri-
cal power. 2. Total phosphorus - Water samples for total
phosphorus concentrations are processed upon return to the
Bayside Laboratory. The sample is oxidized in an ordinary au-
toclave according to the technique of Menzel, D. and Corwin, N.
11965. This procedure converts all phosphorus to the inorganic
form which can then be measured by the technique of Reimold as
cited above. 3. Organic phosphorus concentration is determined
by the difference between the initially measured inorganic form
and the subsequent total phosphorus determination. 4. Nitrate
nitrogen - Wood, E.D., F. A. J. Armstrong, and F. A. Richards.
11967. This technique offers extreme accuracy and is easily used in
the field. In this new method nitrate is converted to nitrite and
then measured as in number 5. 5. Nitrite nitrogen - Strickland,
J.D.H., and T. R. Parsons. 1960. A manual of sea water analysis.
Fish Res. Bd. Can. 125:71-74. 6. Ammonia nitrogen - Roskam,
R., and D. de Langen. 1964. A simple colorimetric method for the
determination of ammonia in sea water. Anal. Chim. Acta 30: 56-
59. 7. Salinity will be measured by the conductance method using
an induction salinometer

The results will be processed for computer evaluation of the
various suspected relationships between the phosphorus and
nitrogen concentrations and related physical parameters mea-
sured. The I.B.M. computer program STUFF (Sixteen Twenty
Universal Function Fitter) will be used to determine significant
relationships between organic phosphorus, inorganic phosphorus,
total phosphorus, nitrate, nitrite, ammonia, salinity, water tem-
perature, air temperature, tide state, time, lunar phase, day of
year and weather. Other statistical and graphical techniques may
also be employed to interpret the data.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Delaware State Government

1.0025, BIOCHEMICAL EFFECTS OF MICROORGAN-
ISMS UPON THE SALT MARSH ENVIRONMENT -
LABORATORY PROCEDURES
F.C. DAIBER, State Board of Game & Fish, Dover, Delaware

Objective: To enumerate and identify the microorganisms in-
digenous to various salt marsh environments, and to relate the
known metabolic processes of the principal organisms found to
the chemical cycles currently under investigation in these
marshes.

Procedures: The sediment samples collected in the field will
be processed in the following manner. 1. Weighed samples from
each sediment horizon will be place in dilution bottles containing
the appropriate diluent, serial dilutions made and the final
tion will be selectively treated to enhance the growth of the :Jr-
ganisms believed to be present in the sample. The number of bac-
teria in each sediment horizon will be ascertained by plating
aliquotes from each final dilution into solid growth media.
Replicate plates will be made for each sample. After incubation,
the colonies growing on the plates will be counted. The number
thus attained represents the number of bacteria in the sample
when multiplied by the dilution factor. 2. Identification will be
made of the more numerous bacteria growing on the enumeration
plates. This will be done by standard bacteriological tests. These
include biochemical reactions of the bacteria in specially formu-
lated media, and morphological reactions of the bacterial cell to
selective stains. 3. Water pH will be measured by means of a pH
meter. 4. Water salinity will be measured by the conductance
method.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Delaware State Government

1.0026, BIOCHEMICAL EFFECTS OF MICROORGAN-
ISMS UPON THE SALT MARSH ENVIRONMENT - FIELD
TECHNIQUES
F.C. DAIBER, State Board of Game & Fish, Dover, Delaware

Objective: To enumerate and identify the microorganisms in-
digenous to various salt marsh environments, and to relate the
known metabolic processes of the principal organisms found to
the chemical cycles currently under investigation in these
marshes.

Procedures: Sediment samples for bacterial analysis will be
collected at locations in Delaware tidal marshes which represent
the following conditions: unditched marsh exposed to normal
flooding, man- made low level impoundments, high level im-
poundments, and ditched marsh exposed to normal flooding.

Once every two weeks cores will be taken from each station
to a depth which represents the sediment horizons of the station.
The sample will immediately be removed from the corer and
aseptically transferred to clean polyethylene boxes with tight-
fitting lids.

The core samples will be transported immediately to the
laboratory so that drying will be prevented or minimized before
testing.

In addition, sediment temperatures at the time of sample col.
lection will be measured, and water for salinity and pH determina-
tions at each station will also be collected.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Delaware State Government

1.0027, ROTATIONAL STABILITY OF DILUTE
POLYMER SOLUTIONS
M.M. DENN, Univ. of Delaware, School of Engineering, Newark,
Delaware 19711

The proposed research is an investigation of the stability of
rotational flow of dilute polymer solutions. Preliminary theoreti-
cal and experimental studies suggest that the flow stability can be
used as a means of determining rheological properties of systems
too dilute for study by conventional measuring techniques. The
ultimate goal is to obtain improved understanding of mechanisms
of changes in mass and momentum transport in polymeric systems
for application to one and two phase water treatment systems.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Delaware

1.0028, ROTATIONAL STABILITY IN DILUTE
POLYMER SOLUTIONS
M.M. DENN, Univ. of Delaware, School of Engineering, Newark,
Delaware 19711

The proposed research is an investigation of the stability of
rotational flow of dilute polymer solutions. Preliminary theoreti-
cal and experimental studies suggest that the flow stability can be
used as a means of determining rheological properties of systems
too dilute for study by conventional measuring techniques. The
ultimate goal is to obtain improved understanding of nv!chanisms
of changes in mass and momentum transport in polymeric systems
for application to one and two phase water treatment systems.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Delaware

1.0029, THE HEATS OF MIXING OF STRONG ELEC-
TROLYTES
R.H. WOOD, Univ. of Delaware, Graduate School, Newark,
Delaware 19711

It is proposed to extend the measurements and the general
equations to include mixtures of electrolytes with different charge
types. Somc measurements of MgCl2 and BaCl2 mixture with
LiCI, NaCI, KC! and CsCI have been started in this laboratory and
it is proposed to finish these measurements and include CaCl2
and SrCl2 mixtures as well. In addition, a study of the heats of
mixing of Li2SO4, K2SO4, with the alkali metal halides would be
useful.

In order to get at the relative influences of water structure
and size on the interactions, the preparation of ( HOC2H4 )4, NCI
and ( HOC3H6)4 NCI will be attempted. If successful, the heats of
dilution and mixing of these electrolytes would allow the com-
parison of the properties of large ions with and without hydropho-
bic surfaces. In addition, the heats of dilution of some strong elec-
trolytes will be measured in D20.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0030, A STUDY OF HYPERSONIC WAVES IN WATER
AND IN AQUEOUS SOLUTIONS
T.A. LITOVITZ, Catholic University of America, Graduate
School, Washington, District of Columbia 20017

It is the purpose of this investigation to apply a significant
recent advance in the technique of measurement of high frequen-
cy ultrasonic waves to the problem of the structure of water and
its modification when ions are present. The effect of the ions will
be considered from a relaxation viewpoint. The direct effect of
the ions on structural relaxation of water will be considered. This
will be done through a study of the effect of ions on the high
frequency structural viscosity values. In addition the chemical
relaxation process involved in the dissociation of ions will be con-
sidered at frequencies not possible before advent of the laser.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0031, RADIOISOTOPIC TRACER STUDY TO IN-
VESTIGATE THE MECHANICS OF LITTORAL TRANS-
PORT AROUND POINT CONCEPTION, CALIFORNIA
D. DUANE, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016 (AT( 49-11)-2988)

A study to develop techniques to measure sediment move-
ment in the littoral zone is specifically designated for the Point
Conception area of the Pacific coast. The basic development pro-
gram includes a radiation monitoring system capable of deep
water monitoring of radioisotopes tagged into sand, analysis of
data obtained from measurement of the distribution of the
radioisotope tagged sand that has been subjected to the normal
effects of waves, tides, and along- shore currents; methods for
tagging sand without altering its hydraulic properties and hazard
evaluations of the entire transport measuring system. The system
is adaptable to sediment transport in both fresh and salt water to
depths of 175 fathoms.
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The isotope used for sand tagging is 133Xe, thus providing
no significant radiation hazard and no alteration of the hydraulic
properties of sand indigenous to the test area.

The radiation detection system utilizer scintillation type de-
tectors. Data collection is obtained on punched tape and digital
readout from a 400-channel analyzer, Data may be simultane-
ously coordinated with depth, salinity, and temperature during
the monitoring operation.

Cooperative program of federal and state agencies, includ-
ing:

U. S. Army, Corps of Engineers
U. S. Navy, Pacific Missile Range
U. S. Air Force, First Strategic Aerospace Division, SAC
National Aeronautics and Space Administration
U. S. AEC, Oak Ridge National Laboratory
State of California, Department of Water Resources.

SUPPORTED BY U.S. Atomic Energy Commission

1.0032, INVESTIGATIONS IN ISOTOPIC HYDROLOGY
G.L. STEWART, U.S. Dept. of Interior, Water Resources Divi-
sion, Washington, District of Columbia

The objective of this study is the investigation of water move-
ment through the sequences of the hydrologic cycle by means of
the labels provided by isotopes and the fractionations and con-
centration changes that accompany isotopic processes.

The following phases of this project have been established: 1.
A survey of tritium in precipitation since the spring of 1959. 2. A
survey of tritium in surface waters at sites on 12 major rivers in
the United States. 3. Dispersion and exchange of tritium in porous
materials. 4. Evaporation and environmental experiment to study
the cyclic return of tritium to the atmosphere. 5. A study of water
movement through the Savannah River Georgia area. 6. Work
with other Geological Survey investigators in applying isotopic
tracer techniques (tritium) to specific water tracing problems.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

1.0033, VISCOSITY STUDIES OF AQUEOUS SOLUTIONS
W. DROSTHANSEN, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124

Measurements of the viscosity of various aqueous solutions,
in particular, with a number of electrolytes to determine B coeffi-
cients (in the Dole-Jones equation) and values for dB/dt. These
measurements will be carried out over extended temperature
ranges and wide concentration ranges. Similar measurements will
also be made on electrolytes in mixed solvents (non electrolyte -
water solvents).

We intend to measure the viscosity of various non electrolyte
solutions in water, particularly aqueous alcohol solutions includ-
ing tertiary butanol.

It is intended to measure the viscosity of heavy water as a
function of temperature to obtain similar information regarding
the energy of activation for viscous flow of deuterium oxide as
was obtained for pure water in our earlier study.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0034, CHEMICAL ANALYSES
A.J. WILSON, U.S. Dept. of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

In order to evaluate data now being obtained by a nationwide
surveillance of organochlorine pesticide pollution in estuaries,
studies are in progress to determine rates of uptake and the
metabolism of these pollutants in marine species.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

L0035, STRUCTURE IN SOLVENTS AND CONCEN-
TRATED SOLUTIONS
G.R. CHOPPIN, Florida State University, Graduate School, Tal-
lahassee, Florida 32306

The near infrared spectrum of water and saline solutions is to
be studied as a function of temperature and solute concentration.
The D20 solvent systems are to be studied similarly. The spectral



curves would be analyzed to obtain the mole fractions of solvent
molecules in different states of hydrogen bonding. Solutions of
H2O and D20 with organic solutes would be studied in the same
manner. The primary interest is to ascertain the effect of ionic
and organic solutes on solvent structuring via hydrogen bonding.
The first question to be considered is the validity of the Buijs and
Choppin interpretation of the near infrared spectra of water and
aqueous solutions. Careful study of spectral curve shapes and
baselines are an integral part of such an evaluation.

The near infrared spectra of hydrated organic ion exchange
resins would be studied by the reflectance technique. The analysis
would follow that for the aqueous solutions. If successful, com-
parison of these results with NMR data of hydrated ion exchan-
gers could provide a much more detailed model of the solution
state in an ion exchange resin.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0036, ENERGETICS AND STRUCTURE OF THE
HYDROGEN BOND
J.C. DAVIS, Univ. of South Florida, Graduate School, Tampa,
Florida 33620

In order to eliminate the problems of a large variety of
hydrogen- bonded species that are present in most aqueous and
alcohol systems, this study is limited to investigation of highly-hin-
dered alcohols (such as tri-i-propyl carbinol, etc.) in non-
hydrogen bonding solvents. Proton magnetic resonance measure-
ments of the OH chemical shifts and infrared measurements of
the OH stretching bands are being utilized to calculate monomer-
dimer equilibrium constants and enthalpies of association in these
systems. Precision dielectric constant measurements of the same
solutions are being employed to estimate apparent dipole mo-
ments for the associated species with the aim of discerning the ap-
proximate geometry of the dimer species.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0037, A LABORATORY STUDY OF THE SOLUBLE
METALS IN ROCKS, SAPROLITE, AND SOIL FROM THE
BROAD QUADRANGLE, GEORGIA
C.A. SALOTTI, Univ. of Georgia, Graduate School, Athens, Geor-
gia 30602

The primary purpose of this study is to determine in the
laboratory the solubilities of extractable trace metals of rocks,
saprolite, and soils from the Broad Quadrangle, Georgia in rela-
tion to the following variables: temperature; pH; redox potential;
organic solutions; and time.

The experiments will be at low temperatures and pressures.
The system will be entirely made from fluorocarbon resin.

Analysis will be mostly done in a custom atomic absorption
spectrophotometer that is considerably more sensitive than any
available commercial unit. Elements present in readily detectible
amounts will be determined using a Perkin-Elmer 303 Atomic
Absorption Spectrophotometer. Elements already detected in
ground water from the Broad Quadrangle without concentration
include the following: Mg, Ca, Mn, Fe, Al, Si, Zn, Cu, Pb. and Li.
In addition Mo, Ba, Sr, Hg, V, Cr, Ni, Co, Sb, Sc, and As will also
be looked for.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Georgia

1.0038, OXYGEN TRANSFER TO WATER DROPLETS
P.G. MAYER, Georgia Inst. of Technology, School of Engineer-
ing, Atlanta, Georgia 30332

The reaeration of oxygen-deficient streams and lakes is of ut-
most importance to the full utilization of water resources.

A possible method for obtaining water with relatively high
concentrations of dissolved oxygen is that of spraying oxygen-
deficient water into a pressurized tank with pure oxygen or with
air. The water would fall through the atmosphere, absorbing ox-
ygen as it did so, and collect in a receiving pool from which water
could be withdrawn to enrich oxygen-deficient waters.

A preliminary theoretical and experimental investigrtion was
conducted with an oxygen atmosphere. A literature survey was
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made of the basic interphase mass transfer theories. The prelimi-
nary experimental study employed a 75 gallon tank into which
water was sprayed through whirl-type nozzles. The operating
pressures ranged from zero to approximately 10 atmospheres. Ox-
ygen concentrations were measured with galvanic oxygen
analysers. For the pressures applied, a fifteen-fold increase in dis-
solved oxygen concentration could be obtained.

The present work is carried out with compressed air in an im-
proved reactor. It is proposed to study the cost-efficiency of the
method in its application to oxygen-deficient streams and lakes.

SUPPORTED BY Georgia Institute of Technology

1.0039, THE STRUCTURE AND PROPERTIES OF
WATER SOLUTIONS
R.A. PIEROTTI, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The research proposed is an effort to separate the interaction
of the solute with water into two parts: the solute-water interac-
tion and the solute-solute interaction in the presence of water.
Accordingly, the proposed research is made up of two parts: (a)
An experimental study of the solubility of simple molecules in
both H2O and D20 as a function of temperature and (b)
theoretical study of the naltre of solute-solute interactions in a
condensed medium.

The experimental study will be aimed at determining the
thermodynamic properties of dilute aqueous solutions and as-
sociating these properties with the structure of liquid water and
heavy water. The initial studies will be concerned with the solu-
bilities of small organic molecules, i.e., benzene, toluene, carbon
tetrachloride, etc.

Comparisons of the solubility of simple non-polar molecules
in H2O and D20 can be very important in understanding the ef-
fects of the water structure around solute molecules. The mea-
surements made in this part of the research will be in the Henry's
Law region and as such are concerned primarily with the nature
and magnitude of the solute-solvent interaction energy.

The theoretical study is an attempt to use solubility data in
the region of deviations from Henry's Law to ascertain the form
of the potential energy function for the solute-solute interaction
as perturbed by the solvent. The formalism of statistical thermo-
dynamics will be used to develop a theoretical technique for
evaluating the potential functions for solute-solute interactions
from gas solubility measurements.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

1.0040, APPLICATION OF MODERN ELEC.
TROANALYTICAL TECHNIQUES TO THE ANALYSIS OF
HEAVY METALS IN WATER
P.E. STURROCK, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The proposed research plan involves laboratory and field in-
vestigations directed at determining the suitability of modern
electroanalytical techniques for the analysis of water for trace
contaminations by heavy metals. The approach will be to deter-
mine the sensitivity limits, accuracy and interferences for a
number of metal ions using solutions of known concentrations
prepared in the laboratory. Then the procedures and techniques
developed will be tested on samples obtained from various points
along the Chattahoochee River to see if point to point and day to
day fluctuations of heavy metal concentrations can be observed.

Laboratory investigations will employ the following methods:
1. Square-wave polarography. 2. Phase-selective A.C. polarog-
raphy. 3. Derivative chronopotentiometry.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

Georgia Institute of Technology

1.0041, METHOD FOR QUANTITATIVE ANALYSIS OF
PHENOLS IN FUEL CELL PRODUCT WATER

ONEILL, I I T Research Institute, Chicago, Illinois
Techniques for determining phenolic material at the 100-ppb

level and hydroquinones and quinones at the 1-ppm level in fuel
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cell product water were developed. The analyses can be per-
formed on 1 ml of water and require approximately 1 hr.

The phenol procedure involves a preliminary steam distilla-
tion in a silanized distillation apparatus and spectrophotometric
determination with 4-aminoantipyrine as the reagent. In order to
achieve adequate resolution and sensitivity, a reagent-blank com-
pensation procedure is described. Techniques for increasing the
sensitivity fivefold are recommended.

Hydroquinone and quinone determinations are performed
with phloroglucinol as the reagent and by direct ultraviolet
scanning. The former method is the method of choice for
hydroquinone and quinone because it can be performed directly
on the product water and because other extraneous organic
matter in the product water does not appear to interfere, at least
at the 1-ppm level. Sensitivity to t-butyl hydroquinone by this
method is poor. The ultraviolet procedure exhibits greater
specificity for individual components, but it requires removal of
the aromatic sulfonic acids prior to analysis.

SUPPORTED BY General Electric Company

1.0042, DIFFUSION IN TERNARY AQUEOUS SALINE
SOLUTIONS
R.P. WENDT, Loyola University, Graduate School, Chicago, Il-
linois 60611

The objective of this research will be to measure and in-
terpret diffusion coefficients over the concentration range 0.1 to
2.0 molar for each salt in ten solutions, each consisting of two sea-
water-type salts and water. It is also expected that useful contribu-
tions to the theory of nonequilibrium thermodynamics will be
made, with respect to predicting diffusion and ionic
phenomenological coefficients.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0043, THERMODYNAMICS OF WATER AND WATER
SOLUTIONS
M.J. JONCICH, Northern Illinois University, Graduate School,
Deka lb, Illinois 6011 5

Heats of solution will be carried out over the temperature
range of 0-50 degrees C on salts containing the ions; Na , K , Ca ,

Mg , Cl-, CO3, SO4 and others as well as the gases; 02, N2, and
CO2. The integral heat method will be used to determine partial
molal heat capacities of the above salts and gases. Extrapolation
to finite dilution of the data will .permit evaluation of partial molal
heat capacities and entropies at infinite dilution.

Use will be made of these data to check the `Coneepondence
Principle' of Cobble and to permit calculation o4 partial molal
ionic thermodynamic properties. The changes in the ther-
modynamic properties of the solutes will be related to the change
of structure of water. These results will be correlated with the
theories of Nemethy-Schernga, Frank-Quist, Eryring, and
Sanioiloy concerning the structure of water and the effects of dis-
solved electrolytes and gases.

The same experimental data will be used to determine co-or-
dination numbers of the ions and gases using the theoretical ap-
proach proposed by Samoilov.

SUPPORTED BY Illinois State Government
University of Illinois

1.0044, INTERFACIAL WATER STRUCTURE AND PRO-
PERTIES
W.F. CLAUSSEN , State Water Survey, Urbana, Illinois

A basic study into the nature of the water surface is being un-
dertaken in the ifollowing ways: a) Experimentally, the variation
of surface tension with temperature for pure water and for water
solutions of hydrating gases, such as propane, will permit assess-
ment of the role of the hydrating shell water structure in surface
water structure. b) A theoretical approach is being made toward
the understanding of surfaces by relating the thermodynamics of
surface formation to the critical phenomena and to the vapor
pressure, for pure water and for other polar and non-polar liquids.
c) Applications of knowledge of the water surface are being
sought in the areas of transpiration, corrosion, and fog stability.
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SUPPORTED BY Illinois State Government

1.0045, FLOW FIELD IN A PACKED BED
T.J. HANRA 77Y, Univ. of Illinois, Graduate School, Urbana, Il-
linois

A study of the details of the flow around a single sphere in a
packed bed of spheres is being conducted. It differs from previous
work since attention is being focused on local happenings on a
scale smaller than the particle diameter. An instrumented test
sphere located in a cubic array of spheres allows measurements of
the pressures and of the instantaneous local shear stress and mass
transfer rate to the surface of the sphere. Visual studies are also
being conducted.

SUPPORTED BY Amer. Chemical Society

1.0046, CONVECTION IN tOTATING FLUIDS
J.L. HUDSON, Univ. of Illinois, Graduate School, Urbana, Illinois

An analysis has been made of centrifugally-driven thermal
convection in a rotating cylinder. Fluid motion relative to a coor-
dinant system rotating with the cylinder is produced by the action
of the centrifugal force on a vertical density gradient. The analysis
points out the effects of the Coriolis and centrifugal accelerations
in this system. An apparatus has been built to studt this problem
and preliminary measurements have been taken.

Experiments on the isothermal flow near an enclosed rotat-
ing disk have also been carried out. The fluid motion is observed
by taking photographs of neutrally buoyant beads.

SUPPORTED BY Amer. Chemical Society

1.0047, THE EFFECT OF WATER STRUCTURE ON
BIOLOGICAL ACTIVITY
R.J. MILLER, Univ. of Illinois, Agricultural Experiment Sta. , Ur-
bana, Illinois

Objectives: (1) To determine if water structure, be it that of
free water or that associated with ions, is important in membrane
transport phenomena. (2) To determine if water structure that is
altered by surfaces affects microbial growth.

Work Proposed: The structural integrity of water will be
varied using ions, surfaces and temperature. The activity of bac-
teria and corn mitochondria will be studied as the structure of the
aqueous solutions are varied. By correlating changes in the water
structure and biological activity it should be possible to determine
if the structure of water is important in biological processes.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

1.0048, CONVECTIVE INSTABILITY IN TRANSIENT
SYSTEMS
R.L. SAN!, Univ. of Illinois, Graduate School, Urbana, Illinois

The primary goal of this investigation is the mathematical
characterization of the stability of transient hydrodynamic
systems exhibiting transport and transformation processes that
are coupled at the macroscopic level. Approximate solution
techniques are being developed and utilized in the analysis.

SUPPORTED BY University of Illinois

1.0049, TRANSPORT PROPERTIES OF AQUEOUS ELEC-
TROLYTE SOLUTIONS - AN APPROACH FROM THE HIGH
CONCENTRATION LIMIT
C.A. ANGELL, Purdue University, Graduate School, Lafayette -
West Lafayette, Indiana 47907

The transport behavior of highly concentrated and super-
saturated electrolyte solutions, which is clearly intractable using
the Debye- Huckel approach, has proven very amenable to analy-
sis by means of simple equations originally proposed to describe
the temperature dependence of transport processes in glass-form-
ing organic liquids (which include most liquid polymers and
polymer solutions). Transposed forms of these equations which
give a convincing first order approximation account of the con-



centration dependence of electrolyte solution conductance and

viscosity, have recently been proposed and discussed by the prin-

cipal investigator. These equations have as their theoretical basis

the assertion that, providing the first order transition to the
crystalline state is averted, the liquid state properties of an assem-

blage of attractively interacting particles must vanish at a tem-

perature T sub zero (where T sub zero is greater than 0 degrees

K) due to the vanishing of the configurational entropy content.
The phenomenon of the liquid-glass transition is directly related

to this circumstance. T sub zero is a function of equivalent con-
centration and for salts of multivalent cations reaches room tem-

perature for solutions less concentrated than the pure (metasta-

ble) liquid salt. The condition (T sub zero equals isothermal tem-

perature) may thus set the high concentration limit (N sub zero)
for electrolyte transport in such a system.

'The present work is concerned with a determination of the
useful limits of this approach and the clarification of the physical

nature of the transport equation parameters.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0050, THE PROPERTIES OF CLAY-ADSORBED

WATER
P.F. LOW, Purdue University, Agricultural Experiment Sta. ,

Lafayette - West Lafayette, Indiana 47907
Description of Work - During the coming year an attempt

will be made to determine whether or not water in a clay paste has

sufficient rigidity that a threshold pressure gradient must be ex-
ceeded before it begins to flow.

SUPPORTED BY Indiana State Government

1.0051, INTERMOLECULAR FORCES AND THE LIQUID

STATE
C.R. MUELLER, Purdue University, Graduate School, Lafayette

West Lafayette, Indiana 47907
The research objective is the accurate determination of the

intermolecular potential in regions of interest to liquid state
theory by means of the crossed molecular beam technique and

the calculation of the statistical mechanical properties of the
liquid state using these forces.

The substances investigated will include the noble gases and

the simple hydrides, CH4, NH3, and H2O. The ultimate aim is to

further our understanding of the liquid state both where hydrogen
bonding is present and absent and about hydrogen bonding and

the structure of H2O.
22

SUPPORTED BY Dept. of Interior - Off. Saline Water

1.0052, DISSOLVED GASES AND WATER CLUSTERING

IN AQUEOUS SOLUTION
G. GORDON, Univ. of Iowa, Graduate School, Iowa City, Iowa

52240
The purpose of this research is to study the kinetic and

equilibrium properties of dissolved gases and related materials in

aqueous solutions. By means of this type of approach, which util-

izes a variety of methods, it appears to be possible to rationalize

some Of the complexities of the solvent. Thus we should be able to

obtain more definite conclusions about the primary steps in

chemical reactions and positive information with respect to the
species in solution and their interactions with water itself.

Presently, we are studying the C 102 -H20 system by means of

techniques such as classical thermodynamic properties, electron
paramagnetic and nuclear magnetic resonance spectroscopy, op-
tical spectroscopy, temperature jump, and other kinetic measure-
ments. By means of the above techniques, we hope to elucidate

the modus operandi of these observations. Initially, we are study-
ing chlorine dioxide in water as a model system. We intend to ex-

tend our measurements to include other ionic and molecular spe-
cies such as CO2, S02, S03, (t- BU)4NBT and the like.
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SUPPORTED BY U,S. Dept. of Interior - Off. Saline Water

1.0053, FIXATION AND AVAILABILITY OF ADDED
PHOSPHORUS IN SOILS
J. HAGIN, Technion Res. & Develop. Fdn. , Haifa, Israel

Object: To evaluate the phosphorus availability and fixation

of various fertilizers, in different soils, as related to their nutritive

value.
Plan of Work: Diffusion of phosphorus from the vicinity of a

fertilizer particle is determined by (1) the apparent diffusion
coefficient--this is a function of the reactions of phosphorus with

soil components and properties; and (2) the potential gradient
between the solution near the particle surface and the bulk soil
solution- this is a function of change in phosphorus concentration
in the soil solution and of the path length. In the first phase the

solubility of various phosphatic fertilizers in defined solutions as
well as in soil systems will be measured. The relation of the

phosphorus concentration on the fertilizer particle surface to the
amount and rate of solubilization will be studied. In the second

phase the influence of soil properties on phosphate diffusion will

be evaluated and measured by changes in the concentration of

phosphorus in the soil zone surrounding the fertilizer particle,
taking into account the concentration gradient between the parti-

cle surface and the bulk soil. Fixation rate, in soils, of phosphorus
from various fertilizers will be measured. Factors affecting the
solubility and availability of phosphates will be measured, for ex-

ample, solubilization of difficultly soluble coats formed on
originally soluble phosphates.

SUPPORTED BY U.S. Dept. of Agriculture
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1.0054, MODE OF OCCURRENCE OF MINOR ELE-
MENTS IN SEDIMENTS AND SOILS
D.H. YAALON, Hebrew University, Jerusalem, Israel

Object: To determine the mode of occurrence and geochemi-

cal transformations of micronutrients during weathering by mea-
suring their presence in ground water and their distribution
among different particle size fractions of various soils and rocks.
Elements under study will include copper, zinc, cobalt, nickel,
boron, chlorine, iodine, sulfur and possibly others.

Plan of work: Trace elements content in several separate
fractions of the materials examined will be determined. This will
include the water soluble and acid soluble fractions, and elements
associated with the organic matter extract. Soils and silicate
materials will be separated into clay, silt and sand size fractions,
and additional mineralogical separation accomplished by heavy
liquid separation. The noncarbonate residue of limestones and
calcareous soils will be similarly treated. Ground water composi-
tion will be related to the soil and rock analyses. It is proposed to
examine, in the course of three years, the major soil groups and
sedimentary rocks occurring in the Eastern Mediterranean.
Results may be subjected to a proper statistical analysis and cor-
related with ott er known properties of the materials. Samples
from other regions may be added subsequently.

SUPPORTED BY U.S. Dept. of Agriculture

1.0055, TRACE ELEMENT CHEMISTRY OF STREAMS

OF THE LOWER KANSAS RIVER BASIN
E.E. AMINO, Univ. of Kansas, State Geological Survey,
Lawrence, Kansas 66045

Study of the annual variation of trace element content (Co,
Ni, Li, Si, Zn, Fe, Mn, Sr) of the Saline, Smoky Hill, Solomon,
Delaware, Wakarusa and Kansas Rivers was undertaken for two
reasons. ( 1 ) To develop methods for trace element analyses of

water samples by atomic absorption spectrometry and (2) To ac-
cumulate information on the 'back- round' trace element load of
these streams for which little elemental data is presently available.
This latter consideration was considered in light of studies relat-
ing to water pollution studies of the Kansas River. The work con-
sists of collection, preparation, analysis of the samples and in-
terpretation of results.
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SUPPORTED BY Kansas State Government

1.0056, UTILIZATION OF OIL FIELD BRINES AS A
POSSIBLE FERTILIZER SOURCE;
E.E. ANGINO, Univ. of Kansas, State Geological Survey,
Lawrence, Kansas 66045

Large amounts of oil-field brines are produced annually in
Kansas. Experimental work is being conducted to determine the
feasibility of recovering a useable fertilizer material from these
brines, subsequent to appropriate chemical treatment. Results, to
date, are encouraging, but additional evaluation work is required.
The work includes (1) determining the nature of the separated
product by x-ray diffraction analysis, (2) determining the chemi-
cal composition of the complex precipitated product by atomic
absorption and emission spectrography, and (3) evaluating the
product from different brines to ascertain the constancy of the
product produced,

SUPPORTED BY Kansas State Government

1.0057, THERMAL PROPERTIES OF SALT SOLUTIONS
R.J, IJEARMAN, Univ. of Kansas, Graduate School, Lawrence,
Kansas 66045

The objective of the proposed work is to investigate the ther-
mal conductivity of aqueous salt systems. We plan to construct
apparatus fo the determination of thermal conductivity, to mea-
sure the thermal conductivity and to develop theoretical equa-
tions for the interpretation of the results.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0058, INTERACTION OF ORGANIC MOLECULES IN
WATER
T. HIGUCHI, Univ. of Kansas, Graduate School, Lawrence, Kan-
sas 66045

The proposed study is concerned with elucidation of enzy-
matic catalytic mechanism and, indirectly, action of drugs. The
program is based on series of investigatoins of model systems. Ap-
proximately one half of the total effort will be directed towards
elucidation of mechanisms of molecular binding or association in
aqueous media, the remainder to chemistry of facilitation of reac-
tions in aqueous solution by organic species and functional gropu-
ings. Primary attention has been directed towards hydrolytic reac-
tions of acyl derivatives such as esters, amides, acid anhydrides,
acyl halides, etc., and catalyzed oxidation of thioethers.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

1.0059, ION HYDRATION AND ION INTERACTION
0. ATKINSON, Univ. of Maryland, Graduate School, College
Park, Maryland

Measurements will be made of ultrasonic absorption in aque-
ous solutions of Mg(II) and Ca (II) salts in an effort to examine the
effect of 'inert electrolytes' 'such as NaCI on ion association
processes. Measurements of ultrasonic absorption in aqueous
solutions of tetraalkylammonium salts will be expanded and ex-
tended to non-ionic clathrate forming compounds. A cooperative
program on the measurement of ultrasonic absorption and
velocity in aqueous solutions of simple salts over wide ranges of
frequency, temperature and pressure will be further imple-
mented. This program involves this research group and the
acoustics research groups at Catholic University and American
University.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0060, CLOSED SYSTEMS FOR ANIMAL SEWAGE
TREATMENT
J.T. CLAYTON, Univ. of Massachusetts, School of Agriculture,
Amherst, Massachusetts 01003

The specific objectives of the proposed research are: (1) To
develop a waste stabilization system that will minimize the pollut-
ing strength of manure and other dairy farm wastes; and (2) to
clarify, by digestion and subsequent treatment, the liquid (or
liquifiable) parts of dairy farm wastes so that the system effluent

can be safely disposed of or used as the agent for subsequent
cleanings of the dairy facility.

Two experimental sewage processing systems will be used,
The first will consist of primary settlement of the influent with
secondary aerobic digestion. In the second system aerobic
digestion will precede settlement. Effluent quality and the fate of
indicator organisms, will be the principal criteria of performance.

Microbiological determinations will be made in order to ob-
tain the following information: (a) the activities in the various
states of the process; (b) the public health hazards associated with
the final sludge and effluent; and (c) to determine the eegree of
disinfection necessary before discharge.

Later experiments will include the use of coagulants, coagu-
lant aids, and chemical treatments. Dosage and effectiveness of
ion exchange minerals and resins will be investigated with special
emphasis on odor and color effects. Chemical treatments for
microorganism control and small organic particle removal will be
studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

1.0061, SPECTROSCOPIC AND DIELECTRIC STUDIES
OF NEW HYDROGEN BONDED SPECIES
R.R. HOLMES, Univ. of Massachusetts, Graduate School, Am-
herst, Massachusetts 01003

It is proposed to carry out an appropriate experimental pro-
gram which will lead to a more precise understanding of the ener-
getics involved in hydrogen bonding phenomena and establish ex-
perimental conditions favoring the formation of new hydrogen-
bonded complexes involving water. In this regard spectroscopic
studies (including far- infrared measurements), dielectric studies,
and vapor density measurements will be performed.

In order to aid the development of the theory, it is necessary
to provide detailed experimental information describing
hydrogen bonding phenomena in water and related substances,
Most studies of hydrogen bonding deal with the condensed phase,
liquid or solid, and suffer the disadvantage, that because of com-
plications arising from intermolecular interactions, an aggretate
of hydrogen-bonded systems are present. What one is then mea-
suring is an average property associated with the aggregate.

Little attention has been given to gas phase systems, even
though these systems provide a more ideal environment. In such a
system an opportunity is provided to isolate a particular hydrogen
bond, free from intermolecular effects. An investigation of a
hydrogen bonding system in the gas phase and comparison with
the results of the condensed phase study of the same system
should provide greater insight, first of all, into the nature of a
hydrogen bond and, secondly, the changes that occur in going
from the gas to the condensed state.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0062, THE ROLE OF WATER IN ORGANIC REAC-
TIONS
C.G. SWAIN, Mass. Inst. of Technology, Graduate School, Cam-
bridge, Massachusetts 02139

Research designed to determine the mechanism of common
polar reactions in solution in considerable detail, the exact struc-
tures of their transition states, how these change with the struc-
ture of the reactants, and the nature of any intermediates, to
discover new tools and principles to aid in the study of
mechanisms and to develop new quantitative relations between
structure and reactivity. Reactions under study include halide and
ester solvolyses, ketone enolization, carbonyl addition reactions,
and displacements on carbonyl carbons. Also, being in-
vestigatedare mechanisms of aicd, base and polyfunctional cataly-
sis, the structure of water and water solutions, and solvent isotope
effects in light and heavy water.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

1.0063, EFFECTS OF POLAR ORGANIC SOLVENTS ON
ENZYME ACTION
Y. KU, Monsanto Research Corporation, Everett, Massachusetts
02149
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Objective: a. Problem: The objective of this research is an ex-
tensive investigation of enzyme reactions in high concentrations
of polar organic solvents tr. determine the role of water in enzyme
catalysis. b. Application: Virtually all speculation on extrater-
restrial life begins with the assumption that water is necessary for
life, based on the argument that enzymes are necessary for life,
and enzymes require water.

Approach; The kinetic parameters of enzyme -water interac-
tion; the real significance of 'bound water' associated with dis-
solved enzyme; the nature of pH versus activity for enzyme reac-
tions; thermal stabilities of enzymes in the dry state versus aque-
ous; and enzymatic reactions below 0 degree C will be deter-
mined.
SUPPORTED BY U.S. Natl. Aero, & Space Adm.

1.0064, AN INVESTIGATION OF ION MOBILITY IN
AQUEOUS SOLUTIONS
S.B. BRUMMER, Tyco Laboratories Incorporated, Waltham,
Massachusetts

It is proposed to investigate the basic mechanism of transla-
tional processes in liquids. The limiting ionic conductance in
aqueous solutions will be used as a model for the study. Measure-
ments will be made over a wide range of temperature (0-80
degrees C), pressure (1-3000 atmos) and concentration (10 to
the minus 4 power - 10 molar), for a range of simple salts. Such
studies of the P-V-T characteristics of the systems as are required
will be made, but the emphasis will be oir'ThRking a careful and
thorough investigation of the temperature anZi- pressure coeffi-
cients of the limiting ionic conductance. In analyzing the data,
particular attention will be paid to separating the effects of tem-
perature and density. These two fundamantal parameters have al-
most invariably been confused in the past and it is thought that a
considerable clarification of the mechanism of transport
processes in aqueous solutions will be obtained if their effects are
carefully distinguished.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0065, THE USE OF AMALGAM ELECTRODES TO
MEASURE ACTIVITY COEFFICIENTS OF METAL SALTS
IN MULTICOMPONENT SALT SOLUTIONS
J.N. BUTLER, Tyco Laboratories Incorporated, Waltham, Mas-
sachusetts

Electrodes consisting of a dilute amalgam of a metal such as
Na, K, or Ca, with mercury, can be used to measure directly the
activity coefficients of salts of the metal in multicomponent salt
solutions. Such measurements greatly extend our present
knowledge of the thermodynamics of multicomponent salt solu-
tions.

The important factors in obtaining accurate activity coeffi-
cient measurements with amalgam electrodes are ( I ) purity of re-
agents, (2) rigorous exclusion of oxygen from the system, and (3)
corrections for dissolution of the amalgam. An experimental
system for carrying or,` hese measurements is being constructed.

The proposed research program includes measurements on
the systems KCI -NaCI and LiCI-NaCI, which can be compared
with results of the isopiestic method; and the systems MgC12-
NaCI and CaC12-NaC1, which are of importance in connection
with the chemistry of sea water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0066, NITRIFICATION BY MARINE MICROORGAN-
ISMS
S.W. WATSON, Woods Hole Oceanographic Inst, , Woods Hole,
Massachusetts 02543

This proposal is for the continuation and expansion of our
studies on the role nitrifying bacteria play in the ocean and the
molecular mechanisms by which these organisms convert, store
and utilize energy derived from the oxidation of ammonia or
nitrite. The specific objectives include: (1) the isolation and pu-
rification of new marine nitrifying bacteria; (2) the determination
of the vertical and horizontal activity and distribution of nitrifying
bacteria in the open ocean; (3) a morphological study of the tine
structures of nitrifying bacteria; (4) a study of the metabolic
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pathway by which marine nitrifying bacteria oxidize ammonia to
nitrite and nitrite to nitrate using cell free systems; (5) an attempt
to elucidate the reason or reasons why nitrifying bacteria are
obligate autotrophs (6) a study of the role of the submicroscopic
cytomembrane systems and other submicroscopic structures ob-
served in Nitrosocystis occanus, Nitrosomonas europaea and
Nitrobacter agilis; (7) a study of the kinetics of nitrification; (8)
the development of new cultural techniques.

SUPPORTED BY U.S. Dept. of Filth. Ed. & Wel. - P.H.S.

1.0067, ASYMMETRIC BUBBLE COLLAPSE STUDIES
6310
F.G. HAMMITT, Univ. of Michigan, School of Engineering, Ann
Arbor, Michigan (DAHC04-67-C-0007)

Objective: To investigate the manner of asymmetric collapse
of cavitation bubbles in various hydrocynamic situations.

Approach: Both theoretical and experimental methods will
be used. It is planned to: (1) Obtain photographic evidence of the
actual nature of bubble collapse in a flowing system under sub-
stantial pressure gradients, (2) Develop theoretical analyses of
collapsing cavities to correlate with the experimental observa-
tions in order to better understand the influence of various boun-
dary conditions on the mode of collapse, (3) interpret the
theoretical results in terms of the potential of cavities in a liquid
to damage solids, drawing on knowledge already obtained and to
be obtained in the proposed work from the experimental observa-
tions.

Progress: The asymmetric mode of collapse of cavitation
bubbles has been studied both experimentally and theoretically.
In the experimental investigation, a spark camera capable of tak-
ing 12 frames in a period of the order of 20 sec. has been built and
tested. The detailed analysis of pictures produced by this camera
is under way. A study of the theoretical problem has led to a deci-
sion to use a MAC (Marker and Cell) type of computer code as
the basis for a numerical solution of the governing differential
equations. The code has been written and checked out by applica-
tion to the symmetrical bubble collapse problem (Rayleigh's
problem) to which an analytical solution is known. Work is in
hand on the application of the code to the asymmetric problem.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0068, EFFECTS OF LIMNOLOGICAL FACTORS ON
UPTAKE OF CS137 BY FISH
N.R. KEVERN, Michigan State University, Institute of Water
Research, East Lansing, Michigan 48824 (AT( 11-1)1795 )

Certain limnological factors, theoretically suspected for in-
fluencing the accumulation of 137Cs by fish, are being in-
vestigated in a series of lake types. Multiple regression analysis
will be used to determine which of the factors are the most impor-
tant. The factors measured in each of the six lakes will be cesium-
137, stable cesium, sodium, potassium, and specific conductivity
along with standard limnological measurements of pH, alkalinity,
temperature, dissolved oxygen, and secchi disc readings. Mea-
surements of the concentrations of 137Cs and stable Cs in sam-
ples of largemouth black bass from each lake and in the lake
waters will allow demonstration of the importance of the specific
activity of the water on the accumulation of 137Cs by fish. A
second phase of the project will be directed at testing if trophic
position is a factor in the accumulation of I 37Cs. Other studies, at
least in terrestrial ecosystems, have indicated an increase of
137Cs concentrations of about three-fold between trophic levels.
Samples of the aquatic plants and organisms, including fish, from
a single lake and representing the trophic levels of producer, her-
bivore, omnivore, and carnivore will be analyzed for 137Cs con-
tent and compared. The overall objective of the study is to gain
the knowledge necessary to permit us to predict maximum con-
centrations of 137Cs in iced fishes from estimated inputs of the
radionuclide to natural waters.
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SUPPORTED BY U.S. Atomic Energy Commission

1.0069, GEOCHEMICAL INVESTIGATION OF THE
GROUNDWATER SYSTEM IN THE LANSING, MICHIGAN,
AREA
S.B, ROM BERGER, Michigan State University, Graduate
School, East Lansing, Michigan 48824

This program involves the collection of baseline geochemical
data on subsurface water in contact with the Saginaw formation,
the most important groundwater aquifer in the Lansing area.
These data will be used to evaluate new sources of potable
groundwater to supplement the presently dwindling supply of un-
contaminated surface water. Subsurface chemical data will be
correlated with water quality data already available for surface
waters, and the chemical composition of the enclosing rocks to
determine their role in controlling the chemistry of groundwater.
The major constituents to be determined are hydronium ion
(pH ), sodium, calcium, potassium, magnesium, iron, bicarbonate,
sulfate, chloride, nitrate, and phosphate, The state of equilibrium
of the groundwater with its environment will be calculated using
thermodynamic data. Reactions of contaminated surface water
with groundwater and earth materials will be investigated both in
the field and in the laboratory to determine beneficial and
deleterious products. Using the data collected and the environ-
mental factors determined, a geochemical model will be calcu-
lated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Michigan State University

1.0070, TRAVEL OF NITROGEN IN SOILS
G.J. SCH ROEPFER, Univ. of Minnesota, School. of Engineering,
Minneapolis, Minnesota 55455

Work on the project began in October of 1962. Initial work
included soil lysimeter studies as well as bench experiments in
which soils and contamination waters were intimately mixed.
These studies were directed at determining the chemical and
physical factors affecting the travel of nitrogen compounds. In
1963 a sampling program was initiated to obtain field data to cor-
relate with laboratory results. Ground water observation wells
were installed in the vicinity of waste stabilization ponds and sep-
tic tank tile fields. This field sampling program is continuing at
present on a expanded scale. In 1965 a controlled feed soil ab-
sorption system was installed employing synthetic substrate, along
with a system of 12 observation wells, to determine the rate of
nitrate formation and its movement in ground water.

An additional controlled feed soil absorption system has
been installed in a soil with an effective size serveral times smaller
than that of the original system. Additional pond studies are also
being carried on. These systems, along with a study of the
microorganisms involved, are providing data to determine the
factors governing the movement of nitrogen compounds through
soils and to evaluate the travel limits of nitrogen, in its various
forms, under field conditions in the vicinity of underground pollu-
tion.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. P.H.S.

1.0071, FREE SURFACE VORTEX RESEARCH
G.H. KEULEGAN, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
Technical Objective: Provide basic laboratory information

concerning the effects of fluid viscosity on (1) the incipient con-
ditions for vortex formation, (2) its shape and size, and (3) its rate
of decay. Compare experimental results with theory and other
laboratory information in an effort to improve the understanding
of the vortex phenomenon.

Approach: The following variables will be considered in a
systematic laboratory investigation of the free surface vortex in a
cylindrical tank. Radius of tank, diameter of orifice, depth of fluid
in tank, radial velocity, tangential velocity, kinematic viscosity of
fluid, density of fluid, surface tension of fluid, acceleration of
gravity, depression of surface at a particular distance from the
center of the tank, and circulation. The effects of viscous forces
on the vortex phenomenon will iv studied by varying the

Reynold's number while other parameters are held at specified
values, This will be accomplished through the use of several dif-
ferrnt liquids (water, glycerine, different grades of oil) in the
system. Observations will be made of incipient conditions for vor-
tex formation with each test fluid, Surface profile measurements
will be recorded for the stable vortices produced by given test
conditions. Velocity measurements will also be made during sta-
ble flow conditions. Observations will be made of the time
required for the vortex to decay due to viscous forces when the
circulation system is closed.

Progress (Jan 66 - Jun 67); Measurements of water depth,
discharge and vane angle and the vortex profile were made for a
4-in,-diameter by 24-in.-long outlet tube with free discharge and
with a 1-in. orifice at the bottom. Future investigations will use a
simple exit orifice at the level of the bottom of the vortex tank. A
second piece of apparatus is being built to check viscosity.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0072, ANALYSIS OF MIXING PHENOMENA AS-
SOCIATED WITH THE RISE OF GASEOUS BUBBLES THRU
A STRATIFIELD LIQUID
R.A. SAGER, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

Technical Objective - To study the mixing of an underlying
saltwater layer with an overlying freshwater layer, produced by a
pneumatic barrier system (bubble screens). The results of this
study will be used to determine the optimum design of a pneu-
matic barrier to achieve maximum vertical mixing at minimum
cost of construction and operation, and also to determine possible
scale effects attributable to air bubble size and other factors. This
work unit is primarily a pilot study for future research to be aimed
at increasing the degree of vertical mixing and thereby provide
beneficial alterations to the hydraulic, salinity, and shoaling
regimens of estuaries.

Approach - Investigations will be conducted in a large basin
having the approximate dimensions of 20 ft. wide by 50 ft. long by
8 ft. deep. Tests will be conducted to study such variables as ini-
tial density difference between the saltwater and freshwater
layers, depth of the pneumatic barrier below the water surface,
rate of air supply to the pneumatic barrier, the size and spacing of
air outlets in the barrier, and the effects of multiple distribution
lines as opposed to a single line.

Progress (Oct 66-June 68): A literature and state-of-the-art
review was completed. A general test program was prepared and
construction of all test equipment was completed. Evaluation
tests of air flow distribution from the diffuser pipe indicated ad-
verse results. Tests to define the effects of size and spacing of air
outlets on the mixing rate were completed using 1/8 in. holes on 6
in. centers and 1/16 in. holes on 2 in. centers. Preliminary results
of these rests indicate essentially no significant difference in the
mixing rate of an initially layered fresh and salt water system into
a saline mixture for the two different sizes and spacings of air out-
lets. Tests to define the effect of flow rate were initiated with two
tests completed. Analysis of test data was initiated.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0073, NMR AND X-RAY STUDIES OF STRUCTURE IN
AQUEOUS ELECTROLYTE SOLUTIONS
D.W. LARSEN, Univ. of Missouri, Water Resources Research
Ctr. , Columbia, Missouri 65202

A study is proposed to elucidate the nature of the interac-
tions which occur between oppositely charged ions and between
ions and water molecules in aqueous solution. The techniques to
be used in the study are NMR spectroscopy and X-Ray diffrac-
tion.

The NMR Studies will provide information about configura-
tions in solutions containing large, structural anions and cations.
The large- angle X-Ray Studies will provide information about
configurations in solutions containing small, structureless ions,
and the small-angle X-Ray Studies will be used to study isother-
mal compressibility and long range structure.

It is expected that the combination of NMR and X-Ray Stu-
dies will enable the behavior of a wide variety of ions to be in-
vestigated as a function of temperature, from which valuable in-
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formation concerning the electrostatic potentials surrounding
ions will be obtained.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

1.0074, A STUDY OF THE INTERACTIONS PRESENT IN
AQUEOUS SALT SOLUTIONS BY NUCLEAR MAGNETIC
RESONANCE SPECTROSCOPY
D.W. LARSEN, Univ. of Missouri, Water Resources Research
Ctr. , Saint Louis, Missouri 63121

A study is proposed to elucidate the nature of the interac-
tions which occur between oppositely charged ions and between
ions and water molecules in aqueous solution. The systems to be
studied will be composed of tetraalkylammonium ions and
paramagnetic complex transition metal anions in cleated= oxide
solution. Data obtained from the studies is expected to provide in-
formation about the configurations and internal motions of the
various species present in solution.

The research will focus upon the correlation of configura-
tions and internal motions with variable parameters of the anion,
such as size, charge, nature of the ligand, and nature of the metal-
ligand bond. It is expected that studies made on a large variety of
paramagnetic complexes will aid in the increase of knowledge of
the electrostatic potential surrounding the anion.

Significant advances in many of the aspects of conservation
and development of the nation's water resources are necessarily
preceded by advances in understanding of the nature of pertinent
basic processes. This research project hopefully will add to the
basic understanding of the interactions between some species that
pollute water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

1.0075, WATER-SOIL-PLANT RELATIONS
R.H. RUF, Univ. of Nevada, Agricultural Experiment Sta. , Reno,
Nevada 89507

Objectives: To evaluate the interaction of root medium stress
and transpirational stress as imposed by temperature, light and
relative humidity on plant growth and cell maturation. To deter-
mine the effect of this stress on differential cell maturation and
subsequent growth resumption when the stress is relieved.

Procedures: Plants will be grown in nutrient solutions con-
taining polyethylene glycol (Carbowax 1540) as an osmotic
agent. Aerial stress will be regulated in controlled environment
chambers by light intensity, relative humidity and temperature.
Cell maturation and internal cell osmotic concentration will be
measured with a Warburg respirometer and vapor pressure
osmometer respectively. The growth rate after a stress period will
be measured either with whole tubers or tissue discs grown on
nutrient agar.

SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

1.0076, PHYSICS AND CHEMISTRY OF SOIL WATER
AND INTERFACIAL PHENOMENA
D.M. ANDERSON, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

Phase relationships and thermodynamic properties will be
determined for interfacial water and water adsorbed by earth
materials. The measurements are being determined principally in
the temperature range 0 degrees C - 180 degrees C to aid in the
understanding of the phenomena of freezing and thawing.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0077, METAL ION INTERACTIONS WITH WATER
T.G. SPIRO, Princeton University, Graduate School, Princeton,
New Jersey 08540

Statement of Objective: The interest which motivates the
research proposed here revolves around the mutual interaction of
metal ions in aqueous solution, especially under conditions that
are biochemically relevant. This interaction arises from the
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ubiquitous formation of hydroxyl bridged polynuclear complexes
in metal ion solutions. Of particular biological interest is the fact
that many naturally occurring chelating agents leave one or more
metal ion coordination sites occupied by water, hence susceptible
to hydrolysis and polymerization. Since the physiological pH
range is precisely where hydrolysis is expected for many metal
ions, the occurrence of polynuclear structures in biological fluids
is entirely probable. That they may be of biochemical importance
as well is indicated by our finding that the marked catalysis of
ATP dephosphorylation by copper (II) ions involves a dinuclear
copper chelate. Of similar relevance is the finding that a citrate
stabilized high polymer of iron (III) can be used to reconstitute
ferritin from apoferritin.

Our research efforts are aimed at structural elucidation of
polynuclear complexes using Raman spectroscopy and other
physical techniques; at exploring the kinetic implications of
polynuclear species in metal catalyzed ATP reactions; and at stu-
dying the formation of chelate stabilized high polymers of metal
ions.

SUPPORTED BY U.S. Dept. of filth. Ed. & Wel. - P.H.S.

1.0078, DIELECTRIC PROPERTIES OF HYDROGEN-
BONDED LIQUIDS
W. DANNHAUSER, State University of New York, Graduate
School, Buffalo, New York 14214

The purpose of this research is to extend measurements of
the dielectric constant of some simple hydrogen-bonded liquids as
a function of frequency, temperature, and pressure. Equilibrium
data will be analyzed in terms of intermolecular associative
equibria involving hydrogen-bonds as a specific function of
molecular geometry. The ultimate results will be expressed as the
thermodynamic parameters characteristic of the associative
equilibria. Dielectric dispersion data will be analyzed in the con-
text of Eyring's theory and also in terms of fluctuation-correlation
theory.

One part of the program entails the measurement of the
dielectric constant of a number of isomeric octyl alcohols over a
wide range of temperature and frequency. By varying the position
of the -OH group in the molecule, and thus the extent of steric in-
terference with intermolecular hydrogen-bonding, it is possible to
obtain liquids whose extent of association varies widely. Because
the isomers all have essentially identical ,aolar volumes and
dipole moments, differences in their dielectric behavior must be
due entirely to specific differences in the shape of the molecule.
The possibility of correlating equilibrium properties with dielec-
tric relaxation will be studied.

The major goal of the project is to extended dielectric con-
stant and lose measurements to about 4 kbars pressure. The ther-
modynamic functions delta V, delta E, and delta Sv characteristic
of the association ( hydrogen-bonding) will be determined from
the pressure dependence of the equilibrium dielectric constant.
Delta Sv in particular is expected to be sensitive to the size and
shape of the molecules. Similarly, the activation parameters delta
Sv, delta E, and delta Sv will be obtained from the pressure de-
pendence of the dielectric relaxation times. Variations in the
molecular environment due to thermal expansion are eliminated
when working at constant volume. Thus, when examining chemi-
cally similar liquids a comparison of the resulting data will be in-
dicative of intrinsic molecular differences which may be corre-
lated with the size and shape of the molecules. The first test
liquids will be the lower aliphatic alcohols.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0079, INVESTIGATIONS OF AQUEOUS SALT SOLU-
TIONS BY RAMAN SPECTROSCOPY
R.A. PLANE, Cornell University, Graduate School, Ithaca, New
York

Raman spectra will be measured of a variety of salts in aque-
ous solution. Emphasis will be placed on halides although other
salts may also be studied. Measurements will be made of the
vibrational modes of both solute species and the solvent. Primary
goals include characterization of actual species present in order
to determine conditions under which complex on formation oc-
curs in a stepwise series, whether intermediate complexes contain
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coordinated water molecules, and maximum coordination
number of cations for anions. Studies will be made of quantitative
intensities as a function of temperature in order to obtain ther-
modynamic data.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0080, SOLUBILITY OF NATURAL GASES IN CONNATE
WATER AND OF WATER IN NATURAL GASES
N.O. SMITH, Fordham University, Graduate School, New York,
New York 10458

The 'Solubility of Natural Gases in Connate Water and of
Water in Natural Gases' is a continuation of NSF Grant GP-5066,
and it is concerned with the solubility of natural gases in brine and
the mechanism of intrastratal fluid flow in sedminetary rocks.
Measurements of the solubility of CH4, N2 and He in water con-
taining I m NaCI from 50 to 125 degrees C at pressures up to
10,000 psi, have been made. Futuee work will include the solubili-
ty of C:1116, H25 and CO2 in similar brines under the above con-
ditions of pressure and temperatures. A study of the water con-
tent of the coexisting gas phases will add to the scant knowledge
of the vapor pressure of water over water and brine in geological
environments, provide a much closer estimate of fugacities at
high pressures than is presently available, and provide much
needed data on the deviation from ideality of gas-water mixtures
at high pressures.

SUPPORTED BY U.S. National Science Foundation

1.0081, GEOCHEMICAL STUDIES OF CONTINENTAL
WATERS
W.S. BROECKER, Coiumbia University, Graduate School,
Palisades, New York 10964 (AT(30-1 )2493 )

The purpose of this research is to gain an understanding of
the factors controlling the major element chemistry of continental
waters. We are contrasting the chemistry of three closed basin
saline lakes, a sulfate-rich meromictic lake, arid its associated
ground waters, two fresh water lakes, lakes within active volcanic
regions and subsurface waters in an island coral cap. Measure-
ments of the major elements, pH, and pCO are being made on the
lake waters, river and ground waters supplying the lakes, and pore
waters extracted from the lake sediments: Stable and
radioisotopes (C-14, C-13, Sr-90, Cs-137, Rn-222, ...) provide
useful means of tracing sources and determining residence times.
The origin of the detrital and authigenic phases in the sediments is
also being studied.

A report regarding our study of Green Lake is in press (Lim-
nology and Oceanography). Preliminary reports on our saline
lake studies appear in this years Project Report.

SUPPORTED BY U.S. Atomic Energy Commission

1.0082, STRUCTURE OF CARBON-OXYGEN COM-
PLEXES
R.J. BOBKA, State University of New York, Graduate School,
Plattsburgh, New York 12901

Objective: The objective for this research is to establish
structures for surface oxygen complexes on carbon.

Background: Important commercial uses of various types of
carbons as gas or water purifiers, ink coloring agents, rubber fil-
lers and, recently, as fiber fillers in resin composites are markedly
affected by the surface area, porosity and surface oxygen content
of the carbon. The surface oxygen largely determines whether in-
teraction with other subitances will occur by physical or chemical
adsorption or whether it will occur at all. For example, oxygen-
free carbon is hydrophobic while carbon with surface oxygen is
hydrophilic. Surface oxygen exists on carbon in carbon-oxygen
complexes whose structures vary according to the method of their
preparation. These structures can be studied with infrared spec-
trophotometry provided that the particle size of the carbon is an
order of magnitude smaller than the wavelength of the radiation
and the carbon-oxygen complexes are present in sufficiently high
concentration. Both conditions are met with `ultrafine graphite'
which the applicant is able to prepare.

General Experimental Procedure; Carbon-oxygen complexes
will be generated on ultrafine graphite under controlled condi-
tions of atmosphere and temperature. The infrared absorption
bands will be identified. The gross composition of the complexes
will then be determined by thermal decomposition in a gas chro-
matograph and the infrared spectrophotometer, using a gas cell.
Structural formulas consistent with both sets of observations will
then be assigned.

SUPPORTED BY State University of New York

1.0083, BEHAVIOR OF LIQUID SURFACES DURING
EVAPORATION AND CONDENSATION
K. HICKMAN, Rochester Inst. of Technology, Graduate School,
Rochester, New York 14608

The ultimate purpose is to evaluate the conditions that per-
mit greatest rates of evaporation and condensation for unit area
and driving force; and to enumerate or discover factors that inter-
fere. Two general methods will be used: phase change at the sur-
face of rapidly moving streams; and studies of the quietly
evaporating stationary (stagnant) surface. The preferred instru-
ment for the former will be the jet tensimeter and for the latter the
floating liquid boule. Systems of Schlieren and high speed photog-
raphy are being further perfected for recording the boule
phenomena. The heat balance of the boule and surrounding liquid
is being studied by collecting vapor concurrently from the surface
of the boule, the surface of the supporting liquid and from the rim
which terminates the shroud between the two. The high speed
evaporation determined by the jet tensimeter is being increased
by propelling the liquid jets at higher pressures thus decreasing
the exposure interval of the surface from .001 seconds to .0001
seconds.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0084, STATISTICAL MECHANICAL THEORIES OF
FLUIDS
F.P. BUFF, Univ. of Rochester, Graduate School, Rochester, New
York 14627

It is the main purpose of this investigation to elucidate the in-
terfacial structure of fluids from the triple point to the critical re-
gion by statistical mechanical theories. The problems include in-
terfacial width criteria by thermodynamic techniques, a rigorous
analysis of surface tension by the method of cluster diagrams and
functional differentiation, an examination of density profiles by
an extended van der Waals density gradient approach, utilization
of capillary waves as a suitable set of collective coordinates for
the calculation of leading moments of the interfacial distribution,
examination of optical line shapes and explanation of the in-
creased diffuseness of quantum fluids, as well as related problems.
In order to compare these theories with optical experiments it is
necessary to solve the equations for the E and H waves by means
of Green's function techniques. It is also proposed to examine the
surface properties of water and ionic solutions. The bulk proper-
ties of salt solutions will be studied by means of nearest neighbor
functions. The structure of the electrical double layer will be in-
vestigated by means of charge fluctuation criteria to test models
for the description of the inner Helmholtz plane.

SUPPORTED BY U.S. Dept. lf Interior - Off. Saline Water

1.0085, STUDIES OF THE PHYSICAL CHEMISTRY OF
ELECTROLYTE SOLUTIONS
H. FRIEDMAN, State University of New York, Graduate School,
Stony .Brook, New York 11790

Statistical-mechanical methods are to be applied to these
problems: 1. The calculation of the thermodynamic properties of
the 'primitive model' of single and mixed electrolyte solutions
with reasonable numerical accuracy at concentrations as high as 1
molar. 2. Calculation of the terms in the equivalent conductance
of order c Inc and c , where c is the concentration, for unsymmet-
rical electrolytes and for mixtures, on the basis of the simplest
(Debye-Huckel) model. 3. Calculation of nuclear-magnetic relax-
ation times in ionic solutions and their relation to transport coeffi-
cients, on the basis of the simplest model. 4. Study of the effects
on all of the above of using more realistic models.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0086, VOLUME CHANGES ON MIXING SOLUTIONS
OF ELECTROLYTES
H.E. WIRTH, Syracuse University, Graduate School, Syracuse,
New York 13210

The objective is to determine the apparent and partial molal
volumes of electrolytes such as MgC12, MgSO4, and CaC12 in bi-
nary mixtures with themselves and with other electrolytes such as
NaCI, NaBr, KCi, and Na2SO4. Most of the data will be ob-
tained at 25 degrees C, but certain selected systems will be stu-
died in the temperature range of 5 degrees - 40 degrees C. The
concentration range will be from 0 - 4 molal. Some work will be
done on ternary mixtures as well, with the ultimate objective of
being able to compute the apparent and partial molal volumes of
any of the above electrolytes in mixtures containing all others. A
precision dilatometer capable of measuring directly the small
volume changes occurring when solutions of electrolytes are
mixed is the basic instrument used.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0087, TRANSPORT PROPERTIES OF CONCENTRATED
SALT SOLUTIONS
G.J. JANZ, Rensselaer Polytechnic Inst. , Graduate School, Troy,
New York 12181

The objective of this research is to obtain data on kinetic pro-
perties, such as diffusion, viscosity, and conductivity of concen-
trated salt solutions. A system of 1:1 sodium salts will be chosen
so that the kinetic properties of these systems can also be corre-
lated by spectral means at higher concentrations and several dif-
ferent temperatures. The results will be interpreted to develop an
improved understanding of ion-ion and ion-water interactions in
concentrated salt solutions.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0088, DISSOLVED ORGANIC PHOSPHORUS IN NATU-
RAL WATERS
E.J. KUENZLER, Univ. of North Carolina, School of Public
Health, Chapel Hill, North Carolina 27514

The objectives of this proposal are to continue seeking
techniques for identification of the major components of the dis-
solved organic phosphorus (DOP) pool in natural waters, to in-
vestigate the seasonal distribution of DOP compounds, and to ex-
amine the nature of the DOP eliminated into the medium by cul-
tures of planktonic algae. The geographical and seasonal changes
in total DOP are partially known but the chemical compounds
making up these pools are completely unknown. Prior work has
shown that the DOP present in natural sea waters consists of
several important components. The DOP eliminated by healthy
algae in pure culture also consists of several components but it is
not yet known whether these are the same as occur in natural
waters. Co precipitation on Fe(OH )3 is used to remove DOP
from sea water. The iron is then removed from the DOP by sol-
vent extraction into acetyl acetone in C C14. The organic sub-
stances are purified and concentrated, separated by paper chro-
matography, and detected by spray reagents or by radioautog-
raphy. To date methods have been developed for concentrating,
purifying, and separating organic phosphorus compounds from
natural waters and from radioautography. To date compounds
from natural waters and from unialgal cultures. The next steps are
the final identification of these compounds, the delineation of
their spatial and seasonal distributions, and investigation of their
ecological significance.

SUPPORTED BY U.S. Atomic Energy Commission

1.0089, STUDY OF TOXIN SYNTHESIS IN
SYNCHRONIZED PRYMNESIUM
G.M. PADILLA, Duke University, School of Medicine, Durham,
North Carolina 27706

Hemolysins from the euryhaline flagellate Prymnesium are
preferentially synthesized at a salinity corresponding to that of
75% sea water. The hemolytic toxin appears to be localized in the
membrane fraction of cell homogenates separated by sucrose
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density gradient centrifrugation. Initial purification by passage
through Sephadex LH- 20 indicates that the toxin has a molecular
weight above 1,000. The extent to which glycerol enhances toxin
synthesis is being investigated. The effect of illumination on the
time course of toxin production is independent of the rate of
protein and nucleic acid synthesis. Radioactively -labelled toxin
fractions are being prepared so as to determine the biogenesis and
chemical structure of toxins under closely controlled conditions
of growth (e.g., light-dark cyclings). We plan to relate toxin
synthesis to a specific major cellular function during the cell cycle
by inducing cell division synchrony. Similar studies are being in-
itiated wtih toxins from related marine algae of the genera
Gonyaulax and Gymnodinium.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

1.0090, THERMODYNAMICS OF MIXING OF SALT
SOLUTIONS
H.L. ANDERSON, Univ. of North Carolina, Undergraduate
School, Greensboro, North Carolina 27412

A research program designed to learn more about the nature
of ionic interactions in aqueous solutions has been started at the
University of North Carolina at Greensboro. The immediate goal
of this investigation is to look at the role of solvent structure in in-
fluencing the thermodynamic properties of ionic interactions by
measuring the heats of mixing at constant total ionic strength of a
wide variety of strong electrolytes as a function of temperature
(25 - 100 degrees Centigrade.) and concentration (0.1 - 1.0
molal). The initial mixtures to be studied will be binary elec-
trolyte mixtures of the alkali and tetraalkylammonium cations in
the presence of a common anion.

In order to make the above measurements, a high sensitivity
calorimeter is currently being built.

SUPPORTED BY U.S. Dept. of interior - Off. Saline Water

1.0091, FIELD TECHNIQUES FOR CHEMICAL ANALY-
SIS OF WETLAND CRITERIA
V.A. ADOMAITIS, U.S. Dept. of Interior, Northern Pr. Wife. Res.
Ctr. , Jamestown, North Dakota

Objectives: To develop analytical techniques that will permit
multiple chemical analysis of components necessary for the rapid
evaluation of water and plant quality criteria. Techniques should
be applicable to field conditions in isolated prairie or forest areas
for waters ranging from 0-100,000 micromhosicm2.

Procedures: Translations from German will be made from
HELVETICA CHIMICA ACTA, especially the work of Prof. H.
Seiler, University of Basel, Switzerland, and from other scientific
journals.

Translations from Esperanto will be made from STUDOJ PRI
AMELOJ DE LEGUMENOJ, authored by Prof. S. Kawamura,
University of Kagawa, Miketyo, Japan, and from other scientific
journals.

The above and similar theoretical research v,ork in physical
chemistry and phytochemistry will be applied to practical
ecochernical chromatography and colorimetry for highly alkaline
prairie marshes and acidic forest bogs.

SUPPORTED BY U.S. Dept. of interior - Bu. Sport Fish.

1.0092, CHEMICAL CHARACTERIZATION OF WATERS
OF PRAIRIE AND FOREST WETLANDS
V.A. ADOMAITIS, U.S. Dept. of Interior, Northern Pr. Wife. Res.
Ctr. , Jamestown, North Dakota

Objectives: To determine the general water quality charac-
teristics, nutritional and toxic elements and other compounds
present in prairie potholes and forest wetlands, and to determine
the influences of such chemical factors on quality of waterfowl
habitats.

Procedures: The following water quality criteria will be
analyzed by gravimetric, titrimetric and colorimetric methods: al-
kalinity, chloride, chromate, copper, fluoride, calcium hardness,
total hardness, iron, manganese, metaphosphate, nitrate, nitrite,
orthophosphate, pH, silica, sulfate, turbidity, total dissolved
solids, total residue and other analyses as required.

1-15



1. NATURE OF WATER

The following nutritional elements will be determined by
atomic absorption spectrophotometric methods: barium, boron,
calcium, cobalt, copper, iron, magnesium, manganese, molyb-
denum, potassium, sodium and zinc.

The following toxic elements will be determined by atomic
absorption spectrophotometric methods: antimony, arsenic,
beryllium, bismuth, cadmium, chromium, lead, lithium, mercury,
nickel, selenium, silver, tellurium and thallium.

Nutritional and toxic compounds will be determined by vari-
ous specific methods depending on the nature of the chemical
knowledge obtained above.

A reference grid of water quality facts will be established for
given geographic prairie and forest areas in the North Central
States in order to support future research and management activi-
ties.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

1.0093, THE INVESTIGATION OF TRANSPORT
PROCESSES IN AQUEOUS ELECTROLYTE SOLUTIONS
D.F. EVANS, Case Western Reserve Univ. , Graduate School,
Cleveland, Ohio 44106

I. Objectives of the Research (1) to determine the transport
behavior of small molecules (non-electrolytes) in water and com-
pare their behavior with that of electrolytes in order to establish
the effect of ionic charge on the transport properties. (2) to elu-
cidate the nature of ion-ion interactions in aqueous solution.

The first goal will be achieved by measuring the diffusion
coefficients of small non-polar (e.g., rare gases and gaseous
hydrocarbons) and polar compounds in water as a function of
temperature. These measurements on non-polar compounds will
subsequently be carried out in aqueous electrolyte solutions. The
second objective will involve conductance measurements in two
types of solutions: ( I ) aqueous solutions of new large ions and (2)
solutions of multi-valent ions in heavy water. The conductance
measurements will be directed towards giving information con-
cerning ion association and should help resolve questions regard-
ing the pattern of ionic association in water.

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

1.0094, HETEROGENEOUS NUCLEATION AND CON-
DENSATION OF VAPORS
A.G. WALTON, Case Western Reserve Univ. , Graduate School,
Cleveland, Ohio 44106

Apparatus is being set up to examine the energetics of
heterogeneous nucleation of vapors on mainly crystalline sub-
strates. Studies of this type are designed to lead to a better un-
derstanding of the mechanism of condensation processes and to
relate the observed critical supersaturations to the surface ad-
sorption and diffusion processes. Vapors to be studied are water,
benzene, cyclohexane and hydrocarbons; substrates include alkali
halides and other single crystals, polymers and surface freated
metals. It is hoped that the experiments will also form critical tests
for current theories.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0095, ION-SOLVENT AND ION-10N INTERACTIONS IN
AQUEOUS ELECTROLYTES
E. Y EAG ER, Case Western Reserve Univ. , Graduate School,
Cleveland, Ohio 44106

Research objectives are 1) to establish the effects of ions on
the structural relaxation of water and to interpret these effects in
terms of various models for water and aqueous solutions; and 2 )
to gain further understanding of the role of solvent molecules in
multiple- step ion association-disociation processes. The first will
be pursued through the study of the study of the effects of various
electrolytes on ultrasonic absorption in the absence of chemical
relaxation effects. The depression of absorption produced by
large structure-breaking ions will be measured with Carstensen-
type equipment, initially at 1 atmosphere and later at higher pres-
sures. Such measurements together with partial molal volume and
compressibility data will be used to obtain information concern-
ing the effects of these ions on the equilibrium distribution of

structures in water and the structural relaxation times. The
research on the role of solvent in ion association-dissociation
processes will involve kinetic studies using principally the tem-
perature-jump relaxation technique with laser heating. The
volumes and energies of activation will be determined from the
pressure and temperature dependence of the kinetic parameters.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0096, SOLUBILITIES OF SILICATES IN SALINE
WATERS
A.G. COLLINS, U.S. Dept. of Interior, Petroleum Research Ctr. ,
Bartlesville, Oklahoma

The solubility of serpentine in saline waters is determined
using a hydrothermal pressure reactor. Thermodynamic parame-
ters are calculated and empirical equations are developed from
the experimentally derived data. This information is needed to
develop better desalination and petroleum production methods.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

1.0097, SOLUBILITIES OF THE SULFATES OF BARIUM
AND STRONTIUM IN OILFIELD WATERS
A.G. COLLINS, U.S. Dept. of Interior, Petroleum Research Ctr. ,
Bartlesville, Oklahoma

The solubilities of barium sulfate and strontium sulfate in
synthetic and natural saline waters are determined by using sul-
fur-35 tagged salts. Thermodynamic parameters are calculated
and empirical equations are developed using the experimentally
derived data. This information is needed to develop better
petroleum production methods.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

1.0098, SOLUTE PROPERTIES OF WATER
S.D. CHRISTIAN, Univ. of Oklahoma, Graduate School, Nor-
man, Oklahoma 73069

Little is known about specific interactions between
molecules and solute molecules or ions. The success we have had
in elucidating self- association and hydration equilibria in organic
solvents has been due in large measure to the application of
several physical methods in studying each system. Our approach
has also avoided the difficulty experienced in studies of aqueous
systems where the preponderance of solvent-solvent interactions
as opposed to solvent-solute are overpowering and has permitted
us to progressively increase the polarity of the systems being stu-
died.

This proposal outlines a program of research in which the
solute properties of water will continue to be investigated. Spec-
tral (infra- red, ultra-violet and nuclear magnetic resonance) col-
ligative property, distribution and dielectric constant measure-
ments will be made to determine the bonding and reaction
characteristics of hydrates of polar species in non-aqueous media.

The range of physical methods to be applied will be enlarged
where possible and we will place new emphasis upon qualitative
information concerning the conformation of water aggregates and
hydrates as well as continue our accumulation of quantitative
thermodynamic data.

It is expected that the results of the proposed research will be
important not only in increasing our understanding of the bonding
properties of water, but also in developing improved theories of
the hydrogen bond.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0099, MEASUREMENT OF THERMODYNAMIC PRO-
PERTIES OF SALINE SOLUTIONS
A.M. ROWE, Okla. St. Univ. of Agr. & Sci. , School of Engineer-
ing, Stillwater, Oklahoma 74075

Engineers must determine the thermodynamic properties of
aqueous solutions containing various salts and other contaminates
in order to design plants to purify water. The purpose of this work
is to conduct the necessary experiments to obtain data for predic-
tion of these thermodynamic properties over a wide range of tem-
peratures and pressures. A heat of vaporization calorimeter and a
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p-v-T cell will be used in the experimental phase of this program.
Tests will also be conducted to measure the effect of various
parameters on heat of vaporization over a wide range of tempera-
ture and pressure.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oklahoma State University

1.0100, KINETICS OF ADSORPTION VIA DOUBLE
LAYER CAPACITY MEASUREMENTS
A.J. DIEFENDERFER, Lehigh University, Graduate School,
Bethlehem, Pennsylvania 18015

A method of measurement of the double layer capacity of a
mercury electrode-saline solution interface is being used which
depends upon the application of a linear voltage ramp to the elec-
tro-chemical cell. In the absence of electro-active material, the
resulting current is directly proportional to the capacity current,

, thus permitting the recording of the entire curve in a fraction of a
second (the time of the ramp).

This technique is being used to examine the effect of partially
aqueous and non-aqueous solvent systems upon the electrical
double layer. The adsorption of organic molecules is being stu-
died as a function of these solvent changes as well as a function of
the adsorbate.

For adsorption processes which are not diffusion co
a modification of the above technique will be used in a
to evaluate the rate of adsorption.

SUPPORTED BY U.S. Dept. of Interior - Off. Sali

1.0101, IONIC SOLVATION
J.O. BOCKRIS, Univ. of Pennsylvania, G
Philadelphia, Pennsylvania 19104

Objectives: There is still some doubt as to
hydration number really exists for ions like
metals (when there is no covalent bonding
water); there is no widespread acceptance
surement as the best one to use; and there
up to plus or minus 50 percent as t
number in a given case.
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measurements will be: i ) The use of con-
meats at high concentrations to deduce the
on. ii) The measurement of the pressure depen-

diffusion coefficient, to give information on the
onstitution, of the hydration sheath.

BY U.S. Dept. of Interior - Off. Saline Water

1.0102, THE RELATION BETWEEN THE STRUCTURE
AND PROPERTIES OF LIQUID WATER
H.S. FRANK, Carnegie Mellon University, Graduate School, Pitt-
sburgh, Pennsylvania 15213

The purpose of this research is to attempt formation of Cox's
ice and to study the differences in properties between freshly
melted ice and freshly condensed steam.

This investigation will be approached by the compression
and cooling of ice-water mixtures; far infrared, Raman and ul-
raviolet spectra will be used as functions of origin and thermal

history of water samples.

Better unde
expected to st
separating this

SUPPORTE
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rstanding of the nature of solvent water can be
rongly assist in the attack on the problem of

solvent from salts dissolved therein.

D BY U.S. Dept. of Interior - Off. Saline Water

1.0103, TRANSPORT AND DIELECTRIC PROPERTIES
OF SALINE SOLUTIONS
R.L. KAY, Carnegie Mellon University, Graduate School, Pitt-
sburgh, Pennsylvania 15213 ( 14 -01- 0001 -1729)

Low frequency dielectric constants will be measured at pres-
sures up to about 3,000 atmospheres and in the temperature
range 0 degrees - 60 degrees C for heavy water, methanol,
ethanol, acetonitrile, formamide or N-methylformamide,
dimethylsulfoxide, and possibly n-hexane or carbon tetrachloride.
Compressibilities will be measured for those liquids for which
adequate data are not now available. A dielectric cell will be
designed and constructed for the simultaneous measurement of
both compressibilities and dielectric constants.

Ionic mobilities will oe determined for selected salts in the
above solvent systems at pressures as high as 4,000 atmospheres.
These measurements will require transference data as well as con-
ductance measurements. A new method has been devised for
determining transferenc,- numbers at pressures as high as those
contemplated here.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0104, THE EFFECTS OF NONELECTROLYTES AND
SELECTED SALTS ON STRUCTURING IN WATER
E.M. ARNET7', Univ. of Pittsburgh, Graduate School, Pittsburgh,
Pennsylvania 15213

Measurements will be made of the partial molal free ener-
gies, enthalpies, entropies and heat capacities that accompany the
dissolving of specially selected compounds into water, aqueous
saline solutions, and other suitable media such as heavy water.
Criteria for salt selection will include importance as components
of sea water, known influence on aqueous ordering and solubility
in water. The experimental techniques will be solute distribution,
calorimetry and spectroscopy. The results should make possible
better understanding of solute-water forces and orientations in
saline solutions.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0105, STUDIES BEARING ON THE RELATION OF
STRUCTURE TO PROPERTIES IN LIQUID SOLUTIONS
H.S. FRANK, Univ. of Pittsburgh, Graduate School, Pittsburgh,
Pennsylvania 15213

This is a continuation of work on aqueous electrolytes, of
which the most recently completed items are the study of ZnSO4
in H2O and D20 solutions, and the comparison of activity coeffi-
cients of 6 alkali halides in H2O and D20. Under way are experi-
ments, including ones using liquid junction cells, aimed at esti-
mating single-ion activities, particularly of tetra-alkyl ammonium
ions in their halide solutions. In addition, theoretical studies are
continuing on thermodynamic models for liquid water and com-
parison of H2O and D20 as solvents both for salts and for non-
polar solutes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0106, EFFECT OF AMINES, ALCOHOLS AND
PHENOLS ON THE PHYSICO-CHEMICAL PROPERTIES OF
WATER
G.A. JEFFREY, Univ. of Pittsburgh, Graduate School, Pittsburgh,
Pennsylvania 15213

We propose to study the effect of certain organic substances
on the hydrogen-bond structure of aqueous systems. These or-
ganic compounds will be such as combine both hydrophobic and
hydrophilic properties. The first compounds which will be studied
are the alkylamines. this will be followed by investigation of
systems involving alcohols and phenols. The experimental ap-
proach will be to determine the structures of any high hydrates
which are formed, by single crystal diffraction methods. The
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results will then be compared with the radial distribution function
of the aqueous solution of the same composition, firstly at the
melting point, then progressively further from this point, both
with respect to temperature and composition. Liquid state X-ray
diffraction studies will be used for this purpose. The possibility of
using infra-red spectroscopic methods on the high hydrate crystal
and their corresponding aqueous solutions will also be explored.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0107, FACTORS AFFECTING MINE DRAINAGE AND
THE GROUND WATER INTERACTIONS IN SELECTED
AREAS OF WESTERN PENNSYLVANIA (PART 1)
R.R. PARIZEK, Penn. State University, Graduate School, Univer-
sity Park, Penn: ylvania 16802

Rock and water samples were collected from two areas; one
containing strip mines producing acid waters and the other yield-
ing non-acid drainages. The samples were analyzed and compared
to determine the compositional variations responsible for the
divergent water qualities. The acid potential of a rock was related
to its sulfur content by three leaching tests. These tests also evalu-
ated the effect of pyrite crystallinity, rock type, iron bacteria and
alkalinity on acid production. The hydrology of the two areas was
approximated from measurements made on domestic wells of one
area.

It was found that the ranges of total sulfur contents of the
acid and non-acid areas were similar and could not account for
the different water qualities produced. The leaching tests showed
acid production to be partly dependent upon the sulfur content of
a rock and greatly affected by pyrite crystallinity, iron bacteria
and calcium carbonate. Ground waters in the unmined portions of
the acid drainage area had low pHs; whereas those in the non-acid
area were alkaline. Because iron bacteria prefer an acidic en-
vironment, the former area may harbor the bacteria while the
latter may not. Consequently, the sterile areas may produce a
milder acid which can 6e further reduced by the available al-
kalinity.

The hydrologic setting consists of alternating aquifers and
aquitards in accord with the cyclicity which is characteristic of
the rocks. Under certain circumstances acid mine drainage may
be confined to surface water supplies.

SUPPORTED BY Pennsylvania State Government

1.0108, THE APPLICATION OF LASER IONIZATION
MASS SPECTROMETRY TO THE IDENTIFICATION OF
ORGANIC SALTS IN POLLUTED WATER
F.J. VASTOLA, Penn. State University, Graduate School, Univer-
sity Park, Pennsylvania 16802

The purpose of this research is to further develop the
technique of laser ionization mass spectrometry particularly with
respect to the analysis of organic salts. Mass spectra of detergent
materials such as organic sulfonates, sulfates and thiosulfates will
be obtained with the view of detecting and identifying trace
amounts of detergents in polluted waters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

1.0109, THE ANALYSIS AND GEOCHEMISTRY OF
TRACE ELEMENTS IN THE HYDROSPHERE
J.T. CORLESS, Univ. of Rhode Island, Graduate School, King-
ston, Rhode Island 02881

An investigation of the chemical situation of trace elements
in R. I. lakes, rivers, and Narragansett Bay has been undertaken.
Routine procedures based on NAA and gamma spectroscopy
have been developed for Cu, Mn, Ni, and Zn.

Results to date indicate: 1. Significant local and regional
variations in trace element concentration and distribution exist
within Narragansett Bay and the above mentioned river systems.
A heavy trace metal load appears to be entering the head of the
Bay. 2. Natural seasonal variations exist and may bear directly on
the productivity cycle. 3. Neutron activation analysis offers an ac-
curate and extremely sensitive tool for the study of trace elements
in natural waters, The availability of tested and trusted

radioanalytical techniques for trace element analysis would
greatly facilitate the task of the water chemist. 4, An important
fraction of these dissolved trace metals exists in a chemical form
which cannot be extracted by diethyldithicarbamate until the
sample is oxidized (organic complexes).

Future plans (1968-1970) call for a close examination of the
partitioning of the trace elements among the particulates, dis-
solved- inorganic, and dissolved-organocomplex 'phase'. We plan
to describe the role played by dissolved and particulate organic
matter in the transport and deposition of trace elements. The dis-
tribution and partitioning of these trace elements within the water
column will be correlated with seasonal cycles, phytoplanktore
succession, salinity, and other chemical variables. Analytical
procedures for additional elements will be developed. The com-
parative trace metal chemistries of a natural and a polluted river
will be investigated.

SUPPORTED BY University of Rhode Island

1.0110, BIOCHEMICAL OXIDATION OF HYDROCAR-
BONS IN NATURAL WATERS
C. W. HOUSTON, Univ. of Rhode Island, Graduate School, King-
ston, Rhode Island 02881

The proposed study involves the investigation of microbial
degradation of hydrocarbons in natural waters. Although a great
deal is known about the bacteria affecting health, relatively little
is known about bacteria and biochemical processes that are fun-
damental to the assimilation of waste products that get into natu-
ral waters.

It is intended to evaluate factors which influence the
clearance of hydrocarbons for natural waters by - 1. determining
cultural conditions and composition in a natural water source and
studying the dynamics of the system by a continuous culture study
in a simulated environment; 2. investigating the role of co-oxida-
tion phenomenon in the accumulation of toxic hydrocarbon inter-
mediates; 3. correlating the amount, type and the degradation
rate of hydrocarbons to seasonal and cultural parameters for the
purpose of recommending a suitable decontamination policy.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

1.0111, EFFECT OF DRAG REDUCING ADDITIVES IN
WATER TRANSPORTATION
W.E. CASTRO, Clemson University, School of Engineering,
Clemson, South Carolina 29631

The proposed research consists of laboratory studies directed
at establishing the mechanisms involved in the friction reducing
effect of small concentrations of certain polymeric additives in
water. Once these mechanisms are clearly identified, they may
then be applied to the general prolAm of drag. The proposed in-
vestigation will be conducted in two parts.

Part I - Fluid Properties: 1. Laboratory studies of the effect of
drag reducing additives on viscosity, density, bulk, modulus of
elasticity, surface tension, and thread formation of water-polymer
solutions. 2, Degradation studies of additives by high shear-stress
and solvent pH. 3. Laboratory study of a new drag reducing addi-
tive, okra gum.

Part II - Pipe Flow: 1. Pipe flow experiments with aqueous
solution of drag reducing additives in fully developed laminar and
turbulent flow. 2. Detailed investigation of the effect of additives
on transition which includes measuring the growth and intensity
of turbulent flashes and the effect of additives for both self-in-
duced and mechanically generated flashes. 3, Development of an
analytical model which will be useful for predicting drag reduc-
tion in other configurations.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University

1.0112, ISOTOPE EFFECT ON THE THERMODYNAMIC
ACTIVITY OF WATER
W.A. VANHOOK, Univ. of Tennessee, Graduate School, Knox-
ville, Tennessee 37916
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The vapor pressure depression of electrolyte solutions in
H2O, D20 and mixed H2O-D20 solvents will be measured over a
broad temperature range using precise modern techniques. The
results will be interpreted using the statistical theory of isotope ef-
fects in condensed phase systems. They should be an aid toward
the more complete understanding of liquid water and of water
solutions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Tennessee

1.0113, ENVIRONMENTAL RADIATION STUDIES
J.E. NOAKES, Oak Ridge Associated Univs. , Oak Ridge, Tennes-
see 38117 ( AT( 40-1 )-GEN-33 )

The Oak Ridge Associated Universities' environmental
radiation program was initiated in 1964 for the prime purpose of
carrying out geochronology studies on marine sediments in the
Gulf of Mexico.

Two analytical methods have been employed for sediment
age measurement. A uranium daughter dating method, which en-
tails the radiometric analysis of Th-230 and Pa-231, is utilized
when dating silicious sediments of ages between 10,000 - 200,000
years. A second radiometric method utilizing radiocarbon mea-
surements is employed for carbonate sediments whose age ranges
are from recent to 40,000 years. Age measurements from both
methods have shown that sedimentation rates for deep water Gulf
sediments to be in the range of a few centimeters/ thousand years.

Current studies being carried out include (I) measurement
of allogenic and authigenic Th-230 and Pa-231 in marine sedi-
ments (2) development of new analytical methods for the analysis
of uranium, thorium, and protactinium in marine waters and sedi-
ments and (3) improvement in the radiocarbon method of dating
for age measurements in the 40,000 to 57,000 year range.

SUPPORTED BY U.S. Atomic Energy Commission

1.0114, MOLLUSK STUDIES
D.J. NELSON, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee (W-7405-ENG-26)

Analyses of additional prehistoric Indian midden mollusk
shells showed the higher strontium concentrations in these shells
may be attributed to higher environmental concentrations of
strontium in river water between 1000 and 2000 years old. It was
hypothesized that this change was due to the imposition of an
agricultural economy on a forested landscape decreasing levels of
soil carbon dioxide concomitantly increasing the proportion of
rainfall in direct runoff thereby decreasing percolating ground
water. The strontium analyses were accompanied by analyses of
barium, and potassium concentrations were changed but little.
This study showed that the rates of movement of strontium, bari-
um, and manganese in the environment changed within recent
times. These results have implications for the long-term behavior
of 90 Sr in the environment as well as maintenance of the mineral
economy of our terrestrial environment.

SUPPORTED BY U.S. Atomic Energy Commission

1.0115, WATER RESEARCH PROGRAM - SECTION I,
PROPERTIES OF SOLUTIONS

RARIDON, U.S. Atomic Energy Commission, Oak Ridge
National Lab. , Oak Ridge, Tennessee

The properties of solutions subprogram is intended to pro-
vide basic information on the thermodynamic and transport pro-
perties of aqueous and non-aqueous electrolyte solutions and on
phase equilibrium. Thermodynamic measurements are carried
out by various physical-chemical techniques including poten-
tiometry, solubility measurements, distribution coefficient mea-
surements, and vapor-phase equilibria, with emphasis on proper-
ties of concentrated solutions, multicomponent systems and aque-
ous-organic-electrolyte mixtures; there is special emphasis on
measurement of solubilities of 'scale-forming' salts (CaSO4) as a
function of temperature and in various media. Diffusion coeffi-
cients are measured in concentrated aqueous solutions, water or-
ganic mixtures, gels, and membranes.

1. NATURE OF WATER

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0116, ENVIRONMENTAL RADIATION STUDIES -
EVALUATION OF FISSION PRODUCT DISTRIBUTION AND
MOVEMENT IN TERRESTRIAL ENVIRONMENTS
T. 7'AMURA, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee (W-7405-ENG-26)

The purpose of this study continued to be the characteriza-
tion of the behavior of critical radionuclides, such as 90Sr, 137Cs,
60Co, 3H, and selected transuranics, in soils, with emphasis on
developing an understanding of observed responses as they relate
to pedologic factors, weathering, and erosional processes. By
establishing fundamental relationships between radionuclide
behavior and soil properties, it should be possible to predict the
behavior of radionuclides on different soil types, to predict the
uptake of radionuclides in plants, and to be able to suggest
remedial or countermeasures when needed.

The scope of this study includes: (I) defining the extent and
mode of radionuclide movement off the soil surface by runoff and
erosion and into the soil profile by infiltration using laboratory
tests, small field plots, and well-defined watersheds; (2) defining
causative factors primarily responsible for retention movement
and fixation of critical radionuclides in soils; (3) examining the
role of organic with particular emphasis on the surface horizons;
and (4) developing models which will aid in predicting the
behavior of radionuclides in related soil types. The nuclides will
provide soil reaction information of agricultural and silvicultural
importance and will be valuable for effectively utilizing soils for
peaceful applications of nuclear energy.

Results of laboratory investigations of selective sorption of
cobalt by minerals and soils reveal that hydrous sesquioxides,
which are commonly present in these systems, play an important
role. Minerals which had been around for size fractionation and
then washed with water, salt, acid, or base released different
amounts of components in the extracts, depending on the chemi-
cal solution and mineral species. Cobalt sorption by unground
pure minerals and soil clay minerals was also investigated by satu-
rating exchange sites with either sodium, magnesium, iron, or alu-
minum ions. These studies revealed that iron and aluminum satu-
ration of minerals increased cobalt sorption as compared to
minerals in their natural state.

SUPPORTED BY U.S. Atomic Energy Commission

1.0117, THE BASIC NATURE OF LIQUIDS
H.W. PRENGLE, Univ. of Houston, School of Engineering,
Houston, Texas 77004

The purpose of the program is to investigate experimentally
and mathematically the intermolecular potential field in which a
given molecule moves by making infrared absorption and PVT
measurements on certain liquids and observing the IR-shift
(change in frequency) and configurational energy changes as a
function of volume; pressures from 1 - 10,000 atm are being used.

The problem falls into the category of a 'many body problem'
and one approach conceptually, ad discussed by Ter Haar, is to
find the self-consistent field in which the molecule moves, and
thereby improve the field potential model.

Preliminary measurements were made in 1963-64 to deter-
mine the feasibility of the method, and the first part of the project
was to construct a research IR-spectrophotometer with a grating
monochromator to obtain the required resolution.

Presently, construction and calibration of the equipment has
been completed and the first series of measurements following the
C double- bond C (in 2-pentene) stretching frequency-shift in
various liquid atmospheres, and at reduced volumes (by means of
high pressures) are in progress. PVT isotherms, 30.250 degrees
C, up to 1000 atm have been completed and isotherms up to
10,000 atm are in progress.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0118, STUDIES OF CONCENTRATED AQUEOUS ELEC-
TROLYTES AND OF MOLTEN ELECTROLYTES BY IN-
FRARED SPECTROSCOPY

HESTER, Univ. of York, York, United Kingdom
A program of research is proposed which will provide funda-

mental information on the nature of interionic and ion-solvent
binding forces in aqueous electrolyte solutions and in molten
electrolyte solutions. Primary emphasis is placed on the study of
interactions of simple inorganic anions, including the halides,
sulfate, carbonate, nitrate, phosphate, perchlorate, with a wide
variety of metal ions, and on the role played by water in moderat-
ing these interactions. The techniques of vibrational spectroscopy
will be used to study the changing symmetries of the polyatomic
anions and of the metal complexes formed when inorganic elec-
trolytes are mixed in the molten states and in aqueous solutions.
Studies covering a wide range of temperatures and concentrations
are proposed in order that infrared and Raman intensity measure-
ments may be used to give values for the important ther-
modynamic quantities governing the interaction phenomena stu-
died.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0119, CHEMISTRY OF BRINE STRATIFICATION AND
RELATED EVAPORATION STUDIES
W.P. HEWITT, Univ. of Utah, State Geolog. & Min. Surv. , Salt
Lake City, Utah 84112

Detailed water sampling aerially and in depth on a monthly
basis. Samples analyzed for all common ions.

SUPPORTED BY Utah State Government

1.0120, SPATIAL DISTRIBUTION OF CHEMICAL CON-
STITUENTS IN GROUND WATER
W. BACK, U.S. Dept. of Interior, Water Resources Division,
Arlington, Virginia

One of the topics in geology and hydrology that has been ex-
tensively studied, but that is not well understood, is the solution
and precipitation of carbonate rocks. Many laboratory studies
have been made on the solubility of calcite, some on aragonite,
and few on magnesium-calcium carbonates. Field work related to
this topic has been almost entirely related to the origin of
linestone caverns and the formation of dripstone deposits. No
comprehensive study has been made of ground-water problems,
such as the processes that produce solution channels, their sub-
sequent filling, and the chemistry of the water. A fresh approach
to this question is now feasible through the application of elec-
trochemistry and thermodynamics.

This project is part of a current broad field of study to deter-
mine if exact thermodynamic models can be used to describe the
relationships between minerals and aqueous solutions. Models
can be developed, but certain parameters significant for use of
these models must be measured in the field. If the model can ex-
actly describe the field relation, then a correct explanation for the
solutional and precipitational processes and the resultant chemi-
cal characteristics of the water and the chemical and physical
characteristics of the rocks has been obtained.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

1.0121, NITRATE DETERMINATION USING CHROMIUM
(II) COMPLEXES
J.G. MASON, Virginia Polytechnic Institute, Graduate School,
Blacksburg, Virginia 24061

The determination of nitrate by usual methods is subject to
interferences by nitrite and hydroxylamine and is not readily
adapted to automatic operation. The objectives of the proposed
research are: (1) To develop a rapid, accurate, and selective elec-
trochemical method for the determination of nitrate in water in
the presence of nitrite and hydroxylamine using electrogenerated
Cr(II) complexes as reducing agents. (2) To explore the extent to
which such a technique could be automated. (3) Elucidate
aspects of the mechanic- 'vie reduction of nitrate to hydrox-
ylamine to ammonia by omplexes.

SUPPORTED BY U.S. Dept. of Hith;Ed. & Wei. -

1.0122, ADSORPTION OF ORGANIC COMPOUNDS
ONTO SOLIDS FROM AQUEOUS SOLUTIONS
J.P. WIGHT MAN, Virginia Polytechnic Institute, Graduate
School, Blacksburg, Virginia 24061

The proposed research involves a study of factors effecting
adsorption of organic compounds from aqueous solution. The
compounds selected for study contain functional groups
representative of water contaminants. Several solids of different
surface energy will be studied.

The surface area, surface constituents, aod structural ele-
ments of each solid will be established. The measurement of the
amount of organic compound adsorbed and the heat of adsorp-
tion is proposed.

The results should ultimately support a model for solution
adsorption by which predictions concerning the selectivity of ad-
sorption of a given compound in water by a given solid could be
made.

SUPPORTED BY U.S. Dept. of interior - 0. Water Res. Rch
Virginia Polytechnic Institute

1.0123, DETERMINATION OF BULK DENSITY &
WATER CONTENT OF SOIL THRU MEASUREMENT OF
RADIATION ATTENUATION AT TWO DIFFERENT
GAMMA ENERGIES
W.H. GARDNER, Washington State University, School of
Agriculture, Pullman, Washington 99163 (AT(45-1))

Development of equipment and techniques is proposed for
concurrent measurement, using attenuation methods and two
radiation sources of different energy, of soil bulk density and
water content in soil columns in the laboratory and in soil in the
field. Preliminary experimental work and analyses indicate proba-
ble precisions3 (standard deviation) in bulk density measurement
ranging from 0.003 to 0.006 g/cm. and somewhat better precision
in water content. These values are obtained using radiation
source strengths sufficient to give 106 counts/min. through a 0.1 x
1 cm. collimating slit and empty soil container and for 5 to 10 cm.
soil columns and counting for 1 minute. Further investigation of
gamma source combinations and of collimation and shielding is
required. Additionally, studies are needed for other factors such
as precision needed in mass attenuation coefficient and soil
column thickness (or access tubing spacing) measurements.
Problems in variation of chemical properties of soil from place to
place and their effect on mass attenuation coefficients also must
be investigated.

Need for non-destructive concurrent measurements of soil
bulk density and water content exists in a variety of experimental
work both of applied and fundamental nature. A practical
technique would have wide application.

SUPPORTED BY U.S. Atomic Energy Commission

1.0124, CLAY MINERAL STABILITY AND WATER COM-
POSITION
J.A. KI7TRICK, Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

Objectives and Work Proposed: The broad objective toward
which this project would contribute is a better understanding of
how the relatively small group of minerals that dominate soils and
sediments control and are in turn altered by, the composition of
waters with which they are in contact. The specific aim of this
project is to obtain standard free energy of formation values of
several of these minerals by solubility measurements and to corre-
late these energy values with what is known of mineral occur-
rence and water composition in soils and sediments.

SUPPORTED BY Washington State Government

1.0125, CLAY SLURRY FLOW CHARACTERISTICS
W.C. PARRISH, Washington State University, School of En-
gineering, Pullman, Washington 99163

Friction factors for clay-slurries of different clay contents by
weight have been determined for a 6-inch, schedule 10 welded
steel pipe. The information will be used in a preliminary design of
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pumping requirements for an 18-mile pipeline from the clay mine
to the mill.

Detailed studies of environmental effects on clay slurry flow
characteristics will be carried on using the variable - slope, pump-
pipe test loop which was fabricated by the University for the fric-
tion factor tests.

SUPPORTED BY Washington State University
J. R. Simplot Company

1.0126, HYDROSTATIC HIGH PRESSURE EFFECTS
Y. POCKER, Univ. of Washington, Graduate School, Seattle,
Washington 98122

(i) It is proposed to determine the enthalpy, entropy and
volume of activation in both H2O and D20 of processes subject
to (a) general- acid, (b) general-base (c) nucleophilic (d) metal-
ion and (e) enzymatic catalysis. The investigation will include,
but will not be limited to chemical and enzymatic catalysis of the
mutarotation of glucose, hydration of pyridine-aldehydes and
hydrolysis of p-nitrophenyl acetate.

(ii) It is also proposed to explore the mechanism of denatura-
tion of enzymes by pressure with particular reference to reversi-
ble denaturation.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. P.H.S.

1.0127, IMPINGEMENT OF A FLUID ON A FLUID SUR-
FACE
G.H. STEWART, Gonzaga University, School of Engineering,
Spokane, Washington 99202

Investigation of the effect of interfacial surface tension on
the volume, depth, and change in surface area of the indention
caused by the impingement of air on a fluid surface near the onset
of dispersion.

SUPPORTED BY Amer. Chemical Society

1.0128, DEVELOPMENT OF THE VACUUM FREEZING
VAPOR COMPRESSION PROCESS
R.R. BRIDGE, Colt Industries Incorporated, Beloit, Wisconsin
535 I 1

The vacuum freezing vapor compression (VFVC) process is
based on freezing by flash evaporation with compression of the
vapor and subsequent condensation on ice which has been
cleaned of brine in a counter-washing column. A pilot plant at the
OSW, R & D Test Station, Wrightsville Beach, N.C., has operated
successfully producing potable water at capacities higher than the
original 60,000 gpd design capacity. During FY 1969 the pilot
plant will be operated to improve the performance of the com-
pressor, heat exchangers, and washer. Also, a conceptual design
of a 1 and 5 million gpd plant will be made. In addition a systems
analysis will be conducted on the process components.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

1.0129, VHF PROPAGATION THROUGH FRESH WATER
AND ACROSS THE AIR-WATER INTERFACE
E.M. LONSDALE, Univ. of Wyoming, School of Engineering,
Laramie, Wyoming 8207 I

We are conducting this research in conjunction with an in-
vestigation of bio-telemetry from fresh-water fish. Miniature
transmitters using pulsed radio-frequency in the 100 mhz range,
have been immersed in naturally-occurring fresh water and the
radiation patterns above water, measured. Relationships between
the depth of penetration and salt content are being investigated.
In addition studies are underway on determining the optimum
polarization for minimum losses at the air-water interface. Usable
signals have been detected from transmitters operating at depths
as great as 60 feet.

SUPPORTED BY University of Wyoming

1.0130, HYDRODYNAMIC PROBLEMS WITH RANDOM
BOUNDARY CONDITIONS
J.W. THOMAS, Univ. of Wyoming, Graduate School, Laramie,
Wyoming 82071

2. WATER CYCLE

At this time a paper has been prepared in which a two-dimen-
sional irrotational, steady flow of an incompressible, inviscid
fluid, is treated which assumes boundary conditions that are ran-
dom variables, i.e. functions defined on a probability space. It is
planned to extend this to include such things as three-dimen-
sional, non-stationary viscous flows.

SUPPORTED BY University of Wyoming

2. WATER CYCLE
General Studies; Precipitations; Snow, Ice, and Frost; Evapora-
tion And Transpiration; Streamflow; Groundwater; Water in
Soils; Lakes; Waterand Plants; Erosion and Sedimentation;
Chemical Processes; EstuarineProblems.

2.0001, CHARACTERIZATION OF DYNAMIC PROPER-
TIES AND PHYSICAL CONDITIONS OF SOIL IN RELA-
TION TO TILLAGE AND TRACTION
W.R. GILL, Auburn University, National Tillage Mach. Lab, Au-
burn, Alabama 36830

Object: To determine and measure the static and dynamic
physical properties and conditions of soil which are of importance
in the design and operation of tillage and traction devices and
required for plant growth

Plan of Work: The triaxial shear apparatus provides a means
for applying controlled stresses to volume elements of soil so that
basic dynamic behavior can be measured and correlated with ap-
plied stresses. The mathematical relations between stresses and
soil deformations will contain parameters whose values will de-
pend upon certain physical properties of the soil.. The measure-
ment of soil behavior in various conditions will permit the charac-
terization of Foil by means of these parameters. Simple tillage
tools will also be used to apply forces to soil and basic dynamics of
behavior will be correlated with stresses to develop basic behavior
equations that can be used in a soil-machine mechanics.

An environment chamber will be used to provide the means
for controlling environment during the growth of plants. With this
chamber the basic behavior of plant roots in different soils and
conditions will be observed to evaluate the factors limiting plant
root growth. Descriptions of the plant, soil, and environment will
be developed to characterize soil conditions required for tillage
and plant growth. These descriptions will be used to develop soil-
plant and soil-machine mechanics and to evaluate the effect of til-
lage and traction on soil condition. It is estimated that three
profussional man-years per year will be used on this project.

SUPPORTED BY U.S. Dept. of Agriculture

2.0002, CORRELATION OF SOIL SURFACE AND RAIN-
FALL-RUNOFF-MOISTURE RELATIONSHIPS ON
AGRICULTURAL WATERSHEDS ON COAST IL PLAINS
SOILS (ABBREV)
J.G. HENDRICK, Auburn University, School of Agriculture, Au-
burn, Alabama 36830

Objectives: 1. To investigate soil surface characteristics such
as roughness, strength, surface sealing and tilth as a means of
determining infiltration and percolation rates of soils as an aid in
evaluating watershed surface runoff, water yield and groundwater
recharge. 2. Investigate the influence of type and extent of cover
on absorption of water by the soil.

Salient Points: 1. Laboratory studies will be conducted in in-
vestigating relationships between soil strength, bulk density and
infiltration and permeability for bench mark soils. 2. Rainfall
simulator studies will be made to investigate the effect of type and
percentage of cover upon infiltration and runoff rates for bench
mark soils. 3. Knowledge gained in objective 1 and 2 will be util-
ized in field studies to determine if relationships developed are
valid. 4. After determining some reliable measure of soil surface
vs water absorption characteristics, small watersheds will be in-
strumented to measure rainfall-runoff-antecedent moisture-water
table relationships. These instrumented watersheds will be util-
ized in developing techniques to explore water movement into
and through the zone of aeration and into the water table.



2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University

2.0003, WATER MOVEMENT CONTROL AND CUL-
TURAL PRACTICES IN COTTON PRODUCTION
J.G. HENDRICK, Auburn University, Agricultural Experiment
Sta. , Auburn, Alabama 36830

I, To investigate methods whereby natural rainfall can be
more efficiently utilized in the semi-humid regions.

2. To determine design criteria for control of erosion and
sediment production through water movement control a;:fi, cul-
tural practices.

3. To develop practices for increased efficiency of soil and
water management practices which are compatible with
mechanized cotton farming systems.

Description of Work Proposed: Study various methods to op-
timize rainfall utilization and provide adequate drainage and ero-
sion control. Investigate such concepts as terraces designed for 4-
row equipment, terraces which can be crossed with modern farm
implements, parallel row alignment with variable row gradients,
modified bedding techniques, methods of increasing plant rooting
depth, and rainfall harvesting.

SUPPORTED BY U.S. Dept. of Agriculture
Alabama State Government

2.0004, HYDRAULIC INVESTIGATION OF SOIL ERO-
SION AND SEDIMENTATION IN HIGHWAY MEDIAN AND
SIDE DITCHES
C.H. PETERSON, Auburn University, School of Engineering, Au-
burn, Alabama 36830

The hydraulic flow characteristics associated with erosion
and sedimentation in lined and unlined highway ditches will be in-
vestigated by constructing prototype test channels on various
slopes in different Alabama soil types. Also, methods to prevent
scouring and silting will be developed.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alabama State Government

2.000S, EVALUATION OF NEW TECHNIQUES IN ELEC-
TRICAL RESISTIVITY SURVEYING IN THE PIEDMONT
AREA, ALABAMA
J.C. WARMAN, Auburn University, Water Resources Research
Inst. , Auburn, Alabama 36830

This study proposes to evaluate the use of newly devised sur-
veying techniques and interpretive procedures for electrical re-
sistivity surveys in the Piedmont area of Alabama. It is proposed
to use the newly devised surveying techniques and interpretive
procedures which search for horizontal variations in resistivity at
different depth planes. if proven successful, the use of these
techniques will assist the development of available groundwater
resources and reduce the cost of exploration and development.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University
Alabama State Government

2.0006, EVALUATION BY TEST DRILLING OF
GEOPHYSICAL PROSPECTING FOR GROUND WATER IN
TH'2 PIEDMONT AREA, ALABAMA
J.C. WARMAN, Auburn University, Water Resources Research
Inst. , Auburn, Alabama 36830

This study proposes to evaluate by test drilling the results of
research completed June 30, 1966, under OWRR Project B -003-
ALA, Geophysical Prospecting for Ground Water in the Pied-
mont Area, Alabama.' Included will be construction of test wells
in 10 of the 25 prospective areas identified in Project B -003-
ALA, completion of pumping tests on 6 of the wells, and analysis
of the non-biological chemical constituents in the ground water. It
is impossible to evaluate geophysical interpretations without test
drilling. A more complete evaluation might include construction
of test wells at each of the 25 prospective areas; however, we be-

lieve that drilling 40 per cent of the prospective areas and incor-
porating this data with records available from 6 water wells and
core holes in the project area will allow .. reliable evaluation and
will avoid unnecessary expense. Drill cuttings, well construction
records, and test pumping data will be made a part of the per-
manent files of the Geological Survey of Alabama and thus be
available for other studies. If proven successful, the use of
geophysical techniques in the Piedmont area will enable more
complete development of available ground water resources and
reduce the cost of exploration and development.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
Auburn University
Alabama State Government
Heine City Government - Alabama

2.0007, DEVELOPMENT OF CRITERIA FOR TILLAGE
MACHINERY THAT WILL REDUCE SOIL EROSION AND
RUNOFF
A.W. COOPER, U.S. Dept. of Agriculture, Auburn, Alabama

Object: To obtain engineering information useful in the
development of new and improved equipment and machinery for
soil and crop management.

Plan of Work: Field and laboratory experiments will be con-
ducted to determine the effect different tillage machinery and
practices have on seedbeds. Inputs of time, labor and power for
various tillage systems will be determined and used in rating these
systems. Attention will be given to methods and instruments for
measuring soil surface roughness; and the relationship between
roughness and surface water retention will be ascertained.
Criteria for equipment needed for various soil and water conserv-
ing practices will be developed. Models will be used to predict the
forces acting upon tools being operated in the soil, the behavior of
the soil, and the effects of the operating tools on the soil. The stu-
dies will include work on cultivating machinery as well as primary
tillage machinery.

SUPPORTED BY U.S. Dept. of Agriculture

2.0008, AQUIFER PERFORMANCE TESTS UNDER TWO
PHASE FLOW CONDITIONS
H.R. HENRY, Univ. of Alabama, Water Resources Program,
University, Alabama 35486

This is a project with two parts. The first part is a laboratory
model constructed and developed to study the effects of two
phase flow conditions. The second part is a test phase conducted
on a water-well field under actual field conditions. The laboratory
studies of part I will consist of fundamental studies placed in the
framework of aquifer dynamics under two-phase conditions. The
principal group of experiments will consist of air entrainment stu-
dies in well aquifer system by blocking of flow channels by en-
trained air during intermittent operation. The problem is particu-
larly severe in the recharge case. The laboratory set-up will con-
sist of a model of a portion of an aquifer. The laboratory model
will be operated to cause air entrainment in a manner to cor-
respond to field operation. Flow rates, pressures in the well and
aquifer and velocities by tracer movement will be measured to
determine the change in apparent characteristics of the well and
aquifer when air is entrained.

The field study of part 2 will consist of checking the results of
part 1 under actual field conditions by conducting aquifer per-
formance test on wells drilled and developed in an aquifer under-
lying the campus of the University of Alabama. Twelve wells of
different depths and diameters will be drilled and developed in an
aquifer whose geology and hydrology are known. The wells will
be located in an array which will fully penetrate the aquifer and
cover the extent of the well field. Field and laboratory tests will be
correlated.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Alabama
Auburn University
Alabama State Government

2.0009, THE DEVELOPMENT OF GEOCHEMICAL AND
GEOPHYSICAL TECHNIQUES AS AN AID TO DETERMIN-
ING AVAILABILITY OF GROUND WATER IN LIMESTONE
TERRANES
P,E. LAMOREAUX, Univ. of Alabama, Graduate School, Univer-
sity, Alabama 35486

This study is on the effectiveness of geochemical and
geophysical techniques in determining the location, quantity, and
quality of ground water in massive limestone beds. These
limestone beds are the principal source of water for most uses in
the Tennessee Valley, Ground water occurs in solutionally en-
larged openings along bedding and joint planes of the limestone,
Industrial expansion and the resulting increase in population and
water use indicate the need for more effective methods to deter-
mine the occurence and availability of water in a limestone ter-
rane,

Previous studies indicate that the location and alignment of
large-capacity wells and springs in this area are related to factors
of geochemistry, topography, geologic structure, stratigraphy,
and the thickness of the unconcolidated material overlying the
limestone bedrock.

The proposed study will apply geochemical techniques to
determine: zones of high permeability and their alignment in the
limestone terrane, relation of quality of water to geologic struc-
ture, recharge and discharge areas, character and thickness of soil
layer, proximity to principal water-bearing solution and fracture
systems, periods in water year, and surface-water flow patterns.
The geophysical studies will determine the position of the water
table and the thickness and type of unconsolidated material over-
lying the bedrock, the location, alignment, and development of
sinkholes, and delineation of potential zones of high permeability
in the bedrock. Preliminary investigations indicate that soil
thickness and type have a greater bearing on the quantitative
aspect and approach to ground-water studies in limestone ter-
ranes than formerly realized; therefore, detailed studies of this
aspect of the project area include drilling for control purposes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alabama
Alabama State Government
Auburn University

2.0010, GLACIAL MELT IT, ATER PREDICTION
W.E. LONG, Alaska Methodist University, Undergraduate
School, Anchorage, Alaska 99504

A mass balance of a small glacier will be made to determine
its sensitivity to climactic and weather changes. The prime pur-
pose of the investigation is to determine the water production
characteristics of glaciers. Project to begin in fiscal 1968 and ter-
minate in fiscal 1969.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Alaska Methodist University

2.0011, GEOHYDROLOGY OF THE ANCHORAGE AREA,
ALASKA
W. W. BARNWELL, U.S. Dept. of Interior, Water Resources Divi-
sion, Anchorage, Alaska

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Alaska.

Purpose - To assemble and integrate the facts about the
Greater Anchorage hydrologic systems which will be used by city
and borough planners for designing an orderly development of
the water resources.

Methods - Approximately 4 years of records from 30 stream
n d lake gages will be obtained. Seasonal and yearly runoff from

major streams from the Eklutna River on the north to Twenty
Mile River on the south will be evaluated. Samples of ground
water and surface water will be collected for chemical analysis to

2. WATER CYCLE

identify changes in chemical quality which result from use of the
water resources, Several thousand feet of test drilling, borehole
and areal geophysical techniques, and a study of surface and sub-
surface geology will be used to define geologic boundaries of
gr9und water basins. Test pumping and infiltration studies will be
used to determine the hydrologic properties of the aquifers, Dyes
or other tracers will be used to determine the direction and
velocity of ground-water movement,

SUPPORTED BY U.S. Dept, of Interior Geological Survey
Alaska State Government

2.0012, WATER RESOURCES OF THE KENAI PENINSU-
LA BOROUGH AREA, ALASKA
S.H, JONES, U.S. Dept, of Interior, Water Resources Division,
Archorage, Alaska

This research is part of the program of water resources in-
vestige _ions conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Alaska.

Purpose; To provide facts concerning the water resources of
the Kenai Peninsula Borough for planners to use in designing
procedures for orderly development of the water resources.

Methods; Stream and lake gages will be installed to evaluate
seasonal and yearly runoff from major streams. Surface and sub-
surface flow of water into and out of the area and changes in
chemical quality of water resulting from water use in the area will
be defined. Sediment discharge of the streams will be determined,
The geologic boundaries of the ground-water basin will be
defined, and aquifers identified by a study of surface and subsur-
face geology.

SUPPORTED BY U.S. Dept, of Interior - Geological Survey
Alaska State Government

2.0013, SCOUR AT BRIDGE CROSSINGS IN ALASKA
L.S. LEVEEN, U.S. Dept. of Interior, Geological Survey,
Anchorage, Alaska

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Alaska.

Only meager information is available on scour of alluvial
channels e. constrictions and no generally accepted method of
predicting depth of scour is presently available. The objective of
this project is to develop general relationships between observed
depth of scour and measurements of the associated hydraulic and
sediment transport variables at selected bridge crossing in Alaska.

The project is designed to obtain detailed information on the
cross sectional and longitudinal profile of the streambed utilizing
echo sounders from a boat; and to provide measurements of
hydraulic and transport variables such as the vertical velocity arid
sediment distributions, stage-discharge and depth-discharge rela-
tionships and particle size of suspended sediment and bed materi-
al. The results of this investigation will complement laboratory ex-
periments and aid in understanding the mechanics of scour
around bridge piers and abutments.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Alaska State Government

2.0014, WATER RESOURCES OF THE GREATER JU-
NEAU BOROUGH, ALASKA
J.A. MCCON ACHY , U.S. Dept. of Interior, Water Resources
Division, Anchorage, Alaska

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Alaska.

Purpose - To describe the hydrologic system in the Greater
Juneau Borough so that city and borough planners can design
procedures for orderly development of water resources.

Methods - An inventory will be made of selected wells and an
observation well network will be established to observe water
level changes. The bedrock-surficial deposits contact will be
mapped and test holes will be drilled in the surficial deposits.
Geophysical techniques will be used in the examination of wells
and test holes. Pump tests will be performed using wells M the sur-
ficial deposits aquifer.
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2. WATER CYCLE

Low flow in streams will be determined and a network of
eleven gaging stations will be maintained. Sediment load of
selected streams will be correlated with discharge. Samples will
be selected for chemical analysis.

SUPPORTED BY U.S, Dept. of Interior Geological Survey
Alaska State Government

2.0015, COASTAL AND INSHORE OCEANOGRAPHY
H.E. BRUCE, U.S. Dept. of Interior, Biological Laboratory, Auke
Bay, Alaska

This project is a comprehensive study of the chemical,
biological, and physical oceanography of selected estuarine en-
vironments in Southeast Alaska.

The objectives are to describe the general physical, chemical,
and biological oceanographic conditions of the inside waters of
Southeast Alaska and the seasonal and annual variations in these
conditions. The oceanographic work is done in conjunction with
other investigations of the Auke Bay Laboratory (Marine Biologi-
cal Investigations and Shellfish Investigations) and with the
Federal Water Pollution Control Administration and the Univer-
sity of Alaska, The combined effort by the above groups resulted
in detailed 'ecosystem studies' of selected areas,

The oceanographic studies are broken down into physical
and descriptive oceanography and chemical and biological
oceanography which results in an over-all comprehensive pro-
gram in oceanography. Biological oceanography includes studies
in phytoplankton ecology, taxonomy, primary and secondary
productivity, and energy transfer, from the primary producers
through the primary herbivores. Also included are studies on dis-
solved and particulate organic materials and their relations to pri-
mary and secondary trophic levels and to benthic organisms.

SUPPORTED BY U.S. Dept, of Interior - Bu. Comm. Fish.

2.0016, BRISTOL BAY ESTUARINE ECOLOGY
DICOSTANZO, U.S. Dept. of Interior, Biological Laborato-

ry, Auke Bay, Alaska
During the past few years intensive work has been done on

the freshwater and the high seas phases of the life history of the
sockeye salmon. Recent work has indicated that the ocean sur-
vival rates may not be nearly as constant as formerly thought and
that estuarine conditions strongly influence these rates. Thus it
seems necessary to supplement the freshwater and oceanic stu-
dies with investigations into the ecology of the sockeye salmon in
estuarine areas.

The early phase of this study will he largely exploratory in na-
ture. The objectives are: 1. To delineate the water masses within
the Bristol Bay area and determine the physical and chemical fea-
tures of the estuarine and adjacent coastal waters. 2. To deter-
mine the pattern of movement and distribution of smolts from the
parent river into the estuary and ocean waters. 3. To determine
the growth and survival of smolts as they pass through this transi-
tional phase of their life cycle.

The first full season of study will utilize aircraft and radiome-
ter to delineate water masses in Bristol Bay.

More specific oceanographic studies will be conducted from
a surface vessel. It is expected that much time will be spent in as-
sembling gear and developing standard stations and technique.
Sampling of juvenile salmon will be accomplished with various
kinds of gear, including tow net, trawls, seins, and gill nets.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0017, ESTUARINE STUDIES OF SOUTHEASTERN
ALASKA
J.B. KIRKWOOD, U.S. Dept. of Interior, Biological Laboratory,
Auke Bay, Alaska

One of the aims of the Auke Bay Biological Laboratory is to
accumulate detailed descriptive information on environmental
characteristics of several estuarine environments within the inside
waters of Southeastern Alaska, and to explain ecological reasons
for some of the observed differences between environments. The
ecological differences are undoubtedly responsible for the annual
fluctuations and distributions and abundances of commercially
valuable fish and shellfish species.

It is apparent that descriptive knowledge of local populations
and their environments are not sufficient in themselves to provide
a clear concept of basic ecological and biological principles con-
trolling an ecosystem however, such knowledge is a prerequisite
to planning and conducting more detailed and intensive studies of
discrete ecological and biological problems,

A cooperative study was initiated in April 1967 that will in-
volve Oceanography Investigations, Marine Biological Investiga-
tions, Shellfish Investigations of the Auke Bay Biological Labora-
tory, and outside agencies such as Federal Water Pollution Con-
trol Administration and the Institute of Marine Sciences, Univer-
sity of Alaska.

Each group submits a separate description of its proposed
participation in the cooperative estuarine study. The shellfish in-
vestigations study involves the following objectives: ( 1 ) To deter-
mine species composition and relative abundance of pelagic and
benthic invertebrates. (2) To determine the relationship between
species composition, distribution, abundance, and the environ-
ment.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

2.0018, A STUDY OF THE FREEZING CYCLE IN AN
ALASKAN STREAM
G.S. BENSON, Univ, of Alaska, Geophysical Institute, College,
Alaska 99735

The research which will be assisted by the equipment and lo-
gistics provided is in the area of stream icing. The physical pro-
perties of the stream ice and its overlying and adjacent snow
cover will be studied both in the field and laboratory. The equip-
ment is for obtaining, storing and experimenting with samples of
the snow and ice. The equipment and logistics mainly provide for
winter sampling.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
University of Alaska

2.0019, CLAY-INORGANIC AND ORGANIC-INORGANIC
ASSOCIATIONS IN AQUATIC ENVIRONMENTS
D.W. HOOD, Univ. of Alaska, Inst. of Marine Sciences, College,
Alaska 99735 (AT( 04-3 )-310-3 )

The overall objective of this year's proposed research is to
further our understanding of the chemical processes that accom-
pany passage of sediment systems from glaciers to form marine
sediments and the ancillary chemical effects of such processes on
the local oceanographic environments. As in the past, the prime
emphasis will be on the trace metal associations both in organic
and inorganic processes. This years emphasis is on studies of the
trace metal exchange equilibrium between the various size frac-
tions of the suspended minerals and the water. The effect of or-
ganic material on this exchange will also be investigated. Analysis
will be made by neutron activiation techniques. In addition, con-
certed effort is being made to fractionate the organic matter
previously found to contain significant quantities of Cu and Zn.
Reverse osmosis and sephedex techniques are being employed.

Mineralogical data for both suspended and deposited sedi-
ments are complete for Taku estuary and is in press in Marine
Geology. No evidence for major diagenetic changes in the
minerals was observed in the estuary. The exchangeable cations
on suspended sediments after contact with sea wate show mar-
kedly different composition. The significance of this to floccula-
tion processes is under study. Organic association with copper in
an extractable form has been found and reported in 'Nature'.
Other associations with a non dialyzable fraction have been found
and are now being characterized.

SUPPORTED BY U.S. Atomic Energy Commission

2.0020, DISTRIBUTION OF DISSOLVED IONS IN
ALASKAN WATERS
C.M. HOSKIN, Univ. of Alaska, Graduate School, College, Alaska
99735

Water, in the form of ice, meltwater streams and lakes, and
sediment are closely related in the valley glaciers of southeastern
Alaska. As these glaciers flow down their valleys, new sediment
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particles are produced by grinding of the valley bedrock into
gravel, sand and mud. During the grinding process, some of the
rock is dissolved and possibly mud particles contribute most
because of their small size and consequent potentially great
chemical reactivity, This project will investigate the water and
sediment of Alaskan valley glaciers, attempting to learn about the
relationships between; (1) the kind of rock being ground up
(igneous, sedimentary, metamorphic) and the dissolved susb-
stances released into the meltwater from each kind of rock, and
(2) the kin, of rock being ground up and the resultant particles
sizes produced. Certain dissolved substances and the resultant
particles sizes produced. Certain dissolved substances as iron, cal-
cium and magnesium and large amounts of suspended sediment
can restrict the use of water and thus it is hoped that the data ob-
tained from this research will aid in the evaluation of glacial melt-
water usage.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

2.0021, THE EFFECTIVENESS CF CONTACT FILTER
FOR THE REMOVAL OF IRON FROM GROUND WATER
W. KIM, Univ. of Alaska, Inst. of Water Resources Res, , College,
Alaska 99735

The objective of the proposed study is to explore the applica-
bility of the contact filter in the removal of iron from ground
water. A contact filter process developed by Mini, in Russia con-
sists of a deep sand bed (six feet) through which coagulated
suspensk1 is passed in upward direction. Theoretically this
process should perform better than conventional sand filter due
to the decreasing graki size of filter media in the direction of flow,
and due to the greater depth effective in the filtration. Iron
removal from ground water requires the oxidation of ferrous iron,
and flocculation and separation of ferric precipitate. The contact
filter may promote not only flocculation and separation steps but
also the oxidation of ferric ion due to the intimate contact of iron-
coated filter media with the incoming water.

The relative effectiveness of the contact filter and conven-
tional sand filters, the optimum media characteristics will be
determined by running pilot filter tests under controlled condi-
tions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

2.0022, THE EFFECTS OF EXTREME FLOODS AND
PLACER MINING ON THE BASIC PRODUCTIVITY OF SU-
BARCTIC STREAMS
J.E. MORROW, Univ. of Alaska, Graduate School, College,
Alaska 99735

Disastrous floods in early August, 1967, wiped out the bot-
tom fauna of Faith and McManus Creeks near Fairbanks. As late
as September 5,1967, (last date of sampling) there was no sign of
recovery. The bottom of these creeks will be sampled at selected
stations and intervals to determine the rate of recovery and rela-
tive composition of the bottom fauna. Recovery and composition
will be related, if possible, to substrate, basic productivity,
meteorology and presence or absence of placer mining activity.

Bottom sampling will be done with a Surber sampler and
graded screens, productivity will be measured by the C14
technique. Sampling patterns and frequency will be established by
appropriate statistical methods.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

2.0023, FOREST AND BOG OF SOUTH COASTAL
ALASKA - INTRATY.PE VARIATION AND ASSOCIATED
HABITAT FEATURES
B.J. NEILAND, Univ. of Alaska, Graduate School, College,
Alaska 99735

This project is a continuation of investigations of south costal
Alaska vegetation that were begun in 1962. Part of the earlier
project included intensive analyses of stands of forest and stands
of bog in widely scattered localities in southeastern Alaska.

2. WATER CYCLE

Phytosociological ordinations were developed for the stands of
each vegetation type; various attributes of individual species
behavor, behavior of groups of species of known or suspected in-
dicator value, the few enviornmentals measures that had been in-
cluded, etc, were plotted against these ordinations; and
hypotheses were developed as to the major factors with which
these vegetation varies.

The major purposes of the present work are to ascertain the
validity of the proposed hypotheses, to attempt to find the factors
of importance in the patterns if the hypotheses are not correct,
and to obtain further phytosociolosical information to refine the
original ordinations. Investigations are being made of (1) for
forest: drainage patterns, possible sources of soil water, soil
profiles, pH, and various nutrient elements; and (2) for bogs:
height of the water and sulfide layers, erosion features and
drainage patterns, sources of surface water, upper peat profiles,
and various chemical and physical characteristic of bog waters
and peat,

SUPPORTED BY U.S. National Science Foundation

2.0024, SOIL HEAT TRANSFER - PERMAFROST AND
FROST PENETRATION
H.R. PEYTON, Univ. of Alaska, School of Engineering, College,
Alaska 99735

The results of this work will provide engineers 'with specific
methods of solution for some of the soil heat transfer problems
which must be solved for effective utilization of the northlands.
These methods will incorporate two aspects; (1) useful methods
for the determination of thermal properties of soils, and (2) com-
puter techniques permitting solution to problems too complex for
standard mathematical model methods.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.N.S.

2.0025, PREVENTION AND CONTROL OF CULVERTS
AND ROAD ICINGS
UNKNOWN, U.S. Army, Cold Reg. Res. & Engin. Lab. , Fort

Greely, Alaska
Objective: To develop criteria and techniques for the preven-

tion and control of icing in culverts and on roads by means of
proper location, protective devices or heating arrangements.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alaska State Government

2.0026, RESTORATION AND REHABILITATION OF
EARTHQUAKE DAMAGED PINK AND CHUM SALMON
STUDIES IN PRINCE WILLIAM SOUND
P.S. ROYS, State Dept. of Fish & Game, Juneau, Alaska

Major Overall Objectives: (1) Restoration of earthquake
destroyed pink and chum runs in Prince William Sound. (2)
Rehabilitation of spawning areas where production has been seri-
ously curtailed.

Initial Objectives: (1) Biological and Engineering studies on
12 major streams in the subsided zone and 43 major streams in
the uplifted zone. (2) Monitor streams to which restorative mea-
sures were applied during June 1067.

Procedures: (1) Engineering studies of pric y streams to
determine drainage area; maximum-minimum volumes of flow;
flow velocities; bottom composition; bed load; contours; profiles;
cross- sections; silt content; and rate of erosion followed by topo-
graphic mapping of study sections. (2) Biological studies of pri-
ority streams to determine spawning areas utilized by brood dis-
tribution within predetermined zones; measurements of spawning
areas utilized; lost and gained; sex ratios; egg retention; scale sam-
ples; temperature; pH; subsequent egg deposition; and sequential
fry production.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

2.0027, CONTROL OF EROSION AND SEDIMENTATION
ASSOCIATED BUILDING AND LOGGING
A.E. HELMERS, U.S. Dept. of Agriculture, Juneau, Alaska
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Object: To determine factors related to erosion and mass soil

movement; to develop measures to minimize soil movement ansl
to rehabilitate damaged watersheds; and to determine the effects
of logging and other land uses on salmon spawning streams and
how to effect improvements,

Plan of Work: Pre-loggling and post-logging relationships will

be developed on experimental watersheds to study post-logging
behavior. Variables to be investigated are a (1) flow charac-
teristics of southeast Alaska streams, (2) stream channel
character as affected by log jams and high flows, and (3) water
quality in terms of stream temperature and quantity of organic
and inorganic suspended sediment. Erosion causes and sources
will be studied.

SUPPORTED BY U.S. Dept. of Agriculture

2.0028, TOPOGRAPHIC INFLUENCES ON PRECIPITA-
TION
T.R. CANT IN E, U.S. Dept. of Interior, Alaska Power Admin. , Ju-
neau, Alaska 99801

The study was initially undertaken to defiac precipitation in-
tensities representative of higher elevations in Southeast Alaska
for design storm studies. The local concentration of sea level cli-
mate stations and streamgages, together with nearby research
programs of the Northern Forest Experiment Station, created an
opportunity to examine area-wide variations in precipitation with
a relatively small expansion in the data collection program. The
program is still in the exploratory stages, but there are good indi-
cations that study results will be useful in estimatiig precipitation
intensities and runoff for ungaged areas throughout Southeast
Alaska.

SUPPORTED BY U.S. Dept. of Interior - Alaska Power Adm.

2.0029, CLIMATE RELATED TO PLANT RESPONSE IN
THE MATANUSKA VALLEY
C.f. BRANTON, Univ. of Alaska, Agricultural Experiment Sta. ,
Palmer, Alaska 99645

To collect, collate, analyze, and interpret climatic parame-
ters related to plant response in Alaska's Matanuska Valley, with
particular reference to net solar radiation received, moisture
evaporation rates, and soil temperature.

Description of Work: The following meteorological series
will be continued: (1) Maximum and minimum air-temperatures
(2) Precipitation ( rain and snowfall) (3) Gross radiation (pyr-
heliorneter) (4) Net pan evaporation (5) Continuous wind
velocity and direction (6) Evaporation and transpiration losses.
(7) Humidity (wet and dry bulb temperatures). The following
new series will be initiated in 1961: (1) Soil tempe atures under
various ground covers (2) Net radiation (Beckman & Whitley
radiometer) (3) Net evaporation ( from free water surface and
Bellanci plates).

SUPPORTED BY U.S. Dept. of Agriculture
Alaska State Government

2.0030, RESPONSE OF ALASKA'S ADAPTED CROPS TO
SUPPLEMENTAL WATER
C.I. BRANTON, Univ. of Alaska, Agricultural Experiment Sta. ,
Palmer, Alaska 99645

To develop more precise information about the response to
supplemental water of crops adapted to Alaska including, but not
limited to, interactions between silt mantle thickness and fertility
levels, definition of and interaction with other associated environ-
mental parameters, estimates of irrigation input costs and proba-
ble returns, and evaluation of alternate irrigation water sources,

The study will continue over a fairly broad front, and will be
conducted over a sufficient number of years to supply estimates
of seasona9variability.

SUPPORTED BY U.S. Dept. of Agriculture
Alaska State Government

2.0031, FACTORS AFFECTING THE QUALITY OF
ARIZONA MELONS
W.D. PEW, Univ. of Arizona, Agricultural Experiment Sta. ,

Mesa, Arizona
Nutritional requirements: Nitrogen, chemical tissue tests

(nitrate content of leaves and petioles) from plants grown on a
wide range of available soil nitrogen are examined in relation to
yields.

Irrigation requirements: Irrigation schedules based on Ir-
rometer readings are applied to create plots of varying moisture
levels and interactions between moisture levels and stage of plant
development, yield, quality, etc. will be measured in relation to ir-
rigation patterns.

Diseases: Observational notes relative to crown blight - a dis-
ease the cause or cure of which is unresolved - are taken in the
course of other specific tests to provide data for the crown blight
problem.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0032, LETTUCE PHYSIOLOGY
W.D. PEW, Univ. of Arizona, Agricultural Experiment Sta. ,

Mesa, Arizona
To gain additional information relating to the physiology and

environmental factors influencing growth behavior of lettuce in
order to develop cultural measures that will improve production
and quality. Among these factors are: planting data in relation to
fall temperatures, irrigation levels and frequencies, fertilization
rates, methods, and kinds of materials, previous cropping history,
and cropping systems and the use of animal manures. Each of
these is to be studied so as to give growth conditions that will
result in less loss from premature seeding, larger percentage of
solid heads of the desirable sizes, earlier maturity for earlier ship-
ments in the fall and later shipments in the spring.

Description of Work: Irrigation levels: Varying levels of soil
moisture based on Irrometer readings are maintained and interac-
tions between soil moisture level, and sand stage of plant develop-
ment are created. Effects of yield, quality and maturity are ob-
tained from the test plots.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0033, SOIL WATER MOVEMENT IN RELATION TO
THE CONSERVATION OF WATER SUPPLIES
L.E. MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

Objective: To determine significance of physical and chemi-
cal processes associated with liquid and vapor-phase movement
of water in soil as related to water loss from soil and to develop
and test means for reducing such loss.

Plan of Work: Conduct theoretical and experimental studies
of water movement through soils and of the physical and chemical
status of water in soils. Utilize analog and digital computers to
solve one and two dimensional water flow problems related to in-
filtration and evaporation. Study chemical means of controlling
water movement.

SUPPORTED BY U.S. Dept. of Agriculture

2.0034, SUPPRESSION OF EVAPORATION FROM
WATE1 SURFACES
L.E. MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

Objective: Develop and evaluate principles, methods, and
materials for reducing evaporation from water surfaces.

Plan of Work: Conduct laboratory and field studies of chemi-
cal films, reflective materials, and mechanical barriers. Measure
temperature gradients, radiation, wind velocity and related fac-
tors. Calculate energy balances, determine processes involved
and effectiveness of treatment, Determine influence of destruc-
tive forces, such as weathering and wind damage. Utilize labora-
tory and field data to develop practical methods for evaporation
suppression,
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SUPPORTED BY U.S. Dept. of Agriculture

2.0035, FACTORS GOVERNING EVAPOTRANSPIRATION
OF WATER FROM CROPPED FIELDS
L.E. MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

Objective: To determine physical processes involved in water
transfer from the soil to plant roots through the plant to the at-
mosphere, and determine the influence of environmental factors
on water absorption and transfer through soil-plant-atmosphere
systems with the ultimate goal of controlling transpiration for
water conservation.

Plan of Work: Transpiration and factors affecting it will be
studied in a controlled environment chamber and under natural
field conditions. Environment chamber will be used to study ab-
sorption and transpiration under different conditions of radiation,
temperature and humidity. Evaporation and transpiration under
natural conditions will be studied using precision weighing lysime-
ters, radioactive moisture meters and other pertinent tools.

W equals per foot of the midship section (lbs/ft); L equals
length (ft).

SUPPORT ED BY U.S. Dept. of Agriculture

10036, EVAPOTRANSPIRATION THEORY AND
MANAGEMENT
O.E. LEPPANEN, U.S. Dept. of interior, Water Resources Divi-
sion, Phoenix, Arizona

The objective of this project is to study the physical processes
involved in evapotranspiration and to develop techniques and
equipment for measuring evapotranspiration.

Existing and suggested designs for thermal spectrum
radiometers will be evaluated. New instruments will be designed if
considered advisable. Uncomplicated thermal metric methods in-
volving harmonic analysis will be studied in order to determine
simplified methods of measuring conducted heat flow to and from
soils. Metabolic processes of vegetation will be examined from a
thermodynamic point of view to determine the effects of metabol-
ism upon the energy budget of vegetated surfaces. A practical ap-
plicatien of the principles of thermodynamics in describing the
movement of water in the vapor phase within soils will be studied.

SU PPORTED BY U.S. Dept. of Interior - Geological Survey

2.0037, ELECTRICAL ANALOG MODELS OF
HYDROLOGIC SYSTEMS
E.P. PATTEN, U.S. Dept. of Interior, Water Resources Division,

hoenix, Arizona
This is a continuing activity that is now progressing along two

broad fronts: electric modeling of ground and surface-water
systems, and hydraulic modeling of idealized ground water flow
systems.

The electric analogs are problem oriented projects whose
design incorporates the pertinent regional controls of a particular
hydrologic environment. Direct simulation of the hydrologic
system is achieved through the use of resistor-capacitor networks
and operational amplifiers programmed according to a concep-
tual model of the system.

Hydraulic models are developed according to needy for
better understanding of flow and mass-transport phenomena, and
for verification of theoretical expressions by hydraulic experi-
ments.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0038, SYSTEMATIC AND BIOGEOGRAPHIC STUDIES
OF AQUATIC AND SEMI-AQUATIC ORGANISMS IN
NORTHERN MEXICO
W.L. MINCKLEY, Arizona State University, Graduate School,
Tempe, Arizona 85281

Abstract.--Aquatic and semi-aquatic habitats of the basin of
Cuatro Cienegas, central Coahuila, Mexico, comprise one of the
most unique biological areas of North America. Geographic posi-
tion, and a rich, though scarcely studied, endemic fauna of mol-
lusks, crustaceans, fishes, and reptiles, the only groups studied to
date, make- the basin especially suitable for systematic and
biogeographic research. Modifications of some habitats by man
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have influenced the biota through desiccation of certain areas and
by connection of some formerly-disjunct drainage systems
through canals. Sampling to continue present studies, expansion
of research on the known biota through collection of ecologic and
distributional data, new work on certain groups (aquatic plants,
Mollusks, crustaceans, and insects), securing of materials for
laboratory analyses, definition of natural areas for preservation,
and plans for publication of results, are outlined. Assurances of
local support, cooperation and interest by individuals and agen-
cies in the United States and in Mexico, accessibility, and the
availability of local facilities all favor success of such a project.

SUPPORTED BY U.S. National Science Foundation

2.0039, RESPONSE OF CITRUS TREES TO SOIL
MOISTURE
R.H. HILGEMAN, Univ. of Arizona, Agricultural Experiment
Sta. , Tempe, Arizona

(1) Determine the effect of soil moisture upon tree growth
and condition, fruit yield, size and quality; determine the most
economical use of water; study factors associated with different
levels of soil moisture which influence tree condition. (2) Deter-
mine the effect of moisture stresses in the fall upon fruit produc-
tion and quality. (3) Determine the amount of water depletion
from the root zone which is caused by evaporation and percola-
tion to lower depths.

Description of work: Tensiometers have been used to
establish soil moisture differentials. Yield and quality data has
been obtained on fruit from trees subjected to different soil
moisture tensions. Transpiration and leaf moisture deficit data are
being correlated with soil moisture tensions and tree growth and
yield, etc.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0040, PRECIPITATION PATTERNS ON RANGELAND
WATERSHEDS IN THE SOUTHWEST
R.B. HICKOK, U.S. Dept. of Agriculture, Tucson, Arizona

Objectives; Improved prediction of precipitation parameters
affecting runoff and sediment production.

Plan of Work: Establish precipitation time-depth, areal dis-
tribution, storm sequence, and fall-direction expectancy relations
to general and local climatic influences.

SUPPORTED BY U.S. Dept. of Agriculture

2.0041, SEDIMENT YIELD FROM RANGELAND
WATERSHEDS IN THE SOUTHWEST
R.B. HICKOK, U.S. Dept. of Agriculture, Tucson, Arizona

Objective: Develop methods for predicting sediment
amounts, types, and delivery characteristics from agricultural
watersheds of varying sizes, physiography, land-use and manage-
ment.

Plan of Work: Establish factors governing amounts and types
of sediments produced and their transport. Determine sediment
loads in streams and deposited in reservoirs, relating these to rain-
fall, runoff, topography, geolor soils, land use, and cultural
practices. Identify and evaluate 05ortuction of various types of
sediment source areas, and deterinei and characterize sediment
delivery processes to derive improved equations for estimating
sediment yields.

SUPPORTED BY U.S. Dept. of Agriculture

2.0042, GILA RIVER PHREATOPHYTE PROJECT
R.C. CULLER, U.S. Dept. of Interior, Water Resources Division,
Tucson, Arizona

Objectives: 1. To evaluate water salvage by phreatophyte
control 'on a flood plain typical of the areas of existing and
proposed application. 2. To describe the hydrologic and ecologic
variables for the purpose of extrapolation of observed data to
other locations.

Plan of Work: A water budget is being used to measure the
evapotranspiration from a 16-mile reach, containing 9,000 acres
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of phreatophytes, of the Gila River Flood Plain on the San
Caro los Indian Reservation, Arizona. This reach has been divided
into three subreaches for comparative evaluation. The water
budget includes surface inflow and outflow of the Gila River, sur-
face inflow from tributaries to the reach, ground-water move-
ment, precipitation, and change in moisture storage in the satu-
rated and unsaturated soil zones. The energy budget, mass
transfer, and phreatophyte well methods of measuring
evapotranspiration are being applied and compared to the water
budget. All data will be analyzed by digital computer.

The preclearing calibration will cover the period 1963-66.
The phreatophytes will be removed and a beneficial vegetation
substituted during the winter of 1966-67. The post-clearing
calibration will continue through 1969.

The project includes studies of vegetation, chemical quality
of water, and sedimentation.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0043, WATER RESOURCES APPRAISAL OF THE TUC-
SON BASIN, ARIZONA
E.S. DAVIDSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Tucson, Arizona

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Arizona and the U. S. Bureau
of Reclamation.

Purpose - To determine the amount of ground and surface
water moving in and out of the Tucson basin including recharge
from streams in the area; evaluate the effect of present and
proposed pumpage and surface-water flow on ground-water
storage; and describe salinity and fluoride occurrence and dis-
tribution in ground water and relate to the lithologic variation of
the aquifers and to ground-water withdrawal.

Methods - Existing data on ground-water withdrawn,
declines in water levels, quality of ground water, aquifer charac-
teristics, surface- water inflow and outflow, precipitation, and
basin geometry will be compiled and analyzed. Additional gaging
stations will be installed and miscellaneous surface-water mea-
surements will be obtained to define areas of streamflow deple-
tion, Test holes will be drilled to collect water-quality and
lithologic information. Water samples will be analyzed to provide
additional information on salinity and fluoride distribution.
Geophysical studies will be made and will include seismic gravity
and aeromagnetic techniques. An electric-analog of the basin will
be constructed to predict changes of water levels under various
patterns of development.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Arizona State Government
U.S. Dept. of Interior - Bu. Reclamation

2.0044, ELECTRICAL- ANALOG ANALYSIS OF
HYDROLOGIC DATA, ARVA VALLEY, ARIZ
0. MOOSBURNER, U.S. Dept. of Interior, Water Resources
Division, Tucson, Arizona

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Arizona.

Purpose - To provide predictions of future positions of the
water table in an area where ground water is being pumped at a
much greater rate than the rate of replenishment.

Methods - Intensive ground-water development and data col-
lection in Arva Valley began about 1950. All existing
hydrogeologic data (water levels, pumpage, and transmissibility)
from Arva Valley and adjoining areao will be used in an attempt to
approximate the actual ground-water system by the electrical
model. When simulated water level changes from the model cor-
relate with historic waterlevel declines resulting from actual
pumping rates, it may reasonably be assumed that the model is
analogous to the hydrologic system. The electrical model will
then be used to predict future water-level changes.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Arizona State Government

2.0045, VEGETATION CHANGES IN SOUTHWESTERN
NORTH AMERICA
R.M. TURNER, U.S. Dept. of Interior, Water Resources Division,
Tucson, Arizona

Arroyo cutting, springs and rivers that run no more, mesquite
invasion of impoverished remnants of former grasslands, death of
saguaro and oak forests are all changes of recent occurrence in
southwestern North America. Though these changes and others
are recognized, their extent is not fully known nor their causes un-
derstood. Several studies, most of which are inconclusive, have
stressed man's role in causing the changes; little critical attention
has been given to the possibility of secular trends in climate as one
of the causes. Many of the changes do not favor man's increased
use and more intense occupancy of this arid region. Whether the
trends, can be halted is not known but, if the changes can be ar-
rested or modified, it is necessary to more fully understand the
scope of the changes and to more closely analyse the causes.

The study is divided into three parts: (1) Photographic docu-
mentation of the scope and nature of the changes; (2) the inten-
sive examination of soil moisture relations and micrometeorology
of vegetation zones known to b most greatly affected by the
changes; and (3) the study of the climate and vegetation of the
area as a means of defining present conditions and of detecting
secular trends in climate that may affect differently the several
recognizable subdivisions of the arid region.

SUPPORTED BY U.S. Dept, of Interior - Geological Survey

2.0046, FACTORS AFFECTING PRODUCTION OF
PECANS IN ARIZONA
R.C. BOWERS, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

DESCRIPTION OF WORK - (1) Soil moisture differentials
have been established by setting up different irrigation schedules.
Occurence of stick-tight nuts and yield are being correlated with
amount of water being applied. Total soluble salts in soil in vari-
ous plots has been determined and attempts to reduce same are
being made by leaching experiments. (2) Occurrence of zinc defi-
ciency symptoms have been noted for individual trees, Leaf sam-
ples have been collected for analysis of various nutrient elements.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0047, HYDRAULICS OF SURFACE IRRIGATION
C.D. BUSCH, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objective 3: By field trials, to test the validity of mathemati-
cal equations and laboratory relationships describing the hydrau-
lic characteristics of surface flow.

The Arizona State Experiment Station will carry on field
research for the evaluation of the mathematical flow models
developed by other contributing stations. The work will consist of
two phases: Phase I: 1964-65, development of the necessary
equipment needed to measure and record electronically the ad-
vance and recession curves for border and furrow irrigation.
Phase II: 1965-69, measurement of the component surface flow
variables on a range of sites selected to provide differing soil con-
ditions and stages of crop growth. The data will be evaluated for
agreement with and refinement of, the mathematical models. It
will be made available to other contributing stations for further
evaluations.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0048, CARBON-14 CONTENT OF FRESH WATER CAR-
BONATES
P.E. DAMON, Univ. of Arizona, Graduate School, Tucson,
Arizona 85721

1-28



The carbon- 14 contents of southwestern caliche deposits,
lake carbonates and spring tufa deposits are being determined.

The radiocarbon content of lake carbonates is being used to
define the extent and duration of pluvial lakes. The work on
caliche deposits is helping to elucidate the mechanism of deposi-
tion and the relation between calichification and paleoclimatolo-
8Y.

Comparison of the radiocarbon content of organic matter,
tufa and water is being used to define the paleohydrology of arte-
sian water systems.

In addition to the paleohydrologic and paleoclimatic implica-
tions, this study has helped to define the problem of the initial
C14/C12 ratio in fresh water systems. Lack of such knowledge
may result in large and even absurd errors in radiocarbon dating.

SUPPORTED BY Arizona State Government
U.S. National Science Foundation

2.0049, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
D.D. EVANS, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objectives: (1) To delineate the influence of structural and
electrostatic differences as well as solute concentrations and
energy gradients upon the movement of solutes, energy, and
water in soils. (2) To devise quantitative, expressions describing
the simultaneous movement of water, solutt. and energy in soils.

Work Proposed: The flow of water and energy will be ex-
amined under conditions of simultaneous water potential and
temperature gradients for the purpose of improving the produc-
tion of flow to evaporative surfaces. Initially, flow will be
restricted to one dimensional, steady-rate flow to an evaporative
soil surface when the water potential and temperature are held
constant at the surface opposite the evaporative surface. Water
potential and temperature gradients, quantity of flow and ap-
propriate soil properties will be measured and the data used to
evaluate different equations developed for predicting flow under
those conditions.

Individual clay particles will be suspended in an electric field
enclosed in controlled environments to study rates and amounts
of water adsorption or desportion with changes in the vapor pres-
sure of the environment. The rates of absorption are expected to
lead to a better understanding of the kinetics of water adsorption.
The amounts of adsorption by individual particles at a specific
vapor pressure will be compared to the amount of adsorption by
similar particles in a packing at the same vapor pressure.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0050, SOIL PHYSIICAL CHANGES DUE TO MANAGE-
MENT PRACTICES
D.D. EVANS, Univ. of Arizona, School of Agriculture, Tucson,
Arizona 85721

The objectives of the project are (1) to evaluate soil physical
changes due to different management practices and (2) to relate
encountered changes to water management, tillage practices and
crop yield. The soil physical changes which have occurred due to
different management practices in certain long-term experiments
established at several locations in Arizona will be assessed by
selected measurements. It is anticipated that a study of methods
will be the initial work done on the project. After an evaluation of
methods, field and laboratory measurements will be made on the
soil for various practices and the results related to water manage-
ment, tillage practices, and crop yields.

SUPPORTED BY Arizona State Government

2.0051, HYDROLOGIC CHARACTERIZATION OF
FORESTED WATERSHEDS IN ARIZONA
H.C. FRITTS, Univ. of Arizona, Water Resources Research Ctr. ,
Tucson, Arizona 85721

The purpose of the proposed study is to better describe and
predict with emphasis on probabilities streamflow runoff from
forested watersheds in Arizona. In addition, hydrologic potentials
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within forest types in terms of snowpack dynamics will be pre-
dicted and management guidelines for increasing snowmelt runoff
will be developed.

Streamflow characteristics will be described by electrical
analogy including precipitation, interception, infiltration and
stream routing components. Hydrologic data for statistical studies
will be augumented by dendrochronological techniques that allow
objective translations of tree ring records into stationary time se-
ries. Models for the relation between tree ring widths and runoff
will be developed. Within the framework of fundamental
hydrologic principles, snowpack dynamics will be related to
biotic, topographic, edaphic and climatic parameters by regres-
sion analyses. These analyses will provide a system for predicting
snowpack water yield potentials and identifying optimum
management goals.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

2.0052, SPRINKLER IRRIGATION OF CITRUS UNDER
SOUTHWESTERN CONDITIONS
K.R. FROST, Univ. of Arizona, Agricultural Experiment Sta ,

Tucson, Arizona 85721
OBJECTIVES: 1. To determine water requirements for

citrus trees under sprinkler and flood irrigation. 2. To determine
crop yields and tree growth of citrus under sprinkler and flood ir-
rigation. 3. To reveal other influences resulting from sprinkler ap-
plication of irrigation water for citrus trees.

PROCEDURE: Work on Lisbon lemons will be carried out at
the Yuma Mesa Station and coordinated with Horticulture De-
partment Project 405, Lemon Production Improvement in
Arizona.

Work on Valencia oranges will be carried out at the Tempe
Citrus Station and coordinated with Horticulture Department
Project 371, Response of Citrus Trees (Valencia Oranges) to Soil
Moisture; Movement of Soil Moisture in the Root Zone.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0053, DIFFERENTIAL ION MOBILITY AT COLLOIDAL
SURFACES
R.J. HANNAPEL, Univ. of Arizona, Agricultural Experiment Sta.
, Tucson, Arizona 85721

The objectives of this project are: 1) To assess the mobility of
alkali cations at solid phase surfaces in reference to the mobilities
in bulk solution 2) To relate surface structural variation to dif-
ferential ionic mobility 3) To evaluate the effect of hydrophobic
bonding and the corresponding quasi-crystalline structure of
water at solid-aqueous phase interfaces upon ionic mobility and
the resulting selectivity in ion transport in multiion systems 4) To
develop a working model which can be applied to irface migra-
tion in soil and plant colloids.

Procedure: By using diffusion potential measurements along
with simultaneous ion flux measurements (using sensitive
radiotracer techniques), ionic mobility in synthetic membrane
systems will be measured. The membrane system proposed for
use allows the desired manipulations in its surface properties so
that the stated objectives can be studied.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0054, STRUCTURAL CONTROL OF SPRINGS FROM
THE MUAV AQUIFER IN WESTERN GRAND CANYON NA-
TIONAL PARK, ARIZONA
P. HUNTOON, Univ. of Arizona, Graduate School, Tucson,
Arizona 85721

Perennial springs, some with flows exceeding 50 cubic feet
per second, discharge from the Muav limestone aquifier in the
Western section of the Grand Canyon National Park. These
springs are apparently the discharge points of the limestone
aquifiers in the western sector of the Kaibab Plateau. It is the pur-
pnse of this study to determine if these discharge points are con-
ti oiled by the tectonic fabric of the region.
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Prominent faults in the Grand Canyon will be mapped and
traced into the Kaibab Plateau. The springs and cavern entrances
in the Redwall and Mum/ limestones will be mapped to determine
if there is any correlation with local tectonic structures. It will be
determined if the altitudes of springs are structurally controlled.
The physiographic trends on the Kaibab Plateau that suggest
structurally controlled recharge to the regional aquifiers will be
characterized. The probable magnitude of underground drainage
system will be calculated from available spring discharge and
rainfall data.

SUPPORTED BY University of Arizona

2.0055, WATER USE EFFICIENCY OF FORAGE CROPS
W.R. KNEEBONE, Univ. of Arizona, Agricultural Experiment
Sta. , Tucson, Arizona 85721

OBJECTIVES: To measure variability within species for the
characteristics 'efficient water use in order to best develop a
breeding procedure for changing a species and developing an im-
proved variety. To develop techniques for evaluating efficiency of
water use by forage crops.

WORK PROPOSED: Variation within species of several
forage crops for water use efficiency will be measured. Less than
optimum water for maximum forage production will be applied in
order to separate genotypes for their ability to produce forage
under these limited moisture conditions. Mature plants will be
measured for total forage production, recovery after harvest and
survival.

The work now in progress concerned with evaluating survival
and forage production of a large number of grass and legume spe-
cies will be continued.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0056, RADIOCARBON AS A TRACER IN GROUND
WATER PROBLEMS
A. LONG, Univ. of Arizona, Graduate School, Tucson, Arizona
85721

The radiocarbon content of ground and surface waters is
being used as a tracer to study surface and ground water move-
ment. The data are being related to such ground water problems
as the rate of laminar flow through aquifers, their permeability,
the source, time and rate of charge, radioactive contamination in
water supplies, and the waste disposal problem.

The increase in the carbon-14 content of the atmosphere,
biosphere and hydrosphere due to nuclear technology is also
being monitored.

SUPPORTED BY Arizona State Government

2.0057, WATER CONSERVATION THROUGH EFFICIENT
USE BY CROP PLANTS
M.A. MASSENGALE, Univ. of Arizona, Agricultural Experiment
Sta. , Tucson, Arizona 85721

OBJECTIVES: 1. To determine why genotypes within a spe-
cies differ in their water use. 2. To determine if plant factors
found to be associated with water-use efficiency are heritable. 3.
To develop efficient plant-water management systems and im-
proved varieties for greater water-use efficiency.

Plan of Work: Genotypes within a species that differ in their
water use will be grown under a range of moisture-stressed condi-
tions in controlled-environmental growth facilities. Physiological
and morphological factors which may affect or be related to
water-use efficiency will be studied and evaluated. Any unique
biochemical, physiological or morphological feature found to be
associated with water use will be investigated in detail.

Field work will be initially concerned with determining the
best time to apply water, when in short supply, for maximum effi-
ciency per unit of dry matter produced. Later, field studies will be
concerned with the development of management systems and im-
proved varieties that favor characters found to be associated with
efficient water use.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0058, GROUNDWATEk 'SUPPLIES
W.G. MATLOCK, Univ. of Ariz,. ia, Agricultural Experiment Sta.
, Tucson, Arizona 85721

This is a continuing program of groundwater investigations in
the Santa Cruz and Avra-Alter Valley in Pima and Santa Cruz
County and in the Little Chino Valley in Yavapai County.

The program includes annual water level measurements in
wells, preparation of groundwater level contour maps and depth
to water maps, and the collection of well log information. Crop
surveys are made to compute irrigation water use and other water
uses av-, tabulated. Special studies are made of volumetric une
watering, natural recharge and quality of water. Well tests arc
.conducted to determine aquifer characteristics.

Data collection started in 1940 and will be continued

SUPPORTED BY Arizona State Government
Pima County Government - Arizona
Tucson City Government - Arizona

2.0059, WATER-SOIL-PLANT RELATIONS
K. MATSUDA, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objective 11 - Evaluate effect of plant structures, physiologi-
cal processes and transpiration retardants on water movement
and loss from plants. (a) Determine relative resistance offered by
different tissues in the root to radial movement of water and salts.
(b) Determine resistance offered by the suberin layer on the outer
surface of suberized roots to entry of water and salts. (c) Deter-
mine the 'leakiness' of roots, or the inability of roots to maintain
high concentrations of salts in the stele, for different stages of
development and different species. (d) Determine effects of tem-
perature, osmotic potential, and mineral composition of ambient
medium on salt accumulation and water absorption by roots. (e)
Attempt to correlate root structure and salt and water absorption,
particularly active absorption of water.

Work Proposed: Microsurgical techniques will be used to
remove layers of tissue from roots. Solutions will be pulled or
pushed through treated and untreated roots. External factors, in-
cluding osmotic potential of medium, will be varied in otherwise
constant environment, Anatomical features will be determined by
standard histological methods.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0060, THE EFFECT OF EVAPORATION BARRIERS ON
FISH GROWTH AND LIMNOLOGY
W.J. MCCONNELL, Univ. of Arizona, Arizona Coop. Fishery
Una, Tucson, Arizona 85721

Information is needed on the possible effects on fish and their
environment of floating plastic evaporation barriers. Such bar-
riers appear to be more effective and cheaper than mono-molecu-
lar films but they reduce light and possibly atmospheric contact
by pond water. Measurements of fish growth, aquatic
photosynthesis and oxygen levels are being made in a series of ex-
perimental ponds having different degrees of coverage.

SUPPORTED BY U.S. Dept. of Interior - 13u. Sport Fish.
University of Arizona

2.0061, PHYSIOLOGICAL CHANGES IN PLANTS
PRODUCED BY SALINE SOLUTIONS
J.W. OLEARY, Univ. of Arizona, Water Resources Research Ctr.
, Tucson, Arizona 85721

Plants irrigated with brackish water generally have decreased
growth and yields. In previous work at this laboratory the
physiological response of red kidney beans (Phaseolus vulgaris
L.) was studied in detail. The results of these studies indicated
that irrigation with water containing moderate levels of sodium
chloride affects the water metabolism of the plant. The resistance
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to water movement through the plant increased and the water
potential gradient decreased. Partial stomatal closure was ob-
served, and there was a significant decrease in the total leaf area
of the plants. Both of these factors tended to decrease transpira-
tion and photosynthesis. Recent observations have shown that by
growing the plants in a high humidity environment the water lost
from the leaves via transpiration can be decreased. This reduction
in transpiration tends to bring about a closer balance between the
water lost and the water supplied to the leaves. Thus the water
stress in the plant is partially relieved, and growth inhibition is
decreased. The large air inflated plastic greenhouses developed at
our laboratory may make brackish water irrigation feasible on a
large scale. The greenhouses are totally closed to the natural en-
vironment. Water vapor added to the air by evapotranspiration
remains within the greenhouse and the plants are surrounded by a
high humidity environment. Under these conditions growth in-
hibition by brackish water should be greatly reduced.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

2.0062, GEOPHYSICAL INVESTIGATIONS IN ALLUVIAL
BASINS IN SOUTHERN ARIZONA
J.S. SUMNER, Univ. of Arizona, Water Resources Research Ctr.
, Tucson, Arizona 85721

The proposed investigation is directed toward the synthesis
of geophysical data in the Tucson Basin area and adjoining basins
in southern Arizona and the geological and geohydrological in-
telpretation of this information. Gravity coverage will be
ei.mpleted with a station interval of about one reading per square
mile.

Refraction seismic profiles will be run over areas of indicated
interested, such as edges of pediments, productive water wells,
and gravity anomalies.

Surface resistivity surveys and magnetometer traverses will
also be tried in some localities. Surface and well samples Ill be
collected and measured in the laboratory for their density, porosi-
ty, magnetic susceptibility, and resistivity.

SUPPORTED BY 11.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

2.0063, TREATING AN INADEQUACY OF THE UNIT
HYDROGRAPH HYPOTHESIS BY STORAGE ROUTING
WITH VARIABLE EMPIRICAL VALUES OF LAG AND
STORAGE
J.H. THOMAS, Univ. of Arizona, Graduate School, Tucson,
Arizona 85721

The outflow hydrograph as predicted by the Sherman unit
hydrograph frequently does not agree with the observed outflow
hydrograph. It is believed that this lack of agreement is due to the
basic hypothesis that each ordinate of the outflow hydrograph is
directly proportional to the surface runoff.

Dooge has treated this inadequacy by assuming synthetic
partial hydrographs and routing them through various reservoirs
throughout the basin. Nash has assumed an instantaneous hydro-
graph and shaped it according to a gamma distribution by routing
it through a series of reservoirs at the outflow point.

It is proposed that results comparable to those of Dooge and
Nash could be achieved by assuming a unit hydrograph in the
shape of an isosceles triangle with its base equal to the duration of
rainfall excess and, by routing it with variable values of storage
and lag (using the Kohler Template), reproduce the observed out-
flow hydrograph. The values of storage and lag would be empiri-
cally determined. This method is less complex than those of
Dooge and Nash and more amenable to programming in a small
computer.

It is further proposed that the method outlined above be
tested on a small plot under controlled conditions. The Depart-
ment of Water Resources at the University has such a plot. It is an
area of 1/2 acre, is surfaced with two inches of pea-size gravel
over impermeable plastic; has an outflow through a weir with a
stage recorder, and has a supply of water available in a 100,000
gallon tank. The additional equipment necessary to this proposed
study would consist of plastic pipe, pumps and nozzles. It is un-
derstood that such equipment, except for small hardware such as
nozzles, is available on the campus.

2. WATER CY CLE

Rainfall of various intensities and durations would be simu-
lated by spraying the plot from water in the tank. The simulation
need not be rigidly controlled although it would be necessary to
ensure that the areal distribution be consistent. The runoff hydro-
graphs would be analyzed and an attempt would be made to
reproduce these observed hydrographs by the method outlined
above. For this analysis, the Kohler Template would be formu-
lated and tested on all of the simulated events. The testing would
be done by digital computer.

SUPPORTED BY University of Arizona

2.0064, SNOW HYDROLOGY
D.B. THORUD, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objectives: (1) To characterize snow accumulation under
forest canopies and in natural and man-made openings in pon-
derosa pine and mixed conifer zones of Arizona. (2) To evaluate
the energy supply available for snowmelt, evaporation and subli-
mation for the forest conditions described under objective one.
(:)) To relate the results of snow accumulation and energy budget
studies to forest management practices that can be prescribed for
purposes of improving snow water yield. (4) To develop and
modify these studies in a form that will permit snow to be an ele-
ment in a mathematical model for predicting total watershed
behavior.

Description: Snow accumulation will be evaluated by mea-
surements of total water content, density, depth and the spacial
variation of these factors. The energy flow to the snowpack will
be evaluated with pyranometers, net radiometers and measure-
ments of air temperature and wind for determining heat flow from
the overlying air. Vegetation conditions will be evaluated by stan-
dard and possibly specialized mensuration techniques. The rela-
tionship between vegetation and the water and energy budgets
will then be determined. The results of these studies will be
developed and modified for a mathematical model of watershed
behavior.

SUPPORTED BY U.S. Dept. of Agriculture

2.0065, THE MANAGEMENT OF PONDEROSA PINE
NEW METHODS OF THINNING DENSE STAGNATING
SECOND GROWTH STANDS.
R.F. WAGLE, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

I. A. Field Study. A one-hundred acre area in an old burn
that has been newly planted to ponderosa pine will be studied in-
tensively in an attempt to isolate the environmental phenomena
that are limiting to the germination, survival, and growth of the
developing seedlings. The phenomena to be studied will include:
a. Soil nutrition, b. Soil moisture, c. Soil and air temperatures, d.
Variations in soil characteristics, e. Relative humidity, f. Effect of
other plants. B. Laboratory Studies. Reciprocal studies will be
made in the greenhouse and in a controlled environment chamber
to supplement and aid in the interpretation of the field results.
Ponderosa pine seedlings will be grown in the greenhouse in sur-
face soils obtained from three different situations: a. An old burn,
b. A new burn, c. An area in which no burning has occurred in
known history.

II. A study of the role of the different environmental factors
in an attempt to find out how to manipulate the density of second
growth stands to get good growth. As a part of this study, the role
played by nutrients, stand density, soil water, and atmospheric
water in the growth of ponderosa pine is being considered.

Nutrient & water and thinning treatments have been made
on a number of different plots & under a variety of situations.

Data is being systematically collected at yearly intervals. One
interim study has recently been completed and will be ready for
analysis, writing, and publication within the next 6 months.

During the coming year growth records and neutron probe
soil water data will be collected on plots involving about 1,500
tree... Some measurements will be taken weekly and others will be
taken at the beginning and end of the growing season.
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SUPPORTED BY University of Arizona

2.0066, HYDROLOGY OF LOWER COLORADO RIVER
BASIN
C.C. MCDONALD, U.S. Dept. of Interior, Water Resources Divi-
sion, Yuma, Arizona 85364

The objective is to obtain knowledge of the hydrology to pro-
vide a realistic basis for managing the water resources. The work
includes estimating the amount and quality of ground water that
may be obtained to supplement river water; investigating the re-
gional movement of ground water between the Colorado River
and Imperial Valley, the movement of ground water into the Sal-
ton Sea, from Yuma Mesa to adjacent areas, and across the boun-
dary between the United States and Mexico.

Water losses by evapotranspiration will be studied including
the experimental determination of water use of several species of
vegetation. Evaporation from Lake Mohave, Lake Havasu, and.
Salton Sea will be measured, and salt-balance determinations will
be made in selected areas.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0067, LEMON PRODUCTION IMPROVEMENT
D.R. RODNEY, Univ. of Arizona, Agricultural Experiment Sta. ,

Yuma, Arizona
DESCRIPTION OF WORK. (1) Irrigation experiments in-

volving sprinkler, furrow and flood basin types of irrigation have
been established on young trees in cooperation with Dept. of
Agric. Engineering. (2) Nitrogen-phosphate-manure differentials
have been applied annually to lemon trees. Yield and fruit quality
factors have been correlated. Leaf samples have been and are
being collected for analysis for nutrient elements. Soil samples
have been taken and analyzed for movement of phosphate. (3)
Five different methods of pruning have been established on young
trees. Yield data is being obtained.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

2.0068, THE DISTRIBUTION OF TRACE ELEMENTS IN
IMPOUNDMENTS
J.F. NIX, Ouachita Baptist University, Ark. Water Resources
Res. Ctr. , Arkadelphia, Arkansas 7 1924

The distribution of trace elements and common water quality
parameters will be determined in two impoundments on the
Ouachita River in south-central Arkansas. The sampling sites will
be chosen in an effort to present a representative picture of each
reservoir. The state of occurrence (solution, particulate, organi-
cally bound) of each trace element will be investigated using
membrane filters and high speed centrifuging.

Samples will be taken during each season and at different
reservoir conditions in an attempt to determine the factors which
influence the distribution of these elements in the reservoir.

A section of the Ouachita River below these impoundments
will be studied to determine if trace elements are being trans-
ported from the reservoir. In the event that they are released from
the reservoir during power generation, the fate (precipitation, ab-
sorption, etc.) of each of the trace elements will be investigated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Ouachita Baptist University

2.0069, ENGINEERING PHASES OF IRRIGATION IN AR-
KANSAS
B.B. BRYAN, Univ. of Arkansas, Agricultural Experiment Sta. ,

Fayetteville, Arkansas 72701
Determine rates at which water may be applied to various

soils on which crops are grovi'ng; evaluate and c'evelop devices
used to determine when to irrigate; determine irrigation efficien-
cy in terms of quantitative measurements of water distribution,
losses and application; evaluate systems of irrigation with respect
to labor requirements, topographic conditions, power and equip-
ment requirements, and efficient water use; determine mechanics
involved in controlling air temperatures with sprinkler irrigation
systems.

DESCRIPTION OF WORK - Designed Bench leveling plan
and, during construction, collected data on tractor and man hour,
fuel, oil and repair requirements at Cotton Bra. Exp. Sta.; con-
ducted length of run and furrow irrigation efficiency studies at
Cotton S. W. Bra. Exp. Sta. and Main Exp. Sta.; collected Evapo-
transpiration and climatological data for various nitrogen levels of
cotton at Delta Sub-Station. Designed and graded 3 benches to
various slopes for furrow irrigation studies at N.E. Bra. Exp. Sta.

Tests for reduction of temperature by irrigation were run on
Veg. Substation on various truck and field crops. On the Main
Station, tests were run on an elliptical-shape pipe model with
hooded inlet for slopes from 0 to 40 degrees; and manuscript was
redrafted on a moisture measuring device using agar and a strain
gage; a field was smoothed in preparation of work on a now fur-
row irrigation study at Southwest Station.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0070, MICROMETEOROLOGY OF SOYBEANS
C.E. CAVINESS, Univ. of Arkansas, Agricultural Experiment Sta.
, Fayetteville, Arkansas 72701

Objectives: 1. Determine the effects of furrow irrigation on
the micrometeorology within and above the soybean canopy, 2.
Study the effects of micrometeorological factors on rate or type
of insect damage and disease infestations with emphasis on the
pathogenic organisms. 3. Study the effects of micrometeorologi-
cal factors on some agronomic characters such as yield, flower
shedding, pod set, shattering, seed quality, fertility responses, and
others. 4. Measure evapotranspiration at the 0- to 10-inch depth
in both irrigated and non-irrigated plots.

Description of work proposed: Studies in the initial stages
will, of necessity, be of a general nature because information is
limited on which of the micrometeorological factors may be of
major importance in disease infestations, insect outbreaks,
growth and development of the soybean plant, etc. Then, the
second phase will consist of a more critical evaluation of particu-
lar micrometeorological factors which appear to affect specific
plant responses. Initially, all instrumentation will be accomplished
at the. Northeast Branch Experiment Station at Keiser under the
supervision of a U. S. Weather Bureau agricultural climatologist
who is . ltioned at that location. Personnel from the Agricultural
Engineering, Entomology, Plant Pathology, and Agronomy De-
partments of the University of Arkansas will cooperate in these
studies.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0071, WATER BALANCE AND ALKALINE EXCHANGE
RELATIONSHIPS AS INFLUENCED BY WATER MANAGE-
MENT PRACTICES IN ;RICE
J.A. FERGUSON, Univ. of Arkansas, Agricultural Experiment
Sta. , Fayetteville, Arkansas 72701

OBJECTIVES: To determine (1) the total water balance of a
rice crop; (2) the effect of submergence depths on the total water
balance of rice; (3) the effect of submergence depths on the
micro-climate of rice; and (4) the salt accumulation in a field as
affected by submergence depth.

DESCRIPTION OF WORK: Continuous monitoring of pH,
conductivity, soil and air temperatures, net and solar radiation,
water input and runoff on statistically arranged plots of rice un-
dergoing various submergence treatments varying from none to 8
inches.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0072, PHYSIOLOGICAL FACTORS IN WATER NEEDS
AND USE OF CROPS
A.A. KATTAN, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701

(1) Study methods of determining soil moisture in an attempt
to find or develop reliable and efficient technique for-use-in these
studies and for grower use, (2) Determine range of available soil
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moisture that permits optimum growth and fruiting of plants and
whether this range varies for different stages of plant develop-
ment. (3) Determine relationship between nutrient use and
moisture ranges for horticultural crops. (4) Study relationship
between temperature, optimum soil moisture range and frequen-
cy of water application.

DESCRIPTION OF WORK: This work is designed to deter-
mine factors which result in maximum yield returns from irriga-
tion and the effect of such practices on growth, minimum yield
returns from irrigation and the effect of such practices on growth,
mineral uptake yield, and quality of raw and processed products.
Four crops have been included in this program: tomatoes, in rela-
tion to spacing; sweet potatoes, with recognition of hill spacing
and water injury exhibited by this crop; beans, in regard to sen-
sitivity at various stages of development; and peaches, in respect
to both intensity of fruit load and stage of fruit development. The
following determinationa are made: changes in soil moisture; leaf
mineral analyses with respect to gradients between young and old
tissues; yield and grade; physical and chemical analyses of quality
of raw and processed product, and post-harvest changes during
storage.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0073, MANAGEMENT ALTERNATIVES ON OZARK
FOREST
F.M. MEADE, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701

Objectives: 1. To determine the Physical inputs and outputs,
costs and return from forest production of low-grade hardwood
areas under different levels of management including conversion
to pine. 2. To measure physical inputs and outputs, costs and
returns, from forage production on low grade hardwood areas
converted to range-land at different levels of management. 3. To
determine the siltation, water infiltration and runoff under a
forest cover compared with range cover. 4. To compare the
economic returns from low-grade hardwood areas managed for
forestry purposes with similar areas managed for range grazing.

Description of Work Proposed: The two major soil types of
the Ozark uplands, limestone chart and Boston Mtn. Sandstone,
supporting forest cover will be sampled by using forestry and
raw development techniques. Forestry practices appropriate to
the Ozark upland hardwood stands will be evaluated and com-
pared with conversion to pine. As an alternative to Forestry, ran-
geland development studies will be initiated on adjacent alnd
using natural vegetation, seeded, and fertilized as the base treat-
ments. Plant succession studies will be carried on under all treat-
ments, on both soil types. Sedimentation as a measure of erosion
will be measured in relation to rainfall and runoff on small
watersheds in treatment areas. Economic relationships will be
evaluated from all treatments.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0074, A STUDY OF THE PHYSIOLOGIC AND CUL-
TURAL FACTORS WHICH INFLUENCE PRODUCTION OF
TREE FRUITS
R. ROM, Univ. of Arkansas, Agricultural Experiment Sta. , Fayet-
teville, Arkansas 72701

Objectives: 1) To study the nutrition offruit trees using foliar
analysis as the diagnostic technique. 2) To investigate the use of
chemicals which may affect the physiology of the tree, 3) To
study the response to irrigation with reference to need, timing,
and amount. 4) To study tree training and pruning with emphasis
on bulk methods and adaptation to mechanization. 5) To study
cultural methods relating to fertilizer, cultivation and cover crops.
6) To investigate the interactive effects of the above mentioned
objectives.

Procedures: Fruit trees to be used in these studies are already
found in experiment station plantings; new blocks will be set to
meet specific experiments; outlying orchards will be used when
necessary.

Repeated tissue sampling of commercial orchards will be
made to relate nutrition balance and intensity with production

2. WATER CYCLE

and quality. Specific experiments will be designed to study fertil-
izer programs required to maintain production. Chemicals and
growth regulators to be used to modify plant physiology to make
them more adaptable to Arkansas conditions.

Studies on the effects of irrigation on production and quality
to be made on basis of short drought, extended drought, and con-
tinuous production. Bulk pruning to be simulated for purpose of
studying tree response to this management.

SUPPORTED BY Arkansas State Government

2.0075, IRRIGATION INVESTIGATIONS WITH
AGRONOMIC CROPS
L. THOMPSON, Univ. of Arkansas, Agricultural Experiment Sta.
, Fayetteville, Arkansas 72701

Evaluate methods of determining critical soil moisture levels
for irrigation; determine optimum rate and grade of fertilizer a nd
optimum time and method of application for agronomic crops
grown under irrigation; evaluate yield responses of certain
selected agronomic crops when irrigation is carried out by sprin-
kler and furrow methods; determine effect of plant population,
planting dates and other cultural management practices on
degree of response to supplemental irrigation; evaluate effect of
land leveling operations required for furrow irrigation upon soil
fertility and resultant yield; study methods of increasing infiltra-
tion rate of irrigation water into soil in which the rate is slow.

DESCRIPTION OF WORK: Since 1950, irrigation-fertility
experiments have been carried out at four locations. The effect of
irrigation and levels of nitrogen upon the yield of three cotton
varieties was measured on the Richland silt loam soil at Marianna,
the Sharkey clay and the Dundee silt loam at Clarkdale. The ef-
fect of land and ferrilization of the Richland silt loam for irriga-
tion upon the yield of corn was also measured at Marianna. At
Stuttgart, the combined effects of irrigation, fertilization, and
deep plowing, upon soybean yields were measured. Various
sources and rates of nitrogen have been used in irrigation experi-
ments on corn, grain sorghum, and Tracy sorghum at Fayetteville.
In addition, one greenhouse experiment on the causes of so called
crazy cotton has been completed. Help has been given on the
multiple-factors cotton experiment at the Southeast Branch Sta-
tion.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

2.0076, SEARCH FOR AND IMPORTATION OF FOREIGN
INSECT ENEMIES OF WEEDS
L.A. ANDRES, U.S. Dept. of Agriculture, Albany, California

Object: To investigate the natural insect enemies of weeds in
foreign countries and to collect and ship to the United States
those species which will feed on or otherwise injure weeds.

Plan of work: Research will proceed through the following
stages: (1) searching of the literature to establish the world dis-
tribution of particular weeds and the insects or other enemies
known to feed on or otherwise injure them; (2) visits to areas
where weeds originated and searches for predatory insects; (3)
obtaining information concerning the interrelationships between
a weed and other plants and animals, and the effects of soil and
climate on such interrelationships; (4) screening tests to insure
that weed control insects are not harmful to useful plants (The
ecological =dies and taxonomic information regarding related
plants will serve as a guide for screening tests,); and (5) shipment
of promising insect species to appropriate quarantine receiving
stations in the United States.

SUPPORTED BY U.S. Dept. of Agriculture

2.0077, HYDROLOGIC ANALYSIS METHODS
H.W. ANDERSON, U.S. Dept. of Agriculture, Pac. Sw. For. &
Rg. Expt. Sta. , Berkeley, California

Object: To develop, test, and illustrate improved methods of
analysis in forest hydrology.

Plan of work: The development and evaluation of variables
which influence water yield, floods, and sedimentation will be stu-
died. (A) One aspect of the work is the evaluation of variation of
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water yield in relation to watershed and meteorlogical variables
such as topography, elevation, geology, precipitation, and the
evaporation potential. (B) Past records of floods from many
watersheds, measured under a variety of changing land use and
vegetation, will be analyzed to determine fundamental relation-
ships between land use and floods. (C) Current work on
suspended sediment discharge will be extended to include deposi-
tion in reservoirs and the relationships between watershed
characteristics, suspended sediment discharge, and reservoir
deposition. ( D) Basic to all watershed evaluations are more accu-
rate measures of the supply factors of precipitation, snow accu-
mulation and snow melt. The relationship of these supply factors
to large scale and small scale terrain and forest conditions will be
studied,

SUPPORTED BY U.S. Dept. of Agriculture

2.0078, FLOOD AND SEDIMENT REDUCTION IN THE
CONIFEROUS TIMBER ZONE OF CALIFORNIA
R.R. ZIMER, U.S. Dept. of Agriculture, Pac. Sw. For. & Rg.
Expt. Sta. , Berkeley, California

Object: To develop management methods that will minimize
local floods, erosion and sedimentation, maintain water quality,
and improve timing of streamflow; and to develop methods for
predicting the effects of forest and land management practices
upon sedimentation and streamflow.

Plan of work: Studies of gravitational mass movement will
continue; resurveys of inclinometer holes will determine rate and
location of surface and subsurface creep; and aerial photo com-
parisons will point out causes of landslides. The project staff will
continue to study the effects of logging on streamflow, sedimenta-
tion, and fish habitat, and current studies will relate soil moisture
to logging effects and to moisture storage opportunitic:, for flood
abatement.

SUPPORTED BY U.S. Dept. of Agriculture

2.0079, SHALES AS FILTERS IN NATURAL WATERS
F.A. BERRY, Univ. of California, Graduate School, Berkeley,
California 94720

This proposal is concerned with investigating the relative fil-
tration effects of shales upon the various ionic and molecular con-
stitutents of naturally-occurring formational waters. The principal
mode of investigation will be to investigate the problem theoreti-
cally and to examine chemically the waters from geologic sites
that are known to be either effluent or hyperfiltrated waters with
respect to natural shale membranes. Dehydration reactions are
the principal contributors to the effluent waters in some localities.
Experimental laboratory studies will also be undertaken as a
secondary mode of investigation.

The field areas of investigation include the Gulf Coast, U.S.;
the Indus Plains of West Pakistan; the Po Valley, Italy; sedimenta-
ry basins on the north side of the Alps; the Golfo San Jorge basin
in Argentina, and others.

SUPPORTED BY U.S. National Science Foundation

2.0080, PROPERTIES OF SOILS RELATED TO APPLIED
STRESSES
P.R. DAY, Univ. of California, Agricultural Experiment Sta. ,

Berkeley, California 94720
Determine the influence of various factors upon deforma-

tion, including: (a) particle size; (b) initial state and composition,
including additives; (c) amount of water and magnitude of soil
moisture tension; and (d) direction of water content change at
time of stress. The changes and effects produced by compaction
and the processes of recovery will also be examined, as progress
permits.

Description of work --Work will first be directed primarily at
(a) and (c) above. Compacted bulk density will be measured in
relation to water content of silty clay-sand mixtures, which will be
treated as binary mixtures. These will consitute a texture series of
seven members. They will be compacted with a machanized 'k-
neading' compactor set to deliver a maximum pressure of 20
lbs/sq, in./stroke while retained in a rigid-walled vessel with a

porous bottom to allow measurement of tension-water content
relationships. This will be done for maximum and minimum bulk
densities for each texture and the pore size distribution function
determined. Measurements will be repeated with the same
materials after polymer treatment. Other properties and respon-
ses of the compacted specimens will also be examined in an at-
tempt to understand the reversibility of structural alteration. Re-
lated work will be done with clay-polymer complexes in an en-
deavor to elucidate the structure modification. this will continue
past use of a Maron-Krieger-Sisko viscosimeter and an RCA-
EMU-2 electron microscope.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0081, STUDY OF TRANSPORT, DEPOSITION AND
SCOUR OF FINE PARTICLES THROUGH A POROUS MEDI-
UM
H.A. EINSTEIN, Univ. of California, School of Engineering,
Berkeley, California 94720

The results obtained so far in this investigation are for ideal-
ized porous media of unisize, spherical balls arranged in a rectan-
gular pattern. However, consecutive layers of spheres are dis-
placed in such a way as to produce critical minimum openings
equal to those in the hexagonal pattern. In nature, the soil mass is
neither homogeneous nor isotropic. In order to apply the results
to the field condition, it is necessary to extend this investigation to
a heterogeneous porous medium.

The objective of this investigation is to use porous media with
different particle size distributions, the pore openings of which
can be expressed statistically. The clogging and non-clogging of
this heterogeneous medium is to be examined with unisize moving
particles. The result of this study would then lead to a prediction
of the behavior of various moving particles through a heterogene-
ous porous medium.

SUPPORTED BY U.S. National Science Foundation

2.0082, RHEOLOGY OF SOIL-WATER SYSTEMS
L.J. WALDRON, Univ. of California, Agricultural Experiment
Sta. , Berkeley, California 94720

The objectives of the proposed project are to obtain mea-
suretnents of (a) the strain response of soil to static and
sinusoidally oscillating stress and (b) the effect of water content
and soil-water suction on these mechanical responses. This data
will be used to evaluate stress-strain theories, especially those that
express the time-dependence of stress-strain ratios, for example,
viscoelasticity.

Dynamic and static shear strain measurements are to be
made over a wide range of soil consistence. Water contents are to
vary from monomolecularly adsorbed water to near saturation. In
general, stress and strain amplitudes will be small so that where
linear viscoelastic response is found its upper limit may be defined
in terms of stress, strain, strain-rate, water content and soil water
potential.

SUPPORTED BY California State Government

2.0083, INDUCTIVE ELECTROMAGNETIC METHOil:S
FOR MAPPING AND EVALUATING AQUIFERS
5.11. WARD, Univ. of California, School of Engineering, Berkeley,
California 94720

We propose to investigate the theorectical basis for inductive
systems of measuring apparent electrical conductivity and ap-
parent dielectric constant, to design and construct a novel 'tilt an-
gle' electromagnetic depth sounding system, and to make a field
application of the system to geologically well-documented test
areas in California.

Complete catalogues of interpretation curves are necessary
for use of inductive systems and these would be obtained by use of
a high- speed digital computer and peripheral equipment prior to
equipment development.

The development of economical and reliable electrical
sounding techniques, especially suited for use in groundwater
problems arising in arid and semi-arid regions, is the primary ob-
jective of the proposed research.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of California

2.0084, GENERALIZED ANALYSIS OF SMALL
WATERSHED RESPONSES
J. AMOROCHO, Univ. of California, School of Engineering,
Davis, California 95616

The objectives of the investigation are to develop generalized
procedures for the establishment of the relationships between in-
flow and outflow in natural watersheds, with full recognition of
their nonlinearity and parameter distribution characteristics.
These relationships will be used in the reconstruction and predic-
tion of hydrologic events.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of California

2.0085, GENERALIZED ANALYSIS OF SMALL
WATERSHED RESPONSES
J. AMOROCHO, Univ. of California, Agricultural Experiment
Sta. , Davis, California 95616

(a) To expand the theory of functional series representation
to the description of non-linear physical systems with particular
emphasis on hydrologic systems; and (b) to investigate the appli-
cation of these nonlinear methods of analysis to the evaluation of
the responses of watersheds under the action of ruin.

The work will be conducted in the theoretical area by
development of the necessary mathematical procedures of analy-
sis; and in the experim field by laboratory experiments on small
catchments and by analysis of small natural watersheds.

SUPPORTED BY California State Government

2.0086, MIXING PROCESSES IN SATURATED AND UN-
SATURATED SOIL-WATER SYSTEMS IN RELATION TO
POLLUTION
J.W. BIGGAR, 11,niv. of California, Agricultural Experiment Sta. ,
Davis, California 95616

Objectives: Analyze the transient nature of the mixing of dis-
solved organic and inorganic ions in water flowing through satu-
rated and unsaturated soils. Impose the presence of thermal
gradients and, analyze the transient nature of the mixing of two
fluids at two different temperatures for similar and dissimilar salt
concentrations. Ascertain the nature of the porous material by
comparison of mixing of thermally different solutions with chemi-
cally dissimilar solutions.

Description of Work Proposed: Attempt to describe the
systems by means of thermodynamic and hydrodynamic models
with the aid of computer analysis. Particular attention will be
given to the physical properties of the fluids used. This project
will augment previous and present work conducted under Re-
gional Projects W-68 and W-82. Experimental laboratory work to
test theory and provide ranges of values for parameters will be ob-
tained.

SUPPORTED BY U.S, Dept. of Agriculture
California State Government

2.0087, LIMNOLOGY OF ROSS ISLAND, ANTARCTICA
C.R. GOLDMAN, Univ. of California, Graduate School, Davis,
California 95616

This proposal requests support for the preparation of a report
of data collected at Cape Evans, Antarctica. The work would be
carried out at the Institute of Ecology, University of California,
Davis.

Field studies conducted in Antarctica during the austral field
season of 1961-62, 1962-63 by the principal investigator with the
assistance of D. T. Mason, B.J.B. Wood and J.E. Hobble have
been reported in a series of short scientific papers; two of these
papers were on dry valley lakes. Much of the research data based
on a systematic multidimensional analysis of the Cape Evans lakes
remains to be published. This includes weekly sampling of water
chemistry, primary production of plankton and benthos as well as
plankton and benthos composition, both taxonomic and chemi-
cal, energy budget measures and local weather information.
While some of those data are reported, teaching, other research
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commitments and transfer of personnel forced suspension of the
work. The proposal allows Mason to work at Davis for three
months on a leave of absence from Washington State College dur-
ing the winter quarter of 1968. This contribution to Antractic lira-
nology will be submitted for publication in the Antarctic
Research Series.

No field work this season.

SUPPORTED BY U.S. National Science Foundation

2.0088, WATER-SOIL-PLANT RELATIONS
R,M. HAGAN, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

Objectives: 1. Investigate relationships between water stress
in root medium and internal water status of plants as affected by
environment and plant development. 2. Evaluate effect of plant
structures and transpiration retardants on water movement and
loss from plants. 3. Determine effects of plant water stress and
nutrients on morphology and metabolic processes determining
growth and composition of plants.

Procedures: Investigations will be directed toward evaluating
fundamental relations between water and plant growth. It will be
necessary to evaluate these water-plant relationships under vari-
ous conditions of environment and stage of plant development.
To the extent that facilities permit, these studies will be con-
ducted in controlled environment chambers, using modern
techniques for soil moisture and environmental control and mea-
surements.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0089, WATER AND SOIL TEMPERATURE IN RELA-
TION TO PLANT GROWTH
R.M. HAGAN, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

(1) To correlate the temperature of water in the Feather
River with water temperature in the irrigation distribution system
in the Feather River Service Area; (2) To evaluate the behavior
and yield of important crops irrigated with water at low tempera-
tures under controlled conditions; (3) To correlate field indica-
tors of crop response to low temperature water with behavior of
plants under controlled conditions.

The gradients of water temperature from the Feather Rive,
above. the Oroville Dam site to the growers' turnouts in the
Feather River Service Area will be made with thermographs
between 1962 - 1964, three years before construction. A con-
tinuation of the field measurement program from 1964 through
1971 is envisaged as a future objective to cover temperature
changes during and after construction of the Dam. These data will
document the effect of construction on irrigation water tempera-
ture. They will be gathered by the State Department of Water
Resources in cooperation with the Department of Irrigation. The
University's research staff will correlate these field temperatures
with agronomic and physiologic responses of important crops
near temperature measurement sites as well as cross-correlate
field responses of crops with the effects of irrigation water tem-
perWures under controlled conditions.

SUPPORTED BY California State Government

2.0090, IRRIGATION MANAGEMENT FOR CROPS
D.W. HENDERSON, Univ. of California, Agricultural Experi-
ment Sta. , Davis, California 95616

Study moisture content and other soil characteristics relative
to compaction and infiltration. Study causes of slow water
penetration other than compaction and Na. Determine effect of
amendments on structure and infiltration. Study root develop-
ment in impervious soils and relation of root development and
root diseases to available water. Evaluate crop systems and
management affecting water supply to future crops. Evaluate
from water supply viewpoint crop responses to tillage methods.
Develop criteria for land grading, irrigation water management,
and drainage of slowly permeable soils. Study accumulation of
salts relative to water penetration rates.
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Description of Work: Root development and moisture ex-
traction patterns of deep-rooted crops in an excellent soil are
compared with those in artificially compacted or naturally firmer
subsoils. Differential irrigation treatments are applied, and crop
responses to treatment measured.

Water-logging during irrigation and subsequent drainage are
being evaluated on natural and artificial profiles, and drainage
conditions related to root disease.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0091, IRRIGATION OF FIELD AND TRUCK CROPS
D,W. HENDERSON, Univ. of California, Agricultural Experi-
ment Sta, , Davis, California 95616

Most of the work is carried on under natural field conditions,
and includes frequency of irrigation on yield and quality of the
product, The measurements usually include soil moisture condi-
tions at various stages of plant development, evapotranspiration,
and root development in relation to soil conditions and develop-
ment of the plant. Work has been performed on many crops; at
present, the follow:ng crops are being investigated: cotton, sugar
beets, potatoes, grain sorghum, safflower, and beans. Additional
crops will be added from time to time.

SUPPORTED BY California State Government

2.0092, CHANGES IN ENZYMES IN THE PLANT AS RE-
LATED TO WATER SUPPLY AND USAGE
T.C. HSIAO, Univ. of California, School of Agriculture, Davis,
California 95616

The effects of various degrees of water deficits on the levels
of several enzymes in the plant closely related to water usage and
organic synthesis will be determined. These enzymes are;
amylase, glycolic acid oxidase, the enzymes in the carboxylative
phase of photosynthesis (phosphoriboisomerase, phosphoribu-
lokinase, and ribulose- 1, 5-diphosphate carboxylase), and nitrate
reductase. Studies will be conducted to determine whether the
changes in the enzyme level caused by water stress are due to al-
tered rate of synthesis and activation, or to changes in inhibitor
concentrations. Changes in levels of enzymes which may play a
role in regulating cell water potential or stomata! aperture will be
related to the usage of water by the plant where possible.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of California

2.0093, PROPERTIES OF SUBMERGED SOILS
D.S. MIKKELSEN, Univ. of California, Agricultural Experiment
Sta. , Davis, California 95616

Objectives (1) To study the effects of waterlogging on the
biological and physico-chemical properties of California soils. (2)
To determine the v9riable plant responses, particularly with rice,
to waterlogged soil Conditions and to relate this to physiological
processes. (3) To study the changes occurring as a result of water-
logging and alternate drying on soil reaction, redox potential,
specific conductance and certain soil chemical characteristics.
(4) To identify the redox systems in waterlogged soils as they in-
fluence soil productivity and to develop methods of chemical con-
trol or modification by cultural practice.

SUPPORTED BY California State Government

2.0094, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
D.R. NIELSEN, Univ. of California, Agriculturai Experiment Sta.
, Davis, California 95616

Objectives: 1. To develop an understanding of soil moisture
hysteresis and to define its role in the movement of water, solutes,
and energy in soil. 2. To devise and test methods for predicting
water transmission through soils from measurable soil properties
for known temperature conditions.

Description: Special techniques will be used to study water
flowing in alternating directions through soil and other porous
materials in order to arrive at an understanding of hysteresis.

Uniformity of samples will be measured by gamma ray absorption
techniques. Particular emphasis will be placed upon the solute
species, their concentration and their distribution within the sam-
ple. These results for known temperature conditions will be com-
pared with equilibrium results using volumetric and gamma ray
absorption techniques.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0095, CLIMATIC PATTERNS AND THEIR EFFECT ON
CALIFORNIA AGRICULTURE
H.B. SCHULTZ, Univ. of California, Agricultural Experiment
Sta, , Davis, California 95616

Objectives: 1) To continue analysing climatological data with
greater emphasis on temperature patterns throughout the year
from medium-long weather records (30-year periods). 2) To add
more California stations than used so far (30 stations) to provide
more detailed information on probabilities and agricultural risks
for certain districts and crops. 3) To verify the results from the,
use of the 30- year periods by means of analysis of a few stations
with very long periods such as Sacramento (100 years). 4, To
continue studying weather influence on crop development.

Procedure: Preparing punch cards, and analysis in Computer
Center. Field observations of plant development and correlation
with temper-ture and radiation.

SUPPORTED BY U.S. Dept, of Agriculture
California State Government

2.0096, METHODOLOGIES FOR PREDICTING CLI-
MATIC SUITABILITY OF NEW AREAS FOR IRRIGATED
AGRICULTURE
H.B. SCHULTZ, Univ. of California, School of Agriculture,
Davis, California 95616

The cropping pattern of any potential or existing agricultural
area is based upon those species which the climate can support.
Increasing population pressures, world over, are pressing agricul-
ture toward sites less suitable than those currently being utilized.
Thus deserts, mountain regions and cold locales are being viewed
as potential agricultural areas regions where population is cur-
rently sparse and climate records limited. A method of predicting
climate suitability is desirable. Short term climate data from 81
climate stations in the San Joaquin Valley have been collected
since 1963. Data from selected stations have been verified and
prepared for machine compuidlion. These data will be correlated
with long term weather records, purchased from ESSA - Weather
Bureau, to establish climatological records for the field instru-
ment sites. The extrapolated data together with specific crop
requirements will be used to predict cropping behavior.
'Watchdog' instrumentation will be continued to evaluate the ef-
fect of irrigated agriculture upon desert climate trends.

SUPPORTED BY University of California

2.0097, MECHANICS OF FLOW IN OPEN CHANNEL
SYSTEMS
T. STRELKOFF, Univ. of California, School of Agriculture,
Davis, California 95616

The purpose of the investigation is to develop the theory and
computational methods for the analysis of open-channel flow
systems in the steady and unsteady states. Analytical and experi-
mental studies are carried out on the propagation of shock waves
and continuous wave profiles in prismatic and nonprismatic chan-
nel configurations and on the details of flow fields in the vicinity
of control structures.

Numerical solutions of the well known St. Venant equations
for unobstructed reaches of a canal are obtained for continuous
flows by digital computer using both explicit and implicit
schemes; discontinuities (shocks) are studied by numerical solu-
tion of integral forms of the St. Venant equations expressing con-
servation of mass and momentum in finite volumes of space over
finite intervals of time.

Steady curvilinear flow in the vicinity of overfalls, spillways,
and gates is analyzed by potential-flow techniques which permit
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exact expression of the boundary conditions as integral equations
describing the entire flow field. Waves enamating from a vertical
gate moving in its own plane are studied analytically and experi-
mentally.

Submerged, unsteady flow in the neighborhood of tainter
gates is studied experimentally by means of hydraulic models,

Separated flow in transitions is studied in air and water
models by investigating mean velocity patterns and distribution of
turbulence 'parameters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

2.0098, HYDRAULICS OF SURFACE IRRIGATION
T.S, STRELKOFF, Univ, of California, Agricultural Experiment
Sta Davis, California 95616

Objectives: To provide fundamentgal surface irrigation
design understanding through the investigation of the hydraulic
characteristics of surface flow by (1) further development of
mathematical models describing the flow in terms of the many
variables involved; (2) laboratory experiments for the description
and evaluation of component variables; and (3) field trails to test
the validity of mathematical equations and laboratory relations as
in 1 and 2 above.

Procecures: Develop mathematical models describing the
flow in terms of the many variables. Specifically, study the ad-
vance and profile of a water front moving over a dry bed and
through vegetation for steady and unsteady flow by developing
analytical solutions and testing these solution by laboratory ex-
periments. A numerical solution of the differential equation of the
motion of water into a wide, shallow vegetated channel will be in-
vestigated. An approach based on the method of characteristics
for solving equations of this nature appears to have promise. A
digital computer will be used. Experimental vertification of the
solution will be obtained by laboratory tests on artificial and real
vegetation in 1 and 4-foot wide flumes with adjustable slope.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0099, IRRIGATION STUDIES WITH APRICOTS AT
WOLFSKILL EXPERIMENTAL ORCHARDS
K. URIU, Univ. of California, Agricultural Experiment Sta. ,

Davis, California 95616
Objectives: 1. Study of the relation of different irrigation

treatments on the growth and production of apricot trees. 2.
Study of the effect of subjecting some of the plots to dry soil con-
ditions for different lengths of time during different port' ns of
the growing season. 3. Principal emphasis is being placed on the
study of irrigation after harvest, because of the early ripening.
The fruit matures most years before the moisture from the winter
rains is exhausted.

SUPPORTED BY California State Government

2.0100, STUDIES ON THE MECHANISMS OF COMMUNI-
TY STRUCTURE AND SUCCESSION IN TEMPORARY
PONDS
B.A. TRIBBEY, Fresno State College, Graduate School, Fresno,
California 93726

The proposed research will investigate the fundamental
mechanisms of community structure and change utilizing the tem-
porary pond ecosystem and related laboratory experiments. Part
of the work will be based upon data obtained through field and
laboratory studies of temporary pond communities in Central
Texas. Additionally, natural and semi natural temporary ponds
near Fresno, California, will be described and compared to earlier
findings. Field studies will measure environmental and inter-or-
ganismic relationships, providing a basis for controlled experi-
mentation. Laboratory work will emphasize causality. Proposed
experimental work will be designed to assist in determining: 1.)
The effect of temperature, light intensity, and photoperiod on
developing communities; 2.) the factors controlling algal mat for-
mation; 3.) the means by which a developing mat causes cor-
responding changes in community composition; 4.) the role of the
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chemical environment in controlling community composition; 5.)
the impact of new species on a stable community. Work will also
be performed on defined species systems to indicate: 1.) The rela-
tive importance of predation, competition, and chemical modifi-
cation in the elimination of early seral stages by later seral stages;
2.) the presence of reciprocal acceleratory effects between spe-
cies of similar seral stages; 3.) the importance of environmental
variation in determining the outcome of competition between re-
lated species, Laboratory work will be based upon results ob-
tained from studies on natural communities.

SUPPORTED BY U.S. National Science Foundation

2.0101, CRATER LAKE VERTICAL TEMPERATURE
PROFILES
L.E. EGEBERG, U,S. Navy, Radiological Defense Lab. , Hunters
Point - San Francisco, California 94135 (AT(49-7)-3000)

The purpose of this project was to obtain temperature
profiles of Crater Lake. The data obtained will serve as basic in-
formation for several other projects devoted to soil and water
sampling analysis in connection with a broad program of world-
wide radioactive fallout assessment,

The lake is located in south-western Oregon in a sub-alpine
environment. It is approximately 5 1/2 mi. in diameter and 1932
ft. deep at its deepest point, There are no surface inlets or outlets
to the lake. The surface very rarely freezes and then only for short
periods during extremely severe winters,

The profiles were obtained by lowering a platinum ther-
mometer through the water column and measuring the change in
electrical potential across the thermometer due to the linear rela-
tionship between the temperature and the electrical resistance of
the thermometer. Corrections were made concurrently for
changes in the battery power supply and fluctuations in the re-
sistance of the thermometer lead wire due to changes in its tem-
perature. The absolute values of temperature are accurate to plus
or minus 0.1 degree C.

Four profiles were obtained to depths of 496 ft., 1916 ft., 43
ft., and 696 ft. The first two were taken 2 mi, south of Cleetwood
Cove; the third, 1 mi. south of Wizard Island; the fourth, 1 mi.
southwest of Llao Rock. All profiles were taken between 3 Au-
gust and 6 August 1967. Raw data reduction has not been
completed.

SUPPORTED BY U.S. Atomic Energy Commission

2.0102, RESEARCH TO DETERMINE THE FEASIBILITY
OF NUCLEAR EXCAVATION
B.C. HUGHES, U.S. Army, Nuclear Cratering Group, Livermore,
California

The overall objective of this research program is to develop
the capability to employ nuclear explosive construction
techniques on civil works projects which involve large-scale
earthmoving or rock excavation. The three major activities being
accomplished under this research program are: (1) engineering
studies of project feasibility; (2) small- scale cratering experi-
ments; and (3) investigations of engineering properties of nuclear
craters.

The purpose of the engineering studies of project feasibility is
to isolate problem areas, to develop those items which must be in-
cluded in a nuclear excavation design and to develop a basis
which can be used to adjudge the applicability of the use of
nuclear explosives to specific projects.

The small-scale cratering experiments are undertaken in
order to establish the design criteria for nuclear emplacement and
to obtain model data from which to predict the results of full-scale
nuclear events.

The objective of the engineering properties of nuclear craters
investigation program is to determine how a nuclear cratering ex-
plosion affects the immediate geologic environment and what will
be the resulting stability of the crater slopes and the effect on
other engineering aspects, such as foundation and utility design
for adjacent structures.
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SUPPORTED BY U.S. Dept. of Defense - Army

2.0103, PRECIPITATION PATTERNS ON UPSTREAM
WATERSHEDS IN CENTRAL AND SOUTHERN CALIFOR,
NIA
R.B. HICKOK, U.S. Dept. of Agriculture, Lompoc, California

Objective: Improved prediction of precipitation parameters
affecting runoff and sediment production.

Plan of Work: Establish precipitation time-depth, areal dis-
tribution, storm sequence, and fall-direction expectancy relations
to general and local clirriati: influences.

SUPPORTED BY U.S. Dept, of Agriculture

2.0104, PACIFIC OCEAN INFLUENCE UPON CALIFOR-
NIA RAINFALL
J. BJERKNES, Univ. of California, Graduate School, Los Angeles

U.C.L.A. , California 90024
In project research for the National Science Foundation car-

ried on by the principal investigator it has been found that the
Pacific Ocean temperature varies more from year to year near the
equator than it does in adjacent areas to the north and south. It
has also been demonstrated that the inter-annual variation in heat
and moisture input from the equatorial belt of the oceans in the
few instances investigated does influence the global pattern of the
atmospheric circulation. On the basis of this experience it is tenta-
tively assumed that the variation of rainfall from year to year in
California, and other areas around the Pacific Ocean, primarily
results from the variability of the water temperature at the equa-
tor.

It is planned to test this hypothesis by assembling maps of the
atmospheric circulation for all winter seasons during which equa-
torial water temperature measurements were carried out. Next,
the map types will be correlated on the one hand with equatorial
water temperatures and on the other with the historical rainfall
record in California.

The problem of estimating the yield of a rainy season on the
basis of atmosphere and ocean data, available before the rains
start, will be investigated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of California

2.0105, EFFECT OF RANGE MANAGEMENT ON INFIL-
TRATION, RUNOFF, AND EROSION
R.H. BURGY, Univ. of California, Agricultural Experiment Sta. ,

Los Angeles - U.C.L.A. , California 90024
Develop improved devices and techniques for hydrologic stu-

dies. Determine relationships between precipitation intensity, ru-
noff rates, and erosion rates throughout range improvement pro-
gram. Develop formulas for estimating the magnitude of flood
discharge. Determine the effectiveness of new vegetation in con-
trolling erosion. Determine the effects of fire on infiltration rates
of soils. Determine hydrologic effects of various grazing practices
used in management programs.

Description of Work Los Angeles: Work is concerned with
the disposition of precipitation on watersheds, with erosion and
with dry creep. The work included in RRF W-32 is excluded.
Major emphasis, at the moment, is in development of techniques
to quantitatively evaluate subsurface flows, and plots, therefore,
have been established on the San Dimas Experimental Forest,
Pacific Southwest Forest and Range Experiment Station, USES.
Other laboratory studies concern evapotranspiration& use of
water by various types of watershed vegetation.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0106, HYBRID COMPUTER SIMULATION OF
GROUND-WATER BASINS
W.J. KARPLUS, Univ. of California, School of Engineering, Los
Angeles - U.C.L.A. , California 90024

The purpose of the proposed research is three-fold: the pri-
mary objective is to establish the feasibility of employing a spe-
cialized hybrid (analog-digital) computing technique for the
treatment of important mathematical and physical problems aris-
ing in ground-water pollution control. To this end it is intended to
adapt a computational method developed at the University of
California, Los Angeles by constructing a special network specifi-
cally applicable to ground water problems. The resulting model
then will be applied to several ground- water problems existing in
southern California. A second more general purpose of the
research is to develop the technical skills required for a long-
range attack on ground-water pollution problems. A subsidiary
objective of the program is to provide a training ground for doc-
toral and master's engineering students so ,/,ts to assure a supply of
technical specialists adequately trained in the physics of ground-
water control and in computer technology.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of California

2.0107, PHYSIOLOGY OF MINERAL ACCUMULATION
IN PLANTS
O.R. LUN7', Univ. of California, School of Medicine, Los Angeles

U.C.L.A. , California 90024 (AT(04-1))
Studies on the function of calcium in plants may provide in-

sight on plant distribution parameters in an arid ecosystem. The
ontogeny of cellular disorganization which occurs at low Ca levels
is being studied with the electron microscope, and the electron
microprobe technique is being attempted for subcellular Ca anal-
ysis.

In separate studies the response of various species, native to
the Mojave Desert, to water stress is being studied.'

SUPPORTED BY U.S. Atomic Energy Commission

2.0108, METEOROLOGICAL ANALYSIS OF PRECIPITA-
TION EFFECTS OF SWISS HAIL SUPPRESSION EXPERI-
MENTS
M. NEIBURGER, Univ. of California, Graduate School, Los An-
geles - U.C.L.A. , California 90024

The attempt to identify the meteorological conditions which
were responsible for the marked differences in apparent effects
on precipitation of seeding when different forecasters selected the
operational days in the Swiss Hail Suppression project, including
the following: (1) Preparation of mean surface and upper air
weather maps for situations forecast by each forecaster and for
the seeded and unseeded days. (2) Grouping of surface weather
maps by types of pressure pattern and study of the relation
between types and seeding effects. (3) Evaluation of various
parameters characterizing the flow pattern, atmospheric stability,
humidity distribution, etc., and study of the correlation of these
parameters to precipitation and to apparent seeding effects.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0109, ROADSIDE DEVELOPMENT AND BEAUTIFICA-
TION
UNKNOWN, Univ. of California, Graduate School, Los Angeles -

U.C.L.A. , California 90024
Vegetation management practices are being developed and

improved to control erosion, provide ground cover and to en-
courage native species. Guide lines are being developed for
evaluation and effective utilization of aesthetic elements in the
highway environment. The effects of deicing compounds on water
supplies and vegetation are being determined.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
California State Government

2.0110, A COMPARATIVE STUDY OF SODIUM TRANS-
LOCATION IN PLANTS
A. WALLACE, Univ. of California, School of Engineering, Los
Angeles - U.C.L.A. ,California 90024

The major objective of this study is to elucidate the
mechanism(s) and/or further characterize the process by which a
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large number of, but not all, plant species transport water which is
almost free of sodium from roots to shoots while simultaneously
removing large quantities of sodium from the water and retaining
the sodium in the roots. A secondary objective is to study
physiological aspects of the adaptability and tolerance ofilifferent
plants to saline habitats. Tobacco is a species which has a strong
root pressure exudation from detopped plants and one in which
relatively large quantities of solution are exuded which can easily
be collected aed analyzed. Under certain conditions such plants
can be placed into very saline solutions and exude large quantities
of solution essentially free of sodium. We propose to use tobacco
for a portion of the present studies. Electrochemical potentials
between exudates and external solution will be measured accord-
ing to the methods of Bowling and concentrations of individual
ions in the external solution and exudate will be determined by
standard procedures. A wide variety of external solutions for
bathing roots of detopped tobacco will be used including single
salt and double salt solutions of different concentrations and full
nutrient solutions at different temperatures. Inhibitors of
metabolism including ATPase inhibitors, electron transport in-
hibitors, and uncouple of oxidative phosphorylation will be stu-
died. The amount of sodium appearing in the exudate will be
monitored on an hourly basis in many of the studies. This is im-
portant because of the fact that a detopped plant has a fixed
amount of energy reserves and we already know that sodium
translocation to shoots is intimately related to metabolism. We
hope from all these data to construct a mathematical and/or
biochemical model for translocation of sodium from roots to
shoots of at least this one species. For contrast, a series of studies
will be made on some of the Atriplex species which readily trans-
locate sodium from roots to shoots.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

2.0111, SOIL TEMPERATURE AS A CRITERION FOR
ALLOCATING WATER SUPPLY FOR CROP USE
A. WALLACE, Univ. of California, Water Resources Center, Los
Angeles - , California 90024

Responses of different plant species to different soil tempera-
tures at limiting soil moisture is being explored. Since water
requirement in terms of amount of water needed for production
of a unit weight of plant material sometimes increases with in-
creasing soil temperature, it can be expected that when soil
moisture becomes limiting plant growth can, within limits, be
better for areas where soil temperature is not extremely high. The
study is being made to evalute this concept and to define the
limita for which it could be valid. The information is important to
those responsible for decisions concerning mass movement of
water supplies from one locality to another.

Plants are being grown in soil in containers in existing tem-
perature control tanks so that soil temperature can be varied from
less than 50 degrees Fahrenheit to over 100 degrees Fahrenheit.
Soil moisture levels are being varied and monitored by daily
weighing of pots so that uniform soil moisture conditions can be
maintained at different temperatures. Steps will be taken to
minimize evaporation from the soil surface as a variable factor.
Species that do well under arid conditions are being compared
with species that do not do well under arid conditions. Sandy soils
are being compared with clay soils. Plant growth and transpira-
tion measurements are being made to assess the effects of soil
temperature. Some native desert species are proving to be of con-
siderable interest.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

2.0112, TRITIATED WATER STUDIES OF THE SIG-
NIFICANCE OF DEW AND VAPOR IN PLANT WATER
ECONOMY
A. WALLACE, Univ. of California, Water Resources Center, Los
Angeles - , California 90024

The contribution of water vapor and dew to the water econo-
my of plants un ler arid conditions and when sail moisture is limit-
ing is being explored. Such information may make it possible to
better select plant species for specific purposes in specific areas to
minimize the need for irrigation. Water supplies could, therefore,
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be conserved if necessary. The use of tritiated water as a
technique for evaluation of vapor and dew is being used on a
limited basis. Exchange of vapor water with leaf water and free-
surface water presents a problem to its use. Other methods are
being used for the evaluation of vapor and dew use including the
assessment of apparent water use per unit of dry matter produc-
tion.

The kinetics of water absorption by leaves from a tree-water
surface by different species grown under conditions to give vary-
ing water potential will be measured. The conditions include: salt
content, varying soil moisture, day vs. night, and physiological
stresses on plants such as phosphorus deficiency.

Water vapor absorption by leaves of plants is being studied at
different levels of relative humidity and at varying leaf potential
conditions as listed above.

The physiological effects on plant behavior of water
availablity as dew and/or vapor through leaves is being explored.
Growth measurements will be detailed.

SUPPORTED BY University of California

2.0113, THE STABILITY OF WATER FLOWS OVER A
HEATED OR COOLED SOLID SURFACE
A.R. WAZZAN, Univ. of California, School of Engineering, Los
Angeles - U.C.L.A. , California 90024

This is a study of the effects of either heated or cooled walls
upon the stability of water flows over solid surfaces. The optimum
rate of heating for increased stability is to be determined as a
function of free stream temperature and wall temperature.

The stability of laminar boundary layer is sensitive to the
pressure gradient. Adverse pressure gradients have a destabilizing
effect on the boundary layer which can possibly be countered
with laminarization by heat transfer into the boundary layer.
Boundary layer velocity profiles will be determined and com-
pared with the isothermal Blasuis profile particularly in the region
of the neutral stability profile. The magnitude of the total stabiliz-
ing effect of the heat transfer will be determined through com-
parison of amplification rates for each profile.

SUPPORTED BY U.S. National Science Foundation

2.0114, STUDIES OF TRANSPIRATION LOSSES
J.W. BAILEY, U.S. Dept. of Interior, Geological Survey, Menlo
Park, California

Make studies of transpiration losses through native vegeta-
tion to determine, by use of evapotranspiration tanks and other
means, the quantity of water annually consumed by the different
species of phreatophytes at selected locations, the quantity, and
quality salvageable by elimination or control of these
phreatophytes, and related data. Phreatophytes studied are Sar-
cobatus spp. (Greasewood), Chrysothamnus epp. (Rabbit brush),
Salix spp. (Willow), and Rosa spp. (Wild Rose). Water is applied
through underground pipes and evapotranspiration losses are me-
tered throughout the year.

SUPPORTED BY U 1. Dept. of Interior - Bu. Reclamation

2.0115, GEOCHEMICAL CONTROLS OF WATER QUALI-
TY
1. BARNES, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

Reactions between water and minerals in near surface en-
vironments are being studied as apparent controls on the natural
water compositions. The properties of surface and ground waters
are determined by chemical analysis and electrochemical poten-
tial measurements (Eh and pH, for example) in the field. The pro-
perties of the water are then described with reference to equilibri-
um states between the water and possible coexisting phases.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0116, DETERMINATION OF CHANNEL rAPACITY OF
THE MERCED RIVER, CALIFORNIA
J.C. BLODGETT, U.S. Dept. of Interior, Water Resources Divi-
sion, Menlo Park, Gthfornia
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Study the distribution of specific trace elements in relation to the
distribution of organic matter. 4) Survey the distribution of pesti-
cides in sediment in relation to depositional environment and
depth in sediment. 5) Study abundance and composition of or-
ganic matter thought to be of prime importance in the engineer-
ing properties of sediment. 6) Study the composition of selected
geochemical constituents with depth in sediment in relation to
source and subsequent alteration of organic matter.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0124, HYDROLOGY OF HUNGRY HORSE RESERVOIR
MONTANA
M.I. RORABA UGH, U.S. Dept. of Interior, Geological Survey,
Menlo Park, California

Operation of the Hungry Horse Reservoir, Montana revealed
the need for determining more accurately the volume of water, in-
cluding bank storage, available for power production, and need
for forecasting reservoir inflow during the lowflow season.

The program has included: collection of data to define the
components of inflow and outflow with sufficient accuracy to
determine the hydrologic parameters of the reservoir, analysis of
the components of the water budget to improve procedures for
forecasting reservoir inflow volumes during the lowflow period;
and the further testing of techniques for expressing the relation-
ship between ground-water storage and stream runoff.

Discharge records were collected at over 30 sites in the area.
Stage records were obtained at the upper and lower ends of the
reservoir. Stage and water temperature measurements were ob-
tained from 6 groundwater wells around the reservoir. Evapora-
tion from the reservoir was determined by an energy-budget stu-
dy. Radiation and meteorological data were collected at the dam.
Two raft stations furnished water-surface temperature and wind
velocities. Thermal profiles were measured at 23 locations in the
reservoir and at the raft stations. Additional precipitation data
were collected at 3 other sites around the reservoir. Project
started July 1964; scheduled for completion fy 1969.

SUPPORTED BY U.S. Dept. of Interior - Bonny!. Pwr. Adm.

2.0125, UNSATURATED FLOW THEORY APPLIED TO
DRAINAGE AND INFILTRATION
J. RUBIN, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

The objective of this is to study critically the applicability of
the current theory of fluid flow through unsaturated porous media
to the phenomena of drainage and infiltration, with a view of
facilitating this theory's utilization in the analysis of ground water
flow and runoff problems.

Utilizing the current isothermal unsaturated flow theory,
carry out mathematical analysis which makes it possible to pre-
dict soil moisture movement under a variety of initial and bounda-
ry conditions. Study conditions which can be utilized for examing
the soundness of theoretical foundations and those which are per-
tinent to the hydrologic phenomena of interest. Test in the labora-
tory the theoretical results obtained. In later phases, start
developing means for testing and utilizing the theory under con-
sideration in the field.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

3.0126, INFLUENCES OF WATER-SEEPAGE CHARAC-
TERISTICS ON THE COMPOSITION OF EXCHANGEABLE
PORE-WATER SOLUTES
J. RUB /N, U.S. Dept. of Interior, Geological Survey, Menlo Park,
California

Quality of ground waters often is significantly affected by the
solute composition of the recharging seepage. The theoretical
tools needed for analyzing and predicting such influences are im-
perfectly developed.

The first phase of the project will involve a study of the ef-
fects of soil moisture content upon cation exchange processes
which take place during seepage through water unsaturated soil
columns. interpretation of the results obtained might be aided by
supplementary studies of thin film flow on large cyrystals of clay-
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like minerals and of seepage through clays at various degrees of
consolidation.

The second phase of the project will involve theoretical and
experimental studies of two-dimensional, exchange-affected
dispersion of cations during steady-state flow of solutions through
water-saturated slabs of earth materials.

The last phase of the project will involve theoretical and ex-
perimental investigations of cation dispersion during one-
directional seepage, the dispersion being affected by two interde-
pendent chemical reactions.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0127, WATER QUALITY AND NUTRIENTS, SACRA-
MENTO-SAN JOAQUIN RIVER SYSTEM
W.D. SILVI', U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geological Survey in coopera-
tion with the State of California. The total project is to provide
the knowledge needed to avoid excess blooms of tidal plankton
and undesirable concentrations of dissolved oxygen by determin-
ing the relationships between nutrients, tidal plankton, dissolved
oxygen, and fish in this estuarian environment. The water quality
aspects of the study includes source and concentration of both or-
ganic and inorganic constituents in waters in the delta system
together with pertinent physical characteristics.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
California State Government

2.0128, RESEARCH IN LIMNOLOGY - INTERRELA-
TIONS OF HYDROLOGY AND AQUATIC ECOLOGY
K.V. SLACK, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

Biological processes are among the major controls on the
quality of natural waters. Organic control on solute concentration
occurs in two ways: substances enter or leave solution either as
the results of changed physico-chemical conditions in the water,
or as the results of physiological processes within living cells or at
their boundaries.

The work is divisible into three related phases:
Phase 1. Stream Limnology. a. The effect of stream-bed

algae on water quality will be studied in flowing-water cultures
(laboratory streams) in which temperature, light intensity, flow
rate, water composition and algae species can be controlled. The
first problem being studied is the uptake and release of combined
inorganic nitrogen by mixed populations of stream algae. b. hi-
vestigation of the physical, chemical and biological properties of
different types of natural streams will continue. The emphasis will
be on the interrelations of the biota and water quality.

Phase 2. Lake and reservoir limnology. a. Effects of reservoir
destratification. The hydrologic effects of destratification will be
studied experimentally by isolating portions of a stratified reser-
voir in polyethylene cylinders extending from the water surface to
the bottom. b. Environmental controls on phytoplankton popula-
tions. This will combined the results of field investigation with
controlled laboratory studies of static and flowing cultures of
nuisance species of algae.

Phase 3. Ecological role of natural organic compounds in
water. The particular emphasis will be on the identification of or-
ganic compounds which influence biological activity in natural
waters.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0129, VERIFICATION OF MASS-TRANSFER AND PAN
EVAPORATION RELATIONSHIPS FOR LARGE LAKES
AND RESERVOIRS (SALTON SEA, CALIFORNIA)
A.M. STURROCK, U.S. Dept. of Interior, Geological Survey,
Menlo Park, California

The objective is to determine if existing mass-transfer and
pan evaporation relationships can be used to estimate evapora-
tion from large lakes. The control will be the water-budget and
energy-budget methods. Areal variations in solar and atmospheric
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radiation will be measured, thermal surveys will be conducted,
and conductivity measurements will be made to define the effect
of salinity on saturation vapor pressure,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0130, CRITERIA FOR PUBLIC INVESTMENT IN NAT'L!.
RAL RESOURCES
K.J. ARROW, Stanford University, Graduate School, Palo Alto -
Stanford, California 94305

Significance: One of the most debated aspects of natural
resource conservation and development is the measurement of
costs and returns from investment in resources over time. These
investments involve returns to future generations and by public as
well as private organizations. Much of the debate has taken the
form of an argument over the rate of interest to be applied in
discounting future benefits from a current investment. A dif-
ference of one per cent in the interest rate applied can alter very
greatly the estimate of future returns to be compared with current
and future costs. There is no other single factor of such crucial
importance to the determination of what consititues optimum in-
vestment in natural resources. A fairly large body of literature ex-
ists on this subject, including a number of quite recent studies by
competent economists. These contain many disagreements of
varying significance. A study which would bring this whole issue
into focus and lead to its resolution would be of inestimable value.

Specific Aim: To synthesize the large body of literature on
criteria for public investment and to arrive at a statement of the
necessary and sufficient conditions under which government
should undertake an expenditure, the fruits of which are deferred
to the future.

Method of Procedure: The study involves primarily library
research and analysis, much of which would be of a theoretical
nature, Professor Arrow would be assisted by several research
assistants in the examination of existing literature while he would
concentrate on the new and creative aspects of the endeavor.

SUPPORTED BY Resources For The Future Incorporated

2.0131, MATHEMATICAL SIMULATION OF CYCLIC
SEDIMENTATION
J.W. HARBAUGH, Stanford University, Graduate School, Palo
Alto - Stanford, California 94305

OONO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY U.S. National Science Foundation

2.0132, A STUDY OF PROBLEMS RELATED TO WIND-
GENERATED WAVES
R.L. STREET, Stanford University, School of Engineering, Palo
Alto - Stanford, California 94305

This research will complement theoretical analyses and ex-
tend a previous investigation of wind-generated waves. Specific
programs to be covered during the course of this research are: 1.
Investigations of the characteristics of at turbulent boundary layer
over a progressive wavy surface. 2. Investigations of the interac-
tions between the perturbation velocity and natural free-stream
(or background) turbulence. 3. Measurements of normal pres-
sures over wind-generated waves.

SUPPORTED BY U.S. National Science Foundation

2.0133, CRITERIA FOR THE DESIGN OF SMALL CRAFT
HARBORS
R.Y. HUDSON, Calif, Inst. of Technology, Graduate School,
Pasadena, California 91109

The objective of this study is to develop design criteria for
small-craft harbors by theoretical and experimental research on:
(a) response of small vessels, moored to floating docks and piers,
to the action of short-period wind wages and seiches; (b) response
characteristics of various harbor shapes and dimensions relative
to wave period and wave absorbing characteristics of the perime-
ter walls to waves entering the harbor; (c) the design of protective
works (offshore and inshore breakwaters, overlapping jetties,

wave resonators, wave traps, etc.) to reduce wave energy entering
the harbor, and develop criteria for selection of harbor-entrance
plans for waves at start of storm.

By contract with California Institute of Technology, a report,
`Wave-Induced Oscillations of Small Moored Vessels,' by F.
Raichlen was completed. This report is concerned with the
response of small vessels moored to fixed docks.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0134, GEOCHEMICAL STUDIES WITH STABLE AND
RADIOACTIVE ISOTOPES
R.P. SHARP, Calif. Inst. of Technology, Graduate School,
Pasadena, California 91109 ( AT( 04-3 )427)

The work proposed for 1968 involves the geochemical dis-
tribution and behavior of various isotopes in natural systems.
Some of these isotopes are the product of currently active
radiogenic systems and processes; others are the product of
atomic processes long since dead. All are useful for determining
what has happened to natural systems and under what conditions.

This next year considerable attention will be directed to the
thorium-uranium-lead system. Besides using it as a tool for
geochronological determinations, investigations of the vagrancies
of the system and its susceptibility to changes in environmental
conditions are to be made. The aim is to improve the reliability
and versatility of this system for use in solving geological
problems. The Th-U-Pb system will be investigated in the field
through study of carefully selected rock bodies of similar age but
different environmental histories, by comparisons with other
radiogenic isotopic systems in these rocks and in individual
mineral specimens therein, and by means of laboratory experi-
mentation on selected natural specimens.

Oxygen, hydrogen, and carbon isotopes are abundant and
widely distributed elements in most inorganic and organic earth
materials. Variations in the ratios of these isotopes, for example,
018/016,D/H, C13/C12, give useful information on the environ-
mental conditions under which substances containing them
formed. They also provide a means of ,ace term ining alterations in
such materials subsequent to their formation.

We anticipate a better understanding of the Th-U-Pb systems
that will enhance its use in geological and geochemical investiga-
tions. We hope to get an historical perspective on atmospheric
pollution. We anticipate improved use of oxygen, hydrogen, and
carbon isotopes in determining the conditions and sites of mineral
and rock origin and subsequent alteration.

SUPPORTED BY U.S. Atomic Energy Commission

2.0135, GROUND WATER RESEARCH
W.E. STEINER, U.S. Dept. of Agriculture, Riverside, California

The U. S. Department of Agriculture, Agricultural Research
Service, on a matching fund basis with the California Department
of Water Resources performs research on artificial recharge of
ground water, including quantity and quality factors. Specific cur-
rent studies include: field and laboratory investigations of ground
water mound build-up and dissipation, and study of mechanism of
clogging in recharge ponds and effects on intake rates.

SUPPORTED BY California State Government
U.S. Dept. of Agriculture

2.0136, COOPERATIVE EVAPOTRANSPIRATION
RESEARCH
W.E. STEINER, U.S. Dept. of Agriculture, Riverside, California

The Agricultural Research Service, on a matching fund basis,
conducts research on correlations of evapotranspiration with cli-
matic factors, particularly in regard to the contributions of direct
and adveetive radiation energy to the evapotranspiration process,
under coastal climatic conditions at Lompoc, in Santa Barbara
County, and under desert conditions at Brawley, in Imperial
County.
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SUPPORTED BY California State Government
U.S. Dept. of Agriculture

2.0137, IRRIGATION STUDIES WITH VEGETABLES
Gil. CANNELL, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

To formulate better criteria for programming irrigation of
vegetables. Factors considered in relation to irrigation are: soil
physical properties, fertilizers, and soil salinity. Water require-
ments for various vegetable crops in a range of environmental
conditions will be made.

Little technical information on the effects of irrigation on
vegetable crops has been reported for southern California. With
irrigation water becoming a high-cost factor in vegetable produc-
tion in certain areas and with the prospect of higher costs, less
water, and water of poorer quality, studies in water use and salt
effects from irrigation are thus imperative.

While irrigation based on soil-water relations is basic, a more
general approach to measurement of effects in the plant as well as
those in the soil will be included as part of this study. Improve-
ment of existing equipment and designing of new devices for the
measurements mentioned are being carried out in these studies.

SUPPORTED BY California State Government

2.0138, DISTRIBUTION OF DIATOMS IN DESERT
WATERS
L.H. CARPELAN, Univ. of California, Graduate School, River-
side, California 92502

This is a renewal of GB-3500 for the completion of studies of
deSert limnology. Field studies are concerned with the distribu-
tion and survival of branchiopods in semi-permanent desert
waters (dry lakes), the productivity of the dry lakes, and respira-
tion of the branchiopods. The aim is an analysis of the energetics
of this very difficult environment.

SUPPORTED BY U.S. National Science Foundation

2.0139, MOISTURE CONTROL AND ITS RELATION TO
CULTURAL PRACTICES FOR CITRUS, TREE, AND VINE
CROPS
W. W. JONES, Univ. of California, Agricultural Experiment Sta. ,
Riverside, California 92502

Objectives: (1) To measure the response of the tree to water
application based on soil moisture suction or other indices of soil
moisture status. Evaluation of the interactions between soil
moisture, climate rootstocks, fertility and other cultural factors
will receive special emphasis. (2) To evaluate various techniques
and methods of applying water to the soil. Emphasis will be given
to studies concerned with the possibilities and implications of au-
tomation in irrigation. (3) To evaluate morphological and
physiological responses of trees to soil moisture variables both for
newly planted trees and producing trees. (4) To evaluate the
moisture flow characteristics of various soils in relation to effi-
cient irrigation application.

DESCRIPTION OF WORK - Soil moisture movement and
availability in different soils will be studied in relation to moisture
tension in both orchards and the greenhouse. The orchard experi-
ments will be carried out in specific soil and climatic areas of the
State to obtain information 'representing a wide range of condi-
tions. Work will be conducted in university controlled land and
on privately owned orchards.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0140, CHARACTERIZATION OF SOIL NONWETTA-
BILITY AND THE DEVELOPMENT OF CRITERA FOR THE
MOST ECONOMIC TREATMENT OF THESE SOILS
J. LETEY, Univ. of California, School of Agriculture, Riverside,
California 92502

Soils which repel water and are commonly referred to as non-
wettable soils have been reported in many areas of the world.

2. WATER CYCLE

Large percentages of areas burned by forest fires exhibit non-
wettable soils. Nonwettable soils can be treated with wetting
agents to make them wettable and increase water infiltration.

The proposed research will involve developing criteria to
predict the most effective and economic treatment of a nonwetta-
ble soil with wetting agent to increase water movement through
the soil. The necessary parameters will be measured and pre-
dicted water infiltration will be compared with calculated values.
The parameters to be measured are: critical surface tension of
soil, wetting agent adsorption by soil, wetting agent concentration
relationship with solution surface tension, and depth of soil af-
fected.

The release of surfactants by soils as affected by various fac-
tors will be investigated to predict the longevity of a surfactant
treatment and to provide estimates of possible long-range ground
water contamination.

A field survey will be undertaken to gain a better evaluation
of the extent of nonwettable soils.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

2.0141, THE ROLE OF SOIL WETTABILITY AND
TREATMENT WITH WETTING AGENTS ON WATER
MOVEMENT AND SOIL PHYSiCAL PROPERTIES.
J. LETEY, Univ. of California, Agriculture.' Experiment Sta. ,

Riverside, California 92502
A study is proposed to investigate the effect of wettability

and treatment with wetting agents on physical conditions of and
water movement in soils. The nature of the organic substances
causing reduced wettability, and the influence of texture, type of
clay, and types of microbial population on soil wettability will be
investigat The absorption, replacement, and leachability of
wetting agents will be studied to determine most effective treat-
ment practices and probable duration of beneficial effect. The ef-
fect of wettability and treating with wetting agents on structure,
soil strength, and particle arrangement will be studied because
these factors also influence water flow. The results of the
proposed research will assist in the proper incorporation of soil
wettability in the hydrologic cycle.

SUPPORTED BY California State Government

2.0142, MOISTURE CONTENT OF VARIOUSLY
TREATED CHAPARRAL SOILS IN RELATION TO
SEEDLING ESTABLISHMENT OF ADAPTED PERENNIAL
GRASSES
C.M. MCKELL, Univ. of California, Agricultural Experiment Sta.
,Riverside,California 92502

To study soil moisture depletion patterns and plant develop-
ment on hand-cleared, herbicide-sprayed, and untreated plots of
chaparral. To investigate the establishment and growth of desira-
ble replacement ground cover species.

Gypsum soil-moisture blocks buried at 12, 24, and 36 inches
in three different locations in Southern California will provide a
monthly pattern of soil moisture use on 40' x 40' plots of variously
treated chaparral. Additional cleared and non-cleared sites will
provide for studies of seedling establishment and plant develop-
ment in relation to soil moisture availability.

SUPPORTED BY California State Government

2.0143, INTERRELATIONS BETWEEN THE SUPPLY, UP-
TAKE, AND USE OF INORGANIC NUTRIENTS AND
WATER
J.J. OERTLI, Univ. of California, Agricultural Experiment Sta. ,

Riverside, California 92502
Objectives: 1. Investigate relationships between soil and

plant moisture conditions and the availability, uptake, and func-
tion of inorganic nutrients. 2. Investigate relationships between
nutritional conditions and the availability, uptake, and use of
water.

Description: Investigations in plant nutrition in the laborato-
ry and in the greenhouse.
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SUPPORTED BY California State Government

2.0144, LYSIMETER INVESTIGATIONS OF GAINS AND
LOSSES OF MINERAL ELEMENTS
P.F. PRATT, Univ. of California, Agricultural Experiment Sta. ,
Riverside, California 92502

Study, under the controlled conditions possible with lysime-
ters, the effect of treatment of soils with fertilizers and other
chemicals and irrigation waters on the gains, losses, balance, and
trend of all of the important mineral elements of soils, to study the
effect of long-term use of chemicals and waters on crop yields,
and crop yield trends in relation to the chemical, physical, and
biological properties of soils. Specific objective of work of im-
mediate future is to study the effects of acid, neutral, and al-
kaline-forming nitrogen fertilizers, cropping and irrigation on
yields, properties of soils, and gains and losses of mineral ele-
ments in the soil or added to the soil.

Description of Work: Two crops are grown each year on four
different soils fertilized with three different nitrogen fertilizers.
The crops are harvested, weighed and analyzed so that depletion
by cropping can be calculated. Samples of all fertilizers and water
added to the soils are analyzed to determine the elements added
in these materials. At least once each year the soils are leached,
the volume of leachate measured and a sample analyzed, Thus,
the losses and/or accumulations of fourteen elements are being
measured and related to soil type and to the source of nitrogen
fertilizer.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0145, PHYSICAL, CHEMICAL AND MICROBIOLOGI-
CAL FACTORS AFFECTING THE DISCHARGE OF WATER
INTO DRAIN TILE
S.J. RICHARDS, Univ. of California, School of Agricuiture,
Riverside, California 92502

Numerous observations have indicated that tile drainage
systems have failed, some of them due to combinations of chemi-
cal and microbiological factors. It is proposed to set up model stu-
dies drain tile outflow boundaries while imposing physical, chemi-
cal, and microbiological variables.

Soil and environmental conditions will be patterned after
field and model studies relating to the role of soil particles in
plugging drainage tile joints. Any leads found in preventing the
plugging of tile will be applied to life-size models and field experi-
ments.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

2.0146, SOIL PHYSICAL CONDITIONS IN RELATION TO
IRRIGATION
S.J. RICHARDS, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Develop and improve techniques for characterizing and mea-
suring soil physical properties. Evaluate the factors which affect
water entry and movement in soils. Evaluate the factors which af-
fect aggregation and aggregate stability.

Description of work: Measure unsaturated water conductivi-
ty of soils over wide ranges in soil suction. Develop and calibrate
instruments for measuring soil moisture conditions in terms of soil
suction in the range 1 to 10 bars. Develop laboratory techniques
for evaluating soil structure and correlate these techniques with
field and plot irrigation management. Use compacted bulk densi-
ty and hydraulic conductivity as indices to evaluate the effects of
chemical amendments and of soil improving practices being car-
ried out in cooperative trials with growers and farm advisors.
Evaluate and improve methods of measuring water retention by
soils and soil mixes. Measure oxygen requirements for soil aera-
tion and evaluate soil aeration under irrigation practices where
leaching is required. Under commercial practices, compare fur-
row and sprinkler irrigation of citrus in terms of fruit sizing and
leaf analyses.

New laboratory and field procedures are being developed for
aggregate analysis and characterization of aggregate stability, and
factors affecting same.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0147, FACTORS INFLUENCING THE FLOW OF SUB-
SOIL WATER IN THE IMMEDIATE PROXIMITY OF, AND
INTO DRAINAGE FACILITIES
S.J. RICHARDS, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Objectives: 1. Determine the combination of soil grain sizes
most likely to plug a tile joint. 2. Investigate a wider variety of
filter materials which might be used in practice to reduce tile joint
plugging. 3. Look for other soil factors (physical, chemical, or
microbiological), in the model studies which might give further
leads relative to the general problem of ineffective tile drainage in
the Coachella Valley.

Work Proposed: I. Working primarily at UCR but with soil
and filter material initially from the Coachella Valley, set up
model drainage systems approximately 2' x 2' x 3' in size. Evalu-
ate the tendency for joint plugging by head loss measurements
under measured flow rates. Study the plugging potential of vari-
ous soil separates and soils of varying structural and mineralogical
status. 2, Measure water conductivity and compaction properties
of typical soils from the Valley to determine whether these factors
can be eliminated in relation to the drainage difficulties. 3. When
justified on the basis of preliminary experiments, use radioactive
tracer techniques to tag soil particles and study their movement
under controlled model conditions.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

2.0148, SOIL.MOISTURE-PLANT RELATIONS OF
AVOCADO TREES
Si. RICHARDS, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Objective: Evaluate soil water conditons as a factor in the
growth, vigor, and production of avocadoes, and cooperate in the
evaluation of the interactions of soil moisture and air temperature
with nitrogen fertilization and root rot diseases.

Work Proposed: Modify treatments on Has avocado trees,
CRC 20C, to investigate automatic irrigation and air temperature
amelioration during peak temperatures in summer. Establish ir-
rigation and nitogen fertilization treatments on plots, Field 4, at
the South Coast Field Station to evaluate their effects on Bacon
avocado trees. In greenhouse and lathhouse experiments, study
layer soil conditions to explain the lack of normal root growth in
'sandy' type soils.

SUPPORTED BY California State Government

2.0149, A STUDY OF THE PRIMARY PRODUCTIVITY
OF NEW AND OLDER RESERVOIRS
R.R. RAWSTRON, State Dept. of Fish & Game, Sacramento,
California

Premises; Decreasing primary productivity has been blamed
for declines in fish population during the years following im-
poundment. Merle Collins Reservoir (Virginia Ranch Reservoir)
is a newly impounded water and offers an opportunity to discover
and follow the changes in primary productivity (represented by
algae production) which may occur. An attempt will be made to
associate these changes with changes in fish production there.

Water withdrawal and climatic conditions affect limnological
conditions in large reservoirs; these in turn may affect fish
production. Folsom Lake water is generally withdrawn from near
the lake surface, whereas Merle Collins has a bottom outlet.

Procedure: Limnological variables including dissolved ox-
ygen, total alkalinity, total organic matter content, temperature,
pH, conductivity, and primary productivity as radioactive carbon
(C14) uptake will be measured weekly during March through Oc-
tober and biweekly during the remaining months at both Folsom
Lake and Merle Collins Reservoir. One station has been
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established at each water. Limnological data collection will cease
on June 30, 1967, at Folsom Lake. Three years of comparable
data will be available at that time.

If detectable changes in primary productivity and other
limno- logical variables do occur, these changes will be compared
to help test the theory that the decline in fish production is related
to changes in primary productivity.

Climatic and water withdrawal data for Folsom Lake will be
taken from Bureau of Reclamation records. Brown's Valley Ir-
rigation District and Weather Bureau records will supply identical
information for Merle Collins Reservoir.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
California State Government

2.0150, DISPOSAL OF SURFACE WATER
UNKNOWN, State Div. of Highways, Sacramento, California

Design criteria is to be established for disposal of water from
surface runoff by infiltration within the highway right-of-way,
with development of test procedures for determining rates of infil-
tration.

SUPPORTED BY California State Government
U.S. Dept. of Transportation - Public Rds.

2.0151, RESERVOIR SYSTEM ANALYSIS FOR LOW-
FLOW REGULATION
L.& BEARD, U.S. Army, Engineer District, Sacramento, Califor-
nia 95814

Increase in development of river basins and increasing
emphasis on coordinated development produce new problems of
devising and coordinating the operation of a large number of pro-
jects to provide a large number of services. Traditional means of
analyzing operation of a single reservoir or a pair of reservoirs for
several purposes fail by sheer weight of computation require-
ments when applied to comprehensive basin and interbasin
development. First essential step in solution of this problems was
adaptation of existing procedures and new techniques to elec-
tronic computer.

Analysis techniques previously developed have been re-
formed and extended to constitute a basic computer package,
which includes a framework for economic evaluation of system
output. Optimization routines will be included in the package as
such techniques are developed.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0152, LAND SUBSIDENCE STUDIES IN THE SAN
JOAQUIN VALLEY
J.F. POLAND, U.S. Dept, of Interior, Water Resources Division,
Sacramento, California 95814

Objectives of this project are to study the extent, magnitude,
rate, and causes of land subsidence in the San Joaquin Valley,
Calif., to furnish criteria for estimating the amount of subsidence
that r ould occur under assumed hydrologic change, to determine
whether subsidence is reversible in part, and to suggest ways for
stopping or ameliorating subsidence.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0153, MECHANICS OF AQUIFER SYSTEMS
J.F. POLAND, U.S. Dept. of Interior, Water Resources Division,
Sacramento, California 95814

The objectives of this project are to determine the principles
controlling the deformation (compaction or expansion) of
aquifers or aquifer systems resulting from change in grain-to-grain
load, caused chiefly by change in internal fluid pressure; to extend
existing leaky- aquifer theories to multi-layered aquifer-aquitard
systems so that pumping test techniques can be used to obtain
meaningful hydraulic coefficients in heterogeneous alluvial
deposits; and to appraise the meaning and utility of the coefficient
of storage as derived from short-term aquifer tests in relation to
long-term values for aquifer systems that have undergone sub-
stantial compaction; also the change in the coefficient of storage
in compressible acquifer systems as a result of change in
hydrologic environment.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0154, SMALL-SCALE CIRCULATIONS OF THE SAN
FRANCISCO BAY AREA
A. MILLER, San Jose State College, Graduate School, San Jose,
California 95114

The objective of the proposed research is to design and carry
out specific experiments in atmospheric dynamics in the lower
San Francisco Bay region. Physical-mathematical models will be
developed of the following phenomena: (1) the sea breeze
beneath an inversion; (2) waves within the inversion; (3) forma-
tion, oscillations and dissipation of jets within the inversion layer;
(4) exchange processes between the marine layer and the dry air
aloft; and (5) the channelling of flow by the mountains.

The research will be carried out using the techniques and ob-
servational methods developed over the years by the group at San
Jose State College. This includes three M-33 tracking rad, r
systems with data acquisition systems. Aircraft instrumentatio
includes sensors for pressure, dry bulb temperature, and wet bulb
temperature. Tetroons, pibals and radiosondes are flown during
the experimental periods. It is expected that at least 15 complete
field experiments will be conducted during the grant period.

SUPPORTED BY U.S. National Science Foundation

2.0155, EFFECT OF CHARGE UPON COLLISIONS IN
WASHOUT
T.G. OWEBERG, T.G. Owe Berg Incorporated, Santa Ana,
California (AT(04-3 )-673 )

Objective: To determine the effect of charge of atmospheric
particles and rain drops upon collisions in washout of atmospheric
debris by rain.

Background: The encounter between a falling drop and a
small particle is affected by the flow field around the drop, by
forces of inertia and electrostatic forces, and motion of the parti-
cle relative to the drop. The particle trajectory is the integrated
form of the equation of motion, The probability of collision, the
collision efficiency can be determined when the trajectory is
known. The collision efficiency in turn determines the collectioa
(or washout) efficiency,

Procedure: Trajectories of particles in the vicinity of drops
and particle distributions on drops are determined by high-speed
photography through the microscope at various fall velocities of
the drops and various charges on drops and particles. So far,
water drops of 2 to 2.5 mm in diameter and Lycopodium particles
of 32 micron diameter have been used. The fall velocity of the
drop has been varied up to 5 m/s. The terminal velocity is 9 m/s
for such a drop. So far only the average particle charge has been
measured, but means are under development for the determina-
tion of individual particle charges.

SUPPORTED BY U.S. Atomic Energy Commission

2.0156, EFFECT OF THE WARM CLOUD BASE UPON
CLOUDSEEDING FROM THE GROUND
T.G. OWEBERG, T.G. Owe Berg Incorporated, Santa Ana,
California

The work is part of Project Skywater. It is conducted in the
laboratory of T. G. Owe Berg, Inc., 2189 South Grand Avenue,
Santa Ana, California. The interaction of silver iodide particu-
lates with water vapor and water droplets is studied, specially with
a view to the effect of exposure to tN ,nditions at the cloud base
upon the effectiveness of the sil, <<de as a seeding agent. The
results obtained indicate that silver iodide forms ice crystals with
water vapor that is supersaturated with respect to supercooled
liquid water, and that such ice crystals may initiate freezing of
cloud droplets provided the droplets and the ice crystals are elec-
trically charged. Observations are made under the conditions of
the cold chamber and the expansion chamber acrd also with single
droplets or particles suspen led in a nonuniform ac field. Matters
of particular concern are the conditions for nucleation and
growth of the ice phase and how they are affected by the history
of the seeding agent,
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0157, FACTORS AFFECTING PRIMARY AND SECON-
DARY PRODUCTION IN TEMPERATE LAKES
D.W. SCHINDLER, Trent University, Graduate School, Peter-
borough - Ontario, Canada

Field measurements of primary production in four lakes of
different morphometry will be regressed upon physical and macro
nutrient factors of possible causal importance using multiple
regression analysis. Corrections will be made for departures from
linearity and elimination of non-significant variables. Schindler
(1966) found that 75% of the variance in areal primary produc-
tion measurement of a small Minnesota lake could be explained
by such treatment. This study will be an attempt to expand the
treatment to include production at different depths and in dif-
ferent types of lake basins.

Zooplankton production will be calculated using the method
of Schindler (1967) from zooplankton birth rates and the average
size of animals at death, allowing estimates of production by the
entire plankton community, and by each species of zooplankton.

Results will be compared with each other and with those of
Severson Lake, Min.lesota, in order to identify and quantify
general principles affecting production in water bodies of all
types.

Data will also be analyzed for inter and intraspecific competi-
tion, predation, and their mode of operation.

The effect of micro-nutrient limiting factors on primary
production will be investigated experimentally.

SUPPORTER BY U.S. National Science Foundation

2.0158, BOTTOM FAUNA IN THE NORTH ST. VRAIN
CREEK, COLORADO
R.W. PENNAK, Univ. of Colorado, Graduate School, Boulder,
Colorado 80304

A year-round study of bottom fauna in a typical mountain
stream system.

SUPPORTED BY University of Colorado

2.0159, ANTIBIOTIC EFFECTS OF ROOTED AQUATICS
ON ZOOPLANKTON SPECIES
R.W. PENNAK, Univ. of Colorado, Graduate School, Boulder,
Colorado 80304

Experimental laboratory study on the growth-inhibiting and
growth- promoting of extracts of rooted aquatic plants.

SUPPORTED BY University of Colorado

2.0160, SOUTH PLATTE RIVER DEVELOPMENT PLAN
G. STEN SON , S.R. Deboer & Company, Denver, Colorado

This program is designed for the Recreational development
of the South Platte River bottoms below the proposed Chatfield
dam and past the city of Littleton and Belleview Ave.

The plan proposes: A. Bridle path along the edge of the river
connecting with Centenniel race track. B. Bicycle path along the
whole length of the river. C. Fishing lakes at various spots
together with a fish hatchery. D. picnicking and a tree planted
park road along the full length of the river.

SUPPORTED BY U.S. Dept. of Interior - Bu. Outdoor Rec.
Littleton City Government - Colorado

2.0161, FEASIBILITY OF USING ATMOSPHERIC
WATER RESOURCES IN THE NORTHEASTERN UNITED
STATES
E.J. AUBERT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The objective of this initial study is to assess the potential
feasibility (technical, benefit, cost) of utilizing the atmospheric
water resource in the Connecticut River Basin.

The specific goals are: ( I ) Assess major features of stress in
supply and demand in the present and planned water resource
system, users and uses which are relevant to the atmospheric
water resource; (2) Identify requirements for and estimate poten-

tial benfits from the atmospheric water resources for preliminary
assessment purposes; (3) Estimate the climatology of precipita-
tion potential and seedable situations; and, (4) Assess the prelimi-
nary feasibility of developing the atmospheric water resource in
the Connecticut River Basin.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

2.0162, ATMOSPHERIC WATER RESOURCES
RESEARCH UNIVERSITY OF WYOMING
J.E. BELLAMY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

During the 1968-69 winter season the activities at the Elk
Mountain Water Resource Observatory will be to conduct studies
of the environment within which the Elk Mountain cap cloud oc-
curs, the inflow into this cloud, the nucleation of this cloud, the
growth of the precipitation particles within the cloud, and finally
its precipitation in order to continue the development of sound
snowpack augmentation procedures.

The environmental studies will determine the synoptic situa-
tion, thermodynamic stabilities, and cloud and ice nuclei activa-
tion spectra within which the cap cloud occurs. The source of
water vapor which produces the layered cap cloud will also be
studied.

The inflow studies will be continued and expanded in order
to understand more clearly the air flow over and around a th
dimensional mountain. Transport and diffusion studies will aido
be made to determine the most effective means of seeding a cap
cloud.

The nucleation studies will attempt to determine the natural
and artificial activation spectra of cloud and ice nuclei and their
subsequent activation. The concentration of cirrus crystals which
might nucleate the cap cloud will be sampled.

Experimental operations in the Wind River Mountains near
Boulder, Wyoming will also be conducted. This program will be a
randomized cloud seeding operation using ground based silver
iodide generators using a one-day experimental unit.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0163, ATMOSPHERIC WATER RESOURCES PRO-
GRAM
B.P. BELLPORT, U.S. Dept. of Interior, Bureau of Reclamation,
benver, Colorado 80225

The Atmospheric Water Resources Program is a comprehen-
sive applied research and engineering development program
directed toward enhancing e modification. The immediate objec-
tive is to determine the practicality f augmenting the streamflow
into reservoirs on Reclamation projects. Definite scientific an-
swers will be established regarding the feasible extent to which
weather modification can beneficially supplement water
resources for other areas.

The many aspects of integrating precipitation modification
into the social and natural environment will also be studied and
resolved. The necessary instrumentation, techniques and operat-
ing systems for modifying precipitation under orographic, con-
vective and frontal situations will be developed. Early develop-
ment of applicable techniques will be emphasized in regions
where water supplies are most critical.

About 90 percent of the program activity is being undertaken
through contracts with universities and private meteorological
firms and agreements with State and other Federal agencies.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

2.0164, PARK RANGE ATMOSPHERIC WATER
RESOURCES PROGRAM
E. BOLLAY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The Park Range Program, part of the Bureau of Reclama-
tion's Project Skywater, is centered at Steamboat Springs,
Colorado and has been in continuous operation since November
1964, Prime purpose of the program is the development of
ieather modification :echnology, especially as it applied to the in-

crease or redistribu n of precipitation in the mountainous re-
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gions of the Colorado River Basin. Major studies include 1) diffu-
sion of Agl artificial nuclei from ground generators into oro-
graphic clouds, 2) detection of ice nuclei concentrations in the
air, and of silver in precipitation samples, 3) evaluation of artifi-
cial nucleation effects, 4) determination of the precipitation
meteorology of the area and 5) development of operational
criteria and techniques for efficient application of artificial
nucleation in this, and similar, regions. In particular, the program
is investigating various approaches to intermittent (periodic or
other schedule) nucleation as a method of reducing the experi-
mental time required to determine nucleation effectiveness.
Results to date indicate that periodic nucleation can be used to
detect seeding effects on purely orographic precipitation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0165, INVESTIGATION OF THE FEASIBILITY OF
WARM-CLOUD MANAGEMENT
H.R. BYERS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Objectives are to explore clouds that are warmer than freez-
ing vet at or near the point of precipitating, or to discover means
of influencing their precipitation.

Aircraft penetrations, radar, chaff drops, study of chemicals
for modification, later tests of modification. Theoretical and ob-
served models of convective clouds.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0166, AQUIFERS AND DRAINAGE
E.J. CARLSON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The study deals with the movement of saline water in 1- and
2 layer ground water aquifers. A laboratory investigation was
used to observe the movement of the saline water-fresh water in-
terface for various rates of application of fresh irrigation water
surcharge on the ground surface. Typical agricultural tile drains
and vertical pump wells were studied in the model. They provided
a location for the saline water to leave the strata. The movement
of the saline water (dyed blue) was observed and the results were
compared witn the theoretical movement. The study has been ex-
tended to deal with drainage of sloping agricultural land. A
laboratory investigation is being used to determine the distribu-
tion of discharge to tile drains for various drain spacings on slop-
ing land. Dye tracers will be used to determine the relative depth
in the aquifer from which water approaches the drain or flows
down the sloping aquifer.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0167, AIRFLOW AND DIFFUSION PARAMETERS IN
CONNECTION WITH ATMOSPHERIC WATER RESOURCES
PROGRAM
J.E. CERMAK, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A. Determine the full capability for simulations flow and dif-
fusion over mount^in barrier in a meteorological wind tunnel.

B. Establish the degree of correspondence between flow and
transport characteristics for model and prototype.

C. Evaluate the potentials of laboratory simulation of at-
mospheric motions over complex terrain for operational con-
siderations of the diffusion and transport of seeding materials.

Laboratory Simulation 1. Necessary conditions for similarity
2. Conditions for simulating diffusion and transport 3. Four topo-
graphic models will be studied 4. Some special instrumentation
may be required.

Field Study 1. Study of the wind field over mountains 2. In-
strumentation will be : Rawinsonde, Pilot Balloons, Kites, and
Constant Level Balloons.

Numerical Study (optional) possible computer model for
simulating diffusion and transport over mountains.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

2.0168, ECOLOGICAL EFFECTS OF WEATHER MODIFI-
CATION
C.F. COOPER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

To analyze potential ecological impact of precipitation
management programs and other weather modification programs
related thereto; to identify those portions of the ecosystem most
sensitive to precipitation management; and to prepare research
designs by which these portions may be investigated in greater
detail.

Procedures include a review and evaluation of information
and data already available and of potential pertinence to the
ecological effects of weather modification programs. Present and
contemplated research related to ecological effects of weather
modification programs will be inventoried among universities, in-
dividuals and appropriate government agencies such as the U.S.
Forest Service, the Bureau of Land Management and the State
Agricultural Experiment Stations. Professional specialists will be
consulted on a fee basis in areas such as entomology, limnology,
human ecolcay, paleocology, plant pathology and bio-statistics.
Computer simulation models will be studied in considerable
depth and research designs specifically formulated.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0169, LEGAL IMPLICATIONS OF WEATHER MODIFI-
CATION
R.J. DAVIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Legal implications arise from experimentation in weather
modification and from development and management of at-
mospheric water resources. As a part of Project Skywater a study
of the legal aspects of intentional weather alteration is being con-
ducted at the College of Law of the University of Arizona in Tuc-
son, Arizona 85721; it will be concluded in July 1968. The study
undertakes a legal evaluation of the consequences of rainfall and
snow control, fog dispersion, lightning suppression, hail suppres-
sion, and hurricane modification. Judicial decisions, statutes, ad-
ministrative regulations, and scholarly writings that relate to
weather modification activities. are being examined in order to
determine the legal aspects of the application of weather altera-
tion technology. Determination will be made of whateR1 norms
should in the future be applied to the local, national, and raterna-
tional consequences of weather modification activities. Based
upon such findings, reports will recommend legislative and ad-
ministrative action.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0170, HYDROLOGY OF PRAIRIE POTHOLES-
W.S. EISENLOHR, U.S. Dept. cf Interior, Geological Survey,
Denver, Colorado

Because prarie potholes of North-Central United States and
adjacent areas of Canada are major breeding grounds of migrato-
ry waterfowl protected by United States treaties with Canada and
Mexico, this study is included in the International Hydrological
Decade. One problem being studied is that of identifying those
potholes that will contain water long enough that they should be
preserved for use by waterfowl rather than be drained for agricul-
tural use. A closely associated problem is that of determining the
amount of water needed to keep a pothole useful for waterfowl.
Another problem is that of determining the amount of seepage
from potholes that may reach aquifers used for water supply in
distant areas. Changes in chemical quality are being studied as it
may affect the usefulness of a pothole to waterfowl.

The study is being made in North Dakota and is concerned
with the processes by which water enters and leaves a pothole and
a detailed analysis of the water budget, including separate compu-
tations of evaporation and transpiration from potholes filled with
aquatic. vegetation, to the end that adequate information will be
available for the design of observation programs needed to solve
water resources problems in the prarie !pothole region.
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SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0171, LARGE SCALE DYNAMIC EFFECTS OF CLOUD
SEEDING
R.D. ELLIOTT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Objective: The objective of this contract is to conduct
laboratory studies to determine large-scale dynamic effects of
cloud seeding, including secondary effects that may develop at a
considerable distance downwind from the primary effect,

Procedures: Research work is to include but shall not be
limited to the following items: a. Spatial distribution analysis of
precipitation and hydrologic data in extended regions in, around,
and downwind from long-term cloud seeding projects and dynam-
ic effects in the primary and secondary areas. b. Analysis is to
consist of the following: 1) Statistical phase: To determine the
general relationship between cloud seeding and dynamic effects
in the primary and secondary areas. 2) Development of a physical
model to explain the observed dynamic effects relating the mag-
nitude and wave length to the basic wind pattern and terrain con-
figuration. 3) Selection of an area and design of a field test to pro-
vide more definitive and acceptable results than can be obtained
from postanalysis of historical data. c. To determine the extent of
any secondary area of effect that may develop at a considerable
distance downwind from the primary effect and at a place where
it is unlikely that any artificial nuclei would be present.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0172, SKY WATERPARK RANGE FOREST HYDROLO-
GY
H.C. FLETCHER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Stream gaging and hydrologic analyses of subwatersheds of
the Park Range Program area. The effect of forest cover and land
management arc studied so that the result of possible changes can
be segregated from achievements of the weather modification
program. Possible differential effects in weather modification
results caused by topography or forest cover are considered to aid
planning and application of weather modification to other moun-
tain watersheds. Available information is used to develop a con-
ceptual nonlinear model of snowmelt runoff in which streamflow
is the transformation of generated snowmelt by a watershed
system that delays, modulates, and attenuates input and com-
pared to output.

Field work is carried out in the mountains of north-central
Colorado especially near Steamboat Springs and Fraser. This
study began in 1964.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

2.0173, PRODUCTION AND DETECTION OF ARTIFI-
CIAL ICE NUCLEI
N. FUKUTA, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The principal objective of this study is to establish the initial
part of weather modification technology where ice nucleation is
involved. Four major technical problems are to be investigated,
i.e., optimization of ice nuclei for use under particular cloud con-
dition, development of seeding materials other than silver iodide
for cloud seeding programs, development of airborne and ground
nuclei counter and study of cloud seedability in terms of
background ice crystal and ice nuclei. Results are directly aimed
at the use in the development of cloud seeding technology for
precipitation management.

These are two bask approaches to the problem. One is
theoretical computer modeling of microphysics of ice crystal and
ice nuclei, and the other is an experimental study of it. Construc-
tion of nuclei generator testing facilities, a vertical wind tunnel,
and a cold room are planned. Every part contains problems;
production of organic smoke appears one of the major problems.
Good coordination of theoretical and experimental effort is
necessary to accelerate the work,

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

2.0174, VELOCITIES OF RADIONUCLIDES AT ARNAR
GOSA SITE
D.R. GROVE, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

The investigations are designed to obtain information con-
cerning: (a) the ground-water system in the carbonate rocks,
rhyolites, and tuffs of the Nevada Test Site, (b) the hydraulic pro-
perties of earth material and aquifers that need to be considered
in predicting the rate transport of radioactive products produced
during a nuclear detonation, and (c) the chemical factors affect-
ing the rate of transport of the same products.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0175, ATMOSPHERIC WATER RESOURCES
RESEARCH IN THE STATE OF NEW MEXICO
N.N. GUNAJI, U.S Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The purpose of this program is to conduct research in the at-
mospheric sciences leading to the development of beneficial
weather modification procedures and to the development of
techniques for atmospheric water resources management
methods for application in the Rio Grande Basin upstream from
Elephant Butte Reservoir within the state of New Mexico. The
program was initiated 1 February 1967. Work plans which in-
clude statistical model, field operation procedures, logistics, field
measuring equipment, communication system and personnel,
have been completed.

A target area of approximately 200 square miles and two
control areas have been selected. The target area is located within
the Jemez and Sierra Nacimiento Mountain Ranges.

The proposed work for 1 July 1967 to 30 June 1968 shall in-
clude the initiation of the following: 1) identification and classifi-
cation of storm systems; 2) research on agents, instruments,
equipment, and techniques which may accomplish changes in
cloud systems; 3) research on cloud and precipitation processes,
including detection of results from weather modification efforts;
4) refinement of techniques and instrumentation for routine field
operations and 5) development of long-range plans for accom-
plishing the objectives of this contract for the Rio Grande Basin.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0176, BADGER WASH COOPERATIVE STUDY
R.F. HADLEY, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

This study initiated in 1953 and continues for 20 years, is a
cooperative effort to determine rates and character of erosion, ru.
noff, and sedimentation at different storm intensities and under
different desert vegetation cover conditions, both grazed and un-
grazed; and to determine influence of small animals on watershed.

Geological Survey is responsible for installation and main-
tenance of precipitation gages and water stage recorders. Sedi-
ment yield from the drainage basins is calculated from periodic
measurements of the reservoirs. Gully erosion and sheet erosion
are measured.

Responsibility for vegetative surveys using transect clusters,
infiltration, and soils studies formerly conducted by the Forest
Service is being assumed by the Geological Survey in the 1968
FY. The studies will include more detailed measuring procedures.

The Bureau of Land Management constructs and maintains
all physical structures such as retention dams, check dams, diver-
sion dams, ditches exciosures, etc. The Bureau of Reclamation
reimburses BLM for portions of this work.

The Bureau of Sport Fisheries and Wildlife is studying small
animal populations and the influence their activities have on
vegetation and soil.

The study site is located in western Colorado, 4 miles east of
the Colo-Utah boundary and 30 miles northwest of Grand Junc-
tion, Colorado

1-48



SUPPORTED BY U.S. Dept. of Interior Bu. Land Mgmt.
U,S. Dept. of Interior - Geological Survey
U.S. Dept. of Interior Bu. Reclamation
U.S. Dept. of Interior Bu. Sport Fish.

2.0177, SAN ISIDRO WASH STUDY FLOW LOSSES IN
AN EPHEMERAL STREAM CHANNEL
R.F. HADLEY , U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

Many of the ephemeral streams in Western United States ex-
perience a depletion of surface flow in a downstream direction as
a result of infiltration in the dry channel bed.

The objective of this study is to determine, quantitatively, the
flow *losses' on. San Isidro Wash near Cuba, New Mexico. This in-
cludes determination of whether the infiltrated water reaches an
aquifer or is retin red to the atmosphere by evapotranspiration;
also, the changes in channel geometry that take place with flow
losses and changes in sediment concentration. When conseeva-
tion structures, such as detention reservoirs, are constructed in
the basin and land treatment practices are initiated, the hydrolog-
ic effects of these practices will be studied.

Gaging stations have been established, channel cross sections
have been surveyed, and scour chains have been installed to study
channel changes. Precipitation and fluctuations of groundwater
level also are being observed. Soil samples of soil-moisture deter-
minations are taken to study the unsaturated zone.

SUPPORTED BY U.S. Dept. of Interior Bu. Land Mgmt.
U.S. Dept. of Interior - Geological Survey

2.0178, FLOW LOSSES IN AN EPHEMERAL STREAM
CHANNEL
R.F. HADLEY , U.S. Dept. of Interior, Geologic al Survey, Denver,
Colorado

Many of the ephemeral streams in Western United States ex-
perience a depletion of surface flow in a downstream direction as
a result of infiltration in the dry channel bed.

Objective of this study is to determine quantitatively the flow
`losses' on San Isidro Wash near Cuba, New Mexico; and if the in-
filtrated water reaches an aquifier or is returned to the at-
mosphere by evapotranspiration. Also, what changes in channel
geometry take place with flow losses and changes in sediment
concentration. When conservation structures, such as detention
reservoirs, are constructed in the basin and land treatment prac-
tices are initiated, the hydrologic effects of these practices will be
studied.

Gaging stations have been established, channel cross sections
have been surveyed, and scour chains have been installed to study
channel changes. Precipitation and fluctuations of groundwater
level also are being observed. Soil samples for soil-moisture deter-
minations are taken to study the unsaturated zone.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0179, THE RELATION OF DRAINAGE NETWORKS
AND BASIN DEVELOPMENT TO ROCK TYPE AND CLI-
MATE
R.F. HADLEY, U.S. Dept. of Interior, Geological Survey, Denver,
Colorado

The objectives of this project are to related the processes of
slope formation and drainage basin development to the rock type
and climate over a wide range of conditions over the United
States. Specifically, the following items will be investigated as an
approach to the problem: ( I ) Determination of the validity of the
statement made by humid regions, (2) Which expression of
drainage density or topographic texture is a true reflection of
hydrologic conditions for different climates, (3) To determine the
processes and rates of basin development as affected by dif-
ferences in climate. These may include frequency of freeze and
thaw, mean annual precipitation, and microclimate; (4) Observa-
tions of slope processes and overland flow, such as, soil creep,
rifling, and sheet flow in basins representing a wide range of rock
types and vegetational covers; and (5) testing of the accuracy of
measuring techniques of drainage density using topographic maps
and aerial photographs supplemented by field mapping.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0180, A TEST OF CERTAIN EVALUATION DESIGNS
FOR CLOUD- SEEDING EXPERIMENTS
W.E. HOWELL, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The proposed work is designed to test an idea, first proposed
by G.P. Wadsworth that if a contour map of precipitation depth
from a given storm can be satisfactorily approximated by a simple
geometrical surface. then any local artificial influences will show
up as significant departure from this surface. As a first approxima-
tion, a geometrical plane is fitted by least squares to the precipita-
tion contours of a control area that surrounds the target and an
estimate of the target precipitation is obtained by extending the
actual target precipitation and a suitable testnyariate is used to
estimate the probability that the observed difference could be ex-
pected by chance alone.

The above model was tested on actual unseeded precipita-
tion data from the Washita River Network located in central
Oklahoma. Corresponding upper wind data were used to deter-
mine hypothetical seeding plumes for any given storm. Stochastic
augmentation of target rainfall was used to determine the power
of the method in detecting real seeding increases and the in-
vestigation covered other such subjects as transformation and
normalization of precipitation data, the developement of a suita-
ble test-variate, and the sizes and shapes of applicable target and
control regions.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0181, MECHANISMS AND RATES OF HEAVY METAL
SORPTION AND DESORPTION
E.44. JENNE, U.S. Dept. of interior, Water Resources Division,
Denver, Colorado

The principle objective is the elucidation of the mechanisms
and processes whereby manganese and iron oxides sorb cobalt
(and other heavy metals). An additional objective is the deter-
mination of the rates of cobalt sorption and the effect of the natu-
ral variables of pH, redox potential, competing cation, cobalt con-
centration, etc. on the sorption rates.

Reaction kinetics, reversibility of sorption, and new phase
formation are being utilized in determining the mechanism of the
sorption reactions.

Sorption mechanisms and rates will allow a semi-quantitative
description of the concenation of cobalt (and other heavy
meta' :n waters.

SUPPORTED BY U.S, Dept. of Interior - Geological Survey

2.0182, SPECIFIC YIELD INVESTIGATION
A.I. JOHNSON, U .S. Dept. of Interior, Water Resources Division,
Denver, Colorado

Methods of estimating the specific yield of aquifers will be
studied in an attempt to obtain improved estimates of the water
resources of ground-water basins and water use by phraetophytes.

The principle field and laboratory methods of estimating
specific yield and the quantity of drainage as realted to time of
drainage are being investigated, evaluated, and correlated.
Column drainage, centrifuge, moisture tension, and unsaturated
permeability techniques will be emphasized in the laboratory, and
moisture-content sampling and nuclear soil moisture-density
logging in the dewatered zone will be emphasized in the field.
Field work is done at selected sites in California.

SUPPORTED BY U.S. Dept. of interior - Geological Survey

2.0133, PERMEABILITY RESEARCH
A.1. JOHNSON, U.S. Dept. of Interim, Water Resources Division,
Denver, Colorado

This study will determine and evaluate the factors involved in
saturated and unsaturated fluid flow through porous media and
would lead to more accurate and reliable analytical methods for
the hydrologic evaluation of ground-water systems. The principal
methods now commonly in use for estimating permeability will be
compared and evaluated - these are laboratory methods utilizing
permeameters and field methods utilizing pumping or flowing
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wells - any additional methods will be investigated as proved ad-
visable.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0184, HYDROLOGIC BEHAVIOR OF SELECTED
WATERSHEDS IN THE NORTHERN APPALACHIAN RE-
GION
E.B. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Develop a procedure for predictit.g hydrologic behavior of
watersheds in the northern Appalachian region including the im-
pact of the application of precipitation modification techniques.

Representative watershed will be selected and certain exist-
ing simulation techniques will be utilized, (being modified as
necessary to better meet regional conditions). Once the simula-
tion techniques have been finalized, the effect that weather
modification might have on the streamflow will be studied for
periods of low flow.

Watershed selection is currently in progress and two simula-
tor techniques have been adapted to the local computer (IBM
360 Model 67).

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0185, GENERAL EVALUATION OF SOIL AND
MOISTURE CONSERVATION TREATMENT PRACTICES
N.J. KING, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

The objective is to appraise the effectiveness of structures on
streams, waterspreaders, and other measures in the Western
States. The effectiveness of the measures employed are evaluated
particularly with respect to runoff, erosion, and sedimentation.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0186, ARIZONA WEATHER MODIFICATION EN-
GINEERING RESEARCH, ATMOSPHERIC WATER
RESOURCES
P. MACCREADY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

To perform certain procedures and techniques in the general
vicinity of Flagstaff, Arizona, to develop operational cloud
nucleation methods with especial emphasis on major convective
cloud systems and winter storm systems over, a larger area.

Information will be obtained on ice crystal concentration,
buoyancy effects, hydrometers,. electrification, cloud system
growth, etc. Work will also include quantitative engineering of
the convective seeding techniques used, including design with
respect to dispersal method, diffusion, and entrainment theories,
with verification by field measurements. Exploration will be made
of the effects of the San Francisco Mountains on cloud and
precipitation patterns, during the summer and winter months.
The establishm6nt of a seedability climatology for summer and
winter for the San Francisco Mountains will also be made. Ap-
plied Research 100 percent. The project was begun in FY65 and
should be completed by the end of FY68.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0187, EVAPORATION FROM LAKES AND RESER-
VOIRS
J.S. MEYERS, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

The gross annual evaporation from exposed water surfaces
has been estimated to be over 23,000,000 acre-feet for the 17
States lying wholly or partly west of the 100th meridian. If any of
this annual evaporation loss could be reduced, an additional
supply of water would be available to the arid West.

The objective of this study is the determination, by improved
techniques, of variations in evaporation rates from representative
lakes and reservoirs in the United States.

The energy-budget and mass-transfer methods of computing
evapotranspiration are being compared for two large reservoirs:
Garrison Reservoir in North Dakota and Pomme de Terre Reser-
voir in Missouri.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0188, ION DISTRIBUTION AND WATER MOVEMENT
IN SOILS
R.F. MILLER, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

The objectives are (1) to define the relationship between
water movement and ion distribution in soil profiles, (2) to evalu-
ate the effect of cation exchange, and salt solubility on water
movement, (3) to investigate the effect of water distribution in
down drainage basins o ion distribution, soil-moisture relation-
ships and plant distribu- tion on arid lands.

In the past, emphasis has been placed on the effect of parti-
cle-size distribution (texture) on infiltration, runoff and erosion.
The present study emphasizes the investigation of soil chemistry
because it affects the swelling or shrinkage of soils and may have
as great an effect on hydrologic characteristics as texture.

The soluble calcium plus magnesium and sodium distribution
in consecutive portions of soil profiles with a variety of internal
drainage conditions are being investigated with respect to
evidences of watermovement and moisture-storage charac-
teristics such as moisture distribution, root distribution, soil struc-
ture and the nature of plant communities at equilibrium with
these conditions. Other factors such as type of clay mineral, parti-
cle-size distribution and climatic factors are also evaluated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0189, MATHEMATICAL METHODS OF EVALUATION
OF RESULTS OF ATMOSPHERIC WATER RESOURCES
PROGRAMS

MORELSEYTOUX, U.S. Dept. of Interior, Bureau of Recla-
mation, Denver, Colorado 80225

The project has two primary objectives: (1) the determina-
tion of criteria for selection of river basins in Central Mountains
Region of the United States suitable for weather modification
with a maximum chance of success and (2) the design of statisti-
cal techniques or tests to detect weather modification attainments
with reliability.

To achieve these above objectives two additional accessory,
but vital, studies are conducted: (a) a study of the change in the
relationship between meteorologic, hydrologic and physiographic
parameters of a basin for a given weather modification process
and mode of operation (e.g., cloud seedings from ground-based
generators) and (b) a study of the nature and magnitude of errors
in the measurement and collection of data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0190, SKYWATER
E.A. MOULDER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Install streamflow station with heated artificial control on
Colorado Creek near Spicer, Colorado. Operate, compute, and
compile streamflow records for the following stations: Fish Creek
near steamboat Springs, Colo. Service Creek near Oak Fork Elk
River near Clark, Colo. Walton Creek near Steamboat Springs,
Colo. Colorado Creek near Spicer, Colo. Reconnaissance for ex-
pansion of the streamflow data collection program in Colorado.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0191, GAG NTH SUPPRESSION AND REDUCTION IN
REGROWTH POTENTIAL OF AQUATIC WEEDS
N.E. OTTO, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Successful continued control or eradication of rooted sub-
mersed aquatic weeds requires information on methods to reduce
or eliminate the regrowth potential of the aquatic plant to a point
where they produce insignificant problems. Studies have been
conducted to gain a better understanding of organism ability to
reproduce itself in subsequent growing seasons. These studies in-
clude influence of treatment on stage of growth, number and type
of herbicide applications necessary to reduce the amount of
vegetative growth and propagule development, amount of
propagative material produced by a clone of plants and food
reserves in the propagule.
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Laboratory investigations show that pondweeds treated with
repeated aromatic solvent and acrolein applications in one grow-
ing season significantly reduced vegetative propagule production.
A significant reduction in number and size of propagules was ac-
complished in successive treatments. Preliminary studies on the
development of vegetative propagules of sago pondweed indicate
that they commence development with the onset of plant flower-
ing and fruiting. Continuing laboratory and field studies suggest
that low rate, long contract period applications of a number of
aquatic herbicides show promise on significantly suppressing the
growth of rooted aquatic weeds, thus reducing potential residue
hazards as well as controlling weed growth.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0192, DENVER MULTIPHASE FLOW
E.S. SAMMEL, U.S. Dept. of Interior, Geological Survey, Denver,
Colorado

From an earlier survey and evaluation of theory applicable to
flow in the unsaturated zone it appears that the principal needs
are for procedures to predict unsaturated flow and methods for
obtaining field measurements of the hydraulic properties of the
unsaturated zone. Thus electric analog computing techniques will
be devised for calculating unsaturated flow for specific boundary
conditions, such as rate of infiltration, depth to the water table,
and nature of the unsaturated sediments. Instrumentation involv-
ing electronic transducers will be applied for obtaining the
desired field measurements. Theoretical results will be tested
through field measurements.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0193, CONVECTIVE CLOUD SYSTEMS, NORTHERN
GREAT PLAINS, ATMOSPHERIC WATER RESOURCES
R.A. SCHLEUSENER, U.S. Dept. of Interior, Bureau of Recla-
mation, Denver, Colorado 80225

The program is designed to study the characteristics of both
warm cloud and cold cloud convective systems with a view in
mind of increasing the natural occurring precipitation from such
systems by the introduction of artificial nuclei, since a major por-
tion of the water supply of the Great Plains area comes from con-
vective systems. Climatological studies, numerical model studies
(as an attempt to simulate the natural growth of cumulus clouds),
cumulus cloud penetrations by instrumented aircraft, and ran-
domized seeding experiments will be made.

Cloud physics studies will be conducted with instrumented
aircraft and radar aimed at determining the presence or absence
of natural ice pellets in the convective clouds of the area. A syste-
matic cloud census in regions of high frequency of cumulus cloud
formation will also be conducted. Applied Research 100 percent.
The project was begun in FY65.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0194, DEVELOPMENT OF ATMOSPHERIC LASER
RADAR
R.M. SCHOTLAND, U.S, Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The purpose of this research project is to develop a laser
radar suitable for the study of the profile of atmospheric water
vapor from a ground based location. The vertical distribution of
water vapor is a basic parameter which enters all meteorological
work and is of particular importance in the field of weather
modification. The major problem areas are: (1) the design of a
high energy switched ruby laser which is mode controlled and
tunable, (2) the design of a receiving system which can handle a
large dynamic range, (3) the design of data handling equipment
which can reduce the radar return to atmospheric moisture con-
tent.

The design of the laser system is being based upon a saturable
Q switch element operating in conjunction with a tunable reso-
nant reflector. The receiving system will be designed about a 10
cassegrain telescope which will feed an s-20 photo-multiplier
tube. A 30 mhz log amplifier will be used to cover the dynamic
range of the optical return and to obtain the water vapor density
function.

2: WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0195, STATE OF WASHINGTON DEPARTMENT OF
WATER RESOURCES CASCADE ATMOSPHERIC WATER
RESOURCES PROGRAM
S.E. SHUMWAY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

This program is designed to develop reliable cloud treatment
techniques and reproducible engineering procedures to accom-
plish a beneficial redistribution of precipitation across the
Cascade Mountains to bolster the water resource in the arid inter-
mountain region of the east.

Field experiments in cloud physics are being conducted in an
area straddling the divide and centered around Snoqualmie Pass.
Artificial nucleation practices are applied to the numerous win-
tertime Pacific Coast storms crossing this region during the
months of October through April.

Cloud seeding operations are systematically employed and
quantitatively monitored to provid- a classification of the modifi-
cation potential for each precipitating event; said events to be
characterized by measurable, concurrent, meteorological
parameters.

Efforts are directed toward developing methods to utilize the
latent heat release from supercooled cicuds subjected to artificial
glaciation near the Cascade crest to stimulate cloud buoyance for
the purpose of prolonging precipitation on the leeward side.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

2.0196, ANALYTICAL METHODS - WATER CHEMISTRY
M.W. SKOUGSTAD, U.S. Dept. of Interior, Geological Survey,
Denver, Colorado

Analytical methods and techniques for many constituents
that are found in water, such as aluminum, the halogenides, zinc,
nitrate, nitrite, selenium, and detergents and other pollutants,
frequently require modifications and refinements before they can
be adopted specifically for water analysis. Improvements in all
analytical procedures, including special instruments and
techniques, are necessary to meet the requirements of expanding
research efforts in the field of water chemistry,

The work consists of evaluating the potential of a technique
and refining it to the minute concentrations significant in water
chemistry. Fundamental chemical methods are studied as well as
methods employing specialized equipment and instrumentation,
such as X-ray and emission spectroscopy, electrometric, flame
photometric and chromatographic instruments.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0197, ENGINEERING DEVELOPMENT OF ICE NUCLEI
DISPERSION SYSTEMS
R.L. STEELE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Many ice nuclei dispersion systems are in field use today.
Most are unsatisfactory for one reason or another, e.g., the
required engineering development has not been done to render
these systems simple and reliable. Performance under laboratory
conditions is known in some cases. However, field performance is
largely unknown. This program provides for the engineering
development of simple, reliable and economical dispersion
systems for ground and later aircraft use. Further, it will provide
information for prediction of field performance of dispersion
systems. Curreut and future field programs in Project Skywear de-
mand ice nuclei generators ranging in capacity of 0.02 kg to
possibly as high as 200 kg of effective nuclei per hour. Systems
which are reliable with predictable actual performance are and
will continue to be required.

To meet these needs, three separate, concurrent investiga-
tions are being carried out. These are: a) Coagulation in genera-
tor plumes as a design parameter, b) Development of low and
medium output ground based manual/automatic dispersion
systems, c) evaluation of existing aircraft generators and develop-
ment of a new generator.
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The ice nuclei dispersion systems developed in the program
will represent the latest technology in this important phase of cur-
rent and future weather modification programs, The basic en-
gineering and science for carrying out this work is known. This
will be synthesized from the atmospheric sciences, engineering
sciences and recent technological development in the aerospace
and process industries.

SUPPORTED BY U.S. Dept. of Interior - Etta Reclamation

2.01.98, EXPERIMENTAL DESIGN & STATISTICAL
EVALUATION OF WEATHER MODIFICATION EXPERI-
MENTS
P.J. STINSON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The overall objective of the research program is to develop
experimental design criteria and statistical methods to aid in the
evaluation of atmospheric water resources programs. Specific ob-
jectives are as follows. I . A critical evaluation of past weather
modification experiments will be made. Special emphasis will be
placed on the evaluation of research methodology, statistical
techniques, and interpretation of findings to determine their
suitability for a particular experiment or for general application.
2. Conduct analyses to determine the effect of individual parame-
ters such as (a) treatment techniques, (b) terrain factors, and (c)
weather conditions on the reliability and validity of the results of
weather modification experiments. 3. Develop design criteria for
field experiments with, special consideration of the above named
parameters. 4. Develop statistical computer programs and
analytical techniques for evaluating and comparing a wide variety
of weather modification experiments.

SUPPORTED BY U.S. Dept. of interior - Bu. Reclamation

2.0199, EVALUATION OF PRECIPITATION MANAGE.
MENT PROGRAMS BY PRECIPITATION RATE MEASURE-
MENTS
G.E. STOUT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Objectives. The objectives are to undertake a study to define
the applicability and limitations of rainfall rate measurements to
enable verification and quantitative evaluation of cloud seeding
activities on surface rainfall, and to determine the type and densi-
ty of sampling required to apply such knowledge. a. Prepare a
feasibility study to establish the potential applicability of utilizing
rainfall rate measurements in cloud seeding evaluations, and to
define further research approaches leading to more effective
cloud seeding evaluations using rainfall rate measurements. b.
Study of area-depth curves of average and enveloping rainfall rate
to aid in the definition of spatial characteristics and to detect ad-
ditional properties useful for precipitation modification evalua-
tion. c. Study the feasibility of using time distribution and dura-
tion of rainfall rates as evaluation procedures for determining
overall additional rainfall quantities resulting from cloud seeding
and for determining rate of change of rain intensity with time
under natural and seeded conditions.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0200, SKYWATER
A.B. SUPER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Phase one, completed in September, 1966, defined a pro-
gram for evaluating the downwind effects of cloud seeding when
applied upwind to the orographic barrier of the Bridger Mountain
Range (average ridge height 8500 ft ASL) in Montana. Limited
operations from February through May, 1967 provided an assort-
ment of data from a network of sites extending from Bozeman to
Billings, Montana. The data included rate of snowfall from com-
pressed scale weighing gauges with large aperture for high resolu-
tion thermograph traces, barograph traces, ice nuclei background
count, and visual observations of ice deposits on the ridge line
during the storms in the area.

Analysed data which display the periodic variation of snow-
fall intensity at each site have been interpreted in terms of a

precipitation vector which is defined as the horizontal speed and
direction of the precipitation surges and/or intervening lulls.
Some success has been achieved in isolating an orographic com-
ponent of precipitation at some sites and in following the periodic
variations in precipitation intensity through the network. In-
terpretation of the data in relation to surface, 700mb, and 500mb
analysis has resulted in a rough typing of precipitation as related
to fronts, troughs and upslope conditions. Thermograph traces
and visual observations of ice deposits on the ridge indicate an
abundance of supercooled water droplets in a temperatte:e range
in which silver iodide can he expected to be effective in nuclea-
tion.

Additional sites will be instrumented and measurements ex-
panded to better define precipitation vectors. The classification
of storm situations and their potential for seeding will be in-
vestigated in more detail. Background nuclei counts will be con-
tinued in the network using the NCAR type counter. Aircraft will
be utilized for both atmospjeric soundings and tracking plumes
released from the Bridger ridge to gain a rough idea of diffusion
characteristics. Actual weather modification will probably begin
in the winter of 1968-69.

SUPPORTED BY U.S. Dept of Interior - Bu. Reclamation

2.0201, HYDROLOGY OF LIMESTONE AND RELATED
ROCKS
F.A. SVIENSON, U.S, Dept. of Interior, Geological Survey,
Denver, Colorado

The general objectives of this research project are: 1. Define
the geologic and hydrologic parameters that control the move-
ment and storage of water in limestone and related rocks. 2.
Determine the importance of primary and secondary porosity and
permeability in limestone and related rocks, and of folding, fault-
ing, and jointing to the development of solution cavities and their
enlargement. 3. Determine the spatial relationship of caverns and
secondary porosity and permeability and relate these to struc-
tural, geomorphic and other factors. 4. Determine sources of acid
which may be instrumental in solution of limestone and related
rocks. 5. Develop instruments and techniques needed to get an-
swers to the numerous questions which remain to be solved re-
garding hydrology of limestone and related rocks.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0202, HYDROLOGY OF ARKANSAS RIVER VALLEY,
CANON CITY TO STATE LINE
O.J. TAYLOR, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geological Survey in coopera-
tion with the State of Colorado. The irrigation systems in the Ar-
kansas Valley have grown haphazardly around surface supplies
and storage. Irrigation supplies are largely derived from surface
water that varies in amount appreciably with climatic conditions.
The existing irrigation systems do not supply adequate amounts of
water throughout the year to all irrigated lands. Water develop-
ment projects in the valley have had little concern for a systematic
evaluation of the total water supply.

This project involves (1) the measurement of the effects of
the present water-management practices on the hydrologic
regime, (2) determination of the relation between pumpage of
ground water and streamflow, and (3) a study of the management
changes that could increase the supply and improve the quality.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Colorado State Government

2.0203, PROJECT SKYWATER - NEW MEXICO
J.N. WASHICHEK, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Object of the snow survey program is the gathering of snow
and precipitation data in the Jemez Mountain Range of New Mex-
ico.

Eight snow courses, established prior to this project, will =be
read every ten days by manual methods. An additional band of 8
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snow courses and 8 precipitation gages will be installed along
Highway 126 east of Cuba. This winter, these will Piso be mea-
sured manually.

A new type precipitation gage is eing developed for this pro-
ject. Instead of the dip stick or standard weighing methods, a load
cell will be used. These stations can be readily converted to an au-
tomatic gage if desired.

One automatic telemetered station may be activated near the
center of the sector. This station will have an automatic snow pil-
low sensor and an automatic precipitation gage. Telemetry will be
to base station, located in the area.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0204, PROJECT SKYWATER COLORADO - STEAM -
BOAT SPRINGS

WASHICHEK, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Object of the snow survey program is to collect snow data on
the Park Range. There are now 24 snow courses ranging in eleva-
tion from 6,750' to 10,700' that are being measured. Numerous
methods are, being employed. Manual methods, employing snow
tubes and scales, automatic sensors (pillows), and precipitation
gages.

Six automatic sensors are in operation. These utilize onsite
recorders as well as radio telemetry to a base station in Steamboat
Springs. The base station has a visual read out as well as paper
punch tape.

The on-site recorder is a modified A-35, designed to operate
6 months without attendance. It up-dates every hour.

A transducer at the pillow converts the pressure to electrical
resistance for measurement.

Several different type pillows and transducers will be em-
ployed to ascertain the most usable.

Standard precipitation gages that can be maintained at snow
level are used and compared to other types of measurements.
Precipitation cans with different size orifices will be checked.

Manual measurements are used as a cross check of all data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0205, THE DEVELOPMENT OF SYNOPTIC CLI-
MATOLOGY AND STATISTICAL FORECASTING
METHODS AND OROGRAPHIC PRECIPITATION
R. WHITE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The following services to be provided: 1. The development of
synoptic climatology and statistical forecasting methods and oro-
graphic precipitation. 2. Numerical dynamical circulation studies,
including evaporation, cloud formation, and precipitation. 3.
Case studies of storm types and associated precipitation patterns.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation
U.S. Dept. of Commerce - E.S.S.A.

20206, ATMOSPHERIC WATER RESOURCES
RESEARCH
M.C. WILLIAMS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The program is designed to investigate increasing water sup-
plies in the Southern Sierra Nevada mountains of California and
related regions through weather modification. Weather modifica-
tion projects have been conducted in the general area considered
for a number of years with the result that the effectiveness of
cloud seeding as a means for production of increases of water
supply of the order of ten percent has been accepted. The current
program is thus designed to provide an engineering approach to
investigations of the atmospheric parameters and mechanisms in-
volved in an effort to extend and improve existing techniques.
The program is composed of a series of projects designed to cover
a period of five years. Specific projects within the overall program
deal with hydrologic aspects, summer cumulus potential, winter
storm potentials, seeding dispersal effects, and program design.
Instrumentation is dealt with as a part of the individual projects.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0207, ECONOMICS OF GROUNDWATER DEVELOP -
MENT IN THE HIGH PLAINS OF COLORADO
P.W. BARKLEY, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

Objectives: 1. Evaluate on farm and off farm consequences
of various patterns of ground water development in the High
Plains region. 2. Examine effects of alternative economic criteria
as aids in establishing an institutional framework for guiding or
regulating ground water development.

Proposed Work: Field surveys will T le conducted to deter-
mine adjustments occurring on individual farms as a result of
ground water development. These individual farm adjustments
will be aggregated to determine effects on communities in the
High Plains area. Results of these two efforts will be used as an aid
in exploring various institutional provisions for use in regulating
development of this essentially stock resource.

SUPPORTED BY Colorado State Government

2.0208, DRYLAND SOIL MANAGEMENT
K.G. BRENGLE, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

1. To evaluate cropping systems, tillage practices and fertil-
izer use on dryland regions of Colorado. 2. To study soil-water-
plant interactions, including evapotranspiration, in relation to
yield and quality of dryland crops. 3. To study the effect of soil
management practices on the soil properties affecting wind and
water erosion an Colorado.

Field and controlled environment experiments will be con-
ducted to study various aspects of dryland soil management as re-
lated to crop production. All experiments will be randomized and
replicated.

Cropping sequence-fertilizer-tillage experiments will study
the effect of these variables on crop production, water utilization
and runoff, and soil properties affecting wind erosion.

Water use efficiency and fertilizer response will be studied in
relation to yield and quality of crops.

Crop yields and soil moisture storage will be related to
methods and timeliness of tillage in the fallow period, chemical
evaporation retardants and precipitation.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0209, DIFFUSION OF ENTRAPPED GASES IN POROUS
MEDIA
A.T. COREY, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

Entrapped air can have an effect on several significant pro-
perties of porous media which (except for the entrapped air) are
fully saturated with a liquid. Two of the most significant proper-
ties affected are permeability to liquid and compressibility of the
bulk medium.

Two ways in which gas may become trapped are (1) by a
liquid moving into an originally gas-filled medium and isolating
some of the gas and (2) by gas coming out of solution in an
originally fully saturated system to form gas pockets.

Among the situations in which entrapped gas may be signifi-
cant are: (1) the invasion of a pocket of natural gas by surround-
ing brine in an aquifer when a well is installed to recover the gas,
(2) seepage from an irrigation canal, especially in period
shortly after water has been turned into a dry canal, he con-
solidation of partially saturated compressible soils Limier loading,
(4) infiltration of precipitation or irrigation water into soil, (5)
cavitation in the conducting vessels of plants during rapid trans-
piration, among other physiological processes in living organisms.

The objectives of this research are: A. To study the process
whereby a gas in isolated pockets (surrounded by liquid) diffuses
from porous media under the influence of interfacial energy. B.
To develop and to test equations describing the rate of diffusion
of entrapped gas from porous media,

1-53



2. WATER CYCLE

SUPPORTED BY U,S. National Science Foundation

2.0210, INFLUENCE OF IRRIGATION PRACTICES
R.E, DANIELSON, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

To determine effect of methods of: application of irrigation
water on moisture distribution, surface crusting, and plant emer-
gence and growth; and, land preparation for irrigation and effect
of subsequent tillage operations on soil tilth.

Description of Work: Field plots are used to evaluate the in
fluence of soil structure deteriorating cultural practices on t
growth and yield of various agronomic crops. Other factors
fecting the crop are maintained as nearly uniform as possible.
physical measurements are made in an attempt to relate the
cal status of the soil with plant response.

Laboratory investigations, pertaining to the ability
plant to elongate its root system in a rigid system of gi
size, are included.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0211, WATER-SOIL-PLANT RELATIONS
R.E. DANIELSON, Colorado State University,
periment Sta. , Fort Collins, Colorado 80521

Objectives: A. Investigate relationships be
in root medium and internal water status of p
environment and plant development.

B. Determine effect of plant-water st
morphology and metabolic processes de
composition of plants.

Work Proposed: Plants will be grown under uniform and con-
trolled conditions of environment until the desired vegetative
growth has been obtained, at which time the water status of the
plant tissue will be changed either by changing the water intake of
the root system or by changing the evaporative potential of the
foliar environment or both. Changes in the water intake by the
root system will be obtained by using such methods as alterations
in temperature, osmotic pressure, soil moisture suction, or carbon
dioxide pressures. The evaporative potential of the foliar environ-
ment will be altered by changes in temperature, air movement,
humidity, or light.

The water status of the plant tissue will be measured by one
or more of the methods already developed or by new techniques
developed as the investigation proceeds. The growth responses of
the plant to the varied conditions under which it will be exposed
will be measured. Such responses as rate of transpiration, not
CO2 assimilation, dry weight increase, and concentration of sim-
ple sugars in the plant tissue will be evaluated,
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SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0212, FACTORS INFLUENCING THE FLOW OF SUB-
SOIL WATER IN THE IMMEDIATE PROXIMITY OF, AND
INTO DRAINAGE FACILITIES
N.A. EVANS, Colorado State University, Agricultural Experiment
Sta. , Fore Collins, Coloradb 80521

Objectives: To analyze and describe the sub-surface flow of
water and those factors which affect it in the immediate vicinity of
the drain facility (tile line, ditch, drain well, etc.) for the prepara-
tion of improved criteria and procedures for design, installation
and operation of drains.

Description: A full scale drainage model constructed at
California under W-65 will be utilized to provide measured varia-
bles pertinent to flow toward a drain tile. The soil of the tank will
be analysed to determine pore-size distribution and characteristic
unctional relationships between capillary pressure, saturation

and permeability. A synthetic medium will be sought which will
provide similitude as a model. The model behavior will be finally
compared to the California model.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0213, MICROBIOL ADSORPTION IN SOILS
N.A. EVANS, Colorado State University, Agricultural Experiment
Sta. , Fort Collins, Colorado 80521

1. Investigation of factors affecting biological quality changes
in water percolating through soils, Electrokinetic characterization
of numerous media and micro-biological materials are made. Ad-
sorption isotherms under both static and dynamic conditions will
be measured and compared with theoretical isotherms developed
from electrokinetic studies.

SUPPORTED BY Colorado State Government

2.0214, EFFECTS OF EARLY WATER ON WATERFOWL
PRODUCTION
F.A. GLOVER, Colorado State University, Graduate School, Fort
Collins, Colorado 80521

Waterfowl nesting and brood observations on the Monte
Vista National Wildlife Refuge, correlated with records on water
availability suggest that high waterfowl production occurs when
water is available abundantly before the spring migration. This
research project was designed to determine (I) what effect the
application of water to a breeding area prior to the normal irriga-
tion season will have on waterfowl production; (2) the cost-
benefit ratio of an area that is supplied early water from supple-
mental sources as compared to an area which receives a normal
supply of water during the regular irrigation season; and (3) the
progress of ecological succession on the study areas during the
course of the study and its effects on waterfowl production and
use. The research is being conducted on two study areas on unit 6
of the Monte Vista National Wildlife Refuge in the San Luis Val-
ley in south central Colorado.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

2.0215, HYDRAULICS OF SURFACE IRRIGATION
D.F. HEERMANN, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Objectives: To provide fundamental surfal.: irrigation design
understanding through the investigation of the hydraulic charac-
teristics of surface flow: 1. By laboratory experiments to control
certain variables in order to obtain relationships between varia-
bles- 2. By field investigations to test validity of mathematical
equations and laboratory relationships.

Description: Field data will be collected on flow resistance in
irrigation furrows from many sites covering a wide range of site
and soil conditions. Application of spectral density analysis and
similar new ideas to characterize roughness will be made. Flow
mechanics thus formulated will be related to application efficien-
cy.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0216, EVAPORATION FROM SOIL SURFACES AS AF-
FECTED BY SALT, STRUCTURE AND TEXTURE
W.D. KEMPER, Colorado State University, School of Agricul-
ture, Fort Collins, Colorado 80521

Theory and equations governing the movement of water in
response to salt concentration gradients in soils wiL, be developed,
Studies will be set up to test these theories and equations and to
determine the portions of the water movement which are in the
liquid and vapor phases.

The practical significance of this osmotic movement on
evaporation will be studied. Reduction of the thickness of the dry
layer of soil (which prevents liquid flow) is predicted when ap-
preciable amounts of salt are in the soil profile. This prediction
will be tested and equations, amenable to computer solution, will
be developed from which quantitative predictions can be made.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

2.0217, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
W.D. KEMPER, Colorado State University, Agricultural Experi-
ment Sta, , Fort Collins, Colorado 80521

Objectives: 3, To delineate the influence of structure and
electrostatic differences a,7-1 well as solute concentration and ener-
gy gradients upon the movement of solutes, energy and water in
soils and clays.

4. To devise quantitative expressions describing 0%, simul-
taneous movement of water and solutes and energy in soil.

Procedures: Restriction coefficients of ions which determine
the degree to which salts move water, will be determined in clay
and soil systems. Effects of the electrostatic and geometrical pro-
perties of soil on these restriction coefficients will be determined
from both experiment and theory. The mechanisms involved in
the simultaneous flow of water, solutes, and energy will be
delineated. The understanding of these mechanisms will be used
in the development of thermodynamic equations valid for such
simultaneous flow.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

2.0218, HYDROMETEOROLOGY
W.E. MARLATT, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

A. To investigate the wind structure on the high mountains.
B. To investigate the actual occurrence of precipitation and the
arrangements of precipitating clouds in relation to the mountains.

Description of Work: Initial work is concentrated on the
period of winter build up of snow pack. Detailed observations of
wind and temperature will be obtained from the top of one of the
high mountain peaks during the winter to determine the turbu-
lence structure of the atmospheres function of wind speed and du-
rations.

SUPPORTED BY Colorado State Government

2.0219, A SYSTEMATIC TREATMENT OF THE
PROBLEM OF INFILTRATION

MORELSEYTOUX, Colorado State University, School of
Engineering, Fort Collins, Colorado 80521

The overall objective of the research is to develop a mathe-
matical model of infiltration capable of responding to any spatial
and temporal pattern of rainfall or its lack. In this form the model
would be readily capable of integration into a general model
simulating the hydrologic response of a watershed.

In a first phase the objectives will be more limited. In essence
the two principal objectives are:(1) The development of a one
dimensional model of water infiltration into a soil column under
realistic conditions of varying water supply at the surface, non-
uniform initial moisture conditions, heterogeneous soil charac-
teristics and the effect of hysteresis, and (2) The development of
a less general two-dimensional model of water infiltration to
model primarily the influence of spatial variation of the available
water supply on infiltration.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

2.0220, WIND EFFECTS ON THE DISPERSION OF PAR-
TICULATE POLLUTANTS IN TURBULENT OPEN-CHAN-
NEL FLOW
E.J. PLATE, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

This is a study of the dispersion of solid particles in a liquid
stream. The flow in the stream is turbulent with a free surface. Air
is blown across the free surface in such a manner as to create
waves in the water and thus to simulate the turbulence generated
by wind over streams. A quantitative understanding is sought

2. WATER CYCLE

through experimentation fo; the effect of wind on the diffusion of
particles in the water.

The results should lead to data which can be used in the solu-
tion of the diffusion equation in open channel flow with and
without wind. A measure of the increase due to wind in diffusivity
can be obtained in this way. The effect of wind on oxygen absorp-
tion in the stream is also to be investigated.

SUPPORTED BY U.S. National Science Foundation

2.0221, STRATTON SAGEBRUSH HYDROLOGY STUDY
R. PRICE, Colorado State University, U.S,D.A, Rky. Mtn, For, &
Rge. , Fort Coffins, Colorado 80521

Objectives: To determine quantities and rates of runoff from
rainfall and snowmelt, sediment movement and production,soil
moisture regimes, sagebrush effects on snow accumulation of
storage, etc., from watersheds in natural stands of big sagebrush
and after treatment to eliminate sagebrush by chemical spraying;
and to obtain other data necessary for the determination of
hydrologic soil-cover complex numbers from sagebrush sites be-
fore and after treatment.

Procedures: Five small watersheds (100 or more each) will
be selected within the big sagebrush vegetative type, representa-
tive of similar areas on which brush conversion by chemical treat-
ment is a standard procedure. Each will be instrumented for cli-
matic data, runoff and sediment yields, soil moisture and tem-
peratures, etc. Detailed soil and vegetation samplings and mea-
surements will be made. When satisfactory calibration has been
obtained, one or more watersheds will be treated by chemical
spraying and the studies will be continued until the effects can be
determined.

SUPPORTED BY U.S. Dept. of Interior Bu. Land Mgmt.

2.0222, ATMOSPHERIC WATER BALANCE AND THE
FORECAST OF ANNUAL RUNOFF FROM THE UPPER
COLORADO RIVER BASIN
J.L. RASMUSSEN, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

The atmospheric water balance of the Upper Colorado River
Basin will be evaluated to determine the net deposition of water
over the basin during winter. This deposition will be compared
with the annual runoff to determine a forecast equation. Periods
of dryness will be investigated to study the large-scale evaporation
occurring over the basin during winter and summer.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

2.0223, ATMOSPHERIC WATER
J.R. RASMUSSEN, Colorado State University, Natural Resources
Center, Fort Collins, Colorado 80521

Nearly all of the runoff into the Colorado River for the prin-
cipal water supply of the Southwestern United States comes from
precipitation in form of winter snowfall over a very small fraction
of the watershed area at high attitudes. Even there, however, ru-
noff is only 50 percent and the other 50 percent of the snowpack
evaporates, partly by windblowing of the snow over the expanse
of tundra above timberline. If the wind driven snow could, in part,
be channelled into now vacant glacial cirques east of the high
ranges, it would be stored in depth at locations w'nere exposure to
sunshine is minimal. Even a moderately successful channelling
scheme would greatly increase the available water supply, espe-
cially for the badly needed late season water delivery.

Feasibility studies for such channelling are underway in the
laboratory and on a mountain in central Colorado, where experi-
mental fencing designs have been erected for a preliminary look
in the 1965-66 winter. A more elaborate experiment is planned
for the succeeding winter.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Colorado State University

2.0224, REAERATION IN OPEN CHANNEL FLOW
W. W. SAYRE, Colorado State University, U.S.D.I. Water Rsour.
Div. , Fort Collins, Colorado 80521
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The capacity of a body of flowing water for assimilating

biodegradable wastes depends heavily on the supply of dissolved
oxygen which is required for the deomposition of organic
material by bacteria. The amount of oxygen available for this pur-
pose in turn depends on a complex balance among a number of
processes which include various sources and sinks, and also the
inflow and outflow of disgolved oxygen by convection. The prin-
cipal sources augmenting the dissolved oxygen supply are at-
mospheric rcacration, and photosynthetic production by aquatic
organisms mainly green plants. Typical sinks depleting the
supply, some of which are due man-made pollution, are
respiration of bacteria and algae, benthal deposits, and chemical
oxidation.

The oxygen balance can be described qualitatively by a fun-
damental continuity equation. Before this equation can be used
with confidence for pl'edictive purposes, however, much remains
to be learned about the source and sink processes, how relate
to one another, and how they relate to measurable physical and
biochemical characteristics of a stream system.

This project is concerned with investigating the reaeration
process in open channel flow, with particular emphasis on natural
surface reaeration. Although no fundamental research on the
biochemical processes involved in the oxygen balance is contem-
plated, they must be accounted for.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0225, STABLE ALLUVIAL CHANNELS
H.W. SHEN, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

The proposed research is an analytical and experimental
study of alluvial channels. The objectives are to study: 1. The
shear distribution on the rigid boundary of channels with different
cross section shapes. 2. The ultimate stable cross section shapes
of alluvial channels under different hydraulic conditions and sedi-
ment sizes without sediment inflow based on the variation of
shear distributions along the boundary. 3. The effects of sediment
load, seepage force and flood plain material on the ultimate stable
channel cross section. 4. The application of the results obtained
from laboratory studies to explain the fluvial morphology of
rivers.

SUPPORTED BY U.S. National Science Foundation

2.0226, EFFECTS OF FIRE ON HYDROLOGY AND ERO-
SION
W.D. STRIFFLER, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Objectives: I.) to determine the amount and timing of
downslope soil and ash movement. 2.) to detenisine the effects
upon the physical and chemical characteristics of the soil. 3.) to
determine the effects upon the hydrologic characteristics of the
slope. 4.) to establish a series of permanent sample plots for an
evaluation of vegetative re- establishment.

Procedures: A series of plots will be established within and
adjacent to the burn area with plots located at upper, middle, and
lower slope positions. Measurements to be taken at each plot will
include soil loss, soil moisture, infiltration rates, and soil samples
for physical and chemical analysis. Analysis will primarily be a
comparison of measured properties between burned and un-
burned plots by slope positions. In addition sediment measure-
ments will be taken during storm runoff periods from a small
stream flowing through the burned area.

SUPPORTED BY U.S. Dept. of Agriculture

2.0227, LAMINAR AND TURBULENT FLOW OF FLUIDS
THROUGH POROUS MEDIA
D.K. SUN ADA, Colorado State University, School of Engineer-
ing, Fort Collins, Colorado 80521

The proposed study will be devoted to the development and
verification of a general theory describing compressible and in-
compressible fluid motion in porous media. The theory will be
based upon an analysis of the classical Navier-Stokes equations
for fluid motion and upon considerations of energy dissipation
due to laminar and turbulent action. The physical parameters of

the porous medium which affect the flow phenomena will be
analyzed by statistical methods and correlated with hydraulically
measurable quantities.

SUPPORTED BY U.S. National Science Foundation

2.0228, THE EFFECT OF VARIOUS COMMERCIAL FER-
TILIZER PLACEMENTS AND IRRIGATION PRACTICES ON
THE YIELD AND QUALITY OF RUSSET BURBANK
POTATOES
J.C. WALKER, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

Objectives: I. Compare various combinations of fertilizer
placements and irrigation on optimum yield and quality. 2. Deter-
mine the effect of treatments on nitrate-nitrogen movement,
moisture distribution, temperature on the uptake of N and P by
the potato plant.

Procedure and Description: The study will be undertaken in
San Luis Valley of Central Colorado. Fertilizer treatments will be
banded at planting time 4' wide beside or below seed piece with
irrigations made on every furrow or every other furrow for com-
parisons. Tensiometers and thermograph recordings will be made.
Soil and leaf samples will be correlated to determine amount of N
and P. Soil profiles will be developed as part of this study.

SUPPORTED BY Colorado State Government

2.0229, GEOHYDRAULICS AT THE UNCONFORMITY
BETWEEN BEDROCK AND ALLUVIAL AQUIFERS
J.P. WALTZ, Colorado State University, Graduate School, Fort
Collins, Colorado 80521

The proposed research is to develop principles and methods
for estimation of water transfer at bedrock-alluvium contacts in
groundwater basins.

Fundamental to the concept of an alluvial basin is the isola-
tion of water. That is, neither surface water nor groundwater
:should flow from one basin to another. If groundwater basins can
be designated such that water transfer is minimized, then it is
feasible to determine availability of water in each basin and to
develop laws and management policies for water use.

Thrcc designated groundwater basins in Colorado will be stu-
died to determine the magnitude of water flux into or out of the
underlying bedrock. Considerable data are available on bedrock
and water level elevations within each of the three basins.

Procedures for the study will include: use of digital computer
models and trend surface analyses, piezomctric studies in both
bedrock and alluvial aquifers, and general geologic and geophysi-
cal techniques.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

2.0230, SEDIMENT PRODUCTION, YIELD, & DELIVERY
RATIO IN RELATION TO CLIMATIC, GEOLOGIC, &
WATERSHED CHARACTERISTICS OF THE NORTHERN
PLAINS
D.A. WOOLHISER, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

Object: To develop procedures for predicting the sources,
amount, and rate of gross erosion; character of sediment yield;
and delivery from agricultural watersheds of varying sizes in prin-
cipal physiographic and climatic regions.

Plan of Work: Information on quantities of sediments carried
by streams is obtained by means of reservoir sedimentation sur-
veys and through suspended load sampling on selected
watersheds. Records of precipitation, runoff, topography, chan-
nel characteristics, soils and geology, land use, conservation prac-
tices, and watershed treatment measures are compiled for the
areas for which sediment yield records are available. Studies are
made to determine and evaluate the processes and rates of ero-
sion on land surfaces including gullies, roadbanks, and stream
channels. Radioactive elements and other tracers are used in a
studying the movement of sediment from erosional sources to
points of deposition. Required instrumentation is developed. Data
on sediment yield rates and associated casual factors are analyzed
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and interpreted to derive improved techniques and equations for
estimating sediment yield and sources in ungaged watersheds.

SUPPORTED BY U.S. Dept, of Agriculture

2.0231, FLOODS FROM SMALL WATERSHEDS
V.M. YEVDJEVICH, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

The flood response of rural watersheads within the size range
of one-fifth to fifty square miles distributed throughtout the
United States is being studied. Three complementary approaches
are to be pursued simultaneously. Systems investigations will be
undertaken with theoretical conditons involving rainfall as input
and runoff as output. Hydrodynamic prototypes will be in-
vestigated by applying artifical rain to a one-to-two acre outdoor
facility. Provisional results from both of these will be checked
against, and appraised in the light of, storm and flood events ob-
served in nature on many experimental and other watersheds.
This latter data assembly, which is already underway, will itself
facilitate statistical and hydrological analyses of natural basin
response. July 1965 is the starting date for the five year program,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

2,0232, EXPERIMENTAL INVESTIGATION OF SMALL
WATERSHED FLOODS
V.M. YEVDJEV/CH, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

Project Objectives: The design, construction and operation
of a rainfall-runoff experimental facility, one acre in size, for the
purpose of observing prototype-scale response of a watershed
under controlled conditions. The general objectives are to in-
crease the understanding of processes making up watershed
response and to improve our ability to apply knowledge of the
processes to the estimation of the response of real watersheds.

Work Description: The work proposed for the Rainfall-Ru-
noff Experimental Facility is as follows. 1. Design and construc-
tion of the facility including site preparation, water supply system,
runoff measuring system and rainfall simulators. 2. Experimental
program of rainfall-runoff pattern studies for a given range of
precipitation intensities.

SUPPORTED BY Colorado State Government

2.0233, PHASE TWO - EXPERIMENTAL INVESTIGA-
TION OF SMALL WATERSHED FLOODS
V.M. YEVJEVICH, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

For Phase Two, the principle effort will include the comple-
tion of the rainfall-runoff experimental facility, and the testing of
the facility to determine its operating characteristics and refining
the design of the more critical components to provide more
uniform conditions or more flexible operations if such appears ap-
propriate. Initial test data will be used for some comparison stu-
dies with mathematical models. In particular, an evaluation will
be made of the mathematical description of convergent overland
flow on conical shaped catchments. An objective of this proposed
research effort will be the completion of preliminary studies on
some simple conceptual models to the point that some significant
conclusion will be justified with respect to non linearities in the
response of the total catchment or its component parts to rainfall.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rr.s. Rch
Colorado State University

2.0234, SAN LUIS WATERSHED STUDY
E.F, ALDON, U.S. Dept. of Agriculture, Rocky Mtn. For. & Rg.
Ex. Sta. , Fort Collins, Colorado

Three small watersheds, about 58 miles NW of Albuquerque,
New Mexico, of comparable size (WS I, 555 acres; WS II, 471
acres; WS III, 338 acres) and similar topographic, edaphic and
climatic conditions have been investigated since 1952.

The primary objective of the study is to determine the effects
of conservation and range management practices on the net yield
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of water, sediment, and forage. Controlled grazing, ripping, fer-
tilizr/don, and seeding have been studied.

The present agreement has been made for the period of July
1,1967 until June 30, 1,78, with the same primary objectives.

The objectives for 1968 FY are: a. Determine the vegetation
density, production, and utilization as affected by a mechanical
treatment, grazing, and protection grazing. b. Determine ger-
mination requirements of native grass species. c. Study effects of
fertilization on ground cover density of flood plains. d. Determine
factors affecting seedling survival.

SUPPORTED BY U.S, Dept. of Interior - Bu. Land Mgmt.
U.S. Dept. of Agriculture

2.0235, IMPROVEMENT OF WATER YIELDS BY
MODIFICATION OF RADIANT ENERGY OVER LAND SUR-
FACES (ABBREV)
B.C. GOODELL, U.S. Dept. of Agriculture, Fort Collins,
Colorado

Object: To determine the amount of radiant energy available
and that necessary to melt snow and to vaporize water from soil,
plant, and snow surfaces; to explore means of altering the regimen
of radiant energy by vegetative manipulation and snow surface
modification.

Plant of Work: The project leader and his graduate student
cooperators will continue to measure and relate to each other the
various components of solar radiation, and albedo of various
vegetative, soil, and snow surfaces. These will be studied in terms
of their usefulness in estimating evapotranspiration, and how in-
tercepted rain and snow changes net radiation. They will continue
to refine a dye- dilution method of measuring streamflow.

SUPPORTED BY U.S. Dept. of Agriculture

2.0236, MECHANICS OF FLOW STRUCTURE AND
FLUID RESISTANCE
P,S. MCQUIVEY, U,S. Dept. of Interior, Water Resources Divi-
sion, Fort Collins, Colorado

The objective of this study is the exploration and measure-
ment of the internal flow field of turbulent shear flow in an open
channel in order to obtain a fundamental understanding of the
mechanics of fluid resistance and sediment transport.

The study is designed to answer the following questions: I .

What are the measures of turbulent characteristics which best
describe the structure of turbulence? 2. How can these measures
of turbulent characteristics best be measured in open channel
flow? 3. Will the selected measures of the turbulent charac-
teristics and measurement techniques be adequate to permit ex-
perimental verification of the equation of motion for steady
uniform flow in an open channel? 4. How does the structure of
turbulence vary with respect to distance from the boundary for
steady uniform flow in a wide open channel? 5. How are the tur-
bulent characteristics related to mean flow properties, fluid pro-
perties, and channel geometry? 6. What are the effects of the pro-
perties of suspended matter (density, concentration and size) on
the turbulent characteristics of open channel flow? 7. How are the
lagrangian and eulerian measures of turbulent characteristics re-
lated?

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0237, EVALUATION OF VARIABLES IN ALLUVIAL
CHANNEL FLOW
CF. NORDIN, U.S. Dept. of Interior, Water Resources Division,
Fort Collins, Colorado

The understanding of the mean flow parameters and channel
adjustment characteristics for flow in alluvial channels is substan-
tial, but complete understanding is limited by the large number of
variables involved, their interdependency, interchange between
dependent and independent variables with time and space, and
limited scope of laboratory studies.

Laboratory studies will be broadened to (1) determine the
mean flow parameters and channel adjustments when bed materi-
al transport is an independent variable; (2) determine the im-
portance of depth, as a scale parameter and as a driving force; (3)
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determine time for adjustment from one equilibrium flow to
another when an independent variable is altered; (4) determine
the variance of slope, depth, velocity, bed materials and bed
forms in time and space.

of data on the known distribution of tropical bryozoan spe-
cies with those of the Hawaiian Island species, and the assembling
of data relevant to the question of endemism among bryozoans.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0238, MEADOW SOD MAT ACCUMULATION AND
DECOMPOSITION
F.A. NORSTADT, U.S. Dept. of Agriculture, Grand Junction,
Colorado

One project of mine deals with meadow sod mat accumula-
tion and decomposition. Irrigated mountain meadows of
Colorado buildup a sod mat 2- to 15 cm thick depending on al-
titude and soil water content. I am studying physical, chemical,
and biological factors which are thought to affect the accumula-
tion and decomposition of the sod mats. I am using electronic
probes to instrument sites in the meadows that represent wet, dry,
and intermediate soil moisture conditions to measure tempera-
ture, redox potential, oxygen content, and pH. A neutron probe
measures soil water content. These measurements are at 3 depths
in the soil profile. We are plating soil samples from the 3 moisture
sites to measure the numbs:;, of bacteria, fungi, and denitriflers at
3 depths in the soil. These physical, chemical, and biological
parameters will guide design of laboratory experiments. In the
laboratory I am studying the effect of temperature, water content,
and fertilizer amendments on the decomposition of sods by the in-
digenous soil microorganisms. In the sod decomposition study the
evolution of CO2 is used as the index of mineralization of the car-
bon skeleton of the sod material.

SUPPORTED BY U.S. Dept. of Agriculture

2.0239, NUMERICAL SIMULATION OF THE
MACROPHYSICAL AND MICROPHYSICAL PROCESSES OF
MOIST CONVECTION
G. ARNASON, Travelers Research Center Inc. , Hartford, Con-
necticut

BRIEF DESCRIPTION OF PROPOSED RESEARCH: The
main objective of the proposed research is to simulate realistically
by numerical methods the conditions within and in the immediate
surroundings of a convective, non-freezing cloud. A secondary
objective is to form an opinion as to the feasibility of artifically
modifying such a cloud and in particular to assess at which stage
of development the cloud is most sensitive to an external stimulus.
To obtain the above objectives it is necessary to include both the
macrophysical and microphysical processes known to be impor-
tant to cloud development in an effort to study in considerable
detail all the major phases of the evolution of a non-freezing
cloud. To do that it will be necessary to specify a realistic initial
state; take into account the dynamics of the situation, excluding
friction but including shallow convection; use bulk thermodynam-
ic equations; distinguish between the mixing ratio of the vapor
and liquid phases of water; specify an initial droplet distribution;
use growth of the droplets though condensation and coalescence
processes; and take into account the evaporation of the rain. The
numerical solutions will be obtained by solving the systems of
equations by finite differences. A mesh of 100m and a grid of
1,000 points will be used. Computational schemes of Lax-Wen-
droff and Lilly will be used. It is anticipated that in two years it
will be possible to formulate the problem and to prepare and
check out the cor)uter program. It is possible that within the
time period results may be obtained that show a realistic simula-
tion of all phases of cloud development.

SUPPORTED BY U.S. National Science Foundation

2.0240, ESTIMATING RUNOFF RATES FROM SMALL
RURAL WATERSHEDS
P. BOCK, Travelers Research Center Inc. , Hartford, Connecticut

In the design of culverts, better hydrological procedures,
productive of more reliable results, are needed for estimating ru-

noff from small rural watersheds. Reliable procedures will permit
more confident selection of the flow to be accommodated and,
with recent advances in hydraulic and structural design, should
help to optimize the expenditures for drainage structures. Runoff
information is being collected from selected small rural
watersheds as well as information related to a better understand-
ing of the phenomena involved in the generation of runoff from
small drainage areas. A number of investigations have developed
methods for synthetically determining maximum discharge and
hydrograph definition in relation to the parameters exerting a
major influence on runoff. With this background it now appears
possible, by analyzing the information and interrelating func-
tionally the major parameters affecting runoff, to develop com-
puter programs, or other procedures, that will, upon definition of
the various parameters involved, produce an estimate of the max-
imum discharges likely to occur from small rural watersheds for
selected recurrence intervals. It is desired that the method
developed will: (1) require only data that can be readily obtained
by the designers, (2) use parameters and functional relationships
which are logically justified, (3) take cognizance of differences
due to geographical characteristics, and (4) present the informa-
tion desired in a readily usable form.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Amer. Assoc. of State Highway Officials

2.0241, SOIL-PLANT-WATER RELATIONSHIPS
J.S. BOYER, Conn. Agric, Expt. Station, New Haven, Connecticut
06504

Description of Work: Psychrometric and pressure techniques
for measuring water potential will be compared, Sites of re-
sistance to water will be determined. Estimate water potential in
shoots of several species by methods of Richards and Ogata and
of Scholander et al., and compare results. Measure potentials in
various parts of several plants and environments and infer where
resistance to water lies.

SUPPORTED BY U.S. Dept. of Agriculture
Connecticut State Goveriment

2.0242, STUDY OF LIGHT ISOTOPES IN LACUSTRINE
ENVIRONMENTS
M. STUIVER, Yale University, Graduate School, New Haven,
Connecticut 06520 (AT)

Objective: To obtain information on the changes in oxygen
isotope ratio of atmospheric precipitation during post-glacial
times. This information is obtained by determining 018/016
ratios of carbonates deposited in lakes. The variations in this ratio
are caused, amongst others, by changes in 018 content of at-
mospheric precipitation that are associated with long-term
changes in climate. Also proposed is the. determination of
018/016 ratio of marine shells from the 12,000 years old Maine
marine invasion. These ratios will be influenced by the freshwater
contributions of glacial run-off and might possibly provide infor-
mation on the 018 content of the former ice-cap.

SUPPORTED BY U.S. Atomic Energy Commission

2.0243, RELATION OF BEDROCK FRACTURE SYSTEMS
TO UNDERGROUND WATER IN STAFFORD SPRINGS,
SOUTH COVENTRY, SPRING HILL & WESTFORD QUADS
J.M. AITKEN, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

Fractures represent one of the easiest avenues of ingress for
groundwater penetrating bedrock. Such fractures are a product of
regional deformation. Expansion of present structural studies is
proposed which would emphasize detailed analysis of fractures
(orientation; frequency-in numbers and spacing; projection of
zones of possible intersection of depth ).

The data obtained would provide information pertinent to
problems of potential supply, questions of a typical or excessive
flow-and potential contamination. The work would serve as train-
ing in recognition of bedrock structure as a factor in controlling
supply and quality of water.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Re
University of Connecticut

2.0244, RATE AND DIRECTION OF GROUND WATER
CIRCULATION IN CLOSE SPACED BEDROCK AND
GRAVEL WELLS UNDER THE INFLUCENCE OF NON.
SYNCHRONOUS PUMPING TIME
L. FR AN KEL, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

Storrs, Connecticut is an urban area without a central water
supply or sewage disposal facilities. individual wells and septic
tanks are utilized. With the gradual transformation of the area
over the pa, twenty-five years from a rural community, with,
separation of . ,nnes by many acres, to an urban community with
acparation by less than 150 feet in many cases, has come the
problem of well contamination.

Contamination has occurred in many situations where the
topography, percolation indices, and hydraulic gradient are
favorable to 'good' water and when there is separation of water
supply and sewage disposal in accordance with state regulations.
It is therefore suspected that contamination is the result of
changer. In the rate and direction of groundwater flow as the result
of nonsynchronous and variable rates of pumping from closely
spaced wells.

To test thi , hypothesis, well fields will be constructed and
certain wells will be contaminated with nontoxic chemical and
biological contaminants, and the rate and pattern of flow under
natural conditions and pumping will be determined.

The end purpose of this project is to obtain data which might
aid in determining before home construction occurs under what
conditions (e.g., well depth, rate of pumping, distance of separa-
tion of water supply and sewage disposal) seemingly safe topo-
graphic and earth material situations can become areas of con-
taminant concentration.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

2.0245, THE NATURE AND MAGNITUDE OF THE RE-
SISTANCE TO FLOW OF WATER IN ROOTS
B.E. JANES, Univ. of Connecticut, School of Agriculture, Storrs,
Connecticut 06268

This project is designed to obtain information needed to ex-
pand current theories on the nature and mechanics of water flow
through semipermeable membranes of the root. Measurements
will be made on the effect of (a) osmotic stress, O) oxygen con-
centration, (c) temperature on transpiration of intact plants and
exudation of decapitated roots.

SUPPORTED BY U.S. National Science Foundation

2.0246, EXPERIMENTAL STUDIES OF AIR AND WATER
INTERFACIAL INTERACTION
J.D. L/N, Univ. of Connecticut, School of Engineering, Storrs,
Connecticut 06268

The proposed research is an experimental study of the in-
teraction on the air-water interface to be conducted in the
Hydraulic Laboratory of Civil Engineering Department by utiliz-
ing most of the existing wind tunnel and instrumentation facilities.
A test section, consisting of a wind tunnel over a channel of varia-
ble depth and of sufficient fetch, will be constructed for this in-
vestigation. The transient and equilibrium surface waves
generated by various turbulent wind profiles with zero pressure
gradient along the tunnel will be investigated. The turbulence in
the wind and possibly in the water will be measured in addition to
the mean quantities and the surface wave spectrum as previously
studied by other investigators. The wind generated wave theories
and previous experiments under somewhat different conditions
will be examined. The correlation of experimental data among the
wind, waves and water should provide a basic understanding and
the mechanism of disperson, mixing and perhaps diffusion of con-
tamined surface water or pollutant spreading over the surface of
water under the action of turbulent wind.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of Connecticut

2.0247, MEASUREMENT AND ANALYSIS OF NATURAL-
TYPE SURFACES AFFECTING FLUID FLOW
C.J, POSEY, Univ. of Connecticut, School of Engineering, Storrs,
Connecticut 06268

Measurements of natural surface roughness ( which have al-
ready been used in some hydraulic friction experiments in
preference to geometrical roughnesses) will be made with special
micrometer equipment and recorded on tape or punch-cards
which will then be analyzed for slope and curvature distributions
with the aid of the computer program developed in the Connec-
ticut Institute of Water Resources project 'Analysis of Quasi-
Periodic Weather Data.'

SUPPORTED BY U,S, Dept of Interior - O. Water Res. Rch
University of Connecticut

2.0248, OXYGEN STATUS OF SOIL AIR AND SOIL
WATER AS INFLUENCED BY OXYGEN TRANSFER
THROUGH THE SOIL PROFILE
R.W. WENGEL, Univ, of Connecticut, School of Agriculture,
Storrs, Connecticut 06268

The purpose of this research will be to investigate and define
those factors affecting the diffusion and mass transfer of oxygen
through the soil profile with particular emphasis on the resultant
oxygen status of water moving laterally or downward toward the
ground water system.

The factors to be investigated are: soil air-space porosity dis-
tribution over the soil moisture release characteristic, oxygen sink
sources within the soil profile and their relative importance in ox-
ygen consumption, and the mass transport of oxygen during infil-
tration.

Soil porosity and soil water will be determined using standard
pressure plate and pressure membrane technique. Gaseous ox-
ygen in the profile will be determined from diffusion chamber
samples by gas chromatography. Dissolved oxygen will be deter-
mined by polarographic techniques on soil water samples during
periods of saturation and by oxygen solubility calculations based
on gas-liquid phase equilibria during periods of unsaturation.

The quantitative measurement of oxygen transfer and utiliza-
tion in soil will have application in studies of : oxidation-reduction
reactions in the lower soil profile, potential conditions for biologi-
cal oxidation of soluble organic contaminants in soil water, and
soil oxygen supply characteristics for subsurface oxidation of or-
ganic wastes such as those from small septic systems.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
University of Connecticut

2.0249, FLOW OF A ROTA TING FLUID OVER IRREGU-
LAR SURFACE TOPOGRAPHIES
D.L. BUYER, Univ. of Delaware, School of Engineering, Newark,
Delaware 19711

The objectives of this work are ( I ) to develop analytic solu-
tions and (2) to conduct experimental investigations of the flow
past arbitrarily shaped obstacles located on both the lower and
the upper surfaces of two 'infinite' horizontal planes in a rapidly
rotating system.

The necessary flow conditions can be realized experimentally
by pumping fluid through a rapidly rotating rectangular channel
whose horizontal dimension is large compared to the obstacle
dimensions. A series of experiments will be conducted to establish
a critical range of Reynolds and Rossby Numbers for which
Taylor Columns are formed. An effort also will be made to deter-
mine the flow pattern for the various regimes of Reynolds and
Rossby Numbers for which the phenomenon does not occur.

The physical systems will be investigated under two regimes,
Ro/Re is less than 1, where Ekman type boundary layers occur
along the solid boundaries and (Ro Re )1/2 is less than 1 where in-
ertia terms may be neglected everywhere.
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SUPPORTED BY U.S. National Science Foundation

2.0250, FLUSHING PATTERN OF CERTAIN TIDAL
STREAMS IN DELAWARE
F.C. DAlBER, Univ. of Delaware, Graduate School, Newark,
Delaware 19711

Our various biological and hydrographic investigations
within the tidal creeks adjoining Delaware Bay over the past years
point up the need for a more thorough knowledge of the circula-
tion patterns and other hydrographic features within these tidal
creeks. This information will identify the location and volume of
fresh water during various tidal and seasonal conditions. Such in-
formation is of value in selecting sites and times for vIthdrawal of
water for irrigation, farm and industrial usage. it has implications
in terms of domestic and industrial pollution and health, transport
of plant nutrients from coastal marshes and survival of eggs and
larvae of fish and shellfish. This study could se, ve as a model for
study of creeks of other sizes and magnitude of tributaries. This
work is to begin in fiscal year 1967 and terminate at the end of
fiscal year 1969.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Delaware

2.0251, CLIMATE OF THE NORTHEAST - ANALYSES &
RELATIONSHIP TO PLANT RESPONSE (NE-35
D.J. FIELDMOUSE, Univ. of Delaware, Agricultural Experiment
Sta. , Newark, Delaware 19711

To analyze available meterological data to determine
frequency distributions of climatological variables and probabili-
ties of occurrence of certain weather patterns likely to influence
plant culture. Determine relationships between macro and micro
climatic variables influential in crop production. Analyze records
on crop response, spread of plant diseases, and severity of insect
infestations and determine if relationships exist with available me-
terological data. Determine by field observations, climate mea-
surements and detailed experimentation direct influence of cli-
mate on plant growth, diseases, insect pests and efficiency of crop
treatments.

Description of Work: To analyze the Delaware weather
records according to procedures developed in the Northeast to
determine heating degree days, growing degree days, drought
probabilities and other similar analyses important to agriculture.

To determine the response of snap beans to variations in soil
and air temperature and to the cultural practices such as irriga-
tion, foliar sprays and mulches which affect these radiation de-
pendent climatic variables.

SUPPORTED BY U.S. Dept. of Agriculture
Delaware State Government

2.0252, WATER ABSORPTION BY ASPARAGUS
D.J. FIELDHO USE, Univ. of Delaware, Agricultural Experiment
Sta. Newark, Delawari. 19711

This project will contribute toward objective 2 of the Re-
gional project. 2. To determine the influence of plant and en-
vironmental variables upon water extraction from the soil profile.

The Delaware Station will determine the effects of spray
mulches, stage of growth, growth retardants (which alter plant
size and physiological age) and precision tillage on the water ex-
traction patterns of vegetable crops. Precision tillage refers to the
creation of a deep tillage zone in close proximity to the intended
drill row.

SUPPORTED BY U.S. Dept. of Agriculture
Delaware State Government

2.0253, MORPHOLOGY AND HYDROLOGY OF
PLEISTOCENE DEPOSITS, DELAWARE
J.J. GROOT, Univ. of Delaware, Graduate School, Newark,
Delaware 19711

This project will: (I) attempt to determine ways by which
Pleistocene buried channels can be detected and reconstructed in
the Coastal Plain of Delaware, (2) determine the hydrologic
characteristics of the channel sediments and the amount of
ground-water pumping such channels will sustain.

Pleistocene stream channels are rather common in most
areas of the country that bordered the former Pleistocene ice
sheets. Where present, such channels are usuUly an excellent
source of ground-water both from the standpoint of quantity and
quality. Ordinary seismic and drilling techniques are generally
quhe successful in locating channel deposits in area of con-
solidated bedrock where the litho!, Sic contrast between bedrock
and channel sediments in great. However, in Coastal Plain areas,
the channel deposits are similar in nature to the adjacent sedi-
ments and detection by any single means becomes quite difficult.
Furthermore, no overall theory regarding channel formation and
subsequent erosional modification guided previous attempts in
locating channels. This study will use a combination of methods in
locating channels based upon a theory of formation and erosional
history recently worked out by one of the investigators.

A pilot area containing known Pleistocene channels will be
studied in detail using drilling and resistivity techniques in the
field, Extensive examination of core samples will be under waken
in the laboratory. Following field expluration, pump tests will be
run to determine the potential ground-water yield of the channel
system. The overall conclusions will be checked against the
theory and tne methods advised will finally be tested in other
areas of the State.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Delaware

2.0254, THE GROUND-WATER rum SYSTEM IN THE
DELMARVA PENINSULA

ARRIN, Univ. of Delaware, Water Resources Center,
Newark, Delaware 19711

This study has as its prime objective a thorough understand-
ing of the ground-water flow system in the D.,1marva Peninsula.
The geological data on the properties and distribution of aquifers
and non-aquifers have been summarized in cross-section form.
The basic data on the factors of the water balance-evapotrans-
piration, water surplus, runoff, soil moisture storage--have been
calculated from the analyses of more than 60 years of tempera-
ture and precipitation records from three representative stations
on the peninsula. The water balance calculations and geologic
data have been used as input information in the design and opera-
tion of analog models.

Two viscous-flow analog models have been constructed: (1)
a vertical model to determine the nature of ground-water
discharge to Delaware Bay; and (2) a horizontal model to deter-
mine the effect of pumping from multiple-aquifer wells. Based on
the results of the viscous-flow analog tests and numerous field stu-
dies in Delaware, an electric analog model of the northern portion
of the Delmarva Peninsula has been designed and constructed.

SUPPORTED BY U.S. Dept. of interior - 0. Water Res. Rch.
University of Delaware

2.0255, STREAM VALLEY ASYMMETRY IN AN ARCTIC
ENVIRONMENT - CONDITIONS GOVERNING
GEOMORPHIC PROCESSES 7360
M.A. MELTON, Arctic lost of North America, Washington, Dis-
trict of Columbia

The study is to investigate the geomorphology of the small
west-trending valleys in high latitudes to establish (1) whether or
not these valieys exhibit any consistant asymmetry in their valley-
side slopes, and (2) whether any asymmetry is more the product
of microclimatic differences across the valleys or is the result of
the behavior of the stream. Field methods and sampling designs
are expected to allow an objective estimate of the relative im-
portance of the various controls on valley asymmetry, from which
comparisons can be made with other climates in which stream
valley asymmetry has been observed.

The investigation was conducted in a number of small east-
west trending valleys in the Caribou Hills area, east of the
MacKenzie River. Final analysis of data and synthesis has been
accomplished at the University of British Columbia and the fol-
lowing final report has been submitted to the Army Research Of-
fice - Durham (Environmental Sciences Division), Box CM, Duke
Station, Durham, N. C. 27706: 'Stream Valley Asymmetry in an
Arctic-Subarctic Environment - Conditions Governing the
Geomorphic Processes' by Barbara A. Kennedy and Mark A.
Melton, 1 June 67 - 31 May 68.
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SUPPORTED BY U,S. Dept. of Defense - Army

2.0256, A STUDY OF TECHNOLOGIES FOR REDUCING
WINTER WEATHER COSTS
A.G. RONHOVDE,'Arctic Inst of North Arne-lea, Washington,
District of Columbia

The purpose of the study is to identify promising means to
minimize and reduce the costs and negative effects of winter
weather on economic growth and development.

The study will apply particularly to the New England area,
the Upper Great Lakes Region, and to Alaska. However, the
study will have application to the whole northern tier of states and
to other areas which have severe winter weather.

The study will aim to identify and evaluate technological, en-
gineering, scientific and economic techniques and programs
whose application would give promise of reducing the costs of
winter weather and thereby of economic benefit to affected re-
gions.

It also will seek to identify and evaluate those research and
development programs which can beneficially be applied in the
near future, and to indicate subject areas where additional
research and development would give promise of positive, short-
term results.

An attempt will also be made to forecast for the next five to
twenty years the major technological developments which may be
expected to aid in achieving winter weather costs reductions.

In arriving at recommendations it will be necessary also to
evaluate cultural, psychological and political impediments which
may hamper application of identified technologies.

SUPPORTED BY U.S. Dept. of Commerce - Econ. Dcv.
Adm,

2.0257, RELICT COPEPODS FROM LAKE TUBORG, EL-
LESMERE ISLAND
T.E. BOWMAN, Smithsonian Institution, Washington, District of
Columbia 20560

Identification and enumeration of 2 spp. of calanoid
copepods collected in a plankton tow in partly brackish Lake Tu-
borg. Both species are not now known from coastal waters of the
Canadian Arctic islands, and are believed to be relicts of a for-
merly more widespread brackish water fauna now restricted
mainly to Siberian Arctic coastal waters. Suggestions concerning
their origin in Lake Tuborg are given, using information on the
age of the lake determined by CI4 dating of the lake water car-
bonates.

SUPPORTED BY Smithsonian Institution

2.0258, MECHANICS OF WAVE ACTION IN DEEP AND
SHALLOW WATER
T. SAVILLE, U.S. Army, Coastal Engin, Res. Center, Washington,
District of Columbia 20016

Studies are made in both laboratory and field to determine
the characteristics of all types of waves (tsunamis, standing
waves, harbor surges, etc., as well as normal ocean gravity
waves), 1:,A the change in these characteristics as the waves ap-
proach shore over a shoaling bottom of varied characteristics, and
finally break. Study also involves such phenomena as wave set-up
and longshore currents which are generated by wave action. The
mechanics and kinematics of these waves are also studied.
Breakers and surf, and the reforming of waves after breaking are
included in this study.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0259, MECHANICS OF SAND MOVEMENT BY WAVES
T. SAVILLE, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

Investigations will be made of the mechanics of sand move-
ment by waves by studying experimental models in a laboratory,
by making field measurements and observations, and by analytic
theoretical work. Laboratory tests will involve the basic
mechanics of sand grain movement under wave action, studying
individual grain stresses and movement; data will be obtained in
both the field and laboratory on the quantitative movement of

2. WATER CYCLE

sand by waves for different shore configurations, 4,nd attempts
will be made to relate these to incident wave and current condi-
tions; field measurements will be made of the basic mechanics of
sediment transport, particularly by the use of labeled sand grains
which can be followed and identified over some distance of move-
ment; the effect of various types of structures on sediment move-
ment will also be examined.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0260, CORP.ELATION OF BEACH PROPERTIES AND
INCIDENT WAVES
T. SAVILLE, U.S. Army, Coastal Engin, Res, Center, Washington,
District of Columbia 20016

Study is being made, in both field and laboratory, of the rela-
tionship between beach properties (including profile as well as
sediment properties) with incident wave and water level condi-
tions. Study also involves the effect of structures in affecting
changes in these characteristics.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0261, HYDRAULICS AND DYNAMICS OF ESTUARIES
T. SAVILLE, U.S, Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

Hydraulics and dynamics of inlets and estuaries, including
both flow and sedimentation and erosion processes will be studied
in models and the field, with theoretical analysis. Estuarine ero-
sion as a result of wave action and ;sigh water levels will be a
specific part.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0262, WAVE RECORDING AND ANALYSIS
T. SAVILLE, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

A cooperative surf observation program with U. S. Coast
Guard collects visual data on surf height, period, direction, and
type of breaker at 16 U. S, Coast Guard stations. Statistical com-
pilation is planned.

Recorded wave data are also collected at a number of loca-
tions along U. S. Coasts, and an automated system is under
development.

Work is on a wave direction gage using a rotating sonic cur-
rent meter as the indicator and a damped Rayleigh disc is un-
derway.

Pressure records are also planned for obtention at a station at
70' and 35' depths directly under the present relay type gage to
obtain data on changes in pressure as related to the depth of the
gage and period of the waves.

Standardized analytical methods for engineering use are
being developed. New types of gages (such as radar, sonar, and
laser) are being studied.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0263, STABILIZATION OF SHORES BY GROINS AND
JETTIES
T. SAVILLE, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

Groin fields of varying design will be tested in a model basin
under varying conditions of wave attack and degrees of groin full-
ness. Amount of sediment passing the field will be trapped and
measured. Initial tests involve measurement of material prior to
groin installation to establish the littoral regime along an unen-
cumbered beach.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0264, METHODS OF BYPASSING SAND PAST INLETS
G.M. WATTS, U.S. Army, Coastal Engin. Res. Center, Washing-
ton, District of Columbia 20016

Data are collected and compiled at all known places where
by works of man, sand is passed across natural or improved inlets
of the shoreline. Such works presently include: )a) offshore
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breakwater and lee sand-trap to be periodically emptied by float-
ing hydraulic dredge plant; (b) fixed pumping plant and pipe line
system at jettied inlet to provide continuous bypassing; (c)
periodic dredging with floating hydraulic dredge plant in overly-
widened channel in a jettied inlet; (d) weir-type jetty and reten-
tion basin to be periodically emptied by floating hydraulic dredge
plant; and (e) mechanical removal and transport by truck haul
from updrift accumulation to downdrift eroded area et a fixed lit-
toral barrier. Quantitative and qualitative data, both physical and
economic, are to be compiled and analyzed with the view toward
development of relationships which will serve as guide lines or
criteria in the design of sand transfer systems.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0265, GENERAL CIRCULATION - NUMERICAL
MODELING OF PRECIPITATION
J. SMAGORINSKY, U.S, Dept. of Commerce, Geophysical Fluid
Dynam. Lab. , Washington, District of Columbia 20004

A long term numerical integration of a moist general circula-
tion model utilizing the global grid system developed by Kurihara
is in progress. Preliminary results show realistic features of the at-
mospheric circulation. For example, easterlies which
predominate in the summer stratosphere, and the world-wide dis-
tribution of rainfall are in agreement with observations. A long-
term integration of the same hemispheric moist model but with
the horizontal resolution doubled produced values of the
poleward transport of heat and momentum by large scale eddies
which were closer to observed values.

Sophisticated primitive models of the atmosphere and oceans
have been combineJ, creating a single interactive model of the at-
mosphere- ocean system. Interaction is through the exchange of
momentum, heat, and the excess of evaporation over rainfall.
This model will be used to study (a) the evolution of climate, (b)
the possibility of very long range weather predictions, and (c) the
climatic effects of artificial or inadvertent weather modification.

The large-scale hydrology of North America (east of the
Rockies) covering a 5-year period was studied utilizing Travelers
Research Center's analyses of some of the variables. Computa-
tions were made of mean monthly values of evapotranspiration,
streamflow runoff, precipitation, atmospheric water vapor flux
divergence, and surface and subsurface water storage changes. In
progress is a study aimed at describing in detail the characteristics
of the longitudinally averaged water vapor flux of the Northern
Hemisphere, on a mean monthly basis.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0266, NUMERICAL PREDICTION OF CLOUDINESS
AND PRECIPITATION
J.D. STACKPOLE, U.S. Dept. of Commerce, Development Divi-
sion, Washington, District of C'oltinibia 20233

A study was initiated to incorporate a moisture parameter in
the hydrodynamic forecast model presently in use at the National
Meteorological Center. The study is a sub-project of a larger ef-
fort which deals with baroclinic modeling with the primitive equa-
tions of 4tmospileric motion. The experience gained with the
present-N MC moisture prediction model will be utilized as much
as possible, but some generalization is necessary to permit latent
heat feed-back into the forecasts of motion and mass fields. The
more exact approach to the problem is expected to yield im-
proved forecasts of cloudiness and precipitation. The project con-
tinues in FY68 with corrections or modifications of the model
controlled by feedback from operational runs.

SUPPORTED BY U.S. Dept. of Commerce -

2.0267, CLOUD AND PRECIPITATION FORECAST
MODEL
J.D. STACKPOLE, U.S. Dept. of Commerce, Natl. Meteorologi-
cal Ctr. , Washington, District of Columbia 20233

Objective - This project has as its principal aim the develop-
ment of more accurate forecasts of cloudiness and precipitation.
The study is a sub-project of a larger effort (baroclinic modeling
with the primitive equations) devoted to improve forecasts of all

parameters in the atmosphere; and thus, its applications and
relevalce to agency goals are consistent with the larger project. A
subordinate goal of the project is to provide information on latent
heat generation in the atmosphere. Such information is expected
to improve the accuracy of the primitive equation model
forecasts.

Approach - The experience gained with the present NMC
precipitation model has been used in the development of the new
approach. Moisture is considered in a single layer in the lower-
half of the atmosphere. The criterion for condensation is based on
a flexible bound of mean relative humidity in the layer. Problems
in obtaining automatic analysis of moisture field could slow
progress.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0268, REMOTE SENSING OF ESTUARINE WATER
AND VEGETATION, MARYLAND
R.R. ANDERSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Washington, District of Columbia

Purpose: To determine which film or film-filter combinations
will provide the most information in aerial reconnaissance of
estuaries ecosystems.

Methods: Correlate physical and chemical aspects of the
estuarine environment with photographic and imaging charac-
teristics on various types of films. The ultimate goal of the project
is to be able to identify major plant communities associated with
estuaries and evaluate water quality conditions both directly and
indirectly using indicator plant species as a guideline.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0269 INVESTIGATION OF WATER RESOURCES IN
ALASKA
V. BERWICK, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Additional crest stage gages are being installed as part of a
program to define the hydrologic relations of the small streams of
Alaska. The 20 new gages will bring the in place total to 80 out of
an ultimate minimum of 150. Operation of the existing gages is in-
cluded in the project.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alaska State Government

2.0270, DRAINAGE AREA FLOW RESEARCH
F. BONER, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The magnitude and frequency of flows from small drainage
courses is being investigated.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Montana State Government

2.0271, PERMEABILITY DISTRIBUTION AND SEDIMEN-
TATIONAL FEATURES
J. BREDEHOEFT, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

The research effort is directed toward studying what might
be called 'petrophysics' in which the aim is to determine princi-
ples of the functional nature of permeability distribution as re-
lated to lithology, sedimentational processes, etc. Although the
problem is complicated by the fact that the resulting sedimenta-
tional features (permeability distribution in an aquifer systems)
were produced by countless hydraulic systems--no one of which
can be measured now--the problem seems amenable to at least
some understanding through statistical analysis and electronic
computer techniques.

The major objective of the permeability research is to deter-
mine the factors and relationships that govern permeability dis-
tribution so that the physical characteristics of entire natural
systems can be predicted by indirect evidence. It is proposed to
develop geologic methods by which rock characteristics, as deter-
mined by sedimentational stratigraphic features, can be utilized to
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predict permeability distribution and the geometric form of the
components of natural water systems.

Two naturally occurring hydrologic systems have been used
as 'field laboratories' in which to test the conceptual ideas. Much
previous research has been carried out using the Tensleep sand-
stone aquifer system in the Big Horn Basin, Wyoming. Investiga-
tion of the Carrizo sandstone, a coastal plain aquifer of Texas,
which will be used as a second field laboratory, is now beginning.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0272, BASIC RESEARCH IN GEOMORPHOLOGY AND
HYDROLOGY
C.W. CARLSTON, U.S. Dept. of Interior, Water Resources Divi-
sion, Washington, District of Columbia

'Underfit' streams occur where local valley widening permits
the streams to develop unconstricted free meanders. The Drifticss
Area of Wisconsin contains extremely 'underfit streams whose
flood intensities and resultant meander wave lengths and belt
widths have been greatly reduced by the high storage capacity of
j,laciofluvial and glaciocrustrine valley fills. This study started in
the Drifticss Area of Wisconsin on the Black Earth Creek, an 'un-
derfie stream, and has been expanded to include studies of in-
cised meanders and free meanders (valley width greater than
meander belt width) throughout the eastern United States. The
purpose of the project is to determine the relation of the QI.5
(bankfull discharge) to meander wave length, meander belt
width, meander radius of curvature, stream width and slope. Such
data will be used to determine whether the incised meanders are
relics of earlier erosion cycles, to estimate the discharge required
to produce the incised meanders, to reconstruct the original area-
discharge relation of the incised meanders and, by comparing
these with area-discharge curves for U. S. stream systems in vary-
ing climatic areas to estimate earlier precipitation regimes of the
streams which now have incised meanders. In general to learn
more about the hydraulic geometry of meandering streams and
possibly to study the hydraulic geometry of free incised meanders
in the laboratory.

SUPPORTED BY U.S. Dept. of Interior - Geo

2.0273, EXTREME HYDROLOGIC EVE
FECTS ON NUCLEAR FACILITIES
H. CARRIGAN, U.S. Dept. of Interior
Washington, District of Columbia 20242

The program was initiated in FY '67. at nuclear facilities is
necessary to determine whether such events could initiate
radioactive material releases of an unacceptable degree, A study
of this type will permit answers to questions related to the amount
of ground water recharge that occurs in arid environments. The
likelihood that an unusually high water table rise might occur in
association with floods and humid environments leadin,. to unac-
ceptable leaching rates and transport of buried or sorbed radioac-
tive wastes or to lowered bearing capacities of soils supporting
waste tanks or that headward erosion into burial trenches might
take place at a given site during extreme conditions of run-off in-
tensity and duration.

SUPPORTED BY U.S.

logical Survey

NTS & THEIR EF-

, Geological Survey,

Atomic Energy Commission

2.0274, CORROSION AND ENCRUSTATION
MECHANISMS IN WATER SUPPLIES
F.E. CLARKE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 202e'.

A variety of physical, chemical, and biological processes
determine tendencies of water supplies to cause objectionable
corrosion problems in wells and other water handling equipment.
Knowledge of these mechanisms is necessary for proper predic-
tion of effects and proper control. Quality characteristics of well
water supplies are determined by field studies and the data arc
analyzed thermodynamically for evidence of potential encrusta-
tion and corrosion reactions. The work to date in deep well fields
of Egypt, Nigeria, and West Pakistan has revealed that the oxida-
tion reduction potential - pH relationship - is very important in
determining magnitude of corrosion damage. Chemical equilibri-
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um studies appear to indicate that degree of saturation with calci-
um carbonate and ferric hydroxide are major factors in determin-
ing the nature and intensity of corrosion. Encrustation with fer-
rous carbonate, a common problem, appears to be independent of
the concentration of this mineral in the well water and to depend
primarily on kinetic factors, such as flow rate. Effective control
measures are being devised on the basis of these studies.

SUPPORTED BY
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U.S. Dept. of Interior - Geological Survey

ESTIGATION AND ANALYSIS OF FLOODS
L DRAINAGE AREAS IN OHIO

, U.S. Dept. of Interior, Geological Survey, Washing-
of Columbia 20242

xisting program of flood studies and analyses are being
nted to obtain an adequate measure of flood charac-

for drainage areas of less than one square mile by using
nal high stage indicators (pipes).

PORTED BY U.S. Dept. of Transportation - Public Rds.
Ohio State Government

2.0276, SAFFORD VALLEY, ARIZONA GEOPHYSICAL
STUDIES
G.P. EATON, U.S. Dept. of Interior, Geologic Division, Washing-
ton, District of Columbia 20242

To make geophysical surveys of the Safford Valley (Basin) in
support of ground water investigations and to interpret these
geophysical data to provide a greater understanding of ground
water hydrology of the Basin.

To determine the geometric configuration of the underlying
basement rocks, the thickness and character of basin-fill sedi-
ments, the areal extent and attitude of volcanic rocks and other
factors that might influence the occurrence of ground water.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0277, WATERSHED SHAPE-FACTOR
A. EY SKINE, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The objective of this project is to ascertain and establish a
factor which could be used in design formulas for culvert box, cul-
vert and minor structure capacities. The factor would take into
account the effect of the shape of the watershed with respect to
peak concentrations of discharge from the area. At present this is
not taken into account as the practice is to design for maximum
discharge capacities. It is estimated that the shape can have a vari-
able effect up to 30% of the design capacity. Thus if this effect is
known a savings of up to a similar percentage figure could result.

It is proposed to select control areas and test sites in three
sections of the state.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
North Dakota State Government

2.0278, INVESTIGATION AND ANALYSIS OF FLOODS
FROM SMALL WATERSHEDS IN OKLAHOMA
A.A. FISHBACK, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

The magnitude and frequency of flood peaks in one to fifty
square mile watersheds were investigated. Ninty crest-stage and
recorder gauges were installed and library research was con-
ducted. During 1965 ten gauges will be installed, flood discharges
will be computed by hydraulic principles and flood characteristics
will be studied.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Oklahoma State Government

2.0279, CHEMISTRY OF ATMOSPHERIC PRECIPITA-
TION
D.W. FISHER, U.S. Dept. of Interior, Water Resources Division,
Washington, District of Columbia

The general objective is to obtain a better understanding of
environmental factors that determine the chemical nature of
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precipitation and to assess the role of precipitation in determining
the quality of streams and of ground water.

Sampling networks are in operation in New York - New En-
gland, St. Thomas, V. 1,, and in North Carolina in three distinctly
different environments. A specific watershed is being studied in
North Carolina to relate precipitation chemistry to terrestrial
water quality.

Specific attention is being given to the correlation of the
sulfate and nitrate content of precipitation with atmospheric con-
centrations of sulphur and nitrogen to resolve basic problems on
the sources of some important precipitation constituents.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0280, FLOOD-FREQUENCY AND BASIN PARAMETER
RELATIONSHIPS IN SMALL DRAINAGE AREAS
H. GOLDEN, U.S, Dept. of Interior, Water Resources Division,
Washington, District of Columbia

Purpose: To determine the factors and physical relationships
that control the frequency and magnitude of floods on small
drainage basins (generally less than 15 mi2, and many less than 2
mi2), and develop reliable methods for estimating peak
discharges.

Methods: Depending on the climatic and other features of
the particular 'region, various methods and combination of factors
are analyzed and tested for reliability, based on past and current
records of flood flow, or synthesized floods. These factors include
basin shape, slope, geology, vegetative cover, land use, an-
tecedent precipitation; runoff volumes, peak discharge, and rain-
fall intensity and duration.

Geographical scope: Work is being conducted in 35 states
and Puerto Rico as part of the program of water resources in-
vestigations conducted by the Geological Survey in cooperation
with the States.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0281, HYDROLOGY RESEARCH PROJECT
G.H. HAYES, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The objective of this investigation is to obtain hydrologic
data on small watersheds and analyze the information so that it
can be used for the hydraulic design of highway drainage struc-
tures.

SUPPORTED BY U.S, Dept. of Transportation - Public Rds.
Maine State Government

2.0282, DISTRIBUTION OF ELEMENTS IN FLUVIAL
AND BRACKISH ENVIRONMENTS
V.C. KENNEDY, U.S. Dept, of Interior, Geological Survey,
Washington, District of Columbia 20242

To determine the distribution of major and minor elements in
solution, adsorbed, or in solid form in streams, to study the varia-
tion in mineralogy and exchange capacity of stream sediments,
and their importance in transporting various elements, to in-
vestigate methods, such as fluorescent tracers, for following sedi-
ment movement into the marine environment and to determine
changes in adsorbed ions as sediment moves into the ocean.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0283, GEOMORPHIC ASPECTS (SISTERS AND WATTS
BRANCHES, MARYLAND)
L.B. LEOPOLD, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

The objective is the study of basic aspects of the hydrologic
cycle relating to processes by which water and sediment are
delivered to stream channels and transported by them.

At the Sisters Project, a 2.2-acre wooded watershed, a
detailed study is being made of the distribution of rainfall on the
watershed, the rains producing runoff, the characteristics and
routing of hydrographs for an ephemeral channel, the disposition
of water at or beneath the ground surface during rains, and the
mass movement of soil.

At Watts Branch, a small meandering channel that is mapped
and permanently monumented in detail, measurements of the rate
of channel movement in relation to the flow and climatic condi-
tions are being made.

SUPPORTED BY U.S. Dept, of Interior - Geological Survey

2.0284, LONG TERM CHANNEL CHANGES
LB. LEOPOLD, U.S. Dept. of Interior, Water Resources Divi-
sion, Washington, District of Cotambia

A number of drainage basins ranging in size from several
acres to several square miles are being selected across the United
States, It is hoped that these will eventually include sites in all
physiographic and climatic regions. Beginning in 1962 and to
present sixty sites have been selected and measurements have
been recorded, In general, the study will consist of the following
measurements or installations at each site: (1) topographic and
geologic mapping, (2) channel profile and crosssections, (3) soil
and vegetation description, (4) crest-stage gage and rain gage, (5)
measurements of erosion and mass movement, and (6) channel
scour. Repetitive surveys, yearly or as needed, compared to previ-
ous surveys will provide an indication of the long-term changes
occurring. Over a period of time, it is anticipated that a delinea-
tion may be made between those changes which are man-caused
and those due to climatic changes.

The sites are similar in type to those that will be established
as part of the Vigil Network System. It is hoped that other coun-
tries will begin such investigations and data will be collected on a
worldwide basis. Techniques developed in the present study will
serve as a guide for future studies.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0285, INVESTIGATION OF SCOUR AT BRIDGES IN
ALASKA
L.S. LEVEEN, U.S, Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Scour at bridges in Alaska is being studied at selected sites in
the field. Initially only reaches where a bridge crosses a relatively
straight section of the stream channel are being studied. The
stream channel is surveyed upstream and downstream of the
bridge. Cross sections and longitudinal profiles of the stream bed
are taken with an echo sounder for key discharges. Hydraulic and
transport variable studies include sediment size analysis, current
relationships, measurements of suspended load, size analysis of
suspended load, velocity distribution at various stages, measure-
ment of scour depth, and determination of the discharge-frequen-
cy relation. It is believed that analysis of the data will lead to a
means of predicting scour at bridges.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alaska State Government

2.0286, UNSATURATED FLOW STUDIES
W.O. SMITH, U.S. Dept. of Interior, Water Resources Division,
Washington, District of Columbia

Work is continuing on developing the theory for describing
flow in the unsaturated zone, with special reference to conditions
of constant temperature and to unsaturated flow under thermal
and under electrical gradients.

Further analysis will be made of theoretical developments
relating porosity and moisture content, as well as grain size and
sorting, to the dielectric properties of certain types of water-bear-
ing sands, and of the effects of structure, exchange ion, and water
content on dielectric properties of clays. Laboratory experimen-
tal work will include measurement of dielectric constants and the
associated loss factors.

The water content of the unsaturated zone, and the
mechanism of water movement during infiltration are only poorly
known. An understanding of the infiltration mechanism is par-
ticularly applicable to the design of artificial recharge projects.
Present methods of determining water content in the zone tend to
disturb the sediments, and thereby make measurements inaccu-
rate. The determination of the dielectric behavior and water con-
tent is well known, dielectric behavior will provide an accurate
means of determining water content.
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SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0287, HYDROGEOLOGY OF ARTESIAN SYSTEMS AND
LIMESTONE TERRANES
V.T. STRINGFIELD, U.S. Dept. of Interior, Water Resources
Division, Washington, District of Columbia

Water in artesian aquifers consisting chiefly of (1) limestone,
and (2) sands and gravel is one of the principal sources of water
supplies in the Coastal Plain province in the southeastern States.
Artesian water in Tertiary limestone in Florida and southeastern
Georgia is the principal source of water for municipal, industrial,
and irrigation supplies. Outside the Coastal Plain in the southeast-
ern States, the artesian systems arc less extensive and Less produc-
tive, but are important sources of water.

Although tP,e aquifers are known in a general way and much
detailed information has been obtained and published on local
areas, regional studies are being made to obtain a better un-
derstanding of such characteristics as (1) circulation, recharge,
and discharge of water in the artesian systems, (2) the relation of
occurrence and circulation of the water to recharge and discharge
areas and to geologic structures, (3) geologic conditions affecting
permeability and waterbcaring capacity of aquifers, (4) solution
cavities in the linestone, (5) geochemistry of the artesian water,
and (6) relation of fresh artesian water to salty water in the
aquifer.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0288, THE HYDRAULICS OF GROUND WATER TESTS
R.J. SUN, U.S. Dept. of Interior, Geological Survey, Washington,
District of Columbia 20242

The project was initiated in FY 67 and proposes to in-
vestigate the following aspects. The applicability of the several
currently available dispersion equations to aquifers of differing
geologic characteristics; justification of the use of simplifying as-
sumptions that must he made; modification of basic equations to
account for change in hydraulic head due to pumping of a sam-
pling well. Development of a computer program to simulate
ground water movement between tracer test wells and develop
methods for determining aquifer characteristics on the basis of
comparison of simulated and actual tracer flow tests. The results
of these studies will he utilized to develop an improved mathe-
matical model for description of the time concentration curve ob-
taMed in a two-well tracer test which has operational advantages
over other field methods wherein there is a need for more so-
phisticated methods of applying ground water tracer techniques
to waste transport by ground water through anisotrophic in-
homogeneous media,

SUPPORTED BY U.S. Atomic Energy Commission

2.0289, SMALL DRAINAGE AREA STUDY
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
The investigation and analysis of floods from small drainage

areas in Arizona are being continued: selection of areas and the
installation of 100 crest-stage gages, on a state-wide basis: compu-
tation of peak flow and drainage area when gages and flood
hydrograph recorders indicate a flow or flood has occurred.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Arizona State Government

20290, RUNOFF STUDIES ON SMALL DRAINAGE
AREAS
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Objective: Emphasis on small drainage areas, down to about

one square mile, and primary phases of the program will be:
definition of discharge frequency relations on a regional basis and
collection of peak discharge data where existing coverage is in-
adequate. Conducted in West Virginia.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
West Virginia State Government

2.0291, FLOOD FREQUENCY FOR SMALL DRAINAGE
AREAS
UNKNOWN, U.S. Dept. of Interior, Geological. Survey, Washing-

ton, District of Columbia 20242
The objective is to determine the flood-discharge frequency

relations for streams draining five square miles or less in the State
of Mississippi.

SUPPORTED BY U.S. Dept. of 1 ransportation - Public Rds.
Mississippi State Government

2.0292, HYDROLOGY STUDY
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Floods from small drainage areas are being investigated. Ob-

taining and analyzing information on stream-flow characteristics
will lead to a more efficient design of bridges and culverts.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Vermont State Government

2.0293, SMALL STREAMS INVESTIGATIONS IN
OREGON
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing.

ton, District of Columbia 20242
The work on this previously approved continuing project will

consist of analyzing previously collected data on discharge from
crest- stage stream gages, flood hydrograph recorders and in-
direct measurement of unusual floods.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Oregon State Government

2.0294, INVESTIGATION AND ANALYSIS OF FLOOD
HYDROGRAPHS FROM SMALL DRAINAGE BASINS IN
SOUTH DAKOTA
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Data are being collected on rainfall, basin characteristics and

flood flow, and the data are being analyzed to develop relation-
ships suitable for prediction of the magnitude and frequency of
floods from any small watershed in South Dakota. The method
derived will he used for design of highway culverts and small
bridges.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
South Dakota State Government

2.0295, PROGRAM FOR INVESTIGATION AND ANALY-
SIS OF FLOODS FROM SMALL DRAINAGE AREAS IN
DELAWARE
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Objective: To obtain an adequate measure of streamflow

characteristics which will provide, within prescribed limits of ac-
curacy, an estimate of the magnitude and frequency of floods
which might be expected from small drainage areas in Delaware.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Delaware State Government

2.0296, PROGRAM FOR HYDROLOGIC INVESTIGATIGN
OF SMALL DRAINAGE AREAS IN TEXAS
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

Hydrologic data to be used in the hydrologic design of
highway drainage structures are being obtained and analyzed for
determining the magnitude and frequency of floods for drainage
areas ranging from 1 to 20 square miles.
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SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Texas State Government

2.0297, SMALL WATERSHED STUDY
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Hydrologic data on small drainage basins which can be used

in the hydraulic design of highway drainage structures are ob-
tained and then analyzed.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Georgia State Government

2.0298, INVESTIGATION OF WATER RESOURCES.
FLOODS IN SMALL STREAMS IN TENNESSEE
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Objective: To obtain and analyze hydrologic data on small

drainage basins which can be used in the hydraulic design of
highway drainage structures.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Tennessee State Government

2.0299, HYDROLOGIC STUDIES
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Objective: Prepare a statewide flood-frequency report for

streams with drainage areas of 50 square miles or more, greatly
expand the collection of flood-flow information from small
streams, and analyze these data and prepare a flood-frequency re-
port for small drainage areas.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Virginia State Government

2.0300, GEOLOGIC ASPECTS OF SEA-WATER EN-
CROACHMENT - RECOGNITION OF LATE GLACIAL SUB-
STAGES IN NEW YORK AND NEW ENGLAND

UPSON, U.S. Dept. of Interior, Water Resources Division,
Washington, District of Columbia

Continuation of field mapping of Pleistocene deposits as in-
dicators of fluctuations of sea level. Current work pertains to
identify, stratigraphic position; and extent of the Gardiners Clay
as an indicator of former position of shore line, and as a confining
stratum for ground water. Field studies earlier included Fishers
Island, Connecticut, New York, now shifted to eastern Long
Island, New York.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0301, INVESTIGATION AND ANALYSIS OF FLOODS
FROM SMALL DRAINAGE AREAS IN SOUTH CAROLINA
B.H. WHETSTONE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Data on flood flow, drainage basin characteristics, and rain-
fall are being collected and analyzed. Relationships will be
developed for predicting the magnitude and frequency of floods
from any small watershed in South Carolina. The method will be
used in highway culvert and small bridge design.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
South Carolina State Government

2.0302, INFLOW HYDROGRAPH STUDY
L. WARD, U.S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

The magnitude and frequency of flood volumes to be ex-
pected from small drainage areas in Wyoming are to be defined,
and also, the characteristic shape of flood hydrographs in relation
to the physical characteristics of the basins. A rational method of
accounting for the effect of embankment storage which will be
useful in culvert design is to be developed. Hydrologic data

(stream flow and precipitation) will be obtained for about 50 dif-
ferent basins.

Data on stream length, slope, stream density, size If drainage
basin, soil type, basin shape, and other factors will be compiled
for each basin. Aerial photographs were adequate, or standard
surveying methods, if necessary, on small drainage basins will be
utilized.

The feasibility of using climatic data to extend in time flood
records for a basin will be investigated, and also, the relation
between rainfall frequency and runoff-volume frequency.

Assuming that rainfall frequency is defined by long term
records and that general rainfall-runoff volume relations can be
defined by the data obtained in this investigation, the frequency
of flood peaks can be approached through time lag charac-
teristics. The chosen approach to definition of the effect of em-
bankment storage in reducing flood peaks requires definition of
the time lag characteristics of the basic and the relation between
outflow and storage at the culvert site. Time lag characteristics
are being defined for each of the 50 basins as both rainfall and the
flood hydrograph are being measured. Time lags are then related
to the physical characteristics of the basin such as length and
slope to provide a general method to be used in design. Data on
stream length, slope, stream density, size of drainage basin, soil
type, basin shape, and other factors are being compiled for each
basin.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Wyoming State Government

2.0303, DISSIPATION AND DIFFUSION OF HEAT IN
STREAMS AND LAKES
N. YOTSUKURA, U.S. Dept, of Interior, Water Resources Divi-
sion, Washington, District of Columbia

Purpose: To develop a method for prediction of the tempera-
ture ariation in streams and lakes which are subjected to thermal
loading.

Methods: The energy budget method of temperature predic-
tion assumes uniform distribution of heat within a cross section of
a flowing water and accounts for heat exchanges at the bounda-
ries of the water body. It has been indicated theoretically that in-
clusion of longitudinal dispersion coefficients in a heat balance
equation would materially affect the distribution of temperature
along the length of a stream. This project will initially emphasize a
basic study of the effect of heat diffusion or of non-uniform dis-
tribution of heat within the body of water on the ultimate dissipa-
tion of heat. The effect of stratification of flows, especially in
estuaries, on heat dissipation will also be investigated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0304, DEVELOPMENT OF HYDRAULIC DESIGN
PROCEDURES FOR CONCRETE BOX CULVERTS WITH
STANDARD, IMPROVED AND SIDE-TAPERED INLETS
H.G. BOSSY, U.S. Dept. of Transportation, Bureau of Public
Roads, Washington, District of Columbia

Design aids are being developed and made available to
highway engineers for rapid selection of an economic type and
size of box culvert for a given site and design flood peak, by
means of monographs for inlet control operation of box culverts
of present types, new designs for improved capacity by use of inlet
edge levels, and greater capacity side-tapered inlets.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.

2.0305, DYNAMIC PROPERTIES OF GRANULAR BASE
MATERIALS IN SATURATED AND PARTIALLY SATU-
RATED CONDITIONS

UNKNOWN, U.S. Dept. of Transportation, Bureau of Public
Roads, Washington, District of Columbia

The effect of the degree of moisture saturation on the
mechanical properties of granular base materials under high rates
of strain is being studied. These stress rates correspond to those
produced by traffic loadings on flexible pavements.
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SUPPORTED BY U.S. Dept, of Transportation - Public Rds.

2.0306, INVESTIGATION OF RAINFALL DISTRIBUTION
ON URBAN RUNOFF FOR IMPERVIOUS AREAS
D,C. WOO, U.S. Dept, of Transportation, Bureau of Public
Roads, Washington, District of Columbia

The effect of rainfall distribution (with time and area) on the
urban runoff hydrography for impervious areas is being studied
using a mathematical model.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.

2.0307, STORM WATER INFLOW
N.G. SMITH, U,S. District of Columbia, Highways & Traffic
Dept. , Washington, District of Columbia

Objective: To provide a better prediction of inflow to pump-
ing stations in the Washington area.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
District of Columbia Government

2.0308, RADIOACTIVE FOOD-CHAINS IN THE SUBARC-
TIC E NI/ IRONMENT
J.K. IETTIN EN , Helsingin Yli Helsing. Univ. , Helsinki, Finland
i. AT -( 30- 1)3446 )

Investigation of Lapps and Eskomos revealed in them in-
creased body burdens of several artificial (90Sr, 137Cs, 55Fe)
and natural (210Po, 210Pb) radionuclides resulting from fallout
and enrichment through food-chains. Although the main features
of this phenomenon are already known, many problems still exist.
The above nuclides will be analyzed in ruminants (reindeer, elk)
and predators feeding on reindeer (wolf, wolverine) as well as re-
lated animals (lynx, bear) by sample analysis, and in Lapps and
southern Finns by whole body counting. The maximal body bur-
dens of 137Cs in Finnish reindeer breeders (aver. 1.5 uCi in the
whole body; ICRP MPC is 3.0 uCi) were measured in April 1965.
Since then the levels have decreased by about 15 per cent per
year except in 1966/67 when the decrease was 27 per cent due to
exceptional grass growth. The body burden of 210Po and 55Fe is
about 10 to 15 times, of 90Sr and 210 Pb about 3 times higher in
reindeer meat consuming Lapps than in southern Finns having a
more usual 'western' diet. 210 Po and 210Pb in the hydrosphere
will also be investigated, as well as the spcific activity concept of
lead, strontium and caesium in the environment.

SUPPORTED BY U.S. Atomic Energy Commission

2.0309, BIOLOGICAL (ENRICHMENT) CHAINS OF
RADIONUCLIDES IN FINNISH LAKES
J.K. M IETTIN EN , Helsingin Yli Helsing, Univ. , Helsinki, Finland

1. Food chains of Cs 137 from global fallout are studied in 12
lakes covering the whole range from oligotrophic to eutrophic
ones. Cs 137 content in water, plankton, plants and fish are deter-
mined annually. 2. Tracer experiments in natural lakes are carried
out to elucidate the limnological factors effecting accumulation in
plankton, plants and fish of the elements (Cs, Sr, I, Ba, P, Ca) to
which the radionuclides belong which constitute the greatest
biological hazard in nuclear fission or neutron activation of soil by
a nuclear explosion. 3. Excretion rates of the above elements in
various fish species are determined using radioactive tracers.

SUPPORTED BY U.S. Dept. of Filth. Ed. & Wel. - P.N.S.

2.0310, WATER RELATIONS WITH CITRUS ON THE
FLATWOODS AND MARSHES OF THE EAST COAST
D.V. CALVERT, Univ. of Florida, Agricultural Experiment Sta. ,
Gainesville, Florida 32601

Project Objectives: 1. To determine the effect of irrigation on
growth, yield, quality, and economic returns of citrus grown on
soils of the flatwoods and marshes. 2. To determine the drainage
requirement of citrus under shallow drainage conditions using the
pumped well technique. 3. To evaluate factors that will minimize
the detrimental effects to citrus of saline water applied through
low rate sprinklers.

2. WATER CYCLE

Description of Work Proposed: 1, Controlled irrigation ex-
periment. Soil moisture will be maintained at various levels by
means of supplemental irrigation in a block of 'Valencia' orange
trees, Ti.latment effects will be measured by yield, fruit quality
and tree size. 2. Pumped drainage experiment. Shallow wells will
be installed in citrus groves and water table draw-down charac-
teristics, citrus growth and yield responses to improved drainage
will be studied, 3. Salinity Experiment, Water will be applied con-
taining varying salt concentrations through low volume sprinklers
under different humidity and temperature environments to both
orange and grapefruit varieties. The effect of these irrigations will
be assessed by leaf drop counts, visual ratings, and leaf analysis
for sodium and chloride.

SUPPORTED BY Florida State Government

2.0311, HEAT BUDGET AND EVAPOTRANSPIRATION
OF FRUIT TREES
J. GERBER, Univ. of Florida, School of Agriculture, Gainesville,
Florida 32601

To conduct an investigation of the heat budget and
evapotranspiration of fruit trees to provide basic information
about the heat budget and water balance of the fruit tree as it con-
tributes to the overall energy budget and water balance.

SUPPORTED BY U.S, Dept, of Commerce - E.S.S.A.

2.0312, CONSERVATION OF WATER RESOURCES
THROUGH MODIFICATION OF THE PHYSICAL AND
CHEMICAL PROPERTIES OF SOIL
L.C. HAMMOND, Univ. of Florida, Agricultural Experiment Sta.
, Gainesville, Florida 32601

Objectives: (1) The effects of soil properties on soil wettabili-
ty and on water entry, storage and movement in the soil profile.
(2) The nature and effects of soil organic matter in soil-water
relationships. (3) Creation of physical and chemical soil proper-
ties to contaminant attenuation in the soil.

Description of Work: Basic information on soil wettability,
soil water evaporation and the nature of soil organic matter will
be collected in laboratory studies of natural and treated soils.
Meaningful soil property relationships which are found will be
used to modify the soil for improvement of water entry and
storage in the soil profile and reduction of evaporation. Leaching
and incubation experiments will be used to obtain data on the mo-
bility, adsorbability, and persistence of chemicals (surface-active
agents, pesticides, evaporation retardants, and waterproofing
materials) added to the soil.

SUPPORTED BY U.S, Dept. of Agriculture

2.0313, MOISTURE RETENTION, MOVEMENT, MEA-
SUREMENT, AND AVAILABILITY TO PLANTS IN
FLORIDA SOILS
L.C. HAMMOND, Univ. of Florida, Agricultural Experiment Sta.
, Gainesville, Florida 32601

Objective - To evaluate soil moisture in relation to plant
growth and in relation to the physical properties of Florida soils.

Abstract - Experiments include comparison of neutron, suc-
tion, and gravimetric methods of measuring soil moisture in rela-
tion to timing irrigation. Moisture retaining and transmitting pro-
perties of Florida soils will be measured in the laboratory for com-
parison with certain field measurements. Crop growth under dif-
ferent controlled water tables on flatwoods soils and water use
rates by various plants on well-drained soils will be a part of the
study.

SUPPORTED BY Florida State Government

2.0314, WATER CONTROL FOR FOREST PRODUCTION
C.M. KAUFMAN, Univ. of Florida, Agricultural Experiment Sta.
, Gainesville, Florida 32601

OBJECTIVES: I. To ascertain effects of, non tree vegetation
particularly saw palmetto (Sarona repens Bartr.), on availability
of soil moisture. 2. To evaluate methods of reducing water loss by
controlling non tree crop vegetation. 3. To determine effective
means of controlling water table levels by drainage or by irriga-
tion.
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2. WATER CYCLE

The water loss attributable to forest vegetation other than
trees particularly saw palmetto, will be determined in order that
justifiable control measures may be evaluated. Means of produc-
ing more favorable soil moisture conditions, such as site prepara-
tion, drainage and irrigation to a limited degree, will be in-
vestigated, leading to outlining of forest production procedures.

SUPPORTED BY Florida State Government

2.0315, EVAPOTRANSPIRATION AND SOIL MOISTURE
DETERMINATION AS GUIDES TO CITRUS IRRIGATION
R.C. KOO, Univ. of Florida, Agricultural Experiment Sta. ,

Gainesville, Florida 32601
Work Proposed: A. Controlled experiment. Soil moisture will

be maintained at various levels by means of supplemental irriga-
tion in a block of three orange ( Hamlin, Pineapple, and Valencia )
and one grapefruit (Marsh) varieties. Treatment effects will be
measured by yield, fruit quality and tree size. B. Develop a set of
evapotranspiration curves for citrus based on moisture loss as a
function of temperature by means of systematic soil moisture
measurement. C. Test the practical application of evapotranspira-
tion curves by calculating the soil moisture content in several
groves with the aid of current weather records. Soil moisture mea-
surements will be used to check the accuracy of the calculations.

SUPPORTED BY Florida State Government

2.0316, RELATIONSHIP BETWEEN EXCESSIVE SOIL
MOISTURE AND CITRUS ROOT DAMAGE
H.W. FORD, Univ. of Florida, Agricultural Experiment Sta. ,

Lake Alfred, Florida
The project will evaluate the factors that influence the

growth and survival of citrus roots in relation to depth and spac-
ing of drainage tile and ditches. The effect of flooding on citrus
root survival as influenced by rootstock, anaerobiosis of site, and
anaerobic bacterial metabolites will also be studied.

Data will be collected from commercial groves that contain
different soil types, rootstocks, and drainage procedures by utiliz-
ing water level recorders, recording rain gauges, and piezometers.
Root distribution will be measured by collecting roots with a soil
sugar. Effect of flooding on citrus root survival will involve mea-
suring bacterial metabolites chemically and by gas chromatog-
raphy evaluating certain indexes as an indication of the anaerobic
state, and establish the minimum rate of water movement neces-
sary to delay anaerobiosis.

SUPPORTED BY Florida State Government

2.0317, BIOLOGICAL PRODUCTIVITY RELATED TO
HYDROLOGIC CONDITIONS
M.C. KILIPINSKI, U,S. Dept. of Interior, Water Resources Divi-
sion, Miami, Florida

In progress is an investigation of seasonal and annual changes
in aquatic biological populations as affected by changes in water
levels and water quality in Everglades National Park. The popula-
tions inclu,,e fishes, aquatic invertebrates, sedges and grasses,
plankton, and periphyton. The aquatic habitats selected for study
are the fresh- water glade, the aligator hole, and the ecotone
between fresh and marine waters. The ecotone involves areas
where the shallow water of the open glades meets tidally in-
fluenced tributary streams. Research stations are concentrated in
the Shark River Slough and the headwaters of the Shark River
that extend over 200 square miles or nearly 10 percent of the en-
tire park. New techniques have been developed for periodic
quantitative sampling of the aquatic fauna while in situ quadrats
have been established for quantitative study of the flora. Changes
in the biomass and species composition of the biological popula-
tions will be related to salinity, water temperature, dissolved ox-
ygen, free carbon dioxide, light, and nature of substrate.

Aquarium studies with fresh -water animals are in progress to
determine their ability to survive in the water of about 3 parts per
thousand chloride.

SUPPORTED BY U,S, Dept. of Interior - Geological Survey

2.0318, EVALUATION CR RECENT VEGETATIVE
CHANGES IN EVERGLADES NATIONAL PARK
M.C. KILIPINSKI, U.S, Dept, of Interior, Water Resources Divi-
sion, Miami, Florida

A study, based on aerial photographs of Everglades National
Park taken between 1927 and 1965, is underway to relate
changes in species composition and density of plant communities
to Changes in fresh-water supply, fluctuations in water level, and
fire.

Features on randomly selected photographs of the Ever-
glades will be identified by reconnaissance observations in the
field. A Fairchild contour finder is used for delineation of
planimetric details. The resulting stereoscopic models from aerial
photographs of identical areas in different years are brought to
the same scale for comparison by use of vertical light projector.

SUPPORTED BY U.S, Dept. of Interior - Geological Survey

2.0319, SUBMARINE SPRINGS
F.A. KOHOUT, U,S, Dept. of Interior, Geological Survey, Miami,
Florida

The objective is to investigate the occurrence of submarine
springs as a neglected phenomenon of coastal hydrology and to
appraise the tools of remote sensing for lese studies. The dif-
ficulty and expense of direct observations of submarine springs
hinders their investigation. Remote sensing tools are being evalu-
ated for application to the problem.

Overflights of known submarine springs along the Florida
coastline were made by NASA Remote-Sensing aircraft. Sub-
marine springs 12 miles offshore from Naples, Fla., and 2 1/2
miles offshore from Crescent Beach, Fla. were recognized in vary-
ing degrees by color photography, multispectral photography,
and infrared imagery. Analysis of results is continuing.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0320, (U) INSTABILITY PATTERNS IN THE TROPICS
H.W. RISER, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124 (DA-28-043-AMC-00443)

BY DELINEATING AREAS OF INSTABILITY THAT
MAY BE POTENTIAL HAZARDS TO ARMY OPERATIONS.

THE CARIBBEAN AREA THAT PRODUCE BAD
WEATHER, AND DEVELOP TECHNIQUES FOR MAPPING
AND ANALYZING THEM, 2) DETERMINE THE OPTIUM
PROCEDURE FOR USING WEATHER RADAR IN THE
TROPICS TO OBTAIN QUANTITATIVE PRECIPITATION
MEASUREMENTS,

SPONSORED WITH ASL THE ANNUAL TROPICAL
METEOROLOGICAL RESEARCH CONFERENCE WHICH
BROUGHT TOGETHER LEADING TROPICAL
RESEARCHERS FROM U. S. AND ABROAD FOR INCISIVE
DISCUSSIONS ON CURRENT STATUS OF TROPICAL
METEOROLOGICAL RESEARCH. THE CONTRACTOR
COMPLETED A CLIMATOLOGY OF TORNADOES AND
WATERSPOUTS AND DEMONSTRATED THAT UNIQUE
RADAR SIGNATURES ARE ASSOCIATED WITH THOSE
PHENOMENA. CHARACTERISTIC DIFFERENCES IN AIR
MASS AND EASTERLY WAVE RAINFALL WERE RE-
PORTED. COMPREHENSIVE RADAR ANALYSES OF
SEVERE STORMS THAT PRODUCED INORDINATELY
HEAVY RAINFALLS WERE PREPARED. BOTH CON-
TOURED AND NON-CONTOURED RADAR DATA WERE
OBTAINED AND THE ENHANCED ANALYSES AND
FORECAST CAPABILITY THAT RESULTED FROM THE
FORMER, CLEARLY DEMONSTRATED ITS SUPERIORITY.
SEMI-ANNUAL AND FINAL REPORTS ON CONTRACT
DA28-043 AMC-00443/E/ WERE COMPLETED AND DIS-
TRIBUTED. THE WORLD METEOROLOGICAL ORGANIZA-
TION CONFERENCE IN VENEZUELA.
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SUPPORTED BY U.S. Dept. of Defense - Army

2.0321, RESEARCH INTO RECENT CLIMATIC
CHANGES
E.B. KRAUS, Univ, of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

Suitable record series will be collected in the first instance.
They will then be tested statistically for internal coherence and
meteorologically for existence of local peculiarities.

Computational schemes will be devised to test on different
time scales the coherence and correlation of large numbers of
records. The possibility of different effects and relations in dif-
ferent seasons may have to be considered. The correlations
between the hemispheres becomes evident only on a time scale of
at least several years. The development of special filter functions
and cross-spectra may be desirable.

SUPPORTED BY U.S. Dept. of Com merce E.S.S.A.

2.0322, INVENTORY OF THE GULF ESTUARY SYSTEM
N.G. VICK, U.S. Dept. of Interior, Bureau of Sport Fish. & Wife. ,
Panama City, Florida 32401

The objectives of this study unit arc to procure and docu-
ment environmental and ecological data on the St. Andrew Bay
System, Panama City, Florida. These data will include ( 1 ) area
descriptions (2) hydrology of the bay system (3) sedimentology,
and (4) samples of the biological materials available seasonally
with emphasis on the sporting species of marine fishes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

2.0323, BEHAVIOR OF ESTUARINE ANIMALS
D.J. HANSEN, U.S. Dept. of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

Objective: Determine the effects of pesticides on the
behavior and physiological tolerances of estuarine animals.

Procedures: A. Using apparatus in which a gradient of pesti-
cide concentrations can he established the ability of selected mol-
lusks, crustaceans and fish to sense and avoid pesticides will be
tested. B. Animals will be exposed to pesticide concentrations
that they cannot sense and avoid, and the alteration of behavior
and physiological tolerances will be determined.

I. Alteration of preferences will be studied in salinity and
temperature gradients. 2. After exposure to pesticides, the
selected animals will be subjected to extremes of salinity, tem-
perature and other stresses to determine if sensitivity has been
changed. 3. Schooling fish will be exposed to pesticides to deter-
mine if there are changes in schooling patterns.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0324, ESTUARINE ECOSYSTEMS
G.E. WALSH, U.S. Dept. of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

The purpose of this research is to determine effects of sub-
lethal concentrations of pesticides upon estuarine ecosystems. At
present, physical, chemical and biological characteristics of four
very similar coastal ponds are being analyzed to learn normal
seasonal variations, When these are known, three of the ponds
will be treated with pesticide and one will he utilized as a control.
Effects of pesticide upon population dynamics and community
structures will be studied after contamination.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0325, ESTUARINE INVENTORY (FORMERLY CHEMI-
CAL ENVIRONMENT)
J.E. SYKES, U.S. Dept. of Interior, Biological Laboratory, Saint
Petersburg - St. Pt. Bc. , Florida 33706

The purpose of this project is to prepare a description of
physical characters, hydrology, sediments and biota in Florida
estuaries of the Gulf through field study and consolidation of ex-
isting data; to work with other Gulf States through the Gulf States
Marine Fisheries Commission in standardizing techniques and
data assimilation in similar state projects; and to contribute jointly

2. WATER CYCLE

tow ;rd the formation of a Gulf of Mexico estuarine atlas. Hydro-
chemical analysis will continue on allied Laboratory projects as
shown for the former Chemical Environ Project.

SUPPORTED BY U S . Dept. of Interior Bu. Comm. Fish,

2.0326, URANIUM AND HYDROGEN RADIONUCLIDES
AS NATURAL TRACERS IN THE FLORIDAN AQUIFER
J.K. OSMOND, Florida State University, Graduate School, Tal-
lahassee, Florida 32306

The proposed research involves the study of the distribution
of H-3, U-234, and U-238 in waters of the Floridan Aquifer to see
if variations in these radionuclides can add to our understanding
of the hydrology of the aquifer. Water samples will be collected
from wells, springs, and surface water in Northern Florida and the
tritum and uranium content determined, as well as the U-234/U-
238 ratio. Preliminary findings have shown that theses values vary
widely in a pattern largely determined by the extent of local
recharge of the aquifer.

Of particular significance is the variation of U-234 relative to
U-238 because these isotopes do not fractionate by normal
chemical processes (and thus the variation is due to the factors of
mixing and time only), and the one (U-234) is the radiogenic
daughter of the other ( U-238) with a half-life of 250,000 years.
This means that this ratio is a function not only only of present
hydrologic conditions but of those existing in the past
(Pleistocene Epoch ) as well.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Florida State University

2.0327, REMOTE SENSING, GULF COASTAL AREA,
CENTRAL FLORIDA
R.N. CHERRY, U.S. Dept. of Interior, Water Resources Division,
Tallahassee, Florida

Purpose - To develop criteria utilizing remote sensing
techniques to identify areas where fresh water is likely to occur in
an aquifer in near-shore areas.

Methods - An aerial survey will be conducted to sense the
thermal contrasts of aquifer and sea water under at least four con-
ditions- during high and low tides in a period when fresh water
stages are high and during high and low tides when fresh water
stages are low.

Water temperatures, water velocity, and specific con-
ductance of water from submarine springs previously located will
be determined. The water stages of fresh water and sea water will
be recorded. These determinations will he compared with remote
sensing data which indicate submarine discharge and the relative
position of the zero piezometric contour.

SUPPORT ED in/ U.S. Dept. of interior - Geological Survey

2.0328, LAKE HYDROLOGY STUDIES
G.H. HUGHES, U.S. Dept. of Interior, Geological Survey, Tal-
lahassee, Florida

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Florida.

Available water-level records for fresh-water lakes in Florida
show appreciable variation among differences between the
highest and lowest observed water levels of individual lakes. The
differences range from 2 to 6 feet for about one-half of the total
number of lakes and from 6 to 12 or more feet for the remainder.
The objective of the initial phase of a general study of lakes is to
relate the magnitude of the water-level fluctuations to the type of
inflow that predominates and to the physical characteristics of the
lake and its drainage basin. The concepts developed for the study
will lead to a better understanding of lake-level fluctuations and
to more meaningful interpretation of lake-level records.

Subsequent phases of the study will deal with lake evapora-
tion and variations of chemical quality and temperature of the
lake water.
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SUPPORTED BY U.S. Dept, of Interior Geological Survey
Florida State Government

2.0329, REMOTE SENSING, EVERGLADES AREA,
FLORIDA
M.C. KOLIPINSKI, U.S. Dept. of Interior, Water Resources Divi-
sion, Tallahassee, Florida

Purpose: To determine the relations between water condi-
tions and biological populations in the Everglades by interpreta-
tion of airborne data and to develop new applications in natural
resources research for data from remote sensors.

Methods: Spectral reflectance measurements of floral com-
munities and water will be obtained using an airborne 18-channel
optical- mechanical scanner. The data will be accumulated in a
form that will allow use of a computer to identify and map the dis-
tribution and amount of selected communities. Remote sensing
data will be examined for potential in: detecting plankton blooms,
locating alligator holes, and estimating populations of large
animals.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0330, WATER RESOURCES STUDY, DUVAL COUNTY,
FLORIDA
G.W. LEVE, U.S. Dept. of Interior, Water Resources Division,
Tallahassee, Florida

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Florida.

Purpose: To determine the surface- and ground-water
resources of Duval County.

Methods: The investigations of the geologic and general
hydrologic characteristics of the Floridan aquifer which began in
1960 will be expanded to provide quantitative and qualitative
hydrologic characteristics of the aquifer. Geologic and hydrologic
data will be obtained for the surficial sand and shallow limestone
aquifers. Water use data will be obtained to determine trends in
water use. The flow characteristics dispersion patterns and salini-
ty of the St. Johns River and tributary streams will be determined.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Florida State Government

2.0331, HYDROLOGY OF UPPER OLD TAMPA BAY,
FLORIDA
J.A. MANN, U.S. Dept. of Interior, Water Resources Division,
Tallahassee, Florida

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Florida.

Purpose: To provide data for evaluating the hydrological ef-
fects of conversion of the bay into a fresh water lake and informa-
tion by which to judge the feasibility of similar plans in other areas
of the State.

Methods: The study will include the area of the proposed
lake and an additional 25 to 35 square miles of land adjacent to
the lake in Hillsborough and Pinellas Counties. The quantity and
quality of surface and ground-water inflow into the bay will be
determined. Continuous conductivity and stage gages will be in-
stalled on the lake and the bay, and on selected wells in the area
to determine the degree of interconnection between the. aquifers
and the fresh water lake. Conductivity traverses will be made of
the upper part of the bay, supplemented by sampling sites, to
determine ground-water discharge into the bay. An evaluation
will be made of existing geologic aid hydrologic data to deter-
mine the relation between changes in water quality and ground-
water storage. The areal extent, thickness, and permeability of
clay beds underlying much of the area will be determined. The
fresh water-salt water intergace will be monitored continuously.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Florida State Government

2.0332, DEVELOPMENT OF WATER SUPPLIES FOR IR-
RIGATION IN THE SOUTH
J.R. CARREKER, U.S. Dept. of Agriculture, Athens, Georgia

Object: To investigate conditions and methods under which
shallow groundwater, sand and limestone aquifers, ponds, and
other surface and subsurface water supplies and storage facilities
can be developed as sources of water for irrigation. Also to
develop design criteria.

Plan of Work: Based on information on shallow and deep
ground water sources acquired from surveys of State and Federal
groundwater agencies, etc., t^st installations are made. Borings,
test wells, pits, and other methods of exploration are used to
determine the nature of the aquifers and their potential produc-
tive capacities. Water quality is determined and special attention
given to possibilities of using water supplies having higher acid or
salt contents than normally considered desirable. Special
problems in design, construction, and management of surface
storage structures are considered. Available water supplies from
surface sources are determined. Measurements include rate and
amount of runoff and streamflow from small watersheds in rela-
tion to size, soil, ground cover and land management.

Cooperation: Georgia and South Carolina Agricultural Ex-
periment Stations; SCS.

SUPPORTED BY U.S. Dept of Agriculture

2.0333, RELATION OF CLIMATIC AND WATERSHED
FACTORS TO RUNOFF RATES AND VOLUME YIELDS
J.C. STEPHENS, U.S. Dept. of Agriculture, Athens, Georgia

Object: To identify the climatic and watershed factors in-
fluencing the size, frequency, and duration of storm flows, and
seasonal and annual water yields, including surface and subsur-
face components, from agricultural watersheds. To evaluate these
factors quantitatively and to develop procedures by which the
magnitude and frequency of storm runoff, and seasonal and an-
nual net water yields may be estimated for ungaged watersheds in
the southern states.

Plan of work: The work is conducted on the Pigeon Roost
Creek experimental watershed near Holly Springs, Mississippi,
the Little River experimental watershed, Tifton, Georgia, on a
complex of agricultural watersheds in Southern and Central
Florida, on Ahoskie Creek watershed in Northeastern North
Carolina, and at Watkinsville, Georgia. Some of the factors
required for the analyses and which are measured or otherwise
documented for the study are: Rates and duration of streamflow;
precipitation patterns, antecedent moisture; season; soils; land
use; conservation and watershed management practices; ground-
water evelations; riparian vegetation; geology; gradients and
hydraulic roughness of stream channels; and the size, shape, and
other geomorphic attributes of the watersheds. On Little River
experimental watershed, digital instruments arc being installed to
give a synoptic picture of hydrologic conditions over the entire
watershed at 5-minute intervals.

SUPPORTED BY U.S. Dept. of Agriculture

2.0334, PRECIPITATION
FLUENCING RUNOFF FROM AGRICULTURAL
WATERSHEDS
J.C. STEPHENS, U.S. Dept. of Agriculture, Athens, Georgia

Object: To develop an understanding of the amounts, dura-
tion, areal and seasonal distribution, storm paths, and other
characteristics of rainfall as affected by geographic location,
topographic location, and other factors, to the extent that the
characteristics influence runoff from agricultural watersheds in
the southern part of the United States.

Plan of Work: Objectives of the studies are currently being
sought through networks of recording raingages on the Pigeon
Roost Creek experimental watershed near Holly Springs, Missis-
sippi; and through networks of gages on agricultural watersheds in
Southern and Central Florida, and Northeastern North Carolina.
A dense network of digital recording gages is operated on the

CHARACTERISTICS IN-
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155-square-mile Little River experimental watershed, Tifton,
Georgia.

SUPPORTED BY U.S. Dept. of Agriculture

2.0335, RUNOFF PRODUCTION BY UNIT SOURCE AREA
FOR AGRICULTURAL WATERSHEDS IN THE SOUTH
J.C. STEPHENS, U.S. Dept, of Agriculture, Athens, Georgia

Object: To evaluate quantitatively, as one of the important
factors in predicting runoff from ungaged watersheds, the runoff
producing potential of the major individual soil-cover complexes
in the South under typical conditions of use and treatment.

Plan of Work: The study is currently underway on unit-
source watersheds at Holly Springs, Mississippi, and Watkinsville,
Georgia. Correlations are made between such factors as runoff,
precipitation, and use and conservation practices, and the physi-
cal and chemical characteristics of soils,

SUPPORTED BY U.S. Dept. of Agriculture

2.0336, SUBSURFACE AND GROUND WATER ACCRE-
TION, DEPLETION, MOVEMENT AND CONTRIBUTION TO
STREAMFLOW
J.C. STEPHENS, U,S. Dept, of Agriculture, Athens, Georgia

Object: To develop methods for predicting ground water
accretion and movement, subsurface and ground water contribu-
tion to streamflow, and basin recharge in relation to watershed
geology, soil and climatic factors, storm runoff, land use and
treAment, and watershed protection programs; to evaluate the
hydrological factors governing transmission gains and losses in
stream channels in the southern states; and to identify and mea-
sure geologic components associated with water yields from
ponds, pits, and irrigation wells in the southern coastal plains.

Plan of Work: The work is currently in progress on the
Pigeon Roost Creek experimental watershed at Holly Springs,
Mississippi, on agricultural watersheds in Southern and Central
Florida, in Northern North Carolina, and on the Little River ex-
perimental watershed near Tifton, Georgia. Among other factors,
the investigations include: Geologic mapping; ground water ob-
servations; soil moisture determinations; transmission capacities
of soils and aquifers; the consideration of influent and effluent
streamflow; and the development and improvement ofgeological
interpretations to predict ground water yields from dug ponds and
pits, and the characterization of surface land forms associated
with ground water yields.

SUPPORTED BY U.S. Dept. of Agriculture

2.0337, EFFECTS OF SOIL, TOPOGRAPHY, CLIMATE,
CROPPING AND MANAGEMENT PROCEDURES ON RU-
NOFF AND EROSION, AND ON THE PREDICTION OF SOIL
LOSSES
J.R. CARREKER, Univ. of Georgia, U.S.D.A. Sc. Watersh. Res.
Ct, Athens, Georgia 3060 I

Object: To evaluate ( I ) the effects of slope steepness and
length, rainfall amount, intensity and duration, cropping prac-
tices, tillage methods, and other procedures on field runoff and
soil losses; and (2) the relationship of factors affecting runoff and
soil loss in the prediction of these losses.

Plan of Work: The collection of runoff and soil loss data from
soil and water management and cropping practice plots under
natural rainfall will continue on several land resource areas. New
practices such as interseeding of row crops, plow-plant, and
mulch tillage will be evaluated under different soil and slope con-
ditions, and their effectiveness compared with selected conven-
tiona; practices. The loss of farm chemicals in washoff will be stu-
died on small plot and field areas. Other studies will be concerned
with slope effects and with the relation of soil characteristics to
soil erodibility. The data collected will be applied in the soil loss
prediction formula to fill in the gaps for data needed in the appli-
cation of this formula in conservation planning. Wind erosion
control measures will be adapted to southeastern conditions.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Agriculture

2.0338, SPRING AND SUMMER HORTICULTURAL
CROPS
S.A. HARMON, Univ. of Georgia, Agricultural Experiment Sta, ,

Athens, Georgia 30602
To determine the effect of irrigation and hormone sprays

when used singly and in combination in the production of fall
grown tomatoes. 2. To determine the effect of irrigation and soil
fumigation when used singly and rn combination on yield of to-
matoes, sweet potatoes, and strawberries. 3, To measure the ef-
fect of frequency and amount of irrigation water applied and the
inter-relationship of these to rate of fertilization on yields of to-
matoes and sweet potatoes.

Description of Work: The use of hormone sprays has been
completed and the use of plastic mulches with and without stakes
on fall tomatoes is now being studied. Tomatoes are set in August,
staked vs, unstaked, and replicated treatments of black and clear
plastic with check are used. Irrigation vs. no irrigation using an
overhead Skinner System will be compared also.

The interaction of fertilization and irrigation on yields of
Irish potatoes and beans is being studied. Two rates of fertilization
and four irrigation treatments are used. Otherwise normal culture
and harvesting methods used.

SUPPORTED BY U.S. Dept. of Agriculture
Georgia State Government

2.0339, TRACING STORM AND BASE FLOW TO VARIA-
BLE SOURCE AREAS ON FORESTED HEADWATERS
J.D. HEWLETT, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

Many important hydrologic decisions about the source of
floods, the need for structures and the control of water pollution
depend on detailed knowledge of the path and timing of flow from
upland areas. Neither standard nor experimental methods are
presently adequate to classify or describe the source and timing of
water flowing past a measuring station. For example, classical
hydrograph separation methods and associated terminology arc
particularly inapplicable to forested headwaters. The Principal In-
vestigator has initiated a new concept of forest runoff produced
chiefly by subsurface flow from variable source areas.

No adequate records of rainfall and streamflow from fully
forested Piedmont areas exist. A 60-acre forested catchment near
Athens, Georgia, will be operated for about 3 years, long enough
to apply the variable source area concept to description and pre-
diction of the source and paths of flow, the relative magnitude of
the different types of flow, and the rate of turnover in water
stored in various portions of the basin. Methods will include rain-
fall and streamflow measurement, soil mantle surveys by drilling,
seismic and electric resistivity methods, soil water measurement
by nuclear methods, and eventually a radioactive tracer to deter-
mine turnover rates.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch

University of Georgia

2.0340, A STUDY OF SUBSURFACE FLOW INTO MOUN-
TAIN STREAMS AS RELATED TO TOPOGRAPHY AND
PARTIAL SOURCE AREAS
J.D. HEWLETT, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

The purpose of this work is to demonstrate the extent and im-
portance of partial source areas for subsurface flow from two
mountain forest areas, one in the Appalachians and one in Japan.
Records from the two areas will be analyzed by a common
method which will include common terminology and hydrograph
techniques. Antecedent moisture conditions over the catchments
will be estimated by a universal soil moisture prediction equation
and checked in the field. Delivery of water under different an-
tecedent conditions along the slope from stream to water divide
will be derived from rainfall and streamflow records and a model
for such flow will be offered as a contribution to existing hydro-
graph simulation programs which assume runoff to be essentially
a linear process. This study proposes to show just why the runoff
process in mountain areas is not linear.
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2. WATER CYCLE

The w ark will be done chiefly at the University of Georgia
and the Coweeta Hydrologic Laboratory, Dillard, Georgia. In ad-
dition the records and some staff help will be available at the ex-
perimental watersheds of the Tokyo University forests.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Georgia

2.0341, TRACING STORM AND BASE FLOW TO VARIA-
BLE SOURCE AREAS ON FORESTED HEADWATERS
J.D. HEWLETT, Univ, of Georgia, Agricultural Experiment Sta. ,
Athens, Georgia 30602

To determine the source and path of travel of storm and base
flows from a forested basin.

A 60-acre forested catchment at Whitehall, Georgia will be
gauged and operated as an observation watershed for about three
years in order to describe the behavior of water on and in the soil.
Primary measurements will be strcamflow, rainfall, soil moisture,
ground water and soil physical properties. Flow will be calculated
and expressed in various ways in order to relate volumes of water
to source areas and also to rate the response of this catchment to
others in the Piedmont province. The organic and inorganic
solutes and sediments will be measured in detail by personnel of
the Southeast Water Laboratory and an attempt will be made to
relate these to the source of water flows. Results will be used to
support and clarify some new concepts of streamflow as
generated by variable source areas and unsaturated flow, rather
than by surface runoff and groundwater only.

SUPPORTED BY Georgia State Government

2.0342, ECOLOGICAL SIGNIFICANCE OF ORGANIC
RELEASE PRODUCTS OF MARINE AND FRESHWATER
ANIMALS
R.E. JOHANNES, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

The term 'release products' refers here to mucus, molts and
dissolved organic matter released by aquatic animals. Recent
work indicates that these materials play a variety of quantitatively
significant roles in the flux of energy and nutrients in aquatic
ecosystems. Here, we will make measurements of the release rates
of free amino acids and total dissolved organic matter by a wide
variety of benthic and planktonic freshwater animals. Mucus
release rates will be determined for a variety of corals, jellyfish,
and other mucus producers. Molting rates of the benthic
estuarine shrimp, Palaemonetes pugio, will be determined along
with the organic content of these molts. Loss of organic matter by
the above routes will be compared with the rate of oxidation of
organic matter during respiration, and attempts will be made to
estimate rates of energy flow via these pathways in natural marine
and freshwater communities. The utilization of these release
products by other organisms will also be investigated.

SUPPORTED BY U.S. National Science Foundation

2.0343, THE PERSISTENCE IN AN ERODED SOIL OF
TILTH IMPROVEMENT ENGENDERED BY A SOD-BASED
ROTATION
L.S. JONES, Univ. of Georgia, Agricultural Experiment Sta. ,

Athens, Georgia 30602
(1) To determine the changes that occur in soil aggregate

distribution, water stability of soil aggregates and the organic
matter and nitrogen level when the soil management practice is
changed from sod-based rotation to continuous cropping. (2) To
determine the changes that occur in water infiltration on the
above described soils, (3) To determine the effects of continuing
cropping on the optimum moisture for tillage of soils previously in
sod-based rotations.

Soils on which sod based rotations have been in progress for
8 and 12 years will be plowed and row cropped for a minimum of
three years. Corn, at a plant population of 15,000 will be used as
the row crop. Nitrogen will be applied at a 150 pound per acre
rate. Limestone, phosphorous, and potassium will be applied at
rates suffieient to assure the maintenance of adequate levels of
those materials. (1) Soil samples will be collected from both the
surface and subsoil prior to the initiation of the experiment and

for three succeeding years, Water stability and size distribution of
aggregates, organic matter, and r Dgen will be determined in the
laboratory. (2) Infiltration rate will be determined in the field on
selected plots. (3) Using suitable laboratory or field methods, an
attempt will be made to relate the effects of cropping systems to
the optimum soil moisture content for tillage.

SUPPORTED BY U,S. Dept. of Agriculture
Georgia State Government

2.0344, RELATION OF PHYSICAL CONDITIONS OF
SOILS AND RESULTS OBTAINED FROM IRRIGATION
R.A. MCCREERY, Univ. of Georgia, Agricultural Experiment
Sta. , Athens, Georgia 30602

A, To determine the effects of irrigation on: (1) Moisture in-
take and transmission characteristics of the soil, (2) Aeration
characteristics of soil. (3) Morphological and physiological
characteristics of crop plants. (4) Ion uptake under field condi-
tions. B. To evaluate the accuracy and reliability of existing
moisture measuring devices.

Description of Work: Additional sites of the 11 soil series al-
ready under study will be characterized fully to learn the mag-
nitude of variations in properties. It seems possible that other
criteria than those presently in use for some series separations
may have to be developed by soil surveyors if the series concept is
to be useful in crop management on the Piedmont. The slate belt
series, 4 Herndon and Georgeville will be included in the current
years investigations.

Effects of bed configuration on yield of mechanically planted
peanuts under irrigation will be studied. These effects may have
been masked in the past when hand planting was used because of
excessive traffic by personnel doing the planting.

SUPPORTED BY U.S. Dept. of Agriculture
Georgia State Government

2.0345, FIELD EXPERIMENTS ON THE FLUX OF
RADIONUCLIDES THROUGH A SALT MARSH
ECOSYSTEM, RENEWAL
L.R. POMEROY, Univ. of Georgia, Graduate School, Athens,
Georgia 30602 (AT(40-1)-3238)

After some 12 years of work on the salt marshes of Georgia
by a number of investigators, it is now possible to begin building
models of the flux of materials through the system. A compart-
mental-diagram model, showing standing stock and flux of
phosphorus has been constructed. This is now being transformed
into a mathematical model suitable for computer simulation of
events in the salt-marsh ecosystem. The model will be tested and
refined by computer techniques. Deficiencies in our data shown
by computer analysis will be remedied by additional, small-scale
field and labortory work. Manipulation of the mode; simulating
changes in flux and storage of phosphorus by various populations
(compartments) will help us predict the effect of various natural
and mart-made changes on the ecology of salt marshes.

In its present primitive state our model tells us that the marsh
grass, Spartina alterniflora, which is the dominant primary
producer, is unusually important hi the biogeocl" .aistry of
phosphorus in marshy estuaries. Spartina appears to be taking all
its phosphorus requirements from subsurface, reduced sediments
that would otherwise be a sink. This phosphorus is released into
the water when the Spartina dies and decays, as most of it does.
This process undoubtedly has great significance in maintaining
high productivity in the estuary.

SUPPORTED BY U.S. Atomic Energy Commission

2.0346, A GEOGRAPHIC ANALYSIS OF THE
HYDROLOGIC RESPONSE IN THE SOUTHEASTERN
UNITED STATES
J.F. WOODRUFF, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

The proposed research is directed towards establishing the
broad regional patterns of hydrologic response in the Southeast-
ern United States. Maps will be drawn based on the hydrologic
response computed: as an average for the 30-year study period; as
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a 30-year average for the cool and warm seasons; as a 'running
average' over the 30-year period; and for precipitation events of
varying magnitudes. It is expected that these maps will show re-
gional variations in how watersheds handle their precipitation;
how this varies with season; with magnitude of precipitation
event; and how it has changed in the last 30 years as the result of
man's activities.

In all cases, hydrologic response will be determined by divid-
ing the runoff by total precipitation for the periods or events
being studied. Runoff will be separated from dischrge by
Hewlett's method. The response factor will be computed for 300
stations with 'good' records and spaced as evenly as possible
across the study area. !so lines of hydrologic response will be inter-
polated using these point values.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Georgia

2.0347, AN ANALYTICAL AND EXPERIMENTAL STUDY
OF BED FORMS UNDER WATER WAVES
M.R. CARSTENS, Georgia Inst. of Technology, School of En-
gineering, Atlanta, Georgia 30332

The development of, the geometry of, and the drag exerted
by bed forms (dunes) which occur on the sea bed under first-
order Stoldan waves has been studied experimentally in an oscil-
latory-flow water tunnel. Three series of runs were performed
with a different bed material in each series--0,297 mm glass
beads, 0.585 mm Ottawa sand, and 0.185 mm Ottawa sand. Total
amplitude of the oscillating water was constant during each run
and was varied throughout the range from 0.25 ft. to 3.0 ft. for
each series of runs. A final report for Contract DA-49-055-
CIVENG-65-1 (Georgia Institute of Technology) was issued in
September 1967. Publication as a Technical Memorandum of the
Coastal Engineering Research Center, U. S, Army Corps of En-
gineers is pending.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0348, HYDRAULICS OF FLOOD MOVEMENTS
M.R. CARSTENS, Georgia Inst, of Technology, School of En-
gineering, Atlanta, Georgia 30332

Numerical methods for the solution of the non-linear partial
differential equations (continuity and linear momentum) for un-
steady, gradually varied, open-channel flow are to be thoroughly
examined. The thesis is to achieve the following: (a) a theoretical
development of the mathematical analog and definitions of hie
boundary conditions emphasizing the physics of flood routing; (b)
a critical review of the literature; (c ) a suggested method (or
methods) of solution culminating in a flow chart for digital com-
putation.

This research is being used as the basis for a graduate thesis.

SUPPORTED BY Georgia Institute of Technology

2.0349, ADSORPTION OF IONS IN TRACE CONCENTRA-
TIONS ON SOIL AND SILT PARTICLES
G.G. EICHHOLZ, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

Study of movement of dissolved ions in very low concentra-
tion through compacted porous sand and soil volumes on sub-
micron size silt particles, as a function of relative particle size,
mineral and physical characteristics of the particles, water flow,
porosity of a synthetic bad, and concentration of suspended
matter.

The present project involves primarily the mechanism of
movement of those ions that travel by adsorption on very fine silt
particles through the porous bed as contrasted with the move-
ment of ions by dynamic ion exchange on the exposed particle
surfaces. Radioactive traccrs are employed where appropriate.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

2.0350, STUDIES OF SAPROLITE AND ITS RELATION
TO THE MIGRATION AND OCCURRENCE OF GROUND-
WATER IN CRYSTALLINE ROCKS
V.J. HURST, Georgia Inst. cf Technology, Water Resources
Center, Atlanta, Georgia 30332

In the southeastern United States saprolite, weathered rock
in which the original textures and structures are preserved, occurs
between rock and soil. Near the soil-saprolite boundary develops
a low permeability layer which retards infiltration and increases
run-off during times of heavy rainfall. This proposal is conr rned
with the mineralogical, chemical, and textural character this
low-permeability zone, and the correlation of its occurrence and
severity with rock type, rock structure, and topography. In order
to determine the nature of this zone, the complete profile from
soil through saprolite to parent rock must be studied for com-
parison, Special attention will be directed to determining whether
traces of faults, shear zones, and joints act as preferential chan-
nelways through the low-permeability layer,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Georgia

2.0351, PILOT STUDY OF THE PROBABILITY OF OC-
CURRENCE OF CLIMATOLOGICAL PHENOMENA IN THE
ATLANTA AREA
C.G. JOHNSON, Georgia Inst, of Technology, School of En-
gineering, Atlanta, Georgia 30332

The purpose of this research is to examine in progressive
steps the relationship between present recorded climatological
data and its effect upon specific systems of industry. Historical cli-
matological data will be arranged by statistical methods and used
to build probability predictive models, These models will then be
used to compare and verify their reliability and validity with cur-
rcnt local climatological occurrences. These developed models
will then be studied with respect to their specific influence on
local systems of industry for degrees of predictable relationships.
The basic research strategy is planned on a series of progressively
larger pilot studies, Phase I of the research is complete and the in-
itial pilot model gave positive results. The research at this stage is
nonsponsored and is primarily used as a subject for student
development at thc graduate level in the School of Industrial En-
gineering at the Georgia Institute of Technology,

SUPPORTED BY No Formal Support Reported

2.0352, ESTUARINE HYDROGRAPHY AND ITS ROLE IN
TRANSPORT OF NATURALLY PRODUCED FOODS AND
POLLUTANTS
T.L. LINTON, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The major objective of the program is to conduct a hydro-
graphic study of the three representative types of estuaries that
are found in Georgia. The estuaries of Georgia, as well as those of
thc entire United States, are being destroyed at an accelerated
rate. Research is needed to provide basic information concerning
estuaries to serve as a guide in formulation of The National Estua-
ry Policy. Through studies of; (I) water mass movements, (2)
seasonal temperature, salinity and oxygen patterns, (4) seasonal
import of organic/inorganic materials, and (5) seasonal current
patterns, a better understanding of the role of hydrographic fac-
tors in the distribution of nutrients and pollutants into and
throughout the estuaries.

The estuaries of Georgia exist in a relatively undisturbed con-
dition. This study will provide basic information concerning the
conditions that arc fairly close to the natural state before man-
made manipulations occur, and may thus explain some of the
causes of the high productive capacity of estuaries. With in-
creases in population and industry the estuaries will be subject to
greater pollution pressure. The hydrographic characteristics of
estuaries must be known and understood in order to predict the
amounts and kinds of effluents that estuaries can receive and their
ultimate distribution after entry.
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2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

University of Georgia

2.0353, THE EFFECT OF A PERMEABLE BED ON SEDI-
MENT MOTION
C.S. MARTIN, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The proposed study is a continuation of an investigation that
originally was comprised of three phases. In the completed first
phase of the study the magnitude of the seepage force on the top
layer of sediment particles on a plane slope was determined. This
was accomplished by subjecting the plane slope to seepage flow
and then measuring the apparent angle of repose and the
piczemetric-head gradient within the bed at foilurc. From the ex-
perimental results the seepage force on the top layer of bed parti-
cles was computed to vary from 1/3 to 1/2 times the correspond-
ing Seepage force an sediment particles well within the bed.

The purpose. of the proposed second phase of the study will
be to determine the criterion governing incipient sediment mo-
tion when a plane bed is subject to not only seepage through it but
boundary-layer flow over it, as is present in a stream channel. Ex-
periments will be conducted with sand comprising the bottom of a
rectangular water channel.

The third phase of the study will be a continuation of the
second phase in that the same experimental setup will be utilized.
In this ca, c the effect of the seepage force on sediment transport
will be ascertained. The sand bed will be allowed to move as the
flow through the channel and the seepage flow into or out of the
bed are varied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

2.0354, TURBULENT FLOW THROUGH POROUS MEDIA
P.G. MAYER, Georgia Inst. of Technology, School of Engineer-
ing, Atlanta, Georgia 30332

Turbulent flow through porous media is not treatable by Dar-
cy's law since the inertial effects may not be neglected.

In the proposed study, a mathematical solution will bc at-
tempted using finite element techniques as applicable to com-
puter solutions.

A laboratory investigation is proposed to elucidate the physi-
cal constants pertaining to turbulent flows through homogeneous
and non- homogeneous media.

The results of the study will be useful in predicting flow pat-
terns in coarsely porous media and to determine pressure dis-
tributions in earth and rock fill structures.

SUPPORTED BY Georgia institute of Technology

2.0355, FLOW THROUGH ANISOTROPIC LAYERED
MEDIA
P.G. MAYER, Georgia Inst. of Technology, School of Enginccr-
ing, Atlanta, Georgia 30332

Darcy's law of flow through porous media establishes a linear
relationship between seepage velocity and hydraulic gradient.
When applied to a general three-dimensional flow field, the
'seepage coefficient' is represented by a 3-by-3 matrix defined by
nine numerical constants.

Under anisotropic conditions the permeability matrix is sym-
metrical and three principal axes exist in the direction of which
the seepage velocity components are colinear with the pressure
gradients.

The determination of equipotential lines and of streamlines is
possible for anisotropic layered media by the mathematical
method of Finite Elements.

The labroatory study and possible field investigation will in-
clude efforts to establish physical constants for natural porous
media.

The mathematical study and the laboratory investigations
will be correlated to provide tools for solutions of problems in-
volving ground water recharge and subsurface disposal of liquid
wastes.

SUPPORTED BY Georgia Institute of Technology

2.0356, FLOW THROUGH UNSATURATED POROUS
MEDIA
G.M. SLAUGHTER, Georgia Inst. of Technology, School of En-
gineering, Atlanta, Georgia 30332

The first phase of this investigation will consist of a library
search. It is felt that a collection of abstracts of studies made to
date of fluid flow in the zone of aeration would be beneficial.

It is anticipated that the investigation will be extended to a
laboratory study of flow in an unsaturated porous media. It is felt
that more basic knowledge of this subject is required in order to
completely solve the hydrologic equation.

SUPPORTED BY Georgia institute of Technology

2.0357, STATISTICAL ANALYSIS OF FLOOD LEAKS OF
GEORGIA RIVERS
G.M. SLAUGHTER, Georgia Inst. of Technology, School of En-
gineering, Atlanta, Georgia 30332

A statistical study, using the annual flood series of the 198
rivers/streams of Georgia, which are measured by the U. S.
Geological Survey, will be made. The statistics to be computed in-
clude the following: mean, variance, standard deviation, coeffi-
cient of variatiot,, coefficient of skewness, and coefficient of kur-
tosis. The comp!, Ations will be performed on a Burroughs B-5500
digital computer by the use of an ALGOL 60 program.

On six of the rivers, which have 70 or more years of record,
the statistics will be investigated in a number of different
chronological subsets in an effort to correlate the findings from
the rivers of shorter record.

The purpose of the study is to provide a better method of
establishing the design discharge for a given frequency (recur-
rence interval) for a given hydraulic structure.

SUPPORTED BY Georgia Institute of Technology

2.0358, MR INJECTION INTO AN AQUIFER
G.M. SLAUGHTER, Georgia Inst. of Technology, School of En-
gineering, Atlanta, Georgia 30332

The proposed research plan involves a laboratory investiga-
tion of injecting air into a permeameter. It is anticipated that the
injected air will reduce the flow through the porous media. The
injected air thus becomes a barrier to the flow which could prove
quite beneficial in the case of a salt water intrusion problem.

A preliminary study has been conducted in which the results
were not encouraging. That is, the injection of air into two dif-
ferent uniform sand test sections only decreased the discharge by
approximately 10 per cent. It is felt that this small reduction is due
in part to the scale effect of the permeamcter and therefore, addi-
tional investigations with a different type of permeameter are
planned.

SUPPORTED BY Georgia Institute of Technology

2.0359, THE EXTRACTION OF POTASSIUM FROM
FRESH AND SALINE WATERS BY CLAY MINERALS
C.E. WEAVER, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The general objective is to determine how and to what extent
the chemistry (particularly potassium) of fresh and saline waters
is controlled by clay minerals and gels, both in the laboratory and
in natural environments.

Using waters of various compositions, the ability of a variety
of clay minerals to extract specific cations will be determined and
the mean free bonding energies of the cations calculated. The
release of interlayer clay water to the fluid will be measured and
the factors controlling the return of adsorbed cations to the fluid
phase as the chemistry of the water changes will be determined.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

2.0360, THE EFFECT OF CLAY MINERALS ON THE
CHEMICAL COMPOSITION OF FRESH AND SALINE
WATERS
C.E. WEAVER, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The general objective is to determine how and to what extent
the chemistry (Ca,Na, K, Mg, Al, Si, Mn, Fe) of fresh and saline
waters is controlled by clay minerals and associated organic
matter, both in the laboratory and in natural environments
(rivers, estuaries, ground water).

The exchange of cations between the clay and the water can
be a major factor in controlling the chemical composition of natu-
ral waters. Much of the ground water in sediments is present in
muds and shales or has been squeezed from them during burial.
Efforts will be made to determine how the clay minerals change
the chemistry of pore water during deep burial (down to 20,000
feet).

Laboratory experiments will be conducted to determine
quantitatively, the nature of the exchange of cations between the
various clay minerals and organic materials and various natural
waters. It will be determined how the nature of the clay-organic-
water interaction varies as the solid material moves from one
water environment to another. Mechanisms effecting ion
exchange will be studied and attempts will be made to determine
how strongly some of the cations are bonded to the solids.

A series of clay cores extending to a depth of 16,450 feet will
be studied. Chemical, mineralogic and isotope studies of these
cores will be made to determine how the clays modify the intersti-
tial waters during burial.

Field experiments will be carried out in one or more river
systems to determine quantitatively what effect the suspended
day and organic material has on the annual load of cations car-
ried by the rivers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

2.0361, TROUT STREAM - SURVEY OF STREAMS AND
THEIR WATERSHEDS
C. HASTINGS, State Game & Fish Commission, Atlanta, Georgia

To collect additional pre-development biological and physi-
cal data regarding Walnut Fart and Hood Creeks.

To measure biological and physical changes in Walnut Fork
and Hood Creeks as erosion control methods and devices are em-
ployed.

Procedures: Both biological and physical data will continue
to be taken on Walnut Fork and Hood Creeks this fiscal year to
augment data taken previously and to measure biological and
physical changes as erosion control methods and devices are em-
ployed.

Data which win continue to be taken on these two streams in-
clude amounts of fishing pressure (creel census), water tempera-
tures, air temperatures, stream widths, stream depths, volumes of
flow, water velocities, species of fish taken, numbers of fish taken,
lengths of fish, weights of fish, types of stream bottom, amounts of
cover, amounts of bottom organisms, classifications of bottom or-
ganisms, use of spawning sites- -both natural and constructed, pic-
tures, movements of trout, turbidities, dissolved oxygen content,
carbon dioxide content, hydrogen-ion concentration, total hard-
ness, and silt deposition.

Fish population studies (500 feet in length) will be continued
on these streams at the rate of three sample areas per mile. Cresol
and/or shocking equipment will be used in collecting fish.

The bottom samples will be collected by the use of a surber
sampler which takes a sample of one square foot. Bottom samples
will be qualitative and quanitative. Organisms will be identified to
order and samples will be determined in quantity by volumetric
means.

The survey findings and any additional recommendations will
be reported.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Georgia State Government

2.0362, MECHANICS OF FLUID RESISTANCE
H.J. TRACY, U.S. Dept. of Interior, Water Resources Division,
Atlanta, Georgia

The one problem that is perhaps the most characteristically
hydraulic in nature is the problem concerned with fluid resistance
at a boundary. The expenditure of energy throughout the flow is
dependent upon the boundary resistance. Adopting a basic view-
point, the problem is one dealing with the transport of energy and
momentum by turbulent motion and the effect of these transport
processes in determining the mean flow fluid. In other words the
problem is vitally dependent upon the mechanism by which tur-
bulent fluid motion receives, transports, and expends energy.

The objective of this study is to attempt to describe the fluid
resistance in terms of dimensionless ratios characterizing the
physical dimensions of the roughness projections. The descriptive
measurement of these effects, however, can contribute to the
development of any ultimate theory only if they are relevant to
the mechanisms which determine the flow field, in other words,
relevant to the aforementioned transport processes.

Because suitable instrumentation needed to investigate and
measure point velocity, turbulence, and energy spectra in water is
not yet available, the experimental work will be performed in an
artificially roughened, closed, circular, air tunnel using a hot-wire
anemometer. This work will consist of tests in which roughness
resulting turbulence and energy spectra will be used to determine
what geometric ratios representative of the boundary roughness
are significant as well as their influence upon choice of friction
coefficient.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0363, IRRIGATION AND FERTILITY PRACTICES FOR
FLUE CURED-TOBACCO
G.N. SPARROW, Univ. of Georgia, Agricultural Experiment Sta.
,Tifton,Georgia

Objectives: 1. To determine a favorable balance of soil
moisture and plant nutrients for high yields of good quality tobac-
co. 2, To evaluate the hazard of excessive rains following im-
mediately after an irrigation. 3. To express these determinations
in standard terms in order to permit wide application of results.

Description of work: 16 treatments, consisting of 4 levels of
nitrogen under 4 levels of soil moisture, are arranged in a ran-
domized block design with 3 replications. Data obtained includes
soil physical characteristics, soil moistures, irrigation amounts
and frequency, yield, grade, acre value and chemical and physical
analysis of leaf samples.

SUPPORTED BY Georgia State Government

2.0364, THE RESPONSE OF PEANUTS TO SUPPLEMEN-
TAL IRRIGATION
J.R. STANSELL, Univ. of Georgia, Agricultural Experiment Sta. ,
Tifton, Georgia

Objectives: 1. To determine the amount and frequency of
supplemental irrigation required for optimum production of
runner peanuts. 2. To determine the limits of soil moisture within
which runner peanuts will produce satisfactory yields of high
quality. 3. In cooperation with interested specialists, to study and
control if practical, the undesirable side effects of irrigation on
peanuts, particularly excessive pod shedding. 4. To ascertain the
comparative responses of selected varieties of peanuts to high
levels of soil moisture.

Description of work: A replicated study will be initiated for
each of the four objectives above. (1) Runner peanuts will be
grown under 4 levels of soil moisture. (2) An automatic cover will
prevent rain from falling on plots. Four irrigation treatments will
be studied. (3) Chemical treatments of soil will be tested for ef-
fectiveness in preventing pod shedding under two levels of soil
moisture. (4) Four varieties of peanuts will be grown under two
levels of soil moisture.

1-75



2. WATER CYCLE
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2.0365, HYDROLOGIC RELATIONS IN HAWAII
R.R, PULFREY, U.S. Army, Engineer District, Fort Armstrong -
Honolulu, Hawaii 968 13

I , Purpose: To establish criteria for hydrologic design of
flood control projects and for plain information studies.

2. Procedure: The investigation involves data collected from
a dense network of rainfall and strcamflow gages located in three
small drainage basins ranging from 4,3 to 6.2 square miles in area,
The three areas arc: Kalihi Stream - island of Oahu, Wailua
Stream - island of Kauai and Kohakohau Stream - island of
Hawaii. Continuous record of flow at the three drainage area out-
lets and two upstream points in two areas is being obtained. Rain-
fall instrumentation includes 17 recording and 12 non-recording
rain gages. The basic data are analyzed to derive general rainfall-
runoff relationships which are incorporated into hydrologic
design criteria.

3. Progress, Project Bulletin No. I, printed 30 November
1964, shows the preliminary results of studies in the Kalihi Basin,
Collection of data in the Kalihi Basin will be completed at the end
of FY-67. The scheduled activity for fiscal year 1968 is the con-
tinued collection and analysis of rainfall and streamfiow, data for
the remaining two basins, correlation of physical charactcristics
of the drainage areas and their effects on runoff, and development
of unit hydrographs.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0366, HYDROLOGIC STUDIES (STORM STUDIES)
HAWAIIAN ISLANDS
R.R. PULFREY, U.S. Army, Engineer District, Fort Armstrong -
Honolulu, Hawaii 96813

I. Purpose: To conduct a detailed analysis of selected past
Hawaiian Island storms for use in various meteorological in-
vestigations including determination of design rainfall for studies
or construction involving streamflow.

2. Procedure: a. Part IA consists of compilation of basic rain-
fall data, construction of mass rainfall curves and preparation of
preliminary isohyetal maps by use of isopercen tile maps. b. Part
1B includes the tabulation of mass curve data, computation of
maximum accumulated rainfall amounts at each station by
selected time interval, and the determination of time of occur-
rence of maximum rainfall for selected durations. A detailed
meteorological analysis is prepared by the U. S. Weather Bureau.

3. Progress: Parts IA and IB for storm of 14-16 Apr 63, Island
of Oahu; Part lA, 24-27 Jan 56, Island of Kauai; and Part IA, 2-3
Apr 61, Island of Hawaii are complete. Investigation of a'signed
storms will continue in FY-1968.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0367, TIMBER AND WATERSHED RESOURCES
DEVELOPMENT RESEARCH IN HAWAII
R.E. NELSON, U.S. Dept. of Agriculture, Honolulu, Hawaii

Object: To select the best adapted and most productive tree
species and determine management for timber and other pur-
poses; to determine the hydrologic relations among climate, soils,
and wildland vegetation, and develop watershed management
methods for improved water yield, and flood and erosion preven-
tion; and to determine quality, properties, and related charac-
teristics and requirements for processing and marketing woods.

Plan of work: Timber management research is underway on:
evaluation of tree species and provenances for adaptability to
various environmental conditions; the silviculture of Acacia koa
and other selected species; and determining the growth of
selected exotic and native species. Current watershed manage-
ment research includes studies of evapotranspiration, soil crodi-
bility, and rainfall-streamflow relations. Forest products utiliza-
tion research includes studies of mechanical and physical proper-
ties, durability, seasoning of wood, and wood quality. The project
includes other studies to be undertaken during the next five years.

Cooperation: Hawaii Dept, of Land & Natural Resources;
University of Hawaii, Soil Conservation Service; Hawaii Dept. of
Social Services; Bishop Estate and C. Brewer & Co., Ltd.; Camp-
bell Estate; Hawaiian Fern-Wood, Ltd,; Honolulu Wood Treating
Company; and others,

SUPPORTED BY U.S. Dept, of Agriculture

2.0368, TRANSPORT PROCESSES IN FLUID FLOWS
A, OGATA, U,S, Dept. of Interior, Water Resources Division,
Honolulu, Hawaii

Techniques for constructing artificial sandstone models
simulating aquifer systems, and using dyes or radioactive tracers
to detail dispersion effects in the fluid flow therein, are well ad-
vanced. The development of methodology is now pointed toward
the determination of those physical parameters of the medium
which control the pattern of flow, Because the description
requires a knowledge of the path of the fluid particles, the use of
tracer methods seems to be the most promising approach.
Theoretical study of presently available flow equations will in-

volve the study of the matrix parameters by means of dimensional
and inspectional analysis. Laboratory analysis based on theoreti-
cal findings and various tracer characteristics is planned. Pro-
jected studies will involve progressively more complex media
characteristics,

SUPPORTED BY U.S. Dept, of Interior - Geological Survey

2.0369, GEOPHYSICAL EXPLORATION FOR HAWAIIAN
GROUND WATER - PHASE III
W.M. ADAMS, Univ. of Hawaii, Water Resources Research Ctr, ,
Honolulu, Hawaii 96822

The adaptation of geophysical exploration procedures and
instrumentation to volcanological hydrology, and application of
the methods developed to exploiting ground water resources in

Hawaii: A. A novel seismic correlation technique using trans-
parent sonograms; B. Seismic holography; C. High voltage (5000
volts) electrical restivity system for restivity profiling to delineate
ground water sectors and for restivity sounding to estimate the
water table depth in a sector; D. Photometric reflectivity and mul-
tispectral photography for surveillance of coastal springs.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res, Rch
University of Hawaii

2.0370, STUDY OF THE ENERGY BUDGET ON THE
HAWAIIAN ISLANDS
J. CHANG, Univ. of Hawaii, Graduate School, Honolulu, Hawaii
96822

Incoming IT iiation, reflectivity of the ground surface, and
also its re-radiation will be studied in relation with evapotrans-
piration.

SUPPORTED BY U.S. Dept. of Commerce - E,S.S.A.

2.0371, GEOPHYSICAL EXPLORATION FOR HAWAIIAN
GROUND WATER - PHASE II
D.C. COX, Univ. of Hawaii, Water Resources Research Ctr. ,

Honolulu, Hawaii 96822
The applicability and further development of several

geophysical techniques to ground water exploration problems in
Hawaii will be investigated: a) Seismic techniques in relation to
detailing lava structure at and below the water table, using signal
averaging techniques and vibration inputs and multiple impulses;
b) Resistivity surveys in relation to mapping of water-tables and
salt fresh water interfaces and location discontinuities between
high-head and low-head ground-water bodies; c) Thermal and
light sensing in relation to detection and evaluation of coastal
spring discharge; d) Electromagnetic sounding in relation to
determination of water-table depths in arid areas.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Hawaii

2.0372, PILOT EVAPOTRANSPIRATION STUDY WITH
LYSIMETERS OF WATER USE BY SUGAR CANE, PINEAP-
PLE AND TROPICAL TRUCK CROPS
P.C. EKERN, Univ. of Hawaii, Agricultural Experiment Sta. ,

Honolulu, Hawaii 96822
Objectives: I Develop a hydraulically counter balanced

lysimeter. 2, Develop lysimeters stable against tipping by very tall
crops. 3. Develop lysimeters for use in very heavy rainfall and
with low-transpiring crops.

It is proposed in this project to initiate an investigation of the
effect of water on crop yield and quality of sugar cane, pineapple,
and tropical truck crops, extending earlier research on the mag-
nitude of consumptive use of sugar cane and pineapple. Specifi-
cally in this pilot phase it is proposed to investigate modifications
of semi contained hydraulic lysimeters required to make such
lysimeters suitable for use with Hawaiian crops, taking into ac-
count, for example, the great height of sugar cane, the occasional
periods of very heavy rainfall and the low level of consumptive
use by pineapple,

SUPPORTED BY Hawaii State Government

2.0373, EVALUATION OF THE SULFUR SUPPLYING
CAPACITY OF HAWAIIAN SOILS
R.L. FOX, Univ. of Hawaii, Agricultural Experiment Sta. ,

Honolulu, Hawaii 96822
I. To determine the sulfur status of Hawaiian soils and esti-

mate sulfur added in rainfall and irrigation waters. 2. To deter-
mine the sulfur requirement of important crops. 3. To study fac-
tors which influence the availability of soil and fertilizer sulfur,

Soil profile samples will be examined for various sulfur fac-
tions. Crops will be grown on the soils in field and pot culture to
determine the availability of the various forms of soil sulfur, The
sulfur content of rain and air will be determined in relation to
distance and elevation from the sea. Factors which influence the
availability of fertilizer sulfur will be studied.

SUPPORTED BY Hawaii State Government

2.0374, SOIL -WATER RELATIONS OF HAWAIIAN SOILS
R.E. GREEN, Univ. of Hawaii, Agricultural Experiment Sta. ,

Honolulu, Hawaii 96822
I . Determine the soil water retention and conducting proper-

ties of the important agricultural and watershed soils of Hawaii. 2.
Relate soil water retention and conductivity to the structural and
mineralogical properties of soils. 3. Determine the magnitude of
hysteresis in both water retention and capillary conductivity, and
evaluate its importance in soil moisture measurements by suction
techniques for irrigation control purposes.

Soil-water relations of several important Hawaiian soils will
be studied in the laboratory using conventional pressure-mem-
brane equipment to measure soil water retention and a steady-
state flow system to measure capillary conductivity. These studies
will provide ( I ) necessary data for application of moisture flow
theory to complex infiltration and evapotranspiration problems,
(2) moisture retention information needed for precise soil
moisture control under irrigation, and (3) an evaluation of the de-
pendence of soil-water relations on soil structure and mineralogi-
cal composition.

SUPPORTED BY Hawaii State Government

2.0375, WATER TRACING AND DATING IN HAWAII
HYDROLOGIC CYCLE
L.S. LAU , Univ. of Hawaii, Water Resources Research Ctr. ,

Honolulu, Hawaii 96822
It is proposed to investigate the applications of tracer

techniques, principally tritium and radiocarbon, to aid in deter-
mining the age, circulation and movement of water in the Hawaii
hydrologic cycle and particularly that part pertaining to ground
water. This project is to extend and expand a current project
headed by L. S. Lau and L. Barnes, entitled Ground Water Trac-

2. WATER CYCLE

ing, and jointly supported heretofore by the Water Resources
Research Center, University of Hawaii and Board of Water
Supply, City and County of Honolulu.

Tritium content will be assayed with a liquid scintillation
system with enrichment of samples. Radiocr.:,bon will be likewise
assayed but with benzene conversion. Water sampling will include
ground water, rain water and surface water mostly on Oahu, In-
terpretations of field data wiil be complemented with considera-
tions of theoretical models.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Hawaii

2.0376, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
G. UEHARA, Univ. of Hawaii, Agricultural Experiment Sta.

Hawaii 96822
I . To investigate the nature of the particle coatings of certain

slowly wetted Hawaiian soils. 2. To investigate the influence of
ionic environment, pH, and moisture content on the wettability of
these soils. 3. To evaluate the factors associated with the develop-
ment of slowly wettable soils.

Description of Work: Investigations on the cause leading to
slow wettability of certain soils and the correction of the property
are the primary objectives of this project. Measurements of such
soil properties as particle size distribution, soil aggregation, ionic
environment, compaction, moisture content and mineralogy by
standard methods and the correlation of those factors with wetta-
bility summarize the nature of this work. In the event wetting pro-
perties of these soils can be improved in the laboratory applica-
tion of the same technique in the field is anticipated.

SUPPORTED BY U.S. Dept. of Agriculture
Hawaii State Government

2.0377, MACADAMIA CULTURE
R.M. WARNF;R, Univ. of Hawaii, Agricultural Experiment Sta. ,

Honolulu, Hawaii 96822
The project objectives are to: a. Determine the best method

for establishment of macadamia orchards on bauxitic soils, using
heavy lime and fertilizer applications. b. Establish small clonal
orchards of the three principal macadamia varities on Kauai for
future investigations on cultural practices, including mechanical
harvesting, where none now exist. c. Study the value of supple-
mental irrigation on the establishment of young orchards in a high
but erratically distributed rainfall area. d. Determine the value
and effectiveness of grafting to eliminate bitter nut seedlings from
orchards by means of reciprocal stock and scion grafts. e. Study
on an existing ten- year old clonal orchard at the Waimanalo
Farm, on Oahu, the effects of three levels of supplemental irriga-
tion, heavy, light and unirrigated, on premature nut drop, size,
quality and total yield of macadamia nuts. The three moisture
regimes will be maintained April to October during the critical
period when the main portion of the crop is developing.

SUPPORTED BY U.S. Dept. of Agriculture
Hawaii State Government

2.0378, TIDAL EFFECTS ON GROUND WATER
HYDRAULICS IN HAWAII

WILLIMS, Univ. of Hawaii, Water Resources Research Ctr. ,
Honolulu, Hawaii 96822

It is proposed to study the response of basal ground water
aquifers to tidal fluctuations. Investigation will be limited to
several representative types of aquifer which may be found in the
Hawaiian Islands. The purpose of the study is to verify and
possibly extend existing analytical results through laboratory ex-
periment, to relate laboratory results with field observations, and
finally to determine the relationships between tidal response and
aquifer characteristics (i.e. storage, transmissibility, thickness)
for tiro aquifers tested.

The basic study will be conducted with hydraulic models in
the laboratory, with analytic or analog techniques used to supple-
ment the model study. A pilot model of simple boundary
geometry for which analytical results arc available will be used to
verify the modeling technique.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Hawaii

2.0379, PILOT-STUDY OF SMALL WATERSHED
HYDROLOGY
1. WU, Univ. of Hawaii, Agricultural Experiment Sta. , Honolulu,
Hawaii 96822

Objectives: (1) To study the existing rainfall and streamflow
data and the instrumentation schemes for obtaining such data. (2)
To study the flood damage from small watersheds to agricultural
land and urban areas. (3) To review the current design criteria for
runoff and flood determination. (4) Design a long term project
for determining the rainfall runoff relationships.

Description of Work Proposed: (1) Review, collate, and
analyze the existing collections of rainfall, streamflow, and other
data pertaining to runoff determination and floods in Hawaii. (2)
Study the present instrumentation schemes for obtaining such
data. (3) Study and appraise the applicability of formulae and
review the current design criteria for runoff determination and
flood prevention construction. (4) Develop mathematic equa-
tions for flood hydrographs which fit the hydrological situation of
the Hawaii Islands.

SUPPORTED BY Hawaii State Government

2.0380, STUDY OF IRRIGATION SYSIEM DESIGN
CRITERIA FOR HAWAIIAN VEGETABLE CROPS
I. WU, Univ. of Hawaii, Agricultural Experiment Sta. , Honolulu,
Hawaii 96822

Objectives: 1. To determine the soil water relations of
Lalamilo soils. 2. To determine the soil-water-plant relations. 3.
To determine an adequate irrigation practice. 4. Economic analy-
sis of the yield and water use.

Description of Work Proposed: ( I st year) I . Collecting data
from pan evaporation. 2. Collecting evaporation data from bare
soil surface. 3. Determination of the soil water relations. 4. Study
the irrigation pattern, the uniformity of its application. 5. Correla-
tion of pan, soil evaporation to weather variables.

SUPPORTED BY Hawaii State Government

2.0381, PILOT STUDY OF SMALL WATERSHED FLOOD
HYDROLOGY IN HAWAII, PHASE II
I.P. WU, Univ. of Hawaii, Water Resources Research Ctr. ,

Honolulu, Hawaii 96822
The proposed research plan is a continuation of the original

project. This is designated as phase II.
The primary objectives and scope of the project are 1) to

provide fundamental understanding on flood hydrology in Hawaii
through analysis and study of existing available precipitation and
streamflow data and with limited supplemental studies designed
primarily to characterize physiography and land use, and 2) to
evaluate the effects on urbanization on flood discharge, and 3) to
prepare a research program designed to study rainfall-runoff rela-
tionship n d design criteria for flood drainage.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Hawaii

2.0382, HORTICULTURAL CROP RESPONSE TO IR-
RIGATION PRACTICES
D.F. WILLIAMS, Univ. of Hawaii, Agricultural Experiment Sta. ,

Waiakoa - Maui, Hawaii
Project objectives 1) Determine the relative advantages of

different methods of irrigation for, and the effect of irrigation at
different soil moisture tensions on the growth of some major
island crops. 2) Relate laboratory measurements of moisture
characteristics of the major island soils (Project 133S) to crop
growth in the field under different irrigation practices.

Description of work proposed - Replicated plantings of
several vegetables and flowers will be overhead irrigated with per-
forain pipe and surface irrigated with gated pipe (furrow and
basin) and canvas trickle hose. Soil moisture and root growth pat-
terns will be followed by, and irrigation based on, measnirements
from moisture blocks and tensionmeters placed at different
depths and distances from the crop row. Crop growth and disease

incidence recordings will be related to irrigation treatment and
daily pan evaporation and net radiation readings. Experiments
will be repeat planted at different seasons of the year to determine
season (day-length, net radiation) - crop response interactions;
and on different soil types to determine soil type-crop response
interactions, and the relationship of soil moisture characteristics
to crop response on different soils. Varietal, plant population and
fertility variables will be included wherever experimental design
permits.

SUPPORTED BY Hawaii State Government

2.0383, INVESTIGATION OF NEW METHODS
(NUCLEAR EQUIPMENT) FOR DETERMINING MOISTURE
CONTENTS, AND COMPACTION DENSITIES OF SOILS
AND AGGREGATES
H.L. DAY, State Dept. of Highways, Boise, Idaho

This study includes investigating new methods of determin-
ing moisture contents and compacted densities of soils and ag-
gregates including the use of nuclear equipment for this purpose.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Idal;') State Government

2.0384, EVAPOTRANSPIRATION UNDER NATURAL
CONDITIONS
L.M. COX, U.S. Dept. of Agriculture, Boise, Ida /to

Object: To study the loss of water by the evaporative process
from ponds, irrigated alfalfa and sagebrush rangelands in a
semiarid environment; to determine the actual loss of water from
representative sites, including the microclimate and soil moisture
status; and for predictive purposes to develop a procedure for
proportioning the available energy, including advective energy,
into sensible heat and latent heat fluxes for wide ranges of soil,
vegetation and moisture conditions; and to develop coefficients
for estimating actual water loss in terms of the potential evapora-
tive demand.

SUPPORTED BY U.S. Dept. of Agriculture

3.0385, INFILTRATION AS INFLUENCED BY SOIL-
VEGETATION COMPLEXES
L.M. COX, U.S. Dept. of Agriculture, Boise, Ida /to

To determine the infiltration capacity of the various soil
vegetation complexes occurring on a semiarid mountainous
watershed under different antecedent moisture conditions and for
various levels of intensity and duration; and to develop predictive
relationships associating expected infiltration to soil and vegeta-
tion properties, soil temperature and moisture status; and
meteorological factors.

Plan of Work: This work is in progress on the Reynolds
Creek Experimental Watershed southwest of Boise, Idaho. A
rainfall will be used to evaluate site infiltration on the various soil-
vegetation complexes that have already been delineated.

SUPPORTED BY U.S. Dept. of Agriculture

2.0386, PRECIPITATION CHARACTERISTICS IN-
FLUENCING HYDROLOGIC PERFORMANCE OF
AGRICULTURAL WATERSHEDS IN THE PACIFIC
NORTHWEST
W.R. HAMON, U.S. Dept. of Agriculture, Boise, Ida /to

Object: To develop methods for evaluating precipitation for
an area, both with respect to rates and amounts; to determine
seasonal variations in precipitation types and amounts, storm du-
ration, intensity and areal extent expectancies; to determine per-
tinent characteristics of precipitation with respect to runoff and
sediment movement; and to evaluate the characteristics of the
snowpack producing storms.

Plan of Work: The work is carried on principally in the
Reynolds Creek Experimental Watershed southwest of Boise,
Idaho, by means of a network of recording raingages and snow
courses for precipitation measurements. Some aspects of the stu-
dies are in progress from headquarters in Moscow, 'Idaho.
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SUPPORTED BY U,S. Dept. of Agriculture

2.0387, RUNOFF AND SEDIMENT MOVEMENT ON UNIT
SOURCE WATERSHEDS OF THE PACIFIC INFLUENCED
BY CLIMATE, SOILS, VEGETATION AND TOPOGRAPHY
W ,R, HAMON, U.S. Dept, of Agriculture, Boise, Idaho

Object: To develop methodology and criteria, for characteriz-
ing soil-vegetation-geologic complexes; to evaluate the effects of
these complexes on storm runoff, water yield and sediment move-
ment; to determine the effects of these complexes on deposition
and melt of snow and evaluate the interrelations of climatic fac-
tors with these complexes; and to develop criteria for judging
areas of high water yield, storm runoff, and sediment production
from known parameters.

Plan of work: This work is in progress on the Reynolds Creek
Experimental Watershed southwest of Boise, Idaho. Various soil
vegetation - geologic complexes have been delineated and instru-
mented intensively to measure precipitation; sediment yield; tem-
perature, radiation; wind; slope; watershed shape, size, and expo-
sure; amount and kind of vegetation; kind of soil and rock; snow
density and depth; height and distance of obstacles to wind and
snow, and other factors which may be pertinent.

SUPPORTED BY U.S. Dept. of Agriculture

2.0388, SNOW ACCUMULATION AND MELT ON STUDY
AREAS
F.M. SMITH, U Dept. of Agriculture, Boise, Idaho

To determine the physical and meteorological factors con-
tributing to nonuniformity of snow accumulation in shrub-
covered study basins on mountainous terrane; to determine the
influence of the controlling physical and meteorological factors
on snowmelt from the above areas.

Plan of Work: This work is in progress on the Reynolds
Creek Experimental Watershed southwest of Boise, Idaho. A
photogrammetric technique is being used to describe the basic
land and snow surfaces with such precision that it is possible to
analyze accumulation and melt patterns over the entire study
area. An energy balance at the snow-surface is also used to evalu-
ate the melt rate.

SUPPORTED BY U.S. Dept. of Agriculture

2.0389, FUNDAMENTAL ASPECTS OF IV AT EROSION
IN THE PACIFIC NORTHWEST
M.E. JENSEN, U.S. Dept. of Agriculture, Kinibew i, Idaho

Object: To determine the causative factors a water erosion
and the processes by which soil materials are removed and trans-
ported by water; to develop suitable methodology and devices for
studying water erosion phenomena; and to determine effects of
various soil, crop, land surface, topography, and climatic factors
on infiltration and water erosion in the Pacific Northwest.

Plan of Work: Work under this project employs devices such
as rainfall towers, portable field rainulators, and extensive field
and laboratory plot control equipment for application of rainfall
under specified conditions. Development of such research tools is
a part of this activity. Control of climate including freezing and
thawing of experimental plots, both prior to and during water ap-
plication tests, as well as fixed control of soil variables by con-
trolled tillage, crop residues, and other management factors per-
mit development of basic relationships between various soil,
cover, and climatic factors and the phenomena of soil loss by
water erosion. The infiltration and water transmission in frozen or
partially thawed soil is under investigation.

Cooperation: Washington Agricultural Experiment Station;
SCS; and others.

SUPPORTED BY U.S. Dept. of Agriculture

2.0390, SIMULATION MODEL FOR EVALUATION OF
INTERCEPTION FROM FOREST TREES
G.H. BELT, Univ. of Idaho, Graduate School, Moscow, Idaho
83843

2. WATER CYCLE

Digital simulation models expressing the mechanisms con-
trolling accumulation and depletion of intercepted snow from sin-
gle trees will be developed. The models will reflect both
meteorological and vegetational parameters influencing the inter-
ception process, The validity of the models will be tested using ex-
perimental data gathered by the Principal Investigator and ob-
tained from the literature.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res, Rch
University of Idaho

2.0391, EFFECT OF PHYSICAL PROPERTIES OF
POROUS MEDIA ON WATER MOVEMENT
G.L. BLOOMSBURG, Univ. of Idaho, School of Engineering,
Moscow, Idaho 83843

The work will involve a numerical solution of the Navicr
Stokes equations for flow arour.J arrays of particles. The numeri-
cal solution for the velocity and pressure distributions will be
compared to experimental results. Another portion of the project
will consist of relating the permeability of porous media directly
to physical properties of the media -- such as porosity and parti-
cles size -- with no undefined shape or orientation factors. This
portion of the project will consist largely of review of existing
theories and experimental work.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Idaho

2.0392, EFFECT OF EXTERNAL AIR PRESSURE ON
LIQUID FLOW THROUGH A POROUS MEDIUM
G.L. BLOOMSBURG, Univ. of Idaho, Agricultural Experiment
Sta. , Moscow, Idaho 83843

Objectives: ( I ) To determine the effect of external pressure
on th liquid permeability of a porous medium containing trapped
air. (2) To determine the effect of external pressure on the
amount of trapped air.

There is evidence from several field studies of canal seepage
that there is a relationship between atmospheric pressure and
permeability due to trapped air in the soil. In this laboratory study
the relationship will be studied as well as the effect of pore size
and atmospheric pressure on the amount of trapped air. The
porous media used will be glass beads packed into a plastic
column approximately 1 1/4 inches in diameter and 2 feet long. A
hydrocarbon liquid or water will be used as the flowing liquid.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

2.0393, DISTRIBUTION AND ECOLOGY OF AQUATIC
INSECTS OF IDAHO
M.A. BRUSVEN, Univ. of Idaho, Agricultural Experiment Sta. ,
Moscow, Idaho 83843

Objectives: ( I ) Inventory the aquatic insects of Idaho to
determine their distribution and abundance. (2) Study the biolo-
gy of the aquatic insects of Idaho for the purpose of determining
their life histories, ecological habitats, inter-and intra-specific
relationships with other animals, parasites and pralators, food
habits, and importance to man and domestic animals, (3) Study
the population dynamics of insects in selected aquatic habitats in
order to determine and evaluate the biological and physical ef-
fects of the environment on the population.

The purpose of this study will be to determine the fauna, dis-
tribution, biology and ecology of aquatic insects in streams, lakes,
ponds, reservoirs, drainage and irrigation ditches in Idaho. Vari-
ous techniques for collecting in different habitats will be em-
ployed such as bottom scrapers, Surber bottom samplers, aquatic
seines, nets and dredges in order to ascertain both qualitatively
and quantitatively the insect fauna. An evaluation will be made of
water chemistry, substrate, depth of water, turbidity, tempera-
ture, food and inter- and intraspecific relationships in order to
determine their effects on the distribution an population dynam-
ics of aquatic insects. Laboratory rearing studies in aquaria and
tanks will supplement field data in delineating the bionomics, life
histories, and role of insects in the aquatic ecosystem.
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SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

2.0394, NON-STEADY 2 AND 3- DIMENSIONAL FLOW OF
FLUID INTO POROUS MATERIAL
G.L. COREY, Univ. of Idaho, Agricultural Experiment Sta. ,

Moscow, Idaho 83843
Objectives: (1) To investigate possible approximate solutions

for the differential equation describing non-steady 2 and 3-dimen-
sional flow of a fluid into a porous material. (2) To determine ex-
perimentally the relationships between discharge, advance of the
wetted front, and time when a fluid enters a porous material at a
capillary pressure sufficiently high to eliminate complete satura-
tion near the source. (3) To determine the effect of initial
moisture content on the above relationships.

The diffusion approach toward flow into porous media has
been thoroughly investigated for one-dimensional flow, however
information is very limited concerning the more important 2 and
3-dimensional flow cases. Relationships between discharge, rate
of advance and time will be experimentally determined. The fluid
will be forced to enter the material at a tension so that the diffu-
sion equation will be truly tested. The effect of initial moisture
content on imbibition will be determined. An attempt will be
made to solve with analog techniques the differential equation
describing this flow so that the analytical solution can he com-
pared with the experimental data.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

2.0395, INTERACTION OF TEMPERATURE WITH
OTHER FACTORS ON THE RESPONSE OF CANADA THIS-
TLE TO HERBICIDES
L.C. ERICKSON, Univ. of Idaho, Agricultural Experiment Sta. ,
Moscow, Idaho 83843

Objectives: (I) To determine the influence of two nitrogen,
phosphorus, moisture and temperature regimes on the growth and
reproduction of Canada thistle Cirsium aruense L. (2) To deter-
mine the influences of these factors on the efficiency of moisture
utilization of thistle growth (weight). (3) To determine the in-
fluences of these factors on the response of this species to herbi-
cides.

This study will he conducted primarily in the greenhouse
using individual plant containers. The growth media will be a N
and P deficient sandy loam soil. Nitrogen and P205 will be added
at 0 and 100 lbs equivalent/A. Moisture will be maintained at 1/3,
and 1 atmosphere. A temperature difference of 10o F. will be
maintained for 14 days before and following the herbicide appli-
cation.

Prior to the herbicide applications two harvests will be made
to determine the influences of fertility, and moisture on sub-
sequent growth. Final phytotoxic effects will be determined by
survival, date and vigor of re-growth, and finally plant weight.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

2.0396, EVALUATION OF CLIMATIC PATTERNS AF-
FECTING IDAHO AGRICULTURE
I.O. EVERSON, Univ. of Idaho, Agricultural Experiment Sta. ,
Moscow, Idaho 83843

Objectives: (1) To complete the recording on punch cards of
weather data from selected locations within Idaho. (2) To analyze
precipitation data to determine the probabilities of receiving
specified amounts of precipitation for weekly periods and three-
week moving averages of these periods for each of the selected lo-
cations. (3) To determine whether there exist any detectable
changes in precipitation and temperature normals over years
when such data are available. (4) To analyze evaporation data
during the growing season to establish its variation and range.

The limiting climatic factors influencing production in the
agricultural regions of Idaho should be more clearly defined by
statistical evaluation of weather records. Data spanning a thirty

year period for about 15 weather stations are sufficient for this
description. Precipitation data are not normally distributed, how-
ever use of the gamma distribution permits calculation of the
probabilities of receiving given anounts of rainfall. Means and
standard deviations of weekly temperatures, growing degree days
and evaporation will adequately describe these climatic factors
for use in making intelligent agricultural decisions.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

2.0397, NORTHERN IDAHC ALFALFA PROBLEM
R.W. HARDER, Univ. of Idaho, Agricultural Experiment Sta. ,

Moscow, Idaho 83843
Objectives: A. Determine if root growth is being limited by

soil conditions to the degree that they do not function properly in
assimilating available nutrients and moisture from the soil. B.
Determine if the soil conditions influence nutrient availability by
effecting the chemistry of the soils. C. Determine the soil
moisture movement pattern to find out if soil conditions are im-
peding water movement in such a way that the roots are unable to
get an adequate supply of water or oxygen. D. Determine if physi-
cal conditions of the soil are effecting microbial activity. This
study will he made on undisturbed soil cores, disturbed samples
and on field plots on soils under virgin forest, and in areas where
both normal and 'sick' alfalfa is growing. Detailed morphological,
moisture movement pattern, nutrient uptake, and root growth
studies will be made on both normal and 'sick' alfalfa sites in situ.
Physical analysis of soil structure will be made in the laboratory.
Various physical and chemical treatments will be made on core
and disturbed soils and alfalfa growth habits will be studied.
Chemical characterization of 'sick' and normal soils and alfalfa
plants from these soils will be made. Microbial response to
modification of physical and chemical properties of the soil in the
field and greenhouse will be studied.

SUPPORTED BY Idaho State Government

2.0398, LIMNOLOGICAL STUDIES OF LENTIC WATERS
IN IDAHO
F.W. RABE, Univ. of Idaho, Water Resources Research Inst. ,

Moscow, Idaho 83843
Four alpine lakes in the Five Lakes Butte Area in northeast-

ern Idaho will be studied together with a reservoir located outside
of McCall, Idaho which is scheduled for filling during the fall of
1966. Objectives are to determine the physical and chemical
characteristics of the waters during the summer and limited sam-
ples during the winter, to measure primary production of the
phytoplankton in the reservoir waters, to measure secondary
production in both high lakes and reservoirs as pertains to
zooplankton and macro-invertebrates, and to relate fish produc-
tion with the biotic parameters measured in the high lakes. Lim-
nological measurements of the newly impounded reservoir water
over the years will help make it possible to compare production
over a period of time. These observations will be related to the
growth and condition of the fish populations,.

At least three graduate students will help conduct these stu-
dies. Such limnological measurements will enable us to learn
more about lentic water production and carrying capacity of the
waters and thus help establish a reliable fish stocking program.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Idaho

2.0399, HYDROLOGY OF FROZEN GROUND FLOODS
A.C. ROBERTSON, Univ. of Idaho, Water Resources Research
Inst. , Moscow, Idalw 83843

The objectives of this project are to relate infiltration rates of
frozen ground to parameters of moisture content of soil, tempera-
ture of surface water, and time, to apply these relationships to
hydrograph studies of surface runoff under frozen ground condi-
tions. Infiltration rates into frozen soil columns under various
temperature and moisture conditions will be measured in the
laboratory. Relationships developed from the data will be tested
in hydrograph studies from a small watershed and in examination
of past major frozen ground floods in the region.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Idaho

2.0400, TEMPORAL, HORIZONTAL AND VERTICAL
VARIABILITY OF WATER CHEMISTRY IN THE UNSATU-
RATED ZONE OF FINE-GRAINED SO:LS
R.E. WILLIAMS, Univ. of Idaho, Water Resources Research Inst.
, Moscow, Idaho 83843

The first phase of the project consists of the development of a
method whereby many samples of soil water, can be obtained from
a given point in the zone of aeration. A sampling point will not be
destroyed during the sampling process, thus temporal variation of
water quality at any given point in the soil can be determined by
analysis of samples collected over an extended period of time. In
the second phase, the horizontal and vertical variability of water
quality at several different times will be determined by analysis of
samples collected from a network of points in the unsaturated
zone in fine grained soils. Determination of temporal, horizontal
and vertical variability of water quality should provide insight into
rate and direction of movement of water in the unsaturated zone
as well as information on the quality of the water recharging
ground-water aquifers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Idaho

2.0401, SOIL-PLANT-ATMOSPHERE COMPONENTS IN
IRRIGATION STUDIES OF BLACK WALNUT TREES IN
SOUTHERN ILLINOIS
W.C. ASHBY, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

The overall objective is to identify soil, plant, and atmospher-
ic factors influencing irrigation requirements and resulting growth
of black walnut on a small watershed in southern Illinois.

Individual investigators' research objectives include., 1. Study
of the relations between leaf water potential, stomatal conditions,
leaf temperature, and soil moisture conditions. 2. Determination
of a suitable empirical basis for enabling future walnut irrigators
to estimate carefully the need for irrigation. 3. Ascertainment of
the influence of varying soil moisture tensions on measured trans-
piration rates of black walnut.

SUPPORTED DY Southern Illinois University

2.0402, SORPTION ISOTHERMS OF PHENOL ON ION
EXCHANGE RESINS
J.W. CHEN, Southern Illinois University, School of Engineering,
Carbondale, Illinois 62903

Phenol is a troublesome pollutant from industrial wastes, it
cannot be removed by biological treatment, easily. Ion Exchange
Resins are proposed as potential adsorbents to remove phenol
because their selectivity and capacity.

Five different resins were screened. It was found that both IR
45 and IR 401 resins are excellent adsorbents for phenol. Sorp-
tion isotherms of these two resins at different pH and tempera-
tures are investigated.

SUPPORTED BY Southern Illinois University

2.0403, THE EFFECTS OF PLANT TRANSPIRATION RE-
TARDANTS ON TRANSPIRATION, LEAF TEMPERATURE,
STOMATAL BEHAVIOR AND OSMOTIC PRESSURE
N.A. MILLER, Southern Illinois University, Graduate School,
Carbondale, Illinois 62903

The objective of this research is the study of the effects of
plant transpiration retardants on leaf temperature, stomatal
behavior, osmotic pressures water potential, turgor pressure and
transpiration on field corn (Zea mays) grown under field condi-
tions and greenhouse conditions.

In the field, measurements and collections will be made every
four hours starting at 6 AM until 10 AM the following day. Leaf
temperatures will be recorded using a copper-constantan ther-
mocouple with a DC rustrak amplifier-recorder system. Stomatal
behavior will be noted with General Electric RTV-11 silicone im-
pressions and a microprojector. The osmotic pressure of the
leaves will be determined with a Fiske Osmometer and water
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potential (DPD) with the Schardakou method. The turgor pres-
sure will then be determined from this data (OP- DPDOTP).
Similar collections will be carried out in the greenhouse including
the gravimetric determination of transpiration rates.

Control and treated plants will be studied simultaneously.
Retardants to be used include phenylmercuric acetate (different
concentrations), chlorogenic acid, n-decenylsuccinic acid, and
hexadecyl and octadecyl alcohols.

SUPPORTED BY Amer. Assn. For The Advancement of Sci.

2,0404, EFFECT OF SOIL MOISTURE AND POTASSIUM
FERTILIZATION ON THE TRANSPIRATION RATE OF
SOYBEANS (GLYCINE MAX)
J.P. VAVRA, Southern Illinois University, School of Agriculture,
Carbondale, Illinois 62903

The objective of this project is to study the effects of varying
concentrations of potassium and different soil moisture levels on
soybean growth and transpiration. The experiment will be con-
ducted in the greenhouse and in the field.

SUPPORTED BY Southern Illinois University

2.0405, DAILY HEAT BUDGETS IN ENVIRONMENTAL
FLUIDS
J. VERDUIN, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

The diurnal heat gain and nocturnal heat loss in aquatic en-
vironments and in the atmosphere is under investigation. Heat
budgets are expressed in terms of calories per cm2 per day and
the distribution at different levels in water and air is being deter-
mined. The aquatic investigations are confined to habitats in Il-
linois and Ohio, but atmospheric data extend from tropical to
polar stations.

SUPPORTED BY Southern Illinois University

2.0406, SCAVENGING STUDY OF SNOW AND ICE
CRYSTALS
A. LIEBERMAN, I I T Research Institute, Chicago, Illinois

A research program is described to study the important fac-
tors for defining scavenging effectiveness of snow and ice crystals.
Two factors of concern are the aerodynamic and the electrostatic
forces between the falling crystal and the particles or droplets in
its path. The differences between the forces associated with the
crystal and those associated with an equivalent droplet are to be
considered.

The forces should be investigated first independently, and
then in combination. Both analytical and experimental studies are
planned, with the ultimate objective of better defining the
parameters controlling scavenging by snow and ice crystals. Dur-
ing the first year efforts will be directed primarily toward study of
aerodynamic effects.

SUPPORTED BY U.S. Atomic Energy Commission

2.0407, DYNAMICS OF THE CIRCULATION IN THE
GREAT LAKES
G.E. BIRCHFIELD, Northwestern University, School of En-
gineering, Evanston, Illinois 60201

The overall objective of this work is to make a study of the
dy TIlliCS of the circulation in the Great Lakes. The circulation of
the ,rakes may be caused by several factors. Certainly one of the
priwary forcing functions is the wind and temperature fields of
the atmosphere overlying the lakes. The proposed research is sub-
divided into two major tasks.

The first task is to consider a numerical model of the com-
bined Lake Huron, Lake Michigan basins as a single basin con-
nected by the Straits of Mackinac. Horizontal transport will be
calculated for a field of constant stress, a field of constant curl
stress and a field of constant divergence stress. It is anticipated
that bounds can be established on the exchange of mass between
the lakes as a function of wind stress.

The second task concerns the distribution of wave energy in
a lake. It is proposed to investigate the normal energy modes for a
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two-layer circular lake wit+ a parabolic depth profile. Some infor-
mation will be obtained as to the distribution of energy among the
normal modes in response to a simple stress field. Such a study
will assist in determining the relative importance of the modes as
a function of the forcing period. It is planned to estimate the nor-
mal modes numerically for a Lake Michigan model.

SUPPORTED BY U.S. National Science Foundation

2.0408, A STUDY OF A POLLUTED RIVER, THE IL-
LINOIS
W.C. STA RRET7', State Dept. of Conscrv. , Springfield, Illinois

Objective: The Illinois River, originating below Chicago and
flowing southwestward to enter the Mississippi River at Grafton,
has a long h;story of pollution, much of which has been docu-
mented (since 1900) by Survey aquatic biologists. At present
there is a move on by the State and Federal Governments to clean
up the pollution. Our investigation will measure the progress that
is being made and suggest the sources of the more severe types of
pollution based on the reactions of the fishes and aquatic inver-
tebrates,

Procedures: Biological collections arc made at specific sta-
tions with trap nets, a boat shocker, and using minnow seines for
small fishes. These collections arc paralleled by limited chemical
sampling and dissolved oxygen profiles. Dredges arc used to col-
lect deep water specimens and molluscs. Collections of inver-
tebrates and small fishes arc preserved and returned to the labora-
tory for identification. These procedures will be followed each
summer and fall for three additional years.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Illinois State Government

2.0409, INVESTIGATION OF PERMEABILITY OF FINE
GRAINED GLACIAL SEDIMENTS IN RELATION TO
WASTE DISPOSAL IN ILLINOIS
R.E. BERGSTROM, State Gcol. Survey, Urbana, Illinois

The objective of the research is to evalutc current methods
and to develop practical procedures for determining the field
permeability of fine grained glacial sediments. These sediments --
mainly tills -- arc too tight to be analyzrd for permeability on the
basis of conventional pumping tests. Field measurements will be
made using several methods of injection -- and possibly pumping -
- in shallow bore holes. Laboratory tests will be made on cores by
standard permeameter methods.

The permeability data will be obtained from representative
glacial deposits of known character and extent, so that results
may be extrapolated, and will be evaluated for such practical ap-
plications as selecting sites for surface waste disposal, protecting
shallow aquifers from pollution, and appraising drainage and
ground-water recharge conditions.

SUPPORTED BY Illinois State Government
University of Illinois

2.0410, THEORETICAL ANALYSIS OF REGIONAL
GROUND-WATER FLOW IN THE HAVANA AREA
P.C. HEIGOLD, State Gcol. Survey, Urbana, Illinois

A study of the flow system of the Havana Arca, a broad sand
plain adjacent to the Illinois River, ahs been undertaken, using
numerical methods adapted for computer solution. A mathemati-
cal model representing three dimensional, non-homogeneous,
isotropic, steady state flow has been developed. Input data, such
as water tables, bedrock elevations, and hydraulic conductivity
values, have been taken from a hydrogcologic report of the arca
and additional data sources of the Illinois State Geological Survey
and the Illinois State Water Survey. Output includes the regional
potential distribution in the glacial deposits between the water
table surface and the Pennsylvanian and Mississippian bedrock
which is assumed to be impermeable. The mathematical model is
general enough to be applied in other areas where the bask con-
ditions are met.

SUPPORTED BY Illinois State Government

2.0411, RELATION OF FLOODPLAIN POOLS TO THE
BIOLOGICAL PRODUCTION OF THE KASKASKIA RIVER
AND ITS MAINSTEM RESERVOIRS
R.W. LARIMORE, State Natural History Survey, Urbana, Plinois

Floodplain pools produce fish and fish foods that are flushed
into the river or reservoir during periods of high water. The lim-
nology and biological communities of these pools will be studied
and related to the fishery and recreational values of the river and
mainstcm impoundment. Possibilities will be investigation of
manipulating the biological communities and their habitats to
produce kinds and quantities of fish and fish foods of value in the
river or reservoir.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Illinois State Government

2.0412, TOPOGRAPHIC EFFECTS ON PRECIPITATION
S.A. CHANGNON, State Water Survey, Urbana, Illinois

An extensive study of the increased precipitation in the
Shawnee Hills arca of southern Illinois is underway. Data from the
raingagc installations will be used to identify the specific areas of
the hills where the topographic effects maximize. This will allow
further instrumental studies of the changes produced in the low-
level atmosphere by the relatively small hills.

Data collection for the first five-year phase of project began
January 1, 1965; analyses will be continuous throughout the pro-
gram.

SUPPORTED BY Illinois State Government

2.0413, INTERRELATIONSHIP OF FACTORS AFFECT-
ING QUALITY OF IMPOUNDED WATERS
R.L. EVANS, State Water Survey, Urbana, Illinois

A study of water quality in lakes is being made in an effort to
obtain knowledge concerning the interrelationship of physical,
chemical, and biological processes occurring in an impounded
water. Initial study on Lake Bloomington include comparison of
quality characteristics in tributaries with those of water
withdrawn from the lake to measure changes occurring in the im-
poundment. Chemical analyses are performed on waters of the
lake, its tributaries, muds and squeeze water and interface liquor.
Phytoplankton and bottom fauna arc collected and identified,
temperatures and dissolved oxygen measured, and secchi disc
readings are recorded.

SUPPORTED BY Illinois State Government

2.0414, HYDROMETEOROLOGICAL ANALYSIS OF
SEVERE RAINSTORMS
F.A. HUFF, State Water Survey, Urbana, Illinois

A continuing program of field surveys and detailed analyses
of severe rainstorms in Illinois has been conducted since 1950;
analyses are based on radar, synoptic weather, and field survey
data, and include area-depth-duration relations, antecedent rain-
fall evaluation, isohyctal maps for peak periods of storm.

SUPPORTED BY Illinois State Government

2.0415, RADIOACTIVITY IN RAINFALL
F.A. HUFF, State Water Survey, Urbana, Illinois

Investigation is being made of the space and time distribution
of radioactivity in rainfall and its relationship to various
meteorological factors such as the amount, duration, and intensi-
ty of rainfall, cloud depth and type, and synoptic weather fea-
tures. Sampling area includes broad portion of central Illinois.

(Supported in part by research grant by Atomic Energy
Commission under Contract AEC 1199).

SUPPORTED BY Illinois State Government
U.S. Atomic Energy Commission

2.0416, RAINFALL EVALUATION STUDIES
F.A. HUFF, State Water Survey, Urbana, Illinois
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With support from an NSF grant, an extensive study of the
time and space characteristics of storm, monthly, seasonal, and
annual precipitation has been undertaken. The primary purpose is
to provide knowledge needed in evaluating weather modification
potential and in developing design and verification criteria for
precipitation modification experiments. Major data source is the
Water Survey raingage networks. Efforts are being made to com-
bine statistical analyses with meteorological knowledge to define
better the physical properties and distribution characteristics of
natural precipitation and how storm rainfall distributions are af-
fected by such factors as precipitation type, synoptic storm type,
rainfall intensity, and storm duration.

SUPPORTED BY Illinois State Government
U.S. National Science Foundation

2.0417, GEOHYDROLOGIC SYSTEM ANALYSIS WITH
AN ELECTRIC ANALOG COMPUTER
T.A. PRICKE7'T, State Water Survey, Urbana, Illinois

Electric analog techniques have now been devised and tested
for simulating nearly all active and passive boundary conditions
which are common to all groundwater systems. Within the last
year, emphasis was placed on final design of the necessary circuits
needed to simulate the nonlinear properties of evapotranspira-
tion, induced infiltration from rivers, aquifer storage, ground-
water runoff, recharge from precipitation, and underflow.

Also, a report is currently being written which describes vari-
ous finite-difference networks for both electric analog and digital
simulation of aquifer systems. Methods are outlined for designing
several types of equivalent discretized aquifer systems which
result in a minimum number of simultaneous equations that need
to be solved for a given problem solution. Special network designs
arc given that allow a great reduction in the size of an analog
model and in programming or data input in the case of digital
simulation. Error analysis has been included to guide the in-
vestigator in design of such networks.

SUPPORTED BY Illinois State Government

2.0418, GROUND-WATER STUDIES - PILOT DRAINAGE
BASIN STUDY
R.J. SC NICHT, State Water Survey, Urbana, Illinois

All factors of the hydrologic cycle (especially precipitation,
temperature, streamflow, soil moisture, changes in surface and
sub surface storage, and evaporation) are being measured and ex-
amined to obtain quantitative knowledge of movement and
storage of ground water under natural conditions in 22-square
mile basin (East Branch, DuPage River, in Chicago Region).

The annual rate of recharge to, and evapotranspiration from,
the ground-water reservoir is to be determined. Stream discharge
hydrograph is being separated into its two components, surface
runoff and ground- water runoff. Gravity yields of glacial deposits
and underlying dolomite aquifer to be estimated.

First phase completed October 1966; to be renewed in future
to study effect of land-use changes (rural to suburban); skeleton
observation network being maintained in interim.

SUPPORTED BY Illinois State Government

2.0419, GROUND-WATER STUDIES - DEEP SANDSTONE
AQUIFER IN CHICAGO REGION
R.J. SCHICHT,State Water Survey, Urbana, Illinois

Investigations cover extensive artesian well field with wells
1200 to 2200 feet deep, locally heavily pumped (pumpage in
1961 was 96.5 million gallons per day, and has exceeded practical
sustained yield of aquifer since 1958); includes study of ground-
water level recession, interferences, transmissibilities, effect of
additional demands; water-level and pumpagc data are analyzed
annually.

SUPPORTED BY Illinois State Government

2.0420, STREAMFLOW HYDROGRAPH SEPARATION
SCHICHT, State Water Survey, Urbana, Illinois
In this study, separation of the streamflow hydrograph into its

components of surface runoff and groundwater runoff is based on
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differences in the total dissolved minerals in groundwater and in
surface water as me .cured by the conductivity method. An earlier
study was conducted on the Pilot Drainage Basin ( East Branch
DuPage River, in Chicago Region); however, sewage effluent in
this river during parts of the year affected the results. A second
study has been started on the 95-square-mile Panther Creek
watershed (central Illinois). Here, separation of the streamflow
hydrograph by the conductivity method will be compared with
the rating curve method of relating mean groundwater stage to
groundwater runoff, since a rating curve for Panther Creek was
previously establsihed.

SUPPORTED BY Illinois State Government

2.0421, STREAMFLOW VARIABILITY
K.P. SINGH, State Water Survey, Urbana, Illinois

Basic research into the inherent variability of streamflow is
being pursued. This study is currently oriented toward improving
knowledge of the actual yield of an impounding reservoir during
critical drought conditions.

Understanding the variability of streamflow provides funda-
mental knowledge which will be useful in processing Illinois
strcamflow to provide answers to many questions in areas of;
water supply direct from streams, drainage, duration of low flows
and high flows, zoning of flood plain land, and to some extent
floods.

SUPPORTED BY Illinois State Government

2.0422, SEDIMENTATION IN LAKES AND RESERVOIRS
J.B. STALL, State Water Survey, Urbana, Illinois

To aid designers of water-supply reservoirs, sediment accu-
mulations are measured and sediment samples taken for laborato-
ry analysis in a continuing program. Cooperating agencies survey
watershed soil types, slopes, land uses, and conservation prac-
tices. Data are analyzed for correlation with watershed factors,
rate of sediment deposition, and expected life of reservoir.

(Cooperative with Agricultural Research Service, Soil Con-
servation Service, and Illinois Agricultural Experiment Station)

SUPPORTED BY Illinois State Government

2.0423, (U) RADAR MEAS REMENT OF RAINFALL
G. STOUT, State Water Survey, Urbana, Illinois ( DA-28-043-
AMC-00032E)

OF RADAR MEASUREMENT OF RAINFALL RATE
THROUGH IMPROVED KNOWLEDGE OF

AND FROM THE RADARS AND RAIN GAGES IN-
STALLED AT THE UNIVERSITY OF ILLINOIS ARE BEING
ANALYZED TO DETERMINE THE BEST RELATIONSHIP
BETWEEN THE RADAR-REFLECTED SIGNAL AND THE
RATE AND AMOUNT OF PRECIPITATION. RAINDROP-
SIZE DATA, TAKEN AT MANY LOCATIONS IN THE
WORLD, HAVE BEEN ANALYZED AND ARE TO BE USED
IN DEVELOPINGZ/R RELATIONSHIPS (Z IS THE RADAR-
REFLECTED SIGNAL AND R IS THE RAINFALL) APPLICA-
BLE TO THE ARMY SYNOPTIC SITUATIONS AND CLI-
MATIC REGIMES IN THE WORLD.

CONTINUED HIS RESEARCH ON QUANTITATIVE
DETERMINATION OF PRECIPITATION USING WEATHER
RADAR. EVALUATION AND PUBLICATION OF ALL RAIN-
FALL DISTRIBUTIONS OBTAINED WITH THE RAINDROP
CAMERA AT VARIOUS GEOGRAPHICAL LOCATIONS
WERE COMPLETED. THE DROP SIZE DISTRIBUTIONS ARE
BEING USED TO COMPUTE COMMUNICATION ATTENUA-
TION FOR SYNCOM FREQUENCIES, PROGRAMMING HAS
BEEN COMPLETED TO PERMIT COMPUTATION OF
REFLECTIVITY, RAINFALL RATE, LIQUID WATER CON-
TENT, AND ATTENUATION FOR SELECTED FREQUEN-
CIES BETWEEN 3 AND 70 GHZ. REF A/ ECOM-02071-1, IN-
VESTIGATION OF THE QUANTITATIVE DETERMINATION
OF PRECIPITATION BY RADAR , JUN 67; B/ ECOM-02071-2,
`INVESTIGATION OF THE QUANTITATIVE DETERMINA-
TION OF PRECIPITATION BY RADAR, DEC 67 C/ ECOM-
02071-RRI, RAINDROP DISTRIBUTIONS AT MAJURO
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ATOLL, MARSHALL ISLANDS , MAR 67 D/ ECOM-02071-
RR2, RAINDROP DISTRIBUTIONS AT ISLAND BEACH, N..I.
SEPT. 1967 E/ ECOM 02071-RR2, RAINDROP DISTRIBU-
TIONS AT FRANKLIN, N. CAROLINA SEPT 67 F/ ECOM-
02071-4, RAINDROP DISTRIBUTIONS AT WOODY ISLAND,
ALASKA, NOV 67 G/ ECOM-02071-RR5, RAINDROP DIS-
TRIBUTIONS AT BOGOR, INDONESIA, JAN 68 I-1/ ECOM
02071-RR6, RAINDROP DISTRIBUTIONS AT CORVALLIS,
OREGON, FEB 68 I/ STOUT, G., SURVEY OF RELATION-
SHIPS BETWEEN RAINFALL RATE AND RADAR REFLEC-
TIVITY IN THE MEASUREMENT OF PRECIPITATION,
PAPER PRESENTED AT THE MEETING OF 28 SEPT 67, OF
THE INTERNATIONAL ASSOCIATION OF METEOROLOGY
AND ATMOSPHERIC PHYSICS OF THE GENERAL AS-
SEMBLY OF THE INTERNATIONAL UNION OF GEODESY
AND GEOPHYSICS if STOUT, G., SEVERE STORMS OVER
THE CENTRAL PLAIN STATES, PRESENTATION BEFORE
THE N. J. CHAPTER OF THE AMM, NOVEMBER 1967.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0424, DENSE RAINGAGE NETWORK PROJECTS
G.E. STOUT, State Water Survey, Urbana, Illinois

A long-term project in which two dense raingage networks
encompassing 1200 and 1600 mi2 are presently operated to pro-
vide basic data for various climatological, hydrometeorological,
and severe storm studies. Data also provide useful information for
evaluating the potential of weather modification and designing
precipitation modification experiments. One network is located in
the Shawnee Hills region of the southern part of the state and the
other in the central Illinois flatlands to sample different climatic
and topographic conditions.

SUPPORTED BY Illinois State Government

2.0425, MATHEMATICAL GEOMORPHOLOGY
A.E. SCHEIDEGGER, U.S. Dept. of Interior, Water Resources
Division, Urbana, Illinois

The origin of land forms and the development of landscapes
have been intriguing problems in geomorphology. Contributory
agents, among others, are erosion, weathering, and accumulation.
Most previous work has been concerned with the effects of
weathering. This study is to analyze the processes of erosion and
accumulation in landscape development, and to develop mathe-
matical models of erosion and accumulation processes in
geomorphology. Methods of analysis whereby erosion data may
be applied to test the model will be studied,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0426, EFFECT OF WATER AVAILABILITY ON
PHOTOSYNTHESIS OF PLANTS
J.S. BOYER, Univ. of Illinois, Graduate School, Urbana, Illinois

The proposed research deals with the effect of water availa-
bility on photosynthesis and its implications for increasing the ef-
ficiency of water use by crops. The investigations will center on
means of measuring crop moisture status and the reasons for
changes in photosynthesis at various plant moisture stresses.
Three studies will be carried out: I . A simple field method will be
developed to measure the moisture status of corn and soybean
crops. 2. The method will be used in conjunction with measure-
ments of photosynthesis of corn and soybeans to determine the
moisture status at which these crops require water. Measurements
of moisture status and photosynthesis will also be made in plants
recovering from water deficiencies to determine whether the
method can be used to indicate when sufficient water has been
applied during irrigation of corn and soybeans. 3. Experiments
will be undertaken to elucidate mechanisms by which lack of
moisture may reduce photosynthesis. Chloroplasts will be isolated
from leaves which are subjected to water deficiencies and will be
studied for evidence of structural damage as well as changes in
enzymatic activity brought about by the deficiency conditions.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of Illinois

2.0427, SYSTEM ANALYSIS OF RAINFALL-RUNOFF
RELATIONSHIP
V.T. CHOW, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

The watershed is treated as a lumped hydrologic system. As-
suming a general nonlinear equation for the basin storage and
combining it with the equation of continuity, a differential equa-
tion for the system has been formulated. This equation has been
quasi-linearized by assuming that the coefficients are functions of
the average inflow and outflow of the system. Without resorting
to the quasi-linear procedure, the nonlinear equations are now
being solved on digital computers.

SUPPORTED BY University of Illinois

2.0428, STOCHASTIC ANALYSIS OF RAINFALL-RU-
NOFF RELATIONSHIP
V.T. CHOW, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

Stochastic behavior of rainfall-runoff relationship has been
investigated by employing sequential generation and simulation
techniques to the analysis of the data from 28 annual storms in the
French Broad River Basin at Bent Creek, North Carolina. The
stochastic process was formulated by Markov-chains and Monte
Carlo methods, assuming deterministic watershed system. The
watershed system itself, in addition to the stochastic input rainfall
and stochastic output runoff, is now being considered as
stochastic in the analysis.

SUPPORTED BY University of Illinois

2.0429, HYDROLOGIC ANALYSIS BY ANALOG COMPU-
TERS
V.T. CHOW, Univ. of Illinois, School of Engineering, Urbana, Il-
linois.

Direct and indirect analog computers are used for the analy-
sis of hydrologic systems of surface and ground waters. For linear
and nonlinear reservoirs, floods have been routed through them
by simulation of EM PACE computers. The results indicated that
the initial storage in the reservoir affects only the very beginning
portion of the outflow hydrograph. For investigating ground
water potentials, resistance networks have been designed and
analyzed for a number of ground water regions in Illinois.

SUPPORTED BY University of Illinois

2.0430, GROWTH AND DEVELOPMENT OF NATIVE
HARDWOODS AND PINE
A.R. GILMORE, Univ. of Illinois, Agricultural Experiment Sta. ,

Urbana, Illinois
(1) To work out site index curves for both hardwood and

pine on the basis of site factors; (2) to establish timber productivi-
ty classes for the important soil types or series; (3) to study the
growth or various species in relation to factors that effect the
availability of soil moisture; (4) to investigate the relation
between site and mineral content of the foliage of both pine and
hardwood species.

Description of Work: Microdendrometer studies will be used
to determine the influence of various site factors, soil moisture in
particular, on the seasonal growth of pine plantations and native
hardwood stands. They will be used also to study the effects of the
release of trees from competition on diameter growth.

An intensive study of site-growth relationships in native hard-
wood stands will be made on soil types important to timber-grow-
ing in southern Illinois. The foliar analysis for N., P., K., Ca., and
other elements will be made on leaf samples taken from hard-
wood trees growing on different site qualities. Nitrogen deter-
mination will be by micro- kjeldahl methods. Other elements will
be determined with a flame photometer.
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SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

2.0431, EFFECTS OF SOIL MOISTURE STRESS
A.R. GILMORE, Univ. of Illinois, Agricultural Experiment Sta, ,
Urbana, Illinois

Objectives: To investigate the effects of controlled soil
moisture stress on (1) foliar nutrients, number of growth flushes,
diameter growth, and height growth of loblolly pine trees. (2) The
specific gravity; tracheid length; and percentage of summerwood,
springwood, cellulose, extractives, and lignin of the wood of
loblolly pine trees.

Procedure: Plots in an 18-year-old plantation of loblolly pine
wil be subjected to six soil moisture stresses and replicated three
times in a randomized block design. Soil moisture will be moni-
tored with a d/M nuclear gauge. Micro-environment stations will
be maintained. Radial growth will be recorded by dendrograph.

At the end of the experiment, wood will be analyzed for cel-
lulose, lignin, nutrients (nitrogen, potassium, etc.) and any other
chemical component by accepted A.O.A,C, procedures,

SUPPORTED BY U.S. Dept. of Agriculture

2.0432, A WATER TRANSPORT IN THE SYSTEM, SOIL-
PLANT-ATMOSPHERE
A. KLUTE, Univ. of Illinois, School of Agriculture, Urbana, Il-
linois

This is to be an experimental study of the uptake of water by
plant root systems under controlled conditions, Plants will be
grown in soil columns with provision for temperature aid humidi-
ty control of the top of the plant. Evaporation from the soil sur-
face, and from the leaves of the plant will be measured separately.
Data will be collected to supply the necessary parameters in a
theory of water uptake based on the use of unsaturated flow
theory including a sink- term in the flow equation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

2.0433, INVESTIGATION OF WATER STORAGE AND
MOVEMENT IN SOILS
A. KLUTE, Univ. of Illinois, Agricultural Experiment Sta. , Ur-
bana, Illinois

Objectives: (I) The development of new and improvement of
old concepts of the behavior of water in soils, especially unsatu-
rated soil. (2) The development and improvement of methods of
measuring soil properties that are significant in water storage and
movement. (3) Application of the theory of flow to analyze vari-
ous soil water flow systems and obtain predictions of their
behavior.

Work Proposed: Solutions of the flow equation for water in
unsaturated soil will be obtained for various specific flow systems.
Experimental observations on these flow systems will be com-
pared with these solutions. Methods of measuring conductivity
and water capacity will be developed and improved. Attempts to
extend the flow theory to deformable soils will be made.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

2.0434, HYDROLOGIC CHARACTERIZATION OF
SMALL WATERSHEDS
A. KLUTE, Univ. of Illinois, Agricultural Experiment Sta. , Ur-
bana, Illinois

Regional Objective: To investigate the use of mathematical,
electrical, and hydraulic models to study hydrologic phenomena
of watersheds.

Specific Objectives: 1. To analyze the flow behavior of water
in a soil with a sloping surface during three stages of flow: (1)
wetting under rainfall, (2) steady flow under rainfall, (3) drainage
after rainfall has ceased, and to determine the contribution of
subsurface flow to the runoff from the land. 2. To predict the soil
water content, hydraulic head and pressure head of the soil water
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as a function of time and position in the soil. 3. To predict the
flow rate across the soil surface as a function of time and position
on the slope during each of the three stages of flow.

Work Proposed: Numerical solutions of the flow equation for
water in soil will be obtained for boundary and initial conditions
that will represent wetting of a soil on a slope, the steady flow
through the soil and the drainage of the soil after rainfall ceases.
The contribution of the soil water flow to runoff will be evaluated,
and the effect on the flow of various parameters, such as slope
length, slope angle, and soil properties, will be evaluated.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

2.0435, STUDY OF THE HYDROLOGY FOR MODELS OF
THE GREAT LAKES
DD. MEREDITH, Univ. of Illinois, School of Engineering, Ur-
bana, Illinois

Sophisticated quantitative analyses of precipitation, evapora-
tion, and runoff for each of the Great Lakes and the Great Lakes
as a system are proposed in order to provide a better understand-
ing of these relationships for future management of the Great
Lakes. Monthly estimates will be derived, based upon a thorough
meteorologic and hydrologic evaluation of all existing data. These
water movement data are necessary for a quantitative systems
analysis of the Great Lakes for future managemant.

In order to perform these tasks it will be necessary to gather
into one analysis site all of the existing runoff and precipitation
data as well as other pertinent meteorological data from United
States and Canadian sources. The accumulated data will be used
to make monthly and annual estimates of runoff, precipitation,
and evaporation for lakes on an individual basis for the period
1945-1965 with some consideration given to the drought period
of the 1930's. The monthly estimates will be available for future
use through publication in the appropriate journals.

SUPPORTED BY University of Illinois

2.0436, CLAY-WATER-ION INTERACTIONS
R.J. MILLER, Univ. of Illinois, Agricultural Experiment sta. , Ur-
bana, Illinois

Objectives: (I) Evaluate the effect of clay adsorbed water on
the water flow characteristics of a clay-water system. (2) Deter-
mine the influence of temperature on the physical nature of water
in association with clays. (3) To investigate the effect of various
treatments and ions on the surface characteristics of clays.

Work Proposed: Experiments will be conducted to elucidate
the effect of clays and exchangeable cations on the structure of
water adsorbed on clay surfaces. A combination of experimental
observations and current ideas on water structure may lead to a
better understanding of the mechanisms involved in clay ad-
sorbed water.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

2.0437, AN EXPERIMENTAL STUDY OF EDDY DIFFU-
SION COEFFICIENTS, EVAPOTRANSPIRATION AND
WATER USE EFFICIENCY
R.J. MILLINGTON, Univ. of Illinois, School of Agriculture, Ur-
bana, Illinois

Work at Porton has shown the utility of artificial line sources
in measuring eddy diffusion coefficient profiles for mass transfer
in the lower atmosphere. It is proposed to extend this approach to
measurement of profiles of eddy diffusion coefficients within and
above the leaf canopy of crop plant communities.

A line source of organic vapor will be introduced into both
wind tunnel model systems and into field crops. Concentration
distribution downwind will be estimated on gas samples, pumped
from sample points to a collection site, where analysis will be
made using a gas chromatograph flame ionization detector.

Measurement of wind speed at one height together with con-
centration distribution data, permits finite difference numerical
analysis of the usual two-dimensional flow equation involving
both convective and eddy diffusive terms. Alternatively, by using
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sources at different heights and measuring at short distances
downwind, separate estimates of the eddy diffusivity can be made
within 'layers' of the system, using a graphical solution of the flow
equation.

The eddy diffusion coefficient profiles thus obtained, when
augmented with measures of the profiles of water vapor pressure
and carbon dioxide, allow calculation of evapotranspiration and
net photosynthesis. These latter data are collected as source and
sink strength terms for each 'layer' of the system Oermitting some
separation of evaporation from transpiration.

Variation in evapotranspiration and the ratio of crop dry
matter produced by photosynthesis per unit of water used, that is,
water use efficiency, will be examined in relation to crop canopy
geometry and meteorological factors.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

2.0438, SOIL-MOISTURE-PLANT GROWTH RELATION-
SHIPS
0.11. PETERS, Univ . of Illinois, Agricultural Experiment Sta. , Ur.
bana, Illinois

Objective: To determine the effect of soil moisture content,
soil moisture suction, hydraulic conductivity, and related soil
physical properties on entry of water into plant roots.

Plan of Work: The separate and combined effects of soil
moisture suction on moisture uptake by roots are evaluated under
controlled environmental conditions. Seedlings arc grown for
short 2criods of time in soils with different moisture contents at a
given suction level, and in soils with different suction levels at a
constant moisture content. Changes in root weight and volume
are used as indices of water transfer between soil and root.
Radioactive tracers are used to simultaneously evaluate the rela-
tion between water uptake and ion uptake. Determination of the
mechanisms of water movement through plants and ways that
transpiration may be suppressed are underway. Mechanisms by
which external factors influence transpiration arc also under stu-
dy. Determinations of the moisture retentivity and conductivity of
soils for characterization purposes are included in this project.

SUPPORTED BY U.S. Dept. of Agriculture

2.0439, CLIMATIC INFLUENCE ON WATER USE AND
CROP PERFORMANCE IN THE CORN BELT REGION
D.B. PETERS, Univ. of Illinois, Agricultural Experiment Sta. , Ur-
bana, Illinois

Object: To determine the plant-soil-meteorological interac-
tions involved in the partition of energy at the earth's surface and
to develop methods of beneficial alteration in energy dissipation
in the Corn Belt region.

Plan of work: The soil-plant-atmosphere relationship and
particularly crop geometry and the atmosphere will be evaluated.
Possibilities for altering crop geometry to conserve moisture and
create a more desirable soil-atmosphere enviornment for growing
plants appear almost unlimitied. Research will be directed toward
an understanding of the evaporation process as it relates to the
soil water-atomosphere system so as to increase the efficiency of
utilization of available precipitation. This will involve a systematic
evaluation of the effects of elements of climate such as net hu-
midity, temperature and wind velocity on evaporation of water
from soils and other surfaces. Studies will be made of the inter-
relations of net radiation, humidity, temperature and wind
velocity on evaporation of water from soils and other surfaces.
Studies will be made of the interrelations of net water from the
soil and through plants, and energy transformed into dry matter
by common crops. Fundamentals of moisture transfer and storage
in the soil-atomosphere system will be investigated.

SUPPORTED BY U.S. Dept. of Agriculture

2.0440, SOIL MOISTURE FLOW PROBLEMS AND SOLU-
TIONS IN THE CORN BELT REGION
D. . PETERS, Univ. of 'Illinois, Agricultural Experiment Sta. , Ur-
bana, Illinois

Object: To develop ( 1 ) fundamental equations governing
moisture transport, (2) means of solution of transport equations,
and (3) method for evaluation of soil physical parameters essen-
tial to the solution of transport equations.

Plan of Work: The physical components of the environment
are reduced to mathematical forms that can be utilized in trans-
port equations. The solution of these equations through ap-
propriate models, electrical resistance networks or electronic
computers is developed and tested. Soil physical evaluative
procedures are then developed to supply the data essential to the
solution of the transport equations and the general utility of the
solutions are translated into design features of water management
systems. While the work in this investigation will be basic in na-
ture, emphasis will be given to solution of flow problems in the
Corn Belt region. (The design of a soil moisture management
system is controlled by the soil-physical factors that govern the
transport of water into and through soil.

SUPPORTED BY U.S. Dept. of Agriculture

2.0441, NUMERICAL ANALYSIS OF TIME-DEPENDENT
FREE SURFACE FLOWS
W.D. ROSE, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

Finite difference algorithms are being developed to model in
three dimensional space the unsteady-states of motion in water
that is in part or in whole bounded by so-called free surface boun-
daries. Field equations of both the Navier-Stokes and Fourier dif-
fusivity types are under consideration, where in the former case
special attention is also given the action of capillary forces, and
where in both cases attention is given to the hydrodynamic and
body forces of gravity. Applications range from considering the
shape of falling rain drops, wave motion, action of water in
hydraulic structures, open channel flow, soil infiltration
problems, aquifer performance, and individual well problems.

SUPPORTED BY University of Illinois

2.0442, SYSTEMATIC ANALYSIS OF THE MOISTURE.
TEMPERATURE INTERACTIONS ON CORN YIELD
E.C. RUNGE, Univ. of Illinois, School of Agriculture, Urbana, Il-
linois.

The proposed research plan involves field, laboratory and
statistical investigations to determine the interaction between
plant available stored soil moisture (PASSM), at various rainfall
and temperature combinations during the growing season on corn
yield. The approach is to analyze historical corn yields where
PASSM, rainfall and temperature are known or can be estimated.
Various mathematical models relating PASSM, rainfall and tem-
perature to corn yield will be studied with particular attention
given to the interactions involved.

Field investigations will include measurinc PASSM, rainfall,
temperature and corn yield at several locations wherer the
PASSM varies within a location and rainfall and temperature vary
between locations. This data will be analyzed to determine the in-
teractions between PASSM, rainfall and temperature on corn
yield.

SUPPORTED BY University of Illinois

2.0443, STOCHASTIC TREATMENT OF RIVER
GEOMETRY
A.E. SCHEIDEGGER, Univ. of Illinois, School of Engineering,
Urbana, Illinois

Water is one of the important 'mines and minerals'. Because
of this, the department has become involved in the study of river
flow and drainage basin development. A test of meander forma-
tion showed that the latter can be regarded as a random walk
process. An analysis of the structure of drainage basins showed
that the configuration of the latter also can bc regarded as the
outcome of a stochastic process.
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SUPPORTED BY U.S. National Science Foundation

2.0444, HYDRAULIC GEOMETRY OF STREAMS
J.B. STALL, Univ. of Illinois, State Water Survey Division, Ur-
bana, Illinois

A completed project shows there to be, for the 18 river
basins in Illinois, a consistent pattern in which the width, depth,
and velocity of flow in a stream change along the course of the
stream, with a constant frequency of discharge. These channel
characteristics are termed hydraulic geometry and constitute an
interdependent system which can be described by a series of
graphs having simple form, or by equations.

The data from about 250 stream gaging stations will be as-
sembled and used to develop the parameters to define the hydrau-
lic geometry of stream systems for ten river basins selected to
represent various physiographic and hydrologic regions of the
humid part of the United States. These parameters are to be
generalized for various physiographic divisions and used to help
explain variability of other observed hydrologic phenomena such
as low flow frequency, and flow duration. These parameters will
also be used to predict the average depth and velocity of flow at
problem locations on the stream where no measurements are
available. This will allow computation of the re- oxygenation
capacity of the stream at a problem location, and the time- of-
travel of contaminants through the stream system.

The study will extend enormously the range of hydraulic
geometry parameters derived for very flat stream systems in Il-
linois.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of Illinois

2.0445, RAINOUT OF RADIOACTIVITY IN ILLINOIS
G.E. STOUT, Univ. of Illinois, State Water Survey Division, Ur-
bana, Illinois (AT(11-I )1199)

Several studies are being pursued to acquire better un-
derstanding of the atmospheric processes controlling rainout and
fallout, and, thereby, substantially improve our capability to pre-
dict the intensity of radioactivity under various meteorological
conditions during periods of potential fallout hazard. A study of
the relation between air motions and radioactive rainout in con-
vective storms is being made to seek an explanation of the causes
of various mesoscale rainout characteristics observed in past ex-
periments. Another study is concerned with investigation of sub-
synoptic circulations in the upper and middle troposphere and
their effect on the rate of diffusion of radioactive material. A
laboratory investigation of sub-micron particle scavenging by rain
is being initiated, since over 50 percent of tropespheric radioac-
tive particulates are of this size.

SUPPORTED BY U.S. Atomic Energy Commission

2.0446, THE EFFECT OF VARYING SOIL MOISTURE
REGIMES ON THE YIELD AND LEAF NITROGEN COM-
POSITION OF CORN
E.H. TYNER, Univ. of Illinois, Agricultural Experiment Sta. Ur-
bana, Illinois

Objectives: 1. To establish the effect of high plant popula-
tions on the critical N percentage of corn. 2. To determine the
yield and leaf composition models relating population, N rate,
and plant-available water levels when corn is planted on partially
recharged soils and subsequently irrigated during the growing
season. 3. On the basis of the results of the second objective, to
develop N and population recommendations based on alternative
decision models.

A 4 x 3 x I split plot field design field trial with 4 population
rates varying from 16 to 18,000 plants per acre with 3N rates
varying from no N to 150 lbs. and one water level will be carried
out for objective 1.

A 2x 2x 3 x3 split plot design field trial with 50 percent and
100 percent preseason rooting volume moisture recharge, with 2
growing season moisture levels maintained by irrigation, with 3
population rates and 3 N rates will be carried out under objective
3.

2. WATER CYCLE

Leaf composition and yields will be calculated out as
quadratic functions of the water, population and N rates. These
will be employed under objective 3.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

2.0447, EFFECT OF RAINDROP IMPACT AND SURFACE
ROUGHNESS ON SHEET FLOW
H.G. WENZEL, Univ. of Illinois, School of Engineering, Urbana,
Illinois

The general objective of this research is to examine in detail
both experimentally and theoretically the mechanics of sheet
flow. This knowledge will be useful in improving the design of
urban drainage facilities where this type of flow is common. More
specifically the individual objectives are: (a) to investigate experi-
mentally the effect of raindrop impact on sheet flow using care-
fully controlled laboratory rainfall, surface profile, and runoff
measurements, (b) to study in detail the pressure fluctuations
caused by raindrop impact using pressure transducers and to cor-
relate this work with the results of the first objective, (c) to study
the effect of roughness on sheet flow on a more thorough basis
than has been previously attempted and (d) to review the existing
theoretical relationships describing sheet flow in the light of the
experimental results so that, if necessary, modified equations can
be developed which will reflect the true physical phenomenon.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

2.0448, HYDRAULIC RESISTANCE IN ALLUVIAL CHAN-
NELS
B.C. YEN, Univ. of Illinois, School of Engineering, Urbana, //-
/inois

The proposed research involves an analytical investigation
directed at the determination of the hydraulic resistance for sedi-
ment-bearing flow in channels. The approach is to reanalyze the
available experimental and field data based on dimensional analy-
sis and mechanics of fluid and sediment movement.

The effects of the geometry of the channel, the properties of
the sediment particles, and the characteristics of the flow are to
be studied. The results will be presented in dimensionless general
forms for engineering purposes such as river training, flood con-
trol, and canal design.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

2.0449, DROUGHT RESISTANCE IN BARLEY VARIE-
TIES
J.J. CHINOY, Gujarat University, Ahmedabad, hdia

Object: To investigate the resistance of barley to wilting at
different growth and developmental stages and the role of sugars,
phospholipids and protein in resistance; and to obtain a growth or
developmental index for selecting varieties of barley for arid
zones.

Plan of work: Indian and American varieties of barley will be
treated with (1) normal watering during growth, (2) wilting at the
tiller initiation stage, (3) wilting at the shooting stage, (4) wilting
at the flowering stage, and (5) continuous moisture stress in the
soil. Permanent wilting will be maintained for a fixed number of
days, then normal watering resumed. Resistance of plants to
drought will be estimated and varietal coefficients of plant parts
determined. Coefficients of drought resistance for different plant
parts will be determined, also different characteristics determin-
ing the yield of grain under the different treatments. Varieties of
barley will be exposed to different photoperiodic cycles (24, 11
and 8 -hour days). Drought intensity and related coefficients will
be determined. Internal causes of drought resistance will be deter-
mined by water of dehydration and permeability of seedling;
treatment of seeds with growth regulators and trace elements; and
changes in carbohydrates, phospholipids and protein during
growth.
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SUPPORTED BY U.S. Dept. of Agriculture

2.0450, COMPARISON OF EVAPORATION INSTRU-

MENTS
M. GANGOPADHYAYA, Indian Dept. of Meteorology, New
Delhi, India

The objectives of this research, which is funded under the
Special Foreign Currency Program of the United States Govern-
ment, are a. To construct and install various types of evaporime-
ter tanks, including the U. S. Class A Fan, the U.S.S.R. 20 sq.
meter and 001-3000 tanks, and a 16 -foot diameter sunken plastic
tank (U.S. backyard swimming pool). b. To obtain correlation
coefficients between measurements of evaporation as obtained by
the various instruments.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S,A.

2.0451, NEW-TYPE GLYCOL MONO ALKYL ETHERS
FOR THE CONTROL OF WATER EVAPORATION, TO EX-
TEND THE USE OF COTTONSEED OIL
A.B. BISW AS, Natl. Chemistry Lab. of India, Poona, India

Object: To determine the best method for introducing the
ethenoxy group into alkyl alcohols, optimum number of such
groups, and the physical properties of the product.

Plan of work: Alcohols will be prepared from saturated fatty
acids of the cottonseed oil. A series of compounds of the type
CH3(CH2)N (CCH2CH2) OH containing one thylene oxide
group, will be prepared by such reactions as that of the bromides
of the saturated fatty alcohols with monosodium glycolate, or by
direct condensation of the fatty alcohols with one unit of ethylene
oxide. The reaction products will be purified. Potential deriva-
tives containing different functional groups also may be synthes-
ized, and studies made of their relevant physico-chemical proper-
ties. The condensation of the alcohols with multiple units of
ethylene oxide to give products of the type
CH3(CH2 )N(CCH2C H2 )XON will be studied also, to spreadi-
bility on water surfaces, stability against chemical degradation,
wind, wave, and dump action, ambient temperature, and the case
of repair of the damaged surface. The products will be tested for
emulsifying ability and attention given to possible flavor or to ::ici-
ty effects in waters protected by these materials. The surface
phenomena of the products will be studied. These compounds will

be tested for evaporation properties, particularly for resistance to
`piling up' due to wind activity and for efficiency and rapidity of
self repair to ruptures of film surfaces.

SUPPORTED BY U.S. Dept. of Agriculture

2.0452, THERMAL AND BIOLOGICAL CHARAC-
TERISTICS OF LAKES
R.G. LIPSCOMB, U.S. Dept. of Interior, Water Resources Divi-

sion, Fort Wayne, Indiana
The project is to evaluate methods ot evaporation computa-

tion, study thermal-stratification processes, investigate biological
influences on water quality, and study the process of lake aging.
Where practical, new investigative techniques will be developed.
Time and spacial distribution data from detailed counts of algal
species in Pretty Lake, LaGrange County, Indiana, are being re-
lated to the distribotiou of water temperature and of chemicals
known to be Lnportant in growth processes. Wind, temperatre,
and radiation data are being used in the study of water tempera-
tures and evaporation. Analyses of plant and animal remains in
the lake sediments, along with other sediment art lyses, will pro-
vide data for the study of the aging process in Pretty Lake.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0453, CHANNEL MEANDER STUDIES
J.F. DANIEL, U.S. Dept. of Interior, Water Resources Division,
Indianapolis, Indiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Indiana.

Purpose: To develop predictive criteria for movements of
river channels.

Methods: Several channel meanders in different types of soil
in different areas of the State have been selected for study. Varia-
bles such as peak discharges, average discharge, grain size of bed
and bank materials, and suspended sediment loads will be corre-
lated with measured changes in meanders to establish relations
which may exist. If relations can be established, meander move-
ments may be predicted at other locations.

SUPPORTED BY U.S. Dept. of Interior - 'geological Survey
Indiana State Government

2.0454, EVAPORATION LOSSES FROM LAKES IN INDI-
ANA
C.H. TATE, U.S. Dept. of Interior, Water Resources Division, In-
dianapolis, Indiana

Purpose: To determine the evaporation losses from a lake in
central Indiana by the energy-budget method and to develop a
coefficient to be used with the mass-transfer method of comput-
ing evaporation elsewhere in the state.

Methods: Initiaily the energy-budget method will be used to
determine evaporation from Morse Reservoir in central Indiana
and a coefficient computed to be used with the mass-transfer
method. Within 2 years enough data will have been collected to
determine this coefficient for Morse Reservoir and the station will
be discontinued as an energy-budget station but will be continued
as a mass-transfer evaporation station. New sites for energy-
budget studies will be selected thmth the state to define a curve
of surface-area vs, mass- transfer coefficient so that the mass-
transfer method of evaporation computation may be used
anywhere in the state.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Indiana State Government

2.0455, LOW FLOW CHARACTERISTICS OF INDIANA
STREAMS
C.H. TATE, U.S. Dept. of Interior, Water Resources Division, In-
dianapolis, Indiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Indiana.

Purpose: To analyze stream flow data and determine low
flow characteristics such as flow frequencies and duration.

Methods: Stream flow at continuous record gaging stations
will be arrayed by computer at periodic intervals, A network of
low-flow stations where base discharges will be measured periodi-
cally will be operated, Frequencies and durations will be deter-
mined at gaged sites and estimates of certain parameters will be
made for ungaged sites through correlation techniques.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Indiana State Government

2.0456, WATER RESOURCES, COLUMBUS, INDIANA
AREA
F.A. WATKINS, U.S. Dept. of Interior, Water Resources Division,
Indianapolis, Indiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Indiana.

Purpose - To investigate alternative methods of development
of water supplies from surface and ground water sources.

Method - Data to construct an analog model of the outwash
sand and gravel aquifer in Bartholomew County will be collected.
The model will be used to demonstrate the relative merits of vari-
ous methods of development of water resources to assure an
adequate supply for the next 50 years.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Indiana State Government

2.0457, MECHANICS OF SOIL EROSION BY WATER
M.F. BAUMGARDNER, Purdue University, Agricultural Experi-
ment Sta. , Lafayette - West Lafayette, Indiana 47907
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(1) To determine the erodibility of soil as influenced by its
particle characteristics; (2) to determine the effect of rainfall
splash and overland runoff on soil erosion; (3) to determine the
importance of rainfall characteristics on the erosion process; (4)
to determine the effect of temperature on soil detachability and
transport; (5) to investigate and evaluate the properties of soils
which produce resistance to detachability and transport.

To better understand the mechanics by which water causes
soil erosion, the phenomenon is to be studied under somewhat
idealized but controlled, laboratory conditions. Simulated rainfall
and soils will be initially utilized in experiments with shallow
water flow over soil beds and through flumes. Concurrent experi-
ments of the resistive mechanisms of natural soils will also be
begun to give prietical significance to findings with simulated
soils.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

2.0458, THE EFFECT OF URBANIZATION ON RUNOFF
IN SMALL WATERSHEDS
D.W. 1)ELLEUR, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

The objective of the research is to study the effect of varying
degrees of urbanization on the rainfall - runoff relationship in pre-
urban, early suburban and suburban watersheds principally in
West Lafayette, Indiana. For this purpose the following
watersheds will be used: a) the Ross Ade drain upper and lower
watersheds having areas of 29 and 333 acres respectively, cover-
ing a fully developed suburban development and a portion of the
Purdue campus respectively. b) The Purdue Swine Farm covers
two watersheds having a total area of about 470 acres, the upper
watershed is in the process of being developed, the lower
watershed is a pre-urban stage. It is expected to evaluate the
volume and peak rate of runoff, the shape of the hydrograph, the
frequency of peak discharge, the infiltration rate, the base flow,
the time of concentration and the time lag in terms of the land use
intensity. The data obtained will be analyzed by means of concep-
tual and/or mathematical models simulating watersheds with
varying degrees of urbanization.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Purdue University

2.0459, ASSEMBLY AND ANALYSIS OF HYDROLOGIC
AND GEOMORPHOLOGIC DATA FOR SMALL
WATERSHEDS IN INDIANA
J.W. DELLEUR, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

A computer oriented assembly and retrieval system will be
developed for hydrologic and geomorphologic data for
watersheds from 2 to 300 square miles in Indiana. This will in-
clude approximately 55 watersheds for which a large number of
single peak hydrographs will be digitized at 15 or 30 minute inter-
vals. A number of hydrograph and storm characteristics will be
evaluated. The geomorphologic characteristics will be obtained
from drainage and topograph maps. The data will be loaded on
magnetic tape.

Upon completion of the data assembly, the hydrologic
response of small Indiana watersheds will be evaluated under
varying rainfall and climatic conditions. Attempts will be made to
correlate the parameters describing the hydrologic system
transfer functions to the basin hydrologic and geomorphologic
characteristics. The final objective is the development of predic-
tion methods for strcamflow forecast for ungaged basins in Indi-
ana.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Purdue University

2.0460, EXPERIMENTAL INVESTIGATION OF THE DE-
PENDENCE BETWEEN TURBULENCE EDDY VISCOSITY
AND FLUID VISCOSITY
V.W. GOLDSCHMIDT, Purdue University, School of Engineer-
ing, Lafayette - West Lafayette, Indiana 47907

2. WATER CYCLE

Momentum and mass arc diffused by molecular effects
through viscosity as well as by turbulence agitation of fluid ele-
ments. The diffusive effect of turbulence has been explained by
defining an 'Apparent Eddy Viscosity' a convenient grouping of
variables whose value up to now has only been deduced from
measurements. Inasmuch as most reliable measurements of turbu-
lent properties have been made in air (where the viscosity is espe-
cially constant) it has not been possible to conclude (except
through similarity postulates) whether or not that this 'apparent'
turbulent 'viscosity' is dependent on the fluid properties them-
selves.

Under the current research, the measurements of turbulence
intensities and velocity distributions in a submerged liquid jet will
be made and the dependence or lack of dependence between
eddy and molecular viscosity will be investigated.

SUPPORTED BY Purdue University

2.0461, MATHEMATICAL SIMULATION OF
HYDROLOGIC EVENTS ON UNGAGED WATERSHEDS
L,F. HUGGINS, Purdue University, Water Resources Research
Ctr. , Lafayette - West Lafayette, Indiana 47907

The basic approach of the proposed research project is to
develop relationships describing the dynamics of the various com-
ponents of the runoff process for small elemental areas within a
watershed, Fundamental hydrodynamic equations will then be
utilized in high speed computers to integrate the spatially varied,
time dependent outputs from all of the many elements within the
watershed to obtain a composite runoff hydrograph.

Then after a composite runoff hydrograph has been
developed, the adequacy of the mathematical model will be tested
by applying the model to several small gaged watersheds from
which records are currently available and comparing the pre-
dicted and observed hydrographs. The sensitivity of the predicted
hydrographs to variations in parameter values for the various
hydrologic components will then be investigated. On the basis of
this investigation, it is anticipated that a laboratory model will be
constructed for investigating shallow flow over erodible surfaces
where detention and retention are apt to be pronounced. Upon
refining one or more of the sensitive parameters in the model, the
model will then be applied to larger, more complex gaged
watersheds for a comparison between the predicted and actual ru-
noff.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Purdue University

2.0462, MATHEMATICAL SIMULATION OF
HYDROLOGIC EVENTS ON UNGAGED WATERSHEDS
L.F. HUGGINS, Purdue University, Agricultural Experiment Sta.
, Lafayette - West Lafayette, Indiana 47907

(1) To develop the fundamental mathematical relations
describing the mechanics of surface runoff within a watershed
and the digital computer programs required to perform the in-
tegration of the resulting equations to produce a complete runoff
hydrograph; (2) To investigate the adequacy of the mathematical
model by applying it to several gaged watersheds from which
records are currently available and comparing predicted and ob-
served runoff hydrographs; (3) To use the above mathematical
model and currently available data to investigate the sensitivity of
predicted hydrographs to variations in parameter values for the
various hydrologic components of the model; (4) On the basis of
the results of Objective 3, to initiate laboratory studies of the
more important hydrologic components not currently being in-
vestigated elsewhere in suitable detail in order to obtain more
precise quantifying information than is currently available.

The basic approach for this project is to develop relation-
ships describing the dynamics of the various components of the
runoff process for small elemental areas within a watershed. Fun-
damental hydrodynamic equations will then be utilized in high
speed computers to integrate the spatially varied, time dependent
outputs from all of the elements within the watershed to obtain a
composite runoff hydrograph.
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SUPPORTED BY Indiana State Government

2.0463, RELATIONSHIP BETWEEN THE ERODIBILITY

OF SOILS AND THE SEDIMENTATION RATE OF RESER-
VOIRS
H. KOHNKE, Purdue University, School of Agriculture,
Lafayette - West Lafayette, Indiana 47907

Many studies exist that reveal the effects of climate, topog-
raphy, vegetation, land use, and the relation of watershed size and
reservoir size upon the rate of sedimentation of reservoirs. Sur-
prisingly no specific studies exist that relate the properties of the
soils of the contributing watershed to the sedimentation rates. It
must be assumed these are related to the credibility of the soils.
However, the same amount of eroded soil material from two
watersheds will contribute different amounts of sediment to a
reservoir, depending on the mechanical composition. Much of the
sand is frequently deposited in the flood plains above the reser-
voir while a big portion of the clay passes through the reservoir
unless the electrolyte content of the water is quite high.

This project will determine the soil properties that can be ex-
pected to contribute to sedimentability in watersheds that drain
into reservoirs for which the sedimentation rates are known. Con-
sidering also the other factors affecting sedimentation rates, an at-
tempt will be made to correlate measurable soil properties to the
sedimentability of the soils studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Purdue University

2.0464, DEVELOPMENT OF LAND USE EQUATIONS
FOR THE SLOPING SOILS OF INDIAN,"
J.V. MANNERING, Purdue University, Agricultural Experiment
Sta. , Lafayette - West Lafayette, Indiana 47907

(1) To derive land use equations applicable to Indiana condi-
tions; (2) To evaluate some of the newer practices such as mulch
tillage, deep tillage, and minimum tillage.

DESCRIPTION OF WORK: A portable rainfall simulator
that produces artificial storms of approximately the kinetic ener-
gy of high intensity natural rainfall will be used to test factors that
affect soil erosion. Factors to be tested include soil crodibility,
length of slope, percent of slope, past erosion, crop cover at vari-

ous stages of growth, crop rotations, tillage practices, and residue
management. Through the use of this equipment to evaluate these
factors that affect runoff and erosion, it is hoped to complement
existing natural rainfall data in arriving at realistic values for land
use equations.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

2.0465, AN INTEGRATED SYSTEM OF STREAM CLAS-

SIFICATION
W.N. MELHORN, Purdue University, Water Resources Research
Ctr. , Lafayette - West Lafayette, Indiana 47907

A stream classification system which will quantitatively make
comparisons of one stream to another has never been developed.
It is the objective of this research to establish a system by finding

some patterns of similarity between all streams. Geologic factors
such as types of soil and rock, rock structure, and age; hydrologic
factors as depth, load, and channel roughness: and geomorphic
factors as topography and stream number will be considered as
possible parameters in establishing such a classification system.
The data will be taken from a wide range of streams, including all
the major rivers of the world. Patterns of similarities will be
revealed by parameter correlation, using the computer to deter-
mine the interrelationships of these parameters. Establishment of
a unified, systematic terminology of stream classification will
greatly improve the communication framework within which all
water research is conducted, regardless of field of specialization.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Purdue University

2.0466, ELECTRICAL EFFECTS ON WATER INFILTRA-
TION INTO SOILS
D. SCHWARTZENDRUB, Purdue University, Agricultural Ex-
periment Sta. , Lafayette - West Lafayette, Indiana 47907

(1) To determine experimentally the magnitude of the
streaming potential developed under conditions of steady-and
transient-state (infiltration) water flow in unsaturated soils; (2)
To predict streaming potential theoretically by beginning with
present unsaturated flow theory and making suitable modifica-
tions for the effect of unsaturation; (3) To compare theoretical
predictions of streaming potential with the experimental deter-
minations.

The experimental work will emphasize the simultaneous
measurement of electrical streaming potential (using pH meter
and strip-chart recorder), water content (using gamma-ray at-
tenuation), and soil-water suction (using a transducer-recorder
technique ). These will be measured as functions of time and posi-
tion in a uniformly packed column of horizontal soil to which
water is added at one end. Use of the experimental findings to
validate theoretical predictions should enable the development of
more realistic and precise equations for describing water infiltra-
tion into soil.

SUPPORTED BY Indiana State Government

2.0467, ELECTRICAL EFFECTS ON WATER INFILTRA-
TION INTO SOILS
D. SWARTZENDRUBER, Purdue University, School of Agricul-
ture, Lafayette - West Lafayette, Indiana 47907

The hydraulic movement of water through porous mem-
branes and porous materials saturated with water or water solu-
tion can produce an electrical streaming potential which opposes
the hydraulically induced flow. This phenomenon should also be
present in unsaturated water flow processes, such as the infiltra-
tion of water into soil. The objectives of the proposed research
are: 1, To determine experimentally the magnitude of the stream-
ing potential developed under conditions of steady-and transient-
state (infiltration) water flow in unsaturated soils. 2. To predict
streaming potential theoretically, by beginning with present satu-
rated flow theory for membranes And making suitable modifica-
tions for the effect of unsaturation. 3. To compare theoretical
predictions of streaming potential with the experimental deter-
minations.

Studies realizing these objectives should provide a better un-
derstanding of the infiltration process, and should enable the
development of more realistic and precise equations for describ-
ing the infiltration of water into soil. They may also point the way
toward possible use of electrical energy to assist the entry of water
into soil, either by neutralizing the streaming potential or in an
clectroosmotic sense.

Experimental work will emphasize the simultaneous mea-
surement of electrical streaming potential (potentiometric strip-
chart recorder), water content (gamma-ray attenuation), and
soil-water suction (transducer-recorder technique). These will be
measured as functions of time and position in a uniformly packed
column of horizontal soil to which water is added at one end.

SUPPORTED BY U.S. Dept. of Interiw - 0. Water Res. Rch
Purdue University

2.0468, QUANTIFICATION AND PREDICTION OF THE
INFILTRATION PHASE (W THE HYDROLOGIC CYCLE
D. SWARTZENDRUBER, Purdue University, School of Agricul-
ture, Lafayette - West Lafayette, Indiana 47907

The objectives of this project are: I. To examine the validity
of unsaturated soil-water flow theory for various facets of the in-
filtration process, and to obtain from the validated theory more
realistic and workable mathematical descriptions of infiltration
processes. 2, To analyze output hydrographs from simulated rain-
fall plots, with special emphasis on separating out from the instan-
taneous rainfall the portion which is infiltrated. 3. To predict infil-
trlion rates from measured soil properties and soil-water con-
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tent, and to validate these predictions with field measurements of
infiltration rate.

SUPPORTED BY U.S. Dept, of Interior - O. Water Res, Rch
Purdue University

2.0469, DYNAMICS OF WATER INFILTRATION INTO
SOIL AS GOVERNED BY SURFACE CRUSTING AND SEAL-
ING
D. SWARTZENDRUBER, Purdue University, School of Agricul-
ture, Lafayette - West Lafayette, Indiana 47907

The infiltration of water into soil can be strongly affected by
the presence of crusts or seals at the soil surface. It is proposed to
study the dynamics of water flow through crusts and seals, to pro-
vide a basis for characterizing them with respect to their water
transmitting properties under flow conditions associated with in-
filtration. The specific objectives of the study are: I. To obtain
mathematical solutions for the entry of water into unsaturated soil
when a thin layer of low intrinsic permeability is located at the
inlet surface of the soil. 2. To test the experimental validity of the
mathematical solutions on idealized crusted- sealed unsaturated
flow columns. 3. To obtain experimental measurements of water
infiltration into unsaturated soil columns containing an actual
crust-seal produced by either natural or artificial rainfall.

The results of Objective 3 will be compared both with the
mathematical solution of Objective I and the results of the ideal-
ized crusted-sealed system of Objective 2. On basis of these com-
parisons, quantitative characterization of the flow properties of
the crust-seal will be sought. Experimental observations to be
taken will include water content by gamma-ray attentuation at
various times and positions in the soil columns, total volume of
water absorbed by the columns, and possibly soil-water suction by
means of transducer tensiometers.

SUPPORTED BY U.S. Dept, of Interior - O. Water Res. Rch
Purdue University

2.0470, FLOW LAWS FOR THE MOVEMENT OF WATER
IN SOILS
D. SWARTZENDRUBER, Purdue University, Agricultural Ex-
periment Sta. , Lafayette - West Lafayette, Indiana 47907

( I ) To evaluate the nature and extent of deviations from
Darcy's law in water saturated porous media; (2) To evaluate the
nature and extent of deviations from Darcy's law in porous media
partially saturated with water; (3) To study the flow behavior of
non-Newtonian liquids in porous media.

Various mixtures of sand, silt, and clay will be placed in per-
meameter cyclinders and subjected to a range of different hydrau-
lic gradients. The flow velocity through the samples will be
plotted against the hydraulic gradient to determine the constants
in a newly proposed basic flow law. An attempt will be made to
correlate these constants with nature of the sand-silt-clay mixture.
This will assist in determining limits of validity for Darcy's law,
which is a special case of the newly proposed basic flow law. In
systems where Darcy's law is expected to be valid, such as for
sands, some non-Newtonian liquids will be passed through. This
should give some indication as to whether deviations from Dar-
cy's law when water is the liquid can be accounted for on a non-
Newtonian basis.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

2.0471, CHARACTERIZATION OF THE RATE OF
WATER INFILTRATION INTO SOIL
D. SWARTZENDRUBER, Purdue University, Agricultural Ex-
periment Sta. , Lafayette - West Lafayette, In,liana 47907

I To develop theoretical and experimental means of describ-
ing the water-transport properties of soil relevant to the infiltra-
tion phenomenon. 2, To predict the infiltration rate from the
water transport depth function, the water content of the soil
profile, and the crusting characteristics of the soil surface. 3. To
measure infiltration rates with field-type instrumentation, to
analyze and interpret thee and to compare them with pre-
dicted values:

2. WATER CYCLE

SUPPORTED BY Indiana State Government

2.J472, FLUID ELASTIC OPERATORS FOR UNDER-
STREAMLINED STRUCTURES

TOEBES, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

This research has been concerned with the Hydroelastic
loading of circular and triangular cylinders. The experimental in-
vestigation has been concerned with the deformation dependent
`Fluid Elastic Operator' for a circular cylinder, a triangular
cylinder with the apex towards the flow, and a triangular cylinder
with a blunt face towarc's the flow, all placed normal to the fluid
flow, The cylinder was subjected to a simple harmonic motion
with the lift force and displacement being measured. The am-
plitude and frequency of the cylinder motions were varied. The
study resulted in the determination of the energy transfer between
the cylinder and the fluid flow and the amplification of the lift
force with frequency of oscillation close to the Stronhal frequen-
cy.

SUPPORTED BY U.S. National Science oundation

2.0473, THE HYDRAULICS AND GEOMORPHOLOGY OF
MEANDERING RIVERS WITH FLOOD PLAINS
G.H. TOEBES, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

It is proposed to study the flow field through meandering
rivers during flood stages when also the flood plains are part of
the conveyance. Except for a model study preparatory to the
presently proposed work there is no systematic study of the title
problem. The research will serve to improve river routing
procedures and engineering designs involving flood-plain utiliza-
tion. The study is also of considerable theoretical interest.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Purdue University

2.0474, ESTIMATING SOIL MOISTURE FROM
METEOROLOGICAL MEASUREMENTS
D. WIERSMA, Purdue University, Agricultural Experiment Sta. ,

Lafayette - West Lafayette, Indiana 47907
Objectives: (1) Determine the potential evapotranspiration

rate under Indiana conditions. (2) Determine the effect of
decreasing coil moisture on the evapotranspiration rate. (3)
Develop a method for estimating soil moisture under different
vegetative covers, soil types, and various geographic areas of Indi-
ana. (4) Develop a method for estimating the daily, weekly, and
seasonal soil moisture conditions for the several geographic areas
of Indiana.

From routine meteorological measurements, it is proposed
that an estimate of the soil moisture condition at a particular time
and at a given location in Indiana be made. The relationship
between the atmospheric energy gradient to the potential
evapotranspiration rate and in turn this evapotranspiration rate to
soil moisture changes makes this possible. The interaction of
decreasing soil moisture unsaturated hydraulic conductivity and
the atmospheric energy gradient on evapotranspiration will be
studied in the laboratory. The effect of kind and amount of
vegetative cover and soil typess will be studied in the field.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

2.0475, BASIC PRINCIPLES AND MECHANICS OF RAIN-
FALL, RUNOFF, SOIL MOVEMENT AND LOSS IN THE
CORN BELT
W.H. WISCHMEIER, Purdue University, U.S.D.A Soil & Wat
Cons. Lab. , Lafayette - West Lafayette, Indiana 47907

Object: To develop basic information on the mechanics of
runoff and soil erosion from rainfall, and establish fundamental
principles to guide applied phases of the research.

Plan of Work: Laboratory studies of a fundamental nature
will be conducted in Minnesota, on raindrop splash patterns and
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the relationships of drop size, shape, velocity, and energy of im-
pact of waterdrops upon soil detachments, suspension and trans-
port; in Indiana, the effects of overland flow, interaction of rain-
fall and overland flow and slope; and in Illinois on the relation of
rainstorm drop size distribution, energy and intensity to runoff
and erosion from field plots and subsurface movement of water
under sloping topography. Periodic review and planning con-
ferences will insure close integration of the different phases of the
study, achievement of study objectives, and use of improved
techniques and procedures.

SUPPORTED BY U.S. Dept. of Agriculture

2.0476, EVALUATION OF CLIMATIC, TOPOGRAPHIC,
SOIL AND CROP MANAGEMENT FACTORS IN RELATION
TO WATER MANAGEMENT AND EROSION CONTROL IN
THE CORN BELT
W.H, WISCHMEIER, Purdue University, U.S.D.A Soil & Wat
Cons. Lab. , Lafayette - West Lafayette, Indiana 47907

Object: To evaluate under field conditions the primary and
interaction effects of soil characteristics, rainfall, land slope,
vegetative covers, and management practices upon runoff, water
erosion and wind erosion,

Plan of Work: Measurements of the effectiveness of cropping
systems and management plans and studies of the relationships of
runoff and soil loss to length and degree of slope and to physical
and chemical properties of the soil will be made under both natu-
ral and artificial rainfall. The studies will be designed to provide
reliable information on the interaction effects as well as on the
primary effects of the different variables which influence field ru-
noff and soil loss, The runoff and erosion control effectiveness of
new practices such as interseeding of row crops, plow-plant and
mulch tillage will be evalutA under various soil and slope condi-
tions using field plot rainfall simulators. Effects of soil charac-
teristics will also be measured under small laboratory and field
plot rainfall applicators, Runoff and soil loss data obtained under
natural rainfall will be used as benchmark information to aid in
analysis of qualitative data obtained with the simulators.

SUPPORTED BY U.S. Dept, of Agriculture

2.0477, DEVELOPMENT AND REFINEMENT OF
METHODS FOR PREDICTING FIELD RUNOFF AND SOIL
LOSS
W.H. WISCHMEIER, Purdue University, U.S.D.A Soil & Wat
Cons. Lab. , Lafayette - West Lafayette, Indiana 47907

Object: To develop tables, equations and graphs fog preduc-
tion of field runoff and soil losses and to refine the soil loss predic-
tion equation methods for applying conservation practices to
farm fields and estimating sediment production rates.

Plan of work: All rainfall, runoff, soil loss and related data
secured from small runoff plots of the Division are assembled at
Lafayette, Indiana, for graphical analysis and transfer to punch
cards for machine correlation and other analysis. Relationships
established are immediately available for improving the accuracy
of the soil loss prediction method. Selected research workers in
major areas of the humid region will have the results of the analy-
sis for study and adaptation to their local conditions. They will
work directly with State and regional SCS personnel in the
development and refinement of the method for use by SCS farm
planners. U. S. Weather Bureau records on rainstorm duration
and intensity will be used to supplement location records and ex-
tend the area of soil loss application. Periodic review and
planning conferences insure achievement of study objectives and
use of improved techniques of data handling and presentation of
results,

SUPPORTED BY U.S. Dept. of Agriculture

2.0478, GROUND WATER SEEPAGE PATTERNS TO
WELLS FOR UNCONFINED FLOW
D. KIRKHAM, Iowa State University, School of Agriculture,
Ames, Iowa 50010

To derive exact theories for seepage of water to wells and
cavities in semi-confined aquifers, to digitally computerize these

theories, and from the computed values of the potential and
stream functions to prepare flow nets, showing, in particular, the
location of free surfaces, These exact theories would replace ap-
proximate theories obtained by Dupuit- Forchheirner procedures
or other approximate methods, The theories will show how accu-
rate electric and other type analogs may be relied on, The theo-
ries are needed to understand well dynamics accurately and to
furnish coefficients needed to convert accurately measured rates
of water rise in piezometer cavities to hydraulic conductivities.
The exact theory for the buffered infiltrometer will be worked
out. The problems considered here are three-dimensional and
therefore not subject to (two-dimensional) conformed transfor-
mation procedures,

SUPPORTED BY U.S. Dept. of Interior - 0. Wilier Res. Rch
Iowa State University

2,049, SIMULTANEOUS FLOW OF WATER AND HEAT
3N WATER-UNSATURATED IOWA SOILS DURING
EVAPORATION
D. KIRKHAM, Iowa State University, School of Agriculture,
Ames, Iowa 50010

Simultaneous flow of water and heat into one- and two-
dimensional homogeneous, and layered soils with and without
cracks, will be studied under controlled laboratory conditions.
The soils will be packed in plastic containers and saturated with
water. Soil temperature will be measured with thermocouples in-
stalled at various positions throughout the soil. The soil container
will be placed below a bank of heat lamps in a wind tunnel where
air velocities will be controlled. Changes in soil moisture content
during evaporation will be followed by measuring the soil
moisture at a series of times at various positions throughout the
soil using the gamma ray-attenuation technique. The gamma ray
attenuation technique will be used to measure the bulk density of
the soil at various positions in the model. An attempt will be made
to solve the differential equations describing the flow of heat and
moisture in unsaturated soils either analytically or numerically,
and the theoretical results will be compared with the experimen-
tal data.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Iowa State University

2.0480, MOVEMENT OF WATER AND GASES IN SOIL
D, KIRKHAM, Iowa State University, Agricultural Experiment
Sta. , Ames, Iowa 50010

Develop and test mathematical theory and formulae for
relating soil water and gas movement to physical properties. Im-
prove the neutron scattering device and attempt to combine with
density measurement by gamma ray absorption. Develop theory
for using tagged atoms to follow water movement in soil and
plants.

DESCRIPTION OF WORK: The theory of ground water
movement will be further developed for the saturated and unsatu-
rated state. Emphasis for the saturated state will be on the mathe-
matical solutions of drainage problems, and especially on the
problem of the falling water table. Emphasis on the unsaturated
Etate will be on evaporation. The isotopes deuterium and oxygen -
18 will be used as tracers for studying problems of water and gas
movement through soils and plants. Neutron and gamma ray
equipment will be used for soil water and soil density measure-
ments.

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

2.0481, INTERRELATIONSHIP OF SURFACE AND SUB-
SURFACE FLOW IN THE NISHNABOTNA DRAINAGE
BASIN
L.V. SENDLEIN, Iowa State University, Graduate School, Ames,
Iowa 50010

The Nishnabotna River basin drains a modified glacial ter-
rain with Pleistocene deposits overlying bedrock. The Pleistocene
deposits are composed of glacial drift with sand and gravel-filled
channels associated with the buried bedrock valleys. The bedrock
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aquifers subcrop within the basin and where they intersect the
modern alluvial or buried sand and gravel systems, they discharge
into them. Discharge hydrography can be used to evaluate
groundwater discharge at the point of measurement, however the
source of the water and the amount moving into or out of the
basin cannot be determined by this method. In order to determine
the amount discharged to streams, the relationship of the subsur-
face geology to the modern alluvial system must be known.

This study is composed of two phases: 1. evaluation of sub-
surface flow into and out of the Nisimobotna Basin, and 2, loca-
tion and evaluation of discharge from the subsurface to the
modern stream system.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Iowa State University

2.0482, EFFECTS OF WEATHER ON CROPS
R.H. SHAW, Iowa State University, School of Agriculture, Ames,
Iowa 50010

A continuing study to examine meteorological techniques for
estimating evapotranspiration and soil moisture and to test
techniques for calculating evapotranspiration losses and improve
usefulness in determining the available moisture in meadow
crops. Test periods are April...lune, June-August, and August-
November. Estimated soil moisture is compared with measured
soil moisture.

Evaluation of the effect of advected energy on the metal
evaporation pan directly will be initiated in FY-68.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0483, USE OF INFRARED AND OTHER RADIATION
TECHNIQUES TO EVALUATE DROUGHT IN IOWA AND
ADJACENT AREAS
R.H. SHAW, Iowa State University, School of Agriculture, Ames,
Iowa 50010

A method is proposed to detect the onset and development
of drought by the measurement and analysis of the spectral radia-
tion characteristics of plants. Because the various factors produc-
ing water stress in plants reduce the quality and quantity of the
harvested plants, it is important to detect drought intensity dif-
ferences under a variety of different management practices.

Radiation theory indicates that the spectral 'signature' of
plants could differ because of chemical composition, color, tem,
perature, water content, etc. Experimental evidence has
established that a reduction in near infrared reflectance occurs as
a result of drought but could not be distinguished from nutritional
and disease disorders by infrared photography alone. A spec -
trophometric analysis is proposed in the 0.4 to 1 micron
wavelength region to investigate the possible separation of the
causative factors. Infrared photography will also be used. The
results will be correlated with the stress conditions of plants as
evaluated by presently available techniques.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Iowa State University

2.0484, WEATHER INFORMATION FOR AGRICULTURE
R.H. SHA W, Iowa State University, Agricultural Experiment Sta. ,
Ames, Iowa 50010

Objectives: 1. Iowa weather data will be analyzed and in-
terpreted for problems in agriculture. 2. Iowa weather data analy-
sis will be coordinated with similar information in the North Cen-
tral Region, 3. Both state (The Climate of Iowa) and regional
publications will be published as summaries are completed.

Work proposed - The work proposed involves the analysis of
soil moisture - atmospheric stress conditions (stress day concept)
for several experimental farms in Iowa. An analysis will be made
of the climatology of stress days, The study of weather and oat
yields over the region will be continued. Data will be furnished for
any regional summaries undertaken by the regional committee.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

2.0485, SOIL AND CLIMATE FACTORS AFFECTING
THE EFFICIENT USE OF WATER BY CROPS
R.N. SHAW, Iowa State University, Agricultural Experiment Sta. ,

Ames, Iowa 50010
Using soil moisture data collected over Iowa, a method has

been developed by which daily soil moisture balances can be pre-
dicted. Precipitation and evaporation pan data are the weather
data used. Procedures have been developed for corn, meadow
and oats.

The climatology of soil moisture under corn at Ames, Iowa
was estimated for 30 years, 1933.62 for the different available
field capacities and for each 3 different 'starting' soil moisture
profiles in the spring. An atmospheric - soil moisture variable was
developed and used in the interpretation of the effects of weather,
stand and fertilizer treatment on long term experimental plot corn
yields. The climatology of water stress conditions for corn was
also prepared. The methods are now being expanded to other cli-
matic regimes.

The efficiency of water use with different row spacings of
corn has been studied and the relative amounts of water lost by
soil evaporation and transpiration evaluated.

SUPPORTED BY Iowa State Government

2.0486, FLOW OF WATER INTO TILE DRAINS ON
STRATIFIED SOILS
S. TOKSOZ, Iowa State University, School of Agriculture, Ames,
Iowa 50010

A solution for the Laplace's equation will be sought in con-
nection with water flow into tile drains in a stratified soil having
different permeabilities and with a curved water table between
the drains. It is expected that the resulting solution, containing the
drain spacing implicitly, can be transformed into an explicit form
to give the drain spacing directly. The drain spacing formula will
then be put into a graphical form so that it can be easily used by
the designers. The effects of various soil and drainage parameters
on drain spacing will be explored from the standpoint of setting
up useful design criteria.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Iowa State University

2.0487, INJURY AN RESISTANCE IN PLANTS
D.G. WOLLEY, Iowa Sta... "nlursity, Agricultural Experiment
Sta. , Ames, Iowa 50010

The overall objective is to ,aetermine how and to what degree
the water status of plants is related to growth and development
and is influenced by physical factors of the environment.

A number of measurements relating to plant r oisture stress
will be made. These include relative turgidity, stomata! opening,
beta-ray gauging and leaf temperature. The accuracy of each and
the relationship between them will be examined. Work will be
conducted primarily on soybeans and corn. Plant observations to
be related to moisture stress measurements are leaf area and effi-
ciency, growth rate, grain yield and seed quality. The effect of
timing of moisture stress will be determined by applying moisture
stress at different stages of plant development. The
photosynthetic response of varieties will be studied in controlled
growth chambers under various moisture stress regimes. Growth
chambers will also be used in evaluating the effect of moisture
stress on nutrient uptake and translocation. Measurements of
plant moisture stress will be related to environmental factors
more easily measured (solar radiation, evaporation, soil moisture,
etc,) in an attempt to obtain some degree of predictability.

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

2.0488, WATER AVAILABILITY OF MUSCATINE
ISLAND, IOWA
R.E. HANSEN, U.S. Dept. of interior, Water Resources Division,
Iowa city, Iowa
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2. WATER CYCLE

This research is part of the program of water resources in-
vestigations conducted by the U, S, Geological Survey in coopera-
tion with State and local agencies in Iowa.

Purpose: To provide guidelines for optimum development
and management of the water resources of the area by defining
the hydrologic system and analyzing the system's response to
present and anticipated development.

Methods: Test holes will be drilled to define the extent,
thickness, and physical characteristics of the aquifer, Observation
wells will be installed and periodic measurements will be made to
determine the water table and the vertical flow component.
Aquifer inventory of withdrawals from the aquifer will be made.
Water samples from observation wells and existing wells will be
collected and analyzed to determine areal distribution and time
variation of chemical constituents. An analog model will be con-
structed and analyzed to predict and define the hydrologic
system's response to additional development,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Iowa State Government

2.0489, LOW-FLOW STUDIES OF IOWA STREAMS
H.H. SCHWOB, U.S. Dept. of Interior, Water Resources Division,
Iowa City, Iowa

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Iowa.

Purpose: To evaluate the firm water-supply potential of
streams which will assist in the administration of the Iowa water
law and in the development, administration and enforcement of
water quality criteria applicable to surface waters,

Methods: Approximately 435 low-flow partial-record sta-
tions were established where at least one low-flow discharge mea-
surement is made each year. By correlation with complete-record
stations, data from the low-flow partial-record stations can be
used to estimate low-flow yields in practically every area of the
State. A report prepared in 1958, 'Low-flow Characteristics of
Iowa Streams,' is currently being updated, The updated report
will include duration-of-flow data, low- flow frequency analyses,
and methods for predicting the mean flow and possibly on other
index of low flow at ungaged sites.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Iowa State Government

2.0490, FLOOD PROFILES AND FLOOD-PLAIN INFOR-
MATION, CELAR RAPIDS, IOWA

SCHWOB, U.S. Dept. of Interior, Water Resources Division,
Iowa City, Iowa

This researca is part of the program of water resources in-
vestigations conducted by the U.S. Geological Survey in coopera-
tion with State and local agencies in Iowa.

Purpose: To provide flood information on creeks in the city
and proposed expansion areas for use by planning and zoning
agnncies.

Methods: Flood-profile data will be obtained in the field im-
mediately after the occurrence of significant floods or by compu-
tation using channel cross sections and other pertinent field data.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Iowa State Government

2.0491, FLOOD PROFILES AND FLOOD-PLAIN INFOR-
MATION, LINN COUNTY, IOWA
H.R. SCHWOB, U.S. Dept. of Interior, Water Resources Division,
Iowa City, Iowa

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Iowa.

Purpose: To define flood profiles and obtain flood informa-
tion on several small streams in Linn County that will be useful to
local agencies in future development and in formulating and ad-
ministering zoning regulations.

Methods: Profiles of flood flow and low flow will be obtained
and discharge measurements made at a sufficient number of

points along the selected streams to define the stage-discharge
relations. Flood- frequency data will be computed,

SUPPORTED BY U.S. Dept, of Interior - Geological Survey
Iowa State Government

2.0492, STATISTICAL, METEOROLOGICAL AND
DEPTH-AREA ANALYSIS OF RAINFALL
N. ROSENAN, Israel Meteorological Service, Bet Dagan, Israel

This research project which is funded under the Special Cur-
rency Program of the United States Government consists of three
separate studies: (a) Statistical analysis of long period (105 years)
rainfall series and its application to hydrological middle-range
and long-range forecasting. ( b) Correlations between rainfall in
the central Mediterranean and in eastern Mediterranean and
possible explanation by typical configurations of the 500 mb. sur-
face. ( c ) Comparison of point and areal rainfall.

SUPPORTED BY U.S. Dept, of Commerce - E.S.S.A.

2.0493, DETERMINATION OF EVAPOTRANSPIRATION
FOR SHORT INTERVALS ON A BENCHMARK BASIN
D. ROSENZWEIG, Ruppin Inst. of Agriculture, E;nek Hefer,
Israel

The description of this research project which is funded
under the Special Currency Program of the United States is as fol-
lows: The benchmark basin is located in the Karst area of the
Nahal Oren catchment on Mount Carmel. The purpose of the
study is to (a) develop relationships between soil moisture
changes (actual evapotranspiration) and various meteorological
factors, (b) compare long period evapotranspiration obtained by
neutron scattering meter to those obtained by energy budget, (c)
study hydrologic balance for the basin.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0494, MOVEMENT OF IONS AND SALTS IN SOILS
R.S. MOKADY, Technion Res. & Develop. Fdn. , Haifa, Israel

Object: To study the movement of ions in saturated and un-
saturated soils and clays and the effect of soil stratification on this
movement.

Plan of wor!,: Theoretical development: Present theories for
chromatography, miscible displacement, ion diffusion, and
hydrodynamic dispersion will be examined, modified, and con-
solidated into a unified model applying to the practical problem
of salt movement and fertilizer distribution in soils. Simvlifying
assumptions, when necessary, will be those most compatible with
the conditions of the laboratory trials. Laboratory trials: The rate
of salt and ion movement during water flow through clays and
through real and simulated layers of soil will be measured, as well
as the salt distribution pattern through one dimensional and
three-dimensional flow. The movement will be monitored both
conductimetrically and through the use of radioactive tracers.
Radioactive sodium, chlorine, and tritium will be used as much as
possible in tracing the relative movement of salt and water
through the layers. Variables involved will include soil moisture
content, soil profile homogeneity. salt composition and concen-
tration, and temperature. Ater the preliminary stage, in which
many of these variables w:Al be sl udied independently, the varia-
bles will be combined anc the interactions examined.

SUPPORTED BY U.S. Oent. of Agriculture

2.0495, DEVELOPMENT OF METHODS FOR MEASUR-
ING PARTIAL VAPOR PRESSURE OF SOIL WATER
D. ZASLAVSKY, Technion Res. & Develop. Fdn. , Haifa, Israel

Object: To develop (1) a convenient method for measuring
the partial vapor pressure of soil water, (2) a method which does
not requ:-c strict laboratory conditions, and (3) a method usable
in the 98 to 100% relative humidity range.

Plan of Work: This project concerns itself with development
of instrumentation for measuring the partial vapor pressure of
plant and soil water. The first stage of this research would be the
development of some improved methods for measuring the partial
vapor pressure of soil and plant water, The second stage of the
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research would be to use the method in some preliminary in-
vestigations of water movement in soil. Methods of instrumenta-
tion to be investigated and their order of investigation are: ( I )
measurement of dielectric constant, (2) osmotic pressure, (3)
refractive index, and (4) radioactive krypton.

SUPPORTED BY U.S. Dept. of Agriculture

2.0496, PRECIPITATION, STREAMFLOW AND SEDI-
MENT CONVEYANCE IN A SMALL ARID WATERSHED
D. AM /RAN, Hebrew University, Jerusalem, Israel

This research project which is funded under the Special Cur-
rency Program of the United States will investigate precipitation
to determine maximum intensities, areal variability, and effects of
relief, exposure and wind. Peak flows will be obtained at nu-
merous locations and continuous flow at the mouth. Flash floods
will be sampled for sediment concentration, erosion on slopes and
in channels, and sediment tracing by isotope or fluorescent dyes.
It is hoped that desert flash floods with recurrence interval of 5-10
years will provide conclusions relevant to rr, ore infrequent events
in humid environments.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0497, THEORETICAL AND EXPERIMENTAL IN-
VESTIGATIONS OF THE MECHANISM OF FLOW OF
WATER AND SOLUTES IN PLANT ROOTS
B. B1NZBURG, Hebrew University, Jerusalem, Israel

Object: 1. To analyze the steady-state flows of water and
solutes across roots; (2) To explain the mechanism and site of
separation of solute from the water which occurs in the plant root
tissue; (3) To explain the salt tolerance of plants on the basis of
both water flow and chemical reaction.

Plan of Work: Theoretical attempts will be made to adapt the
thermodynamics of irreversible processes to a study of ultrafiltra-
tion. The theory should deal with flows through homogenous
membranes as well as those through complex membranes. It
should resolve the dependence of ultrafiltration on the composi-
tion of solutions and on driving forces as gradients of hydrostatic
pressure, osmotic pressure and electrical potential.

SUPPORTED BY U.S. Dept. of Agriculture

2.0498, SOIL WATER EVAPORATION AND MEANS OF
MINIMIZING IT
0. HILLEL, Volcani Inst. of Agric Res. , Rehovot, Israel

Object: To test recent developments in the theory of unsatu-
rated soil-moisture flow; to determine the extent to which
evaporation losses can be n.:nimized by modification of surface
conditions; and to develop methods for moisture conservation in
baresurface soils.

Plan of work: A rigorous examination and development of
theory for various boundary conditions and planning of laborato-
ry and field trials will be conducted. In this stage, it may be neces-
sary to submit problems to solution by electronic computers. All
pertinent soil-water and soil-thermal properties will be deter-
mined, including diffusivity, conductivity and retention proper-
ties. The experiments will include steady-state and transient-state
processes, finite and semi-infinite columns; uniform and layered
profiles; steady and intermittent evaporation; as well as isother-
mal and non - isothermal columns. Each variable will be tested
separately and later combined and the interactions examined with
a view toward finding a feasible combination of profile properties
and environmental conditions likely to result in diminution of
evaporative losses. The theoretical and experimental results will
be tested in the field, to determine their applicability under vary-
ing conditions of soil and natural climate. These experiments will
include pre-wetting and post-wetting tillage, structural stabiliza-
tion by chemical means, and the use of materials.

SUPPORTED BY U.S. Dept. of Agriculture

2.0499, SOIL STRUCTURE - TILLAGE INTERACTIONS
D. HILLEL Volcani Inst. of Agric Res. , Rehovot, Israel

Object: To investigate the influences of tillage operations on
soil physical conditions related to crop growth.

2. WATER CYCLE

Plan of Work: Theoretical development: A rigorous ex-
amination will be made of the dynamics of soil-water systems, and
the application of the theories of elastic, plastic and theological
models to compaction and tillage of unsaturated soils.

Laboratory trials: Measurements will be made of stress -
deformation - failure properties of soils for boundary conditions
simulating tillage, and tests made of similitude models of simple
tillage tools. Field trials: Theoretical and laboratory results will be
applied in the field, and field techniques developed for evaluating
tillage efficiency. These experiments will measure and analyze
soil and tool stresses, power requirements and tractability, In ad-
dition to the mechanical factors, soil physical processes will be
followed, as well as crop response under various tillage systems.
The study thus envisages the cooperative effort of soil physicists,
engineers, and agronomists.

SUPPORTED BY U.S. Dept. of Agriculture

2.0500, THE PHYSIOLOGICAL BASIS OF THE
TOLERANCE OF HORTICULTURAL CROPS TO COLD,
DROUGHT, AND WATER
B. KESSLER, Volcani Inst. of Agric Res. , Rehovot, Israel

Object: To determine the basic plant structures which are
susceptible and become injured through the effect of cold,
drought, and high water stress and to then develop chemicals
which may aid the plants in meeting these stress conditions.

Plan of Work: Experiments will be conducted under induced
cold and water stress. Initially studies will be done with gramine-
ous plants such as wheat and bailey and research findings adapted
to similar studies of various subtropical and temperate zone fruit
plants. The correlationships between nucleic acid, enzymes, and
stress resistance will be determined; and will include RNA -
synthesizing polymerase and the elucidation of the metabolic
pathways through which water stress influences the synthesis of
this enzyme in drought-resistant plants. The nature and distribu-
tion of plant lysosomes, the inherent centers of high concentra-
tions of destructive catabolic enzymes, will also be studied. The
effect of extreme external conditions of temperature & water
upon reticulate and nucleoprotinous fine structures in the cell will
be examined as will the stability of catabolic centers associated
with these fine structures. Biochemical laboratory assay methods
will be developed to determine the relative degree of stress re-
sistance of a given plant or type. Chemical agents which can in-
duce drought and cold hardening processes or otherwise stabilize
the fine cellular structures and catabolic enzyme centers under
unfavorable conditions will be sought, developed and field tested.

SUPPORTED BY U.S. Dept. of Agriculture

2.0501, INFLUENCE OF PLANT AND ENVIRONMENTAL
FACTORS ON PHOTOSYNTHESIS, STOMATAL APERTURE
AND TRANSPIRATION
E. SHMUELI, Volcani Inst. of Agric Res. , Rehovot, Israel

Object: To ( I ) study stomata! aperture and gaseous
exchange of the plant as influenced by the internal water potential
of the plant, and the energy status of water in the rooting medium
and in the atmosphere, and (2) basic aspects of diffusion through
the stomata and the whole leaf, and (3) to develop field
techniques to measure stomata! aperture to gauge irrigation
needs.

Plan of Work: Study will be made of the effect of stomata!
aperture on gaseous exchange of plants, and an assay developed
for stomata! aperture as an indicator of the need for irrigation.
Relevant soil, plant, and atmosphere parameters coupled with
plant responses will be measured over short periods under
semicontrolled conditions. Parameters to be measured or evalu-
ated are for the soil: moisture content, water potential and
hydraulic conductivity; for the atmosphere: air temperature, hu-
midity, wind flow and net radiation flux; and for the plant: leaf
gaseous diffusion, stomatal aperture, stomatal resistance, trans-
piration, photosynthesis, respiration, growth, water potential of
the plant tissue, and leaf temperature. It will contribute signifi-
cantly toward understanding the role of the plant in the hydrologi-
cal cycle and thus increase our potential for water conservation.
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2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Agriculture

2.0502, GRAVITY FLOW OF WATER IN SOILS AND
AQUIFERS OF WESTERN KANSAS
R.C. PRILL, U.S. Dept. of Interior, Geological Survey, Lawrence,
Kansas

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Kansas. The problem is to determine the
rate of recharge in the High Plains of southwestern Kansas and to
determine the storage coefficients of the principal aquifers.
Although most of the area has been studied before, the standard
methods used have failed to yield reliable results, It is proposed to
determine by means of logging with a neutron meter (1) the rate
of recharge through each of the major soil types and trace the
downward movement of water beneath the root zone and (2) the
rate and amount of dewatering as a result of pumping. A continu-
ing project started in 1965.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Kansas State Government

2.0503, RECENT VARIATIONS IN COURSE AND
REGIMEN, KANSAS RIVER AND NEARBY REACHES OF
MISSOURI RIVER
W. DORT, Univ. of Kansas, Graduate School, Lawrence, Kansas
66045

A pilot study of the lower Kansas River and a portion of the
Missouri River near the Kansas confluence. Compilation of data
on variations in stream course, floodplain landforms, and flood-
plain sediment patterns. Data to be obtained from study of maps
and aerial photographs and in the field.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kansas

2.0504, EFFECTS OF BANK SEEPAGE ON FLOOD
HYDROGRAPHS
E.C. POGGE, Univ. of Kansas, School of Engineering, Lawrence,
Kansas 66045

Two analytical methods which have been developed for
determining bank seepage and bank storage at a particular loca-
tion during the passage of a flood wave will be utilized to study the
effects of bank seepage on a flood wave as it passes through a
reach of an alluvial channel. Based on the results of this study a
method will be formulated for the separation of groundwater ru-
noff from surface water runoff for a flood hydrograph analysis.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kansas

2.0505, WATER UTILIZATION ASPECTS OF WEATHER
MODIFICATION AS APPLIED TO KANSAS
R.L. SMITH, Univ. of Kansas, School of Engineering, Lawrence,
Kansas 66045

The primary objective of this study is to ascertain the relative
magnitude of incremental precipitation (weather modification )
required to produce significant water management results in Kan-
sas.

A digital model of the hydrologic cycle is being used to study
the probable response to augmented precipitation patterns. Four
Kansas basins, representing a variety of climatic, geologic, and
hydrologic conditions will be studied. A variety of rainfall aug-
mentation patterns will be utilized. These will range from a :ample
percentage increase in the historic record to the use of random
variables and selected operational constraints reflective of the
water managment and control needs of the area. Comparative
analysis of the various model runs is expected to give some insight
to the degree of weather modification needed to provide mea-
sureable improvement in water supplies for various beneficial
uses.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kansas

2.0506, NUMERICAL MODELING OF GROUND WATER
FLOW

WEINAUG, Univ. of Kansas, Water Resources Institute,
Lawrence, Kansas 66045

A mathematical model of ground water flow is being
developed. The model basically cons'sts of the numerical solution
of the partial differential equations describing two phase, two-di-
mcntsional flow in porous media, c.g water flow in the presence
of partial air saturation. A digital computer is required in the solu-
tion technique, Calculations made with the model are to be
checked against experimental aquifer-recharge data obtained by
the U.S. Geological Survey.

The mathematical model will be useful for such studies as an
evaluation of methods of artificial recharge of ground-water
aquifers or the determination of rate of flow between adjacent
aquifers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kansas

2.0507, LONGITUDINAL DISPERSION OF THE LOWER
KANSAS RIVER BASIN
Y.S. YU, Univ. of Kansas, School of Engineering, Lawrence, Kan-
sas 66045

The purpose of this project is to determine the longitudinal
dispersion characteristics of the Lower Kansas River Basin.

This study will be based on the field measurements of time
concentration of dye at different stations in the Lower Kansas
River Basin. The longitudinal dispersion coefficient will be deter-
mined from the time-concentration curves and the flow parame-
ters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kansas

2.0508, WEATHER IN RELATION TO KANSAS
AGRICULTURE
L.D. BARK, Kansas State University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

(1) To analyze and interpret weather data on a regional basis
for application to agriculture and related industries. (2) To
develop phenology as a climatic tool to characterize seasonal
weather patterns. (3) To develop instrumentation of particular
value to agriculture. (4) To coordinate the collection, reporting
and summarization of weather data on a regional and inter-re-
gional basis.

Sixty years of weather records from 24 Kansas stations are
placed on magnetic tape for computer analysis. These data are
subjected to statistical procedures to obtain the probabilities of
occurrence of weather factors of importance to Kansas Agricul-
ture. When existing statistical procedures a 4 inadequate, the
data are used to develop new techniques.

SUPPORTED BY U.S. Dept. of Agriculture
Kansas State Government

2.0509, RECHARGE IN RIVER VALLEYS OF CENTRAL
AND EASTERN KANSAS - EFFECT OF TUTTLE CREEK
RESERVOIR ON GROUNDWATER LEVELS
H.V. BECK, Kansas State University, Graduate School, Manhat-
tan, Kansas 66504

Water level measurements on project one were started in
June 1966 and have been maintained to date. Records indicate no
major change in water level during this time, even though there
has been extensive irrigation and periods of below normal rainfall.
No direct correlation has been determined as yet.

Electrical resistivity and refraction siesmograph surveys will
be made in the next year in order to determine lateral and vertical
variations in the aquifer.
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K. A. E. S. Bull. 512 summarizes the findings of project two.
Reservoir elevation affects the ground water level indirectly by
governing the amount of water released from storage which
governs the level of the river below the dam.

Report in preparation on the effects of pumping on the
chemistry of the ground water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

200510, THE ECONOMIC EFFECTS OF DROUGHT ON
AN AGRICULTURAL ECONOMY
0. BULLER, Kansas State University, Graduate School, Manhat-
tan, Kansas 66504

1. To evaluate the economic effects of drought on farms and
to rural communities and, if possible, to improve some existing
strategies used by farmers and to derive improved strategies to
minimize the effects of drought on farm firm; 2. To derive esti-
mates of the effect of weather as compared with other inputs, in
the production of the most important crops grown in the great
Plains.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0511, ECONOMICS OF CLIMATE
0. BULLER, Kansas State University, School of Agriculture,
Manhattan, Kansas 66504

Analysis of the economic effects of weather variability on
Kansas farm income began with the study of the relationship
between crop yields and weather variables. Due to climatic dif-
ferences and form in which data was available, the analyses con-
sidered Kansas as nine crop reported districts.

Crops considered in Western Kansas were wheat and grain
sorghum; in Central Kansas, wheat, grain sorghum and corn; in
Eastern Kansas, wheat grain sorghum, corn and soybeans. A good
statistical relationship was for crops and weather variables, but
not for livestock production and weather.

Relationship between crop yield and weather were easier to
establish in Western Kansas than in Eastern Kansas. Weather
variables used in Western Kansas were indexes established by
Wayne Palmer and reported in `Meterological Drought,' research
paper number 45, U,S. Department of Commerce, Weather Bu-
reau. Weather variables in Eastern Kansas were based on a mea-
sure of evapotranspiration rate.

The influence of weather on farm income has been relatively
favorable in Eastern Kansas but has had an adverse affect in
Western Kansas.

SUPPORTED BY Kansas State University
U.S. Dept. of Commerce - E.S.S.A.
Kansas State Government

2.0512, IRRIGATION PROJECT
R.E. GWIN, Kansas State University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

Corn and grain sorghum performance tests. Forage tests.
Bean, date and varieties. Onion varieties and weed control, onion
fertility. Potato varieties, Castor bean fertility. Corn, and grain
sorghum fertility. Winter wheat fertility. Winter wheat and winter
barley varieties. Alfalfa seed production.

SUPPORTED BY Kansas State Government

2.0513, ECOLOGICAL STUDIES OF GRASSLANDS, ETC.
L.C, HULBERT, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

Description of Work: The major emphasis is on the delinea-
tion and description of the plant communities in the true prarie of
the Flint Hills of Kansas. Areas are selected possessing different
site conditions ( ridge tops, rocky slopes, gently sloping deep soil,
etc.) and different treatments (ungrazed and grazed, burned and
unburned, unmowed and annually mowed). On these areas
canopy coverage of each species of vascular plant is measured.
From these data the expected composition under different condi-
tions will be compiled, and the effect of different treatments on
each species will be interpreted.

2. WATER CYCLE

Relationships and causes of the relationships among the
plants of the communities will be studied more after the commu-
nities are known,

SUPPORTED BY U,S. Dept, of Agriculture
Kansas State Government

2.0514, GROUND WATER RECHARGE THROUGH PITS
AND WELLS
H.L. MANGES, Kansas State University, School of Engineering,
Manhattan, Kansas 66504

Irrigation development increases the drainage problem in
areas with poor natural surface drainage. An alternative to an or-
ganized Drainage District is to dispose of excess water by
recharge into the underground aquifer, This can be accomplished
by pits or wells if suspended material is removed from the surface
water.

A series of recharge pits will be dug to the top of the un-
derground aquifer. The pits will be backfilled with a filter materi-
al. Various materials, including fiberglass, sands and gravels, will
be evaluated in the laboratory before selecting a filter design for
field trails.

Underground draintile will be installed to determine if the
natural soil profile can be used as an effective filter for removing
suspended particles from surface runoff water. Runoff from rain-
fall and irrigation will be diverted onto the area and the flow rate
and amount of suspended sediment determined,

The potential recharge rate of a selected aquifer will be
determined. Water will be pumped from an existing irrigation well
into a recharge well.

The work will be accomplished at Kansas State University,
Manhattan, and the Sandyland Irrigation Field at St. John, Kan-
sas.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
Kansas State University

2.0515, ZOOPLANKTON NUTRITION IN LARGE RESER-
VOIRS
G.R. MARZOLF, Kansas State University, Graduate School,
Manhattan, Kansas 66504

The utilization of aquatic bacteria as a food source for
zooplankton is suspected in reservoirs where low light penetration
limits primary production. Study of the nutrition of the excep-
tionally large zooplankton populations living in these environ-
ments will add significant intbrmation to the flow of energy thru
reservoirs and to role of bacteria generally in surface waters. The
approach will be that of measuring the efficacy of bacterial, algal,
and detrital feeding by populations of zooplankton in laboratory.
This will be estimated by monitoring population attributes (i.e.,
birth rates, and death rates) rather than dealing with individuals.
The experiments will be conducted under controlled temperature
conditions, using food sources of known quantity and caloric con-
tent.

SUPPORTED BY U.S. National Science Foundation

2.0516, MICROMETEOROLOGICAL INVESTIGATIONS
OF THE ENERGY BUDGET - EFFECT OF SUMMER WINDS
E.L. SKIDMORE, Kansas State University, School of Agricul-
ture, Manhattan, Kansas 66504

The influence of summer winds on energy budget in semiarid
agricultural regions will be characterized and effectiveness of slat-
fence windbreaks in reducing windspeed and evapotranspiration

determined. Eight-foot-tall slat fence will be installed perpendicu-
lar to direction of prevailing summer wind about midfield. Obser-
vations stations will be established at 6H windward and 2, 6, and
12H leeward of the windbreak (H equal height of windbreak).
Measurement of temperature, humidity, and windspvld
gradients, net radiation, and soil heat flux density will be obtained
at each observation station and used to compute energy balance.
Observations will be made at various levels of windspeed and soil
moisture,
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

2.0517, IMPACTS OF DROUTH ON LOCAL ECONOMIES
IN KANSAS
M.D. SKOLD, Kansas State University, Agricultural Experiment
Sta. , Manhattan, gansas 66504

Objectives: I. Identify and measure the occurrence, dura-
tion, and intensity of recent historical agricultural drouths in
Southwest Kansas. 2. Analyze the direct effects of these drouths
on the composition and level of farm output and income. 3.
Analyze the indirect effects of these drouths on the levels and
flows of income in agriculturally related industries in local econo-
mies. 4. Assess the extent to which improved agricultural water
management practices might have reduced the direct and indirect
economic effects of drouths.

Rather than attempt to establish a new technique for measur-
ing drouth, plans are to adopt a technique already developed and
test it as to its ability to relate to changes in agriculture that occur
as a consequence of drouth. These agricultural adjustments will
be analyzed as to their effect upon the local economy and perhaps
to certain sectors of the local economy.

SUPPORTED BY Kansas State Government

2.0518, MOISTURE USE ESTIMATION AND RELATION-
SHIP BETWEEN MOISTURE USE AND NITROGEN
RESPONSE IN WINTER WHEAT
R.L. VANDERLIP, Kansas State University, School of Agricul-
ture, Manhattan, Kansas 66504

Moisture use by dryland winter wheat will be characterized
and used to provide a basis for decisions on fertilization of winter
wheat with nitrogen. This information should result in increased
efficiency of water use and greater returns for fertilizer invest-
ment.

SU-PORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

2.0519, DEVELOPMENT OF A PRACTICAL METHOD OF
LOCATING AND TRACING SEEPAGE WATER IN UNSTA-
BLE SLOPES
J.H. HAVENS, State Dept. of Highways, Frankfort, Kentucky

Recurrence of movement in slide areas during wet weather is
indicative of troublesome underground seepage which is often as-
sociated with stratified shales in side-hill cuts and benched, side.
hill embankments. In order to evaluate such situations and to
methodically undertake corrective repairs, it is essential that the
source of the seepage be located and diverted. A systematic in-
vestigation of each slide would thus obviate trial-and-error
methods which are often expensive and disheartening. The pro-
ject is primarily a field study of existing slides. A procedure for
determining the source of seepage water associated with unstable
slopes is being developed.

Work has been started to develop a technique of using an
electrical resistivity method to locate and trace seepage water in a
landslide.

Preliminary indications are that four-probe resistivity data
may be used to trace water as well as geologic strata with only a
minimum of drill-hole date.

Reports Issued: Development of a practical method of locat-
ing and tracing seepage water in unstable slopes, R. C. Deen,
Status Report of Landslide Area on 1-75, Covington, Kentucky,
Highway Research Laboratory. Kentucky Dept. of Highways,
May 15, 1963.

Development of a practical method of locating and tracing
seepage water in unstable slopes, R. C. Deen, Part 11, Status Re-
port on Landslide Area on 1-75, Covington, Kentucky, Highway
Research Laboratory/ Kentucky Dept. of Highways, Aug. I,
1963.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Kentucky State Government

2.0520, STUDY OF RUNOFF FROM SMALL DRAINAGE
AREAS
J.H. HAVENS, State Dept. of Highways, Frankfort, Kentucky

Extensive records are available in reference to the rainfall ru-
noff relationships for the larger watersheds throughout the state.
However, little data are available in regard to these relationships
for the smaller watersheds. The major portion of expenditures for
drainage facilities on most highway projects goes toward provi-
sion for drainage from the smaller areas. It is thus desirable to ob-
tain reliable rainfall-runoff relationships for the smaller areas and
to develop a design criterion on the basis of these relationships.
Intensity-duration curves are available for the entire state and,
with minor revisions to correct for the greater years of records
presently available, they should be incorporated into a criterion
developed as mentioned.

Reports Issued: Report No 1 on a study of runoff from small
drainage areas and the openings in attendant drainage structures,
E.M. West and J.D. Cornell, Highway Res. Lab., Ky. Dept. of
highways, April 1952. Report No 2 on a study of runoff from
small drainage areas and the openings in attendant drainage struc-
tures, E.M. West and W.H. Sammons Highway Res. Lab., Ky.
Dept. of Highways, July 1955.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Kentucky State Government

2.0521, PLANT SOIL MOISTURE ENVIRONMENT AND
ITS EFFECT ON WATER MOVEMENT INTO PLANT
ROOTS
C.T. HAAN, Univ. of Kentucky, Water Resources Institute, Lex-
ington, Kentucky 40506

Objectives of Research: 1. Develop a means of controlling
soil moisture so that plants can be grown at controlled levels of
soil moisture stress. 2. Develop a mathematical model of water
movement from the soil into the plant root.

Summary: Studies on water stress of plants have been ham-
pered by the lack of an adequate means of controlling the water
potential in soils within narrow limits at high values of moisture
tension. Part of the work of this project will be devoted to testing
several methods of overcoming this obstacle.

The second part of the project will be devoted to a study of
moisture movement through the soil into plant roots when the soil
moisture is controlled at several levels of moisture potential and
the aerial environment of the plant is controlled at one level in a
growth chamber. A mathematical model of moisture movement
into plant roots under these conditions will be developed and
tested.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kentucky

2.0522, UNSTEADY FLOW TOWARD PARTIALLY
PENETRATING ARTESIAN WELLS
Y.H. HUANG, Univ. of Kentucky, Water Resources Institute,
Lexington, Kentucky 40506

Current solutions for unsteady flow toward partially
penetrating artesian wells are based on many ideal assumptions.
Among these assumptions are that (a) the aquifer is elastic,
homogeneous, isotropic, horizontal in position, uniform in
thickness, and infinite in extent, (b) the well is of a small radius,
and (c) the discharge from the well does not vary with time. Since
actual field conditions may not fulfill the above assumptions,
these solutions may be of limited application.

The objectives of the proposed research are twofold: (a) to
develop a numerical procedure using a finite difference method
and a high speed computer for the analysis of unsteady flow
toward partially penetrating artesian wells so that solutions for
uses other than those ideally assumed can be obtained, and (b) to
construct a test model having the same dimensions as those as-
sumed in the theoretical analysis and check the validity of the
theory.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kentucky

2.0523, COMPUTER ANALYSIS OF WATERSHED
CHARACTERISTICS AFFECTING FLOOD HYDROLOGY
LI). JAMES, Univ. of Kentucky, School of Engineering, Lexing-
ton, Kentucky 40506

A computer program known as the Stanford Watershed
Model has been developed for generating long term streamflow
values from rainfall records and parameters describing watershed
characteristics as determined by a trial and error process of ad-
justment to match short term streamflow records. The research
plan is to 1, Program a computerized procedure for finding the
best value for these parameters from the standpoint of flood anal-
ysis. 2. Apply the procedure to a number of small watersheds to
see how the selected values vary and to develop relationships ex-
pressing flood peaks and volumes as functions of these parame-
ters. 3. Apply the results to a computer program previously
developed by the principal investigator for determining by
economic efficiency criteria the best combination of structural
and nonstructural measures for flood control to analyze how this
best combination varies with these watershed parameters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kentucky

2.0524, CRITERIA FOR EVALUATION AND FUNC-
TIONAL DESIGN OF IRRIGATION SYSTEMS
J.T. LIGON, Univ. of Kentucky, Agricultural Experiment Sta. ,

Lexington, Kentucky 40506
I . To determine the effects of moisture stress on the rate of

growth, development, final yield and quality of certain potentially
irrigable crops. 2. To determine the soil moisture withdrawal pat-
terns for certain potentially irrigable crops. 3. To determine the
water intake rates of typical Kentucky soils and their relationships
to other measurable physical quantities. 4. To determine from cli-
matological data the frequency of occurrence of various levels of
soil moisture deficiency during the growing season in Kentucky.

Emphasis will be placed on the acquisition and analysis of
basic data pertaining to the interactions between water, soil, cli-
mate, and plants as related to supplement irrigation. The overall
objective is to develop dependable criteria for the evaluation of
irrigation needs and the functional design of irrigation systems.

SUPPORTED BY U.S. Dept. of Agriculture
Kentucky State Government

2.0525, CAPILLARY-DIFFUSION AND SELF-DIFFUSION
OF LIQUID WATER IN UNSATURATED SOIL
R.E. PHILLIPS, Univ. of Kentucky, School of Agriculture, Lex-
ington, Kentucky 40506

Objectives of the Project: I. To evaluate the effect of soil
water ,ontent, clay type, and clay content upon the capillary-dif-
fusion and self-diffusion of liquid water in unsaturated soil. 2. To
attempt to establish a functional relationship between capillary-
diffusion and self-diffusion of liquid water in unsaturated soil.

Summary: The movement of liquid water within the unsatu-
rated soil is a key mechanism in the process of evapo-transpira-
tion. Evapo- transpiration, in turn, is an important controlling fac-
tor in the hydrologic cycle. At the present time, our knowledge of
the mechanics of soil water movement in unsaturated soils and
the factors controlling it is of a qualitative nature rather than of a
quantitative nature.

In this study the movement of water in unsaturated soils and
some of the basic soil properties affecting soil water movement
will be studied. The movement of water within the soil mass is the
initial step in the process of evapo-transpiration. Both capillary-
diffusion coefficients and self-diffusion coefficients will be mea-
sured to characterize soil water movement. The measurement and
understanding of capillary-diffusion coefficients, especially with
reference to the mobility of the water molecule as affected by soil
properties. In the past, the interpretation and prediction of soil
water movement in unsaturated soil has been based upon capilla-
ry-diffusion coefficients.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kentucky

2.0526, DIFFUSION OF WATER AND IONS IN SOIL
R.E. PHILLIPS, Univ. of Kentucky, Agricultural Experiment Sta.
, Lexington, Kentucky 40506

1. To determine the effect of physical, mineralogical, and
chemical properties of soils on the self diffusion of water and
plant nutrient ions in soils. 2. To investigate interactions which
are likely to exist between particular physical, mineralogical, and
chemical properties of soils when either water or plant nutrient
ions are diffusing in soil. 3. To compare the magnitude of molecu-
lar-self diffusion coefficients of water in soil to the diffusion coef-
ficients of water defined as the product of capillary conductivity
and the rate of change of soil water tension with soil water con-
tent.

Diffusion coefficients of water and plant nutrient ions as af-
fected by soil properties will be evaluated. Soil properties to be
studied include: soil water content, clay mineralogy, soil texture,
soil compaction, soil temperature, organic matter content, and
cation population. Interactions existing between these soil pro-
perties when either water or ions are diffusing will be evaluated.
Both molecular- diffusion coefficients and capillary potential
gradient-diffusion coefficients of water in soil will be measured.

SUPPORTED BY U.S. Dept. of Agriculture
Kentucky State Government

2.0527, HYDROLOGY OF BURIED PENNSYLVANIAN
CHANNEL SANDSTONE, KENTUCKY
R.W. DAVIS, U.S. Dept. of Interior, Water Resources Division,
Louisville, Kentucky

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Kentucky.

Purpose: To obtain adequate information on the geohydrolo-
gy of the deeply buried basal Pennsylvanian channel sandstones
and the relation of deep fresh water to saline water in the Western
Coal Field area to guide future development and proper manage-
ment of water resources.

Method: Detailed information on the geology and hydrology
of the channel sandstones will be obtained by inventory of cur-
rently available sources, such as existing water and oil wells, coal-
test holes, and geologic maps. The trend, distribution, and volume
of the channel sandstones will be presented on maps, fence dia-
grams, and sections, The movement of ground water through the
sandstones will be documented by means of water-level informa-
tion, pumping tests, and stremflow measurements. The relation-
ship of large-yielding wells to the occurrence of the sandstone and
channel geometry will be analyzed. Water samples will be col-
lected to delineate the areas of fresh water and periodic sampling
will be made near centers of pumping to document effects of
pumping on quality.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Kentucky State Government

2.0528, WATER RESOURCES OF THE BOWLING GREEN
AREA, KENTUCKY
T.W. LAMBERT, U.S. Dept. of Interior, Water Resources Divi-
sion, Louisville, Kentucky

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Kentucky.

Purpose: To provide information on the quantity and quality
of the water in the Bowling Green area for use in planning addi-
tional industrial development.

Methods: Detailed information on ground-water sources will
be collected with particular emphasis on delineating the areas of
potentially high yield. The investigation will include a study of the
underground flow patterns and potential sources of contamina-
tion. Information on water quality of streams and aquifers will be
collected and changes in water quality monitored. The relation-
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ship between ground water and water in streams is particularly
significant because of large base flows and recurrent flooding of
large solution channels by high river stages. Partial-record sta-
tions will be operated on tributary streams for correlation of
record with the gaging and water- quality station on Barren River
at Bowling Green.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Kentucky State Government

2.0529, A DETAILED STUDY OF THE ENERGY FLOW
THROUGH THE BIOTA OF DOE RUN, MEADE COUNTY,
KENTUCKY
L.A. KRUMHOLZ, Univ. of Louisville, Graduate School,
Louisville, Kentucky 40208 (AT(40-1)-3540)

Doe Run, a stream that arises as a torrent spring, has been
studied intensively since 1959. Background data indicate that the
uptake of fission products from nuclear fallout was quite prompt
following the Russian and American tests that began in 1961.
That accumulation reached a maximum by 1964 and by the
summer of 1966 the amounts in the biota had returned essentially
to the 1960 levels. On the basis of these background data it was
proposed to try to define the pathways of accumulation of
radioisotopes of biologically important fission products and their
possible relationships to energy flow through the stream
ecosystem.

As a part of this study, Doe Run has been inoculated with
cesium 134 three times: 10 me on 17 December 1966, 25 mc on
17 June 1967, and 25 mc on 16 December 1967. Physical charac-
teristics of the stream were different during each inoculation, and
data on stream flow indicate that at low discharge (ca 20 cfs, June
1967) the 'slug' of cesium moved very slowly and became greatly
elongated as it passed downstream, whereas at high discharge (ca
85 cfs, December 1967) the slug moved quite rapidly and
remained quite compact.

Calorific values of various plants remained constant
throughout the year, but there was a gradual marked decline in
calorific values of some amphipods, Data on respiration indicate
that oxygen consumption by some stream invertebrates fluctuates
with no seasonal pattern or relationship to inoculation of the
stream. Samller individuals of each species consume oxygen at
relatively higher rates than larger individuals of the same species.

SUPPORTED BY U.S. Atomic Energy Commission

2.0530, GEOCHEMISTRY OF AQUIFERS AS AFFECTED,
OR POTENTIALLY AFFECTED BY OFFTAKE OR ARTIFI-
CIAL RECHARGE
G.K. BILLINGS, Louisiana State University, Graduate School,
Baton Rouge, Louisiana 70803

It is proposed to determine the chemical parameters signifi-
cant to such existing problems as: a) salt water encroachment; b)
river water encroachment; and c) injection water. Potentiometric
and atomic absorption methods will be used to determine the
variables. Analyses will be made on samples of precipitation, ru-
noff, and ground water at recharge, discharge, and potential mix-
ing sites. Analyser, will be made of experimentally filtered water in
contact with fropozed storage aquifers and of aquifer solid
material. Data will be used in the examination of such problems as
watermass mixing, rock-water equilibrium, and potential altera-
tion of water quality by proposed engineering manipulation of the
Baton Rouge water system. Inf' mation gained is highly ex-
trapolatable to other Gulf Coast areas.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Louisiana State University

2.0531, RUNOFF OF SMALL WATERSHEDS
H.J. BRAND, Louisiana State University, Agricultural Experi-
men' Sta. , Baton Rouge, Louisiana 70803

A map will be prepared showing soil types and drainage pat
tern with gauging stations to be established and continuous
records kept of all flow rates, as well as total rates. A complete
weather station will be maintained on the project to provide cor-
relating data. Soil moistures and different soil types, moisture in-

take, retention and crop moisture requirements will be deter-
mined.

SUPPORTED BY U.S. Dept. of Agriculture
Louisiana State Government

2.0532, EROSION CONTROL STUDY
A.L. COX, Louisiana State University, Agricultural Experiment
Sta. , Baton Rouge, Louisiana 70803

Present methods are being evaluated to develop new
methods and equipment for establishment of a permanent sod
cover. Erosion control practices :Are being developed for existing
highway drains and ditches and highway bank stabilization
methods that do not require top soil from adjacent agricultural
lands. Structures are installed at various locations to incorporate
soils, slopes and length of run in order to obtain detail information
on the amount of soil lost. To prevent erosion sod drains, slopes
and materials such as chemicals and mats are being installed. Soil
and water loss are being studied to determine the correct slope
and length of ditches for various soils. An attempt is being made
to evaluate sodded, asphalt paved, concrete paved and other
types of waterway to establish the best type under different condi-
tions. Recommendations will be made to the Louisiana highway
department for the revision of erosion control and sod establish-
ment practices.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

2.0533, ROW CROP IRRIGATION IN NORTHWEST
LOUISIANA - COTTON IRRIGATION
J.W. ROBBINS, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803

1. To determine crop response to irrigation in Northwest La.
2. To determine evapotransporation rate of the crops irrigated.

Will continue test plots on irrigated and non-irrigated cotton
for yield study and continue study of evapotranspiration of cotton
in this area.

SUPPORTED BY Louisiana State Government

2.0534, ROW CROP IRRIGATION IN NORTHEAST LOUI-
SIANA
J.W. ROBBINS, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803

To determine the following concerning cotton and corn
under irrigation in northeast Louisiana: 1. Economics of row crop
irrigation. 2. Evapotranspiration rates. 3. Optimum plant popula-
tion.

Continue study of yield data of different varieties of cotton in
the Macon Ridge area. This includes land forming plots for fur-
row irrigation study, selection of varieties for testing and continu-
ing study of evapotranspiration in the cotton area. Revise project
after this year.

SUPPORTED BY Louisiana State Government

2.0535, BAYOU LAFOURCHE SEDIMENTATION STUDY,
LOUISIANA
W.H. BOYLE, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Louisiana.

Purpose: To determine the rate of sedimentation and the
resulting channel characteristics such as size, shape, and slope.

Methods: A quantitative analysis of data collected by the U.
S. Geological Survey and other agencies since 1955 will be in-
itiated so that an estimate of the amount of sediment coming into
the bayou can be made. This estimate will be compared to an
amount derived by using a gamma probe at 18 cross-sections
within the study reach by which the density of the sediment at
each cross-section is obtained. Finally a prediction of the stabil-
ized channel will be made for the bayou within the study reach.
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SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Louisiana State Government

2.0536, GEOLOGIC STRUCTURE AND FRESH GROUND
WATER IN GULF COASTAL PLAIN
P.H. JONES, U.S. Dept. of Interior, Geological Survey, Baton
Rouge, Louisiana

Major elements of structural deformation in the Gulf Coast
Plain that have marked effect on deposits of post-Oligocene age
will be identified and mapped at a suitable scale, together with the
distribution (arcally and with depth) of fresh and saline waters in
aquifer systems affected by the deformation. The relative im-
portance of individual structural features, together with com-
panion features (e.g. regional normal faults and associated salt
domes) will be evaluated using this map, and key structures in the
Plain will be selected for intensive study. These type studies will
involve all geologic and hydrologic factors for which data can be
obtained, and each will be completed with a separate report. Con-
cepts derived and analytical methods developed in the type stu-
dies will be employed in a comprehensive analysis of conditions
throughout the Plains. The report on this work will include struc-
tural maps for entire acquifer systems and flow nets for principal
aquifers; it will show the locus and hydraulic controls on salty
water in proximity to fresh-water systems, and define, as well as
may be possible, the probable consequences of Ghanges in
direction of flow and gradient in head in aquifer systems sub-
jected to heavy withdrawal in the future.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0537, FLOODS IN NORTH LOUISIANA - RAINFALL-
RUNOFF RELATIONSHIPS
P.N. LEE, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Louisiana.

Purpose: To determine the relationship between rainfall and
runoff in northern Louisiana as a part of a program to provide
statewide coverage.

Methods: Regressions will be made from rainfall-runoff data
computed at 34 gaging stations. Approximately 1700 storms will
be analyzed, and the regressions regionalized.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Louisiana State Government

2.0538, GEOHYDROLOGIC ENVIRONMENTAL STUDIES
J.N. PAYNE, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

A study of the Cockfield Formation is being carried on in Ar-
kansas, Louisiana,Mississippi, and Texas to determine the rela-
tionship of hydrologic factors to various geologic factors such as
facies development, degree of variability of the formation
laterally and vertically, and the unit thickness of individual sand
members. Ultimately various geologic parameters can be used in
conjunction with the hydraulic constants of the aquifers to
describe the hydraulic systems quantitatively. In order to accom-
plish the objective, maps have been and are being prepared to
show sand percentage, thickness of the Cockfield Formation,
maximum sand unit thickness, degree of fresh water saturation of
the sand section, total transmissibility of the fresh water sand sec-
tion, the altitude of the base of fresh water and quality of water.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.059, UNIT HYDROGRAPHS FOR SOUTHWESTERN
LOUISIANA
V.B. SAUER, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Louisiana.

2. WATER CYCLE

Purpose: This study is part of a program to provide statewide
coverage of unit hydrographs.

Methods: Unit hydrographs will be developed for each site
where gaging station records 're available in the study area.
About 200 flood hydrographs be studied, Data will be re-
gionalized for use at ungaged sites.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Louisiana State Government

2.0540, UNIT HYDROGRAPHS FOR NORTHERN LOUI-
SIANA
V.B. SAUER, U.S. Dept. of Interior, Water Resources Division,
Baton Rouge, Louisiana

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Louisiana.

Purpose: This study is part of a program to provide statewide
coverage of unit hydrographs.

Methods: Unit hydrographs will be developed for each site
where gaging station records are available in the study area.
About 200 flood hydrographs will be studied. Data will be re-
gionalized for use at ungaged sites.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Louisiana State Government

2.0541, FLOOD FREQUENCY OF SMALL STREAMS IN
LOUISIANA

UNKNOWN, U.S. Dept. of Interior, Geological Survey, Baton
Rouge, Louisiana

This research proposal is to obtain and analyze hydrologic
data which can be used in the hydrologic design of highway
drainage structures. More specifically, to determine the mag-
nitude and frequency of floods for drainage areas requiring cul-
verts in Louisiana. Project will consist of 75 flood hydrograph
recording stations. These gages will be installed within a three
year period. The gages will be located throughout the state so that
many different parameters will be sampled. In addition to flood
hydrographs, information will be obtained on amount and dis-
tribution of rainfall, land use, basin slope and stream slope. The
gaging equipment will consist of rainfall and stage /RS/ recorders
and creststage gages upstream and downstream at each site.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

2.0542, ECOLOGY OF LOUISIANAS ESTUARINE
WATERS - MARINE LABORATRY
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

This project area incorporates all six of the previous
described phase areas, namely coastal Louisiana. Here, the pro-
ject leader will compile, analyze and interpret the data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Louisiana State Government

2.0543, LAKEBORGNE-CHANDELEUR SOUND SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. Determine the distribution and density of the
fauna of the phase area. 2. Determine the hydrography of the
phase area. 3. Process the data.

Procedures and Work Schedule: 1. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
bean plankton net. 2. Weekly sampling throughout the major
nursery areas with a 6-foot 1/4' mesh trawl. 3. Bi-weekly sampling
throughout the major nursery and near off-shore areas with
trawls. 4. Bi-weekly seine sampling at selected sites. 5. Monthly
benthic sampling at selected sites. 6. Collection of selected hydro-
graphic information at each sample station and continuous
recordings of salinity temperature and tidal movements at
selected stations. 7. The processing, tabulating and summarizing
of collections and raw data which are to be transmitted to the pro-
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jeet leader at the marine laboratory for compilation, analysis and
interpretation.

SUPPORTED BY U.S. Dept. of Interior - 3u. Comm. Fish.
Louisiana State Government

2.0544, BRETON SOUND MOUTH OF MISSISSIPPI
RIVER SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. Determine the distribution and density of the
fauna of the phase area. 2. Determine the hydrography of the
phase area. 3. Process the data.

Procedures and Work Schedule: I. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
beam plankton net. 2. Weekly sampling throughout the major
nursery areas with a 6- foot 1/4' mesh trawl. 3. Bi-weekly sam-
pling throughout the major nursery and near off-shore areas with
trawl. 4. Bi-weekly seine sampling at selected sites. 5. Monthly
benthic sampling at selected sites. 6. Collection of selected dydro-
graphic information at each sample station and continuous
recordings of salinity, temperature and tidal movements at
selected stations. 7. The processing tabulating and summarizing
of collections and raw data which are to be transmitted to the pro-
ject leader at the marine laboratory for compilations, analysis and
interpretation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Louisiana State Government

2.0545, ATCHAFALAYA RIVER - CALLIOU LAKE
SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives - 1. Determine the distribution and der-ity of the
fauna of the phase area. 2. Determine the hydrography of the
phase area. 3. Process the data.

Procedures and Work Schedule: 1. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
beam plankton net. 2. Weekly sampling throughout the major
nursery areas with a 6-foot 1/4' mesh trawl, 3. Bi-weekly sampling
throughout the major nursery and near off-shore areas with
trawls. 4, Bi-weekly seine sampling at selected sites. 5. Monthly
benthic sampling at selected sites. 6. Collection of selected hydro-
graphic information at each sample station and continuous
recordings of salinity temperature and tidal movements at
selected stations. 7. The processing, tabulating and summarizing
of collections and raw data which are to be transmitted to the pro-
ject leader at the marine laboratory for compilations, analysis and
interpretation.

SUPPORTED BY U,S. Dept. of Interior - Bu. Comm. Fish.
Louisiana State Government

2.0546, VERMILION - CALCASIEU - SABINE SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: I. Determine the distribution and density of the
fauna of the phase area. 2. Determine the hydrography of the
phase area. 3. Process the data.

Procedures and Work Schedule: I. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
beam plankton net. 2. Weekly sampling throughout the major
nursery areas with a 6-foot 1/4' mesh trawl, 3. Bi-weekly sampling
throughout the major nursery and near off-shore areas with
trawls. 4. Bi-weekly sampling at selected sites. 5. Monthly benthic
sampling at selected sites. 6. Collection of selected hydrographic
information at each sample station and continuous hydrographic
information at each sample station and continuous recordings of
salinity temperature and tidal movements at selected stations. 7,
The processing, tabulating and sumarizing of collections and raw
data which are to be transmitted to the project leader at the
marine laboratory for compilations, analysis and interpretation.

SUPPORTED BY U,S. Dept. of Interior - Bu. Comm, Fish,
Louisiana State Government

2.0547, TIMBALIER TERREBONNE BAYS SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: I. Determine the distribution and density of the
fauna the phase area. 2. Determine the hydrography of the
phase area. 3. Process the data.

Procedures and Work Schedule: 1, Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
beam plankton net. 2. Weekly sampling throughout the major
nursery areas with a 6-foot 1/4' mesh trawl, 3. Bi-weekly sampling
throughout the major nursery and near off-shore areas with
trawls. 4. Bi-weekly seine sampling at selected sites. 5. Monthly
benthic sampling at selected sites, 6. Collection of selected hydro-
graphic information at each sample station and continuous
recordings of salinity temperature and tidal movements at
selected stations, 7. The processing, tabulating and summarizing
of collections and raw data which are to be transmitted to the pro-
ject leader at the marine laboratory for compilations, analysis and
interpretation.

SUPPORTED BY U,S. Dept. of Interior - Bu. Comm. Fish.
Louisiana State Government

2.0548, CHEMICAL AND PHYSICAL ANALYSES OF
WATER AND SOILS
K.E. LANTZ, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. To determine physical and chemical charac-
teristics of water in the four lakes prior to fluctuation, during the
water level changes and following fluctuation when water levels
return to normal. 2. To determine chemical conditions of bottom
muds in the four lakes prior to water fluctuation and chemical
conditions in the soils exposed to aeration during the drawdown
period.

Procedure: Water chemistries will include turbidity, dis-
solved oxygen, free carbon dioxide, pH, alkalinity, hardness,
sulfate, iron, copper, manganese, phosphate, ammonium
nitrogen, nitrate nitrogen and nitrite nitrogen. These measure-
ments will be made with a Hach Direct Reading Colorimeter.
Sampling will be monthly in the spring prior to fluctuation,
monthly during the water level changes, and monthly in the
winter when water levels return to normal.

Soil samples will be collected at the same time as water sam-
ples and dried for measurement for pH, phosphorus, potassium,
magnesium, calcium and total soluble salts. Analyses will be con-
ducted by the Soils Testing Laboratory at Louisiana State Univer-
sity. A Coleman Flame photometer, Beckman atomic absorption
spectrophotometer, and Bausch and Lomb Spectronic 20
Colorimeter will be used to analyze these bottom muds.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Louisiana State Government

2.0549, HYDROLOGIC STUDIES (STORM STUDIES)
R.L. DALLAS, U.S. Army, Engineer District, New Orleans, Loui-
siana 70160

There are 7 Part I and 12 Part II studies to be completed.
Results of Storm Studies are summarized and published by office
of the Chief of Engineers as 'Storm Rainfall of the United States,'
and distributed to U. S, Army Engineer Divisions and Districts for
pertinency to basic design criteria for flood control and other pro-
jects.

SUPPORTED BY U.S, Dept. of Defense - Army

2.0550, MOISTURE RESPONSE OF SOILS
H.K. HUCKABAY, Louisiana Polytechnic Inst. , School of En-
gineering, Ruston, Louisiana 71270

An apparatus is to be developed which will be sufficiently ac-
curate to measure the capillary potential of various representative
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Louisiana soils but not so fragile or ponderous as to make it im-
practical for field use. In development of the apparatus, the litera-
ture will be searched and various proposed designs considered.
These will be modified or discarded in the light of current instru-
mentation techniques, thermodynamics, and rate process theory.
Preliminary designs will be constructed, tested, and discarded or
modified. This screening of alternate designs may require the
preparation of some type of artificial reference soil. In any case,
the criteria of performance will be: (1) Reproducability of read-
ing, (2) Portability, (3) Durability, (4) Rapidity of reading, and
(5) Low cost. It is anticipated that the final design will be the op-
timum combination of these factors.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

2.0551, URBAN HYDROLOGIC STUDIES
UNKNOWN, Louisiana Polytechnic Inst. , Graduate School,

Ruston, Louisiana 71270
Current methods for estimating peak runoff rates for design

of urban area drainage structures in Louisiana are being im-
proved. Instrumentation is being developed for automatic record-
ing of rainfall and runoff data from urban drainage areas and for
transferring the recorded data for digital computer analysis.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

2.0552, HYDROLOGIC RELATIONSHIPS IN A
CONIFEROUS FOREST
C.E. SCHOMAKER, Univ. of Maine, Graduate School, Orono,
Maine 04473

This investigation proposes to study the water budget of a
coniferous forest in central Maine, taking particular note of
evapotranspiration losses and changes in ground water storage in
relation to the quantity of incoming precipitation.

Environmental measuring instruments will be located in a
mature conifer stand with normal stocking. Ground water wells
will be drilled and soil moisture measurements made throughout
the year. Precipitation will be traced from the time of its inception
until it appears in the ground water or is lost from the area by
evaporation or runoff.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maine

2.0553, EFFECTS OF COARSE SKELETON ON PHYSI-
CAL PROPERTIES OF SOIL
R.A. STRUCHTEMEY ER, Univ. of Maine, Agricultural Experi-
ment Sta. , Orono, Maine 04473

Description of Work: Runoff plots will be installed on a
caribou loam in Aroostook County. All plots have a uniform eight
per cent slope.

Soil treatments will consist of leaving the soil in its natural
condition, removing rocks over 1 1/2 inches in diameter and
removing rocks but then crushing them and returning them to the
plots.

Measurements will be made of the amount of runoff and soil
removal. Bulk density and penetrometer measurements will also
be made throughout the season.

SUPPORTED BY U.S. Dept. of Agriculture
Maine State Government

2.0554, URBAN HYDROLOGIC RELATIONSHIPS
W. VIESSMAN, Univ. of Maine, Graduate School, Orono, Maine
04473

This project is designed to provide more adequate
procedures for predicting, in a reliable manner, the complete ru-
noff hydrograph for urban drainage areas of varying physical
characteristics. Effective rainflall inputs specified as a sequence
of average one minute intensities will be used to generate the out-
put hydrograph. Research on timing of urban hydrologic events is
also included.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
University of Maine

2.0555, STUDIES OF NEAR-SURFACE SEDIMENTS IN
LAKES, AND RELATIONSHIPS BETWEEN SURFACE SEDI-
MENT POLLEN SPECTRA AND VEGETATION
R.B. DAVIS, Colby College, Undergraduate School, Waterville,
Maine 04901

From the time of release of pollen from plants to the time the
grains become deeply buried in sediments numerous processes
occur which determine the 'final' pollen representation in the
sediments. Understanding these processes is essential if the
capacity of pollen analysis to provide paleoecological information
is to be greatly extended.

It is proposed to continue investigation of phenomena taking
place in the surface and near-surface sediments of lakes, and to
continue work on the relationships between vegetation and pollen
spectra, viz: A. Pollen stratigraphy in near-surface sediments,
especially vertical displacement of sediments by benthos, labora-
tory and field experiments; construction of new corer and as-
sociated equipment. B. Differential destruction of pollen in sedi-
ments, including pollen breakage by various taxa of benthos,
laboratory and field experiments; relationship of limnological
conditions to pollen destruction. C. Comparisons of surface pol-
len spectra and vegetation along transects crossing vegetational
`zones,' and within single vegetational types for study of variation
in spectra and related pollen dispersal phenomena; New England
and Maritime Provinces of Canada.

SUPPORTED BY U.S. National Science Foundation

2.0556, THE BIOLOGY AND CHEMISTRY OF TRACE
ELEMENTS IN MARINE AND ESTUARINE WATERS
W.R. TAYLOR, Johns Hopkins University, Graduate School, An-
napolis, Maryland (AT(30-1)-3497)

The objective of the project is to clarify the biogeochemical
cycles of trace elements through the initial trophic levels of the
Chesapeake Bay. Both biological and chemical samples have
been collected in the major river entering the upper Chesapeake
Bay and a series of stations in the Bay. Chemical analyses are
done by atomic absorption spectrophotometry. Both phytoplank-
ton and zooplankton organisms are being surveyed quantitatively
for spatial and time distribution patterns.

The chemical sampling program is nearly complete. Analyses
for iron, manganese, copper, nickel, zinc and cobalt have been
partially completed. The trace metal requirements of representa-
tive phytoplankton organisms are being investigated. An iron
requirement has been found for five algae. Cladocerans appear to
be a major component of the zooplankton.

SUPPORTED BY U.S. Atomic Energy Commission

2.0557, SUSPENDED SEDIMENTS IN THE UPPER CHES-
APEAKE BAY - EVALUATION OF METHODS FOR SIZE
ANALYSIS OF SUSPENDED MATERIALS
J.H. MANNING, State Dept. of Ches. Bay Afrs. , Annapolis,
Maryland

The objective of this study is to determine the method or
combination of methods which provides the most consistent data
on the size distribution of the suspended material in the Upper
Chesapeake Bay, for use as a routine procedure. Large volume
samples from the Upper Bay will be divided into several sub-sam-
ples. One sub-sample will be spun down in an ultra-centrifuge,
and the sediment homogeneously resuspended in a reduced
volume. Size distribution will be determined using the homogene-
ous technique in the Mine Safety Appliances Company's Particle
Size Analyzer. A second sub-sample will be filtered through a 0.2
micron filter, the filter dissolved in acetone, and the sediments
resuspended in the acetone. Size distribution of this resuspension
will be determined using the layer technique. A third sub-sample
will be filtered through a 3 micron membrane filter, and then
through an 0.2 micron filter, in order to provide gross size separa-
tion. Microphotographs of the large filter, and both microphoto-
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graphs and electron-micro-photographs of the smaller filter will
be made. A Zeiss Particle Size Analyzer will be used to obtain size
distribution, Variations of each of the above techniques will be
used in which the suspended organic fraction is eliminated from
the raw sample by wet incineration. This study will be carried out
by J. R, Schubel, Chesapeake Bay Institute, The Johns Hopkins
University.

SUPPORTED BY U,S. Dept. of Interior Bu. Comm. Fish.
Maryland State Government

2.0558, FIELD MEASUREMENTS OF THE TEMPORAL
AND SPATIAL VARIATIONS IN CONCENTRATION AND
PARTICLE SIZE DISTRIBUTION OF SUSPENDED MATERI-
ALS IN THE UPPER
J.H. MANNING, State Dept. of Ches. Bay Afrs. , Annapolis,
Maryland

The objectives of this study are to determine the temporal
and spatial variations in (1) the concentration; (2) particle size
distribution; (3) percent organic matter; and (4) mineralogical
composition of inorganic fraction. Samples will be collected at
the surface, mid-depth and near the bottom at each of 3 I stations
in the Upper Chesapeake Bay from the mouth of the Susquehan-
na at Havre de Grace to just below Poo les Island, on a monthly
basis. Total weight of suspended material per unit volume, and
weight of inorganic fraction will be determined. Size distribution
of the suspended material will be determined using the methods
selected on the basis of the evaluation study conducted under
another phase of this project. Work will also he initiated on
mineralogical analysis of the inorganic fraction, although the
major effort on this part of the program will he undertaken during
the second year or the study. Field work will be carried out
aboard the research vessels MAURY and LYDIA LOUISEII, of
the Cesapeake Bay Institute, The Johns Hopkins University. The
study will be conducted by J. R. Schubel, Chesapeake Bay In-
stitute, The Johns Hopkins University.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Maryland State Government

2.0559, COMPARISON OF OPTICAL PROPERTIES WITH
DIRECT MEASUREMENTS OF CONCENTRATION AND
SIZE DISTRIBUTION OF SUSPENDED MATERIALS

MANNING, State Dept. of Ches. Bay Afrs. , Annapolis,
Maryland

The objective of this study is to determine the relationships
between various optical properties of the waters of the Upper
Chesapeake Bay and the concentration and size distribution of
suspended materials in these waters. At each of 31 stations in the
Upper Bay samples will be collected at three depths and at
monthly intervals for determination of suspended particle con-
centration and size distribution, as described under another phase
of this project. Duplicate samples will also be employed for light
transmission and scattering measurements at each of three wave
lengths. Scattering measurements will be made at 90o to the light
beam path using a Turner filter fluorometer. Beam transmittance
measurements will be made using a Beckman DU spec-
trophotometer with a special narrow beam columnation at-
tachment. In situ measurements of beam transmittance will also
be made. These optical measurements will be compared with the
determinations of suspended particle concentration and size dis-
tribution, with the intent of establishing a relationship between
the optical parameters and the suspended particle concentration
and size distribution. This study will be conducted by J. Williams,
J. R. Schubel, and D. W. Pritchard, Chesapeake Bay Institute,
The Johns Hopkins University.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Maryland State Government

2.0560, COLLECTION OF HYDROLOGIC DATA OF
SMALL DRAINAGE AREAS
FORREST, State Roads Commission, Annapolis, Maryland

Storm water runoff from small drainage areas is a rather
troublesome problem in most highway design offices. The objec-

tive of this project is to provide highway drainage designers with
reliable runoff information as affected by various hydrologic
areas of this state and size of area. The work is under the direction
of U.S, Geological Survey and results will be based on statistical
studies of observed rainfall and runoff data.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Maryland State Government

2.0561, AQUIFER STUDIES IN MARYLAND - SEDIMEN-
TARY ROCKS IN THE COASTAL PLAIN
H.H. HANSEN, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 2 I 2 I 8

A better understanding of the geohydrology of the aquifers in
the Patapsco and Raritan Formations in the Maryland Coastal
Plain is needed for intelligent water-management decisions in al-
locating ground water. The nature of the aquifers and their sedi-
mentary environment will be studied and a report will be
prepared to show the stratigraphic and hydrologic relationships
by means of cross sections, lithofacies maps, isopach maps, and
other illustrations.

SUPPORTED BY Maryland State Government
U.S, Dept. of Interior - Geological Survey

2.0562, EXTENT OF BRACKISH WATER IN TIDAL
RIVERS
S.G. HEIDEL, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 2 I 218

The tidal areas of Maryland's rivers represent large volumes
of water that have been proposed for and may be useful for
domestic and industrial water supply. The boundary zone
between brackish and fresh water must be delineated for max-
imum utilization. The approach used is to make salinity runs on
the tidal rivers, and use field observations at principal points sup-
plemented by installation of continuous conductivity recorders to
locate the saline water front at varying tide conditions and dif-
ferent seasons.

SUPPORTED BY Maryland State Government
U.S. Dept. of Interior - Geological Survey

2.0563, PHYSIOGRAPHIC STUDY OF PART OF THE
HENRY MOUTAINS REGION, UTAH
C.B. HUNT, Johns Hopkins University, Graduate School, Bal-
timore, Maryland 212 I 8

The Principal Investigator plans to complete research, sup-
ported under NSF grant GA-454, on the physiography of the
Henry Mountains, Utah, Principal objectives of the research are:
to determine relationships between the bedrock geology, kinds
and rates of weathering and of soil development, kinds and rates
of fluvial processes, effects of the on plant distribution, and
archeological evidence for dating changes and estimating rates in
geomorphic processes. The investigations will center largely on a
small part of the Henry Mountain area, especially the north and
east sides of Mount Ellen and the pedimented foothills north and
cast of that mountain.

The high relief of the Henry Mountains provides contrasting
climatic zones for comparison of weathering featt,' and
development of pediments, terraces and other landform features.
In the continuing research emphasis will be placed on understand-
ing geomorphic processes and testing of concepts of landform
development, particularly as related to erosion and deposition by
streams. It is hoped that datable archeological remains in some
deposits will give a basis for determining absolute rates of deposi-
tion, and formation of landforms. In addition, it is hoped that in-
formation relative to the water budget, distribution of acquifers,
and other factors important in potential land-use development
will emerge from the research.

SUPPORTED BY U.S. National Science Foundation

2.0564, EVALUATION OF MAGOTHY AQUIFER - AN-
NAPOLIS AREA
F.K. M ACK, Johns Hopkins University, State Geological Survey,
Baltimore, Maryland 21218
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The City of Annapolis, Md, and other users pump from 3 to 5
million gallons of water per day from the Raritan and Magothy
Formations in the Annapolis area. Because the demand for water
is expected to increase substantially in the next 10 years further
information is needed on the quantity of water available, the pos-
sibility of salt water contamination, and the optimum develop-
ment of the supply, To provide this information it is proposed to:
1, Prepare cross-sections showing the geologic framework and
local variations in the aquifer, 2, Prepare piezometric maps on a
periodic basis, 3, Construct an electric analog model for analyzing
the behavior of the hydrologic system, 4, Make studies of
geochemical characteristics of the water.

SUPPORTED BY Maryland State Government
U.S. Dept, of Interior - Geological Survey

2.0565, TIME OF TRAVEL - PRINCIPAL MARYLAND
STREAMS
K.R. TAYLOR, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 21218

The objective of this project is to provide water users with a
time-of-travel guide to let them know when possible contaminants
will reach their intakes, how long such contaminants will persist
and at what levels of concentration if such contaminants are
discharged accidentally into a stream. To obtain the time-of-
travel data a fluorescent dye is put in selected streams, and the
time of arrival measured for the leading edge, the maximum con-
centration and the time of passage at successive downstream loca-
tions. By such determinations at selected rates of discharge a rela-
tionship between discharge and time-of-travel is being developed
ft,r principal Maryland streams.

SUPPORTED BY Maryland State Government
U.S. Dept, of Interior - Geological Survey

2.0566, EXPLORATION AND MAPPING OF THE SALIS-
BURY PALEOCHANNEL
J.M. WEIGLE, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 21218

A major aquifer consisting of a buried channel filled with
sand and gravel of Pleistocene age occurs several miles north of
Salisbury, Md. The objective of this project is to gain further
knowledge about the extent and limitations of the aquifer and
provide experience in application of techniques for more rapid lo-
cation of such features. Plans include test drilling, gamma-
logging, obtaining material samples and preparation of map(s)
showing the extent and character of the channel.

SUPPORTED BY Maryland State Government
U.S, Dept. of Interior - Geological Survey

2.0567, SOURCES, MOVEMENT, AND DISTRIBUTION
OF SEDIMENT IN A SMALL WATERSHED
M.G. WOLMAN, Johns Hopkins University, Graduate School,
Baltimore, Maryland 21218

The proposed study will be directed toward an understanding
of the system by which sediment is removed from upland surfaces
and makes its way downstream and thence Out of a drainage
basin. The proposed research will test the fundamental working
hypothesis in geomorphology which states that under normal cir-
cumstances a kind of equilibrium exists in the landforms within an
area. This hypothesis further postulates that landforms change
only very slowly, and that over relatively short periods of time the
forms are so adjusted to the existing processes that material
eroded from the landscape is transported throughout the drainage
system without producing major changes in the forms of hill
slopes, valley bottoms and river channels.

SUPPORTED BY U.S. National Science Foundation

2.0568, SOURCES, MOVEMENT, AND DISTRIBUTION
OF SEDIMENT IN A SMALL WATER SHED
M.G. WOLMAN, U.S. Dept. of Interior, Water Resources Divi-
sion, Baltimore, Maryland 21218

Recent studies of delivery of sediment from watersheds in-
dicate that in many cases the computed quantity of sediment
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which leaves the surface of a drainage basin may be considerably
more than the amount of sediment delivered to reservoirs at some
downstream location, taking into account the trap efficiency of
the latter,

This study is directed toward an understanding of the system
by which sediment is removed from the upland surfaces and
makes its way downstream and thence out of the drainage basin,
It has been suggested in the literature that the flood plain acts as a

storage site for the intermittent movement of sediment
throughout the stream system. Before sediment reaches the
stream system from the hill slopes, however, it may pass either
from hill slope to stream channel or through an intermediate stage
represented by the eolluvium at the valley margins, This stage of
colluvium and flood-plain storage and migration is perhaps the
least well understood portion of the system.

Stream flow and sediment discharge are being measured at
two locations, one located directly below a source area of 100
acres of agricultural crop land, the other downstream at one
square mile, Most of the intervening area is forested thus provid-
ing relatively little additional sediment inflow. Comparisons of
particle size and sediment load by individual storms are being
made, In addition, measurements of channel cross sections, parti-
cle movement, and slope processes are being made. Geomorphic
studies including both stratigraphic observations and mapping are
being undertaken to establish long term trends and history in the
drainage basin as a basis for evaluating and extrapolating relative-
ly short term measurements.

SUPPORTED BY U.S, Dept. of Interior - Geological Survey

2.0569, EXTENT OF BRACKISH WATER IN TIDAL
RIVERS, MARYLAND
S.G. HEMEL, U.S. Dept, of Interior, Water Resources Division,
Baltimore - Towson, Maryland

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Maryland.

Purpose: To delineate the boundary zone between brackish
and fresh water and provide information to permit maximum
utilization of the water in the tidal portions of Maryland rivers.

Methods: Location of the saline water front in all the inland
tidal areas of Maryland at varying conditions of tide and runoff
and different seasons of the year will be determined through use
of continuous conductivity recorders, periodic spot measure-
ments of chloride concentrations and determination of river
profiles of salinities. A comprehensive report will be prepared on
the extent and variation of the salt water encroachment in surface
waters on the basis of these field observations and available sup-
plementary information.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Maryland State Government

2.0570, RICE CULTURE
C.R. ADAIR, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To determine the effect of time and method of seed-
ing; time, method, and rate of application and ratio of the various
fertilizer elements; and the effect of stage of maturity when har-
vested and of the temperature during the period ofmaturation on
plant growth, grain yield and on chemical, physical and cooking
characteristics of new rice varieties.

Plan of Work: Early, midseason and late maturing advanced
breeding lines and standard commercial types of rice will be
grown in a quadruplicated split-plot experiment with varieties as
the main plots and fertilizer rates as the subplots. These experi-
ments will be conducted in a similar manner at the southern rice
stations although the amounts and time of application of the fer-
tilizer and the varieties and selections used may differ slightly. In
California, the same general plan will be used except the rice will
be sown in water and different varieties used. The response to
photo-period and temperatures will be determined by growing the
various advanced breeding lines with standard commercial types
in replicated plots sown at early, midseason and late dates. Similar
experiments will be conducted in regard to seeding rates and
methods, and effect of stage of maturity when harvested in quality
characteristics.
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SUPPORTED BY U.S. Dept. of Agriculture

2.0571, REYNOLDS CREEK WATERSHED STUDY
W.R. HAMON, U.S. Dept. of Agriculture, Beltsville, Maryland

The objective of this study, initiated in 1961, was to conduct
research into the basic principles and factors involved in and af-
fecting field runoff, water yields, and sediment movement from
sagebrush range watersheds in the northwest. The study site is
located in the Reynolds Creek watershed drainage approximately
45 miles southwest of Nampa, Idaho.

SUPPORTED BY U.S. Dept. of Interior Bu. Land Mgmt.
U.S. Dept. of Agriculture

2.0572, PHYSIOLOGICAL STUDIES OF ALFALFA 4S RE-
LATED TO COLD AND HEAT TOLERANCE, DROUGHT
RESISTANCE, AND FORAGE QUALITY AND YIELD
Cll. HANSON, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To determine the effects of temperature, light,
moisture stress, and other environmental factors on alfalfa growth
and quality, and to study the physiological basis of resistance in
alfalfa to drought, heat, cold, disease, and insects.

Plan of Work: Study will be made of (I) the effects of
removal of alfalfa seed coats before grinding, length and severity
of grinding and addition of bovine serum albumin on oxidative
phosp!:-rylation, with attention to possible beneficial effects of
scrum albumin resulting from tying up lipid-like material which
may inhibit respiration and phosphorylation. Correlations will be
made between varietal differences in cold resistance and
mitochondria! activity with alfalfa seedlings undergoing harden-
ing. In the initial coumestrol experiment, Ranger alfalfa will be
grown in sand nutrient cultures under three temperature regimens
(95 degrees, 80 degrees and 65 degrees Fahtenheit during the 16-
hour daily illumination period and 80 degrees, 65 degrees and 5-
degrees Fahrenheit during the respective 8-hour dark periods.
Light intensity will range from 1800 to 2000 foot-candles. A
phosphorus level variable will be included. The alfalfa will be har-
vested at four stages of growth. At each sampling, plants will be
divided into growing tips, leaves, stems, and flowers plus flower
buds (when present), and coumestrol content determined. Other
variables for study will include length of the photoperiod,
moisture stress, other nutrients, and Rhizobium symbiosis.

SUPPORTED BY U.S. Dept. of Agriculture

2.0573, LABORATORY TESTING OF HYDRAULIC FOR-
MULATIONS FOR OPEN CHANNEL FLOW
11,N . HOLTAN, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To physically test flood routing equations derived
from simultaneous solutions of equations for continuity of mass
and motion; to relate deviations between observed and predicted
flow depths to the second flow pattern developed during transi-
tion from channel to out- of-bank flow; and to test a reformula-
tion of Manning's equation for estimating flow velocities.

Plan of Work: Tests will include two types of channel
models-- straight rectangular channel in a rectangular flood plain
and a meandering rectangular channel in a flood plain. Each
channel flood plain geometry will be studied by varying channel
width, depth, and roughness coefficient, width and roughness
coefficient of the flood plain, and depth of the channel below the
flood plain. Each channel geometry combination will be sub-
jected to steady uniform flow, steady, nonuniform flow, a.id un-
steady, nonuniform flow. For each test, the depth of flow, water
surface topography, lateral and longitudinal velocity components
will be measured and recorded on punch cards or tape for com-
puter analysis,

SUPPORTED BY U.S. Dept. of Agriculture

2.0574, BREEDING AND EVALUATION OF IMPROVED
VARIETIES OF PERENNIAL COOL-SEASON GRASSES
ADAPTED TO SEMIARID AND ARID REGIONS
A, NOS /N, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To select or develop by appropriate breeding
methods superior varieties of the wheatgrasses, ncedlegrasses,
and wildryes. Characteristics sought include increased productivi-

ty and persistence, seedling vigor, better seed size, shattering and
lodging resistance, adaptation to specific environments, and dis-
ease and insect resistance.

Plan of work: Breeding methods which include inbreeding,
hybridization, various types of progeny testing, and procedures
for evaluating progeny response will be compared. The heritabili-
ty of quantitative characters will be studied. The physiological
response of strains will be studied. Interspecific and intergeneric
crosses will be attempted in the search for superior adaptive
characteristics and to create new forms for use in range revegeta-
tion. Particular emphasis will be devoted to increasing the range
of adaptation of these grasses through hybridization and plant in-
troduction. Regional tests will be developed and seed distributed
to agencies interested in evaluating new experimental varieties.
(1.6 pmy per yr.) Cooperation: Nebr., N. Dak., Okla., and Utah
Agr. Expt. Stas; and others.

SUPPORTED BY U.S. Dept. of Agriculture

2.0575, BEHAVIOR AND FOOD PREFERENCES OF IN-
TRODUCED ANNUAL FISHES IN RELATION TO
MOSQUITOES
C.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: Basic studies are to be conducted at Riverside both in
the laboratory and a well-equipped aquatic field-study station on
food preferences, survival, habitat adaption, fecundity, prey-seek-
ing ability, and competition with indigenous fishes of introduced
annual fishes of the family Cyprinodontidae. Laboratory and field
aquaria along with sampling equipment are available for these
studies in Riverside. In both laboratory and field environments
annual fishes will be studied to determine their feeding habits and
their preferences for bottom or top feeding activity and their
ability to reduce populations of different types and species of
mosquitoes. The effects of temperature, pH, and desiciation on
survival, egg hatch, and fecundity of annual fishes under both
laboratory and field conditions will be studied. Aestivation and
hibernation along with the effect of drying eggs will be studied at
varying temperatures and with different soil types. Comparative
feeding, behavior, and survival of annual fishes and the mosquito
fish, Gambusia offinis, will be made in field aquaria.

SUPPORTED BY U.S. Dept. of Agrirulture

2.0576, BIOLOGY AND CONTROL OF SALT-MARSH
AND RICE-FIELD MOSQUITOES IN GULF COAST AREAS
C.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To study the biology and control of mosquitoes espe-
cially in coastal marsh and rice growing areas of Louisiana.

Plan of work: Marsh areas will be classified as to topography,
vegetation, soil, etc., and mosquito breeding potential deter-
mined. Studies will be made of egg populations and preferred
oviposition sites in relation to environment; the physiology and
embryonic development of different species of eggs; and effects
of single, successive, and continuous floodings on eggs of various
ages. The effects on mosquito breeding will be determined under
different water management procedures in relation to environ-
mental changes, and under different soil and water management
schemes. Adult mosquito abundance and seasonal trends will be
measured in relation to breeding conditions. Studies will be made
of migration habits of different species, in relation to age and en-
vironmental and meteorological conditions; sex attraction in dif-
ferent species and factors affecting adult female attraction to man
and animals; isolation and development of sex attractants;
parasites, predators, pathogens and other biological agents that
attract mosquito larvae and methods for their mass production
and distribution; and insecticides, chemosterilants, and other
materials for use against mosquitoes.

SUPPORTED BY U.S. Dept. of Agriculture

2.0577, THE EFFECT OF PREDATORS AND PARASITES
ON THE BREEDING POTENTIAL OF MOSQUITOES
C.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To determine predators and parasites of mosquito
larvae found in coastal-marsh areas of Louisiana and to study in



this area their influence on the breeding potential of mosquitoes
and factors affecting their role in the control of mosquito larvae.

Plan of work: In salt-, brackish-, and fresh-water areas,
ditched, impounded and natural marshes will be selected for stu-
dies on predators and parasites of Aedes sollicitans and other
marsh-breeding species of mosquitoes, The types of predators and
parasites, particulary predatory fishes and aquatic insects which
thrive under wide ranges of environmental conditions, which are
prevalent, will be determined, For each predatory species the
relative preference for feeding on mosquito larvae compared with
other food items will be studied in laboratory and small-field plot
environments. The effect of various factors, such as the species of
aquatic plants present and their density and fluctuations in water
level and salinity, on the abundance of predators and parasites,
and their effectiveness in reducing mosquito populations will be
determined. As opportunities present themselves in the course of
field work by the contractor, he will collect marsh mosquito lar-
vae which show :signs of infection by pathogens and transmit this
material to the Insects Affecting Man and Animals Research
Laboratory at Lake Charles, Louisiana, for study by specialists in
mosquito pathology.

SUPPORTED BY U,S, Dept. of Agriculture

2.0578, DIFFERENTIAL RESPONSE OF SORGHUMS TO
DIFFERENCES IN CULTURE AND ENVIRONMENT
G.F. SPRAGUE, U.S. Dept, of Agriculture, Beltsville, Maryland

Object: To conduct basic physiological and biochemical in-
vestigations on grain sorghum to provide information about the
effects of environmental factors, such as temperature, moisture,
Bight and nutritional status on basic mechanisms of plant growth
and metabolism, and ultimately, on grain yield and quality, and
about other physiological phenomena.

Plan of work: Research will be conducted in the laboratory,
greenhouse, growth chamber, and/or field on: (1) drought re-
sistance, including the efficiency of water use at varying levels of
moisture availability and nutrients; (2) the efficiency of light
utilization at various population densities; (3) relative growth
rates of different height and maturity genotypes under varying
conditions of moisture stress, population and nutrient levels; and
(4) the relationship of content and composition of protein in the
grain to date and rate of planting, fertility level, genotypes of
plant, and moisture regime.

SUPPORTED BY U.S. Dept. of Agriculture

2.0579, HIGHWAY DRAINAGE STUDY
H.W. PIPER, Univ. of Maryland, School of Engineering, College
Park, Maryland

This project contemplates reviews of current drainage prac-
tices in various parts of Maryland. Particular attention will be
directed to methods of removal of surface water and ground
water with respect to adequacy and efficiency. Laboratory and
field studies will be undertaken to improve current drainage
designs.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Maryland State Government

2.0580, THE DETERMINATION OF ZONES OF INTENSE
CONTRIBUTION TO STREAM FLOW AS RELATED TO
THE CONCEPT OF PARTIAL AREA CONTRIBUTIONS
R.M. RAGAN, Univ. of Maryland, School of Engineering, College
Park, Maryland

The proposal is to develop a simulation model of a watershed
that will be capable of isolating components of the runoff cycle of
the watershed for intensive investigation. Numerical investiga-
tions of data already available from a pair of well-instrumented
research watersheds wall be made using the IBM 7094 Digital
Computer.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

2.0581, PARTIAL AREA CONTRIBUTION TO STREAM
FLOW
RIM, RAGAN, Univ, of Maryland, School of Engineering, College
Park, Maryland

The proposal is to develop a simulation model of a
watershead that will be capable of isolating components of the ru-
noff cycle of the watershed for intensive investigation. Numerical
investigations of data already available from a pair of well-instru-
mented research watersheads will be made using the IBM 7094
Digital Computer. The study proposed is a continuation of work
initiated under project B-003 MD in September 1968.

SUPPORTED BY U.S. Dept, of Interior - O. Water Res. Rch
University of Maryland

2.0582, SOIL - PLANT WATER RELATIONSHIPS
C.W. REYNOLDS, Univ. of Maryland, Agricultural Experiment
Sta. College Park, Maryland

Objective: 1. To determine the influence of plant and en-
vironmental variables upon water extraction from the soil profile.

Description of Work Proposed: Effects of irrigation treat-
ments, varieties, plant populations, stages of growth, and growth
retardants or water extraction patterns of selected vegetable
crops will be determined. Extraction from various depths of the
profile will be measured with the neutron moisture meter and re-
lated to patterns of root development of the crops.

SUPPORTED BY U.S. Dept. of Agriculture
Maryland State Government

2.0583, STUDY OF ROOT DISTRIBUTION AND DENSITY
OF VEGETABLE CROPS
C.W. REYNOLDS, Univ. of Maryland, Agricultural Experiment
Sta. , College Park, Maryland

Objectives: I) To delineate the pattern of root development
of selected vegetable crops through the soil profile in soils of dif-
ferent types. 2) To measure the relationships between the density
and distribution of roots of vegetable crops and the losses of water
from the soil profile as measured by the neutron meter. 3) To
determine the relationships between the density and distribution
of roots of vegetable crops and the absorption and utilization of
p32 from different zones of the soil profile.

Description of Work: Roc4 distribution of selected vegetable
crops (including snap beans, tomatoes, and sweet potatoes) will
be estimated at intervals during the growing season by a) obtain-
ing soil cores and extracting roots from the samples obtained at
various locations in the soil profile, b) measuring the absorption
by plants of p32 emplaced at different locations in the soil profile,
and c) by determining losses of water from various layers of the
profile with the neutron moisture meter. A limited number of
plants will be excavated during the season to determine the extent
and distribution of root systems.

SUPPORTED BY U.S. Dept. of Agriculture
Maryland State Government

2.0584, EXPERIMENTAL AND THEORETICAL STUDY
OF THE HYDRODYNAMICS OF DISPERSION IN RIVERS
AND ESTUARIES
M.P. 7'ULIN, Hydronautics Incorporated, Laurel, Maryland

The general aims of the proposed research are: 1. To im-
prove understanding of river hydraulics inasmuch as it has a bear-
ing on dispersion. 2. To develop methods enabling the calculation
of the velocity distribution in streams, which may be used to
determine the dispersion coefficient, and to provide systematical
experimental assessment of the results. 3. To provide experimen-
tally verified, quantitative results relating to dispersion in chan-
nels with varying aspect ratio and boundary roughness distribu-
tion. 4. To develop quantitative verified theories relating com-
ponents of the dispersion tensor to the mean flow characteristics.
5. To provide useful and verified information and procedures
relating to the scaling and model testing of dispersion an streams.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

2,0585, THE EFFECT OF OCEAN WATER INTRUSION
INTO BACK BAY, VIRGINIA, AND CURRITUCK SOUND,
NORTH CAROLINA, ON THE WATERFOWL AND FISH
HABITAT

SINCOCK , U.S. Dept. of Interior, Patuxent Wlife. Res. Ctr. ,
Laurel, Maryland

The initial investigation into the ecology of Back Bay, Vir-
ginia, and Currituck Sound, North Carolina, was terminated on
March 7, 1962, when an Atlantic Coastal storm introduced ocean
water into the fresh to slightly brackish water of the area. The
second phase of the investigation is now in progress and its objec-
tives are to determine the effects of the increased water salinity
on the waterfowl and fresh water fish habitat. The methods em-
ployed are identical to the first phase of the investigation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

2.0586, MICROBIOLOGY OF MARINE AND ESTUARINE
INVERTEBRATES
R.R. COLWELL, U.S. Dept. of Interior, Biological Laboratory,
Oxford, Maryland

A study of the natural bacterial flora of oysters and as-
sociated invertebrate animals has been initiated. Animals from
specified areas of Chesapeake Bay and off the Atlantic Coast are
being sampled, using specified aseptic techniques to determine
the quantitative and qualitative bacteriological flora of the
animals. The normal commensal flora of oysters is being deter-
mined by examination of the shell liquor, body flesh, and in-
testine.

Standard bacteriological procedures are being followed for
sampling, testing, Lin! analysis. However, newer techniques of
diagnosis and taxonomy will be applied, including the high-speed
computer methods and the nucleic acid analyses, techniques
developed and/or adapted by the Principal Investigator in previ-
ous published research.

Ancillary studies of the environment of the animals, i.e.,
water and mud samples, are also being undertaken. Unique fea-
tures of the bacterial populations which are observed will be stu-
died in detail.

The work is being undertaken at Georgetown University with
the active collaboration of personnel at the Biological Laborato-
ry, Bureau of Commercial Fisheries, U. S. Fish and Wildlife Ser-
vice, Oxford, Maryland.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

2.0587, FIRE WEATHER FORECAST TECHNIQUES
R.C. ELV AN DER, U.S. Dept. of Commerce, Weather Bureau,
Silver Spring, Maryland 20910

To develop objective Fire Weather forecast techniques in the
prediction or temperature, relative humidity, winds, precipitation,
and thunderstorms over selected stations throughout the U. S.

Multiple regression and screening of surface and upper air
predictors on dependent samples, and application to the National
Meteorological Center prognoses in forecast operation.
Techniques will be developed for both local and centralized use.
An objective system of map typing will be used to stratify the data
and a special study will be made of the Santa Ana winds.

SUPPORTED BY U.S. Dept of Commerce - E.S.S.A.

2.0588, NUMERICAL PRECIPITATION MODEL
H.R. GLAHN, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

To develop numerical models whic'.7 will predict precipita-
tion on a scale of about 50 miles and a time scale of about 3-hours
for up to 18-hours projection. Subsynoptic forecasts of this type
are required by many special users, as well as general public.

Existing models will be adapted to the smaller scale in a
workable manner and present computer programs will be stream-
lined so that latest possible data can be used.

As of July 1968 the Subsynoptic Advection Model is ex-
pected to be fully operational. Extension of the model or the
development of a different model to be used in the western U.S

will probably be desirable. This task is part of a project which will
continue until June 1972.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0589, NATIONWIDE PRECIPITATION - NMC
FORECAST TECHNIQUES
W.H. KLEIN, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

To improve and automate nationwide forecasts of precipita-
tion probability, timing, and amount for public and hydrologic
use.

Conditional probabilities of precipitation are computed for
108 cities. Multiple regression equations are derived for each city
by the screening program. The equations are applied to NMC
prognoses to forecast precipitation 12-72 hours in advance. Also,
forecasts of net vertical displacement and moisture are prepared
from 3 dimensional computers trajectories on a current basis and
related to clouds and precipitation by synoptic, theoretical, and
statistical means.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0590, IMPROVE PRECIPITATION MEASURING EQUIP-
MENT - PRESSURE TRANSDUCER ANALYSIS
F.V. KOHL, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

Make a study of the availability of a suitable aneroid pressure
transducer to replace mercury manometer on telemetering
storage precipitation gage. This will make the instrument less bul-
ky, more rugged, and better suited for transportation anri opera-
tion in remote rugged environments.

Equipment from several manufacturers will be surveyed to
find out which is best suited for modification to meet the needed
requirements.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0591, IMPROVE PRECIPITATION MEASURING EQUIP-
MENT - D-III PRECIPITATION EQUIPMENT
F.V. KOHL, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

Make a study of the adequacy of the D111 precipitation gage
design and the data supplied by it, and make recommendations
for improvements, particularly in the areas of registering and
telemetering of data.

An analysis will be made of the users need and the mechani-
cal and electrical characteristics of the equipment. Improvements
needed in the equipment to best satisfy the users need will be
highlighted.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0592, SUBSYNOPTIC WEATHER SPECIFICATION
D.A. LOWRY, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

To determine statistical relationships between actual weather
variables and parameters forecast by numerical models. Require-
ment is for better forecasts of local weather on subsynoptic scale.

Three-hourly values of observed weather variables, including
cooling, total sky cover, weather, dew point, wind, temperature
and precipitation amounts, are obtained from Asheville and re-
lated to the output of numerical models developed at the National
Meteorological Center and the Techniques Development Labora-
tory. These relationships will be used to produce forecasts for
field use. The results of the Numerical Precipitation model (2121
22 216) are necessary for this task.

As of July 1, 1968 data from Asheville (NWRC) will be col-
lected and error checked on a monthly basis and initial results will
be incorporated in the operational forecast for surface wind. The
task is part of a project which will continue until June 1973.
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SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0193, METEOROLOGICAL DROUGHT
W.C. PALMER, U.S, Dept. of Commerce, Lab. For Environ. Data
Res. , Silver Spring, Maryland 20910

A continuing study to develop techniques to evaluate
drought probabilities, to compare severities, and to develop
means of computing current conditions. In the advanced phases
of the project, drought criteria for specific purposes will be at-
tempted, for example, with respect to growing plants.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A,

2.0594, PROBABLE MAXIMUM PRECIPITATION FOR
SMALL BASIN IN THE TENNESSEE RIVER DRAINAGE
SYSTEM

PAULHUS, U.S. Dept, of Commerce, Off. of Hydrology,
Silver Spring, Maryland 20910

Objectives are to provide generalized estimates of probable
maximum precipitation and standard project storm rainfall for
basins ranging from 5 to 3000 sq. mi, The estimates are to be
presented on maps on which topographic influences will be
reflected in much greater detail than in previous work.

SUPPORTED BY U.S. Tennessee Valley Auth.
U.S. Dept. of Commerce - E.S.S.A.

2.0595, TROPICAL STORM RAINFALL AND HUR-
RICANE WIND FIELDS
J.L. PAULHUS, U.S. Dept. of Commerce, Off. of Hydrology,
Silver Spring, Maryland 20910

Two separate investigations are included in this research.
One study attempts to specify in detail the frequency and spatial
distribution of 6, and 12-hour tropical storm rainfall for the
period from 24 hours before to 24 hours after landfall for storms
entering the United States coastline between Apalachicola,
Florida, and Brownsville, Texas. The other investigation aims to
define the surface wind field and other parameters of stan-
dardized and probable maximum hurricanes for any location
along the Gulf or Atlantic Coasts of the United States, The other
parameters are: lowest central pressure, maximum wind speed,
radius of belt of maximum winds, and rate of storm movement. In-
vestigations were initiated in fiscal year 1967 and will be
completed in fiscal year 1969.

SUPPORTED BY U.S. Dept. of Defense - Army
U.S. Dept. of Commerce - E.S.S.A.

2.0596, EXTREME RAINFALL FOR THE MEKONG
RIVER BASIN
J.L. PAULHUS, U.S, Dept. of Commerce, Off. of Hydrology,
Silver Spring, Maryland 20910

Objectives are to develop precipitation criteria required for
comprehensive planning for water management purposes, such as
flood control, hydroelectric power, and irrigation. Of primary in-
terest are rainfall data for developing maximum flows on the main
stem of the Mekong above three proposed dam sites controlling
drainage from areas from 105,000 to 250,000 sq. mi. This in-
volves rainfall for periods up to five months in the monsoon
season, May-September, Also required are estimates of probable
maximum precipitation for durations up to 72 hours and areas
from 2,000 to 10,000 sq. mi. to be used in tributary water
management planning and design. Project was begun in fiscal year
1968 and is scheduled for completion in fiscal year 1969.

SUPPORTED BY U.S. Dept. of Defense - Army
U.S. Dept. of Commerce - E.S.S.A.

2.0597, PROBABLE MAXIMUM PRECIPITATION FOR
SOUTHWEST STATES
J.L. PAULHUS, U.S. Dept. of Commerce, Off. of Hydrology,
Silver Spring, Maryland 20910

Objectives are to provide generalized estimates of probable
maximum precipitation for durations up to 72 hours and areas up
to 5000 sq, mi. and its seasonal variation from fall through spring

2. WATER CYCLE

for determining combined rainfall and snowmelt spillway design
floods. Generalized estimates of probable maximum summer
thunderstorm rainfall will be developed for small areas. The study
area includes Nevada, Utah, Arizona, New Mexico and the interi-
or drainage of California. Investigation was begun in fiscal year
1967 and is scheduled for ct. mpletion in fiscal year 1970.

SUPPORTED BY U.S. Dept. of Defense - Army
U.S. Dept. of Commerce E.S.S.A.

2.0598, PROBABLE MAXIMUM PRECIPITATION FOR
THE LOWER RIO GRANDE
J.L. PAULHUS, U.S. Dept. of Commerce, Off. of Hydrology,
Silver Spring, Maryland 20910

Estimates of probable maximum precipitation for durations
up to 96 hours are being made for five basins ranging in size from
1,700 to 18,000 sq, mi. Three of the basins are on the Rio San
Juan and Rio Alamo, entirely in Mexico. In addition, the 50- and
100-year 1- to 3-day basin rainfalls are being determined. Project
was begun in fiscal year 1968 and will be completed early in fiscal
year 1969.

SUPPORTED BY U.S. Dept, of Commerce - E.S.S.A.

2.0599, MARINE SURFACE FORECASTING
TECHNIQUES
N.A. PORE, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

To develop objective techniques to improve forecasting of
storm surges; i.e., changes in water level due to atmospheric
disturbances. The approach is of a physical - statistical nature.
The relationship of extratropical storm surges along the East
Coast to off-shore wind circulation will be determined. A similar
relation will be derived for the wind set-up on Lake Erie.

As of July 1, 1968, data on observed tide, astronomical tide,
and storm surge will be compiled for eight (8) stations on the U.S.
East Coast, beginning with 1955, and prediction equations for
Lake Erie set-up will be tested. This task is part of a project which
will continue until June 1973.

SUPPORTED BY U.S. Dept, of Commerce - E.S.S.A.

2.0600, HYDROLOGIC MODEL FOR STREAMFLOW
FORECASTING
A.K. SHOWAL TER, U.S. Dept. of Commerce, Off. of Hydrology,
Silver Spring, Maryland 20910

The objective of this research is to develop a conceptual
hydrologic model that will provide continuous simulation of the
streamflow hydrograph. A successful model would provide in-
creased accuracy in prediction of flood peaks, inflow to water
control reservoirs and low flows (for water pollution control).
The model is based on an evaluation and individual treatment of
the several components of total runoff and provides the synthesis
of the continuous streamflow hydrograph directly from precipita-
tion and selected meteorological factors. Several models are
being tested, including well known Stanford Watershed Model,
on several watersheds in the lJnited States representing a wide
variety a hydrologic regimes.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A,

2.0601, PRECIPITATION
A.K. SHOWALTER, U.S. Dept. of Commerce, Environ. Sci. Serv.
Admin. , Silver Spring, Maryland 20910

Precipitation studies consist of the following: (I) In coopera-
tion with the Agricultural Research Service at their Sleepers
River Research Watershed, sets of 5 recording precipitation gages
are being installed at three sites with significantly different expo-
sure characteristics. These installations include a gage installed at
ground level to provide 'ground truth' rainfall. At one site,
`ground truth' water equivalent of snowfall will be obtained by a
twin-probe snow density gage. Data from these and other loca-
tions will be analyzed to test the validity of various techniques for
estimating 'ground truth' precipitation from standard observa-
tions.
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(2) Precipitation and selected meteorological data are being
collected from a line of stations traversing the Wasatch Front
near Salt Lake City, Utah. These data will be used with upper air
meteorological information to develop methods for determining
the distribut:on of precipitation in mountainous areas. Such infor-
mation is needed for short-and long-term streamflow forecasting.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2,0602, SNOW METAMORPHOSIS AND SNOWMELT
A,K. SHOW ALTER, U.S. Dept. of Commerce, Environ. Sci. Serv.
Admin. , Saver Spring, Maryland 20910

A research project on snow metamorphosis and snowmelt
has been established in cooperation with the Agricultural
Research Service at their Sleepers River Research Watershed at
Danville, Vt. All aspects of snow metamorphosis will be studied to
provide the basis for developing improved techniques for estimat-
ing rate of snowmelt from meteorological factors. Another objec-
tive is to develop better instrumentation for measuring the water
equivalent of the snow pack to provide reliable values of daily
change. Efforts are also devoted to developing an inexpensive in-
strument or method for determining the albedo of the snow. More
reliable estimates of daily increments of snowmelt would provide
improved operational river forecasts prepared and issued by the
Weather Bureau.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0603, EVAPORATION
A.K. SHOWALTER, U.S, Dept. ofCommerce, Environ. Sc i. S
Admin. , Silver Spring, Maryland 20910

Research continues on development of improved m
for estimating free-water evaporation. Current evaporaf
dies consist of the following: ( I ) At the request of the
Group on Evaporation of the World Meteorological
tion, evaporation comparisons are being made of the
Soviet GGI-3000 pans to assist in the selection of an
national reference evaporimeter. These comparis
made at evaporation installations located at Ste
Mead, Ariz-Nev., and Davis, Calif. (2) A new i
Lion pan has been developed and is being to
above. It is hoped that this pan will prove
pans. This insulated pan will also provide va
reflected all-wave radiation. (3) Analysi
from a network of 13 Class A stations loc
vice Davis County Experimental Wat
Utah at elevations ranging from 4,000
The objective is to evaluate the effec
on rate of evaporation. (4) In coo
Survey, a study is being made at S
size on evaporation. (5) Con
development of improved tech
evaporation from meteorologic

SUPPORTED BY U.S. De
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TABLES FOR PRECIPITATION
pt. of Commerce, Environ. Data Serv. ,

d 20910
es and method for fitting distribution to

w method is Karig developed for inverting the
n making possible inverse as well as direct ta-

o being computed.
index of plant-water requirement and its proba-

rrence. Precipitation and soil moisture will be

ED BY U.S. Dept. of Commerce - E.S.S.A.

, SCALE OF PRECIPITATION
NOM, U.S. Dept. of Commerce, Environ, Sci. Serv. Ad-

, Silver Spring, Maryland 20910
Investigation of the scale property of the precipitation varia-

e hi relation to meteorological conditions. This should be useful
n the invostigation of the artificial augmentation of precipitation.

Precipitation network design improvements are being
developed in the light of current studies of the variability of
precipitation with time and space.

SUPPORTED BY U.S. D
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EOUS FIELD RESEARCH IN CLI-

ept. of Commerce, Environ. Data Serv. ,

and 20910
he 48 professional Climatologists located

nited States devote about 50% of their time to
ther than operational--about half of this or 25'4
as research. Individual projects vary greatly de-

n local requirements as well as the individual
s and interests of the Climatologists concerned.

of them are pursuing projects associated with water
y: Alaska - National associated assessment of Water and

Land Resources. Illinois - Snow Climatology, Glaze and
orms. Missouri - Weather Modification; evaluation of ef-
Wyoming - Precipitation in the Upper North Platte Valley.

gon - Climatological Handbook, 'Columbia Basin States'.
lahoma - A comprehensive Plan for Development of Water

nd Related Land Resources. Washington - Climatological Hand-
book, Columbia Basin States. Michigan - Precipitation Probabili-
ties and snowfall statistics for Michigan. Southern New England -
Topographic precipitation relationships. Northern New England -
Study of snowfall and snow cover. New Jersey - Snowfall and
snow depth studies. Virginia - Monthly Precipitation Probabili-
ties. Florida - The Climate of the St. Johns River Basin. Maryland
- Delaware - Stidies of snow frequency, and tropical storms. Ken-
tycky - Precipitation and soil moisture. Louisiana - Tropical storm
and hurricane precipitation. Montana - Trends in glacier forma-
tion and extension. Ohio - Precipitation probability. Utah -
Precipitation altitude relationships. West virginia - Precipitation
probabilities.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0607, THE ECOLOGY OF THE YOUNG FISHES OF
THE WEWEANTIC RIVER ESTUARY
C.F. COLE, Univ. of Massachusetts, School of Agriculture, Am-
herst, Massachusetts 01003

The 7.5 km. long Weweantic River estuary (upper Buzzards
Bay, Massachusetts) is being sampled weekly at seven stations for
surface and bottom plankton as well as salinity and temperature
data. Additionally, otter trawling, beach seining and gill and fyke
netting are being conducted as necessary. Data for a year's study
of the reproductive life history and early growth of the tomcod
( Microgadus tomcod) have been gathered and are being analyzed
by Arnold Howe for his master's thesis. The biology of the Amer-
ican smelt (Osmerus mordax) in the Weweantic is also being stu-
died by David Crestin for his master's thesis. Roderick Smith, sup-
ported in part by this grant and also by an FWPCA grant is study-
ing the effects of pesticides on winter flounder reproduction in
this river. Robert Lebida has completed a thesis on the ceasonality
of fishes in the Weweantic during 1966. A continuing study on the
seasonality of fish eggs and larvae in the Weweantic has been un-
derway since December 1965 and upon termination of this study
program in 1969 will have an insight into year-to-year variation in
this estuary's fish population and some idea of the effects of the
environment on larval fishes. As a phase of this program, we are
also attempting to devise a system for estimating mortality rates of
larval flounder for comparison between polluted and unpolluted
estuaries in Massachusetts.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

2.0608, WATERSHED RESPONSE TO HYDROLOGIC IN-
FLUENCES
G.R. HIGGINS, Univ. of Massachusetts, School of Engineering,
Amherst, Massaciusetts 01003

This project is directed to improvement of the methodology
of analysis of reservoir evaporation phenomena; analysis, evalua-
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tion and application of existing theories on thermal stratification
in lakes and reservoirs; and computing precipitation response
functions for watersheds in Massachusetts. The project will in-
clude refined automation of data reduction processes and energy
budget computations, formulation of mathematical models for
prediction of temperature stratification, and determination of
hydrologic response functions for drainage basins,

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
University of Massachusetts

2.0699, THE ROLE OF AQUATIC VASCULAR PLANTS
IN THE EUTROPHICATION OF SELECTED LAKES IN
WESTERN MASSACHUSETTS
R.B. LIVINGSTON, Univ. of Massachusetts, Graduate School,
Amherst, Massachusetts 01003

The proposed study will utilize SCUBA gear to obtain quan-
titative measurements on the productivity (standing crop) of the
aquatic vascular plants in oligotrophic and eutrophic lakes in
western Massachusetts. The field collections will also add to the
record of the aquatic flora of western Massachusetts.

The distribution and abundance of these plants will be corre-
lated with the geological and limnological conditions (pH, tem-
perature., dissolved oxygen, total alkalinity, conductivity and light
intensity). The sampling will be carried out in four lakes at
monthly (hopefully bi-weekly) intervals.

The seasonal growth of the plants and the nutrient content of
their tissues (total nitrogen and phosphorus) will be correlated
with the limnological data and particularly the nutrient supplies
avail- able in the water and the substrate, This should reveal the
presence of any accumulators or indicators of trophic conditions.

Laboratory studies are being carried out on the significance
of nutrient absorption by the roots in the metabolism of the
aquatic vascular plant.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Massachusetts

2.0610, DETERMINATION OF THE FEASIBILITY OF
REMOVAL OF ALGAL NUTRIENTS IN LAKE WATERS BY
ION-EXCH ANGE
D.T. ZAJICEK, Univ. of Massachusetts, Graduate School, Am-
herst, Massachusetts 01003

The objective of this project is to develop a simple and (rela-
tively) inexpensive technique for the 'in situ' removal of
phosphate from natural waters by an ion exchange process. To
this end, the behavior of various ion exchangers will be studied for
exchange characteristics and selectivity for phosphate species as a
function of pH, counter ions, temperature, and flow rate. In addi-
tion, attempts will be made to prepare phosphate specific ion ex-
hangers. The information acquired will be used to develop a
device and optimum conditions for the removal of phosphates
from natural waters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

2.0611, PROPOSAL FOR COMPILATION OF CUMULA-
TIVE DROUGHT BIBLIOGRAPHY
7'. CALESS, Amer. Meterological Society, Boston, Massachusetts

Some 2,000-2,500 references and abstracts are being com-
piled to assist research workers in their attempts to learn the
causes and predictability of large scale drought as well as its rela-
tions with economic and social endeavors.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0612, ANALYSIS OF RUN-OFF FROM SMALL
DRAINAGE AREAS
UNKNOWN, State Dept, of Pub. Works, Boston, Massachusetts

Drainage areas in the Commonwealth are being studied to
develop new formulae for computing design flows for small
drainage areas. Flood frequency formulas have been developed
and additional gaging stations were established, Field work in
small drainage areas is continuing using 10 gaging stations, 110
recording rain gages, and about 40 crest-stage gages.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Massachusetts State Government

2.0613, GROUND WATER CONDITIONS OF THE CEN-
TRAL BOSTON AREA, MASSACHUSETTS
J.E, COTTON, U.S. Dept. of Interior, Water Resources Division,
Boston, Massachusetts

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Massachusetts,

Purpose: To describe the configuration of the water table,
record any fluctuations related to major excavations, and deter-
mine the hydrologic character of the unconsolidated deposits.

Methods: Existing and procured water-level and subsurface
records will be analyzed. Observation wells will be established,
Aquifer materials will be sampled for laboratory analysis to deter-
mine the hydrologic character of the materials (permeability,
grain size, specific yield, etc.). Maps with the contours illustrating
bedrock surface, water table, and saturated thickness will be
prepared. A material distribution map will be prepared.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Massachusetts State Government

2.0614, WATER RESOURCES OF BRANCH-
BLACKSTONE RIVER BASIN, RHODE ISLAND
J.B. GONTHIER, U.S. Dept. of Interior, Water Resources Divi-

sion, Boston, Massachusetts
This research is part of the program of water resources in-

vestigations conducted by the U.S. Geological Survey in coopera-
tion with the State of Rhode Island.

Purpose: To obtain water resources information which will
aid planners of facilities for future water needs of Rhode Island.

Methods: The principal emphasis will be on the evaluation of
the practical sustained yield of the subsurface reservoirs in the
area.

Data from the 4 existing stream-gaging stations in the basin
will be analyzed and additional low-flow measurements will be
made in order to evaluate the ground-water runoff in all parts of
the basin. Surface- water runoff and recharge will be determined
in topographically and geologically dissimilar environments,
Aquifer transmissibility will be computed from existing data and
from materials analyses from proposed drilling. Sediment and
water-quality samples will be collected and evaluated.

SUPPORTED BY U,S. Dept. of Interior - Geological Survey
Rhode Island State Government

2.0615, ANALYSIS AND SYNTHESIS OF HYDROLOGIC
SYSTEMS
P.S. EAGLESON, Mass, Inst. of Technology, School of Engineer-
ing, Cambridge, Massachusetts 02139

Development of improved analytical techniques for the pre-
diction of the time variable in stream flow at some point in a
drainage basin due to a given temporal and areal distribution
precipitation. Development of the means for synthesizing these
predictors in the absence of long term hydrologic records, The
laboratory rainmaker is being used in conjunction with a com-
puter simulation of overland flow to study the errors accompany-
ing the unavoidable lack of dynamic similarity in using scale
models of surface runoff. The equipment ss also being used in the
development and evaluation of analytical methods for separating
thessurface and groundwater components in streamflow.

SUPPORTED BY Massachusetts Institute of Technology

2.0616, THERMAL STRATIFICATION IN RESERVOIRS
D.R. HARLEMAN, Mass. Inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

Determination of analytical methods of predicting the
transient temperature distribution in a reservoir having inflow and
outflow. Study includes determination of flow through time in
reservoir as well as the time variation of the outlet water tempera-
ture. The two dimensional heat transfer equation has been sim-
plified by making assumptions regarding internal velocities and
temperature gradients. The resulting differential equation in-
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eludes the temperature variation of the inflowing river, solar
radiation input, heat losses from the reservoir surface, and outlet
flow rate, The equation is solved by means of an implicit finite dif-
ference scheme on a digital computer. Experiments have been
conducted on a 40 ft, laboratory reservoir model in which solar
radiation is simulated by infra-red heat lamps. internal ten -era-
ture distributions and outlet water temperature are corni
with predicted values.

SUPPORTED BY U,S. Dept, of Interior - F. Water Pol. Ctl
Massachusetts Institute of Technology

2.0617, TECHNIQUES OF MODELING THERMAL
STRATIFICATION IN LAKES
D,R. HARLEMAN, Mass. Inst, of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

A theory for the vertical temperature distribution has been
developed. The theory predicts the development of a surface
mixed layer of varying temperature and depth. The results are ap-
plicable to deep lakes or shallow ponds in which various bottom
thermal boundary conditions may be assumed. Experiments were
conducted to verify the theory in a laboratory tank using insola-
tion supplied by mercury vapor and infra-red lamps. The experi-
ments indicate that thermal stratification may be reproduced in
the laboratory for the study of wind induced circulation or
mechanical de-stratification by pumping. Current investigations
are concerned with evaporative heat losses in laboratory tanks,

SUPPORTED BY Massachusetts Institute of Technology

2.0618, TIDAL, SALINITY AND SEDIMENTATION
PROBLEMS IN LAKE MARACAIBO CHANNEL,
VENEZUELA
A.T. IPPEN, Mass. Inst. of Technology, School of Engineering,
Cambridge, Massachusetts 02139

Purpose of basic research: Investigation of flow variables and
soil properties controlling rates of erosion and deposition of fine
cohesive sediment in a flow field. Purpose of field investigation:
To determine the sources and motion of sediment and the time
and spacial salinity distribution within the Maracaibo estuary in
Venezuela, and to utilize this information for designing remedial
works in order to reduce shoaling in the Maracaibo Navigable
Channel and control salt water intrusion into Lake Maracaibo.
Basic research: The special apparatus developed consists of an
annular rotating channel and a counterrotating annular ring
placed in the channel and in contact with the water surface. The
relative motion of channel and ring generates a uniform turbulent
flow field. Experiments with kaolinite clay suspensions have
revealed two important properties: (I) The existence of a critical
flow velocity for clay deposition. (2) For a given flow, the
equilibrium concentration is a constant percentage of the initial
sediment concentration in the channel. Field investigations:
Results point Out that most of the sediment comes from the Gulf
of Venezuela transported near the bottom by tidal and salinity
currents. Also a bottom layer at high salinity has been found to
exist all the way to the entrance to the Lake throughout the year.

SUPPORTED BY Massachusetts Institute of Technology
Instituto Nacional De Canalizaciones
Universidad Del Zulia

2.0619, RESEARCH 3N OCEANIC PHYSICS
H.M. STO MM EL, Mass. Inst. of Technology, Graduate School,
Cambridge, Massachusetts 02139

The program centers about a field study of the small scale
structures and mixing processes within the main thermocline of
the subtropical Atlantic ocean. Various new forms of instrumen-
tation will be used to measure shear, density stability, and life his-
tory of laminae on vertical scales of less than ten meters. The field
study is scheduled for the Research Vessel ATLANTIS 11 on Au-
gust 28 - September 19, 1968, southeast of Bermuda.

Theoretical study of the Ekman layer in the presence of
strong heating and application to the Trade wind region of the
ocean is contemplated. Also a laboratory model-study and
theoretical study of density tongues in rotating density-stratified

fluids is being pursued: with the hope of eventual application to
interpretation of the spreading of water-masses at depth.

During the Spring of 1969 an attempt will be made to locate,
identify, and intensively survey a region of active bottom -water
formation in the Ligurian Sea. A continuous monitoring of the
cold- upwelling region off Somalia, associated with the Monsoon
induced Somali Current is also in progress in the hope of provid-
ing definite information on the time of response of an ocean cur-
rent to variable wind-stress. The latter investigations are meant to
be part of the U,S.-Italy Cooperative Science Program,

SUPPORTED BY U,S. National Science Foundation

2.0620, THE ECOLOGY OF SELECTED SUBMERSED
AQUATIC WEEDS
R,M. DEVLIN, Univ. of Massachusetts, Agricultural Experiment
Sta. , East Wareham, Massachusetts 02538

I. To study the growth and development of Myriophyllum,
Potamogeton, Elodea and Najas as affected by: a, Chemical varia-
bles - such as nutrients and other dissolved solids, pH, and dis-
solved gases. h. Physical variables - such as light, temperature,
water depth and flow and turbidity. c. Biological variables - in-
cluding competition, predation and stimulation.

2. To relate the results obtained to the incidence, distribu-
tion, management and control of the above-mentioned genera.

The Massachusetts Agricultural Experiment Station will
study the ph) sical, chemical, and biological variables affecting
the growth at.d development of Myriophyllum, Potamogeton, and
Algae.

SUPPORTED BY U.S. Dept. of Agriculture
Massachusetts State Government

2.0621, GEOMORPHOLOGY OF LOW-ORDER STREAMS
J. VI LETTO, U.S. Army, Natick Laboratories, Natick, Mas-
sachusetts

Technical Objective - To study the geomorphology of low
order streams in order to develop terrain design criteria. To test
the accuracy and validity cf relations between selected stream
parameters /numbers, length, density, gradients, confluence an-
gles,. channel cross sections and channel bank material/of low-
order drainage systems, Better information on the number and
physical characteristics of streams in selected basins will be useful
in providing data for terrain design conditions.

Approach - Four low-order basins were selected in a twenty
square mile area. By limiting the study to a small area, several fac-
tors remain essentially constant, thereby decreasing the complexi-
ty of the problem. Field measuring of the parameters and
mapping is necessary because published maps, including the 1967
U.S. Geological survey topographic quadrangles of the study area
seldom show streams lower than third order.

Progress - /Jul 67 - Aug 68/ - Library research and field work
are complete, profiles were measured, and data analyzed fcom
field notes. These data have been found to be directly applicable
to the development of terrain design criteria. Data on stream
numbers and lengths, and confluence angles have been analyzed
and found to differ from theoretical values by twenty to fifty per-
cent in several instances. A modified method for computing the
number of streams has decreased the error by about 50 percent.
A report summarizing this work has been prepared.

SUPPORTED BY U.S. Dept, of Defense - Army

2.0622, ENERGY SOURCES OF HETEROTROPHIC
MICROORGANISMS IN AN AQUATIC ENVIRONMENT
R.T. WRIGHT, Gordon College, Undergraduate School, Wen -
ham, Massachusetts 01984

Previous work by the investigator has helped point to
methods leading to an understanding of the trophic relationships
between the planktonic algae, bacteria and dissolved organic
matter. More recent applications of the methods have dealt with
glycolic acid and indicate that bacteria in natural waters are using
this important algal excretory product for energy. Continued
research along these lines may lead to a basic understanding of
how most of the planktonic bacteria obtain energy and influence
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the concentrations and array of organic compounds in aquatic
systems. The proposed lines of continuing investigation are: I.
Identification and production rates o:' the dissolved organic com-
pounds lost by algae during photosynthesis. 2. Measurement of
the rates at which certain important dissolved organic compounds
lost by algae are assimilated by populations of heterotrophic
microorganisms in natural waters. 3. Laboratory and field studies
aimed at discovering the roles of different species of microorgan-
isms involved in the uptake and transformation of specific organic
compounds under natural conditions.

SUPPORTED BY U.S. National Science Foundation

2.0623, MARINE HYDROLOGY AND GEOCHEMISTRY,
ATLANTIC CONTINENTAL SHELF AND SLOPE
R.H. MEADE, U.S. Dept. of Interior, Water Resources Division,
Woods Hole, Massachusetts

Objectives: (1) To determine the rates and loci of fresh water
(both surface and ground waters) and salt water along the Atlan-
tic Coast, and to understand the influences of different factors on
mixing processes. (2) To determine the chemical compositions of
surficial sediments and older sedimentary rocks of the Atlantic
Continental Shelf and Slope -- including the composition of their
interstitial waters - and to understand their areal and stratigraphic
variations. (3) To determine the amount of suspended matter and
to understand the dispersal of sediments in coastal waters.

Approaches: (1) Information on salinity (the main index of
mixing of fresh and salt waters) and its variations in coastal waters
is being compiled in atlas form, largely from existing data. (2)
Chemical analyses (major and selected minor elements) are being
made of surficial bottom sediments from the continental shelf and
slope, and of rocks and interstitial waters that lie below the shelf
and slope. Concentrations of suspended matter have been mea-
sured gravimetrically, and suspended constituents have been
identified microscopically.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0624, CIRCULATION ON THE CONTINENTAL SHELF
D.F. RUMPUS, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

This investigator has endeavored to delineate the horizontal
motions in the circulatory system of the continental shelf of the
cast coast of the United States. With the generalized pattern in
hand we are trying to work out the secular changes in the circula-
tion and their causes. We will use a Lagrangian technique with
drift bottles at the surface and sea-bed drifters at the bottom and
make use of all the physical oceanographic, hydrological, climatic
and meteorological data and theory to elucidate these motions.

SUPPORTED BY U.S. Dept. cf,' HIth. Ed. re Wel. - P.H.S.

2.0625, CHEMISTRY OF THE HYPOLIMNION OF LAKE
ERIE
H.E. ALLEN, U.S. Dept. of Interior, Biological Laboratory, Ann
Arbor, Michigan

During the period of summer stratification much of the
hypolimnetic water in Lake Erie experiences severe oxygen
depletion. Concurrent large changes occur in the concentration
of nitrate, ammonia, phosphate, iron, maganese, and sulfide. Our
objectives include describing the magnitude and rate of these
changes, determining the chemical compounds involved and
determining the effects of these changes on the ecosystem. Sub-
sequent to fall overturn concentrations of these materials return
to those concentrations existing prior to stratification. Field stu-
dies are being made to determine the concentrations of these and
other substances in the waters. Laboratory studies are being con-
ducted to determine the oxidation-reduction potential at which
materials are released from the sediments and to determine the
kinetics of their buildup in the water. The chemical composition
of materials precipitated upon overturn is being investigated.
Various sediments are being investigated to determine the sub-
stances responsible for oxygen depletion.

2. WATER CYCLE

SUPPORTED BY U.S, Dept. of Interior - Bu. Comm. Fish.

2.0626, ECOLOGY OF GREAT LAKES ESTUARIES
J,F, CARR, U.S, Dept. of Interior, Biological Laboratory, Ann Ar-
bor, Michigan

The various bays are among the most productive environ-
ments of the Great Lakes and they are alb() the most vulnerable to
human activities. Industrial and domestic wastes impair the fertili-
ty of the water as well as the edibility of the fish. The immediate
objectives of this project are to determine to what extent oceano-
graphic methods can be applied to studies of these bays. Sub-
sequent work will be concerned with the movements and in-
fluence on the biota of waters flowing into these areas. Thermal,
light transmission, chemical, surface current, sediment, plankton,
and benthos data have been collected from Saginaw Bay, Lake
Huron. Flushing-rate estimates, using oceanographic methods,
have been made for Saginaw Bay. Drogue studies have been made
in northern Green Bay, Lake Michigan.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0627, OXYGEN DEMAND OF LAKE ERIE SEDIMENT
J.F. CARR, U.S. Dept. of Interior, Biological Laboratory, Ann Ar-
bor, Michigan

Quantitative measurements of the o.:ygen demand of Lake
Erie sediment are being made using Warburg respirometers. Stu-
dies are being made on the effects of temperature and age of the
sediments on the oxygen demand.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0628, QUANTITATIVE AND QUALITATIVE CHARAC-
TERISTICS OF MATERIALS CONTRIBUTING TO SEDI-
MENTATION IN LAKE ERIE
J.F. CARR, U.S. Dept. of Interior, Biological Laboratory, Ann Ar-
bor, Michigan

Collecting devices are being used to obtain materials as they
settle from the water column but before reaching the bottom.
Measurements are made of the percentage of the various com-
ponents ( plankton, clay, detritus, etc.) making up the sediments.
In addition, measurements are made of sedimentation rate, ox-
ygen demand, percent organic matter, nutrient content, and
(hopefully) geographic origin of the material.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

2.0629, WAVE FORCES ON SUBMERGED STRUCTURES
E.F. BRATER, Univ. of Michigan, School of Engineering, Ann Ar-
bor, Michigan

This research will investigate the vertical and horizontal
forces on submerged structures resulting from oscillatory waves.
Particular attention will be given to conduits located near or on
the bottom or in a shallow trench. Analytical treatment of the in-
ertial drag and lift forces will be supplemented by experimental
determination of appropriate coefficients. The results of the stu-
dies will be applicable to the design of water intakes, sewer out-
lets, and other off-shore coastal structures.

SUPPORTED BY U.S. National Science Foundation

2.0630, GEOLOGICAL STUDIES IN NORTHERN LAKE
MICHIGAN
J.L. HOUGH, Univ. of Michigan, Graduate School, Ann Arbor,
Michigan

Northern Lake Michigan is the locale of several unsolved
problems pertinent to the bedrock geology of the region and to
the postglacial history of the lake. Most of the existing geological
knowledge of the area stems from land-based exploration and
drilling; most of the critical areas are offshore and, prior to the ex-
istence of properly equipped research vessels, could not be ex-
amined. Suitable research ships are now available and, aided by
underwater photography, television and Scuba diving, offer
promise of solution of hitherto insoluble problems.
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Two aspects of postglacial geology to which this research
may make new contributions are (1) the altitudes and areal extent
of submerged shorelines of old lake stages, in the area which has
undergone postglacial upwarp, and (2) the depth and nature of
sedimentary deposits now occupying depressions in the lake basin
left at the recession of the last glaciation. Previous work in the
southern and central parts of the lake, which have not undergone
upwarp indicates that submerged shorelines can he traced and
that seismic profiles and long core samples yield useful informa-
tion of postglacial events.

SUPPORTED BY U.S. National Science Foundation

2.0631, WINTER TEMPERATURP, STRUCTURE OF THE
GREAT LAKES
V.E. NOBLE, Univ. of Michigan, Institute of Sci. & Technology,
Ann Arbor, Michigan

The program outlined in this proposal is a two-year continua-
tion of work began under NSF grant GP-2411. During the period
of the original grant, investigation of the winter temperature
structure of Lake Michigan revealed strong indications of newly
discovered mechanisms involved in the winter circulation pat-
terns of the lake, and of new approaches to the prediction of the
annual amount of ice cover based upon the thermal budget of the
lake. The present proposal will provide additional statistical data
necessary to establish confidence limits for the prediction capa-
bilities developed under the original grant. Because of the slow
accumulation of required data, two years are requested for the
proposed program.

SUPPORTED BY U.S. National Science Foundation

2.0632, VERTICAL CURRENT STRUCTURE IN THE
GREAT LAKES
V.E. NOBLE, Univ. of Michigan, Great Lakes Research Division,
Ann Arbor, Michigan

Experimental data from Great Lakes Research Division ship-
board measurements and the FWPCA GLIRBP buoy systems are
being used to evaluate theoretical models for the prediction of the
three-dimensional current structure in the Great Lakes. Particu-
lar emphasis is being placed on the interpretation of current
meter data in order to study the dynamic interaction between
geostrophic-and wind-driven currents.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

2.0633, ANALYSIS OF DRAINAGE BASINS AND LAND-
SCAPES
F.E. SMITH, Univ. of Michigan, Graduate School, Ann Arbor,
Michigan

NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY U.S. National Science Foundation

2.0634, TRANSIENT FLOW THROUGH CLOSED CON-
DUITS
V.L. STREETER, Univ. of Michigan, School of Engineering, Ann
Arbor, Michigan

This research will be concerned with problems of fluid
transients. The studies will provide basic information essential to
some of the following problems: I. Series-pump failures; also
transients caused by pump startup. 2. Optimum valving and ar-
rangement of pumping stations for long pipelines (with respect to
hydraulic transients). 3. Resonance in systems caused by self
excited means, such as leaky seals, fluttering air valves, pump or
turbine vanes, governor instability. 4. Resonance in systems
caused by external forced excitation, such as reciprocating
pumps, arbitrary periodic valve motion, or surface waves on
reservoirs; computer analysis of methods for alleviating the
resonance. 5. Extension of valve stroking concepts to complex
systems. 6. General study of equivalent lengths in water hammer
analysis of complex piping systems, taking wave speeds into ac-
count. 7. Study of interpolation errors in characteristic method. 8.
Study of gas coming out of solution during the water hammer cy-

cle; its damping effect on pressure. 9. Study of wave speed from
the characteristic equations and comparison with impedance
methods. 10, Design construction and test of a valve that will
produce a predetermined rate of closure; by cam drive, profiled
seat, or other method,

SUPPORTED BY U.S. National Science Foundation

2.0635, PREDICTION OF THE MAGNITUDES AND
FREQUENCIES OF FLOODS IN MICHIGAN
UNKNOWN, Univ. of Michigan, Graduate School, Ann Arbor,

Michigan
Objective: Determination of the influence of various rainfall

and drainage basin characteristics on the volume and distribution
of flood runoff. The specific practical result will be the develop-
ment of more accurate methods of predicting floods of various
frequencies for watersheds of all sizes for selected regions in
Michigan.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds,
Michigan State Government

2.0636, GREAT LAKES RESEARCH - RIVER ICE JAMS
S.J. BOLSENGA, U.S. Army, Lake Survey, Detroit, Michigan
48226

The causes of ice jams in rivers and methods of possible
elimination of destructive jams or reduction of their power are
being studied,

In the first step of the study pertinent manuscripts from all
areas of the world have been collected, examined, and sum-
marized. Foreign language manuscripts account for a significant
portion of the items and were translated as required. Report
acquigition was through standard library sources, translation
agencies, and by direct contact with investigators in the field.

The final results of the survey will be a narrative summary
and selected bibliography prepared from the reports. Completion
will be in June 1968,

SUPPORTED BY US. Dept. of Defense - Army

2.0637, GREAT LAKES RESEARCH - LAKE EVAPORA-
TION
J.A. DERECKI, U.S, Army, Lake Survey, Detroit, Michigan
48226

Objective is to determine the evaporation from the Great
Lakes and the factors causing variation in evaporation rates. Two
thirds of water supplied by precipitation over lake and land areas
is being lost by evaporation; this has large effect on the availabili-
ty of water in lakes, water quality and on heat budget of the lakes.

A research station located on South Manitou Island in Lake
Michigan is operated to provide continuous recording of wind
speed direction, precipitation, air and water temperature, humidi-
ty, barometric pressure, incoming and outgoing radiation, cloud
cover, evaporation (pan), lake level, and ice cover. Field opera-
tions started December 1963 and are scheduled for completion
October 1968. Data reduction is in progress.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0638, GREAT LAKES RESEARCH - LAKE PRECIPITA-
TION
J.A. DERECKI, U.S. Army, Lake Survey, Detroit, Michigan
48226

Purpose is to determine the precipitation over the large water
areas of the Great Lakes and to derive methods to calculate the
overwater precipitation from the overland records.

In cooperation with U. S. Weather Bureau, the lake
precipitation is being recorded on selected small islands. In Lake
Michigan precipitation recording started October 1963 on South
Manitou, North Manitou, South Fox, Beaver and He aux Gallets
Islands. In Lake Erie precipitation recorders were placed on West
Sistec. and East Sister islands during May 1964. Field program will
continue through October 1968. Hourly pircipitation data are
available in tables and on punch cards.
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SUPPORTED BY U.S. Dept. of Defense - Army

2.0639, GREAT LAKES RESEARCH - ENERGY
TRANSFER AT THE AIR-WATER INTERFACE
J.G. HOUSLEY, U.S. Army, Lake Survey, Detroit, Michigan
48226

The direct contact between water and air at their interface
produces an exchange of energy and mass. Analysis of the inter-
face activity will establish the mechanism by which energy and
mass transfers, both air to water and water to air, are accom-
plished. These transfers are in the form of heat energy, such as
radiation, conduction, convection, condensation, and evapaora-
tion; kinetic energy as in wind tides and waves; mass as in absorp-
tion of gases and soldis by water; and electic charge transfer.
Results will lead to improved methods of predicting waves, cur-
rents, wind tides, water supply, and modification of regional cli-
mate by the lakes.

Under contract with the University of Michigan, data are
being obtained at an instrumented tower about one mile offshore,
near Muskegon in Lake Michigan. The tower was in operation for
the seasons 1963, 1964, and 1965, and 1967. Reduction and anal-
ysis of the data will continue in FY 69; the instrumented tower
was reestablished in May 1968. Development of equipment for
wind-stress measurements on a continuous basis is underway.

SUPPORTED BY U.S. Dept, of Defense - Army

2.0640, GREAT LAKES RESEARCH - WATER-LEVEL
DISTURBANCES
J.G. HOUSLEY, U.S. Army, Lake Survey, Detroit, Michigan
48226

Water-level disturbances are caused by various forces, in-
cluding astronomical tides, wind tides, surges, and seiches.
Research investigates the formation of these water-level
disturbances, their patterns and distribution over the lakes, and
their effects on water levels in harbors and in rivers. The derived
mathematical models of water motion and its relationship with
causative forces are used to develop methods of forecasting dan-
gerous long-period waves and currents, and changes in depths and
quantities of water.

A set of 16 water-level recorders was in operation on Lake
Michigan in 1964. The data have been reduced, and spectral anal-
ysis is in progress. Data from 22 water-level gages in Lake Erie
will be used to investigate three-dimensional oscillations of Lake
Erie in FY 69.

A contract for theoretical investigation of three-dimensional
seiches in Lake Erie is in progress.

SUPPORTED BY U.S. Dept. of Defense - Army

2.01541, GREAT LAKES RESEARCH - LAKE WAVES
J.G. HOUSLEY, U.S. Army, Lake Survey, Detroit, Michigan
48226

The generation, propagation, and decay of waves in the
Great Lakes are being investigated and correlated with wind
speed and resulting wind stress, wind direction, and lake
geometry. The characteristics of waves, including the expected
maximum height given locations, will be established; wave O-
rnate charts will be prepared; and wave hindcasting methods
developed.

Deep-water wave characteristics are being measured at five
locations: Eagle Harbor and Whitefish Point on Lake Superior,
Point Basic and Muskegon on Lake Michigan, and Dunkirk on
Lake Erie. This program was started in 1964 and will continue
through 1971, with subsequent analysis of data.

In FY 69, shallow-water wave characteristics will also be
measured at Knife River Harbor, Lake Superior, and Lorain,
Lake Erie.

Techniques for wave hindcasting are being developed under
contract with the University of Michigan. A report 'Wave Hind-
casts vs Recorded Waves' by S. J. Jacobs was published in June
196,5; 'Wave Hindcasts vs Recorded Waves Supplement No. by
A. L. Cole was published in May 1967. A second contract to

2. WATER CYCLE

apply the developed techniques to the hindcast of waves for
Lakes Superior and Huron is in progress.

A contract to develop a sonic wave sensor will be un-
dertaken.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0642, GREAT LAKES RESEARCH - HARBOR CUR-
RENTS
J.G. HOUSLEY, U.S. Army, Lake Survey, Detroit, Michigan
48226

Objective is to acquire data on winds, currents, waves, water-
level fluctuations, atmospheric pressure variations, and lake cur-
rents in the vicinity of harbors in order to determine their effect
on currents in harbors, and pollution hazards engendered by the
lack of currents. Mathematical equations or models will be
derived relating currents in harbors with their causative forces
and harbor geometry. Flushing rates will be establish The
results are applicable to the design or redesign of new ant. existing
harbors, including approach channels.

Currents were measured: 1964 in Calument, Racine,
Muskegon, and Sturgeon Bay harbors; 1965 in Little Lake, Fair-
port, and Buffalo harbors; and 1966 in Harbor Beach and Toledo
harbors. Data and analysis of currents and associated variables in
Little Lake Harbor, Lake Superior, was published in 1966. Dur-
ing FY 69 analysis of the data will be continued, and preparation
of reports for the various harbors will be continued.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0643, GREAT LAKES RESEARCH - GREAT LAKES DE-
ICING
E.W. MARSHALL, U.S. Army, Lake Survey, Detroit, Michigan
48226

This investigation will prepare three reports (1) Annotated
bibliography based on the world's literature on the natural c.;ndi-
tions of the formation and decay of fresh-water ice on lakes, har-
bors, rivers and locks as well as scientific and engineering infor-
mation on techniques used to aid the delay of ice formation and to
accelerate the ice both in fresh and marine environments. (2) A
summary of the pertinent papers identified in the above and (3) a
summary of information developed by the in-house projects of the
Research Center on Great Lakes ice characteristics and areal dis-
tribution.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0644, GREAT LAKES RESEARCH - ICE CHARAC-
TERISTICS
E.W. MARSHALL, U.S. Army, Lake Survey, Detroit, Michigan
48226

The investigation seeks to determine the physical charac-
teristics of ice cover in the Great Lakes by field measurements
and laboratory analysis of samples from representative localities.

Field investigations are conducted during the 1965-66 and
66-67 winters in the Whitefish Bay area of Lake Superior, Among
the factors investigated were; ice thickness, structure, crystal size
and orientation, floe characteristics, pressure ridge configuration
and ice foot formation. Aerial photomapping provided control for
selection of ice samples and a permanent record for additional in-
vestigations. Micrometeorological measurements were taken at
Whitefish Point during the 1966-67 season with particular
emphasis on global radiation in four spectral bands. Petrographic
studies of the ice samples co'' ,.:1d in the field are conducted in
the cold laboratory.

During the 1967-68 walter season studies will be continued
in Whitefish Bay and extended to other areas on and near Lake
Superior.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0645, GREAT LAKES RESEARCH - ICE COVER DIS-
TRIBUTION
E.W. MARSHALL, U.S. Army, Lake Survey, Detroit, Michigan
48226
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This investigation seeks to determine the changes that take
place in the areal distribution, structure, and imagery of the Great
Lakes ice cover throughout the winter.

Currently three methods and levels are employed: low level
visual reconnaissance, up to 8,000 feet, medium altitude aerial
photography, 23,000 feet, and high level satellite imagery, 400 to
800 nautical miles.

The visual aerial reconnaissance program provides the extent
and relative concentration of ice. These observations are coor-
dinated with those of the Canadian Department of Transportation
which covers the Canadian portions of the Great Lakes. These
observations provide a general synoptic view of ice conditions at
10- I 5 day intervals.

Aerial photomapping of the ice cover at the scale of 1:46,000
is carried out over eleven areas critical to Great Lakes shipping.
Weather satellite imagery is monitored to aid in determining ice
distribution and program planning.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0646, GREAT LAKES RESEARCH - GREAT LAKES DE-
ICING
E.W. MARSHALL, U.S. Army, Lake Survey, Detroit, Michigan
48226

This investigation will prepare three reports (1) Annotated
bibliography based on the world's literature on the natural condi-
tions of the formation and decay of freshwater ice on lakes, har-
bors, rivers and locks as well as scientific and engineering infor-
mation on techniques used to aid the delay of ice formation and to
accelerate the ice in both fresh and marine environments. (2) A
summary of the pertinent papers identified in the above and (3) A
summary of information developed by the in-house projects of the
Research Center on Great Lakes ice characteristics and areal dis-
tr:bution.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0647, GREAT LAKES RESEARCH - MONITORING OF
WATER CHARACTERISTICS
A.P. PINSAK, U.S. Army, Lake Survey, Detroit, Michigan 48226

A system of permanent automatic monitor stations will be
developed to continuously measure and record geophysical
processes that affect or are influenced by the Great Lakes and
their environment and to program observations for timely use in
forecasts and control. As a first phase in this program continuous
automatic water temperature recorders have been installed at 10
sites along the periphery of the U. S. portion of the Great Lakes.
These stations will be removed as the comprehensive monitoring
program develops.

Hourly water temperatures, daily and monthly mean tem-
peratures at each of the ten sites are published regularly.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0648, GREAT LAKES RESEARCH CHARAC-
TERISTICS OF LAKE WATER
A.P. PINSAK, U.S. Army, Lake Survey, Detroit, Michigan 48226

The research hivolves collection, analysis, and interpretation
of data pertaining or related to physical and chemical charac-
teristics of the fresh water in the Great Lakes, including radiologi-
cal contamination and sound propagation; definition of those
water properties which may be utilized as indices of water charac-
teristics and quality; and installation of permanent automatic
monitor stations. The broad objectives are to investigate short
term variations in water quality and properties, including the fac-
tors causing these variations, and to determine and mon'tor the
long term trends. Energy budgets and chemical budgets will be
developed to explain evaporation, lake currents and other physi-
cal variables.

Systematic collection of data on physical and chemical water
characteristics, bottom sediments, meteorological parameters,
and wave observations was performed during summer and fall
1965 in Lake Erie and in Lake Huron during the open water
season 1966. A similar program will be carried out in the eastern
basin of Lake Superior during the 1968 open water season.

Reduction, analysis and publication of data from Lakes Erie and
Huron is in progress.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0649, GREAT LAKES RESEARCH - MONITORING OF
WATER CHARACTERISTICS
A.P. PINSAK, U.S. Army, Lake Survey, Detroit, Michigan 48226

A system of permanent automatic monitor stations will be
developed to continuously measure and record geophysical
processes that affect or are influenced by the Great Lakes and
their environment and to program observations for timely use in
forecasts and control. As a first phase in this program continuous
automatic water temperature recorders have been installed at 10
sites along the periphery of the U. S. portion of the Great Lakes.
These stations will be removed as the comprehensive monitoring
program develops.

Hourly water temperatures, daily and monthly mean tem-
peratures at each of the ten sites are published regularly.

SUPPORTED BY U.S. Dept. of Defense - Army

2,0650, GREAT LAKES RESEARCH - EFFECTS OF
STRUCTURES ON COASTAL SEDIMENTATION
J.H. SAYLOR, U.S. Army, Lake Survey, Detroit, Michigan 48" 6

Effects of man-made structures on environmental energy-
sediment relationships, and the resilting effects on the beach and
neurshore areas of the Great Lakes will be studied. Results are
needed for the planning and design of shoreline structures, for
methods to predict the changes in shoreline caused by such struc-
tures, and for assessing the efficiency of various structure designs.

Data on stream velocity, suspended sediment, and bedload
sediment in the headwaters of the St. Clair River were collected
under varying energy conditions extant in Lower Lakc Huron
during spring and fall of 1965. The site will be rcsampled at a later
date down the St. Clair River and the sediment deposition pat-
tern. A report on the amount and distribution of sediment in the
river has been published.

SUPPORTED BY U.S. Dept. of Defense - Army

2,0651, GREAT LAKES RESEARCH - COASTAL AREA
SEDIMENTATION
J.H. SAYLOR, U.S. Army, Lake Survey, Detroit, Michigan 48226

Data on energy sources (waves, winds, currents) impinging
on selected coastal reaches along the Great Lakes will be col-
lected and studied to learn how environmental energy affects
sediment movement, characteristics, and distribution in beach
and ncarshore areas, Results will be used to derive relationships
and/or mathematical models. Investigations will devise methods
of establishing rates of coastline change and how to forecast the
future behavior of the coastline. Information is needed for the
design and location of harbors, marinas, industrial plants, and
recreational areas.

Data collection at Little Lake Harbor on Lake Superior was
completed in 1964, and a report was presented at the Tenth Con-
ference on Coastal Engineering held in Tokyo, Japan.

Data collection on Lower Lake Huron in the vicinity of Port
Huron, Michigan and Sarnia, Ontario, was completed during
1965. Analysis of the data is in progress.

Preliminary investigations were conducted at Pcntwater,
Mich on the eastern shore of Lake Michigan during 1967. An in-
tensive field program is planned at Pentwater during the spring
and fall of 1969.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0652, EFFECTS OF WATER APPLICATION ON CROP
PLANTS
R.L. C4ROLUS, Michigan State University, Agricultural Experi-
ment Sta. , East Lansing, Michigan 48824

Objectives: I) To determine the minimum quantity of
evaporating water Auired under varying levels of atmospheric
stress parameters assure optimum plant growth, development,
and quality with a minimum application of water.
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Work Proposed: Soil surface, ambient air and plant tempera-
tures (soil moisture, air humidity, and air movement) will be regu-
lated and varied by water application, infra-red radiation and
other procedures. The effects of the resultant variations in the
plant micro-climate on transpiration levels, seedling emergence
and plant growth, development and chemical and physical quali-
ties will be evaluated for various horticultural crops. The op-
timum internal plant water balance for maximum net
photosynthetic activity and crop productivity and quality will be
delineated. The resulting data will be used to increase the effi-
ciency of water utilization and for reducing the water requirement
of crops.

SUPPORTED BY U.S. Dept. of Agriculture
Michigan State Government

2.0653, THE EFFECTS OF LIMNOLOGICAL FACTORS
ON THE UPTAKE OF CS137 BY FISH
N.R. KEVER:I, Michigan State University, School of Agriculture,
East Lansing, Michigan 48824

Cesium - 137, one of the potentially hazardous components
of radioactive fallout, is accumulated by plants and animals, even,
tually reaching man through the food chain. Information about
the behavior and fate of cesium in our environments would have
predictive value should the levels of fallout increase. It has been
shown that fish from different linmological lake types accumulate
137Cs in widely different concentrations. This study is designed
to investigate the relationships between pertinent limnological
factors and the accumulation of I 37Cs by fish and as such broadly
involves the fate of cesium in aquatic environments and
biogcochemical processes in lakes.

A series of lakes near Gull Lake, Michigan and representing
a range of factors was selected. Measurements are being made of
alkalinity, specific conductivity, pH and temperature. Both fish
and water are being made of alkalinity, specific condictivity, pH
and temperature, Both fish and watcr are being analyzed for
137Cs, stable Cs, K, and Na. Largemouth bass, common to all of
the lakes, is the fish being studied. Stable Cs is being analyzed by
the method of Feldman and Rains (Anal. Chem., 36:405, 1964)
with an atomic absorption/emission spectrometer. The study was
initiated in FY-I967 and will probably be completed in FY-I969.

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res. Rch
Michigan State University

2.0654, WATER REQUIREMENTS OF CROPS
R.Z. WHEATON, Michigan State University, Agricultural Experi-
ment Sta. , East Lansing, Michigan 48824

Determine the use of watcr by crops, as influenced by cli-
mate, soils, and farming practices; basic relationships between
soil moisture and crop production; optimum growth conditions
for crops under various irrigation, fertilizer and management
practices; and proper irrigation equipment design principles and
operational practices as affected by peak moisture use, crop root-
ing habits, fertilizer practices, and other design faemrs.

Description of work: Eight plots are automatically covered
by roofs whenever it rains. Four water regimes are maintained on
these paired plots during the crop growing season by irrigation.
The soil moisture level can be determined daily by an automati-
cally operated recorder. When the moisture level in the surface
18 inches of a plot reaches a prescribed minimum level, it is ir-
rigated with enough water to restore it to field capacity. Weather
data including solar energy and pan evaporation are collected.
Crop yield data are taken.

SUPPORTED BY U.S. Dept. of Agriculture
Michigan State Government

2.0655, METAMORPHOSIS OF SNOWPACK PROFILES
AND CHANGES IN WATER STORAGE FOLLOWING STRIP
CUTTING IN PINE FORESTS IN MICHIGAN
D.P. WHITE, Michigan State University, School of Agriculture,
East Lansing, Michigan 48824

To define in situ, using gamma ray attenuation techniques,
the metamorphosis of snowpack profiles and changes in the water
equivalent after strip cutting a jack pine forest in Michigan.

2. WATER CYCLE

The increasing significance of groundwater as a source for
municipal and industrial water supplies has prompted interest in
the groundwater recharge of watersheds. In northern regions
groundwater is recharged almost entirely from snow melt. On the
Manistee National Forest, Michigan, this recharge was shown to
be significantly less under pine populations than under hardwood
forests, Interception and subsequent evaporation of snow from
conifer crowns appears to be the major cause of the difference.
Decreasing the crown density by strip cutting should allow a
greater snowpack to accumulate on the ground thereby increas-
ing the groundwater yield of pine forests.

A 'two-probe density gauge' employing the principle of
gamma ray attenuation will be used for the first time in the Lake
States to intensively measure, in situ, weekly changes in the inter-
nal hydrologic characteristics of the snowpack resulting from
strip cutting practices, Strip cut and uncut ar ,as in a 34 -year -old
jack pine plantation on the Manistee Natiorn. I Forest, Michigan
will be used for the project. Six- foot access tubes for the two -
probe density gauge' will be installed two feet into the soil. Mea-
surements of snow density, snow water content, and soil moisture
can be measured in successive one-half inch increments. A pyr-
heliometer and a hygrothermograph will be placed in the study
area to measure solar radiation, humidity, and temperature. Data
from these measurements will be analyzed for correlations to the
snowpack behavior.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Michigan State University

2.0656, INTERRELATIONS OF SEVERAL ABIOTIC FAC-
TORS AND THE HIGHER AQUATIC PLANTS OF A
STREAM ECOSYSTEM
R.G. KULLBERG, Michigan State University, W.K. Kellogg G.
Lk. Biol, Sta. , Hickory Corners, Michigan 49060

The project will be concerned with the effect of several
abiotic factors on the higher aquatic plants of a stream as well as
the reciprocal effect of the higher aquatic plants on part of the en-
vironment. The water passes from a trout stream, past a paper
mill, and then into a larger stream, An attempt will be made to
correlate several abiotic factors of the stream with the kinds of
species, their numbers, and their volumes at measured intervals.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Michigan State University

2.0657, DESIGN TO CONTROL EROSION IN ROADSIDE
DRAINAGE CHANNELS
A.G. ANDERSON, Univ. of Minnesota, School of Engineering,
Minneapolis, Minnesota 55455

The highway drainage engineer is required to provide designs
to control erosion in roadside drainage channels over a wide
range of conditions. Criteria are being established and existing
procedures extended for conditions where easily established grass
cover will suffice and for conditions where paved linings are
required. The major emphasis of the research is on the develop-
ment of a procedure for design of armored channels, with in-
vestigations into the critical tractive force of gravel and crushed
stone and the mechanism of leaching of finer soils and sediments
through the stabilizing layers. A literature review of items pertain-
ing to the design of armored channels has been completed and
design criteria developed utilizing information obtained from the
literature. The criteria will contain two different applications,
One will be for stream relocations and other channels that, from a
design standpoint, are treated as individual problems. The second
application will be a simplified procedure, using charts and
curves, for designing aggregrate linings for standard sizes and
shapes of roadside ditches. The latter should be particularly ap-
plicable in more arid areas where establishment of turf is difficult.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Amer. Assoc. of State Highway Officials

106E3, FREE-STREAMLINE FLOW OVER DISCON-
TINUITIES IN A BOUNDARY LAYER
A.G. ANDERSON, Univ. of Minnesota, School of Engineering,
Minneapolis, Minnesota 55455
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Discontinuities on the solid boundaries guiding a high speed
flow may produce a cavitating or supercavitating flow, A theoreti-
cal and experimental study of free-streamline flow over discon-
tinuities and slender bodies in a fully developed boundary layer
will be undertaken, In the theory steady two-dimensional, rota-
tional flow with negligible viscosity will be considered. Perturba-
tion potentials to represent the boundary discontinuities and
velocity potentials that satisfy a Poisson type equation for the par-
ticular boundary conditions involved will be introduced. The
solution will be obtained numerically and results will be presented
in graphical form. The experimental program will provide infor-
mation concerning the physical aspects of supercavitating rota-
tional flow in a boundary layer and such characteristics as drag
and cavity lengths associated with various types of bodies under
these flow conditions will be measured. The experimental ap-
paratus, with only minor modifications, is now available. The
work will be performed at the St. Anthony Falls Hydraulic
Laboratory.

SUPPORTED BY U.S. National Science Foundation

2.0659, EVALUATION OF SELECTED COMPUTER PRO-
GRAMS IN HYDROLOGY
C.E. BOWERS, Univ. of Minnesota, School of Engineering, Min-
neapolis, Minnesota 55455

The research will evaluate some existing computer programs
and mathematical models relating to the analysis of storm runoff
and flood routing. Selected new mathematical models and com-
puter programs will be investigated and compared with
established methods to determine the magnitude and nature of
differences between new and established methods. Programs that
appear to have special merit relative to hydrologic analysis for
determination of design floods and for design of spillways and re-
lated structures will be selected, Possible factors of safety or other
criterion that should be used by practicing engineers will be
developed. The research should assist hydrologists in determining
peak rates of runoff and flood routing, and in making frequency
analysis Gi hydrologic data by use of new and established com-
puter techniques.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Minnesota

2.0660, CHEMICAL STUDIES ON THE WATERS AND
SOILS OF LAKES AND WETLANDS, WITH SPECIAL
REFERENCE TO MINOR ELEMENTS
E. GORHAM, Univ. of Minnesota, Graduate School, Minneapolis,
Minnesota 55455

As may be seen from G. E. Hutchinson's Treatise on Lim-
nology (1957) very little is known of the distribution of minor die-
nients in the waters and sediments of lakes, and even less is known
of their distribution in wetland ecosystems. The influences of
geological, climatic, topographic and especially biological factors
upon their cycles have scarcely been investigated, and their
changes in concentration during lake or wetland evolution, as
recorded in sediment cores, have only been examined in a cursory
way in a very few cases. It therefore appears desirable to un-
dertake intensive studies of minor elements in relation to the
'metabolism' and regional typology of lakes and wetlands. The
diversity of lakes in Minnesota -- from acid and dilute waters on
the northeastern Laurentian Shield to saline and alkaline potholes
On the southwest -- makes the state a mast suitable area for re-
gional studies in chemical limrology. Moveover, because of the
hundreds of square miles of peatland on the old glacial lake Agas-
siz basin of northern Minnesota, and the very numerous peat-
filled kettle-holes of the southern part of the state, Minnesota is
also an excellent area in which to study chemical aspects of wet-
land ecology.

SUPPORTED BY U.S. National Science Foundation

2.0661, COUPLING OF FLOWS AROUND AND
THROUGH POROUS MEDIA
D.D. JOSEPH, Univ. of Minnesota, School of Engineering, Min-
neapolis, Minnesota 55455

This grant will provide continued support for experimental
research on coupling conditions for fluid motions in the neighbor-
hood of the boundaries of permeable materials. Coupling condi-
tions are considered as those conditions satisfied at the boundary
of a permeable material by a fluid which flows around and
through this material, In particular, an examination of these flows
for effects of boundary layers within the permeable material will
be made.

The research is presently in a data-producing phase. There is
one operating experiment and a number of preliminary results, It
is expected that within the next two years there will be sufficient
reliable experimental data to infer physically valid boundary con-
ditions for the coupled motion.

SUPPORTED BY U.S. National Science Foundation

2.0662, THE IMPROVEMENT OF SOILS DEVELOPED
UNDER FOREST VEGETATION
A.F. ARNEMAN, Univ. of Minnesota, Agricultural Experiment
Sta , Saint Paul, Minnesota

The objectives of the study arc: a) to characterize soil
morphologic features in soils developed under forest vegetation.
b) to define chemical, mineralogical, and physical properties of
the profile which affect root development. c) to design and test
chemical and physical practices which will improve these soils.

The work proposed, initially, is a study of an area of about 20
acres on typical drumlin topography of north central Minnesota
(Wadena Co). In this area a detailed morphologic investigation of
the soil profile occurring over the total topography will be made,
Thin-section morphologic study will be employed, Hydrologic in-
vestigations using applied water will include description of the
table as it occurs naturally or in the 'perched' condition. Root dis-
tributions wii be investigated.

SUPPORTED BY Minnesota State Government
University of Minnesota

2.0663, WATER ADSORPTION AND ITS INTERACTIONS
WITH CLAY AND QUARTZ
G.R. BLAKE, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

Reactions of water with clays and quartz in soils govern to a
large extent the behavior, storai,-..: and flow of water into, through
and within the soil moisture reservoir. Furthermore the water-
clay matrix changes with time and with the formation and deteri-
oration of aggregate- dependent structure.

It is proposed to study water-clay interaction in soil samples
and in pure clay-quartz mixtures. Time dependent changes in
water adjustment and in clay-quartz bond strengths will be in-
vestigated. Backswelling of equilibrium dried aggregations will be
investigated as affected by formation and storage conditions of
the prepared samples. Development of improved techniques for
equilibrating soil water at known free energy levels, for measuring
interparticle bond strengths, and for measuring swelling will be at-
tempted.

FUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

2.0664, CHARACTERISTICS OF THE SOIL MATRIX
THAT AFFECT WATER STORAGE AND MOVEMENT
G.R. BLAKE, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

Objectives of the research proposed in this project are to in-
vestigate: A. Water storage and release from the soil as related to
the matrix characteristics. B. Reactions occurring between water,
clay and quartz during initiation, growth and stabilization of
domains in the soil matrix that affect the storage and movement
of water.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
University of Minnesota

2.0665, STUDY OF FACTORS AFFECTING THE CHAN-
NEL PHASE OF RUNOFF FROM SMALL WATERSHEDS BY
MATHEMATICAL MODELING
C.L. LARSON, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

The lead phase determines the volume of runoff and the
channel phase its time distribution and depends on the physical
characteristics of the channel system. A new time parameter, time
to virtual equilibrium, appears to be very useful, but its relation-
ship to channel characteristics has not been determined. A
detailed mathematical model of a watershed channel system will
be developed, including tributary channels, The length, Toss sec-
tion, slope and roughness of each segment of channel will be
varied independently. The input to the system will be overland
flow of various durations and rates. The flows will then be routed
through the various channel segments by the use of the basic
equations of fluid mechanics governing non-steady flow is open
channels, using finite difference solutions and a CDC 1604 digital
computer. The results will be used to develop, if possible, a
general relationship between channel characteristics and the time
parameter, The model will also be used to cheek the tentative
relation- ship of the time parameter to runoff time distribution for
a variety of watershed sizes and slopes. The data obtained in a
laboratory study will be used to develop a mathematical model of
unsteady flow at a junction that will accurately describe the effect
of a branch channel on the flow in the main channel both above
and below the junction.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Minnesota

2.0666, EFFECTS OF AREAL AND TIME DyfRIBUTION
OF RUNOFF SUPPLY ON WATERSHED HYDROGItAPHS
C.L. LARSON, Univ. of Minnesota, School of Agriculture, 5aint
Paul, Minnesota

A mathematical model watershed recently developed will be
modified for use in this study. In the model, the physical charac-
teristics of all channels of a fourth-order, 21.35 sq. mi., idealized
but representative watershed arc specified. Runoff supply excess
rainfall is routed through the channel system by means of the dif-
ferential equations governing unsteady flow, in finite difference
form for numerical solution. The model will be modified to permit
variations in areal distribution of runoff supply over the
watershed. Experiments will be made with spatially varied input
to the model, and the results will be used to determine what
degree of (storm) ) coverage causes maximum outflow, The shape
of the watershed will then be varied systematically to determine
the effects of typical shape types and various length width ratios
on peak discharge.

For another series of experiments, an overland flow model
which will accommodate variable and intermittent supply will be
incorporated into the model. Experiments will then be conducted
with various time patterns of runoff supply that can be expected
on natural watersheds to determine the magnitude of these
watershed effects. In all of the tests, results will be related to ru-
noff processes and watershed characteristics to facilitate applica-
tion.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
University of Minnesota

2.0667, THE EFFECT OF THE NATURAL SEALING OF
POTHOLES UPON WATER MOVEMENT AND GROUND-
WATER RESOURCES
P.W. MANSON, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

The research is aimed at determining the effect of the natural
sealing of potholes upon water movement into the underlying sub-
soil and the effect of this water movement upon groundwater
resources. Four typical potholes will be selected from each of four
geological environments in Minnesota. The potholes will be in-
strumented to measure all water inflow and all water outflow. The

WATER CYCLE

sediments beneath and surrounding these four potholes will be
sampled and carefully studied for permeability and sealing
characteristics. Soil borings will be made to determine the water
table position and the soil water movement patterns beneath and
around the potholes. Vertical and horizontal borings will be made
underneath and around the potholes into which instruments will
be placed to observe and study the 'unsaturated flow',

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Minnesota

2.0668, INFLUENCES OF MIST IRRIGATION ON
MOISTURE STRESS, GROWTH, YIELD, AND QUALITY OF
POTATOES,AND OTHER VEGETABLE CROPS
R.E. NY LUND, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

Vine growth and development, and tuber characteristics and
quality of two varieties of potatoes grown under mist irrigation,
eunventior.ol irrigation, mist plus conventional irrigation, and no
irrigation wili be compared. The influence of mist irrigation on
microclimate within and above the plant canopy, on leaf turgor,
on stem-natal aperture, and on soil moisture will be determined to
provide a basis for physiological explanations of crop responses.
After initial study of potatoes, the study will be extended to bush
beans and peas.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
University of Minnesota

2.0669, ANALYSIS OF PUBLIC INVESTMENTS IN NATU-
RAL RESOURCES WITHIN MINNESOTA
R.D. VLASIN, Univ. of Minnesota, Agricultural Experiment Sta. ,

Saint Paul, Minnesota
The overall objective is to improve investments in natural

resources in Minnesota for such purposes as parks, recreation and
wildlife, water developments, land improvements, drainage, flood
control, waste disposal, and forestry, The project will (I) develop
a framework showing investments by various governmental units:
(2) determine organizational and operational features of various
resource districts; (3) compare existing special districts with ex-
isting and proposed milti-county districts; and (4) develop sug-
gestions for alternative organizational and operational arrange-
ments to improve investment decisions,

Description of Work: The first part will involve an inventory
and categorization of natural resource expenditures by various
resource districts and other governmental units from secondary
sources. The second part of the project will involve an evaluation
of organizational and operational characteristics of selected exist-
ing and proposed districts for the development and management
of natural resources. The third part, building upon the earlier
phases, will develop suggestions for decision making by districts.
Attention also will be given the economic and related con-
sequences of vesting investment decisions in other governmental
units.

SUPPORTED BY Minnesota State Government

2.0670, COOPERATIVE GULF OF MEXICO INVENTORY
AND STUDY - II HYDROLOGY
J.Y. CHRISTMAS, State Marine Conserv. Comm. , Biloxi, Missis-
sippi

During 1966, basic information will be gathered on the time
and duration of the run of each species of Alosa (with the excep-
tion of Alosa sapidissima) which enters the Connecticut River.
Physical data will be gathered and temperature will be constantly
monitored near the mouth of the river. The entering adults will be
sampled with gill nets and lenghts, weights and sex will be
recorded. Scale samples will be taken for age determination. This
sampling will continue periodically during the entire run. The
techniques worked out and the basic data gathered at this time
will be used to plan a more intensive study to be conducted in
1967 and 1968.

A survey will be made to ascertain the major spawning areas
of each species. This area will be sampled with gill nets, seines and
plankton nets to determine the species present and if spawning
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has occurred. Physical and chemical data will also be collected at
this time.

This preliminary survey augmented by information gathered
on the other sub-projects shown enable us to design an intensive
survey which will be carried out in 1967 and 1969.

The laboratory facilities of the University of Connecticut,
Marine Research Laboratory will be utilized for this sub-project,

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.
Mississippi State Government

2.0671, COOPERATIVE GULF OF MEXICO INVENTORY
AND STUDY - III SEDIMENTOLOGY
J.Y CHRISTMAS, State Marine Conserv, Comm. , Biloxi, Missis-
sippi

Objectives: (1) To determine the sediment forms of Missis-
sippi estuarif 3 as an index of their respective conditions. (2) To
establish a base line for the evaluation of expected changes in
sediment distribution and its effect on the biota. (3) To develop
an atlas of the sediments of Mississippi estuaries. (4) To make the
state atlas available, in cooperation with the other Gulf States and
the Bureau of Commercial Fisheries, for inclusion in an atlas of
Gulf of Mexico estuaries.

Procedures: (1) Locate and complete existing data for tex-
tural analysis (sand, silt and clay) and carbonate, carbon, and
nitrogen content in the study area. (2) As time permits, collect
and analyze additional samples in a pattern arranged to complete
a description of the sediment distribution pattern in the study
area. (3) Collect, analyze and prepare data in a state atlas in a
form which will be available for incorporation as a section in an
atlas of the estuaries of the Gulf States in cooperation with mem-
bers of the Gulf States Marine Fisheries Commission and the Bu-
reau of Commercial Fisheries. (4) Prepare and publish additional
notes and papers as necessary.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.
Mississippi State Government

2.0672, COOPERATIVE GULF OF MEXICO INVENTORY
AND STUDY - IV BIOLOGY
.1,Y. CHRISTMAS, State Marine Conserv. Comm. , Biloxi, Missis-
sippi

Objectives: (I) To determine the major commercial species
of aquatic fauna and their respective nursery areas, seasonal dis-
tribution and utilization. (2) To determine or estimate, from the
best available information, the value of harvested species in or
resulting from Mississippi estuaries. (3) To determine the correla-
tion between hydrological characteristics and relative abundance
of selected organisms. (4) To determine the type and distribution
of aquatic vegetation. (5) To make the Mississippi atlas available,
in cooperation with other Gulf States and the Bureau of Commer-
cial Fisheries, for inclusion in an atlas of Gulf of Mexico estuaries.

Procedures: (I) Sample benthic, planktonic and pelagic ver-
tebrate and invertebrate forms to indicate quality and relative
abundance of these groups. (2) Collect hydrographic samples in
conjunction with biological samples, (3) Determine relationship
of relative abundance of selected organisms to existing environ-
mental conditions, (4) Type map aquatic vegetation and record
associated dominant emergent vegetation as time permits. (5 )
Collect, analyze and prepare data in a state atlas in a form which
will be available for incorporation as a section in an atlas of the
estuaries of the Gulf States in cooperation with members of the
Gulf States Marine Fisheries Commission and the Bureau of Com-
mercial Fisheries. (6) Prepare and publish additional notes and
papers as necessary.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Mississippi State Government

2.0673, IRRIGATION
J.A. CAMPBELL, Mississippi St. University, Agricultural Experi-
ment Sta. , Crystal Springs, Mississippi

a, To determine the response of various vegetable crops to ir-
rigation during periods of drought as measured in yield, quality
and profit. b. To determine the interaction effect of irrigation

with various fertilizer treatments and varieties on yield and quali-
ty. c. To study methods of management and the economics of
maintaining and operating irrigation systems for both the sprin-
kler and furrow flood methods for a 30 to 40 acre truck farm,

Description of work During periods of drought irrigation
studies will be set up on field experiments already in progress that
are adapted to a modified split plot arrangement which will be
used. Records on man hour requirements, fuel consumption and
depreciation will be kept in order to determine cost of operation,
Mechanical inprovisations will be made and tested for the pur-
pose of reducing cost and facilitate handling of equipment.

SUPPORTED BY Mississippi State Government

2.0674, DEVELOPMENT OF SPECIAL REHABILITATION
TECHNIQUES AND FOREST MANAGEMENT PRACTICES
FOR USE ON SEVERELY ERODED OR HIGHLY EROSIVE
WATERSHEDS
D.C. MCCLURKIN, U.S. Dept. of Agriculture, Oxford, Mississip-
pi

Object: To develop improved methods of establishing and
maintaining vegetation and litter on eroded sites throughout the
South for the reduction of storm runoff, erosion and sedimenta-
tion; and to develop and test, on a pilot scale, timber management
techniques that will permit economic utilization of forests from
rehabilitated and erosive watersheds without inducing a new
cycle of erosion.

Plan of work: The project staff is engaged in (1) development
of methods for establishing protective covers more promptly,
especially on the more difficult sites; and (2) prevention of exces-
sive runoff and erosion in connection with the conduct of silvicul-
tural operations on erosive sites of the South.

Cooperation: University of Mississippi; ARS Sedimentation
Laboratory; Soil Conservation Service; TVA.

SUPPORTED BY U.S. Dept. of Agriculture

2.0675, SEDIMENT YIELD IN RELATION TO CLIMATIC
AND WATERSHED CHARACTERISTICS IN THE
SOUTHERN BRANCH
D.A. PARSONS, U.S. Dept, of Agriculture, Oxford, Mississippi

Object: To develop procedures and criteria for predicting the
sources, amounts, and characteristics of sediment yield from
agricultural watersheds of varying size in the principal physio-
graphic and climatic regions of the Southern States.

Plan of work: Information on quantities of sediment carried
by streams is obtained by means of reservoir sedimentation sur-
veys and through suspended load sampling on selected
watersheds. Records of precipitation, runoff, topography, chan-
nel characteristics, soils and geology, land use, conservation prac-
tices, ant' watershed treatment measures are compiled for the
areas for which sediment yield records are available. Studies are
made to determine and evaluate the processes and rates of ero-
sion on land surfaces including gullies, roadbanks, and stream
channels. Radio-active elements and other tracers are used in stu-
dying the movement of sediment from erosional sources to points
of deposition. Required instrumentation is developed. Data on
sediment yield rates and associated causal factors are analyzed
and interpreted to derive improved techniques and equations for
estimating sediment yield and sources in ungaged watersheds.
The physical, chemical and biological attributes of the trans-
ported sediments are of concern and measured.

SUPPORTED BY U.S. Dept. of Agriculture

2.0676, THE NATURE AND PROCESSES OF RESERVOIR
SEDIMENTATION IN THE SOUTHERN BRANCH AND AT
THE USDA SEDIMENTATION LABORATORY
D.A. PARSONS, U.S. Dept. of Agriculture, Oxford, Mississippi

Object: To develop procedures and criteria for predicting the
distribution of reservoir sediment; sediment densities; trap-effi-
ciency; delta developments and the characteristic rates of storage
depletion by sedimentation for reservoirs and ponds affected by
agricultural watersheds in the Southern States.
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Plan of Work: The program includes reservoir sedimentation
surveys; topographic mapping of reservoir basins; measurement
of both water and sediment inflow and outflow; tracing of water
and sediment movement, including study of density currents in
reservoir basins; characterization of basins as to topographic
forms, shapes, and capacity -- watershed and capacity-inflow
ratios; measurement and study of variations in the density and
texture of deposited sediment, and study of the processes of delta
formations within basins and their extension upstream beyond the
backwater of the reservoir. Particular attention is devoted to
development of new and improved instrumentation and sampling
techniques, such as radioisotope probes, for measuring the densi-
ty of deposited sediment and for making reservoir sedimentation
surveys. Records are compiled to relate the rates and processes of
reservoir silting to sediment yield from agricultural watersheds
and to fluctuating levels of water storage.

SUPPORTED BY U.S. Dept. of Agriculture

2.0677, MECHANICS OF SEDIMENT ENTRAINMENT,
TRANSPORTATION AND DEPOSITION IN CHANNELS OF
THE SOUTHERN BRANCH AND AT THE USDA SEDIMEN-
TATION LABOR ATO
OA PARSONS, U.S. Dept. of Agriculture, Oxford, Mississippi

Object: To advance existing knowledge and to develop new
and improved equations and formulae for calculating sediment
movement and deposition in natural and artificial stream chan-
nels in agricultural watersheds.

Plan of Work: Sediment transport is studied in natural and
artificial streams and in hydraulic laboratory flumes. Field mea-
surements include rate and depth of flow, rate and volume of
transport of bed and suspended load, geology and vegetation at
the site and other factors, Flume studies are made to provide a
means of controlling variables and of clarifying relationships. Re-
lated phenomena such as dune and anti-dune bed configuration,
surface waves, and the hydraulic roughness are observed. Instru-
ments and techniques needed to measure and/or compute rates of
flow, sediment content and channel dimensions during the flow
arc devised and tested.

SUPPORTED BY U.S. Dept. of Agriculture

2.0678, INVESTIGATIONS OF STREAM CHANNEL
MORPHOLOGY IN THE SOUTHERN BRANCH AND AT
THE USDA SEDIMENTATION LABORATORY
D.A. PARSONS, U.S. Dept. of Agriculture, Oxford, Mississippi

Object: To establish the regime behavior of natural and artifi-
cal channels as influenced by hydraulics of flow, changes in flow
pattern, sediment and channel alluvium characteristics and chan-
nel roughness; and to determine for channel reaches and bends
the relationship between shear stresses and boundary velocities
and the scour resistance properties of cohesive and non-cohesive
channel periphery materials.

Plan of Work: The field program includes selected channel
reaches where flow regime, physical and chemical properties of
channel materials such as percent clay, permeability, plasticity in-
dices, dispersion ratios, and shear strength, and shear stresses
such as tractive force and shear velocity, are determined. Labora-
tory experiments are carried out in models and flumes to isolate
individual variables and establish fundamental relationships
between measured shear forces and known characteristics of soil
horizons for a range in both hydraulics of flow and the composi-
tion of channel periphery material. Undisturbed samples of
known characteristics from field locations are tested under
laboratory conditions. Channel meander patterns such as
meander belt width, degree of sinuosity, and radius of curvature,
and channel geometry factors such as width-depth ratios, width-
area ratios, and thalweg gradients, will be determined for correla-
tion with the type of alluviums in the stream channels. Close coor-
dination is maintained between field and laboratory investiga-
tions.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Agriculture

2.0679, THE EFFECT OF TEMPERATURE ON WATER
FLOW IN SOILS
R,D. JENSEN, Mississippi St, University, Agricultural Experi-
ment Sta. , State College, Mississippi 39762

Theoretical aspects of the effect of temperature on water
flow in soils have developed more rapidly than the experimental
phases. This project is a basic experimental study on the effect of
temperature on water flow in soils. The principal objectives are:
(1) To determine the type of flux equation which adequately
describes the flow or water in soils under non-isothermal condi-
tions. (2) To study the temperature dependence of the conduc-
tivity function in unsaturated soil (3) To study the effect of tem-
perature on the pressure head of soil watcr. (4) To determine the
magnitude of the thermal water diffusivity coefficient. (5) To
determine, if possible, the nature of the mechanism(s) involved in
the transport of water in soils subjected to a temperature gradient.

The soil will be enclosed in specially constructed columns
which permit the application of a temperature gradient across the
sample and the simultaneous measurement of temperature, pres-
sure head and water content at various positions in the soil sam-
ple. The temperature will be measured with thermistors, the pres-
sure Lead with strain gauge transducer type tensiometers and the
water content with gamma absorption apparatus,

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Mississippi State University

2.0600 EFFECT OF SOIL DISTURBANCE ON THE PRES-
SURE HEAD OF SOIL WATER
R.D. JENSEN, Mississippi St. University, Agricultural Experi-
ment Sta. , State College, Mississippi 39762

Objectives: 1. To determine the effect of mechanical
disturbance of the soil on the pressure head of soil water. 2. To
determine the magnitude and practical importance of changes in
pressure head, due to mechanical disturbance of the soil, in dif-
ferent textured soils as a function of the water content. 3, To
determine if possible, the nature of the phenomena responsible
for altering the pressure head when the soil is mechanically
disturbed.

Work Proposed: Pressure head measurements will be made
on selected soils with a wide range of soil textures at (Efferent
water contents before and after disturbance of the soil. Mechani-
cal-type disturbances, due to such procedures as mixing, stirring,
sciving, packing, etc., which cause a rearrangement of the soil
particles, will be the kind of disturbance which will be in-
vestigated. The soil will be disturbed in such a manner that the
water content of the soil does not change.

SUPPORTED BY U.S. Dept. of Agriculture
Mississippi State Government

2.0681, EROSION CONTROL CRITERIA FOR DRAINAGE
STRUCTURES
J.C. MCWHORTER, Mississippi St. University, School of Agricul-
ture, State College, Mississippi 39762

This study has been undertaken to determine the interrela-
tionship of gradient, soil type, discharge, and vegetative cover a:
adapted to drainage within highway right-of-ways, to establish
more scientific criteria for dealing with roadside drainage struc-
tures.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Mississippi State Government

2.0682, FOREST SITE AMELIORATION IN THE
COASTAL FLATWOODS OF MISSISSIPPI - ECONOMIC
AND BIOLOGICAL CONSILERATIONS
W.F. MILLER, Mississippi St. University, Graduate School, State
College, Mississippi 39762

Based on results obtained from exploratory work supported
by the Water Resources Institute, a study of the influence of water
table regulation on growth rate and wood properties of slash pine
will be initiated. Water table levels will be controlled by a system
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of ditches and gates so that soil moisture levels will be maintained
between tensions of 1/10 and 4 bars. Wood properties to be ex-
amined at the termination of the study are fiber length, specific
gravity, and alpha cellulose content; periodic height and diameter
growth measurements will also be obtained.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Mississippi State University

2.0683, INTERRELATION OF MOISTURE REGIME &
NUTRIENT LEVELS OF SELECTED MISSISSIPPI SOILS &
THEIR RELATION TO THE SITE INDEX OF LOBLOLLY
PINE
W.F. MILLER, Mississippi St. University, Agricultural Experi-
ment Sta. , State College, Mississippi ;19762

The objective of the study are U. establish a valid expression
of moisture regime for the various site situations encountered in
forest-tree productivity studies, to evaluate the interrelation of
moisture regime and nutrient levels and to establish a relalonship
between moisture regime, nutrient level and site index of loblolly
pine.

The study is designed to evaluate thz factors of site that are
most prominent in the determination of moisture regime. Loblolly
pine is used as the indicator species and the soil variables are
limited by sampling only on members of the Ruston and Norfolk
catenas throughout their range of occurrence in Mississippi. Both
bulk soil samples and undisturbed samples are collected from
horizons in the profile of each plot. Major emphasis is placed on
the differentiation of physical soil properties by means of com-
parisons of desorption curves constructed for each plot from the
undistrubed soil samples, Tension measurements are made at 60
cm. 1/10, 1/3, 2/3, 1/4, and 15 atmospheres. Also to be evaluated
are climatic and topographic variables. Foliar nutrient studies will
be made as soon as a supplementary study clearly indicates the
proper time of year for sampling.

SUPPORTED BY Mississipi State Government

2.0684, FACTORS INFLUENCING PLANT TRANSPIRA-
TION IN THE SOUTH
D.L. MYHRE, Mississippi St. University, Agricultural Experiment
Sta. , State College, Mississippi 39762

Object: To determine (I) the effects of quantity and quality
of radiant energy, humidity, ambient temperature, and CO2 con-
centration on transpiration, stomata! behavior growth and ap-
parent photosynthesis, (2) possible pathways of starch and sugar
synthesis in guard cells and the effect on transpiration, (3) the soil
moisture extraction pattern and use rate of crops in the field,

Plan of Work: Research will be conducted in the growth
room where close controls of ambient temperature, humidity,
CO2, soil moisture tension and light intensity are possible. Radi-
ant energy equivalent to full sunlight can be attained. The relation
of these factors to plant transpiration will be studied. Physiologi-
cal studies of starch and sugar accumulation in guard cells will be
stressed. Parallel studies will be made of the moisture extraction
patterns and use rates of a number of crops under varying soil
management systems.

SUPPORTED BY U.S. Dept, of Agriculture

2.0685, CHANGES IN NATURAL CHANNELS RESULT-
ING FROM CONTROL DEVICES IN THE UPPER REACHES
OF THE BASINS
A. SHIN DALA, Mississippi St. University, School of Engineering,
State College, Mississippi 39762

The intensity of man's activities in altering the character of
smaii drainage basins may have serious and unforeseen effects
upon the main stream. Such activities as the construction of re-
tention reservoirs and channel changes must certainly affect the
flow and the channel of the main stream. In striving for benefits in
the upstream regions, the possibility of undesirable effects on the
main stream may have been overlooked.

This study is designed to provide information on the effects
of rather intense activities aimed at control of flow and sediment
in some of the streams which flow from the escarpment into the

Delta region of Mississippi, However, the results of the study will
be of general value,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Mississippi State University

2,0686, COMMITTEE ON CHANNEL STABILIZATION
J.H. DOU MA, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objectives of the Committee, with respect to channel sta-

bilization of alluvial rivers, are: (a) to review and evaluate per-
tinent information and disseminate the results thereof; (b) to
determine the need for, recommend, and have advisory technical
review responsibility for research; (c ) to determine basic princi-
ples and design criteria; (d) to provide, at the request of field of-
fices, advice on design and operational problems. Three meetings
of the Committee on Channel Stabilization will be hold during the
year. At each meeting, one or more channel stabilization
problems of major concern to the Corps of Engineers will be con-
sidered by the Committee. In addition, the ,ommittee will exer-
cise technical supervision over ES 841, Water Temperature Ef
fects on Bed Forms; and will develop and recommend additional
research needed in connection with alluvial river channel sta-
bilization. The Committee will render such consultation and ad-
vice as may be requested on specific problems referred to it by of-
fices of the Corps of Engineers. Data and information obtained or
developed by the Committee which arc considered pertinent to
problems in alluvial river channel stabilization will be distributed
to all interested agencies through Committee reports and techni-
cal papers.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0687, SALINITY INTRUSION AND RELATED
PHENOMENA
H.B. SIMMONS, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to determine, for conditions of

open channels subject to salt-water intrusion and tidal oscillations
from the sea, the factors which control the extent of salinity intru-
sion, the degree of vertical mixing of salt and fresh water, the
magnitudes and durations of current velocities at all depths, and
the movement and deposition of sediments as influenced by den-
sity effects.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0688, TIDAL FLOWS IN RIVERS AND HARBORS
J.B. TIFFANY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
SCHULTZ
The committee known as the Committee on Tidal Hydraulic

has been established consisting of civilian employees in various
Corps of Engineers Division Offices, District offices, and labora-
tories who are familiar with tidal theories and tidal problems. The
objectives of the Co-lmittee arc to recommend programs of stu-
dy, investigation, and research designed to provide the knowledge
necessary to arrive at adequate solutions for the engineering
problems associated with tidal phenomena, and to render such
consultations and advice on specific problems in tidal waterways
as may be requested by various offices of the Corps of Engineers.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0689; GENERAL COASTAL INLET STUDIES
J.B. TIFFANY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this research project is to develop means for

computing discharge and velocity distribution through tidal inlets
leading to determination of tidal prisms and water surface eleva-
tions in inner bay systems; and to determine the factors involved
in both inner and outer bar formation, the shoaling of inlet chan-
nels, and the stability of inlet shape and location. The following
four facilities are being used to conduct necessary investigations:
I . Facility A. This is a facility in which inlets of various shapes can

1-122



be modeled to a relatively large scale, and tests conducted therein
under varying tidal conditions to establish discharge coefficients,
flow patterns, and other factors required to compute discharges
over the range of head differentials, 2. Facility B. This facility
consists of an 'ocean' in which tides of various amplitudes and
periods could be generated, a lagoon which could be varied in
areas and shapes, and a connecting section between the two in
which inlets of various shape could be modeled to a small scale by
standard fixed-bed model techniques. 3. Facility C. This facility
consists of a movable-bed model ocean, equipped with appur-
tenances for reproducing tides, waves, littoral currents, and other
significant forces; a fixed-bed lagoon which could be varied in
area and shape; and provisions for connecting the two by means
of a movable-bed inlet section in which inlets of various shape
could be modeled by movable-bed model techniques. 4. Facility
D. An existing 350-ft by I 75-ft basin now in existence at the
Coastal Engineering Research Center will be used to develop in-
formation on the distribution and quantity of along-shore littoral
drift, as a function of wave height, wave length, and other signifi-

cant factors.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0690, SHOALING PROCESSES
J.B. TIFFANY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
SCHULTZ
The scope and objectives of this engineering study are as fol-

lows: (a) To determine the basic laws involved in the movement
and disposition of muddy sediments; (b) to determine the effects
of repetitive scour and deposition on sedimentation; (c) to
develop techniques for radioisotope tracing of sediment move-
ment and deposition; (d) to develop an in-place turbidity meter;
(e) to determine the effects of stabilization of deposits on shoal-
ing; (f) to determine the effects of flocculation on shoaling; (g)
correlation of prototype data to determine the similarity, or lack
thereof, of shoaling processes among estuaries or groups of estua-
ries; (h) classification of sediments which form shoals in estuaries
or other tidal waterways improved for navigation; (i) to deter-
mine the facts which affect hydraulic and shoaling conditions in
navigation slips and tributary channels which are improved for
navigation; (j) t standardize sediment and soil sampling
techniques in tidal waterways and to determine suitable methods
for the packaging and transportation of samples; (k) to develop
reliable methods for the predicting tides and currents in tidal
waterways. Field investigations and laboratory studies are
presently being conducted under the auspices of the Committee
on Tidal Hydraulics to accomplish many of the objectives listed
above. The lack of adequate space on this form prohibits discus-
sion of each individual investigation under this project.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0691, ENERGY AND WATER BALANCE
G.S. COX, Univ. of Missouri, Agricultural Experin...int Sta. ,

Columbia, Missouri 65202
Objectives - A. To determine energy and water fluxes

through soil plant interfaces of certain forest and range sites. B.
To utilize the heat balance of the plant community to determine
rates of evapo- transpiration from growing canopies of forest and
adjacent grass openings, and to compare this with the evapo-
transpiration determined by the water balance method.

Description of Work - Plots will be established in a well-
stocked hardwood forest stand and an adjacent grass opening.
Radiation will be measured by net radiometers. Energy transfer to
and from the soil will be determined by thermopiles. Total air
movement will be measured. Soil moisture measurements will be
taken with a neutron meter.

The evapotranspiration from each area will be determined
from the meteorological data and by the water balance method.

SUPPORTED BY U.S. Dept. of Agriculture

2.0692, RATE OF EVAPOTRANSPIRATION
W,L, DECKER, Univ. of Missouri, School of Agriculture, Colum-
bia, Missouri 65202

2. WATER CYCLE

Investigations into the manner in which meteorological ele-
ments control agricultural drought by the movement of water
from the earth to the atmosphere under various conditions,
Specifically, the objective is to conduct studies on the energy
budget of crops under Missouri's environmental conditions, This
includes the measurement of factors such as net radiation, air
temperature, atmospheric humidity, air movement and precipita-
tion, th correlation of these observations with the response of
crops insofar as yield and water use are concerned; and the study
of the effect of environment on the radiation balance between the
atmosphere and cropped surfaces.

SUPPORTED BY U.S. Dept. of Commerce - E.S,S,A.

2.0693, INFLUENCE OF ENERGY BUDGET ON
AGRICULTURAL PRODUCTION
W.L. DECKER, Univ. of Missouri, Agricultural Experiment Sta. ,

Columbia, Missouri 65202
Objective: To measure the water used by agricultural crops

and to relate the energy budget of the surface to water use by
plants.

Procedure: Measurements of the evapotranspiration for
agricultural crops in Missouri will be made. These measurements
will be related to concurrent environmental factors including
radiational exchanges, evaporative demands of the air mass and
soil heat flux. Attempts will be made to modify the environmental
conditions for the reduction of evapotranspiration.

SUPPORTED BY U.S, Dept. of Agriculture
Missouri State Government

2.0694, RAINFALL OVER MISSOURI
W.L. DECKER, Univ. of Missouri, Agricultural Experiment Sta.

Missouri 65202
Objectives: A. To obtain precipitation observations from

established stations and reduce the data. B. To correlate the rain-
fall occurrences with natural geographic features. C. To supply
required data for the analysis of the cloud seeding experiment of
Project Whitetop.

Rainfall data will be taken from recording rain gages in areas
over Missouri, The intensity and amount of precipitation will be
correlated with geographic features of the area.

SUPPORTED BY U.S. Dept, of Agriculture
Missouri State Government

2.0695, THE USE OF WATER IN THE PRODUCTION OF
HORTICULTURE CROPS
A.D. HIBBARD, Univ. of Missouri, Agricultural Experiment Sta. ,

Columbia, Missouri 65202
Objectives: 1. Utilization of the reserve moisture supply. 2.

Cumulative effect of recurring moisture deficiency. 3. Effect of
moisture stress on product quality. 4. Soil management and
moisture supply.

The available moisture conditions throughout the rooting
zone of selected horticulture crops will be continuously moni-
tored with suitably placed moisture sensing units, Controlled con-
ditions will be obtained through irrigation to maintain the desired
level of available moisture. Stress conditions will be imposed by
the protection of the soil area above the root zone from precipita-
tion. Rate, zone and extent of soil moisture depletion will be mea-
sured and the apparent consumptive use rate established, The
competition for moisture between plants of the same crop and as-
sociated plants will be determined. The effects of moisture stress
with reference to time of season and duration on plant response
and product quality factors will be measured.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

2.0696, NON-EQUILIBRIUN TRANSPORT OF
SUSPENDED SEDIMENT
C. W. LENAU, Univ. of Missouri, School of Engineering, Colum-
bia, Missouri 65202

It is proposed to investigate the non-equilibrium transport of
suspended sediment in natural channels. The major intent is to
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determine the distribution of suspended sediment downstream
from a section where the water is initially free of sediment.

The approach will be to view the movement of the suspended
sediment as a concentration-diffusion process and to solve the
conservation of mass equation with the appropriate boundary
condi,tions. No experimental verification is proposed.

The solution will be useful to determine the channel le4th
required to establish equilibrium in the bed load tor laboratory
experiments which use movable-bed flumes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

2.0697, STAND TREATMENT
J.M. NICHOLS, Univ. of Missouri, Agricultural Experiment Sta. ,
Columbia, Missouri 65202

Determine the effect of cutting methods (as they influence
stand stocking and structure) and semi-controlled periodic flood-
ing on the seed production and regeneration of bottomland hard-
wood species.

DESCRIPTION OF WORK - The study will consist of 36
one-half-acre plots. Of these, 18 will be on flooded areas and 18
on areas not flooded. Three degrees of stocking (low, medium,
heavy) will be tested, plus two types of stand structure (small and
large trees). Periodic fall collections will be made from 900 seed
traps. Data analysis will include effects of the variables of water
table manipulation on mast production.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

2.0698, THE RELATIONSHIP BETWEEN ADSORPTION
AND PERMEABILITY
R.A. PRIMROSE, Univ. of Missouri, School of Engineering,
Columbia, Missouri 65202

This investigation proposes to study the inter-relationship
between permeability and adsorption by making plugs formed by
compressing powdered barrier material such as silica,
polystyrene, cellulose acetate, and silicone rubber, and measuring
the amount of permeation and the amount of adsorption of these
plugs toward various gaseous materials. The initial mixture is
planned to be carbon dioxide and propene because of their equal
molecr tar weight, thus any observed differences in behavior will
be caused by some difference in attraction. Other barrier materi-
als and other gaseous systems will undoubtedly be investigated in
an effort to define the inter-relationship between adsorption and
permeability.

SUPPORTED BY U.S. National Science Foundation

2.0699, THICKNESS OF SOIL SOLUM AS A PARAME-
TER OF PLANT-AVAILABLE WATER STORAGE CAPACI-
TY IN SOILS UNDERLAIN BY CARBONATE ROCKS
C.L. SCRIYNER, Univ. of Missouri, School of Agriculture,
Columbia, Missouri 65202

This investigation will develop techniques for use of the
seismograph in limestone-derived soil areas. The soils have varia-
ble contents of chert and the soil depth to carbonate rock is varia-
ble over short horizontal distances. The seismic determination of
depth to carbonate rock may be complex because of the stated
variations. However, the measurement is needed for determina-
tion of the volume of soil that can perform the functions of inter-
cepting rainfall, retaining that water and then subsequently
releasing it to growing plant canopies. The volume of soil will be
used to calculate volumes of plant-available water storage.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

2.0700, SEASONAL SHALLOW STORAGE AND DEEP
SEEPAGE COMPONENTS FOR THE HYDROLOGIC
BUDGET OF A SMALL FORESTED OZARK WATERSHED
C.D. SETTERGREN, Univ. of Missouri, Graduate School, Colum-
bia, Missouri 65202

The proposed research is directed at ascertaining the mag-
nitude and direction of water movement and fluctuations in
storage in the soil and unconsolidated geologic residuum above
bedrock in response to seasonal differences in precipitation
supply and evapotranspiration demand on a smail forested
watershed in the Ozarks.

The following investigations will be carried out on a gaged,
fully-instrumented watershed: 1. An initial geophysical inventory
will be ,nade with portable seismological equipment to determine
the total residuum storage characteristics. 2. A network of
neutron soil moisure and density sampling tubes will be installed
to inventory periodic iluctutations in water movement in the soil
and residuum. 3. Seasonal changes in moisture at varying depths
will be correlated with precipitation, runoff, and estimated
evapotranspiration.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

2.0701, MISSOURI SPRfNGFLOW CHARACTERISTICS
A. HOMYK, U.S Dept. of Interior, Geological Survey, Rolla, Mis-
souri

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geol. Survey in cooperation
with the State of Missouri.

Purpose - To determine hydrologic characteristics of prin-
cipal springs in Missouri, their water-supply potential and rela-
tions to streamflow and aquifer systems.

Methods - Continuous records will be collected at selected
springs that are representative of various geologic and hydrologic
environments. Periodic measurements will be made of additional
springs and correlations will be made with continuous record net-
work for determination of long-term spring behavior. Relation-
ships between spring discharge and aquifers will be studied, as will
relationships between spring discharge and streamflow. Changes
in chemical quality of spring water and geology of spring areas
will be studied and correlation of spring discharge with topog-
raphy and sink hole and cave development will be made.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Missouri State Government

2.0702, HYDROLOGIC AND PHOTOGEOLOGIC DETER-
MINATION OF RAINFALL, RUNOFF, AND GROUND-
WATER RELATIONSHIPS IN A DOLOMITE AREA
V.A. GEVECKER, Univ. of Missouri, Water Resources Research
Cti , Rolla; Missouri 65401

The objective of this interdisciplinary investigation is to
develop procedures for quantitative evaluation of relationships
between rainfall, runoff, and groundwater in a dolomite area. The
study is to be conducted on an 18 square mile area which has a
12-gage raingage network and adequate stream gaging facilities.

Two or more years of records are available. Collection of data will
be continued during the period of investigation.

The planned objectives are: (a) to analyze existing daily rain-
fall records to determine intensity, duration, and distribution of
individual storms and total amounts of precipitation; (b) to deter-
mine effects of local physiography on distribution of rainfall and
compare magnitude and frequency of storms to those reported by
U.S. Weather Bureau network; (c) to determine the amount and
predictability of evaporation from the project area; (d) to analyze
existing streamflow records and compare these with various esti-
mation methods; (e) to apply aerial photo interpretation methods
to identify characteristics which affect runoff and groundwater;
(f) to measure infiltration capacities of area dominant soils; and
(g) to evaluate the magnitude of evaporation and other losses
from the area.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

2.0703, SPATIAL BEHAVIOR OF ROUGHNESS IN
LABORATORY WATERSHED, PHASE II
T.E. HARBAUGH, Univ. of Missour;, Water Resources Research
Ctr. , Rolla, Missouri 654011
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A study is proposed to investigate the variations in flow re-
sistance, i.e., roughness, resulting from differing raindrop size and
raindrop impact velocities, of the flow surface of a laboratory test
surface.

It is the purpose of this project to (a) vary raindrop impact
velocities from 0 to 20 feet per second, and (b) use three different
size simulated raindrops in various simulated rainfall intensity ex-
periments conducted on a 2' by 10' adjustable slope testing sur-
face. It is anticipated that results from this investigation will
present a basic understanding fer the role which roughness plays in
watershed and overland flow modeling attempts,

Application of modeling techniques to watershed studies, is
an essential supporting study to applied problems in Water
Resources. Use of a physical laboratory watershed model would
be a mere versatile approach if the response of the model could
be changed in a predictable manner. It is anticipated that this stu-
dy, Phase II, will aid materially in an improved understanding of
the behavior of flow resistance in watershed models subjected to
simulated rainfall.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

2.0704, DRILLED WELL INVESTIGATION OF
DOLOMITE AQUIFER CHARACTERISTICS
J.C. MAXWELL, Univ. of Missouri, Water Resources Research
Ctr. , Rolla, Missouri 65401

Acquifers of chcrty dolomite and limestone, of Paleozoic
age, are the principal source of groundwater throughout at least
30 percent of the arca of the central and mid-western United
States. Although approximate depth to water and present yield
are known for many individual wells, there is no quantitative in-
formation ;Available for estimating transmissibility, storage capaci-
ty, or potential reservoir capability of the dolomite rocks.

This investigation consists of drilling three sets each of three
to five test and observation wells. The wells will be drilled to the
first waterbearing zone. Then measurements will be made of
piezometric levels, aquifer transmissibility, storage capacity,
undisturbed gradient, and flow rates. Upon completion of each
set of tests, and within budgetary and time limits, the wells will be
drilled to successively deeper waterbearing zones and retested.
The area of investigation is Crawford, Dent and Phelps Counties,
Missouri, or roughly a southeast quadrant from the City of Rolla.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri
Missouri State Government

2.0705, HYDROLOGY OF HUNGRY HORSE RESERVOIR,
MONTANA
M.I. RORABAUGH, U.S. Dept. of Interior, Water Resources
Division, Saint Louis, Missouri

Hungry Horse Reservoir, one of the major Federal multipur-
pose components of the water development program for the
Columbia River, is used primarily for at site and downstream
power generation and flood control. Since its completion in 1951,
operation has revealed the need for determining more accurately
the volume of water, including bank storage, available for power
production and for developing an operational forecasting
procedure for the lowflow season.

Objectives are to define hydrologic parameters related to
reservoir management and power production; to more accurately
determine volume of water available at Hungry Horse Reservoir;
and to improve forecasting procerInres.

It is proposed to collect additional data on surface inflow and
outflow, subsurface inflow and evaporation from reservoir sur-
face. This would include the establishment of: a permanent inflow
station on South Fork Flathead River just above reservoir flow
line; reestablishing temporary gages on two tributaries, establish-
ing temporary sages on four additional tributaries; making miscel-
laneous measurements at about 20 additional locations; and addi-
tional measurements on the main outflow gage below the dam.
Evaporation from the reservoir surface would be determined by
an energy budget procedure.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior Geological survey

2.0706, SOLUTE AND WATER TRANSPORT ACROSS
BIOLOGIC MEMBRANES
N.S. BRICKER, Washington University, School of Medicine,
Saint Louis, Missouri 63130

We propose to continue studies relating to the nature of salt
and watei movements across membranes of living cells. Specific
interest will be directed towards the biophysical mechanisms and
the energetics of active transport across polar epithelial cells that
are specialized in transcellular salt (and water) movements. Stu-
dies also will be performed on transport by red blood cells of the
squalus acanthias (dogfish shark). The internal ionic environment
of cells of this marine species is unique to elasmobranchs and spe-
cial problems in maintaining intracellular composition are of con-
siderable interest.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

2.0707, COMPUTER SIMULATION OF THE HYDROLOG-
IC SYSTEM OF A MOUNTAIN WATERSHED
D.E. DUNN, Montana State University, Graduate School,
Bozeman, Montana 59715

The proposed work is an attcrept to simulate the hydrologic
system of a small mountain watershed using digital computer
techniques. Both surface and subsurface portions of the system
will be included in the synthesis. Parameters in the model will be
related to physical characteristics of the system. Initial estimates
of the parameters will be based on field observation, and then the
parameter values will be improved by trial and error matching of
computer and prototype stream-flow rate outputs.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Montana State University

2.0708, INFLUENCE OF SPECIFIC IONS ON GROWTH
PATTERN OF PLANTS
E.° SKOGLEY, Montana State University, Agricultural Exper;-
ment Sta. , Bozeman, Montana 59715

1. To study the influence of nutrient or salt ions on moisture
efficiency.

2. To investigate the relative influence of specific ions on the
growth pattern and water utilization characteristics of plants.

3. To determine the influence of nutrient or salt ions on
physiological and/or anatomical responses related to growth and
transpiration.

Description of Work: Selected crop plants will be grown in
synthetic ion-exchange media prepared to support plant growth.
A specific ion can be varied in amount in this medium without the
concurrent variation of other ions in the system. Growth and
development of the plants will be measured and th water use by
transpiration under various conditions will be monitored. The
relative turgidity of the plant leaf tissue will be used as an index to
the water condition within the plant. Plant composition data will
be gathered as required. Root permeability measurements and
physiological studies may be used to help elucidate the
mechanisms involved.

SUPPORTED BY U.S. Dept. of Agriculture
Montana State Government

2.0709, MOUNTAIN PRECIPITATION AND DISTRIBU-
TION
A. SUPER, Montana State University, Graduate School,
Bozentan, Montana 59715

This research project has as its major objective the acquisi-
tion of a continnum of information about Montana alpine snow-
packs from autumn origin through winter accumulation to spring
wastage. The snowpack is of basic importance in all considera-
tions of water supply. There is also a growing importance in rela-
tion to recreational use and safety.

Instrumentation has been installed in the Bridger Research
Area. Part of this instrumentation is included in an automated
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data collection system from which data are transmitted by
telemetry to the Computer Center on the Montana State Univer-
sity campus. The resistograph, invented by Dr. Charles C. Bradley
of Montana State University, is an important scientific instrument
in this research.

Investigations of the accumulation, metamorphism, and
wastage of mountain snowpacks will be continued and expanded.
Particular attention is being given to the climate near the ground
as determined by such descriptive parameters of terrain as slope
inclination, elevation and slope orientation. The transfers of
radiation and latent and sensible head through the snow-air inter-
face and the factors contributing to snow settlement and snow
creep are also being studied.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
Montana State University

2.0710, DRAINAGE CORRELATION RESEARCH PRO-
JECT
T.T. WILLIAMS, Montana State University, School of Engineer-
ing, Bozeman, Montana 59715

There is a shortage of a reliable information regarding flood
flow frequencies and magnitudes from small (1 to 100 sq miles)
dra .nage areas in Montana. This study is intended to augment the
`Small-Area Peak-Flow Program' being conducted in Montana by
the U. S. Geological Survey, under which peak flow data arc
being collected by crest-stage gages at over 200 watersheds.

The present study is two-phase: A. Precipitation and other
climatological data are being analyzed to determine whether a
correlation exists between these data and the crest-stage peak
flow data being gathered by the USGS. B. An intensive field study
of four watersheds is in progress, with data being collected for a
six-year period, on a continuous basis. Precipitation and other cli-
matological data, together with stream flow data, arc being ob-
tained and will be analyzed by a variety of hydrologic techniques,
including the unit hydrograph method.

SUPPORTED BY Montana State Government

2.0711, INVENTORY & EVALUATION OF THE
GROUND-WATER RESOURCES OF SUMMIT VALLEY &
UPPER SILVER BOW CREEK DRAINAGE AREA
M.K. BOTZ, Montana Coll. of Min. Science, Graduate School,
Butte, Montana 59701

The objective of this research project is to develop informa-
tion regarding water problems of the Butte Metropolitan area.
Residential and industrial growth around the perimeter of the city
is placing additional water use pressures on ind:':idual wells and
group well systems. These uncoordinated developments involve
pollution problems including the effect of industrial waste. The
research on this project is designed to produce a complete inven-
tory of geology, hydrology and water quality of the area.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Montana College of Mineral Science &

Tech.

2.0712, TRANSPIRATION RATES OF CONIFERS
M. BEHAN, Univ. of Montana, Graduate School, Missoula, Mon-
tana 59801

The objective of this research project is to assemble basic
data relating to the interaction of various environmental factors
as they affect the transpiration rates of Northern Rocky Mountain
Conifers. Much of the work during 1965-66 involved the
establishment of a laboratory facility and a test area in the
Lubrecht Experimental Forest of the University of Montana as a
site for field studies.

The work during the 1966-67 fiscal year will (1) construct
sampling cuvcttes and standardize operation of infra-red gas
analyzer for determination of transpiration rates under controlled
conditions and in the field, and (2) determine effect of radiation,
temperature and humidity on the transpiration rates of western
larch, lodgepole pine, ponderosa pine, and Englemann spruce.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Montana

2.0713, GRAVITY INVESTIGATION OF WATER-BEAR-
ING STRATA IN SWAN VALLEY, MONTANA
G.W. CROSBY, Univ. of Montana, Graduate School, Missoula,
Montana 59801

Purposes of the gravity investigation in the Swan Valley,
northwestern Montana, are to determine the thickness and con-
figuration of Tertiary and Quaternary water-bearing strata, and to
infer their approximate water-bearing capacity, i.e., porosity,
from gravitational measurements of bulk density.

Swan Valley is one of many intermontanc valleys in western
Montana created by Tertiary block faulting. Displacement on the
faults, and thickness of valley fill, is generally measured in
thousands of feet. Previous gravity investigations in the Basin and
Range Province indicate density of the valley fill is about 2.2
grams per cubic centimeter. This density value is in contrast to a
value of approximately 2.67 for the Belt rocks exposed in the
Swan and Mission Ranges bounding the valley on the east and
west sides respectively. Variation in gravity as a result of this large
density contrast should readily express pcsition of boundary faults
and permit a model computation of the configuration of the valley
sediments. Gravity base stations, looped with the absolute gravity
base at Missoula airport, have already been established in the val-
ley. Samples of Belt rocks have been collected for laboratory den-
sity measurements. Approximately 400 gravity stations will be oc-
cupied in the Swan Valley and tied to the base stations, mostly
during the 1967 field season. Field data will be processed by com-
puter and mathematical models computed to determine best fit
with observed gravity. Results arc to be published in a profes-
sional journal.

Ground water resources in the Swan Valley will be utilized by
industrial, agricultural and recreational facilities in the valley,
and, as the need arises, water may be diverted to the more indus-
trialized Flathead and Missoula Valleys which have natural
drainages from Swan Valley,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Montana

2.0714, HYDROLOGIC ANALYSIS OF THE NORTH
FORK OF ELK CREEK
R. KONIZESKI, Univ. of Montana, Graduate School, Missoula,
Montana 59801

The first year of work on this research project emphasized
the development of a coordinated outdoor laboratory foi water
resources research on the Lubrecht Experimental Forest of the
University of Montana. Metering and measuring devices were in-
stalled and measurements were started.

The 1966-67 fiscal year will involve the installation of obser-
vation wells driven to bedrock across the mouth of the North
Fork of Elk Creek. A study will be made of ground-water fluctua-
tions and velocities in an attempt to measure ground-water
discharge from the North Fork of Elk Creek Watershed.

A long-run objective is to automate the instrumentation
system on the Lubrecht Experimental Forest on the basis of ex-
perience and research results on the Bridger Research Area at
Montana State University.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Montana

2.0715, WATER DATING TECHNIQUES AS APPLIED TO
THE MISSOULA GROUND-WATER RESERVOIR, MONT.
R.L. KONIZESKI, Univ. of Montana, Graduate School, Missoula,
Montana 59801

The Missoula valley is a structured trough partly filled to a
depth of about 3,500 feet with unconsolidated cenozoic sedi-
ments. In these sediments is stored an estimated 30 million acre
feet of potable water. The potential offtake is limited by recharge
to the deep aquifers in the sediments. In order to estimate the
maximum potential development of the deep aquifers it is neces-

1-126



sary to determine the age relationships of the included water. A
program of radio carbon dating of water samples, in combination
with existing geohydrological data, will supply information rela-
tive to the rate of recharge and movement of ground water within
the deep aquifers.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
University of Montana

2.0716, THE DETERMINATION OF PLANT ROOTING
AND WATER ABSORPTION PATTERNS WITH
RADIOIOD1NE
T.J. NIMLOS, Univ. of Montana, Graduate School, Missoula,
Montana 59801

Rooting patterns and water absorption by understory plants
common to the forests of the Northern Rocky Mountains will be
determined by in,iecting radioactive io dine (I-131) into the soil at
various depths and measuring the presence of the isotope in the
above ground portion of the plant. This study is a continuation of
work already in progress and will be conducted on sites at which
other environmental and biotic data are being collected. The site
to be investigated in the first year is stone-free, which will permit
perfecting the techniques used in 1965. The techniques
developed at this site will be applied to a stony soil during the
second year of the investigation.

These data will be related to soil moisture depletion curves as
determined by gravimetrie analysis. Rooting patterns have been
studied at one site and the patterns obtained on other sites will be
compared to the data from the first site.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Montana

2.0717, THE AQUATIC KANT RESOURCES OF
WESTERN MONTANA
S.J. PREECE, Univ. of Montana, Graduate School, Missoula,
Montana 59801

NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Montana

2.0718, A GEOLOGIC, GEOCHEMICAL AND
MICROBIOLOGIC STUDY OF FLATHEAD LAKE
A. SILVERMAN, Univ. of Montana, Graduate School, Missoula,
Montana 59801

The objective of this research project is to construct a topo-
graphic map of the Flathead Lake bottom and to make a physical
chemical and microbiological analysis of the sediment on the
Lake bottom.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Montana

2.0719, NATURAL WATER SYSTEMS IN WESTERN
MONTANA
R.A. SOLBERG, Univ. of Montana, Biological Research Station,
Missoula, Montana 59801

This research project is centered at the Biological Research
Station of the University of Montana on Flathead Lake and will
study the physical and biological aspects of (1) phyloplankton
and Zooplankton of Flathead Lake, (2) plankton of the Swan and
Flathead Rivers above the Lake and of Flathead River below the
lake, (3) Aguatic entomological aspects of the Flathead Basin
area, especially of the order of Pleciptera, and (4) phycology of
the Lake, especially diatomes and dcsmids.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Itt,3s. Rch
University of Montana

2.0720, LIMNOLOGY OF NEBRASKA
D.B. MCCARRAHER, Hastings College, Undergraduate School,
Hastings, Nebraska 68901

2. WATER CYCLE

Specific Objectives: I. Development of a physio-chemical
index for surface waters of Nebraska. 2, A genera! assessment of
biological productic in 14 natural lakes and impoundments, 3.
The limnology of the alkaline lakes of Nebraska, 4. Windmill tank
ecology. 5, Limnology of the Northern Great Plains, 6. Publica-
tion of: Occasional Papers on Nebraska Limnology, 7, Phyliorod
shrimp ecology. 8, Preparation of an analogous set of water
criteria to provide an insight into applicable physical, chemical,
and biological conditions necessary for the protection and
development of Nebraska's aquatic resources.

SUPPORTED BY Nebraska State Government
Hastings College

2.0721, ENERGY SOURCES FOR EVAPOTRANSPIRA-
TION IN THE PLAINS REGION
N.J. ROSENBERG, State Water Rcsour. Res. Inst. , Lincoln,
Nebraska

Two weighing lysimeters of the type described by Van Bavel
and Myers ( Agr. Eng. 43:580-583, 586-588, 1962) will be con-
structed and filled with soil to a normal bulk density. The lysime-
ters will be placed within a field uniformly leveled for frequent
and precise application of irrigation water. The field will be large
enough to insure adequate fetch for representative aerodynamic
conditions in the area of the lysimeters.

Meteorological parameters as wind movement, total hemi-
spherical and net radiation, soil thermal flux, air and soil tempera-
tures and atmospheric humidity will be monitored during periods
of evaporative and transpiration loss of water from the lysimeters.
The relative contribution of radiative and advected energy to the
evapotranspirational demand created will be studied. Relation-
ships to predict evaporation and transpiration from well watered
soil based upon meteorological conditions will be developed.

Means of modifying cvapotranspirational flux will be tested.
These will include wind shelter, anti-transpirant and evaporation
suppressant chemicals and plastic and vegetative mulches.

The work will be performed at the University of Nebraska
Field Laboratory at Mead, Nebraska.

The project was first funded in Fiscal 1965. Equipment will
be operational by the end of Fiscal 1966. It is anticipated that the
first studies described above will be completed by the end of
Fiscal 1969 but that the facilities established will continue in use
beyond that time.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nebraska

2.0722, INTERNAL WATER STATUS OF PLANTS
E.J. KINOACHER, Univ. of Nebraska, School of Agriculture,
Lincoln, Nebraska 68508

Instrumentation available to monitor the status of internal
plant water leaves much to be desired. Improved instrumentation
is of interest in order that the influence of various degrees of
moisture stress on rate levels of key physiologic proevces might
be studied more adequately. Currently a project is underway to
adapt microwave refractometry to the measurement of internal
pltatt water status. Water vapor pressure in air equilibrated with
internal plant water is of interest. Dielectric constant measure-
ments of air in equilibration chambers are being attempted. As in-
strument construction is completed this project will involve a
comparison of the new method with other methods for charac-
terizing internal plant water status such as the Beta guaging, rela-
tive turgidity procedures, electrical conductivity, and some of the
old and new diffusion pressure deficit procedures.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nebraska
U.S. Dept. of Agriculture

2.0723, DETACHABILITY OF SOIL PARTICLES
A.P. MAZURAK, Univ. of Nebraska, Agricultural Experiment
Sta. , Lincoln, Nebraska 68508

Objectives: I. To determine the effect of raindrops on the
detachability of soil particles in the principal soil groups in
Nebraska. 2. To determine the physical and chemical properties
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of soil associated with detachability of soil particles. 3, To evalu-
ate the effects of soil and land use management practices on
detachability of soil particles,

Principal bench-mark soils in Nebraska will be studied. The
range of soils selected for the study will be determined from the
K-values (0.49 to 0.10) in the universal crosiers equation. Soil sur-
faces will be exposed to simulated uniform raindrops in a 3-story
rainshaft. The amount of soil detached in a 30- minute storm will
be measured, Chemical and physical properties of soil associated
with the detachment of soil particles will be measured and related
to the K-valuer in the erosion equation,

Field studies will be related to the laboratory study. Five sam-
pling periods of the field conditions during the year will be taken.
Soil samples will represent disturbed and non-disturbed condi-
tions. Effect o mulches and vegetative canopy on detachability of
soil particles will be determined.

SUPPORTED BY U.S. Dept. of Agriculture
Nebraska State Government

2.0724, AGROCLIMATIC PARAMETERS
NEILD, Univ. of Nebraska, Agricultural Experiment Sta. ,

Lincoln, Nebraska 68508
Objectives: ( I ) To determine climatic adaptability and

length of growing and harvest season for a series of vegetable
crops in Nebraska. (2) To evaluate the effects of climatic events
on yield and quality of vegetables within their respective growing
seasions. (3) To define and apply probability estimates to the cli-
mate of Nebraska in terms of its current and future effects on
agricultural operations.

Procedure: (1) Most favorable dates for planting and harvest
will be determined by comparative climatology for those crops
found to be adaptable to the region. (2) Yield, quality and
phcnologicai measurements of selected vegetables at different lo-
cations will be analyzed in relation to climate and season. (3) Cli-
matological data will be processed electronically with particular
attention to agroclimatic parameters and the growth season.
SUPPORTED BY U.S. Dept. of Agriculture

Nebraska State Government

2.0725, MEASURING EVAPOTRANSPIRATION AND
PHOTOSYNTHESIS OVER SHORT PERIODS OF TIME INTHE FIELD
N.J. ROSENBERG, Univ. of Nebraska, School of Agriculture,
Lincoln, Nebraska 68508

In a large field of alfalfa with essentially an undisturbed wind-
fetch from all directions are located instruments for measuring
radiation, wind, humidity, soil moisture, precipitation (and irriga-
tion), and evapotrt nspiration from a precision lysimeter.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0726, A LEGAL-ECONOMIC ANALYSIS OF ADMINIS-
TRATIVE AND MARKET PROCEDURES USEJ IN THE
TRANSFER OF WATER RIGHTS
C. YEUTTER, Univ. of Nebraska, School of Agriculture, Lincoln,
Nebraska 68508

This study will analyze and evaluate, both from a legal and
from an economic standpoint, the varying means by which water
is now being allocated in the United States. Specific objectives in-
clude: 1) Determining the degree to which efficiency criteria are
being applied by both courts and administrative agencies. 2)
Determining the extent to which market forces are permitted and
encouraged to function and the extent to which equi-marginal
principles are evident in such markets. 3) Determining whether
state statutes are impeding water development because of rigidi-ties and inflexibility.

The investigation will: (a) Appraise the allocation of water in
Nebraska in terms of conformance with an economic model to be
devised. (b) Determine the effectiveness of water law administra-
tion in Nebraska and other selected states with dissimilar legal
systems. (c) Develop methods and techniques for electronic
retrieval of water law, state and federal.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nebraska

2.0727, MAXIMUM PRODUCTION OF CROPS UNbER
IRRIGATION IN WESTERN NEBRASKA
L. HARRIS, Univ. of Nebraska, Agricultural Experiment Sta. ,
Mitchell, Nebraska

Objectives: A study to determine maximum production of
crops under irrigation in Western Nebraska,

Description: The maximum production and best judgement
rotations were established on the level basins in Field K. Bulk soil
samples were taken for chemical and other analyses. Undisturbed
soil cores were taken for moisture release and determinations.
Differential fertilizer and irrigation practices were initiated.
Yields of crops were excellent except in some areas where soil
compaction by coa.truction machinery appears to have ini.peded
root penetration. Installation of the underground irrigationpipeline was completed on July 10,

SUPPORTED BY Nebraska State Government

2.0728, WATER REQUIREMENTS OF MAJOR CROPS IN
SOUTHERN NEVADA
R.K. PETERSEN, Univ. of Nevada, Agricultural Experiment Sta.
, Logandale, Nevada

Objectives: 1. To determine peak and seasonal water use bythe more important crops grown in Southern Nevada. These
requirements will be obtained for crops grown during the cool
season as well as for those grown in the hot season. 2, To compare
above results with various empirical relationships between cli-
mate and water use (Thornthwaite, Penman, Blaney-Criddle,
etc.). 3. To determine leaching requirements for keeping salt outof the root zone.

Description of work proposed: Plots containing some of the
more important crops to Southern Nevada will be established and
maintained under optimum soil moisture conditions, as well as
under irrigation practices common to the area. Different methods
will be used to obtain periodic soil moisture readings to determine
peak and seasonal water use. Soil samples will also be taken
periodically to determine any possible build-up in salts. If need
arises, leaching requirements will be studied under different ir-
rigation practices.

SUPPORTEL) BY U.S, Dept. of Agriculture
Nevada State Government

2.0729, MOVEMENT OF WATER AND AIR TO AND
INTO PLANT ROOTS IN SOILS OF THE GREAT BASIN
W.F. SPENCER, U.S. Dept. of Agriculture, Reno, Nevada

Objective: To measuie the oxygen diffusion rate and other
physical and chemical properties of problem soils of the Great
Basin and relate these factors to crop response. To devise physical
and/or chemical treatments to improve soil physical condition,
soil water movement, and crop yield.

Plan of Work. Continue development and testing of instru-
mentation for measuring oxygen diffusion rate in soils in the
laboratory under a variety of moisture contents, salinity levels,
and other variables, such as soil texture, and volume weight. Mea-
sure oxygen diffusion rate, soil water movement, and related
physical and chemical properties in laboratory soil samples and
field plots. Correlate results with crop response.

Cooperation: Agricultural Experiment Stations, SCS, U. S.
Bureau o Reclamation. State Engineers, State Water Resources
Agencies, and other irrigation, water management, or soil conser-
vation district agencies.

SUPPORTED BY U.S. Dept. of Agriculture

2.0730, CLIMATE AND PHENOLOGICAL PATTERNS
FOR AGRICULTURE IN THE WESTERN REGION
R.O. GIFFORD, Univ. of Nevada, Agricultural Experiment Sta. ,
Reno, Nevada 89507
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Objectives: 1, To record and tabulate Nevada weather data
on coded punch cards in a form available for research. 2. To
describe the climatic patterns of Nevada by statistical analyses of
long-term weather data.

Description of Work Proposed: A network of weather sta-
tions will be selected to represent the various climatic types in
Nevada. In cooperation with the U. S. Weather Bureau, missing
data will be interpolated. All data will be placed on standard
Weather Bureau punch cards, Statistical analyses of the data will
be made following the pattern established by the NC-26 Climate
Project. Probability of precipitation and temperature extremes
will be computed initia.ly,

SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

2.0731, NORTH SIERRA ORGGRAPHIC, CONVECTIVE
CLOUD STUDY - ATMOSPHERIC WATER RESOURCES
PROGRAM
W.A. MORD Y, Univ. of Nevada, Desert Research Institute, Reno,
Nevada 89507

To make a study of the physics and dynamics of orographic
and convective cloud systems of the Humboldt River and Lake
Tahoe drainage basins of Nevada. Also, lee wave lenticular clouds
of supercooled droplets are being studied. Precipitation from
these clouds frequently does not occur naturally due, in part, to
short transit time through the clouds. Using instrumented aircraft
and radar, nuclei and drop specters will be studied with and
without seeding to test the modification of the precipitation
processes.

Theoretical studies of cloud physics to actual weather
modification research, and the development of instrumentation
and data acquisition systems will be made. Special emphasis will
be given to the development of a data acquisition system which
will coordinate radars, instrumented aircraft, balloon probes and
telemetered ground networks to provide real-time display of
meteorological and hydrological data. Applied Research 100 per-
cent.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0732, FACTORS RESTRICTING INFILTRATION RATES
ON DECOMPOSED GRANITIC SOILS
R.J. MORRIS, Univ, of Nevada, Desert Research Institute, Reno,
Nevada 89507

Accelerated runoff from the Sierra Nevada has produced
erosion, flood and pollution problems. This study investigates the
physical and chemical nature of changes in infiltration capacity
that may result from combinations of organic hydrophobic sub-
stances, fire, and soil frost for sandy soils. Analytic procedures in-
clude controlled field and laboratory fires, infiltration tests,

chemical analyses using spectrophotometric techniques, and
physical analyses of soil properties.

SUPPORTED DY U,S. Dept, of Interior - O. Water Res, Rch
University of Nevada

2.0733, EFFICIENT ESTABLISHMENT AND PRODUC-
TION OF FORAGE CROPS ON IRRIGATED LANDS
J. OLDHAM, Univ, of Nevada, Agricultural Experiment Sta. ,

Reno, Nevada 89507
Objectives: 1, to determine the effects of row spacing of

legume grass mixtures and fertility levels on ease of establish-
ment, yield; botanical and chemical compositions of forages; 2, to
compare methods of irrigation during establishment in relation to
soil properties; 3, to evaluate methods of establishing winter an-
nuals in Bermudagrass sod and achieving maximum yearly
production of forage.

Procedure: Grasses and legumes will be seeded in a mixture,
in alternate rows and with two rows of grass and one of legume.
Fertilizer involving variables in P, K and N will be evaluated.
Forage yield and botanical composition of all treatments will be
determined. Consumptive use of water will be calculated from
neutron probe and water application data.

2, WATER CYCLE

A number of forage species seeded in a saline-sodic soil will
be irrigated by flood and sprinkler irrigation during establish-
ment. Records of amounts and dates of water application will be
kept. Number of plants established and forage yields will be deter-
mined. Winter annual legumes and grasses will be seeded at dif-
ferent dates in Bermudagrass sod that has been mowed, mowed
plus scarification, or mowed plus pari.4uat, Fertilizer variable will
be included, yield and composition of the forage will be deter-
mined.

SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

2.0734, DISSOLVED CONSTITUENTS OF NATURAL
WATERS - CONTRIBUTIONS FROM MINERALIZED
AREAS
J.V, SHARP, Univ, of Nevada, Water Resources Research Ctr. ,
Reno, Nevada 89507

Geologic terranes where ore metals and substances occur in
abundance relative to usual occurrence arc possible sources of
unusually high concentrations of trace constituents and certain
gross constituents in natural watcrs. These constituents may he
harmful for human consumption or for agricultural or industrial
use. Ground and surface waters will be sampled from selected
mineralized areas and analyzed for gross and trace constituents,
Spatial and temporal occurrence of dissolved constituents will be
related to sources in mineralized rock, thermal waters, and mine
and mill disposals. Transport of constituents will be interpreted in
light of hydrodynamic and geochemical characteristics of flow
systems, Results will be related to water uses in the areas in-
vestigated, particularly situations where deleterious constituents
may be a limiting factor on water use. Information and generaliza-
tions will be extended to other mineralized localities in the
western United States.

SUPPORTED BY U.S. Dept. of Interior - 0, Water ReS. Rch
University of Nevada

2.0735, STATISTICAL TREATMENT OF
HYDROGEOLOGIC DATA - PART 11, WATER QUALITY
ASPECTS
J,6'. SHARP, Univ. of Nevada, Desert Research Institute, Reno,

Nevada 89507
This research effort is directed toward development of im-

proved methods for statistical treatment of time-and spatial series
of water quality data.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nevada

2.0736, CHEMICAL N#:\ FLOW REGIMES OF GREAT
BASIN SPRINGS
J.V. SHARP, Univ. of Nevada, Desert Research Institute, Reno,

Nevada 89507
Spring flow is an important water resource in the Great

Basin. Little systematic knowledge exists of the chemical and flow
regimes of the springs. This investigation will document chemical
and flow characteristics of selected springs and will attempt to re-
late these characteristics to geologic, hydrologic, geochemical
and meteorological parameters of the environment.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nevada

2.0737, THE WATER RELATIONS OF DESERT PLANTS
N.M. STARK, Univ. of Nevada, Desert Research Institute, Reno,
Nevada 89507

The proposed research plan will complete work on the water
relations of desert plants which is already in progress. The study is
investigating the sources of water available to desert plants in-
cluding soil moisture, and soil and atmospheric humidity. The in-
fluence of water available in the field is followed by comparing
the changes in osmotic pressure, percent moisture, and relative
turgidity of plant parts. Fluorescent dyes and tritiated water are
being used to determine if water from various sources is able' to
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enter the plant tissues. Water up-take is compared to water loss
from transpiration which is correlated with seasonal changes in
soil and air moisture, soil and air temperatures, and phonology.
The study is projected to continue with monthly sampling for
another year to develop a clearer understanding of plant respon-
ses at different times of the year. Three common warm desert spe-
cies are being studied intensively.

SUPPORTED BY U.S. Dept, of nterior - 0. Water Res. Rch
University of Nevada

2.0738, AN ATMOSPHERIC ENERGY BUDGE'! STUDY
C.K. STIDD, Univ. of Nevada, Desert Research Institute, Reno,
Nevada 89507

This research effort consist? of developing daily energy
budget for ground and atmosphere in the Great Basin for a two
year period. Output from the study will be monthly averages of
various forms of heat exchange and analysis of the role of heat
exchange in individual storm situations,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nevada

2.0739, PRECIPITATION AND RUNOFF DISTRIBUTIONS
- ANALYSIS AND COMPARISONS
C.K. ST IDD, Univ. of Nevada, Desert Research Institute, Reno,
Nevada 89507

This project is designed to test a new plotting method for
hydrologic data distributions, develop theoretical explanations
for observed time-distributions of precipitation data and con-
sequent distributions of stream-flow data, and improve methods
for estimating hydrologic statistics from minimum amounts of ob-
served data.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nevada

2.0740, AN ANALYSIS OF THE VEGETATION AND SOIL
CHARACTERISTICS OF RANGE WATERSHEDS IN
NEVADA
P.T. TU ELLER, Univ. of Nevada, School of Agriculture, Reno,
Nevada 89507

Reconnaissance descriptions of the native plant communities
have been completed en 12 range watersheds in Nevada, As part
of an ecological resource inventory detailed vegetation descrip-
tions have been completed on 4 of the 12 areas. Soil profile
desc;iptions have also been completed at the vegetation plot loca-
tions. An additional 4 areas will be studied in the summer and fall
of1965. Vegetation data has been summarized and analyzed for 3
of the areas. Correlations of vegetative and cover characteristics
of native plant communities will be made with important soil
characteristics. These data will thcn be available for correlating
with infiltration and runoff data as it is accumulated. Infiltration
rates will be determined for the principle soil types starting in the
fall of 1965. Work on 12 range watersheds in Nevada is to be
completed by the fall of 1968. Runoff water production and
precipitation data arc being collected as parts of other coopera-
tive studies and by technicians of the Bureau of Land Manage-
ment.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.

2.0741, CLIMATOLOGICAL MEASUREMENTS RE-
LATED TO AGRICULTURE
G.L. BYERS, Univ. of New Hampshire, Agricultural Experiment
Sta Durham, New Hampshire 03824

OBJECTIVES: (1) To keep reliable records of temperature
and precipitation and to forward these regularly to the U. S.
Weather Bureau Office. (2) To keep other environmental records
as deemed necessary for research projects that are being con-
ducted on the campus and to make these records available to all
parties interested in using the data.

DESCRIPTION OF WORK: Readings will be taken daily
between the hours of 5:00 p.m. and 6:00 p.m. of maximum and
minimum temperature for the previous 24 hours; temperature at

the time of observation and total precipitation (in inches of
water) for the previous 24 hours. Particular' weather phenomena
such as fog, mist, thunderstorms, etc., will he recorded. Daily con-
tinuous records of solar radiation - temperature, and atmospheric
pressure will be kept. All records will be made available to in-
terested persons.

SUPPORTED BY New Hampshire State Government

2.0742, BASE FLOW ANALYSIS OF SELECTED
DRAINAGE BASINS.
F.R. HALL, Univ. of New Hampshire, Agricultural Experiment
Sta. , Durham, New Hampshire 03824

Objectives: 1. To investigate Due flow from a few drainage
basins in New Hampshire selected to cover a range in area

and
geographic location. 2. To &rive and test equations that
describe the base flow with roasonablc accuracy and to assess

physical significance of the torms in the equations.
Description: Drought conditions in New Hampshire have

shown the
need for a better knowledge of stream flow during the

summer
months. This flow is commonly called base flow and comes

mainly
from ground water. One way to investigate the problem is to

study
the stream-flow records from selected small drainage basins.

The
records will be analyzed by graphical and other techniques,

and
equations will be derived to describe' the amount :,end dis-

tribution
with time of the base flow from the basins.

SUPPORTED BY U.S. Dept. of Agriculture
New Hampshire State Government

the

2.0743, CHEMICAL CHARACTER OF GROUND AND
SURFACE WATERS IN RELATION TO SOIL WEATHERING
PROCESSES
F.R. HALL, Univ. of New Hampshire, Agricultural Experiment
Sta. , Durham, New Hampshire 03824

Objectives: 1. To determine the chemical character of
ground and surface waters with particular attention given to pH,
iron, and silica. 2. To investigate the relationship of weathering
processes in the soil including mineral cycling by the vegetation
and transport of iron, organic matter and silica to the composition
of the ground and surface waters.

Under objective 1, samples of water will be collected from
the several parts of the system under study including segments of
the soil profile, ground water, and surface water. These samples
will be characterized chemically with particular attention being
given to iron and silica.

Under objective 2, an attempt will be made to identify those
organic compounds in the soil and in water which are most closely
associated with the movement and deposition of iron. After such
compounds have been identified, their mode of action in connec-
tion with the weathering of iron-bearing minerals and the move-
ment of iron and silica to surface and ground waters will be stu-
died in both the field and laboratory.

SUPPORTED BY New Hampshire State Government

2.0744, OCCURRENCE AND CHARACTERISTICS OF
FRACTURES IN CRYSTALLINE ROCKS OF SOUTHEAST-
ERN NEW HAMPSHIRE AND THEIR RELATIONSHIP TO
THE YIELD OF DRIL
G.W. STEWART, Univ. of New Hampshire, Graduate School,
Durham, New Hampshire 03824

The goal of this research is to map the fracture systems in the
crystalline (igneous and metamorphic) rocks of southeastern
New Hampshire and attempt to ascertain how the yield of the
drilled water wells and the fracture systems are related.
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The field work will consist of an examination of the available
outcrops. A record of the fracture systems will be prepared as
well as other related structural features in the outcrops. The field
data will be plotted on base maps and local and regional syntheses
will be made to aid in an evaluation of potential watersupplies.

Southeastern New Hampshire is growing very rapidly and the
domestic use of ground water has increased because the cities and
towns have not been able to expand their water systems to all
areas of development. Any techniques developed by this in-
vestigation might be useful not only to tijhis area but to other parts
of New Hampshire underlain by crystal ine rocks.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of New Hampshire

2.0745, HYDROLOGIC-MINERAL CYCLE INTERACTION
IN SMALL UNDISTURBED AND MAN-MANIPULATED
ECO-SYSTEMS
G. LIKENS, Dartmouth College, Graduate School, Hanover, New

Hampshire 03755
This is a renewal of GB-4169 for continued work in the Hub-

bard Brook Experimental Forest in New Hampshire. The in-
vestigators have been successful in developing an input-output-
budget approach to the hydrologic cycle and to the movement of
several elements through a watershed. The influence of vegeta-
tion cover on both runoff and cycles of elements has been
strikingly demonstrated. The investigators now are expanding the
work to include consideration of more aspects of the system
through the enlistmenC. of the cooperation of seven additional
scientists. Continuing work includes studies of both undisturbed
watersheds and others that have been modified by cutting, herbi-
cides, and pesticides.

SUPPORTED BY U.S. National Science Foundation

2.0746, DETERMINATION OF THE STAGES OF
EUTROPHICATION OF SOME OF NEW HAMPSHIRES
LARGE LAKES PHASE H
P.J. SAWYER, Dartmouth College, Graduate School, Hanover,
New Hampshire 03755

The determination of the stages of eutrophication has been
carried out on only one of New Hampshire's lakes, it is proposed
to extend this knowledge. Five lakes will be investigated, one of
them in two different places. Attempts will be made to gather, in-
formation on the chemical, physical, and biological charac-
teristics of the lake. The chemical characteristics to be deter-
mined will be oxygen, carbon dioxide, alkalinity, phosphates,
nitrates, and possibly some ionic determination by atomic spec-
troscopy. Physical characteristics to be identified will be pH, light
penetration, temperature stratification, and conductivity. Finally,
primary productivity will be measured by the carbon-14
technique, and the zooplankton and phytoplankton components
will be identified. Additional work will be done on the impaci of
copper sulfate on lake communities.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of New Hampshire

2.0747, SNOW AN) ICE COVER INVESTIGATIONS
M.A. BILELLO, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

Regional variations of snow cover properties; the formation,
growth and decay of lake, rivers, and sea ice and the rate of thaw
of seasonal frost in the Arctic and Subarctic are being studied.
Seasonal and areal distribution of these conditions to develop
forecast .r.chemes for prediction of the time of occurrence are
being rinnillied also. Data are acquired through a cooperative pro-
gram between USA TSC and the following agencies: Weather Bu-
reau, U.S. Soil Conservation Service, U.S. Geological Survey,
U.S. Air Force, and Canadian Department of Transport.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Defense - Army

2.0748, FROZEN GROUND INVESTIGATIONS, BARROW,
ALASKA
J. BROWN, U.S. Army, Terrestrial Sciences Center, Ilanyar,
New Hampshire 03755

An integrated program combining soils, surficial geoleg, and
stratigrapny, vegetation and hydrology was initiated in 1962 to
characteristic soil and near-surface processes operating in a
coastal arctic eineironment (71 degree 19'N, 156 degree 35'W).
Related hydrologic research includes: (1) A continuing hydrology
study on a small watershed in which rainfall, runoff, evaporation,
and various chemical and soil parameters are determined (data
period summers 1963- 1966); (2) Depth of seasonal soil thaw
(1962-1966); (3) Ice content of perennially frozen ground in-
cluding massive ice wedge ice. Findings are related to present and
past climates. Chemical gradients in soils and near-surface sedi-
ments are determined in order to approximate formational
processes.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0749, HYDROLOGIC STUDY OF A SMALL ALASKAN
WATERSHED
S.L. DINGMAN, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

A forested watershed of Glenn Creek, 8 miles north of Fair-
banks, Alaska, is being studied. The vegetation and topography
are typical of the Yukon-Tanana Uplands. Runoff through a V-
notch weir, precipitation, air and water temperatures, humidity
and incoming solar radiation will be recorded from break-up to
freeze-up. Periodic water samples for dissolved and suspended
solids are taken. A snow survey course provides snowpack infor-
mation.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0750, CONTROL AND PREVENTION OF CULVERT
AND ROAD ICINGS
R.W. HUCK, U.S. Army, Terrestrial Sciences Center, Hanover,
New Hampshire 03755

The purpose of this cooperative study, begun in FY 1967, is
to develop new and improved existing methods for the prevention
and control of culvert and road icings, with the initial effort
focused on the problem of culvert icings. The scope of this study
includes: (1) a literature survey; (2) field reconnaissance of icing
problem are* (3) investigation of several typical icing problem
areas, considering topography, surficial geology, hydrology, and
meteorology; and (4) field testing new techniques for icing con-
trol and prevention.

A literature survey has been completed, resulting in an an-
notated bibliography. Icing problems have been studied along 800
miles of Alaska's highways. Analysis of meteorological and cul-
,vert temperature data from three instrumented icing sites near
\Fairbanks has been perfcrined, covering the 1966-67 and 1967-
68 winters. Hydrologic data acquisition has added to the field pro-
gram at these sites for the 1967- 68 winter. At one site, contrenled
testing of electrical heating techniques was performed during the
1967-68 winter.

Three full-scale field tests will be conducted during the 1968-
69 winter. These include channel covers to reduce radiative and
connective heat losses, electric heating cables to keep the channel
open and a channel improvement to carry potential icing down
stream of a bridge.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0751, FROST SUSCEPTIBILITY CRITERIA
C. W. KAPLAR, U.S. Army, Terrestrial Sciences Center, Hanover,
New Hampshire 03755

The purpose of this investigation is (1) to further study and
evaluate those factors that cause a soil to be frost susceptible and
(2) to develop rapid and more precise frost susceptibility criteria
and indicators. The study will be performed pnncipally in the
laboratory.
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2. WATER CYCLE

Review and analysis of available literature will be made to
take advantage of any new research or demonstrable theories on
frost action phenomenon in soils. Previously collected in-house
data will be reviewed in the light of newer knowledge and infor-
mation.

Laboratory effort initially will be concentrated on developing
a simpler and more rapid freezing test. The simpler, more rapid
freezing technique, if developed and proved effective, will be
used as a principal tool in the ensuing studies in this project. Ef-
forts will then proceed to formulation and investigation of
hypotheses as indicated under paragraph 2, 'Procedure,' of the
basic Instructions and Outline

SUPPORTED BY U.S. Dept. of Defense - Army

2.0752, GROUND WATER PREDICTION STUDIES
C. W. KAPLAR, U.S. Army, Terrestrial Sciences Center, Hanover,
New Hampshire 03755

The purpose of this project will be to study methods of pre-
dicting or estimating ground-water conditions in the upper soil
strata and availability of moisture for ice segregation during freez-
ing.

Field observations of climatic, meteorological and ground
moisture conditions will be made at 2 or 3 sites in the. northern
United States over a period of a few years to study methods of
predicting soil moisture conditions and probable ice segregation
and heaving. Methods of evaluating climatic and other factors for
estimating probable field moisture conditions will be studied.
Field moisture conditions just prior to and during freezing will be
correlated with heave characteristics of various soils. Simplified
method(s) will be developed for predicting or estimating soil
moisture and possible ice segregation in soils, for use as a design
tool.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0753, MOUNTAIN RESEARCH
C.C. LANGWAY, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

TECHNICAL OBJECTIVE - To study the environment of a
high mountain with particular reference the distribution and pro-
perties of snow. Emphasis is placed on snow as frozen precipita-
tion which accounts for large changes in storage in these
glacierized drainage basins.

APPROACH - Measure the distribution of precipitation with
elevation on a large, high mountain by sampling through the
previous year's snow accumulation. Measure as many of the re-
lated climatological parameters as possible.

PROGRESS - A traverse from 3300 to 5500 meters was
made on Mt. Logan, Yukon Territory, Canada. Mean annual ac-
cumulation was measured at 300 meter vertical intervals. Mean
annual temperatures were estimated from the 10 meter deep
snow temperatures. Two automatic recording weather stations
were set up to measure winter temperatures and air pressures in
order to correlate with upper air soundings from Yakutat, Alaska
and Whitehorse, Canada.

SUPPORTED BY Dept. of Defense - Army

2.0754, DEEP ICE CORE STUDIES AND ANALYSES
FROM GREENLAND AND ANTARCTICA
C.C. LANGWAY, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

For the FY 68 period, plans are to study the ionic stable and
radioactive isotope concentrations and their variations, and also
the variations in composition of the atmospheric precipitation
and gases centained in the occluded ;Air bubbles. A study will be
made of microscopic dust looking for historically datable
horizons such as the 1883 Krakatoa and the 1912 Mt. Katmai
eruptions and will provide data on such things as the transporting
power of stratospheric and tropospheric winds. Additional studies
will be conducted on the extraterrestrial constituents of glaciers.
This project was started in 1957. It haS branched into more
get:chemical analyses as indicated.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0755, TEST OF EFFECTIVE SOILS PROPERTIES IN
THE ANNUAL FROST ZONE
E.F. LOBACZ, U.S. Army, Terrestrial Sciences Center, Hanover,
New Hampshire 03755

The purpose of this investigation is to develop a basic mathe-
matical theory relative to the thaw-consolidation problems in soils
and to determine effective values of, and relationships between,
permeability, thermal conductivity, percentage of freezeable soil
moisture, etc., undisturbed soil subject to freeze-thaw cycles.

These studies will include a review and analysis of available
literature and data, laboratory cold room studies, hydraulic and of
electronic computer investigations, and field studies as necessary
to verify theoretical concepts.

This project was to be initiated in FY 69 with a scheduled
completion data of 30 June 1972. However, unavailability of
funds has resulted in postponement of the project start to a future
date.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0756, UTILITIES IN PERMAFROST AREAS
S,C. REED, U.S. Army, Terrestrial Sciences Center, Hanover,
New Hampshire 03755

Itis the purpose of this study to develop design and construc-
tion criteria for utility systems in cold regions to satisfy require-
ments for water conservation and pollt4tion control. The study in-
cludes water supply, waste water treatment and fluid transmission
systems. Work in progress includes: ( 1 ) Intensive performance
study of utility pipe system and prototype extended aeration
waste water treatment plant installed at the USA CRREL Alaska
Field Station in Fairbanks, Alaska. This work is a cooperative ef-
fort with the State of Alaska Department of Health and Welfare.
(2) A study to develop design and operational criteria for water
supply and waste water disposal facilities for permanent and semi-
permanent stations on the ice caps of Greenland and Antarctica.
Future work will include: Observation of community utility
systems in permafrost areas, and an extension of present pro-
grams with increasing emphasis on water supply problems.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0757, COLD REGIONS PHYSICAL SCIENCE
Y.C. YEN, U.S. Army, Terrestrial Sciences Center, Hanover, New
Hampshire 03755

TECHNICAL OBJECTIVE: To obtain information on parti-
cle physics, wave propagation and lower atmospheric conditions.

APPROACH: Research is being conducted at the desk, in the
controlled conditions of the laboratory and in the field.

PROGRESS: Electron inicroscopy work on snow, ice crystals
and ice fog crystals as well as fog dispersal studies, effects of ther-
mal instability on ice melting, propagation of radiation in visible
and IR ranges in Arctic fogs. Reports include: Improving Visibili-
ty Near Airports During Periods of Fog, USA CRREL Tech. Re-
port 0181 - Fog Dispersal Experiments Using Propane at Walla
Walla, Wash., USA CRREL Tech. Report 0198 - Fog Modifica-
tion Studies on the Greenland Ice Cap, Proceedings of the First
National Conference on Weather Modification, pp. 414-422,
1968 - Hexagonal and Cubic Ice at Low Temperature, J.
Glaciology, Vol. 7, No. 49, pp. 95-108, 1968 - Microsphcrules in
Snow and Ice-Fog Crystals, J. Geophysical Research, Vol. 71, pp.
3397-3404, 1966 - Electron Microscope Study of Ice-Fog and lice
Crystal Nuclei in Alaska, J. Meteor. Soc. Japan, Ser. II, Vol. 44,
pp. 185-194, 1966.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0758, SOIL-PLANT-WATER RELATIONSHIPS
R.B. ALDERFER, Rutgers The State University, Agricultural Ex-
periment Sta. , New Brunswick, New Jersey 08903

I) To study the energy status and dynamics of water in soils
and plants. 2) To determine the influence of plant and environ-
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mental variables upon water extraction from the soil profile. 3)
To relate physiological conditions in plants to water stress.

The New Jersey Station will measure the water use rates of
plants and the possible contribution of lateral and upward move-
ment of water to the supply of available water in the root zone of
the soil. Plastic barriers will be placed on the soil surface to con-
trol evaporation losses and additions of water from rainfall.
Plastic barriers will also be installed around and/or below 6x3
I /2x 10 foot blocks of soil to control water movement into or out
of the block, and confine root development of the crop plants
grown in this volume of soil.

New Jersey will study the effects of various combinations of
stress on the growth of plants. Yield and quality of harvested plant
parts and depletion of available water from the soil occupied by
different parts of the root system will be measured in field and
greenhouse experiments.

SUPPORTED BY U.S. Dept. of Agriculture
New Jersey State Government

2.0759, USE OF WATER BY LOWLAND VEGATATION
IN NEW JERSEY COASTAL PINE REGION
M.F. BUELL, Rutgers The State University, Graduate School,
New Brunswick, New Jersey 08903

The proposed research involves the measurement of
evapotranspiration by units of lowland vegetation. The units of
vegetation (I) shrubs, (2) small breadloaf trees, (3) small cedar
trees, are placed in tanks in sites and prevailing normal water
level maintained. Rainfall records kept at site. Record of pumping
necessary to maintain the level in tanks used as record of
evapotranspiration. What is relative use of water by these three
types of widespread lowland vegetation and may the results sug-
gest desirability of management of lowland vegetation for in-
creased water yield?

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Itch
Rutgers The State University

2.0760, INFLUENCE OF SOIL MOISTURE AND SOIL
FERTILITY LEVELS ON ASPARAGUS YIELD AND QUALI-
TY
R.L. FLANNERY, Rutgers The State University, Agricultural Ex-
periment Sta. , New Brunswick, New Jersey 08903

(I) To determine the influence of three soil moisture and
three soil fertility levels and their interactions on yield and quality
of asparagus grown on Coastal Plain soils.

Moisture levels to be studied: Low, medium and high
moisture levels to bc maintained by differential irrigation during:
(a) cutting season only, ( b) brush growing season only, and (c)
during both cutting and brush growing season. Soil fertility levels
to be studied: Use of one-half of N-P205-K20 per acre recom-
mended according to soil tests; use of normal N-P205-K20 per
acre recommended according to soil tests; and use of two times
the N-P205-K20 per acre recommended according A3 soil tcsts.

SUPPORTED BY New Jersey State Government

2.0761, A STUDY OF THE ECONOMIC IMPACT OF
DROUGHT ON WATER SUPPLY SYSTEMS IN THE PASSA-
IC RIVER BASIN, NEW JERSEY
A.V. HAVENS, Rutgers The State University, Graduate School,
New Brunswick, New Jersey 08903

I . To investigate the relationship between factors associated
with drought, raw and treated water quality, water treatment
costs and revenues of water utilities. 2. To establish mathematical
models from which costs of watch treatment and future n:wenues
of water companies may be predicted from hydrologic,
meteorologic and raw water quality data.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0762, APPLICATION OF CLIMATOLOGY TO NEW
JERSEY AGRICULTURE
A.V. HAVENS, Rutgers The State University, Agricultural Experi-
ment Sta. , New Brunswick, New Jersey 08903

2. WATER CYCLE

Objectives: To assemble and analyze the climatological data
of the Northeast that apply to agriculture; to determine, using
phonological measurements, the response of selected plant spe-
cies to environment; to conclude the present studies of the in-
fluence of climatic variables on plant response. Description: An
important part of Objective I is the continued analysis of weather
records and publication of regional bulletings. The Technical
Committee plans continued publication of regional bulletins
under the series, The Climate of the Northeast. The committee
also encourages the individual cooperators to publish additional
results separately. Studies currently in progress will be completed
under the revised project. The daily weather data now on cards
for the 1926-1956 period will be put on magnetic tape, according
to procedures agreed upon by the Technical Committee. Stable,
long-record weather stations are particularly important for study-
ing climatic trends and extrapolating the data of short-record sta-
tion. Long record stations have been designated for 60 percent of
the Region. Similar stations will be selected in the remainder of
the region with the assistance of the Weather Bureau State Cli-
matologist involved. The selections are made on the basis of the
period of record and the completeness of the daily weather data.
These data will also be put on magnetic tape. Post-1956 data for
the regular network stations are being added to the present
record. For a complete analysis and coverage of the climate of the
northeast, it is necessary that the weather network be complete
and include each state in thc region.

SUPPORTED BY U.S. Dept. of Agriculture
New Jersey State Government

2.0763, DROUGHT FREQUENCY, INTENSITY & DURA-
TION - ITS CORRELATION TO STREAMFLOW AND ITS
IMPACT UPON SYNTHETIC HYDROLOGY
A.V. HAVENS, Rutgers The State University, Agricultural Experi-
ment Sta. , New Brunswick, New Jersey 08903

Objectives: To carry out computation of the Palmer Drought
Index for long record weather stations in selected watersheds to
obtain more complete and reliable data on drought frequency, in-
tensity and duration; to correlate thc information obtained from
this with strcamflow data from selected gaging stations in a
chosen watershed. Assuming that sufficiently high correlations
between drought index and streamflow will be obtained, it should
then be possible to extrapolate our streamflow records backward
in time to provide a much longer period of record of information
of this kind.

Description of Work Proposed: The data from long record
New Jersey climatological stations from selected Ncw Jersey
watersheds will be placed on punched-cards. A hydrologic ac-
counting will be computed for entire period of record of these sta-
tions and summarized to obtain coefficients of evapotranspira-
tion, recharge, runoff, and loss. From these coefficients, data on
the moisture departures, moisture anomaly indices and finally the
drought severity index will bc computed. The data obtained will
be used to compute thc frequency of occurrence of droughts of
various severities and durations. The same data will be useful for
determining the probability of lccurrence of the beginning or
ending of periods of drought and periods of abnormal wetness.
The final drought severity index, (and perhaps some of the inter-
mediate parameters mentioned previously) will be correlated
with the strcamflow data from the chosen watershed. If the cor-
relations obtained are sufficiently high, regression equations will
be computed to predict strcamflow. These will be used to ex-
trapolate backward strcamflow for period prior to start of flow
measurements.

SUPPORTED BY Ncw Jersey State Government

2.0764, THE ECOLOGY OF SELECTED SUBMERSED
AQUATIC WEEDS
D.N. R!EMER, Rutgers The State University, Agricultural Ex-
p sriment Sta. , New Brunswick, New Jersey 08903

I) To study the growth and development of Myriophyllum,
Potamogeton, and Elodca as affected by (a) chemical, (b) physi-
cal, and (c) biological variables. 2) To realte the results obtained
to the incidence, distribution, management and control of the
above mentioned genera.
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Myriophyllum, Potamogeton and Elodea will be grown in the
laboratory under different levels of water hardness to determine
its effect on the growth and development of the plants. Nutrition
studies will be initiated in the field in one-tenth acre ponds, where
special attention will be given to the effects of sudden large
changes in nutrient supply as compared to relatively constant
nutrient availability. Laboratory studies will be initiated to deter-
mine the effects of photoperiod on germination, shoot growth and
development, and flower -ing. Also, laboratory studies will be
conducted on the environmental factors, such as temperature, on
the germination of seeds.

SUPPORTED BY U.S. Dept, of Agriculture
New Jersey State Government

2.0765, DYNAMIC GROUND-WATER STORAGE
R.J. DEWIEST, Princeton University, School of Engineering,
Princeton, New Jersey 08540

This research in unsteady state ground water flow will have
the following objectives: a. To investigate analytically the dynam-
ic storage and recovery of underground water. The mathematical
tool proposed to investigate time dependent flow in aquifers is
Dirac's delta function which is represented in its series of eigen-
functions by integrating the Green's function of the problem in
the complex plane. When aquifers arc finite, as they are all in na-
ture, the proposed technique offers great advantages over the
method of images used by Hantush and Jacob. Moreover, when
the aquifer is wedge shaped, the angle of the converging bounda-
ries may assume arbitrary values, unlike those required for the ap-
plication of the method of images. In particular, the response of
the system to sudden changes in required yield will be examined.
b. To construct electric R-C analog models: To test the analytical
work and to expand the results where analysis becomes unwieldy.
c. Field work: A hydrogeologic map will be prepared and aquifer
pumping tests made in the field. Part (c), which is an important
part of the work, will be supported from state funds and not from
NSF funds.

SUPPORTED BY U.S. National Science Foundation

2.0766, FLUVIAL SEDIMENTATION IN STONY BROOK
WATERSHED
P.W. ANDERSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Trenton, New Jersey

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of New Jersey.

The objective is to develop improved technology for mea-
surement of peak runoff from small acres. Peak runoff rates of
small watersheds are difficult and often impossible to measure by
conventional methods. Use of a pond or small lake to capture and
temporarily store most or all of such runoff from a given storm of-
fers a direct volumetric solution. This solution requires that the
capacity of the pond at different levels and the outflow, if any, be
accurately known. It also requires that the change in level of the
pond be observed or recorded frequently during the period of
maximum runoff.

A digital-recording water level gage is being evaluated for
this purpose. The research includes required frequency of data
recording, required accuracy in recording of water levels, a pro-
gram for processing data through a digital computer and final
presentation of results, and a study of the various sources and
degrees of error.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
New Jersey State Government

2.0767, HYDROLOGY OF CONSOLIDATED ROCK
AQUIFERS NEAR PENNINGTOi4, NEW JERSEY
L.D. CARSWELL, U.S. Dept. of Interior, Water Resources Divi-
sion, Trenton, New Jersey

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of New Jersey.

Purpose: To determine the effects of small stream impound-
ments on ground-water recharge; to define the thickness of the
zone of fresh- water circulation, and lateral changes in porosity,
permeability, and gradients within this zone; and to determine
chemical changes in the water as it moves through the zone of
fresh-water circulation. To evaluate well-development techniques
in wells tapping water filled joints and fractures in consolidated
rock.

Methods: Aquifer characteristics are to be determined by a
series of pumping tests made before and after filling an impound-
ment. The local geohydrologic system is to be defined by head
measurements of individual aquifers using an inflatable packer.
Variations in yield are to be determined throughout the zone of
fresh-water circulation by borehole geophysical techniques.
Response of the basin to natural- and man-induced changes or
events is to be monitored by a gaging station below the impound-
ment, water-level measurements in wells, and meterological ob-
servations.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
New Jersey State Government

2.0768, GEOHYDROLOGY OF THE POTOMAC-
RARITAN-MAGOTHY AQUIFER SYSTEM
H.E. GILL, U.S. Dept. of Interior, Water Resources Division,
Trenton, New Jersey

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geol. Survey in cooperation
with the state of New Jersey. The purpose of this project is to aid
in our understanding of the geologic, geochemical, and hydrolog-
ic controls on ground water in the various aquifers within the
Magothy-Raritan Potomac sediments of New Jersey and Pennsyl-
vania. The primary purpose is to determine the mineralogic con-
trols on the chemistry of ground water by evaluating such factors
as the clay mineralogy, the gross mineralogy, and flow patterns in
order to determine the departure from equilibrium of the water
with respect to selected minerals in the aquifer, primarily siderite.
In addition to determining the distribution of selected con-
stituents within the natural system, a laboratory study is being
made to re-evaluate the stability of natural and synthetic siderite
through solubility measurements at 25-30 degrees C.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
New Jersey State Government

2.0769, TIDAL DISCHARGE RESEARCH, NEW JERSEY
A.C. LENDO, U.S. Dept. of Interior, Water Resources Division,
Trenton, New Jersey

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of New Jersey, the Corps of Engineers, and the
Fcderal Water Pollution Control Administration.

Purpose: To develop and improve techniques for the collec-
tion of tidal stage, discharge, quality of water, and sediment data.

Methods: Synchronous records of tidal stage have been col-
lected by digital recorders at estuary stations, computer programs
are used to compile these records. Discharge equations have also
been programmed and calibration has been based on observed
discharge by diographs and other parameters by field measure-
ment. Suspended-sediment, particle- size, and other water-quality
information is collected during discharge calibration measure-
ments to define changes during tidal cycles.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
New Jersey State Government
U.S. Dept. of Interior - F. Water Pol. Ctl
U.S. Dept. of Defense - Army

2.0770, INTERCEPTION AND WATER LOSSES FROM A
FOREST FLOOR-SHRUB LAYER
E.C. RHODEHAMEL, 1J.S. Dept. of Interior, Water Resources
Division, Trenton, New Jersey

This research is part of the program of water resources in-
vestigation conducted by the U. S. Geological Survey in coopera-
tion with the State of New Jersey. This project is designed to
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determine the effects of the forest floor on interception and
evapotranspiration by operation of an automatic recording
lysimeter designed during the course of this study f' use in the
deep sandy soils of the study area (McDonalds Branch in New
Jersey.) The hydrologic effects of the forest floor are of funda-
mental importance to water-resources evaluation in areas where
prescribed burning programs are carried out because this aspect
of the forest is most drastically altered by the burning programs.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
New Jersey State Government

2.0771, FLOW AND SEDIMENT TRANSPORT, RIO
GRANDE CONVEYANCE CHANNEL,
J.K. CU LBER7'SON, U.S. Dept. of Interior, Geological Survey,
Albuquerque, New Mexico

The objective of this project is to utilize known techniques
and to develop new techniques to obtain field measurements of
hydraulic and sediment variables in a natural alluvial channel, and
the analysis of the data relative to all .aspects of flow in alluvial
channels. The study reach is in the area of a control structure that
has been constructed on the Rio Grande Conveyance Channel
near Bernardo, New Mexico.

The project is designed to obtain accurate and complete field
data for the entire range of bed configurations and flow regimes
found in a sand-bed channel for a range of discharges, depths, and
concentrations not heretofore available. The results of this in-
vestigation will supplement previous and current studies of
hydraulics and sediment transport in sand-bed streams, and will
be useful in extrapolating the results of flume studies.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0772, FLOOD FREQUENCY STUDY
UNKNOWN, U.S, Dept. of Interior, Geological Survey, Al-

buquerque, New Mexico
Basic flood-frequency relations in the Rio Grande Basin, are

to be defined. Variations in frequency and magnitude of flood
peaks in terms of causative factors, both topographic and me-
terologic are to be explained. The findings are expected tc make
it possible to design bridges, culverts and other hydraulic struc-
tures more economically and to minimize flood damage. The
flood-frequency study for the greater part of New Mexico) the
Rio Grande and the San Andres and Orgam mountains excluded)
has been completed and sent to the Washington Office of USGS
for review. Work is continuing in the Washington research sec-
tion of USGS on determination of relations between floods and
various measurable parameters.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
New Mexico State Government

2.0773, IRRIGABILITY CLASSIFICATION OF NEW MEX-
ICO SOILS AS A GUIDE FOR WATER IMPORTATION
J.U. ANDERSON, New Mexico State University, School of
Agriculture, Las Cruces - University Park, New Mexico 88001

The objectives of this study are to classify the soils of Eastern
New Mexico according to irrigability classification based on basic
soil surveys, and to identify distribution of the irrigable lands and
those having limitations for irrigation.

The Pacific Southwest Inter-Agency organized a committee
which met in July, 1967, and drew up and recommended the fol-
lowing classifications: Class 1 - None to slight soil limitations for
sustained use under irrigation. Class 2 - Moderate soil limitations
for sustained use under irrigation. Class 3 - Severe soil limitations
for sustained use under irrigation. Class 4 - Very severe soil
limitations for sustained use under irrigation.

Published and unpublished soil survey information from the
Soil Conservation Service and the Agricultural Experiment Sta-
tion, plus field observations and aerial photo ir-:rpretations will
be used in this research project.

2. WATER CYCLE

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
New Mexico State University

2.0774, A HISTORY OF WATER UTILIZATION IN THE
SOUTHWEST, WITH PARTICULAR REFERENCE TO NEW
MEXICO
I,G. CLARK, New Mexico State University, Graduate School, Las
Cruces - University Park, New Mexico 88001

Effective utilization of its meager water resources has been a
dominant problem in the Southwest from the time of its earliest
known inhabitants, The present project is directed towards trac-
ing historically the approaches to this problem, with emphasis on
the period since its acquisition by the United States. Essentially it
will be a history of the way in which water has been utilized in
New Mexico. The project will deal with as many facets as possi-
ble, including the search for and husbanding of water, customs
and laws controlling water rights, technical advances, divergent
views regarding the most economic use to which water should be
put, and conflicting opinions respecting the implementation of
policies. inescapably it will touch on such related themes as the
administration of the public domain and conservation in general,
but will not depart from the central theme of water use.

The method will be primarily one of examining documentary
evidence: extracts from accounts of travelers, scientists, army of-
ficers and others who observed the country at various periods;
Congressional hearings, documents, and debates; reports of
Federal and State agencies charged with water administration; ju-
dicial decisions; records of private agencies; and the writings of
authorities on the subject.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
New Mexico State University

2.0775, FARM IRRIGATION EFFICIENCY AS IN-
FLUENCED BY DESIGN, CONSTRUCTION, AND OPERA-
TION OF IRRIGATION SYSTEMS IN SOUTHWESTERN
NEW MEXICO
E.G. HANSON, New Mexico State University, Agricultural Ex-
periment Sta. , Las Cruces - University Park, New Mexico 88001

Objective: 1. To determine how efficiently water is being
used on New Mexico farms under different a) designs of irrigation
systems; b) operation practices; c) stages of plant or root growth;
d) conditions or degrees of land preparation. 2. To determine
relationships among the variables involved and to develop design
and operation procedures by which these variables may he ad-
justed or combined to improve present irrigation practices and fu-
ture irrigation systems.

Description of Work Proposed: On selected farms deter-
minations will be made of the total quantity of water diverted, the
source and magnitude of losses, and percentage of irrigation
water delivered and effectively stored in the soil as available
moisture. Soil moisture will be determined under cropped land
before and after irrigation mainly by equipment using the neutron
scattering method. Hydraulic characteristics of conveyance struc-
ture will be measured and physical features of the land and irriga-
tion layout drawn on appropriate plans and profiles. Relationships
between size of stream, time rate of advance, and unifromity of
distribution in the root zone will be plotted with respect to the
length of irrigation runs. These data will be evaluated to deter-
mine recommended adjustments in operation practices and
desirable design features which will increase farm irrigation effi-
ciency.

SUPPORTED BY New Mexico State Government

2.0776, USE OF RADAR FOR HYDROLOGICAL STUDIES
M. BROOK, New Mexico Inst. Min. & Tech. , Graduate School,
Socorro, New Mexico 87801

A comprehensive interdisciplinary water program of rain-
drop growth, storm trejectories, precipitation patterns, run-off,
evaporation, and underground water migration will be un-
dertaken, incorporating the radars now being used in the cloud
physics research program.

Two complete 3-cm radars are now in operation by New
Mexico Institute of Mining and Technology personnel; one
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2. WATER CYCLE

located about 1 mile west of the campus, the other at the Lang-
muir Laboratory on Mount Baldy Ridge, 16 miles west-southwest
of Socorro. Both radars are capable of surveillance of rainfall
over an area of approximately 20,000 square miles. A 10-cm
radar capable of 30,000 square mile rainfall surveillance is on
hand and will be used in the projected program,

A small suitable area of hydrologic interest, such as the
Snake Ranch Flats area near the Institute facility, will be selected
as a test area for an intensive study of the hydrologic parameters,
involving atmospheric, surface, and underground phenomena.

The atmospheric physics group at the Institute is now active-
ly engaged in complementary studies of natural rain formation
and methods of induced precipitation growth and rainfall. For ex-
ample, the role of electric forces in hindering and accelerating
precipitation growth has been under intensive study for the past
five years.

SUPPORTED BY New Mexico State Government

2.0777, ANALYSIS OF RECHARGE BASINS
R,J. WEAVER, State Dept. of Transportation, Albany, New York
12226

Recharge basins are used extensively in the Long Island, New
York arca to dispose of surface runoff from highways. It is
proposed to develop rational criteria, methods and procedures for
the design, construction and maintenance of recharge basins, by
reviewing all available information on existing basins, and per-
forming a detailed field and laboratory study of selected basins
with a wide range of performance. Some aspects of deep diffusion
wells also will be studied.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds,
New York State Government

2.0778, LAKE EFFECT STORM STUDY
V.J. SCHAEFER, State University of New York, Graduate
School, Albany, New York 12203

Abnormal snowfalls occurring to the lee of Lakes Eric and
Ontario produce a classical 'lake effect' similar to the local heavy
snowfall that occurs independently of cyclones or fronts over the
coast of the Japan Sea, These storms cannot be explained by usual
meteorological means, ASRC has constructed a dynamic labora-
tory model, which includes the various parameters of the lake ef-
fect storm including warm water, cold air, a land barricr and
means for controlling each separately. The Japanese have done
the same.

During the winter of 1967-1968 a group of Japanese
scientists will come to the U.S. to make cooperative simultaneous
observations of the Great Lake Storms and during the winter of
1968-1969 U.S. scientists will visit Japan to observe the storms
over the Japan Sea. The investigation of the mechanisms of 'lake
effect' storms should contribute to more exact forecasting
methods and a meteorological (as opposed to geophysical) study
in this field.

SUPPORTED BY U.S. National Science Foundation

2.0779, THE ROLE OF LANGMUIR CIRCULATIONS IN
MIXING OF LAKE GEORGE
J.7'. SCOTT, State University of New York, Graduate School, Al-
bany, New York 12203

An investigation of the role of Langmuir circulations in mix-
ing of epilimnion water is proposed. The experiments are also
designed to determine the specific mechanism which generates
this organized type of circulation, and to test methods of observ-
ing these circulations. The field program will be closely allied with
the development of workable theoretical models which are in-
tended to apply in general to this circulation type.

The field program will include the following studies: 1, A cor-
relation of foam line spacing with meteorologic parameters. 2. A
refinement of methods of observing Langmuir circulations. 3.
Measurement of currents within Langmuir circulations.

These field observations will be tied to an investigation of the
heat transport caused by Langmuir circulations.

The results of this investigation will be applied directly to
water resource problems. If Langmuir circulations produce a sig-
nificant mixing in the epilimnion and the generation mechanism is
well known, then steps may be taken to alter the heat balance of
reservoirs or lakes and thereby influence evaporation from their
surface.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
State University of New York

2.0780, THE ROLE OF LANGMUIR CIRCULATIONS IN
MIXING OF LAKE GEORGE
J.T. SCO'17', State University of New York, Graduate School, Al-
bany, New York 12203

Results from two years of study indicated that Langmuir cir-
culations may be the most important cause of mixing in epilim-
nion water because they are able to transport heat to much
deeper levels than ordinary turbulence,

The specific aims of the proposed second phase of this pro-
ject are: (I) measurement of the current field in Langmuir circu-
lations, (2) wave-interaction as a possible mechanism of Lang-
muir circulations, (3) thermal structure, spectra, and heat trans-
port of Langmuir circulations, (4) laboratory experiments on the
properties of air over surface films and, (5) field studies of the
mechanism of Langmuir circulations.

These field experiments have direct application to water
resource problems. If the mechanism of Langmuir circulations
and the amount mixing they produce are known, steps may be
taken to modify the effect they exert upon epilimnion properties
such as temperature and concentration of gases, pollutants or
other constituents, For example, by modifying the epilirrtnion cir-
culation one modifies the heat balance and therefore also
evaporation,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
State University of New York

2.0781, FLOW AND SALINITY IN THE HUDSON ESTUA-
RY, NEW YORK
M.W. BUSBY, U.S. Dept. of Interior, Water Resources Division,
Albany, New York 12201

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of New York.

Purpose; To define the physical and chemical characteristics
of the water in the estuary in order to provide a basis for manage-
ment of this resource.

Method; River stage at each end of a reach (Poughkeepsie to
Clinton) is continuously recorded. These time-synchronized
stages are used with the power series method developed by
Baltzer and Lai to compute tidal volumes. Water conductivity and
temperature are continuously recorded at Poughkeepsie, Beacon,
Peekskill and Peirmont. The conductivity data (a measure of
salinity ;) will be related to tidal volume and movement and to
fresh- water inflow as measured by several gaging stations on
tributaries to the estuary.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
New York State Government

2.0782, FORM, PROCESSES AND DEPOSITS OF THE
KNIK RIVER, ALASKA
R,K. FAHNESTOCK, State University of New York, Graduate
School, Fredonia, New York 14063

The Knik River of Alaska is a braided glacial stream which in
most years experiences a catastrophic flood when Lake George
bursts through its ice-darn. We propose to study the changing
behavior and deposits of this gravel bearing river before, during,
and after the flood. An understanding of the Knik will contribute
to an understanding of the flood processes of 'normal' rivers
which experience a catastrophic flood only occasionally, and to
the interpretation of ancient fluvial deposits. This proposal covers
the second year of a two year grant, NSF GA 696, originally made
to the University of Texas.
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A considerable amount of data was collected during the
summer, in spite of the failure of Lake George to fill and break

out, and difficulties with equipment. To establish a reference for

comparison before and after the flood, a variety of plane table
maps of bars and bar features, and water surface and bottom

profiles were made. Bar materials were painted. Surveys to
establish a water surface profile based on Corps of Engineer tem-
porary bench marks have largely been completed. Significant dif-

ferences from the profile that could he developed from topo-
graphic maps of the area have been determined.

A large number of determinations of pebble size, shape and
lithology have been taken in order to develop an understanding of

the sorting and alteration of valley train gravel by the flood trans..
port. Grain size tends to decrease in a down valley direction,
although this trend is also influenced by local source rocks.
Shape-studies suggest that shape-sorting may be important. A
second summer of observations will furnish details in sediment-
transport picture.

Several different bar types occur in the Knik Valley.
Although their distribution in not clearly understood at this point,
it appears to be systematic. Further observations are planned for
the second field season.

SUPPORTED BY U.S. National Science Foundation
State University of New York

2.0783, LAKE ERIE ENVIRONMENTAL STUDIES PRO-

GRAM
J.A. JONES, State University of New York, Lake Erie Environ.
Stud. Prog. , Fredonia, New York 14063

The Lakc Erie Environmental Studies program has been
established to support and coordinate environmental research
focused on the lake at Fredonia. A lakeside laboratory is available
for use by investigators from Fredonia and other interested in-
stitutions. A program of continuous environmental data monitor-
ing has been initiated to provide support for investigations. Data
gathered include meteorological, physical, chemical, biological,
and geological. These data will be compared with conditions in
the eastern basin of Lake Erie.

In addition to standard environmental data monitoring,
several pilot studies are to be conducted annually to provide basic
information necessary for requesting outside support. This year
such programs include delta sedimentation from a lake shore
stream, distribution of aquatic insects along the New York
shoreline, fish mortality cycles, algal metabolism, utilization of
products of cutrophication, and a survey ofnear-shore aquatic or-
ganisms.

SUPPORTED BY State University of New York

2.0784, STUDY OF SNOW CRYSTAL TYPES IN GREAT

LAKES SNOWSTORMS
R.G. LAYTON, State University of New York, Graduate School,
Fredonia, New York 14063

For the past two winter seasons some small efforts have been
made at Fredonia to look at the snow crystal types in lake effect
storms. In the coming winter we hope to expand this effort and at-
tempt to take systematic replications in a variety of storms, both
of the lake effect and the non-lake effect types. In addition we
propose to do some exploratory work in evaluating the iodine
content of the snow using neutron activation analysis.

To accomplish this we propose to set up three permanent sta-
tions and instruct an observer at each in the proper observational
techniques and in rough preparation of the data. These same ob-
servers will also take snow samples for analysis. By utilizing peo-
ple who live at the observation site, it is hoped to obtain a high
degree of reliability in the observations, and we expect to recover

a good precentage of the possible data. The location of the
proposed stations is shown on the map. At each station we
propose to put a continuous replicator and such other equipment
as finances allow.

2. WATER CYCLE

SUPPORTED BY State University of New York

2.0785, hETEROGENEOUS NUCLEATION OF ICE
R.G. LAYTON, State University of New York, Graduate School,
Fredonia, New York 14063

In the past decade there has been rapid progress in our un-
derstanding of the heterogeneous nucleation of ice (Fletcher,
1962; Mason, 1957 ). There is still, however, a gap between
theory, laboratory experiments, and field experiments. Part of the
problem has been that the experimental conditions are in many
cases not well known. Studies of nucleation and growth of ice
under more carefully defined conditions of the surfaces of single
crystals should provide information which will help close these
gaps in our knowledge. The goal of the proposed research is to
provide experimental facts which will increase our fundamental
understanding of the heterogeneous nucleation of ice. The
research will be directed toward the study of the effects of radia-
tion of various wavelengths together with the effects of addition
of various impurities on the nucleation of ice by silver and !cad
iodide.

The photolytic decay of silver iodide and its effect on ice
nucleation have been the Object of several recent studies, several
of which indicated an increase in nucleating ability of silver iodide
upon first being exposed to light. This effect was predicted by
Papee (1962) on the assumption that the increase in dislocation
density caused by the decomposition would result in an initial
enhancement of the ice forming capacity of the salt. Further study
of the details of the effect of this on ice nucleation is needed.

Observations of this kind can be carried out very effectively
by observing the temperature and vapor pressure at which ice
grows on the faces of a single crystal as it is exposed to light of dif-
ferent wavelengths and intensities for different times.

A cold chamber will be constructed and so designed to give
good control of the temperature and the vapor pressure at which
the crystals of ice are to be grown. The growth will be observed by
means of a microscope.

SUPPORTED BY State University of New York

2.0786, AQUATIC BIOLOGY INVESTIGATIONS
M.M. ALEXANDER, New York State Agric. Sta. , Geneva, New
York 14456

Objective: To study various physical and biotic problems in
lakes and streams as related to fish, waterfowl and furbearers.

Progress: 1) A comparative field study of the ecology of the
three forest ponds on the Tully Forest wasconducted. 2) Planning
was carried out for an ecological study relating aquatic inver-
tebrates to aquatic vegetation. This is an important basic study in
waterfowl management. 3) A study was completed on the ecology
and movements of muskrats on marginal habitat of the Adiron-
dacks. A paper was given at the Northeast Wildlife Conference.
4) A study of the trout and their movements in the tributaries of
Wolf Lake on the Huntington Forest was conducted this year, and
will be continued through next year. 5) Brook trout in Tully
Forest ponds are growing very rapidly and a plan to open some of
these ponds for fishing under a permit system has been completed
in cooperation with Mr. Englekcn. A new supply of brook trout
has been ordered. Rainbow trout arc present, but not doing very
well. Bass, sunfish and bullheads are doing very well in the
headquarters pond.

Plans: To complete sub-projects I and 3 above in 1965, and
continue 2,4 and 5. Also to institute one new project.

SUPPORTED BY New York State Government

2.0787, A STUDY OF SNOW INTERCEPTED BY
CONIFEROUS TREE CROWNS AND ITS DISPOSITION
UNDER THE CLIMATIC CONDITIONS OF CENTRAL NEW
YORK
A.R. ESCHNER, New York State Agric. Sta. , Geneva, New York
14456

Objective: Exploratory study of quanti, of snow intercepted
by coniferous tree crowns of commonly planted species.

Progress: Devising methods of supporting and weighing small
conifers; developing equipment to measure snow in crowns.
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2. WATER CYCLE

SUPPORTED BY New York State Government

2.0788, TREE NUTRITION AND FOREST FERTILIZA-
TION
A.L. LEAF, New York State Agric. Sta. , Geneva, New York
14456

Objective: Determine moisture and/or nutrient element ef-
fects on soil fertility as expressed by growth and development of,
and nutrient element uptake and distribution in trees. Work con-
fined to Pack Forest plain.

Progress: Initiation of irrigation system for moisture-nutrient
interaction study. Detailed investigation of site variability, a con-
founding factor in interpreting responses to fertilizer additions.

Plans: Further work on irrigation - fertilization study, deter-
mining effect of fertilizers and/or water treatments on tree growth
and development.

SUPPORTED BY New York State Government

2.0789, SOIL MOISTURE AND FRUIT GROWTH IN
RELATION TO WEATHER CHECKING OF MCINTOSH AP-
PLES
E.F. TASCHENBERG, New York State Agric, Sta. , Geneva, New
York 14456

Fruit growth, soil moisture, and the incidence and severity of
weather checking are compared under four treatments designed
to alter the normal seasonal patterns of available soil moisture in
an effort to determine the role of fluctuations in soil moisture an
the development of weather checking.

SUPPORTED BY New York State Government

2.0790, SOIL-PLANT-WATER RELATIONSHIPS
M,T. V ITTUM , New York State Agric. Sta. , Geneva, New York
14456

Objective: To determine the influence, of plant and environ-
mental variables upon water extraction from the soil profile.

Work Proposed: The main and interactive effects of irriga-
tion, variety, spacing and other variables upon extraction of water
from the soil profile will be measured on a number of crops, in-
cluding tomatoes, snap beans, lima beans, cabbage, broccoli and
peas. Most of these crops will be harvested sequentially in order
to determine the effects of treatments on maturation and quality
as well as yield.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

2.0791, CLIMATE OF THE NORTHEAST - ANALYSIS
AND RELATIONSHIP TO PLANT RESPONSE
M.T. VIT7'UM, New York State Agric. Sta. , Geneva, New York
14456

Objectives: 1. To determine, using phenological measure-
ments, the response of selected plant species to environment. 2.
To conclude the present studies of the influence of climatic varia-
bles on plant response.

Work proposed: I. Persian lilacs will be planted at 50 or
more locations in New York State. Dates when leaf bud scales
break, first fl ewers open and last flowers open will be correlated
with the weather data obtained at each location. 2. The present
study comparing actual ET, as measured from changes in soil
moisture, with calculated ET, as obtained from various formulas,
will be continued and concluded. Various formulas will be com-
pared and development of a new formula using multiple correla-
tion techniques will be explored.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

2.0792, APPLICATION OF AERIAL PHOTOGRAPHS FOR
THE INVESTIGATION OF THE DISCHARGE PROPERTIES
OF DRAINAGE BASINS
D.J. BELCHER, Cornell University, School of Engineering,
Ithaca, New York

This project proposes to develop methodology which would
give estimates of the yield pattern of water from a basin where

stream flow records are non-existent or incomplete. Planning can
rarely wait until our data is truly adequate. Indeed, our capacity
to conceive of ways to use more and better data is usually far
ahead of our capacity to generate it. This project is a step toward
correcting this imbalance. It would provide a better basis than we
now have while waiting for precise discharge statistics to be
generated over the years.

Stream flow measurement stations have increased rapidly In
recent years, but this still means that we often must rely upon
long-term discharge data from only a few stations. Statistical
techniques for extending the data we have are far better than they
were. But this project will provide a technique through air photo
interpretation for making estimates where measurements don't
exist or are too scanty to be adequate.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

2.0793, . A THREE-DIMENSIONAL APPROACH TO THE
EXCHANGE OF HEAT AND WATER VAPOR BETWEEN A
LARGE WATER BODY AND THE ATMOSPHERE
W. BRUTSAERT, Cornell University, School of Engineering,
Ithaca, New York

The investigation involves the study of the physical and
mathematical foundations underlying simultaneous turbulent
heat esnd water vapor exchange between a large open water body
and the surrounding atmosphere for various conditions of local
atmospheric advection and of solar and other energy input into
the water body. This will be accomplished by analyzing the solva-
bility of the partial differential equations describing turbulent dif-
fusion in the atmosphere subject to the appropriate boundary
conditions.

The main objective of the proposed research is to gain a
better understanding of these phenomena in order to assess and
improve the presently available theoretical models, This will then
in turn allow the development of practical engineering
procedures to better predict cooling and evaporation from water
reservoirs, especially in connection with thermal power station
design than is possible at present.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

2.0794, STUDY OF GEOLOGIC STRUCTURAL CONTROL
ON THE FLOW AND DISCHARGE OF GEOTHERMAL
WATERS
G.A. KIERSCH, Cornell University, Graduate School, Ithaca,
New York

This research is intended to study the effect of geologic struc-
ture on the underground movement and discharge of ground-
water, heated by the earth's natural heat. A typical geothermal
area was selected in the Southwestern sector of Iceland where the
Research Assistant has already completed five months of field
work necessary for this project.

Laboratory investigations will now be conducted on the rock
samples collected during the field work to establish the geologic
structure, correlation and analysis of all the data leading to in-
terpretations and preparation of maps and cross-sections to be in-
cluded in the final report.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

2.0795, WATER SUPPLY-DEMAND
D.J. ALLEE, State University of New York, School of Agricul-
ture, Ithaca, New York 14850

Generally, the objective of the project is to provide improved
methodology and new or improved knowledge about the supply
of water available to New York State and the adjoining states in
the Northeast region, including ultimately the influence of
Canada, and the demands that will be made on such supplies for
domestic, municipal, industrial, agricultural and recreational pur-
poses; for the propagation of fish, aquatic life and wildlife; and for
other purposes.
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Specifically, the objective of the project is to review planning
methodology including hydro-meteorological and engineering
analyses, socioieconomic investigations and data processing and
programming studies that (a) estimate present water use, poten-
tial supply am: capacity of existing development on a comparable
and uniform basis; (b) estimate the supply functions for water
(i.e., what each successive increase in developed capacity might
cost); (c) construct projections of water use by each water func-
tion; and finally match the demand data to the water supply data.
Subsequent approximations would aim at refining information
with particular emphasis on water supply data and on improving
the evaluation of water demand projections, considering the cost
of meeting such demands.

This project was started in Fiscal Year 1965 and the comple-
tion date is indefinite at present.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

2.0796, MAJOR FACTORS INFLUENCING PRODUCTION
OF PHYTOPLANKTON IN NEW YORK LAKES
J.P. BARLOW, State University of New York, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

Objective: The objectives of this study are to determine the
levels of nutrients that limit phytoplankton production and radi-
ant energy available as a function of sea and depth in varlious New
York Lakes.

Description of Work: Initially the study will include an inten-
sive investigation of effect of nutrient levels and radiant energy on
production of limnetic phytoplankton in Cayuga Lake, and more
extensive studies of the characteristics of radiant energy as re-
lated to water quality in a wide range of New York lakes.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

2.0797, DIFFUSION OF OXYGEN ACROSS THE MUD-
WATER INTERFACE IN AQUATIC ENVIRONMENTS
D.R. BOULDIN, State University of New York, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

Objective: To develop procedures for measuring oxygen con-
sumption by aquatic muds under a variety of laboratory and field
conditions, and to relate the measured oxygen consumption to the
various hypotheses presented in Appendix I,

Work Proposed: Two procedures are proposed for measuring
oxygen consumption in the aquatic muds. In one procedure the
amount of oxygen required to maintain predetermined concentra-
tion of oxygen in a thin layer of water above a core of mud is mea-
sured over a period of several hours. This is accomplished by
using an oxygen electrode to control an infusion pump fitted with
an oxygen-filled syringe. In the other procedure the drop in con-
centration of oxygen across a membrane of known permeability
in conact with the mud is measured. Measurements of oxygen
consumption in the laboratory by cores taken in the field will be
made under a variety of conditions. The relationship between ox-
ygen consumption and such variables as temperature, oxygen
concentration, past history of the core, chemical characteristics
of the core and productivity of the water. The pattern of oxygen
consumption will be studied in relation to the models which have
been derived from diffusion theory. Measurements of oxygen
consumption will be made in the field in order to verify the in-
ferences made from the laboratory studies.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

2.0798, A STUDY OF TECHNIQUES FOR INCREASING
EFFICIENCY OF IRRIGATION WATER APPLIED TO
POTATOES
E.E. EWING, State University of New York, Agricultural Experi-
ment Ste. , Ithaca, New York 14850

To determine at which stage (s) of development of the potato
plant moisture stress is most harmful; and to learn whether the
measurement of cell sap concentration by refractometer offers a
superior method of discoving at what point the potato plant is
being adversely affected by soil moisture stress.

2. WATER CYCLE

1n arc ,ursue the first objective it will be necessary, to
control the water reaching plants. Therefore emphasis will first be
placed upon developing techniques for performing irrigation
resew. 'h under plastic covers (developed by Dept. of Agricultural
Engineering) and learning whether plants under covers respond
to irrigation in the same way as do plants in the open field. If
results indicate that the covered plot technique is valid for study-
ing responses to irrigation under field conditions, covered plots
will be used to provide a controlled moisture regime for in-
vestigating the effects of moisture stress at different stages of
development of the potato plant.

Determinations will be made of the effects of various en-
vironmental conditions and cultural practices on cell sap concen-
tration (as measured by refractometer) and on changes in cell sap
concentration following irrigation. Results will be evaluated from
the point of view of learning whether cell sap concentration mea-
surements would be helpful in predicting when to irrigate
potatoes,

SUPPORTED BY New York State Government

2.0799, THE PHYSICAL AND CHEMICAL PROPERTIES
OF WATER AND SOILS AS RELATED TO THE SUCCESS-
FUL GROWTH OF WATERFOWL FOOD AND COVER
PLANTS
D.J. LATHWELL, State University of New York, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

1) To obtain specific information on the factors affecting the
development of waterfowl foods and cover plants as influenced by
soil and water conditions. 2) to define these requirements for the
successful growth of waterfowl foods and cover plants on soils
flooded from a depth of one foot to three feet, at intervals of six
inches.

Description of Work Proposed: Studies will be made of
aquatic plant growth and soil and water characteristics associated
with their growth. Special attention will be given to oxygen level
in water and the concentration in the soil of elements which might
be toxic to plant growth.

SUPPORTED BY New York State Government

2.0800, EVALUATION OF SOIL AND WATER CONSER-
VATION DESIGN
G, LEVINE, State University of New York, Agricultural Experi-
ment Sta. , Ithaca, New York 14850

To evaluate the performance of soil and water conservation
practices and to relate this performance to the design procedures
for the purpose of improving the efficiency of these procedures.
Subproject 1. Stone center drains. The performance of a
representative group of stone-center drains in Central N. Y. will
be evaluated. Designs based upon tractive force theory will be
prepared for each drain. Constructed design will be compared
with tractive force design and related to performance. Subproject
2. Contour row lengths and operational efficiency of selected
farm machines. Subproject 3. Debris basin design capacity. To
determine expected rates of debris accumulation, as influenced
by precipitation, runoff, and geomorphological conditions. Debris
accumulation in existing debris basins will be measured and cor-
related with local precipitation and runoff records.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

2.0801, PHYLLOSILICATE WEATHERING IN UNCON-
SOLIDATED MATERIAL OF WISCONSIN AGE IN A HUMID
TEMPERATURE ENVIRONMENT
M.H. MILFORD, State University of New York, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

a. Characterization of the weathering sequences and
weathering rates of inherited phyllosilicates in relation to
pedogenic sequences of soil morphology as affected by dif-
ferences in drainage and water movement within the soils of a
catena. b. Characterization of the pedogeochemical reactions
which occur in the interfacial zone between the eluvial and illuvi-
al horizons during soil formation to produce a thickened eluvial
horizon at the expense of the illuvial horizon.
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2. WATER CYCLE

Soils formed in glacially derived parent materials and
representing at least three degrees of wetness within each of three
lime levels (parent material) will be selected for this investigation.
A study of water table fluctuation at each site will be initiated.
Each soil will be described and sampled in as much detail as possi-
ble. Laboratory analyses of the samples will involve thin section
studies, mechanical analysis, preparation for and conduction of
mineralogical analyses, and some chemical analyses. The rela-
tionships between the data thus obtained and the observed soil-
water relationships will determine the course of further investiga-
tions.

SUPPORTED BY U.S. Dept, of Agriculture
New York State Government

2.0802, MECHANISM OF FROST HEAVING
R.D. MILLER, State University of New York, School of Agricul-
ture, Ithaca, New York 14850

Research has been conducted on the mechanisms of soil
freezing and frost heaving in three phases, Phase I was a theoreti-
cal consideration of the mechanisms, while Phase II was an ex-
perim, ntal study of certain predictions achieved in Phase I. Dur-
ing this research, it was discovered that gypsum was apparently
effective in reducing frost heaving. Phase III was an independent
study concerned with alleged interactions between waxes and sil-
icone surfaces, involving studies of phase equilibria, film flow stu-
dies (of a liquid-like layer which apparently exists between ice
and soil particles) and closed system heaving studies of soil parti-
cles in a moist soil without ice lens formation. Rate of heaving can
be predicted although computations are rather lengthy and in-
volved. Water movement in finely divided ice at temperatures
between 0 degrees and -10 degrees has been shown to be quite
small; approximately at the rate one would expect from vapor dif-
fusion. This work was initiated in FY 64 and final payment made
in FY 68. The final report (latter report referring to 13 CRREL
research reports authorized by letter) was submitted 24 June
1965 to the C.O. U. S. Army Cold Region Research and En-
gineering Laboratory, Hanover, N. H.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0803, BASIC RESEARCH IN THE AQUATIC ENVIRON-
MENT EFFECTS OF EUTROPHICATION ON PLANKTON
ALGAE AND BENTHIC PLANTS COMMUNITIES
H,F. MULLIGAN, State University of New York, School of
Agriculture, Ithaca, New York 14850

The composition of submerged and planktonic aquatic plant
communities will be examined to determine the effects of dif-
ferent levels of enrichment over a period of 3 years. Six species of
submerged aquatic plants will be established in the bottoms of
twenty, one-quarter acre earthen ponds containing 200,000 gal-
lons of water. Species selected include Potamogeton pectinatus,
P. crispus, Myriophyllum exalbcscans, Chara Vulgaris,
Ccratophyllum demersum and Elodea canadcnsis. These plants
have world wide distributions and commonly occur in abundance
in the local aquatic plant flora.

Three levels of a mixture of soluble orgaric and inorganic
fertilizers containing nitrogen and phosphorus Nill be added to
the water of specific ponds weekly for a period of twelve weeks
during the summers of 1968 and 1969. The growth of each plant
species will be observed under the different enrichment regimes.
The movement of the fertilizer within the aquatic ecosystem will
be followed,

By beginning with an unmodified environment and adding
known quantities of enrichment material, it will be possible to iso-
late the effects of eutrophication on planktonic and benthic plant
populations and make predictions of the effects of current cul-
tural practices.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

2.0804, IRRIGATION STUDIE1 WITH TOMATOES
G.J. RALEIGH, State University of New York, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

To evaluate the cell sap concentration method for determin-
ing the need for irrigating tomatoes, to determine the require-
ments for big acre yield of high quality fruit as they are affected
by moisture level and regulation of the nitrogen supply and to ob-
serve the relationship between moisture, nitrogen and blossom-
end rot.

Previous work on an Arkport fine sandy loam soil gave yields
as high as 32 tons of Glamour tomatoes to the acre in 1962 a year
of low temperatures especially in September. Yields in 1963 were
somewhat lower due partially to nitrogen deficiency. An average
yield of 40 tons to the acre should be a possibility on such a soil
type, Excessive nitrogen delays maturity and greatly reduces
yields of a variety such as Glamour if frost comes early. In-
adequate nitrogen reduces yields. These relationships need addi-
tional experimentation. Several years of work with the cell sap
concentration method of determining need for irrigation suggests
that the method has merit but the effect of varying nutrient levels,
time of making the test, and the interpretation of the deficiency
index require more work. Blossom-end rot wtill remains a little
known physiological disorder,

SUPPORTED BY New York State Government

2.0805, THE ECOLOGY OF SELECTED SUBMERSED
AQUATIC WEEDS
E.L. STONE, State University of New York, Agricultural Experi-
ment Sta. , Ithaca, New York 14850

To study the growth and development of Myriophylluna,
Potamogeton, Elodca, and Naias, and algae as affected by (a)
chemical variables, such as nutrients and other dissolved solids,
pH, and dissolved gasses, (b) physical variables, such as light,
temperature, water depth and flow and turbidity, and (c) biologi-
cal variables, including competition, predation, and stimulation;
and to relate the results obtained to the incidence, distribution,
management, and control of the above-mentioned genera. The
New York station will undertake to (a) establish inorganic
nutrient requirements, and optimum pH levels following chemis-
try of water in ponds, Single effects and interactions of light, tem-
perature, water depth, turbidity and soil conditions on the named
species will be studied. Effects of photoperiod on germination,
shoot growth and flowering, as well as effects of other environ-
mental factors on germination will be studied under controlled
conditions. Effects of competition among the named genera will
be investigated in the greenhouse and under field conditions. Or-
ganisms feeding on the named genera will be identified and coi-
leeted. Promising leads will be investigated further as the project
progresses, utilizing 1/10-acre ponds, greenhouse, and growth
chamber as appropriate.

OSEPO TXT-682:2TCD*

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

2.0806, IN SITU STUDY OF FACTORS CONTROLLING
NUTRIENT REGENERATIONS IN THE BOTTOM SEDI-
MENTS
D.A. WEBSTER, State University of New York, School of
Agriculture, Ithaca, New York 14850

The proposed study will deal with the physical, chemical, and
biological factors influencing nutrient regeneration in the sedi-
ments of four Adirondack ponds, selected for differences in water
chemistry, sediment characteristics, and abundance of rooted
aquatic vegetation. The relation between water chemistry, sedi-
ment chemistry, and rates of microbiological decomposition in
the sediments will be used to elucidate mechanisms and rates of
phosphorus regeneration. Investigation in situ by using
polyethylene enclosures of selected areas of pond bottom and
overlying water, makes possible the alteration and control of
water and sediment chemistry, permitting simultaneous observa-
tions in the four ponds of the effects of varying organic matter
levels, pH exchange capacities, and Fe, Mn, and Al concentra-
tior on rates of microbiological activity and phosphorus
regeneration.

1-140



SUPPORTED BY U.S. National Science Foundation

2.0807, INVESTIGATION OF PHOSPHORUS AVAILA-
BILITY IN OLIGOTROPHIC LAKES
D.A. WEBSTER, State University of New York, School of
Agriculture, Ithaca, New York 14850

The main objective of the project will he to determine the ef-
fects of lime application to sediments in an infertile lake as mea-
sured by the following factors: 1, Phosphorus fixation and dis-
tribution in the sediments. 2, Phosphate retention capacity and
rate of adsorption. 3, Phosphate exchange capacity and equilibri-
um concentrations maintained in the interstitial water and free
water over the sediments, 4. Bacterial activity in the sediments, 5.
Production of benthic algae, periphyton, and phytoplankton. 6,
Phosphorus content of the above forms. 7. Zooplankton standing
crops and composition. 8. Development of the macro flora. 9.
Fish growth and standing crop.

Additional information that will be obtained to complement
the field program consists of: 1. Determining the relative sig-
nificance of bacterial and inorganic phosphate transfer between
sediments and water. 2. Comparative contributions of phosphorus
to the lake from the bottom sediments allochthonous sources will
be evaluated by determining phosphate exchange rates, exchange
capacity, and diffusion coefficients of the mud-water system and
monitoring phosphorus inputs and losses,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Cornell University

2.0808, THE ENERGY BUDGET AT THE EARTHS SUR-
FACE
E.R. LEMON, U,S. Dept. of Agriculture, Ithaca, New York

Object; To measure, understand, and control the plant, soil,
and meteorological interaction involved in the partition of energy
at the earth's surface.

Plan of work: (I) Experimental and theoretical methods will
be employed to increase the understanding of carbon dioxide and
water vapor transfer by turbulent processes near the ground in
agricultural crops. (2) Methods of crop management to increase
the turbulent transfer of carbon dioxide will be investigated. (3)
Controlled experiments in an aerophytotron (wind tunnel) will be
aimed at further understanding of facts controlling heat and water
vapor exchange directly from the soil. (4) The effect of soil
moisture, ambient temperature, humidity, radiant energy (quanti-
ty and quality), and other factors on transpiration and stomata!
behavior under different controlled conditions will be evaluated.
(5) Methods will be explored for controlling transpiration and
stomata! behavior.

SUPPORTED BY U.S. Dept. of Agriculture

2.0809, QUANTITATIVE WATER-BUDGET ANALYSIS OF
WESTERN LONG ISLAND, NEW YORK
O.L. FRANKE, U.S. Dept. of Interior, Water Resources Division,
Mineola, New York 11501

This research is part of the program of water resources in-
vestigations carried on in cooperation with the Counties of Nas-
sau and Suffolk, New York.

The purpose of this research is to review the continuity prin-
ciple (hydrologic-budget concept) as it applies to the entire
hydrologic system and to the ground-water subsystem of western
Long Island.

This will be based on a hydrologic budget estimated for
predevelopment (natural) conditions; and on hydrologic budgets
for the entire project area and for subareas, designated on the
basis of the degree of development (or overdevelopment), for
selected subsequent time intervals. These budgets will demon-
strate quantitatively the impact of man's activities on the
hydrologic regimen and how those activities have affected the
perennial yield of the system. The relation of the continuity prin-
ciple to virtually all quantitative management decisions will be
sought by means of specific evaluations of the hydrologic effects
of proposed alternative methods of development -- especially
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those proposed for managing the ground-water resources of Nas-
sau County,

SUPPORTED BY U.S. Dept. of interior - Geological Survey
Nassau County Government - New York
Suffolk County Government - New York

2.0810, STUDY OF INFLUENCE OF STRATIFICATION
ON CURRENT STRUCTURE
0. NEUMANN, New York University, School of Engineering,
New York, New York 10003

This research proposal is concerned with the study of the cir-
culation of Lake Michigan. Rotary currents with the local inertial
period have been found to be very prominent in the data and
frequently mask other long and short term current variations. In
order to obtain more definitive clues as to their nature, it is
proposed to separate these currents from the data by a least
squares technique. This will enable us to study not only the verti-
cal and horizontal structure of these rotary currents but also the
residual circulation that remains after the rotary current has been
subtracted.

SUPPORTED BY U.S. National Science Foundation

2.0811, MEASUREMENT OF WATER VAPOR FLUX
ABOVE A LAKE SURFACE 11.4 MEANS OF OPTICAL
TECHNIQUES
E.E. CHERMACK, State University of New York, Graduate
School, Oswego, New York 13126

The substance of this project is to measure the humidity
profile in the atmosphere above an evaporating surface by means
of infrared transmission measurements. Transmission of radiant
energy through an atmosphere is determined primarily by at-
tenuation due to scattering and absorption, both of which are
wavelength dependent. If the transmission over a known physical
distance is measured for two beams of light, closely separated in
wavelength, the transmission of a wavelength within an absorp-
tion region of water vapor will be appreciably lower than the
transmission of a wavelength just outside the absorbing spectral
region. The variation in the ratio of the two transmissions should
then be an indication of the variation in total water vapor along
the physical transmission path.

The research effort here is to determine the feasibility of
such an experiment. particularly with regard to the problems en-
gendered by molecular and aerosol scattering losses. If such can
be overcome by judicious choice of wavelength interva' and
scheduling of subsidiary experimental measurements, selection
and design of the transmitter, receiver and recording apparatus
will get underway, with field experiments over the surface of Lake
Ontario near Oswego to follow.

SUPPORTED BY State University of New York

2.0812, CHAMPLAIN VALLEY PRECIPITATION STUDY
M.N. TOURIN, State University of New York, Graduate School,
Plattsburgh, New York 12901

This project is a pilot study to determine the effects, if any, of
the Plattsburgh industrial area (mainly wood pulp processing) on
precipitation characteristics in the Champlain Valley. To achieve
the objectives of the study, a rain gauge network has been set up
over a portion of the Valley and the variation of rainfall intensity
and sulfur content is being documented. These variations are
being correlated to wind speed and direction. In addition, Lake
temperature, air temperature above the Lake, and dew point
above the Lake are being determined in the vicinity of the indus-
trial area, and also at a distant control location. These parame-
ters, combined with wind and temperature data on land, are also
being used to determine evaporation anomalies and an objective
lake breeze index.
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SUPPORTED BY State University of New York
U.S. National Science Foundation

2.0813, FISH MOVEMENTS IN THE NORTH INLET OF
WOLF LAKE, HUNTINGTON FOREST
R.W. BERNHARDT, State University of New York, Graduate
School, Syracuse, New York 13210

Objective: To study the movement behavior of brook trout
and other fish in a small Adirondack stream. To correlate these
movements with environmental factors such as water flow, water
temperature, cover, time of spawning, and presence of other spe-
cies of fish,

Progress: 1) The installation of recording thermographs,
water level recorder, two-way fish trap at the mouth of the
stream, and numerous portable fish traps in the stream. 2) The
tagging of several hundred brook trout and the subsequent cap-
turing of many of them.

Plans: Intensive trapping of the fish population, tagging and
recapture, to determine movement patterns.

SUPPORTED BY New York State Government

2.0814, A COMPARATIVE STUDY OF THE MACRO-
SCOPIC BENTHIC FAUNA OF TWO CENTRAL ADIRON-
DACK LAKES
R.W. BERNHARDT, Syracuse University, Graduate School,
Syracuse, New York 13210

Objective: 1. Determine what species make up the benthic
fauna of Catlin and Wolf Lakes, 2. Study the benthic animal com-
munities, their species composition, distribution and seasonal
change.

Progress: The species composition of the bottom fauna is at
present (1964) being determined. The taxonomic groups,
Ephemoroptera, Odonata, and Trichoptera have been worked
over. The order Diptcra is being worked on at present.

Plans: 1. The continuance of the taxonomic work on the rest
of the groups. Have the species identifications checked by spe-
cialists. 2. Begin the final report in 1965.

SUPPORTED BY New York State Government

2.0815, FOREST TREE NUTRITION AND FOREPT FER-
TILIZATION
A.L. LEAF, Syracuse University, Graduate School, Syracuse, New
York 13210

Objective: To determine nutrient element effects on soil fer-
tility and their interaction with soil moisture as expressed by
growth and development of, and nutrient element uptake and dis-
tribution in trees. To gain an understanding of the fundamentals
of the nutritional aspects of tree growth and development,
research continues on coniferous species in fertilized and/or ir-
rigated and unfertilized plantations supported by nutrient element
deficient, deep sandy soils.

Research Program: 1) Irrigation-fertilization study to deter-
mine moisture - potassium fertilization effects on growth and
development, and uptake and distribution of nutrient elements of
Pinus resinosa Ait. plantations on soils of various degrees of
potassium deficiency. 2) Total tree analysis study of nutrient up-
take and distribution in various treated and control plots of vari-
ous coniferous species. 3) Root growth and development of 35-
year-old Pinus resinosa on potassium deficient and nondeficient
plots on deep outwash sandy soil. 4) Chemical analysis of various
tree components for N,P,K,Ca,Mg,Na,A1,B,Co,C ,Fe, Mn,Si,Zn
by spectrophotometric, flame spectrophotometric and atomic-ab-
sorption spectrophotometric techniques. All research conducted
on the Charles Lathrop Pack Forest in southeastern Adirondack
Region of New York.

SUPPORTED BY U.S. National Science Foundation

2.0816, DIATOM POPULATIONS CHANGES IN LAKE
GEORGE
N.L. CLESCERI, Rensselaer Polytechnic Inst. , School of En-
gineering, Troy, New York 12181

The proposed research is directed towards characterizing
and measuring the diatom populations in the plankton and
periphyton found over an extended period of time at various
depths and locations in Lake George, New York. This work is ex-
pected to provide the biological data needed to establish the pat-
tern and rate cf eutrophication in this popular recreational lake
and is an essential part of a comprehensive interdisciplinary study
of a limnological model for Lake George being conducted by the
Rensselaer Polytechnic Institute. The identification and measure-
ment of the principal diatom species by light and electron
microscopy along with the measurement of total plankton and
periphyton by microscopy, gravimetry and extraction- spec-
trophotometry, when correlated with the other detailed measure-
ments (temperature, light intensity, water quality) which will be
made at the same depths and locations can be utilized to identify
the causative factors for the biological changes taking place.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

2.0817, ESTUARINE BIOLOGY--RESPONSE OF LARVAE
TO TEMPERATURE AND SALINITY
R.M. LICHTENHEK, U.S. Dept. of Interior, Biological Laborato-
ry, Beaufort, North Carolina 28516

Atlantic menhaden hatch in the ocean and migrate into shal-
low estuarine nursery areas as larvae. The effect of temperature
and salinity on survival may be a determining factor in year class
size. Field observations have shown that low temperatures
delayed entry of larvae into the estuary from the ocean and after
establishment in the nurseries, caused massive mortalities.
Laboratory experiments were conducted to determine the lethal
temperatures. Preliminary findings confirmed the field observa-
tions that 3 degrees C. may be the lower limit at estuarine salini-
ties.

Plans are underway to continue the laboratory work when
larvae become available in' January 1964. Methods consist of
holding larvae at various temperatures and salinities, with and
without acclimatization to lower temperatures, to determine the
lethal limit of chilling.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,

2.0818, PRODUCTIVITY OF ESTUARINE AND MARINE
ECOSYSTEMS (A COOPERATIVE AGREEMENT WITH THE
ATOMIC ENERGY COMMISSION)
R.B. WILLIAMS, U.S. Dept. of Interior, Radiobiological Lab. ,
Beaufort, North Carolina 28516

All life ultimately depends on autotrophic organisms. There-
fore, knowledge of primary production in estuaries is required for
evaluation of their potential to produce commercially important
fish and shellfish and for elucidation of the movement of
radionuclides through estuarine food chains into edible species.
The primary production of phytoplankton and benthic algae, two
groups of autotrophs important in the characteristically shallow
southeastern estuaries, is being measured at regular intervals in
inshore waters near Beaufort, N. C. Phytoplankton production is
estimated by the light and dark bottle technique. Bottles of sea-
water (with zooplankton removed by flit cation) are incubated for
24 hours at several fractions of surface illumination, and changes
in dissolved oxygen are determined by titration. To estimate
benthic production, areas of bottom are enclosed (in situ) for 24
hours beneath clear and opaque plastic bell jars, and changes in
dissolved oxygen within the jars are obtained by titration ofwater
samples withdrawn from them. In addition, measurements of
standing crop accompany the measurements of production.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0819, MEASUREMENT OF RADIONUCLIDES IN
ESTUARINE AND MARINE ENVIRONMENTS (A COOPERA-
TIVE AGREEMENT WITH ATOMIC ENERGY COMMIS-
SION)
D.A. WOLFE, U.S. Dept. of Interior, Radiobiological Lab. , Beau-
fort, North Carolina 28516

Many scientists have been concerned with the potential ef-
fects on marine organisms of low-level radioactive wastes from
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nuclear reactors on land as well as those on ships and submarines,
Additionally, fission products from nuclear weapons are now
found in the biosphere. To evaluate the ecological effects of
radionuclides on organisms of commercial importance, it is
necessary to know the quality, quantity, and form of
radionuclides in estuarine and marine environments. These data
are needed now so they can be utilized to establish base lines for
existing levels of radioactivity in various components of estuarine
and marine ecosystems, and so the mechanisms of uptake in the
passage of radionuclides through food chains can be investigated.

Large samples of biological materials (1 kg.) arc collected
for analyses. These samples are either dry ashed or wet ashed to
reduce the volume and to provide homogeneous samples. The
gamma activity of the samples is then measured with a low
background detection system consisting of a multichannel
analyzer and a 4 x 4-inch sodium iodide crystal-detector housed
in a 7-ton shield. The data for each sample are stored on binary-
coded punched, tapes which can be used in a computer for com-
parisons with the radioactivity of future or past samples.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0820, OPTIMUM ECOLOGICAL DESIGNS FOR
ESTUARINE SYSTEMS OF NORTH CAROLINA
H T. OL. M, Univ. of North Carolina, Inst. of Marine Science,
Chapel Hill, North Carolina 27514

This project will provide information on the feasibility of
establishing associations of organisms in estuaries which can
process man's wastes, metabolize inflow, develop the missing
loops of the mineral cycles, and channel the fertility into one or
more populations with food potential. Nine marine ponds will be
constructed in a high marsh area along the coast of North
Carolina. Three of the ponds will be continually seeded with mix-
tures of marine organisms (larvae, adults, plankton, micro-organ-
isms, etc.) and will receive a steady flow of urban waste mixed
with sea water, Three ponds will be seeded, but will be supplied
only with sea water, i.e., no wastes. The remaining three ponds
will receive the wastes mixed with sea water, but will not be
seeded artificially.

Principal populations, some principal nutrient cycles and the
tctal photosynthetic production and system respiration will be
measured. Those populations of larger organisms which develop
in large mass will be studied for growth rate and not production
per area of meat potential.

SUPPORTED BY U.S. National Science Foundation

2.0821, COMPUTER SIMULATION OF AQUIFERS OF
COASTAL PLAIN OF NORTH CAROLINA
J.K. SHER WAN!, Univ. of North Carolina, School of Public
Health, Chapel Hill, North Carolina 27514

Ground water management in the Coastal Region of North
Carolina is the foremost water resource problem in the State due
to the massive impact of large concentrated withdraw6 by the ex-
isting and proposed phosphate mining operations. The limestone
artesian aquifer involved (Castle Hayne) is the most important
source of fresh water for agricultural, municipal, and industrial
use in the area. Salt water intrusion poses a potential threat. The
objective of the project is to investigate the dynamic behavior of
the Castle Hayne aquifer. Three stages of the study are envi-
sioned: (1) System identification through a specification of the
aquifer characteristics at different locations and of the boundary
configuration. General purpose analog and digital computers will
be used in this phase; (2) Direct Analog model; a passive re-
sistance-capacitance network will be constructed to model the
ground water system in greater detail; (3) prediction of Response;
i.e., to forecast the water level changes under different assumed
conditions of replenishment and extraction. Passive analog and
digital computers will be used in this phase. The project will be
started in FY 1968 and is anticipated to be completed by the end
of FY 1970.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res, Rch
University of North Carolina

2.0822, COMPUTER SIMULATION OF AQUIFERS OF
COASTAL PLAIN OF NORTH CAROLINA
J.K. SHER WAN!, Univ. of North Carolina, School of Public
Health, Chapel Hill, North Carolina 27514

Ground water management in the Coastal Region of North
Carolina is the foremost water resource problem in the State due
to the massive impact of large concentrated withdrawals by the
existing and proposed phosphate mining operation. The
limestone artesian aquifer involved (Castle Hayne) is most
important source of fresh water for agricultural minicipal, and in-
dustrial use in the area. Salt water intrusion poses a potential
threat. The objective of the project is to investigate the dynamic
behavior of the Castle Hayne aquifer. Three stages of the study
are envisioned: (1) System identification through a specification
of the aquifer characteristics at different locations and of the
boundary configuration. General purpose analog and digital com-
puters will be used in this phase; (2) Direct Analog model: a pas-
sive resistance-capacitance network will be constructed to model
the ground water system in greater detail; (3) Prediction of
Response; i.e., to forecast the water level changes under different
assumed conditions of replenishment and extraction. Passive
analog and digital computers will be used in this phase.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
University of North Carolina
North Carolina State Government

2.0823, MULTIPURPOSE RESERVOIRS AND URBAN
DEVELOPMENT
S.F. WEISS, Univ. of North Carolina, Graduate School, Chapel
Hill, North Carolina 27514

The proposed research seeks to develop the foundations of a
forecast model which may be utilized to predict the pattern of
development surrounding large multipurpose reservoirs. The
research plan is based on a conceptual framework and approach
to the study of land development that has evolved at the Center
for Urban and Regional Studies, in Chapel Hill, during the past
ten years. This approach views land development as the result of
the interaction between environmental influences flowing from
physical characteristics on the site, location of the site relative to
activity nodes and the spatial pattern of social yak s, and institu-
tional factors (such as the matrix of federal, state, and local poli-
cies) and a chain of key primary and supporting decisions made
by various agents in the development process.

By focusing on the chain-like nature of the land development
process, attention is drawn to the set of factors which influence
decisional behavior -- the decision of the predevelopment land
owner to sell to a developing agent; the decision of the develop-
ment entre- preneur to consider the site, purchase and develop it;
and the consumer's decision to utilize the finished product. By
isolating influences on these decisions which are affected by
public policies, the formulation and testing of alternative policy
mixes for their effectiveness in promoting desirable land develop-
ment patterns contiguous to large multipurpose reservoirs.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of North Carolina
North Carolina State Government

2.0824, ATLANTIC COASTAL PLAIN - PERMEABILITY
DISTRIBUTION STUDY
P.M. BROWN, U.S. Dept. of Interior, Water Resources Division,
Raleigh, North Carolina 27607

Examination of sediments along the Atlantic Coast Plain in-
dicates a pulsating sedimentary environment characterized by
cyclic transgressive, regressive, and static stages. Determination
of some of the axes of the transgressive stages within the basin in-
dicate that they each have a preferred orientation in relation to
their position on the flank of the basin, For example, the axis line
of a transgressive stage, located in the northwest quadrant, is N.
W. E. whereas, the axis line of a transgressive stage, located in the
southwest quadrant, is S. W. applies to regressive stages, which,
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depending upon their location within the mobile basin, have axes
that coincide with or that deviate as much as 90o from the axes of
related transgressive stages.

The shift in depositional axes results from differential mobili-
ty of structures transverse to the long axes of the Atlantic Basin.
The oblectivl is to study the depositional controls and environ-
ment on a regional scale and relate the depositional controls and
environment on a regional scale and relate the depositional histo-
ry to spatial changes in the primary permeability of successive
stratigraphic units.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

10825, HYDROLOGY OF THE CRYSTALLINE ROCK
SYSTEM IN SOUTHEASTERN STATES
H.R. LEG RAN D, U.S. Dept. of Interior, Water Resources Divi-
sion, Raleigh, North Carolina 27607

To determine relationship between the geohydrologic factors
and occurrence and movement of water in crystalline rocks in un-
glaciated areas in Piedmont and Blue Ridge Provinces between
Maryland and Alabama. Particular attention is being given to the
factors governing the yields of wells in these rocks and to factors
relating to ground- water contamination in the region.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0826, SALT-WATER ENCROACHMENT IN NORTH
CAROLINA ESTUARIES

.B. WILDER, U.S. Dept. of Interior, Water Resources Division,
Raleigh, North Carolina 27607

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of North Carolina.

Purpose: To determine the variations in flow and chemical
quality (If water in North Carolina sounds and estuaries so that
decisions may he made regarding industrial utilization of the
water.

Methods: Collect and analyze water samples, plot dispersion
pattern compile and collate hydrologic information from various
sources and prepare an interpretive report on the estuaries.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
North Carolina State Government

2.0827, SOD AND STUBBLE MULCH PLANTING -
VEGETATION CONTROL
G.C. KLINGMAN, Univ. of North Carolina, Agricultural Experi-
ment Sta. , Raleigh, North Carolina 27600

Sod planting and stubble mulch planting has the potential of
reducing soil croision, reducing water loss in the form of both run-
off and surface evaporation, reducing silting of rivers, streams

and dams, making crop production possible on relatively steep,
rocky soils not now suitable for crop production. It is believed
that the above can be done without sacrificing crop yields.

Feed costs constitute a major cost in the production of beef,
dairy and poultry products. With the long growing season found
in the Southeast United States, it would appear that the program
is especially well suticd to North Carolina. Full development of
this potential could tremendously increase the south's advantage
over the Cornbelt and Northeastern States.

More specifically the objectives are as follows: 1. To synthes-
ize and develop dynamic ecological systems for efficiently
producing grain and forage while maintaining continuous soil
mulch cover, and 2. To reduce soil erosion and water loss through
runoff and evaporation,

SUPPORTED BY North Carolina State Government

2.0828, WATER TABLE CONTROL AND SUBSURFACE
IRRIGATION IN MINERAL AND HIGH ORGANIC
COASTAL PLAIN SOILS
G.J. KRIZ, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

Th 're is approximately 3 million acres of mineral and high
organic soils in the Lower Coastal Plains of North Carolina. Much

of this area is being cleared and drained for agricultural and
forestry purposes. In order to prevent excessive subsidence,
criteria for efficient water management must be developed. The
objectives of this project are to determine the water table fluctua-
tions in a given area or land, to determine the vertical and lateral
water movement within the soil profile and control and water
table by ditch and tile subirrigation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

2.0829, INTERRELATIONSHIPS OF SOIL PHYSICAL
PROPERTIES AND SOIL WATER MOVEMENTS
J.F. LUTZ, Univ. of North Carolina, Agricultural Experiment Sta.
, Raleigh, North Carolina 27600

Determine draw-down patterns of water table by use of elec-
tric analogue. Attempt to measure hydraulic conductivity of
undisturbed soil cores and relate it to soil properties. Study nature
and magnitude of forces holding water films on clays and relate
these to hydraulic conductivity.

Description of Work (a) Further work will be done on the ef-
fects of phosphate on the colloidal-physical-chemical properties
of clays especially on the hydration of the clay particles and on
micro aggregation, or flocculation. (b) Soil moisture tension stu-
dies will be made on a number of North Carolina soils with
emphasis on field capacity and wilting percentage determinations.
This will be a continuation of some of the work which has been
done during the past year. (c) Soil moisture and bulk density
determinations will be made on soils under a number of different
cultural management and tillage practices to determine the ef-
fects of these different practices upon the properties mentioned.

SUPPORTED BY U.S. Dept. of Agriculture
North Carolina State Government

2.0830, COOPERATIVE RESEARCH PROJECT IN
WESTERN NORTH CAROLINA
P.C. SPATH, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

Research begun in January 1949 to determine water-land
relationships for some of the principal soils and important crops
used for agricultural purposes in western North Carolina, to pro-
vide basic information needed to know how best to utilize these
lands for agricultural purposes, with proper consideration for
conservation of both land and water resources.

Four watersheds of 3 to 5 acres in area were treated with four
different covers rotated under a statistical Latin square design.
Covers are improved clover -grass pasture, overgrazed heavily
trampled improved pastu,re, wheat with lespedeza for summer
cover, and corn.

Hydrologic determinations are being made to evaluate
detailed physical relationships between soils, land use, and water.
The effects upon the hydrologic characteristics of the four
watersheds under the different covers are being determined.
Hydrologic observations include precipitation, surface-water and
ground-water runoff, ground-water levels, soil temperature,
evaporation, wind velocity, evapotranspiration, dewfall, air tem-
perature, sunshine, and relative humidity.

Electronic computers are used in evaluating equations to
determine the significance of hydrologic changes. Detail study of
project data is resulting in new concepts of runoff that are proving
useful not only for achieving project objectives but also in other
hydrologic studies. Results to date are summarized in annual re-
ports. Work is in the twentieth year. Field work has been
completed.

Two of the four watersheds were discontinued in 1966 as
part of the basic study. One of these was instrumented as part of a
short-term but intensive investigation into evapotranspiration and
interflow. The two watersheds were instrumented in 1968 as part
of an investigation of pesticide dispersion.

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0831, WEATHER MODIFICAUON IN NORTH DAKOTA
A.F. BUTCHBAKER, North Dakota State University, Agricul-
tural Experiment Sta. , Fargo, North Dakota 58102

1-144



Objectives: 1. To characterize the climatology of hail storms
in southwestern North Dakota. 2. To determine whether seeding
convective storms causes a reduction in intensity of hail and im-
pact energy of hailstorms and causes changes in other hail
parameters in seeded areas as compared with adjacent nonseeded
areas. 3. To determine whether seeding clouds with silver iodide
causes a precipitation increase in seeded areas and a possible 'rain
shadow' downwind from commercial weather modification areas.

In North Dakota, hail and drought losses amount to about
50% of all Federal Crop Insurance payments for crop losses due
to natural hazards. A group of farmers in southwestern North
Dakota are seeding storms with silver iodide in an effort to sup-
press hail. In addition, a weather modification firm seeds clouds in
the nerth-central part of the state for precipitation increase.

Crop loss and precipitation records will be analyzed. Hail im-
pact energy will be determined from dents on aluminum foil.
Storm information will be collected from hail indicators, rain
gauges, radar data, daily weather maps, and questionnaires. This
data will be analyzed to statistically determine the seeding effects.

SUPPORTED BY U.S. Dept. of Agriculture
North Dakota State Government

2.0832, EFFECTS OF 'GROUNDWATER SEEPAGE ON
STREAM REGIMEN
L. CLAYTON, North Dakota State University, State Water
Resources Inst, Fargo, North Dakota 58102

The proposed research will be a study of the quantitative and
qualitative influence of groundwater seepage pressure on the vari-
ous erosive and transport characteristics of streams. The research
will consist of both laboratory and field studies.

In previous laboratory studies using stream flumes, the in-
fluence of groundwater has beer largely ignored; many empirical
hydrologic relationships have been established in flumes lacking
any groundwater control. For the proposed study, two stream
flumes with groundwater control will be constructed. The
threshold velocity of grain transport with various groundwater
seepage pressures in various bed materials will be measured in a
small flume with constant cross-section. The relation between
seepage and channel characteristics will be observed in a larger

In the field study, the channel and bed-material charac-
teristics of several small drainage basins in western North Dakota
will be mapped. These characteristics will be compared with mea-
sured groundwater characteristics, including the seepage pressure
and the amount and direction of flow. Relationships established in
the flumes will be tested in the field streams, and problems en-
countered in the field will be studied in the laboratory flumes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Dakota State University

2.0833, A LIMNOLOGICAL STUDY OF SPIRITWOOD,
NORTH DAKOTA - WATER QUALITY AND SEASONAL CY-
CLES
G.W. COMITA, North Dakota State University, Graduate School,
Fargo, North Dakota 58102

It is proposed to study Spiritwood Lake, N. D. by measuring
temperature, transparency, pH, conductivity, and take ap-
propriate water samples for analysis of NH3, NO2, PO4, 02, Fe
and alkalinity, phytoplankton and zooplankton at weekly inter-
vals during the colder part of the year and semi weekly during the
warm part of the year. Primary production will be measured at ap-
propriate intervals. An analysis of these data will provide the basis
for lake management by the North Dakota State Game and Fish
Department for recreational purposes. These data will provide
the basis for comparison of the cyclical events in nutrients,
phytoplankton and zooplankton between this lake and another
much shhllower and smaller which sustains similar organisms but
less total dissolved solids.

2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

North Dakota State University

2.0834, DROUGHT INJURY AND RESISTANCE IN
PLANTS
K.L. LARSON, North Dakota State University, Agricultural Ex-
periment Sta. , Fargo, North Dakota 58102

Objectives: 1. To determine the association between plant
water stress and various nitrogenous fractions and sulfhydryls in
plant parts of alfalfa and barley at different stages of maturity. 2.
To determine how and to what degree the water status of plants is
(a) related to growth and development, (b) influenced by physi-
cal factors of the environment. 3. To determine what stages of
growth are most critical for water utilization.

Plants of Vernal alfalfa and Trophy barley will be grown in
the greenhouse and growth chambers at low and high plant
moisture stresses, initially at uniform temperatures. As moisture
stress increases, simulating drought conditions, changes in
nitrogenous fractions, RNA and SH groups within the roots and
tops of alfalfa and roots, stems and leaves, and grain of barley will
be determined by standard biochemical procedures. These deter-
minations will be made at 4 stages of growth. Additional plants
will be subjected to drought conditions at various stages of growth
to determine the critical times for efficient water utilization. The
effect of these moisture stresses on the above constituents will be
determined.

SUPPORTED BY U.S. Dept. of Agriculture
North Dakota State Government

2.0835, IRRIGATION AND WATER CONSERVATION
H.M. OLSON, North Dakota State University, Agricultural Ex-
periment Sta. , Fargo, North Dakota 58102

Location of the Carrington Irrigation Substation is in, and
representative of, the area to be irrigated from the Garrison Dam
when that project is funded. Water is now obtained by pumping
from an aquifer with water quality reasonably comparable to that
of the Missouri River. Initial studies are designed to determine the
effects of supplemental irrigation on crop production and the pos-
sibility of introducing specialty crops not now grown because of
inadequate rainfall. Expanded program calls for research on im-
proved irrigation techniques, control of water evaporation,
moisture-fertility relationships. As the station program expands,
livestock will be incorporated into the research program and a
broad study of dryland and irrigation farming involving both crop
and livestock production will be developed.

SUPPORTED BY North Dakota State Government

2.0836, THE EFFICIENCY OF WATER USE UNDER
VARYING CONDITIONS OF PLANT WATER STRESS ,

G.E. WILKINSON, North Dakota State University, Agricultural
Experiment Sta. , Fargo, North Dakota 58102

1. To measure the plant moisture characteristics of selected
crops relative to soil moisture conditions. 2. To evaluate the in-
fluence of soil and atmospheric environment on plant water
stress. 3. To relate plant performance to variations in (a) plant
water stress and (b) the soil and climatic environment.

Greenhouse studies will test the methods for evaluating plant
water stress. Methods which may be suitable for field use will be
related to the energy level of water in the plant. Then barley will
be grown in field plots and lysimeters from which evapotranspira-
tion can be measured. Plant leaf sections will be tested periodi-
cally to anticipate predetermined plant water stress levels at
which water will be applied to the soil. Yields will be related to
the water stress history and to soil and climatic conditions under
which the crop will be grown to determine the optimum environ-
mental conditions which produce the highest yield per unit of
water used.

SUPPORTED BY U.S. Dept. of Agriculture
North Dakota State Government

2.0837, GEOLOGY AND GROUND WATER RESOURCES
OF TRAILL COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota
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This report is in three parts. Part I describes the geology. Part
H presents ground water basic data and Part III describes the
ground water resources,

Part I involves surface mapping of the glacial and/or bedrock
deposits. Part H includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part III describes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0838, GEOLOGY AND GROUND WATER RESOURCES
OF WELLS COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts. Part I describes the geology. Part
II presents ground water basic data and Part III describes the
ground water resources.

Part I involves surface mapping of the glacial and/or bedrock
deposits, Part II includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part III describes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0839, GEOLOGY AND GROUND WATER RESOURCES
OF GRAND FORKS COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts. Part I describes the geology. Part
11 presents ground water basic data and Part III describes the
ground water resources.

Part 1 involves surface mapping of the glacial and/or bedrock
deposits. Part II includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part HI describes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0840, GEOLOGY AND GROUND WATER RESOURCES
OF WILLIAMS COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts. Part I describes the geology. Part
H presents ground water basic data and Part III describes the
ground water resources.

Part I involves surface mapping of the glacial and/or bedrock
deposits. Part H includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part III describes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2,0841, GEOLOGY AND GROUND WATER RESOURCES
OF WARD COUNTY
W.NI. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts. Part I describes the geology. Part
H presents ground water basic data and Part III describes the
ground water resources.

Part I involves surface mapping of the glacial and/or bedrock
deposits. Part II includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part HI describes
the aquifers in terms of areal extent, chemical quality, and water-
bearing characteristics.

Part 11 published; Parts I and III in progress.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0842, GEOLOGY AND GROUND WATER RESOURCES
OF BURKE COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts, Part I describes the geology. Part
11 presents ground water basic data and Part III describes the
ground water resources.

Part I involves surface mapping of the glacial and/or bedrock
deposits. Part H includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part III describes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0843, GEOLOGY AND GROUND WATER RESOURCES
OF RENVILLE COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts. Part I describes the geology. Part
II presents ground water basic data and Part III describes the
ground water resources.

Part I involves surface mapping of the glacial and/or bedrock
deposits, Part 11 includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part III describes
the aquifers in terms of areal extent, chemical quality, and water-
bearing characteristics.

Part II published; Parts 1 and III in progress.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0844, GEOLOGY AND GROUND WATER RESOURCES
OF PEMBINA COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts. Part I describes the geology. Part
II presents ground water basic data and Part III des tribes the
ground water resources.

Part 1 involves surface mapping of the glacial and/or bedrock
deposits. Part II includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part III descirbes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0845, GEOLOGY AND GROUND WATER RESOURCES
OF NELSON COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts. Part 1 describes the geology. Part
11 presents ground water basic data and Part III describes the
ground water resources.

Part I involves surface mapping of the glacial and/or bedrock
deposits. Part II includes a survey of existing wells and informa-
tion obtained from a test hole drilling program, Part III describes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0846, GEOLOGY AND GROUND WATER RESOURCES
OF WALSH COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota

This report is in three parts. Part 1 describes the geology. Part
H presents ground water basic data and Part HI describes the
ground water resources.

Part I involves surface mapping of the glacial and/or bedrock
deposits. Part II includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part III describes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U.S. Dept. of Interior - Geological Survey

2.0847, GEOLOGY AND GROUND WATER RESOURCES
OF CAVALIER COUNTY
W.M. LAIRD, State Geol. Survey, Grand Forks, North Dakota
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This report is in three parts, Part I describes the geology. Part
11 presents ground water basic data and Part III describes the
ground water resources.

Part I involves surface mapping of the glacial and/or bedrock
deposits. Part II includes a survey of existing wells and informa-
tion obtained from a test hole drilling program. Part III describes
the aquifers in terms of areal extent, chemical quality and water-
bearing characteristics.

SUPPORTED BY North Dakota State Government
U,S. Dept. of Interior - Geological Survey

2.0848, RAINWASH AND SOIL CREEP IN WESTERN
NORTH DAKOTA
L. CLAYTON, Univ. of North Dakota, Graduate School, Grand
Forks, Noah Dakota 58202

The proposed research involves the field and laboratory in-
vestigation of slope processes, of rates of slope erosion, and of the
drainage basin characteristics of two drainage areas in the
badlands of western North Dakota. The field work will involve the
study of types of slope processes, their intensity, their rates, and
their relationship to climate and lithologic conditions. Direct ob-
servation and observation through time will be made to record
changes in landscape features. Procedures to be followed are: 1.
Direct observation of slope processes. 2. To observe and study the
microclimatic factors of the area, its influence on slope processes,
and landform development. 3. To measure rates of hillslope ero-
sion through time. 4. To establish transverse level profiles of val-
ley walls and to record the profile variation through time. 5. To
establish permanent photo stations of valley walls. 6. To establish
rain gages throughout the drainage basins.

The laboratory work involves a quantitative study of the
`form` factors of the drainage basin following Horton's and
Strahler's work. Parameters to be considered are drainage densi-
ty, stream frequency, hypsumetric integral, Horton's number,
basin shape, constant of channel maintenance, and ruggedness.

The research will be of importance to future agricultural and
conservational projects in this area of North Dakota.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of North Dakota

2.0849, REGIMEN OF THE MARTIN RIVER AND SIOUX
GLACIERS, ALASKA
J.R. REID, Univ. of North Dakota, Graduate School, Grand
Forks, North Dakota 58202

NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY U.S. National Science Foundation

2.0850, LIMNOLOGICAL INVESTIGATIONS OF PRAIRIE
POTHOLES
G.A. SWANSON, U.S. Dept. of interior; Northern Pr. Wife. Res.
Ctr. , Jamestown, North Dakota

Objectives: To initiate, on the prairie pothole area of North
Dakota, a limnological investigation to study the relationships
that exist between organisms comprising the plant and animal
communities and their relative contribution to waterfowl produc-
tion. The initial phase of this investigation will be devoted to
developing techniques to sample the varying habitats of prairie
potholes.

Procedures: A literature survey will be conducted to compile
information on limnological equipment, sampling techniques and
previous limnological investigations of waterfowl habitat.

Equipment will be developed to quantitatively sample
aquatic invertebrates associated with the benthos, plankton and
aquatic macrophytes of prairie potholes.

Statistical procedures will be utilized to determine the sam-
pling intensity required to obtain a precision that is economically
feasible. Potholes selected for intensive sampling will be screened
by dominant cover type and water chemistry.

Waterfowl will be collected on intensively sampled potholes
and their esophageal, proventricular and gizzard food contents
will be examined and related to food availability as determined by
limnological sampling.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

2.0851, GROUND WATER BASIN DYNAMICS
H.C. PREUL, Univ. of Cincinnati, School of Engineering, Cincin-
nati, Ohio 45221

The specific aim of this research plan is to study the dynam-
ics of ground water basin by mathematical analysis, laboratory
studies and field investigations, and to develop methods for the
optimum use of the ground water resources in a river basin,

The Great Miami River Basin will be used as a prototype
because of its excellent aquifers which are largely recharged by
the river.

Over the past several years, extensive studies relative to un-
steady ground water recharge have been in progress at the
University of Cincinnati in the Division of Water Resources and
Hydraulics. In addition, the Division has carried out a number of
studies on ground water problems connected with the Great
Miami River Basin. The proposed work would utilize this
background and develop it into a form which may be applied to
any river basin.

Laboratory and field data which are presently available will
be used in the development of models for representation of
dynamics of a ground water basin.

Final results will be provided in three forms for optimum use
of ground water basin. 1. A general mathematical model for basin
dynamics. 2. A general digital computer program for ground
water basin dynamics. 3. An electric analog model for ground
water dynamics in the Great Miami River Basin; general informa-
tion will be included so that others may use this model as a pattern
for other basins,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Cincinnati

2.0852, ENVIRONMENTAL HISTORY OF THE
GALAPAGOS ISLANDS
P.A. COLINVAUX, Ohio State University, Graduate School,
Columbus, Ohio 43210

Sediment cores and related samples were collected on the
Galapagos Archipelago in 1966. How present vegetation of the
Archipelago is being recorded in the pollen record will be the sub-
ject of continued investigation. Efforts will be made to relate the
descriptive field notes and surface pollen collection to floristic
communities of the islands. Further elucidation of modern pollen
spectra should come from a series of surface pollen samples from
the Ecuadorian mainland. Further work will be conducted to in-
crease understanding of the variety of the modern lacustrine
systems of the Archipelago, and how records of these are being
incorporated as fossil traces in the sediments. Finally, efforts will
be made to work out the history of several lake ecosystems.

SUPPORTED BY U.S. National Science Foundation

2.0853, EFFECT OF WATER APPLICATIONS TO SOD
AND MULCH UPON QUALITY ATTRIBUTES OF APPLE
FRUITS
C.W. DONOHA, Ohio State University, Agricultural Experiment
Sta. , Columbus, Ohio 43210

Objectives: (1) To ascertain the effect of water applications
to apply trees /// in sod and mulch upon growth, yield and certain
quality attributes of the fruit deemed of greatest market accepta-
bility; (2) to ascertain the effect of such treatments upon certain
biochemical constituents of the fruit; (3) to assess the nutritiondl
status of leaves and stems with particular reference to the extent
to which they are qualitatively affected by changes in the water
status of the tree; (4) to ascertain the effect of water applications
upon certain major physiological processes occurring in leaves
and stems; (5) to determine the effect of such water application
on physiological disorders of the fruit and on length of acceptable
storage life.

Description of work proposed: Water will be applied by
sprinklers to the soil beneath apple trees established in sod and
mulch when the available moisture at the 6-118' depth has been
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reduced by 40 and 60 percent. The effect of such applications as
compared with those treatments to which no water has been ap-
plied will be recorded in terms of tree and fruit growth, certain
biochemical constituents of the leaves, stems and fruits as well as
on the rate of photosynthesis and respiration at appropriate inter-
vals during the season. Special attention will be given to the effect
of water treatments upon certain fruit quality attributes and
storage behavior in view of the emphasis given in this project to
this aspect.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

10854, STRONTIUM ISOTOPE COMPOSITION AND
TRACE ELEMENT CONCENTRATIONS IN LAKE HURON
AND ITS PRINCIPAL TRIBUTARIES
G. FAURE, Ohio State University, Graduate School, Columbus,
Ohio 43210

Concentrations of the major cations: Na, K, Ca, and Mg and
Sr were determined for 64 samples of surface water from Lake
Huron arid for 17 of its major tributary rivers. For addition,
isotopic compositions of strontium were measured for 30 samples
of lake water and for 13 of the tributary rivers. Concentrations of
dissolved iron and total phosphorous were determined for a small
suite of lake and river water.

The data documents important differences in the chemical
composition of water discharged into Lake Huron by Lake Su-
perior, Lake Michigan and tributary rivers. These differences are
related to differences in the chemical and mineralogical composi-
tion of the bedrock underlying the Great Lakes drainage basin.

The strontium contributed to Lake Huron by water draining
the Canadian Shield along its northern shore is enriched in
radiogenic Sr87. The average Sr87/Sr86 ratio is 0.718. The rivers
draining sedimentary rocks of Michigan and southwestern On-
tario contribute strontium whose isotope composition is similar to
that in the modern oceans and has a Sr87/Sr86 ratio of 0.710.

A geochemical model is presented which attempts to
represent the chemical composition of water in Lake Huron as a
mixture of the different types of water discharged by different
sources.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Ohio State University

2.0855, EFFECTS OF TREE ROOTS ON HYDRAULIC
CONDUCTIVITY AND POROSITY OF FOREST SOILS IN
THE ALLEGHENY-CUMBERLAND PLATEAU
N. HOLOWAYCHUCK, Ohio State University, Agricultural Ex-
periment Sta. , Columbus, Ohio 43210

The objectives are to develop techniques for (1) measure-
ment of void size and distribution and (2) the determination of
soil density differences with distance from the void or root chan-
nel in undisturbed forest soil samples. Such techniques would
make it possible to determine the sizes, quantity, and distribution
with depth of voids and channels through winch free water may
move in forest soils. The research will be directed to (1)
developping techniques for taking of blocks of forest soils in
which the roots and the soil will not be disturbed and (2) methods
of preparation of thin sections of these blocks of soil for examina-
tion under a microscope in the laboratory.

SUPPORTED BY Ohio State Government

2.0856, GLACIOLOGY AND METEOROLOGY OF AN-
VERS ISLAND, ANTARCTICA
R.A. HONK/1 LA, Ohio State University, Graduate School,
Columbus, Ohio 43210

During 1967 Antartic winter Honkala, the P.1., and Whillans,
his Research Associate, carried out the field glaciological and
meteorological research portion of this project on Anvers island,
in the vicinity of Palmer Station, Antarctica, under GA-747. The
field research consisted primarily of (1) glaciological observa-
tions of snow accumulation, snow and ice ablation, and surface
ice movement; (2) further topographic and geodetic control for
the construction of base maps of the research area; (3) geophysi-

cal observations of the gravity field on the Anvers Island Ice Cap
to help determine the thickness of the ice and the shape of the
data at Palmer Station and at an inland site, heat-budget studies
on the ice surface, and wind-speed measurements.

These data will be reduced and analysed at O.S.U. by Hon-
kala and Whillans to help determine the best balance and mass
balance, as well as the dynamics of the Anvers Island Ice Cap.

No further Antarctic field work is contemplated.

SUPPORTED BY U.S. National Science Foundation

2.0857, DROUGHT INJURY AND RESISTANCE IN
PLANTS
H.J. MEDERSKI, Ohio State University, Agricultural Experiment
Sta. , Columbus, Ohio 43210

Objectives: (1) To develop field and laboratory methods for
measuring the water stress of plants.

( 2) To determine how and to what degree the water status of
plants is (a) related to growth and development, (b) influenced
by physical factors of the environment.

Description of Work: Greenhouse and laboratory studies will
be

conducted to further develop and refine the beta gauging
technique

for monitoring internal plant water potential. Distribution of
plant water potentials within time and space will be made and
used as a basis for applying the gauge for monitoring water

stress.
Plant factors affecting the relation between beta ray attenua-

tion
and tissue water potential will be investigated.
Greenhouse studies of the relation of photosynthesis and

growth to internal plant water stress will be made to determine
the critical internal plant water stress level for various aspects of
growth and processes affecting growth.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

2.0858, CONTINUATION OF GLACIOLOGICAL IN-
VESTIGATIONS ON THE CASEMENT GLACIER, ALASKA
D.N. PETERSON, Ohio State University, Inst. of Polar Studies,
Columbus, Ohio 43210 (AT( 11-1 ))

The purpose of this study is to determine the rate of burial
and the trajectory of a given point on the surface of a typical tem-
perate glacier, and to determine the date of its exposure at the
lower end of the glacier. To accomplish this, an assessment is
being made of the :iurface velocity and of the mass balance of the
casement Glacier in order to better understand the factors upon
which these parameters depend.

Objectives: (I) To asses the mass balance by measurement of
annual accumulation, ablation, and surface velocity. (2) To
determine the trajectories of points on the surface of the glacier
by using a formula developed by J. F. Nye. (3) To examine the ice
at the bottom of the glacier in order to better understand the
machanics of the sliding of a glacier on its bed. (4) To establish
meteorological stations at various elevations on the glacier and on
the rock adjacent to the glacier in order to relate the ablation stu-
dies to the meteoro- logical conditions.

SUPPORTED BY U.S. Atomic Energy Commission

2.0859, FLOW ANALYSIS OF HYDRAULIC CONNEC-
TORS IN ARTIFICIAL RECHARGE SYSTEMS
W. PET7'YJOHN, Ohio State University, Water Resources
Center, Columbus, Ohio 43210

The specific aim of this research plan is to study flow systems
of water injected into the subsurface through hydraulic connec-
tors by laboratory and mathematical methods.

Over the past three years, studies relative to the design have
been in progress in the Water Resources Division of the U.S.
Geological Survey. However, the flow systems associated with
hydraulic connectors have not been studied and are of considera-
ble importance for determinating proper artifical recharge system
designs.
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Laboratory and field data that are presently available will be
used to build a laboratory model for representation of the dynam-
ics of an artificial recharge system that consists predominantly of
hydraulic connectors, Standard hydraulic formulas will be used to
form a mathematical model. Results of the two means of analysis
will be correlated, modified if necessary, and used to determine a
formula that describes the optimum hydraulic connector size and
spacing under conditions of uniform permeability.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Ohio State University

2.0860, EFFECTS OF SOIL MANAGEMENT TREAT-
MENTS ON ERODIBILITY AND INFILTRATION CHARAC-
TERISTICS
D.L. SCHMIDT, Ohio State University, Agricultural Experiment
Sta Columbus, Ohio 43210

1. To determine infiltration characteristics for typical Ohio
soils. 2. To investigate the factors affecting the relative erodibility
of major Ohio soils. To study under controlled, simulated rainfall,
the effects of raindrop impact energy and initial surface condi-
tions on the formation of soil surface seals, and the characteristics
of these surface seals on various Ohio soils. 4. To study, under
field conditions, the effects of soil management treatments on soil
surface conditions, and the relationships to water intake and soil
loss rates.

Field infiltration data will be collected on three typical Ohio
soils using the Purdue sprinkling infiltrometer in accordance with
the procedures of Regional Research Project NC-40, After adop-
tion of desirable modifications. further studies will be made on
other major Ohio soils. Soil survey data from statistical quarter-
section samples will be summarized by soil type, slope group and
degree of erosion to calculate average weighted erosion indices
for major Ohio soils. The susceptibility to surface sealing on these
soils under different surface conditions will be studied under
simulated rainfall of known energy, as well as the characteristics
of these seals and their relationships to erosion and infiltration.
Field experiments will be conducted on the effects of tillage and
soil surface conditions on sealing, erosion, and water intake and
losses.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

2.0861, HYDROLOGIC INVESTIGATION OF

WATERSHEDS IN OHIO
E.P. TAIGANIDES, Ohio State University, Schoc o v Agriculture,
Columbus, Ohio 43210

The objective of this investigation is to acquire the
knowledge necessary in the development and application of
mathematical models to simulate the hydrologic phenomenon as-
sociated with small agricultural watersheds in Ohio.

The initial phase of work will involve a review of the current
mathematical watershed models and a selection of the more suc-
cessful inodels to apply to Ohio watershed. Both Analog and
Digital Computer versions will be considered.

A prime objective will be to modify the Stanford Streamflow
Simulation Model, through the use of the excellent collection of
data available at the Coshocton Ohio Hydrologic Station, in order
to predict small watershed response.

Secondary objectives will encompass investigations of the In-
fluence of Land Use on Runoff and the Hydrologic Response of
Strip-mined Areas.

The culmination of these studies will be a mathematical
model, that would predict water yield peak runoff, outflow hydro-
graphs, and residual soil moisture conditions, for inputs consisting
of readily obtained basin characteristics and given precipitation
sequence.

Use will be made of the $30,000 Analog Computer in the
Agrucultural Engineering Dept. as well as the University's
7094/360 Digital Computer facilities.

2. WATER CYCLE

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Ohio State University

2.0862, WELL DRAWDOWN IN UNCONFINED
AQUIFERS UNDER NON-STEADY CONDITIONS
G.S. TAYLOR, Ohio State University, School of Agriculture,
Columbus, Ohio 43210

Drawdown around wells in unconfined porous media for
transit conditions will be evaluated by numerical analysis. The
simultaneous flow of water in both the saturated and unsaturated
flow regions will be evaluated for various pumping rates and
boundary conditions. Fulfillment of the project objectives will
yield computer techniques for handling complicated water flow
problems and additional information on inflow into wells.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Ohio State University

2.0863, MANAGEMENT OF STORM RUNOFF AND THE
IMPROVEMENT OF WATER YIELD ON FOREST LAND
R.Z. WHIPKEY, U.S. Dept. of Agriculture, Columbus, Ohio

Object: To devise ways to manage stormwater runoff and im-
prove the amount, timeliness, and quality of water arising from
forest land in the Allegheny, Cumberland plateau and related
limestone, sandstone, shale and loessial regions of the Midwest.

Plan of work: This project is concerned primarily with forest
soils and the movement of water through them. The staff is mea-
suring subsurface stormflow movement and hydraulic conductivi-
ty rates through forest soils. They are also determining the effect
of subsoiling and mulching on water movement; the relation of
soil moisture to distance from planted coniferous trees; and the
characteristics of a coniferous plantation related to tree growth
and available water.

SUPPORTED BY U.S. Dept. of Agriculture

2.0864, SEDIMENT SOURCES AND YIELDS IN
AGRICULTURAL WATERSHEDS IN CORN BELT STATES
L.L. HARROLD, U,S, Dept. of Agriculture, Coshocton, Ohio

Object: To develop procedures for predicting the sources
and amount, rate, and character of sediment yield in the principal
physio- graphic and climatic regions.

Plan of Work: Information on quantities of sediment carried
by streams is obtained by means of reservoir sedimentation sur-
veys and through suspended load sampling on selected
watersheds. Records of precipitation, runoff, topography, chan-
nel characteristics, soils and geology, land use, conservation prac-
tices, and watershed treatment measures are compiled for the
areas for which sediment yield records are available. Studies are
made to determine and evaluate the processes and rates of ero-
sion on land surfaces including gullies, roadbanks, and stream
channels. Radioactive elements and other tracers are used in stu-
dying the movement of sediment from erosional sources to points
of deposition. Required instrumentation is developed. Data on
sediment yield rates and associated causal factors are analyzed
and interpreted to derive improved techniques and equations for
estimating sediment yield and sources in ungaged watersheds.

SUPPORTED BY U.S. Dept. of Agriculture

2.0865, PRECIPITATION AND SNOW MELT CHARAC-
TERISTICS INFLUENCING RUNOFF FROM WATERSHEDS
IN CORN BELT
L.L. HARROLD, U,S. Dept. of Agriculture, Coshocton, Ohio

Object: To (1) develop information on amounts, duration,
areal and seasonal distribution storm paths and other charac-
teristics of rainfall as affected by geographic location, topo-
graphic location, and other factors in relation to runoff from
agricultural watersheds; (2) evaluate the factors influencing the
disposition of snow and to develop improved methods of estimat-
ing stream discharges and water yields for upstream watersheds
where the supply is from snow melt; and (3) determine the rela-
tionship of frozen soils to runoff from mating snow or rain.

Plan of Work: Studies are currently in progress at the North
Appalachian Experimental Watershed near Coshocton, Ohio and
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on agricultural watersheds in the vicinity of Council Bluffs, Iowa,
Fennimore and Madison, Wisconsin, Iowa City, Ia., and Columbia
Mo.

SUPPORTED BY U.S. Dept. of Agriculture

2.0866, RUNOFF PRODUCTION BY UNIT SOURCE AREA
AGRICULTURAL WATERSHEDS IN CORN BELT STATES
L.L. HARROLD, U.S. Dept, of Agriculture, Coshocton, Ohio

Object: To evaluate quantitatively, as one of the important
factors in predicting runoff from ungaged watersheds, the runoff
producing potential of the major individual soil-cover complexes
under typical conditions of use and treatment.

Plan of Work: Studies are currently in progress at the
Northern Appalachian Experimental Watershed near Coshocton,
Ohio; Columbia, Missouri; and in the vicinity of Council Bluffs,
Iowa, Particular attention is being given to investigations of inter-
flow in soil profiles.

SUPPORTED BY U.S. Dept. of Agriculture

2.0867, RELATION OF CLIMATIC AND WATERSHED
FACTORS TO STORM RUNOFF IN CORN BELT STATES
L.L. HARROLD, U,S. Dept. of Agriculture, Coshocton, Ohio

Object: To identify the climatic and watershed factors in-
fluencing the magnitude and frequency of storm flows from
agricultural watersheds; to evaluate the factors quantitatively;
and to develop procedures by which the magnitude and frequency
of storm flows from ungaged watersheds may be estimated.

Plan of Work: Work is currently concentrated on North Ap-
palachian Experimental Watershed near Coshocton, Ohio; on
agricultural watersheds in the vicinity of Fennimore and Madison,
Wisconsin; Columbia, Missouri, and Council Bluffs, Iowa. Some
of the factors required for the analyses ana which are measured or
otherwise documented for the study arc: rates and duration of
streamflow; precipitation patterns; antecedent moisture; season;
soils; land use; conservation and watershed management prac-
tices; ground water elevations; riparian vegetation; geology;
gradients and hydraulic roughness of stream channels; and the
size, shape and other geomorphic attributes of watersheds.

SUPPORTED BY U.S. Dept. of Agriculture

2.0868, RESERVOIR SEDIMENTATION STUDIES IN
CORN BELT STATES
L.L. HARROLD, U.S. Dept. of Agriculture, Coshocton, Ohio

Object: To obtain an understanding of reservoir sedimenta-
tion phenomena, to develop better procedures for predicting such
processes, and to develop better design criteria for reservoirs--in-
eluding knowledgeable consideration of: (1) characteristic rates
of storage depletion by filling of reservoirs with sediment, as af-
fected by various parameters in the principal physiographical and
geomorphological regions; (2) volume-weight of deposited sedi-
ment; (3) reservoir trap efficiency; and (4) distribution of reser-
voir sediment.

Plan of work: Primarily field investigations to develop im-
proved procedures for making reservoir sediment deposition sur-
veys; distribution of sediment in floodwater detention type reser-
voirs; and volume weight of reservoir sediment from measure-
ments with the gamma probe.

SUPPORTED BY U.S. Dept. of Agriculture

2.0869, SOIL MOISTURE REGIMES OF AGRICULTURAL
WATERSHEDS IN CORN BELT STATES
K.E. SAXTON, U.S. Dept. of Agriculture, Coshocton, Ohio

Object: To determine for agricultural watersheds: basic in-
formation on amounts, accretion and depletion, areal and depth
of distribution, and the transmission of soil moisture; criteria for
the design of sampling programs to define soil moisture within
prescribed limits of accuracy; and methods for predicting soil
moisture for ungaged areas.

Plan of Work: The work is currently in progress at the North
Appalachian Experimental Watershed near Coshocton, Ohio; on
watersheds in the vicinity of Fennimore and Madison, Wisconsin;

in the vicinity of Council Bluffs, Iowa; and at Columbia, Missouri,
Patterns of soil moisture extractio, ' echarge are determined
for different land use and soil conditions includingymvestigations
to establish criteria for determining soil moisture status on a
watershed basis.

SUPPORTED BY U.S. Dept. of Agriculture

2.0870, NITROGEN FERTILIZATION AND IRRIGATION
OF TOBACCO
TO, ARSCOTT, Ohio Agric. Res. & Dev. Ctr. , Wooster, Ohio
44691

1, To determine the effect of irrigation on stand and early
growth of newly transplanted tobacco. 2. To study the effects of
irrigation on yield and quality of tobacco grown at four nitrogen
levels. 3. To determine the effect of soil moisture stress at various
stages of growth on yield ar:d quality of tobacco.

This experiment is designed to determine the response of
tobacco to nitrogen fertilization under various soil moisture con-
ditions. Other objectives are to determine the effects of irrigation
on stand and early growth of newly transplanted tobacco and the
effect of soil moisture stress at various stages of growth on tobac-
co production.

Four levels of nitrogen fertilization from 0 to 180 pounds of
N per acre are compared at three soil moisture levels. The design
is a split plot with three replications. The tobacco is irrigated with
a sprinkler type irrigation system. One irrigation level is main-
tained at 60 percent of available moisture, the second is irrigated
only at critical periods during growth, and the third level receives
only normal rainfall. Yield, quality, value, and chemical analyses
of the leaf are determined, The tobacco is grown in a three year
rotation.

SUPPORTED BY Ohio State Government

2.0871, FLOW OF COLLOIDAL SUSPENSIONS IN
POROUS MEDIA
R.B. CURRY, Ohio Agric. Res. & Dev. Ctr. , Wooster, Ohio 44691

To investigate the fundamental principles underlying the
flow of colloidal suspensions into or through porous media.

Description of work: The scope of this study will include the
use of several granular materials and suspensions of colloidal
materials. Initially, carborundum will be used as the porous media
and Wyoming bentonite as the suspended material in order that
there will be continuity between the present work and past stu-
dies. Materials to be used later will include chemically active
materials such as zeolite, natural occuring materials, such as soils
and filter sands. The natural occuring materials will be used to tie
this basic study to practical applications in the field,

Both the porous media and the suspended materials will be
characterized completely by determination of various physical
and chemical properties.

The granular material will be placed in a permeameter for
testing. The actual test procedure will involve four phases: (1) ini-
tial flow of de-aired, de-ionized water through the porous media
in the permeameter, (2) followed by the introduction of the
suspension into the permeaneter in order to determine the effect
of the suspension flow in the system, and (4) the amount of col-
loidal material retained in the column of porous media is deter-
mined by the use of radioactive isotope techniques.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

2.0872, IRRIGATION REQUIREMENTS OF FIELD AND
HOR'T'ICULTURAL CROPS
R.B. CURRY, Ohio Agric. Res. & Dev. Ctr. , Wooster, Ohio44691

Irrigation Requirements and Potentials of Field and Horticul-
tural Crops: 1. To determine the water requirements and
evapotranspiration rates of field, fruit, vegetable, and nursery
crops. 2. To evaluate the long-time response of these crops to ir-
rigation on fine-textured and coarse-textured soils. 3. To evaluate
the drought potential of major soils from long-time weather data
and to correlate this information with crop response. 4. To apply
the information on evapotranspiration rates and water require-
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merits to the development of design criteria for distribution and
application systems for irrigation of these crops. 5. To evaluate
the effect of irrigation on drainage system design in fine-textured
soils.

Description of Work: The study will cover the investigation
of the water requirements and evapotranspiration rates of various
field and horticultural crops. Initial studies will be made with a
neutron meter. Water application will be initially by overhead
sprinklers. Surface methods of irrigation will be investigated.
Yield and quality, as determined by co-operating personnel in the
particular product area, will be used as the measure of response to
irrigation. It is also envisioned that studies under controlled cli-
matic conditions may be needed to provide the desired informa-
tion. The drought potential of major soils in the state will be eval-
uated from an analysis of long term weather records. The effect of
irrigation on drainage system design in fine-textured soils will be
determined by a comparison of the behavior of drainage systems
under irrigated and non-irrigated conditions.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

2.0873. CHEMISTRY OF SUBSURFACE OILFIELD
BRINES
A.G. COLLINS, U.S. Dept. of Interior, Petroleum Research Ctr. ,
Bartlesville, Oklahoma

Subsurface brine and water samples are obtained from pri-
mary production oil wells using standard sampling procedures.
The samples are analyzed using standard procedures, and the
results are published, thereby providing a standard reference
source concerning the types of brines or waters produced simul-
taneously with petroleum from various geological formations.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

2.0874, ANALYTICAL METHODS - OILFIELD WATER
CHEMISTRY
A.G. COLLINS, U.S. Dept. of Interior, Petroleum Research Ctr. ,
Bartlesville, Oklahoma

Methods applicable to determining the many constituents
found in saline oilfield waters are developed. Existing analytical
procedures also are improved to meet the need for a better
knowledge of water chemistry.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

2.0875, RUNOFF PRODUCTION BY UNIT SOURCE
AREAS IN THE SOUTHERN PLAINS
M.A. HARTMAN, U.S. Dept. of Agriculture, Chickosha,
Oklahoma

Object: To evaluate quantitatively the runoff producing
characteristics of the major soil -cover complexes in the Southern
Plains under typical conditions of use and treatment.

Plan of work: The studies are currently in progress on single-
soil-cover watersheds in the vicinity of Chickasha and Cherokee,
Oklahoma; and Riesel and Sonora, Texas. Correlations are
established between the physical characteristics, soils and their
runoff producing potential under a variety of land use and treat-
ments.

SUPPORTED BY U.S. Dept. of Agriculture

2.0876, WEATHER RADAR - PRECIPITATION RELA-
TIONSHIP
K.E. WILK, U.S. Dept. of Commerce, Natl. Severe Storm Lab. ,
Norman, Oklahoma

Tech. Obj. changes in precipitation intensity patterns which
accompany transitory weather systems. To determine the quan-
titative significance of radar signal return from precipitation in
terms of precipitation rate, liquid water content, and other
meteorological parameters. To determine the minimum number
of parameters needed for characterizing the echo element impor-
tant for forecasting and communicating precipitation data.

Approach; A standard WSR-57 weather radar has been
equipped with data recording equipment to provide systematic
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weather echo recording. Rain-gage data from USDA mesonet-
work is assembled and tabulated. Radar and rain-gage data are
processes using semi-automatic and computer programs to
prepare precipitation radar echo statistics.

Progress: Computer programs had been written to process
the data and several years of data have been collected.

SUPPORTED BY U,S, Dept. of Commerce - E.S.S.A.

2.0877, SOIL EROSION STUDIES IN OKLAHOMA AND
SOIL SEDIMENTATION STUDIES IN OKLAHOMA
J. W. KEELEY, Univ. of Oklahoma, School of Engineering, Nor-
man, Oklahoma 73069

Several soil erosion studies are in progress. The effects of soil
type, slope and discharge on the erosion of roadway ditches and
channels are being studied, to optimize methods of preventing
scour. Studies of the Froudc number, which separates culvert out-
let conditions into satisfactory and unsatisfactory conditions, are
underway. The soil sedimentation studies are investigating the
Froudc range 'separating conditions of silt deposition from chan-
nel stability.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Oklahoma State Government

2.0878, SOIL SURFACE MANAGEMENT PROCEDURES
FOR SOIL AND WATER CONSERVATION
J.M. DAVIDSON, Okla. St. Univ. of Agr. & Sci. , Agricultural Ex-
periment Sta. , Stillwater, Oklahoma 74075

Objectives: 1, Replace or eliminate as many mechanical til-
lage operations as feasible for an annual wheat, cotton or
sorghum program. 2. Measure water storage efficiency of the soil
profile under various surface management practices. 3. Evaluate
changes in organic matter, bulk density, aggregation and residue
in surface soil owing to various tillage practices. 4. Determine an-
nual operational cost of each soil management techniques for cost
plus yield analysis.

Procedure: Treatment for weed control, both during and
between growing seasons, will vary from complete mechanical to
all chemical with intermediate combinations of the two. Water
storage in the soil profile will be monitored frequently during the
year using the neutron meter. These values will be compared with
annual precipitation and consumptive- use measurements. Par-
ticular attention will be given to water retention in the top 18
inches of the soil under the various tillage practices. Field work
involving evaporation from bare soil will be supplemented with
laboratory work. After harvest each year, samples in the top 18
inches of the soil will be collected to measure organic matter,
bulk density, aggregation, chemical residue and general condi-
tions of the soil. This information along with the amount of plant
residue on the soil surface will be used to estimate physical and
chemical property changes of the soil. Cost per unit of yield will
be made for each crop and crop program in order to compare
mechanical and chemical methods of weed control.

SUPPORTED BY U.S. Dept. of Agriculture
Oklahoma State Government

2.0879, OVERLAND FLOW ANALYSIS FOR A SIMU-
LATED VEGETATED SURFACE
C.F. RICE, Okla. St. Univ. of Agr. & Sci. , School of Agriculture,
St/ n'ater, Oklahoma 74075

The objectives of this project will be: 1. To determine the
functional relationship between watershed roughness (expressed
as some appropriate friction factor such as Manning's n) and the
depth of flow, rainfall intensity (raindrop impact), and slope of
surface profile for a simulated vegetated surface for spatially
varied steady flow and spatially varied unsteady flow (overland
flow). 2. An analysis of overland flow using the continuity and
momentum equations as the expressions to completely define the
time distribution of runoff (hydrograph ) from a simulated
vegetated surface. 3. Adjustment of the friction factor in the fric-
tion slope of the equations until the predicted hydrographs
duplicate the experimentally determined hydrographs. This
should permit determination of the actual friction factor relation-
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ship for the different varia"; combinations of overland flow from
a simulated vegetated surface.

The experiment data will be obtained using a 44-foot variable
slope rectangular flume, The flume is about 17 inches wide and
will Ix lined with an artifical grass substance (trade name of
PERMA-GRASS) that should approximate a close growing mat
type grass such as bermuda, The lateral inflow, designed to ap-
proximate natural rainfall, will be applied by spray nozzles
located along the longitudinal axis of the flume. Rainfall rates of 2
in. per hour, 4 in. per hour, and 6 in. per hour will be studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oklahoma State University

2,0880, STUDIES OF THE SOIL-MOISTURE-PLANT
REGIME FOR THE CONDITIONS OF WESTERN
OKLAHOMA
J,F, STONE, Okla, St. Univ. of Agr. & Sci. , Agricultural Experi-
ment Sta, Stillwater, Oklahoma 74075

Objectives: 1, To use Oklahoma weather data in establishing
probability values for rainfall, 2, To establish an evapotranspira-
tion equation for Oklahoma through use of weather summary
data and evaluation of equation parameters involved, and further,
to establish a satisfactory mcans for estimating the total need for
water for crop growth. 3. To study the influence of plant and soil
factors on water intake by roots and the subsequent transpiration.
4. To study the efficiency of precipitation in the production of
plant growth and use this as a yardstick for water efficiency in
dryland areas. 5. To study maximization of water-use-efficiency
for irrigation agriculture in Oklahoma.

Procedure: Rainfall probabilities at several stations across
the state will be characterized through the year, Weather and
ground conditions related to water loss will be studied. The fac-
tors and parameters concerned will be used in establishing
evapotransmission equations for Oklahoma. Laboratory and field
studies will be made to establish the relations between physiologi-
cal conditioning of the plant and water loss to environmental de-
mands. Electric analog procedures are planned to study move-
ment through the plant. Effects of bedding, water impermeable
barriers and vertier wetting on water-use-efficiency will be stu-
died.

SUPPORTED BY U.S. Dept. of Agriculture
Oklahoma State Government

2.0881, BIOLOGICAL FIXATION AND TRANSFORMA-
TION OF NITROGEN IN SMALL IMPOUNDMENTS
D.W , TOETZ, Okla, St. Univ. of Agr, & Sci. , Graduate School,
Stillwater, Oklahoma 74075

The nitrogen cycle ,of small impoundments will be studied
using the isotope dilution technique. The basic objective of this
research is to learn the rate at which nitrogen enters small im-
poundments by biological fixation and the rate it is transformed
there by biological processes. Specific objectives are as follows:
(1) to measure rates of nitrogen fixation in small impoundments,
(2) to measure rates of assimilation of ammonia and nitrates by
the biota, (3) to concurrently measure rates of nitrification in the
same environment, and, (4) to relate seasonal changes in nitrate
and ammonia to the above rates.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oklahoma State University

2.0882, SEDIMENT PRODUCTION, MOVEMENT, AND
DEPOSITION IN WATERSHEDS IN THE SOUTHERN
GREAT PLAINS
W.O. REE, U.S. Dept. of Agriculture, Stillwater, Oklahoma

Object: To develop procedures to predict the sources,
amount, rate and character of sediment yield and delivery from
agricultural watersheds of varying sizes; develop design criteria
and other information on trap-efficiency, density and distribution
of sediment, and characteristic rates of storage depletion by silt-
ing for reservoirs and ponds affected by watersheds; and to deter-
mine the effects of upstream watershed protection programs on
sedimentation along the main stem of river systems.

Plan of Work: The sediment transport in selected streams is
measured and sediment yields related to causal factors. The effect
of watershed treatment on the sediment delivery to major streams
is studied. Transport load is measured, and records made of,
precipitation, runoff, topography, channel characteristics, soils
and geology, land use and cover, and conservation practices and
watershed treatment. Information on reservoir sedimentation is
obtained, including characterization of the contributing basins,
measurement of water and sediment inflow, outflow, and move-
ment; characterization of basins as to shape and size, and capaci-
ty-watershed ratios; variations in the density and texture of
deposited sediment and processes of delta formations within
basins and their extension upstream beyond the backwater of the
reservoir.

SUPPORTED BY U,S, Dept. of Agriculture

2.0883, CLASSIFICATION OF DEEP SUBSURFACE
WATERS BY CHEMICAL COMPOSITION AND GEOLOGY
P,A. DICKEY, Univ. of Tulsa, Graduate School, Tulsa, Oklahoma
74104

This is a renewal of NSF Grant GP-5051 Data from deep oil
and gas wells indicate that there is a normal increase in salinity of
subsurface water with depth to a certain point, below which the
relationship no longer holds and the waters are less concentrated.
In the same areas and at about the same depths it has been shown
that shales are under-compacted. The normal processes of com-
paction and expulsion of water have apparently been arrested by
normal faults which were active during sedimentation, and which
interrupted the paths of water migration along the bedding
planes. The pressures in the interstitial water in under-compacted
shales approach the weight of the overburden.

To establish these interesting relationships it will be necessa-
ry to choose several oil fields whose geology and pattern of reser-
voir pressures are well known. Water samples will be especially
collected and the U.S. Bureau of Mines has agreed to supply
chemical analyses. It is expected that much entirely new informa-
tion on both physical and chemical processes of diagenesis and on
tectonics will be obtained.

SUPPORTED BY U.S, National Science Foundation

2.0884, A RUN TIMING STUDY IN THE LOWER
COLUMBIA RIVER BY MEANS OF A TESTFISHING PRO-
GRAM
A. OAKLEY, State Fish Commission, Clackamas, Oregon 97015

This program is conducted to determine the time of migra-
tion of spring-run chinook salmon through the lower Columbia
River and provide a means of estimating the size of the popula-
tion. The program is conducted at two sites. Fish Commission
personnel supervise fishing operations at Woody Island, which is
28 miles above the mouth of the Columbia River, while the
Washington Department of Fisheries is responsible for conduct-
ing the fishing at Corbett located 22 miles below Bonneville Dam.
Gill nets are drifted over a standard area on alternate days at each
site. Fish captured in suitable physical condition are tagged and
released, and later observed at various fishways, hatcheries, and
in spawning tributaries. Stream of destination, migration rates,
and growth patterns as determined by scale ana:ysis are also
learned from this work.

SUPPORTED BY Oregon State Government

2.0885, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
L. BOERSMA, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives: To devise and test methods for predicting water
transmission characteristics from measurable soil properties for
known temperature conditions.

Work Proposed: Previous work done at the Oregon station
has indicated that numerical techniques based on hthe diffusion
equation can be used to predict unsaturated water movement.
The accuracy of the prediction depends upon the ability to
establish the exact relationship between transmission charac-
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teristics and moisture content. Soil columns will be packed for the
determination of the relationship between the soil-moisture dif-
fusivity and the soil moisture content. The columns will be made
up of soils of predetermined mineral composition, apparent densi-
ty and texture. The range of soil textures to be studied will be
selected such that the relationship between texture and diffusivity
can be accurately described and possibly predicted.

SUPPORTED BY U.S. Dept. of Agriculture
Oregon State Government

2.0886, WATER-SOIL PLANT RELATIONS
L. BOERSMA, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives: Investigate relationships between water stress in
root medium and internal water status of plants as affected by en-
vironment and plant development.

Description of Work: The initial work is to develop on a
practical basis a method to maintain a constant moisture content
in a body of soil in which plants are growing. The study will then
proceed with studies of the quantitative effects of different air
temperatures, relative humidities, soil temperature and soil
moisture tensions on growth and transpiration. Additional work
will attempt to evalute the link between moisture stress and ion
uptake and between transpiration and ion uptake.

SUPPORTED BY U.S. Dept. of Agriculture
Oregon State Government

2.0887, CHARACTERIZATION OF WATER TABLES IN
OREGON SOILS WITH REFERENCE TO TRAFFICABILITY
L. BOERSMA, Oregon State University, Agricultural Experiment
Sta, , Corvallis, Oregon 97331

(a) Quantitatively describe and compare the water-table
regimes of selected Oregon soils to determine whether particular
water-table regimes are associated with specific soil types, (b)
Study the relations and associations of soil morphological charac-
teristics, soil moisture regimes, soil trafficability, and other static
and dynamic features of soil, terrain, and weather to water-table
regimes of the several soils to achieve the capability for appraising
water -table regimes from morphological information. (c) To gain
background knowledge needed in development of prediction
methods for water-tables, soil moisture, and trafficability
strength.

Instruments and techniques have been developed for measur-
ing the trafficability characteristics of soils by USA-WES,
Vicksburg, Miss. Capabilities for estimating trafficability condi-
tions without the opportunity to measure them and for predicting
changes in conditions with time are also needed. Three near-
model test site:, will be established on each of five soil series of the
Willamette Catena in Western Oregon. Sites will be designed and
instrumented to allow the collection of data satisfying the needs
for fulfilling the stated objectives. The data-collection phase of
the program will last for a period of one year after which the fol-
lowing information will have been obtained. (a) Daily records of
air temperature, rainfall, water- table depth, soil moisture at
several depths, and pertinent changes in vegetation, soil condi-
tions, etc. (b) Data for developing trafficability strength-soil
moisture relations. (c) Complete descriptions of soil physical pro-
perties, soil morphological features, and terrain features, (d)
Other data necessary for the completion of research studies by
OSU graduate students who are directly associated with the pro-
gram.

SUPPORTED BY Oregon State Government

2.0888, IRRIGATION FEASIBILITY ON THE DAYTON,
AMITY, WOODBURN, WILLAMETTE AND RELATED
SOILS OF THE WILLAMETTE VALLEY
L. BOERSMA, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives: 1. To determine the suitability and the produc-
tion potential of selected crops under irrigation on the Dayton,
Amity, Woodburn, Willamette and related soils of the Willamette
Valley under different levels of management. 2. To determine the
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irrigation water requirement of selected crops grown on the
above named soils under different systems of management. 3. To
determine the economic feasibility of irrigation based on the
results obtained under objectives 1 and 2.

Description of Work Proposed: A range of promising crops
will be grown under different management and cultural practices
in replicated field experiments to assess their production capacity
under irrigation. The main variables in he experiments ill be
frequency and amount of irrigation, fertilizer application, date of
planting and stand density. Experiments will be included to evalu-
ate different soil management practices in relation to the produc-
tion of crops on these soils. Water usage, yield, and in some cases
quality of the product will be measured, In addition a range of
crops will be grown in an exploratory manner to obtain an indica-
tion of the suitability of specific crops to production under irriga-
tion on these soils. The crops which appear most promising may
be further explored in some comprehensive experiments.

SUPPORTED BY Oregon State Government

2.0889, THE PREDICTION OF UNSATURATED FLOW
RATES FROM PHYSICAL PROPERTIES OF THE POROUS
MEDIUM
L.L. BOERSMA, Oregon State University, School of Agriculture,
Corvallis, Oregon 97331

The development of the unsaturated flow theory leads to the
determination of several parameters necessary for the prediction
of water movement in porous media. Little investigation has been
done to determine these parameters as a function of easily mea-
sured physical properties of the medium. The flow parameters
have been related to characteristic functions obtained from ex-
periments. The theory has been successful in some cases under
special conditions. When experimental data do not match with
the values predicted using the characteristic functions, only as-
sumptions about the discrepancies between theory and ex-
perience can be presented. The objective of the proposed study is
to establish a relationship between water transmission coefficients
and properties of the porous medium by a series of systematic
measurements performed on a range of materials.

The need for fundamental information about unsaturated
flow parameters obtained in a systematic manner is urgent. Un-
saturated water movement is a basic aspect of many studies re-
lated to water treatment, movement of chemicals (pesticides) and
movement of water as 'part of the hydrologic cycle. This project
was initiated in fiscal 1966 and will be completed in 1969.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oregon State University

2.0890, UNSATURATED FLOW RATES
L.L. BOERSMA, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

1. To establish a relationship between water transmission
coefficients and soil physical properties by a series of systematic
measurements. 2. To compare values of water transmission coef-
ficients calculated from pore size distributions with experimen-
tally obtained values. 3. To establish the possible use of a mercury
intrusion porosimeter as a tool for a fast and routine measurement
of pore size distribution.

The development of the unsaturated flow theory leads to the
determination of several parameters necessary for the prediction
of water movement in porous media. Little investigation has been
done to determine these parameters as a function of easily mea-
sured physical properties of the medium. The flow parameters
have been related to characteristic functions obtained from ex-
periments. The theory has been successful in some cases under
special conditions. When experimental data do not match with
the values predicted using the characteristic functions, only as-
sumptions about the discrepancies between theory and ex-
perience can be presented. The objective of the proposed study is
to establish a relationship between water transmission coefficients
and properties of the porous medium by a series of systematic
measurements performed on a range of materials.
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2. WATER CYCLE

SUPPORTED BY Oregon State Government

2.0891, A CLASSIFICATION OF THE LAKES OF THE
STATE OF OREGON
J.R. DONALDSON, Oregon State University, School of Agricul-
ture, Corvallis, Oregon 9'1331

The primary objective of the proposed research is to begin an
accurate appraisal of the quantity and quality of the lakes of the
State of Oregon in order to document for posterity the existing
conditions and to serve as an aid to the present and future water
use manipulations,

The specific project objectives are as follows: (1) Assemble
information presently available concerning the lakes of the State
of Oregon. (2) Begin to sample selected lakes by differing geolog-
ical areas and/or drainage basins in order to accumulate limnolog-
ical data essential for a statewide classification, (3) Set up a for-
mat for recording and processing the collected information with
the eventual purpose of making the results available in published
form. The field work will involve the collection of information on
the morphological features, thermal and optical properties, major
chemical features (oxygen, pH, alkalinity, major cations, total
solids and specific conductivity) andthe qualitative and quantita-
tive features of the biota of each lake visited.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oregon State University

2.0892, HYDROLOGY OF WATER YIELD PREDICTION
J.T. KRYGIER, Oregon State University, Water Resources
Research Inst. , Corvallis, Oregon 97331

Object: To predict water yields from meteorological parame-
ters for watersheds composed of heterogeneous vegetation, and
to measure changes in water yield caused by logging.

Plan of Work: The long-range goals of the project will be to
estimate measured water budgets on plots and watersheds for
meteorological parameters. Small watersheds will be utilized in
the Coast Province for prediction purposes and to observe the
magnitude of change in water yield caused by clearcut logging.

Water budget measurements will be made weekly or
biweekly throughout the year on plots of Douglas fir and oak near
Corvallis. Freely fluctuating plots and two functioning as open-
ended lysimeters will be utilized. The measurements will consist
of gross rainfall, net rainfall, soil moisture change (neutron
probe) and measured unsaturated flow. The latter will be or-
ganized as a separate research project. Water budgets on the plots
will be estimated from incoming solar radiation, net radiation and
air temperature, as measured above the forest stands.

The watersheds are located in the coast range approximately
60 miles west of Oregon State University at Corvallis.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oregon State University

2.0893, SEASONAL WATER USE BY FOREST VEGETA-
TION
J.T. KRYGIER, Oregon State University, Graduate School, Cor-
vallis, Oregon 97331

Objectives: The overall purpose is to establish the role of
foliage transpiration in causing water loss from streamflow or loss
of soil water available for growth and survival of plants. Deter-
mination of comparative uses by important local forest vegeta-
tional species especially trees during the four seasons of the year
will be attempted. Amount of use will be related to soil and air
temperature, air humidity, rainfall and solar radiation.

Assessment of the water economy for important forest spe-
cies will allow interpretation of their effect on flood peaks and
low water levels. Control of cover species on a watershed offers
one means of controlling quality, quantity and regularity of
stream waters.

SUPPORTED BY Oregon State Government

10894, TESTS OF DOUGLAS-FIR PLANTING STOCK
FOR SURVIVAL UNDER DROUGHT STRESS
D.P. LAVENDER, Oregon State University, Graduate School,
Corvallis, Oregon 97331

Objectives: 1. To examine the physical and physiological
characteristics of root system s of seedlings growing on unfavora-
ble sites. 2. Establish techniques for identifying drought re-
sistance.

Description of Work Proposed: Work with seedlings from
Provenance Study. Study seedlings taken from severe sites. Study
parents of seedling growing on droughty soils. Work with Ernest
Wright on mycorrhiza and it relationship to survival on difficult
sites.

SUPPORTED BY Oregon State Government

2.0895, VEGETABLE CROPS FERTILIZER, PLANT
NUTRITION, AND IRRIGATION PROBLEMS
11.1. MACK, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

(1) To evaluate the effect of fertilizers and lime on growth,
yields, and quality of major vegetables grown in Oregon (2) to re-
late the growth and yield response from fertilizer and lime treat-
ments to chemical composition of plants and soil test values, (3)
to evaluate the comparative response of different varieties to ap-
plication of fertilizers and lime, (4) to evaluate the growth, yields,
and quality of vegetable crops as influenced by amount and
frequency of irrigation, and (5) to evaluate the relationship of
growth and yield response to irrigation-fertilizer-stand levels.

Major emphasis in these studies will be on field trials to eval-
uate effects of fertilizer and lime treatments and irrigation on
vegetable crops. When feasible and practical, greenhouse experi-
ments will be conducted to supplement field data and to study the
more fundamental aspects of certain problems.

SUPPORTED BY Oregon State Government

2.0896, BIONOMICS OF FISHES AND SHELLFISHES
C.E. WARREN, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

To: obtain bionomic information of important fishes and
shellfish species of Oregon bays in relation to ecological factors
(temperatures, salinities, currents and tidal phases, pH, dissolved
oxygen, carbon dioxide, turbidity, edaphic conditions, folds, in-
dustrial and domestic sewage wastes, etc.); continue development
of aqua-culture procedures for oysters, clams and other marine
species of importance, particularly rearing of free-swimming lar-
val stages of oysters and clams to seed stage; and, obtain reliable
biological information as to resistance and susceptibilities of
marine organisms to various pollutional conditions occurring in
marine waters and provide methods and scientific data for pre-
dicting effects on marine organisms and for establishments of
water quality criteria for marine areas.

Description of Work: Perform bioassays with various toxic
effluents commonly discharged into marine waters using fishes
and the several life stages of oysters and other marine organisms
as test animals; and perfect the mussel embryo-larval bioassay
techniques for quickly assessing the toxic components of effluents
discharged by wood- processing industries into bays and estuaries.

Continue oyster culture studies, particularly the rearing of
pelagic larvae of the Kumamoto oyster to 'seed' stage under con-
trolled laboratory conditions; and begin preliminary studies on
the damages and control of mud-shrimps to oysters.

SUPPORTED BY U.S Dept. of Agriculture
Oregon State Government

2.0897, PERFORMANCE CHARACTERISTICS OF SOLID
COVERAGE SPRINKLER IRRIGATION SYSTEM
J.W. WOLFE, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives: 1. To determine the functional relationships
among uniformity coefficients, nozzle size, spacing, pressure, and
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wind velocity for very small sprinklers used in solid sets. 2. To
determine the adaptability, limitations, and efficiency of solid
coverage systems for certain specialized tasks.

Procedures: Numerous measurements of uniformity coeffi-
cient will be made from several sprinklers dischargi-3 less than
two gallons per minute under varying conditions of pressure,
spacing, and wind velocity. An analysis will be made on all availa-
ble measurements to determine the functional relationships
among the variables by multiple regression techniques. If possi-
ble, the data will be presented in such a way that it will permit
designers to select the maximum possible uniformity for a given
set of operating conditions.

Other performance characteristics will be investigated only
as opportunities become available, especially in conjunction with
other field research projects.

SUPPORTED BY Oregon state Government

2.0898, ECOLOGY AND PHYSIOLOGY OF THERMOR-
PHILIC BLUE-GlIEEN ALGAE
R.W. CASTEN HOLZ, Univ. of Oregon, Graduate School, Eugene,

Oregon 97403
This proposal is concerned with algae that live at tempera-

tures which would be lethal to most organisms. Ecologically, a hot
spring provides a very simple system for study, because of its con-
stancy and the paucity of species present. By a comparison of
field and laboratory experiments it is possible to understand how
other environmental factors operate to limit a population that is
adapted to unusually high temperature. The ecological con-
sequences of physiological processes will be revealed by this com-
bination of field and laboratory work.

SUPPORTED BY U.S. National Science Foundation

2.0899, NUTRITIONAL AND SOIL MOISTURE REQUIRE-
MENTS OF PEAR ORCHARDS OF SOUTHERN OREGON
P.B. LOMBARD, Oregon State University, Agricultural Experi-
ment Sta. , Medford, Oregon 97502

Objectives: Nutritional and soil moisture requirements of
pear orchards of southern Oregon will be investigated so to im-
prove the tree yields and fruit quality by the most efficient
methods.

Description of work proposed: 1. Field experiments will be
conducted to determine the combination of nutrient applications
to give optimum levels of growth, yield, fruit quality and leaf con-
tent of pear trees. 2. Experiments to determine the most efficient
use of soil moisture by pear trees will be conducted. 3. The
methods of soil management which incorporate optimum levels of
nutrients and soil moisture in the field will be evaluated.

SUPPORTED BY Oregon State Government

2.0900, GENERALIZED SOIL - MOISTURE RUNOFF-
RELATIONS
J.A. ANDERSON, U.S. Army, Corps of Engineers, Portland,
Oregon 97205

It is becoming generally accepted by hydraulic engineers that
the soil moisture condition of the upper soil layer is the primary
factor controlling the amount of runoff from a given rainfall. The
purpose of the proposed study is to develop a procedure to evalu-
ate the soil complex of a drainage basin and arrive at the relation-
ship that would permit computation of runoff from rainfall data.

The scope of the study would include the refinement of rain-
fall - runoff relationships using soil moisture as the primary
parameter for typical basins throughout the United States where
adequate basic data on rainfall and runoff are available. Data on
soil characteristics would be obtained by field surveys and ap-
propriate sampling procedures. Correlations of the field data and
the empirically derived soil - moisture functions would then be
made. Rainfall - runoff relations could then by synthesized for
basins without runoff records. Such procedures could then be
used to compute runoff data for river basins in similar areas ofthe
earth where only rainfall data are available.

2, WATER CYCLE

SUPPORTED BY U.S. Dept. of Defense - Army

2.0901, SEDIVENTATION IN SMALL FORESTED
DRAINAGE BASINS
D.D. HARRIS, U.S. Dept. of Interior, Water Resources Division,
Portland, Oregon 97208

Purpose is to relate changes in sedimentation patterns due to
logging operations in a group of three watersheds in the Alsea
River system. A comparison of similar basins which are ultimato4
subjected to extensive logging operations will provide the basis
for correlating runoff and sediment discharge as recorded from
numerous measurements made at controlled weirs and backwater
pools,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Oregon State Government

2.0902, MOVEMENT OF RADIONUCLIDES IN THE
LOWER COLUMBIA RIVER
W.L. HAUSHILD, U.S. Dept. of Interior, Water Resources Divi-
sion, Portland, Oregon 97208

The objective of this project is to quantitatively determine
the concentrations and loads of specific radionuclides that are
solutes and sorbed on sediments in the Columbia River from Han-
ford, Washington to the estuary. The spatial and temporal varia-
tion and distribution of the radionuclide concentration and loads
are to be studied, and an approximate budget of the radionuclides
is to be determined.

The physical, chemical and mineral properties of the
suspended and streambed sediments are being studied; and these
properties, insofar as is possible, will be related to sediment trans-
port, sorbed radionuclides, and the equilibrium balance between
the solute and sorbed radionuclide phases.

The extent and characteristics of sediments deposited on the
streambed and sorption of radionuclides by these sediments in the
natural channel, reservoir, and tidal-affected reaches are being
surveyed.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0903, THE MOVEMENT OF RADIONUCLIDES IN THE
COLUMBIA RIVER ESTUARY
D.W. HUBBELL, U.S. Dept. of Interior, Water Resources Divi-
sion, Portland, Oregon 97208

Certain radionuclides enter the Columbia River from the
Hanford installation of the U. S. Atomic Energy Commission.
Part of the radionuclides remain in solution in the water, part are
sorbed on the fluvial sediment, and part are taken up by the biota.
As a result, each medium, by virtue of its motion, affects the dis-
tribution of the radionuclides.

Objectives of this project are to define the disposition and
movement of radionuclides in the Columbia River estuary; to
study the processes that influence the movement of radionuclides,
particularly the sedimentation, flow and chemical processes; and
to contribute to estuarine technology.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0904, RESEARCH IN ATMOSPHERIC SCIENCES AS
RELATED TO INCREASING WATER SUPPLY
A. KAHAN, U.S. Dept. of Interior, Bonneville Power Admin. ,
Portland, Oregon

This program is designed for developing techniques for aug-
mentation of precipitation to increase snowpack by experiment-
ing with the artificial nucleation of orgraphic and semi-orographic
clouds. The increased snowpack resulting from the nucleation of
winter-time orographic stomas would be of great value in increas-
ing water supply to the Bureau of Reclamation, Hungry Horse
Reseivoir, for release during periods of power needs.
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SUPPORTED BY U.S. Dept. of Interior - Bonnvl. Pwr. Adm.
U.S. Dept. of Interior - Bonnvl. Pwr. Adm.

2.0905, HYDROLOGY OF THE COLUMBIA RIVER
BASALT
R.C. NEWCOMB, U.S. Dept. of Interior, Water Resources Divi-
sion, Portland, Oregon 97208

Studies are in progress to determine the effect of geologic
structure and texture of basalt upon such hydrologic factors as ru-
noff, weathering and erosion, infiltration, occurrence and move-
ment of ground water, and quality of water. Compilation of a re-
gional map of the tectonic structures of the Columbia River
Basalt is underway. Data on well construction and such quantita-
tive hydrologic factors as runoff and infiltration are being col-
lected.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0906, SCHUYLKILL RIVER SURVEY
C.H. MCCONN ELL, E.H. Bourquard & Associates, Harrisburg,
Pennsylvania

To conduct a general survey along the Schuylkill River to
determine the extent of existing water related problems and make
recommendations for a plan of development to be undertaken
that would offer benefits in the form of flood control, water
supply, recreational and other water related projects at critical lo-
cations.

SUPPORTED BY Pennsylvania State Government

2.0907, HYDROGEOLOGY OF PUBLIC GROUND WATER
SUPPLIES IN PENNSYLVANIA
G.H. EM RICH, State Dept. of Health, Harrisburg, Pennsylvania

This study is to critically evaluate the ground water yields
and chemistry of the ground water from all public ground water
supplies in the Commonwealth of Pennsylvania.

The information in the file of the Pennsylvania Department
of Health will be compiled and completed in a readily usable
form. Work will be done cooperatively with the regional staff of
the Pennsylvania Department of Health, State Geologists, Depart-
ment of Forests and Waters and the U. S. Geological Survey. Ini-
tial work will be limited to public water supplies in the
Susquehanna and Potomac River Basins. The data will be
analyzed in order to categorize the yields and the water chemistry
of ground water for each hydrostratigraphic unit. Trends in water
chemistry changes will be analysed to provide information for
water management programs and specific programs to abate
ground water pollution.

SUPPORTED BY Pennsylvania State Government

2.0908, DELAWARE ESTUARY SEDIMENTATION
STUDY
D.W. MOODY, U.S. Dept. of Interior, Water Resources Division,
Harrisburg, Pennsylvania 17104

Sediment transport processes in the Delaware estuary are
being studied to determine the rate of shoal development. Mea-
sured sediment loads delivered to the Delaware estuary by
Coastal Plain streams are much less than the annual estimated
volume of estuarine sedimentation. Therefore, other sources of
sediment must be identified to balance the sediment budget.

Salinity, sediment concentration, turbulence, and many
other parameters are known to affect the rate of sediment floccu-
lation. However, little is known about the quantitative effects of
the environment upon sedimentation rates. Through field and
laboratory experiments the most significant parameters will be
identified; these parameters will then be related to rates of sedi-
mentation measured in the field. Results of this study will be used
to estimate changes in the present shoaling pattern due to man-
made modifications of water quality and the physical geometry of
the estuary.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0909, REMOTE SENSING OF DELAWARE ESTUARY
R.W. PAULSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Harrisburg, Pennsylvania 17104

Purpose: To determine effectiveness and feasibility of remote
sensing devices in estuarine hydrologic investigations.

Methods: A series of remote sensing data collection missions
will be flown over the Delaware estuary by NASA and USGS air-
craft. Sensitivities of sensors to water quality variations will be
treated initially. Subsequent missions will be based on initial
findings.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0910, COORDINATION OF ESTUARINE REMOTE
SENSING IN ATLANTIC COAST REGION
R.W. PAULSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Harrisburg, Pennsylvania 17104

Purpose: To provide an overview of Atlantic Coast estuaries,
now that it is practical to photograph or sense at frequent and
regular intervals large areas of the earth's surface from space. To
develop a program and modi operandi for studying estuaries and
groups of estuaries from space.

Methods: Photographs, remote sensing data and other infor-
mation from individual remote sensing projects will be compiled,
collated, and coordinated to formulate an optimal synoptic ap-
proach to the study of the hydrology of estuaries from space.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0911, DIVERSITY AND ECOLOGICAL NICHES IN
MULTI-SPECIES ASSOCIATIONS OF CHYORID
CLADOCERA (CRUSTACEA)
C.E. GOULDEN, Acad. of Nat. Sci. of Phiia. , Philadelphia,
Pennsylvania 19103

The proposed research is designed to study the structure of
multi species associations oi' chydorid Cladocera (Crustacea) in
different types of natural habitats and to relate the presence of in-
dividual species with substrates and other physical and chemical
features of the environment.

Quantitative collections of chydorids will be made, using a
modified Gerking Model B sampler, in a specified number of lit-
toral habitats from April to October in 1967 and 1968 in order to
study population changes of individual species of chydorids and
seasonal changes in diversity related to the grov. tt of vegetation
and accumulation of organic material in each habitat. In addition,
a series of different habitat types and different lakes in New En-
gland will be sampled for analysis of the diversity of chydorid as-
sociations as related to habitat and lake types. These data for each
lake will be compared with data obtained from analysis of
chydorid microfossils in sediments from the same lake.

MicTohabitats within each habitat will be sampled to deter-
mine substrate preferences for individual species. Substrate
preferences and swimming behavior of individual species will be
studied in laboratory experiments. Gut analyses will be made on
freshly killed specimens to identify major food items consumed by
each species.

SUPPORTED BY U.S. National Science Foundation

2.0912, RESEARCH INITIATION-ADSORBED WATER
AND SOIL PLASTICITY
E.J. DOHENY, Drexel Institute of Technology, School of En-
gineering, Philadelphia, Pennsylvania 19140

This research seeks to achieve a better understanding of the
role of adsorbed and free water in generating plastic properties of
soils and will attempt to provide a more quantitative basis for the
Atterberg limits by relating the thickness of the adsorbed water
layer at specific moisture contents. Techniques to be used in de-
tecting and measuring the thickness of the adsorbed layer are:
rates of evaporation; dielectric loss; infrared absorption spectra.
Each method will be used to determine the moisture content at
which all soil water is adsorbed and the thickness of the adsorbed
layer will be calculated by relating total particle surface area to
the volume of water in the soil sample.
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SUPPORTED BY U,S. National Science Foundation

2.0913, HYDROLOGIC MODELS FOR PREDICTING THE
EFFECTS OF URBANIZATION
I. REMSON, Drexel Institute of Technology, School of Engineer-
ing, Philadelphia, Pennsylvania 19140

The conversion of large rural creas into urban and suburban
complexes is an outstanding feature of the national development.
Severe hydrologic effects will result from the ensuing conversion
and development, yet the resultant effects or their remedies are
neither understood or well defined. This study will include mathe-
matical modeling to help appraise these hydrologic changes, their
magnitudes, their effects and possible remedial actions.

The investigation, which will complement an initial study em-
ploying modeling for soil-moisture and ground water movement,
includes as specific objectives: 1. Completion of the entire model
by extending it to include overland flow, ground-water discharge
to streams, stream flow and other hydrologic phenomena. 2. Test-
ing of the validity of the model against a prototype watershed.
Presently, it is planned to do this in conjunction with a study of ur-
banization and regional planning in the Brandywine Watershed by
personnel of the Institute For Environmental Studies at the
University of Pennsylvania and the Regional Science Research In-
stitute. Use of the model to determine the hydrologic effects of
different urbanization growth patterns.

SUPPORTED BY U.S. National Science Foundation

2.0914, DEVELOPMENT OF A COULOMETRIC METHOD
FOR THE MEASUREMENT OF DISSOLVED OXYGEN IN
SEA WATER
E.J. GREEN, Carnegie Mellon University, Graduate School, Pitt-
sburgh, Pennsylvania 15213

This is a project for the development of a method of analysis
for dissolved oxygen in aqueous solutions and particularly in sea
water. The method is to be the indirect cathodic reduction of the
oxygen by an electrode held at controlled potential. Upon
completion of the reduction, measurement of the total charge
passed through the solution gives the oxygen concentration
directly without further calibration. Preliminary investigations
suggest the possibility of a practical shipboard analyzer to replace
the currently widely-used Winkler titration.

SUPPORTED BY U.S. National Science Foundation

2.0915, SYSTEMS APPROACH TO FLOW PREDICTION
IN WATER RESOURCE PLANNING
C.L. CHIU, Univ. of Pittsburgh, School of Engineering, Pitt-
sburgh, Pennsylvania 15213

The proposed research covers the systems analysis of
hydrologic systems with a minimum of dependence on historical
data, and without the unrealistic assumptions of linearity and sta-
tionarity which have rendered the application in most studies im-
practical.

The main approach in the investigation is:
a. To model the structural behavior of the input-output

processes in the hydrologic systems. This involves the determina-
tion of the statistical characteristics of rainfall and runoff, using
regression techniques, spectral and cross-spectral analysis, har-
monic techniques, and Monte Carlo simulation methods.

b. To analyze 'black box' relationship between input and out-
put processes of hydrologic systems. The mathematical technique
involves the use of functional polynomials, orthogenal junctions,
Fourier transformations and analysis of non-stationary time se-
ries. Problems concerning the non-linearity and non-stationarity
of hydrologic systems will be investigated. Empahsis will be
placed on both non-linerar analysis and analysis of time-varying
systems.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

2.0916, ANALYSIS AND SYNTHESIS OF BEDLOAD FOR-
MULAS
R.P. APMANN, Penn. State University, U.S.D.A. Ne. Watersh.
Res. Ct. , University Park, Pennsylvania 16802

2. WATER CYCLE

Object: To evaluate the usefulness, reliability, and applica-
bility of about 17 bedload formulas; and to recommend a research
program either to resolve their differences or to provide new for-
mulas.

Plan of work: This research project on sedimentation in-
cludes the following aspects: (1) collect original publications in-
cluding the basic data dealing with the different bedload formu-
las; (2) collect published comments on the reliability and applica-
bility of bedload formulas; (3) critically compare formulas either
graphically or in dimensionless form, or both, and limit com-
parisons to the ranges of the basic measured laboratory or field
data; (4) synthesize the bedload formulas into one or more and
develop their ranges of utility and their limitations, particularly
for field use and application; and (5) recommend laboratory and
field research program to (a) fill in gaps ofknowledge in existing
or adapted bedload formulas, (b) expand the range of the latter,
and (c) provide new bedload formulas if evaluation investigation
reveals (a) and (b) would not be satisfactory.

SUPPORTED BY U.S. Dept. of Agriculture

2.0917, NATURAL CONVECTION IN WATER-SATU-
RATED POROUS MEDIA
D.A. DONOHUE, Penn. State University, School of Engineering,
University Park, Pennsylvania 16802

Using 1:.4 parallelopiped model filled with a water saturated
porous medium, constant temperatures will be applied to the
upper and lower faces of the model. The temperature of the lower
face will be greater than that of the upper. A number of tempera-
ture sensing elements will be placed at appropriate points within
the rock-fluid medium and a continuous, multipoint recorder will
be used to record temperatures. Fluid movement will be calcu-
lated from the temperature-time distributions at the measurement
points. The effects of the geometric shape of the model, the
macroscopic physical properties of the porous medium, and the
viscosity of the fluid will be obtained experimentally at tempera-
ture levels of physical significance. The experimental results will
be compared with proposed theoretical models and these models
will be reformulated if necessary.

SUPPORTED BY U.S. National Science Foundation

2.0918, NUMERICAL SIMULATION OF GROUNDWATER
FLOW SYSTEMS
D.A. DONOHUE, Penn. State University, Inst. For Res. on Land
& Water, University Park, Pennsylvania 16802

The purpose of the proposed study is to apply the numerical
techniques developed by the petroleum industry to the simulation
of groundwater flow systems. The use of variational methods will
be investigated as this approach has been shown to require con-
siderably less computer time than the more conventional
techniques. Initial studies will consist of two-pha e, two-dimen-
sional systems but the extension to three dimensions will be con-
sidered.

A generalized computer program will be written using the
most efficient numerica technique. This program may then be
applied to a specific groundwater system to be used as a tool in
water resource management studies. Each of the various numeri-
cal techniques will be reviewed so that the efficiencies of each
may be evaluated. An IBM System 360-Model 67 will be used to
perform the simulations.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

2.0919, THE RELA TION OF RAIN, SNOW, AND FROZEN
SOILS TO THE HYDROLOGY OF AGRICULTURAL
WATERSHEDS
E.T. ENGMAN, Penn. State University, U.S.D.A. Ne. Watersh.
Res. Ct. , University Park, Pennsylvania 16802

Object: To develop basic information and evaluate factors in-
fluencing the areal and geographic location, topography, vegetal
cover, frozen soils, snowpack, and melting snow influence runoff
from agricultural watersheds in the Northeast.
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2. WATER CYCLE

Plan of Work: Studies are carried out on the Sleepers River
Experimental Watershed near Danville, Vermont; the Northeast
Watershed Research Center, University Park, Pennsylvania, and
on other agricultural watersheds in Virginia. The investigations
include: development of methods for expressing storm patterns in
?elation to frequency and seasonal occurrence; deposition and
distribution of snow in relation to factors such as topography,
wind, watershed aspect, and cover; methods of estimating snow
on a watershed by sample measurements; physics of snowmelt;
disposition of snow and snowmelt by sublimation, evaporation,
runoff, and infiltration; relations between cover, snow, frozen
soils, runoff; effects of freezing and thawing of soils on infiltration
and runoff; development of methods for obtaining an average
depth of precipitation on a watershed; and influence of topog-
raphy and evaluation on individual seasonal and annual precipita-
tion.

SUPPORTED BY U.S. Dept. of Agriculture

2.0920, TIME DISTRIBUTION OF RAINFALL INTENSI-
TIES

HIEMSTRA, Penn. State University, Inst. For Res. on Land
& Water, University Park, Pennsylvania 16802

The proposed research involves the finding of a suitable
descriptive mathematical function for the time distribution of
rainfall intensities in a rainstorm. The parameters of this mathe-
matical function will be studies to find a seasonal distribution, if it
exists, and also to find the serial correllations in the sequence of
storms if possible.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

2.0921, SHORT-DURATION CONVECTIVE RAINFALL -
DEPTH- DURATION AND INTENSITY-DURATION RELA-
TIONSHIPS AND VARIATIONS
E.B. JONES, Penn. State University, Inst. For Res. on Land &
Water, University Park, Pennsylvania 16802

Under this project, the following information will be sought:
1) The variation of rainfall depth and intensity with time, encom-
passing periods of rainfall of a convective nature. 2) Depth-dura-
tion and intensity-duration characteristics of the 'average thun-
derstorm,' and the spatial distribution of these parameters.

Two tipping-bucket rain gages with recorder-indicator units
are installed at suitable locations in the general vicinity of State
College, Pennsylvania. Two additional gages are located on the
Mahantango waterrhed which is operated by the Northeast
Hydrology Laboratory of the A.R.S. (U.S.D.A.).

SUPPORTED BY Pennsylvania State University

2.0922, HYDROLOGIC BEHAVIOR OF SELECTED
WATERSHEDS IN THE NORTHERN APPALACHIAN RE-
GION
E.B. JONES, Penn. State University, Inst. For Res, on Land &
Water, University Park, Pennsylvania 16802

Several watersheds that as a group are generally representa-
tive of watersheds in the ridge and valley region of the northern
half of the Appalachian Mountains are to be selected for this
hydrologic study. Hydrologic, climatic, physiographic and other
pertinent data for these watersheds will be collected.

Existing mathematical watershed models will be utilized to
simulate hydrologic conditions on these watersheds, for a wide
range of historic and synthesized rainfall events.

Based on results from the simulation model, estimates will be
made as to what increases in runoff could be attributed to an in-
crease in rainfall by weather modification. Objective criteria for
determining opportunities for weather modification will be util-
ized.

SUPPORTED BY Pennsylvania State Government
U.S. Dept. of Interior - Bu. Reclamation

2.0923, SOIL - PLANT - WATER RELATIONSHIPS
L.T. KARDOS, Penn. State University, Agricultural Experiment
Sta. , University Park, Pennsylvania 16802

Objectives: I. To study the energy status and dynamics of
water in soils. 2. To determine the influence of plant and environ-
mental variables upon water extraction from the soil profile.

Procedures: Using the single probe neutron attenuation
method, the two probe, gamma radiation, pulse height analyzer
system, and porous resistance blocks, the dynamics of water
movement will be studied as it occurs in response to tension
gradients induced by root systems and by evaporative removal of
water in the absence of vegetation. Plastic canopies will be used in
the field to assure the attainment of continuous tension gradients.
Data will also be secured on temperature gradients within the soil
profile in order to evaluate the contribution which thermal
gradients may make to inter-horizonal movements of water.

SUPPORTED BY U.S. Dept. of Agriculture
Pennsylvania State Government

2.0924, THE HYDROLOGIC SIGNIFICANCE OF CHEMI-
CALLY DERIVED MEAN BASIN TEMPERATURES
R. LEE, Penn. State University, Graduate School, University
Park, Pennsylvania 16802

Many aspects of the regional and local climate can be studied
to best advantage if mean air, soil, and water temperatures are
available for many different sites. The utility and hydrologic sig-
nificance of a chemical method of measuring mean temperatures
in the field (see e.g., Schmitz, W. ^nd E. Volkert, Zeiss-Mitteilun-
gen 1.Band, 8/9. Heft : 300-337) , , to be evaluated.

The procedure will involve the instrumentation of cli-
matological stations and two experimental watersheds at Univer-
sity Park with sugar- inversion sensing elements. The exponential
mean temperatures obtained will be used to estimate vaporization
losses based on conventional prediction models. The estimates
will be compared with those obtained in the same manner using
the ordinary arithmetic mean temperatures. Both series of esti-
mates will be related to the observed difference between
precipitation and stream-flow from the experimental catchment
areas.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

2.0925, AN EVALUATION OF THE SUGAR-INVERSION
METHOD OF MEASURING MEAN TEMPERATURE IN A
CLIMATOLOGICAL NETWORK
R. LEE, Penn. State University, Graduate School, University
Park, Pennsylvania 16802

The sugar-inversion, or Pallmann-method of measuring ex-
ponential mean temperatures, and some of the difficulties in-
volved in its use are described in WB/T-110 and WB/T-112, U. S.
Department of Commerce, 1966. The Pallman-method and
recent modifications of the method are to be evaluated.

The non-linearity of the reaction constant of sucrose hydrol-
ysis as a function of temperature is a major obstacle to the use of
the method since temperatures obtained in this manner do not
correspond to the usual arithmetic means of a climatological net-
work. The possibility of reducing the exponential mean tempera-
tures to arithmetic means will be evaluated, as will the feasibility
of employing the method in conjunction with regional phenologi-
cal observations, or in local studies of the microclimate or
topoclimate.

SUPPORTED BY Pennsylvania State University
U.S. Dept. of Commerce - E.S.S.A.

2.0926, RAINFALL FREQUENCY RELATIONS FOR
PENNSYLVANIA
C.H. MCCONNELL, Penn. State University, Graduate School,
University Park, Pennsylvania 16802

To analyze the records of all recording raingages in the Com-
monwealth to attain improved large maps of Pennsylvania depict-
ing the maximum rainfall expected for various durations from fif-
teen minutes (if it can be discerned from the data) or thirty
minutes through twenty- four hours with return periods of from
two years through one hundred years to return periods associated
with 'probable maximum precipitation' for use in the design of
dam spillways, bridge openings, culverts, and flood control works,
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SUPPORTED BY Pennsylvania State Government

2.0927, ANOMALOUS FLOOD RESPONSE IN REGIONS

OF SIMILAR GEOMORPHIC CHARACTERISTICS
B.M. REICH, Penn. State University, School of Engineering,

University Park, Pennsylvania 16802
Statistical parameter of flood series for recorded streams in

Pennsylvania draining less than 200 square miles will be analysed.
Regional patterns will be sought. Particular attention will be
devoted to anomalies in these extreme values. Air-photo in-
terpretation soils maps, and geomorphological considerations will
be used to interp et the computer output.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

2.0928, FLOOD PREDICTION METHODS FOR PENNSYL-
VANIA HIGHWAY CROSSINGS
B.M. REICH, Penn. State University, School of Engineering,
University Park, Pennsylvania 16802

The purpose is to make maximum use of observations on
floods from small-and intermediate-sized watersheds, up to 200
square miles. The end products w:11 include maps subdividing
Pennsylvania into regions of homogeneous flood response, and
others delineating the values of various flood parameters from
place to place. Design methods will be developed for predicting
flood peaks and hydrographs.

A keypoint in the philosophy is that flood anomalies should
be related to features with which field engineers are familiar To
meet this need detailed geomorphological and soils studies will be
included. In the systems analysis feedback will be considered
between the latter two and conventional hydrologic studies of ex-

treme value series, synthetic hydrographs, separation of delayed
flow, rise times, and triangular approximation.

SUPPORTED BY Pennsylvania State Government

2.0929, CHARACTERISTICS OF STREAM FLOW OF
SMALL WATERSHEDS IN PENNSYLVANIA AND IN-
FLUENCING FACTORS
W.E. SOPPER, Penn. State University, Inst. For Res. on Land &

Water, University Park, Pennsylvania 16802
Watershed research programs are usually developed around

experimental watersheds. The establishment and operation of
such watersheds, however, is expensive and it is doubtful whether
enough experimental watersheds will ever be established to
adequately sample the watershed population. Therefore, the ap-
plication and extension of research results from a limited number
of experimental watersheds would be greatly facilitated if more
information were available relative to regional streamflow
regimens and the relation of streamflow from experimental
watersheds to average regional water yield values.

Stf:eamflow data published by the U. S. Geological Survey

may be used to determine the variation in annual and seasonal
streamflow, flow duration and peak flow discharge for major
physiographic regions in Pennsylvania and to develop predictive
equations for water yield values based on climatic, edophic, topo-
graphic and land-use parameters.

Research data from the Leading Ridge zxperimental
watersheds operating by the School of Forestry will be used to
develop water yield models which will then be tested on other
selected watersheds to devise regional coefficients and to relate
coefficients to watershed physiographic features.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

2.0930, INFLUENCE OF FOREST COVER AND TIMBER
HARVESTING METHODS ON STREAMFLOW
W.E. SOPPER, Penn. State University, Agricultural Experiment

Sta. , University Park, Pennsylvania 16802
1. Determine the influence of forest cover on the disposition

of precipitation. 2. Determine the influence of forest cover on

2. WATER CYCLE

stream regimen 3. Determine effect of timber harvesting
methods on streamflow regimen.

Six experimental watersheds ranging in size from 50 to 300
acres will be calibrated and subjected to different methods of
timber harvesting.

SUPPORTED BY U.S. Dept. of Agriculture

2.0931, TRACE ELEMENTS IN RESIDUAL SOILS

A. KABATAPENDIAS, Inst. of Soil Sci. & Pl. Cult. , Pulawy, Po-

land
Object: To formulate principles to aid in the prediction of

micronutrient distribution in soils and to assess the importance of
factors which affect the solubility of certain micronutrients in
soils.

Plan of work: Work plan will proceed along the following
lines: collection of 20 residual soils--halfdeveloped from igneous,
half developed from sedimentary rocks; separation, where possi-
ble, of clay fraction from each sample; mineralogical identifica-
tion and total chemical analysis of each fraction; determination of
total and soluble micronutrients in each soil sample; saturation of
clays with individual micronutrients with measurement of ele-
ments before and after treatment; use of different extractants with
analysis of extracted solutions for major trace elements; and ex-
tension of saturation studies to whole soils and mineral samples as
the need is indicated by results up to this point.

SUPPORTED BY U.S. Dept. of Agriculture

2.0932, RAINFALL CHARACTERISTICS, DROUGHT IN-
CIDENCE AND THE DEVELOPMENT OF A RAINFALL
DEFICIENCY INDEX FOR THE AGRICULTURAL REGIONS
OF PUERTO RICO
M, CAPIEL, Univ. of Puerto Rico, Agricultural Experiment Sta. ,

Gurabo, Puerto Rico
To characterize rainfall occurrence and recognize drought

incidence in the agricultural regions of Puerto Rico by developing
a suitable rainfall deficiency index.

DESCRIPTION OF WORK: The agricultural regions of
Puerto Rico, defined on the basis of similar rainfall occurrence
and temperature range, will be evaluated by their rainfall charac-
teristics and agricultural drought incidence.

Daily precipitation from representative stations within a cli-
matic region, comprising the largest available number of years,
will constitute the main source of meteorologic information. An
attempt will be made to develop from it a rainfall deficiency in-
dex, useful to evaluate priorities concerning water resources for
supplemental irrigation in the so-called humid and subhumid
agricultural areas of Puerto Rico.

SUPPORTED BY U.S. Dept. of Agriculture
Puerto Rico Government

2.0933, WATER REQUIREMENT BY SUGARCANE

UNDER IRRIGATION
R. VAZQUEZ, Univ. of Puerto Rico, Agricultural Experiment

Sta. , Lajas, Puerto Rico
To determine the amount of irrigation water required for

evapotranspiration and deep percolation for sugarcane. The ef-
fect of different soil moisture treatments on crop yields and
sucrose content and the correlation between soil moisture and
plant moisture content will be studied. The interaction between
fertilizer and water application and the moisture distribution in
the soil profile will also be studied.

Description of Work: Four experiments will be conducted. In
one of these experiments half of the plots will be planted with su-

garcane and half will be left bare covered with plastics. In another
experiment the irrigation treatments will be discontinued at 6, 5,
4, 3, 2, and 1 month prior to harvest. Different levels of plant tis-
sue moisture content will be maintained. Present installation of
lysimeter tanks will be planted with sugarcane under two irriga-
tion and nitrogen fertility levels.
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SUPPORTED BY Puerto Rico Government

2.0934, LOSS COEFFICIENT IN A CHANNEL BEND
WITH NATURALLY DEFORMED BED
C. HADJITHEODOROU, Univ. of Puerto Rico, Water Resources
Research Inst. , Mayaguez, Puerto Rico

In spite of many investigations concerning the loss coefficient
in a channel bend with uniform cross-section, engineers are still
not able to determine accurately the loss of head across a channel
bend because uniform cross-sections are rarely found in rivers or
canal system.

The first part of the study will include experimental investiga-
tions and numerical solution for a laminar flow over a two- dimen-
sional hump to understand the mechanism of energy transforma-
tion; bed-shear stresses, velocity distributions, and water-surface
will be measured and computed.

A model of meandering channel will be built in accordance
with the best information available. Also, bed-shear stresses,
velocity distributions, and waters-surface drop will be measured.
The loss of head will be computed from the work-energy relation.
ship and compared with the direct measurement of water-surface
drop.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

2.0935, THEORETICAL AND EXPERIMENTAL STUDY
OF SUPERCRITICAL FLOW IN CIRCULAR DRAINS AND
OF THE FORMATION OF HYDRAULIC JUMP IN THE
SAME
L.A. NUNEZ, Univ. of Puerto Rico, Water Resources Research
!Inst. , Mayaguez, Puerto Rico

The object of this project is to make an exhaustive study of
both the theoretical and experimental aspect at the supercritical
flow in circular drains. It will begin with a complete library search
on existing bibliography on the subject, followed by experimental
work directed towards a verification of known facts and the in-
vestigation of new ones on circular drains. The study will seek to
determine:

1. If Manning's formula is applicable whenever the conduc-
tion slope is more than 0.10. 2. The variation of coefficient n with
respect to depth within the drain. 3. The effect of air mixed in the
flowing flow under supercritical condition. 4. The study of the
hydraulic jump of easy formation in circular drain in supercritical
flow.

This work intends to clear up the doubts through experimen-
tation and particularly those related to the design of circular
drains.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

2.0936, DRAINAGE OF SUGARCANE LANDS IN THE
HUMID SECTIONS OF PUERTO RICO
R. PEREZESCOLAR, Univ. of Puerto Rico, Agricultural Experi-
ment Sta. , Mayaguez, Puerto Rico

1. To evaluate various sugarcane planting systems adaptable
to complete mechanization in relation to their drainage charac-
teristics. 2. To determine the effect of depth to water table on the
yield of sugarcane and its sucrose content.

Description of Work: This project is aimed at evaluating su-
garcane planting systems in the poorly drained areas of the
northern, eastern and western sections of the Island such as the
local conventional system and the original Louisiana system, the
turtle backing system and precision grading.

Observations and measurements will be made at each experi-
mental site including daily rainfall, water table fluctuations,
degree of ponding, uniformity of cane growth, chlorotic streak in-
cidence, rotten cane, and cane and sugar yields.

In the water table studies several depths to the water satu-
rated zone will be studied to determine the optimum water table
for highest cane and sugar yields. The study will be conducted
under controlled conditions in lysimeter tanks and under actual
field conditions.

SUPPORTED BY Puerto Rico Government

2.0937, DETERMINATION OF SAFE LEVELS OF POLLU-
TION IN PUERTO RICO
A.S. VAZQUEZ, Univ. of Puerto Rico, Water Resources
Research Inst. , Mayaguez, Puerto Rico

Some Puerto Rico Bays are receiving raw sewage and other
organic pollution in high concentrations. Damage has been done
to the fish population and to the recreational use of surrounding
beaches, the best example being the Bay of Mayaguez just near
the Campus of the College of Agriculture and Mechanic Arts
where the Institute will have its headquarters.

It is proposed to investigate the degree of contamination of
the bay to evaluate the proportional effect of the different factors
which contribute directly to its actual and future sanitary condi-
tions and its effects on the fish, ecology and the recreational
aspect of the bay and surroundings.

This study will be carries on through the systematic measure-
ment of parameters such as BOD, dissolved oxygen, solids,
coliform group, biota, etc. Similarly, physical, chemical, and
meteorological factors affecting the locality of the Mayaguez Bay
will also be determined inside the bay. The goal will be to
establish the relationships among the most important of the fac-
tors that enter into the problem, with the purpose of establishing
criteria for prediction for similar situation in tropical bays.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

2.0938, THE LOSS OF FERTILIZERS BY LEACHING
FROM THE SUGARCANE SOILS OF PUERTO RICO
G. SAMUELS, Univ. of Puerto Rico, Agricultural Experiment
Sta. , San Juan - Rio Piedras, Puerto Rico 00931

1) To measure and collect teachings from various soils while
used to produce surgarcane. 2) To determine the chemical com-
position of the teachings so as to measure the plant nutrients lost
by leaching. 3) To determine how the method and time of appli-
cation and form of fertilizer influences the loss of fertilizer
nutrients by leaching.

DESCRIPTION OF WORK: By means of special lysimeters
constructed in the field the loss of fertilizers in the soils by
leaching will be studied throughout the life of the crop in order to
determine how the method and time and form of fertilizer appli-
cation influence these losses.

SUPPORTED BY Puerto Rico Government

2.0939, EVAPOTRANSPIRATION LOSSES AS RELATED
TO SITE AND VEGETATION DIFFERENCES
J.H. BROWN, Univ. of Rhode Island, Agricultural Experiment
Sta. , Kingston, Rhode Island 02881

Objectives: 1. Determine differences in evapotranspiration
from several cover types occurring on similar and unlike soils and
in various aspects. 2. Evaluate stand and soil properties which in-
fluence evapotranspiration including canopy interception for
each cover type, and hydrologic properties of the major soil se-
ries.

Procedures: Evapotranspiration will be determined from plot
studies for stand in major upland vegetation types which vary in
soil type and aspect on a small forested watershed in Rhode
Island. Methods based upon soil moisture changes from field
capacity will be used to determine evapotranspiration employing
neutron scatter methods. Where vegetation types are on poorly
drained soils changes in water levels of soil wells will be used as an
index of evapotranspiration. Evapotranspiration will be corre-
lated with soil type, vegetation type and aspect taking into con-
sideration hydrologic properties of the various soils and dif-
ferences in interception by the various vegetation types.
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SUPPORTED BY U.S. Dept. of Agriculture

10940, SOIL MOISTURE DISTRIBUTION PATTERNS
UNDER MIXED OAK FOREST
J.H. BROWN, Univ. of Rhode Island, Agricultural Experiment
Sta. , Kingston, Rhode Island 02881

The study objective will be to relate soil moisture distribution
patterns under mixed oak forests to precipitation reaching the
ground by flowing down tree stems (stemflow), and precipitation
falling through tree crowns (throughfall).

Studies of interception in oak forests now being conducted in
Rhode Island show large differences in stemflow between white
oak (Quercus alba) and species in the red oak group. This striking
difference between species must influence considerably soil
moisture distribution patterns under oak forests. Information on
such patterns could have important ecological and hydrological
applications.

The study will be conducted in an even-aged mixed oak stand
on uniform soil. Soil moisture content will be determined using
the neutron-scatter method. Access tubes will be placed at vary-
ing distances from overstory oak trees so that the influence of
stemflow and throughfall can be related to soil moisture content.
Patterns of soil moisture distribution will be determined and re-
lated to stemflow and throughtfall and differences in species.

SUPPORTED BY University of Rhode Island

2.0941, THE WATER ECONOMY OF TURFGRASS
I.H. STUCKEY , Univ. of Rhode Island, Agricultural Experiment
Sta. , Kingston, Rhode Island 02881

Objective: To evaluate the water economy of several com-
monly used species and varieties of turfgrasses in relation to soil
type, maintenance practices and environmental conditions.

Description of Work: Measurements will be made regularly
of soil moisture, soil atmosphere, soil and air temperature, and
turf scores on a 1-5 basis (I - poorest, 5 - best). The influence of
fog and dew, on plant growth will be studied intensively since it is
felt that these contribute materially to plant growth in areas
where fog and dew are frequent but they are not reported as
moisture in most weather records.

SUPPORTED BY Rhode Island State Government

2.0942, WEATHER RECORDS
R.C. WAKEFIELD, Univ. of Rhode Island, Agricultural Experi-
ment Sta. , Kingston, Rhode Island 02881

Records of air temperature, precipitation, soil temperature,
wind movement, relative humidity, soil moisture and evaporation
are taken to characterize the climate in the experimental plot area
and aid in interpretation of data.

SUPPORTED BY Rhode Island State Government

2.0943, HYDROLOGICAL STUDY
C.E. KNOX, U.S. Dept. of Interior, Geological Survey,
Providence, Rhode Island

Hydrologic data is obtained and analyzed on small water
sheds in Rhode Island which can be used for hydraulic design of
highway structures. Fifteen peak-stage and five recording gaging
stations were located at various sites. Water discharge measure-
ments arc being recorded at all stations each month.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Rhode Island State Government

2.0944, A COMPARATIVE STUDY OF TRACE ELEMENT
CYCLES IN SIX LAKES IN SOUTH CAROLI
J.S. MARSHALL, U.S. Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina (AT(07-2)-1 )

The objective is to determine (1) the distribution and
abundance of certain trace elements in lakewater solutions,
seston, net plankton, and sediments and (2) the influence of key
environmental factors in six dissimilar lakes in South Carolina.
The most intensive work is being conducted on Par Pond, a 2700 -
acre reservoir on the site "e AEC Savannah River Plant. For

2. WATER CYCLE

comparative purposes, monthly samples are being collected from
five other lakes: (1) Clark Hill Reservoir, a 78,000-acre impound-
ment of the Savannah River above SRP; (2) Pond B, a 250-acre,
abandoned SRP reactor cooling pond; (3) Big Snooks Lake, a
relatively large and deep oxbow lake in the swamp bordering the
Savannah River below SRP; (4) Clear Lake, a typical 'Carolina
Bay,' and (5) Dicks' Pond, an abandoned farm pond on the SRP
site. Iron, manganese, chromium, and zinc will be determined by
atomic absorption spectroscopy. Cobalt will be determined by
neutron-activation analysis. Key environmental factors will be
determined by standard limnological methods.

SUPPORTED BY U.S. Atomic Energy Commission

2.0945, TRACE ELEMENT CYCLES IN A SOUTHEAST-
ERN RESERVOIR LAKE
J.S. MARSHALL, U.S. Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina (AT(07-2)-1)

The objectives are to determine (1) the seasonal and vertical
distribution of the dissolved and particulate forms of certain trace
elements, (2) rates of deposition of these elements, (3) distribu-
tion and abundance of these elements in sc., iiments, benthos, and
plankton, (4) seasonal variations in sorption of introduced
radionuclides by the seston at different depths, and (5) the in-
fluence of key environmental factors. In order to provide a basis
for predicting or explaining the fates of radionuclides in lakes, the
proposed work deals with trace elements that have radioisotopes
of potential ecological significance and whose lacustrine
geochemistry is incompletely known. Trace elements are deter-
mined by atomic absorption spectroscopy. Radionuclides are
determined by gamma ray spectrometry. Other environmental
factors are determined by standard limnological methods. The
study is being conducted on Par Pond, a 2700-acre reservoir on
the site of the AEC Savannah River Plant.

The cycles of iron, manganese, cobalt, and zinc in Par Pond
have been studied since January 1966. The concentrations of
these and several other elements in lakewater solutions, seston,
net plankton, sediments, and trapped deposits (formalin-
preserved as well as unpreserved) at several depths have been
determined monthly. In addition, the Gorption (%) of 59Fe,
54Mn, 57Co, and 65Zn by seston at several depths have been
determined twice monthly.

SUPPORTED BY U.S. Atomic Energy Commission

2.0946, INFLUENCE OF VEGETATION IN SOIL
MOISTURE FLOW
C.M. PATTERSON, U.S. Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina

The amount of rain that infiltrates a soil surface is signifi-
cantly influenced by vegetation. A study is planned to measure
the influence of vegetation on soil moisture flow using the deu-
terium oxide tracer method.

SUPPORTED BY U.S. Atomic Energy Commission

2.0947, GROUNDWATER FLOW
C.M. PATTERSON, U.S. Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina

Groundwater studies are aimed at determining the flow path
and velocity of groundwater in areas used to store high level
waste, bury solid waste, or dispose of very low level liquid waste
to the ground.

Tritium tracing has shown that groundwater flow rates vary
from a few hundredths of a foot per day to about 1 foot per day
and that the rates are quite variable, even within a small area, due
to variable permeability of the soil.

Tritium in seepage basin water has been useful in determin-
ing the flow path of waste from such basins toward surface
streams. A study is being conducted using the tritium in this waste
to study the vertical component of groundwater flow and to eval-
uate the significance of this flow in the transport of radionuclides
from storage or disposal areas.
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SUPPORTED BY U.S. Atomic Energy Commission

2.0948, UNDERSTANDING OF THE INFILTRATION OF
RAIN INTO BURIED WASTE
C.M. PATTERSON, U.S. Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina

Solid radioactive waste is buried in the zone of aeration. With
a better understanding of water flow in this zone, we can better
protect waste from leaching.

Since water in the zone of aeration is under a pressure less
than atmospheric, it will not flow into a cavity or large pores such
as in a layer of gravel unless the soil becomes saturated. Use of
this phenomenon to divert soil moisture flow around buried waste
as being studied, With gravel at a depth of 87 cm, sandy loam or
sandy clay can temporarily store 5 to 7 cm of infiltrating rain
above the gravel before leakage into the gravel occurs. A gravel
barrier was found unsatisfactory for protecting burial trenches as
water could not be diverted beyond 2 meters.

Determine, using tensiometers and the soil moisture neutron
meter, water movement and water content in burial trench soil
following controlled additions of water and following normal rain-
fall.

SUPPORTED BY U.S. Atomic Energy Commission

2.0949, STUDIES ON VEGETABLE CULTURE
W.C. BARNES, Clemson University, Agricultural Experiment Sta.
, Clemson, South Carolina 29631

Objectives: To study various phases of Vegetable Culture
such as nutrition, weed control, cultural methods, drainage, plant
production, etc.

SUPPORTED BY South Carolina State Government

2.0950, FEASIBILITY STUDY OF ELECTRICAL
GEOPHYSICAL METHODS IN THE DETERMINATION OF
SUBSURFACE HYDROGEOLOGIC ENVIRONMENTS IN
SOUTH CAROLINA
T.L. DRAKE, Clemson University, School of Engineering, Clem-
son, South Carolina 29631

The study will determine the effectiveness of electrical re-
sistivity and induced electrical polarization techniques as an aid in
the determination of the subsurface hydrogeologic environments
On the Piedmont area of South Carolina.

The research task of this proposal involves simultaneous re-
sistivity and induced polarization soundings and traverses over
the somewhat known geologic and hydrologic environments of
the Fant's Grove area to determine how well this combination of
methods may predict the nature of the subsurface. The Fantsr
Grove area is chosen because it is representative of the Piedmont
area of South Carolina.

It is hoped the position of water table, thickness and type of
unconsolidated material overlying the bedrock, and delineation
of potential zones of high permeability in the bedrock can be
identified and mapped by these methods.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University
South Carolina State Government

20951, PHYSICAL, METEOROLOGICAL, AND
HYDROLOGIC ASPECTS OF EVAPOTRANSPIRATION
J.R. LAMBERT, Clemson University, School of Engineering,
Clemson, South Carolina 29631

The objectives of the project are: 1. To investigate the
physics of water movement through plants, 2. To determine the
effects of meteorological variables and soil moisture on evatrans-
piration, and 3. To investigate the effect of reduced evapotrans-
piration rates on the water yield of watersheds.

Emphasis will be placed on the effect of evapotranspiration
on the water balance of watersheds, particularly in the Piedmont
regions of the Southeast. Actual evapotranspiration rates from
lysimeters and watersheds will be compared with existing predic-

tion equations using meteorological data for the 600-acre
watershed on wt ich the research will be carried out. A small sub-
watershed will be treated with a transpiration suppressant such as
a chemical which tends to close the stomates or a coating on the
leaf surfaces which increases the resistance to water vapor move-
ment. The resulting effect in sub-surface and surface contribu-
tions to yield will be determined. The research on the physics of
water flow through plants will be basic, using 1 or 2 representative
plants and will be both theoretical and experimental work in con-
trolled-humidity growth chambers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University

2.0952, CRITERIA FOR FUNCTIONAL ANALYSIS OF
SOIL-PLANT-WATER SYSTEMS
J.R. LAMBERT, Clemson University, Agricultural Experiment
Sta. , Clemson, South Carolina 29631

Objectives: 1. To determine methods of quantifying the
moisture regime of plants, 2. To determine the quantitative effect
of moisture regime on quality and quantity of output of one or
two crops which have water management potential in South
Carolina, 3. To interpret the effects of moisture regime on the
selected crops in terms of production functions. 4. To determine
water management needed and crop output on a frequency basis
from production functions, climatological data, and soils charac-
teristics.

Description: Plants will be grown under various moisture
regimes in growth chambers and under partially controlled field
conditions. Moisture regimes will be considered to be composed
of soil moisture, temperature, atmospheric humidity and solar
radiation, all as a function of time. Prediction equations for crop
output will be developed in the growth chamber, and checked and
extended in the fields. The results from both types of experiments
will be analyzed in attempts to determine parameters necessary to
quantify moisture regime.

SUPPORTED BY U.S. Dept. of Agriculture
South Carolina State Government

2.0953, PHYSICAL, METEOROLOGICAL, AND
HYDROLOGIC ASPECTS OF EVAPOTRANSPIRATION
J.R. LAMBERT, Clemson University, Agricultural Experiment
Sta. , Clemson, South Carolina 29631

1. To investigate the physics of water movement through
plants. 2. To determine the effects of meteorological variables
and soil moisture on evapotranspiration. 3. To investigate the ef-
fect of reduced evapotranspiration rates on the water yield of
watersheds.

Emphasis will be placed on the effect of evapotranspiration
on the water balance of watersheds, particularly in the Piedmont
regions of the Southeast. Actual evapotranspiration rates from
lysimeters and watersheds will be compared with existing predic-
tion equations using meteorological data for the 600-acre
watershed on which the research will be carried out. A small sub-
watershed will be treated with a transpiration suppressant and the
resulting effect on sub-surface and surface contributions to yield
determined. The research on the physics of water flow through
plants will be basic, using 2 or 3 representative plants and will be
both theoretical and experimental work in controlled- humidity
environmental chambers,

SUPPORTED BY South Carolina State Government

2.0954, DEVELOPMENT AND EVALUATION OF
HYDROLOGIC SIMULATION MODELS
J.T. LIGON, Clemson University, Water Resources Research
Inst. , Clemson, South Carolina 29631

The Stanford Watershed Model or a version of it will be
adapted for use on computing equipment available to the
researchers. The sub- procedures of this model will be checked
against extensive field data available from a 561-acre experimen-
tal watershed in the Upper Piedmont region of South Carolina.
Where possible improved procedures will be developed to simu-
late more faithfully the conditions existing in this physiographic

1-162



region. The data from this experimental watershed and other
watersheds within the region will be utilized for evaluation of
specific model parameters.

Simultaneously, attempts will be made to develop new
models. Particular attention will be given to the simulation of soil
moi',ture and groundwater conditions as well as streamflow.
Again, available soil moisture and groundwater data from the ex-
perimental watershed will be utilized in developing procedures
and checking results.

It is anticipated that the work done under this project will
serve as a basis for more extensive future studies possibly involv-
ing the effects of restraints placed on the hydrologic system and
economic considerations.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University
South Carolina State Government

2.0955, DEEP SEEPAGE ON PIEDMONT WATERSHEDS
J,T. LIGON, Clemson University, Water Resources Research
Inst. , Clemson, South Carolina 29631

Objectives: (1) To determine principal soil and geologic fac-
tors influencing the percolation of water through the soil profile
to the water table. (2) To develop relationships to quantitatively
express percolation rates and amounts in terms of measurable
physical quantities.

Unsaturated and saturated flow theory will be combined with
soil parameters in an attempt to express the rate of downward
flow of water under various surface input conditions. Required
soil parameters will be measured in the field and in the laboratory.

Existing precipitation, soil moisture, and groundwater data
from a typical Piedmont watershed will be analyzed to develop
time-quantity relationships between specific rainfall events and
water table fluctuations. Attempts will be made to follow move-
ment of water through the soil profile by intensive use of gamma-
ray attenuation equipment, neutron soil moisture detectors, and
radioactive tracers.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Clemson University
South Carolina State Government

2.0956, EFFECT OF MOISTURE STRESS ON RATES OF
?PHOTOSYNTHESIS
W.H. MCGREGOR, Clemson University, Agricultural Experi-
ment Sta. , Clemson, South Carolina 29631

1. To determine the effect of various internal moisture
stresses on the rates of photosynthesis and respiration of the two
species. 2. To try and relate any differences in the above to dif-
ferences in the rates of growth of the two species under the same
moisture conditions.

Seedlings will be brought to various degrees of stress by vary-
ing watering schedules, and rates of exchange of CO2 in
photosynthesis and respiration will be measured under fixed light
and temperature conditions using an Infra-red Gas Analyzer.
Growth in height and dry weight will be measured.

SUPPORTED BY U.S. Dept. of Agriculture

2.0957, EVAPORATION AND EVAPOTRANSPIRATION
IN RELATION TO SOIL PROPERTIES AND MOISTURE
STRESS
T.C. PEELE, Clemson University, School of Agriculture, Clem-
son, South Carolina 29631

The proposed research involves field and laboratory in-
vestigations of evaporation and transpiration as related to soil
properties and moisture stress.

The field investigations will employ weighing lysimeters and
supplemental field plots for measuring moisture loss under dif-
ferent soil conditions.

The laboratory investigations will consist of evaluation of the
physical properties of the soils used in the field tests and deter-
minations of moisture tension curves for relating water content of
the field soils to moisture stress.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University
South Carolina State Government

2.0958, HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS
R.H. RAMSEY, Clemson University, Agricultural Experiment
Sta. , Clemson, South Carolina 29631

Objectives: I. To determir ,t water yield and peak rates of sur-
face flow as affected by climate, vegetation, water control facili-
ties, and management of agricultural watersheds on typical Pied-
mont soils and terrain. 2. To determine the influence on ground
water and ground water movement by vegetation, water control
facilities, and management. 3. To determine the effects of
evaporation and transpiration on the total available water from an
agricultural watershed.

Description of Work Proposed: The hydrology of a 600 acre
Piedmont agricultural watershed will be studied. Topographic
maps, a complete soils survey, and field layout maps will be made
and kept up-to-date, Rainfall, evaporation, radiant energy, tem-
perature, relative humidity, and wind speed will be measured.
Gaging stations will be set up to measure runoff from the 600
acres as well as sub-watersheds with different soils-topography-
vegetation complexes. On the basis of records obtained, attempts
will be made to correlate watershed yield and other hydrologic
characteristics with rainfall-characteristics combined with
watershed characteristics. Attempts will be made to account for
the disposition of all water falling on the watershed.

SUPPORTED BY U.S. Dept. of Agriculture
South Carolina State Government

2.0959, INSECTICIDE LEACHING TESTS
J.K. REED, Clemson University, Agricultural Experiment Sta. ,

Clemson, South Carolina 29631
Objectives: To determine the rate of release of various insec-

ticides from granules when leached with water; to determine the
physical properties of the granules that affect the rate of release
of any given insecticide; and to determine the behavior of insecti-
cides carried by water when the water passes into soil.

Description of Work Proposed: Granular formulations are
widely used in the control of soil-infesting insects but little is
known regarding the rate of release of the toxicant from the
granule, Samples of the insecticide formulations will be placed in
glass tubes and water passed over them for a period of time. Sam-
ples of the water will be collected and analyzed by bio-assay and
chemical methods to determine the rate of release of the toxicant,
At the end of the leaching period the residue in the glass tubes will
be analyzed to determine how much of the toxicant remains. Dif-
ferent formulations will be tested to determine the effect of such
factors as solvents, type of clays, etc. on the rate of release of the
toxicant.

SUPPORTED BY South Carolina State Government

2.0960, IRRIGATION OF COTTON AND CORN.
UNKNOWN, Clemson University, Agricultural Experiment Sta. ,

Clemson, South Carolina 29631
Objectives: 1. To determine the amount of fertilizer required

for maximum cotton yields with and without irrigation. 2. To
determine the effects of soil fumigation for nematode control on
yields of irrigated and unirrigated cotton. 3. To determine the
response of irrigated and unirrigated corn to rates and times of
application of nitrogen.

Description of Work Proposed: Field experiments will be
conducted to determine the effects on corn and cotton of dif-
ferent amounts of fertilizer applied to irrigated and unirrigated
blocks of these crops. The effects of subsoiling and soil fumiga-
tion by the row method will be determined in conjunction with
the irrigation and fertilization tests.
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SUPPORTED BY South Carolina State Government

2.0961, THE INTERFLOW PROCESS ON SLOPING
WATERSHED AREAS
T.V. WILSON, Clemson University, School of Engineering, Clem-
son, South Carolina 29631

The proposed research plan involves laboratory and field stu-
dies to determine the primary factors influencing interflow on
Piedmont watersheds. It is proposed to place sufficient instrumen-
tation in lab models and in selected watershed sites to enable de-
tection of directions of water movement during and after rainfall
events. Tracers will also be employed to follow the movement of
water through the soil. Physical soil parameters influencing water
movement will be measured. Relationships between rates and
quantities of interflow and the soil parameters will be evaluated
on the basis of data obtained in the lab and field studies. The
development of prediction equations, using measurable physical
parameters, will be investigated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University
South Carolina State Government

2.0962, STREAM IMPROVEMENT STUDY
D.L. ARCHER, State Wildlife Resources Dept. , Columbia, South
Carolina

Objectives: To conduct a post-stream improvement study to
further evaluate the use of stream improvement structures as a
tool useful to South Carolina's trout management program.

To establish an additional 1/4-mile stream section in which to
incorporate the gabion type stream improvement structure under
heavily silted conditions.

Procedure: Post-stream improvement surveys will be con-
ducted on two 1/2-mile sections of stream in which stream im-
provement structures have been built, This survey will consider
such parameters as the fish population composition and density,
abundance of aquatic food organisms, and other physical charac-
teristics of the streams such as average depth and width, ratio of
flow and pool riffle ratios.

These data will be compared with that gathered in the pre-
improvement study to evaluate the success of such a stream im-
provement program.

An additional section of stream bed will be surveyed and
gabion type structures placed so as to create pools and otherwise
improve a heavily silted type stream bed. The same pre-improve-
ment studies previously described will be initiated followed by
post-improvement studies to be conducted in the future,

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
South Carolina State Government

2.0963, EFFECT OF LAKES MARION AND MOULTRIE
AS SEDIMENT TRAPS
T.R. CUNNINGS, U.S. Dept. of Interior, Water Resources Divi-
sion, Columbia, South Carolina

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of South Carolina.

Purpose: To determine the effectiveness of Lakes Marion
and Moultrie as sediment traps.

Methods: Suspended sediment stations will be operated in
the tailrace of the hydro plant, at the spillway on Lake Marion
and at the railroad bridge at Rimini. The first two stations will
provide a measure of the total sediment discharged from Lake
Marion and Lake Moultrie. The latter station will provide a mea-
sure of the flow of sediment into the lake system.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
South Carolina State Government

2.0964, THERMAL GRADIENTS IN SOUTH CAROLINA
G.E. SIPLE, U.S. Dept. of Interior, Geological Survey, Columbia,
South Carolina

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geol. Survey in cooperation

with the State of South Carolina The objective of this study is to
obtain precise water temperature data in wells located in the un-
consolidated Mesozic and Cenozoic sediments of the S.C. Coastal
Plain and in the Paleozoic to pre-paleozoic crystalline rocks ofthe
Piedmont. Temperatures are measured with a single thermometer
sensor enclosed in a brass sonde filled with silicon oil and con-
nected to a rubber jacketed cable, using the technique described
by Diment and Robertson (1963). These data will be used to
determine changes in the earth's thermal gradient over these
areas and the relation of thermal changes to structural or strati-
graphic parameters.

In addition, an attempt will be made to assess these values as
criteria for differentation of hydraulic parameters (such as
permeability and yield) and, where core material is available, to
determine thermal conductivities to be used in the computation
of heat flow, Other objectives include the correlation of tempera-
ture gradient with such factors as ground-water movement,
lithology, porosity, drilling disturbance, direction of rock foliation
and schistosity, and differences due to the variant instruments
used.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
South Carolina State Government

2.0965, REDUCTION OF SCOUR AROUND BRIDGE
PIERS
F. CHANG, South Dakota State University, School of Engineer-
ing, Brookings, South Dakota 57007

The effect of circular piles placed in front of piers on the
reduction of scour depth around bridge piers is being determined
and a measure for the protection of existing piers is sought.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
South Dakota State Government

2.0966, SCOUR AND FILL IN THE MISSOURI RIVER AS
RELATED TO THE WATER RESOURCES PLANNING
F.M. CHANG, South Dakota State University, School of En-
gineering, Brookings, South Dakota 57007

For the development of the Missouri River Basin, Oahe Dam
and Big Bend Dam were constructed in the Missouri River near
Pierre and Fort Thompson, South Dakota. The aggradations up-
stream and the degradations downstream of these dams are
evident due to the unbalance of the sediment discharge in this
reach.

Hydraulic engineers must continuously observe the change in
the river configuration and be aware of the possibility of floods
and other damages from sediment deposition. And, a study of the
future bed elevation is also mostly important for the planning of
the irrigation systems in order to obtain the optimum functioning
of the entire systems.

The specific objectives of this study are: 1. To derive an em-
pirical relationship between sediment discharge and flow charac-
teristics from the observed data collected by the Army Corps of
Engineers in the reach between (1:. t,e Dam and Big Bend Dam. 2.
To develop, by using continuit ation, an implicit computer
method to predict the chang = t.k )r bed elevation at transient
phases. 3. To estimate bed e in the future for the irriga-
tion planning and for the pro, of the possible disasters and
damages caused by floods.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Dakota State University

2.0967, THE INVESTIGATION OF SOIL PROBLEMS IN
RELATION TO IRRIGATION DEVELOPMENT IN SUBHU-
MID AREAS
L.O. FINE, South Dakota State University, School of Agricul-
ture, Brookings, South Dakota 57007

Work in connection with this project entails field and labora-
tory studies of management aspects of water, soils and plants as
related to the performance of crops, and behavior and properties
of soils, and the use and needs of water by crops. Water manage-
ment studies include frequency, timing and quantity of irrigation.
Utilization of water as influenced by soil management and crop
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management has been investigated with several crops and varia-
tion of several soil factors affecting fertility.

Crop management variables such as plant spacing, popula-
tion and sequence, and effect on performance have had major
emphasis.

SUPPORTED BY South Dakota State Government

2.0968, UNDERSTANDING AND IMPROVING THE SOIL-
PLANT ENVIRONMENT FOR MORE EFFICIENT UTILIZA-
TION OF WATER
M.L. HORTON, South Dakota State University, School of
Agriculture, Brookings, South Dakota 57007

Objectives: 1. Field measurement of soil, plant, and
meteorological parameters necessary to describe the plant en-
vironment and to determine evapotranspiration rates. 2. To
develop relationships for predicting irrigation ovate: require-
ments. 3. To devise methods that improve the efficiency with
which water and solar energy is utilized in crop production.

Description of Work: The meteorological parameters will be
measured continuously, where possible, using the best available
instrumentation. Soil and plant paramenters will be measured
frequently on a regular schedule. Evapotranspiration rates will be
determined directly with weighing lysimeters and computed using
energy budget methods.

Penman type equations and empirical equations for predict-
ing irrigation water requirements will be evalulted for sub-humid
Plains conditions.

Methods of application of irrigation water, modification of
the microclimate, or improved management practices that show
potential for more efficient utilization of water or solar energy
will be studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Dakota State University

2.0969, SOIL MOISTURE EVAPORATION AND ITS CON-
TROL
M.L. HORTON, South Dakota State University, Agricultural Ex-
periment Sta. , Brookings, South Dakota 57007

Investigate the basic mechanism of water evaporation from
the soil surface. Develop a laboratory method of measuring the
rate of evaporation from the soil surface. Determine the effective-
ness of crop residues and artificial mulches on the rate of
evaporation from the soil surface under field conditions.

Description of Work: Laboratory experiments will be con-
ducted on mechanisms of reducing evaporation from the soil sur-
face. Mechanisms that will be investigated include, liquid film
forming materials, solid films, long chain alcohols, and silicone.
The most promising methods will be examined under field condi-
tions. Various tillage methods will also be investigated and com-
pared with chemical materials under field conditions.

SUPPORTED BY U.S. Dept. of Agriculture
South Dakota Stat.. Government

2.0970, SALINITY ABOVE A WATER TABLE AS AF-
FECTED BY RAINFALL AND IRRIGATION
W.D. LEM BKE, South Dakota State University, School of En-
gineering, Brookings, South Dakota 57007

The proposed research involves laboratory and field in-
vestigation to determine the effect of salt accumulation on water
movement in a soil under irrigated conditions, as compared to
conditions of natural rainfall. It also involves a study of methods
of leaching accumulated salts.

Laboratory investigations will be used to measure the trans-
mission characteristics of the soil as affected by moisture.

A field investigation with lysimeters will be employed to mea-
sure the effect of salt accumulation on water transmission and
evaporation with a controlled water table.

After salt accumulation has occurred, two methods of
reclaiming the soil will be compared and evaluated.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Dakota State University
South Dakota State Government

2.0971, EFFECT OF GRAZING MANAGEMENT ON
RANGE LIVESTOCK NUTRITION AND ON THE RANGE
RESOURCE
J.K. LEWIS, South Dakota State University, Agricultural Experi-
ment Sta. , Brookings, South Dakota 57007

Since 1942 replicated range pastures at the Cottonwood
Range Field Station, 75 miles east of Rapid City, have been
grazed heavily, moderately, or lightly from early or mid-May to
early or late November by cattle and are now in high poor, high
fair and high good range condition, respectively. The Agricultural
Research Service under line project SWC2 -dI and SWC2-d2
have established four two-acre watersheds on relatively uniform
soils in one replication of each grazing treatment.

Stocking rates will be controlled to keep the pastures as
nearly as possible in the present range condition. Forage produc-
tion and residue will be measured at two week intervals on per-
manent plots using a capacitance meter. These data will be re-
lated to precipitation, runoff, and soil moisture records taken by
ARS Livestock production from the pasture will be measured
with yearling steers next year. Heifer calves will be permanently
allotted to the study in the fall of 1968 and livestock diets studied
in subsequent years.

SUPPORTED BY South Dakota State Government
South Dakota State University

2.0972, HYDROLOGY OF SMALL DRAINAGE BASINS
FOR DEVELOPING HYDRAULIC DESIGN
W.F. LYTLE, South Dakota State University, Water Resources
Institute, Brookings, South Dakota 57007

The first phase of the study consists of an investigation of ex-
isting records of rainfall and runoff through the State. A deter-
mination will be made of physical parameters above a particular
gaging station with past flow records to see if they can be
adequately measured. In areas of particular interest necessary in-
strumentation and parameter determination will be made to sup-
plement existing records.

After determination of physical parameters at the gaging sta-
tion or in the watershed above the gaging station has been made,
an analysis will he made on stations with long periods of daily
records to determine duration of flow curves. By comparing
physical parameters of the gaging station with partial records to
those with complete records, a determination can be made of
which partial record stations can be used by knowing where good
correlation exists. Newly instrumented stations will be used
similar to partial record stations.

An analysis will be made of stations with maximum and
minimum flow by extreme value probability methods and by com-
parison of physical parameters with stations of known extreme
flow values. A process of synthesis will be used to determine dura-
tion of flow curves and extreme flow values in those ungaged
watershed areas where physical parameters can be determined.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Dakota State University

2.0973, EFFECT OF THE CLIMATE AND MICROCLI-
MATE ON AGRICULTURE IN SOUTH DAKOTA
W.F. LYTLE, South Dakota State University, Agricultural Ex-
periment Sta. , Brookings, South Dakota 57007

Objectives: To determine the benefits and effects of climate
and microclimate on the agricultural production and range
management in South Dakota. A. By use of weather information
on punch cards and statistical methods to describe the variations
and singularities in rainfall, temperature, humidity, wind,
evaporation, and transpiration in South Dakota--keeping current
and back-logging as fast as time will permit. B. By proper instru-
mentation on an agricultural weather station being established on
the Agricultural Engineering Research Farm to measure gradients
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of temperature, humidity, wind, eddy diffusion in the micro-cli-
matic layer between the ground and four feet above the ground.
C. To develop a mobil micro-climatic laboratory that could be
used anywhere in the state for securing research data.

Work planned: A. At Agricultural Engineering Research
Farm: 1. Full operation of temperature, humidity, and net radia-
tion equipment, all purchased. 2. Establishment of soil moisture,
dew, evaporation measurements, recording rain gauge. B.
Remote recording of temperature and humidity. C. Continuation
of work on cards.

SUPPORTED BY South Dakota State Government

2.0974, DRAINAGE INVESTIGATIONS OF PROPOSED
IRRIGATED SOILS IN
J.L. WIERMA, South Dakota State University, School of Agricul-
ture, Brookings, South Dakota 57007

Permeability Measurements Field and laboratory measure-
ments will be made of the permeability of Beotia silt loam soils.
The purpose of these measurements will be; (1) to evaluate the
permeability of soils near the location of a proposed field
drainage plot and (2) to evaluate several methods of measuring
permeability.

A Field Drainage Plot - A low permeability has been ob-
served in some Bootin silt loam soils. A field drainage plot will be
established on such soil at the Redfield Farm.

The purposes of the plot will be (1) to evaluate soil permea-
bility using actual drainage outflow that will occur in a field situa-
tion and (2) to evaluate some new methods of improving the
drainability of this soil.

The plot will be designed so that water in the plot area will
flow into one tile drain, The edges of the plot will consist of a
plastic barrier that will extend to as deep a depth as will be practi-
cal. The plot will be surrounded by a border area which will be
saturated to the same extent as the soil on the plot.

Measurements will be made of tile outflow, piezometric pres-
sure on the plot, deep seepage, evaporation loss and flow onto the
plot. An overall permeability of the plot will be obtained using
theoretical equations.

The permeabilities determined by field and laboratory mea-
surements at different deOhs in the plot will be analyzed and
compared with the actual permeability measured by the outflow
of piczometer data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.0975, HYDROGEOLOGY OF GLACIAL OUTWASH
NEAR SIOUX FALLS, SOUTH DAKOTA
E.A. ACKROYD, U.S. Dept. of Interior, Water Resources Divi-
sion, Huron, South Dakota

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with Stete and local agencies in South Dakota,

Purpose: To determine the water resources available for an-
ticipated municipal and industrial growth in the area between
Sioux Falls and Dell Rapids.

Methods: The existing hydrologic data will be collected and
analyzed to determine the additional data needed to construct an
analog model of the area. An inventory of wells, test drilling,
pump tests, and measurements of observation will be completed
as required for the construction of the analog model, The analog
model will be probed to determine the adequacy of available
water resources for anticipated needs.

SUPPORTED BY U.S. Dept, of Interior - Geological Survey
South Dakota State Government

2.0976, BASIC HYDROLOGIC RESEARCH IN SELECTED
AREAS IN SOUTH DAKOTA
E.F. LEROUX, U.S. Dept. of Interior, Water Resources Division,
Huron, South Dakota

This reseach is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of South Dakota,

Purpose: To determine the contribution which a relatively
small amount of physical and geophysical data for specific
aquifers could make to areal reconnaissance studies of water
resources in South Dakota.

Methods: Specific information for each aquifer at a site in
Beadle County will be obtained by test drilling and various
logging methods. Five wells will be constructed at this site. Each
well will be drilled to the bottom of an aquifer, cased to the top of
the aquifer and have screened or perforated casing opposite the
aquifer. Water samples will be collected and aquifer tests will be
made.

After these data have been evaluated, another site in South
Dakota where similar data is to be collected will be selected.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
South Dakota State Government

2.0977, IRRIGATED GRASS INVESTIGATIONS ON THE
BELLE FOURCHE PROJECT
C. ERICKSON, South Dakota State University, Agricultural Ex-
periment Sta. , Newell, South Dakota

Objectives: To evaluate production characteristics and
potentials of introduced grasses. To develop an improved ir-
rigated pasture program for western South Dakota. To investigate
methods of increasing the yield from irrigated pastures.

Different species and eventually varieties of introduced
grasses will be tested on the irrigated soils. Information on date of
grazing readiness, proper harvest date, regrowth characteristics,
response with alfalfa, response to nitrogen fertilizer and total
forage yield will be taken. These factors will assist in evaluating
each species for its purpose in a grazing program.

SUPPORTED BY South Dakota State Government

2.0978, STUDY OF TURBIDITY - PRODUCTION FAC-
TORS IN LAKE KAMPESKA CODINGTON COUNTY,
SOUTH DAKOTA
J.C. SCHMULBACH, State Dept. of Game Fish & Pks, Pierre,
South Dakota

Objectives: To identify agent(s) causing turbidity and to
determine seasonal turbidity levels of Lake Kampeska. Also, to
determine the effects of turbidity upon light penetration, primary
production, and plankton and benthos production.

Procedures: Horizontal and vertical sampling of the water
mass to assess turbidity levels will be continued throughout the
summer and fall. Special attention will be directed toward ap-
praising the influence of the Sioux River diversion ditch upon tur-
bidity. 1) Turbidity levels (ppm) will be determined with a
colorimeter (Hach Chemical Co.) Transparency will also be eval-
uated with a Secchi disc. 2) Light penetrance, extinction coeffi-
cients, compensation levels will be determined with the aid of
matched Weston photoelectric cells. 3) Water quality will be
monitored using standard techniques and equipment. The follow-
ing features will be routinely assessed: water temperature, pH,
dissolved oxygen, total alkalinity and specific conductance. 4)
Primary production will be estimated using the -k-light bottle
technique or the carbon 14 method. 5) Net plan. samples will
be collected with a Miller plankton sampler fitted with a Teske
flow meter. 6) Water samples will also be assessed for their or-
ganic and inorganic fractions using a combination of techniques
and equipment. The potassium dichromate method will be used to
determine total organic content. Other samples will be cen-
trifuged and ignited in a muffle furnace to determine and particu-
late dissolved organic matter content, and the inorganic fraction
of the sample. 7) Benthic organisms will be sampled with a Peter-
sen dredge and taken to the Laboratory for identification, count-
ing, weighing and volumetric determinations. This part of the pro-
ject will be given low priority.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
South Dakota State Government

2.0979, INVESTIGATION OF WATER LOSSES TO SINK-
HOLES IN THE PAHASAPA LIMESTONE, AND THEIR
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RELATION TO RESURGENT SPRINGS BLACK HILLS,
SOUTH DAKOTA

TRIES, South Dakota School of Mines, School of Engineer-
ing, Rapid City, 'Iouth Dakota 57701

It is proposed to determine stream losses accurately by syste-
matic gauging above and below areas of loss, and to compare the
volume of losses with flows from the large artesian springs sur-
rouading the Black Hills. At the same time, an attempt will be
made to verify the connection between the sinkholes and springs
by chemical analyses and by use of dyes, or chemical or radioac-
tive tracers introduced into the areas of water loss,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
South Dakota School of Mines &

Technology

2.0980, COAL STRIP MINE WATERSHED STUDY
J.C. ALLEN, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

A watershed project to determine how coal strip mining and
subsequent reclamation affects water quality and stream ecology.
The 136-acre watershed under study is in Jackson County,
Alabama. Over half the watershed will be stripped for coal in
1970. Hydrologic data collection began in May 1968 upon
completion of the weir and project instrumentation, and will con-
tinue for two years prior to mining, during the mining operation,
and for ten years after reclamation. Biologists began sampling the
stream and streamside flora and fauna in February 1968, and will
continue periodic measurements through life of the study to
identify ecological change.

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0981, FLOOD HYDROGRAPH SYNTHESIS - UNGAGED
WATERSHEDS
B.J. BUEHLER, U.S. Tennessee Valley Auth. , Knoxville, Tennes-
see

A study to develop more adequate methods of synthesizing
flood hydrographs for ungaged areas in the Tennessee Valley with
particular emphasis on small watersheds. This is a continuing
study which is being expanded to include in the evaluation some
of the more recently developed approaches to hydrograph synthe-
sis.

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0982, FLOOD FREQUENCY STUDIES
B.J. BUEHLER, U.S. Tennessee Valley Auth. , Knoxville, Tennes-
see

A continuing study to develop relationships and procedures
for synthesizing flood frequency relationships for ungaged areas:

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0983, SIMULATED OPEN CHANNEL HYDRAULICS
B.J. BUEHLER, U.S. Tennessee Valley Auth. , Knoxville, Tennes-
see

A mathematical model (Simulated Open Channel Hydraulics
- SOCH ) based upon the basic differential equations of continuity
and momentum which describe unsteady, nonuniform open chan-
nel flow has been developed. Digital computer solution of the
model is accomplished using the numerical methods developed by
Stoker. Field measurements of stage and velocity in Wheeler
Reservoir, stage in the Cumberland River below Barkley Dam,
stage in Barkley Reservoir, and discharge in the canal connecting
Barkley and Kentucky Reservoirs all have been successfully
reproduced, thus providing verification for tiro basic model and
computational scheme. From this base a variety of complex
transient flow problems have been investigated. Research is being
directed toward broadening the applicability of the model to in-
clude a broader spectrum of transient flow problems and toward
other computational schemes. In these research and application
efforts TVA is being assisted by MIT consultants Drs. Ronald
McLaughlin and Frank Perkins.

A portion of this work is described in the publication
`Transient Flow Investigations for TVA's Browns Ferry Generat-
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ing Station,' Buehler, B. J., Price, J. T., and Garrison, J. M.,
Proceedings, 7th Annual Sanitary and Water Resources En-
gineering Conference, Vanderbilt University, Nashville, Tennes-
see, May 1968.

SUPPORTED BY U.S. Tennessee 'Valley Auth.

2.0984, WATER DISPATCHING OPERATIONS BY ELEC-
TRONIC COMPUTER
A.J, COOPER, U.S. Tennessee Valley Auth. , Knoxville, Tennes-
see

A study to convert the daily streamflow forecasting and
water control operation work of the River Control Branch to an
IBM electronic computer. This work involves the continuous
dispatching and control of all water which reaches the 33 hydro
projects in the Tennessee River Basin presently owned or
operated by TVA. Two programs are required to perform this
work: (1) one program, completed in 1963 for an IBM 704 elec-
tronic computer and converted to an IBM System/360 in August
1967, will compute reservoir inflows for each of the hydro pro-
jects using rainfall-runoff relations based on antecedent precipita-
tion index (API) and unit hydrographs; (2) work is continuing on
the other program for use on the System/360 which will be used
for scheduling discharges at the hydro projects mainly for power
generation and flood control.

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0985, COMPUTER-ORIENTED MATHEMATICAL
MODEL FOR CONTINUOUS STREAMFLOW PREDICTION
A.J. COOPER, U.S. Tennessee Valley Auth. , Knoxville, Tennes-
see

A study, currently in the analytical phase, to develop a model
which should mathematically closely simulate the response of a
watershed to rainfall and should be capable of predicting stream-
flow at a given point at any time. It is hoped that this model will
yield results of the high degree of accuracy required for the op-
timum operation of the large TVA system of multipurpose reser-
voirs.

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0986, FOREST INFLUENCES STUDIES
B.W. ELLERTSEN, U.S. Tennessee Valley Auth. , Knoxville, Ten-
nessee

Investigations are conducted to determine basic relationship
between the effect of forest cover and forestry practices on ru-
noff, infiltration, water quality, and other factors involved in the
water cycle, and to determine hydrologic effects of reforestation,
other erosion control practices, logging road construction and
use, timber cutting, wildlife management, and other multiple
land-use activities. This information will be used to identify prac-
tices of greatest benefit to the economy from the standpoint of
optimum forest and water resource utilization. Since 1934 six
watershed studies have been initiated in completely or partially
forested areas. Results to date indicate that reforestation and
other erosion control practices can produce pronounced changes
in watershed hydrology. Twenty years after conversion to forest
cover peak discharge of summer storms was reduced about 60
percent, duration of summer storm runoff was prolonged, surface
runoff was retarded and sediment loss was reduced more than 95
percent on the White Hollow and Pine Tree Branch watersheds.
In Parker Branch where open land predominated, farmers making
optimum use of all farm resources found the objective of max-
imizing income was largely compatible with conservation objec-
tives of reducing soil erosion, surface runoff, peak discharge
rates, etc.

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0987, UPPER BEAR CREEK EXPERIMENTAL PRO-
JECT
P.C. SPATH, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

The Upper Bear Creek Experimental project established in
1962 is being carried on cooperatively by the U. S. Forest Service
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and TVA. The project is located in the upper reaches of Bear
Creek, near Haleyville, Alabama, lying partially in the Bankhead
National Forest and includes approximately 143 square miles.

Purpose: This project is designed specifically for the formula-
tion and numeric evaluation of hydrologic methods needed for
area resource development. The main enjectives are: (1) The
development of methods to predict streamflow information for
small headwater areas from physical watershed measures and
hydrologic data and project this information downstream to
larger drainage areas, and then develop techniques for using these
projection and predicting methods to simulate hydrologic infor-
mation on other areas where data are scarce or missing. (2) To
obtain basic soils-water-cover relationships in the Highland Rim
area of the Tennessee River Basin. (3) To obtain data on the rela-
tionships of soils, land-use, and water quality.

Project activities have included the development of a general
computer program to solve nonlinear equations, the developing
of mathematical models for generating parametric measures of
streamflow, the detail study of these mathematical models to as-
sure that consistent results are obtained, a factor analysis study of
the physical measures of watershed characteristics, and develop-
ment of a model to relate streamflow parameters to the physical
watershed measures, Papers published concerning project activi-
ties included: I. 'Design of a Hydrologic Condition Survey Using
Factor Analysis,' Hydraulic Data Branch Research Paper No. 5,
November 1965. 2. 'Upper Bear Creek Experimental Watershed-
-Research in Hydrologic Analysis Synthesis' by Roger P. Betson,
Pub. 66 I.A .S.H., Symposium of Budapest, pp 178-184, October
1965. 3. `DIFCOR A Program to Solve Nonlinear Equations,'
Hydraulic Data Branch Research Paper No. 6, June 1967. 4.
`Analytically Derived Unit Graph and Runoff' presented at the
American Society of Civil Engineers national meeting, New York,
on Water Resources Engineering, October 16-20, 1967.

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0988, DEVELOPMENT OF HYDROLOGIC ANALYSIS
TECHNIQUES
P.C. SPATH, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

This research, started in 1964, is for the development of new
analysis techniques that are now possible with the utilization of
electronic computers. Research covers the development of
specific mathematical models and special studies aimed at im-
proving hydrologic knowledge using data obtained from various
TVA Watershed projects. It includes the derivation, develop-
ment, and verification of equations designed to simulate various
aspects of hydrology and hydrologic response as these are related
to land cover, topography, and other watershed characteristics so
that watershed hydrology can be incorporated in land-use im-
provement plans. Progress to date includes: Completion of a
study of the convergence properties of a technique used to solve
non-linear equations. Some of the results of this study are in-
cluded in Hydraulic Data Branch Research Paper No. describes
the computer program. Completion of a computer program to
compute annual flow duration information from mean daily
discharge data. The establishment of a series of hydrologic
response index watersheds to be used in future evaluation of
water resource development activities.

Research underway in 1968 includes: Development of a pro-
gram package to process daily rain gage data on the computer and
for the computer automatically to print daily and monthly
amounts of precipitation for more than 600 stations in tables for
direct use in the monthly and annual bulletins 'Precipitation in the
Tennessee River Basin.'

Development of a program to reduce the U. S. Weather Bu-
reau's graphical API - Runoff Index model for predicting surface
runoff, being used in TVA river control operations, to an analytic
mathematical model using only five coefficients. Predictions
using both models are comparable, but the analytic model is
much easier to derive and uses far less core storage.

Completion of a series of programs to be used with a chart
digitizer that is used to abstract data automatically from a variety
of different recorder charts.

SUPPORTED BY U.S. Tennessee Valley Auth.

2.0989, FERTILIZER AND IRRIGATION EFFECTS ON
TREE DEVELOPMENT
E.R. BUCKNER, Univ. of Tennessee, Agricultural Experiment
Sta. , Knoxville, Tennessee 37916

To test: (a) fertilizer (15-15-15) broadcast at 1,000 lbs per
acre, and ( b) irrigation watering through soaker hose to bring soil
back to field capacity. The four treatment of (a) alone; (b) alone;
(a) and ( b) in combination; and, control with neither (a) nor (b)
were applied to plots in 25-year old yellow-poplar (each plot with
over five 3-inch stems) on both upper and lower slopes with four
replications. Effects measured by annual height and DBH growth,
and 2-year seed production and properties of wood increment.
Plantings of loblolly pine, sweetgum and northern red oak will be
subjected to similar tests.

SUPPORTED BY U.S. Dept. of Agriculture
Tennessee State Government

2.0990, THE ECOLOGY OF CLOSTRIDUM BOTULINUM
IN THE TVA LAKES AREA
D.F. HOLTMAN, Univ. of Tennessee, Graduate School, Knox-
ville, Tennessee 37916

For the past four years we have had in progress an investiga-
tion covering the distribution of Clostridium botulinum in the
TVA lakes area. Altogether, several thousand mud samples and
fish have been examined. To date findings have revealed C. botu-
linum, types B and E. Of great interest to us is the location in the
area of two sizeable canneries that discharge their wash water and
other wastes into one of the lakes. These, however, do not appear
to contribute to the presence of Cl. botulinum.

The study of the distribution of C. botulinum in TVA lakes
has involved Cherokee, Douglas, Norris, Loudon and Watts Bar.
Also, we made and intensive study of a sizeable number of spore-
bearing anaerobes that elaborated in vitro a toxin capable of
killing mice protected by all the available C. botulinum antitoxins.
These turned out to be primarily Cl. perfringens of several dif-
ferent ,pes. In view of the role of this organism in food poisoning,
it seems possible that it could be regarded as a health hazard in an
area where there is much commercial fishing.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

2.0991, MOISTURE USE CHARACTERISTICS OF CER-
TAIN CROP PLANTS
W.L. PARKS, Univ. of Tennessee, Agricultural Experiment Sta. ,
Knoxville, Tennessee 37916

Objective: To determine effect of soil moisture levels, fertili-
ty, weather, and crop variety on the moisture use characteristics
and yields of certain farm crops.

Description of work proposed: Neutron moisture measure-
ments will be used to determine the rate and extent of soil
moisture depletion by crop plants. Additional moisture will be ap-
plied to some treatments to determine the influence of low soil
moisture tensions on the moisture use characteristics of the crop
plants. Selected varieties of a few crops will be evaluated under
several moisture levels to determine how varieties differ in yield
potential. Variable fertility levels will be used to determine the ex-
tent of moisture-fertility interaction. Records on moisture use
during all stages of plant growth and developm e use rates for dif-
ferent periods of growth, total moisture use for the entire growing
season, and moisture use efficiency. The extent that climate af-
fects yield, growth and moisture use will be evaluated through
regression techniques. Initial studies will be restricted to corn but
cotton and other crops will be studied as the investigation
progresses.

SUPPORTED BY U.S. Dept. of Agriculture
Tennessee State Government

2.0992, TURBULENT MIXING IN SUBMERGED TWO-
DIMENSIONAL WALL JETS
C.J. REMENYIK, Univ. of Tennessee, School of Engineering,
Knoxville, Tennessee 37916
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This project is concerned with turbulent mixing mechanisms
which result as a stream of water bearing soluble or thermal pollu-
tants is discharged into a second stream. The research objective is
to provide fundamental information useful for engineering pre-
dictions of the pollutant concentration in the vicinity of the
stream junction.

Applicability of the concept of eddy diffusivity (or diffusion
coefficient) to mixing flows will be investigated. The experiments
will involve the measurement of Reynolds stress distributions in a
two-dimensional wall jet of air.

Need for such an investigation is indicated by previous
research which produced evidence that the application of the
concept of eddy diffusivity to mixing streams may not be valid.

The project's aims are, on one hand, to verify these findings
with a higher degree of accuracy than was possible previously,
and to do that by an independent method. The former aspect of
this objective will be achieved with a hot wire anemometer
equipped with a new linearizer circuit, the latter by a single,
rotated hot wire method.

On the other hand, experimental information will be
gathered to establish quantitatively details of the relationship
between the turbulent shear stress and velocity distributions. The
results will be used to construct a model modifying or replacing
the concept of eddy diffusivity.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Tennessee

2.0993, EXPERIMENTAL INVESTIGATION OF HYDRAU-
LIC TRANSIENTS IN RIVER-RESERVOIR SYSTEMS
B.A. TSCHANTZ, Univ. of Tennessee, School of Engineering,
Knoxville, Tennessee 37916

The proposed research project involves a laboratory in-
vestigation to develop a qualitative and quantitative description
of the hydraulic transient phenomena associated with the
response of a stationary (reservoir) or moving (stream) body of
water to upstream and downstream positive and negative
discharge changes.

Complementary computations of water depth, discharge, and
velocity will be made using an unsteady flow digital computer
computational model to provide guidance and comparisons with
the measured results from the physical setup.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Tennessee

2.0994, FLOODING OF SMALL STREAMS IN NASH-
VILLE-DAVIDSON CO. AREA, TENN.
L.C. CONN, U.S. Dept. of Interior, Water Resources Division,
Nashville, Tennessee

This -esearch is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Tennessee.

Purpose: To determine the effect of urbanization on the
volume, magnitude, frequency, and time of concentration of
flood flows.

Methods: Hydrologic data presently available inside and out-
side of the county and additional data to be collected will be
analyzed. Within a particular stream basin the following will be
obtained:

1. Continuous streamflow and synchronized precipitation
records at one site in the basin.

2. Continuous recordings of floodflow and concurrent storm
precipitation at sites in selected sub-basins and at key points along
the principal stream channels.

3. Supplementary surveys of high-water profiles between
gaged sites following major flood events,

4. Channel cross-section and bed profile surveys necessary
for flood- profile computations.

5. Compilation of necessary basin and urbanization parame-
ters.

2. WATER CYCLE
SUPPORTED BY U,S. Dept. of Interior - Geological Survey

Tennessee State Government

2.0995, ti[YDROGEOLOGIC MAPPING OF PALEOCENE
SEDIMENTS, WESTERN TENNESSEE
W.S. PARKS, U.S. Dept. of Interior, Water Resources Division,
Nashville, Tennessee

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Tennessee.

Purpose: To delineate the outcrop areas of the '1,400 foot'
sand and Memphis aquifers in western Tennessee.

Methods; The outcrop area of the Paleocene sediments (a
major aquiclude ) must be mapped and stud'ed first before it will
be possible to interpret correctly surface observations in the un-
mapped aquifer outcrop areas. Hence, it is proposed to map the
surficial geology of the 7.5 minute quadrangles that comprise the
belt of outcrop of the Paleocene sediments. This will require field
mapping of the 1,500 square miles in 28 quadrangles.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Tennessee State Government

2.0996, HYDROLOGY OF UPPER BUFFALO RIVER
BASIN
W.J. PERRY, U.S. Dept. of Interior, Geological Survey, Nashville,
Tennessee

Purpose: To define the interrelation of ground and surface
water in sufficient detail to evaluate feasibility of short cut
methods for evaluating total water occurrence and availability in
future river basin studies.

Methods: Complete streamflow records since 1920 are
available for a gaging station on Buffalo River near Flat Woods,
Tenn. Systematic measurement of ground-water levels at selected
sites, and of stream and spring discharge will be made. Com-
prehensive coverage of surface water flows, spring flows, and
ground-water levels will be made during periods of at least 2 dif-
ferent conditions of base flow. Streamflow, spring flow, and
ground-water level patterns and geologic character of the basin
will be used to define surface-ground water relations and ground-
water movement in the basin.

SUPPORTED BY U.S. Dept. of Interior - Geological SPIrvey
Tennessee State Government

2.0997, LOW FLOW CHARACTERISTICS OF TENNES-
SEE STREAMS
W.J. PERRY, U.S. Dept. of Interior, Water Resources Division,
Nashville, Tennessee

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Tennessee.

Purpose: To interpret available streamflow records and pro-
vide low-flow frequency curves for use by water-supply planners
and system designers.

Method: Low-flow frequency curves and 'Thies will be
prepared for all long term }wing stations. Low-flow indices will
be determined for short term gaging stations, for low-now partial
record stations and possibly for some miscellaneous sites. Dura-
tion curves will be presented for selected sites and relations
between duration, low-flow fre4uency and mean annual flow wi!
be investigated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Tennessee State Government

2.0998, GEOHYDROLOGY OF SHALLOW AQUIFERS IN
HENRY AND WEAKLEY COUNTIES, TENNESSEE
J. WILSON, U.S. Dept. of Interior, Water Resources Division,
Nashville, Tennessee

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Tennessee.

Purpose - To determine the cause or source of contamination
of ground water and to appraise the shallow water - bearing forma-
tions.
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Methods - An inventory of representative wells will be made.
Water from wells will be sampled and analyzed to determine the
bacteriological and chemical quality of ground waters. Test holes
will be augered, observation wells will be constructed and pump-
ing tests will be performed to define the areal extent and water
bearing characteristics of shallow aquifers.

SUPPORTED BY U.S. Dept, of Interior - Geological Survey
Tennessee State Government

2.0999, GEOCHEMISTRY AND HYDROLOGY OF A
SMALL BASIN IN THE UPPER BUFFALO RIVER
WATERSHED, TENNESSEE
R.G. STEARNS, Vanderbilt University, Graduate School, Nash-
vile, Tennessee 37203

The purpose is to gain more knowledge and understanding of
the manner and rate of chemical weathering on the Western
Highland Rim, Tennessee. The study plan is to determine the pro-
perties of water in various portions of the basin system to be able
to interpret the changes in water through the hydrologic cycle in
this small basin. The basin was chosen because of its topographic
form, characteristic bedrock and residuum, numerous wells, and
easy accessibility. These factors make frequent chemical and
piezometric monitoring feasible.

SUPPORTED BY U.S. Dept. of Inter;nr - 0. Water Res. Rch
Vanderbilt University

2.1000, RADIONUCLIDE CYCLING IN AQUATIC
ECOSYSTEMS AND THE USE OF ISOTOPES TO
DELINEATE AND QUANTIFY BASIC ECOLOGICAL
PROCESSES
D.J. NELSON, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee (W-7405-ENG-26)

Biogeochemical studies--Previous studies employing whole-
body counting techniques showed the rapid uptake of radiostron-
tium from water by white cruppies (Pomoxis annularis). Current
experiments using serial sacrifices were conducted with blue-gills
(Lopomis macrochirus) to determine the relative importance of
flesh and blood in the uptake of radiostrontium. The greatest rate
of uptake occurred within 48 hours in both components. These
studies showed that the blood accounted for a significant propor-
tion of radiostrontium activity in the soft tissues of bluegills dur-
ing the period of initial Sr uptake. Parallel research on the effect
of different environmental Sr concentrations on Sr uptake in flesh
showed the concentrations in the tissue were directly propor-
tional to those in the water within the range of 0.003 to 30 ppm.
This research shows that isotopic dilution would not be an effec-
tive means of reducing radiostrontium uptake.

Research with Cs 137 in white crappies continued with deter-
mination of biological half-lives. After the passage of a con-
taminated bolus through the gut a half-life for Cs 137 of approxi-
mately 170 days (at 120 degrees C) is indicated. These results
show that crappies are long-term integrators of Cs 137 in the
aquatic environment. The passage of the contaminated bolus may
have interfered with detection of shorter components in the
excretory curve. With snails (Goniobasis, Physa, Lymnea) a short
component of about 4 days and a longer component of 12-16 days
was observed for radiocesium excretion. Data on the biological
half-life Cs in snails will be used in connection with studies of
their feeding rates in White Oak Lake.

Aquatic food chain studies--The transfer of Ru 106, Cs 137,
and Co 60 from detritus and algae collected in White Oak Lake to
snails (Physa), worms (Limnodeilus), and midges (Stic-
tochironomus, Procladius) larvae was studies in laboratory
microcosms.

Peak concentrations of all radionuclides occurred in the
detritus feeders by day 3 while peak activity appeared in
Procladius on day 14. The study also showed that food particle
size affected levels of acitvity in the detritus feeders. With whole
detritus the worms accumulated the most redioactivity while with
pulverized detritus Stictochironomus was higher. Thus, physical
size of contaminated food particles affects environmental
pathways of radionuclides.

SUPPORTED BY U.S. Atomic Energy Commission

2.1001, PRIMARY PRODUCTION
B.C. PATTEN, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee (W-7405-ENG-26)

Strontium-85 assimilation by plankton communities of Mel-
ton Hill Lake (Clinch River embayment) is greater in light than in
dark. Dark uptake can be correlated with respiration as measured
by changes in dissolved oxygen. Light assimilation is quantitative-
ly related to photosynthetic activity, except at high light intensi-
ties where the oxygen method indicates inhibition of photosynthe-
sis while 85 Sr continues to accumulate in cells in proportion to il-
lumination, These results suggest that 85Sr may be useful in the
estimation of aquatic production, with possibilities of being su-
perior to the oxygen method at high light intensities, and to the
14C method due to ease of counting.

SUPPORTED BY U.S. Atomic Energy Commission

2.1002, MICROCLIMATE ANALYSIS
J.T. CARR, State Water Development Board, Austin, Texas 78711

Objective: To study the effect of the microclimate on
evaporation, transpiration, the use of electricity to operate irriga-
tion pumps, and the use of water to protect irrigated orchards and
row crops from frost damage, as well as to investigate the turbu-
lent exchanges of heat, moisture, and momentum in the planetary
boundary layer.

Approach: An analysis of detailed records of temperature,
humidity and wind observations taken at several levels on a 50
foot tower located on the grounds of the Medina Electric
Cooperative's generator station near Pearsall, Texas, and com-
parison of these records with electric power consumption rates.

SUPPORTED BY Texas State Government
Medina Electric Cooperative, Inc.

2.1003, QUALITY OF WATER OF THE TEXAS BAYS
AND ESTUARIES
D.C. HAHL, U.S. Dept. a Interior, Water Resources Division,
Austin, Texas

Purpose: To define 1) the occurrence, source, and distribu-
tion of nutrients; 2) current patterns, directions, and rates of
movement; 3) the physical, organic, and inorganic water quality
and its areal distribution and time variation; and 4) the occur-
rence, quantity, and dispersion of fresh water, and return flows
through the estuaries.

Methods: Reconnaissance quality-of-water surveys will be
used to select ranges for repeat surveys to define the quality of
water, areal and vertical distribution of organic and inorganic
constituents, and patterns of movement. Each survey along a
range will be made over a time span long enough to define
changes during a tidal cycle. Also, repeat surveys will be made to
define the quality changes over different seasons and under dif-
ferent hydrologic conditions. The surveys will be made using a
boat equipped with a sampling system, and with instrumentation
so that specific conductance, temperature, pH, and dissolved ox-
ygen content can be determined in the field at different points in
the vertical at each sampling site.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Texas State Government

2.1004, PERMIAN BASIN - ORIGIN OF SALINE WATER
DISCHARGE
P.R. STEVENS, U.S. Dept. of Interior, Water Resources Division,
Austin, Texas

Natural brine discharging through seeps, springs and salt flats
contaminates the water in many streams in the Permian Basin.
Previous investigations have ascribed this salt condition to the cir-
culation of ground-waters through salt-bearing rocks and ulti-
mately the discharging of the salt water in topographic low areas.
Another hypothesis postulates that brine underlies the entire Per-
mian Basin at a relatively shallow depth; the brine is overlain by
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relatively fresh water; the interface describes a surface of
hydrodynamic equilibrium which also functions as a impermeable
boundary separating the brine and fresh water into essentially dis-
crete hydraulic units. The objective is to study all aspects of the
occurrence of brine in this area and suggest measures that might
alleviate the condition.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1005, HYDROLOGIC STUDIES OF SMALL RURAL
TEXAS WATERSHEDS
T. TWICHELL, U.S. Dept. of Interior, Water Resources Division,
Austin, Texas

This research i5 part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of TExas and the Soil Conservation Service.

Purpose; To determine the effects of temporary storage in
small flood-detention structures and of land-treatment measures
on the water yield to major water-conservation reservoirs and to
provide data which can be utilized in the design of future struc-
tures and in checking the performance ofexisting structures.

Methods: Rainfall and runoff records are being collected and
computed on a continuing basis in eleven watersheds, Rainfall-ru-
noff analyses are being made for outstanding storms each year in
every watershed, and these data will he used to study possible
changes in rainfall-runoff relations between watersheds and the
effects of flood- detention structures within each basin. Runoff
records collected at points in some adjacent basins will be used as
currently being collected in the small watersheds. In basins where
no flood-detention structures have been built, detailed hydrologic
data are available for several years, and by continuing the data-
collection program, the analysis before and after conditions of
development will be facilitated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Texas State Government
U.S. Dept. of Agriculture

2.1006, EXTERNAL GEOMETRY OF SUPERPOSED
ELONGATE SANDSTONES, NORTH-CENTRAL TEXAS
L.F. BROWN, Univ. of Texas, Bureau of Economic Geology,
Austin, Texas 78712

The project is a study of surface and shallow subsurface
Upper Pennsylvanian and Lower Permian channel-fill sandstones
of fluvial and deltaic origin within 2,000 square miles of North-
central Texas (Stephens, Eastland, Callahan and Shackelford
counties), Areal distribution, stratigraphic position, and primary
control of multistory and multilateral sandstone patterns are of
primary interest. Approximately 350 measured sections and 250

wells were used to delineate these linear sandstone bodies at the
outcrop and to project them into the West Texas Basin. Channel-
fill sandstones are primary aquifers (excepting Quaternary
deposits) although exploration for them is complicated by nar-
row, meandering patterns. Sandstones occur at thirty strati-
graphic positions; ten major systems were studied in detail,
Second-derivative structural and isopach mapping provides an
approach for predicting sandstone distribution.

SUPPORTED BY University of Texas

2.1007, THE WILCOX GROUP IN TEXAS
W.L. FISHER, Univ. of Texas, Bureau of Economic Geology,
Austin, Texas 78712

The project is an investigation of the Carrizo-Wilcox
sequence of sedimentary strata throughout the Texas Gulf
Coastal Plain in outcrop and subsurface downdip through the
Wilcox trend. The study involves stratigraphic delineation, in-
terpretation of depositional history, and geometry of principal
rock units based on measured outcrop sections, descriptions of
well cuttings and cores, and study of electric logs from about
3,000 wells. Aspects of the project directly related to water
resources concern the nature of ground water aquifers as related
to specific fluvial facies and constituent sand units.

2. WATER CYCLE

SUPPORTED BY University of Texas

2.1008, MINERAL RESOURCE STUDY -- RESERVOIR

SITES
W.L. FISHER, Univ. of Texas, Bureau of Economic Geology,
Austin, Texas 78712

This project involves study of mineral resources in ten reser-
voir sites in east and south Texas to determine location, nature,
and value of mineral deposits which might be inunated when
dams are constructed. Work under contract with Texas Water
Development Board.

SUPPORTED BY University of Texas

2.1009, SELECTIVE WITHDRAWAL AT LAKE LIVING-
STON
E.G FRUH, Univ. of Texas, School of Engineering, Austin, Texas
78712

The overall goal of this project is to evaluate the significance
of selective withdrawal as a tool in the water quality management
program for impoundments.

Impoundments at Livingston of the relatively rich organic
and inorganic nutrient laden Trinity River will bring about a
marked variation in water quality with depth. Lake Livingston
Ibrtunately is one of the few impoundments in Texas having an
outlet works that provides a means for selecting release water
from various depths. By releasing different strata of water through
the dam's variable depth outlets, the quality of water desired both
for Houston's supply and for the freshwater input to Galveston
Bay can perhaps be met.

To fulfill this goal, field and office investigations will deter-
mine the limnologically significant water quality parameters of
the Trinity River at and above Livingston before and while the im-

poundment fills, At the same time, laboratory investigations on
two types of 'pilot impoundment units' will be conducted to pre-
dict water quality changes for simulated reservoir conditions. Fol-
lowing impoundment filling, field studies will determine the water
quality of the impoundment and its releases. These data will be
useful in evlauating the water quality changes predicted through
use of the 'pilot impoundment units.' Furthermore, from such
field data an experimental operating program can be organized
for the following year ',I evaluate this use of selective withdrawal
as a water quality management tool.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Texas

2.1010, MODEL RIVER SYSTEM STUDIES
E.F. GLOYNA, Univ. of Texas, School of Engineering, Austin,
Texas 78712

A 200 ft. long flume-pond ecosystem is being used to simu-
late a stream receiving radioactive wastes. The variables in the
system are modified to stimulate ranges of stream flow regimes,
and the partitioning of fate, of the radioactive species is recorded.
The ultimate goal of this project is the development of a mathe-
matical model, which when given several parameters easily mea-
sured in the stream system in question will enable a prediction of
the behavior of the radionuclides released and an evaluation of
the safeness of the operation.

The flume system enables many of the variables to be kept
constant or, at least, to be controlled so that the effect of others
can be determined, thereby making it practical to develop such a
math model.

A mathematical model simulating the transport of cesium,
strontium, ruthenium, zinc, cobalt and chromium in a dynamic
stream system has been initiated. The effect of suspended materi-
al and changing chemical nature of the ecosystem on the uptake
and release of the various radionuclides will be determined.
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SUPPORTED BY U.S. Atomic Energy Commission

2.1011, GEOLOGY AND HYDROLOGY OF THE
PRESIDIO BOLSON, TEXAS AND ADJACENT MEXICO
C.C. GROAT, Univ. of Texas, Bureau of Economic Geology,
Austin, Texas 78712

This project involves a detailed stratigraphic study of bolson
deposits and the geohydrology of the basin. Bolsons awe common
throughout the southwestern United States, but only in a few lo-
calities, such as the Presidio Bolson, have bolson deposits been
dissected by streams to the degree that affords extensive expo-
sures. Utilizing these exposures, the distribution of sediment types
has been mapped and the sediments described in detail. This in-
formation has been used to interpret the geological history of the
basin and to obtain: a better understanding of the relationships
between bolson stratigraphy and the quantity and quality of
ground water present.

Because bolson deposits are important sources of ground
water, it is important to have an understanding of the relation of
stratigraphy to ground-water yield and quality in order to attain
the most beneficial use of bolson ground water. It is hoped that
the relationships exhibited in the Presidio Bolson, when combined
with other data, can be applied to the construction of a model to
aid in ground-water development in other bolsons.

SUPPORTED BY University of Texas

2.1012, RELATION OF PASS OPENINGS ON PHYSICAL
EXCHANGE AND SALINITY IN ESTUARIES
F.D. MASCH, Univ. of Texas, School of Engineering, Austin,
Texas 78712

It is generally accepted that there is not enough fresh water
to meet the State of Texas' inland water requirements, an at the
same time provide the fresh water necessary to maintain fisheries,
pollution control, and recreation in the coastal bays and estuaries.
Consequently, alternatives for meeting the desired salinity dis-
tribution and pollution control requirements in estuarine waters
must be considered.

Most of the estuaries along the Texas Gulf Coast are
separated from the Gulf of Mexico by a long thin chain of
offshore or barrier islands. The exchange between gulf and bay
waters takes place through a few natural and artificial passes
through the barrier islands. it is the principle objective of this
proposed project to determine whether the physical exchange of
waters between the bays and gulf can be increased by either
dredging new passes, or by enlarging existing passes through the
barrier islands. In particular, the effects of modifications or addi-
tions of passes on the volume of physical exchange, the degree of
mixing, and on salinity gradients is to be determined.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of Texas

2.1013, HORIZONTAL DISPERSION IN SHALLOW
ESTUARIES OF IRREGULAR SHAPE
F.D. MASCH, Univ. of Texas, School of Engineering, Austin,
Texas 78712

This proposed research involves the development and verifi-
cation of a numerical model to evaluate transport characteristics
in shallow vertically-mixed estuaries of irregular shape. The
model is designed to assist in developing water quality require-
ments and evaluating the assimilative capabilities of the shallow
irregular estuaries found along the Gulf Coast of the United
States.

The study includes the following three phases: 1. Adaptation
of an explicit numerical model of the two-dimensional convective
dispersion equation to the irregularly-shaped estuary. 2. Evalua-
tion of the dispersion coefficients from graphical and analytical
considerations of the circulation and scale of turbulence in the
estuary. 3. Verification of Phases 11 and 2 in a hydraulic model
and then in the field.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

2.1014, GEOLOGY OF THE LAJITAS AND REDFORD
QUADRANGLES, BREWSTER AND PRESIDIO COUNTIES,
TEXAS
J.F. MCKNIGHT, Univ. of Texas, Bureau of Economic Geology,
Austin, Texas 78712

This project, the geologic field mapping ofan area in western
Texas, is the latest in a continuing series of geologic quadrangle
maps prepared by various geologists and issued with an accom-
panying text. The maps of this series are published at scales of
1:63,360;1:48,000; 1:31,680; and 1:24,000. They provide geolog-
ical information that is fundamental to ground-water studies.
Field work has been terminated and the manuscript is in prepara-
tion.

SUPPORTED BY University of Texas

2.1015, MATHEMATICAL SIMULATION OF RAINFALL
RUNOFF PROCESSES
W.L. MOORE, Univ. of Texas, School of Engineering, Austin,
Texas 78712

Methods of relating runoff and rainfall will be developed
whereby electronic computers, together with a fairly short period
of records, will be used to develop parameterg that represent the
runoff characteristic of the watershed. The methods will utilize
the available information on spatial and temporal variations in the
rainfall.

The study will be concerned with two types of problems; the
first dealing primarily with the amount of runoff and the second
with the time distribution of the runoff at the outlet of the
watershed. In both cases, the runoff will be treated on a storm by
storm basis. For studies of water yield, the solution to the first
type of problem will be sufficient, but for studies of flood
discharge it will be necessary to have solutions for the second type
of problem also.

The determination of the amount of runoff will be based on
correlating runoff to rainfall using a computer and selected
storms to determine a group of parameters which will be chosen
to best represent the watershed conditions by use of an optimiza-
tion process. The runoff sequence at the watershed outlet will be
determined using a modified unit hydrograph concept which will
be determined using a modified unit hydrograph concept which
will lead to another group of parameters, describing the temporal
chracteristics of runoff from the watershed. The values of these
parameters will again be determined by an optimization process
using electronic computers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Texas

2.1016, DETERMINATION OF FACTORS AFFECTING
THE COMPETITIVE ABILITY OF WEEDS IN SEMI-ARID
AREAS
A.F. WIESE, Texas A & M University System, Agricultural Ex-
periment Sta. , Bushland, Texas

OBJECTIVE: To determine the role of root growth pattern,
root and top growth rate, moisture extraction patterns and other
factors on the competitive ability of various weeds under semi-
arid conditions.

WORK PROPOSED: Studies will be conducted in the green-
house, growth chamber and field to determine what charac-
teristics (rate of top growth, rate of root growth, moisture extrac-
tion pattern, development of assimilation surface, water require-
ment and nutrient uptake) make weeds good competitors under
semi-arid conditions. The greenhouse will be used to determine
root growth characteristics, water requirement and nutrient up-
take. The growth chamber will be used to study the effect of light,
humidity, temperature and soil moisture on seed germination,
vegetative growth and floral initiation. Field studies will be used
to determine moisture extraction patterns.
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SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

2.3017, RESEARCH ON THE METEROGENEITY OF
CLOUD STRUCTURE
B, ACKERMAN, Texas A & M University System, Graduate
School, College Station, Texas 77843

It has been established that clouds, and particularly convec-
tive clouds, are turbulent and that the turbulence is accompanied
by equally characteristic irregularities in the space distributions of
most meteorological variables. The first phase of the work is con-
cerned with establishing the wavelengths, at which energy or vari-
ance is put into the system. The second phase of the research is
concerned with establishing the functional relationship between
power density and frequency, which provides information as to
the distribution of the energy of a system among the frequency
components of that system.

SUPPORTED BY Texas A. & M. University System

2.1018, SEDIMENT PRODUCTION YIELD AND
DELIVERY RATE IN RELATIONS TO CLIMATIC AND
WATERSHED CHARACTERISTICS
R.W. BAIRD, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Small watershed areas have contributed large amounts of
sediment to streams and reservoirs in the Blacklands. Measuring
the effectiveness of improved land use practices on the amount of
sediment and its movement downstream is the objective of this
study,

Sediment yields are measured from 5 watersheds. One is a
check area of 176 acres with no special improved practices. The
second, an area of 132 acres with improved land uses including
grasses on selected areas and terraces as recommended on cul-
tivated land. The third, an area of 16 acres of small grain crop.
And the other two watersheds of 1,110 acres and 4,400 acres with
the practices common in the Blacklands.

Data now available indicate that the improved land uses, in-
cluding grasslands, reduce the sediment yield about 80 percent as
compared to the check areas, and cropland with terraces and a
small grain crop reduces sediment yield 50 percent or more. Ap-
parently there is enough sediment deposited in the lower parts of
the small watersheds so that sediment yields, in tons of soil per
acre, decrease with size of area.

For the watersheds of 1,100 to 4,400 acres, there is less
decrease in sediment yield. The fine clay particles in suspension
apparently will move downstream without a large amount of
deposition in the stream channels.

SUPPORTED BY Texas State Government

2.1019, MEASUREMENT OF RUNOFF AND SOIL LOSS
DIFFERENCES BETWEEN ESTABLISHED PLOTS
R.W. BAIRD, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

A group of 12 plots each I and 1/2 acres in size had been in
operation several years with measurements of runoff and soil loss.
Variations with treatments were greater than anticipated and a
uniform treatment has been established to determine the varia-
bility when treatments are alike.

In addition to the rainfall, runoff, and soil loss information,
fifteen shallow (18 to 20 feet) ground water wells have been
established and instrumented in the area adjacent to the plot
areas. During drilling operations some of the borings penetrated
permeable strata with water under artesian pressure, causing a
rise in water level to within 2 feint of the ground surface. The ef-
fect of this variable ground watc..: on surface runoff has not yet
been evaluated.

Several years of record will be required before the dif-
ferences other than the differences due to treatment can be evalu-
ated.

2. WATER CYCLE

SUPPORTED BY Texas State Government

2.1020, SEDIMENT YIELD IN RELATION TO CLIMATIC
AND WATERSHED CHARACTERISTICS IN THE EDWARDS
PLATEAU
R.W. BAIRD, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Measurement of sediment deposition in flood water deten-
tion reservoirs has been possible in connection with runoff studies
at five flood dentention reservoirs in Lowrey Draw. These range
lands in the Edwards Plateau are not considered areas with large
sediment yields even though much of the area is seriously over-
grazed.

Detail topographic maps of the five reservoir pool areas have
been made, and range lines established in two. As these flood de-
tention reservoirs are frequently dry, resurveys will be made and
the range lines rerun when sufficient sediment has been cteposited
to be determined by such surveys.

Deposition from runoff during a heavy storm period Sep-
tember 19- 24, 1964 was not sufficient to justify resurveys.

SUPPORTED BY Texas State Government

2.1021, RUNOFF AND WATER YIELD AS AFFECTED BY
CLIMATIC AND WATERSHED CONDITIONS IN THE
BLACKLANDS OF TEXAS
R.W. BAIRD, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

The objectives are (1) to determine from records of runoff
from agricultural watersheds the effects of watershed charac-
teristics, treatment, and climatic factors on rates and amounts of
storm runoff and water yield- and (2) to develop methods to pre-
dict from available data the effects of probable land uses and
treatments on the magnitude and frequency of flood flows, the
amount of storm runoff and water yield. Rainfall and runoff data
have been collected from 16 watersheds over a period of years.
One watershed has been continued in the same use throughout
the entire period of record, but changes have occurred on all
others since the original five-year period, when all had nearly the
same treatment.

Several reports on rates and volumes of runoff, and effects of
treatments have been published. Additional studies now in
progress include the effects of different land uses as affected by
stage of growth.

The effects as measured on watersheds with maximum size of
about 300 acres will be projected to areas of as much as 4,400
acres where runoff and rainfall records are als available.

117

SUPPORTED BY Texas Stat.. Government

2.1022, VARIATION OF SATURATED HYDRAULIC CON-
DUCTIVITY OF HOUSTON BLACK CLAY WITH SOIL
DEPTH AND WITH DIAMETER OF SOIL COVES
E. BURNETT, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

The objective of this study was to determine the saturated
flow- rate of water through undisturbed cores of Houston black
clay and to develop procedures for utilizing large diameter soil
cores for measuring hydraulic conductivity. Large diameter (16
and 30 inches) columns of undisturbed Houston black clay were
obtained by a new procedure developed at this location. Small
diameter (3 to 4 inches) soil cores were obtained by standard
methods. Saturated hydraulic conductivity was determined on
both the large soil columns and small cores under carefully con-
trolled environmental conditions, In addition, bulk density at field
moisture content and at saturation were made on the small cores.

In general, bulk density showed a linear increase with an in-
crease in soil depth. There was a general linear decrease in
permeability with increases in soil and was associated with the in-
creasing density, especially in the higher density ranges from 1.25
to 1.45 Om Below 1,25 g /cc, permeability was not related to
bulk density and apparently depended upon other factors.

Permeability values from the large diameter soil cores were
generally higher than corresponding values from the small cores.
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Over prolonged periods, permeability of the large cores declined
with time probably due to clogging of soil pores by some
mechanism not evaluated.

The study has been completed, and the results are being in.
terpreted and analyzed prior to manuscript development.

SUPPORTED BY Texas State Government

2,1023, RESEARCH ON CHARACTERISTICS OF CON-
VECTIVE CLOUDS IN TEXAS
H.R. BYERS, Texas A & M University System, Graduate School,
College Station, Texas 77843

The purpose of this project is to analyze data collected dur-
ing June 1967 by a specially equipped, cloudphysics, research air-
craft on 20 sorties into cloud-free as well as cloudy air in
Southeast Texas. The aircraft was provided without charge by the
National Center for Atmospheric Research, Boulder, Colorado,
and the data represent the print-out from NCAR's CDC 6600
Computer--also provided without charge, The goal of the
research is to determine the appropriate models of fair-weather
cumulus, swelling cumulus humilis, and comulus congestus clouds
that occurred during the period of observation,

SUPPORTED BY Texas A. & M. University System

2.1024, A HYDROMETEOROLOGICAL STUDY RELATED
TO THE DISTRIBUTION OF PRECIPITATION AND PU-
NOFF OVER SMALL DRAINAGE BASINS - URBAN VERSUS
RURAL AREAS
R.A. CLARK, Texas A & M University System, Graduate School,
College Station, Texas 77843

This study will utilize rainfall and runoff data from several
rural and urban basins in Texas to determine variability in runoff
due to: 1, Type of urbanization (including stage of development).
2. Changes in vegetation and vegetative cover. 3. Possible effects
on the rainfall regime due to urbanization.

The ultimate goal of such studies is to develop objective
techniques for determination of values to be used in hydraulic
design based on easily obtained parameters. Such techniques
would incorporate parameters which reflect changes caused by
urbanization.

SUPPORTED BY U.S. Dept, of Interior - O. Water Res. Rch
Texas A. & M. University System

2.1025, THE EFFECTS OF SWEETCLOVER, NITROGEN,
SUPPLEMENTAL IRRIGATION, AND PLANT POPULATION
ON GRAIN SORGHUM YIELDS OF BLACKLAND SOILS
J.W. COLLIER, Texas A & M University System, Agricultural
Experiment Sta. College Station, Texas 77843

Data will be obtained on water stable aggregates, organic
matter, bulk density, water intake, runoff, and soil loss in order to
determine the effects of previous cropping systems on soil physi-
cal properties, These data will also be examined for use in
evaluating the duration of improved soil physical conditions
caused by previous cropping systems.

SUPPORTED BY Texas State Government

2.1026, GROWTH AND YIELD OF COTTON AND TO-
MATOES UNDER DIFFERENT MOISTURE LEVELS AND
PLANT SPACING IN THE LOWER RIO GRANDE VALLEY
C.J, GERARD, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

1, To evaluate the influence of moisture levels and plant
spacings on yield and quality of cotton and tomatoes. 2. To deter-
mine the water requirement for optimum production of cotton
and tomatoes in the Lower Rio Grande Valley of Texas. 3. To
determine the influence of moisture levels and plant spacing
treatment and their interaction on plant growth characteristics,

The influence of moisture level and spacing treatments on
the growth, yield and quality of cotton and tomatoes will be evalu-
ated in the field. The influence of moisture level treatments on
water requirement of cotton and tomatoes will be determined On
the field with a neutron probe.

SUPPORTED BY Texas State Government

2.1027, STATISTICAL ANALYSES OF THE VARIATIONS
OF PRECIPITATION-TEMPERATURE AND EVAPORATION
IN TEXAS
J.F. GRIFFITHS, Texas A & 14 University System, Agricultural
Experiment Sta. , College Station, Texas 77843

Objectives--(1) To analyse statistically those aspects of the
three climatic parameters (rainfall, temperature and evaporation)
considered to be of prime importance by agricultural and
meteorological specialists. (2) To present the results of these
analyses in a simple manner, generally graphically or in map form,
so that users may extract rapidly the pertinent details.

Description--(1) A collection of the pertinent available data
will be made and stored on the A&M campus. (2) After discus-
sions with personnel of Texas Agricultural Experiment Station
concerning priorities various aspects of the parameters will be
tackled in order. (3) For each chosen aspect statistical analysis
will follow, roughly, the pattern; Rainfall (1) annual and monthly
totals, (2) monthly persistence (auto-correlation) and depen-
dence (serial correlation), (3) wet and dry spells, (4) trends and
cycles, Temperature (1) monthly auto- and serial correlation, (2)
daily variations, (3) degree days spectra analysis; Evaporation- -
empirical relationship with other climatic parameters.

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

2.1028, RUNOFF PRODUCTION FROM UNIT SOURCE
WATERSHEDS IN THE EDWARDS PLATEAU
W.G. KNISEL, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Seven small watersheds ranging in size from 4,5 to 12.2 acres
have been established in the Edwards Plateau near Sonora to
determine the effects of soils and geology, and cover condition on
runoff rates and amounts. Six of the watersheds are located on the
Texas Agricultural Experiment Station Substation No, 14 where
different levels of grazing are maintained for range management
experiments. The seventh watershed is on privately owned land.
A recording rain gage is located near each watershed. Data from
these watersheds will be used to develop rainfall runoff relation-
ships for Edwards Plateau rangelands.

Although little data are available at the present time, some
preliminary analyses indicate that 7-day antecedent precipitation,
15-minute rainfall intensity, and total storm rainfall are dominant
factors in runoff volume prediction within soil and geology
groups. Cover conditions which are important factors, will be
evaluated when sufficient data are available.

Currently available runoff prediction techniques tend to
overestimate runoff compared with measured volumes, The
overestimate is apparently partially due to geologic mantle under-
lying the watersheds.

The watersheds have been in operation for too short a period
to arrive at any conclusions. Measurements and observations are
being continued.

SUPPORTED BY Texas State Government

2.1029, RUNOFF PRODUCTION BY UNIT SOURCE AREA
W.G. KNISEL, Texas A & M University System, Agricultural Ex-
periment Sta College Station, Texas 77843

The major objectives are (I) to determine rates and amounts
of runoff as affected by land use and treatment, and changes in
soil moisture, (2) to determine rainfall-runoff relationships, and
(3) to develop techniques to predict runoff on ungaged, mixed
land use watersheds from readily available data.

Rainfall-runoff relationships with antecedent soil moisture as
a parameter have been developed for the major crops in the
blacklands, Soil moisture accretion-depletion techniques have
been developed with pan evaporation and mean daily tempera-
ture as indicators, by crop and season. The runoff prediction
technique has been tested on gaged watershed where rainfall,
evaporation, temperature, and land use data are available. The
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results are encouraging in that measured and computed runoff
volumes from the mixed land use watershed agreed within 15 per-
cent. Refinements of the procedure are in progress but are not
complete for all land rises, Storms occurring when antecedent
moisture is low are causing the largest error rather than the flood
producing storms with high soil moisture.

SUPPORTED BY Texas State Government

2.1030, RELATION OF CLIMATIC AND WATERSHED
CHARACTERISTICS TO STORM RUNOFF IN THE ED-
WARDS PLATEAU
W.G. KNISEL, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Very little :iformation has been obtained on rates and
volumes of storm runoff from small range watersheds in the Ed-
wards Plateau. The objectives of this work are primarily to deter-
mine the rates and volumes of storm runoff as affected by size of
area, soils and geology.

Five soil conservation service flood detection reservoirs have
been instrumented to measure inflow and outflow, The drainage
areas range from 686 acres to 10,787 acres. Runoff is measured at
a mainstream station with a drainage area of 48 square miles of
which approximately 70 percent is controlled by the five reser-
voirs.

Precipition records are obtained from a network of 14 rain
gages for the 48-square mile area and the five subwatersheds.

During a 7-day storm period, rainfall ranged from 7 to 19
inches, but runoff was less than expected from the hydrologic
group D soils, The fractured limestone underlying the soil was an
important factor in maintaining high percolation rates throughout
the storm period.

Isolated convective type thunderstorms typify the summer
climate. Considerable volumes of runoff have been measured
from this type storm, but due to the relatively small area of
coverage, mainstream flow is small, and widespread flooding is
rare during the summer months of June, July, and August.

SUPPORTED BY Texas State Governme

2.1031, WATER YIELD AND GROUNDWATER MOVE.
MENT IN THE EDWARDS PLATEAU AS AFFECTED BY
GEOLOGY, CHANNEL AND VALLEY MATERIALS, AND
FLOOD STRUCTURES
W.G. KNISEL, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Rainfall, runoff and groundwater data are obtained in the 48
square mile Lowrey Draw watershed and subwatersheds to evalu-
ate water yield and groundwater movement in this karst area.
Three groundwater observation wells near a floodwater retarding
structure have been instrumented for continuous water level
records. Manual measurements are made at six other wells in the
Lowrey Draw area. Changes in water level as affected by natural
recharge from rainfall, and by flood detention reservoirs can be
evaluated.

Losses from floodwater detention reservoirs during storm
periods indicate that large volumes of Ovate: are transmitted
through the limestone solution channels in the reservoir floors.
Groundwater levels have been observed to rise as much as 85 feet
in wells near a reservoir during a major storm period. A rise of 60
feet was observed during the storm period at a well approximately
3/4 mile from the reservoir. Other wells outside the direct in-
fluence of the reservoirs indicated a maximum of 3-foot rise
which has primarily natural recharge from rainfall. Water level
fluctuations indicated a relatively high transmission rate
throughout the storm.

Abstractions from mainstream flow appear to be large during
storms of partial area contribution to surface runoff. Abstractions
during storms of large areal coverage aie more difficult to evalu,
ate, but the percent of abstraction is less.

Two papers have been published in the ARS 41-series on
geology and groundwater studies.

2. WATER CYCLE

SUPPORTED BY Texas State Government

2.1032, PRECIPITATION CHARACTERISTICS IN-
FLUENCING RUNOFF FROM AGRICULTURAL
WATERSHEDS IN THE BLACKLAWDS AND EDWARDS
PLATEAU OF TEXAS
W.G. KNISEL, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

The primary objective is to furnish basic precipitation data
for experimental watersheds in the development of rainfall-runoff
relationships, In addition to the supporting role, regional charac-
teristics of precipitation are evaluated.

Rain gage networks of varying density have been maintained
for 30 years in the Blacklands at Riesel and 6 years in the Edwards
Plateau at Sonora. Daily rainfall is measured and rainfall intensity
and kinetic energy are computed. Antecedent moisture and rain-
fall amount is the major factor in the rainfall -runoff relationship
for the Blacklands. Preliminary analyses indicate that 15-minute
intensity may be important for small areas in the Edwards
Plateau. Seven-day antecedent rainfall was also found to be an in-
dicator of runoff. Various weighting coefficients are currently
being tested. Other weighting coefficients are currently being
tested. Other characteristics will be studied as considered neces-
sary,

Studies of agricultural drouths (plant production) in the
Blacklands indicate approximately two months will occur on the
average of once in two years when there will be not more than
0.25 inch of rain in any one 24-hour period. Criteria other than
the '0.25 inch in any one 24-hour period' are being tried, but the
study has not been completed.

SUPPORTED BY Texas State Government

2.1033, EFFECTS OF CULTURAL PRACTICES, SOIL
MOISTURE LEVELS, AND FERTILITY LEVELS ON
CITRUS TREE REACTION, AND ON SOIL PROPERTIES
R.F. LEYDEN, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Objectives: 1. Evaluate the effects of cultural practices, soil
moisture levels, fertility levels, and their interactions on: (a) the
growth of citrus trees (b) the quantity and quality of fruit
produced (c) the cold tolerance of citrus trees (4) the prevalence
of disease in citrus orchards. (2) Determine the influence of cul-
tural practices, soil moisture levels, and fertility levels on: (a) the
physical and chemical properties of the soil (b) the consumptive
water use requirements of citrus orchards.

SUPPORTED BY Texas State Government

2.1034, CITRUS FERTILIZER TEST ON SEVERAL PRIN-
CIPAL CITRUS SOIL tYPES IN THE LOWER RIO GRANDE
VALLEY OF TEXAS
N.P. MAXWELL, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 77843

Objectives: 1. Determination of effect of varying amounts
and ratios of fertilizer nutrients on yield and quality of citrus
grown on different important citrus producing soil types. The dif-
ferential response in yield and quality among varieties and species
of citrus with varied fertility levels, soil types, and management
practices such as (a) time method and rate of application of fertil-
izers, (b) time, method and rate of application of irrigation water,
(c) kind and management of cover crops.

SUPPORTED BY Texas State Government

2.1035, ESTABLISHMENT AND MAINTENANCE OF
VEGETATION ON HIGHWAY RIGHTS-OF-WAY
W.G. MCCULLY, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 77343

Project Objective: (1) To compare and improve specified
methods of erosion control by determining requirements, planting
materials and procedures for establishing a vegetative cover on
finished slopes and other areas subject to soil erosion. (2) To
adapt recommended agricultural methods of plant control to
highway requirements.
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Description of Work Proposed: This project is a continuation
of project S1291. Work under this research outline will be
primarily in the field of vegetation establishment. This research
will agument the testing and will provide an outlet for materials
being evaluated under H988, 'Evaluation of Potentially Drouth
Resistant Grasses for the Southwest', Outturn from th:- oject
should provide recommendations for planting or serv(
for future work on grass establishment for reclamation 01 eroded
or similiar sites on range lands.

The work under the second objective will enlist the loopera-
tion of other existing projects within the Texas Agricul .ural Ex-
periment Station, but work under this project will be orly on an
opportunity basis or to solve specific problems.

SUPPORTED BY Texas State Government

2.1036, EVALUATION OF SUBIRRIGATION FOR CROP
PRODUCTION
J.S. NEWMAN, Texas A & M University System, Agricultural Ex-
periment Sta. College Station, Texas 77843

Objectives: 1. To develop engineering design data on the size
of pipe, friction pressure loss, length of rows, size and type of out-
let for different soils under field conditions. 2. To evaluate the ef-
fect of subsurface irrigation on plant growth and application effi-
ciency. 3. To study the capillary movement of water iron per-
forated plastic pipe buired at different depths and horizontal
spacings in soil of different texture.

SUPPORTED BY Texas State Government

2.1037, SOIL MOISTURE STORAGE AND UTILIZATION.
P.A. RICH, Texas A & M University System, Agricultural Experi-
ment Sta. , College Station, Texas 77843

Objectives: 1. To determine relations between stored
moisture and plant functions. 2. To develop methods of moisture
storage and utilization. 3. To determine the effects of increased
nutrients in stored moisture.

Description: Comparison of continuously cropped plots with
alternate crop and fallow plots plus these two systems with dif-
ferent drill widths will be utilized to evaluate preseasonal and
seasonal moisture storage methods. An addition of 60-30-0 to half
the plots will be used to determine added nutrient effects plus
stored moisture effects on plant characteristics.

SUPPORTED BY Texas State Government

2.1038, ROLE OF LIGHT QUALITY, ETC, ON TRANS-
PIRATION OF WATER LOSSES BY PLANTS
J.A. RUNKLES, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 7/843

Determine role of light quality (spectrum wave lengths) ef-
fecting transpirational water losses by cotton, bean, and tomato
plants under controlled conditions of environment. Special
emphasis will be placed on the red and far-red parts of the light
spectrum. Study interactions of light quality, temperature (soil
and air), and relative humidity on water-use rates by cotton, bean,
and tomato plants under controlled environmental conditions.
Evaluate further a thermal method for measuring water flow rates
in agricultural plants as affected by changes in light quality, tem-
perature, and relative humidity. Evaluate and report data periodi-
cally.

DESCRIPTION OF WORK: All fundamental phases con-
cerning light quality, soil and air temperatures; and relative hu-
midity will be conducted under controlled and climatic conditions
in the laboratory. Light quality will be accomplished by using dif-
ferent colored fluorescent tubes ( blue, green, yellow, red). Infra-
red source will be incandescent lamps. Radiation will be mea-
sured by a Beckman hemispherical radio-meter initially. Air and
soil temperatures will range in combinations between 55 degrees
and 115 degrees F. Relative humidity will range between 20% and
85%. Plant response to environment changes will be indicated by
use of the thermoelectric method for measuring water flow rates
in stem of selected plants.

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

2.1039, A STUDY OF THE MECHANISMS AND SUPPRES-
SION OF EVAPORATION OF WATER FROM SOILS
J.R. RUNKLES, Texas A & M University System, School of
Agriculture, College Station, Texas 77843

The proposed research involves controlled environment and
field experiments directed towards the suppression of evaporation
from soils. The main objective of this investigation is to study the
basic mechanism of evaporation from different soils and to
develop the best method of suppression of these soils.

The controlled environment phase will study the important
parameters alone or in combination as to their influences on the
evaporation process. Both soil and atmospheric parameters will
be studied. Mechanisms of suppression will be studied under con-
trolled conditions.

The field phase will be concerned with extrapolating the best
suppression mechanisms to field conditions. The important soil
and atmospheric parameters will be measured under field condi-
tions.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
Texas A. & M. University System

2.1040, CONTROL OF EVAPORATION AND TRANSPIRA-
TION THROUGH SOIL, PLANT AND AIR - WATER INTER-
FACE MODIFICATIONS
J.R. RUNKLES, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 77843

1, To study the basic influence of evaporation suppression by
surface-active chemicals applied to soils and water. 2, To deter-
mine the influence of selected surface-active chemicals and solu-
ble salts on evaporation from soils and water. 3. To determine the
influence of selected chemical compounds and soluble salts on
transporation by plants. 4. To determine the influence of genetic
leaf modifications (color, size and shape) on transpiration of cot-
ton. 5. To analyze and report data perictlically.

The research will utilize controlled environment chambers,
greenhouse and field plots facilities to accomplish the objectives
described above.

SUPPORTED BY Texas State Government

2.1041, INVESTIGATION OF A LINEAR MODEL TO
DESCRIBE THE HYDROLOGIC PHENOMENON OF
DRAINAGE BASINS
F.A. SCHMER, Texas A & M University System, Water
Resources Institute, College Station, Texas 77843

This research is directed toward hydrologic research in small
drainage basins. Small drainage basins will be utilized to evaluate
a linear model. If this model is adequate for small watersheds,
then its application to basins of any size would be similar to the
empirical unit hydrograph approach that is presently being used
by many hydrologists, but greater accuracy and flexibility should
result. Three specific objectives of this research arc: 1. To deter-
mine the applicability of available linear mathematical models to
the rainfall- runoff hydrologic phenomenon in natural drainage
basins. 2. To evaluate the ability of a specific lumped linear time-
invariant system, the convolution relation, to adequately
represent the rainfall-runoff hydrologic phenomenon of natural
drainage basins. 3. To investigate possible relationships between
the unit impulse response of the convolution relation and
drainage basin characteristics provided the validity of the use of
the convolution relation is substantiated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas A. & M. University System

2.1042, WATER POLLUTION FROM ERODED SEDI-
MENTS
E.T. SMERDON, Texas A & M University System, Agricultural
Experiment Ste. , College Station, Texas 77843
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To investigate the nature of sediment transport in shallow
flow with superimposed rainfall.

Description of Work Proposed: The study is directed to the
problem of initial transport of eroded sediments from the point of
detachment to streams in which the flow is sufficiently deep so
that the effect of rainfall energy on the surface of the flow is
negligible, The study will include the investigation of factors such
as velocity distribution in clear and sediment-laden flows, shear
distribution within the flow, suspended transport capacity, all as
affected by rainfall of various intensity levels.

SUPPORTED BY Texas State Government

2.1043, PREDICTING SOLUTE MOVEMENT AND DIS-
TRIBUTION IN SOILS
G.W. THOMAS, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 77843

Salts will be added to soil columns made up of important,
representative soil types and then eluted with solvents. Measure-
ments of spreading and the lag of solutes behind the water front
will be taken. From these data, solute concentration vs. depth of
soil curves for specified leaching situations will be obtained. Field
data on movements of solutes also will be taken for comparison
with idealized laboratory results.

To predict the shape and position of salt concentration
curves in soils, the band spreading equations will be combined
with chromatographic equations and corrected for the rate of
hydrolysis. It is anticipated that realistic, workable and useable
prediction equations will be the most important result of these
studies.

SUPPORTED BY Texas State Government

2.1044, INVESTIGATION OF BLOSSOM-END ROT OF
PEAR TOMATOES
UNKNOWN, Texas A & M University System, Agricultural Ex-

periment Sta. , College Station, Texas 77843
Objectives: (1) To determine the cause of blossom-end rot of

pear tomatoes, (2) To determine the influence of different factors
on blossom -end rot of pear tomatoes. (3) To determine the water
transfer from fruit to other plant parts using a thermoelectric
method. (4) To determine the influence of transpiration suppres-
sants, growth regulators or plant modification on transpiration
blossom-end rot, yield and other growth characteristics.

A hypothesis is proposed which states that blossom-end rot
occurs due to loss of water from tomato fruits. The transfer of
water to other plant parts is probably the most significant
mechanism which causes blossom-end rot of pear tomatoes. It is
the purpose of this research to clarify the proposed hypothesis
and to evaluate the influence of different factors on loss or
transfer of water from fruit to atmosphere or at plant parts. It is
also the purpose of this investigation to try to find suitable trans-
piration suppressants. The influence of these possible suppres-
sants or plant modifications on transpiration, blossom-end rot,
yield and other plant growth characteristics will also be evaluated.

SUPPORTED BY Texas State Government

2.1045, FERTILIZER REQUIREMENTS OF CROPS
GROWN IN DIFFERENT CROPPING SYSTEMS
H. WALKER, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Objectives: 1. Fertilizer requirements of cotton growth under
natural rainfall and natural rainfall plus supplemental irrigation
under continuous cotton and in a 6-year rotation of 3 years of al-
falfa fertilized uniformly followed by 3 years of cotton. 2. Fertil-
izer requirements of corn grown under natural rainfall and natural
rainfall plus supplemental irrigation under continuous corn in a 6-
year rotation of 3 years alfalfa fertilized uniformly followed by 3
years of corn. 3. Fertilizer requirements of alfalfa grown under
natural rainfall plus supplemental irrigation when fertilizer is ap-
plied every third year. 4. Relative merits of alfalfa-corn versus al-
falfa-cotton systems under natural rainfall and natural rainfall
plus supplemental irrigation.

2. WATER CYCLE

SUPPORTED BY Texas State Government

2.1046, WATER TRANSFER FROM SOIL TO THE AT-
MOSPHERE AS RELATED TO CLIMATE AND SOIL PRO-
PERTIES
C.W. WENDT, Texas A & M University System, School of
Agriculture, College Station, Texas 77843

The transfer of water from the soil to the atmosphere will be
investigated in relation to soil properties and atmospheric condi-
tions. Evaporation will be measured with field lysimeters in con-
junction with a complete micrometeorological measuring system.
Evaporation of soil moisture will be related to soil water content,
soil texture, porosity and surface roughness. The atmospheric
parameters which will be related to evaporation are: solar radia-
tion, wind speed, relative humidity, and air temperature.

The study will be conducted at the South Plains research and
Extension Center at Lubbock, Texas.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas A. & M. University System

2.1047, EVALUATION OF ESTUARINE DATA
C.R. CHAPMAN, U.S. Dept. of Interior, Biological Laboratory,
Fort Crocket - Galveston, Texas

Increasing demands upon Gulf coast water resources are
rapidly producing significant alterations and, in many cases,
destruction of the estuarine and coastal marsh environment. En-
gineering construction projects, both small single-purpose units as
well as large basin-wide developments, are being initiated with in-
creasing frequency. the complexity of basin-wide developments
and the large numbers of smaller projects makes it extremely dif-
ficult to treat each project in sufficient detail. Thus, it becomes in-
creasingly evident that every expediency must be employed to
assist with preconstruction studies and evaluations. This aim can
be greatly facilitated by properly organizing and distributing exist-
ing data and information.

Project objectives are to inventory and organize existing
published and unpublished data and information describing and
relating to Gulf coast estuaries; make this data and informatiot,
available in readily accessible or retrievable form; apply and in-
clude new data and information as it becomes available; and assist
in establishing requirements for future estuarine research.

SUPPORTED BY U.S. Du.t. of Interior - Bu. Comm. Fish.

2.1048, ECOLOGY OF WESTERN GULF ESTUARIES
W.L. TRENT, U.S. Dept. of Interior, Biological Laboratory, Fort
Crockett - Galveston, Texas

Deruands upon water resources along the coast of the Gulf of
Mexico are rapidly altering the estuarine environment. These
combined alterations disturb the integrity of large estuaries to the
extent that entire biological systems may be significantly affected.
Basic to an evaluation of the effects of estuarine alteration is
knowledge of the interrelations of factors, such as nutrients, bot-
tom types, marine organisms, and vegetation.

Project objectives are to (1) compare the productivity of
natural estuarine habitats with areas altered by dredging, spoiling,
bulkheading and filling; (2) determine practical methods for
rehabilitating altered habitats so that productivity can be
reestablished; and (3) determine management procedures for
maintaining or increasing the productivity of estuarine areas.

SUPPORTED BY U.S. Dept. of interior - Bu. Comm. Fish.

2.1049, CULTURAL PRACTICES OF VEGETABLE
CROPS
J.H. KYLE, Texas A & M University System, Agricultural Experi-
ment Sta. , Lubbock, Texas

Cultural Practices to Aid Production of Vegetable Crops on
the High Plains - 1. To determine the proper rate and placement
of fertilizer for maximum yield and highest quality. 2. To study
and develop better cultural practices which lead to higher
production and better quality of vegetable grops. 3. To study the
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irrigation practices which lead to higher production and the con-
servation of water,

Research shall be undertaken to study onions and carrots,
Plant populations, i.e. variable number of rows on a 40 inch bed,
irrigation levels and fertility levels shall be the treatment variables
in the experiment. The onions shall be grown as an early crop
(planted about March 20) and the carrots shall be grown as a late
crop (planted about July 20). Two replications shall be used in
both tests with thirty- two foot experimental plots.

SUPPORTED BY Texas State Government

2.1050, IRRIGATION STUDIES FOR THE HIGH PLAINS
J.S. NEWMAN, Texas A & M University System, Agricultural Ex-
periment Sta, , Lubbock, Texas

Objectives: (1) To evaluate different methods of applying ir-
rigation water to crops on the high plains for maximum irrigation
water efficiency. (2) Investigate timing and rates of irrigation ap-
plications on major crops produced in the area. (3) Determine
the consumptive use, water requirements, irrigation require-
ments, and moisture-fertility interactions for major crops
produced in the area. (4) Determine the influence of moisture
levels on yield and quality of produce for major crops it, the area.
Methods physical sites have been located on research center and
on selected farms in the area. Standard equipment has been used
to measure appropriate parameters for determinations listed in
the objectives on cotton, grain sorghum, soybeans and castors.
Yields and produce quality were taken and used as an indicator of
the most acceptable combinations of cultural practices. Progress:
(0) The water and irrigation requirements have been determined
for present varieties and cultural practices on cotton, grain,
sorghum, soybeans and castors. (2) New cultural and irrigation
practices are being evaluated for use as adjustments to a diminish-
ing supply of irrigation water anticipated in the not too distant fu-
ture, (3) Standard irrigation research procedures used on com-
monly grown crops in the area are being used to research water
and irrigation requirements for new crops adapted but not grown
in the area and for new crops being grown on a limited basis in the
area.

SUPPORTED BY Texas State Government

2.1051, SOIL MOISTURE SURVEY FOR SOUTH PLAINS
OF NORTHWEST TEXAS
O.H. NEWTON, Texas Terhnological College, School Agricul-
ture, Lubbock, Texas 79409

Project Objective: To determine through use of the most
modern soil moisture measuring devices, the content of subsur-
face soil moisture to a depth of four feet in all or a major part of
the area ;::scribed as the South Plains of West Texas, The size of
the area to be sampled will be determined by the availability of
funds.

Procedures: (1) Not less than eight nor more than fifteen ob-
servation sites will be established in each of at least ten counties
and permanent access tubes installed from which soil moisture
observations will be taken. (2) Observations will be selected after
consultation with county agents and careful consideration given
to soil types, drainage and other factors that might influence a
representative evaluation. (3) Selection of the observation site
and the installation of the access tube will be made only after
requirements have been met and a pledge of full cooperation has
been obtained from the property owner. (4) After selection of ob-
servation sites has been completed and access tubes installed, soil
measurements will be taken annually during late October and
early November and again in late February and early March. (5)
Evaluation and analysis of the data will be completed as quickly
as possible following each observation period and this data dis-
tributed to all agricultural interests throughout the South Plains.

SUPPORTED BY Texas State Government

2.1052, PHREATOPHYTE EVAPORATION RESEARCH
T.E. VANHYLCKAMA, U.S. Dept. of Interior, Water Resources
Division, Lubbock, Texas 79410

The objective is to measure the use of ground water by salt-
cedar (Tamarix pentandra) in evapotranspirometers and to evalu-
ate those data against those obtained by energy budget and mass
transfer methods.

Six plastic-lined tanks 9 x 9 meters of surface and 4,5 meters
deep were constricted and planted in saltcellar to the same densi-
ty as the surroundings. The use of water from these tanks is being
measured daily and at times more frequently Ground water in the
tanks can be maintained at different levels and the effects of
depth to water on the transpiration and evaporation can be evalu-
ated.

Five smaller tanks (6 x 6 meters and 2 meters deep) provide
information on water losses from bare soil as well as on the effect
of difference in salinity of the ground water on water use in
vegetated tanks.

Equipment for measuring the energy budget as well as mass
transfer components has been installed and data are recorded on
potentiometers and other devices.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1053, IRRIGATION PRACTICES WITH RANGER
PEACHES
U.A. RANDOLPH, Texas A & M University System, Agricultural
Experiment Sta. , Montague, Texas

To obtain information on the effect of irrigation at different
periods of fruit development on fruit size and yield of the Ranger
peach.

Description of work proposed: Four irrigation treatments
designed to insure adequate available soil moisture at various in-
tervals prior to harvest will be compared. Fruit size and total yield
will be measured.

SUPPORTED BY Texas State Government

2.1054, PRECIPITATION CHARACTERISTICS IN-
FLUENCING RUNOFF FROM WATERSHEDS IN THE
SOUTHERN PLAINS
W.G. KNISEL, U.S. Dept. of Agriculture, Temple, Texas

Object: To develop basic information on amounts, duration,
areal and seasonal distribution, storm paths and other charac-
teristics of rainfall as affected by geographic location, topo-
graphic location, and other factors, to the extent that the charac-
teristics influence runoff from watersheds.

Plan of Work: The study is carried on by means of networks
of recording raingages in the vicinity of Chickasha, Oklahoma;
Riesel, Texas; and Sonora, Texas. Data from the Chickasha loca-
tion are made available to the Weather Bureau in connection with
development and evaluation of radar for precipitation measure-
ments.

SUPPORTED BY U.S. Dept. of Agriculture

11055, THE ROLE OF SOIL STRUCTURE IN CROP
PRODUCTION AND METHODS FOR IMPROVING SOIL
PHYSICAL CONDITIONS
C.J. GERARD, Texas A & M University System, Agricultural Ex-
periment Sta. , Weslaco, Texas

Objectives: 1. To inventory and assess changes which have
occurred in soil structure as a result of continued cropping in
major agricultural areas in Texas. 2. To study of soil structure on
growth of plants and the effects roots and crop I esidues on forma-
tion and stabilization of soil structures. 3. To develop or improve
methods for measuring and characterizing soil structure. 4. To
determine influence of soil structure on water movement and
storage. 5. To develop principles which may increase our un-
derstanding of soil structure and from which new management
practices may be developed.

The research this year has been concerned with ( I ) the effect
of selected cationic, anionic and nonionic surfactants on clays
and (2) the hydraulic conductivity of soils in the unsaturated
state. It has been found that anionics had no effect on the d-spac-
ing of montmorillonite and did not interfere with hydration of
clay surfaces. Their effects on soil physical properties were
directly related to the lowering of surface tension of the liquid
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phase. Cationics were strongly adsorbed by the clay surfaces
through ionic bonding in amounts equal to or even greater than
the cation exchange capacities of the clays. Their presence on
clays significantly reduced hydration and water-content to the ex-
tent of making clay surfaces completely hydrophobic at the high
treatment rates. Their effects on soil physical properties were
directly related to the degree of hydrophobicity imparted.
Nonionics were adsorbed by hydrogen-bonding of polar-active
groups to oxygen rich clay surfaces. Their sorption energy was
somewhat greater than that of water, and they displaced water
when adsorbed.

The hydraulic conductivity (unsaturated) of Norwood silt
loam has been investigated using the steady state method and the
modified transient flow system. At a moisture content of 25% as
determined in the lab of about .2 to .3 cm/min.

SUPPORTED BY Texas State Government

2.1056, THE EFFECT OF TILLAGE AND ORGANIC
MULCHES UPON SOIL MOISTURE MOVEMENT AND SOIL
TEMPERATURES IN THE LOWER RIO GRANDE
C.J, GERARD, Texas A & M University System, Agricultural Ex-
periment Sta. , Weslaco, Texas

The use of petroleum resin and other covers to modify the
environment of summer planted seeds and subsequent young
seedlings shows promise with some crops.

The relationship between soil temperature and 1/2 inch and
stand was established for peppers. Soil temperatures between 110
to 115 degrees F at 1/2' depth caused a seed dormancy reaction in
the case of peppers. Carrots were more sensitive to high soil tem-
perature. Damping off young seedings was significantly related
with surface moisture level (0-2 inch depth). Plans are to con-
tinue evaporation and temperature studies under different covers
through 1966.

SUPPORTED BY Texas State Government

2.1057, UNDERSTANDING AND IMPROVING SOIL-
PLANT-ATMOSPHERIC RELATIONSHIPS FOR MORE EF-
FICIENT UTILIZATION OF WATER
C.L. WIEGAND, U.S. Dept. of Agriculture, Weslaco, Texas

Object: To develop basic knowledge regarding the role of soil
and atmospheric factors on the use of water in plant growth
processes; to devise procedures based on soil-plant-atmospheric
relationships for more efficient timing and use of irrigation water
in plant growth; and to study the effects of modified soil microcli-
mate on plant growth and water utilization.

Plan of Work: Experiments will be conducted in (1) con-
trolled growth chambers to determine the effects of soil moisture
suction on root aeration, water movement, evaporation, and up-
take by plant roots; and the effects of light intensity, temperature,
and humidity on water use and plant growth; and (2) greenhouse,
laboratory, lysimeter, and specifically controlled field experi-
ments to study the interacting effects of soil moisture properties,
water tables, microclimatic variations and plant characteristics on
water use in plant growth processes. Basic studies will be made of
the mechanism of water transfer from the soil into the plant.
Methods for irrigation timing will be developed to obtain efficient
plant growth and water conservation and use. Studies of ways to
modify the soil microolimate, including moisture and tempera-
ture, for more efficient utilization of water will be conducted.

Cooperation: Texas Agricultural Experiment Station; SCS;
Agricultural Extension Service; soil conservation districts.

SUPPORTED BY U.S. Dept. of Agriculture

2.1058, CALCULATION OF TEMPERATURE AND
PRECIPITATION VALUES
G.L. ASHCROFT, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

Objectives: 1. To determine the probabilities for selected
precipitation values to occur in weekly periods. 2. To calculate
the probabilities for critical temperature values to occur during
certain periods. 3. To calculate the probabilities of degree-day-
totals coming in certain ranges.

2. WATER CYCLE

Description of work proposed: 1. To fit an incomplete-dis-
tribution to the rainfall data. 2. To fit a normal distribution to the
critical temperature data, 3. To find a good distribution to fit the
degree- total-date.

SUPPORTED BY U.S. D pt. of Agriculture
Utah Stat^ Government

2.1059, ELECTRONIC ANALOG MODEL STUDIES OF
RIVER BASINS
J.M. I3AGLEY , Utah State University, School Jr Engineering,
Logan, Utah 84321

The basic hydrologic processing of precipitation, snowmelt,
surface and subsurface runoff, groundwater storage and move-
ment, evapotranspiration, streamflow, etc., are being modeled
electronically as a complete hydrologic system. Model will be
used to predict performance of various parts of the hydrologic
system resulting from proposed water management and water
development changes.

The project was started in 1964. The model is completed.
Verification and utility in various problem situations is being ex-
plored. Plans are now underway to add considerably more capaci-
ty in order to handle a wider variety of problems more expedi-
tiously and to permit greater sophistication and detail in
hydrologic definition.

SUPPORTED BY Utah State Government
U.S. Dept. of Agriculture

2.1060, CHARACTERISTICS OF UTAH STREAMS
J.M. BAGLEY, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

A comprehensive analysis of characteristics of Utah Creams
is being made. Streamflow data from only those gaging stations
measuring 'natural' flow (free from any man-made regulation or
division upstream), and having a relatively long and continuous
record were selected for analysis.

Analyses include magnitude of error in determination of
mean annual and seasonal flow, as affected by number of years of
record; serial correlation analysis to investigate nature of car-
ryover and lag; analysis of high and low flow sequences and their
probabilities of occurrence; an the monthly flow exceedence
probabilities. Regional and geographic patterns in flow charac-
teristics are being sought.

SUPPORTED BY Utah State Government
Utah State University

2.1061, INCIPIENT MOTION OF ROUGHNESS ELE-
MENTS IN TURBULENT OPEN CHANNEL FLOW
C.C. CLYDE, Utah State University, School of Engineering,
Logan, Utah 84321

The objectives of the proposed research are: 1. To develop
suitable criteria for the incipient motion of large roughness ele-
ments in turbulent open channel flow under prototype conditions!
The parameters to be utilized are time-dependent lift and drag
forces, intensity of turbulence, edge velocity, velocity profiles and
gradients, flow depths, discharge, and energy gradient. 2. To mea-
sure the flow resistance of large roughness elements in order to
extend present flow resistance data to large elements and, also, to
verify whether or not particular criteria developed from research
on various smaller roughness elements by other investigators are
applicable to the larger roughnesses. 3. To study the interrelation-
ships between time-dependent lift and drag forces, intensity of
turbulence, probability of incipient motion, flow resistance, and
the other hydraulic parameters listed under Item 1.

SUPPORTED BY U.S. National Science Foundation

2.1062, INCIPIENT MOTION OF LARGE ROUGHNESS
ELEMENTS IN TURBULENT OPEN CHANNEL FLOW
C.C. CLYDE, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

Suitable criteria will be developed for the incipient motion of
large roughness elements (hemispheres and spheres varying in
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diameter between 3 and 12 inches) in turbulent open channel
flow under prototype conditions. The parameters to be utilized
are time-dependent lift and drag forces, intensity of turbulence,
edge velocity, velocity profiles, and gradients, flow depths,
discharge, and energy gradient.

The flow resistance of large roughness elements will be mea-
sured in order to extend present flow resistance data to large ele-
ments and, also to verify whether or not particilar criteria
developed from research on various smaller roughness elements
by other investigators are applicable to the larger roughnesscs.

The interrelationships between time-dependent lift and drag
forces, intensity of turbulence, probability of incipient motion,
flow resistance, and other hydraulic parameters listed under Item
I will be studied.

SUPPORTED BY Utah State Government
U.S. National Science Foundation
Utah State University

2.1063, EFFECTS OF RANGE PLANT FOLL1AGE
REMOVAL ON SOIL MOISTURE REGIME
G.B. COLTHARP, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

1. To determine the effects of light (25%), medium (50%),
and heavy (75%) levels of foliage removal from native range
plants on soil moisture regime. 2. To determine the effects of
season of foliage removal from native range plants on soil
moisture regime.

Proposed work: Small circular plots (approx. 50 sq. ft.) will
be located in typical summer range, i.e., native grass and browse.
Plots will be subjected to light, medium, and heavy foliage
removal treatment by rrn. am of clipping. Clipping dates will be:
June 1 for one set of plots; June 1, July 1, August 1, and Sep-
tember 1 for the other set of plots. There will be three replications
of each treatment combination. Soil moisture will be sampled, by

means of a neutron scattering device, immediately prior to
clipping and at bi-weekly intervals thereafter. Data will be,,
analysed by means of analysis of variance technique for a ran-
domized block plot design.

SUPPORTEal BY U.S. Dept. of Agriculture

2,1064, EVAPORATION AND CLIMATIC STUDIES
J.E. FLETCHER, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

Evaporation, evapot anspiration, and sublimation from
snowpacks are all functions of the climatic environment and con-
stitute the nrincipal water losses to the United States. An in-
vestigation of the climatic factors which affect the quantity, quali-
ty, and timing of these losses is being conducted in order for a
more precise formulation of the location and character of water
supply utilization to be developed.

SUPPORTED BY Utah State Government
Utah State University

2.1065, SNOW COVER COMPACTION AND SOIL
MOISTURE
J,E. FLETCHER, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

Plants growing under areas witere snow has been compacted
frequently show better growth than adjacent plants following
melting of undisturbed snow. Moisture levels in the soil are fol-
lowed and observations of the plants between compacted and un-
compacted areas are being made.

SUPPORTED BY Utah State Government
Thiokol Chemical Corporation

2.1066, A THEORETICAL STUDY OF INFILTRATION
INTO RANCE AND FOREST SOILS
J.E. FLETCHER, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

The research is aimed at developing theoretically sound rela-
Vonships between watershed retention and the physical parame-

ters involved in infiltration interception, depression storage, rain-
fall intensity, surface detention and others in order to develop a
good relationship between physically observable parameters and
surface runoff.

The second line of investigation is aimed at estimating infil-
tration and runoff from ungaged watersheds by utilizing precipita-
tion, soil and watershed parameters.

SUPPORTED BY U.S. Dept. of Agriculture

2.1067, EFFECTS OF PINYON-JUNIPER CONVERSION
ON WATERSHED VALUES IN UTAH
G.F. GIFFORD, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives: To determine the water budget of natural stands
of pinyon-juniper versus areas which have been cleared and
seeded; to determine the effects of conversion on soil physical
properties and stability, runoff, sediment movement and produc-
tion; to ecologically evaluate sites before and after as to phenoio-
gy, composition, and vegetative production; to evaluate the
economics of conversion practices in terms of watershed values
and multiple use relations; and to obtain data necessary for the
determination of hydrologic soil-cover complex numbers from
pinyon-juniper sites before and after treatment.

Procedures: Three small watersheds will be selected at two
widely separated sites in Utah, within the pinyon-juniper vegeta-
tive type, representative of similar areas on which conversion by
chaining is a standard procedure. Each will be instrumented for
climatic data, runoff and sediment yields, soil moisture and tem-
peratures, etc. Detailed soil and vegetative samplings and mea-
surements will be made. When satisfactory calibration has been
obtained, two watersheds at each site will be treated (1) double
chains, leave debris in place, broadcast seeding, (2) one-way
chain, windrow and burn debris, drill seeding.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.

2.1068, DATA REDUCTION METHODS FOR STREAM-
FLOW FROM SMALL, WILDLAND WATERS; ZEDS
G.E. HART, Utah State University, Agricultural Experiment Sta. ,
Logan, Utah 84321

Objectives: 1. To develop electronic computer integration
techniques for the reduction of streamflow data. 2. To evaluate
long- term streamflow record for undistue)ed watersheds in the
Wasatch Mountains,

Abstract of Procedures: Manual methods of compiling and
computing discharge from streamflow recorders will be modified
to permit semi- automated reduction by electronic computer. A
general program will be developed to cover a variety of condi-
tions, both for the input and output. Time and water level values
will be transcribed to cards in sufficient detail for reconstruction
of the hydrography by machine methods.

SUPPORTED BY J.S.' Dept. of Agriculture

2.1069, REMOTE ELECTRO-MAGNETIC SENSORS FOR
DETECTING TRANSPIRATIONAL WATER USE BY PLANTS
SUBJECTED TO VARIOUS FOLIAR CHEMICAL TREAT-
MENTS
F.W. HAWS, Utah State University, Utah Ctr. For Water Resour. ,
Logan, Utah 84321

This project has a dual purpose: (1) to evaluate the useful-
ness of remote electro-magnetic sensors to detect amounts of
transpirational use of water by vegetation, and (2) to evaluate
various foliar chemical treatments for reducing transpirational
water losses. Spectral reflectance, absorption and thermal emis-
sion characteristics of typical forest vegetation and forest soils
will be determined. If spectral changes occur with moisture stress
a remote sensing technique will be devised to measure and evalu-
ate these changes. Anti-transpirants will be apnlied to a forest test
plot which has been instrumented to measure .aisture use. Vari-
ous anti-transpirants will be evaluated by measuring moisture
regime with remote sensors, sap velocity meters, and soil moisture
probes.
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SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Utah State University

2.1070, EFFECT OF VARIOUS IRRIGATION
TECHNIQUES ON SOIL AERATION, SOIL STRUCTURE,
AND CROP RESPONSE
J. KELLER, Utah State University, Agricultural Experiment Sta. ,
Logan, Utah 84321

1. A laboratory study to determine the influence of various
irrigation techniques on soil structure. 2. To correlate the labora-
tory study to field response by a field study. 3. Tn establish a
procedure for predicting field responses to the irrigation
techniques studies.

The laboratory study will be conducted on soils from possible
field sites. The major variables will be water application rate, soil
moisture and soil type. Crop response studies will be made at the
sites where the laboratory soil samples were taken.

SUPPORTED BY Utah State Government

2.1071, STORAGE AND CONVEYANCE OF IRRIGATION
WATER
C.W. LAURITZEN, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

Objectives: To develop (1) methods and materials for the
control of seepage and channel stabilization; (2) equipment and
construction practices designed to reduce the cost of lining; (3)
new methods of conveying water on the farm.

Description of Work Proposed: Properties of materials ex-
pected to influence the effectiveness of a lining material will be
measured. Measurements will include: (1) permeability and sta-
bility of materials, (2) susceptibility to biological deterioration,
(3) resistance to weathering, (4) resistance to damage from im-
pact, puncture, hydrostatic pressure, and other types of mechani-
cal damage, and (5) resistance to plant peneration.

Materials investigated will include: (1) earth, (2) asphalt, (3)
concrete, (4) metal, (5) chemical stabilizers, and (6) structures
fabricated from asphalt, plastics, and elastomers.

The use of new materials frequently necessitates the develop-
ment of new techniques in construction involving the design and
testing of equipment for handling, compacting, joining, and pro-
tecting the lining material and other conveyance structures, Some
of these factors can only be evaluated in operating canals and
reservoirs. Evaluation takes many forms, depending upon the lin-
ing employed: (1) seepage measurements, (2) permeability and
apparent specific volume determinations, (3) measurement to
determine physical and chemical properties, and (4) observation
of usual deterioration, such as breaks, cracks, and checking.

SUPPORTED BY Utah State Government

2.1072, DEVELOPMENT OF IMPROVED SNOW SURVEY-
ING AND STREAM-FLOW FORECASTING TECHNIQUES
C.Ii. MILLIGAN, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

In this project data on antecedent streamflow, as measured
by the U.S. Geological Survey, rainfall, temperature, soil
moisture, and accumulative winter snowfall will be collected for
the Logan River watershed. These antecedent data will be corre-
lated with streamflow for the irrigation season. Functional rela-
tionships thus developed will be utilized for advance information
will guide water management. This advance information is espe-
cially valuable in years of drought. The objectives of this project
are to develop improved techniques and equipment for measure-
ment of the variables which affect streamflow and to improve
forecasting relationships, all so that more accurate forecasts of
expected streamflow can be made.

2. WATER CYCLE

SUPPORTED BY U.S, Dept, of Agriculture
Utah State Government

2.1073, OPEN CHANNEL ROUGHNESS CHARACTERIZA-
TION
D. OVERTON, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

This is a laboratory study of flow in an open channel flume
with 3 7/8' diameter hemispherical bed elements attached to the
bottom. The study will include eleven patterns at various slopes
and discharges. The effect of various regular longitudinal and
transverse spacings as well as random spacings will be in-
vestigateed.

SUPPORTED BY Utah State Government
Utah State University
U.S. Dept. of Agriculture

2.1074, UTAH ATMOSPHERIC WATER RESOURCES
(THE WASATCH WEATHER MODIFICATION PROJECT)
G. W, REYNOLDS, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

The purpose of this study is to quantify the effects of cloud
seeding on the winter snowpack in the Wasatch Mountains in
Utah. Initially, at least, the seeding is to be with silver iodide from
two mountain top and two valley generators, along the Wasatch
Front, near Ogden. The evaluation is to be based primarily upon
data from 150-200 telemetering precipitation gages. Approxi-
mately 40 of these stations are to be in operation during the 1967-
68 winter. These measurements are to be supported with radar
and special rawinsonde observations.

Support studies in several areas are required: silver iodide
background and plume nuclei studies; inadvertent cloud seeding
by air pollution; precipitation analysis for silver and iodine; time
and space synoptic climatology-cloud-precipitation studies., and
hydrologic studies. These support studies have only been started.
The bulk of the effort thus far has been on the development,
adaptation, manufacture, and installation of the telemetering
system (remote stations and terminal readout system).

The evaluation system will involve the comparison of natural
and seeded precipitation patterns. Variations in both time and
space will be considered. Both target versus control and seeded
versus unseeded comparisons are to be made. Non-parametic
statistical significance tests will be applied.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

2.1075, THE SIMULATION OF HYDROLOGIC EVENTS
IN ARID REGIONS
J.P. RILEY, Utah State University, Utah Water Research Labora-
tory, Logan, Utah 84321

The hydrologic characteristics of watersheds in semiarid re-
gions are dependent upon many variable and often interrelated
factors. A quantitative knowledge of these factors and of their
relative influence upon the system as a whole is needed in order to
improve the efficiency of watershed management in these areas.
In an attempt to develop a comprehensive simulation model of a
semiarid watersned, research workers in the Agricultural
Research Service considered the electronic analog computer, and
a cooperative research agreement was subsequently signed with
Utah State University.

Analog modeling concepts are based upon the development
of basic relationships which describe the various processes which
occur within the surface hydrologic system of a semiarid
watershed. Once established, the model is applicable to any par-
ticular geographic unit by determining the appropriate constants
of the hydrologic equations. The analog computer is ideally suited
to the many time-dependent differentia! equations which are en-
countered in hydrologic systems.

To test individual equations and to verify the model, a sub-
basin of Walnut Gulch Watershed in southern Arizona was simu-
lated. In preliminary tests, close agreement was achieved between
the observed and computed runoff hydrographs for a single
storm. Some progress has also been made in the development of
an analog technique to plot isohyetal lines corresponding to
selected time intervals during the course of a storm.
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The project was initiated in February 1965 and has no
specific termination date. It is however, subject to renewal on July
1 of each year,

SUPPORTED BY U.S. Dept. of Agriculture

2.1076, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
S.A. TAYLOR, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives: 1. To delineate the influence of structural
electrostatic differences as well as solute concentration and ener-
gy gradients upon the movement of solutes, energy, and water in
soils. 2. To devise quantitative expressions describing the simul-
taneous movement of water, solutes, and energy in soil.

Description of Work: 1. Simultaneous measurements of the
flow of different kinds of matter and energy through soil materials
that have been subjected to simultaneous driving forces will need
further developing as their extension to other materials comes
about, The results of such measurements will be used to calculate
transfer coefficients. These coefficients will then be tested by ex-
perimentally verifying the flow equations. 2. The systems of in-
terest will be subjected to further theoretical analyses, in order to
find general flow equations. The appropriate equations will be
tested using the data collected in connection with objective 1, and
by other cooperators in Western Regional Research Project W-
68.

SUPPORTED BY U.S. Dept. of Agriculture
Utah State Government

2.1077, WATER-SOIL-PLANT RELATIONS
S.A. TAYLOR, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives: 1. Investigate relationships between water stress
in root media and internal water status of plants as affected by en-
vironment and plant development. 2. Evaluate effect of plant
structures, physiological processes and transpiration retardants
on water movement and loss from plants. 3. Seek unification of
divergent hypotheses concerning soil water and its effect on
plants as a basis for developing concepts leading to more efficient
use of water.

Description of Work: 1. Measurement of the different com-
ponents of the water potential (total, osmotic, and solute) in
plants will be made using vapor pressure psychrometers. 2. The
influence of respiration inhibitors, oxygen concentration, and
pressure on the water potential, respiration potential, and
permeability of root systems will be made. 3. Various explana-
tions of water transport in the soil- plant atmosphere system will
be studied theoretically and quantitatively using simultaneous
flow of water, heat, salts and other materials and forms of energy
through the system.

SUPPORTED BY U.S. Dept. of Agriculture
Utah State Government

2.1078, COMBINED INFLUENCE OF ATMOSPHERIC
DESICCATION AND SOIL WATER POTENTIAL ON THE
IRRIGATION NEED AND WATER POTENTIAL OF PLANTS
S.A. TAYLOR, Utah state University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objective: To integrate the parameters of atmospheric desic-
cation, soil water potential, and the thermodynamic condition of
internal plant water as a precise method to determine irrigation
need and practice.

Procedure: Three different irrigation regimes will be used to
maintain the soil water potential in the root zone of mature peach
trees within predetermined limits. Leaf water content will be mea-
sured continuously. Relative turgidity measurements and direct
measurements of plant water potential will be made on plant tis-
sue samples. Atmospheric desiccating conditions will be charac-
terized by potential evapotranspiration as calculated from a Pen-
man equation. If possible the equation will be modified to account
for advective energy. The necessary parameters in the equation
will be measured continuously using self-recording equipment
recently developed and tested at Utah State University.

SUPPORTED BY U.S. Dept. of Agriculture

2.1079, HYDRODYNAMIC FORCES ON NON-COHESIVE
BED PARTICLES INCLUDING SEEPAGE
G.Z. WAITERS, Utah State University, School of Engineering,
Logan, Utah 84321

This research will consist of an investigation of the
hydrodynamic forces on spheres placed in the bottom of a flowing
open channel and subjected to a seepage flow both into and out of
the channel. These spheres represent idealized noncohesive bed
particles normally found in mobile-boundary water conveyance
channels.

The experimental apparatus is a dynamically similar model of
the prototype bed with 3-inch diameter spheres being used to
represent the bed particles. A mineral oil with a viscosity about
100 times that of water will be used to insure dynamic similarity
between the model and a prototype bed with particles about 0.5
to 1.0 mm in diameter,

The forces will be measured with a strain-gage dynamometer
under various conditions of seepage and channel flow. The con-
tributions to the total hydrodynamic force of the seepage flow and
the external channel flow will be determined separately. The use
of spheres to model the channel bed will eliminate the statistical
scatter inherent when natural bed materials are used and provide
definitive results which wili reveal the conditions under which
seepage is important in influencing the forces on bed particles.

SUPPORTED BY U.S. National Science Foundation

2.1080, SOIL AND CLIMATE EFFECTS ON IRRIGATION
WATER REQUIREMENTS
L.S. WILLARDSON, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

1. To determine whether the same consumptive use coeffi-
cients can be used under different climatic conditions. 2. To com-
pare field measurements of consumptive use with current
methods of calculating consumptive use from weather data. 3. To
test a technique for separating measured consumptive use into
components of evapotranspiration and deep percolation.

Studies will be conducted at 3 locations having different
growing seasons. Laketown (Latitude 41.8, Seasonal F 23.85),
Richmond (Latitude 41.9, Seasonal F 30.39), and Logan
(Latitude 41.7, Seasonal F 38.78), Utah having been selected. Ir-
rigated fields planted either to spring or fall grain and fields of
established alfalfa will be used. 3tudy sites will be selected with
the help of county agents and the local Soil Conservation Service
personnel. Soil classification information will be obtained.
Neutron meter tubes for soil moisture measurements will be in-
stalled in the normal cropped area before growth starts in the
spring. Other tubes will be installed in a representative location
nearby in the same field.

SUPPORTED BY Utah State Government

2.1081, SPRINGS OF UTAH
J.C. MUNDORFF, U.S. Dept. of Interior, Geological Survey, Salt
Lake City, Utah

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Utah.

Objective: To appraise the chemical, physical, and thermal
characteristics, quantity variation, geologic source, and mineral
resource potential of the major springs of Utah.

Methods: Assembly of all available data supplemented by
field reconnaissance. Laboratory analysis will include complete
standard analyses, spectographic analyses for minor element C013-
centration, and possibly radiochemical and gas analyses for
selected springs. Data will be entered on punch-cards for statisti-
cal treatment and analysis.
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SUPPORTED BY U.S. Dept. of Interior Geological Survey
Utah State Government

2,1082, HYDROLOGY OF THE SUB-LAKE SEDIMENTS
BENEATH GREAT SALT LAKE
W.P. HEWITT, Univ. of Utah, State Geo log. & Min. Surv. , Salt
Lake City, Utah 84112

in those holes being drilled to determine the engineering
characteristics of the bottom sediments of Great Salt Lae, and to
test for deep brines, records are to be made of water pressures
within the sediments at various depths beneath the brine-mud
contact. It is planned to install casing in a few selected holes to
study the transmissibility of water within these sub-Lake sedi-
ments. From data thus obtained, it is hoped that knowledge will
be obtained that pertains to sub-Lake recharge.

This program will be commenced during the fiscal year that
starts July 1,1965. Status: work deferred until funds are available
for casing and measuring devices. Will most likely be coordinated
as a cooperative project with other State agencies and the U.S.
Geological Survey.

SUPPORTED BY Utah State Government

2.1083, CARBON, OXYGEN AND SULFUR ISOTOPES
AND THE ORIGIN AND SOURCES OF URANIUM
MINERALIZATION
M.L. JENSEN, Univ. of Utah, Graduate School, Salt Lake City,
Utah 84112

During past years, this contract has provided diagnostic
evidence of the mechanism by which sandstone-type uranium
deposits form. This evidence consists of the analytical isotopic
analyses of sulfur and carbon stable isotopes indicating that CO2
and H2S, derived from sulfur reducing anaerobes, has provided
the effective reductant, H2S, that has concentrated insoluble
tetravalent uranium from solutions carrying soluble hexavalent
uranium that transit zones containing the reductant H2S.

Although the mechanism for the concentration of uranium is
now known, it is most important to have information on the
sources of the metal. At the present time, therefore, this research
contract is studying oxygen isotopes derived from uranium ox-
ides, quartz, silicates, and oxide minerals that occur intimately as-
sociated with the uranium deposits. Using the diagnostic isotopic
ratios of 016/018 of uranium, etc., it should be possible to deter-
mine 1) the influence of bacterial activity on the genesis of these
deposits and 2) the isotopic composition and genesis of the trans-
porting aqueous medium in light of 016/018 studies from which
the uranium assemblages were deposited.

Finally, in order to have a better understanding of the isotop-
ic - temperature relationships of the oxygen bearing solutions,
laboratory experiments are being done to determine the isotopic
exchange equilibrium reactions between water - uranium oxide
and water - uranium oxide - carbon dioxide systems. This infor-
mation will enable us to evaluate post depositional isotopic
exchange of primary uranium oxides with local ground waters and
with atmospheric oxygen. If the data can be extrapolated to
higher temperatures, the data may be applied to uranium bearing
minerals in pegmatites.

SUPPORTED BY U.S. Atomic Energy Commission

2.1084, AUTECOLOGICAL STUDIES ON SOME DOMI-
NANT PHYTOPLANKTON SPECIES OF LAKE CHAMPLAIN
P.W. COOK, Univ. of Vermont, Graduate School, Burlington,
Vermont 05401

At the present time, the phytoplankton of Lake Champlain
seems to be characteristic of mesotrophic conditions with a trend
toward eutrophication in some of the more isolated embayments.
Very little data is available on the ecology of some of the domi-
nant organisms and Tabellaria fenestrata, Coelosphaerium
naegelianum, and Aphanizomenon flos -aquae have been' chosen
for detailed consideration. Attempts will be made to correlate
quantitative estimates of these species with physico-chemical data
collected as part of the general limnological program of the Lake
Champlain Studies Center. Chlorophyll content will be used as an
indirect measurement of total phyto-plankton; differential counts
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will be used to obtain semi-quantitative data on the more com-
mon species. If feasible, studies of the nutrition of the selected
species will ye initiated.

SUPPORTED BY U.S. Dept. of !ulterior - 0. Water Res. Rch
University of Vermont

2.1085, PARAMETERIZATION OF THE OBSERVED
HYDROGRAPH AS A MEANS OF UNDERSTANDING RU-
NOFF PHENOMENA FROM SMALL WATERSHEDS
R.N. DOWNER, Univ. of Vermont, School of Engineering,
Burlington, Vermont 05401

The primary objective of this investigation will be to develop
an analytical method of fitting a mathematical model to the ob-
served hydrograph and to express this model by parameters which
can be related to measurable watershed characteristics. By
establishing meaningful relationships between the model parame-
ters and the characteristics of the watershed it should be possible
to predict hydrographs for certain known contributory condi-
tions.

The study will involve the fitting by means of the computor of
a form of the incomplete gamma function to the observed hydro-
graphs from a small watershed. Incidental to this work will be the
establishment of criteria for goodness of fit. Once fits have been
made for many storms statiPtical procedures will be used to
establish relationships between the parameters of the hydrograph
and the causative factors, Testing of the n ethodology will be car-
ried out with the cooperation of the Sleepers River Research
Watershed operated by the USDA-ARS at Danville, Vermont.
Having developed adequate relationships between the parameters
of the hydrograph and their causative factors for a gaged
watershed, an attempt will be made to extend their methodology
to ungaged watersheds typical of the northeast.

SUPPORTED BY U.S. Dept. rat' Interior - 0. Water Res. Rch
University of Vermont

2.1086, CHEMICAL CHARACTERISTICS OF PRECIPITA-
TION FALLING IN CHAMPLAIN VALLEY
E.B. HENSON, Univ. of Vermont, Graduate School, Burlington,
Vermont 05401

Rain and snow will be collected from several stations as it
falls to the ground. This water will be analysed for major cations
(Ca, Mg, Na, K) present and the anions HCO3, CI, SO4, and PO4.
The total alkalinity or acidity, pH. Conductivity will also be deter-
mined, when possible. Special rain buckets of inert plastic will be
placed in strategic locations in the Champlain basin. Some will be
placed on the New York Shore, some in the middle of the lake,
and a number of collectors will be located in Vermont. The
precipitation from a complete storm sequence will be collected in
most instances; records will be maintained by the U.S. Weather
Bureau in Burlington as to the type of precipitation.

From the analyses of the water in these collections, it is an-
ticipated that some general conclusions can be made as to the
chemical nature of the water that falls in the Champlain
watershed, and that we therefore will have some knowledge of the
amount of nutritive or contaminating load that is added to the
local hydrological scene.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Vermont

2./087, BOTTOM SEDIMENTS OF LAKE CHAMPLAIN
A.S. HUNT, Univs of Vermont, State Resources Res. Center,
Burlington, Vermont 05401

A reconnaissance study has been undertaken to collect data
on the physical, chemical, and mineralogical properties of the
sediments at the sediment surface and at depth in Lake Cham-
plain. The grain size is being measured in order to study current,
erosion, and sediment transport. Grain size is also related to or-
ganic content, clay mineralogy, benthonic organisms and other
dependent variables. In order to better understand the relation-
ship between the sediments discharged into the lake and the
lake's waters, chemical and mineralogical analyses of selected
sediment samples is being undertaken
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A grid system has been used to select the sample sites which

are located by transit. Surface samples are collected with a grab
sampler; cores are collected using a gravity and Mackereth corer.
The grain size is being determined using a settling tube and
hydrometer methods and the data is processed by means of a
computer program. The mineral content of the sediments is being
studied using X-ray diffraction methods, magnetic separation,
and other standard procedures. Chemical analyses are performed
using atomic absorption and other conventional methods.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
University of Vermont

2.1088, LIMNOLOGY OF LAKE CHAMPLAIN
M. POTASH, Univ. of Vermont, State Resources Res. Center,
Burlington, Vermont 05401

The Objectives of the project are twofold; (1) to carry out
field studies on Lake Champlain to determine, as far as possible,
its physical, chemical, and biological characteristics; and (2) to
continue long-term studies to determine whether these charac-
teristics are being altered in any harmful way, or in any region of
the lake, by the addition of pollutants.

Immediate research will concentrate on obtaining further
descriptive information on such characteristics as temperature,
light transparency, oxygen, pH, carbon dioxide, nutrients, cur-
rents and water flow, and bottom sediments. After the basic
character of the lake had been described, continued research will
be carried out to determine the biological charact of the lake.
As far as possible, research will emphasize the distribution and
quantity of phytoplankton, zooplankton, benthic organisms, cor-
relating their patterns with environmental data previously ob-
taincd.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Vermont

2.1089, GLACIAL GEOLOGY OF THE CHAMPLAIN
VALLEY
W.P. WAGNER, Univ. of Vermont, Graduate School, Burlington,
Vermont 05401

The prime objective is to determine the Pleistocene (Ice
Ages) glacial history of the Champlain Valley. Glacial deposits
around Lake Champlain will be studied and mapped using aerial
photographs and topographic maps and the other usual field and
laboratory techniques. In addition, the clay mineralogy of tills will
be studied by Differential Thermal Analysis. Sediment analyses
will be treated statistically with the aid of a computer.

A secondary objective is to determine whether or not an in-
teraction of glacial ice and ancient Lake Champlain water
resulted in similar topographic and sediment characteristics as the
principal investigator found in Michigan and Alberta, Canada.
The techniques involved are the same as outlined above.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Vermont

2.:1090, SOIL WETTABILITY AND TREATMENT IN
RELATION TO WATER MOVEMENT IN SOILS
E.G. DUNFORD, U.S. Dept. of Agriculture, Forest Service,
Arlington, Virginia 22209

Object: To provide understanding of soil wettability, its ef-
fect on infiltration, retention, and release water, and the feasibili-
ty of modifying wettability through application of wetting agents.

Plan of Work: The investigator will conduct most of this
research in the laboratory. Soils with variable properties of wetta-
bility, organic matter, mineralogy, and surface area will be
packed in columns and wetting agents will be flowed through the
columns to determine sorption, etc. He will attempt to extract and
identify the active material of nonwettability. The physical effect
of wetting agents will be studied and waterflow through porous
media with various surface properties will be measured.

SUPPORTED BY U.S. Dept. of Agriculture

2.1091, UNSTEADY FLOW AND SALINE INTRUSION IN
ESTUARIES
R,A. BALTZER, U.S. Dept. of Interior, Water Resources Divi-
sion, Arlington, Virginia

It is of fundamental importance to recognize that flow in
natural channels is basically unsteady flow. To be sure, ti.e degree
of its unsteadiness is often of such minor significance that, with
sound reason, such flow can be assumed to be steady flow,
thereby taking advantage of greatly simplified analytic represen-
tation. Nevertheless, proper and thorough understanding of the
mechanics of unsteady flow is important per se in determining the
discharge of regulated streams, in flood routing, in determining
flows in tidal reaches of homogeneous density, and, in fact, in any
situation where open-channel flow cannot be assumed to be
steady flow. Moreover, an understanding of the mechanics of un-
steady flow is ' undamental to improving the understanding of
saline intrusion and diffusion in estuaries.

The ultimate objective of this investigation is the develop-
ment of mathematical models representing unsteady open-chan-
nel flow, particularly as associated with estuarine channels. These
models, hopefully, could then be used to predict-- or using certain
field obtained parameters -- to determine such quantities as out-
flow, saline intrusion, and effects of channel changes upon flow.

A thorough appraisal of present knowledge of unsteady,
open-channel flow is being conducted, including categorization of
flow types and their required mathematical representation.
Mathematical models will be derived and evaluated utilizing vari-
ous solution techniques employing both analog and high-speed
digital computers. Selected field data will be employed in the
evaluation process.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1092, REGIONAL ilYDROLOGIC SYSTEM ANALYSES
(HYDRODYNAMICS)
R.R. BENNETT, U.S. Dept. of Interior, Water Resources Divi-
sion, Arlington, Virginia

The general objective is to determine the degree of sig-
nificance of the factors that control or affect regional ground-
water flow patterns in large hydrologic systems and to determine
the principles of the functional nature of prmeability distribution
in granular sediments so that physical characteristics of hydrolog-
ic systems can be predicted. Two hydrologic systems are being
used as prototypes. The field data and samples collected from the
prototypes are being analyzed in the laboratory for directional
permeability, fabric orientation and grain-size distribution. This
project is being conducted in conjunction with the project,
`Permeability distribution and sedimentational features,' J. D.
Bredehoeft, Project Leader.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1093, MECHANICS OF GROUND-WATER FLOW
H.H. COOPER, U.S. Dept. of Interior, Water Resources Division,
Arlington, Virginia

Mathematical analyses and analog studies of the movements
of water in underground reservoirs provide a theoretical
background for methods and techniques and the criteria for
sound judgment in water management. Current studies are con-
cerned with movements in anisotropic aquifers and in multi-
aquifer systems, induced recharge from surface k:treams, and the
response of water levels in wells to earthquakes.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1094, MINERALOGIC CONTROLS ON CHEMISTRY OF
GROUND WATER
B.B. HANSHAW, U.S. Dept. of Interior, Water Resources Divi-
sion, Arlington, Virginia

Results of Laboratory investigations of the behavior of com-
pacted clays as semi-permeable or osmotic membranes indicate
that they are capable of affecting the chemistry of subsurface
water and the fluid pressure. Salt filtering occurs when a saline
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solution is forced through compacted clay. Where a pressure dif-
ferential exists across a body of shale, this process may be effec-
tive in increasing the salinity on the high pressure side of the
membrane. The ability of shale to act as an osmotic membrane
could also be a factor in the occurrence of anomalously low fluid
pressures in parts of some sedimentary basins.

Compacted clay membrane electrodes have been used to
study the action distribution coefficient between the clay and an
internal solution. Preliminary results suggest that the distribution
coefficient (exchange constant) varies as a function of compac-
tion pressure.

Research into the use of C dating of ground waters is being
studied along with a study of other isotopic equilibria in ground
water in an attempt to understand better the rate, direction of
movement, and recharge of ground -water aquifers.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1095, MINERAL-WATER INTERACTION IN SALINE
ENVIRONMENTS
B.F. JONES, U.S. Dept. of Interior, Water Resources Division,
Arlington, Virginia

The chief processes being considered are evaporative dis-
solved- solid concentration, solid-solute reaction, mineral
precipitation and re-solution, and compositional variation result-
ing from hydrographic fluctuation. Pilot study of the Deep
Springs Valley, California has emphasized the compositional in-
fluence of salt storage mechanisms in sediments over simple or
cyclic hydrographic variation of saline waters, and has elucidated
the effects of precipitate geochemistry on brine composition.
Delineation of trends in inflow chemistry has indicated the inter-
relation but basic dominance, or lithologic over climatic controls.
Details of these findings are being examined further in other
basins. Problems of methodology in solution analysis over an ex-
tremely wide range of conditions, and in better definition of as-
sociated solids, have received much attention, and work to
further refine techniques in this progress.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1096, NUMERICAL SIMULATION OF HYDRODYNAM.
IC PHENOMENA BY DIGITAL COMPUTER
C. LA!, U.S. Dept. of Interior, Water Resources Division, Arling-
ton, Virginia

Purpose: To develop numerical methods for solving selected
surface and ground water fluid dynamics problems; to develop
new computer simulation techniques with which to model natural
field phenomena.

Methods: Movements of wave-crest in open channels will be
simulated, pictorial representations of surface profiles of wave-
crest movements will be developed and results will be compared
with field observations.

Free-surface, unsteady, gravity flow through porous media
it Juced by transient open-channel flows will be simulated by
digital models.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1097, THE POST-PLEISTOCENE EPICYCLE
SEQUENCE OF ALLUVIATION AND EROSION IN THE
LOWER SAN JUAN DRAINAGE
D. °BRIAN, U.S. Dept. of Interior, Water Resources Division,
Arlington, Virginia

Non-nuclear techniques such as sedimentation,
geomorphology, palynology, dendrochronology, archaeology,
and history are being applied in a study of late Recent sequencies
of alluviation, arroyo cutting, and terracing along parts of Chinle
Wash in northeastern Arizona. These sequences will be related to
the effects of environmental and hydrogeologic controls in an ef-
fort to reconstruct the local paleoenvironment, and to aid in the
reconstruction of paleoenvironments in other semi-arid parts of
the world.

The alluvium consists mainly of two deposits; the older was
deposited between 2,000 B. C. (?) and A. D. 111100-1200, and the
younger accumulated between A. D. 1300 and 1850, when the

2. WATER CYCLE

present arroyos began to form. Remains of prehistoric Pueblo In-
dian culture occur in the upper part of the older alluvium. Sites
representative of Basketmaker III and Pueblo 1 (8th to 10th cen-
turies) occur as much as 25 feet below the top of the older alluvi-
um, Pueblo II and III (11th to 13th centuries) remains either are
buried in the upper few feet of the older alluvium or occur on the
terraced surface cut from that unit.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1098, PERIODIC PLANT GROWTH PHENOMENA AND
HYDROLOGY
R.L. PHIPPS, U.S. Dept. of Interior, Geological Survey, Arling-
ton, Virginia

Most plant growth phenomena (sprouting, height and diame-
ter growth, leafing, flowering, fruiting, etc.) may be regarded as
integrated responses to present and past environments within
hereditary limits. Though relationships between these grog h ac-
tivity phenomena and hydrologic components of environme it are
incompletely understood, data relative to such an understanding
may be easily collected for a wide number of plant species over a
large area by 1) noting dates of occurrence of various plant-
growth phenomena and relating them to precipitation and stream-
flow and, where practicable, to soil moisture and ground-water
fluctuations; 2) mapping of vegetation and making observations
concerning related microclimatic variation to facilitate in-
terpretation of periodicity of plant activity; and 3) making mea-
surements of rates of current three-dime,,sional growth of trees
for inclusion with, and analysis of, tree-ring data and growth form.
These data are potentially of value as a means of further defini-
tion of cycles of hydrologic activity in vegetated areas, of estimat-
ing trends and variability in hydrologic phenomena, and of ex-
tending hydrologic records in space and time.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1099, THERMAL CHARACTERISTICS OF AQUIFER
SYSTEMS
R. SCHNEIDER, U.S Dept. of Interior, Water Resources Divi-
sion, Arlington, Virginia

Background: One of the most difficult problems in defining
the flow pattern in aquifer systems is the determination of vertical
permeability of aquifers and their confining strata. Under natural
conditions or when induced by pumping, there can be a signifi-
cant quantity of cross-formational flow. In general our ability to
predict the effects of the large-scale development of aquifers is
directly related to the precision with which we can estimate the
spatial distribution of permeability. The study of the relation
between thermal and hydrologic characteristics of various types
of aquifers would improve our capability for defining permeabili-
ty in a vertical direction.

Objectives: To study the temperature distribution in
representative coastal-plain aquifers and carbonate-rock aquifers,
in which hydrologic conditions are well known and relatively sim-
ple and relate this parameter to vertical permeability and other
flow characteristics of the aquifer system.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1100, BASIC RESEARCH IN VEGETATION AND
HYDROLOGY
R.S. SIGAFOOS, U.S. Dept. of Interior, Water Resources Divi-
sion, Arlington, Virginia

The objective is to determi ualitative and quantitative dif-
ferences in vegetation which ciated to flooding and low flow
of streams, to differences in tit.aiaty of surface and ground water,
and to recent activity of mountain glaciers.

Plants are identified and mapped and trees are measured in
the field; the distribution of them is related to type of surficial
material and bedrock, to height above low water, to height of
floods of different frequency, to topographic features, to esti-
mated depth to water table, and to land use. Where appropriate,
cores and sections of trees are taken, and ages of trunks are deter-
mined. In the office, significance of association or independence
of the variables is tested statistically, and mathematical methods
of expressing vegetation differences are determined.
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SUPPORTED BY U.S, Dept. of Interior - Geological Survey

2.1101, GRAIN SIZE DISTRIBUTION AND BEDLOAD
TRANSPORT
G,P. WILLIAMS, U.S. Dept. of Interior, Water Resources Divi-
sion, Arlington, Virginia

Flume experiments wifl be carried out relating bcdload trans-
port rate to channel factors, and especially variations resulting
from changes in size distribution keeping median grain size con-
stant. Bed forms, including values of linear grain concentration,
will be measured.

The basin hydraulic parameters of the upper limit of flow of
G. X. Gilbert experiments will be duplicated and runs will extend
these data to larger values of discharge and grain size.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1102, TRANSPORT PROPERTIES OF NATURAL CLAYS
R.G. WOLFF, U.S. .r.ept. of Interior, Water Resources Division,
Arlington, Virginia

The work includes (a) Assessing the applicability of existing
sampling and measuring techniques for determining the hydraulic
properties of undisturbed clay samples. Modifying the techniques
as necessary. (b) Developing in stages, the equipment and
techniques for measuring all the transport properties that govern
the movements of water and dissolved solids through undisturbed
clay samples. (c) Introducing the use of these measurements to
field problems and, using the data obtained, attempting to corre-
late the transport properties of natural clays with their mineralog-
ical, chemical, and geological characteristics.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1103, EFFECTS OF ZOOPLANKTON ON
PHOTOSYNTHESIS BY ALGAE IN LAKES
J.W. BISHOP, Virginia Polytechnic Institute, Water Resources
Research Ctr. , Blacksburg, Virginia 24061

Field studies will be conducted to ascertain the effects of ver-
tically migrating zooplankton on rates of photosynthesis by natu-
ral assemblages of phytoplankton. Phytoplankton will be isolated
from or exposed to zooplankton. The quantities of phytoplankton
and their rates of photosynthesis then will be measured. Dif-
ferences between the two groups of phytoplankton will be at-
tributed to effects of zooplankton. The combined as well as in-
dividual effects cf different species of zooplankton will be esti-
mated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Virginia Polytechnic Institute
University of Richmond

2.1104, SOIL AND WATER MANAGEMENT AS RE-
LATED TO FORAGE CROP PRODUCTION
R.H. BROWN, Virginia Polytechnic Institute, Agricultural Ex-
periment Sta. , Blacksburg, Virginia 24061

Objective: To study the establishment and maintenance of
forage species and mixtures as influenced by: (1) liming and fer-
tilization, (2) irrigation and drainage, (3) tillage, and (4) fumiga-
tion.

These are all small plot investigations conducted in various
locations at research stations in Virginia. Data are being obtained
on species balance, yield, and the chemical composition of in-
dividual species in the plant associations. Present experiments in-
clude nitrogen fertilization and the interaction of nitrogen fer-
tilization with potassium, on grass-legume mixtures; grasses grown
alone and with legumes with different cutting managements;
nitrogen fertilization, responses of grasses to 3 levels of nitrogen
and 4 of K20; and one experiment is set up to study the interrela-
tionship of irrigation, cutting management, nitrogen fertilization
of orchardgrass.

SUPPORTED BY 'Virginia State Government

2.1105, INVASION OF THE AQUATIC HABITAT BY AM-
PHIBIOUS SPECIES OF POLYGONUM
R.S. MITCHELL, Virginia Polytechnic Institute, Graduate
School, Blacksburg, Virginia 24061

The purpose of this project is to determine the aquatic capa-
bilities of so-called 'semi-aquatic' species of Polygonum of the
section Persicaria. Through cloning experiments the properties of
these organisms may be compared with those of P. amphibium,
the only true aquatic of the group, and a scale of amphibiousness
may be drawn up with regard to the species studied.

Through such endeavors, coupled with cytological, anatomi-
cal and biosystcmatic comparisons, it is hoped that a clearer un-
derstanding of the relationships between species of Polygonum
may be reached, and that putative parents for P, amphibium
might be assigned. This study affords an excellent opportunity for
comparison of terrestrial and aquatic species in a closely related
group.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Virginia Polytechnic Institute

2.1106, CHARACTERIZATION OF THE PHYSICAL PRO-
PERTIES OF THE SOILS OF VIRGINIA
J.E. MOODY, Virginia Polytechnic Institute, Agricultural Experi-
ment Sta. , Blacksburg, Virginia 24061

OBJECTIVES: (1) To study the physical properties of vari-
ous soil series of the state and obtain data on the ranges in these
properties. (2) to correlate the physical data with field cha c-
teristics to provide supporting data to local health directors and
other agencies in evaluation of land for sewage disposal and other
urban uses. (3) to study the physical properties and their relation
to the genesis and morphology of the various soils.

DESCRIPTION OF WORK: This study of soil physical pro-
perties will be in the following areas: (I) Permeability measure-
ments of important soil types of Virginia to include in place mea-
surements of restricting layers and laboratory measurement of
hydraulic conductivity. (2) Interrelationships of soil charac-
teristics and the seasonal march of the water table various Vir-
ginia soils to include important soils in the Coastal Plains and
Piedmont regions. (3) Extent and nature of the shrink-swell pro-
perties of Virginia soils, and (4) soil moisture characteristics and
related physical propertics of the soils of Virginia.

SUPPORTED BY Virginia State Government

2.1107, PHYSICAL PROPERTIES OF IMPORTANT SOIL
TYPES OF VIRGINIA AS THEY RELATE TO WATER AND
AIR BEHAVIOR AND TILLAGE
3.D. PENDLETON, Virginia Polytechnic Institute, Agricultural
Experiment Sta. , Blacksburg, Virginia 24061

Objectives - 1. To measure the capacity for water intake,
storage, and for supplying water to crops of some import«nt soil
types. 2. To determine the bulk density of these soil types. 3. To
determine these propertics for each horizon of the profile of the
soil type. 4. To study the depth of a soil type that is effective for
water storage and root development. 5. To relate these properties
to the productivity of these soil types for crops and to land and
earth use for roads, buildings, and other purposes.

To accomplish these objectives the soil types are sampled
horizon by horizon using a special core sampler fitted with cylin-
ders to hold cores of definite size. The structure of the soil is not
disturbed. These cores are placed on a porous plate in a pressure
chamber or on a cellophane membrane in a pressure membrane
extractor; the desired pressure is applied and at equilibrium the
moisture percentage of the soil is determined. The bulk density is
found for other cores of the same horizons. This makes it possible
to find how much water for crop use the soil types hold.

SUPPORTED BY Virginia State Government

2.1108, GROUND WATER RESERVOIR RESPONSE TO
EARTH TIDES
E.S. ROBINSON, Virginia Polytechnic Institute, Graduate
School, Blacksburg, Virginia 24061

The proposed research is concerned with the application of
measured tidal water level fluctuations in wells for determining
aquifer porosity and specific storage. The research involves mea-
surements of well water level fluctuations for 2-3 month periods,
computation of the tidal dilatation of the solid earth, and record-
ing of supplementary barometric and seismic data. The project
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work will attempt to verify recently published theoretical treat-
ments of aquifer response to earth tides.

Field investigations include: a) Well water level recording; b)
Tidal gravity recording: c) Borehole temperature logging; d)
Seismic refraction surveys; e) Barometric pressure recording at
well-sites.

Data analysis and interpretation involve: a) Resolution of
principal tidal components by harmonic analysis; b) Computation
of solid earth tidal parameters for realistic models; c) Calculation
of porosity and specific storage for aquifers characterized by frac-
ture systems, and estimation of volume of large water filled
caverns.

From these data and calculations the applicability of tidal
parameters to the determination of aquifer characteristics will be
evaluated.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Virginia Polytechnic Institute

2.1109, SMULATION OF THE HYDROLOGIC CYCLE
ON SMALL AGRICULTURAL WATERSHEDS BY DIGITAL
TECHNIQUES
V.O. SHANHOLTZ, Virginia Polytechnic Institute, School of En-
gineering, Blacksburg, Virginia 24061

The proposed work involves testing the Stanford Watershed
Model on small agricultural watersheds in Virginia. The model
will be modified when required to make the algorithm functional
for studying flow regimes from these watersheds.

The concept of excess precipitation followed by routing
through a partial linear storage system to obtain lag time will be
used in lieu of the Stanford technique, Storage routing without
coefficients will be used in lieu of the semi-graphical technique
for reservoir routing.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Virginia Polyteel'inic Institute

2.1110, SOLAR REFLECTANCE OF MONOLAYER-
COVERED WATER SURFACES AS RELATED TO
EVAPORATION SUPPRESSION
J.T. BEARD, Univ. of Virginia, School of Engineering, Charlot-
tesville, Virginia 22903

The importance of evaporation suppression in conserving
water has been noted by many investigators. Most of the evapora-
tion suppression work has been centered around the fact that
monolayers of certain Taydrocarbons placed on the surface of
water act as a barrier which water molecules must penetrate in
order to evaporate.

The idea of evaporation suppression by increased solar
reflectance has been presented by Beard. An analytical investiga-
tion showed that a chemical monolayer or thin film with suitable
optical properties (index of refraction and extinction coefficient)
could substantially increase the reflectance. Thus the rate of
evaporation is reduced due to the decrease in solar energy ab-
sorbed by the water.

It is proposed that research be done to determine the chemi-
cal substances which will substantially increase the solar
reflectance of lake surfaces. As the known values for optical pro-
perties are limited to substances :a the bulk form rather than a
monolayer form, experimental work is necessary.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Virginia

2.1111, POROSITY AND PERMEABILITY OF VIRGINIA
AGGREGATES
W.C. SHERWOOD, Virginia Council of Hwy. Inv. , Charlot-
tesville, Virginia

Nitrogen permeability studies continue. A special project on
the samples showing very low flow rates has just been completed.
Flow rate data on very dense, low permeability rocks has been ob-
tained. A classification of the pore size distributions of Virginia
aggregates has been developed. The relationship between water
and nitrogen permeability is now under consideration.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Virginia State Government

2.1112, BIOLOGICAL AND CHEMICAL STUDY OF VIR-
GINIAS ESTUARIES
M.L. BREHMER, Virginia Inst. of Marine Sci. , Gloucester, Vir-
ginia

Virginia's three major estuarine systems--the James, the
York, and the Rappahannock--exhibit different biological charac-
teristics both within and between years. These differences have
been noted in phytoplankton populations; in shellfish reproduc-
tion, growth, and condition; and in finfish populations,

This study will compare the biological, chemical, and physi-
cal characteristics of the three systems. Stations will be occupied
at 5% intervals from 25 to less than 0.5% in each river at slack be-
fore flood tide. Water samples will be collected at 2 m intervals
from surface to bottom and the water column described by tem-
perature, salinity, dissolved oxygen, pH, alkalinity, chlorophyll,
suspended solids (loss on ignition and fixed residue), trans-
parency, phosphorus (soluble reactive, soluble unreactive, par-
ticulate reactive, and particulate unreactive), and nitrogen (solu-
ble organic, ammonia, nitrite, nitrate, and particulate organic).
Primary productivity levels will be determined.

Nutrient levels and turn-over rates, phytoplankton standing
crop and productivity, and the dependent and independent physi-
cal and cZiemical characteristics of the three systems will be com-
pared. Data collected by the shellfish and finfish departments at
the Institute will be utilized to complete the analyses.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Virginia Institute of Marine Science

23113, WMO EVAPORATION PAN DATA
R.A. TUCKER, U.S. Dept. of Commerce, Weather Bureau,
Sterling, Virginia 22170

To collect data for comparison of the various evaporation
measuring devices used in different countries and arrive at stan-
dards for comparison.

Temperature, dewpoint, radiation, and evaporation measure-
ments are made daily. Test and Evaluation Laboratory is respon-
sible for accuracy and partial processing of the data. These data
and associated strip chart records are forwarded monthly to the
Office of Hydrology.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.1114, FACTORS AFFECTING THE MOVEMENTS OF
WATER AND ORGANISMS WITHIN A REGULATED MUL-
TIPURPOSE LAKE
G.F. KRAFT, Western Washington State Coll. , Graduate School,
Bellingham, Washington 98225

A four year backlog of limnological information on Lake
Whatcom, Washington (5,000 acres; 750,000 acre-feet) has been
collected and an intensive three year study is proposed. Record-
ing meteorologic instruments are to be placed at lake level and
used together with current, wave, and seiche measuring instru-
mentation to quantify the relationships between wind and water
movement. Total heat, water, and geochemical budgets will be
determined. The sources and fates of the several polluting agents
(silt, enterococcus and coliform bacteria) will be determined.
The pollutability of the lake will be measured, in terms of the sur-
vival times of the bacterial agents present under the conditions of
water circulation and other limnological conditions which obtain.
The project is designed as one which will give limnological base
information necessary for the mainpulation of multipurpose water
resources.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Western Washington State College

2.1115, VIBRIO PARAHAEMOLYTICUS IN THE
ESTUARINE ENVIRONMENT
T.H. ERICKSEN, U.S. Dept. of Hlth. Ed. & Well. , Pac. Nw.
Marine Hlth. Sc. Lab. , Gig Harbor, Washington 98335
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Recognized tests for the isolation and enumeration of V.
parahaemolyticus have been adopted for the surveillance pro-
gram on sea water and shellfish from Burley Lagoon, Washington.
Studies will be continued on the incidence of V.
parahaemolyticus in this area. Special emphasis will be placed on
seasonal variation.

of the new 'Multipurpose Chemical Agent Detection Kit, E-
56.` 091;edg;Edg

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

2.1116, SOIL AND WATER RELATIONSHIPS OF
VEGETABLE CROPS
P.C. CRANDALL, Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

1. To determine the water requirement of the principal
vegetable crops in western Washington. 2. To evaluate methods
for measuring temporary moisture stress in plants. 3. To increase
the concentration of bloom and harvest of bush beans. 4. To
determine the interrelationship of cultural practices and varieties
as they relate to crop efficiency.

Water column supported lysimeters will be used to measure
water requirements and correlate water use with evaporation
from standard 4-foot evaporation pans. Mist applications will be
evaluated on bush beans for blossom drop control and their effect
on yields. Soil and leaf temperatures will be measured. Chemical
sprays will be tested for their effect on blossom concentration.
Refractometer measurements, diurnal volumetric fluctuations,
and thermocouple psychrometers will be compared for their
value in determining temporary moisture stress. The interrela-
tionship of fertilizers, cultural practices, and varieties will be
determined for vegetable crops common to western Washington.

SUPPORTED BY Washington State Government

2.1117, PHYSICAL CHARACTERISTICS OF BASALT
AQUIFERS
J.W. CROSBY, Washington State Univesity, School of Engineer-
ing, Pullman, Washington 99163

The proposed research is directed toward a detailed study of
the basaltic aquifers in the Pullman, Washington area. By utilizing
composite geophysical well logging methods, the investigators
Will evaluate the diminutive features which apparently play such
an important role in basalt hydraulics. Utilizing combinations of
gamma, spontaneous potential, single point resistivity, short nor-
mal resistivity, long normal resistivity, caliper, and neutron logs
the following features will be examined in area wells: 1. Lateral
continuity of water-bearing zones. 2. Lateral variations in porosi-
ty. 3. Bulk porosity of basalt sequences as opposed to horizonal
porosities and individual layer porosities. 4. Lateral continuity of
basalt flows and techniques for their correlation. 5. Possible rela-
tionships between radiation logs and specific capacities of wells.
6. Structural conditions in the basalts which may influence
ground-water motion. 7. Relative importance of interflow zones,
joints, weathered horizons, buried channels, faults, etc. in ground-
water movement. 8. Vertical distribution of aquifers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Washington State University

2.1118, ORCHARD MANAGEMENT
E.S. DEG M AN, Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

1) To determine the value of controlling weeds around young
trees. 2) To find the most profitable way of filler tree removal. 3)
To find a suitable way for a grower to determine when to irrigate.
4) To study methods of pruning, especially pertaining to dwarf
tree

This project covers all the aspects of orchard management.
Chemical control of weeds is no better than mechanical control
around young trees, but it is less expensive and is more likely to be
done correctly. Filler tree removal studies show that it pays a
grower to cut his filler trees back and leave them in a little longer
(4 years). Many growers irrigate by the calendar, a questionable
practice, We are trying to tie evaporation into the program. We
feel that mechanical pruning will be an orchard management

practice of the future and are growing trees with that, specifically,
in mind.

SUPPORTED BY Washington State Government

23119, PREDICTION OF WATER MOVEMENT IN UN-
SATURATED SOILS
W.H. GARDNER, Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

Regional Obj. hysteresis and to define its role in the move-
ment of water, solutes and energy in soil.

Regional Obj. 3. To delineate the influence of structural and
electrostatic differences as well as solute concentration and ener-
gy gradients upon the movement of solutes, energy, and water
soils.

Soil columns will be sealed in containers with soil initially at
uniform water content. Temperature gradients will be established
by means of heat and cold reservoirs placed at the column ends.
Water content distribution will be followed as equilibrium is
established and then the temperature gradient reversed. Hystere-
sis studies will be based on flow of water and the different
equilibrium water content conditions reached on temperature
reversal. Water content will be inferred from neutron attenuation
measurements.

Soil columns will be set up so that they can shrink or swell in
a single dimension at right angles to the direction of water flow.
Water will be supplied at one and for study of wetting conditions
or dried down from one end for study of drying conditions. Water
content will be inferred from neutron attenuation measurements
and bulk density changes from gamma ray attenuation measure-
ments in association with the neutron water content measure-
ments.

SUPPORTED BY U.S. Dept. of Agriculture
Washington State Government

2.1120, RUNOFF GENERATION AS A FUNCTION OF
PRECIPITATION AND WATERSHED CHARACTERISTICS
J.S. GLADWELL, Washington State University, State Water
Research Center, Pullman, Washington 99163

A study of the physical and climatological parameters of
Western Washington watersheds is to be made in order to define
quantitatively their effect on the transformation of effective
precipitation into runoff. Through the use of these 'coefficients' it
is planned to study the possibility cf generating synthetic hydro-
graphs in areas with no runoff gages, and extensions of current
gage histories through the use of precipitation information. It is
hoped also to explain variations in probability distribution
between watersheds relatively close together.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Washington State University

2.1121, THE STORAGE COEFFICIENT AS A FUNCTION
OF WATER TABLE CELERITY
D.T. HIGGINS, Washington State University, School of En-
gineering, Pullman, Washington 99163

The application of unsteady, unconfined groundwater flow
equations based on the Dupuit assumptions and a constant coeffi-
cient of storage yields unsatisfactory results for thick aquifers at
early time. Contemporary efforts to improve these equations ap-
pear to be concentrating on the inclusion of vertical flow effects

the equations. However, the correlation of field and laboratory
data with the newer theory is still weak. The problem may lie-in
the oversimplified treatment of the storage coefficient.

The release of stored water as the water table drops is
thought to be a time dependent gravity drainage phenomenon.
Actually, the rate of release of stored water is a function of the
water table celerity and reflects all the complexities of unsatu-
rated flow.

It is proposed to first study in the laboratory the functional
dependence of the storage release on the water table celerity.
Then, using the experimental results as a guide, the extremely
complex problem of unsaturated flow with a time dependent
boundary condition may be simplified in order to derive a usable
expression for the drainage celerity function.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Washington State University

2.1122, CLIMATIC PATTERNS IN WASHINGTON STATE
M.C. JENSEN, Washington State University, Agricultural Experi-
rnent Sta. , Pullman, Washington 99163

Objectives: 1. Record and tabulate on coded machine cards
weather data from selected locations in Washington important to
agriculture, including forestry. 2. Analyze precipitation data for a
network of stations to establish rainfall probabilities of occur-
rence for weekly and multi-weekly periods for areas in Washing-
ton. 3. Analyze evaporation data for a network cf stations to
establish frequency of occurrence of evaporation extremes.

Description of Work Proposed: Weather data for selected
stations in Washington will be entered on machine analysis cards
and precipitation and evaporation data will be statistically
analyzed for frequency of occurrences to define climate for
agricultural areas,

SUPPORTED BY U.S. Dept. of Agriculture
Washington State Government

2.1123, WHEN TO IRRIGATE
M.C. JENSEN, Washington State University, Agricultural Experi-
ment Sta. , Pullman, Washington 99163

When to irrigate seeks to establish the amount of water that
can be used from the soil moisture reservoir between irrigations
and obtain optimum production from selected irrigated crops.
The crop to be studied in 1962 is potatoes. Five irrigation treat-
ments based on irrigating each eay and when 30%, 45%, 60%, and
75% of the available water has been removed from the effective
root zone and two irrigation methods (sprinkling and furrow) will
be included. Three replications in 40' x 40' random plots will be
part of the experimental design.

Two crops will be studied each following year, procedure
being modified according to the 1962 experience.

SUPPORTED BY Washington State Government

2.1124, NUTRIENT INPUT TO WASHINGTON SOILS
FROM ATMOSPHERIC SOURCES.
C.D. MOODIE, Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

OBJECTIVES: 1. To determine the quantities of nutrients
contributed to soil and crops in Washington by rainfall and irriga-
tion waters. 2. To estimate the quantities of nutrients which may
be absorbed directly in gaseous form from the atmosphere by
plants and soils.

WORK PROPOSED: A precipitation network of 10 to 15
stations will be established to cover rainfall conditions around the
state; one is established on each experiment station and adjacent
to standard weather stations. Stream and well waters from areas
where nutrient imput from irrigation waters appears to be critical
will be sampled. The rainwater and irrigation samples will be
analysed for Ca, Mg, Na, K, NH4-N, C 1, SO4, HCO3, and NO3
routinely. Certain minor elements will be determined on selected
samples.

A comprehensive review of published data on water quality
will be undertaken if funds are available. Two objectives are
sought: (1 y an appraisal of the suitability of each water for irriga-
tion purposes and (2) an estimate of its value as a source of
nutrients.

Estimates of nutrients in gaseous form in the atmosphere are
to be made: Detailed procedures for this phase remain to be
worked out.

SUPPORTED BY Washington State Government

2.1125, THE EFFECTS OF IRRIGATION AND FER-
TILIZATION UPON A PONDEROSA PINE FOREST STAND
M.M. MOSIIER, Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

OBJECTIVES: To determine the effects of irrigation and fer-
tilization upon the vegetative and reproductive growth and upon
wood quality and to determine what environmental changes may
occur with increased water supply.

WATER CYCLE

DESCRIPTION: A 60-year old pure stand of ponderosa pine
located in Stevens County, northeastern Washington, will be fer-
tilized with nitrogen, irrigated, and both fertilized and irrigated.
The effect of these treatments upon diameter and volume growth,
on seed production and on secondary vegetation will be com-
pared to natural conditions by yearly measurements and observa-
tions.

SUPPORTED BY Washington State Government

2.1126, BROCCOLI CULTURAL INVESTIGATIONS IN
WESTERN WASHINGTON
D.R. TOMPKINS, Washington State 'Jniversity, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

Objectives: Determine the influence of broccoli plant spac-
ing, supplemental irrigation, and direct seeding on broccoli
production, and quality.

Description: Use adapted varieties and appropriate experi-
mental designs to determine the influence of spacing, transplant-
ing, direct- seeding, and irrigation on number r)f harvests needed,
production and size of center heads and side shoots, and
toughness of center head stems.

SUPPORTED BY Washington State Government

2.1127, PLANKTON-PERIPHYTON STUDIES IN THE
COLUMBIA RIVER
C.E. CUSHING, Battelle Memorial Institute, Richland, Washing-
ton 99352

Autotrophic organisms assimilate inorganic nutrients directly
from the water, thus occupying a basic position in aquatic food-
webs. In this context, they play an important role in the cycling of
radioisotopes to higher trophic levels and, in the case of
phytoplankton, in the dispersal of radioactivity. Current studies
are in progress to further elucidate these functions.

Data on the transport of 32P and 65Zn by net plankton are
currently being evaluated. Preliminary calculations reveal that as
much as 1.8 Ci of 65Zn and 1.2 Ci of 32P per day are transported
downstream from Hanford. Highest concentrations per unit
weight are found during the winter months. This study is being ex-
nanded to include the role of the nannoplankton in the transport
of radionuclides.

Periphyton, especially in smaller, rapidly flowing streams,
comprises the main source of primary production in these
habitats. Studies are in progress to evaluate the relationships
between primary productivity, environmental parameters, and
radionuclide uptake and cycling of this community. Data
presently being analyzed reveal good correlations between dry
weight, ash weight, and chlorophyll a content. Net Production
Rate was closely related to chlorophyll a content and solar ener-
gy. Phosphorus-32 and 65Zn accumulation were best related to
dry and ash weight and chlorophyll a, but poorly related to the
river burden index of these isotopes. This anomaly is being in-
vestigated further under controlled conditions. Work is now being
initiated to study the cycling of radionuclides and the effects of
varying environmental parameters on this phenomenon using a
specially designed algal growth chamber in conjunction with an in
situ radiation detector.

SUPPORTED BY U.S. Atomic Energy Commission

2.1128, CASCADES ATMOSPHERIC WATER
RESOURCES PROGRAM
C.L. SIMPSON, Battelle Memorial Institute, Richland, Washing-
ton 99352

This research is directed toward the design of engineering
techniques for accomplishing both augmentation and redistribu-
tion of wintertime precipitation in and across the Cascade Moun-
tains of Washington. The two major objectives of this laboratory
are to accomplish research to 1) enhance the understanding and
detailed knowledge of precipitation mechanisms relative to their
frequency and contributions to the total water supply in the area
of interest by a program of comprehensive data analysis; and 2)
develop and provide plans and specifications for the conduct and
evaluation of a field experiment to test the feasibility of accom-
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plishing a trans-sky diversion of water across the Cascade Moun-
tains of Washington.

SUPPORTED BY Washington State Government

2.1129, COLUMBIA RIVER CHINOOK SALMON
D.G. WATSON, Battelle Memorial Institute, Richland, Washing-
ton 99352

The section of the Columbia River within and immediately
adjacent to the Hanford Reservation is the only remaining portion
of the Columbia River in which chinook salmon spawn. Changes
in the river environment, produced by the construction of
hydroelectric dams, have destroyed other main stem salmon
spawning habitats.

Population estimates of locally spawning salmon have been
made since 1947 by aerial surveys of the spawning grounds.
Results of these surveys are compared with these of previous
years and with the escapement of salmon to the Columbia River
in general, as determined by counts of adult salmon ascending
downstream dams.

Comparison of the first (1947-1951) to the last (1960-1964)
five year periods of this study shows an approximate threefold in-
crease in the local population while the number of fish ascending
Bonneville Dam was reduced by half. Part of this apparent suc-
cess of the local race of fish is presumed to be due to the barrier
effect from Priest Rapids dam, located just upstream from the
Hanford Reservation. During the 12 years prior to the construc-
tion of this dam an average of 17% of the total number of salmon
nests were observed in the arca immediately downstream from
this dam, since then a mean of 43% of the total were in this area.
The mean annual number of salmon nests during 17 years is 600,
with a range of 64 to 1485. There is no evidence that the Hanford
Operation has affected the local salmon population.

SUPPORTED BY U.S. Atomic Energy Commission

2.1130, TRANSLOCATION OF RADIONUCLIDES BY
FISH
D.C. WATSON, Battelle Memorial institute, Richland, Washing-
ton 99352

The migration of resident species of Columbia River fish up-
stream from or into tributaries below the section of the river
receiving radioactive effluents provides a route of dispersion of
radionuclides in a natural ecosystem. The objects of this study
are: I) determine the season and extent of migration of the vari-
ous fish species; 2) estimate the amounts and kinds of radioele-
ments translocated by these populations; 3) provide estimates of
size of some of the major fish populations.

Results to date show that seasonally as much as 80% of the
fish colketed upstream from reactor effluent outfalls, and in a
stream tributary to the Columbia River downstream from Han-
ford, have been exposed to radioactive effluents,

Future work will employ an electric fish shocker, as well as
nets, for the collection of fish. A portable radiation counter will
be used to sub-sample the catch, and specimens not selected for
tissue analysis will be marked by a thermal brand and released
into the river. The marked individuals will provide the basis for
population estimates and rate of movement when they are recap-
tured. It is anticipated that change in the ratios of the amounts of
two biologically important radioisotopes, 65Zn and 32P, in the
fish will also give information on rate of movement.

This project is coordinated with a study on the fish disease,
C. columnaris, and may provide information on the role fish
migration plays in the spreading of this disease.

SUPPORTED BY U.S. Atomic Energy Commission

2.1131, EFFECTS OF INDUSTRIAL EXPANSION ON THE
AQUATIC ENVIRONMENT OF ESTUARINE AREAS
G.R. SNYDER, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

The Lower Columbia River and its estuary plays a critical
role in the life cycle of anadromous salmonids. Each year millions
of young fish move downstream from native rearlt$ areas and ar-
tificial propagation facilities. These fish all pass v,,.A1 tgh the lower

river and estuary where they undergo physiological transforma-
tions in preparation fo: their movement from fresh to salt water.
The estuary also is an important nursery area and the transition
zone for marine species of fish.

Industrial expansion in this area by the thermal electric
power, aluminum, and pulp and paper industries can drastically
modify the environment. Forecasts indicate that over 2000 MW.
of electricity (pr tsibly 4000MVV.) could be produced in the
Columbia estuary by 1985. The effects of waste heat discharged
from these plants could be detrimental to the overall aquatic
ecology and specifically to the production of commercial species
of fish. Limnological studies are planned to determine the existing
ecology at sites known to have potential for industrial expansion.
The effects of increases in water temperature on aquatic organ-
isms at specific sites will be studied. Predictions of physical and
biological changes will be made. The effects of the environmental
changes on fish and on secondary organisms necessary for their
survival and growth will receive initial emphasis.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.1132, A STUDY OF SERIAL CORRELATION IN AN-
NUAL STREAM RUNOFF
T.H. CAMPBELL, Univ. of Washington, School of Engineering,
Seattle, Washington 98122

This research has two primary objectives: (1) To improve ex-
isting stochastic models of annual stream runoff by including the
variability of the serial correlation coefficient, and to apply the
resulting model to methods of studying the probabilities of
periods of drought or of excessive runoff, and (2) To relate the
serial correlation coefficient to physical watershed parameters.

Streams with sufficiently long historic records will be
analyzed for variability of the serial correlation coefficient, which
reflects the carryover effect from a relatively wet or dry year into
the following S ear. Methods for determining this variability will
be evaluated. Methods for studying periods of drought (or of
water excess) will be developed.

Streams in a specific region will be studied to attempt to find
a useful relation bltwecn the serial correlation coefficients and
any gross physical charageristics of the drainage basins.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Washington

2.1133, FAUNAL AND TROPHIC STUDIES OF AN INTER-
TIDAL COMMUNITY
R.T. PAINE, Univ. of Washington, Graduate School, Seattle,
Washington 98122

This is a continued study of the ecology of marine rocky in-
tertidal communities. Since 1963, an intensive effort has been
made to unite knowledge of the natural history, population
bioenergetics, and inter- population interactions into a general
scheme of community organization for Mukkaw Bay on the outer
coast of Washington State. The current proposal seeks both to
continue these studies locally and to extend them to analagous
southern hemisphere communities in New Zealand. Similar
techniques of individual marking and community manipulation
(exclusion, addition, and transplantation) will be followed. The
major goal of the work will be an investigation of the degree to
which the causal processes (especially predation) known to be
important in species distribution and abundance in one communi-
ty can be generalized to other similar ones.

SUPPORTED BY U.S. National Science Foundation

2.1134, LOW-FLOW ANALYSIS, WASHINGTON
STREAMS
F.T. HIDAKA, U.S. Dept. of Interior, Water Resources Division,
Tacoma, Washingson

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Washington.

Purpose - To derive methods of using gaging station records
for projection of low-flow characteristics to miscellaneous
discharge measurement sites.
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Methods - Gaging station records CH be analyzed for low-
flow frequency, flow duration, base flow, and duration hydro-
graph. Correlation techniques will be used to extend short-term
records and miscellaneous discharge measurements to long-term
experience. Parameters such as a variability index based on the
flow duration curve or baseflow curve will be investigated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Washington State Government

2.1135, GROUND-WATER HYDROLOGY AND DEVELOP-
MENT IN EAST-CENTRAL WASHINGTON
J.E. LUZIER, U.S. Dept. of Interior, Water Resources Division,
Tacoma, Washington

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Washington.

Purpose: To determine the hydrologic character of the re-
gional ground-water reservoir and predict its probable response
to development.

Method: An inventory of all large-capacity (deeper) wells
and a representative group of low-capacity (shallower) wells will
be obtained. An extensive network of observation wells will be
established and data collected for two years to determine the
response of ground-water levels to withdraw's. Intensive collec-
tion of data in selected areas will allow preparation of maps show-
ing water level elevations and allow computation of an 'area'
storage coefficient. The disposition of withdrawis will be studied
to appraise return flow and consumptive use in a 'type' area.

SUPPORTED BY U.S. Dept. of Interior Geological Survey
Washington State Government

2.1136, GLACIOLOGICAL RESEARCH
M.F. MEIER, U.S. Dept. of Interior, Water Resources Division,
Tacoma, Washington

Objectives of this project are to obtain significant index data
on climate, mass budget, ice thickness change, and runoff for gla-
cier basins; develop the ability to predict glacier net budgets from
data on glacier variations; determine and explain the distinctive
characteristics of glacier and snow melt-derived streamflow;
derive a reasonable understanding of how specific, predictable
meteorological phenomena determine snow accumulation and
melt in glacier and high mountain environment; and regularly ob-
serve sufficient numbers of glaciers over a large geographic area
to obtain statistically valid mass-mudget, variation, and ad-
vance/retreat information, and to detect unusual happenings such
as sporadic advances and effects of major earthquakes.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1137, HYDROLOGY AND GEOCHEMISTRY OF
CLOSED BASIN LAKES
A.S. VANDENBURGH, U.S. Dept. of Interior, Water Resources
Division, Tacoma, Washington

A study of the hydrologic and hydrochemical characteristics
of a closed lake and its surrounding basin can furnish information
on the mechanisms of salt migration and accumulation, the means
of salt storage and the stability of the stored salt, and the manner
in which a closed- lake system reacts to and records the changes
in climate and the activities of man. Abert and Summer lakes with
their respective tributary basins provide adjacent environments of
hydrologically divergent character ideally suited to an investiga-
tion of the various aspects of salt economy. The hydrologic
character of Abert Lake is highly sensitive to even slight climatic
fluctuation, while at Summer Lake under natural conditions the
seasonal and year-to-year uniformity of spring flow has masked all
but the extremes of climatic change.

The objectives of this project are to evaluate quantitatively
and qualitatively the incoming, outgoing, and stored solutes at the
MO lakes; to study the effect of climatic changes on the amount
and character of solutes within the three realms; and to compare
and relate present hydrochemical conditions to those estimated
for the pluvial period when a single lake occupied both basins.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.1138, RUNOFF STUDIES ON SMALL WATERSHEDS
J.C. BURCHINAL, West Va. University, School of Engineering,
Morgantown, West Virginia 26506

a. To evaluate the factors affecting the peak discharge of
storm runoff. b. To evaluate the factors affecting the volume of
storm surface runoff. c. To study the basic factors affecting the
hydrograph of surface and ground water flow from soil-cover con-
ditions.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
West Virginia University

2.1139, GEOCHEMICAL BEHAVIOR OF IRON AND
MANGANESE IN A RESERVOIR (LAKE LYNN, WEST VIR-
GINIA) FED BY STREAMS CONTAINING ACID MINE
DRAINAGE
R.G. CORBETT, West Va. University, Graduate School, Morgan-
town, West Virginia 26506

Total Program - We proposed to study the geochemical
behavior of iron and manganese in a dynamic system involving
the impoundment of waters polluted by acid mine drainage. The
natural model chosen is Lake Lynn, West Virginia, which has
formed behind a dam constructed in 1929. The quality of water
and abundance of fauna in the reservoir have deteriorated ac-
cording to available data. An understanding of the behavior of
iron and manganese in this environment should benefit many wor-
kers in water resources. The phases of research are ordered such
that the project may progress as long as results appear fruitful.

Phase I - Areal Variation in Iron and Manganese Content of
Sediments of Lake Lynn. From 150-200 samples of sediment
from lake Lynn will be collected and analysed mechanically for
particle size and spectrochemically for iron content and man-
ganese content. Any variations present will suggest the course of
future phases. Concurrently, the literature will be reviewed for in-
formation pertinent to the entire study.

Subsequent researches may involve mineral species in the
sediments chemical stratification and seasonal variation thereof
of iron and manganese in the impounded water and pore water of
the sediment, co- precipitation of other elements with iron and
manganese, and a chemical budget involving influx, precipitation,
and escape at the reservoir outlet of iron and manganese.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
West Virginia University

2.1140, INFLUENCE OF TOPOGRAPHIC FEATURES ON
RAINFALL IN WEST VIRGINIA
W.H. DICKERSON, West Va. University, School of Agriculture,
Morgantown, West Virginia 26506

Rainfall patterns over the State will be examined in the light
of topographic influences (such as, for example, elevation, expo-
sure, rise). Various parameters which are believed to be of im-
portance in determining the rainfall patterns will be selected and
a numerical value assigned to each. The parameters will be used
in a computer program for deriving multiple regression etrations
and testing the significance of the terms. In this manner, the
original parameters will be eliminated to those which prove to
have significance in establishing rainfall patterns. The end result
will be an equation or equations that will estimate the rainfall
amounts or rates for any locality, based on topographic condi-
tions at the site. Such estimates will provide the basis for the con-
struction of improved isohyetal maps, the isolines of which
now poorly defined for rather extensive areas of the State as a
result of the absence of long time observations on precipitation.
These procedures can be expected to be of the most significance
for determining rainfall conditions in the more mountainous and
inaccessible areas which are largely occupied by forests.

1-191



2. WATER CYCLE
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

West Virginia University

2.11141, PRECIPITATION INTENSITY-FREQUENCY
RELATIONSHIPS FOR WEST VIRGINIA
W.H. DICKERSON, West Va. University, School of Agriculture,
Morgantown, West Virginia 26506

The work is concerned with the development of rainfall-
frequency data for use in the design of sing hydraulic structures.
Hourly and daily rainfall occurrence will be analyzed by digital-
computer programs designed to: (1) establish rainfall intensity-
frequency relationships, (2) determine seasonal influences, (3)
delineate geographical variations over the State, and (4) establish
mathematical models for fitting the frequency relationships. This
project will make use of data from intermountain stations within
the State, extensive data for which are now available for the first
time through the cooperation of the Weather Bureau ESSA, and
the West Virginia Agricultural Experiment Station.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
West Virginia University

2.1142, AGRICULTURAL CLIMATOLOGY OF WEST
VIRGINiA
W.H. DICKERSON, West Va. University, Agricultural Experi-
ment Sta. , Morgantown, West Virginia 26506

1. To develop methods of analyses and utilization of cli-
matological data of the Northeast, 2. to determine by phenologi-
cal techniques the response of selected plant species to changes in
climatic variables, and 3. to ascertain the influence of climatic
variables on the growth and development of economically impor-
tant plant species.

The work in West Virginia will be primarily concerned with
statistical studies of the historical weather data, also with working
toward the establishment of a network of agricultural weather sta-
tions and with efforts to develop new methods of estimating the
climate of farms or orchards from data of nearby weather sta-
tions. Phenological studies using the Persian lilac will be
established. Exploration of the interrelationships of such variables
as insolation, temperature in soil, air, and plants, as well as studies
of the dynamics of frosts will be undertaken.

SUPPORTED BY U.S. Dept. of Agriculture
West Virginia State Government

2.1143, LABORATORY AND FIELD STUDIES OF FROST
HEAVING
C.F. ENGLE, West Va. University, Agricultural Experiment Sta. ,

Morgantown, West Virginia 26506
To relate the physical and mineralogical properties of soils to

the extent and severity of heaving; study the relationship between
fertility and management practices and the extent of heaving
damage to alfalfa; study ice lens formation as affected by physical
properties and moisture content of soils.

Measurements of freezing depth, moisture content in and
below frozen soil and temperature will be taken in the field on two
soils. The data will be related to theoretical equations found in the
literature for predicing depth of frost penetration. The relation-
ship between management and fertility practices to alfalfa heav-
ing will be studied statistically. Management practices will consist
of three cuttings of alfalfa by September 1 plus the following: no
further harvest; harvest October 15; cut on October 15 and
clippings left on as mulch. Fertility practices will consist of
minimum maintenance surface fertilization in conjunction with
deep fertilization with LPK in various combinations. Measure-
ments will be taken on stand, rooting depth and habit, yield, and
amount of heaving. Ice lens formation will be studied in a cold
room. Major emphasis will be placed on the relationship between
soil density and soil layer arrangement on the rate of water move-
ment to the freezing zone and to critical soil moisture contents for
maximum soil heaving.

SUPPORTED BY U.S. Dept. of Agriculture
West Virginia State Government

2.1144, MILWAUKEE Pr /ER WATERSHED LAKE
VEGETATION SURVEY
S.J. KLEINERT, State Dept. of Nat. Resources, Madison, Wiscon-
sin 53701

An aquatic plant survey was conducted between June 10 and
August 30 on the lakes within the Milwaukee River watershed.
This was both a quantitative and qualitative study of the present
plant communities. Attention was given to the distribution pat-
terns, abundance, and the effect man's activity may play in alter-
ing these communities. This survey was also intended to establish
a record for future studies. The objectives were determined from
data obtained by random sampling of the plant communities
within each lake. With the aid of aerial photographs and contour
maps the vegetation areas were located and recorded. Twenty-
three alkes and several Milwaukee River backwater areas were
surveyed. Nine of the lakes were resurveyed, at the end of August,
to determine changes in dominance and abundance.

SUPPORTED BY Wisconsin State Government

2.1145, AN ANALYSIS OF WETLANDS VALUES
S.J. KLEINERT, State Dept. of Nat. Resources, Madison, Wiscon-
sin 53701

To review and summarize existing information on wetlands
and to evaluate their present and potential importance to man
from a broad ecological standpoint. As one facet of the evalua-
tion, a determination will be made of wetlands value in tams of
dollars and other quantitative units. Intrinsic values of wetlands,
such as scenic beauty and scientific utility will be reviewed, as will
the work they may perform such as storing water and contributing
to ground water recharge. Hazards to occupancy and develop-
ment also will be reviewed in terms of replacement value, that is,
cost of duplicating the facilities of the developed wetland at a fu-
ture time.

SUPPORTED BY Wisconsin State Government

2.1146, WATER RESOURCES OF CENTRAL WISCONSIN,
A WATER-POOR AREA
E.A. BELL, U.S. Dept. of Interior, Water Resources Division,
Madison, Wisconsin

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Wisconsin.

Purpose: To determine the distribution and character of gla-
cial deposits in buried bedrock valleys in the area and make a
preliminary appraisal of the potential of artificial recharge to in-
crease water availability in heavily pumped areas.

Methods: Available test drilling results and well log will be
assembled and used to plan refraction, seismic, and test drilling
programs to delineate buried bedrock valleys which contain satu-
rated sand and grave', deposits. Water samples will be analyzed.
Observation wells will be installed to determine water-level varia-
tions in areas presently unaffected by pumping. Aquifer tests may
be performed using municipal wells tapping the sand and gravel
aquifer.

SUPPORTED BY U.S. Dept. of interior Geological Survey
Wisconsin State Government

2.1147, LOW-FLOW STUDY - WISCONSIN
W.A. GEBERT, U.S. Dept. of Interior, Water Resources Division,
Madison, Wisconsin

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geological Survey in coopera-
tion with the State of Wisconsin.

Purpose: To analyze stream flow data and determine low-
flow characteristics of streams in Wisconsin which will provide a
basis for consideration of diversion requests.

Methods: Daily discharge records for gaging stations on un-
regulated streams have been processed by Datatron and the flow
data are now in a readily usable form. A network of about 300
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low-flow, partial-record sites has been established on small
streams. Baseeflow measurements will be made in each of the five
sub-areas of the State for areal studies of base flow.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Wisconsin State Government

2.1148, HYDROLOGIC EFFECTS OF SMALL RESER-
VOIR ON NEDERLO CREEK, WISCONSIN
J.H. GREEN, U.S. Dept. of Interior, Water Resources Division,
Madison, Wisconsin

Purpose - To provide hydrologic data necessary to answer
questions regarding the effect of small reservoirs on streams in
southwestern Wisconsin.

Methods - Ground-water divides and overland runoff divides
will be located for the hydrologic basin that contributes water to
Nederlo Creek. The hydrologic system will be defined by collect-
ing data on precipitation, temperature, soil moisture, ground-
water levels, aquifer characteristics, spring flow, streamflow and
stage, water quality and temperature, reservoir stage and
suspendell sediment. Seepage runs on the stream, altitude sur-
veys, and ground-water flow network studies will be made. All
phases of the hydrologic cycle except evapotranspiration will be
measured. Evapotranspiration in the basin will be estimated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Wisconsin State Government

2.1149, WATER RESOURCES OF THE LOWER WISCON-
SIN RIVER VALLEY, WISCONSIN
L.J. HAMILTON, U.S, Dept. of Interior, Water Resources Divi-
sion, Madison, Wisconsin

Purpose: To provide guidelines for long-range planning of
the water-resources development of the lower Wisconsin River
valley.

Methods: The quantity, quality, and availability of water in
the valley will be determined to define the hydrologic system. The
operation of the system under present conditions, the changes
that will occur in the system as the water resources are developed,
and the limitations of future water-supply development will be
described.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Wisconsin State Government

2.1150, HYDROLOGY OF A WETLAND AREA IN THE
YELLOW RIVER BASIN, WISCONSIN
L.J. HAMILTON, U.S. Dept. of Interior, Water Resources Divi-
sion, Madison, Wisconsin

Purpose - To provide detailed information on the hydrology
of a wetland area, availability of water for development, and ef-
fects of development on the hydrologic system.

Methods - The available data on climate, soils, geology,
streamflow, ground water, and water quality will be ollected and
analyzed. Field investigations will be conducted to determine the
recharge, movement, discharge, water quality, and hydraulic pro-
perties of the aquifers. Inflow, outflow, storage and quality of
water in the bogs will be determined.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Wisconsin State Government

2.1151, WATER REOURCES OF SOUTHEASTERN
WISCONSIN - RACINE AND KENOSHA COUNTIES
R.D. HUTCHINSON, U.S. Dept. o' Interior, Water Resources
Division, Madison, Wisconsin

This research is part of the program of water resources in-
vestigation conducted by the U. S. Geological Survey in coopera-
tion with the State of Wisconsin.

Purpose - To determine the quantity and quality of the
ground water resources available for the expanding population
and increasing industrialization in southeastern Wisconsin.

Methods - Daily and periodic water-level measurements will
be made to supplement current records and gages to record
pumpage will be installed on selected wells, Hydrographs of wells

2. WATER CYCLE

will be used to determine the effects of recharge and discharge.
Areas of recharge and discharge and the direction of ground-
water movement will be determined. Quality of water data will be
correlated with geologic information to map the geographic and
stratigraphic distribution of chemical constituents that occur in
critical quantities.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Wisconsin State Government

2.1152, WATER RESOURCES OF SOUTHEASTERN
WISCONSIN MILWAUKEE RIVER BASIN
R.D. HUTCHINSON, U.S. Dept. of Interior, Water Resources
Division, Madison, Wisconsin

Purpose: To determine the quanti y and quality of water
available for use in the Milwaukee River basin in southeastern
Wisconsin and determine man's effect on this supply.

Methods: Available information on streamflow, lake stages,
ground- water levels, pumpage, climate, water use, geology, and
quality of water will be compiled and additional data will be col-
lected to determine the quantity and quality of water available for
man's use. Seepage measurements will be made and a ground-
water flow map prepared to determine the interrelationship of
ground to surface water. Man's effect on the water supply will be
determined by relating water use to the piezometric surface,
water quality, and surface-and ground-water conditions and by
projecting anticipated water use to a definite future date and illus-
trating effects of alternate water-use possibilities.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Wisconsin State Government

2.1153, PLANT-AVAILABLE PHOSPHORUS STATUS OF
LAKES
D.E. ARMSTRONG, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin

The proposed research plan involves evaluation of the role of
phosphorus in eutrophication through an understanding of the
factors controlling the amount of phosphorus available to algae
and higher plants in lake waters. The approach will be as follows:
I. Standardize methods for the fractionation and quantitative
determination of the major forms of phosphorus in lakes, includ-
ing soluble inorganic, soluble organic, microbial algal and higher
plant and sediment phosphorus. Forms of organic phosphorus and
the total organic and inorganic phosphorus in the seston and sedi-
ments will also be investigated. 2. Determination of the relative
rates of fixation of plant-available phosphorus in lake waters by
microorganisms, sediments and higher plants as affected by en-
vironmental conditions, employing 32Plabeled phosphorus com-
pounds. 3. Establish relationships between the forms and amounts
of fixed phosphorus in lakes and the actual and potential amounts
of phosphorus available for aquatic plpnt uptake.

Experiments will involve simulated lake environments in the
laboratory and analyses of samples taken from lakes at different
stages of eutrophication.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

2.1154, SIMULTANEOUS RADIATION, CONVECTION
AND CONDUCTION IN A TRANSPIRATION PROCESS
W.A. BECKMAN, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin

Recent investigations concerning a fluid flowing normal to a
porous bed with energy transfer by simultaneous radiation, con-
vection and conduction have neglected the temperature dif-
ference between the fluid and the bed. For a large rap, f the in-
dependent parameters which describe transpiration Jtems, this
assumption can lead to significant errors. It is proposed to analyti-
cally determine the temperature distributions in both the fluid
and bed. From this information, engineering design data such as
the maximum fluid and bed temperatures, the net radiant flux
leaving the porous bed and the cooling (or heating) effectiveness
will be obtained.
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SUPPORTED BY U.S. National Science Foundation

2.1155, SIMULATION MODEL FOR THE STUDY OF THE
HYDROLOGY OF THE WISCONSIN RIVER
I.K. FOX, Univ. of Wisconsin, Water Resources Center, Madison,
Wisconsin

The objective of this study is to develope a simulation me lei
dealing with the hydrology of the Wisconsin River system. The
model is to be designed to estimate by the use of an electronic
computer the stream flow characteristics at any desired location
in the basin under different hydrologic conditions and alternative
reservoir operation practices. This model is to have three main
characteristics, namely (1) the capability ;or providing a natural
simulated hydrology for the main stem and major tributaries, CO
the capability of simulating the operation of the present reservoir
system and proposed additional reservoirs, (3) the capability of
estimating flow characteristics for desired time scales such as a
day or a month, (4) the capability of assimilating specific B.O.D.
loadings at various points in the Wisconsin River system.

By the use of hydrologic data for the Wisconsin River Basin a
model is to DC devised to simulate stream flows and reservoir
functions.

SUPPORTED BY Wisconsin State Government

2.1156, THE RELATION OF ENVIRONMENT CONDI-
TIONS TO THE WATER POTENTIAL OF PLANT LEAVES
W.R. GARDNER, Univ. of Wisconsin, Agricultural Experiment
Sta. , Madison, Wisconsin

Water is an important factor in the plant environment. An
adequate description of the relation of plants to their environ-
ment must take into account the dynamics of water transport,
through the plant, from the soil to the atmosphere.

The objective of this project is to obtain a better understand-
ing of this transport process in order to develop a quantitative
description which will satisfactorily relate the water potential of
plant leaves to the soil water potential and to appropriate at-
mospheric variables.

The procedure will be to conduct experiments on suitable
plants both in controlled environments such as growth chambers,
and in the field. The water potential in the soil profile, and in the
plant will be monitered. Atmospheric factors will be controlled or
measure 1.

SUPPORTED BY U.S. Dept. of Agriculture
Wisconsin State Government

2.1157, WATERSHED WATER BUDGET
W.R. GARDNER, Univ. of Wisconsin, Agricultural Experiment
Sta. , Madison, Wisconsin

The relation between the rainfall on a watershed and the ru-
noff from it is a fundamental problem in hydrology. The present
practice of treating interrelationship between the various com-
ponents of the water budget empirically is a barrier to further
progress in solving this problem. It is the objective of this project
to develop relations between the surface and subsurface com-
ponents based upon the processes involved.

The procedure will be to instrument a small agricultural
watershed so that the rainfall, runoff, evapotranspiration, soil
water content, and deep percolation can be monitored continu-
ously. The field data will be supplemented by model studies of
idealized watersheds and mathematical solutions of relevant
water transport problems. Present mathematical theories will be
tested and improved where possible.

SUPPORTED BY Wisconsin State Government

2.1158, EFFECT OF METABOLIC ANTITRANSPIRANTS
ON INTERNAL WATER BALANCE, GROWTH AND SUR-
VIVAL OF OUTPLANTED TREES
T.L. KOZLOWSKI, Univ. of Wisconsin, Agricultural Experiment
Sta. , Madison, Wisconsin

(1) To characterize the degree of water stress developed in
outplanted trees, (2) to determine effects of metabolic antitrans-
pirants on internal water balance, stomatal closure, e.nd root
permeability of tree seedlings, (3) to determine effects of
metabolic antitranspirants on growth and survival of outplanted
nursery stock.

DESCRIPTION OF WORK PROPOSED: Water stress will
be determined as leaf water potential or relative turgidity and as
leaf and stem shrinkage in both gymnosperm and angiosperm
seedlings. After treatment with metabolic antitranspirants water
absorption will be determined with potometers. Transpiration will
be determined microscopically on silicone rubber leaf impres-
sions. Effects on root permeabiligy will be determined as amount
of water moved through roots per unit time under constant suc-
tion before and after treatment. Growth and survival of treated,
outplanted trees will be studied in nursery and field plots.

SUPPORTED BY U.S. Dept. of Agriculture

2.1159, UNSTEADY FLOW OF GROUNDWATER..
DISPERSION AND SALT WATER INTRUSION IN NON-
HOMOGENEOUS MEDIA
P.L. MONKMEYER, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin

In the study of dispersion in non-homogeneous porous
media, a general solution for the distribution of a contaminant in
one dimensional flow through a layered or continuously graded
media has been obtained. For two and three layer systems, the
solution has compared very well with experimental data. The
solution can be adapted to non-uniform flows. Currently, addi-
tional experiments are being carried out to verify the theoretical
model.

Subsequently, the work will be extended to salt water intru-
sion in non-homogeneous, coastal aquifers. This investigation will
involve analytical and experimental models of the instantaneous
and quasi steady salinity and velocity distributions in confined,
layered aquifers. The influences of disperson and pumping and
recharging wells will be considered.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

2.1160, SOIL EROSION PROBLEMS IN WISCONSIN
A.E. PETERSON, Univ. of Wisconsin, Agricultural Experiment
Sta. , Madison, Wisconsin

Objectives: To develop and determine effectiveness of vari-
ous methods of controlling water runoff and soil erosion on rela-
tively large fields with moderate slopes. Forage crop and pasture
studies and their effect on soil and water yield from watersheds.

Description of Work: New tillage practices in combination
with herbicides and fertilizers have changed crop production
practices drastically. Studies will be initiated and expanded to in-
clude:

1. Minimum soil tillage methods combined with herbicides in
growing, rotational or continuous corn, 2. Development of more
effective methods of pasture improvement including both
mechanical and chemical renovation, each alone and in combina-
tion. 3. Maintenance of legume stands and yields as affected by
different cropping, fertility and tillage systems. 4. Use of new field
test equipment, particularly the 'inflltrometer', to appraise effects
of soil and crop practices by applying water in simulated rainfall.
5. Surface evaporation and rates of water use by crops.

SUPPORTED BY Wisconsin State Government

2.1161, INVESTIGATION OF THE CIRCULATION OF
LAKE SUPERIOR
R.A. RAGOTZK1E, Univ. of Wisconsin, Graduate School, Madis-
on, Wisconsin

The overall goal is to describe and explain the general circu-
lation of Lake Superior throughout the year. Studies have
revealed that there are persistent cold cells in Superior, at least
until early August, and a narrow and relatively fast surface cur-
rent flowing northeast along the Keweenaw Peninsula.
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G rad iem, currents calculated from temperature cross-sec-
tions in the nearshore region north of the Keweenaw Peninsula in-
dicate currents velocities excess of 1 knot flowing in a northeast-
ward direction. Current measurements from buoys confirm these
calculated currents. Ths boundary current flows from mid-June
until at least early September.

Theorectical studies have shown that for a stratified fluid in
an enclosed basin the size of Lake Superior, the natural free mode
of circulation includes high velocity boundary currents in a
cyclonic direction. These may also occur in Lakes Huron and On-
tario.

Circulation studies in a rotating laboratory model of Lake
Superior also suggest this circulation in the epilimnion. Further
analysis of field observations and laboratory experiments is con-
tinuing. Additional airborne infrared temperature mapping and in
situ current measurements are planned.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of Wisconsin

2,1162, ECOLOGY OF CLOSTRIDIUM BOTULINUM
TYPE E IN GREEN itlAY
H. SUG IY AM A , Univ. of Wisconsin, Graduate School, Madison,
Wisconsin

The presence of Clostridium botulinum type E in and on the
fish of the Great Lakes constitutes a botulism hazard. The organ-
ism is particularly prevalent in Green Bay, not only in fish but also
in environmental samples. The very low incidence of type E in the
soil away from the aquatic environment suggests that passive ac-
cumulation of the organisms being carried down from the sur-
rounding land mass is not the only explanation for this distribu-
tion. Attempts will be made to show the multiplication of type B

in the bay itself. Other sources of the organism which contribute
to the maintenance of the type E population in Green Bay will be
studied. Effects of other microflora in limiting the growth of type
E will be investigated. Contributions of industrial wastes and
treated sewage to the growth of type E will be sought. Factors
which prevent the multiplication of the botulinal organism in the
living fish will be studied. Improvements in the procedures for the
detection and isolation of type E from natural samples will be at-
tempted. The relationship between C. botulinum type E and non-
toxigenic `E-likes' will be studied.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. P.FI.S.

2.1163, ESTIMATE OF ACTUAL DAILY EVAPOTRANS-
PIRATION AS A FUNCTION OF SOIL WATERFLOW,
PLANT CANOPY AND POTENTIAL EVAPOTRANSPIRA-
TION
C.B. TANNER, Univ. of Wisconsin, School of Agriculture, Madis-
on, Wisconsin

A thorough effort to combine knowledge of atmospheric
stress, plant characteristics, and soil influence on adsorbed water
into a rational estimate of evapotranspiration.

SUPPORTED BY U.S. Dept. of Commerce E.S.S.A.

2.1164, EVAPORATION MECHANISMS
C.B. TANNER, Univ. of Wisconsin, Agricultural Experiment Sta.
, Madison, Wisconsin

Objectives: 1. Determine the evaporation mechanism and
cause of diurnal evaporation variation at bare soil surfaces when
evaporation is limited primarily by capillary flow to the surface.

2. Determine the vapor diffusion resistances at plant leaves
and in plant canopies and how they depend upon the leaf proper-
ties, canopy structure charazteristics, and the major microen-
vironment properties.

Description: We will measure the vapor diffusion resistances
at the soil surface-atmosphere boundary and determine how this
is affected by thermal stratification, pressure fluctuations of the
turbulent atmosphere and by heat supply. We will follow a similar
approach with leaves, but must also be concerned with stomata
distribution, leaf roughness.

2. WATER CYCLE

SUPPORTED BY U.S. Dept. of Agriculture
Wisconsin State Government

2.1165, THE EFFECT OF HETEROGENEITIES OF THE
SOIL UPON INFILTRATION
G.W. THU RTELL, Univ. of Wisconsin, Agricultural Experiment
Sta. , Madison, Wisconsin

Objectives: To develop a new model to describe infiltration
as effected by soil heterogeneities, by using recent advances in
continuum mechanics of mixtures, and to test the model with data
from the literature and from laboratory and field experiments as
needed.

Description: Current theories and models which describe in-
filtration into either hemogeneous or layered soil, fail when ap-
plied to a soil which contains heterogeneities such as cracks, ag-
gregates, worm holes, roots, pockets of clay.

We propose to apply to the infiltration model recent develop-
ments in continuum mechanics of mixtures used in petroleum en-
gineering to describe the flow of petroleum in cracked rocks.

SUPPORTED BY U.S. Dept. of Agriculture
Wisconsin State Government

2.1166, APPLICATION OF MAGNETOHYDRODYNAMICS
TO MEASUREMENT OF LIQUID VELOCITY AND TURBU-
LENCE

VILLEMONTE, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin

This project deals with studies to determine the feasibility of
applying the basic principles of magnethodrodynamics to the
measurement of turbulence in liquid flow, the measurement of
time-smoothed liquid flow velocities, and the measurement of
eddy diffusion. A three element, two-dimensional probe is being
developed which will permit the observation of two components
of the velocity fluctuations simultaneously and analyze them with
analog techniques in such a way that three Reynolds' stresses can
be calculated. These stresses will be used to check the validity of
the Reynolds, equations for turbulent motion for flow in circular
closed ducts, assuming that the turbulance is isotropic normal to
the flow direction.

A special drogue is being developed to yield a mag-
netohydrodynamic signal which will be used to measure the time-
smoothed local velocity. This device will be used as a current
meter and also as a velocity meter in lakes and oceans as well as in
large pipes.

A one-dimensional probe will be developed for the measure-
ment of turbulent mass transfer. It will be used with the two-
dimensional probe to study the spreading of buoyant jets
discharged into stratified fluids (e.g. jet diffusers in sewage out-
falls) and also the mixing between horizontally moving stratified
layers, such as density currents in lakes, rivers, and estuaries.

As a result of the objectives of this program, it is hoped that a
more detailed understanding of the mechanism of turbulence and
its analysis will lead to useful solutions of a wider variety of
problems involving turbulent motion in many areas of water
resources engineering.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

2.1167, RELATION OF SILVICULTURAL CUTTINGS TO
SOILS
S.A. WILDE, Univ. of Wisconsin, Agricultural Experiment Sta. ,
Madison, Wisconsin

Partial cuttings remove the unwanted members of the stand,
stimulate the diameter growth of trees and permit production of
merchantable timber in a shorter period. However, partial
cuttings conducted without regard to site and soil conditions, may
cause invasion of weeds, depletion of soil water, a loss of nutrients
through leaching or biological fixation, compaction of soil sur-
face, soil waterlogging, increased run-off, and a rise of water ta-
ble. This study records the growth of trees and changes of en-
vironmental factors resulting from partial cuttings of different in-
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tensities. Investigated stands of jack, red and white pine, black
spruce and hemlock--yellow birch, are located in 5 counties of
northern, central and southern Wisconsin.

SUPPORTED BY Wisconsin State Government

2.1168, PARTIAL CUTTINGS OF FOREST PLANTA-
TIONS, INCLUDING EFFECT OF GROUND VEGETATION
ON SUPPLY OF SOIL MOISTURE
S.A. WILDE, Univ. of Wisconsin, School of Agriculture, Madison,
Wisconsin

Plots have been established on soil supporting a 30 year red
pine plantation with a heavy cover of ground vegetation, Addi-
tional plots established on open areas with same soil type and
similar ground vegetation. Ground cover and litter was removed
by hoeing on one of the duplicate plots - the other left underlied.

The test areas will be thinned and measurements made of the
available moisture supply. Effects of competing weeds on watersupply to be determined. Project started 1965 - Completion 1968.
SUPPORTED BY Wisconsin State Government

University of Wisconsin

2.1169, SEDIMENTARY FACIES IN LAKE BUTTE DES
MORTS, WISCONSIN
J.W, MCKEE, Wisc. State University, Graduate School, Oshlcosh,
Wisconsin 54902

Lake Butte des Morts is a shallow, highly eutrophic lake
which is undergoing rapid changes--some natural, sorn,- caused by
man. Because of the importance of this and adjoining lakes to the
large number of people who live nearby, management programs
are desirable. But many of these should not be attempted until a
greater understanding of physical processes in this lake is at-
tained.

Toward this end a series of studies is being planned. This
study (the first of the series) will result in a description of the
present distribution of sediment types in Lake Butte des Morts.
Samples will be taken from short cores, then subjected to stan-
dard laboratory procedures for determination of composition and
of grain size mineral sediments. Isopleth maps will be constructed
to show: 1. Proporation of organic matter or of mineral matter. 2.
Mean grain size of sands. 3. Sorting.

A bathymetric chart will be constructed for comparison with
previous data in order that the filling rate may be estimated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Wisconsin State University

2.1170, MICROCLIMATIC FACTORS FOR FOUR PLANT
COMMUNITIES ON ELK MOUNTAIN
T.L, LOUDON, Univ. of Wyoming, Agricultural Experiment Sta.
, Laramie, Wyoming 82071

Objectives: To study the effect of sagebrush control on (1)
moisture retention and depletion in the soil, (2) the total energybalance over the plant canopy, and (3) stands and production of
native forage and weedy species, and to describe and map various
plant communities at four different elevations on the Northwest
exposure of Elk Mounnzin and to relate them to certain hydrolog-
ic parameters within these plant communities.

Description of work: Periodic measurements of soil moisture
will be taken with a neutron probe at 3 locations in each of 5
replicated plots in unsprayed and sprayed sagebrush. Periodic
data on solar radiation, net radiation, reflected short wave radia-
tion and soil heat flow will be measured and a vertical energy
balance will be made. The major plant communities at four eleva-
tions on Elk Mountain will be determined and mapped and corre-
lated with measured precipitation, air and soil temperature, wind
velocity, soil moisture and snow accumulation at the four sites at
different elevations.

SUPPORTED BY Wyoming State Government

2.1171, MINERAL NUTRITION AND PLANT GENETIC
VARIABILITY
M. SAR1C, Fed. Inst. For Int. Tec, Coop. , Belgrade, Yugoslavia

Object: To study the effect of mineral nutrition and the
genetic variation of plant species on transpiration and the forms
of water found in plants and the relation of mineral nutrition andwater levels to plant growth.

Plan of work: Transpiration, water-forms in the plant, and
plant growth will be evaluated under controlled conditions and
different moisture and plant nutrient levels on a number ofgeno-
types of wheat. Transpiration will be measured by direct loss of
weight procedures and reported as water loss per unit of leaf area.Free and bound water will be measured by placing leaves in a
sugar solution and determining the concentration of the sugar inthe solutions with a refractometer before and after immersion ofthe leaves. Dry matter, gain on a weight basis will be used as an
index of growth. Chemical composition of plants and soil will be
made using standard analytical methods. Histological studies to
determine the number and size of leaf stomata will be made.

SUPPORTED BY U.S. Dept. of Agriculture

3. WATER SUPPLY AUGMENTATION AND
CONSERVATION

Saline Water Conversion; Water Yield Improvement; Use of
Water oflmpaired Quality; Conservation in Domestic Use; Con-servation inlndustry; Conservation in Agriculture.

3.0001, SOYBEAN YIELD AND QUALITY AS AFFECTED
BY CLIMATIC, CULTURAL AND SOIL FACTORS
D.1. THURLOW, Auburn University, Agricultural ExperimentSta. , Auburn, Alabama 36830

Objectives: (1) To determine effects of environmental condi-tions (Soil moisture stress, temperature, daylength) and weed
competition on soybean yield and quality, and to relate these eff-
fects to long term climatic data by regions in Alabama in predict-
ing crop performance. (2) To determine influence of cultural fac-tors on soybeans, including plant population and irrigation for
double cropping and full-season plantings, and use of selected
growth regulators. (3) To determine influence of certain soil fac-
tors on soybeans, including fertility levels, placement of fertilizers
and lime in subsoils in mulch planting, and traffic pan disruption;and to obtain soil productivity indices.

Description of Work: Investigate moisture stress at different
stages of growth and microclimate in growth chambers and relate
long- term climate records to crop peroormance by regions of theState. Field studies on weed competition for moisture, growthregulators and plant populations in double cropping and full-
season plantings. Investigate feasibility of irrigation for double
cropping of soyheans with other crops. Calibrate soil tests by crop
response on wide range of fertility levels. Vary placement of fer-
tilizer and lime in subsoils for mulch planting, and study effects of
traffic pan disruption. Conduct maximum yield tests for produc
tivity indices.

SUPPORTED BY U.S. Dept. of Agriculture
Alabama State Government

3.0002, DEVELOPMENT OF ADVANCED TRANSPORT
DEPLETION PROCESSES
E.W. LANG, Southern Research Institute, Birmingham, Alabama

The most recent tasks of this contract are for the purpose of
comparing the performance of transport depletion with electrodi-
alysis on natural brackish waters through operation of the second-
generation bench-scale demineralizer and a commercial elec-
trodialvsis small pilot plant unit. The 'hest ion selective mem-branes will be selected to use in this evaluation. The three phasesof work in the contract are: operation of the HV-B stack; opera-tion of the small pilot plant unit on natural brackish waters, andanalysis of the results.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0003, DEMINERALIZATION BY FORCED-FLOW ELEC.
TRO-DESALINATION
E.W. LANG, Southern Research Institute, Birmingham, Alabama
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We will continue the develooment of the forced-flow elec-
tromembrane process in which solution is demineralized in very
thin compartments (5 to 20 mils) formed by cation- and anion-
selective membranes. Bench- scale units that utilize multimem-
brane stacks with compartment dimensions of 5 x 12 inches and
about 18 x 20 inches will be t,sed in developing the process to the
point it will be ready for evaluation on a pilot-plant scale. The
major effort will be on development of d. signs for forced-flow
compartments and stacks that will permit realization of the
economic advantages provided by the high limiting current densi-
ty of the process.

Studies will be made of the effects of design and operating
variables on demineralization performance. We expect to develop
empirical expressions by statistical analysis of the results that will
permit prediction of the performances of forced-flow demineral-
izers when operated under a wide range of conditions.

We will develop and evaluate promising design concepts and
select the designs and leve;s of operating parameters that give
lowest fixed and operating costs. Demineralization runs will be
made with a number of different synthetic brackish waters and a
wide range of operating conditions to more fully evaluate designs
and performance.

Economic analyses of the process will be made as experimen-
tal data becomes available, and preliminary cost estimates for a
fun-scale plant will be prepared. Plans will be presented for a
pilot-plant evaluation program.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.b304, INVESTIGATION OF WATER SUPPLY
PROBLEMS IN ARCTIC AND SUB-ARCTIC AREAS
J.B. COHEN, U.S. Dept. of Hlth. Ed. & Wel. , P.H.S. Artie Health
Res. Lab. , College, Alaska 99701

This project is designed to identify and solve problems of
water supply and storage in Arctic and sub-Arctic communities.
The project includes studies of storage distribution and treatment
of surface and groundwaters. Current treatment approaches are
considering the utilization of hydrocyclones to remove iron from
water supplies. (This project was started in 1954, and is continu-
ing.) Studies of the design and operation of water storage tanks
are also in progress.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

3.0005, SPREADING TREATED SEWAGE FOR GROUND-
WATER RECHALGE
H. SHIPLEY, Phoenix City Government, Phoenix, Arizona 85003

This project is to determine the feasibility of groundwater
recharge by spreading treated sewage as part of future programs
for waster water utilization, and to collect information for op-
timum design, management, and operation of spreading basins. A
pilot project will be installed in the Salt River bed West of
Phoenix. Effluent from a new activated-sludge plant will be
pumped to the site and inflow and outflow for each test area will
be recorded and observation wells will be installed. Studies will
include loading rates, quality aspects in the percolation zone, etc.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl
Phoenix City Government - Arizona

3.0006, PRINCIPLES, FACILITIES, AND SYSTEMS FOR
WATER HARVEST
L.E. MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

Objective: Develop and evaluate principles, methods, materi-
als, and design criteria for collecting and storing precipitation for
agricultural and rural water supplies.

Plan of Work: Develop mathematical and physical models,
including rainfall simulation, to determine the influence of
catchment size, shape, roughness, permeability and location on
precipitation runoff. Test laboratory developments, new con-
struction materials, and catchment and storage designs with field
installations with cost methods and materials.

SUPPORTED BY U.S. Dept. of Agriculture

3.0007, GROUND WATER IN RELATION TO USE AND
MANAGEMENT Or RANGELAND WATERSHEDS IN THE
SOUTHWEST
R.B. HICKOK, U.S. Dept. of Agriculture, Tucson, Arizona

Objective: Develop methods for predicting ground water
recharge from runoff transmission losses, for reducing non-
beneficial consumption of such water detained in valley alluvi-
ums, and for evaluating potentials for local water supplies from
runoff transmission losses geologically excluded from a regioral
aquifer.

Plan of Work: Maintain observations of ground water levels
in and adjacent to experimental watersheds as related to storm
flows and evaporation from dry channel surfaces and transporta-
tion of riparian vegetation, determine hydraulic character of
aquifers and estimate ground water storage changes and subsur-
face flows affecting the *Dtal water budget.

SUPPORTED BY U.S. Dept. of Agriculture

3.0008, VEGETATION MANIPULATION EFFECTS ON
RUNOFF - SYCAMORE CREEK, ARIZ
H.W. HJALMARSON, U.S. Dept. of Interior, Water Resources
Division, Tucson, Arizona

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local age.lcies in Arizona.

Purpose - To evaluate the effects of watershed treatment
upon water-yield and sediment-yield characteristics of the East
Fork Sycamore Creek watershed.

Methods - Runoff from the East Fork Sycamore Creek
watershed where it is proposed to eradicate some of the vegeta-
tion will be determined and compared with the runoff from two
adjacent watersheds of approximately equal size which will not be
treated.

A rain gage network of about !0 recording and 6 nonrecord-
ing gages will be established along the rims of the watersheds and
at various altitudes within each watershed.

Data from the watersheds will be collected before and after
treatment of the East Fork Sycamore Creek to allow computation
of total sediment loads and also to determine the particle -size dis-
tribution of the fluvial sediment.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Arizona State Government

3.0009, HYDROLOGIC EFFECT OF VEGETATION
MODIFICATION
R.M. MYRICK, 1.1.S. Dept. of Imerior, Water Resources Division,
Tucson, Arizona

The intense and increasing demand for water in the Salt
River basin indicates the need for developing all possible sources.
Substitution of short rooted grasses for deep rooted trees has been
proposed as a method of increasing water yield.

The purpose is to evaluate the change in water yield
produced by the proposed vegetation modification and to develop
a more comprehensive understanding of the function of vegeta-
tion within the hydrologic regime under semiarid conditions.

Data are collected on two adjacent basins in Arizona; one
basin will be cleared after a satisfactory calibration for the digital
computer model has been obtained. The second basin will remain
unaltered and used to improve the model and test the accuracy of
the hydrologic equation that has been established. If further in-
vestigations are warranted the second basin will be cleared at a
later date.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

3.0010, GENETIC AND CYTOGENIC STUDIES OF HOR-
TICULTURAL CROPS-BREEDING XEROPHYTIC CUCUR-
BITA
W.P. BEMIS, Univ. of Arizona, School of Agriculture, Tucson,
Arizona 85721
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Six xerophytic species of Cucurbita (C. digitata, C. cylin-
drata, C. palmata and C. foetidissima) indigenous to southwestern
United States and northwestern Mexico are being studied from
the viewpoint of (1) their intrinsic properties as associated with
arid environments, (2) their interspecific relationships within the
xerophytic group and (3) their interspecific relationship with cul-
tivated mesophytic species.

A permanent colony of the xerophytic species is being
developed on a marginal (sandy) soil area at the Campbell
Avenue Farm of the University of Arizona, Tucson. The purpose
of this planting is to observe the mode and rate of colony
establishment, proliferation and longevity under minimal water
applications.

Preliminary data on species relationships indicate the
xerophytic comples, with the exception of C. foetidissima, to be
variants within a common species.

Interspecific crosses to cultivated mesophytic species have
resulted in sterile F1 hybrids. Progress is proceeding toward the
dzvelopment of amphidiploids in these sterile hybrids as a means
of restoring fertility.

SUPPORTED BY University of Arizona

3.0011, SPRINKLER IRRIGATICN OF COTTON WITH
HIGH SALT-CONTENT WATER
C.D. BUSCH, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objectives: To determine if cotton can be sucessfully ir-
rigated with highly saline water under the conditions of the Upper
Gala Valley,

Cotton plots will be sprinkler irrigated with water in the
range of 4.2 to, 4.6 millimhosicn. Salt accumulation on foliage
and in the surface soil and its effect on plant performance will be
measured. Comparison will be made of salt effects in response to
temperature and humidity at the time of sprinkling, soil surface
geometry and cotton species.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

3.0012, DEVELOPMENT OF ECONOMIC WATER HAR-
VEST SYSTEMS FOR INCREASING WATER SUPPLY
C.B. CLUFF, Univ. of Arizona, Water Resources Research Ctr. ,

Tucson, Arizona 85721
Initial investigations have indicated that gravel covered

membranes and sodium treated soil provide an economical
method for increasing water yields.

For practical application, methods will be developed to lay a
membrane and cover it with gravel extracted from the soil. Gravel
can also be used to provide erosion control for a heavy treatment
of sodium chloride. Considerable emphasis will be made to evalu-
ate the possibility of a lighter rate of application of sodium
chloride to increase water yield without appreciably affecting
plant growth. Thus the plant cover would serve to minimize ero-
sion. The use of fertilizer to offset the reduction in plant growth
will be studied.

The proposed research plan will involve laboratory and field
investigations. Laboratory investigations will be used to deter-
mine effect of various gavels of sodium chloride on the infiltration
rate of distilled water on various range soils in Arizona. These will
be coordinated with infiltration tests in the field using a rainfall
simulator. Field tests will also be made using a sodium treaNtent
with a gravel cover for erosion control. The effects of sodium
chloride treatment on grasses and the use of fertilizer to offset this
effect, will be studied on field plots. Gravel covered membrane
catchments will be installed and evaluated.

A computer model will be developed in an attempt to predict
salt treatment rates and expected water yields.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

3.0013, PREDICTING THE EFFECT OF WATER QUALI-
TY AND GYPSUM ON THE CHEMICAL AND PHYSICAL
PROPERTIES OF SALINE AND ALKALI SOILS
G.R. DUTT, Univ. of Arizona, Agricultural Experiment Sta. , Tuc-
son, Arizona 85721

Objectives: a. To establish basic principles interrelating ca-
tion distribution in irrigation waters, soils and soil solution at the
bottom of the root zone with certain physical properties of the
son. b. To develop a method to calculate the amount of gypsum
and irrigation waters of different qualities to reclaim sodium af-
fected soils.

Procedures: Several soils from Arizona will be tested to see if
there is a reasonable fit between the soils and a mathematical
model which has been developed to calculate distributions of ions
in soil systems. If there is a fit, a computer procedure will be
developed to calculate the amount of gypsum that must be added
to a soil to achieve a desired Ca distribution. This procedure
would consider irrigation waters of different qualities. Also, a
laboratory column study will be initiated to see if the method can
be used for the purpose indicated above. Upon completion of the
column study a field evaluation of the method will be made.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

3.0014, MANAGEMENT OF SALINE WATER FOR CROP
PRODUCTION
W.H. FULLER, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Both surface waters collected and stored behind dams as well
as certain underground waters are becoming increasingly saltier
with time. Such waters must either be managed more carefully if
economic crop production is to be maintained or supplemented
by waters of better quality. In either instance new and more effec-
tive water management principles must be developed to over-
come detrimental effects on crop production associated with
change in water quality.

In the Southwest it is not always possible to obtain new
sources of water of good quality to supplement or replace poor
sources, The exception to this, however, is the South Gila River
valley where Colorado water is now just being introduced. The ef-
fect of this good quality water on the soils that have accumulated
high concentrations of salts, including sodium, is being studied.
Most of the research is designed to avoid any dominance of the
monovalent cations over the divalent cations which would result
in impedance of infiltration and poor internal soil drainage. In
such areas as the upper Gila, Santa Cruz and Pecos Rivers good
quality of waters are being rapidly depleted. Poor quality waters
must be used. Basic principles are being developed in the use of
these waters. Research is centering around water management to
prevent excessive accumulation of salts in the root zone and
maintenance of a favorable balance of divalent over monovalent
cations.

The research is being continued on State funds for which
there has been no project number assigned as yet.

SUPPORTED BY University of Arizona

3.0015, A UNIFIED APPROACH TO WATER, FOOD AND
POWER IN A COASTAL DESERT COMMUNITY
C.N. HODGES, Univ. of Arizona, Inst. of Atmospheric Physics,
Tucson, Arizona 85721

The University of Arizona is developing a combination
system for providing power, water and food. The system is
designed for use, initially at least, in a coastal desert area.

Power is generated by a diesel-electric set. Waste energy
from the diesel engine is utilized to heat seawater for a humidifi-
cation desalination plant. The waste seawater from the desalina-
tion plant is used to provide the temperature and humidity control
for a closed- environment greenhouse. Carbon dioxide from the
diesel engine exhaust is used in the closed greenhouse to ac-
celerate plant growth.
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Various experimental components of the system have been
constructed and tested at the Environmental Research Laboratai
ry, Tucson, Arizona. A pilot facility is being developed at Puerto
Penasco, Sonora, Mexico, in cooperation with the University of
Sonora.

SUPPORTED BY Rockefeller Foundation

3.0016, CORRELATION OF GROUND SUBSIDENCE FEA-
TURES, FOUNDATION FAILURES AND EARTH CRACKS
WITH WATER TABLE DRAWDOWN IN ALLUVIAL BASINS
W.C. LACY, Univ. of Arizona, Graduate School, Tucson, Arizona
85721

Patterns of the areas of foundation failures in the Tucson
Area have been mapped, and features indicative of ancient earth
cracks have been define 1. Data as to the nature of alluvial fill is
being compiled from drillers' logs, foundation excavations, and
surface exposures. Undisturbed samples are being tested to deter-
mine their engineering properties. It is anticipated that it may be
possible to predict zones of differential ground settlement and the
magnitude to be expected. Thus, urban zoning and building codes
can be adjusted in accordance with the problems that are
developing.

Geophysical work being done by the Department of Geology
supplcroents this study.

SUPPORTED BY University of Arizona

3,0017, SEISMIC EVALUATION OF PERMEABILITY OF
FRACTURE ZONES IN ROCK
W.C. LACY, Univ. of Arizona, Graduate School, Tucson, Arizona
85721

In tunnel driving costs increase very rapidly vith the en-
rounter of heavy water flow that is a function of the degree of
fracturing of the rock and the width of these fractures.

Many areas in the Southwest must depend upon water sup-
plies derived from fracture zones in rock. It is likely that these
zones can be located by the use of shallow seismic equipment and
the yield of the zone predicted from velocity data and wave analy-
sis.

No knowledge of parallel work by any other department.

SUPPORTED BY University of Arizona

3.0018, METHODS FOR IMPROVING ROCK PERMEA-
BILITY
W.C. LACY, Univ. of Arizona, Graduate School, Tucson, Arizona
85721

Various methods are being investigated - electrical and ex-
plosive fracturing and hydrofracturing - to induce or to improve
permeability in mineralized rock to permit in place leaching of
metal values.

SUPPORTED BY University of Arizona

3.00'49, OPTIMIZING SALVAGEABLE WATER
RESOURCES IN A SEMI-ARID INLAND BASIN
W.G. MATLOCK, Univ. of Arizona, School of Agriculture, Tuc-
son, Arizona 85721

The purpose of the proposed study is to optimize salvageable
water resources in a semi-arid inland basin.

Salvageable water resources, namely, flood runoff and indus-
trial and municipal waste water, will be characterized, according
to sources, quantity and quality (physical, chemical, and bac-
teriological). Treatment procedures required to make the poten-
tially salvageable water suitable for municipal ( including recrea-
tion) and industrial use will be evaluated.

The hydraulics of natural recharge from sandy ephemeral
stream channels will be studied. Analytiell theories for defining
the growth and dissipation of a ground-water mound will be eval-
uated.

The management alternatives, within the framework of exist-
ing studies, for optimizing and conservation, use and reuse of
salvageable water supplies will be determined and evaluated for
the Tucson Basin,

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res, Rch
University of Arizona

3.0020, PROBABLE EFFECTS ON MARINE ENVIRON-
MENTS OF DISPERSING BRINE EFFLUENTS FROM
L ARGE DESALINATION PLANTS IN THE GULF OF
CALIFORNIA
A.R, MEAD, Univ. of Arizona, Graduate School, Tucson, Arizona
85721

The mission of this project has been: (i) to collate all known
information from the limited literature, official reports, collec-
tions of unpublished data, and current projects both in the United
States and Mexico; (ii) to supplement this information with
selected collections of new data in the Colorado River delta area
to form a basis of extrapolation from more extensive data taken at
Puerto Penasco, San Fil;pe and elsewhere; (iii) to calculate ef-
fluent discharge models based on all available data; (iv) to make
estimations and predictions on the basis of this collected informa-
tion and field experience; (v) to recommend future projects that
will yield basic data required to provide the answers to problems
that must be understood and adequalely allowed for before the lo-
cation and design of the nuclear powered plant can feasibly be
finalized; and (vi) to provide a selected bibliography of the
references which are judged to be the best sources of addit:onai
information pertinent to this study,

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0021, MANIPULATION AN MANAGEMENT OF
SECOND GROWTH PONDEROSA PINE FOR OPTIMUM
YIELDS OF WATER AND/OR WOOD AND FORAGE
P.B. ROWE, Univ. of Arizona, Agricultural Experiment Sta. ,

Tucson, Arizona 85721
Objectives: To determine how much and under what condi-

tior s water, wood and forage yields can be improved by manipu-
lation and/or control of vegetation.

Srecific o'ojectives are: 1. To determine how precipitation is
dist' ibutcd .4.13; Ile interception, infiltration surface runoff,
evaporation, tit? aspiration and effluent soil seepage under condi-
tions of natural, undisturbed vegetation, 2. To determine how
much, in what way, and u-der what conditions of climate, soils,
geology, and topography yields of water, wood and forage can be
modified by manipulation and management of vegetation. 3. To
determine the interrelations among water, wood and forage yields
as modified by vegetation manipalotion.

Work Proposed: This project will be concerned primarily
with quantitative evaluations of basic processes influencing (1)
the factors involved in the disposition of precipitation and (2) the
effects of the physical conditions of the environment, and changes
in these conditions by vegetation, manipula ion, on water yields,
and wood and forage production. Such information should have
direct application to other areas where adequate inventories of
climate, soil, water and vegetation conditions are available.
Methods employed will inchrl analytical field and laboratory
techniques, the former to b ,.ied out on small plots or similar
unit controls.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

3.0022, INVESTIGATIONS ON THE SUBSURFACE
DISPOSAL OF WASTE EFFLUENTS AT INLAND SITES
L.G. WILSON, Univ. of Arizona, Water Resources Research Ctr.
, Tucson, Arizona 85721

Artificial groundwater recharge investigations will be can
ducted to evaluate the applicability of recent theoretical, labora-
tory and field studies on mixing during miscible displacement, to
waste disposal operations in inland alluvial sediments. The results
will facilitate the establishment of rational guidelines for the
selection and operation of artificial recharge facilities to preclude
the impairment of native groundwater supplies during subsurface
disposal of waste effluent in inalnd areas with physical controls
similar to those at the experimental site.

Recharge studies will be initiated at The Water Resources
Research Center Field Laboratory, The University of Arizona,
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Tucson, using a blended, cooling-tower blowdown effluent, A se-
ries of 'single-well' recharge-pumping trials will be conducted on
a 150 ft deep, 20 inch diameter recharge well. 'Two-well' tests
will consist of injecting effluent into the recharge well and, simul-
taneously, pumping from a downstream observation well.
Recharge water will be tagged with fluorescent dye to facilitate
preparation of breakthrough curves, using a recording fluorome-
ter, during pumping. Tracer studies will also be conducted during
recharge in a pit (100 ft x 50 ft x 10 ft, 2 I /2:1 side slopes). Water
samples will be obtained from wells in the vadose and phreatic
zones for preparation of breakthrough curves.

transfer coefficient is about five times highcr than the
evaporating heat transfer coefficient. Additional steflies will
further ddine the

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0021, SALT TOLERANCE IN BLUE PANICGRASS,
PANICUM ANTIDOTALE
L.N. WRIGHT, Univ. of Arizona, School of Agriculture, Tucson,
Arizona 85721

The objectives of the research are to; (a) develop techniques
to evaluate large numbers of genotypes for salt tolerance within a
given species, Panicum antidotale, blue panicgrass, (b) isolate
salt- tolerant genotypes, and (c) determine the factor(s) affecting
salt tolerance of blue panicgrass.

Forty-three sources of blue panicgrass have been collected.
Seed will be germinated in a germinator using several salinizing
agents individually and in combination (NaCi, CaCl2, and
MgC12). Vigorous seedlings of each accession will be placed in
soil. After establishment, the plants will be transplanted to the
field in restricted recombint.tion crossing blocks for each saliniz-
ing agent or combination. Seed from each spaced plant will be
progeny tested in the germinator using the same chemicals.
Recurrent selection will be made among progeny plants. The
procedure will be repeated to attain maximum salt-tolerant geno-
types.

Once salt-tolerant progcny have been isolated within the spe-
cies, then parent and progeny plants will be compared for the
physiological processes and morphological characteristics to
determine the changes that may have occurred within the species.

SUPPORTED BY University of Arizona

3.0024, DEVELOPMENT OF AUTOMATED SUBIRRIGA-
TION SYSTEM
B.B. BRYAN, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701

Objectives: To determine, develop and evaluate: (1) Hydrau-
lic problems involved in distributing water subterraneously at low
pressures in small-diameter, perforated, plastic pipe for irrigation
of horticultural food crops and field crops; (2) Criteria, from (I)
above, for design of subirrigation systems which approach the ul-
timate in efficiency of water use; (3) Hydraulic criteria for dis-
tribution of fertilizers, soil fumigants, and systemic pesticides in
the same irrigation system; (4) Control techniques for completely
automating the agricultural irrigation system.

Description: Hydraulic problems associated with orifice
preparation and spacing, and depth and spacing of plastic pipes
will be done in laboratory and greenhouse. Irrigation-system-
design procedure will be developed from results of laboratory
data and field system will be installed and evaluated as to efficien-
cy. Methods of introducing fertilizers and other water-soluble
materials will be evaluated and developed using thc field system.
Automated controls, including a soil-moisture-sensing system,
will be developed for the field system.

SUPPORTED BY Arkansas State Government

3.0025, DEVELOPMENT OF AUTOMATED SUBIRRIGA-
TION SYSTEM
J.P. HOSKYN, Univ. of Arkansas, Water Resources Research
Ctr. , Fayetteville, Arkansas 72701

The objectives of this work are to determine, develop and
evaluate: (1) hydraulic problems involved in distributing water

subterraneously at low pressures in small diameter, perforated
plastic pipe for irrigation of horticultural food crops and field
crops; (2) criteria, from (I) above, for design of subirrigation
systems which approach the ultimate in efficiency of water use;
(3) hydraulic criteria for distribution of fertilizers, soil fumigants,
and systematic pesticides in the same irrigation system; (4) con-
trol techniques for completely automating the agricultural irriga-
tion system.

Field evaluation will be accomplished at Vegetable Substa-
tion, Van Buren, Arkansas,

SUPPORTED BY U,S, Dept. of Interior - 0. Water Res. Rch
University of Arkansas

3.0026, RICE FARMS IN ARKANSAS
J.H. WHITE, Univ, of Arkansas, Agricultural Experiment Sta. ,

Fayetteville, Arkansas 72701
( 1 ) Relate relative efficiency of producing rice and other

adapted crops to the major soil and water resources situatiors on
rice farms. (2) Appraise costs and returns effect of irrigation of
crops other than rice for each major resource situation. (3)
Apraise cost and returns potentials from adoption of the best
combination of improved production practices and techniques for
each major resources situation. (4) Evaluate costs and returns
aspects of rotations on rice farms for each major resource situa-
tion. (5) Determine relative inputs and yields for long, medium
and short grain varieties of rice.

Description of Work. Work on this project involves the com-
piling of information from farmers, agricultural workers, service
groups, and research technicians pertaining to cultural practices
followed; the labor, equipment, and materials used; and the
production and incomes for the established enterprises on
representatives farms in the rice areas of Arkansas. The objective
is to discover opportunities for increasing the incomes of farmers
either through more efficient management practices with the dif-
ferent enterprises, through shifts in the allocation of resources
between enterprises, or through the use of different rotation
systems. After the opportunities that appear most promising have
been determined whole farm budgets of representative farms
(small, medium, and large) arc developed to reflect the effects
which the adjustments would have on the incomes of the farmers.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

3.0027, SOIL- WATER-VEGETATION RELATIONS IN
ThE DOUGLAS FIR ZONE
E.E. STURGEON, Humboldt State College, Graduate School, Ar-
cata, California 95521

To initiate basic forest and watershed research in the Elder
and Fox Creek watersheds so as to ascertain fundamental rela-
tionships between natural cover, stream flow and soil moisture.

Procedure: Initial research will be (I) a precipitation dis-
tribution study; (2) installation of soil moisture access tubes and
measurement of soil moisture o.1 selected plots; and (3) attendant
preliminary analysis of thc water balance of the area. Plans call
for stream -gaging in order 1) to assess the precipitation-runoff
relation under undisturbed conditions, 2) to see how it is in-
fluenced by various watershed parameters such as elevation,
aspect, slope, etc., and 3) to use the area as a control against
which the effects of land use on the precipitation-runoff relation-
ships may be checked. Intensive study will be made of some of the
minor drainages so as to fully assess the wildland hydrologic cy-
cle.

SUPPORTED BY U.S. Dept. of Agriculture

3.0028, DESIGN, CONSTRUCT AND EVALUATE A. 1,000
GALLON PER DAY REVERSE OSMOSIS UNIT OF
RECTANGULAR CONFIGURATION
W.J. FLAHERTY, Aerojet General Corporation, Azusa, Califor-
nia

This contract includes three main tasks. Under economic in-
vestigations, a parametric study will be conducted and alternate
materials and manufacturing methods for membrane support
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plates will be examined. The parametric study is for the purpose
of determining the capital costs for a mgd capacity Reverse Os-
mosis plant based on plate and frame design. Cost breakdown on
a system component basis will be provided. Under rectangular
plate development, an experimental program to determine com-
mercial materials for use as porous membrane supports will be
conducted as well as long-term tests to establish pressure drop
with time at different feed water pressures. Hydrodynamics for
the materials tested will also be determined. The third task is to
develop membrane spacers for the rectangular plate design. Test
fixtures and dies to evaluate molding of these supports in 18 -inch
square modifies will be fabricated.

Finally, based on Tasks Il and III, a 1000 gpd rectangular
pilot plant will be designed and constructed for feeds varying
from 2,000 to 25,000 ppm TDS and pressures varying from 600 to
1500 psi.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0029, OPERATION OF A 50,000 GPD PORTABLE
PILOT PLANT
B. KEILIN, Acrojet General Corporation, Azusa, California

The objectives of this contract are to design and fabricate a
trafler- mounted pilot plant which will produce 50,000 gpd of pu-
rified water by the reverse osmosis process; to design and
fabricate pretreatment facilities to prepare raw well water for use
in the pilot plant; to prepare a test site; and to conduct field test-
ing, of this equipment fabricated.

Last year, performance tests were conducted to arrest the
rapid flux decline and to test the use of wash solutions in remov-
ing aceumulatcd membrane deposits. A bench-scale test program
and the construction of a 14-inch reverse osmosis unit used to
field test the manganese zeolite on a small scale are recent pro-
jects.

New membranes have been installed in the unit in prepara-
tion for a demonstration on manganese zeolite treated feed,

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0030, A STUDY OF MEMBRANES FOR DESALINATION
BY REVERSE OSMOSIS
C.W. SALTONSTALL, Acrojet General Corporation, Azusa,
California

A fundamental investigation of reverse osmosis membranes
is being continued in order to gain a broad basic understanding of
the relationship between membrane fabrication techniques,
chemical and physical characteristics of the membrane, and the
reverse-osmosis transport properties.

In previous work it was discovered that the diffusion coeffi-
cient of salt in cellulose acetate depended upon the drying condi-
tions used in preparing the dense films; this dependence is being
more completely examined. The relationship of the salt permea-
tion of membranes heat- treated at different temperatures to the
electrical conductivity of the membranes is being determined.

Previous work was conducted to relate the rate of flux
decline and the compressive mechanical properties of the mem-
brane. In the current work the dependency of the rate of flux
decline upon the initial membrane flux and the method of mem-
brane fabrication is being examined.

Work is being conducted to determine if better or more
uniform membranes can be prepared by gelling the casting solu-
tion in different types of organic solvents rather than in water.

New methods to measure properties of the active layer sur-
face of anisotropic membranes arc being examined. For example,
attenuated total-reflectance, infrared spectroscopy is under in-
vestigation as a means to determine the chemical composition of
the surface.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0031, RESEARCH AND DEVELOPMENT OF NEW
POLYMER SYSTEMS FOR REVERSE OSMOSIS MEM-
BRANES
C.W. SALTONSTALL, Acrojet General Corporation, Azusa,
California

A program of polymer synthesis for new osmotic membranes
is being continued. The objective of the program is to discover
polymers which will provide reverse osmosis membranes superior
to the current cellulose acetate membranes.

In earlier work on this program, polyacrylonitrile and
poly( vinylene carbonate), selected for their chemical ." ability
and mechanical strength, were investigated in the preparation of
new membranes. Films (about 7 microns or thicker) of
poly(vinylene carbonate) were found to have water transport pro,
perties superior to those of cellulose acetate and a theoretical salt
rejection capability of greater than 98%. Thinner films of the new
polymer, however, showed mechanical break-down under reverse
osmosis testing because of brittleness. Therefore, in current work,
efforts are being made to prepare internally plasticized polymers
of vinylene carbonate through copolymerization with vinyl
acetate and vinylpyrrolidonc. Externally plasticized films of
poly( vinylene carbonate) will also be examined for mechanical
and reverse osmosis properties.

Polymers based on methacryloiitrile and comonomers such
as acrylamide, methyl vinyl ketone and vinylpyrrolidone will also
be investigated for use in the preparation of membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0032, MANAGEMENT FOR IMPROVEMENT OF
WATER YIELD IN THE CONIFER ZONE OF CALIFORNIA
J.L. SMITH, U.S. Dept. of Agriculture, Pac. Sw, For. & Rg. Expt.
Sta. , Berkeley, California

Object: To develop a hydrologic base for land management
decisions, including understanding of the physical processes 'af-
fecting snow accumulation and melt, interception of precipita-
tion, and evapotranspiration as affected by vegetation, forest con-
ditions, terrain and soil.

Plan of Work: The project staff is perfecting a radioactive
snow gage that has recently been developed by the project. With
it they will continue to study snow accumulation and melt as af-
fected by the forest and by timber-cutting patterns. They are also
studying water movement in soils and plants. The studies are con-
ducted in the laboratory on sample plots and on experimental
watersheds. Phosphorescent (ultraviolet) and nuclear tracers are
used in snow studies and water movement studies.

SUPPORTED BY U.S. Dept. of Agriculture

3.0033, A MASS TRANSFER STUDY OF CURRENT
REQUIREMENTS FOR CATHODIC PROTECTION
I. CORNET, Univ. of California, School of Engineering, Berkeley,
California 94720

Work completed to date (Cornet, I., Pross, T. W., Jr. and
Bloom, R. C., 'Current Requirements for Cathodic Protection of
Disks Rotating in Salt Water -- A Mass Transfer Analysis,' Inter-
national Congress on Fouling and Marine Corrosion, Cannes,
France, June 1964 -in press- ). shows quantitatively that the cur-
rent required for cathodic protection of rotating disks in salt
water and in sea water is proportional to mass transfer of oxygen
to cathodic surfaces. This work has however been limited in range
of temperature and flow conditions. It is proposed to extend the
investigation to a range of temperatures, and to Reynolds num-
bers beyond the capabilities of the present experimental equip-
ment, into a range where cavitation may occur.

It is proposed to use a rotating disk apparatus at the
beginning. Equipment and experience are already available, and
results may be correlated with hydrodynamic, heat transfer, and
mass transfer studies which have been published for rotating disk
systems. it is proposed, however, to extend this investigation to
the cathodic protection of other than rotating surfaces. The need
for knowledge of cathodic protection requirements under heat
transfer conditions will be kept in mind, and preliminary experi-
ments will be undertaken.

SUPPORTED BY U.S. Dept. of interior - Off. Saline Water

3.0034, RELATIONSHIP BETWEEN IRRIGATION
WATER COMPOSITION AND SOIL PROPERTIES
R.K. SCHULZ, Univ. of California, Agricultural Experiment Sta. ,
Berkeley, California 94720
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It is the purpose of this research to examine, in a highly in-
strumented and carefully controlled intermediate field study,
various theories which have been proposed and tested in the
laboratory and to establish principles and procedures that can be
used in coping with agricultural problems relating to the use of ir-
rigation water on arid lands. Where necessary, new theories will
be formulated and tested. It is the primary concern of this project
to aid in obtaining permanence of agriculture on irrigated arid
soils by developing an understanding of the mechanisms of salini-
ty accumulation and permeability problems resulting from in-
creases in the level of adsorbed sodium.

A long term field experiment is to be carried out at the Kear-
ney Horticultural Field Station, near Reedley, California, Forty
eight plots, 1/100 acre each, have been constructed by bordering
the soil to a depth of five feet with concrete and a plastic mem-
brane. Each plot is to be a completely defined system with all im-
portant measurements recorded, and this data is to be handled by
computer techniques, that is, the amount of water and salt enter-
ing the system, rate of infiltration into the soil, movement of
water, salts, oxygen and carbon dioxide within the soil, and losses
of salts by teaching and crop removal. A building containing a
controlled temperature instrument room and facilities for prepar-
ing synthetic irrigation waters has been constructed. Instrument
development is now underway.

The first experiments will be carried out in nine plots planted
to ladino clover. The plots will be irrigated with nine different ir-
rigation waters which contain varying amounts of sodium, calci-
um, bicarbonate, chloride and sulfate ions.

SUPPORTED BY University of California

3.0035, STUDY OF MASS TRANSFER THROUGH MEM-
BRAMES
K.S. SPIEGLER, Univ. of California, School of Engineering,
Berkeley, California 94720

Study of polarization phenomena at membrane-solution in-
terfaces by electrochemical and optical methods. The study is to
cover both reverse osmosis (hyperfiltration) and electrically
driven processes (e.g., electrodialysis), and will stress the
physico-chemical hydrodynamics of membrane-solution inter-
faces, which are a common feature of all membrane separation
methods.

Specifically it is planned to perform (a) a detailed mass-
transfer study in a large single ion-exchange membrane module
which simulates the conditions in a plant-size electrodialysis
stack, and thus determine the influence of turbulence-promoter
geometry on polarization (b) a study of electrical potential dif-
ferences which develop across reverse- osmosis membranes, as a
function of pressure, hydrodynamic factors and solution type and
(c) optical studies, by laser interferometry, in small membrane
cells, designed to lead to the development of large cells for the ob-
servat'on of the interfacial phenomena at normal and high pres-
sures.

SUPPORTED BY U.S. Dept. of interior - Off. Saline Water

3.0036, RESOURCE CONSERVATION
S.V. WANTRUP, Univ. of California, Agricultural Experiment
Sta. , Berkeley, California 94720

Objectives: The Economics and Policies of Environ. Mgt. 1.
To identify the conceptually and operationally significant charac-
teristics of the economics of natural resources. 2. To analyze the
economic interrelations between different uses of natural
resources with particular emphasis on dynamic aspects. 3. To ap-
praise public policies affecting natural resources.

Work Proposed: The project will continue to be undertaken
in separate but related phases. Phases active during 1962 are the
following: 1. Multiple Use as a Concept for Water and Range Pol-
icy. 2. The Economics of 'Quality' in Natural Resources. 3. Con-
sultant, Land wed Water Research, U.S.D.A.

SUPPORTED BY California State Government

3.0037, MANAGEMENT PRACTICES FOR SALINE AND
SODIC SOILS IN IMPERIAL VALLEY
W.F. SPENCER, U.S. Dept. of Agriculture, Brawley, California

Objective: To develop soil, water, and crop management
practices for optimun production and high water use efficiency,
of crops growing on salt-affected soils in the Imperial Valley.

Plan of Work: The distribution and quantity of salts and
exchangeable cations in saline soils as affected by water quality,
drainage, amendments, crops, and soil management practices and
the resultant effect on crop production and water-use efficiency
will be evaluated. For this purpose field experiments with con-
trolled variables of amendments, crop culture, irrigation, or
drainage practices will be used. Salt distribution variability will be
evaluated in order to develop sampling procedures for evaluating
the salinity status of farming units accurately enough for making
decisions concerning effectiveness of management practices for
removal of soluble salts and exchangeable sodium. Practices
which will be evaluated for growing crops on highly saline soils
are tillage and residue management, deep profile modification,
surface stabilization for water infiltration improvement, planting
methods, bed shapes, and methods and timing of irrigations.

Cooperation: Agricultural Experiment Stations, SCS, U. S.
Bureau of Reclamation, State Engineers, State Water Resources
Agencies, and other irrigation, water management, or soil conser-
vation district agencies.

SUPPORTED BY U.S. Dept. of Agriculture

3.0033, IRRIGATION AND EVAPOTRANSPIRATION OF
WATER FOR CROPS IN IMPERIAL VALLEY
L. WILLARDSON, U.S. Dept. of Agriculture, Brawley, California

Objective: To determine optimum water application rate for
slope, soil type, intake rate, crop and root-zone water storage
capacity. Relate energy budget to seasonal, monthly, and peak
consumptive-use rates, Design semiautomated irrigation systems
for these circumstances.

Plan of Work: Determine crop, soil, and topographic adapta-
bility of different water application techniques and overall system
efficiency. Study hydraulic factors governing flow in irrigation
furrows and borders to develop equations for rate of advance and
row length-grade criteria for control of erosion. Develop methods
for metering water intake rates, water holding capacities, and in-
ternal transmission rates of moisture for different soils. Determine
proper timing and amount of irrigation for efficient use of water
supplies using lysimeters. Gather data on energy budget and
develop prediction methods for water requirements of crops.
Design improved equipment and systems for measurement and
application of water including automatic systems.

SUPPORTED BY U.S. Dept. of Agriculture

3.0039, ELECTROCHEMICAL DEMINERALIZATION OF
BRACKISH WATER
S. EVANS, North Amer. Rockwell Corp. , Canoga Park, California

This process is best defined as electrochemically controlled
ion- exchange.

The objective of this effort is the development of a prototype
cell with 100 sq. cm. electrodes.

Work at present is focused on the selection of the most suita-
ble ion-exchange materials for this process. This is being accom-
plished by kinetic studies on weak acid, and weak base ion-
exchange resins, a literature search, and consultation with manu-
facturer's representatives.

The research that must precede the design of a prototype cell
involves the development of a reliable and reproducible test elec-
trode followed by the optimization of electrode exchange charac-
teristics with respect to: 1. Ratio of ingredients (e.g., Norit, gra-
phite, binder, ion-exchange resin). 2. Current. 3. Potential. 4,
Electrochemical capacity.

The purpose of the prototype cell study is to investigate
scale- up factors such as current, capacity, ratio of times required
for demineralization and regeneration, and response to ions in
brackish water.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0040, DEVELOPMENT OF DIRECT CONTACT C(
DENSATION MULTISTAGE FLASH (DCC-MSF) DISTILLA-
TION PROCESS
R.D. KEEN, North Amer. Rockwell Corp. , Canoga Park, Califor-
nia

The program consists of analytical and experimental studies
aimed at evaluating the feasibility of the Atomics International
Direct Contact Condensation - Multistage Flash (AI-DCC-MSF)
Distillation Desalination Process for Saline Water Conversion.

The A1- DCC -MSF process differs from conventional MSF
processes in that (1) flahsed vapor is condensed by direct contact
with flowing fresh water instead of by contact with metal tubes
containing flowing brine, and (2) the brine is heated external to
the flash chambers by indirect contact with the hot fresh water in
a simple heat exchanger employing low cost plastic film heat
transfer surfaces.

The principal effort under the current program consists of
the design, fabrication, and initial operation of two test units to
demonstrate (a) direct contact condensation heat transfer rates
and (b) plastic film heat exchanger operating feasibility. The pro-
gram also includes an analytical study of direct contact condensa-
tion for high velocity cross current flows of steam and water, and
the evaluation of plastic films which are potentially useful for the
brine-to-fresh water heat exchanger.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0041, NUCLEATION AND GROWTH OF ICE
CRYSTALS
G.R. SCHNEIDER, North Amer. Rockwell Corp. , Canoga Park,
California

An experimental program is being conducted to investigate
(a) the growth of ice crystals in ice-brine slurries for secondary
refrigerant freeze desalination processes and (b) hydrate forma-
tion in secondary refrigerant processes, as a possible undesirable
feature of the process.

A technique for counting and sizing ice particles is being
developed and will be utilized to determine size distributions in
ice slurries as a function of crystallizer operating variables. In ad-
dition, the effect of natural organic contaminants and crystal
habit modifiers present in sea water on the particle size distribu-
tion of ice will be assessed. The relative rates at which ice and
hydrate crystals form in a secondary refrigerant process will also
be investigated in order to determine techniques for minimizing
hydrate formation.
SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0042, ROOT-KNOT NEMATODE CONTROL (ME-
LOIDOG YNE NAASI-FRANKLIN)
M. W. ALLEN, Univ. of California, School of Agriculture, Davis,
California ':)5616

Research on the control of the root -knot nematode Meloido-
gyne neasi Franklin, 1965. The study will involve the use of vari-
ous nematocidal chemicals at several dosage rates. Various crops
will be grown to determine their effect upon nematode popula-
tions. Crops included arc barley varieties (spring and winter),
wheat (spring and winter), oats, alfalfa, peas, onion and potato.
The effect upon nematode populations of fallow and fallow com-
bined with deep plowing will be studied. Soil and root samples will
be collected several times during the cropping season to deter-
mine the effect of treatments on the nematode population. Field
studies will be supplemented by greanhouse investigation of host
range, biology and pathogenicity.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0043, IMPURITIES OF IRRIGATION WATERS AF-
FECTING SOIL PROPERTIES

DONEEN, Univ. of California, Agricultural Experiment Sta.
, Davis, California 95616

Investigate effects of kinds and concentrations of salts on soil
structure and penetration of irrigation waters into soil; effects on

plants of materials dissolved in irrigation waters, degree of accu-
mulation of harmful salines in the soil as affected by kinds and
concentrations of salts in the water, soil conditions, climatic con-
ditions, and practices of growers; study of the suitability of sewage
effluents and drainage waters as irrigation waters.

Description of Work: Previous work has indicated that
slightly soluble salts of Ca-MgHCO3 and CaSO4 in the irrigation
water does not produce salines in the soil and, furthermore, the
permeability of the soil is determined by the concentration of salt
in the water, the sodium content, and the bicarbonate. To evalu-
ate these many and interrelated components, 2 lysimeter studies
are under way. One in the greenhouse includes 2 soils and 13
waters of varying quality. The other is a large outdoor installation
employing 9 waters of varying quality from which yield can be ob-
tained. These studies arc concerned with infiltration rates, salt
balance, leaching requirements for chloride and bicarbonate
waters and their effect on soil properties.

Miscible displacement is being investigated. This is funda-
mental to understanding the simultaneous solute and fluid
transfer processes. Both velocity and diffusional mixing are im-
portant, as well as the media itself, in determining the distribution
of the solute.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

3.0044, SALINITY AND ION TRANSPORT MECHANISMS
OF PLANT CELL MEMBRANES
E. EPSTEIN, Univ. of California, School of Agriculture, Davis,
California 95616

1. According to many reports recently summarized (Nature
212:1324- 27. 1966) selective absorption of mineral ions by plant
cells is effected through dual mechanisms which differ in many
characteristics. It is planned to compare this dual pattern in con-
ventional, i.e., salt- sensitive species and in 'halophytes', plants
which are native to saline habitats.

2. The location of the two mechanisms of ion transport will
be investigated. There is agreement that the first of these
mechanisms is located in the external cytoplasmic membrane, the
plasmalemma. The location of the second mechanism, however,
is problematical.

3. The connection between ion transport and metabolism will
be investigated. Experiments will be donc with photosynthetic tis-
sue in the light and in the dark, and the results compared with
those of experiments of non-photosynthetic tissue.

4. Experiments will be done on binding of ions to plant cell
components. These experiments are meant to supplement those
dealing with rates of absorption.

5. Experiments will be done to correlate findings on ion
transport with those on salt toleration in salt-toletant and salt-sen-
sitive species. Attempts will be made to establish whether salt
damage to plant cells involves an initial damage to their mem-
branes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0045, POTENTIAL USEFULNESS OF ANTITRANS-
PIRANTS FOR INCREASING WATER USE EFFICIENCY OF
PLANTS
R.M. HAGAN, Univ. of California, School of Agriculture, Davis,
California 95616

Numerous efforts have been made over the past decade to
reduce evaporation from water surfaces, but there has been rela-
tively little research on methods for decreasing the transpirational
loss of waters from plant leaves. Less than 1% of the water ab-
sorbed by plant roots is retained within the plant.

This project has the following objectives: 1. Continue evalua-
tion of new antitranspirant materials (e.g., semipermeable films,
reflectants and metabolic inhibitors) for phytotoxicity and their
efil Ms on transpiration, relative turgidity, leaf temperature, net
photosynthesis and growth. 2. Determine relative permeabilities
of film antitranspirants to water vapor, carbon dioxide and ox-
ygen. 3. Study plant and environmental factors which may in-
fluence the effects of antitranspirants on transpiration, relative
turgidity, and plant growth processes. 4. Develop techniques for
supplying antitranspirants and for evaluating the completeness of
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their coverage on plant leaves, their stability and specific effects
on stomata! movement. 5. Investigate the potential usefulness of
various combinations of antitranspirant materials as a means of
increasing the water-use efficiency of plants. 6. Study special uses
of antitranspirants in agriculture, ornamental horticulture, and
watershed management.

Full use will be made of basic biochemical research on sto-
matal regulators by Dr. I. Zelitch and associates at New Haven,
Connecticut and on external films by Dr. J. Gale at Jerusalem,
Israel. Water use will be assessed by meteorological instrumenta-
tion, soil moisture studies, and lysometric techniques. Other ob-
servations may include stomata! measurements, relative turgidity
of leaves, cell sap concentration, and diurnal measurements of
tree trunk radius as indications of internal water stress. Field ex-
periments will be conducted to determine effects of antitrans-
pirant materials on water use efficiency of crops and also on their
growth, yield and quality.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

3.0046, DRAINAGE DESIGN IN RELATION TO SOIL
SALINITY
J.N. LUTHIN, Univ. of California, School of Agriculture, Davis,
California 95616

The relationships between the drainage design and the con-
trol of the soil salinity will be studied. Various methods of
leaching will be investigated and the rate of accumulation of salt
in the soil will be studied as a function of several variables. Field
work will be done at the Imperial Valley Field Station in El Cen-
tro, California. Laboratory analyses will be performed in Davis.
Measurements will be made of the dispersion characteristics of
the soils investigated in the field. Movement of soil salts will be
studied in soil-filled tanks located at Davis. The relative efficiency
of ponded-leaching and irrigation-leaching will be investigated.

SUPPORTED BY University of California

3.0047, PROCEDURES FOR ESTIMATING CROP WATER
REQUIREMENTS FOR USE IN WATER ALLOCATIONS
AND FOR IMPROVEMENT OF IRRIGATION EFFICIENCY
W.O. PRUITT, Univ. of California, School of Agriculture, Davis,
California 95616

Using a 6.1-meter diameter, highly sensitive lysimeter
equipped with moisture tension and temperature control systems,
determine evapotranspiration, ET, on a continuous basis for a 10-
15 cm tall turf grass. Also obtain measurements over the grass of
net radiation and air temperature, humidity and wind speed.
Using another 6.1-meter lysimeter of the floating type determine
ET for another crop (field beans in 1968).

Using a mobile hydrometeorological laboratory and as-
sociated instrumentation, take measurements of temperature, hu-
midity and wind gradients above a number of crops in California
along with net radiation, soil heat flux, surface temperatures, al-
bedo, etc. Using Bowen-ratio techniques as will as other
meteorological approaches, determine evapotranspiration at
several stages of growth for the crops concerned (rice, sugar
beets, pasture, alfalfa and beans in 1968).

SUPPORTED BY University of California

3.0048, IMPROVEMENT OF IRRIGATION MANAGE-
MENT AND SALINITY CONTROL IN THE IMPERIAL VAL-
LEY.
F.E. ROBINSON, 'Univ. of California, Agricultural Experiment
Sta. , Davis, California 95616

Objectives: (1) To define the influence of present irrigation
methods upon crops and explore means of improvement; (2) To
investigate the feasibility of sprinkler irrigation as a means of im-
proving efficiency of water management and salinity control; (3)
To investigate means of improving drainage of water tables as a
means of salt removal.

Description: (1) Study the present irrigation regime of the
Imperial Valley as recorded in District records; (2) Conduct se-
ries of field experiments comparing sprinkler and furrow irriga-

tion and associated salt accumulation; (3) Determine the best
method of irrigation to facilitate mechanical cropping (4) Con-
duct field trials of tiling methods.

SUPPORTED BY California State Government

3.0049, FOLIAR PENETRATION OF CHEMICALS
WHICH INCREASE DROUGHT AND SALT TOLERANCE
R.M. SACHS, Univ. of California, School of Agriculture, Davis,
Califorala 95616

Plant growth retardants have decreased 'water requirments of
some species but the response is highly variable under field condi-
tions. The reducdon in water use appears to be linked to the
reduced vegetative growth. The major factor accounting for vari-
able response is penetration of the chemical. Two fb5liar applied
growth retardants, Alar and MH, are most effective when applied
shortly after bud break. Studies with. C14 labelled materials show
that penetration is greatest through the youngest leaves, such as
those appeaOng shortly after bud break. Surfactant-induced and
alcohol-induced enhancement of penetration has been demon-
strated. The alcohol (isopropyl, ethyl, or methyl) effect appears
to be the result of better wetting of the leaf surfaces and not due
to solvent action on the cuticular surface.

SUPPORTED BY University of California

3.0050, DEVELOPMENT OF REVERSE OSMOSIS MEM-
BRANES
S. MANJIKIAN, Univ. Water Corporation, Del Mar, California
92014 (14-01-0001-2093 )

The objective of research undertaken under this contract is
to develop new and improved membranes from casting formula-
tions based on cellulose esters. It is proposed to investigate vari-
ous cellulose esters, specially cellulose acetate butyrate, in a
variety of casting solution formulations. These formulations will
include various solvents, flux promoters, coupling agents and
plasticizers. The effect of pyridine, monohydroxy fatty acids and
alcohols as possible couplers in cellulosic solutions will be in-
vestigated. Fabrication procedures will be studied to develop op-
timum methods for fabricating membranes from new formula-
tions.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0051, DESIGN AND CONSTRUCTION OF A REVERSE
OSMOSIS PILOT PLANT FOR THE DESALINATION OF
SEA WATER
S. MANJIKIAN, Univ. Water Corporation, Del Mar, California
92014

The purpose of this contract is: to design and construct a
2,500 gpd tubular sea water reverse osmosis unit based on
pyridine membranes; to test operate the pilot plant with sea water
in order to establish the performance characteristics of the unit at
various conditions; and to establish optimum economic mode of
operation. The program will be conducted in two phases which
are, generally: the pilot plant design and construction, and the
pilot plant evaluation.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0052, EVALUATION OF DESALINATION PROPERTIES
OF CELLULOSE ACETATE MEMBRANES IN FLAT, TUBU-
LAR AND SPIRAL WOUND CONFIGURATIONS
S. MANJIKIAN, Univ. Water Corporation, Del Mar, California
92014

The purpose of this contract is to evaluate the effects of
physical stress or strain to which cellulose acetate membranes
may be subjected in fabrication or operation; and to determine
how these effects are influenced by casting solution composition,
conditions imposed during casting and fabrication of the mem-
branes, and the configuration in which the membrane if operated.
Laboratory and bench scale tests will be conducted to determine
the comparative effects on membrane performance when
operated in the flat, tubular and spiral module configurations.
Membranes for testing in these configurations will be varied ac-
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cording to the type of casting solution and the methods for
fabricating the membranes. The test program will include: mem-
brane formulation; membrane fabrication; and testing.

SUPPORTED BY U.S. Dept. of Interior - Off. Sine Water

3.0053, OPTIMIZATION STUDY OF HIGH RECOVERY
REVERSE OSMOSIS PLANTS
S.T. BRAUNHEIM, Aerojet General Corporation, El Monte,
California 91734

The chief objective of this program is to develop an optimum
economic reverse osmosis process scheme for maximum product
recovery and minimum brine disposal. A mathematical model and
an optimized plant system to predict product water cost at
product water recoveries ranging from 50 to 98 percent will be
developed. Based on this model, detailed cost estimates for
desalting four typical brackish waters in the 10 mgd plant size will
be prepared. Specific tasks in this contract include process stu-
dies, optimization studies, and analysis and presentation.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0054, REVERSE OSMOSIS MEMBRANE REGENERA-
TION
P.A. CANTOR, Aerojet General Corporation, El Monte, Califor-
nia 91734

The purpose of this contract is to develop novel methods of
extending the economical service life of currently available
acetate reverse osmosis membranes. These techniques will cause
state-of-the- art systems employing current membranes to
become much more economically competitive, and will also ef-
fect similiar cost savings upon more economical future systems.
Through several modifications and the evaluation of these modifi-
cations' technical and economic feasibility, recreation of the new
membrane structure may be adopted as a standard practice in
reverse osmosis ph. its to maintain high water flux in the mem-
branes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0055, DEVELOPMENT OF A CALIBRATION MODULE
FOR TRACE OXYGEN ANALYZERS
H.C. EDGINGTON, Aerojet General Corporation, El Monte,
California 91734

The program encompasses research and development to
produce a prototype calibration module. The purpose of this
module would be to provide a stream of water having an accurate-
ly known dissolved concentration for calibration of dissolved ox-
ygen analyzers in the parts per billion concentration level.

Laboratory tests will be conducted to study techniques for
use in the Dissolved Oxygen Calibrator. Experimental setups will
be used to evaluate de-oxygenation of the sample stream. Tests
will be conducted to evaluate gas equilibration and direct injec-
tion for the production of accurately known dissolved oxygen
concentrations. Gas mixing and coulometric (electrical) genera-
tion will be examined as approaches for preparation of gas mix-
tures for equilibration studies. Coulometric generation will also
be investigated as a means for production of measured quantities
of oxygen for direct injection as a gas or solution. Concurrently a
screening review will be made of candidate analytical methods
that can be used to verify the accuracy of the dissolved oxygen
levels produced by the calibration module.

Following the above research, a prototype calibration
module will be designed and fabricated. Finally, the operating
characteristics of the prototype model will be determined.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0056, REVERSE OSMOSIS PILOT PLANT INVESTIGA-
TIONS
G.A. FLUKE, Aerojet General Corporation, El Monte, Californie
91734

The objectives of this program are to develop engineering
and plant operation data to improve the economics of plate and
frame design reverse osmosis systems, and to establish the

desalination properties of newly developed high salt retention
membranes. The various investigations to be conducted include
pretreatment studies, evaluation of a 14-inch diameter reverse os-
mosis unit, membrane substrate evaluation, baffle system evalua-
tion, and the field evaluation of high retention membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0057, PROCESS AND CONFIGURATION DEVELOP-
MENT FOR TUBULAR REVERSE OSMOSIS UNITS
G.A. FLUKE, Aerojet General Corporation, El Monte, California
91734

The chief objective of this program is to develop an economi-
cal tubular design reverse osmosis system for brackish water
desalination, Major emphasis will be placed on (1) engineering
and parametric studies to optimize process and plant design
parameters, (2) design and development of tube header and feed
and product water manifold system, and (3) material selection
and development of manufacturing techniques to produce reverse
osmosis tubular elements on a continuous basis in an automated
assembly shop.

Within the scope of work there are three planned phases:
Plant Design Optimization Studies, Component Development,
and Construction and Evaluation of the 1000 gpd Pilot Plant
(based on the first two phases).

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0058, DEVELOPMENT OF STORAGE TECHNIQUES
FOR REVERSE OSMOSIS MEMBRANES
R. W. LAWRENCE, Aerojet General Corporation, El Monte,
California 91734

The objective of this program is to develop a workable
system for the protection of membranes, membrane assemblies
and whole reverse osmosis units against the effects of exposure to
microorganisms and other potentially deleterious environmental
conditions. Efforts will be made to generalize the procedures
developed in order that they may be applied to any reverse osmo-
sis system employing cellulose acetate membranes.

The following developmental tasks are included in the con-
tract: I - Biocide and Biostat Solutiin, H Low-Temperature Ex-
posure, III - Dry Membrane Systems, IV - Shipping and Storage
Procedures, and V - Standard Shipping and Storage Procedures.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0059, PRELIMINARY EVALUATION OF HIGH RETEN-
TION MEMBRANES
E.R. ROBERTS, Aerojet General Corporation, El Monte, Califor-
nia 91734

The purpose of this contract is to evaluate the performance
of high retention reverse osmosis membranes on sea water under
field conditions. Work to be achieved under this contract includes
refitting the 14-inch reverse osmosis cell, setting up sea water
pretreatment facilities, installing the cell assembly, relocating the
trailer to the San Diego Saline Facility, and making the necessary
calculation on and analyzations of the data required.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0060, DEVELOPMENT OF NEW AND IMPROVED CEL-
LULOSE ESTER REVERSE OSMOSIS MEMBRANES
C. W. SALTONSTALL, Aerojet General Corporation, El Monte,
California 91734

This research project is to develop new and improved cellu-
lose ester membranes for the desalination of sea water in one pass
by reverse osmosis. Major emphasis is to be placed on improving
the compaction resistance of current cellulose acetate mem-
branes so that an average flux of no less than 10 gallons per
square foot per day of a product water containing 500 ppm or less
of salt can be obtained from sea water in 50% recovery. This is to
be achieved by continuous use of the membrane in a one-stage
reverse osmosis process.

The program is to include the development of new and im-
proved cellulose ester polymer blend membranes; the develop-
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ment of homopolymer mixed ester membranes based on E 398-3;
development of homopolymer mixed ester membranes based on
E 360-60; development of crosslinked membranes derived from E
398-3, E 398-10, and E 360-60. These membranes will then be
biostabilized and basic and analytical studies will be conducted.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0061, OPERATION AND EVALUATION OF A 50,000
GALLONS PER DAY REVERSE OSMOSIS PILOT PLANT
E.R. WA7'SON, Aerojet General Corporation, El Monte, Califor-
nia 91734

This contract was undertaken to establish the capability of
the pilot plant to operate over long periods of time virtually unat-
tended. This does not include attention as to preventative main-
tenance of periodic surveillance for purposes of inspection and
data gathering.

Proposed tasks for the plate and frame reverse osmosis plant
operation and evaluation include: 1, Making a continuous test run
utilizing the feed water pretreatment method and specific equip-
ment. 2. Analyzing samples for the various constituents 3. Closely
monitoring the operation of the pilot plant by means of the
acquired data, 4. Keeping a detailed operating log on the plant
during the test period. 5. Establishing the effect of changes in
operating variables. b. Preparing cost estimates (capital and
operating for 1 and 10 mgd capacity) plate and frame reverse os-
mosis brackish water desalting plants. 7. Preparing a final report.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0062, WATER YIELD IMPROVEMENT IN THE
BRUSHLANDS OF THE SOUTHWEST
L.F. DEBANO, U.S. Dept. of Agriculture, Pac, Sw. For. & Rg.
Expt, Sta. , Glendora, California

Object: To establish fundamental plant, soil and water rela-
tions as they influence water losses and yields and to develop cul-
tural practices for improving water yield in bushlands.

Plan of Work: Research activities are directed toward study-
ing soil moisture movement in bushland soils. The staff is evaluat-
ing unsaturated flow rates during infiltration, evaporation, and
other capillary movement through wettable and nonwettable
soils, in laboratory and field studies. They are conducting studies
comparing consumptive use of brush and grass. Investigations will
be made of lateral flow in steep brushlands.

SUPPORTED BY U.S. Dept. of Agriculture

3.0063, NATURAL RECHARGE OF GROUND WATER IN
CENTRAL AND SOUTHERN CALIFORNIA
R.B. HICKOK, U.S. Dept. of Agriculture, Lompoc, California

Objective: Prediction of ground water recharge by direct
rainfall penetration and absorption of runoff.

Plan of Work: Trace movement of infiltrated rainfall and ru-
noff abstractions through upland soils and valley fill materials,
relating amounts penetrating beyond root zones to climate and
watershed conditions.

SUPPORTED BY U.S. Dept. of Agriculture

3.0064, ENGINEERING SERVICES - 50-150 MM GALLON
PER DAY MULTISTAGE, MULTIFLASH DESALINATION
PROCESS

DONNELLY, Fluor Corporation, Los Angeles, California
90022

Act as technical representative for the Office of Saline Water
to review engineering, design, drawings, specifications and
schedules for a 50-150 MM gallon per day multistage, multiflash
desalination process. Work includes investigations pertaining to
desalting technology as follows: 1. Process optimization consider-
ing brine concentration, tubcside brine velocity, brine blowdown
temperature, stage lengths, fouling factors, heat transfer coeffi-
cients, flow distributions and stage equalization. 2. Study part
load operation, including economic studies, as influenced by
number of pumps, isolating valves, use of variable orifices and
brine velocities. 3. Evaluate materials. 4. Study use of multistage

versus single stage vertical centrifugal pumps and wet pit versus
dry pit applications. 5. Monitor and consult with OSW on a simu-
lation program now under development. 6. Study alternative non-
condensible as removal systems as they relate to operation,
maintenance and compatibility with power plant reoirements. 7.
Evaluate technology for application to large desalting plants in-
cluding decarbonation techniques, flash chamber performance
and test module operating results.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0065, THE EFFECT OF ORGANIC INHIBITORS ON
THE DISSOLUTION KINETICS OF IRON
K. NOBE, Univ. of California, School of Engineering, Los Angeles
- U.C.L.A. California 90024

This research program is for investigation of the inhibition of
iron corrosion by organic compounds and for study of the
mechanism of this inhibition in the absence and presence of
chloride ions. Pertinent electrochemical parameters will be ex-
amined for pure and impure icon electrodes in both inhibited and
uninhibited systems. The corrosion data obtained will be com-
pared with the behavior predicted by recently developed theories,
The investigation can be expected to result in a greater funda-
mental understanding of metallic corrosion and further insight
into the mechanism of corrosion inhibition.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0066, GEL SEPARATION PROCESSES FOR SALINE
SOLUTIONS
R.L. PECSOK, Univ. of California, Graduate School, Los Angeles

U.C.L.A. , California 90024
in this study we will attempt to identify and define quantita-

tively the various mechanisms operating on the separation of sim-
ple ions and small molecules on existing gels. The approach to the
elucidation of the mechanism will be a comparison of partition
coefficients of various ions and compounds determined under
special conditions. For example, variation of solute size and gel
crow- linking will indicate the extent of the geometrical effect,
while variations in flow rate will indicate the extent of restricted
diffusion. Finally variation of ionic strength of the eluent, concen-
tration of the solute, temperature, and degree and type of fixed
charges in the network will indicate the degree of the various
ionic mechanisms: ion exchange, ion retardation, and ion exclu-
sion. Whatever the mechanism(s), new gels will then be synthes-
ized which will enhance the exclusion of small ions. Hopefully
then, sodium chloride will be excluded from the new gel material
just as cobalt and nickel tris-ethylenediamine salts are excluded
from Sephadex G -10.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0067, POTENTIAL APPLICATIONS OF NUCLEAR EX-
PLOSIVES IN WATER RESOURCE DEVELOPMENT
A.M. PIPER, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

At the request of the Atomic Energy Commission, the pro-
ject seeks to delineate the hydrologic situations in which nuclear
explosives might be used to advantage, and limitations on such
use including potentially hazardous side effects. Three phases of
study are contemplated: (1) Delineate physical, and hydrologic
principles; (2) Identify type areas and sites, both within and
beyond the United States, that match limiting specifications for
an advantageous use of nuclear explosive. For certain of these,
appraise potential hydrologic advantage and disadvantage in rela-
tion to legal, economic, and other non-hydrologic limitations; (3)
Hopefully and ultimately to identify a site or sites suitable for
demonstrating principles by a test detonation or detonations.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

3.0068, RESEARCH ON POROUS GLASS MEMBRANES
FOR REVERSE OSMOSIS
G.A. CUTER, Mcdonnell Douglas Co oration, Newport Beach,
California
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The objectives of this research are to conduct exploratory
studies entailing the characterization and assessmen\ of the
potential of various porous hollow glass filaments for use in the
desalination and purification of brackish and other contaminated
waters by the reverse osmosis process. Special hollow glass fila-
ments will be prepared having a composition containing Si02-
B203-K20 and Si02-B203-Li20. Other materials such as ealci-
um, strontium and barium will be added to modify the silica net-
work. The fabrication of porous glass involving heat treatment,
leaching, washing and partial firing will be modified to determine
the optimum conditions for obtaining good reverse osmosis mem-
branes. These membranes will be tested with sodium chloride
solutions ranging in composition from 1000 ppm to 15,000 ppm.
Pressures of 600 and 1500 psi will be used in the reverse osmosis
experiments. Other studies using porous glass membranes will be
conducted to test their use in the purification of space cabin waste
water. Based upon these results, a demonstration unit capability
of purifying the water for one man per day will be designed,
fabricated and tested.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0069, 14.01-0001-1760 -- IN-SITU FORMATION OF
REGENERATIVE CELLULOSE ACETATE MEMBRANES ON
POROUS SUPPORTS
G.A. CUTER, Mcdonnell Douglas Corporation, Newport Beach,
California

The objective of this program is to develop regenerative cast
membranes with performance equivalent to films cast by other
procedures. Membranes will be coated on ceramic and other
porous tubes with varying casting solution compositions and
procedures. Films will be made by alternately coating the tubes in
casting solution, repeating this procedure until the desired film
thickness is built-up, and finally the film will be cured in water by
the standard procedure. Casting and testing apparently will be
developed for evaluation of films produced on 9' long tubes.
Commercially available ceramic tubes will be used for outside
surface coating, and I' diameter porous pipe will be used for in-
side surface coating. Films prepared in the above manner will be
tested at 600 psi with 3000 ppm sodium chloride feed. Based on
the data obtained from this study, a conceptual design for a
50,000 GPD regenerable membrane reverse osmosis unit will be
developed.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0070, REVERSE OSMOSIS TUBULAR MODULE OP-
TIMIZATION
W. BAERG, Phi lco Ford Corporation, Newport Beach, California

a. Derive mathematical expressions relating the design and
operating variables pertinent to reverse osmosis tubular module
optimization. Using reasonable approximations, develop sim-
plified solutions to find the most important variables and their
ranges of greater interest. b. Carry out more exactmachine com-
putations of optimum design and operating conditions on a
variety of cases of practical interest, i.e., for selected feed condi-
tions, plant capacities, and membrane performance charac-
teristics, agreed upon with the Government Project Monitor. c.
Obtain experimental data on various tubular membranes (e.g.,
characterized by a range of heating temperatures and casting
solution formulations) of salt rejection and product water flux for
a range of values of the operating pressure and temperature, feed
composition, and flow velocity. d. Integrate the results obtained
in (c) with the computations of (b) to provide a set of practical
design data for scaleup to an appropriate pilot plant scale in con-
currence with the Government Project Monitor.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0071, DETERMINATION OF THE SURFACE AND COL-
LOIDAL. CONDITIONS WHICH CAN LEAD TO HIGH SALT
REJECTION REVERSE OSMOSIS POLYMER MEMBRANES
R.E. RESTING, Philco Ford Corporation, Newport Beach,
California

The ultimate goal of the program is to improve the
economics of the Reverse Osmosis Process by developing mem-
branes which will exhibit a higher product flux for a given degree
of permselectivity. A unified surface and colloidal chemical ap-
proach is being utilized to this end. In the surface chemistry por-
tion of the program, the nature of the quasi liquid membranes
which form spontaneously as a result of the surfactant capacities
of certain feed additives and which act in series with Reverse Os-
mosis membranes to increase the latter's salt retention is being in-
vestigated. In the colloidal chemistry section, correlations are
being sought between isotropy (as determined by light scattering
measurements) in the polymer solutions from which membranes
are made and the performance characteristics of the membranes
themselves. The basic a priori postulate is that gel isotropy (in a
plane parallel to the membrane surface) is attributable to and
preceded by sot isotropy. Thus the 'equivalent pore size' distribu-
tion may hopefully be lowered and salt retention increased by
controlling sot isotropy.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

0,.0072, BRACKISH WATER FIELD TEST EVALUATION
OF MEMBRANE PROCESSES
L.P. CARPENTER, Henry J. Kaiser Company, Oakland, Califor-
nim 94103

This contract was proposed to evaluate the desalting efficien-
cy and economics of the membrane-based desalination processes
ands or plant designs on a selected number of natural brackish
waters under actual field service conditions. Results will be used
to es?ablish the economic potential of each candidate process
and/or plant design being evaluated from scale-up to commercial
application. Included in the study will be field evaluation testing
of four membrane desalting pilot plants by using alternate
pretreatment systems on a number of representative natural
brackish waters at the Mobile Test Facility. The work will be ac-
complished in three phases which are: the design of the Mobile
Test Facility; the preparation of this facility; and finally, field
evaluation testing.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0073, PARAMETRIC ECONOMIC AND ENGINEERING
STUDY OF THE REVERSE OSMOSIS PROCESS
V.S. IVINS, Westinghouse Electric Corp. , Orange, California

The objective of this contract is to conduct a comparative en-
gineering and economic evaluation of present technology reverse
osmosis reference plant designs such as plate and frame, spiral,
tubular and hollow fine fiber. Based on the results of this study,
detailed capital and annual operating cost estimates for each
reference plant design with capacities of 1, 10, and 50 mgd will be
developed. Critical components, materials and design parameters
for each design which contribute significantly to product water
costs will be identified. Those areas associated with each critical
parameter which have high probability for improvement with ad-
ditional research and development will be specified. The second
set of cost estimates for each design and plant size studied is to be
based on projected to hnology membrane costs, membrane flux
rates and life characteristics.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0074, THREE BASIC PROBLEMS IN FLUID
MECHANICS EVAPORATIVE CONVECTION, ELECTRO-
OSMOSIS, INTERNAL WAVES
A. ACRIVOS, Stanford University, School of Engineering, Palo
Alto - Stanford, California 94305

Evaporative Convection: A central problem here is the deter-
mination of the detailed structure of the convective flow. We
have already shown experimentally, using schlieren photography,
that these flow patterns belong generally to one of four categories
depending on the depth of the liquid layer, the evaporation rate,
and on whether the convection is driven by buoyancy or surface
tension. The experimental investigations, which are continuing,
will be supplemented by a numerical analysis of the equation of
change using a high speed computer, for the purpose of develop-
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ing a theoretical model for this important phenomenon. Special
attention will be focused on the role played by surface active
agents and on whether their ability to dampen the overall convec-
tion is related in any way to their propensity to suppress evapora-
tion.

Eletro-osmosis: The purpose of this new research program
is to study how the presence of an electro-osmotic motion near a
solid interface will affect the rate of mass transfer to such a sur-
face.

Internal Waves: Here we propose to investigate various
classes of flows, such as internal waves, that owe their very ex-
istence to the presence of density gradients inside the fluid such as
those existing for example in various parts of the oceans.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0075, TRANSPORT PHENOMENA IN FUSED ORGANIC
SALTS
J.E. LINT), Stanford University, School of Engineering, Palo Alto

Stanford, California 94305 (14-01-0001-1683 )
The basic question to be answered is how do the coulombic

forces in a dense fluid affect the structure and the transport pro-
perties of the fluid. The answer to this question may be relevant to
the understanding of interfaces of high concentration as in
reverse osmosis. The viscosity and diffusion coefficients of salts
with identical isoelectronic anions and cations are being com-
pared with fluids of uncharged molecules which are isoelectronic
to the salt ions. Their thermodynamic and transport properties
are measured under pressure and the salt properties are com-
pared with those of the nonelectrolyte at the same volume and
temperature. These measurements permit comparison with
statistical mechanical models and thus a structural interpretation
is possible. The systems of interest are tetra-alkylammonium
tetra- alkylboride salts and their hydrocarbon analogues.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0076, A STUDY OF THE HYDROLOGIC EFFECTS OF
RAINFALL AUGMENTATION
R.K. LINSLEY, Stanford University, School of Engineering, Palo
Alto - Stanford, California 94305

It is proposed to use a water-shed motel, which effectively
simulates the behavior of watersheds on a digital computer, as a
basis for evaluating the probable hydrologic effects of rainfall
augmentation for watersheds typical of several regions of the
country. With this model it is planned to assess the available
reservoir storage, flood peaks, soil moisture, actual evapotrans-
piration, and possibly suspended sediment production.

Specifically it is proposed that six watersheds be selected as
representative of typical climatological and hydrologic regimes of
the United States. Each watershed will be modeled; that is, neces-
sary parameters for hydrologic model will be determined by a
study of actual records. Actual rainfall over a period of thirty
years will be fed into the computer as input, with appropriate in-
structions to increase the observed amounts to simulate rainfall
augmentation by 5, 10, and 15 per cent. The outputs in the form
of evapotranspiration, soil moisture, stream flow, flood peak
frequency, sediment yield, and other factors will then be com-
puted for the thirty year period and compared with the actual oc-
currences to determine the possible effect of rainfall increase. In
addition ti presenting the effects as calculated for each
watershed, generalizations will be made so that the data may be
used to estimate probable effects of seeding on other watersheds.
In addition to answering many of the hydrologic questions regard-
ing the effect of rainfall increase on streamflow. soil moisture, etc.
the proposed analysis should provide information which could be
of value to meteorologists and biologists in considering other side
effects of rainfall augmentation.

SUPPORTED BY U.S. National Science Foundation

3.0077, OPTIMAL DESALINATION BY GEOMETRIC
PROGRAMMING AND MATHEMATICAL DECOMPOSI-
TION
D.J. WILDE, Stanford University, School of Engineering, Palo
Alto - Stanford, California 94305

Certain novel optimization methods, vvhich may be particu-
larly suitable for desalination systems, will be investigated. One
method is geometric programming, an elegant body of theory
which not only can solve nonlinear optimization problems of the
sort arising in desalination technology, but also can generate
design rules for adapting desalination systems to changing
economic and technological conditions. The other deals with
decomposition principles for exploiting the structure of systems
of weakly interacting components, not only to find the system op-
timum, but also to study the sensitivity of this optimum to uncer-
tainty in cost estimates, design specifications, and performance of
the components,

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0078, MINIMUM WATER SAN/TARY SYSTEM
C. HOFFMAN, U.S. Navy, Civil Engineering Lab. , Port Hueneme
- Point Mugu, California

Technical Objective: Investigate new concepts for the collec-
tion treatment and disposal of waste water in polar camps, and
develop systems and components which are convenient to use,
simple and inexpensive to operate, and which minimize pollution
of the polar environment.

Approach: Develop and evaluate toilet units requiring little
or no fresh water for flushing and investigate economic and sani-
tary methods and systems for the disposal of collected waste.

Progress: May 1966 through December 1966. A mechanical
flush chemical toilet was developed. The unique feature of this
unit is simplicity, other significant features include low cost, relia-
ble sanitary operation, odor control and minimum water usage.
Pollution control studies indicate that a control incinerator ser-
vicing all waste centers would provide an effective means of pol-
lution control. Studies are continuing on the feasibility of using
7ynthetic nonfreezing waste- carriage media. A literature review
is being made to collect data on threat to health of polar camp
personnel posed by viruses in human waste. N L Drobny,
Mechanical-flush chemical toilet, tech rpt R-471, Aug 66.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0079, TEST OPERATION OF A 2,500 GPD TWO-STAGE
SEA WATER REVERSE OSMOSIS PILOT PLANT
J.S. WILMAMS, U.S. Navy, Civil Engineering Lab. , Port
Hueneme Point Mugu, California

The purpose of this program is to establish optimum operat-
ing conditions and economics of sea wa..er desalination in a two-
stage tubular reverse osmosis system. Through test operation on a
natural sea water, the design integrity of the tubular design pilot
plant and its components will be determined. The effective ser-
vice life of the newly developed pyridine based cellulose acetate
membrane for sea water desalination application will also be
determined as well as the optimum pretreatment methods,
operating conditions and desalting costs of sea water desalination
in a two-stage tubular reverse osmosis system.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0081, A STUDY OF THE EFFECTS OF SURFACE
POTENTIAL ON SCALE FORMATION
B.D. MARCUS, T R W Incorporated, Redondo Beach, California

This program is a continuation of one recently carried out
under Contract No. 14-01-0001-646. In that effort it was shown
that radioisotope techniques (in particular, autoradiography)
were powerful tools in monitoring the early stages of scale forma-
tion on metal surfaces. Using such techniques, it was demon-
strated that control of the electrical potential of the surface could
substantially alter the rate cf formation of calcium sulfate scale on
platinum surfaces in supersaturated solutions. This was a signifi-
cant finding in that it may be feasible to utilize this phenomenon
to control the formation of scale in desalination equipment.

The purpose of the current program is to examine this
phenomenon in detail as a function of system parameters such as
temperature, concentration, pH, etc. In addition, efforts will be
made to relate the observed behavior to the fundamental
mechanisms of scale nucleation and growth. In particular, it is
suspected that heterogeneous nucleation of scale involves an ad-
sorption step which can be influenced by the surface potential.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0081, SEPHTON FLASH TUBE (VORTEX TUBE)
PROCESS
H,H. SEPHTON, Univ. of California, School of Engineering,
Richmond, California 94804

The objective of this project is to evaluate a novel method of
fluid flow control as applied to a falling film of evaporating saline
water and its vapor flowing through vertical distillation tubes with
the purpose of enhancing heat flux through the wall ofsuch tubes.
This flow control is effected by imposing a continuous vortex
upon the fluid in the tubes by a helical baffle inserted therein.

A vertical tube evaporator ( VIE) test facility was con-
structed providing for the simultaneous comparative testing of
pairs of vertical distillation tubes. Each pair is tested, one as a vor-
tex tube with helical insert against the other as a reference tube
without insert. Tube types and sizes are identical with those used
in large plant operation and process conditions are controlled
within limits determined by actual or proposed large VTE plant
operation.
SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0082, MULTICOMPONENT FIXED -BED ION
EXCHANGE IN THE TREATMENT OF SALINE WATER
T. VERMEULEN, Univ. of California, School of Engineering,
Richmond, California 94804

In the continuing study of rate-limited column performance,
the general expression for mass transfer within any rate-con-
trolled phase (developed recently in this program) will be used tt.
interpret experimental studies of H -Na -Ag and H -Ca -Mg
systems with Duolite C-25 and Dowex 50W resins under separate
conditions where pore diffusion, solid-diffusion, or external-mass-
transfer control will be considered. Mathematical study of the
column for ternary (and perhaps higher) systems will also be con-
tinued.

Numerous proposals to remove salt from saline waters by
means of ion exchange accompanied by chemical reaction or
phase change have been made in recent years. It is planned that
specific systems of potential practical interest will be calculated
by multicomponent equilibrium theory and an experimental
verification of the results will be made.

Regenerant level, concentration, flow rates, number and ar-
rangement of columns, and other variables usually controlling
dynamic column performance affect the economic design of mul-
ticyclic fixed-bed operation. Pending objectives of the present
study are the elaboration of a binary design method and its exten-
tion of multicomponent operation.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0083, PRINCIPLES AND PRACTICES FOR SALINITY
CONTROL IN THE SOIL-WATER-PLANT SYSTEM
C.A. BOW ER, U.S. Dept. of Agriculture, Riverside, California

Objectives: Develop principles, formulas, and practices (1)
to ameliorate and prevent accumulations of salts and exchangea-
ble sodium in soils, and (2) to minimize the adverse effects of ac-
cumulations on plants and soils.

Plan of Work: Use theory, instruments, lysimeters, models
and field studies to determine drainage conditions and require-
ments and to develop improved drainage designs and materials in
relation to soil and water properties, boundary conditions, irriga-
tion methods and crops. Determine most efficient and economi-
cal means of leaching salts and replacing exchangeable sodium by
applying waters and amendments in various ways and amounts to
soil in laboratory columns, lysimeters and field plots. By field and
laboratory studies develop tillage, and soil, water and crop
management practices to improve soil permeability and tilth. In
lysimeters and field plots determine leaching requirements for
sustained high crop yields in relation to salinity of irrigation
water, salt tolerance of crops, depth to water table and irrigation
practices. Using field plots, devise special land-forming, planting
and irrigation practices for minimizing adverse effects of salts and
exchangeable sodium on plants.

SUPPORTEE U.S. Dept. of Agriculture

3.0084, WATER QUALITY, AND THE CHEMISTRY,
MINERALOGY AND BIOLOGY OF SALTAFFECTED SOILS
C.A. BOWER, U.S. Dept. of Agriculture, Riversid?, California

Objective: Determine the relations between dissolved, ad-
sorbed and precipitated soil salts, the effect of soil composition
and water quality upon these relations, and the effect of salt dis-
tribution on the physical and chemical properties of soils.

Plan of Work: Determine equilibrium relations between dis-
solved, adsorbed and precipitated soil constituents. Monitor ef-
fluent composition from laboratory soil columns, and determine
steady-state and transient concentrations within the columns.
Determine the effects of solution composition and soil additives
on soil physical and chemical properties, relating differences ob-
tained to soil composition wherever possible. Extend laboratory
results to the greenhouse and field, to test applicability in a
dynamic system. Develop general principles for predicting the
above phenomena, and integrate these principles into a satisfacto-
ry theory for predicting irrigation water suitability and effects
under a wide range of conditions. Apply these principles to data
obtained from irrigation projects, to assess their general applica-
bility, the potential for reuse of water, and the extent to which
satisfactory salt balance can be achieved.

SUPPORTED BY U.S. Dept. of Agriculture

3.0085, RELATION OF SALINITY TO STATE AND
TRANSPORT OF WATER AND IONS IN SOIL AND PLANTS
C.A. BOWER, U.S. Dept. of Agriculture, Riverside, California

Objective: Develop a quantitative understanding of transport
and energy status of water and ions in the soil-plant-atmosphere
continuum as affected by the physical environment.

Plan of Work: Develop and improve techniques for in situ
measurement of the components of the water potential in soil and
plants. Determine the extent of the interdependence of the
osmotic and matrix components of the water potential. Charac-
terize the environment of plant roots with respect to ions and
energy level of water. Relate uptake of ions and water by roots to
their respective concentrations and energy levels at the root. For-
mulate, test, and improve mathematical and physical models for
prediction of transport of water and ions through plants as in-
fluenced by root geometry, distribution of water and ions in the
soil as functions of time and depth, magnitude and distribution
among components of plant water potential, and vapor concen-
tration gradient at the leaf surfaces.

SUPPORTED BY U.S. Dept. of Agriculture

3.0086, SOILS AND NUTRIENT CULTURE EXPERI-
MENTS TO DETERMINE THE EFFECTS OF VARIABLE
SALINITY CONDITIONS ON CITRUS BEHAVIOR
F.T. BINGHAM, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Study salinity tolerance of citrus under field conditions
where variable salinity conditions are built up in soil from use of
irrigation waters of different quany; measure behavior of citrus
trees with respect to yield, size, and quality under varying patterns
of salinity with respect to vertical distribution in profile and
chemical characteristics; use same rootstock top combination and
under same climatic conditions set up in solution cultures with
graded salinity contents with salinity same through root zone but
salinity varying from point to point in soil profile.

DESCRIPTION OF WORK - Field studies at Riverside are
underway using Valencia trees budded on Troyer rootstock. Four
treatments are to include: ( I ) water of excellent quality, (2 )
water of the ionic composition of Colorado River water, (3) water
synthesized to approximate twice the ionic composition of
Colorado River water, and (4) water synthesized to approximate
220 ppm CI, low SO4, and give a 50-50 NA-Ca ratio. Trees are
basined and each treatment includes 20 individual tree replicates.
Solution culture studies designed to approximate soil solution
concentrations in the field are planned.
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SUPPORTED BY U.S. Dept. of Agriculture
California State Government

3.0087, BORON CHARACTERISTICS AND RECLAMA-
TION NEEDS OF SOILS IN WESTERN KERN COUNTY
F.T. BINGHAM, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Objectives are three-fold: 1. To characterize mine ralogically
and chemically, selected soils from Kern County representing sig-
nificant acreages in need of reclamation. 2. To obtain detailed in-
formation of certain soil reactions that bear upon reclamation
(boron desorption, cation exchange, salt movement, and water
flow). 3. To test, under laboratory conditions, various reclama-
tion techniques.

The project entails selection of representative samples from
the field taken in conjunction with a semi-detailed soil survey and
taking samples to the laboratory for detailed study.

SUPPORTED BY California State Government

3.008ii, THE EFFECTS OF FLUORIDES IN AIR, WATER
AND SOIL ON GROWTH, QUALITY AND YIELDS OF
TREE, FIELD AND VEGETABLE CROPS
R.F. BREWER, Univ. of California, Agricultural Experiment Sta.
, Riverside, California 92502

Objectives: L Determine effects of F accumulation on plant
'growth, crop yields and product quality. 2. Determine interrela-
tionship between F and other plant constituents such as Ca, P, Zn,
Mn, and Al. 3. Investigate the feasibility of protecting F-sensitive
crops from F-polluted air by modification of cultural practices. 4.
Study the physical and chemical effects of F-containing irrigation
waters on western soils.

Description of Work Proposed: Test plants will be exposed to
known concentrations of HF in the air or will be sprayed with
dilute NaF or HF sprays to study effects on growth, yields, fruit
quality and nutrient content. Calcium sprays will be applied to
greenhouse and field plants exposed to F to determine feasibility
of obtaining protection. Western soils irrigated with F-containg
waters will be examined for physical and chemical changes.

SUPPORTED BY California State Government

3.0089, INCREASING CHAPARRAL WATERSHED YIELD
THROUGH IMPROVED USE OF PHENOXY-TYPE HERBI-
CIDES
J.R. GOOD /N, Univ. of California, School of Agriculture, River-
side, California 92502

This project studies the influence of environment on the
translocation of herbicides in resprouting chaparral species.
Specifically, soil moisture, soil and ambient temperature, light,
and humidity will be investigated in an attempt to find the correct
combination of environmental factors which will lead to the
greatest chance for success in causing a growth-regulating chemi-
cal to be translocated into the crown region. The following will be
employed:

1. Labelled and unlabelled phenoxy-type herbicides will be
used to study the rate and degree of absorption and translocation
as influenced by soil moisture stress. 2. Other environmental fac-
tors such as air and soil temperature, relative humidity, and light
will be investigated with respect to their influence on transloca-
tion of herbicides.

Laboratory data achieved under precisely controlled condi-
tions will be correlated with field data obtained in this project and
in W RC Project No. W 121-5U-69.

SUPPORTED BY University of California

3.0090, COOPERATIVE RESEARCH ON SOIL AND
WATER MANAGEMENT OF DRY-FARM GRAINLAND AND
RELATED LANDS
R.E. LUEBS, Univ. of California, Agricultural Experiment Sta. ,
Riverside, California 92502

Objective: To develop effective soil and water management
practices for conserving soil and water, and particularly to im-
prove the efficiency of moisture use in a dry, mild winter climate.

Discription of work proposed: The following studies involv-
ing field, laboratory, and greenhouse experiments are proposed:
(1) Measuring evaporative moisture losses from different soils
during the rainless summer to evaluate fallow: (2) comparing
several feasible tillage systems for their effect on moisture storage
with fallow; (3) measuring moisture use efficiency for forage and
grain crops under the prevailing low and erratic rainfall; and (4)
determining optimum nitrogen availability for different levels of
available moisture and for different methods of plant residue
management.

SUPPORTED BY California State Government

3.0091, SURFACE AND SUBSURFACE IRRIGATION
SYSTEMS FOR COASTAL CALIFORNIA
P. NIXON, Univ. of California, Agricultural Experiment Sta, ,

Riverside, California 92502
Objective: To develop methods and practices for irrigation of

field and row crops and provide maximum efficiency of water
used with a minimum buildup of saline elements.

Plan of Work: Continue collection of inflow-outflow of
water, nutrient, and salt balance on 1000-acre citrus crop
watershed. Continue replicated presalinized field plot, research
on irrigation of potatoes to maintain high productivity and favora-
ble salt balance. conduct field and laboratory tests of materials
and devices for subirrigation of tree and row crops. Develop
methods for installing and removing subirrigation systems. Con-
duct laboratory and field tests of saturated and unsaturated flow
of moisture away from the subsurface irrigation system. Design
optimum location of subirrigation device with respect to crop
type and root zone.

SUPPORTED BY U.S. Dept. of Agriculture

3.0092, WATER USE UNDER DRYLAND CONDITIONS IN
COASTAL VALLEYS OF CALIFORNIA
W.F. SPENCER, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Objective: To develop principles and practices for more effi-
cient and effective use of precipitation on crop and rangelands in
the coastal valleys of California.

Plan of Work: Field, laboratory, and greenhouse experiments
will be conducted to determine proper cropping systems,
sequences, cultural practices, fertilization, and combinations
thereof necessary for maximum moisture utilization, optimum
crop productivity, and maintenance of soil productivity. The
work includes studies of climatic factors affecting water use, fac-
tors affecting infiltration, storage of water in soil, evaporation
from the surface, the effect of concentrating rainfall, the inter-
relationships between timing of nitrogen fertilization and
moisture availability in relation to stage of plant growth. In field
trials different fertilizer rates will be applied to forage and grain
crops, yields, quality of product, leaf area, root development,
moisture use, and various climatic factors will be measured. The
technique of adding soil moisture is used to secure better control
of .he moisture variable and lysimenters ale used to more accu-
rately estimate evapotranspiration.

SUPPORTED BY U.S. Dept. of Agriculture

3.0093, REGION 2 - WEED CONTROL
R.G. HOWARD, State Dept. of Water Resources, Sacramento,
California

Cooperative study of Aquatic Weed Problems in irrigation
and drainage systems to include the following; (1) Conduct life
history studies of submersed and emersed Aquatic weed infesting
large channels, lakes and reservoirs. (2) Field testing promising
chemicals and mechanical devices for the control of submersed
and emersed Aquatic weeds in large irrigation channels, lakes and
reservoirs. (3) Study the environmental requirements of Aquatic
weeds in irrigation canals and ponds with emphasis on intensity
and quality of light, water quality, and mineral nutrient supply. In-
ves'igate potential ecological competition with weed pests. (4)
Conduct adsorption isotherm studies on Aquatic soils with chemi-
cals recommended for control of Aquatic weeds. (5) Determine
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effects upon different Aquatic weeds of various rates, formation
and timing of application of selected herbicides in test canals. (6)
Study effects of varying ecologic conditions and various chemical
treatments upon Aquatic biota sucig as clams, sponges, bryzoa,
etc.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0094, WEED CONTROL IN IRRIGATION AND
DRAINAGE SYSTEMS
R.R. YEO, State Dept. of Water Resources, Sacramento, Califor-
nia

Cooperative study of the Aquatic Weed Problems in irriga-
tion and drainage systems to include the following: (1) Conduct
life history studies of submersed and emersed Aquatic weed in-
festing large channels, lakes and reservoirs. (2) Field testing
promising chemicals and mechanical devices for the control of
submersed and emersed Aquatic weeds in large irrigation chan-
nels, lakes and reservoirs. (3) Study the environmental require-
ments of Aquatic weeds in irrigation channels and ponds with
emphasis on intensity and quality of light, water quality, and
mineral nutrient supply. Investigate potential ecological competi-
tion with weed pests. (4) Conduct adsorption isotherm studies on
Aquatic soils with chemicals recommended for control of Aquatic
weeds. (5) Determine effects upon different Aquatic weeds of
various rates, formation and timing of application of selected her-
bicides in test canals. (6) Study effects of varying ecologic condi-
tions and various chemical treatments upon Aquatic biota such as
clams, sponges, bryozoa, etc.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0095, DEVELOPMENT AND TESTING OF LARGE,
SPIRAL-WOUND, MULTI-LEAF REVERSE OSMOSIS
MODULES
T.J. LARSON , General Dynamics Corporation, San Diego,
California

This contract is comprised of four main tasks. The first is to
conduct a detailed evaluation of backing materials in order to ar-
rive at an acceptable material selection for large modules. Each
materials' cost and availability will be considered as well as its
performance. In the second task, modifications to the internal
module configuration will be evaluated in an effort to arrive at an
acceptable design for large modules. Construction and the testing
of experimental modules will be undertaken as required to assist
in the evaluation of the various problem areas. Phase III includes
conducting detailed evaluation of materials handling problems,
configuration, support requirements; and the fabrication and test-
ing of modules to establish an acceptable rolling technique for
large modules. The last task is to carry out detailed tests on
selected modules for the evaluation of various assembly methods.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0096, RESEARCH ON IMPROVED REVERSE OSMOSIS
MEMBRANES
H.K. LONSDALE, General Dynamics Corporation, San Diego,
California

This research is directed toward the characterization of
modified ( Loeb-Sourirajan type) cellulose acetate membranes
and the development of ultrathin film-composite membranes for
desalination by the reverse osmosis process. The properties of
modified membranes to be examined are membrane compaction
and useful life, and imperfections which lead to reduced
semipermeability. Techniques are being sought for the prepara-
tion of ultrathin films (2000 Angstrom units thick) of cellulose
acetates and a crosslinked polyvinylpyrrolidone system, and of
suitable porous support membranes for these films, and of
methods for incorporating thin films and porous supports into
composite membranes with reverse osmosis properties superior to
those of the modified membranes.

SUPPORTED BY U.S, Dept. of Interior - Off. Saline Water

3.0097, STUDY OF REJECTION OF VARIOUS SOLUTES
BY REVERSE OSMOSIS MEMBRANES
H.K. LONSDALE, General Dynamics Corporation, San Diego,
California

The purpose of this research is to measure the selectivity of
well-characterized cellulose acetate reverse osmosis membrane of
the Loeb-Sourirajan type to a number of inorganic and organic
solutes of importance to water quality. The intrinsic permeability
of cellulose acetate to these solutes will be measured by means of
a sorption experiment and the solute rejection will be measured in
reverse osmosis tests under conditions that will allow the results
to be extrapolated to other experimental conditions. Among the
solutes of interest are ammonium, nitrate, bicarbonate, and
phosphate salts, boric acid, a simple sugar, a chlorinated
hydrocarbon, and urea. Methods for improving the rejection of
some of these species will also be examined.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0098, TEST OPERATION OF A TUBULAR 4,300 GPD
REVERSE OSMOSIS UNIT ON SEA WATER
J.C. CLIPP, Havens Industries, San Diego, California 90034

The objective of this contract is to advance the development
of reverse osmosis processes for sea water desalination. Under
this program, optimum operating conditions and preliminary
economics of salt water desalination in a two-stage reverse osmo-
sis system will be established. The Reverse Osmosis unit at the
Clair Engle Test Facility in Chula Vista, California will be
operated for a 90-day period during which specific observations
will be evaluated and recorded. The membrane system will be
modernized and various instruments will be employed in order
that detailed and accurate recording and analysis of the pertinent
data may be made.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0099, APPLICATION OF IRON-ALUMINUM BASE AL-
LOYS TO SALINE WATER CONVERSION
C.E. SMELTZER, Internat. Harvester Co. , San Diego, California
(14-01-0001-1796)

In the flash-evaporator type of saline water converter, the
cost of tubing becomes an important consideration. For reasons
of low cost and ready availability, the ferrous alloys are being
given serious conseideratin for these applications.

Alloys of iron and aluminum, made up of two of the most
abundant elements in the earth's crust, should be of great interest
from the viewpoint of economics. The Alfenol (Fe-Al ) and Ther-
menol (Fe-A 1 -Mo) series exhibit stainless qualities and, in
general, good corrosion resistance in various media. For example,
the corrosion resistance of Thermenol is superior to both types
302 and 430 stainless steels in a 20 percent sodium chloride Solu-
tion at 194 degrees F.

Purpose of this program is to systematically study the sea
water corrosion properties of Alfenol and Thermenol type alloys,
and to determine the effect of decreasing aluminum contents
upon the overall corrosion resistance of these alloy systems.
Hopefully, it will be possible to decrease substantially the alu-
minum content of these alloys, thereby greatly improving their
ductility and still retain a sufficient degree of resistance to the
corrosive sea water environment.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0100, BOUNDARY LAYER FLOW PROBLEMS IN
DESALINATION BY REVERSE OSMOSIS
F.A. WILLIAMS, Univ. of California, School of Engineering, San
Diego - La Jolla, California 92038

Theoretical and experimental research is being carried out
on the reverse-osmosis method of water desalination. The
discipline of the study is fluid dynamics. Velocity fields and salt
concentration fields will be calculated theoretically and measured
experimentally in a variety of flows which exhibit boundary-layer
characteristics and which involve mass transfer through seim-
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permeable membrane walls. The membranes that will be em-
ployed will be those commonly used in reverse- osmosis devices
for a water desalination. The geometries to be investigated first
are steady laminar flow over a semiinfinite (semipermeable) flat
plate and fully developed laminar flow in a two- dimensional
channel with a semipermeable wall. The results of the research
are expected to improve the accuracy of knowledge of osmotic
properties of existing semipermeable barriers, to provide informa-
tion concerning the onset of crystalization, and to clarify
generally the process of salt buildup during reverse osmosis,

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0101, PARAMETRIC ECONOMIC AND ENGINEERING
EVALUATION STUDY OF THE ELECTRODIALYSIS
PROCESS
A.J. ODONN ELL, Bechtel Corporation, San Francisco, California
94119

This contract requires parametric engineering and economic
evaluations of three basic clectrodialysis designs of up to 50 mgd.
The work is to be accomplished in five phases which include a
state-of-the-art survey, an engineering and economic analysis, a
component analysis, an economic analysis on the projected
technology, and the preparation of a final report summarizing the
study,

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0102, THE ELECTROSORB PROCESS FOR DESALT-
ING WATER
A.M. JOHNSON, Marquardt Corporation, Van Nuys, California
91409 (14-01-0001-1444)

Porous carbon electrode systems that display water desalting
capability are under investigation. An understanding of the
mechanism whereby such systems function is important for the at-
tainment of the highest desalting performance that is consistent
with long-term electrode durability. Mechanistic evidence that is
presently available suggests the dominance of purely capacitive
factors; but it is knoein that the responsiveness of a particular
electrode to ions of one charge sign is dependent to an important
extent upon the chemistry of the electrode's preparation. A
theoretical model that appears to illuminate the behavior of
known electrode-electrolyte systems is being developed with the
aid of experimental tests.

The test program entails investigation of =Invariable
operating regimes, prepa ation and testing of novel electrode
materials, and design construction and application of 5iew test
equipment. Feedwaters range from aqueous sodium chloride to
simulated natural brackish waters.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0103, THE THERMOSORB PROCESS FOR DESALTING
WATER
A.M. JOHNSON, Marquardt Corporation, Van Nuys, California
91409 (14-01-0001-1469)

A bed of suitably prepared porous carbons will sorb salt from
low-temperature feedwater; introduction of hot feedwater then
causes salt desorption. Practical sorbent beds in a works-scale
unit are expected to operate between temperatures of about 20o
and 80oC, permitting the use of low-cost heat. The functioning of
a thermally modulated, carbon sorbent, desalting process is based
upon the coupling of capacitive and ion-exchanging phenomena
via the electron conductivity of the carbon sorbent matrix. Sor-
bent preparation and testing in progress is aimed toward the
development of the most efficacious and durable salt sorbents
that can be economically produced. As work progresses it is ex-
pected that system design will be initiated.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0104, THE ELECTROSORB PROCESS FOR DESALT-
ING WATER
A.M. JOHNSON, Marquardt Corporation, Van Nuys, California
91409

Electrode s:j stems based upon porous carbon are being in-
vestigated for desalting water, It is believed that the fundamental
phenomena of desalting by these electrodes are those associated
with capacitive charging of the extensive wetted surfaces supplied
by the carbon, It is assumed that this behavior can be predicted
from a knowleage of charge-versus-voltage function of a given
surface for ionic species of interest, and that the nature of this
function can be modified by suitable chemical pretreatment. Thus
electrodes can be prepared especially for cation or for anion
responsiveness. A theoretical model of these systems is being
developed, analyzed, and compared with experimental results.

The test program includes preparation and testing of suitable
electrode systems in terns of the theoretical model as well as in
terms of performance level and of durability in the presence of
various important ionic species. It also includes studies of vari-
ously pretreated carbons to determine their capacitive ion sorp-
tion characteristics. Design and performance optimization studies
are panned to evaluate the potential of these systems for practi-
cal desalting applications.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0105, LIME MAGNESIUM CARBONATE PROCESS -
SEA WATER SOFTENING PLANT
D.D. KAYS, Sterns Roger Corporation, Denver, Colorado 80204

Stearns-Roger has developed the system design and con-
structed a prototype facility competent to carry out research and
development of the Lime-Magnesium Carbonate Process for
pretreating sea water fed to evaporators. The plant has the
capacity of treating approximately 3 MOD of sea water.

This pretreatment is a method of reducing the quantity of
calcium present in the feed, thus reducing the f,olubiiity product
and raising the temperature at which solid Ca504 can form. In
addition, bicarbonate can be removed, resulting in the precipita-
tion of CaCO3, This has the potential of eliminating the present
need for acidification. This modified sea water will then be suita-
ble for evaporation at higher temperatures and, at the same time,
less corrosion.

The prototype facility will provide process criteria for speci-
fying and sizing of the clarifiers, reactws, and other equipment
required for various size desalting plants.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0106, INVESTIGATIONS OF ALGAE INHIBITING
MATERIALS
T.R. BARTLEY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Attached aquatic organisms seriously reduce the carrying
capacity of irrigation and water distribution structures. Laborato-
ry and field studies show that by coating these structures with ap-
propriate materials containing toxicants the organisms will not
develop on the coated area. Coatings under study include an-
tifouling paints, direct metal coatings to concentrate incorpora-
tion of toxicants in the concrete surface, and various other
materials applied to the surface of the submerged concrete. The
most promising results to date indicate that certain antifouling
paints, a vinyl-resin system cuprous azide or tributyl tin oxide, ap-
plied to submerged concrete will provide long-term inhibition of
algae attachment. The present program has progressed suffi-
ciently to provide recommendations for routine field use of
specified materials on submerged concrete structures. These an-
tifouling coatings are presently limited to small areas, such as
concrete weirs and flumes, because of cost.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0107, AROMATIC SOLVENT AQUATIC HERBICIDES
AND EMULSIFYING AGENT TESTING
T.R. BARTLEY, US. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Certain aromatic hydrocarbon solvents are used extensively
by the Bureau of Reclamation and cooperating irrigation districts
for controlling submersed aquatic weeds. These materials are sel-
dom available in quantity as formulated aquatic herbicides, but
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are often products of petroleum or coal-tar distillations that differ
in makeep. Large-scale acquisition of these byproducts requires
laboratory testing and evaluation for determining suitability as
aquatic herbicides. Studies have shown that aromatic solvents
must have specific physical and chemical properties, as well as
proper dispersion in irrigation water by emulsifiers. Physical,
chemical, and biological laboratory tests are conducted on sam-
ples of aromatic solvent materials and emulsifying compounds to
determine whether they meet specifications and are effective as
aquatic weed herbicides. These samples are submtted to the
laboratory from Bureau field offices, manufacturers, and sup-
pliers.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3,0108, EFFECT OF COPPER SULFATE ON AQUATIC
WEEDS
T.R. BARTLEY , U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Laboratory studies and experiments by other investigators
have shown that copper has a pronounced effect on higher forms
of aquatic vegetation. Copper has been used for many years as an
effective algaecide. This study was undertaken to determine the
effects of a semicontinuous feed of low concentrations of copper
on the growth of aquatic weeds common to Western irrigation
canals.

Small copper sulfate crystals are fed into the flowing water at
a calculated rate based on water volume by means of an auto-
matic feeding device equipped with a timer. The copper sulfate is
fed into tile water daily throughout most of the irrigation season.
The aquatic weed growth will be observed frequently through the
season to determine the effect of the treatment. Concentration of
copper in the irrigation water will be monitored. Total alkalinity
of water on copper concentrations is being investigated. Water
temperature and other tartars are investigated in this aquatic
weed control study.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0109, HERBICIDE RESIDUES
T.R. BARTLEY , U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

It is important to know the level of herbicide that gets into ir-
rigation water either through direct application to the water or
through applications adjacent to the water. The amount of herbi-
cide that accumulates in the aquatic plants and the aquatic and
agricultural soils is also pertinent to a better understand and use
of the weed control method being practiced.

Samples of water and sometimes aquatic plants, aquatic soils.,
and agricultural soils exposed to herbicide treatments are col-
lected in and along irrigation canals for analysis of various herbi-
cides commonly used for weed control on irrigation projects.

Herbicides such as 2,4-D, 2,4,5-T, xylenc and acrolem
copper, are being emphasized in this study. The level of herbicide
present in samples will be measured through the use of gas chro-
matographic and atomic absorption spectrophotometric
techniques.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0110, SOLAR REFLECTANCE OF MONOLAYER.
COVERED WATER SURFACES AS RELATED TO
EVAPORATION SUPPRESSION
J.T. BEARD, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A study is being made to determine the chemical substances
which will substantially increase the solar reflectance of
monolayer-covered water surfaces. The study includes determin-
ing the optical properties of these substances in the monolayer
form. Known values for optical properties are limited to sub-
stances in the bulk form. Two basic categories of substances are
under investigation: (1) Dyes, which by their general nature have
a high coefficient of absorption in the visible energy wave lengths
where most solar energy is found; and (2 ) polymers, wherein an
increase in film thickness tends to increase the reflectance of
films having certain optical properties.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0111, WEED CONTROL AND REVEGETATION
C.L. DAVENPORT, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Work on the Rio Grande Project, Las Cruces Branch, New
Mexico, consists of weed control demonstration on project right-
of-way to ascertain most economical and effective means of con-
trolling perennial grasses, woody plants and weeds to establish a
permanent cover crop of adaptable grasses.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0112, SURFACE FACILITIES FOR DISPOSAL OF
DESALTING PLANT EFFLUENTS
L,M. ELLSPERMAN, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Objectives; To develop design criteria for surface facilities to
be used in the disposal of desalting plant effluents.

Description of Work: a. Perform 'state of the art' bibliog-
raphy, including literature and industry survey. b. Explore and
evaluate soil samples from probable sites. c. Conduct a laboratory
evaluation of the effectiveness of soil sealants and other :fining
materials with various brine effluents. d. Develop a monitoring
system for continuous and routine measurements of seepage
losses. f. Field test soil sealants and other lining materials and
develop optimum methods of application. g. Prepare a manual on
surface facilities for disposal of desalting plant effluents. h. Con-
duct an economic study of salt disposal.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3,0113, CONSUMPTIVE USE OF WATER BY SALT
CEDARS
R. FIFE, U.S. Dept. of Interior, Bureau of Reclamation, Denver,
Colorado 80225

Work being done on the Middle Rio Grande Project, near
Bernardo, New Mexico, consists of three sets of lysimeters, each
set consisting of three tanks, to be located in a representative area
of salt cedars. One set, having a high water table, will be used as a
control. The second set will be used to determine the effect of the
rapid lowering of the water table. The third set will F located in a
cleared area.

The purpose of the study is to (1) determine the change in
consumptive use of salt cedars after the depth of groundwater has
been rapidly increased; (2) determine the difference in consump-
tive use of water between cleared and uncleared ar as; (3) to ob-
tain data for comparison of consumptive use rates determined
for other areas and to appraise the validity of transferring such
data to other areas.

During F. Y. 1965 routine operation and maintenance of the
nine large and five small evapotranspirameters continued. Two
vegetative density surveys were made of the salt cedar in the tanks
and in the surrounding area. The tanks were rushed during
November, but it was14ot .ecessary to add gypsum.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0114, RADIO METHODS FOR DETERMINING WATER
VAPOR CONTENT OF AIR
Q.L. FLOREY, U.S. Dept. of Interior, Evaporation Reduction
Section, Denver, Colorado 80225

Study is a joint effort by the Environmental Science Services
Administration and the Bureau of Reclamation in connection
with the Lake Hefner field studies made during 1965,1966 and
1967. The Lake Hefner tests, which were designed to permit a
comparison of several methods for determining evaporation
losses and savings through the use of monomolecular films, also
provides an ideal opportunity to measure the refraction of radio
waves resulting from water vapor in the air and may result in a
simple method for evaluating monomolecular films on large water
surfaces.

The bulk aerodynamic and energy budget methods require
extensive instrumentation and personnel and are indirect, empiri-
cal methods for estimating the evaporation in terms of other mea-
surable parameters such as vapor pressure gradient, wind speed,
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and radiation balance. Results to date have been restricted to
averages over periods of days to weeks. The study involves mea-
surement of turbulent flux of water vapor both directly at a point
and indirectly by the apparent variation of radio path length over
distances of the order of several miles and comparing the in-
dicated evaporation losses with those indicated by the various
other methods to be utilized.

SUPPORTED EY U.S. Dept. of Interior - Bu. Reclamation

3.0115, PROGRAM FOR FIELD EVALUATION OF
REVERSE OSMOSIS PILOT PLANTS ON BRACKISH
WATERS
D.H. FURUKAWA, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The objectives of this work are: to test operate reverse osmo-
sis pilot plants on natural brackish waters at Roswell, New Mex-
ico, and Dalpra Farm, Colorado, and to determine their opera-
tional characteristics; to obtain comparative data on the desalina-
tion performance characteristics of these units; to establish op-
timum operating conditions and pretreatment requirements for
economic desalting of Roswell type brackish waters.

The scope of work will include: test operate pilot plants with
bltinded brackish waters of 2,000 to 4,000 ppm at Roswell and
3,700 ppm at Dalpra Farm; establish optimum operating condi-
tions, optimum feed water pretreatment requirements, and active
service life of reverse osmosis membranes; conduct economic
study and compare cost of desalting test brackish waters by dif-
ferent designs.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0116, PROGRAM FOR ELECTRODIALYSIS RESEARCH
AND DEVELOPMENT
D.H. FURUKAWA, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The objectives of this work are to establish long term effects
on process characteristics and components for high temperature
electrodialysis; to perform comparative evaluation tests on dif-
ferent neutral membranes using Dalpra Farm water supply as test
water and commercial electrodialysis stacks as test vehicles.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

300117, COMPARATIVE EVALUATION OF REVERSE OS-
MOSIS PILOT PLANTS OF DIFFERENT DESIGN CONFIGU-
RATIONS
D.H. FURUKAWA, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The objective of this work is to obtain data on the design and
performance characteristics of plate and frame, spiral, and tubu-
lar reverse osmosis systems through the test operation of 1,000
gpd pilot plant units on synthetic brackish waters under different
test conditions. Based on test data, the design (or designs) will be
identified that offers the most promise for immediate advance-
ment to commercial application. Areas will be recommended
where additional research and engineering efforts are needed to
improve component reliability and performance capability of
each design tested.

The general requirements of the work to be performed under
the contract are as follows: 1. Operate pilot plants on synthetic
waters under a preselected set of operating conditions and salini-
ties. 2. Investigate the effect of changes in feed water salinity, feed
water pH, and product to feed water ratio on the process efficien-
cy and design integrity. 3. Investigate practical hydrodynamic
methods of minimizing concentration polarization effects at the
solution-membrane interface for each reverse osmosis unit
design. 4. Develop standard test procedures to determine the per-
formance characteristics of reverse osmosis membranes. 5.
Identify potential areas where additional research and engineer-
ing efforts are likely to produce information helpful in lowering
the cost of desalting brackish waters by ?verse osmosis process.
6. Try = the maintenance and operation contractor personnel to
continue this test program in the OSW brackish water test center
facility at Roswell, New Mexico. 7. Prepare a final report on
results. With recommendations for further study,

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0118, WEED CONTROL AND REVEGETATION
C. GUERRO, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Work on the Middle Rio Grande Project, New Mexico, cone
sists of weed control demonstration on project right-of-way and
river lands to ascertain the most economical and effective means
of controlling woody plants. The funds for establishment of
grasses for permanent vegetative cover have been applied to the
control of woody plants.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0119, WEED CONTROL AND REVEGETATION
A.L. HULBERT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Work on the Rio Grande Project, Ysleta Branch, Texas, con-
sists of weed control demonstration on project distribution and
drain right- of-way to ascertain the most economical and effective
means of controlling perennial grasses and weeds to establish a
permanent cover crop of adaptable grasses.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0120, HYDRAULIC MODEL STUDIES OF A PUMP
INLET MANIFOLD
D.L. KING, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Because of the variable flow rates in the manifolds of flash
distillation plants and the fact that the vapor pressure of the brine
is near the flash point, there is a critical need for maintaining the
design net positive suction head on the circulating pump and for
eliminating vapor entraining vortices at the pump inlet.

A pump inlet system design has been verified by model tests
to assure that design conditions for the pump suction will be met.
The objective of the studies was to verify or, if necessary, to modi-
fy the design of the module inlet system so that it will be essen-
tially free of vortex formation and excessive drawdown of the
water surface.

Flow conditions in the evaporation channels immediately up-
stream from the manifold have also been investigated. The model
is being retained to investigate any problems which might arise
during operation of the prototype module.

Investigations to determine the head losses in the inter-
module piping were completed.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0121, CONTROL OF WOODY PLANTS
W.D. LEIGON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Work is being done on the Rio Grande Project, Caballo
Reservoir, near Truth or Consequences, New Mexico. During the
past years, a portion of this area has been aerial sprayed to deter-
mine the effectiveness of herbicides on woody plants when small
volume applications are made. A new phase of program recently
initiated with the State of New Mexico provides for removal of
woody plants and control by various methods and root food
reserve studies.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0122, VALUE OF DESALTED WATER FOR IRRIGA-
TION
J. MALETIC, U.S Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225 ( 14-01-0001-1241 )

The technical objectives of this study are to make prelimina-
ry evaluation of the benefits that would accrue from using
desalted water, at various quality levels, to augment and improve
the water supply of three selected irrigated areas and to select a
method for introducing desalted water into the existing irrigation
systems of these areas. With the information noted above, the Of-
fice of Saline Water will be able to identify the design and operat-
ing criteria and the limiting economic constraints for desalting
plants to be used for the application cited.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0123, SELECTION OF SITES FOR FIELD TESTING
BRACKISH WATER CONVERSION UNITS
H.R. MCDONALD, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The objective of this work is to recommend sites for field
testing brackish water conversion units, evaluate their suitability,
and provide support services as requested. The Bureau of Recla-
mation will investigate, evaluate, and recommend sites suitable
for conducting field operational tests of brackish water conver-
sion units. Preference will be given to sites owned by or accessible
to agencies of the Department of the Interior, in particular, the
Federal Water Pollution Control Administration and the Bureau
of Reclamation.

The test site should be available for a period of one or more
years and should be of a size suitable for testing up to three
brackish water conversion units simultaneously for purposes of
comparison and to coacentrate the need for support services to a
few sites at a time. Reclamation has recommended a number of
sites from which the required number will be selected by the Of-
fice of Saline Water as needed.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0124, BASIC INVESTIGATION OF HEAT AND
MOISTURE TRANSFER ACROSS THE AIR-WATER INTER-
FACE
T.R. MEE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A laboratory study is being made of the heat and moisture
transfer across the air-water interface. Particular attention is
being given to the structure of the interface; the laminar layers
above and below the surface; the modes of heat and mass transfer;
and the nature of the physical and chemical parameters which
govern the rate of mass transfer. An empirical model is being
developed which will describe the physical process of water
evaporation and the effects that air water temperature dif-
ferences, wind and wave action, and laminar region thickness
have on the process.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0125, FIELD INVESTIGATION OF THE SUBMERSED
AQUATIC ENVIRONMENT
N.E. OTTO, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Study of the ecological relationships of plants and animals in
canal and reservoir environments are necessary to gain un-
derstanding of biological problems existing in these areas.
Knowledge of environmental factors and interactions are essen-
tial to future improvement of aquatic weed and animal problems
existing in irrigation distribution systems. Data have been col-
lected from irrigation canals in three different geographical areas
concerning the physical, chemical, and general biological aspects.
Samples of soil, water, and biological materials are being col-
lected for chemical and physical analyses in both weed-free and
heavily infested canal sites. Observations are being made of all
physical, chemical, and biological factors suspected as being im-
portant in the environment. Data obtained to date indicate that
rooted submersed aquatic weeds are adapted to a wide range of
environmental conditions, and no one specific set of factors nor
interaction of factors has been demonstrated as being responsible
for pondweed invasion and establishment in a canal system.
Present emphasis on this phase of the aquatic pest investigations
program is associated with more detailed study of the nutrient
requirement of submersed aquatic weeds, including filamentous
green algae.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0126, FIELD EVALUATION OF SOIL - APPLIED HERBI-
CIDE FOR TOTAL VEGETATION CONTROL
N.E. OTTO, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Twenty-two different soil-applied herbicide formulations are
being evaluated for ability to provide complete control of vegeta-
tion. The initial herbicides under test were applied to replicated
1-square-rod plots at three different rates.

The study will be conducted for a minimum of 5 years on the
original field test site. Data obtained will provide information use-
ful to field operation personnel for improving non-selective herbi-
cide applications and long-term vegetation control on areas
where plant cover is undesirable. Evidence at the end of 4 years
indicates that three of the newer formulations of herbicides are
exhibiting more efficient vegetation control than most types
presently under general use by the Bureau of Reclamation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0127, LABORATORY STUDY OF AQUATIC ENVIRON-
MENTAL FACTORS AND PLANT GROWTH STAGES ON
AQUATIC WEED GROWTH AND HERBICIDAL RESPONSE
N.E. OTTO, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The effectiveness of aquatic herbicides often varies in the
same canal system. The factors responsible for these variations in
herbicidal response are seldom determined, but might be ascribed
to variations in environment or plant material. Laboratory studies
are being conducted to evaluate environmental factors, such as
light, temperature, and plant growth stage on the development of
aquatic weeds and response to herbicidal treatment. Laboratory
studies are conducted in two controlled environmental growth
chambers. Results show that controlled environmental variations
of light and temperature exert considerable influence on the
growth and development of two pondweed species studied. These
studies also show that the morphological growth stage (relative
age) attained by aquatic plants was a major determinant in the
degree of injury obtained from treatment with two types of
aquatic herbicides. Studies are conducted on a continuing basis as
new aquatic herbicides and weed control techniques become
available.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0128, VALUE OF DESALTED WATER FOR IRRIGA-
TION
H.L. PARKINSON, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Three irrigated study areas, located near Yuma, Arizona,
Phoenix, Arizona, and Thermal, California, are being studied at
reconnaissance level to determine the value of various water
quality levels for irrigation. Improved water quality would be
achieved by desalting brackish water in the 2000-5000 ppm
range. Water quality levels of 400,900, and 1500 ppm are being
studied. Desalting costs are being developed for both Electrodial-
ysis and Multistage Flash methods. Efforts are being made to
maximize the possible benefits. Soil salinity is being held at op-
timal ranges for maximum production of selected crops by utiliz-
ing an adequate amount of deep percolation. Crops enterprise
budgets are being used to evaluate potential direct benefits. Crop
selection is carefully done to assure the best net income at each
water quality level. Crops vary some between study areas.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0129, A STUDY OF NATURAL EVAPORATION FROM
FREE WATER SURFACES
R. PILIE, U.S. Dept. of Interior, Bureau of Reclamation, Denver,
Colorado 80225

A laboratory and field investigation is being conducted to
determine the quantitative relationship between wave charac-
teristics, airflow characteristics, and evaporation rate. The
microphysical processes that control the rate of mass transport
across the water surface and how these processes change with
wave activity particularly as influenced by monomolecular films,
will also be studied. Field tests at Lake Hefner, Oklahoma will be
conducted to develop methods of applying laboratory results to
field situations.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0130, EVAPORATION REDUCTION INVESTIGATIONS
STUDY OF THE EFFECTS OF FATTY ALCOHOLS ON THE
ECOLOGY OF LAKE HEFNER
J.K. SILVEY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A study is being made to determine the effects of fatty al-
cohols on the ecology, especially the bacteria and plankton popu-
lation, of Lake Hefner.

Evaporation Reduction investigations utilizing various
monolayer- forming fatty alcohol mixtures conducted at Lake
Hefner during the summer and fall months of 1965, 1966, and
1967 provide an ideal opportunity to observe these effects, since
records on bacteria .nd plankton populations under natural con-
ditions are available for several years prior to the monolayer ap-
plications.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

3.0131, GREENHOUSE AND OUTDOOR NURSERY CUL-
TURi?, OF SALTCEDAR PLANTS TO BE USED IN
PHREATOPHYTE CONTROL PROGRAM
P.M. TURNER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Plants for herbicide testing purposes are cultured in a green-
house. Stem cuttings are used as propagating material. Saltcedars
are also grown in a nursery and are used for field-type studies of
phreatophyte control methods.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0132, HERBICIDE EVALUATION FOR
PHREATOPHYTE CONTROL
P.M. TURNER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Phreatophytes cover 16 million acres along water courses in
the 17 Western States and may consume 20 to 25 acre-feet of
water annually. Economical methods of control, primarily chemi-
cal, have been the object of investigations. Systemic herbicides
are applied by foliar spraying to salt cedar plants at different
rates. Effects of replicated

Herbicide treatment results will be correlated between in-
door grown plants. The effects of adjuvants such as thickeners,
surface active and emulsifying agents are evaluated for enhance-
ment of herbicidal activity. Environmental factors of precipita-
tion, relative humidity, air temperature, water table depth and soil
composition are recorded and their effects on herbicide applica-
tions determined. The ecological aspects of saltcedar invasion of
grassland following scouring and silt deposition resulting from
flooding are being studied. The annual cycle of carbohydrate
reserves have been determined by chemical analysis of root sam-
ples which have been collected in the field. This has been corre-
lated with the response of plants to herbicides and other control
methods. Combined methods of control such as mechanical mow-
ing followed by herbicide treatments have been tested. The quali-
ty of water used for the herbicide spray diluent and its effects on
treatments is being investigated Soil application of herbicides has
been evaluated.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0133, MICROBIOLOGICAL INVESTIGATIONS
P.M. TURNER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Microorganisms occurring in water supply, storage and con-
veyance systems cause problems such as corrosion, deposition,
plugging and fouling. Investigations are made to identify the or-
ganisms, determine their mode of action and response to their en-
vironment, and to find effective measures of control.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0134, HYDROLOGIC STUDIES LEADING TO SITE
UTILIZATION
S. WEST, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

Study the hydrologic regimen around nuclear test areas and
supply the knowledge gained to safety and engineering manage-
ment practices. Provide data for utilization of water resources
around nuclear test sites.

Specific major areas of study include: (a) Natural
hydrochemical and hydrogeologic conditions near sites of
planned atomic detonations, (b) distribution of radionuclides in
earth materials and associated groundwater, (c) field transport
characteristics of radionuclides.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

3.0135, CONSTANT TOTAL PRESSURE EVAPORATION
WITH HEART RFUSE BY A BUILT-IN ENGINE
C. CHENG, Univ. of Denver, School of Engineering, Denver,
Colorado 80210

In the process, an auxiliary system consisting of two organic
substances which are partially miscible in a certain temperature
range and have a critical solution temperature is used to serve as a
built- in engine in an evaporating system to help separating fresh
water from a brine. One substance is called a boiling point depres-
sor and is added to the boiling mass to lower its boiling tempera-
ture, and the other is called an absorbent and is added to the con-
densing side to raise the temperature of the condensing mass. By
the raising and lowering of the condensing and boiling tempera-
tures respectively, heat of condensation can be effectively utilized
in the evaporating of the boiling mass under a constant total pres-
sure condition. The auxiliary system is regenerated by cooling
below the critical solution temperature. A system consisting of a
fluorocarbon as a depressor and a higher boiling parrafin
hydrocarbon as an absorbent would be an ideal system owing to
non-toxicity and low solutbility in water.

The study will be directed primarily toward the screening of
working mediums and determination of the necessary physical
property data. Laboratory scale equipment will be constructed so
that the feasibility of the process can be determined and the ef-
fects of heat and mass transfer can be evaluated.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0136, THE EFFECTS OF VELOCITY ON THE PASSIVA-
TION OF ALLOYS IN BRACKISH WATER
D.T. KLODT, Univ. of Denver, Denver Research Institute,
Denver, Colorado 80210

The primary objective of the proposed research program is to
develop a basic understanding of the effects of velocity on passivi-
ty and corrosion resistance of alloys used in desalination plants.
Another objective of the program is to provide engineering data
on the corrosion resistance of eight commercially available alloys
exposed to velocity conditions in brackish water. Environmental
factors such as temperature, degree of aeration, concentration of
the electrolyte, and the velocity of the electrolyte relative to the
test metal surfaces will be similar to those that would be encoun-
tered in a typical process for desalting brackish water.

Analysis of the passivity will be conducted by electrochemi-
cal and electron microscopy techniques. The electrochemical,
that is, potentiostatic measurements will be used to determine the
overall or average passivity of the alloys. Electron microscopy
studies of the structural and topographical characteristics of lo-
calized passivity breakdown will be correlated with the potentio-
static measurements. Thus, these analyses of passivity will be used
to evaluate the basic behavior of the various alloys under velocity
conditions. Also, the experimental techniques will be evaluated in
terms of their potential usefulness in the development of new or
modified corrosion resistant alloys in velocity exposure service.
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SUPPORTED BY U.S. Dept. of interior - Off. Saline Water SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Colorado State University

3.0137, A STUDY OF THE STRESS-CORROSION
SUSCEPTIBILITY OF CUPRO-NICKEL AND TITANIUM
UNDER DESALINATION CONDITIONS
R.N. ORAVA, Univ. of Denver, Denver Research Institute,
Denver, Colorado 80210

The objective of this research project is to establish the
stress- corrosion susceptibility of titanium and cupro-nickel under
conditions peculiar to desalination operations. The investigation
is designed to provide the information necessary for the predic-
tion of long-term stability from the standpoint of stress-corrosion
behavior. Sheet and tube specimens of A-70 and A-40 grade com-
mercial titanium, and 90Cu- 1 ONi, 70Cu-3Ni-0.5Fe copper-
nickel alloys will be tested by continuous immersion in saline
solutions. The specimen variables will be grain size and hardness
temper, and the testing variables will be the applied stress on the
specimen, and the composition, velocity, and temperature of the
environment. The variation of stress will serve to establish a
stress-failure time relationship. The solutions will be brackish
water, and natural sea water with three different salt contents up
to about 11 percent. Three velocities ( 0,4,8 Fps.) and four tem-
peratures will be examined (ambient, 150, 200, and about 250
degrees F ).

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0138, EVAPORATION OF WATER AS RELATED TO
WIND BARRIERS
J.E.CERMAK, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

The evaporation of water from soil and water surfaces and
from plants is intimately associated with the local wind charac-
teristics such as turbulence, mean velocity, temperature and
water vapor content. Properly designed and located wind barriers
and soil surface corrugations show considerable promise for con-
trolling the local habitat with respect to turbulence and mean
velocity or in other words the local transfer coefficients.

By means of experimental measurements over simulated cor-
rugated surfaces with and without wind barriers placed in a spe-
cial wind tunnel, an attempt will be made to attain the following
objectives: 1. Determine the local heat and mass transfer coeffi-
cients over the surface of corrugated areas. The variation of these
coefficients for a wide range of corrugation configuration, spac-
ing, depth, and orientation relative to the mean wind direction is
to be obtained. In addition to direct measurement of the transfer
coefficients, the local mean wind distribution and turbulence
characteristics are to be determined. 2. Determine the local heat
and mass transfer coefficients over surfaces which are bordered
by obstacles such as tree rows, hedge rows, stubble strips, and
solid or semi-solid barriers. The variations of these coefficients
for a variety of barrier structures, row spacing and height is to be
obtained. Local mean wind distributions and turbulence charac-
teristics are to be measured in addition to the local transfer coeffi-
cients. 3. Develop analytical methods, using the experimental
data acquired, which will assist in the design of wind barriers for
planning water conservation measures.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

3.0139, HYDRAULIC OPERATING CHARACTERISTICS
OF LOW GRADIENT BORDER SYSTEMS PHASE II
N.A. EVANS, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

Data from 104 experimental irrigations over a two-year
period will be analyzed to form rules for optimum combinations
of site and crop factors (discharges border gradient, irrigation
time, hydraulic resistance of soil and crop surface, infiltration
characteristics, etc.) in older to achieve maximum efficiency in
distribution of water. A method for using the border in obtaining
`effective' constants for a commonly used empirical intake func-
tion will be verified and a comparison will be made with the same
constants obtained by ring infiltrometers.

3.0140, ROCKY MOUNTAIN OROGRAPHIC CLOUD
PRECIPITATION AND MODIFICATION
L.O. GRANT, Colorado State University, Scnool of Engineering,
Fort Collins, Colorado 80521

This grant is for support of the continuation of the studies of
orographic clouds and precipitation studies over the Colorado
Rockies formerly supported under GA-847. It provides for a
systematic investigation of orographic cloud and precipitation
processes and their modification, and embodies a step-by-step ex-
ploration of the various factors relevant to the system. Considera-
tion will continue to be given to the nucleating characteristics of
seeding materials, the diffusion and transport of seeding materi-
als, the thermodynamic, dynamic and microphysical processes in
orographic clouds, and the quantity and distribution of precipita-
tion resulting from orographic cloud systems under both seeded
and unseeded conditions.

El JPPORTED BY U.S. National Science Foundation

3.0141, FACILITIES, METHODS AND DESIGN CRITERIA
TO PUMP, CONVEY, CONTROL AND MEASURE WATER
FOR AGRICULTURAL PURPOSES IN THE NORTHERN
PLAINS
H.R. HA1SE, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

Object: To develop and evaluate improved methods and
facilities to increase efficiency and reduce labor requirements for
pumping, conveying, controlling and measuring irrigation water;
and to develop systems to handle runoff in areas of limited rainfall
for more efficient crop production and storage of livestock and
domestic water supplies.

Plan of Work: Investigations will be conducted in the labora-
tory and field. Particular attention will be given to automatic
devices for distribution of irrigation water to border strips and
furrows with the prime consideration being the more efficient use
of water with reduced labor requirements. Structures that com-
bine water control and water measurement adapted to on-farm
conditions will be developed and evaluated to permit irrigation
farmers to easily and accurately measure water at strategic points
in their farm irrigation distribution system. New methods and
materials for conveying water, such as flexible tubing and canal
liners made of plastic and rubber, will be evaluated for adequacy,
stability and adaptability. Field installations of water harvesting
systems will be developed on non-irrigated lands to allow long-
term evaluation of climatic vagrancies, cropping patterns, and
economic feasibility. Another approach to be investigated in-
volves concentration of runoff from small watersheds, usually
marginal lands, and diverting such runoff into spreading systems
or pans for more intensive crop production, or into storage reser-
voirs for livestock or domestic water supplies.

SUPPORTED BY U.S. Dept. of Agriculture

3.0142, IRRIGATION PRACTICES, REQUIREMENTS
AND DESIGN CRITERIA FOR EFFICIENT USE OF WATER
AND SUSTAINED CROP PRODUCTION IN THE
NORTHERN PLAINS
H.R. HAISE, Colorado State University, School of Engineering,
Fore Collins, Colorado 80521

Object: To determine proper timing of irrigation based upon
stage of plant development and/or plant distress symptoms in
relation to moisture availability, fertility status, plant density, etc.,
as affected by evapotranspiration processes; to develop and eval-
uate practical devices and procedures to estimate evapotranspira-
tion and to develop and evaluate facilities, methods and design
criteria for improved water application and distribution efficiency
including hydraulics of flow in relation to stream size, and other
factors for production of high quality crops.

Plan of Work: Studies will be made in the field, laboratory
and greenhouse of (1) plant response to irrigation and related fac-
tors; (2) soil moisture availability on uptake and use of plant
nutrients and related problems; (3) proper timing of irrigation;
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(4) correlation of measured evapotranspiration for principal
crops grown under various soil and climatic conditions; (5)

developing more reliable methods of estimating evapotranspira-
tion; (6) magnitude of influence of various climatic conditions on
the evapotranspiration process and results considered when
developing predictive equations; and (7) the fundamental rela-
tionships of stream size, slope, soil roughness, crop retardance,
etc., affecting flow in surface irrigation systems. The combined
crop and soil effects will be evaluated. Design procedures will be
formulated.

SUPPORTED BY U.S. Dept. of Agriculture

3.0143, WATER YIELD IMPROVEMENT IN THE SNOW-
PACK TIMBER ZONE, RUNOFF FROM RANGELANDS
M.D. HOOVER, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

Plan of Work: The project staff will continue its investigation
on (1) forest and snow relationships, specifically: different
timber- cutting patterns on snow accumulation and melt and
water yield, net radiation, soil moisture, and water vapor trans-
port; (2) mountain range hydrology, specifically: the relation of
grazing to water yield and sediment movement; and (3) reduction
of erosion and damaging storm runoff. The latter phase is con-
cerned with designing and testing gully control structures and the
use of plants for erosion control.

SUPPORTED BY U.S. Dept. of Agriculture

3.0144, FLOW MEASUREMENT OF IRRIGATION
WATER
H.J. KOLOSEUS, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Irrigation Flow Meters & Canal Structures - A. The genera!
objective is to develop a new and improved device and techniques
for the measuremen' of irrigation water. Specific problems in-
clude the following: Design and evaluation of trapezoidal measur-
ing flumes. Determine the effect of convergence on the calibra-
tion of the Parshall Measuring Flume. Evaluate the vane-type
flow meter.

DESCRIPTION OF WORK: The various measuring devices
are tested in the hydraulics laboratory. The technique varies with
each measuring device.

SUPPORTED BY Colorado State Government

3.0145, WATER YIELD AS RELATED TO CLIMATIC
WATERSHED CHARACTERISTICS IN THE NORTHERN
PLAINS
D.A. WOOLHISER, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

Object: To identify the climatic and watershed factors in-
fluencing water yield from agricultural watersheds; to evaluate
and integrate these factors quantitatively; to develop simple field
procedures and 'working tools' by which the seasonal, annual and
longer period yield of water from ungaged watersheds may be re-
liably estimated, and to develop methods by which ground water
recharge and the yield of water from ground water may b.: esti-
mated.

Plan of Work: The work is currently in progress on agricul-
tural watersheds in the vicinity of Hastings, Nebraska; Newell and
Cottonwood, South Dakota; and Ft. Collins, Colorado. Some of
the factors required for the analyses and which are measured or
otherwise documented for the study are: rates and duration of
streamflow; precipitation patterns; antecedent moisture; season;
soils; land use; conservation and watershed management prac-
tices; ground water evaluations; riparian vegetation; geology;
gradients and hydraulic roughness of stream channels; and the
size, shape and other geomorphic attributes of the watersheds.

SUPPORTED BY U.S. Dept. of Agriculture

3.0146, WATER YIELD IMPROVEMENT, AND SNOW
AND AVALANCHE PREDICTION AND PREVENTION, IN

THE ALPINE REGIONS OF THE CENTRAL ROCKY MOUN-
TAINS
M. MARTINELLI, U.S. Dept. of Agriculture, Rocky Mtn. For. &
Rg. Ex. Sta. , Fort Collins, Colorado

Object: To determine methods to increase snow storage in al-
pine snowfields; to control evaporation and melting; and to
reduce snow avalanche danger by working out improved forecast-
ing of hazard and methods of stabilizing snowpacks on mountain
slopes.

Plan of work: In Snowfield research, the staff will continue to
collect climatic data from alpine areas, and is testing varieties of
snow fences. They are studying (1) snow accumulation and melt,
(2) snow transport by wind, (3) the aerodynamics of mountain
terrain, and (4) the use of chemicals to accelerate or retard snow-
melt. Watersheds are being calibrated to test promising methods
of alpine snowpack management. In Avalanche research, the staff
is investigating European control methods for application to
Rocky Mountain conditions. They are also determining the rela-
tionships between meteorological, terrain, and snowpack condi-
tions and avalanche formation and movement.

SUPPORTED BY U.S. Dept. of Agriculture

3.0147, DEVELOPMENT OF WATER PURIFICATION
SYSTEMS BASED ON REVERSE OSMOSIS
B, GITLOW, United Aircraft Corporation, Hartford - E. & W.
Hartford, Connecticut

The performance of cellulose acetate reinforced membranes
cast directly on nylon reinforcing cloth will be evaluated to deter-
mine rate at which water is purified in terms of gallons of water
purified per square foot of active membrane area and the percent
of salt rejection when the feed water concentration is 10,000 ppm
and the flow conditions are turbulent. Some of the best perform-
ing membranes will be tested for extended periods of time to
determine their potential for long life operation. Composite mem-
branes applied to suitable support materials will also be fabricated
and evaluated.

A small compact, disposable cartridge using composite mem-
branes will be fabricated to demonstrate the feasibility and per-
formance of such a cartridge.

Studies will be conducted to evalute the design configura-
tions which are feasible utilizing a reinforced membrane.

The performance of advanced reverse osmosis membranes
will be evaluated; those membranes which demonstrate high
levels of performance will be tested for extended periods of time.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0148, THE DESIGN, CONSTRUCTION AND TESTING
OF A 10,000 GPD TRANSPORT DEPLETION DESALINA-
TION PILOT PLANT
F. HARTER, United Aircraft Corporation, Hartford - E. & W.
Hartford, Connecticut

A 10,000 gpd capacity transport depletion desalting pilot
plant will be designed, constructed and receive laboratory evalua-
tion. This will be accomplished by reviewing the available trans-
port depletion data, identifying a series of design concepts, and
constructing that concept which appears to offer the greatest
potential. A brief laboratory evaluation of the pilot plant will be
performed using synthetic brackish solutions.

Small experimental programs to define the properties of
neutral and cation selective membranes, to more fully charac-
terize the electrical performance of the transport depletion
process using bench scale units, and to evaluate the hydrodynam-
ic properties of transport depletion channels which incorporate
various support screens will be performed.

Design specifications including cost estimates will be
prepared for a 100,000 gpd capacity transport depletion test bed
plant. A parametric cost analysis for commerical transport deple-
tion plants of 1, 5 and 10 mgd capacity will also be performed.

26
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SUPPORTED BY U.S, Dept, of Interior - Off. Saline Water

3.0149, STUDY CF METHODS TO RETARD COMPAC-
TION OF CELLULOSE ACETATE MEMBRANES IN
REVERSE OSMOSIS DESALINATION
R.D. DEANJN, Debell & Richardson Inc Hazardville, Connec-
ticut 06036

Compaction of cellulose acetate membranes in desalination
of water by reverse osmosis, appears similar to cold flow of
plasticized cellulose acetate plastics. Of the techniques which
reduce cold flow in plasticized cellulose acetate, those which ap-
pear compatible with use in reverse osmosis membranes have
been selected for experimental study: increasing molecular
weight, cross-linking, and reinforcement with fibers and pig-
ments. These techniques will be applied first to solid films, then to
asymmetric membranes used in reverse osmosis of saline water, to
see whether they reduce cold flow, and whether they reduce com-
paction.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0150, DEVELOPMENT OF A 50,000 GALLON PER DAY
NELLEN STACK ELECTRODIALYSIS MODULE
W.R. WILLIAMSON, Cuno Engineering Corporation, Meriden,
Connecticut 06453

This contract is for the purpose of evaluating the technical
and economic feasibility of the Nellen (flexible membrane) elec-
trodialysis stack design in a 50,000 gallon per day module pilot
plant. One module, 20-inches wide by 30-feet long, containing 75
membrane cell pairs will be designed, built and tested, Tests will
be run on brackish water of 3,000 ppm total dissolved solids at in-
ternal liquid flow velocities from 2 to 10 centimeters per second.
The cost of water from the Nellen type electrodialysis plants with
capacities of 50,000 gpd, 200,000 and 400,000 gpd will be esti-
mated.

SUPPOR1XD BY U.S. Dept. of Interior - Off. Saline Water

3.0151, CONSERVING SOIL MOISTURE BENEATH RED
PINE BY MEANS OF A FOLIAR SPRAY OF A STOMATA -
CLOSING CHEMICAL
P.E. WAGGONER, Conn. Agric. Expt. Station, New Haven, Con-
necticut 06504

Objective: To ascertain whether a thorough foliar spray of
phenylmecuric acetate conserves soil moisture beneath a stand of
large red pine.

Procedure: Soil on 5 pairs of 50-foot plots will be covered
with plastic. Thirty-foot red pine grow on plots. One lot of trees in
each pair will be sprayed thoroughly with phenylmercuric acetate
in 0.1% wetting agent. Seasonal change in soil moibture to a depth
of 10 feet will be determined by neutron met, A one-tenth sav-
ing in transpiration should create a significaM 1 inch savings in
the seasonal change.

SUPPORTED BY U.S. Dept. of Agriculture

2).0152, INTERFACIAL STRUCTURE AND TRANSPORT
IN WATER
J.B. FENN, Yale University, School of Engineering, New Haven,
Connecticut 06520

In a recent study we investigated the effect of monolayers on
evaporative heat and mass transfer at water surfaces. We found
tnat compressed films of cetyl alcohol, in addition to their
evaporation suppression ability, also deceased natural convec-
tion in the water. This decrease might have resulted either from a
change in the rheologic nature of the surface due to the presence
of the film or from changes in the water properties over a distance
of many molecules caused by the films. It could, of course, have
been a result of both. The present study is an extension of this
earlier work. We intend to take a closer look at surface structure
and transport in water.

The use of oriented compressed monolayers as 'orientation
promoters' on surfaces of pure water and various aqueous solu-
tions seems to be a promising method for studies of structure and
properties of water surfaces, If combined, for example, with

Brownian Motion studies it may be of great value in determining
quantities such as surface viscosity, thermal gradients and the
depth of the surface region. If combined with further evaporation
studies and flow measurements, it can provide information on
velocity or (in the case of solutions) concentration gradients near
the surface.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0153, A STUDY OF THE BENEFITS OF PLASTIC
MATERIALS IN DESALINATION PLANTS
D.R. GOODRICH, Amer. Cyanamid Company, Stamford, Con-
necticut

The goal of this investigation is to determine those areas
where desalination costs can be minimized by replacing the cur-
rent materials of construction with plastic or plastic-lined materi-
als. The proposed method involves process analysis of existing
desalination plants, collection of plastics data, computerized
searching of candidate materials to meet materials requirements,
and cost analysis. The four processes under consideration are:
Electrodialysis, Reverse Osmosis, Distillation (M.S.F. and
L.T.V.), Freezing (V.F.V.C.).

Materials requirements can be categorized into two areas:
functional and environmental. The functional criteria of the
equipment include heat transfer, mass transfer and storage,
whereas the environmental criteria include process conditions
such as temperature, pressure, flow rates and composition.
Process and cost data will be obtained from construction, operat-
ing and maintenance records of pilot and demonstration plants.

A literature survey will be made to collect comprehensive
physical property and cost data on commercially available
plastics. A computer search program will be developed to per-
form materials replacement studies. Plastics cost data, such as
fabrication costs, when not available, will be estimated, Based on
comparative cost analyses, areas where plastics usage may be
beneficial will be recommended.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0154, CONSTRUCTION AND DEVELOPMENT OF
SPIRAL DESIGN ELECTRODIALYSIS MODULE
M. MINTZ, Amer. Machine & Foundry Co. , Stamford, Connec-
ticut 06907

This study is for the purpose of developing a low-cost spiral
design electrodyalysis stack module and new, improved anion
exchange membranes. The work proposed will include the con-
struction and delivery of a 10,000 gpd electrodialysis unit of cir-
cular configuration, the development of a spiral design electrodi-
alysis stack cartridge, and membrane development. Based on the
final field test results, the most promising anion membrane will be
selected for further field evaluation on natural brackish waters
and a final report summarizing the work accomplished will be
submitted.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0155, DEVELOPMENT Or A THIN-LIQUID FILM
MEMBRANE DEVICE FOR EFFICIENT DESALINATION BY
REVERSE OSMOSIS
D.S. DAVIES, Dorr Oliver Incorporated, Stamford, Connecticut
06904

The main objective of this contract is to establish the techni-
cal feasibility and the economic potential of the thin-channel con-
cept in large-size reverse osmosis plants. Within the scope of work
to be accomplished, the two broad task outlines are to conduct
test runs with 25 and 100 gpd thin-channel design reverse osmosis
units; and to prepare a conceptual design and economic analysis
of the thin-channel concept. This contract could conceivably be
considered an extension of Contract No. 14-01-0001-542 which
was terminated on December 31, 1967.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0156, THE DEVELOPMENT OF AN ANALYTICAL
MODEL OF A FLASH STAGE
D.A. FISHER, Univ. of Connecticut, School of Engineering,
Storrs, Connecticut 06268

Work is continuing on the model development described
below using several sets of recently obtained AMF-Cuno Mill-
stone Point Laboratory Test data: a) the entrance jet region -
wherein a submerged wall jet from the entrance orifice, spreads
vertically with recirculation above the jet. A high degree of turbu-
lence causes large values of thermal conductivity in the vertical
heat flc,v which evaporates the liquid at the free surface; b) the
central portion - wherein the velocity profile adjusts from a max-
imum at bottom to a maximum near the top; c) the exit region -
wherein the fluid is accelerated for entrance into the following
stage. The major vertical heat transfer occurs in region b). A typi-
cal boundary layer occurs at the channel bottom. Jet induced tur-
bulence predominates. In region b) at the liquid surface vapor is
generated at the greatest rate. Turbulent thermal conductivity ap-
proximates 300,000 Btu/hr ft degrees F. Tentative relations for
turbulent thermal conductivity are proposed. Fluctuations due to
the turbulence is suggested as cause of large values of thermal
conductivity measured.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0157, DOCTORAL DISSERTATION RESEARCH IN
POLITICAL SCIENCE
L.L. GERSON, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

MARTEN H. GREENBERG, a doctoral candidate, will test
various hypotheses concerning government in Mexico by un-
dertaking a case study of irrigation projects and water supply.
Water is of central importance to the economic life of the country
and by studying the decision making process concerning it it is
hoped to provide information on such fundamental questions as
the location of power and the nature of federalism in Mexico.

SUPPORTED BY U.S. National Science Foundation

3.0158, PRODUCTION OF 90-10 COPPER NICKEL TUB-
ING FOR DESALTING
J.R. BON N AR , Anaconda Company, Waterbury, Connecticut
06702

This OSW contract was awarded to produce, inspect and ship
approximately 300,000 lbs. of 3/4' OD x 0.035' wall 90-10 copper
nickel (CDA alloy designation 0706) tubing in 68-foot, 61-foot
and 17-foot lengths for use by the OSW in their San Diego desalt-
ing test module. Satisfactory tubing was produced using conven-
tional brass mill equipment and was shipped as specified by sub-
ject contract.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0159, INVESTIGATION OF MULTI-EFFECT MULTI-
STAGE (MEMS) EVAPORATOR DESIGN PARAMETERS
F.W. GILBERT, Amer. Machine & Foundry Co. , Waterford, Con-
necticut

A. Furnish all utilities, materials and labor to carry out in-
vestigations of MEMS flash phenomena on the 10-stage module
and on the flash test chamber. B. Investigations will include, but
not be limited to, determination of design parameters involving
stage efficiency, heat transfer, mass transfer of liquids and vapors
and effects of gas and organic contamination.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0160, PLANT-WATER-USE EFFICIENCY WITH
GROWTH REGULATORS AND TRANSPIRATION SUPPRES-
SANTS
D.J. FIELDHO USE, Univ. of Delaware, School of Agriculture,
Newark, Delaware 19711

This project involves laboratory and field investigations for
reducing the need for irrigation for certain major vegetable crops.

This involves the use of plant growth regulants and transpiration
suppressants. The basic approach in this investigation is the bring-
ing together of isolated biological findings to form a systematic
and usable program for increasing the efficiency of plant water
use.

The three areas of concentration for increasing plant-water.
use efficiency are as follows: 1. To stimulate faster germination
and early plant growth in order to establish plants before dry soil
conditions exist. 2. To reduce water loss during critical periods of
plant growth through the use of transpiration suppressants. 3. To
use plant growth regulators for altering plant growth, fruit set, and
fruit maturation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Delaware

' 0161, PRESSURE AND TEMPERATURE DEPENDENCE
OF VOLUME VISCOSITY AND MICROSOPIC STRUCTURE
IN WATER AND SALINE SOLUTIONS
C.M. DAVIS, Amer. University, Graduate School, Washington,
District of Columbia 20016

The volume visocosity, eta sub v, of water and saline solu-
tions will be determined as a function of temperature and pres-
sure by means of ultrasonic absorption. The measurements will
extend over pressure and temperature ranges of 1 to 1000 at-
mospheres and 0 degree C to 100 degrees C respectively. In par-
ticular the anomalous pressure dependence of eta sub v in water
will be investigated in order to determine the effect of tempera-
ture and salinity on the reported maximum in eta sub v Finally the
relation between eta sub v and structural models of liquids will be
used as a means of evaluating various proposed structural models
of water in terms of the measured values of eta sub v.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0162, THE PREPARATION OF ULTRA-THIN REVERSE
OSMOSIS MEMBRANES BY ELECTROSTATIC DEPOSI-
TION
P.F. WATERS, Amer. University, Graduate School, Washington,
District of Columbia 20016

Experimental and theoretical studies will be done on the in-
fluence of selected variables on the efficiency and durability of
ultra-thin reverse osmosis membranes deposit?d on porous sub-
strates by electrostatic spraying. Various solvent systems for cel-
lulose acetate will be examined in order to determine the effects
of polymer-solvent thermodynamic interactions, dielectric con-
stant, surface tension and applied potential on reverse-osmosis
membrane performance. In addition, the influence of field con-
figuration, field gradient and porous substrate material will also
be investigated.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0163, AN EVAPORATIVE FREEZING PROCESS FOR
DESALTING WATER
H.M. CURRAN, Catholic University of America, School of En-
gineering, Washington, District of Columbia 20017

The objective of the contract is to develop, on a pilot plant
level, a batch-type evaporative freezing process for desalting
water. The vapor produced is removed and then condensed on
the washed ice. Freezing, washing and melting are carried out in a
single vessel. A series of vessels operated in a cyclic manner
produce fresh water from saline water. The system obviates the
necessity of moving ice-brine slurries.

SUPPORT ED BY U.S. Dept. of Interior - Off. Saline Water

3.0164, PARAMETRIC ECONOMIC AND ENGINEERING
EVALUATION STUDY OF THE REVERSE OSMOSIS
PROCESS
J.R. WILSON, Kaiser Industries Corporation, Washington, Dis-
trict of Columbia 20008

The objective of this study is to conduct a comparative en-
gineering and economic evaluation of reverse osmosis plants
utilizing present and projected technology and considering the
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following module design concepts: (1) plate and frame, (2) spiral,
(3) tubular, and (4) hollow fine fiber. The evaluation will include:
detailed capital and annual operating cost estimates for plant
capacities of 1, 10 and 50 million gpd in plants using each of the
four module design concepts; identification of the crtical com-
ponents, materials, and design paramemrs that contribute signifi-
cantly to product water costs; and a secund set ofdetailed capital
and annual operating cost estimates based on projected estimates
of technology, membrane flux rates and life characteristics.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0165, DEVELOPMENT OF HOLLOW FILAMENT
TECHNOLOGY FOR REVERSE OSMOSIS DESALINATION
SYSTEMS
T.A. OROFINO, Monsanto Research Corporation, Washington,
District of Columbia 20036

The research and development studies under this contract
are directed to meet the following objectives: (1) To characterize
reverse osmosis membranes which provide high and low water
flux and salt rejection with respect to their morphology and struc-
ture; (2) To develop new and improved polymer systems which
will provide low-cost, long life, hollow fine fiber reverse osmosis
membranes with high water flux and salt rejection properties; (3)
To develop techniques for the economical production of hollow
fine fiber reverse osmosis membranes; (4) To develop a low
capital-cost hollow fine fiber reverse osmosis cell design having
the potential for scale-up to mgd brackish water desalting plants,
and to construct of 1000 gpd pilot plant from this design; (5) To
test operate the pilot plant on synthetic brackish waters in order
to confirm its design integrity and performance characteristics.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0166, A METHOD FOR SYSTEM EVALUATION AND
COST-EFFECTIVENESS OF LARGE MULTISTAGE FLASH
DESALTING PLANTS
N. ARAD, Planning Research Corporation, Washington, District
of Columbia

A methodology, embodying both a probabilistic approach to
system performance and a deterministic thermodynamic process
analysis, was applied for the evaluation of the system effective-
ness and the cost- effectiveness analysis of variations in the design
and maintenance concepts of large, multistage flash-type, desalt-
ing plants. The analysis of subsystem effectiveness resulted in the
development of the Effectiveness Model, which embodies equip-
ment performance and process thermodynamics, for the deter-
mination of the desalting plant average annual system effective-
ness. The stochastic failure and repair duration processes, which
govern equipment performance, were studied and limited availa-
ble data correlated in order to determine the underlying Proba-
bility distribution functions. A computer program, to assist in the
computations involved in the determination of the life-span
values of the average annual effectiveness of the individual
subsystems and for the desalting plant as a whole, was developed.
The methodology was exercised on a 50 million gallons per day
multistage flash plant. An analysis for determining the cost-effec-
tiveness of variations in design and maintenance procedure con-
cepts were analyzed. Twelve variations in design and main-
tenance procedure concepts were analyzed. Eight of these were
found to be cost-effective, demonstrating the validity and useful-
ness of the methodology developed.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0167, CORROSION RESEARCH
J. KRUGER, U.S. Dept. of Commerce, Inst. For Materials Res. ,
Washington, District of Columbia 20234 (14 -01- 0001 -1091)

The program emphasizes scientific research directed toward
providing a basis for the most economical selection and utilization
of materials for desalination plants. For this purpose, research is
aimed at understanding under practical conditions, how corrosion
occurs and how it may be predicted and controlled. The program
stresses research on materials of both current and potential in-
terest in desalination systems. Thus materials that are currently

used in distillation plants, copper-nickel alloys and certain alu-
minum alloys, will be investigated via electron microscopy to
determine the extent of initial corrosion and the nature of the pro-
tective films which prevent corrosion. There will also be a study
of copper-nickel alloys to investigate the question of why adding
small amounts of iron in critical concentrations reduces the cor-
rosion rate of material in hot sea-water. Such work may reveal
general principles that may be applied to corrosion prevention.
Iron and iron alloys are potentially useful materials in desalination
systems because of their low cost. However such materials so far
have been susceptible to corrosion under distillation conditions.
There will be several studies on iron and iron alloys: on the
growth kinetics, the electronic properties and the structures of
the protective surface film on iron, and on how the film is broken
down by chloride ions. The techniques that will be used in these
studies, optical ellipsometry, and low-angle electron diffraction,
are among the most powerful of modern tools to examine the pro-
perties of surfaces. These studies, aimed at understanding how
iron corrodes, may point to ways of preventing such corrosion -
by alloying, for example, or by altering slightly environmental
conditions. The technique of cathodic protection may apply here
and there will be work investigating the feasibility of using this
method to make iron utilizable. As a further objective, the pro-
gram makes available to OSW consultative and advisory services
directed toward more immediate and short term corrosion
problems.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0168, THE CONNECTICUT RIVER STUDY
R.B. HANDLEY , U.S. Dept. of Interior, Bureau of Outdoor
Recreation, Washington, District of Columbia 20240

Objective - To determine the feasibility and desirability of
establishing all or parts of the Connecticut River Valley as a na-
tional recreation area.

The present and future recreational needs, supplies, and de-
mands will be analyzed along the Connecticut River itself. This
study will be broad in scope giving consideration to such things as
open spaces and cultural areas as well as picnic areas, etc.

Procedure - A BOR study group will: (1) Evaluate the
recreational, fish and wildlife, forest, and water and power
resources of the Connecticut River Valley; (2) Evaluate the Con-
necticut River and its component parts under the National
Recreation Area Criteria, and (3) Prepare a report containing
recommendations.

The above can be accomplished in the two years allotted and
the study by working closely with and by drawing heavily upon
the data being collected by other study groups such as the group
preparing the Connecticut River Basin Comprehensive Plan.

SUPPORTED BY U.S Dept. of Interior - Bu. Outdoor Rec.

3.0169, RESEARCH ON LIFE SUPPORT PJROUS MEM-
BRANES FOR REVERSE OSMOSIS
L. KINDLEY, U.S. Dept. of Interior, Office of Saline Water,
Washington, District of Columbia

Objective: a. Problem: To recover potable water from urine
and wash water in spacecraft life support systems. b. Application:
Wash water and urine water recovery systems. This work will
determine the feasibility of closing the water loop by reverse os-
mosis via porous membranes.

Approach: Porous glass membranes will be developed and
,.61ized in studying the feasibility of reverse osmosis process of or
i;iater recovery.

Progress: No significant progress to report to date. Reporting
dates from 29-03-68 to 22-05-68.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

3.0170, SCENIC RIVERS STUDY
A.H. UNDERHILL, U.S. Dept. of Interior, Bureau of Outdoor
Recreation, Washington, District of Columbia 20240

A nationwide study was coordinated by the Bureau of Out-
door Recreation in 1963-64 to inventory and evaluate wild or
scenic river needs and possibilities. The study was supervised by a
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5-member study team composed of representatives of the Depart-
ments of the Interior and Age 'Attire.

Based on the results of the study, a report 'Wild Rivers' was
published, and legislation was recommended by the Administra-
tion for the establishment of a Nationwide System of Scenic
Rivers. Nine rivers are proposed for initial 'national scenic river'
designation. Thirty- five other rivers are earmarked for further
evaluation within 10 years after enactment of a Scenic Rivers Bill.
other 'candidate' rivers will be studied by the Secretary of the In-
terior and Secretary of Agriculture. The proposed legislation also
provides for the inclusion of 'State and local scenic rivers' in the
Nationwide System.
SUPFORTED BY U.S. Dept. of Interior - Bu. Outdoor Rec.

3.0171, ISLAND STUDY
I.H. UNDERHILL, U.S. Dept. of Interior, Bureau of Outdoor

Recreation, Washington, District of Columbia 20240
This survey and planning study has three major objectives:

(1) Inventory all 10-acre or larger islands in the U.S., Puerto
Rico, and the Virgin Islands by size, ownership, and development
status. (2) Identify and evaluate those islands which have signifi-
cant wilderness, historical, or other recreational values. (3)
Develop a program for island conservation.

The Island Study was started during fiscal year 1967. The in-
ventory phase and the detailed studies of those islands with sig-
nificant recreational values have been completed. The final re-
port, outlining a program for island conservation, should be
released during fiscal year 1969.

SUPPORTED BY U.S. Dept. of Interior Bu. Outdoor Rec.

3.0172, FLOOD FREQUENCY SYNTHESIS FOR SMALL
STREAMS IN ALABAMA
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Objective: To gage small watersheds and develop a method

for estimating peak rates of runoff.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alabama State Government

3.0173, ST. JOHNS RIVER FISHERY PROJECT
H.L. MOODY, State Game & Frsh. Wtr. Fish, Eustis, Florida
32726

The purpose of this study is to monitor fish populations of the
entire St. Johns River for fishery conservation purposes.

The rapid rate of human population growth in this section of
Florida has produced and is continuing to cause limological and
terrestrial changes, through public works and other activities,
which has adverse effects on the fishery of the river. The aim of
this study is to define these changes more precisely in order that
deteriorations of the fishery may be arrested or prevented.

Fish population samples are taken with various standard fish-
ing gear and by different methods, including chemicals, to deter-
mine successive changes in the populations and their species com-
position which may be related to natural environmental factors,
water pollution, or to artificial changes in the habitat. Studies of
sportfishermnn success, harvest rates and fishing pressure are also
made.

SUPPORTED BY Florida State Government

3.0174, SYNTHESIS AND EVALUATION OF NEW
POLYMER MEMBRANE CANDIDATES FOR APPLICATION
IN REVERSE OSMOSIS
T.W. BROOKS, Peninsular Chem. Research Inc. , Gainesville,
Florida 32603

Proposed work under this contract involves the synthesis and
evaluation of certain block or graft copolymers as potential mem-
brane materials applicable in the reverse osmosis process for
desalinating brackish water or sea water. Such hydrophilic
polymers as poly (ethylene oxide), poly (vinyl alcohol), and poly
(diallyldimethyl ammonium chloride) are to be incorporated into
block or graft copolymer systems with such hydrophobic partners

as styrene, acrylonitrile, and methyl methacrylate. The hydropho-
bic segments play a dual role in that they serve to render the
hydrophilic segments water-insoluble and to provide adequate
compressive modulus to the derived membranes. Each block or
graft copolymer system is to be prepared in several compositions
in order to ascertain the effect of composition on such membrane
properties as water permeability, salt permeability, compression
resistance, and other variables which are fundamentally signifi-
cant in the reverse osmosis process. Where possible, such struc-
tural features as stereoregularity and crystallinity of hydrophilic
segments will be studied to ascertain the significance of
morphology in relation to water transport properties of subject
membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0175, WATER CONTROL FOR FOkEST PRODUCTION
C.M. KAUFMAN, Univ. of Florida, Agricultural Experiment Sta.
, Gainesville, Florida 32601

Objectives: 1. To determine effects of saw palmetto on
availability of soil moisture for tree growth. 2. To evaluate
methods for reducing water loss by controlling non-tree vegeta-
tion. 3. To determine effective means for controlling water table
levels by drainage and by irrigation as measured by tree response.

Procedures: 1. On sites of varied palmetto density; in open
and forest, remove palmetto from one plot, leaving paired control
undisturbed. Measure density of vegetation and soil moisture for
relationships. 2. Control vegetation for planting of select-bred
slash and longleaf pine: Already established after 9 treatments of
burn, cut, chop, disc, and plow; later to be cultivated. 3. Ditch
drain in flatwoods with organic hardpan soils, and test-plant to
select-bred slash pine.

SUPPORTED BY U.S. Dept. of Agriculture

3.0176, CULTURAL MANAGEMENT PRACTICES OF
FORAGE CROPS FOR PASTURES HAY OR SILAGE
D.E. MCCLOUD, Univ. of Florida, Agricultural Experiment Sta. ,
Gainesville, Florida 32601

Object: To develop improved cultural management practices
designed (1) to enhance establishment and persistence, and (2)
to increase yield and quality of newly developed varieties of
forage crops used for pasture, green feed, hay and silage.

Plan of work: Greenhouse, small plots, or minature pasture
paddocks (where animal performance is not measured), will be
used to screen forage varieties and mixtures and to study
establishment, maintenance, and utilization practices. Establish-
ment studies will include evaluation of plant population or stand
density, seedling development, persistence, and botanical com-
position as influenced by seeding time and rate. Maintenance
management will involve time, frequency, and intensity of
defoliation by clipping or grazing as related to factors such as LAI
(leaf area index). Appraisal of species will include persistence,
recovery after defoliation, seasonal pattern of growth, heat,
drought and cold tolerance, and competiveness. Response of new
forage crop varieties and mixtures to different kinds, rates, and
times of application of fertilizer as well as to supplemental irriga-
tions will be determined. For each experiment appropriate
replicated experimental designs will be used.

SUPPORTED BY U.S. Dept. of Agriculture

3.0177, IRRIGATION EFFICIENCY
J.M. MYERS, Univ. of Florida, School of Agriculture, Gainesville,
Florida 32601

It is likely that all citrus and many other crops in Florida, in
excess of 1,000,000 acres, will be irrigated with lower application
rates within the next few years. This will lead to smaller and more
frequent applications which may increase the total evaporation
losses. Inherent in these low rates of application are many
changes which influence evaporation losses. These include
smaller droplets, wider sprinkler spacing, extended irrigation
time, up to as much as 30 hours on a given area, and higher eleva-
tion of sprinkler heads.
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The problem of controlling evaporation losses could become
particularly serious in the citrus belt of Florida where industrial,
domestic and agricultural water consumption is increasing at a
rapid rate thus making more efficient application essential.

The evaluation of evaporation losses during irrigation needs
to be investigated so that steps can be taken to reduce the losses.
As competition for water increases the information to be derived
from this research will be essential to sound economic analysis,
pertaining to the allocation of water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Florida

3.0178, TEMPORARY LININGS FOR WATERWAYS AND
EMBANKMENTS
J.M. MYERS, Univ. of Florida, Agricultural Experiment Sta. ,

Gainesville, Florida 32601
Objectives: To determine design criteria for newly con-

structed waterways and embankments covered with erosion re-
tarding material and to determine hydraulic characteristics of lin-
ing materials.

Work proposed: The experimental procedure will involve
four types of tests. The first will consist of basic studies to deter-
mine some of the more important iunctional specifications for a
cover material. The second and third tests will be combined and
will involve the determination of the hydraulic characteristics of
existing temporary cover materials in combination with several
representative types of Florida soils, and the effect of these cover
materials on establishment of a permanent vegetative cover. The
last group of tests will consist of field experiments to evaluate
laboratory findings and to evaluate methods for installing the
materials,

SUPPORTED BY U.S. Dept. of Agriculture
Florida State Government

3.0179, IRRIGATION EFFICIENCY
J.M, MYERS, Univ, of Florida, Agricultural Experiment Sta. ,

Gaittesville, Florida 32601
Objective - To evaluate factor influencing irrigation water

losses for the various types of systems used in Florida Agriculture.
Description of Work Proposed - An evaluation will be made

of factors affecting evaporation losses from sprinkler irrigation.
Water droplet size, wind velocity, air quality (temperature and
vapor pressure), soil and vegetation are among the factors that
will be studied. A wind tunnel type environmental control facility
will serve as the primary apparatus for obtaining measurements of
water losses due to evaporation. Laboratory findings will be cor-
related with field results,

SUPPORTED B Y Florida State Government

3.0180, THE INFLUENCE OF INADEQUATE WATER
SUPPLY ON METABOLISM IN BIOLOGICAL SYSTEMS
WITH EMPHASIS ON PROTEIN SYNTHESIS AND NUCLEIC
ACID METABOLISM
S.H. WEST, Univ. of Florida, School of Agriculture, Gainesville,
Florida 32601

Limited water supplies and low water-holding capacities of
soils contribute to an environment in which plants are constantly
subjected to stress. Water stressed plants provide an excellent
tool to study the effect of limited water supply on sub-cellular
processes applicable to all biological organisms. Plants provided
varying levels of water stress by adding man nitol to their nutrient
solutions will be compared with controls, The synthesis of protein
essential to life as enzymes and structural units, will receive
emphasis. The effect of water stress on amino acid incorporation
into proteins and synthesis of specific proteins will be observed.
Nucleic acid metabolism will be studied since it plays such an inti-
mate role in protein synthesis by providing the mechanism and
genetic information for specific protein formation. Nucleic acids
from stressed and control plants will be isolated and compared
quantitatively and qualitatively by differential centrifugation,
methylated albumin chromatography, radioisotope incorporation
and thin layer chromatography. Functionality of each fraction in

protein synthesis will also be measured. This information will be
used to determine if tolerance to water stress can be induced by
chemicals or management practices and if plants can be altered
by critical breeding programs to provide adaptation to insufficient
water supplies.

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res. Rch
University of Florida

3.0181, THE ELECTROCHEMICAL BEHAVIOR OF
METALS AND ALLOYS IN SEA WATER AND THE EFFECT
OF BIOLOGICAL SLIMES ON THEIR RATES OF CORRO-
SION
K.G. COMPTON, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124

The effects of microbiological slimes on the corrosion rates
of metals in natural sea water will be compared to those in sea
water from which these micro-organisms have been removed. The
purpose of this study is to establish or disprove the need for in-
cluding the biological factors in any study of materials for use in
sea water and, if essential, to determine the extent of the effect.
The well established effect of anaerobic organisms will not be in-
cluded. In the second phase of the study, a galvanic series of
metals and alloys in sea water at elevated temperatures will be
determined over a range of water salinity. The temperature range
in this work will be from 212 degrees to 400 degrees F. The result-
ing data will establish design criteria to minimize galvanic corro-
sion effects in plants. The corrosion rates will be determined by
the polarization resistance method and will include a small range
in velocities. The potentials will be reported as differences
between metals and between the metals and reference electrodes.

SUPPORTED BY U.S, Dept. of Interior Off, Saline Water

3.0182, TEMPERATURE EFFECTS ON BIOLOGICALLY
INTERESTING MEMBRANE SYSTEMS
W. DROSTHANSEN, Univ, of Miami, Graduate School, Miami -
Coral Gables, Florida 33124 (14-01-0001-1649 )

It is intended to study the effects of temperature on the pro-
perties of two types of membranes which are biologically interest-
ing. The first membrane, system to be studied is a non-aqueous
(`oil') membrane supported by a solid porous (reactive or non-
reactive) matrix (such as a Millipore filter). The second type of
membrane to be studied is the bimolecular leaflet membrane. It ir,
intended to measure parameters such as membrane potentials,
biionic potentials, electric resistivity and hydraulic permeability
(where applicable) of these membranes at closely spaced tem-
perature intervals over a relatively extended temperature range,
The purpose of this study is to investigate the effect of tempera-
ture on membrane properties in general and, if possible, specifi-
cally to relate such observations to structural changes in the water
and adjacent to membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0183, FREEZING POTENTIAL STUDY
W. DROSTHANSEN, Univ, of Miami, Graduate School, Miami -
Coral Gables, Florida 33124

It is proposed to study certain aspects of the freezing poten-
tial phenomena (the development of a potential between an ad-
vancing ice front and the unfrozen supernatant liquid, often
referred to as the Workman-Reynolds effect). We propose to
seek evidence for the existence of transient, polar structures in
freshly formed ice and to study the subsequent relaxation of such
structures to conform to the overall non-polar structure of bulk
ice. The study will include (a) a search for freezing potentials as-
sociated with the freezing of dilute solutions of electrolytes in
heavy water, (b) the study of the effects of added non-electrolytes
(such as alcohol, ketones, etc.) on the freezing potentials ob-
tained with a number of electrolytes in water and (c) a study of
the effects of pressure on freezing potentials.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0184, TOLERANCE OF CITRUS TO LOW TEMPERA-
TURES
W.C. COOPER, U.S. Dept. of Agriculture, Orlando, Florida

Object: To provide a better understanding of the chemical
and physiological nature of cold hardiness and dormancy in
citrus.

Plan of work: Chemical and physical measurements will be
conducted on various tissues after being exposed to various con-
trolled or natural environmental conditions. Citrus types grown
under controlled temperature and light conditions will be evalu-
ated for dormancy and cold hardiness characteristics. Various
rootstock-scion combinations grown in the field and/or green-
house will be evaluated for dormancy and cold-hardiness charac-
teristics. After natural freezes in Texas, Florida and California,
test plantings and commercial plantings will be surveyed to deter-
mine the influence of climate, tree age, rootstock, scion, fertilizer
and irrigation practices, and other operations on the degree of
cold damage. Promising leads will become the focus of new
research.

SUPPORTED BY U.S. Dept. of Agriculture

3.0185, RELATION OF NITROGEN LEVEL, HIGH
WATER TABLE AND SOIL SALINITY TO GROWTH, YIELD
AND FRUIT QUALITY OF DATES
W.C. COOPER, U.S. Dept. of Agriculture, Orlando, Florida

Object: To determine the rate of nitrogen fertilization neces-
sary to maintain economical production and high fruit quality of
dates; and to study the responses of the date palm to high water
table and to soil salinity, especially as regards salt absorption and
accumulation in leaves and roots.

Plan of work: A nitrogen-rate trial is being conducted on
replicated plots with palms in full bearing on a loam; and a block
of young palms on sand will be used in a similar nitrogen-rate trial
as soon as they reach bearing age. Pinna samples will be taken for
analysis at appropriate intervals to establish, if possible, the
respective levels of nitrogen considered to be deficient, adequate,
or excessive. The growth and salt absorption of date offshoots and
seedlings grown in sand culture and salinized soil plots will be stu-
died. Periodically samples of soil and date pinnae will be taken
from date gardens affected by high water table and soil salinity to
determine the general level of soil salinity and the accumulation
of chlorides in pinnae.

Cooperation: USDA Salinity Lab., Riverside, Calif., and
growers.

SUPPORTED BY U.S. Dept. of Agriculture

3.0186, TOLERANCE OF CITRUS TO SALINITY AND
BORON IN THE SOIL AND IRRIGATION WATER
W.C. COOPER, U.S. Dept. of Agriculture, Orlando, Florida

Object: To study the mechanism of salt-tolerance by citrus
trees.

Plan of Work: At the Weslaco station scion-rootstock com-
binations will be screened for salt and boron tolerance by growing
them in field plots which can be flooded with irrigation water car-
rying graduated amounts of various salts separately and in com-
bination. The trees will then be frozen at the conclusion of the ex-
periment, to study possible interactions of salt tolerance and cold-
hardiness. Chemical analysis of plant parts and soil will be made
so that growth and cold-hardiness behavior can b& related to tis-
sue and soil composition. At Weslaco various rootstock-scion
combinations will be tested for salt tolerance when grown under
various controlled environmental conditions. Chemical analysis
of plant parts will be made to relate plant behavior with tissue
composition. At Weslaco and Indio hybrid seedlings will be
screened for salt tolerance in field plots which can be flooded
with irrigation water carrying graduated amounts of various salts
separately and in combinations. Chemical analysis of plant parts
will be made to study inheritance of salt tolerance.

Cooperation: Texas Agr. Expt. Sta. Texas.

SUPPORTED BY U.S. Dept. of Agriculture

3.0187, RELATIONSHIP OF TUBE-AND REEF BUILDING
WitINE ANNELIDS TO COASTAL ENGINEERING AND
CONSERVATION PROBLEMS IN FLORIDA
D.W. KIRTLEY, Florida State University, Graduate School, Tal-
lahassee, Florida 32306

Detail the distribution of sabellariidae reefs on the nearshore
floor and in inlets and harbors, particularly on the lower east
Florida coast. Examine growth rates of worms and worm colonies,
developmental history of worm reefs. Determine environmental
variables which control size, shape and orientation of reefs. At-
tempt to isolate parameters which might be controllable in future
conservation practices, beach erosion and coastal engineering
problems.

SUPPORTED BY Florida State Government

3.0188, EFFECT OF PH AND IONIC STRENGTH ON THE
CRYSTALLIZATION AND MORPHOLOGY OIF POLYMER
MEMBRANES AND FIBERS
L. MANDELKERN, Finrida State University, Graduate School,
Tallahassee, Florida 32306

'Two major research areas related to the properties of
polymeric systems will be investigated. One set of problems is
concerned with the effect of pH and ionic strength on the crystal-
liquid phase transition of polymer membranes and fibers. The
other type of problem to be investigated involves the interaction,
swelling and permeation of pure liquids and salt solutions at tem-
peratures well below the melting temperature where the
morphology has been pre-defined by controlled crystallization. In
the first set of problems we plan to study the behavior of such
crystalline polyelectrolytes as polymethacrylic and polyacrylic
acid in order to obtain quantitative physical chemical information
in regard to the role of pH and ionic strength in influencing the
melting temperature and in describing reversible mechano-
chemical processes. The other area of investigation will be con-
cerned with the properties of cellulose acetate membranes which
have been prepared in a prescribed and predetermined manner.
Initial interest will be centered on the molecular origin of the mul-
tiple transitions that have been reported for, this class of polymers,
their effects on physical properties and permeability and the in-
fluence of thermal and solvent treatment on the location of the
transition.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0189, MODEL STUDIES FOR DEVELOPMENT AND
CALIBRATION OF STREAMFLOW CONTROL DEVICES IN
THE SOUTHERN BRANCH
P. MAYER, tJ.S. Dept. of Agriculture, Athens, Georgia

Object: To study models of streamflow control structures,
such as Tainter gates, adapted for use on low-gradient channels,
and calibrate these devices for measuring discharge rates. To
develop similitude relations so that standardized patterns can be
designed for flow measurement, and to make exploratory tests for
improvements. To develop sensing devices for periodically
recording gate positions and water levels. To develop discharge
calibrations under various flow conditions with different gate
openings. To develop ADP programs to translate data obtained
into discharge; rates using high-speed computers.

Plan of Work: The plan of work includes the study of scale
models, the development of sensing devices, and the development
of computer programs. Specifically, scale models of operating
Tainter gates are constructed in the hydraulic laboratory and
calibrated under different combinations of underflow and over-
flow, with outlets submerged and unsubmerged, and for installa-
tions with one, two, and three gates operating as parallel units.
Exploratory studies to improve the structural design are made,
and similitude relations developed in an effort to standardize
gates. Sensing devices to readout prototype gate positions are
adapted for use with water stage recorders so that discharge rates
can be determined from degree of gate opening. Using all this in-
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formation, an ADP program is developed to translate field data
into discharge rates utilizing the calibration coefficients and equa-
tions obtained from flow tests, These investigations are made
under a research contract with the Georgia Institute of Technolo-
gy.

SUPPORTED BY U.S. Dept. of Agriculture

3.0190, ECONOMIC AND AGRONOMIC EVALUATION
OF FERTILIZER RESPONSE OF FORAGE CROPS
E.R.*BEATY, Univ. of Georgia, Agricultural Experiment Sta. ,

Athens, Georgia 30602
Objectives are (1) to describe the yield of Coastal Bermu-

dagrass and bahiagrass as a function of nutrients and water (2) to
determine the influence of continued forage yield stresses on soil
physical properties and nutrient content, (3) to establish the
economics of forage fertilization.

The two grasses shall be subjected to 9N, 9P and 9K treat-
ments each at two moisture levels. The design shall be cube lattice
and the experiment shall be continued until a response has been
obtained to the applied nutrients. The forage will be clipped each
4 to 5 weeks throughout the season. At that time an economic
analysis of the response of forage production to fertilizer and
H2O will be made. Soil samples will be collected so as to follow
soil nutrient changes.

SUPPORTED BY Georgia State Government

3.0191, IRRIGATION REQUIREMENTS, PRACTICES
AND METHODS OF APPLICATION FOR EFFICIENT
PRODUCTION OF CROPS IN THE SOUTHEAST
J.R. CARREKER, Univ, of Georgia, U.S.D.A. Se. Watersh. Res.
Ct. , Athens, Georgia 30601

Object: To evaluate water intake, retention, and transmission
of soils; determine the effect of the soil moisture regime on crop
production as related to stage of physiological development and
to management practices; to develop information for predicting
need for irrigation; and to develop and evaluate procedures for
water application in crop production for different crops and for
various site conditions.

Plan of Work: Various types of equipment and techniques for
measuring infiltration rates under variable conditions will be com-
pared and evaluated. Soil moisture intake will be related to soil
profile. Methods to identify, measure, and evaluate moisture re-
tention and transmission will be studied. Water management
practices for crop production will be evaluated under different
soil moisture regimes. Determination will be made of (1) water
requirements of plants as a function of the physiological state of
development, (2) interactions between water management
regimes and fertility levels, crop strains, tillage, etc., (3) moisture
penetration patterns, plant rooting patterns, and evapotranspira-
tion, (4) interrelations of irrigation with other management prac-
tices, (5) field irrigation by surface and subsurface methods in
contrast to sprinkler methods, and (6) relationships of water ap-
plication to soil, slope, row length and grade, furrow patterns, etc.

SUPPORTED BY U.S. Dept. of Agriculture

3.0192, THE EFFECT OF BRACKISH WATER ON
PLANTS AND SOIL IN THE SOUTH
J.R. CARREKER, Univ. of Georgia, U.S.D.A. Se. Watersh. Res.
Ct. , Athens, Georgia 30601

Object: To determine the effect of methods, frequencies, and
amounts of irrigation water of varying salt concentrations on
plant growth and soil physical properties, and the degree of salini-
ty of potential brackish irrigation water resources.

Plan of Work: Field plot and laboratory studies are used to
determine the response of crops to treatments with irrigation
water of different salt concentrations. The effect of brackish
water on soil properties, and the effects of rainfall in removing
salt from the root zone will be determined.

SUPPORTED BY U.S. Dept. of Agriculture

3.0193, THE INTERRELATIONSHIP BETWEEN
WATERSHED FACTORS THAT AFFECT RUNOFF RATES
AND VOLUME YIELDS IN THE SOUTHERN COASTAL
PLAINS
T.H. ROGERS, Univ. of Georgia, U.S.D.A. Se. Watersh. Res. Ct. ,
Athens, Georgia 30601

Object: To identify the watershed factors that influence ru-
noff rates and water yields; and to determine the interrelation-
ships between these factors to develop methods for estimating the
magnitude and frequency of storm runoff, and the monthly,
seasonal, and annual net water yields for ungaged agricultural
watersheds.

Plan of Work: The plan of work includes definining in detail
the watershed characteristics of a small agricultural watershed
(approximately 20 square miles) near Ashburn, Georgia; ex-
pressing these characteristics in numerical form for analysis by
digital computers; determining the interrelationships between the
watershed factors that logically affect the hydrology of a
watershed; and testing the relations determined on a larger parent
watershed. Characteristics of a small adjacent watershed (approx-
imately 2.5 square miles) undergoing urban development will also
be sampled and compared with those of the predominately
agricultural area. The stthly is under research contract with the
University of Georgia.

SUPPORTED BY U.S. Dept. of Agriculture

3.0194, SHALLOW WELLS AND IRRIGATION PITS Z OR
IRRIGATION AND OTHER FARM WATER SUPPLY IN THE
COASTAL PLAINS
A.W. THOMAS, Georgia Coantal Pl. Expt. Sta. Tifton, Georgia
31794

Objectives and Work Proposed: These will be studies of shal-
low aquifer water supply available to farms. Investigations will be
made under a variety of conditions as to quality of the aquifer and
environmental topography. They are planned to include the
supply efficiency and adequacy of impoundage in irrigation pits
and pumping adequacy of shallow wells of various types. The fol-
lowing objectives are specified: (1) To determine topographic
and soil conditions which favor or affect condition of water
supply in near-surface aquifers. (2) To ascertain for sites selected
for study the dependability of water supply through periods of
favorable and unfavorable rainfall, (3) To correlate results of
tests at different locations under different soil and topographic
conditions to establish supply probabilities under intermediate
conditions. (4) To develop criteria by which engineers and soil
scientists can classify sites for irrigation pits and shallow wells on
the basis of topography and soils.

SUPPORTED BY Georgia State government

3.0195, INVESTIGATION OF SOIL AND WATER LOSSES
THROUGH CROPPING SYSTEMS AND SOIL MANAGE-
MENT PRACTICES
A.W. THOMAS, Univ. of Georgia, Agricultural Experiment Sta. ,
Tifton, Georgia

Objectives: (1) To evaluate certain cropping and land cover
on the basis of yield as equated against resulting soil and water
losses. (2) To develop principles for the conservation of soil and
water based on the evaluation of physical and chemical charac-
teristics of coastal plain soils which influence their susceptibility
to deterioration.

Description of Work: Eighteen (18) plots, each 1/20 acre in
size, are divided into 2 replicates of 9 plots each. They are on a
3% slope of Tifton loamy sand. Each plot is a separate drainage
unit with provisions for measuring volume of 'water lost' by ru-
noff, for the handling of soil loss in the form of settled sludge, and
for the determination of soil loss by weight of dry soil. Plot treat-
ments involve (1) a plot which is plowed annually and is kept in a
condition of cultivated fallow; (2) a plot on which corn is grown
annually with crop residues as winter mulch; (3) a 3-year rotation
of annual crops; and (4) a 4-year sod-based rotation which in-
cludes 2 years of perennial grass and Crimson clover, corn and
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peanuts. In the rotations each year of the rotations is included on
the plots each year.

SUPPORTED BY Georgia State Government

3.0196, SURFACE WATER STORAGE AND SUPPLY ON
FARMS IN THE COASTAL PLAINS
A.W. THOMAS, Univ. of Georgia, Agricultural Experiment Sta. ,
Tifton, Georgia

On existing farm ponds and/or on ponds especially con-
structed for the purpose, studies will be initiated to accomplish
the following objectives under a range of conditions from high
watershed water yield and probable high storage efficiency to low
water yield and doubtful storage efficiency: (1) To determine op-
timum storage volume in relation to conditions of the contribut-
ing watershed and to determine reliability of supply. (2) To deter-
mine losses in potential storage due to excessive flow and the
losses in impounded volume by seepage and surface evaporation;
to isolate causes of the losses; and to develop methods of reducing
losses. (3) To determine the efficiency of a pond as a source of
water supply by equating the depth-area ratio to input minus
losses for various conditions of coastal plain soils and topography.

SUPPORTED BY Georgia State Government

3,0197, DRAINAGE REQUIREMENTS OF CROPS IN THE
SOUTH
R.R. BRUCE, U.S. Dept. of Agriculture, Watkinsville, Georgia

Object: To determine (1) the drainage requirements of
specific crops at different stages of development, and (2) the
degree of drainage permissible for efficient crop production with
minimum of subsidence in organic soils. Plan of Work: Drainage
requirements of various crops will be evaluated under conditions
of controlles, temperature, humidity, and light in North Carolina.
Plants will be grown in soil tanks equipped to provide controlled
water table movement. It is anticipated that accurate drainage
coefficients should be forthcoming for use in drainage system
design. Data will be obtained on the relation between water level
and rate of moisture use by plants, available water in the soil
profile, and crop growth response.

SUPPORTED BY U.S. Dept. of Agriculture

3.0198, EVAPOTRANSPIRATION BY SUGAR CANE
P.C. EKERN, Univ. of Hawaii, Water Resources Research Ctr. ,
Honolulu, Hawaii 96822

Field data from the installation of a large semi-contained
hydraulic lysimeter within a major irrigated sugar cane region at
the Kunia substation of the Hawaiian Sugar Planters' Association
will be given laboratory analysis for correlation of the measured
rate of consumptive use with pan evaporation and other soil and
meteorological parameters suitable for prediction of irrigation in-
terval scheduling.

Other activities: Calibration of this instrument as a primary
standard for the measurement of evaporation from water,
Latosol, and successive growth stages of sprinkler irrigated sugar
cane; assessment of the patterns of moisture movement within the
lysimeter and measurement of the heat budget within the soil;
calibration of the neutron probe for tropical soils; and collection
of seepage waters for detection of the rate of movement of
nitrates and other constituents through the profile into the ground
water.

Methods used: A 6 m square, 2 rfi deep container with walls
of fiber glass reinforced resin, supported on an hydraulic scale of
nylon reinforced irrigation hose will comprise the lysimeter. Bat-
teries of resistance blocks, tensiometers, and access tubes for
neutron probe will be arrayed for in situ record of soil moisture
status. A similar array of therm istor units will record temperature
gradients within the lysimeter soil. Porous ceramic tubes will be
used to maintain soil water suction equivalent to 100 cm of water
at the bottom of the soil column. Percolate waters withdrawn
through this system will be preserved for qualitative analysis. Cor-
relative studies will be made of the long period (24 hour) water
use rates with pan evaporation and other predictive parameters.
Short period k hourly rates) will be assessed as reflected in cane
growth, particularly in the presence of temporary mid-day wilt.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Hawaii

3.0199, THE EFFECTS OF SALINE IRRIGATION WATER
ON SODIUM ACTIVITIES AND PHYSICAL PROPERTIES
OF LATOSOLIC SOILS
G. UEHARA, Univ. of Hawaii, Hawaii Inst. of Geophysics,
Honolulu, Hawaii 96822

The latosolic soils of tropical regions contain large amounts
of iron, aluminum and oxides. Because of the high oxide content,
they have excellent physical properties and stand up well to
agricultural practices which would quickly cause loss and per-
manent deterioration in other soils. Many of these soils occur in
sub-humid and semi-arid regions and crop production is limited
by the lack of water.

It has already been shown in preliminary experiments on
Molokai, Hawaii, that saline water can be used successfully for ir-
rigation purposes on these soils.

The objectives of this proposal are: 1. To determine for
latosolic soils in Hawaii the amount of salt that can be tolerated in
irrigation water without physical deterioration of the soils. 2. To
determine the amount of salt absorbed by these soils when dif-
ferent concentrations of salt are used in the irrigation water, and
different methods of applying the water are used. 3. To determine
the distribution of sodium ions between soil and soil solution and
relate this to actual changes in physical properties, to the availa-
bility of nutrients to crops, to the fundamental absorptive proper-
ties of the soils, and to theoretical explanations of the effects of
cations on soil physical properties.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0200, SALINITY TOLERANCES OF CERTAIN TROPI-
CAL SOILS AND RELATIONSHIPS BETWEEN SODIUM ION
ACTIVITIES AND SOIL PHYSICAL PROPERTIES
G. USHARA, Univ. of Hawaii, Agricultural Experiment Sta. ,

Honolulu, Hawaii 96822
1. To measure salinity tolerances, that is, the ability of the

soil to resist physical deterioration by saline waters in two groups
of semi-arid tropical soils. 2. To measure the salinity effect by
conventional means and also by a new technique which involves
the direct measurement of sodium ion activities. 3. To develop
the direct determination of sodin ion activity into a new and
more fundamental tool in soil salinity work.

Highly structured tropical soils will be subjected to saline and
sodic conditions, and the effects of salts and sodium ions on the
physics of these soils will be evaluated. If these soils can withstand
saline and sodic conditions, it is hoped that large aekos of arid and
semi- arid tropical areas with similar soils may be orought to their
full agronomic potential by irrigation with saline waters.

SUPPORTED BY Hawaii State Government

3.0201, AQUIFER-STREAMFLOW INTERRELATION-
SHIPS IN UPSTREAM AGRICULTURAL WATERSHEDS OF
THE PACIFIC NORTHWEST
W.R. HAMON, U.S. Dept. of Agriculture, Boise, Idaho

Object: To determine characteristics of subsurface water
movement and losses or gains in stream channels as related to
geologic formations and their properties; to evaluate source and
disposition of water in complex watersheds and segments thereof
as related to geologic and other characteristics; and to assess ef-
fects of irrigation water diversions and cultural practices on
streamflow and subsurface recharge.

Plan of Woric The work is currently concentrated on the
Reynolds Creek Experimental Watershed southwest of Boise,
Idaho. Among other factors, the investigations include: geologic
mapping, ground water observations; soil moisture determina-
tions; transmission capacities of soils and aquifers; and the con-
sideration of influent and effluent streamflow.

SUPPORTED BY U.S. Dept. of Agriculture

3.0202, WATER ACCUMULATION, FLOOD-WAVE
MOVEMENT AND WATER YIELD FROM COMPLEX
WATERSHEDS OF THE PACIFIC NORTHWEST
W.R. HAMON, U.S. Dept. of Agriculture, Boise, Idaho
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Object: To study movement of water from unit sources areas
or accumulation areas through complex watershed channel
systems and how these flows produce hydrographs; to evaluate ef-
fects of climatic and watershed characteristics and snow-water
accumulation on peak flows and water yield and to develop
methods for estimating dependable water yield from sagebrush-
range type watersheds.

Plan of Work: The work is concentrated in the Reynolds
Creek Experimental Watershed southwest of Boise, Idaho, and in
Moscow, Idaho. The general plan is to: sample the range of condi-
tions of precipitation and climate, wr,,tershed size, soils, sand use,
culture, geology, water storage structures, and other watershed
factors; develop relationships between precipitation and runoff as
modified by watershed factors; and generalize these relationships
so the findings may be extended to engaged watersheds.

SUPPORTED BY U.S. Dept. of Agriculture

3.0203, IRRIGATION REQUIREMENTS, PRINCIPLES
AND PRACTICES FOR EFFICIENT USE OF WATER IN THE
PACIFIC NORTHWEST
M.E. JENSEN, U.S. Dept. of Agriculture, Kimberly, Idaho

Object: To develop criteria and practices for efficient irriga-
tion water management on major crops and soil types in the
Pacific Northwest.

Plan of Work: Field studies will be made of evapotranspira-
tion and climatic data on various crops at locations within major
irrigated aeras; also the proper balance between crop density,
frequency of irrigation and soil fertility. Laboratory studies will be
conducted to develop improved techniques that may be used in
field studies. The effects of various management factors on water
use and water use efficiency, intake rates and soil properties will
be determined in field plots, laboratory, greenhouse and growth
chambers. Information will be obtained on water use and related
climatic factors. Extensive laboratory and field plot work will be
conducted on soil structure and moisture retention and transmis-
sion of both stratified and non stratified soils. Field studies will be
made to modify problem soils to improve intake, storage, and
transmission of water and effect of salt removal by organic or in-
organic amendments or mechanical means.

Cooperation: Washington, Oregon, and Idaho Agricultural
Experiment Stations; SCS; U. S. Bureau of Reclamation; soil con-
servation districts.

SUPPORTED BY U.S. Dept. of Agriculture

3.0204, SURFACE AND SPRINKLER IRRIGATION
SYSTEM DESIGN AND OPERATION FOR EFFICIENT
WATER USE IN THE PACIFIC NORTHWEST
M.E. JENSEN ,U U.S. Dept. of Agriculture, Kimberly, Idaho

Object: To develop improved design and operating criteria
and facilities for surface and sprinkler irrigation systems.

Plan of Work: Laboratory, field and model studies will be
made with mathematical analyses to develop working relation-
ships and to develop principles of surface irrigation hydraulics.
This general procedure will apply to all phases of the work in this
line project. Evapotranspiration data will be analyzed and incor-
porated into working charts and graphs for design engineers. New
techniques and devices for applying and controlling irrigation
water, including automation, will be developed theoretically, then
tested in the laboratory and in the field under normal operating
conditions. Laboratory studies will be made to determine the nor-
mal operating conditions. Laboratory studies will be made to
determine the hydraulics of various gravity and sprinkler irriga-
tion devices and the effects of wear and corrosion on these pro-
perties. Detailed studies of the uniformity of irrigation will be
made to evaluate the efficiency and effectiveness of current and
newly developed systems. Studies of stream size-slope-length of
run will be done in plots and field installations to develop usable
design and operating criteria. Technical publications and reports,
operating procedures and popular type publications will be made
available.

Cooperation: Washington, Oregon and Idaho Agricultural
Experiment Stations; SCS; U. S. Bureau of Reclamation; soil con-
servation districts; and others.

SUPPORTED BY U.S. Dept. of Agriculture

3.0205, SOIL AND WATER MANAGEMENT PRACTICES
FOR THE CONTROL OR ALLEVIATION OF SALINE AND
SODIC SOIL PROBLEMS IN THE PACIFIC NORTHWEST
M.E. JENSEN, U.S. Dept. of Agriculture, Kimberly, Idaho

Object: To study the distribution and quantity of salts and
exchangeable cations in salt-affected soils as affected by leaching,
water quality, amendments and crop and soil management prac-
tices; and to evaluate the effectiveness of practices for removal of
soluble salts and exchangeable sodium.

Plan of work: Controlled field experiments are conducted in-
volving variables of culture, tillage, irrigation, drainage or amend-
ment practices to replace sodium or remove salt from the soil with
leaching water and to follow by chemical analysis changes in salt
content and exchangeable cations. Special emphasis is placed on
modification of water transmission properties of soils by mechani-
cal or other means and on design of irrigation systems and
management practices to improve the salt and sodium status of af-
fected soils.

SUPPORTED BY U.S. Dept. of Agriculture

3.0206, GEOTHERMAL RESOURCES OF IDAHO
S.H. ROSS, State Bur. of Mines & Geol. , Moscow, Idaho

First & Second year: General survey to divide hot spring and
hot well areas into ones of potential geothermal energy and ones
that are unimportant. Location, ownership, discharge, tempera-
ture, and chemical quality of each spring will be determined.

Second & Third year: Detailed studies of areas of geothermal
potential.

SUPPORTED BY Idaho State Government

3.0207, INVESTIGATION OF SEEPAGE REDUCTION BY
NATURAL PROCESSES IN IRRIGATION CANALS
C.E. BROCKWAY, Univ. of Idaho, Water Resources Research
Inst. , Moscow, Idaho 83843

The objective of this research would be to develop instru-
mentation for the measurement of soil properties and flow
phenomenon under existing canals and natural channels and to
investigate the causes and magnitude of natural sealing processes
which occur throughout the season. Field work would be con-
ducted using selected canal sections in the canals near Twin Falls,
Idaho in which piezorneters, tensiometers and soil moisture mea-
suring tubes would be installed and monitored. The natural
biological activities in the silt layers at the bottom of canals would
be studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of Idaho

3.0208, IRRIGATION OF WINTER WHEAT IN
SOUTHERN IDAHO
G. MCMASTER, Univ. of Idaho, Agricultural Experiment Sta. ,
Moscow, Idaho 83843

OBJECTIVES: (1) Investigate methods of moisture control
and effects on winter wheat at planting. (2) Determine the effect
of soil-moisture level in the root zone from planting to heading
and from heading to maturity on yield, maturity, protein content
and milling qualities of winter wheat. (3) Determine the effect of
soil moisture and nitrogen interaction on yield and quality of
spring wheat.

Wheat will be planted in seed beds containing different
amounts of moisture. Irrigation frequency will be used to main-
tain different soil-moistux levels from planting to heading and
from heading to maturity. The soil moisture will vary from field
capacity following irrigation to a predetermined point within the
available soil moisture range. Soil-moisture effects will be a deter-
mined on evapotranspiration, yield, height, test weight, maturity,
protein content and milling qualities.
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SUPPORTED BY Idaho State Government

3.0209, EVALUATION OF INORGANIC MEMBRANES
FOR ELECTRODIALYSIS OF BRACKISH WATERS
D.B, BOIES, I I T Research Institute, Chicago, Illinois

The performance of an electrodialysis stack using inorganic
ion- exchange membranes will be evaluated. The cation-permea-
ble membrane will be based on zirconium acid phosphate and the
anion -permeable membrane is based on hydrous thorium oxide.
The cell will be operated in the range of 500-1000 gallons per
day. Variables to be investigated include feed concentration in
the range of 1500 to 5000 ppm dissolved solids, velocity, tem-
perature (ambient to 180 degrees F), and the effect of contami-
nants including both bicarbonate and sulfate hardness, iron, and
anionic surfactants. At least one run will be conducted for a
period in excess of 500 hours to obtain information on the stabili-
ty and life of these membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0210, CONCEPTUAL DESIGN STUDY FOR ELEC-
TRODIALYSIS
D.B. BOIES, I I T Research Institute, Chicago, Illinois

The objective for this program is to investigate new concepts
in electrodialysis for the desalination of water. The present work
involves an investigation of electrodialysis using membranes with
embossed flow channels. Such a design will lend itself to more
economical and simpler cell construction by elimination of the
conventional spacer, and possibly to improved cell performance.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0211, THE PREPARATION OF REVERSE OSMOSIS
MEMBRANES BY THE SURFACE MODIFICATION OF CEL-
LULOSE AND RELATED MATERIALS
J.J. HILLMAN, I I T Research Institute, Chicago, Illinois ( 14-01-
0001-1445 )

The purpose of this investigation is to obtain a material
system of reverse osmosis membrane preparation which would be
characterized by an inherent ability to form exceedingly thin ac-
tive layers under conditions susceptible to very careful control
and regulation. The end goal is the preparation of reverse osmosis
membranes of substantially higher water flux values than the
Loeb-type membranes without diminution of their salt-dis-
criminating function.

This is to be achieved by the superimposition of an ex-
ceedingly thin slat-rejecting membrane or layer upon the surface
of a polymeric film whose thinness, chemical nature, and
morphology endow it with ample water flux but with insufficient
salt-rejecting ability. This arrangement will be approached in a
number of different ways. Each should be capable of producing
the active salt-rejecting layer in degrees of thinness approximat-
ing monomolecular dimensions. Chief among these is the vapor
and liquid phase acetylation of cellulose films.

The proposed undertaking will define in the laboratory the
reactions, reaction conditions, and post-reaction treatments
necessary to achieve high water flux and salt-discrimination quali-
ties by surface modification. It will also concern itself with the in-
vestigation and elucidation of the water diffusion and salt-rejec-
tion mechanisms that will characterize the subject membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0212, PREIPARATION OF REVERSE OSMOSIS MEM-
BRANES BY SURFACE MODIFICATION OF CP.,LULOSE
AND RELATED MATERIALS
J.J. HILLMAN, Y I T Research Institute, Chicago, Illinois

The goal of the current program is the development of
reverse osmosis polymer membranes superior to those currently
in use. This objective is presently being pursued by direct chemi-
cal alteration of the surface of a polymeric film whose thinness,
chemical nature, and morphology endow it with ample water flux
but insufficient salt rejecting ability. Because of the present utility

of cellulose acetate as a reverse-osmosis membrane, efforts in-
volve the surface acetylation of cellulosics, Proper environmental
control during acetylation with acetyl chloride has resulted in the
achievement of a membrane that exhibits a salt rejection of 92%
and greater durability than the Loeb membrane after extended
use

SUPPORTED BY U.S. Dept. of Int riJC - Off. Saline Water

3.0213, IMPROVEMENT OF THE CORROSION RE-
SISTANCE OF ALUMINUM BRASS FOR USE IN SEA
WATER CONVERSION PLANTS
M.A. HOWES, Illinois Institute of Technol. , lit Research In-
stitute, Chicago, Illinois 60616

Standard aluminum brass has a good inherent corrosion re-
sistance in sea water and also forms a 'self-healing' protective sur-
face. The protective quality is related to the aluminum oxide com-
ponent in the surface film. This work is directed towards improv-
ing the corrosion resistance of aluminum brass by promoting the
formation of bohmite, a compact hydrated form of aluminum
oxide (A1203.H20). This will be carried out in an oxidizing at-
mosphere based on carbon monoxide, carbon dioxide, and water
vapor at temperatures around 1000 degrees Fahrenheit. The
kinetics of the reaction will be studied and the optimum condi-
tions will be corrosion tested in 3 1/2% brine solution, first under
static conditions and then in a loup system.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0214, FIELD EVALUATION Ow THE SUL-BISUL ION
EXCHANGE PROCESS FOR !, SALTING BRACKISH
WATERS
K.A. SCHMIDT, Elgin Softener Incorporated, Elgin, Illinois
60120

To evaluate the operational performance of the Sul-biSul ion
exchange process using brackish waters of different composition
and salinities by employing a speciality designed mobile unit.
Data on resin performance and criteria on equipment design use-
ful in extrapolating to large size plants will be obtained,

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0215, CONCEPTUAL DESIGN STUDY ON REVERSE
OSMOSIS MEMBRANE ASSEMBLY MODULAR UNIT
J.D. ZEFF, General American Trans Corp. , Niles, Illinois

Under this program, conceptual design studies will be con-
ducted on several reverse osmosis membrane assembly modular
unit designs suitable for use in large-scale desalination plants. In-
vestigations on the technical and economic feasibility of employ-
ing shell-and-tube reverse osmosis membrane assembly modules
with shell-side feed will be made. The membrane will be located
around the outer periphery of thin tubes made of a suitable sup-
port material. Turbulence will be provided by either staggered
baffles or the tubes themselves. Four different tube and baffle ar-
rangements will be examined in sufficient depth so as to deter-
mine the feasibility of each for use in the construction of commer-
cial reverse osmosis plants.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0216, CONTROLLED FREEZING DESALINATION
B.T. CHAO, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

The main objective is to study the heat and mass transfer
processes associated with the separation of dissolved salt from
brine by controlled freezing at the exterior surface of chilled pel-
lets which traverse in the brine, initially downward and then up-
ward. The reversal in pellet motion is brought forth automatically
by the reduction in its apparent density as the ice layer formed
over its external surface grows. Sealed in the pellet is a substance
which is initially frozen solid and gradually transforms to the
liquid state as heat is transferred into it. The pellets serve both as
artificial nucleation sites and as carriers of ice.

Analytical studies are being made to develop suitable mathe-
matic& models for the description of the multi-region heat flow
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problem involving phase change and mass transfer. Experiments
would be conducted to examine any shortcomings of the theory
and then to seek improvements.

SUPPORTED BY University of Illinois

3.0217, LABORATORY STUDIES OF CONSERVATION

AND DRAINAGE STRUCTURES
R.N. FENZL, Univ. of Illinois, Agricultural Experiment Sta. , Ur-

bana, Illinois
The first phase of a laboratory investigation of factors con-

tributing to bed scour below a cantilevered pipe outlet was
completed. Depth and volume of scour were measured in relation
to height of the outlet above the bed, jet velocity, and depth of
tailwater over the bed. Mean fall velocity of the cohesionless bed

material was estimate through empirical relationships. It was
concluded that scour was related primarily to the outlet jet
velocity.
SUPPORTED BY U.S. Dept. of Agriculture

University of Illinois

3.0218, TRANSFER OF SALT AND WATER ACROSS
MEMBRANES OF PLANT MITOCHONDRIA
J.B. HANSON, Univ. of Illinois, School of Agriculture, Urbana, Il-

linois
Proposes a study of active sale and water transport in corn

mitochondria in three phases.
1. To determine conditions essential for obtaining active

transport of monovalent ions into the mitochondria, and the rela-
tionship of this transport to the nature of the accompanying
anion. The part played by various cations and anions in spontane-
ous swelling will also be examined to see if the hypothesis is sound

that swelling is caused by cation reaction with the non-phosphory-
lated intermediate of oxidative phosphorylation. 2. The effect of
water and water structure on the stability and rate of energy-
linked function in the membrane will be studied. An examination
will be made for temperature anomalies in the energy-linked
functions which would suggest that water structure is implicated.
The results with various cations (phase 1) will be studied with
respect to the properties of the hydrated ions in regulating stabili-

ty of high- energy intermediates.
3. The role of phospholipids in energy-linked functions will

be investigated. The amounts and kinds of phospholipids in active
and senscent mitochondria will be determined. Experiments will
be performed with auxins, which tend to increase the
phospholipid content of mitochondria.

Statistical-mechanical methods are to be applied to these
problems. 1. The calculation of the thermodynamic properties of
the 'primitive model' of single and mixed electrolyte solutions
with reasonable numerical accuracy at concentrations as high as 1
molar. 2. Calculation of the terms in the equivalent conductance
of order c In and c, where c is the concentration, for unsymmetri-
cal electrolytes and for mixtures, on the basis of the simplest
(Debye-Huckel ) model, 3. Calculation of nuclear-magnetic relax-
ation times in ionic solutions and their relation to transport coeffi-
cients, on the basis of the simplest model. 4. Study of the effects
on all of the above of using more realistic models.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0219, RAINFALL EVALUATION STUDIES
F.A. HUFF, Univ. of Illinois, State Water Survey Division, Ur-
bana, Wino's

The evaluation of field experiments in weather modification
is extremely difficult since natural variations in weather often ex-
ceed the changes which the experiment is attempting to induce.
This grant will provide for a study of natural weather variability
over a densely instrumented rain gage network now in existence
near the University of Illinois. The effort will include:

1. An investigation to establish the effects of natural rainfall
variability. 2. distribution patterns. 3. An investigation of the time
distribution of rainfall. 4. Establishment of space and time sam-
pling requirements to determine reliability of an arial basis.

Evaluation of various statistical tests and techniques for ap-
plication in rainfall modification experiments in the Midwest.

SUPPORTED BY U.S. National Science Foundation

3.0220, RUNOFF FROM SMALL AGRICULTURAL
AREAS IN ILLINOIS
B.A. JONES, Univ. of Illinois, School of Agriculture, Urbana, Il-
linois

A computer program was developed which combines in-
dividual raingage records into a watershed Thiessen weighted
rainfall record. The 18 years of rainfall records have been com-
bined to provide rainfall records for each of the four watersheds.
Because of the wide variability of the rainfall intensities of record,

a thesis study has been initiated to study the effect of micro-relief
surface depression storage on a storm hydrograph.

SUPPORTED BY U.S. Dept. of Agriculture
University of Illinois

3.0221, INFLUENCES OF SALINE WATER ON

CONCRETE
W.L. DOLCH, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

This investigation will involve the study of the effects of
saline waters, of the composition and at the tempereares of in-
terest in the problem of sea-water conversion, on cement paste
and concrete.

The effects on the chemical composition of the hardened ce-
ment paste will be studied. New phases produced will be
identified. It is hoped to gain information on their rate of forma-
tion and the effects of temperature.

The effects on the dimensional stability of pastes, mortars, or
concretes will also be studied. The properties to be investigated
are volume change, strength, and elastic modulus.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0222, THE EFFECT OF SUBSOIL TREATMENT ON
SOIL CONDITIONS, CROP GROWTH, AND RUNOFF
H. KOHNKE, Purdue University, Agricultural Experiment Sta. ,
Lafayette - West Lafayette, Indiana 47907

The objectives are to determine to what degree subsoiling,
subsoil fertilization and vertical mulching affect soil conditions,
growth of crops and surface runoff. It consists essentially of two
parts: watershed runoff studies and plot studies.

Description of work: The watershed studies have shown only
minor effects of subsoiling on runoff. For this reason this work has
been simplified by using on three subsoil treatments (untreated,
subsoiling with subsoil fertilization, vertical mulching) and by
merely determining peak runoff rates instead of total amounts of
runoff.

The plot experiments are being continued on the same plots
that were used for this purpose for a number of years, in order to
determine whether repeated subsoiling will bring about essential
changes in soil conditions and crop yield increases.

SUPPORTED BY Indiana State Government

3.0223, MOLECULAR BEAM INVESTIGATION OF THE

WATER MOLECULE
C.R. MUELLER, Purdue University, Graduate School, Lafayette

West Lafayette, Indiana 47907
The primary objective of the research is the detailed study of

interactions of the water molecule--monomer with monomer and
monomer with dieter, etc. The first measurements will be made of
the differential collision cross-section with thermal beams. Sub-
sequent measurements will be made with seeded sonic beams to
obtain velocity selection and inhomogeneous electric fields to in-
corporate rotational state selection. This will provide information
on the asymmetry of the intermolecular potential of the water
molecule.

The experiments will be done with the modulated molecular
beam technique with sharply tuned preamplifiers and long time
averaging by use of the Enhancetron signal averager.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0224, PREDICTING RUNOFF AND GROSS EROSION
FROM FARMLAND AND DISTURBED AREAS
W.H. WISCHMEIER, Purdue University, Agricultural Experi-
ment Sta. , Lafayette - West Lafayette, Indiana 47907

Objectives: ( 1) Improve precision of field soil-loss estimation
to guide farm planning for soil and water conservation, (2)
develop an empirical soil-loss equation universally applicable
wherever the factors can be locally evaluated, and (3) develop
equations, tables and graphs to serve as ready-reference source
for locality values of the factors.

This is a State companion project for the Agricultural
Research Service national runoff and soil-loss data laboratory.
Basic data assembled from 47 locations in 24 states will be statisti-
cally analyzed by machine methods.

SUPPORTED BY Indiana State Government

3.0225, DEVELOPMENT OF SUPPORTING RUNOFF AND
EROSION CONTROL PRACTICES AND SYSTEMS IN THE
CORN BELT
W.H. WISCHMEIER, Purdue University, U.S.D.A Soil & Wat
Cons. Lab. , Lafayette - West Lafayette, Indiana 47907

Object: To develop and test improved terraces, diversions,
contour, contour striperop systems and other supporting conser-
vation practices for control of runoff and erosion and waterways.

Plan of Work: Work under this line project will be located in
areas where a particular phase of the study is a critical problem.
Terrace studies will be conducted on field-size units. Runoff and
soil losses will be measured by weirs, flumes, silt samplers and sur-
face elevation readings. Rates of runoff and channel depth proba-
bilities will be determined throughout the terrace of diversion
length. Striperopping studies will involve row grade and strip
width on field plots representative of on-the-farm strip crop in-
stallations. Wind erosion control practices are under study to
prevent filling of drainage ditches.

SUPPORTED BY U.S. Dept. of Agriculture

3.0226, INVESTIGATIONS OF EROSION CONTROL AND
WATER CONSERVATION
C.E. BEER, Iowa State University, Agricultural Experiment Sta. ,

Ames, Iowa 50010
This project is designed to study and quantitatively evaluate

the factors associated with soil erosion. Included in the study is
the determination of components of the hydrologic cycle
(precipitation, runoff) and how they relate to the process of sheet
and gully erosion.

Analyses to date have provided information for use in the
design of more efficient methods of soil and water management.
This has been accomplished through development of factors used
in the Universal Soil Loss Equation and a quantitative expression
for prediction of gully development.

The procedures used in the research include data collection
from instrumented watersheds and small plots. The watersheds
vary in size from 7 to 14 mi2 and are instrumented for precipita-
tion measurement, amount and rate of runoff and sediment
production and detailed changes in land cover and erosion
development. The small plots are instrumented in a similar
manner.

The location of the experimental areas is in Western Iowa
and situated in the land resource area characterized by a deep-
loess soil.

This project was initiated in 1949, however the problems
receiving the research emphasis have changed during its tenure.
The completion date is set for June 30, 1969.

SUPPORTED BY Iowa State Government

3.0227, INFLUENCE OF STRONGLY BOUND COUNTER-
IONS ON PERMSELECTIVE MEMBRANES
F. DEKOROSY, Negev Inst. For Arid Zone Res. , Beersheva,
Israel

Counter-ions are attracted to the active sites of permselec-
tive membranes by forces which differ according to the size,
charge and van der Waals forces relative to them. Strongly bound
counter-ions decrease the permselectivity of the membrane, they
also cause de-swelling and thus may affect the conductivity of the
membranes by orders of magnitude. Strongly bound counter-ions
with charges higher than that of the site may change the net
charge arid thus the sign of permselectivity of the membrane.

In this project we are going to vary the capacity, pK, cross
linking and thickness of the membranes and charge and size and
van der Weals attraction of the counter-ions. We are going to in-
vestigate the ;nfluence of these parameters on the electrochemi-
cal properties of the membranes. Extremely thin membranes will
be investigated in the same manner. We are going to investigate
the kinetics of 'poisoning' and `depoisonine of membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0228, CONCEPTUAL DESIGN STUDY ON ELECTRODI-
ALYSIS MEMBRANE ASSEMBLY MODULAR UNIT DESIGN
C. FORGACS, Negev Inst. For Arid Zone Res. , Beersheva, Israel

This contract was undertaken to develop new and improved
conceptual designs for electrodialysis desalination membrane as-
sembly modular units which are economical and practical for use
in brackish water desalting plants of 1, 5,10 and 50 millions gallons
per day (mgd) capacity. In order to accomplish this, information
must be provided in sufficient detail on the proposed membrane
assembly modular unit design to show that the design is practical
as assessed against present state-of-the-art, and has the potential
to be economically superior to present day technology electrodi-
alysis plant designs. It must also be shown that plants based on
these designs will be capable of producing potable water in the
quantities and of the quality stipulated at an economically attac-
tive cost. Critical design parameters and components associated
with the proposed conceptual design will be identified. They
should be explored through pilot plant studies; to verify their
economics and integrity.

SUPPORTED BY U.S Dept. of Interior - Off. Saline Water

3.0229, PHYSIOLOGICAL ADAPTATION OF PLANTS TO
MOISTURE AND OSMOTIC STRESSES WITH RESPECT TO
SALT ACCUMULATION
Y. VAADIA, Negev Inst. For Arid Zone Res. , Beersheva, Israel

Object: (1) To study nutrient and salt fluxes and accumula-
tion in intact plants and excised tissues at high concentration
and/or tissue saturation; (2) to evaluate the effects of salinity and
moisture deficits on energy metabolism; (3) and to assess
hypothesis explaining growth reduction due to salt and water
stresses.

Plan of Work: The research will involve a wide range of
plants including sunflower, barley, beans, peas, tobacco and
others. Experiments under objective ( 1) will involve kinetic study
of salt fluxes in excised and intact plant roots at salt saturation
and high external concentration. Anions such as chloride will be
used primarily. Under objectives (2) and (3) measurements will
be made of oxidative activity on intact cells in excised tissue and
cell free organelles. Particular attention will be given to phospho-
rylation/ Under objective (3) we have already shown that varia-
tion in the supply and translocation of kinetin-like root hormones
may regulate the modification in shoot metabolism under stress.
Experiments will be designed to test in a preliminary manner the
effect of root hormones, endogenous as well as synthetic analogs
on energy metabolism.

SUPPORTED BY U.S. Dept. of Agriculture

3.0230, PERFORMANCE AND SCIENTIFIC DESIGN OF
SPRINKLERS USED FOR IRRIGATION
H.J. FINKEL, Technion, Haifa, Israel

Object: To investigate the hydrodynamic properties and per-
formance of different types of sprinklers, and develop principles
for improvement in their design.

Plan of Work: The hydrodynamic properties of currently
used sprinklers will be studied using high-speed motion picture
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techniques, and equipment for drop counting, sizing, trajectory
plotting, and impact measurement. The process of stream
breakup and drop formation and size in relation to orifice shape
and pressure will be studied for the development of design princi-
ples. These principles will be used in the design of improved sprin-
klers for the efficient application of water at desired intensities,
high uniformity of distribution, a minimum of evaporation loss,
and low impact forces. Sprinklers will be built according to the
new design and tested both in the laboratory and field.

SUPPORTED BY U.S. Dept. of Agriculture

3.0231, BIOLOGY AND CONSUMPTIVE WATER USE OF
PERENNIAL RANGE PLANTS UNDER DESERT CONDI-
TIONS
M. EVENARI, Hebrew University, Jerusalem, Israel

Object: To obtain basic data on soil-water-plant climate rela-
tionships and to study the biology, phenology, growth, yields, and
persistence of perennial grasses and other range plants, with dif-
ferent water regimes under natural desert conditions.

Plan of Work: Four to five species of the following grodp will
be studied: Hordeum bulbosum, Phalaris tuberosa, Or lopsis
miliacea, Avena sterilis, Lolium rigidum, Cynodon dactylon, and
Medicago sativa. Effects of density on yields and persistence will
be investigated. Six flood treatments are planned for the first
three years: one flood (early); one flood (late); two floods
(early); two floods (late); three floods; and five floods. A 'flood'
means wetting to field capacity the root zone (5-6 ft. depth). In
the fourth and fifth years, a no flood treatment and variations in
flooding depth (2-7 ft) will be introduced. Net assimilation rate,
relation of phenology to water regime, growth rate, dormancy,
yield and persistence of plants will be correlated with the seasonal
march of soil moisture. Soil moisture along the whole wetting
profile will be measured every two weeks during the growing
season and every four to six weeks during other seasons of the
year.

SUPPORTED BY U.S. Dept. of Agriculture

3.0132, ION TRANSPORT IN SOME HALOPHILIC OR-
GANISMS
B.Z. GINZBURG, Hebrew University, Jerusalem, Israel

This work concerns ion metabolism in some halophilic bac-
teria and algae. These organisms are adapted to life in solution
containing 30% salt. It has been shown that such organisms have
more powerful mechanisms for the regulation of their ions than
do organisms from more usual habitats. It is proposed to relate a
biophysical study of ion concentrations and fluxes with the
biochemical means whereby chemical energy is liberated and
transferred to the transport systems of those ions transported ac-
tively across the cell membranes. The results will be used to test
the theory of transport processes derived from the thermodynam-
ics of irreversible processes by A. Katchalsky and his coworkers.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0233, CROP, SOIL AND WATER USE EFFECTS OF
LOW INTENSITY SPRINKLER IRRIGATION
S.D. GOLDBERG, Hebrew University, Jerusalem dsrael

Object: To determine the effects of greatly reducing the rate
of sprinkler irrigation application on water use requirements of
crops, irrigation erosion, soil aeration and aggregation,
microbiological activity, and crop yield and quality.

Plan of Work: Use will be made of a range of soil textural
classes with particular attention to the medium to fine sizes. Five
representative crops, (probably peanuts, cotton, alfalfa, citrus
and vegetables) will be included. The intensity of irrigation water
application will range from the maximu:n infiltration rate to only
a relatively small fraction of the established rate. Data will be
secured on crop yield and quality; water use, including water
delivery, runoff and soil loss if any, water distribution, and soil
moisture to below root zone; and climatic factors, including rain-
fall, humidity, radiation, temperature and wind as needed for in-
terpretation of water use data. Evaporation losses during water
application; deep percolat; ^ses; and soil aeration, aggrega-

tion and microbiological effects of water application will be eval-
uated. Periodic records will be secured of plant disease develop-
ments. Records will be kept of water application equipment so
hydrodynamic characteristics may be determined from A10-
SWC-11 is desirable.

SUPPORTED BY U.S. Dept. of Agriculture

3.0234, ION DISCRIMINATION BY HYDROPHOBIC
MEMBRANES
A. ILANI, Hebrew University, Jerusalem, Israel

Filters containing fixed negative charges of low concentra-
tion will be produced by various methods. Such filters will be
saturated with hydrophobic solvents and interposed between
aqueous solutions. The ability of such membranes to discriminate
between various cations will be studied by measuring:

1. Equilibrium distribution ratio between water and mem-
brane of various cations. 2. The dependence of the resistance of
membrane on the counterion present in the aqueous medium. 3.
Bi-ionic potential across such membranes. 4. The diffusion coeffi-
cient of ions in such membranes.

It is essential to have a low concentration of fixed charge sites
in order to maintain hydrophobicity of the 'Ater. If the charge
sites' concentration is too high the hydrophobic solvent will be
displaced from the filter's pores by water as soon as it is exposed
to the aqueous solution. On the other hand, with no fixed charged
sites in the membranes the situation reduces to that of diffusion
through homogeneous hydrophobic solvent layer. The effect of a
change in fixed charge sites density on ion diffusibility within the
membrane will be studied.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0235, DIFFERENCE IN EFFECTS OF FOREST AND
OTHER VEGETATIVE COVERS ON WATER YIELD
A.Y. SHACHORI, Ministry of Agriculture, Nathanya, Israel

Object: To determine the characteristic effects of pine forest,
oak-chaparral, grass cover, and bare ground on moisture loss and
disposition of precipitation in the Karst formation of the
Cenomanian- Turonian complex in Israel.

Plan-of Work: Two blocks of four plots each, representing
pine grass and bare areas have been selected for study near Mt.
Carmel, in Israel. Three techniques of investigation will be ap-
plied to these plots: (1) Direct measurement of water loss from
soil and rock: Each plot is equipped with five aluminum access
tubes installed to depths of 10-12 meters. (2) Direct evapotrans-
piration measurements from oak- chaparral and grass cover will
be made with a 10-square-meter transpiration tent. (3) Energy
balance determination: Bimonthly measurements of incident and
reflected short wave radiation, and net radiation, will be made
throughout the year from a helicopter hovering 10 meters above
the vegetation canopy. (7.5 pmy)

SUPPORTED BY U.S. Dept. of Agriculture

3.0236, THE EFFECT OF BOLL MOISTURE STRESS ON
DEVELOPMENT AND LINT QUALITY OF COTTON
A. MARANI, Hebrew University, Rehovot, Israel

Object: To define the effects of low and high levels of
moisture stress applied under varying climatic conditions and at
different stages of growth to two varieties of cotton selected for
their differences in response to climate.

Plan of work: Each year experiments will be conducted at
three locations--(a) the coastal plain with mild summer tempera-
tures and high relative humidity, (b) the Negev region with higher
temperatures and low relative humidity, and (c) the Boisan valley
with a very hot dry climate. In each location the eight following
treatments will be compared: No irrigations after planting;
moisture stress from beginning of flowering for six weeks; from
beginning of flowering for three weeks; from beginning of boll
development to end of season, from beginning of boll develop-
ment for three weeks; from mid - boiling to the end of the season;
two moisture stress periods as in 3 and 6; and complete irrigation.
Soil moisture at different depths of all plots will be recorded daily,
and flower and boil counts made throughout the season. Lint per-
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cent, boll size, upper half mean staple length and lint quality will
be determined at several harvesting periods. Vegetative develop-
ment will be assessed, Stomatal aperture will be evaluated and
leaf sap examined, and these data related to the soil and climatic
conditions at sampling time. (2.25 pmy per yr.)

SUPPORTED BY U.S. Dept. of Agriculture

3.0237, AGRICULTURAL UTILIZATION OF SOILS AF-
FECTED BY SALINITY
S, RAVIKOVITCH, Hebrew University, Rehovot, Israel

Object: To determine the yield response of plants growing in
saline substrates to the application of specific combinations of
plant nutrients; to study ion movement in soils and resulting
exchange reactions; and to select salt-tolerant plants that will
produce economic yields when irrigated with moderately saline
waters.

Plan of Work: Plants of economic value in agriculture will be
grown on slightly to moderately saline soils of different proper-
ties. Cereals, legumes and vegetables will be selected according to
their growth and production for special plant nutrient supply stu-
dies. The uffects of different rates and combinations of macro and
micro plant nutrients on the growth and production of the various
selected plant species will be evaluated. The movement of plant
nutrient ions in the saline soils will be followed and the influence
of these ions on exchange reactions determined. Initial phases of
the product will be conducted under greenhouse conditions, and
crops and fertilizer treatments exhibiting favorable results studied
under field conditions.

SUPPORTED BY U.S. Dept. of Agriculture

3.0238, RUNOFF INDUCEMENT IN ARID LANDS
D. HILLEL, Volcani Inst. of Agric Res. , Rehovot, Israel

Object: To apply recent developments in the theory of rain
infiltration in layered soils to the practical problem of controlling
infiltration and runoff; (2) to study the feasibility of using various
treatments to seal the soil surface against infiltration and stabilize
it against erosion; (3) to develop practical methods for inducing
and utilizing runoff in crop and pasture production and in reser-
voir supply.

Plan of Work: ( I ) Lab trials: a series of experiments to test
various surface treatments designed to form a stable impermeable
crust with combined chemical and mechanical treatments. This
stage will necessitate the construction of devices for measuring in-
filtration, runoff and erosion under sprinkling and flooding.
Prototypes of such devices have already been developed at
Rehovot and have proved their usefulness. (2) Field trials: Results
of preliminary laboratory trials will be tested under field condi-
tions. Runoff plots will be constructed to permit measurement of
runoff yields and erosion under natural and artificial rainstorms.
(3) Large-scale applications: Results of laboratory and field trials
will be applied in full-scale systems of runoff utilization. Methods
of runoff inducement will also be applied to pilot engineering pro-
jects such as stockwater reservoirs, cisterns, retention dams and
water-spreading systems.

SUPPORTED BY U.S. Dept. of Agriculture

3.0239, WATER TRANSPORT THROUGH HYPERFIL-
TRATION MEMBRANES
0. KEDEM, We izmann Institute of Science, Rehovoth, Israel

Osmotic water flow and water self-diffusion through solvent-
swollen gels and through hyperfiltration membranes were
recently investigated. The results indicate that the mechanism of
water flow in cellulose acetate membranes is close to molecular
diffusion in liquids. We thus hope that the measurement of water
diffusion in organic liquids may lead to a rational choice of alter-
native polymers. We plan to estimate the mobility of water rela-
tive to the solvent by simultaneous tagging of water and the or-
ganic solvent.

Polymer membranes will be tested. We have shown that salt
rejection as a function of flow rate can be predicted from the salt
permeability and the reflection coefficient (`apparent osmotic
pressure`) of the membrane, both measured in the absence of

volume flow. In particular, the maximal salt rejection, which can
be reached in practice only very thin selective films, is given by
the reflection coefficient which is easily measured. This test
procedure will be checked and, if necessary, modified for concen-
tration-dependent transport coefficients.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0240, DESALINATION BY THE INVERSION ON THE
ORDER OF MELTING BY APPLIED PRESSURE
R.G, AKINS, Kansas State University, School of Engineering,
Manhattan, Kansas 66504

The ultimate objectives of the proposed work is to make
technical and economic feasibility study of a freezing process
which takes advantage of the abnormal melting point curve of
water in upgrading heat energy. In this process, a suitably selected
working medium is used to remove heat in the ice making opera-
tion by melting the medium at a low pressure and to supply heat in
the ice melting operation by solidifying the working medium at a
sufficiently high pressure.

The proposed work can be broken into two parts: the first
part would be that of continuing the gathering of thermodynamic
data on the organic working mediums. The second (and major)
part would be to construct and operate a 1,000 gallons per day
(fresh water) semi-pilot plant. In this study, the effects of the
operating variables on the rate of heat transfer both in the ice
making and ice melting operations and the quality of ice crystals
produced will be studied. In the operation of this proposed semi-
pilot plant, information for planning a full size pilot plant can be
obtained and control problems and other basic physico chemical
processes associated with the process can be studied.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0241, OPTIMAL DESALINATION SYSTEMS
L.7'. FAN, Kansas State University, School of Engineering, Man-
hattan, Kansas 66504 (14001-001-1283)

It is proposed that a number of problems of prime interest to
the Office of Saline Water be approached adopting freely any
method or combination of methods of optimization which suit the
problems and situations. Problems to be considered include (1)
additional optimization studies of the reverse osmosis and mul-
tieffect, multistage flash evaporation systems, (2) optimization
studies of other desalination processes such as electrodialysis
systems; (3) the development of additional optimization
techniques and computational techniques that are needed for the
optimization of desalination systems; (4) optimization of
desalination systems during unsteady state operation; and (5) op-

timization studies related to the reliability and management of
desalination systems.

While the major concern of this proposed work is not the
development of system equations or models characterizing
systems and their components, the broad interests and capabili-
ties of the present investigators will make possible the develop-
ment of performance equations to provide representative optimal
solutions for specific systems or components. The major empha-
sis, however, will be in optimizing already formulated system
models satisfying the objective functions and constraints of the
systems.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0242, PRODUCTION OF HIGHLY PALATABLE WATER
FROM AIR FOR HOUSEHOLD, LIVESTOCK, AND INDUS-
TRIAL USE
R.C. HALL, Kansas State University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

The shortage of water is a recurrent problem in agriculture
and industry. It is believed that there are good possibilities of
producing potable water by absorbing water vapor from the air
with a liquid such as ethylene glycol, followed by separation of the
water and glycol in a solar still. The design of solar stills is well
along; therefore the objectives of this project are: 1. Design and
test equipment for absorbing water from the air. 2. Make esti-
mates of the economics of the proposed process. Triethylene
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glycol will be used as the first absorbent, Various contacting
devices, such as towers, will be designed and their operating
characteristics determined. After the most efficient design is
found, a large sca:e absorber will be built from which costs data
may be obtain-A.

SUPPORTED BY Kansas State Government

3.0243, ECONOMICS OF SOIL CONSERVATION PRAC-

TICES WITHIN WATERSHEDS
R.D. MCKINNEY, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

Objectives: To make economic analyses of applied conserva-

tion practices and associated cultural practices using the 10 years

of data that has been gathered in three Kansas watersheds since

1953. To analyze the economics of applied conservation practices
by watershed, by farm and by soil types.

Description of Work Proposed: The ten years 'If collected
data will be processed so that land use cultural practices and ap-
plied conservation practices can be associated with all lots of land

and soil types. Detailed analyses will be made of the effect on
yield of contour farming, terracing by crops, soil types and by
farm organizations. Weather data is available in one watershed.

This data will be used in correlation studies on yields and cultural
practices. The data gathered for this economic study will also be
used in a cooperative study with A.R.S. which has collected sedi-
ment and run off data on the Sabetha Watershed over a ten year

period.

SUPPORTED BY Kansas State Government

3.0244, EVAPOTRANSPIRATION AND ITS CHEMICAL
REDUCTION
W.L. POWERS, Kansas State University, School of Agriculture,
Manhattan, Kansas 66504

Precision lysimeters will be used to measure evapotranspira-
tion (loss of water by evaporation from soil and plant surfaces)
from agricultural land. Relationships between plant and environ-
ment (wind velocity, air temperature, humidity soil temperature,
soil water, and radiation ) and evapotranspiration will be formu-
lated for short (less than one hour) periods of time. Using the
knowledge gained, transpiration reducing chemicals will be ap-
plied to plants and their effectiveness measured by lysimeters.

The precision lysimeter along with the collected plant en-
vironment data will be used as a standard for comparison with the
present indirect, but more mobile Bowen Ratio method for esti-

mating evapotranspiration from chemically treated plots

throughout Kansas.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

3.0245, SOIL WATER MOVEMENT
W.L. POWERS, Kansas State University, Agricultural Experiment

Sta. , Manhattan, Kansas 66504
The objective of this research is to measure water movement

in soil and use the information obtained from these measurements
to evaluate water management and conservation practices.

Water movement in soil profiles will be followed by mercury-
in- glass tensiometers supplemented with Bouyoucos gypsum
blocks or gravemetric measurements. Hydraulic gradients deter-
mined with the tensiometers and Bouyoucos blocks will be used

to determine capillary conductivity values of the water in the soil.
Water management and conservation practices will be evalu-

ated on the basis of the information found from this water move-
ment research.

SUPPORTED BY U.S. Dept. of Agriculture
Kansas State Government

3.0246, INTER-DISCIPLINARY RESEARCH IN THE
AREA OF THE KANO PLAINS, WESTERN KENYA
S. OMINDE, Univ. College, Nairobi, Kenya

L Ecological surveys, settlement and land use - Work is al-
ready in progress at University College on settlement and land use

in the area of the Kano Plains; it is proposed to extend this to in-

clude geomorphological, hydrological and ecological data collec-
tion to provide the most up-to-date scientific information for re-
gional planning.

II. Biological studies (proposed as Kenya's contribution to
the IBP) preliminary data will be collected on three aspects of the
ecology: a) productivity of fish in the lake shore region and the
streams of the Kano Plains affected by migrations; this will be ex-
tended to include the fisheries potential productivity in the pilot
irrigation scheme. b) the ecology of snails in the area. c) the
ecology of mosquitoes, biting flies and other aquatic insects under
water-logged and irrigation conditions - this survey to be corre-
lated with current public health aspects already being studied.

III. Socio-economic probk ns - Experience in a pilot project
has underlined the need for urgent investigation on both the im-
mediate problems of attitude and impact of the far-reaching
changes in the way of life of the people in the area outside the
pilot scheme. The problem of population density and the impact
of the change on existing traditional economy will be studied, in-
cluding an inquiry into attitudes toward family planning.

SUPPORTED BY Rockefeller Foundation

3.0247, CORROSION AND MASS TRANSFER FROM
CYLINDERS OF METALS ROTATING IN SEAWATER AT
HIGH TEMPERATURES AND PRESSURES
J. MARANGOZIS, Univ. of Southwestern La. , School of En-
gineering, Lafayette, Louisiana 70506

The purpose of the project is to measure and correlate the
rates of corrosion of cylinders of such metals, as ferrous alloys,
aluminum and aluminum-base alloys in seawater at temperatures
up to 400 degrees F. and pressures up to 250 psia. It is proposed

to use a high-pressure autoclave inside which cylindrical
specimens of the metals are to be rotated under well-defined con-
ditions of the most important independent variables, including
fluid velocity, temperature, pH of solution, oxygen or carbon
dioxide concentration, seawater composition, etc. It is expected
that the experimental data, in conjunction with a mathematical
analysis of rotational flow around cylinders in light of the bounda-
ry layer theory and the principles of ionic phenomena can lead

into establishing quantitative relationships between the rates of
corrosion and the pertinent variables.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0248, STUDY OF ORIENTED CELLULOSE MEM-
BRANES FOR REVERSE OSMOSIS AND THE RELATION-
SHIP BETWEEN MORPHOLOGY AND SALT REJECTION
E. KLEIN, Gulf South Research Institute, New Orleans, Louisiana
70126

Cellulosic membranes having varying degrees of orientation
and lateral order will be prepared on a continuous extrusion ap-
paratus. The morphology of the membranes will be determined by
deuterium oxide exchange measurements. The diffuvion coeffi-
cient for water and NaCI will be measured in the membranes, as
well as the solvent and solute partition coefficients between the
membrane and aqueous salt solutions. Attempts will be made to
correlate the morphology of the structures with the permeability
of solvent and solute. Those membranes considered promising
will be evaluated for reverse osmosis applications in desalination.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0249, THE USE OF NUCLEAR METHODS FOR DETER-
MINING FOREST SOIL SITE INDEX
J. KUPRIONIS, Louisiana Polytechnic Inst. , School of Agricul-
ture, Ruston, Louisiana 71270

Objectives: (I) To determine the values of nuclear methods
to locate the depth, the surface, thickness and density of the least
permeable layer of two forest soil profiles. (2) To determine the
relationship of the data in (1) to water intake, runoff and water
storage capacity of the soils. (3) To correlate data of (1) and (2)
to an evaluation of site index.

Abstract of Procedure: A depth density gauge using cesium-
137 as a source of gamma rays will be used to determine the depth
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to, thickness of, and density of the least permeable layer of two
forest soil profiles. Rainfall, runoff, and infiltration data from
natural rainfall will be collected. These data will be analyzed, by
computer programs to determine site index.

SUPPORTED BY U.S. Dept. of Agriculture

3.0250, LIGHTWEIGHT WATER PURIFICATION UNIT
C.S. BARNHART, U.S. Army, Limited War Laboratory, Aberdeen
Proving Ground, Maryland 21005

Tech Objective: To fabricate a lightweight, all-plastic still
weighing less than six pounds when empty; which produces 1 to 2
quarts per hour of high quality distilled water from turbid,
brackish or saline sources. The still will utilize locally available
fuel.

Tech Approach: The boiler is a 6-inch diameter, 4-foot tube
of fiber glass fabric impregnated with silicone rubber. When filled
with water, the boiler can be heated directly in a wood fire. The
water level in the boiler can be maintained by addition of raw
water during operation through a specially designed filling valve.
Distillate is condensed by air cooling, in plastic tubing. Filled
lengths of condenser tubing can be tied and cut off for convenient
transport of distillate.

Progress: The results of the Army evaluations were that even
though the device did meet the technical objectives, tactical
requirements in remote areas did not warrant use of this device.
The task was then terminated.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0251, REVERSE OSMOSIS WATER PURIFICATION
C.S. BARNHART, U.S. Army, Limited War Laboratory, Aberdeen
Proving Ground, Maryland 21005

Tech Objective: To obtain potable drinking water in the
Delta region of RVN.

Tech Approach: To fabricate a lightweight unit using current
state- of- the.art reverse osmosis techniques. In this process, water
is forced under pressure through cellulose acetate membranes
backed up with porous supports. The membranes are not filters or
ultra-filters but function as osmosis in reverse. The water
molecules pass through leaving behind salts and other particulate
materials.

Progress: Two items were shipped to RVN for utilization by
U. S. Forces in the Delta in April 1968. To date, no report has
been received. The general characteristics of these units are:
weight of unit- approximately 60 Ibs; capacity - 100 gallon per day
fresh water from highly saline sources. Water output: fuel ratio -
34 lb water per I lb fuel.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0252, INDIVIDUAL WATER FILTRATION DEVICE
H. ROSEN, U.S. Army, Limited War Laboratory, Aberdeen Prov-
ing Ground, Maryland 21005

Tech Objectives: To develop a water filtration device for in-
dividual use that will remove particles larger than 10 microns in
diameter.

Tech Approach: The unit includes a piston-type pump by
means of which water is drawn into a filter and forced through it.
The filtered water is then collected directly in a standard one or
two quart canteen to which the unit is attached. The filter does
not remove bacteria.

Progress: An evaluation of this unit was accomplished in
South East Asia during 1966. The results of this evaluation in-
dicated that standardization for quantity procurement of this as-
sembly was not desired and future requirements would only be of
a special use nature. The task effort has been terminated.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0253, DEVELOP A COMPUTERIZED METHODOLOGY
FOR EVALUATION OF MUNICIPAL WATER CONSERVA-
TION RESEARCH PROGRAMS
N. GREENBERG, Hittman Associates Inc. , Baltimore, Maryland

The proposed research will develop digital computer pro-
grams that will allow the computation of benefit-cost ratios for an
array of proposed conservation alternatives for any given mu-
nicipal area in the United States. The program will compute the
overall benefit to the municipality in gallons of water saved by the
adoption of conservation policies, attitudes, techniques, devices,
or systems. The foundation for the proposed research will be the
model now under development for OWRR which analyzes and
defines the municipal water requirements as a 'consumption
system' on a microscopic basis. That model will be extended and
converted to allow the reflection of the impact of many conserva-
tion approaches simultaneously.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

3.0254, THE ROLE OF BRITTLE SURFACE FILMS IN
STRESS-CORROSION CRACKING
J.A. GREEN, Martin Marietta Corporation, Baltimore - Middle
River, Maryland

The basic aim of this project is to examine the proposal that
stress-corrosion cracking proceeds by the repeated formation and
rupture of brittle surface films. A major prediction of this 'brittle-
film' model is that the rate of cracking is controlled by the rate of
growth of the brittle film, and thus, to determine the validity of
the model, studies are being undertaken to correlate these rates.
ellipsometric technique has been employed to study rates of film
growth on alphabrasses exposed to aqueous-ammonia solutions.
The results provide strong support for the brittle-film model, both
the rates of growth of the film (cuprous oxide) and the rates of
cracking increasing markedly with increasing zinc content of the
brass, increasing temperature, and anodic polarization. These stu-
dies are being extended to failures of a magnesium alloy, an
auslenitic stainless steel, and an alpha-titanium alloy in aqueous.
chloride environments.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0255, THE ROLE OF BRITTLE SURFACE FILMS IN
STRESS-CORROSION CRACKING
E.N. PUGH, Martin Marietta Corporation, Baltimore - Middle
River, Maryland

Objective: This research program is aimed at evaluating the
role of brittle surface films in stress-corrosion failures occurring
in aqueous chloride environments.

Scope of work: (a) Systems; (1) Austenitic Fe-20% Ni-20%
Cr alloy exposed to aqueous 42% MgC12 at about 150 degrees C,
(2) Single phase Mg-6% Al alloy exposed to aqueous solution of
40 g/INaCI and 40 g/1 K2CrO4 at room temperature.

(b) Stress-Corrosion Studies: Specimens taken from alloy
will be axially loaded in tension while immersed in test solution,
using conventional stress-corrosion equipment. Rates of cracking
will be determined from these experiments.

(c) Electron-Microscope Studies: Replicas taken from the
stress- corrosion fracture surfaces will be studied to determine
whether discontinuous crackini; an occurred. If the presence of
this type of cracking is confii 1, tr r,asurements of the striations
will be made to determine th t ',oress through which the crack
propagated during each step. t !,etron-diffraction studies will be
made in the microscope to determine the nature of the surface
films. In addition, the nature of the films in the fracture surfaces
will be investigated in situ by reflection electron diffraction.

(d) Ellipsometric Studies: Polished, unstressed specimens of
the alloys will be exposed to the test solutions in the cell of an el-
lipsometer. Film growth will be allowed to proceed under condi-
tions duplicating those of the stress-corrosion exjperiments, and
the film thickness will be determined continuously. The film
growth rates will be used with data from the electron-microscope
studies to calculate rates of cracking for comparison with experi-
mentally determined cracking rates.
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SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0256, IMPROVED CULTURAL PRACTICES FOR
PRODUCING SAFFLOWER UNDER IRRIGATED AND NON-
IRRIGATED CONDITIONS
J.O. CULBERTSON, U.S. Dept. of Agriculture, Beltsville, Mary-
land

Object: To develop improved practices for producing saf-
flower through research on crop sequence and rotation practices;
fertilizer treatments; methods of tillage; date, rate, and method of
planting; weed control; and other cultural practices.

Plan of work: Appropriate field plot techniques will be used
in investigating and developing improved tillage and management
practices under irrigated and non-irrigated conditions. Research
will involve various combina. 'Is of fertilizer treatments, rates
and dates of planting, irrigation pk crop sequences, rota-
tion practices, and methods of pia. : Pre-emergence and, par-
ticularly, post emergence chemical weed control will receive at-
tention in cooperation with State and Federal specialists. Studies
will be made to evaluate selected chemicals in field plots and
study effective dates and rates of application. The effects of vari-
ous crop sequences, irrigation practices and methods of planting
upon incidence and severity of disease and weed populations will
be investigated. Various combinations of the above procedures
will occupy one to several acres at Logan, Utah; Mitchell and Al-
liance, Nebraska; and Mesa, Arizona.

SUPPORTED BY U.S. Dept. of Agriculture

3.0257, IRRIGATION PRACTICES AND FACTORS AF-
FECTING THE WATER REQUIREMENT OF CROPS IN DIF-
FERENT LAND RESOURCE AREAS OF THE NORTHEAST
J. LUNIN, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To determine the consumptive use, water require-
ment and moisture extraction patterns of specific crop plants at
various growth stages, to evaluate environmental factors affecting
soil-water-plant relationships, and to integrate the information
into efficient irrigation practices for various land resource areas.

Plan of Work: Laboratory, greenhouse and field work will be
combined into an integrated program to develop new concepts of
soil- water -plant interrelationships. Information is being obtained
on factors affecting consumptive use of water at various plant
growth stages, moisture extraction patterns of various crops, and
effect of soil-water suction on water utilized by plants. Study will
be made of ( 1 ) effect of climatic components on evapotranspira-
tional losses so that existing climatic data can be used to estimate
evapotranspiration and predict the need for irrigation, (2) criteria
for development of efficient irrigation practices for specific crops,
crop rotations and other management systems, and (3) efficiency
of irrigation practices in terms of product quality and yield.
Moisture retention and transmission characteristics of major
benchmark soil types will be made.

SUPPORTED BY U.S. Dept. of Agriculture

3.0258, EFFECTS OF USING SALINE AND INDUSTRIAL
WASTE WATERS ON YIELD AND QUALITY OF PLANTS
J. LUNIN, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To investigate the quality of brackish (saline) and in-
dustrial waste waters from various sources for supplemental ir-
rigation application methods and frequencies and their effect on
plant growth and soil physical-chemical properties.

Plan of Work: Field surveys will be made to characterize the
quality of brackish and industrial waste waters, and their chemical
composition determined. Field investigations where brackish
water is used to irrigate vegetable and forage crops under field
conditions will he studied to determine (1) the best methods and
frequencies of irrigation, (2) salt accumulation as affected by ir-
rigation and leaching by rainfall, and (3) salt tolerance of various
crops. Greenhouse investigations will be carried out to determine
soil-plant-water interrelationships as affected by salinity. This in-
cludes soil and solution culture studies to evaluate interactive ef-
fects between salinity and fertility, and levels of base saturation
and growth state at time of salinization. Laboratory investigations
will be made of cation exchange reactions in various soils at dif-

ferent levels of base saturation as affected by leaching with saline
solutions followed by leaching with distilled water. The effect of
these reactions on physical properties of the sail (permeability,
modulus of rupture, bulk density, etc.) wilt be determined.
Similar studies will be carried out using processing plant effluents.

Cooperation: Virginia Agricultural Experiment Station; SCS;
U. S. Salinity Laboratory; Virginia Truck Experiment Stations.

SUPPORTED BY U.S. Dept. of Agriculture

3.0259, EFFECTS OF FERTILIZER AND SOIL MANAGE-
MENT PRACTICES, IRRIGATION, PLANT SPACING, AND
OTHER CULTURAL TREATMENTS ON BERRY PRODUC-
TION
all. SCOTT, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To determine the effects of fertilizers and soil
management practices, irrigation, plant spacing, and other cul-
tural treatments on yield and quality of berries produced, particu-
larly for newer varieties.

Plan of work: Work plans vary from year to year depending
upon th kind of problem to be solved. Plants are usually grown in
replicated plots and data obtained on characters such as fruit size,
yield, time of ripening, disease ratings, and fruit quality in relation
to varioujs treatments. Nutrition, irrigation, mulching, chemicals
for weed control, methods of propagation, and physiological
responses of plants to temperature and photoperiod are in-
vestigated both in green houses and field plots.

SUPPORTED BY U.S. Dept. of Agriculture

3.0260, EFFECTS OF NUTRITION, CULTURAL PRAC-
TICES AND WEATHER ON THE GROWTH, DEVELOP-
MENT, YIELD AND QUALITY OF CORN
G.F. SPRAGUE, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To study the absorption and use of different mineral
elements by the plant and the distribution of these elements in dif-
ferent plant parts; the relation of environment and heredity to
composition and quality; and the responses of corn plants and
seeds to various environmental factors; and to determine the
adaptability of new and improved corn strains to different cultural
practices.

Plan of work: Inbred lines and hybrids in field plots and sub-
irrigated gravel cultures will be compared to learn the differences
in rate or total amount of absorption of various chemical elements
and the distribution of these elements in the various plant parts.
The physiological basis for differences in absorption or distribu-
tion observed will be established through laboratory studies. Corn
seedlings and plants in the field, greenhouse and laboratory will
be subjected to variations in light, temperature, moisture, nutri-
tion and other agents and a determination made of the differences
in strain reaction. The physiological basis for observed dif-
ferences will be explored, and the possibility of increasing strain
differences by selection determined. Different corn strains under
different cultural and production practices will be compared to
those on soils of different fertility and growth yield and quality of
corn produced by the different methods measured.

SUPPORTED BY U.S. Dept. of Agriculture

3.0261, IMPROVEMENT IN CIGAR TOBACCOS BY
DEVELOPMENT OF MORE ADEQUATE CROPPING
SYSTEMS, FERTILIZATION, CULTURAL AND CURING
PRACTICES
G.L. STEFFENS, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To improve the quality and yield of filler, binder and
wrapper types of cigar tobaccos and to maintain economical
production through adequate cropping systems, fertilization, cul-
tural and curing practices.

Plan of work: Using accepted experimental design and field
plot techniques research will be conducted to study cropping
systems, crop handling practices including curing, additions to the
soil of mineral, manure, and organic supplements as they are re-
lated to yield and quality of cigar filler and binder and wrapper
types of leaf. Laboratory studies will be made upon leaf of known
history from experimental plots with a view to arriving at a more
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adequate basis for quality evaluation and relating the findings to
improvement of the crop. In an effort to lower cost of production,
it is necessary to adapt improved cultural practices suitable for
automation, and also the application of growth regulators which
do not result in undesirable effects. Treatments involving
cropping sequence, fertilizers, cultural practices, and curing
methods will be evaluated statistically so as to analyze the interac-
tion among these variables. Other factors such as time and
method of topping, suckering, irrigation, spacing, trans-varietal
differences will also be studied.

SUPPORTED BY U.S. Dept. of Agriculture

3.0262, VARIETAL EVALUATIONS AND IMPROVED
AGRONOMIC PRACTICES FOR SUGARBEETS
D. STEWART, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To evaluate hybrids and varieties of sugarbeets for
regional adaptation, and develop agronomic practices for more
efficient production.

Plan of work: Promising varieties and new developments in
sugarbect breeding research will be evaluated in regional pro-
grams of field trials that will be planned to sample soil types and
weather conditions and appraise varietal tolerance to prevalent
diseases. Hybrids, breeder seed, and other varietal developments
in breeding will be screened and will involve disease tolerance,
bolting resistance, sucrose percentage, size of root, etc. The most
promising entries will be further evaluated in intensive tests to
determine more precisely their regional adaptation. The interrela-
tion of adapted varieties to regimes of spacing, fertilization, and
plant populations will be studied in relation to quality and produc-
tivity. Crop sequence, plant residues, soil amendments, tillage,
and irrigation will be studied in relation to the pathogenic flora
and fauna as well as to quality and productivity. The influence of
plant spacing along the row and distance between rows will be
studied in relation to productivity weed control, and other field
practices. The cultural studies will be aimed at developing field
practices that will bring about a reduction in labor requirements
with monogerm seed.

SUPPORTED BY U.S. Dept. of Agriculture

3.0263, PROTECTIVE FILMS FORMED BY PLASMA
ANODIZATION
L.P. SKOLNICK, Univ. of Maryland, School of Engineering, Col-
lege Park, Maryland

Surface coatings on aluminum and iron will be prepared by
anodic oxidation by using oxygen ions formed in a glow discharge.
Coatings formed in this way will be evaluated for their protection
of aluminum and iron from corrosion in saline environments. In
addition, the structure of oxides formed by plasma anodization
will be compared to those formed by anodic reaction in an aque-
ous electrolyte.

The growth rate of the oxide film will be monitored in situ by
optical means utilizing an ellipsorneter. Impurities incorporated
into oxides formed by aqueous anodization can be eliminated in
plasma anodization since the composition of the electrolyte is a
controlled variable in the latter case.

Aluminum oxide is thought to be non-protective in chloride
environments because of pitting which occurs as the chloride ion
replaces hydroxyl groups included in the film during formation in
aqueous clecrrolytes. Due in part to its variable valence, forma-
tion of protective oxide coatings on iron introduces additional
questions. However, if chemically pure films produced under the
highly controlled conditions of plasma anodization behave dif-
ferently from films formcd in an aqueous environment, a better
understanding of the passivation and anodic protection of both
iron and aluminum will be achieved.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0264, DEVELOPMENT OF IMPROVED CELLULOSE
ACETATE MEMBRANES FOR REVERSE OSMOSIS
P.M. RIGG LEMAN, Hercules Incorporated, Cumberland, Mary-
land

The objective of this program is to continue the development
of composite hollow-fiber membranes for desalination by reverse
osmosis and to demonstrate membrane performance in a labora-
tory hollow-fiber desalination module. Maximum performance in
these composite membranes will be achieved by optimizing
separately the membrane substrate and the selective layer.

The materials proposed for composite hollow-fiber mem-
branes include crosslinked cellulose and cellulose triacetate. Sub-
strates made of crosslinked cellulose are strong, compaction-re-
sistant and solvent inert, Such substrates have been demonstrated
in fiat sheet membranes. For the selective layer, a thin film of cel-
lulose triacetate (CTA) will be coated directly from dilute solu-
tion on to the substrate. The salt rejection of CTA is excellent;
and, the resulting composite membrane should be acceptable for
treating either brackish water or sea water.

Hollow-fiber membranes of cellulose-CTA will be prepared
on the laboratory scale and evaluated in a laboratory module. The
performance of the hollow-fiber membranes and module will be
compared with state- of-the-art systems.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0265, THE MECHANISM FOR FORMATION OF A
SKINNED TYPE MEMBRANE
R. BLOCH, Hydronautics incorporated, Laurel, Maryland

It is proposed to study the mechanism of film formation in
`skinned' type cellulose acetate and other membranes by the fol-
lowing methods: (a) A quantitative analytical study of the rate
processes occuring during skin formation such as, evaporation
rate, diffusion rates of solvent into water and water into casting
solution. (b) A study of phase separation in multi-component
systems by the application of Flory's theory of phase separation
for binary mixtures, to ternary and quaternary systems. (c) The
measurements of polymer-solvent interaction parameters of vari-
ous polymer-solvent systems by osmotic or light scattering
methods. Primarily these will be determined for cellulose acetate
in acetic acid, dimethyl formamide and triethyl phosphate. (d) An
experimental study of rate processes under controlled conditions,
e.g evaporation rates will be varied by allowing evaporation into
a chamber of controlled vapor pressure of the solvent. (e) A cor-
relation between degree of skinning and the polymer-solvent in-
teraction parameter for a number of solvents.

SUPPORTED BY U.S. Dept. f...f Interior - Off. Saline Water

3.0266, RESEARCH ON HIGH - EFFICIENCY COMBINED
EVAPORATIVE AND CONDENSATIVE HEAT TRANSFER
SYSTEM
C.E. BROWN, Hydronautics Incorporated, Laurel, Maryland

The purpose of the research project is to provide understand-
ing and design information on heat transfer systems in which sur-
face tension phenomena are exploited to provide high overall
heat transfer coefficients. Most systems studied have shown good
results with pure water or condensing steam, but there is usually
an inherent tendency for the evaporator using sea water to
polarize sharply, thus offsetting the desired high efficiency for
heat transfer. Furthermore, since cost per pound of water
evaporated is a paramount factor, the attainment of high heat
transfer efficiency should go hand-in-hand with sfaces and sur-
face preparations which can be produced at low t. The work in
progress at HYDRONAUTICS, Incorporated ha,, as one of its
goals the attainment of high heat transfer coefficients by making
use of the surface tension and surface tension gradients which
occur on three dimensional evaporating films of sea water. The
goal is constrained to metals and configurations which offer
promise of being inexpensive in both initial cost and maintenance.
Present efforts are primarily being axpenden on extremely thin,
flat Titanium foils on which a pattern of Teflon of other non-
wetting material is used to produce controlled rivulet flow.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0267, STUDY OF THE HYDRODYNAMIC ASPECTS OF
DESALINATION BY REVERSE OSMOSIS
M.P. TULIN, Hydronautics Incorporated, Laurel, Maryland
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The general aim of the proposed research program is to ac-
celerate the enginerring development of reverse osmosis
techniques for the desalination of water. Specifically it is planned
to devise and develop methods for the determination of intrinsic
membrane characteristics to suggest and investigate different
geometrical configurations and hydrodynamic conditions which
may enhance depolarization and to analyze different reverse os-
mosis systems from an economical point of view,

Analytical and experimental studics will bc undertaken to
further these aims. Suitable apparatus will be developed for mem-
brane characterization. Experimental investigations will be car-
ried out in specially designed equipment, to study practical and
desirable ways and means of depolarization and decantation of
thc polarization layer.

SUPPORTED BY U,S. Dept. of Interior - Off. Saline Water

3.0268, HYDROFORMING REVERSE OSMOSIS MEM-
BRANES AND A DESALTING MODULE BASED ON THE
HYDROFORMING PROCESS
M.P. TU LIN, Hydronautics Incorporated, Laurel, Maryland

It is proposed to produce reversed osmosis tube assemblies
by a process of hydroforming, in which a cellulose acetate mem-
brane is formcd directly within a suitable porous support tubc.
This is accomplished by forcing a cellulose acetate solution in
acetone plug through the support tube by means of a gas column
followed by a cold water column. Undcr proper conditions, a
membrane is deposited on the support tubc wall with a controlla-
ble thickness over a great length.

The optimum conditions of hydroformation will bc deter-
mined and the operating characteristics of thc tubc assembly
measured.

A small desalination module based on such hydroformed
tubes will be buile and operated.

It is further intended to develop a membrane regeneration
procedure, in which inoperative or fouled membranes can bc dis..
solved from thc assembled tubc system, and rcformcd in place
without dismantling the system.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Watcr

3.0269, MODIFICATION OF PROTEIN FILMS FOR USE
IN DESALINATION
B.S. FISHER, Gillette Research Institute, Rockville, Maryland
20850 (14-01-0001-1811)

The over-all objective is to relate the physical structure and
chemical constitution of modified protein films to their per-
formance as reverse osmosis and pressure dialysis membranes. A
variety of films of well defined structure and constitution will be
examined in order to develop a rationale that will lead to novel
improved practical membranes for desalination processes.
Proteins such as zcin, collagen and casein, possessing suitable
solubility characteristics and exhibiting the ability to form certain
selected membrane configurations will be selected for study.
Preferred forms of the proteins (c.g., supported ultrathin films,
unsupported films, tubing) will be prepared and suitably
modified, to impart watcr insolubility and adequate wct strength.
Such modification will include crosslinking and/or incorporation
of hydrophobic end-capping groups onto the free amino groups of
the protein. The intrinsic permeability properties to water, salt
and other selected solutes will bc determined with these films by
simple osmosis experiments. Further modifications of the films by
either physical processes (e.g., orientation) and/or chemical
processes, such as imprcgnation with vinyl polymers via graft
polymerization or in situ deposition from the monomer, will be
carried out to impart desired permeability characteristics. The
production of skinned or asymmetric membranes by this
technique will be investigated. Specimens of the most promising
materials found in this study will be submitted to the Office of
Saline Water for evaluation in reverse osmosis or pressure dialysis
tests.

SUPPORTED BY U.S. Dept. of Interior Off. Saline Water

3.0270, PARAMETRIC ECONOMIC AND ENGINEERING
EVALUATION STUDY OF THE ELECTRODIALYSIS
PROCESS
B.J. TRUETT, Booz Allen Applied Res. Inc. , Washington -
Bethesda, Maryland

This study was undertaken to perform an economic and en-
gineering evaluation of clectrodialysis processes for desalting
brackish waters. The major emphasis in the investigation will be
on determining the most promising one of three basic stack
designs for scale-up to large plant sizes. During this evaluation,
plant performance parameters for each plant type that have major
effect on water costs will be identified, and the susceptibility of
each plant type to improvements will be examined.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0271, DISTRIBUTION AND ABUDANCE OF JUVENILE
AMERICAN SHAD, ALOSA SAPIDISSIMA (WILSON), IN
THE CONNECTICUT RIVER ABOVE HOLYOKE DAM,
MASSACHUSETTS
J.A. MCCANN, Univ. of Massachusetts, Mass Cooperative
Fishery Unit, Amherst, Massachusetts 01002

The recreational potential of the Connecticut River is now
being evaluated by local, state and federal agencies. There have
been several committees established to study the feasibility of ex-
tending the spawning runs of American shad and Atlantic salmon
to their historical sites. The construction of a fish lift at the
Holyoke Dam in 1955 increased the shad spawning migration by
32 river miles. In recent years, the Massachusetts Division of
Fisheries and Game have stocked viable shad eggs above Turners
and Vernon dams.

A doctoral study was initiated to: (I) estimate th a population
of juvenile shad in relation to the Holyoke Dam, Massachusetts,
by marking throughout the field season with fin clips, brands, or
some other method that does not cause excessive mortality; (2)
estimate the mortality of juvenile shad in the study area by mark-
ing and recapture; (3) determine when migration occurs by
weekly or bimonthly quantitative sampling in the Holyoke Canal
System; (4) determine depth, speed, and other factors associated
with migration by temporary marking with Neutral Red or
Bismark Brown Y for short term mark and recapture.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Massachusetts State Government
University of Massachusetts

3.0272, FOOD HABITS OF LARVAL AND JUVENILE
SHAD IN THE CONNECTICUT RIVER
R.J. REED, Univ. of Massachusetts, Mass Cooperative Fishery
Unit, Amherst, Massachusetts 01002

The recreational potential of the Connecticut River is now
being evaluated by local, state, and federal agencies. There have
been several committees established to study the feasibility of ex-
tending the spawning runs of American shad and Atlantic salmon
to their historical sites. The construction of a Ish lift at the
Holyoke Dam in 1955 increased the shad spawning migration he.,
32 river miles. In recent years, the Massachusetts Division of
Fisheries and Game have stocked viable shad eggf, above Turners
and Vernon dams. Growth differences of young -of- the - year -shad
above and below Holyoke Dam have been documented.

A study was initiated to correlate young-of-the-year shad
feeding habits to food availability by sampling both the benthic
and planktonic communities within the river while collecting fish
for stomach analysis and growth data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Massachusetts State Government
University of Massachusetts

3.0273, A STUDY OF PRESSURE DIALYSIS AND
COUPLING PHENOMENA IN SYNTHETIC AND NATURAL
MEMBRANES
S.R. CAPLAN, Harvard University, School of Medicine, Boston,
Massachusetts
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A proposal is submitted for the study of the structural basis of
coupling between different flows, and between flows and chemi-
cal reactions, in well-characterized synthetic membranes. The
proposal incorporates three closely related topics:

1. flow in hyperfiltration membranes, and of the mechanism
of 'salt rejection'. 2. The preparation and study, by similar
methods, of fine -grained mosaic membranes, in which salt trans-
port should be characterized by large negative values of the
reflection coefficient. 3. The preparation and study, partly by
similar methods, of membranes containing asymmetric arrange-
ments of bound enzymes. In membranes of this kind coupling can
occur between enzymic reactions and solute flows.

The theoretical framework on which the design and analysis
of the experiments will be based includes primarily the treatment
of membrane transport given by Kedem and Katchalsky, and the
treatment of coupling given by Kedem and Caplan. The methods
to be used in studying hyperfiltration membranes will be essen-
tially those developed by Solomon and co-workers in the study of
water flow across the human erythrocyte membrane.

SUPPORTED BY (1.S. Dept. of Interior - Off. Saline Water

3.0274, DEVELOPMENT OF A WATER DESALINATION
SYSTEM BASED ON HOLLOW FINE FIBER MEMBRANES
B.S. TIMMINS, Abcor Incorporated, Cambridge, Massachusetts
02139

This contract outlines a program to demonstrate the ad-
vantages of using hollow fine fibers in reverse osmosis processes,
to develop engineering information on their use in a reverse os-
mosis unit, and to construct a pilot plant capable of producing
1,000 gallons per day of purified water. A preliminary design for
the utilization of fine fibers has been developed which provides
particular advantages because of the fiber's efficient mass
transfer, small size, low cost and freedom from fouling. Use of
several different fiber sizes will be evaluated to select the best
geometry for the unit. Cellulose acetate has been chosen as the
basis for this design and will receive major attention because of its
proven effectiveness in desalination work. A limited number of
other materials which may offer particular advantages in fine hol-
low fibers will be evaluated. Examination wnl be made of a
number of important operating problems such as feed pretreat-
ment and membrane life.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0275, EVALUATION OF EXISTING AND UNCONVEN-
TIONAL MEANS FOR PUMPING AND ENERGY
RECOVERY IN A REVERSE OSMOSIS DESALINATION
PLANT
E..I. FAHIMIAN, Dynatech Corporation, Cambridge, Mas-

sachesets
The objective of this study is to perform economic analyses

of pump and energy recovery units, potentially useful in reverse
osmosis plants. Due to the large flows of high-pressure salt water
needed, cuk rently proposed systems require a large capital invest-
ment for the high-pressure pump. Furthermore, since a large frac-
tion a the high- pressure water is rejected as concentrated brine,
it might be economical to use a hydraulic turbine to recover part
of the energy. Because current knowledge of pumps and turbines
suitable for application in large size reverse osmosis plants is in-
complete (data on the performance, cost, availability and relia-
bility of these units are lacking), technical and cost information
on existing pumps and turbines is being used together with infor-
mation supplied by manufacturers to develop scaling relations
describing cost and performance of large scale units. Similar in-
formation is being developed for potentially promising unconven-
tional means for performing pumping and energy recovery. These
scaling relations are then to be used in an optimization model of a
complete reverse osmosis plant to study the influence of varia-
tions in pump and turbine size and performance on the cost of
desalting water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0276, JET-PUMP TOPPING-UNIT PILOT PLANT
E.F. KURTZ, J. Kaye & Company Inc. , Cambridge, Mas-
sachusetts 02138

A jet-pump topping unit is a means for improving the thermal
efficiency of small to medium sized distillation desalination
plants. The topping unit consists basically of a vapor-compression
evaporator utilizing an ejector as the vapor compressor. The ejec-
tor is driven by high-temperature water from a boiler. Low tem-
perature steam from the ejector exhaust is used to drive the distil-
lation plant.

A pilot-plant jet-pump topping unit will be constructed at the
OSW Test Station at Wrightsville Beach, N. C. This topping unit
will utilize a multiple-phase ejector developed by Joseph Kaye &
Company under OSW Contract 14-01-0001-429. The topping-
unit-vapor-compression evaporator will product approximately
5000 lb/hr of distillate, and 2000 lb /hr of 265oF steam from ejec-
tor exhaust will drive a 5-stage vertical-tube evaporator to
produce approximately 10,000 lb/hr of distillate. The total heat
requirement will be approximately 150 Btu/lb of distillate.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0277, SOLIDIFICATION AND SEPARATION OF ICE
FROM SALINE WATER
C.M. ADAMS, Mass. Inst. of Technology, School of Engineering,
Cambridge, Massachusetts 02139

This investigation is concerned with crystallographic and
chemical influences on the morphology of solid formed in the
freezing of aqueous solutions containing substantial concentra-
tions of ionic salts. These influences include liquid phase mass
support by diffusion, natural convection, and forced convection,
and the surface energies and preferred growth directions of ice
crystals. The following specific items will be studied: a) the
kinetics of single crystal growth using prepared starting crystals of
known orientation, b) the use of controlled convection during sin-
gle crystal growth to promote mass transfer and increase stable
growth velocities, c) the effect of magnetic fields on the growth of
individual crystal interfaces with and without convection, d) the
controlled melting of specific interfaces of single crystals with and
without convection, e) the use of very slow growth rates to
produce large single dendrite plates, f) the effects of natural con-
vection during dentrite and single crystal growth, g) mass transfer
analyses covering convection as well as diffusion, and h) the in-
fluence of surfactants.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0278, DEVELOPMENT OF ULTRATHIN SKIN MEM-
BRANES - HEMA POLYMERS
A.S. HOFFMAN, Mass. Inst. of Technology, School of Engineer-
ing, Cambridge, Massachusetts 02139

New membrane systems are being prepared, and new
techniques for skinning these systems on top of porous mem-
branes are being developed for use in the process of desalination
by reverse osmosis. The new systems are composed of acrylic.
monomer mixtures which can be thermoset during or after
polymerization of these monomer systems on top of at porous
membrane substrate, or on top of such a substrate on which has
been deposited a tightly packed protein or polymer monolayer.

Tests are also being made on a new membrane module, to
determine the significance of activity as a driving force for
desalination.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0279, COUNTERWASHERS FOR FREEZE-DISTILLA-
TION DESALINATION
R.F. PROBSTEIN, Mass. Inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

To develop from a hydrodynamic point of view a theoretical
and experimental understanding of counterwashers of the type
used in washing brine from ice crystals in order to determine
criteria for the design and construction of higher performance
columns than presently exist. Preliminary hydrodynamic studies,
based on Darcy's Law, have been applied to the calculation of the
displacement of the brine by fresh water from the interstices of
the ice plug formed in the column. Theory indicates the main dif-
ficulty in obtaining large net production rates of fresh water in the
counterwasher results frA m the fact that large quantities of brine
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must be discharged through the screens and before reaching the
screens this brine must flow through the packed ice bed which
presents a large resistance to the flow. The production rate is
found to increase with decreasing the ice plug length below the
screens and the back pressure at the screens, and increasing ice
crystal size, pressure at bottom of plug, the wall friction. Experi-
ments on a simulated counterwasher will be carried out with
polyethylene beads and ice crystals to investigate the effects pre-
dicted. The theory will also be extended to determine an optimum
design counterwasher from economic and dynamic considera-
tions.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0280, THE ELECTROHYDRODYNAMICS OF ELEC-
TRODIALYSIS SYSTEMS
R.F. PROBS7'EIN, Mass. Inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

The objective of the proposed work is to develop from an
electrohydrodynamic point of view a theoretical and experimen-
tal understanding of the electrodialysis process for saline water
conversion. in the present research the properties of the mem-
branes will be taken to be given and the objective will be to deter-
mine theoretically and experimentally the potential, concentra-
tion, and flow field distributions as well as the appropriate scaling
and similarity parameters. The theoretical distributions will be
determined for different geometrical and flow conditions and will
take into account effects of water dissociation, several Ionic spe-
cies, finite thickness and partially selective membranes, as will as
unsteady operating conditions. Based on the scaling and similarity
parameters obtained from the theoretical work laboratory scale
electrodialysis cells will be investigated with the aim of measuring
both overall flow and field quantities as well as detailed potential
and concentration distributions which may then be compared
with the theoretical results. An important feature uf the work will
be to show the need to take into account the developing nature
with distance along the channels of the electric and concentration
field distributions as well as their spatial interactions. On the basis
of the results obtained an appropriate redesign of electrodialysis
units for more efficient and economical operation will be un-
dertaken both theoretically and in the laboratory.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0281, FUNDAMENTAL STUDIES OF DESALINATION
BY FREEZING
T.K. SHERWOOD, Mass. Inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

Experimental and theoretical studies of (a) the physics of
nucleation and the growth of ice particles in subcooled brine, (b)
the melting of masses of ice particles by direct condensation of
refrigerant vapor (water or hydrocarbon), (c) the washing of
brine from ice-brine slurries, (d) heat transfer from brine to
refrigerant droplets in the freezer, and (e) the removal of
hydrocarbons from product water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0282, EFFECT OF ELECTROCHEMICAL AND METAL-
LURGICAL FACTORS ON CORROSION OF METALS AND
ALLOYS
H.H. UHLIG, Mass. Inst. of Technology, School of Engineering,
Cambridge, Massachusetts 02139

The direction of the present research is toward making
available accurately determined data, combined with a reasona-
ble explanation of mechanism regarding corrosion of metals and
alloys in aqueous media including saline solutions. Factors are
being studied which account for pitting corrosion of passive alloys
such as the stainless steels in chloride media. For example, critical
potentials of 18-8 stainless steels are being measured below which
pitting corrosion does not occur, The effect of environment on
such potentials has been studied by us in some depth.

The current program is focussed on corresponding metallur-
gical factors. For example, chromium, nickel, molybdenum and
cobalt, both as binary alloys and as alloying constituents of stain-

less steels, are being studied with regard to their critical potentials
and pitting behavior. Alloys inherently more corrosion resistant
on exposure to saline solutions can be expected from data of this
kind.

Some measurements are also under way on the general cor-
rosion rates of iron in deaerated water and NaCI solutions The
purpose is to better understand the metallurgical factors that af-
fect corrosion rates in these environments. Supplementary to
these studies are measurements of passivity both in the region of
potentials where pitting does not occur and in media which do not
produce pitting corrosion at any potential.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0283, EFFECT OF ELECTROCHEMICAL AND METAL-
LURGICAL FACTORS ON CORROSION OF METALSAND
ALLOYS
H.H. UHLIG, Mass, Inst. of Technology, School of Engineering,
Cambridge, Massachusetts 02139

The direction of the present research is toward making
available accurately determined data, combined with a reasona-
ble explanation of mechanism, regarding corrosion of metals and
alloys in aqueous media including saline solutions. Factors are
being studied which account for pitting corrosion of passive alloys
such as the stainless steels in chloride media. For example, critical
potentials of 18-8 stainless steels are being measured below which
pitting corrosion does not occur. The effect of environment on
such potentials has been studied by us in some depth.

The current program is focussed on corresponding metallur-
gical factors. For example, chromium, nickel, molybdenum and
cobalt, both as binary alloys and as alloying constituents of stain-
less steels, are being studied with regard to their critical potentials
and pitting behavior. Alloys inherently more corrosion resistant
on exposure to saline solutions can be expected from data of this
kind.

Some measurements are also under way on the general cor-
rosion rates of iron in deaerated water and NaC1 solutions. The
purpose is to better understand the metallurgical factors that af-
fect corrosion rates in these environments. Supplementary to
these studies are measurements of passivity both in the region of
potentials where pitting does not occur and in media which do not
produce pitting corrosion at any potential.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0284, BASIC STUDIES OF SCALE CONTROL
B.M. FABUSS, Monsanto Research Corporation, Everett, Mas-
sachusetts 02149

The objective of the project is to conduct laboratory in-
vestigations to obtain basic information on the slurry seeding
process for control of calcium sulfate scaling from saline water
concentrates. The effects of such factors as temperature, crystal
size, composition and concentration, fluid dynamics, supersatura-
tion, heat flux, fluidized or fixed bed on calcium sulfate precipita-
tion will be determined.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0285, CONCEPTUAL DESIGN STUDY FOR ELEC-
TRODIALYSIS
B.M. FABUSS, Monsanto Research Corporation, Everett, Mas-
sachusetts 02149

The proposed work of this contract is to carry out a six-
month technical and economic evaluation of presently available
electrodialysis installations and to develop and evaluate several
new concepts. The primary goals to be attainable by the utiliza-
tion of these innovations are: (1) an increase in effective mem-
brane surface per unit geometrical area; (2) the reduction of re-
sistance path by changes of fluid flow pattern; and (3) the
elimination of separate gaskets and spacers to provide more
complete membrane utilization and reduce membrane and labor
costs.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0286, THERMOPHYSICAL PROPERTIES OF SEA
WATER AND AQUEOUS ELECTROLYTE SOLUTIONS
CONTAINING NACL, KCL, NA2SO4, AND MGSO4
A. KOROSI, Monsanto Research Corporation, Everett, Mas-
sachusetts 02149

Property values on the major sea water components NaCI,
KC!, Na2SO4, and MgSO4 in their binary and ternary solutions
and those on sea water and its concentrates will be presented in
tabular form. The correlated data were derived from the author's
measurements and were compared with other sources. The values
to be tabulated include: Density, vapor pressure, boiling point
elevation, viscosity, and thermal conductivity, given in cgs and
engineering units with such frequency that linear interpolation
will become permissible.

The concentration of salt solution in most cases will cover
0.1- 3.5 ionic strength levels in the temperature range of 20-150
degrees Centigrade. Sample calculations, the correlation
technique used and a computer program applicable for sea water
will be included.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0287, CONTROL OF CONCENTRATION POLARIZA-
TION IN REVERSE OSMOSIS DESALINATION OF WATER
B. KEILIN, Amicon Corporation, Lexington, Massachusetts
02173

In the purification of water by reverse osmosis, a concen-
trated saline layer is formed at the membrane surface, reducing
membrane efficiency and life, This concentration is reduced by
inducing turbulent flow with high feed velocities and baffles - -at
high cost in power. The greater the membrane flux, the greater
the cost.

The possibility that laminar flow in short, thin channels,
could give high yields at low power cost was verified in OSW Con-
tract No. 14-01-0001-965 in a 7-inch cell at Amicon Corporation.

Concentration polarization will now be determined for the
entrance, fully-developed flow and exit regions for turbulent,
laminar and intermediate flow regimes in one 30-inch long cell
with variable channel leight. Experimental results will be com-
pared with predictions ft mit theory for each type of flow and each
region. Earlier work, indicating that the effects of membrane
roughness and maldistribution of flow along the channel would be
less critical in laminar thara turbulent flow, will be extended. Prac-
tical means of forming thin, laminar flow channels between the
membranes will also be investigated.

These studies will provide preliminary information for the
design of a pilot reverse osmosis unit that would minimize con-
centration polarization effects at capital and operating costs.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0288, INVESTIGATION OF ANOMALOUS WATER
B.M. FABUSS, Lowell Technological Institute, Graduate School,
Lowell, Massachusetts 01854

Although several theories and models have been proposed
for the explanation of water properties, only most recently
Academican B. V. Deryagin in the Physico-Chemical Institute of
USSR Academy of Sciences prepared anomalous water. This
water was formed by condensing water vapor in thin quartz capil-
laries. The anomalous water shows different properties, vapor
pressure, density, expansion coefficient, viscosity and phase
changes from those of regular water. The aim of the present work
is to reproduce and confirm these observations and to develop
techniques for producing anomalous water in larger quantities,
thus permitting a more detailed investigation of its properties.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0289, MODIFIED ION-EXCHANGE MEMBRANES FOR
WATER PURIFICATION BY REVERSE OSMOSIS
R.B. HODGDON, General Electric Company, Lynn - West Lynn,
Massachusetts

The objective of this contract is to develop modified ion-
exchange membranes having flux and salt rejection properties
comparable to cellulose acetate for reverse osmosis application.
The primary emphasis will be placed on developing materials and
methods for the preparation of thin films resistant to compaction
in high pressure reverse osmosis desalting environments. The two
phases of work proposed are the thin film preparation and evalua-
tion, and the preparation and evaluation of thin film composites.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0290, DEVELOPMENT OF LOW-COST, CORROSION-
RESISTANT ALLOYS AND ON ELECTRO-CHEMICAL
TECHNIQUES FOR THEIR PROTECTION IN DESALINA-
TION SYSTEMS
A.C. MAKRIDES, Tyco Laboratories Incorporated, Waltham,
Massachusetts

A series of alloys, based on the copper-zinc system, and elec-
tro- chemical methods for their protection will be developed. The
new alloys will hopefully have lower cost, greater strength, better
thermal conductivity, and better corrosion resistance than do cur-
rent available materials. The experimeWal program includes:

(1) A systematic evaluation of the effect of incremental
changes in minor alloying constituents, including P, As, Sb, Si,
Ge, Sn, Pb, Fe, and Ni, on the properties of the Cu-Zn system.

(2) A systematic determination of the high temperature cor-
rosion properties of available commercial materials, including
90:10 cupro- nickel, 70:30 cupro nickel, aluminum brass, arseni-
cal Admiralty brass, and Naval brass, and of experimental alloys
produced under the program. Both polarization measurements
and weight loss techniques will be util- ized.

(3) The evaluation of electrochemical corrosion protection
techniques, particularly of anodic protection, both for experimen-
tal alloys and for commercial materials.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0291, RESEARCH ON PIEZODIALYSIS
W.A. MCRAE, Ionics Incorporated, Watertown, Massachusetts
(14-01-0001-611)

The objective of research performed to date was the deter-
mination of the practicality of desalination by the coupled trans-
port process `Piezodialysis` utylizing fine-grained mosaic mem-
branes, comprised of alternating patterns of anion and cation
selective regions having characteristic dimensions of about 10
microns. The Scope of Work is amended by the addition of the
following tasks:

a. Improve flexibility of the resins utilized in the fabrication
of the sheet piezodialysis membranes.

b. Establish technology for fabricating piezodialysis mem-
branes having an active thickness of 1 micron.

c. Investigate the use of porous metal supports for the mem-
branes to meet the requirement of 50% or greater stable porosity
at 100 atmospheres pressure.

d. Investigate the use of hollow fibers which are cationic
along half the circumference and anionic along the other half.

e. Performance tests will be made with the thin planar mem-
branes, improved support materials and the fine tubular mem-
branes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0292, THE KINETICS OF COMPRESSIBILITY EF-
FECTS IN TWO PHASE SINGLE COMPONENT FLOW
C.L. FELDMAN, Worcester Polytechnic Inst. , School of En-
gineering, Worcester, Massachusetts 01609

This project is an investigation of the compressibility effects
in single component two phase flow with the primary emphasis
being on the kinetics of these compressibility effects. The in-
vestigation has as its primary goal a quantitative understanding of
the rates of various physical reactions in a two phase fluid when it
is perwrbed from its equilibrium state. A knowledge of these
reaction rates will then permit rational design of high per-
formance two phase flow equipment. A secondary goal of the pro-
gram will be the development of measurement techniques for
general application to two phase flow work.
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The fundamental experimental technique will be an exten-
sion of Mikol's method for obtaining an equilibrium low velocity
two phase flow of known quality. Sonic velocity will be measured
as a function of input frequency. Water will be used as a working
fluid and the temperature varied from 80F to 300F. Emphasis will
be on the low quality region and the sound absorption spectrum
will be used as a measure of bubble size.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0293, STUDIES OF FUNDAMENTAL MECHANISMS IN
THE DEPOSITION OF CALCIUM SULFATE SCALE
J.L. YORK, Univ. of Michigan, School of Engineering, Ann Arbor,
Michigan

This fellowship grant supports doctoral research of three
graduate students.

One study is on phase-transition kinetics for hydrates of cal-
cium sulfate in water and brine solutions. The transformation
from selenite to hemi-hydrate is the principal study, and others
will be also investigated. Sensitive dilatometric measurements and
microscopic observation are simultaneously employed.

Another study is on heterogeneous nucleation of calcium
sulfate on metallic surfaces from aqueous solutions. Both electri-
cal conductivity and electron microscope observations are em-
ployed.

A third study is on homogeneous nucleation of calcium
sulfate from aqueous solutions. Filtered clear solutions in suspen-
sion in heavy oil are subjected to temperature changes and the
drops are observed microscopically to study nucleation in the
absence of nucleating solids.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0294, BOG AND SWAMP HYDROLOGY
R.R. BAY, U.S. Dept. of Agriculture, Forest Service, Grand
Rapids, Michigan

Object: To develop management practices, through basic
hydrologic studie.3, which will maintain and improve water yield
including streamflow timing characteristics, water quality, low-
flow augmentation, and total ground water recharge on northern
forested peat lands.

Plan of work: The project staff is continuing to gather infor-
mation on (1) the hydrology of forested bog watersheds while
calibrating experimental watersheds, (2) physical properties and
water transmissivity of organic soils, and (3) evapotranspiration
rates of bog vegetation. They will begin studies on effect of timber
management and water control practices on (I) water yield and
groundwater recharge, (2) evapotranspiration, water storage, and
changes in the properties of organic soils. They will also deter-
mine the energy balance regimes in peatlands and other bog-
vegetation complexes.

SUPPORTED BY U.S. Dept. of Agriculture

3.0295, A STUDY OF THE DISPOSAL OF THE EF-
FLUENT FROM A LARGE DESALINATION PLANT
W.F. MCIIHENNY, Dow Chemical Company, Midland, Michigan

Preparation of a Handbook for Engineers to use in selecting
shore sites for installation of large desalination-power plants. In-
cludes considerations of oceanographic and meteorologic factors
involved in plant protection. Discusses biological systems that one
should take cognizance of in designing water intake and discharge
units. Indicates the tolerances of key marine organisms for heat,
salinity, copper concentrations, etc. that will be important factors
in the effluent, Report will cover sites selected as actual or poten-
tial water-shortage regions on all coasts of the U. S., as well as one
site in Mexico.

Analyze copper in effluent streams from existing desalt
plants; determine chemistry and fate of copper in effluents diluted
in the environmental sea water; and investigate methods of
removing copper from effluent.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0296, DEEP WELL DISPOSAL OF DESALINATION
BRINE WASTES
W.F. MC1LHENNY, Dow Chemical Company, Midland,
Michigan

Collect and correlate the geological factors, techniques and
costs of deep well injection.

Collect and review brine and brackish water resources for
desalination and compute waste compositions.

Survey legal aspects of deep well injection.
Analyze the designs and projected costs of deep well disposal

in five representative communities.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0297, PREPARE AN OPERATIONAL PLAN, CONCEP-
TUAL DESIGN AND PLANS AND SPECIFICATIONS FOR A
SEAWATER CORROSION TEST FACILITY
0. OSBORN, Dow Chemical Company, Midland, Michigan ( 14-
01-0001-1139)

It is proposed to establish a Materials Test Center adjacent to
the Freeport Test Bed where land, sea water, utilities, and techni-
cal services from nearby industry are readily available. (The
Center would ultimately house a staff of engineers and scientists
with assigned responsibilities to find more economical materials
of construction for desalination plants. The physical facilities
would consist of administrative offices, a capability of operating
some ten environmental test units, and the needed support ser-
vices such as analytical and metallurgical laboratories and a
repair shop. Some 14,000 square feet of working space would ul-
timately be required.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0298, RESEARCH AND DEVELOPMENT OF UL-
TRATHIN FILM MEMBRANES FOR REVERSE OSMOSIS
DESALINATION
L.T. ROZELLE, North Star Res. & Dev. Inst. , Minneapolis, Min-
nesota

The overall goal of this project is to develop ultrathin mem-
branes (1000 to 2000 angstroms in thickness) for the desalination
of water by reverse osmosis under test conditions for both sea
water and brackish water.

A major objective is to apply ultrathin membranes to a tubu-
lar configuration for reverse osmosis. Casting studies using cellu-
lose acetate (CA) will include drawing a module through (1) a
membrane on a water surface and (2) a pool of polymer solution
on a water surface. Deposition from an emulsion will also be stu-
died. Reverse osmosis studies will be carried out to evaluate the
ultrathin membranes and to indicate the research necessary to
achieve optimum performance. Various sipport materials will be
investigated. Preliminary studies will be carried out for evaluation
of the ultrathin membrane module in an in situ regeneration
process.

Another major objective is to optimize the reverse osmosis
performance and characterize ultrathin CA membranes. The op-
timization parameters include membrane thickness, acetyl con-
tent, and degree of annealing. Membranes will be characterized
by microscopy, intrinsic viscosity, infrared spectroscopy, and
compressive property techniques.

One minor objective will be to optimize anisotropic mem-
branes of beta glucan acetate and CA as compared to the Loeb
and Manjikian membranes. The other objective will be to test
readily available commercial polymers as ultrathin membranes
for reverse osmosis.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0299, ELECTRIC FIELDS IN THE CONDENSATION
AND COALESCENCE OF WATER
C.D. FRE1ER, Univ. of Minnesota, Graduate School, Min-
neapolis, Minnesota 55455

The general objective of this work is to relate precipitation
and atmospheric elerArical phenomena. To accomplish this goal
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an experimental program has been designed to observe some of
the phenomena,

One of the experiments is designed to show that the rapid for-
mation and subsequent rupturing of water surfaces produces
many high mobility ions that can increase the air's conductivity,
Another is designed to indicate that a limited current flow
through a medium containing many small droplets will cause the
droplets to disappear rapidly.

In order to gain insight into the above experiments, a light
scattering technique will be used. The technique will consist of
white light as well as alternate pulses of red and blue light. The
split beams will pass through a strong electrical field in an expan-
sion chamber. Measurements will be made of the transmission as
well as of the temperature of the chamber in which the experi-
ment takes place.

A study will be undertaken of nucleation centers using a
spark gap in the pumping lines and a pair of expansion columns.
Finally, a study will be made of the relations between electric
fields and the condensation process using a small probe that gives
an A-C signal proportional to the D-C field.

SUPPORTED BY U.S. National Science Foundation

3.0300, CHARACTERISTICS OF FARM ANIMAL
MANURES AFFECTING DESIGN OF DISPOSAL FACILI-
TIES
R.E. LARSON, Univ. of Minnesota, Agricultural Experiment Sta.
, Saint Paul, Minnesota

Object: To identify and evaluate those physical and biologi-
cal characteristics of farm animal manures that serve as criteria
for the engineering design of economical and sanitary disposal
facilities,

Plan of Work: This work will be carried out principally in the
laboratory. Samples of the various manures will be obtained,
cataloged, weighed, and analyzed for the various characteristics
under investigation. Samples will be collected from th' various
livestock research farms of the University of Maryland, .ARC at
Beltsville, and from operating farms in the vicinity. Analyses will
be in accordance with procedures in the current edition of Stan-
dard Methods for the Examination of Water and Wastewater or
other accepted techniques. Special apparatus and instrumenta-
tion for determinations of soil sealing rates, sludge accumulation
rates, and certain other factors will be devised and fabricated as
needed.

SUPPORTED BY U.S. Dept. of Agriculture

3.0301, EFFECT OF FOREST TYPES AND CONDITIONS
ON WATER MOVEMENT AND GROUND WATER
RECHARGE
S.J. URSIC, U.S, Dept. of Agriculture, Oxford, Mississippi

Object: To determine the effect of soil, forest cover, and
forest management on streamflow and ground-water recharge.

Plan of work: Twelve natural runoff plots are instrumented to
measure hydrologic events and determine changes caused by
forest manipulation. The staff is collecting and evaluating existing
information on watershed soils and ground-water geology of the
problem area. They are determining various components of the
hydrologic cycle, such as infiltration rates, interception amounts,
and deep seepage.

SUPPORTED BY U.S. Dept. of Agriculture

3.0302, DEVELOPING RESERVOIRS FOR SUPPLEMEN-
TAL IRRIGATION
E.A. KIMBROUGH, Mississippi St. University, Agricultural Ex-
periment Sta. , State College, Mississippi 39762

To investigate various methods of construction and/or repair
to prevent seepage losses from reservoirs used for irrigation. To
investigate the use of chemicals and other imported materials in
the construction and/or repair of reservoirs to decrease seepage
losses.

DESCRIPTION OF WORK - Typical reservoir sites with the
problem of highly permeable soil strata will be selected for the
construction of test reservoirs or repair reservoirs which have ex-

cessive losses, New test reservoirs will have a water surface of 1/3
acre when filled to the maximum depth, Methods of construction
will include bulldozer, sheep foot roller, clay products sealing,
and other imported materials that may be selected,

Water level recorders will be used to measure volume
changes. Off-stream reservoirs of approximately 5 to 15 acre feet
will be constructed to determine the effect of the higher hydraulic
heads on the seepage losses. These reservoirs will be used for ir-
rigation to determine problem associated with this type reservoir.

SUPPORTED BY U.S, Dept. of Agriculture
Mississippi State Government

3.0303, NITROGEN REQUIREMENT FOR SKIP -ROW
COTTON
W.I. SPURGEON, Mississippi St. University, Agricultural Experi-
ment Sta. , Stoneville, Mississippi

Objective: 1. To determine the quantity of nitrogen required
for skip-row cotton where it is planed on previously fallowed
skips.

Working Procedure: Field tests will be conducted using
plant-4- fallow-4, plant-2-fallow-4 and a combination of plant -2-
fallow-2 plus plant-2-fallow-4 as the main plots. Each main plot
will be split with 4 rates of nitrogen -- 0, 60, 80, 100 pounds per
acre. All treatments will be replicated 4 times.

SUPPORTED BY Mississipi State Government

3.0304, DISTRIBUTION, APPLICATION AND USE OF
WATER
C.F. CROMWELL, Univ. of Missouri, Agricultural Experiment
Sta. , Columbia, Missouri 65202

Study problems related to obtaining suitable water supplies
for irrigation. Study different methods develop engineering design
data, and improve techniques for applying irrigation water. Deter-
mine rate of moisture use of different crops under various levels
of available soil moisture, and the distribution of moisture
removal from various zones in the soil profile.

DESCRIPTION OF WORK - Two or more irrigation water
supply wells will be developed for the Southeast Missouri
Research Center at Portageville, Missouri. Records of soil stratifi-
cation, development method, cost, and water yields will be kept,

Plots will be graded for irrigation studies. Records will be
kept of equipment time. Comparisons will be made between
crawler and rubber-tired prime movers.

Laboratory tests will be conducted to determine hydraulic
parameters of flow in a model irrigation furrow. A range of
roughness factors including several agricultural soils will be
tested. An artificial intake rate will be applied beneath the materi-
al bed using ceramic tubes and a vacuum pump.

Intake rates of additional soil profiles will be determined in a
vertical model.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

3.0305, AN EXPERIMENTAL STUDY OF THE STRUC-
TURE, THERMODYNAMICS, AND KINETIC BEHAVIOR OF
WATER
F.T. GREENE, Midwest Research Institute, Kansas City, Missouri

The proposed work involves the measurement of the
equilibrium thermodynamic properties and rates of formation of
clusters of water and other model compounds. The equilibrium
studies will involve the measurement of the equilibrium cluster
concentrations as a function of temperature using both molecular
effusion and high pressure mass spectrometric sampling
techniques. These data will yield heats of formation, free energies
of formation, and bond strengths, which will in turn be in-
terpreted in terms of their implications to intermolecular poten-
tial energy functions, nucleation theory and liquid structure.
Rates of cluster formation will be studied by expanding ap-
propriate gases and gas mixtures as a free jet, which is then sam-
pled into the mass spectrometer. From the known free jet tem-
perature- pressure history and the measured cluster concentra-
tions, the rates of formation of the clusters can be evaluated.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0306, CORRELATION OF ANOMALOUS ULTRASONIC
REFLECTIVITY WITH EARLY SCALE FORMATION
F.R. ROLLINS, Midwest Research Institute, Kansas City, Missou-
ri

Recent research on ultrasonic reflectivity at liquid-solid
boundaries has revealed some rather anomalous effects that
occur when the angle of incidence is such that surface waves are
excited at the boundary. These anomalous reflection effects often
change significantly with minor variations in physical properties
of the interface. Since the ultrasonic reflectivity is primarily in-
fluenced by density and elastic properties of the surface, and
since these properties for most scale products are significantly dif-
ferent from that of the underlying metal, there is a high probabili-
ty that the reflection technique may be a sensitive indicator of
early scale formation. This program will establish the sensitivity of
the reflection technique to various scale deposits on cupro nickel
specimens and then explore the practical extension of the
technique to environments and geometries representative of
saline water conversion systems.

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0307, HYDRAULICS OF SURFACE IRRIGATION
C.C. BOWMAN, Montana State University, Agricultural Experi-
ment Sta. , Bozeman, Montana 59715

Objectives: To provide fundamental surface irrigation design
understanding through the invc:.1:6aiion of the hydraulic charac-
teristics of surface flow: 1. By further development of mathemati-
cal models describing the flow in terms of the many variables in-
volved, including appropriate testing under controlled conditions.
2. By laboratory experiments for the description and evaluation of
component variables. 3. By field trials to test the validity of
mathematical equations and laboratory relationships as in (1) and
(2) above.

Montana will collect field data required to test the equations
developed by Montana, Utah and Washington.

SUPPORTED BY U.S. Dept. of Agriculture
Montana State Government

3.0308, CONTROL OF CANADA THISTLE AND WATER
WEEDS
J.M. HODGSON, Montana State University, Agricultural Experi-
ment Sta. , Bozeman, Montana 59715

The life cycle and growth habits of Canada Thistle and Reed
canary grass are being studied. Chemicals for the control of these
weeds are being evaluated at the several locations on non-
cropland and the effects of differing climatic conditions are being
observed. Selective treatments for control of Reed canary grass in
Kentucky bluegrass and other grass species are made at Bozeman
and Huntley, Montana. Promising herbicides for control of sub-
mersed pondweeds in irrigation systems are being evaluated.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0309, MEMBRANES FOR REVERSE OSMOSIS
DESALINATION BY DIRECT CASTING ON POROUS SUP-
PORTS
R.L. NICKERSON, Montana State University, School of En-
gineering, Bozeman, Montana 59715

Work is being done to develop a reverse osmosis membrane
which is as good or better than those currently available and less
expensive to produce, This will be accomplished by casting dense
cellulose acetate films with a thickness of less than one micron
directly on porous supports. Previous work of an exploratory na-
ture has indicated the feasibility of the idea. Research is being
done to reduce the film thickness as much as possible and at the
same time obtain a flawless membrane with sufficient mechanical
strength to allow for necessary handling.

SUPPORTED BY S. Dept. of Interior - Off. Saline Water

3.0310, USE OF GROUND WATER IN EXCESS OF
RECHARGE
L.K. FISCHER, Univ. of Nebraska, Agricultural Experiment Sta.
, Lincoln, Nebraska 68508

Objectives: 1. To identify and describe rights in water and the
administrative arrangements that regulate water use in several
states. 2. To analyze the economic consequences of different
systems of water law with particular emphasis on the laws of the
states in the North Central Region but including comparisons
with legal systems in other regions. 3. To develop prineip'..Is which
will serve as guidelines in efforts to bring about optimum manage-
ment and use of water resources.

Procedure: The Nebraska Station will engage in a legal-
economic analysis of administrative and market procedures used
to transfer water rights. The study will include the application of
economic efficiency criteria to various procedures used both
within and outside the region. Part of the effort will be to develop
procedures for using electronic data processing methods in the
analysis of water law. A concurrent effort with the Nebraska Law
School will analyze the possible effects of alternative institutional
arrangements on the use of ground water in Nebraska,

SUPPORTED BY U.S. Dept. of Agriculture
Nebraska State Government

3.0311, LAND SHAPING FOR WATER CONSERVATION
H. WITTMUSS, Univ. of Nebraska, Agricultural Experiment Sta,
, Lincoln, Nebraska 68508

Objectives: 1. To develop effective engineering practices and
construction criteria for the most effective soil and water conser-
vation systems.

2. To evaluate land shaping practices in regard to conserva-
tion of moisture as reflected in crop yields and stability of crop
production.

3. To evaluate the influence of land shaping practices on ru-
noff losses and to predict the effects of these influences on reduc-
tion of flood hazards on small watersheds.

4. To evaluate the effect of land shaping practices on in-
creased ground water recharge or stabilized stream flow condi-
tions on small watersheds.

5. To evaluate the economic feasibility of the different con-
servation systems.

Work Proposed: New conservation systems will be designed,
installed and compared with existing conservation systems. Soil
moisture, crop yields and weather data will be collected and
analyzed to determine the effectiveness of each conservation
system. Straight row farming, conventional terrace systems and
parallel terraces with steep back slopes and tile waterways will be
studied under the same management system. Engineering specifi-
cations and construction criteria will be developed and published
for each new type conservation system.

SUPPORTED BY U.S. Dept. of Agriculture
Nebraska State Government

3.0312, ENGINEERING PHASES OF LAND SHAPING
FOR SOIL AND WATER CONSERVATION
H.D. WITTMUSS, Univ. of Nebraska, School of Agriculture, Lin-
coln, Nebraska 68508

Rainfall in Nebraska is characterized by high intensities and
short durations. These conditions cause high runoff losses which
reduce the water available for crop production and ground water
recharge as well as contribute to the destruction caused by flood-
ing. The runoff losses can be eliminated by shaping the land to
retain all water. Underground tile systems will be installed to
prevent crop damage caused by saturated soils. Practices will also
be developed which will increase the intake of water by the soil
and extract the water productively from the soil.

Engineering principles needed to properly shape and farm
the land will be developed. The different practices will be evalu-
ated in terms of soil moisture storage, water use-efficiency, runoff
losses from shaped areas and crop yields.
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The project is expected to yield information on the most
feasible methods of conserving our water resources on our vast
agricultural areas. The water saved will be available for increased
crop production and ground water recharge for municipal,
agricultural and industrial uses.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Nebraska

3.0313, SPRING IRRIGATION OF ALFALFA
J.A. MCCORMICK, Univ. of Nevada, Agricultural Experiment
Sta. , Fallon, Nevada 89406

To determine the effects of spring irrigations, by the border
method, of deep rooted forage crops when soil at various depths
within the root zone exhibits soil temperatures above and below
the critical limit for root activity.

Description of Work Proposed: Soil temperatures will be
recorded from the surface to the lower root level, at the Newlands
Field Station at Fallon Nevada, to establish a representative soil
temperature pattern by seasons. The temperature of the irrigation
water will be obtained by continuous recorder for the entire grow-
ing season. In addition to the temperature of the source water,
temperatures will be taken at the upper and lower ends of the bor-
ders throughout a twenty-four hour period when irrigation is in
progress.

Field trials will be established to study the effects of delaying
spring irrigation until soil temperatures have exceeded various
levels. Water table recorders will be used to determine the effect
of such delay on water table depths.

SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

3.0314, IRRIGATION SYSTEMS FOR EFFICIENT WATER
USE IN THE GREAT BASIN
P.R. NIXON, U.S. Dept. of Agriculture, Reno, Nevada

Objective. Develop efficient surface and sprinkler irrigation
system design and operation criteria and corollary evapotrans-
piration needs for cool desert areas,

Plan of Work: Continue use of lysimeter complex at Univer-
sity Farm to meter evapotranspiration. Augment instrumentation
with data logger system to record energy budget. Investigate
water use under 'clothesline' conditions prevalent in Great Basin
irrigated valleys. Install and test root zone moisture tension
devices. Record sprinkler efficiencies over lysimeters. Devise effi-
cient methods for irrigation of Carton clay soils. Inaugurage tests
and methods for automation of irrigation.

SUPPORTED BY U.S. Dept. of Agriculture

3.0315, SALVAGE AND USE OF WATER LOST TO
PHREATOPHYTES IN THE GREAT BASIN
W.F. SPENCER, U.S. Dept. of Agriculture, Reno, Nevada

Objective: Measure evapotranspiration of native vegetation
and relate to energy budget. Methods of capture and reuse of
water or replacement of native species by economic vegetation.
Role of soils and climate on forage species and composition.

Plan of Work: Continue evapotranspiration and energy
budget measurements using lysimeters. Install replacement
vegetation plots and devise methods for propagation using
pumped wells. Devise laboratory models to study water-level fluc-
tuations and optimum levels for propagation of forage plants. Sur-
vey soil factors which promote growth of greasewood and other
non-economic forage plants. Study boron tolerance of tall wheat
grass and the effects of cold desert climate on toxic properties of
forage produced.

SUPPORTED BY U.S Dept. of Agriculture

3.0316, IMPROVEMENT AND MANAGEMENT OF THE
COMMUNITY PASTURES OF THE PERSHING COUNTY
WATER CONSERVAT:ON DISTRICT NEAR BATTLE
MOUNTAIN, NEVADA
H.P. CORDS, Univ. of Nevada, Agricultural Experiment Sta. ,
Reno, Nevada 89507

Objectives: (1) Determine the value of different factors in
chemical control of phreatophytes, and its application to the
question of upstream storage, and peak flow suspension on the
Humboldt River. (2) Learn the relationships of water table level
and other possible factors to forage yield and composition, (3)
Learn the patterns of use most favorable to high sustained
production of invaders such as poverty weed.

Description: Several new trials were begun on saltcedar dur-
ing 1961. Among these were: a trial including five surfactants in
combination with silvex at two rates; a new-materials trial includ-
ing sir new formulations of 2,4-D, 2,4,5-T and silvex; and a con-
tinuation of the time-of-spraying vs. carbohydrate-level study in-
itiated in 1960. The surfactant trials begun in 1960 resulted in vir-
tually 100% top kill in 1961 regardless of treatment. Con-
sequently, evaluation has been delayed until spring, 1962. Root
reserve studies are now virtually complete for both wild rose and
saltcedar. They show that food reserves are at their lowest point
quite a bit after full leaf stage in the spring for both species.

Two series of grazing treatments have been simulated since
1956 by mowing and clipping. Another study of rotational grazing
on four different fields has been under way since 1959, In addi-
tion to these three studies, a number of 1 m2 permanent quadrats
was established on widely scattered locations of the study area.
SUPPORTED BY Nevada State Government

3.0317, PHREATOPHYTE CONTROL - LAHONTAN AND
HUMBOLDT BASINS
R.G. HOWARD, Univ. of Nevada, Agricultural Experiment Sta. ,
Reno, Nevada 89507

Studies will be carried out to determine the translocation of
systemic herbicides in saltcedar as affected by phenologicalstages
and varying environmental conditions using CI4 labeled materi-
als.

Field studies will be made under natural conditions with en-
vironmental factors such as soil and air temperatures at and fol-
lowing the time of application. Greenhouse studies will be made
with partially controlled environmental factors such as control of
soil and air temperatures and root medium osmotic stress, and
measurement of osmotic potential of root medium and expressed
cell sap under varying environmental conditions.

These studies, in the greenhouse and on government lands
near Rye Patch and Lahontan Reservoirs, should provide a better
understanding of environmental effects upon the action of
systemic herbicides on saltcedar and permit planning of more
timely and effective control measures. While similar data have
bees. obtained in other Areas, further information is needed for
the environmental conditions of the Lahontan and Humboldt
Basins.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0318, CONSERVATION OF GROUNDWATER
THROUGH REPLACEMENT OF PHREATOPHYTES WITH
FORAGES
J.H. ROBERTSON, Univ. of Nevada, Agricultural Experiment
Sta. , Reno, Nevada 89507

To explore the feasibility of using herbicides and fire in com-
bination to clear brush for (a) conservation of ground water, (b)
increased forage, (c) easier handling of livestock.

An attempt will be made to relate production of intermediate
wheatgrass and pubescent wheatgrass to water table on similar
soils. A graded series of piezometers has been installed with this
purpose in mind. The first grazing of these 1962 pastures will be
in the fall of 1964, thereafter in the spring.

The next two years will be spent in both quantitative and
qualitative evaluation of the grass stands already established.
Their production will be carefully evaluated in relation to the
water table, their water usage will be estimated more closely, the
data on hand will be analyzed, including that on evapotranspira-
tion of sagebrush.

The data should be examined by the Department of Agricul-
tural Economics; the State Fish & Game Commission should
make an evaluation in terms of wildlife habitat. The Soil Conser-
vation Service should examine the pastures for indicators of soil
stability relative to that which prevailed under the big sagebrush
canopy prior to 1962.
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SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

3.0319, STUDIES IN THE THERMOECONOMICS OF SEA
AND BRACKISH WATER DEMINERALIZATION
M. TRIBUS, Dartmouth College, School of Engineering,
Hanover, New Hampshire 03755

A study of the application of the exergy concept to the op-
timization of sea water and brackish water conversion systems;
the development of thermoeconomic techniques under condi-
tions of uncertainty. Reports are being prepared showing how to
optimize the design of different kinds of sea water conversion
systems and how to take into account uncertainties in either the
design, characteristics or the requirements.

SUPPORTED BY U.S, Dept. of Interior Off. Saline Water

3.0320, DESIGN AND CONSTRUCTION OF A LOW PRES-
SURE HOUSEHOLD REVERSE OSMOSIS UNIT
M. TRIBUS, Dartmouth College, School of Engineering,
Hanover, New Hampshire 03755

The purpose of this contract is to develop a low pressure
household reverse osmosis unit capable of producing 5 to 10 gpd
of potable water from brackish water (tap) for potential use by
homeowners in brackish water areas. Specific objectives are to
design and construct three prototype low pressure, household
reverse osmosis units and field test them by installation into
homes served with brackish water; to establish the optimum
operating conditions of these units under household service con-
ditions; and to prepare a cost estimate for the production of these
units in commercial quantities.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0321, DEVELOPMENT OF NEAR NEUTRAL MEM-
BRANES FOR USE IN TRANSPORT DEPLETION SYSTEM
A.H. HEIT, Ritter Pfaudler Corporation, Birmingham, New Jersey
08011

This is a program in the development of membranes with
moderated anion permselectivity. These will be applied in the
transport depletion variation of electrodialysis.

Operational advantages, such as greater freedom from inor-
ganic scaling, have been shown with the use of neutral cellulosic
membranes in place of membranes of high anion permselectivity
in the conventional stack. At the same time, the essential absence
of anion selective function imposes a limitation on current effi-
ciency. The cellulosic material is also more susceptible to deteri-
oration due to hydrolytic and oxidational factors.

Our goal is to heighten the cation .. Acluding role of the mem-
brane by compromising concentrations of anion exchanger and
base the membrane on on-cellulosic polymers so that current ef-
ficiency and long term stability may result. Special fabrication
techniques have been devised to provide protection of anion
exchange phase from organic fouling.

Data on fundamental properties, membrane potential, area
resistance, salt leakage, mechanical strength, hydraulic permitivi-
ty, etc. is being collected from a variety of compositions. The
most suitable membranes shall be evaluated with small and sub-
pilot plant sized stacks for performance.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0322, DEVELOPMENT OF PARYLENE COATING FOR
DROPWISE CONDENSATION OF WATER ON HEAT
EXCHANGERS
W.E. LOEB, Union Carbide Corporation, Bound Brook, Nev: Jer-
sey 08805

A report of work for improved heat transfer with steam via
dropwise condensation promoted by parylenv. It covers the
period from August, 1966 to July, 1967. Background studies on
the mechanism of drop nucleation and condensation, together
with parylene technology are presented. Lab scale tests with in-
dustrial quality steam, plus heat transfer analyses are included.
Parylene is Union Carbide's hydrophobic polymer, uniquely
vapor vacuum deposited in ultra-thin layers. Increase of some
30% overall heat transfer and coating durability exceeding two

years (test continuing) were obtained with live steam. Coating,
for large scale evaluation, of a sizeable heat exchanger from a
desalination line at Wrightsville Beach is described together with
process and equipment used. One micron of parylene was applied
to the exterior (steam side) of the 56-90/10 CuNi tubes (3/4'
O.D. I -ft. diameter steel shell as the vacuum chamber. This ex-
perience demonstrates technical feasibility of large scale parylene
coating. Treatment and deposition techniques have been
developed which provide durable and uniform coatings. Applica-
tion to long-tube vertical and multistage flash desalination plants
is discussed.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0323, CONSTRUCTION AND OPERATION OF 7-GPM
PILOT PLANT FOR SILICA REMOVAL
D.W. DAVIS, Johns Manville Corporation, Manville, New Jersey
(14-01-0001-1710)

This project involves the pilot-scale testing of the activated
alumina process developed under Contract 14-01-0001-954
which was reported in R&D Progress Report 286.

The 7-gpm pilot plant consists of a weak acid cation resin sof-
tener (sodium cycle) to further soften the effluent from the plant
sodium cycle softener and four columns containing activated alu-
mina.

The objective of the tests is to supply water at selected levels
of silica and hardness to a pilot-scale evaporator for scale studies.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0324, AN EXPERIMENTAL INVESTIGATION OF CEL-
LULOSE ACETATE MEMBRANE REGENERATION
E.A. HAMER, Amer. Standard Incorporated, New Brunswick,
New Jersey

The investigation to be conducted under this contract is to
determine the technical feasibility of restoring the desalination
properties of cellulose acetate membranes in which the per-
formance and quality rating has declined by using a combination
of surface cleaning and membrane regeneration procedures.
Membrane performance will be evaluated in an existing array of
test cells which accept 2- inch diameter membrane samples and
are designed to insure highly turbulent, saline water flow condi-
tions. The two proposed tasks are the membrane surface cleaning
and the membrane regeneration.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0325, COMBINED DESALINATION AND POWER-
GENERATION BASED ON COAL ENERGY
G.T. SKAPERDAS, M.W. Kellogg Company, New Market, New
Jersey 08654

The objective of this work is to combine all available infor-
mation from the Office of Saline Water, the Geological Survey,
the Bureau of Mines, and other sources to determine under what
conditions coal can best he used to supply the energy required to
produce fresh water from the ocean or underground brackish
water resources in the Nation's present and future water-short
areas.

The study is divided into two parts. The first will consider the
application of well-established technology, such as the combina-
tion of multiple-flash distillation systems and standard coal coal-
fired power generating plants, to coal supplies and water and
power requirements.

The second, looking further into the future, will combine ex-
pected oncoming developments such as reverse osmosis desaliita-
don, coal-fixed MHD-power generation, and byproduct recovery,
in larger complexes which would be most economically viable tAs
the Nation's population increases.

Work on Part One has been completed and will be published
in June 1966. Work on Part Two is well advanced. Final report is
being prepared - contract still open in hope of doing further work
in future.
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SUPPORTED BY U.S. Dept. of Interior Off, of Coal Rch,

3.0326, CONTROLLED FLASH EVAPORATOR,
ECONOMIC ANALYSIS AND THE DESIGN OF A DEMON-
STRATION PLANT

GITTERMAN, Burns & Roe Incorporated, Oradell, New Jersey
07649

A conceptual design of a Controlled Flash Evaporator having
a Performance Ratio of approximately 11:1 and a capacity of 2,5
million gallons per day is to be compared with a Multi-Stage Flash
Evaporator of similar capacity and performance,

After a review of the economic comparison by the O.S.W.,
plans and specifications will be prepared to permit the procure-
ment of hardware for the erection of a pilot plant. The pilot plant
is to be operated for one year to prove tile economic am lication
of the technology of the Controlled Flash Evaporation Pr( cess.

SUPPORTED BY U,S, Dept. of Interior Off. Saline W 9,ter

3.0327, ELECTROLYTIC REGENERATION OF ION
EXCHANGE RESINS
R, PROBER, Acrochem Research Labs. Inc. , Princeton, New Jer-
sey

This study was undertaken to evaluate the technical and
economic feasibility of electrically regenerating ion exchange
resins used to desalt brackish waters. Information obtained in a
state-of-the-art survey will serve as the starting point for laborato-
ry stud;s which will provide sufficient data for realistic com-
parison of the cost of electrolytic regeneration with that for con-
ventional chemical regeneration methods.

Two bench-scale test units, each with a product water
capacity of 30 gailons/hr, are being built for the laboratory stu-
dies. The most favorable combination of commercially available
ion exchange resins and arrangement of resin beds (mixed beds or
separate anion and cation resin beds) are to be selected on the
basis of the power requirements and regeneration efficiencies.
Regeneration with constant terminal voltage will be compared
with regeneration at constant current density. The effects of feed
water temperature, pH and salinity on process efficiency will he
determined. Long term tests will be conducted with several
promising diaphragm materials.

Tests to be conducted with the most favorable resin com-
bination and arrangement of resin beds will serve to define the op-
timum current density and the preferred electrolytic regeneration
cell design for scaleup to larger units. Tentative design specifica-
tions for a 20,000 gpd pilot plant will be prepared.

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0328, SIMULATION OF MULTISTAGE FLASH TEST
MODULI (9-STAGE SAN DIEGO PLANT)
A.R. GLUECK, Electronic Associates Inc. , Princeton, New Jersey

The differential and algebraic equations describing the
dynamics of a single flash stage will be reviewed. The computa-
tional algorithms will also be re-examined and improved where
possible, and the flexibility of the mathematical model for a
complete flash train will be augmented.

A steady-state solution for the train will be produced by
means of digital computing. Following this, the problem will be
programmed for a large-scale hybrid computer, the EAI 8900
System, which will permit dynamic studies.

The data obtained from the hybrid computer runs will be
compared with actual plant operating data to demonstrate the
suitability of the computing technique to simulating these com-
plex plants. Certain transient conditions will also be simulated, in-
cluding the following: (I) Start-up, (2) shut-down, (3) loss of
steam supply, (4) pump failures.

Two interim reports will be submitted and after completion
of the above work, a complete final report will be prepared.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0329, DESIGN, CONSTRUCTION AND OPERATION OF
A SKID-MOUNTED ION EXCHANGE PILOT PLANT
R.C. ADAMS, Ritter Pfaudler Corporation, Princeton, New Jersey
08540

To design, construct and operate a skid-mounted ion
exchange pilot plant employing Rohm & Haas Company's Desal
process. The unit will be field-tested at Roswell, N. M,, Yuma,
Arizona and Webster, S, D. Cost estimates for large size plants
will be made after operating data are obtained, Field testing shall
be completed within 16 months.

SUPPORTED BY U.S, Dept, of Interior - Off. Sane Water

3.0330, THE INFLUENCE OF HYDROXYL RATIO ON
THE PERFORMANCE OF REVERSE OSMOSIS DESALINA-
TION MEMBRANES
L.A. LEE, Celanese Corporation of Amcr, , Summit, New Jersey
(14-01-0001-1724)

The program will consist of investigation of the influence of
polymer variables on the performance of cellulose acetate reverse
osmosis membranes. Primarily, the study will be concerned with
the influence of primary to secondary hydroxyl ratio and acetyl
value on the flux-rejection performance of membranes, Secon-
darily, limited supporting work will be carried out on the in-
fluence of membrane morphology, polymer cross linking and
membrane ageing phenomena.

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0331, SOLAR HEATING OF WATER TO VERY HIGH
TEMPERATURES
M.N. COBBLE, New Mexico State University, School of En-
gineering, Las Cruces - University Park, New Mexico 88001

Using the mathematical model for the process of radiation
from a modified planckian source into a transparent solid having
high transmission at short wave-lengths and low transmission at
long wavelengths combined with a low thermal conductivity, very
high temperatures for the interior of the slab have been predicted
and verified experimentally.

It is proposed to extend the analysis to include the ease of a
transparent slab, irradiated by a modified planckian source, in
contact with a well-mixed fluid (insulated) and solve the resulting
equations, using complex variable methods and residue theory,
for the temperature in the slab and the temperature of the fluid.
An experiment will then be set up using the unconcentrated sun
as the source, methyl methacrylate as the slab material, and water
as the fluid to test the theory. It is certain from previous published
work that the water will heat at least to 400oF.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
New Mexico State University

3,0332, CLIMATE AM) PHENOLOGICAL PATTERNS
FOR AGRICULTURE IN THE WESTERN REGION
M.D. FINKNER, New Mexico State University, Agricultural Ex-
periment Sta. , Las Cruces - University Park, New Mexico 88001

1. To determine patterns and variability of climate. 2. To as-
sociate phenological response with climatic data.

Sequential relationships of weather events related to
pro,. :lipitation will be described for the Western Region. Ex-
perience tables of the lengths of wet and dry spells which have oc-
curred at various stations and at various times will be computed
and published rather quickly for immediate use. The theory of
Markov processes will be utilized in modeling the precipitation
duration aspects of climate. This approach will involve in particu-
lar a study of the order of Markov Chains which best fits observed
precipitation occurrences on different parts of the region, and the
most efficient and reliable method for smoothing the empirical
transition probabilities.

Approximately 10 main phenological stations will be
established. Montana will develop and provide standardized data
forms on which to report the various phenological observations
and distribute plants by mail to observers. Geographical progres-
sion for different phases of plants in the network will be
established. Emphasis will be placed on prediction of later phases
of plant response by both early phenological and climatological
observations. Relationships between phenological and environ-
mental parameters will be explored with the objective of relating
phenological response to meteorological parameters.
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SUPPORTED BY U.S. Dept. of Agriculture
New Mexico State Government

3.0333, DISPOSAL OF BRINE BY SOLAR EVAPORATION
C.G. KEYES, New Mexico State University, School of Engineer-
ing, Las Cruces - University Park, New Mexico 88001

Objective of this work is to determine the evaporation of
brine by methods of heat budget and mass transfer. Project will
include studies in (1) the effect of solar radiation on brine, (2) al-
bedo of brine and effect of dye on albedo, (3) salinity and satura-
tion vapoi pressure, (4) changes in brine temperatures and in-
fluences of depth on rates of evaporation and (5) exchange of
heat between brine and air.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3,0334, WATER REQUIREMENTS FOR CROP PRODUC-
TION IN THE ROSWELL UNDERGROUND WATER BASIN
H.R. STUCKY, New Mexico State University, Water Resources
Research Inst. , Las Cruces - University Park, New Mexico 88001

General Objectives: I. To assemble and analyze existing
cropping patterns, water use, water quality, soil quality and crop
yields for the Roswell Underground Water Basin. 2. To determine
the water requirements by crops, by farms and the basin under
various irrigation methods, efflciences and cropping patterns. 3.
To determine farm and basin income effects from various irriga-
tion methods, efficiencies and cropping patterns.

General Procedures: For Objective 1 - This information will
be assembled from existing records and will tie used in the analy-
sis of each phase of the work in drawing the overall conclusions
for the basin. For Objective 2 - There will be four specific areas
from which more detailed information will be collected. a.
Southeastern Bi anch station. 1. The work on general field crops
and on three irrigation regimes on cotton (amounts applied and
spacing of irrigation) will be continued at the station. 2. Two ad-
ditiona' irrigation regimes will be added for cotton. 3. A new ir-
rigation trial with several irrigation regimes for alfalfa will be in
stituted. measurements and soil moisture data will be secured on
each of the trials above. b. One to three additional farms near the
Branch Station, especially selected for observations similar to
those on the Station under farm conditions but in somewhat less
detail than the Station work. c. Up to seven to nine additional
farms , selected for geographic location, irrigation practices, soil
type, water quality and for some detailed records on the amounts
of water pumped at various specified periods. . d. The five farms,
on which meters have been installed since 1956, would be used
for developing historical crop, fertilizer, weather and other
records for analysis in comparison to the annual pumping records
which are available. For Objective 3 - The information assembled
under Objective 1 and 2 will be used as part of the income and
cost analysis. Additional information will be secured by an
agricultural engineer making random observations and measure-
ments on irrigation practices and water applications on up to ten
selected farms and the five metered farms, and on other farms
where desirable conditions of cooperation and other factors are
found.

SUPPORTED BY New Mexico State Government

3.0335, BIOLOGICAL CONTROL - TAMARISK AND
OTHER PH REATOPH YTES
J.G. WATTS, New Mexico State University, Graduate School, Las
Cruces - University Park, New Mexico 88001

The purpose of this study is to determine how the growth of
tamarisk and other phreatophytic non-beneficial water loving
plants can be controlled biologically. Since these plants are using
enormous quantities of water and the costs of control by herbi-
cides and mechanical methods are relatively high, a study to
determine biological control measures is justified.

A Contract No. 14-06-500.1517, dated May 16, 1968, was
executed between the Bureau of Reclamation and New Mexico
State University to provide for the study. Approximately five
years are expected to be required for this study.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0336, COMPARATIVE PRODUCTIVITIES OF SMALL
BODIES OF WATER IN DESERT AND MONTANE AREAS
OF SOUTHERN NEW MEXICO
W.G. WHITFORD, New Mexico State University, Water
Resources Research Inst. , Las Cruces - University Park, New
Mexico 88001

This project will determine the biomass and productivity of
phyto- and zooplankton during all seasons of the year in two types
of ponds, possibly develop a system for quantifying the role of
these organisms in the energy relationship of the ponds, deter-
mine the role of the rooted aquatics and the role of the insect and
insect larvae in the total production, and the role of the vertebrate
top consumer. The purpose of this study would be to determine
the productivity and possible economic contribution the water in
these ponds might have and still serve their original use of supply-
ing stock water and limited recreational uses.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
New Mexico State University

3.0337, THE EFFECT OF IRRIGATION METHOD, AND
MOISTURE AND FERTILITY LEVELS UPON MAXIMIZING
WATER USE EFFICIENCY AND QUALITY COTTON FIBER
PRODUCTI( N
B.C. WILLIAMS, New Mexico State University, School of
Agriculture, Las Cruces - University Park, New Mexico 88001

Agricultural water-use efficiency is affected by many factors
which include methods and levels of water and level of soil fertili-
ty.

The work proposed here is a field experiment using sub-ir-
rigation and surface irrigation at two levels of application in-
teracted with six levels of fertility: 1. To measure the water-use ef.
ficiency of acala cotton under different regimes of soil mositure
and fertilizer levels. 2. To measure the amount of water which
may be saved by minimizing evaporation with sub-irrigation as
compared to surface irrigation practices. 3. To determine the in-
fluence of moisture level and fertility level on yield and quality of
acala cotton. 4. To determine the influence of irrigation and fer-
tilizer practices upon production of quality cotton fiber. 5. To
determine a suitable design of a sub-irrigation system and recom-
mended depths of placement for selected soils in New Mexico. 6.
To determine operation and maintenance procedures to prevent
clogging of sub-irrigation systems.

The sub-irrigation will be done with perforated plastic pipes
buried under the crop rows r:nd surface irrigation will be done by
furrow system.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
New Mexico State University

3.0338, EFFECT OF RANGE AND WATER ON MULE
DEER POPULATION
J.E. WOOD, New Mexico State University, Agricultural Experi-
ment Sta. , Las Cruces - University Park, New Mexico 8800 I

Objectives: 1. To determine the distribution and density of
deer in the various ecological habitats and record annual changes
in population. 2. Determine for a known density of deer, the
amount of summer and winter deer use of key browse species at
various distances from water and on the various slopes and expo-
sures. 3. Determine the effects of placing catchment game water-
ing units in dry habitats on the distribution and abundance of deer
and on the utilization of the range.

Description of work proposed: Deer abundance, distribution
and use on the varying slopes and exposures and distances from
water will be evaluated by sampling their density in the various
areas by pellet transects, drives, reconnaissance, and permanent
census routes. Utilization of browse in these areas will be deter-
mined by percentage of plants browsed and by a weight twig use
method. The effects on deer numbers and distribution resulting
from the installation of water catchment units placed two miles or
more from permanent water will be determined by recording
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changes in numbers at annual censuses and changes in browse
utilization.

SUPPORTED BY U.S. Dept. of Agriculture
New Mexico State Government

3.0339, ICE FORMATION BY CONTACT NUCLEATION
N.R. GOKHALE, State University of New York, Graduate
School, Albany, New York 12203

This grant provides support for the third year of research
begun under GA-328. The purpose of the research is to perform
laboratory studies to determine whether dry nucleants in the at-
mosphere can produce freezing in supercooled water droplets
upon contact at a warmer temperature than would be produced
by the same nucleants which arc already embedded in the droplet
before supercooling takes place. It is believed that such an effort
may be responsible for the observations of several research
groups that large frozen droplets or graupel arc usually found in
the outer periphry of clouds and seldom in the central core.

Using a constant rate of cooling apparatus developed under a
previous grant, the principal investigator will obtain median freez-
ing temperatures of water drops by contact nucleation and deter-
mine how freezing depends on the volume of the drop, initial tem-
perature of the drop, concentration and size of nucleating parti-
cles introduced in the vicinity of the drop, and the composition
and crystallographic nature of the nucleating materials used. In
addition, microphotography will be used to determine how the
dry nucleating particle interacts with the droplet surface upon
contact.

SUPPORTED BY U.S. National Science Foundation

3.0340, SYNTHESIS OF MODIFIED LOEB MEMBRANES
BY GRAFTING
C. HOROWITZ, Polymer Res. Corp. of Amer. , Brooklyn, New
York

Using a chemical grafting method developed by Polymer
Research Corp. of America, various monomers will be attached
by grafting to cellulose acetate Loeb membranes in order to in-
crease their hydrophillic character, to increase the water transfer
across the membrane, to increase their compactness, their desalt-
ing efficiency and salt rejection characteristics. The monomers to
be grafted will cover a wide spectrum of polar and nonpolar
molecules and they will be chemically attached by etherifying the
free hydroxyl group of cellulose acetate. Grafting will be per-
formed on cellulose acetate resin solution, before preparing the
membranes and on prepared membranes, The membranes will be
prepared both by casting and by continuous impregnatic of a
fabric. The membranes will be immersed in a precipitating water
bath. The dense and porous effect will be produced by floating
the impregnated fabric on water. Attempts will be made to con-
trol the depth of grafting in the membrane. The parameters of
monomer and catalyst concentration and temperature will be
evaluated. Long and short chain grafts will be produced.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0341, INORGANIC ION EXCHANGERS AND THE
NUCLEATION OF SCALE FORMING MATERIALS
al IVANCOLLAS, State University of New York, Graduate
School, Buffalo, New York 14214

(1) The kinetics of crystallization from solution of important
scale-forming substances such as calcium sulfate, calcium car-
bonate and magnesium hydroxide will be investigated. Rates of
crystallization will be followed, (a) conductimetrically, (b) poten-
tiometrically, (c) analytically, and (d) by direct microscopic ob-
servation of the growing crystals. The crystallization processes
will be characterised kinetically and the inhibiting effects of
added substances will be quantitatively studied. The correspond-
ing dissolution kinetics into subsaturated solutions will also be
studied.

(2) Kinetic studies are to be made of the exchange of
bivalent metal ions on zirconium phosphate. Ion-sieve behavior
will be investigated using cations of different sizes both in
equilibrium and kinetic experiments. The relationships between

ion exchange capacity, structure of zirconium phosphates, pH,
size and concentration of ingoing ions will continue to be actively
investigated since these are all factors of direct influence upon the
commercial use of this exchanger.

(3) Calorimetric investigations of the heats of cation
exchange on polyvalent anion salts and of anion and cation
exchange on the hydrated oxides will be continued. Both
monovalent (e.g. alkali metal) and divalent (alkaline earth) ca-
tions will be studied, and the thermodynamic functions will be in-
terpreted as described previously.

SUPPORTED BY U.S. Dept. of Interior Off. Saline Water

3.0342, MECHANICAL PROPERTIES OF ULTRA-THIN
LIPID MEMBRANE
D. WOBSCHALL, State University of New York, School of
Medicine, Buffalo, New York 14214

The objectives of this study are an examination of the
mechanical properties and to a lesser extent the transport proper-
ties of ultra- thin membranes. These artificial bilayer membranes,
formed from solutions of lipids such as cholesterol and lecithin
using the techniques of Mueller and Rudin, are similar to natural
cell membranes. Mechanical properties to be studied are: (1) sur-
face tension, (2) breaking strength, and (3) elasticity and/or
creep. Efforts will be made to fabricate a composite membrane
(consistency of a lipid membrane with a porous backing) which
will withstand hydrostatic pressure. The ion and water permabili-
ties of these membranes will be measured.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0343, SALINE WATER BY FREEZING - A PROGRAM
OF INVESTIGATION
H,F. WIEGANDT, Cornell University, School of Engineering,
Ithaca, New York

This study is to contribute technically to the freezing process
for saline water conversion which uses an immiscible refrigerant
in the crystallintion step and a piston-bed countercurrent wash-
ing step. There are six elements to the present program.

11. Growth of suspended ice crystals
2. Flash freezing
3. Piston-bed modification for achieving high wash rates
4. Crystallization of brine dispersed in the organic phase
5. Design improvements for direct-vaporization heat transfer
6. Techniques of microscopy for studies of nucleation.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0344, EVALUATION OF SOIL MOISTURE RECHARGE
F. ZWERMAN, State University of New York, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

Objectives: (1) To develop systems of crop production that
are water conserving. (2) To evaluate 'good' and 'poor' conserva-
tion practices in terms of recharge and evaportranspiration.

Work Proposed: (1) A replicated system of 'good' and 'poor'
soil and water conservation practices will be maintained for a
rotation of corn-beans-wheat. (2) Surface run-off and tile-drain
flow will be measured. (3) Soil moisture and water table will be
measured as time permits.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

3.0345, CONCEPTUAL DESIGN STUDY - REVERSE OS-
MOSIS MEMBRANE ASSEMBLY MODULAR UNIT
S.B. TUWINER, R A I Research Corporation, Long Island City,
New York 11101

This work results from Office of Saline Water's invitation for
proposals on new design concepts in reverse osmosis. The pur-
pose of this study is to design a reverse osmosis module in which
the individual elements, consisting of a pair of membranes and in-
tervening separator, are suspended in a closely spaced, parallel
array. The design is characterized by an absence of spacers
between the flexible elements except for the minimum number
which is required to stabilize the positions of the elements and the
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flow channels. Advantages of this construction are a minimum
use of material and the virtually unimpeded flow of solution paral-
lel with, and between the membranes. Such a design leads to a
compact array of membranes and results in the combination of
moderato flow velocity and high water recovery ration per stage
which is conductive to a high capacity at minimum cost.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0346, APPLICATION OF THE HIGH TEMPERATURE
WATER JET COMPRESSOR TO THREE MAJOR
DESALINATION PROCESSES
B.S. BREITMAN, Amer. Hydrotherm Corporation, New York,

New York 10016
A high temperature Water thermocompressor test installa-

tion is considered for three Office of Saline Water desalination
plants, Roswell, Freeport, and Claire Engle. The test installation
would reduce present water costs by 14 cents, 2.4 cents and 1,4
cents/1000 gal. respectively. The required process and equipment
changes and capital cost for each process are shown. In each
process the HTW jet compression cycle produces 4 to 5 pounds of
product/1000 Btu heat input and rejects the heat as steam (200
degrees F to 300 degrees F) to a ME or MSF process producing
an additional 5 to 20 pounds of product/100 Btu. A special
process design is described for Roswell to enable operation on the
slurry recycle system at a 30% capacity without the existing
mechanical compressor. Fuel cost will be 36.5 cents/ 1 000 gallons
and installation cost will be $ I 65,000 for this special installation.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.03.7, ENGINEERING ECONOMICS OF WATER
DESALTING IN COMBINATION WITH NITROGEN FIXA-
TION FOR AGRICULTURAL CHEMICALS MANUFACTURE
S.A, BRESLER, Chemical Engineering Assoc. , New York, New
York 10025 ( 14-01-0001-1483 )

This study provides a preliminary economic evaluation of the
cost of co-producing ammonia and desalted water from fossil and
nuclear energy supplied from common energy centers. Four cases
of fossil heat supply are under study for ammonia production
rates ranging from 500 to 2000 tons per day, utilizing the waste
heat for water desalting; two cases of ammonia and water produc-
tion, in thermodynamically balanced systems which provide
desalted water in a water-ammonia ratio nearer that required for
irrigation applications, are being studied. A seventh case explores
the preliminary economics of utilizing a high temperature gas
cooled nuclear reactor for in-situ reforming of natural gas for am-
monia manufacture and steam generation for power and desalted
water production.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0348, ACTIVE AND PASSIVE ION FLUXES ACROSS IN-
TERFACES AND MEMBRANES
M. BLANK, Columbia University, School of Medicine, New York,
New York 10027

The long term goal of these investigations is to gain an un-
derstanding of the mechanisms of membrane processes, specifi-
cally those having to do with ion transport. While earlier in-
vestigations dealt exclusively with the passive aspects of transport
our recent work has enabled us to approach the far more com-
plicated problem of active transport, an area that is much more
interesting to the membrane physiologist and certainly more
characteristic of the living state. The immediate aims of this pro-
ject can be summarized as follows: 1. To study the active ion
transport system of cells by several different approaches which in-
elude: a) study of the enzyme associated with the ion pump b)
study of the binding of ions to the enzyme and to cell membranes
in vivo c) study of the transport properties of the enzyme at inter-
faces. 2. To continue our theoretical approach to the problem of
the ionic fluxes in excitable membranes utilizing our recent
findings with regard to passive transport processes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0349, A NUCLEAR MAGNETIC RELAXATION IN-
VESTIGATION OF WATER-MEMBRANE INTERACTIONS
J.A, GLASEL, Columbia University, School of Medicine, New
York, New York 10027 (14-01-0001- I 700)

The purpose of this research is to investigate the structure of
water and aqueous solutions in the immediate vicinity of water-
membrane interfaces by the methods of nuclear magnetic relaxa-
tion. In particular, the methods used will be those developed in
this laboratory and elsewhere to study water structure by the
relaxation of the isotopes 0-17 and H-2 in water enriched with
them. The ultimate objective will be to determine the significance
of structuring of water in pores and on the surface of membranes
in the phenomenon of diffusion. In addition, information will be
gathered on the effect of membrane structure, extensive ther-
modynamic variables and ionic composition on the structure of
water in these environments. Special experimental apparatus, in-
volving the interfacing of a digital computer to various types of
N,M,R, apparatus, is being built as part of this project.

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0350, STUDIES OF MEMBRANE PHENOMENA -

PREPARATION OF NEW ELECTRODIALYSIS MEM-
BRANES
H.P. GREGOR, Columbia University, School of Engineering,
New York, New York 10027

This study calls for the preparation of omega-dialkylarnino-
alpha -olefins, their copolymerization and their incorporation into
ion exchange membranes; theoretical and experimental st Jdies of
polarization phenomena with these membranes; parallel studies
with membranes emplo., ing the vinylsulfonic monomer.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0351, STUDIES OF MEMBRANE PHENOMENA -
PREPARATION OF NEW ELECTRODIALYSIS MEM-
BRANES
H.P. GREGOR, Columbia University, School of Engineering,
New York, New York 10027

This study calls for the preparation of W-dialkylamino- L-
olefins, their copolymerization and their incorporation into ion-
exchange membranes; theoretical and experimental studies of
polarization phenomena with these membranes; parallel studies
with membranes employing the vinylsulfonic monomer.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0352, ENGINEERING FEASIBILITY STUDY OF THE
HORIZONTAL TUBE MULTIPLE EFFECT DISTILLATION
PROCESS
R.B. COX, Univ. Desalting Corporation, New York, New York
10017 (14-01-001-1707)

An engineering feasibility study of a new Horizontal 7 ube
Multi- Effect (HTME) Desalination Plant will be performed. The
HTME design shows promise of large reductions in capital cost
compared with either LTV or MSF plants. In the new design, in
each effect the evaporator tubes are horizontal with the vapor
condensing in the inside and the brine boiling on the outside to
provide very high heat transfer coefficients, These effects are
then stacked vertically to form a compact structure with a
minimum of pumps, valves, piping and controls, to provide large
savings in both capital costs and power consumption. UDC will
design, fabricate and install experimental equipment at the OSW
Wrightsville Beach Test Facility and conduct an experimental
program in order to: 1. obtain and confirm the factors that are
pertinent to the design of an HTME Desalination Plant, and 2.
determine the mechanism that is responsible for the high heat
transfer rate in an HTME evaporation process. UDC will also
make conceptual design studies to determine the capital and
operating costs of 2.5 MGD-HTME plants.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0353, THE STRUCTURE OF THE ACTIVE LAYER OF
THE ASSYMETRIC CELLULOSE ACETATE MEMBRANE -
THE SALT AND WATER PERMEABILITY OF A BIOLOGI-
CAL MEYIBRANE
R.M. 114Y S, Yeshiva University, School of Medicine, New York,
New York 10033

It is proposed to determine the rates of water flow and water
diffusion across the asymmetric cellulose acetate membrane
(desalination membrane), under a variety of experimental condi-
tiona. From these data, and from experimentally determined
reflection coefficients of small solutes, the porosity of the 'skin'
layer of the asymmetric membrane will be estimated.

A second line of investigation concerns the mechanism by
which high water flows can take place across biological mem-
branes. The isolated urinary bladder of the toad will be used in
these studies. This is a tissue which is sensitive to the hormone
vasopressin, and can increase water movement after hormone to a
point that exceeds that of the asymmetric cellulose acetate mem-
brane.
SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0354, STUDIES OF NATURALLY OCCURRING ACIDIC
LIPIDS - IONIC, SURFACE AND MEMBRANE PROPERTIES
R. KATZMAN, Yeshiva University, School of Medicine, New
York, New York 10033

The proposed research will continue the investigations of the
micellar and membrane properties of lipids.

Aqueous micellar systems of mixed lipids will be formed by
means of ultrasonic radiation. `Zwitterion' lipids, lecithin,
phosphatidylethanolannete or sphingomyelin will be incorporated
with acidic lipids in mixed systems. Titration studies will indicate
interact:on of the different charged groups. The reactions of these
micelles with cations will be studied by turbidimetric titrations
and by chemical analysis of coagula. The cation selectivities will
be determined for varying compositions of lipids. Light scattering
studies will be made to measure the micellar sizes of these systems
which will be related to their electron micrographs.

The echanism of water transport through reconstituted
lipid membranes will be investigated. Measurements of the tem-
perature coefficient will give the 'activation energy'. Changing
the lipid composition of the membrane and the addition of deter-
gents or proteins will permit a study of the chemical nature of the
membrane and its permeability.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0355, SEASONAL VARIATIONS OF SOME LIMNOLOG-
ICAL FACTORS IN LITTLE SODUS BAY, NEW YORK
R. ENGEL, State University of New York, Graduate School,
Oswego, New York 13126

The southern shoreline of Lake Ontario is interrupted by nu-
merous small to large size bays. The openings of these bays into
Lake Ontario are regulated by wave action of the lake 'a by
dredging operations and breakwaters. Little Sodus Bay is located
in the northwest corner of Cayaugo County and covers approxi-
mately 630 acres. With the Town of Fair Haven at its southern
end, the bay provides a recreational facility and protected area
for small boats and fisherman. Little is known about the biological
productivity of this and similer bays on Lake Ontario, about
physical and chemical factors that determine the productivity, or
about the possible effect of the productivity of these shallow bays
on Lake Ontario as an aquatic environment.

Thus it is proposed to study the protected waters of Little
Sodus Bay to determine the seasonal variations of biological
productivity and an analysis if the causitive factors. The data will
provide an illustration of a special eutrophic situation and the
possible influence of pollution from the surrounding area. The
collected i iformation will also be useful when studies on the ad-
jacent open lake are undertaken. Because we lack a suitable
research vessel at the present time, limnological investigations in-
itiated by the field biology station must be carried out in pro-
tected waters.

Samples (from different locations and depths will be
analyzed for dissolved oxygen, carbon dioxide, hardness, alkalini-
ty, pH, phosphates, nitrates, and total dissolved solids) will be
taken once every two weeks during the open water season and
monthly when there is an ice cover. Physical factors of light trans-
mittance, temperature (air and water), wind, current and turbidi-
ty will be observed.

SUPPORTED BY State University of New York

3.0356, A STUDY O1 THE NUCLEATION AND GROWTH
CHARACTERISTICS OF SLURRIES OF ICE CRYSTALS
J. ESTRIN, Clarkson College of Technology, School of Engineer-
ing, Potsdam, New York 13676

This proposed work involves an experimental and theoretical
program whose goal it is to improve our understanding of secon-
dary nucleation phenomena and the subsequent growth process
associated with slurries of crystals. The experiments are to be car-
rice out with the salt-ice- water system in a )super-saturated solu-
tions dilute in suspended ice crystals and in b) concentrated slur-
ries in well-defined fluid mechanical shear fields.

The primary independent variables are to be supersaturation,
slurry concentration, fluid mechanical shear, concentration of
salt; the dependent variables are to be size distribution of product
crystals, number of crystals, nucleation rate, qualitative nature of
crystals and Steady state, batch and transient-response type runs
are to be carried out. Quantitative descriptions of the nucleation
and growth phenomena are to be determined so that this informa-
tion coupled with the 'Kinematic' description of particle growth
processes (i.e., particle balance equations) well described in cur-
rent literature, will permit the prediction of the nature of opera-
tion of full-size production equipment.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0357, A STUDY OF REVERSE OSMOSIS SYSTEMS FOR
DESALINATION
W.N. GILL, Clarkson College of Technology, School of En-
gineering, Potsdam, New York 13676

The main objectives of this investigation of reverse osmosis
systems are to: a) provide accurate information on the salt build
up phenomenon in a variety of cases, b) determine effective
means for minimizing concentration polarization effects in
reverse osmosis. c) explore possible geometrical and physical ar-
rangerrtents of membranes which may contribute to making
reverse osmosis an economically feasible process. d) provide
design information on the productive capacity of systems in terms
of operating conditions. e) examine experimentally the basic na-
ture of turbulent exchange process in reverse osmosis systems.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0358, AN EXPERIMENTAL STUDY OF VARIABLE
PHYSICAL PROPERTY AND NATURAL CONVECTION EF-
FECTS IN POROUS MEDIA
W.N. GILL, Clarkson College of Technology, School of En-
gineering, Potsdam, New York 13676 ( 14-01-0001-1792)

This rant is for the study of dispersion and miscible displace-
ment processes. Data will be obtained to develop a generalized
dispersion model which may be used to describe mass transfer
processes in systems of complex geometry such as occurs in wash-
ing ice crystals. The ultimate objective is to be in a position to
design and scale systems with confidence.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0359, DESALINATION AND REDUCTION OF CONCEN-
TRATION POLARIZATION EFFECTS IN REVERSE OSMO-
SIS SYSTEMS USING POROUS WALL SECTIONS
W.N. GILL, Clarkson College of Technology, School of En-
gineering, Potsdam, New York 13676 (14-01-0001-1816)

This grant is for studies of reverse osmosis systems for
desalination in order, to (a) develop practic means for minimiz-
ing concentration polarization effects in reverse osmosis; (b) ex-
amine experitnentally the basic nature of turbulent exchange
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processes in reverse osmosis system; (c) develop methods for
analyzing convective diffusion in time dependent (pulsed type)
flow systems to better interrelate the interactions between the
brine side flow, the properties of the membrane, and the product
flow; and (d) for experimental studies to develop technology for
reducing concentration polarization effects in reverse osmosis
systems by the use of porous wall sections.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0360, DESALINATION BY HIGH PRESSURE SOLIDIFI-
CATION OF WATER TO ICE
D.H. JELLINEK, Cl.rkson College of Technology, Graduate
School, Potsdam, New York 13676 ( 14-01-0001-1789 )

It is proposed to transform partially saline water under high
pressure to ice VI at about 25oC. The mother liquor will be
removed and the desalinated water will be recovered from Ice VI.
A suitable apparatus will be constructed for this purpose.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0361, DIFFUSION PHENOMENA IN ICE - RECRYSTAL-
LIZATION PHENOMENA IN ICE
H.H. JELLINEK, Clarkson College of Technology, Graduate
School, Potsdam, New York 13676

I. Diffusion in, on and into ice of electrolytes will be studied
as a function of concentration, temperature and crystallinity.
There are no data available on substances relevant to sea water,
Due to the large surface/mass ratio of the ice produced in
desalination freezing processes, diffusion phenomena will be of
practical importance in obtaining well defined ice products of
suitable crystallite size.

11. Crystal growth (rate and habit) of ice will be studied as a
function of small concentrations of electrolytes and especially or-
ganic substances as a function of temperature, pressure and con-
centration. Extremely small quantities of 'impurities' can be quite
effective if they are adsorbed on growing crystal faces and hence
have an important practical bearing on the type of ice obtained
during freezing desalination processes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0362, CHARACTERIZATION OF CELLULOSE
ACETATE MEMBRANES AND ULTRATHIN FILMS FOR
REVERSE OSMOSIS
C.P. BEAN, General Electric Company, Schenectady, New York

The objectives of this project are: a) to develop techniques
for measurement of electrical impedance as a function of
frequency and electrokinetic effects of cellulose acetate mem-
branes used for reverse osmosis, b) to develop the theory for in-
terpreting these results in terms of the physical and chemical
structure of these membranes, c) to apply these techniques and
theories to the characterization of both conventional and ul-
trathin membranes. An aim of this work is to provide information
on the modes of salt and water transport and so provide theoreti-
cal guidelines for the subsequent development of new and/or im-
proved reverse osmosis membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0363, RESEARCH ON NEW ION-ADSORPTION ELEC-
TRODES FOR DEMINERALIZATION OF SALINE WATER
T.O. ROUSE, General Electric Company, Schenectady, New York
(14-01-0001-622)

A cation adsorption electrode is comprised of a conducting
matrix, and an insoluble material capable of being electrochemi-
cally reduced and oxidized in the presence of saline water. In the
reduced state, the insoluble material is capable of adsorbing ca-
tions from solution; in the oxidized state, of desorbing the cations
into solution. An anion adsorption electrode is similar, adsorbing
anions in the oxidized state and rejecting them in the reduced
state. Together, the two electrodes form a cell capable of elec-
trochemically desalinating flowing water for use. Regeneration of
the electrodes is also accomplished electrochemically, rejecting
the absorbed salts into a waste stream.

During the first two years of this program, several promising
ion adsorption electrode materials were found. In general, these
are polymeric materials with grafted functional groups to provide
redox behavior. The program is now directed toward a detailed
understanding redox, mechanisms to be followed by electrode op-
timization studies, and finally by single cell desalination tests to
evaluate operating parameters, power consumption, capacity,
life, etc.

A second facet of the program will be a search for materials
capable of preferentially adsorbing div alent cations,

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0364, PREPARATION AND CHARACTERIZATION OF
MEMBRANES FOR REVERSE OSMOSIS
P. LUNER, State University of New York, Graduate School,
Syracuse, New York 13210

While cellulose acetate membranes for reverse osmosis com-
pare favorably with other polymer membranes from the point of
view of flux and salt rejection, they possess definite deficiencies,
The most important of these are a decrease in permeability and a
deterioration of the rejection ability during continued use. One
objective of this research is, therefore: I. To prepare cellulose
acetate membranes for reverse osmosis with improved mechani-
cal properties (especially in the wet state) and stability. Achieve-
ment of this objective would considerably increase the feasibility
of large-scale desalination.

The fact that cellulose acetate membranes show favorable
transport properties and salt rejection raises the possibility of
utilizing other polysaccharides as a starting material to prepare
membranes for reverse osmosis. Another objective of this
research program is, therefore: IL To prepare membranes from
polysaccharide derivatives and evaluate them for desalination
ability. While the specific objective is to find better membranes,
the results of this work could give new information on the rela-
tionship between chemical structure and desalination ability,

To elucidate the mechanism of salt rejection and water diffu-
sion in cellulose acetate membranes a number of approaches have
been employed, These include water sorption studies (1), diffu-
sion studies (2), water and salt transport phenomena (3). To add
further knowledge to this important area, a further objective of
this program is: Ill. To study the behavior of monolayers of cellu-
lose derivatives on water and salt substrates.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0365, STUDIES ON THE FREEZING PROCESS FOR
DESALTING SALINE WATERS
A.J. BARDUHN, Syracuse University, School of Engineering,
Syracuse, New York 13210

The work to be undertaken is divided into three parts. 1. The
occurrence and thermodynamic properties of the hydrates of nor-
mal and iso-butane are to be investigated because of the use of
these hydrocarbons as direct contact refrigerants in several of the
freezing processes. Normal butane has been thought not to form a
hydrate but it has apprently given trouble in at least one process.
!so-butane hydrate is known to exist but it has not been reported
to form in those freezing processes where a mixture of the butanes
is used as the refrigerant.

2. It is postulated that the ice beds formed in a wash column
must be strongly anisotropic and have a much higher permeability
in the lateral direction than in the vertical direction in which they
were formed. This should be studied since it should affect
favorably the cost of wash columns when properly designed.

3. Studies on washing in porous media are to be continued
and aimed more in the direction of design.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0366, STUDIES ON THE HYDRATE PROCESS FOR
DEMINERALIZING SEA WATER
A.J. BARDUHN, Syracuse University, School of Engineering,
Syracuse, New York 13210 ( 14-01-0001-1455 )

1. Kinetics of the formation in a continuous stirring tank
reactor (vol. 3.8 liters) of the hydrates of F-31 (CH2CIF), F- I 42b
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(CH3CCIF2) and other agents which may include F-21
(CHCl2F) and methyl chloride. 2. Rates of hydrolysis of several
important hydrating agents. 3. Growth rates of single crystals of
ice and various hydrates in flowing subcooled aqueous solutions.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0367, REVERSE OSMOSIS PERMEATORS - DESIGN
STUDY
H. W. MCROBBIE, Union Carbide Corporation, Tarrytown, New
York

The objective of this contract is to determine the tea al
feasibility of modifying the commercial gaseous and liquid per-
meators for reverse osmosis desalination application. Design and
membrane support materials suitable for construction of reverse
osmosis modules of spiral and rectangular configuration will be
developed if the design or materials of construction of these per-
meators are found to be inadequate for reverse osmosis applica-
tion. A 1000 gpd pilot plant will be designed, constructed and test
operated on synthetic brackish waters. Preliminary cost estimates
will be prepared.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0368, LIFE TEST OF NOVEL EVAPORATOR
A.M. CZIKK, Union Carbide Corporation, Tonawanda, New York

A novel plate-fin evaporator, employing mechanically ac-
tivated boiling surfaces was previously tested in sea water in
falling film mode. An overall heat transfer coefficient of 3000
BTU/( Hr.) (square foot) (degree F) was obtained in 1967, in
short-term tests.

The pilot plant at Wrightsvill Beach, North Carolina has now
been modified for a 2000 hr. life test. A series of test runs, each of
200-300 hours, in deaerated, decarbonated sea water at 1 atm.
are planned. The life test began on June 20, 1968. The overall
coefficient was found to be still equal to the 3000BTU/(Hr.)
(square foot) (degree F) obtained in the earlier tests. After 450
hours of operation, no change in overall coefficient has occurred.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0369, METALLIC CORROSION IN HALIDE ENVIRON-
MENTS
N.D. GREENE, Rensselaer Polytechnic Inst. , School of En-
gineering, Troy, New York 12181

The general aim of this research program is to understand
and control metallic corrosion in halide environments using elec-
trochemical measurements. Particular emphasis placed in corro-
sion phenomena associated with saline water conversion.

This investigation consists of three major topics: 1. Cathodic
Protection. Theoretical and experimental studies to determine
criteria for cathodically protecting metal structures exposed to
halide media. 2. Alloy Studies. An investigation to develop new
corrosion-resistant alloys using electrode kinetic measurements.
Specific attention is being devoted to improving resistance to
stress-corrosion cracking and pitting corrosion. 3. Exploratory
Studies. Basic research on other topics related to corrosion in ha-
lide media including: anodic protection and passivity in chloride
media and the specific effects of halides (F-, Cl-, Br-, I-) on elec-
trochemical and corrosion reactions.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0370, THE CONTROL OF SCALING ON HEAT
TRANSFER SURFACES BY DIRECT CONTACT WITH A
FLUIDIZED BED OF GRANULAR MATERIAL
L.P. HATCH, Brookhaven Natl. Lab. , Upton, New York

The investigation is being continued and expanded to further
evaluate the feasibility of using fluidized bed units in high tem-
perature distillation of sea water. The program for 1968 includes
the following items: 1. Continue and expand present studies on
the performance characteristics of fluidized bed heat exchanger
systems at about 350 degrees F with and without inline filters and
under different patterns of flow, i.e., with different average re-
sidence times and recirculation rates. 2. Investigate methods of

preventing or minimizing deposition of calcium sulfate
downstream of the fluidized bed heat exchanger as a result of cal-
cium sulfate super-saturation of the solution upon heating to tem-
peratures in the range of 350-400 degrees F. 3. Continue and ex-
pand the studies at 400 degrees F to determine basic operational
characteristics at this high temperature level with particular
emphasis on a) improvement in over-all heat transfer values, b)
reduction of calcium ion concentration, c) minimizing the forma-
tion of calcium sulfate deposits downstream of the fluidized bed
exchanger, possible as a result of more immediate formation of
anhydrite crystals at the high temperature with reduced tendency
to produce adherent and cohesive solid masses, and d) reducing
the problems of continuous operation of filters for removing the
precipitated calcium sulfate because fo the non-cohesive nature
of the solids remaining in the filter chamber. 4. Determine the
upper limits of temperature for scale-free operation in a conven-
tional heat exchanger after a) reducing the calcium and sulfate
levels by means of heating to high temperature in a fluidized bed
unit followed by high temperature filtering, and b) concentrating
the total salts by simple evaporation. 5. Study the effect of seeding
the solution with anhydrite calcium sulfate crystals on subsequent
deposition of calcium sulfate downstream of the fluidized bed
heat exchanger operating at temperatures of 350 degrees F or
higher.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0371, STUDY OF FACTORS WHICH DETERMINE THE
IONIC SELECTIVITY OF BIOLOGICAL AND ARTIFICIAL
MEMBRANES
D.C. TOSTESON, Duke University, School of Medicine, Darham,
North Carolina 27706

We propose to establish the relation between the chemical
composition and structure of depsipeptides and their capacity to
produce selective permeability of biological and artificial mem-
branes. Various cyclic depsipeptides will be synthesized by the
solid state method in the laboratory of R. B. Merrifield at
Rockefeller Universiity. The ionic selectivity which these com-
pounds produce in membranes will be evaluated in the laboratory
of D. C. Tosteson at Duke University. The effect of the com-
pounds on K and Na permeability of HK and LK sheep red cells as
well as on thin membranes formed from iipids extracted from
these cells will be measured. The effect of the compounds on the
activities of K and Na in aqueous solution will also be evaluated.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0372, FLOOD RUNOFF & WATER YIELD FROM
GLACIATED MOUNTAINS
R.S. PIERCE, U.S. Dept. of Agriculture, N.E. Forest & Rge.
Expt. Sta. , Durham, North Carolina 03824

Object: To learn the characteristics of streamflow from forest
lands and to find ways to limit streamflow extremes through
manipulation of forest cover on glaciated mountainous terrain in
New England.

Plan of work: The project staff is conducting work on two
levels: plot studies and gaged experimental watershed studies. On
the plots they are determining relationships between climatic fac-
tors, forest types, and soils. On the experimental watersheds they
are testing hypotheses and vegetative treatments on streamflow.
They are conducting detailed energy balance studies of solar
radiation and sensible heat in terms of snowmelt and estimating
evapotranspiration for water balance tabulations.

SUPPORTED BY U.S. Dept. of Agriculture

3.0373, MOSAIC MEMBRANES FOR DESALINATION
YASUDA, Res. Triangle Institute, Durham - Research Triangle

Pk. , North Carolina 27709
Improved membranes processing a mosaic structure are

proposed for use in reverse osmosis, electrodialysis, and piezodi-
alysis. Such membranes, which have not been used heretofore in
membrane technology, will be produced from ABA-type block
copolymers in which the incompatibility of the A and B polymer
blocks results in partial phase separation. By proper chemical
modifications the necessary ionic domains will be formed.
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SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0374, QUANTITY, QUALITY, AND TIMING OF WATER
YIELDS IN THE SOUTHERN APPALACHIANS-PIEDMONT
J.E. DOUGLAS, U.S. Dept. of Agriculture, Franklin, North
Carolina

Object: To develop principles, prediction methods, and
techniques for managing watershed lands for improved water
yield and other purposes.

Plan of Work: The Coweeta Hydrologic Laboratory has more
than 20 calibrated experimental forested watersheds for empirical
studies and for testing hypotheses. An increasing proportion of
recent activity is on basic research. The program is organized
under four interdisciplinary fields to develop understanding of cli-
matic, biologic, and hydrologic processes and to derive relation-
ships between these processes. The four fields are (1) hydro
meteorology, in which the staff is studying precipitation variation,
the radiant energy budget, and evaportranspiration; (2) plant-
water relations including interception effects; (3) soil-water rela-
tions, including unsaturated flow studies; and (4) streamflow.

SUPPORTED BY U.S. Dept. of Agriculture

3.0375, ANALOG MODELING TO DETERMINE FRESH
WATER AVAILABILITY ON THE OUTER BANKS OF
NORTH CAROLINA
G.J. KRIZ, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

The amount of potable water available for human and plant
usage on the Outer Banks of North Carolina has not been quan-
tified because static rather than dynamic conditions have been
used to describe the movement of water in this area. A Hele-Shaw
model will be constructed to represent a cross section of the
Outer Banks. The fresh water lens will be determined from the
model by simulating known conditions of topography and rainfall,
tidal and salinity conditions. The model will be compared with
field data. The safe yield of the fresh water aquifer will be deter-
mined for various pumping rates and well depths in the mode/.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University
North Carolina State Government

3.0376, SURVEY OF WATER UTILIZATION AND WASTE
CONTROL IN THE PULP AND PAPER INDUSTRY
C.N. ROGERS, Univ. of North Carolina, Graduate School,
Raleigh, North Carolina 27600

Rapid growth of the pulp and paper industry in the South,
which now produces 60% of the Nation's pulp, accents that their
effluent problem is becoming increasingly important. The
problem involves not only the waste of valuable products, but the
danger of pollution to the neighboring water bodies in either sur-
face, sub-surface, or both.

The objective of this proposed research project is to conduct
a broadly based, industry wide evaluation of methods of effluent
improvement for various types of paper mills in the South. From
such an evaluation, specific problem areas will be identified for
subsequent research in depth, and baselines established for future
guidance of the industry and priority of alternate approaches to
solving the problems of effluent controls. Emphasis will be placed
upon identifying in-plant processing opportunities from technical,
and economic aspects to reduce the effluent at its source.

These studies will include systems covering; A. Specific
manufacturing processes producing effluent. B. In-plant systems
reducing losses and quantity of effluent. C. Methods and costs of
effluent improvement subsequent to the plant.

Important factors to be studied are characteristics and
amounts of effluent; methods of water conservation, waste con-
trol and treatment; effectiveness; costs; and problems yet to be
solved,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

3.0377, WATER UTILIZATION AND WASTE CONTROL
IN THE TEXTILE INDUSTRY
H.A. RUTHERFORD, Univ. of North Carolina, Graduate School,
Raleigh, North Carolina 27600

An exploratory investigation of water utilization and waste
control in the textile industry leading up to plant-wide studies to
identify opportunities for more efficient water use, water reuse,
chemical substitution and recovery, process change, and other in-
ternal changes as alternatives to waste treatment.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

3.0378, PREPARATION AND PROPERTIES OF GRAFTED
AND VECTORED MEMBRANES FOR USE IN DESALINA-
TION
V.T. STANNE7T, Univ. of North Carolina, School of Engineer-
ing, Raleigh, North Carolina 27600

The research will be concerned with two principal areas of
membrane development. (1) the improvement of cellulose
acetate as a membrane base. (2) The preparation and properties
of novel membranes for reverse osmosis desalination.

The main emphasis in both phases of the research will be on
the use of graft copolymerization techniques.

Specific areas to be studied include: y . Investigate improve-
ment of compaction resistance of the asymmetric cellulose (2.5)
acetate 'tight' membrane (for desalination of sea water) via graft
copolymerization of styrene monomer and/or alpha-methyl
styrene-styrene monomer blends. a, The effect of grafting to the
porous side of asymmetric cellulose acetate reverse osmosis mem-
branes on their desalination and time dependent desalination pro-
perties will be studied. b. Preparation of styrene and alpha-methyl
styrene on grafted cellulose acetate resin and subsequent asym-
metric membrane fabrication from these novel resins will be at-
tempted if 1.a. does not produce acceptable results. c. Early work
will include grafting to VFHP CA/CN (100 Angstrom units)
`homogeneous' millipore filters. 2. The grafting of small hydro-
philic gels or films across pores various relatively non-deforma-
ble porous structures shall be investigated as an approach to
develop desalination characteristics into the latter systems. 3.
`Vectoring' of selected porous hydrophilic/hydrophobic graft
copolymer membranes shall be investigated as an approach to the
formation of desalination surface films or layers, i.e., formation of
appropriate asymmetric desalination membranes. 4. Candidate
reverse osmosis membranes will be evaluated in reverse osmosis
cells which effectively eliminate boundary layer concentration
polarization.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0379, ECONOMIC EVALUATION OF IRRIGATION IN
NORTH DAKOTA
D.O. ANDERSON, North Dakota State University, Agricultural
Experiment Sta. , Fargo, North Dakota 58102

Objectives: 1. To determine irrigation resource requirements
and

production response for selected crops, and to evaluate alter-
native

methods of irrigation water application.
2. To interpret the irrigation production response studies in

terms of economic criteria and determine optimum enterprise
combination that maximizes profit or minimizes resource require-
ments.

3. To appraise the potential value of water used for irrigation
in North Dakota.

Regression analysis and appropriate tests of significance will
be used to fit production response data to functional relation-
ships, and the resulting functions will be analyzed, utilizing
economic criteria. Production response data will be analyzed to
determine the profitability of applyin alternative levels of water.
Linear programming will be used to develop profit maximizing
and resource and cost minimizing plans for various resource situa-
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tions, Value of water will be determined using production func-
tion analyses and linear programming methods.

SUPPORTED BY U.S. Dept. of Agriculture
North Dakota State Government

3.0380, THE EXTENT OF IRRIGATION DEVELOPMENT
IN NORTH DAKOTA AND ITS ECONOMIC IMPACT
D.O. ANDERSON, North Dakota State University, Agricultural
Experiment Sta. , Fargo, North Dakota 58102

Objectives: 1. To develop methodology for determining the
most profitable water resource development for irrigation, 2. To
estimate future water use and development and levels of ag-
gregate supply of presently produced and potentially feasible
agricultural products, 3. To determine the market potential and
price to producers of agricultural commodities produced, 4. To
estimate the economic impact of alternative levels of agricultural
water development on income and employment.

Description of Work Proposed: This study will develop a
linear programming model of the entire state to determine the
profit maximizing level of water development for irrigation, Mar-
ket information will be generated in order to define demand con-
ditions and market alternatives for products which can be
produced in the state under irrigation. This study will utilize
input-output analysis to determine the secondary impact of irriga-
tion development on the North Dakota economy.

SUPPORTED BY North Dakota State Government

3.0381, EVALUATION OF EXTENSIVE IRRIGATION
H, HOLMEN, North Dakota State University, Agricultural Ex-
periment Sta. , Fargo, North Dakota 58102

1. To determine the operational characteristics of some
mechanized sprinkler systems and to evaluate some irrigation effi-
ciencies with extensive irrigation,

The project will be conducted jointly by the Agr. Engr.
Dept., and the Carrington Irrigation Branch Station at Carring-
ton, North Dakota. The first system to be studied will be one
where the sprinkler line rotates in a circle about one end as a
pivot. The system will be used on four fields adjacent to each
other. Problems associated with transporting the system from
field to field between irrigations will be studied. The uniformity of
application and the distribution efficiency will be measured. A
system of containers spaced 10 ft. radially from the pivot will be
used to evaluate the distribution pattern. Climatic factors includ-
ing wind, evaporation and air temperature will be recorded. Some
runoff measurements will be made early in the experiment; and if
runoff becomes a problem, a more extensive study will be
developed.

A cropping system will be used where extensive irrigation
will promote efficiency in use of the irrigation system. A low plant
water stress will be maintained at the critical stage of plant
development for each crop, and a minimum amount of water will
be applied at other stages of plant growth depending upon the
capacity of the sprinkler system. The yield and water use efficien-
cy will determine if extensive irrigation is a practical means of
using mechanical irrigation systems.

SUPPORTED BY U.S. Dept. of Agriculture
North Dakota State Government

3.0382, INFLUENCE OF WATER QUALITY IN MAIN-
TAINING WHITENESS WHEN LAUNDERING WHITE
FABRICS
C.M. JANECEK, North Dakota State University, Graduate
School, Fargo, North Dakota 58102

Objectives: (1) To identify the factors that influence the
discoloration of white fabrics when laundered in hard water
and/or waters containing iron, manganese or organic coloring.
(2) To determine methods that prevent discoloration of white
fabrics during laundering. (3) To determine whether any of the
methods used to retain whiteness cause a decrease in residual
strength or cause other undesirable effects.

It is planned to work with State Extension personnel in enlist-
ing cooperating homemakers. Swatches of white test fabric will be

given to each cooperator to be laundered a specified number of
times. The swatches will be returned to the laboratory for deter-
mination of the degree of discoloration. Information on water
supply, iron removal and softening equipment, washing agent;
and methods will be obtained from each cooperator.

After the factors causing discoloration have been identified,
various methods for preventing discoloration will be evaluated,
These methods include removal of iron, water softening and the
use of selected types of bleach and detergent. Laboratory
analyses of the swatches will determine whether or not methods
used to attain whiteness arc detrimental to the fabric.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Dakota State University

3.0383, IRRIGATION WATER USE EVALUATION
STEGMAN, North Dakota State University, Agricultural Ex-

periment Sta. , Fargo, North Dakota 58102
1. To evaluate the water delivery requirements for a farm size

unit subjected to a management level attainable by farm opera-
tors. 2. To determine the operational performance of graded bor-
ders and furrows which may be used to develop guides or design
criteria for use in the Garrison Diversion area. 3. To develop
functional criteria for planning and design of irrigation systems.

Work Proposed: Measurements will be made to determine
inflow and outflow associated with irrigation in field size areas.
Ground water levels will be observed, Runoff hydrographs as-
sociated with precipitation will be obtained. Soil moisture will be
determined. Irrigation and drainage requirements will be
established as a function of the vegetation species, climate,
hydrologic performance of soil, and hydraulic performance of the
irrigation system,

SUPPORTED BY U.S. Dept. of Agriculture
North Dakota State Government

3.0384, A PHYSICAL AND ECONOMIC ANALYSIS OF
ALTERNATIVE IRRIGATION METHODS IN A SUB-HUMID
CLIMATE
E.C. STEGMAN, North Dakota State University, Agricultural Ex-
periment Sta. , Fargo, North Dakota 58102

Objective; To evaluate alternative methods of irrigation for
the purpose of identifying the design or designs which maximize
returns to resources in a sub-humid climate.

Description of Work Proposed: Available crop water use
data will be analyzed to develop techniques for estimating the
evapotranspiration term in the daily water balance model to be
employed in succeeding steps. Available crop yield and as-
sociated climatic data will be analyzed to develop production
functions for potentially irrigable crops, i.e., yield data will be re-
lated to climatic or drought indices. A range of irrigation systems
will be artificially applied to all combinations of a set of farm unit
sizes, soil moisture storage capacities and crop rotations charac-
teristic of proposed irrigation districts in Garrison Diversion unit.
For each combination, irrigation programs will be synthesized for
a significant period of climatic record by injecting an irrigation
system of specified design or capacity into the water balance
model by way of the irrigation term. The estimated yield distribu-
tion or expected return data, labor, operating, and investment
costs associated with each of the irrigation systems and programs
will provide the basis for an economic analysis.

SUPPORTED BY North Dakota State Government

3.0385, IMPROVEMENT AND MANAGEMENT OF
SALINE AND SODIC SOILS OF THE NORTHERN PLAIIIS
A.R. GRABLE, U.S. Dept. of Agriculture, Mandan, North Dakota

Object: To develop and apply principles for the diagnosis and
improvement of saline and sodic soils including amendment,
leaching, soil and crop management practices, and to determine
the effect of salinity and sodium on plant growth including species
and varietal tolerance.

Plan of Work: Two approaches are involved. One is to con-
duct controlled field experiments involving variables of culture,
irrigation, drainage, or amendment practices to replace salt or

1-254



3. WATER SUPPLY AUGMENTATION AND CONSERVATION

sodium from the soil with leaching water and to follow by chemi-
cal analysis changes in salt content and exchangeable sodium in
problem areas in relation to water quality, water table height,
precipitation, and topography and derivation of statistical and
graphical relationships.

SUPPORTED BY U.S. Dept, of Agriculture

3.0386, MULTICOMPONENT MEMBRANE FOR
REVERSE OSMOSIS
D. MCINTYRE,, Univ. of Akron, Institute of Polymer Science,
Akron, Ohio 44304

Theoretical and experimental studies of the mechanism of
water transport in membranes used in reverse osmosis will be un-
dertaken. Both block polymers and mixed polymers will be used.
The polymer compositions will be tailored to include known
amounts of hydrophilic and hydrophobic constituents. Also dif-
ferent types of intermolecular attractions will be allowed to simu-
late the semi-crystalline properties of cellulose acetate. The ther-
modynamic and transport properties of these membranes will be
studied. The results of these studies are expected to allow im-
proved reverse osmosis membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0387, PREPARATION OF SMALL TUBES AND THE
DETERMINATION OF THEIR PROPERTIES FOR REVERSE
OSMOSIS
E.A. MEINECKE, Univ. of Akron, Institute of Polymer Science,
Akron, Ohio 44304

The influence of the processing variables on the structure of
small tubes of materials suitable for reverse osmosis; and the in-
fluence of the structure of the tubes on their mechanical proper-
ties and permeability is studied. Techniques for design and con-
struction of efficient reverse osmosis configurations are
developed. The study will involve (a) design and construction of
extrusion and stretching equipment for making tubes approxi-
mately 0.001 inch in diameter, (b) preparation of tubes under
various fabrication conditions, (c) characterization of tubes
under varying operating conditions, (d) determining mechanical
properties of the tubes, and (e) determining permeability of the
tubes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0388, STUDIES ON THE MOLECULAR STRUCTURE
OF BIOLOGICAL MEMBRANES
J.E. ZULL, Case Western Reserve Univ. , Graduate School,
Cleveland, Ohio 44106

Research on the structure and properties of biological mem-
branes and model biological membranes is being carried out. The
natural membrane currently under investigation is the red-blood
cell ghost. Glucose transport sites are being investigated and
proteins associated with these sites will hopefully be isolated.
Radioactive tracer techniques are being used for this work.

C14 and H3 labeled hormones are being prepared (insulin,
vasopressin), and will be used in attempts to identify and isolate
transport protein involved in their action.

The model systems are primarily bimolecular leaflets of
phospholipid and cholesterol, studied either directly or as suspen-
sions in aqueous media. ATR spectroscopy is the primary tool
currently being used for this work. The association of tracer
labeled proteins with these model systems will be investigated as
the model of lipid-protein interaction in biological membranes.

The primary aim of the work is to elucidate the structure of
biological membranes at the molecular level, and the nature of
the proteins involved in transport function in such membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0389, FOAM FRACTIONATION
J.J. BIKERMAN, Horizons Incorporated, Cleveland, Ohio 44104

The ultimate objective of this study is development of the
methods of foam fractionation and ion flotation for recovery of
useful minerals and potable water from the sea or brackish

waters. At present, it is intended to investigate the following
processes: 1. Extraction of iron and manganese with anionic sur-
factants; the efficiency and the economics of the operation will be
considered. 2. Extraction of calcium and magnesium with several
commercial surfactants at various acidities. 3. Extraction of iron
from solutions containing both ferrous and calcium ions and
simultaneous extraction of iron and calcium from these solutions.
4. Extraction of potassium using surface-active derivatives of
tetraphenylboron and 4,6-dinitro-2-octylphenol.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0390, SCALE CONTROL WITH GRAPHITE HEAT-
TRANSFER TUBES OF CONTROLLED PERMEABILITY TO
STEAM
L.E. VAALER, Union Carbide Corporation, Cleveland - Parma,
Ohio

Tle objective of the proposed contract is to investii, tte a
possible method of preventing scale in the distillation of saline
water to produce potable water by taking advantage of the in-
herent permeability of heat-transfer tubes made from graphite. If
a small portion of the steam condensate seeps through the wall of
a graphite tube, the static film on the brine side, will presumably
be diluted to a level of calcium sulfate super-saturation below that
needed for scale formation. The investigation will involve three
experiments with the LTV falling film evaporator, employing a
temperature of 275 degrees F on the steam side and a vaporiza-
tion temperature of 265 degrees F on the falling film side of the
tube. The experiments will be carried out with unconcentrated
synthetic sea water containing components that will normally
deposit CaSO4 and alkaline scale.

Specific objectives of this investigation are to compare the
performance of an impervious tube and a permeable tube em-
ploying a vaporization temperature of about 265 degrees F on the
falling film side of the tube to investigate the possibility of
preventing alkaline scale using permeable graphite tubes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0391, INVESTIGATION OF THE USE OF LOW-COST
PLASTIC FILMS FOR SOLAR STILL CONSTRUCTION
J.A. EIBLING, Battelle Memorial Institute, Columbus, Ohio
43201

The objectives of this program were to determine, by means
of a design study, the feasibility of using the very low-cost plastic
films, such as polyethylene and polyvinyl chloride, as cover
materials for large solar stills. This investigation was prompted by
the good progress made in recent years in improving the
weatherability of these films through the incorporation of various
additives which provide some protection against deterioration
caused by ultraviolet radiation.

Preliminary economic studies had shown that these films,
because of their very low cost, might be suitable for solar stills
even though their anticipated useful life was not more than one
year. The approach taken during this study was to consider vari-
ous still designs, choose one design well suited to the low-cost,
short film life philosophy and make a thorough evaluation of this
design. Samples of a few plastic films were exposed at a Florida
site in fixtures simulating solar still conditions to supplement the
information on film life available through other sources.

The results of the design study indicated that there was little
or no economic advantage in using the low-cost films. Even if the
useful life of the film is assumed to be one year, which the expo-
sure tests during this prograr heated is probably too op-
timistic, the low-cost films , such low mechanical strength
that a relatively thick film is required to withstand the anticipated
structural loads. As a result, the film cost is high enough that the
product water cost from such a still would be no lower than one
would expect from a glass- covered still.

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0392, DOCTORAL DISSERTATION RESEARCH IN
GEOGRAPHY
J.N. RAYNER, Ohio State University, Graduate School, Colum-
bus, Ohio 43210
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Shuh-Chai Lee, a doctoral candidate in Geography, is con-

ducting his research on water vapor flux in the atmosphere and its
relation to the water balance in the Ohio River basin. These rela-
tionships are vital for progress in atmospheric science, The NSF
grant will be used primarily for obtaining from the U. S. Weather
Bureau punched cards recording the twice daily meteorological
observations from seven stations for the 15-year period, 1950-
1965. These basic data will be used to estimate water vapor flux
for the Ohio River Basin.

SUPPORTED BY U.S. National Science Foundation

3.0393, RELATION OF CLIMATIC AND WATERSHED
PHYSIOGRAPHIC AND CULTURAL FACTORS TO WATER
YIELD
L.L. HARROLD, U.S. Dept. of Agriculture, Coshocton, Ohio

Object: To identify the climatic and watershed factors in-
fluencing water yield of agricultural watersheds, both stream flow
and ground water components; to evaluate the factors quantita-
tively; and to develop simple procedures by which the seasonal
and annual net yield of water from ungaged watersheds may be
reliably estimated for both local and downstream uses.

Plan of Work: Work is currently concentrated on the North
Appalachian Experimental Watershed near Coshocton, Ohio; on
agricultural watersheds in the vicinity of Fennimore and Madison,
Wisconsin; and at Columbia, Missouri. Some of the factors
required for the analyses and which are measured or otherwise
documented for the study arc: rates and duration of strcamflow;
precipitation patterns; antecedent mositurc; season; soils; ;amd
use; conservation and watershed management practices; ground
water elevations; riparian vegetation; geology; gradients and
hydraulic roughness of stream channels; and the size, shape and
other geomorphic attributes of the watersheds.

SUPPORTED BY U.S. Dept. of Agriculture

3.0394, AQUIFER AND SUBSURFACE RELATIONSHIPS
IN THE HYDROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS
L.L. HARROLD, U.S. Dept. of Agriculture, Coshocton, Ohio

Object: To develop procedures for estimating subsurface
contributions to stream flow, transmission losses in stream chan-
nels and valleys, and groundwater movement and recharge in
relation to watershed geology, soils, climate, land use, and other
characteristics.

Plan of Work: The work is currently in progress at the North
Appalachian Experimental Watershed near Coshocton, Ohio and
from headquai..;rs at Madison, Wisconsin and Columbia, Missou-
ri. The investigations include: geologic mapping; ground water
observations; soil moisture determinations; transmission capaci-
ties of soils and aquifers; and the consideration of influent and ef-
fluent streamflow.

SUPPORTED BY U.S. Dept. of Agriculture

3.0395, IMPROVED ION EXCHANGE POLYMERS AND
MEMBRANES FOR ELECTRODIALYSIS OF SALINE
WATER
E.V. KIRKLAND, Monsanto Research Corporation, Dayton,
Ohio 45407

A contract project has been undertaken to develop an
aliphatic anion exchange membrane for application in electrodi-
alysis of saline and brackish water. Initial work will be directed
toward the preparation of a membrane from a copolymer of
ethylene and vinyl phthalimide, followed by hydrolysis and
quaternization. Alternative approaches will be employed if neces-
sary such as hydrogenation of an ethylene/acrylonitrile
copolymer followed by quaternization. The copolymer precursors
will be synthesized by high pressure copolymerization. The mem-
b,anes will be evaluated in an electrodialysis stack and compared
to commercial membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0396, EVALUATION OF AN ELECTROCHEMICAL
DESALINATION PROCESS FOR BRACKISH WATER
G.W. REID, Univ. of Oklahoma, Research Institute, Norman,
Oklahoma 73069

This grant is for continuation of testing of the existing 20 gal-
lon/day unit for a sufficient length of time to adequately deter-
mine its performance under field conditions. On completion, this
data will be used for design and construction of a 500 gallons/day
unit. This in turn will be field tested, including pretreatment
requirements, and the data used for preliminary design of a
20,000 gallons/day or larger unit.

SUPPORTED BY U.S Dept. of Interior - Off. Saline Water

3.0397, INCREASING WATER SUPPLIES BY SUPPRES-
SION OF RESERVIOR EVAPORATION
F.R. CROW, Okla. St. Univ. of Agr. & Sci. , School of Agricul-
ture, Stillwater, Oklahoma 74075

The general objective of this research is to study the broad
problem of evaporation suppression methods using small experi-
mental reservoirs as the principal test environment. A specific ob-
jective is to determine the evaporation retarding efficiency of
monomolecular films and floating plastic membranes in rela'on
to the proportion of total water surface covered by the evapt a-
tion retardant. The results of this research will have application in
determining the accuracy of procedures for estimating evapora-
tion suppression which are based on estimates of partial film
cover.

Tests will also be made to determine the effect on evapora-
tion resulting from disturbing the thermal gradient of small reser-
voirs by pumping, bubbling, or related techniques.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Oklahoma State University

3.0398, THE HYDRAULICS OF SPATIALLY VARIED
STEADY FLOW IN AN IRRIGATION DISTRIBUTION
CHANNEL WITH FURROW OUTLETS
J.E. CARTON, Okla. St. Univ. of Agr. & Sci. , School of Agricul-
ture, Stillwater, Oklahoma 74075

The objectives of this project will be: I. To determine the
discharge characteristics of weirs, orifices, and short tubes in-
stalled in the side of a trapezoidal channel. 2. To evaluate the
energy losses in the channel and determine values of roughness
coefficients for a system of multiple furrow outlets. 3. To deter.
mine the distribution uniformity of irrigation systems in which
weirs, orifices, and hooded inlet tubes are used to distribute the
water in furrows. 4. To develop methods of predicting the water
surface profiles and the distribution uniformity of irrigation
systems in which discharge occurs through weirs, orifices, and
short tubes.

The proposed experiments will be conducted in an existing
horizontal concrete-lined irrigation channel, equipped so that the
inflow and the resulting water surface profile is 320 feet long and
has dimensions that are standard in current irrigation practice.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

Oklahoma State University

3.0399, PLANT POPULATION EFFECTS ON THE EFFI-
CIENT USE OF WATER
J,F. STONE, Okla. St. Univ. of Agr. & Sci. , School of Agricul-
ture, Stillwater, Oklahoma 74075

Two years of preliminary studies in Oklahoma have shown
that peanuts can be grown in narrow rows with an attendant in-
crease in yield and quality. Water requirement for the increased
production did not increase or even reduced (in one of the years).
No rnicrometcorological measurements were made so the
mechanisms responsible for the efficiency of 10,,,,,ter use are not
known. The proposed study would characterize water loss both
aerodynamically and from an energy budget standpoint. Degree
of transferability of the information to other plants and regions
will be sought.
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Objectives: 1. Study aerodynamic and energy factors tending
to cause water loss in peanuts cropped at economically high
population levels. 2. Investigate and identify the factors tending to
cause the observed reduction (or at least constant) water loss
from peanuts as population increases. 3. Investigate the possibility
for cropping with reduced water loss.

Procedures: Plant population will be varied by using different
row spacings. Aerodynamic and energy factors will be obtained
through measurement of such micrometeorological variables to
determine energy budget and aeordynamic roughness and poten-
tial evapotranspiration. Reflectance of the field surfaces (crop
and soil) condition of the plant stomates will be recorded,

If the foregoing measurements offer an explanation for the
water loss efficiencies noted in the past, the causative factors will
be manipulated for further enhancement during the later phases
of this study. They can also be studied for transferability to other
plants and other regions.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Oklahoma State University

3.0400, VE OF REACTOR COOLING WATER FROM
NUCLEAR POWER PLANTS FOR IRRIGATION OF
AGRICULTURAL CROPS
L.L. BOERSMA, Oregon State University, School of Agriculture,
Corvallis, Oregon 97331

The proposed research plan involves laboratory investiga-
tions directed at determining the feasibility of using water heated
in nuclear power plants for irrigation of agricultural crops. The
main approach in the proposed investigations is to determine the
influence of soil temperature and heated water on rates of
photosynthesis, transpiration and respiration under controlled
laboratory conditions.

Methods employed arc: A special experimental arrangement
has been designed in which soil water content and soil tempera-
ture can be maintained constant or can be varied at a pro-
grammed rate. Above ground conditions can be maintained con-
stant or can be varied at a programmed rate independent of below
ground conditions. The rates of photosynthesis, transpiration and
respiration can be monitored on a continuously recording basis or
measured at certain time intervals. The experimental arrange-
ments provides for the simultaneous observation of 34 separate
plant systems.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Oregon State University
Oregon State Government

3.0401, IMPROVING IRRIGATION WATER SUPPLY
FORECASTS AND THEIR USE
B.L. WHALEY, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

A. To adopt methods of soil moisture measurement to
Oregon mountain soils to obtain indices of soil moisture. B.
Preparation of hydrologic data for machine processing. C. To im-
prove water supply forecast methods. D. To study the effect of
frost in the soils to runoff.

Locate and install soil measuring devices in areas of limited
snow fall and determine the water holding cap.., ;ty of the soils.
Take readings on these sites often enough to be of value in cor-
recting forecasts for soil moisture deficiency. Snow survey data
will be punched on cards after each season so that this data deck
may be used to print up-to-date summaries of all data measured in
Oregon. All forecast procedures will be reviewed and available
data and techniques studied for the improvement of forecast
equations. Measurements of frost penetration will be taken at soil
moisture stacks and other selected locations over the state and a
comparison made of watershed yields from frozen and unfrozen
soils.

SUPPORTED BY Oregon State Government

3.0402, THE ADAPTATION OF SPRINKLER IRRIGA-
TION TO SOILS OF LOW INTAKE RATE
I.W. WOLFE, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

To develop a procedure for determining the optimum sprin-
kler application rate on low intake rate soils. To determine the
adaptability of sprinkler equipment with modification if necessary
for applying water at the required low rate.

Progress to Date. A prediction equation for the time required
for ponding to appear under irrigation sprinklers on amity silt
loam planted to pasture, was developed from field measurements
made during two seasons. It was found that time to pond could be
predicted if one knows the initial soil moisture content and the
application rate from the sprinklers.

In a second series of experiments, the percentage of ponding
of the surface was permitted to increase on graded plots and on
flat plots. The uniformity of distribution of moisture in the soil
after irrigation was lowered on the graded pluts.

SUPPORTED BY 0' ;Ion State Government

3.0403, THE MEASUREMENT OF' EVAPORATION AND
CONDENSATION COEFFICIENTS OF WATER UNDER
EQUILIBRIUM CONDITIONS
R.W. COUGHLIN, Lehigh University, School of Engineering,
Bethlehem, Pennsylvania 18015

Accommodation coefficients of water will be measured using
tritiated water as a tracer. This will permit the determination of
these coefficients under equilibrium conditions. The following
systems will be investigated; 1. liquid water - water vapor 2. ice -
water vapor 3, liquid water - water vapor, in the presence of
foreign gases 4. adsorbed water - water vapor.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0404, CORROSION PROTECTION BY INHIBITOR
CROSS-LINKING AND SURFACE COATING GRAFTING
R.W. COUGHLIN, Lehigh University, School of Engineering,
Bethlehem, Pennsylvania 18015

The proposed investigation will attempt to cross link
polymeric inhibitors adsorbed on metal surfaces by using ionizing
radiation. Attempts to graft polymeric films directly onto metals
and onto adsorbed inhibitors will also be carried out. In addition,
grafting of polymers onto concrete surfaces will be studied. The
goal in this work will be to impart additional corrosion protection
to the materials employed as substrates.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0405, POLYMERIC COATINGS FOR PROTECTION ON
CONCRETE EXPOSED TO AQUEOUS SALINE ENVIRON-
MENTS
.1. MANSON, Lehigh University, Institute of Research,
Bethlehem, Pennsylvania 18015

This research program is for the investigation of basic factors
affecting the adhesion of polymer coatings to concrete during ex-
posure to a saline water environment. Factors to be considered in-
clude: (1) adhesion and debonding at the polymer-concrete inter-
face and the effects of certain functional groups as adhesion
promoters; (2) permeability of the film to moisture and ions and
the effects of these on the polymer-concrete interface; nd (3)
physical and chemical degradation of the polymer itself.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0406, DEVELOPMENT OF DESALINATION MEM-
BRANES
N.D. FIELD, G A F Corporation, Easton, Pennsylvania 18042

The program will be devoted the fabrication of water in-
soluble membranes based on polymers of vinylpyrrolidone and/or
vinyl ethers. Among variables under consideration will be type
and ratios of comonomers and degree of crosslinking. Random,
graft and block copolymers will be synthesized. Blends and com-
posite membrar, :Is will be fabricated. Some of these will be based
on the tendency for vinylpyrrolidone-containing polymers to form
complexes with carboxyl- containing polymers. For example,
PVP solutions and poly (alkyl vinyl ether/maleic anhydride) solu-
tions on mixing form insoluble coacervates. These on drying form
water insoluble, tough materials. It is envisaged that multiple
layered films can be prepared using this phenomenon. Sandwich
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structures will be prepared in which the hydrophilic hydrophobic
balance of each layer will be a variable. In this fashion, mem-
branes with a range of water flux and salt rejection should be
possible. Optimum polymer mixtures and film composite struc-
tures will be chosen. The physical and mechanical properties of
the membranes will be evaluated. Water flux and salt rejection
will be utilized as screening tools. The best membranes will un-
dergo intensive physico- chemical studies.

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0407, IMPROVEMENT OF ECONOMICS OF ELEC.
TRODIALYSIS SYSTEMS BY SELECTIVE PRETREATMENT
E.C. SPITZER, Crane Company, King of Prussia, Pennsylvania
19406

The four main objectives of this contract are: to develop ef-
fective and economical pretreatment methods for electrodialysis
plants treating highly contaminated brackish surface waters; to
characterize commercially available ion-selective membranes to
determine the degree of their resistance to fouling by organics
and other contaminants; to evaluate the overpotential static cell
test as a means to predict the fouling tendency of an electrodialy-
sis system treating highly contaminated brackish surface waters;
and to develop a procedure for concentrating foulants in brackish
ground waters in the field, suitable for use in conjunction with the
overpotential static cell test.

The work to be accomplished includes the assembly and con-
struction of the test units, laboratory testing and characterization,
operation field testing, foulant concentration studies, and analysis
of the test data.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0408, IMPROVEMENTS IN DESALINATION BY THE
FLASH EVAPORATION PROCESS
R,A. TIDBALL, Baldwin Lima Hamilton Corp. , Philadelphia,
Pennsylvania 19142

Two pilot plants are in operation. The 3 stage plant, a full
scale 21 inch wide portion of a commercial flash evaporation
desalination plant, is providing data on various plant parameters
including interstage orifice coefficients, flashing efficiency, and
non-equilibrium phenomena in the flash chambers. This pilot
plant is fully instrumented for the very accurate measurement of
temperatures, pressures, and fluid flows. Temperatures are mea-
sured by means of platinum resistance thermometers. Data points
are automatically sequenced by a data logger, and results are
rapidly recorded on punched cards.

A 16-stage pilot plant, simulating one-third the stages of a
full- scale commercial plant, has been giving a valuable insight
into the mechanism of scale formation during the distillation of
sea water. During the past year, scale prevention techniques
tested in this plant included acid addition and the use of additives
to the feed strcam. This plant has just been modified to incor-
porate a fluidized bed for the prevention of the deposition of scale
on heat transfer surfaces. In addition, systems arc being appended
for the testing of slurry addition and also of ion exchange pre-
treatment of the feed.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0409, EVALUATION OF BRINE DESULFATING
PROCESS AS APPLIED TO FEEDWATER FOR DESALINA-
TION PLANTS
C.E. ENNIS, Catalytic Construction Company, Philadelphia,
Pennsylvania 19102

An evaluation of a desulfating process conceived at the De-
partment of Interior, Bureau of Mines Metallurgy Research
Center, Salt Lake City, Utah, for application to feedwater sup-
plied to large (50 MGD ) desalting plants. The process was
analyzed to determine the maximum brine temperature which
could be used in a desalter operating on the desulfated feed. Flow
sheets and equipment selections were made for a plant to supply
feedwater to a 50 MGD desalting plant. Flow sheets and specifi-
cations (OSW Specification 1822) were prepared for a pilot plant
to be installed and operated at OSW's Wrightsville Beach Test

Center. An analysis of plant capital and operating cost is in-
cluded, together with projected Income from sale of by-product
sulfuric acid, caustic soda, and soda ash indicates that the
desulfating process could return a credit to the desulfating-desalt-
ing complex equal to $.07 per 1000 gallons of desalted product
water.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0410, EVALUATION OF HIGH PRESSURE PUMPS FOR
REVERSE OSMOSIS PROCESS
J.W. PETERSON, Catalytic Construction Company, Philadelphia,
Pennsylvania 19102

The objectives of this program are to evaluate the suitability
of commercial high pressure pumps for use in multi-million gal-
lons per day brackish and sea water reverse osmosis plants, and to
develop pump maintenance procedures that will significantly cut
down plant down time.

Four phases of work are to be accomplished. These are pump
selection; design and fabrication of test loops; pump evaluation;
and recommendations and preparation of the final report.

SUPPORTED BY U.S. Dept. of Interior Off. Saline Water

3.0411, DEVELOPMENT OF PERMANENT SYSTEMS
FOR DROPWISE CONDENSATION
R.A. ERB, Franklin Institute, Philadelphia, Pennsylvania ( 14-01-
0001-744)

This program is aimed toward obtaining increases in heat
transfer in distillation processes for desalination through the
development and application of permanent systems for dropwise
condensation on condenser surfaces. One dropwise system being
studied involves the use of thin films of noble metals (e.g., gold
with silver underlayer); another system is based on the parylenes
(vapor-deposited polymers), Other possible permanent systems
are also being investigated. The program, with a goal of the
development of high-performance, low-cost systems, consists of
several areas or study: I) screening tests, for studying the drop-
wise behavior new or improved systems under continuous con-
densing conditions; 2) engineering tests and studies with small
pilot plants, using steam generated from seawater and involving
heat- transfer measurements and studies on the effect of aging, in-
undation, contamination, etc.; 3) fundamental studies on
microcondensation phenomena; 4) cooperation toward dropwise
condensation studies in larger-scale units for seawater distillation,
with the aim of demonstrating performance under actual plant
operating conditions. Preparations have been made for testing
dropwise systems in a special unit at the Clair Engle plant, Chula
Vista, California, and in a G.E./Navy still at Wrightsville Beach,
North Carolina.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0412, ELLIPSOMETRIC STUDIES OF PASSIVATION,
WITH SPECIAL REFERENCE TO THE ESSENTIAL
ANIONIC CONSTITUENTS OF SALINE WATER
J.O. BOCKRIS, Univ. of Pennsylvania, Graduate School,
Philadelphia, Pennsylvania 19104

The essential nature of the passivation process is to be stu-
died using ellipsomctry in conjunction with electrochemical mea-
surements to follow the formation and growth of the passivating
film. The growth of the passive film will also be studied to gain an
understanding into its mechanism. Also, the influence of halide
ions on passivity will be studied to analyze the way in which the
passive film is broken down by halides.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0413, MAXIMUM RATE OF VAPORIZATION AND
CONDENSATION OF WATER WITH DISSOLVED SALTS
AND SURFACE CONTAMINATION
L.C. EAGLETON, Univ. of Pennsylvania, School of Engineering,
Philadelphia, Pennsylvania 19104

The objective of the research is to measure the rate of
evaporation or condensation, expressed in terms of the condensa-
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tion coefficient, of water to which sodium chloride, a surface ac-
the material or a monomolecular film on the surface has been
added. These experimental data will be compared to those of pure
water. The research proposed here is an extension of that per-
formed under OSW Grant No. 14-01.0001- 462 titled 'Maximum
Rate of Vaporization and Condensation of Water'.

Determination of the coefficient for salt water should enable
this research to determine if dissolved salts inhibit the rate of
vaporization of water other than through the vapor pressure
lowering. Monomolecular films applied to the surface strongly re-
tard evaporation but very small quantities of contaminants can
destroy the action of these films. In view of this, the dissolved
electrolytes and organic molecules that might collect at the sur-
face of sea water are of particular interest. Previous measure-
ments of the evaporation rates through monomolecular films have
bt,en limited to studying relative rates since the main resistance to
evaporation has been the gas diffusion layer. The apparatus used
in the previous grant and to be incorporated in this effort is
unique in that it determines the absolute coefficient from a flat,
stagnant liquid surface with no gas film resistance.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0414, STRUCTURE OD SEMIPERMEABLE POLYMER
FILMS AND ITS EFFECT ON SALT REJECTION
T.G. FOX, Carnegie Mellon University, Mellon Institute, Pitt-
sburgh, Pennsylvania 15213 ( 14-01-0001-1648 )

The relationship of the morphological structure and chemi-
cal makeup of polymeric films to their effectiveness as mem-
branes in salt rejection filtration is to be studied. The effect of the
local morphology of the film on its salt filtration properties is one
of the principal variables to be investigated. The nature and
amount of crystalline order, orientation of crystalline regions, ef-
fects of inorganic and organic additives on crystalline properties
of films and the morphology of void and channels will be in-
vestigated. It is expected that a variety of methods including light
scattering, x-ray diffraction and electron diffraction will have to
be employed in these studies. It is anticipated tiltat in some filtra-
tion membranes, the degree of order, or departure from
completely random mixing of the polymer chains, will be low. The
identification and correlation of this type of order to salt rejection
efficiency is one of our goals. In addition, the effects of chemical
structure of the polymer repeat unit, of molecular weight,
molecular confirmation, molecular weight distribution and
similar characteristics at the molecular level will be considered.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0415, INVESTIGATION OF CORROSION FUNDAMEN-
TALS AS RELATED TO ALLOYING
H.E. TROUT, Univ. of Pittsburgh, School of Engineering, Pitt-
sburgh, Pennsylvania 15213

Potentiostatic study directed toward determination of effects
of electronic structure of alloying agents on corrosion behavior of
single phase alloys in aqueous solutions and toward further ex-
ploration of concept that two-phase alloys, properly selected as to
electrochemical behavior of the phases, could be corrosion re-
sistant.

Iron, aluminum- and copper-base alloys will be included with
alloying agents common to all being studied as well as alloying
agents peculiar to particular solvent metals. The study will extend
through the range of solid solubility of any solvent and into the
two-phase region.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0416, REVERSE OSMOSIS MEMBRANES CONTAINING
GRAPHITIC OXIDE
D. BERG, Westinghouse Electric Corp. , Pittsburgh, Pennsylvania

This contract continues the study initiated in June 1965 for
investigating graphitic oxide as a possible membrane material in
desalting water by the reverse osmosis process. Work during the
past year demonstrated that thin ( 0.3 micron) films of graphitic
oxide exhibited desalination properties with feed brines contain-
ing from 0.2% to 4.0% NaCI and operated over a pressure range

of 300 psi to 1700 psi. Improved rnembiane-forming techniques
were developed and water flux rates up to 18.4 gal /ft2 -day (77%
sale rejection, 2.0% NaCI, 1700 psi) and salt rejection up to 85%
were measured during a 390 -hr run.

The continuation of these studies includes: (1) exploration of
techniques for producing larger membranes from the present gra-
phitic oxide without introducing more flaws or diminishing the
reproducibility; (2) investigation of methods for scaling-up the
preparation of bulk quantities of graphitic oxide; (3) further ex-
periments in characterization of graphitic oxide membrane per-
formance as affected by variables in reverse osmosis operating
conditions; (4) modification of the present graphitic oxide and
evaluation of desalination capability after modification; and (5)
investigation of other inorganic membrane materials.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0417, INVESTIGATION OF DESALINATION BY

FREEZING
D.R. HAMILTON, Westinghouse Electric Corp. , Pittsburgh,
Pennsylvania

The studies of the freezing of water to be conducted in this
investigation fall in two categories: interface morphology studies
and interaction effects in solute partitioning. The interface
morphology studies are directed at characterizing quasi-steady-
state growth forms; freezing interfaces which are not stable, but
which may persist for long periods of time. Two examples are the
cellular interface and the 'forest of dendrites' interfaces. The ob-
jective of the study in this area will be a theoretical analysis of the
morphology and growth mode of the interface, especially in re-
gard to macroscopic solute incorporation.

The studies of impurity interaction effects will be concerned
with the partitioning of solute between the solid and liquid on a
microscopic or molecular scale. The emphasis will be directed at
the solute generated bonding defects in the solid and the resulting
contribution of these defects to the system's free energy.
Phenomena specific to interfacial regions may also be included it
deemed appropriate as the work progresses. The approach to this
problem will be both theoretical and experimental.

SUPPORTED BY U.S. Dept, of Interior - Off. Saline Water

3.0418, DEVELOPMENT OF A LOW-COST IRON-BASE
ALLOY TO RESIST CORROSION IN HOT SEA-WATER
N. PESSALL, Westinghouse Electric Corp. , Pittsburgh, Pennsyl-
vania

The proposed 12 month program will involve alloy develop-
ment, corrosion testing and metallographic studies. The basic ob-
jective of the alloying additions will be to promote formation of
passive films based on the current knowledge of corrosion-re-
sistant iron-base alloys, on alloy economics and on current theo-
ries of the mechanism of passivation. Evaluation of the corrosion
characteristics will be made using both electrochemical and loop
test measurements, but emphasis will be laid heavily on potentio-
static and potentiokinetic studies. The corrosion tests will be
made as functions of temperature, pH, Cl- ion activity, degree of
aeration, alloy heat treatment and composition. Studies of pitting
potentials will be made and correlated with loop- test data. Alloy
specimens will be examined after corrosion testing using both
light and electron microscopy. The metallographic investigations
will be aimed at evaluating the influence of grain boundary
characteristics, the nucleation, frequency and depth of pitting,
and the influence of crystallographic orientation.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0419, WATER YIELD IN RELATION TO CLIMATIC &
WATERSHED CHARACTERISTICS OF LAND
E.T. ENGMAN, Penn. State University, U.S.D.A. Ne. Watersh.
Res. Ct. , University Park, Pennsylvania 16802

Object: To identify the climatic and watershed factors of land
resource areas of the Northeast that influence water yield from
agricultural watersheds; develop procedures for estimating sur-
face and subsurface contributions to streamflow from parameters
of climatic and watershed characteristics; and develop
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procedures and possible formulas to reliably estimate seasonal
and annual water yields.

Plan of Work: The work is currently concentrated on the
Sleepers River Experimental Watershed near Danville, Vermont;
the Northeast Watershed Research Center, University Park,
Pennsylvania, and on other agricultural watersheds in Virginia.
Some of the factors required for the analyses and which are mea-
sured or otherwise documented for the study are: rates and dura-
tion of streamflow; precipitation patterns; antecedent moisture;
season; soils; land use; conservation and watershed management
practices; ground water elevations; riparian vegetation; geology;
gradients and hydraulic roughness of stream channels; and the
size, shape and other geomorphic attributes of the watersheds.

SUPPORTED BY U.S. Dept. of Agriculture

3.0420, WATERSHED CORRELATION AND SYNTHESIS
H.W. LULL, U.S. Dept. of Agriculture, Upper Darby, Pennsyl-
vania

Object: To assemble, correlate, and synthesize forest
watershed information for the prediction of the effects of forest
watershed management practices on streamflow by major physio-
graphic regions of the eastern United States; and through
research on municipal watersheds and correlative information
determine the practices that will meet municipal water-yield and
water-quality management needs.

Plan of Work: Using longtime streamflow records from
northeastern watersheds, this program will determine the
hydrologic function of forest cover on yield and distribution of
streamflow, the effects of historical changes in land use, and the
effects of historical changes in land use, and the effects of
present-day land use. It will also evaluate the present system of
determining hydrologic conditions of forest land for river basin
planning and flood prevention programs. In municipal watershed
research, the staff will determine the effects of forest land treat-
ment on increasing water yields through the use of numerous
cooperative watershed studies.

SUPPORTED BY U.S. Dept. of Agriculture

3.0421, DESIGN AND ECONOMIC STUDY OF A GAS
TURBINE POWERED VAPOR COMPRESSION PLANT FOR
EVAPORATION OF SEAWATER

WI(;HTMAN, Struthers Energy Systems Inc. , Warren,
Pennsylvania

The study of two sizes of gas turbine drivers was conducted
and a 12,500 SHP, dual shaft, gas turbine driver was chosen as the
main power train. The plant is designed to produce 8.0 MGD. The
cycle uses a VTE and a MSF unit in series. The gas turbine driven
axial flow vapor compressor operates across 4 effects of the VTE.
Gas turbine exhaust heat is recovered in a heat recovery boiler.
Only on-site power is generated in the back pressure turbine rated
from 1500 KW. The water cost developed for the plant is
$0.39/1000 gal. The total capital cost of the plant is approximate-
ly $7,500,000. Drawings showing VTE tube sheet configurations
and general outlines are provided. A heat and material balance is
provided. Vendors' bids received from plant equipment are pro-
vided.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0422, SEASONAL VARIABLITY OF SOIL MOISTURE
AND LEVELS OF GROUNDWATER TABLE ON LOWLAND
AREAS
S. OSTROW SKI, Forest Research Institute, Warsaw, Poland

Plan of work: The field work will be done in three regions of
Poland where stands of pine are established on sandy soils. Impor-
tant environmental factors to be measured include precipitation;
interception; soil and air temperatures; ground water levels; and
soil moisture by gravimetric and lysimetric methods. Water
balance computations will be made under several site and
meteorological conditions. Laboratory research carried out in the
greenhouse under controlled conditions of temperature, humidi-
ty, and precipitation will be used to strengthen and interpret the
results from field research.

SUPPORTED BY U.S. Dept. of Agriculture

3.0423, REACTIONS BETWEEN MINERAL AND OR-
GANIC COMPONENTS IN SOIL.
B. SKETOCHOWSKI, Coll. of Agriculture, Wroclaw, Poland

Object: To determine (1) the nature of the reactions between
mineral and organic soil fractions, (2) the influence of these reac-
tions on macro and micro soil structure, and (3) the indirect ef-
fect of soil structure on soil moisture and soil strength.

Plan of Work: A study will be made of the reactions between
mineral and organic fractions of soil and the influence of these
reactions on the macro and micro structure of the 'soil, emphasis
being placed on reactions resulting from long time soil manage-
ment practices that are presumed to be in equilibrium with the en-
vironmental and management conditions. This information is
required to develop cultural practices and cropping systems con-
ducive to sustained agricultural use of soil and water resources
and as a guide to soil and water conservation practice er.velop-
ment in different soil and climatatic conditions where soil struc-
ture problems exist. Thin sections of soil structure developed
from long time tillage and rotation experiments will be prepared
and optical procedures will be used in characterizing the nature of
reactions and influence of these reactions on micro structure. The
indirect effects of such structural arrangement will be evaluated
in terms of structural stability and the interactions of structure
and soil moisture in terms of moiwure retention and soil strength.

SUPPORTED BY U.S, Dept. of Agriculture

3.0424, WATER REQUIPEMENTS BY SUGARCANE
UNDER IRRIGATION
R. VAZQUEZ, Univ. of Puerto Rico, Agricultural Experiment
Sta. , Lajas, Puerto Rico

Two experiments will be conducted to study the water
requirements of sugarcane under irrigation.

In one of these experiments the effect of 20 different soil
moisture treatments on the consumptive use of water, yields and
sucrose content of sugarcane will be studied. The interaction
between fertilizer and water application also will be studied, Two
levels of irrigation controlled with tensiometers and gypsum re-
sistance blocks will be established. These irrigation treatments
will be discontinued at 6, 5, 4, 3, 2, and 1 month prior to harvest,
being irrigated with less frequency thereafter.

Another experiment will be conducted to correlate different
levels of plant-tissue water content with cane yields and sucrose
content in order to find a plant moisture index to control irriga-
tions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of Puerto Rico

3.0425, LAND FORMING FOR IRRIGATION AND
DRAINAGE IN SUGARCANE PRODUCTION UNDER PUER-
TO RICAN CONDITIONS
W.F. ALLISON, Univ. of Puerto Rico, Agricultural Experiment
Sta. , San Juan - Rio Piedras, Puerto Rico 00931

To determine the practicability and feasibility of land-form-
ing irrigated sugarcane soils in Puerto Rico. To determine the
maximum depth of cuts allowable in the various irrigated soils
that will not materially affect production. To determine the op-
timum gradients of furrows or borders. To determine the op-
timum length of runs for border and furrow irrigation systems. To
compare planting of sugar-cane in furrows versus planting on the
bed.

DESCRIPTION OF WORK: Data on plots leveled to a
uniform plane surface will be assembled to determine the effects
of the land forming operation on crop yields, the rate of recovery
of the soil to normal production levels, and the land treatment
needed to restore productivity following land forming, Also, these
plots will be further used to determine the design criteria for
gravity irrigation systems in Puerto Rico. Statistically designed
field experiments will be performed in an attempt to verify the
above-mentioned objectives. The results of these experiments will
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be interpreted and the conclusions therefrom will be published as
journal articles or in bulletin form.

SUPPORTED BY Puerto Rico Government

3.0426, RECLAMATION OF SALTY LANDS IN PUERTO
RICO
E.J. BRENES, Univ. of Puerto Rico, Agricultural Experiment Sta.
, .5an Juan - Rio Piedras, Puerto Rico 00931

1. To determine the sodium content in the salty lands of
Puerto Rico. 2. To determine the salt tolerance of crops that may
be grown in the salty lands of Puerto Rico. 3. To determine .practi-
cal means for the reclamation of the salty lands of Puerto Rico.

Description of work: Efforts will be focused toward the
development of a rapid, practical, and economical method for the
reclamation of the saline-sodic-soils of Lajas valley. Amendments
such as sulfur, calcium chloride, bagasse, rum distillery slops, and
molasses, providing water for irrigation and good drainage, will be
used until the soil profile of the saline -sodic soil is converted to a
normal soil.

A third experiment with Bermuda grass as a crop and dif-
ferent levels of sulfur, under irrigation and drainage, will also be
used for reclamation.

Finally, sea water, salty or brackish water, will be used as a
possible method to leach the sodium from the sodic soil as recom-
mended by Reeve and Bower (Soil Sc. 90(Z): 130-144, Aug.
1960 ).

SUPPORTED BY U.S. Dept. of Agriculture
Puerto Rico Government

3.0427, FARM MANAGEMENT STUDY OF THE SUGAR-
CANE FARMS SERVED BY THE LAJAS VALLEY IRRIGA-
TION DISTRICT
A.A. LLORENS, Univ. of Puerto Rico, Agricultural Experiment
Sta. , San Juan - Rio Piedras, Puerto Rico '.10931

OBJECTIVES: (1) Obtain input-output data for sugarcane
farms served by the Lajas Valley Irrigation District, (2) Deter-
mine the ability to pay water charges of these farms.

DESCRIPTION OF WORK: Sugarcane farmers served by
the Lajas Valley Irrigation District will be interviewed to obtain
quantitative input- output data for the 1966-67 and 1967-68 crop
years. Information thus gathered will be analyzed considering fac-
tots such as the economic position of the farm, the value of the
output attributaille to water use, soil classification, farm size,
number of acre-feet of water used, the presence of salinity
problems, and if water was gravity fed or applied through pump-
ing.

SUPPORTED BY Puerto Rico Government

3.0428, THE LOSS OF FERTILIZERS BY LEACHING
FROM THE SOILS OF PUERTO RICO
G. SAMUELS, Univ. of Puerto Rini, Agricultural Experiment
Sta. , San Juan - Rio Piedras, Puerto Rico 00931

To measure and collect leachings from various soils while
used to produce economic crops. 2) To determine the chemical
composition of the leachings so as to measure the plant nutrients
lost by leaching. 3) To determine how the method and time of ap-
plication and form of fertilizer influences the loss of fertilizer
nutrients by leaching.

DESCRIPTION OF WORK: By means of special lysimcters
constructed in the field the loss of fertilizers in the soils by
leaching will be studied throughout the life of the crop in order to
determine how the method and time and form of fertilizer appli-
cation influence these losses.

SUPPORTED BY Puerto Rico Government

3.0429, SMALL DESALINATION UNIT TO TEST SCALE
REDUCTION ADDITIVES
N. MADSEN, Univ. of Rhode Island, School of Engineering,
Kingston, Rhode Island 02881

In order to determine economic factors involved in evalua-
tion of scale reduction additives in evaporative desalination

processes, it is proposed that a bench-size evaporator be con-
structed with the heating surface of stainless steel and jacket of
pyrex glass for observation.

Additives to be tested include those found in a current study
which produce a normal rather than an inverted solubility
behavior for calcium sulfate and also others which seem to
produce different crystalline forms with less tendency to scale for-
mation,

Fo:lowing construction of the unit, experimental work will
involve continuous operation with varying concentrations of dif-
ferent additives to determine rates of heat and mass transfer, rate
of scale build-up and comparative costs.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

3.0430, GROUNDWATER RECHARGE
C.M. PATTERSON, U.S. Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina

Water table fluctuations are the result of variations in cli-
matic factors. A vtudy is in progress to determine the reliability of
calculating ground-water elevation fluctuations using available
climatic data. For 4 years, monthly water level measurements
have been made in 47 wells distributed over 10 square miles at
SRP. The Southeast River Forecast Center, U. S. Weather Bureau
in Augusta, Ga., collects climatic data for river forecasting. These
data were used to calculate the volume of groundwater recharge,
which in turn was used to calculate the change in the water table
evaluation. The calculated values will be compared with mea-
sured values.

SUPPORTED BY U.S. Atomic Energy Commission

3.0431, HYDROLOGY AND MANAGEMENT OF WET-
LAND FORESTS
R.A. KLAWITTER, U.S. Dept. of Agriculture, Charleston, South
Carolina

Object: To develop effective water control and soil manage-
ment techniques through increased knowledge of the hydrology,
soil properties, and soil-water-plant relations of wetland forests.

Plan of Work: The program will concentrate its effort on wet
flatlands amd pond pine bay-pocosins. These wetland types have
the greatest potential for forest growth improvement by water
control. The project staff will conduct studies in three fields of
work: (1) wetland forest hydrology, in which the water balance
will be measured to determine amount and timing of surplus
water; (2) soil-water-plant relations, the effect of soil and water
availability on evapotranspiration; and (3) engineering and soil
management including the development of water control
techniques, land leveling, prescribed burning and fertilizing to im-
prove forest growth.

SUPPORTED BY U.S. Dept. of Agriculture

3.0432, SOLID COORDINATION COMPOUNDS OF AL-
KALI METAL SALTS
N .P. MAR U LLO, Clemson University, Graduate School, Clem-
son, South Carolina 2963 I

An investigation will be conducted on the solid compounds
formed by precipitation from aqueous solution of p,p'-diari'no-
2,3 diphenylbutane and alkali metal salts, Experiments will be
directed to establish the structure of these compounds and to
evaluate the significance of the size and charge of the ionic spe-
cies and the requisite structural and electronic features of the or-
ganic material. A variety of other parameters which may in-
fluence the extent and specificity of this phenomenon and the ex-
tent to which these compounds exist in solution will be in-
vestigated.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0433, EVALUATION AND FUNCTIONAL OPERATION
OF IRRIGATION SYSTEMS
D.D. BROSZ, South Dakota State University, Water Resources
Institute, Brookings, South Dakota 57007
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The objective of the study is to obtain information for the
development of procedures to improve present irrigation prac-
tice, future irrigation management, and system selection.

The project will be initiated with a water application efficien-
cy study which will be carried out on several sites throughout
Eastern South Dakota. The main goal of this is to be able to
supply the irrigator with information so that he may properly time
a water application and apply the proper amount of water to in-
sure a high irrigation efficiency.

A study will also be made of the distribution patterns of vari-
ous automated and semi-automated systems and whether a rela-
tionship exists between application rate and crop yield. Along
with the above studies an evaluation of the various irrigation
systems will be made as to toe labor required.

The project will then concentrate on how all this information
could be coordinated and funneled to the individual irrigator.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
South Dakota State University

3.0434, EFFECTS OF MARGINAL QUALITY IRRIGA-
TION WATER ON THE ACCUMULATION OF SALTS AND
ALKALI IN SOUTH DAKOTA SOILS
W.D. LEMBXE, South Dakota State University, Water Resources
Institute, Brookings, South Dakota 57007

The purpose of this research is to determine the effects of
marginal quality irrigation water on the salt and alkali accumula-
tion in soils peculiar to the sub-humid climate existing in South
Dakota.

The approach used will be to determine initial exchangeable
sodium percentage, pH, and conductivity of soils being developed
for irrigation. The sodium adsorption ratio, residual sodium car-
bonate, pH, conductivity, and total soluble salts of the irrigation
water will also be determined. The above determinations will be
repeated periodically for the duration of the project and records
of irrigation water applied, rainfall, and cropping practices will
also be maintained,

The resulting data will be analyzed and used to test the equa-
tions and their modifications as developed by Gapon and others
and their application for estimation of exchangeable sodium per-
centage of equilibrium on soils being considered for irrigation
development in South Dakota.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Dakota State University

3.0435, BREEDING AND CULTURAL PRACTICES TO
AID PRODUCTION OF VEGETABLES IN SOUTH DAKOTA
P. PRASHAR, South Dakota State University, School of Agricul-
ture, Brookings, South Dakota 57007

a - The application of mist to cauliflower plants improved the
quality and quantity of cauliflower heads. The mean temperature
in the mist plots was reduced about 5.0 degrees F. The range of
temperature reduction varied from 1 to 14 degrees F. A positive
correlation of .76 was obtained between outside temperature and
temperature under mist plots.

The mist lines )water lines) were 21 feet apart, and 6 1/2 feet
high, and mist nozzles were 7 feet apart on each line. The pipe
size was 1 1/2 inches for the main supply and 3/4 inches for
laterals with the nozzles. On a hot day the mist system sometimes
ran several hours at a time. The nozzles were adjusted so that
each nozzle put out one- eight of an inch of water per hour with
water pressure at 40 pounds. The main water line was connected
to a constant water supply. An electric solenoid valve was con-
trolled by a thermostat set for a given air temperature. The mist
came on automatically at that temperature and shut off as tem-
perature fell below it. Under mist irrigation less water was
required to produce better crops than when the crops were grown
under sprinkler irrigation. The study is being continued in 1968.

b - An experiment at Redfield is being carried on to un-
derstand better relationships of various types of fertilizers and
rate of water to produce high yields of potatoes under field condi-
tions.

SUPPORTED BY South Dakota State Government

3.0436, IMPROVEMENT OF WATER YIELDS AND SOIL
STABILIZATION IN THE BLACK HILLS
H.K. ORR, South Dakota School of Mines, U.S.D.A Rocky Mt.
For, & Rge. , Rapid City, South Dakota 57701

Plan of work: The project staff will continue to determine the
effect of thinning ponderosa pine on soil moisture levels and the
effect of various timber harvesting systems on streamflow and
erosion from experimental watersheds. They are evaluating reha-
bilitation measures applied to burned watersheds, and methods
for rehabilitating soil and vegetation on heavily used ranges. They
will initiate studies on stand density of young ponderosa pine
stands as related to soil moisture use,

SUPPORTED BY U,S. Dept. of Agriculture

3.0437, CONTINUOUS COUNTERCURRENT EXCHANGE
SYSTEM FOR REMOVAL OF CALCIUM, MAGNESIUM
AND DISSOLVED OXYGEN FROM FEED WATER
I.R. HIGGINS, Chemical Separations Corp. , Oak Ridge, Tennes-
see 37830

Previous work has been done using continuous countercur-
rent ion exchange to soften boiler feed water where the unique
feature is the use of the boiler blowdown for regeneration. This is
possible with brackish or saline water where there is enough salt
content relative to the hardness to be removed that no new salt
needs to be purchased. A Chem ceps type continuous ion
exchange unit capable of handling about 50 gpm sea water is to be
tied in conjunction with a Baldwin-Lima Hamilton longtube
evaporator. Sea water will be softened and fed to the evaporator
blowdown and because of the removal of calcium scaling will be
prevented in the evaporator. Evaporator blowdown will be fed
back to the ion exchange unit and because of the higher salt con-
centration the ion exchange equilibria is shifted in a direction that
will give more efficient removal of calcium which has been ab-
sorbed. The more calcium that is removed, the higher degree of
concentration of the evaporator blowdown, the higher the degree
of blowdown concentration, the greater the removal of calcium.
The experimental reference points that have already been
established are 65 percent removal of calcium from sea water
with a concentration factor of 3 in the blowdown. With a concen-
tration factor of 5, there is greater than 90 percent removal of cal-
cium.

A second phase of the study is to continuously remove dis-
solved oxygen. Reference for this work is an article in the Journal
of Applied Chemistry, Vol. 7, November 1957 by E. C. Potter and
G. Whitehead with a title, 'Continuous Removal of Dissolved Ox-
ygen by Established ion Exchanges.' This oxygen removal will be
done in another continuous ion exchange unit associated with the
softening unit. Ferrous sulfate is absorbed on an ion exchange
resin and the ion precipitated with sodium hydroxide to form fer-
rous hydroxide within the resin bead. This ferrous hydroxide form
resin is mixed with the softening rosin so that calcium and oxygen
are removed at the same time. The spent resin which has been
converted to ferric is regenerated by adding acid to slightly solu-
bilize ferric hydroxide and to strip it of the concentrated brine
used to remove hardness. In laboratory studies this method of ox-
ygen removal has been determined to be very effective.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0438, WATER RESEARCH PROGRAM III CORROSION
E.G. BOHLMANN, U.S. Atomic Energy Commission, Oak Ridge
National Lab. , Oak Ridge, Tennessee

The process of initiation of pitting corrosion of certain
metals, particularly titanium, is being examined, with particular
emphasis on the effects of electrode potential, chloride ion con-
centration, temperature, and alloy composition, in an effort to in-
crease our understanding of factors responsible for the values and
the temperature dependence of the pitting potentials of titanium
and its alloys. The studies are being carried out with a small titani-
um loop equipped for carrying out electrochemical measure-
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ments to 225 degrees C. A similar Hastelloy C loop is being con-
structed for studies with solutions too aggressive for the titanium
loop.

Studies on the crevice corrosion of titanium in saline waters
at elevated temperatures are directed at developing an un-
derstanding of the mechanism of the attack and means of inhibit-
ing or preventing it with alloy additions. The work thus far in-
dicates an active-passive cell mechanism based on the formation
of a concentrated, acidic (pH less than 1) chloride solution in the
crevice. On this basis the alloy studies are being carried out in pH
equal to or less than sodium chloride solutions at 100 degrees C.

SUPPORTED BY U.S. Dept. of interior - Off. Saline Water

3.0439, DISTILLATION PLANT AND COMPONENT STU-
DIES
R.P. HAMMOND, U.S. Atomic Energy Commission, Oak Ridge
National Lab. , Oak Ridge, Tennessee

JOHNSSON The Oak Ridge National Laboratory (ORNL)
serves OSW as a technical laboratory for desalination studies,
development, and engineering under an agreement between the
OSW and the Atomic Energy Commission. ORM., provides ex-
perimental facilities, trained staff members and technical services
which can be called upon as needed. to support the OSW program
for large evaporator plants. Development of vertical-tube
evaporator plants is a major responsibility assigned to ORNL by
the OSW, but supporting studies and development activities are
performed for other types of evaporator plants also. In perform-
ing this work, ORNL relies on industry wo develop and supply the
needed commercial products and information.

The scope of active work orders includes the following: 010
Distillation information storage and retrieval, 070 Development
of improved tube fabrication methods, 090 Condenser model
tests and computerized design methods, 0110 Evaporator design,
feasibility and cost studies, 0130 Development of the CO2-sup-
pression method of controlling alkaline scale, 0140 Development
of high-flux heat transfer systems, 0160 Deacrator development,
0170 Operation of the Vertical Tube Evaporator Pilot Plant at
Wrightsville Beach, N.C., 0210 Development of computer pro-
grams for ( anomie studies, 0220 Materials information center,
0230 Development of adjustable orifices for MSF process, 0240
Hydrodynamic aspects of reverse osmosis, 0260 Study of deep-
well injection of waste brine, 0280 Design study of large vapor
compression plants, 0300 System analysis of distillation
processes, 0320 Preparation of an instrument guide manual, 0350
Study of very large desalting plant complexes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0440, REACTIONS AND TRANSPORT PHENOMENA AT
SURFACES
P.A. POSEY, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee ( 14-01-0001-931 )

The process of initiation of pitting corrosion of certain
metals, particularly titanium, is being examined with particular
emphasis on the effects of electrode potential, chloride ion con-
centration, temperature, and alloy composition in at. effort to in-
crease our understanding of factors responsible for the values and
the temperature dependence of the pitting potentials of titanium
and its alloys.

Continuing studies on crevice corrosion are concerned with
the kinetics of oxygen consumption and increase of acidity in
crevices during the initiation period as a consequence of the rate
of the corrosion reaction and of crevice geometry.

Novel electrode systems for carrying out reactions in flowing
streams are being studied. Reactions of interest include redox
processes, production of acid or base or chlorine, adsorption of
ionic and molecular species from flowing solutions under con-
trolled conditions for possible use in analysis and separations.
Electrode systems of particular interest include new configura-
tional variants which make use of porous electrodes in single
compartment cells, thus eliminating the need for diaphragms in
operation at high current densities. Other studies are concerned
with the rectification properties of metallic electrodes at high cur-
rent densities and with the development of special electrode as-
semblies for rapid and/or continuous analysis of components of
sea water.

SUPPORTED BY U,S. Dept. of Interior - Off. Saline Water

3.0441, WATER RESEARCH PROGRAM - SECTION IV.
SEPARATIONS PROCESS
P.A. POSEY U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee

The separations process subprogram at present heavily
emphasizes hyperfiltration (reverse osmosis), and in this area is
particularly concerned with properties of membranes formed
dynamically on porous bodir,s (pore sizes in the 0.15 micron
range) by presence of certain additives in feeds. Films combining
substantial salt filtration with high permeation rates are some-
times formed in this way. In addition, we are investigating boun-
dary layer phenomena, particularly in order to understand the ef-
fects of buildup of solute at the membrane-feed interface during
hyperfiltration and to develop turbulence promoters to
ameliorate these effects.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0442, PROBABILITIES OF SEQUENCES OF DRY DAYS
IN TEXAS
J.T. CARR, State Water Development Board, Austin, Texas 78711

Objective: To provide tables showing the probabilities of
sequences of dry days of various lengths based on 1931 through
1960 precipitation records for Texas. These probabilities will be
valuable in water supply planning, particularly as related to irriga-
tion.

Approach: Precipitation records for Texas will be analyzed
by computer to determine the empirical probabilities of
sequences of dry days of varous lengths. Separate probabilities
will be determined for arbitrary definitions of a wet day as one in
which precipitation is 0.01, 0.1, 0,20, 0.30, 0.40, 0.50, 0.70, 1.00,
1.50, and 2.00 inches. Actual computer work is being performed
at Texas A&M University, College Station, Texas, using a pro-
gram furnished by the U. S. Weather Bureau,

SUPPORTED BY Texas State Government

3.0443, PRELIMINARY FEASIBILITY AND ECONOMICS
OF DESALTING BRACKISH WATERS IN CANDIATE
AREAS OF WEST TEXAS
H.D. HOLLOWAY, State Water Development Board, Austin,
Texas 78711

Objective: To obtain information on the type and charac-
teristics of desalting plants most suitable to the treatment of saline
waters in West Texas and to compare the preliminary economics
of desalting these saline waters with the alternative sources of
water supply.

Approach: C aunty groupings into s',x study areas based on
similarity of present and potential water supply problems. Future
water requirements and sources of supply evaluated. Saline water
sources determined. Preliminary costs of desalted water deter-
mined for applicable desalting processes which included elec-
trodialysis, reverse- osmosis, vacuum freeze-vapor compression,
multistage flash distillation and vapor compressions-vertical tube
evaporator distillation. Costs of desalted water include feedwater
supply, feedwater pretreatment, desalting, brine disposal and
desalted water conveyance. Desalted water cost for each study
area compared with cost of water from all alternative conven-
tional water sources available to each study area.

SUPPORTED BY Texas State Government
U.S. Dept. of Interior - Off. Saline Water

3.0444, IRRIGATION WATER MANAGEMENT FOR EF-
FICIENT WATER USE IN THE SOUTHERN PLAINS
LT. MUSICK, U.S. Dept. of Agriculture, Busliland, Texas

Object: To develop methods and practices for efficient use of
water supplies for irrigated lands involving: optim.. use of
limited irrigation water; soil moisture availability it ation to
plant development; improved prediction of when an A how much
to irrigate; soil surface and profile modification for improved in-
take, transmission, and storage of water in the soil; and systems of
design, including application method, equipment., flow hydraulics
and management.
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Plan of Work: Field plot and supporting laboratory studies,
will be conducted in irrigated areas of the Southern High Plains
and the Lower Rio Grande Valley. These studies will involve ir-
rigation water management in relation to plant factors such as
crops, cropping sequence, planting methods and dates, nutrient
requirements, plant density, and plant development; soil proper-
ties that affect intake, transmission, storage, and distribution of ir-
rigation water; systems design and management factors such as
graded and level systems, alternate and every furrow irrigation,
row grade, length of run, stream size, duration of application, fim .
ing of irrigations, automatic water control devices, reuse of ru-
noff, application method, and distribution efficiency; factors
relating to climate such as actual and potential evapotranspira-
tion, soil water evaporation during noncropped periods, irri, ttion
water requirements and need for and developing and testing of in-
dicators for predicting when to irrigate, such as plant charac-
teristics, soil factors, and use of climatic instrumentation and
data.

Cooperation: Texas Agricultural Experiment Station; SCS;
U. S. Bureau of Reclamation; soil conservation and irrigation dis-
trict, private agencies.

SUPPORTED BY U.S. Dept. of Agriculture

3.0445, GRADED FURROWS FOR RUNOFF AND ERO-
SION CONTROL
R.W. BAIRD, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Numerous methods have been used to lessen the erosion in
cultivated fields by runoff water. Most of the methods entail con-
siderable installation cost and reduce, the efficiency of farm
equipment. Another method that has been used experimentally is
maintaining ridges and furrows laid out on specified grade so that
no furrow will receive runoff water except that falling in one row
width. These furrows and ridges are maintained through the sear
by ordinary farm operations.

Graded furrows have been established with lengths of 340,
520, and 930 feet, and runoff and erosion measuring equipment
installed. Information obtained will determine if this system is
satisfactory for erosion an runoff control. It will also furnish the
information needed for design and layout of this system.

Results from the first two years indicate good runoff and ero-
sion control and crop yields have been equal to those with more
conventional treatment. Only minor modifications have been
required to adapt ordinary farm eluipment to this practice. If
some of the cultural problems involved can be effectively solved,
this system should reduce the costs of farm operations on many
fields where control of runoff water and erosion is a serious
problem.

SUPPORTED BY Texas State Government

3.0446, CROP RESPONSE TO STATIC AND FLUCTUAT-
ING WATER TABLES
E.A. HILER, Texas A & M University System, School of Agricul-
ture, College Station, Texas 77843

The objectives of this research are as follows: (1) To quan-
titatively determine the effect of static water-table level on crop
response; (2) To quantitatively ascertain the effect of water-table
fluctuations on crop response; (3) To quantitatively evaluate how
soil salinity level affects optimum values determined in ( I ) and
(2); and, (4) To evaluate other factors such as soil aeration status,
soil temperature and moisture content, for use as drainage design
criteria.

Field lysimeters will be utilized to determine quantitative
results regarding drainage and irrigation requirements of grain
sorghum and sugar beets. Undisturbed cores of characteristic
sandy loan and loam soils or Texas will be utilized in the lysime-
ters. The lysimeters will be three feet in diameter and seven feet
deep.

Crop response to static water tables of two, four, and six feet
and a well-drained condition will be evaluated. Objective 4 will be
considered during these tests. Fluctuating water-table experi.
ments will be directed toward determining how fast the water
table must be lowered from the surface to prevent reduction in
potential crop production. Salinity studies will be initiated only

after achievement of satisfactory results regarding objectives 1
and 2.

A portion of the first year will be spent installing the lysime-
ter, the shelter, the weather station and auxiliary equipment. It is
intended that the installation will be complete by the spring of
1968, so that the experiments with grain sorghum may be initiated
at that time.

SUPPORTED BY Texas State Government

3.0447, FEASIBILITY OF THE ESTABLISHMENT OF
PERMANENT SALINE-TYPE AGRICULTURE ON ALLUVI-
AL SOILS OF THE PECOS RIVER VALLEY OF TEXAS
D.E. LONGENECKER, Texas A & M University System,
Agricultural Experiment Sta. , College Station, Texas 77843

Objective: 1. To determine the more immediate equilibrium
effects of continued application of highly saline irrigation to
Pecos River Valley soils on the following: a. The composition and
concentration of soluble salts at various depths in the soil profile.
b. The composition and ratio of adsorbed ions (sodium, calcium,
magnesium and potassium) on soil exchange complex. 2. To
determine the longer range or cumulative effects of application of
these waters on soluble salts and exchangeable ions in these soils.
3. To determine the effect of supplementary additions of better
quality water (possibly soil amendments) on the above soil chemi-
cal equilibriums. 4. To correlate the effects of irrigation water
management and control practices on rate and degree of soil
salinization. 5. to determine the germination, growth, production
and longevity of certain salt tolerant grasses, legumes, field crops
grown on these soils and irrigated with saline pump waters. 6. To
continue to evaluate and select highly salt tolerant grass, legume
and field crop varieties and strains as to their suitability for hay,
pasture or crop production on these saline soils.

SUPPORTED BY Texas State Government

3.0448, VARIABLE ROW SPACING AS A MEANS FOR
REDUCING COSTS AND CONSERVING WATER IN IR-
RIGATED COTTON PRODUCTION
D.E. LONGENECKER, Texas A & M University System, Gradu-
ate School, College Station, Texas 77843

Objectives: 1. To evaluate a new system of variable-row cot-
ton spacing, and to compare yields and cost reductions with nor-
mal planting systems. 2. To study physiological implications of the
new system, including varietal response, plant growth, boll
characteristics and fiber properties, as compared with current
systems. 3. To investigate agronomic and engineering aspects of
the system, including plant spacing, fertility, water requirements,
need for cultivation and weed control, and changes in design of
mechanical harvesting equipment. 4. To determine the effect of
the new system on the incidence of cotton diseases, primarily
Verticillium wilt and bacterial blight.

Variable row spacing is herein defined as an alternate 26-54
inch row spacing, with narrow furrows between the 26 inch rows
for less total water application, reduced evaporation rates, better
water utilization efficiency by the crop, and better weed control.
The 54 inch spacing constitute wide double row beds. Com-
parisons would be made with standard 38-40 inch evenly spaced
rows, the current planting method.

SUPPORTED BY Texas State Government

3.0449, THE EFFECT OF BENCH LEVELING AND CON-
TRIBUTING WATERSHED AREAS ON SOIL MOISTURE
STORAGE AND CROP YIELDS IN THE ROLLING PLAINS
P.T. MARION, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Project Objectives and Description of Work Proposed: A. To
evaluate the practice of dryland bench leveling on Abilene and
Tillman clay loam soil as related to: (1) water storage and use by
cotton and other selected field crops, (2) yield and quality of cot-
ton and other crops. B. To determine the feasibility of using con-
tributing watersheds to bench leveled land as an additional source
of water. C. To determine the correct spacing of leveled land as
an additional source of water. C To determine the correct spac-
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ing of level borders for maximum conservation of water con-
sistent with cost and yield. D. To determine the economic feasi-
bility of a dryland level-border system by maintaining cost records
and relating such cost to yield increases.

Previous work at Spur and other locations has shown a
potential benefit from bench leveling in water retention, runoff
distribution, and crop yield. Measurements and determinations
will be made on moisture, yield, and soil physics. Costs will be
determined for each treatment.

SUPPORTED BY Texas State Government

3.0450, ITERROW WATERSHEDS AS A MEANS OF IN-
CREASING RAINFALL EFFICIENCY
J,R. MULKEY , Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Objectives: a) To compare moisture utilization of cotton
planted in skip row systems with solid planted cotton. b) To in-
vestigate the feasibility rif establishing interrow watersheds in
skip-row planted cotton as a means of diverting additional water
into the root zone of growing plants. c) To evaluate the use of
chemical and physical barriers which retard or restrict water infil-
tration as a means of establishing efficient interrow watersheds.
d) To evaluate the potential of using interrow watersheds in wide
row spaced vegetable crops as a means of producing vegetables
on nonirrigated soils in the Rolling Plains of Texas.

Work Proposed: Interrow watersheds are herein defined as
the unplanted areas in skip-row planted crops or the unplanted
area between rows in crops planted in wide row spacing. The fu.:3

potential of diverting rainfall from these areas onto growing crops
will be evaluated. A screening process will be used to select
chemical and physical barriers to be used in such a system from
both the standpoint of efficiency and cost.

SUPPORTED BY Texas State Government

3.0451, CONSERVATION AND UTILIZATION OF RAIN-
FALL AND IRRIGATION WATER
J.S. NEWMAN, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Objectives: (I) To determine the influence of slope under
different moisture levels on the following: runoff, subsurface
moisture content and distributien, irrigation efficiency, and crop
production. (2) Tc determine the influence of conservation prac-
tices including level, side-slope, and graded benches, field level-
ing, and parallel terrace on runoff, subsurface moisture content
and distribution, crop yields and irrigation efficiency. (3) To
determine cultural practices necessary to restore high yields capa-
bilities in cut and fill areas resulting from land forming.

This project deals with the influence that slope, land forming
and irrigation practices have on more efficient utilization of rain-
fall and irrigation water, soil productivity and crop yields.

SUPPORTED BY Texas State Government

3.0452, THE ECONOMICS OF IRRIGATED CROP
PRODUCTION BY LOW CAPACITY WELLS AND BY
SPRINKLER SYSTEMS ON TEXAS FARMS
J.S. WEHRLEY, Texas A & M University System, School of
Agriculture, College Station, Texas 77843

Three alternative water management programs for a typical
resource situation in an area of the Texas High Plains where water
supplies are becoming critical were analyzed. A program which
maintained constant acreage by increasing irrigation facilities to
compensate for declining water levels was found to be
uneconomical. Even though this program most nearly reflects the
historical changes that have occurred in the water management
programs and the average annual rate of static water level decline
in the area, it would result in excessive unrecovered investment at
the end of its economic life.

A water management program of maintaining only existing
wells and equipment would utilize the existing water resources
over the longest time period but also leave unrecovered invest-
ment when the economic life of the irrigation water is exhausted
according to the depreciation assumptions used. A program

under which new irrigation facilities would be purchased only
when the investment could be recovered in a four year period
would result in the last unrecovered investmere", the highest
return to labor and water and the greatest net returns.

The complete resnits of this analysis are being detailed in a
Master's thesis. This analysis presented the two logical extremes
of irrigation water utilization in Subarea 3-3 and guidelines for a
program which would obtain the optimum economnic returns
over the life of the water resources. The results will be extremely
valuable to producers in the area who must decide on their future
irrigation program under declining water levels.

SUPPORTED BY Texas State Government

3.0453, ASSEMBLY AND EVALUATION OF AN IM-
PROVED PPB OXYGEN ANALYZER FOR SEA WATER
H.C. BEHRENS, Dow Chemical Company, Freeport, Texas ( 14-
01-0001-1832 )

This program will consist of the development and proving of
an on-stream oxygen analyzer with an automatic calibrator to
form a system with a capability for accurate dissolved oxygen
measurement in the range of 0 to 10 parts per billion for sea water
application.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0454, SEAWATER CORROSION CONTROL BY EN-
VIRONMENT MODIFICATION
R.A. LEGAULT, Dow Chemical Company, Freeport, Texas

This program will consist of a laboratory study to explore the
possibility that environmental changes can be employed to permit
the economic use of steel or aluminum as materials of construc-
tion for heat exchanger surfaces in desalination plants. The en-
vironmental variables to be examined in this study are as follows:
pH, concentration of dissolved oxygen, heavy metal ion concen-
tration, and the addition of a variety of corrosion inhibiting
materials. The environmental changes which appear most promis-
ing in static corrosion tests will then he studied under dynamic
conditions.

SUPPORTED BY U.S. Dept. of Interior Off. Saline Water

3.0455, SEA WATER CORROSION TEST PROGRAM
L. RICE, Dow Chemical Company, Freeport, Texas (14-01 -0001-
2150)

The program will consist of a 19-month study having the
basic purpose of developing a better understanding of the interac-
tion of metals with sea water environments, particularly under the
conditions of temperature, pH, dissolved gases, concentration,
and chemical treatment encountered in distillation-type desalina-
tion plants. This contract is a continuation of Contract No. 14-0
0001-1090.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0456, A STUDY OF HEAT TRANSFER IN THE FLUTED
VERTICAL TUBE EVAPORATOR
L.C. ELLIOTT, Houston Research Institute, Houston, Texas

The General Electric double fluted tube has shown promise
for use in distillation type desalting plants. Measurements of
average individual heat transfer coefficients, pressure drop and
entrainment are being made on a 3 in. nominal diameter by 110 ft.
long fluted tube. Pressure levels for the evaporation side range
from 26 in. Hg vacuum to 1 atm. The results have shown that the
condensing heat transfer coefficient is about five times higher
than the evaporation heat transfer coefficient. Additional studies
will further define the effects of: a. sea water versus fresh water; b.
baffling to give induced interfacial shear on the evaporated side;
c. presence of air in the condensing steam; d. reduction in diame-
ter of the tube.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0457, INSTALLATION OF INSTRUMENTATION FOR
CLAIR ENGLE PLANT
R.J. SILBERMAN, Houston Research Institute, Houston, Texas
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Highly accurate instrumentation with data acqubition and
computer hardware is being installed in a flash evaporator
desalination plant. The purpose of the system is to provide equip-
ment for fast data retrieval and for calculation of the performance
characteristics of horizontal tubular exchangers in the plant. Spe-
cially designed RTD temperature probes are installed inside and
outside of the exchanger tubes. Flowmeters monitor production
of exchanger sections being investigated. Absolute and pressure
differential instruments further define operating conditions.
Other installed equipment enables the investigator to get supple-
mentary informaClen such as flow profiles across exchanger tubes
and process and product troughs; pressure profiles in vapor chan-
nels; gas analyses at particular vessel vapor points; and data on
plant process operating conditions. Approximately 450 points of
data are scanned through a multiplexer at a rate of 10 per second,
or sampled individually. The data may be displayed digitally or
printed out on a teletype. It is anticipated that the system be util-
ized for other program controlled investigations of plant opera-
tion.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0458, FUNDAMENTAL STUDIES IN METASTABLE
FLASHING FLOW
A.E. DU KLER, Univ . of Houston, School of Engineering,
Houston, Texas 77004

This is an investigation to determine the variables governing
flash vaporization under flowing conditions. Studies will be made
to characterize flow and phase distribution in flashing devices,
and the effects of the geometry of the flashing device on flow and
mass transfer will be evaluated. The results arc expected to con-
tribute to the understanding of metastable flashing flow and to the
design of more efficient devices for flash evaporation.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0459, THEORETICAL AND EXPERIMENTAL STUDIES
OF TURBULENCE AND MIXING NEAR ROUGH SURFACES
F.L. WORLEY, Univ. of Houston, School of Engineering,
Houston, Texas 77004

The objective of this investigation is to obtain experimental
data regarding the turbulence and mixing characteristics in flow
adjacent to a rough surface. These data will be obtained by using
a new type laser anemometer which will permit the study of the
turbulence properties closer to the rough surface than has ever
been possible before. In addition this new system will be used to
measure for the first time correlation coefficients which describe
the turbulent mixing and energy dissipation process.

These data will be used to obtain a better understanding of
the role of surface roughness in the mechanism for turbulent
energy dissipation and should lead to techniques for predicting
this quantity as well as the allied problems of mass and thermal
energy transport.
SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0460, THE MINERALOGY AND CHEMISTRY OF SOILS
AND SEDIMENTS OF HIGH PLAINS PLAYAS
B.L. ALLEN, Texas Technological College, Water Resources
Center, Lubbock, Texas 79409

Almost n:i of the runoff water of the interior High Plains of
Texas and New Mexico collects in shallow enclosed depressions
called playas. Probably very little of the collected water perco-
lates into the important aquifer, the Ogallala formation, because
of the very low permeability of the playa floor soils. Apparently,
most of the water evaporates. The mineralogy and certain chemi-
cal properties of the clays in the soils and sediments from playas
selected according to soil type and topography will be deter-
mined. They will be related to similar properties of surrounding
soils. Similar determinations will be made of material suspended
in the playa water. These data are needed for the proper design of
mechanical filters or for the removal of sediment by chemical
flocculation in developing effective recharge systems. Addi-
tionally, the information will be beneficial in the modification of
playas to concentrate water for irrigation, wildlife habitats,
sewage effluent storage, and mosquito control.

Standard techniques, including X-ray diffraction, differential
thermal, and infrared absorption will be used to study the clays.
Absorption and emission spectrophotometric determinations will
be made of the soil water and adsorbed cations. The effects of the
clay mineralogy and chemistry upon soil permeabilities will be
evaluated.

SUPPORTED BY U.S. Dept. of Interior - a Water Res. Rch
Texas Technological College

3.0461, THE ECONOMICS OF A REGIONAL MUNICIPAL
DESALTING SYSTEM IN THE LOWER RIO GRANDE VAL-
LEY OF TEXAS
W.L. PREHN, Southwest Research Institute, San Antonio, Texas
(603)

An investigation of the economics of a regional municipal
desalting system in the lower Rio Grande Valley of Texas as a part
of the comprehensive Texas Water Plan. The study investigated
the comparative economics of nine cases of desalting to serve mu-
nicipal and industrial water needs in this region.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0462, RELATION OF CLIMATIC AND WATERSHED
PHYSIOGRAPHIC AND CULTURAL FACTORS TO WATER
YIELD
R.W. BAIRD, U.S. Dept. of Agriculture, Temple, Texas

Object: To identify the climatic and watershed factors in-
fluencing water yield from agricultural watersheds, to evaluate
the factors quantitatively; and to develop simple field procedures
by which seasonal, annual, and long period yield of water for
ungaged watersheds may be reliably estimated.

Plan of Work: The work is currently concentrated on a seg-
ment of the Wishita River Watershed in the vicinity of Chickasha,
Oklahoma; on small agricultural watersheds near Stillwater,
Oklahoma; at the Blacklands Experimental Watershed, Riesel,
Texas; and on Lowrey Draw at Sonora, Texas. Some of the factors
required for the analyses and which are measured or otherwise
documented for the study are: rates and duration of streamfiow;
precipitation patterns; antecedent moisture; season soils; land
use; conservation and watershed management practices; ground
water elevations; riparian vegetation; geology; gradients and
hydraulic roughness of stream channels, and the size, shape, and
other geomorphic attributes of the watersheds. The downstream
effects on flow regimes associated with improvement works in up-
stream tributaries is a primary phase of the study on the Washita
River Watershed.

SUPPORTED BY U.S. Dept. of Agriculture

3.0463, STRUCTURE AND MORPHOLOGY OF INOR-
GANIC MEMBRANES
W.O. MILLIGAN, Baylor University, Graduate School, Waco,
Texas 76703

A detailed investigation of the structure and morphology of
inorganic membranes, particularly semi-permeable membranes
such as the classical cupric ferrocyanide membrane, is being un-
dertaken using x- ray diffraction, electron diffraction, electron
microscopy, and dehydration isobaric methods.

Electron microscopic studies of the freshly precipitated
cupric ferrocyanide confirm that the gel is a finely-divided
precipitate containing particles in the range of 10 to 20 A. Upon
further aging in distilled water for a period of 48 hours or more,
cupric ferrocyanide will form very thin sheets several hundred A
units in cross-section, With the appearance of this sheet material,
several new lines appear in the electron diffraction pattern and in
the x-ray diffraction pattern, indicating a larger unit cell. (A
detailed structure analysis of this larger unit cell is underway.)
These large spacings appear and disappear as a function of water
content, thus indicating a possible water transport mechanism
thru the crystals.

At the present time, crystal structure and aging studies are
being carried out on some thirty or more heavy metal ferrocya-
nides, ferricyanides, and cobalticyanides which are isomorphous
with cupric ferrocyanide.
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Series of these inorganic substances giving both the large and
small unit cell will be made into support membranes and tested
for semi-permeable properties. The results of such experiments
may be helpful in formulating a transport mechanism for the
desalting of water through the use of inorganic semi-permeable
membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0464, INFLUENCE OF TRANSPIRATION SUPPRES-
SANTS, SPRINKLER IRRIGATION & MOISTURE LEVELS
ON "TRANSPIRATION & EVAPOTRANSPIRATION
C.J. GERARD, Texas A & M University System, Agricultural Ex-
periment Sta, , Weslaco, Texas

Water is one of our most important resources and is often a
limiting factor in irrigation areas. Past research indicate that in an
irrigated agriculture conservation of water, as much as 25% can
be achieved by applying less water and applying eater to plants
during their critical demand periods. The proposed research pro-
ject plans to determine if significant reduction in water require-
ment can be achieved by modifying the microclimate in the plant
canopy. The use of transpiration suppressants and sprinkler ir-
rigation may offer opportunities to modify the microclimate and
therefore reduce transpiration and evapotranspiration.

Field experiments with tomatoes and citrus will be conducted
to determine the influence of transpiration suppressants (reflec-
tive coatings), sprinkler irrigation and moisture levels of
evapotranspiration and microclimate of plant canopy. The in-
fluence of the above treatments on transpiration will be evaluated
using a thermoelectric method under field and controlled
chamber conditions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas A. & M. University System

3.0465, SPECTRAL RECONNAISSANCE FOR DIAGNOSIS
OF SOIL AND WATER MANAGEMENT PROBLEMS
V.I. Ai Y ER S , U.S. Dept. of Agriculture, Weslaco, Texas

Object: To determine mechanisms affecting reflectance from
plant and soil surfaces and the interactions of environmental con-
ditions with reflectance using multispectral techniques; and to
develop diagnostic procedures for laboratory and field use by
remote sensing.

Plan of Work: This work will be conducted first in the labora-
tory and greenhouse to determine the consequences of such fac-
tors as salinity, drought, toxic ions, disease and fertility levels to
the physiological and morphological characteristics of internal
plant tissue. Plant and soil conditions which may result in mar-
kedly different spectral reflectance will be established under con-
trolled conditions that will include different levels of soil
moisture, salinity and fertility, disease incidence, and presence or
absence of toxic salts or growth regulator chemicals. Cotton will
be used as tne indicator crop during the first studies but other
biological materials will be subsequently used. The second phase
of the work will include field plantings under different environ-
mental and biological conditions as indicated by the laboratory
studies. This will be followed by aerial flights over the fields using
multispectral sensing equipment and techniques for the develop-
ment of predictive procedures.

Cooperation: Texas Agricultural Experiment Station, Soil
Conservation Districts in the Lower Rio Grande Valley, National
Aeronautics and Space Administratic n, Department of Defense,
SCS.

SUPPORTED BY U.S. Dept. of Agriculture

3.0466, SALINE AND SODIC SOILS AND IRRIGATION
WATER QUALITY PROBLEMS IN THE RIO GRANDE
RIVER BASIN
C.L. W !EGAN D, U.S. Dept. of Agriculture, Weslaco, Texas

Object: To study the distribution and quantity of salts and
exchangable cations in soils as affected by leaching, water quality,
drainage and management practices; to evaluate the effectiveness
of practices for removal of soluble salts and exchangeable sodi-
um; to determine the effects of the salinity and sodium status of

soils on plant growth; and to develop cultural and soil manage-
ment systems to improve growth, production and quality of crops
grown on saline and sodic soils.

Plan of Work: Various cultural, irrigation, drainage, and
amendment pract. -es will be conducted to displace or replace
soluble salts and exchangeable sodium from soils with leaching
water or by other processes. Changes in salt and sodium status of
soils under study will be determined by chemical analyses. Solu
ble salt and exchangeable sodium content in problem areas will be
investigated in relation to water quality, water table height,
precipitation, topography, and farming practices with subsequent
derivation of statistical and graphical relationships. Various crops
and varieties of crops will be grown on soils of different levels of
salt and exchangeable sodium to determine the effects of salt and
sodium on crop yield and quality. Quantitative relationships
between yield reduction and the salt and sodium status of soils
will be developed.

Cooperation: Texas Agricultural Experiment Station; U.S.
Salinity Laboratory; soil conservation districts.

SUPPORTED BY U.S. Dept. of Agriculture

3.0467, THE TRANSPORT OF SALTS AND WATER
ACROSS A CATION EXCHANGER UNDER A GRADIENT
OF HYDROSTATIC PRESSURE.
P. MEARES, Univ. of Aberdeen, Aberdeen - Old Alberdeen, United
Kingdom

Very little work has been published on transport across ion
exchange membranes under a mechanical pressure gradient. It is
proposed to study the rates of flow of water, and the streaming
potentials and streaming currents across a phenol sulphorgic ca-
tion exchange membrane in contact with solutions of sodium,
strontium and caesium bromides.

The mechanical transference numbers of the ions in the resin
will be measured by observing the movement of radio tracers
along a strip of membrane to one end of which a high pressure is
applied.

By combining a pressure gradient with other force fields it is
hoped to examine some of the unstable and oscillatory flux
phenomena which have been reported recently.

The data will be combined with the information already
secured on this membrane in contact with these electrolytes when
acted on by other force fields. This will allow a rigorous test of the
non equilibrium thermodynamic theory of membrane transport.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0468, NEW SYNTHETIC MEMBRANES FOR REVERSE
OSMOSIS DESALINATION
A. SHARPLES, Arthur D. Little Research Inst, Midlothian - Scot-
land, United Kingdom

Previous studies in our laboratories have shown that
copolymers based on galactose methacrylate, and methyl
methacrylate show promise in connection with the formation of
membranes for reverse osmosis. The present project is concerned
with optimizing the system igi order to obtain high throughput
products.

In addition, two new systems are being studied. The first uses
glyceryl methacrylate as the hydrophilic component to replace
galactose methacrylate. The second uses vinyl carbazole as the
hydrophilic component, in order to obtain a high resistance to
compaction.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0469, ANALYSIS OF DESALTING PLANTS AS A
SOURCE OF SUPPLEMENTAL SAFE YIELD
C. CLYDE, Utah State University, Utah Water Research Labora-
tory, Logan, Utah 84321 (14-01-0001-1711)

The objectives of this study are to develop a computer pro-
gram using a methodology consistent with techniques and
methods now being used to assess natural water supply systems to
(1) determine the optimum fashion in which to operate desalting
plants to provide supplemental safe yield; (2) assess impact of
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such operation on the performance characteristics and design of a
desalting plant used in this service, as well as in the identification
of unique operating features of the plant.

SUPPORTED BY U.S Dept. of Interior - Off. Saline Water

3.0470, OPTIMIZATION IN THE USE OF VARIABLE
QUALITY DESALTED WATER AND AN APTIFICAL UN-
DERGROUND RESERVOIR TO SUPPLY PEAK MUNICIPAL
WATER DEMANDS
R.N. DEVRIES, Utah State University, School of Engineering,
Logan, Utah 84321

The objective of this research is to develop a mathematical
model of a municipal water supply system that includes a supply
source from a variable quality output desalting plant to be used in
conjunction with an artificially recharged underground aquifer
reservoir,

Testing of the model will be done on an actual situation,
namely that of supplying the City of Lincoln, Nebraska with addi-
tional water to meet its future demands.

Three methods of desalting are being considered. These are:
total distillation, electrodialysis, and reverse osmosis. These were
chosen since the study is limited to the desalting of brackish
ground water available in inland cities.

Optimization techniques, such as linear, non-linear and
dynamic programming will be used in completing the study.

SUPPORTED BY Utah State Government
Utah State University

3.0471, EVALUATION OF FIVE METHODS FOR SAM-
PLING DESERT AND WETLAND VEGETATION
N, FOLKS, Utah State University, State Coop. Wildlife Res. Unit,
Logan, Utah 84321

Five vegetation sampling methods--the point-frame transect,
the 100-square-foot plot, the 0.20 - square -foot plot, and the step-
point, estimation-plot method--will be compared on three dif-
ferent ecological types. Comparisons will be made en Desert
Shrub-Grass Polygonum-Marsh, and Eleocharis-Marsh types.

Th:s work is to be done on the Ouray National Wildlife
Refuge in northeastern Utah and on the Monte Vista National
Wildlife Refuge in southwestern Colorado.

At the Ouray Refuge, two cover types will be chosen for
study due to ecological position and uniformity of vegetational
composition. One study area will be located on a dry sandy bench,
the other in a moist river clay-loam flood bottom commonly
called a river oxbow. A third cover type will be located at the
Monte Vista Refuge because of its ecological position and
uniformity of vegetation at a higher elevation.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Utah State University

3.0472, IRRIGATED PASTURE AND MEADOW
ESTABLISHMENT AND MANAGEMENT
W. KELLER, Utah State University, Agricultural Experiment Sta.
, Logan, Utah 84321

Object: To develop high producing grass-legume mixtures for
irrigated pastures, dependable procedures for establishing them,
and management practices to insure maximum productivity; to
determine effective management practices for flood meadows, in-
cluding methods for destroying the native sod and establishing
more productive species.

Plan of work: Irrigated pasture studies will include methods
of establishing various combinations of grasses and legumes in
replicated plots seeded at different seasons, using different types
of seedbed preparation, with and without companion crops, with
varying amounts and frequencies of irrigation water and fertilizer.
If possible, plots will be harvested by grazing animals but the
vegetation will be sampled to measure dry-weight yields, obtain
chemical analysis and botanical composition. Climatic and en-
vironmental characteristics will be documented and all manage-
ment practices accurately standardized in order to project ex-
perience to areas not experimented upon. Studies on flood ir-
ripted meadows will include management of existing vegetation

for greater forage yields (regulation of water, introduction or
management to increase legumes, fertilizer treatment, harvesting
at different stages to determine proper stage for maximum
nutrient yield, etc.). Search will be continued for means of
destroying existing sod and replacing it wi...11 high-production spe-
cies.

SUPPORTED BY U.S. Dept. of Agriculture

3.0473, FARM CONVEYANCE AND WATER APPLICA-
TION
C.W. LAURITZEN, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

Objectives: To develop 1. Improved methods of conveying
water on the farm. 2. Improved methods of applying water to the
land.

Work Proposed: The design, development, and testing of
conveyance, diversion, and application structures will be un-
dertaken. Emphasis wiii be on new materials such as butyl aad
plastics, but not necessarily confined to these, and will include
both surface and overhead applications.

SUPPORTED BY Utah State Government

3.0474, THE IMPROVED USE OF WFT AND SALTED
SOILS FOR FORAGE PRODUCTION
H.B. PETERSON, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

To improve production on the wet and salted soils of the
state by: ( 1 ) reclamation methods adapted to the special condi-
tions on marginal lands. (2) finding cultural practices that will im-
prove the soil conditions for plant growth and minimize the ad-
verse factors. (3) a physiological study to determine how spits and
exchangeable sodium in soil adversely affect plants.

The field studies will be conducted in Cache Valley on an ex-
perimental drainage farm where such things as salt removal by
special techniques, mole drains, species performance, soil amend-
ments, etc. can be evaluated.

SUPPORTED BY Utah State Government

3.0475, UNDESIRABLE SHRUB AND TREE CONTROL
G.A. VANEPPS, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objective: To develop economical and effective methods in
controlling certain low use undesirable shrubs and trees that may
be high users of water.

Work Description: Study sites will be obtained on private,
state and federal lands located in Central Utah. Initial stages of
the study will deal with Gambel oak (Quercus gambellii), with
aspen, chokecherry and others included later. Treatments will be
chemical herbicides, mechanical and fire or combinations, with
major emphasis on herbicides. Herbicide treatments to include
various chemicals, rates, times arid methods of application, such
as foliar, basal and soil treatments. Climatic and soil data will be
obtained. Data will be gathered ol plant regrowth, top kill, total
kill, or other abnormal symptoms arising from the various treat-
ments.

SUPPORTED BY Utah State Government

3.0476, VEGETATION AND SOIL RESPONSE TO SOIL
SURFACE TREATMENTS
N.E. WEST, Utah State University, Agricultural Experiment Sta. ,
Logan, Utah 84321

Objectives: To determine the effects of pitting and contour
furrowing on productivity and vigor of vegetation, temperature
microclimates, soil moisture economy, and erosion reduction.

Description: Paired plots on previously treated and untreated
areas of shadscale zone rangeland will be evaluated for response
of production and vigor of vegetation, temperature micro-cli-
mate, soil moisture and erosion Control. Economic evaluation of
these practices will also be attempted,
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SUPPORTED BY Utah State Government

3.0477, DESIGN FACTORS IN SURFACE IRRIGATION
L.S. WILLARDSON, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

1. To determine the, effect of furrow stream sizes on irriga-
tion efficiences. 2. To determinP thc magnitude of seasonal infil-
tration variations on some classified soils. 3. To de velop a relation
hetween infiltration as measured in furrows and by infiltration
cylinders.

Work will bc done to develop a method of accurately mea-
suring the amount of water absorbed along a furrow at different
times. Knowledge of thc amounts bcing absorbed in various
reaches of the furrow is required. Present methods of measuring
watcr will be considered for their adaptability to the problem.
When a satisfactory method has bcen developed it will bc tested
in the field. Water distribution patterns along farrows will be
determined The effect of furrow stream advance rate and of ir-
rigation duration on watcr application efficiency will be deter-
mined. Analyses, using electronic computer techniques will con-
tinue on data already collected for objective No. 3. Further col-
lection of data in the field may be required to chcck equations
developed.

SUPPORTED BY Utah State Government

3.0478, LEACHING AND RECOVERY OF COPPER FROM
ORES AND WASTE DUMPS
J.B. ROSENBAUM, U.S. Dept. of Interior, Metallurgy Research
Ctr. , Salt Lake City, Utah 84112

Study and determine major factors that contribute to
mechanisms of hcap leaching copper oxide or silicate ores. Seek
means of expediting extraction. Also seek methods of improving
leachability of sulfide-type ores. Investigate improvements in thc
recovery and processing of ccmcnt copper from leach liquors to
obtain a usable finished product.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

3.0479, STUDY OF BIOLOGICAL DESALINATION
PHENOMENA AND SALT TRANSPORT MECHNAISMS OF
SELECTIVE AVIAN SALT GLANDS
J.M. SPURLOCK, Susquehanna Corporation, Alexandria, Vir-
ginia 22314

The program includes two major phases. The first phase con-
sists of an analytical study of various biological ion transport
systems and, based upon results of recent research on these
systems, new approaches or concepts will be defined for thc appli-
cation of these research results to the development of new or im-
proved practical desalination processes. The second phase in-
volves an investigation to elucidate the salient mechanisms and
structural characteristics associated with selective ion transport
by the avian salt glands of white china geese as a specific biologi-
cal model related to sea gulls. Included in thc second phase is the
development of techniques for handing and assaying salt gland
membranes from white china geese.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0480, DEVELOPMENT OF ECONOMICAL METHODS
OF BORON REMOVAL FROM IRRIGATION RIP,TURN
WATERS
E.W. DUN KLIN, Melpar Inc. , Falls Church, Virginia

The primary objective of this program is to develop economi-
cal methods of boron removal in irrigation rcturn waters for sub-
sequent use in multi-million gpd capacity reverse osmosis plants.
Under the scope of work, the effectiveness of conventional water
pre-treatment methods for boron removal using a synthetic irriga-
tion rcturn water will bc investigated and laboratory tests to
develop new methods of boron removal will be conducted. Cost
estimates for each method will also be made. The two or three
most promising methods will bc selected for field evaluation and
design drawings for thc construction of a test unit will bc
prepared.

SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

3.0481, DEMONSTRATION OF ALUMINUM IN SEA-
WATER DESALTING
D.A. FAUTH, Reynolds Metals Company, Richmond, Virginia
(14-01-0001-1095)

To design and build a 50,000 gpd flash distillation desalina-
tion unit for evaluating thc performance and to determine the
useful life of aluminum alloys as the material of construction for
the heat exchanger tubing in this environment. Thc unit is built
using carbon steel flash chambers and 3003, 5052, 6061, and
3004 clad aluminum tubing. Thc watcr boxes, interstagc parti-
tions, tubc sheets, dcgassificr, and deacrator arc made of 6061
aluminum. The aluminum components are isolated from electri-
cal contact to thc steel. Thc unit is designed for automatic opera-
tion and has a top brine temperature of 250 degrees F. Thc design
is conventional flash distillation process with 24 heat recovery
and two hcat reject stages. Sulphuric acid is used for scale con-
trol. Corrosion probes are located throughout the plant for
recording instantaneous corrosion rates. The water boxes can be
removed for inspecting the internal surfaces of thc aluminum tub-
ing by use of a borescopc. Top and side access covers can bc
removed for inspection of thc external surfaces.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Watcr

3.0482, FACTORS AFFECTING WATER CONSERVATION
FOR PLANT GROWTH IN THE LOW RAINFALL AREA OF
EASTERN WASHINGTON
F.E. KOEHLER, Washington State University, School of Agricul-
ture, Pullman, Washington 99163

Objectives: 1. To identify and determine thc significance of
factors affecting moisture intake and retention of soils of thc low
rainfall arca of Eastern Washington with special reference to
moisture in thc seeding zone. 2. To determine moisture =Y.:-
ment in thc soil during the fallow year and crop year of summer-
fallow cycle, as affected by initial soil moisture level and by fall
and spring density and dcpth of loose topsoil. 3. To correlate
moisture in the seeding zone with density of the surface and sub-
surface soil as established by various tillage treatments.

Soil moisture level will be followed through thc fallow and
growing season in the dry area of eastern Washington (10 inches
annual precipitaVoa). The influence of different tillage practices
during the fall after harvest and in thc spring of the fallow year
will be studied. Special emphasis will be placed on the soil
moisture level in thc seeding zone.

SUPPORTED BY Washington State Government

3.0483, THERMODYNAMICS AND TRANSPORT PRO-
PERTIES OF MULTICOMPONENT INTERFACES
J.C. BERG, Univ. of Washington, School of Engineering, Seattle,
Washington 98122

The primary objectivcf the proposed work arc to measure
and to correlate thermee :.r.eetic and transport properties as-
sociated with monolayer surfactant films at interfaces separating
multicomponcnt bulk phases. Thermodynamic data will be ob-
tained as interfacial pressure vs. molar area isotherms, and these
will bc correlated using models suggested by statistical
mechanics. Transport data, i.e., surface viscosity and perhaps
other rhcological properties, together with surface diffusivity will
be obtained fora number of multicomponcnt bulk systems. Both
the thermodynamic and thc transport data will be put to use in
formulating the fluid mechanical boundary conditions which arc
required to describe thc influence of surfactants on many of thc
common fluid-fluid separation processes such as distillation, ab-
sorption, and extraction.

SCPPORTED BY U.S. Dcpt. of Interior - Off. Saline Water

3.0484, EFFECTS OF FOREST COVER MANIPULATION
ON WATER YIELD AS STUDIED BY AN ELECTRIC
ANALOG
S.P. GESSEL, Univ. of Washington, Graduate School, Seattle,
Washington 98122
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The proposed research would establish electric analogy
models for study of the impact of forest cover manipulation on
water yield for certain soils, forest types and climatic zones in
Washington State. Such model studies could also evaluate the in-
fluences of combinations of precipitation and temperature ex-
tremes in addition to varying densities and ages of forest stands. If
studies of this nature are successful, the need for expensive ex-
perimental watershed studies would be greatly reduced and the
results of such studies would be more useful.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Washington

3.0485, NATURAL RESOURCE MANAGEMENT AND
CONSERVATION IN THE SOVIET UNION
P.R. PRY DE, Univ. of Washington, Graduate School, Seattle,
Washington 98122

The dissertation is intended to serve as a survey of the
present status of natural resource consdervation in the Soviet
Union. Water resources will be a major, though not the only,
theme. At least one full chapter will be devoted to the utilization
and conservation of water resources. A primary focus of the sec-
tions on water resources will be the manner in which Soviet plan-
ners have handled the uses of a given resource complex, externali-
ties, etc. Sections of other chapters will deal with pollution, fishe-
ries, marshland, drainage, and other associated problems. It is ex-
pected that the dissertation will be completed in the spring of
11969.

SUPPORTED BY Social Science Research Council

3.0486, WATER YIELD 1:IMPROVEMENT, EROSION CON-
TROL, AND SEDIMENT REDUCTION IN FORESTS
H.W. BERNDT, U.S. Dept. of Agriculture, Wenatchee, Washing-
ton

Object: To determine how moisture disposition and use are
influenced by environment, climate and types of vegetative cover
and soil; to relate erosion to soil, vegetation, topography, climate,
and land use; and to devise ways to improve water yield, and
prevent erosion and restore land stability in the mixes!- conifer and
forest range types.

Plan of Work: The project will continue: ( : ) to study erosion
rates in major soil types, to analyze the characteristics of soil that
affects erosion, and to develop methods of erosion control by in-
vigorating vegetation; and (2) to investigate factors affecting dis-
tribution and use of water: solar-energy, soil, moisture,
evapotranspiration, surface runoff, riparian use, and humus types.
Recent work includes use of radioactive tracers to tag soils to
measure downslope movement, studies of nutrient levels of soils
and fertilization, soil densities relating to root systems and water
absorption, water movement through juvenile plants, and snow
accumulation and melt rates.

SUPPORTED BY U.S. Dept. of Agriculture

3.0487, DEVELOPMENT OF THE VACUUM FREEZING
VAPOR COMPRESSION PROCESS FOR USE WITH
BRACKISH WATERS
R.R. BRIDGE, Colt Industries Incorporated, Beloit, Wisconsin

The vacuum freezing vapor compression process is based on
freezing by flash evaporation, with compression of the vapor and
subsequent condensation on ice which has been cleaned of brine
in a counter-washing column. A 60,000 gpd pilot plant has been
in operation at Wrightsville Beach, N.C., during FY 1966 and will
operate into FY 1967 and possibly into FY 1968. A mobile unit
using the process will be built during FY 1967 and operated in FY
1968 on brackish water to determine its applicability for use on
such waters.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0488, SPRING POND ECOLOGY AND MANAGEMENT
O.M. BRYNILDSON, State Div. of Conservation, Madison,
Wisconsin 53701

Objectives: To determine the effectiveness of dredging spring
ponds as a trout habitat management practice and develop
management guidelines; to describe the biological, chemical, and
physical characteristics of spring ponds; to determine the cost-
benefit ratio in terms of trout production and angling quality.

Procedures: Ponds will be mapped and sounded and extent of
various substrates determined. Peterson type population esti-
mates of the fish population will be made by means of electro-
fishing gear in spring and fall in both the pond and a section of the
out-flowing stream immediately below the pond. Angler harvest
will be determined by a stratified contact-type creel census
throughout the season. Growth rate and age-class composition of
trout will be determined by scale analysis, to be supplemented in
later years by measurements of marked known-age fish. Two-way
weirs will be installed to determine the extent of fish movement
into and out of the pond.

Recording thermometers will be installed in the ponds at the
outlets, and in the open area of the ponds, and periodic vertical
thermal-chemical analyses will be made.

Water stage recorders will be installed at spring pond outlets
to determine outlet volume and to detect changes attributable to
dredging. Test wells will be driven in the vicinity of the ponds to
determine changes in ground water levels. The cooperation of the
U.S.G.S. will be sought on this phase of the project.

Pre- and post-dredging sampling of bottom fauna will be un-
dertaken, probably under contract with the University of Wiscon-
sin.

Three to four ponds will be in eluded under the dredging
phase of this study and one to two ponds, which presently are con-
sidered to support a good trout population and provide satisfacto-
ry angling (i.e., not proposed for dredging), will be included as
reference ponds.

SUPPORTED BY U.S. Dept. of Interior - Br. Sport Fish.
Wisconsin State Government

3.0489, AN INTERFEROMETRIC INVESTIGATION OF
TRANSPORT PHENOMENA IN PARTIAL PRESSURE
DISTILLATION
M.M. ELWAKIL, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin

The study will be both experimental and analytical. A dual
wavelength interferometric technique which does not physically
interfere with the boundary layers will permit measurements of
very low heat and mass transfer rates from measured temperature
and concentration gradients at the walls. In addition, the inter-
ferograms will show the shape and extent as well as development
cif boundary layers. The most promising approach to further
analytical studies now appears to be through the application of
finite difference techniques to solution of the boundary layer
regime, and a study of the effects of geometry on boundary layer
development. The experimental studies will include the construc-
tion of an evaporator-condenser of variable geometry to fit within
the bounds of the interferometric set up.

The air-water vapor system of interest in sea water
demineralization processes will be studied, and the best method
of solutions for temperature and concentration gradients deter-
mined. It may be necessary or desirable to consider systems other
than water, and air in order that reasonable accuracy may be ob-
tained on both temperature and concentration gradients; selec-
tion of systems will be based on molecular mass, vapor pressure,
indices of refraction and other considerations so that meaningful
results can be interpreted in terms of the air-water system. There
is also the possibility of modification of the experimental
techniques, for example by use of porous evaporator plate rather
than a falling water film.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0490, SOIL CONSERVATION AND FERTILITY OF RED
CLAY AND PRAIRIE SOILS OF WISCONSIN
A.E. PETERSON, Univ. of Wisconsin, Agricultural Experiment
Sta. , Madison, Wisconsin

To determine the most profitable and satisfactory soil
management practices for crop production and soil conservation.
The eastern red day area will be concerned with the effect of
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various rotations and soil tillage practices on soil and water loss.
The northern red clay soil studies will determine the feasibility of
establishing seeding on farm waterways, gullies, and stream bank
slopes using a combination of bituminous mulches, soil stabilizers,
seeding mixtures and fertility treatments, The prairie soils studies
will include effect of minimum soil tillage on continuous corn cul-
tural studies which include various population, maturity and fer-
tility levels. The effect of various methods of minimum soil tillage
on pasture renewing will be included,

DESCRIPTION OF WORK: In the red clay area soil and
water loss measuring equipment will be installed on 20 acres of
land near Valders, leased by Maintowoc County. Some of tho
measuring equipment has been provided by the Soil and Water
Conservation Sections of the Agricultural Research Service,
U.S,D.A. Waterway, and stream bank stabilization will be con-
ducted at the Ashland Experiment Station and in the nearby
Whittlesey Watershed in cooperation with the Wisconsin Conser-
vation Department, the Whittlesey Watershed group and the Soil
Conservation Service on the prairie soils cultural studies of corn
using 4 populations (13,000, 16,000, 19,000 and 22,000 plants),
six corn varieties and three fertility levels, will be studied in con-
junction with minimum soil tillage ;wheel track planting). Pasture
renewal studies using herbicides and minimum tillage methods of
planting both small grain (plow press grain drill) and corn.

SUPPORTED BY U.S. Dept. of Agriculture
Wisconsin State Government

3.0191, TRAINING, TECHNICAL SUPERVISION, AND
ASSISTANCE REGARDING THE OPERATION OF A SKID-
MOUNTED MSF UNIT
R.D. GEIGER, Aqua Chem Incorporated, Waukesha, Wisconsin

53186
The project consists of evaluating the performance of a skid

mounted self-contained multistage distillate pilot plant which is to
operate on different kinds of feed water, such as seawater and
highly polluted water such as rivers and bays containing raw
sewage and algae. The unit is intended to determine the effect of
polluted waters on such conditions as foaming, product water
contamination, scale 'formation, rate of corrosion due to high gas
content, and the ability to eliminate high gas content with conven-
tional deaerating equipment.

The pilot plant is designed to stimulate performance under
polluted water conditions of large scale MSF distillation plants up
to and including 150,000 gallons per day, The plant is skid-
mounted and adaptable to barge or rail car mountings to provide
maximum transportability to various sites by common carriers.
The weight, height, width, and length permit movement over rails
to sites throughout the Continental United States. The plant is
moved to the railroad siding nearest to the prpopsed test site and
then skidded or hauled by low-tied trailers to the final site loca-
tion. The unit is incorporated in two modules to enable it to be
placed in operation in the shortest time.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

3.0492, IRRIGATION REQUIREMENTS FOR WYOMING
R.D. BURMAN, Univ. of Wyoming, Agricultural Experiment Sta.
, Laramie, Wyoming 82071

I. Estimate growing season evapotranspiration for principal
crops for each major weather station in Wyoming. 2. Estimate the
number of irrigations required, the total amount of irrigation
water required, and the dates of irrigations based upon
evapotranspiration estimates, historic rainfall data and soil
moisture retention characteristics of major soil types. 3. Deter-
mine probabilities of seasonal rainfall, numbers of irrigations
required, dates of irrigation, and total water required for each
weather station.

1. Evapotranspiration for each station will be estimated by
commonly accepted methods, which have been compared with
results from the nearest field studies. 2. A soil moisture balance
will be maintained for each location, crop and soil. When the soil
moisture level reaches a minimum an irrigation will be credited to
the season. Any excess rainfall moisture over field capacity will be
considered to be waste. 3, Results from Objective 2 will be por-
trayed as empirical probabilities. The results will be organized

and published as an experiment station bulletin for use by en-
gineers, irrigation equipment dealers and farmers,

SUPPORTED BY Wyoming State Government

3.0493, HIGH ALTITUDE EVAPOTRANSPIRATION
FROM NATIVE MEADOWS
R.D. BURMAN, Univ, of Wyoming, Agricultural Experiment Sta.
, Laramk, Wyoming 82071

1, To design and calibrate a lysimeter to directly measure
evapotranspiration from native hay on an hourly basis.

2. To measure evapotranspiration from native hay under
oasis conditions.

3. To measure and analyze evapotranspiration from Russian
wildrye, intermediate wheatgrass and mixtures of the e grasses
with alfalfa.

1. Three alternate designs of lysimeters will be evaluated at
the Agronomy Farm in Laramie by comparing evapotranspiration
measured by the lysimeters with measurements made by microcli-
mate measurements and the Energy Balance theory.

2. A long, narrow site along preferably the Platte River near
Elk Mountain will be selected for lysimeter installation before the
second summer season. Insight into the small scale oasis effect
will be possibly from noting the variation in evapotranspiration
across a field and the large-scale effect may be deduced by
theoretical analysis or a comparison between results obtained at
Laramie in native meadows in larger irrigated areas.

3. Evapotranspiration will be measured by neutron soil
moisture probes on a split plot desio having alfalfa or no alfalfa
as the main plot effect and the superimposition of Russian wildrye
and intermediate wheatgrass as the split plot effect.

SUPPORTED BY Wyoming State Government

3.0494, STUDIES IN SOILS AND AGRONOMIC PRAC-
TICES - SHOSHONE PROJECT, WYOMING
L.I. PAINTER, Univ. of Wyoming, School of Agriculture,
Laramie, Wyoming 82071

A study of the management factors necessary to improve the
productivity of the Christianberg soil series, a saline soil with a
poor production record in the Shoshone Irrigation Project area of
the Bighorn Basin, Wyoming. Determination of the effects of gyp-
sum and manure on physical properties of the soil at seedbed
levels, and on crop yields and quality, is being observed.
Adequate levels of nitrogen, phosphorous, and potassium are
being maintained. The study plots are located on the experiment
station. Crops grown will include sugar beets, corn, small grains,
and alfalfa.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0495, IMPROVEMENT OF WATER YIELDS AND SOIL
STABILIZATION IN RIVER BASINS
R,D. TABLER, Univ. of Wyoming, School of Agriculture,
Laramie, Wyoming 82071

Object: To provide information required to manage related
forest and range lands or' the Big Horn, Powder River, and North
Platte drainages for more sustained summer water supplies and
minimum erosion and sedimentation.

Plan of Work: The project staff is continuing to investigate
the effect of sagebrush removal on water yield. At present, the ef-
fect is determined by soil moisture measurements, but treatment
will also be applied to a gaged watershed after calibration. They
are also studying the effect of sagebrush removal on snow disposi-
tion. On lodgepole pine forests, they are determining the effect of
stand density on soil moisture and water use.

SUPPORTED BY U.S. Dept. of Agriculture

3.0496, CONTROLLING UNDESIRABLE
PHREATOPHYTES
F.L. TIMMONS, Univ. of Wyoming, Agricultural Experiment
Sta. , Laramie, Wyoming 82071

Object: To determine for phreatophytc control (1) the best
herbicides and application methods, (2) the effect of various cli-
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matic, soil and plant factors on response to herbicides, (3) the
value of new chemicals, and (4) the value of different combina-
tions of chemicals, burning and mowing or other mechanical
treatments; anct to develop suitable methods for long range con-
trol of undesirable phreatophytes.

Pian of work: Herbicides will be applied as foliage sprays by
aerial or ground equipment, as basal and cut stump treatments,
and as soil treatments to evaluate their effectiveness on individual
species of phreatophytes. Treatments will be made at various
rates, dates, and locations to correlate plant responses with condi-
tions for growth, stage of growth, soil characteristics, competing
vegetation, etc. Various burning, mowing and other control
methods alone and combined with chemical treatments will be
compared. New chemicals will be evaluated for effectiveness on
salt cedar and other phreatophytes in greenhouse and outdoor
nursery trials. All herbicides, surfactants and other chemicals that
show promise will be further evaluated in field trials.

SUPPORTED BY U.S. Dept. of Agriculture

4. WATER QUANTITY MANAGEMENT AND
CONTROL

Control of Water on The Land; Groundwater Management; Ef-
fects of MansRelated Activities on Water; Watershed Protection.

4.0001, WRAGG SWAMP CANAL INVESTIGATION,
ALABAMA
J.F. MCCAIN, U.S. Dept. of Interior, Water Resources Division,
Tuscaloosa, Alabama

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Alabama.

Purpose - To determine relationships between peak rates of
runoff and rainfall intensity and duration. To verify channel
capacities, gradients, roughness factors, and runoff coefficients.
To investigate the effects of increasing urbanization in Mobile
County on time of concentration and runoff coefficients.

Methods - Rainfall-streamflow records will be collected at
two sites and high water information at eleven sites. A streambed
profile will be prepared at least once each year to evaluate silta-
tion and dredging operations. A high water profile will be ob-
tained after each flood of approximately five year recurrence in-
tervals. Areal photos and maps will be used to evaluate changes in
urbanization.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Alabama State Government

4.0002, PINK SALMON INVESTIGATIONS - FRESH-
WATER ECOLOGY
W.J. MCNEIL, U.S. Dept. of Interior, Biological Laboratory,
Auke Bay, Alaska

Total freshwater mortality of pink salmon (Oncorhynchus
gornuscha) has been measured in Sashin Creek since 1940. For
the average brood year, only 6 percent of the total eggs poten-
tially available for deposition produce fry migrating to the estua-
ry, but survival may vary between 0.2 and 23 percent. Other stu-
dies have revealed that mortality occurs mostly between the time
of egg deposition and fry emergence.

One goal of research conducted at Little Pon Walter is to
identify the factors causing mortality in spawning beds, determin-
ing which are density dependent and which are nondensity depen-
dent. Environmental factors including water flow and tempera-
ture, dissolved oxygen supply, and graves composition and
permeability are measured and rc fated to mortality rates. Biologi-
cal factors including density, temporal and spatial distribution,
and size of spawning adults are also measured and related to mor-
tality rate.

Another research goal is to develop a better understanding of
the factors responsible for ecological change in spawning beds. In
this regard, we are investigating rates of oxygen removal due to
decomposing organic matter and the mechanics and kinetics of
spawningbed siltation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0003, EFFECTS OF WATERSHED MANIPULATION ON
DEER AND ELK USE
D.J. NEFF, State Game & Fish Department, Phoenix, Arizona

Objective: To determine deer and elk use on watershed In
which the vegetation is being manipulated to increase water yield.

Procedures: 1. Conduct one annual pellet group count on
each of the 18 Beaver Creek pilot watersheds using the existing
sampling systems. 2. Calculate deer and elk pellet group densities
and test for significant differences among years and watersheds
with reference to experimental treatments. 3. Locate consistent
pellet group concentration areas within individual watersheds and
utilize all available site characteristics data to identify the causes
of such concentrations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Arizona State Government

4.0004, DEER FOODS ON WATERSHEDS TREATED FOR
INCREASED WATER YIELD
D.J. NEFF, State Game & Fish Department, Phoenix, Arizona

Procedures: 1. Maintain at least two tame trained deer for
field feeding trials. 2. Continue field feeding observations with
tame deer on a wide variety of sites to test the palatability of as
many plant species as possible. Supplement field feeding observa-
tions with pen feeding observations as appropriate. 3. Collect and
analyze rumen samples from road killed and hunter killed deer in
the pine and juniper types for comparison with forage preferences
of the tame deer. 4. Record occurrence by species of grasses,
forbs and browse plants during spring and summer on all pellet
group plots before treatment. 5. Record forage plant species oc-
currence on pellet group plots after treatment, with timing of ob-
servations as indicated by development of post treatment plant
communities. 6. Compile and analyze data and prepare comple-
tion reports. Prepare and present information at the frequent
Beaver Creek show-me trips.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Arizona State Government

4.0005, METHODS FOR WATER QUALITY IMPROVE-
MENT AND ITS STORAGE UNDERGROUND
L.E. MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

Objective: To investigate the effectiveness of vegetation fil-
tration, soil percolation, and underground storage for renovating
secondary sewage effluent.

Plan of Work: Laboratory and field studies are conducted to
study the flow process in a soil profile under intermittent inunda-
tion and to evaluate the quality improvement of the effluent and
the optimum management of recharge basins. The possibilities for
nitrate control in the final product by induced denitrification will
be investigated. The laboratory studies involve soil columns with
recording tensiometers, gamma ray densitometry, and computer
applications. The field studies are carried out at a three-acre pilot
recharge project now under construction west of Phoenix.

SUPPORTED BY U.S. Dept. of Agriculture

4.0006, WATER YIELD IMPROVEMENT FROM RIPARI-
AN AND UPLAND AREA OF RIVER BASINS
J.S. NORTON, Arizona State University, U.S.D.A. Forest Ser-
vice, Tempe, Arizona 85281

Object: To determine evapotranspiration losses from
phreatophyte vegetation growing on moist and wet watershed
areas in the Southwest; to develop management practices
designed to reduce uneconomic or wasteful water use by flood-
plain and riparian vegetation; to determine ways to improve water
yield and reduce erosion and sediment movement in chaparral,
woodland, forest, and mountain grassland through management
of plant cover.

Plan of work: In riparian areas, work will be continued on
methods for and measurement of evapotranspiration losses from
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phreatophyte species and possible replacement vegetation; deter-
mination of effect of submergence of tamarisk; taxonomy and
successional studies of phreatophyte species. In chaparral areas
work will be continued on water and sediment yield from small
watersheds as affected by wildfire, brush regrowth following fire,
and suppression of woody growth by chemical sprays. In
woodland areas the effect of size of plant, soil moisture, and cli-
matic factors on water use by juniper will be determined. In pine-
fir areas water use and sediment yield as affected by timber
management will be studied, as will be the yield of upper tributa-
ries of Salt River as influenced by snow accumulation and melt.

SUPPORTED BY U.S. Dept. of Agriculture

4.0007, CLIMATE, SOIL AND VEGETATION IN-
FLUENCES ON HYDROLOGY OF RANGELANDS IN THE
SOUTHWEST
R.B. HICKOK, U.S. Dept. of Agriculture, Tucson, Arizona

Objective: Methods of predicting influences of microclimate,
soils, vegetative cover, and cultural practices on flood runoff and
the net yields of water and sediment from semiarid watersheds.

Plan of Work: Determine influences of soil and vegetation
differences and cultural practices on the soil moisture regime, ru-
noff generation and sediment production at the rain-site; on ru-
noff abstractions and their disposition; and on sediment transport,
overland and in watershed channel systems.

SUPPORTED BY U.S. Dept. of Agriculture

4.0008, FLOOD WAVE MOVEMENT IN NATURAL
EPHEMERAL STREAM CHANNELS
R.B. HICKOK, U .S. Dept. of Agriculture, Tucson, Arizona

Objective: Determine cause and nature of impulse waves
generated by runoff resulting from cloudburst type thun-
deigtorms; predict flood wave crest heights and travel velocities.

Plan of Work: Relate measured crest heights and velocities of
travel of impulse waves to location and nature of storms causing
the runoff, to preceding flow conditions, debris in transport, and
hydraulic parameters of the channels,

SUPPORTED BY U.S. Dept. of Agriculture

4.0009, STREAM FLOW REGIMES OF SEMIARID RAN-
GELAND WATERSHEDS IN THE SOUTHWEST
R.B. HICKOK, U.S. Dept. of Agriculture, Tucson, Arizona

Objective: Determine relations of stream flows to storm pat-
terns, runoff source-area characteristics, and hydraulics of the
stream channel system, and derive improved equations for pre-
dicting the flow regimes of complex watersheds.

Plan of Work: Categorize storm patterns according to runoff
producing potentials and relate to frequencies of occurcnce for
particular localities, determine runoff response characteristics of
varying land types and conditions as affected by topography,
geology, soils, vegetation, and cultural practices, and determine
runoff transmission characteristic's on varying stream channel
system:- Determine how runoff generation and down-slope runoff
abstraction processes are affected by varying rainfall parameters,
depending on land conditions, and the manner in which resulting
runoff inputs to major channels are modified by hydraulics of the
channel system to affect their outflow hydrographs.

SUPPORTED BY U.S. Dept. of Agriculture

4.0010, TRACE AND TRACER ELEMENTS IN GROUND
WATER
G.R. DUTT, Univ. of Arizona, Water Resources Research Ctr. ,

Tucson, Arizona 85721
The concentration of Sr, Co Cd, Pb, Zn, Cu, Ni, Cr, Mn, Fe,

Li, Si02, B, K, NO3, F, CO3, HCO3, SO4, CI, Na, Mg and Ca
were measured in groundwater and in effluents from municipal
treatment plants, industry and agriculture. The concentration of
the above elements varied greatly throughout the state of
Arizona. Concentrations higher than recommended by the Public
Health Service were found for several of the wells studied. The
composition of water from treatment plants varied greatly from

water supplies. When these effluents were recharged the concen-
trations of metals in the percolating water was not a function of
these concentrations in the influent.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

4.0011, CONTROL OF UNDESIRABLE SHRUBS AND
REVEGETATION OF SOUTHERN ARIZONA RANGES
J.H. EHRENREICH, Univ. of Arizona, Agricultural Experiment
Sta. , Tucson, Arizona 85721

The major objective of this study to determine the effec-
tiveness of various techniques for increasing forage production on
desert shrub areas. This is to be done by: (1) Evaluating the effec-
tiveness of brush control methods, both cultural and chemical, on
creosotebush, honey mesquite, and tarbush. (2) Evaluating
techniques and equipment for seeding and establishing desirable
forage species in conjunction with brush control. (3) Determining
forage species that can best be seeded and established under
prevailing climatic and edaphic conditions. (4) Determine
physiological and cultural requirements necessary to establish
adapted species.

A number of mechanical and chemical brush control treat-
ments are applied in combinations with different seeding methods
on plots of various sizes. Two vegetative communities -- mesquite
and creosotebush- -are used. The treatments will be replicated,
and results analyzed statistically. Laboratory and field tests of
moisture and temperature factors affecting germination of grass
species will be made.

A variety of grass species are to be tested for adaptability on
treated areas. Small plots will be used and treatments replicated.

Gravimetric soil moisture determinations will be made at
various dates of seeding and druing growing season.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.

4.0012, SEEDING ARID RANGELANDS OF ARIZONA
J.H. EHRENREICH, Univ. of Arizona, Agricultural Experiment
Sta. , Tucson, Arizona 85721

Experimental work will be done at two widely separated
areas in northern and southeastern Arizona. The main objectives
of the project are: (I) To evaluate seedbed preparation and
methods of seeding in order to effectively revegetate range types
under study. (2) To evaluate both chemical and mechanical
methods of shrub control. (3) To select those forage species
which are best adapted to the particular range type. (4) To deter-
mine, by the use of appropriate instrumentation, the microen-
vironmental conditions limiting the germination, growth and
establishment of grass seedlings.

Various combinations of seedbed preparations, brush control
treatments, and seeding techniques will be used on replicated,
randomized, one-half acre plots. Results will be statistically
analyzed.

On the plot area, ants w1.1 be controlled with Mirex bait, and
rabbits and rodents with appropriate poison baits applied in
cooperation with the Bureau of Sport Fisheries and Wildlife.

Vegetation data collected will include species composition,
frequency, and density. Permanent photo plots will be established
to indicate ground cover changes. Soil moisture wile' be measured
by means of gypsum blocks, and precipitation and atmospheric
humidity will be obtained from recording rain gauges and
hygrothermographs. A variety of grass species will be tested for
adaptability on the different sites.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.

4.0013, INFILTRATION CAPACITIES UNDER VARIOUS
VEGETATION TYPES AS INFLUENCED BY WATERSHED
MANAGEMENT PRACTICES
M.J. ZWOLINSKI, Univ. of Arizona, Agricultural Experiment
Sta. , Tucson, Arizona 85721

The objective of this study will be to determine the iinfiltra-
tion capacities of various soils under different vegetation types
and conditions and to relate this information to overall watershed
performance. Other objectives will be to examine infiltration
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curves and determine if non-wettability factors exist to change the
shape of these curves.

A sampling scheme is being designed whereby infiltration
measurements are taken on areas most representative of a par-
ticular vegetation type and watershed condition. Infiltration mea-
surements will he made principally with a modified North Fork
sprinkling infiltrometer equipped with a constant head tank. Field
data will be analyzed by computer and infiltration curves will be
obtained from an incremental digital plotter. The study will ob-
tain infiltration data which can be used to make meaningful com-
parisons between various vegetation types and watershed prac-
tices.

SUPPORTED BY University of Arizona
Arizona State Government

4.0014, MORTALITY RATES AND RECRUITMENT
H.E. BRYANT, U.S. Dept. of Interior, South Cen. Reservr. In
, Fayetteville, Arkansas

From fish samples taken annually by gill nets and ro
growth rate studies will be conducted for selected majo
in Bull Shoals and Beaver Reservoirs. Scale samples wi
ized to identify age-groups and all collections will be a
determine year-class composition, recruitment and m
mates. In addition, sex ratios, length-weight relati
condition indices will be computed for all major spe

SUPPORTED BY U.S. Dept. of Interior - Bu. S

4.0015, COOPERATIVE AGREEMENT
RESERVOIR CREEL CENSUS STUDY
T.O. DUNCAN, U.S. Dept. of Interior, S
Invtgs. , Fayetteville, Arkansas

Plan of Work: To study angler's catch, effort, and related fac-
tors during impoundment of Beaver Reservoir. A cooperative
program.

Objective: To estimate: (1) sport fishing harvest as numbers
and pounds of fish by species per acre for each season of the cen-
sus year; (2) fishing success in numbers and pounds by species per
angler- hour; and (3) total harvest and effort.

Procedure: Estimates of fishing pressure to be obtained by
the progressive count method using observations from aerial
flights and from boats. Fishing success estimated by fisherman in-
terviews. Harvest estimates based on information obtained from
fisherman's catch. Traffic data counts will be used in comparison
of boat and aerial counts.

vtgs.

enone,
species

H be util-
nalyzed to
rtality esti-

onships and
ies.

port Fish.

FOR BEAVER

outh Cen. Reservr.

SUPPORTED BY U.S. D

4.0016, DESIGN AN
MIDWATER TRAWLI
A. HOUSER, U.S. Dep
Fayetteville, Arkansas

The utility of midwater trawls for sampling fish populations
in reservoirs has been demonstrated in previous work units. The
technique has been shown to be highly efficient for capturing
young shad. Exploratory fishing in other lakes and in certain stu-
dies in Bull Shoals and Beaver reservoirs have demonstrated that
other species can also be captured in sufficient numbers to pro-
vide population estimates. The efficiency of the method can be
greatly improved with improved designs for the various gear com-
ponents, such as nets, otterboards, depressors, hydrofoils,
winches, etc. Each component will be evaluated, redesigned, con-
structed and tested as continued use reveals that a need exists.
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RTED BY U.S. Dept. of Interior - Bu. Sport Fish.

17, ESTIMATES OF COMPOSITION, ABUNDANCE
D FLUCTUATION IN FISH POPULATIONS IN BULL
OALS AND BEAVER RESERVOIRS

. HOUSER, U.S. Dept. of Interior, South Cen. Reservr. Invtgs. ,
Fayetteville, Arkansas

Knowledge of species composition, estimates of abundance,
recruitment, growth and mortality is required in interpreting the
population dynamics of fish populations in these two reservoirs.

The necessary data must be obtained from fish samples which will
be taken annually. Scale samples, measurements of length, weight
and sex will be taken from fish obtained in gill net and rotenone
samples. Relative abundance estimates will be derived from these
samples. In addition, electrofishing will be used for further sam-
pling to derive estimates of abundance. Through samples taken by
these methods, changes in populations of adult fish will be
defined.

UPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

4.0018, SEDIMENTATION AND IN-PLACE FILTRATION
DURING FLOW THROUGH EARTH FRACTURES
R.E. BABCOCK, Univ. of Arkansas, Water Resources Research
Ctr. , Fayetteville, Arkansas 72701

This work consists of a combined theoretical-experimental
study of sedimentation during the flow of fluid particle slurries
through earth fractures. The experimental program is designed to
measure steady-state sedimentation variables. The analogy
between other rate processes is stressed. In-place filtration
through the walls of the fracture is being studied using a 'dynamic'
filter press. An AD-80 analog computer is being used to solve the
mathematical model describing the process. The results will apply
primarily to the disposal of granular waste. This project was in-
itiated FY67 and its anticipated completion date is FY69.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arkansas

4.0019, ENGINEERING PHASES OF SURFACE
DRAINAGE
W.S. HARRIS, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701

(1) Determine the minimum requirements for adequate row
drainage. (2) Determine the minimum requirements for adequate
surface drainage of individual fields.

Description of Work: a. Row studies, begun in 1959, were
continued. It is felt that positive statements concerning the physi-
cal requirements for adequate drainage of individual rows in delta
soils and topography can now be made. b. Two shallow field
eches have been constructed to test the theory that such ditches
will have adequate capacity if they have continuous slope and are
designed for maintenance with ordinary farm equipment. Con-
struction techniques have been investigated but only limited ob-
servations have been made concerning maintenance require-
ments and operating efficiency.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

4.0020, GROUNDWATER - SURFACE WATER INTEGRA-
TION STUDY IN THE GRAND PRAIRIE REGION OF AR-
KANSAS
J.P. HOSKY N, Univ. of Arkansas, Water Resources Research
Ctr. , Fayetteville, Arkansas 72701

OBJECTIVES: 1. From collection, compilation, ard analysis
of current hydrologic and geologic data, to evaluate the projected
demand on the ground water resource in the Grand Prairie in
comparison with the available supply. 2. Quantify the recharge
occurring from a selected reach of a natural channel within the
Grand Prairie and to investigate the possibility of increasing this
recharge. This will be accomplished using both laboratory model
studies and on-site field evaluation of the most promising methods
as indicated by the lab investigations. 3. Evaluate this increased
recharge in light of objective Number 1 to determine the feasibili-
ty of substantially increasing the total ground water resource in
the Grand Prairie.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arkansas

4.0021, CHEMICAL AND MINERALOGICAL RELATION-
SHIPS BETWEEN SUBMERGED SOILS AND RICE CUL-
TURE
G.A. PLACE, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701
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Objectives: 1. To investigate the physical, physico-chemical,
and chemical characteristics of submerged soils. 2. To determine
the effect of changes in soil chemical, biological, physical, and
mineralogical properties on uptake of nutrient elei..ents. (To be
carried out in cooperation with Project 650, University of Arkan-
sas.) 3. To learn what hapens to the applied and soil phosphorus,
potassium, and minor elements under submerged conditions
when the weed population is controlled. 4. To study the effect of
placement and time of application of the above elements upon
rice yields. 5. To determine the accumulation effects of salts con-
tained in the irrigation water upon the physical and chemical pro-
perties of the rice soils. (To be carried out in cooperation with
Projects 397, and 443, University of Arkansas.) Work Proposed:
Laboratory and greenhouse experiments will be conducted with
appropriate field plot design being used to support the fundamen-
tal hypotheses. An attempt will be made to identify the major soil
types used for growing rice and then characterize them physically,
chemically, and mineralogically. Laboratory and greenhouse ex-
periments will be conducted on these soils to determine the physi-
cal, physico-chemical, and chemical changes that occur under
submerged conditions. With studies of this type investigators
should be able to more accurately predict the response of fertil-
izer applications.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

4.0022, COOPERATIVE WATERSHED MANAGEMENT IN
SNOWLANDS AND LOWER CONIFER ZONES OF
CALIFORNIA
W.E. STEINER, U.S. Dept. of Agriculture, Pac. Sw. For. & Rg.
Expt. Sta. , Berkeley, California

The Forest and Range Experiment Station is performing
research for the Department of Water Resources on a matching
fund basis in the snowlands and commercial conifer zones of
California for the iltimate purpose of discovering best watershed
management practices on such lands.

This year, the physics of snow hydrology and snowmelt will
be studied, and temperatures and moisture of soils before, under,
and after the snowpack. Measurements of soil moisture and cli-
mate will continue on lower conifer zone plots with varying
degrees of vegetation removal, and intensive measurement will be
made around single trees isolated last year by tree and brush
removal.

SUPPORTED BY California State Government

4.0023, FEEDBACK CONTROL OF CANAL CHECK
GATES
J.A. HARDER, Univ. of California, School of Engineering,
Berkeley, California 94720

Increased multipurpose use and variable demands on canals
has resulted in making water conveyance to meet delivery
requirements increasingly difficult by manual operation. A
satisfactory method of automatically adjusting check gates in
response to water demands would improve control and might
produce savings in operational costs. For a particular canal reach,
a lowering of the water level would be compensated for by open-
ing the gate at the upstream end. Conversely, a rise would result
in a closure of the upstream gate and, if the downstream reach is
not full, to a opening of the downstream gate. This control under-
scores the need for considering the effects of hydraulic transients
on the function and stability of automatic features.

This project will develop a numerical solution with the aid of
a digital computer that will give response to any combination of
boundary conditions for a canal reach between checks and in-
clude adjustable parameters to describe the characteristics of
feedback control of canal checks. The computer program will be
used to search for the optimum value of the parameters to be built
into the prototype controller that will control water levels and
flow automatically with minimum supervision by ditchriders. An
examination will be made of the reaction of an entire canal system
with automatic downstream control equipment through the use of
the digital computer program. Also a comparative study shall be
made to determine the effectiveness of various proportional and
two position (`on -`off) controllers and combinations thereof on
the response of the canal system. The project was started in FY
1966 and should be completed in FY 1968.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

4.0024, ECONOMIC EVALUATION OF PRIMARY
BENEFITS FROM FISHING AND HUNTING BASED ON THE
NATIONAL SURVEYS OF FISHING AND HUNTING
S.V. WANTRUP, Univ. of California, Water Resources Center,
Berkeley, California 94720

The primary objective is to appraise and analyze the data col-
lected in the National Survey of Fishing and Hunting with a view
to improving the projections of demand for five fishing and hunt-
ing activities. The principal determinants of participation in these
sports will be elicited from the information available to improve
regional demand formulations.

SUPPORTED BY University of California

4.0025, EVALUATION OF GROUNDWATER
RESOURCES, LIVERMORE VALLEY, CALIFORNIA
P.A. WITHERSPOON, Univ. of California, School of Engineer-
ing, Berkeley, California 94720

A predicted rapid increase in the population of Livermore
Valley, California over the next few decades points to the need
for a master plan of water management. The main objective of
this investigation is to provide quantitative data on the hydrologic
characteristics of the groundwater basin of this valley that can be
used in formulating this plan. An improved mathematical model
has recently been developed at the University of California and
will be the principal analytical tool.

A three year program of investigation is proposed. The first
year will be spent in collecting basic hydrologic data. The geology
has recently been worked out by the California Department of
Water Resources. The second year will be spent in setting up two-
dimensional and three-dimensional models of the basin. With this
approach, it will be possible to investigate: ( I ) subsurface rates
and directions of flow, (2) effectiveness of existing hydrologic
barriers (vertical and horizontal), and (3) effect on subsurface
flow patterns of current and future rates of recharge and
discharge. The third year will be devoted to an analysis of the
probable impact on subsurface hydrologic conditions over the
basin of anticipated rates of water withdrawal and waste water
disposal.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

University of California

4.0026, DRAINAGE SYSTEMS FOR THE IMPERIAL VAL-
LEY
L. WILLARDSON, U.S. Dept. of Agriculture, Brawley, California

Objective: Develop and evaluate surface and subsurface
drainage systems and provide criteria and specifications for their
design, efficiency, durability, installation, maintenance, and reha-
bilitation.

Plan of Work: With models, analogs, and digital computers
develop theoretical and rational equations that describe move-
ment of water in the soil toward drains. Develop, test, and evalu-
ate tools and techniques to acquire data on physical and chemical
phenomenon associated with drainage. Design and test prototype
drainage systems under field conditions, including drain tube
materials, filters, vertical and horizontal alignment, and installa-
tion and maintenance techniques.

Cooperation: Agricultural Experiment Stations, SCS, U. S.
Bureau of Reclamation, State Engineers, State Water Resources
Agencies, and other irrigation, water management, or soil conser-
vation district agencies.

SUPPORTED BY U.S. Dept. of Agriculture

4.0027, THE PROCESSES AND CONDITIONS CON-
TRIBUTING TO THE ACCUMULATION OF NUTRIENTS IN
DRAINAGE WATER FROM IRRIGATED AREA AND SOIL
RECLAMATION
L.D. DONEEN, Univ. of California, School of Agriculture, Davis,
California 95616

The process and conditions contributing to the accumulation
of nutrients and other salts from irrigated lands, and the reclama-
tion of salty and high boron soils, as a water pollution study. The
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relations between the quantity of water required to leach high
nitrate and boron soil profiles and the effect of these constituents
on the subsurface drains and deeply percolating waters.

Laboratory investigations include sorption, desorption and
movement of boron in laboratory studies in conjunction with field
work. These results are being applied to computer programming
to estimate the quantity of leaching water required. The removal
of high nitrates from these soils is also being studied.

Field investigations include the reclamation of soils high in
boron, nitrate and salinity by progressively leaching the soil in
eight prepared basins and a study of the conditions of the natural
subsoil profile in relation to the production of crops and the ef-
fluent or drainage water from the leached soils.

SUPPORTED BY University of California

4.0028, SOIL SOLUTION DISTRIBUTIONS AND CROP
RESPONSES RELATED TO IRRIGATION PRACTICES
R.J. MILLER, Univ. of California, Agricultural Experiment Sta. ,

Davis, California 95616
Objectives: (1) Study the distribution and movement of

nutrient elements and other salts in the crop root zone in relation
to different irrigation practices; (2) Determine the optimum dis-
tribution of nutrient salts with relation to plants at different stages
of growth and development; (3) Study crop yield responses on
salt affected soils in relation to controlled fertilization ar.d water
management; (4) Study the mechanisms involved in transfer of
salts and water through soil and subsequent uptake by crop
plants.

Description: (1) Improve techniques to study the transfer of
salts in the soil profile under different water management prac-
tices; (2) Through plant analyses, root soil moisture, and salt dis-
tribution studies, determine optimum nutrient distribution in soil
at particular stages of plant growth; (3) Based on new sampling
techniques and current knowledge of salt and water movement in
soils, determine fertilization requirements of crops grown on salt
affects soils; (4) Correlate changes in salt concentration and soil-
water content with nutrient uptake by crop plants during growth
and development. Root distribution, and chemical analyses of
plant material and soil solution will be utilized in these studies.

SUPPORTED BY California State Government

4.0029, PREDICTIONS OF WATER REQUIREMENTS OF
CROPS FROM MICROCLIMATIC PARAMETERS
W.O. PRUITT, Univ. of California, Agricultural Experiment Sta. ,

Davis, California 95616
Objectives and work proposed: 1. Determine evapotranspira-

tion (ET) for a number of crops at various stages of growth and
maturity including a crop of tall fescue as an indication of poten-
tial ET. 2. Compare above with predicted potential ET based on
various empirical, semi empirical and theoretical methods for
hourly or longer periods. 3. Determine the energy balance on a
diurnal and seasonal basis. 4. In cooperation with Dept. of
Agricultural Engineering personnel, study eddy transfer
mechanisms for heat, moisture and momentum under both advec-
tion and non-advection conditions. 5. Study the influence on ET
of several plant-soil-atmosphere conditions. ET for alfalfa to-
matoes and sugar beets will be measured using the neutron
moisture meter. A new 6' x 8' hydraulic lysimeter will also be used
in the sugar beets in 1964 and in other crops later. ET for grass
will be determined hourly using the two 40' lysimeters.

To accomplish objectives 2-5, a near-continuous measure of
net radiation, soil heat flux, and evaporative heat flux will be ob-
tained. In addition profiles of air temperature, humidity and wind
speed as well as the flux of convective heat and momentum, will
be determined for 1/2-hour periods under various climatic condi-
tions daring a number of days of the year.

SUPPORTED BY California State Government

4.0030, MOISTURE REQUIREMENTS OF DECIDUOUS
ORCHARDS
K. URIU, Univ. of California, Agricultural Experiment Sta. ,

Davis, California 956116

Objectives: This project was started to study the relation of
soil moisture to the growth and production of fruit trees. (1)
Study of the effect of irrigation on the end and side cracking of
the prune. (2) Study of the effect of different soP moisture ten-
sions in the upper ranges of available moisture on the vegetative
and fruit growth of cling peaches.

SUPPORTED BY California State Government

4.0031, WATER RESERVOIR SYSTEMS
KALVINSKAS, North Amer. Rockwell Corp, , El Segundo,

California
POUNDERS
A program is proposed to investigate a reservoir system net-

work in an urban area to alleviate problems of storm water runoff,
eliminate costly and cumbersome sewer networks for storm
drainage, and simultaneously provide for rainfall conservation.
The study would be accomplished by conducting a systematic
analysis of water runoff in an urban area, evaluating the location
of a multiplicity of reservoirs throughout the area, and investigat-
ing both surface and subterranean reservoirs for rainfall storage.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

4.0032, NUTRIENT REMOVAL FROM AGRICULTURAL
WASTE WATERS
L.A. BECK, State Dept. of Water Resources, Fresno, California
9:3773

Drainage facilities are being constructed in the San Joaquin
Valley to remove perched brackish ground waters from the Val-
ley. These drainage facilities are planned to discharge into San
Francisco Bay. Nutrients in the drainage waters may cause algal
growths in the Bay.

Studies are being conducted near Firebaugh, California, to
develop a practical biological treatment method for nutrient
removal and by use of pilot plant facilities determine the efficien-
cy and design criteria and costs of construction, operation, and
maintenance.

The methods under investigation are anaerobic bacteriologi-
cal denitrification in deep ponds and packed columns, algae
growth and harvesting in shallow ponds, and desalination.

SUPPORTED BY California State Government
U.S. Dept. of Interior - Bu. Reclamation
U.S. Dept. of Interior - F. Water Pol. Ctl
U.S. Dept. of Interior - Off. Saline Water

4.0033, GROUND WATER RECE1ARGE AND MANAGE-
MENT IN CALIFORNIA
P. NIXON, U.S. Dept. of Agriculture, Fresno, California 93726

Objective: To develop and evaluate improved facilities,
methods, principles, and design criteria required for efficiently
recharging underground water reservoirs,

Plan of Work: Continue study of water movement through
soil down to the water table as it relates to storage rates, buildup
and dissipation of ground water mounds, impeding layers within
the profile, clogging by turbid water at the soil surface and
permeability changes due to the interaction of salts in the per-
colating water and the exchange complex of soil layers. Quality of
ground water resulting from recharge by both natural and artifi-
cial means will be studied. Work will be carried on in field plots
and infiltrorneters as well as in the laboratory.

SUPPORTED BY U.S. Dept. of Agriculture

4.0034, FLOOD AND SEDIMENT REDUCTION IN STEEP
UNSTABLE BRUSHLANDS OF THE SOUTHWEST
R.M. RICE, U.S. Dept. of Agriculture, Pac. Sw. For. & Rg. Expt.
Sta. , Glendora, California

Object: To evaluate flood peaks and debris production in
relation to meteorologic, geologic, edaphic and vegative condi-
tions, and to develop and evaluate land treatments for controlling
erosion and floods, particularly following fire in steep, unstable
brushlands.
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Plan of Work: The project staff is investing two overall
problems: flood hydrology and erosion control measures. in flood
hydrology, the studies include (1) inventories of hydrologic con-
ditions in southern California; (2) investigation of variables per-
tinent to floods and erosion, and (3) hydrologic analyses of data
from stable chaparral watersheds. The erosion control measures
being evaluated are (1) wetting agents for reduction of post-fire
erosion; (2) durable land treatments installed prior to and after a
large fire; and (3) side slope erosion rates.

SUPPORTED BY U.S. Dept. of Agriculture

4.0035, ANALYSIS OF WATER CHEMISTRY
A.W. FAST, State Dept. of Fish & Game, Los Angeles, California

Objectives: To determine the effects of artificial destratifica-
tion on the basic chemical and physical limnology of the lake by
comparing observed changes in the lake with records of chemical
and physical data collected during our investigations.

Procedure: Water samples will be collected from three depth
intervals at one station monthly for complete chemical analysis.
Water samples will be collected at 1- and 2-meter intervals, 2 to 4
times monthly, to determine dissolved oxygen, total alkalinity,
turbidity, pH, and conductivity. Water samples will be collected
at 2-meter intervals, 3 or 4 times yearly, to determine concentra-
tions of phosphorus, manganese, and iron. Water samples will be
collected at 2-meter intervals monthly to determine chlorine de-
mand. Mud samples will be collected at 2-meter intervals monthly
to determine chlorine demand. Mud samples will be collected
from five depths, 3 or 4 times yearly, to determine complete ox-
ygen demand and total nitrogen. Three mud samples will be col-
lected from each 2-meter depth interval at three locations yearly
to determine particle size and organic vs. inorganic fractions.
Temperatures will be measured with a resistance thermometer
from each 0.5-meter depth from these locations weekly. A.11 water
samples will be collected using standard techniques and equip-
ment. Mud samples will be collected with an Ekman dredge or a
small coring device. Chemical records compiled by the City of
San Diego and Helix Irrigation District will be used to draw a base
line for comparing observed changes due to destratification.
Records will also serve as criteria for evaluating change^ caused
by water volume fluctuations. Comparisons will be made between
the pre-aeration and aeration period.

Electronic data processing programs are being written to
analyze the data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
California State Government

4.0036, COOPERATIVE WATERSHED MANAGEMENT
ON BRUSHLANDS OF CALIFORNIA
W.E. STEINER, Univ. of California, Water Resources Center,
Los Angeles - , California 90024

The University, from its Davis campus, on a matching fund
basis, does research for the Department of Water Resources for
the ultimate purpose of discovering best watershed management
practices on typical brushlands of the State.

This year, evaluation of past experimental conversion of
brushiand to grassland, and of the effect of conversion on water
yield, time distribution, and quality, will continue. Continued data
collection is expected to confirm and further refine relationships
discovered in the past between rainfall, rainfall patterns, and ru-
noff, and between storm rainfall and surface and subsurface com-
ponents of flow during and after storm periods. Prediction equa-
tions and graphs, and their necessary parameters will be further
developed. Economic analyses of costs and benefits will continue,
and possibly preliminary figures published. Studies will continue
of the rates and sources of sediment, particularly where increased
sediment production appears to be a corollary of increased water
yield, and alleviation measures will be tried.

SUPPORTED BY California State Government
University of California

4.0037, SAN GORGONIO PASS GROUND-WATER STU-
DIES, CALIFORNIA
R,M. BLOYD, U.S, Dept. of Interior, Water Resources Division,
Menlo Park, California

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geological Survey in coopera-
tion with State and local agencies in California.

Purpose: To determine the geologic and ground-water
hydrologic features, feasibility of artificial recharge, and storage
of water in the ground-water basins or storage units within the San
Gorgonio Pass Water Agency area.

Methods: Available ground-water levels, well logs, well
depths and yields, specific capacities, pumpage figures, chemical
analysis, streamflow measurements, data on streamflow, and
evaporation data will be collected, The pattern of ground-water
movement will be shown by water-level contour maps. Gravity
and magnetometer surveys will be made to assist in determining
the location of ground-water barriers. These surveys may be sup-
plemented by seismic surveys to define ground- water barriers,
the extent of the ground-water basins, the thickness of the
aquifers and the basin profile at the San Gorgonio River narrows.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
California State Government

4.0038, FLOOD FLOWS AND SEDIMENT YIELD OF
COLMA CREEK BASIN, CALIFORNIA
G. PORTERFIELD, U.S. Dept. of Interior, Water Resources
Division, Menlo Park, California

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geological survey in coopera-
tion with 5'tate and local agencies in California.

Purpose : To determine the water and sediment yield of
Colma Creek basin and evaluate the effect of current urbaniza-
tion on the future yield of the basin.

Methods: Data will be obtained at two locations in the basin
on a continuous, basis and periodic observations of sediment and
water discharge will be made at various other locations in the
basin. These locations were selected on the basis of drainage area,
and of the current and potential development in each area. The
first location, that of the present gage on Colma Creek, is located
downstream of the major urbaniztion and construction projects.
The second location, that of Spruce Branch, is located
downstream of an area where urbanization and basis erosion con-
trols are nearly complete. Data thus obtained by standard
procedures will be correlated with the various geologic, hydrolog-
ic, and physical factors influencing runoff and erosion.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
California State Government

4.0039, FLOODS FROM SMALL DRAINAGE AREAS
W.E. STEINER, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

The U. S. Geological Survey conducts this cooperative pro-
gram, also contributed to by the U. S. Forest Service and the
California Division of Highways, to determine flood magnitude
and frequency data from representative small (10 square miles or
less) drainage basins in California. About 270 crest stage gages
have been installed on statistically representative small drainage
basins Thirty continuous recorders are moved from basin to
basin, as correlations are established, so that eventually there will
be sufficient data to define the magnitude and frequency of these
floods on a regional basis for the entire State.

SUPPORTED BY California State Government
U.S. Dept. of Interior - Geological Survey

4.0040, TOLERANCE AND PHYSIOLOGICAL REAC-
TIONS OF PLANTS TO SALINITY AND RELATED FAC-
TORS
C.A. BOWER, U.S. Dept. of Agriculture, Riverside, California
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Objective: Determine the salt, specific ion, and exchangeable
sodium tolerances of economic plants and the underlying
physiological and biochemical mechanisms of growth inhibition
by these factors.

Plan of Work: Use greenhouse cultures, outdoor sand tanks,
and field plots to grow crops and ornamental plants under con-
trolled salinity conditions, to determine tolerance to total salinity,
specific ions, and exchangeable sodium as related to mineral
nutrition, climatic factors, and foliar absorption of salt. Analyze
experimental plants for salt accumulation and investigate
mechanisms of salt absorption and translocation. Determine
water status and water use by salt affected plants in relation to salt
tolerance. Determine change in metabolic rates and pathways in
salt-affected plants, and salt effects on content and properties of
enzymes. Investigate methods for improving salt tolerance of
crops by correcting chemical lesions, applying protective chemi-
cals, modifying growing conditions, and selecting more tolerant
varieties.

SUPPORTED BY U.S. Dept. of Agriculture

4.0041, LEACHING REQUIREMENT AND SALINITY
STUDIES WITH BEARING ORANGE TREES
F.T. BINGHAM, Univ. of California, School of Agriculture,
Riverside, California 92502

Bearing orange trees are being irrigated with salinized waters
to observe the effects of soil salinity on fruit production. The ob-
jective is to develop appropriate iorigation management
procedures for waters differing in salinity and alkali hazards.

The experiment consists of 4-tree plots, replicated 5-fold for
each of the four irrigation waters. Irrigation is by basin flooding,
applications being timed according to soil suction with treatments
being initiated July 1965. Soil salinity levels are followed continu-
ously, Plant tissue analysis, soil, analysis, and various soil physical
properties will be related to tree performance, including fruit
production characteristics.

SUPPORTED BY University of California

4.0042, CURRENT FISH AND WILDLIFE PESTICIDE
PROBLEMS
E.G. HUNT, State Dept, of Fish & Game, Sacramento, California

Objectives: To evaluate those fish and wildlife pesticide
problems and relationships that are currently of greatest concern
to the Department. Concern is based on potential hazard to wild
animas of certain experimental programs. The investigations are
aimed primarily at (I) developing information regarding the
hazard of these chemicals under field conditions, and (2)
developing a guide for establishing adequate safeguards for fish
and wildlife. Special attention will be given to the hazards to game
and nongame species created by the use of mercurial seed
dressings, aerial application of 1080 treated rodent baits and En-
thin treated conifer and brush seeds, organic phosphates in cotton
culture, and polychlorinated biphenyls (PCB) in eggs of raptors
and water-associated birds.

Procedures: (a) Evaluate the hazard of mercurial seed
dressings to birds, A survey will be made to determine the
amounts of the different mercurials being used in California.
Caged pheasants will be fed grain treated with alkyl mercury and
another type of mercury fungicide to determine the effect on the
test animals and the amount and type of mercury accumulated in
tissues. Pheasants will be collected in areas where alkyl mercury
and other mercury seed dressings have been used extensivley over
a period of years. The birds will be examined for gross pathology
and tissues analyzed for mercury content. (b) Evaluate the eftects
on nontarget wildlife of the aerial application of 1080 grain baits,
Diphacin, and Endrin treated conifer and brush seeds in both field
and forest rodent control programs. (c) Field evaluations will be
made regarding the effects on game and nongame wildlife result-
ing from the application of insecticides in cotton fields. (e) Eggs
of raptors and water-associated birds will be collected and
analyzed for polychlorinated biphenyls,

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
California State Government

4.0043, HYDROLOGIC ANALYSIS OF GROUNDWATER
BASINS BY DIGITAL COMPUTER SIMULATION
C.F. MEYER, General Electric Company, Santa Barbara, Califor-
nia

This project has a dual purpose: ( I ) to improve certain of the
techniques used in devising a mathematical model of a ground-
water basin, and (2) to provide technical assistance and consulta-
tion to other investigators, who are conducting separate but re-
lated research.

Mathematical techniques will be developed to permit water-
elevation and other historical records to be used to deduce the ef-
fective values of storage factor, S, and transmissibility, T, in an
aquifer. These techniques will be incorporated into a sample com-
puter program, provided by the California Department of Water
Resources, by means of which groundwater flow in an aquifer can
be simulated and water levels computed. An evaluation will be
made of the sensitivity of the techniques for deducing S and T to
possible inaccuracies in estimating water production and
recharge.

Technical support and consultation from the TEMPO staff
and its consultant, David K. Todd, will make available the results
of this work ond other experience to the High Plains Underground
Water Conservation District and to Texas Technological College,
of Lubbock, Texas, who will investigate the application of mathe-
matical modeling and computer simulation to the Ogallala aquifer
and its management.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

4.0044, ROCK CREEK PARK CLARIFICATION PROJECT
H.F. SCHAEFER, Dow Chemical Company, Walnut Creek,
California 94598

The objective of this project is to demonstrate the feasibility
of and determine operating costs for in-stream treatment with
nolyelectrolytes for the removal of suspended solids and other
contaminants.

A site will be selected on upper Rock Creek within the Dis-
trict of Columbia. Polyelectrolyte solutions will be sprayed into
the stream at a rate proportional to the streamflow rate. The
coagulated solids will settle a certain distance downstream in a
temporary settling basin created by an inflateable dam. Water
leaving the basin will be chlorinated for further disinfection.

Various parametric studies will be conducted, including in-
vestigation of different polyelectrolyte types, different dosing
rates, and sludge recycle.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

4.0045, LITERATURE REVIEW ON FLOODED GREEN
TIMBER AREAS
R.E. CHANDLER, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To review the existing literature on flooded green timber
areas to assess their possible value to waterfowl in Ontario and to
suggest possible methods for the management of such area:: for
maximum waterfowl utilization. These methods will be imple-
mented in management plans for any such areas acquired in On-
tario.

SUPPORTED BY Canadian Government

4.0046, MARSH EVALUATION AND ACQUISTION - ON-
TARIO
D.G. DENNIS, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To provide a three stage report on the quality waterfowl
areas throughout Southern Ontario, directed towards the main-
tenance and development of suitable waterfowl habitat. The pri-
mary phase will be a preliminary list of wetland units showing lo-
cation, acreages, descriptions, cost estimates and on acquisition
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priority rating. The second phase will be submitting acquisition
proposals for each area. Following acquisition, an ecological
study and management plan will be prepared for each unit. This
project was begun in 1967 and will continue for an undetermined
period.

SUPPORTED BY Canadian Government

4.0047, STUDY OF THE DISTRIBUTION OF FOUR AS-
SOCIATIONS OF AQUATIC PLANTS IN THE VICINITY OF
MONTREAL
J. LAMOUREUX, Canadian Wildlife Service, Ottawa - Ontario,

Canada
To study the relationship of four associations or aquatic

plants, namely Scirpetum, Saggitarietum, Typhaetum and Pon-
tederietum, with depth of water. To assess their general relative
position on a transect line running from pasture to water. To com-
pare data obtained in different kinds of marshes, i.e., islands (6),
bays (2), bog lakes (1). To describe the distribution of these as-
sociations in the vicinity of Montreal.

SUPPORTED BY Canadian Government

4.0048, AN ECOLOGICAL STUDY OF ILES-DE-LA-PAIX,
LAKE ST. LOUIS, QUEBEC
M. LAPERLE, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To study the ecological relationships between the habitat and
waterfowl using a group of alluvial islands in Lake St. Louis,
Quebec. This study will be conducted over a period of two years
and has begun in April 1968.

SUPPORTED BY Canadian Government

4.0049, MARSH EVALUATION AND ACQUISITION,

QUEBEC
M. LAPERLE, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To provide a three-phase report on quality wetland areas in
the province of Quebec, directed toward maintenance and
development of adequate waterfowl habitat. The initial phase
consisted of a preliminary list of wetlands showing their location,
acreage, description, cost estimates and an acquisition priority
rating. A separate acquisition proposal is then made for each
area. Following acquisition, an ecological study and management
plan will be prepared for each unit. This project was begun in
1966 and will continue on an undetermined period.

SUPPORTED BY Canadian Government

4.0050, AN ECOLOGICAL STUDY OF LAKE ST. PETER,

QUEBEC
W.T. MUNRO, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To study the relationships between water level aquatic plants
and insects, and duck production on Lake St. Peter, Quebec. This
study, with the emphasis to be placed on the black duck, was
begun in April, 1968.

SUPPORTED BY Canadian Government

4.0051, WATERFOWL HABITAT INVESTIGATIONS - OT-

TAWA RIVER
W.T, MUNRO, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To study the effects of flooding on waterfowl habitat on the
Ottawa River. The water level of the Ottawa River at the study
area near Thurso, Quebec, was raised after a hydro-electric dam
was erected at Carillon, in 1963. Vegetation and waterfowl breed-
ing surveys were to be carried out before, during, and after the
flooding of the river to determine the relationship between the
pre-flood and post-flood vegetation complex and waterfowl use.

SUPPORTED 7anadian Government

4.0052, MARSH EVALUATION AND ACQUISITION -

MARITIMES
A,D. SMITH, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To provide a three phase report on quality wetland areas
throughout the Maritimes, directed toward maintenance and
development of adequate waterfowl habitat. The initial phase will
be a preliminary list of marsh units showing location, acreages,
descriptions, cost estimates and an acquisition priority rating. Ac-
cording to priorities acquisition proposals will then be submitted
for each area. Following acquisition, an ecological study and
management plan will be prepared for each unit.

SUPPORTED BY Canadian Government

4.0053, REHABILITATION, SCOTSBURN MARSH, NOVA

SCOTIA, CANADA
G.H. WATSON, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To design a wacerholding structure for this marsh, To experi-
me7,t with waterlevels in order to obtain optimum habitat condi-
tions for waterfowl and furbearers. To encourage growth of
desirable aquatic plants through waterlevel fluctuation; plowing,
discing, and fertilizing. To increase the quality of habitat 4.hrough
construction of nesting islands, and excavating of areas which
cannot be adequately flooded.

This project involves land acquisition, and therefore the
starting date is uncertain. It is hoped that it will commence in
1968, and that certain investigations will continue for an in-
definite period.

SUPPORTED BY Canadian Government

4.0054, MUSQUODOBOIT - METERING BASINS NOVA

SCOTIA, CANADA
G.H. WATSON, Canadian Wildlife Service, Ottawa - Ontario,
Canada

To evaluate the ecological effect of change in the water
levels and related causes in small lakes, bogs, and marshes in the
Musquodoboit watershed. The first stage, observation of vegeta-
tion before water- retaining structures are built, is to take place in
September 1967. Each following year a vegetation survey is to be
made. In addition, use by wildlife will be observed. It is hoped to
carry out experiments with fluctuating water levels to reach an
optimum stage of aquatic vegetation for waterfowl and fur-
bearers.

SUPPORTED BY Canadian Government

4.0055, IMPROVEMENT OF HIGH ALTITUDE (7600)
VEGETABLE CROPS
F.D. MOORE, Colorado State University, Agricultural Experi-
ment Sta. , Center, Colorado

1. Determine nutritional requirements of San Luis Valley
vegetable crops as related to irrigation practices with regard to an
increase in crop yield and quality. 2. Relate environmental
phenomena peculiar to high altitude growing area to production
of vegetable crops. 3. To test vegetable crop varieties, strains, and
breeding lines for their commercial production value in the San
Luis Valley. 4. To test chemical herbicides and determine correct
rates for their use on vegetable crops grown in the San Luis Val-
ley. 5. To determine irrigation practices which will best conserve
water with no limitation to vegetable crop production. 6. To re,
tard senescence of highly perishable vegetables.

A major portion of the study will involve the determination
of the optimum fertilization of head lettuce with regard to irriga-
tion practices. Soil and tissue analyses will be made as well as
measurements on yield and quality after vacuum pre-cooling and
the transit and marketing period. Effect of solar UV radiation and
high intensity solar radiation (in the visible range) on vegetable
crops will be studied. Varieties will be evaluated with regard to
market preference, San Luis Valley growing conditions, and
quality during the transit and marketing period. Rates and
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methods of application of standard herbicides as well as experi-
mental chemicals will be tested. An attempt will be made to pro-
long the marketable condition of head lettuce and cauliflower
through the use of anti-senescence compounds. Enzyme and
respiration studies will be used to supplement information gained
from the senescence and radiation studies.

SUPPORTED BY Colorado State Government

4.0056, WATER APPL ICATION AND USE ON A RANGE
WATERSPREADER
F.A. BRANSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Denver, Colorado

The objective of this project is to determine quantities and
frequency of flows onto the spreader and the quantities of water
stored and lost from the soil during the growing season. To deter-
mine changes in vegetation and soils due to waterspreading.

The spreader site was precalibrated in terms of kinds and
quantities of plants present for three years before the water-
spreader was constructed. One year of soil moisture records on
the sp-eader and control areas were obtained before water was
applied to the spreader.

Water applied to the spreader is measured by means of a
water stage recorder which determines the duration of flow
through a pipe onto the spreader and by means of a rain gate. Use
of water on the spreader is determined by means of periodic soil
moisture samplings.

Plant measurements are being made by the Montana Agricul-
tural Experiment station. The measurements include line
transects and yield determinations. Twelve species were seeded
on the spreader to test adaptability.

Soil samples for physical and chemical measurements were
taken before water spreading and will be obtained again during
the final year of study.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0057, RADIOISOTOPE WATER FLOW MEASUREMENT
IN HIGH-HEAD TURBINES AND PUMPS
R.L. HANSEN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225 ( AT( 49-1 I )2758)

Radioisotope methods and instrumented systems developed
by the Denver Office, Bureau of Reclamation, Department of the
Interior, for open channel water flow measurements arc adapta-
ble in part to the problem of accurately determining the rate of
water flow through high-head turbines and pumps -a measure-
ment which cannot be as accurately made by conventional
methods. Research is being conducted to determine the minimum
mixing length required to obtain adequate mixing. Techniques
and equipment for injection of radioisotopes are being developed.
A program of field testing is being

SUPPORTED BY U.S. Atomic Energy Commission

4.0058, RESEARCH AND BASIC DATA ON THERMAL
POLLUTION
G.E. HARBECK, U.S. Dept. of Interior, Geological Survey,
Denver, Colorado

This work, initiated in FY'69, involves research into some of
the theoretical aspects of heat transfer and dissipation when
heated water is discharged to rivers. Of primary interest will be
the relationships among the eddy-transfer coefficients, or dif-
fusivities, of heat, momentum, and water vapor when the at-
mospheric lapse rate is non adiabatic.

In addition to the research, certain basic data will be col-
lected and published that will be immediately helpful to both
plant designers and researchers. The data would include flow,
measurements of temperature profiles, and velocity distribution
under controlled conditions on 10 to 12 streams representing a
wide range of flow conditions and a variety of climatic and
weather conditions. In addition, v, rious pertinent meteorological
parameters would be measured; air temperature, humidity, and
wind speed.

SUPPORTED BY U.S. Atomic Energy Commission

4.0059, GROUNDWATER ANALYSIS BY DIGITAL COM-
PUTER APPLICATION DEVELOPMENT
H.R. MCDONALD, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

This study will develop procedures for the analysis of ground-
water aquifer systems covering areas up to 25,000 square miles by
nse of digital computer applications. Present methods, using elec-
tric analogs are satisfactory for areas up to 2,500 square miles but
become unmanageable for areas of larger magnitude. Extensive
areal study of declining water tables, forecasting aquifer deple-
tions, and relating this source of water supply to potential Recla-
mation project demands arc primary objectives of this new
research activity.

SUPPORTED BY U.S. Dept. of Interior - Bu Reclamation

4.0060, SURFACE WATER MANAGEMENT
R.E. DANIELSON, Colorado State University, Natural
Resources Center, Fort Collins, Colorado 80521

The objectives of this research are: I. to study the relative
importance of various range conditions in Alpine areas to soil
movement and water contamination; 2. to examine the dichotomy
between flood hydrographs from 'forested' and 'agriculture
watersheds; 3. to develop soil treatments and systems of land
preparation that will promote maximum use by the crop of rain
where it falls, in marginal regions; and 4. to study the role of
seepage and the mechanics of bank development in alluvial chan-
nels and its significance in the design of conveyance systems and
control of rivers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

4.0061, GROUND WATER RECHARGE AS AFFECTED
BY SURFACE VEGETATION AND MANAGEMENT
R.E. DANIELSON, Colorado State University, School of Agricul-
ture, Fort Collins, Colorado 80521

Contributions to groundwater of range and cultivated lands
will be determined in eastern Colorado. Plant species and
microrelief and texture of the soil will be evaluated as factors
modifying this contribution.

Surface treatments such as: contour ridging, basin listing,
herbicided to reduce or eliminate transpiration, surface mulches,
altering surface texture, snow fences, and chemicals to increase
infiltration and retard evaporation will be evaluated as to their ef-
fect on increasing recharge.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University
Colorado State Government

4.0062, GROUND WATER TABLE FLUCTUATIONS
H.R. DUKE, Colorado State University, Agricultural Experiment
Sta. , Fort Collins, Colorado 80521

A. Establish an observation well network. B. Arrange
periodic measurements of ground water table elevations at
selected observation wells. C. Compile power consumption
records for pumping plants. D. Develop procedures for
processing data by machine methods. E. Periodic publication of
basic data and interpretation of analysis.

Description of Work: Water table elevations in each observa-
tion well are measured each spring and fall. Basic information is
analyzed and published periodically.

SUPPORTED BY Colorado State Government

4.0063, LOW GRADIENT BORDER CHECK IRRIGATION
N.A. EVANS, Colorado State University, Agricultural Experiment
Sta. , Fort Collins, Colorado 80521

OBJECTIVES: To determine the operating characteristics of
bot der check irrigation systems with very low gradients in order
to improve water management practices.
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DESCRIPTION: Border checks with land gradients in the
range of 0 to 0.1 percent will be studied to determine optimum
rate and volume of water application as a function of crop and soil
characteristics.
SUPPORTED BY Colorado State Government

4.0064, DRAINAGE FACILITIES, METHODS, AND
DESIGN CRITERIA FOR PROTECTION AND IMPROVE-
MENT OF AGRICULTURAL CROPS AND SOILS IN THE
NORTHERN PLAINS
H.R. RAISE, Colorado State University, School of Engineering,
Fort Collins, Colorado 8052 I

Object: To develop theoretical and rational equations
describing flow of water to surface and subsurface drains utilizing
laboratory and field approaches for the development and evalua-
tion of new methods and facilities for improvement and protec-
tion of agricultural crops and soils and the disposal or reuse of
drainage water.

Plan of Work: Cooperative investigations will be conducted
in the laboratory and field. Field evaluations of newly developed
systems and practices will be made at specific sites under exacting
engineering controls. The evaluation of new facilities for drainage
will be made in various regions involving different soil and cli-
matic conditions. Ncw methods of drainage will be developed for
special problem areas. Basic drainage formulas for computing
drain spacing and depth of drains developed in the laboratory will
be evaluated in the field for accuracy and suitability for use by
drainage engineers. Data obtained from this projcct will provide
additional design criteria based on recent developments in
drainage techniques that have been evaluated in field studies.

SUPPORTED BY U.S. Dept. of Agriculture

4.0065, TURF RESEARCH
W. M4CKSAM, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

Objectives: (I) Irrigation-rates, frequency, methods, costs.
(2) Varieties, (3) Pests-weeds, diseases. (4) Plant nutrition, etc.

Procedures: Establishment of plots under sprinkler irrigation,
comparing grass clipping heights, fertilizers and hcrbicidc appli-
cation.

SUPPORTED BY Colorado State Government

4.0066, SEDIMENTATION AND CONTAMINANT
CRITERIA FOR WATER RESOURCES PLANNING', AND
MANAGEMENT
H.W. SHEN, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

To study the effect of vegetation on flow rate, sediment yield
and dispersion of pollutant in watershed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

4.0067, GROUND WATER RESOURCES
D.K. SUNADA, Colorado State University, School of Engineer-
ing, Fort Collins, Colorado 80521

Objectives: A) Analyze and develop techniques for efficient
development and management of ground water aquifers. B) Eval-
uate the feasibility and usefulness of such techniques in maximiz-
ing the use of Colorado's water resources. C) Investigate the ap-
plicability of managcment and development techniques decried
feasible to the various ground water situations in Colorado and
other areas. D) Train young engineers and scientists in the latest
advancements for analysis and management of ground water
resources through the graduate research program. E) Serve as ad-
visors to the Colorado Ground Water Commission, Colorado
Water Conservation Board, State Engineers Office, and other
State and local water agencies on ground water problems.

Work Proposed: Refinement of modeling techniques which
have been developed recently will be pursued and will include
considerations for water quality. The measurement of water levels
in the observation well network will provide the necessary data

for construction and verification of particular models as well as
provide information now needed prior to management decisions.

SUPPORTED BY Colorado State Government
Colorado State University

4.0068, INFLUENCE OF ACCUMULATED SEDIMENTS
UPON WATER VELOCITY OF MICROHABITATS OCCU-
PIED BY TROUTS
R.E. VINCENT, Colorado State University, State Coop, Fishery
Unit, Fore Collins, Colorado 80521

Water velocities will be recorded near the bottom and sides
of a stream. After severe turbidity and settling of bottom sedi-
ments, water velocities will be taken in the same cross section.
The difference between the before and after water velocities can
be paired. with the velocity requirements of salmonids to give an
indication of the influence of sediments upon microhabitats of
trout.

The work will be conducted upon the upper Dolores and Rio
Grande Rivers in southern Colorado.

SUPPORTED BY U.S. Dept. of Interior - emu. sport Fish.
Colorado State University

4.0069, INFLUENCE OF SEDIMENTATION UPON THE
PRODUCTION OF GAME FISHES
R.E. VINCENT, Colorado State University, State Coop. Fishery
Unit, Fort Collins, Colorado 8021

A pre-treatment population inventory was made of all spe-
cies of fishes in Blue Water Creek in 1963. Sections of the
watershed were then treated to reduce the amount of sediment in
the watershed. Post treatment inventory will then be made of all
fish species with emphasis upon species composition, numbers
and age class, standing crop and productivity. Fish population in-
formation can be correlated with the changes in sediment
discharge and attendant changes in water temperatures, food or-
ganisms, etc.

The project is being conducted in Blue Water Creek in south-
central Montana,

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
U.S. Dept. of Interior - F. Water Pol. Ctl
Montana State Government
Colorado State University

4.0070, COVER AS A LIMITING FACTOR IN TROUT
PRODUCTION
R.E. VINCENT, Colorado State University, State Coop. Fishery
Unit, Fort Collins, Colorado 80521

A one mile section of study stream was surveyed and divided
into 100 ft sections of a general, uniform type. Measurements that
determined the uniformity were mean current velocity, velocity
distribution, total cover, amount of cover, and water depth. Fish
population is being censused in each section by electrofishing so
that number and weight of fish present can be related to the physi-
cal features of the stream. Fish cover will be manipulated to
demonstrate further the effects of cover and population density.

Project is being conducted on Dale Creek, northern
Colorado.

SUPPORTED BY U.S Dept. of Interior - Bu. Sport Fish.
Colorado State University

4.0071, STORM RUNOFF AND FLOODS AS RELATED
TO INTEGRATED CLIMATIC AND WATERSHED CHARAC-
TERISTICS
D.A. WOOLHISER, Colorado State University, School of En-
gineering, Fort Collins, Colorado 80521

Object: To identify and integrate climatic and watershed fac-
tors influencing storm flows and floods from watersheds; develop
procedures to estimate such flows from ungaged watersheds; to
develop working tools to synthesize flood hydrographs, and
methods to estimate the effects of changed use and conservation
treatment of land on such flows; to study precipitation charac-
teristics; methods to estimate the effects of pervious stream chan-
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nels and valley alluviums and combining or joining hydrographs
of storm runoff and flow from small to increasingly large
watersheds as flood waves travel downstream.

Plan of Work: The work is currently in progress on agricul-
tural watersheds in the vicinity of Hastings, Nebraska; Newell and
Cottonwood, South Dakota; and Ft. Collins Colorado. Some of
the factors required for the analysis and which are measured or
otherwise documented for the study arc: rates and duration of
streamflow; precipitation patterns; an.ccedent moisture; season,
soils; land use; conservation and watershed management prac-
tices; ground water elevations; riparian vegetation; geology;
gradients and hydraulic roughness of stream channels; and the
size, shape and other geomorphic attributes of the watersheds.

SUPPORTED BY U.S, Dept. of Agriculture

4.0072, FACTORS INFLUENCING THE STABILITY AND
REGIME OF CHANNELS IN AGRICULTURAL
WATERSHEDS
D.A. WOOLHISER, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Object: To establish fundamental principles arid develop
planning and design criteria on (1) stability of natural and artifi-
cial channels; (2) influence of altered flow and sediment regime
on channel deformation; (3) deposition patterns above sediment
detention and water storage structures; and (4) geomorphic in-
fluences in waterway physiography.

Plan of Work: Laboratory and field studies will be made of
(a) numerous channels with measurement or identification of all
factors contributing to the existing conditions; (b) effect of im-
posing water and sediment control can the natural regime; (c)
topographic maps, aerial photographs, and historic records of
channel shapes, geometries, and waterway systems, and (d) coor-
dination of laboratory and field investigations. Factors to be mea-
sured or identified include channel shapes and meander, hydrau-
lic characteristics, water and sediment conveyance, vegetation
aspects, physical and chemical characteristics of channel
periphery materials, rates of aggradation and degradation,
geomorphic parameters, climatic events and land use influences.
New and improved instrumentation and techniques to measure
and identify channel stability features will be developed. Findings
will be analyzed and interpreted to provide information necessary
to establish guides and criteria for planning, design, and main-
tenance of agricultural watershed programs.

SUPPORTED BY U.S. Dept. of Agriculture

4.0073, MATHEMATICAL MODELING OF SMALL
WATERSHED FLOODS
V. Y AKIliVICH, Colorado State University, School of Engineer-
ing, Fort Collins, Colorado 80521

The objective is the characterization of the response of small
watersheds to rainfall in terms of methematical rciations among
the physical parameters of the watershed. These relations will
then be used to predict the runoff hydrographs for floods from
small watershed.

Work will include: (1) Statistical correlation of watershed
parameters with runoff; (2) Investigation of models developed
from concepts of physical processes at work in runoff; (3) Coor-
dination with a related project involving a one-acre experimental
facility for rainfall-runoff experiments. Data from natural flood
events will be added to the existing Small Watershed Data File.

SUPPORTED BY Colorado State Government

4.0074, MANAGEMENT OF FOREST GAME RANGES IN
THE CENTRAL ROCKY MOUNTAINS, AND IMPROVE-
MENT OF FISH HABITAT BY MANIPULATION OF
STREAMS/DE VEGETATION
D.R. SMITH, U.S. Dept. of Agriculture, Rocky Mtn. For. & Rg,
Ex. Sta. , Fort Collins, Colorado

Object: To determine (1) what constitutes high-quality
habitat for important game species and desirable streamside
vegetation for trout waters; (2) how habitat and streamsidc
vegetation is modified in other land uses and range and

watershed improvement practices, and (3) methods of habitat im-
provement for the particular vegetation types and physiography
of the region.

Plan of Work: Studies will be made of (1) environmental
characteristics in terms of soil, elevation, aspect, vegetation type,
etc.; effects of fire, logging, and livestock grazing; quantity, quali-
ty, and use of plants present; and of the current statue of stream-
side vegetation and effects of land use; (2) the effect, on wildlife
habitat values of chemical and mechanical plant control used for
range improvement; and effects of phytocides and mechanical
treatments in terms of physical and chemical changes of plant_ af-
fecting habitat quality for particular game species; (3) the possi-
ble use of soil and plant amendments to improve nutritional quali-
ty and palatability of abundant low-quality species, to improve
composition of the vegetation, and to attract game animals from
deteriorated ranges; and (4) ecology of browse species with first
attention on true mountain mahogany. Range, site, reproduction,
longevity, and production and palatability of the forage will be
determined.

SUPPORTED 3Y U.S. Dept. of Agriculture

4.0075, POTENTIAL FISHERY FOR RIVER HERRINGS
IN CONNECTICUT RIVER
W.A. LUND, State Board of Fish, & Game, Hartford, Connecticut

During 1966, bade information will be gathered on the time
and duration of the run of each species of Alosa (with the excep-
tion of Alosa sapidissima) which enters the Connecticut River.
Physical data will be gathered and temperature will be constantly
monitored near the mouth of the river. The entering adults will be
sampled with gill nets and lengths, weights and sex will be
recorded. Scale samples will be taken for age determination. This
sampling will continue periodically during the entire run. The
techniques worked out and the basic data gathered at this time
will be used to plan a more intensive study to be conducted in
1967 and 1968.

A survey will be made to ascertain the major spawning areas
of each species. This area will be bawled with gill nets, seines and
plankton nets to determine the species present and if spawning
has occurred. Physical and chemical data will also be collected at
this time,

This preliminary survey augmented by information gathered
on the other sub-projects shown enable us to design an intensive
survey which will be carried out in 1967 and 1969.

The laboratory facilities of the University of Connecticut,
Marine Research Laboratory will be utilized for this sub-project.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.
Connecticut State Government

4.0076, RESEARCH AND TRAINING PROGRAM DEAL-
ING WITH THE PROBLEMS AND POTENTIALITIES OF
THE FOUR MAJOR RESERVOIR PROJECTS CURRENTLY
UNDER WAY IN AFRICA
G.F. WHITE, Natl. Academy of Sciences, Washington, District of
Columbia

The great artificial lakes being created by damsNasser in
the United Arab Republic, Kariba on the borders of Zambia and
Rhodesia, Kainji in Nigeria, and Volta in Ghana -- will eventually
cover a combined surface of more than 1,000 square miles, bring-
ing changes which will radically affect the economy and culture of
the regions. At the outset, more than 250,000 people will have to
be resettled to permit flooding of the areas; subsequently the in-
troduction of hydroelectric power, the elaboration of irrigation
and fisheries projects, and the development of transportation can
be expected to transform the physical environment and alter the
mode of life of whole populations.

SUPPORTED BY Rockefeller Foundation

4.0077, ECONOMIC ANALYSIS OF WATER USE IN IR-
RIGATION IN THE NORTHERN PLAINS
G.A. PAVEL'S, U.S. Dept. of Agriculture, Washington, District of
Columbia

Objectives: To analyze crop response to irrigation water
under alternative managerial practices and soil conditions,
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Approach: The analysis will be confined to small grains,
legumes, sugar beets and potatoes, the crops best suited for irriga-
tion in North Dakota. The managerial practices will be selected to
include different levels of fertilization and alternative systems of
farming and other managerial inputs consistent with irrigation
farming. Primary data will be collected from irrigation farmers
and the North Dakota State University Branch Irrigation Station,
Additional data relevant to this study will be obtained from
research planned by the Soils Department, North Dakota State
University to measure response to irrigation water as affected by
timing and amount of water per application.

SUPPORTED BY U.S. Dept. of Agriculture

4.0078, EFFECTS OF HEATED WATER IN A TIDAL
ESTUARY
R.L. CORY, U.S. Dept. of Interior, Water Resources Division,
Washington District of Columbia

The Patuxent River is one of the few rivers entering Ches-
apeake Bay that presently is more or less free from cultural in-
fluences. In the near future rapid change is expected to result
from urbanization in the upper basin and operation of a large
generating plant at Chalk Point, which will significantly alter the
temperature of the water in that vicinity. At times the heated
water released into the estuary will be equal to or greater than the
fresh water inflow.

The objective of this project is to understand the effects of
such r- 'ease in the physical, chemical, and biological character of
a tidal river by studying the yearly and seasonal attachment, rates
of growth and mortality of attached organisms, and associated
physical factors, including salinity. Interrelations between the en-
vironment and aquatic biota will be determined for the normal
hydrologic condition and the heated condition over a period of
about two years for each.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0079, WATER TABLE CONTROL IN ORGANIC SOILS
F.H. THOMAS, Univ. of Florida, Agricultural Experiment Sta. ,
Belle Glade, Florida

Objective: (1) To determine the effectiveness of lined and
unlined mole drains as part of a water table control system for
shallow organic soils and (2) To make preliminary evaluations of
crop response to different water table depths in shallow organic
soils.

Description: Three water tables will be maintained on 9 plots
on Everglades peaty muck soil in a 3 x 3 Latin Square design. Sub
plot treatments will consist of unmoled (chcck ), conventional
moling and plastic-lined mole drains. Water stage recorders
established in the center of each sub-plot and in the 3 ditches sur-
rounding the main plots will give the relation of water levels "a the
ditches to water tables in the plots. Piezometer tubes installed at
strategic locations will furnish data to characterize the slope of
the water table. Effectiveness of mole treatments will be deter-
mined by their ability to maintain the desired water table. Crops
will be planted with rows crossing all moling treatments.

SUPPORTED BY Florida State Government

4.0080, EVALUATION OF CONSUMPTIVE WATER USE,
SOIL-WATER STORAGE, AND THE INTERRELATION OF
THREE COMPONENTS OF THE WATER BUDGET
W.H. SPEW?, Univ. of Florida, Agricultural Experiment Sta. ,

Gainesville, Florida 32601
Data is collected from evaporation pans, evapotranspirome-

ters, and land tanks located at Plantation Field Laboratory and
the Everglades Experiment Station. Rainfall, runoff, groundwater
levels, standard pan evaporation, and artesian pressure data are
collected from four experimental watersheds in south and central
Florida Flatwoods ranging in size frea; 4,000 to 63,000 acres.

These data are analyzed and correlated in order to: deter-
mine the effect of plant density, water table level, and climatic
factors on evapotranspiration and apply these findings to agricul-
tural watersheds; evaluate open water evaporation and the effect
of climatic conditions on these water losses; derive methods for
computing changes in soil moisture and ground water storage on a

watershed basis; derive and test methods for estimating
evapotranspiration from small agricultural watersheds; and, eval-
uate contribution of artesian and pumped irrigation to basin
storage

SUPPORTED BY Florida State Government

4.0081, DESIGN, INSTALLATION, AND MAINTENANCE
OF SURFACE AND SUBSURFACE DRAINAGE SYSTEMS
WITH OR WITHOUT LANDFORMING AND CONDITION-
ING
J.R. CARREKER, U,S. Dept. of Agriculture, Athens, Georgia

Object: To improve surface drainage systems on farms which
will permit high level crop production and more effer' use of
modern farm machinery; to determine the factors which control
design of surface water conveyance systems and develop ways to
stabilize such facilities; and to study design features and the feasi-
bility of using lower cost materials for subsurface drains; and
develop methods of maintaining subsurface drainage systems in
good condition.

Plan of Work: Drainage and water control system design will
be related to soil properties and drainage needs. Drainage systems
and related tillage management will be developed to provide
necessary surface add profile and water control and permit effec-
tive use of modern farm machinery, Data will be obtained on the
rate of water movement over, into, and through the soil, and on
the other soil properties that affect the management of water.
Study will be made of the effect of length and gradient of the row,
and the rates and amount of runoff, together with data on row
erosion, in order to reorganize drainage patterns in the sugar cane
production areas, to improve drainage and workability of the
land, and to increase the percentage of land in useful crops. The
overall use of lower cost materials for drains will be tested. The
need for and required design features for subsurface systems will
be studied in the laboratory and field.

SUPPORTED BY U.S. Dept. of Agriculture

4.0082, THE ARTESIAN SYSTEM IN GEORGIA
STRATIGRAPHY AND HYDROLOGY OF THE OCALA
R.E. CARVER, Univ. of Georgia, Graduate School, Athens, Geor-
gia 30602

The Ocala limestone is a principal source of water for the
south Georgia region whose continued development depends
upon the intelligent use of water supplies from this aquifer. The
hydrologic and recharge characteristics of the l ;ala are not well
understood; hence the long range productivity of the reservoir
cannot be predicted.

The major objectives of the research are to determine: (1)
the lithology and distribution of the Ocala and correlative units,
(2) the hydrologic and recharge characteristics of the Ocala and
correlative units, and (3) the effects of long term use (last 50
years) on the piezometric surface.

Procedure: All known data regarding the geology, water and
well records of the Ocala limestone aquifer will be compiled. In
addition, palynological, petrological, lithostratigraphical and
biostratigraphical studies of the Ocala limestone from well sam-
ples and also from the entire outcrop area within the state of
Georgia will yield new data on the three dimensional stratigraphy
of this aquifer in both the surface and the subsurface. This
knowledge will lay the groundwork for further studies on ascer-
taining where and how the Ocala derives its recharge and where
and how the water moves through the Ocala. These additional
data will ultimately enable the pinpointing of sources of pollu-
tants.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. itch
University of Georgia

4.0083, FACTORS AFFECTING WATER YIELDS FROM
SMALL WATERSHEDS IN GEORGIA
C. COBB, Univ. of Georgia, Agricultural Experiment Sta, ,

Athens, Georgia 30602
Objective: To correlate rates and yields of runoff to

watershed characteristics and climatic conditions.
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Description: Watersheds representative of physiographic and
climatic conditions will be selected and studied. Initially, two
watersheds of approximately 100 and 1000 acres with representa-
tive Piedmont conditions near Watkinsville, Ga., will be studied.
Each watershed will be characterized as to soils, geology, topog-
raphy, land use, conservation practices, and management. Base
flows, peak rates, and total yields of runoff will be measured.
Precipitation will be measured. Precipitation and runoff charac-
teristics will be interpreted in terms of causative factors including
soil moisture properties, watershed characteristics, climatic con-
ditions, and management. Punch card arrangement of data, com-
puter programs, and statistical treatment will be coordinated with
other contributing projects to Regional Project S-53.

SUPPORTED BY U.S. Dept. of Agriculture
Georgia State Government

4.0084, A SURVEY OF THE SEASONALLY-INUNDATED
MARGINS OF LAKE VOLTA (GHANA)
P.M. AHN, Univ. of Ghana, Accra, Ghana

General - Assessment of the extent and quality of agricultural
land seasonally flooded, location of promising agricultural areas,
detailed soil survey and related investigations leading to their
practical development; duration approximately two years com-
mencing mid-1968,

Pre-field work: collection of background information; study
of topography from maps and aerial photographs.

Reconaissance: rapid reconaissance of the area, by plane,
boat and on foot, to allow preliminary classification of the
lakeside areas as to priority for further, more detailed, investiga-
tion.

Detailed study: investigation of soils, topography, irrigation
and drainage structures, social and economic factors (including
transport and markets) affecting practical development.

The scheme involves close cooperation between the depart-
ments of Agronomy, Botany, Economics and Geography of the
University, and also between the university personnel and the
UNDP/FAO Volta Lake project. It is also hoped to involve up to
12 undergraduates of the University of Ghana in the field work in
each of the two years of survey.

SUPPORTED BY Rockefeller Foundation

4.0085, FLOODS IN THE WAIAHOLE-WAIKANE AREA,
OAHU, HAWAII
R. LEE, U.S. Dept. of Interior, Water Resources Division,
Honolulu, Hawaii

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Hawaii.

Purpose: To provide flood data for use by State and county
officials in planning zoning measures to protect Oahu residents
from flood hazards.

Methods: Records of peak discharges from a regular gaging
station on Waiahole Stream and from gaging stations of longer
duration on nearby streams will be used to determine the mag-
nitude-frequency relation of floods in Waiahole Valley. Field sur-
veys of inundated areas from past floods will be made and trans-
ferred to an enlarged topographic map (scale I : i 2,000) to
delineate the inundated areas. The field survey will be guided by
historical data and information obtained from long-time residents
of the area.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Hawaii State Government

4.0086, FLOODS IN PUNALUU-HAUULA AREA, OAHU,
HAWAII
T.M. USHIJIM A, U.S. Dept. of Interior, Water Resources Divi-
sion, Honolulu, Hawaii

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Hawaii.

Purpose: To provide flood data for use by State and county
official; in planning zoning measures to protect Oahu residents
from f'kcd hazards.

Methods: Records of peak discharges from a regular gaging
station on Punaluu Stream and from gaging stations on nearby
streams will be used to determine the magnitude and frequency of
floods on Punaluu Valley. Field surveys will be guided by histori-
cal flood data and information obtained from long time residents
of the area.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Hawaii State Government

4.0087, EROSION AND RUNOFF CONTROL PRACTICES
AND SYSTEMS TO CONSERVE SOIL AND WATER------
RESOURCES IN THE PACIFIC NORTHWEST
M.E. JENSEN, U.S. Dept. of Agriculture, Kimberly, Idaho

Object; To develop improved erosion and runoff control
practices and systems applicable to the climatic, soil, topo-
graphic, and cropping conditions of the Pacific Northwest.

Plan of Work: Studies are made of various crop sequences
and management practices, as related to magnitude and severity
of runoff and soil loss. Tillage systems, including st,:bble
mulching, subsoiling, vertical mulching, minimum and
deep profile modification methods are evaluated as to runoff and
erosion control benefits. Other studies are concerned with adap-
tation and adjustment of farm equipment to better serve the needs
of erosion control, and with practices to supplement natural re-
sistance to wind and water erosion such as contour farming, row
design, terracing, benching, and other methods with the view of
developing adapted, effective and economical control measures.
Studies are also made of engineering aspects of various types of
terracing and benching systems, to collect excess runoff and
deliver it from the field or to impound it for infiltration on leveled
areas. Various types of terrace outlets and waterway designs are
evaluated, including lining materials and permanent structures for
managing the runoff water.

SUPPORTED BY U.S. Dept. of Agriculture

4.0088, FACTORS INFLUENCING THE FLOW OF SUB-
SOIL WATER IN THE IMMEDIATE PROXIMITY OF AND
INTO DRAINAGE FACILITIES
G.L. COREY, Univ. of Idaho, Agricultural Experiment Sta. ,

Moscow, Idaho 83843
Object: To analyze and describe the sub-soil surface flow of

water and those factors which effect it in the immediate vicinity of
the drain facility for the preparation of improved criteria and
procedures for design, installation and operation of drains.

Procedure: A drainage nomograph will be developed using
the criteria of similtude developed under this project by the
Colorado Station. Model soil columns will be allowed to drain
under the influence of gravity. Scaled outflow will be plotted
against scaled time for a wide range of homogeneous soil textures.
Various column lengths will be used so that one can arrive at the
drainage outflow-time relationship for any homogeneous soil
material of any practical thickness.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

4.0089, SOIL AND WATER REQUIREMENTS FOR
BLACK WALNUT AND OTHER HARDWOODS
W.H. CARMEAN, Scuthern Illinois University, U.S.D.A. Forest
Service, Carbondale, Illinois 62901

Object: To provide the basic knowledge on soils and water
required for the culture of black walnut and other high value
hardwoods used for timber and related products.

Plan of work: Primary emphasis will be placed on obtaining
the basic soils knowledge for effectively culturing walnut and
other hardwoods in plantations. Guides and site curves will be
developed for predicting the soils and sites where immature trees
will grow quickly and produce quality logs. Controlled soil
moisture and drainage studies will be made to determine moisture
requirements of hardwoods. Ways will be sought to maintain or
improve soil structure and other physical and chemical properties
with particular emphasis on cultivation. Site information for all
important upland oaks will be analyzed and improved oak site
index curves will be made. (2 pmy per yr.)

1-284



SUPPORTED BY U.S. Dept. of Agriculture

4. WATER QUANTITY MANAGEMENT AND CONTROL

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Illinois State Government

4.0090, THE RELOCATION OF INDUSTRY AND THE LO-
CATION OF NEW INDUSTRY AS AFFECTED BY THE
AVAILABILITY OF WATER SITES
A.E. PRELL, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

The purpose is to investigate the resons for the location of in-
-------clustry on the Mississippi River since 1945. The principal empha-

sis is to be on whether or not the availability of water played a role
in the choice of the industrial site. Further, the study will in-
vestigate what types of industries find water sites essential and/or
important enough to affect the location decision. Finally, the
study will attempt to determine what barriors exist to the use of
waterways and water sites for new industry on the Mississippi
River.

SUPPORTED BY Southern Illinois University

4.0091, LAWRENCE AVENUE UNDERFLOW SYSTEM
M. PIKARSKY, Chicago Dept. of Public Works, Chicago, Illinois

The project is to construct a machine bored tunnel of 16,600
lineal feet of 12-foot tunnel and 9,300 lineal feet of 17-foot at a
depth of 200-250 feet in the Niagaran limestone stratum for
storage of excess combined sewage from a 3,620 acre urban area.
Included are necessary inlet shafts, outlet shafts, vents, pumpage
and new conventional trunk sewers.

The facility will eliminate approximately 48 - 52 yearly over-
flow events. The stored excess sewage will be pumped to an inter-
ceptor for treatment at the Northside Treatment Plant during low
flow periods.

The proposed project will demonstrate the use and
economics of utilizing large scale underground facilities for tem-
porary storage of excess volumes of combined sewage produced
during periods of rainfall. No City in the Nation is currently using
such a system, which would have application in highly developed
urban areas where space for surface storage is uneconomical.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Chicago City Government - Illinois

4.0092, DOMESTIC WATER USE IN EAST AFRICA
G.F. WHITE, Univ. of Chicago, Graduate School, Chicago, Il-
linois 60637

An appraisal of volume of domestic water use, its monetary
and other direct costs, its other social costs, and the factors affect-
ing use and the choice among alternate sources. Use, social cost,
and the decision-making process were examined in 31 sites in
Kenya, Tanzania, and Uganda selected for diversity in environ-
ment. Both piped and unpiped sources were studied.

SUPPORTED BY Rockefeller Foundation

4.0093, FLOOD INUNDATION MAPPING, NORTHEAST-
ERN ILLINOIS
A.W. NOEHRE, U.S. Dept. of Interior, Water Resources Division,
Oak Park, Illinois

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Illinois and the Northeastern Illinois
Planning Commission.

Purpose - To prepare inundation maps for the Northeastern
Illinois Metropolitan area, covering 62 7 1/2-minute quadrangles.

Methods - Records will be obtained from an extensive crest-
stage gage network, of which 69 sites will be rated for discharge in
the 19 quadrangles remaining to be mapped. These records and
previously established data collection points will be used to define
flood profiles, inundation boundaries, and flood-frequency rela-
tionships. Inundation maps will be superimposed on topographic
quadrangles and published as Hydrologic Atlases.

4.0094, ECOLOGY OF THE FISHES OF THE
KASKASKIA RIVER
R.W. LARIMORE, State Dept. of Conserv. , Springfield, Illinois

Objectives: Biologists of the Illinois Natural History Survey
have studied the fishes of the Kaskaskia River during the past half
century. Intensive investigations were carried out in 1928, again
in 1960 and each year to the present. This long background of
field work gives us information on the distribution of the fishes
and an opportunity to evaluate changes that have occurred. Our
field studies were intensified in 1965, at which time water was im-
pounded in the new reservoir at Carlyle. A second impoundment
is to be completed in 1969 at Shelbyville. The objectives now are
(1) to continue getting the information on the habitat require-
ments and life history of river fishes, (2) to investigate the biology
of reservoir fish populations, and (3) to determine the relation-
ships between river and reservoir populations.

Procedures: Diurnal and seasonal changes in food habits of
the more common fishes will be carried out and related to the
benthic and drifting organisms. Reproduction of most of the spe-
cies will be investigated both by examining individual fish and
determining year class strength. From this we will understand
what factors influence success of reproduction of sport fishes.
Population changes and growth rates of various species will be
followed by taking frequent collections, either seining or electro-
fishing, and by taking large late summer collections in the main
river as well as in coves of the new reservoirs.

SUPPORTED BY U.S, Dept. of Interior - Bu. Sport Fish.
Illinois State Government

4.0095, TEMPERATURE PROSPECTING FOR SHALLOW
GLACIAL AND ALLUVIAL AQUIFERS
K. CARTWRIGHT, State Geol. Survey, Urbana, Illinois

A thermistor probe for measuring shallow soil temperatures
has been developed and is being tested as a means of prospecting
for shallow sand and gravel aquifers. The theory is that shallow
sand and gravel aquifers act as heat sources or sinks that produce
temperature anomalies near the surface. Thermal surveys have
been conducted over eight shallow sand and gravel aquifers
known from test drilling and electrical earth resistivity surveying.
A paper outlining the basic theory and citing a field example was
published in Water Resources Research in April 1968.

SUPPORTED BY Illinois State Government

4.0096, GROUND-WATER GEOLOGY OF DEKALB AND
BOONE COUNTIES, ILLINOIS
J.P. KEMPTON, State Geol. Survey, Urbana, Wino,

Collection of subsurface records, studies of physical charac-
teristics, surficial mapping, air photo interpretation and geophysi-
cal surveys have provided a basis for interpreting the stratigraphy
of the glacial deposits. Important sand and gravel aquifers with
high ground-water potential have been delineated in the course of
this work. Aquifers in the bedrock are sources of large ground-
water supplies but their characteristics are less variable and have
been better known than those of the glacial drift.

SUPPORTED BY Illinois State Government

4.0097, CLIMATOLOGY OF HAIL
S.A. CHANGNON, State Water Survey, Urbana, Illinois

Continuing investigations are being made of factors influenc-
ing hailstorms in Illinois. Recent studies include: correlation
between areal distribution of hail in summer and distribution pat-
terns of related climatological factors; climatological relations of
hail days and thunderstorm days; detailed analyses and descrip-
tions of hail cells in hailstorms from field surveys of severe storms;
investigations of extensive, severe hailstorms in Illinois including
antecedent weather conditions and extent of such storms to the
west in Iowa and Missouri.
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New studies involve techniques to assess hail suppression
programs. Included are radar-hail detection studies, hailgage
development, types of data for use in measuring suppression ef-
fects, and statistical design of projects.

SUPPORTED BY Illinois State Government

4.0098., DEVELOPMENT OF COST CRITERIA FOR
WATER SUPPLY
J.H. DAWES, State Water Survey, Urbana, Illinois

An effort is being made to develop cost data criteria to be ap-
plied in comparisons of alternative water resources develop-
ments. These criteria will be extracted from actual cost data col-
lected from federal, state, municipal, and private agencies. The
study encompasses impoundments, well supplies, and transmis-
sion facilities. Although the study is being made for Illinois, the
purpose and format of its results should be of general interest.

Completed as of July 1968 were the following technical let-
ters: No, 7, Water Transmission Costs; No. 8, Cost of Reservoirs
in Illinois; No. 9, Cost of Pumping Water; No. 10, Costs of Wells
and Pumps; and No. 11, Costs of Water Treatment in Illinois.

Cost studies are continuing for the development of working
tools in our water resources development model that involves the
capture, storage, treatment, distribution, reconditioning and
recovery of water supplies.

SUPPORTED BY Illinois State Government

4.0099, PIT METHOD OF ARTIFICIAL GROUND-WATER
RECHARGE
R.L. EVANS, State Water Survey, Urbana, Illinois

A successful pit method of artifical recharge using Illinois
River water was developed for heavily-used ground-water sources
at Peoria; infiltration rates reached as high as 175 feet per day and
water temperatures were maintained at desirable levels. Pits cur-
rently operated by city as needed and contribute substantially to
maintaining the water table in that area. Research to evaluate ef-
fects of artificial recharge is continuing; includes observation for
introduction of possible contaminants, and the effect of artificial
recharge on clogging tendencies in the aquifer soils.

SUPPORTED BY Illinois State Government

4.0100, EVAPORATION RETARDATION, PONDS OR
SMALL LAKES
W.J. ROBERTS, State Water Survey, Urbana, Illinois

After earlier field studies on small lakes and farm ponds in Il-
linois which showed usefulness of monomolecular chemical film
in retarding evaporation, research was aimed at efficient and
economical method of application of film. Although the useful-
ness of monomolecular chemical films for retarding evaporation
from water bodies has been proven in many world-wide tests, the
cost of such a film cannot be justified except in special cases.

Tests carried on cooperatively with Southern Illinois Univer-
sity and the Procter and Gamble Company during 1967 and 1968
indicate that solid barriers in various forms can be used over large
surfaces where wind is a big factor in impairing the efficiency of
the chemical monolayer. While water savings using barriers
becomes quite high, it is necessary to balance such savings with
the oxygen demand of aquatic life under the barrier.

Solutions are being tested to determine the ratio of water
area covered by solid barriers to peripheral areas covered by
chemical films. The project involves economic studies to deter-
mine the life of plastic and other barriers, and their ability to
withstand exposure to storms.

SUPPORTED BY Illinois State Government

4.0101, TRACER STUDIES - URBAN RUNOFF
M.L. TERSTRIEP, State Water Survey, Urbana, Illinois

In conjunction with other urban runoff studies, a program
has been initiated to use tracers in determining travel times during
relatively high flows within a small urban watershed (Boneyard
Creek in Champaign-Urbana, Illinois). To determine the travel
time from a given point in the basin to the stream gage, a

fluorescent dye (Rhodamine B) is released at the point of interest,
and the concentration measured downstream at the gage, The
time lapse between the release and the peak concentration
downstream is considered to be the travel time. Measurements
are made during winter as well as warm- season rains,

SUPPORTED BY Illinois State Government

4.0102, DEVELOPMENT OF A MATHEMATICAL
MODEL FOR THE SIMULATION OF FLAT-LAND
WATERSHED HYDRAULICS
H.P. JOHNSON, Iowa State University, School of Agriculture,
Ames, Iota 50010

The primary objectives of the proposed research project are:
(1) to develop a mathematical model to simulate the flow of
water from an area which is charactc:rized by shallow surface
depressions and artificial (man-made) drainage facilities, (2) to
use the model to investigate the effect of the degree of drainage
on watershed outlet flows and (3) to use the model to investigate
the economics of agricultural drainage.

There are regions in our country where the flow of water
from large areas is greatly facilitated by artificial drainage and
where the drainage facilities are constantly being improved. The
movement of water through and from these areas is not fully un-
derstood. A method or procedure should be developed which will
provide a more complete knowledge of flat-land hydrology. A
mathematical model will achieve this objective. Such a model will
be of value to water resources planners and engineers. The
mathematical model will be developed on a digital computer.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Iowa State University

4.0103, FIELD INVESTIGATIONS OF SUBSURFACE AND
SURFACE DRAINAGE
H.P. JOHNSON, Iowa State University, Agricultural Experiment
Sta. , Ames, Iowa 50010

Objectives: 1. Determine effects of tile spacing and crop
management on corn and soybean yields 2. Obtain drawdown and
tile discharge data from present installations 3. Obtain hydraulic
conductivity and pore space characteristices of soils which are
drained 4. Determine design criteria for tile joints 5. Determine
probability of drainage need based on climate, plant and soil
characteristics

Description: I . Yields of corn and beans will be obtained on
Davis County and Clarion-Webster Experimental Farm where tile
spacing and surface drainage experiments are installed 2. Draw-
down, tile discharge and water table level data will be taken at
Ankeny Station, private farm near Bloomfield, Davis Co. Farm,
Ag.E.-Agron. Farm, Kanawha Farm, Howard Co. Farm and Car-
rington-Clyde Farm 3. Field and lab. measurements of hydraulic
conductivity and pore space characteristics of several soils in Ia.
where drainage is a problem are planned 4. laboratory study of
the hydraulics of flow at tile joints is planned to determine
whether tile can be installed on steep grades 5. The determination
of frequency of given water levels for given tile depth and spacing,
soil properties and rainfall is planned.

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

4.0104, HYDROLOGIC CHARACTERIZATION OF
SMALL WATERSHEDS
H.P. JOHNSON, Iowa State University, Agricultural Experiment
Sta. , Ames, Iowa 50010

Objective: The objective of the project is to investigate the
use of mathematical, electrical and hydraulic models to study
hydrologic phenomena of watersheds.

Description of Work Proposed: The work will be conducted
in two steps, namely, (1) develop parameters for quantitatively
describing watersheds, and (2) quantitatively describe watersheds
which have been gaged and relate parameters describing the
watershed to surface runoff and, if possible water yield. For step 1
physiographic information such as contour maps, stream cross
section, profiles and aerial photos of small watersheds in several
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physiographic areas will be collected. From these watersheds
parameters as area and drainage density will be defined. The in-
terdependence of variables will be determined. In step 2 gaged
watersheds will be studied. All known flow characterizing varia-
bles as mean annual discharge, unit graph, rainfall, peak flows and
low flows will be defined. The relationship of watershed parame-
ters and flow characterizing parameters will be studied.

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

4.0105, IRRIGATION INVESTIGATION IN IOWA
H.P. JOHNSON, Iowa State University, Agricultural Experiment
Sta. Ames, Iowa 50010

The research carried on under this project has covered the
problems of the determination of the optimum levels of water ap-
plication and soil and plant management needed for maximum
returns from field crops. Associated with this work has been the
study of moisture use by corn.

The results to date have identified the ranges of optimum
conditions necessary for maximum production o4' corn under ir-
rigated conditions in Iowa.

The experiments have been conducted in the field on both
sandy and heavy soils. The data collected represent crop respon-
ses during years of varied climatological conditions.

SUPPORTED BY Iowa State Government

4.0106, TECHNOLOGY AND ECONOMICS OF CONSER-
VATION
P. ROSENBERRY, Iowa State University, Agricultural Experi-
ment Sta. , Ames, Iowa 50010

Objectives: To determine and evaluate the economic aspects
of current and developing technology of water management. This
will include evaluating the effectiveness of alternative terrace
systems and other land treatment measures in managing the flow
of surface water to: I. More effectively utilize precipitation to
crop production through control )f runoff; 2. reduce soil fertility
losses from sheet erosion; 3. control gully growth; and 4. reduce
downstream sediment and flood damages. Associated effects to
be analyzed include the maintenance or improvement of soil
productivity, pollution abatement, efficiency of machinery use
and the land area removed from production as a result of the
water management measures adopted.

Approach: The first step is a comparative cost study of alter-
native types of terraces applied in the North Central Region. The
analyses considers slope, soils and methods of construction. The
large, parallel, grassed-backslope terraces will receive particular
attention. Following studies will evaluate the effectiveness of
representative terrace systems and other measures in producing
various on-site benefits.

SUPPORTED BY U.S. Dept. of Agriculture

4.0107, AN EVALUATION OF SOME MARSH MANAGE-
MENT TECHNIQUES
M.W. WELLER, Iowa State University, School of Agriculture,
Ames, Iowa 50010

To evaluate the success of some common marsh manage-
ment techniques, long-term studies of nesting waterfowl popula-
tions and vegetation are being conducted on three areas. On the
Ruthven Game Management Area, an evaluation is being made of
the waterfowl use of potholes made by blasting over 20 years ago.
The longevity of the potholes and their influence on vegetation is
being appraised. Their permanent vegetation and bird-use is
being measured, and bird-use is being compared with that on
natural water areas. On the Spring Run Game Management Area,
a preliminary study was made of the nesting duck population,
nest-site selection, and the relationship of nests to water areas and
to cultivated fields. A portion of the study area is being grazed
lightly to compare grazed versus ungrazed areas. Vegetative data
also are being recorded to evaluate the impact of grazing on the
density and species composition of upland herbs and grasses.

At the Elk Creek Marsh near Lake Mills, Iowa, a series of im-
poundments is being built to create three deep, permanent

inarshes along a stream fringed with sedge meadows and
seasonally inundated marshes. The development of vegetation
and waterfowl populations is being recorded and water levels are
being manipulated to produce maximal vegetation suitable for
duck nesting and feeding as well as for hunter- use, Muskrat ac-
tivities and populations also are being measured.

SUPPORTED BY Iowa State University
Iowa State Government

4.0108, EVALUATION OF HABITAT AND REPRODUC-
TIVE FACTORS WHICH INFLUENCE POPULATIONS OF
NESTING WATERFOWL
M. W. WELLER, State Conservation Commission, Des Moines,
Iowa

Objectives: To measure vegetation changes; develop
techniques for reestablishment where plants have been eliminated
by water levels and muskrats; evaluate waterfowl use of habitat
and measure environmental relationships and reproductive
behavior which influences waterfowl use; evaluate role of artifi-
cially created marshes; and to appraise grazing effects on water-
fowl nesting.

Procedures: Elk Creek Marsh: Changes in vegetation will be
recokied by transects data on units, will be re-run only during
periods of dramatic changes. Cover maps, photographs and water
depths will be recorded. Use of nesting cover will be studied. Dra-
matic increase will be made in water levels providing a means of
measuring the value of flooded emergent vegetation in attracting
potential nesting ducks in the spring. Growth of muskrat popula-
tions will be appraised by spring territory and mid-winter house
counts.

Ruthven Area: Vegetation of key marsh areas will be cover
mapped in spring and in winter. Waterfowl populations will be ap-
praised. Populations of blue-winged teal will be nest trapped and
marked for study. General observations on success and design of
marsh draw-down experiments, artificial pot-holes and other
habitat techniques.

Spring Run: Waterfowl populations will be appraised by
spring- pair counts intensive nest-searching, and brood-counts.
Vegetation in nine selected 5-acre quadrants will be measured by
sampling marsh and upland portions of each. Species composition
and density will be appraised. Newly fenced portion will be sur-
veyed to appraise plant use and damage by cattle. One-half of
marsh area will be grazed lightly and pair-use and nesting success
will be related to grazing.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Iowa State Government

4.0109, REMOVAL OF SUSPENDED MATTER AND TUR-
BIDITY FROM WATER BY FLOCCULATION WITH
POLYELECTROLYTE COAGULANTS AND COAGULATION
ACIDS
M. REIJHUN, Technion, Haifa, Israel

Object: To determine the electrokinetic properties of
suspended particles, principally clays of the montmorillonite, il-
lite and kaolinite groups; the reactions occurring when suspended
in saline waters and the flocculation effects of additive coagulant
materials such as electrolytes, polymers and metallic compounds.
The study will, seek to develop knowledge needed to design field
methods to remove suspended material from flood waters to be
used for ground water recharge.

Plan of Work: Laboratory study will be made to determine
settling characteristics of suspended matter in natural flood water
and changes brought about by adding polyelectrolytes and other
flocculants or flocculant aids. Electrochemical and other proper-
ties of the suspended material will be determined and changes
noted as flocculants of known characteristics are added. This will
include determination of changes in the zeta potential of the
suspended materials. The retention of the suspended materials in
waters of various salt concentrations and sodium-absorption
ratios will be studied. The microscope electrophoresis will be
used to measure the electrophoretic mobility of the particles.
With information from these bask studies of characteristics and
related mechanisms of reaction, field application studies will be
developed and carried out.
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SUPPORTED BY U.S. Dept. of Agriculture

4.0110, OPTIMUM UTILIZATION OF SURFACE AND
SUBSURFACE WATER FACILITIES
J. BEAR, Technion Res. & Develop. Fdn. , Haifa, Israel

Object: To develop criteria, techniques, and procedures for
optimum utilization of aquifers as elements for storage and ex-
ploitation of water in water resources systems.

Plan of Work: After a literature survey of the applicable
operations research techniques, mathematical models of increas-
ing complexity will be set up for analysis. Included will be models
of a single aquifer, a coastal aquifer, systems consisting of a
number of aquifers, and a complex system utilizing both ground
and surface waters. Techniques for analysis of these models will
be developed, evaluated, and applied toward the solution ofsome
specific problems in water resource development and ground
water management. The results of the project will be formulated
in terms suitable for engineering practice.

SUPPORTED BY U.S. Dept. of Agriculture
Kansas State University

4.0111, DRYLAND SOIL MANAGEMENT
W. W. HARRIS, Kansas State University, Agricultural Experiment
Sta. , Colby, Kansas

Objectives: Objectives of this project are broad. They are:
(1) Maximum moisture conservation and utilization, (2) soil pro-
tection from wind and water erosion, and (3) optimum crop
production.

Description of work proposed: A series of short and inter-
mediate length experiments will be used so that changes in
machinery and equipment can be included in overall testing.
Evaluation of currently available equipment and its effect on the
above-named objectives will be made. Moisture utilization and
optimum crop production will be investigated in a series of date of
planting, rate of planting, row width studies, and fertility tests.
Weather records will be used in evaluating results.

SUPPORTED BY Kansas State Government

4.0112, MANAGEMENT OF SOILS IN DRYLAND RE-
GIONS
C. THOMI'SON, Kansas State University, Agricultural Experi-
ment Sta. , Fort Hays, Kansas

Concentration of runoff water from contributing area onto
leveled or bench terrace areas to determine the feasibility of such
a system of water conservation. A series of 9 runoff areas located
on an approximate 2% slope and contributing runoff water to 6
leveled plots through 3 flumes for measurement purposes have
been established. Rotation of fallow, wheat, sorghum is used on
contributing area plots and a continuous cropping of grain
sorghum is used on the leveled areas.

SUPPORTED BY Kansas State Government

4.0113, SOIL MANAGEMENT UNDER DRYLAND CONDI-
TIONS
D.L. ROBINSON, Kansas State University, Agricultural Experi-
ment Sta. , Garden City, Kansas

To determine the effect of tillage methods and other soil
management techniques on yield and quality of crops, wind and
water erosion, conservation of soil and water resources, and effi-
ciency of water storage and utilization. Work includes (I) com-
parisons of various types of farming equipment for seedbed
preparation, planting, and cultivation, (2) crop rotations, (3) use
of fertilizers, (4) dates and rates of planting, and (5) tests with soil
surfactants and other transpiration and evaporation reducing
agents.

SUPPORTED BY Kansas State Government

4.0114, SOIL MANAGEMENT INVESTIGATIONS ON IR-
RIGATED LAND
R.J. SWENSON, Kansas State University, Agricultural Experi-
ment Sta. , Garden City, Kansas

The objectives are to study the problems of crop rotations,
fertilizer requirements, methods of irrigation, water require-
ments, consumptive use of water, soil management methods,
comparison of tillage implements, efficiency of water use, time
and frequency of irrigation, rates of seeding, effects of fertilizer
on quality, and the correlation of laboratory analyses of the soil
with actual field response to fertilizer and other management
practices.

A wide range of tests are conducted to gain the above objec-
tives.

SUPPORTED BY Kansas State Government

4.0115, STORAGE OF FRESH WATER IN UN-
DERGROUND RESERVOIRS CONTAINING SALINE WATER
D.W. GREEN, Univ. of Kansas, School of Engineering, Lawrence,
Kansas 66045

It is proposed to study the utilization of underground reser-
voirs, which contain salt water, as storage zones for fresh water.
Fresh water would be directly injected into a formation through
wells, the injected water displacing brine away from the wells and
forming a zone of potable water

In the initial work, the storage process will be mathematically
modeled. The model will consist of differential equations which
describe water flow in a porous medium. It is to be an analogue of
the storage reservoir, inch.ding injection-production wells, reser-
voir boundaries, and salt-water and fresh-water zones. The move-
ment of the fresh-water bank will be 'tracked' as it displaces the
saline water and the degree of mixing of the two phases at the in-
terface will be calculated. Guided by the results of the modeling,
an economic analysis will be made.

Based on the calculations an experimental program will be
designed in which such variables as water injectivity charac-
teristics and displacement efficicnces are examined. Field tests
will be conducted in which water is first injected into a formation
and then produced, the water being analyzed at set production in-
tervals. Analysis of the field tests will be a final factor in determin-
ing the feasibility of undertaking a full-scale storage program.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kansas

4.0116, RECHARGE OF GROUND WATER IN RIVER
VALLEYS OF EASTERN AND CENTRAL KANSAS, AND
THE HIGH PLAINS
H.V. BECK, Kansas State University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

Objectives: 1) To determine the amount of recharge that is
taking place in river valleys and the High Plains. 2) To determine
the magnitude of withdrawal from water in reservoirs above that
amount that is recharged. 3) to determine the methods of increas-
ing natural recharge. 4) To determine the feasibility of artificial
recharge.

Procedure: River valleys in Central and Eastern Kansas
where ground water surveys have been made would be reinven-
toried to determine decline of water table. Information on
precipitation, pumping, and other uses would be used to calculate
the magnitude of natural recharge. Materials surveys would be
made to determine the relation between magnitude of recharge
and rate.

SUPPORTED BY Kansas State Government

4.0117, EFFECTS OF TUTTLE CREEK RESERVOIR ON
GROUND WATER LEVELS BELOW THE DAM
H.V. BECK, Kansas State University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

Objectives: To determine 1) the change in water levels in
wells below the dam since water was impounded, 2) the fluctua-
tions of water levels in comparison to those in wells above the
mouth of Blue River in Kansas River Valley, and 3) from the
above, if the water in the reservoir does contribute to more stable
water table conditions.

Procedure: A system of observation wells would be
established in the Kansas and Blue River Valleys and periodically
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measured. The present levels would be compared with the water
table map presented in a M.S. thesis in 1959. This comparison
would indicate the magnitude of lowering of the water table in the
past five years. Records of pumping this spring and summer, along
with records of lake level should indicate the effect of the reser-
voir on the water table.

SUPPORTED BY Kansas State Government

4.0118, POLLUTION FROM ANIMAL FEEDLOTS
G.H. LARSON, Kansas State University, School of Engineering,
Manhattan, Kansas 66504

State Health Department personnel have concluded that ru-
noff from concentrated animal feeding areas is the source of a
new and serious kind of stream pollution. High nitrate and nitrite
content in ground waters also have been reported unofficially
near concentrated animal feeding areas.

Two experiment& feedlots have been constructed. Each is
intended for beef animals. Management is typical of that followed
by commercial beef cattle feedlots. One feedlot is paved. The
other is paved only at the fecdbunks and the waterer. Lots are
equipped to simulate rainfall and to measure and sample runoff,

Rainfall intensities of 0.30 to 2,6 inches per hour have been
simulated for durations up to three hours for the lower intensities,
Runoff from both simulated and natural rainfall are collected. Ru-
noff versus precipitation rates and time are recorded, Analyses of
five general groups are made on runoff samples. They are; bac-
teriological, organic matter, nitrogen forms, suspended solids,
and miscellaneous chemicals. Solid samples from the feedlot sur-
face are collected in an effort to relate runoff quality to surface
condition.

Studies under different conditions of management and of
precipitation will continue. Hydrologic factors relating to deten-
tion, treatment, and release of polluted runoff will be in-
vestigated. Chemical, physical, and biological changes of the ru-
noff during detention will be studied. Consideration will be given
to means of control such as the possibility of filtering runoff
through the soil profile and spreading detained runoff on agricul-
tural land.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

4.0119, TILLAGE STUDIES
M.C. LUNDQUIST, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

Objectives: To determine the effect of deep tillage, with and
without inversion, on soil characteristics and on growth; to
determine the effect of tillage on soil erodibility.

Description of work: Soils which present tucIlworable condi-
tions (either in the surface or subsoil ) for plan growth will be
manipulated in an attempt to improve the ease of moisture, air,
and root, penetration. The effect of manipulation will be mea-
sured by physical means (infiltration rate, porosity, penetrability,
bulk density, etc.) and by plant growth and development. The eef-
fect of various methods of tillage on soil erodibility will be mea-
sured by physical methods and by actual wind and rainfall tests.

SUPPORTED BY Kansas State Goverr ment

4.0120, REDUCTION IN DAMAGES TO FORESTS BY IM-
PROVING MINING AND REHABILITATION PROCEDURES
G, DAVIS, Berea College, Undergraduate School, Berea, Ken-
tucky 40403

Object: To develop practical methods to reduce watershed
damage and water pollution and to restore the wildlife, recrea-
tion, range, and timber resources after mining in the rugged
forested watersheds of the Appalachian coal fields.

Plan of work: The project staff has been assigned seven major
elements that will be attacked as dictated by problem urgency and
by manpower skills. They are (1) develop more efficient and less
damaging coal-haul roads; (2) develop better methods of excavat-
ing, placing, and storing overburden; (3) study mechanics of
rock-soil mixtures; (4) develop better methods to identify and
rate pyritic materials; (5) study spoil-bank chemistry; (6) study
hydrologic processes associated with strip mining; and (7)

develop techniques to stabilize disturbed surfaces using vegeta-
tion.

SUPPORTED BY U,S. Dept. of Agriculture

4.0121, SUBIRRIGATION
BRAUD, Louisiana State University, Agricultural Experi-

ment Sta. , Baton Rouge, Louisiana 70803
The study involves the development of subirrigation systems

using small diameter polyethylene plastic pipe,
Objectives: I. To develop prediction equations for rate of

discharge from orifices in an elastic wall pipe. This will be studied
from laboratory calibrations. 2. To study the effect of orifice type
on root encroachment and sediment accumulation in subirriga-
tion lines. Field studies are in progress, 3. To determine the effect
of hydrostatic pressure on the water distribution pattern in several
soil types. Subirrigation systems will be installed in several Loui-
siana soils. 4. To develop subirrigation methods for vegetable
production. The performance of subirrigation systems for field
and greenhouse use is being investigated.

SUPPORTED BY Louisiana State Government

4.0122, EFFECT OF FORMATION DIP ON THE MOVE-
MENT OF FRESH WATER STORED IN SALINE AQUIFERS
O.. KIMBLER, Louisiana State University, School of Engineer-
ing, Baton Rouge, Louisiana 70803

A previous research project, 'Fresh Water Storage in Saline
Aquifers', has indicated that under reasonably favorable condi-
tions it would be technically feasible to employ saline aquifers as
fresh water storage reservoirs. These results were limited, how-
ever, to horizontal aquifers. The proposed work would investigate
the influence of aquifer dip on the configuration and migration of
fresh water bubbles during injection, storage, and production,
Large physical flow models (8 ft diameter) and mathematical
models will be employed, These results will be incorporated into a
computational technique which will be used for preliminary
economic studies of possible field application of such storage
techniques,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Louisiana State University

4.0123, UREA TRANSFORMATIONS AND RETENTION
IN FLOODED SOILS
W.H. PATRICK, Louisiana State University, School of Agricul-
ture, Baton Rouge, Louisiana 70803

Rates of hydrolysis, losses and recovery of nitrogen from ap-
plied urea are under investigation, in relation to properties of
well-drained and flooded soils.

SUPPORTED BY U.S. Tennessee Valley Auth.

4.0124, PHOSPHATE TRANSFORMATION IN WATER-
LOGGED SOILS
W.H. PATRICK, Louisiana State University, School of Agricul-
ture, Baton Rouge, Louisiana 70803

Phosphate transformations in soils are being studied mainly
from the standpoint of rice nutrition.

SUPPORTED BY U.S. Tennessee Valley Auth.

4.0125, PLANKTON STUDIES
K.E. LANTZ, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. To determine what kinds and quantities of
plankton are present in the four lakes prior to and following fluc-
tuations in water levels. 2. To correlate changes in plankton
productivity with chemical changes prior to and following fluc-
tuations in water levels.

Procedure: For three months prior to and three months fol-
lowing water fluctuations in the four lakes, a series of monthly
samples will be taken in each lake. Counts and weights will be
made of net plankton collected from 20 liter samples with a No.
20 Wisconsin plankton net. Nanno plankton gravimentric
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analyses will be conducted from one liter water samples passed
through the Wisconsin net.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish,
Louisiana State Government

4.0126, BOTTOM FAUNA STUDIES
K.E. LANTZ, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. To identify, count, weigh and measure the
volume of bottom organisms in the four lakes prior to and follow-
ing water fluctuations, 2. To correlate changes in counts, weights,
and volumes of bottom organisms with physical, chemical and
biological changes which occur during water level fluctuations in
the four lakes,

Procedure: A series of bottom samples will be taken monthly
from the littoral and open water areas with a Petersen dredge dur-
ing the three months prior to fluctuation and monthly for three
months following fluctuation. The samples will be washed and
screened and contents preserved in formalin for later identifica-
tion, counting, weighing and measurement of volumes of various
benthic groups,

SUPPORTED BY U.S. Dept, of Interior - Bu. Sport Fish.
Louisiana State Government

4.0127, AQUATIC VEGETATION STUDIES
K.E. LANTZ, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives; I. To map and identify the submerged plants in
the four lakes. 2. To measure the dry weight of submerged vegeta-
tion in the lakes prior to and following periods of water level fluc-
tuation. 3: To measure the nutrient levels of the submerged
vegetation prior to and following water level fluctuation,

Procedure: Aerial and field observation will be used to
identify and map the submerged vegetation in each lake. A series
of vegetation smples will be taken prior to and following water
fluctuation to measure dry weight of vegetation produced. This
data will assist in detecting increases or decreases in vegetation as
a result of fluctuation.

A series of vegetation samples will also be collected prior to
and following fluctuation to measure nutrient levels of the sub-
merged plants. Measurements of phosphorous, nitrogen, potassi-
um, magnesium, sodium, manganese, iron, copper, and ash will be
analyzed. These analyses will be conducted by the Auburn
University Fishing Laboratory utilizing a Beckman atomic ab-
sorptiOn spectrophotometer, Coleman flame photometer, and
Bausch and Lomb Spectronic 20 colorimeter.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Louisiana State Government

4.0128, WATERFOWL STUDY - EVALUATION OF PHYSI-
CAL CHANGES IN MARSH PONDS ON THE WISNER AND
BILOXI DEVELOPMENT
R.E. MURKY, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: I. Record number, type and location of struc-
tures and dikes on the study areas and determine acreage in-
fluenced by the improvements. 2. Determine total cost of im-
provements and cost per developed acre for the Wisner and Biloxi
areas. 3. Investigate physical and vegetative changes in marsh
ponds from improvements erected on the area.

Procedures: 1. Obtain information on number type, and loca-
tion of structures, and dikes, and the acreage developed, from ex-
isting records. 2. Obtain cost figures from records and vouchers in
the accounting section. 3. Estimate physical changes in marsh
ponds resulting from developments by comparing water depth,
salinity and turbidity on the study area with similiar data from
control areas. 4. Vegetative changes resulting from developments
in marsh ponds will be estimated by one or more of the following
techniques. A comparison will be made with similar data from
control areas. a. Aerial photographs b. Sample field plots c. Line
transects d. Ocular estimates

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Louisiana State Government

4.0129, STREAM RESTORATION AND CONTROLLED
FLOWS
R.P. AUCLA1R, State Inland Fish & Game Dept. , Augusta, Maine
04330

Objectives: To evaluate the effects of stream restoration and
controlled water flows in the drainage.

Procedure: Some of the tributaries to Moosehead Lake have
been used for log and pulpwood driving. This practice often
results in a widened stream bed with a scarcity of pools and
shelter, In some cases the banks are cleared to mineral soil for
hundreds of yards to pile pulp prior to the drive. Recent policy
changes to improve relations with the public have resulted in the
use of company equipment to restore damaged streams. Restora-
tion work was completed on one tributary stream recently and
evaluation work will be included under this project. A water con-
trol dam with ample storage is included in the headwaters of this
stream making it ideally suited for salmon and brook trout
production. Restoration work is contemplated for other tributa-
ries.

SUPPORTED BY U,S. Dept. of Interior Bu. Sport Fish.
Maine State Government

4.0130, SEDIMENTATION AND HYDROLOGY-ROCK
CREEK AND ANACOSTIA RIVER BASINS, MARYLAND
W.J. DAVIS, U.S. Dept. of Interior, Water Resources Division,
Baltimore - Towson, Maryland

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in the State of Maryland.

Purpose: To systematically appraise various erosion-reducing
measures applied to land undergoing urbanization. To determine
the effects of urban development on the hydrologic regime in the
Northwest Branch Anacostia River basin.

Methods: A report will be prepared which shows the amounts
of sediment released before, during, and after active urban land
development in relation to upstream land use (quantity of land
stripped of vegetation, etc.), erosion control measures instituted,
and types of zoning. The report will include analysis of the sedi-
ment loads in relation to associated precipitation distribution and
evaluation of any changes in streamflow characteristics (flood
peak lag times etc.) and changes in channel geometry detected
during and after urban development. The water level of an obser-
vation well with records which began in 1932 will be measured to
evaluate changes in ground-water recharge resulting from ur-
banization.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Maryland State Government

4.0131, ANALYTICAL HYDROGRAPHY IN WATERSHED
ENGINEERING
H.N. HOL7'AN, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: The purposes of this project are to evolve and test
new concepts, theories and principles for understanding the
hydrologic processes on agricultural watersheds; to test and adapt
information from various sources for application to water control
and related problems encountered in watershed engineering; to
conduct special analyses involving ARS data from more than one
SEC Branch that can be more adequately carried out at a central
location; and to provide case assistance to field personnel detailed
to the Laboratory for specific analyses as requested by the SWC
Branches.

Plan of Work: Hydrologic, geologic, soils, agronomic, and
other information pertaining to the hydrologic performance of
agricultural watersheds are compiled, analyzed, and interpreted
by specialists in various disciplines for the evolution of new con-
cepts and procedures for predicting flood flows and dependable
yields of water from upstream watersheds.
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SUPPORTED BY U.S. Dept. of Agriculture

4,0132, DEVELOPMENT AND EVALUATION OF SUR-
FACE AND SUBSURFACE DRAINAGE PRACTICES

LUNIN, U.S. Dept. of Agriculture, Beltsville, Maryland
Object: To develop for different ,and resource areas of the

Northeast (a) methods and design criteria for interception
drainage systems on wet, seepy, sloping lands, and (b) surface and
subsurface design criteria for poorly drained flat areas of the
Coastal Plains and Piedmont Valleys.

Plan of Work: In Vermont kind New York attention is given
to the problem of intercepting water on wet, seepy hillsides.
Piezometers are being used to determine subsurface water move-
ment and to evaluate criteria for the use of tile and interception
drains as a means of drainage improvement in these areas,
Hydraulic characteristics of soils and other physical factors af-
fecting the drainability are also being investigated in order to
develop the most effective methods of removing excess surface
and subsurface water from these areas. In other areas the effect of
soil management systems on soil-water relations is being in-
vestigated in conjunction with diversion and tile drainage systems.
Field studies are being supplemented by laboratory investigations
of basic principles including the drainage requirements of crops
of importance to the area.

SUPPORTED BY U,S. Dept. of Agriculture

4.0133, WATERFOWL MANAGEMENT THROUGH
WATER-LEVEL CONTROL
F.M. UHLER, U.S. Dept. of Interior, Patuxent Wlifc, Res. Ctr, ,

Laurel, Maryland
With the rapid loss of high quality wetlands, more intensive

management of our poor quality wetlands becomes necessary if
we are to maintain our waterfowl populations, Through water-
level control such low quality wetlands as swamps, bogs, semi-dry
marshes, gravel pits, and sewage lagoons can be of significantly
increased importance to waterfowl. A series of impoundments
have been constructed at the Patuxent Wildlife Research Center
near Laurel, Maryland, to experiment with various water-level
management techniques. Studies are being conducted on: I. Im-
poundments held at full pool level the entire year; impoundments
subject to an annual summer drawdown; impoundments subject
to a biennial summer drawdown. 2. Impoundments cleared of
timber before flooding; impoundments not cleared before flood-
ing. 3. Green- tree reservoirs consisting of impoundments that arc
dewatered during the growing season and flooded during late fall,
winter, and early spring. 4. Impoundments that receive effluent
from a domestic sewage treatment field. 5. An abandoned gravel
pit.

The effects of these experiments are measured by: I. Weekly
readings of water-level gauges. 2. Weekly waterfowl censuses. 3.
Monthly samples of water quality. 4. Measurements of changes in
plant composition.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

4.0134, OPTIMUM UTILIZATION AND MANAGEMENT
OF WATER IN FORMATIONS HYDROLOGICALLY-CON-
NECTED TO A STRETCH OF THE CONNECTICUT RIVER
W.S. MUTTS, U niv. of Massachusetts, Graduate School, Amherst,
Massachusetts 01003

This study will recommend methods and procedures for the
maximum development and beneficial use of aquifers that are
hydrologically connected to the Connecticut River in southern
Massachusetts with focus on the Springfield-Holyoke urban area.
These underground reservoirs hitherto essentially ignored in re-
gional water-resource development of southern Massachusetts
may in the future be vital to the optimum growth of this part of
the state. The study will include: (1) The location, characteriza-
tion, and evaluation of aquifers containing potable water. The
water-producing capacity and the safe yield of these aquifers will
be determined. (2) Methods of artificial recharge will be
proposed to recharge the developed aquifers so that the base flow

of the Connecticut River can be sustained. (3) Studies will be
made of the feasibility of diverting Connecticut River water into
the aquifers by induced pumping. (4) Methods will be in-
vestigated of increasing Connecticut River base flow by artificial
recharge. It may be feasible to effect artificial recharge of flood-
waters of the Connecticut River and its tributaries during periods
of flood flows.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of Massachusetts

4.0135, INTERACTIONS OF URBAN ACTIVITY AND THE
HYDROLOGICAL CYCLE
E. MILLER, Abt Associates, Cambridge, Massachusetts

The proposed research is to: 1, investigate the question of the
costs and the benefits of investment in pollution abatement aimed
at expanding water recreation facilities, 2, to examine the poten-
tialities of new directions in urban design that are made possible
by the availability of waterfront land for other than transporta-
tion-oriented activity, 3. to conduct a reconnaissance into the
technology of water supply and its alternatives to predict develop-
ing patterns of feasibility and highlight important trade-off mar-
gins among competing techniques and 5. to examine the industri-
al, aesthetic, residential, commercial and recreational interaction
of an urban festurial environment,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch

4.0136, THE IMPACT OF THE NORTHEASTERN
DROUGHT ON THE PLANNING AND PROVISION OF MU-
NICIPAL WATER SUPPLIES
R.W. KATES, Clark University, Graduate School, Worcester, Mas-
sachusetts 01610

Significance: The Northeastern United States has ex-
perienced a long and severe drought over the past four years; the
dry weather may continue. The drought has been costly to both
the agricultural and urban sectors of the region's economy, but at
present little is known about the size and incidence of these
losses. At the same time, the drought has brought the subject of
water supply to the public's attention as never before, creating a
crisis atmosphere in which such diverse suggested remedies as
higher prices for water and largescale sea water desalting pro-
grams compete for the public's attention and support.

Specific Aims: Professor Kates has already identified 50
communities in Massachusetts as the sample for his study. These
communities represent a broad spectrum of experience in terms
of the severity of drought conditions, adequacy of the underlying
physical supply system, measures instituted to cope with the
drought, and sophistication of planning procedures used. The
cooperation of the Corps of Engineers, the Public Health Service,
Geological Survey and relevant state agencies has been promised.
The first objective of the study is to identify the characteristics of
planning procedures used in communities where the drought im-
pact was particularly severe and to contrast them with procedures
used in communities experiencing little or no restriction of ser-
vice. This will involve extensive interviews with system managers
and acquisition of data on the dollar costs involved in either ob-
taining emergency supplies or in restricting water use. A second
step will be to determine whether the range of alternatives con-
sidered in planning additional supplies was widened or narrowed
by the pressure of drought crisis. Not only alternative physical
z.,"stems, but institutional arrangements which would provide for
t stem inter-ties and collaboration among separate political units

be considered. A third step involves measuring the effective-
ness of various taken to reduce water use, including increased
prices to water users. Relating to this, the financial condition of
the utilities will be investigated and any financial difficulties in-
duced by the drought will be noted.

SUPPORTED BY Resources For The Future Incorporated

4.0137, APPLICATION OF SEISMIC SHEAR WAVE STU-
DIES TO THE INVESTIGATION OF AQUIFERS
H.F. BENNETT, Michigan State University, Graduate School,
East Lansing, Michigan 48824
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The general objective of this program is to evaluate the
potential value of seismic shear waves in surface groundwater
geophysical studies. Specifically, the generation and detection of
seismic shear waves, by re. action methods, will be investigated
under field conditions using asymmetrical charge distributions
with respect to the receiver orientations. Laboratory velocity
measurements of ultrasonic compressional and shear waves
through simulated aquifers will permit the calculation of all the
elastic moduli and Poisson's Ratio. These moduli will be corre-
lated with the pertinent parameters of the material such as litholo-
gy, porosity, and water saturation. The empirical relationships
determined in the laboratory will be compared with field data ob-
tained in areas with good geologic control. It is suggested that the
lithology and porosity of an aquifer can be determined from the
meizsured compressional and shear wave velocities in the aquifer
both above and below the water table.

SUPPORTED BY U.S. Dept. of interior - 0. Water Res. Rch
Michigan State University

4.0138, SMALL AGRICULTURAL WATERSHED
HYDROLOGY
E.H. KIDDER, Michigan State University, Agricultural Experi-
ment Sta. , East Lansing, Michigan 48824

Determine: rainfall distribution and intensity plus the
frequency of recurrence of various intensities over the
watersheds; relationship between rainfall and rulieff; =Ind Quantity
of sediment transported in runoff during major flow periods.

Description of Work: Recording raingages were placed at an
approximate density of one per square mile on three small
watersheds. Precipitation data are collected and analyzed from
these gages. Continuous recording is made of the runoff from
these watersheds. These flow data are reported as peak rates of
flood flow and in inches of depth of runoff per month. Sediment
content of the flood flow is obtained by sampling with a
suspended load sampler.

SUPPORTED BY U.S. Dept. of Agriculture
Michigan State Government

4.0139, AN ATTEMPT TO DETECT HIGHLY DILUTED
VIRUSES IN WATERS BY FLOCCULATION
W.N. MACK, Michigan State University, School of Veterinary
Medicine, East Lansing, Michigan 48824

The proposed research work seeks a simple method by which
a small amount of virus can be recovered from a large volume of
water. Concentration of viruses from fluids can be accomplished
by ultracentrifugation but this method is limited to special pro-
grams. The experimental program is to determine the amount of
virus recovered by using a flocculant as compared to coneentrat
ing in the ultracentrifuge. Samples of sewage from different steps
in the activated sludge system will be tested and compared. To
determine the presence of virus, monkey kidney cell cultures will
be seeded with the concentrated samples. No attempt will be
made to identify the type of virus recovered. Special attention will
be given to any relationship or trend between the reduction of
biochemical oxygen demand and the amounts of virus recovered
from the samples.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Michigan State University

4.0140, REVIEW AND ANALYSIS OF PRECIPITATION
AND RUNOFF DATA FOR SELECTED WATERSHEDS IN
MINNESOTA
C.E. BOWERS, Univ. of Minnesota, School of Engineering, Min-
neapolis, Minnesota 55455

The proposed research will involve analysis of precipitation
and runoff data for selected watersheds in Minnesota, with the
objective of evaluating some hydrologic characteristics such as
basin wide infiltration rates, hydrograph characteristics, signifi-
cant storms and floods, and evapo -transpiration, relative to the
physical characteristics of the basins. Data will be obtained from
U.S.G.S., U.S.W.B., and State publications. Data will be analyzed
on a highspeed digital computer using an 'optimization program.'

It is hoped that the study will contribute to a better understanding
of the hydrology of the state particularly with reference to design
criteria and flood routing procedures.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

4.0141, VERTICAL MIGRATION OF MOISTURE IN THE
SOIL INDUCED BY WINTER THERMAL GRADIENTS AND
ITS INFLUENCE UPON SPRING WATER RESOURCES
D.G. BAKER, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

There is frequently an appreciable thermally induced migra-
tion of moisture within the soil over-winter from the lower
warmer soil upward to the colder surface layers. As a result of the
migration the upper portion of the soil increases in moisture con-
tent at the expense of the lower levels from which the moisture
originated. A saturated zone at the surface may result. Thus
spring meltwater and precipitation enter the soil slowly at best
until the surface horizon moisture has returned to lower horizons
from which it originated. The hydrologic importance of this is the
fact that flood and surface soil erosion hazards are increased with
early spring rains until the internal downward drainage has taken
place.

The objective of this project is to determine the quantity of
water involved in the migration, and if various soil management
practices, which will alter the heat reservoir and surface insula-
tion characteristics of the soil, will appreciably decrease the
moisture movement. The measurements will be made in two plots
which contain temperature sensors buried at various depths in the
soil under different surface covers and treatments. Moisture mea-
surements will be made regularly each week or as results dictate.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

4.014, WATERSHED VALUES AS AFFECTED BY
FOREST MANAGEMENT
D.P. DUNCAN, Univ. of Minnesota, Agricultural Experiment Sta.
, Saint Paul, Minnesota

Objectives: ( I ) To study forest cover as related to frost
penetration, snow distribution and melt, soil mositure, water infil-
tration and runoff. (2) To study soil erosion by water as related to
forest cover condition and treatment. (3) To study bog hydrology
as affected by vegetative cover.

Proposed work: Runoff collection equipment will be
established on campus for the purpose of observing complications
which may result in alternate freezing and thawing, particularly
during the critical spring runoff period. The Whitewater installa-
tions will be modified and improved, field installations at Cloquet
will be expanded, moisure and density measurements will be con-
tinued at all Cloquet stations, snow removal will be performed on
the frost study plots, and laboratory studies will be performed in
connection with the soil freezing studies.

SUPPORTED BY Minnesota State Government

4.0143, HYDROLOGIC CHARACTERIZATION OF
SMALL WATERSHEDS
C.L. LARSON, Univ. of Minnesota, Agricultural Experiment Sta.
, Saint Paul, Minnesota

Objective: The objective of the project is to inv-)stigate the
use of mathematical, electrical, and physical models to study
hydrologic phenomena of watersheds.

Description of work proposed: 1. To develop a comprehen-
sive mathematical watershed model suitable for use in areas hav-
ing freezing climates, such as the Upper Midwest. This would
require translation and modification of the Stanford Watershed
Model. 2. To use this model as a research tool to study the basic
factors involved in surface runoff, and their relationships. This
would be done by using the revised model on gaged streams,
printing of intermediate data, and making studies with these data.
3. To develop a suitable technique for synthesizing peak runoff
from rainfall data for ungaged small watersheds. This would be a
major application of the relationships developed under Objective
02.
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SUPPORTED BY U,S. Dept, of Agriculture
Minnesota State Government
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12,000 plants per acre, Sub-plots are four rows wide, 60 feet long;
sub-sub-plots are 27,5 feet long, Irrigation of both crops is done
by judgment of when the crops need water,

SUPPORTED BY Mississipi State Government4.0144, THE EFFECT OF POTHOLE DRAINAGE UPON
GROUNDWATER RESOURCES
P,W. MANSON, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

The agricultural benefits of drainage are well established and
the practice of agricultural drainage is considered to be one of the
first and most important steps in a well-planned conservation pro-
gram for wet soils, As a result of extensive surface and subsurface
drainage operations, many low-depression or pothole areas are
drained so that these potholes will n9 longer hold water for long
periods of time. There is a great deal of controversy about the ef-
fects of this drainage on water resources. OppositT views are held
as to the beneficial, detrimental or neutral effects of drainage on
the hydrologic cycle, This research is aimed at determining if the
drainage effects floods or runoff and the groundwater supply of
deep wells,

Thirty-seven potholes, located in the 6 major geological en-
vironments of Minnesota, will be under general observation, and
4 potholes will be operated under very precise instrumentation.
All research will be directed to determine the exact hydrology
behavior of the water in the potholes and in the surrounding
ground. The use of chemicals, radioisotopes, and other means of
`tagging' water will be used. A tensiometer procedure will be
established to measure the flow in unsaturated media. Small chan-
nels will be constructed under a few typical potholes so as to be
able to better observe the water movement around these
potholes.
SUPPORTED BY U,S, Dept. of Interior - 0. Water Res. Rch

University of Minnesota

4.0145, MECHANISMS OF BIOLOGICAL PRODUCTION
IN STREAMS
T.F. WATERS, Univ. of Minnesota, Agricultural Experiment Sta.
, Saint Paul, Minnesota

Identify plant community which serves as the primary
producer of organic matter in streams. Determine relation
between organic production and such environmental factors as
nutrient content, light, and temperature. Clarify nature of trophic
chain whereby basic elements are converted to plant organic
matter, to grazing animal organisms, and finally to the car-
nivorous trophic level (fish). Contribute to ecology of stream or-
ganisms acting as secondary producers and as fish food.

Description of Work: Evaluation of tentative methods of esti-
mating the production rate of stream bottom organisms is con-
tinuing. Drift rates are being measured between pools and riffles
over a 24-hour period of time once each month; such drift rates,
along with standing crop samples, permit the computation of
production rate on the riffles, and consumption in the pools, in all
seasons of the year. In the second method, an exclosure is being
used to measure production rate on two types of stream bottom
during all seasons. Several procedural and equipment problems
are under study to add precision and greater efficiency, and allow
further statistical treatment.

SUPPORTED BY U.S. Dept, of Agriculture
Minnesota State Government

4.0146, IRRIGATION OF ROW CROPS
B.L. ARNOLD, Mississippi St. University, Agricultural Experi-
ment Sta. , Holly Springs, Mississippi

Objectives: To find the response of cotton irrigation at dif-
ferent nitrogen levels; to find the response of corn to irrigation at
different nitrogen levels and plant populations, and the influence
of irrigation on ear size and ears per plant.

Description of work: The cotton test is a split-plot design of
six replications, irrigation being the whole plot, and nitrogen rates
the sub-plots. Rates of nitrogen are 60, 90, and 120 lbs. per acre;
a base application of 0-80-80 is applied annually. Sub-plots are
four rows wide, 60 feet long. The two center rows are harvested.
The corn test is a 2 x 3 x 2 factorial. Irrigation is the whole plot,
nitrogen rates the sub-plot, and stand the sub-sub-plot. Nitrogen
rates are 120, 180, and 240 lbs. per acre; stands are 8,000 and

4.01147, WATER RESOURCES OF COPIAH CGUNTY
T.N. SHOWS, State Geol, Survey, Jackson, Mississippi

The water resources investigation of Copiah County was
started in the summer of 1967. Emphasis was placed on obtaining
information on the aquifers within the County as all domestic and
industrial supplies are from ground-reservoirs. Surface water data
is needed to provide information to industries which might be
users of surface reservoirs to supplement ground-water supplies,
The Pearl River which forms the eastern boundary is large enough
to provide water to industry, except that upstream pollution has
limited the usefulness of this water,

The Survey will be able to provide answers to questions of
quantity, quality and availability of ground and surface water in
Copiah County, Some of the methods used in collecting ground-
water information in Copiah County are: running aquifer per-
formance tests, monitoring water level changes, collecting water
samples for chemical analyses, drilling test holes to determine the
presence and extent of aquifers, inventorying existing wells with
emphasis on the large industrial and municipal wells, and running
electrical logs,

Records of stream flow, including maximum and minimum
flow, and chemical analyses of surface water are being compiled
from available published and unpublished sources. Low flow data
and partial chemical analyses are being collected on various
streams in the County,

SUPPORTED BY Mississipi State Government

4.0148, CITY OF JACKSON, WATER RESOURCES STU-

DY, MISSISSIPPI
C.P. HUMPHREYS, U.S. Dept. of Interior, Water Resources
Division, Jackson, Mississippi

This research is part of the program of water resources in-
vestigations conducted by the U, S. Geological Survey in coopera-
tion with the State of Mississippi.

Purpose: To provide hydrologic data which will enable plan-
ners to design flood control measures, supplemental ground-
water supplies for emergencies, and industrial water supplies.

Methods: Flood profiles and flood inundation maps for prin-
cipal streams in the Jackson vicinity will be developed. Wells in
the Jackson area will be monitored and significant changes in
ground-water resources will be reported. Data on the color of
water in the Sparta Sand and data for determining the potential of
the Wilcox Group for industrial supplies will be collected. Site
studies will be made where shallow ground seepage is a problem
in city construction.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Mississippi State Government

4.0149, SMALL WATERSHED YIELDS
H.O. VA1GNEUR, Mississippi St. University, Agricultural Experi-
ment Sta. , State College, Mississippi 39762

To correlate the rate and quantity of runoff with the
hydrological characteristics of the watershed. To determine the
relationship of water yields from shallow wells to the hydrological
characteristics of the area,

DESCRIPTION OF WORK - Typical agricultural watershed
of 8,000 acres will be used. Maps showing soil types, slopes, and
land use will be developed, Instrumentation includes rainfall
amount and intensity, stream gaging for runoff measurements. In-
terpretation of precipitation-runoff relationship will inchtde cor-
relation of runoff yields to watershed characteristics.

Shallow well studies are similar to surface water yields:-Wells
will be pumped and records of yields analyzed in relationship to
rainfall characteristics and character of the aquifers. Recharge
rates will be determined.
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SUPPORTED BY U.S. Dept. of Agriculture
Mississippi State Government

4.0150, SOIL AND WATER CONSERVATION MANAGE-
MENT
R.P. BEASLEY, Univ. of Missouri, Agricultural Experiment Sta. ,
Columbia, Missouri 65202

Improve design of terraces and terrace systems. Determine
the effect of terraces on power, labor and machine costs in crop
production and on crop yields. Investigate new designs of erosion
control structures and terrace outlets with a view to improving
them and reducing their cost. Develop a method by which the
crodability of different soils can be evaluated. Investigate use of
land grading as it may improve the farmability of terraced land, as
it may effect the spacing between terraces and as it may improve
the efficiency of operation of farm machinery.

DESCRIPTION OF WORK - Terraces to be constructed on
varying soil and topographic conditions to determine the extent
that farmability can be improved. Cost of construction by dif-
ferent methods to be determined. The critical tractive force for
different soils to be determined by hydraulic tests. The electronic
computer to be used to solve the hydraulic flow equation for ter-
race grades and cross section. Experimental seedings to be used
to select grasses adapted to erosion control in terrace outlets.
Models to be used to investigate new designs of erosion control
structures.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

4.0151, HYDROLOGY OF SMALL AGRICULTURAL
WATERSHEDS
R.P. BEASLEY, Univ of Missouri, Agricultural Experiment Sta. ,
Columbia, Missouri 65202

Evaluate the effect of climate factors and watershed charac-
teristics on the rate and amount of runoff from small watersheds.
Evaluate the effect of terraces on the soil and water losses from
small watersheds. Determine the proper relationship of watershed
size, reservoir capacity and water use in the design of surface
reservoirs.

Description of Work: Hydrologic investigations on the 212 -
acre Burge Branch to determine the effect of terraces on the
hydrology of small watersheds will be continued in cooperation
with the U. S. Geological Survey. Measurement of runoff into and
evaporation and seepage from the 154-acre watershed at Mc-
CI-mile will be continued in cooperation with the Agricultural
Research Service. Studies similar to those discussed above will be
initiated on other major soil areas of the state as personnel and
facilities become available.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

4.0152, GEOCHEMISTRY AND ORIGIN OF SULF0-
SALINE GROUND WATER, SALINE COUNTY, MISSOURI
A.B. CARPENTER, Univ. of Missouri, Water Resources Research
Ctr. , Columbia, Missouri 65202

The purpose of this investigation is to contribute to a better
understanding of : I. the extent of chemical equilibrium between
high- sulfide saline ground watrs: and its environment. 2. the fac-
tors which control the accumuk don and chemical evolution of
high-sulfide saline ground water. The area to be studied during
the project is Saline County, Missouri.

The project will consist of: I. preparation of a geologic
reconnaissance map of Saline Co., Missouri. 2. determination of
Na , K , Ca , Mg , Cl-, SO4--, HCO3 -, pH, Eh, sulfide, and a
preliminary investigation of Li , heavy metals, dissolved gases,
and microorganisms in the sulfo-saline springs and wells in this
area. 3. determination of the mineralogy, porosity and permea-
bility of saline water producing strata. 4. preparation of
hydrochemical facies maps. 5. calculation of selected ion activity
products to determine the extent of chemical equilibrium
between the water and its environment. 6. interpretation of the

data to determine as quantitatively as possible the origin of this
sulfo-saline water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri
Missouri State Government

4.0153, DRAINAGE OF AGRiCULTURAL LANDS
C.F., CROMWELL, Univ, of Missouri, Agricultural Experiment
Sta, , Columbia, Missouri 65202

To study ground water conditions as they affect drainage
needs. To determine drainage requirements of different crops.
Determine effect of drainage on the physical condition of soils,
the farmability of the drained area, and the growth and yield of
crops. To study the different methods, develop engineering design
data, and improve the techniques of drainage.

DESCRIPTION OF WORK - The effect of river stage on
ground water table for land adjacent to levees will be studied at
two Experiment Station farms. Laboratory studies of the effect of
water table on movement of water into a soil profile will also be
conducted.

The effect of surface ponding of water on growing plants will
be evaluated on cotton in southeast Missouri. Corn and soybeans
will be included if funds permit,

Comparisons will be made between well-drained and poorly
drained plots as to timeliness of operations, farmability, etc.

The, techniques for improving drainage such as land grading,
ditching, and tiling will be evaluated.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

4.0154, FERTILITY RUNOFF
E.M. KROTH, Univ. of Missouri, Agricultural Experiment Sta. ,
Columbia, Missouri 65202

Objective - To determine the effect of soil fertility additions
on runoff and erosion under different cropping systems.

Procedures - The project evaluates the effect of high and low
fertility levels on runoff and erosion from continuously cropped
corn plots with different tillage methods and from four year rota-
tions of corn, wheat, meadow, meadow. A non-fertilized corn-
oats rotation and fallow plots are included in the study. Also the
effect of irrigation on two continuous corn treatments is studied.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

4.0155, AVAILABILITY, DISTRIBUTION, QUANTITY
AND QUALITY OF WATER RESOURCES IN CARBONATE
KARST TERRAIN
J.C. MAXWELL, Univ. of Missouri, Water Resources Research
Ctr. , Columbia, Missouri 65202

The overall objective of this comprehensive, long-term in-
vestigation is to develop quantitative methods for determining the
occurrence, movement, quantity, quality and availability of sur-
face and subsurface water resources in a region of carbonate
karst. Current studies are being conducted in an area of approxi-
mately 300 square miles in the Dry Fork Creek and Benton Creek
watersheds southeast of Rolla, Missouri.

The specific objectives planned for July 1, 1967 to June 30,
1968 are (a) Continued collection of rainfall, runoff, and ground-
water data to determine the effect of Karst terrain on the disposi-
tion of water; (b) Estimation of quantity of water stored in and
flowing through bedrock of the area, using aquifer characteristics
determined in a separate study; (c) Continued periodic charac-
terization of surface and subsurface water quality in the area; in-
tensive study of individual streams and related wells to ascertain
effects of local accretions, losses and pollution. (d) Preliminary
evaluation of availability of water by computation of a water
budget which will be revised as additional data become available.
(e) Examination of water quality data in relation to water budget
data to identify direction, magnitude and effects of exchanges
between surface and subsurface waters. (f) Tracer studies to ena-
ble confirmation of flow directions and velocities.
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SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
University of Missouri

4.0156, FOREST COVER
L.K.PAULSELL, Univ. of Missouri, Agricultural Experiment Sta.

, Columbia, Missouri 65202
A. Study hydrologic processes of interception, infiltration,

percolation, and detention-retention storage as related to living
forest cover, non-living plant material on the soil surface, and
plant residues incorporated in the soil body. Relate physical
characteristics of Missouri forest soils to certain hydrologic

processes. B. Test effects of forest land management on small
watersheds.

Description of Work: Interception studies will be conducted
using catch-troughs under a young oak canopy. Water levels will

be determined in shallow well installations at University Forest.
Infiltration rates will be determined for selected soil types under
burning and grazing management. The effect of forest litter and
soil organic matter will be determined. Fragipan effects on root
development and water movement will be studied. Meteorologi-
cal and runoff data will be collected from one watershed. Instru-
mentation of additional watersheds will be made as facilities per-
mit.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

4.0157, FLOOD INUNDATION MAPPING - JEFFERSON
COUNTY, MISSOURI
J.E. BOWIE, U.S. Dept, of Interior, Water Resources Division,

Rolla, Missouri
This research is part of the program of water resources in-

vestigations conducted by the U, S. Geological Survey in coopera-
tion with the State of Missouri.

Purpose - To provide hydrologic data for planning roads and

streets, use of flood plain areas, zoning ordinances on land use,
and channel improvements.

Methods - Streamflow and other hydrologic data will be col-

lected on various streams in the area to define hydrologic charac-
teristics. Flood data are collected on a continuing basis to define

flood frequencies, flood profiles, channel shapes and capabilities,
flow characteristics and other factors needed to complete flood
inundation maps on selected streams and give basic data for other
hydrologic analyses.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

Missouri State Government

4.0158, HYDROLOGY OF STREAMS, ST. LOUIS

METROPOLITAN AREA
D.W. SPENCER, U.S. Dept. of Interior, Water Resources Divi-

sion, Rolla, Missouri
This research is part of the program of water resources in-

vestigations conducted by the U. S. Geological Survey in coopera-
tion with St. Louis Metropolitan Sewer District.

Purpose: To define hydrologic characteristics of the area. To
prepare flood inundation maps and other analyses of runoff to aid
municipal planners.

Methods: Reconnaissance of streams which the Metropolitan
Sewer District plans to improve will be made to determine the
number of data collecting sites needed for definition of the
hydrologic characteristics of the area, Flood data will be collected

at many sites on a continuing basis to define flood frequencies,
flood profiles, channel shapes and capacities, flow characteristics
and other factors needed to study the urban hydrology. Gaging
stations, crest-stage gages and precipitation stations will be in-
stalled at a sufficient number of sites to furnish the data needed
for the analysis outlined above.

SUPPORTED BY U,S, Dept. of Interior - Geological Survey
Saint Louis City Government - Missouri

4.0159, RECLAMATION AND MANAGEMENT OF SOILS
ON IRRIGABLE LAND (MONTANA)
C.C. BOWMAN, Montana State University, School of Engineer-
ing, Bozeman, Montana 59715

Study the interrelationships of N, P, & K fertility levels and
irrigation regimes on the production of high quality malting bar-
ley on the Rebish and Helle Ranch of the East Bench Unit. Study
crop response to eight fertilizer treatments and irrigation at four
stages of plant growth to determine optimum use of water.

Salt Removal. Studies will be continued at the Huntley
Branch Station and at off-station demonstrations on the effective-
ness of reclamation of saline soils. Selected problem soils of Mon-
tana will be studied in the field. The removal cf salts and improve-
ment of soil properties will be monitored. The influnce of clay
type, salt status of the soil and salt status of the soil on salt and
water movement is being studied.

Agricultural Engineering. Installation of operational auto-
mated irrigation demonstrations at Bozeman, Dillon and Huntley,

Development of a mathematical model predicting water
movement and determining the effect of errors in the estimation
of the variables on the predictive value of the velocity equation.

Continue evaluation of oval form border dykes on the yeld of
various crops.

SUPPORTED BY U,S. Dept. of Interior - Bu. Reclamation

4.0160, METHODS OF CONTROLLING CLUBMOSS
(SELAGINELLA DENSA RYDB) AND REDEVELOPING THE
PRODUCTIVE CAPACITY OF RANGES FOLLOWING
CLUBMOSS CONTROL
M.J. BUR.ZIS, Montana State University, Agricultural Experi-
ment Sta. , Bozeman, Montana 59715

Objectives of the study are: (1) To determine through
laboratory studies the responses of clubmoss to environmental
factors of temperature light, and water rcaltionships affecting,
establishment, maintenance, and reproduction. (2) To determine
through field studies, the adaptability of ecotypic selections of na-
ture species and techniques for their establishment on clubmoss
infested ranges through mechanical and/or chemical removal of
clubmoss and other cornpCitive vegetation as well as effects of
additions of plant nutrients,

Procedures include lab, greenhouse, and field methodology
to provide knowledge of: (I) Infiltration, percolation, and runoff
on clubmoss ranges; (2) Rooting depth, effects of variable
moisture supply on spore formation and germination; influence of
light intensity on clubmoss; (3) Methods and species for planting
on clubmoss-infested ranges; (4) Vegetational components of
undisturbed clubmoss ranges by means of transacts and clipping
plots; (5) Soil moisture, soil temperature, bulk density and
nitrogen determination of soil, light intensity, evaporation, from
soil surface, air movement, and precipitation; (6) Herbicides and
their carriers for clubmoss control.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.
U.S. Dept. of Agriculture

4.0161, INTERAGENCY FRAIL LANDS STUDY - MON-
TANA IV. WATER QUANTITY MANAGEMENT
F.H. SIDDOWAY, U.S. Dept. of Agriculture, Sidney, Montana
59270

Frail lands are lands that are highly susceptible to ac-
celerated erosion by either wind or water. They are characterized,
usually, by steep slopes, highly erodible soils and soil materials,
and poor vegetative cover. The frail lands in this study are range-
lands in the Pierre Shale plains and Badlands resource area com-
prised of (a) Solodized-Solonetz soils, (b) Raw Shale soils, and
(c) Solonchak soils.

Objectives: To evaluate the effects of conservation practices
(primarily contour furrowing) on vegetative response and surface
runoff on frail lands and to provide information which may be

used as guidelines for making management decisions on the frail
land resource areas.
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Procedures: Three sites will be selected, each of which will
be characteristic of one of the main soil or topographic features of
the frail lands. Within each site, six homogeneous watersheds of
2-3 acres each will be selected and instrumented to obtain cli-
matic data, surface runoff yield, soil moisture, etc. Other
watershed characteristics will be inventoried by detailed soil and
vegetation surveys; following which, nine watersheds will be
mechanically treated by contour furrowing. Effects of furrowing,
and, runoff relationships taking into account hydrologic charac-
teristics such as cover type and density, land use, soil type, graind
litter, bulk density of surface soil, and changes in soil moisture.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.
U.S, Dept. of Agriculture

4.0162, UTILIZATION OF THE STORAGE POTENTIAL
OF RIVER VALLEY AQUIFERS (ABBREV)
R,R. MARLETTE, Univ. of Nebraska, School of Engineering,
Lincoln, Nebraska 68508

The Water Resources Research Category of this project
would be IV. Water Quantity Management and Control, Ground-
water Management. The first work would augment the meager
water quality data available in the lower Platte River basin with a
systematic sampling and analysis of the physical, chemical and
biological features of these rivers' water. The aim would be to
determine the important characteristics and develop simplified
testing procedures for using river water to recharge valley
aquifers.

The seasonal quality of the Elkhorn, Loup and Platte rivers
will be analyzed to determine the treatment, if any, that may be
required in order to use these waters to recharge through infiltra-
tion basins located near production wells. The sampling will take
place within a fifty mile radius of Lincoln, Nebraska. Some of the
analysis will be done in the field, but most of this work will be per-
formed in the Sanitary Laboratory of the Civil Engineering De-
partment.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nebraska

4.0163, ENGINEERING AND AGRONOMIC STUDIES AS-
SOCIATED WITH LAND SHAPING, FTC.
H.D. WITTMUSS, Univ. of Nebraska, Agricultural Experiment
Sta. , Lincoln, Nebraska 68508

Evaluate land shaping practices in regard to conservation of
moisture, and amount and stability cf crop production in western
Nebraska. Develop effective agronomic and engineering prac-
tices for use in farming conservation bench systems.

Description of work: A 15 acre field in western Nebraska was
shaped into conservation benches and level benches to conserve
moisture and eliminate runoff and erosion. Some of the contribut-
ing areas have been covered with galvanized roofing material in
order to divert extra water on to the level benches.

The land is to be cropped annually in an area where summer
fallow is a common practice.

A study was made of construction procedures on bench
system with the objective of keeping the cost in line with other
types of construction. The best known fertility practices were fol-
lowed in an attempt to bring the cut areas into high production as
soon as possible.

Several different crops are being grown on the benches to
determine the potential effect of water control on crop produc-
tion.

A record is being made of the soil moisture. This will be used
to determine the system of water control which will give the
highest use-efficiency of rainfall.

SUPPORTED BY U.S. Dept. of Agriculture
Nebraska State Government

4.0164, DRAINAGE SYSTEMS FOR THE GREAT BASIN
L.S. WILLARDSON, U.S. Dept. of Agriculture, Reno, Nevada

Objective: Determine flow rates from artesian wells and
feasibility of drainage of artesian basins with wells and surface
drains. Develop basic drainage design.

Plan of Work: Obtain additional data on causes of drainage
problem in Fallon, Nevada study area by correlating groundwater
contour maps, soil stratification and flow net patterns with con-
ductivity measurements, water application per season, etc.
Ccmpletc survey work and process data on study of drainage by
pumping from wells in an artesian aquifer.

SUPPORTED BY U.S, Dept. of Agriculture

4.0165, DRAINAGE DESIGN FOR IRRIGATION
AGRICULTURE
C.T. BOURNS, Univ. of Nevada, Agricultural Experiment Sta. ,
Reno, Nevada 89507

Objectives: 1. To determine the characteristics of flow of
drainage relief (up) wells and gravity drains located over-lying an
artesian aquifer, and, in particular, the phenonmona of flow in the
immediate proximity of the well or drain. 2. To determine the in-
teraction effects of drainage (up) wells and open ditches used
conjunctively. 3. To determine the feasibility of this type
drainage. 4. To develop design criteria for drainage facilities
where high water tables are produced by artesian pressures and ir-
rigation.

Work Proposed: To study in the field and the laboratory the
characteristics of and factors influencing flow into an open drain
and drainage relief (up) wells on land overlying an artesian
aquifer using meters to measure flow from the wells, Parshall
flumes to measure flow in the ditch, and piezometers to measure
pressures in the ground water and the artesian aquifer. Data and
parameters developed from the field study will be utilized in ap-
propriate model studies in the laboratory to further study per-
tinent parameters and theoretical variations in natural conditions
influencing flow into these drainage facilities.

SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

4.0166, MOUNTAIN MEADOW RESTORATION
R.E. ECKERT', Univ. of Nevada, School of Agriculture, Reno,
Nevada 89507

Objectives of the study are: (I) To impose various restoration
practices on experimental meadows. (2) To measure the effects
of restoration practices on meadow condition and forage produc-
tion. (3) To determine effects of restoration on wildlife and
livestock. (4) To evaluate restoration proctices in terms of water,
soil and vegetation conservation and improvement and livestock
and wildlife production. (5) To determine which restoration prac-
tices can be best recommended for similar meadows in similar
condition.

Procedures to fulfill objectives include: (1) Construction of
`gully plugs' to raise the water table and their effect on depth and
fluctuation of the water table as it influences native vegetation.
(2) Source of ground water and hydrostatic pressure of water ta-
ble. (3) Siltation of reservoirs to determine quantity of sediment
carried and life of the reservoir behind the 'gully plug'. (4) Mea-
surement of strearnflow. (5) Mapping of vegetative sites and eval-
uate improvement practices such as protection, fertilization,
weed control, seeding improved species, and combinations of
these practices. (6) Determination of soil characteristics and cli-
matic factor will permit application of best practices to similar
meadows.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.

4.0167, EVAPOTRANSPIRATION PATTERNS OF FOREST
AND BRUSH VEGETATION ON THE EAST SLOPE OF THE
SIERRA NEVADA
R.O. GIFFORD, Univ. of Nevada, Agricultural Experiment Sta. ,

Reno, Nevada 89507
Objectives: I. To determine evapotransipration patterns of

forest and brush vegetation on east slopes of the Sierra Nevada
watersheds. 2. To evaluate and adapt procedures for estimating
evapotransipration from environmental measurements for use in
mountain forest-brush areas. 3. To relate evapotranspiration pat-
terns of various species to soil, plant and climatic factors.
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Evapotranspiration rates of brush and tree communities will
be measured by soil moisture depletion using the neutron probe
technique. Environmental measurements are to be made to per-
mit calculation of evapotranspiration by various methods. Ncw
methods of measurement will be considered and applied where
possible. Rout distribution of the species studied will be estimated
from soil pits. Soil moisture depletion is to be related to root dis-
tribution as well as environmental measurements.

SUPPORTED BY U.S. Dept. of Agriculture

4.0168, CULTURAL PRACTICES ON EASTGATE BASIN
D. JAGER, Univ. of Nevada, School of Agriculture, Reno, Nevada
89507

This study was initiated July 1, 1965, with an anticipated
completion in June, 1970. The main objectives of the study are to
evaluate the effectiveness of various cultural practices in reducing
sediment production and overland flow on frail lands and to ob-
tain hydrologic data needed to interpret and project results. Two
areas in the sagebrush type are being studied. Practices being
tested include plowing, ripping, furrowing and spraying together
with seeding of whcatgrasses. Runoff and sediment are collected
and measured in 55- gallon drums. Other data being collected in-
clude rainfall, soil moisture, plant cover, bulk density, porosity
and water storage capacity.

SUPPORTED BY 11.S. Dept. of Interior - Bu. Land Mgmt.

4.0169, THE ECONOMICS OF WATER TRANSFER - AN
APPRAISAL OF INSTITUTIONS
J.B. WYCKOFF, Univ. of Nevada, Agricultural Experiment Sta. ,
Reno, Nevada 89507

OBJECTIVES: 1. To appraise the legal-institutional-adminis-
trative devices and proccsscs through which transfers of water
between uses and users take place and 2. To assess the con-
sequences of these devices and processes on the economic effi-
ciency and equity of water use and 3. To suggest desirable modifi-
cations in these devices and processes that might enhance
economic efficiency or equity in the use of water resources.

Nevada will collect all available data on the historical flows,
diversions, and use of the water in its closed river systems. Histori-
cal changes, present patterns and possible use within existing in-
stitutions will be determined.

Normative models will be developed and examined to deter-
mine what the water use might be under conditions of maximum
economic efficiency.

Finally, alternative changes in the existing institutional
framework which could effect a conversion from the existing use
pattern to one of maximum economic efficiency will be ex-
amined.

SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

4.0170, THE INFLUENCE OF WETLANDS ON QUANTI-
TY AND QUALITY OF STREAM FLOW
G.L. BYERS, Univ. of Ncw Hampshire, School of Agriculture,
Durham, New Hampshire 03824

Losses by evaporation, transpiration, or evapotranspiration
diminish the available water supply by one half. The period of
greatest water demand dots not coincide with the greatest period
of supply. Substantial amounts of water are lost from drainage
basins with their wetlands and ponds tributary to the streams.
Therefore, a better understanding of the hydrology of the wet-
lands and ponds could be a valuable contribution toward aug-
menting water supply during periods of low stream flow.

The meteorological data which are required for determining
evaporation and evapotranspiration will be measured at a
selected wetland site near the university campus. Humidity, air
temperature, wind speed, and net radiaction will be measured
from a tower at one elevation, above land surfaces. If necessary,
ground-water levels and soil moisture will also be measured, and
stream gaging performed. Chemical samples will be collected and
some measurements made in the field. Eight chemical measure-
ments and conductivity will be determined in the laboratory.

Solution of equations and statistical analysis of the data will
be by computer programs.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
University of New Hampshire

4.0171, SOIL DRAINAGE
R.B. ALDERFER, Rutgers The State University, Agricultural Ex-
periment Sta. , New Brunswick, New Jersey 08903

Objectives: 1. Measure levels of water saturation in different
representative types of imperfectly to very poorly drained soils in
New Jcrscy.

2. Measure the physical and chemical characteristics of these
soils.

Procedure: Measurement of levels of water saturation will be
made periodically ( weekly) with piczometers, in representative
imperfectly to poorly drained soils in N. J. Amount of accumu-
lated rainfall will be measured each time piczomctcrs are read.
These data will be plotted regularly to provide a continuous
record for each site. Physical and chemical properties of each soil
horizon will be made at selected sites to determine whether any of
these properties is related to or correlated with degree of wetness
as influenced by water table !eve!.

SUPPORTED BY U.S. Dept. of Agriculture
New Jersey State Government

4.0172, SURFACE AND GROUND WATER POTENTIALI-
TIES OF THE MULLICA RIVER BASIN
M.L. GRANSTROM, Rutgers The State University, School of En-
gineering, New Brunswick, New Jersey 08903

The proposed research project involves a systems analysis
study and an ecological field investigation of aqueduct water
transfer from the Mullica River Basin (containing a large state
water reserve) to several New Jcrscy cities. This study will deter-
mine the: 1) cities which will have future demands for Mullica
River water 2) optimum conjunctive surface and ground water
development 3) economic effects of water withdrawal on shellf-
ish, other biota, recreation, and waste assimilation capacity of the
river and estuary.

The systems analysis approach will involve applications of
extremal mathematics, such as linear programming, or simulation
and stochastic processes. Fish spawning and nursery grounds stu-
dies and plankton dredging surveys will determine the distribution
of these biota with respect to the existing and projected hydrog-
raphy of the river-estuary system. Dissolved oxygen, salinity, and
other water quality parameters will also be measured for the
mathematical model. Project results will be applicable to other
river basins which have conjunctive surface and ground water
potentialities which affect the estuarine ecology.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Rutgers The State University

4.0173, HYDROLOGY OF SUBURAN AREAS
K. NATHAN, Rutgers The State University, School of Agricul-
ture, New Brunswick, New Jersey 08903

The objectives of the proposed study are: a. To determine the
effect on the rainfall-runoff relationship on all watersheds in Cen-
tral New Jersey as the land use changes from agriculture and
forestry to suburban development. b. To study the impact of this
change on local water resources. c. To determine the practices
which will best contribute to proper conservation of existing
water and soil resources in agricultural areas undergoing subur-
ban development.

Rainfall will be measured by recording rain gauges with
punched paper tape output. Runoff will be obtained by means of
stage recorders with punched paper tape output. It is hoped that
precise lag time relationships can be developed. Pertinent
parameters of the watershed will be determined from 'available
aerial photographs and contour maps. Surveillance on land use
will be kept by inspection.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Rutgers The State University

4.0174, PERFORMANCE OF DRAINAGE SYSTEMS
K. NATHAN, Rutgers The State University, Agricultural Experi-
ment Sta. , New Brunswick, New Jersey 08903

Objectives: To obtain basic engineering data on the per-
formance and effectiveness of existing tile and open ditch installa-
tions as a basis for rational design procedures for such systems.

Description of Work Proposed: The effectiveness of drainage
systems will be evaluated in terms of water table drawdown. Ob-
servation wells will be used. Hydraulic conductivity of the soil will
be established by visual evaluation, laboratory tests of core sam-
ples, and in situ determinations. Mosquito control ditches will be
studied by determining stage, velocity, slope and other hydraulic
variables. Sites representative of various major soil and geo-
graphic conditions will be selected. Ditches of various hydraulic
characteristics will be selected or constructed.

SUPPORTED BY U.S. Dept. of Agriculture
New Jersey State Uovernment

4.0175, WATERSHED REHABILITATION TO CONTROL
EROSION AND SEDIMENTATION IN THE SOUTHWEST
E.F. ALDON, U.S. Dept. of Agriculture, Rocky Mtn. For. & Rg.
Ex. Sta. , Alburquerque, New Mexico 87101

Object: To develop methods for restoring plant cover and
controlling erosion on Southwestern watersheds.

Plan of work: The project staff is continuing to select and
evaluate various plants for erosion control and to investigate sedi-
ment movement on southwestern watersheds. They are initiating
new studies on the hydrology of pinyon-juniper flood plains and
factors affecting the stability and productivity of cretaceous soils.
They arc developing prefabricated cheek dams for gully stabiliza-
tion.

SUPPORTED BY U.S. Dept. of Agriculture

4.0176, ECONOMICS OF WATER TRANSFER - AP-
PRAISAL OF INSTITUTIONS
M.L. HANSON, New Mexico State University, Agricultural Ex-
periment Sta. , Las Cruces - University Park, New Mexico 88001

Objectives: I. To appraise the legal-institutional-administra-
tive devices and processes through which transfers of water
between uses and users take place. 2. To assess the consequences
of these devices and processes on the economic efficiency and
equity of water use. 3. To suggest desirable modifications in these
devices and processes fiat might enhance economic efficiency or
equity in the use of water resources.

Description of Work Proposed: Compilation of statutory
provisions for transferring water rights and examination of ad-
ministrative procedures for effecting water transfers.

Assembly of input-output cost and demand data for water in
various uses, primarily from secondary sources.

Determination of optimum water allocations under present
and projected institutional arrangements and demand situations
by use of efficiency criteria.

SUPPORTED BY U.S. Dept. of Agriculture
New Mexico State Government

4.0177, CHEMICAL CONTROL OF CREOSOTEBUSH
AND MESQUITE
M.L. WILSON, New Mexico State University, Agricultural Ex-
periment Sta. , Las Cruces - University Park, New Mexico 88001

The overall objective is to develop methods for rehabilitating
crcosotebush and mesquite-infested sites to maximize watershed,
wildlife, and forage values. This will be done by determining
proper sequence of aerial spraying; proper herbicides, additives,
and carriers; effect of brush control on vegetation response and
soil stabilization in dune areas; most effective herbicidal treat-
ment for brush control by spot treatment with granular herbi-
cides; successful reseeding practices including optimum methods,

rates, and dates for various sites, weedy vegetation reduction, in-
sect and rodent control, managing seeded stands for maximum
production, and adaptation of new grass introductions to arid
semidcsert conditions; and evaluation of vegetation types and
sites as to suitability for various treatments.

Effectiveness of repeat sprayings at various intervals on
mesquite control is being determined under grazed and ungrazed
conditions. Combinations of dicamba, 2,4-D, and 2,4,5-T are
being used.

Various herbicides are being screened for effectiveness in
controlling mesquite and creosote-bush, and labelled herbicides
arc used to trace abosrption and translocation.

Vegetation response to mesquite control will be evaluated
using line transacts through duped areas. Such treatments will be
replicated.

SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.

4.0178, STREAM FLOW REGIMES ON A SEMIARID
RANGELAND WATERSHED
R.B. HICKOK, U.S. Dept. of Agriculture, Santa Rosa, New Mex-
ico 88435

Objective: Determine relations of storm flows to storm pat-
terns, runoff source-area characteristics, and hydraulics of the
stream channel system.

Plan of Work: Categorize storm patterns in relation to ru-
noff- producing potential and relate to frequencies of occurrence,
determine runoff response characteristics of land areas as af-
fected by topography, geology, so;', , vegetation, and cultural
practices, and determine runoff trai smission characteristics of
the stream channel system components, to derive equations for
prediction of runoff hydrographs for the watershed sysWrn.

SUPPORTED BY U.S. Dept. of Agriculture

4.0179, THE NANGARHAR CANAL PROJECT OF EAST-
ERN AFGHANISTAN
C.H. EBERT, State University of New York, Graduate School,
Buffalo, New York 14214

This investigation focuses on the impact of the Nangarhar
Canal Project in the regional development of Eastern
Afghanistan.

The Nangarhar Canal Project was launched in 1956 by an in-
vestigation of a Soviet Russian team which investigated the feasi-
bility of a regional, agro-industrial plan based upon hydro electric
power and irrigation development.

The investigator established working contacts with the Rus-
sian and Afghan personnel at the Jalalabad headquarters of the
project and was permitted to engage in extensive field work
within the project area. Of particular interest were new soil recla-
mation techniques aimed at overcoming unfavorable textural and
structural soil characteristics, soil desalinization, and specialized
land use planning.

The focal point of the investigation is the hydrology of the
area, its soils, and climatic factors correlated with land use
planning.

SUPPORTED BY State University of New York

4.0180, JORDANS EAST GHOR DEVELOPMENT PRO-
JECT
J.J. HAUPERT, State University of New York, Graduate School,
Buffalo, New York 14214

The East Ghor Canal and Agricultural Development Project
was begun in the Jordan Valley in 1958 to convey water by a
gravity system from the Yarmuk River southward for 45 miles to
irrigate rich alluvial soils. Underdeveloped lands were planned for
settlement by private peasant entrepreneurs planting corps best
suited to existing soils and climatic conditions. Though the pro-
ject was completed in 1966, continuing investigations by Amer-
ican, British, and Jordanian geographers and agronomists are ex-
pected to evaluate new methods of land use in the valley and the
effect on the national economy of income from food exports, in-
dustrial crops, taxes, water charges, land reform techniques, etc.
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SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Nassau County Government - New York

4.A181, AN EVALUATION OF THE REJUVENATION OF

THE BUFFALO RIVER
R.A. SWEENEY, State University of New York, Graduate School,
Buffalo, New York 14214

Some of the effects of the low flow augmentation project on
the Buffalo River will be evaluated. At three (3) stations along the
river's length water and sediment analyses will be conducted. The
waiter will be measured according to Standard Methods for pH,
conductivity, suspended and dissolved solids, alkalinity,
chlorides, total PO4 phosphates and total nitrogen. Sediments will

be examined for volatile solids, total iron, oils and greases, COD,
total nitrogen and total PO4 phosphates. In addition, quantitative
analyses of macrobenthos will be made.

The results of this survey will be contrasted to studies made

on the Buffalo River prior to the initiation of the flow augmenta-
tion project.

SUPPORTED BY Allied Chemical Corporation

4.0182, DRAINAGE STUDIES OF NEW YORK SOILS
P.J. ZWERMAN, State University of New Yolk, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

Objects: 1. To study the soil-water relations in typical poorly
drained soils. Many of the attempts that have been made to drain
these soils have failed because the trouble was not properly diag-
nosed. 2. To devise the simple and cheap techniques for draining
the various types of wet land encountered in this study. With bull-
dozers, mechanical ditchers, subsoil plows and other power
equipment now commonly available, it may be possible to find
economic solutions to this problem.

Procedure: The problem will be attacked by isolating the
drainage problem locations by soil areas and land management
systems. Experimental drainage systems together with modifica-
tions of the land management will be introduced in an attempt to
find out what combination of drainage systems and land manage-
ment is the most successful for the various drainage locations.
Agronomy Department lands arc to be used wherever possible.
State owned and private lands will also be used for experimental
locations.

SUPPORTED BY New York State Government

4.0183, ARTIFICIAL RECHARGE OF TREATED
SEWAGE WATER AT BAY PARK, N.Y.
G.D. IJENNE7'T, U.S. Dept. of Interior, Water Resources Divi-
sion, Mineola, New York 11501

The objective is to evaluate the feasibility of and develop op-
timum methods for injecting water from highly treated sewage-
plant effluent into deep artesian sand aquifers of the Magothy(?)
Formation (upper Cretaceous) of Long Island. This formation,
which is the principal source of the water supplies for Nassau and
western Suffolk Counties, is being pumped intensively and locally
is being invaded by salty water. Extensive artificial recharge
through injection wells with reclaimed waste water may be

needed for water conservation and to create fresh-water pressure
ridges to retard sea water.

Water from sewage-plant effluent will be further treated to a
potable quality and then injected under pressure through spe-
cially designed wells (with fiberglass casings) under various ex-
perimental conditions. Data on hydraulic and geochcmical results
of the injection will be collected using observation wells and spe-
cial in-situ geochemical sensors.

This research is part of the program of water resources in-

vestigations being carried on in cooperation with the County of
Nassau, N.Y.

4.0184, ANALYSIS OF VEGETATIVE CHANGES
RESULTING FROM WATER LEVEL CONTROL
O. FLORSCHUTZ, State Wildlife Resources Comm. , Raleigh,
North Carolina

Objective: To determine changes in vegetative types in diked
and undiked marsh areas by transacts and other methods.

Procedure: L Vegetative ecotones will be examined once a
year, or more often if necessary, in order to obtain data on the
growth or decrease of plant communities in the Gull Rock, Goose
Creek, Pamlico Point and White Oak impounded areas. 2.
Changes in vegetative composition will be recorded on maps of
the areas.

SUPPORTED BY U.S. Dept, of Interior - I3u. Sport Fish.
North Carolina State Government

4.0185, PEACH NITROGEN, PRUNING AND IRRIGA-
TION STUDY
W.E. BALLINGER, Univ. of North Carolina, Agricultural Experi-

ment Sta. , Raleigh, North Carolina 27600
Objectives: To determine the effects of different levels of

pruning, N, soil moisture, and their interactions on peach tree sur-
vival, growth and fruiting characteristics.

Description of work proposed: Two hundred aa,' sixteen

treated trees of the Rcdhaven and Elberta varieties were
established in a split-split-split block designs at the N. C. Peach
Experiment Station near Jackson Springs, N. C. in 1953 using
three levels each of pruning and N. The two moisture levels used
were normal rainfall and normal rainfall plus supplemental water.
Measurements of tree growth and fruiting characteristics have
been made since 1956 and will continue to be made until the
decline of the planting. Longevity and probable causes of decline
are to be studied.

SUPPORTED BY North Carolina State Government

4.0186, DEVELOPMENT OF CRITERIA FOR ADEQUATE
DRAINAGE
G.J. KRIZ, Univ. of North Carolina, Agricultural Experiment Sta.

, Raleigh, North Carolina 27600
Evaluate relation between geometry of drainage systems, so41

characteristics and soil moisture on a subsurface drained land.
Study effect of water table behavior on plant growth. Develop ap-
propriate methods of measuring variables pertinent to study of
these objectives. Oltimately, devise rational method of designing
drainage systems, taking account of weather uncertainties, crop
needs and hydraulic behavior of soil-water complex.

Description of Work: Plants are to be grown at different
moisture

conditions obtained by maintaining different water table
depths

in tanks. Soil moisture conditions can be evaluated using

neutron
scattering, gamma densitometry and tensiometers. Soil aera-

tion
will be studied with the platinum electrode technique. Soil
aeration will be studied with the platinum electrode

technique.
Results arc to be evaluated in terms of growth response and

daily
measurements of evapotransipration rates. Some tanks will

be

ble

1-299

buried outdoors even with the soil surface; others are to be
installed outdoors but will be protected from rain with mova-

shelters; others are to be inside in a growth chamber.



4. WATER QUANTITY MANAGEMENT AND CONTROL

SUPPORTED BY U.S. Dept. of Agriculture
North Carolina State Government

4.0187, WATER SUPPLY FROM AGRICULTURAL
WATERSHEDS AND UTILIZATION IN IRRIGATION
E,H, WISER, Univ. of North Carolina, Agricultural Experiment
Sta. , Raleigh, North Carolina 27600

(a) Develop methods for predicting water yields from small
agricultural watersheds. (b) Obtain probability of occurrence of
drought days and of days having excessive moisture. (c) Use ap-
proximate methods to solve moisture flow patterns in irrigation.

An analysis will be made of records of runoff, rainfall and
other pertinent factors to develop methods of predicting proba-
bility of occurrence (1) soil moisture deficits, (2) days with
moisture deficits, (3) soil moisture excesses, (4) runoff; and of
predicting amounts of these deficits and excesses. These factors
will be related to irrigation management. Machine techniques will
be developed for studying flow patterns for water through unsatu-
rated soil in order to evaluate water movement under irrigation
and drainage.

SUPPORTED BY North Carolina State Government

4.0188, ECONOMICS OF WATER MANAGEMENT
TECHNIQUES IN NORTH DAKOTA
W. MCMARTIN, North Dakota State University, Agricultural Ex-
periment Sta. , Fargo, North Dakota 58102

Objectives: To determine and evaluate the economic aspects
of current and newly developing technology of water manage-
ment applicable to both dryland and irrigated agriculture in the
Northern Great Plains Region.

Approach: Specific techniques of irrigation and moisture
conservation will be evaluated in terms of their effects on the rela-
tive efficiency that water and other resources are used in agricul-
tural activities. Immediate attention is being devoted to a com-
parative economic analysis of recent!.; developed irrigation
techniques. Following this, an economic analysis of level bench
terracing will be undertaken, Additional water management prac-
tices and techniques will be selected for study after completion of
the first two analyses. Close cooperative working relationships
will be established with ARS and State Experiment Station
scientists to obtain experimental data required for the analyses.
Additional data requirements will be met by personal interview
surveys.

SUPPORTED BY U.S. Dept. of Agriculture

4.0189, THE USE OF GRAVITY SHAFTS FOR GROUND
WATER RECHARGE, PHASE 1 OF A TWO PHASE STUDY
M.7'. SKODJE, North Dakota State University, School of En-
gineering, Fargo, North Dakota 58102

It is proposed to study the advantages and efficiency of
gravel- filled, gravity shafts for the recharge of a glacially
deposited aquifer. One year of laboratory scale studies on gravity
shaft models using variations in aggregates and water quality. The
primary water characteristic being turbidity or suspended materi-
al. Two years of field investigation are to follow the laboratory
studies.

The effect of variations in water quality and the methods of
achieving improved water quality arc to be investigated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Dakota State University
North Dakota State Government

4.0190, WEATHER INFORMATION FOR AGRICULTURE
G.E. WILKINSON, North Dakota State University, Agricultural
Experiment Sta. , Fargo, North Dakota 58102

Objectives: To analyze and interpret weather data on a re-
gional basis for application to agriculture and related industries.

Plan of Work: The North Dakota Station is emphasizing rela-
tionships between meteorological factors, properties and
physiological characteristics of the soil with the loss of water
through evapotranspiration. This is being accomplished through
nutrient culture techniques and soil moisture sampling with an ex-

pectation this information can be correlated with weather data as
it relates to agriculture.

SUPPORTED 13Y U.S. Dept, of Agriculture
North Dakota State Government

4.0191, IMPROVEMENT AND MODERNIZATION OF
SURFACE AND SUBSURFACE DRAINAGE PRACTICES
AND FACILITIES IN THE CORN BELT
R.C. REEVE, Ohio State University, Agricultural Experiment Sta.
, Columbus, Ohio 43210

Object: To improve surface drainage systems on farms for
high level crop production and effective use of modern farm
machinery. To develop equipment and methods for installation of
low cost subsurface drains and to determine the feasibility of their
use.

Plan of Work: Studies will be conducted to determine effec-
tiveness and design features of subsurface drainage systems. This
involves field and laboratory measurements of hydraulic conduc-
tivities and piezometric pressures for determining tile depth and
spacing with electrical analog procedures. Studies concerned with
the feasibility of low cost drains include evaluations of various
plastic and other materials and the development of methods of in-
stallation of these materials. Work includes development of grade
control devices. Landforming and improved water management
measures are being developed which will assure efficient farm
drainage systems. Drainage systems and related tillage manage-
ment procedures are developed to provide necessary surface and
subsurface water control under various soil and cropping condi-
tions

SUPPORTED BY U.S. Dept. of Agriculture

4.0192, SURFACE AND SUBSURFACE DRAINAGE FOR
SLOWLY PERMEABLE SOILS
G.O. SCHWAB, Ohio State University, Agricultural Experiment
Sta. , Columbus, Ohio 43210

Determine relative effect of no drainage, surface drainage
alone, tile drainage alone, and combination of both surface and
tile drainage on crop response, soil moisture conditions, and other
soil physical characteristics. Determine tile outflow, surface ru-
noff, and soil and plant nutrient loss data for improving design
standards of drainage systems. Determine effect of time on
backfill consolidation over tile. Determine effect of soil moisture
level on the physiology of the plant undcr field conditions.

Description of Work: A field experiment was installed in
1958 in

a heavy-textured lakebed soil to evaluate the effectiveness of
surface and tile drainage. There are sixteen one-half acre

plots
which include four replicates of four treatments. To ac-

celerate
the collection of data the plots are irrigated once or twice

each
year to produce the desired degree of wetness. Tile and su-

face
flow, water table depths, soil moisture, and oxygen diffusion
rates are the principal measurements. Yields from corn and

oats
will be taken. Crops will be changed from year to year to ob-

tain
maximum results.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

4.0193, METHODS AND EQUIPMENT FOR SUBSURFACE
DRAINAGE
G.O. SCHWAB, Ohio State University, Agricultural Experiment
Sta. , Columbus, Ohio 43210

Develop and test new principles for controlling grade on
trenching machines. Develop and test various types of materials
and methods for improving subsurface drainage.

Description of Work: The first step in developing a grade
control device will be to adapt the pendulum method now being
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developed in cooperation with the ARS. This device will be
mounted on a trenching machine and field tests performed. Since
such a device only assures that a grade is maintained, another
method needs to be devised to establish a reference grade line. In-
frared light or other devices will be investigated.

A continuation of field studies started under State Special 91,
drain discharge and sediment outflow measurements form 1-inch
plastic drains and from the fiber glass drains will be made for
several years. The improvement of sediment and clogging of fiber
glass around drains will be studied in cooperation with Hatch 23().

Continued studies will be made on the effect of deviations from
true grade for drains less than 2 inches in diameter. In coopera-
tion with ARS the possibilities of zippering plastic drains less than
2 inches in diameter will be investigated.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

4.0194, SOIL CHARACTERISTICS AFFECTING SUBSUR-
FACE DRAINAGE
G.S. TAYLOR, Ohio State University, Agricultural Experiment
Sta. , Columbus, Ohio 43210

( I ) Study effect of soil hydraulic conductivity, deep seepage,
and drainablc porosity on water removal by subsurface drainage
systems. (2) Determine saturated hydraulic conductivity and
drainablc porosity of the Gray-Brown Podzolic, the humic Gley,
and the Gray-Brown Podzolic Acid Brown soil groups. (3) Study
by various laboratory techniques the effect of subsurface drainage
systems on water removal for those soil profile conditions
revealed through objective 2.

DESCRIPTION OF WORK The effect of soil hydraulic
conductivity (permeability) and drainablc porosity on drainage
are being evaluated by controlled laboratory experiments. These
experiments utilize tank drainage models, an electrical resistance
network, and an IBM 704 electronic computer. Monolith samples
are being taken from field soils to evaluatle hydraulic conductivi-
ty and drainablc porosity. This information is utilized in con-
trolled laboratory studies to evaluate the effect of subsurface
drainage systems on Water removal from land.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

4.0195, MILL CREEK VALLEY ANALOG MODEL STU-
DY, OHIO
R.E. FIDLER, U.S. Dept. of Interior, Water Resources Division,
Columbus, Ohio

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Ohio.

Purpose - To prepare an analog model 1/4.;: part of the Mill
Creek Valley and study the effect of various plans to utilize injec-
tion wells to increase recharge to the aquifer presently in use.

Method - An inventory of ground-water pumpage will be
made. Water levels will be measured periodically. Maps showing
well locations, bedrock surface, historical and current water level
contours, water- level change contours, and hydraulic properties,
will be prepared.

The assembled data will be used to program an electric
analog model which will be used to demonstrate the effects of
various combinations of injection well systems and combinations
of withdrawals.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Ohio State Government

4.0196, SPRINGFIELD AREA INFILTRATION STUDY,
01110
S.E. NORRIS, U.S. Dept, of Interior, Water Resources Division,
Columbus, Ohio

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Ohio.

Purpose: To investigate variations in rates of induced
recharge from streams tr '4 and gravel aquifers under natural

conditions ano to determine methods and techniques for artifi-
cially increasing the rate of recharge to sand and gravel deposits.

Methods: Measured loss in streamflow will be correlated with
records of pumpagc, evapotranspiration losses, and changes in
storage in the aquifer. The unit rate of induced infiltration will be
related to water temperature, sediment load, head in the stream,
and other factors to find out what conditions mainly control infil-
tration rates. Pumping tests will be made to determine the trans-
missibility and storage properties of the aquifer to estimate the
quantity of water represented by head changes in the aquifer.
Water-level contour maps and change maps will be constructed
for various conditions of flow and ground water levels to help
define the conditions of infiltration,

SUPPORTED BY U,S. Dept. of Interior - Geological Survey
Ohio State Government

4.0197, HYDROLOGIC CHARACTERIZATION OF
SMALL WATERSHEDS
R.B. CURRY, Ohio Agric. Res. & Dev. Ctr. , Wooster, Ohio44691

Regional Objective: To investigate the use of mathematical,
electrical, and hydraulic models to study hydrologic phenomena
of watersheds.

Specific Objectives: 1. To investigate statistical models as a
means of identifying and evaluating the pertinent variables in the
runoff process. 2. To use these variables together with a mathe-
matical model to predict behavior of a small watershed.

The behavior of small watersheds will be investigated to
identify the pertinent variables using the statistical theory. These
variables will be combined with the underlying physical and
biological phenomena to develop a mathematical model which
will permit statements to be made about probable watershed
behavior. Data from existing watersheds and runoff plots will be
used to test the validity of the model.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

4.0198, SOLUBILITIES OF SILICATES IN SALINE
WATERS
A.G. COLLINS, U.S. Dept. of Interior, Bureau of Mines, Bart-
lesville, Oklahoma

The objective of this research has been to obtain solubility
data on silicates, in particular on silicates which form scale
deposits on heat transfer surfaces during distillation of saline
waters. The effect of such factors as temperature, pressure, pH,
and dissolved gases is being investigated, and a hydrothermal ap-
paratus has been specially constructed for the project. Solubilities
of a few silicates have been determined in water, sodium chloride,
magnesium chloride and sodium bicarbonate solutions.

The solubility experiments are continuing. The hydrothermal
apparatus has been put in operation, and solubility measurements
are being completed on the silicates of most concern in saline
water technology.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

4.0199, PREPARATION AND ANALYSIS OF CLI-
MATOLOGICAL DATA IMPORTANT TO AGRICULTURE
AND FORESTRY
W.P. LOWRY, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives: 1. To determine patterns and variability of cli-
mate. 2. To associate phonological response with climatic data. 3.
To develop interpretations of phenological and climatic data for
agricultural and other applications.

Description of Work Proposed: Oregon's participation will
center on precipitation duration. Sequential relationships of
weather events related to precipitation will be described for the
Western Region. Experience tables of the lengths of wet and dry
spells which have occurred at various stations and at various times
will be computed and published rather quickly for immediate use.
The theory of Markov processes will be utilized.

Oregon will also contribute to the proposed manual on
synoptic climatology of various weather variables. The probabign-
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ty of occurrence of significant weather events associated with cer-
tain weather types will be assessed. This study has possibilities of
being related to causes of air pollution.

SUPPORTED BY U.S. Dept. of Agriculture
Oregon State Government

4,0200, FACTORS INFLUENCING THE FLOW OF SUB-
SOIL WATER IN THE IMMEDIATE PROXIMITY OF AND
INTO DRAINAGE FACILITIES
J.W. WOLFE, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives: To analyze and describe the sub-surface flow of
water and those factors which affect it in the immediate vicinity of
the drain facility for the preparation of improved criteria and
procedures for design, installation, and operation of drains.

Work Proposed: An attempt will be made to describe the
flow of water in the close proximity to tile drains for the transient
state by using the diffusion equation. Computer programming to
solve this question, now complete in one dimension, will be con-
tinued by extending to two dimensions and by inserting ap-
propriate boundary conditions at the drain and zone changes at
the filter and at impeding soil layers.

Laboratory measurements of drydown in the soil will be
made to confirm the computer results. Measurements of hydrau-
lic conductivity and diffusivity will also be made in the laboratory.
Field measurements using organic material for backfill or filter
will be made as further confirmation of the theoretical solution.

SUPPORTED BY U.S. Dept. of Agriculture
Oregon State Government

4.0201, SOLAR POWERED EQUIPMENT FOR OPERAT-
ING A SMALL IRRIGATION PUMP.
M. ANWAR, Pakistan Atomic Energy Comm. , Lahore, Pakistan

Object: To develop and design criteria and specifications for
a 2-hp solar powered boiler and equipment using steam or other
media for operating a small irrigation pump.

Plan of work: The following investigations will be conducted
in the laboratory and in the field: A pilot system will be developed
at the Atomic Energy Center, Lahore, West Pakistan consisting of
a 400- sq. ft. parabolic reflector, a boiler and an engine or turbine
powered irrigation pump. If time permits, consideration will be
given to other fluid media that may be more efficient than steam
at low temperatures. The mirror reflector will be installed on the
roof of the Atomic Energy Center and the steam boiler, turbine
and pump assembly so located that water can be pumped from the
ground floor to the roof simulating the pumping from a well. This
will allow observation and easy modification. Tests will not be
made on an actual well until the unit is perfected. After perfection
it will be placed in a well for field test. This can be done in the im-
mediate vicinity or on the grounds of the Center as the water table
is quite high.

SUPPORTED BY U.S. Dept. of Agriculture

4.0202, ORGANISMS WHICH ATTACK THE AQUATIC
PLANT, EURASIAN WATERMILFOIL IN PAKISTAN
M.A. GHAN I, Comm. Inst. of Biolog. Control, Rawalpindi,
Pakistan

Object: To conduct explorations to discover insects, other
plant- feeding organisms or plant diseases which attack Eurasian
watermilfoil (Myriophyllum spicatum) to determine the degrees
of host-plant specificity of any organisms that appear potentially
useful for control of the plant; and to supply living specimens of
potentially useful organisms to the U. S. upon request.

Plan of work: Arthropods and other organisms associated
with ..vatermilfoil will be studied in several locations in East and
West Pakistan throughout the seasons of year when conditions
are favorable. Samples of such organisms will be preserved and
classified, and specimens supplied for study or deposit in the Na-
tional Collections, if requested. Detailed observations will be
made on any of the organisms which appear to be important con-
trol factors and which appear to be suitable for introduction into
the United States. Studies regarding their life histories, ecological

requirements and host specificity will be undertaken. The stage in
which they may most readily be shipped to the United States will
be determined.

SUPPORTED BY U.S. Dept. of Agriculture

4.0203, STUDY OF THE USE OF INERT GASES TO
ELIMINATE ACID POLLUTION FROM ABANDONED DEEP
MINES
D.R. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

An abandoned drift mine of approximately 200 acres will be
sealed, and air blowing and monitoring equipment installed. The
air leak rate from the mine will be determined by correlating vari-
able air input rates to the changes in the barometric pressures and
temperatures in the mine. Later inert gases will be forced in the
mine to displace the air and reduce acid mine drainage formation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Pennsylvania State Government

4.0204, EFFECT OF CONSERVATION PRACTICES ON
HYDROLOGY AND SEDIMENTATION RATES
W.G. SHOPE, U.S. Dept. of Interior, Geological Survey, Har-
risburg, Pennsylvania

This research is part of the program of water resources in-
vestigations conducted by the U.S. Geol. Survey in cooperation
with the State of Pennsylvania.

The objective of this study is to evaluate the effects of chang-
ing land-use and agronomic practices on hydrology and sedimen-
tation rates of two small watersheds in Pennsylvania. One
watershed is undergoing land treatment at a moderate rate; there-
fore, a time control is being used. The other watershed is un-
dergoing land treatment at an accelerated rate; therefore, an ex-
ternal control watershed is being used for comparison with the
study area. Project started 1954 and will be completed 1968.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Pennsylvania State Government

4.0205, THE USE OF INERT GASES TO ELIMINATE
POLLUTION FROM ABANDONED MINES
H.C. BRAMER, Cyrus William Rice & Company, Pittsburgh,
Pennsylvania 15205 ( 14-12-98 )

The objective of the project is to look at the following poten-
tial acid mine drainage control techniques and: 1) To determine
the effect on the leaching of pyrites by water and on acid produc-
tion in the following mine atmospheres (a) air (control), (b) pure
nitrogen, (e) nitrogen plus CO2, (d) nitrogen plus NH3, (e )
nitrogen plus CO2 plus NH3 and (f) nitrogen plus chlorine. (2)
To determine the effect of pyrite partical size on the reduction of
acid production with various gas atmospheres.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

4.0206, STORM RUNOFF AND FLOOD FLOWS IN RELA-
TION TO CLIMATIC AND WATERSHED CHARAC-
TERISTICS
E.T, ENGMAN, Penn. State University, U.S.D.A. Ne. Watcrsh.
Res. Ct. University Park, Pennsylvania 16802

Object: To identify the climatic and watershed factors affect-
ing the volume, time distribution, magnitude, and frequency of
storm runoff and flood flows and to evaluate these factors quan-
titatively as a basis for predicting storm runoff and floodflows
from complex ungaged agridultural watersheds of the Northeast.

Plan of Work: The work is currently concentrated on the
Sleepers River Experimental Watershed near Danville, Vermont;
the Northeast Watershed Research Center, University Park,
Pennsylvania, and on other agricultural watersheds in Virginia.
Some of the factors required for the analyses and which are mea-
sured or otherwise documented for the study are: rates and dura-
tion of streamflow; precipitation patterns; antecedent moisture;
season; soils; land use; conservation and watershed management
practices; ground water elevations; riparian vegetation; geology;
gradients and hydraulic roughness of stream channels; and the
size, shape and other geomorphic attributes of the watersheds.
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SUPPORTED BY University of Puerto Rico
Puerto Rico Government

4.0207, FACTORS AFFECTING WATER YIELDS FROM
SMALL WATERSHEDS AND SHALLOW GROUND
AQUIFERS
R.V. ROMERO, Ur.v. of Puerto Rico, Agricultural Experiment
Sta. , Lajas, Puerto Rico

1) Research work is proposed in order to correlate runoff
rates and yields to water shed characteristic and climatic condi-
tions.

Description of work: Topographic, soil and land capability
maps will be made of the watershed area showing soil types,
slopes, degree of erosion, drainage patterns, and ground surface
configurations, Rain gages, HL flumes, and Bouyoucos resistance
blocks will I3J installed in the area to measure rainfall, runoff
rates, and soil water potential, mspectively. Periodically, soil sam-
ples will be taken at different depths for soil moisture determina-
tions. Isohyetal maps will be constructed for each storm and
storm increments to determine the average rainfall in the
watershed. Correlations will be made between runoff and soil
moisture content, and between runoff and rainfall intensity.

SUPPORTED BY U,S. Dept. of Agriculture
Puerto Rico Government

4.0208, FACTORS AFFECTING WATER YIELDS FROM
SMALL WATERSHEDS AND SHALLOW GROUND
AQUIFERS
R. VAZQUEZ, Univ. of Puerto Rico, Agricultural Experiment
Sta. , Lajas, Puerto Rico

Research work is proposed in order to correlate runoff rates
and yields to wa,'.ershead characteristic and climatic conditions in
Lajas, Puerto Rico. The amount of runoff available for storage
from small watersheads will also be determined.

Topographic, soil, and land capability maps will be made of
the watershead area showing soil types, slopes, degree of erosion,
drainage paaerms; and ground surface configurations, Rain
gages, HL flames, and Bouyoucos resistance blocks will be in-
stalled in the areas to measure rainfall, runoff rates, and soil water
potential, respectively. Periodically, soil samples will be taken at
different depths for soil moisture determinations. The physical
properties of the soils like field capacity, permanent wilting point,
infiltration capacity, and water holding capacity will be deter-
mined. Isohyctal maps will be constructed for each storm incre-
ments to determine the average rainfall in the watershead. Cor-
relations will be make bcwtween runoff and soil moisture content,
and between runoff and rainfall intensity.

SUPPORTED BY University of Puerto Rico
Puerto Rico Government

4.0209, DEVELOPMENT OF GROUND WATER CON-
TROL METHODS FOR THE HEAVY SOILS OF THE LAJAS
VALLEY
R, VAZQUEZ, Univ. of Puerto Rico, Agricultural Experiment
Sta. , Lajas, Puerto Rico

Research work is being conducted in Lajas Valley, Puerto
Rico in order to study the ground-water hydrology of the Valley
and the effectiveness of different methods of draining various soil
types in the drainage-problem areas,

To study the ground-water hydrology a Valley-wide net of
piczometers and water-table observation wells was established.
With these data, ground-water contour maps will be drawn show-
ing the direction of the horizontal and vertical hydraulic
gradients. Periodical analyses and interpretation of the data will
be done to diagnose problems in the Valley.

Existing or new wells will be pumped to study their effective-
ness in intercepting the waters moving down the side slopes. Deep
interceptor drains will be installed in similar areas to check their
effectivenss in the interception of these waters. Free flowing (re-
lief) wells will be tested in areas with high artesian pressures. The
effectivenss of shallow tile and/or plastic drains, and open drains
will be studied in areas where the soil conditions does not permit
another type of drainage.

Due to the nature of these studies they will be continued for a
long time. The project will be reviewed and revised every five
years or in a shorter period if it is necessary.

4.0210, WATER REQUIREMENTS OF CROPS UNDER IR-
RIGATION IN LAJAS VALLEY, PUERTO RICO
R.R. VAZQUEZ, Univ. of Puerto Rico, Agricultural Experiment
Sta. , Lajas, Puerto Rico

Two experiments will be conducted to determine the amount
of irrigation water required for evapotranspiration and deep per-
colation in Lajas Valley soils. The. moisture distribution in the soil
profile, its yearly fluctuations, anu its relation with the water-table
also will be studied.

For that purpose an experiment of 16 plots, 8 of them
planted with sugarcane and 8 left bare covered with plastics was
established. Two different irrigation treatments will be applied.

To supplement the field data another experiment will be
established in the present installation of lysimeter tanks to study
the evapotranspiration of sugarcane under 2 irrigation and 2

nitrogen fertility levels.

SUPPORTED BY U.S. Dept. of Agriculture
Puerto Rico Government

4.0211, THE INFLUENCE OF WATER AND CLIMATE ON
THE YIELD AND SUCROSE CONTENT OF SUGARCANE
M. CAPIEL, Univ. of Puerto Rico, Agricultural Experiment Sta. ,
San Juan - Rio Piedras, Puerto Rico 0093 I

An intensified use of weather data will be made to modify
field management practices throughout supplemental irrigation
and harvest dates so as to be working with weather rather than
against it.

The essential objective of this project is to consider the in-
fluence of micro - climate on the yield and sucrose content of su-
garcane as it interacts with water added to the plant as rainfall and
supplemental irrigation. Water will be supplemented to the plant
on the basis of evaporative demands which, for practical purposes
under low advcctive energy, may be considered to be integrated
by pan evaporation. The effect of 'cut out` irrigation before har-
vest on the yield and sucrose content of the cane will be analyzed
in connection with the climatic factors.

This experiment will be repeated once every 2 months for
three consecutive times. It is expected that these seasonal
plantings will provide for micro-climatic differences near planting
and harvest dates which may help to evaluate the role of water
and climate on the yield and sucrose content of sugarcane.

SUPPORTED BY Puerto Rico Government
University of Puerto Rico

4.0212, SILVICULTURE OF COASTAL PLAIN TIMBER
TYPES
U.C. LANGDON, U.S. Dept. of Agriculture, Charleston, South
Carolina

Object: To develop methods for management of Coastal
Plain timber including loblolly pine, wetland hardwoods, and
baldcypress from knowledge of how they regenerate, grow and
respond to environment.

Plan of work: Studies on natural regeneration of loblolly pine
will include: ( I ) relation of seed production to age, site, and den-
sity of stands; (2) effects of logging on soil and tree growth; (3)
tests of the seed- and seedling-in-place concepts in mature and
pulpwood sized stands. Studies on seeding and planting of loblolly
will include: (1) effect of root malformation on growth; (2)
seedling establishment under varying soil texture, soil moisture,
sowing depths, etc. Studies on yield and quality of loblolly will in-
clude: ( I ) relation of growth to age, site and density; (2) effect of
climate on growth; (3) effect of stand density on log quality; and
(4) effects of competition on young stands. Stand improvement
studies on loblolly will include: effects of burning on hardwood
control and site productivity. Studies on wetland species will in-
clude: (1) effect of water level and soil on tree survival and
growth; (2) relation of swamp environment to growth; (3) spe-
cies-site interrelationships; (4) species reactions to flooding; (5)
effects of tree and stand traits on seed production; and (6) rela-
tion of cutting methods to natural regeneration.

1-303



4. WATER QUANTITY MANAGEMENT AND CONTROL

SUPPORTED BY U.S. Dept. of Agriculture

4.0213, SOIL, PLANT, AND METEOROLOGICAL FAC-
TORS IN DRAINAGE EVALUATION AND DESIGN
J.T. LIGON, Clemson University, Agricultural Experiment Sta. ,
Clemson, South Carolina 29631

Objectives: 1. To determine the frequency and duration of
occurrences of prescribed drainage parameters on which crop
response depends. 2. To determine the probability of being able
to perform certain critical operations such as seedbed prepara-
tion, planting and harvesting of crops at optimum times. a. To in-
vestigate techniques for more adequate evaluation of soil proper-
ties needed in the application of rational formulas to drainage
system design.

A soil water balance will be used with soil, plant, and
meteorological inputs to determine frequency and duration of
drainage conditions unfavorable to plant development and
agrialtural operations. Limited field data will be taken to verify
the models used. The four-well method for determining hydraulic
conductivity will be investigated further along with other
techniques for determining hydraulic conductivity and drainable
porosity values useful in existing drainage design formulas.

SUPPORTED BY U.S. Dept. of Agriculture
South Carolina State Government

4.0214, WATER YIELDS FROM SHALLOW GROUND
AQUIFERS
R.H. RAMSEY, Clemson University, Agricultural Experiment
Sta. , Clemson, South Carolina 29631

OBJECTIVES: 1. To investigate methods of determining
average soil permeability to depths of 30 feet in small areas where
extreme variations are encountered. 2. To determine the most
feasible methods of obtaining shallow ground water for irrigation
and to correlate yields with site and climatic conditions.

DESCRIPTION OF WORK PROPOSED; Methods of deter-
mining the average permeability in shallow water bearing strata
within small areas (1/8 to 1/2 acre) will be investigated and tested
in both laboratory models and in natural field conditions. Dif-
ferent methods of obtaining shallow eround water for irrigation
and other uses will be investigated and evalua1t Extent of art.a
from which shallow ground water can be obtained will be studied,
and water withdrawal-recharge relationThips will be studied for
areas investigated.

SUPPORTED BY U.S. Dept. of Agriculture
South Carolina State Government

4.0215, VEGETATIVE SUCCESSION IN NEWLY CON-
TROLLED MARSHES
P.M. WILKINSON, State Wildlife Resources Dept. , Columbia,
South Carolina

Objectives: To determine plant succession in three newly
developed 20 acre blocks of diked marsh in which all major con-
ditions are nearly identical and in which the only variable will be
water levels.

Procedure: Three 20 acre sections of formerly tidal marsh
were recently diked. Each unit has a separate water control struc-
ture. A fourth unit, undiked, will serve as control. A schematic
drawing of the layout is shown on reverse.

Unit I - Fill in spring. Maintain water at all seasons at I '-2'
depth above average ground level. Establish gage board. Surplus
water will overflow at flash board. Permanent pool three years.
Unit 2 - Maintain dry condition throughout spring and summer.
Flood just prior to arrival of migrant waterfowl. Spring drawdown
1968 and repeat through 1969. Unit 3 - Spring drawdown to
marsh ground level, keep bed wet. Flood just prior to average ar-
rival of waterfowl.

Vegetation resulting in the three controlled compartments
and in the uncontrolled check areas will be measured on
established transects using the point contact method. Growth will
be expressed both quantitatively and qualitatively. Transects will
be ram in September of each year and will continue for three suc-
cessive years.

Subsidiary data to be collected include: 1. Biweekly salinity,
all compartments and control. 2. Soil samples initial and quarterly
(free analysis by Clemson University). 3. Hydrogen ion, poten-
tiometer, biweekly.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
South Carolina State Government

4.0216, HYDROLOGICAL STUDIES OF THE SAVANNAH
RIVER PLANT, SOUTH CAROLINA -GEOHYDROLOGY OF
WASTE TANK FARMS
W.E. CLARK, U.S. Dept. of Interior, Water Resources Division,
Columbia, South Carolina

Objective is to define in detail the geologic and hydrologic
conditions in the vicinity of the tanks by drilling test holes, in-
stalling clusters of piezometers, and determining the permeability
of the materials in the laboratory and from pumping tests. The
validity of interpretations of flow conditions will be tested by con-
structing electric analog models and by digital computer analysis
0, the conceptual model. Tracer tests will also be designed to
determine rates of flow.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0217, DRAINAGE OF PROPOSED IRRIGATED SOILS
IN OAHE UNIT
W.D. LEMBKE, South Dakota State University, Agricultural Ex-
periment Sta. , Brookings, South Dakota 57007

1. Determine the hydraulic conductivity of a soil using con-
ventional methods and compare this with the hydraulic conduc-
tivity as determined from tile outflow. 2. Compare methods of
predicting tile outflow with a falling water table and determine
which is most applicable to Oahe Unit Soils. 3. Determine the
drainage requirements of the soil with respect to the crops grown
in this area.

Objectives one and two will be accomplished with field stu-
dies to observe actual flow from tile drains, with laboratory and
field tests to measure hydraulic conductivity and by computing
tile flow based on field and laboratory measurements.

Objective three will be accomplished by studying crop sur-
vival over a controlled water table.

SUPPORTED BY U.S. Dept. of Agriculture
South Dakota State Government

4.0218, IMPORTANCE OF TYPE 1 WETLAND COMMU-
NITIES TO WATERFOWL PRODUCTION
R.L. LINDER, State Dept. of Game Fish & Pks, Pierre, South
Dakota

Objectives: 1. To evaluate breeding waterfowl use of habitat
with high and low numbers of Type 1 wetlands. 2. To evaluate the
roadside transect technique of censusing breeding waterfowl.

Procedures: 1. Two similar study areas of approximately 36
square miles will be selected. Each will have the same land-use
type and contain comparable numbers of Types 3, 4 and 5 wet-
lands but differing numbers of Type 1 wetlands. 2. Two 20 mile
transects will be set up in each of the study areas. 3. Frequent
waterfowl counts will be malt: 41ong each transect to determine
waterfowl use of each wetIPALI type and to obtain data for statisti-
cal analysis of the roadsid, anse. t technique. 4. Random sample
plots will be selected thrc 14/Iota each area and intensive water-
fowl counts made for con.:-1,ison with roadside counts. 5. Sur-
veys of land use, and changes cover types, vegetation phenology,
water depths, area and perimeter, weather conditions, and human
disturbance will be recorded. 6. After ore year's data have been
collected and analyzed, one additional study area of each type
will be established for collection of data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
South Dakota State Government

4.0219, FORAGE MANAGEMENT AND PRODUCTION IN
THE TENNESSEE VALLEY
D.A. MAYS, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

Management methods for optimal production of forage
plants in the Tennessee Valley are under study in rigid plots. This
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applied research includes the study of adaptable varieties, time of
cutting, seeding rates, irrigation and fertilization.

SUPPORTED BY U.S. Tennessee Valley Auth.

4.0220, NORTH FORK CITICO CREEK WATERSHED
RESEARCH
P.C. SPATH, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

Research established in 1960 cooperativ,Ay by TVA, U. S.
Forest Service, and Tennessee State Game and Fish Commission
in Cherokee National Forest to determine the effect of high-stan-
dard, multiple purpose forest management on watershed hydrolo-
gy and stream biology. The well-managed, completely forested
Appalachian Mountain watershed has an area of 7 square miles
and ranges in elevation from 2000 to 5000 feet above sea level.

Hydrologic observations include precipitation, strcamflow,
air and water temperatures, relative humidity, and sediment.
Forest, soil, and hydrologic condition surveys were made. Wil-
dlife habitat surveys will be made and browse condition and trend
or change in plant species composition observed. Stream biology
investigations include sampling of bottom fauna, growth rate of
wild rainbow trout, and determination of fish population.

The research involves two phases. The calibration phase in-
volves the determination of the hydrologic characteristics of the
watershed under existing conditions. The second phase, called the
action phase, involves determining the changes in the hydrologic
characteristics of the watershed caused by the construction of ac-
cess roads to selected timber cutting areas and by the cutting and
removal of timber in the selected areas. The calibration phase was
completed in 1965. The action phase was begun in 1966 when
construction was started on an access road to the first timber sales
area. Construction of this access road was completed in 1967 and
timber cutting began. A system of roads is being developed for
timber harvesting operations and recreation,

SUPPORTED BY U.S. Tennessee Valley Auth,

4.0221, WHITE HOLLOW WATERSHED RESEARCH
P.C. SPA TH, U.S. Tennessee Valley Auth Knoxville, Tennessee

Research started in 1935 on a watershed of 1715 acres to
determine cover improvement influences upon hydrologic
characteristics of small watersheds under a land-management
system devoted primarily to watershed protection purposes, The
watershed is located in the Whitc Hollow portion of the White
Creek basin in the No eis Reservoir area. It lies in the Appalachi-
an Valley and Ridge Province of upper East Tennessee. The study
is being carried on by T\'A's Divisions of Water Control Planning
and Forestry Development in cooperation with the State of Ten-
nessee Division of Forestry and Fish and Game Commission.

Hydrologic observations include precipitation, strcamflow
and sediment. Air and water temperatures and relative humidity
observations added in 1964.

The watershed was originally two-thirds poorly managed
forest; the remainder largely abandoned land with a small amount
of cultivation on the ridge tops or flatter slopes. Extensive erosion
control operations were carried on in 1934 and 1935. Forest
management was established in 1934-1935; reforestation of open
areas was accomplished in 1938-1942. Beginning in 1966 the
SttiUy entered another phase with the initiation of a selective
timber-cutting program. Harvesting of most of the pulpwood was
accomplished by the end of 1966. Three game pasture plots were
established and logging roads seeded. The study is continuing to
observe the effect upon runoff and erosion of the slowly changing
condition of the forest cover. Saw timber harvesting is still in
progress.

Analyses show (a) no appreciable change in annual water
yield or evapotranspiration, ( b) a sharp reduction in summer
season peak discharges, (c) a 25-percent reduction in winter peak
discharges, and (d) a reduction of over 95 percent in sediment
loads.

A compreher, .e report has been published entitled, 'Forest
Cover Improvemem ifluence Upon Hydrologic Characteristics
of White Hollow Watershed 1935-1958.' A paper entitled, 'Ef-
fects of Forest Cover Upon Hydrologic Characteristics of a Small
Watershed in the Limestone Region of East Tennessee,' prepared
by Paul C. Sodemann and Jones E. Tysinger, was presented at the

Symposium on Hydrology of Fractured Rocks at Belgrade, Yu-
goslavia, October 1965.

SUPPORTED BY U.S. Tennessee Valley Auth.

4.0222, BEECH RIVER WATERSHED PROJECT
P.C. SPATH, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

The Beech River watershed project established in 1953 is a
demonstration of intensified development of land-water resources
integrated with the development of other resources of the :,tea
comprising 193, 200 acres in Henderson and Decatur Counties in
the western part of Tennessee. This project is being carried on in
cooperation with the Beech River Watershed Development
Authority and State of Tennessee.

Hydrologic measurements began in 1953, to ascertain the ef-
fects on the water resources of the watershed and its subdivisions
resulting from changes in land cover, land-use management, and
water management due to improvements in sound farming
systems and the expansion and intensification of forestry pro-
grams. This included observations of precipitation, streamfiow,
both surface and ground water, and suspended sediment to serve
as a base in evaluating the effects on hydrologic characteristics of
changes in cover and land-use management.

The agricultural phase of the project is concerned with the
improvement of land-use in sound farming systems.

Tie forestry phase is concerned with the expansion and in-
tensification of forestry programs to increase both the resource
base and the level of land resource utilization.

In December 1965 construction was completed of a mul-
tipurpose water control system for the Beech River watershed
consisting of eight reservoirs and 80 miles of stream channel im-
provement, Hydrologic measurements are being continued to
determine the hydraulic performance of the water control system,
evaluate flood reductions, determine reservoir sedimentation and
channel changes, and provide basic data for operation of the
reservoirs.

SUPPORTED BY U.S. Tennessee Valley Auth.

4.0223, POND SEALING
J.I. SEWELL, Univ. of Tennessee, Agricultural Experiment Sta. ,

Knoxville, Tennessee 37916
Objectives: I. Determine, by laboratory tests, the effects of

selected treatments on the hydraulic conductivity of major Ten-
nessee soils. 2. Determine relationships between hydraulic head
and thickness of soil blanket necessary to prevent blowouts. 3.
Determine, by field tests, the effects of the scaling techniques
found to be most promising through laboratory studies,

Description work proposed: The changes in hydraulic con-
ductivity brought about by various chemical and mechanical
(compaction and puddling) treatments will be evaluated by per-
meameter tests. The adsorbed cations, cation exchange capacity,
and per cent silt and clay will be determined so that the basic
aspects of permeability alteration can be evaluated. Cylinders
having perforated bottoms simulating porous parent material will
be used to study relationships between thickness of soil blankets
and blowouts. Field tests of the most effective sealing techniques
will be made at the Middle Tennessee Experiment Station and at
least one other location.

SUPPORTED BY U.S. Dept. of Agriculture
Tennessee State Government

4.0224, FACTORS AFFECTING WATER YIELD FROM
SMALL WATERSHEDS IN TENNESSEE
C.H. SHELTON, Univ. of Tennessee, Agricultural Experiment
Sta. , Knoxville, Tennessee 37916

The objectives of the project are (1) to determine water yield
of watersheds under specific soil and vegetative conditions, and
(2) to correlate runoff rates and water yield of watersheds with
such engineering practices as terracing, water impoundment and
tillage.

During the years 1963-1966 a total of ten watersheds were
developed on land representative of four of the six physiographic
provinces of the state. Watershed sizes range from 11.4 acres to
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138 acres, with an average of 43 acres, Two of the watersheds are
in woodland while eight are in pasture or g'ultivation. WatcrsLed
instrumentation includes rain gages, evaporation pans, pyr-
heliometer, hygrothermograph, access tubes for neutron soil
moisture equipment, shallow ground water observation wells, and
pre-calibrated stream gages with automatic float level recorders.
Records are maintained relative to such items as topography,
soils, and land-use practices.

Computer and statistical techniques have been developed for
reduction and analysis of climatic and watershed data. Attempts
are underway to numerically quantify parameters to facilitate
computer analyses. To interpret data in terms of causative factors
and to facilitate application of results to other areas, procedures
of data collecting, processing, evaluating and reporting are coor-
dinated with participating states and agencies in Regional Project
S-52, As the element of time becomes sufficiently long to
adequately sample the hydrologic response of the watersheds
under various conditions, it is anticipated that findings will have
their greatest application in determining criteria for ( I )
watershed management resulting in optimum time-distribution,
predictability and efficient use of water supply, and (2) hydraulic
design of water control structures.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Tennessee

4.0225, FACTORS AFFECTING WATER YIELDS FROM
SMALL WATERSHEDS IN TENNESSEE
C.H. SHELTON, Univ. of Tennessee, Agricultural Experiment
Sta. , Knoxville, Tennessee 37916

Factors affecting water yields from small watersheds in Ten-
nessee Objectives: I . Determine water yield of watersheds under
specific soil and vegetative conditions. 2. Correlate runoff rates
and water yields of watersheds with such engineering practices as
terracing, water impoundment, and tillage. Description of work
proposed -- Initially, two watersheds having an area in the range
of 10 to 300 acres and adaptable to necessary measurements and
control for hydrologic studies will be selected. If additional pairs
of watersheds can be found in areas representating different
physiographic conditions, they will be developed later. The
watersheds will be appropriately instrumented and uniform
vegetative cover will be established. After having collected suffi-
cient data to satisfy Objective (1) a series of suitable engineering
practices for each watershed will be established and studied in
sequence. The experiment will be so designed that the data may
be statistically analyzed and be correlated with other participating
states in S-24 with respect to such items as watershed charac-
terization, principal measurements, and data processing.

SUPPORTED BY U.S. Dept. of Agriculture
Tennessee State Government

4.0226, WATERSHED EVALUATION
J.M. STUBBS, State Game & Fish Commission, Nashville, Ten-
nessee 37203

OBJECTIVES: The major objective is to show what effects
watershed impoundments, stream snagging, clearing, and channel
excavation have on fish populations and water quality. The fol-
lowing data will be collected under each phase. (a) Complete
population samples will be taken to evaluate the standing fish
population. (b) Bottom fauna studies to evaluate benthic popula-
tions. (c) Temperature studies to measure the effects of the im-
poundments on stream temperatures. (d) General sport creel sur-
vey to measure fishing pressure and use. (e) A complete water
chemistry study to analyze present water quality.

PROCEDURES: Three collecting stations are set up on Hur-
ricane Creek and one of the major tributary streams (Little Hur-
ricane Creek). Each station consists of at least a one-fourth mile
sample section, and the fish population will be estimated by the
mark-and-recovery method. The study will be carried out during
the summer and fall months. Electro- fishing will be employed as
the collecting method.

Quantitative and qualitative benthos samples will be taken at
each of the four selected stations, and will be identified to family,
and in some cases to Genus. The samples will be taken at least
twice, once in the summer and once in the fall during the study

period. Samples will be collected with a Surber sampler; identifi-
cation will be carried out in the spring and winter months.

Three water temperature stations are set up on Hurricane
Creek to measure the warming effects of the impoundments. The
thermometers will be read and remain in the stream during the
summer and fall months. Weather conditions the day before and
condition of the water (turbid, clear, etc.) will be noted and
recorded.

A complete water chemistry analysis will be collected on the
stream at two stations. One sample will be collected in the fall and
one in the spring.

A general sport creel survey will be taken by the local Game
and Fish Officer. The purpose of a partial creel survey is to get a
general idea of how many people are utilizing the creek for fishing
purposes, species caught, and catch rate.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Tennessee State Government

4.0227, AN HISTORICAL APPRAISAL OF THE TENNES-
SEE VALLEY AUTHORITY'S FLOOD CONTROL PROJECT
AND PROGRAM
W.H. DROZE, Univ. of Texas, Graduate School, Arlington, Texas
76010

This proposal entails the examination of flood literature, ob-
servation of flood prevention works, analysis of flood damage
records, and the study of flood-proofing efforts for the purpose of
determining the effectiveness of the Tennessee Valey Authority
as a flood control agency. This study will include an analysis of
the politics of flood control! planning and development, an assess-
ment of the engineering scheme which was used to remake the
river, an examination of the efforts to control water on the land,
an economic judgment of the costs and benefits of the water con-
trol system, and a comparative appraisal of the political and
economic feasibility of applying the valley-authority type of agen-
cy to flood problems on other rivers.

Historical methods will be used to obtain and analyze the
data about the Tennessee Valley Authority's project and pro-
gram. Private and public and published and unpublished docu-
ments will be studied to determine why and how the TVA's flood
control system was developed. On-the-ground observations will
be conducted during the rainfall season in the Valley for deter-
mining the effectiveness of the system. Documentary information
and field observations will be checked for their accuracy. Assem-
bled data will be organized and reported according to standard
historical procedures.

SUPPORTED BY University of Texas

4.0228, WATER LOSS
C.D. STUTZENBAKER, State Parks & Wildlife Dept. , Austin,
Texas

Procedures: Record weekly water levels in relation to rainfall
and input-output flooding. Evaluate net water levels in relation to
wind, temperature, humidity, water depth and vegetative condi-
tion to determine normal water loss factor for each compartment.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Texas State Government

4.0229, STABILIZATION STUDY OF FALCON RESER-
VOIR
J.M. TRAVIS, State Parks & Wildlife Dept. , Austin, Texas

P. P. S. Objective: To conduct a study of the effects of a sta-
bilized water level on sport fishing, fish populations, and the
physical, chemical, and biological properties of Falcon Reservoir.

Procedures: L Fish population, will be sampled bimonthly
with experimental gill nets and seines. Nets will be set at 12
predetermined stations for a period of time ranging from 8-18
hours. Netting stations will be located in approximately the same
positions as those used during a previous survey of Falcon Lake.
Seine collections will be taken at four or five established stations.
Data collected from specimens taken by net will include length,
weight, and sexual development. Stomach contents will be ex-
amined for a set number of each species. Seining collections will
be preserved and returned to the laboratory for identification.
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2. An attempt will be made to observe, detect, and record

any physical, chemical and biological conditions that could affect
the ecology and fish population of the lake. Chemical analysis of
the lake water will be run bimonthly at selected sites, Water anal-
ysis data will include dissolved oxygen, dissolved carbon dioxide,
alkalinity, pH, air and water temperatures, chlorinity, and turbidi-
ty. Records will be kept of the water level in the lake and of any
changes which occur. Past water level records will be obtained for
reference.

3. A study will be made of creel census methods and the
suitability of Falcon Lake for creel census work,

4. The relative abundance of game and rough fishes will be
determined from data collected. Year class strengths will be ap-
proximated by length-frequency methods.

SUPPORTED BY U.S. Dept, of Interior - I3u. Sport Fish.
Texas State Government

4.0230, SYSTEMS SIMULATION FOR MANAGEMENT OF
A TOTAL WATER RESOURCE
W.L. MEIER, State Water Development Board, Austin, Texas
78711

The objective of this year's research project will be the
development of techniques useful in defining the least costly
means of supplying municipal, industrial, irrigational, recrea-
tional, fish and wildlife, and secondary petroleum recovery water
requirements for a selected portion of the proposed Texas Water
System to the year 2020. A methodology will be sought to aid
planners in decision-making regarding means of providing water
at least cost to meet demands among the several source river
basins and reservoirs, and along the route of conveyance to ter-
minal storage within the constraints of prospective water sales
contracts, alternative project feature sizing, and alternative
sequences and timing of construction of project elements.

Specifically, this research will have as its goal the develop-
ment of the following: ( I ) a transfer model for optimal allocation
of water to meet specified demands to the year 2020 at minimum
total cost within the prescribed legal, financial, contractual, and
political constraints, (2) an optimal means of sizing, sequencing
and timing of the addition of project elements, (3) simulation
models for the system, and (4) a support Data Management
System.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas State Government

4.0231, EVALUATION OF HYDROLOGIC EFFECTS OF
URBANIZATION
W.H. ESP.E Y, Tracor Incorporated, Austin, Texas 78721

The objective of this research project is to evaluate and ex-
tend previous studies to determine the effects of urbanization on
several small watersheds located in Houston, Texas. Equations
have been derived which evaluate certain hydrologic charac-
teristics under past rural or undeveloped conditions and predict
these same characteristics under future urban conditions for a
samll urban watershed at Austin, Texas, It is proposed to evaluate
the applicability to other watersheds of these equations by com-
parison with historical data from twenty small gaged watersheds
in Houston, Texas.

Unit hydrographs having a common time base will be derived
for all twenty watersheds with the data used to derive the original
equations, and by a multiple linear regression analysis generate
modified equations having possibly broader application.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

4.0232, FLOOD INUNDATION MAPPING AND URBAN
RUNOFF INV., DALLAS, TEXAS
G.R. DEMPSTER, U.S. Dept. of interior, Water Resources Divi-
sion, Austin, Texas

Purpose: To define in Five Mile, Cedar, and Coombs Creek
watersheds which would be inundated by past floods of defined
frequency. To collect basic hydiologic data on floods of greater-
than-ordinary magnitude in these watersheds and White Rock,
Barkman, and ,does watersheds. To determine the effects of urban
development on flood flows and total runoff in the White Rock
Creek area.

Methods: The three major objectives of this project are inter-
related to the extent that all hydrologic data collected will be ap-
plicable to each objective. Hydrologic instruments and surveys as-
sociated with the long-range program will provide the necessary
data to define areas inundated by specific floods and to evaluate
the effects of urban development on runoff. The data, analyses
and computation associated with the short-term phase of the pro-
ject to provide interpretive information on areas which would be
inundated by floods of selected frequency will be applicable to
the other objectives and would be strengthened and substantiated
by data collected on floods experienced in the watershed. The
data collected on the partly urbanized White Rock Creek
watershed will be integrated with that being collected on the ad-
joining but mostly urbanized Barkman Branch and ices Creek
watersheds and the conrifact.;ly urbanized Turtle Creek watershed
for analysis.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Texas State Government

4.0233, HYDROLOGIC INVESTIGATIONS OF URBAN
AREAS - HOUSTON, TEXAS
S,L. JOHNSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Austin, Texas

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in
Cooperation with State and local agencies in Texas.

Purpose: To determine the changes in magnitude of flood
flow and runoff caused by urbanization at a selected number of
stream-gaging sites within the Houston area.

Methods: A continuous record of rainfall and runoff will be
obtained at 7 stations in the hydrologic data collection network.
Flood-hydrograph partial-record stations will be maintained at 15
sites. In addition, 6 rain gages will be located in the area. The sta-
tions were selected to provide optimum sampling of flood
discharge with respect to time, variations in rainfall through cli-
matic cycles, size of area, and degree of urbanization of arca.

SUPPORTED BY U.S Dept. of Interior Geological Survey
Texas State Government

4.0234, URBAN HYDROLOGY STUDY - SAN ANTONIO,
TEXAS
E.E. SCHROEDER, U.S. Dept. of Interior, Water Resources Divi-
sion, Austin, Texas

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Texas.

Purpose: To provide data for a logical approach to flood-zon-
ing and flood-protection problems, and to analyze the effects of
progressive urbanization on the runoff. Data will also be useful in
design of storm sewers, culverts, and bridges.

Methods: An adequate sampling will be made of data with
respect to flood discharge as affected by time, variations in rain-
fall through climatic cycles, size c f arca, and degree of urbaniza-
tion of area. This sampling will be accomplished by installation of
streamflow stations, crest-stage stations, and rain gages at ap-
propriate locations. The instrumentation will be done on pairs of
small drainage basins within the metropolitan area. One basin of a
pair will be chosen to represent urbanized conditions; the other
will represent the undeveloped conditions. In so far as possible,
the pairs of basins will be chosen so that the other factors such as
geology, topography, and size will be equal.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Texas State Government

4.0235, GEOLOGY OF THE PALUXY AND BRAZOS VAL-
LEYS IN HOOD, SOMERVELL, AND ERATH COUNTIES,
TEXAS
J.S. NAGLE, Univ. of Texas, Bureau of Economic Geology,
Austin, Texas 78712

Research leading to preparation of the ground-water section
of this study documents a history of water use, gives an evaluation
of present status of ground water resources, and presents an esti-
mate of reserves in the confined Trinity aquifers of the area. His-
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tory of water withdrawal and use was gained from a literature sur-
vey. The area was historically famous for flowing artesian wells,
described in detail by R. T. Hill in 1901. By 1934 (Fiedler, U. S.
Geological Survey Water-Supply Paper) water levels had
declined to the point that most wells had stopped flowing. Esti-
mates of water use for 1901 to 1934 indicate at least as much
water was wasted as was used. Continuing studies by the U. S.
Geological Survey have provided data since 1934. Analysis of the
stratigraphy of the Trinity sands enables one to determine which
sands are isolated from recharge areas, and which are continuous
to outcrop. From these data, as well as from pumpage and water
level data, was possible to estimate water reserves in isolated
sands, and to estimate the maximum pumpage that could be main-
tained to develop a balance between recharge and withdrawal in
areas of continuous aquifers. An areal geologic map will be in-
cluded in the report.

SUPPORTED BY University of Texas

4.0236, DEVELOPMENT OF A CHEMICAL FALLOW
SYSTEM OF FARMING
A.F. WIESE, Texas A & M University System, Agricultural Ex-
periment Sta. , Bush land, Texas

Objectives: 1. Determine the effect of chemical fallow during
a wheat-sorghum-fallow rotation of runoff, soil losses, moisture
storage, residue conservation, crop yields and other physical,
microbiological and chemical properties of Pullman silty clay
loam soil. 2. Determine factors which may enhance the effective-
ness of herbicides on grass weeds under semi-arid conditions and
evaluate new herbicides for controlling weeds in continuous
sorghum, continuous wheat, wheat-fallow, and wheat-sorghum-
fallow rotations. 3. Determine the effect of herbicidal treatment
on the water use and weed growth.

Work Proposed: A long term experiment will be conducted
to determine the effect of chemical fallow on soil moisture runoff,
crop yield and various physical, chemical and microbiological
properties of the soil. Studies will be conducted to locate herbi-
cides for chemical fallow in various cropping systeros. Studies will
also be conducted to determine factors which will enhance the ef-
fectiveness of herbicide to grass weeds under semi-arid condi-
tions.

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

4.0237, FACILITIES AND PROCEDURES FOR CONSER-
VATION MANAGEMENT OF RUNOFF WATER FROM
AGRICULTURAL LANDS IN THE SOUTHERN PLAINS
V.L. HAUSER, U.S. Dept. of Agriculture, Bushland, Texas

Object: To develop and evaluate new and improved facilities,
procedures, systems, and design criteria for the efficient collec-
tion, conveyance and surface or subsurface storage of runoff
water for beneficial use from both dry and irrigated lands.

Plan of Work: Engineering studies will be made of systems,
structures, and procedures for conserving runoff water that accu-
mulates in playa lakes or constructed reservoirs. The research will
include, but not be limited to, the following; clarification of
muddy lake water, detailed exploration of the soils and materials
existing in, under and around playa lakes, reservoir construction
to concentrate runoff water, construction of water-spreading
systems, construction of simple and cheap recharge shafts or
wells, study of rate and direction of movement of recharged
ground water, and other approaches as recognized worthy of stu-
dy. Engineering studies will be made of terraces and other struc-
tures built to manage runoff water for either storage in the soil or
removing it from the field as the crop and soil condition may dic-
tate. Systems studied will include: Zingg conservation bench and
ether water conservation type terraces, land leveling, water
spreading, and waterways lined with vegetation or permanent lin-
ing materials.

Cooperation: Kansas, Oklahoma, and Texas Agricultural Ex-
periment Stations; SCS; and soil and water conservation districts.

SUPPORTED BY U.S. Dept. of Agriculture

4.0238, IMPROVED DRAINAGE SYSTEMS DESIGN,
MATERIALS, INSTALLATION TECHNIQUES & DRAINAGE
REQUIREMENTS OF CROPS IN THE SOUTHERN PLAINS
V.L. HAUSER, U.S. Dept. of Agriculture, Bushland, Texas

Object: To develop basic equations describing water flow
relationships in drainage systems; to develop and evaluate design
procedures for surface and subsurface systems, singularly and in
combination; to evaluate new tubing, bedding, and envelope
materials, and installation techniques; to determine causes for
decrease in effectiveness of installed drainage systems; and to
determine drainage requirements of crops and soils in the
Southern Plains,

Plan of Work: This work will be conducted in the laboratory
under controlled conditions and in the field. These studies will
seek to develop criteria and test new materials for farm drains and
for filters and envelopes around drains. Field evaluations of old
drainage systems will be made to determine the long-range effec-
tiveness and durability of drain and filter materials. Model studies
will be made to develop flow equations directly or to determine
the accuracy of equations developed with computer techniques.
Laboratory models, analog studies, and hydraulic tanks will be
used to study special drainage problems that are difficult to evalu-
ate under field conditions. High speed digital computers will be
used to provide tabular material or basic nomograph data which
can greatly simplify the design of drainage systems using im-
proved flow equations that consider the heterogeneous conditions
of most soil. Results of these studies should provide improved
design criteria and formulae for computing drain spacing and
depth. The development of new equipment and materials for tile
drainage installations will be carried on cooperatively with
drainage contractors and drainage material manufacturers.

Cooperation: Texas Agricultural Experiment Station; SCS;
U. S. Bureau of Reclamation; soil conservation districts; State en-
gineers; irrigation districts, and private agencies.

SUPPORTED BY U.S. Dept. of Agriculture

4.0239, EFFECT OF SURFACE IRRIGATION HYDRAU-
LICS ON EFFICIENT APPLICATION OF WATER
L.J. GLASS, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

1. Determine the effect of irrigation stream size, slope and
shape of irrigated surface, hydraulic roughness of irrigated sur-
face and water intake characteristics of soil on system design for
most efficient application of water by surface irrigation methods.
2. Correlate results into design procedures using hydraulic factors
of surface irrigation flow as criteria for design.

DESCRIPTION OF WORK - The research will be conducted
in two phases. One phase will include a laboratory investigation of
the problem while the other will incorporate field work.

The laboratory work will include tests in a hydraulic flume to
determine (1) the shape of the water surface profile of the ad-
vancing and receding free water surfaces; (2) the type of flow
(laminar or turbulent) as related to conveyance surface
roughness characteristics, fluid properties, and hydraulic aspects
of flow such as depth of flow and channel shape; and (3) the
cross-sectional shape of conveyance surface and its effect on
flow.

The field work will be directed toward checking hypotheses
considered logical and necessary from the laboratory phases of
the study.

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

4.0240, CONTAMINATION OF GROUND WATER FROM
RADIOACTIVE PACKAGES IMPACTING ON LAND
M.C. SCHROEDER, Texas A & M University System, Graduate
School, College Station, Texas 77843

The dispersal of radioactivity by the accidental impact on the
land of an apparatus carrying radioactive materials will be in part
into the ground. This then can be transported by runoff or per-
colating water to streams or to the ground-water body. The possi-
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ble methods of transport arc controlled by the distribution coeffi-
cient of the released radioisotopes for the earth materials and the
transporting waters. The stability of the original radioactive com-
pounds may also need to be determined. Measurements of dis-
tribution coefficients for various materials under several chemical
conditions will be made. These and published measurements will
be evaluated in terms of transport for a number of conditions of
soil, precipitation, types of weathering, vadose-water percolation,
aquifer materials, transporting waters and other pertinent condi-
tions. Consideration must be given to the dependence of the dis-
tribution coefficient upon the concentration of the radioisotopes.
This research under the supervision of Melvin C. Schroeder is an
extension of similar studies he made for Lawrence Radiation
Laboratory, Livermore, California. That study was concerned
with the ground-water transport of radioactivity from the site of
subsurface nuclear explosions.

SUPPORTED BY Sandia Corporation

4.0241, ECONOMIC ANALYSIS OF SMALL WATERSHED
DEVELOPMENT IN TEXAS.
W.L. TRUCK, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

1. To determine the economic impact of watershed develop-
ment on farms, communities and towns in selected small
watersheds in Texas. 2. To evaluate developments via cost-benefit
analysis of completed projects. 3. To examine alternatives to
present watershed developments.

Description of work proposed: A description of each
watershed prior to development will be prepared. Then the struc-
tural works of the developments will be identified and the costs
associated with these works determined. Other costs, as waiting
costs, will also be identified and evaluated. The benefits realized
from developments will be determined and cost benefit analyses
of the completed developments will be accomplished. Realized
benefits of development will be compared with benefits estimated
in the project plans as a check on planning methods and
procedures. Finally, possible alternatives to the developments
now complete will be evaluated via synthesis of developments
which would incorporate these alternatives. Added information
useful in planning will thus be produced.

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

4.0242, A MODEL RELATING WATER QUALITY
VEGETATIONAL STRUCTURE AND URBANIZATION IN
THE SAN JACINTO RIVER BASIN
D.L. JAMESON, Univ. of Houston, Graduate School, Houston,
Texas 77004

We propose to analyze the correlation between vegetational
structure, amount and kind of land utilization urbanization and
the chemical and biological measures of water quality in the San
Jacinto River Basin, Texas. The initial parameters will be ob-
tained from government documents, reports already available or
currently obtained (weather and hydrographic stations). These
measures .1' c assumed to be available to any metropolitan region
which should give the model structural generality. Principal com-
ponent analysis will be used for data reduction. Canonical cor-
relation analysis will be used to obtain a preliminary estimate of
the significant parameters. Multiple discriminant analysis will be
used to identify the significant variables correlated with specific
water quality stations. The data from these analyses will be used
to construct a model which will characterize the present situation.
The parameters of this model will then be manipulated with simu-
lation programs in computers to attempt to predict the course and
nature of water quality changes during the continued expansion
of urbanization in the vicinity of Houston, Texas.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Houston

4.0243, DEVELOPMENT OF SYSTEMS FOR GROUND
WATER RECHARGE INTO THE OGALLALA FORMATION
M,J. DVORACEK, Texas Technological College, School of
Agriculture, Lubbock, Texas 79409

The work proposed in this project is to develop systems for
recharging underground formations. Several approaches - well,
pit, basin, shaft, & trench recharge plus water spreading - will be
investigated. Particular consideration will be given toward
development of a filter or clarification system for removal of the
high sediment load carried by waters used for recharge. Waters
available for recharge are generally excess water such as surface
runoff collecting in natural depressions (playas).

Investigation will include both field and laboratory installa-
tions of filter systems suitable for clarification of waters for both
pit and well recharge. Pit, shaft, & trench recharge and water
spreading will be primarily field evaluations of constructed
recharge facilities. The establishment of design criteria for .pits,
shafts,& trenches and filters for clarification of water is the prima-
ry objective of the project.

SUPPORTED BY U.S. Dept. of Interior - 0 Water Res. Rch
Texas Technological College

4.0244, INTER-BASIN DIVERSION OF WATER - A
TEXAS CASE STUDY
H.W. GRUBB, Texas Technological College, School of Agricul-
ture, Lubbock, Texas 79409

Specific Aims and Expected Results: The study will seek to il-
luminate the issues involved in large-scale water diversions and
improve the analytical methodology for dealing with them. The
specific problems to be dealt with arc as follows: ( I ) The evalua-
tion of benefits from a new water supply which is large enough to
affect substantially the overall economy of a region. (2) The
development of appropriate pricing policies where more water
will help rescue an agricultural area from decline due to depletion
of water supplies. Under these circumstances the water users may
not be able to afford to pay the full cost of the supply although the
project as a whole may be justified because of the overall benefits
to the region and the nation. Various techniques for financing
projects under these conditions merit exploration. (3) The
economic consequences of legal restrictions on water transfer. It
is evident that the laws which protect the area of origin against
transfers of water to other areas seriously limit the opportunity for
making the most economic investments in water development.
The study will endeavor to illustrate the significance of these costs
by evaluating them in the Texas situation. (4) The optimal staging
of diversion works. The study will consider alternative ways of
staging the development so as to relate investment in increased
supply to the demand outlook. For example, consideration would
be given to the possibility of developing closer sources initially
pending an increase in demand to justify the construction of
larger facilities bringing water from greater distance to serve long-
range future needs. It is anticipated that the study will produce a
major monograph on the economics of into basin diversions of
water.

SUPPORTED BY Resources For The Futute Incorporated

4.0245, EFFECT OF UNLINED TREATED SEWAGE
STORAGE PONDS ON WATER QUALITY IN THE OGAL-
LALA FORMATION
D.M. WELLS, Texas Technological College, Water Resources
Center, Lubbock, Texas 79409

Treated effluent from approximately eighty municipalities
located in the high plains of Texas is presently being stored in un-
lined ponds and used for irrigation of crops. This project is
designed to determine the effect of such surface stored on
groundwater quality in the underlying Ogallala formation.

A pond has recently been constructed for storing municipal
effluent on the Texas Tech campus. Two wells will be drilled,
cased, and equipped with electric pumps in the vicinity of this
pond. One well will be located adjacent to the pond, and the other
several hundred feet downstream. Samples will be collected
weekly from these wells and from several other existing wells
located in various distances around the pond. Weekly samples
will also be collected from three or four points within the pond.

All samples collected will be analyzed for total nitrogen, total
phosphorus, chlorides, and total dissolved solids. Changes in
groundwater quality will be observed and quantitative estimates
of the rate in which sewage percolates into the groundwater will
be made by determining the rate and the extent of propagation of
quality change from the test well adjacent to the storage pond.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Rch
Texas Technological College

4.0246, MATHEMATICAL MANAGEMENT MODEL UN-
CONFINED AQUIFER
D.M. WELLS, Texas Technological College, Water Resources
Center, Lubbock, Texas 79409

This research will investigate the application of existing
techniques to the development of a mathematical model describ-
ing the flow of water in the Ogallala (and similar) aquifers, and, as
necessary, the development of new or improved methods for
mathematical modeling of an aquifer, with the end objective of
achieving a tool to be used in managing the operation of the
aquifer.

Coding procedures for computerizing well data will be
developed and an approach to calculating pumpage will be
devised. This information will be related to existing maps depict-
ing hydrologic conditions in the H.P.U.G.W.C.D. No. 1.

Mathematical modeling methods for the Ogallala aquifer will
be developed, starting with existing modeling techniques, with
development of new and improved methods as necessary. Techni-
cal assistance and consulting from General Electric, TEMPO, and
their work in developing techniques for deducing values for
storage factor and transmissibility, will be utilized.

The model developed will be tested, to some extent, on parts
of the Ogallala aquifer.

SUPPORTED BY U.S. Dcpt. of Interior - 0. Water Res. Rch
Texas Technological College
Texas State Government

4.0247, DEVELOPMENT OF SYSTEMS FOR GROUND
WATER RECHARGE INTO THE OGALLALA FORMATION
R.Z. WHEATON, Texas Technological College, School of
Agriculture, Lubbock, Texas 79409

The work proposed in this project is to develop systems for
recharging underground formations. Two (2) approaches--well
recharge and pit or basin recharge--will be investigated. Particu-
lar consideration will be given to development of a filter for the
clarification of waters carrying a high sediment load. Waters
available for recharge are generally excess water such as surface
runoff which has a characteristic high sediment load. These con-
ditions are severe and any filter developed should function in
other areas, Investigation will include both field and laboratory
installations using various filter materials. Pit recharge studies will
be primarily field evaluations of constracted pits, at least ten ( 10)
foot in depth, with various side slopes. Pits are to be located in
natural depressions, (playas) using primarily surface runoff water
for recharge with sewage effluent as a secondary source. The
establishment of design criteria for pits and filters for recharge
wells is the primary objective of the project. The project was
started in 1966 and anticipated completion date will be 5 years.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas Technological College

4.0248, RELATION OF CLIMATIC AND WATERSHED
FACTORS TO STORM RUNOFF IN THE SOUTHERN
PLAINS
R.W. BAIRD, U.S. Dept. of Agriculture, Temple, Texas

Object: To identify the climatic and watershed factors in-
fluencing the magnitude and frequency of storm flows from
agricultural watersheds; to evaluate the factors quantitatively;
and to develop procedures by which the magnitude and frequency
of storm flows from ungaged watersheds may be estimated.

Plan of Work: The work is currently concentrated on a seg-
ment of the Washita River Watershed in the vicinity of
Chickasha, Oklahoma; on small agricultural watersheds near Still-
water, Oklahoma; at the Black lands Experimental Watershed,
Riesel, Texas; and on Lowrey Draw at Sonora, Texas. Some of the
factors required by the analyses and which are measured or other-
wise documented for the study are rates and duration of stream-
flow; precipitation patterns; antecedent moisture; season; soils;
land use; conservation and watershed management practices;
ground water elevations; riparian vegetation; geology; gradients
and hydraulic roughness of stream channels; and the size, shape

and other geomorphic attributes of the watersheds. The
downstream effect on flow regimes associated with improvement
works in upstream tributaries is a primary phase of the study on
the Washita River Watershed.

SUPPORTED BY U.S. Dept. of Agriculture

4.0249, WATER YIELD IMPROVEMENT FROM SOIL
TREATMENTS AND PLANT-COVER ALTERATIONS (AB-
BREV)
N.V. DEBY LE, U.S. Dept. of Agriculture, Logan, Utah

Object: To determine the vegetative characteristics and
processes that influence effects of plant-cover alterations and soil
treatments on water yield.

Plan of work: The project staff is inventorying the following
resources of the Intermountain Region that affect water yield:
precipitation zones, vegetative types, soil types, and available
water supplies. They are determining the hydrologic processes
and relationships between soils, plans, and water that are involved
in water yield. This information will be applied to plot studies to
provide preliminary information the effect of watershed treat-
ments such as vegetative thinning, removal, and conversion to
other types; prescribed burning; and methods of cutting. Finally,
they will apply the most promising of these treatments to pilot
watersheds for verification.

SUPPORTED BY U.S. Dept. of Agriculture

4.0250, WATERSHED PROTECTION & REHABILITA-
TION TO REDUCE WATER RUNOFF
P.E. PACKER, U.S. Dept. of Agriculture, Logan, Utah

Object: To study the relation of soil, water and vegetation to
water infiltration, flow, and erosion; flood and erosion hazard
criteria and protection for high-elevation summer ranges; effects
of various rehabilitation treatments and management practices on
erosion and on flood potential; and methods to restore plant
cover, soil stability, and infiltration on depleted watersheds.

Plan of work: The project staff is investigating storm patterns
to determine maximum rainfall intensity and level of protection
needed. They are identifying the soil and vegetational charac-
teristics that affect infiltration, overland and subsurface flow, ero-
sion, and those factors that limit plant cover on harsh sites. They
are developing and evaluating (1) treatments to improve the
limiting site factors and (2) engineering structures to prevent
overland flow. Pilot watersheds have been calibrated to test reha-
bilitation measures and improved grazing practices.

SUPPORTED BY U.S. Dept. of Agriculture

4.0251, THE DRAINAGE OF IRRIGATED LANDS
A.A. BISHOP, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives: 1. To determine the influence of irrigation
methods and practices on ground water levels and drainage
requirements. 2. To develop methods for evaluating the natural
sub-surface drainage potential of an irrigated area. 3. To deter-
mine the relation between the soil permeability, as measured by
the auger hole method, and the rate of fall of the water table
mound with different irrigation applications.

The work proposed consists of establishing a two dimen-
sional, steady state, flow system in a natural soil and evaluating
the natural drainage potential from measurements of the total
flow, piezometric head, soil moisture tension, permeability, and
water table conditions. Data for the non-steady flow condition
will also be obtained.

SUPPORTED BY U.S. Dept. of Agriculture
Utah State Government

4.0252, HYDRAULICS OF SURFACE IRRIGATION
A.A. BISHOP, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives: To provide understanding of surface irrigation
design through the investigation of the hydraulic characteristics
of surface flow: 1. By further development of mathematical
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models describing the flow in terms of the many variables in-
volved including appropriate testing under controlled conditions.
2. By laboratory experiments for the description and evaluation of
component variables. 3. By field trials to test the validity of
mathematical equations and laboratory relationships in 1 and 2
above.

Work Proposed: Refinement of the mathematical model
which describes the advance of water over the soil surface will be
continued, Simplification of certain assumptions employed in the
development of the existing mathematical models for recession
and improvement of models for application efficiency and dis-
tribution efficiency. Field trials will also be conducted to test the
models proposed.

SUPPORTED BY U.S. Dept. of Agriculture
Utz,,h State Government

4.0253, DESIGN OF OPEN CHANNELS TO PREVENT

BANK FAILURE
A.A. BISHOP, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objective: To analyze and describe the sub-surface flow of
water and those factors which affect it (such as the physical and
chemical properties of air, water, soil and introduced materials)
in the immediate vicinity of the drain facility (tile line, ditch,
drain well, etc.) in order to prepare improved criteria and
procedures for design, installation and operation of drains.

Work Proposed: A field plot adjacent to an open drain will be
constructed such that the water table a short distance from the
drain can be controlled at the desired level. Plastic liners will be
placed in a trench around three sides of a short section of drain
bank. Water introduced on one side of the plot would move
toward the drain simulating field conditions. The flow patterns
established and the height of the seepage face will be determined
by piczometric measurements. The strength of the soil will be
measured and used to predict failure conditions. The strength of
the soil as influenced by the absorbed ions will also be studied.

SUPPORTED BY U.S. Dept. of Agriculture
Utah State Government

4.0254, DRAINAGE FARM SERVICE
A.A. BISHOP, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives: I. To prepare land and provide general main-
tenance to land and equipment on the Cache Valley Drainage and
Reclamation Farm. 2. To improve and maintain facilities for
research on the Cache Valley Drainage and Reclamation Farm. 3.
To provide funds for a portion of the general administrative ex-
penses for the Cache Valley Drainage and Reclamation Farm.

Work Proposed: A coordinated plan of land use and develop-
ment will be established for maximum use of the drainage farm
facilities. Minor experimental facilities of a common nature will
be provided for mutual use. Land not actually in experiments will
be cultivated for income and appearance. The water handling
facilities on the farm will be gradually improved with a view to
developing a model demonstration system.

SUPPORTED BY Utah State Government

4.0255, FRAIL LANDS STUDIES NEAR CISCO, UTAH
(ABBREV)
G.B. COLTH ARP, Utah State University, Graduate School,
Logan, Utah 84321

Objectives: (1) To determine the effects of gully plugs and
contour furrows on cover, density, productivity, phonology, and
vigor of seeded and native vegetation. (2) To determine the tem-
perature micro-climate and soil salinity modifications produced
by these soil surface treatments. (3) To determine the effects of
gully plugs and contour furrows on the amount and distribution of
soil moisture. (4) To evaluate the effectiveness of the treatments
on erosion and sedimentation rates and amounts. (5) To make
economic evaluations of gully plugs, contour furrows, and com-
binations of both in terms of vegetation response, soil moisture re-
tention, surface runoff reduction, and erosion control.

SUPPORTED BY U.S, Dept. of Interior - Bu. Land Mgmt.

4.0256, THE ROLE OF VEGETATION AND SOIL IN
WATERSHED YIELD
B.L. (;ROVER, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives and Description of Work - 1. To develop a water
yield prediction equation based on probable precipitation, soil
properties, plant characteristics, and expected evapotranspiration
for a particular watershed unit. 2. To determine the water balance
of specific watershed units to test the equation developed in Ob-
jective I . This is to be done using data on climate and site charac-
teristics obtained from sites selected for specific combinations of
vegetation and soil types. 3. To determine the effects of site fac-
tors upon the dendrochronological record produced. It is

proposed to develop a chronology for the Ephraim Canyon area
from suitable cores and cross sections and compare these with cli-
matic records of particular watersheds. 4. To determine recent
changes in the extent of Gamble oak and aspen clones by use of
ring dating of cross sections from selected 'trunks' from typical
clones.

SUPPORTED BY Utah State Government

4.0257, ECOLOGICAL STUDIES OF MANIPULATED
MARSHES AT DELTA, MANITOBA, CANADA
D. MOORE, Utah State University, State Coop. Wildlife Res.
Unit, Logan, Utah 84321

This study is designed to quantitatively elucidate many of the
ecological differences which may arise in marshes having dif-
ferent water depths. Waterfowl will utilize these different water
depth marshes in varying degrees. On the basis of the measured
ecological differences of these marshes, recommendations will be
made for future water level management.

An area within the private marshesof J. P. Bell, approximate-
ly 200 acres in size, roughly triangular in shape, and five miles
east of the Delta Station was chosen for the proposed study.

The study marsh is now divided, by dikes, into five adjoining
units. Two of these units are 47 acres in size; three are 33 acres in
size. All units are connected by culverts enabling water level
manipulations to be executed independently of the water level
fluctuations of the main marsh. Water depths of 0, 12, 18, 24
inches and an uncontrolled area outside will be used.

To determine the differences in emergent and submersed
vegetation within the different, but constant, water depth im-
poundments and within a section of uncontrolled marsh the
procedure will follow along two major lines of investigation: (1)
the vegetation will be measured qualitatively and quantitatively
employing recognized and standardized procedures and (2)
ecological factors within the impoundments and the uncontrolled
area which relate to the vegetation will be measured.

SUPPORTED BY Utah State University
Canadian Government

4.0258, COMPUTER SIMULATION OF URBAN

HYDROLOGIC SYSTEMS
J.P. RILEY, Utah State University, Utah Ctr. For Water Resour. ,
Logan, Utah 84321

This study represents a logical extension of the work per-
formed under a previous project (B-016- Utah). Under the previ-
ous work urbanization factors were expressed as parameters that
define a equivalent rural watershed in a lumped system. In this
study the urbanization factors were accounted for by analyzing
each unit of the watershed. It is anticipated that the results of this
study will be useful in the design of drainage structures on an
urban micro-watershed basis.

The study will include classification of the urban watershed
into a number of homogenous subunits. One or two blocks from
each subunit will then be analyzed in detail. An attempt will be
made to apply the equations of gradually varied, unsteady flow in
open channels to describe the mechanics of runoff. The com-
puted total outflow hydrographs will be compared with both mea-
sured hydrographs and those obtained from other methods.
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Simulation models will be tested and verified on the analog
computer, Field data will be obtained from the Waller Crcck
watershed at Austin, Texas.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Utah State University

4.0259, MANIPULATION OF TREMBLING ASPEN AND
GAMBEL OAK FOR INCREASED WATER YIELD
J.D. SCHULTZ, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives: 1. To determine effective means of obtaining
prescribed degrees of eradication of trembling aspen and Gambel
oak growing on soils varying in texture from silts to clays and from
sands to loams. 2. To evaluate relative gross savings in water loss
by eradicating trembling aspen and Gambel oak to different
levels. 3. To evaluate patterns of vegetation manipulation in the
aspen type on snow accumulation and snowmelt.

Procedures: 1. Seven eradication treatments, replicated
twice on each of four sites in continuous stands of both aspen and
oakbrush, will be applied as follows: cicarcut, intermediate
cuttings of 75, 50, and 25 percent basal area, metered poison in-
jections of every tree on a plot, frustum-reservoir poison injec-
tions of plot trees, and no treatment. Sprouting to be used as
criteria of success. 2. Neutron meter access tubes to be installed
to six to ten feet deep on the same plots, representing four vegeta-
tion conditions at each site: untreated stand, cicarcut stand, stand
poisoned by frustum-reservoir method, and stand with 75 percent
basal area removed. Soil moisture losses over growing seasons to
be measured. 3. Snow courses to be located in aspen stands with
cicarcut patches and strips to provide data on accumulation and
melt.

SUPPORTED BY U.S. Dept. of Agriculture

4.0260, ANALYSIS OF SMALL WATER MANAGEMENT
STRUCTURES
G.V. SKOGERBOE, Utah State University, Utah Ctr. For Water
Resour. , Logan, Utah 84321

The Irrigation and Drainage Research Conference con-
ducted at Utah State University in March 1964, delineated many
of the research needs regarding 'Small, Low-Cost Hydraulic
Structures for Conveyance and Distribution Systems.' In
discussing possible means of having the recommended research
accomplished, it was suggested that a considerable portion of the
research material could be undertaken by graduate students, par-
ticularly at the Master of Science level. Because of the lack of
time, only the general titles were listed for research to be con-
ducted at this level. Much of the research suggested at the con-
ference could be more readily accomplished if the topics were
identified with specific details and separated into segments in
order that an individual graduate student could investigate a sin-
gle segment.

The specific needs for research regarding small water
management structures will be prepared and described in a report
for general distribution. Particular emphasis will be given to top-
ics which could be accomplished as a thesis by a graduate student
at the Master of Science level. The topics will be prepared in suffi-
cient detail and with appropriate background information that the
problem can be readily attacked,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Utah State University

4.0261, SUBCRITICAL FLOW AT OPEN CHANNEL
STRUCTURES
G.V. SKOGERBOE, Utah State University, Utah Ctr. For Water
Rcsour. , Logan, Utah 84321

The research accomplished under the previous matching
fund grant, 'Design and Calibration of Submerged Open Channel
Flow Measurement Structures,' will be extended to include addi-
tional practical physical situations, and to seek more answers to
certain basic open channel flow problems. The previous research
project showed that the methods of subcritical flow analysis are
applicable to any form of side constriction or floor constriction.
Submerged flow at gate structures will be studied in the laborato-

ry to evaluate the universality of the subcritical flow techniques
for determining the discharge through any form of open channel
constriction. In addition, the special case of zero constriction will
be studied in the laboratory to determine if the methods of analy-
sis are applicable for describing flow resistance in open channels
under steady nonuniform flow conditions.

A large amount of data collected by previous investigators
regarding the hydraulics of bridge constrictions will be evaluated
using the techniques developed to date. The evaluation will in-
clude the hydraulic design of bridge constrictions and the collec-
tion of discharge measurements at bridge constrictions. The
analytical tools developed to date will also be applied to develop-
ing hydraulic design criteria for open channel expansions,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Utah State University

4.0262, CROP AND SOIL MANAGEMENT OVER SHAL-
LOW PLASTIC-LINED MOLE DRAINS
L.S. WILLARDSON, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

I . To evaluate the applicability of plastic-lined mole drains to
the drainage problems of typical poorly drained shallow soils. 2.
To evaluate the soil and crop management problems under shal-
low drainage conditions.

Plastic-lined mole drains with a 'zipper' type closure will be
installed on the Drainage Farm of Utah State University. Spacings
of 20, 40, and 80 ft. will be included. Placement will be at the
maximum possible depth determined by soil permeability
sampling. The drains will be approximately 600 feet long. Stain-
less steel wires will be inserted in the drains at the time of installa-
tion to enable evaluation of drain stability and root penetration.
Cutler boxes for observation will be installed at the upstream end
of the drain. Gypsum will be applied to replace the exchangeable
sodium above the drain depth. Crops, perennial and annual, will
be grown on the area and drain spacing effects on production
evaluated. Forage crops will be grown during the period of soil
reclamation and leaching. Periodic measurements of drain
discharge will be made on the irrigation water and drain effluent.

SUPPORTED BY Utah State Government

4.0263, CONTROL OF INSECT VECTORS ON WATER-
FOWL MARSHES
D.M. REES, Univ. of Utah, Inst. of Environ. Biol. Res. , Salt Lake
City, Utah 84112

Research Objectives: 1. Determine by research conducted on
selected study areas the most effective water management facili-
ties and practices that can be used to abate mosquitoes, hor-
seflies, deerflies and gnats that are produced on marsh areas bor-
dering the Great Salt Lake. 2. Specifically attempt to reduce the
amount of insecticides now used on this area for the control of
mosquitoes and other insects by preven.ing the production of
these pests and vectors by adequate water management
procedures. 3. Include as an additional aspect of this water
management program the development of the land and water for
greater beneficial use for wildlife, natural and improved pastures,
other suitable agricultural crops, recreational facilities, and other
beneficial use. 4. If the results of this research program are suc-
cessful on the study areas, establish and maintain demonstrations
of these water management procedures.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

4.0264, SOIL-WATER-PLANT RELATION TO ARTIFI-
CIAL DRAINAGE
R.J. BARTLETT, Univ. of Vermont, Agricultural Experiment Sta.
, Burlington, Vermont 05401

The objective of this project is to determine the effects of ar-
tificial drainage on (a) crop adaptation, ( b) crop growth and
yields, (c) available moisture in the soil, and (d) soil physical and
chemical properties.

DESCRIPTION OF WORK: The project is intended to be
cooperative with and complementary to an Agricultural Research
Service project involving the investigation of different methods of
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interception drainage on sloping land. Consequently, considera-
ble effort in the present project is being devoted to the physical
and chemical characterization of the soil at the drainage site
under study.

In addition, certain interrelationships between soil, water,
and plants are being studied. Relative amounts of oxidized and
reduced iron in the rhizospheres of forage plants are being mea-
sured in an effort to learn why crop plants differ in their abilities
to tolerate poor drainage and aeration.

SUPPORTED BY U.S. Dept. of Agriculture
Vermont State Government

4.0265, WATER YIELDS FROM SMALL WATERSHEDS
J.H. LILLARD, Virginia Polytechnic Institute, Agricultural Ex-
periment Sta. , Blacksburg, Virginia 24061

Objectives: (1) To correlate runoff yields and rates to
watershed characteristics and climatic conditions. (2) To develop
procedures for estimating surface and subsurface contributions to
runoff from parameters 3f climate and watershed characteristics.
(3) To develop procedures and formulas to reliably estimate
seasonal and annual water yields.

Description of Work: - Continuous rainfall and runoff
records from 10 mixed cover and 4 small unit source watersheds
will be measured. Each watershed will be carefully characterized
through soil, geologic, topographic and land use surveys; and cor-
relations established between the watersheds characteristics and
runoff yields. Additional investigations of soil moisture proper-
ties, effects of watershed size, shape and topography, land use
patterns, soil conservation practices and management will be un-
dertaken; and high speed data processing techniques employed.

5 soil types.

SUPPORTED BY U.S. Dept. of Agriculture
Virginia State Government

4.0266, DRAINAGE REQUIREMENTS AND PRACTICES
FOR CROP PRODUCTION
J.H. LILLARD, Virginia Polytechnic Institute, Agricultural Ex-
periment Sta. , Blacksburg, Virginia 24061

Objective: To determine the drainage efficiency and
economic feasibility of applicable land forming procedures in the
Coastal Plain and Piedmont Regions.

Work Proposer% Four field experiments are used. Two are
located in Princess Anne County where corn and soybeans are the
test crops. One is located in Culpeper County on a flat river bot-
tom where corn is the test crop and the fourth one is in Franklin
County where tobacco is the test crop. At each location large
field plots are carefully formed to precise specifications required
for the local soil, topography and crop requirements. Records of
time and labor costs are carefully kept. Yields and quality of
crops are measured. The effect of the forming operation on soil
physical properties and on fertility is studied. The application of
and forming principles to create optimum conditions for im-

proved tobacco production management systems is also studied in
the Franklin County experiment.

SUPPORTED BY Virginia State Government

4.0267, MOISTURE CONSERVATION PRINCIPLES AND
PRACTICES IN THE PACIFIC NORTHWEST
J.D. MENZIES, U.S. Dept. of Agriculture, Prosser, Washington

Object: To assess and evaluate effects of climatic, vegetative,
soil and management factors on evaporation and evapotranspira-
tion and to develop soil and crop management practices to im-
prove efficiency of water use.

Plan of Work: Basic soil and climatic factors involved in
movement of water and heat in soils and their exchange between
the soil and atmosphere are investigated. Factors such as pore
size, soil density, soil stratification, moisture and energy
gradients, as well as topography, vegetation and physical aspect
are most pertinent to these studies. Effects of soil temperature on
moisture movement are pertinent, and emphasis is placed on
developing and testing mathematical relationships to describe
moisture and heat flow phenomena. Field studies are made on

moisture storage and utilization using a wide range of methods for
controlling and directing runoff into storage for subsequent use,
and for controlling evaporation through tillage, crop residue
management and related procedures. The technique of adding
soil moisture artifically is used when necessary to obtain more
precise experimental control of the moisture variable. Specific
studies are made relating various management practices to
moisture storage at seeding time of various crops.

SUPPORTED BY U.S. Dept. of Agriculture

4.0268, HYDRAULICS OF SURFACE IRRIGATION
D.L. BASSE77', Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

Objectives: To provide fundamental surface irrigation design
understanding through the investigation of the hydraulic charac-
teristics of surface flow by further development of mathematical
models describing the flow in terms of the many variables in-
volved, including appropriate testing under controlled conditions.

Description of Work Proposed: At present the interrelation-
ship among the variables of unsteady, non-uniform surface flow
are not known in sufficient detail for system design. Mathematical
analysis will be used to investigate these variables. Preliminary
equations for the rate of advance will be refined and expressions
for the rate of recession will be developed. These developments
will be examined experimentally insofar as possible in existing
laboratory facilities designed especially for the study of the varia-
bles involved. These expressions may then be combined to form a
model of a complete irrigation, which can be made to define
uniformity of water application and optimum conditions for
system design.

SUPPORTED BY U.S. Dept. of Agriculture
Washington State Government

4.0269, THE ECONOMICS OF WATER TRANSFER - AN
APPRAISAL OF INSTITUTIONS
C. DITWILER, Washington State University, Agricultural Experi-
ment Sta. , Pullman, Washington 99163

I. To identify the principal institutional and legal processes
through which transfers of water between uses and users take
place in the state of Washington. 2. To appraise the effect of this
machinery on certain economic efficiency and equity aspects of
water use transfer.

1. Review existing literature, administrative reports, and
legal statutes which relate to the use and transfer of water to
develop an inventory of the existing devices for water transfer.
Although emphasis will be placed at the state level of govern-
ment, county and local devices will be considered if they should
differ. 2. The attributes of these legal and institutional structures,
insofar as they affect the efficient transfer of the water resource.
will be appraised by criteria derived from general economic prin-
ciples underlying the efficient allocation and transfer of
resources.

SUPPORTED BY U.S. Dept. of Agriculture
Washington State Government

4.0270, SIMULATION MODELING OF THERMAL EF-
FECTS ON SELECTED RIVER SYSTEMS
R.T. JASKE, Battelle Memorial Institute, Richland, Washington
99352

This program consists of the application of digital simulation
program originally developed for the investigation and prediction
of Columbia River water quality, primarily temperature, both
above and below the Hanford plant, to perform water quality pre-
dictions associated with the erection of planning for nuclear elec-
trical generating facilities in critical major river basin areas. These
critical areas, or marketing regions would be selected by the Div.
of RD&T in response to current licensing needs and other predic-
tions.

Following successful completion of reports detailing trial
simulations of the Deerfield and Illinois rivers, BNWL-628,and
BNWL- 728 the simulated effects of the Dresden H and III reactor
stations under construction have been completed. During FY
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1969 it is planned to complete the simulation of the five state
upper Mississippi drainage area through the year 2000 in order to
determine the extent to which the river system could absorb waste
heat under existing state water standards.

Also planned for FY 1969 is a start on adaptation of the basic
digital simulation system to the Great Lakes region, starting with
Lake Michigan. In addition, the headwaters streams of the Ohio
River would be studied from a point above the Pennsylvania-Ohio
border.

A preliminary investigation of the concept of coiling a series
of large stations situated along a canal with consecutive reuse of a
single condenser canal flow would be carried out.

SUPPORTED BY U.S, Atomic Energy Commission

4.0271, COLLECTION OF JUVENILE MIGRANTS FROM
RIVERS AND STREAMS
D.W . BATES, U.S. Dept, of Interior, Fish Passage Res. Program,
Seattle, Washington

Anticipating that certain types of hydro-electric develop-
ments may either destroy large numbers of young migrant fish or
may be impassable, a major research effort is being made to find
practical and economical methods of collecting these young fish
from rivers and strcams before they reach the areas of danger.
Methods of fish guidance and collection presently in use are only
partially successful, or not applicable to large projects, or overly
expensive. Research will be directed toward improving the effi-
ciency of guiding techniques that have shown promise in the past,
such as electricity, louvers, and lights; exploring the possibilities
of more effective combinations of techniques; and developing
new concepts of fish guidance and collection that would use a
minimum of structure in the water. Facilities and methods for
holding, handling, and transporting fingerlings will be in-
vestigated.

Four field stations are now in operation for such testing. Pri-
mary features of these stations are the flume installations which
provide flexibility, wide range of velocity control, ease of fish ob-
servations and enumeration, and the testing of wild fish in as near
to natural conditions as possible. Since the beginning of this pro-
ject considerable advance has been made in the deflection or
guidance of young migrants by means of flow accelerations and
decelerations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0272, METHODS OF ANALYSIS AND DETERMINA-
TION OF EFFECTS OF ALTERNATIVE USES OF
FORESTED LANDS ON STREAMFLOW
S.P. GESSEL, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Research is proposed to investigate: 1. the effects of forest
management, harvesting regimes, and alternative uses of forested
lands on hydrology of certain river basins in Washington. 2. the
application of multivariate statistics for evaluation of alternative
land uses and design of complex hydrologic models. 3, develop-
ment of analog computer models for solution of complex
hydrologic problems involving alternative uses of forested land.

Long-term U.S. Geological Survey stream flow records will
be used with climatalogical records in multivariate analysis to
develop regression equations for predicting daily streamflow.
Major changes in vegetative cover which alter water yield should
result in significantly different equations.

These equations will be used to develop analog models of the
influences of various parameters and treatments on water yield of
a river for a variety of physiographic conditions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Washington

4.0273, HYDROLOGY OF WATERSHEDS ON SHALE
SOILS
W.H. DICKERSON, West Va. University, Agricultural Experi-
ment Sta. , Morgantown, West Virginia 26506

Secure basic hydrologic data from small agricultural
watersheds on shale soils. Determine effect of chiseling on runoff

from these soils as reflected by peak rates of flow and total yield.
Relate effects of chiseling to soil properties and to production,

DESCRIPTION OF WORK - Four small watersheds of ap-
proximately 10 acres each, are being studied to determine runoff
patterns and obtain basic hydrologic data, Instrumentation in-
cludes type I-I flumes with water stage recorders, standard and
recording rain gauges and a fairly elaborate installation of re-
sistance blocks to indicate soil moisture. After a calibration
period, which is still in progress, two of the watersheds will be
chiseled and two will be retained as checks. The effect of chisel-
ing on hydrologic behavior will be determined by hydrograph
analysis. An attempt will be made to relate the effects of chiseling
to soil properties and to production by carrying out laboratory
analyses of the soil and securing observations on forage produc-
tion of the area

SUPPORTED BY U.S. Dept, of Agriculture
West Virginia State Government

4.0274, ALTERNATE TO STORM WATER SEPARATION
C.C. RUSH MAN, Chippewa Fails Government, Chippewa Falls,
Wisconsin

The project includes construction of a combined storm water
pumping station and storage pond; increased interceptor pumping
capacity; increased pumping conduit, and final settling tank
capacity; combined relief sewer, and some separation.

I will demonstrate the control and elimination of storm water
bypasses by diverting to a storage pond for sedimentation with
subsequent discharge to the Waste Water Treatment Works,
where the wastes will receive both primary and secondary treat-
ment, with chlorination,

The design, operational procedures, and treatment efficiency
will be evaluated. Comparison with separation of storm and sani-
tary sewers will also be evaluated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Chippewa Falls City Government -

Wisconsin

4.0275, REDUCTION OF FLOOD RUNOFF, SEDIMENTA-
TION AND STREAMFLOW IMPROVEMENT IN UN-
GLACIATED AREAS
R.S. SARTZ, U.S. Dept. of Agriculture, La Crosse, Wisconsin

Objective: To determine: (1) importance of forests in runoff
. and erosion control in Mississippi Valley; (2) disposition of
precipitation on forest, brush, and other steeply sloping lands
under different treatments, (3) and the influence of plantations
on erosion and elements of the water cycle.

Plan of Work: The Staff is measuring flood flows from plots
and experimental watersheds to determine the source of the flood
runoff. They are measuring the interception of overland flow
from upland field by forested slopes and arc attempting to in-
crease the effectiveness of the forest in dissipating this flow. They
are continuing to evaluate the effect of foi est plantations on snow
buildup, soil freezing, and other soil properties and the effect of
natural forests on soil freezing.

SUPPORTED BY U.S. Dept. of Agriculture

4.0276, IMPACT OF WINTER DRAWDOWN ON A SLOW-
GROWING PANFISH POPULATION AND ASSOCIATED
SPEC IES
H. SNOW, State Div. of Conservation, Madison, W;scotzsin 53701

Objectives: To determine through, before and after studies,
the effects of a winter drawdown on survival, natural mortality,
exploitation rate, growth rate, and age composition of all major
fish species with special reference to the bluegill. To determine
physical and chemical changes in water quality, before, during
and after drawdown.

Procedures: A record of fishing statistics will be obtained
through the use of a permit system of fishing at Murphy Flowage,
Rusk County, Anglers will be interviewed and their catches ex-
amined at a checking station by Department personnel. Data on
length, weight, scale samples, recovery of marked fish, and
stomach samples or certain specks will be obtained from angler
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caught fish, Other information necessary to complete a record of
fishing success will be obtained. Information on individual anglers
such as age, sex, residence, distance traveled, bait used, and fish-
ing method used will be collected. All creel census information
obtained is coded for machine tabulation.

Spring population estimates of standing crops of fish in
Murphy Flowage will be accomplished by mark and recapture
methods by trap netting and shocking. Fish marked by finclipping
during spring estimates will provide marked fish for a population
estimate based on angler returns. Population estimates during
1968-69 will be used to indicate population trends occurring after
the drawdown.

Continued growtl, rate determination of game and panfish
will be based on fish collected by netting, shocking and angler
caught fish.

A water quality inventory of Murphy Flowage will be con-
ducted to determine some of the more important characteristics
that may have a bearing on fish ecology, Standard methods will be
used to make water chemistry determination for pH, alkalinity,
oxygen, conductivity, and light penetration.

During November 1967 the water level will be lowered
several feet. This will reduce the total volume from 50 to 75 per-
cent. The lower level will be maintained throughout the winter
and refilling to normal level will take place in April, 1968.

SUPPORTED BY U.S, Dept. of Interior - Bu. Sport Fish.
Wisconsin State Government

4.0277, WATER RESOURCES OF SOUTHEASTERN
WISCONSIN - FOX RIVER BASIN
R.D. HUTCHINSON, U.S. Dept. of Interior, Water Resources
Division, Madison, Wisconsin

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with State and local agencies in Wisconsin.

Purpose: To determine the quantity and quality of water
available for man's use and man's effect on the water supply in
southeastern Wisconsin.

Methods: Available information on streamflow, lake stages,
ground- water levels, pumpage, climate, water use, geology and
quality of water will be compiled and interpreted. Seepage mea-
surements and a ground- water flow map will be used to deter-
mine the interrelationships of ground water and surface water.
The relationship of water use to the piezometric surface, water
quality, and surface-water and ground-water conditions will be
established.

A projection of anticipated water use to a definite future date
will be made and the possible effects on the entire water resource
will be described. The effects of alternate water-use possibilities
will be illustrated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Wisconsin State Government

4.0278, FLOOD INUNDATION STUDY, WISCONSIN
J.O. SHEARMAN, U.S. Dept. of Interior, Water Resources Divi-
sion, Madison, Wisconsin

Purpose - To determine inundation limits for flood
discharges so that meaningful zoning ordinances may be formu-
lated.

Methods - The priority of areas where flood inundation stu-
dies will be conducted is to be determined by potential and/or ex-
isting hazard and the availability of topographic and hydrologic
data. A sufficient number of channel characteristics will be ob-
tained by field surveys to allow computations of water surface
profiles in the selected reaches. The inundation limits for selected
discharges (and for an actual flood where possible) will be
presented on topographic maps.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Wisconsin State Government

4.0279, EFFECT OF IRRIGATION ON STREAMFLOW IN
CENTRAL SAND PLAINS OF WISCONSIN
E.P. WEEKS, U.S. Dept. of Interior, Water Resources Division,
Madison, Wisconsin

Purpose - To determine the effect of the expanding develop-
ment of ground-water for irrigation on streamflow and ground-
water levels.

Methods - Continuous or periodic measurements of stream-
flow (seven stations) ground-water levels (about 30 wells)
precipitation (about 4 gages) and soil moisture (about 10 sta-
tions) will be made to determine the water budget in each basin,
Aquifer thickness will be determined from existing wells and
about 80 test holes. Hydraulic properties of the aquifer will be
determined from five aquifer tests and by analysis of water-level
recessions in several observation wells. Water useage will be
determined from well pumpage and irrigated acreage inventory.
Effects of pumpage will be computed from mathematical models
of each basin based on nature and configuration of basin bounda-
ries and hydraulic properties of the aquifer in the basin.

SUPPORTED BY U.S, Dept. of Interior - Geological Survey
Wisconsin State Government

4.0280, HUMBOLDT AVENUE POLLUTION ABATEMENT
PROJECT
H.A. GOETSCH, Milwaukee City Government, Milwaukee,
Wisconsin

Reduction of degree of pollution in the Milwaukee River is
proposed by increasing the efficiency of intercepting devices and
by using a detention tank to capture and treat the storm overflow
of combined sewage for an urban area comprising 570 acres
which constitutes approximately 3% of the total combined sewers
of the City. This includes the measurement of flows and quality at
critical points within the collector system affecting the control of
facilities to be constructed. The facility will be thoroughly evalu-
ated with regard to efficiency and cost of utilizing this method of
treatment.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl

Milwaukee City Government - Wisconsin

4.0281, ARID LAND ECOLOGY AND ENVIRONMENT
STUDIES IV. WATER QUANTITY MANAGEMENT
H.G. FISSER, Univ. of Wyoming, School of Agriculture,
Laramie, Wyoming 82071

The objectives are: (1) To determine the relationship of
forage production to precipitation and other physical site charac-
teristics. (2) To determine the relationship in terms of cover and
composition, of vegetation on non-grazed sites to grazed sites. (3)
To determine the relationship of forage production to soil
moisture and temperature on selected sites. (4) To determine the
effects of shrub control and grazing treatment on soil movement.

Forage production will be measured annually on study sites
in western Wyoming using clipped plots of various sizes on
transects. Average height, basal or crown cover, and composition
will also be measured on plots, and a photographic record will be
made. Precipitation measurements will be taken either four times
a year or monthly at each site. Vegetation transects are located by
restricted randomization inside and outside exclosures on various
sites.

Soil moisture and temperature measurements will be made at
different depths by use of neutron probes and thermistors.

Vegetation relationships of five shrub communities in the Big
Horn Basin to soil and precipitation characteristics will be deter-
mined.

Analysis of data will be conducted with aid of electronic
computer programs.
SUPPORTED BY U.S. Dept. of Interior - Bu. Land Mgmt.

4.0282, THE ECONOMICS OF WATER TRANSFER - AN
APPRAISAL OF INSTITUTIONS
W.D. SCHUTZ, Univ. of Wyoming, Agricultural Experiment Sta. ,
Laramie, Wyoming 82071

Objectives: 1. To appraise the legal-institutional-administra-
tive devices and processes through which transfers of water
between uses and users take place and 2. To assess the con-
sequences of these devices and processes on the economic effi-
ciency and equity of water use and 3. To suggest desirable modifi-
cations in these devices and processes that might enhance
economic efficiency or equity in the use of water resource.
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This research will involve an examination of present legal ar-
rangements and processes concerned with the transfer of water
rights, and also it will involve economic analyses of respective
water uses, This latter step will provide a basis for generalizing as
to the economics of transfer within and provide a basis for
generalizing as to the economics of transfer within and between
uses. Lastly the adequacy of present transfer arrangements will be
appraised and suggestions made for changes where such arc
deemed desirable.

SUPPORTED BY U.S. Dept. of Agriculture
Wyoming State Government

4.0283, HYDROLOGIC FORECASTING AND UFFECTS
OF FLOODS ON MEANDERING ALLUVIAL RIVE1, tS WITH
LARGE FLOODPLAINS
S. BR UK, Jaroslav Cerni Institute, Belgrade, Yugoslavia

The aim of this research project which is funded under the
Special Currency Program of the United States is to develop
mathematical models for forecasting of flood waves on rivers with
meandering alluvial channels and large floodplains. Experimental
methods will be proposed for verification of the model, including
model tests on aerodynamic and hydraulic scale models and field
investigations on a reach 3 to 5 kilometers long. The field in-
vestigations will be conducted on the Morava River which is an
important tributary of the Danube.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

5. WATER QUALITY MANAGEMENT AND
PROTECTION

Identification of Pollutants; Sources and Fate of Pollution; Effect-
sof Pollution; Waste Treatment Processes; Ultimate Disposal of
Wastes;Water Treatment; Water Quality Control.

5.0001, WATER RESOURCES NEMATOLOGY
E.J. CAIRNS, Auburn University, School of Agriculture, Auburn,
Alabama 36830

The investigation will begin with first a determination of the
kinds of nematodes to be found in the various major types of
water resources while seeking correlations with the major factors
of the environment; second, investigations of the role of ne-
matodes in bottom muds and rooted aquatic plants; and third, to
investigate their role in food chains and other biotic cycles in the
water resources. The proposed work will not be directly involved
with public health aspects of water resources. In addition to the
general survey, permanent sampling sites may be established
where repeated observations over extended time periods of the
effects of natural and man-made influences will be of value.
Ecological data will be collected using accepted techniques for
the water and bottom soils. Nematodes will be cultured with their
community associates for the study of their bionomics and for the
use and training of others in aquatic nematology.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University

5.0002, EVALUATION OF EARTHY MATERIALS FOR
USE IN DECONTAMINATION OF WATER
J.B. DIXON, Auburn University, Water Resources Research Inst.
, Auburn, Alabama 36830

An aquatic herbicide and representatives of two groups of
potential water contaminants are being investigated in the labora-
tory to determine their reactions with clays of soils and sediments.
The influence of clay mineral type and interlayer hydroxy-Al on
the fixation and relaese of diquat aquatic herbicide is being in-
vestigated. Mineralogical and environmental factors influencing
the sorption and decomposition of endrin, dieldrin, and aldrin are
being investigated. The influence of clay mineral type and anion
reactions which may indicate how amiben is held are being in-
vestigated. The amount and type of reactions with clays will be
considered in relation to leaching of amiben. Natural molecule
sorption on clay minerals and soil clays is being investigated em-
ploying a vacuum sorption-desorption apparatus. This study is
directed toward perfecting a method which will aid in predicting

extent of reaction of clay minerals with organic water contami-
nants.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University

5.0003, EFFECT OF HERBICIDES ON AN AQUATIC EN-
VIRONMENT
H.H. FUNDERBURK, Auburn University, School of Agriculture,
Auburn, Alabama 36830

To study absorption, translocation and distribution of a
phloem mobile herbicicc (2,4-D) and a xylem mobile herbicide
(simazine) in Eurasian milfoil. This will enable us to obtain basic
information regarding the movement of chemicals in submersed
plants as well as providing basic information to solve a specific
problem.

To study the effect of diquat, paraquat, simazine,
discilobenil, and at least 1 additional promising aquatic herbicide
on certain metabolic processes of aquatic plants. This will provide
additional information regarding the mode of action of these par-
ticular herbicides.

To study the degradation of diquat, simazine, and 2,4-D in an
aquatic environment (water, plants, soil, and fish). This will pro-
vide additional information on the fate of chemicals in the aquatic
environment which will tell us, among other things, how long a
chemicaal can be used in a given location.

To determine the effect of promising aquatic herbicides on
fish. This will provide information on the effect of the chemical
directly on the fish as well as indirectly, e.g., measuring the effect
on the fish food organisms.

SUPPORTED BY U.S. Dept. of Interior - F. Water Poi. Ctl

5.0004, THE DISPOSITION OF PESTICIDES IN THE SOIL
A.E. HILTBOLD, Auburn University, Agricultural Experiment
Sta. , Auburn, Alabama 36830

Objective: To determine the distribution of pesticides in
selected soils and their drainage waters, using sites to which
known amounts of pesticides have been applied. B. To determine
the physical, chemical and biological processes, and soil charac-
teristics which are important in the disposition of pesticides in
soils.

Procedures: Determine movement of atrazine, diuron,
Treflan, and DMA in soil columns in laboratory under influence
of leaching and evaporation of water. Determine volatilization of
these herbicides from soil using radioactive labeled materials in
planchets as function of temperature. Determine adsorption of
labeled herbicide by soil clay minerals and organic fractions in
water suspensions. Determine priming effects of organic matter
decomposition on microbiological breakdown of herbicide as
shown by bioassay. Verify microbiological processes by use of
microbial inhibitors and sterilization. Determine relative rates of
herbicide decomposition in soils treated repeatedly with herbi-
cide vs. untreated soils. Isolate and identify microorganisms ac-
tive in detoxication.

SUPPORTED BY U.S. Dept. of Agriculture
Alabama State Government

5.0005, TEXTILE WASTE TREATMENT PRACTICE
L.J. HIRTH, Auburn University, School of Chemistry, Auburn,
Alabama 36830

The effects of textile wastes on receiving streams and on mu-
nicipal treatment facilities may be minimized by reducing the
volume and/or strength of the wastes either by manufacturing
process changes or by industrial waste treatment. It is proposed to
conduct an examination of existing textile plant waste treatment
practices(A) To determine the present textile waste treatment
practices and the problems involved; (B) To determine the wor-
kability, efficiency, and loading of existing systems of waste treat-
ment; and (C) To conduct engineering-cost analyses of the exist-
ing systems of waste treatment to determine the most efficient
means of satisfactorily treating specific wastes.
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SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Auburn University

5.0006, GAMMA RADIATION OF TEXTILE WASTE
WATER TO REDUCE POLLUTION

JUDKINS, Auburn University, School of Engineering, Au-

burn, Alabama 36830
The object of this proposal is to study gamma irradiation as a

means of treating textile waste, The gamma irradiation will be

supplied by a Cobalt-60 source with a variable geometry and a
maximum disintegration rate of 12,000 curies.

Polluting agents common to textile waste are starch, basic
hypochlorite bleach, dye compounds, sulfides, sulfites, and vari-

ous detergents. The research will be broken down into three
phases. These will be the study of the effect of gamma irradiation
upon (1) aqueous solutions of individual polluting agents, (2)
mixtures of the polluting agents, and (3) industrial samples of tex-
tile wastes. Experimental parameters, such as pH, dissolved ox-

ygen concentration, temperature and radiation dosage will be
varied.

The effect of the total irradiation dose and dosage rate on the

starch camples will be evaluated by viscosity change, starch-
iodine spectra and reducing sugars formed.

Standard chemical analysis will be used to determine the
radiolysis products of the sulfides and detergents while radiolysis
of the dyes will be evaluated spectrophotometrically. The chemi-

cal and biochemical oxygen demands of the radiolysis products
and the original samples will also be measured.

Attempts will be made to predict optimum radiation dosage
and dosage rate for degrading a particular waste to a satisfactory
level. These predictions will then be tested by the radiolysis of ac-

tual textile industrial waste water samples.

SUPPORTED BY U.S. Dept, of Interior - O. Water Res. Rch
Auburn University

5.0007, COLOR REMOVAL FROM TEXTILE DYE
WASTES BY COAGULATION
J.M. JUDKINS, Auburn University, School of Engineering, Au-

burn, Alabama 36830
The treatment methods presently used for textile dye wastes

have not been very successful in removing the color from these

wastes. The discharge of highly colored wastes into streams is ob-

jectionable,
Laboratory studies using the standard jar test will be con-

ducted to determine the extent of color removal from textile dye
wastes by coagulation. Several coagulants, including alum and

ferric sulfate, both with and without polymeric agents will be eval-

uated at different pH levels. Color removals will be measured with

an electrophotometer. Initial and final BOD and sulfide concen-
trations will be determined on sulfur dye waste samples. The costs
of the more promising treatment methods will be studied on a
plant-scale basis.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University

5.0008, DYNAMICS OF CHEMICAL & PHYSICAL
CHARACT OF WATER, BOTTOM MUDS & AQUATIC LIFE

IN A LARGE IMPOUNDMENT ON A RIVER (PHASE II)

J.M. LAWRENCE, Auburn University, Water Resources
Research Inst. , Auburn, Alabama 36830

This study of impoundments on parts of the Chattahoochee
and Flint Rivers will supplement work completed under OWRR

Project B-00 -ALA (Phase 1). This study will indicate: (I) input-

output relationships of salts and organic matter brought into the

impoundment by creeks, streams and rivers and their distribution
in water, biota and bottom muds within the impoundment and its

tailwaters; (2) the influence of treated domestic pollution on
chemical and physical characteristics of water throughout a long,

relatively deep, power impoundment; (3) the importance of

paper mill waste introduced into the prevailing domestic sewage
pollution upon aquatic plant development and upon fish popula-

tion conditions in downstream areas of such polluted impound-
ments; (4) critical periods and conditions that may affect aquatic
life in this and similar impoundments; (5) the dynamics of
physiochemical characteristics of mainstream impoundments and
aid in the establishment of water quality criteria for multi-purpose
impoundments.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

Auburn University

5.0009, CHEMICAL CONTROL OF WEEDS IN PONDS

J.M. LAWRENCE, Auburn University, Agricultural Experiment
Sta. , Auburn, Alabama 36830

1. To evaluate the activity of commercial and experimental
herbicides and algacides on common pond weeds of this area. 2.

To determine the toxocological effects of the more promising

aquatic herbicides and algacides to fish and fish-food organisms

under controlled laboratory and field conditions. 3. To investigate

effects of more active aquatic herbicides and algacides on
production of plankton, fish-food organisms, and fish in treated
pools and ponds.

Some 25 to 50 potential aquatic herbicides will be available

for controlled laboratory evaluations each year. The more active

of these herbicides will be evaluated in the laboratory for toxicity

to fish. Controlled field evaluations of the most .promising herbi-

cides on 14 species of aquatic weeds and 2 species of fish will be

set up each year. Each field evaluation is designed for 2 years du-

ration, and will provide information on herbicidal activity, water
quality, plankton and fish production.

SUPPORTED BY U.S. Dept. of Agriculture
Alabama State Government

5.0010, BIOLOGICAL AND CHEMICAL OXIDATION OF
SELECTED ORGANIC PESTICIDES
G.M. LEIGH, Auburn University, School of Engineering, Auburn,

Alabama 36830
The purpose of this project is to determine the extent of

biological and chemical degradation of certain of the chlorinated
hydrocarbon pesticides that pose water pollution problems.

Lindane, heptachlor, endrin, and DDT in water solution will
be subjected to the oxidizing action of chlorine, potassium per-
manganate, and potassium persulfate at three pH levels.

The degradation of lindane and heptachlor in water solution

by acclimated organisms will also be studied.
Changes in pesticide concentrations will be determined with

increasing contact times by ,::ectron-capture gas chromatog-
raphy.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

Auburn University

5.0011, WATER POLLUTION BY DAIRY FARM WASTES
AS RELATED TO METHOD OF WASTE DISPOSAL

MCCASKEY, Auburn University, School of Agriculture, Au-

burn, Alabama 36830
Initial work of this project will include an examination of ex-

isting waste disposal systems on Alabama dairy farms and the ap-
parent correlation of the waste with water contamination. Im-
mediately available for this phase of the study are four dairy farms

of the Alabama Agricultural Experiment Station System
representing several soil and water conditions of the southeast. A
number of large commercial dairies in the vicinity of Alabama ci-
ties will contribute to the study.

Field research will include studies of four systems of dairy
farm waste disposal: 'dry' manure accumulation and periodic
spreading with conventional equipment; semi-liquid manure col-
lection in underground tanks and spreading on fields in liquid

form using tractor-drawn equipment; liquid manure spreading via

irrigation systems at frequent intervals; aerobic lagoons. Sampling

sites will include: feedlots, croplands, pasture lands, streams or
waterways, farm ponds, groundwater.

Laboratory studies will include the enumeration of the fol-
lowing groups of bacteria: fecal coliform and streptococci;
salomouellae; shigellae; Clostridium perfringens. Chemical tests
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such as COD, pH, alkalinity, water hardness, nitrate and nitrite
content, tannin and lignin, etc. will be made.

Field and laboratory data will be correlated with the view of
developing guidelines on acceptabie waste disposal systems for
commercial dairy farms.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res, Rch
Auburn University

5.0012, PREDICTING AND PREVENTING FISH KILLS

H.S. SWINGLE, Auburn University, School of Agriculture, Au-
burn, Alabama 3687,0

Objectives: 1. To improve methods of management of fish
populations for sport fish production.

Procedures: 1. The effect of air introduced into the deepest
water of a 22-acre pond upon stratification and oxygen distribu-
tion will be studied and compared with the effects of electric
pumps circulating water from the deeper waters to the surface.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Alabama State Government

5.0013, STUDIES ON THE INTERACTIONS OF BAC-
TERIA AND AQUATIC NEMATODES
G.R. WILT, Auburn University, School of Veterinary Medicine,
Auburn, Alabama 36830

The purpose of this research i3 to determine the kinds of bac-
teria ingested by aquatic nematodes in water resources and to
seek basic information relating to bacteria-nematode interac-
tions. This work will not be directed toward public health aspects,
but rather toward a much broader base.

Bacteria will be isolated from single, surface-sterilized ne-
matodes of known identity. Isolation and culturing will be done
under a variety of conditions to insure the greatest number and
diversity of bacterial types. The enumeration and identification of
bacteria will be done by standard microbiological procedures.

Various substances obtained from active cultures of ne-
matodes will be studied for their effect on bacterial growth by
respirometric techniques, and/or turbimetric techniques of deter-
mining total growth in media containing test substances, as com-
pared to growth in control media without these substances.

Experiments with nematodes in the same stage of develop-
ment and exposed to certain bacterial metabolites will be con-
ducted with the Cartesian diver apparatus in order to determine
effects on nematode respiration. Alternative methods of studying
the effect on nematodes of bacterial metabolities will be con-
sidered.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

Auburn University

5.0014, ELECTROSORPTION AND DESORPTION
PROCESS FOR DEMINERALIZATION
R.E. LACEY, Southern Research Institute, Birmingham, Alabama

In the proposed additional work the electrosorption process
will be evaluated for demineralization of natural brackish waters
containing appreciable quantities of calcium sulfate and calcium
bicarbonate.

Experiments will be conducted on two natural brackish
waters over periods up to three months with each feed water to
determine the degree of demineralization, coulomb efficiencies,
extent of interference of scale-forming substances, and re-
sistances per cell pair.

Experiments will be performed also to study the application
of filmforming materials containing ionogenic groups onto porous
substrates to form electrosorption membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0015, DEMINERALIZATION OF WASTEWATER BY

THE TRANSPORT - DEPLETION PROCESS
E.W. LANG, Southern Research Institute, Birmingham, Alabama
(14-12-443)

The primary objectives are to determine the technical feasi-
bility of the transport-depletion process for reducing the dissolved

solids of secondary wastewater and to determine how well the
transport depletion process can overcome the problems that have
been encountered when conventional electrodialysis is used with
wastewater. Other objectives include determining operating limits
of the process, including types of feed pretreatment, when
demineralizing secondary effluent, obtaining engineering design
data and providing preliminary cost estimates to indicate the
economic promise of this process for demineralizing wastewater.

To achieve these objectives, it is proposed to install and
operate a transport-depletion stack and auxiliary equipment at a
local sewage treatment plant. The treatment plant effluent, aug-
mented with salts to bring the composition up to typical sewage
effluent composition if necessary, will be demineralized over a
wide range of operating conditions. The maximum demineraliza-
tion capacity of the unit and the ability of the unit to operate
without intolerable increases of electrical resistance with dif-
ferent types of water pretreatment, with a range of solution
velocities within the stack compartments, and with high ratios of
product-waste flows will be determined.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0016, FREQUENCY DISTRIBUTION OF BIOLOGICAL
POLLUTANTS IN SHELLFISH AND THE MARINE EN-
VIRONMENT
W.F. HILL, U.S. Dept. of Hlth. Ed. & Wel. , P.N.S. Gulf Coast
Mar. Lab. , Dauphin Island, Alabama 36528

It is the purpose of this investigation to determine, define,
and evaluate the potential public health hazards attributable to
the presence of pathogenic microorganisms (including pollution
indicators), viruses, and biotoxins in the marine biota and the as-
sociated environment. Samples will consist of oysters, marine
sediments, soils adjacent to the marine environment, and sea-
water collected from shellfish growing areas of the Gulf of Mexico
and South Atlantic States. Sampling will be on a monthly basis.
The tasks are oriented toward: (1) determining the enteric virus
population as to frequency and type distribution in estuarine
waters from selected sampling stations in the Mobile Bay area and
(2) determining the fate of coliform, fecal coliform, and selected
enteric pathogens with emphasis on the influence of soil types and
climatic conditions on survival. Hydrographic and ecological
parameters associated with these tasks will also be evaluated.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.0017, BIOLOGICAL METHODS RESEARCH
W.F. HILL, U.S. Dept. of Hlth. Ed. & Wel. , P.N.S. Gulf Coast
Mar. Lab. , Dauphin Island, Alabama 36528

The purpose of this investigation is to develop new and/or
improved methods for (a) determining fecal pollution of shellfish
and shellfish growing waters and (b) isolating, concentrating, and
enumerating viruses from the marine environment. Studies to be
initiated will be concerned with (1) evaluating rapid methods for
detecting and enumerating fecal coliform organisms; (2) in-
vestigating the feasibility of using chemical indicators for fecal
pollution; (3) developing methods for isolating enteric pathogens
from shellfish and shellfish growing areas; and (4) developing and
evaluating new and/or improved methods for isolating, concen-
trating, and enumerating viruses from shellfish, and the marine
environment.
SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.0018, INVESTIGATIONS ON CIGUATERA-LIKE
BIOTOXINS IN SHELLFISH
W.F. HILL, U.S. Dept. of Hlth. Ed. & Wel. , P.H.S. Gulf Coast
Mar. Lab. , Dauphin Island, Alabama 36528

Mass cultures of the toxigenic marine dinoflagellate, Gym-
nodinium breve, have been established and will be increased in
volume of production to provide large quantities of material for
(1) studies oriented toward the isolation, purification, and
characterization of the ciguratera-like toxin produced by this or-

nism; (2) investigations of the process by which G. breve toxin
is accumulated, retained, and eliminated by edible shellfish, (3)
the development of analytical techniques for rapid quantitation of
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the toxin, and (4) studies designed to assess the toxicity of G.
breve aerosols.

SUPPORTED BY U.S. Dept. of HIth. Ed. & Wel. - P.H.S.

5.0019, DEPURATION OF MICROBIAL POLLUTANTS IN
SHELLFISH
B.E. HUNTLEY, U.S. Dept. of 1-1Ith. Ed. & Wel. , P.H.S. Gulf
Coast Mar. Lab. , Dauphin Island, Alabama 36528

The purpose of this investigation are (1) to determine,
define, and evaluate (a) the environmental conditions that
predispose oysters to accumulate and eliminate microorganisms.
(b) the conditions for effective treatment and ultraviolet disinfec-
tion of seawater, and (c) the various environmental factors that
influence oyster activity; and (2) to design, construct, operate,
and evaluate a prototype depuration system capable of processing
commercial size lots of oysters. Ongoing studies are primarily
oriented toward (1) determining the effectiveness of UV radia-
tion as a treatment method for seawater to be used in depuration
with emphasis on enteric viruses; (2) determining the effect of
selected salts on bacterial elimination rates of the eastern oyster;
and (3) continuing the evaluation of a prototype depuration
system to operational suitability vith emphasis on the elimina-
tion of fecal coliform by oysters.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5,0020, DEPURATION OF CHEMICAL POLLUTANTS IN
SHELLFISH
F,C, KOPFLER, U.S, Dept. of Hlth. Ed. & Wel. , P.N.S. Gulf
Coast Mar. Lab. , Dauphin Island, Alabama 36528

This study is being conducted to determine the extent and
rate of accumulation of pesticides, heavy metals and/or other
chemical contaminants in shellfish. Emphasis is currently
oriented toward heavy metals studies in which oysters are used as
the test animal. Initially, zinc was investigated, and present studies
are now concerned with the uptake of chromium in three ionic
states by oysters. Studies will also be undertaken of chromium in
three ionic states by oysters. Studies will also be undertaken to
determine the requirements for maximum elimination of chromi-
um by oysters under depuration conditions. As this effort
progresses, additional heavy metals will be studied. Atomic ab-
sorption spectrophotometry is being used for the analyses.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.0021, FREQUENCY DISTRIBUTION OF CHEMICAL
POLLUTANTS IN SHELLFISH AND THE MARINE EN-
VIRONMENT
J. MAYER, U.S. Dept. of Hlth. Ed, & Wel. , P.H.S. Gulf Coast
Mar. Lab. , Dauphin Island, Alabama 36528

The purpose of this investigation is to determine, define, and
evaluate the potential public health hazards attributable to the
presence of chemical pollutants in shellfish and other marine
bic a and in the associated environment. Studies are concerned
primarily with determining the frequency distribution of chemical
pollutants including, but not limited to, trace metals, pesticides,
and various organic and inorganic compounds in shellfish and the
marine environment. Current emphasis is oriented toward deter-
mining the distribution and concentrations of heavy metals in
oysters and seawater collected from the Mobile Bay area and in
oysters collected from coastal states, other than Alabama, of the
Gulf of Mexico and the South Atlantic regions. Sampling is con-
ducted on a monthly basis. Samples are being examined for lead,
zinc, copper, cadmium, and chromium by atomic absorption
spectrophotometry and for mercury by a chemical method.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.0022, PROJECT 2203 EFFECTS ON PHYSIOLOGY
WORK UNIT 53 CHRONIC EFFECTS OF ENDRIN ON
BLUEG IL LS
C.J. KNOWLTON, U.S. Dept. of Interior, Fish Pesticide Res. Lab.
, Marion, Alabama

The purpose of the work is to measure chronic effects of en-
drin on bluegills at Marion, Alabama. The bluegilll are distributed
among 12 earthen ponds and are given a single set of endrin treat-
ments, at two concentrations, Samples of fish, invertebrates, bot-
tom sediments, water, and aquatic vegetation are collected ac-
cording to a prearranged schedule, Residue analyses are made at
Marion, Alabama, on most kinds of samples. Fish populations are
studied for growth, mortality, and reproduction. Fish are ex-
amined for histopathology at Columbia, Missouri.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0023, NUTRITION OF WATER WEEDS
MARTIN, U.S. Tennessee Valley Auth. , Muscle Shoals,

Alabama
Nutrition of various species of water weeds which have in-

fested certain areas of the TVA reservoirs is under investigation.
It is hoped that a knowledge of their nutritional requirements will
lead to development of control measures.

SUPPORTED BY U.S. Tennessee Valley Auth.

5.0024, BIOLOGICAL PROPERTIES OF SEWAGE
LAGOONS AT TUSKEGEE, ALABAMA
K.S. CHAHAL, Tuskegee Institute, School of Agricultux,
Tuskegee Institute, Alabama 36088

This study will determine the efficiency of sewage lagoons
and the effect of microorganisms and their byproducts on the
quality of water in receiving streams. Samples of raw sewage and
lagoon effluent will be analyzed for total solids, BOD,
dehydrogenase activity, total microbial Taunt, and relative pro-
portions of different kinds of microorganisms during different
seasons of the year, Miciobial byproducts will be extracted from
cultures of microorganisms isolated from samples. The biological
activity of the byproducts will be tested using mammalian tissue
culture technique. Parameters for bioassey will be cytochemical
changes, synthesis of protein and nucleic acids, and total cell
count, Identification of compounds will be by IR and UV spec-
trophotometry, gas, paper, and thin layer chromatographic
methods.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University
Tuskegee Institute

5.0025, CONSERVATION OF FRESH-WATER
RESOURCES BY DEEP-WELL DISPOSAL OF LIQUID
WASTES
D.M. GRUBBS, Univ. of Alabama, Water Resources Program,
University, Alabama 35486

This project will evaluate the geological and engineering
parameters of subsurface rock formations which will permit
disposal of liquid waste by deep-well injection procedures.
Criteria and techniques will be sought which will have both quan-
titative and qualitative regional application in the development of
underground disposal facilities, This will in turn alleviate the
problem of usage of surface waters as carriers of waste effluent.
Studies will be focused upon: 1. Derivation and analysis of infor-
mation such as rock core and cuttings lithology, analysis of reser-
voir fluids, results of rock matrix and cementing material, electri-
cal and other well-logging parameters, and petrophysical data
such as porosity and permeability; 2. Laboratory analysis from
simulated injection of liquid wastes into actual reservoir core
samples to determine capacity, receptivity, continuity and com-
patibility, and pressure-time-distance response as a basis for pre-
diction of systems behavior; 3. Development of mathematical
models applicable to the identification and evaluation of poten-
tially receptive disposal zones, Determination of restrictions to be
placed upon types and volumes of liquid wastes which may be in-
jected into specific deep-well reservoirs.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alabama
Alabama State Government

5.0026, DEVELOPMENT OF WASTE STABILIZATION
LAGOONS FOR APPLICATION IN ALASKA
S.E. CLARK, U.S. Dept. of Interior, Alaska Water Laboratory,
College, Alaska 99701

The project objectives are to evaluate waste stabilization
lagoon efficiencies while operating under Alaska's severe climatic
conditions and to develop operation techniques which will assure
adequate waste treatment throughout the year. A pilot plant
located a': Eielson Air Force Base is being placed in operation this
winter utilizing the theory of storage of the winter's wastes with
spring, summer and fall discharge. A polishing lagoon will be
placed in operation during the warmer months of the year.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.6027, SUBARC AERAT LAG INVES BIOKIN REQUIR
SEASON & DIURN EFF ON NUT BAL
S.E. CLARK, U.S. Dept. of Interior, Alaska Water Laboratory,
College, Alaska 99701

The project objectives are to evaluate: a. To develop design
and operational standards for artificially aerated waste stabiliza-
tion lagoons under Alaskan conditions. b. To evaluate parameters
contributing to effluent quality, power and maintenance costs, re-
liability under rapidly varying ambient conditions, and the effects
on the receiving waters.

A pilot plant has been constructed and will be placed in
operation at Eielson Air Force Base.

SUPPORTED BY U.I. Dept. of Interior - F. Water Pol. Ctl

5.0028, COMPLETE MIX ACTIVATED SLUDGE UNIT
PROCESS ADAPTION TO LOW TEMP
S.E. CLARK, U.S. Dept. of Interior, Alaska Water Laboratory,
College, Alaska 99701

The project objectives are to evaluate the influences of
Alaska's severe climatic conditions upon the activated sludge
process in ale loading range between 0,02 and 0.40 no. 5-Day
BOD per no. of MLVSS, and to develop techniques for minimiz-
ing the detrimental climatic influences. Laboratory scale pilot stu-
dies utilizing settled sewage are in progress to determine low tem-
perature biokinetics including a major emphasis devoted to
developing techniques of effective solids separation that will be
feasible in the Alaska environment and under the Alaskan in-
flated economy. Large scale outdoor pilot facilities are planned.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0029, STUDY OF ASSIMILATIVE CAPACITY OF ARC-
TIC AND SUB-ARCTIC STREAMS
Pi. FREY, U.S. Dept. of Interior, Alaska Water Laboratory, Col-
lege, Alaska 99701

Information on the effects of extreme environments (nave
periods of darkness or of light, total ice cover for nine months of
the year, low maximum water temperature) on a river's capacity
to assimilate pollution, and on the organisms which inhabit the
streams and are responsible for the degradation of pollution will
be obtained so that it will be possible to predict and evaluate the
effects of pollution on these stre.;ens.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0030, EFFECTS OF LARGE SCALE FOREST FIRES ON
WATER QUALITY IN THE INT. AK
F.B. LOTSPEICH, U.S. Dept. of Interior, Alaska Water Labora-
tory, College, Alaska 99701

The purpose of this project is to evaluate the significance of
large scale forest fires as polluting agents in Alaska's interior.
Evidence from work in other states suggests that soil properties
change as a result of burning, the degree of change being propor-
tional to the severity of burning. Little or no work is available on
the effect of these changes in soil properties on water chemistry of

streams draining burned watersheds. Moreover, the effects of
burning on stream biota, resulting from aberrations in water
chemistry, has received little attention. This project is designed to
compare soil chemistry to water quality of streams draining these
watersheds. Species composition of stream biota will be related to
water chemistry to provide information on the significance of
burning to biological changes caused by forest fires.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
U.S. Dept. of Interior - Bu. Land Mgmt.

5.0031, TOTAL ORGANIC CARBON AS A POLLUTION
CONTROL PARAMETER IN SUB-ARCTIC WATERS
E. W. MUELLER, U.S. Dept. of Interior, Alaska Water Laborato-
ry, College, Alaska 99701

Organic materials are one of the major sources of natural
pollutants in arctic waters. The scope of this research is to evalu-
ate a number of methods for determining the concentration of or-
ganic materials in the natural waters of Alaska. The approach will
involve a series of experiments with oxidation of the organics to
carbon dioxide and measurement of the carbon dioxide in a non-
dispersive infrared analyzer. Combustion will be accomplished
both at high temperatures in a stream of oxygen, and through wet
chemical oxidations, Typical compounds will be used as standards
to determine the effectiveness of the method. Comparison will be
made between chemical oxygen demand of field samples and the
values found by total carbon determination.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0032, ORGANISMS RESPONSIBLE FOR TOXICITY OF
ALASKAN CLAMS
M.B. ALLEN, Univ. of Alaska, Inst. of Marine Sciences, College,
Alaska 99735

The aims of this project are: (1) to identify the organism(s)
responsible for toxicity of clams and mussels in Southeast Alaska.
(2) To isolate these organisms in axenic culture and study the ef-
fect of environmental variables on their growth and toxicity, with
the aim of being able to predict when clams might or might not be
toxic, or hopefully, eventually to control toxicity in the shellfish
population.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. -

5.0033, DYNAMICS OF THE NITROGEN CYCLE IN
LAKES
V.A. BILLAUD, Univ. of Alaska, Inst. of Marine Sciences, Cot
lege, Alaska 99735

The transformation rates within the freshwater biological
nitrogen cycle are under investigation using the stable isotope of
nitrogen, 15N as a traces. The role of the nitrogen cycle in the
productivity regimes of lakes, in bloom development, in under-ice
winter metabolism are all included. The role of denitrification is
emphasized, as well as nitrogen fixation, both under aerobic and
anaerobic conditio)s. Possible heterotrophy or mixotrophy under
winter and spring ice-cover are investigated using tritium labeled
organic compounds. Gas chromatography is being used to study
gas production during anerobic metabolism in lake waters.
Detailed limnological studies of lakes in the subarctic are concur-
rently being carried out.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0034, BIOLOGICAL EFFECTS OF HEAVY METAL
POLLUTION
D.K. BUTTON, Univ. of Alaska, Inst. of Marine Sciences, College,
Alaska 99735

The single major process that mediates the conversion of the
world's non-living biomass to reusable components is microbial
degradation. The effort here is directed toward understanding this
process as it occurs in nature with particular reference to aquatic
systems. Since rates are normally controllt here by chemical
concentrations it is useful to describe this reLoonship. These ex-
tracellular components may have a process-supporting, neutral or
inhibitory effect.
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Since heavy metal pollution is a growing phenomenon of our
waters due to mining industry and car exhaust, and since the na-
ture of enzymes is to bind available heavy metals with a concomi-
tant alteration in catalytic ability this specific project is directed
toward examining heavy metal poisoning of microorganisms, in
theory, and as it occurs in Alaskan mining areas.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0035, ECOLOGY & NITROGEN CYCLE IN A MARINE
PLANT COMMUNITY
J.J. GOERING, Univ. of Alaska, Inst. of Marine Sciences, Col-
lege, Alaska 99735

The physiological ecology of eelgrass (Zostera marina) com-
munities will be examined in concurrence with the dynamics of
the nitrogen cycle in a lagoon on the Bering Sea coast of Alaska.
A comparison of natural conditions will be made with an area
receiving untreated sewage. This will include an examination of
the relationship between the primary producers and nitrogen cy-
cle, with emphasis on the role played by nitrogen in the total
productivity of the community. Also to be included is the control
of the environment on the growth and morphology of the domi-
nant primary producer, eelgrass. The contribution of organic
matter, particulate and dissolved, from the eelgrass communities
to near-shore oceanic food webs will also be investigated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0036, BIOLOGICAL DEGRADATION OF WASTES
UNDER PSYCHROPHILIC ENVIRONMENTS
R.S. MURPHY, Univ. of Alaska, Inst. of Water Resources Res. ,
College, Alaska 99735

Waste discharges into natural surface waters in arctic and su-
barctic environments have traditionally been regulated by stan-
dards developed for temperature climates. Consequently, the
natural abilities of streams and lakes at high latitudes to assimilate
wastes is comparatively unknown at present.

This investigation will study metabolic reaction rates of
mixed microbial cultures natural to a psychrophilic environment.
Original cultures will be obtained from streams, lakes, and soils of
Interior Alaska. The metabolic rates will be investigated in 2 liter
respirometer vessels at temperatures ranging from 0.5 degrees C
to 20 degrees C. Pure substrates as well as complex substrates
(sewage) will be utilized.

The results of this investigation will be an aid in the predic-
tion of the effect of a waste discharge upon a natural body of
water. In addition, these same parameters will be used for the
design of biological treatment processes operating under psychro-
philic regimes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

5.0037, PRACTICAL APPLICATION OF FOAM FRAC-
TIONATION TREATMENT OF LOW QUALITY WATER
R.S. MURPHY, Univ. of Alaska, School of Engineering, College,
Alaska 99735

A bench-scale study using foam fractionation techniques to
remove iron and cold' from a groundwater was recently
completed. The results indicated that the process was sufficiently
efficient to warrant the construction of a 100 gallon pilot plant in
order to determine the economics of the process in the field. This
research will be concerned with the construction, operation, and
economics of this pilot installation. Greater than 99.5 percent
iron removal is predicted (raw water: 30mg/I Fe ) for this unit.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

5.0038, EVALUATION OF AN OXIDATION-DITCH
WASTEWATER TREATMENT PLANT IN SUBARCTIC
ALASKA
R.S. MURPHY, Univ. of Alaska, School of Engineering, College,
Alaska 99735

The project plan is designed to evaluate an existing oxida-
tion- ditch wastewater treatment facility located in the sub-Arctic
near Fairbanks, Alaska. Operation procedures, problems and
economics of the system will be studied. Sufficient data will be
obtained such that a mathematical model describing the
biokinetics and oxygen requirement of the system can be formu-
lated. Investigations will cover both the warm and cold tempera-
ture regimes as well as the transitions between these extremes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Alaska

5.0039, MONITORING THE EFFECTS OF LAND USE ON
SALMON PRODUCTION
T.C. HOFFMAN, State Div. of Comm. Fisheries, Juneau, Alaska

Objectives: To complement and extend the presently
established joint monitoring effort of the U.S. Forest Service and
the Alaska Department of Fish and Game in order to determine if
stream changes due to logging and other causes occurred and to
what extent these changes affected the potential of these streams
to produce salmon fry.

Characteristics Monitored: (1) Composition of streambed
spawning areas. (2) Streamflow and water temperature. (3)
Stream channel configuration and amount and kind of debris in
the stream. (4) Classification of soil types in the watershed. (5)
Sources of sediment. (6) Production of salmon fry and survival.
(7) Assessment, of adult salmon escapement.

Characteristics studied prior and subsequent to land use and
observations taken yearly.

The studies to date have been a cooperative venture between
the U.S. Forest Service and the Alaska Department of Fish and
Game with each agency responsible for part of the work. The
study is primarily to establish a base for managementaction an., is
presently being conducted in one important salmon producer in
Southeastern Alaska and will be extended to three with special
reference to logging and road building.

Procedures: For these characteristics monitored by the
Alaska Department of Fish and. Game as described in Fisheries
Research Institute, University of Washington Field Manual dated
17 February 1964.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0040, FERTILIZATION OF WOODS CANYON LAKE
J.A. ERCOLE, State Game & Fish Department, Phoenix, Arizona

Objective: To determine the cost per pound of increased har-
vest derived from artificially fertilizing an infertile 50-acre trout
lake.

Procedures: 1. Ten vertical columns of water in the lake will
be isolated by tubes made of thin translucent polyethylene film.
The tubes will be positioned in random groups and anchored
firmly. The lower ends will be sealed with large balloons after
tubes are placed in lake.

Commercial grade fertilizers, in solution, will be added to the
tubes in controlled amounts. Four replicated experiments will be
conducted simultaneously. Two unfertilized tubes will serve as
controls.

Optical depth, turbidity, pH, total dissolved solids, and tem-
perature and oxygen stratification determinations will be ob-
tained periodically during each series of fertilization experiments.

2. A large plant of three inch rainbow trout will be made.
These trout will be marked with a double fin clip differing from
the original clip. Growth rates and condition factors will be com-
puted from marked fish; condition factors will be computed for
any unmarked fish trapped in the net. 3. In order to establish the
`before and after' effect of fertilization, several measurements will
be made which will indicate changes in certain limnological fea-
tures of the lake.

Quantitative study of plankton will be conducted during the
spring, summer, and fall months at one month intervals.

4. A creel census will be conducted during the fishing to ob-
tain an unbiased estimate of fisherman hours and total harvest.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Arizona State Government

5.0041, BLUE-GREEN ALGAE POISONING
T.J. MCMICHAEL, State Game & Fish Department, Phoenix,
Arizona

Objectives: To describe the distribution of blue-green algae
on the Three Bar Wildlife area.

Procedure: 1. Search the literature to determine what algae
are capable of producing toxins. 2. Collect and preserve sang.
of algae from water sources on the Three Bar during the sumn,-4
months. 3. Identify the algae to determine if any of them are
known toxin producers.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Arizona State Government

5.0042, ADVANCED WASTEWATER TREATMENT
USING POWDERED ACTIVATED CARBON IN RECIRCU-
LATING SLURRY CONTACTOR-CLARIFIERS
C.F. GARLAND, Infilco Incorporated, Tucson, Arizona 85703
(14-12-400)

The objective of this project is to determine the process and
operating parameters for adsorption of dissolved impurities from
the secondary effluent of a municipal activated sludge plant by
powdered activated carbon in two stages of continuously recircu-
lating slurry contactor- clarifiers. The proposed work includes: 1.
Preliminary laboratory investigations to evaluate three different
commercial grades of powdered activated carbon will be per-
formed during the procurement and construction periods (10
weeks). Carbon coagulation studies, adsorption isotherm studies,
and adsorption rate studies will determine which activated carbon
will be used in the subsequent field operations. 2. A 10-30,000
gal/day, two stage countercurrent, continuously recirculating
contactor-clarifier will be constructed and evaluated during con-
tinuous operation for a twelve-week period. The independent
process variables of flow rate, activated carbon feed rate, and
slurry solids inventories will be investigated over ranges sufficient
to determine the optimum combination for removal of adsorbable
substances as determined by COD measurements. A brief study
will be made of a 'single-stage' contacting system.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

S.0043, TUSCON WASTEWATER RECLAMATION PRO-
JECT
P. BEERMANN, Tucson City Government, Tucson, Arizona
85701

The project objectives are to demonstrate the chemical,
biological, and virological safety, and the aesthetic acceptability
of including renovated wastewater as a dependable and substan-
tial portion of the future Tucson water supply and to determine
what species of fish will live and provide the optimum production
and growth rate in renovated wastewater. The renovated water
will be supplied from a pilot scale spreading basin - horizontal
flow filtration facility and experimental ponds.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Tucson City Government - Arizona

5.0044, SOILS, PESTICIDES, AND THE QUALITY OF
WATER
G.R. DUTT, Univ. of Arizona, Agricultural Experiment Sta. , Tuc-
son, Arizona 85721

Objectives; a. Existence of pesticides in the soil solution. b.
To identify the properties of pesticides and of soils that control
the extent of movement of pesticides in and through soils. c. To
ascertain the solubility characteristics of pesticides sorbed on soil
particles and hence the effect on suspended soil on the concentra-
tions of pesticides in water.

Description of Work Proposed: The interactions of triazines
and substituted ureas with soil components, e.g., water, organic
fractions and mineral fractions, will be studied in coordination

with Hawaii. The solubility of the pesticides will be determined in
distilled water and in solutions containing certain solutes.
Procedures will be developed for extracting triazine from soil
components. Sorption isotherms will be found for various organic
fractions and thermodynamic coefficients determined for these
constituents. Attempts will be made to see it predictions of con-
centration of pesticides in the effluent from the columns can be
made from measurements of soil and water constituents and dis-
ti ibution coefficients found in the equilibrium studies.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

5.0045, NITROGEN TRANSFORMATIONS IN SOIL
G.R. DUTT, Univ. of Arizona, School of Agriculture, Tucson,
Arizona 85721

The reactions of NH4, NO3 and CO(NH2)2 fertilizers with
soils will be studied. The results of these studies will be used to
develop a system analysis model of the soil system to predict the
nitrate transformations taking place in soil-water systems under
variations of time, moisture contents, temperature and oxygen
along a flow line in the soil system.

SUPPORTED BY Arizona State Government
U.S. Dept. of Interior - Bu. Reclamation

5.0046, PLAQUING AND FLUORESCENT ANTIBODY
METHODS FOR DETECTION AND IDENTIFICATION OF
ENTEROVIRUSES
P.P. LUDOVICI, Univ. of Arizona, Water Resources Research
Ctr. , Tucson, Arizona 85721

The proposed study is aimed at developing practical plaguing
techniques for the direct detection and separation of en-
teroviruses from natural wastewaters. Emphasis will be placed on
the use of primary and established cell lines and differential over-
lay media.

Fluorescent antibody procedures will be employed to devise
a more rapid technique for the identification of these plaque-
forming enteroviruses from natural wastewaters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

5.0047, FACTORS AFFECTING ZOOPLANKTON
PRODUCTION IN FOUR ARIZONA LAKES
W.J. MCCONNELL, Univ. of Arizona, Arizona Coop. Fishery
Unit, Tucson, Arizona 85721

The goal of the investigation is to identify factors other than
rate of primary productivity which influence the production of
zooplankton in four lakes. Factors being considered are toxic and
beneficial trace metals, bacterial populations and plant nitrogen
content. Trace metals concentrated in aquatic macrophytes are
being analyzed by atomic absorption spectrophotometry, bacteria
are being counted directly under phase contrast, and nitrogen in
aquatic macrophytes is being determined by the Kjeldahl method.
Zooplankton biomass is being measured with a metering tow net.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Arizona State Government
University of Arizona

5.0048, LIMNOLOGICAL EFFECTS OF
WATERSHED LITTER
W.J. MCCONNELL, Univ. of Arizona, Graduate School, Tucson,
Arizona 85721

An understanding of some important and unique watershed
effects on small impoundments in the semi-arid Southwest is
sought. The effects for which elucidation is proposed relate to the
interaction of a flashflood drainage regime, great seasonal dif-
ferences in rainfall and the intensely cyclical deposition of or-
ganic watershed litter in lakes of the region.

ORGANIC
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0049, THE QUALITY OF ARIZONA WATERS WITH
PARTICULAR REFERENCE TG FLUORIDES
H.V. SMITH, Univ. of Arizona, School of Agriculture, Tucson,
Arizona 85721

Work on this project to date has consisted of compiling
analyses of waters from the Tanque Verde area, east of Tucson,
The analyses are arranged according to the legal description of
each well included in this study.

Wells in Township 13 S, Ranges 15 and 16E; Township 14 S,
Ranges 15 and 16, and 17 E; Township 15 S, Ranges 15, 16, and
17 E.

Work on this project has not proceded to the point where
conclusions may be drawn or the results plotted on a map.

SUPPORTED BY University of Arizona

5.0050, SPORT FISHERY POTENTIAL IN RECLAIMED
WASTEWATER
C.D. ZIEBELL, Univ. of Arizona, Arizona Coop. Fishery Unit,
Tucson, Arizona 85721

To measure growth rates, condition and survival of channel
catfish, trout and Tilapia fingerlings in ponds filled with reclaimed
municipal waste water after tertiary treatment with gravel filters,
Oxygen content, pH, zooplankton and benthos are being moni-
tored on a routine basis by appropriate methods.

SUPPORTED BY U.S, Dept. of Interior - Bu. Sport Fish.
University of Arizona
Tucson City Government - Arizona
U.S. Dept. of Interior - F. Water Pol. Ctl

5.0051, INTERACTION OF INORGANIC AND ORGANIC
FERTILIZER MATERIALS WITH PESTICIDES AS RE-
LATED TO WATER QUALITY IN SOILS
D.A. BROWN, Univ. of Arkansas, School of Agriculture, Fayet-
teville, Arkansas 72701

The effect of Agricultural pesticides on plant, animal, and
human life is important to all people in this country. Since it ap-
pears evident that agricultural pesticides and fertilizers will con-
tinue to be used on a large scale basis and since pesticides is a
potential cause of poor water quality, it is important that an
agricultural pesticide fertilization program which will help to
minimize the contamination of water with pesticides be worked
out.

The immediate objective of this research is to evaluate the in-
teraction between organic and inorganic fertilizers and the
behavior of pesticides in soil as related to water quality. Emphasis
will be placed on the solubility, adsorption, and degradation of
pesticides as influenced by differing concentrations of organic
and inorganic fertilizers in soil. The ultimate objective is use of
the data found above in order to predict the potential effect of
pesticides on the quality of domestic, recreational and agricul-
tural water supplies. Four pesticides (aldrin, prometryne, triflu-
ralin, an amiben), seven fertilizers (ammonium nitrate, ammoni-
um sulfate, anhydrous ammonia, urea, potassium chloride, triple
super-phosphate, and limestone) each at a low and a high rate of
application, and three soils (Crowley silt loam, Sharkey clay, and
Dundee silt loam) will be used. Isotopically tagged pesticides will
be employed in the solubility and adsorption studies. The rate of
diffusion in these soils will also be studied in terms of pesticide
fertilizer interaction.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arkansas

5.0052, INTERACTION OF INORGANIC AND ORGANIC
FERTILIZER MATERIALS WITH PESTICIDES AS RE-
LATED TO WATER QUALITY IN SOILS
D.A. BROWN, Univ. of Arkansas, Agricultural Experiment Sta. ,
Fayetteville, Arkansas 72701

Objectives: (1) To evaluate the effect on solubility and ad-
sorption of pesticides in soil containing various concentrations of
fertilizer materials, (2) to determine the degradation rate of pesti-

cides in soil containing differing amounts of fertilizer materials,
and (3) to predict the potential effect of results found under ob-
jectives 1 and 2 on the quality of water which may be used as
domestic, recreational, and agricultural water supplies.

Description of Work: The solubility and adsorption of four
pesticides, Aldrin, Prometryine, Trifluarlin, and Amiben will be
measured in three soils, Crowley silt loam, Sharkey clay, and
Dundee silt loam at two rates each of ammonium nitrate, am-
monium sulfate anhydrous ammonia, urea, potassium chloride,
triple superphosphate, and limestone. Solubility of the pesticides
will also be measured in pure water and in aqueous solutions of
the fertilizers. Radioactive- tagged pesticides will be used in these
studies. Degradation of the pesticides of the soil-pesticide-fertil-
izer combinations will be measured with gas chromatography
techniques; infrared and D.T.A. analysis will also be used if neces-
sary. The potential affects of pesticides applied to soil upon water
quality will be evaluated using the results obtained under objec-
tives (I) and (2).

SUPPORTED BY Arkansas State Government

5.0053, A EUTROPHICATION MODEL OF THE WHITE
RIVER BASIN ABOVE BEAVER RESERVOIR IN
NORTHWEST ARKANSAS
R.A. GEARHEART, Univ. of Arkansas, Water Resources
Research Ctr. , Fayetteville, Arkansas 72701

This research will attempt to evahtate the various nutrient
contributors tv, a reservoir in Northwest Arkansas, namely Beaver
Reservoir. The purpose is to predict by use of a mathematical
model the rate at which this relatively new reservoir will accumu-
late nutrients. This involves identifying and quantifying on a time-
series basis those elements which accelerate eutrophication. The
three most common elements known to affect aquatic productivi-
ty are carbon, nitrogen, and phosphorus. The major contributors
of nutrients to receiving waters are: sewage effluent, urban runoff,
agriculture practices, and recreational activities, - all of which can
be isolated and monitored in this particular system.

The implementation of this research is as follows: 1) A
preliminary examination and isolation of nutrients contributors.
2) Location of sample points based on preliminary examination.
3) Establishment of a sampling schedule 'which will yield the
greatest information with the smallest error. 4) Collect necessary
data for input into mathematical model. 5) Construct and compu-
terize mathematical model with acquired data. 6) Predict future
eutrophication rates with mathematical model,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arkansas

5.0054, FLOOD REDUCTION AND IMPROVEMENT IN
TIMING OF WATER YIELD IN THE OZARKOUACHITA
UPLANDS
T.L. ROGERSON, U.S. Dept. of Agriculture, Harrison, Arkansas
72601

Object: To determine how vegetation and ground cover af-
fect the water cycle in problem soils, and to devise practices to
prolong low flows and reduce floods and erosion.

Plan of Work: The program is concerned with the water
problems related to two key soils: cherty silt-loams and sand-clay
soils. Using plot studies and gaged experimental watersheds on
these soils, the staff is investigating their plant-water relation-
ships. They are measuring overland flow and erosion from
prescribed burning, and will also conduct basic studies on the
movement of water into and through these soils.

SUPPORTED BY U.S. Dept. of Agriculture

5.0055, DEMONSTRATION OF A FACILITYFOR THE
BIOLOGICAL TREATMENT OF COMPL EX
CHLOROPHENOLIC WASTE
A.E. SIDWELL, Jacksonville City Government, Jacksonville, Ar-
kansas

A full scale 2-4 MGD) demonstration and evaluation of the
joint treatment of industrial herbicide and municipal wastes, by
the use of a municipal biological system composed of : primary
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clarification, bio-filters aerated and stabilization ponds. The her-
bicides are of the chloro and chloro-oxyacetic acid deriviatives of
phenol. Investigations will be conducted to determine how the
concentration of the phenolics in a receiving stream can be
reduced to a level below the tests and odor threshold, also to in-
vestigate the biological factors related to the removal of the herbi-
cides during treatment. Suitable methods are to be developed for
the identification of the various herbicide compounds, The
adequacy of nutrient value in the joint waste to allow complete
bio-processing of chlorophenolics and related compounds will
also be demonstrated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Jacksonville City Government - Arkansas

5.0056, EFFECT OF SURFACE FILMS ON GASES DIS-
SOLVED IN WATER
J.G. HAWKE, Univ, of Sydney, Sydney, Australia

Efforts directed towards elucidation of mechanism of gas
transport processes through thin films on water, which is related
to studies on evaporation of water through monolayers. In use of
monolayers to retard water evaporation and H2S loss from sewers
etc.; effect on marine life by its control of other gases should be
considered. Further, CO2 diffusion through films is a necessary
preliminary study to our understanding of respiration in plants
and animals.

Immediate efforts are concentrated on CO2 although some
work with H25 has been done. The Hawke transmission coeffi-
cient 'T' will be measured as a function of temperature for a
number of long -chain compounds etc. to determine dependence
of activation energy (E) on molecular structure, e.g., chain
length, polar head groups, packing etc. The CO2 wort will be ex-
tended to H2S, oxygen and certain organic vapors. Biological
membranes arc thought to contain enzymes whose function it is to
lower the activation energy. The effect of charged monolayers
and inhibitory or facilitating agents added to the substrate may
assist our understanding of the function of biological membranes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0057, EXPLORATORY STUDIES ON SIMPLIFYING
DISPOSAL OF FOOD PROCESSING WASTES
A.I. MORGAN, U.S. Dept. of Agriculture, Albany, California

Object: To minimize problems of disposing of food
processing wastes by removing soluble salts, oxidizing organic
solutes, and/or reclaiming waste water.

Plan of work: Major emphasis will be directed toward
developing treatments for soluble, and suspended solid, wastes
from fruit and vegetable processing operations. Treatment of ef-
fluents will involve three phases: (I) Salt removal: Lye peeling
wash waters, or uoreusable brine will be desalted by electrophore-
sis, ion exchange, ion exclusion or electrodialysis. Salts will be
recovered in cathode cells, by ion exchange regeneration, or ion
exclusion rinsing. The value of recovered salt or caustic will be
exploited .vhere possible. Starch, or other insolubles, will be
recovered from wash wastes by settling, filtration or centrifuga-
tion. ( 2) Oxidation of organic solutes: Disposability of fruit can-
nery wastes will be improved by spraying onto extended surfaces,
oxidation at an anode in an electrolytic cell, spraying into warm
air after intense heating under pressure, adsorption on charcoal
which can be regenerated, adsorption on clays which can be
discarded or by other inexpensive methods. (3) Water reclama-
tion: Water of reusable quality will be removed from waste
streams by reverse osmosis, electro-osmosis, or direct osmosis.

SUPPORTED BY U.S. Dept. of Agriculture

5.0058, OPERATION OF POTATO PROCESSING PLANTS
TO REDUCE WASTE AND STREAM POLLUTION
M.L. WEAVER, U.S. Dept. of Agriculture, Albany, California

Object: To help alleviate the growing problem of disposing of
wastes from plants processing potatoes into food products,
without polluting streams or the air, through the development of
new or modified in-plant operations to reduce the quantity of
wastes discharged and/or to convert them to a form more readily
adaptable to available methods of waste treatment.

Plan of Work: Investigations will be made to determine the
basic nature of the waste material, i.e., amount and kind of both
mineral and organic solid particles, amount and kinds of soluble
materials, pH, biological oxygen demand, chemical oxygen de-
mand, etc., associated with different types of processed potato
food products. The most economical and efficient means of
removing suspended solids from aqueous plant wastes will be
sought. Also, how to separate the mineral matter from insoluble
organic solids. Possible uses for the suspended organic solids will
be explored. Investigations will be made of ways to reduce the
total quantity of soluble solids to be disposed of and to concen-
trate these for more efficient secondary treatment. Special atten-
tion will be given to the peeling operation in order to reduce the
disposable waste.

SUPPORTED BY U,S. Dept. of Agriculture

5.0059, SANITATION, WASTE DISPOSAL AND PEST
AND VECTOR CONTROL
H.F. LUDWIG, Engineering Science Inc Arcadia, California

Technical Objectives: The objective of this work unit is to
identify the overall sanitation requirements in the postattack
period and purpose procedures for maintaining the health of the
surviving population. Develop information on the effects of fal-
lout materials on sewage and waste water systems. Apply all of the
above to the five cities study.

Approach: Develop by questionnaire and interview preattack
endemicity of significance in each of the five cities and their
preattack environmental disease requirements. Evaluate the abili-
ty of environmental recovery resources considering various fac-
tors that would tend to degrade the system such as fallout and
blast and fire damage.

Progress: July 67 - December 67. Methods are being
developed which would: (I) permit evaluation of the overall vul-
nerability of water systems; (2) provide a method of determining
the optimal repair vulnerability of water systems; (3) provide a
quantitative measure of the effectiveness of repair and recovery
efforts, It is anticipated that these concepts would be adaptable to
other utilities (sewer, solid waste collection, etc.).

SUPPORTED BY U.S. Dept. of Defense - Army

5.0060, A STUDY OF THE REMOVAL OF CAR-
BONACEOUS, NITROGENOUS AND PHOSPHORUS
MATERIALS FROM CONCENTRATED PROCESS WASTE
STREAMS
H.F. LUDWIG, Engineering Science Inc. , Arcadia, California
(14-12-431)

This work is a laboratory evaluation of potential digester su-
pernatant treatment processes. The study will include the charac-
terization of process waste streams, the summarization and assess-
ment of treatment technology and design and performance
criteria for components of a treatment system.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0061, FLOC STRENGTH AND FILTERABILITY OF
PRE-TREATED WATER
H.F. LUDWIG, Ludwig Engin. & Sci. Res. , Arcadia, California

This study is primarily concerned with the effect of floc
characteristics on the performance of rapid sand filters. Floc
strength is to be investigated as a measure of flock characteristics.
Floc strength will be measured by the degree of floc breakdown
after being exposed to a velocity gradient producing shear stress.

The filterability of pretreated water is to be measured by the
Silting Index utilizing a membrane filter, by Boucher's Index, and
by floc retention capacity of a rapid sand filter.

The effect of pH, alum dosage, coagulant aids, mixing condi-
tions, and lime addition on floc strength will be investigated; their
effects on filter performance, expressed by filterability indices,
will be studied in pilot plant operation.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0062, EFFECTS OF PESTICIDES ON AQUATIC
ANIMALS IN THE ESTUARINE AND MARINE ENVIRON-
MENT (ABBREV)
R, EARNEST, U.S, Dept. of Interior, Fish Pesticide Res. Lab. ,
Belvedere - Tiburon, California 94920

The objective of the work is to measure acute toxicities of
various pesticides to marine and brackish water invertebrates and
fishes. The work will be done in the laboratiory, in running water
aquaria into which pesticides are metered in appropriate
amounts. The bioassay work will be organziaed and conducted so
that probit analysis will be used for statistical analysis and com-
parison. Chemical analyse will be used to monitor amounts of
pesticides being tested.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0063, R.I.-MIXING PROCESSES IN ESTUARIES
H.A. FISCHER, Univ. of California, School of Engineering,
Berkeley, California 94720

This research will study the underlying processes which
cause mixing and dispersion in estuaries through a re-examination
of the fundamental mixing and transport processes. A laboratory
flume will be used to study the effect of partial stratification on
turbulent mixing, both in the vertical and transverse to the main
flow direction. In addition, the convective patterns in a simplified
model estuary will be observed in detail, in an attempt to combine
knowledge of turbulent mixing and convective patterns to predict
the overall dispersive pattern. Methods will be sought to predict
the values of transfer coefficients in real esturies, and to show the
effect on these coefficients of engineering modifications to the
estuary. Results of these studies will be used to improve present
methods for forecasting pollutant dispersion.

SUPPORTED BY U.S. National Science Foundation

5.0064, PREPARATION OF MONODISPERSE EMUL-
SIONS
N.L. GOREN , Univ. of California, School of Chemistry, Berkeley,

California 94720
The research program has as its principal objective the

development of a technique for the preparation of monodisperse
emulsions of controlled drop size. The method we wish to exploit
is the precipitation of drops from a supersaturated solution of
three components onto already existing nuclei. We plan to study
the kinetics of nucleation and the size distribution of drops which
are formed for several different ways of producing the supersatu-
ration. The results should be of use in many fields of emulsion
research as, for example, in the testing of equipment for breaking
liquid-liquid emulsions.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0065, TRANSIENT LOADING EFFECTS IN THE AC-
TIVATED SLUDGE PROCESS
D.I. JENKINS, Univ. of California, School of Engineering,
Berkeley, California 94720

The current and proposed research is investigating (a) the
short- term transient behavior of activated sludge systems in the
most significant practical situation in which they occur, i.e., in
reactors such as contact stabilization units where deviation from
completely mixed conditions exist; (b) the physical properties of
activated sludge that influence its Nmoval by sedimenta-
tion /clarification and the variation of these properties with or-
ganic loading and sludge growth rate; and (c) the chemical,
biochemical, and microbiological properties of activated sludge
in an attempt to provide a better representation of active solids
than the measurement of VSS and to determine the reason for the
deviations of activated sludge systems from a theoretical growth
model.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. CO

5.0066, TASTES AND ODORS IN WATER SUPPLIES
D.!, JENKINS, Univ. of California, School of Engineering,
Berkeley, California 94720

The proposed research is a continuation and broadening of
current work concerned with the identification and resolution of
the source and nature of odorous compounds in natural waters.
Emphasis is on the study of aquatic organisms as one of the major
contributors to the problem of taste and odor in waters.

Conventionally the major odor categories include medicinal
(phenolic-type compounds), fishy (nitrogen and sulfur-contain-
ing compounds), sulfidal and terpenoidal. Papers have been or
are in the process of being written on the latter two categories:
The sulfidal work involved odors (in descriptive terms) of rotton
eggs, skunk, spoiled cabbage, etc., which are associated with sim-
ple mercaptons, sulfides and disulfides; the terpenoidal work in-
volves odors (in descriptive terms) of earthy, woody, musty,
floral, etc., and includes a variety of essential oils.

The earthy-smelling compounds isolated from bluel een
algae and from various actinomycetes are not only the most
widespread but also the most troublesome because extremely
minute quantities render waters impotable, For this reason
emphasis is being directed toward the resolution of the earthy-
smelling compounds coupled with the determination of their
metabolic production for control aspects.

In addition to developing biological growth units and sam-
pling techniques, microanalytical techniques have been used and
developed involving gas chromatography, infrared spectroscopy,
mass spectrometry and PMR.

Cooperation with the local water purveyor has enabled an
exchange of samples and information on actual reservoir waters.

SUPPORTED BY U.S. Dept. of filth. Ed. & Wel. - P.H.S.

5.0067, ORTHOKINETIC FLOCCULATION OF
HETERODISPERSED SYSTEMS
W.J. KAUFMAN, Univ. of California, School of Engineering,
Berkeley, California 94720

The broad aim of the proposed research continues to be the
elucidation of the relationships of the rate of orthokinetic floccu-
lation to the :tydrodynamic parameters describing turbulence in
stirred reactors. In the present proposal theoretical formulae arc
presented that relate the rate of flocculation to the rate of energy
dissipation and the turbulence spectrum and the rate of defloccu-
lation, or breakup, to similar turbulence parameters and floc
strength. It is expected that the establishment of these relation-
ships will lead to the more rational design and operation of the
flocculation and precipitation systems employed in water and
waste treatment. The principal aim of the proposed research will
be to validate these expressions experimentally or to modify them
as appropriate to describe the flocculation process under steady-
state conditions in stirred reactors. Recognizing that improved
flocculator performance may accompany increased rates of ener-
gy dissipation only if the flocs are sufficiently strong to resist
breakup, a secondary objective will be the investigation of floc
strength and particularly those chemical physical factors that may
increase the resistance of floc to the shearing forces of turbu-
lence. One of the limited aims of this phase of the research will be
the development of a suitable device to measure or provide an
index of floc strength.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0068, THE ACCEPTABIU".1 OF MINERAL TASTE IN
DOMESTIC WATER
A.L. KNUTSON, Univ. of L., phnia, School of Public Health,
Berkeley, California 94720

The major specific aim of this research is to measure con-
sumer attitudes toward mineral taste occurring in 30 carefully
selected California water systems : and then to develop, by
statistical procedures, the best fitting mathematical function
which will describe the relationship between amount of mineral
content in water and measured consumer attitudes. The func-
tional relationship, once developed, will allow limiting standards
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to be recommended for mineral content in domestic water.
Recommending such standards on the basis of scientific data con-
stitutes the general purpose of this research. The standards
recommended will also represent an important step toward the at-
tainment of the long range goal of this type of research: the
establishment of definitive limiting standards for mineral content
in domestic water in order to fully ensure potability for daily con-
sumption.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

5.0069, KINETICS OF ALGAL SYSTEMS IN WASTE
TREATMENT
W.J. OSWALD, Univ. of California, School of Engineering,
Berkeley, California 94720

The objectives of this research arc: (1) To study the kinetics
of algal and algal-bacterial symbiotic systems in biological waste
treatment in relation to variables of substrate concentration
(primarily, carbon nitrogen, and phosphorus sources), light expo-
sure, cell concentrations, and applied turbulence on both a
laboratory and on an outdoor pilot plant scale, (2) To develop a
kinetic model that would incorporate the above variables, and
make it possible to establish design parameters with which can be
made the rational evaluation and prediction needed in utilizing
algal and algal-bacterial systems in biological waste treatment,
i.e., in primary, secondary, and tertiary (algae nutrient removal)
waste water treatment. (3) Using the kinetic approach, to ra-
tionally develop criteria and parameters for use in the design of
systems for accomplishing maximum removal of nutrients
through assimilation by algae or algal-bacterial biomasses and
bringing about maximum photosynthetic production of oxygen,
thereby increasing the efficiency of the system, and hence reduc-
ing their areal and volumetric requirements in practical applica-
tions. (4) Finally, through the development of a rational kinetic
model for algal systems, (a) to provide a basis for a more
adequate exchange and a clearer interpretation of data on waste
treatment and field studies involving such systems than is
presently possible, and (b) to arrive at a common denominator in
the exchange of information with other scientific groups engaged
in studies on systems involving algae.

SUPPORTED BY U.S. Dept. of Interior - F, Water Pol. Ctl

5.0070, HIGH-PRESSURE VAPOR EXTRACTION OF
SOLUBLE ORGANIC SOLUTES FROM AQUEOUS INDUS-
TRIAL WASTE STREAMS
J.M. PRAUSN1TZ, Univ. of California, Graduate School,
Berkeley, California 94720

This work proposes to study gas-liquid-liquid phase equilibria
in aqueous systems at high pressures using a gas as the extracting
solvent. Such equilibria may form the basis of a possible separa-
tion process for certain industrial waste streams. By contacting an
aqueous solution of organic solutes with a gas (such as ethylene or
carbon dioxide) at advanced pressures (vicinity of 600-1000 psia)
twr liquid phases are formed, one of which is very much richer in
the organic solute than the other. Decantation of the two liquid
phases is then followed by pressure release to recover the gaseous
solvent.

SUPPORTED BY University of California

5.0071, SYSTEMS ANALYSIS FOR GROUNDWATER
MANAGEMENT
D.K . TODD, Univ. of California, School of Engineering, Berkeley,
California 94720

The purpose of this proposed research will be to study
selected problems in the management of groundwater systems so
that future operation of the nation's ground water resources can
be more effectively and economically conducted.

(1) Improved modeling techniques; (2) Time lag of ground-
water inflow; (3) Sea water basin boundaries; (4) Groundwater
quality variations. (5) Economic optimization operation.

The salt water boundary for a coastal aquifer has been
modelled with discharge, recharge, and geometry of the outcrop

as variables. The influence of the dynamics of interface on basin
management will be investigated for a range of aquifer conditions.

SUPPORTED BY U.S. Dept. of Interior 0, Water Res. Rch
University of California

5.0072, ELECTROOSMOTIC PUMPING FOR DEWATER-
ING SEWAGE SLUDGE
J. GREYSON, North Amer. Rockwell Corp. , Canoga Park,
California (14-12-406)

To investigate the application of the phenomenon of elec-
troosmosis to dewatering of sewage sludge. The major tasks of the
investigation will include measurements in electroosmotic water
flux rates out of sewage sludge contained in electroosmotic cells
of various designs. The influences of cell geometries electrode
type and configuration, and the chemistry and physics of sewage
sludge will be assessed as to their importance in optimizing de-
watering efficiency. Sludge treatment techniques and/or ap-
propriate filtering media will be sought which will serve to in-
crease electroosmotic dewatering efficiency.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0073, DILUTE SOLUTION REACTIONS OF NITRATE
ION AS APPLIED TO WATER RECLAMATION
F.C. GUN DERLOY , North Amer. Rockwell Corp. , Canoga P
California (14-12-52 )

1. Undertake a literature search of dilute solution reactions
of the nitrate ion. Two groups of reactions are expected to be use-
ful: Reduction of nitrate to nitrite, and deamination to nitrogen.

2. Carry out a testing program using the most promising
chemical systems to determine feasibility of chemically decom-
posing nitrate ion.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0074, A STUDY OF A PROCESS FOR PHOSPHATE
REMOVAL FROM WATER SUPPLIES USING LANTHANUM
PRECIPITATION
H.L. RECHT, North Amer, Rockwell Corp. , Canoga Park,
California (14-12-183 )

A laboratory investigation of the steps of a new process for
phosphate removal from waste water will be performed. This
process involves lanthanum precipitation of the phosphate fol-
lowed by an alkali lanthanum recovery cycle. The purpose of the
proposed program is to assess the technical feasibility of the
process.

The speed and completeness of phosphate removal, and of
each of the other process steps, as well as the extent of lanthanum
and other reagent losses, will be determined parametrically in
batch laboratory test using both pure solutions and sample water
obtained from local treatment plants. From the results of the
laboratory investigation, the technical feasibility of the process
and an initial estimate of possible process economics may be
determined. The results will also serve as a basis for design of an
integrated laboratory process demonstration unit, which in turn
would provide design data for an actual process demonstration
pilot plant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0075, PARAMETRIC STUDY OF THE KINETICS OF
PRECIPITATION AND NATURE OF THE PRECIPITATE
OBTAINED IN PHOSPHATE REMOVAL USING IRON AND
ALUMINUM SALT
H.L. RECHT, North Amer. Rockwell Corp. , Canoga Park,
California ( 14-12-158 )

The rate of precipitate formation and the physical nature,
chemical composition, and solubility of precipitates of phosphate
with iron and aluminum under various conditions encountered in
wastewater treatment will be investigated. Parameters to be stu-
died include phosphate composition and concentration; p11;
T.D.S.; precipitate formation; and stand time, temperature, and
degree of agitation of solution during precipitate formation. Tests
will be performed on pure solutions, synthetic wastewater ef-
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fluents, and with secondary effluent. Results of experimental
work will be used to explain the difference between predicted
theoretical phosphate removals and actual removals, to identify
and explain the mode of action of wastewater components con-
tributing to the differenc, and to suggest improved techniques for
obtaining more complete phosphate removal by these chemical
precipitation methods.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0076, DEVELOPMENT PROGRAM FOR TREATMENT
OF WASTEWATER BY AERATION
B.L. TUFFLY, North Amer. Rockwell Corp. , Canoga Park,
California (14-12-434 )

To develop the ' U-tube' aeration concept for applications in
aeration of sanitary sewer wastewater. This program is considered
to be Phase I of a 3-phase program to develop an effective
technique, employing the U-tube aeration principle, for aerating
sewer wastewater streams. Two applications of particular interest
are aeration of secondary effluent from a sewage treatment plant
and in-situ aeration in sanitary sewer lines to prevent the forma-
tion of anaerobic conditions.

The major tasks for the Phase I study will be a combination of
analyses, engineering design studies, and pilot-scale experiments
which will accomplish the following: 1. Provide experimental
verification of oxygen transfer efficiencies and explore practical
aspects of U tube operation. 2. Investigate two major applica-
tions: a. Aeration of effluent from sewage treatment plant (design
and systems study, not experiments). b. In-situ aeration of sanita-
ry sewer lines.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0077, TERTIARY ACTIVATED SLUDGE TREATMENT
TO RECLAIM WASTES FOR WATER SUPPLY FOR
AGRICULTURAL AND RECREATIONAL PURPOSES
J.R. WRIGHT, Chino City Government, Chino, California 91710

The objective is to demonstrate the performance of a novel
treatment method wherein both secondary and tertiary treatment
are accomplished with an activated sludge process designed to
permit: (I) greatly increased organic loadings; (2) high rates of
cell production resulting in a high nutrient removal (nitrogen and
phosphates); and (3) greatly reduced plant construction costs.
The reclaimed water would be used tfor recreational and irriga-
tional purposes in the proposed Prado Regional Park, being
planned and developed by San Bernardino County. The full
utilization of the available water resource in this arid area will
help meet the needs created by the development of the Prado Re-
gional Park.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Chino City Government - California

5.0078, SORPTION AND MOVEMENT OF POLLUTED
WATER IN SOIL
J.W. BIGGAR, Univ. of California, School of Agriculture, Davis,
California 95616

Necessary information linking the reactions between pesti-
cide and soil, and pesticide and plants, to the characteristics of
each other, the soil solution environment, temperature and water
movement is very spotty and incomplete. Thus this proposal is for
a project to obtain a reasonable amount of related information on
typical soils and selected pesticides related to fixation and move-
ment. Depending upon the type of soil, organic additive and en-
vironment, a number of reactions will determine the extent of
movement and persistence in soils. The organic additive may be
absorbed by soil, exchanged, absorbed by plants, decomposed
into more or less mobile, toxic products, precipitated or leached
into ground water, drainage water and streams.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0079, SOILS, PESTICIDES AND THE QUALITY OF
WATER
J.W. BIGGAR, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

Objectives: (1) To establish whether movement through the
soil constitutes a significant source of the pesticides found in sur-
face and ground water; (2) To identify the properties of pesticides
and of soils that control the extent of movement of pesticides in
and through soils; (3) To ascertain the solubility characteristics of
pesticides sorbed on soil particles and hence the effect of
suspended soil on the concentrations of pesticides in water; and
(4) To ascertain the effects of management of pesticides and land
on the transport, by all means, of pesticides to water supplies.

Description: Measurements will be made to establish the
solubility of materials in aqueous solutions. Adsorption studies at
one or more temperatures on soils and clays will be conducted.
Diffusion measurements in soil and clay plugs by the use of
radioisotopes and miscible displacement experiments involving
soil columns will be conducted.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

5.0080, CHEMISTRY OF BORON IN CALIFORNIA SOILS
R.G. BURAU, Univ. of California, School of Agriculture, Davis,
California 95616

The proposed research will consist of laboratory investiga-
tions on California soils which have naturally accumulated vari-
ous forms of boron in such quantities that the introduction of
boron-sensitive plants may be delayed until extensive reclamation
is performed,

The objectives are as follows: 1. To determine the boron
desorption and adsorption characteristics of several representa-
tive high-boron soil profiles and profile segments. 2. To correlate
the relative ease of boron desorption with other more easily deter-
minable soil characteristics to serve as a basis for classifying field
soils with respect to boron reclaimability. 3. To evaluate leaching
treatments and amendments which may reasonably be expected
to enhance the rate of boron desorption and/or prevent build-up
of toxic soil solution concentrations of boron during reclamation.
4. To determine the forms of boron in various high-boron soils
and to evaluate the influence of each form on the rate of boron
release.

The main approach will be to determine soil solution boron
concentrations as indices of relative plant toxicity as well as to
characterize the rate of desorption during repetitive equilibrium
extractions and during soil column leaching. This information will
be related to chemical and physical characteristics of both the
solid and the aqueous phases.

SUPPORTED BY University of California

5.0081, WATER QUALITY IN RELATION TO PHYSICAL
AND CHEMICAL PROPERTIES OF SOILS AND WASTE
WATERS THEREFROM
L.D. DONEEN, Univ. of California, School of Agriculture, Davis,
California 95616

This research proposal is concerned with the relations
between soil properties and water quality and between soil pro-
perties and quality of its waste water which percolates into un-
derground basins or (re-appears) in surface waters. Several ap-
proaches are contemplated to study the major processes and con-
ditions which affect water from the time it is applied on irrigated
lands to its removal. The re- usability of the waste water for irriga-
tion and other purposes would dep:nd upon its chemical charac-
teristics.

Proposed studies: 1. Predictions on the solubility of gypsum
and lime in water and soil-water systems involving laboratory ex-
periments and computer programming. 2. Predictions on the
quality of waters percolating through non-cropped, stratified soil
columns and stratified substrata (laboratory and field models,
computer programming). 3. Predictions on the distribution of
salts in crraped soil profiles and solutes in drainage waters under
varying degrees of leaching requirements (laboratory and lysime-
ter models, computer programming). 4. Re-use of drainage
waters from cropped soil profiles (lysimeter studies). 5. Salinity
and permeability parameters for agricultural water quality clas-
sification scheme (laboratory, lysimeter, and field data).
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SUPPORTED BY University of California

5.0082, REMOVAL OF STRONTIUM-90 FROM ORGANIC
WASTES
M. GOLDMAN, Univ, of California, School of Veterinary
Medicine, Davis, California 95616

For the past six years a waste treatment facility has been in
operation, decontaminating biologic wastes from a colony of Bea-
gles being fed Sr-90-containing diets. The 200 Beagles and the as-
sociated cage cleaning procedures generate about 700 gallons of
waste per day. Reduction of solids concentration is accomplished
utilizing aerobic and anaerobic digestion plus chemical clarifica-
tion and flocculation prior to pH adjustment and final cationic
exchange on Dowex -50.

During 1966 the ion exchange decontamination factor was
approximately 3000 in the processing of about 250,000 gallons of
waste. The exchange capacity averaged 1.8 mCi of Sr -90 /cu ft of
resin/3100 gallons of waste processed. Ion exchange is monitored
on-line, utilizing a bremsstrahlung counter. Bremsstrahlung
counting has been used to detect Sr-90 concentrations of 0.3
pCi/ml. Expended cationic resins are buried, off-site.

SUPPORTED BY U,S. Atomic Energy Commission

5.0083, PREDICTING THE EFFECTS OF CHANGES IN
IRRIGATION WATER TEMPERATURE CAUSED BY
WATER PROJECTS
R.M. HAGAN, Univ. of California, School of Engineering, Davis,
California 956 16

Construction of reservoirs on rivers flowing from high eleva-
tion watersheds will often lead to a lowering of downstream water
temperature with possible detrimental effects on irrigated crops.
These effects on crop growth and yield cannot be estimated un-
less the magnitude and duration of the effects of irrigation with
cold water on the soil temperature regime are known.

The proposed research plan involves use of a fully instru-
mented plot in the field to determine the effect of the temperature
of irrigation water on soil temperature. The various factors which
influence the change in soil temperature resulting from irrigation
with cold water -- such as amount and temperature of the applied
water, the heat and moisture characteristics of the soil, and
weather conditions will be evaluated. These data will be used to
check predictions of changes in soil temperature regime following
irrigation with cold water. Data will be obtained on the tempera-
ture regime on heat and moisture transfer in Yolo loam before,
during and after irrigation with water of different temperatures.
These include continuous measurement of the soil temperature
and of the soil moisture content down to 4 feet below soil surface,
as well as measurements of the net radiation and evaporation
from the soil surface. Laboratory investigations to determine
some of the heat and moisture characteristics of the soil will be
made in conjunction with the field experiments.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

5.0084, THE ENGINEERING MANAGEMENT OF
AGRICULTURAL WASTES
S.A. HART, Univ. of California, Agricultural Experiment Sta. ,

Davis, California 95616
Objectives: To develop a philosophy, to research into the

fundamentals, and to develop practical technology in the sanitary
management of livestock manures, crop residues, and other
agricultural wastes.

Proposed work: Work is presently being conducted under
USPHS Research Grant EF-265, 'Sanitary engineering applied to
livestock manures.' Under this, a manure lagoon experiment, a
manure pumpability test, and an activated sludge (aerobic treat-
ment process) stabilization of manure experiment are being pur-
sued.

A USPHS Research Grant application, 'Treating suspended
solids in food plant wastewaters,' has been submitted. If ap-
proved, studies on the separation of suspended solids from the

wastewater effluent would be conducted. This would be a study
on the removal, and on the treatment of both the removed solids
and on the remaining effluent.

SUPPORTED BY California State Government

5.0085, SELECTED FACTORS INFLUENCING TASTE OF
DRINKING WATER
R,M. PANGI3ORN, Univ. of California, School of Agriculture,
Davis, California 95616

This laboratory study of selected factors influencing taste of
drinking water has completed an investigation on the effect of
solution temperature on the taste threshold, subjective intensity
and degree of liking of varying concentrations of sodium chloride.
The second phase will involve direct measurement of temperature
in the mouth to ascertain the effect of solution temperature on
thermal changes at the receptor sites. Additionally, samples of
saliva will be collected to determine whether response to sodium
compounds is related to the sodium content of the saliva.

The effect of carbonation of mineralized waters on resultant
taste quality will be established, followed by studies on
chlorinated and fluoridated waters.

SUPPORTED BY U.S. Dept, of filth. Ed. & Wel. - P.H.S.

5.0086, ANIMAL, FORAGE AND WATER RESOURCES
FOR BEEF PRODUCTION
C.A. RAGUSE, Univ. of California, Agricultural Experiment Sta. ,

Davis, California 95616
Objectives: ( I ) To obtain further information regarding

animal and plant performance on continuous vs. rotation irrigated
pastures. (2) To determine what special problems of irrigation
water management may be related to continuous and rotation
grazing systems. (3) Preliminary evaluation of animal and plant
performance where irrigated pasture is used as a supplement in-
stead of as total intake.

Description of Work Proposed: Land at Davis and at the
Sierra Foothill Range Field Station will be used. Grazing experi-
ments at Davis will measure animal average daily gain, carcass
gain and quality, forage intake and digestibility and forage botani-
cal composition, availability and utilization. Fractional intake
from irrigated pasture will be achieved by using fractional acre-
ages and regulating length and frequency of grazing interval.
Feed-lot treatments will be used as controls. Water in the soil
profile will be monitored and irrigation amounts and frequencies
adjusted to prevent plant water stress. Measurements will be
made to determine if differential degrees of soil compaction
occur as a result of grazing management. Field Station work will
be developmental; project to be revised before active grazing ex-
periments are begun,

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

5.0087, COOPERATIVE BIOLOGICAL PEST CONTROL
RESEARCH
J.R. TEER /NK, Univ. of California, School of Engineering, Davis,
California 95616

General Objective: Determine economical methods of con-
trol of biological pests in water storage and conveyance facilities
which will not adversely affect the beneficial uses of water.

Activities: 1. Investigation of life cycle and reproduction
rates of aquatic plants found in California canals and reservoirs.
2. Investigation of selected chemicals to control aquatic plants. 3.
Laboratory and pilot model studies to determine effects of chemi-
cals on aquatic pests under controlled conditions of velocity, tur-
bidity, and water quality. Also determine persistence of chemicals
after treatment. 4. Field evaluations of biological growths in
aqueducts.
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SUPPORTED BY California State Government
University of California
U.S, Dept. of Interior - Bu. Reclamation
U.S, Dept, of Agriculture

5.0088, EUTROPHICATION OF SURFACE WATERS -
LAKE TAHOE
p.H. MCGA U HEY , Lake Tahoe Area Council, El Cerrito, Califor-
nia 94530

This project is designed to demonstrate what compounds,
nutrients, etc, occurring in the effluent from conventional or ad-
vanced waste treatment processes or storm water runoff con-
tribute to the eutrophication of surface waters in general, and in
Lake Tahoe in particular. Initial studies will be in laboratory-scale
growth units with later studies in plant demonstration ponds.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pal, Ctl
Lake Tahoe Area Council

5.0089, BIOLOGICAL METHODS OF SLUDGE DE-
WATERING
F.R. BOWERMAN , Aerojet General Corporation, El Monte,
California 91734 (14.12.427)

A twelve-month program is proposed to investigate the poly-
beta hydroxybutyric acid depolymerase activity of various
microorganisms and to prepare extracts displaying such activity.
These enzyme preparations would be applied to typical microbial
sludges obtained from activated sludge plants to determine the ef-
fect on water retention of the sludge. Satisfactory demonstration
of a beneficial effect would lead to screening of microorganisms
for an extracellular source of the enzyme. Factors that affect en-
zyme production and stability will also be investigated,

SUPPORTED BY U.S. Dept, of Interior - F. Water Pal, Ctl

5.0090, A METHOD FOR ASSESSING THE EXTENT OF
POLLUTION FROM STORMWATER RUNOFF FROM AN
URBAN AREA
D.L. FEUERSTEIN, Aerojet General Corporation, El Monte,
California 91734

The program will prepare designs of and develop a cost effec-
tiveness evaluation procedure for a number of alternative solu-
tions to storm and combined sewer problems extant at the City of
Sacramento, Calif. The program will utilize a systems approach
and will be designed to provide a solution to the problem at Sacra-
mento that will have applicability to sewerage systems throughout
the nation with similar characteristics. The program will: (1) pro-
vide hydrologic bases and waste water compositions for the
design of seven candidate systems; (2) develop preliminary plans
for each alternative system to assess the costs; (3) estimate con-
struction, operation, and maintenance costs of each system; (4)
collate and evaluate data from field investigations so as to provide
a maximum national utility; (5) and provide recommendations in
the form of a ranking of alternative systems in terms of cost and
adverse or beneficial effects on the community.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0091, ROLE OF SOLIDS IN COMBINED SEWAGE POL-
LUTION
D.L. FEUERSTEIN, Aerojet General Corporation, El Monte,
California 91734

The program will establish the characteristics of combined
sewage that are of significance with respect to solids separation
operations and will invcstiage the feasibility of applying these
operations for reduction of pollution from combined sewage
overflows. The program consists of the collection and analysis of
representative samples from the heterogeneous combined sewage
and the conduct of laboratory studies to assess the impact of
solids on disinfection practices. Sampling methods provide for
determination of gross particle size distribution by screens in situ;
thus actual effects of screening on particle coelescence and disin-
tergration, solids separation and retention, and flow disturbance
will be integrated into the results.

The sampling program will be performed in San Francisco,
Calif.

SUPPORTED BY U.S. Dept. of Interior F, Water Pol, Ctl

5.0092, RENOVATION OF MUNICIPAL WASTEWATER
BY REVERSE OSMOSIS SYSTEMS
D.L. FEUERSTEIN, Aerojet General Corporation, El Monte,
California 91734 (14-12-184)

To perform laboratory-scale investigations to enhance and
extend existing knowledge of the reverse osmosis process to waste
water renovation applications and to determine operating
parameters and relations required for system evaluation and op-
timization, as set out herein.

Laboratory-scale studies shall be performed using several
grades of municipal waste water representing a broad spectrum of
effluent qualities.

Except where noted and where necessary to the conduct of
this program, flat membrane tests cells shall be utilized,

The laboratory-scale studies shall consist of three separate
series of tests designed to elucidate and quantify for the reverse
osmosis process the general performance, the effect of suspended
solids on performance, and the membrane degradation by suspect
compounds,

A mathematical model will also be developed to express the
effect of above variables on process performance.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0093, DEVELOPMENT OF ECONOMICAL METHODS
OF BORON REMOVAL FROM IRRIGATION RETURN
WATERS

GRESSINGH, Aerojet General Corporation, El Monte,
California 91734

The purpose of this contract is to perform a laboratory in-
vestigation (Phase I) and a field evaluation (Phase II) of methods
for the economical removal of boron from irrigation return water
in conjunction with the reverse osmosis process.

In Phase 1, two or three conventional water treatment
processes will be selected, through laboratory studies and cost
analysis, as the most promising methods of boron removal for fu-
ture testing in field scale operation. The purpose of the field
evaluation (Phase II) is to develop realistic design criteria and
process costs in order to prepare economic estimates of boron
removal facilities in reverse osmosis plants of 1, 10 and 50 mgd
capacities,

Three removal approaches will be used in this study. They
arc: by a pretreatment step prior to reverse osmosis processing; by
conversion of the boron to a form impermeable to the reverse os-
mosis membrane; and as a post-treatment operation on the
reverse osmosis product stream.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0094, ANALYTICAL INSTRUMENTATION FOR
DETERMINING LOW LEVELS OF TOTAL ORGANIC CAR-
BON IN WATER
R.M. ROBERTS, Aerojet General Corporation, El Monte,
California 91734 (14-12-182)

The Contractor shall provide the necessary personnel,
materials, and facilities, and it shall exert its best efforts to
demonstrate the feasibility of measuring, on a absolute basis, the
total organic carbon (TOC) content of water containing 0.1 to 20
milligrams-per-liter (mg/1) of such contamination expressed as
TOC. An instrument based on the measurement principal derived
there from shall then be designed, fabricated, evaluated, and
suitably refined; after which, the refined instrument shall be
demonstrated at the Cincinnati Water Research Laboratory.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0095, REVERSE OSMOSIS TO REMOVE DISSOLVED
SOLIDS FROM RENOVATED WASTE WATER USED IN
GROUND WATER RECHARGE
D.E. BOEN, Eastern Municipal Water Dist. , Hemet, California
92343

The objective of this project is to demonstrate the use of
reverse osmosis in reducing the concentrations of total dissolved
solids in sewage treatment plant effluents, which are used in a
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ground-water recharge program. The reduction is necessary in
order to maintain satisfactory concentrations of salts and refrac-
tories in ground water despite continuous recycling. Further, the
aim is to demonstrate the use of the reverse osmosis unit as an in-
tegral element in the total system of water reclamation and reuse
required because of the water shortages in an arid area.

The treated effluent, used in the ground-water recharge pro-
gram, will aid in maintaining the proper balance of water quality
m the total water management system.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Hemet City Governme California

5.0096, TERTIARY SEWAGE TREATMENT FOR REUSE
EPPINGER, Irvine Ranch Water District, Irvine, California

92664
The purpose of this project is to demonstrate a system of ter-

tiary sewage treatment which will provide a final effluent, from
secondary treatment plant effluent, which will meet quality
requirements for recreational, agricultural, and other uses. Such a
water can therefore be fully used in the District's water reclama-
tion and reuse plan.

The project is expected to demonstrate a novel method of
phosphate removal through sludge concentration and chemical
addition; an increased organic loading rate to the existing aera-
tion units; and the removal of tastes, colors, turbidity, odors, and
ABS with adsorption in carbon contractors. It is also expected to
demonstrate the removal of viruses with chemical addition and
filtration and a high rate of nitrogen removal through the addition
of pure organics in the carbon adsorption units.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Irvine City Government - California

5.0097, EFFECT OF PHOSPHORUS REMOVAL
PROCESSES ON ALGAL GROWTH
J.W. SCHERFIG, Univ. of California, School of Engineering, Ir-
vine, California 92664

Increasing eutrophication of surface waters combined with a
growing need for recreational water areas necessitate greater con-
cern for removal of biostimulants including the classic nutrients
from treated waste water. Major emphasis has been on methods
for reducing the phosphorus and nitrogen content in effluents by
combinations of chemical and biological processes.

There is however, little scientific evidence indicating that the
efficiency of a treatment process in terms of the removal of
biostimulants, can be measured only by the degree of phosphorus
or nitrogen removal. Organic compounds acting as growth stimu-
lants (such as vitamins) may be produced in significant quantities
in traditional biological waste treatment processes.

Because of the complex and little understood phenomen re-
lated to algae blooms, the efficiency of current and proposed
phosphate removal processes must be evaluated with respect to
the removal of all biostimulants. The research proposed will seek
to evaluate the individual steps in a sequence of treatment
processes on the direct basis of algal growth in their effluents. It is
believed that such information will provide a more rational basis
for design of waste water treatment plants.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0098, A SALT BALANCE INVESTIGATION ON THE
SANTA ANA RIVER BASIN ABOVE PRADO DAM
G.T. ORLOB, State Water Resour. Contr. Bd. , Lafayette, Califor-
nia 94549

Objectives: The development of methods and techniques
whereby the quality of the underground basins of the Upper Santa
Ana River can be controlled within the objectives prescribed by
the Santa Ana Regional Water Quality Control Board, including:
I) Determination of salt balances for ground water units as they
relate to the cause or causes of the change in water quality condi-
tions of the study area, 2) Assessment of the relative contribu-
tions to the changes from each cause, 3) Development of practi-
cal means and economical means for controlling water quality
where required, 4) Assessment of the existing water quality objec-

tives, and 5) The use of automatic data processing and modeling
techniques for prediction of water quality changes in a ground-
water system.

Approach: The use of 'systems analysis' techniques where
applicable, collection of pertinent data, and engineering evalua-
tion of the system.

SUPPORTED BY California State Government

5.0099, CANNERY WASTE RESEARCH PROJECT
G.T. ORLOB, State Water Resour, Contr. Bd. , Lafayette, Califor-
nia 94549

Objective: The development of tools for engineering-
economic analysis of cannery and municipal waste treatment
systems; including: 1) modeling of unit process performance. 2)
cost analysis of unit processes 3) economic analysis of in-plant
treatment systems 4) preliminary design of optimum waste han-
dling systems for cannery wastes and 5) development of equitable
municipal treatment allocation schemes

Approach: 'Systems Analysis' for studying waste treatment
problems via the tool of the digital computer. Use of 'dynamic
programming' as a tool for optimum design.

SUPPORTED BY California State Government

5.0100, PROPOSAL TO DEVELOP A HIGH-PRESSURE-
FOAM WASTE WATER TREATMENT PROCESS
D.E. GARRETT, Garrett Res, & Dev. Co. Inc. , Laverne, Califor-
nia 91750 (14-12-176)

A pressure foaming process will be investigated for removal
of soluble organics, suspended material, and certain inorganic
materials. The use of pressures above atmospheric allows ad-
vantage to be taken of dissolved air flotation. Work would include
dissolved air alone and a two-phase mixture of water containing
dissolved air and air bubbles. Soluble organic and suspended solid
removal can be obtained without use of additives. Inorganic
removal will require use of flocculating chemicals.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0101, RADIONUCLIDE METABOLISM IN AQUATIC
ANIMALS
F.L. HARRISON, Univ. of California, Lawrence Radiation
Laboratory, Livermore, California 94551 (W-7405-ENG-48 )

The 'rate of accumulation and loss of radionuclides by fish
and shellfish is being evaluated to better predict the amount of
radioactivity which may be acquired from the consumption of
contaminated aquatic animals. Our approach to the problem is to
study in depth representative marine and fresh-water animals, to
investigate in these animals the metabolism of those elements that
are present in significant concentrations and whose radionuclides
are produced in nuclear events, and to consider environmental
variables that might be expected to affect their radioactive bur-
den. Long-term experiments on the uptake of radionuclides are
performed in aquarium systems designed to maintain essentially
constant the level of one or two elements. This simulates an en-
vironment that might exist downstream from a reactor or from
leaching from a large source.

The fresh-water clam, Anodonta nuttalliana Lea, has been
used as a representative bivalve mollusc. A series of short-term
experiments with radionuclides showed that divalent ions such as
those of Ca, Mn, Zn, and Co were accumulated in the labial palps,
gills, mantle and calcareous tissue. Trivalent ions such as those of
Fe, Sc, Eu, and Cr were accumulated in the digestive tract. The
uptake of Mn54 and Zn65 were observed over a period of five
months. Uptake rates varied widely in the body parts. The effects
of temperature, stable-element concentration and size on uptake
rates were evaluated. Increases in temperature and Mn and Zn
concentrations resulted in increased uptake rates. In general, the
large animals had a lower uptake rate per gram tissue than the
small ones.
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SUPPORTED BY U.S. Atomic Energy Commission
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0102, BIOLOGICAL AVAILABILITY OF NUCLEAR
DEBRIS TO AQUATIC ANIMALS
F,L. HARRISON, Univ. of California, Lawrence Radiation
Laboratory, Livermore, California 94551 ( W-7405-ENG-48)

The accumulation of radionuclides from debris from specific
Plowshare events is being observed in aquatic animals. Because of
their physical or chemical state some radionuclides in debris may
be unavailable to animals. This parameter is important to know
under conditions where the feasibility of an event is questionable
if the activity released were totally available to organisms in the
ecosystem.

Debris is added to marine and fresh-water aquarium systems
and the levels of specific radionuclides compared in the water and
in edible parts of representative aquatic animals in the food chain
of man (fish, clams and crayfish or crabs). Concomitant with the
balanced aquarium studies, aliquots of the debris are leached with
waters from representative ecosystems as controls to determine
whether availability changes occur in the presence of the living
organisms.

SUPPORTED BY U.S. Atomic Energy Commission

5.0103, MORPHOLOGY AND STABILITY OF STREAM
CHANNELS IN SOUTHERN CALIFORNIA
R.B. HICKOK, U.S. Dept. of Agriculture, Lompoc,, California

Objective: Methods for predicting and control of gully and
stream channel erosion, and sediment deposition damage.

Plan of Work: Evaluate processes of channel aggradation,
degradation, horizontal realignment, and changes in cross-sec-
tional shape and net sediment yield in relation to types of bed and
bank materials, upstream sediment sources, streamflow regimes
and control measures.

SUPPORTED BY U.S. Dept. of Agriculture

5.0104, A STUDY OF THE EFFECT OF ULTRASONIC
ENERGY ON WASTE WATER
R. ROD, Amer. Process Equipment Corp. , Los Angeles, Califor-
nia 90045 (14.12-196)

To prepare a report covering a study of the effect of ul-
trasonic energy on three characteristics of waste water, namely;
disinfection, ammonia nitrogen content and refractory organic
content. In each of the three areas of interest, the feed water shall
be processed through two different air-operated ultrasonic
atomizers, one operating at 50 KHz and the other at 100 KHz. In
addition, an ultrasonic atomizing nozzle energized by an electro
restrictive transdoer-horn assembly operating at a frequency of
20 KHz shall be evaluated.

SUPPORTED BY U.S. Dept. of interior - F. Water Pol. Ctl

5.0105, FABRICATION AND EVALUATION OF AN UL-
TRASONIC FILTRATION SYSTEM FOR TREATING COM-
BINED SEWER OVERFLOWS
R.L. ROD, Amer. Process Equipment Corp. , Los Angeles,
California 90045 (14-12-195)

Development arid test of an automatic sewage filtration
system that cleans itself with ultrasonic energy, applied not only
during backwash cycles, but also periodically during forward flow
to enhance the dirt holding capacity of the filter.

The system consists of multiple canisters mznifolded
together, each containing a permanent porous filter element, and
each fitted with an ultrasonic transducer, which is energized by an
ultrasonic generator control circuit, for cleaning the filter ele-
ment.

Filter pore sizes to be evaluated are 100, 50, 20, 10 and 1
micron. Laboratory tests will determine: Biochemical oxygen de
mand reduction; suspended solids reduction; and analysis of
results to determine most economical and practical pore size, and
over-all system configuration.

Initial work in Los Angeles, California, followed by fabrica-
tion in Panama City, Florida, and field tests at a site to be
designated.

5.0106, BACTERIOLOGY OF BIODEGRADABLE SUR-
FACTANTS
D.A. ANDERSON, Calif. State College, Graduate School, Los An-
geles, California 90032

This investigation is concerned with responses of typical
Gram negative and Gram positive bacteria when grown in the
presence of various molecular varieties of syndets. Representative
anionic or nonionic biodegradable surfactants used include:
dodecylbenzene sulfonates (linear), ethoxylated alcohols, ethoxy-
lated alkyl phenols, alkyl ether sulfates, taurates, and ricinoleates.
Gram negative bacteria used are primarily strains of Escherichia
coli and Pseudomonas spp. Gram positive forms are mostly
Staphylococcus spp. and Bacillus spp.

Gram negatives typically exhibited a temporary inhibition of
growth in the presence of certain surfactants followed by rapid
proliferation with profuse production of a pervasive slime. Roles
of cell membrane leakage, extracellular synthesis of slime, or
both, are being studied. Chemical nature of the slime is being in-
vestigated. An apparent blocking of phage receptor sites by slime
has been observed and is under study. Attention is also being
given to effects of the slime on pili and flagella.

With Gram positive bacteria, quite different growth respon-
ses have been noted. Non-sporing or vegetative cells of sporefor-
mers appear to be uniformly rendered nonviable. Lethal damage
to cell membranes or cell walls is under study. In addition to the
usual chemical and physical procedures, extensive use is being
made of electron microscopy.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0107, CHARACTERIZATION OF THE ACTIVATED
SLUDGE PROCESS AT THE HYPERION TREATMENT
PLANT
A.D. LEIPZIG, Los Angeles Bd. of Pub. Works, Los Angeles,
California (14-12-148 )

The objectives of the testing program to be carried out at the
Hyperion Treatment Plant in Los Angeles can be divided con-
veniently into two parts. The first objective will be to develop a
set of plant characteristics which will represent the average (24
hr. composite) performance of the plant.

The second objective (corresponding to Phase 11) will be to
study the time dependent or transient behavior of the plant by
varying the influent stream in some predetermined way as a func-
tion of time and then making measurements of flow and concen-
tration at various stations as a function of time (at one hour inter-
vals). The purpose of Phase II will be to generate the necessary
data to develop a dynamic or time dependent mathematical
model for the activated sludge process.

The model will then be used to select the most practical
method for controlling the plant to achieve improved plant per-
formance and a more uniform water quality at the effluent weirs
of the final settler.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0108, ANTELOPE VALLEY WASTE WATER RECLA-
MATION FACILITY
J.A. LAMBIE, Los Angeles Co. Government, Los Angeles,
California

The objective of this project is to demonstrate how wants,
waters can be reclaimed and utilized for agricultural, industrial,
and aquatic recreational purposes. Tertiary treatment facilities
will be used to produce the desired quality of effluent. These
facilities will include oxidation ponds, chemical treatment, floc-
culation, clarification and filtration.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Los Angeles County Government -

California

5.0109, PHOSPHORUS REMOVAL BY ADDITION OF
ALUMINUM TO THE ACTIVATED SLUDGE PROCESS
C. CARRY, Los Angeles Co. San. Oast. , Los Angeles, California
90057 (14-12-152)
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The objective is to determine the reliability, efficiency and
economics of the phosphorus removal process as developed by E.
F. Barth and M. B. Ettinger of CWRL. The plan is to divide the
three month test period into three month-long tests as follows: 1.
First month - Sodium aluminate addition. 2. Second month - Alu-
minum sulfate addition; lime will be added as necessary to main-
tain phosphate removal. 3. Third month - Both aluminum sulfate
and sodium aluminate addition, the relative qu-ntities being ad-
justed to maintain the pH at the optimum determined above.

Aluminum dosage in proporation to the phosphorus concen-
tration will be optimized. The aluminum salt solutions will be
added to the wastewater before the point of entry of the primary
effluent into the aerator.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Los Angeles County Government -

California

5.0110, SUPPORT OF THE ADVANCED WASTE-TREAT-
MENT PILOT PLANT AT POMONA, CALIFORNIA
J.D. PARKHURST, Los Angeles Co. San. Dist. , Los Angeles,
California 90057 (14-12-150)

The objectives of the contract are to allow continuation of
studies in order to define cost estimates and operating parameters
of the various AWT processes under study.

The pilot plant located at the site of the Pomana, California
Water Renovation Plant has been investigating the advanced
waste treatment proce, sses since 1964. Investigation of some
processes has been continued and others started as the need war-
ranted. Investiations are continuing on absorption on granular
carbon, denitrification on carbon and sand, reverse osmosis and
ion exchange, among others.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0111, EDDY DIFFUSION AND BACTERIAL REDUC-
TION IN WASTE FIELDS
J.E. FOX WORTHY, Univ. of Southern California, Graduate
School, Los Angeles, California 90007

The principal objectives of the proposed work are: I. To
further demonstrate the applicability of previously proposed con-
tinuous volume source diffusion models to the dispersion of con-
servative tracer dye and bacteria within surface waste fields in the
sea. 2. To ascertain the effect of the type of submarine outfall on
the rate of dispersion of tracer dye and bacteria. 3. To determine,
under field conditions, the rates of disappearance of coliform and
Fecal Streptococcal Group bacteria. 4. To investigate the effect
of vertical mixing combined with radiant energy (sunlight) on
bacterial disappearance in surface waste fields.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0112, ULTRAVIOLET ABSORPTION IN COASTAL
WATERS
R.B. TIBBY, Univ. of Southern California, Graduate School, Lo!:
Angeles, California 90007

The proposed work revolves around the basic hypothesis that
UV absorbance is a quantitative measure of the extent and dilu-
tion of a marine sewage field and that it is directly related to or-
ganic load and may be a better index to organic load than HOD.

Improved methods developed during the past year for deter-
mining dissolved, particulate and total carbon, and for separating
the contributions of organic and inorganic constituents of the
waste field and of the background waters, now will be applied in
situ and in conjunction with the routine monitoring programs of
selected waste disposal agencies in Southern California whose
discharge is subject to primary, secondary, or tertiary treatment.

The procedures also may provide information on the rates of
biodegredation in the marine environment.

Present studies on the productivity of phytoplankton and
benthic algae by oxygen evolution and isotopic carbon uptake will
be continued, and will be correlated with the release of extracel-
lular metabolites as determined by UV absorbance.

SUPPORTED BY U.S. Dept. of Interior - F, Water Pol. Ctl

5.0113, TERTIARY TREATMENT IN THE PURIFICA-
TIT.ON OF WASTE WATER
A.F. BUSH, Univ. of California, School of Engineering, Los An-
geles - U.C.L.A. , California 90024

Tertiary treatment process using trickling filter and clay
coagulation to remove nitrates, phosphates, and biological con-
taminants from waste water is recommended in order to improve
the prospects for wide use of reclaimed supplies.

As population density increases waste disposal must be
oriented toward cleaner water with eventual use of reclaimed
water rather than disposal.

Modern sewage treatment, like the septic tank, has
duplicated many of the natural processes of waste stabilization.
The aerobic conditions in the trickling filter and activated sludge
systems have improved the process of biodegradation and effec-
tively destroyed the proteins, carbohydrates and fats. The water is
then disposed of on spreading grounds, or into streams or oceans.

One of the advantages of soil percolation is that the water is
purified by passing through it. The question arises whether a
system can be developed which will produce all the results of the
natural soil in a water purification process. It is a well established
fact that clay in the soil profile removes phosphate and detergent.

It is now proposed that such results might be produced or
closely approximated by a sequence of steps in which the trickling
filter, followed by clay and alum flocculation unit and sand filter
becomes the tertiary step following the algae pond (which in turn
follows the activated sludge treatment).

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0114, A MATHEMATICAL MODEL FOR REGIONAL
TREATMENT OF WATER POLLUTION SYSTEMS
G. W. GRAVES, Univ. of California, Graduate School, Los Angeles
- U.C.L.A. , California 90024

The aim of this study is a determination of the best integrated
regional treatment plan to achieve desired dissolved oxygen goals
on an estuary or connected inland waterway. In addition to per-
mitting differential treatment at the polluters this model in-
troduces the options of by-pass piping and piping to central re-
gional treatment plants.

In the first phase, pure by-pass piping was employed to
achieve prescribed dissolved oxygen profiles on the Delaware
estuary. The solutions obtained in this phase demonstrated that
by-pass piping can achieve substantial improvement in heavily
polluted sections of the Delaware at modest Cost with only slight
deterioration in the other sections. The recuperative capability of
the estuary, as reflected in the transfer functions, provides a very
low cost natural treatment facility when employed intelligently.
The dissolved oxygen profile of the estuary is very sensitive to the
discharge pattern.

In the second phase, by-pass piping will be combined with
differential treatment at the polluter. Unfortunately the combined
options generate non-linear constraints in the very large mathe-
matical programming model. Nevertheless, an attempt will be
made to obtain actual numerical solutions for the Delaware estua-
ry. The third phase will attempt to determine the optimal number,
location, and capacity of regional treatment plants to be em-
ployed in conjunction with by pass piping and differential treat-
ment at the polluter.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0115, OCEANOGRAPHIC FACTORS IN THE FUNC-
TIONAL DESIGN OF WASTE DISPOSAL SYSTEMS
J.W. JOHNSON, Univ. of California, Water Resources Center,
Los Angeles - U.C.L.A. , California 90024

In the design of waste disposal systems, such as ocean sewer
outfalls, cooling water waste lines from nuclear power plants, etc.,
a large variety of technical problems remain to be solved to place
such sound design on a sound scientific basis. The three major
areas of studies have been: I. The mixing of a buoyant jet being
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discharged horizontally at the water surface. 2. The mixing of a
series of buoyant jets being discharged horizontally from both
sides of a manifold placed at the bottom of a tank. 3. The mixing
caused by the mass transport associated with surface waves hav-
ing a circular normal directional spectra,

The laboratory work done previously at UCB in regard to
Item 1 was re-examined, and compared with the results of work
done subsequently by other institutions. These results were then
compared with the two sets of prototype data with which the in-
vestigators were aware: The Pacific Gas & Electric Plant at Morro
Bay, California, and the discharge of the Columbia River into the
North Pacific Ocean. The data compared favorably, on a gross
basis. It became evident that the laboratory work should be ex-
tended to much smaller values of Froude number and that the
statistical fluctultions of temperature and salinity in the mixing
jet should be studied in detail.

In regard to Item 2, the results of the studies of single jets by a
number of investigators were compared, and a preliminary report
written on the findings. It was evident that no additional work
need be done on the portion of a single jet between the bottom
and surface, but that there is essentially no information on the in-
teraction of multiple jets from a manifold. The laboratory equip-
ment has been designed, covtructed and tested, with preliminary
tests made.

The results of a theoretical study of Item 3 have been nega-
tive, in the sense that there appears to be no mixing caused by the
mass transport of waves with a circular normal distribution. How-
ever, the theoretical study was linear, and there may be some non-
linear mechanism that exists.

SUPPORTED BY University of California

5.0116, MARKETS TO 1980 FOR WASTE WATER
TREATMENT AND RENOVATION FACILITIES
R.E. DELARUE, Stanford Research Institute, Menlo Park,
California

The overall objectives of the study are (1) to identify markets
whose growth will offer business opportunities to suppliers of
equipment, chemicals, materials, and services for waste water
treatment; (2) to establish a timetable for the growth rates of
these markets; and (3) to identify business strategies through
which companies can successfully penetrate the markets. Specifi-
cally, the objectives are to:

1. Forecast the markets of 1980 for both municipal and in-
dustrial waste water treatment facilities that will be required for
treatment of waste water either for release or reuse; including
cooling towers.

2. Forecast the markets to 1980 for equipment (including in-
strumentation) and services for both ,municipal and industrial
facilities.

3. Forecast the markets to 1980 for chemicals, materials, and
supplies that will be consumed in the operation of mut' zipal and
industrial facilities.

4. Evaluate the effects of antia;pated government legislation,
policies, and expenditures on the markets for waste treatment and
renovation,.

5. Identify and analyze the criteria necessary for sponsors to
compete successfully and profitably for these markets.

SUPPORTED BY Stambrd Research Institute

5.0117, REMOTE SENSING IN WATER QUALITY CON-
TROL
R.I. WELCH, Stanford Research Institute, Menlo Park, California

The study investigated methods for evaluating the California
marine and freshwater resources tind environment by remote
sensing. Sea dyes were released in areas of known pollution to
monitor effluent dissipation by multiband and color aerial
photography. Sediments and vegetation conditions were studied
on aerial photos. Mapping, identifying and evaluating health and
vigor of kelp beds is being studied. Detection of oil slicks was in-
vestigated. Investigations were conducted with comprehensive
ground checking and underwater photography.

SUPPORTED BY Stanford Research Institute

5.0118, HYDROLOGY OF CACHUMA RESERVOIR
E.R. HEDMAN, U.S. Dept. of Interior, Geological Survey., Menlo
Park, California

The objective of this project is to evaluate proposed air-injec-
tion systems to minimize thermal stratification in large reservoirs
in order to (1) increase the dissolved oxygen content of the deep
water, (2) prevent the development of dissolved hydrogen sulfide
and other sources of bad taste and odor, and (3) reduce the con-
centration of phytoplankton populations in water to be withdrawn
and treated for domestic use The chemical and biological effects
of air injection in lake water will be studied. Field and laboratory
experiments will be conducted to study the effects of air injection
in a controlled environment. The changes in phytoplankton popu-
lations, water quality, and temperature will be studied with varied
thermal stratification.

This rf.-Aearch is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of California.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
California State Government

5.0119, CHEMISTRY OF HYDROSOLIC METALS IN
NATURAL WATER
J.D. HEM, U.S. Dept. of Interior, Geological Survey, Menlo Park,
California

Certain metallic elements readily precipatate as oxides or
hydroxides at the pH and redox potential normally occurring in
aerated natural water. The most common of these elements, iron,
manganese, and aluminum are being studied under this project.

One aim of the research project has been to provide a more
complete understanding of the factors affecting solubility of iron
and manganese in natural water so that the problems of removal
from water supplies can be approached more logically.

Phases 1 and 2 of this project, the study of iron and man-
ganese chemistry respectively, have been completed. Phase 3,
concerned with aluminum chemistry, is in progress.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

5.0120, ORGANIC SUBSTANCES IN WATER
W.L. LAMAR, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

Wide and complex varieties of organic substances are
present in water and the number of the organic pollutants
reaching water supplies is rapidly incre;,sing. Knowledge of the
extent, character, and composition of organic substances in water
has lagged significantly behind that of the mineral components.

The work involves largely the development of methodology
for the separation, identification, and measurement of organic
substances in water. The initial work has been concerned with
natural organic substances in water. The processes being
developed basically involve extraction, vacuum evaporation,
chromatography, and infrared spectroscopy.

The development of highly sensitive techniques for the
separation, identification, and measurement of pesticides in water
will be continued. Recovery studies will be continued and ex-
tended to cover additional pesticides to those already in-
vestigated. Efforts will also be directed toward the development
of an electron capture gas chromatographic procedure for the
analysis of chlorinated phenoxy acid herbicides and their deriva-
tives in water.

SUPPORTED BY U.S. Dept. of Interior - Geological

5.0121, HYDRODYNAMIC STUDIES FOR ELECTRON-
ALYSIS
G.A. CUTER, Mcdonnell Douglas Corporation, Newport Beach,
California

The scope of work will be dkected toward improving the
electrodialysis process through a study of the hydrodynamic fac-
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tors associated with the mass transfer of electrolytes from dialy-
sate to concentrate streams, Recognizing the importance of
spacer design on the electrodialysis process, Astropower Labora-
tory is developing experimental techniques to study spacer
hydrodynamics in actual stack configurations, A unique photo-
graphic technique has been developed which gives accurate and
rapid measurements of local flow velocities of electrolyte over the
surfaces of membranes and is able to detect regions of stagnant
flow and the relationship of these regions to a given spacer design.
The Douglas hydrostatic channel, designed especially for
hydrodynamic studies on scale models, is also applicable to
spacer studies and will obtain three -dimensional flow patterns
and velocities in simulated electrodialysis channels. Local cu, ent
density measurements such as the shadowing effect of spacers wilt
also be evaluated. The research program will study the
hydrodynamic effects of a number of spacer designs now in com-
mon use. Beyond that, new spacer designs will be evaluated and
an optimum design will be determined. These experiments will in-
clude studies with large size membranes and spacers used in pilot
plants of high capacity. Work with laboratory size apparatus is
also included.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Watcr

5.0122, ORGANIC MATTER AND ITS ROLE IN WATER
QUALITY
J.J. CONNORS, East Bay Municipal Util. Dist. , Oakland, Califor-
nia 94623

An investigation of the sources and effects of organic matter
in a complex metropolitan water system with the goal of defining
the bases on which controls may be economically exerted to
reduce the organic content of water to an acceptable level. Con-
sideration to be given to raw water reservoir management for tnis
purpose, in the context of multiple use, and to the removals ef-
fected by coagulation and filtration. Later phases to recognize the
qualitative differences in the maintenance of water quality.

SUPPORTED BY U.S. Dept. of filth. Ed. & Wel. - P.H.S.

5.0123, ENGINEERING INVESTIGATION OF STORM
WATER INFILTRATION INTO SANITARY SEWERS OF
THE EAST BAY MUNICIPAL UTILITY DISTRICT
J. WPITE,Metcalf & Eddy, Palo Alto, California

Sanitary sewage flows from Oakland, Berkeley, and other ci-
ties in the East Bay area are treated and disposed of through
facilities of the East Bay Municipal Utility District. During
periods of rainfall, storm water gains access to the sanitary sewers,
through infiltration and other means, causing overflows in the
system and by-passing of the treatment plant resulting in pollution
of San Francisco Bay. The work includes the selection of specific
areas for intensive study, the installation of flow measuring and
sampling equipment as well as raingages to obtain detailed infor-
mation on the quantity and quality of storm flows as related to
storm patterns, the development of alternate solutions for control
of pollution, development of generalized cost data, and prepare-
' ;on of preliminary plans for recommended solution. Procedures
include the relating of storm flows to system characteristics, rain-
fall, geological and geographical conditions, and land use;
development of techniques for extrapolation of subarea data to
whole system by systems analysis, quantitative effects on receiv-
ing waters, and cost effectiveness of various solutions. Informa-
tion will be presented in a form that can be adapted for use at
other localities.

SUPPORTED BY U.S Dept. of Interior - F. Water Pol. Ctl

5.0124, FURTHER STUDIES OF INFILTRATION
J.B. FR AN ZIN I, Stanford University, School of Engineering, Palo
Alto - Stanford, California 94305

Several aspects of unsteady and unsaturated flow in soils are
under analytic and experimental investigation. Numerical
procedures for analyzing moisture movement in soils have been
developed for both one-dimensional and two-dimensional flow.
The impedance of infiltration by pressure built-up of trapped air
has been investigated. The effect of an applied pressure on
horizontal flow in soils has been examined.

Future work will include an investigation of two-dimensional
flow with a variety of impermeable barrier configurations, This
work should lead to a better understanding of soil moisture move-
ment which has many important applications such as: infiltration
and its effect on runoff, the operation of underground drainage
fields, the lisposal of waste water through surface spreading,
groundwater recharge, and other environmental problems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0125, EFFECTS OF WATER POLLUTION IN SAN
FRANCISCO BAY
R.K. LINSLEY, Stanford University, School of Engineering, Palo
Alto - Stanford, California 94305

1. To determine how people are affected by water pollution
in San Francisco Bay. 2. To estimate the number of people af-
fected in various ways by water pollution in the bay. 3. To mea-
sure attitudes toward water pollution in the Bay. 4. To determine
where people acquire information about pollution in the Bay. 5.
To determine what actions of adjustment (substitution, curtail-
ment of activity, reduction in frequency of participation, etc.) are
taken by people as a result of water pollution in the Bay. 6. To ob-
tain data that could be used in an assessment of the econimic
value of water pollution control measures, especially the value of
recreational activities and esthetics.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0126, ALGAE DEGRADATION IN WATERWAYS
P.L. MCCARTY, Stanford University, School of Engineering. Palo
Alto - Stanford, California 94305

The aim of this research investigation is to evaluate the rate
and extent of decomposition under no-light conditions of
heterogeneous algae cultures of various ages and grown in various
chemical and physical environments. In addition, the inclemental
effect of small quantities of light on this degradation rate will be
studied, This will be directed towards determining the rate and
extent of algae degradation so that the possible translocation of
pollution by algae can be better predicted and controlled. The
study will be conducted in five phases to ascertain the effects of
algae type, water characteristics, aerobic conditions, anaerobic
conditions, and temperature on the rates of degradation and ox-
ygen consumption observed.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0127, STRUCTURE OF THE BLUE-GREEN ALGA
TOXIN
B. WEINSTEIN, Stanford University, Graduate School, Palo Alto

Stanford, California 94305
For the past three years I have been working on the snythesis

of a polypeptide hormone (glucagon), as well as methods for the
gas chromatographic and mass spectral analysis of polypeptides. I
would like to apply these techniques to the determieation of the
structure, and the possible synthesis of the blue-green Alga toxin.
At a later date, I wish to undertake the synthesis of the cyclic
polypeptides malformin, phalloidin, enchinomycin, and spo-
ridesmin, each of which is a toxic produce. In the structural area, I
plan ultimately to study cobra and rattlesnake venoms. It is felt
that a coordinated research effort in the area of polypeptide
structure and synthesis can yield many scientific dividends, in
both the organic and biochemical fields.

SUPPORTED BY U.S. Dept. of Filth. Ed. & P.H.S.

5.0128, MYCOLOGICAL PHENOMENA IN SEWAGE
SPREADING BASINS
J.E. MCKEE, Calif. Inst. of Technology, Graduate School,
Pasadena, California 91109

It is the general objective of this project to investigate the oc-
currence, concentration, and significance of various, species of
fungi in a well-ripened soil system that has been, and will continue
to be, dosed daily with two feet of highly oxidized effluent from an
activated- sludge plant handling municipal wastewater. Within
this general objective, it is a speci aim to determine the role of
major fungal species in biochemical degradation. Insofar as possi-
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hie, reaction rates as well as pathways will be investigated, Special
attention will be given to synergism among fungi and bacteria.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0129, THE CHEMISTRY OF MAGANESE IN NATURAL
WATERS
J.J. MORGAN, Calif. Inst. of Technology, School of Engineering,
Pasadena, California 91109

The long-term goal of the proposed research is to provide as
complete a description as possible, in chemical terms, of the
behavior of manganese, iron, and related elemeiits in natural
waters and in water treatment processes. The research plans to
obtain a kinetic description of the processes believed to be of
major significance in natural water systems where manganese and
iron are significant constituents.

Four specific problems are emphasized: (i) The kinetics of
the oxidation of manganese by chlorine; (ii) the role of organic
ligands and rcductants in determining the kinetic behavior of the
system Mn(II) 02; (iii) the influence of various mineral surfaces
on the kinetics of Mn(II) oxygenation; and (iv) the colloid- and
surface-chemical properties oi` hydrous manganese oxides, par-
ticularly Mn02.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0130, MARINE WASTE DISPOSAL AND SEA URCHIN
ECOLOGY
W. J. NORTH, Calif. Inst. of Technology, Graduate School,
Pasadena, California 91109

Southern California communities are growing rapidly and de-
pend intimately on the ocean for food, recreation, and waste
disposal. At times the varied human activities seriously interfere
with each other and with the natural environment. Unless preven-
tive measures can be developed, metropolitan growth will clearly
disrupt nearshore ecology to the point where few marine biologi-
cal resources will survive. Our broadest objective is to alleviate
this situation to the greatest extent possible.

The principal area of our concern has been the California
kelp beds because their great extent, high productivity, and
richness of species and biomass plainly marks them as regions of
singular importance. Our overall research program is divided into
two sections; one section emphasizes development of techniques
for controlling and improving kelp communities while the other
concentrates on gathering basic ecological knowledge that pro-
vides the background for intelligent control. This proposal is in
the second category. Interactions between these two sections are
outlined in an addendum enclosed herewith.

One of the chief factors affecting the kelp communities ad-
versely is apparently an imbalance resulting from overgrazing by
sea urchins. We suspect that there is a nutritional link between
discharged sewage and the dense urchin populations. The
proposed investigation should confirm or disprove the existence
of the suspected link. If such a relation is verified, future planning
of many seaside municipalities will benefit from the information.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0131, TREATMENT OF MUNICIPAL SECONDARY EF-
FLUENT BY REVERSE OSMOSIS.
A.N. MASSE, Los Angeles Co. San. Dist. 21, Pomona, California

Reverse osmosis through a cellulose acetate membrane is
being investigated as a process for removing dissolved inorganic
and refractory organic materials from a municipal secondary ef-
fluent. A 5,000 gpd unit, using the spiral membrane configura-
tion, manufactured by the General Atomic Division of General
Dynamics Corporation has been run at 400 psi on secondary ef-
fluent passed through a 10-micron filter and on secondary ef-
fluent passed through a column of granular carbon for removal of
dissolved organic material. The secondary effluent receiving only
a filtration pretreatment both fouled and plugged the membranes
end the feed channels. Considerably more success was obtained
when the unit was fed carbon-treated secondary effluent. Over
80% of the 4,000 gpd feed is recovered as product having a TDS
of less than 50 ppm and a COD of less than 5 ppm. A similar study

is in progress on a fiber-glass tube unit supplied by Havens Indus-
tries. The re3ults are similar but troubles have been encountered
because of tube rupture.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Los Angeles County Government -

California

5.0132, BIOLOGICAL REMOVAL OF THE NITRATE ION
ON BEDS OF ACTIVATED CARBON OR SAND
A.N. MASSE, Los Angeles Co. San. Dist. 21, Pomona, California

It has been discovered that dentrifying bacteria can be made
to flourish on beds of granular media and that these bacteria can
reduce the oxidized inorganic nitrogen forms to gaseous nitrogen.
Methanol is added to the feed stream to serve as a food source to
the bacteria. About 1 milligram of nitrate-nitrogen is reduced by
2 milligrams of methanol. NO3-N can be reduced to less than 1
mg/1 by addition of the proper amount of methanol. Studies have
been underway using both activated carbon and sand as the
media. Contact times less than 10 minutes have proven adequate.
The media must be backwashed frequently, but backwashing does
not disturb the dentrifying properties of the media. Other studies
are in progress to determine the suitability of waste products in
place of the methanol.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Los Angeles County Government -

California

5.0133, TREATMENT OF MUNICIPAL SECONDARY EF-
FLUENT BY GRANULAR ACTIVATED CARBON
J.D. PARKHURST, Los Angeles Co. San. Dist. 21, Pomona,
California

The objective of the project is to develop economic and
design information on the application of granular activated car-
bon to removing the refractory organic materials from a mu-
nicipal secondary effluent. The equipment consists of four 6-foot
diameter, 10-ft. deep beds of 16 X 40 mesh carbon over which the
secondary effluent is passed downflow at a rate of 7 gpm/ft.2. The
total flow is 200 gpm. The product COD is maintained between 3
and 12 ppm by thermal regeneration of the exhausted carbon in a
6-hearth Herreschoff furnace. The carbon exhaustion rate has
been about 3500/mg. Carbon losses per cycle have been between
7-1/2 and 10% but it is believed that this would be reduced to 5%
in a larger-scale operation. A cost estimate for a 10 mgd plant in-
dicated that total costs would be about 8 cents/1,000 gal. Studies
have shown that, between 4 and 10 gpm/ft2, contact time alone is
controlling. Studies are underway to determine the effect of appli-
cation rates below 4 gpm/ft2 and to evaluate the effect of particle
size and source of carbon.

Chlorides, and Phosphate.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Los Angeles County Government -

California

5.0134, DISTRIBUTION OF LIQUIDS IN POLAR CAMPS
C.R. HOFFMAN, U.S. Navy, Civil Engineering Lab. , Port
Hueneme - Point Mugu, California

Technical objective: Develop methods and materials to dis-
tribute water, sewage, galley wastes, fuel oil and other suc.
liquids between and within buildings in pioneer and temporary
polar camps in snow, ice and permafrost areas in temperatures to
-65F.

Approach: Study heat loss, flow resistance, insulation and
heating requirements for water lines, flow resistance for various
size fuel lines and for sewage pipes under trickle and surge flow.

Progress: A prefabricated pipe system with heat tape, insula-
tion and protection coating is being evaluated. Several charac-
teristics make the pipe look promising. A survey was conducted
during the summer season of Deep Freeze 65.
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SUPPORTED BY U.S. Dept. of Defense - Navy

5.0135, ELECTRIC AND STRUCTURAL PROPERTIES OF
ION SELECTIVE MEMBRANES
E.D. HOWE, Univ. of California, School of Engineering,
Richmond, California 94804

The objectives of this project are: ( I ) to measure and explain
the electrolytic transport of sodium and hydrogen ions within ca-
tionic membranes as a function of membrane water content, time
after voltage application, voltage gradient, and membrane glossy
structural transitions; (2) to develop and experimentally verify
relationships existing between membrane exchange capacity and
membrane glossy transition temperatures; and (3) to make calm-
lational studies on ion transport data in order to formulate and
test the kinetics of how typical mobile cations conduct or trans-
port in cation-permeable membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0136, TOXICITIES OF CATIONS VS. ANIONS ACCU-
MULATED FROM SALINE SOILS
F.M, EATON, Univ. of California, School of Agriculture, River-
side, California 92502

Uncertainty has existed for many years as to whether the
reduced growth of crops on saline soils is due primarily to the
extra accumulations in plants of the cations (Ca, Mg, Na, K) or of
the anions (SO4, CI, and NO3); both arc accumulated simultane-
ously. With knowledge in the foregoing regard, substantial ad-
vantages would be gained in appraisals of the relative values of
water supplies and in estimates of the growth reductions that are
associated with the types of salt found in soil solutions. With this
knowledge, research can be focussed on the individual ions of the
group that is primarily responsible for salt toxicity,

Relatively high concentrations of SO4, or of CI, are found to
accumulate in plants -- without important changes in the sum of
cations -- when S02, or hydrogen chloride, is supplied atmospher-
ically to plants growing in plastic cabinets. The current research is
showing growth depressions far below those of plants accumulat-
ing skmilar concentrations of SO4, or CI, from saline substrates.

SUPPORTED BY University of California

5.0137, DEVELOPMENT OF ANALYTICAL METHODS
FOR PESTICIDE CONTAMINANTS IN DOMESTIC, IRRIGA-
TION AND POND WATERS
F.A. GUNTHER, Univ. of California, School of Agriculture,
Riverside, California 92502

The quantitative estimation and qualitative identification of
pesticides will be investigated using various detection devices in-
cluding the phosphorus and sulfur detectors for the gas chromato-
graph and the emission spectrometric detector. Investigations to
develop methods for specific pesticides of interest and studies to
determine the water solubilities of organchlorine pesticides will
be continued.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

5.0138, PESTICIDES AND WILDLIFE
F.A. GUNTHER, Univ. of California, Agricultural Experiment
Sta, Riverside, California 92502

The objectives of this project are to study the relationship of
insecticides to wildlife species, and to develop specific public
health insect control measures in wildlife habitats, with the hope
to eliminate or diminish hazards to non-target species,

The productivity, food chain relationships and biological
characteristics of predominant components of the eco-system will
be investigated with the introduction of commonly used pesti-
cides. Degradation and detoxification avenues and mechanisms in
a variety of habitats and organisms will be elucidated. Residues of
insecticides in water, surface and sub-soil strata, aquatic vegeta-
tion and non target organisms by means of gas chromatography.
Colorimetrie procedures and other appropriate analytical
methods will be studied. The biological and toxicological effects
of insecticidal treatments influencing animal populations in the
treated area will be investigated.

SUPPORTED BY California State Government

5.0139, DEVELOPMENT OF ANALYTICAL METHODS
FOR PESTICIDE CONTAMINANTS EN DOMESTIC, IRRIGA-
TION, LAKE, AND POND WATERS
F.A. GUNTHER, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Objectives: 1. Develop dependable, quantitative extraction
procedures for removing pesticide residues from samples of
water. 2. Develop methods of analysis that will identify and mea-
sure pesticides present, and that are sufficiently sensitive to per-
mit the use of smaller samples than are now required (e,g., 5-10 I.
rather than the 1,000 I. and larger samples now employed). These
methods would apply equally well to the analysis of soil samples.
3. Automate the analytical procedures as far as practical to
achieve maximum output per man-hour.

Work Proposed: Procedures for extracting pesticide residues
from water that will give consistent, essentially complete recovery
will be developed. Carbon columns and other adsorbing media
will be investigated, as well as counter-current partitioning
procedures.

Analytical methods, and particularly instrumea,a1 methods
that are susceptible to automation, will be developed and adapted
to use for water and soil analysis. An important objective will be
the development of meth, ds of sufficient sensitivity to permit the
use of relatively small water sample and thus eliminate the neces-
sity for complicated sampling devices and adsorbants that only
too frequently introduce errors that are difficult to detect and
eliminate. By utilizing the latest developments in instrumentation,
the two objectives of sensitivity and automation may both be
achieved.

SUPPORTED BY California State Government

5.0140, SORPTION AND DESORPTION FACTORS IN-
FLUENCING TRANSPORT, PERSISTENCE, & ALTERA-
TION OF PESTICIDES IN VARIOUS AGRICULTURAL
SOILS
H.P. HERM ANSON , Univ. of California, Agricultural Experi-
ment Sta. , Riverside, California 92502

To identify the properties of pesticides, of soils, and of soil
water that control the extent of sorption, movement, alteration,
and persistence of pesticides in soils; to establish the solubilities of
pesticides sorbed on soil colloids and thus the importance of any
`solubilization` effects of this colloidal reservoir. There is insuffi-
cient information concerning the effect of S3ii factors on the oc-
curence of pesticides in soil water. The partitioning of several
classes of pesticides between soil and soil water will be measured
by radioactive tracer techniques over a range of water availabili-
ty. Soil properties such as organic carbon content, cation-
exchange capacity, anion-exchange capacity, specific surface,
etc. will be determined on selected California soils. The relation-
ship between the adsorption and desorption data and the soil
chemical and physical data will be described and rationalized.
This knowledge will aid in the efficient designing of experiments
to test practical methods of reducing pesticide pollution in water,
soils, and crops growing therein.

SUPPORTED BY U.S. Dept. of Agriculture
California State Government

5.0141, INVESTICATIONS ON NEW INSECTICIDES AND
TECHNIQUES FOR THE CONTROL OF PEST AND VEC-
TOR MOSQUITOES
R.L. METCALF, Univ. of California, Agricultural Experiment
Sta. , Riverside, California 92502

Laboratory and field investigations of more than 800 com-
pounds as toxicants for larval and adult mosquitoes during the
past year showed that 18 materials were very promising for field
control. Seven new materials, previously selected for labchatory
experiments, were field tested against Culex tarsalis. As a result of
this program there are now I0 new materials which could be sub-
stituted for parathion in larvicidal operations.

Work proposed will include the continuation of the following
projects: Twenty-eight new larvicidal compounds were evaluated
against the top minnow, and several species of frogs for potential
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damage to wildlife. The residue persistence curves for alfalfa
treated with parathion and Baytex were evaluated using sprays
and granulars. The latter caused no detectable residues on the
hay. The relative penetration of vegetative plant cover by granu-
lars and sprays was compared. Granular formulations were found
to be superior,

SUPPORTED BY California State Government

5.0142, RECOVERY OF METAL SALTS FROM CONCEN-
TRATED BRINES BY CHELATION CONTRACT NO. 14.01-

D.O. DEPREE, Aerojet General Corporation, Sacramento,
California

The objective of the proposed work is to establish the feasi-
bility of recovering potable water and marketable metal salts in
relatively pure form, from concentrated brine solutions by em-
ploying a regenerative chelation process.

,The process under investigation includes the removal of salts
from solution by the use of exchange resins and the recovery of
the metal ions and regeneration of the exchange resin by reaction
with selective, chelating agents. The program includes (1) the
synthesis of chelating agents for sodium, calcium, magnesium,
and potassium, (2) the evaluation of these chelating agents both
for selectivity and in regenerating ion exchange resins, and (3)
the evaluation of solvents for their effect upon the efficiency of
the chelatin step. 1 he overall process will be demonstrated in the
laboratory including the demineralization of a synthetic concen-
trated bring containing the four metal ions under study with a
selected commercial ion exchange resin, regeneration of the resin
with chelate solutions and recovery of the chelates by acid treat-
ment.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0143, AMERICAN RIVER HYDROBIOLOGIC POTEN-
TIAL STUDY
L.W. HOM, Sacramento State College, Graduate School, Sacra-
mento, California 95819

Purpose: To predict the hydrobiologic potential of the Lower
American River for present and ultimate flow conditions. This
study will consider the production of phytoplankton organisms
(algae), and their effect on the water quality. The phases of this
investigative study are: 1. Develop a sampling and analysis pro,
gram to assess the hydrobiologic quality of waters of the Lower
American River. 2. Identify, enumerate and determine biomass of
organisms present in water samples. 3. Identify statistically signifi-
cant hydrobiologic parameters and develop general relationships
to describe existing conditions and to predict future conditions.

The evaluation of algal growth potential (AGP) on selected
samples will be performed using the Skulberg Method (1966).
This consists of determining the maximum growth rate or max-
imum cell numbers during an incubation period under controlled
light, temperature and nutrient conditions.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0144, COMPLEMENTARY - COMPETITIVE ASPECTS
OF WATER STORAGE
K.B. MERRI, Sacramento State College, Graduate School, Sacra-
mento, California 95819

An engineering-economic investigation is to be conducted of
the complementary and competitive aspects of the storage of
water for water quality control. The DYNAMO computer pro-
gram will be employed to simulate a river basin. Hydrologic infor-
mation for Holley Reservoir in Oregon has been simulated and
other available information on Holley will be used to determine
the cost and benefit functions. Determination of the extent and
magnitude of the complementary and competitive aspects with
other benefits will be scrutinized while searching for the condi-
tions which maximize the net benefits from the reservoir. Benefits
include flood control, channel improvement, irrigation, water
quality control, downstream fisheries and recreation in the vicini-
ty of the storage reservoir, A model will be developed that will
produce a rational analytical approach to the evaluation of the

magnitude and extent of the competitive and complementary
aspects of storage for water quality control. Results obtained from
this investigation should help water management agencies esti-
mate the benefits fie i water stored for water quality control,
guide benefit evaluation studies, and indicate areas needing
further research. This model is not intended to be definitive of
Halley reservoir, but is developed to accomplish the aims of this
research proposal and in order that it be useful for water resource
projects of this general nature.

SUPPORTED BY U.S, Dept, of Interior - F. Water Pol, Cti

5.0145, DOCUMENT LOGGING DAMAGE
J.W. BURNS, State Dept. of Fish & Game, Sacramento, California

Objectives: To determine the type, extent, and duration of
conditions in natural and logged streams.

Procedure: Study programs will be surveyed periodically to
determine the physical, chemical, and biological changes which
occur naturally or are the result of logging. This entails measuring
conditions and populations before, during, and after logging, and
surveying streams previously logged. The methods to be
developed and tested in Job 1 will be used concurrently in these
surveys. Attempts will be made to correlate habitat changes with
changes in fish populations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
California State Government

5.0146, EFFECTS OF INCREASE IN SALTON SEA
SALINITY ON THE SURVIVAL OF ORANGEMOUTI1 COR-
VINA, SARGO, BAIRDIELLA, AND NEANTHES
R.F. ELWELL, State Dept. of Fish & Game, Sacramento, Califor-
nia

Objectives: To determine the effect of various concentra-
tions of Salton Sea salts on the important fishes and food chain or-
ganisms.

Premises: The Selton Sea is a valuable sportfishing resource.
Based on projections, angler days use in 1967 will total approxi-
nr.tely 660,000. Their catch will total approximately 1,000,000
fish. This resource is being jeopardized by increasing salinities. It
is estimated that 1,750,000 tons of salts will have to be removed
annually to maintain present salinities. However, the beneficial
uses of the Salton Sea may be preserved by employing suitable en-
g 'teering methods to maintain constant salinity levels. It is neces-
sary to know the salinity tolerances of the important fishes and in-
vertebrates so that appropriate salinity levels can be recom-
mended to be agencies responsible for controlling the water
quality of the Salton Sea.

The salinity tolerance limits can be determined for the
orange- mouth corcina, sargo, bairdiella, Neanthes, and other or-
ganisms by laboratory bioassays, and then be applied to the Salton
Sea.

Procedures: Exploratory tests will be conducted to determine
the approximate range of concentrations which should be
covered in full- scale tests. The test range to be used in the full-
scale routine tests should be between the highest concentration at
which all fish survive for 96 hours and the lowest concentration at
which all fish die in 24 hours. The probable concentrations to be
used in the exploratory tests are 44, 53, 62 and 70 percent. Once
the critical concentration range has been determined, more
specific tolerances will be measured by testing a series of four
concentrations within the limits of this range.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
California State Government

5.0147, PESTICIDE RESIDUE DATA PROCESSING
E.G?, HUNT, State Dept. of Fish & Game, Sacramento, California

Objectives: To develop a rapid, convenient and accurate
system for recording, summarizing, storing and retrieving results
of pesticide residue analyses obtained during fish and wildlife-
pesticide investigations.

Procedures: Explore the various data processing systems that
may be applicable to the tabulation and storage of residue data;
i.e. Unisort or IBM cards. With the use of residue data on hand,
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and with guidance from data processing specialist, design a
system that will be feasible for the project's needs. Transcribe
residue data on hand to the card system selected,

SUPPORTED BY U.S. Dept. of' Interior - Bu. Sport Fish.
California State Government

5.0148, STUDY AND EXPERIMENTS IN WASTE WATER
RECLAMATION BY A REVERSE OSMOSIS PROCESS
T.J. LARSON, General Dynamics Corporation, San Diego,
California ( 14-12-181)

To provide two reverse osmosis test units for operation at the
Pomona, California, test facility of the County Sanitation Districts
of Los Angeies County. Each unit will be capable of simultane-
ously testing 54 one-ft-long, spiral-wound reverse osmosis
modules or 18 three-ft -long modules.

Conduct a comprehensive series of field-test experiments in
the two units to examine the influence of various test parameters
on system performance, Perform direct support of the field ex-
periments as required, and conduct laboratory experiments and
investigations to support the overall program.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0149, MEMBRANE MATERIALS FOR WASTE WATER
RECLAMATION BY REVERSE OSMOSIS

LONSDALE, General Dynamics Corporation, San Diego,
California ( 14-12-452)

Three new types of reverse osmosis membranes will be
prepared and tested to determine whether they have advantages
over conventional cellulose acetate membranes for treatment of
wastewater. The three membrane types are cellulose acetate with
acetyl cowents different from conventional membranes, polyvi-
nyl-pyrrolidone-polyisocyanate, and membranes formed from
polymer dispersions or latices. The object of the work is to obtain
membranes with high flux, high organic rejection, and inorganic
rejections at least st'fficient to remove the increment of minerals
added to water during use.

SUPPORTED BY U.`i. Dept. of Interior - F. Water Pol, Ctl

5.0150, LEAD ISOTOPIC CHEMISTRY FOR POLLUTION
RESEARCH
T.J. CHOW, Univ. of California, Graduate School, San Diego - La
Jolla, California 92038

The main objectives of this project are (1) to conduct basic
research on the isotopic chemistry of lead in various environ-
ments, and (2) to establish the applicability of ,using stable
isotopes as tracers for air and water pollution studies.

The isotopic composition of Icad in potential pollution
sources such as gasline, oil and gaseous fuels, coal and industrial
chemicals will be monitored to determine the trends of lead
isotopic composition variations. After having established their
isotopic compositions in the source materials, the lead isotopes in
the water and air pollutants such as urban aerosols, river and har-
bour waters, industrial wastes, sewage and other samples will be
determined. By evaluating and correlating isotopic composition
of leads in the source materials and in the contaminants, the
transport mechanism of the pollutants will be elucidated.

The distribution of lead isotopes in the 'natural' environment
will be studied by sampling air, rain and sea water away from 'ap-
parent' industrial contaminations. This part of sampling program
can be carried out at the 'uncontaminated' mid-ocean regions
aboard research vessels during oceanographic expeditions. These
results will establish the 'ground level' of Icad pollutants and serve
as the basis to evaluate the degree of contamination in the urban
and industrialized regions.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. -

5.0151, DISPERSION OF WATER AND SEDIMENTS IN
THE SURF ZONE
D.L. INMAN. Univ. of California, Scripps Inst. of Oceanography,
San Diego - La Jolla, Ca'oritia 92038

Field and laboratory studies; of dispersion in and near the surf
zone. The object of the study is to relate the diffusion coefficients
of water and sand to the wave parameters so that the movement
of possible beach contaminants tnE,%y be estimated from a
knowledge of the beach location and its wave regime.

Field investigations are conducted on a variety of beaches
having different sand size and exposure to waves.

Project funding commenced fiscal 1966-67; it is anticipated
that the study will be complete in December 1968.

SUPPORTED BY California State Government

5.0152, A DEMONSTRATION PLANT EVALUATION OF
FOUR METHODS FOR PULP AND PAPER MILL SLUDGE
UTILIZATION AND DISPOSAL
H. AMBERG, Crown Zellerbach Corporation, San Francisco,
California 94119

This demonstration study is a full-scale investigation of four
methods of utilization and disposal of primary sludge from a com-
bined pulp and paper mill. The areas of investigation are: disposal
by incinernation, utilization as 'hog-fuel' make -';p in a conven-
tional steam boiler at rates ranging between 5 and 50%, use as a
dried mulching material for highway slope preparation and the
evaluation of sludge as an agricultural soil conditioner.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Cti
Crown Zellerbach Corporation

5.0153, TREATMENT OF COMBINED SEWER OVER-
FLOWS BY THE DISSOLVED AIR FLOTATION PROCESS
R.C. LEVY, San Francisco Dept. Pub. Wks. , San Francisco,
California

The Project consists of the design, construction, operation,
and evaluation of a dissolved air flotation facility for the treat-
ment of combined sewer overflows from the Baker Street Outfall
in the City and County of San Francisco.

Features of the facility include: Dissolved air flotation to
remove both particulate and liquid floatables found in the com-
bined sewer overflows. Developmental studies have shown that
80 to 90 percent of the total hexane extractable materials in com-
bined sewer overflows can be removed by dissolved air flotation.
Excellent reductions in other pollutional parameters (COD),
BOA, SS, etc.) have also been demonstrated on a laboratory
scale.

Sedimentation to reduce the quantity of materials which
cause accumulation of sludge banks in receiving waters. Elimina-
tion of these materials will prevent formation of floatable debris
due to slow fermentation and subsequent flotation of accumu-
lated deposts.

Chlorination to disinfect the overflows. By reducing the
number of indicator organisms in the receiving waters to a safe
level, standards requisite for recreation will be preserved.

In addition, coarse trash racks will be installed to remove
large objects which might otherwise damage the veatment facili-
ty,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
San Francisco County Government - Calif.
San Francisco City Government - California

5.0154, REUSE OF WASTE IRRIGATION WATER TO
RECOVER ADDITIONAL PETROLEUM BY WATERFLOOD-
ING
G.L. GATES, U.S. Dept. of Interior, Petroleuen Research Off. ,

San Francisco, California 94 111
The proposed research plan involves laboratory and some

field investigations to determine the suitability of waters, particu-
larly waste irrigation waters, for use in obtaining additional
petroleum from semidepleted reservoir rocks. The main plan is to
study mixtures of waste irrigation waters with waters produced
from petroleum reservoirs, If harmful precipitates that may plug
petroleum reservoir rock flow channels are formed, the
precipitates will be identified chemically and physically. Necessa-
ry treatment methods will be devised.

1-338



5. WATER QUALITY MANAGEMENT AND PROTECTION
Laboratory investigations will utilize the flame spec-

trophotometer to determine the chemical constituents of the
waste irrigation waters and the waters occurring with the petrole-
um in the reservoir rocks. In a similar manner, the chemical con-
stituents of harmful precipitates formed in mixing these waters
will be determined. The physical forms of the precipitates will be
identified using the Differential Thermal Analysis equipment and
the petrographic microscope. The effect of these waters on the
permeability of reservoir rocks will be determined.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

5.0155, ROD, SOLIDS AND NUTRIENT REMOVAL FROM
SECONDARY EFFLUENT BY FOAM FRACTIONATION
F. BELICK, San Jose City Government, San Jose, California

The objective of this project is to demonstrate the effective
removal of secondary effluent solids, Biochemical Oxygen De-
mand, and nutrients such as nitrates and phosphates by a Foam
Fractionation System, to be located at the San Jose - Santa Clara
Water Po Ilujon Control Plant. The aim is also to determine full-
scale design and operating criteria in order to comply with
required BOD and solids reduction and to attain optimum
phosphate and nitrate removal. The successful demonstration of
the System will provide one of the first systems that will economi-
cally remove solids; BOD, and nutrients from a waste water facili-
ty in one continuous process. Such a system would be applicable
to a wide range of waste discharge volumes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
San Jose City Government - California

5.0156, PROCESS TO REMOVE CARBONACEOUS, AND
PHOSPHORUS-MATERIALS FROM ANAEROBIC
DIGESTER SUPERNATANT AND RELATED PROCESS
STREAMS
H.A. OLDENKAMP, F M C Corporation, Santa Clara, California
(14- 21.414)

A process will be developed to remove plant nutrients and
COD materials from digester supernatant liquors. The sequence
of operations to be studied involve (a) heating to remove CO2,
(b) addition of lime to precipitate phosphates and to coagulate
organic matter, (c) stripping the alkaline slurry with air to remove
ammonia, (d) settling the sludge to separate phosphates and COD
material, and (e ) recovery of the ammonia stripped from the al-
kaline slurry by scrubbing the air-ammonia mixture with sulfuric
acid. From this work, a portable and proven pilot plant will result
and estimates of plant costs developed for treating up to 3 MGD
of supernatant liquors.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0157, CANNERY WASTE TREATMENT BY THE KEHR
ACTIVATED SLUDGE PROCESS
W. PALMER, Santa Clara City Government, Santa Clara, Califor-
nia

The Kehr Process, in esseacq, involves a combining of ac-
tivated sludge aeration of 10,006 to 15,000 mg/1 mixed liquor
solids with aerobic digestion in a single aeration tank. This pro-
vides high removals of BOD, solids, and nutrients; facility for
periodic high strength wastes; a stabilized, drainable water sludge;
and comparatively low physical plant costs.

The objectives are to: 1. Demonstrate the revised Kehr
Process using liquid-solids separation by high-rate flotation-den-
sification system of activated sludge solids. 2. Demonstrate effec-
tiveness of the process for treating cannery wastes combined with
domestic sewage having a 130D 5 of 1000 to 2000 mg/I. 3.
Demonstrate performance of the process with densified return
sludge solids of 4% to 8% on a dry weight basis, thus affecting
plant economy by use of smaller tankage volume. 4. Determine
processing requirements for application to a full-scale treatment
plant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Santa Clara City Government - California

5.0158, RENOVATION OF WASTE EFFLUENT FOR
RECREATION AND POTABLE WATER SUPPLY USE
R.L. STOYER, Santee County Water District, Santee, California
92071

The immediate objectives of the project are to demonstrate
that the effluent from a recently constructed activated sludge
plant can be treated through biological, mechanical, and chemi-
cal means so that the resulting effluens can then be safely used
for body contact sports and other recreational activities. It will
also demonstrate the elimination of bacteria and viruses. The
value of this project is enhanced by the environmental charac-
teristics of the area. Santee is an arid region, having high rates of
evaporation and a water supply shortage. At present, shortage is
met by importing water. With increasing populations and rising
costs of imported water, Santee and other similar communities
must develop supplemental water supplies for potable and recrea-
tional uses. Treated sewage effluents, when filtered through natu-
ral ground aquifers, can be reused in lakes for body-contact sports
and other recreational activities, based on purification standards
and of general public acceptance. By cautiously approaching this
acceptance and using the most advanced treatment techniques
this project can demonstrate that man-made processes can
achieve the same acceptance and purity requirements.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Santee County Government - California

5.0159, RECLAMATION OF BIOLOGICALLY, MECHANI-
CALLY & CHEMICALLY TREATED WASTEWATER FOR
POTABLE WATER SUPPLY USES (ABBREV)
R.L. STOYER, Santee County Water District, Santee, California
92071 (14-12-444)

Selection of the Contractor: The Santee County Water Dis-
trict is considered uniquely qualified to carry out the proposed
work. Santee is presently the only site where ion exchange treat-
ment of wastewater will be tested on a large enough scale to pro-
vide reliable economic feasibility data. It is therefore the only site
at which a realistic comparison can be made between electrodial-
ysis and ion exchange. To attempt the work anywhere else would
necessitate the spending of large sums of money, not only for the
ion exchange equipment, but for pretreating facilities that will al-
ready be available.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0160, RECOVERY & REUSE OF LIME AS A COAGU-
LANT IN TERTIARY TREAT & NITROGEN REMOVAL
FROM TERTIARY TREATED EFFLUENT
H.E. MOYER, South 'Tahoe Pub. Utility Dist. , South Lake Tahoe,
California

The objectives of this project arc to demonstrate a full-scale
treatment plant, the advanta of the use of lime in advanced
waste- water treatment, the ,..d1,-,Itages of the recovery and reuse
of lime from secondary treated effluent, methods for the final
disposal of waste lime sludge, and the advantages of nitrogen
removal from wastewater by ammonia stripping at high pH. The
plant-scale study will aim at extending the data already obtained
at the South Tahoe plant from laboratory and pilot scale in-
vestigations.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
South Lake Tahoe City Government - Calif.

5.0161, INTEGRATED ACTIVATED SLUDGE-BIOLOGI-
CAL FILTER PROCESS
AL. SULLIVAN, San Buenaventura City Govt. , Ventura, Califor-
nia

The objective of this project is to demonstrate the feasibility
and economics of treating domestic sewage with either an ac-
tivated sludge process followed by a trickling filter or by a trick-
ling filter process followed by activated sludge.
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The activated sludge and trickling filter processes are reliable
individual treatment methods. The need to control pollution and
increase the efficiencies of existing plants requires specific design
and operational data on the combined processes to enable the use
of existing or expanded facilities; for economy, this will involve or
necessitate the addition of activated sludge to an existing trickling
filter plant or vice versa,

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl
San Buenaventura City Government - Calif.

5.0162, RECOVERY OF SALTS FROM SALINE WATERS
VIA SOLVENT EXTRACTION
R.R. GRINSTEAD, Dow Chemical Company, Walnut Creek,
California 94598

A study is being made of the possibilities of applying solvent
extraction methods to the problem of recovering byproducts from
brines which might be produced from desalination operations.
The systems under study are those consisting of high molecular
weight amines and carboxylic acids which form organic salts in
organic diluents. By contact with brines reversible extraction of
inorganic species occurs. Because of the selectivity of the system
for divalent cations over monovalent, and for large anions over
small ones, the system possesses inherent possibilities in the
recovery of magnesium and calcium salts, nitrate, and heavy ha-
lide salts from many brings. During the first year of work, effort
was concentrated mainly on physical chemistry studies of the ex-
traction systems. During the current year, work is being done on
some possible applications, such as magnesium recovery from sea
water concentrates. Some exploratory work is anticipated in areas
of changing the selectivity and extractability of anions by modify-
ing the amine structure, and of cations by modifying the acid
structure. The effect of temperature on the extraction equilibria
will be explored, because of its possible importance in the reverse
action involved in stripping the extracted salts.

SUPPORTED WY U.S. Dept. of Interior - Off. Saline Water

5.0163, FORMULATION OF A GENERAL MATHEMATI-
CAL MODEL FOR THE PREDICTION OF THERMAL ENER-
GY CHANGES IN IMPOUNDMENTS
G.T. ORLOB, Water Resources Engineers Inc. , Walnut Creek,
California 94529

The development of a generalized mathematical model
which will represent, within the practical and reasonable limits of
accuracy, the thermal changes which may be expected under al-
ternative hydrologic, hydraulic, and climatologic conditions for
operating reservoirs. It is intended that the work support and
complement that already completed or underway by the Study
Team in its investigation of the Columbia River System. The pro-
ject was started in fiscal year 1968 and will be completed in fiscal
year 1969.

SUPPORTED BY U.S. Dept. of interior - F. Water Pol. Ctl

5.0164, WATER TREATMENT BY REVERSE OSMOSIS
METHOD
R.F. PAKALNINS, Mcgill University, School of Engineering,
Montreal - Quebec, Canada

a. Proposed Research: To develop 1. characteristics, suitable
for fresh water treatment; 2. a water treatment unit on a pilot
plant scale.

b. Objective: To investigate the technical and economic
aspects of such a unit, and its applicability to reclamation and
waste treatment.

SUPPORTED BY Canadian Government

5.0165, AERATED LAGOONS & ANAEROBIC REAC-
TORS - A FIELD & LAB STUDY OF THEIR EFFICIENCIES
& DESIGN PRINCIPLES IN SEWAGE TREATMENT
C.R. FORSBERG, Univ. of Saskatchewan, School of Engineering,
Saskatoon - Saskatchewan, Canada

(a) Proposed Research: To study an aerated lagoon at Moose
Jaw and an anaerobic reactor to be constructed in the Universi-
ty's temperature-controlled laboratory lagoon cabinet.

(b) Objective: To explore the possibility that the first com-
partment of two or more anaerobic cells in series may ad-
vantageously be converted to a mixed anaerobic reactor. Limita-
tions in use from the health and nuisance standpoints would
receive special attention.

SUPPORTED BY Canadian Government

5.0166, STUDY OF EUTROPHICATION IN LAKES
MAGOG & BROME
L.G. CARIGNAN, Univ. De Sherbrooke, Graduate School, Sher-
brooke - Quebec, Canada

NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Canadian Government

5.0167,
WORMS
R.O. BRINKHURST, Univ. of Toronto, Graduate School, Toron-
to - Ontario, Canada

A study of the systematics of Sludge Worms and their biology
and ecology, with special reference to their use as indicators of
pollution in fresh and brackish water.

SUPPORTED BY U.S. Dept.. of interior - F. Water Pol. Ctl

TAXONOMY AND BIOLOGY OF SLUDGE

5.0168, THE ECOLOGY OF THE MICROBIAL POPULA-
TION OF ACTIVATED SLUDGE
P.H. JONES, Univ. of Toronto, School of Public Filth, Toronto -
Ontario, Canada

(a) Proposed Research: A study of the population dynamics
(b) Objective: To determine the dominant population under dif-
ferent conditions and thereby predict the optimum conditions for
the degradation of specific high strength (or toxicity) industrial
wastes. (c) Relation to the Health Field: To control waterborne
transmission of toxic and pathogenic matter through better un-
derstanding of the mechanism of degradation or inactivation.

SUPPORTED BY Canadian Government

5.0169, INVESTIGATIONS INTO TECHNIQUES FOR IM-
PROVING THE AMOUNT AND EFFICIENCY OF OXYGEN
INCORPORATION INTO RAPID-RATE BIOLOGICAL
WA STE TREATMENT SYSTEMS
C.C. WALDEN, Univ. of British Columbia, British Columbia Res.
Council, Vancouver - British Columbia, Canada

This research will examine techniques for improving oxygen
transfer into water and into biological oxidizing systems. Increas-
ing the driving force for oxygen transfer by use of hydrocarbons
with high oxygen solubility will be attempted and the effect of
dispensing agents in reducing bulk viscosity will be evaluated.
Possible effect of these agents on the rates of rapid oxidizing ac-
tivated sludge systems will be examined. Oxygen transfer in
present waste treatment systems is limiting; improved techniques
will reduce operating costs and enhance efficiency.

SUPPORTED BY Canadian Government

5.0170, AFRATED SEWAGE LAGOON INVESTIGATION -
BOISSEVAIN
E.H. BALCHEN, Canadian Dept. of Natl. Health, Winnipeg -
Manitoba, Canada

(a) The Proposed Research: To investigate operating effi-
ciency of aerated sewage lagoon, followed by short-term deten-
tion lagoon. (b) The Objectives, briefly: To determine the practi-
cality of this new method of aeration. (c) Relation to Health
Field: To determine whether or not the proposed aeration system
will be effective and safe for use as a general method of sewage
treatment.
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SUPPORTED BY Canadian Government

5.0171, ARABLE LAND DEGRADATION BY EFFLUENT
POLLUTION
G.D. BALACKO, Manitoba Dept. of Health, Winnipeg - Manitoba,
Canada

Proposed Research: Soil samples will be taken - as well as
controls - from farmland subject to periodic flooding by lagoon
effluents Analyses conducted for build-up of salts, sulphates and
conductivity.

Objective: To determine whether there is a valid case for sug-
gested degradation of soils, and secondly whether there is any
health implication related to agricultural pursuits or hazard to
local water sources.

Relation to the Health Field: Since lagooning is an accepted
method of conditioning waste prior to final innocuous disposal
any side effects connected with this system are of significance in
the health field.

SUPPORTED BY Canadian Government

5.172, TREATMENT ANL CONDITIONING OF WADING
AND SWIMPOOL WATERS
J.N WARRENER, Manitoba Dept. of Health, Winnipeg -

Manitoba, Canada
(a) The proposed research: To determine the feasibility of

using high-rate recirculation plus chlorination of wading and
swimpool waters rather than the standard method of filtration and
chlorination.

(b) The objectives, briefly: To find a relatively simple and
economical method of ensuring the safe quality of wading and
swimr 001 waters without complexity of design, installation or
operation.

(c) Relation to Health Field: To ensure healthful recreation.

SUPPORTED BY Canadian Government

5.0173, EVALUATION OF AERATED LAGOONS AS A
SEWAGE TREATMENT FACILITY IN THE PRAIRIE
PROVINCES
A.R. PICK, Metrop. Corp. of Gr. Winnipeg, Winnipeg - Manitoba,
Canada

(a) The Proposed Research; To assess and compare with
reference to conventional facultative lagoons and the activated
sludge process, the effectiveness of three available methoe,s of
aeration of sewage in lagoons: (i) bubble tube diffusion (ii) sur-
face aerators (iii) air gun aeration (iv) parallel systems comprised
of a conventional facultative lagoon, lagoons with bubble tube
diffusion, lagoon with surface aerators and an aerated lagoon with
air gun diffusion will be placed in service for a period of two
years.

(b) The Objectives, briefly; The efficiency of treatment and
operating economics of three aeration systems for sewage lagoons
will be defined. The results will be compared with those for an
operating activated sludge plant and the conventional sewage
lagoons. The appropriateness of the design criteria will be in-
vestigated.

(c) Relation to Health Field; To establish an efficient and
economic treatment system to abate pollution.

SUPPORTED BY Canadian Government

5.0174, (U) STABILIZATION POND OPERATION IN
TROPICAL AREAS (P)
K.E. LONGLEY , U.S. Army, Off,. of Interocean. Can. Stud. , Bal-
boa Heights, Canal Zone

TO INVESTIGATE AND DEFINE - A. THE ROLES OF
PHYSICAL, CHEMICAL, AND MICROBIOLOGICAL
PARAMETERS IN RELATION TO OPERATION OF STA-
BILIZATION PONDS IN TROPICAL AREAS WITH PARTICU-
LAR EMPHASIS PLACED UPON WASTE MATERIAL
CHARACTERISTICS AND LOADINGS, DISSOLVED OX-
YGEN, ALGAE CLASSIFICATION AND PRODUCTION,

AND THE RELATIVELY HIGH INTENSITY SUNLIGHT OF
TROPICAL AREAS. B. THE EFFECTS OF VARIOUS DETEN-
TION PERIODS, WATER DEPTHS, AND LOADING FLUC-
TUATIONS UPON THE OPERATION AND PERFORMANCE
OF STABILIZATION PONDS IN TROPICAL AREAS. C. MAX-
IMUM ACCEPTABLE LOADING LIMITS, IN TERMS OF 5-
DAY, 20 DEGREE C BIOCHEMICAL OXYGEN DEMAND
( BOD) ;N RELATION TO DESIGN AND 0PM/1 AN 'CI

PARAMETERS.
PILOT PONDS IS DIVIDED INTO TWO PHASES, DUR-

ING PHASE ONE THE PONDS WILL BE OPERATED IN
PARALLEL AT A 4 FOOT WATER DEPTH. INITIAL
LOADINGS WILL BE APPROXIMATELY 25 AND 100 LBS-
BOD/DAY, RESPECTIVELY, IN THE TWO PILOT PONDS,
DURIHG PHASE TWO, ONE POND WILL BE OPERATED AT
WATER DEPTH OF 2 FEET AND 6 FEET. THE SECOND
POND WILL BE OPERATED AS A CONTROL AT A 4 FOOT
WATER DEPTH. MAXIMUM SATISFACTORY LOADINGS
WILL BE DETERMINED AT THESE DEPTHS. PONDS WILL
BE OPERATED AT SELECTED WATER DEPTHS FOR A
SUFFICIENT PERIOD OF TIME TO DETERMINE THE EF-
FECTS OF SEASONAL CLIMATOLICAL CONDITIONS.
MODEL PONDS WILL BE OPERATED TO DETERMINE
CORRELATION TO PILOT POND OPERATION AND
DEVELOP DATA ON DEEP POND OPERATION. PRINCIPAL
TESTS TO BE CONDUCTED INCLUDE B.O.D., BAC-
TERIOLOGICAL (COLIFORM AND TOTAL COUNT),
NITROGEN IN ITS VARIOUS FORMS, DISSOLVED OX-
YGEN, PH, AND ALGAE CLASSIFICATION AND COUNT-
ING.

HAD NOT SIAM ED.

SUPPORTED BY U.S. Dept. of Defense Army

5.0175, VACUUM FILTRATION OF SEWAGE SLUDGE
E.R. BENNETT, Univ. of Colorado, School of Engineering,
Boulder, Colorado 80304

A study of the effect of filter medium size opening and
chemical conditionii.3 on the filterability of sewage sludges. It will
include a reexamination of the vacuum filtration theory and the
establishment of laboratory methods for determining design and
operational parameters.

SUPPORTED BY Kettering Family Foundation

5.0176, WATER REUSE RESEARCH
J.E. FLACK, Univ. of Colorado, School of Engineering, Bouldcr,
Colorado 80304

A study of the physical and chemical processes of advanced
treatment combined with alternatives of supply distribution for
reuse of a portion of the sewage effluent of a large metropolitan
sewage treatment plant. Included will be a study of the economic
implications, consumer resistrnce, legal and institutional con-
straints on reuse of water by cities and industries.

SUPPORTED BY Denver City Government - Colorado

5.0177, BEHAVIOR OF TRACE ELEMENTS IN WATER
RECLAMATION TREATMENT PROCESSES
K.D. LINSTEDT, Univ. of Colorado, School of Engineering,
Boulder, Colorado 80304

A laboratory study of the degree and mechanisms of removal
for certain trace elements in water reclamation treatment
processes, using radiotracers for the analytical measurement of
process efficiencies.

SUIT PORTED BY Kettering Family Foundation

5.0178, ECOLOGY OF COLORADO MOLLUSKS
R.W. PENNAK, Univ. of Colorado, Graduate School, Boulder,
Colorado 80304

Changes in distribution and ecology of mullusks in Colorado,
especially during the past 60 years, as influenced by pollution.
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SUPPORTED BY University of Colorado

5.0179, LEVELS OF SECONDARY PRODUCTIVITY IN
COLORADO MOUNTAIN STRFAMS
R.W. PENNAK, Univ. of Colorado, Graduate School, Boulder,
Colorado 80304

00000NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY University of Colorado

5.0180, NITRATE BEHAVIOR IN SOIL WATER UNDER
FIELD CONDITIONS
J.W. BIGGAR, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Approximately 20 experimental plots, will be established on
the West Side Field Station, University of California, on which
unsaturated hydraulic conductivity values will be measured. In
addition, the movement of surface water soluble compounds, in-
cluding different sources of nitrogen, will be monitored within the
soil profiles on the experimental plots. Sampling and analysis will
be done to measure soil-water movement through field soils under
heterogeneous conditions. Tests will be made to determine the
leading characteristics of a field soil that control the distribution
and loss of nitrogen from soil, Results of the research will be used
to test the reliability of a computer program that is being
developed by the University of Arizona in a companion research
contract.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0181, PREDICTING NITRATE CONTENT OF
AGRICULTURAL DRAIN WATER
G.R. DUTT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Conceptual model systems involving lysimeters and green-
house work will be utilized to determine chemical reactions and
movement of nitrogen from various sources. Soils of different
origin and mineral composition will be used. Data from the model
systems, plus data on nitrogen uptake of various irrigated crops
secured from a search of the literature, will be used to develop a
computer program for predicting the nitrogen transformations
taking place in soil-water systems under variations of time,
moisture content of the soil, temperature, oxygen in soil air,
source of nitrogen, or other factors. The ce riputer program will
be rested for reliability from data seeak ;c1 in a companion
research contract at the University of California. The computer
program will he applied in deriving estimates of the nitrogen con-
tent of drainage effluent from the San Luis Unit, Central Valley
Project, California.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.01182, NITRATE REMOVAL FROM THE AGRICUL-
TURAL EFFLUENTS IN THE SAN LUIS DRAIN UTILIZING
ION EXCHANGE RESINS
R.R. GRINSTEAD, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The objective is to determine the feasibility of developing an
on exchange resin process for removing nitrates from agricultural

drain water. The study will include: 1. Cost estimates of nitrate
removal utilizing present ion exchange technology. 2. An assess-
ment of the possibilities for developing an ion exchange resin with
a higher specificity for the nitrate ion than existing resins. 3. An
estimate of the ion exchange resin properties that might be
developed through a research effort. 4. Cost estimates a nitrate
removal utilizing resins with higher nitrate specificity than exist-
ing resins. 5. Cost estimates and plan for research program
needed to develop nitrate specific ion exchange resins.

SUPPORTED BY U.S. Dept, of Interior - Bu. Reclamation

5.0183, IRRIGATION RETURN FLOW
D.A. HOFFMAN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Flows from irrigation projects have been unduly criticized for
the deterioration of the water quality in receiving waters. Much of
the salt content of many river basins has been attributed to irriga-
tion projects. Studies based upon the transmission and fate of
agricultural chemicals including fertilizers and pesticides will be
supported and coordinated with related studies being performed
under other Reclamation activities and by other organizations. In
order to differentiate the salt contribution from natural irrigation,
municipal and industrial sources two catagories have been made
under the main heading.

1. Nutrient Balance. Data will be correlated so that changes
in selected water quality parameters can be determined as the
water passes through an irrigation project. This extensive study
will utilize existing studies now underway by the Division of Pro-
ject Investigations.

2. Yakima River Project. This study will investigate the effect
of irrigation upon the water quality in the Yakima River,
Washington, and will be coordinated with Region 1, Boise, Idaho.
This project represents an area where the water quality and quan-
tity has been extensively modified by existing uses including ir-
rigation. Specific objectives will be toward defining the influence
of irrigation and looking toward possible remedial measures.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0184, LARGE IMPOUNDMENTS
D.A. HOFFMAN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The Bureau of Reclamation has constructed numerous large
impoundments which are characterized by being deep and long,
located in an arid climate, and relatively unknown from the stand-
point of limnological data. The lack of information is perhaps the
greatest void in water data on these reservoirs. Three programs
are now under study under this heading.

Lake Mead Limnological Studies --With the completion of
Glen Canyon Dam and the filling of Lake Powell, the annual in-
flow pattern to Lake Mead has been substantially changed. Lim-
nologic studies of Lake Mead were started in April 1964, and
others were made in May and November 1966. Data collected
from these surveys showed the detrimental effect of the filling of
Lake Powell upon the water quality in Lake Mead. A Laboratory
Report No. ChE-70 has been written on the research work at
Lake Mead. Results from this study have lead to the initiation of a
new study 'Eutrophication of Las Vegas Bay, Lake Mead.'

2. Eutrophication of Las Vegas Bay, Lake Mead.--During the
surveys of Lake Mead it was found that the Las Vegas Bay was an
area of poor quality water due to the low dissolved oxygen and
high dissolved salts. As a result., it became obvious that an exten-
sive study of this reach of Lake Mead should be made. Field stu-
dies will be made extensive study of this reach of Lake Mead
sin ald be made. Field studies will be made to quantitatively and
qualitatively define, analyze, and recommend solutions needed to
improve the water quality in Las Vegas Bay.

3. Pueblo Reservoir.--Pueblo Reservoir typifies a large ter-
minal reservoir in an extensive water development project which
delivers water for irrigation, municipal and industrial purposes.
The study under this program is specifically directed to in-
vestigate the effect of a large reservoir and its limnological
characteristics upon downstream water quality.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0185, QUALITY OF WATER AS AFFECTED BY
STRATIFIED FLOW (RESERVOIRS)
D.L. KING, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Purpose: To investigate by means of models and prototype
measurements the movement of water through reservoirs.

The grwoing demand for sediment-free water and water at
controlled temperatures and/or dissolved oxygen content requires
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a knowledge of the movement of water through reservoirs. Stu-
dies will be made to determine the effects of reservoir geometry
and tributary waters on temperature stratification, to develop
selective withdrawal techniques, and to develop methods of reox-
ygenation of rivers downstream from dams, The effects of
earthquakes and landslides on stratified flow, wave formation,
and water movement in reservoirs may also be investigated.

A general purpose research facility is being used to study the
basic principles of temperature stratification, density currents,
and patterns of flow approaching outlets at different levels.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0186, GENERAL WATER QUALITY INVESTIGATIONS
P.R. TRAMUT7', U.S. Dept, of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A general, long-range approach is necessary for developing a
coherent and purposeful water quality program. As one of the
necessary steps in developing such a program, new studies of par-
ticular phases of the overall program will be explored and, where
applicable, developed into individual programs. Proper integra-
tion with the work of other groups will be required, and an overall
program will be coordinated with all of the Bureau programs and
with related studies of Federal, state, and local agencies. In order
to fully accomplish these objectives two programs have been set
up under this program.

1. Coordination and Planning. A water Information
Exchange Conference between the Denver Office and Regional
personnel will be held in 1968. Also, an interagency meeting on
Water Quality Research will be held at the FWPCA Southwest
Laboratory, Ada, Oklahoma, in September 1967. Other meetings,
conferences, and symposiums will be attended as the opportunity
affords. 2. Special Studies. Research will be conducted on im-
proving the techniques for the collection and analyses of water
quality parameters such as nitrogen and phosphorous. The
research program includes the improvement of standard methods
and the development of new methods for detecting, measuring,
and recording water quality parameters.

SUPPORTED BY US. Dept. of Interior - Bu. Reclamation

5.0187, TECHNIQUES AND INSTRUMENTATION
P.R. TRAMUTT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The principal purpose of this research is to develop and/or
test new methods, techniques, and instrumentation to collect,
analyze, and record water quality parameters for engineering and
research needs. Two separate categories have been programed
for this work.

I. Field Research Laboratory.--To develop a two-man porta-
ble laboratory that n be used in adequate sized boats and/or
trucks for field rescaich work. This laboratory will function as a
research laboratory and will contain recorders as as instru-
ments for measuring many chemical parameters, such as dis-
solved oxygen, temperature, and any other instruments that will
adequately function under field coneqions.

2. Monitoring Laboratory.--This study will be directed
toward developing a field laboratory kit that can be used by re-
gional personnel for monitoring water quality data where only a
limited number of parameters are to be measured. Also, part of
this program will be the selection of analytical methods for use as
acceptable standards for comparing our work with others.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0188, STANDARDS AND CRITERIA
P.R. TRAMUTT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

In order to establish water quality standards and criteria, it is
necessary to know the requirements of the biota, materials, and
users of the water. Specific studies will be made to better define
reasonable standards for water quality factors of particular in-
terest to Reclamation projects. Two areas of study are pro-
grammed under this heading. I . Effect of Turbidity. will be con-
ducted to quantitatively and qualitatively measure various types

of turbidity producing materials as to size, source, composition,
etc., in relation to hydrologic conditions and their ultimate effect
on aquatic life, irrigation structures, and transmission facilities. 2.
Review of Standards. be devoted toward reviewing the State Stan-
dards for certain parameters required by the Water Quality Act of
1965, in order to ascertain their applicability and effect on Bu-
reau of Reclamation projects. Research will be performed for up-
dating standards as new methods and requirements become
evident.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0189, SMALL IMPOUNDMENTS
P.R, TRAMUTT, U.S. Dept, of Interior, Bureau of Reclamation,
Denver, Colorado 80225

In addition to the large reservoirs covered by other studies,
Reclamation has many small impoundments which vary in their
shape, operational mode, and climate from deep canyon reser-
voirs in mountain locations with a comparative high flow-through
rate to shallow reservoirs located in the plains and operated with
periods of long holdover.

1. Cheney Reservoir--Wichita Project.--A water quality
monitoring and research program to investigate the effects of
multi-level outlet conduits through shallow plains-type reservoirs
was initiated in 1965 and continued through September 1967, in
cooperation with the City of Wichita. The data collected by the
City of Wichita will be analyzed by computer to relate the opera-
tion of the multi-level outlets with water quality.

2. Foss Reservoir--Washita Project.--A research program was
initiated with Region 5 for a quality of water survey in the plains-
type Foss Reservoir. The water in Foss Reservoir has been held in
storage since March 1961 and the chemical quality has been
decreasing due to the accumulation of dissolved salts. Also, the
quality of water has been seriously affected by upstream
watershed development of small retention ponds. This study has
been maintained as a monitoring program for a few important
water quality parameters and to establish basic requirements for a
water treatment plant and/or desalinization unit,

SUPPORTED BY U.S. Dept, of Interior Bu. Reclamation

5.0190, BEHAVIOR OF POLLUTANTS IN WATER
R.L. WERSHAW, U.S. Dept. of Interior, Water Resources Divi-
sion, Denver, Colorado

The objective is to study pesticide residence timc, transport
mechanisms, and projected residue levels in natural soil and in
natural hydrologic environments. The mechanisms of infiltration
and solution of certain pesticides are being studied in the labora-
tory and conjunctive field studies are being planned to obtain in-
formation on the parameters related to subsurface infiltration and
to the migration, retention, and decomposition in ground and sur-
face waters.

SUPPORTED BY U,S. Dept. of Interior - Geological Survey

5.0191, EFFECT OF RECLAMATION PROJECTS UPON
THE QUALITY OF WATER OF THE MISSOURI RIVER
ABOVE SIOUX CITY, IOWA
R.F. WILSON, U.S. Dept. of Interior. Bureau of Reclamation,
Denver, Colorado 80225

Collect and tabulate all usable quality of water records. Ad-
just historic estimated or recorded water quality to reflect existing
conditions. Evaluate magnitude of the effect of existing and fu-
ture USBR project developments upon water quality below pro-
ject areas and determine the persistence of the effect upon
selected downstream locations on the Missouri River.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5,1192, CONCENTRATION OF SUGAR BEET WASTES
FOR ECONOMIC TREATMENT WITH BIOLOGICAL
SYSTEMS
J.H. FISCHER, Beet Sugar Development Found. , Fort Collins.,
Colorado 80521
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The project is one phase of research to find an economic
chemical or biological system to treat high volumes of sugar beet
factory waste, One or more successful processes are necessary to
satisfy effluent standards in States where sugar beets are
processed.

The objective of the project is to concentrate sugar-beet fac-
tory wastes by chemical precipitation and reuse of the decanted
solution in a closed recirculation system. The excess water accu-
mulated during the operation will be treated by anaerobic and/or
aerobic processes to remove HOD prior to discharge. The bioac-
tivity will be studied concurrently,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl
Beet Sugar Development Foundation

5.0193, ANAEROBIC - AEROBIC SUGAR BEET WASTE
TREATMENT
LH. FISHER, Beet Sugar Development Found. , Fort Collins,
Colorado 80521

The purpose of this project is to demonstrate the possibility
of reducing and eliminating pollution and odor problems in beet
sugar factory wastes through the use of facultative and algae
ponds and re- circulation. Initial studies will be on treating flume
water, with other wastes to be treated later.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Beet Sugar Development Foundation

5.0194, FISHES OF THE SOUTH PLATTE RIVER BASIN,
COLORADO
R.J. BEHNKE, Colorado State University, State Coop. Wildlife
Res. Unit, Fort Collins, Colorado 80521

A survey of the fish fauna of the South Platte River is being
conducted with special emphasis upon native species and species
with limited distribution. The distribution of present species and
community composition is being related to the impact of civiliza-
tion as it has altered the stream environment through pollution of
water, diversion, and other means.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Colorado State University

5.0195, WATER AND WIND EROSION AND ITS CON-
TROL ON IRRIGATED AND NONIRRIGATED LANDS IN
THE NORTHERN PLAINS
H.R. HAISE, Colorado State University, School of Engineering,
Fort Collins, Colorado 8052 I

Object: For conditions of the Northern Plains: determine and
characterize runoff and soil loss from natural and simulated rain-
fall under a wide range of soil cover and climatic conditions on ir-
rigated and nonirrigated land; develop predictive equations to
estimate runoff and soil loss; and determine causative factors as-
sociated with wind erosion and develop control measures includ-
ing cropping practices, residue management, and other related
measures adapted to the area.

Plan of Work: Cropping systems and cultural practices in-
cluding tillage, residue management, and other surface treat-
ments are developed and evaluated from the standpoint of wind
and water erosion control for different soil-climatic areas in the
Northern Plains. Small plot rainfall simulators are used to mea-
sure soil loss and runoff from water erosion, and portable wind
tunnels and related aerodynamic equipment are used to measure
wind profiles and velocities and to assess susceptibility to wind
erosion and effectiveness of control measures. Benefits from deep
tillage, subsoiling, vertical mulching, and so called minimum til-
lage practices are evaluated as related to erosion control benefits.
Changes accompanying various cropping and cultural methods
that occur in soil characteristics sucii as structure, permeability,
aggregate stability and amounts, and volume weight aspects of the
soil profile are measured with a view towards improvement of
design of conservation farming methods. Relationships are
developed from data collected at a number of locations in the
Northern Plains to predict wind or water erosion losses.

SUPPORTED BY U.S. Dept. of Agriculture

5.0196, SOIL, PESTICIDES AND THE QUALITY OF
WATER
D.D. JOHNSON, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 30521

Objectives: (I) To establish whether movement through the
soil constitutes a significant source of the pesticides found in sur-
face and ground water. (2) To identify the properties of pesticides
and soils that control the extent or' movement of pesticides in and
through soil,

Procedures: Atrazine and monuron will be the pesticides
used. Laboratory procedures will evaluate the influence of
microbial activities on the leachability and diffusion of these
pesticides in soils. Column leaching techniques decided upon by
W-52 will be used. Diffusion studies in laboratory will be coor-
dinated with similar work of S. R. Olsen, USDA, ARS, Fort Col-
lins. Field studies will attempt to ascertain those conditions of
pesticide concentration and irrigation rate which will cause these
pesticides to move through an underlying water table will be
analyzed to see if pesticides have moved through the soil profile.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

5.0197, A STUDY OF A WATER TOXICITY PROBLEM
E.W. KIENHOLZ, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Objectives: 1. To design a bioassay of level of inorganic tox-
icity in potable water. 2. To survey objectionable water, to deter-
mine specific problems, and to attempt to reduce toxicity of ob-
jectionable water. 3. To define tolerable limits of specific inor-
ganic contaminants in poultry drinking water.

Description of work proposed: Day-old chicks or pou Its will
be used as the assay animals. Since some of the objectionable
water reportedly produces poor growth and livability of young
birds, an assay will be sought which relates a bird performance
characteristics directly to toxicity problems of available water.
This assay procedure will then be used to compare water sources
from various complaint areas, and to identify individual factors
giving rise to toxic water.

SUPPORTED BY Colorado State Government

5.0198, WATER VELOCITY AND SPATIAL CO-ACTIONS
OF HATCHERY TROUT AND WILD BROWN TROUT
R.E. VINCENT, Colorado State University, State Coop. Fishery
Unit, Fort Collins, Colorado 80521

Resting microhabitat requirements of hatchery rainbow trout
will be determined by the use of a flume where parameters such as
water velocity, water temperature, water depth, and cover can be
measured and controlled. After the resting microhabitat has been
determined, wild brown trout will be introduced into the flume to
observe behavior between the hatchery rainbow trout and wild
brown trout. The order of introduction will then be reversed by
introducing brown trout first, permitting them to become orien-
tated and established residency, then introduce the hatchery rain-
bow. Displacement from optimum resting microhabitat should
take place as the dominant individuals either by species or by
prior residency will continue to occupy resting microhabitats with
optimum water velocities.

The study is being conducted at the Pingree Park Campus of
Colorado State University.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Colorado State University

5.0199, A SYSTEM FOR GEOLOGIC EVALUATION OF
POLLUTION POTENTIAL AT MOUNTAIN DWELLING
SITES
J.P. WALTZ, Colorado State University, Graduate School, Fort
Collins, Colorado 80521
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The proposed research is to develop a hydrogeologic classifi-
cation system for mountainous terrain. The classification system
is to be designed for use in evaluating pollution potential at
dwelling sites in the mountains.

Streams and wells in the mountains are susceptible to con-
tamination because sewage disposal systems are usually privately
owned and may be poorly situated or constructed. In addition,
contaminated surface water can usually percolate directly into
the ground via exposures of fractured or jointed rock. Also,
direction and rate of ground water motion in a fractured medium
are difficult to determine.

The procedure proposed for this research is to collect quan-
titative measures of topographic, geologic, and hydrologic varia-
bles. These data are to be used in a discriminant function analysis.
The data will be in two groups: group I will contain information
from sites where contamination has been documented and a
source of pollution can be identified; group II will contain infor-
mation from sites where no contamination can be detected, but
where a pollution source is present.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

5.0200, WATER TEMPERATURE AS A QUALITY FAC-
TOR IN THE USE OF STREAMS AND RESERVOIRS
J.C. WARD, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

Objectives: (1) Relate quantitatively the three parameters of
the surface water since curve to the meteorologic and hydrologic
factors influencing water temperature. (2) To work out methods
for the quantitative application of the water temperature sine
curve to all types of lakes and reservoirs. (3) To obtain methods
for predicting quantitatively the effects of Zhermal pollution on
stream and lake water temperatures. (4) To study quantitatively
the diurnal variation in stream and lake water temperature at all
depths.

The laminar phenomena of surface injected heat will be stu-
died in detail to determine the degree of insulation in both
horizontal and vertical axes in providing habitat for motile and
non-motile aquatic organisms. New Measurements of dispersal
patterns of heated waters in relation to substrate types will be ac-
cumulated.

Pre-installation studies will be continued in an area of a small
river system soon to be subjected to waste waters from a thermal
power station.

Heat barrier effects in a lotic environment especially as re-
lated to fishes will be a part of a continuing study.

The effects of water temperatures and ice cover on the use of
reservoirs and streams by waterfowl will be studied. The effective-
ness of artificial ice-preventive measures will be determined on
selected reservoirs.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

5.0201, SMALL IMPOUNDMENT & POCKING
D.T. WEBER, State Game Fish & Parks Dept. , Fort Collins,
Colorado

Procedures: 1. To collect basic survey data from 8 of the
Banner Lakes. 2. To eradicate the fish population from 5 of the
lakes surveyed under Procedure 1, 3. To stock bass only in 2 of
the 5 lakes eradicated under Procedure 2 and bass-bullheads in
the remaining 3 lakes. 4. To maintain stocking of conglomerate
species in the remaining 3 lakes to serve as controls. 5. To mea-
sure harvest from the lakes under study after each is stocked.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Colorado State Government

5.0202, CHEMICAL, PHYSICAL AND BIOLOGICAL
REACTIONS OF PESTICIDES WITH SOILS AFFECTING
SOIL PRODUCTIVITY AND PESTICIDE STABILITY
F.G. VIETS, U.S. Dept. of Agriculture, Fort Collins, Colorado

Object: To develop principles on the chemica', physical, and
biological reactions of pesticides with soils including effects of

variations in soil environment on such reactions, pesticide stabili-
ty and movement; and to investigate the effects of pesticides on
soil properties, biology, and productivity.

Plan of Work: Study will be made of the effect of a pesticide
on chemical and microbial processes currently under laboratory
investigation. These include ion uptake and translocation in
plants, ion diffusion and mass flow in soils, the chemical and
microbial transformations of essential elements in soils, and the
competition among microbial species in soils as affected by kind
of crop amd plant residues, aeration, temperature, fertilizers and
amendments. The second approach will be specific studies with
pesticides as to their adsorption on mineral and humus con-
stituents of the soil, their movement in the soil by water and their
stability as affected by adsorption, microbial activity and varia-
tions of temperature, water and aeration of the soil environment.
A laboratory for pesticide assay will be established. Chemical
techniques involved will be ultraviolet, visible, and infrared spec-
troscopy and fluorimetry; gas, paper and column chromatog-
raphy. Radioisotopes may also be used.

SUPPORTED BY U.S. Dept. of Agriculture

5.0203, GRAND VALLEY SALINITY CONTROL DEMON-
STRATION PROJECT
T.G. SPANNAGEL, Grand Vali. Water Purif. Proj. , Grand Junc-
tion, Colorado

In three selected study areas, irrigation canals and other
water conveyance channels will be lined to control the major
source of recharge to the near surface aquifers, thereby minimiz-
ing the quantity of flow through mineral yielding geological for-
mations and reducing the gradient which forces saline water into
the Colorado River. Detailed field observations and measure-
ments will be made to evaluate the effectiveness of lining in
preventing seepage, the reduction in discharge to local surface
streams, and the improvement in mineral quality.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Grand Valley Water Purification Project

5.0204, ORGANIC DEBRIS ON CONNECTICUT
BEACHES AND SHORES
R. BENOIT, General Dynamics Corporation, Groton, Connecticut

General field surveys of selected sites are made. The quantity
and identity of beach debris present in significant amounts is
determined. Water characteristics (temperature, dissolved ox-
ygen, salinity, turbidity) are determined. The origin of the debris
is determined if possible. The microbial flora of water, sand, mud,
and debris are determined in relation to the mode of decomposi-
tion of the debris.

SUPPORTED BY Connecticut State Government

5.0205, STUDY FOR FLOW REDUCTING AND TREAT-
MENT OF WASTE WATER FROM HOUSEHOLDS
H. WALLMAN, General Dynamics Corporation, Groton, Connec-
ticut (14-12-428)

The purpose of this program is to evaluate objectively all
possible approaches for reducing the waste water flow from in-
dividual homes and/or to provide more complete treatment of the
wastes that occur. The first phase of the program consists of
gathering all available information on water use, waste disposal,
and current research activities in water supply and waste disposal
from the literature, opinion surveys, and personal contacts. The
second phase will be to catalog and make a technical and
economic evaluation of the gathered information to determine
the most promising solutions to the water supply-waste disposal
problems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0206, DISPOSAL OF LIQUID WASTES
J.E. YOCOM, T R C Service Corporation, Hartford, Connecticut

In cooperation with an engineering firm, J. S. Minges and As-
sociates, this study is being conducted to determine the feasibility
of a centralized, shared, industrial waste treatment plant for many
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industries in the Bristol, Connecticut, area, However, the results
may be applicable to other Connecticut cities and industries.

The special role of TRC in the project is to develop data on
the technical feasibility of alternate disposal Fysterns and to sup-
port the selection of optimum systems.

SUPPORTED BY Connecticut State Government

5.0207, REGIONAL UTILITIES STUDY-WATER SUPPLY,
SEWERAGE, DRAINAGE AND REFUSE DISPOSAL
P. BOCK, Travelers Research Center Inc. , Hartford, Connecticut

In co-operation with an engineering firm, J.S. Minges and As-
sociates, this study is being conducted to develop long-range
plans and short-term programs for the provision and co-ordina-
tion of water, sewerage, storm drainage and refuse disposal facili-
ties in the Capitol Region (a 29-town area in north-central Con-
necticut).

The development of the study involves the following general
activities for the four types of utilities: 1. Inventory of existing
facilities 2. Development of an analytical study framework 3.
Determination of future needs 4. Determination of adequacy of
present facilities 5. Considerations of private 'on-lot` systems 6.
Study of alternative plans 7. Preparation of long-range plans 8.
Preparation of short-range development programs.

SUPPORTED BY Connecticut State Government

5.0208, THERMAL POLLUTION AND ITS IMPLICA-
TIONS FOR THE COAL INDUSTRY-A SURVEY OF THE
STATE OF KNOWLEDGE
P.B. CHENEY, Travelers Research Center Inc. , Hartford, Con-
necticut

The objectives of this study are to assemble and organize in-
formation relevant to (a) the chemical, biological and physical ef-
fects of thermal pollution, (b) the heat diffusion and dissipation
capabilities of different types of water bodies, (c) alternative
methods for dissipating the heat prior to discharge, and (d) the
implications of an increasing demand for electric power with re-
gard to plant sizes, plant sites and cooling technology.

The scope of the study is intended to cover the field of
knowledge in thermal pollution on a national scale. That is, the
focus will not be on any one region of the nation, but rather to ap-
proach the problem on the basis that a study related to thermal
pollution and its effects will be relevant regardless of geographical
location.

SUPPORTED BY National Coal Policy Conference Inc.

5.0209, MARINE OIL-WATER SEPARATION SYSTEM
SUBGROUP V
J.H. SEEL ING ER, Cuno Engineering Corporation, Meriden, Con-
necticut 06453

The Contractor intends to evaluate the feasibility of using
commer- cially available filtration equipment (modified) to
remove residual marine fuel oil from sea water. This project will
include both land- based and shipboard tests of a full scale separa-
tion system.

This project was initiated in FY 66 and will be completed in
FY 70.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

5.0210, PHOSPHORUS IN LAKE SEDIMENTS
R.D. HARTER, Conn. Agric. Expt. Station, New Haven, Connec-
ticut 06504

Objectives: Discover the nature of the phosphorus exchange
between lake sediment and water by (a) studying self diffusion of
P32 through lake sediment, (b) establishing the effect of tempera-
ture on phosphorus equilibrium between sediment and water, (c)
determining which fraction of mud phosphorus is exchanging with
water, and (d) evaluating the rate of movement of phosphorus
from sediment into water across a mud-water interface.

Procedure: Self diffusion of P32 through mud will be deter-
mined by constructing a core of bottom mud in small diameter

(16 mm) glass tubes. To the base of the column, or to the water
above the soil, P32 will be added. The column will be sectioned
and the P32 measured. Effect of temperature on soil-water
equilibrium will be established by shaking a 1:25 soil - water mix-
ture at different temperatures until equilibrium is reached. To
determine which phosphorus fraction is exchanging with the
water, the mud will first be fractionated. Samples of sediment will
then be extracted by shaking in large quantities of water. The
sediment will be fractionated to establish change in the
phosphorus fractions. Rate of exchange of phosphorus from mud
to overlying water will be evaluated by placing lake sediment in
large cylinders and slowly renewing distilled water over the mud.

SUPPORTED BY U.S. Dept of Agriculture

5.0211, DEVELOPMENT OF INSTRUMENTAL
TECHNIQUES FOR THE ANALYSIS OF TRACE ORGANIC
CONSTITUENTS IN WATER
R,P. COLLINS, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

The proposed research plan involves the development of
more effective methods for isolating, concentrating, identifying
and measuring trace organic constituents in public water supplies.
Improved and highly refined instrumentation is needed for this
purpose because of the ever increasing amounts of highly com-
plex organic constituents which are being introduced into water
supplies and for which, at the present time, no techniques exist for
their detection or measurement.

Laboratory investigations would test the usefulness of the fol-
lowing analytical procedures: a. Coupled gas-chromatography
and mass spectroscopy, b. On-column trapping procedures. c,
Coupled gas-chromatography and rapid scan infrared spectrosco-
py. d. Thin-layer chromatography. e. DEAE column chromatog-
raphy for isolating and concentrating high molecular weight or-
ganic constituents.

Upon completion of the laboratory phase the analytical
procedures developed would be used in sampling Connecticut
rivers and reservoirs in which difficulties from industrial effluents
and/or objectionable tastes and odors had been experienced.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

5.0212, A STUDY OF MICROORGANISMS INDUCING
TASTES AND ODORS IN WATER
R.P. COLLINS, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

Current research is concerned with the isolation and identifi-
cation of volatile and non-volatile constituents produced by algal
and actinomycetes involved in taste and odor problems in public
water supplies. A combination of gas chromatography and rapid
scan mass spectroscopy has been developed to aid in the identifi-
cation of the odorous constituents.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.0213, AUTOMATIC CONTROL OF A COMPLETELY
MIXED ACTIVATED SLUDGE REACTOR
1I.E. KLEI, Univ. of Connecticut, School of Engineering, Storrs,
Connecticut 06268

The purpose of this project is to apply chemical engineering
control theory on a completely mixed activated sludge reactor in
an operating sewage treatment plant with the ultimate goal being
to hold the BOD in the effluent at a predetermined level under
various loading and operating conditions. A model reactor, highly
instrumented, will be operated to obtain data both under dynamic
and steady-state conditions.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Connecticut

5.0214, REDUCTION OF RIVER HEAT POLLUTION BY
TURBULENCE STIMULATION
V.E. SCOTTRON, Univ. of Connecticut, School, of Engineering,
Storrs, Connecticut 06268
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One of the principal difficulties of 'run of the river' cooling of
electrical generating stations is that the heated effluent tends to
stratify horizontally in high temperature zones thus causing
potentially serious damage to the biological cycle in the river, It is
known that wind-generated turbulence and surface waves will aid
mixing and will break up the stratification in relatively short
distances. In calm periods the stratification tends to persist. A
possible solution to this problem of high temperature concentra-
tion is the production of heavy turbulence in the normal river mo-
tion by means of artificial river bottom roughness such as cob-
bling or rip rap. This heavy turbulence would reduce the zones of
concentration and the peak temperature levels.

The method of attack requires an investigation of the turbu-
lence levels generated by a variety of roughness patterns. The
river flows would be simulated by low-speed air flows in order to
facilitate measurement of the turbulence properties. Once data
are available on the effects of various roughnesses, these results
can be applied to river systems. This investigation would be car -
ried out in the Civil Engineering Hydraulic Laboratory.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of Connecticut

5.0215, AIR OXIDATION OF ORGANIC COMPOUNDS IN
AQUEOUS SYSTEMS
D.W. .VLINDSTROM, Univ. of Connecticut, School of Engineer-
ing, Storrs, Connecticut 06268

Organic compounds can be oxidized chemically in an aque-
ous system by heating under pressure in the presence of air. When
applied to the disposal of aqueous wastes, the technique is
referred to as wet oxidation. Under the usual operating condi-
tions, the organic wastes are not completely destroyed durin ox-
idation. The method is of particular interest since the wastes are
removed by chemical rather than by biological action.

The purpose of the project is to determine the reaction
kinetics of several organic compounds during wet oxidation. The
rate and extent of oxidation of several organic compounds will be
examined over a range of temperatures, pressures and concentra-
tions. Since simultaneous mass transfer and chemical reaction
occur during wet oxidation, the relative magnitudes of these rate
processes will be established. Initial experiments will emphasize
the destruction of an insoluble organic compound in a flow reac-
tor. The results of this study should provide a better understand-
ing of the wet oxidation process.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

5.0216, STUDIES ON PHOSPHORUS TRANSFORMA-
TIONS IN EUTROPHIC LAKES
R.C. TILTON, Univ. of Connecticut, Graduate School, Storrs,
Connecticut 06268

The proposed study is an evaluation of the role of microor-
ganisms in the transformation of phosphorus compounds in
eutrophic lakes.

The proliferation of algal forms and their ability to scavenge
phosphate has been well defined. However, little information is
available on the role of bacteria in the phosphorus cycle of
eutrophic lakes.

The research will be conducted in the central Connecticut
area. Mesotrophic and eutrophic lakes in the area will be
analyzed for natural and unnatural phosphate compounds.
Representative mixed populations and pure cultures will be tested
for the ability to utilize one or more 32P labelled phosphate com-
pounds under a variety of environmental conditions such as
available nutrient, pH, aeration, and oxidation reduction poten-
tial.

Results obtained from such a study will aid in the understand-
ing of the dynamics of phosphorus utilization in an eutrophic lake
and provide information on the environmental control of
eutrophication.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

5.0217, VARIABILITY IN DIATOM MORPHOLOGY AND
WATER POLLUTION
F.R. TRAINOR, Univ, of Connecticut, Graduate School, Storrs,
Connecticut 06268

The purpose of the present investigation is twofold: (1) to
study the morphological and growth responses of freshwater
diatoms to changes in the physical and chemical environment
using the culture technique, and (2) to study morphological varia-
bility in laboratory cultures of diatoms incubated in natural
waters. If we can demonstrate in controlled laboratory experi-
ments as well as in cultures incubated under 'natural' conditions
morphological responses of an organism to changes in environ-
ment, we would expect certain morphological types to be indica-
tors of the chemistry of the water. Among the environmental
components which will be investigated are: levels of inorganic
nutrients, levels of available CO2, presence of certain organic
substances, pH, temperature, and light.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

5.0218, INDIVIDUAL WASTE DISPOSAL SYSTEMS
W.C. WHEELER, Univ. of Connecticut, School of Agriculture,
Storrs, Connecticut 06268

The orjeetive of these studies is to investigate oxygen and
temperature levels in the dispossal fields of individuals septic
systems and its effect on the over-all disposal system.

Experiments will be conducted to determine the effect of
temperature and oxygen on the effluent leaving the septic tank
with provisions to inject air into the drainage tile lines. The
evaluation of these effects will be based upon field observations.

Both laboratory and field studies are planned. The field mea-
surements will be made at selected locations in the state.

Instrumentation will include the use of multi-point recorders
for temperature measurements, pH meter, dissolved oxygen
analyzer, and the standard biological and sanitary engineering test
as an aid in the evaluation of the effluents of the tests.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

5.0219, WASTE DISPOSAL IN RURAL AREAS
W.C. WHEELER, Univ, of Connecticut, Agricultural Experiment
Sta. , Storrs, Connecticut 06268

Objectives: 1. To measure and analyze the thermodynamic,
hydraulic, chemical and bacterial parameters prevalent in septic
tank systems used for waste (excreta) disposal in rural Connec-
ticut, with emphasis on temperature measurement and its interac-
tion with the other parameters. 2. To design and test new septic
systems.

Septic tank systems will be instrumented so that temperature
patterns can be obtained for all phases of the treatment process.
Efforts will be made to determine the quantity of influent and ef-
fluent without disturbing the operation of the systems. Bac-
teriological and chemical analysis will be made of influent, tank
solution and effluent to determine the effectiveness of treatment
processes. Laboratory and field installations will be used.

The physical properties of the disposal field will be analyzed
and correlated to sewage stability and seepage rates. Effluent in
the draintile and separate tanks will be subjected to supplemental
air and the effect on the aerobic digestive process will be studied.

Modified septic systems will be designed, constructed and
tested for more effective disposal of agricultural waste materials
from poultry flocks, dairy herds and rural residences.

1-347



5. WATER QUALITY MANAGEMENT AND PROTECTION

SUPPORTED BY U.S. Dept. of Agriculture
Connecticut State Government

5.0220, EFFECTS OF SIMULTANEOUS VARIATION OF
TEMPERATURE AND DISSOLVED OXYGEN ON THE RE-
SISTANCE OF FISHES TO CONTROLLED POLLUTANTS
W.R. WHITWORTH, Univ. of Connecticut, School of Agricul-
ture, Storrs, Connecticut 06268

The effects of simultaneous variation of temperature, dis-
solved oxygen and a synthetic pollutant on fishes will be in-
vestigated. A continuous flow bioassay technique will be em-
ployed. The relative importance of the factors at various levels
will be estimated and discussed with regard to water quality
requirements of fishes,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

5.0221, WATER QUALITY CONTROL WITH SYNTHETIC
POLYMERIC FLOCCULANTS
J.K. DIXON, Univ. cf Connecticut, Graduate School, Torrington,
Connecticut 06790

The purpose of the proposed investigation is to study the
floc- culating action of synthetic polymers on colloidal solid
materials in water in order to understand better their use in water
quality control. Well-characterized samples of
polyethyleneimine, a cationic polymer, and of polyacrylamide, a
non-ionic polymer, will be synthesized 'with different chemical
and physical properties and tested as flocculants for E.coli bac-
teria, the latter being characteristic of bacteria en- countered as
solids in the effluents from activated sludge digestion sewage
Wants. The results will be correlated with the theory and practice
of earlier work in this field on the use of these polymers for floc-
culation of other solids encountered in water pollution control.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Connecticut

5.0222, INVESTIGATION OF AMPHIPATHIC WATER-
SOLUBLE POLYMERS AS FLOCCULANTS AND FLOTA-
TION AIDS IN DOMESTIC WASTEWATER TREATMENT
R.R. BROWN, Standard Brands Chem. Indus. , Dover, Delaware
19901 (14-12-430)

New, commercially feasible, synthetic polyelectrolytes or
nonionic polymers with improved flocculation ability for
suspended matter in domestic wastewater will be synthesized and
tested. The incorporation of surface active groups into the bask
polymeric flocculent will be studied as a possible approach to
enhancing the flocculating ability of polymers. Polymers will be
analytically characterized as to composition, molecular weight,
surface activity, charge type, density, and active group content
for evaluation as flocculants and flotation aids in wastewater
treatment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0223, EFFECT OF BORON !N BIOLOGICAL WASTE
TREATMENT
S.K. BANERJI, Univ. of Delaware, School of Engineering,
Newark, Delaware 197 11

The use of boron salts in the household detergents and in
various industrial operations has increased considerabij in the
past few years, with the result that the wastewater from domestic
and industrial sources are carrying higher amounts of boron.

The proposed research plan involves, first the determination
of boron salts in the local sewage and in the neighboring streams.
The second part of the investigation would determine the effect of
boron salts on aerobic biological waste treatment process (e.g. ac-
tivated sludge process) under various operating and loading con-
ditions. The pH, temperature and concentration of the boron salts
would be some of the variables for study. Warburg Respirometer
boron toxicity results would supplement the results obtained in
the aerobic biological waste treatment process. Adsorption of
boron on clay & biological surfaces will also be determined. The
concentration of boron on surfaces may be important in biologi-
cal treatment systems.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Delaware

5.0224, SPRAY DISPOSAL OF LIQUID COW MANURE
N.E. COLLINS, Univ. of Delaware, Agricultural Experiment Sta.
, Newark, Delaware 19711

Objectives: 1. To develop the equipment needed for the daily
disposal of liquid manure with a spray system. 2. To determine the
safe capacity of the soil to assimilate liquid manure applied daily
by a spray system.

Description: The project includes grinding and pumping
liquid manure to a field disposal area. Preliminary tests will be
conducted to determine the most efficient pump grinder com-
bination and to determine the hydraulic characteristics of the
liquid manure. For field disposal the liquid manure will be
pumped 1000 feet to commercial sprinklers or other spreading
device. Measurements of pollution, odor, insects, and microor-
ganisms will be criteria for measuring the effectiveness of the
disposal area,

SUPPORTED BY U.S. Dept. of Agriculture
De/aware State Government

5.0225, MASS TRANSFER AND CHEMICAL REACTION
IN TWO PHASE FLOW
T.W. RUSSELL, Univ. of Delaware, School of Engineering,
Newark, Delaware 19711

The basic mechanism of mass transfer and chemical reaction
in two phase (gas-liquid) horizontal pipes is to be investigated so
that the possibility of using two-phase pipelines for treatment of
raw sewage can be evaluated.

A model of the process of chemical reaction and mass
transfer has been developed and partially checked for annular
two-phase flow in a horizontal pipe. Experimental work is
proposed which will more fully verify the model and allow mathe-
matical descriptions and correlations to be developed for other
flow regimes.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Delaware

5.0226, BIOLOGICAL ALGICIDES
M.S. SHANE, Univ. of Delaware, Graduate School, Newark,
Delaware 19711

The above named project is concerned with the isolation
from nature, that is, ponds, rivers, reservoirs, lakes, etc., of
viruses which will parasitize, replicate,and lyse algal cells.

Isolated viruses will be studied as to their effect upon the host
cells under different environmental conditions, including pH,
temperature, light, etc. A study of the morphology of new viruses
will be undertaken by electron microscopy.

The work will first be done in flasks using standard methods
for growing a large number of algal species and observing the ef-
fects of seeding these cultures with bacterial free inoculum from
samples collected from areas which support large populations of
algae.

Isolated algal virus will then be used to inoculate aquaria and
ponds which have large populations of susceptible algae.

Hopefully, this research will be productive in establishing an
algal virus collection which can help to furnish biological algi-
cides for specific algal populations.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.0227, SELF-ADJUSTING AND SELF-CLEANING
FILTER FEASIBILITY STUDY
J.D. BANE, Hercules Incorporated, Wilmington, Delaware

This six-month program will determine the feasibility of a
unique self-adjusting and self-cleaning filtration system for reduc-
ing water pollution from combined sewer systems during storm
runoff conditions. The new concept is based on the expansion and
leakage characteristics of Hercules' filament-wound, resin-
bonded Spiralloy structures-used successfully in a number of mis-
sile motors and commercial applications. Basically, the Spiralloy
filter will be designed and fabricated to expand at low pressures to
yield numerous micron-size openings. During stormflow, the filter
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will expand in proportion to the hydraulic head and permit
leakage of filtered water to a separate chamber for subsequent
chlorination before final water-way discharge. The suspended and
settleable solids will be retained by the filter and transported to a
sewage treatment plant. Self-cleaning will be accomplished by the
interior surface condition and a centerbody to impart high shear
velocities along the filter wall. This approach offers an economi-
cal solution to the combined sewer pollution problem.

This program is being performed at Allegany Ballistics
Laboratory (ABL), Box 210, Cumberland, Maryland. ABL is a
government-owned laboratory managed by Hercules Incor-
porated, Chemical propulsion Division.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0228, U. S. S. R. LITERATURE ON WATER SUPPLY
AND POLLUTION CONTROL
B. S. LEVINE, Individual Grants, District of Columbia

As stated above, this type of project is one described as In-
dividual. For the past seven years the undersigned had sole
responsibility for the conduct and progress of this project. Thus
far eight volumes of this survey have been published by the U. S.
Department of Commerce, Federal Scientific and Technical In-
formation of which Volume 6 which deals with conditions for the
sanitary discharge of sewage and waste water into natural water
bodies is probably the most significant. This volume is a complete
thoroughly revised and reedited translation of the original work
by Dr. S. N. Chrkinskii, Professor and Corresponding Member of
the USSR Academy of Medical Sciences. Professor Abel Wohl-
man of Johns Hopkins University in his introduction to this
volume stated: 'Citizens and Scientists accept the universality of
the problem of determining the 'Conditions for the Sanitary
Discharge of Sewage and Waste Water into Natural Water
basins'. Dr. Levine deserves, therfore, the thanks of thousands of
workers in making available in English the thoughtful exposition
in the present volume'.

`The document not only should be read, but both its
philosophy and the conclusions should be tested against the prin-
ciples and practices prevailing in the United States Even a cur-
sory review of the chapter headings reveals a rewarding prospect,
while the detailed text is replete with challenging principles.'

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0229, AN ENGINEERING INVESTIGATION OF STORM
AND COMBINED SEWER PROBLEMS
J.G. CLEVELAND, Avco Economic Systems Corp. , Washington,
District of Columbia 20006

This project proposes to develop and demonstrate a
methodology for assessing the extent of pollution from storm
water runoff in an urban area, identifying the sources for effective
pollution abatement and control. The method is unique in that it
will provide an economical solution to the urban storm water pol-
lution problem by an application of improved urban planning,
zoning and land-use regulation, rather than extensive structural
facilities.

The scope of the project includes: I. A field assessment of
storm water pollution in terms of analytical measurements from
`discrete' runoff sheds. The selection of runoff sheds will be based
on land use practices. 2. The development of functional relation-
ships between the various land-use and analytical pollution mea-
urements. 3. Validation of methodology for pollution assess-

ment. 4. The determination of cost and benefits of alternate con-
siderations for the review of land-use practices desired to reduce
the sources of pollution. 5. The development of the plan for im-
plementing remedid measures necessary to abate or control
dispersed pollution problems. The City of Tulsa, Oklahoma has
been selected for the study. Tulsa is unique in having detailed
land use records which will facilitate this study.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0230, IDENTIFICATION OF LIMITING FACTORS IN
THE BIOLOGICAL TREATMENT OF SEWAGE
G.V. LEVIN, Biospherics Research Inc. , Washington, District of
Columbia 200.11 (14-12-129 )

The purpose of this contract is to explore the microbiological
and biochemical wastewater literature to determine the intrinsic
factors which limit the effectiveness of biological treatment of
sewage. Comparisons of the fundamental microbial metabolic,
rates with those achieved in practice will be made. The informa-
tion gained will be used to identify significant areas in which
sewage treatment does not take full advantage of the biological
processes, Once these areas are identified, laboratory and pilot
plant research programs can be designed to develop improved
treatment methods and practices. The information developed will
be particularly useful in purifying the input to a mathematical
model describing the activated sludge process which is being
developed at the Cincinnati Water Research Laboratory.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0231, BIO-MASS DETERMINATION - A NEW
TECHNIQUE FOR THE CONTROL OF AERATION
SEWAGE TREATMENT PROCESS
G.V. LEVIN, Biospherics Research Inc, , Washington. District of
Columbia 20011 ( 14-12-419 )

To examine a new method, conceived and developed by per-
sonnel of Biospherics Researcn, Inc. for the rapid determination
of bio-mass and to assess the feasibility of applying this method in
the control of sewage treatment processes. The proposed method
is the firefly bioluminescent assay for microbial
adenosinetriphosphate.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0232, SORPTION BEHAVIOR OF ORGANIC
PYROPOLYMERS IN AQUEOUS SOLUTION
S.D. BRUCK, Catholic University of America, School of En-
gineering, Washington, District of Columbia 20017

The investigation of the sorption behavior of organic
pyropolymers is proposed with special reference to the removal of
organic materials (including pesticides), radioactive substances,
and ions, such as NH4 , from secondary effluents. These
pyropolymers can be readily prepared from commercially availa-
ble heterocyclic /aromatic polyimides and, unlike activated car-
bons, are characterized by the presence of a large number of
nitrogen and oxygen atoms, lesser quantities of hydrogen, and de-
pending on the starting material, ionic groups. These properties,
plus the fact that the microporosity of the pyropolymers can be al-
tered by varying the preparative conditions and thermal treat-
ment, make these systems attractive candidates for the study of
the sorption - desorption processes and for the elucidation of the
physico-chemical parameters that enhance these processes.
Direct comparison will be possible between the sorption - desorp-
tion properties of the pyropolymeri and those of .:tivated car-
bons studied by other workers.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0233, THERMAL DESTRUCTION OF TYPE E CLOS-
TRIDIUM BOTULINUM
C. W. BORRER, Natl. Canners Association, Washington, District
of Columbia

The determination of the heat resistance of Clostridium
botulinum \type E in selected food products forms the foundation
of this project. This organism, long ignored as dangerous in food
products, has been implicated in several recent outbreaks of botu-
lism. In order to define clearly what the potential hazard may be,
details of the growth, spore formation, toxic production, and par-
ticularly the resistance to heat and chemical and physical agents
must be known. The effects of spore production medium,
recovery medium for heat or chemically injured cells, and heating
substrate on resulting resistance also will be surveyed. A deter-
mination of the time-temperature relationships for inactivation of
the type E toxin will be determined in foods and the influence of
water activity on spore outgrowth and toxin production will be in-
cluded in the study.
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SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S,

5.0234, RECONDITIONING AND REUSE OF FOOD
PROCESSING BRINES
W. MERCER, Natl. Canners Association, Washington, District of
Columbia

Briefly the proposal is to conduct a pilot scale study to deter-
mine the feasibility of re-using spent brines from storage and
processing operations in olive packing by reconditioning the brine
through a charcoal absorption and filtration column. The porta-
ble filter will be operated throughout the duration of the two year
project at each of four locations in the California Central Valley
area.

The supporting collection, reduction and analysis of data will
be directed toward eliminating the present tie-in to municipal
sewage system as well as lagoon systems used by olive processors
and develop economic and effectiveness data for full scale
development.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
National Canners Association Research

Fdn.

5.0235, INTEGRATED TREATMENT OF LIQUID
WASTES FROM FOOD CANNING OPERATIONS
W.A. MERCER, Natl. Canners Association, Washington, District
of Columbia

The objectives of this proposal are as follows: (1) to deter-
mine the feasibility of employing a high rate trickling filter in the
San Jose, California canning plant to treat strong organic wastes
encountered in vegetable and fruit processing operations, which
although low in volume (approx. 20% of total), contribute as
much as 60% to the total BOD load. The filter will be 14 ft in
diameter and 21.5 ft. high, employing synthetic media and operat-
ing in a range between 100 and 200 gpm. It will be subjected to
variations in flow, pH control and nutrient addition to determine
its optimum working parameters. (2) To determine the effective-
ness of using an air flotation process with and without addition of
flocculants in removing suspended solids prior to secondary treat-
ment. (3) To evaluate the center discharge solids separation
techniques and its effect on the total BOD content.

A study will also be made of the usage of edible acids as a
bacteriostatic agent to prevent growth in recirculated flume
water. Following the one year testing operation, it is proposed to
select units to be incorporated in full scale plant operations for a
further demonstration project. The reason for the low project cost
is due to NCA already having on hand several pieces of equip-
ment required to test these processes.

STATUS: Received worthwhile information on operation of
units during last fall's processing operations. Will continue with
evaluation of the various units this fall.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
National Canners Association Research

Fdn.

5.0236, ARCTIC ECOSYSTEMS
S.G. SHETLER, Smithsonian Institution, Washington, District of
Columbia 20560

Longterm studies of selected arctic ecosystems will be in-
itiated in the summer of 1968 with the Smithsonian Expedition
11968 The Expedition will establish several sites, to be revisited in
subsequent years, in the Brooks Range of Alaska, where two types
of interdisciplinary ecosystem programs will be started, with dif-
ferent members of the team concentrating on one or the other
program:

(1) Pollination Ecosystems. The total pollination interrela-
tionships of selected plant communities will be studied, with spe-
cial attention given to the role of insects in the pollination of arc-
tic plants in general. (2) Aquatic Ecosystems. Composition,
productivity, and energy cycling will be studied in selected inland
lakes and streams.

It is hoped that analogous sites can be found at a later time in
Europe and Asia for the purpose of making circumpolar com-
parisons of the ecosystems studied. The project only now is being

formulated, and it is expected that additional scientists will be
joining the team, both from within and outside the Smithsonian
Institution.

SUPPORTED BY Smithsonian Institution

5.0237, RESERVOIR WATER QUALITY INVESTIGATION
D. ROCKWOOD, U.S. Army, Corps of Engineers, Washington,
District of Columbia

This is a five-year engineering study which has two principal
parts: (1) Collection and interpretation and (2) Analyses of as-
sociated data. The ultimate aim is to develop methods for deter-
mining functional requirements and criteria for use in planning,
design and operation of a reservoir for specific water quality con-
trol needs of the project basin.

Water quality surveys are now being made in 16 Corps-
operated reservoirs selected to sample variability in geography,
climate, reservoir geometry and release structure. The surveys in-
clude physical, chemical and biological changes, with time and
space, at inflow, within the reservoir, outflow and at points below
the dam. It is also planned to identify the nature and concentra-
tion level of pollutants entering or anticipated to enter the project
streams.

The analysis phase of the program aims to answer the follow-
ing specific questions before establishing criteria for economical
design of water quality control storage and release facilities: 1.
Given the release rate, its temperature and quality levels, what
will be the temperature and quality of water at points downstream
from the release point? 2. What level or levels of a reservoir must
be tapped to meet specific water quality needs? 3. What is the
water quality control need in terms of storage and release facili-
ties? 4. What water quality monitoring equipment may be in-
tegrated with hydromet network for operating the reservoir for
water quality control needs together with other authorized pur-
poses?

SUPPORTED BY U.S. Dept. of Defense - Army

5.0238, THE ECONOMIC ANALYSIS OF WATER POLLU-
TION BY PESTICIDES AND OTHER AGRICULTURAL
WASTES
G.C. TAYLOR, U.S. Dept. of Agriculture, Washington, District of
Columbia

Objectives: Identify the nature and sources of agricultural
water pollutants and the resulting economic impacts and costs of
alternative measures for reduction of adverse effects; and develop
a general framework of analysis and formulate recommendations
for control systems applicable for agricultural water pollutants.

Approach: Formulation of a general conceptual framework
to produce an analytical model including pollution sources, trans-
mission links to points of economic pact and alternative abate-
ment measures. Selection of one or more watersheds for case stu-
dy. Collection of data for coefficients of the analytical model.
Evaluation of cost benefits of pollutants and alternative control
systems. Refinement of the analytical model. Formulation of
recommendations with respect to methodology and to ap-
propriate systems of control for agricultural water pollution situa-
tions.

SUPPORTED BY U.S. Dept. of Agriculture

5.0239, INDUSTRIAL WATER USE IN THE UNITED
STATES
K.L. KOLLAR, U.S. Dept. of Commerce, Bus. & Defense Serv.
Admin. , Washington, District of Columbia 20230

The Business and Defense Services Administration is prepar-
ing a report relating water use by manufacturers to selected
economic factors based on data obtained in three Industrial
Water Use Surveys of 1954, 1959, and 1964 performed by the
Bureau of the Census.

The study is concerned primarily with eight major industry
groups: primary metals; chemicals and allied products; pulp and
page,:; petroleum and coal products; food and kindred products;
stone, clay, and glass; transportation equipment; and textile mill
products. The analyses of the water use in those groups, which
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together account for about 95 percent of all water used in manu-
facturing, will be presented for the Nation as a whole, for 20 in-
dustrial water use regions, and for states. Economic. factors such
as number of employees, productivity, value added, are to be re-
lated to gross water use, consumption, recirculation and
discharge, The patterns of water use, as they differ from region to
region, and from census year to census year are to be investigated.

SUPPORTED BY U.S. Dept. of Commerce - Bus. & Def.
Serv,

5.0240, APPLICABILITY OF ARDOX CATALYST TO OX-
IDATION IN SPACE WASTE MANAGEMENT
A.A, BACHER, U.S. Dept, of Interior, Fed. Water Pol. Contr.
Adm. , Washington, District of Columbia

Objective: a. Problem - To provide efficient waste manage-
ment processing in spacecraft applications for long-term manned
space flight missions. b, Application: Long term manned
spaceflight missions, c. Large weight and power savings may be
achieved in future spacecraft life support systems where more ef-
ficient means of waste management process reactions can be
developed.

Approach: The technical approach to be used in this
research effort will be to tea the maximum oxidizing capability of
the ARDOX process on iour process applications; ( I ) Water
Reclamation with organic constituents, (2) Activated Sludge
Process for Closed Life Support Systems, (3) Anaerobic Microbi-
al Waste Treatment for Closed Life Support Systems, and (4)
Zimmerman Process EfLuent,

Progress: No signific Ant progress to report at this time.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

5.0241, THE EVALUATION OF APPLICATION OF C-14
DATING OF GROUND WATER
B.B. HANSHAW, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

The study is to investigate the feasibility of dating ground
water by measuring its C- I4 content. The absolute residence time
of ground water is of considerable scientific interest and relates to
the practical problems associated with waste disposal into deep
acquifers and accidental introduction of radioactive fluids into
subsurface materials.

SUPPORTED BY U.S. Dept. of Defense - Army

5.0242, TERTIARY TREATMENT RESEARCH AT THE
JOINT FWPCA DISTRICT OF COLUMBIA PILOT PLANT
D,F. BISHOP, U.S. District of Columbia, Dept. of Sanitary Engin.
, Washington, District of Columbia

The engineering research will provide design data and cost
quality relationships for a combination of tertiary processes ap-
plied to the DC secondary influent. The research contributes to
the engineering development of advanced waste treatment
processes and specifically to the development of pollution control
techniques for water sources such as the Potomac River. It in-
cludes evaluation of nutrient removal and wastewater renovation
processes using the treatment series: chemical (lime, alum, or
iron salts) clarification for phosphate and particulate removal, air
stripping for ammonia removal, pH controlled by decarbonation
for removal of excess Ca , gravity filtration for final turbidity
removal, granular carbon treatment for dissolved organic
removal, and chlorination for product disinfection.

The pilot plant (100 gallons per day capacity) features auto-
matic control systems which include measurement and control of:
flow, pH conductivity, pressure and turbidity, and an automatic
filter backwashing system. The filtration system also includes au-
tomatic differential pressure measurement through the length of
filter media to permit evaluation of various media.

Chemical clarification is being evaluated first, with prelimi-
nary results: Ca0 dose - 250-350 mg /I; residual turbidity - 5-7
J.U.; residual phosphate - less than 0.5 mg /I.

The remaining processes will be added stepwise to the treat-
ment series, following satisfactory development of the preceeding
processes.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol, Ctl
District of Columbia Government

5.0243, CHEMICAL SLUDGE DISPOSAL AND CHEMI-
CAL RECOVERY AT THE JOINT FWPCA DISTRICT OF
COLUMBIA PILOT PLANT
D.F, BISHOP, U.S. District of Columbia, Dept. of Sanitary Engin.
, Washington, District of Columbia

The research will provide engineering design data for the
handling and disposal of chemical sludge products in the joint
FWPCA District of Columbia tertiary treatment pilot plant.
These sludges may include calcium carbonate, aluminum hydrox-
ide, and ferric hydroxide sluges. It will also determine the feasi-
bility of lecalcinating calcium carbonate sludges and removing
lime for reuse in chemical clarification of wastewaters.

The research will contribute to the general development of
techniques for 'ultimate disposal' of sludge produced by advanced
waste treatment processes and specifically will attempt to im-
prove the economics of lime clarification by recovery and reuse
of the lime. The processes and the chemical sludge disposal
system include sludge thickening, sludge dewatering (vacuum fil-
tration, incineration and/or recalcination of the chemical sludge).
The system features a pilot scale vacuum drum filter with continu-
ous washing of the filter belt. Automatic weighing of the de-
watered sludge takes continuous feeding of cake to a 30-inch
diameter, six-hearth surface. The maximum furnace temperature
is approximately 1900oF with individual temperature control for
each hearth.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
District of Columbia Government

5.0244, FULL SCALE RAW WASTE WATER FLOCCULA-
TION
P.V. FREESE, U.S. District of Columbia, Dept. of Sanitary Engin,
, Washington, District of Columbia

The objectives of this project are: To determine and to op-
timize improvement in solid capture in full scale primary settlers
produced by the addition of polyelectrolytes to the raw waste-
water. To determine and to optimize the effect of raw wastewater
flocculation on the operational efficiency of full scale conven-
tional wastewater treatment. To evaluate various polyelec-
trolytes.

Many conventional waste treatment plants are overloaded or
operating at maximum capacity. Other plants have only primary
treatment. Increased solids captured by raw waste water floccula-
tion will improve plant expansion thus achieving a needed im-
mediate reduction in water pollution.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Cti
District of Columbia Government

5.0245, USE OF MODIFIED ACTIVATED SLUDGE
TREAT TO ACHIEVE NUTRIENT REMOVAL & TO PRO-
VIDE CONSISTENT FEED TO TERTIARY TREATMENT
SYSTEM
P.V. FREESE, U.S. District of Columbia, Dept. of Sanitary Engin.
, Washington, District of Columbia

The objectives of this project are to develop on a pilot-scale,
activated sludge modifications capable of achieving improved
nutrient removal, to optimize aeration techniques used in biologi-
cal treatment, and to produce a controlled-quality secondary ef-
fluent suitable for use in various tertiary treatment processes. In
addition, the aim is to determine the optimum combination of the
activated sludge process with various physical-chemical treat-
ment systems to achieve a minimum cost for the treatment to at-
tain various removal efficiencies.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
District of Columbia Government

5.0246, DEMONSTRATION UNDERWATER FACILITY -
STORM OVERFLOW
S.A. SILVER, Underwater Storage Inc. , Washington, District of
Columbia

1-351



5. WATER QUALITY MANAGEMENT AND PROTECTION

The purpose of the demonstration facility is to show that by
storage of combined flow storm and sanitary sewers in un-
derwater rubber bags, the present practice of dumping overflow
sewage into the rivers will be eliminated. Present overflow system
at Barney Circle will be diverted to flow through a Parshall Flume
for measuring flow and for sampling purposes. A part of this flow
will be taken through the test plant for grit removal, shredding
and removal of all large particles prior to gravity flow to the two
100,000 gallon rubberized nylon containers installed on cradles
anchored in the river bed. Following a rain, or when feasible dur-
ing hours from 11:00 PM to 6:00 AM the liquid from the un-
derwater tanks will be pumped out to discharge to existing inter-
ceptor sewer system for treatment at the Blue Plains sewage treat-
ment plant. Measurement will be taken of all flow into and out of
the bags and chemical samples will be taken of effluent from
sewer overflow and from tank discharge.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0247, EVALUATION OF HERBICIDES FOR CONTROL
OF AQUATIC WEEDS
R.D. BLACKBURN, Univ. of Florida, Agricultural Experiment
Sta. , Belle Glade, Florida

Objective: To evaluate chemical compounds for their her-
bicidal activity against submersed, emersed, and floating aquatic
weeds.

Description: New herbicides will be evaluated on 3 sub-
mersed aquatic weeds (Elodea densa, Najas guadalupensis, and
Ceratophyllum demersum); 3 species of floating aquatic weeds
(Eichhornia crassipes, Salvinia rotundifolia, and Pistia stratiotes);
and one emersed aquatic weed (Aiternanthera philoxeroides).
Submersed Weeds: Evaluations will be done in a temperature and
Light intensity controlled laboratory. Application rates will vary
from 1 to 10 ppmw or ppmv and contact time of herbicides with
plant will be varied from 30 minutes to 4 weeks. Visual evlaua-
tions will be made at various intervals, Floating Weeds: Plants will
be grown in plastic containers in a greenhouse. Application rates
of herbicides will very from 1 to 10 lb/A of active ingredient.
Visual evaluations will be made at various intervals. Emersed
Weeds: Floating mats of alligatorweed will be grown in plastic
containers in a greenhouse. Application rates will be 5 and 20
lb/A of active ingredient applied as a foliar spray. Visual evalua-
tions will be made at various intervals to determine the percent
topkill and percent regrowth.

Herbicides that show herbicidal activity on any of these
weeds will be further evaluated in growth pools constructed near
the laboratory.

SUPPORTED BY Florida State Government

5.0248, DEMONSTRATION OF THE LIMITATIONS AND
EFFECTS OF WASTE DISPOSAL ON AN OCEAN SHELF
R.F. MCALLISTER, Florida Atlantic University, Graduate
School, Boca Raton, Florida

The purpose of this project is to learn the existing ecological
regimen of an area subject to waste injection, and the effect of
waste injection on an ocean shelf through a combined oceano-
graphic and biological survey. It is further intendet: to learn how,
by knowledge of local currents, to optimize the location of sewage
outfalls. Studies will include the analysis of water and bottom
samples and classification of thy, fauna and flora.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Florida Atlantic University

5.0249, EFFECTIVENESS OF IODINE FOR DISINFEC-
TION OF PUBLIC WATER SUPPLIES & TO DETERMINE
PHYSIOLOGICAL EFFECTS ON A HUMAN POPULATION
(ABBREV)
A.P. BLACK, Univ. of Florida, Graduate School, Gainesville,
Florida 32601

This project is to demonstrate the effectiveness of iodine for
the disinfection of polluted water supplies and to evaluate the
several variables affecting such procedures to demonstrate the
physiological effects, if any, on a significant number of consumers

over an extended period of time. The water supplies of three state
institutions will be disinfected with iodine and every sixth person
of more than 600 inmates will he selected for intensive medical
evaluation.

SUPPORTED BY U.S. Dept. of Interior F. Water Pol. Ctl
University of Florida

5.0250, CHEMISTRY OF NITROGEN IN NATURAL
WATERS
P.L. BREZONJK, Univ. of Florida, School of Engineering,
Gainesville, Florida 32601

Factors controlling the concentration and forms of nitrogen
compounds in lakes will be investigated. One phase of the project
will determine the relative significance of certain components in
the nitrogen budgets of lakes. The importance of rainfall, urban
and agricultural runoff, nitrogen fixation and sediment lathing as
nitrogen sources will be assessed for the budgets of several dif-
ferent lakes, along with the importance of denitrification and
sediment uptake as nitrogen sinks. The quantitative significance
of these sources and sinks for lacustrine nitrogen budgets is vir-
tually unknown at the present time.

The second phase of the project will study athe turnover
rates of various nitrogen compunds in natural waters in order to
determine the factors influencing the distribution of nitrogen
among its different forms. This will involve the use of 15N isotope
tracer methodolgy and in situ incubation experiments. Especially
emphasized will be comparison of assimilation rates with
regeneration rates; a number of environmental factors that may
affect or control the rates of these reactions will also be studied.
The role of organic nitrogen forms in the assimilation and
regeneration processes will be investigated by 15N tracer
techniques.

Numerous lakes of varying trophic status and hydrologic en-
viornments are available in the Gainesville area for this project.
This affords the opportunity to assess the importance of certain
nitrogen sources an sinks under different environmental con-
ditons and to compare the nitrogen cycle dynamics in a wide
variety of lake types.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0251, NEMATODES ASSOCIATED WITH SEWAGE
TREATMENT AND THEIR SIGNIFICANCE
W.T. CALAWAY, Univ. of Florida, Agricultural Experiment Sta. ,

Gainesville, Florida 32601
(1) Identify, classify, and make keys of the nematodes as-

sociated with sewage treatment; (2) Determine their biological
activities in various types of treatment and their relation to stream
sanitation.

Sample, process and examine samples from sewage treat-
ment processes, unpolluted stream, especially bottom material,
bottom material of streams and lakes receiving wastes, to deter-
mine which genera of nematodes or species of particular genera
are the predominant inhabitant of these environments. If ne-
matodes common to streams are found in sewage treatment, then
their presence in a stream will not neces3arily be indicative of pol-
lution. The activity of these animals will be investigated either by
direct microscopic examination or by observation of cultured
materials. The source of these and related forms will provide
further information. Study of the literature will be made to clarify
this taxonomically confused group.

SUPPORTED BY Florida State Government

5.0252, THE ACTIVATION-CHROMATOGRAPHIC ELE-
MENTAL AND STRUCTURAL ANALYSIS OF FRESH
WATER SOURCES
S.F. CRAM, Univ. of Florida, Graduate School, Gainesville,
Florida 32601

The objective of the proposed research is the development of
an analytical method for the simultaneous elemental analysis and
organic structural determination of materials found in fresh water
sources at trace concentrations. The experiments will involve the
post-irradiation separation by gas-liquid chromatography of water
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sample constituents, and the analysis of the column effluent by
flame ionization and beta- gamma-ray spectrometry,

The project will be directed toward the development of an
analytical system which will be widely applicable, regardless of
the elemental composition or matrix materials present, and capa-
ble of rapid and reproducible analyses. The elemental analysis of
the samples will involve a gas chromatographic, post-irradiation
separation, and analysis by gamma-ray scintillation spectrometry.
The chromatographic separations will serve to enhance the sen-
sitivity and simplicity of the activation analysis, and simultane-
ously, separate the degradation fragments of the organic com-
pounds present. The specific detector response, specific activity,
and functional group analyses of these fragments will be used to
derive the structure of the original molecule.

The coupling experiment will be highly selective for, and sen-
sitive to trace concentrations, and be very specific for all elements
and organic materials present. Further, it represents a significant
development in the understanding of basic nuclear-chemical in-
teractions, and it will be developed specifically for the analysis of
fresh-water systems in general.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Florida

5.0253, RESIDENCE TIMES OF WATERS BEHIND BAR-
RIER ISLANDS
R.G. DEAN, Univ. of Florida, School of Engineering, Gainesville,
Florida 32601

The proposed research comprises the development and
evaluation of a numerical model to calculate the residence times
of the waters in lagoons behind barrier islands and in intercon-
nected bay systems. The numerical model will be based on the
governing differential equations of motion and continuity includ-
ing all nonlinearities. Wind stresses, precipitation and tidal dis-
placements at the openings to the water system under considera-
tion will be included as 'input' to the numerical model. The model
`output' includes predictions of water velocity and elevation as
functions of time and position in the water system. The 'output' is
generated by representing the water area as a grid system and
solving the governing difference equations for the prescribed spa-
tial and temporal distributions of the input functions. To assess
the validity of the model, a field program will be conducted to
measure the input and output functions for at least two different
water systems. The validity and limitations of the model will be
based on a comparison of measured water elevations and veloci-
ties with those determined from the numerical model.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Florida

5.0254, TRANSVERSAL DRIFTS IN BOTTOM PROFILE
R.G. DEAN, Univ. of Florida, School of Engineering, Gainesville,
Florida 32601

Physical relationships between changes in the transversal
profile due to sediment transport and the physical mechanisms
causing such transport are sought under field conditions in the
surf zone of the ocean. Pertinent parameters to be measured arc
the quantity of sand transport, waves (height and direction),
water particle velocities, wind, tide, bathymetry, and sediment
characteristics. All instrumentation and experimental facilities
have been completed on the previous project for which this
renewal proposal is being written.

The method of approach is to measure the time histories of
the pertinent parameters over half a tidal cycle, i.e., four to six
hours. Since we are measuring over a relatively short time interval
a stationary process can be assumed and the techniques of spec-
tral analysis will be employed to correlate the various parameters.
This correlation allows direct cause and effect relationships to be
obtained. In this manner, insight into the sediment transport
phenomenon and basic processes occurring in the littoral zone of
the ocean can be found.

SUPPORTED BY U,S. Dept. of Interior - F. Water Pol, Ctl

5.0255, ANTI-POLLUTION AND SEWAGE DISPOSAL
FOR FLORIDA COMMUNITIES
T.D. FURMAN, Univ. of Florida, School of Engineering,
Gainesville, Florida 32601

This is a continuing study, renewable annually, of various
methods of sewage treatment applicable to the semi tropical cli-
mate of Florida. Special emphasis is directed toward modifica-
tions of design standards in order to take advantage of the warm
climate and increased sunshine. The use of native filter materials
is being investigated. Among the studies which have be,- , con-
ducted is an investigation of the efficiency and degree of treat-
ment provided by intermittent sand filtration as influenced by size
and depth of sand as well as the hydraulic and organic loading. A
study of lagooning to determine the degree of treatment and effi-
ciency of this method of sewage treatment, using both settled and
unsettled domestic sewage at various hydraulic and organic load-
ing rates has also been completed. The ecology of the flora and
fauna instrumental in the treatment was investigated.

SUPPORTED BY University of Florida

5.0256, MOVEMENT AND ADSORPTION OF PESTICIDES
IN STERILIZED SOIL COLUMNS
R.S. MANSELL, Univ. of Florida, School of Agriculture,
Gainesville, Florida 32601

The objective is to determine the influence of soil and carrier
solution properties on adsorption, disperson coefficient and rate
of movement of pesticides, detergent surfactants, hydrophobic
surfactants and tritiated water in sterilized soil columns at various
degrees of saturation and flux.

Soils sterilized by gamma radiation will be set up in columns
(10 cm cube, sides enclosed with acrylic plastic) for miscible dis-
placement of tritiated water and radioisotope-tagged pesticides
and surfactants. Inflow and outflow will be through porous fritted-
glass plates in contact with the top and bottom of soil columns.
Filtered gas, under variable pressure, will be admitted through the
sides of the container to establish the desired degrees of unsatura-
tion. A Sigmamotor pump will control flux of solutions having dif-
ferent surface tensions.

A flow cell in connection with a three-channel analyzer for
beta spectrometry will form a liquid radiochromatearaphy system
for the nondestructive detection, analysis and recording of the
radioactive chemicals eluting from the soil column.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Florida

5.0257, PRIMARY PRODUCTION AND DECOMPOSITION
IN ESTUARINE WATER
H.D. PUTNAM, Univ. of Florida, School of Engineering,
Gainesville, Florida 32601

The objective of the proposed research is to contribute to an
understanding of the synthesis and decomposition of organic
matter by primary producers in an estuarine environment. Studies
will be conducted to estimate the productivity of certain red and
brown algae which arc part of the benthic community in the Wac-
casassa Estuary. Appropriate methods for measuring fixation of
isotopic carbon by attached plants were worked out under grant
No. WP-00678-03 which will be completed by this investigator
August 31,1967.

In addition an attempt will be made to define more clearly
the limiting factors for primary production in the Waccasassa
Estuary. Emphasis will be directed toward the interaction of
chemical and biological factors.

Efforts also will be made to follow the decomposition of or-
ganic matter under anoxic conditions in estuarine sediments.
These studies will be directed mainly toward the characterization
of substrates which are involved in methanogenesis. The pool size
of volatile fatty acids resulting from the breakdown of algae will
be determined and efforts made to establish metabolic turnover
rates of these components.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0258, EUTROPHICATION FACTORS IN NORTH CEN-
TRAL FLORIDA LAKES
H.D. PUTNAM, Univ. of Florida, School of Engineering,
Gainesville, Florida 32601

The project objectives are: (I) to determine the validity of
criteria now in use in other areas in measuring trophic levels in
shallow, subtropical lakes, and if necessary develop other criteria;
(2) to demonstrate the validity of the mathematical model of
eutrophication developed by the application of systems analysis
techniques and procedures; (3) to determine the controlling fac-
tors in the eutrophication process; (4) to establish guide lines to
be used by regulatory agencies in the prevention of curface water
deterioration. A small lake in an unhibited drainage basin is to be
used as a model for eutrophication and will be separated into con-
trol and experimental units by a dike. Nutrients will be fed into
the experimental unit at a controlled rate. Changes in parameters
will be determined and related to the change in nutrient flux to
the unit. The ability of the lake to assimilate nutrients, the rates of
recovery after nutrient enrichment ceases, and the possibility of
controlling the factors inducing eutrophication will be studied.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Florida

5.0259, STUDIES ON THE METHANOGENIC BACTERIA
IN SLUDGE
P.11. SMITH, Univ. of Florida, School of Agriculture, Gainesville,
Florida 32601

Experiments are being conducted to describe the
methanogenic microflora in digesting sludge. A large number of
pure cultures of methanogenic bacteria have been isolated and
their characteristics determined.

Experiments are being conducted to determine quantitative-
ly the roles of fatty acids in the digestion process.

A culture collection of methanogenic bacteria has been
established containing all extant cultures of methanogenic bac-
teria. The cultures are available to interested investigators
through the American Type Culture Collection.

67;gram ;grams 65 ,gram ;grams

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0260, APPLICATION OF IMMUNOCHEMICAL
TECHNIQUES TO THE DETECTION AND IDENTIFICA-
TION OF CHEMICAL AND BIOLOGICAL POLLUTANTS
UNKNOWN, Cordis Corporation, Miami, Florida 33137

The objective of this project is to develop applications of im-
munochemical techniques to the detection and identification of
chemical and biological pollutants.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0261, EFFECTS OF PESTICIDES ON MARINE
ANIMALS
C.F. LANE, of Miami, Graduate School, Miami - Coral Ga-
bles, Florida 33 124

Supported by a previous grant from the National Institutes of
Health, we designed and constructed equipment to present ex-
perimental fish with water of carefully controlled salinity, tem-
perature and pH containing precisely regulated amounts of pesti-
cide. In this apparatus acute-toxicity studies were conducted to
establish lethal levels of dieldrin for the tarpon and some other
estuarine fishes. I now seek to determine the partition of pesti-
cides between morphological compartments of experimental
animals and to assess the effects of sublethal concentrations of
common pesticides on various aspects of the physiology of
estuarine iashes and common invertebrates of south Florida.
These studies will include: 1) the concentration and activity of
selected blood enzymes; 2) qualitative and quantitative analysis
of various tissue enzyme systems; 3) the effects of pesticides on
respiratory metabolism of entire animals and of surviving tissue

slices; 4) a description of the normal microscopic anatomy of the
experimental animals and of modifications that may be induced
by chronic exposure to sublethal concentrations of pesticides; and
5) the activity of ATPase enzymes in the gill epithelium will be
given particular attention, since they appear to exercise principal
control of gill permeability. These data should illuminate the
metabolic fate and activity of pesticides in the runoff from coastal
agricultural areas.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0262, WATER QUALITY AND FUN(I- NEMATODE-
SEAGRASS RELATIONSHIPS
S.P. MEYERS, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

Studies include those of fungal and nematode populations in
Biscayne Bay ( Miami) Florida, and their interrelationships with
marine plant communities. Analyses of the nematode fauna in-
volve field and laboratory studies of the large omnivorous species,
Metoncholaimus scissus, from aspects of its aggregation and
microzonicity in the field. Biometric studies of M. scissus have
revealed significant infection by a microsporidian parasite. Com-
parable investigations are planned with other nematode taxa to
ascertain the effect of protozoan infection on nematode popula-
tions. Ecological data are being analyzed from a number of dif-
ferent locales in the Bay to establish a 'base line' of nematological
activity to check the diversity of subtropical benthic habitats.
Concurrent fungal studies involve physiological investigations to
establish the dynamics of ceilulolytic activity and comparative
cellulase production. Laboratory investigations of the Lulworthia
floridana group further indicate the significance of these fungi in
degradation of cellulosic material in the sea.

SUPPORTED BY U.S. Dept. of HIth. Ed. & Wel, - P.N.S.

5.0263, THE BIOLOGY OF THE INFAUNA OF A TROPI-
CAL SOFT BOTTOM AREA
H.B. MOORE, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

A study is in progress on the biology and ecology of the infau-
na of the soft bottom of Biscayne Bay, Florida. This is considered
typical of a tropical estuarine area. Papers have been published
on the heart urchin, Moira atropos, and the lamellibranch, Tage-
lus divisus. Papers are in press on Chione cancellata on the fauna
of intertidal muds, on sublittoral polychaetes and the biological
effects of pollution in the bay. Studies are in progress on various
mollusks, echinoids and brittle stars.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0264, TRITIUM AS A TRACER FOR MIXING
PROCESSES
G.H. OSTLUND, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124

This is a continuing study of the distribution of fusion-bomb
produced tritium in the equatorial Atlantic. Combined with salini-
ty distribution the tritium data have yielded insight into the rela-
tive roles of horizontal and vertical mixing. Cruises in 1965 and
1967 have collected some 320 samples from the Equatorial At-
lantic Current System and it is proposed to complete these
analyses. The implications of these data will be investigated, rela-
tive to mixing processes, origins and time scales of components of
the current system, etc.

SUPPORTED BY U.S. National Science Foundation

5.0265, STUDIES OF THERMAL POLLUTION IN
BISCAYNE BAY
D.C. TABB, Univ. of Miami, Graduate School, Miami - Coral Ga-
bles, Florida 33124

Specific Aims - The overall objective of the research pro-
gram is to determine the effects of thermal effluent on the macro-
fauna and -flora of Biscayne Bay, south Florida as successive
generators (both conventional and nuclear) come into operation
at the Florida Power and Light Company plant site at Turkey
Point (Figures 11 and 2).
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1, To describe the plant and animal communities in the
vicinity of the Turkey Point power plant site in qualitative and
quantitative terms, and to relate qualitative and quantitative
changes in these communities to changes in environmental
parameters, principally temperature. This will be accomplished
by utilizing standardized quantitative sampling methods already
tested for statistical validity in recent studies for U. S. Public
Health Service (Thomas and Fishback, 1967). These studies were
carried out in Florida Bay where the habitat and faunal elements
are essentially the same as those expected in southern Biscayne
Bay. The sampling will provide accurate data on the kinds and
numbers of macroscopic animals and plants in the study area.
New information thus obtained will be related to data already
gathered from a number of other studies to interpret the fluctua-
tions which will be observed.

2. To integrate all this information plus that in the literature
(Raney and Menzel, 1967) for the development of an accurate
estimate of the thermal depth point for the fauna and flora, and to
estimate the maximum heat load that the bay can carry while, at
the same time, maintaining the ecological status quo. These esti-
mates will be translated into specific recommendations to the
proper Federal authorities as to the best disposition of the heated
effluent.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0266, REMOVAL OF ORGANICS AND NUTRIENTS
FROM CITRUS PROCESSING PLANT WASTES
F.A. EIDSNESS, Minute Maid Company, Orlando, Florida

In Florida, about 52 plants of the citrus industry discharge
about 130 mgd of waste, having an organic concentration
amounting to 318,000 lbs. of BOD daily, into streams and lakes of
Florida. This project is a step towards solving this pollution
problem,

The objective of this project is to demonstrate the design and
operational factors for organic and nutrient removal of citrus
process waste by the activated sludge process, by stabilization in
oxidation ponds with and without induced aeration, and absorp-
tion of nutrients by plant life with subsequent drying of materials
in citrus feed mill.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Minute Maid Company

5.0267, FIELD EVALUATION OF REAERATING SUR-
FACE WATERS
C.W. SHEFFIELD, Orange Co. Dept. of Water Con. , Orlando,
Florida 32806

The objectives of the project are to perform a detailed study
of the design, operational and performance characteristics of
various methods for reaerating small, low level reservoirs and to
compare results of reaerating methods with data from existing
county lake turnover studies.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Orange County Government - Florida

5.0268, PESTICIDE MONITORING PROGRAM
P.A. BUTLER, U.S. Dept. of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

Cooperative program involving 15 private, state and federal
laboratories who collect duplicate samples of mollusks from ap-
proximately 175 estuarine stations on Atlantic, Gulf and Pacific
coasts at monthly intervals. Program initiated 1965, proposed to
continue until 1969; 1500 analyses completed September 1965.
Samples are sent to the Gulf Breeze Laboratory for pesticide
residue analysis. Eastern oyster is chief bioassay animal, also used
Mya arenaria, Mercenaria mercenaria, Ostrea luria, Crassostrea
gigas and some fish species. Each sample is screened for Aldrin,
BHC, Dieldrin, DDD, DDE, DDT, Endrin, Heptachlor, Hep-
tachlor epoxide, Lindane and Methoxychlor. Analyses are made
wiith electron capture pas-liquid chromatography techniques.

SUPPORTED BY U.S. Dept, of Interior - Bu, Comm, Fish,

5.0269, RELATION OF ENVIRONMENTAL FACTORS TO
THE PRODUCTIVITY OF ESTUARINE SEDENTARY FAUNA
P.A. BUTLER, U.S. Dept, of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

The incidence of setting per square centimeter per seven
days on asbestos-cement plates at one station in Santa Rosa
Sound near Pensacola, Florida has been measured since 1949.
Predominant fauna counted include barnacles, oysters and
bryozoa. Concurrent data are collected on water salinity, tem-
perature and tides. Meteorological data are available. All data are
to be programmed for analysis, Continuing project.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish.

5.0270, LABORATORY BIOASSAYS
J.I. LOWE, U.S. Dept. of Interior, Biological Laboratory, Sabine
Island - Gulf Breeze, Florida

The primary objectives of the subject project are: (1) deter-
mination of the acute toxic levels of pesticides to representative
marine species, and (2) investigation of possible adverse effects
of prolonged exposure of marine animals to sublethal concentra-
tions of the common pesticides.

Short-term (96-hour or less) toxicity tests are conducted in
the laboratory under controlled conditions. Most of the tests are
conducted in constant-flow seawater systems using oysters,
shrimp, and marine fish as bioassay animals. These acute toxicity
tests will be a continuing function of the project as new chemicals
are received for evaluation.

Long-term experiments (3 to 6 months duration) involving
the chronic exposure of marine animals to sublethal concentra-
tions of selected pesticides will be conducted when the efforts and
results seem justified.

SUPPORTED BY U.S. Dept, of Interior - Bu. Comm. Fish.

5.027:., PESTICIDE KINETICS
C.W. MILLER, U.S. Dept. of Interior, Biological Laboratory,
Sabine Island - Gulf Breeze, Florida

Investigate, under field conditions, the occurrence and dis-
tribution of insecticides in tidal areas associated with an estuary.
Samples of water, soil and selected biota will be collected im-
mediately prior to application of the test material to establish a
base line indicative of previous commercial treatments. The per-
sistence, localization and possible degradation of the test chemi-
cals will be followed.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0272, DISTRIBUTION OF LIFE WITH DEPTH
R.J. MENZIES, Florida State University, Graduate School, Tal-
lahassee, Florida 32306

The objective of this proposal is to improve our knowledge of
the distribution of animal life in the sea directly off the coast of
North Carolina through a detailed photographic study on selected
biological properties of the sea floor from shelf depth (180 meters
plus or minus 20 meters) to the abyssal plain (6000 meters).

As a mechanism of significant improvement of the use of un-
derwater photographs in biological studies, each photographic se-
ries will be coupled with samplings of animal life. Thus, this pro-
ject involves the use of a grab camera, a multi-shot camera coor-
dinated with large trawl samples, identification of species photog-
raphed, correlation of observed distribution with sediment type
and hydrographic information. The aim will be to associate gross
and reproducible features in the distribution of animal life with
topography, hydrography (water characteristics, T, S, 02) and
sediment type.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0273, PEACE RIVER POLLUTION INVESTIGATIONS
F.J. WARE, State Game & Frsh. Wtr. Fish, Tallahassee, Florida

On March 11, 1967 the Peace River was polluted with 1,000
acre feet of phosphate slime (phosphatic day ). The source of poi-
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lution was 200 acre slime setting basin on the property of Mobil
Chemical Company. The resulting fish kill was over 90 percent of
the total population in 76 miles of stream. An estimated total of
983,430 fish. Mortality was caused by mechanical means, from
stress and clogging of gill filaments. Turbidities ranging to 57,000
Jackson units were recorded. A damage settlement was obtained
from Mobil in the amount of $200,000.00.

The research project includes five job segments to determine
the effects of industrial phosphate slime on the ecology of the
Peace River and facilitate recovery through the use of habitat im-
provement structures (stone deflector dams) and fish stocking.
Research segments are as follows: JOB I - Determination of Slime
Deposits on Stream Bottom and Flood Plain. JOB II - Monitoring
Stream Flow, Water Quality and Slime Movements. JOB Ill -
Classification of Stream Habitats and Associated Aquatic Life.
JOB IV - Effects of Slime on Stream Ecology and Recovery. JOB
V - Installation and Evaluation of Stone Deflector Dams.

SUPPORTED BY Florida State Government

5.0274, LIME TREATMENT AND INPLANT REUSE OF
AN ACTIVATED SLUDGE PLANT EFFLUENT IN THE
CITRUS PROCESSING INDUSTRY
J.W. HAYES, Winter Garden Cit. Prod. Coop. , Winter Garden,
Florida

The objective of this proposal will be to develop operational
parameters and conduct an economic evaluation on lime treat-
ment of effluent from a 2 mgd activated sludge system treating
citrus wastes and in-plant reuse of the lime treatment effluent.
The study will cover lime treatment, with the addition of coagu-
lant aids, and dewatering of sludges by centrifugation for usage in
cattle feed preparation. Determination will be made on this
system's effective in further reducing BOD, COD, and nutrients
found in the activated sludge effluent.

The proposed project intends to demonstrate the effective-
ness of lime precipitation on effluent from a 2 mgd activated
sludge system treating citrus wastes. The activated sludge system
consists of an aeration pond providing from 24 to 36 hours deten-
tion time with the overflow being directed into a final clarifier.
Operation of the activated sludge system will afford pH control
along with nutrient supplementation and sludge recirculation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Winter Garden Citrus Products Cooperative

5.0275, DEVELOPMENT OF SUPPORTING PRACTICES,
SYSTEMS, TECHNIQUES AND DEVICES FOR RUNOFF
AND EROSION CONTROL IN THE SOUTH
J.R. CAR REKER , U.S. Dept. of Agriculture, Athens, Georgia

Object: (I) To develop and test improved terrace, diversion,
contour and contour strip crop systems for control of runoff and
erosion and to evolve better practices for the establishment and
maintenance of vegetation in terrace outlets and waterways. (2)
To develop techniques and equipment for studying runoff and
erosion and for measuring the effectiveness of practices used in
the control of runoff and erosion.

Plan of Work: Studies will be made, of (1) improvement of
the operating characteristics of the rainfall simulator; (2) obtain-
ing basic data for the design of terraces, including overland and
micro- channel flow characteristics, and tractive forces in soil
movement; (3) improvement in the layout, cross-section, align-
ment and construction of terraces and waterways, including the
use of parallel terraces; and (4) the effect of strip-cropping, row
pattern, and other supporting practices on runoff and erosion
control.

Cooperation: Georgia and South Carolina Agricultural Ex-
periment Stations; SCS

SUPPORTED BY U S. Dept. of Agriculture

5.0276, THE DISPOSITION OF PESTICIDES IN SOIL
AND CLOSELY RELATED WATER
J.R. CARREKER, U.S. Dept. of Agriculture, Athens, Georgia

Object: To determine the mechanism and extent of move-
ment by water of pesticide materials over and through the soil; the

relation of this movement to the quality of water originating on
agricultural land; and the effect of water and soil management
practices on the disposition of pesticide materials.

Plan of work: Loss of pesticide materials in washoff and
drainage water will be determined from small watersheds, field
areas, small plats and Lysimeters with both natural and artificially
applied rainfall. Concentration of pesticides in farm ponds will be
measured to determine the distribution of the material in the
water, on suspended mineral and organic matter in the water, in
the microflora, and on the pond bottom, all in relation to water
depth, temperature, pH, chemical composition, inflow and out-
flow, and other properties of the pond. Pesticides in drainage
water will be compared from open versus closed drainage
systems. Controlled studies of leaching, adsorption of pesticide
molecules on soil particles, and other physical and chemical
phenomena of pesticide movement and persistence in the soil will
be investigated in relation to the soil properties as well as to both
time and space, soil moisture regime, soil fertility, physiological
development of the plant, and time and method of application of
the pesticide material.

SUPPORTED BY U.S. Dept. of Agriculture

5.0277, PHYSICAL-CHEMICAL PHENOMENA AS-
SOCIATED WITH ORGANO-COLLOIDAL SURFACE IN-
TERACTIONS
G.W. BAILEY, U.S. Dept. of Interior, Southeast Water Lab. ,
Athens, Georgia

Investigation is concerned with the elucidation of the nature
of interactions between organic compounds and colloidal surface,
particularly with regard to sorption, degradation and/or decom-
position. It will be possible with such information to predict the
behavior of a given organic in, through, and/or off soil surfaces
and thus predict the possibility of such a compound entering
water courses and causing a water pollution problem. With such
information, it will be possible to predict the mechanism of pollu-
tant transportation in water courses.

Three sorption parameters are being investigated: (1)
Molecular orientation (by means of x-ray diffraction); (2) Bond-
ing type (spectrophotometrically); (3) Thermodynamic proper-
ties (by means of calorimetry and/or appropriate thermodynamic
relationships).

Adsorption isotherms will be run in addition to supplement
the above parameters in formulating mechanism(s) of adsorption.

The applicability of the above findings to improving existing
water and waste treatment processes will be tested.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0278, THE DETERMINATION OF THE STRUCTURES
OF ORGANIC CONTAMINANTS IN WATER
A.W. GARRISON, U.S. Dept. of Interior, Southeast Water Lab. ,
Athens, Georgia

It is the purpose of this project to apply modern instrumenta-
tion and scientific knowledge to the task of identification of or-
ganic pollutants in water as it relates to the establishment of water
quality criteria. These pollutants arise from industrial wastes,
agricultural operations, and other sources. The nature of most is
unknown. The project involves extraction and concentration of
the organic contaminants by carbon adsorption and liquid-liquid
extraction techniques, but research into other methods of sample
collection is planned. The concentrated extract is fractionated by
column, gas, and thin-layer chromatography, solubility separa-
tions, steam and vacuum distillation, etc. The separated and pu-
rified individual compounds are then identified by their chemical
properties, infrared and ultraviolet spectroscopy, gas chromatog-
raphy, nuclear magnetic resonance spectroscopy, and mass spec-
troscopy.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0279, NMR AND IR STUDIES OF HYDROGEN BOND-
ING IN N-ALKYLPHOSPHORAMIDATES
A.W. GARRISON, U.S. Dept. of Interior, Southeast Water Lab. ,
Athens, Georgia
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The observation of an anamoly (doubling of the isopropyl
methyl proton signal) in the high resolution NMR spectra of 2,4-
dichlorophenyl methyl N-isopropylphosphoramidate had led to a
detailed NMR and IR investigation of the causes of the doubling.
Preliminary experiments have eliminated long range P31 coupling
or inherent nonequivalence due to the asymmetry of the
tetrahedral phosphorus atom as possible explanations of the dou-
bled signals and narrowed the cause of this phenomenon to a hin-
drance of free rotation of the isopropyl group around the C-N
bond. Further experimentation involving a variety of solvents,
temperatures, and concentrations has established the cause of the
hindered rotation to be intermolecular hydrogen bonding
between the amido hydrogen and phosphoryl oxygen. Work is in
progress to determine the nature of the hydrogen bonded species,
the NMR and IR spectra of other N-alkyl-phosphoramidates
being used toward this end.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0280, CHARACTERIZATION OF ORGANIC CONTAMI-
NANTS IN TEXTILE WASTE EFFLUENTS
A.W. GARRISON, U.S. Dept. of Interior, Southeast Water Lab. ,

Athens, Georgia
The object of this project is to identify organic contaminants

which remain in textile wastes after conventional waste treatment
procedures. The compounds present at this stage will be com-
pared with the variety of compounds identified in the waste ef-
fluent before treatment so as to show which organics are not ef-
fected by the treatment process and which ones may be chemi-
cally changed by the process. This knowledge should lead to im-
provements in textile waste treatment procedures.

Various means of sample collection and concentration are
being studied for application to this problem. These include
liquid-liquid extraction, carbon adsorption, preparative gas chro-
matography, column chromatography, distillation, etc. The
characterization of the separated organic contaminants will in-
volve the use of mass spectrometry, nuclear magnetic resonance,
infrared and ultraviolet spectroscopy, and gas chromatography.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0281, SOURCE DISTRIBUTION AND FATE OF C14
LABELED AND CHLORINATION HYDROCARBON INSEC-
TICIDE RESIDUES IN FISH
A.R. GRZENDA, U.S. Dept. of Interior, Southeast Water Lab. ,
Athens, Georgia

The rate of uptake of Cl 4-labeled Dieldrin and DDT
residues by Goldfish from food and water is being determined. It
appears that uptake directly from water is substantially more effi-
cient. The distribution and turnover rate of the residues are being.
determined. TLC radiochromatography has shown there is no
degradation of the dieldrin residues. However, in the case of
DDT. degradation to DDD and DDE was observed. These
metabolites occurred principally in the liver. The possible role of
mitochrondria in the metabolism of these compounds iF being in-
vestigated. Complete turnover of dieldrin residues was not noted
in all tissues in approximately 3-weeks, when the fish were
removed from the contaminate:1 diet. Turnover rates for DDT
have not yet been determined,

Similar work is being started with aldrin. Preliminary results
indicate that this compound is metabolized to dieldrin at an ex-
tremely rapid rate.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0282, RURAL RUNOFF CONTROL
D.W. HILL, U.S. Dept. of Interior, Southeast Water Lab. ,

Athens, Georgia
Summary of Proposed Work: This research is designed to

evaluate the contribution of rural runoff to pesticide and primary
nutrient concentrations found in natural watercourses. Many
phenomena are being investigated in detail, such as: adsorption
mechanisms, degrees of reversibility, thermodynamic parameters,
and the nature of the ionic equilibria between the particulate
phase and classes of pesticides. More general interrelationships

will be studied in the field including such phenomena as types and
amounts of agricultural chemicals carried in surface runoff, in
solution or adsorbed on different materials in the particulate
phase; those that are mobile in interflow, and an estimate of the
total amount received in the watercourse from r Sher than surface
runoff. An overall computer program will be constructed to in-
corporate those relationships that appear amenable to calcula-
tion. In some cases the fingings outlined above will be incor-
porated in detail whereas other relationships may be grossly sim-
plified in an effort to emphasize those phenomena which are rela-
tively important in contributing to water pollution by rural runoff
and to de-emphasize those which are relatively insignificant. Con-
trol recommendations and methodology will result from this
research.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0283, HIGH RESOLUTION NUCLEAR MAGNETIC
RESONANCE SPECTRA OF ORGANIC PESTICIDES
L.B. KEITH, U.S. Dept. of Interior, Southeast Water Lab. ,

Athens, Georgia
The high resolution (100 Hz) NMR spectra of all available

pesticides are being measured and cataloged with a complete and
detailed interpretation. For cataloging purposes; the pesticides
are divided into classes with a common chemical denominator or
similar functional groups; i.e., organophosphorus compounds,
carbamates, the DDT family, etc. Homonuclear double and triple
resonance techniques, temperature studies, solvent and concen-
tration effects, pH variations, hydrogen- deuterium exchange and
signal integration are employed as needed to correlate the spectra
with the structures of the corresponding molecules.

The extensive use of pesticides has made these compounds
and their degradation products important sources of water con-
tamination. Many of the pesticide degradation products are unk-
nown both as to structure and toxicity. When such products are
isolated and subjected to characterization studies, these spectra
of the parent compounds will be a valuable reference source to
aid in structure elucidation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0284, CHARACTERIZATION OF ORGANIC CONTAMI-
NANTS IN PAPER MILL WASTE EFFLUENTS
L.H. KEITH, U.S. Dept. of Interior, Southeast Water Lab. ,

Athens, Georgia
A number of monoterpenes, sulfides and oxygenated organic

compounds have been identified from the waste effluent of a kraft
paper mill which does not employ waste treatment procedures.
The primary emphasis of this project, however, is on the charac-
terization of organic compounds from the treated waste effluents
of paper mills; thu object being to determine pollutants which
either resist the conventional treatments or are formed during the
treatment process. Various means of sample collection and con-
centration are being studied (liquid-liquid extraction, carbon ad-
sorption, vacuum distillation, etc.). The characterization of the
organic contaminants involves the use of gas chromatography,
mass spectrometry, and nuclear magnetic resonance, infrared and
ultraviolet spectroscopy as the primary means of structure elu-
cidation and confirmation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0285, DEGRADATION KINETICS OF VARIOUS ESTER
FORMULATIONS OF 2%2,45 TRICHLOROPHENOX-
YROPRIONIC ACID (SILVEX)
J.I. TEASLEY, U.S. Dept. of Interior, Southeast Water Lab. ,
Athens, Georgia

Relate the effect of ultraviolet radiation, temperature,
biological activity, pH, and soil surface activity to rate of degrada-
tion of the esters of silvex in water. This information will make it
possible to calculate the rate constants of degradation of these
chemicals when applied as an aquatic herbicide.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl

5.0286, FLUOROMETRIC QUALITATION AND
QUANITATION OF LIGNIN SULFONATES IN WATER
A.D. THRUSTON, U.S. Dept. of Interior, Southeast Water Lab. ,

Athens, Georgia
Work is planned to study the potential of fluorescence spec-

trophotometry as a means of determining wastes from sulfite
paper mills (lignin sulfonates) in water. A Hitachi Perkin-Elmer
Model MPF- 2A Fluorescence Spectrophotometer has been
purchased for this study.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0287, THE DISPOSITION OF PESTICIDES IN THE SOIL
O.G. ANDERSON, Univ. of Georgia, Agricultural Experiment
Sta. , Athens, Georgia 30602

A. To determine the distribution of pesticides in selected
soils and their drainage waters, using sites to which known
amounts of pesticides have been applied. B. To determine the
physical, chemical, and biological processes, and soil charac-
teristics which are important in the disposition of pesticides in
soils.

The distribution of selected pesticides in soils will be deter-
mined by applying rates of pesticides to small, level, fallow, plots
located on undisturbed profiles of differing soils of the Georgia
Piedmont. Plots will be enclosed to retain rain which falls on a
given plot and to prevent pesticide movement from plot to plot at
the surface. At intervals, the profiles will be sampled to as much
as five feet in depth and the pesticide content of the soil deter-
mined by standard methods. Studies will be extended to cropped
soils after movement patterns have been characterized in fal-
lowed soils.

Using soils selected for the movement studies, the pesticidal
effect on mineralization and nitrification in unfertilized samples
and in samples fertilized with an ammoniacal source, will be stu-
died in the laboratory at temperatures from 2 degrees to 32
degrees C. by measuring the relative amounts of NH4, NO2, and
NO3 at various time intervals. Variables will be types, rates, and
methods of application with special attention to the placement
relationship in the soil sample of pesticide to nitrogen source.

SUPPORTED BY U.S. Dept. of Agriculture
Georgia State Government

5.0288, RELATIONSHIPS BETWEEN PESTICIDES AND
GEORGIA FARM POND ECOSYSTEMS
R.A. BARNHART, Univ. of Georgia, Agricultural Experiment
Sta. , Athens, Georgia 30602

This study is to provide some answers to the problems of the
relationship of pesticides and farm pond ecosystems.

Most of Georgia's farm ponds are constructed on piedmont
clay or coastal plains soils. These two major soil types will be em-
ployed in the experimental design which will test DDT and En-
drin. Known concentrations of the pesticides will be introduced
into plastic pools and the resulting concentrations in the two soil
types, of flowing and nonflowing water systems, as well as concen-
trations contained in fishes and plants will be determined by use
of gas chromatographic methods.

SUPPORTED BY U.S. Dept. of Agriculture
Georgia State Government

5.0289, BIOLOGICAL ACTIVITIES OF MARINE FUNGI
M.S. FULLER, Univ. of Georgia, Graduate School, Athens, Geor-
gia 30602

The fungi are common in the oceans as saprophytes,
parasites of algae, and invertebrate animals. This research has as
its primary objective the aquiring of more precise information on
the role of fungi in marine ecology. A group of little known coc-
coid organisms is to be examined morphologically, physiologi-
cally, and biochemically to determine both their evolutionary
relationships and potential role in the marine environment. One
such organism which may cause the gaping disease of oysters is
being examined in greater detail. Two parasites each of marine

algae and invertebrates are being subjected to detailed study to
elucidate the ( I ) mechanism of host entry. (2) development of
the parasites, and (3) the environmental and internal control of
entry and development of the parasites.

SUPPORTED BY U.S, Dept. of Hlth. Ed. & Wel, - PRS.

5.0290, THE DISPOSITION OF PESTICIDES IN THE SOIL
J.E. GIDDENS, Univ, of Georgia, Agricultural Experiment Sta. ,
Athens, Georgia 30602

Objectives: A. To determine the distribution of pesticides in
selected soils and their drainage waters using sites to which
known amounts of pesticides have been applied. B. To determine
the physical, chemical and biological processes, and soil charac-
teristics which are important in the disposition of pesticides in
soils. Initial work will be on Treflan and Atrazine,

Procedure: Movement of herbicides in runoff water and in
percolating water will be studied using tagged compounds wher-
ever possible.

Herbicidal compounds will be applied to soil differing in pro-
perties. By soil perfusion and other techniques, breakdown rate of
the herbicides as influenced by soil properties and enriched
microorganisms will be determined. Attempts will be made using
gas chromatography, spectral absorption, and bioassay to identify
degradation products.

Herbicidal effect upon rhizosphere organisms and effect of
rhizosphere organisms on herbicides will be determined after
foliar and soil applications of herbicides and making plate counts
and respiration studies of microorganisms. Specific root infecting
fungi will be inoculated into the root zone in presence ;Ind
absence of herbicides and their behavior studies.

Herbicidal effects upon soil processes as nutrification, N fixa-
tion, and X-transformations will be studied.

SUPPORTED BY U.S. Dept. of Agriculture
Georgia State Government

5.0291, ENTERIC BACTERIAL DEGRADATION OF
STREAM DETRITUS
C.W. HENDRICKS, Univ. of Georgia, School of Agriculture,
Athens, Georgia 30602

At the present time many of our clean freshwater lakes and
streams are receiving loads of fecal material. Besides being
aesthetically objectionable, such conditions are also a serious
public health hazard, and little is known about the ability of ener-
tic bacteria to metabolize organic materials associated with the
aquatic environment. The major objective of this project is to
conduct basic research on mechanisms by which enertic bacteria,
including pathogens, can survive and multiply within the aquatic
environment. Particular attention will be given to the understand-
ing of the growth-promoting activity of the various types of sub-
strates present within the stream and to describe conditions that
will influence the rate of turnover of both bacterial populations
and substrates. This type of knowledge should give a firm basis for
the construction of a model to describe the self-purification
potential of a stream and perhaps yield useful data on how
presently contaminated bodies of water may be reclaimed.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0292, RELATIONSHIPS BETWEEN SUB-LETHAL
PESTICIDES AND REPRODUCTION AND BEHAVIOR OF
FISHES
J.P. KERR, Univ. of Georgia, Graduate School, Athens, Georgia
30602

This study proposes to examine the possible effects on the
reproductive capacity in a few fish species of periodic and con-
tinuous exposures to sublethal concentrations of DDT and per-
haps other pesticides.

Objectives: To improve knowledge on the reproductive
capacity and behavior of certain fishes, especially the guppy; to
assess in laboratory studies the possible effects of chronic and
periodic sublethal exposures to pesticides, especially DDT and its
derivatives, on the reproductive capacity of fishes, by exposing
them to various pesticide concentrations and then noting changes

1-358



5. WATER QUALITY MANAGEMENT AND PROTECTION

in: (a) reproductive behavior patterns (primary emphasis) (b)
general behavior patterns (c) rate of sexual maturation (d)
garnetogensis (e) gamete viability and fertilization.

SUPPORTED BY U,S. Dept. of Interior - Bu. Sport Fish,

5.0293, PHOSPHORUS BUDGETS OF LAKES SIDNEY,
LANIER AND HARTWELL
D,C. SCOTT, Univ. of Georgia, Graduate School, Athens, Georgia
30602

Lakes Lanier and Hartwell altnough in two different water
sheds are somewhat similar in type of watershed and in size. Lake
Lanier, however, probably receives considerably more nutrients
than does Hartwell. Preliminary studies on Lanier have disclosed
some interesting vertical distributions of phosphorus and iron in
the period immediately preceding fall overturn (the only time that
samples have been taken by this investigator). These observations
have aroused an interest in the phorphous cycle in this body of
water. Parallel studies on Lake Hartwell may provide a contrast-
ing situation which will aid in our understanding the phosphorus
cycle in these impoundments and elucidate the fate of introduced
nutrients in them.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Georgia

5.0294, AEROBIC DISPOSAL OF ANIMAL WASTES
WITH CONTINUOUS WATER REUSE
R.E. SMITH, Univ. of Georgia, Agricultural Experiment Sta. ,

Athens, Georgia 30602
Objectives: To study the operating characteristics of a system

for the disposal of animal wastes with continuous aeration and
mixing of the wastes and the use of effluent from the system for
the requisite dilution of low moisture animal wastes from cattle,
swine, and poultry.

To determine the design parameters for the system of in-
fluent waste dilution, feeding rate, detention time, 5-day BOD
reduction, and rate of sludge build-up.

Description: Prohibitive quantities of water are required to
dilute animal waste for decomposition in aerobic disposal
systems. This study will reuse the effluent of a laboratory aerobic
disposal unit as the diluent of influent animal waste. It will deter-
mine if concentrations of any component of animal wastes will be
detrimental to the growth of the requisite microbes. Information
will be obtained about optimum input rates, dilution times, ROD
reduction, and rates of sludge build-up.

SUPPORTED BY Georgia State Government

5.0295, RADIOTRACER STUDIES ON RAPID PAND FIL-
TRATION
G.G. EICH HOLZ, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

This project continues a current research project aimed at
determining the distribution and dynamics of fine particles of
given sizes in rapid sand or anthracite filters of controlled com-
position and size distribution. The effect of surface condition,
flow rate, bed composition, and chemical exchange on primary
deposition and subsequent elution of suspended matter in the
filter is being studied by means of radiotracers. Continuous
readings on deposition curves and detailed analysis of succeeding
layers of the filter as well as the collection of dissolved tracer ions
are employed to observe the behavior of the test filter under
representative conditions. Analysis of the filtration curves makes
it possible to evaluate appropriate kinetic coeficients for the ad-
sorption and exchange mechanisms.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

5.0296, DETERMINATION, EVALUATION, AND ABATE-
MENT OF COLOR IN TEXTILE PLANT EFFLUENTS
R.K. FLEGE, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

Water pollution due to excess color is sometimes the result of
textile mill effluents. It may be the result of discharged dyestuffs
or it may be the result of an interaction of colorless dye inter-
mediates with intermediates or finishing agents from the same or
other plants or with natural organic waste in the stream. The
problem has been greatly complicated in recent years by new
classes of dyes and chemical auxiliaries for dyeing and finishing
processes which have been introduced as a result of technologic
innovations and new fibers.

The research will involve field and laboratory studies of the
rate and extent of color build-up in streams carrying effluent from
mills engaged in different kinds of textile processing. Laboratory
investigations will include: (1) Spectrophotometric analysis of
specimens from streams and mill effluents, 2) Development of
spectrophotometric and chromatographic methods for charac-
terizing the coloring matter, (3) Use of standard methods of water
analysis to determine character and content of non-colored
chemicals.

Field investigations will include: (1) Sampling of streams and
mill effluent to obtain specimens needed to determine the time
distribution and magnitude of color build-up, (2) interviewing
management and technical personnel in plants which contribute
seriously to the color pollution problem, (3) Correlation of
laboratory and field data to provide a basis for recommendations
to and action by the mills.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

5.0297, DETERMINATION OF DEGRADED DYES AND
AUXILIARY CHEMICALS IN EFFLUENTS FROM TEXTILE
DYEING PROCESSES
R.K. FLEGE, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

Work will be directed toward the development of methods
for identification and quantitative measurement of dyes and
chemical auxiliaries, in raw and treated textile mill effluents.

Chromatographic and indirect spectrophotometric methods
of analysis will be investigated. Methods developed will be ex-
tended to cover residues, from those dyes and chemicals, originat-
ing from reactions in the dyebaths or waste treatment processes.

Dyeing formulae will be made up from widely used dyes and
auxiliary chemicals. Analytical methods will be developed for
identification of those known dyes and chemicals.

Effluents from commercial dyeing processes, that make use
of chemicals in the model formula, both before and after conven-
tional waste treatment, will then be analyzed in an attempt to
determine the degradation product of those dyes and chemicals
resulting from waste treatment processes.

Processing formulae using known dyes and auxiliary chemi-
cals will be subjected to laboratory waste treatment techniques,
simulating those used for treatment of domestic waste in conven-
tional treatment plants and lagoons. Effluents from these experi-
ments will be analyzed for presence of original dyes and auxilia-
ries and their forecasted degradation products.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

5.0298, INVESTIGATION OF THE INFLUENCE OF
VALENCE STATES OF IRON AND MANGANESE UPON
THE BIOTA OF THE HYPOLIMNION
J.J. HEISE, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The proposed research will investigate the role of valence
changes in manganese and iron cations and the resulting effec-
tiveness of their utilization by micro-organisms of the hypolim-
nion. The study will investigate both the absorption of these ca-
tions in sediments and the factors which make them soluble for
use by biota. Model systems will be formulated from the data ob-
tained to predict the dynamic changes in reservoirs brought about
by changes in valence states of cations that affect the biota. Addi-
tionally, optimal conditions for high quality water sources may be
determined from the data.

Field work will involve the sampling of biota, water, and sedi-
ments of selected reservoir. In the laboratory, the samples will be
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analyzed, quantitatively and qualitatively simultaneously, for cer-
tain valence states of manganese and iron by electron spin
resonance spectrometry; a secondary colorometric technique will
be used to determine the total quantities of cations for com-
parison with valence states found; data will be evaluated to deter-
mine changes in the cations as they exist in solution, in micro-or-
ganisms, and in sediment,

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res, Rch
Georgia Institute of Technology

5.0299, DIGESTION OF SLUDGES WITH SODIUM
CHLORIDE AND SULFATE
R.S, INGOLS, Georgia Inst. of Technology, Engineering Experi-
ment Station, Atlanta, Georgia 30332

The primary objective of the project is the determination of
the cause of sludge digestion failure in the presence of industrial
wastes containing several salts at critical concentrations, If sodi-
um chloride plus sodium sulfide are synergistically toxic then a
search will be made to find an economical solution to the sludge
disposal problem.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0300, A STUDY OF GEORGIA RIVERS AND LAKES
R.S. INGOLS, Georgia Inst. of Technology, Engineering Experi-
ment Station, Atlanta, Georgia 30332

The study of Georgia Rivers has been supported by a small
budget over many years to permit the travel involved in observa-
tions of rivers and lakes near Atlanta for development of research
work with outside support. At the moment, the support of a
Water Resources Center project under public Law 88-379 has
permitted an expansion of the research on water quality in the
hypolimnion of lakes and the rivers below hydraulic power instal-
lations. Observations have been made while teaching or directing
special student projects. Numerous basic publications have been
developed and services rendered to industry and government
agencies with the instruments acquired for these studies.

SUPPORTED BY Georgia Institute of Technology

5.0301, PRODUCTION AND DISPERSAL OF
PATHOGENIC BACTERIAL AND VIRAL AEROSOLS BY
AERATION OF CONTAMINATED WATERS
R. KING, Georgia Inst. of Technology, School of Engineering, At-
lanta, Georgia 30332

The mechanism of bacterial aerosol production from pol-
luted waters has been demonstrated for selected bacteria. These
investigations, however, have not been expanded to include
pathogenic bacteria and viruses.

It is proposed to investigate aerosol production from polluted
waters as a possible pathway for the spread of tuberculosis and
viral diseases.

Effects of tuberculosis have been demonstrated at extremely
low concentrations of tuberculosis bacteria in the air. The spread
of tuberculosis in the vicinity of certain sewage treatment plants
by aerosol formation is, therefore, a possibility. Studies utilizing
organisms which demonstrate similar characteristics to Mycobac-
terium tuberculosis will be conducted. Such an organism may be
Mycobacterium smegmatis.

The survival rate of viruses has been shown to be quite high
in air. An investigation to demonstrate aerosol formation by aera-
tion of polluted waters as a means of dispersing viruses to the at-
mosphere will be undertaken using as subjects those viruses which
attack bacteria (bacteriophages) to simulate those which are of
importance to man.

Experimental equipment will include a controlled at-
mosphere (wind tunnel) equipped with devices for the aeration of
bacterial and viral solutions under varying conditions (simulated
sewage treatment processes). Down wind aerosol samples will be
collected by means of slit samplers, settling plates, and others,
analyzed by means of applicable microbiological techniques, and
subjected to statistical analysis.

SUPPORTED BY Georgia Institute of Technology

5.0302, THE FINITE ELEMENT METHOD IN FLUID
MECHANICS
P.G, MAYER, Georgia Inst, of Technology, School of Engineer-
ing, Atlanta, Georgia 30332

The finite element method is a powerful analytical tool in
solving engineering problems, The present study is undertaken to
explore the applicability of this method to hydraulic engineering.

Successful solutions have to be found in steady saturated sub-
surface flows. The application is to be extended to time-depen-

dent problems. Its immediate usefu'ness may be in problems in-
volving heat dissipation and the disposal of biologically or chemi-
cally degradable liquid wastes.

SUPPORTED BY Georgia Install' of Technology

5.0303, CHARACTERIZATION OF STREAM REAERA-
TION CAPACITY
E.C. TSIVOGLOU, Georgia Inst. of Technology, School of En-
gineering, Atlanta, Georgia 30332

Research Objectives: The broad objective of this research is
to fully develop techniques for the accurate evaluation of waste
treatment needs and associated costs in specific situations as cur-
rently used procedures are not adequate. The principal source of
difficulty and large error has been our inability to accurately eval-
uate the reaeration capacity of natural streams. Research begun
by the Administration three years ago has been successful in
providing a direct field technique for the accurate determination
of stream reaeration capacity. This technique now forms the
necessary basis for providing water pollution control agencies and
industry with the means for accurate evaluation of and prediction
of waste treatment requirements and costs.

The specific objectives of this research, are to apply the gase-
ous tracer method developed by the Administration to: evaluate
the range of error normally associated with the various available
mathematical models for predicting reaeration capacity (O'Con-
nor-Dobbins, Churchill, etc.); on the basis of direct field observa-
tions of reaeration capacity, to develop the necessary modified
and/or additional models for this purpose; and, to develop a stan-
dardized laboratory procedure for evaluating the effects of vari-
ous kinds of water pollutant on the reaeration capacity of river
water.

In order to assure results and procedures that are practical
and directly applicable to specific problems, the proposed
research is to be conducted with natural river waters and with
specific real wastes such as municipal, paper mill, and poultry
processing wastes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0304, WEED AND ALGAE CONTROL, SMALL IM-
POUNDMENT INVESTIGATIONS
U NKNOW N,State Game & Fish Commission, Atlanta, Georgia

Objectives: To determine the most effective new chemicals
and/or technique for control of noxious aquatic vegetation.

To test pre-emergent treatments using soil sterilents during
winter drawdowns using new herbicides as available.

Procedures: Field testing and observations of new aquatic
herbicides and techniques will be initiated to determine feasibility
for inclusion in management programs for the Commission. Con-
trols will be used whenever possible in order to better evaluate
herbicides and techniques tested. The numbers of experiments
will be determined by the quantities of new herbicides that are
available and the availability of satisfactory testponds.

New coil sterilents will be applied as available to the exposed
mud flats of some ponds and evaluated the following summer
after inundation. A reconnaissance survey of ponds with known
weed problems will be conducted to select those most suitable for
experimentation.
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SUPPORTED BY U,S, Dept. of Interior - Bu. Sport Fish,
Georgia State Government

5.0305, HYDROLOGY OF COASTAL AREA IN THE
VICINITY OF RICEBORO, GEORGIA
A,N. CAMERON, U.S. Dept. of Interior, Water Rcsourccs Divi-
sion, Atlanta, Georgia

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Georgia.

Purpose - To determine the hydraulic and chemical charac-
teristics of surface waters in the North Newport River Drainage
Basin and the piczometric surface and quality of water in the prin-
cipal artesian aquifer in the vicinity of Riceboro prior to the
beginning of operations of a large industry as well as after the
plant is in operation.

Methods - The tidal behavior of the Newport River estuary
will be studied and the amount of interchange between salt and
fresh water, the time of travel through the estuary, and the disper-
sion patterns will be determined. Discharge measurements will be
made. Chemical analyses will be made on water samples collected
periodically and water quality monitors will be installed. Wind
direction and velocity component data will be recorded at one
station. Continuous water level recorders will be installed on four
wells. Electric and gamma-radiation logs will be made of selected
wells within 30 milts of Riceboro to determine the amount of cas-
ing and depth of the well and aid in interpretation of the geology
and identification of the aquifer. Aquifer tests will be made at the
plant site after completion of the plant wells.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Georgia State Government

5.0306, SALT-WATER ENCROACHMENT IN THE BRUN-
SWICK AREA, GEORGIA
D.O. GREGG, U.S. Dept. of Interior, Water Rcsourccs Division,
Atlanta, Georgia

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Georgia.

Purpose - To dctcrminc the feasibility of reducing the rate or
stopping chloride contamination of the aquifer by pumping water
from the underlying brackish-water zone.

Methods - Two wells will be constructed in the brackish-
water zonc near the focus of one area of contamination of the
overlying fresh -water aquifers. One well will be pumped to reduce
the artesian head in the brackish-water zone and the other used as
an observation well. Water from these and existing wells will be
sampled and head measurements will be obtained to observe the
effects of pumping.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Georgia State Government

5.0307, TREATMENT OF KRAFT MILL EFFLUENT BY
FOAM SEPARATION
R. ESTRIDGE, Georgia Kraft Company, Rome, Georgia 30161

The objective of this project is to explore thc feasibility of
using foam separation for concentration and/or removing com-
ponents of high B.O.D. from Kraft mil/ wastes. Foaming equip-
ment will be tested to evaluate the influence of design and operat-
ing variables or separation efficiency and to collect data for cost
estimates and for design of larger-scale equipment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Georgia Kraft Company

5.0308, TREATMENT OF SELECTED INTERNAL KRAFT
MILL WASTES IN COOLING TOWERS
R.B. ESTRIDGE, Georgia Kraft Company, Rome, Georgia 30161

The objectives of this project are to determine the technical
and economic feasibility of using cooling towers to reduce BOD
and heat content of Kraft Mill Wastes and to reduce water usage

in Kraft Mills. Studies will be carried out on both a pilot scale
cooling tower and a large scale cooling tower.

SUPPORTED BY U.S, Dept, of Interior - F. Water Pol. Ctl
Georgia Kraft Company

5.0309, RESERVOIR DESTRATIFICATION BY DIFFUSED
AIR PUMPING FOR WATER QUALITY IMPROVEMENT
F.H. POSEY, U.S. Army, Savannah, Georgia 31402

Objectives: (1) To develop methods and equipment for
destratification of reservoirs and water quality improvement. (2)
To cause artificial mixing of water layers by air injection. (3) To
increase dissolved oxygen content and to decrease iron and man-
ganese concentrations in lower reservoir levels. (4) To eliminate
stability within reservoir, caused by density layers during thermal
stratification.

Progress Summary: The equipment currently is installed in a
367,500 acre -foot impoundment in North Georgia and consists of
five 65-foot diameter cross - shaped air diffuser units (40 diffusers
on each unit) suspended 10 feet above reservoir bottom with air
supplied by five compressors, each with a capacity of 250 cfm at
100 psi. All physical, chemical, and biological parameters will be
sampled and analyzed.

SUPPORTED BY U.S. Dept. of Defense - Army

5.0310, CHARACTERIZATION AND REMOVAL OF
REFRACTORY COLOR COLLOIDS FROM HAWAIIAN SUR-
FACE WATERS
N.C. BURBANK, Univ. of Hawaii, Water Resources Research
Ctr. , Honolulu, Hawaii 96822

Refractory color colloids in naturally occurring Hawaiian
surface waters have long caused waters of otherwise potable
quality to be regarded with aversion and as unacceptable by
citizens even in the midst of drought.

Previous testing using the conventional coagulants have
failed to give satisfactory removals of color.

The project is dcsigncd to determine the basic physical
chemical electric properties of the refractory colloids, to dctcr-
minc their charge (zeta potential) and the character of the charge
(cationic or anionic). It is also dcsigncd to dctcrminc the correla-
tion of zeta potential with the dosage of coagulant or coagulant
aid, the reduction of the zeta potential to discharge the color col-
loid, the selection of a high molecular weight coagulant aid to act
as a weighing agent, and the further addition of a simple chemical
or a synthetic polyelectrolyte to discharge the color colloid, to
dischargc the zeta potential to zero to assist in thc collision and
coagulation of the color colloids by the natural forces of attrac-
tion. In this the progression of the coagulation and colloid
discharge must be observed with an instrument of the quality and
capabilities of the zeta-meter.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Hawaii

5.0311, STUDY OF ESTUARINE POLLUTION IN THE
STATE OF HAWAII
D.C. COX, Univ. of Hawaii, Water Resources Research Ctr. ,

Honolulu, Hawaii 96822
A statewide survey of estuaries in Hawaii will be made to

identify, from available information, present pollution problems,
and sources and levels of pollution, and future pollution problems
expectable from forecast development.

In Kaneohe Bay, Oahu, a field study will be made of the
ecology, including bacterial pollution, trophic-dynamics of plank-
ton, mineralization sedimentation and general water quality in
relation to sewage disposal, surface runoff, and currents. Changes
based on economic development will be forecast under various
assumptions. The socio-economic value the various present and
potential uses of the Bay will be determined under various as-
sumptions as to methods of sewage disposal and surface runoff
control.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University f Hawaii

5.0312, SOILS, PESTICIDES, AND THE QUALITY OF
WATER
R.E. GREEN, Univ. of Hawaii, Agricultural Experiment Sza. ,

Honolulu, Hawaii 96822
1. Establish whether movement through the soil constitutes a

significant source of the pesticides found in surface and ground
water. 2. Identify the properties of pesticides and of soils that con-
trol the extent of movement of pesticides in and through soils, 3,
Ascertain the effects of management of pesticides and land on the
transport, by all avenues, of pesticides to water supplies.

Leachability of surface-applied substituted urea and s-
triazine herbicides will be studied in 'laboratory columns under
controlled conditions. Equilibrium studies will be conducted to
relate adsorption and desorption, if any, to physical and chemical
properties of the herbicide materials and various soil constituents.
Field studies will be made to determine the presence or absence
of surface-applied herbicides and/or organic tracers in un-
derground waters.

SUPPORTED BY U.S. Dept. of Agricuiture
Hawaii State Government

5.0313, POLLUTION EFFECTS ON GROUND WATER
RECHARGE IN HAWAII
L.S. LAU, Univ. of Hawaii, Water Resources Research Ctr. ,

Honolulu, Hawaii 96822
Determination of the absorptive and adsorptive capacities of

Hawaii soils and fractured rocks with respect to certain potential
pollutants of the underlying basal ground water bodies, including
sewage constituents and selected pesticides that are applied
through agricultural uses. Determination of quantitative and
qualitative effects of recharge of the basal ground water by non-
potable waters, including quantity and head increases, flow pat-
tern and dispersion, fate and travel of pollutants after reaching
the ground water bodies.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Hawaii

5.0314, IDENTIFICATION OF IRRIGATION RETURN
WATER IN THE SUBSURFACE
R.H. YOUNG, Univ. of Hawaii, Water Resources Research Ctr. ,

Honolulu, Hawaii 96822
The proposed project will study the physical and chemical

characteristics of return irrigation water derived from areas of
tropical agriculture. Sampling will be from areas on Oahu, with
principal sites at Kalauao and Kahuku, and Maui and Kauai. Well
samples will be obtained from these areas for complete water
analyses including determinations of pH, conductivity, chloride,
sulfate, nitrate, hardness, bromide, iodide, boron, total organic
carbon, and phenols. Basic data collection will necessitate sam-
pling of rainwater, surface runoff, bull : - fallout and spring water.
Tritium studies for flow tracing and age-dating of samples will be
utilized. The total water quality information obtained will be col-
lated and correlated with irrigation practices and land-use pat-
terns to ascertain man's contributions to basal water, to assist in
formulation of ground water quality standards, to identify pat-
terns of ground water flow, rock weathering and chemical ero-
sion.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Hawaii

5.0315, MARINE TOXINS OF THE TROPICAL PACIFIC
A.H. BANNER, Univ. of Hawaii, Hawaii Inst. of Marine Biology,
Kaneohe, Hawaii 96744

In the investigation all marine toxins arising from the tropical
biota of the reef and shore fauna of the Central Pacific that may
be passed on to man, directly or indirectly, will be studied, The
studies are divided into three major phases: the biological origin,

the chemical isolation and identification, and the pharmacologi-
cal action of the toxins. Correlated with the major aspects of the
investigation is the accumulation of local island knowledge of
toxic marine animals, native remedies, and the epidemiology of
fish poisoning in the Pacific,

For the present year of investigation, as in the previous years,
the main emphasis will be upon those fish which are regionally
toxic and cause the loosely defined disease known as ciguatera:
biological field studies will be conducted in French Polynesia;
chemical studies will attempt to further elucidate the structure of
the toxic molecule, now isolated; and pharmacological studies
will be concerned both with the development of assay methods
adaptable for field conditions and with investigations of the mode
and site of action of the drug.

SUPPORTED BY U.S. Dept. of Filth. Ed. & Wel. - P.H.S.

5.0316, PREVENTING OR CONTROLLING AC-
CELERATED EROSION OF UNSTABLE FOREST SOILS
W.F. MEGAHAN, U.S. Dept, of Agriculture, Intermtn. For. &
Rge. Ex. Sta. , Boise, Idaho 83706

Object: To identify the interrelations of soil, water, and
vegetation to soil stability; to determine mechanical and vegeta
tior, cover requirements for stabilizing soil; and to study soil
movement and 'water yield as affected by timber harvesting and
roadbuilding methods.

Plan of Work: The project staff is continuing to survey natu-
ral land slumps on slopes and in channels. Studies are proceeding
to evaluate the effect of hydrologic and erosion processes related
to roadbuilding, logging, and natural land slumping. They are
developing soil-stabilizing methods of roadbuilding, slash
disposal, cover establishment, and channel structures. Pilot
watersheds are being calibrated to evaluate the above processes
and stabilizing procedures plus the comparison of logging
methods that might be employed on steep unstable slopes.

SUPPORTED BY U.S. Dept. of Agriculture

5.0317, EUTROPHICATION RESEARCH AMERICAN
FALLS RESERVOIR STUDY
V.C. BUSHNELL, U.S. Dept. of Interior, Bureau of Reclamation,
Boise, Idaho

Eutrophication of the American Falls Reservoir has become
an acute problem. This study includes sampling the reservoir at
seven locations at different depths, and eleven significant inflow-
ing streams at two- week intervals from May I - October 1, 1968
and 1969. Tests include: Temperature and DO on site; one quart
samples with HgC12 added to 40 ppm are analyzed for COD,
Si02, Phosphates, ammonia, nitrite, nitrate, and organic N; and
one quart samples (iced) for pH, ED, B, CO3, HCO3, CI, SO4,
Ca, Mg, Na, K, and F. Notes are taken on visual algae conditions.
One gallon samples are collected, as appropriate, for suspended
solids.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

5.0318, DETERMINATION OF THE DISTRIBUTION OF
RADIONUCLIDES DISCHARGED TO THE GROUND AT
THE NRTS, IDAHO
J. BARRACLOUGH, U.S. Dept. of Interior, Geological Survey,
Idaho Falls, Idaho

Program is a continuation of that conducted in previous
years. The observation of migration of the radioactive isotopes
contained in the aqueous wastes has been a primary part of the
program. Underground movement has not yet reached a steady
state and observations will continue until steady state is reached.
The program consists of observation of radionuclide migration
and is determined from empirical analysis of data on aquifer
discharge effects observed as water level fluctuations in wells
tracer studies using both natural and introduced elements for the
purpose of determining both vertical and horizontal movement,
determination of head differentials between aquifers and single
wells and between wells and bore hole geophysical logging.
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SUPPORTED BY U.S Atomic Energy Commission
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effect of nutrients and climatological factors on Azotobacter in
native waters will be followed through population changes,
Unusual Azotobacter isolates from natural and artificially in-
duced populations will be identified through known keys. The
particular effect of fluorides on Azotobacter strains will be mea-
sured in soil, water, and laboratory cultures, using a fumigation
chamber.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

5.0319, HYDROLOGY OF SUBSURFACE WASTE
DISPOSAL - NATIONAL REACTOR TESTING STATION,
IDAHO
.1,T. BARRACLOUGH, U.S. Dept. of Interior, Water Resources
Division, Idaho Falls, Idaho

Objectives of this project are to acquire information on the
geohydrologic and geochemical environment of the National
Reactor Testing STation, requiring a study of the composition
and structure of the earth materials underlying the plain, the in-
ventory and continued evaluation of the water resources, the
dynamics of the hydrologic cycle, and relevant geochemical
processes, This information will help to determine within the en-
vironment the concentration of any increment of aqueous waste
disposed and to define it qualitatively in time and place,

Attempts will be made to determine the direction and rates
of vertical and lateral ground water movement within the basalt
aquifer system, movement and dispersion of radioactive wastes,
the volume of regional ground water movement and storage, and
to apply the techniques of radioactive dating of the quaternary
basalt and Tertiary rocks exposed in the area to the solution of
structural problem significant in the geohydrology of the Station.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

5.0320, REDUCTION OF GROUND WATER INFILTRA-
TION INTO SEWERS BY ZONE PUMPING
D.M. STOREY, Meridian City Government, Meridian, Idaho

The project consists of a 20 inch well, up to 100' deep and
lined with a perforated casing. A pump of up to 700 gpm capacity
is to be used with a probable total dynamic head of 35' to pump
ground water out of the well into a drain ditch for transfer to a
local stream. This will lower the water table and keep ground
water infiltration out of the sanitary sewer system, thereby reduc-
ing flooding conditions to basements in the City of Meridian.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Meridian City Government - Idaho

5.0321, STREAMFLOW REGULATION AND SEDIMENT
CONTROL IN NORTHERN ROCKY MOUNTAIN FORESTS
H.F. HAUPT, U,S. Dept. of Agriculture, Moscow, Idaho

Object: To relate forest characteristics and timber 1nn.vesting
methods to snow accumulation and melt, streamflow peaks, sedi-
mentation, and improved water yields; and to reduce streamflow
peaks and sediment production and increase summer flow.

Plan of Work: The project staff is calibrating experimental
watersheds to evaluate streamflow characteristics and sediment
transport. Plot studies are progressing on roads and skid trails to
determine, ( I ) erosional processes, (2) the hydrologic processes
of infiltration, percolation, overland flow, and Wrap in relation
to soils, and (3) watershed damage prevention methods. The staff
is also conducting plot studies in timber-harvest areas to deter-
mine, ( I ) the effect of western white pine and lodgepole pine on
snow behavior, (2) the effect of different cutting practices on
precipitation disposition, (3) erosional processes, and (4)
watershed damage prevention methods.

SUPPORTED BY U.S. Dept. of Agriculture

5.0322, AZOTOBACTER ECOLOGY
G.R. ANDERSON, Univ. of Idaho, Agricultural Experiment Sta. ,
Moscow, Idaho 83843

Objectives: (1) To determine whether or how Azotobacter
propagate in the main streams and irrigation systems of Southern
Idaho. (2) The identification and classification of Azotobacter
from plot and soil studies. (3) To determine if Azotobacter can
serve as an indicator of the toxicity of fluorine effluents.

There continues to be some promise in the possibility of
using free-living microorganisms, particularly Azotobacter, as
nitrogen suppliers for crops, The ecology of these organisms in
Portneuf soils and related-irrigation waters will be studied. The

5.0323, AQUATIC ENVIRONMENT AND FOOD HABITS
OF MAYFLIES
M.A. BRUSVEN, Univ. of Idaho, Water Resources Research Inst.
, Moscow, Idaho 83843

The food habits of mayflies will be studied in northern Idaho,
principally in the St. Mules and St. Joe River drainages, Both pol-
luted and unpolluted waters will be investigated representing
streams, ponds, and reservoirs. Gut analyses will be performed on
the digestive tracts of immature mayflies to determine their food
habits and preferences and to evaluate the role of food as a limit-
ing factor in regulating the distribution and abundance of this
aquatic group. In addition, the physical and chemical charac-
teristics of the water will be studied, the substrate will be critically
evaluated to understand microhabitat requirements and an at-
tempt will be made to study the interrelationships of mayflies with
other components of the biota in the aquatic ecosystem.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Idaho

5.0324, BEHAVIOR AND HABITAT INTERACTION OF
BROOK TROUT AND CUTTHROAT TROUT
J.S. GRIFFITH, Univ. of Idaho, Cooperative Fishery Unit,
Moscow, Idaho 83843

Objectives: I) To study interaction in habitat selection
between cutthroat and brook trout. 2) To study the comparative
behavior of the two species, both intra- and interspecifically, and
its role in habitat selection and maintenance.

Methods: 1) Sections have been chosen in each of three
northern Idaho streams - one stream has only cutthroat present,
one with brook trout only, the third with both species. 2) Map and
physical parameters of each section. 3) Periodically during
summer 1968 mark locations of fish in each section by skin div-
ing. 4) Analyze habitat data by multiple regression technique to
assess interaction. 5) Remove all members of one species in sec-
tions with sympatric populations to collect microhabitat data, and
observe if remaining fish move to vacated areas. 6) Observe
behavior in laboratory stream tank and in field.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
University of Idaho

5.0325, SOILS, PESTICIDES AND THE QUALITY OF
WATER
G.C. LEWIS, Univ. of Idaho, Agricultural Experiment Sta. ,

Moscow, Idaho 83843
Emphasis of the project will be placed on the following ob-

jectives: (1) to establish whether movement through the soil con-
stitutes a significant source of the pesticides found in surface and
ground water. (2) To identify the properties of pesticides and of
soils that control the extent of movement of pesticides in and
through soils. (3) To ascertain the effects of management of pesti-
cides and land on the transport, by all means, of pesticides to
water supplies.

Organic phosphate compounds will be the class of pesticides
studied. Leaching columns in the laboratory and field plots will be
used to study the following variables in relation to pesticide move-
ment: (1) soils of different texture, cation exchange status, and
organic matter content. (2) Different moisture regimes-continu-
ous leaching and adding solution in increments after equilibrium
has been established. (3) Different ratios of calcium, magnesium,
and sodium in the leaching solution.
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SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

5.0326, BIOLOGICAL PRODUCTIVITY OF THE COEUR
D'ALENE RIVER AS RELATED TO WATER QUALITY
F.W. RABE, Univ. of Idaho, Water Resources Research Inst. ,

Moscow, Idaho 83843
The objectives of this study are (I) to collect and analyze

certain physical and chemical data from the South Fork and
North Fork of the Coeur d'Alene River, Idaho; (2) to measure
primary production in various zones of the river and to estimate
standing crop of herbivore and carnivore levels over a yearly
period; and (3) to determine the median tolerance limits (tlm) of
rainvow trout, Salmo gairdneri, to various concentrations and
combinations of heavy metals from the river. Field collections will
consist of collecting data from various Iccations in the river which
typify clean water and water treated with mine wastes and
domestic sewage. Periphyton will be collected to assess produc-
tion, Laboratory studies will involve bioassays of fish under both
static and running water conditions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res Rch
University of Idaho

5.0327, THE FEASIBILITY OF REUSE OF
CHLORINATED SEWAGE EFFLUENT FOR FERTILIZA-
TION AND IRRIGATION IN IDAHO (ABBREV)
R.E. WILLIAMS, Univ. of Idaho, Graduate School, Moscow,
Idaho 83843

The objective of this study is the evaluation of the feasibility
of statewide reuse of sewage effluent. The steps to be taken con-
sist of: 1. Location of communities in Idaho producing sufficient
volumes of effluent to merit construction. 2. Determination of
average annual volume of effluent of reuse facilities produced by
each community -- minimum usable volume will have to be deter-
mined during the course of the study. 3. Determination of type of
treatment employed by each community. 4. Determination of
type and thickness of soils and geologic formations in each com-
munity. 5. Determination of distance from each community to ir-
rigated crop land or to a forested area which might receive ef-
fluent. 6. Determination of types of crop grown in each irrigated
area. 7. Determination of type of irrigation system employed in
each area. 8. Estimation of cost of introducing sewage effluent
from each locality into the existing irrigation system. 9. Estima-
tion of cost of chlorination of effluent. 10. An analysis of existing
devices in each locality which may be used for the monitoring of
the quality of waters moving downward toward the ground-water
table. 11. Determination of distance from ground surface to
ground-water table in each locality. 12. When possible an in-
terpretation of the direction of movement of ground water at each
locality. 13. Determination of annual volume of phosphate and
nitrate currently applied to the irrigated land in each locality in-
vestigated -- the volume of effluent required to duplicate this ap-
plication rate can subsequently be estimated.

Once these data have been collected and analyzed, it will be
possible to define those areas in Idaho wherein the addition of
sewage effluent to streams can be eliminated and safely and
beneficially applied as fertilizer and irrigation waters to crop or
forest lands.

SUPPORTED BY Idaho State Government

5.0328, AN INVESTIGATION OF FACTORS INFLUENC-
ING WATER QUALITY IN SOUTH FORK, COEUR DALENE
RIVER
R.E. WILLIAMS, Univ. of Idaho, State Bureau of Mines & Geol. ,

Moscow, Idaho 83843
The quality of the South Fork of the Coeur d'Alene River,

Idaho, reportedly has been degraded by various users. However,
little study of the river, its quality or the sources of its pollution
has been undertaken. This study is designed to define the pollu-
tants, determine their concentrations, their sources, and to
recommend corrective measures.

SUPPORTED BY Idaho State Government

5.0329, AEROBIC SECONIBARY TREATMENT OF
POTATO PROCESSING WASTES WITH MECHANICAL
AERATION
W.M. SWANSON, R.T. French Company, Shelly, Idaho

The objective of this project is to demonstrate the aerobic
biological treatment for potato processing wastes, to establish
design criteria and to develop construction and operating costs.
The following systems will be studied: 1. Extended aeration with
sludge return; 2, Flow through aeration without sludge return;
and 3. Intermittent aeration with intermittent effluent withdrawal,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
R.T. French Company

5.0330, REAGENTS FOR DETERMINATIONS OF TRACE
IMPURITIES IN WATER
A.L. CASKEY, Southern Illinois University, Graduate School,
Carbondale, Illinois 62903

The proposed research plan involves laboratory investiga-
tions in the design of reagents for determinations of trace impuri-
ties in water. The first family of reagents involved will be sul-
fonated ortho nitrosonaphthols.

Problems proposed to receive early attention are: A. The
Spectrophotometric determination of Nitrate in Water Using 2-
Nitroso- 1-naphthol-4-sulfonic Acid. B. The Spectrophotometric
Determination of Nitrite in Water Using 1-Naphthol-4-sulfonic
Acid. C. Effect of the Position of the Sulfonic Aeid Substituent on
Acidity of the Naphtholic Hydrogen. D. Sodium 2-Nitroso- 1 -

Naphthol-5-Sulfonate as a Reagent for Cobalt in Water. E. 2-
Nitroso- 1 -Naphthol-7-Sulfonic Acid. F. Sodium 2-Nitroso- .
Naphthol-8-Sulfonic Acid.

The long term objective of this proposed research is to
develop ideal reagents; sensitive, specific, stable, water soluble re-
agents for rapid, spectrophotometric determinations of trace im-
purities in water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Southern Illinois University

5.0331, LOW ENERGY MECHANICAL OXYGENATION
OF WATER
W.M. LEWIS, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

A preliminary investigation of the principles involved in a
new method of oxygenation was carried out. The results indicate
the method to be more efficient than any technique now in use.
This preliminary work was used by Mr. Gleen Kaffenberger as his
master's thesis. During the summer it will be prepared for publica-
tion and a revision of an earlier grant proposal will be made in an
attempt to obtain federal financing.

SUPPORTED BY Southern Illinois University

5.0332, CATALYTIC OXIDATION OF ORGANIC COM-
POUNDS IN WASTE WATERS
G.V. SMITH, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

It is proposed to examine the oxidation of organic com-
pounds (especially water pollutants and related model com-
pounds) in dilute aqueous solutions by heterogeneous catalytic
and/or electrocatalytic techniques.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Southern Illinois University

5.0333, BIOLOGICAL SURVEY OF STREAMS OF COLES
COUNTY, ILLINOIS
L. DURHAM, Eastern Illinois University, Graduate School, Char-
leston, Illinois 61920

This project's purposes are: 1. To determine the present spe-
cies of fishes, macroinvertebrates and plankton in the streams of
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Coles County, Illinois. 2. To determine the present environmental
conditions in the streams with respect to pollutants (organic
materials, silt loads, chemicals and others), 3. To compare the ex-
isting fish populations and environmental conditions with those
present approximately 53 years ago as reported by Hankinson
(1913).

This information will be useful in many forms of fresh water
biology, including fisheries management and pollution control.
Also, a planned flood control reservoir which is to be built near
Charleston, Illinois will undoubtedly have considerable effect on
many of these streams. This study will provide a good record of
conditions prior to the influence of the reservoir.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0334, WHITE WATER CLARIFICATION AND REUSE
E.G. FOCHTMAN, I I T Research Institute, Chicago, Illinois

Work is directed toward the determination of preferred
methods of using retention aids in the paperboard process. Floc-
culation of cellulose fibers is being monitored by electrokinetic
measurements. The many retention aids which are currently com-
mercially available are being evaluated to determine their cost-ef-
fectiveness and the conditions for optimum use.

SUPPORTED BY Boxboard Research & Development Assn.

5.0335, PHOTOLYSIS MECHANISMS FOR POLLUTION
ABATEMENT
L.C. KINNEY, I I T Research Institute, Chicago, Illinois ( 14-12-
443 )

To determine the feasibility of oxidizing the soluble organic
materials in wastewater by contacting the water with photoreac-
tive materials. The photoreactive materials for this application
would be those capable of producing active oxidizing species
upon exposure to sunlight or the light from inexpensive artificial
sources.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0336, MARINE OIL-WATER MONITORING INSTRU-
MENTATION SYSTEM SUBGROUP V
J.H. SEELINGER, I I T Research Institute, Chicago, Illinois

The Contractor has developed an IR absorption oil detection
instrument which will report and record oil concentrations in
water of 30 to 1500 ppm plus or minus 1%. A prototype instru-
ment has completed extensive field evaluation and an tmproved
second generation instrument is scheduled for field testing in Fall,
1968.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

5.0337, AMMONIA STRIPPING MATHEMATICAL
MODEL FOR WASTE WATER TREATMENT
R.H. SNOW, I I T Research Institute, Chicago, Illinois (14 -12-
)193)

To develop a mathematical model of air stripping of am-
monia from waster water. Variables to be considered are pH,
post-precipitation, operating temperature ranges, distribution of
capital and operating costs. The model will be written in a FOR-
TRAN language applicable .??..! IBM 36C/65 computer.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0338, USE OF COAGULATION IN THE FLOTATION OF
WASTEWATER
C.F. GURNHAM, Illinois Institute of Technol. , School of En-
gineering, Chicago, Illinois 60616

`Gross flotation' is the removal from a water medium of all
species of particulate matter, including oily droplets, by at-
tachment to the particles of freshly nucleated gas bubbles, fol-
lowed by gravity separation and skimming. This process is cur-
rently in use for the treatment of industrial and municipal waste-
waters, and serves to remove suspended matter including much
that is not removable by the more conventional operations of pH-

mary treatment. Along with the suspended matter removal, the
biochemical oxygen demand and other parameters of stream pol-
lution are simultaneously reduced.

The process of gross flotation would be more widely used, to
the benefit of, the nation's waterways, if some of the present
operating difficulties were better understood and could be
removed, and if the operating efficiency of the process could be
improved. The use of chemical coagulation in conjunction with
gross flotation is an obvious means for improvement. Some waste
treatment facilities have successfully employed this technique;
other attempts have failed completely. Recycle ratio is undoubtly
a significant variable; zero recycle gives the maximum yield of
bubbles and the opportunity for nucleation on the dispersed parti-
cles, but damages or destroys the coagulant floc by the necessity
of passing it through a pump and other constrictions. Increasing
recycle ratios can eliminate the latter problem, and may still
produce an adequate bubble yield. Nucleation, however, is an es-
sential and little understood aspect. The hypotheses of time lag in
nucleation and of a possible very significant distinction between
nucleation in homogeneous and heterogeneous fluid media are to
be investigated in the project.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0339, ISOLATION AND TAXONOMY OF YEASTS IN
LAKES AND SEWAGE
L.R. HEDRICK, Illinois Institute of Technol. , Graduate School,
Chicago, Illinois 60616

To date, 13 different Pies in the Calumet River area on the Il-
linois-Indiana border have been sampled for yeasts. The two
genera most often encountered were Candida and Rhodotorula.
In an effort to determine just what aspects of pollution were af-
fecting the yeast population, data on chemical and physical pollu.
tion indicators were fed along with the numbers of yeasts into an
IBM 360 computer. At every station, it was found that two
parameters which gave the highest regression values were the
nitrite-nitrate nitrogen and dissolved oxygen content of the water.

Currently, a survey of changes in yeast populations with the
seasons is being conducted. The following pathogenic yeasts have
been isolated: Cryptococcus neoformans, Torulopsis glabrata,
Candida tropicalis, Candida Parapsilosi.., and Trichosporon cu-
taneum.

SUPPORTED BY U.S. Dept. of Mit Ed. & Wel. - P.H.S.

5.0340. EFFECTS OF SURFACTANTS ON FIBROUS BED
COALESCENCE
R.C. KINTNER, Illinois Institute of Technol. , School of En-
gineering, Chicago, Illinois o0616

The efficacy of close-packed beds of a mixture of fibers of
cotton and a supporting material has been demonstrated and the
results published (Sareen, et. al., A.I.Ch.E. Journal, 12, 1045 -
1966). The effects of Surface Active agents were shown to be un-
predictable by ordinary criteria. In the current work, it is
proposed to characterize the various types of SA agents as to solu-
bility, hydrolysis, polarity, ionic condition, etc., in such a way that
their effect on coalescence of oil droplets in an aqueous liquid
field can be predicted. The use of an emulsion 'break-time` test
seems to be the best criterion to date. Surface phenomena are of
paramount importance and the manner in which SA agents
produce such interfacial conditions is a prime subject of this
inquiry. The relation between these factors and coalescence is a
final objective.

SUPPORTED BY U.S. Dept. of Interior F. Water Pol. Ctl

5.0341, ECOLOGY OF SPHAEROTILUS IN ACTIVATED
SLUDGE
W.O. PIPES, Northwestern University, School of Engineering,
Evanston, Illinois 60201

This project is a survey of activated sludge plants to deter-
mine 1) what types of filamentous organisms are present when the
sludge has poor compaction characteristics, 2) the extent to
which the compaction characteristics of the sludge depends upon
the presence of filamentous organisms, and 3) environmental fac-
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tors which encourage the growth of filamentous organisms in ac-
tivated sludge. The research plan consists of collecting samples of
sludge from a number of activated sludge plants; physical, chemi-
cal, and biological analyses of the sludge samples; and statistical
analysis of the data to find correlations between the various
parameters. Loss of sludge in the effluent due to poor compaction
in the secondary settling tank or for other reasons is the most
common operating problem with the activated sludge process and
delineation of the factors which contribute to this condition
should result in significant improvements in process operation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0342, ULTIMATE DISPOSAL OF PHOSPHATE FROM
WASTEWATER BY RECOVERY AS FERTILIZER
K.M. RIES, W.R. Grace &, Company, Lake Geneva, Illinois 60047
(14-12-171)

A method will be developed for removing nutrients, i.e.,
phosphates and ammonia nitrogen, from wastewaters and con-
verting them into a fertilizer material. The phosphates, which are
concentrated in the aerobic step of the activated sludge process,
will react with the ammonia present in the waste stream and
added magnesia to form magnesium-ammonium-phosphate. This
compound is of low solubility in water and can be separated by
the use of flotation or other separation techniques. The separated
magnesium-ammonium-phosphate sludge will be converted by
further processing into a fertilizac material.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0343, DEVELOPMENT OF A MATHEMATICAL
MODEL FOR SEPARATION COAGULATION AND SEDI-
MENTATION PROCESS USING ADDITION OF CHEMICALS
W.A. JASIONOWSKI, General American Trans Corp Niles, Il-
linois (14-12-416)

The contractor shall develop a mathematical model for
coagulation and sedimentation of activated sludge process ef-
fluent using lime or alum ,as an additive. The emphasis shall be
placed, first, on establishing the current state of design
procedures for predicting the performance of existing equipment
such as the Inflict) Densator or Accelator. Next, limitations of
current design procedure should be dclineated by comparison
with data from existing installations.

The limitations of existing design procedures should then be
used as a basis for developing improved design procedures or, if
necessary, recommending additional experimental programs.

The model shall consist of a set :.)f preliminary design rela-
tionships for computing the size of the equipment required, the
amount of chemicals and power required, and estimates of both
capital and operating and maintenance cost. The performance of
the process as expressed by the volume flow and concentration of
all important species in the effluent streams from the process as a
function of the characteristics of the influent stream and the
operating and design conditions should be expressed in mathe-
matical terms.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0344, DEVELOPMENT OF MATHEMATICAL MODEL
OF SEWAGE SLUDGE FLUIDIZED BED INCINERATORS
J.D. ZEFF, General American Trans Corp. , Niles, Illinois ( 14-
12-415 )

To develop a mathematical model of the incineration of
sewage sludge in a fluidized bed furnace. The model will be writ-
ten in FORTRAN language applicable to an IBM 360/65 com-
puter,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0345, SYSTEMS APPROACH TO COMBINED SEWER-
STORM WATER OVERFLOW POLLUTION ABATEMENT
J. FINK, Shelbyville Government, Shelbyville, Illinois 62565

This project is a full-scale demonstration of the application of
several control and treatment methods applied in a coordinated
manner to abate pollution of surface waters caused by overflows
of untreated wastes from combined storm and sanitary sewers.

The effectiveness of treating combined sewer overflows from
small drainage areas utilizing three types of detention and treat-
ment units will be evaluated. The individual units will be incor-
porated into a total control system for the community.

Units to be installed and evaluated include: 1. lagoon
designed for 5-day detention of a 10-year storm, followed by pri-
mary and secondary stabilization lagoons--receiving flow from
95% of the drainage area. 2. A storm overflow holding tank for
600% of dry-weather flow. 3. weather flow with 2-hour detention,
The tank will be equipped with a chlorinator, comminuter, solids
collecting facilities and lift station to pump sludge to the mu-
nicipal sewage treatment plant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Shelbyville City Government - Illinois

5.0346, COOK STREET STORM WATER OXIDATION
POND
P. TROEMPER, Springfield San. Dist. No. 5, Springfield, Illinois

Springfield, like many older cities, has an extensive system of
combined sewers. Separation of these sewers is economically im-
practical at the present time. Conventional treatment of the com-
bined sewer oVerflow is not considered feasible since it would be
difficult to keep available a supply of organisms sufficient to treat
the storm volumes. The oxidation pond seems to provide the most
likely possibilities for a solution. Tributary to this project contains
approximately 12.5 square miles of separate sewered area and
3.25 square miles of combined sewered area. It is proposed to in-
vestigate feasibility of the oxidation pond to treat combined sewer
overflows by measuring flow from the pond, and 24 hour com-
posite sampling of both pond influent and effluent for BOD,
suspended solids, and coliform counts. Daily grab samples will be
taken at 3 points in the receiving stream for D.O., BOD,
suspended solids and eoliform count. Biological sampling of the
pond and stream will be done at monthly intervals. A fish assay of
the stream will be run before the start and at the completion of
the investigation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Springfield City Government - Illinois

5.0347, HYDROGEOLOGY OF SOLID WASTE DISPOSAL
SITES
G.M. HUGHES, State Geol. Survey, Urbana, Illinois

The objectives of this project are to investigate, in northeast-
ern Illinois, hydrogeologie environments which are currently
being used for shallow solid waste dispOsal, and to evaluate the
factors which control ground-water movement of refuse leachate
in these environments. Criteria are sought to judge the suitability
of proposed disposal sites not only in glaciated areas, such as
northeastern Illinois, but in many other areas as well.

Existing landfills are being studied, and the investigation is
proceeding by: (a) drilling by wash boring or with hollow stem au-
gers to determine the character and sequence of deposits, (b) in-
stallation of piezometers to define fluid potential distribution and
the ground- water flow system, (c) sampling of the ground water
for chemical analysis, (d) a monitoring program of the piezome-
ters to determine seasonal variations of the flow system.

SUPPORTED BY Illinois State Government
University of Illinois
U.S. Dept. of Hlth. Ed. & Wel. -

5.0348, EFFECTS OF POSSIBLE POLLUTANTS ON
ENERGY PRODUCTION BY BLUEGILL LIVER
MITOCHONDRIA
R.C. HILTIBRAN, State Natural History Survey, Urbana, Illinois

In 30 Warburg experiments, data indicate that of the four
metals, cadmium, zinc, manganese and calcium, cadmium, zinc
and manganese altered oxygen uptake more than phosphate up-
take whereas calcium altered phosphate metabolism more than
oxygen uptake. Less extensive data on other metals indicated that
divalent and monovalent copper, trivalent and divalent iron,
cobalt and aluminum severely inhibited oxygen uptake over a
wide concentration range but did not alter phosphate metabolism
at any level. Chromium and barium inhibited oxygen uptake only
at high levels, but did not alter phosphate uptake.
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The ultimate objective of these investigations is to attempt to
correlate the effect of these metals on oxygen and phosphate up-
take with the recorded toxicity data of these metals to bluegills.

SUPPORTED BY Illinois State Government

5.0349, CHEMICAL CONTROL OF AQUATIC VEGETA-

TION
R.C. HILTIBRAN, State Natural History Survey, Urbana, Illinois

Seven new herbicide preparations were used for the first time
during 1967. A total of 36 herbicide preparations were applied to
13 aquatic plant species in 119 test areas in 14 bodies of water.
Preemergent herbicides were tested in 69 test areas. Most of the
preemergent applications were made in late December 1966 and
the remainder in April of 1967. The recent development of leafy
pondweed, Potamogeton foliosus, in Allerton Lake has given us
an opportunity to test the effect of preemergent herbicides
against that species. The results indicated that rates of 20 lbs/acre
of dichlobenil and fenac did not give season-long control of leafy
pondweed and new approaches will be tried in attempts to obtain
season-long control. Recently it was brought to my attention that
spatterdock, Nuphar advena, and waterstargrass, Heteranthera
dubia, were not controlled in Illinois by herbicides suggested for
their control. It was found that granular silvex and 2,4,5-T at a
rate of 80 lbs/acre substantially reduced stands of spatterdock
within the treated area. Liquid applications of silvex and 2,4,5-T
were not effective. Waterstargrass was eliminated from the
treated areas by diquat cation at a rate of 1 ppm. The effect of
other herbicides on waterstargrass was not determined.

Most of the herbicides tested for the first time were not as ef-
fective on the species treated as are the currently available herbi-
cides.

SUPPORTED BY Illinois State Government

5.0350, INORGANIC ADDITIONS RESULTING FROM

WATER USE
R.L. EVANS, State Water Survey, Urbana, Illinois

Normal waste treatment systems are designed to remove only
the suspended and biodegradable organics. Therefore, the
general character and concentration of the mineral constituents
in 'one use water' are being studied as a means of assessing the
reuse potential of such waters for agricultural and industrial prac-
tices or other uses.

In the initial phase of the study, five residential areas were
selected, and analyses were performed on samples collected at
weekly intervals from water taps and from sewers in each area.
The second phase of the study will involve the collection of corn-
posited samples in the same areas to obtain an estimate of the ad-
ditions of refractory organics to a water subjected to a domestic
use of one cycle. Projection of the study will involve determining
that proportion of common ions contributed by industrial usage
of water in municipalities.

SUPPORTED BY Illinois State Government

5.0351, ILLINOIS RIVER STUDY
R.L. EVANS, State Water Survey, Urbana, Illinois

The principal purpose of the study is to determine the waste
assimilative capacity of a 77-mile sector of the Illinois River from
Pekin to LaGrange, Illinois. Since in this particular investigation
the capacity is considered contingent upon the oxygen resources
of the stream, field work is limited to critical periods of high tem-
perature with low flow. An evaluation of existing data would ap-
pear to preclude the use of conventional analytical techniques for
making an intelligent appraisal of the stream's capacity. Proper
analysis will permit reasonable decisions regarding the degree of
waste treatment required.

SUPPORTED BY Illinois State Government

5.0352, BIOLOGICAL ASPECTS OF TERTIARY PONDS

R.L. EVANS, State Water Survey, Urbana, Illinois
Tertiary ponds of relatively short detention periods (2-5

days) have successfully demonstrated their value in improving the
effluent from secondary units of sewage treatment works. Field

observations of a 23-acre pond complex, with depths varying
from 10-16 feet receiving treated sewage at an average flow of 25
mgd revealed the major biological organisms, other than bacteria,
to be protozoa. An investigation has been undertaken to monitor
the phytoplankton population in the ponoo and associated en-
vironmental conditions for an 18-month period.

SUPPORTED BY Illinois State Goverment

5.0353, DIATOM REMOVAL BY FLOCCULATION
R.L. EVANS, State Water Survey, Urbana, Illinois

Plankton examinations suggest the principal forms of algae in
Peoria Lake (on Illinois River) are diatoms. Recent studies in-
dicate that some of the abundant genera are those associated with
sand filter clogging. An existing water treatment plant pumping
mgd from Peoria Lake provides a means for determining the
removal efficiency of plankton in a clarifier preceded by a floccu-
lation unit. Data to be evaluated will include flow, detention,
chemical dosages, temperature, chemical characteristics of raw
water, floc formation, and plankton reduction.

SUPPORTED BY Illinois State Government

5.0354, LIMNOLOGICAL STUDY OF PEORIA LAKE
R,L. EVANS, State Water Survey, Urbana, Illinois

A short-term study of Peoria Lake (on Illinois River), com-
mencing in March 1967, was undertaken to gain some insight on
the dynamics of phosphorus, nitrogen, iron, turbidity, and silica as
related to phytoplankton productivity in natural waters. Two hun-
dred and twenty- five water samples have been collected and sub-
jected to chemical and biological examination. Evaluation has
been substantially completed and a report is being prepared.

SUPPORTED BY Illinois State Government

5.0355, NUTRIENT REMOVAL IN A WATER TREAT-

MENT PLANT
R.L. EVANS, State Water Survey, Urbana, Illinois

The Illinois River with a total phosphorus concentration
ranging from 0.5 - 3.0 mg/I (as P) serves as a source of water for
the city of Peoria. Treatment units consisting principally of a floc-
culator, clarifiers, and sand filters produce potable water. The
uses of chemical coagulants, filtration, and biological stripping
have been demonstrated as possible avenues for phosphorus
removal. This study involves the collection and analyses of water
samples for the purpose of determining the extent of phosphorous
and ammonia-N removal as well as changes in COD, BOD, total
residue, and others and the role each treatment unit contributes
to such removal or changes in concentration.

SUPPORTED BY Illinois State Government

5.0356, HYDRAULICS OF STORM SEWER JUNCTIONS
H.W. HUMPHREYS, State Water Survey, Urbana, Illinois

The growth of new urban areas has made urban storm
drainage a major problem in the country today. There is an urgent
need to improve designs for the several parts of a storm drainage
system. As one facet of the needed research, a model test pro-
gram is planned to study the hydraulics of storm sewer junctions.
At the present time, storm sewer junctions are designed by 'rules
of thumb,' developed through the years in engineering practice.
The model tests should indicate the validity of these 'rules.' If
better design criteria can be developed, the design procedures
then can be modified, which could result in more economical
structures.
SUPPORTED BY Illinois State Government

5.0357, OXYGEN RELATIONSHIPS IN SMALL STREAMS
J.H. AUSTIN, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

The relative importance of atmospheric reaeration,
photosynthesis, biological oxidation, sedimentation and benthal
deposits by detailed mass balance studies of sections of a small
stream are underway. An attempt is being made to correlate the
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magnitude of these sources and demands upon the oxygen level in
the stream with the various factors that may influence them.
These would include stream loading, flow, velocity, depth, tem-
perature, light, and possibly others. Experimental equipment for
these measurements has been constructed.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0358, REVIEW OF ALGALCIDES
J.H. AUSTIN, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

This study consists of a literature search for algicides or
potential algicides that can be used for the control of nuisance
algae in domestic water supplies. Preliminary screening of poten-
tial algicides will be discussed as well as the necessary data that
must be obtained before an algicide can be used in domestic
water supplies, Reference material will be included in a com-
prehensive bibliography.

SUPPORTED BY University of Illinois
U.S. Dept, of Interior - F. Water Pol. Ctl

5.0359, REDUCTION OF HAZARDS ASSOCIATED WITH
INSECTICIDAL CHEMICALS IN THE ENVIRONMENT
W.N. BRUCE, Univ. of Illinois, Agricultural Experiment Sta. , Ur-
bana, Illinois

Objectives: 1. Determine the fundamental physical,
biochemical, an biological factors influencing occurrence, mag-
nitude, interaction, and persistence of insecticidal chemical
residues in soils and raw agricultural commodities. 2. Identify and
evluate fundamental factors influencing the magnitude and
mechanism of air and water pollution by insecticidal chemical
residues. 3. Develop basic studies related to the metabolism and
detoxication of insecticidal chemical residues in animals, plants,
soils and water. 4. Identify and evaluate the effects of residues of
insecticidal chemicals on eco- systeris with special emphasis on
fish and wildlife. 5. Explore the reciprocal influences of residues
of insecticidal chemicals on soil microflora, microfauna, and non-
insect fauna. 6. Develop and improve analytical techniques essen-
tial to the pursuit of this research.

Procedures: To study the persistence, metabolism and detox-
ication of insecticide chemical residues in soils, plants, animals
and water and study the effects of toxicant residue on ecosystems
in soils and water.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

5.0360, LIVESTOCK WASTE MANAGEMENT AND

SANITATION
D.L. DAY, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

Field testing the oxidation ditch method of treating manure
collected beneath slotted floors in hog finishing buildings is in
progress. A second partially slotted floor building has been
equipped with a rotor. Data including D.O., B.O.D., C.O.D., pH.,
temp., solids, and fertilizer value are being collected and analyzed
by a digital computer program. Foaming has continued to be
somewhat of a nuisance, but the material in the gutter has been
maintained in an odorless condition. Complete biological sta-
bilization has not been achieved without subsequent treatment.

An investigation of aerating cattle manure was performed by
D. D. Jones for his M.S. degree thesis research. The objective was
to determine the aerobic-digestion characteristics of beef and
dairy cattle on high-concentrate rations. Significant reductions of
biodegradable organic-matter were obtained without odor
problems.
SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.0361, MECHANISMS OF SLUDGE THICKENING
R.I. DICK, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

It is proposed to continue previous work which has shown
present criteria for evaluating the solids loading capabilities of

settling tanks to be inadequate when applied to activated sludge
because of their failure to consider the rheological properties of
the material. Attempts will be made to define the fundamental
mechanisms which control the behavior of the sludge. The
techniques for examining the thickening properties of activated
sludge will be extended to other suspensions which are
troublesome in water and wastewater treatment because of their
failure to consolidate into compact masses. Results of laboratory
batch settling tests will be compared to the performance of con-
tinuous processes in the laboratory and the field. Knowledge of
the basic properties of the suspensions will be employed to evalu-
ate possible chemical, physical or biological processes or altera-
tions of conventional processes which might improve the effec-
tiveness of sludge thickening. Rational bases of design of the
thickening portion of settling basins, as suggested by results of the
fundamental studies, will be proposed.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0362, SECONDARY EFFLUENT POLISHING BY RAPID

SAND FILTRATION
R.I. DICK, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

The suitability of rapid sand filtration as a means of advanced
treatment of effluent from secondary biological waste treatment
plants is being investigated. Two pilot models of rapid sand filters
have been installed and operated at an activated sludge waste
treatment plant. Final effluent from the plant has been used.
Changes in suspended solids, biochemical oxygen demand,
chemical oxygen demand, dissolved x igen, and nitrogen corn-
punds have been noted.

SUPPORTED BY University of Illinois

5.0363, APPLICATION OF SEWAGE SLUDGE TO FIELD

CROPS
R.I. DICK, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

Investigations are being carried out to evaluate the effect of
digested sludge constituents on crops, land, and on ground and
surface water. A few of the potential sources of concern are heavy
metals, nitrates, and pathogenic microorganisms. Other informa-
tion needed to permit a rational approach to the design of new
systems involving liquid application of sludge to land is being
sought. Examples of such information are the optimum dosage in-
tensities and frequency for various climates, crops, and soil types
and the effect of various sludge application methoes such as
flooding and spraying.

SUPPORTED BY Chicago City Government - Illinois

5.0364, VIRUS REMOVAL BY CHEMICAL FLOCCULA-
TION
R.S. ENGELBRECHT, Univ. of Illinois, School of Engineering,
Urbana, Illinois

The purpose of the proposed research is to delineate the
basic mechanisms involved in the removal of viruses by alum floc-
culation. The first stage in the removal of viruses by coagulation
and flocculation appears to be the formation of a virus-aluminum
complex, followed by subsequent precipitation and flocculation
of the complex. The first phase of the study will investigate the in-
teraction of the virus with the metal ion by (a) demonstrating the
complex formation between aluminum and viruses and (b) deter-
mining the nature of the 'complex' and virus inactivation by alu-
minum. The second phase will be directed towards a quantitative
investigation of virus removal by alum flocculation under con-
trolled laboratory conditions, studying such variables as pH, or-
ganic matter, bivalent metal ions like calcium and magnesium,
and synthetic polyelectrolytes. Throughout the study, a bacterial
virus will be used as a model. The results with the bacterial virus
will be confirmed using an animal virus so as to be able to in-
terpret the data in terms of viruses which may be significant in
water supplies.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of Illinois

5.0365, UPTAKE AND RELEASE OF SOLUBLE
ORTHOPHOSPHATE BY ACTIVATED SLUDGE
R.S. ENGELBRECHT, Univ. of Illinois, School of Engineering,
Urbana, Illinois

A laboratory study of the effectiveness of the activated
sludge process to remove phosphorus from liquid wastes has been
carried out, The overall objective of the investigation was to ex-
amine the parameters that are involved in optimizing the uptake
of soluble orthophosphate, and minimizing the release of soluble
orthophosphate by activated sludge mixed liquor suspended
solids. The variables considered were temperature, pH, food to
microorganisms (F/M) ratio, contact time, aeration rate, concen-
trations of orthophosphate, dissolved oxygen, and degree of mix-
ing.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Illinois

5.0366, ACCLIMATION OF HIGH RATE ANAEROBIC
DIGESTION
R.S. ENGELBRECHT, Univ. of Illinois, School of Engineering,
Urbana, Illinois

An investigation of the properites of methane-forming organ-
isms, capable of utilizing acetate, is important for a better un-
derstanding of the basic mechanism of methane fermentation.
Laboratory experimental digesters which are fed acetate do not
show a normal rate of gas production, but the addition of certain
complex organic materials to the digesters does stimulate gas
production, which indicates a greater rate of methane fermenta-
tion. Methane production can be stimulated by yeast extract.

SUPPORTED BY University of Illinois

5.0367, CHLORINATION OF WASTE WATER EF-
FLUENTS
R.S. ENGELBRECHT, Univ. of Illinois, School of Engineering,
Urbana, Illinois

The objective of this study is to investigate the effect of a
chlorinated waste effluent on the bacteria population of a small,
receiving stream. The effluent from the activated sludge treat-
ment plant at Paxton Illinois, discharges into a small stream
which is being sampled above and below the outfall. Effluent and
the stream samples are being analyzed for total coliform, fecal
coliform, and enterococcus bacteria in the absence of and during
chlorination of the waste effluent.

SUPPORTED BY University of Illinois

5.0368, FACTORS INFLUENCING FREE-LIVING NE-
MATODES IN WATER SUPPLIES
R.S. ENGLEBRECHT, Univ. of Illinois, School of Engineering,
Urbana, Illinois

It has been observed that nematodes can be removed effec-
tively by rapid sand filtration if their motility can be reduced. The
use of various chemical agents, e.g., chlorine, bromine, copper
sulfate and silver nitrate, on nematode motility is being evaluated
in terms of nematode removal by subsequent water treatment
processes. Results indicate that 3mg/1 of free available residual
chlorine, prior to coagulation, sedimentation and filtration, can
eliminate more than 99 percent of the nematodes in the finished
water as compared to about 66 percent in systems without
chlorine. Copper sulfate was effective only when the hardness of
water was low. Studies are being continued, using tap water,
sewage treatment effluent, and stream water to determine the ef-
ficiency of different chemicals under various conditions, e.g., pH,
organic and inorganic composition of the water.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0369, EFFECTS OF OXYGEN DEMAND ON SURFACE
REAERATION RATES
E.R. HOLLEY, Univ. of Illinois, School of Engineering, Urbana,
Illinois

For turbulent water flow with no oxygen demanding materi-
als in the vicinity of the air-water interface, the surface reaeration
rate has been shown to be proportional to the rate of turbulent
energy dissipation. When oxygen demand is present, dissolved ox-
ygen may be 'consumed' near the water surface and allow a more
rapid reaeration. In this research, it is proposed to experimentally
investigate the extent of the increase in reaeration rate due to the
presence of different amounts and different types of oxygen de-
mand. The experiments will be conducted both in a vessel with no
throughflow where turbulence is generated by oscillating screens
and in open channel flows with various roughness. The laboratory
results will be compared with available field data.

SUPPORTED BY University of Illinois

5.0370, TRANSPORT PROCESSES OF PARTICLES IN
DILUTE SUSPENSIONS IN TURBULENT WATER FLOW
B.G. JONES, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

An experimental and analytical study of the behavior of small
particles in dilute suspension in turbulent water flow in a circular
tube is being conducted. Individual particle trajectories are ex-
amined by recording analog signals of the motion on magnetic
tape, converting these into digital form and processing them with
high-speed digital computers. The detailed characteristics of the
turbulent fluid field are determined by using hot-film anemometer
techniques. The macroscopic and microscopic characteristics of
the particle motion are determined directly from the trajectory in-
formation. The former are compared with analytical predictions
of dispersion and sedimentation. The latter provide insight into
the detailed structure of the particle motion which is necessary to
determine the validity of analytical models.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
University of Illinois

5.0371, INVESTIGATION OF THE TURBULENT TRANS-
PORT MECHANISMS FOR HEAT AND MOMENTUM
TRANSFER IN PIPE FLOW
B,G, JONES, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

Detailed turbulence characteristics are measured in fully
developed pipe flow of water in which a temperature field, due to
uniform heating of the pipe wall, is present. It is proposed to in-
vestigate, (i) the coupling of the turbulent velocity and tempera-
ture fields, (ii) the influence of molecular properties on the turbu-
lence characteristics, (iii) the validity of turbulent diffusion
models, and (iv) the characteristic parameterization of turbu-
lence. Instantaneous fluctuations of fluid velocities (3 com-
ponents) and temperature are monitored simultaneously by three
hot-film aneometer sensors and a fast response thermocouple
respectively. Analog-to-digital conversion is employed with
statistical analyses subsequently performed by a digital computer.
The detailed structure is studied in this manner.

SUPPORTED BY University of Illinois

5.0372, (U) DETERMINATION OF FREE BROMINE IN
WATER (US 14)
T.E. LARSON, Univ. of Illinois, State Water Survey Division, Ur-
bana, Illinois (DA-49-193-MD-2909)

CHEMISTRY OF BROMINE, TO DEVELOP A SUITA-
BLE ANALYTICAL METHOD FOR FREE BROMINE AND
BROMAMINES IN WATER, AND TO EXAMINE THE REAC-
TION OF CHLORINE WITH AMMONIA IN THE PRESENCE
OF BROMIDE ION.

TECHNIQUES USEFUL FOR CHLORINE AND IODINE
SPECIES IN WATER WILL BE EXPLORED AND MODIFIED
WHERE NECESSARY. COLORIMETRIC AND A M-
PEROMETRIC METHODS WILL BE EMPHASIZED.
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COLORIMETRIC REAGENTS WERE EVALUATED ON
THE BASIS OF THEIR REACTIONS WITH BROMINE,
CHLORINE, CHLORAMINES AND BROMAMINES, AT THE
PRESENT TIME METHYL ORANGE AND PHENOL RED
ARE THE BEST AVAILABLE REAGENTS FOR TOTAL
BROMINE AND ARE IN GOOD AGREEMENT. BROM
CRESOL PURPLE IS THE BEST AVAILABLE REAGENT
FOR FREE BROMINE. PHENOSAFRANIN GIVES
REASONABLY GOOD RESULTS FOR FREE BROMINE, BUT
ITS PRIMARY APPLICATION MAY BE IN DETERMINING
HIGH CONCENTRATION OF BROMINE /UP TO 10 MILLI-
GRAMS PER LITER/. BREAKPOINT CURVES WITH
BROMINE AND AMMONIA HIVE BEEN DETERMINED
FOR VARIED CONTACT TIMES AND AT DIFFERENT PH
VALUES. THE BROMAMINES ARE FAR LESS STABLE
THAN THE CHLORAMINES. STUDIES OF THE STABILITY
UNDER VARYING AMMONIA-TO BROMINE RATIOS AND
VARYING PH VALUES HAVE BEEN MADE, A STUDY WAS
MADE OF THE REACTION OF CHLORAMINES WITH
BROMINE ION, NO EVIDENCE OF BROM AMINE FORMA-
TION WAS FOUND BY ULTRA-VIOLET ABSORPTION, BUT
STABILITY OF THE CHLORAMINE SOLUTION WAS
DECREASED, AND IT APPEARS THAT UNSTABLE
BROMAMINE WAS FORMED SLOWLY. THE
CHLORAMINEBROMIDE ION SOLUTIONS EXHIBITED
CHARACTERISTICS SIMILAR TO THOSE OF BROMINE
SOLUTIONS. AS WITH BROMAMINE SOLUTIONS, THE
STABILITY OF CHLORAMINEBROMIDE SOLUTIONS MAY
BE IMPROVED BY INCREASING THE AMMONIA BROMINE
/OR BROMIDE ION/ RATIO OR BY INCREASING PH.

SUPPORTED BY U.S. Dept. of Defense - Army

5.0373, CORROSION AND TUBERCULATION IN DIS-
TRIBUTION SYSTEMS
T.E. LARSON, Univ. of Illinois, State Water Survey Division, Ur-
bana, Illinois

This study is designed to determine the relative effect of the
various factors which cause or inhibit the corrosion of cast iron in
water distribution systems. The variables of water quality being
evaluated are calciums, alkalinity, chlorides, and pH, as well as
various inhibitors. A study is also in progress on the rapid deposi-
tion of thin coatings of cal ium carbonate as a protective measure
after cleaning of water mains.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0374, DISINFECTION OF SMALL QUANTITIES OF
DRINKING WATER
J.T. OCONNOR, Univ. of Illinois, School of Engineering, Urbana,
Illinois (DADA-I 7-67-C-7062)

Tech. Objective - A feasibility study. Attempts will be made
to formulate a disinfectant in tablet or other form for the disinfec-
tion of small quantities (canteens) of drinking water.

Approach - Study will explore alternative methods of disin-
fection for use by individual soldiers in the field. Convenience and
effectiveness of the method will be stressed. Consideration will be
given to an effervescent tablet containing chlorine or iodine plus a
buffer and to disinfection employing oxidizing agents other than
the halogens.

Progress - (Jan 67 - Jun 68) As part of the effort to prepare a
comprehensive literature review, the important literature on the
subject of disinfection is being abstracted or reproduced. Ulti-
mately, this information will be synthesized into what is hoped
will be a comprehensive and readable summary of the state of
water disinfection. Prominent authors and laboratories are being
contacted for internal, unpublished or pre-publication copies of
documents pertaining to disinfection. In addition to chemical
manufacturers and suppliers, we have contacted the Chlorine In-
stitute and Chilean Iodine Institute in a search for new products
for disinfection.

SUPPORTED BY U.S. Dept. of Defense - Army

5.0375, INVESTIGATIONS OF THE REMOVAL OF IRON
FROM GROUNDWATER SUPPLIES IN ILLINOIS
J.T. OCONNOR, Univ. of Illinois, School of Engineering, Urbana,
Illinois

A new process for iron removal results in the more rapid and
complete precipitation of iron from ground waters. In addition,
precipitated iron is readily removed from suspension by
diatomaceous earth filters. The research study was primarily
aimed at the determination of the rates of iron removal and the
mechanisms through which calcined magnesite promotes more
rapid and complete precipitation of iron.

SUPPORTED BY University of Illinois
Johns Manville Products Corporation

5.0376, CALCULATION OF CHEMICAL DOSAGES IN
LIME-SODA SOFTENING
J.T. OCONNOR, Univ. of Illinois, School of Engineering, Urbana,
Illinois

The effect of the incremental addition of lime and soda on
chemical equilibrium in a hard water is being determined Jsing
fundamental equilibrium expressions. A simplified technique for
the solution of chemical softening problems is sought.

SUPPORTED BY University of Illinois

5.0377, CONTROL OF BIOLOGICAL GROWTHS IN
RAPID SAND FILTERS AS RELATED TO IRON REMOVAL
J.T. OCONNOR, Univ. of Illinois, School of Engineering, Urbana,
Illinois

Problems with the reduction of iron from the ferric to the fer-
rous form in sand filters have been associated with the consump-
tion of dissolved oxygen durc to nitrification. In addition to the
leakage of iron through the filter, nitrified filter effluents are
found to have lowered oxidation - reduction potentials, lowered
pH, and high total bacterial counts. It is proposed that studies be
conducted to test practical remedial measures for the inhibition
of biological growths in rapid sand filters being used for the
removal of iron. Inhibition of nitrifying organisms would prevent
nitrification in filters treating ground waters which contain am-
monia. Remedial measures to be evaluated for the control of
biological growths will include periodic chemical disinfection of
the filter media at the time of the filter backwash. In addition, the
effect of more efficient backwash procedures, employing physical
methods such as surface or air wash, will be observed.

SUPPORTED BY University of Illinois

5.0378, DIFFUSION AND FLOW IN INTERPHASE
TRANSPORT
J.A. QUINN, Univ. of Illinois, Graduate School, Urbana, Illinois

In elucidating interphasc transport, whether encountered in
conventional engineering operations or in the many and varied
problems involved, in the supply and efficient usage of our water
resources, the coupled problems of diffusion, convection, and in-
terfacial phenomena invariably appear. This research program is
concerned with the analysis and systematic exploration of these
various problems as they apply to transfer through fluid inter-
faces, through structured liquids, and through model membranes.
Current and proposed studies are in the following areas: ( I ) Con-
vective instability in thin fluid layers, (2) Permeation through
multimolecular films or model membranes, (3) Diffusion in struc-
tured fluids, (4) Transient diffusion through the liquid-liquid in-
terface, (5) Rates of spreading and migration in a fluid interface,
(6) The effect of surface-active agents on absorption rates.

Our objective in this work is to provide fundamental informa-
tion on the overall subject of interphase transport, to carry out
original experiments which will augment existing theories and
which will increase our knowledge of the physical, and chemical
factors involved.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0379, EFFECT OF CHLORINATION ON CILIATE
PROTOZOA AND THEIR ROLE AS A BARRIER TO
STREAM POLLUTION
E.B. SMALL, Univ. of Illinois, Graduate School, Urbana, Illinois

This investigation will study two significant relationships of
the ciliate protozoa present in a heavily, biologically polluted por-
tion of the Saline Ditch in Champaign County, Illinois. One rela-
tionship is the role played by the ciliates as a natural barrier to the
biological pollutants of the Champaign-Urban sewage effluent.
To be investigated here will be (1) the nature of the ciliate floccu-
lating process and (2) the chemical and physical factors (e.g. Dis-
solved Oxygen and temperature) which may control the density
of the protozoan population. The second relationship is the effect,
either direct or indirect, that chlorine in various representative
dilutions may have upon the protozoan populations. In the labora-
tory, field samples of controlled temperature circulating growth
chambers where the ciliate population as well as temperature, dis-
solved oxygen and other factors will be monitored by electronic
sensors and time lapse microcinematography. These results will
be compared to the chlorine effects noted when this chemical
sterilant is added to the effluent.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

5.0380, DISINFECTION OF SEWAGE EFFLUENTS
F.W. SOLLO, Univ. of Illinois, State Water Survey Division, Ur-
bana, Illinois

A study is being made of the effectiveness of bromine as a
disinfectant for treated sewage effluents under varied conditions
of temperature, pH, and bromine concentration in parallel with a
study with chlorine as the disinfectant. Disinfection is being mea-
sured in terms of coliform, fecal coliform, and total bacterial
numbers.

In addition, two streams receiving treated effluents, one
chlorinated and the other to be chlorinated in the near future, are
being surveyed to determine the effect of chlorination on both
bacterial counts and general stream chemistry.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0381, WATER QUALITY CRITERIA FOR SELECTED
RECREATION USES
EX. STOREY, Univ. of Illinois, Graduate School, Urbana, Illinois

The proposed research plan involves laboratory and field in-
vestigations directed at the determination of water quality criteria
for selected recreation uses. The objectives of the project are: I.

To survey the types and extents of water pollution which are, or
are considered to be, detrimental to selected water-oriented
recreation activities of the residents of a six county area in East
Central Illinois. A. To determine the beliefs and attitudes toward
different types and extents of pollution for different activities
(questions about what types and extents of pollution bother the
respondents). B. To determine if choice of location for particular
activities is related to physical measures of water quality. C. To
determine types of pollution that users believe to affect their cho-
ices of sites for particular activities, and how the users concep-
tualize these pollutants. These problems are to be investigated for
both on-site and off -site users. II. water quality criteria for water
oriented recreation, based on a combination of information from
the survey and from existing quality standards; and to develop a
rating scale, for selected recreation uses of water, based on the
quality criteria.

The research will be conducted by survey questionnaires and
interviews of users at recreation sites and at off-site locations.
Statistical analysis may include Kendal:'s coefficient of con-
cordance, differences in the mean or the number of cases,
bivariate frequency tables, chi square analysis, and multiple
regression techniques. Both chemical and biological tests of water
quality will be made.

The survey method and .methods for developing the water
quality criteria and rating scale, if successful, will provide states,
regions, other agencies and 41 s'onal with a tool to survey their

residents, test their waters and develop comprehensive water
quality criteria for recreation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

5.0382, USE OF PURE STRAINS OF ALGAE AND MIXED
ALGAE-PROTOZOA, AND ALGAE-BACTERIA CULTURES
IN SEWAGE TREATMENT
S. V. GANAPATI, Univ. of Baroda, Baroda, India

Object: To reduce costs involved in treatment and disposal of
sewage from small rural communities through determination and
application of optimum algal-protozoal and algal-bacterial sym-
biotic balances.

Plan of Work: Various species of photosynthetic algae grow-
ing in sewage from different locations will be gathered, and evalu-
ated as to their oxygen-liberating capacity and ability to withstand
attack by zoo-plankton predators. The most suitable for cultiva-
tion in sewage liquors will be selected and the optimum condi-
tions determined for their growth, devleopment, and sewage pu-
rification ability. Some algae species will be further treated with
ultraviolet, colchicine solution, etc. in varying concentrations, to
get mutants and the resulting changes in physicl.," and physiologi-
cal properties studied and evaluated with respect to liberation of
oxygen in a sewage liquor environment and consequent capacity
for purification of sewage. Selected species of algae will be grown
along with Vorticella, Epistylis, and perhaps other types of
protozoa in a sewage liquor environment, with environment
varied to determine the optimum for algal --protozoal growth and
for purification of the sewage. Similar studies will be made of
algal bacterial symbiosis. If laboratory results indicate promise, a
pilot plant with a number of small, outdoor tanks will be con-
structed and its performance studied.

SUPPORTED BY U.S. Dept. of Agriculture

5.0383, EFFECT OF HEATED WATER DISCHARGE
FROM IPALCO'S PETERSBURG PLANT ON THE WATERS
OF WHITE RIVER, INDIANA
A.F. AGNEW, Indiana University, Water Resources Research
Ctr. , Bloomington, Indiana 47405

The project area is in southwestern Indiana, just below the
junction of the East Fork and West Fork of the White River, Pike
County, Indiana.

A thorough investigation of the physical, biological, and
chemical characteristics of the river will be made over a three-
year period, including one year before construction of the new
steam-electric generating plant, and one year after, in order to
determine the effects of thermal pollution.

It is anticipated that this investigation will result in informa-
tion that will be useful not only to the power-producing company
but also to the power-regulating State agency.

The investigation of several parameters, such as temperature,
dissolved oxygen, fishes, BOD, plankton, turbidity, and bottom
fauna has produced significant data in the past three years. The
continuation of the project for another three years will permit us
to continue to assess the effect of Unit No. 1, and the added effect
of Unit No. beginning in 1969.

This project will also include a microbiologic study by
Thomas D. Brock and Warren Silver as part of an AEC contract.

SUPPORTED BY Indiana University
Indianapolis Power & Light Company
U.S. Atomic Energy Commission

5.0384, HYDROLOGY AND WATER QUALITY OF SUR-
FACE MINING FOR COAL IN PIKE COUNTY, INDIANA
A.F. AGNEW, Indiana University, Water Resources Research
Ctr. , Bloomington, Indiana 47405

The project area is in southwestern Indiana, in the area
where Coals No.

Two automatic recording steam gaging stations have been
established, and partial flow measurements will be taken at 6-8
sites; water quality samples will be taken at these and perhaps 50
other locations, particularly in the South Fork Patoka River.
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The project was begun in September 1964, and a report (In-
diana University Water Resources Research Center Report of In-
vestigations No. 1, 1965) was published; the project was ex-
panded to include a detailed study of quantity and quality of
water in the Busscron Crcck Watershed of Sullivan County (Re-
port of Investigations No, in September, 1968), and to include
reconnaissance investigations in fringe areas. The current project
will continue the reconnaissance in a few of the fringe areas.

SUPPORTED BY Indiana University
Ayrshire Collieries Corporation
Enos Coal Corporation
Peabody Coal Company

5.0385, MICROBIOLOGICAL ASPECTS OF ACID MINE -
DRAINAGE
R.M. RAMALEY, Indiana University, Graduate School,
Bloomington, Indiana 47405

The high concentrations of sulfuric acid and ferric ion found
in streams draining coal mining regions arc due almost entirely to
the biological oxidation of the pyritic minerals associated with
coal, chiefly by autotrophic bacteria in the Thiobacillus-Fer-
robacillus group.

The present investigation will emphasize the quantitation of
both the iron-oxidizing and sulfur-oxidizing bacteria in several In-
diana localities, according to the method of Silverman and
Lundgren (J. Bactcriol. 77:642, 1959); in addition, chemical data
will be obtained from each of the sites visited. (All dilutions, etc.
will be conducted in the field to minimize errors that may occur
during transport back to the laboratory.)

Some attention will also be given to the development of a
rapid field test for the biological rate of sulfur or iron oxidation
(present tests require 15 days).

It is hoped that this study will indicate methods of strip minc
operation that show the most promise in preventing the
microbiological oxidation of sulfur and iron, and will supplement
recent investigations on the chemical aspects of acid minc-
drainage in other areas ( Barnes and Rombcrgcr, J. Water Pollu-
tion Control Fed., 40:371 (1968 )).

SUPPORTED BY Indiana University
Indiana University Foundation

5.0386, HYDROLOGY STUDY IN U. S. GYPSUM MINE,
SHOALS, INDIANA
Y.M. STERN BERG, Indiana University, Graciti
Bloomington, Indiana 47405

An artesian water system appears to be actively dissolving
gypsum and associated rocks in the lower part of the St. Louis
Limestone near Shoals, Indiana and probably elsewhere along a
line running about N 20 degrees W from near Alton on the Ohio
River to Freedom in Owen County. The source of the water is not
known but is presumed to be up the dip of the rocks to the cast of
areas of known gypsum. It may be that the ultimate source of the
water in the Shoals region is the extensive sinkhole area near
Mitchell. The system discharges through a line of sulphate -water
springs that includes those at French Lick and West Baden plus
several others less widely known. Most of these springs flow into
the East Fork of White River or into the tower part of Lost River.

In the first phase of the study the source direction of move-
ment and the quantity of water involved will be determined using
trace studies and water level elevations of wells and nearby
streams.

SUPPORTED BY Indiana University
U.S. Gypsum Company

5.0387, TERTIARY TREATMENT OF COMBINED
STORM WATER, SANITARY RELIEF DISCHARGE AND
SEWAGE TREATMENT PLANT EFFLUENT
F. GU RNH AM, East Chicago Sanitary District, East Chicago, In-
diana

The objective of this project is to develop and verify, on a
small pilot scale, the preliminary design and operating conditions
for chemical coagulation, sedimentation, dual media filtration,

and granular activated carbon adsorption for treatment of com-
bined municipal industrial wastes mixed with storm run-off. This
pilot-plant unit will be operated for approximately 4 months. In
addition, the aim is to design and construct a minimum !-MGD
pilot plant to include the operation of the above process step.

SUPPORTED BY U.S. Dept. of Interior - F, Water Pol. Ctl
East Chicago City Government - Indiana

5.0388, THE EFFECT OF INORGANIC SEDIMENT ON
STREAM BIOTA

GAMMON, Dcpauw University, Graduate School, Greencas-
tle, Indiana 46135

The basic purpose of this research is to quantify the effect of
inorganic pollution in the form of stoncdust on certain biotic
components of the stream. Thus far a deleterious effect on macro
invertebrate populations of riffles and fish populations of pools
has been noted in pools and riffles immediately downstream from
the point of pollution, No major reorganization of species com-
position has occurred, although some species of fish appear to be
scarce below the point of sediment entry. The populations of
these biotic components approach normal farther downstream.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0389, A STUDY OF THE QUALITY OF INDIANA SUR-
FACE WATERS
J.M. BELL, Purdue University, School of Engineering, Lafayette -
West Lafayette, Indiana 47907

Data collected during an 8 year period from 24 Indiana
streams, Lake Michigan, and the Ohio River was analyzed.

A quality index was calculated for 63 sampling stations. The
quality characteristics used in the calculation were: dissolved ox-
ygen, B.O.D., Temperature, coliforms, specific conductance, pH,
and chlorides. The project is a continuing study.

SUPPORTED BY Purdue University

5,0390, WATER POLLUTION STUDY OF THE WABASH
RIVER
J.M. BELL, Purdue University, School of Enginccring, Lafayette -
West Lafayette, Indiana 47907

Studies were initiated to develop a comprehensive surveil-
lance program on the quality of the Wabash River between
Lafayette and Covington, Indiana. Data is collected ata critical
time of the day throughout the summer months of low flow.

An attempt is being made to obtain a mathematical model(s)
which may be used to predict the response of the dissolved ox-
ygen concentration in the river to the waste discharges resulting
from municipalities, industries, and agriculture sources in the
Greater Lafayette Area.

SUPPORTED BY Purdue University

5.0391, WASTE TREATMENT FOR AN INDIVIDUAL
HCME' WITH REUSE OF THE WATER
D.E. BLOODGOOD, Purdue University, School of Enginccring,
Lafayette - West Lafayette, Indiana 47907

A system consists of a 300 gallon spherical fiber glass tank
with nylon bag occupying about 2/3 of the tank volume. Aeration
of the bag contents is continuous. Water from the tank is put
under pressure, passed through an activated carbon filter and
used to supply a conventional flush toilet.

SUPPORTED BY Purdue University

5.0392, EFFECT OF PESTICIDE RESIDUES AND OTHER
ORGANO-TOXICANTS ON THE QUALITY OF SURFACE
AND GROUND WATER RESOURCES
L. CHANDLER, Purdue University, Agricultural Experiment Sta.
, Lafayette - West Lafayette, Indiana 47907

I. To study the mechanisms by which organo-toxicant materi-
als are held by the mineral and organic fractions in the soil. 2. To
determine the fate of organo-toxicant materials in water storage
reservoirs. 3. To evaluate effects of organo-toxicants on terrestri-
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al and farm pond invertebrates. 4. To determine the role of
microorganisms in the elimination of organo-toxicants from sur-
face and ground waters. 5. To effect control and removal methods
for reducing or eliminating organo- toxicant residues from reser-
voir water supplies.

SUPPORTED BY Indiana State Government

5.0393, REDUCTION OF INSECTICIDAL HAZARDS
J. FAHEY, Purdue University, Agricultural Experiment Sta. ,

Lafayette - West Lafayette, Indiana 47907
I Determine the fundamental physical, biochemical, and

biological factors influencing occurrence, magnitude, interaction,
and persistence of insecticidal chemical residues in soils and raw
agricultural commodities, 2, Identify and evaluate fundamental
factors influencing the magnitude and mechanism of air and
water pollution by insecticidal chemical residues. 3, Develop
basic studies related to the metabolism and detoxication of insec-
ticidal chemical residues in animals, plants, soils and water. 5. Ex-
plore the reciprocal influences of residues of insecticidal chemi-
cals on soil microflora, microfauna, and non insect fauna. 7.
Develop and improve analytical techniques essential to the pur-
suit of this research.

DESCRIPTION OF WORK PROPOSED; Study the effect of
cultural practices such as methods of application and tillage on
the deposition, distribution and persistence of residues of insec-
ticidal chemicals in soils. Investigate chain of contamination such
as the translocation of insecticidal chemical residues from soils
into mint hay and their occurrence in mint oil, Study the disloca-
tion of insecticidal residues from soils through water movement
and the accumulation of insecticidal chemicals in ponds and
drainage water. Investigate the effect of chemical and physical
composition of soil on the persistence and resistance to leaching
of insecticidal residues. Study the effects of insecticidal chemicals
on the non-insect fauna of the soil. Improve instrumentation and
procedures for the analysis of insecticidal chemical residues.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

5.0394, DISPERSION DURING FLOW IN HETEROGENE-
OUS POROUS MEDIA
R.A. GREENKORN, Purdue University, School of Engineering,
Lafayette West Lafayette, Indiana 47907

The immediate objective of this project is to study the theory
and measurement (,,f dispersion in heterogeneous anisotropic
porous media. A better understanding of dispersion phenomena is
necessary to obtain useful flow models of real porous media. Ini-
tially, we will study the differential equations associated with
dispersion. Present statistical models will be extended to include
heterogeneity and anisotropy. Dispersion coefficients will be
measured in linear and radial flow in heterogeneous anisotropic
media using tracer techniques and these data will be used to
determine the statistical range of the dispersion coefficient in
view of microscopic and macroscopic heterogeneity, fluid proper-
ties, and anisotropy. A better understanding of the fundamental
nature and description of disperson will allow better calculation
of miscible flow in porous media. This study of effects of
heterogeneity and anisotropy on disperson has immediate practi-
cal application; in tracing seepage of contaminates into un-
derground fresh water; in reclamation of waste water; in un-
derground disposal of chemical, bacterial, and radioactive wastes;
in ion exchange; in filtration theory; in the movement of fluids in
the human body; and in the flooding of oil reservoirs.

SUPPORTED BY U.S. Dept. of Interior - F. Water Poi. Ctl

5.0395, MICROBIAL INTERACTIONS IN WASTE TREAT-
MENT SYSTEMS
E.J. KIRSCH, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

The growth and metabolic activity of methane-producing
bacteria grown in association with both selected pure and mixed
cultures of predominant bacterial types isolated from anaerobic
digesters are being evaluated. A simulated mixed culture

digestion system is being used; it employs semi-permeable mem-
branes to effect physical separation of the cultures under in-
vestigation.

SUPPORTED BY U.S. Dept. of Interior - F, Water Pol. Ctl

5.0396, EFFECT OF PESTICIDE RESIDUES AND OTHER
ORGANO-TOXICANTS ON THE QUALITY OF SURFACE
AND GROUNDWATER RESOURCES
E.J. MONKE, Purdue University, School of Agriculture,
Lafayette - West Lafayette, Indiana 47907

Laboratory experiments w:11 be utilized to study sorption
mechanisms of organo-toxicant materials to mineral and organic
fractions in the soil and the movement of these substances
through soil profiles. Incubation studies using enrichment culture
techniques will be used to isolate microorganisms capable of
decomposing those materials which offer the greatest water pollu-
tion hazards. Special studies will be made to determine relation-
ships between molecular structure and decomposability of
specific toxic substances to determine the feasibility of altering
molecular structures. The feasibility of treating reservoirs with
special adsorbing or chelating materials in order to flocculate,
precipitate, or otherwise deactivate the organo- toxicant materi-
als or their residual decomposition products will be studied using
radiological tracer techniques with model filters. Accompanying
biological experiments with similar organo-toxicant materials will
be conducted in laboratory aquaria to determine the effects of
different concentrations and synergisms.

Field studies will be conducted on well characterized, con-
trolled watersheds and associated reservoirs to determine the ef-
fects of application practices on pollution hazards. The rate of the
applied organo-toxicant materials both on the watershed and sub-
sequently in the small reservoir will be determined possibly using
radioisotope tracer techniques. Attention will be given to 'the
development of ready means of detecting the toxic substances or
its residue in water storages. Both aquatic and terrestrial indicator
organisms will be used to assess the movement and concentration
of the organo - toxicant, soil-borne organo-toxicant, or organo-tox-
icant residue on the watershed and in associated small reservoirs.
Samples of water, bottom muds and watershed soils will be sub-
jected to chemical, biological and physical analyses during pre-
treatment, treatment, and post-treatment periods for possible or-
gano-toxicant residue and pertinent fauna.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Purdue University

5.0397, TREATMENT OF WATER FROM SMALL RESER-
VOIRS FOR DOMESTIC CONSUMPTION
E.J. MONKE, Purdue University, Agricultural Experiment Sta. ,
Lafayette - West Lafayette, Indiana 47907

(I) To study electrophoretic control as an aid for filtration of
raw water supplies; (2) To investigate methods for reducing the
adverse effects of aquatic weed residues on water treatment
processes and water quality.

Model water filters will be established in which the amounts
and kinds of colloidal particles, type, gradating and depth of filter
material, operating head, pH, and type and rate of coagulant aid
may be varied. Efficiencies will be measured using concepts of
streaming potential and electrophoresis. Also the effects of or-
ganic residues on water treatment processes principally filtration
will be studied. Control methods for modifying the adverse effects
of these residues will be devised and evaluated in terms of treat-
ment efficiency and subsequent water quality.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State Government

5.0398, EXTRACTION OF ALGAE BY FLOCCULATIVE
TECHNIQUES
M.W. TENNEY, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

The extraction of nuisance causing algae from various types
of water, such as public water supplies and effluents from algal
wastewater treatment systems, is of extreme importance if con-
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tinued maintenance of high level water quality is to be ensured.
This research proposes to investigate the feasibility of applying
flocculative techniques to algal extraction. The primary objective
is to study the basic mechanisms related to algal auto-flocculation
and flocculation with added chemicals in order to obtain the
necessary quantitative information to ensure the effective appli-
cation of these techniques.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. -

5.0399, REMOVAL OF ORGANIC AND EUTROPHYING
POLLUTANTS BY COMBINED CHEMICAL AND BIOLOGI-
CAL TREATMENT
M.W. TENNEY, Univ. of Notre Dame, School of Engineering,
Notre Dame, Indiana 46556

The object of this project is to demonstrate by pilot plant
techniques the operational feasibility and economic aspects of a
combined biological and chemical treatment scheme for the
removal of organic, nitrogenous and phosphatic pollutants from
industrial and municipal wastewater. The project was started in
rascal year 1968 and it is anticipated that it will be completed in
fiscal year 1970.

SUPPORTED BY U.S, Dept, of Interior - F, Water Pol. Ctl
University of Notre Dame

5.0400, APPLICATIONS OF POWDERED MAGNETIC
IRON OXIDE FOR THE REMOVAL OF PATHOGENIC
MICROORGANISMS
J. WARREN, Charles Pfizer & Company Inc. , Terre Haute, Indi-
ana (14-12-418)

Concentration of viruses on powdered iron oxide will be stu-
died as a means for detecting small quantities of viruses in large
volumes of water, and for removal of viruses from water. After
separation of the iron oxide (carrying adsorbed vituses) in a mag-
netic field, elution of the viruses from the oxide with high concen-
trations of sulfate, carbonate, or phosphate ion will be done. Ad-
sorption and elution of viruses to and from the oxide with electri-
cal current will also be studied.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0401, FEASABILITY OF FISH PRODUCTION IN TERTI-
ARY WASTE TREATMENT PONDS
R.W. BACHMANN, Iowa State University, Graduate School,
Ames, Iowa 50010

As a means of upgrading the quality of effluents from mu-
nicipal waste treatment plants, there is much current interest in
the use of tertiary treatment ponds where plant nutrients can be
removed by algae and organic materials can be further oxidized.
We propose to explore the feasibility of raising fish in these
ponds. If successful, the returns from the fish culture operation
would help to pay for the ponds and at the same time channel
some of the waste nutrients inno a usable form.

Our objectives are to determine if tertiary treatment ponds
are suitable for fish production, to determine the potential
production of fish on a pounds per acre basis, to evaluate the
economic feasibility of raising fish in these ponds and to deter
mine the role fish have in the dynamics of the ponds.

In the initial experiments channel catfish (Ictalurus punc-
tatus) will be stacked in tertiary treatment ponds at Ames, Iowa.
Fingerling fish will be used in the early spring and will be har-
vested in the late fall. Data will be collected on the costs attributa-
ble to the fish cultural operation and the marketable value of the
fish harvest. Data will also be collected on various physical,
chemical, and biological parameters of the ponds.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Iowa State University

5.0402, USING SOIL FILTRATION TO REDUCE POLLU-
TION POTENTIAL OF LAGOON EFFLUENT ENTERING
GROUND WATER SYSTEM
C.E. BEER, Iowa State University, School of Engineering, Ames,
Iowa 500110

The practice of disposal of animal manure and collection of
feedlot runoff in lagoons is being widely used. In most cases Pollu-
tion Control Commissions will not permit the direct release of
lagoon effluent into surface water streams.

The objectives of this research are to develop land applica-
tion criteria for the lagoon effluent whereby the quality will be
such that pollution potential will be minimal, and the effluent may
enter the ground water system. The change in the soil structure,
soil chemistry and biological environment will be also studied.

The experimental procedure will involve the sprinkling of
lagoon effluent (swine wastes) at controlled rates and frequencies
on the experimental area. A tile network will intercept the ef-
fluent after infiltration and filtering through the soil and permit
the change in quality of the effluent to be evaluated. The soil sam-
ples to be studied will be taken directly from the experimental
areas.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
Iowa State University

5.0403, EMPIRICAL PREDICTION OF SAND FILTER
PERFORMANCE
J.L. CLEASBY, Iowa State University, School of Engineering,
Antes, Iowa 50010

In recent years, there has been a trend to higher filtration
rates for sand filters used in municipal water treatment. However,
no acceptable rational method has been developed to predict
quantitatively the filtering characteristics of a given suspension of
solids using a granular filter media. Previous attempts at develop-
ing a filtrability index were done with thin filters which measure
only surface removal effects and are thus not indicative of the
depth removal obtained in a sand filter. Equations currently
under study for prediction of the filter behavior have limitations
that restrict seriously their usefulness. Data collected in this study
should permit proper evaluation of such equations.

The objectives of this study are to develop a standard filtra-
bility index to quantify the filtering characteristics of suspended
solids on granular media. A device has been developed consisting
of 3 shallow filters of increasing depth to measure both surface
and depth removal tendency. Hopefully, a measured index can be
correlated to full depth filter performance. Typical filtrability
measurements are being made with the device in the laboratory,
and at various plants treating waters of different types to test
whether a measured index can be used for prediction of plant
scale performance. If satisfactory correlation is evident, the
device will be suggested as a standard means of measuring filtra-
bility for granular filters.

SUPPORTED BY U.S. Dept. of Hlth Ed. & Wel, -

5.0404, REDUCTION OF HAZARDS ASSOCIATED WITH
THE PRESENCE OF RESIDUES OF INSECTICIDAL CHEMI-
CALS IN THE ENVIRONMENT
P.A. DAHM, Iowa State University, Agricultural Experiment Sta.
, Ames, Iowa 50010

1. Determine the fundament; I physical, biochemical, and
biological factors influencing. Paw ence, magnitude, interaction
and persistence of insecticit 'iical residues in soils and raw
agricultural commodities, 2. )ctv.-_!op basic studies related to the
metabolism and detoxication 61 insecticidal chemical residues in
animals, plants, soils, and water. 3. Seek methods of removing or
reducing residues of insecticidal chemicals from the environment.
4. Develop and improve analytical techniques essential to the pur-
suit of this research.

Greatest emphasis will be placed on objective 2, by studying
the metabolism of organophosphorus, carbamate, and
chlorinated hydrocarbon insecticides in animals, plants, soils, and
water. Differences between closely and distantly related species
of animals and plants will be investigated as well as intra-specific
factors such as age, physiological conditions, and environmental
influences. The interaction of insecticides with other synthetic
chemicals in our environment will also be explored.
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SUPPORTED BY U.S, Dept, of Agriculture
Iowa State Government

5. WATER QUALITY MANAGEMENT AND PROTECTION

In the near future, many of the effluents from conventional
sewage treatment facilities will need further tertiary treatment to
reduce the organic pollution load entering our waterways. The
proposed research will determine the design and operating
parameters for a new type of tertiary treatment process, first
through laboratory scale investigations using synthetic sewage
and second by pilot plant operation of the process on actual
secondary sewage plant effluent,

The new process will utilize the adsorption phenomenon of
the organic materials onto sand, coal and other media, with the
adsorption providing a concentration effect. This concentration
of the organic material in the, presence of oxygen and biological
life allows further bio- degradation of the organic material. The air
supply to the process provides the required oxygen for the biolog-
ical life as well as the pulsating cffcct needed to prevent clogging
of the media beds.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
Iowa State University

5.0405, AN ECONOMIC ANALYSIS OF ORGANIZATIONS
OF WATER USERS
J,R. DAVIS, Iowa State University, Graduate School, Ames, Iowa
50010

Users of water resources often generate 'spillover effects'
that affect the cost and/or benefits accruing to other water users.
The purpose of this study is to examine ways in which spillover ef-
fects that raise the cost or reduce the benefits of affected parties
might be reduced or eliminated.

In some cases legislation can force offenders to reduce spil-
lover effects, but since this raises their costs they often success-
fully resist regulation. We plan to use established methods of esti-
mating costs and benefits to determine when the following types
of spillovers are likely to be present. (1) Cases where those who
benefit from reduction of spillovers find it, worthwhile to pay
those creating the spillover to reduce or eliminate it, (2) Cases
where 1411 parties to an agreement can gain net benefits that are
unattainable if they act individually.

The problems of organizing water users when spillover ef-
fects of the variety cited are present will then be examined, At
least one pilot study involving water users along a major river in
Iowa is anticipated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Iowa State University

5.0406, ECOLOGY OF DIATOMS IN HARDWATER
HABITATS
J.D, DODD, Iowa State University, Graduate School, Ames, Iowa
50010

L This is a continuing study of diatoms in a region with
moderately hard waters. Collections by various methods, includ-
ing diatometers, are made from large and small streams, ponds,
lakes, reservoirs, groundwater seeps, etc. Chemical properties of
the water are evaluated with field testing equipment as well as in
the laboratory.

2. Core samples of post-glacial sediments are being analyzed
simultaneously for pollen and diatoms. Correlations between ob-
served results and diatoms. Correlations between observed results
and climatic changes will be sought.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0407, FARM ANIMAL WASTE DISPOSAL
T.E. HAZEN, Iowa State University, Agricultural Experiment Sta.
, Ames, Iowa 50010

The objectives are to determine the properties of animal
manures and to test and evaluate one or more promising
procedures which can be used in the handling, trcatmcnt and safe
disposal of the farm animal wastes.

Qualitative and quantitative measurements of the physical,
chemical and biological properties of swine, poultry and cattle
wastes from confinement production units will be taken. Both
University and private production units will be studied in this stu-
dy. Methods of manure trcatmcnt and disposal presently under
consideration (some already under test) are one- and two-cell
lagoons, oxidation ditch and sludge digestion. The effect of waste
management in a hog confinement unit will be studied so as to
evaluate ventilation and structural design requirements in con -
finement rearing.

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

5.0408, DEVELOPMENT OF PULSATING ADSORPTION
FILTER FOR TERTIARY TREATMENT OF WASTE
WATERS
R.L. JOHNSON, Iowa State University, School of Engineering,
Ames, Iowa 50010

5.0409, INFLUENCE OF GEOHYDROLOGY ON LAND-
SCAPE AND SOIL FORMATION
R.V. RUHE, Iowa State University, School of Agriculture, Ames,
Iowa 5%,1010

The research objectives are: to determine the effect of water
in the evolution of first- or second-order subwatersheds that
ascend from tributary streams to upland summits in parts of 4-
Mile Creek watersheds, Tama County, Iowa; to evaluate the cf-
fcct of water in formation of the hillslopcs, in deposition of sedi-
ment in subwatershed bottoms and lower hillslopc positions; to
evaluate the surface and subsurface water regimen and the effect
of water in the genesis of the soils; and to determine the effect of
water in the formation of soils on the floodplain of 4-Mlle Creek.
Field survey, instrumentation, and measurement will be coor-
dinated with physico-chemical laboratory studies. Principles will
be developed regarding the influence of the geohydrologic system
on landscape ',volution, weathering, and soil formation. Person-
nel will be trained in the integrated approach of geomorphology,
pedology, and hydrology.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
Iowa State University

5.0410, TREATMENT OF AQUEOUS AGRICULTURAL
WASTES FOR CLEAN WATER AND FOR MICROBIAL
PROTEIN PRODUCTION
G.7'. TSAO, Iowa State University, School of Engineering, Ames,
Iowa 50010

The present proposal concerns a study of a biological en-
gineering process for treating extremely high BOD (biologic° ox-
ygen demand), heavily contaminated, aqueous agricultural wastes
to produce microbial cells, in an unusual culturing vessel known
as the Waldhof fcrmcntor. Because of their content of surface ac-
tive agents, agricultural wastes usually foam excessively when
bubbled with air for oxygen supply. Ordinary spargcr-agitator
type of culturing vessels cannot be used for this purpose due to
the high antifoaming demand, The Waldhof fcrmcntor actually
makes a virtue of extreme foaming properties and accomplishes
high degree of aeration by making use of foam which has a large
air- liquid contacting interface. The foam is continuously recycled
in the system.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Iowa State University

5.0411, THE EFFECTS OF DREDGING AND SILTATION
ON DIVING DUCK FOODS AND FEEDING HABITS ON THE
MISSISSIPPI RIVER
M.W. WELLER, State Conservation Commission, Des Moines,
Iowa

Gather information on population size and feeding behavior
of ducks in the Keokuk-Fort Madison Pool.

Populations data will be gathered by counts from shore and
boat transect. Aerial censuses will be made during migration
periods.
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Feeding behavior will be observed from duck blinds and from
shore to determine choice feeding areas, depth of water
preferred, age and sex composition of flocks and methods of feed-
ing.

Gizzards and proventriculi will be collected and examined
for food utilization analysis. Food will be analyzed in the laborato-
ry as to species, volume, percent occurrence and size.

Data on the composition and size of hunter harvest of this
Pool will be collected by direct hunter contact. Sexing and ageing
of all ducks will be recorded and gizzards removed from birds for
laboratory when possible on these contacts.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Iowa State Government

5.0412, MANAGEMENT OF CATTLE FEEDLOT WASTES
R.R. DAGUE, Univ. of Iowa, School of Engineering, Iowa City,
Iowa 52240

Previous research has shown that cattle feedlots represent a
significant source of water pollution. Anaerobic lagoons have
been proposed as a means of accomplishing a reduction in the
polluting strength of cattle feedlot wastes through biological
decomposition. Fundamental theory indicates that it may not be
possible to accomplish a significant improvement in the quality of
feedlot runoff by the use of anaerobic lagoons, The supernatant in
an anaerobic lagoon is the effluent from the lagoon when addi-
tional wastes are added. This research is destned to determine
whether or not any significant improvement in he quality of the
supernatant liquid occurs after an initial improvement as a result
of solids separation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Iowa

5.0413, RECESSION CHARACTERISTICS
STREAMS
J.W. HOWE, Univ. of Iowa, School of Engine
Iowa 52240

The behavior of Iowa streams in low -water periods during the
crop- growing season, May to September inclusive, is herein
determined. The flow records in all such periods of ten days or
more in length were first analyzed to determine the recession con-
stants. The results of this part of the investigation are shown on a
map of the State and indicate a considerable uniformity of
behavior during each of the summer months. In the second part,
the flow at the beginning of the periods was related to the area
and soil permeability of the drainage basin and to the antecedent
temperature and precipitation by means of correlation
techniques.

Regression equations of the form Q equals A to 0.71 power
times I to the 2.01 power times P to the 0.22 power times T to the
minus 0.67 power, in which A is the area in square miles; I an in-
filtration index; P the antecedent temperature are determined for
each month and for the season as a whole.

OF IOWA

ering, Iowa City,

SUPPORTED BY U
U

S. Dept. of Interior - 0. Water Res. Rch
niversity of Iowa

5.0414, DISPERSION OF WATER POLLUTANTS IN CUR-
VILINEAR FLOWS
E.O. MACAGNO, Univ. of Iowa, School of Engineering, Iowa
City, Iowa 52240

In a modern, technologically sophisticated society, many
rivers are assigned in addition to their natural functions the con-
flicting roles of serving as sources of fresh water supplies and
recipients of the water-borne wastes of urban and industrial areas
along their courses. Due to their turbulence and irregular velocity
distributions, river flows have a certain capability to disperse
and/or oxidize the contaminants that they receive; on the other
hand, it is obvious that excessive concentrations of pollutants are
intolerable. Hence the increasing interest in recent years in ob-
taining a better understanding of turbulent mixing in open chan-
nel flows.

Two important aspects of the dilution processes have not yet
been extensively investigated; the effects of channel curvature
and the attendant secondary currents on lateral mixing and lon-
gitudinal dispersion, of density differences between the pollutant
and the polluted liquids, The first of these is presumed to be the
dominant factor responsible for the divergence between laborato-
ry and field values of dispersion coefficients; it is of great practical
significance because natural rivers are never straight for more
than a few channel widths. Density stratification must play a sig-
nificant role in cases where the density of the contaminating fluid
is different from that of the diluting fluid; this can be inferred
from earlier basic research on the effects of density stratification
on turbulent mixing.

The proposed research would consist of an experimental and
analytical study of the separate and joint effects of channel curva-
ture and pollutant buoyancy (positive and negative) on dispersion
in open channel flows, with the goal of develop predictors to
enable engineers to estimate better the temporal an spatial dilu-
tion that will occur when a particular waste is introddced into a
given natural stream.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. CtI

5.0415, EFFECTS OF LIMNOLOGICAL FACTORS ON
WATER TREATMENT
D.B. MCDONALD, Univ. of Iowa, School of Engineering, Iowa
City, Iowa 52240

Limno logical studies of the Coralville Reservoir, Johnson
County, Iowa, and the Iowa River above and below the impound-
ment are currently being conducted. Additional studies of the
reservoir and river will be conducted under the proposed project
to determine the effects of various chemical and biological condi-
tions within the reservoir and the river on the quality of water util-
ized by the University of Iowa Water Treatment plant, located on
the Iowa River about five miles below the Coralville Dam. In-
plant studies, involving modification of treatment methods,
chemicals used, points of application of chemicals and rates of
treatment, will be conducted to determine the best treatment
methods under varying conditions of water quality.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Iowa

5.0416, LIMNOLOGICAL FACTORS AFFECTING PESTI-
CIDE RESIDUES IN SURFACE WATERS
D.B. MCDONALD, Univ. of Iowa, School of Engineering, Iowa
City, Iowa 52240

Studies will be conducted to determine the relationship
between runoff, plankton blooms and other chemical and biologi-
cal factors on the concentration of various chlorinated hydrocar-
bon pesticides in the Coralvillc Reseivoir and Iowa River, Iowa.

Additional studies will be conducted to determine the role of
various aquatic organisms in the uptake and concentration of
these pesticides.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Iowa

5.0417, REOXYGENATION OF IOWA STREAMS
W.L. PAULSON, Univ. of Iowa, School of Engineering, Iowa City,
Iowa 52240

Evaluation of biological and limnological factors affecting
reoxygenation of typical Iowa streams for purpose of more accu-
rately predicting their pollution assimilation capacity. Special at-
tention to effect of algal photosynthesis and death on stream ox-
ygen resources.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Iowa

5.0418, AEROBIC TREATMENT OF PACKINGHOUSE
WASTES
W.L. BROWN, John Morrell & Company, Ottumwa, Iowa 52501

The objective of this project is the construction and study of
a demonstration plant using the aerobic oxidation channel
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method to treat packinghouse waste, The project will be based on
results of pilot scale studies which have indicated that the method
is efficient for treating packinghouse wastes, and the project will
attempt to extend these findings to the demonstration scale.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
John Morrell & Company

5.0419, LIMNOLOGY OF THE JOHN REDMOND RESER-
VOIR
C.W. PROPHET, Kansas State Teachers College, Graduate
School, Emporia, Kansas 66801

Primary objectives. The primary objectives of this study are
to provide information relating the effects of large impoundments
on the limnology of rivers and to determine variations in the lim-
nological conditions of newly formed impoundments during their
early history.

Immediate objectives. (1) To record seasonal variations in
the physical-chemical conditions in the Cottonwood River prior
to its impoundment by the Marion Dam. and to determine
changes in the physical- chemical conditions in the reservoir after
impoundment. (2) To measure and record various limnological
conditions in the newly impounded Council Grove Reservoir on
the Upper Neosho River during its early history. (3) To determine
whether the impoundments of the upstream Council Grove and
Marion reservoirs have a significant effect on the limnological
features of the John Redmond Reservoir located below the con-
fluence of the Neosho and Cottonwood rivers.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5,0420, REMOVAL OF INORGANIC MATERIAL FROM
SALINE WATER BY PRECIPITATION PROCESSES
C.E. BRICKER, Univ. of Kansas, (..iraduate School, Lawrence,
Kansas 66045

Precipitation is one technique that may be used to remove
certain dissolved ions from saline water. Before practical methods
can be developed for this process, a more thorough understanding
of the factors that control precipitation must be obtained. This
study will endeavor to evaluate the parameters that influence and
control nucleation and the growth of substances such as alkaline
earth carbonates. The effect of transition-metal ions on the rate of
nucleation as well as the &Fee to which these ions are
copreciritated either in the nucleation step or in the subsequent
growth process will be explored.

SUPPORTED BY U.S Dept. of Interior - 0. Water Res. Rch
University of Kansas

5.0421, ACTIVITY PATTERNS OF FISH EXPOSED TO
TOXIC MATERIALS
J, CAIRNS, Univ. of Kansas, Graduate School, Lawrence, Kansas
66045

Fish will be exposed to sublethal concentrations of various
toxic substances and the activity of these fish compared to unex-
posed control fish. Experiments will be carried out under con-
trolled environmental conditions in small aquaria. Sensors will be
used which do not interfere with movement. It is hoped that a
technique may be developed that will permit relatively simple as-
sessment of the effects of industrial wastes upon the ability of fish
to function normally. Most industrial fish bioassays now use death
as an end point.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Kansas

5.0422, CATTLE FEED LOT WASTE WATER TREAT-
MENT
R.C. LOEHR, Univ. of Kansas, School of Engineering, Lawrence,
Kansas 66045

The objective of the project is to evaluate a system that will
treat the wastes fom beef cattle feed lot operation. Evaluation
will be made of treatment efficiency, ability of the system to
reduce pollution from runoff and on the potential reuse of the
treated wastewater. A system consisting of anaerobic lagoons will

be constructed at a commercial feed lot. The influent and effluent
from the lagoons will be routinely analyzed, rate of solids buildup
will be determined and possible ground water pollution evaluated,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Kansas

5.0423, CHEMICAL REMOVAL OF NITRATE FROM
POTABLE WATER SUPPLIES
W.J. OBRIEN, Univ. of Kansas, Water Resources Institute,
Lawrence, Kansas 66045

High concentrations of nitrate in potable water supplies are
both medically and economically undesirable. At the present time
controlled removal of nitrate from potable waters is not con-
sidered economically feasible. The usual procedure upon
discovering high nitrate contamination in a supply has been to
seek another source or to simply warn those who might be adver-
sely effected. These approaches are inadequate at the present
time and will become even more deficient in the future.

The purpose of this project will be to investigate the removal
of nitrate by chemical reduction with air stripping and by ion
exchange. Nitrate reduction will be carried out in conjunction
with lime-soda softening in suspended solids contact units. Air
stripping of the ammonia produced by reduction will be
facilitated by the high pH inherent in the lime-soda process.

The nitrate removal characteristics of Type 1 anion exchange
resins operated on the chloride cycle will also be evaluated.

An economic evaluation of both techniques will be con-
ducted.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Kansas State University

5.0424, OXYGEN CONSUMPTION IN CONTINUOUS
BIOLOGICAL CULTURE
W.J. OBRIEN, Univ. of Kansas, School of Engineering, Lawrence,
Kansas 66045

The objectives of this research are to measure the rate of ox-
ygen consumption of nutrient limited, completely mixed, ac-
tivated sludge systems and to utilize these measurements to
develop a theroetical basis for the response of these systems to
abrupt changes in the influent nutrient concentration.

Hydraulic means residence times in the aeration basin of
from three to twenty-four hours are being investigated. Both aera-
tion only and aeration with sludge return systems will be con-
sidered.

Preliminary results indicate the existence of a peak rate of
oxygen consumption during transition growth periods following
an increase in the influent nutrient concentration in aeration only
systems. This peak will be of critical importance in establishing
aeration design criteria for the recently proposed plants using
biological compartmentalization of the influent nutrients fol-
lowed by chemical flocculation to remove the micro-organisms
from solution.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ca-

5.0425, EFFECT OF URBANIZATION ON WATER
QUALITY
W.J. OBRIEN, Univ. of Kansas, School of Engineering, Lawrence,
Kansas 66045

The problem of water quality and contamination by the en-
vironment is one of the most challenging areas for research in our
society. However, the more specific problem of the effect of ur-
banization on water quality has been essentially ignored. We
propose to examine this problem by investigating the quality of
runoff water draining the south part of the campus (U. of Kansas)
and exiting down the Naismith channel. The study will include an
investigation of seasonal, sudden storm, and dry period effects as
reflected in the 10 water quality parameters: Biological oxygen
demand, chemical oxygen demand, coliform count (total and fe-
cal), solids content (total, dissolved, and volatile), nitrate,
phosphate, pH, temperature, and chloride. Our objectives are:
(1) to determine time-distribution of water quality both on a
seasonal basis and in response to runoff following a heavy rain-
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storm, (2) to determine the feasibility of using urban runoff as a
supplemental municipal water source from a water quality stand-
point, (3) to compare runoff quality between an open residential
area (Lawrence) and a mixed-industrial-city urban area (1 paper
in literature), (4) to ascertain whether climatic differences are
evident in quality of runoff water (literature presents data for Cin-
cinnati and Leningrad).

SUPPORTED BY Kansas State Goverrn
University of Kansas

5.0426, OPTIMIZATION OF STEP AERATION WASTE
TREATMENT PROCESSES
L.T. FAN, Kansas State University, School of Engineering, Man-
hattan, Kansas 66504

This research involves an analysis, optimization, and process
design study of step aeration waste treatment processes. The pri-
mary purpose of this investigation is to develop optimal designs
and methods that lead to optimal designs for step aeration waste
treatment systems.

For each system that is considered, the procedure to be used
will involve a definition of objectives, the development of system
equations or mathematical model the application of optimization
theory to optimize the design variables in the mathematical
model, the compilation of solutions, and the definition of the
method of attack recommended for that particular system.

A number of types of problems related to step aeration waste
treatment process will be approached considering all available
optimization techniques, but with special emphasis on the dynam-
ic optimization techniques which include dynamic programming,
a discrete version of the generalized maximum principle, a con-
tinuous version of the generalized maximum principle and com-
binations of these.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

5.0427, APPLICATION OF OPTIMIZATION
TECHNIQUES TO PROBLEMS TO AGRICULTURE
L.T. FRAN, Kansas State University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

We propose to apply modern optimization techniques to
such agriculturally related processes as the design of biochemical
reactor systems, food processing systems, grain drying systems
water treatment, distribution and storage, waste treatment, and
solid waste disposal. As an example, the optimal handling of solid
wastes generated in a cattle feed-lot could be considered from a
systems engineering point of view.

Analog a digital computers will be employed to carry out the
calculations. Analog simulation and/or digital simulation of the
systems to be studied will also be used.

SUPPORTED BY Kansas State Government

5.0428, ECOLOGICAL RELATIONSHIPS OF ORGANIC
MATTER AND BACTERIA IN TUTTLE CREEK RESERVOIR
J.U. HARRIS, Kansas State University, Graduate School, Man-
hattan, Kansas 66504

It is the objective of the investigation to evaluate the varia-
tion in the quantity of dissolved and particulate organic matter in
Tuttle Creek Reservoir, and to ascertain the relation of these
parameters to the bacterial populations existing in the reservoir.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
KansuC State University

5.0429, FACTORS INFLUENCING INSECTICIDE
RESIDUES ON OR IN FOOD AND FORAGE CROPS
T.L. HOPKINS, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

Objectives: (1) Determine fundamental physical, biochemi-
cal, and biological factors influencing occurrence, magnitude, in-
teraction, and persistence of insecticidal chemical residues in
soils and raw agricultural commodities; (2) identify and evaluate
fundamental factors influencing the magnitude and mechanism of

air and water pollution by insecticidal chemical residues; (3)
develop basic studies related to the metabolism and detoxication
of insecticidal chemical residues in animals, plants, soils and
water; (4) identify and evaluate the effects of residues of insec-
ticidal chemicals on ecosystems with special emphasis on fish and
wildlife; (5) develop and improve analytical techniques essential
to the pursuit of this research.

Description of Work: The degradation and metabolism of or-
ganophosphorus insecticides are studied with reference to en-
vironmental effects of solar radiation, temperature, and humidity.

Field studies are in progress to determine potential buildup
of insecticide residues in a newly established irrigation district
with little previous insecticide exposure. Soil and filler applica-
tions of selected insecticides at recommended rates are applied
yearly to corn, sorghum and alfalfa. Soil, water, foliage and cer-
tain wildlife species are analyzed at intervals for residues.

SUPPORTED BY U.S. Dept. of Agriculture
Kansas State Government

5.0430, RELATIONSHIPS BETWEEN PESTICIDAL AP-
PLICATION AND WATER CONTAMINATION UNDER
RIGATION IN THE GREAT PLAINS
H. KNUTSON, Kansas State University, Graduate School, Man-
hattan, Kansas 66504

The pesticides to be most commonly used in irrigated areas
in the Central Great Plains are applied on a 20 acre experimental
field in the Cedar Bluff irrigation District in Ellis Co., Kansas.
Various rates of pesticides are applied, along with certain water
application rates. Terraces and subdivided terraces constitute in-
dividual treatment plots.

Water is analyzed in the residue analysis laboratory of the
Department of Entomology at Kansas State University for
pesticidal residues taken in wells of various depths within and sur-
rounding the experimental field, in the irrigation ditch as it flows
into the field; and in any overflow water resulting from heavy
rains.

Soil analysis determines rate of penetration into the soil;
toward the well bottoms.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

5.0431, LIGAND EXCHANGE REAGENTS
J.L. LAMBERT, Kansas State University, Graduate School, Man-
hattan, Kansas 66504

Present emphasis is on ligand exchange involving ion associa-
tion compounds of very low solubility, which are formed between
large cations and anions of low charge. When one of the ions is a
complex ion and is altered chemically by ligand exchange with an
ion from solution, the colored counter ion is released into solution
for spectrophotometric determination. A method that has been
submitted for publication involves the determination of cyanide
ion in the 0 to 8.0 p.p.m. range by reaction of the cyanide ion with
triiodide ion of the insoluble tris(1,10-phenanthroline) iron (II)
triiodide compound. The released red tris(1,10-
phenanthroline)iron(II) cation is determined from its absorbance
at 514 millimicrons. A reagent consisting of the insoluble com-
pound between tetraphenylarsonium cation and the complex
thorium- Alizarin Red S (1,2-dihydroxyanthraquinone-3-sul-
fonate) anion snows promise as a direct colorimetric method for
small concentrations of fluoride ion. Severa3 reagents for the
determination of sulfite ion are under study. Use is made of the
selective complexing ability of sulfite ion for mercury (II) com-
plexes to release colored anions from insoluble monoiodomercu-
ry(II)-dye anion compounds, to release a dye cation from insolu-
ble Methylene Blue-tetrabromomercurate(11) compound, and to
release mercury dibromofluorescein from its insoluble compound
with trimethylamine ligand.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0432, WATER QUALITY MODELING AND PREDIC-
TION
E.S. LEE, Kansas State University, School of Engineering, Man-
hattan, Kansas 66504
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The primary objective of this research is to apply the recently
developed modeling and prediction techniques such as the
quasilinearization technique, invariant imbedding, and nonlinear
filtering and estimation to establish realistic mathematical
models. It will be shown that by the use of these modeling
techniques, computational requirements can be reduced and cer-
tain expetimental difficulties in obtaining the data can be
eliminated.

Another objective of this study is to develop and improve the
above mentioned techniques for water quality modeling. Since all
the modeling techniques to be used are fairly new, furthcr
developments and improvements which are especially suited for
water quality modeling will be made.

The modeling and parameter estimation of (1) the amount of
pollutants in a water stream or river with and without longitudinal
dispersion, (2) the estimation of rate constants in waste treatment
systems, and (3) dynamic modeling will be studied. Only plug
flow situation will be studied in the dynamic modeling.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

5.0433, BIOLOGICAL TREATMENT OF BEEF ANIMAL
WASTES TO REDUCE WATER POLLUTION
R.I. LIPPER, Kansas State University, School of Engineering,
Manhattan, Kansas 66504

Water pollution resulting from cattle feeding operations
could be reduced greatly if cattle were reared in confinement on
concrete so that wastes could be readily collected for biological
treatment. Poultry and swine producers have already demon-
strated that confinement rearing is practical on a large scale. Con-
finement systems for beef production are being investigated. This
research proposes to evaluate two systems for the biological treat-
ment of beef cattle wastes. A recirculating oxidation ditch will be
operated under a slotted floor for pens holding twenty beef
animals in an open front shed. Another shed with capacity for
twenty animals will have a solid concrete floor. Manure from the
second shed will be pushed into a waste collection hopper at
weekly intervals. Waste from the hopper will be fed into a mixed,
anaerobic treatment system. Total and volatile solids, HOD and
COD will be determined for material fed to each system. The effi-
ciencies and operating characteristics will be determined for each
system. The adaptability of the system to cattle management
schemes will be evaluated.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Kansas State University

5.0434, NITRATE ACCUMULATION IN KANSAS
GROUND WATER
L.S. MURPHY, Kansas State University, School of Agriculture,
Manhattan, Kansas 66504

The project is designed to study the nitrate content of Kansas
water supplies and to determine the role of nitrogen fertilization
in this accumulation. Special attempts will be made to evaluate
the effect of varying rates of nitrogen fertilization on the accumu-
lation of nitrate by various soils and the aquifers beneath. Nitrate
movemr, .t into the aquifers will be monitored by means of obser-
vation wells in the immediate vicinity of the plots.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Kansas State University

5.0435, MECHANICS AND PRINCIPLES OF WATER
EROSION AND THEIR APPLICATION FOR EROSION CON-
TROL IN THE SOUTHERN PLAINS
N.P. WOODRUFF, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

Object: To determine erosion causes, processes and study
methods; and the relations between various soil conditions and
properties, climate and erosion; to improve erosion prediction
methods; to determine soil erosion tolerances; and to develop
methods to control erosion and accelerate soil renewal.

Plan of Wsork: Use will be made of (a) a tower to simulate
rain with and without wind, (b) a rain simulator to test erodibility
of various soil and cover conditions, and (c) runoff and erosion

NAGEMENT AND PROTECTION

records for individual storms. Major research techniques will be
developed. Results obtained with rain simulators will be supple-
mented, compared, and coordinated with comparable field condi-
tions. Study will be made of promising cropping and tillage prac-
tices; physical and chemical soil properties; permeability as it re-
lates to erodibility of different soil types; relations between soil
conditions, erosion - control structures, vegetative cover, topog-
raphy, etc., under different climatic conditions, and integration
into an improved water erosion equation; new and improved
structures (terraces, furrows, crop rows) to control erosion under
dryland and irrigated systems; climatic factors and runoff at vari-
ous locations; and soil erosion tolerances and soil renewal
methods.

SUPPORTED BY U.S. Dept

5.0436, COMPLETE TREA
TRIAL WASTE FOR CHROME
AND VEGETABLE TANNING
J.R. HOWLE7'T, Caldwell Lace L
tucky 42206

No completely satisfactory method has been devised for
treating tannery industrial waste. Since tanneries use large
volumes of water, containing organic and inorganic matter, suita-
ble treatment methods must be found.

The objectives of the project are to demonstrate the feasibili-
ty of completely treating tannery waste from the only plant in U.S.
that tans all three types of leather tannages - Chrome, Vegetable
and Alum - and to obtain basic data to design full-scale treatment
plants usuable for any tannery.

The basic plan is to develop methods to pre-treat the three
present leather tannages, to combine their streams, and to
completely treat tannery industrial waste. The high alkaline con-
tent of beam house waste will be neutralized with high acid made
up of various tannages. The organic solids will be reduced in an
anaerobic - aerobic lagoon.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Caldwell Lace Leather Company

of Agriculture

MENT OF TANNERY INDUS-
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ather Company, Auburn, Ken-

5.0437, FISH POPULATION STUDIES. (0
VOIR)
B. LAFLIN, State Dept. of Fish & Wildlife, Frankfi.

Objectives: To determine the changes in the fi
in Dewey Reservoir as a result of fertilization.

Procedures: Rotenone cove samples of approx
acres in area will be made in May, June, July, Augu
tember. These studies will be conducted accord'
procedures outlined by Charles (1967) attached. Spec
sis will be placed on the length frequency distribution of
pies and the bluegill in the samples to determine wheth
the expected increase in shad production as a result of
fertilization is accompanied by increased growth of blue
crappie.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Kentucky State Government
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5.0438, METABOLIC ROLE OF SULFATES AND SU
FIDES PRODUCING BACTERIA IN THE POLLUTION
WATERS
W.I. ALEEM, Univ. of Kentucky, Water Resources Institute, Lex
ington, Kentucky 40506

The proposed investigations involve laboratory and field stu-
dies directed at an attempt to determine the effects of metabolic
activities of microflora involved in sulfur, iron and nitrogen trans-
formations in the pollution of waters. The work is concerned with
the studies of the biochemistry of such processes. The prime sites
for initiating such investigations will be creeks receiving run-off
from strip mined areas as well as the spoil banks. Any imbalance
in the 'normal' sulfur and nitrogen cycle will be equated with the
altered environment (either biologically or chemically), in an at-
tempt to shift the environment back to the normal

L-
F
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of Kentucky

5.0439, ANALYSIS OF SOLUTIONS FOR SURFACE-AC-
TIVE CONSTITUENTS
H.H. BAUER, Univ. of Kentucky, Water Resources Institute, Lex-
ington, Kentucky 40506

The behavior of surface-active substances at electrodes will
be investigated in order to identify the effects due to the nature of
the surfactant, the nature of the electrolytes present, and the rela-
tion between these two factors at different concentrations of both
types of substances. These studies will be made by the tensammet-
ric method which is well established,

The results will indicate the extent to which such methods
can serve for the determination of surfactuants in the presence of
the wide variety of other substances that one expects to be
present in samples of water that will need to be monitored for
possible pollution. In addition, it may become possible to treat ad-
sorption processes on a theoretical basis that includes the effect
of the presence of electrolytes at the surface; present theories do
not take this effect into account.

The applicability of a new technique of greater sensitivity
and precision than the tensammetric method will be explored
after the main features of the phenomena occurring have been
elucidated by the tensammetric technique.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kentucky

5.0440, ELECTROANALYTICAL CHEMISTRY - STUDIES
OF ADSORPTION AND REDOX PROCESSES AT ELEC-
TRODES
H.H. BAUER, Univ. of Kentucky, Graduate School, Lexington,
Kentucky 40506

I. Studies of adsorption processes; primarily at adsorption-
desorption (tensammetric -peak) potentials, by measurements of
distortion induced in applied sinusoidal currents. 2. Influence of
so-called inert electrolytes on characteristics of redox processes,
to elucidate effects of electrical double-layer, 3. A.C. polarog-
raphy in aqueous- alcoholic solutions: fundamental studies;
decreased sensitivity to small amounts of contaminants.

Applications are foreseen to the monitoring of constituents
of natural and polluted waters, both electroactive species and sur-
face- active ones. Tensammetry may provide an empirical overall
index of surfactant impurities since this technique detects the
presence of the major surfactant independently (or usually nearly
so) of the specific chemical nature of the surfactants present.

SUPPORTED BY University of Kentucky

5.0441, DETECTION AND IDENTIFICATION OF
MOLECULAR WATER POLLUTANTS BY LASER RAMAN
SPECTROSCOPY
E.B. BRADLEY, Univ. of Kentucky, Water Resources Institute,
Lexington, Kentucky 40506

The proposed research is a study of the application of laser
Raman spectroscopy in the detection and identification of
molecular water pollutants. The primary advantages in such an
approach are ( I ) laser Raman spectroscopy offers a direct
method of detection and identification of molecules in water solu-
tion or suspension, and (2) the ability to detect and identify high-
molecular-weight pollutants.

Laboratory and field investigations will include the following:
(a) preparation of standard samples of various industrial and
agricultural molecular water pollutants to which Raman spec-
troscopy is uniquely applicable, (b) use to standard samples to
establish levels of detectability, sensitivity limits, and numbers of
compounds in representative polluted water samples from indus-
trial effluents that can feasibly be detected and identified by laser
Raman spectroscopy at one time without separation techniques,
(c) construction and testing of internal-beam-condensing cells,
multiple-entrance cells, and laser- cavity cells, (d) sensititivity
enhancement of Raman spectra by beam ratioing, (e) develop-

ment of a catalog of standardized Raman spectra of a wide variety
of water-soluble industrial waste products divided into the follow-
ing categories: 1. organic pesticides, 2. petroleum products, 3. de-
tergents, 4. inorganics.

The data will be employed to develop practical applications
of laser Raman spectroscopy for the extension of analytical
techniques of molecular identification outside the normal capa-
bility of GLC and mass spectroscopy.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
University of Kentucky

5.0442, PROCEDURES FOR TRACE ANALYSIS OF DIS-
SOLVED INORGANIC AND ORGANIC CONSTITUENTS IN
WATER
G.D. CHRISTIAN, Univ. of Kentucky, Water Resources Institute,
Lexington, Kentucky 40506

Various analytical techniques will be exploited for the deter-
nimation of trace constituents in water.

1. Atomic Absorption Spectroscopy - Methods will be in-
vestigated to improve existing sensitivities. A systematic study of
organic solvent systems will be conducted to determine the best
solvent for each particular metal; acetone appears to offer
generally high sensitivity. Thus, methods will be investigated for
separating acetone from aqueous solutions via salting-out
techniques and for performing solvent extractions with this
system. Formation constants and metal/liqand ratios of metal ion
complexes with ammonium pyrrolidine dithiocarbatate will be in-
vestigated by polarographic techniques. The use of atomic ab-
sorption spectroscopy for determining nonmetals in water by in-
direct methods will be studied.

2. Coulometric Titrations - The feasibility of electrogenerat-
ing hydrogen ions in concentrated salt solutions will be studied.
Some concentrated neutral salts enhance the activity of the
hydrogen ion with the result of certain nonaqueous solvent pro-
perties. Variables to be studied include: type of salt and concen-
tration, current efficiency, endpoint detection, types of bases
which can be titrated. This system may prove useful for titrating
certain trace weak bases in water and bine solujtions without the
necessity of obtaining them in a non-aqueous solvent.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kentucky

5.0443, ALGAL GROWTH AND DECOMPOSITION EF-
FECTS ON WATER QUALITY
E.G. FOREE, Univ. of Kentucky, School of Engineering, Lexing-
ton, Kentucky 40506

The proposed study will be basically an extension of a previ-
ous study conducted by the principal investigator. The objectives
of the proposed study are as follows: I. To further evaluate a
model for calculating the organic composition of algae as a func-
tion of the COD/weight ration and the nitrogen content. This will
be accomplished by growing algal cultures of varying composi-
tions and comparing directly measured values for the protein, car-
bohydrate and lipid contents with calculated values. 2. To further
evaluate a model describing the regeneration of nutrients
(nitrogen and phosphorus) during the decomposition of algae.
Specifically, studies will be conducted to extend the model to
aerobic as well as anaerobic conditions and to predict the kinetics
as well as the extent of nutrient regeneration. 3. To relate the
magnitude of the refactory organic fraction (that portion which is
resistant to degradation) of a particular algal culture to initially
measurable parameters such as DOD/weight ratio and nitrogen
content.

Experimental methods will consist primarily of periodic sam-
pling and analysis of algal cultures growing and decomposing
under controlled laboratory conditions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kentucky

5.0444, FOAM SEPARATION FOR FIELD WATER
TREATMENT
R.B. GRIEVES, Univ. of Kentucky, School of Engineering, Lex-
ington, Kentucky 40506 (DADA)
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Tech. Objective: Final establishment of and testing of design
criteria for a field, water clarification unit to be used by the in-
dividual soldier are to be carried out. Criteria include column size
and geometry, aerator size and porosity, aeration system, air pres-
sure and air rate, aeration time, surfactant(s), surfactant dosage,
and mode of operation.

Approach: Utilizing actual raw waters sampled from a variety
of sources with highly variable quality, an actual-size prototype of
the field unit is used to establish the ability of the foam separation
process to clarify readily any water. The measures of success of
the process are the turbidity of the clarified water, the volume of
the raw water carried into the foam, and the residual surfactant
concentration. Criteria, applicable to the field, are determined to
minimize all of these measures.

Progress: Approximately 100 individual experiments have
been conducted during the past six months utilizing waters sam-
pled from six different sources in the Central Kentucky area.
Using both Cctol (Fine Organics, Inc.) and Adogen 471 (Archer
Midland Daniels), surfactants, all samples have been clarified
readily and successfully, most within a 20 minute aeration time.
Currently, modification of the aeration system to a hand-driven
compressor is being initiated, and concurrent disinfection and
foam separation are being investigated. Of the eleven final criteria
listed in Technical Objective, all but three have been determined.

SUPPORTED BY U.S. Dept. of Defense - Army

5.0445, FOAM SEPARATION FLOTATION OF COLLOID
ORGANIC SYSTEMS
R.B. GRIEVES, Univ. of Kentucky, School of Engineering, Lex-
ington, Kentucky 40506

The overall objective of this investigation is the establish-
ment of definite design criteria for specific, continuous foam
separation processes. The processes will include the foam frac-
tionation-flotation of colloidal and soluble iron from water sup-
plies, the ion flotation of hexavalent chromium from plating
wastes, the foam fractionation of sulfate, sulfite, and lignin-con-
taining wastes from pulp and paper mills, the ion flotation of free
and complr.xed cyanide, and several additional processes, involv-
ing specific industrial waste constituents. The processes will be
conducted on a batch and on a continuous-flow basis, establishing
the efficiencies on the basis of effluent contaminant concentra-
tion, and on the quantity of influent lost into the foam stream. For
each process an economic evaluation will be carried out, and
definite recommendations on the applicability of each process
will be made.

Based on previous work and on work currently being con-
ducted, foam separation processes can become a vital part of in-
dustrial waste treatment systems. They have excellent potential
for water clarification and for iron and manganese removal. This
research will enable the design of full-scale processes for specific
contaminants.

An additional phase of the investigation will be a feasibility
study of the addition of low concentrations of colloidal particu-
lates to wastewaters to enable the foam separation of weakly-sur-
face-active organics.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0446, A STUDY OF INHIBITORY COMPOUNDS
PRODUCED BY FRESH-WATER ALGAE
D.O. HARRIS, Univ. of Kentucky, Water Resources Institute,
Lexington, Kentucky 40506

The purpose of this study is to examine the biological and
chemical properties of inhibitory compounds produced by fresh-
water algae (Volvocales). Past experiments by the author have
shown a substance produced by Platydorina caudata to be heat
labile, non-dialyzable, dilutable several times with no loss in ac-
tivity, specific for Platydorina, unstable at both acid and base con-
ditions and unaffected by short periods of freezing and exposure
to bacterial contamination. Studies here will be expanded to in-
clude Sephadex, DEAE cellulose, proteolytic enzymes, elec-
trophoresis, etc. in an attempt to isolate and completely charac-
tenze these substances.

The study here will be three-fold in nature: (1) a study of
substances which are auto-inhibitory in nature, (2) an examina-
tion of substances which are not specific for any one organism but

effect a wide range of both animals and plants, and (3) a charac-
terization of the substance and an attempt to learn how they work
in order to gain insight as to a method for controlling non-
desirous algal blooms. Perhaps this line of investigation will even-
tually provide clues to a method of controlling algae in water sup-
plies, etc.

SUPPORTED BY U.S, Dept, of Interior - 0. Water Res, Rch
University of Kentucky

5.0447, ACIDITY OF SPOIL BANKS
H.F. MASSEY, Univ. of Kentucky, Agricultural Experiment Sta. ,
Lexington, Kentucky 40506

Objective: To determine the reactions which occur when :oil
materials are subjected to acids produced on oxidation of pyritic
minerals in strip-mine spoil banks.

Work Proposed: Several spoil-bank materials will be selected
on the basis of their acid-producing capacities. The principal
chemical, mineralogical and physical properties of these materials
will be determined. The extent of acid production and the rate of
acid production will be determined for each material. Based on
the above preliminary work individual minerals and combinations
of minerals will be subjected to conditions similar to those occur-
ring during spoil bank weathering and the weathering products
determined.

SUPPORTED BY U.S. Dept. of Agriculture
Kentucky State Government

5.0448, IDENTIFICATION AND REMOVAL OF PESTI-
CIDES FROM RURAL WATER SUPPLIES
G.M. WHITE, Univ. of Kentucky, Agricultural Experiment Sta. ,
Lexington, Kentucky 40506

Project Objectives: (1) to determine the extent and the state
in which pesticides occur in farm water supplies, (2) to evaluate
the effectiveness of presently recommended farmstead treatment
systems in removing pesticide residues, (3) to investigate the
possible application of new techniques and system arrangements
to remove pesticide residues from rural water supplies.

Description of Work: Selected farm water supplies will be
tested using standard chemical analysis techniques to ascertain
the degree of pesticide contamination in these locations. Results
will be correlated to the pesticide history of the watershed. The
effectiveness of conventional rural water treatment and filtering
methods in removing different pesticides will be studied. New or
potential methods of removing pesticide residues from water sup-
plies will be studied and evaluated for possible application on the
farmstead.

SUPPORTED BY U.S. Dept. of Agriculture
Kentucky State Government

5.0449, OIL CONTAMINATION OF OYSTER FROM OIL
WELL DRILLING MUDS
A.L. BERTRAND, Louisiana State University, Agricultural Ex-
periment Sta. , Baton Rouge, Louisiana 70803

Objectives: 1. To determine the amount of diesel oil present
in contaminated oysters. 2. To determine the threshold amount of
oil which can be detected by taste or organoleptically. 3. In what
areas or organs of oysters the oil is concentrated. 4. The relation-
ship between concentration of drilling mud in sea water to the oil
concentration in the oysters.

At times drilling mud has been released into the surrounding
areas. If oyster beds are in the vicinity where drilling muds are
released such material can slowly settle over the oyster beds. This
may cause the osyters to have an oily taste or if the concentration
is high enough death of the oysters.

Oysters will be placed in tanks containing bottom mud mixed
with oil drilling mud containing tagged hexadecane C14. Samples
of oysters will be removed at regular intervals and the amount of
oil from the drilling mud will be determined by liquid s.3intillation
spectrometry. This is a cooperative project with the La. Wild Life
and Fisheries Commission. The Grand Terre Laboratory will con-
duct the biological work. The extraction of the oil will be con-
ducted in this Dept. The spectrometry will be carried out in the
Nuclear Science Center at La. State University.
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SUPPORTED BY Louisiana State Government

5.0450, SEDIMENT TRANSPORTATION AND BOTTOM
CONFIGURATION, AMITE RIVER
V.E. OWINN, Louisiana State University, Graduate School,
Baton Rouge, Louisiana 70803

This is the second year of a two-year project. The periods in
the annual discharge cycle when maximum depth of scour occurs
in bends and crossings will be determined together with gross pat-
terns of scour and aggradation in the channel. Predictions based
on the results of current (1967-68) work will be tested by observ-
ing the patterns of distribution of clay-organic sediment beneath
point bars inside the bends and comparing the facts with
forecasts. Data on the scour-and- fill pattern during floods will be
used to select optimum periods for installation of channel stabiliz-
ing structures, and optimum periods for installation of such struc-
tures in bends. On the basis of field work to date, the point bar
terrains, clayey at the surface, are predicted to comprise largely
sand and gravel in the subsurface.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Louisiana State University

5.0451, PESTICIDE CONTAMINATION OF THE EN-
VIRONMENT AND ITS SIGNIFICANCE
L.U. NEWSOM, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803

Objectives: ( 1 ) To determine the extent to which the en-
vironment is contaminated and to develop a continuing monitor-
ing system. (2) To develop more satisfactory analytical
techniques and methodology than those which presently exist for
residues of some insecticides. (3) To furnish pesticide analytical
services to cooperating departments.

Description of Work Proposed. Amounts of insecticide
residues currently present will be determined in representative
samples of soil, water, bottom sediments, aquatic and 4-rrestrial
animals, and plants from five areas differing in ecology , nd land
use. Data obtained will be used as a base line with which all sub-
sequent data may be compared to determine changes resulting
from changes in insecticide use paggern. Particular attention will
be devoted to developing more satisfactory techniques for deter-
mining levels of organophosphorus and carbamate residues as
well as any new materials which come into widespread use. Capa-
bility for performing analytical work will be increased to the point
that pesticide analyses can be done for all cooperating depart-
ments.

SUPPORTED BY U.S. Dept. of Agriculture
Louisiana State Government

5.0452, LAGOONS FOR DISPOSAL OF BARN YARD
WASTES
B.A. TOWER, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803

To determine feasibility of disposirg of animal waste by
lagoon method under La. climatic conditions. To determine if
lagoon method can be used for (a) Milking parlor and milk room;
(b) Feeding floors for dairy, beef, hogs and chickens. To deter-
mine what size should be used in order to get satisfactory sedi-
mentation, elimination of odors and to meet the demands of the
State Board of Health.

Make survey and collect data on efficiency of operation on
lagoons now in use.

Help install additional lagoons and obtain accurate data for
2-3 year period during operation.

Summarize data and calculate correct size and operation for
future recommendations on lagoons in Louisiana.

SUPPORTED BY U.S. Dept. of Agriculture
Louisiana State Government

5.0453, EFFECTS OF WATER QUALITY ON HATCHING
SUCCESS
J.S. HUGHES, State Wildlife & Fish Comm. , Baton Rouge, Loui-
siana

Objectives: (I) To determine the effect of water quality on
hatching success of striped bass eggs. (2) To determine the effect
of water quality on the hatching time and survival of striped bass
fry.

Procedure: This job is contingent upon availability of striped
bass eggs in Louisiana. When striped bass eggs are obtained, ap-
proximately 100 eggs each will be placed directly into one pint
hatching jars. Waters of known quality will be used for hatching.
As necessary, reference waters will be formulated. Duplicate
hatching jars will be used with each water type. Studies will in-
clude but not be limited to the effects of temperature, pH, hard-
ness, iron and zinc. Combinations of various chemicals will be
evaluated as well as individual parameters. The temperature
variations will be from 50 degrees Farenheit to 80 degrees
Farenheit at 5 degree intervals. The pH will be varied from 5 to 9
among the hatching jars. A Hach Colorimeter will be used to
determine the concentrations of most chemicals. The percent
hatch, time of hatching and five day survival in all jars will be
recorded. The various stages of egg development will be ex-
amined microscopically to determine when development is af-
fected by the different water qualities.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Louisiana State Government

5.0454, EFFECTS OF CHANGES IN WATER QUALITY
ON FRY AND FINGERLINGS
J.S. HUGHES, State Wildlife & Fish Comm. , Baton Rouge, Loui-
siana

Objectives: (1) To determine tolerance limits of striped bass
to changes in chemical constituents in water.

Procedures: Striped bass ranging in size from fry to six inches
in length will be used for this study. Both gradual and rapid
chemical changes and combinations of chemical changes will be
tested. These will include but not be limited to hardness, pH, zinc,
iron, sulfate, copper, chloride and turbidity.

Standard bioassay techniques will be used. Tests will be run
with reconstituted water held at 22 degrees Centigrade. Gradu-
ated concentrations of a chemical will be placed in a series of
aquaria. The fish will be observed for 96 hours or until death oc-
curs. Concentrations where all fish die, all live and fifty percent
live will be reported for each 24 hour period when applicable.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Louisiana State Government

5.0455, A COLOR REMOVAL AND FIBROUS SLUDGE
DISPOSAL PROCESS FOR THE KRAFT PAPER INDUSTRY
F. JOHNSON, Continental Can Company Inc. , Hodge, Louisiana
71247

The two year project will develop economical design and
operation data applicable to the Kraft pulp and paper industry in
removal of color in mill effluents, and disposing of fibrous
sludges. Color removal will be accomplished by lime precipitation
of the color bodies and fibers, with subsequeat regeneration of
the lime by sludge combustion in a kiln.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Continental Can Company, inc.

5.0456, ENZYMES FOR ANALYSIS AND PURIFICATION
OF SALINE WATER SYSTEMS
G.G. GUILBAULT, Louisiana State University, Graduate School.
New Orleans, Louisiana 70112

Research will be conducted on (1) the use of enzymes
systems for determination of inorganic and organic pollutants in
saline water and (2) purification of water by selective enzymatic
degradation of toxic materials. The approach involves the in-
vestigation by means of electrical and fluorimetric techniques, of
a number of enzyme systems for analysis of impurities si4A as
heavy metals, hydrocarbons, phenols and pesticides. In another
phase of the work, the efficiency of enzymatic conversion of
amines, acids, alcohols and hydrocarbons wan be investigated.
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SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0457, A LIMNOLOGICAL STUDY OF LAKE
PONTCHARTRAIN, LOUISIANA, IN THE SUMMER OF
1968
D.H. STERN, Louisiana State University, Graduate School, New
Orleans, Louisiana 70112

A limnological reconniassance of Lake Pontchartrain,
emphasizing chemical and physical dynamics, will be carried out
during the summer of 1968. Four cruises (four or five stations per
cruise) will be run successively. The cruise stations will be
selected so as to sample the :summer variability in physico-chemi-
cal parameters in the Lake waters. Stations will be established in
such locales as river or bayou mouths, canal and sewer outfalls,
and offshore lake waters. As soon as one cruise cycle (four
cruises) is completed, the next one will be initiated.

Shipboard arialy.es will include surface, mid-depth and bot-
tom measurements of the following: salinity, dissolved oxygen,
light extinction, pH, and alkalinity. Laboratory analyses of sur-
face, mid- depth and bottom water samples will include the fol-
lowing: turbidity, specific conductance, total phosphate, hard-
ness, anionic detergents, nitran nitrogen, ammonia nitrogen, sil-
ica, coliform bacteria presence, chlorophyll a and suspended
matter. Additional tests which may be included are those for bari-
um, chromate, cyanide, nitrite, nitrogen, total biomass per liter
and plankton per liter. Finally, there will be an attempt to make
preliminary determinations of the direction and rate of flow of
water currents through the Lake during the summer period.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Louisiana State University

5.0458, CHLORINATION AND HYPOCHLORINATION OF
POLLUTED STORM WATER PUMPAGE
C.J. POWELL, New Orleans Sewrge. & Wat. Bd. , New Orleans,
Louisiana

To control bacteriological pollution in Lake Pontchartrain
the project will demonstrate the effectiveness, efficiency, and
economies of using open drainage ccanals as treatment facilities;
the effectiveness of chlorine and hypochlorite disinfection on in-
termittent high flow discharges; and the optimization of various
feeding rates, multiple points of application; and control times.
Facilities for disinfection will be placed and operated in the St.
Charles Canal, the London avenue Canal and the Orleans Avenue
Canal. A sodium hypochlorite blending plant will be constructed
and a chlorine alarm system installed. The project will include the
provision of appropriate instrumentation for the generation of
quantitative and qualitative data necessary for a comprehensive
evaluation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
New Orleans City Government - Louisiana

5.0459, COMPILATION OF WATER QUALITY DATA
J.7'. DAVIS, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. Secure all water quality data previously col-
lected by all investigators. 2. Compile water quality data secured.
3. Analyze data to determine possible factors limiting striped bass
in this area.

Procedures: 1. Contact all agencies taking water quality data
on these lakes and their tributaries and secure data. 2. Compile
data using ADP equipment presently owned. 3. Compare and
analyze data based on reports of striped bass in other areas.

Several components in the instrumentation console for use
with the modulated sub-carrier attenuation calibration systems in
the frequency range 8.2 - 18 GHz have been constructed. These
include an improved 1000 Hz constant-amplitude phase shifter
and associated circuitry, a redesigned and improved null amplifi-
er, a 1000 Hz phase detector, and a new driver amplifier for the
ferrite modulator.

A new 30 MHz cut-off attenuator has been constructed for
the parallel IF- substitution attenuation system. A longer precision

lead screw is used and the input impedance-matching network
was redesigned.

Approximately 45 waveguide items have been constructed
for the attenuation calibration systems including sliding short-cir-
cuits, waveguide tuners, precision waveguide sections, sliding ter-
minations, and a variable attenuator.

Two high-resolution gear trains have been constructed for
use with the rotary-vane attenuators.

The period reported upon above is from approximately the
starting date of the project given in Box 13 to 311267.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish,
Louisiana State Government

5.0460, REPOPULATION OF EXPERIMENTALLY DECI-
MATED AREAS BY STREAM FISHES
G.E. GUNNING, Tulane University of Louisiana, Graduate
School, New Orleans, Louisiana 70118

An alternative to restocking a stream artificially with fishes
following natural decimation by pollution is to allow natural
movement of the animals to repopulate a decimated area. The
time for this to occur can be expected to vary depending upon en-
vironmental conditions and the species of fish in question.

The principal goal of the proposed study is to consider the
rate of repopulation of experimentally decimated areas by stream
fishes. The proposed study would utilize basic information on five
species of fishes already obtained by the writer during the past
seven years from three study areas in Louisiana which will be used
again.

Segments of streams will be decimated by removing all fish
possible in a given stretch. The movement of fishes marked up-
stream into the center area as well as the samples marked
downstream from the central area in each stream will enable us to
see the extent of repopulation under natural conditions.

SUPPORTED BY U.S. National Science Foundation

5.0461, BEDDING AND INFILTRATION STUDIES OF
SANITARY SEWERS IN THE GULF COAST AREA
F.W. MACDONALD, Tulane University of Louisiana, School of
Engineering, New Orleans, Louisiana 70118

The purpose of this project is to determine the best types of
bedding arrangements and the most suitable materials to be used
in laying sewer pipes in the Gulf Coast areas, including studies on
manholes, teir and other appurtenances of sewer systems. A
major portion of the project will be infiltration studies using vari-
ous materials of construction. Some of the studies will be with a
testing frame in the University laboratory, while other studies will
include field studies of sewer lines in the area.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Tulane University

5.0462, CONTAMINATION OF OYSTERS BY PESTI-
CIDES
F.W. MACDONALD, Tulane University of Louisiana, School of
Engineering, New Orleans, Louisiana 70118

The objectives of this project are to determine the concentra-
tion factors, the rate of uptake, and rate of decontamination of
oysters exposed to radiolabelled dieldrin and endrin; to examine
the pesticide interaction with bottom sediments from Wilkinson
Bay; to determine the amounts of dieldrin and endrin in Wilkin-
son Bay Oysters, to compare these amounts with the water,
suspended material and bottom sediments in Wilkinson Bay, and
to evaluate the environmental effects upon uptake. Data obtained
should indicate whether the pesticide concentration in the oysters
poses a health hazard to consumers, affects oyster growth, and
will provide a base line for future samplings.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.0463, THE ENGINEERING AND ECONOMIC ASPECTS
OF USING SEWAGE EFFLUENT FOR IRRIGATION
C.W. WILSON, Louisiana Polytechnic Inst. , School of Agricul-
ture, Ruston, Louisiana 71270
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This research project is to investigate the technical and
economic feasibility of using sewage plant effluent as irrigation
water and will be c, "'ducted in Lincoln, Jackson, and Ouachita
Parishes.

A review of literature will be made to determine the previous
work, the city officials will be contacted and visits to treatment
plants will be made. The treatment process at the plants and rate
of discharge will be examined and records kept. The physical,
chemical, and bacteriological conditions of effluent will be deter-
mined. The location of land that could be irrigated with the ef-
fluent will be determined. The cost of delivering the effluent to
the point of use will be determined and the value of chemicals will
be calculated. The cost of irrigation water from alternate sources
will be determined and the economic feasibility of each project
calculated.

From the references mentioned it is anticipated that this ef-
fluent will provide a low cost source of irrigation water. Field use
of this resource should improve the economy of Louisiana. Public
laboratory facilities, office space, and personal transportation are
available to conduct this research.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Louisiana Polytechnic Institute

5.0464, EVOLUTION OF ALLOPATRIC POPULATIONS
W.H. EVERHART, State Inland Fish & Game Dept. , Augusta,
Maine 04330

Beginning third year of work on this project.
Fertilized brook trout (Salvelinus fontinalis) eggs represent-

ing all possible crosses among seven distinctive trout populations
in Maine were obtained during fall 1966, and are being reared at a
local State fish hatchery. Rearing of the resultant young trout will
continue through their second summer of life. During this time,
studies of egg size, egg development rate, growth and condition of
the resulting fry and parr, mortality of fry and parr, morphology
and coloration, socio- territorial behavior, stamina, and resistance
to unfavorable chemical features of the environment will be or
have been carried out. Differences among lots can most probably
be attributed to differences in genotype, and the 7 x 7 design of
the experiment will allow evaluation of the heritability of the dif-
ferences found.

An ecological-systematics study of three additional popula-
tions of wild brook trout is in progress, This study may show the
magnitude of the differences to be expected among trout from
deep, cold trout lakes; shallow, warm lakes; and cold, mountain
streams.

General morphological and serological investigations of
Maine's wild trout populations continue, along with experimental
transfers.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0465, TREATMENT OF ALKALINE WASTES FROM
POTATO PROCESSING
C. BRUCE, Vahlsing Incorporated, Easton, Maine 04740

The objectives of this project are to demonstrate the feasibili-
ty of: treating potato processing waste using the activated sludge
system; combining potato processing waste with sugar beet refin-
ing waste; and the feasibility of three in-plant closed waste water
systems in the sugar beet plant.

The project will provide extremely valuable data to both the
potato processing and beet sugar industry. The aim is also to
determine if a $30 million industrial complex, composed of
potato and sugar beet processing and a residential community,
can exist on a small stream, as is proposed, and have clean water.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Vahlsing, Inc,

5.0466, PHASE II-STUDY OF A RIVER SYSTEM AS A
CHEMICAL REACTOR
E.G. BOBALEK, Univ. of Maine, School of Engineering, Orono,
Maine 04473

The objective of the proposed work is to develop a mathe-
matical model of an actual river system. This model will be

developed and treated from the point of view of the river as a
chemical reactor. A total systems concept will be applied in hopes
of developing a practical control scheme which will ultimately op-
timize the manipulation of the river variables such that optimal
water quality control will be attained. The river chosen is the
Penobscot river between Bangor, Maine and the Atlantic ocean,
While this work considers a typical paper industry river, it is
hoped that the resultant model will be extensible to other rivers
polluted by industrial and sewage wastes. The means of imple-
menting and manipulating the model is analog, digital and hybrid
simulation and control.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Maine

5.0467, HYDROGRAPHY OF THE PENOBSCOT RIVER
ESTUARY
P.A. HAEFNER, Univ. of Maine, Graduate School, Orono, Maine
04473

A long range program of studies on the ecology of the Penob-
scot estuary has been established by the Maine Cooperative
Fishery Unit. Part 1 involves a detailed study of the hydrography
of 30 miles of estuary from Bangor Dam to Belfast. Salinity, tem-
perature, density and dissolved have been and will continue to be
monitored with the view toward detecting changes in the
estuarine environment from anticipated pollution abatement in
Penobscot River. This project was initiated July, 1963.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
University of Maine

5.0468, WATER QUALITY DEGRADATION BY SEPTIK
TANK DRAINAGE
M.W. HALL, Univ. of Maine, School of Engineering, Orono,
Maine 04473

Both field and laboratory studies will be performed to deter-
mine the degree of nitrogen and phosphorus removal that can be
expected of septic tank-drainfield wastewater disposal systems.
This investigation will provide information relative to the
amounts of nitrogen and phosphorus which enter a lake as a result
of seepage or drainage from septic tanks located along lake
shores. The information obtained will provide authorities with a
means for assessing the importance of this form of pollution.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

5.0469, WATER QUALITY ASPECTS OF RECREA-
TIONAL LAKES
M.W. HALL, Univ. of Maine, School of Engineering, Orono,
Maine 04473

The extent of nitrogen and phosphorous removal afforded by
septic tank - drainfield systems - has not been adequately evalu-
ated. Available evidence tends to indicate that such systems con-
vert insoluble organic and inorganic forms of nitrogen and
phosphorous to soluble inorganic forms. It is, therefore, highly
probable that septic tank systems can not be expected to effect
significant removal of these compounds. The goal of this research
is to provide pertinent information on the quantities of
nitrogenous and phosphatic materials that enter Maine lakes as a
result of septic tank - drainfield practices.

SUPPORTED BY Maine State Government
ID"

5.0470, STUDY OF STRIPED BASS POPULATIONS IN
MAINE COASTAL WATERS
R.W. HATCH, Univ. of Maine, Graduate School, Orono, Maine
04473

Striped bass are becoming an increasingly important sport
fish in Maine coastal waters and river estuaries. Intelligent
management of this source requires knowledge of the population
structure of the species. Present indications are that most striped
bass caught in Maine came from a large migratory population.
Factors influencing the migratory pattern of this population are
not clear, but may include temperature of estuarine waters, varia-
ble distribution of preferred food organisms, degree of estuarine
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pollution, and variation in offshore currents. Natural spawning
sufficient to maintain the known stocks has not been demon-
strated in eastern Maine. Lack of spawning populations may be
related to head-of-tide dams that restrict access of striped bass to
fresh water on most Maine coastal streams. Future efforts will be
directed toward identifying the source ofstriped bass and the fac-
tors which determine annual variations in estuarine abundance,

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish,
University of Maine

5.0471, THE EFFECT OF SALTS APPLIED TO
HIGHWAYS ON THE INFILTRATION AND PERCOLATION
OF WATER THROUGH THE SOILS BANDING HIGHWAYS
F.E. HUTCHINSON, Univ. of Maine, School of Agriculture,
Orono, Maine 04473

The application of chloride salts to highways as a means of
ice removal in the northeastern United States has become a
widespre,ad practice during the past twenty year period. In Maine
alone in excess of 100,000 tons of salt were applied for this pur-
pose during the year 1964-65. The fate of these salts with respect
to soil and water resources is not adequately known at present,
The nature and extent of their accumulation in the soils bordering
highways is to be determined by this project.

Soil samples will be collected from specific sites near
highways which have been regularly salted and from the same
soils at sites away from highways. Analyses for sodium will be
made with a Beckman flame photometer and for chloride by a
Dohrmann microcoulometric titrating system. Infiltration and
percolation rates for salted and unsalted soils will be made in the
field. Snow and water samples will be collected and analyzed to
determine the salt concentration of the liquid entering and flow-
ing over the soils near major highways. The project will be started
in fiscal year 1965 and terminated in 1968,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maine

5.0472, EFFECTS OF CHRONIC SUBLETHAL DOSAGES
OF DDT ON THE SWIMMING PERFORMANCE OF ATLAN-
TIC SALMON PARR
J.D. MCNEISH, Univ. of Maine, Graduate School, Orono, Maine
04473

The effects of sublethal dosages of DDT on the swimming
performance of Atlantic Salmon parr is being investigated. Per-
formance is measured by the Burrows stamina tunnel which is
housed in facilities provided by Craig Brook National Fish
Hatchery. The project was initiated July, 1967.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
University of Maine

5.0473, A BENTHIC COMMUNITY OF THE PENOBSCOT
RIVER ESTUARY
W.K, SHOREY, Univ. of Maine, Graduate School, Oroii6, Maine
04473

A macrobenthic community inhabiting substrate with rela-
tively high concentrations of sawdust is being studied. Possible ef-
fects of sawdust on benthic communities may be brought out as
comparisons are made with studies of the areas of similar chemi-
cal and physical properties, but free of sawdust. The plaject was
activated in fiscal year 1967 and should be completed in fiscal
year 1969.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
University of Maine
U.S. National Science Foundation

5.0474, ADSORPTION OF VIRUSES ON MINERAL SUR-
FACES
O.J. SPROUL, Univ. of Maine, School of Engineering, Orono,
Maine 04473

At the present time it is known that most small soil particles
wili adsorb virus particles. There does not exist, however, a ra-
tional method for predicting the capacity of soils for viruses.

The minerals to used in the investigation would be quartz,
orthoclase, albite, anorthite, muscovite, biotite, augite, horn-
blende and olivine. The minerals would be further classified as to
expected mode of reaction in accordance with their physical and
chemical structures. Bench scale experimentation to yield data
for adsorption isotherms would be carred out. The effect of par-
ticulc diameter would be assessed by separate experiments. The
T4 bacteriophage would be used in the initial work as a screening
virus, Subsequent work with a fewer number of typical minerals
would be done with the Type I poliovirus and with either an
adenovirus or a rcovirus, Isotherms from the desorption of the
virus would also be determined through the use of competing ad-
sorbate. Adsorptive behavior in column studies would be carried
out to determine virus breakthrough curves.

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res. Rch
University of Maine

5.0475, EFFECTS OF CHEMICAL IONS ON VIRUS INAC-
TIVATION
U.J. SPROUL, Univ. of Maine, School of Engineering, Orono,
Maine 04473

This project would determine the influence of chemical ions
on virus inactivation in certain water and wastewater treatment
systems and dicoff in natural water systems, The process to be in-
vestigated would be ion exchange, phosphate removal from a
secondary effluent and inactivation under high and low pH condi-
tions.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0476, CHEMICAL CONTAMINANTS FOUND IN SUR-
FACE AND SUBSURFACE WATER AS RELATED TO SOIL
AND CLIMATIC CONDITIONS
R.A. STRUCHTEMEYER, Univ. of Maine, School ofAgriculture,
Orono, Maine 04473

The quality of stream water is greatly influenced by the
amount and contamination of runoff water. Contamination of the
runoff waters is primarily a result of chemical applications to soils
and plants and through the weathering of minerals. this con-
tamination could effect human, biological or industrial users.

This study will consist of the analysis of surface waters from
existing runoff plots as to mineral elements and pesticides.
Mineral elements such as iron, manganese, zinc, chloride and
others will be determined by spectrographic, calorimetric and
other techniques. Residues of insecticides, fungicides and herbi-
cides will be analyzed by gas chromatography, chromatography,
and other analytical methods,

An attempt will be made to evaluate the movement of these
materials through the soil as a result of leaching.

Interrelations of climatic and soil characteristics such as soil
temperature, precipitation, and soil moisture will be studied.

The present runoff plots are located in Presque Isle, Maine.
Samples will be brought to the University of Maine for analysis.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maine

5.0477, INDUCED AIR MIXING OF LARGE BODIES OF
POLLUTED WATER
S.A. ZIEM1NSKI, Univ. of Maine, School of Engineering, Orono,
Maine 04473

The Problem: Organic matter of industrial and natural
origins tends to settle on the bottom of lakes and other large water
reservoirs where it decays depleting the water of dissolved oxygen
necessary to ensure normal aquatic life. Although the upper sur-
face of water which is in direct contact with atmosphere may be
saturated with oxygen, the mixing resulting from density dif-
ferences is too small to replenish the oxygen deficiency in the
lower layer. The resulting anaerobic conditions lower the water
quality. Formation of hydrogen sulfide as well as sulfides of iron
and manganese takes place. The carbon dioxide concentration in-
creases and the pH decreases. This anaerobic decomposition can
produce undesirable organics, imparting bad taste, odor and oc-
casionally toxicity to the water. The unodidized organic matter
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piles up on the bottom and gradually the body of water becomes
smaller and shallower. Plan of Attack: Introduce compressed air
in appropriate places of the body of water. The resulting mixing
oxygen supply and improved surface aeration will provide to the
whole body of water the oxygen necessary for bio-oxydation of
the waste organic matter. In addition to substantial increase in
dissolved oxygen the application of this method results in
precipitation of iron, reduction in carbon dioxide content, im-
provement of color, etc. Although this method has a tremendous
potential in decreasing pollution of large bodies of water, very lit-
tle is known about the various factors affecting the efficiency of
the system and therefore its optimum design. The Objective: A
mathematical analysis has been conducted in our laboratory
which resulted in selection of a mathematical model which orre-
lates the rate of mixing, density differences produced by tl'e in-
duced air, depth of immersion of the aerator, etc. A complete ex-
perimental procedure has been worked out to check or modify
the model. It is expected that this work will allow a successful and
efficient design of induced air systems for different shapes, sizes
and depths of large bodies of water.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0478, WATER QUALITY - BENTHIC INVERTEBRATE
RELATIONSHIPS IN ESTUARIES
D. DEAN, Univ. of Maine, Ira C. Darling Ctr. For Res. , Walpole,
Maine 04573

This project proposes to investigate the relationships
between water quality and benthic invertebrates in Maine estua-
ries. Studies will be conducted in three estuaries, the Penobscot,
the upper reaches of the Damariscotta and the Sheepscot,
representing heavily polluted, moderately polluted and unpol-
luted conditions, respectively, Comparable portions of each
estuary will be studied to determine the benthic communities
present, the settlement of benthic invertebrate larvae, larval
metamorphosis, and the growth and survival of juvenile forms.
Hydrographic, chemical and geological parameters of the waters
mid sediments will be measured and used as guidelines for con-
trolled laboratory experiments on larval settlement.

The results of this project should aid 1) in the interpretation
of fish distribution patterns in estuaries subject to different levels
of pollution and 2) in predicting biotic changes that would occur
in an estuary subjected to increased or decreased pollution loads.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maine

5.0479, FLUID FRICTION IN THE PRESENCE OF NON-
RIGID BOUNDARIES
J.C. GEYER, Johns Hopkins University, School of Engineering,
Baltimore, Maryland 21218

In the presence of thin biological slime layers at the walls of
water transmission systems, frictional losses are often observed
that are considerably higher than would be expected from the
relative roughness of the interior of the conduits.

It is suspected that the biological slime represents and 'active
surface,' i.e. a boundary that can be set in motion under the ac-
tion of fluid flow. Under certain conditions resonance phenomena
between the flexible slime surface and the bulk liquid probably
account for the high frictional resistance.

The purpose of the proposed study is to investigate the
mechanism responsible for this high frictional resistance in the
presence of slime layers. Experiments are outlined to determine
the functinnal relationships between the essential parameters.
With this information it should be possible to derive criteria for
effective control of aquatic slime layers taking into account
chemical as well as physical aspects.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Cti

5.0480, INDUSTRIAL REUSE OF PROCESS WATER
C.E. RENN, Johns Hopkins University, School of Engineering,
Baltimore, Maryland 21218

This is a cooperative study involving the Federal Water Pol-
lution Control Administration, Black and Decker Manufacturing

Company, The Johns Hopkins University, and Maryland State
Health Department. It is designed to build the engineering
background associated with biological problems -- slimes, fouling,
insect and snail nuisance, etc. -- that occur when highly treated
sewage is stored in exposed ponds for prolonged periods and
reused in industrial processes.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl

Johns Hopkins University

5.0481, FLOOD FREQUENCY AND LOW-FLOW
ANALYSES
P.N. WALKER, Johns Hopkins University, State Geological Sur-
vey, Baltimore, Maryland 21218

It is planned to prepare statistical summaries of low-flow,
high- flow and flow-duration data. Flood frequencies and peak
discharge information will be determined. The final product will
be a statistical presentation of surface-water data collected in
Maryland that will have wide application in the design of water
works aA sewage disposal plants.

SUPPORTED BY Maryland State Government
U.S. Dept. of Interior - Geological Survey

5.0482, DETERMINATION OF RESIDUES OF INSECT
CONTROL CHEMICALS IN PLANT AND ANIMAL
PRODUCTS AND IN SOILS
M. BEROZA, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To determine (1) the amount and distribution of
residues on or in plants and plant products, soils, animal tissues,
milk, eggs or other animal products as a result of insect control
chemicals, (2) breakdown products of such insect control chemi-
cals resulting from metabolic processes in plants and animals or
from the action of weathering, and (3) the rate ofdisappearance
of insect control agents or their breakdown products from plant
and animal tissues and soils.

Plan of work: Data will be obtained on the rate of deposition
and the persistence of residues from the appplication of new in-
secticide chemicals. Included will be a wide variety of crops and
soils that have been treated directly or that contain residues of
chemicals applied to crops grown in the soils. The accumulation
and persistence of residues in the fat, organs, and milk of cattle
treated directly, or exposed by treating premises or feed crops will
be determined. Occasional analyses will be made of tissues from
game animals for pesticide residues. Emphasis will be placed on
new insecticides that will not cause residues in food crops or
animal tissues. Telodrin, dimethoate, dicapthon, phorate, Di-
Syston, diazinon, Imidan, Tedion, Ethion and DDVP residues will
be studied.

SUPPORTED BY U.S. Dept. of Agriculture

5.0483, AGRICULTURAL SIGNIFICANCE OF CERTAIN
TRANSITIONAL ELEMENTS FROM PESTICIDES AND
OTHER AGRICULTURAL CHEMICALS
L.A. DEAN, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To develop methods to detect and determine heavy
metals of Group II and transition elements in soils and plants; and
to study the chemistry of these elements in soil with emphasis on
interactions between environmental characteristics such as soil
type, fertilizer, moisture, temparature, aeration, and plant species
on the availability of these elements to plants.

Plan of work: Analytical techniques will be developed to ex-
tract and determine arsenic, copper, cadmium, cobalt, chromium,
nickel, hydrargyrum or mercury, plumbum or lead, tin or stan-
num, and zinc. An extracting technique must be developed that
will remove from the soil an amount of the element that is highly
correlated with the concentration of that element in an indicator
plant growing in the soil. Several chelating agents will be used and
evaluated as extractants. Spectrographic or other instrumental or
chemical procedures will be studied as an analytical tool in deter-
mining concentrations of the extracted elements. Certain
problems dealing with the chemistry of these elements will be stu-
died concurrently with the development of the analytical
techniques. Environmental factors associated with fixation and
availability will be of primary interest.
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SUPPORTED BY U.S. Dept. of Agriculture

5.0484, ACCUMULATION AND MOVEMENT OF FISSI
PRODUCTS IN SOILS AND PLANTS
L.A. DEAN, U.S. Dept. of Agriculture, Beltsville, Maryland

This project seeks ways to reduce contamination of field-
grown crops with radioactive fallout. Particular consideration is
given to the soil chemistry and plant uptake of strontium-90.

Uptake of radiostrontium by crops may be sharply reduced
by burying it deeply in the soil profile in contact with chemicals
that inhibit root development in the contaminated zone. Without
chemicals, the uptake of radiostrontium from layers buried 20
inches beneath the soil surface in field plot experiments has
averaged about half of that from the normal plow depth. When
Na2CO3 was applied with the buried layer at the rate of 10 tons
per acre, the uptake of radiostrontium was only a few percent of
the uptake when no chemical was used. Further tests of uptake by
crops with different types of root systems will be made, using a
large moldboard plow to bury strontium-85 and Na2CO3.

The fixation and exchange reactions of strontium on soil
materials are studied for their relevance to uptake. Labdratory
studies show that hydrous sesquioxide gels on a kaolinite surface
play a role in fixation. The selectivity coefficients of excharigo
reactions on clay minerals vary somewhat with composition of ab-
sorbed cations, whereas the exchange capacities increase with in-
creasing concentration of external solution, Relationships of
these effects to an assumed heterogeneous charge density at the
day mineral surface are being investigated.

Absorption of strontium-90 from rain by field crops varies
widely between species. In controlled environment, absorption in-
creased with increasing relative humidity and temperature of the
air to which the leaves were exposed for 24 hours after an applied
radiostrontium solution became dry, Differences between species
were related to differences in wettabiiity of the leaves.

ON

SUPPORTED BY U.S Dept. o
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RTED BY U.S. Dept. of Agriculture

5.0486, ALTERATIONS OF THE PERSISTENCE AND
MOVEMENT OF HERBICIDES IN SOIL, WATER, AND
PLANTS
J.T, HOLSTON, U.S, Dept. of Agriculture, Beltsville, Maryland

Object: To determine the effects of herbicide formulation
and placement and of soil management practices in the volatility,
decomposition and movement of selected herbicides in soil, water
and plants.

Plan of work: Factors influencing the persistence of herbi-
cides will be determined by literature review and laboratory stu-
dies; the herbicides will include CIPC, EPTC and TOA. ?er-
sistence and movement of herbicides in soil and in growing plants

R QUALITY MANAGEMENT AND PROTECTION

will be determined by field experiments on a range of soil types.
Factors affecting persistence and movement to be investigated in-
clude: ( I ) use of soil additives such as fertilizers and carbon
sources; (2) soil manipulation; (3) placement of herbicides on
and in soils, and (4) changes in granular and liquid formations of
herbicides. The use of fungicides and bactericides to increase per-
sistence in soil will be investigated. Granular matrices and accom-
panying ions or compounds will be selected to give optimum re-
tention times for given purposes. Granular formulations will be
used principally to reduce or increase vaporization losses. The ef-
fects of granules on detoxification of microorganisms and on
leaching losses will be explored. Similar studies will be conducted
with liquid formulations. The use of different solvents and chemi-
cal additives will be explored. Sensitive quantitative methods for
determination of herbicides will be developed if needed.

SUPPORTED BY U.S. Dept. of Agriculture

5.0487, THE MOVEMENT OF HERBICIDES OFF, INTO,
AND THROUGH SOILS
P.C. KEARNEY, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To determine the lateral and vertical movement in
soils of known physical, chemical, and mineralogical properties of
several herbicides differing in physical and chemical properties.

Plan of Work: The presence of herbicides in and on soil sur-
faces caused by lateral and vertical movement will be determined
in a well defined watershed with detailed past information on
cropping history, fertilizer treatments, soil physical properties,
climatic conditions, and hydrological data, Soil samples will be
taken at 0.2, 11-13, 23- 25, and 35.37 inches at least four times a
year for chemical analysis to determine the depth of movement of
at least six herbicides. Water samples collected from weirs will be
taken prior to the application of the chemicals, and at subsequent
times thereafter as determined by the amount of precipitation and
the amount of runoff, Herbicides in soil and water samples will be
assayed using appropriate analytical methods, including
colorimetric, spectrophotometric and gas chromatographic
procedures. All data will be subjected to appropriate statistical
analyses, and correlated with the soil and climatic data pertaining
to the areas receiving herbicide applications.

SUPPORTED BY U.S. Dept. of Agriculture

5.0488, CONTROL OF INSECTS ASSOCIATED WITH
SWINE PRODUCTION WITHG'JT THE USE OF INSECTI-
CIDES
C.M. KINCAID, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To investigate fly and insect propagation under dif-
ferent system of handling swine wastes and devise effective
methods of controlling such insects without the use of insecti-
cides.

Plan of work: Confinement systems of producing swine will
utilize methods of handling wastes as follows: (a) an open front,
shed-type house with a covered concrete floor, in which manure,
bedding and other wastes are scraped and spread on the land at
weekly intervals, (b) a completely enclosed, insulated and venti-
lated housing unit with a partial slotted floor and manure pit for
accumulation of waste, which will be spread in liquid state on the
land at 30-day intervals, (3) the same type housing as (b) with
waste discharged into septic tank and the effluent from the septic
tank discharged into an oxidation lagoon, and (d) a confinement
unit similar to (b) and (c) above with the waste discharged
directly into a lagoon for anaerobic decomposition. Each of the
units will be screened. Known numbers of housflies will be in-
troduced and population buildup observed. Larvae and adult
mosquitoes in the lagoons will be evaluated. Wastes spread on the
land from units (a) and (b) will be monitored for insect propaga-
tion at intervals after each spreading. Detailed records will be
kept on all animals -- weights, feed consumption, and any depar-
tures from normal response or behavior.

SUPPORTED BY U.S. Dept. of Agriculture

5.0489, DETERMINATION AND EVALUATION OF FAC-
TORS AFFECTING WATER RUNOFF AND EROSION IN
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THE DIFFERENT LAND RESOURCE AREAS OF THE
NORTHEAST
J. LUNIN, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To evaluate the interactive effects of climatic, topo-
graphic, vegetative and soil conditions found in the different land
resource areas of the Northeast on runoff, soil erosion, and per-
colation, and to develop and evaluate water management prac-
tices for the control of these factors.

Plan of Work: Various soil and crop management practices
are being evaluated quantitatively for runoff and erosion losses
and their effect on soil physical properties under natural field
conditions. Practices such as plow-plant and stubble-mulch seed-
beds arc being studied along with a more critical evaluation of
contouring and the use of diversion terraces. In the glaciated
areas of New England, special attention is being given to the ef-
fect of rocks and stones on runoff and erosion. Landforming on
sloping land is being studied as an aid to contouring for the pur-
pose of eliminating point rows to facilitate mechanization. Rain-
fall simulators are utilized to permit a more quantitative evalua-
tion of the erosive properties of soils with and without various
types of vegetative cover. Results of these various investigations
will be utilized to improve existing soil erosion predictive equa-
tions so that they will be equally applicable to the various land
resource areas,

SUPPORTED BY U.S. Dept. of Agriculture

5,0490, INSECTS ASSOCIATED WITH AQUATIC WEED
PESTS OF FOREIGN ORIGIN IN LOUISIANA
RI SAILER, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To discover, collect, preserve representative sam-
ples, identify, and study the biology of insects associated with
aquatic weeds; and to evaluate their potential for control of such
weeds,

Plan of work: The work will consist of the following: (1) con-
duct surveys throughout the year in major ecological areas of
Louisiana, to determine what insects and related arthropods feed
on alligatorwced, water hyacinth, and parrot's feather; (2) collect
all species of arthropods found associated with the weeds; (3)
properly prepare specimens in order that they may be identified;
(4) conduct basic biological studies of those insects apparently
capable of suppressing the weeds in the field, small concrete or
metal tanks, and in aquaria in the laboratory; (5) preserve sam-
ples of developmental stages of the insects studied under number
4 above together with a record of the conditions under which the
specimens arc found.

Grant project with the Louisiana State University and A&M
College.

SUPPORTED BY U.S. Dept. of Agriculture

5.0491, METHODS OF ANALYSIS FOR INSECT-CON-
TROL CHEMICALS
M.S. SCHECHTER, U.S. Dept. of Agriculture, Beltsville, Mary-
land

Object: To develop methods of analysis for insecticides, at-
tractants, repellents or other insect-control chemicals and for
their residues, metabolites, or breakdown products in crops, soils,
animal tissues, and milk.

Plan of work: When an insect control chemical has shown
sufficient promise so that ENT plans to evaluate it with a view to
recommending it for use, a method to analyze the chemical com-
pound and its residues or metabolites will be developed, when
necessary. The chemical and physical properties of the compound
and the various reactions it can undergo in order to find charac-
teristics that are specific and permit quantitative measurement
will be studied. For example, such a characteristic might be reac-
tion with certain reagents to give a colored product measurable
by a spectrophotometer at a definite wavelength, quantitative
reduction at a specific electric potential, or passage through a gas
chromatograph column under definite conditions in a specific
time interval. After a suitable colorimetric reaction or other
characteristic has been found, the optimum conditions for precise
and accurate measurements in the desired concentration range
will be established. Suitable procedures also will be developed for
the extraction and clelanup of samples, including plants, soils, fat,
milk, etc., to be analyzed for residues by a given method,

SUPPORTED BY U.S. Dept. of Agriculture

5.04925 PATHOGENS AS BIOLOGICAL CONTROL
AGENTS FOR MOSQUITO LARVAE
C.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: Te search for, identify, and study pathogens includ-
ing viral, fungal, bacterial, protozoan, and/or nematode infections
which affect mosquitoes and study their potentiality as biological
control agents for larvae or adults.

Plan of work: The contractor shall be responsible for con-
ducting all of the research outlined in this line project. Surveys of
natural mosquito breeding areas will be conducted to locate
mosquito populations infected with pathogens. Samples of these
populations will be collected and returned to the laboratory to
determine: (1) Species of mosquitoes which are infected, (2)
types of species of pathogens causing infection, and (3) an esti-
mation of the degree of infection of the natural population of
mosquitoes. Studies will be conducted in the laboratory to deter-
mine the life cycle of pathogens (virus, fungus, bacterium,
protozoa or nematode), the environmental factors influencing
their development, and the mechanisms by which these pathogens
infect mosquitoes.

SUPPORTED BY U.S. Dept. of Agriculture

5.0493, DISPERSAL OF CONCENTRATED OR UN-
DILUTED INSECTICIDES FOR IMPROVED MOSQUITO
CONTROL
U.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To evaluate aerial applications of concentrated or
undiluted sprays of insecticides for the control of mosquito larvae
and adults, with particular emphasis on the effectiveness of dif-
ferent formulations and the economy of this method of applica-
tion in irrigated agricultural lands in California.

Plan of Work: The contractor shall be responsible for con-
ducting all the research outlined in this line project. Formulations
of insecticides known to be effective in the control of mosquitoes
and possessing physical characteristics suitable to low volume
dispersal will be developed. Existing aerial spraying equipment
will be evaluated for the dispersal of undiluted or highly concen-
trated insecticides. Modifications of existing equipment or the
design of new equipment will be undertaken to obtain the most
satisfactory dispersal of this type of formulation. The effective-
ness of different formulations in controlling mosquito larvae and
adults, which are produced in irrigated agricultural areas, will be
evaluated under field conditions in California. Studies will include
the effects of air speed, heights, and flight patterns on effective-
ness of mosquito control and effects on other insects in the area.

SUPPORTED BY U.S. Dept. of Agriculture

5.0494, COMPARISON OF VARIOUS FORAGES FOR
AGRICULTURAL WASTE WATER DISPOSAL
J.H. AXLEY, Univ. of Maryland, School of Agriculture, College
Park, Maryland

Various amounts of waste water from an agricultural
processing plant will be applied with a sprinkler irrigation system
to several forage species. Forages to be compared are pure stands
of Kentucky 31 tall fescue, reed canary-grass, orchardgrass, and
sudangrass; and a mixture of Alsike clover, Ladino clover, and tall
Fescue. A fallow plot will be included. The forages will be har-
vested several times each year and evaluated for yield and content
of N, P. K, and possible waste contaminants. Plant vigor and per-
sistence will be observed. The infiltration rate with which the
water enters the soil under the different treatments will be mea-
sured. The soil will be analyzed bicnially for pH, P, K, organic
matter, and soluble salts.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

5.0495, KINETIC STUDIES OF THE OXIDATIVE
DEGRADATION OF DETERGENT, AND RELATED CHEMI-
CAL SPECIES IN AQUEOUS SOLUTION
R.B. BECKMANN, Univ. of Maryland, School of Engineering,
College Park, Maryland
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This is a joint research effort of the Department of
Microbiology and Chemical Engineering to study the fundamen-
tal biological, and physical-chemical and engineering aspects of
the biodegradation process for LAS detergents and to explore the
similar fundamental aspects of alternative oxidation routes. Phase
II is to be investigated by utilizing a pure (insofar as is possible)
LAS derivative, such as A- Dodecene Benzene Sulfonate (or
other alkyl derivative in the C12-C15 linear alkyl range) and in-
vestigate the rate of degradation in ` synthesized` systems; the
systems being 'synthesized' in that the LAS, bacterial, and dis-
solved oxygen contents will be controlled and the intermediate
products and end products will be continually monitored. Once
the specific intermediate products have byen identified, rate stu-
dies will also be carried out using these intermediates as starting
materials. By utilizing the 'synthesized' reaction systems in this in-
itial stage, a 'control' or 'ground state' can be established for ex-
tension of the kinetics into the realm of industrial or multicom-
ponent mixtures, and it will also serve as a comparative base for
the second (II) and concurrent phase of the project. The las con-
eentration range covered will be that anticipated in normal ef-
fluents 10-1000 parts per million with ultimate extension to the
more concentrated regions that might be encountered in sludges.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

5.0496, OXYGENATION KINETICS OF REDUCED SUL-
FUR SPECIES
F.B. BIRKNER, Univ. of Maryland, Graduate School, College
Park, Maryland

It is anticipated that the proposed investigation will supply
much needed kinetic and stoichiometric information concerning
the oxidation of reduced sulfur species by molecular oxygen
under conditions which exist in natural water environments. The
project has been designed to determine the order of the reaction
kinetics and the effects of pH, ionic strength, temperature, and
specific metal cations on the rate of the oxidation reaction.
Preliminary calculations, based on recent polysulfide equilibrium
data, indicate a significant change in the distribution of reduced
sulfur species with pH when both monosuifides and polysulfides
are considered to be present simultaneously in a reaction mixture.
This effect has never been considered before but may have an im-
portant bearing on the pH dependence of the overall oxidation
rate of reduced sulfur species. This hypothesis will be tested ex-
perimentally.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0497, TREATMENT OF LIQUID WASTE FROM FOOD
PROCESSING PLANTS
A. KRAMER, Univ. of Maryland, School of Agriculture, College
Park, Maryland

Incoming water, waste effluent, and liquid in the waste
disposal systems of six commercial food processing plants will be
analyzed for total solids, organic matter, certain cations and
anions, pH, gases, and pesticide residues, On the basis of analyti-
cal findings, recommendations will be made on the most efficient
means of water reuse before discharge, and studies will be con-
ducted on possibilities of ne'itralizing, salting-out and otherwise
eliminating deleterious materials from water in the plant for possi-
ble reuse, or from effluent to be collected as solids before enter-
ing the waste disposal system or direct release onto land or
streams. Minimizing off-odors from waste accumulations will also
be considered.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Maryland

5.0498, EFFECTS OF THERMAL POLLUTION ON
PRODUCTIVITY AND STABILITY OF ESTUARINE COM-
MUNITIES

MIHURSKY, Univ. of Maryland, Natural Resources In-
stitute, College Park, Maryland

A multidisciplinary investigation is proposed to study ther-
mal pollution of an estuarine community. Laboratory studies of

behavioral, metabolic and growth responses to heat stress will be
integrated with field experiments to evaluate the overall impact of
thermal pollution on an estuarine ecosystem.

Specifically, the laboratory phase will study representative
species from the phytoplankton and planktonic herbivores.
Growth of algae and intrinsic rates of increase of copepod popula-
tions will be used to evaluate thermal stress separately and when
other environmental components are varied, At the same time,
survival, behavior and metabolism of vertebrates and macro-in-
vertelvsites will be measured in gradients of temperature and
salinity.

Field experiments will determine the influence of heat pollu-
tion on several trophie levels. Rates of mortality, biomass tur-
nover or production and energy flow will be used to evaluate the
impact of pollution. An ideal field situation has been provided by
the newly constructed electrical generating plant at Chalk Point
on the Patuxent river estuary.

The field experiments may be divided into those which test
the direct effect of the passage of a part of the estuary through the
power plant. The indirect effect of effluent water on the plank-
tonic community adjacent to the power plant may be determined
by correlation and comparison with pre-existing patterns of
biomass, production and species structure of the plankton.
Similarly, pre-pollution-phase measurements of vertebrate and
macro-invertebrate standing stocks may be correlated and corn-
pared with those existing under thermal pollution.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

5.0499, DISPOSAL OF WASTE FROM SWINE FEEDING
FLOORS TO MINIMIZE OR ELIMINATE STREAM POLLU-
TION
W.F. SCHWIESOW, Univ. of Maryland, School of Agriculture,
College Park, Maryland

A septic tank system will be constructed for disposal of
wastes from a swine feeding floor to prevent effluent from such
floors polluting streams. The effectiveness of such a system will be
evaluated for its ability to reduce the biochemical oxygen demand
(BOD) of such wastes and to dispose of the wastes by distribution
through an underground tile disposal field. Data to be collected
will include sludge buildup in the tanks an:; the gradients of dis-
tribution through the soil and the gradients of BOD reduction.
The effectiveness of the septic tank and underground disposal
system will be compared to that of a lagoon for which three years'
operation history is available and which will be continued in ser-
vice.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

5.0500, DISPOSAL OF WASTES FROM SWINE FEEDING
FLOORS TO MINIMIZE STREAM POLLUTION
W.F. SCHWIESOW, Univ. of Maryland, School of Agriculture,
College Park, Maryland

To investigate methods for disposing of waste from swine
feeding facilities. To develop guide lines for design of systems to
minimize water pollution by swine wastes.

The present research installation is to be modified and im-
proved to provide data on quantity of waste, characteristic pro-
perties of the waste, and performance of the system. Analysis of
data obtained from this project is expected to establish guide lines
for design of commercially installed systems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0501, WATER QUALITY CRITERIA TO PROTECT THE
FISH POPULATION DIRECTLY BELOW SEWAGE OUT-
FALLS
C. TSAI, Univ. of Maryland, Natural Resources Institute, College
Park, Maryland

The proposed research plan is to establish water quality
criteria to protect fish population directly below the sewage out-
falls in streams, The criteria will be used as one measurement of
sewage pollution assessment and control.
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Field investigation will be made at about 120 secondary
sewage treatment plant outfalls throughout the State of Maryland
during the summers of 1968, 1969 and 1970. At each plant out-
fall, two stations (one upstream and one downstream, each 300
yards from the outfall) will be designed for determining the water
quality (DO,CO2, ammonia, pH, temperature, turbidity, conduc-
tivity, nitrite, nitrate, phosphate, and chloride ions) and the fish
population (species diversity,and fish abundance). The degree of
water quality degradation and the degree fo fish population deple-
tion by sewage effluents in a stream will be determined from their
difference between two stations. Water quality criteria will be
established from the relationship between the degree of water
quality degradation and the degree of fish population depletion at
all plant outfalls studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

5.0502, IMPROVEME! OF QUALITY OF WATER
RESOURCES BY A THREE-FOLD ATTACK - ADSORPTION,
SEDIMENTATION AND MIXING
W.A. WOCKENFUSS, Univ. of Maryland, School of Engineering,
College Park, Maryland

The proposal is an effort to get to the general problem of
water purification through a three-fold attack. (1 ) Chemically, we
would investigate a method to remove water pollutants by adsorp-
tion. (2) Through thermodynamics and study of flow conditions,
we would investigate a method of preventing destruction of
aquatic life and ,lake a significant contribution to an area of in-
vestigation which has had little or no attention given to it as in-
dicated by a lack of publications. (3) Through an investigation of
settling velocities and settlia, characteristics of flocculent and
nonflocculent materials, we would evolve design criteria for new
improved sedimentation tanks.

066

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

L0503, SYS1 7M STUDY,, DESIGN, AND EVALUATION
OF THE LOCAL STORAGE, TREATMENT. AND REUSE OF
STORM WATER
C. W. MALLORY, Hittman Associates Inc. , Ellicott City - Colum-
bia, Maryland 21043 ( 14-12-20 )

A comprehensive study was made to determine the economic
and technical feasibility of using system for the local storage,
treatment, and reuse of storm water as a method of providing pol-
lution control. With this concept, storm water runoff is collected
in small reservoirs dispersed throughout urban communities,
treated to remove pollutants and is either released to receiving
bodies of water or further treated for reuse. The benefits derived
from the reuse of storm water are used to offset the cost of pollu-
tion control.

As part of this study, a synthesized hydrograph using mathe-
matical expressions derived by regression analysis techniques
were used to predict the runoff from ungaged watersheds follow-
ing urban development. A system analysis technique was used to
evaluate the various combinations of system components, possi-
ble plant locations, and quality and quantity of reuse. The systems
were optimized by computer techniques based on a net system
cost given local site conditions as constraints. The cost of pollu-
tion control by conventional means and the value of the reused
water were taken as benefits,

Four systems were considered for application to the Wilde
Lake watershed in Columbia, Maryland. Three were based on the
local storage concept with (1) potable reuse, (2) sub-potable
reuse, and (3) pollution control only. The fourth system was a
design for pollution control of the same area using conventional
design approaches and methods. For the Wilde Lake watershed,
the local storag r, and treatment system for potable reuse was
found to be the raost economical system. The local storage system
for pollution control would have a slightly greater net cost than
the potable reuse system. The sub-potable reuse system and con,-:,
ventional system were found to be considerably more expensive
systems.

This program included the development of plans, schedules,
and cost data for the demonstration of the local storage, treat-
ment, and reuse of storm water and for the collection and analysis
of data on urban hydrology.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0504, MODEL ADVANCED WASTE-TREATMENT
PLANT
A. MACHIS, Washington Suburban San. Comm. , Hyattsville,
Maryland

The objective of this project is to design and construct a S
mgd advanced waste treatment plant at the Commission's
Piscataway Wastewater Treatment Plant to demonstrate the high
efficiency removal of phosphorus, BOD, suspended solids and
refractory organics. The AWT plant is planned to consist of lime
precipitation, lime recovery, recarbonation, filtration, activitated
carbon adsorption, and activated carbon regeneration.

Research by the Federal Water Pollution Control Adminis-
tration and others has shown the feasibility of attaining improved
removals of carbon and phosphorus from municipal waste
discharges. The work has been primarily in the laboratory and
small pilot plants; now it is ready for larger pilot scale or full-scale
operation. The Piscataway Plant is a particularly appropriate site
because of joint FWPCA-WSSC cooperation in AWT and
because of the interest in water pollution problems in the
Potomac Estuary.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Washington Suburban Sanitary Commission

5.0505, EFFECT OF EURASIAN WATERMILFOIL CON-
TROL PROCEDURES ON WILDLIFE AND OTHER ORGAN-
ISMS IN AQUATIC ENVIRONMENTS

STEENIS, U.S. Dept. of Interior, Patuxent Wlife Res. Ctr. ,
Laurel, Maryland

Evaluations on control of Eurasian watermilfoil with 2,4-D
and diquat reveal that native species of plants are not adversely
affected in tidal waters. In fact, these treatments have resulted in
released growth of native species, including the more desirable
duck food plants.

To date investigations of the Chesapeake Biological Labora-
tory and Virginia Institute of Marine Science reveal no direct ad-
verse effects on commercial shellfish, crabs and fish, or other as-
sociated marine life from recommended treatments on Eurasian
watermilfoil with 2,4-D or diquat. However, these toxicioogical
studies are not complete.

Guide lines on residue studies of commercial fish conducted
by the Chesapeake Biological Laboratory are incomplete.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.9506, PHYSICAL AND CHEMICAL CHARAC-
TERISTICS OF THE UPPER CHESAPEAKE BAY
W.N SHAW, U.S. Dept. of Interior, Biological Laboratory, Ox-
ford, Maryland

Physical characteristics (temperature, current spud and
direction, tidal fluctuations, exchange rates and volumes) of local
waters and in large man-made salt water ponds are being and will
be determined. Chemical characteristics (salinity, oxygen,
phosphate, nitrate, etc.) of local waters and in artificial ponds will
also be determined. Information provides baselines to evaluate ef-
fects of environmental extremes on commercial shellfish in natu-
ral waters and in laboratory experiments.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0507, POTENTIAL OYSTER SETTING CAPACITY -
LOCAL AREAS
W.N. SHAH', U.S. Dept. of Interior, Biological Laboratory, Ox-

ford, Maryland
This project is concerned with the setting cat. ity of oysters

in local waters, principally the Tred Avon River, Broad Creek,
and Harris Creek, oa the Eastern Shore of Chesapeake Bay in
Maryland. Yearly, stations are established in each area, and dur-
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ing the oyster setting season (June to October) collectors in the
form of oyster shells and asbestos flexboards are put out at each
station. Total amount of setting and period of setting intensity are
measured by counting daily and weekly the number of oyster spat
on these collectors. In addition, the amount of fouling competi-
tors for space is studied.

Studies on the rafting of shells to catch seed oysters are being
conducted. Rafts are being placed in areas where setting intensity
has been high. Shells on strings and in bags are being suspended
from the rafts during the setting season. Once the seed is caught
they are removed from the rafts and suspended from a rigid struc-
ture to grow to market size. The long line method to catch and
grow seed oysters is to be tested in several areas.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0508, SOURCE CONTROL OF WATER TREATMENT
WASTE SOLIDS
D.D. ADRIAN, Univ. of Massachusetts, School of Engineering,
Amherst, Massachusetts 01003

Water treatment wastes consisting of filter wash water and
sludge arc dischar6ed back to the raw water source by over 90 per
cent of the nation's water treatment plants. Lagoons are some-
times used for concentration of these wastes, especially sludge.
Dewatering and drying beds, while commonly utilized in waste-
water treatment, are, infrequently employed for water treatment
waste solids concentration prior to final disposal.

Characterization Jf sludge by its solids content, specific re-
sistance and coefficient of compressibility has enabled the
researchers to develop a new formulation which describes de-
watering. Verification of the model with lab scale tests has been
very promising and these tests will continue. Incorporation of
evaporation into the model is underway.

The filtration and evaporation processes are both subject to
moisture contents and gradients in the accumulated solids, the
soil and the atmosphere. The proposed research will relate these
factors to the dewatering and drying rate by establishing moisture
transport rates. Design criteria for land disposal of water treat-
ment sludge, liquid manure, garbage and other moist or wet
wastes will be developed.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0509, THE EFFECTS OF PESTICIDE RESIDUES ON
LARVAL AND JUVENILE WINTER FLOUNDER IN THE
WEWEANTIC RIVER ESTUARY, MASSACHUSETTS
C.F. COLE, Univ. of Massachusetts, School of Agriculture, Am-
ht rot, Massachusetts 01003

Saltmarshes and their meandering estuarine streams too
often have been considered a biological wasteland and public
apathy has allowed these areas to become targets of developers of
waterfront properties and uncontrolled use of pesticides. The
estuarine environment is breeding ground for commercial and
sport fishes and little data are available concerning the influence
of pesticides upon their general life history. A program was
recently established to obtain detailed data on the interaction of
pesticides in the estuarine area of the Weweantic River on the
northwestern shore of Buzzards Bay. The pesticide investigation
will study the possibility of acute toxic conditions occurring from
single instances of pesticide application. As the occurrence of
parathion in the estuary is ephemeral at most, and, as parathion is
one of the major insecticides now used on cranberry bogs, this
study is of major significance. The objectives of this project are to
study the larval blackback flounder mortality under controlled
laboratory conditions; to study a comparative larval mortality in
three widely separated geographical areas; to conduct bioassay
studies which will delimit tolerance levels, especially for
blackback larval flounder; and to conduct a more critical study of
the occurrence of area specificity, as evident zd in previous chro-
matographic patterns.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
U.S. Dept. of Interior - F. Water Pol. Ctl
University of Massachusetts

5.0510, INVESTIGATION OF THE RELATIONSHIP OF
THE AMERICAN SMELT, OSMERUS MORDAX -
MITCHILL, TO THE WEWEANTIC RIVER ESTUARY,
WAREHAM, MASSACHUSETTS
C.F. COLE, Univ. of Massachusetts, School of Agriculture, Am-
herst, Massachusetts 01003

Saltmarshcs and their meandering estuarine streams have too
often been considered a biological wasteland and public apathy
has allowed these areas to become targets of developers of water-
front properties. The estuarine environment is an important area
as spawning grounds for many commercial and sport fishes and a
program has been established on the Weweantic River estuary to
determine age and growth, feeding habits, fecundity, adult move-
ment, larval and young-of-the-year distribution of the more abun-
dant species. One such species is the American smelt.

More than 750 ripe smelt were taken during the period 10
March - 6 April. The peak of the run -- determined from numbers
taken -- occurred during the week of 16-22 March and then
rapidly tapered off.

Smelt larvae were taken for the first time on 11 April along
the upper four kilometers of the estuary. Water temperatures had
reached 10.0 degrees Centigrade at the spawning site and
gradually decreased downstream to 7.4 degrees Centigrade where
the river flows into Buzzards Bay. Subsequent weekly sampling
trips yielded larvae at all seven pettranently established stations
within the estuary. The more downstream specimens were longer
and more developed than those secured at the more upstream
sites, Intensive sampling with a variety of equipment failed to pro-
vide collections of smelt after they had attained a total length of
about 20 mm. Evidently, this problem is a familiar one to many in-
vestigators who attempt to follow the development of a particular
species within estuarine environments. Perhaps three explana-
tions are adequate to explain this phenomenon: (a) high rate of
mortality at this stage of development thus fewer numbers are
available; (b) the size of the smelt is such that they may actively
avoid capture; (c) the net movement of young smelt is into Buz-
zards Bay where a constant environment, sufficient food, and
deeper water is available for development.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Massachusetts State Government

5.0511, INVESTIGATION OF RELATIONSHIP OF
CUNNER, TAUTOGOLABRUS ADSPERSUS -(WALBAUM),
TO WEWEANTIC RIVER ESTUARY, WAREHAM, MAS-
SACHUSETTS
C.F. COLE, Univ. of Massachusetts, School of Agriculture, Am-
herst, Massachusetts 01003

Saltmarshes and their meandering estuarine streams have too
often been considered a biological wasteland and public apathy
has allowed these areas to become targets of developers of water-
front properties. The estuarine environment is an important area
as spawning grounds for many commercial and sport fishes and a
program has been established on the Weweantic River estuary to
determine age and growth, feeding habits, fecundity, adult move-
ment, larval and young-of-the-year distribution of the more abun-
dant species. One such species is the cunner.

Limited data are available for this project because it is the in-
itial field season.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Massachusetts State Government

5.0512, EFFECTS OF CHEMICAL IMPURITIES IN
WATER DISINFECTION BY HALOGENS
T.H. FENG, Univ. of Massachusetts, School of Engineering, Am-
herst, Massachusetts 01003 ( DA-49-193-MD-3036 )

Tech. Objective - To investigate (A) the effect of chemical
impurities on the bactericidal activities of halogens in aqueous
solutions and (B) the odor and taste produced in the process of
halogenation.
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Approach - Calcium, iron, phosphate, and one surface active
agent will be the chemical impurities to be investigated in the ini-
tial phase of the study. E. coli will be used as the test organisms.
Temperature will be maintained at 25 degrees C, and pH con-
trolled at 5, 7, and 9. Halogens to be used will be chlorine,
bromine and iodine, Odor and taste determinations will be made
in parallel with the disinfection experiments.

Progress - Oct 66 - Jun 67 - During this period studies hat,
been of a fourfold nature. In the first place the disinfection effica-
cy of free chlorine residual alone in water has been established in
connection with exposure conditions of :.emperature, contact
time, dosages and pH which would afford reproducible and sig-
nificant experimentation with chemical additives. Secondly,
similar experiments have been initiated with free bromine
residual. Thirdly, the effects of calcium bicarbonate on the disin-
fection efficacy of free chlorine residual have been investigated.
Lastly the taste threshold concentration of free chlorine residual
in water at pH 5.0, 7.0 and 9.0 has been studied. The basic death
kinetics of Escherichia coli under specified conditions using free
chlorine residual, and to a lesser extent free bromine residual, as
the disinfectants, have been established, Calcium bicarbonate, at
a concentration of 610 milligrams per liter as calcium carbonate,
was found to affect the bacterial cell resistance to, and the disin-
fecting properties of free chlorine residual in the destruction of E.
coli cells.

SUPPORTED BY U.S. Dept, of Defense - Army

5.0513, CONTROL OF BENTHIC DEPOSITS IN LAKES
7' H. FENG, Univ. of Massachusetts, School of Engineering, Am-
herst, Massachusetts 01003

The objectives of this study are in two major phases: (A)
Basic studies and (B) Controlling measures. Basic studies will be
devoted to investigating how the benthic deposits are formed and
stabilized. These basic studies will provide information needed to
develop or evaluate the controlling measures applicable in dif-
ferent environmental conditions.

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

5.0514, MICROBIAL DEGRADATION OF ORGANIC POL-
LUTANTS OF INDUSTRIAL ORIGIN
H.B. GUNNER, Univ. of Massachusetts, School of Agriculture,
Amherst, Massachusetts 01003

Laboratory and ultimately pilot studies are proposed to
establish the basis on which industrial installations may be
developed for the removal, by microbiological agents, of toxic or-
ganic chemicals prior to effluent discharge into local water cour-
ses.

The methods of procedure are as follows: 1. Selection and
adaptation of bacteria to specific chemicals in soil profusion
columns by primary enrichment of flasks in shake culture and by
continuous feed in simulated activated sludge systems. 2. Mea-
surement of chemical degradation, manometrically by means of
radioisotope labelling, gas and thin layer chromatography and by
autoradiography.

Laboratory data will be employed to provide pilot plant scale
units for the controlled degradation of selected organic pollu-
tants.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

5.0515, MICROBIAL INTERVENTION IN THE
EUTROPHICATION PROCESS
W. LITSKY , Univ. of Massachusetts, School of Agriculture, Am-
herst, Massachusetts 01003

The objectives of this project are: (1) to relate the microbial
decomposition of lake sediments to the release of materials
required as nutrient by phytoplankton and (2) to tie-up these
nutrient materials in bacterial cells by manipu!ating the bacterial
flora or the aquatic ecosystem.

Further, the purpose of this study is to investigate the
processes by which the nutrients that are recycled from the bot-

tom muds are liberated by microbial activity and to find ways
whereby these soluble nutrients may be utilized before they
become available to algae. In other words competition for the
soluble nutrients by a microbial flora other than that involved in
the eutrophication process, may be a means of limiting the growth
of the undesirable algae species,

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Massachusetts

5.0516, REVERSE OSMOSIS TREATMENT OF WASTE-
WATERS
R.T. SKRINDE, Univ. of Massachusetts, School of Engineering,
Amherst, Massachusetts 01003

Removal of pollutants from water by reverse osmosis has
great potential as a new, efficient, and economically feasible
method of wastewater treatment. The process has been in-
vestigated primarily as a method of desalination of sea water, and
only recently has any attempt been made to apply reverse osmosis
to the treatment of municipal and industrial wastewaters.

The purpose of this research is to obtain data needed to eval-
uate and apply reverse osmosis as a process for the treatment of
wastewaters. In particular, an improved understanding of the
mechanism of separating organic materials from water is essential
to development of more suitable membranes and better geomet-
ric design of reverse osmosis cells.

The objectives of this study are to: a. Obtain data essential to
development of design parameters, including data on liquid diffu-
sion rates, efficiency of separating organic pollutants, and cell
operating characteristics for presently-available membranes
utilizing waters containing selected organic and inorganic chemi-
cals. b. Apply the above data in developing membrane separation
techniques for advanced treatment of organic industrial wastes
and municipal sewage. In addition to the development of mem-
branes and cells specific to wastewater treatment, this phase of
the investigation will consider systems in which reverse osmosis
may be utilized in conjunction with such chemical additives as ac-
tivated carbon and polyelectrolyte coagulant aids. The systems
developed will be tested on municipal sewages and industrial
wastes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0517, TRANSPORT AND FATE OF POLLUTANTS IN
SOIL

THOMAS, Harvard University, School of Public Health,
Boston, Massachusetts

Develop mathematical models, describing the movement of
liquids in unsaturated porous media to delineate the critical fac-
tors in design and utilization of soil systems for waste water treat-
ment and disposal or waste water reclamation.

SUPPORTED BY U.S. Dept. of interior - F. Water Pol. Ctl

5.0518, OCCUPATIONAL AND ENVIRONMENTAL
HEALTH
J,L. WHITTENBERGER, Harvard University, School of Public
Health, Boston, Massachusetts

The basic objective of this research program is to gain a
better understanding of the relationship of man to his physical
and chemical environment. Specific areas of interest include clas-
sical problems of barometric and thermal stress, but major atten-
tion is focused on pollution problems which have come to the fore
in the past decade or so. These include the biological effects ofat-
mospheric pollution, the effects of pesticides and other food
residues, and the effects of body burdens of radionuclides and
other chemicals.

The methods used in studying the effects of environmental
variables emphasize biochemical and physiological approaches
rather than those of classical toxicology or pathology. A con-
siderable range of test systems has been used in the past and we
intend to expand these. Examples of biological systems already
used are microorganisms, cell fractions from various vertebrate
species, cultures of human tissues, isolated organs, and whole
animals (with particular emphasis on the respiratory, renal, and
hepatic systems).
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In terms of intensity of environmental stress, we aim to study
the concentrations required to induce changes in the most sensi-
tive biochemical and physiologic tests 'e can devise for the
system of interest. Oftentimes such concentrations occur in indus-
try and occasionally in communities. We are equally interested in
the possible effects of long-standing low-level exposures, as occur
in ordinary atmospheric pollution or water and food contamina-
tion. The methods used are those of chronic disease epidemiolo-
gy, and here we are particulary dependent for advice and
assistance on our colleagues in biostatistics. We look to our col-
leagues in physical science for help in measurement of the en-
vironmental exposure.
SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.0519, THE CONSTRUCTION OF THE STORM DETEN-
TION AND CHLORINATION STATION
H. WHITMORE, Metrop. District Commission, Boston, Mas-
sachusetts 02108

The storm detention and chlorination station is being con-
structed for the treatment of storm water overflows from the com-
bined sewage system of the cities and towns bordering on the
Charles River Basin. The proposed installation will be capable of
handling a maximum of 230 million gallons per day of excess flow
from the new and old sewerage systems. Consisting of screening
and pumping facilities, chlorine dosing and detention facilities
and skimming and flushing facilities, this installation will be fully
automatic and will become an integral component of the overall
sewage control program for Metropolitan Boston. A comprehen-
sive sa'aitary survey of the Basin is now underway and will be fol-
lowed up by correlation of operation data with rainfall; frequency
and extent of overflows; physical, chemical and bacteriological
analyses of influent and effluent; regrowth of conforms; effective-
ness of chlorination and solids removal with measurements of
solids returnto sewer; effectiveness of the double-sided overflow
weirs in relief conduits; effectiveness of effluent diffusers into
Basin and overall unit cost studies relating to operation, utiliza-
tion and performance of the installation. Scheduled to be under
construction in the Fall of 1967, the facility will be in preliminary
operation in the Fall of 1969.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Boston City Government - Massachusetts

5.0520, STUDIES IN FOAM SEPARATION AND RE-
LATED TECHNIQUES
B.L. KARGER, Northeastern University, Graduate School,
Boston, Massachusetts 02115

The distribution factors of several metal ions have been mea-
sured as a function of HCI concentration for a foam separation
process. Measurements have been performed on a recycling
batch foaming apparatus. Using a cationic surfactant, hexadecyl-
trimethylammonium bromide, maxima in distibution factors
have been obtained at IN HCI for Hg and 8N HCI for Fe. Thus, by
adding controlled amounts of HCI selective removals of metallic
species can be achieved. It is also worth pointing out that distribu-
tion factors have been measured as low as 10 to the minus twelfth
power M metal ion concentration, and results indicate that foam
separation techniques are effective at this level. These studies can
be of value in deciding conditions necessary for use of foam
separation techniques as in-plant clean-up procedures for indus-
trial wastes. Studies are also underway in examining the extrac-
tion mechanism involved in solvent sublation. The results of this
study will be presented at a later date.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0521, GROUND-WATER CONTAMINATION FROM
HIGHWAY SALTING IN MASSACHUSETTS
S.J. POLLOCK, U.S. Dept. of Interior, Water Resources Division,
Boston, Massachusetts

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Massachusetts.

Purpose: To define the hydrologic principles relating to the
movement of highway salt into and through the ground.

Methods: Ground-water sampling stations will be set up in a
variety of geologic and hydrologic environments along several
major highways. If possible, sites for sampling stations will be
selected where previous studies have described a portion of the
hydrology and geology of the area. Also, soil samples will be
taken from selected depths above the water table at these sites in
order to trace the path and rate of movement of the salt both ver-
tically and horizontally.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Massachusetts State Government

5.0522, THE EFFECT OF SELECTED PESTICIDES ON
INTERTIDAL BIOTA
W.J. WALL, State College At Bridgewater, Graduate School,
Bridgewater, Massachusetts 02324

The applicants propose to conduct a three year appraisal of
the restrictive influences imposed on intertidal sand and salt
marsh ecosystems by controlled applications of selected pesti-
cides to intertidal plots. Through population counts and ap-
propriate chemical analysis of the biota and physical environ-
ment, the investigators will accumulate quantitative data regard-
ing; (1) the insecticide residue distribution, and (2) relative sen-
sitivity of the various biological taxa to the insecticides. It is an-
ticipated that the research will furnish the da,a to identify those
pesticides providing maximum pest control and a minimum of
ecological disturbance.

SUPPORTED BY U.S. Dept, of Hlth. Ed. & Wel. - P.H.S.

5.0523, AN ELECTROCHEMICAL METHOD FOR
REMOVAL OF PHOSPHATES FROM WASTEWATERS
S. SADEK, Dynatech Corporation, Cambridge, Massachusetts
(14-12-405)

The technical and economic feasibility of removing
phosphate from wastewater by the application of an electrolytic
process using expendable metal electrodes will be determined on
a laboratory scale.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0524, DEGRADATION OF SEWAGE AND SOIL

MICROORGANISMS
R. MITCHELL, Harvard University, Graduate School, Cam-
bridge, Massachusetts 02138

It is proposed that a project entitled 'Enzymatic degradation
of sewage and soil microorganisms by a marine mocroflora` be in-
itiated. The research would entail a study of predation by the in-
digenous marine microflora on those microorganisms carried into
the sea as sewage or in run-off water. An attempt will be made to
evaluate the significance of enzymatic degradation in the eradica-
tion of sewage and soil microorganisms from the sea. Speical
emphasis will be placed on the decomposition of Escherichia coli.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0525, PHOSPHATE EXCHANGE WITH SEDIMENTS
W. STUMM, Harvard University, Graduate School, Cambridge,
Massachusetts 02138

The proposed study is a part of a broad investigation on
chemical factors in limnological transformations of phosphate. It
is proposed opecifically to investigate the kinetics of the reaction
CaCO3 HPO4- -yields phosphate substituted CaCO3 (Ca-
Phosphate Apatite).

A better knowledge on the distribution of phosphate between
the sediments and the overlying waters is relevant for interpreting
the eutrophying effect of phosphates introduced into a receiving
water. The results of such an analysis should also be of predictive
value in establishing whether and how fast the process of
eutrophication can be reversed by reducing the introduction of
phosphate bearing wastes into the receiving waters.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0526, OPERATIONS RESEARCH IN WATER QUALITY
MANAGEMENT
H.A. THOMAS, Harvard University, Graduate School, Cam-
bridge, Massachusetts 02138

Development and refinement of methods for evaluating the
composite effects of investments in structures for streamflow
regulation, waste water treatment and other measures in com-
prehensive programs to improve and maintain the quality of water
in major resources systems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0527, MOVEMENT AND MIXING OF WATER IN-
JECTED INTO AQUIFERS
D.R. HARLEMAN, Mass. Inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

The research program is concerned with the replenishment
of ground water aquifers by injection of water through recharge
wells. The injected water may be a treated waste effluent or it may
have other water quality characteristics, such as salinity, which
differ from the native ground water. The primary objectives are to
determine the quality of water pumped from the aquifer after
mixing and dilution due to the recharge.

The movement and mixing of the injected water is affected
by the natural flow existing in the aquifer and by the flow pattern
induced by the injection and pumping wells. A single well may be
used both for injection and pumping on an alternating basis. It is
desired to develop analytical methods for the prediction of mixing
and dilution for various boundary conditions and for both steady
and unsteady flow fields. The distribution of concentration of any
material introduced into the aquifer by means of the injection
well is to be determined by numerical solution of the convective-
dispersion equation. Longitudinal and lateral dispersion is con-
sidered in addition to the mass transport by the convective mo-
tion.

The influence of density variations due to dissolved salts on
the mixing of injected water will be studied in the final stage of the
research programs.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0528, MECHANICS OF DISPERSION IN ESTUARY
POLLUTION
D.R. HARLEMAN, Mass. Inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

A basic study of estuary dispersion in an oscillating flow with
fresh water throughflow superimposed. Extension of Taylor anal-
ysis of longitudinal mixing in estuary type flows. Study of
similitude of distorted estuary models in regard to distribution of
pollutant in fresh water region of the estuary. Numerical solution
of the dispersion equation in a variable area estuary. Experimen-
tal and unlaytical investigations were conducted on longitudinal
mixing in a pipeline with a throughflow superimposed on an oscil-
lating flow. Exact solutions to the dispersion equation were found
for both instantaneous and continuous injection of pollutants into
an estuary -type flow and both were verified experimentally. It
was found that the equation representing the concentration distir-
bution of a continuously injected pollutant must include the tidal
or oscillating velocity. The similitude of distorted estuary models
in which dye is injected as a tracer was investigated. The results
indicate that concentration similitude is not obtained in distorted
Froude models. Current investigations are concerned with nu-
merical solutions for variable area estuaries which account for
non-linear effects in the tidal convective motion.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Massach,...etts Institute of Technology

5.0529, GROUND WATER DISPERSION DURING PUMP-
ING AND RECHARGE OPERATIONS
D.R. HARLEMAN, Mass. Inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

Development of a general numerical method for the solution
of ground water dispersion problems in a steady, two-dimensional
flow field. Emphasis is on the development of an efficient finite
difference scheme for digital computer application. Investigation
includes dispersion between separate recharge and pumping wells
and pumping and recharge operations in the same welt at dif-
ferent periods of time. The research programs also include con-
sideration of dispersion in non- homogeneous (layered) media.
Applications arc in the field of ground water contamination. Ap-
proximate analytical solutions have been obtained for dispersion
in steady, radial flow from a well and for flow between a recharge
and a pumping well. The general finite difference formulation for
digital computers has been developed. This program may be usel
for any steady, two-dimensional dispersion problem. The numeri-
cal scheme expresses the convective-dispersion equation in cur-
vilinear coordinates consisting of the streamlines and equipoten-
tials. Analytical results have also been obtained for dispersion in
layered, non-homogeneous aquifers. Current research is con-
cerned with cyclic pumping and recharge from the same well and
with the effect of small density differences between injected and
natural ground water.

SUPPORTED BY Massachusetts Institute of Technology
U.S. Dept. of Interior - F. Water Pol. Ctl

5.0530, OPTIMAL DESIGN OF SEWER AND DRAINAGE
SYSTEMS
R.T. MCLAUGHLIN, Mass. Inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

Unsteady flow in systems of open channels is being analyzed
numerically using a digital computer and dynamic programming
is being applied to the optimal design of such systems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Massachusetts Institute of Technology

5.0531, MATHEMATICAL MODEL OF THE ELECTRODI-
ALYSIS PROCESS FOR ADVANCED WASTE TREATMENT
J.D. SMITH, Process Research Incorporated, Cambridge, Mas-
sachusetts (14-12-410)

The objective of *.his contract is to develop a mathematical
model of the electrodialysis process for use in preliminary design
and simulation of wastewater treatment processes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0532, SELECTIVE NITRATE AND PHOSPHATE
REMOVAL
J.D. SMITH, Process Research Incorporated, Cambridge, Mas-
sachusetts (14-12-179)

The objectives of this proposed research program are: 1. To
investigate an ion exchange membrane system for selective
removal of nitrates and phosphates. 2. To determine the initial
feasibility of this system. 3. To develop a preliminary design ra-
tionale for the proposed system, and 4. To estimate the potential
effectiveness and economics of such a system in waste water
nutrient removal applications.

A laboratory scale nitrate and phosphate removal system,
using exchange membrivies will be constructed. Nitrate and
phosphate transport rates will be determined with this system,
using commercially available anion exchange membranes.
Parameters which will be examined will include: 1. Driving force,
or chemical affinity. 2. Concentrations. 3. Flow velocity, and 4.
Membrane type.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol.

5.0533, THE PERSISTENCE, ACCUMULATION AND
FATE OF PESTICIDES IN CRANBERRY SOILS AND
RESERVOIRS
C. W. MILLER, Univ. of Massachusetts, Agricultural Experiment
Sta. , East Wareham, Massachusetts 02538

The objectives of this project are the study of pesticides in
relation to their 1) accumulation and persistence in the area of
application, 2) movement from the point of application to the
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water, and 3) final destination and concentration of pesticide
chemicals used on cranberry bogs.

Preliminary investigations will be made on the chlorinated
hydrocarbons, since these are known to resist breakdown to a
greater degree than organic phosphates and many analytical
procedures have been developed and are available. As informa-
tion on these compounds is accumulated, similar studies will be
made on the organic phosphates which may require the develop-
ment of new techniques for determination.

Soil samples at varying depths will be taken in cranberry
bogs, ditches and reservoirs. In addition, perennial vegetation,
algae and water animals will be collected and analyzed when
possible. This information will provide a base line from which
further studies may be made in relation to future chemical appli-
cation.

SUPPORTED BY U.S. Dept. of Agriculture
Massachusetts State Government

5.0534, (U) BIODEGRADABILITY OF DETERGENT COM-
POUNDS
M. ROGERS, U.S. Army, Natick Laboratories, Natick, Mas-
sachusetts

Technical Objective - Carry out research on biodegradable
detergents to support procurement user elements, evaluate
unique NLabs synthesized compounds, determine mode of action
of biodegradation of experimental detergents and determine
suitability of detergents for specific army germicidal items.

Approach - Biodegradability of compounds is determined
through activated sludge, river die-away, shake flask and War-
burg procedures. Breakdown of the compounds are followed by
pertinent chemical analyses. New techniques are developed as
required.

Progress - (Apr 65) Nine purified samples of sodium (thia-n
dodecyl) benzene sulfonate anionic detergents were evaluated
against non-sulfur-containing biodegradable standards in river
die-away tests. Four of the nine are highly biodegradable, while
the other five are slowly biodegradable. The relationship of
chemical structure to biodegradability is being investigated.
Newer biodegradable detergents, to be included in the formula-
tion for disinfectant, chlorine, food service, have been evaluated
by the activated sludge techniques required by West German law.
A series of 26 sulfur substituted dodecyl benzene sulfonates are
being studied to establish structure-bio-degradability relation-
ships. Gas chromatographic techniques are being developed to
follow the biodegradation of specific compounds. A paper con-
cerning some of the sulfur compounds has been on the program of
the Army science conference. A given military standard for
biological test procedures for biodegradable detergents has been
reviewed. Biodegradability of machine working fluids is under
study.

SUPPORTED BY U.S. Dept. of Defense - Army

5,0535, STUDY OF LOCAL WATER CONTAMINATION
PROBLEMS
W.J, LACY, Merrimack College, School of Engineering, North
Andover, Massachusetts 0 ; 845

Technical Objectives: Complete the development and pro-
gramming of a water contamination model for predicting the
potential radiological hazard from drinking water, including con-
siderations of fallout solubility, fractionation, induced activity in
soil, over-land transport of radioactivity in runoff, water treat-
ment decontamination, biological uptake, and human critical
organ radiation doses for different periods of water consumption.

Approach: a. Complete the one-dimensional activity trans-
port model, expand it to two-dimensional transport, and apply the
developed models to runoff contamination calculations. b. In-
vestigate the amount of contamination due to erosion, and calcu-
late activities transported in sediment and colloidal suspensions.
c. Update previous calculations of water supply contamination by
incorporating recently revised values of solubility nuclide contour
ratios. d. Applying these contamination calculations to selected
water supply systems of interest to OCD.

Progress: January 68 -June 68: An anaPytic solution was ob-
tained for kinematic flow over a plane whir time-dependent up-

stream boundary conditions, The infiltration routine was
completed to incorporate ponding and pre-ponding conditions. It
is being modified to accept tabular data on soil types. The erosion
and sediment transport model was completed. The biological up-
take routine was reprogrammed and used to recompute critical
organ doses from ingestion of drinking water contaminated by
direct fallout deposition in the reservoir system of Providence R.1,

SUPPORTED BY U.S. Dept. of Defense - Army

5.053d, WASTEWATER TREATMENT PILOT PLANT IN-
VESTIGATION, MIXED CHROME TANNERY WASTE-
WATER
J.A. BASSETT, Swift & Company, Peabody, Massachusetts

The objectives of the project are as follows: 1) To determine
on a pilot plant scale the primary and secondary treatment, by the
activated sludge process, of mixed chrome tannery wastewa !rs
and sanitary sewage. 2) To demonstrate the pre-treatment of he
tannery wastewater by carbonation with flue-gas and up-flow
sedimentation in order to remove excess calcium, chromium, and
sulfides, 3) To determine the benefits of mixing municipal sanita-
ry sewage with tannery wastewaters to provide the biological
nutrients lacking in tannery wastes. 4) To determine design
criteria for a scale up to a full scale demonstration plant and to
provide a basis for estimating the costs of construction and opera-
tion of a fullscale plant. 5) To determine optimum methods of de-
watering sludge, with primary emphasis on concentration by cen-
trifugation, with aim being to dewater sufficiently to dispose of
solids as sanitary land fill.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
A.C. Lawrence Leather Company

5.0537, BASIC SALINOGEN ION EXCHANGE RESINS
FOR SELECTIVE NITRATE REMOVAL FROM POTABLE
AND EFFLUENT WATER
E. SAUNDERS, Tyco Laboratories Incorporated, Waltham, Mas-
sachusetts ( 14-12-439 )

This program has as its primary objective development of
specific anion exchange resins for removal of nitrate from water
at influent levels of 20-100 ppm. The contractor will supply the
necessary personnel, materials and facilities, and will perform the
research and development studies necessary to establish the
technical and economic feasibility of nitrate removal by the
method proposed. His best efforts will be exerted to develop prac-
tical syntheses for the most effective resins and to evaluate their
capacity, specificity, and service life characteristics.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0538, THE ELECTRO.OXIDATION OF AMMONIA IN
SEWAGE TO NITROGEN
D.L. BROWN, Ionics Incorporated, Watertown, Massachusetts
(14-12-432)

Semiconducting electrodes will be studied with the object of
finding an electrode for the electro-oxidation of ammonia to
nitrogen in wastewater. A large number of materials will be
screened under a variety of operating conditions. Tests will be run
on a simulated sewage effluent containing ammonia levels in the
range of 10 to 30 ppm. Candidate electrode materials will be eval-
uated by a three step procedure: (1) conduct potential sweep
tests; (2) prepare stepped potential curves for materials that look
promising; and (3) for the most - arising materials, place them
in an electro-chemical cell ant' aufficient time to obtain reli-
able analytical data.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0539, MASSACHUSETTS PESTICIDE MONITORING
STUDY
W.A. TOMPKINS, State Div. of Fisheries & Game, Westboro,
Massachusetts

The objective of the project is to define the pesticide pollu-
tants on the major watersheds of the State of Massachusetts
through the operation of 100 monitoring stations which will sam-
ple aquatic organisms for pesticide residues.
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SUPPORTED BY U.S. Dept. of Interior F, Water Pol. CtI
Massachusetts State Government

5.0540, ENVIRONMENTAL CHANGES IN LAKE ERIE
J.F. CARR, U.S. Dept. of Interior, Biological Laboratory, Ann Ar-
bor, Michigan

Lake Eric has experienced major changes in the benthos and
fish populations. Analyses of physicochemical data show that
concentrations of most major ions have increased significantly,
very low dissolved oxygen concentrations occur during the
summer, and mean annual water temperatures have increased,
Present studies are directed toward documenting the extent of
change in the benthos and studying the factors which result in the
oxygen depletion of the hypolimnetic waters. Laboratory and
field studies arc being made of the exchange of nutrients and the
oxygen demand at the mud-water interface.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

5.0541, PHYSICAL LIMNOLOGY OF THE GREAT
LAKES
J.F. CARR, U.S. Dept. of Interior, Biological Laboratory, Ann Ar-
bor, Michigan

The major effort in this project is directed toward an un-
derstanding of currents, ambient irradiance, and temperatures
and their importance to the distribution and behavior of fist.
Drogue studies of surface currents are being carried out in Lakes
Eric and Superior. The usefulness of airborne radiometers and in-
frared scanners for detecting water masses and surface currents is
also being investigated. These methods were used in Lake Eric in
1963. Bathythermograph and reversing thermometer tempera-
tures collected during 1954.55 are being used to describe the
thermal regime of Lake Michigan, Thermal data are being or have
been collected in the other Great Lakes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0542, CHEMICAL CHARACTERISTICS OF THE
GREAT LAKES
J.F. CARR, U.S. Dept. of Interior, Biological Laboratory, Ann Ar-
bor, Michigan

The long-range objectives are to gain an understanding of the
cycles of the major nutrients in the Great Lakes and connecting
waters and their influences on the productivity of the lakes, Ob-
jectives are to demonstrate the vertical, horizontal, and seasonal
variations in water quality in various habitats of the lakes. Routine
determinations are being made on a variety of Great Lakes waters
for sodium, calcium, magnesium, potassium, sulfate, chloride, sil-
ica, alkalinity, pH, dissolved oxygen, and total phosphorus.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0543, REMOVAL OF PESTICIDES FROM FRESH-
WATER FISH
R.H. ONAEDINGER, U.S. Dept. of Interior, Technological
Laboratory, Ann Arbor, Michigan

Collection of various species of fish and proximate and pesti-
cide analyses is in progress, as well as for a study of their render-
ing characteristics. Studies on pesticides emphasize the lowering
of these materials in fish as a result of processing or rendering.
Planned feeding studies on a separate project, to determine the
effects of an experimental fish press-cake on mink growth and
reproduction, will include pesticide considerations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0544, MONITORING OF PESTICIDE LEVELS IN THE
GREAT LAKES
R. REINERT, U.S. Dept. of Interior, Biological Laboratory, Ann
Arbor, Michigan

A monitoring program to measure levels of insecticides in
various species of fishes and water from each of the five Great
Lakes.

SUPPORTED BY U,S. Dept. of Interior Bu. Comm. Fish.

5.0545, RATES OF PESTICIDE BUILDUP IN SALMONIDS
RECENTLY INTRODUCED IN THE GREAT LAKES
R. REINERT, U.S. Dept. of InteTior Biological Laboratory, Ann
Arbor, Michigan

A program to follow the buildup of insecticides in lake trout
and coho salmon that have recently been introduced into Lakes
Michigan and Superior, The eggs and fry will be studied before
the fishes are introduced into the lakes and then as these popula-
tions develop they will be sampled periodically. When the fishes
reach maturity their eggs and progeny will be examined for insec-
ticide levels.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

5.0546, MECHANISMS OF PESTICIDE ACCUMULATION
IN AQUATIC ORGANISMS
R. REINERT, U.S. Dept. of Interior, Biological Laboratory, Ann
Arbor, Michigan

A laboratory program designed to compare the relative im-
portance which direct uptake of insecticides from water and
biological magnification via the food chain have on the buildup o''
chlorinated hydrocarbon insecticides in aquatic communities.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish.

5.0547, A COHERENT-AREA STUDY OF SOUTHERN
LAKE MICHIGAN
J.C. AYERS, Univ. of Michigan, Institute of Sci, & Technology,
Ann Arbor, Michigan

The work proposed involves a team-approach to the sedi-
mentary, biological and chemical indications of the eatrophica-
tion process in the southern portion of Lake Michigan, This Great
Lakes water body is a water resource of present value, and future
grater value, within which the effects of man's wastes are becom-
ing evident. The studies would assemble and assess the indications
of eutrophic change with the aim of determining the onset of and
the present rate of deterioration of water quality.

Related basic studies of the present sedimentary process and
present sedirnenting materials, along with needed basic studies of
the weather-modifying effect of Lake Michigan would also be car-
ried out.

SUPPORTED BY U.S. Dept. of interior - F. Water Pol. Ctl

5.0548, LONG-TERM EFFECTS OF PESTICIDES ON
AQUATIC INVERTEBRATES
M.G. BENDER, Univ. of Michigan, School of Public Health, Ann
Arbor, Michigan

The long-term effects of parathion and endrin exposure to
aquatic invertebrates are being studied under continuous flow
conditions. Test organisms include: the stoney Acroneuria, the
caddisflies Hydropsyche and Chimarra, the dobsonflv Corydalus
and crustaceans Asellus and Gammerus, measurement of effects
is being evaluated by: mortality rates, growth, time of molting,
success of emergence and reproduction success of crustaceans.

The acute and chronic effects of the hydrolysis products of
malathion, parathion, and sevin are also being studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Michigan

5.0549, SAND FILTRATION OF DISCRETE SUSPEN-
SIONS
J.A. BORCHARDT, Univ. of Michigan, School of Engineering,
Ann Arbor. Michigan

This research is a continuation of a laboratory study on sand
filtration. New techniques have been developed for media place-
ment which have resulted in extremely reproducible head loss
values under similar flow and impurity levels. This had made
possible the extention of our work into regions of low turbidity.
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The magnitude of the surface charge effects can now be
separated from other gross bed response factors and hopefully a
better insight into the filtration mechanism will result.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0550, ORGANIC DECOMPOSITION AT POISED O-R
POTENTIAL LEVELS
J.A. BORCHARDT, Univ. of Michigan, School of Engineering,
Ann Arbor, Michigan

This research effort will continue along three major paths,
each of which will contribute to the total understanding of the im-
portance of electrode potential measurements to anaerobic
digestion.

Two banks of laboratory digesters, consisting of three units in
each bank, are being used to study the effects of chemical poising
as compared to electrical poising.

Dual csrapartment digestion units are being used with dialy-
sis membranes separating the acid forming from the methane
forming bacteria. In one such unit mixed cultures are being stu-
died, while in the other, pure cultures of methane organisms are
being fed through the membrane by mixed cultures of acid for-
mers. Electrode potentials and other parameters arc being ob-
served.

The third phase of the study involves the use of a conical
head digester to determine the instantaneous response of the unit
in terms of gaseous components to perturbations as predicted by
the results obtained in phases 1 and 2 of this study.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0551, INTERACTIONS OF PESTICIDES AND SEDI-
MENTED OILS
R. HARTUNG, Univ. of Michigan, School of Public Health, Ann
Arbor, Michigan

The major objectives of this proposed study are to investigate
interactions of pollutants; specifically, the interactions of
chlorinated hydrocarbon insecticides in water with sedimented
polluting oils. Sedimented polluting oils have been found to exist
in a number of widely separated areas with histories of oil pollu-
tion. On a theoretical basis, these oils should be capable of con-
centrating organic chemicals with low water solubility, e.g.
chlorinated hydrocabron insecticides. The specific major goals of
this proposed study are: I ) The determination of the physical con-
centrating capacity of naturally occurring sedimented polluting
oils for low concentrations of =.:iiorina;ed hydrocarbon pesticides
in rivers and lakes. 2. The investigation of the biological availa-
bility of chlorinated hydrocarbon pesticides once they have been
concentrated by sedimented oils.

SUPPORTED BY U.S. Dept. of Filth. Ed. & Wel. - P.H.S.

5.0552, MINERAL-WATER CHEMISTRY, GREAT LAKES
J.R. KRAMER, Univ. of Michigan, Great Lakes Research Divi-
sion, Ann Arbor, Michigan

Great Lakes chemistry, relative to major ions, is evolved
from a time independent invariant chemical equilibrium
model(s). The ability to rigorously .lefine these models rests upon
knowing free energy expressions for the specific minerals and
aqueous ligands, the crystallography and stoichiometry of the
minerals, and the in situ chemistry of the Great Lakes.

Solution equilibrium among end member solid phases per-
mits determination of free energy of formation of the common
minerals, This procedure is applied to synthetic simple composi-
tion minerals and naturally occurring minerals. Equilibration is
considered attained when identical results are achieved for dif-
ferent paths of equilibration.

Standard chemical, X-ray diffraction, and optical techniques
are used to define solid phases. Knowing specific solid phases al-
lows one to 'equilibrate' the entire specimen and compare results
with those predicted by single solid phase equilibrium studies.

Ultimate goodness of fit is achieved by comparing apparent
equilibrium expressions obtained from data for the Great Lakes
to the above models. Since parts or all of the Great Lakes ore not
in the same environment as the analytical laboratory, emphasis
must be placed upon in situ or pseudo in situ analyses.

SUPPORTED BY U.S, Dept. of Interior F. Water Pol. Ctl

5.0553, DISSOLVED OXYGEN DETERMINATION IN
NATURAL AND WASTE WATERS
K.H. MANCY, Univ. of Michigan, School of Public Health, Ann
Arbor, Michigan

The proposed work is concerned with the development of
new clectro- chemical techniques using voltammetric membrane
electrodes for the trace analysis of dissolved oxygen. Potentio-
static as well as galvanostatic methods are used and evaluated
under field conditions. The effect of interferences commonly
present in natural and waste waters are being also investigated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0554, A DETAILED STUDY OF LAKE MICHIGAN
PLANKTON DIATOMS
E.F. STOERMER, Univ. of Michigan, Great Lakes Research
Division, Ann Arbor, Michigan

The major objective of the proposed study is to provide a
systematic account of the plankton diatom flora of Lake
Michigan. The investigation will be based on both modern collec-
tions and historic collections from the period of record. Records
of abundance and distribution of the entities will be developed, in
so far as is possible, for the period of record. Nomenclature used
in previous studies will be reviewed in an attempt to make these
records useful to the non-specialist.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0555, EFFECT OF WATER TEMPERATURE AND/OR
DISSOLVED OXYGEN REQUIREMENTS ON SELECTED
MOLLUSKS
H. VANDERSCHALIE, Univ. of Michigan, Graduate School, Ann
Arbor, Michigan

Eight species of gastropods representing a variety of habitats,
ability to survive within several ecological situations, susceptibili-
ty to pollution, and significance in the food chain have been
selected for study: Physa gyrina, Lymnaea stagnalis appressa, L.
emarginatc, Hclisoma trivolvis, H. campanulatum, Goniobasis
livescons, Plcurocera acuta, A micola limosa.

The temperature tolerance for short periods of time will be
determined for the eight species listed above. Three principal fac-
tors of several are involved; tolerance to sudden temperature
changes, acclimation rates, and upper physiological limits. These
three factors will be tested in a manner to separate their im-
portance. An animal migrating or swimming down a river is sub-
ject to sudden temperature change at the mixing zone; sensitivity
will be tested in this parameter. Rate of acclimation tests are im-
portant for ascertaining how fast a temperature changes without
adverse effect on the animal, and upper physiological limit ascer-
tains maximum limit of temperature change without death.

Further growth rate over a wide range of temperature
changes, freezing, to barely possible survival limits will be in-
vestigated. Thus, rate of growth at optimum temperature will be
determined. Finally, studies will include the effects of various
elevated temperatures on the reproduction of the snail,

This contract was started Fiscal Year 1968-69 and is
scheduled to end 1971-72. Quarterly reports are to be submitted
to the contract officer in order to him posted on the progress
of the study. All raw data will be furnished in a final report so that
no data are lost for future reference and study.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0556, FLUIDIZED EXCHANGE SYSTEMS FOR
REMOVAL OF NITROGEN AND PHOSPHOROUS FROM
WASTEW:'TER
W.J. WEBER, Univ. of Michigan, School of Engineering, Ann Ar-
bor, Michigan

The primary objective of this research is the evaluation of the
suitability of fluid-bed ion exchange systems for removal of inor-
ganic nutrients - nitrates and phosphates - from sewage effluents.
These materials are largely responsible for acceleration of
eutrophication in lakes and reservoirs, and development of ion-
exchange methods for their removal from wastes prior to
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discharge into receiving waters is the subject of the current pro-
ject.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
,University of Michigan

5.05579 INTERACTIONS OF SILICA WITH IRON AND
ALUMINUM
W.J. WEBER, Univ. of Michigan, School of Engineering, Ann Ar-
bor, Mk 1114,an

The prectosed research is directed toward the following ob-
jectives: (1) 1 o examine in detail the possible interactions
between Fe(III) and Al(M) and monomeric and polymeric forms
of silica in experimental systems closely representing natural
waters in chent!cal constitution, for the purpose of delineating the
nature and character of complexes formed between the metal
ions and various dissolved and colloidal silicate ligands. The stu-
dies will consider both kinetic and equilibrium aspects of the for-
mation of such complexes. (2) To investigate the effects of major
systemic variables such as hydrogen- ion concentration, alkalini-
ty, and concentrations of other multivalent metal ions (e.g, Ca
plus 2, Mg plus 2) on the formation of iron-silica and aluminum-
silica complexes, both as to the nature of the complex formed and
as to the extent of cemplexation. (3) To relate the findings from
studies carried out under phases (1) and (2) to definition of the
specific role of silica in the formation of metal complexes in natu-
ral waters and to the application of resulting principles to the
coagulation and treatment of water. Further, to evaluate condi-
tions under which silica can be most effective in aiding coagula-
tion.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0558, ADSORPTION FROM AQUEOUS SOLUTION
W.J. WEBER, Univ. of Michigan, School of Engineering, Ann Ar-
bor, Michigan

The present research is directed toward definition of the
characteristics of adsorption of organic materials from dilute
aqueous solution. It has direct bearing on the problem of remov-
ing biochemically resistant synthetic organic substances from
waters and waste waters. The kinetics and equilibria of adsorption
in columns of fluidized adsorbent arc being investigated in terms
of uptake profiles relative to the velocity dimensions, time and
length, for selected values of the latter parameters, for various
particle sizes of adsorbent, for different adsorbents, and for solu-
tions of varied chemical constitution.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol, Ctl

5.0559, SYSTEM MONITORING AND REMOTE CON-
TROL
G. REMUS, Detroit Board of Water Comrs, , Detroit, Michigan

The project consists of installation of new power operated
diversionary overflow structures and automatic control instru-
mentation. The instrumentation includes devices for determina-
tion of waste water quality, flow measurement, rainfall data, con-
duit liquid level sensing, and remote operation diversion gates.
Telemetering will be provided to transmit and record data col-
lected by the instruments and to provide feed-back data relative
to status of the remote controlled units. Investigations will be
made to observe the modifications and additions to the system, to
analyze and evaluate the data collected, and to determine the
overall effectiveness of the demonstration.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Detroit City Government - Michigan

5.0560, PILOT-SCALE STUDY OF IMPROVED
PHOSPHATE REMOVAL BY MODIFIED ACTIVATED
SLUDGE PROCESS
G. REMUS, Detroit City Government, Detroit, Michigan

The primary objective of this project is to determine the most
suitable and economically feasible treatment process for the con-
tinuous removal of at least 80% of soluble phosphates from the
wastewater of a large municipality. The process must also be corn-

patible with treatment for removing a high percentage of
suspended solids, phenols, oils, and bacteria, and reducing BOD.
By restricting the supply of phosphates to Lake Erie, the growth
of algae in the Lake may be slowed and the life of the Lake
lengthened.

The most promising tests will be subjected to large-scale pilot
plant studies to determine their suitability for use in large treat-
ment plants. Of importance will be the follow-through on sludge
disposal to determine the adequacy of sludge thickening, de-
watering, and incinerating devices for delivering the phosphates
taken up by the sludge, and to keep them from the plant effluent.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Detroit City Government Michigan

5.0561, GREAT LAKES RESEARCH - SPOIL DISPOSAL
EFFECTS
A.P. PINSAK, U.S. Army, Lake Survey, Detroit, Michigan 48226

Physical, chemical and biological factors within the water
mass and 'associated solid material which can be related to
dredging and disposal of spoil material are being investigated in
order to determine effects of this material on characteristics of
the lakes. The study will examine changes in water charac-
teristics, dispersion rates, and areal extent; changes in nature of
bottom sediments from dumping and dredging and degree to
which characteristics of these sediments are improved; and dif-
ferent effects of various dredging techniques on pollution,

Field investigations during 1967 centered on eleven selected
rivers, harbors, and open water and diked disposal areas of dif-
ferent basic types in Lakes Erie, Huron, and Michigan. Inasmuch
as data on actual levels of pollution which can be traced to vari-
ous kinds of dredging is lacking, each area was studied before,
during, and for a significant period after dredging and disposal of
spoil material,

Interim reports for each study area are being prepared and a
comprehensive 'eport is scheduled for completion in 1968.

SUPPORTED BY U,S. Dept. of Defense - Army

5.0562, INDICATOR-PATHOGEN DENSITY RELATION-
SHIPS IN TRIBUTARY STREAMS
R.M. TWEDT, Univ. of Detroit, Graduate School, Detroit,
Michigan 48221

Since 1885 when Escherich described his 'Bacillus con' as a s
species characteristic of human feces, the enlarged coliform
group of bacteria has been used as an indicator of fecal pollution.
In a continuing effort to improve the sanitary significance of the
coliform group, many investigators have developed physical and
biochemical procedures which could differentiate coliform
strains isolated for the feces of warm-blooded animals from
saprophytic strains associated with soil and vegetation. In recent
years, researchers have shown the intimate association of certain
groups of steptococci with human feces. According to presently
accepted interpretation, the parallel determination of both fecal
coliform and fecal steptococci concentrations in surface water
established the presence and relative degree of pollution. In addi-
tion, it has recently been suggested that the ratio of fecal coliform
to fecal streptococci concentrations will illuminate the source of
nature of the pollution.

The object of the proposed investigation will he to charac-
terize the relationships that exist among bacterial indicators and
pathogens in a small , surface tributary. The study will achieve
this objective by making an intensive quantitative determination
of the densities of coliforms, fecal coliforms, fecal streptococci
and Salmonella existing under all nutrient and environmental
conditions found along the course of a representative stream and
also by studying the survival of these organisms in filtered and un-
filtered stream water samples. The resulting data would con-
tribute 'new' information since no previous study has contributed
a quantitative characterization of the relationships existing
between indicators and pathogens along a flowing water course.
The value of this proposed investigation would be derived from
the increased sanitary significance imparted to the determination
of indicator concentrations as a measure of water quality in natu-
ral rivers and streams.

1-398



5. WATER QUALITY MANAGEMENT AN' ) PROTECTION

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0563, ECOLOGY OF PESTICIDES IN AN AQUATIC
ECOSYSTEM
R.C. BALL, Michigan State University, Agricultural Experiment
Sta. , East Lansing, Michigan 48824

Objectives: To develop methods of accurately evaluating the
effects of low levels and chronic input of pesticides in an aquatic
habitat. This will include a study of the pathways and mechanisms
of movement through the aquatic ecosystem, and identification of
biotic effects at each trophic level.

The work will be carried out in three locations: (1) the
laboratory of Fisheries and Wildlife Department. Here the preci-
sion, reliability, and specificity of 'stress' analysis technique will
be tested on insecticides in two artificial streams. The criterion
will be changes in the mobile fraction of the plasma proteins in
the type of fish (and invertebrates) found in both cold and warm-
water habitats. (2) A field duplication of the above tests will be
made using fish from areas known to be eontaminated by pesti-
cides. This will be carried out on the Red Cedar River, Michigan.
(3) This phase will be carried out at the Lake City Experiment
Station where heavy applications of pesticides have been used for
several years. Here in a series of experimental ponds, we will
study the movement of the toxic materials from the soil into the
ponds and there follow them through the organisms that con-
stitute the food chain leading to game fish eaten by man- -with
special emphasis on the accumulation at each trophic level.

SUPPORTED BY U.S. Dept. of Agriculture
Michigan State Government

5.0564, FARM ANIMAL WASTE DISPOSAL
J.A. DAVIDSON, Michigan State University, Agricultural Experi-
ment Sta. , East Lansing, Michigan 48824

Objectives: I. Characterization of the physical, chemical,
and biological properties of livestock and poultry wastes. 2. Im-
provement in management systems with regard to handling, treat-
ment and disposition of the wastes.

The electro- osmosis principle of drying animal and poultry
manure will be investigated. The amount of electrical current and
the design of and material used in the electrodes will be studied.
The time required to dry the material and the amount of moisture
remaining in the material when the system stops operating will be
determined. The water removed and the residue will be analyzed.
Bulk density of the manures and the orientation of the electrodes
will be investigated.

The use of air, mechanical agitation, and pumping (circulat-
ing) will be investigated as a means of increasing aerobic
digestion. This will be accomplished in small tanks with con-
trolled amounts of the manure added daily. In addition one or
more full scale tanks in pens with a high density population will be
used.

SUPPORTED BY U.S. Dept. of Agriculture
Michigan State Government

5.0565, TOXIC ACTION OF WATER SOLUBLE POLLU-
TANTS ON FRESHWATER FISH
P.O. FROMM, Michigan State University, School of Medicine,
East Lansing, Michigan 48824

Fish subjected to chronic low level sgress (hexavalent
chromium and forced exercise exhibited a transitory increase in
plasma cortisol which returned to control levels after one week
exposure. Animals treated with exogenous cortisol by implanting
pellets in the body cavity had plasma cortisol levels of over 100
micrograms. Fasted fish so treated had elevated liver glycogen
and excreted more waste nitrogen than controls. Plasma glucose
was not elevated. Animals similarly treated but fed during the ex-
perimental period had liver glycogen stores and nitrogen excre-
tion rates similar to controls. A seasonal variation in plasma cor-
tisol levels of untreated trout was found.

Rainbow trout were ',laced in solutions of ammonium
chloride containing 0,1,3,5 and 8 micrograms ammonia

(total)/ml. After 24 hours' exposure the blood levels for total am-
monia showed a direct linear correlation with ambient ammonia
and ranged from 38 to 71 micrograms/ml. Expressed in terms of
non-ionic ammonia (NH3): fish exposed to 0 to 1 micrograms ml
had blood levels which ranged from 0.06 to 1.3 micrograms m 1.
The daily excretion of total waste nitrogen showed an inverse
relationship with starting ambient levels of ammonia as did the
data for excretion of ammonia nitrogen. The relatively greater
decrease in ammonia nitrogen excretion nitrogen over total
nitrogen excretion in fish exposed to the higher concentrations of
ammonia suggests that excretion of other nitrogenous compounds
occurred to partially compensate for decreased ammonia
nitrogen excretion.

SUPPOR1 ED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0566, BIOCHEMICAL AND ECOLOGICAL RELATION-
SHIPS OF PESTICIDES AND THE BIOLOGICAL CON-
STITUENTS OF AQUATIC COMMUNITIES
G.E. GUYER, Michigan State University, Agricultural Experi-
ment Sta. , East Lansing, Michigan 48824

Studies of interdisciplinary nature arc proposed to evaluate
the amount, storage, build-up and release of pesticides under
varying biological and chemical conditions. Studies on methods
of contamination and levels needed to produce injury, debility,
sterility or mortality will be conducted under controlled condi-
tions. The physiological effects of pesticides on energy exchange
will be measured at the cellular level. Direct bioassay and gas
chromatography will be employed to follow the movement and
monitor the accumulation of pesticides in aquatic systems. A
study will be initiated to determine the site of damage and the
identification of effects of detergents, metallic ions, BOD and
other chemicals. Areas of concentration in the trophic system,
rate of transfer, buildup and exchange within the biota of aquatic
systems will be determined.

SUPPORTED BY U.S. Dept. of Agriculture
Michigan State Government

5.0567, RELATIONSHIP OF PESTICIDES IN SOIL,
WATER AND PLANTS
G.E. GUYER, Michigan State University, Graduate School, East
Lansing, Michigan 48824

SANCLEMENTE
The identification of real or potential hazards to human

health or ultimate human satisfactions has been an essential
aspect of this pesticide investigation. Sorption of pesticides by
clay minerals, soil microorganisms and soil materials of varying
organic matter content were studied to elucidate mechanisms of
retention and to evaluate effects of sorption on biological activity.

Degradation of a pesticide may lead to dissipation, alteration
or enhancement of its biological activity. Precise knowledge of
the nature and properties of degradation products and factors
conducive to their formation were evaluated. Studies indicate
that significant qualitative changes in composition of the
microflora may result from specific effects of pesticides on spe-
cialized groups of organisms.

A significant aspect of this research was associated with
evaluating pesticides as contaminants in the aquatic environment.
These studies involved the evaluation of fresh water clams as in-
dicators of pesticide pollution, a quantification of the contribu-
tion of pesticides to the aquatic environment by urban and subur-
ban communities and the effect of waste treatment systems on
removal and/or degradation of pesticides. Related studies were
associated with metabolism and physiological response of organ-
isms to various pesticide exposures.

The relationship of the structure, sorption activity and role of
the waxes associated with cuticular membrane to pesticide uptake
and metabolism was studied. Further studies involved the effect
of diphemid on plant groitth and metabolism and the very signifi-
cant discovery of the relationship of simazine on protein synthes-
is.
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SUPPORTED BY U.S. Dept. of Hlth. Ed, & Wel. - P.H.S.

5.0568, SPORULATION AND GERMINATION OF CLOS-
TRIDIUM BOTULINUM
R.V. LECHOWICH, Michigan State University, Schooi of
Agriculture, East Lansing, Michigan 48824

Conditions required to obtain adequate growth and sporula-
tion of Type E Clostridium botulinum will be further evaluated.
Germination studies of spores produced under different condi-
tions will also be continued. Toxin production in complex and
defined media will be studied and the nature of the toxin
produced by different strains of the same toxin type will be ex-
amined. Gas-liquid chromatography pyrolysis (GLCP)
techniques will be used to determine the applicability of this
method of analysis to distinguish metabolic by-products and the
use of GLCP as a means to rapidly identify a specific toxin type of
Cl. botulinum. Data gained by GLCP techniques and other data
on spore composition should be correlated with other properties
of CI, botulinum spores.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.0569, ISOLATION OF VIRUS FROM SEWAGE &
DRINKING WATER
W.N. MACK, Michigan State University, School of Medicine,
East Lansing, Michigan 48824

The objectives to be accomplished are: 1. Make a quantita-
tive study of the viruses present in the various stages of activated
sludge sewage treatment. 2. To test the effectiveness of chlorine,
holding time, temperature, etc. on the viruses present in the ef-
fluent. 3. To determine what happens to the viruses in effluents
after being discharged into a river. 4. Attempt to isolate en-
teroviruses from potable water taken from chlorinated municipal
water supply and also private wells known to produce a high in-
cidence of hepatitis in individuals using the water.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.0576, AN EVALUATION OF WIDELY USED HERBI-
CIDES ON AQUATIC PLANTS, FISH AND FISH-FOOD OR-
GANISMS
E.W. ROELOFS, Michigan State University, Agricultural Experi-
ment Sta. , East Lansing, Michigan 48824

(I) To assess the influence of total alkalinity, pH and tem-
perature of the water on the effectiveness of several widely used
herbicides. (2) To test the effect of weed control by chemical
means on fish-food organisms. (3) To evaluate fertilization as a
method of controlling higher aquatic plants.

Preliminary work in the laboratory will include study of in-
fluence of water quality on effectiveness of various herbicides.
Toxicity of herbicides to fish will be studied in conjunction with
the laboratory experiments. While some fertilization studies can
be done in the laboratory, the major effort here will be in farm
ponds and small lakes. The effect of weed control by chemical
means on fish-food organisms will be studied by direct determina-
tion of organism abundance before and after control, and by
study of stomach contents of fish.

SUPPORTED BY U.S. Dept. of Agriculture
Michigan State Government

5.0571, OCCURENCE OF PROSTHECATE BACTERIA IN
A GRADIENT-POLLUTED RIVER
J.T. STALEY, Michigan State University, School of Veterinary
Medicine, East Lansing, Michigan 48824

Freshwater contains a group of bacteria which are
morphologically distinguishable from other bacteria with the
phase contrast microscope. These unusual bacteria have one or a
number of appendages extending from the surface of the cell. On
the basis of the number, shape, and arrangement of the
`prosthecao` (or appendages) they are assigned to a genus. Poin-
dexter (1964) has described Caulobacter and Asticcacaulis; An-
calomicrobium and Prosthecomicrobium, two additional fresh-
water forms have also been isolated and described (Staley,
1967). Little is known of their importance and their numbers in

freshwater. There is some indication that they may be significant
in the ecology of freshwater.

Consequently, the objective of the proposed research is to
determine the concentration of these bacteria along a river course
in which the degree of pollution increases from source to outlet,
and to correlate these numbers with the total and viable counts of
other bacteria (including E, coli, a sewage pollutant).

SUPPORTED BY U.S. Dept. of Interior - O. Water Res, Rch
Michigan State University

5.0572, THE RELATIONSHIP OF SEWAGE HANDLING
PRACTICE TO PESTICIDE RESIDUE LEVELS AND INVER-
TEBRATE ECOLOGY
M. ZAB1K, Michigan State University, Graduate School, East
Lansing, Michigan 48824

The object of the proposed work is to determine wheather a
buildup of insecticide residue will occur in the silt below the new
East Lansing waste treatment plant and if so, how far downstream
it will extend. It is also hoped to determine the source of the
residue, i.e. is it coming from the plant effluent, or does it come
from points upstream due to drift and then collect below the plant
due to the higher organic content of the effluent. An additional
segment of the proposed work is to study its interrelationships
among the nutrient source (chemical phase), pesticide residue
levels, and invertebrate ecology.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
Michigan State University

5.0573, EFFECTS OF VARIOUS FOREST TYPES AND
STAND TREATMENTS ON GROUNDWATER RECHARGE
AND STREAMBANK EROSION IN AREAS OF DEEP GLA-
CIAL DRIFT
D.H. URIC, U.S. Dept. of Agriculture, East Lansing, Michigan

Object: To develop forest management practices to improve
water yield by inducing greater recharge of ground water. To
develop mechanical and vegetative techniques for stabilizing
eroding streambanks, channel bottoms, and adjoining lands,

Plan of work: The project staff is determining the water
balance under existing vegetation in areas of glacial drift and sand
plains. They are studying streambank erosion to determine its
causes and methods of erosion controls by mechanical and
vegetative means. The changes in suspended sediment following
stabilization are being evaluated. New studies will determine ef-
fects of forest management practices on snow accumulation and
ground-water yields.

SUPPORTED BY U.S. Dept. of Agriculture

5.0574, DISSOLVED ORGANIC MATTER AND
PHOTOSYNTHESIS IN LAKES
R.G. WETZEL, Michigan State University, W.K. Kellogg G. Lk.
Biol. Sta. , Hickory Corners, Michigan 49060 (AT(11-1))

Studies are in progress on the qualitative and quantitative
analyses of excretion and utilization of dissolved organic com-
pounds and their role in the nutrition and metabolism of plank-
tonic and sessile producers. Discrimination between bacterial, al-
gal, and macrophytic utilization of organic compounds directly in
chemo-organotrophy or indirectly by the complexing of inorganic
ions affecting metabolism is being approached experimentally.
Both axenic and natural populations are used in distinguishing the
significance of the individual mechanisms by which dissolved or-
ganic compounds influence photosynthesis at naturally occurring
concentrations.

A second area of investigation is centered on the qualitative
and quantitative excretion of dissolved organic matter by sub-
merged macrophytes and the relation of such compounds to inor-
ganic nutrition and rates of metabolism. Variations in the com-
position of extracellular compounds and rates of excretion are
being determined with regard to changes in metabolism and a
number of environmental parameters. While much of the work is
being performed with axenic cultrues of macrophytes, experimen-
tation will be extended to in situ analyses under natural condi-
tions. Detailed cyclic variations of physical, chemical, and biolog-

1-400



5. WATER QUALITY MANAGEMENT AND PROTECTION

ical parameters of a representative mail lake are under intensive
investigation to provide information for the integration of all ex-
perimental phases.

SUPPORTED BY U.S. Atomic Energy Commission

5,0575, TRANSPORT, STORAGE, AND TOXICITY OF IN-
SECTICIDES IN AQUATIC ENVIRONMENTS

MERNA, State Dept. of Conserv. , Lansing, Michigan 48296
Project and Job Objectives: To learn the pathways and mea-

sure the rates of concentration and degradation of insecticides in
a pond system, and to evaluate the toxic effects of the insecticides
on organisms in the system.

Procedures: In an initial step, DDT was applied to a small
natural pond; a second pond served as a control. The study of
pathways and degradation was complicated by a varied fauna and
rapid degradation of DDT to DDE and DDD. Thus the study was
extended and simplified, in a physical set-up with four vinyl-
plastic tanks, 10 feet in diameter x 4 feet deep, submerged in a
farm pond to insure temperature uniformity. The food chain was
simplified to algae, microcrustaceans and brook sticklebacks (Eu-
calia inconstans). The 4 ponds will provide this experimental set-
up:

Pond I Filtered pond water, clean sand bottom, No DDT
added. Periphyton measured, using 104 sheets (10' x 3'), hung
one foot below surface. Pond with microcrustaceans and
sticklebacks,

Pond 2, Same as 1, but treated with 15 ppb DDT (para para).
Pond 3, Same as 2, but without sticklebacks.
Pond 4. Same as 2, but with Artcmia, and without

microcrustaceans,
Thirty days after DDT is added to 2, 3, and 4, fin-clipped

sticklebacks to be introduced into 1, 2, and 4, and periphyton
sheets will be placed in each pond. Experiments will run 30 days;
samples will be frozen for later analysis of DDT. The experiment
will provide three food chains for study of DDT transmission.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Michigan State Government

5.0576, LAKE MICHIGAN CHEMICAL CONTROL OF
SEA LAMPREY
W.E. GAYLORD, U.S. Dept. of Interior, Biological Station,
Lundington, Michigan

The Bureau of Commercial Fisheries, under the direction of
the Great Lakes Fishery Commission, is using selective larvicides
as an experimental method of control for sea lampreys in Lake
Michigan. The study is designed to eliminate all generations
present in the streams tributary to the lake by treatment of these
streams with chemical, and to determine if such action will con-
trol effectively the parasitism on lake trout and other fish.

The control method requires a thorough knowledge of: the
presence and distribution of ammocete populations in tributaries;
physical characteristics and flow data of infected streams, accu-
rate bioassays and chemical analyses of the water; precise meter-
ing of the chemicals; and posttreatment surveys to measure and
analyze the effectiveness of individual treatments.

A total of 99 Lake Michigan streams contain sea lampreys.
All streams were treated by July 1966. Treatments since then
have been repeated at approximately 4-year intervals or at inter-
vals determined from observations on the rate of reestablishment
and growth of sea lampreys.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

3.0577, LAKE SUPERIOR CHEMICAL CONTROL OF
SEA LAMPREY
R.A. BRAEM, U.S. Dept. of Interior, Biological Station,
Marquette, Michigan

The Bureau of Commercial Fisheries, under the direction of
the Great Lakes Fishery Commission, is using selective larvicides
as an experimental method of control for sea lampreys in Lake
Superior. The study is designed to eliminate all generations
present in the streams tributary to the lake by treatment of these
streams with chemical, and to determine if such action will con-
trol effectively the parasitism on lake trout and other fish.

The control method requires a thorough knowledge of: the
presence and distribution of ammocete populations in tributaries;
physical characteristics and flow data of infected streams; accu-
rate bioassays and chemical analyses of the water; precise meter-
ing of the chemicals; and posttreatment surveys to measure and
analyze the effectiveness of individual treatments.

There are 75 streams tributary to the U.S. shore of Lake Su-
perior containing sea lampreys. The initial treatment of these
streams was completed in 1961. The second application was
finished in 1964. Since then treatments have been repeated at in-
tervals determined from observations on the rate of reestablish-
ment and growth of sea lamprey ammocetes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0578, LAKE HURON CHEMICAL CONTROL
B.R. SMITH, U.S. Dept. of Interior, Biological Station,
Marquette, Michigan

The Bureau of Commercial Fisheries, under the direction of
the Great Lakes Fishery Commission, is using selective larvicides
as an experimental method of control for sea lampreys in Lake
Huron. The study is designed to eliminate all generations present
in the streams tributary to the lake by treatment of these streams
with chemical, and to determine if such action will control effec-
tively the parasitism on lake trout and other fish.

The control method requires a thorough knowledge of; the
presence and distribution of ammocete populations in tributaries;
physical characteristics and flow data of infected streams, accu-
rate bioassays and chemical analyses of the water; precise meter-
ing of the chemicals; and posttreatment surveys to measure and
analyze the effectiveness of individual treatment.

There are 48 tributaries along the U. S. shore of Lake Huron
known to contain 'sea lampreys. Three of these were treated in
1962. Treatments in this area were resumed in 1966 and 18
streams were treated.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

5.0579, DEMONSTRATION AND EVALUATION OF
POLYMERIC ADDITIVES IN THE TREATMENT OF STORM
SEWER OVERFLOW
R.F. WUKASCH, Dow Chemical Company, Midland, Michigan

This project describes a two year study of the use of chemi-
cals to control water pollution resulting from combined sewer
overflows including the following areas of study,

I. Develop information pertaining to the Milk River Pumping
Station, Crosse Pointe, Mich. and the corresponding Drainage
Basin. 2. Flocculant studies will be carried out on both laboratory
scale and full scale to demonstrate improvement in treatment effi-
ciency with the use of polymeric flocculants. 3. Disinfection stu-
dy. A demonstration will be made of the effectiveness of the disin-
fectants, with and without polymers. Work will be done on both a
pilot plant and laboratory scale. 4. Model studies. A model will be
made of the existing basin, and tested concurrently with the full
scale basin to validate its use for model extrapolation. An op-
timized model will be conceived, built, and tested as a design for
sedimentation incorporating chemical flocculation. 5. Conclu-
sion. A concluding phase of the project will consist of economic
analysis, restoration of the site to its original condition, and the
preparation and distribution of the final report.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0580, BIOASSAY
J.H. HOWELL, U.S. Dept. of Interior, Hammond Bay Biolog. Sta.
, Millersburg, Michigan

Research is directed toward the discovery of chemicals
which, when a stream environment, will be selectively toxic to lar-
val sea lamprey (Petromyzon marinus). The procedure consists of
bioassaying a wide variety of organic compounds, representing
most of the basic structural classes, under standard conditions
against larval sea lamprey and rainbow trout (Salmo gairdnerii).
The discovery of a chemical possessing the desired biological ac-
tivity (toxicity and selectivity for larval lamprey) results in the
testing of structurally related compounds. The relation between
molecular structure and biological activity are studied and com-
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pounds custom synthesized to produce the best possible biologi-
cal activity. Chemicals selected for field use are tested to deter-
mine what effect environmental factors such as water chemistry,
temperature, turbidity and light have on their biological activity.
Tests are run on promising compounds to determine their toxicity
to a variety of game and nongame fish species as well as aquatic
invertebrates. Methods are devised for preparing concentrated
stock solutions of compounds being cons:dered for field use,
Analysis techniques, which are fast and accurate arc developed.
A chemical's potential as a sea lamprey control agent is evaluated
under simulated stream conditions and in carefully controlled ex-
perimental stream treatments,

SUPPORTED BY U.S. Dept, of Interior - Bu. Comm. Fish.

5.0581, A COMBINED SEWERAGE COLLECTION AND
TREATMENT FACILITY
H.E. MCENTEE, Mount Clemens Government, Mount Clemens,
Michigan

The existence of combined sewers may be an asset instead of
a liability. Recognizing that the separation of sewers may be an in-
tolerable economic burden and may not accomplish the goal of
alleviating pollution in outlet streams, it is proposed to collect all
of the run-off from the projected area. While the rate of run-off is
usually a problem, the total accumulation of rainfall during any
storm is not usually immense. By minor storage in streets the total
flow can he collected at the treatment site.

The treatment facility will be developed in a City Park con-
cept with the treated collected combined sewage forming two
lakelets which are expected to be used for boating, fishing, and
providing an aesthetic setting for picnicking. The original collec-
tion reservoir (Lake A) will be hidden from public view. Water
from Lake A can then be pumped at a slow rate (between storms)
through a micro-strainer and chlorine contact chamber before
discharge into Lake B and thence to Lake C.

Before discharge into the outlet River it will be additionally
filtered for algae removal by means of microstrainers and sand fil-
ters, The lakes will be oxygenated as necessary by spray fountains
and other aerators,

SUPPORTED BY U.S, Dept. of Interior - F, Water Pol. Ctl
Mount Clemens City Government -

Michigan

5.0582, PHOSPHATE REMOVAL BY BIOLOGICAL
PROCESS
T.L. HENNESSEY, Trenton City Government, Trenton, Michigan
48 I 83

The purpose of this project is to develop a modified form of
the activated sludge processes in which soluable phosphates are
removed by natural biological processes from waste water and
contained in the sludge withdrawn from the treating units,
Phosphates will be removed from the liquid discharged from
sludge dewatering either chemically or physically. Pilot plant
operation shall establish the design criteria for the new secondary
plant to be put into operation by November 1, 1970.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl
Trenton City Government - Michigan

5.0583, NUTRIENT CONTROL PROJECT - DETROIT
LAKES, MINNESOTA
W.C. LARSON, Detroit Lakes Engin. Dept. , Detroit Lakes, Min-
nesota

Disposal of nutrients from municipal, private, domestic, and
agricultural wastes in the Detroit Lakes, Minnesota area poses a
serious problem owing to the high groundwater table, very perme-
able gravel aquifer, and wide interception routes of groundwater
underflow. Several lakes in the chain of lakes in this area are very
important to the recreational needs of the community and valua-
ble to the tourist industry, have experienced catastrophic aquatic
weed and algal growths in recent years as a result of nutrient en-
richment. These lakes are interconnected by the Pelican River or
its tributaries and are situated down gradient (to the southwest of
Detroit Lakes, Minnesota. Since sources of nutrients are widely

scattered, it would not be economically feasible to intercept all
waste outfalls with a central distribution system and provide sub-
sequent treatment, It is proposed that nutrients in this sewage
disposal system be intercepted or diminished in two different
ways: 1) by dispersing the effluent from secondary treatment
facilities on peat land and 2) by harvesting aquatic vegetation
which contains nutrients. It is intended that by manipulation of
natural environmental processes the rate of eutrophication will be
arrested at minimal expense.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0584, CHRONIC EFFECTS OF HEAVY METALS ON
FISH
R.W. ANDREW, U.S. Dept. of Interior, Natl. Water Quality Lab. ,
Duluth, Minnesota

The overall objective of this work is to develop analytical and
toxicological techniques for relating the chronic effects of heavy
metals and heavy metal wastes to observable short-term metabol-
ic and physiological effects. The acute, subacute, and chronic ef-
fects of Cr, Cu, Cd, and Zn will be studied with Brook Trout, Yel-
low Perch, and for Bluegills as possible test species. Emphasis will
be placed on the effects of the metals on the respiratory and
reproductive systems, growth rates, and overall production effi-
ciency of the fish. Tracer am.: radiotracer techniques will be used
to determine modes of metabolism (intake/disposition/excretio )
and physiological effects of one or more of the metals. Ultimately,
attempts will be made to correlate the chronic physiological and
toxiocological effects with measurable short-term (acute) effects.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0585, THE INVESTIGATION AND ANALYSIS OF
BIOCHEMICAL PROCESSES OF AQUATIC ORGANISMS
UNDER STRESS
G.M. CHRISTENSEN, U.S. Dept. of Interior, Natl. Water Quality
Lab. , Duluth, Minnesota

The objective of this work is to carry out investigations on a
molecular level on organisms, organs, tissues, cells and chemicals
of aquatic life which have been exposed to toxicological or nox-
ious situations and stress; to establish base-line data, or normal
values, for specific biochemicals or biochemical systems in organ-
isms and also, later, to establish parallel experimental values for
those systems when under toxicological or noxious situations and
stress. It is proposed that work be done to investigate and clarify
the interreaction between stress source and stressed system, diag-
nosis and prognosis. It is proposed that research be carried out in
order to determine whether it is possible to carry out a qualitative
and quantitative analysis on specific biochemicals in an organism
and deduce the general state of health or well-being of that organ-
ism or diagnose its ill health and have a basis for making a progno-
sis regarding its future state or health condition.

Initially, work is being carried out with the general 'fight-or-
flight' (stress) hormones, adrenaline and noradrenaline. We are
in the process of establishing normal values for these two
biochemicals in fish, and plan then to determine non-normal
values for the organism when under toxicological or other types
of stress. Equipment which is particularly useful for this study in-
cludes a recording spectrophotometer, thin-layer and paper chro-
matographic apparatus, a recording spectrophotofluorometer and
a sensitive infra-red spectrophotometer.

Other biochemicals that may be investigated in the future in-
clude, tentatively, blood glucose, serum non-protein nitrogen,
certain inorganic salts, specific serum enzymes, plasma fatty acids
and other specific hormones that are known to be involved in
stress-type biological reactions.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5,0586, CULTURING, PROPAGATION AND CONDITION
EVALUATION OF FISHES
D.A. HILDEN, U.S. Dept. of Interior, Natl. Water Quality Lab. ,
Duluth, Minnesota

Ten species of fish have been selected on the basis of
economic importance and nationwide distribution, to be utilized
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in developing water quality criteria, for the protection of all forms
of aquatic life. These fish species and the organisms in their
respective food chains will be used to determine the effects of
various types of water pollution on all forms of aquatic life.
Acute, subacute, and chronic bioassay studies will be made.

This particular project will develop methods and techniques
for culturing and natural spawning (propagation) of the selected
wild fish species, in the laboratory environment. This must be
done in order that chronic bioassay work can be carried out
through at least one complete life cycle of the species.

Physiological parameters such as hematocrits, hemoglobins,
total and fractional serum protein determinations, blood calcium
to magnesium levels, blood phosphate levels, hormone levels, en-
zyme levels, as well as histological studies will be measured bi-
monthly to determine the physiological well being and condition
of the species before they are used for bioassay work--and to
develop 'laboratory' normal parameter means, to which, the same
physiological parameters from fishes subjected to experimental
treatments, can be compared.

The initial work will be with yellow perch, Perca flavescens,
brook trout, Salvelinus fontinalis and lake herring, Coregonus ar-
tedi.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0587, RECOVERY OF INDICATOR BACTERIA ON
SELECTIVE MEDIA DURING DECREASE OF VIABLE
COUNTS
A.W. HOADLEY, U.S. Dept. of Interior, Natl. Water Quality Lab.
, Duluth, Minnesota

There is some evidence that selective procedures for the enu-
meration of indicator bacteria underestimate actual viable popu-
lations as counts decrease during 'die-away', resulting in an ap-
parent rate of `die-offs which is greater than the actual rate. It is
the objective ')f this project to determine whether commonly ac-
cepted proce Aires yield meaningful results when applied during
the so-called 'die-away' of indicator bacteria. Answers obtained
should aid in interpretation of field data, in the development of
better procedures, and in answering the broader question of what
factors cause decreases in viable bacteria in water.

SUPPORTED BY U.S. Dept. of interior - F. Water Pol. Ctl

5.0588, RELATION OF SWIMMING WATER QUALITY
TO THE OCCURRENCE OF EAR INFECTIONS
A.W. HOADLEY, U.S. Dept. of Interior, Natl. Water Quality Lab.
, Duluth, Minnesota

Several studies have indicated a need to devote attention to
the relationship of bathing water quality to ear, nose, throat, and
skin infections among swimmers. There exists some evidence that
pathogenic bacteria playing an important role in outer ear infec-
tions occur in some surface swimming waters. It is the objective of
this project to determine whether the strains of pathogenic bac-
teria isolated from surface bathing waters are, in fact, identical to
those strains isolated from infected ears.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0589, EFFECTS OF D.O., TEMPERATURE AND POTEN-
TIAL TOXICANTS UPON SELECTED MACROINVER-
TEBRATES (EMPHASIZING NON-ARTHROPODS)
M.J. IMLAY, U.S. Dept, of Interior, Natl. Water Quality Lab. ,
Duluth, Minnesota

Effects of dissolved oxygen, temperature and toxicants (such
as CuSO4) on commercially valuable fresh-water clams and on
fish food chain macroinvertebrates such as snails, leeches, scuds,
insects, and flatworms will be studied.

Relation of cellular changes and daily activity patterns to tox-
icant or environmental stress and relation of mass filter-feeders
(clams and sponges) to bacterial water quality will also be in-
vestigated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0590, EFFECTS OF TEMPERATURE ON MATURA-
TION, EMBRYONIC DEVELOPMENT AND CONDITION OF
FRY IN YELLOW PERCH - LAKE HERRING, SMELT AND
WALLEYE
B.R. JONES, U.S. Dept. of Interior, Natl. Water Quality Lab. ,
Duluth, Minnesota

The project is to determir.4 levels of temperature needed for
sustained production of freshwater fish through study of effects
on reproduction. Criteria thus to be determined are to serve as a
basis for water quality standards.

Fish will be exposed to several levels of temperature related
to seasonal temperature variations. Effects of elevated tempera-
tures on gonad development to be determined in part by histologi-
cal technique, on embryonic dcvelopemnt and on condition of
larvae will be measured in yellow perch. Effects of elevated tem-
peratures on embryonic development and condition of larvae will
be measured in lake herring, smelt and walleye.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0591, CULTURING AND PROPAGATION OF
SELECTED INVERTEBRATES AND ASSOCIATED FOOD
ORGANISMS
A.E. LEMKE, U.S. Dept. of Interior, Natl. Water Quality Lab. ,
Duluth, Minnesota

To maintain selected invertebrate forms from field collec-
tions at any specific stage without loss of strength of change from
collected condition; and to continuously produce a crop of
animals which are suitable for continuing the life cycle and/or to
use in experiments for determining the water quality require-
ments for that species. A necessary adjunct will be the propaga-
tion of the desired food organism of the desired species.

Initial work will be concerned with culturing Hydropschye
betteni and propagation of Gammarus faciatus, Daphnia magna,
Cyclops sp., Bosmina sp. from the invertebrate group, and Rhizol-
clonium, Coccochlorus, and Synedra as plant representatives.
Temperature, light, and flow will be controlled using continuous
flow systems.

The initial phases of the work will be begun in fiscal 68 and
finished in fiscal 69. Subsequently, work will be started with those
organisms that can be reared to change their life cycle by manipu-
lation of the listed factors.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Cd

5.0592, PHYSIOLOGIC AND METABOLIC RESPONSE AS
INDICATORS OF STRESS
J.M. MCKIM, U.S. Dept. of Interior, Natl. Water Quality Lab. ,
Duluth, Minnesota

The objective of this research is to measure the subtle inter-
nal metabolic and physiologic responses of fish to environmental
changes.

Initially this project will be involved with the effects of low
dissolved oxygen levels on cardiac and respiratory functions in
the yellow perch (Perca flavescens) and the brook trout (Sal-
velinus fontinalis). It has been shown by other investigators that
these functions are altered considerably when an individual is
subjected to low dissolved oxygen levels. These alterations in car-
diac and respiratory function indicate a shift in metabolism due to
hypoxic conditions. If the level of dissolved oxygen at which these
changes occur is different for each species, then a method to aid
in setting dissolved oxygen standards for fresh water fish might be
initiated.

The fish will be held at a constant temperature in metabolism
chambers through which flows water of varying oxyge).
trations.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0593, EFFECTS OF HIGH TEMPERATURE, LOW OX-
YGEN, AND PH EXTREMES ON THE SURVIVAL OF
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AQUATIC INSECTS AND CRUSTACEA IMPORTANT AS
TROUT FOOD
A.V. NEBEKER, U.S. Dept. of Interior, Natl. Water Quality Lab. ,

Duluth, Minnesota
To establish dissolved oxygen, temperature, and pH require-

ments for various species of aquatic insects and crustacea which
have been found to be important in the food chain of brook, rain-
bow, and lake trout. Two species of Lake Superior crustaceans,
Mysis relicta and Ponteporeia affinis, and five species of aquatic
insects, Acroneuria lycorias, Taeneopteryx maura, Brachycentrus
americanus, Hydropsyche betteni, and Ephemerella subvaria, will
be used as test organisms. The work will consist of determining
the TI,m(LD50) values for 96 hours and 30 days, and longa it'
possible, for high temperatures, low oxygen, and low and high pH.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl

5.0594, EUTROPHICATION - REMOVAL OF NUTRIENTS
SHA.:.:AWA LAKE

L.P. SEYB, U.S. Dept. of Interior, Shagawa Lake Eutroph. Pro-
ject, Ely, Minnesota 55731

The objective is to evaluate the removal of algal nutrients
from municipal sewage in an advanced waste treatment pilot
plant as a means to impede blue-green algal blooms. Nutrient
removal will be accomplished by combinations of coagulation, fil-
tration, ion exchange and carbon adsorption operations. Pilo
plant effluent will be mixed with lake water in one 125,000 gall
pond immersed in the lake to determine the effect of nutr
removal on algal populations. A similar pond will receive tric
filter effluent mixed with lake water. A third pond will ser
control. Similar tests will be made in 200 gallon and 5 li
tainers to determine scale effect. Water quality of Shaga
its inflow, and outflow streams will be determined re
establish base-line information.

If nutrient removal by the pilot plant is effectiv
tertiary sewage treatment plant for the removal of
from Ely's sewage will be considered as a demonst
bottom sediment might be a reservoir for algal
to determine the effect of sediment on the qu
will be undertaken when experimental work
because of weather conditions.

Ultimately, enough facts about algal and aquatic plant
growths in Shawgawa Lake will be available to provide for a plan
to reverse the lake from its eutrophic condition to one that is less
or non-eutrophic.

SUPPORTED BY U.S, Dept. of lnt
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U.S. Dept. of Interior - F. Water Pol. Ctl
Minneapolis City Government - Minnesota

EMONSTRATION OF THE CHANNEL AERA-
CESS IN TREATMENT OF SEWAGE
State Dept. of Health, Minneapolis, Minnesota

purpose of the project is to demonstrate the efficiency of
nel aeration process of sewage treatment on the removal

t nutrients such as phosphate and bound nitrogen, and the
val of Salmonella and enterovirus from the incoming

age. The effect of the treated effluent on algae and other
uatic plant growth in the receiving lake will be studied.

SUPPORTED BY U,S. Dept. of Interior - F. Water Pol. Ctl
Minnesota State Government

5.0597, MATHEMATICAL MODEL OF STORM AND
SANITARY INTERCEPTOR SYSTEM
C.E. BOWERS, Univ. of Minnesota, School of Engineering, ;Xn-
neapolis, Minnesota 55455

The objective of this study is the development of a mathe-
matical model of the interceptor system of the Sanitary District,
to assist in the operation of diversion structures in the trunk sewer
system. The model will take precipitation data at 8 locations
around the area as input and compute runoff in the trunk system,
inflow to the interceptors and route the flow through the intercep-
tors. It should provide the operation with information on peak
flows and depths, to assist in operation of the diversion structures.
The study started in the winter of 1967 and will take about one
year to complete.

SUPPORTED BY Saint Paul City Government - Minnesota
Minneapolis City Government - Minnesota

5.0598, NITRIFICATION AND DENITRIFICATION Ole
WASTE WATER
W,K. JOHNSON, Univ, of Minnesota, School of Engineering,
Minneapolis, Minnesota 55455

The oujective of this project is to conduct samll-scale con-
tinuous flow pilot plant investigations to investigate nitrification
in the activated sludge process and denitrification for the purpose
of removing nitrogen from wastewaters. Several flow patterns will
be investigated including a staged operation with nitrification and
denitrification used alternately. A synthetic milk waste will be
used as the raw waste feed to the pilot plants. No results of the in-
vestigations are available at this time. It is planned that larger
scale demonstration plant tests using domestic sewage will also be
conducted during the coming year.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl

5.0599, REMOVAL OF COLLOIDAL MATTER FROM
WASTE WATER
W.J. MAIER, Univ, of Minnesota, School of engineering, Min-
neapolis, Minnesota 55455

The broad objective of the proposed investigation is to define
tlw- mechanisms by which microorganisms contribute to the
physical removal and metabolism of organic colloidal matter from
dilute solutions. This information will be used to formulate
theoretically based rate equations to describe the time-rate of
removal of colloidal particles as a function of the physical-chemi-
cal properties of the particles and of the solution.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl

5.0600, A STUDY OF THE OPEN WATER DISTRIBUTION
AND ABUNDANCE OF NET-PLANKTON AS AN INDEX OF
EUTROPHICATION IN LAKE SUPERIOR
T.A. OLSON, Univ. of Minnesota, School of Public Health, Min-
neapolis, Minnesota 55455

This research is aimed at applying the Continuous Plankton
Recorder Techniques of Hardy to non-oceanic situation, namely
Lake Superior. Hardy recorders were designed for marine work
and can be towed behind merchant vessels and other commercial
craft proceeding at their normal cruising speeds. During these
tows, a band of silk bolting cloth is automatically fed across a tun-
nel-opening to collect organisms from the water. Under highly ef-
ficient filtering conditions, three cubic meters or 3000 liters of
water are strained over each ten-mile section of the course and
organisms in the catch are deposited in a chronological order on
the moving band. After exposure the band is covered by another
layer of silk to hold the organisms in place and the two bands are
then tightly rolled up in a small tank of formalin preservative, At
the end of each 500-mile run the roll is removed from its chamber
and shipped to the laboratory whero a count is made of the organ-
isms. The zooplankters (herbivores) which make up the second
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trophic level of the ecological pyramid can be accepted as a
reflection of the primary production and therefore as an expres-
sion of the state of fertility or quality of the water being studied.

Because such large areas can be covered and each mile
traversed can be associated with a definite point on the bolting
cloth band one can detect variations which occur over the entire
lake and can readily locate such areas of variance accurately on a
geographical basis. The method is envisioned as a practical
parameter of water quality which will be of distinct value in stu-
dies of any of the Great Lakes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

5.0601, BENTHONIC INVERTEBRATES AS AN INDEX
OF WATER QUALITY
7'.A. OLSON, Univ. of Minnesota, School of Public Health, Min-
neapolis, Minnesota 55455

The proposed water pollution study will be made on imma-
ture aquatic invertebrates. Primary efforts will continue to be
concentrated on the oxygen requirements of each species during
its aquatic life cycle. It is believed that through such a study a
more exact evaluation can be established on the status of these in-
vertebrates as indicators of water quality or as potential bioassay
indicators. A subsequent cataloging of each species should be of
value to agencies and persons concerned with water pollution.

Since environmental conditions can be more closely con-
trolled in the laboratory, the work will be centered on this aspect.
A limited number of field studies will be included. A flow-through
respirometer in which the oxygen is measured by an electro-
chemical transducer and the conventional Manometric technique
will be employed to measure oxygen consumption rates.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0602, RELATION OF PHOSPHORUS IN LAKE BOT-
TOM DEPOSITS AND POLLUTIONAL HISTORY OF MIN-
NESOTA LAKES
J. SHAPIRO, Univ. of Minnesota, Graduate School, Minneapolis,
Minnesota 55455

A study is to be made of the phosphorus content of sediment
profiles from a wide variety of lakes in Minnesota. The shapes of
these profiles will be interpreted in the light of other events as
determined through micro-fossil analysis. This study coupled with
direct studies of the availability to recycling of phosphorus from
different depths in the cores will aid in determining the extent to
which sedimentary phosphorus is of meaning to the productivity
of lakes,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

5.0603, INORGANIC-ORGANIC INTERACTIONS IN
NATURAL WATERS
J. SHAPIRO, Univ. of Minnesota, Graduate School, Minneapolis,
Minnesota 55455

To study the yellow colored organic substances in natural
waters from the following aspects: I. The relationships between
the color and inorganic constituents of water. 2. The significance
of the above to algae. 3. The physical state of the coloring matter.
4. The chemical nature of the coloring matter. 5. Geographical
variations in the nature and properties of the coloring matter.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0604, THE ROLE OF MIXING IN MAINTAINING
STRATIFIED FLOW
E. SILBERMAN, Univ. of Minnesota, School of Engineering,
Minneapolis, Minnesota 55455

In controlling pollution of lakes, streams, and beaches, it is
desirable to be able to predict the relative importance of stratifi-
cation and mixing between an effluent and ambient water when
there is a difference in density between the two. Density dif-
ferences may arise, for example, when warm water is discharged
into cooler water, when aerated sewage is discharged into normal

river water, when fresh water wastes are discharged into salt
water, and when sediment- laden water is discharged into clear
water. Two somewhat different physical situations are involved;
these a.e the outfall area where effluent and ambient fluid first
meet and the area distant from the outfall where persistence of
stratification requires study. A broad analytical and experimental
study of the problems involved is proposed. The objectives are to
improve the ability of the engineer to: (1) determine the degree of
stratification that may be expected under given outfall conditions,
(2) control stratification and mixing at an outfall, (3) determine
the presistence of stratification at a distance from an outfall, (4)
determine the effect of wind waves on stratification and mixing,
and (5) makc model studies of stratification and mixing problems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0605, METHODOLOGY FOR INTEGRATING WATER
QUALITY MANAGEMENT WITH THE MANAGEMENT OF
THE TOTAL WATER RESOURCES IN MINNESOTA
C.P. STRAUB, Univ. of Minnesota, School of Public Health, Min-
neapolis, Minnesota 55455

This research is aimed at studying the water quality problems
associated with the many existing and possible uses of the water
resources of Minnesota and proposing methodology for integrat-
ing water quality management with the management of the other
aspects of the resource. The investigations will include: collection
of data on water quality for the total resource, both surface and
groundwater, in Minnesota; and a study of these data: a) to deter-
mine water quality parameters to be incorporated in future pro-
grams of data collection and analysis and b) to propose
methodology for integrating quality management with that of the
total resource, bearing in mind likely uses of the resource.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

5.0606, DEVELOPMENT OF A MATHEMATICAL
MODEL TO PREDICT THE ROLE OF SURFACE RUNOFF
AND GROUND WATER FLOW IN OVERFERTILIZATION
OF SURFACE WATERS
CP. STRAUB, Univ. of Minnesota, School of Public Health, Min-
neapolis, Minnesota 55455

Better control of agricultural and natural pollution is
required to protect Minnesota intrastate and interstate surface
waters. Since nutrient enrichment information is inadequate, stu-
dies are planned to develop a mathematical model to predict the
role of surface runoff and groundwater flow in the overfertiliza-
tion of surface waters. Following development of the model,
which will include theoretical expressions required for a complete
hydrologic budget and general expressions relating to nutrient
balance, criteria will be developed for controlling sources con-
tributing to the overfertilization or eutrophication of Minnesota
waters. The research effort will identify the primary factors in-
troducing nitrogen and phosphorous to the aquatic environment,
will delineate areas where additional data are needed and will
evaluate the resultant model under field conditions. The model
will assist state and federal agencies in initiating surface water fer-
tilization control programs.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

5.0607, PRIMARY PRODUCTIVITY OF MINNESOTA
LAKES
H.E. WRIGHT, Univ. of Minnesota, Graduate School, Min-
neapolis, Minnesota 55455

Primary productivity will be measured by the light-dark-bot-
tle method in lakes across Minnesota, from the acid bog lakes on
crystalline rocks in the coniferous forest of the northeast, to the
alkaline or even saline lakes in calcareous glacial drift in the
prairie of the southwest, in order to extend and refine the survey
that was started on an earlier project. Besides the productivity
and concurrent chemical measurements that will be made for ver-
tical profiles in the lakes, plankton counts will be made of the
same water samples to determine what organisms are responsible
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for the biochemical activity. Pigment and diatom analyses will be
made for comparison with already available analyses of bottom
sediments, and samples will be provided to other investigators for
trace-element analyses to provide further information on plank-
ton ecology and chemical hydrology. Primary productivity will
also be measured concurrently at selected sites with the carbon-
14 technique, to provide comparisons between the two methods
under controlled conditions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

5.0608, AEROBIC BIOLOGICAL TREATMENT, SLUDGE
DEWATERING AND DISPOSAL AND EFFLUENT REUSE
FOR A SIDE LEATHER TANNERY
B. CHRISTENSEN, S.B. Foot Tanning Company, Red Wing, Min-
nesota

The four year project will provide a full scale demonstration
and investigation of primary sedimentation, biological secondary
treatment utilizing aerated lagoons, and primary and secondary
sludge dewa:ering and disposal by means of pressure filtration
and incineration. The system will treat the total waste flow of 2.1
MGD from the side leather tannery, In addition an evaluation will
be conducted to determine the influence of final treatment plant
effluent reuse on hide processing 2nd quality of the finished
product by reusing it in the limepaddle` and 'wash soak' tanning
operations.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
S.B. Foot Tanning Company

5.0609, DISPATCHING SYSTEM FOR CONTROL OF
COMBINED SEWER LOSSES
R.L. MICK, Minneapolis St. Pau' San. Dist, Saint Paul, Minnesota
55106

The project involves installation of control gates at key
points in a combined sewer system which will be controlled from
a control location using real-time analysis of meteorlogical,
hydrologic, and hydraulic data to optimize combined sewer
system performance and minimize lesson of combined wastes to
the receiving stream. An analysis will be made of the extent and
effect of losses from the combined sewer system under present
operation, and a comparison will be made to show the improve-
ments resulting from the control system. Extensive analytical data
will be obtained as well as extensive measurements of sewer
system performance.

The annual level of expenditure will vary. The project is
financed by a 50 per cent grant from the Federal Water Pollution
Control Administration, with the remainder shared by the cities
of Minneapolis and Saint Paul and the Sanitary District.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Saint Paul City Government - Minnesota
Minneapolis City Government - Minnesota

5.0610, EFFICIENCY AND ECONOMY OF POLYMERIC
SEWAGE CLARIFICATION
K.D. LARSON, Saint Paul Sewage Disp, Comm. , Saint Paul, Min-
nesota 55075

The project objectives are to determine the increased purifi-
cation attainable by treating industrial wastes (packing house),
sanitary sewage, combined sanitary sewage and storm waters or
combinations of such wastes with polyelectrolytes and floc
`weighting agents,' Design parameters for the degree of treatment
to be expected will be established on the combined city sewage
and industrial wastes, on the city wastes for both 'dry weather'
and 'wet weather' flows, and on the industrial wastes separately.
Physical and chemical characteristics of the sludge obtained as a
result of this treatment procedure will be established.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl
South St, Paul City Government

Minnesota

5.0611, PEAT BOG WASTE STABILIZATION
A.M. DEYOANNES, State Dept. of Iron Rge. Res. , Saint Paul,
Minnesota 551W

The purpose of the project is to explain the phenomenon
whereby wood products waste water from an industrial plant in
Floodwood, Minnesota, becomes biologically stabilized rapidly
when in contact with peat native to the area. Tests will be made to
see whether this phenomenon can be effected with other waste
waters, including domestic sewage; and to find a way to accom-
plish this phenomenon with peat which can be transported to
places where it does not exist naturally. Peat which has been par-
tially dried and subsequently re-watered and re-- seeded with peat
bacteria if necessary will also be studied.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Minnesota State Government

5.0612, STORAGE AND MOVEMENT OF WATER IN
SOILS AS RELATED TO SPA ;IAL AND TIME CHANGES IN
THE CLAY-QUARTZ MATRIX
G.R. BLAKE, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

Storage and movement of water in soils depends on the sta-
bility and puddlability of the coil matrix and also upon time
changes in the matrix stability. Laboratory studies will be made of
time dependent changes in matrix stability and of bond formation
and bond strength between particles. Soils will be selected, col-
lected and sieved. Artificial aggregates will be prepared and time-
dependent changes in their wet strength will t.e. measured by wet
sieving and by modulus of rupture measurement. Effect of aging
temperature and soil water content during aging will be mea-
sured. The matter of biological activity during aging will be in-
vestigated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

5.0613, FARM ANIMAL MANURE DISPOSAL LAGOONS
R.E. LARSON, Univ. of Minnesota, Agricultural Experiment Sta.
, Saint Paul, Minnesota

Plan of Work. This project will be largely a 'field test' of data
obtained from laboratory analysis and test. Lagoon design criteria
will be developed from the laboratory data, from findings of other
researchers and from observation of performance of operating
lagoons and used to design prototype lagoons for the various
kinds of manure. Performance of the prototypes will be observed
and studied to evaluate thr! coliform bacteria reduction, rate of
sludge accumulation, and other factors. As opportunities develop,
design data for construction of prototype lagoons by the Universi-
ty of Maryland or by operating farmers in the vicinity will be
furnished in exchange for opportunity to obtain performance
data.

SUPPORTED BY U.S. Dept. of Agriculture

5.0614. EFFECT OF PAPER FIBER WASTES ON FISH
EGGS AND JUVENILES
L.L. SMITH, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

Suspended wood fiber is to be tested for its effects on fish
eggs, fry and fingerlings. Effects of wood fiber mats in Rainy River
on fish and invertebrates will be tested. Decomposition products
of wood fiber mats will be tested in laboratory. Effect of
Sphaerotilus natans on fish eggs and fry is to be tested. Deleteri-
ous effects of low oxygen levels in connection with fiber decom-
position products will be determined.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0615, INFLUENCE OF WATER POLLUTANTS AND
WATER QUALITY ON EARLY LIFE HISTORY AND POPU-
LATION DYNAMICS OF MINNESOTA FISHES
L.L. SMITH, Univ. of Minnesota, Agricultural Experiment Sta. ,
Saint Paul, Minnesota

The objective of this study is to determine the influence on
fish production of various water pollutants of industrial and
domestic origin; specifically, what such materials as H2S, deter-
gents, paper mill wastes and similar materials have on growth
rate, fecundity, and survival of fish. Fish food organisms are also
included in investigations.

Field observations in polluted areas are made to determine
limits of major parameters such as temperature, 02, pollutant
levels and fish survival. Laboratory bioassays, long-term tests at
sublethal levels of various materials, and fecundity tests will be
made in the laboratory under controlled conditions to separate
out effects of various factors and to define subtle long-term ef-
fects of pollutants that will influence level of annual harvestable
crop of fish.

SUPPORTED BY Minnesota State Government

5.0016, IRON ORE FLOTATION
N.B. MELCHER, U.S. Dept. of Interior, Twin Cities Met. Res.
Ctr. , Saint Paul Twin City Airport, Minnesota 55 I I 1

Conduct bench scale and pilot plant research on fine grained
nonmagnetic taconite, both independently and in cooperation
with major iron mining companies, to devise and advance applica-
ble flotation technology. Investigations will be conducted to
determine the role of frothers and certain select dispersants in in-
troducing certain undesirable side-effects on flotation, to achieve
further efficiency in the selective flocculation-desliming steps,
and to improve grinding practice so as to minimize steel consump-
tion.

Research will be continued to construct a basis for process
control based on measurements of unadsorbed calcium ion and
starch in flotation pulps undergoing anionic flotation of silica.

Additional effort will be directed to studies on: (1) Flotation
eystems employing cationic collectors. (2) Filtration of finely
ground concentrate with the objective of increasing capacity and
lowering moisture content of filter cake, and (3) Clarification of
slime overflows to enable water reuse and to prevent stream pol-
lution, preferably while maintaining solution alkalinity.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

5.0617, DETERMINING CHANGES IN PHYTOPLANK-
TON POPULATIONS IN CLOUDS OF FLUORESCENT DYE
MOVING IN THE MISSISSIPPI RIVER
C.D. MCNABB, Saint Marys College, Graduate School, Winona,
Minnesota 55987

The degree of integrity maintained by clouds of fluorescent
dye as they move through the 14 mile stretch of the Mississippi
River pool 06 near Winona, Minnesota will be studied using con-
tinuous discharge and point discharge of Rhodamine B that will
be detected downsteam on surveyed transects with a boat
mounted, continuous flow Turner Model 11 flurometer. Time-in-
travel and dispersal patterns between consecutive transects will
be studied in different seasons. Plankton will be sampled within
clouds of dye as they move between transects so that quantitative
changes in the population of the diatom Stephanodiscus
hantzschii caused by such things as immigration and emigration
from the flow of the main channel might be determined. This
work will be centered at the Hydrogioloby Station of St. Mary's
College located at Homer, Minnesota.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Saint Marys College

5.0618 MAYFLY DISTRIBUTION AS A WATER QUALI-
TY INDEX
C.R. FREMLING, Winona State College, Graduate School,
Winona, Minnesota 55987

Hordes of mayflies rise from the Mississippi River every
summer and create nuisance problems for river residents and
river traffic. The relative abundance of the various species in a
given area, however, I,, probably a reliable indicator of general
water quality in that area.

Adult mayflies will be collected systematically along the
Uper Mississippi River. An efficient, reliable, large-scale collec-
tion system was initiated in 1957 and it has been in continuous
operation since that date. Past and future collections will be
analyzed to determine (1) geographical distribution of the various
species, (2) times of adult emergence, (3) 'areas of scarcity and
abundance, (4) population trends, and other basic biological
data. Most important, this analysis will determine the present
state of the river as habitat for pollution-sensitive organisms.
These data will provide a basis for comparison, should the quality
of the aquatic habitat change in the future.

I have developed methods for rearing large numbers of bur-
rowing mayflies in the laboratory. Laboratory populations will be
maintained to determine the effects of limiting factors such as
concentrations of dissolved substances, food supply, temperature,
intraspecific strife and interspecific competition. The degree to
which burrowing mayflies contribute to total turbidity will be
determined. Laboratory populations will also be studied to learn
more concerning the environmental factors which coordinate
mass rhythmic emergences of mayflies.

Laboratory experiments in conjunction with field investiga-
tions will enable me to evaluate the importance of the various
roles played by mayflies in the aquatic ecosystem. This evaluation
becomes increasingly important as river cities contemplate
mayfly control programs.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0619, A STUDY OF COLIFORM BACTERIA AND
ESCHERICHIA COLI ON POLLUTED AND UNPOLLUTED
OYSTER BOTTOMS OF MISSISSIPPI
G. GUNTER, State Marine Conserv. Comm. , Biloxi, Mississippi

Objectives: 1) To establish a regular sampling program on
transects across Mississippi Sound and extending from fresh water
to the Gulf of Mexico and on selected polluted and unpolluted
oyster reefs. 2) To perfect technique for collecting comparable
samples. 3) To complete bacterial analyses of collected samples.
4) To compare the bacterial flora from polluted and unpolluted
areas of Mississippi Sound and adjacent waters, especially as it re-
lates to sewage polluted oyster beds.

Procedures: I) Field - (a) Surface, mid-water and bottom
samples will be collected at established stations where there is suf-
ficient depth of water. Additional samples will be collected as
necessary. (b) Techniques to insure the collection of samples
under sterile conditions will be established. (c) Temperature and
salinity will be determined at all stations. (d) Collected samples
will be refrigerated and returned to the laboratory for analysis. 2)
Laboratory - (a) The Most Probable Number of coliform organ-
isms and of Escherichia coli of presumptive human fecal origin
will be determined by competent bacteriologists. (b) Additional
studies will be carried out where feasible.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Mississippi State Government

5.0620, NUTRIENT ASSIMILATION RATES FIELD STU-
DIES
W. ABBOTT, Gulf Coast Research Laboratory, Ocean Springs,
Mississippi

A series of estuarine ponds have been formed by capturing a
bayou channel between levees. The ponds are utilized for factori-
al experimentation on effects of various nutrients in multiple dose
combinations.

Phosphorus studies have shown that the ultimate to of an
added tracer spike is conditioned by the recent fertilization histo-
ry of the pond. Ability of the whole pond ecosystem to function as
a sort of 'phosphorus buffer' is indicated by the results.

Repetition of phosphorus studies and studies on the nitrogen
cycle are planned for the near future.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0621, STUDIES ON INORGANIC, NUTRIENT ASSIMILA-
TION RATES IN ESTUARINE PONDS
ri; , ABBOTT, Gulf roast Research Laboratory, Ocean Springs,
Mississippi

The captioned research grant has provided funds for con-
struction of 18 estuarine ponds. These ponds are being utilized for
field scale testing of hypotheses developed during a series of
microcosm studies (Abbott, J. Water Poll. Control Fed., 38:258-
27O(1966);9: 113-122 (1967).

Studies ate oriented toward evaluation of phosphorus and
nitrogen turnover rates, kinetics of uptake of these elements, and
validity of their roles as limiting nutrients in hyperfertilized
estuarine situations.

SUPPORTED BY Rockefeller Foundation

5.0622, DEVELOPMENT OF STRUCTURAL MEASURES
FOR SEDIMENT CONTROL AND FOR STREAM CHANNEL
STABILIZATION IN THE SOUTHERN BRANCH
DA. PARSONS, U.S. Dept. of Agriculture, Oxford, Mississippi

Object: To develop criteria for water training, grade control,
and sediment deposition and/or removal structures to protect bed
and banks and to maintain water conveyance capacity of natural
and constructed channels of agricultural watersheds.

Plan of Work: Field locations are selected where stabilization
measures are already in place and where these measures are to be
installed. In the existing stabilized areas data are collected and
compiled to establish reasons for success or failure. Where such
measures are to be installed, data are acquired on the charnel
hydraulic conditions and geometry, and effectiveness periodically
checked. Information is obtained on boundary velocity and shear
stress reductions with various spacings, angles, densities, and
alignments of the protective measures. Other measures are placed
to withstand direct forces of flowing water.

SUPPORTED BY U.S. Dept. of Agriculture

5.0623, THE DECOMPOSITION OF PETROLEUM
PRODUCTS IN OUR NATURAL WATERS
L.R. BROWN, Mississippi St. University, Graduate School, State
College, Mississippi 39762

The anaerobic decomposition of crude and refined petrole-
um products in marine, brackish, and/or aquatic environments
may be highly detrimental to the biological life of the area. Such
occurrences can arise from the treatment of soil 'slicks' with
precipitants or the discharge of hydrocarbons adsorbed onto par-
ticulate matter.

The specific aims of the present proposal are (1) to in-
vestigate the anaerobic decomposition of crude and refined
petroleum products in terms of hydrocarbon removal and the
production of water-soluble organic materials, (2) to generate
sufficient data to be able to project what changes can be expected
in a given water depending upon the volume of product being
decomposed, (3) to determine if the process can be expedited by
the addition of some essential nutrients such as phosphate and
nitrate, and (4) to determine whether the addition of other com-
pounds to neutralize the products resulting from the anerobic
decomposition of hydrocarbons might be of value.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Mississippi State University

5.0624, PESTICIDE RESISTANT FISH IN NATUKAL
ECOSYSTEMS
D.E. FERGUSON, Mississippi St. University, Graduate School,
State College, Mississippi 39762

The applicant and his students first reported pesticide re-
sistance in natural populations of fish in 1963. Since that time,
our studies have concerned the extent and nature of resistance in
vertebrates, and little effort has been directed to an assessment of
the significance and potential of resistance to natural ecosystems.

41"

Recent findings indicate that the ecological impact of resistant
populations of fish may be so great and macabre as to stagger the
imagination, For example, large numbers of highly resistant
mosquitofish are able to survive as 10-da:' exposure to 2000 ppb
endrin. If a medium-sized predaceous fish eats just one of these
survivors, death ensues in about 6 hours, We suspect that the
same would be true of an egret, snake, turtle or any other preda-
tor. What about man?

In a paper now in press, we show that a single resistant fish
exposed to 1000 ppb endrin will release sufficient toxicant into 10
liters of tapwater to kill 5 susceptible fish in 38.5 hours.

How much pesticide are resistant fish able to tolerate? How
much do they actually contain in heavily contaminated areas?
What predators eat them? What is the consequence? Are humans
eating them? These are some questions we hope to answer, and it
is a matter of urgency that they be answered quickly! Our objec-
tives are to attempt to assess the actual and potential significance
of the presence of resistant fishes in natural ecosystems.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel, - P.H.S.

5.0625, WATER TEMPERATURE EFFECTS ON BED
FORMS
J.J. FRANCO, U,S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The purpose of the investigation is to determine the effects of

changes in water temperatures on sediment transport, streambed
forms, and bed roughness of various types of bed materials found
in natural rivers and materials used in movable-bed models. Tests
will be conducted with fine, medium, and coarse sand and
crushed coal at different water temperatures, ranging from a
winter minimum of 40 degrees F to a summer maximum of 80
degrees F and three rates of introduction of bed material for each
temperature. Each test will be run to the point of stability where
input and extrusion of sand are equal. The overall program can be
divided into testing of fine sand, testing of crushed coasl, testing
of medium sand, and testing of coarse sand.

SUPPORTED BY U.S. Dept. of Defense - Army

5.0626, NEUTRALIZATION OF ACID STRIP -MINE
LAKES
J.R. WHITLEY, State Div. of Fisheries, Columbia, Missouri

Objectives: To determine the feasibility of converting acid
strip-mine lakes to fish producing lakes by rapid neutralization
with calcium hydroxide.

Procedures: A small acid lake' will be treated with sufficient
calcium hydroxide to raise the pH to 7,5. Agricultural ground
limestone will be applied to the acid-producing portion of the
watershed to neutralize additional sulphuric acid as it forms.0
Monthly measurements will be made of pH, acidity, alkalinity,
specific conductance and turbidity. The lake will be stocked with
fish immediately after neutralization.

The cost of treatment will be calculated to determine if this
would be a practical method of raising the pH of acid strip-mine
lakes to a level which will sustain a normal fish population.

Justification: The water in many coal strip pit lakes is too
acid to support a normal aquatic fauna, Significant amounts of
sulphuric acid may be formed when sulphur-bearing material on
the bottom of the new strip pits is oxidized during the early stages
of filling with water. The amount of acid formed during this early
stage is often sufficient to acidify the entire body of water. Once
the coal vein and associated sulfur containing formations are
covered with water, much smaller amounts of acid are formed. If
the spoil banks and other parts of the watershed do not contain
acid-forming materials, the lake may be neutral4zed by calcium
carbonate leached from the watershed. 'The time required for
neutralization by this process varies greatly, depending on the ini-
tial amounts of acid formed and on the composition of the spoil
banks. Several years often are required before a strip-mine lake is
capable of supporting a significant amount of aquatic life.

Neutralization of moderately acid strip-mine lakes with calci-
um hydroxide should permit early use of these pits for fish
production. Spreading agricultural lime over localized acid-
producing areas in the spoil should assist in maintaining the lakes
in an alkaline condition.
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SUPPORTED BY U.S. Dept. of Interior - Bu, Sport Fish.
Missouri State Government

5.0627, BIOCHEMISTRY OF FISH SEMEN
D.D. CRUEA, U.S, Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The objective of the study is to evaluate the biochemistry of
fish semen to detect effects of pesticides.

4, biochemical screening of seminal plasma, sperm cells, and
the tails of the sperm from cutthroat trout and other fishes will be
performed to establish biochemical criteria useful as indices of
fertilizing capacity. The study will cover presence of free amino
acids, various cations, glycolyzable substrates, adenylic acids, and
nucleic acids. Semen from fish exposed to endrin will be com-
pared with that from untreated fish.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0628, COMPARATIVE UPTAKE OF 10 CHLORINATED
HYDROCARBON PESTICIDES BY FISH
R.D. EARNEST, U,S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Th:, purpose of this work is to compare uptake of 10
chlorinated hydrocarbon pesticides of fish. Fish are held in like
concentrations of each pesticide and sampled as scheduled. Sam-
ples are measured for pesticide residue at Columbia.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0629, SERUM ANALYSIS OF CUTTHROAT TROUT EX-
POSED CHRONICALLY TO METHOXYCHLOR PESTICIDE
EFFECTS ON FISH ENDOCRINE FUNCTIONS
P.B. GRANT, U.S. Dept. of Interior, Fish Pesticide Res, Lab. ,
Columbia, Missouri 65201

The serum of cutthroat trout will be studied during extended
bath and feed treatments carried out at Jackson, Wyoming. The
parameters to be measured are: Na, K, Ca, Mg, CI, HCO3
(equilibrated with 5% CO2), NPN, urea, uric acid, creatinine,
creatinc, amino acids, cholesterol, total protein, and osmolality.

SUPPORTED BY U.S. Dept. of Interior - lb, Sport Fish.

5.0630, THE CONSTITUENTS AND PHVSICO-CHEMICAL
PROPERTIES OF SERUM FROM GOLD-FISH EXPOSED
CHRONICALLY TO MALATHION AND ENDRIN
F.B. GRANT, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The serum of goldfish receiving different treatments with
malathion or endrin will be studied in detail. These insecticides
will be administered over a broad concentration range in their
food over a period of several months. The fish will be held in flow-
ing water (18 plus or minus 2 degree C) and fed daily on a
balanced diet at the rate of 3% of the body weight per week in dry
weight of food. The serum parameters to be estimated are Na, K,
Ca, Mg, CI, HCO3, PO4, NPN, urea, uric acid, creatinine,
creatinc, amino acids, glucose, cholesterol, phospholipids, total
proteins, lipoprotein, glycoprotein, esterases, LDH isozymes,
catechol amines, adrenocorticoids, sex steroids, pH, and
osmolality.
SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish,

5.0631, TklYROID FUNCTION OF GOLDFISH AND RAIN-
BOW TROUT EXPOSED CHRONICALLY TO MALATHION
AND ENDRIN - PESTICIDE EFFECTS ON FISH EN-
DOCRINE FUNCTIONS
F.B. GRANT, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Thyroid activity will be studied in goldfish and rainbow trout
receiving chronic exposures to malathion and endrin. Thyroid ac-
tivity will be assessed by radioiodine uptake, radiothyroxine
production (butanol extractable iodine), and mean thyroid cell
heights. Serum iodine (1127) will be determined for collateral in-
formation on iodine metabolism. Hypophysectomized and intact
fish receiving exogenous thyrotropin will be studied similarly to
detect a possible mode of action of the pesticide.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0633, BLOOD OXYGEN AND CO2 CARRYING CAPACI-
TY OF 4 FISH EXPOSED TO MALATHION AND ENDRIN -
PESTICIDE EFFECTS ON FISH ENDOCRINE FUNCTIONS
F.B. GRANT, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Colundaia, Missouri 65201

The influence of selected carbamates, organophosphates,
and chlorinated hydrocarbon pesticides on the in vitro oxygen
and carbon dioxide loading capacity of erythrocytes will be stu-
died. Pilot studies will be carried out using carbaryl, malathion,
and endrin on erythrocyte suspensions from carp, tilapia and rain-
bow trout. 'I he conditions for optimal incubation will be deter-
mined for each species prior to treatment with these toxicants.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0633, EFFECTS OF MALATHION ON THE SEXUAL
DEVELOPMENT OF MALE RAINBOW TROUT - PESTICIDE
EFFECTS ON FISH ENDOCRINE FUNCTIONS
F.B. GRANT, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Hypophysectomized trout will be allowed to regress
completely and then will be treated with gonadotropin to stimu-
late gonad development, The fish will be exposed to different
levels of malathion during the gonadotropin treatment. The rate
and extent of development will be studied. Observations on thy-
roid activity and serum composition will be made.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0634, EFFECTS OF ENDRIN & MALATHION ON
GONADAL HYDRATION RESPONSE OF MALE GOLDFISH

& RAINBOW TROUT. PESTICIDE EFFECTS ON FISH EN-
DOCRINE FUNCTION
F.D. GRANT, U.S. Dept. of Interior, Fish Pesticide Res. Lab.

Missouri 65201
Prespawning, goldfish, and rainbow trout will be exposed to

various levels of malathion and endrin prior to inducing the
seminal thinning response in intact animals. The hydration
response will be elicited by exogenouus gonadotropin, The effects
of these pesticides on this 24-hour hydration response will be stu-
died.

The physico-chemical properties of the sperm cell carrier
and urine will be studied.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

5.0635, LITERATURE SF \RCN FOR POSSIBLE PESTI-
CIDE DETOXIFYING A" 'V S - CHEMICAL AND PHYSI-
CAL STUDIES ON REDUCi 'ON OF PESTICIDE HAZARDS
R.J. HESSELBERG, U,S. Dept. of Interior, Fish Pesticide Res.
Lab. , Columbia, Missouri 65201

A literature search will be made in an effort to determine the
known detoxifying agents which show some promise in reducing
toxicity. At the same time, a search will be made for possible
methods of screening chemicals for their detoxifyingeffect.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0636, SCREENING FOR PESTICIDE DETOXIFICATION
AGENTS - CHEMICAL AND PHYSICAL STUDIES ON
REDUCTION OF PESTICIDE HAZARDS
R.J. HESSELBERG, 1J.S. Dept. of Interior, Fish Pesticide Res.
Lab. , Columbia, Missouri 65201

Chemicals will be screened for possible detoxifying agents
for DDT and aldrin,/dieldrin. Laboratory chemical tests would be
run on GLC and by bioassay methods. Chemicals which show
promise will be further tested in some type of an expanded pro-
gram.
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SUPPORTED BY U.S, Dept, of Interior Bu, Sport Fish.

5.0637, COMPARISON OF METHODS USED TO MEA-
SURE ESTERASE ACTIVITY. INTERACTIONS BETWEEN
PESTICIDE ON FISH ENZYME SYSTEMS
J.W. HOGAN, U.S. Dept, of Interior, Fish Pesticide Res, Lab. ,
Columbia, Missouri 65201

This work unit will attempt to correlate results of esterase ac-
tivity measurements obtained by two colorimetric methods and
by a manometric method, Brain tissue from three species of fish,
cutthroat trout (Salmo dark: Richardson), bluegi'l sunfish
(Lepomis macrochirus Rafinesque), and channel catfish (Ictalu-
rus punctatus Walbaum ) will be analyzed for acetylcholinesterase
levels, The entire brain will be removed from the rish,
homogenized in deionized water, divided into aliquots, and
diluted with the appropriate buffer. At least triplicate samples of
each homogenate will be analyzed by all methods. Also, effects of
storage by freezing will be studied. In vitro inhibition will be
determined. Samples of homogenate will be incubated with vari-
ous anticholinesterase agents and the resultant decrease in
acetylcholinesterase activity will be measured. Brains removed
from fish which have been exposed to various anticholinesterase
agents will be analyzed to correlate in vivo inhibition. All results
will be analyzed statstically to determine if there are any signifi-
cant differences.

SUPPORTED BY U.S. Dept, of Interior - 13u. Sport Fish.

5.0638, SEASONAL CHANGES IN ESTERASE ACTIVITY
IN FISH AND INVERTEBRATES. INTERACTIONS
BETWEEN PESTICIDES ON FISH ENZYME SYSTEMS
J.W. HOGAN, U.S, Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 6520

Samples of adult bluegill and at least one species of aquatic
invertebrate will be collected at monthly intervals and assayed for
acetylcholinesterase activity. The initial study will continue for at
least one year, If statistically significant changes in esterase activi-
ty are found to be correlated with sampling date the study will be
extended for a second year and may be expanded to include addi-
tional species.

SUPPORTED BY U.S. Dept, of Interior - Bu. Sport Fish.

5.0639, SCREENING AQUATIC INVERTEBRATES TO
DETECT AN ORGANISM SUITABLE FOR USE IN A MONI-
TORING PROGRAM
J.W. HOGAN, U.S. Dept. of Interior, Fish Pesticide Res. Lab, ,
Columbia, Missouri 65201

Various aquatic invertebrates will be screened in an attempt
to find one or more organisms which can be used to monitor for
the presence of anticholinesterase agents. Ideally, such an organ-
ism should exhibit a reaction to levels of anticholinesterase agents
which are not toxic to fish. Should such an organism be found, it
could then be used to detect the presence of anticholinesterase
agents heofre they can reach levels which are harmful to other
members of the aquatic ecosystem Initially, various invertebrates
will be selected on the basis of availability and sensitivity to vari-
ous anticholincsterase agents as indicated by bioassay test results.
Dependent upon initial results, the enzyme system will be charac-
terized in regard to optimum substrate, optimum substrate levels,
both in vitro and in vivo reaction to various anticholinesterase
agents, sex, date of sampling, etc. After a number of or Tits
'nave been screened, one or two of the more promising
selected for use in an actual monitoring program in the fief

SUPPORTED BY U ,S. Dept. of 'interior - Bu. Sport Fish.

5.0640, CHARACTERIZATION AND COMPARISON OF
ESTERASE(S) PRESENT IN THE HEADS OF THE IMMA-
TURE FORM OF TWO SPECIES OF DAMSELFY
J.W. HOGAN, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

To characterize and compare the esterases(s) present in the
heads of the immature form of two species of damselfly (Ishnura
verticalis Say and Lestes congener Hagen). Initial experiments

will be designed to determine a practical homogenization
technique which will produce an active enzyme preparation, En-
zyme characterization will proceed immediately after the optima'
enzyme preparative technique is determined. The manometric
assay procedure will be used. Characterization will include
establishment of assay conditions such as optimum substrate and
optimum substrate concentration, In addition, the effects of vari-
ous selective inhibitors will be studied. In vitro inhibition of
cholinesterase will be determined by incubating enzyme prepara-
tions with various concentrations of anticholinestcrase agents.

SUPPORTED BY U.S, Dept. of Interior - Bu. Sp5rt Fish.

5.0641, ROLE OF ENTERIC MICROORGANISMS IN
DETOXIFICATION - INTERACTION BETWEEN MICROOR-
GANISMS AND PESTICIDES
B. T, JOHNSON, U.S. Dept, of Interior, Fish Pesticide Res. Lab. ,

Columbia, Missouri 65201
The purpose of this study is to investigate the role of enteric

microorganisms endogenous to fresh-water fish in detoxification
of insecticides.

Members of the microflora will be isolated in pure culture,
identified, grown in enriched media and inoculated with various
pesticides. Data will be gathered to ascertain the role these organ-
isms play in the biodegradation and abolition of insecticide in fish.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0642, INFLUENCE OF PROTOZOAN ACTIVITY ON
HALOGENATED HYDROCARBON RESIDUES - INTERAC-
TION BETWEEN MICROORGANISMS AND PESTICIDES
B.T. JOHNSON , U.S. Dept, of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Axenic cultures of a broad spectrum of free living fresh-
water protozoans will be studied in vitro with selected insecti-
cides,

The parameters of this investigation will be as follows; 1. Ef-
fects on protozoan population of the insecticide. 2. Ability of the
organism to utilize the pesticide as a sole carbon source, 3. Role
of protozoans in degradation of halogenated hydrocarbon pesti-
cides. 4. Study possible use of protozoans as bio-indicators of low
concentrations of pesticides,

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0643, EFFECTS OF PESTICIDES ON PROTEIN, CAR-
BOHYDRATE, AND NUCLEIC ACID METABOLISM. IN-
TERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES
B.T. JOHNSON, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Preliminary investigations will be initiated utilizing a selected
group of yeast, bacteria and protozoa to ascertain the influence
pesticides play in basic respiration and synthesis. Fundamental
work will involve development of suitable radio-respirometry and
disc electrophoresis technique.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0644, BIOTRANSFORMATION OF ALDRIN AND DIEL-
DRiN BY BACTERIA - INTERACTION BETWEEN
MICROORGANISMS AND PESTICIDES
B.T. JOHNSON, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,

Columbia, Missouri 65201
Pure culture of bacterial species commonly inhabiting soil,

water and fresh-water fish will be investigated to determine the
role they perform in the metabolism of aldrin and dieldrin. Varia-
bles of pH, temperature, oxygen tension, etc., will be investigated.
Analysis and identification of metabolites will be done utilizing
gas chromatography, infrared spectroscopy, and C-14 tracers,
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SUPPORTED BY U.S. Dept. of Interior -131u. Sport Fish.

5.0645, BIOTRANSFORMATION OF HEPTACHLOR BY
BACTERIA - INTERACTION BETWEEN MICROORGAN-
ISMS AND PESTICIDES
B.T. JOHNSON, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Pure cultures of bacterial species commonly inhabiting soil,
water and fresh-water fish will be investigated to determine the
role they perform in the metabolism of heptachlor. Variables of
pH, temperature, oxygen-tension, etc., will be investigated. Anal-
ysis and identification of metabolites will be done utilizing gas
chromatography and infrared spectroscopy.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0646, CHRONIC EFFECTS OF MALATHION ON
BLUEGILLS
H. KENNEDY, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The purpose of the work is to measure chronic effects from
the exposure of bluegills and channel catfish to malathion at
Columbia, Missouri. The fish are exposed to single and multiple
sets of treatments in ponds, at three concentrations. Samples are
withdrawn at intervals, and fish are examined for histopathology,
cholinesterase inhibition, and blood chemistry, and the popula-
tions monitored for growth, mortality, presence of disease,
reproduction characteristics, and quality of offspring. Com-
parisons among lots are made to assess effects of malathion.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.,

5.0647, CHRONIC EFFECTS OF METHOXYCHLOR ON
BLUEGILLS AT COLUMBIA, MISSOURI
H. KENNEDY, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The objective of the work is to measure chronic effects
resulting from the exposure of bluegills to methoxychlor in ponds
at Columbia, Missouri. The fish are exposed to various levels of
methoxychlor in 1/10-acre earthen ponds, and samples of fish are
collected at intervals for residue analysis, histopathological stu-
dies, growth measurements, and measurements on reproduction
and quality and quantity of offspring. Comparisons among grokips
of fish are made on these factors. Residues of methoxychlor are
made in pond waters, bottom sediments, and aquatic vegetation
for information on rate of breakdown of the insecticide and on
the quantity and quality of the breakdown products.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0648, CHRONIC EFFECTS OF METYHL PARATHION
AND ENDRIN ON CHANNEL CATFISH AND GOLDFISH IN
PONDS. PESTICIDE- INDUCED CHANGES IN POND
ECOLOGY
H.D. KENNEDY, U .S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Objective: To assess the chronic effects of a multiple expo-
sure contact treatment, utilizing methyl parathion and enccin (in-
troduced alone and in combination), on two species of warm-
water fish in 12 one-quarter acre and eight one-tenth acre ponds.

Nine one-quarter acre ponds will receive two treatments
(May 20 and August 19) of the combined pesticides in three
replicates of three concentrations. High treatment - methyl
parathion 200 ppb, and endrin .04 ppb. Medium treatment -
methyl parathion 40 ppb, and endrin .008 ppb. Low treatment -
methyl parathion 20 ppb, and endrin .004 ppb. Three additional
ponds will serve as controls. The one-tenth acre ponds will also
receive two treatments (June 6 and September 5). Two ponds will
be treated with methyl parathion at a concentration of 200 ppb,
two with endrin at .07 ppb., and two will receive the combination
treatment of the same levels as those of the medium treatment of
the one-quarter acre ponds. Two additional ponds will serve as
controls.

Samples of fish will be taken at 1, 3, 7, 14, 28, 56, and 84
days after each treatment for chemical residue analysis, stomach

samples, and for histopatholcgical examination. Measurement of
fish growth, survival, and reproduction will be made. Bicod sam-
ples will be taken for hematocrit and grams percent protein levels.
Effects of these pesticides on other components of the pond
ecosystem; aquatic invertebrates, plankton, vegetation, mud and
water for residue analysis, and water quality will also bc ea.
sured.

SUPPORTED RY U.S. Dept. of Interior Bu. Sport Fish.

5.0649, ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER FISH AND OTHER VERTEBRATES
K.J. MACEK, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The objective of this work is to determine whether the up-
take and activity (consequently the toxicity) of various insecti-
cides differs among eggs, fry, various sizes of immature fish, and
various sizes of mature fish. Representatives of the salmonids,
centrarchids, and other families will be studied. The work will in-
volve exposing the various life stages to the nsecticides and deter-
mining relative toxicity indices.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

5.0650, EFFECTS OF CHRONIC EXPOSURE TO
METHOXYCHLOR ON THE GR070TH AND REPRODUC-
TION OF GUPPIES - CHRONIC TOXICITY OF PESTICIDES
TO FISH
K.J. MACEK, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Mature guppies will be exposed to methoxychlor in either
bath or fled for at least 112 days. The effects of methoxychlor on
growth, brood frequency, brood size, viability of offspring, and
sensitivity of offspring to methoxychlor, will be determined.
Aquaria will be set up with 40 females and 20 males initially. Sam-
ples will be removed periodically for residue analyses and
histological examination.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0651, ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER FLEE AND OTHER VERTEBRATES
K.J. MACEK, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

A stamina tunnel will be installed, techniques for its use will
be developed, and studies to determine the best methods for
utilizing this facility in evaluating the effects of pesticides on fish
will be completed.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0652, ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER FISH AND OTHER VERTEBRATES
K.J. MACEK, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Cclumbia, Missouri 65201

The objective of the work is to determine relative acute tox-
icity indices of a variety of pesticides, and combinations of pesti-
cides, tested against several species of fish, under both static and
continuous flow conditions of exposure. The work will involve
determining TL 50 values for various periods of exposure under
standard conditions of temperature and water quality.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.060, RELATIVE SUSCEPTIBILITIES OF FISH FAMI.
LIES TO INSECTICIDES - ACUTE TOXICITY OF PESTI-
CIDES TO FRESHWATER FISH AND OTHER VER-
TEBRATES
K.J. MACEK, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Mi3souk'i 65201

The objective of the work is to establish a hierarchy, in terms
of relative susceptibility to insecticides, for the families Sal-
monidae, Centrarchidae, Cyprinidae, Ictaluridae, and Percidae.
Standard bioassay methods, under both static and continuous
flow conditions, will be used to determine 24- and 96-hour TL50
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values as indices of the susceptibility of the various taxonomic
groups to representative organochlorine, organophosphate, and
carbamate insecticides.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0654, EFFECTS OF CHRONIC EXPOSURE TO
SUBLETHAL LEVELS OF INSECTICIDES ON REPRODUC-
TION IN BROOK TROUT. CHRONIC TOXICITY OF PESTI-
CIDES TO FISH
K.J. MACEK, U.S. Dept, of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The objectives of the work are to determine the nature and
extent of the effects of chronic exposure of brook trout to
sublethal levels of an organochlorine, an organophosphate, and a
carbamate insecticide on gametogenesis, potency of the gametes,
viability of the offspring, and susceptibility of early developmen-
tal stages to exposure to he same or other insecticides. Brook
trout will be exposed to insecticides fir 9-12 months prior to
spawning. During the last three months samples of the gonads will
be prepared for histological examination of the gametogenic
processes. The volume, viability, and potency of the gametes will
be determined. Develop'ng offspring will be exposed to the insec-
ticides at va!ious devekdmental stages, and for varying periods of
time, and mortality will be measured.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0655, INVESTIGATION OF STRESS-INDUCED MO-
BILIZATION OF INSECTICIDE RESIDUES - CHRONIC
TOXICITY OF PESTICIDES TO FISH
K.J. MACEK, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The objectives of the work are to determine if mobilization of
insecticide residues, similar to that reported for higher ver-
tebrates, does occur in fish during periods of stress, what the ef-
fects of such mobilization are, and what organs are involved in
producing such effects. The work will involve feeding DDT and
dieldrin to fingerling chinook salmon for approximately 200 days.
After the exposure period, the fish will be subjected to several
combinations of degrees of starvation and temperature fluctua-
tions. Residue concentrations will be measured in whole fish and
various organs and tissues to determine amounts accumulated
and metabolized during exposure, as well as the activity of such
residues during stress.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0656, THE INFLUENCES OF ENVIRONMENTAL CON-
DITIONS ON THE TOXICITY OF r STICIDES
K.J. MACEK, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,

Columbia, Missouri 65201
The objective of the work is to investigate the effects of

variations in bioassay conditions on the toxicity of pesticides to
fish. Controlled variation of temperature, water quality, mass-
volume relationships, and other factors will provide information
concerning the influence of such factors on fish-pesticide rela-
tionships.

SUPPORTED BY U.S. Dept. of Inferior - Bu. Sport Fish.

5.0657, INTERACTION OF ENDRIN AND PROLACTING-
INDUCED FAT SYNTHESIS IN THE PLAINS KILLIFISH -
PESTICIDE EFFECTS ON FISH ENDOCRINE FUNCTIONS
P. MEHRLE, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 6520 I

Purified mammalion preparations of prolactin have been
shown to stimulate the synthesis of total body fat in various spe-
cies of vertebrates, including the golden top-minnow, if injected
near the midlight interval of the diurnal cycle, and cause loss of
total fat if injected shortly after the beginning of the light interval.
This hypothesis will be tested first on another species of fish and,
if proven true, the observations will be extended toward elucidat-
ing specific body lipids that may show preferential increases over
others, whether selective lipid synthesis will be altered by the

presence of endrin, and whether certain lipid increases will affect
endrin stores in the body.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0658, MINERAL IMBALANCE IN BLUEGILLS EX-
POSED TO MALATHION PESTICIDE- INDUCED MINERAL
IMBALANCE IN FISH
E.T. OBORN, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

For acute concentrations of malathion - Sexed bluegills
would be exposed to acute or near acute concentrations of
malathion in either/or both bath water or from capsule ingestion.
Sample harvest would follow 24 hours later.

For chronic concentrations of malathion - Sexed bluegills
would be exposed to chronic concentrations of malathion for 30
days in either bath water and/or in the feed. Sample harvest would
follow the 30-day exposure.

After both acute and chronic exposures to malathion, brain
and blood would be incubated and measured for acetylcholine
hydrolysis. Additional procedures followed and methods used
would be in accordance with standard colorimetric analysis.
Blood smears would be taken and blood coagulation time and he-
matocrit percent would be measured. After dissecting and proper
processing, the tissues would be examined for iron, manganese,
copper, zinc, phosphorus, calcium, and magnesium content.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0659, 2,4-D UPTAKE AND METABOLISM - METABOL-
ISM OF PESTICIDES IN FISH
C.A. RODGERS, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Rainbow trout, channel catfish, and goldfish will be exposed
to 0.1 and 1.0 ppm of 2,4-D butoxyethanolester under laboratory
conditions. Carbon 14 labeled 2,4-D will be used as a tracer to
determine the areas of storage of the herbicide. Two to four gram
fish will be used for the test program and the following organs will
be analyzed for 2,4-D: head, liver, kidney, and muscle. Blood will
also be analyzed. In addition to individual parts, an autoradio-
graph of the whole body will be made.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0660, DDT AND DIELDRIN METABOLISM AND
STORAGE BY CHINOOK SALMON UNDER LABORATORY
CONDITIONS
C.A. RODGERS, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

This work will be a preliminary investigation involving DDT
and dieldrin. Various organs and tissues of the fish will be
analyzed for storage, buildup, and metabolism of the pesticides.
This study will involve only the following organs: brain, heart,
liver, kidney, blood, storage fat, lateral line muscle, body muscle,
gill, stomach and hind gut. This study may indicate if it will be
meaningful to select only a few primary target organs or tissues
for future work with chlorinated hydrocarbons.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0661, LITERATURE SURVEY OF PESTICIDE
METABOLISM IN FISH - METABOLISM OF PESTICIDES
IN FISH
C.A. RODGERS, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Survey all available material relating to pesticide metabolism
in fish. With his survey as a guideline, a better test program can be
initiated and carried out with a limited repetition of reliable work.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0662, ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER INVERTEBRATES
H. SANDERS, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201
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The objective of the work is to obtain preliminary acute tox-
icity measurements for several pesticides and several species of
aquatic invertebrates at Columbia, Missouri, during Fiscal Year
1969. Invertebrates and pesticides are tested in static bioassay
systems in the laboratory. The work will involve determinations of
LC50 values at 24, 48, and 96 hours under static conditions in-
volving control of animal age, water temperatures, and water
chemistry.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0663, INFLUENCE OF SALINITY AND TEMPERATURE
ON TOXICITY OF SOME PESTICIDES TO BRINE SHRIMP
H. SANDERS, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The objective of the work is to obtain preliminary acute tox-
icity measurements for several pesticides to brine shrimp, Ar-
temis. Temperature and salinites will then be varied to measure
effects. Preliminary bioassays will be conducted at 70 degrees F.
The work will involve determination of LC50 values at 24, 48,
and 96 hours under conditions involving control of water tem-
peratures and water salinity.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0664, MEASUREMENT OF THE EFFECTS OF PESTI-
CIDES ON INVERTEBRATE RESPIRATION - ACUTE TOX-
ICITY OF PESTICIDES TO FRESHWATER INVER-
TEBRATES
H. SANDERS, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

Invertebrates will be exposed to varying concentrations of a
number of pesticides for limited time periods. Effects on respira-
tion will be measured by using the manometric technique. Oxygen
uptake and/or carbon dioxide liberation will be determined with
Warburg apparatus and macro-vessels. If respiration is affected
the rate and magnitude of any effects will be measured. Pesticides
will be selected from all groups, i.e., chlorinated hydrocarbons,
organophosphates, carbamates, etc.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0665, CONTINUOUS-FLOW INVERTEBRATE BIOAS-
SAYS AND PESTICIDES AT COLUMBIA, MO. - ACUTE
TOXICITY OF PESTICIDES TO FRESHWATER INVER-
TEBRATES
H. SANDERS, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The objective of the work is to obtain acute toxicity informa-
tion on aquatic invertebrates with insecticides, herbicides, and
other pesticides at Columbia, Missouri. Invertebrates and toxi-
cants will be tested in continuous-flow systems in the laboratory
according to a standard test method, and the data wP' be treated
by probit analysis to obtain LC50 values under various time
schedules.

SUPPORTFD BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0666, METHOXYCHLOR-CAUSED EFFECTS ON
CUTTHROAT TROUT PHYSIOLOGY CHRONIC TOXICITY
OF INSECTICIDES TO COLD-WATER FISH
D. SWEDBERG, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The purpose of the work is to measure chronic effects from
the exposure of cutthroat trout .`-) methoxychlor at Jackson,
Wyoming. Fish will be divided into lots and sub-lots and held in
pens in hatchery raceways. Some groups will be given no methox-
ychlor, some given methoxychlor in feed at two levels, and some
given methoxychlor baths at two levels. Samples will be taken ac-
cording to a pre-arranged schedule, and fish will be examined and
measured for growth, pathology, incidence of disease, blood
chemistry, insecticide residues, mortality, reproduction, and
quality of offspring. Comparisons among lots will be made to as-
sess effects of methoxychlor,

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0667, EFFECTS OF MALATHION ON LEARNING AND
RETENTION IN THE GOLDFISH
D.P. WOODWARD, U.S. Dept. of Interior, Fish Pesticide Res.
Lab. , Columbia, Missouri 65201

The present study will be conducted in order to evaluate the
effects of sub-lethal levels of malathion on learning and retention
in the common goldfish. By using alternate light and shock, the
fish will be trained to avoid light by moving over a barrier into the
darkened end of the test chamber. Control and malathion treated
fish will be evaluated by their ability to learn the avoidance
response and their ability to retain the avoidance response on
reconditioning after exposure to malathion.

Since organic phosphorus insecticides exert their action by
acetylcholinesterase inhibition, one would expect an exposure to
malathion to have a destructive effect on the nervous system. If
this is the case, there may be a modification in the ability of a fish
to learn or retain a certain response pattern.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0668, EFFECTS OF HEATED WATER, ACID MINE
DRAINAGE & ALKALINE ASH DRAINAGE ON WATER
QUALITY & RESERVOIR COMMUNITY METABCLISM
(ABBREV)
R.S. CAMPBELL, Univ. of Missouri, Water Resources Research
Ctr. , Columbia, Missouri 65202

A 1500 acre reservoir, constructed to provide cooling water
for steam generation of electricity, receives a constant inflow of
heated water. Acid drainage from strip mines, and from bottom
ash piles containing sulfides, and alkaline drainage from fly ash
(CaO) also enter the lake. Alkaline inflow has caused occasional
fish kills. The purpose of this investigation is to evaluate the in-
fluence of these effluents on the water quality and on the au-
totrophic aspects of community metabolism.

Water quality evaluation will be based on routine monthly
measurements of dissolved substances and on detailed seasonal
determinations by the University Spectrographic Laboratory.
Special attention will be given to the influence of heated water on
dissolved gases and on the pattern of stratification.

The study will stress qualitative and quantitative measure-
ment of net plankton and of bottom fauna and their relation to
pollution. Measurements of primary production will be by car-
bon-14 fixation. We expect to establish through measurement of
this fundamental process, whether community processes are sig-
nificantly altered by acid, alkali and heat input.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri
Misso. i State Government

5.0669, RECOVERY FROM ACID POLLUTION IN FOUR
STRIP-MINE LAKES
R.S. CAMPBELL, Univ. of Missouri, Graduate School, Columbia,
Missouri 65202

The purpose of this research is to determine the successional
changes in strip-mine lakes during recovery from acid pollution.
This series of lakes created by strip-mining in 1919-21 show wide-
ly divergent biological and chemical characteristics which are re-
lated to differences in acidity ranging from pH 3.0 to pH 8.6.
Total acidity ranges from 5090 to 98 mg/liter CaCO3.

These lakes were first investigated in 1940-41 and again in
1949- 50. The present study dates from 1960. Successional
changes are therefore documented within individual lakes and in-
ferred from lake to lake as the acid climate is slowly altered.

In addition to seasonal physical, chemical and biological in-
vestigations, special effort is directed toward: (1) Evaluation of
chemical stratification, and of the iron (Fe H - Fe III) complex;
and (2) Measurement of water quality, of comparative primary
and secondary production, of community metabolism and of
energy flow.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0670, ISOTOPES IN THE BIOSPHERE
E.R. GRAHAM, Univ. of Missouri, Agricultural Experiment Sta. ,
Columbia, Missouri 65202

To study the movement of rain-out Sr90 from surface soil to
impounded water systems.

DESCRIPTION OF WORK: Runoff and erosion experiments
of plots contaminated with fission product radioactive nuclides
will be continued. It is planned to use 1131 and Ce144 in addition
to Sr85 on the plots next year. The plots under study will be con-
tinuous bluegrass, corn stover, and wheat stubble. The collected
runoff water and soil removed by erosion will be assayed as previ-
ously. Some preliminary studies on the effect of nitrogen fertil-
izers on growth rate of forages and the accompanying effect on
the uptake of fission product ratio-nuclides will be undertaken.
These will be greenhouse experiments with small grains and
legumes.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

5.0671, SPECTROPHOTOMETRIC AND FLUOROMET-
RIC DETERMINATION OF SELECTED ANION WATER
CONTAMINANTS
J.C. GUYON, Univ. of Missouri, Water Resources Research Ctr.
Columbia, Missouri 65202

A study is proposed to develop sensitive and selective spec-
tro- photometric and fluorometric methods for the determination
of selected anions. The systems to be studied initially are: a)
development of spectrophotometric methods for the nitrate ion
and b) development of fluorometric methods for the fluoride ion.

The research will center upon the development of simple,
practical, and useful analytical methods that may be directly ap-
plied to aqueous systems.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0672., SPECTROPHOTOMETRIC AND FLUOROMET-
RIC DETERMINATION OF SELECTED ANION WATER
CONTAMINANTS
J.C. GUYON, Univ. of Missouri, Graduate School, Columbia,
Missouri 65202

Analysis for specific anion contaminants in aqueous system is
one of the most difficult analytical problems in present-day water
resources determination and control. Their Research purpose to
develop selective and sensitive methods for the determination of
selected anion. The methods would be directly applicable to all
aqueous systems, and especially for the determination of amounts
and types of anion contaminants as they exist in naturally occur-
ring water samples.

Spectrophotometric Investigations: a) Develop methods for
traces of Carbonate ion b) Time permitting, develop methods for
thiocyanate ion and cyanide ion

Fluorometric Investigations: a) Develop method for traces of
iodide ion b) Develop method for traces of phosphate ion

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0673, EFFECTS OF AUDIO VIBRATIONS ON AERATED
BIOLOGICAL SYSTEMS
L. HEMPHILL, Univ. of Missouri, School of Engineering, Colum-
bia, Missouri 65202

The objective of this study is to ascertain effects of acoustical
vibrations on individual components of an aerated biologically ac-
tive system such as might be found in an activated sludge plant.
This work, performed on a laboratory scale, will determine effects
of audio vibrations (a) on oxygen transfer rates from air bubbles
in aqueous solution, (b) on individual bacterial cells suspended in
aqueous solutions, and (c) on activity and strength of activated
sludge floc particles.

SUPPORTED BY U.S. Dept. of ,interior - 0. Water Res. Rch
University of Missouri

5.0674, DYNAMIC SEPARATION OF SUSPENDED
SOLIDS
A.T. HJELMFELT, Univ. of Missouri, School of Engineering,
Columbia, Missouri 65202

The separation gained by flowing a sediment bearing fluid
through a nozzle is being evaluated to determine the utility of the
system for separation of suspended solids.

An experimental study of the concentration distribution in
the throat of the nozzle are used to determine the power required
to achieve various levels of separation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0675, THE ECOLOGY OF STREAM BIOTA IN WASTE
ASSIMILATION
D.L. KING, Univ. of Missouri, Water Resources Research Ctr. ,

Columbia, Missouri 65202
This study represents an attempt to evaluate a technique

which can be used to determine the biodegradability of complex
organic wastes and to ascertain the role of each portion of a sim-
ple three compartment aquatic community in stream self-purifi-
cation. This community consists of reducers, represented by bac-
teria and protozoa; producers, represented by periphytic algae;
and grazers, represented by snails. Alterations in the organic
wastes and consequent increases in biomass will be measured as
changes in caloric energy, chemical oxygen demand, and total
and organic carbon.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0676, AUTOMATED POTENTIOMETRIC TECHNIOUES
FOR THE ON-SITE MONITORING OF ANION CONCEN-
TRATIONS IN WATER
S.E. MANAHAN, Univ. of Missouri, Graduate School, Columbia,
Missouri 65202

The overall objective of the proposed research is the
development of new and improved techniques applicable to the
automated monitoring of low concentrations of anions in water.
Methods are to be developed which are simple, fast, reliable, sen-
sitive and low in cost per sample. The analysis techniques will
require a minimum of operator time.

Water resources management requires a knowledge of the
nature and concentrations of solutes dissolved in water. It is
desirable that such information be obtainable on a day-to-day
basis and on site. The proposed research should help meet this de-
mand for anions of interest in water quality control.

Methods to be explored for meeting the objectives of the
proposed research include (1) a multi - senior technique and (2) a
standard addition technique, both utilizing anion-selective elec-
trodes for anion sensors. These techniques are to be applied
specifically to the determination of nitrate ion in the presence of
interfering ions and, ultimately, to the determination of other
anions such as cyanide, phosphate, sulfate, sulfite, fluoride,
chloride, bromide and iodide.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0677, TRACE AMOUNT SUBSTANCES IN ENVIRON-
MENTAL HEALTH
C.J. MARIEN FELD, Univ. of Missouri, School of Medicine,
Columbia, Missouri 65202

Completion of second year of 3 year program project
directed toward; the identification and characterization of trace
substances in our environment; the biological interactions of such
substances; and the epidemiology of the long term health effects
of such trace substances. The epidemiologic methodology on a
statewide basis has been developed and tested. Effects upon the
embryo have been selected as the first health effect being mea-
sured using both rates per live births and coordinate mapping of
occurrences of such effects to determine possible clustering.
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Trace analysis techniques have been developed for water,
food and air. Progress being made in increasing capa^:y for mul-
tiple sample analysis.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & We!. - P.H.S.

5.0678, RELATION OF SOIL FERTILITY TO THE
EXCHANGE COMPLEX
C.E. MARSHALL, Univ. of Missouri, Agricultural Experiment
Sta. , Columbia, Missouri 65202

The general purpose is the understanding of the relationships
between the proportions of cations on the exchange complex,
their absolute and relative activities and the mineral nutrition of
plants. This is to be a field study, to take up certain aspects of a
previous greenhouse study. (Research Bulletin 285 - The
Exchangeable Bases of Two Missouri Soils in Relation to Com-
position of Four Pasture Species.' )

DESCRIPTION OF WORK - Field plots, consisting of 7
treatments and 14 lysimeters, will be installed. The surface 12
inches of soil will be removed with a crawler tractor and scraper.
Chemical treatments will be thoroughly mixed with the soil and
the mixture replaced. In addition to the untreated soil and a basal
treatment of NH4C1,( NH4 )2504 and ( NH4 )2HPO4,NaHCO3,
KHCO3, MgCO3 and CaCO3 will be added in sufficient quanti-
ties to give a pH of 7 to individual plots. An additional treatment
will consist of addition of CaCO3 at four times the amount to pro-
vide a pH of 7.

Lysimetcrs will be of two depths for each plot, 12 and 24
inches. Equipment will be installed for collecting and sampling of
drainage waters. Analyses will be made of drainage water, herb-
age and soil to determine nutrient movement and losses.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

5.0679, NITRATES IN WATER SUPPLIES
G.E. SMITH, Univ. of Missouri, School of Agriculture, Columbia,
Missouri 65202

Soils in feed lots of different ages and in various geologic
areas are being sampled to depths of 15-25 feet to determine the
penetration of nitrate. Included in the sampling are abandoned
feeding areas where no livestock have been present for some
years. Samples are also collected on transects at different
distances from the area of contamination (both feed lots and
sewage disposal systems) to determine lateral movement. Move-
ment is being correlated with soil physical properties.

Detailed soil samples are being collected and topographic
maps are bcing prepared of areas where new feed lots are being
built. This information will serve as a basis for measuring changes
that occur in the surrounding soil areas in the future.

Accumulation of residual nitrate from chemical fertilizers is
being measured at locations where detailed soil fertility studies
are being conducted with varying rates of nitrogen fertilization.
Samples of soi:, to depths of 10-20 feet, )7e also being made on in-
dividual farms where accurate records of heavy fertilization with
nitrogen are available for 10 to 15 years. These results are corn-
pared with adjacent areas that have no nitrogen.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0680, NITRATES IN PLANTS
G,E. SMITH, Univ. of Missouri, Agricultural Experiment Sta. ,
Columbia, Missouri 65202

A. To study the effect of N, P, K and trace element fertiliza-
tion on the accumulation of nitrates in forages and vegetables. B.
To investigate the effect of species and plant age on nitrate reduc-
tion in plants and the accumulation of other nitrogen fractions. C.
To survey the nitrate content of domestic and livestock water sup-
phes in the state and determine the influence of watershed fer-
tilization on nitrate content of runcff.

Forages and vegetables will be grown in the greenhouse
under different nitrogen fertilizer treatments and samples col-
lected at different stages of growth for analysis. These samples
will be used to determine the different nitrogen fractions and the
reductive activities of different species.

Surveys will be made of surface water supplies and shallow
wells in the different areas of the state where high nitrates have
been found. Effort will be made to find the source of contamina-
tion. Runoff water from erosion plots receiving different levels of
nitrogen fertilizers will be sampled to determine the amount of
nitrogen lost.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

5.0681, THE EVALUATION OF ENVIRONMENTAL AL-
TERATION BY THERMAL LOADING AND ACID POLLU-
TION IN THE COOLING RESERVOIR OF A STEAM-ELEC-
TRIC STATION
A. WITT, Univ. of Missouri, Graduate School, Columbia, Missouri
65202

Thomas Hill Reservoir is subject to thermal loading in one of
two of its lower arms, and in the upper end it receives a constant
inflow of acid mine drainage into one of two similar arms. This
provides two control arms and two experimental arms in which
environmental alterations, due to thermal loading and acid water
inflow, can be studied.

Field investigations will determine the effects of thermal
loading on: 1. Growth of young-of-the-year and yearling fishes. 2.
Survival of fishes in an altered thermal regime. 3. Movement and
harvest of fishes. 4. Primary production.

Field studies will also determine the effects of acid inflow on:
1. Water quality 2. Ability of reservoir-water to ameliorate the
impact of acid water. 3. Chemical stratification. 4. Benthos com-
position and distribution.

The results of this study will lead to a better understanding of
an environment altered by heat and acid inflow, and how it may
be managed for the benefit of man.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0682, CONTROL OF UNDESIRABLE AQUATIC
VEGETATION IN LAKE TANEYCOMO, MISSOURI
J.R. WHITLEY, State Div. of Fisheries, Jefferson City, Missouri
65101

The objective of this project is to evaluate chemical methods
for control of nuisance aquatic weeds.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Missouri State Government

5.0683, ORGANICS CAUSING 7ASTE OR ODOR IN THE
MISSOURI RIVOR
J.R. POPOLISKY, Kansas City Water Department, Kansas City,
Missouri

The objective of the project is to build a library of Infrared
and Gas Chromotographic spectra and ultimately, demonstrate
the feasibility of running routine analysis with a Gas Chromoto-
graph and Infrared Spectograph for identification of impending
taste and odor problems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Kansas City Government - Missouri

5.0684, RESEARCH AND FIELD ENGINEERING STUDIES
FOR OPTIMIZING LIPID BIOSTABILIZATION PROCESSES
W. GARNER, Midwest Research Institute, Kansas City, Missouri
(14-12-198)

To improve the biostabilization of lipids which normally ac-
cumulate in the top layers of anaerobic digesters. This would be
accomplished by using high-shear homogenization to create a
large interfacial area between aqueous and lipid phases.

The study program is proposed in two parts. Part 1 is a
laboratory bench scale model utilizing four-liter anaerobic reac-
tors to investigate th effect of homogenization. Part 1 would be
summarized and completed with a process evaluation as a prelude
to a field study. Part 2 is a field study applying the findings of Part
1 to a full scale treatment plant.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0685, OXYGENATION OF AQUEOUS BODIES USING
LIQUID OXYGEN
W. GARNER, Midwest Research Institute, Kansas City, Missouri
(14-12-168)

This is a proposed study of the parameters controlling the
transfer of liquid oxygen (i.e., LOX) to dilute aqueous solutions.
The study would include measurements of the oxygen transfer
coefficient, design of suitable oxygenation equipment, develop-
ment of application techniques, and process-cost calculations;
this last item would, in turn, permit accurate comparisons of the
costs of accomplishing various levels of oxygen enrichment with
LOX vs. mechanical aeration or compressed gaseous oxygen.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0686, AN INVESTIGATION OF LIGHT-CATALYZED
CHLORINE FOR TREATMENT OF WASTE WATER
A.F. MEINERS, Midwest Research Institute, Kansas City, Mis-
souri (14-12-72)

The purpose of the study is to investigate the effect of light
on rate and extent of chlorine oxidation of a variety of organic
materials typical of those found in waste water and representative
samples of effluent from biological treatment plants; to determine
the capabilities of light-catalyzed chlorine oxidation and to make
an economic analysis of the feasibility of such treatment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0687, SEPARATION OF MAGNESIUM FROM CALCI-
UM IN THEIR SALINE SOLUTIONS
K.L. CHENG, Univ. of Missouri, Graduate School, Kansas City,
Missouri

The purposes of this project are: (1) to find a simpler and
cleaner separation of magnesium from calcium, (2) to study the
theoretical basis for this separation, (3) to test the feasibility of
this separation with a combination of a chelating agent and an ion
exchange resin and (4) to study the separation as affected by salts
and other factors.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0688, A QUANTITATIVE STUDY OF TRACE ELE-
MENTS ON ABIOTIC AND BIOTIC AGGREGATES IN THE
MISSOURI RIVER
P.P. LOTT, Univ. of Missouri, Graduate School, Kansas City,
Missouri

The purpose of the research is to ascertain if bacteria
present, through pollution, in the Missouri River are capable of
concentrating certain selected trace elements, and thereby serve
as the first step in the ecological chain which leads to high con-
centrations of these elements in higher forms of life. Analytical
methods will be developed and applied to quantitatively analyze
for the concentrations of the trace elements in the natural water,
the silt aggregates, and micro- organisms to determine which
predominant river organisms can concentrate the trace elements,
and to determine the effect and interaction of silt on this process.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0689, THE IMPACT OF LEAD-ZINC MINING ON THE
QUALITY AND ECOLOGY OF SURFACE WATERS IN
SOUTHEAST MISSOURI
E.A. BOLTER, Univ. of Missouri, Water Resources Research Ctr.
, Rolla, Missouri 65401

A study is proposed to investigate the impact of Lead-Zinc
mining activity on the quality and ecology of surface waters in the
`New Lead Belt' of SE Missouri. The study area now has little
population and industry, but intensive mining activity will develop
during the next few years.

During the investigation, the background values for lead,
zinc, copper, iron, silver and cadmium in unpolluted surface
waters, sediments and aquatic life samples will be determined.
After pollution has started, the self-cleaning capac;:ty of the
streams by precipitation or adsorption of the metals and the up-
take of the metals by aquatic life will be determined. The analyses
will be done with an atomic absorption spectrophotometer.

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0690, SORPTION AND DESORPTION OF
CHLORINATED HYDROCARBON PESTICIDES IN
AQUATIC SEDIMENT MINERALS
J. HUANG, Univ. of Missouri, School of Engineering, Rolla, Mis-
souri 65401

The proposed research project involves laboratory investiga-
tions of the sorption and desorption behavior of chlorinated
hydrocarbon pesticides in aquatic sediment minerals. Emphasis is
directed toward the evaluation of the effects on the sorption and
desorption processes of several environmental factors, including
pH, temperature, salt concentration, grain size of the sediment,
and concentration of the pesticide.

Pesticides selected for this study would include DDT,
drin and heptachlor. Sediment minerals employed would be
calcite, quartz, dolomite and three clays, kaolinite, illite and
montmorillonite.

Laboratory investigations would include the following stu-
dies: 1, Preliminary equilibrium studies in order to evaluate the
adsorption isotherms of pesticides with each sediment mineral. 2.
Sorption and desorption studies in laboratory-controlled model
aquatic systems in order to evaluate the effects on the sorption
and desorption processes of several environmental factors.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0691, EFFECT OF SURFACTANT MICELLES ON
METAL ION REMOVAL BY FLOTATION FROM METAL-
LURGICAL WASTEWATER
R.L. VENABLE, Univ. of Missouri, Water Resources Research
Ctr. , Rolla, Missouri 65401

Pollution of our water resources is now recognized as a
pressing national problem. Among the serious contaminants are
heavy metal ions such as copper, nickel, zinc, and lead. The
proposed work will be a fundamental study of a possible way of
removing such metal ions from dilute aqueous solutions by flota-
tion with surfactants. The behavior of heavy metal ions in the
presence of surfactants is complex and little work has been done
to elucidate this complex behavior.

It is proposed to determine the state of solution of metal ions
at various surfactant concentrations by a combination of turbidity
and surface tension measurements. This is necessary to an un-
derstanding of the flotation process because the flotation charac-
teristics of free heavy metal-surfactant molecules would be ex-
pected to be different from that of such molecules when they are
incorporated into the interior of aggregates of surfactant
molecules called micelles, which would be still different from the
flotation characteristics of precipitated heavy metal-surfactant
particles.

As a further aid to understanding the flotation process, ef-
forts will be made to disintegrate surfactant micelles to fragments
with bursts of ultrasonic energy and observe the effects of this dis-
integration on the efficiency of flotation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0692, REMOVAL OF METAL IONS BY FLOTATION
WITH SURFACTANTS
R.L. VENABLE, Univ. of Missouri, Graduate School, Rolla, Mis-
souri 65401

The nation's water resources are rapidly becoming seriously
polluted and some of the very toxic contaminants are metal ions.
If a way of removing these metal ions from solution could be
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developed which is more economical than present treatment
methods, the technique would have potential as a means of reduc-
ing this pollution, The proposed study would be a fundamental in-
vestigation of the method called ion flotation which utilizes solu-
tions of surface active agents or surfactants anti which has poten-
tial as an economical treatment procedure.

The objectives of the proposed work are to make ion flota-
tion studies on ions not previously investigated. The studies will
attempt to determine what type of surfactant is most effective and
what conditions of pH, surfactant concentration, and temperature
are necessary for the method to be effective. An additional objec-
tive will be to study the effects of addition of surfactant on the
state of solution and availability for flotation of the metal ions.
These studies are to be correlated with the flotation studies as an
aid to understanding the results obtained there.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0693, STREAM POLLUTION IN THE NEW LEAD BELT
OF SOUTHEAST MISSOURI
B.G. WIXSON, Univ. of Missouri, Environmental Health Res Ctr,
Rolla, Missouri 65401

The proposed research plan involves field and laboratory in-
vestigations to determine the initial and cumulative effects of
lead- zinc mining wastes on the water quality and aquatic biota of
the presently unpolluted streams in the 'New Lead Belt' of S. E.
Missouri. The unpolluted water quality and natural ecological
background data have already been established since mining ac-
tivity is scheduled to start in the immediate future, The unique
study area makes possible a before, during, and after pollution in-
vestigation. Specific objectives are: 1. To study and evaluate the
initial shock of mining pollution on the water quality and aquatic
biota of affected streams. 2. To study and evaluate the cumulative
effects of increasing amounts of mining pollution upon water
quality and ecological systems, 3. To determine water quality and
aquatic biota in control unpolluted streams in the area which will
not be affected by increased population of new industry. 4. To
evaluate and correlate all the investigative data and relate the
findings to the unpolluted control streams and initial background
survey of the streams in the study area.

Pollution effects on water quality would be evaluated by
changes in pH, dissolved oxygen, turbidity, color, alkalinity and
water hardness. Pollution effects on the biota would be evaluated
by the response or changes in bacteria, algae, snails, crayfish, and
fish

The evaluation of all investigative data would provide infor-
mation which will help conserve and protect healthy streams and
biotic communities from futruc lead-zinc mining pollution.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

5.0694, MICROBIOLOGY OF SLUDGE - DNA ANALYSES
AND N2 REMOVAL
R.L. IRGENS, Southwest Missouri State Coll. , Undergraduate
School, Springfield, Missouri 65802

We are in the process of developing a method whereby DNA
may be extracted from activated sludge floc. Having perfected
this method, the possibility of using DNA concentration as an
estimate of the viable bacterial population of activated sludge floc
will be determined. The relationship between the quantity of
DNA, the oxygen uptake and the concentration of volatile solids
will be investigated.

We are presently comparing denitrification by activated
sludge floc at two temperatures, 23 degrees C and 45 degrees C.

Future projects involve the investigation of nitrogen removal
in waste treatment at near zero temperatures and the relationship
between oxygen tension and denitrification at these temperatures.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5,,4695, WATER RESOURCES IN SOURDOUGH AND
MIDDLE CREEK WATERSHEDS - A COMPARATIVE
STUDY OF QUALITY AND HYDROLOGY
R.L. SANKS, Montana State University, School of Engineering,
Bozeman, Montana 59715

Bozeman Creek (or Sourdough) and Middle Creek
watersheds are two adjacent drainages of 30.8 and 48.2 square
miles respectively, located about 10 miles south of Bozeman,
Montana. The two watersheds are rather similar in size, elevation,
and topography; but entirely different as to land use. Since 1917
Bozeman Creek watershed has been closed to public use, since it
is one of the sources of water for the city of Bozeman. Hyalite (or
Middle Creek) has always been open and has been widely used
for grazing and recreation. There has been some logging on each
watershed. There is currently much pressure to have Bozeman
Creek watershed opened to the public. A target date of August
1968 has been set for opening but may not be met. Water samples
which have been collected from selected points on both
watersheds since 1964 have shown that Bozeman Creek con-
sistently has higher counts of microorganisms than does Hyalite
Creek.

The present study has been inaugurated to provide answers
to the question of whether Bozeman Creek and similar
watersheds which are used for municipal water supply should
remain closed to human use; to pinpoint areas of potential erosion
and sedimentation problems and to evaluate the severity of ero-
sion and sedimentation on the watersheds; and to determine some
knowledge of the basic hydrology of the watersheds, which will
aid in planning studies on these, and on similar watersheds
throughout the Pacific-Northwestern 'United States.

Hydrologic data to be collected includes information from a
series of raingages, weather stations and streamflow recorders on
each watershed, Water quality data to be collected includes pH,
suspended and dissolved solids, and concentrations of various
ions from selected sampling stations on both watersheds.

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res. Rch
Montana State University

5.0696, MICROBIOLOGICAL STUDIES IN AN OPEN AND
A CLOSED WATERSHED
W.G. WALTER, Montana State University, Graduate School,
Bozeman, Montana 59715

Preliminary microbiological and chemical studies have been
made during recent summers on waters serving Bozeman. One of
the watersheds has been closed to the public for about 47 years
except for limited logging; the other has been open for extensive
logging and recreation. Quantitative and qualitative bacteriologi-
cal tests have often resulted in higher 'total' enterococcic and
coliform counts in the closed area possibly because of closer
proximity to streams of animals present.

Studies will be directed to identifying microbes in deer, elk,
moose etc. droppings and to determine the presence of these bac-
teria in the waters at different locations, particularly in the closed
watershed which may be opened soon for public use.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Montana State University

5.0697, HYDROBIOLOGY OF THE MADISON RIVER
AND ITS HEADWATERS
J.C. WRIGHT, Montana State University, Graduate School,
Bozeman, Montana 59715

A qualitative and quantitative analysis of the soluble organic
substances that are released during periods of rapid photosynthes-
is by aquatic plants in the Madison River will be undertaken.
These substances are apparently readily metabolized
heterotrophically since their concentrations rapidly decrease
when respiration exceeds photosynthesis.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0698, HYDROGEOCHEMICAL INVESTIGATION OF
SELECTED WATERSHEDS !N SOUTHWESTERN MON-
TANA
M.R. MILLER, Montana Coll. of Min. Science, Graduate School,
Butte, Montana 59701

Chemical characteristics of natural water are mainly con-
trolled by the media through which the fluid passes; however,
detailed rock- aggregate-water relationships are still relatively
unknown. The primary goal of the proposed research is to
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establish quantitative and qualitative relationships between the
natural geologic environment and the water chemistry.

Several small watersheds will be selected where the bedrock
is known and the stricture and stratigraphy are not complex. A
large number of water, soil, and rock samples will be collected
and analyzed for approximately 30 different parameters using
atomic absorption, colorimetric, and titration techniques.
Laboratory and field data will be transferred onto computer
punch cards for rapid statistical evaluation

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Montana College of Mineral Science &

Tech.

5.0699, WATER QUALITY REQUIREMENTS FOR
AQUATIC INSECTS
A.R. GAUFIN, Univ. of Montana, Graduate School, Missoula,
Montana 59801

The objectives of the work are to determine the dissolved ox-
ygen, temperature and pH requirements of the 14 species of
aquatic insects. These 14 species are distributed among five dif-
ferent families: 1) Ephemeroptera, 2) Plecoptera, 3) Odonata, 4 )
Trichoptera., and 5) Diptera. It is proposed that at the completion
of this research, accurate estimations of the effects to be ascer-
tained for each of the three factors over a range of concentra-
tions, from lethal to that of no adverse effect, will be accom-
plished. Interpretable measures of effect shall be used rather than
any change that is observed. Although growth and reproduction
are the most sensitive and significant parameters of effect, condi-
tions will not allow their use, however, special effort shall be
made to study egg production and survival whenever possible.

Lethal ranges for a short exposure shall be established for
temperature and oxygen simultaneously during the initial months
of the project. 30 to 90-day exposures during growth, molting,
and food consumption shall be measured. Temperature is impor-
tant, as pre emergence is a hazard resulting from thermal
discharges and warming of natural waters during the winter
months.

Optimum growth rates will be established because the insects
are fish food. Further temperature/oxygen relationships are to be
evaluated because minimum acceptable oxygen concentrations
will increase as temperature rises. The pH tolerances and optimal
ranges shall be determined in separate tests. Particular emphasis
shall be placed on emergence since previous work shows that
good growths of fish occurs at pH values at which spawning will
not occur. This work will be accomplished at the University of
Montana Biological Station which is not located on the main cam-
pus at Missoula.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0700, DETECTION AND SIGNIFICANCE OF EN-
ZOOTIC WATER POLLUTION
M. NAKAMURA, Univ. of Montana, Graduate School, Missoula,
Montana 59801

1. A survey of protozoa and bacteria (fecal streptococci)
present in game animal feces, including deer, elk, moose, buffalo,
etc. 2. A study of the survival rate of microorganisms in the
laboratory under varying conditions of temperature, pH and aera-
tion. 3. A study of the existence of fecal streptococci in vegetation
to learn if fecal streptococci originates from the feed and pasture.
4. A study of the comparative biochemical and physiological pro-
perties of fecal streptococci (including the enterococci and the
viridans group).

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0701, COPPER TOXICITY ON ALGAE OF THE BIG
BLACKFOOT RIVER
R.P. SHERIDAN, Univ. of Montana, Graduate School, Missoula,
Montana 59801

This proposal describes a water quality study of the Big
Blackfoot River, and is designed to provide information concern-
ing the effect of copper salts on the indigenous algal flora. The ex-
perimental approach will be physiological and the experiments

designed to provide data in advance of potential pollution in the
form of copper salts. These data must be collected prior to the
construction of the proposed Anaconda mill to add substance to
arguments for the installation of control devices before pollutants
are released into this river rather than after the major part of the
flora has been destroyed.

Type Species Collection - Samples will be collected
seasonally from the Big Blackfoot River at the headwaters near
Lincoln, Montana and from several downstream stations. Clone
cultures will be established from these sampleP, and maintained as
a type collection and serve the following purposes: a.) Source of
material for the proposed copper toxicity study. b.) As prepollu-
tion types which may be unavailable for study after pollutants
have been added to the River.

Proposed Experiments - 1. Recording the relative abundance
of each species in the seasonal collections. 2. Studies designed to
provide quantitative data concerning the effect of copper salts on
the growth, respiration and photosynthesis of each major species.

These data will be used to construct a pollution standard for
copper. In addition to establishing the maximum copper content
tolerated by the indigenous algal flora, projections can be made
concerning the effect of copper at concentrations above those
specified by the maximum pollution standard.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Montana

5.0702, INVESTIGATIONS OF THE RELATION
BETWEEN THE USE OF CHLORINATED HYDROCARBONS
AND THEIR RESIDUES IN CHANNEL CATFISH
L.A. WITT, State Game & Parks Commission, Lincoln, Nebraska
68509

The purpose of this job is to determine the relationship
between the pattern of usages of chlorinated hydrocarbons and
their residual concentrations in channel catfish tissue. Factors al-
ready being considered in this relationship are land uses land
capability, rainfall, and pesticides used. The analysis of previously
collected channel catfish blood and fat samples will be completed
by use of a gas chromatograph equipped with electron capture de-
tectors. A secondary objective is to gain information which may
ko useful in determining to what degree Nebraska contributes to
the pollution of the Missouri River with chlorinated hydrocar-
bons.

A publishable report of this work will be completed during
this segment and will be furnished in lieu of completion report,.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Nebraska State Government

5.0703, EFFECT OF POLLUTION ON THE QUALITY OF
SURFACE AND GROUND WATER RESOURCES
D.M. EDWARDS, Univ. of Nebraska, Agricultural Experiment
Sta. , Lincoln, Nebraska 68508

To quantitatively and qualitatively study, in the laboratory
and in the field, different components of potential contamination
to water and the effect of these constituents on changing soil and
water characteristics. Specific objectives are: 1. To evaluate the
effects different agricultural chemicals and wastes may have upon
surface and subsurface waters, 2. to determine what effect con-
taminated water supplies have upon the characteristics of the soil,
3. to devise improved and/or new methods of water pollution
prevention and control, 4. to train graduate and undergraduate
students for research in the area of water pollution, supply, treat-
ment, and quality as related to agricultural production and rural
and urban water supplies and sanitation.

Procedure: Laboratory and field studies will be conducted to
determine the level and type of natural and artificial water con-
tamination, objective 1. This information will be compiled and
evaluated to allow building of simulated laboratory models. The
models will be used for qualitative studies of the basic parameters
of these waters and their effect upon soil conditions, as well as
upon surface arid subsurface water pollution, objectives 2 and 3.
Finally, the information gathered from the laboratory studies will
be used initially in the laboratory, and, if promising there, in the
field for improved and/or new methods of water reuse and pollu-
tion prevention and/or control, objective 4. Radiological and
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electrokinetie techniques of electrophoresis, streaming potential,
and electroosmosis will be extensively used for the study.

SUPPORTED BY U,S. Dept. of Agriculture
Nebraska state Government

5.0704, BRACKISH WATER PURIFICATION BY
BIOLOGICAL FUEL CELL POWERED ELECTRODIALYSIS
W.A. SCHELLER, Univ. of Nebraska, School of Engineering,
Lincoln, Nebraska 68508

Purification of brackish water containing 1000-5000 ppm of
salts by electrodialysis appears to be more economical than any of
the present day distillation techniques, but it is still expensive. A
reduction in the water costs might be realized if a useful
byproduct were produced in the water purification process,

The primary objective of the proposed research is to in-
vestigate the possibility of using an electrodialysis cell for
brackish water purification in conjunction with a biological fuel
cell powered by microorganisms capable of living in the brine ef-
fluent from the electrodialysis unit, feeding on cellulose contain-
ing materials such as hay, corn stalks, etc. and suitable for
processing into cattle feed or feed supplement, Furthermore it is
planned to investigate the effect of operating variables on the per-
formance of the electrodialysis unit within the range of voltage-
current-power capabilities of a battery of biological fuel cells.
Finally, using the experimental results as a basis, economic
evaluations will be made in order to determine the economic op-
timum arrangement of electrodialysis units and biological fuel
cells. This is a five year program from fiscal 1966 through fiscal
1970.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nebraska

5.0705, DEVELOP AND DEMONSTRATE A METHOD
FOR ASSESSING THE EXTENT OF POLLUTION FROM
STORM WATER RUNOFF IN AN URBAN AREA
R.A. ROHLING, Henningson Durham & Richardson, Omaha,
Nebraska 68 131

The Contractor will conduct a detailed engineering investiga-
tion of applicable solutions, evaluation of benefits and the
economics of alternate methods for the control of pollution from
combined sewer overflow from the Des Moines, Iowa urban area.

A river sampling program will be conducted to establish the
basic stream quality and an investigation of the effect of the
nutrients pollutional load on thc Red Rock Reservoir downstream
of Des Moines will be made.

The total quantity of pollutants contributed from the study
area will be determined from a combined sewer overflow and
storm water runoff monitoring program. A rain-gage network will
be established to provide basic information to establish rainfall-
runoff relationships and the effects of rainfall on combined sewer
overflows. Corrective measures will be investigated, on a
watershed basis, to determine the feasibility of storm sewer
separation and/or temporary impoundment with controlled
reslease with or without subsequent treatment. A detailed com-
bined sewer separation study will be made on a combined system
typical of the types of development encountered in the study area
and cost data will be expanded to other areas as applicable.
Evaluation of the existing water pollution control facilities will
determine the capabilities for treating combined sewer overflows
from storagc, and recommend improvements and operation
procedures as applicable to combined sewage treatment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0706, WATER-QUALITY REGIMEN OF TAHOE-
TRUCKEE SYSTEM
J.V. SHARP, Univ. of Nevada, Water Resources Research Ctr. ,
Reno, Nevada 89507

The first objective is an improved understanding of the
source, movement, and fate of water-quality parameters in the
Tahoe-Truckee system, Nevada-California. This system is faced
with accelerated degradation from disposal of Lake Tahoe basin
sewage and by intensification of land and water use in the middle

and lower Specific objectives are: 1) documentation of
existing time and spatial variation of water quality, 2) determina-
tion of environmental (geologic, hydrologic, climatologic) and
human-associated factors which control quality of water, 3)
development of a quantitative model which describes the existing
water-quality regimen and which will he useful in predicting fu-
ture patterns of water quality, and 4) adaptation of the model to
simulation by digital computers.

The simulation technique will permit testing of the model
and will provide a basis for prediction of the effects of: 1) man's
actions which promote or restrain the introduction of contami-
nants and pollutants and 2) scheduling of water releases from
sources of varying quality.

The second objective is evalution of thc applicability and
usefulness of the above approach for description and prediction
of water quality in large and complex natural hydrologic systems
in general, using the Tahoe-Truckee system as an illustrative case.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0707, PESTICIDAL RESIDUES OF AGRICULTURAL
CHEMICALS
L.L. STITT, Univ. of Nevada, Agricultural Experiment Sta. ,

Reno, Nevada 89507
I . To determine inherent modulcations on 'scans' of agricul-

tural products, soil and water resources before contamination by
the pesticides. 2. To develop improved methods for analysis,
identification of pesticides, and their metabolites or degradation
products. 3. To determine pesticide residues and their degrada-
tion products from investigations in research and demonstration
evaluations in various areas of Nevada.

Description of Work - Long range investigations will be in-
tiated to determine build up of residues from pesticide treatments
on previously untreated soils. Modified analytical methods for
Nevada conditions. Determinations of residues and their
metabolites will be used to set time limits for farmer use and
limitations as to types of use.

SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

5.0708, PHYSICAL AND CHEMICAL CHANGES OF
RECIRCULATED HATCHERY WATER SUPPLIES
D.A. NORMANDEAU, State Fish & Game Department, Concord,
New Hampshire

Unlike other phases of this project, this particular work plan
and job will change somewhat from those of the previous two seg-
ments. This change is prompted by the lack of adequate facilities,
personnel, the excessive cost of pursuing this program, and the in-
herent difficulties which would make this kind of operation im-
practical for New Hampshire hatcheries at this time. A substantial
portion of this Work Plan should be considered as an area for a
major study. By all indications, it is now apparent that this work
plan is sufficiently broad as to justify the establishment of a
separate project. Therefore, the goals of this work plan and job
are somewhat reduced and include only one phase of recircula-
tion.

The objective of Work Plan III, Job I , is to evaluate and
describe the physical and chemical changes which occur in waters
that are recirculated and in which trout eggs and sac fry are being
incubated.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
New Hampshire State Government

5.0709, RESIDENT POPULATION DETERMINATION
P.H. WIGHTMAN, State Fish & Game Department, Concord,
New Hampshire

Objectives: Determination of the effects heated effluents will
have on the existing fishery in the Hooksett-Amoskeag Impound-
ments as well as the tributaries.

Procedures: The effects of the increased thermal effluents on
the existing fishery composition will be obtained by the use of
fyke nets, pound nets, gill nets and electro-sher:king equipment.
Tributaries which flow into the river will be eilectro-shocked to
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determine changes in existing fish populations, Such work will be

done during the summer of 1968, All fish caught in the nets will

be differentiated by species; these, in turn, will be weighed, mea.

sured and counted. Fin-clipping will be necessary to mark in-

dividuals which may be caught more than once and to determine

movement.
Summarization of the collected data will be accomplished

during the winter months and written in report form. All findings

may, in turn, be utilized in planning for anadromous fish restora-

tion,
SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

New Hampshire State Government

5.0710, STORM WATER DEMONSTRATION PROJECT -

CITY OF SOMERSWORTH, NEW HAMPSHIRE
P. GUERTIN, State Water Sup, & Pol. Contr. , Concord, New

Hampshire 03301
The investigations to be conducted as part of this project

evaluat. 3n will include: 1. A complete evaluation of the effect of

chlorinating and withholding combined sewerage with subsequent
discharge to the receiving stream. Chlorine dosage and contact
time will be varied to determine optimum dosage and contact

time. 2. The effect of chlorinated combined sewerage on a treat-

ment facility will be completely evaluated using varying degree of

mixing with un-chlorinated sewerage. 3. An exact determination
of the value of injecting 'Polymers' into the sewerage to increase

the flow capacity (decrease the roughness coefficient) of the pipe

line. Also, a complete determination of the value of 'polymers' to

obtain increased efficiency of treatment from a treatment facility.

The data collection will take place in Somersworth, N. a
The assimilation, correlation, and reporting location has not as
yet been determined.

This project was initiated in December 1967. It is anticipated

that the project shall be completed in Mid 1972.

SUPPORTED BY U.S. Dept. of interior - F. Water Pol. CO

Ncw Hampshire State Government

5.0711, THE ANALYSIS OF AROMATIC CONSTITUENTS

IN WATER USING FLUORESCENCE AND

PHOSPHORESCENCE
D.W. ELLIS, Univ. of New Hampshire, Graduate School, Dur-

ham, New Hampshire 03824
The proposed research plan is designed to develop new

methods for the analysis of aromatic compounds in fresh water

utilizing techniques which will permit trace analysis.
Fractional crystallization or extraction will be employed to

isolate the aromatic species from the water and to concentrate
them. Chromatographic procedures, thin-layer or paper, will be

used to separate specific aromatic compounds, Finally,

fluorescence and/or phosphorescence, in conjunction with in-

frared and ultraviol-visible absorption where obtainable, will be

used to identify and analyze these compounds.
Procedures and optimum conditions will be worked out ini-

tially using synthetic mixtures. Fresh water samples, from a wide

variety of sources and environments, will then be analyzed in

order to test the methods which have been developed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Ncw Hampshire

5.0712, A STUDY OF ALGAL POPULATIONS AS-
SOCIATED WITH DIFFERENT LEVELS OF WATER
QUALITY IN NEW HAMPSHIRE
A.C. MATHIESON, Univ. of New Hampshire, Graduate School,
Durham, New Hampshire 03824

In the present investigation the species composition,
periodicity and abundance of algal populations &cm three areas
(Newfound Lake, Winnisquam Lake and New Hampton Sta-
bilization Pond), differing with respect to water quality, will be

compared in order to assist in the prediction, prevention, and

control of algal blooms in New Hampshire water supplies. These

three areas show a marked difference with respect to pollution,
i.e., Newfound Lake has no pollution, Winnisquam Lake is

moderately polluted Lad New Hampton Stabilization Pond is an

oxidation pond, or sewage lagoon, which is extremely polluted. A

comparative study of this nature will assist in the maintenance of

a high quality water supply.
Weekly samples will be taken at New Hampton Stabilization

Pond, while collections will be made on aiternate weeks at Win-

nisquam and Newfound Lakes. Samples from New Hampton Sta

bilization Pond will be primarily restricted to phytoplankton and

floating mats of algae, while those from Newfound and Win-
nisquam lakes will include the attached bottom forms and the

epiphytic types as well. The types, abundance, and occurrence of

algae at all three areas will be enumerated throughout the year.
Various techniques will be employed - Sedgwick-Rafter slide

technique as outlined by Palmer (1959), a modification of the

Hess Method for floating vegetation, collection of host plants and

epiphytes, bottom sampling by SCUBA diving and dredging,
Statistical differences will be determined between the various
populations ard areas studied, Routine culturing of several of the

algae will be an integral part of this study - for identification of

species and determination ofnutrient requirements.

SUPPORTED BY U.S. Dept, of Interior - 0, Water Res. Rch
University of New Hampshire

5.0713, DETECTION AND ENUMERATION OF VilUS IN
NATURAL WATERS
T.G. METCALF, Univ. of New Hampshire, Graduate School,

Durham, New Hampshire 03824
ft is proposed to introduce equipment and mc4hods wit:eh

will make it possible to determine the presence of virus popula-

tions in surface waters on a quantitative basis, The proposed study

is directed towards development of the capability for routine
quantitative monitoring of the microbiological quality of surface

water. The proposal recognizes the great need for addition of a
quantitative capability to existing qualitative methods for detect-

ing the presence of viral macromolecules in vater. The proposed

study anticipates the forging of a powerful technical tool which

can be directed toward the solution of a variety of existing
problems of both fundamental and applied nature involving the

virus macromolecule in water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
University of New Hampshire

5.0714, ULTRAVIOLET ABSORPTION AND ITS POSSI-

BLE RELATION TO EUTROPHICATION IN LARGE NEW

HAMPSHIRE LAKES
D.A. NORMANDEAU, Univ, of New Hampshire, Water

Resources Research Ctr. , Durham, New Hampshire (;'.1.824

The proposed investigation is designed to determine the

feasibility of using ultraviolet absorption in lake water as an index

to the degree of eutrophication of large New Hampshire Lakes.
A correlation is known to exist between eutrophication and

the quantity of dissolved organic matter. Since most dissolved or-

ganic matter is known to absorb strongly in the U.V., it is believed

that a correlation exists between U.V. absorption and eutrophica-

tion.
Procedures to be used in determining ultraviolet absorption

will take into account interference factors. Suspended and col-

loidal matter will be removed by filtration. Interfering inorganic
ions will be removed by ion exchange. Procedures will also be

developed for rapid field determination of U.V. absorption.
Other factors to be studied will include variations in U.V. ab

sorption as a result of; (I. seasonal changes, (2, stratification, (3.
increased or decreased biological activity (e.g. phytoplankton
blooms).
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

University of Ncw Hampshire

5.0715, BEHAVIOR OF NITROGEN IN THE SOIL

N.K. PETERSON, Univ. of New Hampshire, Agricultural Experi-

ment Sta. , Durham, New Hampshire 03824
Description of work: Nitrogen levels in undecomposed litter

and soils in the vicinity of alder will be compared to that from the
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vicinity of white pine. The nitrogen content of drainage water
from alder & white pine growing on the same soils will also be
determined. In order to study nitrogen balance, the amounts of
water leaching through a given amount of soil in a given time will
be determined.

Samples of water, litter, and soil will be taken during the
period April through October under alder and adjacent white
pine or poorly drained sandy soils near small streams. Bulk densi-
ty samples will be taken at each site. Ground water and stream
samples will be collected for analysis for nitrogen content. The
amounts of nitrogen in the drainage water coming from each site
investigated will be measured in order that comparisons may be
made between sites. Soil and water temperatures will be recorded
at the time of sampling as will the maximum and minimum air
temperatures between sampling periods,

SUPPORTED BY U.S. Dept. of Agriculture
New Hampshire State Government

5.0716, COMPARATIVE STUDIES OF DINOFLAGEL-
LATE TOXINS

SASN ER, Univ. of Now Hampshire, Graduate School, Dur-
ham, New Hampshire 03824

The proposed research program will attempt to elucidate the
physiological and pharmacological effects of several naturally oc-
curing marine dinoflagellate biotoxirs. Primary objectives are; 1)
to culture several toxin producing dinoflagellate species in the
laboratory; 2) to concentrate these cells, extract and accumulate
the harmful materials; and 3) to test, in a comparative manner,
their effects on living systems, particularly nervous and muscle
tissues, The primary goal is to study the deleterious effects of
these microorganism products on the electrogenic properties of
excitable systems; including resting and action potential in nerve
and muscle and parameters of contraction and tension develop-
ment in muscle. Both vertebrate and invertebrate nerve-muacle
systems will be tested. Similar experiments, comparing neu-
rogenie and myogenic cardiac systems, are planned. In general,
comparative studies will include the testing of toxins on inver-
tebrate organisms, particularly Molluscs and Crustaceans which,
in nature, are subject to the effects of dinoflagellate 'blooms'.

The association of paralytic shellfish poisoning and cigu-
atera- like poisoning with substances produced by marine
dinoflagellates has closely linked commercial fisheries research
with that of public health Relatively recent chemical and biologi-
cal findings concerning this association will now permit studies of
the comparative effects of these naturally occuring biotoxins, as
well as their specific site(s) and mode(s) of action. It is toward
this understanding that this research proposal is intended.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.N.S.

5.0717, AN INVESTIGATION OF APHANIZOMENON
FLOS-AQUAE, A TOXIC BY-PRODUCT OF EUTROPHICA-
TION
P.JSAWY ER, Univ. of New Hampshire, Graduate School, Dur-
han:, New Hampshire 03824

An investigation of the toxicity of Aphanizomenon flos-
aquae, is proposed. The project is divided into three parts. Part I,
to be executed by Prof. Ikawa, will be an attempt to isolate and
identify chemically the endotoxin found in the algae. Part II,
under Dr. Sasner's direction, will be a study of the physiological
effects of the toxin at the cellular level particularly among the ex-
citable tissues. Part ill, to be accomplished by Dr. Sawyer, will be
a study of the effects of the toxin on members of the aquatic com-
munities associated with eutrophic lakes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of New Hampshire

5.0718, ENTERIC BACTERIA AND VIRUSES IN
SEWAGE, WATER, AND SHELLFISH
L.W. SLANETZ, Univ. of New Hampshire, Graduate School,
Durham, New Hampshire 03824

Studies will be continued on the correlation of numbers of
coliforms, fecal conforms, and fecal streptococci with the

presence of salmonellae and enteroviruses in seawater and oyster
samples collected from stations in our bay and estuarine areas.
Particular attention will be given to the detection of salmonellae
and viruses in oysters harvested from shellfish growing waters
considered to be of approved sanitary quality based on recom-
mended coliform standards. Hydrographic conditions in the study
areas will be determined to establish the possible impact of such
conditions on the microbiological data obtained. Studies will also
be continued to assess the efficiency of newly installed sewage
treatment plants in eliminating enteric bacteria and enteroviruses
in seawater and shellfish at sampling stations in several estuarine
and bay areas. The effectiveness of depuration procedures for
providing shellfish of acceptable microbiological quality will be
determined using shellfish harboring indicator bacteria, salmonel-
lae, and enteroviruses.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0719, MICROBIOLOGY OF ESTUARINE AND SHELLF-
ISH POLLUTION
L.W. SLANETZ, Univ. of New Hampshire, Graduate School,
Durham, New Hampshire 03824

The research objectives of this project are designed to (1)
determine the reliability of current bacteriological criteria or
standards for monitoring the sanitary quality of shellfish and shell-
fish growing waters, (2) determine whether fecal streptococci
should replace coliforms as indicators of fecal contamination of
estuarine water and shellfish, (3) determine whether bac-
teriophages will be useful indicators of enteric virus contamina-
tion of estuarine water and shellfish, (4) evaluate depuration
procedures and factors which affect the decontamination of
oysters and clams under laboratory and field conditions, (5)
determine the efficiency of newly installed sewage treatment
plants in reducing or eliminating contamination of estuarine
waters with enteric bacteria and viruses.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.0720, THERMAL PREFERENCES OF MARINE FISHES
AND INVERTEBRATES
D.W. BRIDGES, U.S. Dept, of Interior, Sandy Hook Marine Lab.
, Highlands, New Jersey

Introduce marine fishes and invertebrates into experimental
aquaria or tanks having temperatures similar to the natural en-
vironment of the organisms. By altering substrates, lighting, etc.,
attempt to determine normal patterns of behavior and response in
a particular temperature regime; compare the activity in experi-
mental aquaria with that observed in the field. Then manipulate
temperature so that vertical and horizontal gradients or thermal
regimes are established; observe behavior which occurs concomi-
tant with alteration of established temperature in order to deter-
mine if thermal preferences or optimal temperatures exist.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0721, EFFECTS OF HOT WATER MASSES ON MARINE
FISHES
D.W. BRIDGES, U.S. Dept. of Interior, Sandy Hook Marine Lab.
, Highlands, New Jersey

After conditioning a group of fish to approach a feeding sta-
tion on cue, introduce different hot water strata between the fish
and the food source to determine the effect of water temperature
on modifying their behavioral responses.

We will measure the rate of fish passage through heated
water to determine at what level temperature may act as a barrier.
Experimental animals will include forms commonly found in the
Cape Cod area. Techniques will be developed which can be
adapted to similar studies for evaluating effects of thermal ef-
fluents anticipated in other coastal areas.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0722, TREATMENT RECOVERY, AND REUSE OF
COPPER WIRE MILL PICKLING WASTES
L.E. LANCY, Volco Brass & Copper Company, Kenilworth, New
Jersey 07033
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Volco Brass and Copper Company produces 75 TAD of
copper and copper alloy wire, Wages from the pickling, bright
dipping, and drawing operations consist of spent treating solution
dumps, dragout, and rinse waters containing acids; alkalies; and
hexavalent chromium, copper, fluoride, and copper complexing
ammonium ions. Laney Laboratories has designed a process and
waste treatment system which will recover the copper electrolyti-
cally, will regenerate the treating solution, and will permit reuse
of 95 % of the waste water as process water, The process is free of
any significant sludge disposal problem, The project is to be
completed in one year.

SUPPORTED BY U,S, Dept. of Interior - F. Water Pol. Ctl
Volco Brass and Copper Company

5.0723, EXPERIMENTS TO DETERMINE THE EFFEC-
TIVENESS OF PHOSPHATE REMOVAL BY MEANS OF
THE MOVING BED FILTER
G.R. BELL, Johns Manville Corporation, Manville, New Jersey
(14-12-154)

The effectiveness of the Moving Bed Filter will be deter-
mined for the removal of suspended solids and phosphate removal
as compared to conventional methods. The Moving Bed Filter
(15,000 gpd) will be installed at a typical waste treatment plant to
optimize the flocculation and filtration and filtration procedures
for phosphate and solids removal Design and engineering data
will be developed for a fullscale installation. Estimates of the
capital and operating costs for various sizes of plants also will be
made.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0724, EXPERIMENTAL CLOSED WATER SYSTEM TO
ELIMINATE WASTE WATER DISCHARGE FROM JOHNS
MANVILLE PLANT 03, DEFIANCE, OHIO
W.E. CRAMPTON, Johns Manville Corporation, Manville, New
Jersey

The objectivJ of the project is to completely eliminate the
discharge of waste water from a fiber glass insulation plant. The
caustic cleaning solution presently used to clean chain conveyor
belts will be replaced by a system utilizing water sprays from
power driven rotating &scaling nozzles. The residual particles of
glass fiber and phenolic binder will be removed by fine screening
followed by a diatomite filter. Dissolved phenolic binder in the
water will be reused.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Johns Manville Products Corporation

5.0725, AN INVESTIGATION OF TECHNIQUES FOR THE
REMOVAL OF CHROMIUM AND CYANIDES FROM ELEC-
TROPLATING WASTES
W.V. TURNER, Metal Finishers Foundation, Montclair - Upper
Montclair, New Jersey

The Metal Finishers' Foundation will conduct a two-phase
research and demonstration project on methods for economically
treating cyanide and chromium wastes from small plating shops.
Phase I will include (a) a 'State of the Art' review of recovery
techniques, ( b) accumulation of data on waste stream composi-
tions, ( c ) selection of techniques for bench scale study and selec-
tion of extractants and complexing agents, (d) bench scale experi-
mental investigation of selected techniques and (e) evaluation of
the test results and preparation of recommendations. This phase
will require one year.

Phase II will consist of (a) the design of the process and the
processing equipment, (b) acquisition and installation of the
equipment in an electroplating plant, (c) operation of the demon-
stration plant to accumulate data, and (d) the evaluation of the
data and preparation of reports.

The work will be performed by subcontract to the Battelle
Memorial Institute at Columbus, Ohio. Various treatment
methods, including liquid-liquid extraction, ion flotation, and
precipitate flotation, will be investigated and compared.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl
Metal Finishers Foundation

5.0726, ANALYSIS OF THERMAL POLLUTION DISPER-
SION
R.C. AHLERT, Rutgers The State University, School of Engineer-
ing, New Brunswick, New Jersey 08903

The purpose of this research is to describe the dispersion of
thermal effluents, Molecular and turbulent diffusional coeffi-
cients will be used to generate temperature gradients in both lon-
gitudinal and normal directions, Models which characterize these
temperature gradients in terms of outfall temperature, relative ef-
fluent flow rate, and outfall location will be developed. Because
of the contributions of natural convection in some outfall configu-
rations, laboratory experiments will be used to clarify the con-
tribution of stratification or natural convective effects in the
development of cross-sectional profiles.

Reacration processes including pollution demands, interfa-
cial transport and photosynthesis are nonlinear in temperature.
Therefore, the model of stream behavior that assumes the stream
to be a continuous reactor with both longitudinal and normal tem-
perature gradients will be more precise than earlier models in-
volving cross-sectional uniformity. Once appropriate temperature
profiles have been developed for typical thermal effluent situa-
tions, these relations will be coupled with mass and energy
balances. The ultimate result will be a clearer picture of the effect
of thermal pollution on total stream properties.

SUPPORTED BY U.S. Dept, of Interior - O. Water Res. Rch
Rutgers The State University

5.0727, PROCESS CONTROL MODEL FOR OXYGEN
REGENERATION OF POLLUTED RIVERS
B. DAVIDSON, Rutgers The State University, School of En-
gineering, New Brunswick, New Jersey 08903

A distributed parameter model of the transient behavior of
dissolved oxygen in a polluted river is developed for the case
where artificial, in-stream aeration is employed. The model is
designed for automatic process control theory application with
appropriate load and control variables defined for the particular
case studied. Signal flow diagrams for the complete process con-
trol of an aeration station specifying transfer functions for the
mixing cell model, measurement device for dissolved oxygen and
chemical oxygen demand, error detecting devices, controller ac-
tion, and final control value for the aerators will be developed

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Rutgers The State University

5.0728, THE ENGINEERING APPLICATIONS OF DIS-
TRIBUTED AND MULTIVARIABLE SYSTEM THEORY TO
THE DYNAMICS OF WATER POLLUTION CONTROL
B. DAVIDSON, Rutgers The State University, School of En-
gineering, New Brunswick, New Jerse) 08903

In line with the long range objectives of water resource
research at Rutgers the Control Theory Gronp of the Department
of Electrical Engineering is proposing a system engineering ap-
praoch to the control of water pollution. The proposed program
would be part of an over-all interdisciplinary effort. That is, all ac-
tivities would be closely coordinated with the research in the
Chemical and Civil Engineering Departments. Dynamic control
techniques of optimization will be developed for a class of mul-
tivariable distributed systems. Specifically, this work would be ap-
plied to the problems of artificial in-stream aeration. Various
critical parameters, such as dissolved oxygen and biological ox-
ygen demand, will be utilized together with engineering and
economic constraints in the formulation of appropriate penalty
functionals. Digital system simulations will be performed for vari-
ous configurations. These w^ll employ the results of cell model
simulations and available field data
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SUPPORTED BY U.S. Dcpt, of Interior - 0. Water Res. Rch
Rutgers The State University

5,0729, PURIFICATION OF HARD CLAMS FROM POL-
LUTED WATERS
H.H. HA SKIN, Rutgers The State University, Graduate School,
New Brunswick, New Jersey 08903

This project is designed to define optimal conditions for max-
imum hard clam activity. The activities of greatest interest are
those which purify (depurate) the clams of bacterial and viral
contaminants, Since purification experiments are lengthy and in-
volved, other indicators of clam activity will be used in a study of
such environmental parameters as temperature, salinity, turbidi-
ty, food levels, light, oxygen levels, etc. Uptake and disposal of
bp,i.terial and bacteriophage contaminants will be further studied
in the laboratory and the results of these studies will be related to
bacterial and, hopefully, enteric viral levels in the Raritan Bay
estuary and its clam populations.

SUPPORTED BY U.S. Dcpt. of Hlth, Ed. & Wel. - P.H.S.

5.0730, WATER POLLUTION
H. HEUKELEK1AN, Rutgers The State University, Agricultural
Experiment Sta. , New Brunswick, New Jersey 08903

Object are (1) development of analytical methods for de-
tecting pesticides, herbicides and phenols in watcr, (2) determine
the presence and morphological, cultural, phhsiological and
chemical characteristics of populations of bacteria in well waters,
(3) environmental factors affecting bacterial pollution of well
waters and stream self purification; and (4) factors affecting effi-
ciency of septic tank operations.

Current analytical methods will be modified, tested and used
in the analyses of representative samples of potable waters. Model
systems will be developed for laboratory studies of bacteria ap-
pearing in polluted water. The effectiveness of various
diatomaceous materials for removing bacteria from polluted
waters will be evaluated in relation to flow. The relative rates of
oxidation of organic particles of varying sizes will be determined.
Septic tank efficiency work will relate affluent characteristics to
soil characteristics.

SUPPORTED BY U.S. Dept. of Agriculture
New Jcrscy State Government

5.0731, WASTE TREATMENT
H. HEUKELEKIAN, Rutgers The State University, Agricultural
Experiment Sta. , New Brunswick, New Jersey 08903

Objectives arc to (1) determine the chemical composition of
the substrate in the bulking of activated sludge, (2) the
biodegradability of commercial and experimental detergents and
effects of same on the operation and efficiency of the sewage
treatment process and plant, and (3) to evaluate the principles of
simuloncou enzymic adaptation and inducation and repression
of enzymes in mixed bacterial populations involved in the waste
treatment process.

This work will be performed in model systems in the labora-
tory and in nearby municipal waste treatment plants.

SUPPORTED BY U.S. Dept. of Agriculture
New Jersey State Government

5,0732, REMOVAL OF PHOSPHATE FROM WATER BY
ALUMINUM AND IRON
P.H. HSU, Rutgers The State University, School of Agriculture,
New Brunswick, New Jersey 08903

The proposed research involves the investigation of the reac-
tion mechanism between phosphate and aluminum (or iron) with
its ultimate objective projected toward defining the optimum con-
ditions for the removal of phosphate from water. The main ap-
proach in the investigation is to prepare aluminum or iron
phosphates under various conditions and to characterize the
products in detail.

The factors to be considered for the preparation will be the
nature of phosphat4: removing cations M (aluminum or iron),
the concentration of M , the concentration of phosphate, the
M/P ratio, the Na0H/M ratio, the source of M (for example,
4IC13 or amorphous aluminum hydroxides), the presence of
other components, and possibly other factors which may develop
during the progress of investigation, Precipitates will be analyzed
for their chemical composition, solubility, crystallinity, and
homogeneity. The solution phase will be analyzed for the nature
of aluminum (or iron ) phosphate ionic complexes.

Emphasis in the initial study will be on the reaction products
at equilibrium state, followed by a study of the reaction kir btics,

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
Rutgers The State University

5.0733, PHOTOSYNTHETIC REAERATION IN THE
UPPER PASSAIC RIVER
J.V. HUNTER, Rutgers The State University, School of Agricul-
ture, New Brunswick, New Jersey 08903

The purpose of this research is to determine the contribution
of photosynthesis to the reaction of the upper Passaic River, and
to determine the effect of this photosynthesis on the dissolved ox-
ygen level - specifically, the diurnal fluctuations, in both a natural
state and under cond;tions of artificial aeration.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Rutgers The State University

5.0734, THE ORGANIC CONCENTRATION GRADIENT
IN AN AERATION COLUMN
B.T. KOWN, Rutgers The State University, School of Engineer-
ing, New Brunswick, New Jersey 08903

The proposed research is to investigate those chemical and
physical factors, in addition to operational variables and equip-
ment geometries, which influence the organic concentration
gradient in the bulk solution of an air bubble column containing
waste water. The objectives of the proposed research arc to deter-
mine the factors influencing the gradient and to evaluate its possi-
ble application to the removal of the pollutants from waste water.

The initial phase of the proposed study will be concerned
with the determination of the relationship between the nature of
foams generated by rising air bubbles in a bubble column and the
nature of the pollutants in the waste. The studies are to be made
by batch equilibrium-type experiments.

The second phase of the study will involve laboratory studies
of the organic concentration gradient which resulted from
stripping action of the rising air bubbles and deposit of concern -
trated pollutants at the liquid level by ruptured air bubbles.
Equipment geometries and operational variables which influence
the equilibrium concentration gradient will be investigated,

The final phase of the study will be devoted to the evaluation
of the possible application of the concentration gradient in the
separation of organic pollutants from waste water. The applica-
tion will be considered in two areas; one in which the pollutants
are directly separated by removing the organic-rich-surface
liquid, and the other in which the gradient is applied to improve
the foam fractionation process.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Rutgers The State University

5.0735, AQUATIC WEEDS
D.N. RIEMER, Rutgers The State University, Agricultural Ex-
periment Sta. , New Brunswick, New Jersey 08903

Objectives: 1. To determine the incidence and geographic
and seasonal distribution of the various important aquatic weeds
in relation to varying ecological conditions, natural and imposed.
2. To determine the physiological and biochemical characteristics
of the above species in relation t their susceptibility to chemical
control and to other manipulative practices. 3. To determine the
behavior of herbicides in an aquatic environment. 4. To develop
safe and economic control measures.

Description of Work Proposed: A distribution survey will be
accompanied by determination of variation in substance, rate of

1-423
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flow and chemical composition of water. Nutrition with relevence
to peculiarities of metabolism under low oxygen tension and
reproduction under varying environmental stresses will be studied
in the laboratory and field. Activity, retention and degradation of
chemicals in plants, water, substrate and associated flora and
fauna will be investigated.

SUPPORTED BY U.S. Dept. of Agriculture
New Jersey State Government

5.0736, FARM ANIMAL WASTE DISPOSAL
J.E. STECKEL, Rutgers The State University, Agricultural Ex-
periment Sta. , New Brunswick, New Jersey 08903

Objective: Improvement of management systems with regard
to handling, treatment, and disposition of the wastes. Description
of work proposed: 1. Application phase: refinement of equipment
and techniques for disposal of poultry manure by Plow-Furrow-
Cover and sub-sod injection; 2. Field experiment phase; study of
application rates, frequency, and length of time that poultry
manure may be disposed of in soil; 3. Ficid experiment analytical
and laboratory phases; measurement of the chemical, physical,
and biological changes occurring in the soil and the pollutional ef-
fects on ground and surface water; 4. Statistical phase: evaluation
of the performance of soils as disposal media with loading regime
and soil characteristics.

SUPPORTED BY U.S. Dept. of Agriculture
New Jersey State Government

5.0737, REMOVAL OF BOD AND NUTRIENTS BY
BIOLOGICAL SLIMES
W.N. TORPEY, Rutgers The State University, Graduate School,
New Brunswick, New Jersey 08903

The objective of this proposal is to exploit the activities of at-
tached biological growths on closely spaced rotating disks al-
ternately submerged in sewage and exposed to air for high degree
removal of organic matter, nitrogen and phosphorus. It is
proposed to utilize a series of such units for sequential specialized
populations. It is expected that neither artificial aeration nor
secondary sedimentation will be necessary by virtue of the fact
that the biological growths will not be allowed to accumulate to
great thickness and will, therefore, not slough off but instead they
will be removed at will after they have reached the logarithmic
stage of growth.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0738, REMOVAL OF PHOSPHATE FROM WATER BY
ALUMINUM AND IRON
UNKNOWN, Rutgers The State University, Agricultural Experi-

ment Sta. , New Brunswicic, New Jersey 08903
(1) To study the reaction mechanisms between phosphate

and aluminum or iron, and (2) to define the optimum conditions
for removal of phosphate from water.

Using wet chemical and diffraction techniques, studies will
be made of the nature of the phosphate-removing cations (Al or
Fe), their concentration, the concentration of phosphate, ratios
among these, various sources of cations, the presence of other
components, and additional factors.

SUPPORTED BY New Jersey State Government

5.0739, EFFECTS OF THERMAL AND OTHER FORMS
OF POLLUTION ON SOME ANADROMOUS FISHES
J,R. WESTM AN, Rutgers The State University, School of Agricul-
ture, New Brunswick, New Jersey 08903

This research is divided into two parts: (1) the temperature
tolerance and preference ranges of juveniles of four species of
anadromous fishes will be determined. The species are: the
striped bass, Roccus saxatilus, the American shad, Alosa sapidis-
sima, the blueback herring, Alosa aestivalis, and the alewife,
Alosa p:, .ndoharengus (2) The dissolved oxygen requirements of
the four species will also be measured at three water tempera-
tures, and at two salinities in addition to 'fresh' water. Oxygen
requirements will also be measured in the presence of various

concentrations of petroleum products, of ammonia, and in the
presence of both.

A temperature preference tank will be employed for deter-
mining preference ranges; and oxygen reduction will be obtained
by the use of nigrogen, and by helium for comparative purposes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Rutgers The State University

5.0740, OXYGEN REGENERATION OF POLLUTED
RIVERS
W. WHIPPLE, Rutgers The State University, Water Resources
Research Inst. , New Brunswick, New Jersey 089(13

The purpose of this project is to demonstrate the effective-
ness and economy of commercially available equipment in restor-
ing to satisfactory dissolved oxygen levels the polluted waters of
one small river, the Upper Passaic, and one large navigable river,
the Delaware. After detailed analysis and preparation, aeration
units of several types, of a size sufficient to materially change the
oxygen level, will be installed on the Passaic River. Utilizing infor-
mation gained from this portion of the study, aeration equipment
will be installed on the banks of the Delaware. By field tests and
dispersion analyses, the optimum configuration and type of sta-
tions, adapted to affect entire cross sections without interfering
with the navigation, will be obtained.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Rutgers The State University

5.0741, FATE OF PESTICIDES
B.R. WILSON, Rutgers The State University, School of Agricul-
ture, New Brunswick, New Jersey 08903

The herbicide 3,4-dichloropropionanilide, or propanil is
transformed in soil by microorganisms and in pure cultures of
fungi isolated from soil, to 3,4-dichloroaniline which condenses to
form 3,3',4,4' tetrachlorobenzene. Results from adsorption ex-
periments utilizing DDT, linuron, malathion, and diphenamid in
clay, soil, and humic acid systems indicate that these chemical
compounds are strongly adsorbed by both clay and humic acid
systems and released to the soil solution at an extremely slow rate.
Analytical methods have been developed for organophosphate in-
secticides in water. Kinetic studies of chemical oxidation of or-
ganic pesticides is continuing. Thus far, 2,4-D is the only herbi-
cide which appears to be biodegradable.

In cabbage and crabgrass increasing amounts of the herbi-
cide diphenamid are absorbed as a function of time which results
in reduced uptake of magnesium, calcium, potassium and
phosphorus.

Propanil is enzymatically degraded in rice to 3,4-
dichloroanilinc and other products. The enzyme responsible is
contained in subcellular particles similar to the lysosomes of
animal cells.

Photoaldrin, the photoconversion product of aldrin, is 7x as
toxic as aldrin to mosquito larvae. Repeated sublethal exposures
of mosquito larvae to ethanol or ethanol-DDT generally becomes
lethal due to ethanol accumulation. Reaction of large mouth bass
to parathion is being determined.

Photochemical transformations of aldrin, patoran, linuron,
diphenamid, and propanil have been completed. A procedure has
been devised for the determination of diphenamid in plants.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & - P.H.S.

5.0742, PURIFICATION OF LOW QUALITY WATERS BY
FOAM SEPARATION
T.E. WILSON, Rutgers The State University, School of Engineer-
ing, New Brunswick, New Jersey 08903

The proposed research will involve laboratory scale experi-
ments of both the batch and continuous type. Removal of turbidi-
ty, color and bacteria will be studied using both natural and lab-
prepared water. Kinetic data from the batch studies will be used
to develop a suitable continuous flow system. The constituents of
the raw water will be varied and their effect, as well as the effect
of air bubble size will be studied.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Rutgers The State University

5.0743, THE PREDICTION AND OPTIMIZATION OF
STREAM RESPONSES TO POLLUTANT WASTES
R. DRESNECK, Found. For Adv. of Grad. Study, Newark, New
Jersey 07103

The ability of the mathematical models presently used to pre-
dict the effects of pollutant loads upon the resultant stream
biochemical oxygen demand (BOD) and dissolved oxygen (DO)
profiles is questionable. The problem is complicated by the fact
that some of the stream parameters are difficult to measure and
that the mathematical models used do not, in many instances,
adequately describe the physical conditions they model.

In this research, a previously developed model is presented
which makes use of measured BOD and DO stream values for par-
ticular loading conditions to evaluate those stream parameters
which cannot be easily measured, and then uses them, in turn, to
predict the effects of future loading situations. By testing selected
streams, the effectiveness of the proposed mathematical model
will be evaluated.

SUPPORTED BY U.S. National Science Foundation

5.0744, A CONCEPTUAL STUDY OF THE DISTRICT OF
COLUMBIA. BIOLOGICAL TREATMENT PILOT PLANT
J. ROSE, Burns & Roc Incorporated, Oradell, New Jersey 07649
(14-12-151)

To perform a study to develop the concept of the District of
Columbia Biological Treatment Pilot Plant in accordance with
the requirements set forth herein: I. Study Criteria A. Evaluate
the process layout and hydraulic requirements of the two train
(100,000 gpd per train) biological treatment pilot plant as
described in the attached specification for installation at the Dis-
trict of Columbia Water Pollution Control Plant. B. Develop a
sludge disposal system for the above pilot plant which includes: 1.
Sludge dewatering systems a. vacuum filtration b. centrifugation
c. experimental dewatering 2. Sludge incineration C. Prepare
functional process layout for two larger pilot plants based on the
design criteria and flexibility in above D. C. pilot plant and includ-
ing disposal facilities for plant sized with: I. Two nominal 250,000
gal per day treatment trains 2. Two nominal 500,000 gal per day
treatment trains D. Furnish a cost estimate for the (100,000
gpd/train) pilot plant in A above.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0745, APPLICABILITY OF ARDOX CATALYSTS TO
THE OXIDATION OF MUNICIPAL SEWAGE EFFLUENTS
AND OF WASTES PRODUCED DURING MANNED SPACE
FLIGHT
B. INTORRE, Arde Incorporated, Paramus, New Jersey (14-12-
141 )

To perform a study to determine the applicability of ARDOX
Catalysts to the oxidation of municipal sewage effluents and of
wastes produced during manned space flights.

Using the appropriate Ardox catalyst and continuous opera-
tion of the reactor system, experimental runs shall be carried out
to determine the effect of operating variables upon the extent of
oxidation and to select optimum values of the variables for carry-
ing out further work with municipal secondary effluent.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0746, A COST-EFFECTIVENESS STUDY OF
PRETREATMENT METHODS SUITABLE FOR INTEGRA-
TION TO MEMBRANE DESALTING PLANTS
J.S. KNEALE, Ritter Pfaudler Corporation, Paramus, New Jersey
07652

The objective of this study is to evaluate the need for an
economics of pretreatment for high solids waters to protect the
membranes used in desalination plants. The waters under con-
sideration are brackish waters, acid mine waters and irrigation

return flow waters. The flows under consideration are 0,25, 1.0,
5.0, 10.0 and 50.0 million gallons per day net output.

To accomplish this objective we will do the following: 1.
Establish the contaminants that foul or poison the membranes. 2.
Establish the tolerable limits of the contaminants. 3, Develop the
economic treatment system to meet the established requirements.
4. Evaluate the savings or other benefits that result from the
pretreatment. 5. For those systems that prove feasible, prepare a
manual or catalog of commercial available equipment, cost of in-
stalled plant and cost of operation.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0747, COALESCING MARINE OIL-WATER SEPARA-
TOR
J.H. SEELINGER, Ritter Pfaudler Corporation, Paramus, New
Jersey 07652

Land based test and evaluation of a marine residual fuel oil
coalescing separator was completed and presented in a final
design report entitled: 'Research and Development for a Ship-
board Oil and Water Separation System' dated December 1966.

This unit is applicable to high gravity oils and functions
without additives or air floatation.

The final report is available to the public through the
Clearinghouse for Scientific and Technical Information

This project was initiated in FY 62 and was terminated in FY

67.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

5.0748, INTERSTATE REGIONAL PLANNING FOR
WATER SUPPLY AND WASTE DISPOSAL
J.F. WRIGHT, Delaware River Basin Comm. , Trenton, New Jer-
sey

The project objectives are: to develop needed information
and plans for water-supply and waste-disposal facilities for an in-
terstPt, region; to demonstrate regional interagency planning for
prevention of water shortages, pollution, and other environmental
health problems in rapidly developing areas; to test the concept of
legally protecting the regional plan by making it a part of the
`Comprehensive Plan' as provided by the Delaware River Basin
Compact. Task groups, composed of Federal, State and local
representatives of resource and pollution control agencies, will

collect and analyze data, prepare plans, select optimum alterna-
tives, and prepare reports. Areas of study for the impact region in-
clude water supply, liquid-waste disposal and solid- waste
disposal.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Delaware River Basin Commission

5.0749, DELAWARE ESTUARY AND BAY WATER
QUALITY SAMPLING AND MATHEMATICAL MODELING
PROJECT
J.F. WRIGHT, Delaware River Basin Comm. , Trenton, New Jer-
sey

The purpose of this project is to evaluate the accuracy and
reliability of the research data, and information made available
for use in a mathematical model of the Delaware Estuary by con-
ducting a series of sampling runs in the estuary over a period of
years. These samples will be analyzed and compared with mathe-
matical model projections in an effort to validate the mathemati-
cal concept for use in an estuary pollution abatement program.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Cti
Delaware River Basin Commission

5.0750, MODEL STUDY TO PREDICT SALT DISTRIBU-
TION AND CONCENTRATION OF WATER IN SOIL
PROFILES
J.F. ALFARO, New Mexico State University, Water Resources
Research Inst. , Las Cruces - University Park, New Mexico 88001

In irrigated lands, salts are accumulated within the root zone
as a result of irrigation and subsequent removal of water by the
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processes of evaporation and transpiration, In arid regions, such
as the State of New Mexico, the salinization problems become
more accentuated because there is less rainfall available to leach
and transport the salts, and because of further salt concentration
in soils and surface waters due to the high evaporation rates
characteristic of these zones.

This study will work to rd developing a method to predict
salt concentrations in stratified soil, uniform and non-uniform
soils, and to determine the effect of initial salt concentrations, soil
moisture and salt concentrations of irrigation water on the accu-
racy of prediction, and to investigate the soil responses to the ap-
plication of irrigation watcr of various qualities.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
New Mexico State University

5.0751, WATER REQUIREMENTS FOR SALINITY CON-
TROL IN UNSATURATED SOILS
H.E. DREGNE, New Mexico State University, School of Agricul-
ture, Las Cruces - University Park, New Mexico 88001

This project is directed toward one of the most important
problems facing irrigated agriculture in the Western States and in
all irrigated areas in the world. The need for applying limited
amounts of water to the soil is illustrated by the following points.

1. Two of the irrigated areas in New Mexico, the Pecos and
Gila River basins, are limited in annual water application to three
acre-feet per acre, or less, by recent court decisions. This
eliminates the free use of water for leaching salts from the soil. 2.
With limited water application, salt build-up becomes a major
problem in the management of the land and the water. 3. The
water pollution control regulations presently being put into
operation will demand that salts added to the water supply by ir-
rigation be held to a minimum. This would apply both to areas
with full water supplies as well as those with limited water sup-
plies.

The results could have application to New Mexico, the
Southwest, and other areas of the United States and to the world
wherever irrigation is practiced. Irrigation must become a more
nearly exact science, and it is to develop one phase of that science
that this project is proposed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

5.0752, SOILS, PESTICIDES, AND THE QUALITY OF
WATER
H.E. DREGNE, New Mexico State University, Agricultural Ex-
periment Sta. , Las Cruces - University Park, New Mexico 88001

Objectives: 1. To establish whether movement through the
soil constitutes a significant source of the pesticides found in sur-
face and ground water. 2. To identify the properties of pesticides
and of soils that control the extent of movement of pesticides in
and through soils. 3. (New Mexico will not contribute to this
phase of the work.) 4. To ascertain the effects of management of
pesticides and land on the transport, by all means, of pesticides to
water supplies.

Description of work proposed: Leaching columns of varying
lengths will be used to follow adsorption, release and movement
of herbicides, including betasan and derivatives of 2,4
dichlorophenoxy-acetic acid applied to various soils. These soils
will be characterized mineralogically, physically, chemically and
biologically by standard methods. Soils having different textures
will be selected for study, and organic matter content, time con-
tent, and exchangeable cation status will be varied. Herbicide
movement will be followed under conditions of continuous
leaching and alternate wetting variables and to the chemical pro-
perties of the herbicides. Field studies will be sued to determine
the extent to which herbicides applied to the soil move through
and over the soil in the presence of close-growing and row crops
under a variety of soil and water management conditions.

SUPPORTED BY U.S. Dept. of Agriculture
New Mexico State Government

5.0753, FEASIBILITY OF TREATING AND RECYCLING
USED FISH HATCHERY WATER
R.E. SPEECE, New Mexico State University, Water Resources
Research Inst. , Las Cruces - University Park, New Mexico 88001

The most common problem in fish hatchery operation is a
limited water supply, particularly during drought periods, Some
hatcheries are also hampered by year-round water shortages, Ap-
propriate treatment of the used water to restore the necessary
quality characteristics for subsequent recycling offers the most
promising solution to this problem. It would also permit construc-
tion of new fish hatchery facilities at sites with limited water sup-
plies.

A treatment system, capable of removing ammonia, carbon
dioxide, organic metabolites, disease producing organisms, and
providing for restoration of the dissolved oxygen will be
developed. A cost analysis of the treatment and recycle system
will be made for several typical installations. A corresponding
benefit analysis, based on increased fish production, will also be
determined for the same installations. This will enable a benefit-
cost ratio to be determined. Thus, conditions where treatment of
used fish hatchery water for recycling would be economically
feasible can be determined.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
New Mexico State University

5.0754, CONTROLLING FACTORS IN METHANE FER-
MENTATION
R.E. SPEECE, New Mexico State University, School of Engineer-
ing, Las Cruces - University Park, New Mexico 88001

The specific aim of this proposed work is to determine the
fundamental factors which control: (1) the rate of methane fer-
mentation under anaerobic conditions; (2) the initiation of
methane fermentation of organic compounds under anaerobic
conditions; and (3) the reinstating of active methane fer.rnenta-
tion in an anaerobic digester which has ceased methane produc-
tion due to adverse conditons.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0755, DEVELOPMENT OF A FROTH PROCESS FOR
THE TREATMENT OF SOUR WATER
D.B. WILSON, New Mexico State University, Water Resources
Research Inst. , Las Cruces - University Park, New Mexico 88001

It is proposed to investigate the treatment of sour water by a
chemical process in which the appropriate chemical scavengers
for the sulfide ion will be surface active. The process will utilize a
froth for contacting the sour water. Further, to improve the
economics of the process, it is planned to utilize process chemi-
cals which result in the production of elemental sulfur. Sub-
sequent separation will permit recycle of the chemical scavenger
and recovery of the sulfur.

Coincidental to the development of the above process will be
research in areas of the kinetics of reactions involving non-rigid
interfaces, surface diffusion, and the kinetics of precipitation in
interfacial regions. The extent of the work done in these areas will
be limited; however, a complete understanding of the proposed
process will require further research into the above subjects.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
New Mexico State University

5.0756, CYTOTAXONOMY AND RELATED STUDIES OF
HOLARCTIC MIDGES
J.E. SUBLETTE, Eastern New Mexico University, Graduate
School, Portales, New Mexico 88130

Eighty-two species of midges (Chironomidae:Diptera) have
been reported as having a holarctic distribution. The identify of
many of these in North America is questionable. To elucidate the
identities, conventional taxonomic studies of adults, both field
collected series and museum types and named specimens, will be
undertaken. To corroborate these results cytotaxonomic and
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biochemical studies will be made on appropriate larval popula-
tions.

SUPPORTED BY U,S, Dept. of Interior F, Water Pol. Ctl

5.0757, MORPHOLOGY AND STABILITY OF STREAM
CHANNELS IN SOUTHWESTERN SEMIARID RANGELAND
WATERSHEDS
R.B. HICKOK, U.S, Dept. of Agriculture, Santa Rosa, New Mex-
ico 88435

Objectivi:-.: Methods for predicting and control of gulley and
stream channel erosion, and sediment deposition damage.

Plan of Work: Evaluate processes of channel aggradation,
degradation, horizontal realignment, and changes in cross-sec-
tional shape and net sediment yield in relation to types of bed and
bank materials, upstream sediment sources, streamflow regimes
and control measures.

SUPPORTED BY U.S. Dept. of Agriculture

5.0758, TREATMENT NEEDED BY SEWAGE BEFORE IN-
JECTION - WELL RECHARGE
L.J. HETLING, State Dept. of Health, Albany, New York

Sewage effluent from a secondary (bits- filtration) plant will
be given tertiary treatment including, but not limited to, rapid
sand or diatomaceous earth or carbon column filtration. The ef-
fluent will then be recharged by injection well; at the same time, a
portion of the effluent will be injected into a ground simulator.
Both the ground simulator and the injection well will be loaded to
failure to determine the factors that cause failure of the system.
The treatment requirements for sewage reclamation for well
recharging will be demonstrated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
New York State Government

5.0759, SPRING CREEK AUXILIARY WATER POLLU-
TION CONTROL PROJECT
M. LANG, State Dept. of Pub. Works, Albany, New York

Phase I: To characterize and evaluate the combined sewer
overflows into Jamaica Bay and relate their significance to sewage
plant effluents, storm runoff, landfill leachants, dredging and tidal
interchange. To determine the physical, chemical, bacteriological
and biological characteristics of Jamaica Bay as effecting its
recreational values. Develop mathematical models for dissolved
oxygen and coliform in Jamaica Bay.

Phase 11: Study in greater detail the conditions in the waters
most affected by the discharges from the Spring Creek combined
sewer overflow.

Phase III: The Spring Creek Auxiliary Pollution Control
Plant must be completed before Phase III can be started. The ob-
jective of this Phase is to survey the areas ofJamaica Bay studied
during Phase II, and the effluent from the Spring Creek Plant, and
make a quantitative evaluation of the treatment processes and the
results achieved.

SUPPORTED BY U.S. Dept. of Interior - F. Water Poi. Ctl
New York City Government - New York

5.0760, COMPOSITION OF RESIDUES FROM PULP
BLEACHING TREATMENTS
C.W. DENCE, State University of New York, Graduate School,
Albany, New York 12203

The spent liquors from kraft chlorination and alkali extrac-
tion pulp bleaching sequences are to be examined by various
chemical and physical means to determine the structure and com-
position of the modified liqnin residues contained therein. Special
emphasis will be placed on establishing the presence or absence
of o-quinone intermediates in the chlorinated pulps and in the
chlorination spent liquors. This phase of study will be prefaced by
a detailed study of the reactions lignin- like (model) compounds
with chlorine in which attempts will be made to isolate and
characterized the anticipated o-quinone intermediates. Attempts
also will be made to characterize the products arising from reac-
tions of the (proposed) o-quinone intermediates and other sub-

stances likely to be present in the bleaching system. Finally the
reactivity of chlorolignin toward alkali will be examined to gain
an insight into the structure of the resulting residues particularly
insofar as the location of the chlorine sub-tituents on the
chlorolignin molecule is concerned.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Cti

5.0761, RENOVATION OF A DYSTROPHIC LAKE INTO
A EUTROPHIC LAKE

DAMANN, State University of New York, Graduate School,
Brockport, New York 14420

A regular weekly collection program was initiated at McCar-
go Lake on the Fancher Campus of State University of New
YOrk, College at Brockport, early in March, 1%7. Preliminary
investigations involved exploring the entire area of the lake with
the hope of establishing a limited number of stations that might be
considered typical for study of the chemical and physical factors
related to biological activity.

Chemical analysis were performed weekly at the Fancier
Campus laboratory on water collected at three levels (surface,
10', bottom) for the following parameters: Dissolved Oxygen,
Carbon Dioxide, Calcium, Magnesium, Silicates, Phosphates,
Nitrates, Hydrogen Sulfide, Alkalinity, pH,

Duplicate samples collected from three levels were analyzed
each week in the laboratories on the Brockport Campus using
more precise wet chemical methods for the following: Inorganic
Nitrogen, Organic Nitrogen, Nitrates, Chlorides, Ortho-
phosphate, Poly-phosphate, Sulfates, Sulfites.

The Perken Elmer, Model 303, Atomic Absorption Analyzer
has been placed in operation and will be used for routine analyses
during the remainder of the project.

Macro-bottom fauna, aerobic and anaerobic bacterial plate
counts, direct microscopic bacterial counts from submerged
slides, and a census of the fish population were the areas of
biological investigation carried on during 1967-68.

Total plankton counts were made weekly at the same three
levels used for the chemical analyses. In addition, a preliminary
periphyton study was done by submerging glass slides at three
levels. This work will be carried on in much more detail during
1968-69.

Two fiber glass cylinders (20' x 6') have been permanently
located in the experimental lake. Aerating filters are installed and
will be operated on an experimental basis during a portion of
1968. After determining the effect of aeration on chemical, physi-
cal and biological activity during a complete cycle, a decision will
be made on whether or not to aerate the entire lake.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol, Ctl
State University of New York

5.0762, THE BIOCHEMISTRY OF ANAEROBIC
DIGESTION
J.S. JERIS, Manhattan College, School of Engineering, Bronx,
New York I0471

Investigations in anaerobic digestion have shown that the
process has great potential for treatment of concentrated com-
plex wastes. Yet, the process is not being used to its maximum
potential because of a lack of fundamental knowledge of its
microbiology and biochemistry.

The general objective of this proposal is to explore further
the basic biochemistry in order to determine the general pathways
involved in the anaerobic microbiological breakdown of various
pure organic compounds which are constituents of complex
wastes. Some of the compounds under study include propionic
acid, lactic acid, succinic acid, glutamic acid, glycine, and oleic
acid.

The role of intermediate compounds such as acetic,
propionic and butyric acids is under study as they appear to be
very important metabolic products.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0763, NEW SELECTIVE MEMBRANES
J. STEIGMAN, Polytechnic lnst of Brooklyn, Graduate School,
Brooklyn, New York 111201
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This research will consist of theoretical and experimental stu-
dies of the transport of ions through chemically modified ex-
truded cellulose membranes. Previous work has shown that the
small number of carboxylic acid groups in a cellulose membrane
adsorb polyvalent ions like calcium, that arnidification of the
groups virtually eliminates the adsorption, and that the transport
of calcium in amidified membranes is slower than that of sodium
in quite dilute solutions. Work will be done on further chemical
alteration of membranes and on the transport of various univalent
and polyvalent cations (and on the effects of various anions) as
well as on the transport of water itself in commercial cellulose and
in chemically modified cellulose membranes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0764, DEPOSITION OF FINE SEDIMENTS IN TURBU-
LENT FLOWS
E. PARTHENIADES, State University of New York, School of
Engineering, Buffalo, New York 14214

The proposed project concerns the hydrodynamic behavior
of fine cohesive sediments in turbulent flow fields such as those
created by open channel flows. The primary general goal is the
discovery of the flow parameters, which control the initiation, the
degree and the rates of deposition of that sediment and the
derivation of analytical relationships between these variables for
only one type of sediment. Recent investigations by the writer and
others revealed some important relationships between certain
flow parameters such as average boundary shear and secondary
flow, and some depositional characteristics, such as the percent of
fine load deposited under given flow conditions. The specific ob-
jectives of the proposed study are: (a) Effect of secondary cur-
rents on deposition and in boundary shear stress distribution
together with an attempt to express them in terms of readily
determinable flow parameters. (b) Effect of boundary roughness
on depositions. Some pilot studies of the effect of sediment pro-
perties and water quality on deposition are anticipated.

The information sought is needed for rational control of
shoaling, prediction of deposition sites of solid waste disposed in
the form of fine sediment and selection of disposal sites to avoid
pollution of specific zones.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0765, PRECISION ANALYSIS WITP ION-SELECTIVE
ELECTRODES
G.A. RECHNITZ, State University of New York, Graduate
School, Buffalo, New York 14214

It is proposed to develop techniques and procedures for the
precise analysis of ions in aqueous media using novel ion-selective
membrane electrodes. Special emphasis will be given to the
utilization of solid -state and liquid-liquid membrane electrodes.
It is expected that superior methods can be devised for the rapid
and continuous determination of Ca , Cu , Zn , SO4--, PO4---,
Ca-, Br-, I-, F-, 5 - -, NO3- over a wide concentration range.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0766, DYNAMIC MODEL STUDY OF LAKE ERIE
R.R. RUMER, State University of New York, School of Engineer-
ing, Buffalo, New York 14214

A rotating laboratory (1 I' x 18') is being used for a hydraulic
model study of Lake Erie. The principal objective of this study is
to determine the degree of usefulness of a rotating vertically
distorted Froude model in the prediction of the response of Lake
Erie to various physical inputs such as inflows, wind stress, etc.
Analytical studies of others as well as of the investigators will be
used in attempts to predict the dynamic behavior of the model
Bake. Field data taken during the GLIRB study and reports of
other field studies will be used in the model verification process.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0767, NEUTRON ACTIVATION ANALYSIS OF IMPURI-
TIES IN RAIN AND SNOW
I.G. HAN, State University of New York, Graduate School,
Fredonia, New York 14063

The goal of this project is to determine the average concen-
tration of Ca and S in samples of precipitation collected in the
vicinity of Fredonia which is located at the leeshore of Lake Erie.
The lake effect storms characteristic of this region make it possi-
ble to study the meteorological functions affected by the large
polluted lake.

Samples of rain and snow water will be activated in a reactor
and will be analyzed to determine the average concentrations of
Ca,K,and S of lake effect storm precipitation and non-lake effect
storm precipitation separately.

The results will be correlated with meteorological variables
in an attempt to pursue understanding of the role of these ele-
ments over the large polluted lake as materials for condensation
nuclei, of the efficiency of precipitation for removing these ele-
ments from the air, of the probable origins, and of the charac-
teristics of the lake effect storm.

According to the work done by Junge and others on the
chemical concentration of rain water over the United States,
precipitation samples of lake effect storms collected at the
leeshore of a large lake will show chemical concentration ratios
close of those of lake water if the lake is large enough, The as-
sumption is supported by the Cl /Na ratio of the rain and snow
water from lake effect storms and non-lake effect storms which
was collected in the vicinity of Fredonia and analyzed by the ap-
plicant of this proposal in the summer of 1966.

The project is the continuation and expansion of the work on
CI and Na. The concentrations of Ca,K, and S are very high in the
Lake Erie water. Preliminary samples with the activation method.

SUPPORTED BY State University of New York

5.0768, DISCHARGE OF INDUSTRIAL WASTES TO MU-
NICIPAL SEWER SYSTEMS
V.C. BEHN, Cornell University, School of Engineering, Ithaca,
New York

The ultimate objective of this work is to prepare, for selected
water using industries in New York State, results which should be
of direct value to any industry contemplating the discharge of
wastes into a municipal sewer system.

The study will concentrate on four different groups of plants,
all of which are well represented within New York State. These
four are pulp and paper mills, organic chemical plants, canned
fruits and vegetables , and blast furnaces and steel mills . Two
sites will be selected for study from each group of plants to
represent small and large industries.

Feasibility studies will be run involving the following factors:
equalization, neutralization, nutrient requirements, and sludge
flow and handling characteristics. These will then be combined
with a survey of sewer ordinances and rate structures now being
applied within New York State.

The results should aid any industry now faced with a decision
on whether or not to treat wastes separately or discharge the
wastes into a municipal sewer system.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

5.0769, DESIGN OF WASTEWATER TREATMENT
SYSTEMS TO SATISFY EFFLUENT QUALITY REQUIRE-
MENTS BASED ON INTENDED USE
A.W. LAWRENCE, Cornell University, School of Engineering,
Ithaca, New York

It is the objective of this study to have a 'fresh' look at waste-
water treatment processes and systems in light of the growing in-
terest in the reclamation of wastewaters as a 'new' source of
water. This fresh look or reevaluation of wastewater treatment
technology will be din- -led towards:

I) a review of the intended uses for reclaimed waste waters
and determination of the quality requirements associatecd with
each use.

2) a reevaluation of existing wastewater treatment processes
and systems in the context of expected future performance
criteria, i.e., effluent quality requirements.

3) examination of new processes or new combinations of ex-
isting processes in an effort to develop treatment methodology
capable of satisfying effluent quality requirements which are riot
presently attainable.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

5.0770, ADAPTATION BY MICROBIAL POPULATIONS
N.C. DONDERO, State University of New York, School of
Agriculture, Ithaca, New York 14850

Selected experiments on enzyme adaptation and repression
have been made with pure cultures and mixed populations of
microorganisms derived from activated sludge for the purpose lf
determining the physiological and nutritional homogeneity or
heterogeneity of the populations transforming aromatic materials
and other carbonaceous substrates.

The analysis of the populations have been made previously
by enumeration and replica-plating on a series of substrates
planned to show the capabilities of the population to utilize the
substrates present and to reveal shifts in the microbial population
when they occur.

Similar analyses will be made of the microbial populations in
the processes of sewage treatment and a potable water impound-
ment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0771, EFFECTS 1F DISSOLVED OXYGEN CONCEN-
TRATION ON SURVIVAL OF LARGEMOUTH BASS EMB-
RYOS
A.W. EIPPER, State University of New York, School of Agricul-
ture, Ithaca, New York 14850

Objectives of this project are I) To determine the effect of
various oxygen concentrations on the survival of largemouth bass
embryos until hatching, 2) To determine effects of interactions of
temperature and oxygen on the survival of Iftrgemouth bass emb-
ryos until hatching, and 3) To determine effects of interactions of
water movement and oxygen on survival of embryos until
hatching. Construction of a `degasser` to control dissolved oxygen
concentrations in aquaria was completed early in 1968, and
literature work on the effects of oxygen survival of fish embryos
was begun. During the 1968 bass spawning season, lots of 50 bass
embryos of known age were subjected to different oxygen con-
centrations at each of three different temperatures. The azidc
modification of the Winkler method was used to monitor 02
levels, and dead embryos were removed each day. Preliminary
analysis indicates that survival of embryos to normal larvae at ox-
ygen levels above 2.1, 3.0 and 3.4 mg/liter at 15, 20 and 25 C,
respectively, is similar to survival at 90% oxygen saturation for
each temperature. At lower oxygen levels, survival decreases
sharply. Approximations of LD50 levels wouId be 4.3, 2.3, and
3.1 mg/I for 15, 20 and 25 C, respectively. For thc ,,f3re-;-; tempera-
tures, oxygen levels of approximately I, 1.5, and 2. mg/I caused
complete mortality. Further analysis of data is in progress and will
continue through the coming academic year.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
New York State Government
Cornell University

5.0772, EFFECT OF WATER QUALITY ON FIRST-YEAR
MORTALITY OF LARGEMOUTH BASS
A.W. EIPPER, State University of New York, New York Coop.
Fishery Unit, Ithaca, New York 14850

The objective of the proposed project is to contribute to
establishment of water quality standards by determining the ef-
fects of temperature, oxygen concentration and other aspects of
water quality on mortality of largemouth bass during the egg and
larval stages. Information on factors affecting first-year mortality
of game fish species is also essential for management of popula-
tions necessary to increase the capacity of water resources to
produce food and recreation. Investigations of causes of first-year
mortality conducted by the New York Cooperative Fishery Unit
will be continued and expanded. Additional equipment for tem-
perature and oxygen control and monitoring will be employed to
study survival of eggs and fry at various levels of temperature and
dissolved oxygen. The relationships of turbidity, pH, and alkalini-
ty to mortality will also be evaluated. Studies of the effects of
water quality on predators, kinds and quantity of food available to
fry, and other ecological phenomena are also planned. After

preliminary observations and monitoring in nature, mortality fac-
tors will be evaluated under controlled laboratory conditions, and
attempts will then be made to determine if relationships observed
in the laboratory apply in earthen ponds and natural waters,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

5.0773, LIMNOLOGICAL INVESTIGATION OF ONEIDA
LAKE,
D.J. HALL, State University of New York, Agricultural Experi-
ment Sta. , Ithaca, New York 14850

Objectives: I. Investigate current nutrient conditions in
Oneida Lake in light of possible nutrient enrichment. 2. Examine
relationship between continuous nutrient recycling and plankton
production. 3. Determine the fate of the zooplankton in Oneida
Lake.

A two-year study is proposed in which extensive year-round
water analyses, quantitative plankton and fish collections will be
made in order to ascertain fundamental relationships in the food
chain dynamics of Oneida Lake. Analyses of phosphorus,
nitrogen and other selected nutrients will be routinely carried out.
The rate of nutrient regeneration will be examined in relation to
the unusual summer circulation (mixing) pattern in the Lake. The
primary production of phytoplankton using the C14 technique
and zooplankton population turnover rates will be estimated from
appropriate field experiments and analyses. Extensive examina-
tion of fish stomachs collected by the Cornell Department of Con-
servation will yield information about the possible fate of
zooplankton in this system.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

5.0774, EQUIPMENT TO AGITATE POND SOILS FOR
RELEASE OF NUTRIENTS
E.S. SHEPARDSON, State University of New York, Agricultural
Experiment Sta. , Ithaca, New York 14850

To develop principles and techniques for: (1) aggressively
disturbing pond bottom sediments, (2) effectively produce a
suspension of same and (3) the introduction of powdered
limestone simultaneously into the disturbed suspension of bottom
sediments. Develop the equipment and techniques to sufficient
efficiency, portability and use with small boats to dispense large
quantities of limestone in waters of moderate size (up to 50
acres).

Various ideas will be investigated to determine the best
way(s) for plowing, harrowing, jetting or otherwise disturbing
pond bottom sediments sufficiently with surface controlled equip-
ment. Simultaneously, a means for suspending this material, tem-
porarily, will be investigated. At the moment, air injection ap-
pears to be one possible technique. Mechanical beaters may be
another approach. Following the development of the principle of
satisfactorily rooting up and suspending the bottom sediment, a
means of effectively introducing ground limestone into the
disturbed mass will be sought. The exact course of investigation
will depend on the above developments.

Appropriate pond soil and water tests will be made in the
field test of the device to determine the immediate and seasonal
effects of the treatment.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

5.0775, POULTRY MANURE PROPERTIES, HANDLING
AND DISPOSAL
A.T. SOBEL, State University of New York, Agricultural Experi-
ment Sta. , Ithaca, New York 14850

1. To determine the chemical, physical and rheological pro-
perties of poultry manure related to handling, disposal, and/or
utilization. 2. To investigate basically several methods of disposal
and utilization.

The properties related to handling, disposal or utilization of
manure will be determined. Samples will be gathered from vari-
ous sources to obtain a broad range of breed, management, and
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other factors which will influence the composition and quantity of
manure produced. Such conditions will be recorded so that
ranges can be established for the various properties, as the ex-
tremes of these ranges are important in handling the manure, The
manure will be investigated as a solid waste and as a suspension in
water. This information will then be used in trial methods in the
laboratory (or in the field if indicated) and the results extended' to
consider what would be involved in handling larger quantities of
manure.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

5.0776, THE LOSS OF ORGANIC AND INORGANIC
MATERIALS FROM ABOVE-GROUND PLANT PARTS,
WITH REFERENCE TO DECONTAMINATION OF PARTS
UTILIZED FOR FOOD
H.B. TURKEY, State University of New York, School of Agricul-
ture, Ithaca, New York 14850 (AT(30-1) )

Appreciable quantities of inorganic and organic metabolites
are leached from above-ground plant parts by rain and mist.
Mineral nutrients, amino acids, organic acids, and carbohydrates
are leached from a wide range of plant species. Young plants, in-
cluding food plants, are grown in radioactive nutrient solutions
and are leached with a water mist. The leachates are collected on
resins and losses by leaching are determined quantitatively by
radioactive analysis and qualitatively by chromatographic means.

Important areas of investigation are: 1. Leaching of fallout
products from food plants in relation to absorption and distribu-
tion of the fallout within the plant, 2. Influence of specific chemi-
cals on l:aching, such as surfactants, 3. Leaching of organic
metabolites, 4. Leaching of growth regulating substances,

Leaching is influenced by species, metabolites being leached,
leaf morphology and age, nutrition, environmental factors, injury,
and duration and intensity of rain. Inorganic an organic
metabolites leached from one plant arc root-absorbed and util-
ized by other species. Leaching of calcium and other cations in-
volves exchange reaction both within the plant and on the leaf
surface. Leaching is an important ecological factor in plant
development and association. It plays a role in the distribution of
fallout products and the natural decontamination of plants.

SUPPORTED BY U.S. Atomic Energy Commission

5.0777, IMPROVEMENT OF TREATMENT OF FOOD IN-
DUSTRY WASTE ,

S. TUWINER, R A 1 Research Corporation, Long Island City,
New York 11101

To investigate on a laboratory scale electrochemical oxida-
tion of milk whey as a method of waste treatment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Rai Research Corporation

5.0778, ADVANCED WASTE TREATMENT FOR WATER
RECLAMATION AND REUSE BY INJECTION

SIMINS, Nassau Co. Dept. of Pub. Works, Mineola, New
York 11501

Nassau County is committed to a long-range program to
demonstrate the feasibility of using water reclaimed from sewage-
plant effluent to increase the available ground-water resources.

The objective of the project is to conduct studies of advanced
waste treatment processes and to demonstrate that the reclaimed
secondary effluent is suitable for reuse and injection into un-
derground aquifers. The project will provide operating data on
advanced waste- treatment processes and allow optimizing the
economics of the process. It will also demonstrate the effective-
ness and reliability of advanced waste treatment as a method of
providing water for reuse from secondary treatment plant of

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Nassau County Government - New York

5.0779, WATER CONSERVATION BY WASTE WATER
RECLAMATION AND INJECTION OR RECHARGE
H.J. SIMMS, Nassau Co. Dept. of Pub. Works, Mineola, New
York'11501

The purpose of this project is to conduct pilot studies on ac-
tivated sludge sewage effluent to improve its quality to conform
with required drinking water standards and inject or recharge it
into sub-surface water bearing strata for re-use after removal of
suspended solids. Using all information available in this field and
also data obtained from bench scale and pilot plant units, a tertia-
ry treatment plant will be designed and constructed. In addition
an injection well and a network of observation wells will be dry
and operated on a three- four year program,

SUPPORTED BY U.S. Dept. of interior - F. Water Pol. Ctl
Nassau Count Government - New York

5.0780, IMPROVED CAPABILITIES OF BIOLOGICAL
SYSTEMS TO ASSIMILATE OIL
R.N. SIMONSEN, Amer. Petroleum Institute, New York, New
York 10020

The project will consist of a study of laboratory scale ac-
tivated sludge waste treatment systems which will be operated to
determine their tolerance to various types and amounts of
hydrocarbons, the nature of the interference of the hydroca, bons,
the fate of the hydrocarbons in the system, and to study methods
for improving pretreatment of the influent and of improving the
operation of the system.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Amer. Petroleum Institute

5.0781, SEPARATION OF SANITARY SEWAGE FROM
COMBINED SYSTEMS OF SEWERAGE
M.B. MCPHERSON, Amer. Soc. of CM! Engrs. , New York, New
York (14-12-29 )

The general concept on which the project is based involves
discharging corrtminUted or ground sewage from individual
buildings and/or building complexes through relatively small pres-
sure tubing laid in existing building connections, and thence into
new pressure conduits suspended in existing street sewers. The
new separate sanitary sewage pressure conduits would then
discharge into existing interceptors that would convey the sanita-
ry sewage to treatment works. Storm water alone would be car-
ried in what were formerly combined sewers. The most compara-
ble alternative to meet the same objective is traditional, complete
separation by means of new sanitary sewers and attendant
separate sanitary and drainage building connections. The project
scheme was conceived by Dr. Gordon H. Fair of Harvard Univer-
sity.

The basic objectives of the project are to determine the
physical feasibility and limitations of the project scheme or
modifications thereto, and to arrive at measures of cost for com-
parison with the traditional method of separation for evaluation
of investment feasibility.

Headquarters for the project are provided by Harvard
University at 40 Oxford Street, Cambridge, Mass. 02138.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl
Amer. Society of Civil Engineers

5.0782, HYDROLYSIS OF SLUDGE USING LOW PRES-
SURE STEAM WITH SO2 AS A HYDROLYTIC ADJUNCT
AND TO STUDY THE UTILIZATION OF THE RESULTING
HYDROLYSATE
B.C. REIDY, Foster D. Snell Incorporated, New York, New York
10011 (14-12-188)

To conduct a feasibility study to determine the effectiveness
of a chemical process utilizing dilute sulfurous acid to digest and
hydrolyze sludges of various types produced in waste disposal
processes.
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An evaluation of the economic aspects of the process will be
made once the best reaction conditions are determined, This
evaluation will include factors affecting the desirability of incor-
porating this process as an alternate disposal system. These in-
elude: (1) Chemical composition of digested products and the
solid residue, (2) Process and equipment costs which are a func-
tion of temperature, pressure, and chemical composition. (3)
Raw materials costs, such as S02, (4) A study of methods of ulti-
mate disposal of the undigested (inorganic), portion of the sludge
and its potential use as fertilizer or soil conditioner, etc. (5) A
study of the utilization of the concentrated digest as a fermenta-
tion adjunct, cattle feed (digest molasses), etc.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl

5.0783, EVALUATION AND DEMONSTRATION OF THE
MASSIVE LIME PROCESS FOR THE REMOVAL OF
COLOR FROM KRAFT PULP MILL WASTES
S.R. WII,LIAMSON, Internat. Paper Company, New York, New
York 10017

International Paper Company porposes to isolate wastes
from the caustic extraction stage of Kraft pulp bleaching line and
the unbleached decker of the pulp mill, and to treat these wastes
separately and combined for the removal of color and reduction
of biochemical oxygen demand by the Massive Lime Process over
a perk' d a 27 months.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
International Paper Company

5.0784, POLLUTION CONTROL OF BATHING BEACHES
BY USE OF A PNEUMATIC CURTAIN
R,J. MUSHY, Natl. Pollution Control Found. , New York, New
York 10017

To demonstrate the reduction of pollution levels at bathing
beaches by enclosing the swimming area with a ,:c.:nse curtain of
air bubbles emanating from perforated pipes laid on the bottom.
This technique aerates the enclosed water and circulation pat-
terns set up by the rising bubbles provide a barrier for floating
debris, including oil.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
National Pollution Control Foundation

5.0785, COMPUTE SIMULATION OF DIFFUSION STU-
DIES
E. MEHR, New York University, Geophysical Sciences Lab. ,
New York, New York 10003

The objective of this grant is the study of Monte Carlo 6imu-
lation models for both diffusive and turbulent phenomena, and
their application to water pollution problems.

The Diffusion Simulation Model will simulate streams and
estuaries in both one and two dimensions. Further the third
dimension will be simulated by means of two or three depth
layers. Results will be checked by means of available data.

The Turbulent Simulation Model - The classical approach to
esturian diffusion problems essentially involves specifying initial
and boundary conditions, assuming or calculating values for mix-
ing coefficients and solving the resulting differential equations. In
applications the problem is frequently solved for a wide range of
conditions and values for mixing coefficients since these quanti-
ties may not be known to a high degree of accuracy. A detailed
discussion of the advantages and disadvantages of this approach is
not the purpose of this report. Suffice to say that alternate ap-
proaches to the problem are of interest.

The purpose of this phase of the research is to investigate an
alternate approach. The approach is to develop a model for small
scale velocity disturbances that can simulate the role of turbu-
lence in esturian diffusion problems. The details on the structure
of this velocity field is given in the next section; here a brief out-
line of the procedure is presented. The turbulent velocity field is
simulated in the computer by specifying the flow characteristics
in a combination analytic-random fashion. In principle the
adequacy of the simulated turbulence can be checked by compar-
ing the simulated Reynolds stress functions, velocity correlation

functions and power and cross power spectral functions with ob-
servations from laboratory and field measurements. Once the
simulation model has been judged successful then it can be ap-
plied to esturian diffusion problems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0786, ENVIRONMENT AND VIRUS-HOST INTERAC,
TIONS IN FISHES
A. PERLMUTTER, New York University, Graduate School, New
York, New York 10003

A considerable literature exists on the relationship of aquatic
pollution to fishes and the fisheries particularly in regard to the
lethal effect of industrial pollutants and insecticides on juvenile
and adult fish. However, there is little information on the
sublethal effects of such substances and their possible influence
on the progeny of animals which survive exposure to the sub-
stances. Also, although the literature indicates that embryonic
stages of fishes are most susceptible to unfavorable environmental
conditions, the relationship of embryonic development to
sublethal levels of pollution is not well understood. Further, little
attention has been given to the role of the viruses as pollutants in
the aquatic environment.

Our research objectives are therefore directed towards study
of the interrelationship of viruses, sublethal levels of chemical
pollutants and insecticides, and other environmental factors on
the tissues and embryonic stages of fishes, In its initial stage, the
study will be restricted to tissue cultures of: rainbow trout gonad
(RTG 2); inbred strain of platyfish, 163A; and zebrafish. Emb-
ryological studies will be limited to the latter two species. Zinc
salts, chlorinated hydrocarbon and organophosphorus insecti-
cides in common use, and a known fish virus, infectious pan-
creatic necrosis (IPN ), will be tested under various conditions of
temperature, pH and light to determine their individual and com-
bined effects on fish tissue and developing embryos.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. P.H.S.

5.0787, THE SPREADING OF OIL FILMS
H.G. SCHWARTZBERG, New York University, School of En-
gineering, New York, New York 10003

One objective of the proposed research is to determine the
effect of oil volume and physical properties on the area and rate
of spread of area of oil films formed by the spilling of oil on
quiescent water.

The second objective is to determine how oil film area and
rate of spread of area and film travel are affected by the dynamic
forces, such as wind, wave, current, and tide action, encountered
at sea.

These objectives are designed to provide an ability to predict
oil film spread and travel following accidental large scale spillages
of oil at sea. This predictive ability is necessary for the effective
use of available resources in combatting the pollution caused by
such spills.

SUPPORTED BY U.S. Dept, of Interior - F, Water Pol. Ctl

5.0788, PHOSPHORUS REMOVAL IN THE ACTIVATED
SLUDGE PLANT
T.E. BRENNER, Soap & Detergent Association, New York, New
York 10022

The overall objective of this project is to determine the feasi-
bility of removing phosphorus in an activated sludge plant treat-
ing domestic waste water through chemical precipitation with alu-
minum ion and utilizing only the existing aeration and settling
units of the plant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Soap & Detergent Association

5.0789, HETEROGENEOUS OXIDATION OF POLLU-
TANTS IN WATER
J. LIPSIG, State University of New York, Graduate School,
Oswego, New York 131126
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An exploratory prc., ct has begun to determine whether or-
ganic pollutants can be removed from water by their partial or
complete oxidation to carbon dioxide and water using a solid
material as a catalyst and air as the oxidizing agent. Such a
procedure would have economic advantages as air is inexpensive,
but there are no known effective oxidation catalysts that operate
under the desired conditions.

One reason for this has been the lack of investigation in this
area. Therefore, the use of rare metal catalysts on supports and
metal oxide catalysts, are being investigated. Also use will be con-
sidered of inorganic oxidants and of their regeneration after use.

Positive results with a system will determine which type of
catalyst will receive the most study.

SUPPORTED BY State University of New York

5.0790, MICROFLOTATION AND FLOCCULATION OF
NATURAL COLLOIDAL SYSTEMS
E.A. CASSELL, Clarkson College of Technology, School of En-
gineering, Potsdam, New York 13676

This grant will provide for theoretical and experimental stu-
dies concerned with the development of technology for removing
suspended organic and inorganic colloids from aqueous suspen-
sions by a unique microflotation technique. Electrochemical stu-
dies will be made of charge reversal and natural colloid floccula-
tion in order to establish optimum conditions for microflotation.
The engineering applicability of microflotation to water renova-
tion technology will be determined by comparison with conven-
tional flotation and coagulation and settling techniques.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.0791, THE SURFACE SHEAR VISCOSITY OF
MONOMOLECULAR FILMS
F.C. GOODRICH, Clarkson College of Technology, Graduate
School, Potsdam, New York 13676

Public awareness of problems of water pollution has been
stimulated by the increasing presence of foams on natural surface
waters. The objective of the proposed research will be to make a
quantitative study of the theological properties of matter in the
boundary state, under the assumption that the behavior of thin
films undergoing fluid flow plays an important role in the macro-
scopic properties exhibited by foams and emulsions.

Previous work in this area has been universally hampered by
the lack of a suitable hydrodynamic analysis of the flow patterns
in a fluid system in the neighborhood of a viscous interface, so
that it has been impossible to disentangle the effects due to the
viscosity of the bulk fluid from those due to the surface viscosity
of adsorbed films.

The proposed program is based upon an already successful
mathematical analysis of the hydrodynamic problem and would
make the mathematical results of practical utility to experimen-
ters. At the same time, an experimental program would be in-
itiated which, together with the computer results, would permit
for the first time a quantitative measurement of the absolute sur-
face viscosities of monomolecular films.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0792, A DEMONSTRATION OF JOINT-MUNICIPAL-IN-
DUSTRIAL WASTE TREATMENT IN THE ONONDAGA
LAKE WATERSHED

HENNIGAN, Onondaga Co. Pub. Works Dept. , Syracuse,
New York 13204

The objectives of the project are to demonstrate the
establishment and operation of county government and industry-
wide cooperative effort for joint-municipal-industrial total waste
treatment on an entire watershed basis and to demonstrate the
feasibility of chemical treatment of complex mixtures of industrial
wastes in combination with domestic wastes. Also, the effects of
the proposed changes to the waste management program of
Onondaga County, New York will be evaluated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Onondaga County Government - New York

5.0793, AQUATIC PLANT CHEMISTRY-ITS APPLICA-
TION TO ECOLOGY
R.T. LALONDE, State University of New York, Graduate School,
Syracuse, New York 13210

The demonstration that some aquatic plants produce
protistostatic and antibacterial chemical materials strongly sug-
gests that these plants could affect water quality through a
mechanism of chemical interaction with other water organisms.
While an adverse effect could possibly result from the poisoning
of bacteria which consume organic material in the water, a
beneficial effect could possibly result through elimination of un-
desirable organisms which in high populations would make water
suitable for consumption, recreation or the support of wildlife.

Therefore, it is the objective of the proposed research to
determine the chemical structure of known antiprotistic and an-
tibacterial chemical materials, to search aquatic plants for new
chemical materials, to isolate them and establish their chemical
naturc and at the same time to obtain information pertaining to
the rcvelant biological activities of these new chemical agents and
to determine their distribution in aquatic plants.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0794, EFFECTS OF DIFFERENT FOREST TYPES AND
CONDITIONS ON STREAM REGIMEN AND WATER
YIELDS
R.E. LEONARD, State University of New York, Graduate
School, Syracuse, New York 13210

Object: To determine the influence of climatic, edaphic, and
other environmental factors on hydrologic processes in relation to
forest types and conditions.

Plan of work: This is a cooperative project with the New
York State University College of Forestry. The project leader is
determining the reflection of solar radiation by a conifer forest;
conducting a study of snow interception by coniferous tree
crowns and its disposition under climatic conditions of central
New York; and the effect of land- use changes on streamflow in
the Allegheny Plateau Region of New York state.

SUPPORTED BY U.S. Dept. of Agriculture

5.0795, BIOLOGICAL TREATMENT OF ACID MINE
WATER
P.A. RICE, Syracuse University, Research Institute, Syracuse,
New York 13210

A three-year study is proposed to test the feasibility and to
gather basic process data on the treatment of acid mine water in
an anaerobic biological reactor containing the species Desul-
fovibrio desulfoxidans. If initial experiments demonstrate the
feasibility of biological treatment, a set of parametric experiments
will be carried out to determine the relationships between the
amounts of hydrogen, sulfate, ferrous, and ferric ions removed
and the process conditions. Appropriate mathematical models
will be developed to describe the relationships between variables
and to indicate the mechanisms controlling the removal rate of
ions under various operating conditions. These models will be
useful in recttor scale up and in understanding the basic
mechanisms of sulfate reduction.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. CO

5.0796, ATOMIZATION AND DROP SIZE OF NON-NEW-
TONIAN FLUID
C. TIEN, Syracuse University, School of Engineering, Syracuse,
New York 13210

The main objectives of this work are: (a) To determine ex-
perimentally drop size distribution of non-Newtonian fluid for
swirl- type nozzle using freezing technique, The system to be stu-
died includes emulsion, aqueous polymer solution and substances
exhibiting viscoelastic behavior.
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(b) To analyse mathematically the fluid mechanical behavior
of the liquid in atomization process. Attempts will also be made to
predict theoretic,ally the breakup of liquid sheet and the drop size
distribution.

SUPPORTED BY U,S. Dept. of Interior - F. Water Pol. Ctl

5.0797, MASS TRANSFER ANALYSIS IN REVERSE OS-
MOSIS OPERATION
C. TIEN, Syracuse University, Research Institute, Syracuse, New
York 13210

The main objectives of this work are: (1) To obtain analytical
expressions for the rate of production of pure water from waste
water by reverse osmosis operation in terms of operating variables
under turbulent flow conditions. (2) To study the effect of natural
convection on a reverse osmosis system. (3) To 'determine the
most promising geometrical configurations of the system and the
most optimal operating conditions,

SUPPORTED BY U.S. Dept. of Interior - F, Water Pol. Ctl

5.0798, THE EFFECT OF GAS BUBBLE MOTION ON
FLUID MIXING IN AERATION PROCESS
C. TIEN, Syracuse University, Research Institute, Syracuse, New
York 13210

The main objectives of this work are: ( I ) To study analyti-
cally the effective diffusivity in liquid phase due to bubble motion.
(2) To determine experimentally the effective diffusivity and ob-
tain a correlation between it and bubble parameters such as bub-
ble size, bubble frequency and density. (3) To study the liquid
phase mass transfer in a bubbling system.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol, Ctl

5.0799, PIPELINE FLOW OF SOLIDS-LIQUID SUSPEN-
SIONS
R.M. TURMN, Syracuse University, Research Institute, Syracuse,
New York 13210

The primary objective of the proposed research is to assess
the effect of suspending medium characteristics and suspended
solids properties on: 1. the steady state pipe flow behavior of the
suspension, 2. pressure losses and other problems associated with
the flow through pipe bends or other disturbances in the flow
path, and 3. problems arising from sudden stoppage and sub-
sequent start-up of the flow. The suspending medium charac-
teristics will be varied using Newtonian liquids of different
viscosities and densities, suspensions of solids fines of different
concentrations and polymer average molecular weight. The
suspended solids characteristics, on the other hand, will be varied
using different concentrations of iso dimensional particles, dif-
ferent solids densities, and different distributions of particle, sizes
and densities. Supplementary viscometric, sealing, and other tests
will be conducted to characterize the suspended systems in-
vestigated and their components. These supplementary tests will
also serve to evaluate the utility and limitations of such measure-
ments in the prediction of the pipe flow beharior of the suspen-
sion. The ultimate aim is to establish guidelines for optimum
design and economic evaluation of a sludge or suspended waste
pipeline or piping system.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0800, SYNERGISM OF PESTICIDES AND DETER-
GENTS
J.H. NAIR, Syracuse University Res. Corp. , Syracuse, New York

We will be investigating whether a relationship exists
between levels of alkylbenzene sulfonate (ABS) and linear-alkyl-
sulfonate (LAS) detergents in water and the toxicity of selected
pesticides. It is proposed to employ two species of fish as the test
specimens. Although pesticides and detergents may exist simul-
taneously in the same bodies of water used by humans, little cur-
rent research has been directed toward ehreidating the effect of
surface active agents upon absorption and metabolism of toxic
pesticides.

Accordingly, fish will be exposed simultaneously to deter-
gents and selected pesticides to measure survival and behavior. In
subsequent exposures, selected liver enzyme activity will be mea-
sured auring exposure to chlorinated compounds. Brain
cholinesterase activity will be measured in relation to exposure to
organic phosphate ir.secticides. From the behavior, survival and
enzyme activity, a measure of the net effect of detergents upon
the absorption and metabolic fate of selected pesticides may be
determined.

SUPPORTED BY U.S. Dept. of Hith, Ed. & Wel. - P,H.S.

5.0801, OXYGEN TRANSFER IN CONCENTRATED
MICROBIAL SYSTEMS
D.R. WASHINGTON, Rensselaer Polytechnic Inst. , School of
Engineering, Troy, New York 12181

This project has at its immediate aim, the development of
mathematical models to express the oxygen transfer, oxygen
utilization for concentrated mixed microbial cultures. A major ef-
fort is being made to evaluate the coefficients appropriate for the
models. The investigation involves the study of cultures ranging
from 15 gm/I to 50 gm/I suspended volatile solids,

The long range objective of the research is to develop a
biological process for the direct treatment of concentrated indus-
trial wastes which are susceptible to biological degradation.
Synthetic wastes (45% dextrose; 45% non-fat milk, 10% yeast ex-
tract) in concentrations up to 30 gm/1 COD have been treated by
this process with over 99% COD removal.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. CO

5.0802, INTERACTION OF HERBICIDES AND SOIL
MICROORGANISMS
D.C. TORGESON, B. Thompson Inst, Plant Res. , Yonkers, New
York 10701

An investigation of the interactions of soil microorganisms
and a group of chlorinated aromatic herbicides will be made.
Specific objectives will be: (1) to isolate and characterize
microbial species responsible for complete or partial herbicide
degradation, (2) to characterize in relatively simple culture media
the rates of degradation of this group of structurally related herbi-
cides, (3) to study the influence of environmental factors such as
clay, supplemental substrates, oxygen and pH levels and previous
adaptation to structurally similar compounds, (4) to identify the
router, of degradation and fate of degradation products, and (5) to
determine if microorganisms capable of rapidly degrading a her-
bicide can be used to decontaminate soil and water.

Results from these studies should be helpful in the future
design of molecules useful as herbicides but which will be
degraded rapidly before they have an opportunity to pollute soil
and water.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0803, ACCUMULATION OF RADIONUCLIDES BY VER-
TEBRATES
J.P. BAPTIST, U.S. Dept. of Interior, Radiobiological Lab. , Beau-
fort, Nortlt Carolina 28516

Estuaries and brackish water areas provide a nursery ground
and habitat for many commercially important fish. They also pro-
vide receiving waters for waste products, including radioactive ef-
fluents from power reactors, hospitals, and laboratories. Marine
vertebrates can concentrate radioactive elements which could be
harmful to them and render them useless as seafood for man.
Since the marine environment is complex and each estuary is dif-
ferent, some way, from all the others, various factors influenc-
ing accumulation must be studied under laboratory conditions.

The objectives of this project are to measure under con-
trolled laboratory conditions, the accumulation and retention of
radio'] elides by marine fish; to study the importance of various
factors which may affect accumulation; and to observe the feed-
ing processes of commercially important fish through the use of
radioactive tracer techniques.

Experiments are conducted with several marine fishes such
as croakers, Micropogon undulatus; mummichog; Fundulus
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hetcroclitus; pinfish, Lagodon rhomboides; bluefish, Pomatomus
saltatrix; and flounder, Paralichthys sp. Accumulation of
radionuclUes both from sea water and from natural food contain-
ing radioactivity in known concentrations is determined.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0804, ACCUMULATION OF RADIOACTIVITY BY IN.
VERTEBRATES
T.J. PRICE, U.S. Dept. of Interior, Radiobiological Lab. , Beau-
fort, North Carolina 285 I 6

The rapid growth of atomic energy industries and the in-
creased use of nuclear reactors for power production have in-
creased the possibility of the contamination of the marine en-
vironment with radioactive materials. Also, radioisotopes used in
research and medicine may be disposed of in coastal waters,
which are habitats for many species of commercial marine inver-
tebrates.

Since many invertebrates are filter- feeders, omnivorous
predators, and scavengers, it is probable that these animals come
in contact with most components of the ecosystem. If one or more
of these components contain radionuclides, it is probable that this
radioactivity eventually, would become associated with these
animals.

Laboratory research is being done to determine the uptake,
accumulation, and retention of specific radioisotopes (zinc-65,
iron-59, iodine-131 and others) by marine invertebrates, includ-
ing clams, oysters, scallops, and crabs. From these experiments,
one can ascertain the importance of various factors which may af-
fect accumulation; observe the metabolism of specific elements
by invertebrates through the use of radioactive tracers; and study
the foods and feeding activities of marine invertebrates.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0805, THE ACCUMULATION OF FISSION PRODUCTS
BY MARINE FISH AND SHELLFISH
T.R. RICE, U.S. Dept. of Interior, Radiobiological Lab. , Beau
fort, North Carolina 28516 ( AT( 49-7 )-5 )

The cycling of elements in the estuarine environment is being
followed by observing the movement of radioisotopes in the
watcr, biota, and sediments. Quantitative data on the cycling of
radioactive elements are important since effluents containing
radioactive elements often flow into estuarine waters. With such
data, it should be possible to predict the pathways taken by the
radioactive elements.

The potential importance of cord grass, Spartina alterniflora,
in conveying radioisotopes of zinc, manganese, and iron into
estuarine food chains was evaluated on the basis of its annual
production, its content of the three elements, and its annual cycle
of growth and decay. An environmental tracer experiment was
carried out in which naturally-occurring fallout radioactivity in
the estuary served as the tracer isotopes. In the laboratory, the in-
fluence of certain environmental factors on the concentrations of
zinc 65 accumulated by an experimental community was tested.
Finally, the interactions of radiation, salinity, and temperature on
the physiology of the estuarine fish, the mummichog, was ob-
served.

Spartina production was found to approach one-third the
total phytoplankton net production of adjacent esturaies and is
thus potentially important in estuarine food chains. The unusually
high iron content of the dead material suggested that Spartina
may be especially important in the movement of radioisotopes of
iron from water and sediment into estuarine animal populations.
Concentrations of gamma-emitting fallout radioisotopes were
monitored in Rangia over a 30-mile stretch of river and a salinity
range of less than 0.1 to greater than 15 parts/thousands. Rutheni-
um 106 and ruthenium 103 were concentrated more in Rangia
from downstream stations (salinity range 6-15 parts/thousand),
whereas cesium 137 was more abundant in the same species from
fresher water (salinity range 0-8 parts/thousand. It was found that
a high salinity and zinc concentration suppressed the concentra-
tion of zinc 65 in animals and sediment, while high temperature
and pH had the opposite effect. In experiments testing the in-
teraction of salinity, temperature, and radiation, it was observed
that both salinity and temperature changed the LD-50. Above 20

degrees C. fish were more sensitive to radiation at high salinites,
while below 20 degrees C, fish were more sensitive to radiation at
low salinities.

SUPPORTED BY U.S. Atomic Energy Commission

5.0806, SEDIMENT MINERALOGY
D.A. WOLFE, U.S. Dept. of Interior, Radiobiological Lab. , Beau-
fort, North Carolina 28516

Sediments have the capacity to scavenge many radionuclides
from sea water. There is, however, little agreement as to the effect
of this phenomenon on the food web of the sea. Will this scaveng-
ing action enhance or reduce the uptake of radioactivity by the
biota? If organisms have the capacity to utilize the organic matter
in sediments as a source of nourishment, sediment-sorbed activity
could he passed along the food web to eventually reach man.
Conversely, by adsorbing radioactive materials from sea water,
sediments could reduce the possibility of contamination in many
pelagic animals.

In order to determine the role of sediments in the cycling of
radionuclides in the estuarine environment and to gain some in-
sight into sediment-animal relationships, experiments on sedi-
ment 'sorption of radionuclides are being carried out in the
laboratory and in the field. Observations are made on the capacity
of natural sediments and selected clay minerals such as mont-
morillonitc, to scavenge radionuclides (zinc-65, cesium-137, and
chromium-51) from sea water of varying salinity. Also, the parti-
tion of these radionuclides between the sediments, and biota of
outdoor ponds will be studied.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0807, IMPROVE POLLUTION CONTROL BY REUSE
OF PAPER MACHINE PROCESS WATERS
G. WACHTER, Champion Papers Incorporated, Canton, North
Carolina 28716

This project is directed toward demonstrating the complete
reuse of paper-machine process waters by removing these materi-
als as stream pollutants. It is part of a long-term program to
develop a method for essentially closed water use systems. The
project will include: 1. Recovery of all usable materials from
paper-making process waters. This work involves modifications to
existing and new systems to increase recovery of paper making
materials. Process-water effluent from this system will go to the
treatment system. 2. Treatment of excess process water to allow
its reuse in place of fresh water, thus greatly reducing the quantity
of fresh water required for paper making. Coagulating chemicals
and precipitating processes will be used. 3. Disposal of sludge,
generated in the treatment process, in a non-pollutional manner.
4. Any excess water flow returning to the stream will be of a quali-
ty that it will not contribute to stream pollution.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Champion Papers, Inc.

5.0808, DEVELOPMENT OF FIELD TEST FOR FREE
CHLORINE
J.D. JOHNSON, Uni". of North Carolina, School of Public
Health, Chapel Hill, North Carolina 27514 (DA-49. 193-MD-
2442)

Tech. Objective - To develop a simple interference free field
test to determine concentrations of free chlorine in drinking
water.

Approach - Color produced by free chlorine and
orthotolidine is stabilized by an anionic surfactant. Reducing
agents and complementary tristimulus colorimetry set the level of
a simple go, no-go test. Semipermeable membranes are being
used to separate chlorine from interferences. An analog mem-
brane disinfection indicator is being studied.

Progress - Mar 66 - Jun 67 - The laboratory procedure for the
stabilized neutral orthotolidine short COiOriMC trio methods for
determining free chlorine, monochloramine, dichloramine and
trichloramine has been finalized. The range of the method has
been extended to above W mg/L and the number of reagents
decreased to two. These reagents were made stable within the

1-434



5. WATER QUALITY MANAGEMENT AND PROTECTION

temperature range 5 degrees C to 40 degrees C. The method
shows only slight product fading arid breakthrough of the
chloramines even at high temperature. The accuracy of the short
procedure has been evaluated by comparison with ultraviolet
spectrophotometry which agrees generally within 1 percent. A
preliminary field test procedure is given for use with a color com-
parator. Field testing and procedure evaluation will be conducted
with military personnel in the coming year. The development of
an analog membrane disinfection indicator which integrates the
effect of concentration, temperature, contact time and PH into a
single value result simulating disinfection efficiency is being stu-
died through the evaluation of characteristics of synthetic diffu-
sion membranes. Preliminary ultraviolet spectrophotometric stu-
dies have been conducted on the chemistry of bromine and the
bromamines for the purpose of determining whether these com-
pounds are suitable alternatives of chlorine for water disinfec-
tants. A new ultraviolet spectrophotometric method for the deter-
mination of the total amount of elemental bromine present in
solution at any time has been developed using buffered potassium
bromine for the formation of tri-bromide ion,

SUPPORTED BY U.S. Dept. of Defense - Army

5.0809, MICROBIOLOGY OF ANAEROBIC SLUDGE
MAH, Univ. of North Carolina, School of. Public Health,

Chapel Hill, North Carolina 27514
An ecological appraisal of the sludge fermentation is essen-

tial to an understanding of the contribution and significance of
various physiological types of anaerobic bacteria participating in
the degradation of organic compounds to methane and carbon
dioxide. This investigation is concerned with an estimation of the
total fermentation by whole sludge of certain carbohydrates, fatty
acids, and amino acids. The significance of the bacteria which at-
tack these compounds will he evaluated by isolation of pure 611-
tures, estimation of their numbers in sludge, and determinations
of their rates of fermentation of specific substrates.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0810, PIGMENT INDICES OF ENVIRONMENTAL OX-
YGEN STRESS
H.T. ODUM, Univ. of North Carolina, Graduate School, Chapel
Hill, North Carolina 27514

In waters of low and fluctuating oxygen tensions, there must
be some adaptation in the benthic fauna for obtaining or storing
oxygen. Observations of animals in all types of water indicate that
a respiratory pigment (in fresh water usually,hemoglobin) serves
this function. It is the purpose of this project to attempt to classify
and quantify the relation between the presence of hemoglobin in
benthic animals and the oxygen conditions of the environment.

The accomplish this, animas! are sampled from lakes, ponds,
and streams, hemogenized in a Waring blendor, and then cen-
trifuged at 37,000 G's. The absorption spectrum of the superna-
tant is then read on a spectronic '20.' By knowing the wet Weight
of tha animals homogenized, the concentration of the hemoglobin
per gram of animal tissue may be roughly calculated. This value
will then be compared with nocturnal oxygen values in the en-
vironment.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

Univeinala of North Carolina

5.0811, TRANSPORT MECHANISMS IN WATER FILTRA-
TION
C.R. OMELI A, Univ. of North Carolina, School of Public Health,
Chapel Hill, North Carolina 27514

The principal objective of the proposed research is to identi-
fy and quantitatively define the mechanisms by which suspended
particles are transported to the liquid-filter interface in water fil-
tration. More specifically, the research will attempt to develop a
transport model for the filtration process and to test this model
experimentally.

Development of the transport model will include the follow-
ing steps: I . Describe the force system acting on a single particle.
2. Based on such a force system, develop a differential equation

describing the rate of change of particle concentration in a dif-
ferential volume of fluid. 3. Consider the flow pattern of these
fluid elements past a single collector. .tt From steps (2) and (3),
describe the total flux of particles to a spherical collector, and
determine the removal efficiency of a single collector.

It is anticipated that experimental testing of the transport
model will concentrate on an evaluation of the influence of
suspended particle size on the filtration process. Particular
emphasis will be placed on defining the critical particle size range
within which a minimum transport efficiency exists.

SUPPORTED BY U.S. Dept, of Hlth, Ed. & Wel. P.H.S.

5.0812, EXCHANGE OF PHOSPHORUS SPECIES
BETWEEN LIVING AND NONLIVING SYSTEMS IN FRESH
WATER ENVIRONMENTS
C,M. WE/SS, Univ. of North Carolina, School of Public Health,
Chapel Hill, North Carolina 27514

Short-term cycling of phosphorus species (Total P,
Orthophosphate, Organic-P) will be studied in several fresh water
environments. The environments will be a small water supply im-
poundment, the runoff stream from the impoundment, which in
turn receives a treated waste- water discharge and a series of pilot
oxidation ponds being used to evaluate their effectiveness for ter-
tiary treatment of the waste water effluent from a biological treat-
ment plant.

In each of these invironments the relationship between the
several chemical forms of phosphorus will be determined to
establish the distribution of the total quantity of this element.
High frequency sampling (at least 12 per hour) and analysis will
be carried out using automatic analytical devices, A bioassay
procedure will be used to determine how and to what extent the
several phosphorus forms are available to algae as nutritional ele-
ments. Unicellular cultures of several species native to the
specific environments will ba introduced into water samples freed
of particulate matter by membrane filtration. At end of growth
period (10 days) residual distribution of P will be determined.
Parallel sampling and analyses of Nitrogen states will also be car-
ried out with automatic analyzers.

The variation in type and distribution of the phosphorus spe-
cies in the exaggerated environment of the oxidation pond will be
related to the total biological activity of the ponds.

SUPPORTED BY U.S..Dept. of Interior - 0. Water Res. Rch
University of North Carolina

5.0813, WATER QUALITY MANAGEMENT OF IM-

POUNDMENTS
C.M. WEISS, Univ. of North Carolina, School of Public Health,
Chapel Hill, North Carolina 27514

The proposed investigation will establish potential levels of
eutrophication in New Hope Lake following completion of New
Hope Dam. This will be accomplished by a systematic water
quality sampling in the Haw and New Hope rivers which will fill
the basin behind the dam. Both rivers now carry a considerable
pollution load. Since the proposed lake will undergo thermal
stratification, during summer months, with rapid deoxygenation
of deep levels, pilot studies will be carried out on University Lake,
the near-by water supply reservoir of Chapel Hill, on which ten
years of limnological data have been accumulated, to ascertain
methods and procedures for destratification by air-lift or
mechanical pumping. The information gathered on University
Lake will be extrapolated to New Hope. In Phase II, a second
three-year per;od, asuitably scaled-up installation will attempt to
improve water quality by destratification of New Hope Lake.

SUPPORTED BY U,S. Dept, of Interim - 0. Water Res. R ch
University of North Carolina

5.08!4, REUSE OF PLANT EFFLUENT AND COOLING
WATER BLOWDOWN AS PROCESS WATER
W.J. DAY, Fiber Industries Incorporated, Charlotte, North
Carolina 28201

An existgitg facility'provides treatment for the combined sani-
tary and equalized chemical process waste waters from a,
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synthetic fiber manufacturing plant. Treatment facilities consist
of extended activated sludge aeration basins, clarifier, polishing
ponds, and aerobic sludge digestion basin, and a sludge holding
pond.

The project will evaluate treatability of this waste in a plastic
media trickling filter, feasibility of algae removal from the polish-
ing pond effluent by use of microscreen filters, feasibility of BOD,
COD, color, odor and taste reduction in the final effluent by use
of powdered carbon for the purpose of ultimate reuse of the ef-
fluent as process makeup water, and chromate reduction of cool-
ing tower blow-down to permit treatment in the waste treatment
plant.

SUPPORTED BY U.S. Dept. of Interior - F, Water Pol. Ctl
Fiber Industries, Inc.

5.0815, QUALITY OF STORM WATER DRAINAGE
FROM URBAN LAND AREAS IN NORTH CAROLINA
E.H. BRYAN, Duke University, School of Engineering, Durham,
North Carolina 27706

The objective of the proposed research is to determine the
relationships between land use and the quality of storm water
drainage in an urban area of North Carolina. The drainage basin
selected for study will typify the pattern of land use in an urban
and urbanizing setting in North Carolina. Quality of storm water
from commercial, residential, industrial, public and institutional
sub-basins with respect to selected parameters such as alkalinity,
pH, chlorides, solids, nitrates, phosphates, pesticides, herbicides,
coliforms, biochemical oxygen demand, organic carbon and
others will be related to existing and changing patterns of land
use. The project will be aimed at furnishing a background of in-
formation as to sources and amounts of pollutional substances
contributed in a diffuse pattern to natural drainage channels.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Duke University

5.0816, QUANTITATIVE AND QUALITATIVE MEASURE-
MENT OF AQUATIC VEGETATION-CURRITUCK SOUND
T.E. CROWELL, State Wildlife Resources Comm. , Raleigh,
North Carolina

The objective of this job is to determine the amount and dis-
tribution of aquatic vegetation in northern Currituck Sound with
particular emphasis upon the apparent immediate and long-range
effects upon that vegetation resulting from the salinity artificially
created in Back Bay by the City of Virginia Beach, Virginia, and
draining therefrom into Currituck Sound. Similar effects by sea-
water intrusions resulting from natural breaks through the Outer
Banks will be determined should such breaks occur.

To accomplish this objective, three samples of aquatic
vegetation, each two square feet in area, will be collected with
modified oyster tongs at 500-yard intervals across Transect H
(Virginia-North Carolina State Line), Transect I (Knotts Island to

ench Marsh), and Transect J (Knotts Island to Swan Island).
These samples will be collected quarterly (August, November,
February, and May.)

The percentage volume of each species present in each sam-
ple will be determined by an occular estimate and the total
volume of aquatic vegetation in each sample will be obtained by
displacement following soil removal. Data also will be compiled
to provide: total milliliters displaced by each species on a square-
foot basis, and the percent frequency of occurrence of each spe-
cies.

Comparable sampling and data compilation will be effected
M the general area of any breaks that may occur naturally through
the Outer Banks and result in a sea-water intrusion of significant
magnitude.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
North Carolina State Government

5.0817, STATEWIDE FISHERIES RESEARCH
E.H. SHANNON, State Wildlife Resources Comm. , Raleigh,
North Carolina

The objectives of this job are to determine the relative toxici-
ty, constancy, and susceptibility to detoxification possessed by the
various commercial rotenone formulations used in fish manage-
ment and to determine the effects of temperature, water quality,
and other pertinent variables upon these factors,

Twenty-four hour TLm bioassays to establish the toxicity of
commercial rotenone formulations under various conditions of
temperature and water quality are being run at 78 degrees F,
using 1-to 2-inch bluegills as test organisms, The individual deter-
minations are being paralleled by similar bioassays to evaluate the
speed and efficacy of detoxification by potassium permanganate
under the same variables. The rotenone formulations to be tested
will include Noxfish, Pro Noxfish, Chem-Fish Regular, Chem-Fish
Regular 0. F., Chem-Fish Synergized 0. F., Chem-Fish Special 0.
F., Chem-Fish Collector, Chem- Fish T, C-Lamp, and Dri-Nox-
fish,

These studies will be made at the Commission's Fayetteville
Water Quality Laboratory.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
North Carolina State Government

5.0818, STATEWIDE FISHERIES RESEARCH
E.H. SHANNON, State Wildlife Resources Comm. , Raleigh,
North Carolina

The objective of this study are to determine the points at
which temperature, both in shock and continuous exposure, ad-
versely affects the development of striped bass eggs and fry.

Fertilized striped bass eggs of common inheritance will be
water- hardened, incubated, hatched and the resulting fry
retained for five days in constant water temperatures between 60
degrees F. and 85 degrees F. by 5 degrees F. intervals,

Striped bass eggs of common inheritance at the fertilized un-
water- hardened stage, at the eyed stage, and approximately five
hours prior to hatching will be subjected to temperature shock, by
intervals of 5 degrees F. from the 65 degrees F. of incubation up-
wards to 85 degrees F. and downward to 60 degrees F. Two-day
striped bass fry of common, inheritance and produced at a con-
stant 65 degrees F. during egg incubation, will be exposed to
identical temperature shocks.

Appropriate controls of the same inheritance as the experi-
mental fish will be maintained at a constant 65 degrees F. in all
experiments.

Temperature shocks will be induced by changing incoming
water temperatures, not by moving eggs or fry.

Effects will be judged by the comparative rates of mortality
and/or deformity between the experimental groups and their
respective controls.

This work will be done principally at a field laboratory at
Weldon, N. C. Mr. Michael L. Bowling will assist with the field
operations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
North Carolina State Government

5.0819, WATER UTILIZATION AND WASTE CONTROL
IN THE POULTRY PROCESSING INDUSTRY
W.M. CROSS WHITE, Univ. of North Carolina, School of Agricul-
ture, Raleigh, North Carolina 27600

The purpose of this study is to evaluate eco,:omic alterna-
tives for effective in-plant control of water utilization and
discharge of waste from food processing operations. This will en-
compass a study of the totality of water use from water intake
through final waste treatment. Specific objectives are to:

I . Determine the pattern of water use by plant processes. 2.
Determine the origin, nature, and quantity of polluting matter for
major processes. 3. Evaluate the impact of production methods,
changes in technology, product quality requirements, condition-
ing of water and by-product development on water utilization and
pollution. 4. Compare the relative costs of prevention and control
of waste within the plant and treatments. 5. Formulate guides for
the control of water utilization and pollution abatement in food
processing plants.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

5.0820, CHANGES DURING EUTROPHICATION OF AN
ESTUARY
D.B. HORTON, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

To measure quantitatively the effects of the pollutants and
the ensuing eutrophication on the communities of the plankton,
rooted aquatic plants, and the macrobenthos, and to determine
the factors that influence the distribution and abundance of the
various species. 2. To predict the effects of even greater pollution
of this estuary and, if possible, to make suggestions to alleviate the
eutrophication. 3. To demonstrate the value of field plot design
for understanding the biology of an estuary and for predicting ef-
fects of a pollutant. 4. To determine if a measurement of the
heterotrophic activity of the planktonic bacteria with
radioisotopes is a useful method of indicating the degree of
eutrophication and pollution.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

5.0821, PHOSPHATE MINING EFFLUENT IN
ESTUARINE ECOLOGY
D.B. HORTON, Univ. of North Carolina, Graduate School,
Raleigh, North Carolina 27600

As part of a broader program in estuarine ecology we
propose here specific experimental studies of the effluent from
phosphate mining operations and its effect on selected com-
ponent species of the biota. Experiments will be on a scale
bridging the gap between observational studies on the estuary as a
whole and laboratory studies. At our Estuarine Laboratory a se-
ries of pools, and artificial estuaries, will be subject to experimen-
tal control, but still much more nearly natural than in the labora-
tory. This experimental facility will use the phosphate mining
operations and the effluent settling basins through experiments
described here, with measurements of four principal biological
parameters; thc bottom fauna; the periphyton, the plankton, and
the rooted plants. Immediate experimental questions include: 1.
What is the biological activity of untreated effluent of the mining
operations as measurable upon these selected components of the
biota? This integrates with our present investigations of chemical
and physical characteristics. 2. What is the effect on biological ac-
tivity, of suspended clays (principally Montmorillonite )? 3. Why
does settling reduce biological activity of the effluent? 4. What is
the effect of differing substrates upon biological activity of the ef-
fluent? Present investigations suggest that most primary produc-
tion takes place on the bottom where we may expect the nature of
the substrate to govern the effect of chemicals added to the
system. 5. What is the biological effect of effluent from a sewage
treatment plant on estuarine ecology, both alone and in combina-
tion with effluent from phosphate mining?

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0822, ROLE OF ANIMAL WASTES IN AGRICULTURAL
LAND RUNOFF
D.H. HOWELLS, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

The principal project objectives are to ( I ) investigate the
pollutional aspects of agricultural land runoff from confined and
unconfined animals growing in well defined small watersheds (2)
develop relationships between water quality and environmental
factors such as animal pollution and hydrology for application to
other areas with similar conditions.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0823, WATER CONTAMINATION BY FERTILIZER
NITROGEN AND PHOSPHORUS
J.F. LUTZ, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

The objectives of this project are to determine the direct con-
tribution of fertilizers to nitrogen and phosphorus contamination
of surface and subsurface runoff, as affected by: (a) Form of fer-
tilizer applied; (b) Time of application; (c) Rate of application;
(d) Crop to which applied; (e) Soil physical and chemical proper-
ties; and (1) Meteorological and hydrological conditions. At dif-
ferent times during the period of study, different forms and rates
of nitrogen and phosphorus fertilizers will be applied to two
completely enclosed watersheds, and to surface runoff plots su-
perimposed on them. Surface losses of nitrogen and phosphorus
will be determined by analyzing the soil and water caught in the
tanks at the bottom of the runoff plots. Total losses from the
watershed will be determined by analyzing the water that passes
over the weir at the bottom of the watershed. Soil and plant sam-
ples from the watersheds, and water from watcr wells on thc
watersheds, will be analyzed.

The two watersheds are on the branch Experiment Station of
the North Carolina Agricultural Experiment Station at
Waynesville, North Carolina. All analyses will be made in the
Analytical Service Laboratory of the Soil Science Department,
North Carolina State University, Raleigh, North Carolina.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

5.0824, FILTRATION OF KRAFT PULP LIQUOR
THROUGH CHIPS
A.J. STUMM, Univ. of North Carolina, Graduate School, Raleigh,
North Carolina 27600

The purposc of the project is to investigate the purification of
Kraft wash water by utilizing wood chips as a filtering medium.
The wash watcr, containing insuffic.ent pulping chemicals for
profitable recovery, will be contacted with wood chips normally
kept as inventory stock. In addition to reducing the alkaline pH of
the Kraft washwater and adsorbing water soluble chemicals, the
wood chips will undergo a mild prepulping action as a result of the
contact with the wash water.

SUPPORTED BY U.S. Dept. of Interior - F. Watcr Pol. Ctl
North Carolina State University

5.0825, RELATIONSHIP OF PESTICIDE PROPERTIES TO
ADSORPTION
T.M. WARD, Univ. of North Carolina, Graduate School, Raleigh,
North Carolina 27600

Investigations are proceeding of various physico-chemical
properties of herbicide-like chemicals which can be related to
their practical behaviors. These include determinations of: parti-
tioning between polar and non-polar phases, dipole moments,
vapor pressures, electrophoretic migration on various substrates,
ionic equilibrium constants, keto-enol ratios in various solutions,
and degrees of protonation. Models of the organic fraction of soils
and of quantitative adsorption on these adsorbents are also under
investigation. Factors effecting adsorption include: pH, tempera-
ture, and the variation in electronic nature of structurally related
molecules. Bonding mechanisms are being investigated by means
of IR and NMR techniques. Particular attention is being given to
N phenylcarbamates, alkylnmino-s-triazines, anilides, and carbox-
ylic acid derivatives.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.0826, THE DISPOSITION OF PESTICIDES IN THE SOIL
S.B. WEED, Univ. of North Carolina, Agricultural Experiment
Sta. , Raleigh, North Carolina 27600

OBJECTIVES: A. To determine the distribution of pesticides
in selected soils and their drainage waters, using sites to which
known amounts of pesticides have been applied. B. To determine
the physical, chemical and biological processes, and soil charac-
teristics which are important in the disposition of pesticides in
soils.

DESCRIPTION: A Southern regional project in which North
Carolina efforts will be directed towards Objective B: Adsorption
isotherms will be constructed for organic pesticides on clay
minerals. X-ray diffraction and infrared studies will be conducted
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to determine orientation and nature of' bonding of the adsorbate
on the clay. Pesticides used in initial studik...., will include diquat,
prometone, systox, Sevin and parathion.

SUPPORTED BY U.S. Dept. of Agriculture
North Carolina State Government

5.0827, LIFE HISTORY OF THE GOLDEYE (HIODON
ALOSOIDES) IN GARRISON RESERVOIR, NORTH
DAKOTA
R. HE/B, State Gamc & Fish Department, Bismarck, North
Dakota

Information obtained from gill netting records in Garrison
Reservoir indicate that goldcyc populations have increased dur-
ing the past seven years. Presently the Reservoir goldcyc popula-
tion is not being utilized for commercial fishing. Thcrc is how-
ever, an increasing demand for the goldcyc in Canadian markets.
A large standing crop coupled with the possibility of a near-by ex-
port market indicates that commercial fishing for Goldcyc could
become a reality.

A knowledge of specific life history in Garrison Reservoir is
important to an intelligent exploitation of a species. At the
present time little is known about the habits of the goldeye in Gar-
rison Reservoir. The proposed investigation will attempt to
complete the following objectives (1) determine the principal
spawning areas of the goldcye in the reservoir, (2) estimate the
fecundity of the goldcyc ond length of spawning season and (3)
establish the age class composition of the goldcyc populations
from spawning until late fall.

Procedure: The goldeye is known to be a pelagic yawning
fish. Any determination of spawning sites will need to compare
the number and age of eggs found within a given area. A Clark-
Bumpus plankton net with a suitable sized mesh will be utilized to
locate areas of egg concentration. After areas are located they
will be sampled regularly during the %.)awning season. Presently
semi-weekly samples are thought to be adequate, but sampling
times and effort may be altered by field conditions. Sampling will
be concentrated in the Mossit Bay area of the reservoir. Both
diurnal and nocturnal sampling will be done.

Goldeyes will be captured by gill nets and frame nets.
Specimens taken will be examined for sexual maturity, size, and
condition of ovaries. Scale samples will be taken caterized for
laboratory analysis. Ovaries will be removed and the number of
eggs per female estimated throughout the spawning periods. In
addition, determination of water temperature, wave action, tur-
bidity and pH will be measured.

In this first project segment intensive sampling will be carried
out from April, 1966 until June 1966. Age distribution studies of
the goldeye populations will continue until September 15, 1966.
A latin- square gill net will be utilized to capture different age
classes in a random manner. Data obtained will be evaluated at
the University of North Dakota with the aid of a high speed
digetal computer.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
North Dakota State Government

5.0828, EVALUATION OF METHODS DESIGNED TO
PREVENT WINTER-KILL
A. KREIL, State Game & Fish Department, Bismarck, North

akota
Objectives: To study methods of alleviating winter kill utiliz-

ing systems designed for lake circulation.
Procedure: I. Lake Upsilon, Gravel Lake, Hooker Lake and

Dion Lake are described in Job 8, Project F-2-R-1 Lake survey
reports and maps of these lakes are on file in North Dakota Game
and Fish Department office in Bismarck. 2. The circulation
systems employed in this job are described in Job No. 5, Project
F-2-R-8. 3, The circulation systems will be installed prior to
freeze-up in all project lakes. They will be operated until spring
over-turn and then all except those in Hooker Lake will be
removed during the summer. The systems will be operated in
Hooker Lake during the summer period. At the time of operation
of all systems determination will be made of water chemistry, dis-
solved gas contents, vertical temperature profiles, circulation
rates and B.O,D. will be determined during the summer project

period. 4. Lake Upsilon, Hooker Lake and Gravel Lake now con-
tain game fish populations. Dion Lake has been stocked with wal-
leye. Inventories of the fisheries in each project lake will be made,
5. The circulation systems in Lake Upsilon will not be operated
during winter of 1968-69. Physical and chemical data will be
recorded for this lake without circulation,

SUPPORTED BY U,S. Dept. of Interior - Bu. Sport Fish.
North Dakota State Government

5.0829, THE RELATIONSHIP BETWEEN TURBIDITY
CURRENTS AND FISH MOVEMENTS IN GARRISON
RESERVOIR
S. PETERSON, State Game & Fish Department, Bismarck, North
Dakota

Turbidity currents constitute a unique environmental factor
in reservoirs. The proposed project is an attempt to correlate tur-
bidity currents and fish movements in Garrison Reservoir.

Procedure: Two sampling stations will be established at the
upper end of Garrison Reservoir. Turbidity currents can be more
easily measured before the currents spread out into small linear
layers over the entire reservoir. Field studies will he centered in
the Mossit Bay region.

Gill nets based on a latin square design will be utilized to de-
tect fish movements. It is anticipated that 2 such nets will be
needed. Nets will be 18 feet wide and 72 feet long. Panels of 6 dif-
ferent mesh sizes will be built into the net. The panels will be 3
feet square. They will provide a 6 matrix repeated 4 times. The
six mesh sizes utilized will be 3/4', x 1/4', 1 3/4', 2 1/4', 2 3/4', and
3 3/4'. The design is after that of Houser and Ghent (1964),

When completed the study will provide as accurate correla-
tion between: depth and species captured, depth and gize of fishes
captured, and turbidity currents and species. Relative abundance
of different species will also be determined.

The gill nets will be supported from floats and anchored in or
near the main current. Times for running the nets will be
established in the field, Initially, a 6-hour sampling period is
proposed, but this may be altered by catch size. Sampling will
start in June 1966 and continue until September 15, 1966.

Turbidity samples will be collected from a series of weighted
closed bottles suspended from one edge of the gill net. The bottles
will be opened simultaneously and the suspended solids will be
measured. Other water chemistry tests will be made on the sam-
ples, depending upon the amount of field equipment available,

When completed the results will provide information that
will aid in establishing the location of commercial Ishes in rela-
tion to turbidity currents.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.
North Dakota State Government

5.0830, SECONDARY TREATMENT OF HOG WASTE IN
AN ANAEROBIC STABLIZATION POND
R.G. BUTLER, North Dakota State University, School of En-
gineering, Fargo, North Dakota 58102

The object of this study is to evaluate the performance of and
to provide parameters for the design of anaerobic ponds receiving
effluent from settled hog waste.

This study will be conducted on a stabilization pond located
at the Nutrition Center, North Dakota State University. The pond
is 20 feet wide by 200 feet long having an average depth of 4.5
feet. A wooden partition separates the pond into two equal units
(20' X 100') - the south unit will be used as a control, the experi-
mental work will be done in the north unit. The waste from 80 to
120 hogs will be discharged into a 16,000 gallon septic tank, the
effluent will be pumped into the pond.

The investigation will involve three phases which are prelimi-
nary, the physical-chemical and the microbiological. In the
preliminary phase, potassium concentrations at various depths
and location within the pond will determine number of samples
and sampling stations.

Standard physical-chemical tests will be conducted on the ef-
fluent and on the liquid within the pond during the spring,
summer, fall and winter if physically possible.

The microbiological phase will consist of work on total
counts, coliform bacteria, photosynthetic bacteria and reducing
bacteria.

1-438



5. WATER QUALITY MANAGEMENT AND PROTECTION

SUPPORTED BY U,S, Dept, of Interior - O. Water Res. Rch
North Dakota State University

5.0831, SALINE WATERS AND LIVESTOCK PRODUC-
TION
W,E, DINUSSON, North Dakota State University, Agricultural
Experiment Sta, Fargo, North Dakota 58102

1, To determine maximum and/or optimum tolerances of
saline waters for livestock. 2, To evaluate the effect of the various
salts and interaction of these salts on tolerances and efficiencies
of livestock production.

Proposed to maintain livestock on standard rations and vary
the concentration of salts of sodium, potassium, magnesium and
calcium (sulfates, carbonates and chlorides) in the available
drinking water to asertain minimum tolerances due to the salinity.
Initial work to be with growing fattening swine, later to be ex-
panded to ruminants.

SUPPORTED BY U.S. Dept. of Agriculture
North Dakota State Government

5.0832, QUALITY IMPROVEMENT OF SWIMMING
POOL WATERS - KINETICS AND MECHANISMS OF THE
CHLORINATION-DEGRADATION OF UREA AND URIC
ACID

FLEE7'WOOD, North Dakota State University, School of
Chemistry, Fargo, North Dakota 58102

The purpose of this study is to determine the fundamental
step- by-step chemical reactions that take place in the 'purifica-
tion' or 'decontamination' of swimming pool and potable waters
when they are treated with elemental chlorine or with com-
pounded chlorinating agents.

The kinetics and the mechanism of the chlorination-degrada-
tion reaction of urea and of uric acid in aquerous solutions 10.3 to
10-5 moles-per-liter concentration range, at pH values from 4 to
10, will be followed through the various intermediates to the final
products of degradation, i.e. CO2, Na, H2O, and HCI.

The course of the reaction will be followed by the chiorimet-
ric ortho-tolidine, the phosphomolybdate, the xanthydrol, the
ultra-violet spectrophotometric, and by the pH versus time
methods.

The data thus obtained will be subjected to a careful and
detailed mathematical analysis to solve the complicated system of
simultaneous and sequential chemical reactions into their in-
dividual first and second order stepwise component reactions.

The knowledge obtained will be used to develop better
methods for the control of the amounts of chlorine to be added,
and for reductions in the amounts of irritant intermediates
present at any time.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
North Dakota State University

5.0833, WATER BALANCE IN SEWAGE STABILIZATION
LAGOONS
G.O. FOSSUM, North Dakota State University, State Water
Resources Inst, Fargo, North Dakota 58102

This project proposes to conduct field investigations and
laboratory analysis aimed at determining the water balance for a
sewage stabilization pond containing an appreciable loading of
organic industrial wastes. It is also intended to trace lateral move-
ment of seepage from lagoons, and its effect on the adjac ,:nt water
table.

The water balance is to be determined by measuring influent
and precipitation by meters and rain gages and comparing with ef-
fluent, evaporation, and seepage. Quantity of effluent discharged
will be measured and evaporation losses determined from
evaporating pans. Infiltrometers will be used to determine
seepage from the lagoon bottom.

Observation wells surrounding the lagoon at varying
distances are to be used for sampling ground water for laboratory
analysis. Correlation with natural ground water hi the vicinity will
give indications of pollution and ground water travel, These wells
will also be used for water table observations.

SUPPORTED BY U.S, Dept. of Interior - O. Water Res. Rch
North Dakota State University

5.0834, EFFECTS OF SUGAR REFINING LAGOON EF-
FLUENTS ON BIOLOGICAL, PHYSICAL, AND CHEMICAL
PROPERTIES OF FARGO CLAY
B.R. FUNKE, North Dakota State University, Agricultural Ex-
periment Sta Fargo, North Dakota 58102

The proposed research plan involves use of soil columns and
greenhouse experiments to determine the effects of applying
sugar refinery lagoon effluents to Fargo clay. The chief objectives
of the investigations will be to: 1. Determine any changes in the
ability of Fargo clay to allow infiltration of sugar lagoon effluents,
for example, slowing due to clogging from biological or other
causes. 2. Determine the effectiveness of Fargo clay in eliminat-
ing biologically degradable components of these wastes. 3. Deter-
mine effect of such wastes on selected chemical properties of
Fargo clay. 4. Determine the practicality of cropping soils treated
with such lagoon effluents with various types of plants.

The methods to be used would involve application of liquid
wastes to soil columns of Fargo clay, both cropped and un-
cropped, and determining any changes in infiltration rates. Tests
would be aimed at correlating any clogging with biological accu-
mulations and physical and chemical changes in the soil. The con-
tinuing effectiveness of the soil in purifying the wastes would be
determined by testing for changes in Biological Oxygen Demand
and Chemical Oxygen Demand. Greenhouse pot experiments
would determine effects of waste applications on growth of vari-
ous plants,

SUPPORTED BY U.S, Dept. of Interior - 0, Water Res. Rch
North Dakota State University

5.0835, FARM ANIMAL WASTE DISPOSAL
G.L, PRATT, North Dakota State University, Agricultural Experi-
ment Sta. , Fargo, North Dakota 58102

Objectives: 1. Characterization of the physical, chemical and
biological properties of livestock and poultry wastes. 2, Improve-
ment in management systems with regard to handling, treatment
and disposition of wastes.

Description of Work Proposed: A. An evaluation survey will
be made of farms in North Dakota using liquid manure handling
systems for hogs and poultry, B, The lagoon system of sewage
disposal receiving liquid manure from a hog house will be studied
in detail including temperature, odor, B.O.D., etc. C. Open pit
septic tanks will also be studied.

SUPPORTED BY U.S. Dept. of Agriculture
North Dakota State Government

5.0836, A FEASIBILITY STUDY OF A LIVESTOCK
WASTE DISPOSAL INVOLVING REUSE OF WATER
G.L. PRATT, North Dakota State University, Agricultural Experi-
ment Sta. , Fargo, North Dakota 58102

Objectives: ( I ) To compare and evaluate on the basis of
available information the components needed to condition animal
waste water for reuse. (2) To assemble pilot treatment systems to
evaluate the performance of components in field use.

Description of Work Proposed: The initial phase of the study
of the feasibility of reusing water in livestock waste disposal
systems will involve a review of the types of components that are
available for separating the solids from the liquid; for eliminating
undesirable chemical elements; and for neutralizing pathogens.
Commercially available components will be investigated. Availa-
ble information on the quantity of materials that will have to be
handled will be summarized. The evaluation of the mechanical
performance of selected systems will be made in a pilot disposal
assembly. Waste material will be collected from livestock and in-
troduced into the test systems. During part of the laboratory test-
ing, the rate of buildup of undesirable chemical elements in the
reused water will be determined. After these rates have been
established, the efficiencies of the equipment available for remov-
ing these chemical elements wall be evaluated. The determination
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of the efficiencies of the pathogen neutralizing equipment will be
the final stage of the pilot test sequence.

SUPPORTED BY North Dakota State Government

5.0837, MICROBIOLOGY OF SEWAGE LAGOONS - EF-
FECTS OF INDUSTRIAL WASTES ON COLIFORM AND
OTHER ENTERIC ORGANISMS
J.W. VENNES, Univ. of North Dakota, School of Medicine,
Grand Forks, North Dakota 58202

The proposed research involves laboratory and field in-
vestigations designed to determine the changes in coliform and
other enteric organisms in lagoons receiving wastes from starch
manufacturing (potato wastes), cheese manufacturing and
domestic sewage. All lagoons to be studied will receive, in addi-
tion to the starch and cheese manufacturing wastes, domestic
water.

Laboratory investigations will employ the following methods:
1. Millipore filter counts of coliform, fecal coliform, enterococci
and total bacteria. 2. Biological oxygen demand (BOD), pH, total
and suspended solids and organic nitrogen.

Field studies will relate: 1. Temperature and loading of the
several lagoons, 2. Aeration versus static methods as a treatment
device and their relations to enteric and other organisms,

Major emphasis will be placed on the removal of coliform
bacteria which indirectly relate to the removal of pathogenic bac-
teria.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of North Dakota

5.0838, A PILOT FACILITY TO DEMONSTRATE OFF-
SHORE, UNDERWATER, TEMPORARY STORAGE OF
STORM OVERFLOW FROM A COMBINED SEWER
W.J. BANDY, Karl R. Rohrer & Associates, Akron, Ohio 44311
(14-12-143)

Combined sewer storm overflows are source of water pollu-
tion, The proposed work is to design, construct, and operate a
pilot facility to demonstrate off-shore, underwater, temporary
storage of storm overflow from a combined sewer. The storage
will be accomplished in large flexible (rubber) containers,
anchored under water in a water body. The system will automati-
cally fill during a stormy event, and a pump flush system will be
used to empty the tanks into the interceptor sewer after storage
for treatment at the treatment plant.

The system capacity is designed for a particular site accord-
ing to climatological, hydrological, and topographic conditions.

The construction site is a 15 acre drainage area located in
Sandusky, Ohio. The existing leaping weir overflow structure is at
the foot of McEwen Street. The tanks will be installed in San-
dusky Bay of Lake Erie. Two flexible tanks will be used, having a
capacity of 100,000 gallons each, The 200,000 gallon capacity
will completely store overflows from a I -year storm.

Each tank is approximately 57.5 feet square and will have an
18 inch diameter pipe frame around the periphery. The point of
flow entrance and exit is at the center bottom of each tank. One
tank shall have a steel bottom and a neoprene-coated nylon top.
The other tank shall have neoprene-coated nylon bottom and top.
Both tanks will collapse when empty and inflate to a height of
seven feet on filling.

Instrumentation will include a recording rain gauge, continu-
ous flow recorders (two remote reading type, one magnetic), an
automatic sampling device, and recording devices for tank
volume and lake level.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0839, OPERATIONAL DEMONSTRATION OF OXIDA-
TION DITCH METHOD OF WASTE TREATMENT

KANESHIGE, Ohio University, School of Engineering,
Athens, Ohio 45701

The project objectives are (1) to determine design criteria
for the oxidation ditches based upon experimental and analytical
evaluation of a currently available dual plant; (2) to determine
most desirable operational procedures for obtaining maximum

performance; and (3) to obtain an effectiveness comparison
between the oxidation ditch and the lagoon methods of waste-
water treatment.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl
Ohio University

5.0840, HIGH RATE TRICKLING FILTERS AND AERA-
TION DEVICES FOR THE ADVANCED BIOLOGICAL
TREATMENT OF INTEGRATED KRAFT PULP AND PAPER
MILL EFFLUENTS
V.A. MINCH, Mead Corporation, Chillicothe, Ohio 45601

The pulp and paper industry needs to find an alternative
treatment process which is less expensive and difficult-to-operate
than the conventional activated sludge process. As a step in this
direction, this project will involve the continuous operation of a
pilot treatment plant containing plastic trickling filter, brush-
aerated oxidation ditch, conventional aerated lagoon, deep
aerated lagoons, and two clarifiers in combinations and evaluate
possible efficiencies.

The specific research objectives are to: determine the effect
of influent quality on biological treatment; evaluate potential of
plastic trickling filters alone and in combination with brush-
aerated oxidation ditch, conventional aerated lagoon and deep
aerated lagoon; and to achieve higher-than-conventional BOD
removals from kraft mill wastes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Mead Corporation

5.0841, PROCESS DEVELOPMENT FOR REMOVAL OF
NUTRIENT MATERIALS FROM WASTEWATERS
E.F. BARTH, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

Develop processes that more efficiently remove nutrient
materials such as nitrogen, phosphorus, and sulfur from waste-
water effluents; before dicharge to receiving water,

Biological populations are controlled by process modifica-
tions which enhance desirable reactions. Chemical additives
which can simultaneously be used with the biological flora are
also investigated,

Nitrogen: Currently nitrification is being controlled by a two-
stage biological treatment. Carbon is removed in a high-rate ac-
tivated sludge system with high sludge wasting; the effluent enters
a nitrification stage which contains an enriched culture of
nitrifiers. The enriched culture is a result of the nature of the feed,
and separate sludge recycle systems hi the two-stage process.

Biological dentrification of the nitrified effluent is possible by
passing the effluent through an anaerobic system and the addition
of methyl alcohol to force use of the nitrate oxygen. Again the en-
riched culture approach with separate sludge recycle is used in
this unit process.

Sulfur: The sulfur cycle is to also be investigated in this in-
tegrated process.

Phosphorus: The efficiency of phosphorus removal by
biological systems can be increased by adding chemicals that
form slightly soluble phosphorus compounds directly to the
biological reactor. Several compounds have been investigated
and aluminum appears to be the most satisfactory for several
reasons. The combination of biological activity with chemical
supplements offers more consistent control that the biological
system alone,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0842, QUANTITATIVE DETECTION OF SMALL
AMOUNTS OF VIRUSES IN LARGE VOLUMES OF WATER
G. BERG, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

Viruses of human origin present in waste, natural, and
renovated waters are likely to be there only in small amounts,
because they can multiply only in susceptible living cells. Since
even a single virus particle may be capable of infecting a suscepti-
ble host, methods for detection and quantitation of small amounts
of viruses in large volumes of water are needed if waters are to be
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monitored effectively for the presence of viruses. A membrane
filter procedure is currently under study for this purpose.

Poliovirus 1 and echovirus 7 in concentrations of 50-100
PFU/I have been quantitatively recovered on 0.45 micron Mil-
lipore membrane filters. Adsorption to filters is best at neutral pH
in the presence of salts. Gelman membranes of similar porosity
adsorb relatively little virus. Elution of the virus from membranes
can be achieved with full strengh serum of with 3% beef extract
(Difco). However, each lot of elutant differs in its capacity to
elute a given virus, and a lot of serum or beef extract that
completely elutes one virus, may elute another poorly. Studies
continue in an effort to obtain a more uniform and efficient elu-
tant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0843, DESTRUCTION OF INFECTIOUS VIRAL NUCLE-
IC ACID BY IODINE
G. BERG, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

It has been reported that iodine destroys viruses by reaction
with the protein coat, and that it does not react with viral nucleic
acids. Since iodine is used as a water disinfectant, we have un-
dertaken to determine whether viral nucleic acid, imprisoned in
an inactivated shell, presents a hazard in disinfected wastewaters
and renovated waters.

Poliovirus 1 (Mahoney) has been concentrated by ultracen-
trifugation. The viral RNA has been extracted with phenol from
the intact virus, and purified by precipitation with salt-saturated
ethanol. We have shown that the viral RNA is much more re-
sistant to the disinfecting action of iodine than the parent virus
from which the RNA was obtained.

A large volume of coxsackievirus A9 has been concentrated
by ultracentrifugation, and its RNA will be extracted and tested
for sensitivity to iodine.

Poliovirus RNA and coxsackievirus RNA will be tested for
sensitivity to other halogens, also.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0844, WATER QUALITY REQUIREMENTS FOR
AQUATIC LIFE
W.A. BRUNGS, U.S. Dept. of Interior, Fish Toxicol. Activities,
Cincinnati, Ohio 45244

The primary project of the Newtown Field Station of the Na-
tional Water Quality Laboratory is to help determine the water
quality requirements of freshwater fish. This is being investigated
in the laboratory by conducting chronic bioassays and relating the
toxicant level at which there is no effect on reproduction or
growth of fish to acute lethal toxicity data. By conducting a
variety of tests with different species and different types of water,
we hope to evaluate the use of this method to estimate safe con-
centrations for toxicants and species by means of acute bioassays.
A natural stream study is being initiated to evaluate these labora-
tory results.

Autopsy methods are also being developed as a tool for in-
vestigating pollution-caused fish kills.

SUPPORTED BY U.S. Dept. of Interior - F, Water Pol. Ctl

5.0845, CONTROL OF MINERAL CONSTITUENTS IN
WASTE WATER BY ELECTRODIALYSIS
C.A. BRUNNER, U.S. Dept. of Interior, R.A. Taft San. Engin.
Center, Cincinnati, Ohio 45226

Electrodialysis has been shown to be a technically feasible
method for removing a sufficient amount of the inorganic dis-
solved solids from municipal waste water to restore it to a quality
suitable for direct re-use. Although the process will work on
biological-treated municipal waste water which still contains
refractory organics, membrane fouling is a problem. Membrane
fouling results in a decrease in the degree of mineralization during
operation. This problem has been found to be due to the growth
of microorganisms on the membranes. Disinfection methods are
being studied to find one that is practical. Residual organics will
be removed by carbon on prior to electrodialysis. It is

necessary to determine the economic feasibility of the process by
operating a pilot-scale unit at a municipal waste treatment plant
for a sufficient time to determine membrane life and operating
costs. An electrodialysis stack has been constructed and is being
operated for treating 50 gallons per minute of waste water. About
40 percent of the gross inorganic material (total dissolved solids)
in the water is being removed. The fraction of the feed being used
for concentrating and electrode streams is 0.086 or less. Ap-
propriate pretreatment studies are being conducted . During the
operation, the fractional removal of gross inorganics and selec-
tivity of the removal process for various ions is being measured.
Pilot work is being performed at Lebanon, Ohio.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. CtI

5.0846, DISINFECTION OF RENOVATED WASTEWATER
R.L. BUNCH, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

In some areas the treatment of municipal wastewater for
direct reuse is inevitable. Recreational use of renovated waste-
water will also increase in areas which lack surface water. Re-
gardless of the use of reclaimed water, health needs for
sewage purification and disinfection must be met at all times.

The primary objective of this project is development of
methodology to produce a pathogen-free effluent from waste
treatment processes. This process must be economically feasible,
yield an effluent free of hazardous toxic components and as far as
possible yield an effluent that does not introduce factors undesira-
ble to aquatic environments.

The merits of chlorination, ozonation, CI02-process, and any
other promising and practical disinfection process will be evalu-
ated in terms of efficacy, economy, practicability and relative
freedmon from undesirable after-effects.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0847, IDENTIFICATION OF NATURAL AND
SYNTHETIC ORGANIC COMPOUNDS IN RAW AND
TREATED MUNICIPAL WASTES
R.H. BURTTSC HELL, U.S. Dept. of Interior, Water Research
Laboratory, Cincinnati, Ohio 45226

At the present time comparatively little is known of the or-
ganic content of domestic waste waters, either raw or treated, ex-
cept as to a few classes of compounds such as carbohydrates,
amino acids, crude lipids, etc. In particular, very little is known of
the composition of secondary effluent. Such questions are now as-
suming importance because of greatly increased interest in the
field of 'tertiary treatment' and surface water pollution in general.

The methods of organic separations and identification are
directly applicable once suitable samples are available, and the
problems unique to the field are those of sampling and purifica-
tion. It is necessary to recover the organic compounds at trace
concentrations and separate the components of interest from
comparatively large amounts of accompanying materials, both or-
ganic and inorganic.

The most useful concentration methods are liquid-liquid ex-
traction, adsorption on activated carbon, evaporation at reduced
pressure, and freezing. The crude extracts are then partially pu-
rified by adsorption and partition column chromatography, steam
distillation, gel filtration, and changes in solubility characteristics
with pH. Final purification and identification are by more sensi-
tive ,nethods such as thin layer, paper, and gas chromatography
and various forms of spectrophotometry.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0848, REMOVAL OF SUSPENDED SOLIDS AND
PHOSPHATE FROM A SECONDARY EFFLUENT BY ALUM
COAGULATION AND DUAL MEDIA FILTRATION
J.J. CON VERY, U.S. Dept. of Interior, Water Research Laborato-
ry, Cincinnati, Ohio 45226

Clarification of secondary effluents has application in pollu-
tion control, direct reuse and as a pretreatment for other tertiary
processes such as electrodialysis, reverse osmosis and km
exchange. Mum coagulation, sedimentation and dual media fil-
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tration remove essentially all of the suspended solids, phosphorus
and BOD associated with the solids from a secondary effluent.
The following operating conditions have been found to be op-
timum; 1. Overflow rate - 700 GPD/FT2 2. Alum Dose - 300 mg/I
3, Filter Media a) Anthracite - 18 in. of 1,4 mm b) Sand - 6 in. of
0.45 mm 4. Filtration Rate - 4 GPM/FT2

A flocculant aid such as activated silica is necessary to in-
crease the strength of the alum floc and prevent the premature
breakthrough of turbidity through the filters. A silica concentra-
tion of 3 mg/I as Si02 is optimum. Filter runs averaged 17 hours
for the above operating conditions, Operating costs based on a 10
MGD plant are estimated to be $0.08/1,000 gal.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0849, DISSOLVED INORGANIC REMOVAL-- SELEC-
TIVE ION AND ORGANIC REMOVAL BY ION EXCHANGE
RESINS
R.A. DOBBS, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

The problems associated with the discharge of nutrients to
receiving waters and the incremental build-up of dissolved inor
e7anic salts with each use cycle make it imperative that technology
to remove these pollutants be developed and demonstrated. In
this area, ion exchange has operational, technical and possibly
economic advantages over other processes for demineralization.

In recent years several new types of synthetic resins have
been developed, and are commercially available, which are par-
ticularly suitable for the removal of selected ions and have the ad-
ditional capability of sorbing organic matter. Resins, in contrast
to activated carbon, can be regenerated in situ by suitable
regenerants.

The objective of this study is to develop the use of synthetic
ion exchange resins for the selective removal of inorganic ions as
well as organic materials. Phase I of the study will include, 1) op-
timization of flow rates for the exhaustion and regeneration cy
Iles, 2) evaluation of regenerants for imparting selectivity, 3)
determination of optimum volume and concentrations of
regenerants for imparting 4) performance of the resin after re-
peated cycles of operation and 5) cost estimates for the process.
Phase II will attempt to screen a variety of resins for the above
process.

Experimental apparatus consists of multiple 2' glass columns
with associated pumps and pressure equipment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0850, ULTIMATE DISPOSAL OF SLUDGES BY SUR-
FACE SPREADING
J.O. EVANS, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

Land surface provides low cost dewatering and oxidation of
organic sludges with additional benefits from added soil fertility.
Certain insoluble mineral wastes such as calcium carbonate and
phosphate are compatible with many soils and can also act as fer-
tilizers. Since dewatering of sludges by sedimentation, centrifuga-
tion, or filtration is expensive, a study of wet sludge disposal on
land surfaces has been initiated. Pipeline transport of sludges and
stabilization to prevent nuisance odors will be studied. Distribu-
tion programs to minimize pollution from runoff and percolation
will be devised. Long term effects of repeated sludge applications
to various soil types will be evaluated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0851, SUSPENDED AND COLLOIDAL SOLIDS
REMOVAL--FLOCCULATION BY ORGANIC POLYMERS
S.A. HANNAH, U.S. Dept. of Interior, Water Research Laborato-
ry, Cincinnati, Ohio 45226

The need for solids-liquid separation arises at a number of
steps in the treatment of wastewater either by chemical or biolog-
ic processes. The newly developing organic flocculants represent
the best currently available group of chemicals to 1) increase effi-
ciency of solids-liquid separation 2) minimize sludge mass and 3)
improve thickening and filtration properties of sludge.

The overall objectives of this study are to 1) investigate the
application of new organic flocculants in waste treatment, 2)
determine the mechanism of the flocculation by organic polymers
and 3) develop methods for the control of dosage to obtain
economic use of these relatively expensive compounds.

A wide variety of polymer compounds distinguished as to
chemical composition, charge type, charge density and molecular
weight will be studied. The polymers will be studied both alone
and in conjunction with inorganic hydrolyzing chemicals such as
aluminum or iron salts. Variables to be evaluated include
polymers, dosages p1-1, ionic and solids characteristics of waste-
water before and after treatment, effects of agitation and mode of
addition of polymer. Experimental apparatus and instrumentation
used in the study will include: jar test apparatus, miniature sand
filters, microelectrophoretic techniques, colloid titration, amd
streaming current measurement devices.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0852, DISSOLVED INORGANIC REMOVAL BIOASSAY
OF ALGAL GROWTH POTENTIAL
W.H. IRWIN, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

A major objective of some treatment processes of wastewater
is to so reduce the concentration of nitrogen and phosphorus that
the medium will no longer support a luxuriant growth of algae.
While it is generally thought that phosphorus is the ion that limits
growth, there is evidence that other, but unknown ions or com-
pounds may be limiting as well. It is the objective of this study to
develop an empirical but standardized biological assay to deter-
mine whether an effluent has been sufficiently treated to limit the
growth of algae. The approach to the development of this bioas-
say will consist of culturing various algae species in purified cul-
tures under controlled physical and biochemical conditions. Rate
of growth and total population will be monitored by light-scatter-
ing techniques. Growth comparisons :ill be made of algae in the
presence of 1) untreated water, 2) water treated by a tertiary
process, 3) water irgended to receive the effluent and, 4) various
mixtures of treated and stream water. The project will consist of
three distinct phases: 1) development of laboratory procedure, 2)
evaluation of test under field practical usefulness and, 3) demon-
stration of the wide and general applicability of the test.

SUPPORTED BY U.S. Dept. of Interior - F. 'Water Pol. Ctl

5.0853, QUANTITATIVE DETECTION AND ENUMERA-
TION OF POLLUTION INDICATOR BACTERIA OF WASTE
WATERS AND SEWAGE TREATMENT PLANT EFFLUENTS
B.A. KENNER, U.S, Dept. of Interior, Water Research Laborato-
ry, Cincinnati, Ohio 45226

a. Methods to be perfected for the detection and enumera-
tion of the pollution indicator bacteria, total coliforms, fecal
coliforms, and the fecal streptococci will all be based on the latest
and best available membrane filter methods.

b. The enumeration and quantitation of Salmonella species
and Shigella species consists of a study of membrane filter and
multiple tube methods to detect all pathogenic species present in
waste waters and sewage treatment plant effluents. The methods
thus far developed consist of (1) enrichment of membrane-fil-
tered bacteria (on a variety of new media and on an established
medium) on filter pads soaked with selective enrichment medi-
um, incubated at 41 - 42 C. followed by (2) transfer of the mem-
brane to a secondary medium for obtaining a differential colonial
appearance of the pathogen for enumeration and picking to other
media for identification. Counts on domestic sewage of Salmonel-
la species have been obtained from as low as 9 to 18,000 per 100
ml. Laboratory cultures are not used in these studies, and all
developmental work is based on naturally occurring Salmonella in
the polluted waters tested. Three methods for the enumeration
and isolation of the pathogen Pseudomonas aeruginosa, which is

of increasing importance due to antibiotic resistance are being
evaluated.
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SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0854, SUSPENDED AND COLLOIDAL SOLIDS
REMOVAL-nSOLIDS SEPARATION BY CHEMICAL TREAT-
MENT AND FILTRATION

KREISSL, U.S, Dept. of Interior, Water Research Laborato-
ry, Cincinnati, Ohio 45226

The separation of suspended solids, either those existing or
created by chemical and biological treatment, from waste ef-
fluents is a recurring step in the series of processes for advanced
methods of treating wastewaters, Plain sedimentation followed by
surface or depth filtration have proved to be insufficient for the
production of the high quality of effluents required for membrane
or adsorption processes, Chemical treatment to obtain coagula-
tion and flocculation followed by filtration appears to be the most
promising approach for the complete clarification of wastewaters.

The overall objectives of this investigation is to develop a
clarification process which will encompass the following 1)
coagulation- flocculation in an upflow-solids contact clarifier, 2)
filtration using depth filters such as sand, sand and coal or other
media combinations.

The experimental apparatus will consist of a series of spe-
cially designed columns, approximately 1 foot square, in which
the functions of coagulation-flocculation and rough sedimenta-
tion can be accomplished. Effluent from these treatment devices
will be filtered in a variety of filter media columns. Some of the
experimental variables will include I) upflow velocity, sludge
blanket depth, type of coagulant, coagulant dosage, mixing condi-
tions, time of coagulation or flocculation, filter media and rate,
etc. Performance of the process will be assessed by measuring
such parameters as turbidity, coagulant ion, head loss, etc,

SUPPORTED BY U,S. Dept. of Interior F, Water Pol. Ctl

5.0855, REMOVAL OF NITROGEN COMPOUNDS FROM
MUNICIPAL WASTEWATER
A.N. MASSE, U.S. Dept. of Interior, R.A. Taft San. Engin.
Center, Cincinnati, Ohio 45226

A novel biological treatment process for reducing BOD and
nitrogen content of a municipal wastewater is being investigated
in a 100 gallons per day pilot plant at the Mill Creek Sewage
Works, Cincinnati, Ohio. Primary effluent is treated by the con-
tact stabilization process using abbreviated residence times for
both contact and sludge reaeration. The product from this
process is then nitrified aerobically in a separate aeration tank
settler combination. The nitrifying sludge is kept in this system.
The nitrified effluent flows to an anaerobic, mechanically-
agitated denitrifying unit followed by a final settler. The source of
organic material to the denitrifying bacteria is sludge from the
contact stabilization operation. This sludge has a high BOD/NH3-
N ratio, thus decreasing the amount of NH3-N put in the denitri-
fying section. The sludge from the denitrifying settler is returned
to the sludge reaeration tank of the contact stabilization process.
Parameters being investigated include residence times and sludge
recirculation rates.

SUPPORTED BY U.S. Dept. of interior - F. Water Pol. Ctl

5.0856, USE OF GRANULAR ACTIVATED CARBON IN
TREATMENT OF WASTE WATERS
A.N. MASSE, U.S. Dept. of Interior, R.A. Taft San. Engin.
Center, Cincinnati, Ohio 45226

Granular activated carbon is being investigated as an adsor-
bent for the non-biodegradable materials in a well-treated mu-
nicipal secondary effluent. A 300,000 gallons per day plant has
been on-stream since May, 1965, at Pomona, California. Four
down-flow carbon contractors, connected in series, act as both a
filter and an adsorbent bed. When the final product quality ex-
ceeds specifications, the first column in the series is regenerated
in a 6-hearth furnace and returned to the process as the last
column in the series. Parameters being investigated include: a)
relationship between contact time and removal of contaminants,
b) carbon usage rate, c) effect of regeneration conditions on
recovery of carbon capacity and d) attrition losses as a result of
carbon handling and regneration. Side studies on a smaller scale

include studies of: a) effect of contact time and mass velocity on
adsorption rates and effectiveness, b) nitrogen removal capabili-
ties of carbon columns and c) effect of hot water and steam treat-
ment on regeneration frequency.

Ultraviolet absorption at 2537 Angstrom units of carbon-
treated water is being investigated as a rapid control method for
the evaluation of carbon column performance, A high correlation
exists between UV absorption and organic matter in clarified
water. The hydrogen flame detector is being adapted to deter-
mine organic matter at levels below 1 mg/I.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0857, POWDERED CARBON TREATMENT OF WASTE-
WATER
A.N. MASSE, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

Evaluate a two-stage, counter current pilot plant contacting
system for powdered carbon treatment of primary and secondary
wastewater effluents. Required amounts of powdered carbon and
polymer must be determined as well as the standard design and
economic criteria.

With a flow rate of 10 gpm (total residence time in the
system of 2.7 hours) secondary effluent to which is added 200
ppm powdered carbon and 1.5 mg/I of organic polyelectrolyte,
the total organic carbon removed has averaged 90%. When the
influent turbidity can be maintained below 20 J.U., the product
turbidity is less than 1 J.U.

When feeding primary effluent at 5 gpm to the system and
adding 200 ppm carbon and 3 ppm polyelectrolyte, the total or-
ganic carbon reduction has averaged between 85 and 91%. The
product turbidity is between 1 and 3 Jackson Units. In all runs on
primary effluent, the product quality, as measured by total or-
ganic carbon and turbidity, has been better than that produced by
the activated sludge process.

Evaluate several powdered carbon regeneration methods in
conjunction with the powdered carbon process. Regeneration
methods to be tested include: (1) microwave heating, (2) reac-
tion furnace, and (3) fluidized-bed techniques.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol, Ctl

5.0858, LIME SLUDGE RECOVERY AND REUSE
M.C. MULBARGER, U.S. Dept. of Interior, Water Research
Laboratory, Cincinnati, Ohio 45226

Lime in doses of 200 to 500 mg/I as Ca(OH )2 removes
phosphates and suspended matter from secondary effluents. The
resultant sludge consists of calcium carbonates and phosphates
together with silicate minerals, magnesium hydroxide and organic
matter. The lime values may be recovered by recalcining the
dried sludge. Although the recovered lime may cost nearly as
much as fresh lime, the problem of disposing of large volumes of
sludge is solved. Waters differing in hardness and phosphate con-
tent have been treated through four cycles and the quantity and
quality of the recovered lime has been measured. In soft waters
calcium phosphate builds up until it represents over half of the
wieght of calcined lime without exerting any deleterious effect
provided that fresh lime is added to make up the losses. In hard
waters calcium carbonate is removed from the water and must be
continuously wasted along with low concentrations of calcium
phosphate.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0859, PHYCOVIRUSES - THEIR NATURE, OCCUR-
RENCE, AND APPLICATION
R.S. SAFFERMAN, U.S. Dept. of Interior, Water Research
Laboratory, Cincinnati, Ohio 45226

Viruses have gained increasing acceptance as a promising ap-
proach to pest control. Under favorable conditions these viruses
provide a valuable alternative to chemical treatment. The
discovery of viruses capable of destroying certain freshwater
algae may offer such an approach to the selective control of ob-
jectionable algal growths.
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We have found that waste stabilization ponds provide a
highly fertile source of phycoviruses which suggests that these
agents may play a tole in inducing natural fluctuations and
dominance in algal populations. In some ponds, they represent an
established population.

Preliminary laboratory tests on these phycoviruses have
shown their possible application in controlling algal blooms. Ef-
forts will be made to elaborate on their ecological significance
and to isolate other phycoviruses since practicality of this biologi-
cal control method is dependent on an intensified screening pro-
gram that could eventually establish an extensive collection of
these viruses.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0860, DISSOLVED REFRACTORY ORGANIC
REMOVAL -- CARBON AS AN ADSORBENT AND FILTER
MEDIUM
W.A. SCHWARTZ, U.S. Dept. of Interior, Water Research
Laboratory, alncinnati, Ohio 45226

Removal of non-biodegradable organic compounds from
wastewater represents an important unit process in the treatment
train to obtain a product water useful for a variety of purposes.
The single most promising process is adsorption on activated car-
bon. The objective of this study is to develop a process for
removal of organic materials from wastewater by using activated
carbon. In addition to adsorption the carbon also lends itself to
use as a filter medium in conjunction with other media such as
sand.

Primary and secondary treated waste effluents will be sub-
jected to a treatment sequence consisting of coagulation, filtra-
tion and activated carbon adsorption. These pretreatments to ad-
sorption will be varied or omitted to provide a variety of influents
for the adsorption step. Hydraulic loadings and carbon bed
characteristics will constitute additional variables in the study.

Experimental apparatus will consist of 4' plastic columns.
Performance will be judged on the basis of removal of organic
matter and turbidity as well as head-loss measurements. The ex-
perimental equipment will be located at the Lebanon experimen-
tal facility.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0861, ENGINEERING ANALYSIS OF WASTE TREAT-
MENT
R. SMITH, U.S. Dept. of Interior, R.A. Taft San. Engin. Center,
Cincinnati, Ohio 45226

Mathematical models have been developed to describe both
the performance and cost for all of the conventional water
renovation processes. The goal of this work is to optimize a
system of water renovation processes to meet any specific need
for water treatment at minimum cost. Computation is accom-
plished with digital computer.

Models, for the advanced processes such as carbon adsorp-
tion and electrodialysis are being developed and will be combined
with the models for conventional processes to study water reuse
systems. Much information is still lacking, however, for the ad-
vanced processes. A secondary goal of the work is to lend con-
tinuity and guidance to the experimental programs underway in
the Federal Water Pollution Control Administration. Work is also
underway to improve the quality of the capital and operating cost
relationships now being used.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0862, A STUDY OF THE KINETICS OF THE AC-
TIVATED SLUDGE PROCESS
R. SMITH, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

Study the kinetic or time dependent performance of the ac-
tivated sludge process for the purpose of finding practieable
methods for automatic control of the process to minimize the
variation of water quality in the effluent stream and to improve
the average performance of the process. A mathematical model
for the activated sludge process has been developed which corn-

putes the process performance as a function of time when the in-
fluent stream or the operating decisions or both vary with time.
One digital computer program has been completed which simu-
lates the time dependent behavior of the activated sludge process.
This computation which is a numerical integration utilizing the
Runge- Kutta fourth-order method integrates the Monod dif-
ferential equations which express the growth of three classes of
bacteria: Heterotrophic carbon users, Nitrosomonas which con-
verts ammonia to nitrite, and Nitrobacter which converts nitrite
to nitrate.

The aerator is sub-divided into ten sub-volumes, any number
of which can be used to simulate mixing, and a sludge storage
tank is provided in the sludge return line. A surge tank, in which
no biological activity is assumed, is also provided upstream of the
aerator. Sinusoidal ly varying flow and BOD concentration are ap-
plied to this system and the concentration of three classes of
microorganisms and three substrates as well as flow are computed
as a function of time at each of seventeen stations, Various con-
trol schemes involving pumping of sludge from the sludge storage
tank to minimize the effect of the varying load on the plant or the
use of the surge tank to smooth out the flow have been studied.

The ultimate goal of the time dependent model is to study
methods for control of the activated sludge process to give op-
timum performance when the flow and BOD concentration enter-
ing the plant varies throughout the day.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0863, DEVELOPMENT OF AUTOMATED ANALYSES
FOR THE SUPPORT OF ADVANCED WASTE TREATMENT
RESEARCH PROJECTS
R.T. WILLIAMS, U.S. Dept. of Interior, Water Research Labora-
tory, Cincinnati, Ohio 45226

The effective evaluation of water treatment research is de-
pendent upon obtaining accurate data concerning the con-
stituents found in the waters and waste waters. The automation of
analyses is the obvious means of coping with the increasing need
for chemical analyses. The use of automation can increase an
analyst's daily output manyfold and yet retain the necessary preci-
sion and accuracy.

This project is concerned with developing, modifying, or
adapting water pollution analysis procedures for use with auto-
mated instrumentation. These procedures are represented by the
sulfate, total phosphate, organic nitrogen, and others. Some of
these procedures have been previously automated but are insuffi-
ciently accurate or are not applicable to wastewaters. Hence the
need for development work in this area.

Ideally, the procedures will be completely automated and
standardized so that all types of samples can be treated identically
throughout. However, in some instances pretreatment of the sam-
ples may be necessary.

The use of automated instrumentation for the analysis of
wastewaters can substantially increase the analytical laboratory's
effectiveness in supporting wastewater treatment research.

SUPPORTED BY U.S. Der, R41 )terior - F. Water Pol. Ctl

5.0864, TREATMENT O. PIcAN HOUSE WASTES FROM
A VEGETABLE TANNERY

EYE, Univ. of Cincinnati, School of Engineering, Cincinnati,
Ohio 45221

The objectives of the project are to demonstrate the feasibili-
ty of treating bean house wastes from a tannery and to obtain
basic data for the design of full scale treatment plants. Excess lime
from the lime bearing wastes will be removed with polyelec-
trolytes. The clarified lime wastes will be mixed with non-lime
bearing wastes and neutralized with acid to a pH of 8.5 - 9.0. The
organic material in the blended neutralized wastes will be reduced
by a combined anaerobic- aerobic biological system.
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SUPPORTED BY U.S. Dept. of Interior F. Water Pol. Ctl
University of Cincinnati

5.0865, FISH OPERCULAR RESPONSE TO ENVIRON-
MENTAL VARIABLES
W.A. SPOOR, Univ. of Cincinnati, Graduate School, Cincivni,
Ohio 45221

To define water quality favorable for aquatic organisms it is
necessary to know for each environmental component the range
over which its concentration or intensity may vary without ad-
verse effects, and how any one component is related to the rest
within their permissible ranges, not only directly, but also in-
directly through their effects on the organisms. Relatively little of
the literature on the effects of various agents on aquatic life is ger-
mane to water quality criteria at present; the major deficiencies
are (1) the tests have been acute, with endpoints (usually death)
too crude to be relevant to life history and productivity, (2) the
effects of combinations of environmental components have
received relatively little attention, (3) few species have been
tested extensively, and (4) even few have been studied at more
than one or two stages of the life cycle. My research objectives
are to help correct these deficiencies by using opercular move-
ments* to detect and measure a fish's responses to changes in dis-
solved oxygen concentration, carbon dioxide and temperature
varied alone and in combination. These three will be studied first
because of their primary importance. The goldfish and the
fathead minnow will be tested to begin with, the former because
of its relatively slow opercular movements and because of the nu-
merous papers on goldfish, the latter because it may be possible to
relate short-term tests on opercular rate to long-term tests on life-
history now being conducted at the Fish Toxicology Laboratory
at Newton, Ohio, The study will include, also, an attempt to
develop an improved method for measuring free carbon dioxide
in water.

*The sensitivity and utility of the opercular response have
been known for many years, but until recently technical problems
have discouraged its use, Now that the frequency (and probably
the amplitude) can be detected and recorded electrically without
disturbing or damaging the fish, the technical problems seem to
have been solved.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0866, WASTE TREATMENT FACILITIES FOR POLY
VINYL CHLORIDE MANUFACTURING PLANT
A.R. SMITH, B.F. Goodrich Company, Cleveland, Ohio 44115

A development, demonstration, and evaluation project for
the bio- chemical treatment of wastewaters from a typical poly
vinyl chloride manufacturing plant, at a 0.85 mgd scale of opera-
tion.

The treatment system is to produce effluent to meet the
receiving water standards (Delaware River) of greater than 87%
removal of BOD, turbidity of not greater than 30 units above river
water, and be free from taste and odor producing substances.

The process will consist of chemical pre-treatment with pri-
mary sedimentation, followed by activated sludge secondary
treatment and a final polishing pond. Tertiary treatment studies
with activated carbon are also contemplated to determine the ex-
tent to which the secondary effluent will lend itself to tertiary
treatment as future Delaware River standards may require the
equivalent of tertiary treatment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
B.F. Goodrich Chemical Company

5.0867, A PROGRAM FOR DEMONSTRATING COM-
BINED SEWER OVERFLOW CONTROL TECHNIQUE FOR
WATER QUALITY IMPROVEMENTS AND BEACH PRO-
TECTION
R.A. ROTH, Cleveland Bur. of Ind. Wastes, Cleveland, Ohio
44118

This proposed demonstration project constitutes a unique ex-
perimental attempt to: reduce the quantity of combined sewer
overflow discharges by ( I ) the introduction of polyelectrolytes
into the sewers during periods of rain to increase the flow and (2)

by periodically flushing the sewers during dry weather to reduce
the accumulation of solids and organic matter: to disinfect the
overflow and polluted stream waters by various methods of
storage, feeding and application of sodium hypochlorite solution:
to screen debris and floating solids from overflows: to create bar-
riers for reducing the degree of mixing and contamination of
shoreline waters by combined sewer overflow discharges: to con-
trol bacterial qua!ity of water within these enclosures by (1)
pumping water from 2,800 feet offshore, chlorinating, and
discharging to the enclosure, (2) hand chlorinating from boat,
and (3) by displacing the water with potable water. The various
methods, chemicals, and equipment used for carrying out the
foregoing program will be evaluated.

The demonstration project is regarded as an experimental,
interim program intended to provide improved water quality at
the Lake Erie shoreline until permanent pollution abatement pro-
grams can be carried out. It is expected that the information
gained from this project could be applied in many locations
throughout the country where combined sewer overflows have a
polluting effect upon receiving waters.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Cleveland City Government - Ohio

5.086, THE USE OF ORGANIC POLYELECTROLYTES
FOR OPERATIONAL IMPROVEMENT OF WASTE TREAT-
MENT PROCESSES
J.J. WIRTS, Cleveland Div. of Watr. Pol. , Cleveland, Ohio 44114

The project objective is to determine the increased purifica-
tion attainable in a full scale (123 mgd) activated sludge plant
through the use of polyelectrolytes in the waste treatment
process. Investigation will be made as to where and how the use of
polyelectrolytes can be economically feasible in upgrading the
operation of an established waste treatment facility. Polymers will
be added to the raw sewage or the primary influent, and certain
parts of the treatment plant will be given careful study to observe
the improved purification from the use of coagulating chemicals.
Procedures will be used so that the results obtained can be readily
compared with established plant operation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. C'I
Cleveland City Government - Ohio

5.0869, PIPELINE TRANSPORT OF SLUDGE
B. RAYNES, Rand Development Corporation, Cleveland, Ohio

This program is designed to determine the factors required in
pumping a digested sludge slurry from a sewage treatment plant
through a six mile pipeline to a strip mine area for reclamation.
The program entails research in the hydraulics of sludge trans-
port, and the method of ultimate disposal of the sludge in a
manner which has beneficial results in land reclamation. The pro-
gram is being carried out a strip mine site in Morgar own, W. Va.

The program was started in FY67 and is anticipated to go
through FY69 or FY70. The present state of the project is in the
design and construction stage of the pipeline and associated pilot
plant equipment to handle the sludge.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0870, SEWAGE TREATMENT, PILOT PLANT EVALUA-
TION
B.C. RAYNES, Rand Development Corporation, Cleveland, Ohio
(14-01-M01-483)

Under a three-year contract executed August 31, 1965, the
contractor will build and operate a pilot plant utilizing pulverized
coal to treat sewage and industrial wastes. The 10,000-gph plant
will be used to verify the technical merits and practical economics
of a process developed under earlier OCR sponsored work in
which coal has been found to be effective as a filter aid and as an
adsorbent.

In addition, bench-scale effort to improve the process will be
continued, and effort will be made to find methods of pre-treating
the coal to improve its effectiveness.

Coal and sewage wastes recovered from the process may be
incincerated, used as a fuel for burning municipal garbage or for
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water desalination, or for general steam and heat generation pur-
poses.

SUPPORTED BY U.S, Dept. of Interior - Off, of Coal Rch.

5.0871, RAPID-FLOW COMBUSTIBLE FILTER FOR
TREATMENT OF COMBINED SEWER OVERFLOW
B.C. RAY NES, Rand Development Corporation, Cleveland, Ohio

The design, construction, operation and evaluation of a
prototype rapid-flow combustible filter device to treat overflows
by removing gross contaminants from combined sewer systems.
Both influents to and effluent from the device shall be metered,
sampled, and analysed.

Convenience, ease of maintenence and low-cost operation
are important areas of concern in the evaluation of this device,
and flexibility in design and operation are therefore provided for
in the work program.

The prototype filter will be installed in an existing, operating
combined sewer overflow outfall of the Cleveland Ohio system.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0872, HEAT TRANSFER STUDIES ON SLUDGE
SUSPENSION
UNKNOWN, Rand Development Corporation, Cleveland, Ohio

The proposed project is a study of disgested sludge which is
to be economically disposed of by transport in small diameter
pipelines, and which can beneficially be used in land surface
reclamation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0873, MODIFICATION OF WHITTIER STREET STORM
STANDBY TANKS
C.T. LIN DBLOOM , Columbus City Government, Columbus,
Ohio

This project consists of an evaluation of the pollution reduc-
tion effectiveness of storm overflow tanks modernized by installa-
tion of automated sluice gates and other equipment.

Physical features of ihe project consist of the renovation of
three existing combined sewer overflow tanks having a capacity
of 1.3 erg each. The renovation includes automatic controls for
the tank influent sluice gates, new traveling bridge type sludge
collectors and new pumps. One objective of the automation is to
keep sludge levels by continuously removing it from the tanks and
thereby preventing anaerobic decomposition and its resultant
odors. Another objective is to control flows at the treatment plant
by proper use of the automatically operated sluice gates. The im-
provements in tank efficiencies are expected to reduce bacterial
contamination of the receiving stream, the Scioto River.

Evaluation will include studies of the efficiency of the tanks
as treatment units as well as studies of the effect of the system on
the river.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Columbus City Government - Ohio

5.0874, RELATIONSHIPS BETWEEN PHOSPHATE AND
OTHER CHEMICALS AT THE WATERSUBSTRATE INTER-
FACE IN WESTERN LAKE ERIE
N.W. BRITT, Ohio State University, Graduate School, Columbus,
Ohio 43210

This project is designed to determine the chemical and physi-
cal relationships between the water and sediment in western Lake
Erie. Little is known about the seasonal or longterm changes
which have occurred or are occurring at various depths in the
sediment and the overlying water. The specific areas of investiga-
tion include chemical determinations of the total phosphate, or-
ganic content, iron, sulfate, and arsenic content of the sediment
and overlying water throughout the year.

Determination of the physical composition of the sediment
may give an indication of the rate and amount of siltation. Redox
potential and pH determinations should give an indication of
some of the chemical changes occurring in the sediments and
overlying water.

SUPPORTED BY U.S, Dept. of Interior 0, Water Res. Rch
Ohio State University

5.0875, A STUDY OF BIOLOGICAL SYSTEMS IN THE
SCIOTO RIVER AS INDICES TO WATER QUALITY
.1.11, OLIVE, Ohio State University, Graduate School, Columbus,
Ohio 43210

The proposed research plan involves laboratory and field in-
vestigations directed toward developing biological indices to
water quality conditions in the Scioto River (Ohio) basin and
their application to other stream systems. A biological systems
analysis approach is planned in which populations of representa-
tive organisms and communities of organisms will be intensively
studied in relation to physical and chemical parameters. Species
diversity indices will be developed and correlated with physical
and chemical parameters.

Field investigations will involve; (1) Establishment of study
stations in the Scioto River above and below present and an-
ticipated zones of water quality influence. (2) Collection at two-
week to four- week intervals of biological organisms in represen-
tative habitats. (3) Collection of water and soil samples at loca-
tions described in (2).

Laboratory investigations will include: (I) Laboratory
identifications of organisms by taxonomic specialists and quantifi-
cation of results. Correlations between biologiLal organisms and
physical and chemical parameters will be determined. (2)
Laboratory determinations of trace elements by emission spec-
troscopy. (3) Species diversity indices will be derived by formulas
developed by Patten (1962). (4) Field determinations of chemi-
cal conditions for alkalinity, dissolved oxygen, carbon dioxide,
chlorides, iron, nitrates, phosphates, silicates, and sulfates.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Ohio State University
Ashland College

5.0876, THE CYCLING OF C1-36 LABELED DDT IN
NATURAL ECOSYSTEMS

PETERLE, Ohio State University, Graduate School, Colum-
bus, Ohio 43210 (AT(1 1- 1)1358)

The universal contamination of our environment by per-
sistent chlorinated hydrocarbons is an established fact. Samples
from the Arctic, from the pelagic fishes of the Pacific Ocean and
from the fauna of the Antarctic have been positive for residues of
DDT metabolites. Additional biological research has demon-
strated that physiological and behavioral effects on certain organ-
isms can be demonstrated in the laboratory at extremely low
levels of exposure. The importance of environmental levels of
pesticide residues, their translocation and bioaccumulation in
natural systems, is self-evident. The production and distribution
of DDT continues to increase, not only in the USA, but on a
global scale. The rapid increase in human population density, the
demand for increased food production and the more efficient
control of insect disease vectors suggests the continued
widespread use of pesticidal compounds. Additional information
is necessary to ascertain their effect on natural environments.

Prior experience in the use of isotope-labeled pesticides has
demonstrated that this is a useful and economical way for deter-
mining the transfer of these organic compounds in ecosystems.
This project will attempt to determine the transfer of CI-36 DDT
through a terrestrial system. Radioassay procedures will be used
to quantify the level of the insecticide and its metabolites in the
various physical and biological components of the ecosystem.
Since the radioassay procedures will assess only the labeled DDT
applied, total body burdens will reflect only that DDT accumu-
lated from the study area. Some artificial exposures in time and
space will be made to determine rates of accumulation for the
various species present on the treated area.

SUPPORTED BY U.S. Atomic Energy Commission

5.0877, INFLUENCE OF SUSPENDED MICROSCOPIC
SUBSTANCES ON THE METABOLISM OF MICROORGAN-
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ISMS RESPONSIBLE FOR BIOLOGICAL ENRICHMENT 4:1,?
WATER
R.M. PFISTER, Ohio State University, Graduate School, Colum-
bus, Ohio 43210

The proposed investigation is to study the interaction of en-
vironmental contaminants (defined as substance not formed
biologically or naturally, and which are not normally indigenous
to the water) on the microbial portion of the ecosystem. The par-
ticulate materials (detritus) will be examined on a physical,
chemical, and biological basis, and the materials will be charac-
terized using differential and gradient centrifugation in conjunc-
tion with electron microscopy. The characteristic fractions of
suspended particulate material will ultimately be examined for
ability to influence biological reactions. This particulate fraction
of water is important to microbial relationships in the area of in-
terfaces and biological activity. It is known that particles and
molecules in solution accumulate at interfaces (this includes
chemicals which can either act favorably (e.g nutrients) or un-
favorably (e.g., pesticides) to organisms) and that enzymatic
reactions are concentrated at membranous surfaces. Therefore, it
is of significant importance to study the capabilities of non-
biologicals that commonly end up in the waters on such colloidal
or molecular interfacial systems.

The investigation will be confined to a small river or creek
basin which enters into Lake Erie, and to the lake itself.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Ohio State University

5.0878, REMOVAL OF TRACE METALS FROM WATER
BY ION FLOTATION
A.J. RUBIN, Ohio State University, Water Resources Center,
Columbus, Ohio 43210

Contamination of domestic and industrial water supplied by
trace metals is of increasing concern. The possible economic
damage and potential health hazards of certain trace metals cou-
pled with the difficulty in their removal requires a new approach
in treatment process selection and design. Ion flotation, a new low
gas flow -rate foam separation technique, offers promise as an ef-
fective unit process for the selective removal of such trace metals.

The general objectives of this research are to (1) investigate
the variables affecting metal ion removal by ion flotation, and (2)
establish design criteria for an ion flotation process. For the first
year of the proposed research, the specific objectives are to study
the kinetics and variables affecting the removal of lead (II) in
batch ion flotation systems. Other cations will be investigated dur-
ing the second year, and as time permits during the first year after
completion of the lead (II). studies. These variables, which affect
the rate and/or degree of removal, include the metal ion and col-
lector surfactant concentrations, gas flow-rate , pH, and ionic
strength. Interactions between variables will also be determined.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Ohio State University

5.0879, RELATIONSHIP OF ACTIVATED SLUDGE
BULKING TO ORGANIC LOADING, OXYGEN AVAILABILI-
TY, AND HYDRAULIC CHARACTERISTICS OF THE AERA-
TION TANK
K.S. SHUMATE, Ohio State University, Water Resources Center,
Columbus, Ohio 43210

The specific objectives of this research are to investigate the
interrelationships between oxygen availability, organic loading,
agitation intensity, and mixed liquor age distribution as factors
contributing to sludge bulking in the activated sludge process. A
physical simulation of the complete mix reactor-in-series model
will be used to provide controlled variation of mixed liquor age
distribution. Agitation in the aeration tanks will be controlled by
the combined use of diffused air and mechanical stirring. Diffusor
air flow rate will be varied as required, and the mechanical stirrers
will be adjusted to control the total power input per unit volume,
which will be used as the parameter of agitation intensity.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Ohio State University

5.0880, STUDY OF THE SULFIDE-TO-SULFATE REAC-
TION MECHANISM
E.E. SMITH, Ohio State University, School of Engineering,
Columbus, Ohio 43210

Objectives of this study are to determine the effects of timber
harvest practices on the physical and chemical characteristics of
coastal streams and on fixation of energy by stream periphyton
and inflow of organic detritus. Mean levels and variabilities of
suspended sediment discharge, stream temperature, net solar
radiation, chemical water quality, primary production by
periphyton, and inflow of plant detritus will be established during
a two year pre-logging period 1966- 68. Studies will continue dur-
ing logging in 1966 and for two years after harvest.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0881, A PILOT-SCALE STUDY OF ACID MINE
DRAINAGE
E.E. SMITH, Ohio State University, School of Engineering,
Columbus, Ohio 43210 (14- 12 -97)

The project activities are designed to establish a systems
research approach to the investigation of acid mine drainage. The
study will attempt to define the controlling factors and to assess
the significance of acidic condtions in abondoned mines, cur-
rently inactive ones, and in future mining areas. Attempts will be
made to assess the characteristics of acid formation, to establish
systems to monitor adequately the variables selected, and to at-
tack the problem with suitable abatement measures.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0882, PRECIPITATION OF PHOSPHATES FROM
WATER WITH FERROUS SALTS
K. SPANKS, Ohio State University, School of Engineering,
Columbus, Ohio 43210

The objectives of this study are to determine: 1) The
mechanism of the reaction and optimal conditions under which
ferrous hydroxide (applied directly or indirectly in form of fer-
rous sulfate) may be used to remove phosphates from water. 2)
Methods of removing the insoluble phosphates and
polyphosphates formed in the reaction, with particular emphasis
on flotation processes. 3) The effectiveness of insoluble ferrous
salts with or without flocculants to reduce the BOD and total
nitrogen and the possible interference of these and other sub-
stances to the removal of phosphates.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Ohio State University

5.0883, CLADOPHORA AS RELATED TO POLLUTION IN
WESTERN LAKE ERIE
C.E. TAFT, Ohio State University, Graduate School, Columbus,
Ohio 43210

The proposed research involves mapping and quantitative
studies, of attached Cladophora along the shorelines and on shoals
adjacent to the Lake Erie Islands, and of the detached
Cladophora beds that drift across the lake bottom. The approach
will determine the quantity of Cladophora on the basis of dry
weight, its periodicity, the chemical composition relative to that
of the lake water, and the relationship of Cladophora to oxygen
concentrations over the beds. Studies to evaluate harvested
Cladophora as special products such as fiberous filter material,
food, and/or as a mulch will be initiated.

Field investigations include: 1) Aerial mapping of
Cladophora beds. 2) Observations of periodic growth on the beds.
3) Quantitative measurements of Cladophora on attached and
drifting beds. Laboratory invesgigations include: 1) Chemical
analyses of Cladophera. 2) Chemical analysis of lake water. 3)
Culture of Cladophora. 4) Suitability of Cladophora as a special
filter medium. 5) Suitability of Cladophora as an animal food sup-
plement. 6) Suitability of Cladophora as a speciality mulch.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Ohio State University

5.0884, DEVELOPMENT OF TILLAGE-REPLACING HER-
BICIDE SYSTEMS
G.B. TRIPLE7'T, Ohio State University, Agricultural Experiment
Sta. , Columbus, Ohio 43210

Objective: To develop herbicide systems for non-tilled crop
production that control unwanted vegetation and minimize
hazards: (1) to current crop, (2) to succeeding crops, (3) of soil
and water contamination.

Herbicides will be screened to determine their value in con-
trolling unwanted vegetation and their hazard of crop injury.
Promising materials and combinations of materials noted in
screening trials will be evaluated for their adaptability to non-
tilled crop production following sod and clean tilled crops. The
best systems emerging from this research will be evaluated for (1)
contamination of crops, (2) injury to following crops, (3) con-
tamination of surface water runoffs.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio State Government

5.0885, THE EFFECT OF DIELDRIN ON SURVIVAL AND
DEVELOPMENT OF FISH EGGS
R.A. TUBB, Ohio State University, Graduate School, Columbus,
Ohio 43210

Dieldrin is the most commonly found insecticide in the major
river basins of the United States (Breidenbach, 1967). Over 1,5
million acres in Ohio are treated annually with aldrin which is
rapidly oxidized to dieldrin. Natural populations of fishes and fish
eggs have been surveyed for dieldrin residues. Currently eggs
from Stizostedion vitreum, Ictalurus punctatus and Polydictus
olivaris are being subjected to concentrations of 0.05 ppb to 125
ppb dieldrin. The project was started in 1966 and will be
completed in 1969.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Ohio State University

5.0886, THE UPTAKE OF DIELDRIN IN THE THREE
RIDGED NAIAD, AMBLEMA PLICATA
R.A. TUBB, Ohio State University, Graduate School, Columbus,
Ohio 43210

Am blema plicata occurs throughout the Ohio River drainage
and is becoming increasingly important for export in the cultured
pearl industry. Since this mollusk remains stationary for long
periods of time, it can act as a pesticide monitor if: streams.
Recent studies have shown that naiads concentrate chlorinated
hydrocarbons. This study is an attempt to find the levels of diel-
drin in natural populations and experimentally determine the up-
take and excretion rates of the pesticide. The project was started
in June, 1968 and will be completed in 1969.

SUPPORTED BY U.S. Dept. of !nterior - Bu. Sport Fish.
Ohio State University

5.0887, ALTERNATIVE ECONOMIC RESPONSES TO
THE ACID MINE DRAINAGE PROBLEM IN SOUTHEAST-
ERN OHIO
R.A. MOUT, Ohio State University, Graduate School, Colum-
bus, Ohio 43210

A cost-benefit analysis from which additional inferences are
drawn on selected levels of abatement. Costs are found in three
parts: (I) costs of treatment; (2) costs of sealing; and (3) secon-
dary costs. Costs of treating mine drainage, in terms of unit add
and iron content are derived from Pennsylvania's 'Operation Yel-
lowboy'. Costs of sealing are based on the results of Moraine State
Park Reclamation Project No. 1 (Butler County, Pa.), where 81
mines are currently being scaled. Secondary costs are those
derived from unemployment and community loss of income
resulting from inability to sell coal et prices that cover treatment
costs.

A number of special studies were conducted preliminary to
the above, First, employment, wage, price and production series
were constructed county-by-county in an attempt to separate

from other trends the unique effects of treatment costs on em-
ployment. Second, for the purpose of generalizing the costs to the
states, the problem of predicting mine drainage was analyzed on
the basis of (1) volume of drainage per ton of coal mined, by
county, with subcases for deep and strip mining and with cor-
rections for scam thickness and hydrologic conditions; (2) quality
of drainage as affected by surrounding geological strata.

Benefits are found for (1) municipal water treatment; (2) in-
dustrial water usage and (3) recreation. Secondary benefits in the
form of community impact of tourist expenditures are included.
Conceptual limitations to the use of secondary costs and benefits
are noted.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Ohio State University

5.0888, STRIP-MINING AND WATER QUALITY
J.P. VIMMERSTEDT, Ohio State University, School of Agricul-
ture, Columbus, Ohio 43210

Since 1965 when strip mining began on Little Mill Creek
Water Shed, weekly samples of storm water have been taken at
four sampling points. Two of the points are receiving effluent
from the strip mining operation and two are not. The water sam-
ples have been analyzed for concentration of manganese, iron,
aluminum, sulfate, calcium, and magnesium. These chemical
analyses have shown large differences in composition between
those sampling points receiving strip mine drainage and those
unaffected by these mining operations. Manganese and sulfate
concentrations havohown the largest increases.

A sprinkling infiltrometer has been constructed and is being
used to measure rate of rainfall in filtraCon on spoil banks of
varied composition.

SUPPORTED BY U.S. Dept. of interior - 0. Water Res. Rch
Ohio State University

5.0889, STRIP-MINING AND WATER QUALITY
J.P. VIMMERSTEDT, Ohio State University, Agricultural Experi-
ment Sta. , Columbus, Ohio 43210

Objectives: 1. To determine the changes in chemical com-
position of the water in Little Mill Creek following strip-mining
for coal on the watershed. 2. To study the relationships between
reclamation measures and water quality.

Description of work proposed: Periodic water samples taken
at 4 weirs will be analyzed for chemical composition. Three of the
weirs receive water from the mined area while one does not.
Comparisons will be made between water from the mined and un-
mined area.

A portable rainfall simulator will be used to study runoff and
erosion from the spoil banks, and infiltration of water into the
banks.

SUPPORTED BY Ohio State Government

5.0890, HYDROLOGIC INFLUENCES OF STRIP MINING,
BEAVER CREEK, KENTUCKY
R.J. PICKERING, U.S. Dept. of Interior, Water Resources Divi-
sion, Columbus, Ohio

The purpose of this study is to determine the effect of strip
mining for coal on the soil, water, and other natural resources.
The main study area consists of two small stream basins in the
headwaters of Beaver Creek tributary to Cumberland River in
McCreary County, Kentucky. The study area includes one
watershed in a natural state and the adjacent watershed which has
been extensively strip mined.

Strip mining is a common operation in large areas of Ken-
tucky and adjacent states. It is important to all phases of water
development in the Appalachia Region to know the effects of
strip-mining on the hydrologic system. This study is design :I to
determine both the nature and the magnitude of the effects.
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SUPPORTED BY U.S. Dept. of Interior - Geological Survey

5.0891, TERTIARY TREATMENT BY FLOCCULATION
AND RAPID SAND FILTRATION
D.F. TOSSEY, Dayton Department of Water, Dayton, Ohio
45402

The purpose of this project is to demonstrate the feasibility of
tertiary treatment at a municipal trickling filter plant. Coagula-
tion, flocculation, sedimentation and filtration principles will be
applied to trickling filter effluent and final plant effluent utilizing
an existing scale model unit. Tests will be conducted both with
and without the use of chemicals. Various filter media and flow
rates will be studied.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Dayton City Government - Ohio

5.0892, STUDY OF UTILIZATION AND DISPOSAL OF
LIME SLUDGES CONTAINING PHOSPHATES
R.E. OFFERKUCH, Monsanto Research Corporation, Dayton,
Ohio 45407 (14-12-199)

The technical and economic feasibiliry of utilizing the
sludges obtained from the lime treatment of wastewater to
remove phosphates will be determined. Economic, market, and
engineering studies will be made on each potential large volume
(sulfate fertilizers, wet process phosphoric acid, and phosphated
fertilizers) outlet for phosphate sludge. Samples of recovered lime
from a number of installations where classification of waste
waters is carried out will be evaluated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0893, TROPHIC TYPOLOGY OF OHIO LAKES
G.D. COOKE, Kent State University, Graduate School, Kent,
Ohio 44240

On the basis of the number and kinds of species, nutrient
content, biomass, chlorophyll, and rate of community
photosynthesis, lakes are classified as oligotrophic, inesotrophic,
and eutrophic. A central question in aquatic ecology is whether
the eutrophic type has the properties of a mature or an immature
ecosystem. The purpose of this investigation is to classify a group
of lakes and reservoirs in Ohio on the above bases, and to then ap-
proach the question of the degree of maturity of a nutrient-rich
eutrophic lake, in comparison to more oligotrophic types.

Dollar Lake, Portage County, Ohio is currrently being in-
vestigated as a representative of an extremely eutrophic lake.
Preliminary studies on lakes which do not receive agricultural or
septic tank effluent are underway.

SUPPORTED BY Kent State University

5.0894, ECOLOGICAL SUCCESSION IN A NORTHEAST-
ERN OHIO RESERVOIR
G.D. COOKE, Kent State University, Graduate Schoe, Kent,
Ohio 44240

The purpose of the investigation is to study the structure and
function of the plankton community down the length of Lake
Rockwell, a long, narrow reservoir in Portage County, Ohio. The
reservoir is fed by the nutrient-rich Cuyahoga River. It is
hypothesized that the portion of the reservoir nearest the en-
trance of the river will be more eutrophic and therefore an
ecologically more immature community, in comparison to that
portion of the reservoir furthest from the input of nutrient-rich
water.

Water s amples will be collected at stations along the river
and reservoir, and analyzed for nitrate, phosphate, and
chlorophyll, and for number, kinds, and biomass of plankton or-
ganisms. Community photosynthesis will be measured by light
and dark bottle methods. Other data of limnological importance
will be collected.

SUPPORTED BY Kent State University

5.0895, A FIVE YEAR LIMNOLOGICAL STUDY OF A
NEWLY CREATED ACID MINE WATER IMPOUNDMENT
C.V. RILEY, Kent State University, Graduate School, Kent, Ohio
44240

A limnological study of a newly created 3.5 acid mine water
impoundment is being conducted. The impoundment was created
on the site of a former `gob' waste dump and mine drainage ditch.
Physico- chemical data concerning the mine drainage were col-
lected prior to impoundment. Analyses have been continued on
the impounded water, at various levels, as the waste materials
were submerged. Analysis include, pH, specific conductance,
total acidity, total alkalinity, dissolved 02, free CO2, dissolved
solids, Fe, Zn, Al, Mn, hardness, Ca, Mg. etc. Monitoring equip-
ment is to be installed in 1968. Continuous monitoring of pH,
D.O., solids, total alkalinity and temperature will be included.

SUPPORTED BY Kent State University
Ohio Reclamation Association

5.0896, ELECTRODIALYSIS TREATMENT OF SECON-
DARY EFFLUENT
C.A. BRUNNER, U.S. Dept. of Interior, Leb. Adv. Waste Tmnt.
Plant. , Lebanon, Ohio

Electrodialysis is being pilot tested to determine the feasibili-
ty of the method for partially demineralizing municipal waste-
water. The partial demineralization is necessary for removal of
the increment of inorganic material added during use and
becomes especially important when multiple reuse of the water is
considered.

The pilot system consists of a 50-gpm electrodialysis stack.
Feed to the stack is clarified and granular-activated-carbon
treated municipal secondary effluent. The design value of the
fraction of mineral removal is 40 percent. Concentrated waste
rate is maintained at less than 10 percent of the product rate. Dur-
ing operation the degree of demineralization is monitored
frequently by conductivity measurements of feed and product.
Analyses of principal ions are obtained occasionally.

An operating problem that has been encountered is anion
membrane fouling. The result of fouling is a decline in
demineralization. Since the problem first arose, much of the ex-
perimental work has been aimed at overcoming it. Although foul-
ing has been reduced by improved clarification, it has not been
completely eliminated. The fouling materials can be removed by
allowing the equipment to remain idle for several days.

In spite of the fouling problem, electrodialysis is considered
to be technically feasible. Longer study is required to determine
accurately the economic feasibility, but present estimates indicate
the process is practical.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl

5.0397, SINGLE STAGE LIME TREATMENT WASTE-
WATER
C.A. BRUNNER, U.S. Dept. of Interior, Leb. Adv. Waste Tmnt.
Plant. , Lebanon, Ohio

In certain envisioned reuses of wastewater, it is essential to
remove suspended material. Chemical clarification with lime is
one possible method of removal. In this study, lime clarification is
being used to treat municipal secondary effluent prior to granular
activated carbon treatment and demineralization by electrodialy-
sis.

Secondary effluent is supplied to a circular up-flow clarifier
at a rate of 75 gal. per min. Lime slurry and secondary effluent are
mixed in a rapid mix zone where precipitation occurs. The mix-
ture passes through a sludge blanket and finally into the sedimen-
tation zone. The effluent from the clarifier is further polished with
two dual media filters (anthrafilt and sand). The total organic car-
bon, suspended solids or turbidity, alkalinity, hardness, and
phosphate concentration of feed and product water are moni-
tored. The most important operating variable is clarifier pH. Stu-
dies are being made over the range 9 to 10.5. Limited study has
been made of flocculant aids.
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Results indicate that good clarification can be obtained at pH
values from 9 to 10.5 without a flocculant aid. Phosphate removal
is also good over that pH range. Significant calcium and alkalinity
removals occur at pH of 9.5.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0898, TREATMENT OF WASTE WATER - WASTE OIL
MIXTURE
J. BARKER, Armco Steel Corporation, Middletown, Ohio

This project provides for design, operation, studies, and re-
ports on a full scale demonstration facility to be built by ARMCO
FOR THE TREATMENT of 4.6 mgd of oil-water emulsion wastes
from a five-stand sold-rolling mill. A five chemical treatment
method of coagulation, flocculation, dissolved air flotation for oil-
water separation, and sludge incineration will be used. The pro-
ject schedule provides one year for construction and one year for
operating studies of parameters and reporting of results.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Armco Steel Corporation

5.0899, TREATMENT OF ACID RINSE WATERS
J. BARKER, Armco Steel Corporation, Middletown, Ohio

The project provides for construction, operation, tests, and
reports on facilities to treat 1500 gpm of acid rinse waters
produced by the hydrochloric acid pickli-- of strip-steel prepara-
tory to cold- rolling. The treatment process will consist of
limestone neutralization, aeration, coagulation, sedimentation,
sludge recirculation, vacuum filtration of the excess sludge, and
effluent equalization.

All or nearly all of the acid and the compounds of iron will be
removed by the treatment process. The chloride content of the
waste is not changed by this process and may be such that dilution
with other available wastes will be required in order to meet the
state's proposed standards regarding total dissolved solids.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Armco Steel Corporation

5.0900, THE EFFECTS OF ENVIRONMENTAL CONDI-
TIONS ON THE SPAWNING AND SURVIVAL OF FRY OF
THE WALLEYE
V.C. APPLEGATE, U.S. Dept. of Interior, Biological Station, San-
dusky, Ohio

The recent decline of walleye stocks in Lake Eric following a
man induced acceleration of the eutrophic process in the lake de-
mands investigation of the many environmental factors which
might influence the survival of young walleyes. Temperature
monitoring stations have been established on three known wal-
leye spawning grounds ( reefs) in the western basin with the object
of determining the effect of temperature regimes during spawning
and fry development in the success of walleye hatches. These
records will also be used to determine the effects of temperature
on the timing and abundance of food organisms that may be es-
sential to the survival of walleye fry when they first begin feeding.

Walleye fry have proved elusive and difficult to capture dur-
ing their first 6 weeks of life. Measurement and recording of the
direction and velocity of water currents on these reefs during the
walleye spawning season have been instituted with the objective
of casting some light on the dispersal of the fry.

Subsequently, automatic devices for the regular and periodic
sampling of plankton organisms on and near the reefs will be
devised and incorporated into this experiment. Qualitative and
quantitative examination of these samples will be compared with
the planktonic diet of fry captured during their first weeks after
hatching.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

5.0901, SUBLETHAL INFLUENCE OF POLLUTANTS ON
FISH METABOLISM
J.J. OHARA, Central State University, Graduate School, Wil-
berforce, Ohio 45384

The principle objective of the proposed research is to pro-
vide an adequate estimate of the alterations in the growth and
standard metabolism of fishes caused by different, sublethal con-
centrations of pollutants commonly found in fresh waters. These
measures are necessary to a basic ecological study on fish growth
and energy balance and their interrelationship with the communi-
ty productivity and energetics. Only by determining the influence
of common pollutants can future work in fish energetics and
population production be applicable to a wide variety of habitats.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0902, DETAILED CHARACTERIZATION OF SOILS
AND VEGETATION AT SELECTED SITES TO SERVE AS
BASIS FOR FUTURE EVALUATION OF RADIOACTIVE
CONTAMINATION
J. HAGHERA, Ohio Agric. Res. & Dcv. Ctr. , Wooster, Ohio
44691

Field, laboratory, and greenhouse investigation of soils and
vegetation from selected sites in Ohio to aid in evaluating the role
of soil fixation, leaching, run-off, erosion, and possible concentra-
tion by plants in the disposition of radioactive contamination.

Soil samples, plant material, and run-off from Sr90 and un-
treated plots will be analyzed for Sr90 as well as the determina-
tion of other soil properties and composition, the soil profiles of
the various plots are being characterized and the inorganic and
organic fractions of the soil are being studied to determine their
influence on the retention or release of Sr90. Soils and vegetation
of small watersheds are being analyzed for gamma emitting
isotopes. The uptake of Sr90 by various plant species grown
under different conditions is underway.

SUPPORTED BY Ohio State Government

5.0903, PHYSICAL AND CHEMICAL CHANGES IN
WEATHERING COAL SPOILS-EFFECT ON WATER
SUPPLY AND PLANT GROWTH
J.P. VIMMERSTEDT, Ohio Agric. Res. & Dcv. Ctr. , Wooster,
Ohio 4469 I

Objectives: To study the physical and chemical properties of
weathering coal spoils. (1) To study the composition of ground
water loaching from coal spoils as it changes with time. (2) To
determine the distribution between runoff and infiltration of rain
falling on spoil banks. (3) To study the composition of spoil air.
(4) To follow the variation in spoil temperature with season,
depth, and stage of weathering. (5) To measure the rate of set-
tling of fresh spoil material and the change in particle size as the
spoil weathers. (6) To determine the spoil factors affecting tree
seedling survival, growth, and mineral composition.

Procedure: Lysimeter studies, by which objectives 1,3,4, & 5
have been pursued, will be continued. Field studies will incor-
porate objective 2.

SUPPORTED BY Ohio State Government

5.0904, EFFECT OF IMPOUNDMENTS ON WATER
QUALITY
W.R. DUFFER, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,
Ada, Oklahoma 74820

The purpose of this investigation is to optimize reservoir
water quality with regard to disolved oxygen, excess nutrients,
algal blooms, toxic chemicals, and releases to maintain flow and
support stream life.

Pre-impoundmental data for the Arbuckle system have been
collected at four stream stations since December 1965. Arbukle
reservior was closed in January 1967, and biweekly sampling of
chemical and microbiological paramenters continues at pre-im-
poundment stations. Background data also exist on benthic
macroirvertebrate population structures for these stations. The
four pre-impoundment stream stations will be used to monitor
water quality changes after the reservoir fills and can be used for
comparison with background data collected prior to filling.

When Arbuckle Reservoir fills, sampling locations and
schedules will be established for monitoring reservoir water quali-
y changes. The immediate objective of this project is to relate
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biological and chemical paramenters to the water quality of the
reservoir by measuring the extent of their change in a relatively
undisturbed system. Future studies will measure the extent of
change in critical paranienter in reservoir systems receiving waste
materials.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0905, STREAM REAERATION
W.R. DUFFER, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,
Ado, Oklahoma 74820

The purpose of this investigation is to correlate stream
reaeration rates with parameters expressing stream geometry and
flow. This work will -Isentially extend the work of other investiga-
tors from tidal estuaries and streams having large flows to low-
flow streams which are more representative of the southwestern
United States.

In addition, the study will lead to an evaluation of the acutal
oxygen balance of the system with reference to photosynthesis,
respiration, and diffusion. Further, the study will differentiate
between these oxygen parameters in both the free-flowing stream
and the benthos.

Present investigations are under way at the two test sites in
Rock Creek, a stream of the Arbuckle impoundment system. One
site is located upstream from a municipal sewage disposal plant,
while the other is located downstream from the plant. Both sec-
tion of Rock Creek are characterized by limestone substrate.
Plastic chambers will be used to separate the effects of
photosynthesis, diffusion, and respiration under conditions of
very little organic enrichment (upstream) and heavy organic en-
richment (downstream).

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0906, PIGMENT ANALYSIS FOR THE DETECTION OF
ENRICHM ENT
W.J. DUNLAP, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,
Ada, Oklahoma 74820

Enrichment of surface waters by fertilizing nutrients from
waste effluents and other sources is of major concern in water
pollution control. Quantitative assessment of the extent and effect
of enrichment is, however, very difficult by presently available
methods. Previous studies have indicated that pigment composi-
tions, particularly carotenoids-chlorophyll a ratios, of
phytoplankton may vary in a regular and predictable manner with
changes in nutrients present in the aquatic environment. The pur-
pose of this research is to determine if analysis ofphytoplankton
pigments may be conveniently utilized for detection and evalua-
tion of enrichment in surface waters.

Current research involves development of improved methods
for the qualitative and quantitative determination of phytoplank-
ton pigments in aqueous media. Methods developed will be em-
ployed for study of the effect, under controlled environmental
conditions, of single nutrients and mixtures of nutrients on pig-
ment compositions of unialgal cultures, mixed algal cultures, and
mixed bacterial-algal cultures. Emphasis will be placed on defini-
tion of pigment concentrations and ratios indicative of en-
richment; possible utilization of phytoplankton pigment concen-
trations for prediction of impending nuisance algal blooms will
also be investigated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0901, STUDY OF MICROBIOLOGICAL-BIOCHEMICAL
PHOSPHATE SORPTION MECHANISM BY ACTIVATED
SLUDGE
W.J. DUNLAP, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,
Ada, Oklahoma 74820

Study the fundamental microbiological-biochemical aspects
of the sorption of orthophosphate by activated sludge. Biochemi-
cal mechanism of uptake and release of orthophosphate by mixed
cultures of bacteria comprising activated sludge. Concurrently
predominant species of bacteria in activated sludge of high
phosphate sorbing capability will be identified. Individual species
found to predominate in phosphate sorbing sludges will be sub-
jected to metabolic studies to determine mechanism.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0908, THE CHARACTERISTICS AND POLLUTIONAL
PROBLEMS OF PETROCHEMICAL WASTES
J.A. HORN, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,
Ada, Oklahoma 74820

Preparation of a comprehensive report reflecting the status
of present knowledge regarding pollutional problems associated
with petrochemical wastes discharged to the aquatic environment
and the effects of such discharges upon water quality of surface
streams and groundwater resources in the United States.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0909, THE CHARACTERISTICS AND POLLUTIONAL
PROBLEMS OF IRRIGATION RETURN FLOWS
J.P. LAW, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr , Ada,
Oklahoma 74820

Preparation of a comprehensive report that will reflect the
status of present knowledge regarding the pollutional problems
associated with irrigation waste waters and their effects upon
water quality of surface streams and groundwater resources in the
United States.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0910, REMOVAL OF NUTRIENTS FROM ENRICHED
FLOWS & WASTE EFFLUENTS BY THE HYDROPONIC
CULT OF SUITABLE FORAGE PLANTS & GRASSES
J.P, LAW, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. , Ada,
Oklahoma 74820

Hydroponic culture is a well-established method for growing
many different types of plants. Normally, solutions are prepared
with proper proportions of all required nutrients and are fed to
the root systems of the growing plants. Algae have been grown for
the removal of nutrients from lagoons receiving sewage effluents,
but the difficulty of harvesting the growth makes this an undesira-
ble approach.

It is proposed that higher plants can be successfully grown
using a gravel-bed support in specially designed structures for the
removal of nutrient materials remaining in waste effluents. Some
of the principal objectives of this research are: 1. To improve the
quality of surface streams receiving wastes and effluents by the
removal of nutrients. 2. Finding the most suitable plants to be
grown by this method. 3. Determine economic feasibility of the
method, based on expected yield, cost of installation, operation,
harvesting methods, etc. 4, Determine quantities of nutrients
removed by the process. 5. Propose design criteria for application
of the method to waste treatment installations.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0911, DYNAMICS OF RESERVOIR DESTRATIFICA-
TION
L.E. LEACH, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,
Ada, Oklahoma 74820

This investigation is being carried out to determine the effec-
tive limits and direction of circulation of water using a com-
pressed air diffuser system. A study will be made on systems of
several sizes or a series of systems based on the physical charac-
teristics of study reservoirs. Destratification studies have been
employed only in relatively small impoundments. The present
study is unique since it is being conducted in the central pool of a
large reservoir, Eufaula Reservoir, near McAlester, Oklahoma,
containing approximately 600,000 acre-feet at power pool eleva-
tion 585.0 and having an average depth of 60 feet.

The system used supplied compressed air to an arrangement
of filter stones at a depth of 75 feet for 30 days. Vertical profiles
of data concerning the kinetics of the system were collected at
selected buoy stations prior for during, and following artificial
destratification. Natural thermal stratification was measured in
non affected areas of the reservoir for comparative purposes.

The study was begun in June 1967, and it is continuing until
the reservoir becomes isothermal due to seasonal conditions.
Modifications of the compressed air diffuser system will be made
following collation and evaluation of 11967 data. The modified

1-451



5. WATER QUALITY MANAGEMENT AND PROTECTION

system will be installed and operated in the central pool of Eufau-
la Reservoir in the spring, summer, and fall of 1968.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0912, PHOSPHATE REMOVAL BY ACTIVATED
SLUDGE PROCESS APPLICATION - PLANT SCALE
DEMONSTRATION
L.D. LIVELY, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,

Ada, Oklahoma 74820
Objective - The positive confirmation of an imposed biologi-

cal phosphorus removal on a sustained basis at a plant which had
a prior record of limited removal of phosphorus.

Locate and study activated sludge sewage treatment plants
which meet critical design criterion pertinent to biological
phosphate removal. The plants arc to be located in different geo-
graphical regions of the Continental U.S.A. Chemical and opera-
tional characteristics will be determined to ascertain what
changes are necessary for such plants to serve as demonstration
plants for the biological phosphate removal process.

Description - 1. Negotiate, establish, and monitor plant scale
research demonstration for five municipalities to be operated for
one full year. 2. Establish system to monitor three additional
sewage treatment plants known to be removing phosphorus by the
activated sludge process at the present time. 3. Conduct survey
and amenability studies on four more activated sludge plants in
the Northeast, Southeast, Northwest, and Southwest Regions of
the FWPCA to complete scope of phosphate removal project in
selecting plants and identifying parameters critical to mechanism,
kinetics, operation, and sustenance of the process.

SUPPORTED BY U.S. Dept. of Interior - F. Water Po, CAI

5.0913, MINING-POLLUTION CONTROL TECHNOLOGY
- OIL PRODUCTION GROUND-WATER RECLAMATION BY
SELECTIVE PUMPING
L.G. MCM!LL!ON, U.S. Dept. of Interior, R.S. Kerr Water Res.
Ctr. , Ada, Oklahoma 74820

This is a field research project designed to develop and
demonstrate a method for alleviating brine contamination in
ground water reservoirs by selective development and pumping of
the contaminated water. The contaminated area to be in-
vestigated is similar to many hundreds of other contaminated
areas in the southwest, especially in West Texas and New Mexico
where localized contamination has resulted from land disposal of
oil filed brines. The project will develop guidelines for use by in-
dustry and governmental agencies in the correction of ground-
water contamination and will report on the practicability of use of
poor quality water for secondary oil recovery. Field site for the
project is near Hobbs, New Mexico.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0914, RESEARCH NEEDS PERTAINING TO PETROLE-
UM WASTE WATERS
L.H. MYERS, U.S. Dept. of Interior. R.S. Kerr Water Res. Ctr. ,

Ada, Oklahoma 74820
A state of the art paper will be written concerning the

petroleum industry and its waste water problems. The report will
encompass three sections in the petroleum industry--(1) produc-
tion, (2) refining, and (3) transportation.

This report will contain research needs in the petroleum
waste water field with priority to the most prevalent pollutants in
each section.

The report is intended as a general source of information to
administrators, scientists, and individuals involved in water pollu-
tion control.

A need exists to determine the magnitude, severity, and
potential management of petroleum waste waters.

SUPPORTED BY U.S. Dept. of Interior -

5.0915, PHOSPHATE REMOVAL
SLUDGE PROCESS SPECIFICATION
RESEARCH
P.M. PFEFFER, U.S. Dept. of Interior, R.S.
, Ada, Oklahoma 74820

Objective: The verification and quantification of the specific
design and operational parameters which control phosphorous
removal in activated sludge plants.

Description: Conduct one-year plant scale research program
to meet objectives at a city of choice, known to be removing
phosphate on a plant scale.

Define range and limits of operation and design parameters
of phosphate removal process.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

F. Water Pol. Ctl

BY ACTIVATED
- PLANT SCALE

Kerr Water Res. Ctr.

5.0916, POLLUTION IMPLICATIONS OF ANIMAL
WASTE
M.R. SCALF, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,
Ada, Oklahoma 74820

This project is concerned with defining the chemical, physi-
cal, and biological properties of various animal wastes and
describing the location and extent of the problem. In addition,
present technology for collection, transportation, treatment, and
utilization of animal wastes will be described along with past and
current research. The final phase of the project is to indicate
areas of future research.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0917, FATE OF POLLUTANTS IN GROUND WATER
M.R. SCALP, U.S. Dept. of Interior, R.S. Kerr Water Res. Ctr. ,
Ada, Oklahoma 74820

Traditionally, it has been and continues to be the practice of
water users in the High Plains area of West Texas and Eastern
New Mexico to recharge aquifers with playa lake water. In doing
so, the aquifer recharged risks contamination by chlorinated
hydrocarbons and nitrates resulting from agricultural practices. It
is of concern that chlorinated hydrocarbons, in particular, adsorb
to aquifer material in the near proximity of the recharge well and
then are released in high concentrations when that well is
pumped. This project is being conducted cooperatively by the
Robert S. Kerr Water Research Center of the Federal Water Pol-
lution Control Administration and the Southwestern Great Plains
Research Center of the U. S. Department of Agriculture. The ex-
periment will be at the latter's installation at Bushland, Texas.

The scope of this project will be to determine the distance
which pollutants travel in a fresh water aquifer under recharge
conditions and the temporal distribution of these concentrations
when that same well is pumped.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0918, BEHAVIOR OF WATER IN AN SOUTHWEST IM-
POUNDMENT - LAKE THUNDERBIRD
E.H. KLEHR, Univ. of Oklahoma, School of Engineering, Nor-
man, Oklahoma 73069

The watershed, reservoir and downstream of an impound-
ment will be considered as a system in an attempt to learn more
about the effect of impoundment on water quality in the
Southwest. Physical, gross chemical, and specific chemical analy-
sis will be carried out over an extended period. Data taken will be
correlated with climatic condition, watershed land use, history of
reservoir, and intended uses of impoundment.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Oklahoma

5.0919, APPLICATION OF RADIOISOTOPO
TECHNIQUES TO A CRITICAL WATER RESOURCES
PROBLEM AREA (NUTRITIONAL POLLUTION)
G.W. REID, Univ. of Oklahoma, School of Engineering, Norman,
Oklahoma 73069
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The limiting growth factor of either nitrogen or phosphorus
on the growth of algae in sewage treatment will be evaluated by
using radioisotope tracer techniques. Phosphorus-32 tagging will
be used to determine phosphorus assimilation.

The intermediate goal will be to provide basic data for
selected nutrients in terms of the degree of sewage treatment to
make possible the use of a mathematical model of nutritional pol-
lution, and the final goal being to determine the dilution ratios
based on the optimization of net benefits arrived at from nutri-
tional, thermal and degradable pollution models.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Oklahoma

5,0920, DEMONSTRATING THE EFFECT OF
NUTRIENTS IN OXIDATION POND RECEIVING STREAM
G.W. REID, Univ. of Oklahoma, Research Institute, Norman;
Oklahoma 73069

Studies of receiving streams or drainages of operating waste
stabilization ponds will be conducted to evaluate critically the
fate of nitrogen and phosphorous, bacteria, algae and BOD of ef-
fluents subsequent to treatment by lagooning.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Oklahoma Research Institute

5.0921, EVALUATION OF DISPERSED POLLUTIONAL
LOAD
G.W. REID, Univ. of Oklahoma, Research Institute, Norman,
Oklahoma 73069

The purpose of this proposal is to develop a technique of
evaluating the dispersed pollutional load. Municipal and industri-
al outfalls; storm, and combined sewer discharges are point
sources of pollution, where as natural pollution, rural runoff, and
direct urban runoff represent dispersed sources of pollution. Con-
siderable technological capability exists for dealing with the point
sources. Large pollutional loads have been demonstrated result-
ing for urban run off--dispersed load and storm sewers and the
pollution resulting from dispersed sources (including storm
sewers as collectors of urban runoff) is not as amendable to con-
trol by technological means as is that from point sources. The few
studies :dale of the quality of direct urban runoff demonstrates
that this pollution potential is a part of the land-pollution central
problem and that the major factor that determines the extent and
nature may well be public conscience.

This proposal is concerned with the development of a
technique of identifying the source of dispersed load, not the
magnitudes as such, but as a byproduct. Once the sources are
identified, remedial action can be instigated. The technique in-
volves analytically determining the dispersed load for an urban
area and then correlating it to the land use practices. The City of
Greater Tulsa has been selected for this study. Analytical Data on
waste quality is available and will be gathered at point discharges
(sewage plants) and on the receiving stream (Arkansas) above
and below the urban area. The city of Tulsa has available an
elaborate data-retrival of land use practices starting in 1960
providing six years of records. To increase the data pool, the
Tulsa area will be divided into eight sub-drainage basins.

The specific technique will be to identify the principle com-
ponents of land use as they relate to the dispersed pollutional load
(essentially these will be flush out periods minus the point source
contributions). The load will be characterized by COD, BOD,
Solids, Oil, Nitrogen, Chlorides, and Phosphate.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0922, DEMONSTRATION 1W A FULL SCALE WASTE
TREATMENT SYSTEM FOR A CANNERY
L.E. STREEBIN, Univ. of Oklahoma, Research Institute, Nor-
man, Oklahoma 73069

The objectives of the 18 month study will be to conduct an
economic and technical evaluation of a 1.5 mgd biological system
employing a combination of both the minimal solids and extended
aeration techniques to treat high strength, nutritionally un-
balanced cannery wastes.

SUPPORTED BY U.S. of Interior - F. Water Pol. Ctl
University of Oklahoma Research Institute

5.0923, DEMONSTRATION PROJECT OF A PROTOTYPE
TREATMENT PLANT DESIGNED TREAT WASTES FOUND
AT A COMBINED SEWER OVERFLOW
R.G. PUGH, Rhodes Corporation, Oklahoma City, Oklahoma

The project provides for the complete demonstration of a
prototype treatment plant to treat wastes typical of those found at
a combined sewer overflow. The prototype treatment plant shall

consist of screen, cyclone, air flotation unit and all auxiliary
equipment including recording flow metering devices and provi-
sion for chemical flocculation, necessary for a complete demon-
stration. Compinte demonstration shall consist of design, fabrica-
tion, construction, operation and evaluation of said prototype
plant.

The work will be accomplished in four phases as follows:
Phase I - Design. To include basic design criteria development for
mechanical cyclones and dissolved gas flotation cells for high rate
handling of sewage flows. Phase II - Fabrication and Construc-
tion. To include design, specification, fabrication and erection of
a working demonstration plant. Phase III - Operation and Evalua-
tion, Phase IV - Final Report.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0924, ASSESSMENT OF ENVIRONMENT FACTORS IN-

FLUENCING THE DISTRIBUTION OF BOTTOM FISHES IN
RESERVOIRS
R.C. SUMMERFELT, State Dept. of Wildlife Cons. , Oklahoma
City, Oklahoma

The objective is to provide an assessment of the relationship
between the distribution of reservoirs fishes, particularly bottom
dwelling fishes, and the quantity and character of sediment in
reservoirs. The study will be conducted in Lake Carl Blackwell, a
30- year-old, 3,000 acre impoundment in Payne County,
Oklahoma.

The study will require six months of preliminary fishing gear
evaluation and a preliminary sediment survey along established
transect lines. Deep trap nets, modified hoop nets, slat traps,
trammel and gill nets will be evaluated for selectivity and efficien-
cy in collecting fishes in selected habitats in Lake Carl Blackwell.
Sediments will be collected by use of a Phlager gravity corer with
a two meter coring tube. Sediment will be analyzed for organic
content, particle size distribution and a numerical count of
benthic invertebrates. Sites for intensive study will be based on
evaluation of preliminary studies and specific gear will also de-
pend on preliminary gear evaluation. Intensive study of select
habitates should commence in the summer of 1967. An analysis
of fish distribution will be stratified according to species, season,
and vertical variation in abundance.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Oklahoma State Government

5.0925, MICROBIOLOGICAL REMOVAL OF IRON
FROM MINE DRAINAGE WATERS
R.C. ALLRED, Continental Oil Company, Ponca City, Oklahoma

The removal of iron from mine drainage waters using a two-
step microbiological process will be investigated both in the
laboratory and in the field. It is proposed to change iron from fer-
rous to ferric state using iron-oxidizing bacteria, followed by
precipitation of a ferric sulfide using sulfate-reducing bacteria.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Continental Oil Company

5.0926, OPERATIONAL STABILITY OF THE EXTENhED
AERATION PROCESS
A.F. GAUDY, Okla. St. Univ. of Agr. & Sci. , School of Engineer-
ing, Stillwater, Oklahoma 74075

Preliminary investigations on the stability of operations of
the extended aeration process (no sludge wasting) over a period
of nearly one year indicated that while the unit activity of the
sludge dropped off during the operational period, the total waste
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purification capacity of the process remained extremely high. The
proposed laboratory investigations are directed toward deter-
mination of the useful life of an extended aeration process and
determination of the biochemical causation for breakdown, if
such systems do eventually break down. It is also intended to
determine the degree of stability of the process under changing
environmental conditions and whether there is any useful
parameter (s) which can be used to predict either impending up-
sets or continued efficient operation.

Laboratory pilot plants will be operated and all sludge except
a small measured amount (plus or minus 2%) for analyses and
batch experimentation will be returned to the aerator. Substrate
removal efficiency, biological solids production, and sludge com-
position will be determined, and small sludge samples will be
taken for measurement of unit activity with respect to oxygen up-
take and substrate removal. Analysis of the data should permit
useful conclusions concerning the utility of the process and possi-
ble ways to extend its use to a greater variety of waste water appli-
cations.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oklahoma State University

5.0927, KINETICS AND MECHANISM IN ACTIVATED
SLUDGE PROCESSES
A.F. GAUDY, Okla. St. Univ. of Agr. & Sci. , School of Engineer-
ing, Stillwater, Oklahoma 74075

The broad objective of the proposed research is the attain-
ment of a more sound understanding of the basic chemical, physi-
cal, and biological factors underlying the kinetics and
mechanisms involved in growth and substrate utilization in
heterogeneous populations with particular reference to waste
water purification in continuous and discontinuous activated
sludge processes.

Since its initiation in 1962, the research has progressed
toward accomplishment of this goal through the conduct of mas-
sive, long-term experiments under closely controlled conditions
using a variety of steady, well-defined chemical and physical en-
vironments. A large number of analytical parameters have been
determined and subjected to statistical analysis. Through con-
tinuation of this approach, the completion of the work should
allow determination of the mechanistic and kinetic parameters
which are of significance in formulations of predictive value for
design and operation of activated sludge processes. During this
renewal period all results obtained on this project will be in-
tegrated and consolidated with results of related studies con-
ducted on the biological response to a changing environment
(WP- 00075) and with studies conducted on genetic and enzymic
mechanisms of metabolic control applieable to heterogeneous
populations ( W P-00786 ).

SUPPORTED BY U.S. Dept. of Interior F. Water Pol. Ctl

5.0928, AN EVALUATION OF RECENT APPROACHES
FOR THE DESIGN OF BIOLOGICAL WASTES TREAT-
MENT
Q.B. GRAVES, Okla. St. Univ. of Agr. & Sci. , School of En-
gineering, Stillwater, Oklahoma 74075

This is to be an evaluation of information which has become
available since about 1959 on biological waste treatment from
laboratory investigation, experimental waste plants, and actual
operating plants which have been used to formulate design
procedures. It is proposed to critically review the information
available and compare it with the National Research Council for-
mulations on design of iological waste treatment systems and
with other procedures or formulations found in the manual
'Sewage Treatment Plant Design' prepared by a Joint Committee
of the American Society of Civil Engineers and the Water Pollu-
tion Control Federation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oklahoma State University

5.0929, COMPARISON OF ENERGY FLOW PARAME-
TERS OF MIDGE POPULATIONS IN BIOLOGICAL OXIDA-
TION PONDS
J.L. WILHM, Okla. St. Univ. of Agr. & Sci. , Graduate School,
Stillwater, Oklahoma 74075

The proposed research involves a study of the effects of pol-
lution on the flow of energy through populations of midge larvae
( bloodworms). Midge larvae are extremely abundant in enriched
areas and have a pronounced effect on the ecosystem. The experi-
mental area is a series of 10 biological oxidation ponds which are
the terminal treatment of effluent from an oil refinery in Ponca
City, Oklahoma. Thus, it will be possible to compare bioener-
getics of the populations under varying degrees of pollution.

The procedure includes the following: 1) Measure energy
content in the diet items, in the standing crop of the difftirent in-
star stages of bloodworms, and in the major predators of the
bloodworms in four of the series of 10 ponds. 2) Measure aerobic
respiration rates in the different instar stages of bloodworms in-
habiting the different ponds. 3) With the data accumulated in the
study and in a concomitant study of bloodworm populations, con-
struct energy flow models for the bloodworm populations living
under different levels of environmental stress. 4) Discern varia-
tions in water quality as reflected in energy flow and in ecological
ratios in bloodworm populations.

SUPPORTED BY U,S. Inept. of Interior - 0. Water Res. Rch
Oklahoma State University

5.0930, STREAM CHANNEL STABILIZATION SEDIMENT
CONTROL WORKS IN CHANNELS
W.O. REE, U.S. Dept. of Agriculture, Stillwater, Oklahoma

Object: To determine the relationships between flow charac-
teristics and scour or deposition in channels; to measure the effec-
tiveness of various vegetal and structural materials proposed for
use in channel protection; to develop protective works for chan-
nel banks; to establish design criteria for systems of grade control
structures for channel stabilization; and to evaluate the role of
reservoirs on channel stability for the range of conditions encoun-
tered in agricultural watersheds.

Plan of Work: Measurements are made on natural stream
channels to obtain data on rates, amounts and size distribution of
transported sediment; rate and depth of flow and water tempera-
ture; bank and bed materials; vegetation on the bed and banks of
the stream; hydraulic properties of the stream including cross-sec-
tion, slope, and bed form, and on geologic, topographic or struc-
tural features which influence the course of the stream. The in-
fluence of any one of these factors under field conditions is ob-
scured by the interrelationships involved and the complexity of
the flow phenomenon. Flume studies made at the USDA Sedi-
mentation Laboratory and elsewhere are used to help interpret
field observat. ins. Channel liners, both structural and vegetal, are
placed in outdoor test channels and subjected to controlled test
flows. These tests lead to establishing values of critical tractive
force or permissible flow velocity to which channel liners can be
subjected. Specific structures are tested by the use of small
models in sand bed model basins.

SUPPORTED BY U.S. Dept. of Agriculture

5.0931, PRIMARY TREATMENT OF STORM WATER
OVERFLOW FROM COMBINER) SEWERS BY HIGH RATE
FINE MESH SCREENS
S.S. LASSWELL, Cornell Howland Hayes & Merry. , Corvallis,
Oregon

This project includes the design, construction, demonstration
and evaluation of the performance of self cleaning, high rate, fine
mesh vibrating screens for the removal of solids from combined
storm and domestic sewage. The aim is to develop a compact and
adaptable method which will allow a reasonable reduction of pol-
lutional characteristics under the constraints of urban land use
and low initial cost.
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Several innovations in vibrating screen configuration and
combinations will be investigated for contaminant removal and
operating efficiencies,

If successful the method will find use in FOme industrial treat-
ment plants as well as combined municipal collection systems.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl

5.0932, MODIFICATIONS TO PUMPING STATION AT
SHAGOWA LAKE, FIELD SITE, ELY, MINNESOTA
R. W. BECKLEY, Nepture Micro Floc Inc, , Corvallis, Oregon
97330

Supplies and service are being furnished for modification of
existing pumping station. The modifications include changes of
chemical instrumentation, chemical control, demineralizer, and
meters.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0933, SURVIVAL OF FOOD PATHOGENS IN RADIA-
TION PASTEURIZED SEAFOOD
A.W . ANDERSON, Oregon State University, Graduate School,
Corvallis, Oregon 97331

Previous studies were conducted under controlled conditions
in order to observe the resultant survival patterns in solid crab-
meat and in Hartsell's broth of Salmonella enteriditis, S, paratyphi
A, S. cholerasuis, S. pullorum, Streptococcus pyogenes, and
Staphylococcus auerus after individual exposure to Co60 irradia-
tion. A 'tailing off was found in the survival patterns of S. paraty-
ph; A, S. pullorum, S. enteriditis, and S. aureus when irradiated in
crabmeat, but was not found upon exposure in Hartsell's broth.
However, S. cholerasuis and S, pyogenes showed a definite 'tail-
ing off` in the broth while only weakly, if any, in the crabmeat.
Thus this 'tailing off phenomenon cannot be explained as a mere
effect of the medium, but rather indicates a much more complex
situation. The results indicate that predictable pasteurization
doses usually based on D values would be quite inaccurate, since
the projection is based on sigmoidal and linear inactivation
curves.

In this investigation we have compared'the irradiation re-
sistance and observed the survival of moderate to low levels of in-
oculum using nonsporeforming food intoxication and infection
microorganisms associated with seafoods. Previous experiments
reported were designed to observe the effects of added waxer on
influencing the tailing phenomenon, the effects of low levels of
radiation on various types of seafoods inoculated with high levels
of microorganisms.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.0934, MATHEMATICAL AND COMPUTER SERVICES
FOR THE ANALYSIS OF DATA AND DESIGN OF EXPERI-
MENTS FOR CERTAIN FWPCA PROGRAMS
D.D. AU FENKAMP, Oregon State University, Computer Center,
Corvallis, Oregon 97331

The computer Center at Oregon State University is providing
mathematical pnd computer services for the analysis of data and
design of experiments for the following FWPCA programs: (1)
fate of pollutants in coastal waters, (2) eutrophication, (3) power
production, (4) paper and allied products, and (5) forestry and
management. The project was started in fiscal year 1968 and will
be completed in fiscal 1969.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0935, COMPUTER SIMULATION OF ESTUARINE
DISPERSION
D.A. BELLA, Oregon State University, School of Engineering,
Corvallis, Oregon 97331

In this research recently developed finite-difference
procedures will be used to model several simplified estuaries.
Through the use of these models, the importance of the tidal and
seasonal hydraulic variations as dispersing mechanisms will be
determined under a wide range of conditions. Procedures for esti-
mating the important hydraulic variations will be checked on the

finite-difference models and revised as needed. The accuracy and
limitations of the currently used mathematical models which
ignore these variations will also be determined.

SUPPORTED BY U.S. National Science Foundation

5.0936, EFFECTS OF CHEMICAL AND BIOLOGICALLY
MODIFIED PULPING EFFLUENTS ON THE PRODUCTION
OF FISH
R.O. BLOSSER, Oregon State University, School of Engineering,
Corvallis, Oregon 97331

To determine whether various chemical and biological
modifications of pulp mill effluent are effective in reducing their
toxicity to finned fish.

Progress to Date: The effect of biological modifications of
kraft effluents on short term acute toxicity has been initiated. This
work will be expanded to include detailed characterization of
other effluents and assessment of biological and chemical modifi-
cation on short term acute toxicity and productivity of finned fish.

SUPPORTED BY Oregon State Government

5.0937, RELATIONS OF NUISANCE ALGAE TO FISH IN
KLAMATH LAKE
C.E. BOND, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

To determine ecological and other effects of nuisance blue-
green algae on fishes in Kiemath Lake and other bodies of water
which might be enriched by Kiemath Lake water, by (1) deter-
mining the seasonal and spatial distribution of fish species and the
underlying reasons for any observed differential distribution and
(2) determining the direct effect of algal toxins to fish as well as
the indirect effects exerted through the food chain. Quality of fish
and effects of export of algal material to Kiemath River will be
studied.

Procedure: Standard limnological techniques will be em-
ployed to determine abundance of plankton and benthos. Gill
nets and traps will be used in studying the distribution of fishes.
Data will be obtained periodically at selected stations and evalu-
ated for causative relationships. Effects of algal toxins will be stu-
died by laboratory bioassays and by live boxing fishes in the lake.

SUPPORTED BY Oregon State Government

5.0938, INVESTIGATION OF AQUATIC WEED
PROBLEMS AND MEANS OF CONTROL WITH EMPHASIS
ON BRAZILIAN WATERWEED
C.E. BOND, Oregon State University, School of Agriculture, Cor-
vallis, Oregon 97331

Objectives: 1. To determine means of controlling Brazilian
waterweed and other nuisance aquatic plants. 2. To assess impact
of control measures on recreational, industrial, and domestic uses
of the bodies of water involved.

Progress to Date: Preliminary screening tests have been car-
ried out to determine the effectiveness of a number of chemicals
against Brazilian waterweed, and secondary tests using some of
the more effective have been run at several concentrations, Cu0-
tures of aquatic vertebrates are being started.

SUPPORTED BY Oregon State Government

5.0939, DRAINAGE OF STRATIFIED SOILS
R.H. BROOKS, Oregon State University, Agricultural EQeri-
ment Sta, , Corvallis, Oregon 97331

OBJECTIVES: I . To determine useful criteria for the design
of subsurface drainage systems. 2. To develop new methods and
materials for determining criteria for draining shallow soils. 3. To
determine the drainage requirement of various crops in the Wil-
lamette Valley.

DESCRIPTION OF WORK PROPOSED: A number of
proposed drainage sites on which a farmer expects to install
drainage tile will be selected for subsequ..nt study after tile instal-
lation. The sixes will be selected based upon soil type, coopera-
tion, and location. These drainage systems will be thoroughly stu-
died and evaluated in an attempt to arrive at useful design infor-
mation.
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An additional site will be selected to study and develop new
methods and materials for draining shallow soils, i.e., plastic drain
pipe, vertical mulching, envelope materials, etc. This site will also
be used to determine the drainage requirements for a few selected
crops

SUPPORTED BY Oregon State Government

5.0940, PULP MILL EFFLUENT DISPOSAL
F.J. BURGESS, Oregon State University, School of Engineering,
Corvallis, Oregon 97331

The proposed research is a continuation of 'Biological-En-
gineering Studies of I'he Rate and Effects of Kraft Pulp Mill Ef-
flPients in the Marine Environment , that has been initiate d under
project WP-524. The project objectives are twofold, the to being
to investigate the area and degree of biological influence from a
typical ocean outfall from a kraft pulp mill by a combined en-
gineering-biological study involving presently known methods for
measuring or determining waste dispersion, degradation and/or
reduction in BOD, COD, PBI and other physical measures with
biological measures developed in previous research such as tox-
icity to the embryo of the bay mussel, the pacific oyster and other
forms. The objective of this phase is to place an overall water
quality impact interpretation on such an outfall installation which
will incorpoate the bits and pieces of various projects by this and
other investigators.

In this phase aerial photo interpretation of waste dispersion
plumes will be attempted and compared with conventional dye
studies in an attempt to utilize this recently suggested technique,
The combined efforts to undertake the above objective are
further supported by the biological objectives of the project
which are the further development of bioassay methods and the
interpretations that may be placed on bioassay findings. In this
phase, it is hoped to relate short-term median tolerance limits
(commonly used TL50) of kraft pulp mill waste to commonly
used short-term bioassay organisms to concentrations that
demonstratively impair growth and performance in juvenile En-
glish Sole Parophrys vatulus. Similar determinations for other
commercially important fish will hopefully develop from this ef-
fort if successful.

The overall objective is to attempt an interpretation of bioas-
say findings in terms of the actual circumstances found during
waste discharge.

SUPPORTED BY U.S. Dept of Interior - F. Water Pol. Ctl

5.0941, AIRPHOTO ANALYSIS OF OCEAN OUTFALL
DISPERSION
F.J. BURGESS, Oregon State University, School of Engineering,
Corvallis, Oregon 97331

The general objective of this research is to develop a remote
sensing tool for the evaluation of dispersion of wastes from exist-
ing or proposed ocean outfalls. Since sampling from a boat is dif-
ficult and/or impossible much of the time in the near shore areas,
it is proposed to investigate the feasibility of using photogrammet-
ric and photo interpretation methods to determine dispersion pat-
terns, diffusion coefficients, waste concentrations and near shore
currents.

More specifically the as of this investigation are: 1. To
develop a set of characteristic airphoto pattern elements for esti-
mating diffusion coefficients. 2. To determine the relationship
between photographic film density and waste concentration. 3.
To determine the optimum film-filter combination for flume
delineation and waste concentration measurement.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.0942, TEMPERATURE REQUIREMENTS OF SAL-
MONIDS IN RELATION TO THEIR FEEDING, BIOENER-
GETICS, GROWTH AND BEHAVIOR
G.E. DAVIS, Oregon State University, School of Agriculture, Cor-
vallis, Oregon 97331

Laboratory and model stream studies are proposed for
evaluating the effects of temperature on the feeding, bioener-
getics, growth and behavior of selected species of juvenile Pacific
salmon and of steelhead trout.

Laboratory studies: A bioenergetic model will be used to
determine the utilizations and losses of the energy of consumed
food by fish kept during different seasons at different constant
temperatures and at fluctuating temperatures varying in range
and rate of temperature change.

Model Stream Studies: The effects will be determined of an
incremental increase of the temperature regime on the growth,
food consumption, behavior, size at migration and timing of
migration of juvenile salmonids maintained in outdoor model
streams.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oregon State University
Oregon State Government

5.0943, TOXICOLOGY OF PESTICIDES IN THE EN-
VIRONMENT
S.C. FANG, Oregon State University, Agricultural Experiment
SW. , Corvallis, Oregon 97331

The investigational program proposed under this grant is an
interdisciplinary effort to evaluate the environmental toxicology
of multiple pesticide residues. The investigational plan envisions
the study of the behavior of pesticides in the environment, par-
ticularly in soil, as it relates to contamination of air and water.
Persistence of pesticides in the environment as influenced by
chemical parameters and parameters of the environment will be
evaluated. These studies lead to assessing the magnification or at-
tenuation of pesticide residues to the food chain of the highest or-
ganism. Studies will be performed on the effect of the pesticide
residues on mammals or from the standpoint of pharmacology
and histopathology. Since the effect of these pesticides will be
often expressed at the cellular and subcellular level, biochemical
studies on the effect of the pesticides on enzymes and the effect of
pesticides on metabolic pathways will be studied.

The work as proposed above implies the three objectives of
the project; namely, (1) to investigate and establish principles by
which the biological effects of multi-chemicals in the environ-
ment can be evaluated, (2) to develop more reliable and syste-
matic methods of analyses for pesticides in water, soil, air, and
biological tissues and to provide analytical research assistance to
an interdisciplinary group, (3) to assist the physical and chemical
properties of pesticides and to relate these properties to the
behavior of such compounds in the envieonrnent.

SUPPORTED BY Oregon State Government

5.0944, CHEMICAL BRUSH CONTROL - BIOCHEMIS-
TRY AND TOXIC HAZARD
V.H. FREED, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives: 1. To improve the efficiency of herbicide action
through a better understanding of the influences of additives, for-
mulation, molecular variation and the various physiological and
environmental factors as they affect absorption, translocation and
metabolism of herbicides. 2. To determine the ultimate fate of
herbicides, herbicide metabolites, and residues in plants, soil and
water with respect to the extent and magnitude of the watershed
contamination problem.

Description of the Work Proposed: 1. Radioactive herbicides
will be used to investigate the factors outlined in Item 1 above, in
laboratory, greenhouse, and growth chamber studies utilizing a
variety of resistant and non-resistant brushy species. The princi-
ples developed in these studies will be further tested in the field.
2. An intensive water, soil, and air sampling program will be used
to determine the magnitude of contamination resulting from
brush control operations on forest lands. Radio tracer techniques,
organic extraction and various types of chromatography will be
used in the greenhouse and field studies to locate and identify the
various herbicide metabolites and residues in the environment.

SUPPORTED BY Oregon State Government

5.0945, TOXICOLOGY OF PESTICIDES IN THE EN-
VIRONMENT
V.H. FREED, Oregon State University, School of Agriculture,
Corvallis, Oregon 97331
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The objectives of this research program are as follows: I To
investigate and establish principles by which the biological effects
of multicheiaical residues in the environment can be evaluated. 2.
To develop more reliable and systematic methods of analysis for
pesticides in food, water, soil, air and biological tissues and to
provide analytical research assistance to other workers engaged
in this field of research. 3. To assess the physical and chemical
properties of pesticides and to relate these properties to the
behavior of such compounds in the environment.

Studies include determination of pesticides in simple food
chains in model aquatic systems to establish effect on elements of
the food chain. Investigation of the effects of environmental levels
of pesticide on total organisms include their pharmalogical effect,
metabolism and alteration of metabolic patterns. Biological stu-
dies are being conducted to elucidate the effects of pesticides.
The behavior of pesticides in the environment are also being stu-
died correlating the other studies.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. -

5.0946, MACRO-FAUNA IN WASTE STABILIZATION
LAGOONS
R.L. GOULDING, Oregon State University, School of Agricul-
ture, Corvallis, Oregon 97331

Waste stabilization lagoons are man-made environments that
are becoming a more prominent feature of land use. The fauna
adapted to this habitat has received little attention. In view of the
potential importance of the macro-fauna which may be benefidal
in that they contribute to the biological breakdown of organic
matter or harmful as potential disease vectors or nuisance organ-
isms, it is imperative that a thorough ecological study of this
habitat be carried out.

The long-term objectives of this proposal are to measure the
contribution of the macro-fauna in the breakdown of putrescible
organic wastes; to understand the pathways through which this is
effected; and to assess the beneficial and detrimental results
caused by the macro- fauna in lagoons of various designs.

The major emphasis will be a study of the production ecology
of Glyptotendipes barbipes; the most abundant macro-inver-
tebrate in the lagoons.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0947, EFFECTS OF LOGGING ON SALMON POPULA-
TIONS IN COASTAL STREAMS
J.D. HALL, Oregon State University, School of Agriculture, Cor-
vallis, Oregon 97331

Objectives: This segment of research is part of the Alsea
Watershed Study, designed to determine the effects of Douglas-fir
logging practices on the physical and biotic resources in small
coastal watersheds. The objective of the research covered in this
proposal is to determine the effects of two patterns of timber har-
vest (complete clear-cut vs patch-cut) on the abundance of coho
salmon in these coastal streams. The work funded by this proposal
would be concerned mainly with analysis, interpretation, and
publication of results of the study.

Procedures: Three adjacent watersheds were selected for
study in 1958. They are typical of the headwaters areas used for
spawning and rearing by coho salmon in the coastal region. Seven
years of intensive study preceded the logging operations, which
were conducted in 1966. One watershed was completely clear-
cut, another was patch- cut, and a third will be held as a control
for the remainder of the study, scheduled for seven additional
years. Data on abundance, growth, and survival rates of the coho
salmon have been collected from the fish traps and by additional
sampling in the streams over the entire period. The study will con-
tinue to gather and analyze comparable data following logging to
determine the impact of the two patterns of harvest on the salmon
populations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0948, STUDIES ON EFFECTS OF WATERSHED PRAC-
TICES ON STREAMS
J.D. HALL, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives of this study are to determine the effects of timber
harvest practices on the physical and chemical characteristics of
coastal streams and on fixation of energy by stream periphyton
and inflow of organic detritus. Mean levels and variabilities of
suspended sediment discharge, stream temperature, net solar
radiation, chemical water quality, primary production by
periphyton, and inflow of plant detritus will be established during
a two ycar pre-logging period 1966-68. Studies will continue dur-
ing logging in 1966 and for two years after harvest.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0949, ECOLOGICAL-PHYSIOLOGICAL INVESTIGA-
TIONS OF LITTORAL DIATOM COMMUNITIES OF THE
YAQUINA RIVER ESTUARY
C.D. MCINTIRE, Oregon State University, Graduate School,
Corvallis, Oregon 97331

The long-term plan of the proposed research program is to
study, through analyses of data obtained in the laboratory and
field, the physiological ecology of littoral diatom communities of
the Yaquina River estuary. A marine laboratory ecosystem and
respirometer chamber have already been designed and partially
contructed. The laboratory ecosystem is designed to maintain
control over such environmental variables as light, temporatures,
salinity, and period of inundation (tidal cycle), and the effect of
these factors on primary production, community respiration, and
the species composition of the diatom communities will be
stressed. Ultimately an attempt will Eh, made to interpret the
laboratory data in terms of the results of field observations (i.e.,
the adaptive characteristics of the organisms, their distribution in
nature, and previous history of the environment from which they
were collected), therefore maintaining close contact with the
realities of Yaquina estuary itself. After such fundamental infor-
mation has been acquired, the program will be expanded to the
study of trophic relationships between characteristic attached
micro- algae and grazing animals as influenced by various en-
vironmental factors, including the effects of domestic and indus-
trial use of this water resource.

SUPPORTED BY U.S. National Science Foundation

5.0950, EFFECTS OF PESTICIDES ON ESTUARINE OR-
GANISMS
R.E. MILLEMANN, Oregon State University, Agricultural Ex-
periment Sta. , Corvallis, Oregon 97331

I. To evaluate, through short-term bioassays, the acute tox-
icity to certain estuarine organisms of the insecticide Sevin. 2. To
determine the effects of Sevin on a community of organisms in ar-
tificial mud flats. 3. To follow the residual life and metabolism of
Sevin in estuarine organisms and in their environment. 4. To
study compounds related to Sevin, as well as other pesticides, in
the above manner.

SUPPORTED BY Oregon State Government

5.0951, PHYSICAL FACTORS AFFECTING OREGON
COASTAL POLLUTION
V.T. NEAL, Oregon State University, Graduate School, Corvallis,
Oregon 97331

The central aim of this research is to provide information on
and an understanding of the physical factors that will control the
pollution of certain Oregon coastal areas. These physical factors
are primarily circulation and water density distribution (therefore
salinity and temperature) ii, the nearshore region and the tidal
regime in and near the mouths of estuaries. Dissolved oxygen will
also be an important factor in determining 'safe' pollution levels.
Therefore these factors will be measured and their variability
determined at selected places.

The time variability of these factors will be determined as a
function of seasonal and meteorological conditions.

All data forthcoming from this project will be made available
immediately to the Pacific Northwest Water Labootory at Cor-
vallis, Oregon. Since the knowledge to be gained by this project is
needed by that agency, the planning and operation of this pro-
gram will be arranged in close cooperation with the personnel of
that agency.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0952, STUDIES ON AQUATIC MYXOBACTERIA
R.E. PACHA, Oregon State University, Graduate School, Corval-
lis, Oregon 97331

Ecological studies are being carried out to determine the role
and activities of myxobacteria in the freshwater environment. In
particular it is of interest to ascertain the importance of these or-
ganisms in the decomposition of pollutional materials and their
possible application in water quality surveillance and stream pu-
rification. Surveys of a number of streams receiving various types
of pollutants are in progress to obtain information on the occur-
rence and distribution of myxobacteria in these habitats. The ef-
fects of environmental parameters on the myxobacterial popula-
tion of water are being considered as well as the interrelationships
between myxobacteria and other microorganisms present in
water,

Taxonomic studies on a number of myxobacteria isolated
from the aquatic habitat are in progress to permit qualitative
determinations to be made on the myxobacterial flora of water.
Additional studies on the nutrition and physiology of selected
myxobacterial isolates are planned in order to obtain more basic
information on this group of microorganisms,

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl

5.0953, SEDIMENT- WATER - BACTERIA INTERACTIONS
IN EUTROPHICATION
R.E. PACHA, Oregon State University, Graduate School, Corval-
lis, Oregon 97331

The major objective of this research is to investigate the
microbial activity in lake sediments to determine the effect of this
activity on eutrophication. In particular it is of interest to define
the importance of bacteria found in bottom muds in the recycling
of plant nutrients between sediments and overlying water, The
physiological activities of various types of bacteria occurring in
the bottom deposits of Upper Klamath Lake, Oregon will be stu-
died in relation to their effect on the nutrient dynamics of the
lake. This investigation will contribute to our knowledge of
eutrophication and may provide insight into suitable approaches
for regulating this process.

SUPPORTED BY U.S Dept. of Interior F. Water Pol, Ctl

5.0954, STUDIES ON AQUATIC MYXOBACTERIA
R.E. PACHA, Oregon State University, Agricultural Experiment.
Sta. , Corvallis, Oregon 97331

Objectives: I. Determine the occurrence and distriLstion of
myxobacteria in the freshwater environment. 2. Investigate the in-
terrelationships between myxobacteria and other organisms in the
environment. 3. Obtain basic information on myxobacteria.

Description of Work: Studies are currently in progress to
determine the role and activities of myxobacteria in the fresh-
water environment. In particular, it is of interest to ascertain the
importance of these organisms in the decomposition of pollu-
tional materials and their possible application in water quality sur-
veillance and stream purification. Surveys of a number of streams
receiving various types of pollutants are in progress to obtain in-
formation on the occurrence and distribution of myxobacteria in
these habitats. The effects of other environmental parameters on
the myxobacterial population are also being considered.

SUPPORTED BY Oregon State Government

5.0955, THE AUTECOLOGY OF SOME BLUE-GREEN
PLANKTON ALGAE
H.K. PHINNEY, Oregon State University, Graduate School, Cor-
vallis, Oregon 97331

Autecological and synecological studies using both uni-algal
and mixed cultures of selected species important in nuisance
blooms. The study will determine 1) requirement for major and
minor nutrient minerals, 2) effects of naturally occurring organic
nutrients, and 3) possible biotic effects as antagonism and
synergism or competition in mixed cultures.

Analysis of the effects upon growth of the factors under con-
sideration will be by the following determinations: 1. Dry weight.

2. Percent organic matter. 3. Caloric value. 4. Pigment content. 5.
Dry solids by interferometry. 6, Direct mineral analysis, and 7.
Direct determination of proluction rates.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl

5.0956, RELATIONSHIPS OF AQUATIC FLORA TO
WATER QUALITY AND POLLUTION
H.K. PHINNEY, Oregovi State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

Objectives are (1) to establish a continuing research program
concerning the relation of the aquatic flora to quality of water
supplies and to water pollution. (2) To determine by biological
studies of aquatic habitats, the relation between biotic and
edaphic factors that cause changes in the quality of water
resources, and (3) to coordinate and extend studies in the general
area of aquatic botany.

At present, effort is being directed toward three types of stu-
dies: a) the effect of water humus on the growth of algae in cul-
ture, b) the study of primary production in artificial streams
under controlled light conditions, c) the study of primary produc-
tion in a controlled flow woodland stream under conditions of
moderate enrichment.

SUPPORTED BY Oregon State Government

5.0957, SURVEY OF CLOSTRIDIUM BOTULINUM TYPE
E

PILCHER, Oregon State University, Graduate School, Cor-
vallis, Oregon 97331 (FDA)

Nontoxigenic cultures of E-like organisms were exposed to
chemical mutagenic compounds in an attempt to convert the sur-
vivors to tne toxigenic form. Cultures were exposed to either 15
mg/ml of 2 aminopurine, I microgram/m 1 of azaserine, 0.05
ing/m1 of acriflavine or 50 microgram/m 1 of 5-bromouracil.
These concentrations killed 90% or more of the viable cells within
an exposure time of 30 to 90 minutes, Cultures developing from
the surviving cells were tasted for their toxigenicity, In no in-
stance did these chemical mutagens convert the nontoxigenic E-
like organisms to the toxigenic form. In addition to the chemical
mutagens, the effect of gamma radiation on the nontoxigenic cul-
tures was explored. Nontoxigenic cultures were exposed to
124,000 rads of gamma radiation in three successive radiation
treatments. There was not evidence of toxigenic organisms arising
from this treatment.

The feasibility of a micro scale immunodiffusion test for type
E toxin shall be explored. Cultures shall be filtered and concen-
trated 25 to 50 fold by dialysis against a hydrophilic colloid. Con-
centrates shall then be tested by immunodiffusion in purified agar
against very small volumes of type E antitoxin. If the method
shows any promise with pure type E cultures and nontoxigenic E-
like strains, various mixed cultures from natural specimens shall
be studied. Immunoelectrophoresis of concentrates may be used
in a limited way as a possible means of identifying the toxic com-
ponent in diffusion tests.

The infrared absorption spectra of cultures of the various
types of C. botulinum prepared as then films on the specimen
plates shall be determined. Variables such as culture medium, age
of culture, incubation temperature, and others that could in-
fluence chemical composition of the cells shall be controlled. The
objective of this work is to explore the possibility of distinguishing
between the different types of C. botulinum, and between tox-
igenic and nontoxigenic cultures by means of their infrared pat-
terns. Additional experiments shall be carried out with the objec-
tive of trying to induce the appearance of a toxin forming mutant
in cultures of nontoxigenic 'E- like' organixms. Other chemical
mutagenic agents, not previously tested, shall be examined, and
the effects of a single severe exposure, as well as concentration of
the test compound, shall be determined.
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SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - F.D.A.

5.0958, INFLUENCE OF LOG RAFTING ON WATER
QUALITY
F.D. SCHAUMBURG, Oregon State University, School of En-
gineering, Corvallis, Oregon 97331

Findings of preliminary research conducted during the
summer of 1967, indicate that log rafting and wet storage of logs
is a potential pollution problem in rivers and estuaries (see page
10). The research proposed herein will examine the nature and
extent of pollution caused by log rafting and storage practices and
will provide quantitative information which can be used to assess
this problem.

The overall objective is to evaluate the effect on water quali-
ty imposed by floating log rafts in estuarine and fresh water en-
vironments. The specific objectives of this project are two fold as
follows: a) to evaluate the quantity, character and water pollution
potential of soluble substances 'leached' from floating logs in raft
storage; and, b) determination of the water quality effects caused
by deposits of bark, fiber and debris that occur in the vicinity of
the log rafts.

In one phase of this project, representative sections of
Douglas fir and other prominent species of trees in the Pacific
Northwest will be floated in water under controlled conditions of
temperature, salinity and biodegradation. The water media will be
monitored at regular intervals for accumulation of total organic
carbon, BOD, COD, PBI compounds, carbohydrates and others.
Bioassay tests will be conducted by cooperating biologists to eval-
uate the relative toxicity of leached substances.

The significance of benthal deposits in the vicinity of log raft-
ing and raft storage areas on water quality will be determined dur-
ing the second phase of this project. Bark and wood fragments are
broken loose from logs during log dumping, raft construction, raft
storage and related operations. Much of the material is lost in log
raft storage areas due to the abrasive action between logs im-
parted by tidal motion.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0959, LIGNIN SULFONATES IN PULP MILL EF-
FLUENTS
H.A. SCHROEDER, Oregon State University, Agricultural Ex-
periment Sta. , Corvallis, Oregon 97331

Objectives: To add to the knowledge of the chemical struc-
ture of lignin sulfonates, a principal component of sulfite pulp mill
effluents. To isolate, identify, and determine the structure of the
low-molecular-weight lignin sulfonates present in the spent liquor
from the sulfite pulping process. Individual lignin sulfonate
monomers and dimers are to be completely characterized. Struc-
tures are to be proved by comparison with synthetic known com-
pounds prepared in the laboratory.

Abstract of Procedures: The spent sulfite pulping liquor
usually can be obtained as a dry powder, Using this powder as
column packing, the low-molecular lignin sulfonates can be
removed by eluting with methanol, moistened ethanol, or other
solvent systems known to elute the desired material. The low-
molecular-weight lignin sulfonate fraction will be analyzed by
paper chromatography or by thin-layer chromatography. As a
result of the evaluation of the chromatograms, individual sub.
stances will be isolated and purified. Ion exclusion column chro-
matography, paper column chromatography, and ion exchange
column chromatography will be employed for the separation and
purification of individual lignin sulfonates. The isolated and pu-
rified lignin sulfonate can be characterized to a considerable ex-
tent through ultraviolet spectroscopy. The synthesis of the
suspected lignin sulfonate will afford postive identification.

SUPPORTED BY Oregon State Government

5.0960, EPIDEMIOLOGICAL RELATIONSHIPS OF
PESTICIDE APPLICATION TO PESTICIDE RESIDUES IN
WILDLIFE TISSUES AND HABITATS
B.J. VERTS, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 973311

Objective: To relate the application of pesticides to the oc-
currence of pesticide residues in the habitats and tissues of ter-
restrial and aquatic wildlife in Oregon.

Description of Work Proposed: This research will assess the
extent to which habitats and tissues of wildlife are contaminated
by pesticides used in pest-control operations in Oregon and will
provide a background of knowledge for establishing standards of
pesticide use which are safe for wildlife and for those who con-
sume wildlife as food.

SUPPORTED BY U.S. Dept. of Agriculture
Oregon State Government

5.0961, EFFECTS OF PULP MILL EFFLUENTS ON THE
GROWTH AND PRODUCTION OF FISH
C.E. WARREN, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

The general objective of the proposed research is to develop
principles and methods of determination of the limits of accepta-
ble water quality change in streams receiving industrial effluents,
particularly change that influences fish populations valuable to
man. This is to be done by experimentally determining how and to
what extent kraft process pulp mill wastes at concentrations that
are neither acutely toxic nor severely oxygen-depleting influence
the growth of fish in laboratory aquaria and receiving the streams
and fish production in laboratory and outdoor artificial streams.
The rates of food consumption and the efficiency of utilization of
food for growth by saimonid fishes and changes in rates of
production of their principal food organisms under the controlled
experimental conditions will be determined and the findings re-
lated to field observations to be made on rivers receiving kraft
mill wastes.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Oregon State University

5.0962, DISSOLVED OXYGEN REQUIREMEN FS OF
FRESHWATER FISH
C.E. WARREN, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

The long-term objective of this research is to provide the
knowledge necessary for developing oxygen standards that are
adequate to insure fish production in fresh waters will not be im-
paired by the introduction of excessive amounts of oxygen-deplet-
ing wastes. Before the results of laboratory research can be relied
on for developing sound dissolved oxygen standards, results ob-
tained under the relatively simple and biologially undemanding
conditions of laboratory experiments must be interpreted in light
of the results of studies of fish under more complex and biologi-
cally demanding conditions, such as those found in natural stream
and pond environments. This research, in contrast with most
previous experimental studies, will be more directly concerned
with the influence of dissolved oxygen on the growth and activi-
ties of fish in their natural environments.

Our problem is to determine what reductions in dissolved ox-
ygen in natural environr 'nt can measurably reduce the growth
rates of fish below rates that would occur were oxygen not limit-
ing, when the fish must expend energy to capture their food and
utilize it for growth and maintenance and to carry on other nor-
mal activities under natural conditions. The problem can be
separated into two distinct parts: (1) to determine the quantities
of food fish consume in natural environments and the amounts of
energy required for obtaining and utilizing this food, as well as for
carrying on other normal activities; and (2) to 'determine the
levels of dissolved oxygen at which fish would be unable to mobil-
ize the energy necessary for obtaining and utilizing food in these
amounts. Our approach involves complementary studies of fish in
natural environments, in artificial streams and ponds, and in the
laboratory, coordinated in such a manner as to exploit the
strength of each kind of study.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0963, ECOLOGICAL STUDIES OF AN EXPERIMENTAL
STREAM
C.E. WARP:EN, Oregon State University, School of Agriculture,
Corvallis, Oregon 97331

Changes in streams, whether due to natural causes or the ac-
tivities of man, bring about changes in the pathways by which
energy from its various sources reaches organisms of interest to
man. For about twenty years, biologists have been studying the
pathways of energy transfer and efficiencies with which energy is
transferred through aquatic communities. Because of the com-
plexity of most biological communities, these studies have not
progressed far. Nevertheless, certain of the approaches and
methods that have been used in such studies have promising ap-
plication in the solution of water pollution problems. The general
objectives for our studies are (1) to identify key relationships
between important oreanisms and their environments and deter-
mine how these are affected by pollutional changes, and (2) to
find or develop and test practical approaches, parameters, and
methods for utilizing these relationships in the solution of water
pollution problems.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0964, PHARMACOLOGICAL AND ECOLOGICAL EF-
FECTS OF PESTICIDES
C.E. WARREN, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

It is the overall objective of this broad and fundamentally
oriented research projer to provide, through studies of the phar-
macological and ecological effects of pesticides and other toxic
substances on freshwater organisms, information which will be of
value in developing standards for the use of toxic substances that
arc adequate to protect the productivity of fresh waters for organ-
isms of value to man. The production of an organism cannot be
expected to remain unimpaired if environmental changes reduce
its ability to survive, reproduce, grow and move, or if the produc-
tion of its fend organisms is reduced.

The fohowing general objectives must be attained before the
overall objectives of this research can be realized; (1) obtain un-
derstanding of how toxic substances influence the various biologi-
cal functions of the individual organism; and (2) obtain un-
derstanding of how toxic substances influence food relations in
biological communities.

The following general procedures will be used in attaining
the objectives of this research: ( I ) classical pharmacological and
bioenergetic approaches will be used in laboratory studies of the
influences of toxic substances on the biological functions of
aquatic organisms; and (2) food chains in simplified biological
communities in the laboratory and in complex communities in na-
ture will be studied to determine the influence of toxic substances
on food relations.

SUPPORTED BY U.S. Dept. of Agriculture
Oregon State Government

5.0965, INFLUENCES OF WATER QUALITY AND
OTHER ENVIRONMENTAL CHANGES ON FISH AND AS-
SOCIATED ORGANISMS IN INT,AND WATERS
C.E. WARREN, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

Influences of Water Quality and other Environmental
Changes on Fish and Associated Organisms in Inland Waters.

It is the first objective of this rather broad project or program
to provide fundamental understanding of the influences which
generally occurring environmental changes have on fish and as-
sociated organisms in inland waters. The domestic, agricultural,
forestry, indastrial and other activities of man are continually
changing the character of our inland waters and endangering their
social and economic value. Understanding of the influences of
these changes, to be of much scientific or social value, must be in
terms of the ecology of the individual organism, its population
and its community.

It is the second objective of this project to provide, where
possible, methods by which understanding of ecological changes
may be applied to the solution of problems arising when the ac-
tivities of man endanger valuable aquatic resources.

Laboratory and field studies of physiological and ecological
nature will be utilized in approaching problems selected because
of their generality.

SUPPORTED BY Oregon State Government

5.0966, EFFECTS OF KRAFT PULP MILL EFFLUENTS
ON THE GROWTH AND PRODUCTION OF FISH
C.E. WARREN, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

The general objective of this work is to determine how and to
what extent concentrations of kraft pulp mill wastes that are
neither acutely toxic nor severely oxygen depleting may influence
the production of fish populations.

Description of 'Work: (1) Determine the influence of ef-
fluents from kraft pulp mills on the growth of juvenile salmonids
it the laboratory when food consumption rates and metabolic
requirements of the fish are similar to those of fish in nature. (2)
Determine the influence of effluents from kraft pulp mills on the
food consumption, growth, and production of salmonids and on
the production of their food organisms in simplified biological
communities in laboratory streams. (3) Determine the influence
of kraft mill effluents on the food habits, food consumption,
growth, and production of salmonids, and on the biological com-
munities of controlled experimental streams in which the concen-
trations of these wades are controlled at levels below those
known to be toxic or seriously oxygen depleting. (4) Determine
through sampling studies above and below the points of entry of
kraft pulp mill effluents into rivers the food habits and growth
rates of salmonids and other fish.

SUPPORTED BY Oregon State Government

5.0967, SOIL STABILIZATION AND RUNOFF REGULA-
TION IN CONIFER WATERSHEDS
J.S. ROTHACHER,U.S. Dept, of Agriculture, Corvallis, Oregon

Object: To determine how logging methods, road construc-
tion, and timber management practices can be improved to cur-
tail erosion, prevent channel impairment, and regulate quantity
and timing of runoff.

Plan of work: The project will continue to ( I ) measure soil
movement on logged lard and logging roads; (2) determine ef-
fects of road building, cable logging, forest removal, and slash
burning on water quality; (3) investigate changes in streamflow
caused by clearcutting and partial cutting; and (4) determine the
role of vegetation on evapotranspiration. The project will begin
new studies to include: (1) relating soil movement to soil, topo-
graphic, and vegetative factors; (2) development of erodibility in-
dexes; (3) measureinent of rate and quantity of subsurface water
movement; and (4) determination of the hydrologic values of hu-
mus.

SUPPORTED BY U.S. Dept. of Agriculture

5.0968, FATE AND EFFECTS OF PESTICIDES IN
FOREST SOILS AND WATER
R.F. TARRANT, U.S. Dept. of Agriculture, Corvallis, Oregon

Object: To determine how the unique properties of forest soil
are affected by insecticide and herbicide residues and lead to
their alteration and degradation; to determine how much and in
what form residues are present in water coming from forest lands;
and to devise guides for safe use of these pesticides in the forest.

Plan of work: The projects staff will continue to study (I) the
litter production of alder and conifer stands in Oregon, (2) the
movement of insecticides in soil and soil water, and (3) the
disposition of DDT from a 55,000-acre sprayik ey will initiate
studies on (1) relationship between residues and soil micro-or-
ganisms, (2) residue movement across and through the soil, and
(3) effect of residues on forest soil development.
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SUPPORTED BY U.S. Dept. of Agriculture
University of Maine

5.0969, EUTROPHICATION - EFFECT OF FLOW AUG-
MENTATION
A.F. BARTSCH, U.S, Dept. of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

The immediate objective is to determine the effect on algal
bloom production when a nutrient-rich lake is flushed with
nutrient-deficient water. Ultimate objective is to decrease or
eliminate algal blooms in Moses Lake, Washington. One of three
branches of the lake will be flushed with low-nutrient water while
the others remain as controls. After flushing during August and
September, 1968, a year of no water diversion will follow to per-
mit determing persistence of improvement. This approach will
evaluate flushing as a remedial tool and will indicate the periods
of future water diversion needed to permanently prevent bloom
formation. Principal parameters to be investigated are as follows:
1, Water current studies at selected sites and depths. 2. Water
budget studies to determine extent and efficiency of flushing. 3.
Turbidity measurements and suspended solids analysis. 4, Chemi-
cal and physical parameters to determine existence and character
of thermal stratification and also environment for algae. 5.
Qualitative and quantitative determination of algae, including
measurements of phytoplankton pigments, biomass, and species
diversity. 6. Chemical analyses and oxygen demand studies of bot-
tom muds.

Basic data collection and analyses will be conducted
cooperatively by FWPCA and University of Washington person -
nel. Other cooperators will be the Bureau of Reclamation and a
citizens group in the city of Moses Lake, Washington.

SUPPORTED BY U.S. Dept. of Interior - V. Water Pol. Ctl

5.0970, EUTROPHICATION - EFFECT OF WEED HAR-
VESTING
A.F. BARTSCH, U.S. Dept. of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

The principal objective is to evaluate aquatic vegetation har-
vesting as a means of effectively reducing algal nutrient availabili-
ty. Harvesting and removal of aquatic vegetation is one of the
potential control measures in combating eutrophication of bodies
of water. It is a means of 'cropping off part of the excess
nutrients. Although weed harvesters have been used in the past,
no really scientific investigations have accompanied their use. In
cooperation with the Pelican River Watershed District, Min-
nesota, city of Detroit Lakes, and University of North Dakota the
effectiveness of the procedure will be evaluated. Attempt will be
made to answer such questions as: 1. What is the amount of
nutrients actually removed from a lake by weed harvesting? 2.
What happens to the energy flow of nutrients that originally went
into the plant growth? 3. What is the pattern of regrowth of the
vegetation after harvesting and do other species replace the
original ones? 4. Does the phytoplankton population change after
the higher aquatic plants are removed?

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0971, EUTROPHICATION - BIOLOGICAL CONTROL
USING GRAZERS
A.F. BARTSCH, U.S. Dept. of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

The objective is to determine if living organisms can be found
which will harvest nuisance algae through grazing, or reduce them
through disease and parasitism. A literature review will be made
to determine the prospects for success and to identify North
American or other species as prospective candidates for grazing
trials. Promising animals will be evaluated in the laboratory or
field as appropriate.

It was the consensus of most scientists attending the recent
International Eutrophication Symposium in Madison, Wisconsin
that this is a potentially fruitful area of research. It was felt that a
biological control measure for algae could be found if sufficient
effort were expended. This has not been done to date.

Much of the effort in F. Y. 1968 will be desk work to learn
what has been done by other researchers and to determine who
might be interested in doing work with grant research funds.
Other activities will include preliminary laboratory evaluation of
grazer candidates.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0972, EUTROPHICATION - PHYSICAL ECOLOGICAL
CONTROL
A.F. BARTSCH, U.S. Dept. of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

The objective is to determine if algal production can be in-
hibited by preventing thermal stratification of a lake. Prior
destratification experiments have sometimes decreased and other
times increased primary production. Because of this seeming
paradox, it is necessary to understand this phenomenon and to
utilize it if possible, as a means of preventing algal bloom forma-
tions. It' total algal growth can indeed be retarded by mixing, it is
necessary to learn if a lake has to be turned over every year or at
lesser or greater intervals to give permanent relief.

Principal areas of investigation will include: 1. Measurements
of water movements at selected sites and depths in a lake. 2. Mea-
surements of chemical and physical parameters that are of im-
portance to algal growth. 3. Measurements of algal growth.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0973, COASTAL DIFFUSION OF POLLUTANTS
D.J. BAUMGARTNER, U.S. Dept, of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

The Georgia-Pacific Corporation, Toledo, Oregon currently
discharges its kraft process pulp mill wastes to an ocean outfull
which discharges approximately 6 million gallons per day through
a diffuser section at a depth of 40 feet at a distance of 3000 feet
off the Oregon Coast at Newport. The dilution achieved by the
diffuser process and by the horizontally flowing field under the in-
fluence of natural forces will be investigated by frequent sampling
of the near coastal waters, plus continuous monitoring of wind
direction and speed. Current meters will be installed at various
depths and at three locations in the near shore area to determine
the relationship between the dilution of the field and the current
structure. Additional surface current measurements may have to
be made on the basis of drift cards or dye fields, Model tests will
be performed in an 8-foot diameter, 3-foot deep tank to
reproduce the hydrodynamic characteristics of the diffuser port
and the density structure or the wind stress. This should, in addi-
tion to improving the methodology for describing jet diffusion,
provide a method for estimating the influence of the non-steady
current structure in the receiving fluid by comparing the observed
performance in the prototype with the observed performance in
the controlled model.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0974, ESTUARINE DIFFUSION OF POLLUTANTS
D.J. BAUMGARTNER, U.S. Dept. of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

The most general characteristic of pollutants which plays a
part in the assessment of their fate is concentration. Since the
concentration is a function of its dilution in the environment as a
result of mixing and diffusion, as well as decay of the component,
it is of considerable importance to be able to determine how the
concentration of a pollutant will vary in the receiving water at
various locations and perhaps at various times if the pollutant or
the environment is not in steady state.

Uncertainty exists with regard to the value of the turbulent
diffusion coefficient to be used in problem analysis. To provide a
means of determining this value at points in time and space, as
well as providing additional understanding of the forces which in-
fluence estuarine diffusion, a predictive model of salinity will be
constructed on the basis of time series analysis of observations in
Yaquina Bay, Oregon.

Continuous recording salinometers will be installed approxi-
mately every five miles along Yaquina Bay to obtain the record of
the time variation of salinity at the surface. Once a week, vertical

1-461



5. WATER QUALITY MANAGEMENT AND PROTECTION

traverses of salinity will be obtained to provide information on the
vertical stratification in the estuary. If necessary, additional
salinometers will be placed near the bottom to obtain information
on the vertical distribution. Fresh water inflow will be estimated
by stream gauging of the three principal surface streams in the
area. Direct runoff and direct rainfall can be estimated. Informa-
tion on tide height and frequency will be obtained from three tide
gauges, while continuous information on wind speed aixi
direction will be obtained at the entrance to the bay and other
cations if necessary,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0975, MARINE BIOLOGICAL ASSESSMENT OF POL-
LUTIONAL FATE
D.J. BAUMGARTNER, U.S. Dept. of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

In almost every pollution situation, a major consideration is
the impact of the degraded water quality on the organism. This is
especially true where it is suspected that the pollutant will harm
aquatic organisms of primary importance to man. Interpretation
of bioassay tests is complicated by the fact that there has been
very little information obtained to relate the controlled observa-
tions in the laboratory experiments to the actual conditions exist-
ing in the environment in the absence ofpollution. Attempting to
overcome some of these difficulties, investigators have begun to
consider and apply in situ bioassay procedures.

The difficulties associated with this approach are related to
selection and maintenance of the test animals, knowledge of their
population dynamics in the natural unpolluted environment, and
determination that the observations obtained under the test con-
ditions are due to a pollutional stress rather than artifacts of the
experimentation.

The first step in developing a series of procedures for analysis
of problem areas is determining the amount and type of informa-
tion necessary to describe the natural environmental populations,
This developmental work is being tried on Yaquina Bay, Oregon,
along two approaches.

Information on fish usually associated with bottom or mid-
water habitat will be obtained at each of ten sampling stations
every two weeks by means of a trawl. Continuous recording of
salinities on the surface at six stations covering the trawl areas will
also be provided. In addition, weekly profiles of dissolved oxygen,
temperature and salinity will be provided. Samples will be ob-
tained for organic carbon analysis or PBI's or other appropriate
analyses to determine possible pollutants. It will be possible to test
some of the methods of analysis after collection of data for one
year. The second method of observation pertains to collection of
crustacea in standardized substrate boxes and on substrate media
suspended in the water column. These samples are analyzed after
exposure to the environment for five weeks. Sub- samples of the
organisms obtained in both methods will be analyzed for matt'rity,
weight distribution, and stomach contents.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0976, PHYSIOLPG1CAL EVALUATION OF TREATED
TOXIC WASTES
G.R. BOUCK, U.S. Dept. of Interior, Pacific Nw. Water Labora-
tory, Corvallis, Oregon 97330

The project seeks to evaluate the needed degree of waste
treatment for Paper Trade Wastes. Various life stages of Pacific
Salmon and steelhead trout are the test organisms and these are
exposed to the above wastes for thirty days or more using continu-
ous renewal of toxicant. Physiological tests include histopatholo-
gy, autofluorescence of tissues, protein composition of plasma
and tissues, enzymes in plasma and routine hematology.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0977, SLIME CONTROL ASSOCIATED WITH PULP
MILL EFFLUENTS
M.D. KNITTEL, U.S. Dept. of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

The purpose of this investigation is to learn the minimum
requirements of nutrients that support the growth of Sphaerotilus
natans, Further, the project plans to define the carbon and
nitrogen source that supports growth of this bacterium. This in-
formation will be helpful to those who must design effective waste
treatment methods for industrial wastes.

A second major area of this project is to find, test and
develop effective biological control methods for S. natans.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0978, MICROBIOLOGICAL TREATMENT OF POTATO
WASTES
D.S. MAY, U.S. Dept. of Interior, Pacific Nw. Water Laboratory,
Corvallis, Oregon 97330

In order to better understand the role of microorganisms in
the biological treatment of potato processing wastes, several areas
will be investigated. The processing waste streams will be charac-
terized to determine chemical constituency with respect to
nutrients, organic materials, and trace materials. Attempts will be
made to isolate and identify the predominant organisms existing
in present treatment systems and determine their role in stabiliza-
tion of the waste. Using bench- top treatment chambers the
growth of these organism and the conversion of the waste will be
followed closely by chemical and biochemical analysis. Organ-
isms which provide good decomposition will be further studied
under the influence of nutrient additives which may enhance
microbial activity. The feasibility of incuding cultures of highly
active microorganism will be investigated. Consideration will be
given to the development of biological flocs which may be
recovered from the system and used as food material for
livestock.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl

5.0979, CHEMICAL AND ENGINEERING ASPECTS OF
POTATO PROCESSING WASTES TREATMENT
L.J. NIELSON, U.S. Dept. of Interior, Pacific Nw. Water Labora-
tory, Corvallis, Oregon 97330

This investigation will evaluate the several potato processing
wastes for treatment both as separate wastes and as a combined
flow. Emphasis will be on increasing efficienty of waste treatment
for protection of receiving waters and for reduction of treatment
costs. Research will consider possible by-product recovery by USr

of polyelectrolytes and/or pressurized air flotation. The
economics of dehydrating potato starch wastes for recovery of a
useable product will be examined.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0980, PULP AND PAPER WASTE CONTROL AND
TREATMENT
R.H. SCOTT, U.S. Dept. of Interior, Pacific Nw. Water Laborato-
ry, Corvallis, Oregon 97330

Development of State of Arts Document covering principal
segments of pulp and paper production, in-plant control and
treatment for waste reduction, processes in-plant leading to
destructive disposal, or utilization and by-product development.
Consideration of available means for waste salvage for re-use,
water conservation and hi-plant concentration and distribution of
waste fraction in weak waste streams. Review of present
knowledge regarding waste treatment technology as practiced in
the industry.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0981, EUTROPHICATION - PILOT OPERATIONS
L.P. SEYB, U.S. Dept. of Interior, Pacific Nw. Water Laboratory,
Corvallis, Oregon 97330

As laboratory scale techniques are found for the control of
algae in lakes, methodology must be developed for the scale-up of
these techniques to use in field trials. Techniques of systems anal-
ysis and economics will be used in shifting from small scale to full
scale demonstrations. It is an objective to plan the groundwork
for this development.
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It is anticipated that an engineer will be employed during the
last quarter of F. Y. 1968 to work with personnel assigned to sub
projects in the eutrophication program,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0982, EUTROPHICATION SEDIMENT -WATER IN-
TERCHANGE STUDIES
L.P. SF:YB, U.S, Dept. of Interior, Pacific Nw. Water Laboratory,
Corvallis, Oregon 97330

Objectives are to determine mechanisms, rates and condi-
tions by which algal nutrients in lake sediment interchange with
overlying water and to treat lake sediment to prevent interchange.
Sediment will be removed from the lake and tested for its nutrient
release capacity in the laboratory. While most ion exchange work
on soil has been done with cations, techniques for this do not take
into consideration the possibility of anion exchange with humic
and other materials present in organic soils. Ion exchange capaci-
ty of lake sediment with reference to anions containing
phosphorus and nitrogen will be examined Because the amount
of humic acids in bottom deposits is a measure of the degree to
which organic substances are stabilized in sediment and since
dehydrogenase content of sediment is a measure of the extent of
biological breakdown of organic substances, both parameters will
be measured. Also, we may measure the vitamin B12 content
since it has been proposed that this vitamin results from bacterial
action in sediment.

Small areas of Klamath Lake which have shown dense algal
blooms in past years will be isolated from the main body of the
lake and used to determine the influence of sediment-water in-
terchange on algal production and to evaluate procedures in-
tended to prevent or impede interchange,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0983, POWER PRODUCTION
B.A. TICHENOR, U.S. Dept. of Interior, Pacific Nw. Water
Laboratory, Corvallis, Oregon 97330

The project staff acts as a 'core group' for coordinating the
FW PCA's national research effort in the area of thermal pollution
resulting from power production. Two activities are presently un-
derway: 1. Development of a mathematical model and associated
computer program for the prediction of water temperatures in the
Columbia River from Grand Coulee Dam to Bonneville Dam. 2.
Preparation of a 'state of the arts' document describing the
present and future problems, present and proposed solutions, and
research needs in the area of thermal pollution from power
production, with special emphasis on nuclear power plants.

Future plans include either 'in- house', contract, or grant
research in the areas of: 1. Reservoir temperature prediction
techniques (including stratification, density currents, release tem-
peratures, design considerations for multiple level outlets, operat-
ing schedules for optimum downstream thermal conditions, etc.).
2. Dispersion of heat from power plant heated effluent outfalls, 3.
New designs for cooling apparatus for thermal power plants, in-
cluding improvements in methods such as cooling towers,
cascades, sprays, cooling ponds, etc., 4. New operating methods
or design changes for thermal power plants to produce cooler ef-
fluent, 5. Effect of heat on the biological, microbiological, and
chemical quality of water.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0984, AEROBIC SECONDARY TREATMENT OF
PLYWOOD GLUE WASTES
R.C. NEWMAN, Klamath Plywood Corporation, Klamath Falls,
Oregon 97601

The project objective of this grant are to design, construct,
operate .and evaluate an extended aeration, activated sludge
lagoon treatment plant on ureaformaldehyde glue wastes in order
to provide data for others to utilize in efforts to abate water pollu-
tion.

SUPPORTED BY U,S, Dept. of Interior - F. Water Pol, Ctl
Klamath Plywood Corporation

5.0985, MASS MORTALITY OF OYSTERS ALONG THE
OREGON COAST
C.D. SNOW, State Fish Commission, Portland, Oregon 97201
(14-17-0001-1895)

Summary of Proposed Work: The Oregon Fish Commission
is continuing the oyster mortality monitoring program begin in
1966 with slight changes to conform with the recommendations
of the team of experts which reviewed the program in 1968. Sam-
pling stations will be maintained in Tillamook, Yaquina and Coos
Bays.

In Yaquina Bay, the number of sampling stations will be
reduced from six to three to permit more intensive monitoring of
both native and Pacific o,sters. Observations will be made every
two weeks, and samples will be collected every 4 weeks. Those
and dead or abnormal oysters will be sent to the University of
Washington for histological examination.

In addition to the sampling stations in Yaquina Bay, an obser-
vation station will be established at the dock of the Marine
Science Center, Observations will be made each working day.
Dead or moribund animals will be collected or histological ex-
amination.

There will be one station at Tillamook and Co w BayA. Sam-
piing will be monthly with collections for histological examination
from the control lots and the adjacent beds.

Water quality measurements at Yaquina Bay will include
temperature, salinity, dissolved oxygen and turbidity plus supple-
mental information from the Federal Water Pollution Control
Administration and Oregon State University. At Tillamook and
Coos Bays measurements of temperature, salinity and dissolved
oxygen will be taken during each sampling visit.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

5.0986, MOVEMENT OF RADIONUCLIDES IN THE
COLUMBIA RIVER ESTUARY
I). HUBBEL, U.S. Dept. of Interior, Geological Survey, Portland,
Oregon 97208

Two reaches of the estuary have been instrumented for
discharge determination. These will be calibrated by direct mea-
surements of flow from a boat at different stages and through
several tidal cycles during the coming year. The data will then be
fitted to a one dimensional mathematical model that has already
been developed. If the mathematical model is determined to be
reasonably accurate, two other reaches will be instrumented
similarly. In addition water samples for salinity and other chemi-
cal characteristics and sediment content will be taken during all
direct discharge measurements. Gross description of radioactivity
in the estuary will be obtained by a sled mounted in situ radiation
detector as well as from analyses of water and sediment samples.
Data compilation and integration will be augmented by a study of
typical environments such as islands, tidal flats and shorelines,
which can be mapped fairly easily. The mechanics of sediment
transport and deposition particularly under the influence of salini-
ty changes and flow reversal will be studied to define empirical
relations to be used in calculating sediment loads. The project was
initiated in FY 1964 and is expected to be completed in FY '69.

SUPPORTED BY U.S. Atomic Energy Commission

5.0987, EFFECT OF SURFACE GROUPS ON ADSORP-
TION OF POLLUTANTS
R.W. COUGHLIN, Lehigh University, School of Engineering,
Bethlehem, Pennsylvania I 8015

Activated carbon is the most promising material which has
been investigated for adsorbing biologically undegradable organic
compounds from waters and waste waters. Of the many different
commercially available carbons which have been used for these
studies, some have shown markedly higher adsorptive capacities
than others (two to three times on a per-gram basis). Presumably,
these differences are due to varying specific surface areas, varia-
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ble types of surfaces and different functional groups on the solid
surfaces. It is proposed herein to investigate the influence of type
of surface and nature of functional groups on the surfaces as they
affect the adsorption of typical biologically undegradable organic
compounds on activated carbon and on other promising adsor-
bents. The ultimate goal of this research will be to identify those
functional groups and surfaces which are most efficacious for ad-
sorbing specific compounds. This information will indicate how
better materials can be designed for specific adsorption tasks,
provide expanded and better means of surface regeneration and
establish guides for selecting solid adsorbents to achieve a par-
ticular adsorption goal.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0988, TRANSPORT OF SOLID SUSPENSION IN CON-
DUITS
W.H. GRAFT, Lehigh University, School of Engineering,
Bethlehem, Pennsylvania 18015

This proposal results from ideas formulated by the principal
investigator during work on the project, 'The Transport of Solid
Suspension in Conduits', sponsored by the Federal Water Pollu-
tion Control Administration of the U. S. Department of Interior
(research grant - WP-00838). Essentially, this proposal outlines
further research to be done as a continuation of the present pro-
ject. The research wilt be divided into two parts: (1) Design
criteria for minimum transport velocities of non-depositing solid -
liquid mixtures in pipe lines will be investigated. Only recently,
the progress report of ASCE's Combined Sewer Separation Pro-
ject points out a complete lack of data in this area. The proposed
research will try to provide a modest contribution to adequate
combined-sewer design, focusing primarily on suspended pres-
sure conduit. (2) Further development of the modified Venturi
meter to measure mixture flow rate and concentration simultane-
ously is suggested.

It is believed that the proposed research will provide further
knowledge about the design of conduits transporting solid - liquid
mixtures.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.0989, THERMAL AND INDUSTRIAL POLLUTION
DELAWARE RIVER
B.W. PARKER, Lehigh University, Graduate School, Bethlehem,
Pennsylvania 18015

In the seven mile stretch of the Delaware River from Riegel-
sville, N. J. down to river Milford, N. J., there are four paper mills
which produce variable discharges into the river. About half way
between these two limits is a steam-electric generating station
which discharges heated water from condensers. At full capacity
this station is generating 134 Megawatts. This corresponds to
waste heat rejection of about 6.7 x 10 to the 8th power B.T.U. per
hour.

We propose to operate automatic monitoring stations at the
bridges at Riegelsville and at Milford to develop comparative data
for the river above and below the areas of cited pollution. Five
diagnostic parameters would be recorded: Oxygen, Turbidity, pH,
Conductivity and Temperature. Sunlight intensity at Riegelsville
is useful as the primary index of photosynthesis and oxygen
production. The automatic Water Quality Monitor Station at
Riegelsville was developed and operated by Lehigh from 1958-61
under agreement with 1NCODEL. We also developed a portable
monitor station which records the five parameters.

The Del. Riv. Basin Comm. has succeeded INCODEL in
ownership of the monitor equipment. DRBC plans to reactivate
the Riegelsville Monitor Station and to let us use the portable
monitor station for this proposed research.

In addition to collection of information by automatic intru-
mental methods, we would employ standard field sampling
methods such as: a. Collection of microscopic plants and animals
by Millipore filter and immerses elide techniques; b. Observation
of macroinvertebrates and determination of distributions in terms
of types and relative abundance; c. Observation of distributions
and types of rooted aquatic plants and algae; d, Measurement of
Temperature and Sampling for B.O.D., C.O.D. and bacteriologi-
cal counts.

SUPPORTED BY U.S. Dept. of Interior F, Water Pol. Ctl

5.0990, PILOT PLANT DEVELOPMENT OF THE ION-
EXCHANGE PROCESS FOR RECOVERY OF AMINO COM-
POUNDS FROM POTATO STARCH FACTORY EFFLUENTS
W.L. PORTER, U.S. Dept. of Agriculture, Chesnut Hill - Philadel-
phia, Pennsylvania 19118

Object: To alleviate the problem of disposal of secondary
wastes from potato starch factory effluents and reduce stream and
air pollution; to obtain a cost estimate for the process; and to
produce crude amino acid mixtures.

Plan of work: An evaluation will be made by pilot plant scale
of the methods of recovery of free amino acids from potato starch
plant effluent by ion-exchange treatment. The investigation will
include: effect on process of variation in concentration of in-put
solids from 0.5 - 3.0% solution; applicability of Dutch process for
recovery of protein before ion-exchange treatment of effluent
liquor; degree of clarification required before ion-exchange
processing; disposal of solutions from regeneration of columns
and selection of regeneration acid from this viewpoint; methods
of stabilizing the amino acid product; and determination of com-
position, BOD and COD of effluent stream before and after
processing. Cost estimates will be provided based on the data and
final process layout, for a full-scale plant to recover nitrogen-con-
taining materials from the 'protein water' effluent of a 10 ton per
day and a 30 ton per day potato starch factory. A minimum of 500
pounds of dry crude amino acids will be delivered representing
the typical product of the process for use in utilization studies and
market development.

SUPPORTED BY U.S. Dept. of Agriculture

5.0991, INVESTIGATION OF SOAP-DETERGENT COM-
BINATIONS BASED ON INEDIBLE ANIMAL FATS
A.J. STIRTON, U.S. Dept. of Agriculture, Chesnut Hill - Philadel-
phia, Pennsylvania 19118

Synthesis of the different types of surface active agents will
be explored, including the anionic, nonionic, cationic and
amphoteric types, with greatest, attention to the anionic and
nonionic. The synthesis from tallow of surface active agents with
increased solubility is a major objective. This may be reached in
the form of sulfated, sunnated or phosphated nonionics. Oxyai-
kylation and subsequent sulfation and phosphation will be in-
vestigated, starting with long chain fatty acids, alpha-sulfo acids,
alcohols, amides and amines and epoxides.

Other reactions will include the alpha-sulfonation of nitriles,
amides and dicarboxylic acids, the synthesis of alkanolamides and
related nitrogen containing compounds. New surface active types
will be investigated in a preliminary manner for relative ease of
biodegradation before any commitment to an extensive program
of synthesis and evaluation.

Detergents and surface active agents will be examined for
aqueous solubility, conveniently measured by the Krafft point or
cloud point, solubility in organic solvents, stability to hydrolysis
and stability to calcium ion and heavy metal ions.

The work will include the formulation of solid and liquid de-
tergent bars and soap-syndet combinations. Special attention will
be given to the possible elimination of phosphate builders.

SUPPORTED BY U.S. Dept. of Agriculture

5.0992, BIODEGRADABLE DETERGENTS FROM
ANIMAL FATS
A.J. STIRTON, U.S. Dept. of Agriculture, rhesnut Hill - Philadel-
phia, Pennsylvania 19118

Object: To develop new and expanded outlets for animal fats
through studies on the biodegradability of alpha-sulfo acids and
derivatives therefrom which have surface active properties.

Plan of Work: Biodegradability of detergents based on alpha-
suifo tallow acids will be studied by such recognized methods as
the River Die Away test and continuous sludge digestion.
Biodegradability sewage data will also be obtained on other
derivatives of tallow which offer promise as detergents as well as
on important competitive materials such as alkylbenzene sul-
fonate (ABS) and straight chain ABS. Continuous attention will
also be given to the possibility for improving and standardizing

1-464



5. WATER QUALITY MANAGEMENT AND PROTECTION

the methods for measuring biodegradability or for the develop-
raent of new methods for the purpose, Isolation of the inter-
mediate products of the biodegradation of fat-based detergents
may be undertaken in order to learn as much as possible about the
actual mechanism of biodegradation. Finally, since so much of
our detergents are disposed of through cesspools or septic tanks,
attempts will be made to study the biodegradation of fat based de-
tergents under anaerobic conditions,

SUPPORTED BY U.S. Dept. of Agriculture

5.0993, ESTIMATING ACID MINE DRAINAGE POTEN-
TIAL FROM COAL BEDS BY USE OF THE SOXHLET EX-
TRACTOR
G.H. EMRICH, State Dept, of Health, Harrisburg, Pennsylvania

Acid mine drainage degrades many miles of streams in the
coal mining regions of the United States. In order to properly
design treatment facilities for acid mine drainage, the character of
the mine drainage must be known before mining begins.

While many tests have been proposed, very few, if any,
reproduce the natural conditions that produce acid mine drainage
which this study will do, The study uses a Soxhlet Extractor
packed with inert material and crushed coal. Distilled water is
passed over the coal sample which is constantly being aerated.
When the Soxhlct Extractor is filled with water, the water siphons
back through a flask and is recirculated through the coal again.
After four complete passes the fluids are analyzed for acidity or
alkalinity, sulfate and iron, This is continued for a sufficient
number of passes until the character of the mine drainage can be
estimated, Preliminary results show close correlation of drainage
from existing coal mines and estimated character of mine
drainage.

Continuing research will also be performed to evaluate the
effects of temperature, bacteria and sample size.

SUPPORTED BY Pennsylvania State Government

5.0994, CONSTRUCTION OF MINE WATER TREAT-
MENT PLANT AT HOLLYWOOD, PENNSYLVANIA
D.R. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

This project consists of the construction of a 500,000 gallon
per-day acid mine water neutralization treatment plant and a pro-
gram of experimental operations to evaluate performance and
costs. The plant will have capability for five different process op-
tions.

Tests will be conducted to determine plant capacity and to
evaluate the process elements such as flash mixing, settling,
sludge disposal, sludge handling, filtration, influence of pH, effec-
tiveness of catalysts, microbiological oxidation of iron, corrosion,
and sludge scaling.

SUPPORTED BY U.S Dept, of Interior - F. Water Pol. Ctl
Pennsylvania State Government

5.0995, APPLICATION OF BACTERIOPHAGES TO
ELIMINATE MINE ACIDS
D,R. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

This project will demonstrate the feasibility of using inhibito-
ry organisms to reduce the activity of acid producing bacteria. In-
cluded are the isolation, identification, and culturing of such bac-
teriophages.

If laboratory results prove to be feasible, then a large scale
study will be undertaken.

The project site will be in Washington and Greene Counties,
Pennsylvania.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Pennsylvania State Government

5.0996, USE OF LATEX AS A SOIL SEALANT TO CON-
TROL ACID MINE WASTE DRAINAGE
D.R. MANEVAL, State Dept. of Mines & ;din. , Harrisburg,
Pennsylvania 17120

This project will demonstrate the use of low cost rubber latex
to form an effective soil seal which will prevent or reduce acid
mine drainage without interfering with vegatative growth. The
method consists of allowing a rubber latex to leach into the soil
below the root line and then coagulating it either by Cle natural
acid reaction of the soil or by an artificial acid plateau.

The seal will prevent surface water from leaching into aban-
doned mines and will restore normal surface runoff in the im-
mediate area. The underground pools of contaminated water
which presently exist because of uncontrolled seepage from
above will remain static or eventually dry up, thus eliminating
acid drainage into lower streams and rivers.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Pennsylvania State Government

5.0997, FEASIBILITY OF THE PURIFICATION OF AC, D
MINE WATER BY A PARTIAL FREEZING PROCESS
D.R. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

The objectives of the proposed work are: I ) Assemble infor-
mation pertinent to the purification of acid mine water from exist-
ing publications, reports and other scientific literature. 2) Obtain
preliminary experimental test data on the yield and purity of
quality product water that can be obtained by a partial freezing
process operating on typical acid mine water. 3) Make prelimina-
ry flow diagrams and economic evaluations of possible freezing
processes for purifying acid mint water.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl
Pennsylvania State Government

5.0998, CATAWISSA CREEK MINE DRAINAGE POLLU-
TION ABATEMENT PROJECT
D.R. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

The project is designed to confirm previous estimates of mine
drainage pollution abatement and to evaluate the at-source con-
trol method of the mine by plugging three existing drainage tun-
nels within an isolated pocket of coax known as the South Green
Mountain Basin. Acid mine drainage is formed when water, air
and pyrites react. The principle of inundation of the mint is to
prevent this reaction by displacing the air with water.

The project site is in Schuylkill and Lugrene Counties,
Pennsylvania.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Pennsylvania State Government

5.0999, OPTIMIZATION AND DEVELOPMENT OF IM-
PROVED CHEMICAL TECIINIQULS FOR THE TREAT-
MENT OF COAL MINE DRAINAGE
D.R. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

The proposed project will consist of initial laboratory studies
to develop an improved process for the control and prevention of
water pollution by drainage from coal mines. The proposed pro-
ject will include a literature search, bench-scale studies and
process design, evaluation and application. A future project will
consist of pilot- plant construction and operation.

The project site location will br in Monroeville, Pennsyl-
vania.

SUPPORTED BY U.S. Dept. c, 41.Zerior - F. Water Pol. Ctl
Pennsylvania State Government

5.1000, 1N-SITU PRECIPITATION OF SLUDGE RESULT-
ING FROM REACTION OF MINE WATER WITH LOW
COST ADDITIVES TO PREVENT MINE DRAINAGE POLLU-
TION
D.R. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

The project is to develop and test an in-situ technique for the
injection of a mixture or slurry of various neutralizing and filler
materials into an abandoned mine. This is to reduce the produc-
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tion of acid mine drainage by crating of the pyrites and reduction
of the water flow. The initial phase of the study will involve a 4
month series of laboratory tests to confirm the technical feasibili-
ty of the method and an evaluation of site selection.

Phase Two will be the pilot installation and demonstra ion of
the technique, treating part, for all of an abandoned mine.

Parsons-Jurden Company will perform the work. The project
site is in Elder Township, Cambria County, Pennsylvania.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Pennsylvania State Government

5.1001, NEUTRALIZATION AND PRECOAT FILTRATION
OF CONCENTRATION SLUDGES FROM MINE WATER
D.R. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

The project is directed at providing a cost-effectiveness
evaluation of various neutralization processes in the treatment of
acid mine drainage. Sludge disposal problems will be studied with
emphasis on precoat filtration. Field test will be accomplished on
four abandoned mines in the Western Pennsylvania area.

Johns-Manville Company will perform the work. It is hoped
that this method will provide significant information on economic
feasibility of reducing acid mine drainage by neutralization.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl
Pennsylvania State Government

5.1002, EVALUATION OF POLLUTION ABATEMENT
PROCEDURES IN THE MORAINE STATE PARK, BULTER
COUNTY, PENNSYLVANIA
D.A. MANEVAL, State Dept. of Mines & Min. , Harrisburg,
Pennsylvania 17120

The project is for the purpose of ascertaining the effective-
ness of various remedial procedures which habe been applied to a
large Western Pennsylvania State Park so that judgment may be
made relative to wide spread application of specific pollution
abatement projects. Water quality and quantity measurements
will be made at sampling points throughout the Muddy Creek
Watershed.

The project site is located in Moraine State Park, Butler
County, Pennsylvania.

SUPPORTED BY U.S. Dept. of Interior - F. Water Poi. Ctl
Pennsylvania State Government

5.1003, MICROSTRAINING PILOT TESTS OF STORM
WATER OVERFLOWS FROM COMBINED STORM AND
SANITARY SEWER SYSTEMS
E.W. DIAPER, Glenfield & Kennedy Inc. , King of Prussia,
Pennsylvania 19406

Project Goal - determine the feasibility of microstraining an
chlorination and/or ozonisation as a treatment process for storm
water overflows from combined storm and sanitary sewer
systems, The drainage area for this test is a 13.6 acre residential
section surrounding 67th & Callowhill Streets, Philadelphia,
Pennsylvania. During overflows, a 200 gpm sample will be ex-
tracted from a collection trough at the sewer outfall, and all water
extracted will pass through the GlenfI & Kennedy Micros-
trainer. This is a rotary drum filter, 5 ft. diameter by 3 ft. long,
fitted with a stainless steel screening fabric, having 35 micron
apertures. Strained water will be chlorinated (up to 50 ppm) and
collected in 1000 gallon tank for subsequent ozinisation. Samples
will be automatically extracted before and after microstraining;
after chlorination, and after ozinisatior.,. Samples will he stored in
refrigerated containers until collection and testing by the
Philadelphia Water Commission, for pH, solids content, and
biological and chemical properties. This process offers continu-
ous, high volume processing and would eliminate the need for
large volume storage tanks for storm water collection.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1004, SULFIDE TREATMENT OF ACID MINE
DRAINAGE
R.A. GLENN, Bituminous Coal Research Inc. , Monroeville,
Pennsylvania

This project involves laboratory process studies on the
recovery of sulfide reagents from sludge, production of sulfides
from coal refuse material and optimization of various unit opera-
tions. Engineering and costs evaluation of the system projected to
full industrial scale operation will be made. If these evaluations
are favorable, a pilot plant and later a demonstration plant may be
considered.

SUPPORTED BY U.S. Dept. of Interior F. Water Pol. Ctl
Bituminous Coal Research, Inc.

5.1005, COMBINED SEWER STUDY FOR WASHINGTON,
D.C.
J.A. DEFILIPPI, Roy F. Weston Incorporated, Newton Square,
Pennsylvania 19073

The study has three main objectives: 1. To define the quanti-
ty and quality of combined sewer flows by field measurement,
laboratory analyses, and desk top studies. 2. To perform studies of
high rate filtration as a means of treating combined sewer flow
3. Study alternative methods of solution such as tunnel storage,
surface storage, and system modifications.

SUPPORTED BY U.S. Dept. of Interior F. Water Pol. Ctl

5.1006, BIOLOGICAL TREATMENT PILOT PLANT AND
SLUDGE DISPOSAL FACILITY
W.E. HOOVER, Roy F. Weston Incorporated, Newton Square,
Pennsylvania 19073 (14.12-167)

The scope of work of this contract requires the Designer to:
A. Complete a detailed design of a dual stream 100,000 gpd per
train biological treatment pilot plant as described in the attached
specifications. B. Design a sludge disposal facility for the above
pilot plant which includes: 1. Sludge dewatering systems which in-
clude: a. vacuum filtration b. centrifugation c. one other dewater-
ing method to be determined. 2. Sludge incineration. C. Provide
cost estimates for construction of scaled up plants of the above
basic design with the following capacities: 1. One dual stream
plant of 250,000 gal per day capacity per train 2. One dual stream
plant of 500,000 gal per day capacity per train.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.1007, A CONCEPTUAL STUDY OF THE DISTRICT OF
COLUMBIA BIOLOGICAL TREATMENT PILOT PLANT
V.T. STACK, Roy F. Weston Incorporated, Newton Square,
Pennsylvania 19073 (14-12-147)

To perform a study to develop the concept of the District of
Columbia Biological Treatment Plant in accordance with the
requirements set forth herein: I. Study Criteria A. Evaluate the
process layout and hydraulic requirements of the two train
(100,000 gpd per train) biological treatment pilot plant as
described in the attached specification for installation at the Dis-
trict of Columbia Water Pollution Control Plant. B. Develop a
sludge disposal system for the above pilot plant which includes: T.
Sludge dewatering systems a. vacuum filtration b. centrifugation
c. experimental dewatering 2. Sludge incineration C. Prepare
functional process layout for two larger pilot plants based on the
design criteria and flexibility in above D. C. pilot plant and includ-
ing sludge disposal facilities for plant sized with: 1. Two nominal
250,000 gal per day treatment trains 2. Two nominal 500,000 gal
per day treatment trains D. Furnish a cost estimate for the
(100,000 gpd/train) pilot plant in A above.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1008, FACTORS AFFECTING THE STRUCTURE OF
DIATOM COMMUNITIES
R. PATRICK, Acad. of Nat. Sci. of Phila. , Philadelphia, Pennsyl-
vania 191103
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The program of research being carried out with the aid of
grant WPa00475.04 is to study the effect of various environmen-
tal factors on the structure of diatom communities, To date these
studies have been concerned with the effect of nitrogen (as NO3
or NH4) and phosphorus (P as PO4) in various ar,lounts and com-
binations. Also the effects of these chemicals in the presence of
various concentrations of iron, silica, glucose, manganese, and
cobalt have been studied. The effects of various pH concentra-
tions have also been determined.

These experiments have been carried out under semi-labora-
tory conditions. A portion of a natural river with its diatom flora
flows through experimental boxes in a greenhouse. The flow and
concentration of the chemical being studied are carefully con-
trolled and monitored by chemical analyses. The general chemi-
cal characteristics of the river water arc determined at frequent
intervals, some of them being daily determinations. The general
characteristics of the experiments have been developed so that
under natural conditions 95.97% of the specimens compose the
same species in each of the experimental boxes,

SUPPORTED BY U,S, Dept. of Interior F. Water Pol. Ctl

5.1009, POLLUTION OF SUBSURFACE WATER BY SANI-
TARY LANDFILL
A.A. FUNGAROLI, Drexel Institute of Technology, School of En-
gineering, Philadelphia, Pennsylvania 19140

This study has as its overall objective the establishment of
criteria for choosing landfill sites and the development of com-
puter models for use in landfill design and evaluation. There are
three long-range objectives:

1. To provide means for predicting the quantitative move-
ment of contaminants to ground water from present and proposed
sanitary landfills. 2, To appraise design methods and remedial
procedures for reducing any undesirable contaminant movement
to within specified limits. 3. To develop hydrologic criteria for
evaluating site suitability for sanitary landfill.

An overall objective of this project is to meet these aims by
development of mathematical design models that describe the
hydrologic functioning of and the contaminant movement from a
sanitary landfill in varied geological environments.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1010, STREAM QUALITY PRESERVATION THROUGH
URBAN LAND USE
R.E. COUGHLIN, Univ. of Pennsylvania, Graduate School,
Philadelphia, Pennsylvania 19104

This proposal is part of an overall plan for management of
water and land resources in the Upper Brandywine River
Watershed. The staff seems well qualified and the available
resources are more than adequate. Information z-'ned from this
project will assist other urba areas in the formulation of water
pollution control programs.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1011, ECONOMICS OF WATER QUALITY IN A RE-
GIONAL SYSTEM
W ISARD, Univ. of Pennsylvania, Graduate School, Philadelphia,
Pennsylvania 19104

Significance: Over the past several years, RFF has made con-
siderable progress in furthering study of the economics of water
quality management. In the early stages the staff and grant studies
focused heavily upon clarification of concepts and empirical esti-
mation of particular benefits and costs associated with improving
water quality. Two books have already resulted from this effort
and several other major reports are in preparation. In order to
show the applicability and significance of the work already done,
as well as to extend it, we have begun case studies of realistic
situations characterized by differences in hydrology and in
character and intensity of development. Two of these are under
way dealing with the lower Potomac and the Miami tributary of
the Ohio. The present study would be the third of the series. It
would focus upon the Delaware Estuary. The Estuary is heavily
industrialized, has a large contiguous population and severe water
quality problem.

Specific Aims and Expected Results; The project would use
and improve existing tools for analyzing the water resources and
economic development of the area, This would be done in order
to assess the benefits and costs associated with alternative quality
management programs. These might include such elements as
regulation of river flows into the estuary, high-level treatment at
certain times and locations, artificial re-aeration of the estuary,
transporting wastes away from critical areas, and regulating reser-
voir system analysis, and forecasting of waste assimilative and
transport capacities would be used in an integrated fashion. This
would give new power and depth to water quality management
analysis. The funds required to execute this study go beyond those
which could be made available by RFF. Consequently the prin-
cipal participants have worked out arrangements to obtain sup-
plementary funds for certain of the natural service and engineer-
ing aspects of the work from the U. S. Public Health Service, It is
expected that the project will result in several articles in profes-
sional journals and a publishable monograph.

SUPPORTED BY Resources For The Future Incorporated

5.1012, WATER TRANSPORT ACROSS MEMBRANES BY
ELECTRO-OSMOSIS
N. LAKSHMINARAYAN, Univ. of Pennsylvania, School of
Medicine, Philadelphia, Pennsylvania 19104

Transport of ions and of water taking place when the system
electrolyte solution through the membrane to and from elec-
trolyte solution is subjected to the action of an electric field (d.c)
will be investigated throughly as a function of current density
using dilute solutions and well characterized membranes, both
ionic and nonionic. The total volume of transport of water for the
passage of a faraday of current, phenomenologically called elec.
tro-osmosis and composed of both ionic hydration and water
transported by electroconvection, has been measured by a
number of workers. The dependence of this transport on current
density being the subject of some controversy will be investigated
throughly. The effect of imposing an a.c. field on the volume of
transport will be studied as a function of the frequency of the im-
posed field. It is hoped that these studies will shed light not only
on the mechanism of water transport through different mem-
branes but also to provide information about the quantity of water
associated with a moving ion.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

51 013, PARTICULATE-ORGANIC EFFECT - SENSORY
QUALITY OF WATER
R.A. BAKER, Carnegie Mellon University, Graduate School, Pitt-
sburgh, Pennsylvania 15213

Preliminary studies have shown that highly electronegative
particulates of colloidal dimensions escape conventional coagula-
tion treatment and carry over into the finished water supply. It is

hypothesized that these particulates serve as condensation nuclei
for organic constituents. Adsorbed microorganics are suspected
to be responsible for taste and odor problems, particularly where
formation of chloroorganic derivatives is possible. Laboratory
studies will be conducted to test this hypothesis using selected or-
ganic-particulate- aqueous matrix systems. These waters will be
coagulated under precisely-controlled conditions. The sensory,
chemical and physical characteristic's of the treated water and as-
sociated particulate-organic will be measured. A thorough un-
derstanding of tIrk, behavior of a known system must precede tests
with natural waters in field paracticc. There is it n immediate need
for such kr;...wledge for control of microorganic contaminant con-
tent of potable supplies and this need will increase as water reuse
intensifies. These results are expected to help control groups, in-
dustrial waste control and water-treatment plant operators, and
chemical and environmental health researchers.

SUPPORTED BY U.S. Dept. of filth. Ed. & Wel. - P.N.S.

5.1014, A SYNTHETIC COMPUTER LANGUAGE FOR
SANITARY ENGINEERING
G. BUGLIARELLO, Carnegie Mellon University, School of En-
gineering, Pittsburgh, Pennsylvania 152113
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A pilot version of a computer language for sanitary engineer-
ing and water resources ('HYDRO`) is being extended to increas-
ingly wide areas of the field of water resources and sanitary en-
gineering. The procedures of the language are amplified to take
into account newer computational developments in this field; the
language is also re examined critically in order to provide specifi-
cations for the development of the most effective man-computer
interface in the area of water resources and sanitary engineering.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1015, EFFICIENT SYSTEM OF WATER QUALITY
MANAGEMENT FOR THE MIAMI BASIN
F.T. DO LBEAR, Carnegie Mellon University, Graduate School,
Pittsburgh, Pennsylvania 15213

Significance: RFF has already mounted a substantial effort in
water pollution research. Theory, methodology, and empirical in-
formation have been developed with respect to this problem. This
research indicates that some of the most important opportunities
for more effective and efficient management of water quality is in
the smaller highly developed basins across the country. The
proposed study will bring what has been learned to focus on such
a basin- -the Miami- -and contribute further to methodology and
factual knowledge. The Miami not only is highly developed and
has serious water quality problems but also has a respected or-
ganizational arrangement for providing flood control works which
might be adapted to more or less precise management of water
quality. Officers of this group the Miami Conservancy District--
have shown a strong interest in the proposed study. The project
simultaneously provides an opportunity to test analytical ap-
proaches developed by RFF research and to contribute to the
solution of an actual serious problem, Moreover, it provides an
occasion for soundly-based interdisciplinary research which
should develop and demonstrate approaches of wide applicability
to pollution problems elsewhere. Because of the method of
procedure used, the project will also contribute significantly to
education.

Specific Aims: To make a detailed systematic engineering-
economic anlaysis of alternative methods of water quality
management in the Miami Basin and to make further contribu-
tions to the theory and methodology of analysis in the critically
important field of water pollution.

Method of Procedure: Under a previous reconnaissance
grant from RFF (10,000), Professors Dolbear and Kamien
acquainted themselves with some of the essential details of water
pollution and sanitary engineering, thoroughly investigated alter-
native possible case study areas, arranged for obtaining necessary
data from various sources, and did preliminary work on analytical
methods. Professor Day has a background hi several subjects
bearing directly on the problem including sanitary and hydraulic
engineering, and hydrology. Among other things, Professor Day
currently teaches advanced hydrology and has been involved in
stream-flow simulation work. This type of analysis is essential to
the project.

SUPPORTED BY Resources For The Future Incorporated

5.1016, A CONCEPTUAL STUDY OF THE DISTRICT OF
COLUMBIA BIOLOGICAL TREATMENT PILOT PLANT
C. WOOD, Swindell Dressler Company, Pittsburgh, Pennsylvania
(14-12-149)

To perform a study to develop the concept of the District of
Columbia Biological Treatment Pilot Plant in accordance with
the requirements set forth herein: I. Study Criteria: A. Evaluate
the process layout and hydraulic requirements of the two train
(100,000 gpd per train) biological treatment pilot plant as
described in the attached specification for installation at the Dis-
trict of Columbia Water Pollution Control Plant. B. Develop a
sludge disposal system for the above pilot plant which includes: I.
Sluege dewatering systems. a. vacuum filtration. b. centrifuga-
tion. c. experimental dewatering. 2. sludge incineration. C.
Prepare functional process layout for two larger pilot plants based
on the design criteria and flexibility in above D.C. pHot plant and
including disposal facilities for plant sized with: I. Two nominal
250,000 gal per day treatment trains. 2. Two nominal 500,000 gall
per day treatment trains. D. Furnish a cost estimate for the
(100,000 gpd/train) pilot plant in A above.

SUPPORTED BY U.S. Dept. of Interior F, Water Pol. Ctl

5.1017, USE OF COAL AS ADSORBENT FOR TREATING
WASTE WATER
J.H. FIELD, U.S. Dept, of Interior, Coal Research Center, Pitt-
sburgh, Pennsylvania 15213

The objective is to determine the effectiveness of coal and
coal- derived materials such as char and flyash as adsorbents for
the organic contaminants in secondary treated domestic sewage.

The degree of removal of organic contaminants from secon-
dary treated waste water is under study in batch tests and continu-
ous flow systems. The batch tests serve as a screening device for
choosing the better adsorbents for further testing in the continu-
ous flow system. Because the degree of contaminant removal ob-
tained in batch tests could not be attained in continuous-flow
glass column tests, a stirred contactor will be used.

A second part of the project concerns utilization of coal in
sludge digestion. Bench tests have indicated that methane can be
produced from bacterial (anaerobic) action on certain types of
coal. Bacteria from sewage plant anaerobic digesters are used.

SUPPORTED BY U.S Dept. of Interior - Bureau of Mines

5.1018, WATER CONTROL a CONTROL TECHNIQUES
FIELD TESTING AND EVALUATION
N.N. MOEBS, U.S Dept, of Interior, Mining Research Center,
Pittsburgh, Pennsylvania 15213

The immediate objective of the Water Control program is to
continue collecting and analyzing water effluents and air samples;
obtain geologic, hydrologic, and mine data; and develop plans
cooperatively with engineers of involved coal operations to
reduce the quantity and improve adequately the quality of the
water discharged from active mines. Monitoring the flow and
quality of effluents from, and of air in, abandon i sealed un-
derground mines above drainage is being continued.

Cooperative agreements with four coal companies are in ef-
fect, with enciuraging prospects to seal and inundate 30 to 70
percent of the area of one mine to eliminate present treatment
within 1 or 2 years after the mine is worked out; and :o pipe a low
acidity quantity of water generated in the active area of another
mine (approximately one- half of the total discharged daily from
the below drainage mine) to the main pump sump rather than per-
mit it to flow first into the highly acid water in the main pool
located within an old mined out area and, thereby, reduce the
cost of treatment.

Also, the sealed 80-acre underground mine above drainage
has shown a progressive decrease in the average total acidity for
any month after sealing, compared to the same month of any year
prior to sealing, indicating reduction in seasonal effects from year
to year. Recent infrared imagery has detected a number of perme-
able zones which may be corrected.

Beginning with fiscal year 1969, the Drainage Control and
Mine Sealing projects have been combined into one component
(Water Control).

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

5.1019, PLUTONIUM REMOVAL IN WATER TREAT-
MENT
J.B. ANDELMAN, Univ. of Pittsburgh, School of Public Health,
Pittsburgh, Pennsylvania 15213

The aim of this investigation is to study the effect of the vari-
ous processes in current municipal water treatment practice on
t)' removal of plutonium from a raw water supply, so as to be
able to adjust these procedures for optimum removal. The major
portion of the study will be concerned with studying the various
treatment operations separately as to their effect on the state of
plutonium and its ability to be removed in a given process or a
subsequent or simultaneous one. When these are sufficiently un-
derstood, the operations will be combined into a bench scale pilot
plant in order to interrelate them and attain the most efficient
removal of plutonium. The oxidation state of the plutonium, the
size and charge of colloidal and larger aggregates, the influence of
added or natural occurring complexing agents, and coprecipita-
tion phenomena will be of principal consideration. The opera-
tions to be studied will be chlorination, lime-soda softening,
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coagulation and flocculation, and sand and carbon filtration. It is
expected that a thorough understanding of the role of each of
these processes as related to the chemistry of plutonium will
result in recommendations for reasonably and conveniently ad-
justing conventional water treatment processes so as to produce a
water safe to drink, even in the event of gross contamination of
plutonium in the raw water supply.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.1020, THE MICRODISTRIBUTION OF STREAM
BENTHOS
K.W. CUMMINS, Univ. of Pittsburgh, Graduate School, Pitt-
sburgh, Pennsylvania 15213

Continued investigations into the significance of trophic rela-
tions in determining the microdistribution and abundance of
stream macrobenthos will yield highly detailed information on the
trophic structure of a lotic community. Calculations and analyses
are accomplished by computer programming. One program per-
mits a highly refined calculation of community trophic structure
relative to species distribution patterns. A second program com-
bines all currently available ingestion data and produces summa-
ries, by age class, for each species at the level of samples,
transects (5 samples) and combined transects. A third program
calculates stamiing crop data (numbers , weights and calo-
ries/square meter, again by size class, for each species at the sam-
ple as well as the transect level. A fourth program will be em-
ployed to correlate age-specific species standing crop data with
the nature of the stream sediments (as analyzed according to the
Wentworth Scale).

Standing crop production data are also being gathered on the
stream periphyton and estimates will be made of the contribution
of allochthonous detrital organics to the stream.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1021, CYTOPATHOLOGICAL CHANGES IN NATIVE
FISH SPECIES EXPOSED TO STREAM POLLUTANTS
A. ANTHONY, Penn. State University, Graduate School, Univer-
sity Park, Pennsylvania 16802

Representative species of native fish will be collected in
streams with varying degrees of pollution. Some will be killed for
immediate cytochemical analysis of tissues; others will be main-
tained in aquaria under controlled conditions for use in recovery
studies. Initially, main emphasis will be on measures of DNA
profiles in both liver and gonads using the Feulgen nucieal reac-
tion in conjunction with absorption microspectrophotometry. In
addition, nuclear and cytoplasmic RNA and proteins will be
analyzed using quantitative cytochemical staining and absorption
microspectrophotometry.

In brief, studies will be directed toward spectral analysis of
cellular elements of the liver and gonads of fish from unpolluted
streams and from streams with known degrees of pollution. Sub-
sequently, cytochemical characteristics of subcellular fractions
separated by differential centrifugation will be compared with
nuclear and cytoplasmic staining in situ.

On the basis of microchemical study of various organs it
should be possible to predict: a. which species possess natural re-
sistance to alterations in stream quality, b. which species are
adapted to reproduce in streams with varying degrees of pollu-
tion, and c. the extent to which a stream must be improved to
allow fish to grow and reproduce.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

51022, DEVELOPMENT AND EVALUATION OF MEANS
AND MEASURES FOR CHANNEL STABILIZATION
R.P. APMANN, Penn. State University, U.S.D.A. Ne. Watersh.
Res. Ct. , University Park, Pennsylvania 16802

Object: To determine the relationship betwen flow charac-
teristics, scour, and sediment transportation or deposition in
channels, and the effectiveness of vegetal and structural materials
proposed for channel protection; to develop protective works for
channel banks, and design criteria for systems of grade control
structures for channel stabliization; and to evaluate the role of

reservoirs on channel stability for the range of conditions in land
resource areas of the Northeast.

Plan of Work: The mechanics of sediment transport and the
relation of channel flows that can be sustained without scour are
measured in natural channels and the laboratory. Studies are
made of variables such as depth and velocity of flow, rate of trans-
port of bedload and suspended sediment, the soils of the channel
bed, and irregularities of channel surface, cross-section, align-
ment, grade, size and distribution of sediment, character of the
banks and channel bed, geology of the site, and of the geometry of
natural streams. Hydraulic features are measured to locate points
of critical erosion potential. Fluid shear stresses in natural chan-
nels are evaluated from field measurements and by model studies
simluating channels of varying curvature under a range of flow
conditions to establish information on erosive forces. Various
means for stabilizing banks or natural channels are devised and
evaluated.

SUPPORTED BY U.S. Dept. of Agriculture

5.1023, FEED AND WASTE HANDLING IN THE DAIRY
OPERATION
H.D. BARTLETT, Penn. Statc University, Agricultural Experi-
ment Sta. , University Park, Pennsylvania 16802

Objectives: '1 . To evaluate and develop methods and equip-
ment for mechanization of handling materials in dairy livestock
feeding operations, particularly stall barns. 2. To evaluate and
develop methods and equipment for handling and distribution of
wastes from dairy production systems.

Procedure: 1. Studies will be made of existing feeding equip-
ment installations to evaluate labor requirements and equipment
costs for feeding dairy cattle in stall barns by mechanical feed
carts and with various manger conveyor feeding systems. Work
will be done on the development of mechanical feed conveying
equipment that will, be low in initial cost, dependable, durable,
adaptable to handling both grain and chopped forage, and pro-
vide flexibility in relation to installation in b. 'n arrangements. 2.
Studies of dairy waste management will include handling of
animal excrement and the waste water used in cleaning milk
houses and milking parlors. The methods of handling to he stu-
died will include animal excrements removal from paved areas
and stall-barn gutters to a storage tank or direct application to
fields. Handling the wash water directly to fields by sprinkler ir-
rigation systems will also be studied to evaluate operational
problems which may be encountered in the daily application on a
year-round basis under Pennsylvania conditions.

SUPPORTED BY U.S. Dept. of Agriculture
Pennsylvania State Government

5.1024, THE BEHAVIOR OF SMALLMOUTH BASS AS
RELATED TO ARTIFICIAL COVER
R.L. BUTLER, Penn. State University, State Coop. Fishery Unit,
University Park, Pennsylvania 16802

Reason for study: Although cover is recognized necessary for
the maintenance of many species, the characteristics of cover and
the response of the organism to it have not been studied to any
great extent. In some marginal streams the variability of cover
may be the limiting factor for the bass population. If cover is a
limiting factor, a species depended upon it may have low popula-
tion levels even where food is abundant. Much money has been
spent on 'stream improvement' devices without knowledge of the
preferences of fish for these structures. Since response to cover is
a behavioral paramenter of a species, measures of it may be used
for bio-assay.

Objectives: (1) To determine those components of cover that
are attractive to smallmouth bass. (2) to demonstrate the effects
of water velocity on the utilization of cover by smallmouth bass.
(3) To test response to cover as a bio-assay for mine acid }pollu-
tion.

Design of Project: An experimental stream trough will be
built and placed in operation at a nearby impoundment. One fish
at a time will be introduced into the stream trough and exposed to
a series of cover objects designed to simulate various features of
natural cover. Current velocity will be varied to determine its ef-
fect on utilization of the cover. The tests will be run in high car-
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bonate and low carbonate water for baseline measures under un-
polluted conditions. Bio-assay of mine acid water will be done at
several stream sites offering various degrees of mine acip pollu-
tion.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Pennsylvania State University

5.1025, AN ECOLOGICAL STUDY OF AN ALKALINE
STREAM WITH HEAVY IRON DEPOSITS ORIGINATING
FROM TREATMENT OF MINE ACID WATER
R.L. BUTLER, Penn. State University, State Coop. Fishery Unit,
University Park, Pennsylvania 16802

Reason for Study: Mine acid polluted waters from the
Susquehanna River are pumped into an abandoned mine. On
leaving the mine and entering Beaver Run, the alkalinity is in-
creased and a heavy precipitate of iron salts results for some three
to four miles downstream. These conditions are also noted in
streams artificially treated with lime to reduce acidity resulting
from pollution. Understanding how the biota in Beaver Run are
affected by the increased alkalinity and the iron-salts precipitate
will assist in evaluating the lime treatment projects currently in
operation as well as those being recommended for control of acid
pollution in many Appalachian streams.

Objectives: I. Determine the structure of the ecosystem in
Beaver Run and Little Beaver Run. 2. Determine the effects of in-
creased alkalinity and iron-salt deposits on the aquatic communi-
ty in general and the native fish and brook trout egg development
in particular.

Design of Project: Invertebrates will be sampled periodically
at 10 stations. They will be analyzed as to species diversity and
relative abundance. Physical and chemcial analyses for the sta-
tions will be recorded. At several stations, population estimates of
the native trout will be determined. Brook trout eggs will be 'plan-
ted' in the stream during the fall of the year and the percentage
survival will be computed.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Pennsylvania State University

5.1026, THE DISTRIBUTION OF FISH IN PENNSYL-
VANIA AS RELATED TO MINE ACED DRAINAGE
E. COOPER, Penn. State University, Graduate School, University
Park, Pennsylvania 16802

Reason for Study: The Bureau of Sport Fisheries and Wildlife
in cooperation with the Pennsylvania Fish Commission has ob-
tained from 280 stream sections in Pennsylvania samples of fish
populations. When these collections were madc rclasurements of
water quality were also taken, These fish samples provide a
baseline on fish populations in relatively unpolluted habitats. Col-
lections need to be made in streams and lakes exposed to various
levels of mine acid pollution Parameters such -Is species composi-
tion, growth mortality, food habits and fecundity of the species
collected in polluted water may reflect the stress of these environ-
ments.

Objectives. 1, Determine the species of fish and their
abundance in waters exposed to different concentrations of mine
acid. 2. Measure the effects of various levels of pollution on each
species through growth, natural mortality, fecundity and food
habits.

Design of Project: A field crew of men will obtain fish sam-
ples from local sections of Pennsylvania streams and reservoirs
exposed to mine acid. Physical and chemical measurements of the
water at the time and place of sampling will be made. The mea-
surements will include calcium hardness, total hardness, total
acidity, pH, conductivity, temperature, stream flow, and stream
and lake morphometry. All samples obtained of fish will be
preserved for laboratory studies of growth, natural mortality rates
and food habits.

SUPPORTED BY U.S. Dept. if Interior - Bu. Sport Fish.
Pennsylvania State University

5.1027, EFFECTS OF ORGANIC POLLUTION ON
HATCHABILITY AND SURVIVAL OF BROOK TROUT, SAL-

VELINUS FONTINALIS, AND GROWTH OF BROWN
TROUT, SALMO TRUTTA
E, COOPER, Penn, State University, Graduate School, University
Park, Pennsylvania 16802

Reason for Study: Spring Creek below State College,
Pennsylvania, was once known as an outstanding trout stream,
Following the construction of a sewage treatment plant to service
the University and State College, there was a marked decline in
the trout population from State College to Fisherman's Paradise.
The effluent does not have a high B.O.D., however, considerable
enrichment is provided the stream through the addition of
phosphates and nitrates. Aquatic plants have developed exces-
sively below the plant, The University has been applying to land
areas approximately 300,000 gallons per day of the effluent.
Since this practice was started, there is some thought that the
stream has improved for the benefit of trout. It would be desirable
to know to what extent the stream can support trout under these
present conditions.

Objectives; 1. To determine the present status of trout popu-
lations in Spring Creek through an analysis of natural reproduc-
tion, population size, growth rates, and mortality. 2. To relate the
objective no. recovered) of the stream for investigation, 3. To
determine the success of hatching of brook trout eggs in Vibert
Boxes in the three areas and relate hatching success and survival
to oxygen, water temperature, and turbidity,

Design of Project: Trout will be collected with electro-fishing
gear in the three sections of Spring Creek, Springs and ground
water seeps in the stream will be located in the three study areas
and will be used as locations for planting brook trout eggs. Eggs
placed in Vibert Boxes will be located above and below the
springs and seeps. Each of these stations will be monitored for ox-
ygen, temperature, and turbidity.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Pennsylvania State University

5.1028, ABUNDA NCE AND DISTRIBUTION OF BENTHIC
MACRO-INVERTEBRATES IN A STREAM RECEIVING OIL-
FIELD WASTEWATERS
E. COOPER, Penn. State University, Graduate School, University
Park, Pennsylvania 16802

Reason for Study: Inorganic salts, such as those present in
oilfield brines, are common pollutants from oil production facili-
ties and other industrial operations. A more thorough knowledge
of the specific effects that these substances may have upon
aquatic systems should lead to a more intelligent management of
our water resources.

Objectives: 1. To correlate the abundance and distribution of
several benthic macro-invertebrates with the environmental
levels of' dissolved solids (salts). 2. To determine the actual
tolerance levels of certain of these organisms to brines of known
compos' ion under laboratory conditions.

Design of Project: Bio-assay precedures will be performed in
the laboratory to determine specific tolerance limits of specific
organisms towards the wastes under investigation. A program of
chemical and biological sampling will be conducted in the field
over a period of one year to apparaise the effects of the wastes
upon a natural aquatic intertebrate community,

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Pennsylvania State University

5.1029, CHANGES IN STREAM COMMUNITIES AS-
SOCIATED WITH EFFLUENT - INDUCED EUTROPHICA-
TION
E.L. COOPER, Penn. State University, Graduate School, Univer-
sity Park, Pennsylvania 16802

Reason for Study: Secondary sewage treatment plants that
remove nearly all BOD but leave much of the inorganic nutrients
in the effluent are being used in an increasing number of mu-
nicipalitiesn arrest organic pollution. Stream nrichment, how-
ever, alters predator-prey trophic systems culminating with fish.
In naturally fertile streams further fertilization can result in high
plant standing crops and decreased fish standing crops. The
biological changes in intermediate trophic transfers between the
plants and fish probably play a significant role in decreased fish
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standing crops. Evaluation of community alterations by eutrophi-
cation are necessary for satisfactory stream management.

Objectives: 1. To determine changes in species diversity and
abundance of macro-invertebrates associated with eutrophica-
tion. 2. To determine changes in production of aquatic plants and
macro invertebrates associated with stream eutrophication.

Design of Project: Samples have been collected from two
areas in Spring Creek which are similar except for the presence of
treated sewage effluent in the lower area. Gross primary produc-
tion is being estimated by measuring 24-hour changes in dissolved
oxygen. Fish exclosures were placed in riffles and the silted edges
of pools and sampled monthly to determine macro-invertebrate
production. Seasonal samples have also been taken from four
similar riffles to compare community structural properties above
and below the source of effluent.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Pennsylvania State University

5.1030, SUBSURFACE WATER POLLUTION FROM SANI-
TARY LANDFILLS IN CARBONATE ROCK TERRAIN
G.H. EMRICH, Penn. State University, Gras Plate School, Univet,
shy Park, Pennsylvania 16802

Ground water pollution from land disposal of wastes in car-
bonate rock terrain is a widley occurring problem throught the
humid United States. Critical information is still lacking of the
physical parameters to be evaluated at land disposal sites.

Sample collecting equipment has been installed at a sanitary
landfill located in central Pennsylvania. The site has at least 50
feet of sandy loam soil derived from the underlying Gatesburg
dolomite. Ground water occurs at a depth of approximately 200
feet,

Liner was placed in the bottom of the sanitary landfill trench.
The liner collects and directs all the leachate from the landfill to
one side of the trench, where it is evenly spread through the soil.
Seventeen suction lysimeters have been placed in the soil at
depths up to 34 feet to monitor and collect samples of the
leachate. The landfill and monitoring equipment were emplaced
in November of 1967. Water was spread on the top of the landfill
in order to quickly generate leachate. First leachate production
occurred in January 1968 and has moved down to a depth of 12
feet. Chemical analyses of the leachate indicate high concentra-
tions of iron, chloride, sulfate and B.O.D.

SUPPORTED BY Pennsylvania State Government
Pennsylvania State Government

5.1031, ANALYTICAL METHODS FOR PESTICIDES AND
PESTICIDE DEGRADATION PRODUCTS
C.D. ERCEGOVICH, Penn. State University, Agricultural Experi-
ment Sta. , University Park, Pennsylvania i 6802

Development of improved analytical methods for residues of
pesti- sides and their degradation products.

Existing methods for the determination of pesticide residues
and degradation products will be critically examined for sensitivi-
ty, accuracy, reproducibility and simplicity. Attempts will be
made to improve those which appear to be lacking in one or more
of these qualities. Special emphabis will be placed on pesticides in
common use, and on pesticide degradation products which may
result from metabolic and other decomposition processes which
take place in living organisms, soil, water, and other media.

SUPPORTED BY U.S. Dept. of Agriculture
Pennsylvania State Government

5.1032, FATE AND PERSISTENCE OF PESTICIDES AND
PHYSIOLOGICALLY ACTIVE DEGRADATION PRODUCTS
C.D. ERCEGOVICH, Penn. State University, Agricultural Experi-
ment Sta. , University Park, Pennsylvania 16802

1. Follow the disappearance of pesticide residues in media
other than raw agricultural commodities. 2. Qualitatively and
quantitatively identify the degradation products resulting from
the breakdown of pesticide residues in media other than raw
agricultural commodities.

Procedure Objective I. Measure quantitatively the amounts
of pesticide residues remaining at known time intervals following
application in various types of soils, still and flowing water sup-
plies, processing plant by-products, silage, processed dairy
products, feedingstuffs and other processed agricultural products.
This will be done by gas chromatographic methods, using various
types of detectors.

Procedure Objective 2. Identify and measure any pesticide
degradation products which may result from hydrolysis or decom-
position caused by heat or processing or other physical or chemi-
cal forces. These will be separated by thin layer, column or gas
chromatographic means and identified by infrared or other spec-
tral analyses and the use of labelled compounds.

SUPPORTED BY U.S. Dept. of Agriculture
Pennsylvania State Government

5.1033, THE SPECIES DIVERSITY OF AQUATIC IN-
SECTS AS RELATED TO MINE ACID POLLUTION
D.C. HALES, Penn. State University, State Coop. Fishery Unit,
University Park, Pennsylvania 16802

Reason for Study: While it is generally understood that
aquatic insects are affected by lower concentrations of pollutants
than are fish, little is known about the sensitivity of aquatic insects
to mine acid pollution. If species of fish are markedly restricted at
pH 5 to 6 as evidence indicates, one may expect fish food organ-
isms to be markedly reduced. The absence of critical species of
stream insects may in fact be a limiting factor in the abundance of
fish species.

Objectives: Determine the biotic index (an index based upon
the abundance of species on a sliding scale of types assigned to
polluted and unpolluted and clean water areas) of aquatic insects
from selected waters representative of clean soft and hard water
conditions and streams with varying levels of pH.

Design of Project: Field crews will sample selected streams
representative of clean soft water and clean hard water condi-
tions, a stream with pH less than 5.0, and four to six streams with
pH ranging from 5.0 to 6.0. Seasonal variations in species will be
determined. Relative species diversity will be determined by anal-
ysis in terms of log normal curves,

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Pennsylvania Stave University

5.1034, SENSITIVITY OF SELECTED INSECT SPECIES
TO DEPRESSED LEVELS OF PH
D.C. HALES, Penn. State University, State Coop. Fishery Unit,
University Park, Pennsylvania 16802

Reason for Study: One of the principal environmental
changes resulting from mine acid pollution is a decrease in pH. In
streams that are highly polluted with mine acids, there is a notable
lack of insect fauna. Yet there is little information available con-
cerning the sensitivity of insect fauna to depressed pH levels. The
absence of critical species of insects in mine acid polluted streams
may be a limiting factor to fish.

Objectives: Determine the levels of pH to which selected spe-
cies of the order Ephemeroptera, Plecoptera and Trichoptera are
sensitive.

Design of Project: Continuous flow bioassay techniques will
be used to determine the 96-hour TLm of the selected organisms.
Water of similar quality to that most severely affected by mine
acids (low alkalinity and dissolved solids) will be used. Metering
pumps will provide continuous flow. Sulfuric acid, the primary
component of mine acids, will be injected into the system to ob-
tain the desired test levels of pH.

SUPPORTED BY U.S. Dept. of Interior - fiu. Sport Fish.
Pennsylvania State University

5.1035, CONSERVATION AND RENOVATION OF WASTE
WATER

KARDOS, Penn. State University, Agricultural Experiment
Sta. , University Park, Pennsylvania 16802

To determine the effect of irrigation with sewage plant of -'
fluent on the yield and other plant response parameters of
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agronomic and forest vegetation. 2. To determine to what extent
agronomic crops, trees, and the soil mantle can renovate sewage
plant effluent and permits its recharge to the ground water. 3. T-7
.1'etermine the effects of the application of sewage plant effluent

on the physical, chemical and biological properties of the soil. 4.
Tc, compare the effectiveness of various surface and sprinkler dis-
tribution methods for the disposal and renovation of sewage plant
effluent.

Agronomic and forested areas will be irrigated with
chlorinated sewage plant effluent at weekly intervals with suffi-
cient quantities to secure recharge to ground water but at rates of
penetration which will permit renovation of 'kr- effluent in the
biologically active portion of the soil mantle prior to its recharge
to the ground water. Effects of the effluent on crop and tree
growth and on soil properties will be determined. Engineering stu-
dies will compare several methods of applying the effluent to
determine their effectiveness as distributing systems on a year
round basis.

SUPPORTED BY U.S. Dept. of Agriculture
Pennsylvania State Government

5.1036, CRUSHED LIMESTONE BARRIERS FOR
NEUTRALIZATION OF ACID STREAM
R.R. KOUNTZ, Penn, State University, School of Engineering,
University Park, Pennsylvania 16802

Many small streams and creeks are lost to recreational use
because of the acid quality of their water. Neutralization of this
acid content would premit these streams to be enjoyed.

Work performed by numerous investigators during the previ-
ous 15 years indicates that such neutralization is possible provid-
ing the limestone is low or non-existent in its magnesium content.
Unfortunately these studies were never carried to the point of
such parameters as flow rate vs, stone size vs. acid concentration.

It is proposed to secure, samples of 'pure' calcium limestone
from one of the area quarries in the different commercial sizes
available that would be suitable for a creek barrier. These samples
would be subjected to various flow rates of various concentrations
of acid in the laboratory so as to evaluate the amount of acid
neutralized as a function of stone size, fluid velocity, and acid
concentration.

It is expected that these data would permit the design of bar-
riers in an acid creek or stream that would neutralize the acid in
the water, and restore the recreational value of the water
resource.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

5.1037, SOLUBLE PHOSPHORUS REMOVAL IN THE AC-
TIVATED SLUDGE PROCESS
R.R. KOUNTZ, Penn. State University, School of Engineering,
University Park, Pennsylvania 16802

This project will develop a process for the removal of
phosphorus from municipal waste waters utilizing chemical
precipitation of the phosphorus within the aeration and settling
units normally used in the activated sludge process. The work will
be conducted at the waste water treatment plant owned and
operated by The Pennsylvania State University. Studies will be
conducted to determine the relative merits of sodium aluminate
and filter alum as precipitating agents, the efficiency of the coagu-
lant in removing phosphorus over a one year operating period, the
effect of the sludge digester on the inorganic precipitate. Costs
and operating information for a 2.1 mgd domestic waste plant will
also be ascertained.

SUPPORTED BY Soap & Detergent Association

5.1038, TREATMENT OF COAL MINE WATERS TO
MEET CURRENT COMMONWEALTH WATER DISCHARGE
REQUIREMENTS
H.L. LOVELL, Penn. State University, Graduate School, Univer-
sity Park, Pennsylvania 16802

The detailed engineering design and plans are complete.
Construction for phase 1, excavation and construction of lagoons

at the site near Hollywood, Clearfield County, Pennsylvania is es-
sentially completed.

Phases 2,3,4, and 5 (the installation of unit operations and in-
strumentation) has been bid and work will proceed shortly.
Completion of construction is anticipated by spring 1969.

The plant will encompass a highly instrumented series of unit
operations so designed that it will be capable of functioning
through at least six different flow sheets. Emphasis is being placed
on solid- fluid separations which comprise the highest cost opera-
tions, both capital and operating, and which offer the most dif-
ficult technical and engineering problems.

SUPPORTED BY Pennsylvania State Government

5.1039, SUITABILITY FOR SEPTIC TANK DISPOSAL
SYSTEMS AND PRODUCTIVITY POTENTIALS OF
PENNSYLVANIA SOILS
R.P. MATELSKI, Penn. State University, Agricultural Experi-
ment Sta. University Park, Pennsylvania 16802

To determine and predict the soil factors responsible for
adequate septic tank usage. To identify the soil properties respon-
sible for observed variations in productivities.

DESCRIPTION OF WORK PROPOSED: Field measure-
ments and later laboratory soil determinations of the effect of
seasonal variation, perched water tables and the variability within
a mapping unit on waste water movements will be studied to pre-
dict efficiencies of septic tank tile disposal fields. The field per-
colation tests will be studied and improved. Yields of important
crops on soils with variations in slope, erosion, fertilizer treat-
ments and management will be measured and evaluated. Soils will
be characterized in the laboratory to determine the soil factors
contributing to yield variation.

SUPPORTED BY Pennsylvania State Government

5.1040, THE EFFECTS JF NUTRIENTS ADDITIONS AND
STREAM DYNAMICS ON STREAM EUTROPHICATION
A.J. MCDONNELL, Penn. State University, School of Engineer-
ing, University Park, Pennsylvania 16802

The purpose of this research is to measure under different
environments of nutrient influx and hydraulic regime, the com-
bined effects of induced nutrients and stream dynamics on stream
productivity.

Productivity in selected stream reaches will be measured by
plankton and aquatic weed growth and by photosynthetic activity
as determined by net oxygen production.

Measurements of a number of nutritive stimulants including
soluble phosphorous organic and inorganic nitrogen and the
stream reach hydraulic characteristics of flow, velocity and turbu-
lence will define the causal agents. Where feasible multiple cor-
relation techniques will be utilized to establish the relative sig-
nificance of each of the selected variables in promoting stream
productivity.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

5.1041, RESPIRATION OF AQUATIC MACROPHYTES IN
EUTROPHIC SYSTEMS
A.J. MCDONNELL, Penn. State University, School of Engineer-
ing, University Park, Pennsylvania 16802

The growth of algae and rooted aquatics in natural waters is
becoming a water resource problem of increasing importance. In-
formation is lacking as to the mechanisms by which these plants
affect the oxygen resources of a water body. The purpose of the
proposed study is to delineate the environmental factors which af-
fect the respiration rates of selected aquatic plants.

Laboratory studies will include: 1. A determination of plant
respiration rates under various levels of oxygen concentration,
temperature and plant maturity. 2. Manometric studies to deter-
mine respiration response of clean stream plants to exogenous
nutrient additions.
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SUPPORTED BY U,S, Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

5.1042, Hi Ga-RATE, MULTIPLE MEDIUM FILTRATION
FOR SECONDARY TREATMENT OF MUNICIPAL WASTE
WATER
J.B. NESBITT, Penn. State University, School of Engineering,
University Park, Pennsylvania 16802

This project will study the treatment capability and economic
feasibility of a high-rate, multiple medium filter for the secondary
treatment of municipal waste water. The study will be conducted
on a model filter constructed at the Pennsylvania State University
sewage treatment plant. Effluent from the primary settling basins
in the plant will be chemically coagulated and passed through the
model filter.

The following analyses will be made of the influent to and ef-
fluent from the filter: (1) biochemical oxygen demand (BOD),
(2) chemical oxygen demand (COD), (3) soluble and total
phosphorus, (4) ammonia and nitrate nitrogen, and (5) turbidity.

Studies will be made to determine: 1. the effect of size of the
top medium and different coagulants on effluent quality as mea-
sured above and on the length of rIter run. 2. the washing rate
and time of wash that will produce the most economical opera-
tion. 3. the feasibility of vacuum filtration for the disposal of filter
wash water. 4. the economics of a waste water disposal system
utilizing primary treatment; high-rate, multiple medium filtra-
tions; and separate sludge digestion with vacuum filtration of
digested sludge.

SUPPORTED BY Pennsylvania State University

5.1043, PULVERIZED ANTHRACITE COAL AS A MEDI-
UM FOR PRECOAT FILTERS
J.B. NESBITT, Penn. State University, School of Engineering,
University Park, Pennsylvania 16802

A small commercial vacuum type precoat filter is being used
to determine the feasibility of using pulverized anthracite coal
rather than diatomaceous earth as a filtration medium for the
filter. Studies will be made to determine the effect of precoat and
body feed doses on the removal of several different types of
suspended matter. Effluent water quality, length of filter runs, and
terminal head loss are being investigated. Runs will be made with
several size gradations of coal and the results compared with
those obtained using diatomaceous earth.

SUPPORTED BY Pennsylvania State University

5.1044, FACTORS AFFECTING MINE DRAINAGE AND
THE GROUND WATER INTERACTIONS IN SELECTED
AREAS OF WESTERN PENNSYLVANIA (PART 2)
R.R. PARIZEK, Penn. State University, Graduate School, Univer-
sity Park, Pennsylvania 16802

As shown by a previous study, a stratification of ground
water flow in the strip-mined bituminous coal field of Pennsyl-
vania may exist that may effectively divert acid mine drainage
pollution from deep ground water reservoirs. Further, opportuni-
ties for neutralization were shown to exist. These considerations
may lead to the establishment of a potable ground water supply in
an area afflicted with surface acid mine drainage. To test these
hypothesis a specialized water monitoring system will be installed
to accurately evaluate the aquifer characteristics, to determine
the aquitards in the area and to sample the ground water for
chemical analyses to determine the extent and effect of acid mine
drainage pollution.

A related study will investigate the field conditions under
which pyrite remains stable and does not decompose to produce
acid mine drainage. Samples of iron disulfide from an area con-
taining strip mines yielding alkaline drainages will be analyzed to
determine the reason for the stability; hence gain an insight to
acid mine drainage abatement.

SUPPORTED BY Pennsylvania State Government

5.1045, EFFECTS OF IRRIGATION OF MUNCIPAL
SEWAGE EFFLUENT ON SPOILS BANKS
W.E. SUPPER, Penn. State University, Inst. For Res. on Land &
Water, University Park, Pennsylvania 16802

The purpose of the proposed project is to investigate the
feasibility of ameliorating advr se strip mine spoil bank sites
through irrigation with municipal sewage effluent. Benefits
derived from such a method, if feasible, would be twofold ( 1) al-
leviation of stream pollution as a result of diversion of the effluent
load from streams to land areas and (2) restoration of these
disturbed land areas to useful productivity.

The specific objectives are: (1) to determine the degree of
chemical renovation of municipal sewage effluent and sludge by
spoils bank material, (2) to determine the extent of site ameliora-
tion as a result of irrigation of sewage effluent and mixtures of ef-
fluent and digested sludge on spoils banks material a.gd (3) to
determine the effectiveness of various proportions of sewage ef-
fluent and sludge and various amounts of the mixture on the
rcvegetation of the spoils material.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

5.1046, MICROBIOLOGICAL CHARACTERIZATION OF
ACTIVATED SLUDGE IN A WASTEWATER TREATMENT
PLANT CHEMICALLY MODIFIED FOR PHOSPHORUS
REMOVAL
R.F. UNZ, Penn. State University, Inst. For Res. on Land &
Water, University Park, Pennsylvania 16802

Full scale combined chemical-biological wastewater treat-
ment for simultaneous removal of organic matters and
phosphorous is in the pioneer stage. There is little evidence to
show that the biological solids are not qualitatively and/or quan-
titatively altered in microbial composition as a result of chemical
treatment. There is no information on the bacteriological quality
of the effluent from the combined treatment systems.

The objectives of this study are: 1. To obtain basic informa-
tion on the microbial composition of activated sludges before and
following chemical treatment of wastewaters for phosphorous
removal. 2. Assuming variations in wastewater treatment efficien-
cy result during chemical treatment, it is the intent to determine if
the changes in treatment efficiency parallel changes in microbial
composition of the activated sludge. 3. To consider reasons for
microbial diversity in activated sludges if such seems to be related
to chemical treatment of the wastewaters. 4. To supplement the
data to be collected by personnel connected with the engineering
aspects of a phosphorous removal project being conducted at this
University's wastewater treatment plant and to contribute toward
the final evaluation of that project as well as general design and
operation of combined chemical - biologics; wastewater treatment
schemes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

5.1047, GUAVA VARIETIES. SELECTION & PROPAGA-
TION OF GUAVA VARIETIES & INVESTIG. OF COMMER-
CIAL & INDUST. POSSIBILITIES OF THE FRUIT (ABBREV)
W. PENNACK, Univ. of Puerto Rico, Agricultural Experiment
Sta. , Mayaguez, Puerto Rico

To determine the adaptability of selected guava varieties for
production in the different regions of Puerto Rico.

Description of Work: Data will be assembled on selected
guava clones. The selection to be based on desirable processing,
table and orchard characteristics like fruit yield, size, soluble
solids, acidity, and vitamin C content. The best selections will be
asexually propagated for further observations and propaga`ing.

Field experiments will be performed in different I to
study the performance of selected varieties as to yield aid fruit
quality.

Flowering period, fruit yield and fruit size as affected by ir-
rigation at different intervals will be studied. Usefulness of fungi-
cides for the control of Glomerella disease will be determined.
Propagation by cuttings using different rooting media will be stu-
died.
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SUPPORTED BY Puerto Rico Government

5.1048, SOCIO-ECONOMIC FACTORS RELATED TO
THE INCIDENCE OF A WATER-BORNE DISEASE
G.C. UZDAVINI, Univ. of Puerto Rico, Water Resources
Research Inst. , Mayaguez, Puerto Rico

This study is to determine primarily the impact of Gastroen-
teritis, an illness caused by the water-borne enterobacteriaceae
on the social and economic life in a community within the mu-
nicipality of San German, Puerto Rico. Two areas within the com-
munity, one a public housing scheme and a slum area will be used
to accomplish the following goals: (a) To determine the economic
and social factors which lead to unsanitary conditions which ena-
ble cnterobacteriaceae to develop and multiply, thereby %using

an increase in the water contamination even though facilities are
available; (b) To determine what the needs are that would al-
leviate this and other situations; (c) To mobilize the forces in the
community to bring about changes in the physical and social en-
vironments which will diminish the incidence of this water carried
orgy ism and thereby create an atmosphere more conducive to
physical health; (d) To develop a framework and background for
further research in the area of the effects of water upon physical
and mental health.

To Iccomplish these goals, the relevant sociological instru-
ments and consequent analysis will be implemented.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

5.1049, DESIGN OF FACILITIES FOR ANIMAL WASTE
DISPOSAL
D.J. VANREST, Univ. of Puerto Rico, Agricultural Experiment
Sta. , Mayaguez, Puerto Rico

Objectives: (1) Development of design and management
criteria for anaerobic digesters as a primary method of animal en-
crement stabilization in Puerto Rico. (2) Evaluate by means of
pilot systems combinations of secondary methods of stabilization
and utilization of the effluent from anaerobic primary systems.

Description of Work Proposed: A series of pilot plant
digesters will be installed to determine optimum conditions for
certain design parameters, viz, method of initiating fermentation;
loading rates per cubic foot of digester volume and circulation
rates of digesting material. Parallel trials on secondary systems
wi!! be made on the effluent from the primary system with aera-
tion, settling and plant fish cultures.

SUPPORTED BY Puerto Rico Government

5.1050, CORRELATION OF STRUCTURE VS. ACTIVITY
OF POLLUTANTS OF FRESH WATER
H.W. BOND, Univ. of Rhode Island, School of Pharmacy, King-
ston, Rhode Island 02881

A series of nitroolefin, quaternary salt, and dithiocarbamate
compunds will be synthetized and screened for potential mol-
luscicidal activity against Astralorbis glabratus. In addition these
compounds will be tested for activity against bacteria, fungi, and
algae. The mechanism of the molluscicidal activity of the
nitroolefins will be investigated in the Astralorbis glabratus
through the use of tissue homogenates and subcellular particles.
The data obtained from these studies will be correlated to mol-
luscicidal activity for the purpose of establishing a rapid and relia-
ble in vitro screening procedure.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

5.1051, INTERACTION OF ANIMAL VIRUSES WITH
CLAY MINERALS
P.W. CHAIN, Univ. of Rhode Island, School of Agriculture,
Kingston, Rhode Island 02881

The objectives of this proposal are: (1) To compare the
capacity of various types of natural minerals and clays to adsorb
animal viruses under the effect of different pH levels and ionic
strengths; (2) To determine the fate of viruses after their adsorp-
tion on minerals and clays.

This study should provide information regarding removal of
animal viruses by natural clay minerals. Such findings should be
applicable in water treatment plants to improve methods for more
complete removal of viral pollutants. This study will also attempt
to ascertain fate of viruses after their adsorption to clay. This will
be investigated in three ways: (1) Dissociation of clay-virus com-
plexes; (2) Assaying for infectious centers of clay-virus com-
plexes; (3) Direct observation for vira; antigen on clay by means
of fluorescent antibody technique. Such basic knowledge will
contribute greatly toward a better understanding and control of
viral pollutants.

SUPPORTED BY University of Rhode Island

5.1052, MULTIPLICATION OF ENTERIC VIRUSES IN
SHELLFISH
P.W. CHANG, Univ. of Rhode Island, School of Agriculture,
Kingston, Rhode Island 02881

Shellfish have been incriminated repeatedly as veservoirs for
virus pathogens. This is evidenced by numerous occurrences of
infectious hepatitis outbreaks following ingestion of con-
taminated oysters and hard clams and also by isolation of enteric
viruses in oysters obtained from estuarine environments polluted
by raw sewage.

The proposed project attempts to answer whether multiplica-
tion of human enteric viruses occurs in shellfish. The methods
outlined in this study are designed to circumvent the difficulties
encountered by previous investigators in evaluating whether virus
measured in shellfish tissue represents persisting input virus or
virus formed de novo. These methods include the use of
proflavine labelled virus, electron microscopy of infected tissue.
The shellfish tissues will also be examined for viral receptors.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.1053, IRON AND MANGANESE REMOVAL FROM
SMALL GOUND WATER SUPPLIES
F.J. DELUISE, Univ. of Rhode Island, School of Engineering,
Kingston, Rhode Island 02881

This project will be concerned with the removal of iron and
manganese from ground waters used for relatively small supplies,
and for supplies which must have an iron and manganese content
lower than normally acceptable. The primary areas to be in-
vestigated include chemical agents and con inations of these will
be evaluated to determine the most efficient means of removing
iron and manganese. It is anticipated that ultimately a complete
process will be suggested for the satisfactory and efficient
removal of iron and manganese from these small supplies

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

5.1054, STRUCTURAL CHEMISTRY OF YELLOW OR-
GANIC MATTER IN FRESH WATER
G.T. FELBECK, Univ. of Rhode Island, School of Agriculture,
Kingston, Rhode Island 02881

The objectives of this study will be: 1. To examine the
molecular structure of the yellow organic matter by a method of
high pressure hydrogenolysis, 2. To determine the source of this
material by examining similar material synthesized by representa-
tive aquatic and soil microfilm, and 3. To synthesize model or-
ganic compounds with structures similar or identical to those
found in fresh water to verify structural data determined previ-
ously by analysis.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

5.1055, THE BIOASSAY OF WATER POLLUTANTS
WITH CULTURED MAMMALIAN CELLS
H.W. FISHER, Univ. of Rhode Island, Graduate School, King-
ston, Rhode Island 02881

The research plan proposes to utilize mammalian cells cul-
tured in vitro for the quantitative determination of the titration
end-point of toxicity for water pollutants. The quantitative
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methods would be plating efficiency and growth rate in the
presence of selected model pollutants. Diffusion disc diameter
methods for cyto-toxicity would also be investigated, The results
with inorganic pollutants, herbicides, pesticides and detergents
would be correlated with pratical conditions found in field loca-
tions.

SUPPORTED BY U,S, Dept. of Interior - 0, Water Res, Rch
University of Rhode Island

5.1056, CHEMICAL RESPONSES BY MARINE ORGAN-
ISMS TO STRESS
H,P. JEFFRIES, Univ. of Rhode Island, Graduate School, King-
ston, Rhode Island 02881

The ocean is physically stable compared with land and fresh-
water environments, and the medium has intimate association
with the life it bathes. Consequently marine organisms have
developed less complex regulatory systems than their terrestrial
and aquatic counterparts. But when the ocean does change -- by
natural processes or as the result of pollution -- it follows that the
biotic community will also change, along with the ecosystem's
ability to process waste materials, Homeostatic control at the
community level is, therefore, an essential element in understand-
ing the sea's populations, especially in coastal waters where en-
vironmental oscillations are large.

The major goal of this investigation is to identify and measure
quantitatively the ways marine communities iespond to ecologi-
cal stress, The internal responses are measured in tern ?. of
homeostasis; the external stresses result from temperature, salini-
ty, competition, food and pollution.

The first phase of this investigation showed that the balances
of free amino acids, fatty acids and blood constituents are sensi-
tive indicators of environmental conditions. Relationships ob-
served in nature between external stress and internal composition
are now being analyzed in the laboratory. In addition, the genetic
determinahts of chemical specificity will be separated from en-
vironmental influences in copepods, mollusks and fishes.

When we know the minimum stress intensities and cor-
responding maximum internal tolerances within which normal
community composition and function are maintained, we should
be able to predict the fate of populations living under various con-
ditions of water quality.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl

5.1057, THE INSECT ORDER PLECOPTERA AS A
BIOLOGICAL INDEX OF FRESH WATER QUALITY IN
RHODE ISLAND
T.W. KERR, Univ. of Rhode Island, School of Agriculture, King-
ston, Rhode Island 02881

1. The insect order Plecoptera is an important element in the
game fish food chain, in mosquito control, and its population den-
sity appears to be associated with the decomposition of certain
types of organic matter. 2. A selected natural drainage system in
Rhode island will be studied for the purpose of determining the
effect of industrial and sewage wastes, metal solutes, pH, water
temperature, etc. on the population development of Plecoptera.
3. Eight sampling sites would be mapped in a stream where types
of pollutants could be defined in four sites before and four sites
after their discharge. 4. Sampling would be accomplished to
quantify the various species of Plecoptera found. Concurrently,
determination of the temperature, oxygen content, organic
matter, free ions, pH, etc. of the water at each site would be
taken. The 'quality' of the water would then be correlated with
the number and species of Plecoptera present.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

5.1058, THE INSECT ORDER PLECOPTERA AS A
BIOLOGICAL INDEX OF FRESH WATER QUALITY IN
RHODE ISLAND
T.W. KERR, Univ, of Rhode Island, Agricultural Experiment Sta.
, Kingston, Rhode Island 02881

Objective: To determine the degree of water 'pollution' on
the presence of the insect order Plecoptera in a stream system in
Rhode Island, he stream system will contain certain branches
where type and degree of contaminants can be defined.

Procedure: Select and map 8 sampling sites in a stream
system having several branches. The sites would be chosen at
which water with defined type pollutants before (4) and after (4)
discharge could be found. Sampling would be accomplished to
quantify the species of Plecoptera present at each individual site.
Concurrently, water samples

the percentage of organic matter, free ions, acids, etc. The
`quality' of the water including temperature/oxygen tension at
each individual site would then be correlated with the number of
species of Plecoptera nymphs present.

SUPPORTED BY Rhode Island State Government

5.1059, SENSITIVITY OF BENTHIC MICROFLORA TO
POLLUTION GRADIENTS
N. MARSHALL, Univ, of Rhode Island, Graduate School, King-
ston, Rhode Island 02881

Recent investigations show that the major :hare of the high
productivity of shoal estuarine environments is due to the
photosynthesis of the benthic microflora, This community, com-
posed of one-celled forms, is probably quite vulnerable to pollu-
tion, We have developed a technique for assaying the productivity
of this benthic community from the C-14 uptake, using small
undisturbed samples. This program, based on such assays, has the
following objectives;

(1) Continue to refine and verify the C-14 technique for as-
saying the productivity of the benthic microflora of undisturbed
sediments.

(2) Establish with this technique the norms for three coastal
areas that are free of pollution. These observations of norms are
being con. eted over a three-year period to establish satisfactory
base lines. One site to be studied is adjacent to the Millstone Point
Nuclear Power Plant and later will be affected by 10 degree F
temp. increase and low-level radioactive input when the plant
goes active (scheduled for 1969). The other two sites are nearby
estuarine areas of Point Judith Pond and the Pettaquamscutt
River,

(3) Investigate for a three-year period the effect of thermal
change and domestic pollution on the productivity of the benthic
inicroflora. This involves the Millstone site for thermal effects and
the polluted Mystic River for effects of domestic pollution. The
major microflora present and key ecological parameters arc being
determined for the observation sites.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1060, THE GAUZE PAD METHOD FOR THE ISOLA-
TION OF VIRUSES FROM INLAND AND ESTUARINE
WATERS
L.T. MILLER, Univ. of Rhode Island, School of Agriculture,
Kingston, Rhode Island 02881

The bacterial flora of coastal and inland waters have been
studied repeatedly, but information is very fragmentary concern-
ing water pollution with human enteric viruses.

Phase 1. Evaluation and Development of Methodology.
Under controlled laboratory conditions, water will be artificially
polluted with known levels of enteric and other viruses. Experi-
ments will be done to evaluate the adsorption capacity of various
types of gauze pad as well as threads of synthetic fibers. Attempts
will also be made to compare the elutability of virus from gauze
pads of cotton and synthetic fibers in different buffers, namely
phosphate, borate, tris, and others. Virus in these eluates will be
concentrated by using the salts indicated above, A standard gauze
pad technique will be developed for viral isolation in water and
this will be used for the phase 2 study.

Phase 2. Field Investigation of Water Pollution. Samples will
be collected periodically from selected areas in Rhode Island by
using an appropriate standardized gauze pad technique developed
in Phase 1. Attempts will be made to isolate their viral flora by in-
oculating the concentrates Into a spectrum of cell cultures, suck-
ling mice and avian embryos. Concommittantly, the waters for
viral sampling will be tested for coliform MPN, E. Coli, and fecal
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streptococcal contents. The viral isolation results will be cotre-
lated with those of the bacterial indicator tests.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

5.1061, TURBULENT MIXING IN SURFACE AERATION
C.P. POON, Univ. of Rhode Island, School of Engineering, King-
ston, Rhode Island 02881

Because of the low initial, operational and maintenance cost
of mechanical surface aeration its use in stream aeration is con-
sidered economical, This work proposes to investigate the in-
fluence of turbulent mixing downstream from the aerator in aera-
tion efficiency. Turbulent mixing entrains oxygen in an amount
proportional to the intensity of turbulence and diffusion length.
Fluorescent dye will be used in a tracer study with laboratory
channel models to study the intensity of turbulence, eddy dif-
fusivity and diffusion length. Important factors investigated will
include (a) rotor submergence, (b) power input, (c) rate of
stream flow and (d) refracted waves on the intensification of tur
bulent mixing,

SUPPORTED BY University of Rhode Island

5.1062, ANALYSIS OF TRACE ELEMENTS IN WATER
V.C. ROSE, Univ. of Rhode Island, School of Engineering, King-
ston, Rhode Island 0288 I

on exchanger loaded filter paper techniques will be
developed to rapidly concentrate trace metals in water samples.
Analytical methods such as alpha, beta and gamma spectrometry,
neutron activation and x-ray spectrography will be used for deter-
mining both radioactive and non-radioactive elements in the same
sample.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

5.1063, COLLECTION AND ESTABLISHMENT IN CUL-
TURE OF SPECIES AND STRAINS OF MARINE
PHYTOPLANKTON ORGANISMS
T. SMAYDA, Univ. of Rhode Island, Graduate School, Kingston,
Rhode Island 02881

The University of Rhode Island Graduate School of
Oceanography shall supply a large number of species and strains
of marine phytoplankton which should be at the disposal of the
National Marine Water Quality Laboratory, at all times, so that
various environmental, physiological, and toxicological tests can
be accomplished. Cultures of the various species and strains shall
also be made available to other FWPCA laboratLies involved in
pollution control activities for use in bioassays and other tests
developed by NMWQL for the detection and evaluation of pollu-
tants. The diversity of environmental requirements of
phytoplankton necessitates the establishment of individual spe-
cies and strains in culture.

Further, the contractor shall develop the mechanics of a
system for obtaining these organisms so that the culture collection
will become complete for the purpose at hand; shall develop an
orderly arrangement for accession to the collection. The contrac-
tor shall also, scientifically identify each species and/or strain of
phytoplankton by established procedures; utilize as the basis for
the proposed collection, organisms already being maintained by
the University Laboratory, NMWQL, and those available from
academic institutions and research organizations. He must further
provide the NMWQL with required data, and advise the
NMWQL of the progress and status of the cultures and program
as requested.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1064, BUOYANCY AND SINKING CHARACTERISTICS
OF FRESHWATER PHYTOPLANKTON
T.J. SMAYDA, Univ. of Rhode Island, Graduate School, Kingston,
Rhode Island 02881

The proposed research plans laboratory investigations of the
sinking behavior of representative freshwater diatom and blue-

green species occurring in the phytoplankton. It is directed
towards understanding, predicting and controlling primary
production, species periodicity and succession, algal blooms, and
relevant lacustrine biogeochemical problems insofar as they are
influenced by the sinking behavior of these plants. Following the
establishment of the species into unialgal culture, the specific ob-
jectives employing several techniques are: 1. To determine the in-
fluence of cell size, eel/ age, cell shape, and colony size and mode
of formation on limnetic phytoplankton sinking rates. 2. To deter-
mine the influnece of plant nutrients and inorganic and organic
herbicides and inhibitors on sinking rates. 3. To determine the
role of turbulence in the suspension of limnetic phytcplankters.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Rhode Island

5.1065, FLOCCULATION OF COLLOIDS WITH
POLYELECTROLYTES IN AQUEOUS SALT SOLUTIONS
D.L. SUSSMAN, Univ. of Rhode Island, School of Engineering,
Kingston, Rhode Island 02881

The aim of this project is to study the adsorption charac-
teristics of polyelectrolytes in relation to the flocculation of col-
loidal and suspended matter in aqueous salt solutions, and to
determine the factors that influence the adsorption equilibrium.
The effects of the medium upon the polyelectrolytes will also
have to be studied.

The study of the behavior of polyelectrolytes as flocculants in
aqueous salt solutions would lead to the maximum effective
utilization of the coagulation process in saline waters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

5.1066, WATER QUALITY PROTECTION - SYNTHESIS
OF POTENTIAL MOLLUSCICIDZS
J.G. TURCOTTE, Univ. of Rhode Island, School of Pharmacy,
Kingston, Rhode Island 02881

A number of hydroxy-L-proline derivatives having elements
of structural similarity to the potent molluscicide, N-trityl-
morpholine, will be synthesized and tested for potential mol-
luseicidal activity against Australorbis glabratus, and inter-
mediate host (pathogenic fresh water pollutant) of Schistosoma
mansoni. The design of the derivatives features attempts to effect
definite gradations in the water solubility and stability of the
potential molluscicides. An attempt will be made, using
sterochemical correlations, to determine whether or not the
morpholine moiety of N-tritylmorpholine contributes signifi-
cantly to the molluscicido-bioreceptor interaction in the snail
(Australorbis glabratus).

SUPPORTED BY University of Rhode Island

5.1067, MODEL FOR DETERMINING THE MOST UN-
FAVORABLE CONDITIONS FOR AREA CLASSIFICATION
V.J. CABELLI, U.S. Dept. of Hlth. Ed. & Wel. , P.H.S. Marine
Vir. Res. Ctr. , Narraganset, Rhode Island

Variable hydrographic, meteorological, and sanitary condi-
tions modify the level of sanitary pollution reaching a shellfish
growing area. To provide the required safety, the National Shellf-
ish Sanitation Program requires that growing area classification
be performed 'under the most untavorable conditions (MUC)`
that is, when conditions are most favorable for maximum pollu-
tion. Logistic factors associated with sampling and assay often
limit the capabilities of States to determine the MUC. This project
is intended to provide States with a 'modus operandi' consisting
of, 1) a prediction based upon available information, 2) confirma-
tion and, as required, modification of the prediction by a screen-
ing procedure using the ETCP method, and 3) actual sampling for
classificationrdsing standard methods. Using Narragansett Bay,
Rhode Island as a model area, the impact of day of week, time of
day, and rainfall has been examined as a preliminary to this study.
Rainfall, with its effect on runoff and sewage bypassing was found
to be the major factor which must be considered. This project
started in FY 1968; completion anticipated by FY 1969.
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SUPPORTED BY U.S. Dept. of Hlth. Ed. ic Wel. - P.N.S. SUPPORTED BY U.S. Dept. of I-11th. Ed. & Wel. - P,H.S.

5.1068, THE DEVELOPMENT OF OPERATIONAL
SHELLFISH DEPURATION AND RELAYING SYSTEMS
V.J. CABELLI, U.S. Dept. of Hlth. Ed. & Wel. , r.H.s Ne. Mar.
Hlth. Sc. Lab. , Narragansett. Rhode Island

The feasibility of utilizing the normal feeding-cleansing
mechanisms of molluscan shellfish for the removal of microbial
pollutants (Depuration) is well established. However, in order to
realize the full potential of the process in economically making a
safe product available from that portion of the resource lost to
pollution and as a second barrier to disea.:4e, the means must be
found to 1) reduce the treatment period, 2) decrease the varia-
bility in animal response, 3) increase the upper limit of con-
tamination in the animal whi.:1 can be removed consistently, and
4) develop the economically more advantageous recirculating as
opposed to flow-through systems.

Certain factors affecting contamination levels and depura-
tion are being studied: 1) the initial level, 2) natural vs. artificial
levels, 3) 'thermal shock,' which limits depuration of coliforms
from quahaugs, and 4) chemical and physical stimuli for depura-
tion. Completion is anticipated on the; 1) examination of uptake
and elimination of Salmonella typhimurium by the quahaug, 2)
!node) system for comparing indicator to pathogen uptake and
eiimioation, and 3) development of operational recirculating
depuration systems for the quahaug and softshell clam. The
development and evaluation of `two-stage' rafting- depuration
system is underway from the depuration of grossly polluted
quahaugs. Chemical studies continue on the mechanism and site
of trace metal retention by shellfish towards development of: I )
relaying schedules for chemically-contaminated shellfish, and 2)
operational depuration.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1069, STUDY OF GROWING AREA STANDARD BY EX-
AMINING ENTEROPATHOGENS AND INDICATOR
V.J. CABELLI, U.S. Dept. of Hlth. Ed. & Wel. ,1'.H.S. Ne. Mar.
Hlth. Sc. Lab, Narragansett, Rhode Island

The microbiological standard for shellfish growing waters
(median coliform MPN is less than 70/100m1)assumes that the
probability of enteric infection from the consumption of shellfish
taken from the area is negligible. Validity of correlation of the
coliform indicator with outbreaks and sporadic cases of infectious
hepatitis associated with the consumption of shellfish is being ex-
amined by determining the relationship of indicator levels to en-
teropathogenic viruses and bacteria in selected shellfish growing
areas through 1) correlation of frequency of isolation of enteric
viruses and Salmonella sp. to coliforn, fecal coliform and ET
coliform levels; 2) longltudinal survey of estuaries and shellfish
for presence of human enteric viruses; 3) comparative survival of
coliforms, Salmonella species, and viruses in seawater; and 4)
sanitary significance of members of the coliform group. Various
enteric viruses were isolated from two species of shellfish and the
overlying waters in a preliminary study conducted in the Paw-
catuck River, Rhode Island. A rapid plating method for enu-
merating coliform capable of growth at an elevated temperature
(ET coliform) has been developed and evaluated at three loca-
tions.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1070, THE ECOLOGY OF CLOSTRIDIUM BOTULINUM
TYPE E
V.J. CABELLI, U S. Dept. of Hlth. Ed. & Wel. , P.H.S. Ne. Mar.
Filth. Sc. Lab. , Narragansett, Rhode Island

This project, whose major objective is a better understanding
of the ecology of C. botulinum type E in the estuarine environ-
ment, includes studies on the biological control of toxin produc-
tion by the organisms and genetic, serologic and physiologic stu-
dies on the organisms, particularly as they are significant to the
taxonomic and ecologic relationship of C. botulinum to the so-
called E-like organisms. This project was started in FY 1964 and
it is anticipated it will be completed by June 1970.

5.1071, STUDY )N METHODOLOGY FOR VIRAL EX-
AMINATION OF SEAWATER AND SHELLFISH
O.C. LIU, U.S. Dept, of Hlth. Ed. & Wel. , P.H.S. Ne. Mar. Hlth.
Sc. Lab. , Narragansett, Rhode Island

Although epidemologic evidence indicates that the marine
environment is polluted with human viral pathogens, no satisfac-
tory methods are available to isolate the various types of en-
teroviruses in the marine waters and their fauna, especially shellf-
ish which are consumed raw. At least eight procedures, described
recently for isolation of low levels of virus from fresh waters, can
be applied to examination of marine waters. These methods will
be evaluated for their efficacy in recovery and enumeration of the
virus in seawaters. Then the most simple and effective method
will be standardized for widespread use to achieve this purpose.
There is a paucity of information on methodo:ogy for viral ex-
amination of shellfish, except that described by Metcalf and Stiles
(1965) and that used ,n this Laboratory. Four new approaches
will be tried for examining very low viral contents ,n these
animals; the best procedure will be standardized. Project started
in FY 1969 and it is anticipated will be completed in FY 1972.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1072, MARINE BIOTOXINS
B.H. PRINGLE, U.S. Dept. of filth. Ed. & Wel. , P.H.S. Ne. Mar.
Hlth. Sc. Lab. , Narragansett, Rhode Island

Neither the number of known marine biotoxins nor the in-
cidence of associated disease is great; however, with increased
use of the marine environment as a source of food and recreation,
the importance and number of these toxins as a health problem
will increase. Study of Paralytic Shellfish Poison, a compound of
both economic and scientific interest, is hampered by lack of a
convenient and accurate method of analysis. Since shellfish ap-
parently are not affected by PSP, although it is concentrated
within them several thousandfold over maximum levels of the
poison-producing organisms in the marine environment, we plan
to introduce the poison directly into their circulatory systems to
determine its overall effect. The relationship between effects of
natural blooms of the dinoflagellates Gonyaulax catenella and G.
tamarensis and the toxin (PSP) on the microflora of the water
mass are unknown; it would be useful to know whether or not PSP
has antimicrobial activity. Indeed, if the effect of PSP on a variety
of microorganisms could be determined and its spectrum elu-
cidated, it would be a significant contribution towards future
ecological studies and it might provide an alternative assay
method for PSP.

It is planned to attempt development of a suitable method for
the quantification of PSP making use of chromatographic
techniques. In addition, an investigation of the mechanics of up-
take and the site of deposition of PSP in the mollusk will be made.
Finally, a study of its biological effects other than its toxic proper-
ties will be initiated.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P . H. S.

5.1073, RELATIONSHIP OF THE SOURCE TO LEVELS
OF TOXIC CHEMICALS IN SHELLFISH
B.H. PRINGLE, U.S. Dept. of Hlth. Ed. & Wel. , P.N.S. Ne. Mar.
Hlth. Sc. Lab. , Narragansett, Rhode Island

Since 1964, we have been collecting and analyzing shellfish
from the Atlantic Coast between Maine and North Carolina.. The
analyses, except for special studies, have been confined to detect-
ing heavy metals in commercial bivalve species; these shellfish
selectively concentrate in their tissues chemicals from their en-
vironment. Much variation was discovered in the amounts and
types of metals found in shellfish from different areas, however,
little documented information was available for comparison with
these differences. To bridge this gap, literature relevant to toxic
chemical wastes produced along the coast will be reviewed, fol-
lowed by contact with state agencies to obtain more detailed in-
formation. Such data, on the industrial complexes and their toxic
chemical wastes, should provide an overview of the prevailing
conditions to which shellfish are subjected and round-out infor-
mation required for further development and review of toxic
chemical standards for shellfish.
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SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1074, TOXIC AND OTHER CHEMICALS IN MARINE
BIOTA
B.H. PRINGLE, U.S. Dept. of Hlth. Ed. & Wel. , P.H.S. Ne. Mar.
Filth. Sc. Lab. , Narragansett, Rhode Island

The mechanics of concentration of toxic and other chemical
materials are under investigation and may be categorized as fol-
lows:

1. Uptake and concentration within the natural environment.
II Determination of the uptake rates and concentration within a
simulated natural environment. III Investigation of anatomical
areas of storage. IV. Depletion rates in a simulated natural
system.

Under the above categories our efforts are directed toward
studies involving the uptake rates and concentration levels for
selected trace metals under various conditions of salinity, tem-
perature, and dissolved oxygen, which we might expect to be
found under natural environmental conditions. Commensurate
studies are being carried out within a simulated 'natural' environ-
ment using various concentrations of selected trace-metals.
Anatomical areas of storage of trace-metals are being investigated
for certain mollusks using a simulated 'natural' environmental
system. In addition, depletion rates for certain of these materials
are being determined in an environment free from pollution by
these materials.

In addition to the above studies in the subject area the follow-
ing related projects are presently under investigation. Instrumen-
tal methods for the quantitation of `Dibrom,"Diquat` and
`Paraquat` are being developed or adapted for use with shellfish
samples. Assay methods of fluorides in shellfish are being in-
vestigated. Methodology for the isolation and quantitation of
Paralytic Shellfish Poison is being investigated.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1075, GENERAL TECHNICAL ASSISTANCE
C.N. SHUSTER, U.S. Dept. of Hlth. Ed. & Wel. , P.H.S. Ne. Mar.
Hlth. Sc. Lab. , Narragansett, Rhode Island

To support the goals of the National Shellfish Sanitation Pro-
gram as updated in part by the 1968 Workshop by: 1) adapting,
testing, and processing the research findings for ultimate program
operations; 2) conducting field research studies; 3) assisting in
the design of laboratory-based field surveys including lirect ser-
vice in sample collection and preparation for research; 4) provid-
ing design guidance for facility and equipment needs, and 5) con-
sultation to Headquarters, Regions, States, etc. dealing with
technical program operations. Based on need, objectives include
pursuit of on-going Field Research and Development studies, in-
itiation and expansion of some efforts in relatively new fields.
Assistance in the areas of training, consultation on enforcement
activities (P.L. 84-660), application of depuration, intramural
field research, and laboratory appraisals will be given. This is a
continuing project started in FY 1964 and will continue in, ac-
cordance with the needs of the overall programs.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. P.H.S.

5.1076, EFFECT OF THE EFFLUENT FROM AN ATOMIC
POWER PLANT ON THE ADJACENT PORTION OF BAR-
NEGAT BAY, NEW JERSEY
J.L. VERBER, U.S. Dept. of Hlth. Ed. & Wel. , P.N.S. Ne. Mar.
Hlth. Sc. Lab. , Narragansett, Rhode Island

The purpeei of the project is to investigate and monitor cer-
tain aspects of an estuarine environment before and after the ac-
tivation of an atomic power plant.

Through survey work baseline information will be collected
to determine the normal physical and biological regime of Bar-
negat Bay and adjacent water courses. The survey work will be
quarterly operations over years to determine the annual and
seasonal variations. Survey work will continue after the reactor
becomes operational in order to determine the effects of thermal
pollution on the previous ecological baseline of the Bay.

Studies will include monitoring of the shellfish resource, tem-
perature variations, salinity, collection of shellfish meats for
radioactive background data, tidal fluauations, circulation pat-

terns and gross plankton samples. Other studies will be made that
are believed necessary due to changes in the environment or
unusual circumstance.

Close cooperation will be maintained with other agencies
maintaining operational programs in the area. Background data
of pre- reactor conditions will be collected for analysis conditions.

SUPPORTED BY U.S. Dept. of filth. Ed. & Wel. - P.H.S.

5.1077, A STUDY OF SUSPECTED LEAD POISONINr;, OF
SWANS AND GEESE
M. PERRY, State Div. of Conservation, Providence, Rhode Island

Objectives. 1. To determine if lead shot is present in sedi-
ments of Easton Pond. 2, To determine the concentration of lead
in the liver, tibia, and blood of all swan. 3. To determine if acid-
fast intranuclear inclusion bodies are present in kidney tissue of
all swan. 4. To study the feeding behavior of swans and geese on
and near Easton Pond.

Procedures: 1. Sediment samples will be taken at random
throughout Easton Pond in Newport, R. I. and analysed for lead
shot contents. 2. All dead swans and geese will be collected and
necropsied. Gizzards will be examined for lead shot. Blood, liver
and tibia samples will be taken and lead concentrations in parts
per million will be determined by use of an Atomic Absorption
Spectrophotometer. Technique to be used will be similar to that
described in 'Analytical Methods for Atomic Absorption spec-
trophotometry,` Perkin-Elmer, Norwalk, Connecticut. 3. Kidney
tissue from all dead swans and geese will be examined to deter-
mine if acid-fast intranuclear inclusion bodies are present (Lock,
Bagley, Irby 1966. Bull. Wildlife Disease Assoc. 2:127-131). 4. A
comparison of lead concentrations will be made between birds at
Easton Pond and resident birds from another part of the state.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Rhode Island State Government

5.1078, STORM SEWER TREATMENT BY A SELF-
CLEANING STRAINER, FILTER CONCEPT
S.S. BLECHARCZYK, Fram Corporation, Providence. - East
Providence, Rhode Island 02916

The purpose of this study is to evaluate the self-cleaning
strainer, filter concept for effective pollution reduction of com-
bined sewer overflows.

It is intended to: I. Determine the rate and nature of pollu-
tion experienced at a typical combined sewer overflow. 2. Deter-
mine screen construction most effective, with and without coagu-
lants. 3. Determine the effectiveness of various septa and
diatomaceous earth materials in removing pollutants from the
strainer effluent.

The variables involved in the filtration concept will be in-
vestigated by bench tests using small area test fixtures and actual
storm sewer samples. The effectiveness of continuous back-wash-
ing on screen plugging and water content of the filtered solids will
be studied.

A number of adsorbents and coagulants will be used in con-
junction with the two devices.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1079, REARING AND SENSITIVITY STUDIES OF VARI-
OUS LIFE STAGES OF MARINE MACROINVERTEBRATES
G. MORRISON, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , Wakefield - Kingston, Rhode Island 0288

The goal of this project is to determine the relative sensitivity
of various stages of marine macroinvertcbrates to specific materi-
als and the evaluation of marine invertebrates as indicators of ex-
treme levels of known toxioants over extended periods.

This work will eventually be incorporated in broader areas of
research to determine the effects of these toxicants upon growth,
reproduction, activity, metabolism, and the activity of hormones
and enzymes.

The organisms studied to date are the first larval stages of
Callinectes sapidus, Carcinus maenas, Uca pugilator (?), and
Palaemonetes pugio and their reaction to various levels of copper.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1080, HISTOPATHOLOGIC EFFECTS OF POLLU-
TANTS ON CULL' AND TISSUES OF MARINE FISHES
P.P. YEVICH, U.S. Dept. of Interk.,-, Nati. Marine Water Qual.
Lab. , Wakefield - Kingston, Rhode Island 02881

Histopathologic studies will be cons, -ted on various species
of marine fishes after exposure to pollutants. Studies presently are
being conducted on mummichogs being exposed to Cd and Pb.

SUPPORTED BY U.S. Dept. of :1,nterior - F. Water Pol. Ctl

5.1081, IIISTOPATHOLOGIC EFFECTS OF POLLU-
TANTS ON CELLS AND TISSUES OF MARINE INVER-
TEBRATES
P.P. YEVICH, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , Wakefield - Kingston, Rhode Island 02881

Histopathologic studies will be conducted on various species
of marine invertebrates: quahogs, soft shell clams, oysters, lob-
sters, shrimp, blue crab, etc. after exposure to various pollutants.
Studies are presently being conducted in cooperation with the
Northeast Marine Health Sciences Laboratory on quahogs (Mer-
cenaria mercenaria) which have been exposed to 0.05 and 0.025
ppm of Cu, 0.2 ppm of Zn, 0.2 and 0.1 ppm of Cd and 0.05 and
0.1 ppm of Cr.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1982, EFFECTS OF CRUDE OILS AND THEIR EMUL-
SIONS TO MARINE ORGANISMS
R. EISLER, U.S. Dept. of Interior, Natl. Marine Water Qual. Lab.
, West Kingston, Rhode Island 02892

Oil discharges at sea, especially accidental discharges by
super- tankers, represent a potential threat to aquatic life.
Laboratory bioassays on the acute toxicity of different grades of
crude to various species of marine fishes and crustaceans are now
in progress. The effect on toxicity of emulsifying or complexing
the oil with various chemical agents is being investigated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1083, PHARMACOLOGY OF METAL POISONING IN
ESTUARINE FISHES
R. EISLER, U.S. Dept. of Interior, Natl. Marine Water Qual. Lab.
, West Kingston, Rhode Island 02892

Pilot bioassays were conducted under laboratory conditons
with mummichogs, Fundulus heteroclitus, against various metals
abundant in solid wastes dumped off shore. Analyses by atomic
absorption, and other methods, of mummichogs that died during
exposure to high concentrations demonstrate measurable changes
in elementary chemical composition. Tissues from fishes surviv-
ing sublethal exposures were also significantly different from con-
trols in levels of one or more cf the 25 metals measured The sig-
nificance of these changes in terms of enviormental stress and
metabolic pathways is being studied.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1084, COMPARATIVE TOXICITIES OF METALS TO
ESTUARINE FISHES
R. EISLER, U.S. Dept. of Interior, Natl. Marine Water Qual. Lab.
, West Kingston, Rhode Island 02892

Disposal of solid wastes at sea is being practiced by an in-
creasing number of municipalities. Prelimianry analysis of in-
completely-ashed incinerator wastes by atomic adsorption in-
dicates that aluminum, iron, calcium, zinc, sodium potassium,
and lead--in that order--are most abundant. Short-term bioassays
with inorganic salts of these and other metals to the mummichog,
Fundulus heteroclitus, are being c.onducted under controlled en-
vironmental conditions. Relationships between mortality, physi-
cal-chemical environment, and concentration of test metal in
solution is being investigated.

5.1085, EFFECT OF NITRILOTRIACETIC ACID (NTA)
UPON THE TOXICITY OF METALS TO SELECTED SPE-
CIES OF ESTUARINE PHYTOPLANKTON
S.J. ERICKSON, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

Laboratory studies will be conducted to determine the rela-
tionship of nitrilotriacetic acid (NTA), a metal chelator, to the
toxicity of metals to selected species of estuarine phytoplankton.
The metals employed in this study wilt be those which are known
metabolic toxins and are of importance from the standpoint of
estuarine pollution.

The toxicity of the various metals to six species of
phytoplankton will be determined in the presence of several con-
centrations of NTA. In addition to growth rate, C14 labeled car-
bon dioxide will also be employed as a parameter for determining
levels of metal toxicity.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1086, EFFECTS OF PETROLEUM AND PETROLEUM
WASTES UPON IMPORTANT SPECIES OF ESTUARINE
PHYTOPLANKTON AND ZOOPLANKTON
J.H. GENTILE, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

The effects of petroleum and petroleum wastes upon impor-
tant species of estuarine phytoplankton and zooplankton will be
assessed. Assays on zooplankton will employ acute toxicity to
various stages in the organisms' life history as the principal
parameters. Assays on phytoplankton will involve the effects of
pollutants on growth, photosynthesis, and respiration as well as
mechanical effects such as cell lysis. Comparative toxicity of dif-
ferent types of petroleum products will be investigated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1087, INTEGRATED FIELD AND LABORATORY
SYSTEM FOR ASSAYING THE EFFECTS OF POLLUTANTS
AND TOXICANT& UPON WATER QUALITY
J.H. GENTILE, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

The purpose of this project is to investigate the effects of pol-
lutants and toxicants on natural populations of marine
phytoplankton as well as on axenic cultures of selected species
comprising these populations. Assays will be performed in natural
4nd defined seawaters in such combinations as to obtain a con-
tinuum of responses. Laboratory cultures will be designed to
simulate field condtions. Measurement of photosynthesis and
respiration rates using radioactive carbo, will be the principal
technique employed and will be correlated with long- term
growth studies.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1088, DEVELOPMEp OF A METHOD FOR CHRONIC
TOXICITY BIOASSAY USING MARINE PLANKTONIC
ALGAE
C.S. HEGRE, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

Objectives: To develop a method which will permit exposure
of algal populations to constant low levels of test compounds, as
well as monitoring of population dynamics or metabolic effects.

Procedures: 1. 2. Normal population dynamics and optimal
medium exchange rates will be determined. 3. The utility of the
apparatus will be tested by determining minimal requirements for
a few known nutrients.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1089, STUDY OF NITROGEN METABOLISM IN
MARINE ALGAE
C.S. HEGRE, U.S. Dept, of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892
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Objectives; To develop a method based on in vivo enzymatic
activity which can be used as a bioassay parameter in determining
the biological effects of potential pollutants.

Procedures: 1, An in vivo system for the assay of nitrite
reductase activity in marine algae has been established. 2. En-
vironmental factors which influence the expression of nitrite
reductase activity will be investigated. 3. Cells preexposed to test
compounds will be assayed for nitrite reductase activity. The
results of such studs will be compared as indicators of biological
effect with those of similar studies in which growth is measured.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1090, MEASUREMENT, OF THE RATE OF CARBON
DIOXIDE (C14) FIXATION INTO SUBCELLULAR FRAC-
TIONS OF ALGAE
C.S. HEGRE, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

Objectives: To develop a rapid and sensitive method for de-
tecting the metabolic effects of potential pollutants on cultures of
marine algae.

Procedures: 1. Existing procedures for fractionating cells
into classes of chemical constituents are being modified to permit
processing of many small samples of algae. 2. Optimal labelling
conditions and normal incorporation rates will be determined for
each fraction. 3. Cultures preexposed to test substances will be al-
lowed to fix Carbon- 14 labeled CO2. The cells will then be frac-
tionated, and rates of synthesis of each fraction will then be deter-
mined from isotope incorporation data. Results will be correlated
with those of similar studies using growth rate as the measure of
biological effect.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1091, EFFECT OF METAL POISONING ON VARIOUS
ENZYMES IN FISH
E. JACKIM, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

The present phase of the work is a study on the effects of
various metals on the ATPase enzymes; namely the Na plus K de-
pendent moiety (ouabain sensitive) and the Na plus K non-sensi-
tive ATPase. ATPase was chosen because the metal requirements
for these enzymes are very specific and because of previous
evidence that they are poisoned by sulfhydrvl inhibitors. We be-
lieve that this enzyme might be involved in heavy metal toxicity
and may be an indicator of chronic metal poisioning. The study is
divided into two parts. The first was to observe the effects of ad-
ding various metal salts to partially purified enzyme preparations
and determining the changes in activity. The second phase con-
sists of exposing living killifish to heavy metals and determining
any changes in the enzyme activity of several different tissues.
The results of the first phase of the study indicate that the ouabain
sensitive ATPase is very sensitive to some of the metals. One ten-
thousandth M lead, mercury, cadmium and iron will produce a
90%-100% inhibition.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1092, HEMATOLOGICAL CHANGES IN F.
HETEROCLITUS UPON EXPOSURE TO TOXIC METALS
E. JACKIM, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

Killifish are exposed to various toxic metals for 96-hr. and
30- days periods. The fish arc killed and hematological tests con-
ducted to observe and change in the differential blood count. He-
matocrit and blood cell morphology are also compared to that of
control fish. Normal seasonal, sex and size variations are also cor-
related to changes in the blood pricture. Cadmium and lead are
now under investigation. Cadmium shows a marked eos:_mphilia
while the effects of lead are more subtle. Cadium also appears to
increase the hemoglobin and hematocrits in F. heteroclitus.

The blood morphology in other species of salt water fish is
also being studied.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ca

5.1093, USE OF MARINE PLANKTONIC ORGANISMS
FOR EVALUATING THE QUALITY OF MARINE AND
ESTUARINE WATERS
T.E. MALONEY, U.S, Dept. of Interior, Natl. Marine Water
Qual. Lab. , West Kingston, Rhode Island 02892

This project is concerned with the development of bioassay
methods and techniques, employing various species of marine
phytoplankton and zooplankton, for determining the toxicity and
identity of pollutants in the marine environment and for deter-
mining and predicting the short- and long-term effects of lethal
and sublethal concentrations of pollutants upon planktonic or-
ganisms and other organisms in the marine environment.

The test species will include those which are ecologically im-
portant and, in the case of zooplankton, their various life stages.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1094, DETERMINATION OF SELECTED ENVIRON-
MENTAL REQUMErvIENTS OF IMPORTANT MARINE
PHYTOPLANKTON SPECIES
J.C. PRAGER, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

Studies have been initited to determine minima, optima, and
maxima of selected physical and chemical requirements of four
ecologically and economically improtant species of unicellular
marine algae. Requirements considered in this program are
nitrogen, phosphorus, sulfur, and silicon; also temperature, light,
major cations, and redox. Methods used on axenic cultures in
synthetic seawater media are growth studies, radioisotopic tracer
techniques, chemostatic culture and continuous culture
techniques, and various physical mehtods of measuring environ-
mental changes. Species studied are Skeletonema costatum,
Olisthodiscus luteus, Nanochloris oculata, and Dunaliella ter-
tiolecta.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1095, THE NORMAL ANATOMY AND HISTOLOGY OF
SOME MARINE INVERTEBRATES
J.H. TUCKER, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

Initial literature studies of the anatomy and histology of some
of the important marine invertebrates indicated that 'wide gaps'
appear in the literature concerning the normal histology of some
of these species. The purpose of this study is to fill in these 'gaps'
and compile the information of a monograph.

The species under study at the present time are the quahog,
Mercenaria mercenaria, and the soft shell clam, Mya arenaria.
Other species to be studied are Homarus americanus, Mytilus
edulis, Crassostrea virginica and other species which may be util-
ized in pollution studies.

Preparation of histological sections utilizing routine and spe-
cial fixation and staining techniques are in progress and
photomicrographic records of the information obtained are being
compiled. Special techniques such as histochemistry and
fluorescence microscopy are to be utilized.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1096, DEVELOPMENT OF CULTURE METHODS FOR
ECOLOGICALLY IMPORTANT MARINE ZOOPLANKTON
SPECIES
E.J. ZILLIOU X, U.S. Dept. of Interior, Natl. Marine Water Qual.
Lab. , West Kingston, Rhode Island 02892

Methods to culture Inge numbers of individuals of Acartia
tonsa, A Clausi, Pseudodiaptomus coronatus, Tisbe furcata,
Calanus sp., and Tigriopus californicus are being devised and
tested in conjuction with another project concerned with enviorn-
mental requirements of these species. Desiderata are the produc-
tion of large numbers of individuals in a minimal volume of medi-
um, sucessful completion of life cycles through several genera-
tions, elimination of undefined chemical compounds from the
medium, simplicity of apparatus, definition of food materials, and
ability to operate on a continuous basis.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1097, DETERMINATION OF SELECTED ENVIRON-
MENTAL REQUIREMENTS OF IMPORTANT SPECIES OF
MARINE ZOOPLANKTON
E.J. ZILLIOUX, U.S. Dept. of Interior, Natl, Marine Water Qua',
Lab. , West Kingston, Rhode Island 02892

Acartia tonsa, A. clausi, Pseudodiapatomus coronvtus,
Ca lanus sp., Tisbe furcata, and Tigropus califomicus are undergo-
ing experimentation to determine optimal conditons of tempera-
ture, salinity, oxygen saturation, and food materials for sucessful
completion of their life cycles. Organisms are cultured and sub-
cultured in the laboratory under small volume, static conditions.
End points and condition of cultures are determined by micro-
scopic examination of life cycle progress, in some experiments
using time-lapse photography.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1098, RADIONUCLIDES IN THE SAVANNAH RIVER
ESTUARY AND ADJACENT COASTAL WATERS
C.M. PATTERSON, U.S, Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina

Small amounts of radionuclides are released to the Savannah
River by the Savannah River Plant 170 miles from the Atlantic
Ocean. The distribution of radionuclides in the river's estuary and
in adjacent coastal waters is being determined. Effects of water
exchange between the estuary and ocean, sedimentation and
other physical and chemical factors influencing dilution and dis-
tribution will be studied. The coastal waters are being analyzed
for tritium, 90Sr and 137Cs. Sediments are being analyzed for
90Sr and 137Cs.

SUPPORTED BY U.S. Atomic Energy Commission

5.1099, RADIONUCLIDE MOVEMENT IN GROUND-
WATER
C.M. PATTERSON ,U U.S. Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina

Large volumes of very low level radioactive wastes are
discharged to earthen seepage basins. We are studying both the
horizontal and vertical distribution of radionuclides in the
groundwater between earth seepage basins and the nearest flow-
ing stream. The flow path to the creek has been defined using the
tritium in the waste as a tracer. Other than tritium only 90 Sr has
migrated from the basins. Wells will be screened at various depths
below the water table to determine the vertical distribution of
radionuclides in the groundwater.

SUPPORTED BY U.S. Atomic Energy Commission

5.1100, IMPROVED DETECTION TECHNIQUES TO
DETERMINE RADIONUCLIDES IN FRESH AND SEA
WATER
C.M. PATTERSON, U.S. Atomic Energy Commission, Savannah
River Plant & Labs. , Aiken, South Carolina

New sensitive radiochemical methods are being developed to
qualitatively and quantitatively determine radionuclides in fresh
and sea water. Trolled mixed resin ion exchange canisters have
been successfully tested for rapid concentration of radionuclides
in both fresh and saline water. Ammonium hexacyanocobalt fer-
rate, an inorganic ion exchanger, has been shown to be useful in
the determination of radiocesium in water. A multiparameter pro-
grammed gamma analyzer, which will increase sensitivity by a
factor of 100 will be constructed this year.

SUPPORTED BY U.S. Atomic Energy Commission

5.1101, CHARTING OF SUBTIDAL OYSTER BEDS AND
EXPERIMENTAL TRANSPLANTING OF SEED OYSTERS
FROM POLLUTED SEED OYSTER BEDS
G.R. LUNG', State Div. of Comm. Fisheries, Charleston, South
Carolina 2940!

The South Carolina oyster industry is based almost entirely
on intertidal oysters, yet subtidal beds do exist. Two such beds are
known to produce more seed per unit of area than the famous

James River, Virginia, seed beds. In the past, attempts to expand
the growth of oysters subtidally have not been entirely successful.
However, by locating areas with comparable environmental con-
ditions to existing deep water beds, and by transplanting deep
water seed to them, an attempt will be made to demonstrate a way
to expanc, the industry.

Exploration for deep water growing sites in the more than
3200 miles of creeks and rivers within the State will begin as soon
as the project can be activated. Several hundred bushels of seed
oysters from the Wando and the Santee Rivers (existing deep
water beds) will be moved to the new locations. Survival, growth,
and quality of these transplanted oysters will be studied by regular
sampling.

Continuing the program next fiscal year, larger amounts of
oysters will be moved to test the possibility of introducing a
system of oyster culture not now being practiced.

A two man team, yet to be employed, will conduct the sur-
vey. The entire projec: will be under the supervision of Bears
Bluff Laboratories.

SUPPORTED BY U.S, Dept. of Interior - Bu. Comm. Fish.
South Carolina State Government

5.1102, RESERVOIR WATER QUALITY PREDICTION
BASED ON LIMNOLOGICAL PARAMETERS
A.R. ABERNATHY, Clemson Univrsity, School of Engineering,
Clemson, South Carolina 29631

A restricted portion of Hartwell Reservoir will be studied by
use of current limnological techniques to determine present water
quality, primary productivity, and nutrient budget. A model will
be proposed to describe the current conditions and predict
ecological effects and changes in water quality resulting from a
change in nutrinet budget.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Carolina State Government
Clemson University

5.1103, KINETICS OF BIOLOGICAL FILTERS
J.F. ANDREWS, Clemson University, School of Engineering,
Clemson, South Carolina 29631

Since the trickling filter is an aerobic biological treatment
process which depends upon the action of attached microorgan-
isms for the removal of organic waste products, the overall
process may be represented by the simplified reaction equation:
ORGANISMS SUBSTRATE OXYGEN yields NEW CELLS
METABOLIC WASTE PRODUCTS.

It is the objective of this research project to study the kinetics
of biological filters by observing the influence of the three reac-
tants on the rate of removal of organic products by attached
microorganisms and use this data to evaluate a proposed mathe-
matical model for trickling filters. In view of the fact that the
microbial population of a trickling filter is responsible for the
removal of organic waste products, it should be possible to ex-
press this removal in terms of microbial growth kinetics.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1104, WASTE DISPOSAL FROM FOOD PROCESSING
PLANTS IN SOUTH CAROLINA
J.R. LAMBERT, Clemson University, Agricultural Experiment
Sta. , Clemson, South Carolina 29631

The objective of this master project which is concerned with
water resources is to determine the effectiveness of the soil man-
tle for purification of waste water from food processing plants.
This will be done by studying the effect of the application of waste
water on the hydrologic conductivity of the soil, and by studying
the effects of various waste disposal application treatments on the
quality of downstream flow, The interrelationships of engineer-
ing, agronomic, microbiological, meteorological, and climatic
factors required for proper design and operation of an efficient
and safe system for distributing waste on the surface of South
Carolina soils will also be determined. Waster water from a pilot
food processing plant will be applied at different application rates
and intervals to lysimeters constructed of undisturbed soil with
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various vegetative covers and the quantity and quality of seepage
will be measured. Lysimeters containing disturbed soil will be
used to study the effects of soil properties, soil depth, and rate of
application of the waste water on composition of the percolate
from the soil and the effects of the waste on the physical and
chemical properties of the soil.

SUPPORTED BY South Carolina State Government

5.1105, THE USE OF TAXES, SUBSIDIES, AND REGULA-
TIONS TO CONTROL THE EFFLUENT OF THE TEXTILE
INDUSTRY
H.K. MACAU LAY , Clemson University, Graduate School, Clem-
son, South Carolina 29631

The purpose of the project will be to determine the dif-
ferential effects of tares, subsidies, and regulations on the use of
water and the discharge of effluent by the textile industry. More
specific objectives will be: 1. To estimate the economic values of
nonmarket uses of water downstream from certain textile mills. 2.
To determine the difference in economic results that stem from
(a) regulations imposing higher stream standards, (b) a system of
user charges or taxes, and (c) a system of subsidies. 3. To deter-
mine if a tax subsidy given at the local level (primarily by exemp-
tion from property taxes) defers in principle from a tax subsidy
given at the national level (primarily by special deductions under
the income tax). 4. To assess the difference in economic impact
of higher stream standards on old mills and on new mills. 5. To
estimate how the cost of cleaning up the effluent from the textile
industry may affect the methods of processing textiles or lead to
the development of new technology.

A theoretical model to provide for the optimum use of the
resource will be constructed. An attempt will then be made to
gather data which will make it possible to apply the model to the
textile industry. Assumptions as to differences in taxes, subsidies,
and regulations will be made to see how the use of water and the
operation of the textile industry are changed by each of these con-
ditions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University

5.1106, THE REMOVAL OF IMPURITIES IN TRICKLING
FILTER EFFLUENTS
W.M. MCLELLON, Clemson University, School of Engineering,
Clemson, South Carolina 29631

Over the past ten years application of electrophoretic mobili-
ty measurements in control of water treatment processes has been
investigated by Black and associates and Riddick, primarily,
under various conditions using natural or synthetic waters. It is
considered materially in improving efficiency of removal of impu-
rities in both secondary and tertiary waste treatment.

It Ls planned, as a first step, to examine the colloidal proper-
ties of the particulates in a trickling filter effluent, using the ef-
fluent from Clemson University waste treatment plant, both be-
fore and after passage through the final clarifier. This plant
discharges to a large impoundment which is used for water supply
and recreation. Investigation of the chemical properties of the
waste from the sampling points will be a necessary adjunct to the
clectrophoretic mobility measurements and microscopic ex-
amination of the particulates. Initial work will be extended to in-
clude treatment of the trickling filter effluent using coagulants,
such as ferric sulfate, and further investigation of the colloidal
properties, to obtain information on the conditions for optimum
removal of impurities, along with the use of zeta potential as a
control process in treatment.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University
South Carolina State Government

5.1107, INTERACTION OF PESTICIDE POLLUTANTS
AND AQUATIC FOOD-CHAIN ORGANISMS
J.K. REED, Clemson University, Graduate School, Clemson,
South Carolina 29631

This research project plans a field project to determine the
distribution of DDT in one area 01 Lake Hartwell which is con-
taminated with DDT at a moderale level. The concentrations of
DDT in water, plankton, fishes, benthos, told the substrate will be
used to estimate the portion of DDT residing in each component
of the environment. Samples of water and organisms from near
the surface to near the bottom, plus bottom mud will be analyzer
chemically for DDT content. The sampling will be distribuced
throughout a year.

A laboratory component of the study will be to assess the
principal route of entry of DDT into an aquatic consumer organ-
ism (integument vs. food chain). Fish will be administered a
dosage of DDT in food and an equivalent dosage in water, then by
both routes at the same time. Chemical analysis by chromatog-
raphy plus radiometric determination of labelled DDT will be
used to indicate the importance of each route of entry, both
separately and in combination.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Clemson University
South Carolina State Government

5.1108, HYDROLOGY OF THE SAVANNAH RIVER
PLANT, SOUTH CAROLINA --BEDROCK WASTE STORAGE
EXPLORATION - HYDROLOGY OF COASTAL PLAIN SEDI-
MENTS (ABBREV)
1.W. MARINE, U.S. Dept. of Interior, Water Resources Division,
Columbia, South Carolina

Objectives are to define and delineate aquifers in the Coastal
Plain sediments and within the first 1,000 feet of crystalline rock
below the Coastal Plain sediments, to determine the hydrologic
characteristics of the rock aquifers and Coastal Plain aquifers,
and to evaluate the possibility of upward leakage of water within
the sediments.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

5.1109, GROUND WATER CONTAMINATION RESULT-
ING FROM WASTE DISPOSAL
J.R. ANDERSEN, South Dakota State University, School of En-
gineering, Brookings, South Dakota 57007

Representative waste disposal methods in South Dakota in-
cluding land disposal of liquid and solid wastes will be in-
vestigated to determine: 1. A recommended procedure for selec-
tion of waste disposal sites in order to minimize ground water con-
tamination problems. 2. The effects of waste disposal practices in-
cluding: a. The nature and extent of ground water contamination.
b. The effect of ground water contamination on proposed benefi-
cial uses. c. The influence of such factors as climatic conditions,
soil types and waste characteristics on the degree and extent of
travel of pollutants.. 3. A means of combatting undesirable con-
tamination of the ground water.

It is also proposed that the project will investigate the long
term effects of solid waste landfill on ground water quality in an
area where adequate background data have been collected to ob-
serve the initial influence.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South. C.tkota State University

5.1110, ZOOPLANKTON STANDING CROPS IN A SOUTH
DAKOTA PRAIRIE LAKE
R.L. APPLEGATE, South Dakota State University, School of
Agriculture, Brookings, South Dakota 57007

Zooplankton composition and quantity in Lake Poinsett
(3200 ha) South Dakota are described.

Population dynamics of major Cladocera are compared with
dissolved organic carbon, sestonic carbon, and food habits of the
largemouth buffalo, Ictiobus cyprinella.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish,
South Dakota State Government
South Dakota State University

5.1111, CHEMICAL BIOCIDES IN LAKES
Y.A. GREICIIUS, South Dakota State University, Agricultural
Experiment Sta. , Brookings, South Dakota 57007

Objectives: 1. To determine the levels of chemical biocides in
the ecosystem of a prarie lake ( Lake Poinsett). 2. To study the ef-
fects of these chemicals on the ecosystem of this lake.

Work Proposed: Plant and animal species of the food chain
of the lake fish will be collected at the inlet and outlet areas, the
littoral zone, the transition zone and the settling basin zone. The
species will be identified and analyzed for pesticides. The fish,
also, will be analyzed for pesticides.

SUPPORTED BY South Dakota State Government

5.1112, FABRICS AND WATER PROBLEMS
L.O. LUND, South Dakota State University, Agricultural Experi-
r ant Sta. , Brookings, South Dakota 57007

Effect of water of various degrees of hardness and mineral
content on fabrics composed of cotton, chemical fibers and
blends of. fibers.

Effect of different methods of laundering used by a selected
group of homemakers in water problem areas.

It is planned to work with extension personnel in determining
where the serious laundering problems exist and in securing
women who are interested in cooperating with the station wor-
kers. Some type of garment, such as a white slip, made of chemi-
cal and natural fibers will be selected by the station staff. These
garments will be distributed to women in various counties to be
worn and laundered along with their other apparel. The garments
will be returned to the laboratory periodically for examination.

Laboratory work will parallel the wear study in determining
methods of overcoming problems due to excessive mineral salts.
Evaluation of fabrics will consist of visual observation, reflec-
tometer readings for whiteness and microscopic inspection. When
garments are withdrawn from wear further laboratory evaluation
may include stiffness, residual strength, elongation, weight and
thickness, dimensional stability and wrinkling.

SUPPORTED BY South Dakota State Government

5.1113, BACTERIOLOGICAL WATER QUALITY
ANALYSES OF METHODS FOR DETECTING FECAL POL-
LUTION
P.R. MIDDAUGH, South Dakota State University, School of
Agriculture, Brookings, South Dakota 57007

The proposed research involves laboratory and field in-
vestigations to improve the specificity, speed and reliability of
bacteriological methods for determining kinds and number of
fecal bacteria in surface water resources. The main objective is to
develop bacteriological methods to distinguish between human
versus animal sources of pollution by fecal indicator and
pathogenic baeteria.

Laboratory investigations: 1. Fecal bacteria isolated from
water samples would be used to evaluate modified bacteriological
methods designed to detect differences in kinds and numbers of
coliform, fecal coliform and especially fecal streptococci of
human versus animal sources. 2. Samples of polluted surface
waters would be stored in controlled laboratory environments to
determine the relative rates of die-off coliform, fecal coliform,
fecal streptococci and fecal pathogens e. g., salmonellae.

Field investigations would ei..ploy the bacteriological
methods to determine the ratio of numbers of fecal coliforms and
fecal streptococci in the same sample of selected stream and lake
waters. This ratio has been reported to distinguish between
human and animal fecal bacteria.

Laboratory and field data would be correlated for practical
application in attempts to trace sources of fecal bacterial pollu-
tion of surface water resources and to attempt to distinguish
between human and animal wastes with emphasis on farm animal
wastes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Dakota State University

5.1114, CHEMICAL, PHYSICAL, AND BIOLOGICAL
DYNAMICS OF NORTHERN PRAIRIE LAKES
J.G. NICKUM, South Dakota State University, School of Agricul-
ture, Brookings, South Dakota 57007

The research plan proposes to make it possible to describe
the chemical, physical, and biological dynamics of heretofore un-
studied lakes. This will provide information concerning the rela-
tionship between land use and water quality of lakes.

The project will study the present, the seasonal variation, and
the possible year to year variation of water quality. This will be
accomplished by biweekly sampling during June, July, and Au-
gust, and monthly throughout the remainder of the year. In addi-
tion, samples of water flowing into the lakes will be taken when-
ever rainfall is sufficient to cause a runoff into each lake.

The chemical content of the water will receive special atten-
tion in that the levels of various chemical biocides in the
ecosystem will be determined. Pesticide residues will include en-
drin, dieldrin, aldrin, heptachlor, heptachlor epoxide, DDT,
DDD, DDE, lindane, toxaphene, and the chlorophenoxy com-
pounds. Pesticide residues will be extracted from five types of
materials including water, mud, plant material, small aquatic
animals and fish.

The field data will be used to provide information concerning
the relationship between land use and the dynamics of a lake.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Dakota State University

5.1115, INSECTICIDE RESIDUES ON ALFALFA
R.J. WALSTROM, South Dakota State University, Agricultural
Experiment Sta. , Brookings, South Dakota 57007

Objectives: 1. Determine the fundamental physical,
biochemical, and biological factors influencing occurrence, mag-
nitude, interaction, and persistence of insecticidal chemical
residues in soils and raw agricultural commodities,

2. Identify and evaluate fundamental factors influencing the
magnitude and mechanism of air and water pollution by insec-
ticidal chemical residues.

3. Develop basic studies related to the metabolism and detox-
ication of insecticidal chemical residues in animals, plants, soils
and water.

4. Identify and evaluate the effects of residues of insecticidal
chemicals on ecosystems with special emphasis on fish and wil-
dlife.

5. Explore the reciprocal influences of residues of insec-
ticidal chemicals on soil microflora, microfauna, and non-insect
fauna.

6. Seek methods of removing or reducing residues of insec-
ticidal chemicals from the environment.

7. Develop and improve analytical techniques essential to the
pursuit of this research.

SUPPORTED BY U.S. Dept. of Agriculture
South Dakota State Government

5.1116, A STUDY TO EVALUATE THE EFFECT OF SILT
AND SILT REMOVAL IN A NORTHERN PRAIRIE LAKE
C.K. BRASHIER, General Beadle State College, Undergraduate
School, Madison, South Dakota 57042

The objective of this project is to determine the amount of
lake eutrophication due to siltation. A study of variations of
mineral quality of lake water due to siltation from various water
sheds will be made. Eutrophication elements (and biota) of silted
late will be compared with those of relatively unsilted, but
domestically polluted lake.
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SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl
General Beadle State College

5.1117, EFFECTS OF THE CHLORINATED HYDROCAR-
BONS, ALDRIN AND DIELDRIN, ON FRESHWATER SEED
SHRIMP (OSTRACODA)

SCHMULBACH, Univ. of South Dakota, Graduate School,
Vermillion, South Dakota 57069

The proposed research involves laboratory investigations
directed toward determining the acute and chronic effects, the
degree of accumulation, and the site of accumulation of two wide-
ly-used chlorinated hydrocarbon insecticides, aldrin and dieldrin,
on freshwater seed shrimp, primarily Chlamydotheca arcuata
(Says),

Laboratory investigations will include the following
procedures:

1) Median tolerance limits will be determined for both insec-
ticides on seed shrimp using a constant-flow, serial-dilution ap-
paratus.

2) Chronic poisoning and the question of acquired resistance
and/or induced sensitivity will be studied by long-term exposure
to sub-lethal insecticide doses.

3) Exposure to C14 labeled aldrin and dieldrin followed by
tissue extraction and radiological analyses will indicate the degree
of gross insecticidal accumulation and tissue concentration. Gas
chromatography will be employed to confirm these analyses.

4) Organisms subjected to lethal doses of the radioactive tox-
icants will be fixed, embedded, serially sectioned and subjected to
autoradiographic analysis to reveal the anatomical localization of
insecticide.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of South Dakota

5.1118, EFFECTS OF DEVELOPMENT ON WATER
QUALITY
M.A. CHURCHILL, U.S. Tennessee Valley Auth. , Knoxville,
Tennessee

Research will be conducted in an effort to determine the
physical, chemical, and biological effects of various land uses on
the quality of the through-flowing streams. Some types of
coliforms normally live in the soil and on vegetation. These
coliforms are not really indicative of pollution although they are
occasionally interpreted as such. Research will be conducted on
controlled land uses to determine the contribution of fecal and
non-fecal coliforms from various types of soils and types of land
cover. As an aid in assessing the extent of eutrophication, an
evaluation will be made of nutrient contributions to streams and
reservoirs from land areas having various forms of vegetal cover.
Research will be conducted on controlled agricultural areas to
determine what percentages of various insecticides used are
washed off the land by rainfall to enter the receiving streams.

SUPPORTED BY U.S. Tennessee Valley Auth.

5.1119, FACTORS INFLUENCING THE PRODUCTION OF
PLANKTONIC AND BENTHIC PLANTS
M.A. CHURCHILL, U.S. Tennessee Valley Auth. , Knoxville,
Tennessee

The role of factors that control rates of growth and total
standing crop of both planktonic and benthic plants will be stu-
died in streams and reservoirs. These studies will evaluate effects
of the following factors in growth rates under field and, in some
cases, laboratory conditions: (a) various nutrient levels; (b) in-
teraction of communities due to excretion of extracellular
metabolites or competition for nutrients; (c) the source of
nutrients in streams and reservoirs whether from land areas hav-
ing various forms of vegetal cover, or from waste discharges; (d)
substrate types; (e) light penetration; (f) reservoir operation and
hydraulic flow characteristics; and (g/ other physical and chemi-
cal characteristics of the flowing or impounded waters. A predic-
tion equation that will include and define the relative importance
of the significant factors will be developed, based on a mul-
tivariate analysis of the data.

SUPPORTED BY U.S. Tennessee Valley Auth.

5.1120, TEMPERATURE DISTRIBUTION IN THE VICINI-
TY OF WASTE HEAT DISCHARGES
M.A. CHURCHILL, U.S. Tennessee Valley Auth. , Knoxville,
Tennessee

Research will provide means for predicting temporal and
spatial distribution of excess heat in streams receiving condenser
cooling water from steam-electric generating plants. This involves
development of correlations for describing and predicting cooling
rates based on meteorological data. The study also includes the
development of mathematical models which account for the com-
bimed effects of cooling and mixing in rivers and reservoirs. There
is particular interest in situations where the warm water, due to its
lower density, stratifies in the surface layers of the receiving
stream or reservoir and there loses much of its excess heat to the
atmosphere before mixing takes place. Extensive data have been
collected for such a thermally stratified river. Heat is distributed
across the river immediately below the discharge allowing the
situation to be analyzed as two dimensional.

Several more complex situations will provide data for the
evaluation of temperature distribution in three dimensions. This
situation occurs when discharge is into a reservoir or larger river.
Data obtained below existing power plants will be used in
developing and verifying the prediction methods.

SUPPORTED BY U.S. Tennessee Valley Auth.

5.1121, EFFECTS OF TEMPERATURE ON AQUATIC
LIFE
M.A. CHURCHILL, U.S. Tennessee Valley Auth. , Knoxville,
Tennessee

Research is being conducted to provide sound technical
bases for development of realistic temperature control criteria for
maintenance and propagation of aquatic life. The effects of tem-
perature on the quality and quantity of economically important
species and their supporting food chain will be studied. Laborato-
ry studies have been initiated to determine lethal temperatures for
nine species of locally important fish and several fish-food organ-
isms. It is planned to construct eight large channels simulating
natural waterways. In these channels, normal biotic situations will
prevail except for water temperatures. Heated water will be ob-
tained from the condenser discharge of a large steam-electric
power plant and mixed with unheated lake water to maintain
desired temperatures in the channels. Two channels will be used
for controls.

SUPPORTED BY U.S. Tennessee Valley Auth.

5.1122, EFFECTS OF IMPOUNDMENT ON WATER
QUALITY
M.A. CHURCHILL, U.S. Tennessee Valley Auth. , Knoxville,
Tennessee

Research is being conducted to develop engineering methods
which can be used in planning, designing, and operating river and
reservoir water control structures associated with multipurpose
water resource projects for management of water quality as well
as water quantity. Specifically, the water quality management
problem consists of developing methods for predicting the quality
of the water to be released through low-level outlets of proposed
and existing impoundments and determining the feasibility of
modifying the design and operation of water control structures to
improve the quality of water discharged. Data are being collected
and analyzed to determine the physical, biological, and chemical
variables that cause the ;ow dissolved oxygen concentrations and
other undesirable water quality characteristics.

The Engineering Laboratory is engaged in a program
directed toward de eloping methods of predicting water tempera-
tures and flow patterns upstream from, within, and downstream
from existing and proposed reservoirs for a given reservoir inflow-
outflow program.
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SUPPORTED BY U.S. Tennessee Valley Auth,

5.1123, WATER QUALITY CONTROL
R.A. ELDER, U.S, Tennessee Valley Auth. , Knoxville, Tennessee

TVA is conducting research to develop engineering methods
which can be used in the planning, design, and operation of river
and reservoir water control structures associated with multipur-
pose water resource p:ojects for management of water quality as
well as water quantity. Specifically, the water quality manage-
ment problem consists of developing methods of predicting water
temperatures, dissolved oxygen concentrations, and flow patterns
upstream front, within, and downstream from existing and
proposed reservoirs for a given reservoir inflow-outflow program,
including the effects of locating thermal or other industrial plants
upstream from, on, or downstream from the reservoir, The ulti-
mate goal of this research is to provide information needed to
operate river and reservoir systems so as to make the best possible
use of the water from the standpoints of quality and quantity.

The Engineering Laboratory is presently engaged in a broad
program of water resource structure studies aimed at solving
some of these problems. During 1965, studies were conducted of
the thermo hydrodynamics of the flows through many of TVA's
existing reservoirs from which a procedure was developed for
making fairly accurate predictions of the mean water temperature
of the reservoir outflow. During 1966, the reservoir studies were
expanded in an effort to combine the TVA procedure with a
mathematical model of reservoir stratification based on vertical
eddy diffusivity which was developed independently by one of the
Laboratory's consultants.

The combined model was programmed for solution by digital
computer and is being checked. Important adjuncts to these basic
studies are comprehensive field studies which are undertaken to
verify the developed methods. To obtain simultaneous data on the
many important factors which influence the temperature and cer-
tain other water quality characteristics of the outflow from a
stratified reservoir, an intensive one-year study was made at
TVA's 29-mile-long, 450-foot deep Fontana Reservoir in 1966.

SUPPORTED BY U.S. Tennessee Valley AP th.

5.1124, COAL STRIP MINE WATERSHED DEMONSTRA-
TION--JACKSON COUNTY, ALABAMA

SEIGWORTH, U.S. Tennessee Valley Auth. , Knoxville, Ten-
nessee

The demonstration-research watershed was established in
June 1968 to determine how area coal strip-mining and sub-
sequent reclamation practices will affect the water resource and
aquatic life of a small 136 -acre watershed in northeast Alabama.
Farco Mining Company is cooperating in the study.

Hydrologic observations include precipitation, streamflow,
water temperature, and sediment. Samples for complete water-
quality are being secured. In addition, ecological studies of
aquatic life in and adjacent to the strem are being conducted.

The project will be conducted in three phases: (1) a calibra-
tion period of approximately two years, (2) an action phase dur-
ing which about 50 percent of the watershed will be mined, and
(3) a recovery period following reclamation work on the stripped
areas. Current reclamation provisions included in TVA coal con-
tracts will be reviewed in the light of data obtained from the pro-
ject.

SUPPORTED BY U.S. Tennessee Valley Auth.

5.1125, MOVEMENT AND PERSISTENCE OF HERBI-
CIDES IN THE SOIL
E. ANDREWS, Univ. of Tennessee, Agricultural Experiment Sta.
, Knoxville, Tennessee 37916

Objectives: To determine the effects of climatic and edaphic
factors on movement, persistence and toxicity of herbicides in the
soil.

Procedures: For a more detailed explanation, see S-18
(Revised) dated July 1965. Soil crAurnns representing several soil
types will be constructed in the laboratory. These columns will be
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treated with herbicides and then varying amounts of simulated
rainfall applied. Bioassays will be conducted to determine the
depth to which the herbicides are leached in phytotoxic concen-
trations. Similar studies will also be conducted under field condi-
tions.

To establish the pattern of herbicide dissipation in the soil
under field conditions, field plots will be treated at recommended
and higher rates. Plots will be sampled and bioassays conducted.
These treatments and samplings will be conducted over a period
of several years.

SUPPORTED BY U.S. Dept. of Agriculture
Tennessee State Government

5.1126, SEASONAL AND DIURNAL ASPECTS OF
ZOOPLANKTON MICRODISTRIBUTION AND VERTICAL
MIGRATION IN RELATION TO WATER POLLUTION
D.L. BUNTING, Univ. of Tennessee, Water Resources Research
Ctr. , Knoxville, Tennessee 37916

The proposed research involves the study of microdistribu-
tion and vertical migration patterns of freshwater zooplankton
populations in relation to physical and chemical environmental
factors. Seasonal and diurnal changes in distribution will be
analyzed to determine the effects of various environmental
parameters associated with pollution.

Collection of data: (1) Diurnal studies based on six-hour
sampling intervals, will be made throughout the year with special
emphasis on the following periods; the onset of stratification,
summer stagnation, fall overturn, winter isothermy, and spring
overturn. (2) Weekly plankton and environmental determina-
tions will be made to formulate a continuous picture of the chang-
ing conditions of the habitat. (3) Physical and chemical deter-
minations will include light penetration, turbidity, temperature,
oxygen, pH, alkalinity, carbon dioxide, conductivity, and total
dissolved solids.

Analysis of data; Numerical plankton data will be subjected
to correlation and multivariate analysis.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Tennessee

5.1127, EFFECTS OF WATER POLLUTION ON
ZOOPLANKTON
D.L. BUNTING, Univ. of Tennessee, Graduate School, Knoxville,
Tennessee 37916

Because of the lack of information dealing with the
tolerances and reproductive rates of zooplankton species in pol-
luted waters, it is planned to 1) provide estimates of the median
tolerance limits of planktonic rotifers, cladocerans, and copepods
to insecticides and toxic materials found in domestic and industri-
al wastes, 2) to measure the effect of sublethal concentrations of
toxic wastes on the reproductive rates of natural and laboratory
populations of planktonic rotifers, cladocerans, and copepods,
and 3) to determine the growth patterns of several important
planktonic rotifers, so that immature specimens may be
segregated from adults in the egg/female/day estimates of
reproduction. It is expected that the median tolerance limits
based on long term studies will contribute to the study of water
quality criteria. And that the knowledge of tolerances and
reproductive rates along with critical study of standing crops will
further the understanding of changes in community structure
brought about by the addition of toxic materials to natural water.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1128, AN INVESTIGATION OF THE EFFECT OF CON-
TROLLED RELEASES ON THE PHYSICAL, CHEMICAL
AND BACTERIOLOGICAL CHARACTERISTICS OF FORT
LOUDOUN RESERVOIR
F.C. LARSON, Univ. of Tennessee, School of Engineering, Knox-
ville, Tennessee 37916

Stratification occurs in many streams and impoundments. In
this study, it is desired to determine whether large, sudden
releases from upstream impoundments will affect stratification in
a large downstream reservoir. Inasmuch as it is difficult to

1-485



5. WATER QUALITY MANAGEMENT AND PROTECTION

duplicate the prototype in the laboratory, all data will be col-
lected from the prototype, (This becomes possible because all the
impoundments are a part of the TVA system.)

It is proposed to collect all basic data (D.O., B.O.D., tem-
perature, pH, conductivity, turbidity, color, suspended solids, and
coliform count) before, during, and after the controlled releases.
The data so collected is to be used to develop formulations for
stratification prediction.

In addition to the stratification study, base line data on
phosphates and the nitrogens (ammonia, nitrite, nitrate) are
being secured from the reservoir.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Tennessee

5.1129, CHANGES IN WATER QUALITY PARAMETERS
OF RESERVOIRS DURING REGULATED FLOW CONDI-
TIONS
F.C. LARSON, Univ. of Tennessee, School of Engineering, Knox-
ville, Tennessee 37916

Weekly sampling and testing is to be done at ten stations in
Fort Loudoun Reservoir, Tennessee (a T.V.A. impoundment).
The following tests will be made on all samples: The coliform
count (membrane filter technique), pH, conductivity, dissolved
oxygen, biochemical oxygen demand, apparent and centrifuged
color, suspended solids, chlorides, iron, manganese, phosphates,
ammonia N, nitrite N, nitrate N, and organic N. A portable con-
tinuous recording monitoring system will also be used in this in-
vestigation.

Inasmuch as the total organic loading on the reservoir will be
greatly reduced this year, changes in water quality can be
recorded and compared with previous results.

Additional information on iron and manganese build-up and
eutrophication in a river-lake regime will be obtained and studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Tennessee

5.1130, TURBULENT MIXING IN SUBMERGED FLUID
JETS
F.N. PEEBLES, Univ. of Tennessee, School of Engineering,
Knoxville, Tennessee 379 I 6

This project is concerned with turbulent mixing mechanisms
which result as a stream of water bearing soluble or thermal pollu-
tants is discharged into a second stream. The research is directed
to provide fundamental information useful for engineering pre-
dictions of the pollutant concentration in the vicinity of the
stream junction. Such information will be directly applicable to
devising solutions to problems of thermal pollution which now
exist in the streams and lakes in the Southeastern United States.

The research has involved simulation of water flows by in-
vestigating the turbulent mixing of a high velocity air jet with am-
bient air. Earlier experiments were performed to measure at-
tenuation of the velocity, temperature, and concentration excess
of the inlet jet. The current phase of the research involves in-
vestigation of the local turbulence in the submerged jet flows. A
parallel investigation of the turbulence in the boundary layer of a
pipe entrance region is being conducted to aid in the analysis of
the more complicated jet mixing flow.

During the past year the investigation of the turbulent flow in
the entrance region of a pipe was essentially completed, the ex-
perimental methods for turbulence measurements in the wall-jet
wind tunnel were worked out, and modifications of the constan.
temperature hot wire anemometer to permit measurements in the
large-turbulence flow field were completed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Tennessee

5.1131, LAND FORMING FOR DRAINAGE AND FUR-
ROW IRRIGATION
J.I. SEWELL, Univ. of Tennessee, Agricultural Experiment Sta. ,

Knoxville, Tennessee 37916
1. To make cost analyses of land forming operations,

drainage ditch layouts, and pumping plant installations. 2. To

determine maintenance requirements, operation costs, and lon-
gevity of the drainage system. 3. To determine furrow irrigation
efficiency and effect on crop yields.

During the Fall of 1962, the land forming and ditching opera-
tions will be carried out at the West Tennessee Experiment Sta-
tion according to the plans developed in cooperation w:lh the Soil
Conservation Service. The amount of sediment removed and the
change in cross-section of the ditches will be determined an-
nually. An attempt will be made to relate sedimentation to the cli-
matological data available at the station. Comparisons will be
made between the yields and crop quality from irrigated and un-
irrigated treatments.

To make accurate cost analyses, records will be kept of man-
hours for labor and supervision, materials used, kind of machin-
ery and equipment used and days of use, amount of soil moved
and distance moved, depths of cuts and fills, and any other data
needed for computing costs,

SUPPORTED BY Tennessee State Government

5.1132, EFFECT OF POLLUTING AGENTS ON SUR-
VIVAL OF INDICATOR ORGANISMS
J.D. WOMACK, Univ. of Tennessee, School of Engineering,
Knoxville, Tennessee 37916

The Distribution and survival of enteric pathogens, especially
Salmonella and Shigella species, in Fort Loudoun Lake, TVA, is
being investigated. This study is intended to correlate with previ-
ous work on survival of indicator organisms in the same environ-
ment. Incidental occurrence versus time will be studied. Dye
tracer techniques will be used to establish time of flow. Diffusion
cell techniques will be used in the lake to confine and control
pathogenic cultures and laboratory survival studies may also be
needed.

Bacterial indicators will continue to be studied and corre-
lated with zooplankton density and distribution in a joint study
with the Zoology Department. The Cladocera, Daphnia retrocur-
va and D. parvula will be correlated with bacterial indicators and
physical and chemical paraineters'in Fort Loundoun Lake. It is in-
tended to show relationships between these organisms and the
changes in water quality effected by self-purification in the lake.

The effects of Nitrogen nutrient levels on growth and per-
sistence of Enterococci will be studied jointly with the
Microbiology Department. Variations in enterococcus concentra-
tions in a small unpolluted lake will be correlated with variations
in nitrogen nutrient levels occurring seasonally. Laboratory
growth studies will also be performed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Tennessee

5.1133, SURVIVAL OF INDICATOR ORGANISMS AND
ENTERIC BACTERIA IN WATER
J.D. WOMACK, Univ. of Tennessee, School of Engineering,
Knoxville, Tennessee 37916

The proposed work involves a study of Indicator organisms
and enteric bacteria in three areas. The survival of Coliform bac-
teria and fecal Streptococci will be compared with other organ-
isms found in the intestinal tract of man and in contaminated
waters. Especial attention will be given to the enteric pathogens in
the Salmonella group responsible for food intoxication. The ef-
fecis of the Employment of a new secondary treatment plant by
the city of Knoxville, Tennessee on the survival and persistence, of
indicator organisms in Fort Loudoun Lake will be investigated.
Also to be examined in this project is the effect of Nitrogen
nutrient levels on the growth and persistence of Fecal Streptococ-
ci in Lake water.

Field and laboratory studies will be conducted to measure
the numbers of indicator organisms surviving in the lake. Time of
flow will be determined with dye tracer techniques. Diffusion cell
techniques will be employed to reveal the survival characteristics
of enteric pathogens and naturally occurring pathogens will be in-
vestigated.

Data already in hand on the 'before' characteristics of Fort
Loudoun Lake will be correlated with new information on Sur-
vival of indicator organisms after the new secondary plant is
brought on the line. This data will be taken from samples taken
from the lake on a time-of-flow basis using dye tracer techniques.
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The natural nitrogen nutrient level variations in a small lake
will be related to the survival and growth of Fecal Streptococci,
Laboratory studies under controlled conditions will also be per-
formed.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

University of Tennessee

5.1134, EFFECT OF INDUST WASTES OF MEMPHIS &
SHELBY COUNTY ON PRIMARY PLANKTONIC PRODU-
CERS
E. DOODY, Christian Brothers College, Undergradute School,
Memphis, Tennessee 38104

The study aims to find characteristics of the principal water-
ways draining the area in and around Memphis, Tennessee, into
the Mississippi River. Physical and biological features will be in-
vestigated in relation to present potential pollutants along the
course of such drainages. Planktonic species will be studied in
their role as primary producers in an ecosystem. The first stage of
investigation will be the periodic collection, identification, and
evaluation of organisms and the chemical composition of the
waters in which they were found, The second stage will involve
the isolation and clonal growth in vitro of key species. The third
stage will determine the susceptibility of the clonal forms to the
effluents from industrial plants or to suspected pollutants from
these industries.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

Christain Brothers College
Siena College

5.1135, REFRACTORY ADSORPTION ON CHEMCOKE
G.T. FISHER, Vanderbilt University, School of Engineering,
Nashville, Tennessee 37203

The adsorption properties of chemcoke, an apparent com-
petitive material for activated carbon, will be examined for
refractory materials.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1136, TURBULENT DIFFUSION AND REAERATION IN
NATURAL RIVERS
P.A. KRENKEL, Vanderbilt University, School of Engineering,
Nashville, Tennessee 37203

With the cooperation of the TWA and the Corps of En-
gineering in regulating flow through selected impoundments, field
scale measurements of reaeration will be made using oxygen defi-
cient hypolimnion waters. At the same time, vertical, surface,
lateral and longitudinal mixing coefficients will be measured using
previously developed techniques. Tracer methodology for the
determination of mixing parameters under non-study state and
stratified flow conditions recently developed theoretical mathe-
matical models will be tested utilizing frequency response
techniques.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

Vanderbilt University

5.1137, CENTER FOR RESEARCH AND TRAINING IN
HYDRAULIC AND HYDROLOGIC ASPECTS OF WATER
POLLUTION CONTROL
P.A. KRENKEL, Vanderbilt University, School of Engineering,
Nashville, Tennessee 37203

To formally establish a training and research center for the
study of the hydraulic and Hydrologic Factors affecting water pol-
lution control; to continue existing research endeavors in this area
of study, and to instigate new investigations utilizing the Tennes-
see Valley Authority and the Corps of Engineers reservoirs as
`laboratories;` to establish an information retrieval center for the
subject area that would be of world-wide value; to eventually con-
struct a building solely for the purposes described herein; and to
continue and expand the existing training program designed to
produce engineers knowledgeable in hydraulics, hydrology, and
water pollution control. The project will be coordinated by a joint
committee, comprised of members of the Federal Water Pollution
Control Administration and Vanderbilt University.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1138, NATIONAL SYMPOSIUM ON THERMAL POLLU-
TION
P.A. KRENKEL, Vanderbilt University, School of Engineering,
Nashville, Tennessee 37203

A. Project Objectives: To illustrate the need for research in
Thermal Pollution, to elucidate the problems involved and their
magnitude, to satisfy the need for exchange and dissemination of
information concerning the thermal pollution problems confront
ing industry, municipalities and regulatory agencies involved in
water pollution control work and to present the present state of
knowledge in this rapidly growing field.

B. Plan of Operation: Two symposia will be held; one in Port-
land, Oregon concerned with the biological and chemical aspects
of thermal pollution; and the other at Vanderbilt University in-
volving the engineering and economic aspects of thermal pollu-
tion. The meeting will be co-sponsored by Vanderbilt University
and the Federal Water Pollution Control Administration and will
utilize the most competent people available.

C. Need for Project: The United states has more than dou-
bled its electrical power production every ten years since 1935
and the corresponding increasing quantity of heated water
discharged to our receiving waters is expected to continue to
more than proportionately increase. A definite need exists to in-
crease public and technical awareness of the problems caused by
thermal pollution and to stimulate research and adequate water
quality management of water temperature.

D. Facilities Available: The staff and faculty of Vanderbilt
University and the Federal Water Pollution Control Administra-
tion will cooperate in planning the conferences and making the
necessary arrangements. In Portland, the Bonneville Power Ad-
ministation Auditorium will be used for the meetings and the
Sheraton Motor Inn for accomodations. The Nashville Meeting
will utilize the facilities of Vanderbilt University.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1139, STATUS OF THERMAL POLLUTION AND
RESEARCH NEEDS
F.L. PARKER, Vanderbilt University, School of Engineering,
Nashville, Tennessee 37203

Specific Objectives: The specific objectives of this study are:
1. To compile an exhaustive bibliography on thermal pollution,
including the effects of heat on chemical, biological and physical
aspects of water quality, the effects of heat on waste assimilative
capacity, alternative methods for the dissipation of excess heat
from cooling waters, the hydrodynamics of heated water
discharges, and the energy balance as related to the dissipation of
heat from receiving waters. 2. After intensive review, to select the
most meaningful and current references from the bibliography
and subject these papers to critical review and summary. 3. To
present a report derived from (2) which will contain the following
items: a. Discussion of each topic in sufficient detain to give the
reader insight into the current stage of development of that topic.
b. Discussion of the major research needs in each problem area
and an indication of the most fruitful approaches of these needs.
c. Discussion of the existing and potential water quality problems
due to heated discharges and their relationship to water pollution
control requirements.
SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1140, DEWATERING AND DRYING OF SLUDGE ON
POROUS MEDIA
K.B. SCHNELLE, Vanderbilt University, School of Engineering,
Nashville, Tennessee 37203

The dewatering and drying of sewage sludge is most com-
monly carried out in porous supporting media such as sand over a
soil in a drying bed. Dewatering takes place as the water in the
sludge simultaneously filters down through the porous supporting
media and evaporates from the surface of the bed into the at-
mosphere. As the dewatering takes place moisture gradients are
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established and in turn provide the driving force for the diffusion
of the moisture to the surface of the bed and the subsequent
further drying of the sludge. Sludge, being a porous collodial sub-
stance, often biologically unstable even if digested, forms a highly
compressible structural lattice of low tensile strength as it dries.
This weak lattice structure results in a decrease in permeability as
well as surface cracking as the material dries.

The proposed research evolves around the determination of
moisture gradients and transport rates within the supporting
media, the sludge, and the air-vapor boundary layer in the at-
mosphere. Gamma ray spectroscopy will be used to ascertain the
changes in moisture without disturbing the flow system. These
measurements will be used to establish the dewatering and drying
rate of sludge under various climatic, operating and design condi-
tions.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1141, DETERMINATION OF 'HOWELL-WAGER
VALVE AERATION EFFICIENCY
R.A. ELDER, U.S. Tennessee Valley Auth. , Engineering Labora-
tory, Norris, Tennessee 37828

The purpose of this project is to determine the efficiency of
Howell -Bunger valves for increasing the oxygen content of ox-
ygen deficient waters discharged from reservoirs. To obtain this
knowledge, the Howell -Bunger valves are tested at a site approxi-
mately 600 feet downstream from TVA's Nottely Dam power-
house. Water is withdrawn from the turbine scroll case and flows
through a 30-inch-diameter steel pipe to the test location. Tests to
determine the aeration characteristics for two basic configura-
tions have been completed, i.e. (1) a valve at the end of a pressure
conduit discharging freely into the air, and (2) a valve at the end
of a pressure conduit with the discharge contained by a structure.
Tests on a third basic configuration, i.e., with a valve located in a
discharge tunnel, will be performed during the summer of 1969.

The following report describes the results of the two basic
configurations: 'Aeration Efficiency of Howell-Bunger Valves,'
Laboratory Report No. 1, TVA Engineering Laboratory, Norris,
Tennessee, July 1968.

SUPPORTED BY U.S. Tennessee Valley Auth.

5.1142, ENCAPSULATION AND SOLIDIFICATION OF IN-
TERMEDIATE LEVEL RADIOACTIVE WASTES IN THER-
MOPLASTICS
R.E. BLANCO, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee

Development studies will determine the kinds and quantities
of waste that can be incorporated in various thermoplastics, the
levels of radioactivity that can be tolerated and the engineering
variables involved in operation of a mixer-evaporator for produc-
tion of the plastic product. Thermoplastics appear to bc a marked
improvement over encapsulation in asphalt particularly with
respect to fire and explosion potential. The program will include
laboratory hot cell and engineering development studies. Leach
rate will also be determined for the final product.

SUPPORTED BY U.S. Atomic Energy Commission

ammonia, and phosphate will be monitored to investigate the
question of specificity of salt rejection. The effects of pressure,
temperature, and influent pH upon product quality and flux will
be investigated. To extend the period of high flux, some studies of
methods of preventing membrane-fouling via turbulence

-" promoters or backwashing are also proposed.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1143, APPLICATION OF HYPERFILTRATION WITH
DYNAMICALLY-FORMED MEMBRANES TO TREATMENT
OF MUNICIPAL SEWAGE EFFLUENTS
K. KRAUS, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee ( 14-12-423)

Oak Ridge National Laboratory will investigate the applica-
tion of hyperfiltration with dynamically-formed membranes to the
treatment of municipal sewage. Primary and secondary effluents
will be included in the study, but with special emphasis on ac-
tivated sludge effluent. An assessment of both organic and inor-
ganic rejection will be made. Various membrane support materi-
als of various pore sizes will be evaluated and the necessity of
using filter aids (with the larger pore sizes) and film-forming addi-
tives will be examined. Diatomaceous earth, polyelectrolytes, and
the hydrous oxides of iron (III) and aluminum (III) would be the
first choices if such substances are needed. Salts such as nitrate,

5.1144, A STUDY OF HYDRODYNAMIC ASPECTS OF
REVERSE OSMOSIS (HYPERFILTRATION)
D.G . THOMAS, U.S. Atomic Energy Commission, Oak Ridge Na-
tional Lab. , Oak Ridge, Tennessee

Objectives - The objectives of this study will be to undertake
a detailed analysis of three different present day technology
reverse osmosis plans. designs (plate and frame, spiral and tubu-
lar) to identify: (a) Critical hydrodynamic factors and their rela-
tive contribution to the total product water cost. (b) Optimum
turbulence promoter designs and cell configuration geometries
that will improve reverse osmosis process efficiency and reduce
product water costs. (c) An experimental evaluation of concen-
tration polarization in an idealized plate and frame geometry. The
work shall include the following: (1) An analysis of empty chan-
nel hydrodynamics. (2) An evaluation of present turbulence
promoter performance in turbulence promoter design. (3) An
estimation of potential benefit from future improvements in tur-
bulence promoter design. (4) An economic evaluation to identify
the region of economic usefulness of turbulence promoters. (d)
Modifications to existing designs which will improve the opera-
tional characteristics of the present designs.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.1145, NORTH FORK ALLUVIAL DECONTAMINATION
PROJECT
A.P. HANCOCK, West Cen. Tex. Mun. Water Dst. , Abilene,
Texas 79604

This project will demonstrate the abatement of surface water
pollution caused by oil production brine seepage from shallow
groundwater aquifers. The demonstration will be carried out at a
site west of Albany, Texas, in one of the most heavily drilled oil
and gas areas in the U.S.

Groundwater will be intercepted before reaching the stream
(North Fork) by a series of shallow wells. Once removed from the
shallow zone, this brine-contaminated water will be injected into
deep subsurface geological formations for permanent disposal.
Continuation of this corrective action combined with improved
pollution control measures and natural recharge of the ground-
water should eventually return the area to natural conditions.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Texas State Government

5.1146, TOXAPHENE FILTRATION PUBLICATION
J.C. BARRON, State Parks & Wildlife Dept. , Austin, Texas

PPS Objective: To publish the results of research work on fil-
tering toxaphene with activated charcoal.

Procedure: A manuscript based on the results of research
conducted under Job E-9, D-J Project F-9-R-13 has been
prepared and awaits departmental approval. If approved, it will be
presented to the Texas Journal of Science for publication.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Texas State Government

5.1147, FISH TOXICANT STUDIES
R.L. WHITE, State Parks & Wildlife Dept. , Austin, Texas

Objective: To test the effectiveness and desirability of an-
hydrous ammonia for the total elimination of fish populations.

Procedures: Anhydrous ammonia will be screened in litera-
ture, in the laboratory and in the field to determine its effective-
ness as a fish toxicant. Application techniques, species selective-
ness, duration of toxicity and overall effectiveness will be of prime
concern in this study.
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SUPPORTED BY U.S. Dept. of Interior - Bu, Sport Fish.
Texas State Government

5.1148, LIMNOLOGICAL INVESTIGATIONS OF TEXAS
IMPOUNDMENTS FOR WATER QUALITY MANAGEMENT
PURPOSES
E.G. FRUH, Univ. of Texas, School of Engineering, Austin, Texas
78712

The seasonal change in water quality parameters such as dis-
solved oxygen, pH, precipitates, nutrients, and microorganisms
will be measured in seven subtropical impoundments within a
1150 -:tile reach of the Lower Colorado near Austin. Field surveys
will be conducted below the impoundments to determine the ef-
fect of releases on the water quality of the downstream impound-
ment. The data will serve as a model for future river systems
which have been transformed from a free-flowing river to a series
of slack-water pools with intermittent river reaches.

In the last year of the project. major emphasis will be placed
on determining what effect additions of different quality waters
(through a diversion project or pollution) would have on the
water quality of the impoundments. Various nutrient enrichment
studies will be conducted under different temperature and light
conditions. Carbon- 14 bioassay techniques will be utilized to
determine limiting nutrient concentrations. Similar tests will be
conducted using additions of river waters most likely to be
diverted to the Texas Colorado River Basin in any future state
water plan.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Texas

5.1149, ENZYMATIC TECHNIQUE FOR DETECTION OF
SURPLUS PHOSPHORUS UPTAKE BY ACTIVATED
SLUDGE
E.G. FRUH, Univ. of Texas, School of Engineering, Austin, Texas
78712

A. Project Objectives - The overall goal of this proposal is to
distinguish the various mechanisms of phosphorus removal
(physiochemical sorption, chemical precipitation, and 'luxury
biological uptake') occurring in activated sludge systems.

B. Plan of Operation - An alkaline phosphatase test will be in-
vestigated to detect 'luxury phosphorus uptake' by activated
sludge. 'Luxury uptake' can be distinguished because the enzyme
is inhibited by orthophosphate. The test will be conducted under
various environmental conditions so that phosphorus sorption
and precipitation can be controlled.

Need for Grant - To alleviate nutrient enrichment of aquatic
environments, phosphorus must be removed from wastewater ef-
fluents, To do this by a modified activated sludge system, the
mechanism of phosphorus removal must be known.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol.

5.1150, PHYSIOCHEMICAL RESPONSES OF RIVERS TO
NATURAL AND MANMADE ENVIRONMENTAL CHANGES
E.F. CLOY NA, Univ. of Texas, School of Engineering, Austin,
Texas 78712

The proposed research plan involves various interaction stu-
dies using closed ecosystems and a 'Model River.' The Objective
is to evaluate the transport mechanisms which are operative in the
waterway. Specifically, it is desired to develop a better un-
derstanding of the cycling effects of nutrients and conservative
materials under various environmental conditions and to incor-
porate these uptake, release, and cycling effects into the total
transport model. To accomplish this it is necessary to develop
better approximations of the physiochemical system of a fertile
waterway.

SUPPORTLA., ,zsY U.S. Dept, of Interior - 0. Water Res. Rch
University of Texas

5.1151, BACTERIDAL EFFECTS OF ALCAE ON ENTER-
IC ORGANISMS
E.F. GLOYNA, Univ. of Texas, School of Engineering, Austin,
Texas 78712

The research will demonstrate the effectiveness or selectivity
of certain algal cultures in reducing the viable numbers of bac-
teria which are common to waste-waters of domestic origin. The
information obtained will demonstrate the effectiveness of waste
stabilization ponds and receiving streams in reducing the numbers
of enteric bacteria when ponds and streams contain large popula-
tions of algae. Through this research it is hoped that a means can
be found to estimate the die-off and aftergrowth rates of enteric
bacteria where certain algal forms predominate. The growing use
of various types of waste stabilization ponds throughout the USA
and particularly the lesser developed countries provides a strong
justification for support. The results of the proposed research, in
conjunction with the current process design studies and the 'Ef-
fect of Toxic Organics on Waste Stabilization' (WP-00688-02,
February 1, 1965 - January 31, 1968), will provide an important
insight to design practices as based on disease transmission and its
control.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1152, CONFERENCE ON SANITARY ENGINEERING
EDUCATION
W.J. KAUFMAN, Univ. of Texas, Amer. Assn. Prof. in San. Eng. ,
Austin, Texas 78712

The broad objective of the Conference is to identify the role
of the sanitary engineer in the fields of water and water pollution
management, air pollution control, radiological health and the
other areas that ha e traditionally been considered a part of sani-
tary engineering. The specific objectives focus on the graduate
academic programs needed to provide adequately trained person-
nel, the scientific discipline content of these programs, and the
mechanisms where by the profession may be assured of quality in
the education of its members.

SUPPORTED BY U.S. Dept. of Hlth, Ed. & Wel. - P.N.S.

5.1153, MIXING AND DISPERSION OF CONTAMINANTS
IN RESERVOIRS
F.D. MASCH, Univ. of Texas, School of Engineering, Austin,
Texas 78712

Field studies on the dispersion of a conservative tracer have
been made in Lake Travis, Texas, a deep fresh water reservoir in
which the predominant currents are generated by the wind. The
purpose of the study was to examine the current velocity distribu-
tion with depth, the rate of dilution, and the dispersion coeffi-
cients for correlation with such parameters as the surface velocity
and wave conditions. In all cases, time scales were limited to six
hours and all tracer releases were made at the surface.

Results show that vertical and lateral diffusivities increase
with the energy in the wave spectrum, but longitudinal diffusivity
decreases. The dominant mechanism for dispersion appears to be
the shear flow mixing resulting from the vertical distribution of
velocity.

The peak concentration in a dispersing cloud was found to
decreaee with the -2,5 power of time. This rate appears to be inde-
pendent of the ambient conditions and the geometric charac-
teristics of the site.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1154, THE EFFECT OF PESTICIDES ON AN
ECOSYSTEM
H.G. APPLEGATE, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 77843

At Presidio, Texas, to follow changes in pesticide concentra-
tion in soil, water, bird, reptile, and animal tissue, human urine
and vegetation for a 3 year period; to determine changes in water
and soil biota as functions of the physical and chemical environ-
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ments; to compare species and populations of native organisms
living in an area heavily treated with pesticides with those from a
similar area not treated with pesticides.

SUPPORTED BY Texas State Government

5.1155, THE MOLECULAR NATURE OF ORGANIC
WASTE REMOVAL PATTERNS
W.B. DAVIS, Texas A & M University System, School of En-
gineering, College Station, Texas 77843

The objectives of this project shall be: ( I ) To investigate the
behavior of organic compounds in activated sludge systems using
gas chromatography of the aqueous solution phase as the analyti-
cal technique, (2) To investigate the use of gas chromatography
in the characterization of natural waters with regard to identifica-
tion of organic components,

In accordance with stated objectives, the behavior of
representative organic chemicals will be investigated with regard
to (a) rate and extent of removal from solution, (b) characteriza-
tion of intermediate products in solution, (c) effects of molecular
structure, and (d) interference effects in multicomponent
systems. Gas chromatography will be supplemented by other in-
strumental techniques. All analytical data will be catloqued for
reference value.

SUPPORTED BY U.S. Dept. of Interior F. Water Pol. Ctl

5.1156, MANAGEMENT OF INDUSTRIAL WASTE
DISCHARGES IN COMPLEX ESTUARINE SYSTEMS
R.W. HANN, Texas A & M University System, School of En-
gineering, College Station, Texas 77843

This project is concerned with investigations of the quantity
and quality parameters relevant to a consistent water quality
management program for the Houston Ship Channel-Galveston
Bay Estuary System. Included are data collection and evaluation
on such parameters as salinity, diffusion patterns, water and in-
dustrial effluent quality, benthal deposits, and other pertinent
variables.

Results of the data are to be translated into a management
scheme which provides for achieving water quality standards in
an orderly and efficient manner,

The final phases of the study are to be devoted to developing
a three- dimensional dynamic model of the entire estuarine
system for precise management of industrial waste discharge
throughout the entire region.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Texas A. & M. University Research Fdn.

5.1157, ELECTROPHORETIC CLARIFICATION OF
WATER
E.A. HILER, Texas A & M University System, School of Agricul-
ture, College Station, Texas 77843

This research involves a study of the utilization of the elec-
trophoretic method for pollutant removal from natural waters.
Electrophoretic clarification is effected by removal of charged
colloidal particles from water as the suspension is passed through
a dc electric field.

The purpose of this research is to investigate the removal of
colloidal clay, bacterial and pesticidal pollutants from water by
the electrophoretic method. The objectives are as follows: (1)
development of an optimal electrode arrangement based on
results of theoretical and basic experimental research; (2) charac-
terization of various contaminants present in typical natural
waters; and (3) evaluation of the efficiency of removal of these
pollutants by the electrophoretic method.

This study will provide a critical evaluation of the feasibility
of the electrophoretic method of water clarification.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
Texas A. & M. University System

5.1158, INTERMEDIATE PRODUCTS IN THE BACTERI-
AL DECOMPOSITION OF HEXADECANOL AND OC-
TADECANOL
W.D. LANGLEY, Texas A & M University System, School of En-
gineering, College Station, Texas 77843

Heterogeneous bacterial populations will be developed in
simulated laboratory scale reservoir systems continually filmed
with a hexadecanol-octadecanol mixture. Employing the instru-
mental analytical techniques of gas-liquid chromatography with
the hydrogen flame ionization detector and total organic carbon
analysis with infra -red detector, an attempt will be made to deter-
mine total organic balance in the solution phase of the system by
identifying both qualitatively and quantitatively intermediate or
end products present as a consequence of bacterial degradation
of the monolayer. Oxygen utilization, pH, temperature, and total
bacterial concentration will be monitored or controlled..

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas A. & M. University System

51159, METAL ION-CATALYZED OXIDATION OF
PHENOLS AND AROMATIC AMINES
A.E. MARTELL, Texas A & M University System, (ltnduate
School, College Station, Texas 77843

The purpose of this investigation is to study the kinetics and
mechanisms of the oxidation of phenols and aromatic amines by
molecular oxygen in the presence of manganese salts, and of
other metal salts, as catalysts. Such reactions are of interest
because of the use of permanganate, and because of the presence
of compounds of other metals, in the purification of water con-
taining phenols and aromatic amines derived from industrial con-
tamination. Understanding of the reactions by which these sub-
stances are oxidized to innocuous compounds is expectcd to lead
to improvements in methods of water purification.

The oxidation of phenols and aromatic amines will be studied
with various oxidation states of manganese, and with the higher
oxidation states of other metal ions such as iron, cobalt, and
vanadium, as oxidizing agents. Similar reactions with molecular
oxygen, in which the metal compounds have catalytic functions,
will also be studied. Oxygen insertion reactions of the oxyanions
of the metals will be investigated with isotopic 0-18 tracers. Spe-
cial attention will be paid to oxygen-carrier systems in which the
metal ions form complexes with molecular oxygen that are useful
in the oxidation of organic compounds.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1160, THE INFLUENCE OF GRAZING MANAGEMENT
SYSTEMS ON VEGETATION COMPOSITION AND
LIVESTOCK REACTION
L.B. MERRILL, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 77843

Objectives: (1) Determination of desirable rates of stocking
of range pastures. (2) Determination of desirable combinations of
animals for proper utilization of range pastures. (3) Determina-
tion of desirability of deferred rotation grazing as compared with
continuous grazing. (4) Determination of reaction of range
vegetataion under various grazing uses.

Watershed studies in cooperation with ARS have shown
great differences in water loss for pastures with different vegeta-
tive covers.

These results can be used by the action agencies to instigate
soil and water conservation. The general public will be benefited
in that the best systems of management also produce the greatest
plant cover and will thus improve the vast natural watersheds and
divert a maximum amount of rainfall to the underground water
supply.

1



SUPPORTED BY Texas State Government

-

5. WATER QUALITY MANAGEMENT AND PROTECTION

Experimental plots in the field will be sampled to see how
closely the behavior of pesticides predicted from laboratory ex-
periments fits under field conditions,

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

5.1161, LABORATORY STUDIES OF TOXIC
DINOFLAGELLATES
S.M. RAY, Texas A & M University System, Graduate School,
College Station, Texas 77843

Shellfish oysters, clams, and mussels are being subjected to
laboratory cultures of Gulf of Mexico dinoflagellates (Gym-
nodinium breve and Gonyaulax monilata) which ate toxic to
marine fishes, to determine if these shellfish will produce toxic
symptoms when eaten by mammals and birds. We have 'noticed
shellfish poisoning in chicks by feeding them oysters which had
been subjected to G. breve cultures. The influence of variable 'mil-
ture conditions and media on the relative toxicity of G. breve and
G. monilata cultures, and the influence of such factors on the sta-
bility of the toxin(s) in shellfish will be investigated. Furthermore,
factors that might influence the feeding activity of shellfish sub-
jected to cultures of these dinoflagellates will be considered.
Pharmacological and toxicological studies will be conducted to
determine the nature and mode of action of the toxins produced
by these two dinoflagellates. The purpose of the proposed work is
to gather information that will permit the evaluation of the Gulf of
Mexico dinoflagellates as potential etiological agents for paralytic
shellfish poisoning,. Basic information will be obtained en
dinoflagellate-mollusc relationships, and thus contribute to our
knowledge of ecology and physiology of these two groups of or
ganisms. Other species of Gonyaulax: G. acatenella, G. catenella
G. tamarensis, G. polyedra, G. polygramma, G. sphaeroidea, G.
spinifera, and G. washingtonensis, will also be studied. The
proposed studies are a part of this laboratory's long-range
research program in molluscan biology.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

5.1162, GROWTH HABITS, SPREAD AND HERBICIDAL
RESPONSES OF TRUMPET CREEPER
H.E. REA, Texas A & M University System, Agricultural Experi-
ment Sta. , College Station, Texas 77843

Objective: To determine the effects of climatic ..nd edaphic
factors on movement, persistence, and toxicity of herbicides in
soil.

Procedures: The effect of incorporation, irrigation, rainfall
and soil type on the phytoxicity, persistance and movement of 1, 1
dimethyl-3-(alpha, alpha )-trifluoro-m-tolyurea and (2,4
bis(isopropylamino)6-methylmercapto-s-triazine) will be deter-
mined. In field studies incorporation will vary from none to 4
inches deep prior to and at planting. Irrigation will vary from vari-
ous amounts of sprinkling to flooding of flat and bedded land.
Phytotoxicity will be determined under field conditions for cotton
and crops that occur in common cropping sequences. Movement
and degradation of herbicides in the soil will be determined by
bioassay. Soil types will be clay, clay loam, loam, fine sandy loam
and loamy sand. In conjunction with field studies, laboratory and
greenhouse studies will be conducted to determine if the degree
of soil moisture saturation affects herbicide toxicity. Studies will
also be conducted to determine the effect of various amounts of
simulated rainfall or irrigation on the leaching and persistence of
the herbicide on the 5 soil types.

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

5.1163, THE DISPOSITION OF PESTICIDES IN THE SOIL
G.W. THOMAS, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 77843

Obj.: A. To determine the distribution of pesticides in
selected soils and their drainage waters, using sites to which
known amounts of pesticides have been applied. B. To determine
the physical, chemical, and biological processes, and soil charac-
teristics which are important in the disposition of pesticides in
soils.

Description of work: Soils varying in physical, chemical and
mineralogical properties will have pesticides of various types ap-
plied to them in laboratory columns. Movement of pesticides and
movement of water will be compared. Prediction on the basis of
pesticide and coil oroperties will be attempted.

5.1164, STORM WATER TREATMENT FACILITIES
C.H. WILLAIMS, Dallas Water Works, Dallas, Texas

The proposed treatment facility is to serve a twofold need in
that it will 1.) provide service to the City of Dallas in treating an
overflow mixture of domestic wastewater and infiltration storm
water; and, 2.) it will demonstrate the effectiveness of a new and
improved method (ie, chemical treatment and clarification of this
wastewater source). The City of Dallas suffers an ailment typical
of many cities in that the majority of the separate sanitary sewers
are subject to high infiltration quantities during storms. Current
building code and design and inspection practices will ease the
problem of overflows in future systems; however the existing
sewers will not benefit and the problem of overflows will persist.
The proposed facility will demonstrate an effective means to con-
trol this pollution source. The design of the proposed facility will
also be applicable for overflow treatment from combined sewer
systems which will expand its benefits as a demonstration facility.
3.) Since the proposed storm water treatment plant is convenient
to the lime softening filter plant waste chemicals, it will provide a
test of the effectiveness of using these chemicals for removal of
phosphates and chemical precipitation of sewage sludge.

The project was approved May 22, 1968 with 665 Jays for
design and construction after which there will be twelve (12)
months for operation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Dallas City Government - Texas

5.1165, A COMPLETE RECYCLE WASTE WATER
TREATMENT PLANT
C.H.I,VILLIAMS, Dallas Water Works, Dallas, Texas

Some trickling-filter plants produce effluents having a quality
below proposed standards. Many of these plants discharge ef-
fluent into streams, composed only of wastewater. Dallas and the
Trinity River is an example of this regional problem.

The first objective of this project is to determine the best
process to produce an effluent having the quality required for
discharge into a river which, generally, has a flow made up of
treated wastewater only. The second objective is to recycle some
of the renovated wastewater, treated to raw water standards, into
the city raw water supply, thus reducing the required quantity of
the city water supply. The plan is to add the activated sludge
process to the existing trickling filter. Coagulation-sedimentation
and filtration will follow the biological treatment.

SUPPORTED BY U.S. Dept. of' Interior - F. Water Pol. Ctl
Dallas City Government - Texas

5.1166, ION SELECTIVE ELECTROCHEMICAL SEN-
SORS
I. TRACHTENBERG, Texas Instruments Incorporated, Dallas,
Texas

In this proposed research program we plan to demonstrate
the feasibility of making ion selective electrochemical sensors for
use in the continuous monitoring of saline and brackish water.
These sensors hopefully will be inexpensive, chemically durable
and highly ion selective. The ions of particular interest are Ca ,

Mg , Fe , Mn , Na , K and SO4--. Non-oxide glasses will be
doped with varying concentrations of salts of the specific ion of
interest or of salts which will selectively react with ions of interest.
We plan also to study the homogeneity of the doping process as
well as various electrode and membrane configurations. Activa-
tion of the various doped glasses will be carried out under a
variety of controlled conditions, Finally we plan to evaluate the
sensors' response to concentration changes and selectively to in-
terference of other ions.
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SUPPORTED BY U.S. Dept. of Interior - Off, Saline Water

5.1167, RAPID IDENTIFICATION OF MICROBIAL POPU-
LATIONS IN WATER
R.K. GUTHRIE, North Texas State University, Graduate School,
Denton, Texas 72603

This project will test the feasibility of using fluorescent an-
tibody -membrane filter techniques for rapid identification of
microorganisms in water supplies. Bacteria isolated from fresh
water, reservoirs and streams, will be isolated and identified by
conventional methods. Following identification, species specific
and genera specific antisera will be produced in rabbits and con-
jugated with fluorescent dyes. These fluorescent antisera will then
be used on non-fluorescent membrane filters for efficiency of
identification by the methods of Danielsson.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
North Texas State University

5.1168, A STUDY OF THE METABOLISM OF THE
AQUATIC ACTINOMYCETES
J.K. SILVEY, North Texas State University, Graduate School,
Denton, Texas 72603

The aquatic actinomyeetes have been shown to comprise a
diverse serological group when compared with the terrestrial
Streptornyces. Serological grouping is based on antigen-antibody
precipitation tests in normal diffusion agar plates.

The spore stages of the aquatic serological group germinate
under anaerobic conditions, and the primary mycelia adapt them-
selves to that environment for development. The terrestrial
groups according to serological classification require oxygen for
spore germination and primary mycelial development.

Studies on the water-mud interface in the bottom of reser-
voirs demonstrated the rapid development of the aquatic Strepto-
myces but an absence of terrestrial species. Odor compounds
produced by the aquatic group appeared to be chemically dif-
ferent from tho :e produced by the terrestrial forms. These
fin'; :;s are based on ecology, gas chromatography, and analyti-
cal cnemical techniques.

The aquatic actinomycetes may become closely associated
with certain species of blue-green algae. Cultures of the algae
continue to liberate actinomycetic tastes and odors. The
mechanism of the association is being investigated with the elec-
tron scope, with gas chromatographic techniques, and with
chemical analyses.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1169, NATURALLY OCCURRING TASTES AND ODORS
IN WATER SUPPLIES
J.K. SILVEY, North Texas State University, Graduate School,
Denton, Texas 72603

The taste and odor compounds produced by the aquatic ac-
tinomycetes may be satisfactorily concentrated by employing
freeze-stir techniques. Samples produced by this method may
result in approximately 2,000 times the original concentration fo
the organic components responsible for the tastes and odors. Low
temperatures maintain the compounds in original chemical com-
position without altering the molecular structure. Gas chromato-
graphic studies of the concentrates from laboratory-produced
cultures indicate that six components are involved in the typical
earthy, musty odors produced by these organisms. NMR in-
vestigations demonstrate that all compounds are neutral and
polar. Studies on taste and odor components from the water sup-
plies subjected to the same techniques demonstrate that the com-
pounds available in raw water are chemically identical with those
produced by laboratory techniques, With the above information
available, the use of gas chromatography with the proper instru-
mentation now available to use the mass spectrometer should
make identification of the compounds relatively assured.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1170, DISPERSAL OF VIABLE ALGAE AND
PROTOZOA BY AQUATIC INSECTS
K.W. STEWART, North Texas State University, Graduate School,
Denton, Texas 72603

Work on this proposed project is concerned primarily with
determining the extent to which certain aquatic insects serve as
passive transport vehicles for viable algae and protozoa. Asepti-
cally collected insects are washed in sterile soil water extract or
other desirable culture media. Washings are then cultured in a
controlled environmental chamber and examined microscopically
at one to two week intervals for detection of genera of algae and
(or) protozoa. Similar cultures are made from contents of the
fore, mid and hind guts of insects, dissected aseptically, to deter-
mine if algae and (or) protozoa can remain viable while passing
through the alimentary tract.

Another phase of this study involves determination of the
length of time commonly transported algae and protozoa can
remain viable while attached or adhering to the external body of
insects. This will be accomplished by artificially 'contaminating'
sterile live specimens with pure cultures of algae and protozoa,
and holding them with sterile clamps in a controlled environmen-
tal chamber. Interval washings of groups of specimens treated in
this manner will yield the information desired.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1171, EFFECT OF ANTIBIOTICS ON FUNGUS
PARASITES IN OYSTERS
S.M. RAY, Texas A & M University System, Marine Laboratory,
Galveston, Texas

The main objective of the proposed research is to determine
the efficiency of antibiotics and antibiotic-like synthetic com-
pounds in controlling Dermocystidium marinum, an important
fungus parasite of oysters. It is hoped that these studies will lead
to a method for either inhibiting the development of or eliminat-
ing this disease-caueing parasite from laboratory stocks of experi-
mental oysters.

A secondary objective is to improve the culture method for
detecting D. marinum in oyster tissue by using either mere effec-
tive and/or less inhibitory antibacterial agents than those
presently employed.

These studies should provide a better understanding of the
life cycle of D. marinum and possibly provide additional basic in-
formation on fungal diseases in general.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1172, PHOSPHORUS REMOVAL AND DISPOSAL
FROM MUNICIPAL WASTEWATER
C.H. CONNELL, Univ. of Texas, School of Medicine, Galveston,
Texas

The objective of this project is to demonstrate effectiveness,
feasibility and costs of biological, chemical and physical processes
for removal and disposal of phosphorus from Municipal Waste-
water. The project was started in fiscal year 1968 and it is an-
ticipated that it will be completed in fiscal year 1970.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Texas

5.1173, STEROLS AND LIPIDS IN WATER POLLUTION
L.L. SMITH, Univ. of Texas, School of Medicine, Galveston,
Texas

The presently proposed work considers the examination of
natural waters for their lipid content, particularly their sterol con-
tent (including cholesterol and the fecal sterol coprosterol). It is
hoped that a full knowledge of the sterol content of natural waters
will permit the use of such analyses for sterols for recognition of
pollution from domestic sewage, animal and plant wastes, etc. as
these might be encountered in natural water supplies. Both
animal and plant material contains sterols, and by detecting a
given key sterol in excess in a water sample it should prove possi-
ble to identify the probable origin of the sterol. Furthermore,
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knowledge of the sterol content should offer a fundamental basis
for our improved understanding of the means by which lipids and
sterols are disposed of in natural waters. Water samples have been
taken from open surf, quiet bay, running tidal, and domestic
sewage treatment effluents and the sterols therein analyzed by
chromatographic means, In open uncontaminated waters certain
phytnsterols have been found but no evidences of domestic
sewage contamination were obtained. Domestic sewage does con-
tain cholesterol and coprosterui, even in fully treated sewage. The
fate of these sterols as they are diluted in water sources is under
study.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1174, STUDY OF EFFECTS OF MILL WASTE WATER
ON FISH LIFE
L.L. RISER, Southwest Research Institute, Houston, Texas

NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Southwest Research Institute

5.1175, STUDIES TO DEVELOP PROCESS DESIIGNS FOR
EFFLUENT QUALITY CONTROL
L.L. RISER, Southwest Research Institute, Houston, Texas

NO SUMMARY HAS, BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Southwest Research Institute

5.1176, USE OF TOTAL CARBON ANALYZER TO
DEFINE MICROBIOLOGICAL PROCESSES
L.L. RISER, Southwest Research Institute, Houston, Texas

NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Southwest Research Institute

5.1177, DEVELOPMENT OF A WATER QUALITY CON-
TROL PROGRAM FOR THE SAN JACINTO RIVER BASIN
L.L. HISER, Southwest Research Institute, Houston, Texas

NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Texas State Government
Houston City Government - Texas

5.1178, MEASUREMENT OF AIR AND WATER QUALITY
H.C. MCKEE, Southwest Research Institute, Houston, Texas

NO SUMMARY HAS BEEN PROVIDED TO THe.
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Southwest Research Institute

5.1179, A COMPARISON OF THE GROWTH RATE OF
BLUE CATFISH AND CHANNEL CATFISH FINGERLINGS
FOR A PELLETF,D COMMERCIAL FEED
R.N. HAMBRIC, State Parks & Wildlife Dept. , Houston, Texas
77028

Interest in raising catfish commercially is expanding rapidly
in the south. Most inquiries received by our Department concerns
channel catfish but we also receive some questions relative to
feeding blue catfish. Information concerning raising blue catfish is
quite limited. This study is designed to compare the growth rate of
the two species when fed the same type feed.

SUPPORTED BY Texas State Government

5.1180, ALTERNATE METHODS OF MOSQUITO CON-
TROL TO REDUCE CHEMICAL POLLUTION OF WATERS
FOR RECHARGE OF THE OGALALLA FORMATION
E.W. HU DDLES7'ON , Texas Technological College, School of
Agriculture, Lubbock, Texas 79409

The proposed research plan involves evaluation of alternate
methods of mosquito control which will reduce the amount of or-
ganic pesticides applied to surface waters. The main objective is
to evaluate the effects of mechanical and chemical weed control
methods on oviposition, hatching, and larval development of
those mosquitoes that breed in playa lakes.

Techniques will be developed to subdivide a playa lake bed
into small experimental units permitting replication and statistical
eval- uation of data. Information gained from small replicated
plots will be used to design a practical, low-cost method of reduc-
ing mosquito populations to a level at which the amount of insec-
ticides used in this region will be greatly reduced; thus, reducing
the chemical pollution of waters used to recharge the aquifer, the
Ogalalla formation.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
Texas Technological College

5.1181, DEMONSTRATION OF INDUSTRIAL WATER
RENOVATION PLANT AT ODESSA, TEXAS
T.O. MALLONEC, Water Renovation Plant, Odessa, Texas 79760

The project will involve a l5 -month program to demonstrate
on a suitable scale of operation, the feasibility of water renovation
and reuse in a typical chemical-petrochemical complex.

The aim of the project is to demonstrate a method to handle
easily and efficiently the pollution problems from a petrochemical
complex and at the same time to provide an economic advantage
of multiple reuse of input water, which will be of great value to a
larger number of industrial complexes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Odessa City Government - Texas

5.1182, EFFECTS OF RIVERS ON THE METABOLISM
OF TEXAS BAYS
B.J. COPELAND, Univ. of Texas, Graduate School, Port Aransas,
Texas 78373

The overall objective of the research proposal is to seek ways
to distinguish the degree to which a body of water is polluted,
ascertain the contribution of rivers to the bay, and to discover
quantitative and qualitative differences between polluted and un-
polluted coastal waters. Comparisons, of concentrations of various
nutrient compounds to primary productivity and various animal
and plant assemblages will be made and the river's contribution to
the bay will be evaluated.

SUPPORTED BY U.S. Dept. of Interior F. Water Pol. Ctl

5.1183, STABLE CARBON AND OXYGEN ISOTOPE
RATIO VARIATIONS IN THE FLOW TO CARBON AND OX-
YGEN THROUGH NORMAL AND POLLUTED AQUATIC
SYSTEMS
P.L. PARKER, Univ. of Texas, Graduate School, Port Aransas,
Texas 78373

The main goal of the proposed research is to develop ways to
use measured variations in stable carbon and oxygen isotope
ratios to solve problems concerning the flow of these elements in
aquatic systems. By investigating both normal and polluted
systems a better understanding of both will result. Rivers, lakes
and marine bays arc aquatic systems which would be studied.
However, single species of organisms, sewage systems and indus-
trial plants also have a flow of carbon and oxygen and would be
suitable for study.

In addition to the stable isotope studies the total amount of
dissolved and particulate organic matter in area waters will be in-
vestigated. The organic geochemical studies which have been
conducted here for the past three years will be continued.

SUPPORTED BY U.S. National Science Foundation

5.1184, AQUATIC PLANTS OF POLLUTED WATERS IN
S. W. UNITED STATES
D.S. CORRELL, Texas Res. Foundation, Renner, Texas

The goal of this project is the production of a descriptive and
illustrated manual of all the vascular plants of aquatic habitats,

1-493



94,1011RISMPLIWA

5. WATER QUALITY MANAGEMENT AND PROTECTION

especially of polluted waters, found growing naturally in
southwestern United States; namely, Oklahoma, Texas, New
Mexico, Arizona, and the extreme southern parts of Utah and
Nevada. Specifically, the product of this research will enable one
to identify these plants in this part of the country and, hopefully,
learn something about their role in the pollution or clarification of
water. A map showing the distribution of each species, ecological
and distributional data, and a discussion of methods of dissemina-
tion, reproduction and growth habit of each entity will also be in-
cluded where possible. The work will be based upon field
research and the study of herbarium specimens collected during
the course of the work or that are available in various institutional
herbaria,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol, Ctl

5.1185, METHODS TO REDUCE WATER POLLUTION
CAUSED BY STORM WATER SEWER LOADING BY USING
FLUID FLOW FRICTION REDUCERS
H.R. CRAW FORD, Western Company, Richardson, Texas 75080

The research plan involves laboratory and field investigations
directed at the use of high molecular weight polymers added to
sanitary sewage with infiltrated ground water to demonstrate
feasibility of reducing pipe friction loss with resulting increase in
sewer flow rates.

Laboratory investigations shall consist of the folhwing: 1.
Small scale experiments on a water-polymer system to charac-
terize friction reducing capabilities, storage life, toxicity, and ef-
fect as a coagulant. 2. Experiments to classify domestic sewage
from chemical and physical properties. Field investigations shall
consist of the following: 1. Testing on small scale models of a par-
tial sewer system the friction reducing capability of selected
polymers at varying sewage pipe depth and including surcharge.
2. Development of an injection device and method of injection of
the polymer into the sewer pipe. 3. Determine the best location
for injecting polymer into sewer pipe.

Laboratory and field data would be correlated for applica-
tion in a full scale test of polymers added in a sanitary sewer infil-
trated with ground water and in a waste water treatment plant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1186, DEVELOPMENT AND DEMONSTRATION OF
MATERIALS TO REDUCE OR ELIMINATE WATER INFIL-
TRATION INTO SEWERAGE
H,R. CRAWFORD, Western Company, Richardson, Texas '7 5080

The research plan involves laboratory and large-scale in-
vestigations directed at the development of a chemical sealant to
prevent ground water infiltrations into sanitary sewers and its
feasibility in application.

Laboratory investigations shall consist of the following: 1.
Small scale experiments to determine the most promising sealant
formulations according to the following properties: a. Bonding
ability b. Strength c. Variable cure time d. Ease of handling e. Sta-
bility f. Cost 2. The following parameters will be utilized in
evaluating the sealant formulations: a. Tensile strength through
the bond between cured sealant and the conduit. b. Flexural
strength of cured sealant material. c. Environmental tests of cured
sealant material.

The large-scale investigation shall consist of further screen-
ing of sealant formulations in a sewer line mock-up with a con-
trolled environment. This will include an investigation and
evaluation of existing equipment to apply the new sealant.

At the conclusion of the program recommendations will be
made for a chemical sealant to prevent ground water infiltration
and needed improvement and/or development for application of
the sealant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1187, MULTILAYER FILTRATION
K.J. IVES, Univ. College, London, United Kingdom

The theory of the filtration of water or wastewater through
deep granular beds indicates that an improvement in design can
be obta-f:ed if the size of the granular media decreases in the

direction of flow. This has been demonstrated experimentally for
particulate suspension in water by filtering in an upflow direction
through size-graded sand, or by downflow through three layers of
coarse anthracite, medium size sand and fine garnet. The three-
layer design is to be tested for the filtration of flocculent metal
hydroxide suspensions, and compared with normal sand bed fil-
tration. Various arrangements of grain sizes and layer thickness
will be tried to determine an optimum design. This aspect will also
be explored theoretically. Other media (e.g. magnetite, glass
beads, crushed flint, plastics) will be examined to see if they are of
any practical use, and to see if the three-layer concept can be ex-
tended to several layers.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1188, EUTROPHICATION OF SHELTERED BAYS IN A
LARGE LAKE
W.T. HELM, Utah State University, Graduate School, Logan,
Utah 84321

Bear Lake at the present time is a clear oligotrophic lake.
With the recent increase in recreational use of the area, however,
a number of boat harbors and breakwaters have been con-
structed. These structures have interrupted the normal shoreline
currents. Along unprotected shores, the currents scour the bot-
tom, limiting the amount and diversity of rooted vegetation and
bottom organisms. Modification of this habitat by creating rela-
tively quiet pockets protected from the wind driven water cur-
rents has encouraged the growth of a wide variety of organisms.
The non-turbulent circulation pattern in these areas insures the
rentention of at least part of any intruding nutrient-rich water.
The reactions of the rooted vegetation, phytoplankton, zooplank-
ton, and possibly fish to this altered environment will logically
provide a preview of the changes to be expected throughout the
lake if overall nutrient levels are allowed to increase.

The study will be initiated by locating a series of comparable
bays. The water chemistry of these bays will be compared with
each other and with the lake water. Complete records of chemical
and physical conditions during the study will be kept. Biological
sampling will determine the abundance and speciation of
periphyton, plankton, bottom organisms, and rooted aquatic
plants. Samples from the open lake and from non-enriched bays
will be compared to those from enriched bays to determine
changes caused by enrichment. In this fashion, both quantitative
and qualitative changes can be measured and evaluated. This pro-
ject was started in fiscal year 1968 and will continue through year
1970.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Utah State University

5.1189, SEQUENTIAL USE WITHIN A HYDROLOGIC
COMPLEX
D.W. HENDRICKS, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

The project objective is to demonstrate the feasibility of
developing and utilizing a unified hydrologic-quality simulation
model, as a tool for the quality-quantity management of a
hydrologic unit. The model development must be sufficiently
general in approach that it may be adapted to other hydrologic
entities. It is not only the model concept and approach per se that
is of interest, but also delineation of necessary and sufficient in-
puts to make the model work. Such inputs include: (1) what
amount of data is needed, in time and space, (2) how such data
are utilized, and (3) what submodels are feasible (i.e., Streeter
Phelps, statistical correlations, etc.). To a degree these inputs
need to be delineated in the context of the specific purpose of the
model, which is not to be ignored in the philosophy of develop-
ment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Utah State University

5.1190, BACTERIAL ADSORPTION ON SOILS
D.W. HENDRICKS, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321
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This work will focus upon the role of adsorption, as a
mechanism in bacterial retention, in the flow of bacterial suspen-

sions through soils. The project intends to be definitive in that all

of the hypothesized factors that affect bacterial adsorption will be

investigated. These factors include cell concentration tempera-

ture, chemical environment, and surface activity. By understand-

ing and quantifying the fundamental removal mechanisms, pre-

dictions of bacterial movement through soils can be made. Other

mechanisms of retention which will be investigated, but in a less

exhaustive treatment, include sieving, gravitational sedimenta-
tion, and several other possibilities.

Such knowledge will allow rational assessments of the health

hazards of groundwater recharge, shallow aquifer contamination,
and proximity of septic tanks to wells.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

Utah State University

5.1191, SORPTION KINETICS IN FLOW THROUGH

GRANULAR PARTICLES
D.W. HENDRICKS, Utah State University, Utah Water Research

Laboratory, Logan, Utah 84321
This project proposes to focus specifically on delineating the

sorption kinetics for a mobile dissolved chemical species interact-

ing with a fixed phase, consisting of granular sorbent particles.

The stress will be upon obtaining a generalized phenomenological
description of the sorption kinetics --described in terms local solid

and liquid phase sorbate concentrations, and which will reflect in

the form of the rate law, the effects of temperature, competition

for sorption sites by other species, nature of sorption site, and the

nature of the rate limiting step in the reaction ( i.e. solid or liquid

phase diffusion). The results must be operational in terms of ob-

taining a solution for concentration profiles of sorbent in liquid

and solid phases and the procedure for application must be based

upon a limited amount of laboratory work--to be obtainable on a

routine basis.
With the delineation on an operational basis of the above fac-

tors and methodology for describing sorption kinetics, one should

be able to rationally assess concentration profiles in the liquid and

solid phases. This should have application: (1) to investigative as-

sessments and management of ground water contamination

problems and (2) in optimizing the design and operation of ion-

exchange and adsorption columns. The latter, of course, is

becoming increasingly important as a step in tertiary treatment.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1192, EFFECTS OF WATER TEMPERATURE UPON

RESPIRATORY METABOLISM OF CUTTHROAT TROUT,
SALMO CLARKI
R.H. KRAMER, Utah State University, State Coop. Wildlife Res.

Unit, Logan, Utah 84321
This study is part of a long-range program at the Utah

Cooperative Fishery Unit to determine water temperature
requirements for respiratory metabolism of Utah fishes. The ob-
jectives of the present study are to describe standard metabolism,
active metabolism, and scope for activity (all in terms of oxygen
consumption rate) for cutthroat trout at 5, 10, 15, 20, and 25 C.

The respirometer to determine active metabolic rate is a

propeller-driven apparatus patterned after that used by Smit
(1965, Can. J. Zool. 93: 623-633). The standard respirometcr

employs a heat-loss flowmeter like that used by Beamish and

Mookherjii (1964, Can. J. Zool. 42:161-175) to obtain an index

to spontaneous activity of the fish while in the respirometcr. This

index is plotted against simultaneous measurements of oxygen
consumption and the regression line extrapolated to zero activity

to obtain an estimated rate of standard metabolism. Scope for ac-

tigity is the arithmetic difference between the active and standard
rates.

SUPPORTED BY U.S. Dept, of Interior - Bu. Sport Fish,
Utah State University

5.1193, 'THE EFFECTIVENESS OF WATERFOWL IN
CARRYING PATHOGENIC MICRO-ORGANISMS
J.B. LOW, Utah State University, State Coop. Wildlife Res. Unit,
Logan, Utah 84321

Waterfowl because of their migratory habits fly from one
water source to another in their early or seasonal movements,
These birds are potential carriers of disease producing micro-or-
ganisms because of the common practice of Utah towns and cities
of disposing of their sewage into streams of water. These streams
usually drain into lakes or marsh lands which are utilized by the
watefowl for nesting, brood rearing, and other normal activities.
There is a large accumulation of organic sewage in these areas
and may be a source of pathogenic organisms. Because waterfowl
are in contact with this raw sewage they will be investigated as to
the role they may play in the dissemination of micro-organisms.

The work will be carried out under the following objectives:
(1) To determine the incidence of indicators of pathogenic
micro-organisms present on waterfowl in western marshlands. (2)
To study the effectiveness of waterfowl to directly discriminate
organisms by carring them on feet, feathers, and other body parts,
(3) To determine the organisms available for transmission by

waterfowl. (4) To determine the longivity of contamination of
waterfowl by micro-organisms attached to feet, feathers and other
parts of waterfowl.

SUPPORTED BY Utah State University

5.1194, FACTORS LIMITING WATERFOWL PRODUC-
TION ON THE SPRING-FED SALT MARSHES WEST OF
THE GREAT SALT LAKE
D. MCKNIGHT, Utah State University, State Coop. Wildlife Res.

Unit, Logan, Utah 84321
Current waterfowl productivity will be assertained for a typi-

cal spring-fed salt marsh and compared both quantitatively and
qualitatively to available data from the Bear River Refuge on the
hypothesis that a difference in waterfowl productivity exists
between the two areas.

Disease and nutrition factors which alone or in combination
might cause excessive brood mortality or cause lowered
reproductive success through decreased vigor will he examined
on the spring-fed marsh. Analyses of food plants and inver-
tebrates to determine availablitiy, nutritional content, and levels
of trace elements will be accomplished on the study area. Duck-
lings and adult ducks will be collected in the salt marsh and ex-
amined for abnormalities, and gullet-gizzard contents will be stu-

died to determine food habits in this area. Periodic examinations
will be made of the marshes to find sick or abnormally developing
young ducks and geese. A sample of young mallard ducklings of
various ages will be innoculated with varing doses of several en-
demic arboviruses in the laboratory to determine if these viruses
can be lethal to ducklings. Serum samples from adult and young
ducks from these marshes will be assayed to determine the in-

cidence of natural exposure to arboviruses.

SUPPORTED BY Utah State University

5.1195, A STUDY OF THE BIOLOGICAL, CHEMICAL
AND PHYSICAL NATURE OF WATER QUALITY FACTORS
UNDER UTAH CONDITIONS
J.M. NEUHOLD, Utah State University, Utah Ctr. For Water
Resour. , Logan, Utah 84321

The characteristics and relationships of water quality factors
pertinent to short, snow-fed mountain streams feeding to desert
floors will be studied. Consideration will be given to: 1) watershed
contamination 2) irrigation return and 3) domestic and industrial
pollution. The relationship of the contaminant to volume of flow,
rate of degradation and subsequent incorporation into the aquatic
biomass will the matter of primary concern. Contaminant cycling,
sedimentation and physical change will also be studied. The
system under study will lend itself to model construction in terms
of the environmental, physical, chemical and biological effects on
contaminants. The information for such a model will be obtained
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from field observations and from experiments conducted on ex-
cised portions of the environment.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Utah State University

5.1196, QUALITY OF IRRIGATION RETURN FLOW
H.B. PETERSON, Utah State University, School of Engineering,
Logan, Utah 84321

To conduct research on the problems that affect the quality
of irrigation return flow. (1) Precipitation mechanisms in soils as
they affect water quality. Th phase will be concerned with the
changes in the quality of water, as it moves through soils, as a
result of precipitation of calcium carbonate. (2) To develop infor-
mation for predicting the changes in the salinity content of soil
and drainage water resulting in changes in the quality of irrigation
water and in irrigation management.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1197, WATER QUALITY TELEMETRY
D.S. WOFFINDEN, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

The objectives of this project are to show the technical and
economic feasibility of radio telemetering water quality data from
remote sites to a central station.

The technical feasibility has been demonstrated during the
last year. Continuing study of the system will investigate construc-
tion of an integrated system with maximum simplicity of opera-
tion and minimum cost. This investigation will include analysis of
various water quality parameter sensors for direct use with the
telemetry system, Stress will be placed on sensors requiring a
minimum of maintenance and producing a maximum period of
unattended operation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Utah State University

5.1198, MINERAL RECOVERY FROM CONCENTRATED
BRINES
J.M. GLASSETT, Brigham Young University, School of Engineer-
ing, Provo, Utah 84601

The separation and recovery of the principal inorganic salts
from a simulated sea water brine, based on Great Salt Lake water,
and from sea water brine will be investigated. In particular, a
study will be made of a phase rule process for the separation of
pure salts from the brines by two cooling steps alternated with two
evaporation steps. Optimum conditions for the separation and
recovery of minerals will be determined. Salts to be recovered
are: sodium chloride, sodium sulfate, potassium chloride, and
magnesium chloride. Particular emphasis will be placed upon the
recovery of magnesium chloride and potassium chloride since
these salts have greater commercial value than the sodium salts.

A goal of this research proket is to define an economical
mineral recovery process which may lower the cost of saline
water conversion to fresh water.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

5.1199, POLLUTION AS A RESULT OF FISH CULTURAL
ACTIVITIES
R.N. HINSHAW , State Div. of Fish & Game, Salt Lake City, Utah
84116

Fish hatchery effluents have not been evaluated as a source
of pollution. However, with the large numbers of hatcheries in the
Nation, this problem should not be overlooked any longer.

Three types of pollution are implicated in the waters con-
taminated by the effluent from fish hatcheries. The first of these
are pathogens and parasites which effect is increased because of
crowding in hatchery situations. A second category includes
chemicals and drugs used for prophylatcic and therapeutic treat-
ment of fish. A third section, with which this research is con-
cerned, is that pollution caused by wastes from fish metabolic
processes, and unutilized feeds as well as algae and ditritus from
pond and raceway cleaning.

The research proposed for this study will be confined to that
pollution represented by the third category. It is proposed to sam-
ple and examine those parameters that will best determine the
levels, periodicity and the effects that these pollutants might have
on the receiving waters and those organisms living in the affected
waters. This is the first step of many in assessing the pollution con-
tributed by fish cultural activities and leading eventually to the
total clean- up of said pollution,

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl

5.1200, CHEMICAL QUALITY OF BRINES ASSOCIATED
WITH DEEP SEDIMENTS BENEATH GREAT SALT LAKE
W.P. HEWITT, Univ. of Utah, State Geolog. & Min. Surv. , Salt
Lake City, Utah 84112

Brine samples from a few judiciously placed deep holes,
drilled to a depth of possibly 700 feet beneath the bottom of the
Lake, are to be analyzed for their chemical quality. The object of
this study is two-fold: first, to attempt to determine whether deep
brines exist; second, to learn whether the heavy brines of the Lake
proper are slowly sinking in the form of an inverted bubble.

SUPPORTED BY Utah State Government

5.1201, SALT DISTRIBUTION ALONG LAKE BOTTOM
AND WITHIN DEEP SEDIMENTS BENEATH GREAT SALT
LAKE
W.P. HEWITT, Univ. of Utah, State Geolog, & Min. Surv. , Salt
Lake City, Utah 84112

Measurements are to be obtained of the areal extent and
depth of the sodium chloride that is being deposited on the Lake's
bottom. By means of a Sparker Survey it is hoped to outline bu-
ried beds of Glauber's salt that have been precipitated from Lake
Bonneville during the Quaternary. This program will be un-
dertaken, in whole or in part, during the fiscal year that starts July
1, 1965.

Status: Work to commence on thickness of sodium chloride
in northern arm of Lake in mid August 1966. Sparker survey
work deferred to 1969.

SUPPORTED BY Utah State Government

5.1202, MICROBIAL ECOLOGY OF LAKE CHAMPLAIN
AS INFLUENCED BY PESTICIDES
D.B. JOHNSTONE, Univ. of Vermont, Agricultural Experiment
Sta. , Burlington, Vermont 05401

Project Objectives: 1. To obtain an ecological evaluation of
the various types of microorganisms present in the waters of Lake
Champlain. 2. To determine the influence of microorganisms on
pesticides in an aquatic environment. 3. To determine the in-
fluence of pesticides on the number and distribution of microor-
ganisms in an aquatic environment. Description of Work
Proposed. The aquatic microbial ecology in areas adjacent the
Vermont shoreline and relatively free of agricultural chemicals
will be examined by standard microbiological procedures for cul-
turing and enumerating microorganisms in natural environments.
This will be correlated with basic limnological data such as dis-
solved oxygen, temperature, etc. obtained by other investigators
who will employ the same sampling stations. Special emphasis will
be placed upon those groups of bacteria that are active in organic
matter decomposition such as nitrogen transformations. This
laboratory has been active in studies with nitrogen transforming
bacteria (3,5,6,7,8).

SUPPORTED BY U.S. Dept. of Agriculture
Vermont State Government

5.1203, LIMNOLOGICAL STUDIES OF LAKE CHAM-
PLAIN
M. POTASH, Univ. of Vermont, Agricultural Experiment Sta. ,

Burlington, Vermont 05401
Objectives: To carry out field studies on Lake Champlain to

determine as far as possible, its physical, chemical, and biological
characteristics; and to continue long-term studies to determine
whether these characteristics are being altered M any harmful
way, or in any region of the lake, by the addition of pollutants.
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Procedure: Present studies of three bays will be enlarged to
encompass the entire lake, although emphasis will be concen-
trated on the eastern or Vermont shore. An additional 16-foot
boat is requested to permit greater lake coverage, Transects of
the lake will be established at approximately 5-mile intervals
along the 112 miles length of the lake. Individual stations will be
established at quarter- mile intervals along each transect, with
physical and chemical measurements being made at standard
depth intervals for each station.

Temperature measurements will be made with an electronic
thermometer in shallow waters, and with a bathythermograph at
deeper stations. Light transparency will be measured with a
Secchi disc through the use of drogues with current drags lowered
to standard depths.

SUPPORTED BY U.S. Dept. of Agriculture
Vermont State Government

5.1204, ECONOMIC ANALYSIS OF RESOURCE POLLU-
TION BY PESTICIDES AND OTHER WASTE MATERIALS
J. BIN IEK, U.S. Dept. of Agriculture, Arlington, Virginia

Objectives: To develop economic information and
techniques of analysis to determine optimum compromises
between production efficiency and adverse monetary and non-
monetary effects, which arise from deterioration of the quality of
resources.

Approach: Formal and informal cooperative relations are
established with other research and action agencies to the
exchange of information and data. Multidareciplinary research
and information is reviewed and analyzed to determine the severi-
ty of specific pollution problems. Conceptual and qualitative stu-
dies are undertaken to improve analytical techniques for ap-
praisal of adverse impact situations. Alternative pollution control
systems are analyzed with the intent of selecting an optimum con-
trol system for policy decisions.

SUPPORTED BY U.S. Dept. of Agriculture

5.1205, THE BEHAVIOR AND FATE OF DDT AND ZEC-
TRAN IN A FOREST SOIL
E.G. DUNFORD, U.S. Dept. of Agriculture, Forest Service,
Arlington, Virginia 22209

Object: To determine the movement, chemical change and
resulting distribution pattern of DDT and Zectran applied to
Douglas fir soils and the effects of environment, land and forest
treatments on such reactions.

Plan of Work: During the first 2 years of the 3-year project,
the investigators will concentrate on field observations, (1) mea-
suring the relationships between the insecticides and the forest
soil and environment, and (2) determining the effect of various
land and forest treatments on the behavior of the two insecticides.
All work, including analysis and interpretation, will be completed
the third year.

SUPPORTED BY U.S. Dept. of Agriculture

5,1206, AN EVALUATION OF THE INSECTICIDE SEVIN
AS A WATERSHED POLLUTANT
E.G. DUNFORD, U.S. Dept. of Agriculture, Forest Service,
Arlington, Virginia 22209

Object: To provide information upon which to judge the
potential of 'Sevin' as an environmental pollutant in forested
areas.

Plan of Work: A study area has been established on the
Shackham Brook Watershed in central New York. It encom-
passes a 'treatment' and 'control' subwatcrshed. The treatment
area will receive an aerial application of Sevin; then samples of
soil, water, and aquatic insects will be taken at frequent intervals
to be tested for the presence and concentration of Sevin residues.
Results will be evaluated.

SUPPORTED BY U.S. Dept, of Agriculture

5.1207, THE EFFECT OF DETERGENTS ON THE OX-
YGENATION OF WATER
J.A. CASKEY, Virginia Polytechnic Institute, Graduate School,
Blacksburg, Virginia 24061

Although many studies have been made showing that surfac-
tants can lower oxygenation rates the mechanism by which this
occurs is not known. The purpose of this investigation is to study
what part of the surfactant molecule is responsible for this interfa-
cial resistance to oxygenation. To this end the effect of following
parameters on the interfacial resistance will be studied:
hydrophobic chain length, hydrophilic funct:Jnal group, surface
orientation and counter ion effect. Pure surfactant; will be used
so that the resistance can be related to the surface concentration
by means of Gibbs' adsorption isotherm.

A quiescent liquid manometric gas absorption contactor will
be used for the study. From this investigation it is hoped that it
will be possible to specify what type of detergent is needed to in-
crease the capacity of existing activated sludge units in municipal
waste treatment facilities.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Virginia Polytechnic Institute

5.1208, THE DISPOSITION OF PESTICIDES IN THE SOIL
T.B. HUTCHESON, Virginia Polytechnic Institute, Agricultural
Eeneriment Sta. , Blacksburg, Virginia 24061

Objectives: (a) To determine the distribution of pesticides in
selected soils and their drainage waters, using sites to which
known amounts of pesticides have been applied. (b) To deter-
mine the physical, chemical, and biological processes, and soil
characteristics which are important in the disposition of pesti-
cides in soils.

Description of work: Field plots will be located to which
known amounts of heptachlor have been added representing a
wide range of soil physical, chemical, and mineralogical proper-
ties. 'Matching' soil sites will also be selected which have known
histories of no heptachlor application. Soils from these pair sites
will be brought into the laboratory and greenhouse where per-
sistence, degradation rate, and the movement of heptachlor and
subsequent contamination of crop plants will be correlated with
basic soil properties. Physical and chemical mechanisms affecting
sorption, degradation and persistence of heptachlor and diazinon
and the resulting contamination of crop plants, soils and agricul-
tural waters will be studied by correlation of basic soil properties
with reaction rates and plant uptake following application of
these chemicals to soils under greenhouse and/or field conditions.

SUPPORTED BY U.S. Dept. of Agriculture
Virginia State Government

5.1209, REMOVAL OF TRACE ORGANICS FROM
WATER BY ADSORPTION ON COAL
P.H. KING, Virginia Polytechnic Institute, School of Engineering,
Blacksburg, Virginia 24061

The proposed research involves laboratory investigations to
determine the extent of adsorption of trace quantities of
biochemically resistant organic materials on coal. Specific
methods to be employed include both batch and fluidized column
studies utilizing a variety of selected solutes with a wide range of
physical and chemical properties. Data obtained will be analyzed
to show the kinetics of the adsorption process. The distribution of
organic material between the aqueous phase and the adsorbed
portion will be described if possible by an appropriate adsorption
isotherm. The extent of adsorption on coal will be compared with
similar data for activated carbon.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Virginia Polytechnic Institute

5.1210, A COMPUTER PROGRAM FOR FORECASTING
POLLUTION AND DISSOLVED OXYGEN IN STREAMS
R.G. KRUTCHKOFF, Virginia Polytechnic Institute, Graduate
School, Blacksburg, Virginia 24061

In a recent research project 'A Stochastic Model for Pollu-
tion and Dissolved Oxygen in Streams', the principal investigator
wrote a computer program which could predict the probability
distribution of pollution and disolved oxygen in streams as a func-
tion of the initial pollution and the stream parameters. This pro-
gram suffers from two inadequacies which makes its use limited in
practice. I . It does not allow for changes in stream parameters
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along the stretch due to differences in stream beds, stream widths
or a stream junction. 2. It does not permit the inclusion of more
than one major source of pollution.

The inadequacies can he eliminated. The theory worked out
for the original project should be sufficient to allow the changes
necessary to eliminate the inadequacies of the program. The prin-
cipal investigator and one graduate student will rederive the
original program including these new features.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Virginia Polytechnic Institute

5.1211, A STOCHASTIC MODEL FOR POLLUTION IN
ESTUARIES
R.G. KRUTCHKOFF, Virginia Polytechnic Institute, Research
Division, Blacksburg, Virginia 24061

The purpose of this investigation is to find a stochastic model
for pollution and dissolved oxygen in estuaries. With this model it
will be possible to predict the proportion of time that pollution
will be above any given concentration or that dissolved oxygen
will be below any given level. It is hoped that this information will
result in better management of water resource systems and aid in
forming more realistic restrictions on the use of estuaries for
disposal of pollutants.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1212, TREATMENT OF DYEING BATH WASTE
STREAMS BY FOAMING AND FLOTATION TECHNIQUE
D.L. MICHELSEN, Virginia Polytechnic Institute, School of En-
gineering, Blacksburg, Virginia 24061

The treatment of waste streams from dyeing operations is a
problem in industrial waste treatment centering in the southeast-
ern states. The proposed research plan will be the study of waste
treatment and color removal of dispersed dye bath waste streams
using foaming techniques. The initial stream to be studied will be
a synthetic black or blue-black dispersed dye formulation includ-
ing carrier approximating waste stream conditions from the dye-
ing of polyesters (Dacron) and triacetate rayon. The object of the
work will be to study the removal of color, carrier (solvent), and
perhaps dispersant surfactant using foam fractionation, adsorp-
tive bubble fractionation and homogeneous ion flotation (corn-
plexing). Various parameters will be studied.

Depending on the outcome, the treatment of waste streams
from other types of dyeing procedures may be tested using foam-
ing techniques.

Some exploratory work on the removal of dissolved phenol
and phenol derivatives from water may also be explored. This
problem is pertinent to waste treatment because of toxicity and
fish taste.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Virginia Polytechnic Institute

5.1213, MICROBIAL RELEASE OF SOLUBLE
PHOSPHATE IN AN ACTIVATED SLUDGE ENVIRONMENT
C. W. RANDALL, Virginia Polytechnic Institute, School of En-
gineering, Blacksburg, Virginia 24061

The proposed research plan involves laboratory investigation
directed at evaluating the factors which affect the microbial
release of phosphate back to solution after uptake by an activated
sludge system has occurred. The primary approach is to evaluate
the effect of activated sludge process operational parameters such
as dissolved oxygen and ORP levels, rate and duration of aeration,
loading conditions, duration of anaerobiosis, etc., on release of
soluble phosphate from the activated sludge microorganisms. A
second area of investigation is the ability of various chemicals to
stimulate or inhibit activated sludge phosphate release.

Parameter evaluation would employ the following methods.
11. Small scale batch-type experiments to study the effect of the
various operational parameters individually. 2. Continuous flow
experiments to further study the parameters and their combined
effect, and to determine the feasibility of process modification.

Investigation of chemical effects will employ the following
methods. 11. Batch-type experiments of individual chemical ef-

fects. 2. Warburg respirometer studies to determine lasting effects
of chemical addition on sludge performance.

Data will be correlated for clarification of the basic
mechanisms of soluble phosphate release from activated sludge
microorganisms.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
Virginia Polytechnic Institute

5.1214, CW-BW WATER DECONTAMINATION SET
R.J. GAINEY, U.S. Army, Engineer Research & Dev. Labs. , Fort
Belvoir, Virginia 22060

Objective: Technical Objective: Develop a method of
destroying and/or removing chemical and biological agents in
water to make it suitable for drinking purposes. Equipment and
methods should be compatible with existing standard 600, 1500,
and 3000 GPH field water purification units and utilize only items
of equipment currently standard in military supply systems.

Approach; Conduct laboratory and field studies jointly with
the chemical research and development laboratories relative to
developing an effective procedure for decontaminating water
containing chemical and biological agents.

Progress- Aug 66 Mar 68: A CW-BW water decontamination
procedure was developed for removing these agents from water,
as pretreatment with standard U.S. Army Erdlator-type water pu-
rification units. The procedure consists of a superhypochlorina-
tion to 100 PPM available chlorine followed by treatment with
600 PPM activated carbon. The procedure is used prior to, and in
series with, the standard Erdlator units. The procedure completed
ET/ST by TECOM and proved satisfactory in destroying GA, GB
and BZ in water but failed under all conditions to meet the low
drinking water levels of established MPCS for VX, L and HN-1. A
check test is planned during the summer of calendar year 1968 to
resolve the difficulties. Mixed agents will be used and also nerve
gas GD, untried to date.

SUPPORTED BY U.S. Dept. of Defense - Army

5.1215, ION EXCHANGE UNIT, 3000 GPH
R.J. GAINEY, U.S. Army, Mobility Eqp. Res. & Dev. Ctr. , Fort
Belvoir, Virginia 22060

Technical Objective: This development will make available
equipment for removal of dissolved radionuclides and other
deleterious substances from water. Currently, there is no equip-
ment available for removing soluble radioactive contaminants
from water other than distillation, which is comparatively expen-
sive. A secondary use will be to reduce the mineral content of
some brackish water for drinking purposes or otherwise produce
a high quality demineralized water supply.

Approach: After study of all available methods for removal
of dissolved radionuclides from water, develop equipment with
satisfactory military characteristics.

Progress: A truck mounted ion exchange unit was developed
which had satisfactory operating characteristics but did not meet
the transportability requirement. A transportable shelter
mounted unit has been designed and a contract is being
negotiated for a protopye test model.

SUPPORTED BY U.S. Dept. of Defense - Army

5.1216, SEEDING OF BRACKISH WATER
J.E. JONES, U.S. Army, Mobility Eqp. Res, & Dev. Ctr. , Fort
Belvoir, Virginia 22060

Technical Objective - An investigation to determine the
techniques and processes feasible for the treatment of brackish
waters having a high calcium sulfate content. No equipment is
presently available for troop use which can be used to treat these
waters. Sea water distillation equipment will become inoperative
in a short period of time on such waters because of heavy deposits
of sulfate scale in the evaporator.

Approach - The evaluation and the proving of factors found
to be essential in the use of sulfate crystal nucleation technique to
prevent calcium sulfate scale in evaporators of distillation equip-
ment will be accomplished. Investigations and tests will be con-
ducted to gain fundamental information relative to the behavior
of calcium sulfate seed crystals in the applicable environments.
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Progress - Jul 67 Jun 68, During the report period investiga-
tions were made into the configuration of thickening devices for
the concentration and classification of the seed crystals for reuse
and the probability of ingestion of steam bubbles into the recircu-
lation pump. The present forced circulation horizontal tube test
evaporator was evaluated for entrainment of steam bubbles into
the suction of the recirculation pump, Steam bubbles that become
ingested by the pump could cause erosion and premature pump
failure, The evaporator was fitted with strategically located sight
glasses and operated over its entire flow range to over eight feet
per second under heating conditions, No bubbles could be seen
ingested into the pump. A 200 GPI-I film spray horizontal tube
evaporator belonging to the Office of Saline Water is to be
modified for seeding techniques. This unit, which requires a rela-
tively low brine recirculation rate compared with other evapora-
tion methods, will be tested by MERDC at Roswell, N. M. The
program has been delayed pending availability of the modified
film spray evaporator for tests in Roswell.

SUPPORTED BY U.S. Dept, of Defense - Army

5.1217, DECONTAMINATION OF WATER CONTAINING
CBR AND OTHER MATERIALS
D.C. LINDSTEN, U.S. Army, Engineer Research & Dev. Labs. ,
Port Belvoir, Virginia 22060

Technical Objective: Investigate reverse osmosis water pu-
rification process for decontaminating water containing CBR
agents. Emphasize applicability of reverse osmosis for new
proposed lightweight field water purification unit and squad type
water purificatinn requirements, with capability of removing CBR
agents, turbidity, and excessive dissolved mineral matter.

Approach: Procure prototype reverse osmosis equipment.
Conduct a laboratory inhousc study of equipment for removing
simulated (non- pathogenic) microorganisms and selected
radioisotopes from water. Cooperate with Edgewood Arsenal
Research Laboratories (EARL) in study of reverse osmosis for
removing chemical agents from water.

Progress: Jul 67 - Jun 68. Determine performance of the
reverse osmosis (RO) water purification process for removing
CBR agents from water. Establish joint investigation with
Edgcwood Arsenal studying RO for decontaminating water con-
taining significant CW agents, with particular emphasis on V-
agents, 0-agents and incapacitants. Conduct laboratory studies
in-house of RO for removing BW materials; including viruses,
spores and cysts; and RW materials, including strontium 85, from
water. Study potential water treatment methods of decontaminat-
ing water containing newly developed CW agents. Participate
with Edgewood Arsenal in evaluation

SUPPORTED BY U.S. Dept. of Defense - Army

5.1218, COAGULANT DOSAGE TEST KIT
M. PRESSMAN, U.S. Army, Mobility Eqp. Res. 6.. Dcv. Ctr. ,

Fort Belvoir, Virginia 22060
Objective: Develop a simple apparatus and procedure for

determining optimum coagulant dosages in field water coagula-
tion practice. It is anticipated that the use of the proposed kit will
reduce operator reliance on visual observation and result in sig-
nificant logistical advantages through more economical and effi-
cient use of coagulation chemicals and improved water filtrabili-
ty,

Approach: Construct experimental kits. Conduct field jar
tests with these kits and compare dosages determined as optimum
by kit test with the dosage required to give the best coagulation in
the operation of standard field water purification units. Modify
the field test kits and /or procedures, as required, to produce
better correlation between dosages determined on optimum
equipment operation and experimental procedures. Study coagu-
lant dispensing techniques. Construct and evaluate model kits by
assignment to personnel operating standard water purification
equipment.

Progress: (July 67 - June 68) Several variations of test kit
components and operating procedures were studied. Simple
procedures for adding the ferric chloride and limestone coagu-
lants and mixing were developed to give consistent results cor-
relating to within 10 ppm of the optimum dosages of coagulants as
determined through independent experimental procedures and

equipment operation. The present kit consists of four (4) 8-ounce
screw cap coagulation bottles marked at the 200 ml level in a
plastic frame, an 8-ounce bottle of powdered limestone, a small
(0,05 gram) scoop, a 2-ounce dropper bottle of ferric chloride
solution (40 MG/ML), and a carrying case. Sketches of the kit
have been prepared for in-house fabrication of a prototype unit.

SUPPORTED BY U.S. Dept, of Defense - Army

5.1219, WATER SUPPLY TECHNOLOGY - WATER
QUALITY MANAGEMENT AND PROTECTION
R,P, SCHMITT, U.S, Army, Mobility Eqp, Res. & Dev, Ctr. , Fort
Belvoir, Virginia 22060

The proposed work under this project is primarily designed
to provide a technological base for: (1) simple but effective
methods of detecting and utilizing ground water in the field, (2)
improved water purification methods for producing water from
the earth's sources that are difficult to treat because of unusual
sanitary or chemical quality, (3) methods of decontaminating
water containing CBR agents, (4) improved methods of removing
excessive mineral matter from water and (5) a simple effective
method of purifying waste waters in order to renovate them for
reuse. Specific investigations under the project include a deter-
mination of : (1) the technical feasibility of new methods of
ground water exploitation, including a lightweight drilling ap-
paratus, (2) the effects of various hydrophilic colloids and other
contaminants on the efficiency of polyelectrolytes in testing fresh
non-potable raw water, (3) methods for destroying newly
developed lethal and incapacitating type chemical agents in
water, including superoxidation and carbon, polymeric and
molecular sieve adsorption, (4) scale prevention in distillation by
seed nucleation, (5) reverse osmosis for removing CBR agents,
excessive mineral matter and other undesirable substances from
water, (6) centrifugation for water clarification and (7) methods
of renovating waste water for reuse, including mixed media filtra-
tion.

SUPPORTED BY U.S. Dept. of Defense - Army

5.1220, INVESTIGATION FOR CONTROL OF WATER
POLLUTION FROM COMBINED SEWERS IN ROANOKE,
VIRGINIA
J.M. STRICKLAND, Hayes Scay Mattcrn & Mattcrn, Roanoke,
Virginia 24007

The project includes the gathering of field and statistical data
necessary to assess sanitary sewer overflow problems and prepar-
ing data in a manner that will be useful to others involved in a
sewer overflow problem. The Plan of Procedure includes: 1.
Smoke testing about 25 percent of system. 2. Gaging all major
streams and overflows. 3. Establish design input rate of runoff
and/or overflow to control units by hydrograph prepared from
data collected. 5. Establish water quality of sewer overflows to
permit design of remedial measures. 6. Establish relationship
between collection system and sewage treatment plant in terms of
quantity and quality of flow resulting from individual storms. 7.
Establishment of the feasibility of programming mathematical
models for computer analyses of the system hydraulics under vari-
ous frequency and storm durations. 8. Preparation of preliminary
designs and specifications upon which to base choice of alterna-
tive solutions in regard to existing tehcnology and new technolo-
gy. 9. Estimate of results from any proposed remedial measures.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1221, EFFECTS OF POLLUTANTS ON SUBMARINE
PLANT SYNECOLOGY
M.A. DUBE, Western Washington State Coll. , Graduate School,
Bellingham, Washington 98225

The purpose of this study is to gain an understanding of the
dynamics of subtidal marine plant communities which are ex-
posed to industrial waste outfall as compared to the dynamics of
communities located in waters carrying less industrial waste.
When possible, the community dynamics will be studied in indus-
trial areas before and after the developemnt of the industrial in-
stallation. Communities closer to the source of industrial waste
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will be contrasted with those farther away to determine basic dif-
ferenees in (a) plant community structure, (b) productivity of the
plant community, (c) the reproductive output of the plants, and
(d) plant successional pattern. For example, it may be found that
a community which is affected by pollution is arrested in a condi-
tion resembling an early stage in the successional development of
an undisturbed community.

An attempt will be made to interpret differences in commu-
nity dynamics in terms of differences in environmental factors by
comparing at each site (a) the degree of chemical enrichment and
concentration of suspended particles in the water, (U) the degree
of siltation of the plants and substrate, and (c) the role of primary
consumers. Controlled experiments will be run when possible to
determine the separate effects of these factors.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1222, ECONOMIC OPTIMIZATION OF SECONDARY
TREATMENT AND DETERMINATION OF LOAD TO CON-
TROL BIOLOGICAL GROWTHS IN A STREAM
H. AMBERG, Crown Zellerbach Corporation, Camas, Washing-
ton

This project will seek to determine the costs of mechanically
aerated lagoon treatment of pulp mill and paper mill wastes by ex-
amining in detail the comparison of retention time, aerated
lagoon depth, basin configuration, recycle and parallel versus se-
ries operation of tow lagoons. Information will also be obtained
concerning treatment achieved by multiple lower hp surface aera-
tors compared to two high hp units. Further, the project will, by
use of test streams, seek to determine the degree of treatment
needed to prevent slime growth in the receiving stream.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Crown Zellerbach Corporation

5.1223, CLOSTRIDIUM OUTGROWTH AND TOXIN
PRODUCTION DURING STORAGE OF SHELLFISH
T.H. ERICKSEN, U.S. Dept. of Hlth. Ed. & Wel. , Pac. Nw.
Marine Hlth. Sc. Lab. , Gig Harbor, Washington 98335

Several experiments whereby Pacific oysters were fed Clos-
tridium botulinum type E spores; shucked; stored at various tem-
peratures and tested for toxin production have been completed.
With completion of two or more experiments on effects of storage
conditions on Cl. botulinum type E production in Pacific oysters,
a report will be prepared for publication.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1224, EVALUATION OF METHODS FOR QUANTITA-
TION OF FECAL COLIFORM BACTERIA
T.H. ERICKSEN, U.S, Dept. of Hlth. Ed. & Wel. , Pac. Nw.
Marine Hlth. Sc. Lab. , Gig Harbor, Washington 98335

Studies will be continued on the comparison of several
methods for the testing of enumeration of fecal coliform organ-
isms in the estuarine area. Among the methods that will be com-
pared are: 24 hr. liquid method, membrane filter method and a
plate count method.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1225, EVALUATION OF METHODS FOR RECOVERY
OF ENTEROBACTERIACEAE FROM MARINE SOURCES
J.C. HOFF, U.S. Dept. of Hlth. Ed. & Wel. , Pac. Nw. Marine
Filth. Sc. Lab. , Gig Harbor, Washington 98335

Comparisons of conventional enrichment and isolation
media will be made for the detection of pathogenic enterobac-
teriaceae in estuarine water and shellfish samples. Where neces-
sary, methodology will be improved to meet the unique require-
ments for the isolation and enumeration of these pathogenic or-
ganisms from the marine environment.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1226, INCIDENCE OF PATHOGENIC ENTEROBAC-
TERIACEAE AND ENTEROVIRUSES IN ESTUARINE
AREAS
J.C. HOFF, U.S. Dept. of Hlth. Ed. & Wel. , Pac. Nw. Marine
Hlth. Sc. Lab. , Gig Harbor, Washington 98335

Studies on the incidence of pathogenic bacteria and viruses
in estuarine areas will be initiated. A sampler based on the gauze
pad method will be used to concentrate the microorganisms
present in the water. Several estuarine areas in Puget Sound,
Washington, of varying known bacteriological quality will be stu-
died.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1227, ACCUMULATION AND ELIMINATION OF
VIRUSES BY SHELLFISH
J.C. HOFF, U.S. Dept. of Hlth. Ed. & Wel. , Pac. Nw. Marine
Hlth. Sc. Lab. , Gig Harbor, Washington 98335

Studies will be continued c the effects of the state of
poliovirus on accumulation and elimination characteristics in
West Coast species of shellfish. Feces from vaccinated individuals
containing high levels of attenuated poliovirus will be examined
by differential centrifugation to determine the nature of the as-
sociation of the virus with fecal material. This natural virus reser-
voir will also be used in accumulation-elimination experiments
using Olympia oysters (Ostrea lurida).

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S

5.1228, DEVELOPMENT OF METHODOLOGY FOR
ISOLATION OF VIRUSES FROM SEA WATER
W. JAKUBOWSKI, U.S. Dept. of Hlth. Ed. & Wel. , Pac. Nw.
Marine Hlth. Sc. Lab. , Gig Harbor, Washington 98335

The efficiency of various types of particulate matter as ad-
sorbing agents for the concentration of the virus particles present
will be tested under laboratory conditions. The effects of various
factors such as presence of dissolved organic matter, salinity and
state of the virus on the efficiency of the process will be deter-
mined.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1229, BACTERIAL DEPURATION OF WEST COAST
SHELLFISH
G.J. VASCONCELOS, U.S. Dept. of Hlth. Ed. & Wel. , Pac. Nw.
Marine Hlth. Sc. Lab. , Gig Harbor, Washington 98335

Studies will be continued on the influence of salinity and tur-
bidity on the depuration of Manila clams (Tapes japonica). Stu-
dies will be initiated on effect of chemical and physical factors on
the depuration of Pacific oysters (Crassostrea gigas). Pilot plant
studies on depuration, utilizing the information gathered to date,
will be initiated.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

5.1230, MASS MORTALITY OF PACIFIC OYSTERS
ALONG THE WASHINGTON COAST
C. LINDSAY, State Dept. of Fisheries, Olympia, Washington (14-
17-0001-1900)

The Department of Fisheries will conduct field and environ-
mental studies on mass mortalities affecting Pacific Oysters as set
forth in the following phases: Phase I. Monitoring of Mortality
and Growth of Pacific Oyster Seed from 5 Source Areas. 1. Japan,
Hokina (High mortality area). 2. Japan, Mongoku-ura (Low mor-
tality area). 3. Washington, Dabob Bay. 4. Washington, Willapa
Bay. 5. Canada, Pendrell Sound. Phase II. Float Studies, Eld Inlet.
Mortality, growth, fatness, glycogen and histology of 1965 year
class (planting) oysters from beds of LeRoy Patterson. Phase III.
Transplant Study. Patterson 1965 year class (planting) oysters
previously planted at Quilcene Bay, Eld Inlet (Matthews) and Eld
Inlet (Brenners) will be transplanted from each station to the
other two. Mortality, growth, fatness, glycogen and histology will
be monitored. Phase IV. Mortality Monitoring. 1966 (planting)
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year class Patterson oysters at Case, Eld, and Totten Inlets and
Oakland and Quilcene Bays. Phase V. Commercial Oyster-bed
Mortality Monitoring. Northern, central, and southern Puget
Sound, Grays Harbor, and Willapa Bay, Phase VI. Cultural Ex-
periments to Circumvent Mortalities. 1967 Japanese year class
seed planted and reared in Oakland Bay will be transplanted to
North Bay. Commercial stocks (1967) reared in North Bay will
be used for controls. Phase VII, Hydrographic Sampling. 1. Con-
tinuous recording of water temperature adjacent to oyster stocks
at the sampling stations in Quilcene Bay, Eld Inlet (Matthews),
and Eld Inlet (Brenners). 2. Eld Inlet. A. Center line of inlet. Ver-
tical distribution of salinity, temperature, 02, chlorophyll and
phosphate. B. Shallow oyster beds. Photosynthetic rate,
chlorophyll, phytoplankton species, pH, temperature, salinity,
02, total and inorganic phosphates, nitrate, nitrite ammonia,
soluble and particulate carbohydrates and organic nitrogen,
lipids. 3, Quilcene Bay, Oakland Bay, Totten Inlet, and Case Inlet.
Salinity, temperature, 02, chlorophyll, phytoplankton and
phosphate. Phase VIII. Standardization of Data Collection
Processing and Analysis,

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.1231, PESTICIDE RESIDUE STUDY IN SPORT FISH
WATERS
W. BRUNSON, State Dept. of Game, Olympia, Washington

Objective: To monitor levels of pesticide residues in hatchery
and other game fish management waters and to evaluate the rate
of the effect in fish mortalities.

Procedures: Hold live fish to determine effect of various con-
centration of pesticides. Determine stress by measuring amounts
of 'stress hormones' cortisone and hydrocortisone released in the
vascular system.

Establish sand-charcoal filters. The correct proportions of
sand and charcoal and length of effective service will be deter-
mined by analyses of the effluent.

Conduct gas chromatographic, histopathological and chemi-
cal analysis on samples furnished and prepared by Mr. Wayne
Brunson, Biologist 11, Aquatic.

Prepare reports as well as preparing appropriate aspects of
the project for publication in scientific journals.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Washington State Government

5.1232, ECOLOGY OF NEMATODES IN IRRIGATION
WATER
L.R. FAULKNER, Washington State University, Irrigated Agr.
Res. & Ex. Ctr. , Prosser, Washington 99350

Investigations are proposed to ascertain the effects of various
factors on longevity of nematodes in water and to evaluate ne-
matode contaminated irrigation water as a source of infestations.
Longevity of nematodes in water will be determined by suspend-
ing mesh cages containing monospecific populations in streams,
canals, settling basins and lakes. Effects of temperature, pH,
salinity, aeration and microbes will be determined by placing
similar cages in controlled temperature baths equipped for water
renewal and aeration. Survival will be ascertained by using vital
stains and ability of nematodes to recolonize.

Effects of contaminated water on introduction of nematodes
into non-infested soils will be studied in fumigated soil beds. The
beds will be planted to selected indicator hosts and irrigated with
canal or well water. Records will be kept on numbers and kinds of
nematodes introduced with water, seasonal population trends,
and time required for appearance of economic infestations.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Washington State University

5.1233, STUDIES ON APPLICATION OF RADIOISOTOPE
TECHNIQUES IN STREAM POLLUTION PROBLEMS IN
THE PULP AND PAPER INDUSTRY
R.M. CHATTERS, Washington State University, School of En-
gineering, Pullman, Washington 99163 (AT(45-1 )1951)

Previous research has shown that paper pulp can be success-
fully tagged with iridium. Iridium is ideal since it is not normally
present in pulp and paper mill systems and it can be activated to
produce iridium-192 as a tracer with an appropriate half-life for
the application. Current effort is directed toward in-mill research
on those problems which the Northwest Pulp and Paper Associa-
tion deem to be most urgent to reduce the amount of waste
material which enters the public waterways. The work encom-
passes the spectrum from laboratory through actual testing in the
plant systems. In addition, attempts will be made to trace addi-
tives such as filler clays, Ti02, alum, and sizing agents using the
technique of activation analysis.

SUPPORTED BY U.S. Atomic Energy Commission

5.1234, THE PREDICTION OF WATER QUALITY
ASPECTS OF THE WENATCHEE RIVER
H.D. COPP, Washington State University, School of Engineering,
Pullman, Washington 99163

A pumped-storage hydroelectric power development has
been proposed by the Sponsor on the Wenatchee River, a moun-
tain stream in north central Washington State. Since this river is
an important fish spawning stream, tributary to the Columbia
River, and since recreation activity is increasing in the watershed,
influences of the proposed power project on existing water quality
need to be predicted.

Simulation techniques by digital computer are being
developed for prediction purposes. Weather phenomena, system
hydrology, heat transfer, principles and mixing processes have
been programmed for both reservoir and stream waters to com-
pute temperatures and oxygen and nitrogen contents in these
waters. A program is operable and is quite general, i.e., it is not
tied to the system under consideration. At present, July 1967,
program optimization, process simulation mechanics, and logic
continuity ire under critical review.

SUPPORTED BY Chelan County Government - Washington

5.1235, ADVANCE WARNING OF GROUND-WATER
POLLUTION HAZARDS, WITH SPECIAL REFERENCE TO
AQUIFERS IN GLACIAL OUTWASH
J.W. CROSBY, Washington State University, Graduate School,
Pullman, Washington 99163

It is proposed to study methods of providing advance
warnings of pollution build-up so that public health hazards can
be avoided. The research is to be done on the Spokane Valley
aquifer where conditions now exist which are conducive to con-
tamination of the Spokane water supply. Geoelectrical methods,
utilizing both standard and specially designed probes, will be in-
vestigated and comparison drawn between electrical properties of
the groundwater and water quality analyses. The desirable end
result of the project would be to establish rapid, routine methods
of identifying polluted zones in stratified groundwaters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Washington State University

5.1236, ECOLOGY OF SELECTED AQUATIC BACTERIA
IN THE SNAKE RIVER
C.H. DRAKE, Washington State University, Graduate School,
Pullman, Washington 99163

This study is an investigation of several selected groups of
aquatic bacteria occurring in natural waters. Their fluctuations in
numbers will be followed over a considerable period of time to
see the effect of season, temperature and other variables. There is
an excellent opportunity to follow changes in the Snake River
since at one point it has received almost no pollution in a distance
of almost 200 miles. Then, it shortly receives the sewage of two ci-
ties and considerable sulfite waste liquor from a paper pulp plant.
Cultural studies as well as observations on periphytic bacteria will
be made above and below these points to see the effect these ad-
ditions have on the normal bacterial flora, particularly in regard
to certain sulfur bacteria. Other natural aquatic bacteria will also
be studied to see how they are affected by these changes in ecolo-
gy. This will supply bask data on the steam before its ecology is
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drastically changed by the imminent construction of a dam near
here.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
Washi. ....ton State University

5.1237, OCCURRENCE OF PESTICIDES IN AQUATIC
ENVIRONMENTS
E. HINDIN, Washington State University, Schoe of Engineering,
Pullman, Washington 99163

The method of transport to and the occurrence of pesticides
it the aquatic environment is of extreme interest today. The in-
creased use of pesticides for achieving higher agricultural and sil-
vacultural productivity has allowed a greater amount of pesticides
to enter into the aquatic environment. Though these amounts are
generally in sublethal dosages, their presence constitutes a poten-
tial hazard, Certain pesticides can be concentrated in tissues of
most organisms, thus entering in the food cycle of organisms in
the aquatic habitat.

The purpose of this study is two fold. One purpose is to study
the distribution of a chlorinated organic and organic phosphorus
insecticide on an agricultural plot receiving insecticide applica-
tion. A distribution budget will be made from analysis of soil,
plant, and insecticide removal by irrigation runoff water and loss
'to the atmosphere taken throughout the growing season. Pavticu-
lar attention will be paid to that amount being carried off by the
irrigation runoff water. During the second year insecticides will
not be applied. A distribution budget will be made of the insecti-
cides present on the plot. Emphasis will be placed on the insecti-
cides leaching off the field in the irrigation runoff water.

The second purpose of the study is to determine the seasonal
variation in the pesticide content of a dimictic and of a polymictic
reservoir. Comparison will be made of the pesticide content of the
water at specific depths, i.e. Epilimnion, Metalimnion and
Hypolimnion. The surface inflows and outflows to the reservoirs
will be sampled to better assess the pesticide variation. Samples of
aquatic organisms, i.e., plankton, benthos, fish and snails, will be
taken to determine the concentration of pesticides in organisms
inhabiting the reservoir. Comparisons will be made of the pesti-
cide content of those organisms feeding at specific depths.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1238, CLAY MINERAL STABILITY AND WATER COM-
POSITION
J.A. KITTRICK, Washington State University, School of Agricul-
ture, Pullman, Washington 99163

It is anticipated that this protect would contribute to a better
understanding of how the relatively small group of minerals that
dominate soils and sediments control and are in turn altered by,
the composition of waters with which they are in contact. The
specific aim of this project is to obtain standard free energy of for-
mation values of several of these minerals by solubility measure-
ments and to correlate these free energy values with what is
known of mineral occurrence and water composition in soils and
sediments.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1239, SOILS, PESTICIDES AND THE QUALITY OF
WATER
C.D. MOODIE, Washington State University, Agricultural Ex-
periment Sta. , Pullman, Washington 99163

1. To establish whether movement through the soil con-
stitutes a significant source of the pesticides found in surface and
ground water. 2. To identify the properties of pesticides and of
soils that control the extent of movement of pesticides in and
through soils. 3. To ascertain the solubility characteristics of
pesticides sorbed on soil particles and hence the effect of
Suspended soil on the concentrations of pesticides in water. 4. To
ascertain the effects of management of pesticides and land on the
transport, by all means, of pesticides to water supplies.

The mobility of pesticides in soils of different properties is to
be determined by use of soil columns operated as miniature
lysimeters. By appropriate arrangement, the lysimeter can

represent various zones or combinations of zones within the root
zone of plants. The transport from pesticide-treated to untreated
soil layers or to ground water can be followed as affected by such
variables as pesticide solubility, dispersability and formulation,
soil texture and organic matter, irrigation regime and water quali-
ty, The desorption of pesticides from soil into water that may take
place as pesticide-treated soil is eroded and suspended in runoff
and stream waters, The significance of soil pesticide ratio, and soil
properties (clay type, particle size, organic colloid, ion saturation,
etc.) will be evaluated.

SUPPORTED BY U.S. Dept. of Agriculture
Washington State Government

5.1240, LAGOONS FOR DAIRY FARMS
J. ROBERTS, Washington State University, Agricultural Experi-
ment Sta. , Pullman, Washington 99163

This is a project between the Division of Industrial Research
and the Agricultural Experiment Stations. The cooperators are
the Sanitary Engineering Section of the Division of Industrial
Research and the Departments of Agricultural Engineering and
Dairy Science. Four lagoons will be constructed at the Knott
Dairy Farm.

The objectives will be to study the bacteriological factors in-
volved in the breakdown of cow manure and methods ofspeeding
up the bacterial action and the management factors, including
costs, labor, and water requirements so that design criteria may
be developed and made available.

The study as designed will include a comparison of the effIc-
tiveness of the three-stage process with recirculation of two dif-
ferent wastes--municipal wastes, and dairy wastes consisting of
excreta from dairy cows. Facilities have already been constructed
and they are now in operation at the city disposal plant.

Four ponds will be constructed at the Knott Dairy Farm.
Plans include placing a diversion box in the present sewer line so
that all or any part of the discharge from the present line may be
conveyed into the experimental lagoons. The amount of manure
from the holding pends that is conveyed into the lagoons can be
controlled by the amount of washing done to the feed yards.

SUPPORTED BY Washington State Government

5.1241, THE BIOLOGY AND CHEMISTRY OF
SPHAFROT1LUS
J.L. STOKES, Washington State University, Graduate School,
Pullman, Washington 99163

The possibility of chemautotrophic growth of Sphaerotilus
discophorus, based on oxidation of manganous and ferrous ions,
will be explored. Also, the heterotrophic metabolism of
Sphaerotilus will be investigated with respect to formation and
utilization of poly-B- hydroxybutyrate, lysis and control
mechanisms.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1242, FLUSHING OF SMALL SHALLOW LAKES
E.R. TINNEY, Washington State University, School of Engineer-
ing, Pullman, Washington 99163

In recent years the quality of lake waters has become increas-
ingly important, first because of the growing demand for recrea-
tional uses and, second because the use of lakes and adjacent
lands has accelerated their deterioration. Research studies too
numerous to mention have dealt with the quality of lake waters
but most of the previous work is related to eutrophication and the
biological processes involved. In recent years some studies have
been made on the currents in a lake which markedly affect the
limnological behavior bat these studies have, for the most part,
dealt with mixing phenomena associated with wind and the densi-
ty currents associated with solar heating and relatively cold in-
flows.

The questity., of how best to improve a small lake by enhanc-
ing natural flushing has received little attention. This proposal
treats this particular problem with specific attention to the flush-
ing of a small shallow lake. The primary objective of this study
will be to clarify the flushing ilenomena in small lakes, recogniz-
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ing that mixing is also enhanced in natural water bodies by wind
and solar heating. Hopefully the end result of this would be an ex-
planation of flushing that would indicate how much and in what
manner water should be introduced into a class of small lakes to
achieve a prescribed flushing action.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1243, ALUMINA COLUMNS FOR THE SELECTIVE
REMOVAL OF PHOSPHORUS FROM WASTEWATERS AND
THE ULTIMATE DISPOSAL OF PHOSPHORUS AS CALCI.
UM PHOSPHATE
L,L. AMES, Battelle Memorial Institute, Richland, Washington
99352

The proposed study objectives are: (1) to evaluate operating
parameters of alumina (boehmite) columns for the selective
removal of phosphorus from secondary sewage effluents and
other phosphorus - containing waste-waters; and (2) to study alu-
mina regeneration and phosphorus recovery for production of a
saleable calcium phosphate product. The research will include
studies of (1) boehmite column operating parameters, (2) effect
of sodium hydroxide on phosphorus elution from boehmite, (3)
elution of phosphorus from sodium hydroxide solutions, and (5)
weight loss of the boehmite column with cyclic use.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1244, MECHANISMS OF ENVIRONMENTAL EXPO-
SURE
J,F. HONSTEAD, Battelle Memorial Institute, Richland,
Washington 99352

Effluents from Hanford production facilities transport a cer-
tain amount of radioactive material into the populated environ-
ment adjacent to the plant, principally by way of the Columbia
River. Radionuclides from these effluents may provide a signifi-
cant portion of the radiation exposure of certain population
groups as the result of a variety of mechanisms which transfer
them through food chains into man or into his immediate environ-
ment. To provide a continuing evaluation of such exposure to
local population groups requires an appreciation of the amount
and rate of transfer of radionuclides through the environs and
statistically the dietary habits and activities of the people in-
volved. This project investigates quantitatively such mechanisms.
Means of investigation are statistical studies of whole-body count-
ing data and dietary questionnaires, and associated population
surveys. Controlled ingestion experiments utilizing locally-
produced foods are also part of the investigation. Of particular in-
terest is large-scale whole body counting experience with local
school children. These measurements are accompanied by a
dietary study.

SUPPORTED BY U.S. Atomic Energy Commission

5.1245, A THREE DIMENSIONAL STUDY OF PARAME-
TERS RELATED TO THE CURRENT DISTRIBUTION IN
LAKE ROOSEVELT
R.T. JASKE, Battelle Memorial Institute, Richland, Washington
99352

The proposed research plan involves the measurement of
flow jet currents within Lake Roosevelt during the stratified
period in order to permit mathematical modeling of reservoir
water quality, primarily temperature. The field data would be
combined with four yearn of previously collected temperature
data in order to develop additional assurance that jet currents and
temperature profiles can be correlated. The resulting information
would be used to develop equations of state and continuity for the
reservoir hydraulic regime.

Field investigations would consist of: (1) A series of two
dimensional flow profiles taken at from ten to fifteen stations
selected axially to the current flow. (2) A concurrent set of tem-
perature traverses and profiles taken simultaneously with the cur-
rent measurements. (3) Aircraft surveys at intervals to map ther-
mal gradients outside the scope of boat party surveys.

Laboratory investigations would include: (1) Statistical
processing of collected data. (2) Operations research supporting
development of input-output models of general application.

SUPPORTED BY U.S, Dept. of Interior - 0, Water Res, Rch

5.1246, EFFECT OF REACTOR EFFLUENT ON QUALITY
OF COLUMBIA RIVER WATER
R.T. JASKE, Battelle Memorial Institute, Richland, Washington
99352

Effluent cooling water from the Hanford production reactors
has effects on the thermal and chemical characteristics, and
radionuclides content of the Columbia River. Substantial quanti-
ties of the released effluents disperse throughout the mainstream
and eventually interact to some extent with the environment. It is
the purpose of this study to define the extent of this interaction by
measurements of the appropriate upstream and downstream
parameters for comparison and correlation. Included are the
development of relatively sophisticated digital computer models
which serve not only as analytical tools, but as a means of proving
highly refined estimates of flow times, concentrations, and other
time-dependent phenomena in the event of plant accident. As-
sociated with this program are detailed investigations of dye and
rare-earth tracer technologies, and the mechanisms associated
with filter plant operation on radionuclide and inorganic ion con-
centration. This program includes the incidental analysis of the
effects of upstream darn regulation (for the exportation of peak-
ing power out of the region) on the temperature of the Columbia
below the Hanford plant, as a result of the extreme variations in
available dilution flow below Priest Rapids Dam,

SUPPORTED BY U.S. Atomic Energy Commission

5.1247, AMMONIA REMOVAL FROM AGRICULTURAL
RUNOFF BY SELECTIVE ION EXCHANGE
B.W. MERCER, Battelle Memorial Institute, Richland, Washing-
ton 99352

The study is directed toward development and demonstra-
tion of a selective ion-exchange process for the removal of am-
monia from wastewatera. Laboratory research involved the selec-
tion of a zeolite ion exchange material and acquisition of design
data for a demonstration pilot plant. The study will result in the
construction and demonstration of the process in a 100,000 gpd
mobile pilot plant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Battelle Memorial Institute

5.1248, RADIATION EFFECTS IN AQUATIC SYSTEMS
R.E. NAKATANI, Battelle Memorial Institute, Richland, Washing-
ton 99352 ( AT(45-1 )1830)

The effects of both internal and external radiation will be stu-
died and the following kinds of investigation emphasized: (1) low
level chronic radiation administered throughout the life span of
aquatic organisms; (2) susceptibility of different life stages, (3)
the competitive ability of irradiated populations, and (4) the com-
bined effects of radiation regimes resulting from radioactive
waste disposal in aquatic environments. Advantage will be taken
of the numerous siblings available from fish, the relative ease of
following embryonic development, the many meristic characters
available as possible measures of radiation effects, and the rela-
tively simpler system of fish compared to mammals. This project
will contribute to basic radiation biology and, in addition, will
provide data needed for improved prediction and understanding
of the consequences of radiation exposure of the aquatic environ-
ment due to waste disposal of radioactive materials.

SUPPORTED BY U.S. Atomic Energy Commission

5.1249, COLUMBIA RIVER SEDIMENT STUDIES
J. NIELSEN, Battelle Memorial Institute, Richland, Washington
99352

PNL provides analytical services for the Columbia River and
estuary studies being conducted by the USGS for the AEC, aids in
the evaluation of the fate of the radionuclides, especially in the
area of effect of retention by sediments, and conducts geochemi-
cal studies involving mechanisms of radioactivity uptake by the
sediments.
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SUPPORTED BY U.S, Atomic Energy Commission

5.1250, TREATMENT AND DISPOSAL OF CONDENSATE
WASTES FROM HIGH LEVEL WASTE SOLIDIFICATION
PROCESSES
A. PLATT, Battelle Memorial Institute, Richland, Washington
99352

A number of low and intermediate level waste side streams
result from processes now being developed for the solidification
of power reactor fuel reprocessing wastes. These side streams are
characterized by low volume, high acid or salt content, and sig-
nificant levels of radioisotopes, particularly those which exhibit
high vapor pressures at the elevated temperatures involved in
solidification. This program involves development of techniques
for treatment and disposal of these waste side streams.

A number of concepts including precipitation, fractional
distillation, scavenging, and crystallization have been evaluated,
present emphasis is being placed on sulfate distillation and incor-
poration of residue in asphalt. Studies will be extended to actual
waste streams when they become available in the near future from
a current demonstration of waste solidification. The program was
initiated in FY '66 and is expected to be completed in FY'69.

SUPPORTED BY U.S. Atomic Energy Commission

5.1251, THERMAL EFFECTS ON MARINE AND
ESTUARINE SHELLFISH
W .L. TEMPLETON, Battelle Memorial Institute, Richland,
Washington 99352

Studies to determine the lethal temperatures, times to death
at lethal temperatures, effects of sublethal temperatures on
growth for various life stages of shellfish.

SUPPORTED BY No Formal Support Reported

5.1252, PRECIPITATION SCAVENGING
M.A. WOLF, Battelle Memorial Institute, Richland, Washington
99352 (AT(45-I )1830)

The studies arc designed to determine the history and
behavior of radioactive and other pollutants scavenged from the
atmosphere and deposited on the earth by precipitation. Studies
include transport to the scavenging site and below-cloud scaveng-
ing by precipitation.

This study is aimed at clarification of selected phases of the
scavening process, the measurement of parameters needed for
quantitative prediction of scavenging, and the adaptation or in-
troduction of theories, thus providing information needed in reac-
tor siting and hazards evaluation, and determining deposition of
fallout from nuclear weapons or reactor accident.

SUPPORTED BY U.S. Atomic Energy Commission

5.1253, REDUCTION OF RADIOISOTOPES IN HANFORD
REACTOR EFFLUENTS
R.G. GE /ER, Douglas United Nuclear Inc. , Richland, Washington
99352

The radionuclides in Hanford's reactor effluent are formed
by neutron activation of salts not removed in the water pre-treat-
ment process, salt additives, and corrosion products which adhere
to the reactor coolant lines as a film long enough to become sig-
nificantly activated.

This research includes both laboratory and in-reactor studies
of the three methods of reducing effluent radioactivity: better
methods of pre-treatment, reducing film adherence time, and ef-
fluent treatment.

SUPPORTED BY U.S. Atomic Energy Commission

5.1254, DUW AMISH RIVER-ELLIOTT BAY STORM
WATER CONTROL SYSTEM
C.C. DON WORTH, Seattle City Government, Seattle, Washington
98104

This project will evaluate the effectiveness of using a com-
puter for controlling regulator valves in order to maximuze
utilization of the available capacity of the sewer interceptors for
in-system storage and optimize treatment plant loading depen-
dent on receiving water conditions. The major features of this
project are: I. Five (5) automated regulator stations; 2. One (1)
electronic process control computer; 3. One (1) central control
station; 4. Selected water quality monitoring equipment; 5.
Necessary controls and wiring needed for automated centralized
controlled combined waste water storage and regulation system,
This project will also include the necessary evaluation required to
meet the demonstration program objectives.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl
Seattle City Government - Washington

5.1255, ENHANCEMENT OF WATER QUALITY USING
FOREST DERIVED COAGULATING SYSTEMS
G.O. ALLAN, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Waste phenolic material from forest-based industries which
presently find their way into water resources will be characterized
with respect to molecular weight and polarity.

Correlation of these parameters with their performance as
coagulants for water quality improvement will be attempted.

The effect of additional variations in molecular size and
polarity on the coagulation characteristics will be explored by
chemical modifications, using aldehydes, halogenotriazines,
aziridines, oxiranes and quaternary nitrogen and phosphorus
derivatives to achieve intermolecular condensation and a reduc-
tion in anionic functionality.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Washington

5.1256, ANNUAL PHYTOPLANKTON PRODUCTION IN
PUGET SOUND WATERS
G.C. ANDERSON, Univ. of Washington, Graduate School, Seat-
tle, Washington 98122

Studies of phytoplankton production are being continued in
Puget Sound. The investigation, since 1964, has provided quan-
titative information on annual phytoplankton production and
mean standing crop in two areas of the Sound.

The research proposed herein is to elucidate the reasons for
the very large blooms off Seattle when maximum values of 6-7 g
C/square meter are photosynthesized per day. Weekly, daily and
diurnal sampling will be carried out during periods of high
phytoplankton production along with measurements of hydro-
graphic conditions, light and nutrients. Particular attention will be
given to the effect of stability, as affected by tides and winds, on
the timing of phytoplankton blooms. Measurements will be made
of the chemical composition of the crop as well as growth rates of
dominant species.

Experimental work involving studies of phytoplankton
blooms in enclosed columns of water in situ will be carried out. In
this manner, the effects of advection will be eliminated. Culture
studies will be conducted with some of the herbivorous copepods.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1257, NITRATE REMOVAL FROM ACTIVATED
SLUDGE SYSTEMS
D.A. CARLSON, Univ. of Washington, School of Engineering,
Seattle, Washington 98122

The proposed research plan is concerned with the biological
removal of nitrates in used waters. The investigations would be
based on operation, analyses and observation of a pilot plant
denitrification unit recently constructed at Municipality of
Metropolitan Seattle's West Point Waste Treatment Plant.

Field observations would study effects of season, waste con-
centration and composition, and nitrogen concentrations on
nitrate removal efficiencies of the pilot plant.

The pilot plant is constructed so as to permit modification of
operational conditions so that the results of the pilot plant study
can be used to pgediet optimal design conditions for construction
of full scale plants to remove nitrates by biological means.
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SUPPORTED BY U.S. Dept, of Interior - 0, Water Res. Rch
University of Washington

5.1258, WASTE WATER ODOR REDUCTION
MECHANISMS IN SOIL FILTERS
AA, CARLSON, Univ. of Washington, School of Engineering,
Seattle, Washington 98122

The purpose of this study will be to investigate the process in-
volved in the removal of odorous compounds in soil filters. Previ-
ous work at the University of Washirgton indicates that the
process of hydrogen sulfide degradation in soil filters is biological
in nature, but further research is needed to establish the organ-
isms responsible, to attempt pure culture studies with isolated
colonies to verify column activity, and to establish optimum con-
ditions for their growth and ability to degrade test compounds.

Other phases of the research will consider changes in soil
properties during test gas application, accumulation of deposited
products in the soil, gas pressure requirements under various gas
flow conditions and development of optimum conditions for long
period use of soil filters.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.1259, CHEMICAL CHARACTERISTICS OF ORGANIC
COLOR IN WATER
R,F, CHRISTMAN, Univ, of Washington, School of Engineering,
Seattle, Washington 98122

In previous research (WP-00558) effort was directed toward
the development of a satisfactory degraditon technique for study-
ing the chemical nature of color molecules, Now that such a
technique is available support is herein requested to extend this
research in the following specific areas: (1) Determination of the
uniformity of chemical structure among the color producing
molecules in waters from a variety of sources and the derendence
of chemical structure on various environmental paramenters, (2)
Investigation of Pie mechanismm of coagulation of organic color
by hydrolysis products of Al(III) and Fe( III),

SUPPORTED BY U.S, Dept, of Interior F, Water Poi, Ctl

5.1260, DISTRIBUTION OF DEMERSAL FISHES IN
INSHORE WATERS
TS, ENGLISH, Univ, of Washington, Graduate School, Seattle,
Washington 98122

This study will consider distribution of demersal fishes with
area, season, depth, bottom sediments, hydrographic variables,
and available food, Samples will be taken with small otter trawls
(16 foot headrcpe) and beam trawls (3-meter beam ). The
distance trawls travel over the sea bottom will be measured with a
pacer; a record of trawl depth with time will be taken with a
bathykymograph; a fathometer record will be kept. Fishcs will be
examined by species, length, weight, age, sex, sexual maturity,
and stomach contents.

Data will be programmed for computer analysis. Analysis of
variance techniques will be used to study main effects, interac-
tions, and components of variance, Determinations of experimen-
tal error will be used to specify the density of sampling required to
obtain confidence limits of stated length. Biomass changes will be
related to several variables; species associations, feeding habits,
condition factors, and seasonal cycles will be examined. Growth
and mortality rates of young ages classes can be estimated by
progression with season of length-frequency modes.

Results of this study will he integrated with results from con-
current research of other workers on benthic invertebrates - bot-
tom environment and plankton production - pelagic environment.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1261, VERIFICATION OF MODELS USED IN THE
MANAGEMENT AND CONTROL OF WATER QUALITY
B.W. MAR, Univ. of Washington, School of Engineering, Seattle,
Washington 98122

The proposed research involves the utilization of data and
models resulting from the State of Washington Water Quality stu-
dies to develop a generalized model for intra-industry waste
discharge, to verify existing water quality models, and to formu-

late and evaluate a water management polley based on discharge
rights.

SUPPORTED BY U,S, Dept. of Interior - 0. Water Res. Rch
University of Washington

5.1262, STUDIES OF LOW MOLECULAR WEIGHT LIG-
NIN SULFONATES
41,, MCCARTHY, Univ, of Washington, School of Engineering,
Seattle, Washington 98122

Research on she preparation and characterization of lignin
sulfonates of low molecular weight and/or fractions of same, is to
be continued.

In very recent work, it has been found that better controlled
Scphadex chromatographic column separations are obtained
when the experiments are conducted using aqueous solutions of
approximately constant ionic strengths, i.e., under 'swamping'
conditions. Since earlier experiments have been conducted
without this control, we now propose that further Sephadex
separation studies be conducted under conditions of constant
ionic strength,

We also have found very recently that lignin sulfonate
molecular weight averages, and, indeed approximations to the
distribution of molecular weights, can be estimated effectively by
use of a short column sedimentation equilibria technique. We
now propose to apply this to the separated lignin sulfonate frac-
tions. Other techniques of physical and organic characterization
of lignin sulfonate will also be applied.

SUPPORTED BY U.S. Dept, of Interior - F. Water Pol. Ctl

5.1263, STEAM STRIPPING OF KRAFT PULP MILL EF-
FLUENT STREAMS
J.L. MCCARTHY, Univ, of Washington, School of Engineering,
Seattle, Washington 98122

The broad objective of the presently proposed research is to
improve the effectiveness and to extend knowledge concerning
the possible industrial applications of the `SEKOR` process which,
in essence, comprises the counter-current steam stripping of Kraft
pulp mill condensate streams in order to bring about the removal
of steam- volatile organic compounds from the fluid and thereby
provide relatively clean effluent water which can be reused in
pulp mill process or else discharged without danger. The volatil-
ized organic substances are condensed to yield water-immiscible
`SEKOR oils` which may find uses in commerce. Use of the
process may also result in a substantial decrease in the odorous
substances emitted into the atmosphere from Kraft pulp mills.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1264, INTERNAL CURRENTS RESULTING FROM IN-
TERMEDIATE DENSITY INFLOWS INTO STRATIFIED
RESERVOIRS
R.E. NIECE, Univ. of Washington, School of Engineering, Seattle,
Washington 98122

The objective of this laboratory study is to investigate one of
the mechanisms by which reservoirs become stratified. To be stu-
died arc the current structure and longitudinal and vertical dis-
tribution within the reservoir of waters which are intermediate in
temperature between the warmer surface waters which have been
exposed to solar heating and the colder, denser waters at great
depth:, the water of intermediate density enters the sloping inlet
(original river channel) at the upstream end of the reservoir.

Specific objectives are to study the effects on reservoir cur-
rent and temperature distributions of such variables as: tempera-
ture, depth,and velocity of the inflow stream; slope of inlet chan-
nel; and initial temperature profile in the reservoir. Preliminary
studies are to be made using simple laboratory apparatus in which
the above variables may be varied systematically.

Results are to be compared with other solutions (analytical
and experimental) previously found in studies of selective
withdrawal from reservoirs; these conditions prevail
`downstream' from the region to be studied here, in which
stratified flow becomes established.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Washington

5.1265, SALT WATER ENTRAINMENT FOR DILUTION
IN SEWER OUTFALLS
R.E. NECE, Univ. of Washington, School of Engineering, Seattle,
Washington 98122

This investigation is an experimental and analytical study of
the mechanism of the entrainment of a fluid into a conduit passing
through an infinite volume of this ambient fluid and through
which flows a different fluid. The particular motivation is to ob-
tain basic information which could be applied in the sanitary en-
gineering design of sewer outfalls discharging into salt water..In
this case, where density differentials exist, entrainment of salt
water into the outfall prior to ultimate discharge would decrease
the density differential between effluent and receiving water,
thereby decreasing the amount of diffusion necessary to produce
acceptable sewage concentrations at the water surface. Such en-
trainment could be accomplished by providing appropriate inlets
through the wall et a reduced-pressure `venturi' section in the out-
fall pipe.

This study is to treat a few relatively simple geometries in
some detail. Attention is to be focused on those factors influenc-
ing entrainment rates, namely: density and pressure differentials
between ambient and initial conduit fluids, velocity of approach
in the conduit, and inlet geometry. Mixing patterns within the
conduit are to be studied. It is planned to extend the tests to the
case of an ambient fluid which is in motion.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1266, SYSTEM ANALYSIS OF ECTROPHICATION
CONTROL BY FLUSHING
R.T. OGLESBY , Univ. of Washington, School of Engineering,
Seattle, Washington 98122

This research project is designed as an intensive study of a
highly eutrophic lake before and after additions of nutrient poor
flushing water. System analysis techniques will be applied to this
information, together with data obtained through laboratory and
field experiments, to meet the collowinp, objectives: (1) establish
knowledge and information concerning the functional per-
formance anJ effectiveness of flushing as a means of eutrophica-
tion control; (2) define the engineering concepts, design
procedures, and design criteria necessary for the general applica-
tion of this method; and (3) further understanding of the relation-
ship of primary production to the environment in which it occurs.
A further objective is to promote significant improvements in the
water quality of that portion of the lake under study most densely
inhabited and most intensively used for recreation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1267, BACTERIOLOGICAL AND ESTHETIC OF PLEA-
SURE BOAT WASTE DISCHARGE ON SMALL HARBORS
R.W. SEABLOOM, Univ. of Washington, School of Engineering,
Seattle, Washington 98122

The proposed research will involve field studies to determine
and document the bacteriological pollution caused by the waste
discharge from small pleasure craft in small harbors. Both fresh
water and salt water harbors will be studied. The possible esthetic
degradation of water quality will also be determined by visual sur-
veillance of the water during periods of maximum boat activity.
The bacteriological analysis will be initiated in the field and will
be by the membrane filter technique.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Washington

5.1268, COLUMBIA RIVER STUDIES
A.H. SEY MORE, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Of the four studies greatest attention will be given to the ef-
fects of 65Zn, 5 ICr, and 905r on oyster larvae. Oysters are

brought to the spawning condition in the laboratory by manipula-
tion of water temperature. Upon fertilization the eggs are placed
into containers each with two liters of water of various
radionuclide concentration, The experiment is terminated two
days after fertilization at which time the oyster is in the straight-
hinge larvae state. Later the larvae are classified as normal and
abnormal and counted. Information from this experiment is re-
lated to waste disposal, oyster growing and to the controversy
concerning the effects of radionuclides upon pelagic eggs and lar-
vae of marine fishes. In other studies the geographical limit of dis-
tribution of Columbia River water along the Washington coast
will be determined by monitoring 65Zn in mussels; a compilation
of Hanford produced radionuclides in marine organisms will be
prepared; and, the biological half-life of zinc in oysters will be
determined by use of 65Zn and a small animal whole body
counter. After feeding 65Zn to the oysters for a day or two only at
the beginning of the experiment 65Zn measurements will be made
periodically of individual oysters living in a natural environment
except for the time they are transferred to and from laboratory for
whole body counting.

Although the above studies are a new program, prior work
does provide some pertinent information. Mussels along the outer
Washington coast have been monitored for 65 Zn but now the
sampling will be extended into the Straits of Juan de Fuca and
Puget Sound. Much information from several sources is available
on Hanford produced radionuclides in marine organisms. These
data will be compiled and supplemented by a limited amount of
new information. Also in the past the biological half-life of zinc in
oysters has been determined by destructive sampling from lots of
oysters transferred between 65Zn contaminated and non-con-
taminated waters, Willipa Bay and Puget Sound respectively. This
time the loss of 65ZN in individual oysters will be followed as the
oyster will not need to be sacrificed to make the 65Zn measure-
ment.

SUPPORTED BY U.S. Atomic Energy Commission

5.1269, PESPONSES OF FISH TO ENVIRONMENTAL
STRESSES
L.S. SMITH, Univ. of Washington, Graduate School, Seattle,
Washington 98122

To correlate changes in blood circulation and excretion of
fish with changes in environmental stress.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Cti

5,1270, BIOLOGICAL MODELS OF FRESHWATER COM-
MUNITIES
F.B. TAUB, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Ecosystems with defined species composition will be con-
structed as models of natural communities.

The interrelationships between species diversity (the experi-
mental variable) and species abundance, population stability and
productivity on the population and ecosystem level will be stu-
died.

When suitable models are achieved, the ecosystems will
serve as test systems for various environmental stresses including
the addition of nutrients (metropolitan pollution) and introduc-
tion of competing species (pest introduction).

The long-term goal is a better understaing of the
mechanics that regulate natural communities and their ability to
adjust to disturbance.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1271, INFLUENCE OF INDUSTRIAL AND MUNICIPAL
WASTES ON ESTUARINE AND OFF SHORE WATER
QUALITY
J.F. SANTOS, U.S. Dept. of Interior, Geological Survey, Tacoma,
Washington

This project is being carried on in cooperation with the Mu-
nicipality of Metropolitan Seattle.
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A major objective is to study the influence of industrial and
municipal waste disposal on all phases of water quality, chemical,
physical, ecological, and sanitary in fresh, brackish, and saline en-
vironments. Measurements made with multiple parameter water
quality recorders at four sites on the Duamish River estuary are
the basis for the attempted correlations. Parameters recorded in-
clude dissolved oxygen, specific conductance, water temperature,
pH, turbidity and solar radiation index. Computer programs will
be written to analyze these data and to detect significant relations.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Seattle City Government - Washington

5.1272, POLLUTION PREVENTION BY AERATION OF
FRUIT PROCESSING WASTES
L. ESVELT, Snokist Growers, Yakima, Washington

The project involves a study of three methods of aerobic
biological treatment of wastes from a fruit processing plant. The
methods to be studied include a completely mixed aerated
lagoon, a completely mixed activated sludge system, and a
modified contact stabilization process. Oxygen transfer rates and
utilization rates will be determined, and sludge dewatering studies
will be made. A study of possible installation of solids removal
equipment in the plant will be made as a possible method of
reducing waste volumes and reducing of sugar leading into the
carriage waters.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Snokist Growers

5.1273, LIMESTONE DRUM PRODUCTIVITY STUDY
R. MENENDEZ, State Dept. of Nat. Resources, Charleston, West
Virginia

Limestone aggregate is being dissolved in revolving drums
powered by stream flow (Zurbuch, 1963) and resultant effects on
water chemistry and biology assessed. The project includes both
lentic and lotic environments. A 4-drum treatment station is
located on a poorly buffered acid stream (Otter Creek) and a 4-
drum station located on the inflow of a 165-acre infertile lake
(Sherwood Lake). The former has potential for a native brook
trout (Salvelinus fontinalis) fishery; the later is primarily a lar-
gemouth bass (Micropterus salmoides) fishery.

The fish population study involves collection of data on the
fish populations including species composition, production per
unit area, food studies, and age and growth data. Collections are
made with electrical shocking gear, netting, and chemical collec-
tion procedures. Data will be analysed to determine any change in
growth and mortality rates, and increases in standing crop which
may have occurred since the beginning of the project.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
West Virginia State Government

5.1274, LIMESTONE DRUM PRODUCTIVITY STUDY
JOB NUMBER 3 - ECONOMIC EVALUATION
R. MENENDEZ, State Div. of Game & Fish, Charleston, West
Virginia

Limestone aggregate is being dissolved in revolving drums
powered by stream flow (Zurbuch, 1963) and resultant effects on
water chemistry and biology assessed. The project includes both
lentic and lotic environments. A 4-drum treatment station is
located on a poorly buffered acid stream (Otter Creek) and a 4-
drum station located on the inflow of a 165-acre infertile lake
(Sherwood Lake). The former has potential for a native brook
trout (Salvalinus fontinalis) fishery; the later is primarily lar-
gemouth bass (Micropterus salmoides) fishery.

The economic evaluation phase of this study is directed
toward analysis of treatment methods and benefits derived from
an increase in sport fishing. Treatment will be evaluated as to cost
of station installation, maintenance costs, and operational costs.
These will be in turn evaluated on cost per unit of area and
volume of flow or acid effectively treated. Fishery benefits will be
computed through increased fish production provided and assig-
ning values anglers would expend for such fishing.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
West Virginia State Government

5.1275, LIMESTONE DRUM PRODUCTIVITY STUDY
JOB NUMBER 1 - LIMNOLOGICAL STUDY
R. MENENDEZ, State Div, of Game & Fish, Charleston, West
Virginia

Limestone aggregate is being dissolved in revolving drums
powered by stream flow (Zurbuch, 1963) and resultant effects on
water chemistry and biology assessed. The project includes both
lentic and lotic enviorments. A 4-drum treatment station is
located on a poorly buffered acid stream (Otter Creek) and a 4-
drum station located on the inflow of a 165-acre infertile lake
(Sherwood Lake). The former has potential for a native brook
trout (Salvelinus fontinalis) fishery; the later is primarily a lar-
gemouth bass (Micropterus salmoides) fishery,

The limnological phase of this project, presently in its foiuth
year, involves collection of data on stream and lake temperatures
and chemistry, bottom fauna populations, lake water fluctuations,
lake plankton and light penetration, and stream flow measure-
ments. Data will be analysed for changes in water chemistry
resulting from the dissolved limestone, and qualitative and quan-
titative changes in bottom fauna and lake plankton.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
West Virginia State Government

5.1276, TOLERANCE AND CYTOLOGICAL RESPONSE
OF ALGAE TO MINE WATER
H,D. BENNETT, West Va. University, Graduate School, Morgan-
town, West Virginia 26506

Field and laboratory studies are to be conducted to gain
further information on the tolerance of algae to mine water and
the cytologic effects of mine water on the algae. This is to obtain
information on what specific factors of mine water affect the oc-
currence, establishment, and abundance of algae in mine water,
and to determine adaptations of algae that permit or do not per-
mit tolerance to pollution.

Studies are to be made with collections from natural habitats,
from field cultures, and cultures in the laboratory. The study will
make use of algae known to be tolerant, algae not known to be
tolerant, acid mine water, non-acid mine water, and non-polluted
water. Physical and chemical factors of the water to be deter-
mined will include the major contaminants known to be charac-
teristic of mine water. The cytological characteristics will be stu-
died with the aid of the bright field, phase, and the electron
microscope.

The laboratory and field data will be processed to permit
drawing of conclusions, based on this and related work, that will
help clarify algae-mine water relationships, and to point toward
continuing research needed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
West Virginia University

5.1277, FISH ECOLOGY AND PHYSIOLOGY IN RELA-
TION TO ACID MINE DRAINAGE
A. BENSON, West Va. University, Graduate School, Morgan-
town, West Virginia 26506

The investigation seeks to relate water quality criteria to fish
ecology in a mine acid polluted environment.

Study phases include: ( I ) seasonal relationship of fish dis-
tribution to changes in concentration of mine acid constituents;
(2) distribution in environmentally graded habitats including
tributary backwaters, sewage outfalls and river confluences of
acid mine streams; (3) food availability and consumption; (4)
evidence for ecological stress as indicated by species and age
structure of populations, growth rate, condition factor, degree of
reproductive success, and presence of developmental anomalies;
(5) short term toxicity tests of acid mine water and chemical con-
stituents of mine water. (6) Evidence for physiological stress in
long term experiments based on sublethal concentration, of acid
mine water constituents.
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A principal objective is the development of ecological and
physiological criteria as a basis for review and possible modifica-
tion of water-quality standards for aquatic life in water subject to
acid mine pollution,

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
West Virginia University

5.1278, GROWTH OF THE BROWN BULLHEAD, IC-
TALURUS NEBULOSUS (LESUEUR), IN MINE ACID POL-
LUTED WATER
A. BENSON, West Va. University, Water Research Institute,
Morgantown, West Virginia 26506

The study is an evaluation of the environmental effects of
acid mine water on growth rates of the brown bullhead, Ictalurus
nebulosus (Le Sueur). The investigation is based on evident
tolerance of this species to acid conditions and its possible
management potential in acid water,

The procedural research plan includes: ( I ) comparative sam-
pling of brown bullhead populations in acid and non-acid bodies
of water; (2) collecting data on environmental conditions; (3)
determining growth rates; and (4) collecting supplemental data
on food habits and on food availability.

The results are expected to be useful in management
planning for sport fisheries, in establishing water-quality criteria,
and in planning future research.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
West Virginia University

5.12799 CHEMICAL CHARACTERISTICS OF WATERS IN
FLOODED BITUMINOUS-COAL MINESHAFTS
R.G. CORBETT, West Va. University, Graduate School, Morgan-
town, West Virginia 26506

We shall determine quantitatively the major chemical com-
ponents of waters from various levels in flooded bituminous-coal
mineshafts. We shall attempt to measure Eh and pH of 'samples
without altering the values in the process of sampling, These data
may aid in better understanding the mechanism of pyrite altera-
tion in the mine environment.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
West Virginia University

5.1280, STUDIES ON AQUATIC STALKED BACTERIA
V.F. GERENCdER, West Va. University, School of Medicine,
Morgantown, West Virginia 26506

Fresh surface waters will be examined for stalked bacteria
which will be identified by their morphology. Correlations will
then be made between these organisms and other microorganisms
present in the water as well as with the physical and chemical pro-
perties of that water Attempts will then be made to isolate the
stalked bacteria in culture for further studies of their growth
characteristics, cytology, and genetics.

In this way the ecological significance and taxonomic posi-
tion of the aquatic stalked bacteria will be elucidated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. CtI

5.1281, PHYSIOLOGICAL EFFECTS OF SUBLETHAL
LEVELS OF ACID WATER ON FISH
W.J. PEGG, West Va. University, Graduate School, Morgantown,
West Virginia 26506

The project proposes to determine metabolic rates by in-
direct calorimetric methods; eg, measurement of oxygen con-
sumption of sunfish and bullheads which have been subjected to
different laboratory controlled aquatic environments. The en-
vironment will consist of acid waters with pH ranrs about 6.0 to
3.0 and cold total acidities varying from 3 to 70 mg/I CaCO3. The
environmental waters will be composed of combinations of acid
coal mine drainage water and solutions of sulfuric acid diluted
with natural river water and constituted river water. Calcium
levels are to be varied in the test waters to determine whether or
not increased levels of environmental calcium can reduce the ef-
fect of acid water. If oxygen consumption is a valid measure of

energy utilization in fish, then increased metabolic rate under
acid water conditions would indicate that the fish must expend
energy to compensate for the stress induced by the environment.

This research proposes to add metabolic rate data relative to
the acid environment typically found in the Monongahela River
basin. It also proposes to evaluate the relative tolerances of native
river fish to the acid environment. The study may also be con-
sidered as an effort to gain more appropriate water quality criteria
applicable to the problems of reclamation and maintenance of a
sport fishery in the Monongahela River basin.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
West Virginia University

5.1282, PHOSPHATE UPTAKE, STORAGE, AND
RELEASE BY MICROORGANISMS IN WASTEWATER
TREATMENT
W.A. SACK, West Va. University, School of Engineering, Morgan-
town, West Virginia 26506

The objective of this investigation is to understand and
develop the capability of heterotrophic microorganisms to
remove phosphate from wastewater. The first phase of the work
will seek to determine how the uptake and turnover of
phosphorus depend on the presence and level of a metabolizable
substrate. Batch and continuous culture techniques will be use o.
to simulate in a controlled manner the actual conditions of sludge
contact with waste. The substrate-to-microorganism ratio will be
varied over a wide range to observe the phosphate uptake per cell
in growth situations. To closely f"./low the flow of phosphate,
rigorous phosphate balances will r made on the cell mass and
substrate. The second phase of the study will be an investigation
of cellular storage of phosphate. Complex polyphosphates accu-
mulate in a wide variety of organisms under certain conditions
which limit their usual synthetic activities toward growth and divi-
sion. In waste-treatment systems, carbon is the parameter limiting
cellular growth. Observations therefore will be made for inor-
ganic polyphosphate storage under carbon limiting conditions.
The substrate limitation will be enforced on the culture under
various patterns and cycles of loading.

Estimates of stored polyphosphates will be made by staining
procedures and by chemical analyses. Chemically defined media
will be used. Pure cultures and mixed cultures representative of
those found in wastewater will be employed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
West Virginia University

5.1283, BIOLOGICAL TREATMENT OF SPENT VEGETA-
BLE TANNINS
W.A. SACK, West Va. University, School of Engineering, Morgan-
town, West Virginia 26506

The overall objective of the proposed study is to determine
the feasibility of biological treatment of spent vegetable tannins
and other color-producing substances in vegetable tan-house
waste. Specific objectives are to; Study the kinetics of adsorption
of the tannins on biological sludge; determine what part of the
complex tannin extract is biodegradable by an adapted culture,
and if degradation will proceed to a point of significant color
reduction; study the effect of supplemental carbon sources on the
extent and rate of oxidation; obtain data on sludge settlebility,
required detention times, allowable waste strength, and sludge
concentration that may be useful in design of an oxidation ditch
for treatment of tannery waste. The investigation will be a bench-
scale study using spent vegetable tans containing both condensed
and hydrolyzable tannins. A mixed culture developed from a
domestic-waste investigation is designed to supply basic informa-
tion on the adsorption and biodegradation of tans that will be use-
ful in design of a pilot or full-scale unit. The study is directed
toward the oxidation-ditch method of treatment.
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SUPPORTED BY U.S. Dept. of Interior - C. Water Res. Rch SUPPORTED BY U.S. Dept. of Agriculture

West Virginia University West Virginia State Government

5.1284, ACID MINE DRAINAGE MICROBIOLOGICAL
STUDIES
H.A. WILSON, West Va. University, School of Agriculture, Mor-
gantown, West Virginia 26506

The proposed studies will be concerned with: 1. The isolation
and identification of the heterotrophic acid tolerant bacteria in
sewage polluted acid mine drainage streams. These isolates will
be compared with those isolated in sewage polluted 'normal'
(non-acid) streams; 2. the isolation of yeasts and true fungi from
sewage polluted acid mine drainage streams. These also will be
compared with isolates from non-acid streams; and to determine
the role yeasts may play in sewage decomposition under the acid
conditions; 3. to determine the amino acids and carbohydrates in
sewage (by chromatography) and to compare their decomposi-
tion rates under 'normal' (non -acid) conditions with their decom-
position rates in acid mine water environments.

Yeasts become the predominating microorganisms in
sewage-acid mine water mixtures under laboratory conditions and
these microorganisms also occur in streams with those charac-
teristics. It is not known just what their role is. Two species of
yeasts have been encountered in all of the work in our laborato-
ries on studies of sewage decomposition in an acid mine water en-
vironment; however, little work was done to determine the role
they played.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
West Virginia University

5.1285, EFFECT OF AN ACID-WATER ENVIRONMENT
UPON THE SYNTHESIS OF GROWTH FACTORS BY BAC-
TERIA
H.A. WILSON, West Va. University, School of Agriculture, Mor-
gantown, West Virginia 26506

The research proposes to investigate whether an acidic en-
vironment resulting from acid mine drainage interferes with 'self
sufficient' bacteria in synthesizing essential growth factors, such
as vitamins. The project is a feasibility study to determine a possi-
ble design for additional research aimed at new methods of mine-
drainage treatment. Bacterial isolates will be obtained from
sewage-polluted acid mine drainage and from aerated sewage-
acid mine drainage mixtures in the laboratory. 'Self sufficient'
bacteria, those capable of synthesizing their own growth factors,
will be inoculated into the synthetic medium. After determining
reactions to various conditions, growth factors will be added to
determine the effects on the isolates. The results will be used to
determine additional research.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
West Virginia University

5.1286, THE MICROBIOLOGY OF FARM PONDS AND
OTHER FRESH WATER SYSTEMS
H.A. WILSON, West Va. University, Agricultural Experiment
Sta. , Morgantown, West Virginia 26506

To study (I) qualitatively znd quantitatively, wherever it
seems desirable, the microbiological population of fresh water
systems and the factors influencing this population; (2) whether
certain special bacterial groups such as cellulose decomposers,
nitrifiers, nitrogen fixers, etc., are present; (3) the effect that
pesticide and herbicide residues have upon the microbial popula-
tion of such waters and whether any members of the water
microflora are capable of degrading either the active r inert con-
stitudents of such materials; (4) the potential danger to livestock
drinking from ponds and stagnant pools when heavy algal growths
appear; (5) the probable pollution hazards to ponds and streams
from garbage dumps, sanitary landfills and domestic sewage from
private residences,

Standard microbiological procedures will be the general
basis of study. Respirometer apparatus will be used to study the
effects of pesticides. Phycological methods will be used to look
for algae known to 'poison' water and standard methods of the
American Public Health Association will be employed in the
search for pollution hazards.

5.1287, FLOOD RUNOFF REDUCTION AND WATER
YIELD IMPROVEMENT
J.H. PATRIC, U.S. Dept. of Agriculture, Parsons, West Virginia

Object: To determine relationships between forest conditions
and practices and the quantity, timing, and quality of streamflow
from forested watersheds; and to improve watershed management
in the northern Appalachian Mountains.

Plan of work: The project staff has already determined the ef-
fect of forest cutting on a series of experimental watersheds. They
are continuing the studies to determine the duration of these ef-
fects and effect of subsequent cuttings on the same watersheds.
Other studies involving partial watershed treatments and com-
binations are in process. They are also conducting basic studies
on runoff and storage characteristics of the experimental
watersheds, changes in microclimate resulting from watershed
treatments, and the development of water yield prediction
methods.

SUPPORTED BY U.S. Dept. of Agriculture

5.1288, IN-PLANT TREATMENT OF DILUTE WASTES
OF THE PULPING INDUSTRY
A.J. WILEY, Pulp Manufacturers Res. League, Appleton, Wiscon-
sin 54911

The purpose of the project will be to demonstrate field-scale,
in-plant treatment of dilute pulping wastes utilizing a portable
reverse osmosis unit. The in-plant treatment method will be
developed to reduce hydraulic loadings on biological secondary
treatment systems by concentrating the solids in the waste stream.
Development and evaluation of reverse osmosis as a method of
recovering clear water for reuse by the mill will be accomplished.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Pulp Manufacturers Research League, Inc.

5.1289, COMBINED INDUSTRIAL AND MUNICIPAL
WASTE TREATMENT
D. MARTIN, Green Bay Met. Sewage Dist. , Green Bay, Wiscon-
sin

The project will be a study, evaluation, and determination of
the effectiveness, design, and operating parameters of four alter-
native biological treatment processes and modifications for treat-
ing combined municipal and industrial (primarily paper mill)
waste waters. A pilot waste water treatment plant for each
process will be determined. Each pilot plant will have a 1 to 10
gpm capacity for combined waste waters. After selecting the most
promising process, an existing 60 gpm pilot plant will be modified
to suit the selected process and will be operated for a year to
demonstrate its performance and to generate performance data.
The final objective is to evaluate the design, perfor ,ance, and use
of the systems and to generalize the results for applicability to
other locations.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Green Bay City Government - Wisconsin

5.1290, NUTRITIONAL ECOLOGY AND COMMUNITY
STRUCTURE OF THE PHYTOPLANKTON OF GREEN BAY
P.E. SAGER, Univ. of Wisconsin, Graduate School, Green Bay,
Wisconsin 54302

The proposed research involves investigations on the rela-
tionship between phytoplankton community structure and
nutrient availability. Previous studies have indicated an inverse
relationship between species diversity and nutrient availability in
the water. In this study, equal emphasis will be placed on the algal
cell content of the important plant nutrients, nitrogen and
phosphorous. Techniques to be utilized will determine the limit-
ing or non-limiting nature of these nutrients in the algal material
itself. The question to be answered is how is nutrient availability
reflected in the structure of the community.

The phytoplankton community existing along the nutrient
gradients in the Bay resulting from pollution inputs provides a
large experimental system in which this question can be explored.
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At selected sampling stations, seasonal estimates of community
structure will be made from species-abundance enumerations and
the subsequent calculation of a species diversity index. Pigment
extraction will also be utilized for the estimation of community
structure and standing crop. Several physico-chemical variables
will be measured concurrently. The data will be examined in a
framework which will lead to a better understanding of the factors
that regulate structure and metabolism in the phytoplankton com-
munity in the face of an ecological disturbance ( water pollution).

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Wisconsin

5,1291, SURVEY OF DDT AND DIELDRIN RESIDUES IN
FISHES IN WISCONSIN WATERS
S.J. KLEINERT, State Dept. of Nat. Resources, Madison, Wiscon-
sin 53701

Gas chromatographic analysis of 555 whole fish samples of
35 species of fish from 109 inland waters, the Mississippi River,
and Wisconsin's coastal waters of Lakes Michigan and Superior,
were made in 1965, 1966, and 1967, for the chlorinated
hydrocarbon pesticides DDT and Dieldrin. The chief objective of
the survey is to establish the residue levels of these pesticides in
fish of a wide variety of waters of Wisconsin. Factors such as spe-
cies differences in residues, geographical location, and pesticide
usage are compared with the residue findings in the three year
summary report being edited for publication in 1968.

SUPPORTED BY Wisconsin State Government

5.1292, DDT RESIDUE ACCUMULATION IN WISCONSIN
FISH AND THE EFFECT ON REPRODUCTION
Si. KLEINERT, State Dept. of Nat. Resources, Madison, Wiscon-
sin 53701

In 1966 and 1967 studies were made of the survival of wal-
leye eggs and fry of a variety of DDT residue levels. The 1967 stu-
dies were written into report from in 1968. This report is being
edited for publication.

SUPPORTED BY Wisconsin State Government

5.1293, CHEMICAL TREATMENT OF NEBISH LAKE
J.J. KEMPINGER, State Div. of Conservation, Madison, Wiscon-
sin 53701

Objective: To determine the standing crop and age and size
composition of the fish population; to prepare for study of a two
species fish population to be introduced.

Procedures: Fieldwork completed. Continue for data
analyses and report preparation only.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Wisconsin State Government

5.1294, MANIPULATION OF RESERVOIR WATER FOR
IMPROVED QUALITY AND FISH POPULATION RESPONSE
T.L. WIRTH, State Div. of Conservation, Madison, Wisconsin
53701

The number of small recreation reservoirs (50-200 acres) in
Wisconsin's lakeless region is rapidly increasing. The formation of
these impoundments alters the downstream channel while the fer-
tility of the region causes the reservoirs to become highly
eutrophic with limited aesthetic value due to aquatic nuisances.
Recreational angling in the reservoirs appears to be depressed
due mainly to intense algal growths and adverse aquatic environ-
ments (anerobic hypolimnion) which limit fish production in the
steep-sided basins. Different management techniques are being
applied to two in-line reservoirs. The downstream impoundment,
which first filled in May 1967, is equipped with an outlet structure
which continuously discharges hypolimnion water. The upstream
impoundment discharges epilimnion water and is being con-
tinually mixed to prevent thermal stratification. Quantity and
quality (temperature, pH, D. 0., transparency, major nutrients,
and elements) of the inflow, outflow, and impounded waters are
being measured throughout the year. Ash production and harvest
are measured through techniques of population estimates, growth

rates, age distribution, and anglers' catch for comparison to previ-
ously measured levels. Invertebrate species composition and rela-
tive abundance are being measured in both of the impoundments
and in the stream below the lower reservoir to ascertain changes
brought about by manipulation. Aquatic vegetation changes are
also being noted in the stream below.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
Wisconsin State Government

5.1295, A STUDY OF LAND DISPOSAL OF SPENT
SULFITE LIQUOR AT BADGER PAPER MILLS, INC., PESH-
TIGO, WISCONSIN
T,A. CALABRESA, State Div. of Env. Protection, Madison,
Wisconsin

This cooperative project provides for the determination of
the extent of movement of spent sulfite liquor both in depth and
laterally from the ground surface disposal areas. This project
hopefully will result in determinations of:

1. The influence that the bedrock configuration has on the
subsurface movement of the waste sulfite liquor. 2. The effect
limerock in the area has, if any, in neutralizing some of the acidity
of the waste. 3. The potentiometric distribution of the sulfite
liquor both vertically and horizontally in the surficial deposits
above the limerock in the vicinity of the disposal sites. 4. The
aquifer characteristics both in the unconsolidated and rock
aquifers. 5. The quantity of the waste reaching the river. 6.
Whether the Badger Paper Mills, Inc., shall abandon the present
disposal method in favor of some other treatment method insofar
as the Peshtigo River is concerned. 7. Whether such land disposal
practice for this type or other strong industrial waste can be safely
permitted under similar geological conditions.

SUPPORTED BY Wisconsin State Government
Badger Paper Mills, Inc.

5.1296, A COMPARISON OF TOTAL COLIFORM AND
FECAL COLIFORM COUNTS IN STREAM POLLUTION
SURVEYS
D.H. SCHUETTPELZ, State Div. of Resource Dev. , Madison,
Wisconsin

The study consists of a literature review and limited field
sampling to determine if the fecal coliform, rather than the total
coliform count, would be a better indicator of bacterial con-
tamination of surface waters. This study will determine whether
the fecal coliform organism will be used in routine stream pollu-
tion surveys conducted by the sponsoring department. The field
sampling is being conducted below a sewage treatment plant and
will provide die-off rates and correlation of the coliform strains in
the stream.

All bacterial counts are performed by the membrane filter
technique and are accepted as being representative (equivalent to
MPN ) of the true fecal and total coliform populations. Analyses
are performed in accordance with Standard Methods for the Ex-
amination of Water and Wastewater (12th ed.) at the Wisconsin
State Laboratory of Hygiene.

SUPPORTED BY Wisconsin State Government

5.1297, RESEARCH AND REFERENCE TO SEWAGE EF-
FLUENT PONDS
W.C. BOYLE, Univ. of Wisconsin, School of Engineering, Madis-
on, Wisconsin

The objective of this investigation is to determine base design
criteria for stablization ponds by ascertaining the effects of deten-
tion time, organic loading and temperature on pond efficiencies.
By the use of two partitions a 5 foot deep pond was converted into
three ponds, approximately 35' by 35'. A secondary treated
domestic sewage is to be fed on a controlled basis to these three
ponds to give the following detention times, 3, 10 and 30 days.
The effects of these different detention times are to be deter-
mined at various temperatures and organic loadings by conduct-
ing tests throughout the year.

The efficiency of these ponds under different experimental
conditions are to be determined by use of the following analytical
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tests: 13.O.D., C.O.D., methylene blue, solids, nitrogen, bac-
teriological (mainly fecal coliform), chlorides and phosphates. In
order to avoid loss of contents by seepage these ponds have to be
lined with an impermeable water barrier. Two unsuccessful at-
tempts have been made to install such a barrier by using a butyl
rubber liner. Another attempt is currently underway to permit the
completion of this investigation during the next fiscal year.

This study, conducted in connection with the Ixonia
(Wisconsin) aerated activated sludge treatment plant, was started
in the fiscal year of 1966 and is expected to be completed in the
fiscal year of 1969.

SUPPORTED BY Wisconsin State Government

5.1298, IMPROVING SURFACE WATER CONDITIONS
THROUGH CONTROL AND DISPOSAL OF AQUATIC
VEGETATION
1/.0. BRUHN, Univ. of Wisconsin, School of Agriculture, Madis-
on, Wisconsin

This research proposes to investigate methods for the more
efficient handling of cut aquatic vegetation. Feasible alternatives
are sought for present slow and costly methods, which are at the
same time compatible with over-all water management programs.
Knowledge concerning the physical processing properties of
aquatic plants is quite limited. Initially research would be con-
ducted to determine how plants are affected by such standard
operations as dewatering by crushing, homogenizing, maceration,
etc., the objective being to identify potentially effective
procedures.

Following acquisition of certain fundamental handling and
processing data, the research can proceed on an applied basis.
This second, pilot scale phase will attempt to determine the most
practical combinations of methods for transportation and disposal
of the entire, unprocessed plant, the entire plant after processing
in some manner, complete disposal at the source, or other com-
binations.

The objective is to alleviate some of the bottlenecks which
limit the capabilities of today's aquatic vegetation harvesting
machinery to small fractions of rates achieved with agricultural
machinery. The high cost of systems and procedures for mechani-
cal control of aquatic vegetation have prevented realistic evalua-
tions of its effectiveness as a management measure in eutrophic
waters.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

5.1299, BIOLOGICAL NITROGEN FIXATION IN LAKES
R.H. BURRIS, Univ. of Wisconsin, School of Agriculture, Madis-
on, Wisconsin

A mobile laboratory will be equipped for routine analytical
work including gas chromatography. This laboratory will be used
to study biological N2 fixation in lakes and on the fringes of lakes.
Samples of aquatic flora and of root nodules will be exposed in
the field to acetylene under a close approximation of natural con-
ditions. Reduction of acetylene to ethylene will be determined by
gas chromatography and will be used as an index of the activity of
the N2 fixing system.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

5.1300, INSECTICIDE ADSORPTION BY LAKE SEDI-
MENTS AS A FACTOR CONTROLLING INSECTICIDE AC-
CUMULATION IN LAKES
G. CHESTERS, Univ. of Wisconsin, School of Agriculture,
Madison, Wisconsin

Detailed Objectives: a. To determine the extent of adsorption
of certain insecticides by intact and fractionated lake sediments
and the bonding mechanisms involv,:,d. b. To relate adsorption to
a characterization and classification of lake sediments. c. To
ascertain the effect of adsorption on chemical and biochemical
degradability.

The extent of insecticide adsorption will be evaluated by
equilibration and chromatographic techniques utilizing gas chro-

matographic and radioisotopic methods for insecticide deter-
mination. Properties of the insecticides and the sediments con-
trolling the extent of adsorption will be ascertained. The effect of
adsorption on the chemical and biochemical degradability will he
determined by comparison of degradation rates in the presence
and absence of adsorbents. Properties of sediments will also be re-
lated to their origin, environment of deposition and location to
obtain a classification useful for prediction of the extent of insec-
ticide accumulation in lakes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

5.1301, CHANGES IN WATER ENVIRONMENT RESULT-
ING FROM AQUATIC PLANT CONTROL
G. COTTAM, Univ, of Wisconsin, Graduate School, Madison,
Wisconsin

Heavy overgrowths of rooted aquatic plants, with their at-
tached filamentous algae, constitute a distinct problem in multi-
ple use of lakes for a growing human population. Harvesting of
the rooted aquatics clears the lakes of growth that impedes
swimming and boating, and also removes the attached filamen-
tous algae. While this harvesting does result in removal of some of
the nutrients present in the lake waters, this benefit is probably of
little value, since the quantity of nutrients so removed is small in
proportion to the total quantity present.

The major questions to be answered in this project are (I)
what species are responsible for the majority of the objectionable
growth? (2) How do these species respond to the control measure
applied? This invo!ves a knowledge of the life history of the spe-
cies. (3) What is the sequence of species replacement when spe-
cies are removed? (4) How will differences in depth, currents,
and types of bottom affect development of vegetation?

The major emphasis so far has been an analysis of the dis-
tribution of the rooted aquatics in relation to water depth, type of
substrate, etc., and a study of the response of the plants to dif-
ferent cutting treatments. Chemical control has not been studied
because of the difficulty of controlling rate and locale of applica-
tion, and because of the detrimental effects of poisons on other
biological organisms present in the lake.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

5.1302, SIGNIFICANCE OF ARTHROBACTER IN
ECOLOGY OF WATER AND SOIL
J.C. ENSIGN, Univ. of Wisconsin, School of Agriculture, Madis-
on, Wisconsin

Bacteria belonging to the genus Arthrobacter are found in
large numbers in soil and water. In some environs they are the
predominating single group of bacteria. They comprise an impor-
tant part of the stable autochthonous microflora. The purpose of
this investigation is to explore the role of Arthrobacter in soil and
water ecosystems. The mechanisms whereby these bacteria are
able to maintain fairly constant and large populations, regardless
of variations in environmental conditions, will be studied. Re-
sistance to starvation, desiccation, adverse temperatures and
other environmental conditions will be compared in both rod and
sphere stage cells of the organism. The degradation of cellular
macromolecules, reserve materials and intracellular pools will be
followed during starvation. The results are to be compared to
those obtained with Pseudomonas, which are part of the fluctuat-
ing, or zymogenous, microflora.

Members of the genus Arthrobacter have been found to ac-
tively degrade pyridine-ring compounds. A second aspect of this
investigation involves studying the pathways and enzymes in-
volved in catabolism of pyridine, nicotinic acid and several herbi-
cide and insecticide derivatives of the pyridine ring.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl

5.1303, DETECTION OF LIMITING AND SURPLUS NU-
TIENTS IN ALGAE
G.P. FITZGERALD, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin
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Previous reports have described techniques developed for
the detection of limiting or surplus phosphorus in algae. The
present work involves the evaluation of a technique for determin-
ing if algae were limited by their nitrogen supply, It has been
shown that labile carbohydrate reserves tend to build up in algae
when they are deprived of sufficient nitrogen for normal growth.
It is possible to detect these reserves considerably before the total
nitrogen content of the algae starts to decrease. The development
and loss of the reserve carbohydrate has been used to follow the
development of nitrogen starvation and reversal of starvation by
the addition of ammonia or nitrate nitrogen. The significance of
these tests to algae in general and to the ecology of nitrogen nutri-
tion in water pollution will be further evaluated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1304, ALGAL BIOASSAY TO DETERMINE THE EX-
TENT OF NUTRIENT REMOVAL BY AWT AT THE WASTE
TREATMENT PLANT AT ELY, MINNESOTA
G,P. FITZGERALD, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin

Algal bioassays will be used in the determination of the ex-
tent of nutrient removal by the advanced waste treatment process
at the Waste Treatment Pilot Plant at Ely, Minnesota. The project
provides for measurement of algal growth using two algae in 60
preliminary samples and two algae in 110 composite samples
representing the feed, the final product, and three intermediate
stages from the Shagawa Lake Project pilot plant.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ct!

5.1305, BOTULINUM FOOD POISONING IN RELATION
TO FISHERY PRODUCTS
E.M. FOSTER, Univ. of Wisconsin, Agricultural Experiment Sta.
, Madison, Wisconsin

Objedtives: To study (I) ecology of C. botulinum type E in
the Great Lakes; (2) conditions affecting spore formation by C.
botulinum type E; (3) the heat resistance of C. botulinum type E
spores with the view of establishing minir turn times and tempera-
tures that will destroy the majority of spores without damaging
marketability of the product; and (4) to establish conditions
necessary to prevent growth of C. botulinum type E fishery
products.

Procedure: Samples of fish, water and mud from the Great
Lakes will be tested for C. botulinum type E to see if its occur-
rence can be related to specific environmental conditions. Study
cultural conditions of spore formation of C. botulinum, observing
effects of nutrients, pH, incubation temperature, and time on
sporogenesis. Establish minimum temperature and time which
will destroy all heat sensitive spores. Determine efficacy of vari-
ous food additives for purpose of preventing growth of spores
which survive the heat process. Salt, benzoate, nitrite and
polyphosphate hold promise. When an effective control
procedure is found in the laboratory it will be tried on a pilot scale
basis with full size equipment operated under normal commercial
conditions. Determine consumer acceptability of finished product
by qualified taste panels.

SUPPORTED BY U.S. Dept. of Agriculture
Wisconsin State Government

5.1306, INSTITUTIONAL DESIGN FOR WATER QUALI-
TY MANAGEMENT - A CASE STUDY OF THE WISCONSIN
RIVER BASIN
O.K. FOX, Univ. of Wisconsin, Water Resources Center, Madison,
Wisconsin

The Problem: Although a substantial amount of research is
going forward on the technical and economic aspects of water
quality management, relatively little attention is being devoted to
the legal, policy, and administrative aspects. New policies and or-
ganizational arrangements are being tried but little scientific basis
is being provided for institutional change that will assure proper
implementation of the kinds of programs required for effective
water quality management in the future.

The Objective: Using the Wisconsin River Basin as a region
for study the specific objectives are: 1. To assess the advantages
of a regional approach to water quality management 2. To evalu-
ate the effectiveness of alternative institutional arrangements for
conducting desirable programs of water quality management 3.
To appraise the obstacles that are likely to be encountered in
seeking desirable institutional changes,

Procedures: The research falls into two broad areas, One
group of studies will seek to define the nature of effective pro-
grams for water quality management in the Wisconsin River Basin
through application of recognized methods of water system
design, The other group of studies will evaluate the effectiveness
of alternative institutional arrangements for conducting water
quality management programs through application of techniques
of economic, political, legal, and administrative analysis.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch

5.1307, STUDY OF THE APPLICABILITY OF EFFLUENT
CHARGES TO WATER QUALITY MANAGEMENT IN THE
STATE OF WISCONSIN
I.K. FOX, Univ. of Wisconsin, Water Resources Center, Madison,
Wisconsin

Many cities and communities in the United States have levied
charges upon those who utilize the public sewage collection and
treatment systems. However, to our knowledge there is no case
where charges have been levied against those who discharge ef-
fluents directly into waterways. It is evident that the applicability
and utility of effluent charges have not been thoroughly examined
on the basis of carefully developed empirical information
anywhere in the United States. This proposed study would seek to
review the literature and experience on this subject and then test
alternative concepts on the basis of empirical data developed for
a specific river system.

The objectives of this study are as follows; (1) to arrive at al-
ternative concepts of effluent charges, which may be applicable
to the State of Wisconsin and to assess the potential advantages
and limitations of each concept, (2) to examine the quality and
economic consequences of applying alternative concepts of ef-
fluent charges in the Wisconsin River Basin by using empirical en-
gineering and economic data presently being developed at the
Water Resources Center.

It is to be emphasized that the report of this study will not
recommend for or against the use of effluent charges in Wiscon-
sin, nor will it offer other kinds of recommendations. The goal of
the study will be to present completely objective, scientific analy-
sis of all data and materials that can be marshalled so that State
policy officials can make intelligent estimates of the physical and
economical consequences of adopting one policy or another.

SUPPORTED BY Wisconsin State Government

5.1308, EXPERIMENTAL REVERSAL OF THE LAKE
EUTROPHICATION PROCESS
A,D. HASLER, Univ. of Wisconsin, Graduate School, Madison,
Wisconsin

The proposed research program will attempt to evaluate the
hypothesis that artificial acceleration of eutrophication (assuming
a fixed, irreducible influx of nutrients) will ultimately result in a
decrease in the rate of eutrophication and a temporary increase in
production of food and other organic matter.

The majority of experimentation will be done IN SITU, using
natural and artificial lake basins (Chippewa and Vilas Counties,
Wis.). The acceleration of eutrophication at a predetermined,
fixed level of nutrient influx, will be attempted by means of artifi-
cial lake circulation and artificial lake warming.

Biological indices of eutrophication, including
photosynthetic rates, ( I 4C method), diversity of bacteria and
phytoplankton, and rates of zooplankton and fish production will
be measured.
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SUPPORTED BY U.S. Dept. of interior 0. Water Res. Rch
University of Wisconsin

5.1309, EFFECT OF PESTICIDES ON WILDLIFE,(SONG-
BIRDS, HERRING GULLS AND FISH)
J.J. HICKEY, Univ. of Wisconsin, Agricultural Experiment Sta. ,

Madison, Wisconsin
The object of these studies is to evaluate the wildlife side ef-

fects of insecticidal use and to work out the kinetics of DDT
transfer through different ecosystems.

The avian effects of DDT in Dutch elm disease control have
been evaluated on 7 Wisconsin study areas and the transfer of
DDT through soils, earthworms and birds is now being measured.
A second project is measuring residues in Lake Michigan sedi-
ments, fish, and gulls. A third is evaluating the current status of
the peregrina falcon in eastern U.S,

SUPPORTED BY Wisconsin State Government

5.1310, SURVEY OF CLOSTRIDIUM BOTULINUM TYPE
E
S. HIROSHI, Univ. of Wisconsin, School of Agriculture, Madison,
Wisconsin (FDA)

Current investigations have stressed the relationship between
the vegetative cells and spores of C. botulinum type E and living
and dead fish. The following preliminary observations have been
noted: ( I ) Vegetative cells of type E when fed to living fish do not
become established in the gastrointestinal tract. (2) Similar
results were obtained when spores were fed to fish. (3) The or-
ganism is unable to establish itself and multiply in the surface
slime of living fish. (4) Conversely, the presence of type E toxin in
dead fish confirms the expectation that type E can multiply in
dead fish in nature and suggests a possible source: of contamina-
tion of the aquatic environment with this organism. (5) The in-
testinal tract of fish may become contaminated with type E in the
absence of food, if the levels of the organism in the water is high.

Multiplication of type E in muds has been accomplished
under laboratory conditions. It has been shown that the nutrient
available in autoclaved muds of two geographical areas can sup-
port spore germination and growth of type E; however, no growth
was observed in the unsterilized replicates. Multiplication of the
organism is substrate and temperature dependent but not affected
by the incubation atmosphere when phosphate buffer is present.

An enrichment medium containing either potato flesh or peel
was evaluated as an improved medium for the detection of type E.
This potato infusion medium was compared with Johannesen's
medium. The results suggest that the addition of potato infusion
may improve the detection of type E in mud and soil samples. The
conclusions are tentative and more experimental data are
required.

Identification of toxigenic type E colonies using the develop-
ment of antigen-antibody halos around deep colonies has been
unsuccessful. The lack of success is due primarily to false positive
reactions. Investigations concerning the establishment and mul-
tiplication of type E in or on living fish, conditions necessary for
the multiplication of the organism in muds and a practical method
of identifying toxigenic colonies are continuing.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - F.D.A.

5.1311, BACTERIOLOGICAL ANALYSIS OF THE FLOCS
OF ACTIVATED SLUDGE OF DOMESTIC SEWAGE
E.F. MCCOY, Univ. of Wisconsin, Agricultural Experiment Sta. ,
Madison, Wisconsin

Engineers have been handicapped by not knowing the identi-
ty or having for study pure cultures of the bacteria in activated
sludge flocs. Among 300 isolates we have obtained 11 of
Zoogloea ramigera and the remainder are in 12 other genera of
bacteria. Only Z. ramigera forms flocs like those in sewage, grows
well in sterilized sewage or in several simple and synthetic media
we have devised. Its metabolism and function in sewage disposal
is being investigated. The remaining non-floc organisms can be
adsorbed to the Z. ramigera flocs, when they are growing
together, and thus one can re-assemble the flocs of composite ac-
tivity. Z. ramigera is a very unusual organism and its metabolism
extremely interesting on theoretical grounds.

SUPPORTED BY Wisconsin State Government

5.1312, RETENTION OF NUTRIENTS AND OTHER POL-
LUTANTS IN SEWAGE BY SOILS
L.B. POLKOWSKI, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin

The objective of this study is to determine the ability of a
given soil type in retaining or removing nutrients and other in-
dicators of pollution from the effluent of a septic tank-soil absorp-
tion system under actual field conditions. The site of this in-
vestigation is the Wisco isin Heights High School near
Mazomanie, Wisconsin. After determining the direction of
groundwater travel, 24 driven point wells were installed in the
vicinity of the tile absorption field. The soil consists of a silty clay
loam changing to sandy loam underlain by outwash sand and
gravel.

Groundwater samples were taken from the wells weekly from
April September (1967) and on a bi-weekly schedule thereafter.
Analyses were made for BOD, chlorides, detergents (MBAS),
nitrogen, phosphorous and coliforms.

SUPPORTED BY Wisconsin Sta,.: Government

5.1313, INVESTIGATIONS OF ZOOGLOEAL FLOCS
G.A. ROHLICH, Univ. of Wisconsin, School of Engineering,
Madison, Wisconsin

The proposed work has been divided into the following
general areas: Floc Formation - Studies are being undertaken to
determine the quantitative and qualitative factors affecting the
flocculation of bacteria of the genus Zoogloea.

Metabolism and Growth of Zoogloeal Species - Further work
is being undertaken to better understand the metabolism of the
Zoogloeal species. Identification and taxonomic studies are also
being made.

Kinetic and Diffusional Studies - The diffusion of nutrients
(including oxygen) through pure culture floc is being studied.
Both kinetic and diffusional models will be investigated and
tested.

Gravity Settling of Flocs - Preliminary studies are being made
to better ascertain the factors affecting the density, specific sur-
face and shape of pure culture flocs that might affect settling pro-
perties.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1314, EUTROPHICATION OF NATURAL WATERS
G.A. ROHLICH, Univ. of Wisconsin, Water Resources Center,
Madison, Wisconsin

The research objectives of this multidisciplinary program are
to make indepth studies on the eutrophication of natural waters.
Among some of the specific objectives are: 1. Determine the
cause-and-effect relationship between natural aging of lakes and
inadvertent enrichment which leads to short-term changes in
water quality in terms of physico- chemical and biological factors.
2, Develop methods of forecasting variations in quality of lake
waters by the examination of early trends. 3. Contrive methods of
management to control optimum quality of lake waters for mu-
nicipal, industrial, agricultural, and recreational uses and to arrest
or reverse eutrophication trends. 4. Examine the interrelation-
ships among several variables pertaining to the process of
eutrophication and exclude those which prove to be of doubtful
value for continuing interdisciplinary comprehensive studies. 5.
Establish a research program that will generate the kinds and
amounts of data needed for systems analysis of the total problem
by a competent environmental scientist.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1315, ENTEROCOCCI, COLIFORM BACTERIA AND
BACTERIOPHAGES IN LAKE WATER
W.B. SARLES, Univ. of Wisconsin, Agricultural Experiment Sta. ,
Madison, Wisconsin

This project is inactive at present because a qualified
assistant could not be found. The purpose of the work is to ascer-
tain whether bacteriophages specific for coliform bacteria and for
entercocci can be detected in polluted water, and to determine
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their persistence in water. Information on persistence of bac-
teriophages in water is needed to complement knowledge on lon-
gevity of coliform bacteria and of enterococci in polluted waters.
During the past three years preliminary studies have been made,
but these have not yielded conclusive results.

SUPPORTED BY Wisconsin State Government

5.1316, SHALLOW GROUNDWATER FLOW SYSTEMS
IN RELATION TO INDUSTRIAL AND MUNICIPAL WATER
SUPPLY AND WASTE DISPOSAL REQUIREMENTS
D.A. STEPHENSON, Univ. of Wisconsin, Graduate School,

Madison, Wisconsin
The occurrence seasonal fluctuations of shallow ground-

water flow systems in various geologic environments of Wisconsin

will be investigated within the framework of their relation to
waste disposal practices of selected industries and municipalities.
Solid and liquid waste disposal sites of the canning, dairy, and
paper-pulp mill industries, plus municipal sanitary land fill sites
will be areas wherein shallow flow systems are to be investigated.

It is anticipated that limited site selection criteria for the
specified disposal practices can he developed based on the
hydrogeologic framework. Where liquid wastes are being
disposed of through spray irrigation or ponding, formulas will be
developed to control rotation of equipment used for the waste ef-
fluents. It is further anticipated that more extensive investigations
can be initiated following this preliminary study.

Surface and subsurface geologic, hydrolog;c, and geophysi-
cal data are to be collected, compiled, and interpreted. Laborato-
ry and field studies will be interpreted to provide a basis for prac-
tical application of results,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

5.1317, OPERATION AND EVALUATION OF A DEMON-
STRATION ROTATING BIOLOGICAL CONTACTOR
F.M. WELCH, Allis Chalmers Mfg. Company, Milwaukee,
Wisconsin

The purpose of the contract Allis-Chalmers now has with the
F.W.P.C.A. is to design, construct, operate and evaluate an in-
line (adjacent to an existing sewer) waste treatment device. The
waste treatment device to be investigated is termed a Rotating
Biological Contactor (R.B.C.) and will be utilized to treat com-
bined sewage flows.

The R.B,C. system is a biological process which consists of
fungi and bacteria that have grown on a series of rotating discs.
The rotating discs act as a support media for the bio-mass and an
aeration device. The proposed R.B.C. in-line system will treat
both dry-weather and storm flows by subjecting said flows to
screening, grinding, sedimentation and biological oxidation.

The contract will consist of three phases. Phase one will in-
volve tests on a laboratory unit at which time design criteria will
be obtained. The second phase will consist of constructing an ac-
tual field unit in the Milwaukee area. The third phase of the con-
tract will be the actual operation and evaluation of the field unit,

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1318, LUXURY METABOLIC STORAGE OF
PHOSPHORUS IN THE ACTIVATED SLUDGE FLOC
S.K. MALHOTRA, Marquette University, School of Engineering,
Milwaukee, Wisconsin 53233

The relative ineffectiveness of the activated sludge waste
water treatment process in removing phosphorus is a major cause
of progressive fertilization of natural bodies of water receiving
treated waste waters. Phosphorus enrichment often results in
algal blooms, which frequently result in objectionable odors and
many other deteriorating effects on the quality of water.

Recently it has been reported that the activated sludge
process can be adapted to make the organisms store phosphorus
during their endogeneous respiration phase, far in excess of their
metabolic uptake in the logarithmic growth and declining growth
phases. This excess phosphorus uptake, 'Luxury Storage,' has also
been reported to be affected by the cations in the environment.

The objectives are to examine the storage of phosphorus in
the activated sludge flocs as the microorganisms pass through dif-
ferent growth phases, and to determine the proportions of the
total stored phosphorus in each of the growth phases; the effects
of ionic and surface adsorption and storage of phosphorus by ca-
tionic colloidal formations.

Batch processes with a synthetic substrate under controlled
parameters of pH, food/microorganisms ratio, cationic concen-
trations, dissolved oxygen concentrations and the degree of mix-
ing will be employed.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
Marquette University

5.1319, EUTROPHIC EVALUATION OF A SMALL
MULTI -LAND USE WATERSHED
A.E. ZANONI, Marquette University, School of Engineering, Mil-
waukee, Wisconsin 53233

The proposed project involves the determination of the
quantities of nitrogen and phosphorus which originate from vari-
ous land use activities in a small river watershed tributary to Lake
kiichigan in the Milwaukee metropolitlan area. The watershed in
question is the Mcnomence River watershed which includes
agricultural, residential, industrial, commercial, park and recrea-
tion, woodlands and wetlands, and governmental-institutional
land uses, and yet encompasses a drainage area of only 135
square miles. Based on the results of preliminary surveys, sam-
pling locations will be located at critical points along the river for
discharge measurements and nitrogen and phosphorus analyses.
These data will then be used to estimate the nutrient quantities
from the various sources in the watershed. The data will also be
correlated with hydrological and climatological data to establish
the manner in which these watershed factors might influence
nutrient quantities from the various sources.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Marquette University

5.1320, EFFECT OF TEMPERATURE AND RELATIVE
HUMIDITY ON C. BOTULINUM SPORE SURVIVAL IN
WHITEFISH CHUBS DURING SMOKE PROCESSING
P.J. PACE, Milwaukee Department of Health, Milwaukee,
Wisconsin 53202

A need to provide smoked fish processors with methodology
to eliminate Clociiridium botulinum from fish continues to exist.
Recent investigations at this and other laboratories indicate that
heat (82.2 degrees C for 30 min.) alone does not free fish of ex-
perimentally introduced C. botulinum type E spores. Experi-
ments, at this laboratory, in which internal temperature of the fish
and relative humidity of the kiln are simultaneously controlled
have been encouraging. Thus far studies have been conducted
with spores prepared from a single type E straim isolated from
smoked whitefish chubs. Experiments are to be extended employ-
ing combined spore suspensions prepared from 50 type E isolates
obtained from raw and smoked fish. Two non - protcolytic type B
isolates, obtained from fish, also will be employed. Corollary stu-
dies, employing spores prepared from protcolytic types A and B
C. botulinum strains and a type E strain, of known high heat re-
sistance, also will be conduct',.1

SUPPORTED BY U.S. , flf filth. Ed. & Wel. - P.N.S.

5.1321, SEWAGE PR' -YntIORUS REMOVAL BY AN AC-
TIVATED SLUDGE PLANT
L.A. ERNEST, Milwaukee Sewage Commission, Milwaukee,
Wisconsin 53201

The objectives of this project are to demonstrate the op-
timization of activated sludge process parameters for maximum
sewage total phosphorus removal, to determine if a correlation
exists between activated sludge dchydrogenase activity and
phosphorus removal and evaluation of process parameter effects
on phosphorus levels in an aeration tank. An appropriate sam-
pling and analysis program will be initiated to evaluate the effects
of process variations.
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SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Milwaukee City Government - Wisconsin

5.1322, A MATHEMATICAL MODEL FOR THE FINAL
CLARIFIER OF AN ACTIVATED SLUDGE PROCESS
W.J, KATZ, Rex Chainbelt Incorporated, Milwaukee, Wisconsin
53214 (14-12-194)

Develop a mathematical model expressed in computer for-
mat which will enable the prediction, with a high degree of relia-
bility, the quantity and quality of the effluent and underflow of a
final clarifier in an activated sludge treatment system as a func-
tion of the mixed liquor flow rate and characteristics.

The subsidence characteristics of activated sludge relates to
the clarification and thickening properties of the sludge. Mea-
surements such as sedimentation rates, suspended solids concen-
tration, volatile saspz.nded solids concentration, zeta potential,
etc. are required to identify the performance of the clarifier. The
relationship of these basic parameters and other Variables with
respect to the performance of the final clarifier is what the mathe-
matical model must express. It is the objective of this proposal
project to measure and evaluate those parameters which have in-
terrelationships to each other that influence the operational per-
formance of the clarifier, and to relate them, if possible, in terms
or parameters which are normally available to the consulting en-
gineer concerned with the basic design of the final clarifier.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

5.1323, ECOLOGICAL STUDIES OF THE SURFACE
WATERS OF THE WHITEWATER CREEK WATERSHED,
WALWORTH, ROCK, AND JEFFERSON COUNTIES,
WISCONSIN
S.C. SMITH, Wisc. State University, Graduate School, White-
water, Wisconsin 53190

Distribution and relative abundance of selected plants and
animals will be correlated with physical and chemical features of
the surface waters of the Whitewater Creek watershed. Although
primary emphasis will be placed on the streams, preliminary stu-
dies will be made of the lakes which have been formed by the
damming of the streams. Detailed studies will be primarily con-
cerned with vascular plants, fishes and selected algae. Although
the primary objective of the project is to initiate a long-range in-
terdisciplinary research program, certain specific problems will
also be investigated, i.e. 1) the movements of selected species of
fish within the stream system, and 2) the genecology of hybridiz-
ing or otherwise genetically variable populations of the round-
stemmed bulrushes (Scirpus spp.) and possibly Potamogeton in
relation to habitat disturbance and other ecological factors. Or-
ganisms studied will be evaluated as to their usefulness as indica-
tors of water quality and other environmental conditions.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Wisconsin State University

5.1324, POLLUTANTS IN PRODUCT AND PROCESS
WATERS FROM OIL -SHALE RETORTING OPERATIONS
AND METHODS FOR THEIR REMOVAL
S.S. TIHEN, U.S. Dept. of Interior, Petroleum Research Ctr. ,

Laramie, Wyoming
This project is directed toward the determination of organic

and inorganic pollutants in process and product waters from and
oil-shale processing operation in order to devise methods for
removing the contaminants or reducing their concentrations to
harmless levels.

Becsuse Green River oil shale deposits are located in arid or
semiarid regions, process water will be scare and provisions must
be made for its reuse. It would also be desirable to augment exist-
ing water supplies by reclaiming the water product during retort-
ing. In either case, the pollutants must be either removed or
reduced to such low concentrations as to render them harmless.
Detailed knowledge of the compositions and amounts of pollu-
tants may be removed or reduced to harmless or unobjectionable
levels. Organic contaminants might be present in sufficient quati-
ties to make recovering them economically attractive.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

5.1325, AERATION OF LAGOONS IN RIGOROUS CLI-
MATE AREAS
R.L, CHAMPLIN, Univ. of Wyoming, School of Engineering,
Laramie, Wyoming 82071

Demonstration Grant: Two Parts. Part I. A water balance for
the City of Laramie, Wyoming is being measured. This includes
measuring all incoming flow (municipal, surface and ground
water) and all outgoing flow (storm drainage, sewage flow,
ground water and streams).

Part H. Aeration of a pilot lagoon is being investigated. Due
to the rigorous climate, treatment of sewage by the lagoon system
in inadequate during much of the year. The parameters being in-
vestigated are: amount of air, loading and detention time, and
temperature effects. The effects of present treatment on the
Laramie River is being monitored.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Wyoming

5.1326, DEGRADATION - DEPLETION OF HERBICIDES
IN IRRIGATION WATER AND ACCUMULATION OF HER-
BICIDE RESIDUES IN CROPS FROM TREATED WATER
F.!, TIMMONS, Univ. of Wyoming, Agricultural Experiment
Sta. , Laramie, Wyoming 82071

Object: (a) To develop sensitive quantitative methods for
laboratory determination of selected aquatic or ditchbank weed
herbicides and their degradation products or metabolites, includ-
ing methods of extraction from plants, water and soil, and deteri-
oration of samples before analysis. (b) To determine quantitative-
ly the movement and accumulation of herbicides and their
degradation products in water, soil, and crops on field plots ir-
rigated with water containing herbicides. (c) To follow quantita-
tively degradation, depletion, dilution, sorption, and uptake of
herbicides by water, suspended sediments, substrata and aquatic
biota in irrigation canals.

Plan of work: During the first year, studies will be with
acrylaldehyde: 2-propenal (acrolein) and, to a lesser extent, with
copper sulfate. The second year studies are tentatively planned
with 2,4-dichlorophenoxyacetic acid (2,4-D) and 2-(2,4,5-
trichlorophenoxy) propionic acid (silvex) and the third year stu-
dies with 6,7 dihydrodipyrido (1,2-a:2',1'-c) pyrazidinium salt
(diquat) and xylene. The second and third year choices of herbi-
cides are subject to later review after early resulw in the research
program. Some procedures and techniques may be revised as ex-
perience and results show changes to be desirable.

SUPPORTED BY U.S. Dept. of Agriculture
Wyoming State Government

5.1327,, FATE OF HERBICIDES IN WATER AND CROPS
IRRIGATED WITH WATER CONTAINING HERBICIDES
F.L. TIMMONS, Univ. of Wyoming, Agricultural Experiment
Sta. Laramie, Wyoming 82071

Object: To determine: (1) the degree to which certain herbi-
cides commonly used for aquatic and bank weed control are
retained and assimilated in edible parts of irrigated crops; (2) dif-
ferences between crops in assimilation of herbicides; and (3)
degree to which herbicides applied in irrigation water under field
condition3 are retained in the edible tissues of certain crops.

Plan of Work: Seven herbicides to be used include: 2,4-D, sil-
vex, amitrole, dalapon, dichlobenil, diuron, and simazine. Seven
crops will be considered including potatoes, carrots, onions, to-
matoes, romaine lettuce, soybeans and milo. Irrigation water con-
taining two concentrations of test herbicide will be applied to
each crop at two stages of growth. Water will be applied on the
surface and by overhead sprinkling. Samples of edible parts of
each crop will be taken after each irrigation and analyzed to
determine amounts of herbicide, toxic metabolites or degradation
compounds. If deemed desirable, samples of treated water and ir-
rigated soil will be analyzed. Samples of crops on field plots, ir-
rigated with water containing different amounts of amitrole, will
be analyzed.
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SUPPORTED BY U.S. Dept. of Agriculture

5.1328, CONTROLLING WEEDS ON DITCHBANKS AND
OTHER NONCROP AREAS
F.L. TIMMONS, Univ. of Wyoming, Agricultural Experiment
Sta. , Laramie, Wyoming 82071

Object: In noncrop land to (a) develop improved chemicals
and procedures to control or suppress plant growth, (b) establish
the relations of climate, time and rate of treatment, and fertility,
structure, and texture of soil to herbicide phytotoxicity and per-
sistence in soil, (c) determine the effects of chemical, mechani-
cal, and biological control treatments on the succession of plants,
on soil erosion, and on other aspects of vegetation and soil
management.

Plan of work: Herbicides will be applied along ditchbanks,
fencelines, roadsides, and similar areas. Retreatments and obser-
vations will be made over a period of years to determine respon-
ses to different treatments and combinations. Indicator crops will
be used to determine the length of time that phytotoxic concen-
trations remain in the soil. Mixtur of desirable low-growing
grasses or other plants will be seeded at various intervals follow-
ing herbicidal treatments to determine which species of plants
and time of seeding are most suitable for establishing a desirable
vegetative cover on various noncrop areat, following elimination
or reduction of the stand of weed species by different effective
herbicides. Results from similar experiments in different areas
with different climatic and other environmental conditions will be
correlated to discover general trends and basic principles.

SUPPORTED BY U.S. Dept. of Agriculture

5.1329, PRINCIPLES AND PRACTICES FOR THE CON-
TROL OF SUBMERSED, FLOATING, AND IMMERSED
AQUATIC WEEDS
F.L. TIMMONS, Univ. of Wyoming, Agricultural Experiment
Sta. , Laramie, Wyoming 82071

Object: To investigate the herbicidal properties of new
chemicals that show promising photocidal activity on aquatic
weeds including techniques for evaluation; effectiveness and op-
timum time, rate, and method of application under various cli-
matic conditions; the influence of water movement, temperature,
turbidity, pH, and hardness; effect of texture and fertility of bot-
tom soils on effectiveness; and biological control.

Plan of work: Promising chemicals will be evaluated in green-
houses and growth pools on submersed, floating and emersed spe-
cies, and on emersed species in static water, flowing water, and
soil-applied tests. Herbicides showing promise in greenhouses and
pools will be further evaluated in canals, ponds, lakes, etc. to find
the best application methods for each herbicide on all important
species. The rapidity and extent of plant kill, increase in water-
flow and reduction of water level in canals, and duration will be
observed. Water temperature, turbidity, pH, total salt content,
specific gravity of chemical, emulsifier, etc. will be correlated
with herbicide effects. Surfactants and other spray additives, type
of carrier, spray volume, size and type of granules, and applica-
tion method will be related to herbicidal effects. Techniques for
biological control studies will be developed.

SUPPORTED BY U.S. Dept. of Agriculture

5.1330, PERSISTENCE AND FATE OF HERBICIDES IN
WATER AND AQUATIC SOILS AND THE EFFECTS OF
HERBICIDES IN IRRIGATION WATER ON CROP PLANTS
F.L. TIMMONS, Univ. of Wyoming, Agricultural Experiment
Sta. , Laramie, Wyoming 82071

Object: To determine herbicide persistence in waters and
soils of treated canals, ponds and lakes; effects of temperature,
pH, salt and silt content, light penetration, soil properties, ctc. on
dissipation of herbicides in aquatic soils; effects on crops of herbi-
cides in irrigation water; and occurrence and concentration of
herbicides in crops irrigated with such water.

Plan of work: Water samples will be taken after herbicide ap-
plications in canals, ponds, and lakes and downstream from points

of application in canals or impounded water, and the persistence
of each herbicide in water and rate of dilution and disappearance
determined. Similarly bottom soil samples will be taken from
aquatic situations after herbicidal applications and analyzed.
Determination will be made of the effect of various climatic,
water quality, and soil property factors on persistence and fate of
herbicides in water and aquatic soils. Herbicides will be in-
troduced in irrigation water at selected concentrations and
representative crops irrigated to find the relation of stage of
growth of crop, method of irrigation, soil texture and fertility, etc.
to the effects of herbicides on the yield and quality of crops.

SUPPORTED BY U.S. Dept. of Agriculture

6. WATER RESOURCES PLANNING
Techniques of Planning; Evaluation Process; Cost Allocation,
CostSharing, Pricing, and Repayment; Water Demand; Water
Law; Institutional Problems; Non-structural Alternatives; Ecolog-
ic Impactof Water Development.

6.0001, ECOLOGY OF SOME WADING BIRD POPULA-
TIONS AFFECTED BY THE INVASION OF THE CATTLE
EGRET INTO ALABAMA
J.L. DUSI, Auburn University, School Agriculture, Auburn,
Alabama 36830

Wading birds have a considerable impact upon their aquatic
habitat because they are large birds. They add much to the
aesthetic values of any water area. Since by their adaptations
these birds are an integral part of the communities of our water
resources, understanding of the ecology of this group of birds is
important in the wise use of our water resources. Studies to be
done include: 1. Using the new probe of radio telemetry, track
Cattle Egrets and the native species to determine: daily move-
ments; the zone of influence of each species; and their migration.
2. Study population trends by aerial reconnaissance along
established transect lines, to secure population density, distribu-
tion, and establishment or abandonment of colony areas. 3.
Determine behavioral-ecology of the Cattle Egret and its direct
impact on the native species in the colonies, using observations
supported by photographs and recorded vocalizations. 4. Con-
tinue studies on growth rate of the young, food habits, nesting
success, parasitism, and others.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University

6.0002, ENGINEERING DESIGN CRITERIA FOR SOIL
AND WATER MANAGEMENT
J.G. HENDRICK, Auburn University, Agricultural Experiment
Sta. , Auburn, Alabama 36830

OBJECTIVES: 1. Develop improved design criteria and
techniques for the construction and maintenance of terraces,
waterways, and other erosion control methods which will be com-
patible with mechanized farming using 4-row and larger equip-
ment. 2. Establish design limits for row lengths, turn strips, point
rows and row curvatures for improved operating efficiency con-
sistent with good soil and water management practices for 4-row
and larger equipment.

Develop design criteria and techniques for construction and
maintenance of terraces, waterways, and other erosion control
methods compatible with field operations using 4-row and larger
equipment. Existing recommendations of terrace interval channel
cross-section, and gradient variations will be followed unless
modification of such recommendations appears practicable. Ero-
sion control techniques other than terraces will be investigated.

Develop design criteria for field waterways. Equipment
length, overhangs, wheel bases, and clearances will be measured
and channel cross-sections designed that may be crossed by
modern field equipment.

Establish design limits for row lengths, turn strips and row
curvatures for improved operating efficiency consistent with good
soil and water management practice for 4-row and larger equip-
ment.
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SUPPORTED BY U.S. Dept. of Agriculture
Alabama State Government

6.0003, PHYSICAL AND CHEMICAL PROPERTIES OF
ALABAMA WATERS LIKELY TO SUPPORT STRIPED
BASS, ROCCUS SAXATILIS
E.W. SHELL, Auburn University, Graduate School, Auburn,
Alabama 36830

Objectives: To determine if adult striped bass are present in
river systems emptying into estuarine waters of Alabama, and if
present, determine if reproduction of the striped bass occurs in
these waters, and to determine the physical and chemical proper-
ties of these waters,

Procedures: Conservation Officers, commercial and sports
fishermen and other individuals residing near areas where striped
bass were once known to be present will be contacted to obtain
information about the past and present status of the striped bass
in local waters.

Physical and chemical properties of the waters will be
analyzed to determine the most likely areas best suited for sur-
vival and reproduction of striped bass and to locate areas where
striped bass fingerlings might foe stocked for best results in at-
tempting to re establish runs of the species.

Creel census or interviews with fishermen will be made and
sampling of streams with rotenone and by seining will be done in
certain areas to determine the presence and abundance of striped
bass and to determine if spawning of striped bass occurs in the
waters studied.

SUPPORTED BY U.S. Dept. of interior - nu. Comm. Fish.
Alabama State Government

6.0004, SOME LEGAL ASPECTS OF WATER RESOURCE
USE WITH RESPECT TO ECONOMIC DEVELOPMENT IN
ALABAMA
D.R. STREET, Auburn University, Water Resources Research
Inst. , Auburn, Alabama 36830

The purpose of this study is to examine the socio-economic
phases of water resource use in economic development, stressing
the legal aspects with implications for the present and future.
Specific objectives of the study are; A. To isolate socio-economic
problems existing in the State of Alabama which are the result of
inadequacies in present water use laws; and B. To illustrate possi-
ble solutions to problems of water use, and model legislative
proposals, with their implications on economic development in
Alabama in the future.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Auburn University

6.0005, PINK SALMON INVESTIGATIONS - FRESH-
WATER ECOLOGY
W.R. HEARD, U.S. Dept. of Interior, Biological Laboratory, Auke
Bay, Alaska

Total freshwater mortality of pink salmon (Oncorhynchus
gorbuscha) has been measured in Sashin Creek since 1940. For
the average brood year, only 6 percent of the total eggs poten-
tially available for deposition produce fry migrating to the estua-
ry, but survival may vary between 0.2 and 23 percent. Since 1943,
odd year runs have consistently produced a greater magnitude of
spawners and higher freshwater survival than even year runs.
Most mortality occurs between the time of egg deposition and fry
emergence.

One of the goals of this research is to identify the factors
causing mortality in spawning beds, determining which are densi-
ty dependent and which are non-density dependent. Environmen-
tal factors including water flow and temperature, dissolved ox-
ygen supply, gravel composition, permeability of the stream-bed,
rates of oxygen removal due to decomposing organic matter and
the mechanics and kinetics of spawningbed siltation, are studied
in relation to mortality rates. Biological factors, including density,
temporal and spatial di3tribution, fecundity and size of spawning
adults are also measured in Sashin Creek and related to mortality
rate.

6. WATER RESOURCES PLANNING

Four experimental spawning channels in nearby Lovers Cove
Creek provide similar natural environments where spawner densi-
ty is controlled, Factors studied here, as related to spawner densi-
ty, include distribution and other behavior patterns on the
spawning beds, efficiency of egg deposition, egg retention and
total freshwater mortality.

SUPPORTED BY U.S, Dept. of Interior - Bu, Comm. Fish.

6.0006, AUKE LAKE STUDIES
W.A. SMOKER, U.S. Dept. of Interior, Biological Laboratory,
Auke Bay, Alaska

The many small lakes tributary to the Gulf of Alasks,
together with their outlet streams and watersheds, serve as
spawning and rearing areas for a significant proportion of the sal-
mon runs in this region of Alaska. Despite their importance, little
is presently known concerning the limnology, ecology, and
productive capacity of these small lakes. Auke Lake was selected
in 1962 as the site of a long range research program designed to
delineate and investigate the physical, chemical and biological
dynamics of such a small lake.

Physical and chemical parameters of the lake system and
temporal changes in these parameters are being determined. The
standing crop of phytoplankton is monitored by the analysis of
chlorophyll pigmentation, and primary production levels are
established by the carbon-14 technique. The dynamics of the
major salmon species, Oncorhynchus norka, is followed with the
limnological program. Adult and juvenile salmon and associated
fish species are studied to establish survival rates, age and growth
patterns, and food habits.

Objectives are: (1) accurate determination of numbers, age
composition, condition, and biomass of salmon and interrelated
fish in the system and their variability with time; (2) establish the
importance of various physical, chemical, and biological factors
in the salmon environment and assess their variability with time;
and (3) investigate possible correlations between variations in sal-
mon numbers and biomass and variations in environmental fac-
tors.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0007, WATER QUALITY REQUIREMENTS IN ALASKA
CAMPGROUNDS WITH PROJECTIONS OF RECREATION
DEMANDS AND BENEFIT/COST ANALYSIS FOR SITE
SELECTION
R.S. MURPHY, Univ. of Alaska, Graduate School, College,
Alaska 99735

Alaska's outdoor recreation resources represent a major in-
come producing sector of the State. To a large extent its further
growth appears restricted by insufficient and inadequate camp-
grounds, Existing camping facilities have not been examined
thoroughly in terms of water quality problems, and the role of
water in benefit/cost analysis in evaluating recreation in Alaska
barely has been touched. The product of the study would provide
important information which would aid directly in the pro-
gramming of new recreation sites.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

6.0008, ECONOMIC CONSIDERATIONS IN RESOURCES
UTILIZATION CONFLICTS WITH PARTICULAR REGARD
TO THE COOK INLET BASIN
A.R. TUSSING, Univ. of Alaska, Inst. of Soc. Ec. & Govt. Rel. ,

College, Alaska 99735
The objective of the proposed research is two fold: First, a

generalized survey of existing and developing areas of resource
utilization conflict in the Cook inlet Basin; second, an identifica-
tion of where and to what extent economic theory may be effec-
tively employed in bringing about a more efficient and equitable
resolution of such conflicts. Particular attention will be devoted
to the methodology of benefit-cost theory and its analytical use-
fulness in cases where input data can only be estimated with a
high degree of uncertainty.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

6.0009, INVESTIGATION OF SPAWNING GROUND
POTENTIALS AND GROWTH AND SURVIVAL OF JU-
VENILE SOCKEYE SALMON IN FRAZER LAKE SYSTEM
W.R. MEEHAN, State Dept. of Fish & Game, Juneau, Alaska

The objectives of this phase of the project are:
1) To evaluate spawning ground potentials of Frazer Lake in

terms of quantity and quality of available gravel.
2) To determine present utilization of spawning areas by

tagging upstream-migrant sockeye adults at Dog Salmon weir,
and observing their distribution on spawning tributaries of Frazer
Lake.

3) To enumerate and sample downstream-migrant sockeye
salmon to obtain data regarding age, size and timing of smolts in
the system.

4) To obtain preliminary limnological information concern-
ing productivity of the lake itself, in terms of physical charac-
teristics and plankton eif, ndance and distribution.

A weir will be installed in the Dog Salmon River (outlet of
Frazer Lake) in early May 1965. Smolt sampling and enumera-
tion will continue until the migration ceases.

Adult spawners will be enumerated and tagged as they enter
the system, from early June through their migration, and
spawning ground surveys will be made during July and August of
11965 to determine utilization of spawning areas and related fac-
tors.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.
Alaska State Government

6.0010, THE DEMAND FOR MUNICIPAL WATER IN
CENTRAL ARIZONA
M.T. FARRIS, Arizona State University, Graduate School,
Tempe, Arizona 85281

The quantity demanded as related to the price of municipal
water used in Central Arizona is a pivotal factor in the economic
feasibility of any proposal for the development of additional water
sources for the area. One plan, the Central Arizona Project
proposal, assumes water sales to municipal and industrial users at
$50 an acre-foot with 312,000 acre-foot of potential sales.

Little is known about the demand for domestic water in
Arizona. Some rough estimates of future demand for domestic
water can be gained by ascertaining the relationship between
water use and the principal factors influencing its price, income
and population in the service area.

Cross-sectional and time-series data will be obtained by field
survey of municipalities in the study area. This data will be
analyzed by statistical procedures to derive estimated relation-
ships between per capita consumption, price , and income. This
relationship can then be used in conjunction with population pro-
jection to estimate the range of probable water consumption for
the study area.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Arizona State University

6.0011, ECONOMIC IMPLICATIONS OF WATER POL-
ICY IN ARIZONA
M.M. KELSO, Univ. of Arizona, School of Agriculture, Tucson,
Arizona 85721

The hypothesis under investigation is that the content of
water policy affects aggregate economic efficiency with which
water resources are developed and used and, possibly, the dis-
tribution of income resulting therefrom.

The test of this hypothesis will be undertaken by examining
existing water law and water-managing organizations in Arizona
to determine whether and how they constrain contemporary deci-
sion making by water- using 'firms' as to water development, use
and transfer. It will be presumed that present water development,
use and transfer are the result, in part, of contemporary con-
straints on water-using firms found in present water policy.

Further test of the hypothesis will involve synthesizing an array of
seemingly practicable changes in water policy and testing the con-
straints peculiar to each by programming them into economic
models of the water-using firms. This will determine whether such
modifications in water policy might, in fact, increase the mag-
nitude of economic rent produced by the aggregate water input
and whether such increases, if any, will be accompanied by
changes in the distribution of that return.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

6.0012, THE ECONOMICS OF WATER TRANSFER - AN
APPRAISAL OF INSTITUTIONS
M.M. KELSO, Univ. of Arizona, Agricultural Experiment Sta. ,
Tucson, Arizona 85721

Objectives: Under conditions of security and flexibility of
water rights and of competition among water uses peculiar to
Arizona: 1. To appraise the legal-institutional-administrative
devices and processes through which transfers of water between
uses and users take place and 2. To asses the consequences of
these devices and processes on the economic efficiency and equi-
ty of water use and 3. To suggest desirable modifications in these
devices and processes that might enchance economic efficiency
or equity in the use of water resource.

DESCRIPTION OF WORK; The general approach will be to
describe the functional structure of the selected water right com-
plex vis-a-vis the marginal value product of water use in each
category of use in each area; to determine the effects on the mar
ginal value product of water that result from varying the relevant
water right complex among categories of uses in each area; rele-
vant hypothetical modifications of the institutional restraints will
be analyzed to determine their probable effects on the marginal
value product of water use; to appraise the results from such alter-
native modifications against the criterion of maximized marginal
value product to water use; to asses the relative attainability of
each of the programed alternatives by examining the attitudes and
values of affected persons toward such possible institutional
changes; to conclude as to the hypothetical ideal of efficiency and
the political ideal of attainability relative to each of the pro-
gramed modifications.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

6.0013, WATER IN RELATION TO ECONOMIC
GROWTH IN AN ARID ENVIRONMENT
M.M. KELSO, Univ. of Arizona, School of Agriculture, Tucson,
Arizona 85721

Only about one-third of the approximately four and one-half
million acre-feet of groundwater pumped annually in Arizona is
replaced by natural recharge. The resulting overdraft of some
three million acre feet per year is lowering the water table at an
estimated average rate of eix feet per year. As a consequence,
costs of recovering groundwater are increasing. It is expected that
changes in farm organization, output level, size of operation and
resource demands will result. Changes are also expected in the
rest of the economy, particularly in those sectors processing
agricultural commodities and supplying inputs to the agricultural
sectors.

Objectives - 1. Predict the impacts of declining water table
on the organization, output and resource use hi the irrigated crop
sector in Arizona. 2. Predict the impact of changes in agricultural
production and resource demand on other sectors of the econo-
my.

Procedures - 1. Mathematical programming models designed
to predict effects of increasing costs of water on output, organiza-
tion and resource demand of typical farm situations in the ir-
rigated agriculture sector are being developed. The programming
models will be linked with an electrical analog model of the
groundwater system. 2. An interindustry model of the Arizona
economy has been developed which comprises 26 endogenous
sectors and seven exogenous sectors. 3. The effects of changing
conditions of water supply over time on the growth and develop-
ment of any sector of the state's economy can then be predicted
by 'plugging in` the predictions of the programming models into
the interindustry model.
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SUPPORTED BY 1.`niversity of Arizona
Rockefeller Foundation

(.0014, AN ECONOMIC STUDY OF THE DEMAND FOR
OUTDOOR RECREATION
D.A. KING, Univ. of Arizona, Agricultural Experiment Sta. , Tuc-
son, Arizotu, 85721

Description of Work Proposed: Subobjective 1: The general
theory of demand and, in particular, recreation demand will be
examined for its applicability to estimating demand functions for
motor-boating in an arid environment. Based on this examination,
modification of existing methods will be made as necessary. Sub-
objective 2: The method developed above will be applied. A sur-
vey of boatowners will be made to gather necessary information.
This will include cost data, socioeconomic characteristics, dis-
tribution of use among reservoirs. The data will be used to
develop demand functions and derive value estimates. Use dis-
tribution data will be used to estimate cross elasticities of demand
between reservoirs.

SUPPORTED BY U.S. Dept. of Agriculture
Arizona State Government

6.0015, OPERATIONS RESEARCH STUDY OF WATER
RESOURCES DEVELOPMENT AND MANAGEMENT IN
THE TUCSON AREA
C.C. KISIEL, Univ. of Arizona, Graduate School, Tucson, Arizona
85721

The general objective of the project is to undertake a prelimi-
nary application of the methodology of operations research to
water resources development and management in Tucson area.
Implicit in the objective are: (1) an analysis of existing data col-
lection systems in the face of future planning responsibilities, (2)
establishment of quantitative objective functions and their con-
straints, and (3) establishment of design criteria, formulation of a
set of feasible alternative designs, and determination of the op-
timal design(s) through mathematical programming and simula-
tion techniques. Ultimately, an optimal dynamic plan(s) would be
recommended for the conjunctive development and management
of ground and surface water resources within and without the re-
gion. The methodology may prove useful for similar studies in
other arid-land regions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

6.0016, LIFE HISTORY OF LONGEAR SUNFISH
R.L. BOYER, U.S. Dept. of Interior, South Cen. Reservr. Invtgs. ,
Fayetteville, Arkansas

Due to their feeding habits and abundance in Beaver and Bull
Shoals Reservoirs, the longear sunfish assumes a place of im-
portance.

The objective of this study is to obtain information basic to a
more through understanding of the behavior of longear sunfish in
reservoirs.

Using SCUBA, direct observations are made underwater,
sometimes being recorded on film for later analyses. Seasonal and
diurnal behaviors are followed and environmental factors are
monito: ..:d. Barrel trapping studies are carried out to determine
the extent of horizontal and vertical movement. Collections are
made for determinations of seasonal gonadal body weight ratios,
the number of eggs spawned per nest, seasonal changes in ova
diameters, and the size, age, and food habits of spawning fish.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0017, MOVEMENTS OF SPORT FISHES IN BEAVER
RESERVOIR
T.O. DUNCAN, U.S. Dept. of Interior, South Cen. Reservr.
Invtgs. , Fayetteville, Arkansas

The objective of this research is to determine the movements
of several important reservoir sport fish species and the contribu-
tion of populations from various life zones of Beaver Reservoir to
the upper reservoir spring fishery. White bass will be the most nu-
merous fish studied and others will include walleye, northern
pike, channel catfish, blue catfish and flathead catfish. The fac-

6. WATER RESOURCES PLANNING

tors which influence the spring migrations and other movements
shall be investigated.

Trapnets will be used to capture large quantities of fish in
fall, winter, and early spring for tagging. Electrofishing devices
shall be used in shallow upstream spawning areas to capture these
species for tagging purposes and to recover previously tagged fish.
Fishermen returns are expected to supplement recaptures by
netting, etc.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

6.0018, DEVELOPMENT OF IDENTIFICATION KEYS TO
LARVAL, AND JUVENILE RESERVIOR FISHES
T.O. DUNCAN, U.S. Dept. of Interior, South Cen. Reservr.
Invtgs. , Fayetteville, Arkansas

Work units at this Investigation are being revised to deter-
mine the best methods of measuring survival of larvae, and en-
vironmental factors influencing their survival (or mortality).
Photographic larval fish keys to the important species in the reser-
voirs under investigation are required.

The objective is to prepare a photographic key of reservoir
fishes using modern photomacrographic techniques to prepare
plates of major changes of body structure from hatching through
known characteristic features of juveniles. To provide supple-
mental information on spawning and hatching periods, and other
features of the development of reservoir fishes. Using fish
specimens collected by electrofishing devices, strip and fertilize
eggs, hatch and rear in laboratory experimental hatchery,
preserve specimens daily and photograph. Use reflected and
transmitted light, and stains to accentuate features desired in
keys.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0019, POPULATION ESTIMATES FROM MIDWATER
TRAWL SAMPLING
A. HOUSER, U.S. Dept. of Interior, South Cen. Reservr. Invtgs. ,

Fayetteville, Arkansas
The technique of estimating the size of shad populations

developed by Houser and Dunn (1967) through midwater trawl
sampling has provided a new approach to the study of fish popula-
tion dynamics in reservoirs. This method will be used to estimate
the size of shad populations and for any other species occurring in
the catch in sufficient numbers to permit computation. These
samples will also provide data on recruitmert, mortality, growth
and distribution. A series of 60 nighttime hauls conducted during
one week provides sufficient data for an estimate. Three estimates
will be attempted annually in Bull Shoals and Beaver Reservoirs.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0020, COLLECTION AND COLLATION OF AVAILA-
BLE BIOLOGICAL, PHYSICAL AND CHEMICAL DATA ON
U. S. RESERVOIRS
R.M. JENKINS, U.S. Dept. of Interior, Natl. Reservoir Res. Prog.
, Fayetteville, Arkansas 72701

Extensive search and procurement of all pertinent physical,
chemical and biological data on reservoirs from the literature and
from the Branch River Basin Studies, BSFW, USGS, Bureau of
Reclamation, Corps of Engineers, USPHS, TVA, Branch of
Federal Aid, BSFW, and State fishery agencies.

Development of methods of storage and retrieval of large
masses of data, and statistical analysis of interrelations between
reservoir environmental conditions, biological productivity and
sport fish production and harvest.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0021, EFFECTS OF ENVIRONMENTAL FACTORS ON
STANDING CROP AND HARVEST OF FISHES IN U. S.
RESERVOIRS
R.M. JENKINS, U.S. Dept. of Interior, Natl. Reservoir Res. Prog.
, Fayetteville, Arkansas 72701

Exploratory multivariate analysis has been completed on ef-
fects of nine environmental factors (reservoir area, mean depth,
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total dissolved solids, storage ratio, shore development, age, fluc-
tuation, outlet depth and growing season) on fish standing crop
and sport commercial harvest. In this new study, standing crop
and harvest estimates on about 250 reservoirs will be subdivided
by fish species (^nvolving up to 80 species) in relation to environ-
mental factors. Sport fish harvests will also be examined in rela-
tion to fishing pressure and success rate. Calculations will be per-
formed on IBM 7040 computer, with programming by Dr. Dunn.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0022, EXPLORATORY SAMPLING PROGRAM FOR
YOUNG-OF-THE-YEAR FISH
N.F. NETSCH, U.S. Dept. of Interior, South Cen. Reservr. Invtgs.
, Fayetteville, Arkansas

Background--The majority of the fish population dynamics
studies on large impoundments are concerned with fish 1 year or
more old. Research done by this and other agencies has shown
that the most dynamic period in the life of at least some species is
during their first year. The purpose of this work unit is to develop
a population dynamics program for age-group 0 fish in the upper
White River reservoirs.

The objectives are to: (1) develop sampling techniques for
age group 0 fish suitable for the upper White River reservoirs; (2)
determine gross distribution patterns for the major species; and
(3) develop a population dynamics program for young fish.

The procedures to be followed are to: (1) obtain monthly
samples from four areas on each study reservoir--major habital
types will be sampled in ear.f.i area; (2) use gear which will include
depth controlled tow nets up to 1/8 inch mesh, seines, rotenone
samples, small mesh gill nets and electrofishing; (3) analyze data
so that catch can be correlated with date, reservoir, area, habital
type and gear.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0023, SPOTTED BASS REPRODUCTION IN BULL
SHOALS
L.E. VOGELE, U.S. Dept. of Interior, South Cen. Reservr. Invtgs.
, Fayetteville, Arkansas

The spotted bass is an important sport fish in Bull Shoals
Reservoir and appears to have increased in abundance since im-
poundment. Little is known about reproductive requirements or
their ability to compete with other black bass for preferred
spawning habitat.

The objectives of this study will be to determine the habitat,
substrate, water depth, temperature and other environmental
requirements for successful reproduction, and to describe the
spawning behavior in detail.

Observations underwater will utilize scuba and will include
filming with an underwater movie camera to provide detailed
analysis of spawning behavior. Nest contents will be enumerated
at egg and larvae stages to determine hatching success.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0024, IMPOUNDMENT EFFECTS ON WATER QUALI-
TY AS REFLECTED IN PARASITISM OF RESERVOIR
BASSES
D.A. BECKER, Univ. of Arkansas, Water Resources Research
Ctr. , Fayetteville, Arkansas 72701

The proposed study is the first pre-impoundment through
early impoundment investigation of this nature to be conducted in
the United States.

Field investigations will employ electrical shocking gear for
the live collections of the black basses Micropterus dolomieui
Lacepede, M. punctulatus (Rafinesque), and M. salmonides
(Lacepede).

Basses will be examined in the laboratory for helminth and
copepod parasites in an effort to follow the quantitative and
qualitative dispersons and fluctuations of these parasites as the
water quality is effected by the water level fluctuations from a
river to a reservoir environment. Standard and total length,
weight, and scale samples will be obtained to ascertain the effect
of parasitism on the aging and growth rates of basses which may

help explain why sport fishing declines after several years in
recently impounded reservoirs effecting the recreational econo-
my of the municipalities surrounding reservoirs. Parasitism will be
related to the whole food chain in an attempt to establish another
parameter for water quality.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Arkansas

6.0025, LEGAL-ECONOMIC ASPECTS OF WATER USE
IN ARKANSAS
H. ELLIS, Univ. of Arkansas, Agricultural Experiment Sta. ,

Fayetteville, Arkansas 72701
Overall objectives of this study are as follows: 1. To appraise

the current status, and selected aspects of the historical develop-
ment, of Arkansas laws regarding water use. 2. To evaluate such
laws in light of existing and emerging or potential water use and
development problems of farmers and others. 3. To evaluate al-
ternative legislative or other remedial measures for coping with
such problems.

DESCRIPTION OF WORK - Conduct study of (1) reported
Arkansas Appellate Court decisions, statutory and constitutional
provisions, and attorney general opinions regarding the use of the
various water resources, surface and underground, natural or ar-
tificial, in the State; (2) relationship of water-rights and as-
sociated laws to the functions of districts or other local organiza-
tions; (3) actual administration and operation of selected statutes
regarding water use. Evaluate (1) water-use laws in light of exist-
ing and emerging or potential water-use and development
problems of farmers and others; (2) adequacy of existing water-
use and associated laws; (3) alternative legislative or other
remedial measures for coping with problems that appear in need
of correction.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

6.0026, GROUND WATER, RESOURCES AND
RECHARGE - RICE
K. ENGLER, Univ. of Arkansas, Agricultural Experiment Sta. ,

Fayetteville, Arkansas 72701
Determine by use of a vertical well hydrologic conditions set

up in recharge; effect of chemical compatibility and bacteriologi-
cal contamination, if any amount, if any, of surface filtration and
other treatments necessary for successful recharge using surface
water; make estimates of cost of artificial recharge using results of
project as a basis for these determinations; check depth-to-water
in irrigation wells of the rice growing areas to determine water
level trends and verify or disprove safe yield calculations previ-
ously made.

DESCRIPTION OF WORK - The annual depth-to-water
measurements in approximately 275 rice irrigation wells was con-
ducted in cooperation with the Federal Land-Bank of St. Louis
and the United States Geological Survey. These wells were mea-
sured in the Grand Prairie Region and in the Northeast rice
producing area. A 45 ft. sq. No.7 rock media filter was con-
structed and tested. The recharge well was redeveloped to a
specific capacity of approximately 20 gal/per min. per ft. and one
test was run to verify the effect of air in the recharge water. Con-
siderable time was spent in preparation of reports.

SUPPORTED BY U.S. Dept. of Agriculture
Arkansas State Government

6.0027, SEASONAL VARIATIONS IN THE
PHYTOPLANKTON - BACTERIA POPULATIONS AND THE
NUTRIENT CONCENTRATION IN BEAVER RESERVOIR
R.A. GEARHEART, Univ. of Arkansas, School of Engineering,
Fayetteville, Arkansas 72701

The objectives of this research on Beaver Reservoir are: (1)
to determine chemical nature and amounts of nitrogen and
phosphorus; (2) to quantify and qualify the phytoplankton and
bacterial population; and (3) to evaluate the relationship between
the type and amount of nutrient and the phytoplankton-bacterial
population. Determinations and analysis will be based on: ( 11 )
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monthly vertical samples at 20 foot intervals at three stations; (2)
chemical and physical parameters; (3) enumeration and identifi-
cation of phytoplankton samples and determination of physiplogi-
cal groups of bacteria present; (4) analysis of type and amounts of
nitrogen and phosphorus; and (5) correlation of plankton -bac-
terial population with nutrient concentration and chemical spe-
cies.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0028, WATER RESOURCES PLANNING STUDIES - AR-
KANSAS AND OKLAHOMA
L.R. HEIPLE, Univ. of Arkansas, Water Resources Research Ctr.
, Fayetteville, Arkansas 72701

The proposed research will include a comprehensive
planning study of the watercourses which flow between the states
of Arkansas and C r lahoma. Included in these basin studies will be
the quantity and quality of stream discharge at selected stations
and the effect of proposed conservation storage on the quantity
and quality parameters. A major purpose of this investigation will
be to permit future allocation of this water resource between the
two adjoining states. Previously collected field data will comprise
the primary source of data for this study.

The investigative approach proposed is: 1. Investigative
review of all water planning of all other agencies within the basin
limits. 2. Preparation of flow duration curves for all basins using
mean daily flow records ready for computer processing. 3. Make
a review of established water quality data with additional
evidence collected as required. 4. Determine the effect of
proposed storage sites on stream flow duration curves and on
water quality at each storage site.

SUPPORTED BY U.S. Dept. of interior - 0. Water Res. Rch
University of Arkansas

6.0029, DISTRIBUTION AND GROWTH PATTERNS OF
THE GIZZARD SHAD (DOROSOMA CEPEDIANU) AND
THREADFIN SHAD (DOROSOMA PETENENSE) IN RESER-
VOIRS
R.V. KILA MBI, Univ. of Arkansas, Graduate School, Fayetteville,
Arkansas 72701

The objectives of the research are: (1) to determine the
abundance and distributional patterns of the young of the year
gizzard and threadfin shad; and (2) to describe early growth histo-
ry of the young shad. Analysis will be based on monthly samples
from two reservoirs in main channel and cove areas, including in-
formation on unit of effort in collecting, estimates of relative
abundance and seasonal fluctuations, length and weight data, and
biotic and abiotic characteristics. Collections will be made by Bu-
reau of Sport Fisheries and Wildlife, South Central Reservoir In-
vestigations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0030, EFFECTS OF WATER DIVERSION ON BIOTA
AND WATER QUALITY IN THE STATE OF ARKANSAS
R.V. KILAMBI, Univ. of Arkansas, Water Resources Research
Ctr. , Fayetteville, Arkansas 72701

The proposed study is to evaluate biological characteristics
Of fish in Arkansas Reservoirs and the King's River, the latter
serving as an unaltered environment. The emphasis is on the
population structure in relation to the environment with special
reference to meristic and morphometric characters, age and sex
composition, rate of growth, fecundity, and interaction between
populations or species and their environment. Laboratory experi-
ments will be planned to study the effects of temperature on
hatching and survival of eggs, critical period in the development
of eggs, and the fixation of the meristic characters.

It is also planned to tabulate and correlate plankton data with
physical and chemical variants collected from five small Arkansas
impoundments over a period of 28 years. Emphasis will be placed
on seasonal cytles of plankton species characteristics of these en-
vironments, their possible use as indices of trophic levels, and the
succession of species along with physical chemical change in two
small artificial lakes over 28 years. Laboratory experiments will

6. WATER RESOURCES PLANNING

be performed to determine effects of controlled physical and
chemical factors on resident plankters and the results compared
with field data.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arkansas

6.0031, A STUDY OF PHYTOPLANKTON DYNAMICS IN
LAKE FAYETTEVILLE AS A MEANS OF ASSESSING
WATER QUALITY
R.L. MEYER, Univ. of Arkansas, Graduate School, Fayetteville,
Arkansas 72701

The proposed research plan involves an investigation of the
algae as primary producers in a lake typical to northwestern Ar-
kansas, Lake Fayetteville. The investigation will include field and
laboratory analysis of the chemical, physical and biological fac-
tors effecting algal biomass, primary productivity and algal suc-
cession.

Field investigations include observation on: 1. The abiotic
and biotic factors effecting primary productivity in an in znsively
studied lake. 2. Samplings from similar lakes will be compared
with base lake.

Laboratory investigation would employ isolated and cultured
naturally occuring algal species: 1. To identify the parameters to
which influence the presence or absence and growth rate. 2. To
identify those factors which determine its life ucle.

Field and laboratory data would be correlated to determine
which parameter are the most applicable in influencing primary
productivity and water quality.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arkansas

6.0032, GEAR RESEARCH-RICE FARM PRODUCED FISH
J.C. HALL, U.S. Dept. of Interior, Gear Research Station, Kelso,
Arkansas

Design, fabricate, test, and develop fishing equipment and
systems to increase effectiveness and efficiency of farm pond har-
vesting operations. Critical to the profitability of the farm pond
fish industry are: (1) cost of harvesting, (2) cost of handling live
fish, (3) conservation of water, and (4) convenience for taking
any portion of the fish stocked in ponds ranging in size from 5 to
160 acres.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0033, THE EFFECTS OF LIGHT WAVE LENGTHS ON
THE RATES OF PHOTOSYNTHESIS AND ITS REALTION
TO OXYGEN LEVELS IN PONDS
D.L. TACKETT, U.S. Dept. of Interior, Fish Farming Exptl. Sta. ,

Stuttgart, Arkansas 72160
Penetration values of selected wave-lengths will be deter-

mined by use of a limnophotometer. Simultaneously, measure-
ments of dissolved oxygen and pH will be made. Weather data will
be incorporated into the study to evaluate photosynthesis and
respiration.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0034, UTILIZATION OF INSECT ENEMIES IN THE
CONTROL OF INSECT PESTS AND WEEDS
L.A. ANDRES, U.S. Dept. of Agriculture, Albany, California

Object: To determine the basic relationships between weeds
and weed-feeding insects and to effectively carry out all domestic
phases of a program designed to use insects as biological agents to
control weeds.

Plan of Work: Basic research is undertaken on interrelations
between weeds and insects to determine factors of host plant
selection and host specificity. When a program to control a weed
is necessary, a thorough study of the weed is undertaken in the
United States, its distribution is determined and the types of
habitats it occupies.

Exploration for and preliminary studies on host specificity of
insect enemies of aquatic weeds is undertaken at Castelar, Argen-
tina and use is also made of information developed by P. L. 480
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grants. Species are selected as candidates for introduction, and
material is shipped to the Entomology Research Division quaran-
tine facility at Albany, California, where the final tests are con-
ducted to determine that no useful plant will be attacked. After
clearance has been obtained from appropriate State and Federal
agencies, colonization of the insect begins. When the insect
becomes established and builds up adequate colonies, redistribu-
tion of the insect to additional areas is carried on. As a rule, the
redistribution program involves arranging cooperative programs
with State and county organizations. Evaluation of the effective-
ness of the insect as a control agent is conducted.

SUPPORTED BY U.S. Dept. of Agriculture

6.0035, SYSTEMATIC ANALYSIS OF MANAGEMENT EF-
FECTIVENESS OF THE WATER QUALITY CONTROL
BOARD SYSTEM OF CALIFORNIA
J.A. HARMON, Engineering Science Inc. , Arcadia, California

DOWD
This study is an evaluation of the actions of the California

State Water Quality Control Board System to derive fundamen-
tals of management practices that will be systematically
catalogued and summarized in a form that can be adapted on a
nationwide basis to the workings of other boards or agencies in
the generic fields of water resources management of water quality
control. Through an understanding of the mechanism of this
board and its interrelationship to other elements of water
resources management programs, and by development of criteria
that can be utilized to measure the performance of such an agen-
cy, considerable knowledge will then have been gained that will
be directly related to the management problems inherent in a
total water resources program.

Detailed output from the study will be in the format of an
analytic report of environmental factors affecting water quality
management, a behavioral analysis of the functioning of an actual
board, a decision process model representing the aelns of an
`ideal' board, a set of standard problems consistent with ..he deci-
sion process model, and recommendations for decision-making
techniques appliable to water management boards.

Current on-going research in water quality management ap-
pears to be generalized toward survey and analysis of large cross-
sections of the management activity. This study will emphasize
the systematic analysis of a water quality management agency's
decision making processes. In this respect this study complements
existing research work.

The study will be performed utilizing techniques of
microdata analysis and computer printouts which symbolize ac-
tual board proceedings. From this, a model of an 'ideal' board will
be developed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0036, SOIL MOISTURE DRYING CURVES-MANAGE-
MENT RELATIONS
M.B. RHEA, Humboldt State College, G .aduate School, Arcata,
California 9552 I

Objective: The objective of this research is to determine the
nature of the soil moisture depletion curves under varying vegeta-
tive cover types and under varying management practices in
Humboldt County, California.

Work Proposed: Long range plans call for intensive sampling
of soil moisture depletion on varying vegetative and soil types and
under varying management practices.

The present proposal is directed at I) bracketing the ex-
tremes expected by sampling depletion on ungrazed range land
and on undisturbed upland redwood forest, and 2) on north and
south aspects of recently- cut redwood lands.

SUPPORTED BY U.S. Dept. of Agriculture

6.0037, A SYSTEM APPROACH FOR INTEGRATING
GROUNDWATER AND SURFACE-WATER USE
R.E. MITCHELL, Aerojet General Corporation, Azusa, Califor-
nia

This program will produce an analytical technique by which
the most efficient utilization of water resources may be deter-
mined. The influence factors of potential surface supplies, quanti-
ty and quality needs of the users, waste-water treatment, ground-
water pollution, community growth characteristics, economics,
and legal/organizational needs will be included.

This research program is undertaken to present a systems ap-
proach to the preservation of the quality and quantity of the
groundwater resource.

The research program will evaluate the projected needs of a
typical expanding urban/rural community currently using ground-
water supply and evaluate the steps to be taken to best provide
the future water supply. The various sources of surface water and
groundwater and their quality management will be considered. In
addition, all the system constraints will be included so that a use-
ful approach will be defined. To validate the approach, the study
will be related to an existing groundwater problem area. The pro-
gram will relate all the factors, both direct and indirect, to provide
a master plan for this area.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0038, SAN PABLO BAY STUDY
F.A. NUDI, U.S. Dept. of Interior, Tiburon Marine Lab. ,

Belvedere - Tiburon, California 94920
Objectives: To determine the effects on marine life caused by

increased dredging and spoil disposal by the Army Corps of En-
gineers at pre-selected areas in San Pablo Bay in cooperation with
U.S.B.S.F.W. River Basins.

Procedure: Monthly sampling will be made for the collection
of water samples and marine organisms at five separate areas in-
volving twelve station from Tiburen Peninsula to Carquinez
Strait. Sampling areas include past, present and future dredged
and spoiled areas as well as areas yet undisturbed. The type of
sampling to be done will include trawling with a 15-foot otter
trawl to determine the abundance and distribution of benthic
swimming animals, bottom samples taken with a Birge-Ekman
dredge to determine the types and abundance of smaller, more
sedentary benthonic animals and water samples taken at surface
and off-bottom to measure the temperature, and dissolved oxygen
present.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0639, CONSUMER ATTITUDES TOWARD MINERAL
TASTE IN DOMESTIC WATER
H.J. ONGERTH, State Dept. of Pub. Health, Berkeley, California
94704

The major specific aim of this research is to measure con-
sumer attitudes toward mineral taste occurring in 30 carefully
selected California water systems, and then to develop, by statisti-
cal procedures, the best fitting mathematical function which will
describe the relationship between amount of mineral content in
water and measured consumer attitudes. The function relation-
ship, once developed, will allow limiting standards to be recom-
mended for mineral content in domestic water. Recommending
such standards on the basis of scientific data constitutes the
general purpose of this research. The standards recommended
will also represent an important step toward the attainment of
long range goal of this type of research: the establishment of
definitive limiting standards for mineral content in domestic
water in order to fully ensure potability for daily consumption.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

6.0040, LEGAL ASPECTS OF WATER RIGHTS IN THE
WEST
W. HUTCHINS, U.S. Dept. of Agriculture, Berkeley, California

Objectives: To review, analyze, and compare the develop-
ment and current status of the laws relating to water rights in the
19 western states. This includes the states lying west of or along
the 100th meridian.

Approach: Analyses are made of the development and status
of the statutes, constitutional provisions, and reported court deci-
sions regarding water rights in each western state with respect to
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various sources of water. Significant comparisons are made
among the applicable laws in the different states. Separate publi-
cations on the water rights laws of individual states have been or
are being prepared as well as a comprehensive report covering all
of the western states. It will include discussions of applicable state
and Federal laws and interstate or international matters.

SUPPORTED BY U.S. Dept. of Agriculture

6.0041, GENESIS AND MORPHOLOGY OF PYGMY
FOREST-BLACKLOCK SOIL ECOSYSTEM
H. JENNY, Univ. of California, Agricultural Experiment Sta. ,

Berkeley, California 94720
In the regional redwood-Douglas fir forest of Mendocino

County, there occur on ancient marine terraces pygmy forests of
dwarfed pines and cypresses. They are confined to extremely
leached and improverished podsol soil with impenetrable iron
hardpan layers. These sites are a challenge to the understanding
of plant growth and soil fertility,

The work proposed will ascertain, the role of the fluctuating
water table by installing recording devices along the transition
zone from pygmy to :egional forest. On other sites, drainage
systems will be installed to permanently lower the water table;
hardpan layer will be broken up with jackhammers; soil acidity
will be neutralized and fertilizer treatments will be initiated to
build up the depleted nutrient level. Growth rates will be deter-
mined on natural and planted vegetation.

SUPPORTED BY California State Government

6.0042, PUBLIC ATTITUDES TOWARD REUSE OF
RECLAIMED WATER
Al.. KNUTSON, Univ. of California, School of Public Health,
Berkeley, California 94720

The research here proposed has three specific objectives: 1)
to assess the attitudes, beliefs, and behaviors regarding reclaimed
water expressed by respondents chosen from four selected
california communities: 2) to examine relationships between
measured attitudes toward reclaimed water and selected personal
characteristics of respondents;and 3) to examine relationships
between measured attitudes toward reclaimed water and general
climatic conditions, abundance of fresh water supply, and the
limited reuse of reclaimed water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

6.0043, ECONOMIC GROWTH AND OPTIMUM WATER
RESOURCE DEVELOPMENT
/.M. LEE, Univ. of California, Agricultural Experiment Sta. ,

Berkeley, California 94720
The objective of this project is to develop criteria and quan-

titative procedures for analyzing the economics of water develop-
ment and so to formulate them to make them useful for policy for-
mulation and operation. The study will contribute to the
knowledge of economic growth since it will consider methods of
appraising alternative development programs for water in a
setting of economic growth. It is expected that the methodologi-
cal approaches considered will be applicable to the analysis of al-
location and development problems of other resource than water.

An investigation will be made by study of a particular water
development system of existing procedures for estimating
resource demands in a dynamic economy and hypotheses formu-
lated about the determinants of water demands and the relation-
ships among them. A conceptual framework will be developed for
quantitative analysis of development under conditions involving
different rates and patterns of economic growth.

SUPPORTED BY California State Government

6.0044, ECONOMIC EVALUATION OF WATER - A'
DYNAMIC INTERREGIONA I IMPUT-OUTPUT PRO-
GRAMMING MODEL OF CALIFORNIA AND THE
WESTERN STATES WATER ECONOMY

MCGAUHEY, Univ. of California, School of Engineering,
Berkeley, California 94720

6. WATER RESOURCES PLANNING

Part IV of this series of studies on the Economic Evaluation
of Water involved the development of an 81 sector tranactions
table for the Califor economy from secondary data. The table
was then aggregated to a 24 order model for which water
withdrawal coefficients were derived, The model was cast in a
linear programming format in which water availability constraints
were varied. Resulting changes in the format in which water
availability constraints were varied. Resulting changes in the
value of the objective function, which was taken to be value
added for She productive sectors, and the value of the dual solu-
tion were noted. A so-called 'time path' of the 'shadow price' of
water was analyzed. The results will appear in 1968 in a report to
the supporting agency by Dr. E.M. Lofting and entitled 'An Input-
Output and Linear Programming Analysis of California Water
Requirements.'
SUPPORTED BY U.S. Dept. of Interioi - 0. Water Res. Rch

University of California

6.0045, ECONOMIC EVALUATION OF WATER, A
DYNAMIC INTERREGIONAL INPUT-OUTPUT PRO-
GRAMMING MODEL OF CALIFORNIA AND THE
WESTERN STATES WATER ECONOMY
P.H. MCGAUHEY, Univ. of California, School of Engineering,
Berkeley, California 94720

The work reported in Part V of this series of studies on
Economic Evaluation of Water involves the development of mul-
tiregional input- output table for the western states. For purposes
of analysis a set of fifteen water use coefficients was estimated for
each of the regions of the model and a western states' interre-
gional 'water content' matrix was constructed. This matrix was
then used in the development of interstate water dependency
coefficients and water use multipliers. The determination of em-
bodied water transfers among the states, as well as water-con-
strained projections are examined. A report authored by Dr. H.
Craig Davis and entitled 'Multiregional Input-Output Techniques
and Western Water Resources Development' has been submitted
to the supporting agency.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

6.0046, ECONOMIC EVALUATION OF WATER QUALI-
TY
P.H. MCGAUHEY, Univ. of California, School of Engineering,
Berkeley, California 94720

The general objectives of the research are to develop and
demonstrate methods of utilizing modern computer techniques in
water quality management problems presently unresolved for
lack of a systems engineering approach. The specific objectives
now nearing completion are to minimize the cost of achieving
water quality goals by waste water treatment. For this purpose
mathematical models have been developed, programmed for the
computer, and applied to examples to illustrate their use. Ongoing
work is directed to the development of waste water treatment
coefficients by which to determine the limitations on economic
growth, resulting from increased beneficial use of water, that are
imposed by the associated cost of treating waste water at higher
levels.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0047, THEORETICAL AND EMPIRICAL STUDIES OF
STOCHASTIC MODELS FOR THE ANALYSIS OF FLOOD
CONTROL AND RELIEF POLICIES
C.B. MCGUIRE, Univ. of California, Graduate School, Berkeley,
California 94720

The purpose of the proposed research is to improve the
methodology of designing flood control and flood relief systems.
An economic, stochastic model of rational investment behavior in
the face of floods now under development is briefly presented.
This model which relates economic objectives, production
technology, engineering and hydrological analysis and govern-
mental planning, will be applied to a number of quite different al-
ternative policies for flood control and flood relief. The proposed
research would (a) explore the relationship of the model to the
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mathematical theory of reliability, optimal maintenance theory,
and the theory of Markov processes, and explore the dynamic
characteristics of the model, (b) subject the model to sensitivity
analysis, (c) bring risk more explicity into the model, (d) apply
the model to inter-governmental flood-related programs, (c) im-
prove the hydrological assumptions of the model, and (f) subject
the model to empirical verification.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0048, NUCLIDE UPTAKE BY ALGAE AND ZOOPLANK-
TON
J.V. SLATER, Univ. of California, School of Public Health,
Berkeley, California 94720

In the past few years studies of strontium and calcium accu-
mulation by Chlorella cultures and by Daphnia magna have pro-
vided the basis for concluding that there are no food chain effects
on the uptake, rate of uptake and equilibrium levels of calcium
and strontium in these organisms. The only important factors are
the concentrations of calcium and strontium in the water and
growth rates of the organisms. The effect of other environmental
variables on the accululation of these elements by Chlorella and
Daphnia is the main interest of present studies. Most of the stu-
dies are oriented toward biota-sediment interrelationships and
how they affect water concentrations of isotopes.

For this purpose sediments are being collected from Califor-
nia and Nevada lakes and streams which differ widely in their cal-
cium and magnesium concentrations and also in their total ionic
concentrations. The sediments are dried and tagged with radioac-
tive cations. nor example, upper layer sediments from Lake
Tahoe, which have very little in the way of inorganic dissolved
nutrients, will be compared with the uptake patterns from sedi-
ments from Pyramid Lake in Nevada, which have very high and
complex dissolved inorganic milieu. Preliminary results indicate
that fish have an interesting feedback on the amount and rate of
sediment-sorbed radioactivity released into the water and the
feedback effect is dependent on the type of sediment.

SUPPORTED BY U.S. Atomic Energy Commission

6.0049, THE ECONOMICS OF PUBLIC INVESTMENT IN
RESOURCES DEVELOPMENT
S.V. WANTRUP, Univ. of California, Agricultural Experiment
Sta. , Berkeley, California 94720

1. To analyze the basic problems in evaluating benefits and
costs. 2. To improve methods of allocating benefits and costs. 3.
To appraise the economics of alternative technical measures. 4.
To analyze the institutional aspects.

Work proposed: The project will continue to be undertaken
in separate but related phases. Phases active during 1962 are the
following: 1. Projections of Water Requirements in the
Economics of Water Policy. 2. Evaluation procedures for Ex-
tramarket Benefits and Costs. 3. Problems of Pricing Natural
Resources. 4. Organizing the Planning of Land and Water
Resources. 5. Economic Appraisal of Water Conveyance
Systems.

SUPPORTED BY California State Government

6.0050, CALIFORNIA-AkIZONA ECONOMIC INTERDE-
PENDENCE AND THE COLORADO RIVER CONFLICT
WITH PARTICULAR REFERENCE TO AGRICULTURE
H.O. CARTER, Univ. of California, School of Agriculture, Davis,
California 95616

The current conflict between California and Arizona over
the joint use of the Colorado River water has precipitated
widespread discussion and speculation as to the probable effects
on development and growth of the respective state economies.
Specifically, information is needed to answer such questions as:
What is the extent and nature of the dependence between agricul-
ture in California and nonagriculture in California, agriculture in
Arizona and even nonagriculture in Arizona? What are the
technical water requirements:of different sectors in California
and Arizona and ho," are these requirements related with
economic activity within California regions or between California

and Arizona? To what extent does the economic prosperity in
each of these states depend on the use of the water from the
Colorado River? Given this interdependency, and given the
capacity of the Colorado River, how would the different states be
affected by alternative schemes to allocate this water? While the
proposed study covers only Northern California, Southern
California, and Arizona, it is meant to be a pilot study conducted
in such a manner that it will serve to indicate the problems of con-
necting state economies in an input-output framework.

We intend to develop an interregional input-output model
for California and Arizona with the agricultural sectors spot-
lighted and examined in greatest detail. A transaction table for
California (1958) by Carter is in the process of being completed.
A similar table for Arizona (1958) by Martin is also in the
processing stage. The proposed study will draw on and build upon
this work. These two matrices will be combined with trade
matrices into an interstate matrix capable of relating production
in any sector to the activity level in all other sectors in the two-
state economy.

SUPPORTED BY California State Government
University of California

6.0051, ON-FARM IRRIGATION WATER SUPPLIES AND
COSTS IN RELATION TO CROPPING SYSTEMS AND
PRODUCTION ADJUSTMENTS IN THE SACRAMENTO
VALLEY
T.R. HEDGES, Univ. of California, Agricultural Experiment Sta. ,
Paris, California 95616

To complete study of irrigation water quantities and costs in
the Sacramento Valley and choices enabling farmers to obtain
maximum profits from land and other resources. Analysis for the
Central rice-growing area is completed; this renewal will focus on
general crops on the more fertile recent alluvial soils in the
Southern Sacramento Valley. Rice, winter grains, safflower, and
grain sorghums are the predominant alternatives on the basin
soils. Dry edible beans, corn, and, for certain soils, alfalfa, and
sugar beets also are adapted to the older alluvial soils, particularly
those with well-drained surface soils. To the south, alfalfa, beans,
sugar beets, and other irrigated summer crops dominate crop cho-
ices. Also, water supplies are limited, and relatively costly, com-
pared with those in the rice areas. In both the rice and general
crop areas, the analysis relies on linear programming and budget-
ing to evalute alternative crops in various proportions, consider-
ing price relationships, marketing, marketing conditions, institu-
tional forces, and other determinants, plus water supplies and
costs. The study will yield quantitative criteria for farmers and
others to use in allocating water and making profit-maximizing
decision. These criteria will identify with specific soils according
to characteristics that govern crop adaptation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

6.0052, EFFECTS OF ON-FARM IRRIGATION WATER
SUPPLIES AND COSTS ON CROPPING SYSTEMS AND
PRODUCTION ADJUSTMENTS
T.R. HEDGES, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

Identify physical attributes of sources of water and of water
distribution systems on farms to establish current cost structures,
flexibility components, uncertainty elements, and long-term
trends. Establish input-output relationships of adapted crops,
within relevant output ranges. Establish criteria and analyses to
guide choices for particular cropping systems and for evaluating
opportunities for adjustment.

Description of Work: Fixed, variable, and total costs for
modal sizes of wells and pumping plants in 16 San Joaquin Valley
hydrographic areas have been determined from sample data.
These data will be related to specific farm sizes and types accord-
ing to analyses based on both primary (survey) and secondary
data. Irrigation District structure, services, and water delivery
costs also have been determined through published materials,
questionnaires, and field visits Amounts of water delivered to far-
mers, pricing policies and practices, and the cost structure, in-
cluding fixed, variable, and total outlays per acre foot, according
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to water availability conditions, are being summarized by Irriga-
tion Districts. We will use typical farm models and linear pro-
gramming analysis to construct discrete demand functions for ir-
rigation water and discrete supply functions for major crops
under normative conditions. This analysis also will determine the
marginal productivity of water and other resource inputs under
alternative supply and price conditions; the point where in-
dividual crops will drop from the optimum farm organization, and
determine price to be paid for water.

SUPPORTED BY California State Government

6.0053, IRRIGATION IN RELATION TO CROPPING
SYSTEMS
T.R. HEDGES, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

Objectives: 1. To identify the physical attributes of irrigation
water sources in the Sacramento Valley and determine the physi-
cal and economic characteristics of supply schedules for irriga-
tion water. 2. To establish physical input-output relationships for
water and crop yields, the impact of project prices and input costs
upon water allocations and optimum crop combinations for dif-
ferenl crops under varying water quantities and costs. 3. To
establish appropriate criteria and analytical guides for crop cho-
ices, cropping systems, and evaluating opportunities and limita-
tions for profit-maximizing adjustments.

Procedures: 1. Hydrological, technical, price and cost, and
farm survey data will be assembled to construct physical irrigation
water supply schedules, cost schedules according to sources and
fixed versus variable cost components, estimated measures for
uncertainties and their impacts, and characteristics of water dis-
tribution systems. 2. Input-output relationships at various yield
levels will be established for farm crops, and the impact of relative
gross receipts, costs, and net returns under varying levels of
availability and costs for water and other resources will be
analyzed to determine compatibility of such crops in cropping
systems. 3. Data from 1 and 2 will be analyzed jointly in relation-
ship to each other and under varying assumptions for water
sources, availability, and costs, type and cost for distribution
systems, adequacy and costs for capital, price levels for inputs and
products, and other physical and economic factors to determine
optimum allocations for water, land, and other resources under
varying sets of assumed conditions. Linear programming and
budget analysis will be the primary tools used in these analyses;
they will be applied to establish effective criteria and planning
guides for optimum managerial decisions directed to profit max-
imization within the specified physical, institutional, and
economic context for the Sacramento Valley.

SUPPORTED BY California State Government

6.0054, OPTIMIZATION OF WELLS AND RECHARGE
FACILITIES IN CONJUNCTIVE USE OF GROUNDWATER
RESERVOIRS
I.H. SCOTT, Univ. of California, School of Agriculture, Davis,
California 95616

Investigation of the response of wells and water tables to
cyclic pumping operation, and programming of optimum pump
cycle schedules for economic utilization of ground water.

Evaluation of the performance of various well patterns and
systems with regard to well interference effects and economical
groundwater exploitation.

Study of the potentials for transferring excess water from the
surface or subsurface to deeper lying aquifers for storage, future
reuse and possible conveyance to other regions. Specific geologic
and hydrologic data from the San Joaquin Valley shall be studied
and the results of theoretical analysis applied to these physical
models.

Analysis of field data from existing recharge installations to
check the validity of theoretically developed formulas or to find
possible generally applicable empirical relationships.

Development of general criteria, possibly by dynamic pro-
gramming, for optimization of recharge and pumping facilities M
conjunctive use of ground and surface water reservoirs.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

6.0055, THE ECONOMICS OF WATER TRANSFER - AN
APPRAISAL OF INSTITUTIONS
J.H. SNYDER, Univ. of California, Agricultural Experiment Sta. ,
Davis, California 95616

To identify and establish physical and economic charac-
teristics of water sources and water distribution systems in order
to evaluate costs, flexibility, and uncertainity components in
production adjustments of vegetable producers in both short- and
long-run situations in the Salinas Valley. To estimatc short- and
long-run demand and utilization of agricultural and nonagricul-
tural water uses in the Salinas Valley. To identify and evaluate in-
stitutional forces that influence water use transfers within agricul-
ture and between agricultural and nonagricultural water uses and
users.

Collection, assembly, and analysis of primary and secondary
data relating to vegetable crop production and water use and
nonagricultural water use in the Salinas Valley. Various analytical
techniques including linear programming, variate difference anal-
ysis, and Markov chain techniques will be used. Evaluation of in-
stitutional arrangements influencing water use and water use
transfer in terms of criteria and strategies for management of the
water resource. Case study method analysis of such institutions as
the Monterey County Flood Control and Water Conservation
District will be supplemented by regional input output analysis
and may involve some river systems analysis.

SUPPORTED BY U.S. Dept. of Agriculture
California Statc Government

6.0056, A COMPARATIVE STUDY OF THE USE TAX AS
A MEANS OF ALLOCATION OF WATER RESOURCES IN A
CONJUNCTIVE USE SYSTEM
L.F. WESCHLER, Univ. of California, Graduate School, Davis,
California 95616

The primary purpose of this project is to examine the use tax
as a means of permitting local water districts to secure rational al-
location of ground and surface water supplies among competing
users.

The California legislature has authorized eight public water
districts to levy a use tax on the production of ground water. Four
of these districts have actually applied this authorized power in at-
tempting to regulate the relative consumption of ground and sur-
face water within their respective boundaries. The comparative
performance of the use tax systems utilized in the four districts
will be tested on the basis of three sets of criteria: efficiency
(devotion of watcr resources to their most valuable use), equity
(distribution of benefits and costs), and progress (growth rate of
the public water economy).

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

6.0057, STUDIES OF PHOTOSYNTHETIC HALOPHILES
FROM OWENS LAKE
S. WITZ, Space General Corporation, El Monte, California

(U) Objective: a. Problem: The specific objective is to gain
knowledge on the growth processes of the photosynthetic and
sulfate- reducing microorganisms found in alkaline saline salt
lakes. b. Application: The extrapolation of the efficacy of these
environmental adaptations to the conditions prevalent on Mars. c.
The physical and chemical characteristics of the saline environ-
ments will be determined with emphasis on water economy and
energy requirements, and their effccts on Halophiles.

(U) Approach: The specific environment selected for the
proposed investigations is that of a 'triple layer' desert lake
characterized by the presence of salt cakes precipitated from
brines containing high concentrations of carbonates and sulfates.
The proposed investigation of terrestrial brine organisms found in
this lake should yield significant clues as to the biochemical and
physiologic mechanisms that would permit growth of Martian life
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under conditions of extreme aridity and would allow its survival
during periods of intense cold.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0058, UPTAKE OF ORGANIC COMPOUNDS BY
MARINE INVERTEBRATES
G.C. STEPHENS, Univ. of California, Graduate School,..Irvine,
California 92664

A number of soft-bodies marine invertebrates are capable of
removing small organic compounds from solution in the ambient
medium. This has been established for almost 100 genera in 11
phyla. The present project is designated to explore the potential
significance of the process: a. as a source of nutritio b, as a
source of specific required dietary constituents, and c. 2,5a source
of information for the organisms.

The project is also designed to exploit the capability of pulse
labelling the free amino acid pools of the organisms studied in
order to study their metabolism. Finally, we propose to study the
mechanism of uptake of small organic compounds.

SUPPORTED BY U.S. Dept. of I-11th. Ed. & Wel. - P.H.S.

6.0059, A GENERALIZED, PROBABILISTIC APPROACH
TO REGIONAL WATER SUPPLY ASSESSMENT
J.A. DRACUP, Environmental Dynamics Inc. , Los Angeles,
Calif.iia 90048

This research is directed toward the development of a
methodology to predict, for a region, a spectrum of available
water supply levels including both ground-water and surface-
water. This spectrum of available water supplies will be stipulated
with probability confidence limits.

The work will be oriented toward determination of the
probable regional water supply levels in regions where long-term
precipitation records are available with only relatively short-term
or no surface- water runoff records. Therefore, the research effort
will be divided into three distinct parts:

1. Development of the system identification model of the non
linear, time-dependent precipitation-runoff relationship.

2. Streamflow runoff records will be generated using long-
term available precipitation records with the model developed in
Part I.

3. Development of a probabilitistic model which will stipu-
late levels of available water supply at certain confidence levels.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0060, THE LOCAL WATER DISTRICT AS AN URBAN
WATER-POLICY DETERMINING ENTITY
W.W. CROUCH, Univ. of California, Graduate School, Los An-
geles - U.C.L.A. , California 90024

The municipal water district, in the area studied, is a special
purpose government organized as result of local initiative. Most
have been organized in response to a decision by the metropolitan
water district to admit only municipal districts (not individual ci-
ties) into its membership. Such districts are usually composed of
cities and unincorporated fringe areas. All are undergoing inten-
sified urban development.

Of the districts studied, only two were not affiliated with the
metropolitan water district. Both non-members were formed to
develop and protect local water resources, but they have also
looked to the state water plan for an alternative source of urban
water.

Municipal water districts have been formed at the insistence
of water-user groups, but the action requires approval t.,f the
general voters in a referendum. Land owners interested in subur-
ban development and subdividion often have become concerned
after the district has been formed. Districts, once formed, are
governed by a board elected from district constituencies (instead
of at-large). District operations are financed by taxes upon pro-
perty and resale of water purchased from the metropolitan dis-
trict's imported supply.

Few elections of board members were discovered to be con-
tested. District government, after the initial formation
referendum, tends to have relatively low visibility. Groups of

water users tend to influence district policy making. Voting of
board members on agenda items tends to show very few divisions.
In most instances, district policy is negotiated informally among
water-users and related interest groups outside the formal
framework of district organization and is ratified at board
meetings. Two districts showed exceptional behavior. In one a
division occured over expansion of program; in the other the divi-
sion was over proposed membership in the metropolitan district.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

6.0061, THE MUNICIPALITY AS A WATER POLICY
DETERMINING ENTITY
W.W. CROUCH, Univ. of California, Graduate School, Los An-
geles - U.C.L.A. , California 90024

Eighty percent of the cities in the four counties studied which
were incorporated prior to 1930 (the metropolitan water district
wds formed in 1928) organized municipal water storage and dis-
tribution systems. None of this group organized new systems after
1930. Although many cities have annexed territory actively they
have expanded their water systems slowly, except where political
demand arose as a result of conspicuously inadequate service
from non-municipal systems. The State Public Utility Commission
has played a vigorous role in determining service areas in the
fringe sections where municipal annexation has been active,
although it has no direct jurisdiction over cities.

Of the cities incorporated after 1930, only 18 percent or-
ganized a city water system. For the most part, this group has
found no great demand being made upon the city to invest public
funds in acquiring and integrating the local water systems.

Those cities studied which were members of the
metropolitan district had almost no controversies over water dis-
tribution, rates, or adequacy of supply. No interest groups ap-
peared to be actively engaged in making demands upon the city
political system relative to water. Decisions were largely initiated
by administrators and ratified by elected officials. Some com-
plaints were raised about water quality (hardness or discolora-
tion) but no organized efforts were made to change the situation.

The most clearly open political situation encountered in the
study was in a city which had withdrawn from the metropolitan
district and was attempting to supply needs from local (non-im-
ported) resources. It had been split on four occasions by
referendum votes in which local interest groups had polarized
over specifically state water issues. On at least one occasion, the
groups which normally dominated city policy-making were de-
feated by a coalition of groups (large low-income home owners
who saw no advantage to themselves in expanding the city water
system) which were normally not influential.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

6.0062, SYSTEM IDENTIFICATION AND MULTI-LEVEL
OPTIMIZATION OF INTEGRATED GROUND WATER
SYSTEMS
J.A. DRACUP, Univ. of California, School of Engineering, Los
Angeles - U.C.L.A. , California 90024

Objectives: The principal objectives of this research effort is
to investigate the feasibility of applying the mathematical
techniques of system identification and multi-level optimization
to a general model for integrated ground water aquifer systems.

System identification is described as follows: Given a mathe-
matical model describing the behavior of the ground water
regime, and given some observational data on that system, deter-
mine the transfer functions of the model such that the future
response of the system can be predicted if the input to the system
is specified.

Considering a ground water aquifer system, a mathematical
mode describes the hydrologic behavior of the system using ob-
servation data of production and basin level response. The
transfer functions are determined from the physical charac-
teristics of the basin. In multilevel optimization, the dependent
ground water subsystems need to be uncoupled using pseudo-
variables. The resulting second-level optimization results in a
general model for optimal development and operation of in-
tegrated ground water basins.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of California

6.0063, THE DEVELOPMENT OF WATER RESOURCES
IN CALIFORNIA IN RELATIONSHIP TO PLANS AND PRO-
GRAMS FOR WESTERN REGIONAL WATER DEVELOP-
MENT
E.A. ENGELBERT, Univ. of California, Graduate School, Los
Angeles - U.C.L.A. , California 90024

The State of California's water resources figure prominently
in current proposals for western-wide water development and
inter-basin transfers. Presently, no adequate picture is available
concerning the forces, influences and conflicts which have shaped
the California State Water Plan. In view of the plans which are
being formulated in the West for inter-basin diversions, a study of
the agreements that were reached in the formulation of the Plan
and the arrangements which were established for implementing
the Plan become increasingly important for further Federal and
State decision making in the water resources field. This study will
be conducted through examination of newspaper files, official
documents and reports, and through interviews with major water
leaders and participants in crucial decisions. The influence of
political, economic, sectional, and other groups in determining
specific features of the Plan will be examined. Hopefully, light
would be cast upon group strategies for future water develop-
ments within the State and within the Western states region. The
findings and conclusions would be available for use by officials of
the State of California, the Secretary of Interior, and the Western
States Water Council on Water Development in connection with
their projected studies of inter-basin diversions.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of California

6.0064, OPTIMIZATION OF WATER RESOURCES
DEVELOPMENT--H
W.A. HALL, Univ. of California, School of Engineering, Los An-
geles - U.C.L,A. ,California 90024

A comparative evaluation is to be made of the use, in water
resources engineering, of 'critical period hydrologies' to develop
optimum operating policies as contrasted to more sophisticated
but more expensive analytical procedures. A preceding project
has used a critical period of seven dry years (1928-1934), and
decisions on firm outputs have been based on this. The decisions
will be reexamined to evaluate the extent to which conclusions
based on the critical period depart from those using other
methods. The critical period procedure will be evaluated first on
simple systems and then later applied to large integrated systems.

SUPPORTED BY U,S. Dept. of Interior - 0, Water Res. Rch
University of California

6.0065, DEVELOPMENT OF METHODS FOR PLANNING
AND TIMING OF WATER RESOURCES INVESTMENTS
W.A. HALL, Univ. of California, Water Resources Center, Los
Angeles - U.C.L.A. ,C'alifornia 90024

Methods are being developed to determine the optimum
staging policy for water resources development using operations
research techniques. Costs of shortage or over-construction are
included in the treatment, along with hydrologic risk. Particular
emphasis is being placed upon the consequences of shortages on
agricultural production, since this industry is expected to accept
the first shortages in most multiple-purpose systems.

SUPPORTED BY University of California

6.0066, HISTORY OF THE DEVELOPMENT OF THE
WATER RESOURCES OF THE COLORADO RIVER-PHASE
ONE. THE COLORADO RIVER COMPACT
N. HUNDLEY, Univ, of California, Graduate School, Los Angeles
- U.C.L.A, , California 90024

This project represents the first phase of' a larger study deal-
ing with the historical development of the water resources of the
Colorado River, This first phase will focus on the period from the
late nineicenth century, when the first major attempts to develop
the Colorado were made, through the passage of the Boulder

6. WATER RESOURCES PLANNING

Canyon Act of 1928, when Congress took a landmark step in har-
nessing the river. Occurring between these events--and occupying
a central position in this study--was the Colorado River Compact
of 1922, which divided the waters of the Colorado between the
upper and lower basins and which has figured prominently ever
since in every important d;scussion concerning the river. The
stud:, will be based primarily upon official papers housed in the
Nh,,tional Archives and in the archives of each basin state, private
correspondence and manuscript holdings, interviews, solicited
opinions, and the minutes of the Colorado River Commission.
Because of the Colorado's important role in western develop-
ment, the findings of this first phase should be of major interest to
government officials, lawyers, political scientists, geographers,
and historians. Indeed, the successes and failures met with by
those involved in this early stage of river development should pro-
vide a useful ease study for all those currently charged with na-
tional and state water resources development.

SUPPORTED BY University of California

6.0067, ALLOCATIVE IMPACTS OF FEDERAL AND
STATE WATER DEVELOPMENT LAW
P.L. SHAPIRO, Univ. of California, Graduate School, Los An-
geles - U.C.L.A. California 90024

The research studies the effects of water law on the alloca-
tion and development of water. The effects of water law have
been noticed in the settlement patterns of agricultural land, in the
allocation of water between urban and agricultural uses, in the
division of water between in-stream and consumptive uses in ad-
dition to other allocational and development aspects. The
research is positive, attempting to describe the legal impacts
rather than attempting normative judgments. The economic
forces leading up to the governmental intervention into the allo-
cational process will be analyzed including any contributions of
the legal process itself. The development statutes and their sub-
sequent court construction will be studied in depth. An attempt
will then be made to synthesize the legal and economic analyses in
order to determine the allocational impacts, by way of the altera-
tions of property rights involved. The specific area of inquiry is as
follows: the Central Valley Project of the Bureau of Reclamation
with particular reference to the Sacramento River Divcrters case
and public vs. private power controversy. This is intended as an
initial effort, to be expanded later.

SUPPORTED BY U.S. Dept, of Interior - 0, Water Res. Rch
University of California

6.0069, THE DECISION SEQUENCE IN WATER
RESOURCE PLANNING
R.K. LINSLEY, Stanford University, School of Engineering, Palo
Alto - Stanford, California 94305

Decision flow chargs for simplified, typical single-purpose
projects will be constructed identifying data inputs, judgement
decisions, role of standards and criteria, and effects of computa-
tions, Possible uncertainty in each item of input to the decisions
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will be evaluated and the combined effects of these uncertainties
on ultimate project form evaluated. Strategies for planning that
will minimize the uncertainty will be explored and research needs,
data requirements, etc., will be specified.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Stanford University

6.0070, STUDY OF WATERFOWL BOTULISM
C.M. FERREL, State Dept. of Fish & Game, Sacramento, Califor-
nia

Objectives: To determine the microecology of Clostridium
botulinum 'Type C organisms as related to production of botulism
in waterfowl. Special attention will be given to cool weather out-
breaks and the control of such outbreaks.

Procedures: Examine by fluorescent antibody technique soil,
aquatic plants, and invertebrate animal samples from epizootic
botulism areas. Determine the botulism organism's growth pat-
tern and toxic production. Samples will be collected throughout
the year, with emphasis on Klamath Basin and Yolo and Sutter
by-passes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
California State Government

6.0071, A STUDY OF THE BENTHIC FAUNA OF MERLE
COLLINS RESERVOIR (VIRGINIA RANCH RESERVOIR)
R.R. RAWSTRON, State Dept. of Fish & Game, Sacramento,
California

Objectives: To determine whether changes in species com-
position and production of benthic organisms is related to
changes in fish yield, production, or both. Premises: Scandinavian
workers have reported changes in the species composition of
benthic fauna in impounded waters after the first year. These
changes have a profound effect on the production of fishes, If the
more herbivorous benthic forms are replaced by more predatory
species, a less efficient energy transfer should occur.

Procedure: During the early years of the study we will ex-
amine the species composition and the relative abundance of the
benthos of Merle Collins Reservoir. Efforts to obtain annual
production estimates will also be made.

Samples will be taken monthly at three stations on different
bottom types and depths. Samples from each station will be com-
bined and subsamples drawn to reduce laboratory and analysis
time. Identification will be made to the species level, if feasible.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
California State Government

6.0072, DEVELOPMENT OF AN OPERATIONS CON-
TROL PLAN
A.R. GOLZE, State Dept. of Water Resources, Sacramento,
California

This is an applied research program to study various con-
cepts for instrumentation and control of large water storage, con-
veyance, and distribution systems, with emphasis on control by a
real-time control computer

This research program utilizes a 300 cfs aqueduct system and
consists of the instrumentation of approximately 21 facilities
along the aqueduct, such as, at turnouts, pumping plants, and
other hydraulic control and diversion structures, with an eight-
channel medium speed (300-1000 hits/sec) digital PCM control
and telemetry system. These 21 remote facilities will be con-
nected by land line and/or microwave communication to two
parallel control centers, one of which will have complete com-
puter-control capability.

This control system will be operated for a minium of two
years. Dunn this period data will be collected, analyzed, and
evaluated; tests will be made of different concepts of aqueduct
flow modification; control concepts will be tested; and control
center procedures developed. Logic will be developed and pro-
grams prepared for computer control of the facilities for reporting
operational status; and for compiling flow data for billing of water
customers.

SUPPORTED BY California State Government

6.0073, HYDROLOGIC SIMULATION - DAILY STREAM-
FEOW
L.R. BEARD, U.S. Army, Engineer District, Sacramento, Califor-
nia 95814

Analysis of multipurpose reservoirs and reservoir systems in-
dicates need for examining a great many ways that floods can
occur in combination with antecedent streamflow sequences over
a period of many months or years. The number of such combina-
tions in a record of ordinary length is extremely small, con-
sequently there is a great need in water resources studies for a
method of generating synthetic floods in conjunction with
monthly streamflow generation, and for a new approach to esti-
mating magnitudes and frequencies of large flood events (only a
few of which are observed in an ordinary streamflow record).
Short-interval streamflow simulation is a promising approach to
satisfying this need.

A report on Daily Streamflow Simulation is now Ling
processed for release. Work will begin on a multi-station simula-
tion model which will be for use on problems where more than
one stream influences project operation.

SUPPORTED BY U.S. Dept. of Defense - Army

6.0074, HYDROLOGIC SIMULATION - MONTHLY AND
ANNUAL STREAMFLOW
L.R. BEARD, U.S. Army, Engineer District, Sacramento, Califor-
nia 95814

Accurately evaluating the amount and dependability of water
supplies that can be developed from one or more streams has
become increasingly important in connection with supplies for a
wide variety of uses. Critical review of factors affecting the de-
pendability of water supply forecasts indicates that a great ele-
ment of uncertainty stems from traditional practice of presuming
repetition of historic events in the future. Stream-flow simulation
allows examination of many ways in which streamflows might
occur for locations where data is sparse or abundant.

The basic monthly streamflow simulation model of the
Hydrologic Engineering Center is being continuously developed
and tested. Possible improvements to the model and associated
computer programs, adding increased utility, have been in-
vestigated, these being the addition of a routine to estimate
missing flows at a station or within a group of stations and the ad-
dition of a non-random start routine to permit use of the simula-
tion technique as a predictor of future flows, given flows to the
current time at a location or at several locations. Other interesting
facets have also been pursued in trying to isolate a possible source
of upward bias in the model. These include the determination of
effect and desirability of smoothing of parameters such as mean,
standard deviation, skewness, and correlation coefficients and the
desirability of adjustment to the universe of the several statistics.
New techniques of regression analysis are being employed in
order to maximize the use of information in available data.

SUPPORTED BY U.S. Dept. of Defense - Army

6.0075, OPTIMIZATION TECHNIQUES FOR
HYDROLOGIC ENGINEERING
L.R. BEARD, U.S. Army, Engineer District, Sacramento, Califor-
nia 9581.+

Many problems too complex for direct solution have been
solved by trial and error methods. Ingenious mathematical
techniques and electronic computers have served to speed the
solution of such problems, thus providing a tool for greatly reduc-
ing the cost and time of complex problem solutions. More impor-
tant by far, it can make possible solutions of many hydrologic en-
gineering and other water resources problems whose complexity
has heretofore precluded even an approximate solution, ultimate-
ly saving construction costs and increasing project accomplish-
ments.

A generalized optimization procedure has been developed in
the Hydrologic Engineering Center, particularly in connection

1-528



with the problem of deriving the best unit hydrograph and loss
characteristics to reconstitute observed floods from observed
rainfall, It has also been applied to the derivation of streamflow
routing coefficients from observed hydrographs and to flood pre-
diction. Tests of procedure have resulted in continued modifica-
tion and improvements. More extensive applications will be made
and other techniques will be developed with the view of ultimate-
ly applying the techniques to comprehensive reservoir system op-
timization. Application of such large problems can result in
prohibitive electronic computer times and costs, so optimization
efficiency will become the critical criterion for devisIng
procedures.

SUPPORTED BY U.S. Dept. of Defense - Army

6.0076, ARTIFICIAL FLOODS
L.R. BEARD, U.S. Army, Engineer District, Sacramento, Califor-
nia 95814

Regardless of cause, failure of a storage facility can result in
downstream flooding of disastrous proportions. Timing and
degree of flooding is extremely difficult to predict. In view of the
increasing number of dams that have been constructed, expectan-
cy and frequency of failure from natural and military causes might
tend to increase. While considerable study of this phenomenon
has been made under military programs, results of studies are not
up-to-date and have not been adapted to modern computers.

Procedures developed for computing flood waves resulting
from various types of dam breaching will be generalized and will
be programmed for use in electronic computers. Computer pro-
gram is to be designed for simplicity and flexibility of input so that
it will be useful for actual predictions in a variety of circum-
stances, as well as for hypothetical studies,

SUPPORTED BY U.S. Dept. of Defense - Army

6.0077, VALUE OF STREAMFLOW DATA
L.R. BEARD, U.S. Army, Engineer District, Sacramento, Califor-
nia 95814

Streamflow data are necessary for the design of economical
and safe water resource systems. The adequacy of design is re-
lated, although not directly, to the amount of hydrologic data
available in the area of concern. The purpose of this research pro-
ject is to relate the cost of lost benefits (underdesign ) and exces-
sive construction costs (overdesign) to the length of streamflow
record and other pertinent factors such as streamflow variability,
availability of records at nearby stations, and inter-correlation
coefficients.

This research project is a cooperative project between the U.
S. Geological Survey and the Hydrologic Engineering Center. The
U.S.G.S., as a data collection and research agency, is interested in
how long stream-gaging stations need be operated to provide the
optimum amount of information for design and construction deci-
sions; therefore, must know the reliability of a design based on a
given amount of recorded hydrologic information.

A pilot study was conducted during FY 1967 relating value
of streamflow data at one particular location to length or record,
assuming a highly simplified design use of the data. A report
describing the results of this study has been prepared.

By a detailed analysis of streamflows for 4 stations having
characteristics ranging from very stable to very erratic stream-
flows, generalized relations of design value of streamflow data to
lengths of records at a project site and at nearby locations will be
derived. These will be expressed in terms of project cost, since
design value of data is a function of project cost.

SUPPORTED BY U.S. Dept. of Defense - Army

6.0078, PLAN FORMULATION AND EVALUATION STU-
DIES - RECREATION DESIGN CRITERIA AND DEMAND
D.A. CRANE, U.S. Army, Engineer District, Sacramento, Califor-
nia 95814

Project will be accomplished essentially in the following
three phases. Phase I - Refine and standardize essential recrea-
tional use data collected at existing projects through a pilot pro-
gram with six other Districts with the objective to develop ADP
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programs effecting cost savings and adequate analysis of recrea-
tional use data. Phase II - Establish acceptable procedures for use
of such data in estimating and projecting recreational use, and
recreation facility design load. Phase III - Apply the above
procedures to statistically reliable mathematical model suitable
for ADP treatment of those factors influencing recreation
benefits and cost determinations.

Phase I is scheduled for completion by 1 August 1968 which
will result in a recommended recreation survey for adoption
throughout the Corps of Engineers. Interim results of Phase II
study are presently being combined into a Recreation Planning
Manual scheduled for completion by January 1969. Continuing
studies of Phase III will be maintained using data from 52 reser-
voirs throughout the United States.

SUPPORTED BY U.S. Dept. of Defense - Army

6.0079, GENERALIZED HYDROLOGIC DESIGN
CRITERIA
A.J. FREDRICH, U.S. Army, Engineer District, Sacramento,
California 95814

Greatly increased activity in water resources development in
the United States and throughout the world, produces critical
need for procedures for formulating generalized design criteria
for water resources projects. This need is for less duplication of
work and more uniformity of design in projects as well as for ob-
taining reliable design criteria in regions of little or no hydrologic
data. This is an area where the United States can make a major
contribution toward the International Hydrological Decade as
well as toward the President's program of Water for Peace.

A draft of report on Hydrologic Design Procedures with par-
ticular emphasis on applications to areas of little data is in
preparation.

Many generalized hydrologic relations such as envelope
curves of rainfall and runoff amounts, intensity-duration rela-
tions, frequency relations, etc., have evolved from hydrologic in-
vestigations during the past 30 years or more. These relations will
be re-examined and supplemented by more elaborate analyses
made possible by recent development in mathematics, electronic
computers and aerial photography in order to formulate basic
procedures for deriving generalized hydrologic design criteria.
This will be directed principally to determination of reservoir
storage and outlet requirements, powerplant requirements, con-
veyance and terminai storage requirements, levee and channel
sizes, and coordinated design of a water resources system.

SUPPORTED BY U.S. Dept. of Defense - Army

6.0080, SYSTEMS APPROACH TO WAT.r.R RESOURCE
MANAGEMENT
J.R. BURNETT, T R W incorporated, San Bernadino, California

The objective of the proposed study is to structure a process
utilizing the systems approach which will examine the inter-rela-
tionship of the hydrological, engineering, institutional, legal, so-
cial, and economic facets of water resources. The process shall
define, classify and inter-relate the activities necessary to achieve
the objectives of water resource management. The resultant
model would be the bas:- for establishing criteria, interface
identification, decision parameter and finally resource allocation.

SUPPORTED By U.S. Dept. of Ulterior - 0. Water Res. Rch

6.0081, ESTIMATION OF RECREATIONAL BENEFITS
AT SOME EXISTING WATER DEVELOPMENT SITES IN
CALIFORNIA
L. MEREWITZ, Planmetrics Incorporated, San Francisco,
California

The proposed research involves estimating demand curves
for recreation at selected existing water projects in California.
The demand curves will be used to estimate recreational benefits
by using the concept of consumer surplus.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6,0082, PHYTOPLANKTON, SUSPENDED MATERIALS,
AND TURBIDITY
R. W, HOLMES, Univ. of California, Graduate School, Santa Bar-
bara, California 93018

The objective of the proposed research is to establish and
evaluate the relationships between water turbidity and organic
and inorganic particles concentration (i.c. seston) in a turbid
inshore marine environment.

Visual observations have shown the existence of turbid water
in the zone between the kelp and shore along the sparsely in-
habited coastal region between Santa Barbara and Point Concep-
tion. Very high mussel growth rates have been observed in this
zone, suggesting the existence and production of sizeable quanti-
ties of suspended organic materials which almost certainly con-
tribute appreciably to water turbidity. The suspended organic
material is probably locally produced by planktonic algae and/or
by the fragmentation of kelp. The sources, relative contribution,
and relationships bet dun the inorganic and organic fractions of
the seston and its correlation with water turbidity will be evalu-
ated seasonally and geographically.

SUPPORTED BY U.S. Dept. of filth. Ed. & Wel. - P.N.S.

6.0083, DEVELOPMENT OF METHODS FOR VALUING
WILD RIVERS
G.T. ORLOB, Water Resources Engineers Inc. , Walnut Creek,
California 94529

The overall objective of this work is to provide a methodolo-
gy for evaluating the worth of preserving river basins in their wild
state, as opposed to developing them to serve traditional
economic purposes. Two methods in particular are proposed to
be studied: I) benefits foregone and subjective decision, and 2)
nonmonetary benefit expressions. These benefit evaluation
methods will be incorportated in the traditional benefit-cost ratio
method of analysis for evaluating water resources projects.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0084, AQUATIC ECOSYSTEM
G.W OZBURN, Lakehead University, Undergraduate School,
Port Arthur - Ontario, Canada

(a) The Proposed Research: To determine the pH tolerance
range of Daphnia middendorffiana, using different acids and al-
kalis added to a variety of diluent waters

(b) The objectives, briefly: To evaluate the pH effect in
terms of influence on distribution of other organisms.

SUPPORTED BY Canadian Government

6.0085, WETLANDS EVALUATION AND DEVELOPMENT
MARITIMES

P.B. DEAN, Canadian Wildlife Service, Sackville - New Prun-
swick, Canada

To provide reports on the evaluation of wetlands designated
Development Areas in Eastern Canada with proposals for habitat
alteration and improvement for increased productivity of water-
fowl and furbearers.

SUPPORTED BY Canadian Clvernment

6.0086, DETERMINATION OF CRITICAL PHOSPHATE
AND NITRATE CONCENTRATIONS FOR ALGAL BLOOM
CONDITIONS IN LAKE ERIE
P.H. JONES, Univ. of Saskatchewan, School of Engineering,
Saskatoon - Saskatchewan, Canada

(a) Proposed Research: Collection, culture and quantitative
measures of growth of nuisance blooms in Lake Erie.

(b) O'Jjective: To determine the critical concentration of
phosphate and nitrate which Lake Erie can reach before nuisance
conditions prevail.

SUPPORTED BY Canadian Government
North Carolina State University
North Carolina State Government

6.0087, DEMAND FOR WATER UNDER DYNAMIC CON-
DITIONS
J.E. FLACK, Univ. of Colorado, School of Engineering, Boulder,
Colorado 80304

An empirical study of the effects of metering and price in-
crease on the demand for water over time by residential users in
Boulder, Colorado. The relationships of climate, lawn sprinkling,
socioeconomic status and other factors on household and total
water use in residential areas will be investigated.

SUPPORTED BY Resources For The Future Incorporated

6.0088, CHEMICAL ECOLOGY OF DIAPTOMID
COPEPODS OF COLORADO
R.W. PENNAK, Univ. of Colorado, Graduate School, Boulder,
Colorado 80304

NO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY University of Colorado

6.0089, SEDIMENT PROCEDURES DEVELOPMENT AND
RESERVOIR SEDIMENTATION
W.M. BORLAND, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Studies to develope or improve the techniques of computing
sediment transport in channels; determining stable channels;
computing degradation below dams; and determining the efficien-
cy and effectiveness of settling basis and sediment control facili-
ties at diversion dams. Existing reservoirs are periodically resur-
veyed to determine their current area and capacity amounts.
Added research value of the surveys include collecting basic data
related to watershed unit sediment yield rates; unit weight of
deposited sediments; reservoir delta formation patterns; sediment
distribution; and trap efficiencies. Improvement is continually
sought in instrumentation techniques and in developing better
equipment to conduct the reservoir surveys. Computer programs
are being written for specific sediment and hydraulic problems
that require iterative processing of the collected field data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0090, FLOOD HYDROLOGY INVESTIGATIONS
H.P. GROUT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A study to analyze meteorologicrit records of observed
storms to verify assumptions presently in use, and to improve
techniques for determination of maximum probable precipitation
that could be expected above Bureau dams and the related ser-
vice facilities. The study also includes the analysis of large flood
events to verify or improve the present techniques of estimating
retention loss rates, lag times, unit hydrographs, routing
techniques, frequency techniques, and snows eft- runoff relation-
ships.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0091, CORRELATION OF ECONOMIC PHYSICAL FAC-
TORS AFFECTING SELECTION OF LANDS FOR IRRIGA-
TION
E.O. HEADY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Research to provide the basis for improving conceptual and
theoretical bases of field procedures for the classification of land
and the estimation of returns and payment capacity from irriga-
tion investments; and conduct experiments, data collection, and
analyses for improvement an estimating cry= yield functions in
relation to classifying lands and estimating economic returns.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0092, IRRIGABLE LAND SUITABILITY STUDY
J.T. MALETIC, U S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Research is being conducted to develop procedures for appli-
cation of new concepts to problem solving in the fields of land
classification, soil salinity control, and quality of irrigation return
flows. Work will be done in linking a computer program for deter-
mining the change in -yater quality as it percolates toward the
ground water, to a viscous analogy model, which would approxi-
mate the ground water hydrology to thus obtain an estimate of the
return flow water quality from irrigation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0093, ECONOMIC ANALYSIS OF RESOURCE AREAS
J. MARGOLIS, U.S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A study into the external economics of water development
projects. The objective is the development of improved
procedures for implementing new standards and concepts in
economic analysis.

Completed work includes three reports published by Stan-
ford University:

1. Annotated Bibliography, External Economic Effects, with
Speical Reference to Water Resources Projects, by Julius Mar-
golis, Thorwald Moe, Peter Philip, Philip Vincent, Report EEP-
18, November 1965. 2. External Economic Effects, An Analysis
and Survey, with Special Reference to Water Resources Projects,
by Julius Margolis and Philip E. Vincent, September 1%6. 3.
Water Resources Development and Agglomeration Economics, A
Preliminary Statistical Study, by Dennis Cox, Julius Margolis,
Frank Mathewson, Report EEP-25, March 1967.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

'6.0094, USE OF WATER ON FEDERAL IRRIGATION
PROJECTS
H.R. MCDONALD, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

THOMSON
This study is collecting data from representative farms

throughout the Reclamation West, on an individual field and crop
basis, and in sufficient detail and accuracy to allow reliable
evaluation of present and attainable farm irrigation efficiencies. It
was undertaken to evaluate the improve present design criteria
frfor the sizing of storage and diversion facilities, outlet works,
pumping plants, and conveyance systems. Data on irrigation
water applied, precipitation, and surface runoff on an individual
field basis for each irrigation are being obtained. Crop consump-
tive use is being estimated by a modified Jensen- Haise procedure
using solar radiation and temperature data collected at the site.
Present irrigation efficiencies are being evaluated and attainable
efficiencies estimated on the basis of these data. Data being col-
lected on irrigation and cultural practices will be used later in a
more comprehensive anlaysis. Data on canal and lateral seepage
losses are also being collected and analyzpd in an attempt to im-
prove present methods of estimating such losses in planning and
design.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0095, RESERVOIR AND RIVER OPERATION
PROCEDURES
H.R. MCDONALD, U.S. Dept. of interior, Bureau of Reclama-
tion, Denver, Colorado 80225

A study to improve and develop procedures for the operation
of reservoir and river systems to obtain optimum use of available
water. This activity is directed towards evaluating stochastic
hydrology as a tool for planning and sizing of project features and
the development of procedures to program reservoir and project
releases to optimize the use of available water,
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0096, WATER SALVAGE STUDY
H.R. MCDONALD, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

A study to develop a method of evaluating the water trans-
pired by phreatophyte growth and the amount of water that can
be salvaged by eradication or control of this growth. The water
saved will provide a more dependai)le supply to existing Bureau
developments, as well as affecting the scale of future water
resources development. The methods of eradicating or con-
trolling phrcatophytes will be evaluated as to effectiveness in as-
suring continued salvage of water.

SUPPORTED BY U.S. Dept, of Interior - Bu. Reclamation

6.0097, ECONOMIC ANALYSIS OF RESOURCE AREAS
J.G. MILLIKEN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A study of economic and social impacts of recreational usage
at selected reservoirs of the Colorado-Big Thompson Project.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0098, ECONOMIC ANALYSIS OF RESOURCE AREAS
K.C. NOBE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

An historical investigation to assess adjustments and changes
in Federal water resource development objectives since 1902 in
response to the changing social and economic environment.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0099, DESALINIZATION AND INTERREGIONAL STU.
DIES
W.W. REEDY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

To keep abreast of technological advancements in the field
of water development, the Bureau is studying the potential of salt
water desalination plants to determine costs for comparison with
other sources of water. Field studies of plant locations, demands
for water, and the economic and financial aspects are areas of stu-
dy. Cooperation is maintained with the Office of Saline Water and
the Atomic Energy Commission to obtain costs and feasibility of
evaporators and energy plants.

A report entitled 'Siting Study on Large Nuclear Desalting
Plants' was published in June 1967. This report investigated suita-
ble sites and the economic incentives for large nuclear dual-pur-
pose desalting plants.

Bureau personnel are currently participating on a U.S. team
studying with Mexico the possible joint development of large
nuclear dual-purpose plants.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0100, ECONOMICS OF WESTERN STREAMFLOW
ACCRETIONS
R.L. ANDERSON, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Objectives: The general objective is to determine how the
benefits of water conservation activities would be distributed on
selected streams in the Missouri River Basin and other drainage
areas in the Western States. Working objectives are: To assemble
data on water rights on the streams under study; to identify the
marginal water right holders; and to determine the effects of
changes in streamflow on water users, considering both costs and
benefits of such changes.

Approach: Records of water rights filed on irrigation streams
are being collected from State and county records, and from
major distributing agencies. This information will permit the
identification of marginal water users, who would be affected
most by changes in streamflow. Sample stream reaches will then
be selected and the effects of changes in water availability in
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terms of changes in acreage irrigated, crops grown, and other
changes in farm operation will be analyzed. Schedules of benefits
and/or losses to water users on the sample streams will be
analyzed.

SUPPORTED BY U.S. Dept. of Agriculture

6.0101, ECONOMICS OF ALTERNATIVE ROUTINES
FOR DELIVERING IRRIGATION WATER
R.L. ANDERSON, Colorado State University, Agricultural Ex-
periment Sta, , Fort Collins, Colorado 80521

Objectives: The major objective is to evaluate routines for
delivery of irrigation water to farms and fields within farms from
the standpoint of economic efficiency and selected other decision
rules or criteria.

Approach: A simulation program was designed in coopera-
tion with the Graduate School of Public Administration of Har-
vard University. The program computes production, gross returns
and net income from various systems of irrigation, enabling the
researcher to determine the most profitable system on a per-farm
and an aggregate basis. The program can evaluate up to 40 farms,
each farm producing as many as 10 crops, with the irrigation
season divided into 14 time periods. It simulates the decisions a
farm operator would make according to various economic and
other criteria in the course of an irrigation season where water
availability is limited. The program is designed to consider the ef-
fects on crop yields when one or two irrigation waterings are
missed.

SUPPORTED BY U.S. Dept. of Agriculture

6.0102, FISHES OF THE ARKANSAS RIVER BASIN,
COLORADO
R.J. BEHNKE, Colorado State University, State Coop. Fishery
Unit, Fort Collins, Colorado 8052

A survey of the fishes of the Arkansas River drainage will be
conducted. Distribution and species composition will be related
to changes in the aquatic environments precipitated by human
use of the land and the water.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Colorado State University

6.0103, EFFECTS OF CHEMICAL VARIATIONS IN
AQUATIC ENVIRONMENTS
W.H. EVERHART, Colorado State University, Graduate School,
Fort Collins, Colorado 80521

Human population pressures and the ecological alterations
that follow are the greatest challenge to worldwide natural
resources management today. Whether habitat is removed by
great highways or by subtle chemical changes, natural resource
agencies are necessarily forced to provide for continuing produc-
tion through increasingly intensive management.

Chemical alteration of our environment appears to be an in-
tegral part of our present and future civilization, and yet, too little
background information is available on the natural chemical
characteristics of our water resources and the changes we may ex-
pect in them. How then can we accurately assess the effects of
man-induced changes in our waters (pollution') without a base of
extensive research data concerned with these natural variations
and their biological effects? Increasingly more and more in-
dividuals are beginning to emphasize the idea that water is natu-
rally polluted if you accept distilled water as a base.

The purpose of the research proposed herein is to gain some
insight into the ecological impact of subtle changes in the chemis-
try of natural waters, utilizing fish as much as possible as indicator
organisms. Correlative information of this kind would be of espe-
cial value to pollution specialists and fishery managers, but it
should also find widespread application among other workers in
both scientific and administrative echelons throughout the natu-
ral resources field.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0104, AN EXPLORATION OF COMPONENTS AFFECT-
ING AND LIMITING POLICYMAKING OPTIONS IN LOCAL
WATER AGENCIES
C.L. GARRISON, Colorado State University, Graduate School,
Fort Collins, Colorado 80521

The project seeks to specify and assess the impacts of system
elements and parameters which influence and restrict the effec-
tive range of options available to policymakers in local water
agencies of Northeastern Colorado. The research is operational-
ized to measure, in comparative community and group contexts
and on a sequential-interval basis over a three-year period, the
relationships among policymaking sub-systems and ( 1 ) general
community publics, (2) relevant special publics, and (3) other in-
fluential factors such as the legal framework and the economic
systems. The major community classification schema for com-
parison categorizes communities along two dimensions, (1) levels
of administrative development; (2) levels of community political
participation.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
Colorado State University

6.0105, A STUDY OF THE SOCIAL MECHANISM OF
RURAL-URBAN WATER TRANSFERS WITH SPECIAL
REFERENCE TO EXTERNAL EFFECTS
L.M. HARTMAN, Colorade State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

Objectives: 1. To investigate the institutional structure of
water transfers in New Mexico and contrast the process there
with that used in Colorado. Water transfers in Colorado are han-
dled through a judicial process, while in New Mexico transfers are
supervised by an administrative agency of the state government.

2. Conceptualize an analytical model in terms of which al-
locative efficiency of water supplies can be judged, giving specific
consideration to the physical inter-relatedness of such supplies. In
the framework of this model evaluate the relative merits of
Colorado and New Mexico water right transfer process. 3. Esti-
mate secondary effects resulting from water transfers from a well-
developed, irrigated agricultural area and the costs associated
with these effects.

Objectives (I) and (2) involve an investigation of transfer
procedures in both states and an economic analysis of the
procedures in terms of efficiency criteria. This analysis has been
largely completed. Objective (3) required the empirical estima-
tion of income and product flows within a regional economy. An
initial study of this objective has been completed.

SUPPORTED BY Colorado State Government

6.0106, AN EXPLORATION OF COMPONENTS AFFECT-
ING AND LIMITING POLICYMAKING OPTIONS IN LOCAL
WATER AGENCIES - PHASE II
D.W. HILL, Colorado State University, Graduate School, Fort
Collins, Colorado 80521

The research will be devoted to the investigation of how
planning functions in hydrological systems are related to goal ful-
fillment. Systems will be selected and compared in accordance
with a systematic design which employs local community and
water agency typologies. Measures will be utilized within a
framework of social attitudes, perceptions, and patterns of activi-
ty containing bases of support and opposition to the goals of the
local water agencies.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Colorado State University

6.0107, THE ECONOMICS AND ADMINISTRATION OF
WATER RESOURCES
K.C. NOBE, Colorado State University, Natural Resources
Center, Fort Collins, Colorado 80521

The objectives of this research are ( I ) to estimate the
economic value of alternative, high altitude, watershed manipula-
tion practices; (2) to relate Colorado's system of legally defined
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water rights to engineering - hydrologic criteria for the improved
specification of the rights; (3) to specify how water management
organization can best adapt to a changing pattern of public water
management objectives in a historicaliy developed water manage-
ment system where existing supplies are fully appropriated; (4) to
specify the relationships between 'base studies' of a regional
economy and the economics of system design to meet specific de-
mands; and (5) to estimate the value of water and wet lands in
wild life recreation use in comparison with alternative uses.

SUPPORTED BY U.S. Dept. --)f Interior - 0. Water Res. Rch
Colorado State University

6.0108, ECONOMICS OF GROUND WATER DEVELOP-
MENT IN THE HIGH PLAINS OF COLORADO

RONDY, Colorado State University, Graduate School, Fort
Collins, Colorado 80521

Much of eastern Colorado depends upon a large un-
derground reservoir for its water supply. This reservoir has a low
rate of rechargc and even if additional wells were not drilled,
depletion of this reservoir would be possible. In recent years many
agricultural wells have been drilled in this area. The proposed
research is intended to describe alternative patterns of ground
water development and to isolate the economic effects of each al-
ternation on individual firms and on the area as a whole. Field in-
vestigations will be conducted to obtain data from present and
potential users. These data will be used as the basis for economic
programming models. The programming models will investigate
static and dynamic conditions. The static-model will describe
necessary on farm adjustments to a given set of conditions while
the dynamic model will aid in determining optimum intertem-
poral adjustment patterns. Results of the empirical work will be
used as an aid for making policy recommendations. The research
will begin FY 66 and end in FY 69. Four years will be required to
complete the work.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Colorado State University

6.0109, STOCHASTIC STRUCTURE OF HYDROLOGIC
SERIES
V. YEVJEVICH, Colorado State University, School of Engineer-
ing, Fort Collins, Colorado 80521

The general objectives of this research are the same as those
sought by the investigator's previous work and may be sum-
marized as follows: 1. To determine the structure in time series
(continuous or discrete series) or other sequences of river flow
and precipitation for any unit measure of discrete time series (i.e.,
day, month, year, or others) at various measures of other
sequences; 2. To find the physical explanations for any deter-
ministic component and dependent stochastic processes in these
sequences; 3. To study regional distribution of hydrologic proper-
ties (stochastic regional processes); 4. To develop a better bridge
between the statistical (probabilistic) and the geophysical ap-
proach to the analysis of runoff and rainfall sequences; 5. To
study theoretically the problems of water storage with the
development of new methods in storage problem analyses; and 6.
To study various problems of stochastic processes encountered
while studying under the above five objectives.

SUPPORTED BY U.S. National Science Foundation

6.0110, INVESTIGATION AND CONTROL OF ALGAE
BLOOMS AND NUISANCE GROWTHS OF WATER WEEDS
R.J. BENOIT, General Dynamics Corporation, Groton, Connec-
ticut

Samples of water are collected from selected lakes and tribu-
taries. The samples are analyzed for total phosphate, plankton
composition, and other characteristics as appropriate. Recom-
mendations on chemical treatment for bloom control (pro or
con) are made, and the treatment plan is prepared. The treat-
ments are carried out by local volunteer workers and supervised
by us. The effects of treatment are evaluated.

6. WATER RESOURCES PLANNING

SUPPORTED BY Connecticut State Government

6.0111, STUDY OF THE RIVER PHASE OF THE LIFE
HISTORIES OF ALOSA. PSEUDOHARENGUS AND
AESTIVALIS
W.A. LUND, State Board of Fish. & Game, Hartford, Connecticut

To study the life histories of Alosa pseudoharengus and
aestivalis under the most ideal field conditions available and then
utilize the results in large river systems, like the Connecticut
River, where an intensive study such as this would be extremely
difficult to do.

In general, it is proposed to construct a weir at a narrow sec-
tion of the brook to obtain: a. The range in temperature when the
fish enter the stream. b. The size composition, sex ratio and age
structure of the entering groups. c. The effects of illumination on
the movements of the fish to the spawning grounds. d. An esti-
mate of the total numbers of fish entering the brook. e. An esti-
mate of the total numbers of fertilized eggs which might be
produced. f. An estimate of the mortality rate of adults on the
spawning grounds by estimating the total number of fish returning
to the sea. g. Fish for marking. The objectives of the mark are: I.
To establish whether it is possible to estimate total numbers of
fish on the spawning grounds by a mark and recapture study. 2,
To determine length of time fish remain on the spawning grounds.
3. To determine the degree of homing, and 4. if a high degree of
homing is found, estimate the mortality at s

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish.
Connecticut State Government

6.0112, DEVELOPEMNT AND IMPLEMENTATION OF A
MANAGEMENT STRATEGY FOR WATER RESOURCES
RESEARCH
H.K. GAYER, Travelers Research Center Inc. Hartford, Connec-
ticut

The proposed research involves the development of an
overall research strategy for the planning and management of
water resources research by OWRR. The project involves the fol-
lowing steps: 1) Development of an analytical or conceptual
framework 2) Development of projections of relevant technical,
economic, and demographic factors 3) Identification of water
research problems 4) Development of research guidelines 5 )
Recommendation of research programs, areas of study, and as-
sociated study approaches.

The project will employ the 'systems' approach to deal with
the complexity of the interactions and interrelationships inherent
in the water resources research management problem.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0113, PHYSIOLOGY AND BEHAVIOR OF LARVAE
(PHYSIOECOLOGY OF SHELLFISH PROGRAM)
H.C. DAVIS, U.S. Dept. of Interior, Biological Laboratory, Mil-
ford, Connecticut

The development of routine methods for rearing bivalve lar-
vae has enabled us to determine the effect of various ecological
factors on larvae of the American oyster, Crassostrea virginica,
and the hard clam, Mercenaria mercenaria. Studies have been
made of the effect of the type and quantity of food, salinity, tem-
perature, turbidity, pH, and of various pesticides and detergents
on embryonic development and on growth of the larvae of these
two species. In some studies we have observed the combined ef-
fect of varying two or more of these factors simultaneously.

We are currently experimenting to determine the pH range
for spawning of oysters and the effect of the pH at spawning on
viability of the sperm and eggs. We are also currently studying the
effect of keeping oysters at lowered salinities, during gonad
development and spawning, on subsequent embryonic develop-
ment and larval growth at different salinities. We expect to soon
have methods developed for studying the behavior of larvae and
the effect of light, gravity, temperature, salinity and currents on
the behavior of larvae of different ages and sizes. Such studies are
urgently needed to develop an informational basis for field work
on distribution of larvae.
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SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

6.0114, ECOLOGICAL FACTORS AFFECTING
REPRODUCTION OF SHELLFISH (PHYSIOECOLOGY OF
SHELLFISH PROGRAM)
II.C, DAVIS, U.S. Dept. of Interior, Biological Laboratory, Mil-
ford, Connecticut

This project has developed largely in an attempt to discover
the origin and distribution pattern of the oyster larvae that set in
Long Island Sound. Studies of the intensity of setting in the
Bridgeport- Milford-New Haven area have shown that, while cer-
tain sections are more likely to get a heavier set than others,
setting is usually very spotty, i.e., some sections may get a heavy
set while nearby sections receive almost none at all. Plankton
samples have shown that, even during the spawning season, oyster
larvae are not numerous and that the earlier stages, 75-250
microns in length, are rarely encountered, The 250-325 micron
larvae appear suddenly in the plankton samples and setting starts
immediately.

At present we are attempting to locate the 'nursery areas'
where these larvae develop to the 250-325 micron stage before
they appear in Long Island Sound. Once these 'nursery areas'
have been discovered, we shall attempt to determine the at-
tributes that enable the larvae to develop there and to increase
recruitment by replenishing the spawning stock in these areas.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm, Fish.

6.0115, COMPETITION, PREDATION, AND BODY SIZE
IN LAKE ZOOPLANKTON
J.L. BROOKS, Yale University, Graduate School, New Haven,
Connecticut 06520

This research is an evaluation of the relationships between
body size and relative competitive success of broadly related spe-
cies of zooplankters. According to the size-efficiency hypothesis
(Brooks and Dodson, 1965) the larger species tend to be the
more successful competitors, but also the more vulnerable to
predation, When predation pressure is low, the larger forms
replace the smaller; when it 's high, the reverse obtains.

The first phase of the research is a further examination'of the
effects that increasing the predation pressure by the introductions
of planktivorous fish has upon the composition of lake zooplank-
ton. Thorough, year-round samplings of the plankton before the
introduction of alewives (Alosa pseudoharengus) and during their
establishment should provide insight into the dynamics of the
shifts in competitive dominance due to the increasing predation
upon the larger zooplankters.

As the greater success of the larger of related cladocerans ap-
peras to relate to their superior ability to collect their fine particu-
late food, the second major phase of the proposed research will
examine the efficiency with which cladocerans of various sizes
can remove particles (esp. in 1-15 range) from dilute suspensions,
and the range of particle sizes that each zooplankter can feed
upon.

SUPPORTED BY U.S. National Science Foundation

6.0116, INTEGRATION OF CONNECTICUT WATER
RIGHTS LAWS AND POLLUTION CONTROL LAWS
R.L. LEONARD, Univ. of Connecticut, Institute of Water
Resources, Storrs, Connecticut 06268

In the absence of a statutory definition of water rights Con-
necticut courts have settled conflicts according to common law
principles. Meanwhile, the State Department of Public Health is
responsible for protecting public health, and the Water Resources
Commission is responsible for setting pollution control standards
beyond those required for protecting public health.

Most municipal water supplies in Connecticut have been
developed from high quality, upland streams. The main stems of
the larger rivers are genei,,,ly being utilized only for purposes
having medium or low quality requirements. As demands for
water increase more intensive use and reuse of water will become
necessary. An integration of water rights laws and water pollution
control laws will be needed to facilitate more intensive utilization
of Connecticut water resources.

A detailed and exhaustive review of existing water law in
Connecticut will be prepared. This review will include constitu-
tional provisions, statutes, court decisions, and administrative
regulations pertaining to rights to use water, protection of public
health, and pollution control.

Criteria will be developed for evaluating water laws and in-
stitutions. Consideration will be given to the allocation of water
among competing uses, the process of reallocation, and the effi-
cient adjustment to more intensive use and reuse of water,

The information and results of specific analyses will be
brought together to identify legal and institutional changes
needed to facilitate more intensive use of the water resources.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Rcs. Rch
University of Connecticut

6,0117, FARMINGTON RIVER SHAD STUDIES
W.R. WHITWORTH, Univ. of Connecticut, Agricultural Experi-
ment Sta. , Storrs, Connecticut 06268

Objective: To determine the ability of a section of the lower
Farmington River (1) to provide a migration route for American
shad and anadromous salmonids, and (2) to hatch and rear eggs
and young of the above fishes.

Procedure: Various points will be periodically sampled for
plankton, bottom fauna, fish (eggs, larvae, and adults), selected
chemical and physical characteristics, and a water sample taken
back to the laboratory for routine bioassay. Data will be com-
pared by analysis

SUPPORTED BY Connecticut State Government

6.0118, ECOLOGICAL PERIODICITIES OF NITROGEN
AND PHOSPHORUS IN SALT MARSH FLORA AND SUR-
ROUNDING WATERS
P.C. DAIBER, State Board of Game & Fish, Dover, Delaware

Objectives: 1) To evaluate organic soluble and particulate
nitrogen, nitrate, nitrite, total phosphorus, inorganic phosphorus,
and salinity concentrations in the waters of a ditched and a natu-
ral salt marsh; 2) To evaluate concentrations of particulate or-
ganic nitrogen, nitrate, nitrite, total phosphorus, and inorganic
phosphorus in the vegetation and edaphic organisms of the salt
marsh; 3) To determine the significance (if any) of ecological
season, lunar, die!, and diurnal periodicities on the flux of
nitrogen and phosphorus within the marsh flora; 4) To consider
the effects of precipitation on release of the plant nutrients into
the salt marsh ecosystem; 5) To determine floral abundance of
major species of spermatophytes in natural marsh and ditched
marsh areas.

Procedures: Field samples of salt water marsh will be col-
lected from selected stations in a ditched salt marsh and a natural
salt marsh (natural-unaltered by man). Spermatophytes and
edaphic algae samples will also be collected from the same areas.
Spermatophytes will be harvested at the stem, the leaves will be
placed in a plastic bag for later analyses. Edaphic algae will be
collected on glass microscope slides placed on the marsh surface
at least two weeks prior to the study. Three collections will be ex-
ecuted at equal intervals during each ecological season to evalu-
ate water samples, spermatophytes and edaphic algae. Collec-
tions, for evaluation of diurnal cycles, will be performed every
two hours during a twelve hour period. Diel periodicity will be
evaluated with sampling each six hours for a twenty- four hour
period. The effects of precipitation will be evaluated by collecting
plant and water samples just prior to precipitation (predicted by
U.S. Weather Bureau) and immediately after the precipitation
has occurred. Lunar and seasonal periodicity will be evaluated
through the three collections at equal intervals during each of the
ecological seasons. These collection procedures are designed to
facilitate statistical treatment of the data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Delaware State Government

6.0119, ECOLOGICAL STUDIES OF WILDLIFE
MANAGEMENT PRACTICES
E.P. CATTS, Univ. of Delaware, Agricultural Experiment Sta. ,
Newark, Delaware 19711
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Long-range Objective -- To evaluate the ecological effects of
management operations designed to improve or modify wildlife
habitat, Immediate Objective To study wildlife usage and
production on low. level-impounded tidal marshes in Delaware.

DESCRIPTION OF WORK: Study areas will consist of low-
level and high-level Impoundments as well as undisturbed salt-
marsh. Intensive observations comparing the amount and kind of
use made of these study marshes by vertebrate wildlife will be
conducted at weekly intervals throughout the calendar year. Per-
manent observation points will be selected to place all low-level
impoundments under surveillance. Other stations will be located
on unditched and high-level impounded marshes for determina-
tion of comparative vertebrate activity, This census will include
all birds, small mammals and fishes associated with the study
marshes. Vertebrate usage will be related as much as possible to
habitat or other environmental features, Local climate will be
recorded and correlated with observed activity. Usage will be
determined through such means as visual and audio observations,
marking recapture procedures, and sign or fecal pellet analysis.
Findings will be used to help determine the optimal pool and ditch
sizes, the level at which low water should be held, and the in-
fluence of spoil deposits on vertebrate occurrence.

SUPPORTED BY Delaware State Government

6.0120, ECONOMIC AND ENGINEERING ASPECTS OF
WATER IN DELAWARES AGRI-BUSINESS INDUSTRY
R.C. SMITH, Univ. of Delaware, School of Agriculture, Newark,
Delaware 19711

Delaware's agri-business industry is a major user of water.
Wise and economic use of water for supplemental irrigation, food
processing, and waste disposal requires long-range planning now
for optimum development of water resources in the State.

The project will involve the study of economic and engineer-
ing aspects of water in Delaware's agri-business industry. It will
seek to provide data and analysis of water requirements for crop
and livestock production, food processing and agricultural waste
disposal. The analysis will be used in preparing a comprehensive
long-range water development plan for Delaware agri-business in-
dustry.

SUPPORTED BY U.S, Dept, of Interior - 0. Water Res. Rch
University of Delaware

6.0121, ECONOMIC AND ENGINEERING ASPECTS OF
WATER IN DELAWARE'S AGRI-BUSINESS INDUSTRY
R.C. SMITH, Univ. of Delaware, School of Agriculture, Newark,
Delaware 19711

Delaware's agri-business industry is a major user of water.
Wise and economic use of water for food processing and waste
disposal requires long-range planning now for optimum develop-
ment of water resources in the State.

Waste flow measurements and composite waste samples will
be taken for vegetable and for poultry processing plants. The
amount of recirculated water in each plant for each product will
be estimated. The waste samples will be analyzed to determine
the level of BOD COD, total suspended solids and pH.

Data will be obtained from each plant to determine the exist-
ing fixed and variable costs of water requirements, waste treat-
ment and waste water disposal, The relationship between the cost
of waste disposal, the method of disposal used and the level of
waste in disposal water will be determined.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Delaware

6.0122, TRANSLATION OF VOPROSY IKHTIOLOGII
(PROBLEMS OF ICHTHYOLOGY)
R.F. HUTTON, Amer. Fisheries Society, Washington, District of
Columbia 20005

English translation of the 1968 volume of the Russian fishe-
ries journal, a publication of the Academy of Sciences of the
USSR.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. National Science Foundation
Amer. Fisheries Society

6.0123, COMPREHENISVE PLANNING 1FOR WATER
RESOURCES MANAGEMENT IN METROPOLITAN EN-
VIRONMENTS
J.L. KNETSCH, George Washington University, Center Nat.
Resou. Pol. Stud. , Washington, District of Columbia20006

The proposed research is to: (1) Investigate past behavior of
decision agents important in the development and management of
the water resource system of metropolitan Washington. Func-
tional subcategories of water resources to be studied are water
supply, quality, recreation, flood control, urban hydrology and
esthetics; (2) Assess past performances of water agencies, in
terms of objective evaluation criteria such as consideration of the
physical system, economic efficiency, number of alternatives con-
sidered, effective administrative and regulatory provisions and
obtaining an effective political consensus; (3) Formulate soy e of
the directions in which to proceed in order to bring about a in-
creased capacity to attain goals in metropolitan water planning.

SUPPORTED BY U.S. Dept. of Interior - a Water Res. Rch

6.0124, SCHOOLS FOR CITIZENS ON WATER USE FOR
TOMORROWS LIVING
A.E. WHITTEMORE, League of Women Voters, Washington,
District of Columbia 20036

The purpose of this project is to increase the effectiveness of
citizen participation in efforts to assure wise use of our interre-
lated water and land resources, The project will be carried out
through seminars for leaders of community and civic organiza-
tions who in turn will conduct Schools for Citizens on Water Use.
A handbook will also be prepared to assist in the conduct of the
Schools for Citizens.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
League of Women Voters Education Fund

6.0125, USE OF THE COASTAL ZONE FOR THE U. S.
COASTLINE OF LAKE ERIE AND LAKE SUPERIOR
A.B. BIGLER, Natl. Planning Association, Washington, District of
Columbia

The contractor will conduct investigations and analyses on
the use of the coastal zone for the U. S. coastline of Lake Superior
and Lake Erie intended to aid in future policy planning for these
areas. Specific tasks include: (1) Review of background studies of
factual data about the two lakes and their utilization and the
economic and social ends served; (2) Analysis of the effectiveness
of measures employed in the past for determining utilization of
coastal zone resources, including case studies of selected con-
flicts; (3) Assessment of the potentials for applying marine
science and technology to achieving greater multiple use, or more
optimal use, of coastal zone resources; (4) Identification and
evaluation of new or different measures to protect higher-level
utilization of coastal zone resources; (5) Analysis of international
problems and opportunities in achieving optimal use of lake
waters and lake-bed resources, and recommendations of desirable
new measures.

SUPPORTED BY Natl. Council on Marine Res. & Engin.
Dev.

6.0126, POPULATION ECOLOGY OF FORAMINIFERA IN
THE CHOPTANK RIVER
M.A. BUZAS, Smithsonian Ir con, Washington, District of
Columbia 20560

Replicate samples of the fauna have been taken at 3 stations
across a faunal boundary every month for 13 months. At the same
time measurements of temperature, salinity, oxygen, chlorophyll,
phosphate, and nitrate have been made. The laboratory work is in
its final phase. The data will be analyzed by means of a multi-
variate least squares model which will enable me to examine the
relationships between samples at a time, with time, and with the
measured environmental variables.
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SUPPORTED BY Smithsonian Institution

6.0127, SEA NETTLE STUDIES IN CHESAPEAKE BAY,
LIFE HISTORY AND ECOLOGY
L,P. SCHULTZ, Smithsonian Institution, Washington, District of
Columbia 20560

The purpose of this study is to find out as much as possible
about the life history and ecology of the summer sea nettle
(Chrysaora) in Chesapeake Bay with the view to eventually con-
trolling its abundance.

SUPPORTED BY Smithsonian Institution

6.0128, EVALUATION OF PHYSICAL AND ECONOMIC
EFFECTS OF IMPOUNDMENTS AND RELEASES ON UP-
STREAM AND DOWNSTREAM WATER QUALITY

UNKNOWN, U.S. Army, Environmental Branch, Washington,
District of Columbia 20315

Objective: To provide a proper basis for formulation and
evaluation of proposed projects and modifications of existing pro-
jects concerned with water quality control.

Study Plan: 1. Assemble and collate data on such physical
characteristics as temperature stratification, water movement
through reservoirs; chemical properties, such as oxygen content;
concentration of dissolved ions, gases, and other materials and
biological productivity both within and downstream for reservoir
projects. 2, Establish the cause and effect relationships between
storage and releases for water quality control. 3, Develop practi-
cal reservoir regulation techniques for improving water quality
within reservoirs and downstream. 4. Develop a methodology for
identifying and quantifying in monetary terms all gains and losses
associated with storage and releases for water quality control.

SUPPORTED BY U.S. Dept. of Defense - Army

6.0129, INFLUENCE ON LAND VALUES OF IMPROVED
UTILIZATION THROUGH FLOOD PROTECTION
UNKNOWN, U.S. Army, Civil Works Directorate, Washington,

District of Columbia 20315
Objectives: To determine extent market value of land subject

to flooding reflects flood losses; and to develop techniques for
utilizing land value data for estimating flood damages.

Study Plan: 1. Investigation of trend in land values in: a.
Several selected urban and rural areas that have had flood protec-
tion over a period of years, and b. Comparable areas without pro-
tection. 2. Develop procedure for utilizing land value data when
estimating flood damages in the economic evaluation of proposed
flood control improvements.

SUPPORTED BY U.S. Dept. of Defense - Army

6.0130, LEGAL ASPECTS OF WATER RIGHTS IN THE
EAST
P. DAVIS, U.S. Dept. of Agriculture, Washington, District of
Columbia

Objectives: To review, analyze, and compare the develop-
ment and current status of laws applicable to water rights and
regulation in the 31 Eastern States. This includes the States lying
east of the Mississippi River and along its western border.

Approach: Analyses are made of State and Federal statutes,
constitutional provisions, court decisions and other factors ap-
plicable to water rights and regulation such as administrative
regulations and contractual agreements, problems in acquiring or
exercising private or public rights to use various sources of water
for agricultural and other purposes, relationships to economic
and physical factors, interstate and international considerations,
and possible improvements in the applicable laws or their opera-
tion. The findings may be published separately for individual
States or in reports that cover and compare all otCseveral of the
States.

SUPPORTED BY U.S. Dept. of Agriculture

6.0131, LEGAL ASPECTS OF WATER RIGHTS IN THE
EAST
H. ELLIS, U.S. Dept. of Agriculture, Washington, District of
Columbia

Objectives; To review, analyze, and compare the develop-
ment and current status of laws applicable to water rights and
regulation in the 31 Eastern States. This includes the States lying
east of the Mississippi River and along its western border.

Approach; Analyses are made of State and Federal statutes,
consitituional provisions, court decisions and other factors ap-
plicable op water rights and regulation such as administrative
regulations and contractual agreements, problems in acquiring or
exercising private or public rights to use various sources of water
for agricultural and other purposes, relationships to economic
and physical factors, interstate and international considerations,
and possible improvements in the applicable laws or their opera-
tion, The findings may be published separately for individual
States or in reports that cover and compare all or several of the
States,

SUPPORTED BY U,S, Dept. of Agriculture

6.0132, LEGAL ASPECTS OF WATER RIGHTS IN THE
EAST
If, ELLIS, U.S. Dept. of Agriculture,Washington, District of
Columbia

Objectives: to review, analyze, and compare the develop
ment and current status of laws applicable to water rights and
regulation in the 31 Eastern States. This includes the States lying
east of the Mississippi River and along its western border,

Approach: Analyses are made of State and Federal statutes,
constitutional provisions, court decisions and other factors ap-
plicable to water rights and regulation such as administrat
regulations and contractual agreements, problems in acquiring or
exercising private or public rights to use various sources of water
for agricultural and other purposes, relationships to economic
and physical factors, interstate and international considerations,
and possible improvements in the applicable laws or their opera-
tion. The findings may be published separately for individual
States or in reports that cover and comparc all or several of the
States.

SUPPORTED BY U.S. Dept. of Agriculture

6.0133, LEGAL ASPECTS OF WATER RIGHTS IN THE
EAST
H.H. ELLIS, U.S. Dept. of Agriculture, Washington, District of
Columbia

Object: To review the development and status of statutes,
constitutional provisions and court decisions governing water
rights in the 31 Eastern States. To study the relationships between
water rights and economic, physical and administrative factors.
To explore possibilities for improving the utilization of water
resources.

Plan of work: A description and analysis will be made of all
statutes, constitutional provisions and court decisions relating to
water rights. The relationships of water rights to economic and
physical factors and to watershed improvement programs will be
analyzed. Consideration will be given to measures for attaining
more beneficial use of limited watcr resources. Studies will in-
clude consideration of the contractual and other arrangements
employed for irrigation purposes; and of the problems of irriga-
tors in acquiring and exercising rights to use water from surface
and underground sources. The results of each State analysis will
be published separately and/or incorporated into reports covering
several States, with significant inter-State comparisons.

Cooperation: State Experiment Stations; other State agen-
cies; law colleges

SUPPORTED BY U.S. Dept. of Agriculture

6.0134, APPRAISAL OF LOCAL SOIL, WATER AND
OTHER RESOURCE ORGANIZATIONS
I. HANSON, U.S. Dept. of Agriculture, Washington, District of
Columbia

Objectives: Analyze the organization, financing, operation,
supervision, and coordination of resource and resource-related
local organizations such as conservancy, recreation, wildlife, ir-
rigation, drainage, watershed, soil conservation, forest preserve,
and grazing districts and associations.
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Approach: An inventory is being made of the kinds aid num-
bers of local resource organizations found in different States.
Distinctive and significant types of local organizations will be
selected for analyses. Individual organizations will be chosen for
case studies. The analyses will include a review of relevant
statutes, regulations, organizations' reports and files as well as in-
terviews with local and State personnel and other informed per-
sons. Relevant bulletins, research reports, journal articles, books,
and pamphlets will be collected and reviewed.

SUPPORTED BY U.S. Dept. of Agriculture

6.013S, IRRIGATION AND OTHER PRODUCTION RELA-
TIONS IN FLORIDA CITRUS ENTERPRISES
W. HENEBERRY, U.S. Dept. of Agriculture, Washington, District
of Columbia

Objectives: To estimate costs and returns from irrigation of
citrus groves in Florida. A secondary objective is to determine the
total acreage of cropland under irrigation in Florida and to identi-
fy trends in the use of irrigation.

Approach. Secondary data from the Census of Agricultural
and other sources will be utilized as a basis for a general descrip-
tion of irrigation. The description includes the acreages of the
various crops irrigated, type of irrigation, general trends in irriga-
tion development, identification of areas of irrigated land, major
sources of irrigation water supply, and values of crops harvested
from irrigated land. Operations and characteristic& of efficient ir-
rigation systems will be estimated for specific soil and water
resource situations in representative citrus-growing areas. Costs
and returns will be estimated by applying appropriate prices of in-
puts and products to physical data under economically efficient
irrigation systems.

SUPPORTED BY U.S. Dept. of Agriculture

6.0136, ECONOMICS OF WATER MANAGEMENT
TECHNIQUES IN SOUTH DAKOTA
G.A. PAVUlS, U.S. Dept. of Agriculture, Washington, District of
Columbia

Objectives: To determine the economic feasibility of adopt-
ing recently improved irrigation technology for use on potentially
irrigable lands in selected areas of South Dakota, and to estimate
the impact of such adoption on the local economy of a selected
area in South Dakota.

Approach: Potentially irrigable areas will be selected accord-
ing to physical criteria of water supply and suitable soil types.
Determination of water supply will include consideration of the
extent to which water has been allocated to other uses by existing
rights and allocations. Irrigation systems suitable for use in the
selected areas will be determined and labor and capital require-
ments estimated for each type of system. Particular emphasis will
be placed on recent improvements in irrigation technology in the
selection process. Budgeting and linear programming techniques
will be used to determine optimum economic organization of
farms using the selected irrigation systems. Data requirements
will be satisfied by existing data, communication with specialists
and survey of farm operators if necessary. A spec,.e, area will be
selected for an input-output type of analysis to estimate the
specific impact on the local economy if the irrigation potential is

fully developed.

SUPPORTED BY U.S. Dept. of Agriculture

6.0137, ECONOMICS OF WATER MANAGEMENT ON
THE TEXAS HIGH PLAINS
G.A. PAVEL'S, U.S. Dept. of Agriculture, Washington, District of
Columbia

Objectives: To determine optimum use of ground water
based on expected demand-supply relationships in the High
Plains. Working objectives are to appraise present patterns of
agricultural production and water use; to estimate the production
and remaining supply of ground water; and to determine the im-
pact of declining water resources on the composition, quantity
and cost of agricultural output in the region, and on agricul-
turally-dependent businesses.

6. WATER RESOURCES PLANNING

Approach: Water production functions are being developed
from hydrologic data, relating water yield to thickness of aquifer.
Alternative enterprise budgets have been constructed for typical
farm situations with respect to water supply. Linear programming
techniques are being used to estimate optimum use of available
supplies of water. Estimates of volume of business of farm-supply
firms and other agriculturally-related firms are being developed.

SUPPORTED BY U.S. Dept. of Agriculture

6.0138, ANALYSIS OF RURAL ZONING ENABLING
STATUTES AND ORDINANCES
E. SOLBERG, U.S. Dept. of Agriculture, Washington, District of
Columbia

Objectives: To appraise the status of and analyze develop-
ments in rural zoning enabling statutes and in zoning ordinances
and to analyze what is being done under rural zoning ordinances.

Approach: Examination, analyses, and classification are
made of all State rural zoning enabling statutes which empower
counties, townships or other governmental units to adopt or-
dinances and regulations. Rural zoning ordinances and regula-
tions enacted by local governmental units are collected, analyzed,
and classified. Analyses are made of rural zoning as it relates to
agriculture and natural resources uses. Special attention is
directed at significant zoning innovations and related land use
control techniques.

SUPPORTED BY U.S. Dept. of Agriculture

6.0139, URBAN AND METROPOLITAN STUDIES
A.C. GERLACH, U.S. Dept, of Interior, Geological Survey,
Washington, District of Columbia 20242

I . Objective: To develop the capability to provide data inputs
for improvement of urban land use, better planning and utiliza-
tion of transportation systems, regional development planning,
and renovation of industrial areas for more efficient utilization of
resources and accelerated technology.

2. Approach: Develop research strategy and techniques for
the study of urban and metropolitan problems with the aid of
remote sensing data of the types that could be obtained from
space. This effort will utilize: a. Multiband photography - Color,
and color infrared photography - Thermal infrared images - High
resolution radar - Passive microwave - Scatterometer signature
products.

3. Problems addressed by these studies include recognition of
details of urban interrelationships, categorization of interrelation-
ships as social/environmental pressure indicators and develop-
ment of methodologies through which phenomena detection will
be transmitted to the appropriate action agency.

4. Expected benefits include, but are not limited to, urban
change prediction including: a. Land use change b. Transporta-
tion demands c. Population change d. Urban area service needs e.
Establishment of techniques for urban thematic mapping.

5. a. Aircraft overflights will be needed at four different times
of the year, at 8 locations. Both megalopolis and town structures
should be accomodated by at least 32 flights for up to two hour
periods. b. Ground truth would be provided by USGS teams
and/or contractor teams operating within the experimental area.

Future efforts include techniques of change prediction, pre-
diction of social land demand, transportation new capacities,
urban signature keys preparation, and automation of urban
analyses tasks.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0140, CARTOGRAPHIC MAPPING
T.A. HUGHES, U.S. Dept. of Interior, Washington, District of
Columbia

Objective: To study and evaluate applications of space
photography including Gemini photographs in preparing small
and medium scale maps and mosaics, and to develop system
specifications for space photography that may be used to compile
maps at various scales.

A pproach: To study methods and procedures for performing
data reduction, annotation and image enhancement of space
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photography utilizing present know-how based on aerial photog-
raphy and knowledge developed from investigations of distortions
inherent in space photography. a. The sensor involved is the met-
ric camera and Hasselblad camera; b. U.S. Geological Survey
Topographic Division; c. Allocation of resources; 70% profes-
sional manpower; 26% equipment and materials; 4% overhead
The problem addressed by this study - -The study seeks to deter-
mine methods of compiling data from space photography and to
determine appropriate products e.g., maps, mosaics, etc. and the
best cartographic treatment for each product to enhance its use-
fulness to natural resources investigations. The benefits expected
are savings in cost and time, better utilization of manpower, faster
mapping and an interpretative medium for natural resource stu-
dies offering both quantitative and qualitative information. Other
support a. Research staff of the Topographic Division Research
Center, McLean, Va. b. Processing and reproduction facilities of
the Branch of Special Maps. Past studies of Gemini Photography,
ultra-high altitude photography, resolution studies, and cost
benefit studies have contributed to this project. Special instru-
mentation and techniques to obtain the most detail from space
photographs will take three to four years but present instruments
and techniques can be adopted to accommodate space photo-
graphs in one year.

SUPPORTED 13? U.S. Natl. Aero. & Spac

6,0141, HYDROLOGY PROGR
AND SUPPORT
C. ROBINOVE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Objective: To investigate the feasibility, utility and sig-
nificance of remote sensing of hydrologic phenomena from Earth
orbiting spacecraft. The field study of test areas by conventional
methods and remote sensors. To achieve the ability to interpret
aircraft and spacecraft data. To formulate and develop the capa-
bility to conduct a series of experiments to provide useful data for
the study of water resources.

Approach; Establish scientific/technical research support of-
fices for hydrology to a) assist in mission definition, b) formulate
experiments, c) coordinate investigations to develop experiment
capability by universities, Government agencies and private in-
dustry, d) correlate and integrate flight experiments. To acquire
and correlate data from aircraft and later Earth-orbital spacecraft
over selected test sites in which the hydrologic features are well
known. To interpret data using standard techniques and develop
new techniques.

Status: The U.S. Geological Survey has established a coor-
dinating staff. Thcrc are now approximately 40 hydrological sites
involving a large number of earth scientists. A number of techni-
cal letters describing laboratory, field and remote sensor data in-
vestigations have been submitted since inception of the program
in 1965. These reports include descriptions of the use of data
from Gemini and Nimbus satellites, ultraviolet imagery, black and
white, color and multiband photography, infrared and radar
imagery. A number of user experiments have been developed and
submitted to the Earth Resources Survey Program Office.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

Adm.

AM ADMINISTRATION

6.0142, HYDROLOGIC ANALYSIS OF LAKE SYSTEMS
AND OF GLACIERS
C. ROBINOVE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Objective: 1) To investigate the feasibility, utility and sig-
nificance of remote sensing of various parameters of lakes as ap-
plied to regional studies of the water resources of lakes 2) to
determine the annual budget and other features of glaciers as re-
lated to climate indicators and to sources of water supply.

Approach: I) Determine the relationship of reflected and
eini.ted electromagnetic radiation of lakes to their chemistry,
biology, ecology, and sediment content. Studies will be conducted
over the Salton Sea, Lake Colorado City, Texas, Roxboro Reser-
voir, N,C, Florida Everglades. 2) Investigations will be conducted
over South Cascade Glacier, Wash. to botain information on
snow accumulation. These studies will be undertaken using IR
scanners, imagers, and multiband photography from aircraft.

Status: The U.S.G.S. is currently working
Cascade Glacier Project and several flights ha
NASA aircraft over this site.

SUPPORTED BY U.S. Natl. Aero. &

on the South
ye been made by

Space Adm.

6.0143, ESTUARIES AND SHORE STUDIES AND WATER
SURFACE INVESTIGATIONS
C. ROBINOVE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Objectives: To determine the hydrologic environment
parameters of the coast and continental shelf areas that can be
determined by remote sensing. To determine the feasibility of
measuring thermal loading, evaporation, and distribution of river
effluents and to determine the physical properties of water in-
dicating pollution by remote sensing.

Approach: Various remote sensing techniques including
those of infrared and photography will be used to determine the
most effective means of obtaining data Experiments will be con-
ducted in the following areas; Potomac and Patuxent estuaries,
Cook Inlet, Alaska, Delaware Estuary, Barnegat Day, N.J., Con-
necticut River, Hudson River, Lehigh River, Missouri River and
others.

Status: The work proposed is well established as tests and ex-
perimcnts have been carried out in the field for the past 6 years.
This study will further refine and develop the method.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0144, WATER EXPLORATION AND MAPPING
C. ROBINOVE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Objectives: To define the physical boundaries of natural
water systems and their relationship to present and potential
development activities.

Approach: Investigate the basic physical properties and rela-
tionships at the boundaries of natural water bodies and systems by
methods leading to the development of remote sensing instrumen-
tation for use in the measurement of phenomena at water bounda-
ries,

Status: A new effort. Development will be based on the
research capabilities of universities and other organizations.

SUPPORTED BY U.S. Natl. Aero. & Space kdm.

6.0145, WATER QUALITY, STUDIES AND AERIAL MEA-
SUREMENTS

SKOUGSTAD, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Objective: To determine the extent to which the chemical
and biological characteristics of water in rivers, estuaries, and
reservoirs can be determined by the use of remotc sensing instru-
ments. Determine the application of multiband remote sensing to
various problems in hydrology.

Approach: 1) Fundamental studies will be made to deter-
mine the relationship between the reflection, refraction, and ab-
sorption of laser beams and quality of water. 2) Stimulated lu-
minescence in tracer studies will be the subject of investigations
in flow dispersion coefficients and of pollution indices. 3) Utilize
TV cameras sensitive to various wavelength bands to determine
the significant information in each.

Status: Work in multiband research has been conducted for
the past three years at the Phoenix Office of the U.S.G.S. NASA
and U.S.G.S. aircraft will be utilized.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0146, COORDINATION AND LIAISON AT MANNED
SPACECRAFT CENTER, HOUSTON
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Objectives: 1) To provide continual liaison and coordination

between MSC Houston and USGS-Washington, Denver, Flagstaff
and Menlo Park. 2) To assist on the monitoring of U.S.G.S. in-
strument development contracts (UV, Ifs and Magnetics), 3) Pro-
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vide coordination for test site overflights by the NASA aircraft for
geology, hydrology, geography and cartography disciplines.

Approach; To assign an experinced member of the U.S.
Geological Survey on two year assignment to the office of Dr. W.
Hess, M.S.C. Houston to represent the Director, Research Coor-
dinator, EROS Program and Chief Geologist in air and space ac-
tivities.

Status: Projected increase of activity under the Earth
Resources Survey Program and increased responsibility of the
Houston facility make it imperative that closer coordination be
maintained between MSC and USGS.

SUPPORTED BY U.S. Natl. Aero, & Space Adm.

6.0147, GEOTHERMAL INVESTIGATIONS - YEL-

LOWSTONE PARK
WHITE, U.S. Dept. of Interior, Geological Survey, Washington,

Distr. ,ct of Columbia 20242
Objective: 1) To provide detailed surface and subsurface in-

vestigations of geothermal springs in Yellowstone National Park
to provide the background data required to thoroughly interpret
and understand remote sensor data acquired from air and
spacecraft.

Approach: 1) To conduct detailed surface investigations of
geothermal springs and their surrounding geologic environment.
2) To conduct seismic, gravity and magnetic surveys to define
anomalous subsurface conditions. 3) To conduct a limited
amount of shallow to moderate drilling to sample spring sources
at depth for chemical, mineral and isotopic analyses to provide
three dimensional temperature information, to conduct electrical
resistivity surveys to determine source rock location and condi-
tions.

Status: A continuing project approaching completion. Sur-
face studies of cauldrons ashflows and geophysical surveys have
been essentially completed but need to be correlated with remote
sensor data. Drilling is underway and will be completed during the
current field season under existing funding. Future funds (FY68)
will provide for a final report correlating results with available
imagery, if provided by MSC Houston,

SUPPORTED BY U,S. Natl. Aero. & Space Adm.

6,0148, DISTRIBUTION, ABUNDANCE, TAXONOMY,
AND BIOLOGY OF MOSQUITOES AFFECTING AGRICUL-
TURE
C.H. SCHMIDT, U.S. Dept. of Agriculture, Gainesville, Florida

Object: To obtain more information on the biology, taxono-
my, and distribution of various species of mosquitoes under irriga-
tion, flood, and marsh conditions to aid in the development of ef-
fective control measures.

Plan of Work: Both field and laboratory studies on the biolo-
gy and behavior of numerous species of mosquitoes, especially in
California, Oregon, Louisiana, and Florida, will be made. Special
attention will be given to mating and resting habits of various spe-
cies in the field so as to obtain basic knowledge on how to use
chemosterilants and radiation for control. Natural foods of larvae
and pollen foods of adults will be studies in both the laboratory
and the field. Studies, particularly in California, will emphasize
the relation of water management to oviposition and larval habits.
Efforts will be made to determine the overwintering habits and
behavior of various species. Identification studies to develop
means of separating species will be done as time permits. Special
attention will be given to flight behavior, dispersal and population
densities and dynamics to develop basic data for the development
and evaluation of new approaches to mosquito control. Coopera-
tion is maintained with State agencies in California, Oregon, New
Jersey, Florida and other States, with the Tennessee Valley
Authority, Public Health Service, Armed Forces Pest Control
Board and mosquito control districts.

SUPPORTED BY U.S. Dept. of Agriculture

6.0149, APPLIED CRITERIA FOR MUNICIPAL WATER
RATE STRUCTURES
N.G. KEIG, Univ. of Florida, Graduate School, Gainesville,
Florida 32601

6. WATER RESOURCES PLANNING

The research will attempt to develop f-lied criteria for mu-
nicipal water rates. Empirical work that ha oeen completed will
be synthesized and related to the problem of water rate design.
The efficiency of altei native rate designs in achieving various ob-
jectives--economic efficiency, equity, financial - -will be evaluated
and the nature of the conflicts between competing objectives will
be examined. The research will seek to answer specific questions
concerning elasticity of demand and supply by reference to exist-
ing data and seek to provide authoritative answers to the
questions that arise in rate design. The research will supplement
the Water Rates Manual and provide a guide for local officials.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0150, PREDICTION MODEL FOR WATER USE BY
POPULATION STRUCTURE
D. KUBAT, Univ. of Florida, Graduate School, Gainesville,
Florida 32601

The investigators propose to construct a water consumption
model with indicators of attitudes to water consumption for cur-
rent and projected populations in the West Palm Beach-Miami ur-
banized area and in the Biscayne Beach agricultural irrigation
area. (See map attached.) The prediction model is to control the
variable of water use and socio-economic status, and is to be
geared to the population projections for the next five, ten, and
twenty years to come.

The project is to test the direction of the relationship
between water consumption and socio-economic status. The data
are to be obtained from census information and from a residential
stratified probability sample of five heundred residential units in
the two areas. Also, panel study on attitudes and attitude changes
to alternate water sources is built into the project, the panel study
being scheduled to last for three years and to yield information
about the change agents and diffusion of ideas related to water
use and water conservation. The fiscal year of the central project
is 1968, completion of the project being expected by August
1968.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of Florida

6.0151, MODEL WATER USE ACT FOR THE STATE OF
FLORIDA WITH COMMENTS
F.E. MALONEY, Univ. of Florida, Graduate School, Gainesville,
Florida 32601

This proposed project is the preparation of a model water use
act for the State of Florida with comments. The investigators
propose to study and analyze all available water regulatory
legislation now in force in other American jurisdictions, and, fol-
lowing this analysis, to draft appropriate model legislation for the
State of Florida accompanied by comments as to why particular
legislation was proposed. The specific objective of the project will
be to provide a modern and practicable system of water regula-
tion for a state with abundant but unbalanced water supplies. The
proposed legislation will be designed to encourage maximum
development of the state's water resources consistent with the
protection of existing property rights. The model act will take into
account the role of state administrative agencies in water
resources management and try to develop better legal devices by
which maximum beneficial use can be made of the state's water
resources for both consumptive and non-consumptive purposes.
The proposed Florida model water use act will be designed for
comprehensive study and consideration by federal, state and local
governmental agencies interested in the protection and fair allo-
cation of water resources within a state or hydrologic region
(such as a river basin) which may transcend state boundaries. In
framing the proposed model act the investigators propose to take
into account insofar as practicable all known major water
resources problems within the state of Florida.

SUPPORTED BY U.S Dept. of Interior - 0. Water Res. Rch
University of Florida

6.0152, A MODEL FOR QUANTIFYING FLOW AUGMEN-
TATION BENEFITS
E.E. PYATT, Univ. of Florida, School of Engineering, Gainesville,
Florida 32601
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With increasing quantitative and qualitative demands being
placed upon national water resources, improved management
practices are vitally needed. Ii principle, one powerful manage-
ment tool is systems analysis, wherein mathematical optimizing
techniques are employed to effect rational trade-offs between
competing demands for water use, but this tool, in turn, rests
upon the availability of methodologies for quantifying the benefits
(economic value) of each water-use category. That is, systems
analysis, before it can be employed, demands a knowledge of the
value of irrigation, flood control, municipal water supply, etc.

Little is known of the conomic implications of low flow aug-
mentation, one of the important water-ure categories. Beginning
with the premise that the value of low flow augmentation is mea-
sured by sewage treatment costs avoided, the proposed research
would construct a mathematical model of a typical river basin
and, by simulation, would determine functional responses of
sewage treatment levels and low flow augmentation conjunctively
utilized to produce given levels of stream water quality. No single,
universal answer would be forthcoming; rather, a generalized
methodology would be established which other investigators
could apply to their specific water pollution control situations.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0153, MANAGEMENT OF FLATWOOD SOILS
W.K, ROBERTSON, Univ. of Florida, Agricultural Experiment
Sta. , Gainesville, Florida 32601

The object of this investigation is to determine crop response
from water control, fertilizer and depth of plowing on flatwoods
soils.

Description of Work Proposed: An area approximately 4
acres of Ona and Leon fine sand (flatwoods soils) will be cleared,
surrounded by a ditch 36 in. deep, and tilcd with 4-in. clay tile to
drain excess water. A 6-in, well will be used to supply water dur-
ing periods of dry weather. Experiments will be conducted to
measure the effect of controlling the water table at 18,24 and 30
in, on the growth of crops, permanence of the hardpan, fertility,
and physical characteristics of the soil. The effect of deep tillage
and placement of fertilizer to depths of 20 in, on the root develop-
ment and yield of crops will be studied.

SUPPORTED BY U.S. Dept. of Agriculture
Florida State Government

6.0154, FAUNAL PRODUCTION
FINUCANE, U.S. Dept. of Interior, Biological Station, Saint

Petersburg - St. Pt. Bc. , Florida 33796
This project includes studies of specieS diversity and quan-

titative distribution and succession of animals involved in the
production of harvestable seafood. It includes fish, crustaceans
and molluscs which are produced or developed in the estuary.
Abundance and diversity are associated with the physical, chemi-
cal and biological environment. The effects of engineering and
contamination are studied in relation to estuarine condition and
animal distribution and abundance. Methods of increasing con-
sum mable products by area and time period arc also the responsi-
bility of this project. Life history and larval taxonomy are studied
to evaluate the dependence of developing forms on estuarine
areas.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0155, PLANKTON ECOLOGY
J.K. MCNULTY , U.S. Dept. of Interior, Biological Station, Saint
Petersburg - St. Pt. Bc. , Florida 33706

A knowledge of the distribution of plankton in Gulf of Mex-
ico estuaries and offshore areas in vital to both the Red Tide and
Estuarine Research Programs at this Station. An examination of
plankton succession and associated hydrology is necessary for
determining the interaction of Gymnodinium breve with other
plankters and the detection of factors responsible for triggering
blooms. In the Estuarine Program plankters are to be investigated
to determine their role in the ultimate production of harvestable
seafood. Present and potential productive capacity is to be sum-
marized for a number of estuarine systems.

Plankton is obtained by pumping from selected estuarine and
offshore stations. The pumping rate is metered and the data
treated quantitatively. Specific identification is made where
necessary. Plankton volumes and types are subjected to between-
station and between- season analysis,

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0156, BENTHIC COMMUNITIES
J.L. TAYLOR, U.S. Dept. of Interior, Biological Station, Saint
Petersburg - St, Pt. Bc. ,Plorida 33706

The chief purpose of estuarine benthic studies is to assess the
effects of hurricane barriers, dams, spoil banks, contaminants and
other types of artificial alteration. The benthic species-habitat
relation is under investigation to correlate fauna and flora with
bottom type, salinity, depth and organic distribution. Benthic
sediments and biota are obtained by steel trawls and dredges at
stations located on transects in estuarine systems and neretic
areas. Specimens are picked from bottom samples and identified
to species. Sub-samples of bottom material are analyzed for raw
weight in each size fraction of the texture, weight percent in each
size fraction, and percentage of organic carbon, Mean, standard
deviation, skewness, and kurtosis of size distribution are obtained.

SUPPORTED BY U.S. Dept. of Interior - Su. Comm. Fish.

6.0157, MARSH HABITAT STUDY
R.L. WILBUR, State Game & Frsh. Wtr. Fish, Tallahassee,
Florida

Procedures: Marshes adjacent to Lake Griffin and Lake Weir
will be sampled for shellcracker, invertebrates and water chemis-
try concurrent with the samples taken in the lake proper. These
samples will essentially provide the same type of information as
those taken in Job I.

Fish will be sampled with an electric shocker, or with
rotenone if necessary. All other procedures will parallel exactly
those of Job 1. This will be done so that the utilization of the
habitat can be compared with that of the lake.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Florida State Government

6.0158, THE ROLE OF AQUATIC SOILS IN THE
NUTRIENT DYNAMICS OF AQUATIC ECOSYSTEMS
C.E. BOYD, U.S. Dept. of Interior, Southeast Water Lab. ,

Athens, Georgia
Studies are being initiated to obtain information on the

exchange of inorganic nutrients across the mud-water interface in
aquatic ecosystems. Physical, chemical, and biological
mechanisms will be considered. In the initial work, attention is
being given to the effect of pH on the availability of phosphorus in
aquatic muds, the phosphorus fixation capacity of aquatic muds
from different soil series, and changes in the various phosphorus
fractions in soils subsequent to flooding. Similar studies of cobalt,
molybdenum, and boron are also planned,

In order to determine the availability of various nutrients
which have accumulated in the bottom mud complex, investiga-
tions on aquatic soil-aquatic plant interrelationships are being
designed. Aspects under consideration are: I) Sites of absorption
of nutrients by rooted vascular aquatic plants; 2) Rates of
removal of nutrients from bottom soils in closed aquatic systems
containing various combinations of both rooted and free-floating
aquatic plants; 3) Changes in the ionic composition of the cation
exchange complex following cropping by aquatic plants and fol-
lowing decomposition of high nitrogenous aquatic plant residues;
and 4) Methods of extracting nutrients from aquatic soils that are -
correlated to plant response.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0159, ECOLOGICAL ENGINEERING PROJECT
W.M. SANDERS, U.S. Dept. of Interior, Southeast Water Lab. ,
Athens, Georgia

Continuous flow growth kinetic experiments were performed
in order to map the three-dimensional response surface produced
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when attached slime-producing bacteria (indigenous to polluted
streams) were exposed to changing velocities, temperatures and
nutrient concentrations, Dependent variables such as oxygen
utilization, COD utilization, CO2, production, cell production
and slime thickness were measured, In addition, mass balances,
carbon balances, nitrogen balances, chemical free energy
balances and C-H-N ratio changes were observed, Bacterial
morphology and taxonomy studies were initated, Test conditons
for the current experimental set are: velocity range .75 to 1,5 fps;
temperatures 25 deg to 35 deg C; and nutrient concentrations
form 10 to 20 ppm, as nutrient broth.

An experimental stream channel section was consturcted and
dye dispersion studied were run at various flow rates and simu-
lated turbulence patterns.

An isotopic current analyzer was modified for use with
Bromine- 82 as the tracer in order to measure water velocities at
and near the mud-water interface, The bottom current analyzer
was tested in an experimental channel at the University of Texas
and in a natural stream in South Carolina.

Solar radiation was monitored with an ISCO Recording Spec-
troradiometcr which recorded the intensities at various wave
lengths from 380 to 1150 millimicrons.

A Varian Aerograph Chromatograph Model 1532-B was
modified to receive a liquid injection for the measurements of
small quantities of free CO2, Concentrations less than 1 ppm can
be detected in 5 microliters of water.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0160, SCORP UNIVERSITY OUTDOOR RECREATION
RESEARCH STUDY SERVICE SPECIAL PROBLEMS
J.R. CHAMPLIN, Univ. of Georgia, Inst. of Com, & Area Dev. ,

Athens, Georgia 30602
This study will deal with a number of special problems re-

lated to the field of outdoor recreation: A. Meeting the needs of
Urban Populations - Continuing to 10/67 - no change. B. Quality
of the Outdoor Environment Terminated. C. Access to Recrea-
tion Resources - Terminated. D, Meeting the Needs of the Aged
and the Handicapped - Terminated, E. Recreation and Conserva-
tion Education - Terminated, F. Recreation Planning Research -
Terminated. G. Coordination among Public Agencies - To be
done by State Planning Bureau.

Library research and consultation with state agencies will be
utilized in development of this study,

This is one of a series related to development of the state out-
door recreation plan.

SUPPORTED BY U.S. Dept, of Interior - Bu. Outdoor Rec.
Georgia State Government

6.016!, THE DEMAND AND PRICE STRUCTURES FOR
WATER IN A HUMID AREA
R.N. NORTH, Univ. of Georgia, School of Agriculture, Athens,
Georgia-30602

There is an immediate need for knowledge about the de-
mands, supplies and price structures for water in humid areas,
The objectives of this project are to ( I ) define the market struc-
tures for water in Georgia, (2) construct demand models for
water by major use classification, (3) specify the rate of response
of water consumption to changes in prices, incomes and resource
substitution for each use classification, and (4) use these relation-
ships to improve consumption projections and increase efficiency
in the investment in additional water supplies.

The physical data on quantities, prices, incomes, substitutes
and other economic variables will be collected from existing
water related agencies and firms and supplemented by data from
a sample of water supplying and using firms households. These
data will be analyzed with the techniques of multiple correlation
and other statistical methods useful in demand-price analysis.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of Georgia

6.0162, A STUDY OF THE ENERGY FLOW THROUGH
SELECTED COMPONENTS OF A SMALL AQUATIC
ECOSYSTEM
D.C. SCOTT, Univ. of Georgia, Graduate School, Athens, Georgia
30602

The study herein proposed covers the bioenergetics of
production at all important trophic levels in a farm pond
ecosystem through an annual cyycle. Included are production,
growth and respiration of primary producers, zooplankton,
benthos and nekton. Integration of the dynamics of these major
components of the ecosystem will for the first time give a
reasonably complete picture of the dynamics of this type of
aquatic ecosystem. The results should be a contribution to basic
ecology research and of considerable value to those charged with
the management of this very important category of surface water.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
University of Georgia

6.0163, WATER LAW OF SOUTHEASTERN ESTUARIES
UNKNOWN, Univ. of Georgia, Inst. of Government, Athens,

Georgia 30602
A comprehensive survey of the estuarine water law of Loui-

siana, Mississippi, Alabama, Florida, Georgia, and South
Carolina. The resulting monograph of approximately 300 pages
would draw conclusions as to the extent to which the law of these
jurisdictions (1) protects commercial fishing and public recrea-
tional uses against deleterious competing uses such as pollution,
land-fill, and dredging, (2) is related in this respect tr the law of
bordering states and to the federal regulatory power in marginal
and territorial seas. Conclusions will be drawn as to overlaps,
gaps, and conflicts of the present law. These can provide bases for
remedial state and federal action to restore and preserve the
estuaries of Southern states. The study can assist similar research
in other regions of the United States.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Georgia

6.0164, PREDICTION MODELS FOR WATER QUALITY
PARAMETERS
KW, HINES, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

This proposal is the second phase of a project entitled 'Pre-
diction Models for Water Quality Parameters.' Phase II will build
on the results of Phase I work. Phase II objectives are, first, to
quantify the feedback and control mechanisms that exist in the
total water quality system of a basin or region (4'ie qualitative
feedback network is developed as a part of Phase I .; and, second,
combining the quality parameter interaction (between dissolved
oxygen and temperature) model from Phase I, which describes
stream quality resulting from various uses and waste discharges,
with the feedback control system mentioned above, general
system behavior under different policies will be studied.

The need for Phase II has become clearer as Phase I ho:
progressed, Considerable work has been done and is now in
progress on various components of the total water quality system;
e.g., the research being performed in Phase I on the prediction of
the stream quality component. It is known that social, economic,
and putitical conditions and attitudes influence the amount of
waste discharge to streams, and the water quality standards result
from needs and desires of the various public and private sectors,
etc. Therefore, in order to put qater quality planning and manage-
ment on a more rational and more socially equitable basis, the
various water quality system components must be embedded in a
comprehensive system which is capable of relating the actions
and decision of each segment to those of the others, This ap-
proach will be of assistance in setting water quality standards that
can be reasonably attained, since the total system response can be
studied and changes made in the proposed standards prior to
patting them into effect.
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SUPPORTED BY U.S. Dept, of Interior - 0. Water Res, Rch
Georgia Institute of Technology

6.0165, INTERRELATIONS BETWEEN RIVER BASIN
DEVELOPMENTS AND DEVELOPMENT OF
METROPOLITAN AREAS

KELN HOFER, Georgia Inst. of Technology, Water
Resources Center, Atlanta, Georgia 30332

The purpose of this study is to find ways to achieve better
coordination between the development of river basins and the
development of metropolitan areas. The interrelations between
the Chattahoochee River and the Atlanta Metropolitan Area will
be analyzed as a case study.

The study will have three phases, The first will be an analysis
of the improvements proposed for the Chattahoochee River by
government and private agencies. The effects of these improve-
ments on the development of the Atlanta Area will be estimated.
The second stage will be an analysis of the plans of Metropolitan
development prepared by public and private planning agencies in
the Area. The probable effects on the Chattahoochee River of
this anticipated urban development will be estimated. In the third
stage the conflicts between the developments proposed for the
River and those projected for the Metropolitan Area will be
described and suggestions made for their resolution. Finally,
changes in current planning procedures will be recommended to
achieve better coordination between, river basin developments
and the development of metropolitan areas.

SUPPORTED BY U.S Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

6.0166, CASE STUDY OF REMEDIAL FLOOD MANAGE-
MENT IN AN URBAN AREA-PHASE I
C.E. KINDSVATER, Georgia Inst. of Technology, Water
Resources Center, Atlanta, Georgia 30332

Flood plain areas along Peachtree and Nancy Creeks in
Metropolitan Atlanta, Georgia, have been extensively developed
during the past two decades for residential, commercial, and in-
dustrial purposes. The failure of governing authorities to exercise
effective planning and regulation with respect to the development
of these areas has resulted in a complex of flood-related problems
that are typical of the flood problems in many urban areas of the
Nation.

The proposed research will be concerned with the develop-
ment and testing of techniques and procedures required to evalu-
ate alternative remedial measures in the light of social, economic,
and physical criteria. Because traditional procedures have been
tried and have failed, unusual alternatives, including institutional
arrangements, will be considered.

In Phase I of the study, a multidisciplinary team, working in
close coordination with municipal, regional, State and Federal of-
ficials, civic groups, industrial and commercial firms and private
property owners, will collect and evaluate the quality and relative
significance of existing information, make preliminary hydrolog-
ic, economic, demographic, and public-opinion measurements
and projections, test preliminary hychrologic-and economic-
system models, and delineate potential alternatives. The end pro-
ject of Phase I will be a design for succeeding phases of the
research, including recommendations regarding objectives,
procedure, funding, and schedule of work.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch

6.0167, MEASUREMENT OF COMMUNITY OPINION
RELATING TO PUBLIC WATER SUPPLIES
C.M. YORK, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The need exists for better measurement techniques to deter-
mine citizen attitudes and knowledge about various domestic uses
of water. Such measurements are needed to serve as a baseline for
systematic evaluations of persuasive communications devices,
such as films, leaflets, and speeches, which are used by water
resources development agencies. This series of pilot studies ex-
ploits related behavioral research techniques developed by the
Principal Investigator in previous studies.

Phase I of the research represented by this proposal will be
devoted to two major tasks: (I) Reliability and validity analysis of
a measure of community sentiment toward a water-related issue.
These findings will serve as another source of information accu-
mulated for decision- making by planning agencies. The refined
instrument would also be available for research 'tees as mentioned
below. (2) Feasibility study of procedures for evaluating commu-
nications with the public. The attitude-change literature and com-
munications- effectiveness literature reveals little work related to
water resources. Several pre-testing efforts will involve controlled
exposure of college students to selected materials prepared as
public information on water usage. A few major variables as
potential determinants or correlates ofattitude change will be as-
sessed in this context.

Results of these research activities will contribute to
knowledge regarding both individual and environmental factors
which influence citizen response to information campaigns,
proposed changes in quality of domestic water service and supply,
and referenda on selected issues concerning water use. Project in-
itiated in Janury 1968; to be completed December 1968.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

Georgia Institute of Technology

6.0168, ATTITUDES AND ATTITUDE CHANGE RELAT-
ING TO WATER RESOURCES
C.M. YORK, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

Attitudes, as relatively permSnent cognitive-motivational
states of individuals, appear highly relevant to the decision
process in water management. Citizen response to proposed
developments and their general predisposition toward use and
misuse of natural resources enters significantly into program ef-
fectiveness. Broadly viewed, the influence process may be con-
ceived in terms of the communication source (e.g., its perceived
credibility, form and content) and audience characteristics and
subsequent behavior.

The proposed research plan involves both literature searches
(and a document which pulls together for water researchers the
scattered evidence and generalizations) and an experimental in-
vestigation of the critical variable of source credibility within the
attitude change process. Progress in undertaking these
phenomena within other behavioral science context will be ex-
ploited for the water resources sector of society.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

6.0169, ECONOMIC ANALYSIS OF AGRICULTURAL
WATER MANAGEMENT IN THE SOUTHEAST
T. TOON, U.S. Dept. of Agriculture, Atlanta, Georgia 30309

Objectives: To determine the feasibility of supplemental ir-
rigation as a means of increasing income on farms in the
Southeast, particularly in underdeveloped regions such as Ap-
palachia, and to estimate the optimum extent of irrigation in
selected areas of the Southeast.

Approach: Current costs and benefits of irrigation of selected
field and speciality crops are being developed from review and
updating of previous research. Comparative advantages of
selected locations for production and marketing of irrigated crops
are being estimated under assumed conditions of improved trans-
portation systems. Effects of increased production of irrigated
crops on farm income are being determined.

SUPPORTED BY U.S. Dept. of Agriculture

6.0170, RESEARCH ON GEOHYDROLOGY OF THE
EASTERN SLOPE OF WEST MAUI
D.C. COX, Univ. of Hawaii, Water Resources Research Ctr. ,
Honolulu, Hawaii 96822

The study of the geohydrology of the eastern slope of the
West Maui Mountains is intended to investigate the relationship
between present and proposed rates of draft and the safe yield of
the basal ground-water aquifers using a method of correlation of
rainfall variation and draft with head changes.
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SUPPORTED BY University of Hawaii
Wailuku Sugar Company

6.0171, METHODS FOR DETERMINING THE
ECONOMIC PRODUCTIVITY OF IRRIGATION WATER
FOR THE PRODUCTION OF SUGAR IN HAWAII
J.R. DAVIDSON, Univ. of Hawaii, Water Resources Research
Ctr. , Honolulu, Hawaii 96822

The proposed research plan involves the development of
methodology for determining the economic productivity of irriga-
tion water for the sugar producing areas in Hawaii.

Physical input-output data will be collected from actual field
records and from experimental data for representative sugar
producing situations in Hawaii. The relationship between irriga-
tion water applied and sugar outirit obtained will be developed
statistically. Value functions will Ix lerived from these physical
functions and the additional value of sugar resulting from increas-
ing amounts of water applied at various input levels will be calcu-
lated for representative sugar producing conditions.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Hawaii

6.0172, PHYTOCHEMISTRY Of NARCOTIC PRINCIPLES
IN CAULERPA
M.S. DOTY , Univ. of Hawaii, Graduate School, Honolulu, Hawaii
96822

Seven substances obtained in pure form from Caulerpa
Iamourcuxii in addition to beta-sitosterol, cholesterol, caulerpin
and caulerpicin are being accumulated in sufficient quantity for
identification. Pharmacological testing of the last two compounds
named is proceeding The distribution of these compounds pecu-
laiar to Caulerpa among the species of the genus is being studied
for biogenetic and phylogenetic leads.

Further efforts are being made via gas chromatography for
following these peculiar compounds in the food chains dependent
from Caulerpa.

Similar studies are underway with the chemical products of
Dictyopteris for those cyclopropanes in addition to the already
identified dictyopterene A.

A considerable effort has been made. to obtain further quan-
tities of field samples and further field observations for analysis of
the chemical contents of these and other genera of seaweeds and
for the development of an understanding of their production and
fate.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

6.0173, OPTIMUM PATTERNS OF DIVERSIFIED CROP
PRODUCTION ON THE MOLOKAI DIVERSION PROJECT
H.C. HOGG, Univ. of Hawaii, Agricultural Experiment Sta. ,

Honolulu, Hawaii 96822
Objectives: To determine an optimum pattern of diversified

crop production on the Molokai Diversion Project.
Approach: Production costs and yields will be estimated by

land productivity class for crops suited to the area. The existing
demand and supply for these crops will be estimated on the basis
of the Honolulu market. These data will be used in an iterative
linear programming model to derive the optimum allocation of
land by quality to the production of the alternative crops. A price-
quantity relationship for water will be derived by determining
land use patterns resulting from varying prices of water.

SUPPORTED BY U.S. Dept. of Agriculture

6.0174, VALUE OF IRRIGATION WATER FOR THE
PRODUCTION OF SUGAR CANE
H.C. HOGG, Univ. of Hawaii, Agricultural Experiment Sta. ,

Honolulu, Hawaii 96822
Objectives: To determine the marginal value productivity of

irrigation water for each of several distinct sugar-producing areas
in Hawaii.

Approach: Physical input-output data will be collected for
each sugar-producing region being considered. A statistical analy-
sis of these data will be made to determine the relation between
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water applications and sugar production. The resulting physical
function will then be interpreted in terms of a product value and a
marginal relationship established, A corollary objective is to con-
sider the costs of supplying water from several alternative sources
to each sugar-producing area.

SUPPORTED BY U.S. Dept. of Agriculture

6.0175, USE OF WATER ON FEDERAL IRRIGATION
PROJECTS
UNKNOWN, U.S. Dept. of Interior, Bureau of Reclamation,

Boise, Idaho
Objectives of this program are to ( I ) document accurately

the present use of water on existing projects and determine means
of improving tt.eir use of water and (2) to obtain information to
improve and develop procedures to insure successful and efficient
planning, designing, and operating of future projects.

SUPPORTED BY U.S. Dept. of Interior - Bu, Reclamation

6.0176, CHARACTERISTICS OF MAJOR FOREST AND
RANGE WATERSHED TYPES IN IDAHO
Gil. BELT, Univ. of Idaho, Water Resources Research Inst. ,

Moscow, Idaho 83843
The objective of the study is to classify the major watershed

areas of the state with regard to their ecological characteristics
and land use patterns. This study would identify major problem
areas which will require intensive study of land uses and manage-
ment practices as they influence water yield, nature of the runoff
and erosion patterns. This would be a facilitating action for a
long-range research program.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Idaho

6.0177, RELATIONSHIP OF PUMPING LIFT TO
ECONOMIC USE OF GROUND WATER FOR IRRIGATION
G.L. COREY, Univ. of Idaho, School of Agriculture, Moscow,
Idaho 83843

It is the purpose of this research to study farm size, cropping
patterns, irrigation system design and farm management to define
relationships between pumping lift and the price one can afford
for water. The specific objectives include a determination of the
optimum economic combination of resources available with
respect to the price one can afford to pay for pumped irrigation
water.

Modern technology allows water to be lifted greater
distances than ever before. In some areas pumping from deep
wells causes a lowering of the water table. The economic produc-
tivity of water used for agriculture is thought to vary significantly
in some situtions due to size of farm unit. Although economic
considerations are not the sole criteria for allocating water,
knowledge of valid compnable economic values of water within
agriculture will be helpful to those allocating rights or developing
plans for future use of water resources.

Primary data will be obtained by interviewing farm opera-
tors. The data required will be input costs, labor requirements,
yields and prices received. From these data model farms will be
developed representing given practices for a given sized farm.
This will be done by means of conventional budgeting analysis.
For each model operation a determination of 'reasonable pump-
ing level' will be estimated based on costs of pumping water.

The data will be collected in the upper Snake River Basin in
Idaho in areas where groundwater availability is marginal and
economic balance between water costs and farm operation is
critical.

SUPPORTED BY U.S. Dept. of Interior - 0. Water . Rch
University of Idaho
Idaho State Government

6.0178, ECONOMICS OF WATER TRANSFER - AN AP-
PRAISAL OF INSTITUTIONS
K.H. LINDEBORG, Univ. of Idaho, Agricultural Experiment Sta.
, Moscow, Idaho 83843
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Objectives: 1. To appraise the legal-institutional-administra-
tive devices and processes through which transfers of water
between uses and users take place, and 2. To assess the con-
sequences of these devices and processes on the economic effi-
ciency and equity of water use, and 3. To suggest desirable
modifications in these devices and processes that might enhance
economic efficiency or equity in the use of, water resources.

Description of Work Proposed: The legal-institutional ad-
ministrative devices and processes through which transfers of
water rights might take place will be investigated through an anal-
ysis of the complexity of laws and institutions which affect water
rights in Idaho. This will improve a study of statutes, court deci-
sions, constitutional requirements and limitations, and ruling., of
administrative agencies. In addition, a survey will be made of
proposed legislative and constitutional changes in the state's
water laws. This part of the study will be. carried out in coopera-
tion with the College of Law. The next step will be to estimate the
marginal value product of water use in the category of users
within ,:,griculture This will be done in an area of relatively large
farms, and in an area of family farm units, 'The final step will be to
determine the effects on the marginal value prodnct of water that
result from varying the relevant water right complex among users
within agriculture. The effects of different inodifications of the in-
stitutional restraints will be tested against the criterion of max-
imized marginal value product of water use.

SUPPORTED BY U.S. Dept. of Agriculture
Idaho State Government

6.0179, AN ECONOMIC ANALYSIS OF SOUTHERN IL-
LINOIS
R.I. ELLIS, Southern University, Graduate School, Car-
bondale, Illinois 62903

Concurrent with the enthusiastic concentration on economic
growth in general since World War II has been the realization that
disparities in economic development can be almost as great
within nations as it is between them. This realization, as well as
the recognition that regions and areas are faced with unique
problems differing in nature as well as scope from those which are
purely national, has resulted in increasing emphasis by a growing
body of economists on the region or area as a target for analysis.
The aims of the economists are multiple, ranging from the testing
of vat,ous economic theories to the formulation of policies which
will foster the participation of underdeveloped or depressed re-
gions in national economic development. Southern Illinois, for a
variety of reasons, is one of the regions which has not participated
in national economic development. While many of the causes of
this relative stagnation are generally known, much of his
knowledge is based on imprecise data or on generalizations from
very limited observation. In addition, the attempt to increase the
participation of Southern Illinois in national economic growth
necessitates a broad knowledge of past and present trends as well
as future possibilities in order to determine exactly why the region
is in its current state and what can be done to alter it. The aim of
tHs study is basically to add to the stock of knowledge of
Southern Illinois in order to enhance understanding of the re-
gion's present economic status and to provide a foundation for as-
sessment of developmental policies. More specifically, the objec-
tives are as follows: (1) The application and, when necessary,
refinement of current methods of regional economic analysis to
Southern Illinois on a county by county basis, concentrating par-
ticularly on those variables which heretofore have received little
if any attention; (2) A general assessment of the current
economic activity of Southern Illinois, including present trends in
the major variables; (3) Attempt to develop new techniques for
analyzing the economic structure and development of regions.

SUPPORTED BY Southern Illinois University

6.0180, A PARASITOLOGICAL STUDY OF FISHES
FROM THE PINE HILLS AREA
G. GAROIAN, Southern Illinois University, Graduate School,
Carbondale, Illinois 62903

Previous studies by Dr. William Lewis and his students have
shown that there are some unusual populations of various cold
water fishes in the springs of the Pine Hills area. Preliminary sur-

4,"

veys by the investigator and his students have shown a considera-
ble degree of parasitism of these fishes by some groups of worm
parasites unique to this area of Illinois and the Mid- West, and
some are probably species heretofore undescribed. Along with
this descriptive study of the various fish parasites will be a more
fundamental ecological study of host-parasite relationships. The
preliminary studies also indicate that there is an unusually fine op-
portunity for this ecological study because the fish live in very
restricted and isolated areas of the springs.

Method of Operation: Fish collections and various habitat
data will be collected twice weekly et Pine Hills from mid June till
mid September. Parasites will be removed from the fishes for
preservation. Histological preparation of the various worm
parasites and their specific morphological study will be done with
facilities on campus, as well as analysis of host-parasite damn,

SUPPORTED BY Southern Illinois University

6.0181, PRODUCTION OF ADULT GAME FISHES BY AR-
TIFICIAL FEEDING
W.M. LEWIS, Southern Illinois University, Coop. Fisheries Res.
Lab. , Carbondale, Illinois 62901

The principal warmwater game fishes in the United States are
usually produced on the basis of their utilizing natural foods. The
limit of food supply imposes a serious limit on the ponds of fish
that can be produced per acre. Some of these fish do not readily
accept non-living food. The present work is concerned with deter-
mining to what extent artifical feeds can be used and to what ex-
tent fishes can be trained to utilize them.

SUPPORTED BY Southern Illinois University
Illinois State Government

6.0182, FOOD INTAKE OF LARGEMOUTH BASS
W.M. LEWIS, Southern Illinois University, Coop. Fisheries Res.
Lab. , Carbondale, Illinois 62901

In this project to date we have demonstrated that the food in-
take of bass in at least some lakes is the same 'regardless of the size
of the bass. This indicates that the intake is controlled by the
hunting ability of the bass might characteristically be un-
dernourished.

SUPPORTED BY Southern Illinois University
Illinois State Government

6.0183, OPERATION RIVERPORTS
A.R. MACMILLAN, Southern Illinois University, Transportation
Institute, Carbondale, Illinois 62903

A collative study and compilation of river port and terminal
facilities serving the inland waterways of the United States.

The compilation will include data on each established port
with regard to its organization, description and summary listing of
its facilities, services, charges, representative tariff listings, and
principal import and export commodities. The study will also in-
clude comparative examples of barge, rail and truck rates
between representative major river ports on the several river
systems and the ocean ports they serve.

Additional data to be compiled for the river systems will
cover average times for movement of barge tows, upbound and
downbound between representative riverports and their respec-
tive ocean ports; also the total number of waterside terminals by
category of use on each river system; together with total tonnages
of principal import and expert commodities.

The 'river systems' to be covered by this study are: Mississip-
pi River, New Orleans to Minneapolis - St. Paul Missouri River -
(9 foot navigation areas), Arkansas River - (9 loot navigation
areas). Tennessee River, Paducah to Knoxville. Mobile/Warrior
Rivers, Mobile to Birmingham. Apalachecola/Chattahoochee/F1
nt Rivers. Hudson River - N.Y. State Barge) Canal', New York to
Buffalo. Columbia River, Astoria tQ head of 9 foot navigation.
Ohio River, Cairo to Pittsburgh. Illinois Waterway - complete.
Sacramento/San Joaquin Rivers, S.F. to Sacramento and
Stockton.
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SUPPORTED BY U.S, Dept. of Commerce - Maritime
Admin.

6.0134, ALGAE IN ILLINOIS WATERS
R.H. MOHLENBROCK, Southern Illinois University, Graduate
School, Carbondale, Illinois 62903

An attempt is tnderway to take watcr samples from all types
of water resources in each of the Illinois counties. These samples
are being analyzed as to which species of algae ire present. The
overall objective of the project is to account for every species of
alga known to occur in Illinois.

SUPPORTED BY No Formal Support Reported

6.0185, ILLINOIS AND ITS INTERSTATE COMPACTS
M.E. RIDGEWAY, Southern Illinois University, Graduate School,
Carbondale, Illinois 62903

Examination of the interstate compacts to which Illinois is a
party, their legal status, agency and institutional arrangements,
administrative powers and problems. Within determined limits,
comparisons of Illinois' arrangements with those of other states to
ascertain areas of possible improvements in control, direction,
and achievement of compact proposals and goals. This study in-
cludes three interstate water compacts: The Ohio River Valley
Sanitation Compact, the Wabash Valley Interstate Compact, and
the Great Lakes Interstate Compact. Auxiliary to the watcr
question is the Bi-State Development Compact of Illinois and
Missouri. This latter compact also embraces metropolitan area
problems, including water and air pollution.

SUPPORTED BY Southern Illinois University

6.0186, THE URBAN SNOW HAZARD
J. ROONEY, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

Snow, like floods is responsible for ever increasing property
damage and loss of life in the United States. This increase is par-
tially due to the growth of urbanization and mobility, but more
importantly to the knowledge vacuum surrounding thc economic
and social costs of snow, and the benefits to be gained from the
various technological and non-structural alternatives available for
the reduction of this hazard.

It is the purpose of this research to More accurately identify
and measure the economic and social impact of snow at selected
urban areas. A second and equally significant purpose is to
analyze thc factors affecting community adjustment to the urban
snow hazard. The dividends from such research would be realized
in the formulation and implementation of more efficient urban
snow programs, a vital need in our urbanizing society.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Southern Illinois University

6.0187, AN EXPLORATION OF THE INFLUENCE OF AT-
TITUDES FOR DECISION-MAKING IN WATER MANAGE-
MENT
G.F. WHITE, Univ. of Chicago, Graduate School, Chicago, Il-
linois 60637

This proposal is for a supplement to a grant which was made
in January 1965 and supplemented in December of 1965. The
purpose of the project is to identify and analyze the situations in
which attitudes toward water resources may play a significant role
in management decisions, review present understanding of those
attitudes, and outline ways in which this understanding can be
deepened. This work grows out of path- breaking research on per-
ception of, and attitudes toward, flood hazard done at the Univer-
sity of Chicago under Professor White's direction. Substantial
progress was made under thc previous grant and draft reports on
various parts of the research have been prepared. These deal with
both conceptual matters and empirical findings based on experi-
ments with Navy corpsmen coming from diverse parts of the
country and interviews with water managers. Preliminary results
of part of these studies were presented in Professor White's paper

6. WATER RESOURCES PLANNING

at the RFF Forum in March. The preliminary findings are intrigu-
ing and suggest that important contributions to theory in social
psychology and geography, and important insights into water
management decision-making might result from a small amount
of additional work on the data gathered in connection with stu-
dies done under the previous grants. The reports drafted so far
could be published in journals of geography and social psycholo-
gy, but additional work over the next year could produce a truly
integrated book-length report. To this end the principal investiga-
tors would conduct a seminar based upon the winter quarter at
the University of Chicago. The authors would then collaborate in
the production of a volume to be ready for publication shortly
thereafter.

SUPPORTED BY Resources For The Future Incorporated

6.0188, INTERNATIONAL RIVER PLANNING IN AFRICA
G.F. WHITE, Univ. of Chicago, Graduate School, Chicago, Il-
linois 60637

An analysis of methods followed in the planning of water
development in a number of African rivers, principally the Niger,
Nile, Volta, and Zambezi. Special attention is given to the
methods of dealing with international collaboration, measure-
ment of ecological impacts, and decision in the face of incomplete
information.

SUPPORTED BY Rockefeller Foundation

6.0189, COMPARATIVE STUDIES OF COMMUNITIES IN
ILLINOIS
P.J. CAMPISI, Southern Illinois University, Graduate School, Ed-
wardsville, Illinois 62025

With the kind support of Mississippi Valley Investigations, a
continuing program of comparative community studies has been
underway for the past three summers. Five communities, four in
southcrn and one in northern Illinois (all about the same size,
roughly 10,000 in population) have been studied with regard to
the social and political decision-making-structure of the commu-
nity. This work continues this summer with the completion of the
study of a northern community and the commencement of thc
study of a southern Illinois community in the St. Louis
Metropolitan area. In addition to obtaining typical power- struc-
ture and other related social data, we expect to get a sample of
'leaders" opinions on the decision making process as it relates to
community water problems.

SUPPORTED BY Southern Illinois University

6.0190, ECONOMIC EVALUATION OF NAVIGATION IM-
PROVEMENTS
L. MOSES, Northwestern University, Econometrics Research
Center, Evanston, Illinois 6020 I

Objective: To achieve a more highly developed, yet empiri-
cally realistic, basis for evaluating the benefits and costs of inland
waterways investment projects.

Study Plan:
I. Develop a proper basis for evaluating benefits: examine

whether rates or costs are valid as measures of benefits. a. Formu-
late analytical models for dealing with problems of jointness in
costs and benefits, and the concept of transportation as social
overhead. b. Analyse the effect of externalities on optimal pric-
ing. c. Develop principles governing the optimal use of resources
and optimal pricing under conditions in which fixed and variable
costs can be defined with respect to output and/or time. 2.
Prepare a comprehensive statement on the methodology of
benefit studies for public investment projects in the internal
navigation area. 3. Develop information regarding the general
character of long run incremental costs of alternative modes of
transport. The research will also investigate possible directions of
technological change as these impinge upon the costs of alterna-
tive forms of transportation. 4. Analyse the degree of intermodal
competition and price response. The present and likely future in-
fluence of regulatory bodies on rates and costs will also be stu-
died.
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SUPPORTED BY U.S. Dept. of Defense - Army

6.0191, CITIZENS WORKSHOPS ON CLEAN WATER
FOR AMERICA

PENFOLD, !mak Walton League of America, Glenview, Il-
linois 60025

The purpose of the project is by means of national and re-
gional workshops, to equip a substantial number of citizen or-
ganization leaders to organize and conduct citizen workshops on
water quality criteria at State and community levels. At these
workshops, the opportunities for clean water progress, made
available by the Water Quality Act of 1965, will be comprehe I-
sively discussed under the guidance of technical experts.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. Ctl
Izaak Walton League of America, Inc.

6.0192, ENVIRONMENTAL GEOLOGY OF MCHENRY
COUNTY, ILLINOIS
I.E. HACKETT, State Geol. Survey, Urbana, Illinois

At the request of the McHenry County Regional Planning
Commission, the Geological Survey has undertaken studies in-
volving geology and mineral economics to aid in land-use
planning, The initial studies deal with: (a) physiographic analysis
of the major physiographic units, (b) relation between surficial
geologic units and soil series units, (c) subsurface stratigraphy of
unconsolidated deposits, (d) occurrence and character of glacial
drift and bedrock aquifers, (e) geologic feasibility for water
resource management programs, (f) occurrence and character of
construction materials including sand and gravel, rock products,
and borrow materials (g) characteristics and potential uses of clay
deposits, (h) economic value of mineral resources, (i) engineer-
ing characteristics of geologic units, and (j) geologic evaluation of
surface reservoir conditions and of proposed reservoir sites.
These studies wil provide a basis for interpretive maps that grade
areas as to their suitability for specific land uses and as sources of
mineral or rock materials.

SUPPORTED BY Illinois State Government

6.0193, ENVIRONMENTAL GEOLOGY OF THE SPRING-
FIELD-DECATUR AREA
K. PISKIN, State Geol. Survey, Urbana, Illinois

The objective of the study is to provide information on geolo-
gy and mineral resources to facilitate planning for urban develop-
ment. The study will include maps and information on surficial
geology, physical properties of shallow earth materials, ground-
water conditions, mineral resources and conditions related to
specific land uses.

SUPPORTED BY Illinois State Government

6.0194, FISH POPULATION MANIPULATION AT RIDGE
LAKE
G.W. BENNETT, State Natural History Survey, Urbana, Illinois

During four years of stable water levels, the bluegills in the
bass-bluegill-warmouth-channel catfish population of Ridge Lake
in Fox Ridge State Park near Charleston expanded from 59 per
acre to 5,400 per acre -- this in spite of predation by bass. Growth
rates of bluegilis were slowed when more than 1,000 per acre
were present.

Large,-t populations of large bass and excellent bass fishing
resulted from draining the lake at two-year intervals and remov-
ing from the fish population all of the bass of less than 8 inches
and bluegills of less than 6 inches. Under this system, bluegills
were unable to build up excessive populations, and there was ar-
tificial selection for the fast growing bass.

Lowering the lake level in early September to reduce the sur-
face area by 35 percent resulted in a reduction of the bluegill
population from about 4,000 to approximately 1,000 per acre and
increased the survival of small bass in the spawning season that
followed. This was a simple and effective method for bluegill
population control. Details of this; 22-year investigation are given

in a paper, 'The Largemouth Bass and Other Fishes in Ridge
Lake, Coles County, Illinois Under Several Systems of Manage-
ment,' now in the hands of the Survey editor.

By combining annual September drawdowns at Ridge Lake
with supplemental feeding of bluegills with prepared pelleted fish
food (32 percent protein) we have increased the :look-and-line
yield of these fish to exceed any taken in the past 25 years and
have doubled the average size of the bluegilis caught by fisher-
men> This program costing $1 1.22 per acre per season for
prepared fish food appears to have wide application in bluegill
management. A paper titled, 'The Dynamics of a Bluegill Popula-
tion Fed on a Prepared Food and Subjected to an Annual Fall
Drawdown,' has been mimeographed for distribution.

SUPPORTED BY Illinois State Government

6.0195, HYBRID SUNFISH STUDIES
W.F. CHILDERS, State Natural History Survey, Urbana, Illinois

During May 1967 eggs stripped from a female largemouth
bass were fertilized with sperm from males of smallmouth bass,
rock bass, green sunfish, bluegills, and red-ear sunfish. A high
percentage of each of the five different kinds of hybrids hatched;
however, all of the rock bass x largemouth hybrids died shortly
after they hatched. Approximately 75 percent of the red-ear x lar-
gemouth hybrids and 25 percent of the green x largemouth
hybrids were deformed. Almost all of the smallmouth x lar-
gemouth hybrids appeared to be normal,

Small numbers of each of the four kinds of viable hybrids
were kept in the laboratory and the rest were stocked in ponds as
soon as they developed into free-swimming fry, The few red-ear x
largemouth hybrids which were held in the laboratory died shortly
after they became free-swimming and none of those which were
stocked in a pond were recovered when the pond was poisoned
during the fall.

One group, the bluegill x largemouth hybrids, stocked in a
pond were lost when the owner added some smallmouth bass.

The green x largemouth hybrids stocked in a pond grew well
during the summer. A few individuals were collected by seining at
various times in June and July.

Smallmouth x largemouth stocked by themselves in a small
pond grew rapidly, and by fall these hybrids ranged from 6 to 10
inches in length.

The smallmouth x largemouth, bluegill x largemouth, and
green x largemouth hybrids which were retained in the laboratory
are continuing to survive and grow. These fishes will be used in
making morphological comparisons between the hybrids and
their parent species.

SUPPORTED BY Illinois State Government

6.0196, BIOLOGICAL CONTROL OF AQUATIC VEGETA-
TION
W.F. CHILDERS, State Natural History Survey, Urbana, Illinois

The capability of Tilapia mossambica, a vegetation-eating
chichlid from Africa, to control aquatic vegetation in Illinois lakes
and ponds has been tested during the past six summers.

When tilapias were stocked during mid May at the rate of 50
per acre in a pond containing no other fishes, the population ex-
panded rapidly and was capable of eliminating all submergent
aquatic vegetation and algae in less than six weeks. In another
season predation on tilapias by an excessive population of lar-
gemouth bass prevented an expansion of tilapias and resulted in
the failure of the survivors to control the vegetation. In still other
years, a light to moderate population of largemouth bass or lar-
gemouth bass and bluegills allowed an expansion of tilapias which
either eliminated the vegetation or prevented it from reaching
nuisance levels.

According to experiments made in 1967, 211 adult tilapias
per acre (average total length 6.8 inches) were capable of
eliminating the vegetation in this pond and preventing its return
during the entire summer. Previous results (1964) established
that 121 tilapias per acre (average total length 5.8 inches) were
unable to eliminate the vegetation, but they did control it so that
it never reached nuisance levels.

The results of this study to date suggest that if tilapias longer
than 5 inches were stocked at the rate of approximately 1150 per
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acre in a pond containing bass and blucgills, they would control
and perhaps eliminate the submergent aquatic vegetation.

SUPPORTED BY Illinois State Government

6.0197, DEPTH DISTRIBUTION OF FISH IN LAKE
GLENDALE
D.F. HANSEN, State Natural History Survey, Urbana, Illinois

The depth distribution of bluegills and largemouth bass was
determined by using. trotlines suspended vertically from floats and
supplied with hooks 1 foot apart. Some lines were fished in the lit-
toral (weed) zone in water 10 feet deep and some in the open
water beyond the zone of weed growth at depths of 18 to 20 feet.
A record was kept of the depth at which each fish was caught.

Larger bluegills were more abundant ii the open water than
at the deep edge of the weed zone, and bluegills under 5 inches al-
most never were caught in the open water.

Larger bluegills were taken in open water at depths of 1 foot
to 20 feet below the surface (bottom), but most often they were
taken at depths of 8-15 feet. Largemouths were rarely taken
below 12 feet.

Food studies made in conjunction with the depth distribution
study have indicated that bluegills fed extensively on a large
midge larva, Chironomous plumosus, which occurs only on the
lake bottom where oxygen is low (usually less than 1 ppm) and
where rooted weeds are absent. Since the same bluegill stomachs
often contained chironomid larvae from deep water and foods
such as snails and dragonfly larvae that occur only on weeds, it is
evident that the bluegills move back and forth from shallow water
to deep water in the collection of food.

SUPPORTED BY Illinois State Government

6.0198, LAKE MICHIGAN WATER QUALITY MODEL
R.L. EVANS, State Water Survey, Urbana, Illinois

The specific objective of the project is to develop a mathe-
matical water quality model for Lake Michigan. Model formula-
tion will be primarily based upon information regarding dissolved
conservative mineral substances. The data will be from records
that are available and will pertain to the chen-ical quality of rain-
fall, natural and man- made discharges, and waters of the lake.
Changes in content as expressed by the model in relationship to
economic growth, population shifts, etc., will serve as an instru-
ment for water quality management.

SUPPORTED BY Illinois State Government

6.0199, ALGAL GROWTH POTENTIAL OF ILLINOIS
WATERS
R.L. EVANS, State Water Survey, Urbana, Illinois

The objective of the study is to develop the methodology that
will permit the use of algal growth potential (AGP) as a meaning-
ful index of water quality. The experimental phase of the un-
dertaking will be an evaluation of expressing AGP in terms of car-
bon fixation capacity using liquid scintillation procedures. Other
methods for expressing inoductivity will also be investigated. Sen-
sitivity, reproducibility, and minimum detectability are the major
factors to be examined. After methodology and optimum environ-
mental conditions have been established, :A general survey of Il-
linois water will commence. Preliminary results should permit
tentative classification of the waters based upon their potential
for algal growth. The final phase of the study will relate to the ap-
plicability of bench observations to field experience.

SUPPORTED BY Illinois State Government

6.0200, WATER QUALITY MODEL DERIVED FROM
SYSTEM ANALYSES
R.L. EVANS, State Water Survey, Urbana, Illinois

As a subsystem for an overall endeavor to develop a water
management program for the Kaskaskia River Basin, the elements
and their interrelations and interactions for a water quality model
are being defined; once defined these elements will be used for
developing a water quality model. The objective of the model will
be to determine the degree of treatment required for each waste
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discharger in order to achieve a desired water quality objective at
the minimum cost to all dischargers.

SUPPORTED BY Illinois State Government

6.0201, WATER RESOURCE DEVELOPMENT AND
MANAGEMENT MODEL
R,II. HARMESON, State Water Survey, Urbana, Illinois

This project involves the creation of a detailed water
resource development and management model that will serve
state and local planners in meeting present and future water
needs. A systems analysis approach is being used so that all ele-
ments of water resource development are input for the model.
Thus, principal elements (supply sources, treatment, storage,
transmission, distribution, disposal, and reuse) can be viewed as a
whole and in relation to each other. From detailed analyses of
each clement, the model will provide alternative schemes of
development and management on the basis of the available water
resource, present and future (remands for water, and costs.

SUPPORTED BY Illinois State Government
U.S. Water Resources Council

6.0202, ADVANCED METHODOLOGIES FOR WATER
RESOURCES PLANNING
V.T. CHOW, Utiv. of Illinois, School of Engineering, Urbana, Il-
linois

The proposed research plan is to investigate a number of ad-
vanced concepts of water resources planning which are of basic
importance but have not been generally introduced into practice.
These concepts include mainly stochastic analysis and dynamic
programming.

Three stages will be proceeded in the investigation. The first
Stage is to ascertain the feasibility of the application of various
stochastic methods of hydrology to hydroeconomic system analy-
sis and of the application of dynamic programming for stochastic
system optimization. The second state is to develop working
procedures of stochastic dynamic programming to ;Actual
problems.

In the investigation, mathematical formulations will be pro-
grammed for computer analysis and data from river basins in II.
linois will be tested in the working procedures to be developed.

SUPPORTED BY U.S. Dept, of Interior - 0 Water Res. Rch
University of Illinois

6.0203, STOCHASTIC ANALYSIS OF HYDROLOGIC
SYSTEMS
V.T. CHOW, Univ. of Illinois, School of Engineering, Urbana, Il-
linois

The proposed research project aims to develop practical
methods which will utilize mathematical models to simulate the
stochastic behavior of hydrologic systems with an ultimate goal to
extend the application of the methods so developed to
hydrocconomic systems for the analysis and planning of actual
water resources systems. The mathematical models will be
stochastic and nonlinear in nature and will be applied to river
basin systems particularly in Illinois, although the concept of this
mathematical simulation will be equally applicable to other kinds
of hydrologic systems.

The procedure for the proposed investigation will consist of
three steps: (1) to formulate mathematical models for simulating
the stochastic behavior of hydrologic systems; (2) to analyse and
improve the models by numerical analysis and computer
technology; (3) to verify and apply the improved models to actual
river basin systems.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

6.0204, WATER RESOURCES SYSTEM ANALYSIS
T. CHOW, Univ. of Illinois, School of Engineering, Urbana, Il-

linois
Operations research techniques are used to optimize water

resources systems for the planning and development of water pro-
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jects. Mathematical models and simulation were used, involving
Monte Carlo methods, Markov-chain models, and linear and
dynamic programmings. A study on similarity between rail trans,
pc 7-1 system and water resources system has been completed. A
hydroeconomic analysis to optimize a inl*i-purpose project is not
being investigated.

SUPPORTED BY University of Illinois

6.0205, PREPARATION OF A HIGHWAY DRAINAGE
POLICY STATEMENT AND PRACTIVE MANUAL FOR THE
STATE OF ILLINOIS
C.J. DRABLOS, Univ. of Illinois, School of Engineering, Urbana,
Illinois

The purpose of this study is to develop highway and agricul-
tural drainage policy statements based upon specific laws and
practices in Illinois. This manual will incorporate data from two
previous research reports and present written policy of the Illinois
Division of Highways. Although emphasis will be placed upon the
relationships between highway znd agricultural interests, laws
relating to highway and urban drainage will be included in one
section of the manual.

SUPPORTED BY University of Illinois
Illinois State Government

6.0206, H YDROLOGIC CHARACTERIZATION OF
SMALL WATERSHEDS
R.N. FENZL, Univ. of Illinois, Agricultural Experiment Sta. , Ur..
bana, Illinois

Several watersheds in Illinois were investigated through aeri-
al photographs and topographic maps to provide empirical rela-
tionships between watershed area, stream density, frequency, and
length. The relationships were used in the development of
hypothetical watersheds used in a computer orientated mathe-
matical model utilizing the kinematic formulation to simulate
response to rainfall excess of a third order stream system
representing 0.25 square miles of upland agricultural area with
steep ground and channel slopes.

SUPPORTED BY U.S. Dept. of Agriculture
University of Illinois

6.0207, DEVELOPMENT OF DRAINAGE ASSESSMENT
PROCEDURES BASED ON PHYSICAL FEATURES IN IL-
LINOIS
B.A. JONES, Univ. of Illinois, Agricultural Experiment Sta. , Ur-
bana, Illinois

This project is to formulate an equitable drainage assessment
procedure based upon a correlation between physical features of
the land and drainage benefits. An empirical formula was
developed that equates total benefits received on a traia of land to
summation of three physical features each multiplied by a con-
stant. Work this year has concentrated on refining the equation
coefficients.

SUPPORTED BY University of Illinois

6.0208, DEVELOPMENT OF DRAINAGE ASSESSMENT
PROCEDURES ?AND ON PHYSICAL FEATURES IN IL-
LINOIS
B.A. JONES, Univ. of Illinois, Agricultural Experiment Sta. , Ur..
bana, Illinois

This project is to formulate an equitable drainage assessment
procedure based upon a correlation between physical features of
the land and drainage benefits. An empirical formula was
developed that equates total benefits received on a tract of land to
summation of three physical features each multiplied by a con-
stant. Work this year has concentrated on refining the equation
coefficients.

SUPPORTED BY University of

6.0209, AN APPRAISAL OF FLoor REGULATIONS IN
THE STATES OF ILLINOIS INDIANA, IOWA, MISSOURI
AND OHIO
W.M. KEITH, Univ. of Illinois, Graduate School, Urbana, Illinois

The proposed research involves data collection and field in-
vestigations to analyze and determine the effectiveness of flood
plain regulations as a tool in flood plain management in the states
of Illinois, Iowa, Missouri, Indiana and Ohio. The essential object
will be (1) to determine whether statutes and flood plain zoning
are effectively used, (2) to determine what other alternative
preventive methods are available, (3) to analyze and appraise
these other alternatives.

Collected Data will be used: I . To determine types of regula-
tions, who administers them, and how they are administered, 2.
To determine goals and values. 3. To establish a priority scale.

Field investigations will involve setting up case studies show-
ing the effect of flood plain regulations where they exist and
where they do not exist. It is the intent to show the effectiveness
of proper planning controls.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

6.0210, INTERGOVERNMENTAL RELATIONSHIPS IN
THE ADMINISTRATION OF WATER RESOURCES
N.G. KRAUSZ, Univ. of Illinois, School of Agriculture, Urbana,
Illinois

An appraisal and evaluation of the legal institutions and ad-
ministrative structures, processes and techniques, in water
development, use, management and quality control, in Illinois.
This includes a study of the application of water related laws,
coordination between units of government, expenditure of
federal, state and local funds, adaptability to emerging federal-
state effort, administrative costs, utilization of community
resources, and rigidities in present government organization. It
also includes an assessment of large numbers of governments !
units having boundaries which circumscribe only a portion of the
water problem area and which operate independently in water
resource development, use, control, and in levying taxes.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

6.0211, ECONOMICS AND LEGAL FACTORS IN
PROVIDING, USING AND MANAGING WATER
RESOURCES IN AGRICULTURE
N.G. KRAUSZ, Univ. of Illinois, Agricultural Experiment Sta. ,
Urbana, Illinois

Objective and description of work: To complete and publish
a study of Illinois laws and decisions on water use, including rela-
tionships to laws and administrative practices of other states and
the federal government, and including conflicts of water use, pol-
lution control and interstate compacts; and to determine correla-
tions between different legal frameworks and the demand and
supply of water in selected states. Laws, cases and administrative
practices in Illinois and other north- central states are to be
analyzed as well as federal laws and regulations. Water laws are to
be classified and supply and demand data obtained and correla-
tions, if any, determined.

SUPPORTED BY U.S. Dept. of Agriculture
Illinois State Government

6.0212, ANALYSIS OF LITERATURE ON THE RECREA-
TIONAL ASPECTS OF WATER RESOURCES RESEARCH
E.H. STOREY, Univ. of Illinois, Graduate School, Urbana, Oinois

A. The objective of this project is
(1) to determine the status of research on recreational

aspects of water resources through identification, retrieval and
critical analysis of pertinent literature;

(2) to summarize knowledge, and identify gaps in
knowledge, of recreational aspects of water resources planning,
use and management; and
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(3) to develop a research program on recreational aspects of
water resources planning, use and management.

B. Procedure
The procedure to be followed in tin study will be as follows:
(1) An intensive retrieval prog,:am on literature pertinent to

recreational aspects of water resources will be carried out.
(2) Development of a elassifination system for this literature.
(3) Critical analysis of the literature and summarization of

existing knowledge about recreational aspects of water resources,
including use management and planning.

(4) Identification of gaps in knowledge of recreational
aspects of water resources.

(5) Development of a research program on planning and
management of water resources for recreational use.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

6.0213, ECONOMIC ANALYSIS OF WATER USE IN IL-
LINOIS AGRICULTURE
E.R. SWANSON, Univ. of Illinois, School of Agriculture, Urbana,
Illinois

Estimates will be made of the profitability of the irrigation of
corn and other high-profit crops in selected areas of Illinois. In
order to place decisions concerning irrigation within the context
of the total farm business the analyses will be performed with
linear programming methods. The influence of a number of price,
cost, and technical factors upon the profitability of irrigation will
be examined.

On rented farms the adoption of irrigation will be condi-
tioned by the leasing arrangement. Alternative leasing methods

F
will be compared with the objective of finding those lease types
which facilitate adoption of irrigation. Since the equity of leasing
arrangements depends on land values, the influence of irrigation
on land values in Illinois will also be studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

6.0214, AN ECONOMIC AND LEGAL APPRAISAL OF
THE USE OF WATER FOR IRRIGATION AND OTHER PUR-
POSES ON ILLINOIS FARMS
UNKNOWN, Univ. of Illinois, Agricultural Experiment Sta. , Ur-

bana, Illinois
Irrigation study objectives, including the economics of irrir-

lion in Illinois and the effect of irrigation on the total farm busi-
ness, have been completed and publications released as reported
in 1961.

A portion of the legal study, including an analysis of water
use law in Illinois with cases and administrative practices, has
been completed, and responsibility for publication has been
shifted to Project 05-390.

The balance of the legal work, to study constitutional
problems in changing water laws, to determine what revisions to
Illinois water laws are needed, and to write a model water code, is
scheduled for 1964.

SUPPORTED BY Illinois State Government

6.0215, EAST CHICAGO TREATMENT LAGOON
C. LEAHU, East Chicago Sanitary District, East Chicago, Indiana

The project will evaluate the effectiveness of treating com-
bined sewer overflows in a very deep detention basin having aero-
bic and anaerobic ley* of treatment. The aerobic treatment is
accomplished by large oxygen transfer units suspended on surface
of basin waters.

The major features of this project are: 1. One 20-acre, 40-
foot deep, 200 million-gallon capacity detention basin. 2. Nine
50-HP, oxygen transfer units. 3. 2500 lineal-feet of prestressed
concrete pressure pipe, 84 inches in diameter. 4. Chlorination
equipment necessary for treating effluent from detention basin. S.
Necessary water quality and quantity monitoring equipment. 6.
Necessary evaluation required to meet demonstration program
objectives.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
East Chicago City Government - Indiana

6.0216, HYDROLOGIC, THERMAL AND TEXTURAL
PROPERTIES OF SOILS
H. KOHNKE, Purdue University, Agricultural Experiment Sta. ,
Lafayette - West Lafayette, Indiana 47907

(1) To determine the effects of moisture content and struc-
ture of various soils on their thermal conductivity and diffusivity;
(2) To determine the interrelation between texture, specific sur-
face and the moisture retention in the dry range for various soils;
(3) To determine the degree of availability of soil moisture for
plants at various levels of total moisture tension, for water held
matrically and osmotically.

Soils selected for individual studies under this project will be

analyzed for a number of important properties including
mechanical composition, predominant clay types, exchangeable
cations, moisture retention curve, organic matter content and ag-
gregation. Thermal diffusivity, heat capacity, specific surface,
availability of soil water and molar free energy of this water will
be determined for the soils in question and related to the first
group of properties in order to achieve the stated objectives.
Modern instrumentation including thermal probes, transistors,
and a microcalorimeter, will be used in these studies.

SUPPORTED BY U.S. Dept. of Agriculture
Indiana State tiovernment

6.0217, EFFECTS OF WATER PROPERTIES IN THIX-
OTROPIC CLAY SYSTEMS ON BIOLOGICAL ACTIVITY
P. LOW, Purdue University, School of Agriculture, Lafayette -
West Lafayette, Indiana 47907

Bernal has suggested fine clay sediments as a site for the early
polarizations and condensations for various primordial com-
pounds. Clay seems to absorb selectively certain molecules and
could have served as a concentrating mechanism by means of
which protein molecules could have appeared in sufficient con-
centration in the early seas. The specific objectives are as follows;
1) to determine the effects of the sol-gel transformation of the
properties of water in a clay suspension, 2) to determine the ef-
fect of the sol-gel transformation on the activity of organisms in a
clay suspension.

Experiments will be conducted on the structure-sensitive
properties of water and clay sols and gels and on changes that
occur in there properties during the sol-gel transformation. In
particular, the apparent and partial specific 'vat of the water will
be studied by means of an ultra-sensitive calorimeter. Then using
the same calorimeter, the thermal kinetics of bacteria and suspen-
sions in two physical states will be investigated. If the results of
the initial experiments are pr-ql ising, additional experiments will
be designed.

a. Progress Report to JUYIZ.`, 1967 - Preliminary results show
that the minimum of clay required for gelation is 4 percent. A new
osmometer with improved sensitivity has been developed, Biolog-
ical activity is definitely influenced by differences in water pro-
perties of the gel and sol state. Streptococcus faecalis replaced
lettuce seeds used in preliminary work since it was desirable that
the organism affected by the water be surrounded by it, hence
selection of an anaerobic non-gas forming organism. Minimum
nutrient found to be 0.1 percent of casaminoacid and glucose and
0.01 percent of yeast extract and arginine, based on total weight
of clay-water paste. Thermograms using microcalorimetry were
obtained from the difference in heat produced by the microorgan-
isms during cell division and metabolism in pastes of varying con-
centration.
SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0218, IMPROVED METHODS FOR ESTIMATING MAN-
POWER NEEDS FOR WATER RESOURCES DEVELOP-
MENT
W.L. MILLER, Purdue University, School of Agriculture,
Lafayette .. West Lafayette, Indiana 47907
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The methods traditionally used to estimate the surplus or
shortages in an occupation are inadequate because they fail to ex-
plicitly consider the wage rate in the occupation under considera-
tion or the wage rates in closely related occupations.

The general objective of this research project is to develop an
improved method to determine more accurately training require-
ments for an occupational skill level in water resource manage-
ment. The specific objectives include: (1) to determine supply
and demand functions for water resource personnel in the Indi-
anapolis area; and (2) to compare training requirements in-
dicated by these functions with the training requirements sug-
gested by the traditional method of estimation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Purdue University

6.0219, RECREATIONAL IMPACT OF FEDERAL MULTI-
PURPOSE RESERVOIRS

UNKNOWN, Purdue University, Graduate School, Lafayette -
West Lafayette, Indiana 47907

Necessary data is being acquired which will assist the Indiana
State Highway Commission in planning for the future highway
requirements of recreational travel to federal multi-purpose
reservoirs in the state. The objective of the second phase of this
study will be the validation of the models developed for the study
and with the estimation of change in characteristics and demand
over a period of time.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Indiana State Government

6.0220, EFFECTS OF DOMESTIC POLLUTION ABATE-
MENT ON A EUTROPHIC LAKE
M.W. TENNEY, Univ. of Notre Dame, School of Engineering,
Notre Dame, Indiana 46556

The primary objective of this project is to demonstrate
changes in a eutrophic lake following complete removal of all
domestic pollution. Project results will then be used as a basis for
suggesting possible external manipulation of the lake that may ac-
celerate or promote beneficial natural changes. Initial studies will
include physical, chemical and biological studies of the existing
source of pollution and lake conditions. After removal of the
source of pollution the same studies will continue on the lake
basin.

SUPPORTED BY U.S, Dept. of Interior - F. Water Pol. CU
University of Notre Dame

6.0221, FACTORS AFFECTING FISH PRODUCTION
PONDS
R.W. BACHMANN, Iowa State University, Iowa Coop Fishery
Unit, Ames, Iowa 50010

Serum protein fractions of blucgill sunfish. Total serum
protein levels of bluegill sunfish in experimental tanks were
reduced 30q( after 36 days of starvation. Cellulose acetate elec-
trophoresis identified four major serum protein fractions. Serum
protein patterns of blucgill from study ponds indicated dif-
ferences in percentage protein fraction within ponds, sexes and
collection dates as well as statistical interactions. Electrophoretic
analysis of serum proteins must consider environmental and
physiological factors causing variation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Iowa State Government
Iowa State University

6.0222, PHYSICAL AND ECONOMIC ANALYSIS OF
WATERSHEDS AS RELATED TO SOIL AND WATER CON-
SERVATION
C.F., BEER, Iowa State University, Agricultural Experiment Sta. ,
Ames, Iowa 50010

This is a cooperative venture between physical and social
scientists and is concerned with the continuing updatir3 and
refining of physical inputs which are needed for the solution of
various economic problems of soil water and land use on a

watershed basis. Economics methodology studies include use of
linear programming and computer techniques and various adap-
tions of cost-benefit analyses.

Physical studies in progress or planned include studies of the
effect of plant cover and cultural practices on defined segments of
the hydrologic cycle on water sheds which range in size from
about 2 to 500 acres.

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

6.0223, STREAM BIOLOGY AND ITS RELATION TO
FISH PRODUCTION
K.D. CARLANDER, Iowa State University, Iowa Coop. Wildlife
Res. Unit, Ames, Iowa 50010

1. Biochemical indicators of fish growth. F. Bulow, Grad.
Asst. Ribonucleic acid (RNA) and desoxyribonucicic acid
(DNA) ratios were lowest in starved golden shiners and increased
wit); higher feeding levels and faster growth rates. Samples of
various organs and tissues are being prepared for analyses. In-
itiated in 1966 and anticipated completion date is 1969.

2. Distribution of bottom fauna and its utilization by fish in
the Fort Madison section of Pool 19, Mississippi River. Jude and
R, Ranthum. Grad Assist. Seasonal changes in the bottom fauna
and fishes of Pool 19, Mississippi River were determined
throughout 1967. Special emphasis was placed upon the ecology
of the fingernail clam. Laboratory studies indicate its rapid
growth and reproduction. Seasonal and environmental dif-
ferences in fish distribution were indicated by the yearly sampling
program. Master of Science theses will be written on fish distribu-
tion in 1968 and the data on the bottom fauna will be completed
in 1969.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Iowa State Government
Iowa State University

6.0224, DYNAMICS OF FISH POPULATIONS IN NATU-
RAL LAKES
K.D, CARLANDER, Iowa State University, Iowa Coop. Wildlife
Res. Unit, Ames, Iowa 50010

I. Life history of yellow bass in Clear Lake, Iowa. M. S. thesis
completed by Gary Atchinson in May 1967 reported little change
in growth rates of yellow bass following mass mortalities in 1965
and 1966. Sexual development and spawning study of yellow bass
initiated in 1966 will be completed by R. Bulkley in 1969.

2, Food preferences and feeding of black bulhead, carp and
walleye in Clear Lake. R. Baur, 1. Effendie, and F. Jernefcic. Ex-
amination of captured free-ranging fish as well as controlled feed-
ing zxperirrients were initiated in 1967 and will be completed in
1969,

3. Water temperature dynamics of Clear Lake. water tem-
perature relationships for the period 1950 to 1965 during ice.free
periods were computed by 10-day rolling sums of maximum plus
minimum air temperatures. Project was completed with submis-
sion of M.S. thesis in May, 1968.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Iowa State Government
Iowa State University

6.0225, IOWA ECONOMETRIC MODEL
K.A. FOX, Iowa State University, School of Agriculture, Ames,
Iowa 50010

This study focuses on the preparation of a 117-sector input-
output model of the Iowa economy and the adaptation of the
model for use in water resources planning in Iowa. In addition, a
series of economic and population projections for the water
resource regions of Iowa for the period 1960 to 2020 will be
prepared. Pri,bedures for correlating these projections with
similar estimates for the Missouri River and Upper Mississippi
River Basins will be formulated.
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SUPPORTED BY Iowa State Government

6.0226, AN ANALYSIS OF THE ECONOMIC IMPLICA-
TIONS OF THE PERMIT SYSTEM OF WATER ALLOCA-
TION
N.E. HARD, lowo State University, Graduate School, Ames, Iowa
50010

The proposed research project involves both theoretical and
empirical analysis of the economic implications of the permit
system of water allocation with particular emphasis upon the ef-
fects of the permit system on economic growth, income distribu-
tion, and economic stability. The study would examine the
economic efficacy of the permit system as an administrative, non-
market method of resource allocation.

The theoretical analysis phase would involve construction of
an appropriate economic model for testing and analysis of the
economic operation of the permit system.

The empirical phase would entail gathering of data relating
to Iowa on regulated water use, non-regulated water use, and non-
approved requests for water use; projection of water supplies and
demand:: to a future date, and an identification and quantification
of inefficiencies in resource allocation resulting and likely to
result from continued operation of the permit system.

The final phase would be concerned with articulation of al-
ternative means to improve water allocation from an economic
standpoint.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Iowa State University

6.022'7, WATERFOWL POPULATIONS AND RECREA-
TIONAL USE PATTERNS IN THE PROPOSED SAYLOR-
VILLE RESERVOIR AREA AS RELATED TO PRE-IM-
POUNDMENT CONDITIONS
A.D. HAUG EN, Iowa State University, School of Agriculture,
Ames, Iowa 50010

Summary of Proposed Work: This study comprises the first
phase of what should be considered a two-phase study to deter-
mine the impact of the alteration of an environment on waterfowl
populations and recreational use patterns at the Saylorville im-
poundment now under construction on the Des Moines River in
central Iowa. The impoundment is expected to dramatically affect
wildlife habitat in the area. A measure of these changes and sub-
sequent changes in wildlife recreational use pattern of the areas
are major goals of this study.

Use of the area as it now exists, its accessibility, major recrea-
tional values and use patterns, and the origin and other charac-
teristics of users will be obtained through field checks, time- lapse
cameras, pnuematic car counters, and through questionnaire and
interview techniques. The Iowa State University Statistical
Laboratory will aid in setting up a sampling system.

Automatic recording devices will record data on daily,
weekly and seasonal cycles and fluctuations in recreational activi-
ties. Data secured should be of use for planning zoning or other
regulations needed to minimize friction between different types of
users on similar impoundments elsewhere.

SUPPORTED BY U.S. Dept. of ;interior - 0. Water Res. Rch
Iowa State University

6.0228, PHYSICAL, LEGAL AND ECONOMIC ASPECTS
OF ASSESSMENT OF COSTS AMONG DRAINAGE DIS-
TRICTS
H.P. JOHNSON, Iowa State University, School of Engineering,
Ames, Iowa 50010

The primary objectives of the proposed research project are
(1) to investigate the effects of stream modifications on flood
flow characteristics and backwater curves as related to drainage
districts contiguous to a common waterway, (2) to correlate the
flood flow characteristics and backwater with property benefits
and damages such that a procedure or guideline can be developed
to assist in the assessment of construction and maintenance costs
of drainage districts and (3) to study the existing laws of Iowa and
other states in order to determine the optimum framework for
evaluating the economic and engineering results.

6. WATER RESOURCES PLANNING

The courts in the state of Iowa are presently involved in
litigation dealing with the problem of equitable assessments
among drainage districts which often "eats for long periods of time
and does not arrive at a solution to the problem. Recent testimony
presente,- to an Iowa Drainage Laws Study Committee by persons
concerned with drainage r)roblems and Iowa's drainage lae con-
veyed tlie need for more work and legislation in this area,

Field situations involving drainage districts common to a
natural stream and a constructed drainage ditch will be utilized in
the study. Pertinent field data will be gathered and the computer
will be used for all laborious computations involved in determin-
ing the effects of stream modification on flood flows and stages.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Iowa State University

15.0229, ECONOMIC AND LEGAL FACTORS IN PROVID-
ING, USING AND MANAGING WATER RESOURCES IN
AGRICULTURE
J.F. TIMMONS, Iowa State University, Agricultural Experiment
Sta. , Ames, Iowa 50010

Project Objectives - (a) To develop an economic basis for al-
locating water among competing uses and users, considering both
quality and quantity of water; (b) To investigate possibilities of
structural means for developing water resources and sharing costs
and benefits in the allocation proceos with quality and quantity of
water by uses considered.

Work Proposed Uses of water from particular supply
sources, i.e., aquifer., or impoundments, with be identified.
Productivities of water in various uses will be determined. Com-
petitive and complementary ranges of uses will be identified, Ef-
fects on water quality by uses will Le investigated with the costs of
maintaining quality of water for re-use.

SUPPORTED BY U.S. Dept. of Agriculture
Iowa State Government

6.0230, POST CONSTRUCTION AUDITS OF THE
ECONOMIC PERFORMANCE OF PUBLIC WATER
RESOURCES INVESTMENT
R.H. HAVEMAN, Grinnell College, Undergraduate School, Grin-
nell, Iowa 50112

Objective: To develop a methodology for checking the actual
economic performance of public water investments against that
projected when the investment was analyzed by benefit-cost anal-
ysis in the original planning. The principal problems dealt with arc
the uncertainties concerning the original basis of evaluation and
the stochastic nature of the events against which many projects
are built, especially storage and flood structures.

SUPPORTED BY Resources For The Future Incorporated

6.0231, ECONOMIC ANALYSIS OF ALTERNATIVE
WATER POLLUTION CONTROL MEASURES
J.R. BARNARD, Univ. of Iowa, Graduate School, Iowa City, Iowa
52240

The purpose of this study is: (I) to develop methodological
procedures for translating economic projections of population
and industrial output into future water pollut!on abatement
needs, (2) the formulation of an economic modi:1 for determining
the most efficient means of meeting and maintaing specified
stream quality standards, (3) the empirical implementation of
cost models to determine the optimum combination of treatment
facilities. Phase I of this project will be concerned with items I
and 2 above and will be completed during the 1967-1963 fiscal
year. Phase II, the empirical implementation of the model will be
undertaken in fiscal year 1968-1969.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Iowa

6.0232, TRACE ELEMENT CHEMISTRY OF A SMALL
POND IN RELATION TO PRODUCTIVITY
K.B. ARMITAGE, Univ. of Kansas, Water Resources Institute,
Lawrence, Kansas 66045
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The relation of oxygen conductivity, temperature, alkalinity,
nitrogen, phosphate and selected trace elements (Ca, Mg, Sr, Zn,
Co, Fe, Mn, Mo, B, HCO3, Na and K) to abundance of
chlorophyll A and seasonal cycles of zooplankter polulations will
be invetAigated in a pond in northeastern Kansas. These relations
between the physicochemical and biotic parameters will be
analysed by the use of multivarate statistics. It is hoped that we
can determine how much, if any of a change in population can be
attributed to temperature, conductivity, trace elements, etc. Ad-
ditionally eorrelatiomi among the chemical factors may be deter-
mined to ascertain if any patterns of occurrence and distribution
occur among the different elements under study. Each species of
zooplankter will be analysed to determine size, age, sex structure,
and reproductive capacity of the population. Community struc-
ture of the zooplankters will be analysed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kansas

6.0233, ECONOMIC AND LEGAL FACTORS IN PROVID-
ING, USING, AND MANAGING WATER RESOURCES IN
AGRICULTURE
E.S. BAGLEY, Kansas Sun University, Agricultural Experiment
Sta. , Manhattan, Kansas 66504

Objectives of the Regional Project are: I. To determine the
economic considerations that affect use and management of
water in agriculture and competing uses. 2. To identify and
describe rights in water and the administrative arrangements that
regulate water use in the several states. 3. To analyze the
economic consequences of different systems of water law with
particular emphasis on the laws of the states in the North Central
Region but including comparisons with legal systems in use in
other regions. 4. To develop principles which will serve as
guidelines in efforts to bring about optimum management and use
of water resources.

The Kansas phase of the projec'.. is concerned with the ap-
propriation doctrine of water rights and currently under way is an
investigation of the feasibility of ground water districts under the
appropriation doctrine for regions where ground water stock is
large but recharge is negligible.

SUPPORTED BY U.S. Dept. of Agriculture
Kansas State Government

6.0234, MODELING AND OPTIMIZATION OF WATER
RESOURCES S'ISTEMS
E.S. LEE, Kansas State University, School of Engineering, Man-
hattan, Kansas 66504

This proposal is for the mathematical modeling and optimal
management of water resources systems. The primary purposes of
the investigation are to establish realistic mathematical models
for these sytems and to develop best management policies over a
period of time for complex water resources systems based on the
models.

It is proposed that the dynamic modeling and optimization of
the management of large water resources systems be approached;
considering all available model building and optimization
techniques but with special emphasis on linear filteeng and pre-
diction, quasilinearization, invariant imbedding, dynamic pro-
gramming, maximum principle, and the function gradient
techniques.

The following three basic water resources models will be stu-
died: (I) a single reservoir with multiple purposes, (2) multiple
reservoirs, each reservoir with a single purpose, and (3) multiple
reservoirs with multiple purposes. Results for the modeling and
optimization of the first two models and a fairly realistic model for
the third model will be obtained.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

6.0235, THE ECONOMICS OF LAND UTILIZATION
R.D. MCKINNEY, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

To make economic analyses of present and possible land uses
and practices from the viewpoints of individual farmers and
society. These analyses would include the economic effect of: (1)
Conservation and watershed practices and programs; (2) changes
in land uses in areas of the state (such as Great Plains); (3) Soil
Bank and similar programs on the profitable uses of land; (4) ir-
rigation on costs and returns and land utilization; (5) converting
land from intensive to extensive use (cropland to grassland) or
vice versa. These studies will be made in terms of cost and returns
over time and their effects upon rural institutions and the in-
dividual in light of the goals of people.

Description of Work: A study of the economics of soil con-
servation is being made within the boundaries of three watersheds
located in east central and northeast Kansas. Data are being
gathered each year on the cultural practices of craps, conserva-
tion measures applied and crop yields within these watersheds
and analyzed for measurable economic benefits to the resource
holder on a farm firm basis. Data are obtained yearly on all the
fields in one watershed and on a random sample in two
watersheds. The data are obtained from the same sample each
year.

A study of sediment and runoff in association with the
economic study is being conducted on the Sabetha Lake
watershed. Budgeting and linear programming will be used in
analysis of data.

SUPPORTED BY Kansas State Government

6.0236, VALUE OF WATER FOR IRRIGATION IN THE
KANSAS RIVER VALLEY
W.H. PINE, Kansas State University, Graduate School, Manhat-
tan, Kansas 66504

Irrigation is the most highly consumptive use of water in Kan-
sas. Irrigation is increasing rapidly in Kansas where water supply
(and precipitation) is limited. This project will estimate the value
of water for irrigation along the Kansas River in eastern Kansas
with precipitation ranging from 31 to 35 inches and with much of
the land suitable for irrigation. Urban and industrial development
are growing in the valley providing an expanded need for water.
Competition for water is increasing. The estimated value of water
for irrigation, costs for land preparation, installation and equip-
ment costs, and operations costs. From this information the net
returns from irrigation under different conditions will be esti-
mated and used to determine the value of water for irrigation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Kansas State University

6.0237, IMPLICATIONS OF IRRIGATION TO THE MAR-
KETING OF SPECIALTY CROPS
O. SORENSON, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

1. To provide farmers with information on the opportunities
which exist in the marketing of specialty crops. 2. To determine
the availability of market outicts for expanded specialty crop
production and needed changes in market structure to handle in-
creased output of these crops in Southwest Kansas.

DESCRIPTION OF WORK PROPOSED -- The procedure
envisaged for this study is as follows: I. To determine the extent
to which specialty crops are now being produced under irrigation
in Southwest Kansas and the availability of markets and market-
ing facilities for present crops. 2. To determine the extent to
which the supply of alternative specialty crops is likely to be ex-
panded in the future. This would consist of determining the com-
petitive advantage of specialty crop production within the area
specified, and the extent to which market demand will absorb
potential increases in supply. 3. To study needed changes in the
marketing structure for specialty crops in S.W. Kansas and make
recommendations which will improve the efficiency of marketing
specialty crops.
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SUPPORTED BY U.S. Dept. of Agriculture
Kansas State Government

6.0238, A SYSTEMATIC STUDY OF RESPONSES TO IM-
PENDING INUNDATIONS AND THE DIRECTIONS OF IM-
PELLED POPULATION MOVEMENT
R.J. BURDGE, Univ. of Kentucky, Graduate School, Lexington,
Kentucky 40506

The proposed research investigates the problems of social
adjustment of a group of persons faced with forced migration due
to impending inundation of their residences and community. Fac-
tors inherent with social change are investigated from the stand
point of community and family decision making. Finally, the
study will investigate individual attitudes and responses to the
forced migration from the standpoint of anticipated adjustment
after migration.

To obtain information for the objectives of the study the fol-
lowing procedures will be employed. I ) A series ofpersonal inter-
views will be administered to persons directly affected by the in-
undation 2) Participant observer techniques will be used to in-
restigate the processes of community decision making

Data obtained from interviews will be analyzed to obtain in-
formation on factors involved in forced migration and recommen-
dations regarding forced migration will be provided.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Kentucky

6.0239, ANTHROPOLOGICAL ANALYSIS OF SOCIAL
AND CULTURAL BENEFITS AND COSTS FROM STREAM-
CONTROL MEASURES
H.F. DOBY NS, Univ. of Kentucky, Graduate School, Lexington,
Kentucky 40506

The proposed research would initiate policy science type
anthropological baseline studies of three river watershed study
units in central Kentucky where stream-control measures are an-
ticipated within a few years.

Field research will focus on river watersheds, highway routes
and roadsides, settlements and counties as units for data collec-
tion and analysis. A photographic record of man-made structures
and their contents, settlement patterns, tools and machinery,
vehicles, styles of clothing and occasions for their use, interper-
sonal interaction patterns, etc., will be emphasized. Data will also
be systematically obtained by interviewing residents, by partici-
pant-observation of their activities, search for archival and
newspaper documentation of social indicators supplemented by
special records of local activities compiled by resident research
aides.

Preliminary analysis will focus upon institutional differentia-
tion of settlements, but will seek to identify ethnic group, social
class, voluntary association and age distributions, and to begin to
describe their characteristics, activities, and goal values.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kentucky

6.0240, TAXONOMY AND PHYSIOLOGY OF PROTOZOA
IN CAVE STREAMS AND POOLS
S.M. GITTLESON, U&v. of Kentucky, Graduate School, flexing-
ton, Kentucky 40506

The proposed research involves laboratory and field in-
vestigations of taxonomy and physiology of protozoa in cave
streams and pools. Preliminary studies in Pine Hill Cave Kentucky
indicate that: I) numerous species of protozoa do occur in signifi-
cant forms in streams and pools the sink into the cave; 3) many
of these protozoa have never been described.

This data suggests that knowledge of the role of protozoa in
the ecosystem is important for understanding problems concern-
ing the ecological impact of water development, ground water pu-
rity and effects of pollution on groundwater.

Investigations primarily at the Mammoth Cave National
Park, Kentucky, will include study of samples from cave streams,
pools and surface water related to: I) identification of protozoa;
2) distribution of protozoa; 3) chemical analysis (ions, gases, total
inorganic and organic carbon ) and physical analysis (tempera-

6. WATER RESOURCES PLANNING

ture, conductivity, viscosity; specific gravity) of the water; and 4)
study of how peculiar conditions of caves - low temperature and
absence of light effects type, number, survival, growth and motile
behavior of protozoa.

SUPPORTED BY University of Kentucky

6.0241, THE ECONOMIC IMPACT OF FLOOD CONTROL
RESERVOIRS
L.D. JAMES, Univ. of Kentucky, Water Resources Institute, Lex-
ington, Kentucky 40506

The consequences of four flood control projects in Kentucky
will be examined in detail on a post audit basis in order to deter-
mine whether costs and benefits actually realized correspond to
those predicted during project planning. Specific topics to be stu-
died include: I . Deviations between planning and historical costs,
2. Effect of project construction on local employment, 3. Histori-
cal operation and maintenance, 4. Right-of-way costs and cost in-
cidence, 5. Project build-up period, 6. Project effect on local
economic activity and local economic structure, 7. Project effect
on public facilities and community services, 8. Local public at-
titude concerning project, 9. Non-flood-control benefits, 10. Pro-
ject effect on local tax revenues.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kentucky

6.0242, A PRELIMINARY RECONNAISSANCE OF AREAS
TO BE IMPOUNDED IN THE SALT RIVER BASIN OF KEN-
TUCKY
L.A. KRUMHOLZ, Univ. of Louisville, Graduate School,
Louisville, Kentucky 40208

A preliminary reconnaissance of the three areas to be im-
pounded in the Salt River Basin will be made during the early
spring of 1968. The three areas concerned are the proposed sites
for Taylorsville Reservoir, Camp Ground Reservoir, and Howard-
stown Reservoir as outlined by the U. S. Army Corps of En-
gineers.

Particular emphasis will be placed on the reconnaissance of
the Taylorsville site since it is the first to be built. The entire
length of the main stem of the Salt River in the area to be im-
pounded will be cruised on foot, and preliminary selection of sites
for permanent collecting stations made. The stream beds of the
principal tributaries will also be cruised on foot and sites for col-
lecting stations recommended.

The entire main stem of the Salt River above the proposed
flood pool will be inspected to determine characteristics of the
stream bed as compared with the areas to be impounded. Sites for
the otiMr proposed impoundments will be inspected in as much
detail as time permits.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Louisville

6.0243, A PRELIMINARY RECONNAISSANCE OF AREAS
TO BE IMPOUNDED IN THE SALT RIVER BASIN OF KEN-
TUCKY
L.A. KRUMHOLZ, Univ. of Louisville, Graduate School,
Louisville, Kentucky 40208

A preliminary reconnaissance of the three areas to be im-
pounded in the Salt River Basin will be made during the early
spring of 1968. The three areas concerned are the proposed sites
for Taylorsville Reservoir, Camp Ground Reservoir, and Howard-
stown Reservoir as outlined by the U. S. Army Corps of En-
gineers.

Particular emphasis will be placed on the reconnaissance of
the Taylorsville site since it is the first to be built. The entire
length of the main stem of the Salt River in the area to be im-
pounded will be cruised on foot, and preliminary selection of sites
for permanent collecting stations made. The stream beds of the
principal tributaries will also be cruised on foot and sites for col-
lecting stations recommended.

The entire main stem of the Salt River above the proposed
flood pool will be inspected to determine characteristics of the
stream bed as compared with the areas to be impounded.
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Sites for the other proposed impoundments will be inspected
in as much detail as time permits.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Louisville

6.0244, A PRELIMINARY ECOLOGICAL STUDY OF
AREAS TO BE IMPOUNDED IN THE SALT RIVER BASIN
OF KENTUCKY
L.A. KRUMHOLZ, Univ. of Louisville, Water Resources Labora-
tory, Louisville, Kentucky 40208

Three flood control reservoirs are proposed for the Salt River
Basin of Kentucky. The first of these, Taylorsville Reservoir, has
been authorized, and construction of the dam will begin in 1971.
Construction on the second and third will begin at about three-
year intervals. These reservoirs will be within an hour and a half
driving time from Louisville and its metropolitan population of
about a million people.

The overall project will include detailed studies of the impact
of the impoundments on the biological, sociological, agricultural,
and economic characteristics of the areas under the immediate in-
fluence of a large urban population. The biological phases of the
study will include limnological and ecological studies of the
aquatic environment and the contiguous terrestrial areas. Sam-
pling and collection of data will commence in July 1968 and will
continue at biweekly intervals at about 25 stations throughout
construction of the dam and clearing of the Taylorsville Reservoir
site and for at least five years after impoundment. Changes in
water quality will be documented as they occur.

This project covers only the initial year of the biological
phase of the study. Other phases of the study will begin no later
than 1970.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Louisville

6.0245, MANAGEMENT OF FOREST AND FARM GAME
HABITAT - FISH POND MANAGEMENT
B.A. BATEMAN, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803

Proposed work will center on: 1. Changes in habitat condi-
tions caused by various cultural practices in the forest and on the
farm; effects of shifts in crop produc .tion; effects of herbicides. 2.
The recovery of heavily browsed forest in the Tensac Delta fol-
lowing a deer population reduction. 3. The effects of controlled
fire on the food available for quail, turkey and deer. 4. The con-
trol of undesirable aquatic weeds in farm ponds.

SUPPORTED BY Louisiana State Government

6.0246, AN ECONOMIC EVALUATION OF THE TOLEDO
BEND RESERVOIR PROJECT
W.J. STOBER, Louisiana State University, Graduate School,
Baton Rouge, Louisiana 70803

The Toledo Bend Reservoir is a project that is unique in that
ft has been jointly undertaken by the States of Louisiana and
Texas without the assistance of Federal funds. The principal pur-
pose of the reservoir is to store water for hydropower generation;
and, consequently, construction has been financed by the sale of
revenue bonds which are secured by long-term contracts with
three electric utility companies. Recreational benefits as well as
flood control benefits are also supposed to result from the project.

The proposed study would: (1) examine the political, legal,
and financial arragements that were necessary to bring the project
to fruition; and (2), investigate the value of the benefits relative to
the costs of the project, giving due consideration to the available
alternatives. Because of its political and financial arrangements,
the project represents an interesting case for study. Benefits and
costs that enter into a decision of state governments do not neces-
sarily coincide with the total social benefits and social costs, as
state governments may be able to transfer part of the costs to non-
residents. The primary purpose of this study is to measure the
total benefits relative to total costs and to examine their distribu-
tion between residents and nonresidents.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Louisiana State University

6.0247, THE MANAGEMENT OF SHALLOW-WATER IM-
POUNDMENTS FOR WATERFOWL
T. JOANEN, Rockefeller Wildlife Refuge, Grand Chenier, Loui-
siana 70643

In 1954 an intensive waterfowl habitat development program
was begun on the 86,000-acre Rockefeller Refuge in
Southwestern Louisiana. Since that time 13 impoundments or
management units have been constructed with areas totaling
27,000 acres.

In order to devise methods of managing the impoundments
for maximum waterfowl food production a study was begun in
1958. The purposes of the study were to determine the factors af-
fecting the establishment of natural stands of vegetation and to
develope methods of establishing certain species while controlling
others.

The study involved monthly checks of the water level and
salinity in the impoundments and control areas and annual sam-
pling of the vegetation in the areas.

No termination date has been set for this study.

SUPPORTED BY Louisiana State Government

6.0248, EXPANDED AQUATIC PLANT CONTROL PRO-
JECT
F.W. ZURBURG, Univ, of Southwestern La. , School of En-
gineering, Lafayette, Louisiana 70506

A comprehensive study of a means for destroying alligator-
weed through the use of chemicals. Biological study of the vegeta-
tion to determine what factors prevent translocation of herbi-
cides. Development of a non-toxic spray which will destroy alliga-
torweed either by foliage applications or underwater attack on
the submerged portions of the weed. Develop means of increasing
the translocation of herbicides throughout the entire plant to in-
clude the buds located at the nodes of the plant from which
secondary growth springs. Evaluation of water conditions as they
apply to the plant. Examination of various products with respect
to their possible use as a means for destroying the pest growth.
Conduct of field tests under actual growing conditions to deter-
mine effects of various materials on the vegetation.

To date, the research workers at the University of
Southwestern Louisiana have found that there is translocation
throughout the plant from the leaf to the root; that the buds
located at the nodes of the plant appear to be protected from the
chemical which otherwise moves through the plant and are the
source of regrowth under certain favorable conditions; discovery
that certain materials when added to known herbicides appear to
provide a means of penetrating into the buds and lead to their ulti-
mate destruction. This latter development is under intensive study
at the present time and will be reported on in the future as data is

assembled.
Based on success of early experiments, studies now include

use of some food acids as stimulants to action of 2,4-D.
Examination of herbicides for control of submersed vegeta-

tion is now in progress with early tests showing good promise on
certain aquatic plants.

SUPPORTED BY U.S. Dept. of Defense - Army
University of Southwestern Louisiana

6.0249, OYSTER LEASE CONTROL MONUMENTS - BAY
ADAM, BASTIAN BAY AND SANDY POINT BAY AREAS
J.W. LAY, State Wildlife & Fish Comm. , New Orleans, Louisiana

Objectives: The overall objective is to establish control
monuments throughout the oyster growing areas of coastal Loui-
siana at 1/2 mile spacings on the land from which surveys of
waterbottoms for oyster leases could be coordinated as a specific
reference point. This work will be performed on a compartmental
basis, working in each particular area until the job is completed as
permitted by weather and tidal conditions. Each area will be
selected on the basis of the greatest need; however, proximity of
such areas will be carefully coordinated insofar as possible.
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Procedure and Work Schedule - 1. Monuments are to be set
in place around the bays at approximately 1/2 mile opacings, 2. A
Traverse Line will then be run, beginning from a known location
of a U. S. C. 0. Triangulation Station and joining all monuments
together, and then tied into another U,S.C.G.S. Triangulation Sta-
tion. 3. All oyster leases will then be tied into the designated base
line monument.

SUPPORTED BY U.S Dept, of interior Bu, Comm. Fish.
Louisiana State Government

6.0250, DISPOSAL OF PAPER MILL EFFLUENT
THROUGH IRRIGATION OF BOTTOMLAND HARDWOOD
UNDER LOUISIANA CONDITIONS
C.W. WILSON, Louisiana Polytechnic Inst. , School of Agricul-
ture, Ruston, Louisiana 71270

The objective of the proposed research is to determine the
economic and technical feasibility of disposing of paper mill
waste water through irrigation of hardwood forests under Loui-
siana conditions.

A system for delivery of the waste water to the forest area to
be irrigated will be designed. The probable increase in timber
yield from irrigation will be determined. The waste water, stream
conditions, and forest conditions will be studied, From this infor-
mation, economic and technical feasibility will be determined.
The effect of diverting paper mill waste water on water quality of
Dugdemonn River will be predicted.

The results of this study should be applicable to other waste
water supplies in Louisiana.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Louisiana Polytechnic Institute

6.0251, BIOLOGIC AND ENVIRONMENTAL CONTROL
OF EURASIAN MILFOIL (MYRIOPHYLLUM SPICATUM L.)
IN CHESAPEAKE BAY
J.H. MANNING, State Dept. of Ches. Bay A frs. , Annapolis,
Maryland

Objectives: (1) To determine the abundance and distribution
of Eurasian milfoil and other rooted aquatic plants in Middle
River, Back River, Rhode River and adjacent creeks in Ches-
apeake Bay; (2) To analyse environmental conditions in these
rivers, and to study factors now excluding milfoil from Back
River; (3) To begin the study of milfoil disease and pathology.

Procedures: Distribution and abundance surveys will be done
at regular intervals throughout the year; environmental analyses
will involve routine measurements of temperature, salinity, pH,
light penetration, plankton conditions, nutrient supplies, and
trace elements, and other relevant parameters; studies of milfoil
pathology will involve histology, pathogen culture, and laboratory
transmission studies.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Maryland State Government

6.0252, DEVELOPMENT OF COMPUTER MODELS &
METHODOLOGY FOR FORECASTING & EVALUATING
MUNICIPAL & INDUSTRIAL WATER REQUIREMENTS
W.S. CLARK, H ittman Associates Inc. , Baltimore, Maryland

The proposed research will di:A elop a digital computer pro-
gram that will calculate present and projected water requirements
for residential, commercial, and industrial areas. This will be ac-
complished largely by utilizing existing water usage data and a
mathematical model of a generalized water system and its water
resources requirements. Certification of the program will be
achieved by testing it against known urban water usage histories
in several geographic areas. The projected water requirements of
the new 'planned city' of Columbia, Maryland, will also be
established and checked. A 'Library of Water Requirements
Parameters' will be prepared on magnetic tape suitable for use
with the computer program. Other uses for similar tools will be
defined.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch

6.0253, DEVELOPMENT OF A REFINED PREDICTIVE
SYSTEM FOR USE IN FORECASTING MUNICIPAL WATER
NEEDS
N. GREENBERG, Hittman Associates Inc. , Baltimore, Maryland

The proposed research will result in a digital computer pro-
gram that will calculate present and projected water requirements
for urban areas containing residential, commercial, and industrial
water users. This will be accomplished by adding empirically
determined growth variables to a computerized model now being
developed for computing current values of municipal water con-
sumption. Certification of the complete system will be achieved
by testing it against the growth of water requirements in the new
planned city of Columbia, Maryland in future years. Other uses
for similar tools will be defined.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Columbia City Government - Maryland

6.0254, A RECONNAISSANCE STUDY OF THE
CHEAPEAKE BAY
P,R. FARRAGU7', Regional Planning Council, Baltimore, Mary-
land 21202

The report discusses present and future problems confront-
ing the region's shoreline. It synthesizes many of the narrowly
focused technical studies completed in the past and presents them
in a form which should be of interest to decision makers,

The study recognizes the many important relationships that
exist along the bay shoreline at the interface of the land and water
resource. The focus in this report is the water resource while a fu-
ture publication will examine the land resource.

The report discusses physical problems associated with the
regional shoreline such as erosion, sedimentation, tidal flooding
and water characteristics such as excessive nutrients, polluted
shellfish areas, thermal pollution, plant and animal nuisances, the
importance of wetlands, and the Susquehanna River.

A separate chapter on water quality contrasts present condi-
tions with the standards called for by the State's Water Quality
Standards.

Filially, a functional listing of agency responsibilities and stu-
dies that may be of interest is listed under the various problem
areas discussed in the text as well as certain economic indicators
of the bay fishery, hunting activities, and the sport fishery.

SUPPORTED BY U.S. Dept. of Housing & Urban
Development

6.0255, RELATIONSHIP OF WATER AND LAND
MANAGEMENT TO MOSQUITO BREEDING IN WATER IM-
POUNDMENTS AND IRRIGATED FARM AREAS
C.H. SCHMIDT, U.S. Dept. of Agriculture, Beltsville, Maryland

Object: To study the bionomics and control of mosquitoes in
relation to land and water management practices, with special
reference to irrigated areas in the western States.

Plan of work: Biological, ecological, and control studies will
be made of different species of mosquitoes found associated with
mosquito breeding in irrigated lands, impoundments, mountain
pools or swamps in order to relate mosquito production to
specific soil and water management, and to develop ways to
manipulate conditions or practices to inhibit mosquito produc-
tion. Where this is not practical of feasible, insecticides, biologi-
cal agents, etc. will be explored. Information will be developed on
the taxonomy, distribution, seasonal succession, flight range,
overwintcring sites, egg laying sites, and autogeny of different
species in relation to moisture, temperature, etc. This information
will be used as a guide in developing soil and water management
procedures that will create unfavorable breeding environments.
Attention will be given to finding, evaluating and rearing parasites
and pathogenic organisms that might be used in control. New in-
secticides will be evaluated as larvicides or adultieides, with par-
ticular attention to situations where resistance has rendered cur-
rently available insecticides ineffective.
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SUPPORTED BY U,S. Dept. of Agriculture

6.0256, ENHANCEMENT OF RECREATIONAL USES OF
ESTUARINE WATERS THROUGH STUDY OF POTENTIAL

(i) CONTROL METHODS FOR STINGING SEA NETTLES
D.C. CARGO, Univ. of Maryland, Natural Resources Institute
College Park, Maryland

Sea nettles, with trailing tentacles heavily armed with sting-
ing cells, seriously interfere with swimming, diving and boating in
the Chesapeake Bay and other esturaries. In years of abundance,
they are seriously detrimental to the economy of the resort areas
and to the recreational activities of the public.

Research will be undertaken by the Chesapeake Biological
Laboratory to complete the imperfect knowledge of the principal
species, evaluate the role of these organisms in the ecology of the
estuaries, examine the relationships which appear to exist
between water quality and nettle abundance, and develop and test
potential chemical and biological methods for reducing their
abundance and the damage they inflict on individuals and the
economy of affected areas.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

6.0257, DESIGN CRITERIA FOR LIVESTOCK FARM-
STEAD WATER SYSTEMS
E.E. JONES, Univ. of Maryland, Agricultural Experiment Sta. ,
College Park, Maryland

Object: To determine engineering design criteria for
livestock farmstead water systems.

Plan of Work: Determination will be made of the amounts
and rates at which water is required at various points on the farm-
stead by each type of livestock enterprise, production processing
area, and also to some extent in the farm home. The amount and
rate of water use will be measured automatically by electronic
equipment using remote recording meters installed in the water
lines as sensing devices. Usage data for all branches of the water
system will be simultaneously recorded on tape. Data on the
hydraulic characteristics of existing farmstead water distribution
systems will be analyzed to determine the effect of corrosion,
scaling and other water quality factors on the pressures and flow
rates in the distribution system, as well as on the service life and
materials of the system. Where need is indicated, design criteria
will be developed to allow for or correct these effects. Water de-
mand patterns and rates will be analyzed for their effect on labor
efficiency and design criteria studied to maximize this factor. In-
termediate storage will be studied as a means of enabling low
yielding sources to satisfactorily meet high peak requirements.
Design criteria established in this study will be made available to
manufacturers of water systems equipment.
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SUPPORTED BY U.S. Dept. of Agriculture

6.0258, THE EFFECTS OF THERMAL LOADING AND
WATER QUALITY ON ESTUARINE PRIMARY PRODUC-
TION
J.A. MIHURSKY, Univ. of Maryland, Natural Resources In-
stitute, College Park, Maryland

The proposed research plan involves field and laboratory in-
vestigations directed towards determining the effects on estuarine
primary production and standing crops by a) steam electric sta-
tion operation, and b) nutrient additions. In addition, field studies
will also examine the ecological role of fresh tidal marshes with
regard to the utilization of nutrients from domestic sources.

Field investigations will include routine determinations of:
(11) primary production by carbon-14 uptake (2) chlorophyll a
(3) temperature (4) conductivity (5) salinity (6) methyl orange
alkalinity (7) pH (8) inorganic PO4 (9) total PO4 (10) NH3 (11)
NO2 (12) NO3 (13) dissolved organic nitrogen (14) particulate
nitrogen (15) particulate carbon (16) dissolved carbon (17) par-
ticulate carbohydrate. The above determinations will be made on
a tidal system ranging from fresh water to about 115 parts per
thousand salinity.

Laboratory investigations will examine (I) the effects of tem-
perature temperature changes on natural estuarine and uni-algal
populations held in specially designed incubation chambers and
thermal gradient blocks and (2) the effects of nutrie#.s viz. NO3,
PO4 etc. on primary activity of natural estuarine and uni-algal
populations. Measurements of photosynthetic activity under
laboratory conditions will be made by the carbon-14 technique,
chlorophyll a content and density estimates by packed cell
volume.

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
University of Maryland

6.0259, DEMAND FOR AND AVAILABILITY OF LAND
AND WATER ORIENTED RECREATION FACILITIES IN
MARYLAND - ECONOMIC ANALYSIS
D.F. TUTHILL, Univ. of Maryland, Agricultural Experiment Sta.
, College Park, Maryland

I. To assess the existing facilities in Maryland for land and
water recreation purposes. 2, To evaluate the present and future
need for recreation facilities in Maryland, based on land and
water resources, and analyze the economic potential for the state.
3. To collect cost data for construction and operation of recrea-
tion enterprises, particularly those suitable for the farmer or small
businessman.

For Objective 1 - Available material on recreation facilities
and use will be used and supplemented as necessary to provide
the resource base information for recreation development. For
Objective 2 - National information on population and income
trends, expected increase in leisure time, and changing
preference for recreation activities will be interpreted for Mary-
land conditions to help predict future need for and use of recrea-
tion facilities in Maryland. For Objective 3 - Costs and returns for
recreation enterprises will be determined from existing data, or
collected in field surveys of operating units. These costs and
returns will help in decision-making of farms and business units,
or for programming procedures in selecting optimum enterprise
combinations.

SUPPORTED BY Maryland State Government

6.0260, AN INVESTIGATION OF FACTORS AFFECTING
THE INTENSITY OF USE OF WATER RECREATION
FACILITIES
D.J. FOLK, Univ. of Maryland, Graduate School, College Park,
Maryland

The construction of new recreation facilities during the com-
ing decades will require that careful attention be paid to their lo-
cation if they are to be of maximum usefulness. Surprisingly little
is known, however, about locational preferences of recreationists
as reflected in their willingness to travel the distances necessary to
make use of various types of recreation areas. This study is
proposed to try to determine how far people are willing to travel
to various types of recreation facilities, and to assess the im-
portance of factors other than distance.

Data will be gathered on the place of residence of vistors to
various recreation areas. Analysis of the data by multiple regres-
sion techniques will be undertaken to determine the effect not
only of distance, but also of other social and economic factors
such as income, urbanization, mobility, and the availability of
competing facilities at comparable distances.

The study should be of value not only in estimating the
potential demand for various proposed recreation areas, but also
as a necessary preliminary step in some techniques for estimating
recreation benefits.

The study is essentially complete and report is to be
published in fall 1967.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Maryland

6.0261, THE POTOMAC RIVER BASIN DEMONSTRA-
TION PROJECT IN GEORGES CREEK
R.W. WIRGAU, Frostburg State College, Graduate School, Frost-
burg, Maryland 211533 ( 67-014-005 )
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Objective NO. demonstrate how people in the Potomac
Basin can be effectively involved in solving the problems and
achieving multirfaceted and interrelated objectives of the
Potomac River Basin.

Objective No. or state plans for the Potomac to be ultimately
effective must be based on a more precise and thorough
knowledge of the critical resources at the local level, i.e., Georges
Creek.

Objective No. authorities and local citizenry alternative solu-
tions and proposals.

Objective No. how major problems and opportunities con-
fronting George Creek can begin to be solved by action or imple-
menting programs.

Objective No. to identify the sources of technical and finacial
assistance for the conduct of this demonstration project.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Frostburg State Teacher:, College

6.0262, RELATIONSHIP BETWEEN MOURNING DOVE
PRODUCTION AND WATER DISTRIBUTION IN THE
SONORAN DESERT
L.H. BLANKENSHIP, U.S. Dept. of Interior, Mig. Bird Popula-
tion Station, Laurel, Maryland 20810

Objectives: 1. To determine the possible effect of changes in
water availability to dove production in the Sonoran Desert. 2. To
determine if the present distribution of water impoundments is
sufficient to r,rovide for mourning dove water requirements dur-
ing the entire breeding season. 3. To determine the relative suc-
cess of doves nesting near temporary and permanent water im-
poundments. 4. To determine if doves nesting near temporary im-
poundments (that dry up during the summer) will either cease to
nest or move to more favorable water areas. 5. To determine how
far doves may move to rencst if local impoundments go dry.

Procedures: 1. Locate four permanent and four temporary
impoundments in southern Arizona and establish these areas as
study plots. 2. Visit each study plot at regular intervals to locate
and maintain records on all nests. 3. Establish census routes at
each study plot and also on an area devoid of water to help deter-
mine local nesting densities. 4. Mark nesting doves aroirLd tempo-
rary impoundments to determine movement and distances moved
when impoundments go dry. 5. Count numbers of doves visiting
each impoundment during specific daily time periods at regular
intervals throughout the nesting season. 6. Keep records on
general condition of impoundments, such as depth of water,
livestock use, etc.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0263, DISTRIBUTION, LIFE HISTORY, AND ECOLOGY
OF EURASIAN WATERMILFOIL

STEENIS, U.S. Dept. of Interior, Patuxent Wlife, Res. Ctr. ,
Laurel, Maryland

Eurasian watermilfoil, an introduced submerged aquatic
plant, is being found to be spreading rapidly throughout North
America.

Studies on distribution, life history, and ecology of Eurasian
watermilfoil are being intensified on the Chesapeake Bay area.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0264, SHELLFISH MORTALITY - CHESAPEAKE BAY

C.A. FARLEY, U.S. Dept. of Interior, Biological Laboratory, Ox-
ford, Maryland

An investigation into the possible causes of shellfish (oyster)
mortality in Chesapeake Bay has been initiated.

Intensive sampling of several areas in the Maryland portion
of Chesapeake Bay indicated that relatively high mortality levels
and MSX (multinucleate sphere of unknown taxonomic position)
incidence occurred with regularity in the higher saline waters of
Chesapeake Bay near the Virginia-Maryland boundary. Con-
sequently, biweekly monitoring of this area for oyster mortality
levels and disease incidence in sampled oysters, as well as to
record ecological conditions was begun in April 1961, and con-
tinues to present.

6. WATER RESOURCES PLANNING

Laboratory projects include histological comparisons
between the normal and pathological conditions of sampled
oysters; isolation and culture of protistan parasites, transmission
experiments, identification and life cycle studies of heretofore un-
recognized or unidentified pathogens, and histochemical studies
aimed toward the elucidation of the biochemical changes that
occur in both the parasite and host tissues during infection, and to
discover possible rapid and differential diagnostic techniques for
parasites in shellfish tissue.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

6.0265, COMPARATIVE BIOCHEMICAL AND

MORPHOLOGICAL CHARACTERISTICS OF MARINE
FUNGI FROM SHELLFISH
S. GOLDSTEIN, U.S. Dept. of Interior, Biological Laboratory,
Oxford, Maryland

Appropriate histological, histochemical, and cultural
methods are used to determine the presence offungal parasites in
shellfish. With the use of conventional and laboratory prepared
and modified media, isolations and clones are made of the fungi
present in tissues. Physical and physiological parameters necessa-
ry for the growth and reproduction of the organisms isolated are
established. Morphological properties and nutritional require-
ments of the isolates grown in vitro are described. Appropriate
chemical and biochemical analyses are carried out on the isolates
and supporting media so as to permit adequate characterization,
possible identification, and to establish the taxonomic position of
the isolates. The work is being undertaken at Brooklyn College.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0266, PACIFIC OYSTER MORTALITY STUDIES
A. ROSENFIELD, U.S. Dept. of Interior, Biological Laboratory,
Oxford, Maryland

Efforts are being made to identify or discover those factors,
particularly disease agents, responsible for shellfish mortalities on
the wee coast of the United States and Canada. Epizootiologic
and pathologic studies are being conducted to determine timing,
patterns, and possible causes of mortalities, and to determine
pathogenicity of disease agents. Shellfish from exotic and
domestic 'seed' supply areas are screened for micropathogens or
disease organisms before introduction or importation ..)f these
shellfish into west coast growing areas.

Shellfish from several Far East potential 'seed' sources have

been and are being examined microscopically for the presence of
microparasites, micropathogens, and disease conditions. Many
previously unobserved or unreported microparasites and disease
conditions have been seen in these specimens. Reports and ap-
propriate recommendations are sent to pertinent Pacific Coast
state agencies, and when deemed necessary, recommendations
for quarantines or embargoes on shipments are given.

SUPPORTED BY U.S. Dept. of Interior - Bu. Cower. Fish.

6.0267, CULTURE OF SHELLFISH IN ARTIFICIAL AND
NATURAL SALT PONDS
W.N. SHAW, U.S. Dept. of Interior, Biological Laboratory, Ox-
ford, Maryland

Early in 1964, four one-quarter acre artificial ponds were
completed near the laboratory at Oxford, Maryland. Studies are
being conducted on the growth and survival of oysters in these
ponds. Studies are being conducted in one of the ponds for
catching oyster set and fattening oysters. Atempts to fertilize the
ponds to increase productivity are underway.

Studies are planned on the growth and survival of oysters
suspended from a rigid structure in the Tred Avon River adjacent
to the laboratory. Preliminary studies indicate that the river is
favorable for good oyster growth. Strings of oysters will be
suspended and their growth and survival studied.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0268, ECOLOGY AND DISTRIBUTION OF OYSTERS
AND CLAMS
W.N. SHAW, U.S. Dept. of Interior, Biological Laboratory, Ox-

ford, Maryland
The natural populations of commercial shellfish in local

areas have been delimited. Zooplankton and phytoplankton levels
in shellfish producing areas are being determined and the organ-
isms involved are being identified. The effects of physical and
chemical factors on plankton, and on larval, juvenile, and adult
stages of commercial shellfish arc being determined. Qualitative
and quantitative observations are being made on the invertebrate
animals in local areas, and numbers and living habits related to ef-
fects on commercial species. Food webs, within the small
estuarine tributaries of Chesapeake Bay, are being established.
Ecological studies in large man-made salt water ponds have been
undertaken, and all information, from natural and artificial situa-
tions, will be related to maintenance of shellfish in these ponds.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0269, GROWTH, CONDITION, AND SURVIVAL OF
SHELLFISH
W.N. SHAW, U.S. Dept. of Interior, Biological Laboratory, Ox-

ford, Maryland
In recent years the oyster industry in Chincoteague Bay has

been importing oysters from other regions into the bay to hold for
future marketing. At present, studies are being conducted to see if
these oysters adapt to this new environment. Oysters from low
salinity waters arc suspended in trays in Chincoteague Bay, Their
growth, condition, and survival are monitored.

Monthly, a comparative analysis is made on the conditions,
percentage of solids, of oysters on two natural bars--one in broad
Creek and one in the Tred Avon River. At each locality the ef-
fects of crowding and fouling are being studied.

SUPPORTED BY U.S. Dept. of interior - Bu. Comm. Fish.

6.0270, SURFACE TEMPERATURE STUDIES USING
RADIOMETRY TECHNIQUES
C.C. BATES, U.S. Navy, Oceanographic Institute, %itland, Mary-
land

Objective: To investigate large and small scale temperature
variations in the apparent surface temperature of the world ocean
using passive radiometric sensing techniques covering the IR and
microwave bands. To analyze and correlate radiometric data
from aircraft, spacecraft, and ground observations, for delineat-
ing major water masses, currents, river discharge patterns, ice dis-
tribution and movement, and rate of heat flow from ocean surface
for air/sea interaction studies.

Approach: Use known relationships to design radiometer ex-
periments over the water surface. Conduct aircraft flights with
NASA, MW and IR sensors and correlate records with ground
data. Conduct data analyses to identify and discriminate oceano-
graphic phenomena which contribute to sea surface temperature.

SUPPOP.TED BY U.S. Natl. Aero. & Space Adm.

6.0271, TEST SITE INSTRUMENTATION
UNKNOWN, U.S. Navy, Oceanographic Institute, Suitland,

Maryland
OBJECTIVE: To utilize results of IITRI test site study by in-

itiating a surface observational system at key test sites. To acquire
the appropriate instrumentation for the near surface observations
at oceanographic calibration test sites;

Approach: To compile a work statement for soliciting
assistance of industry via request for proposals.

Status: Work 'Statement partially prepared.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0272, APPLICATIONS STUDIES RELATED TO SEA
SURFACE TEMPERATURE

UNKNOWN, U.S. Navy, Oceanographic Institute, Suitland,
Maryland

Objective; To evaluate Nimbus IR data for ocean sea surface
temperature distributions. To develop techniques to utilize satel-
lite data for observing and predicting sea surface thermal
gradients, cloud cover and ocean surface relationships, and the
physical principles involved. To write a computer controlled pro-
gram for full automatic utilization of integrated IR equipment in
Apollo and future Earth Resources Spacecraft.

Approach: Utilize Nimbus, Tiros, NASA aircraft, and surface
ship data for detailed thermal correlations. Perform calibration
analysis between satellite data, ship data, and meteorological
soundings to relate cloud data to ocean surface parameters.

SUPPORTED BY U.S. Natl. Acro. & space Adm.

6.0273, OCEANOGRAPHIC USES OF RADAR
UNKNOWN, U.S. Navy, Oceanographic Institute, Suitland,

Maryland
Objectives: To investigate the accuracy attainable for mea-

suring displacements of sea surface by radar altimetry and scat-
terometry for oceanographic applications (currents, storm surges,
slide levels, and wave heights. To develop computer programs
and procedures for improving wind field and wave forecasts from
spaceborne radar data.

Approach: Analyze all radar data forwarded from the NASA
and Navy remote sensing aircraft. Conduct theoretical studies
based on nationwide capabilities in altimetry and scatterometry.
Develop computer programs for spacebornc radar data input to
already developed wave prediction programs.

SUPPORTED HY U.S. Natl. Aero. & Space Adm.

6.0274, RADAR DATA ACQUISITION OVER OCEANO-
GRAPHIC TEST SITES

UNKNOWN, U.S. Navy, Ocanographic Institute, Suitland,
Maryland

Objective: To obtain., process and analyze radar backscatter
data over a variety of sea states and multifrequency, mul-
tipolarization radar imagery over the North Atlantic iceberg re-
gions and over the Arctic test site at Pt, Barrow, Alaska with con-
trolled surface data conditions. To obtain ocean sea state infor-
mation from photographic records of the sea surface and develop
statistical techniques to describe the sea surface in terms of its op-
tical luminance.

Approach: To utilize the experience and expertise of the
Wave Preparation Branch, Electronics Division, Naval Research
Laboratory to determine the optimum frequencies, optimum
polarizations, data processint techniques, power and antenna
requirements and optimum orbit characteristics for most effective
identification and discrimination of oceanographic phenomena.
To utilize the variation of sea luminance cause by sea state (waves
and white caps) to obtain and establish the functional description
of various surface conditions and the corresponding luminance
modulators.

SUPPORTED BY U.S. Natl. Acro. & Space Adm.

6.0275, OIL SLICK ANALYSES
UNKNOWN, U.S. Navy, Oceanographic Institute, Suitland,

Maryland
Objectives: To obtain reflectivity signatures by spectroscopy

for various fish oils and vapors in laboratory, to extend spec-
troscopy technique to airborne instrumentation and investigate
feasibility of oil slick and vapor detection from spacecraft.

Approach: Identify various fish and mineral oils and vapors
with lab spectro-corrclator, extend techniques to airborne sensor
and finally to spaceborne sensors.

SUPPORTED BY U.S, Natl. Aero. & Space Adm.

6.0276, DEPTH CONTOURING BY COLOR SEPARATION
UNKNOWN, U.S. Navy, Oceanographic Institute, Suitland,

Maryland
Objective: To develop photographic masking techniques to

provide photographic film density contours.
Approach: Utilize available spacecraft photographs taken

over ocean areas of known depths, adapt the `tmsharp: photo-
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graphic masking techniques to separate, and display areas 'or con-
stant color tone (or photographic density). Evaluate the
techniques and develop operations techniques to develop a rapid
system to display water depth contours when they can be realted
to water 'colors'.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6,0277, SATELLITE SEA ICE STUDIES
UNKNOWN, U.S. Navy, Oceanographic Institute, Suitland,

Maryland
Objective: The determination of rates of change of ice

cover/water ratio, the relative distribution and rate of movement
of ice for data usable by meteorological, shipping, and fishing or-
ganizations.

Approach: Utilization of presently available ESSA and Nim-
bus arctic imagery showing ice pack units, pack fringe widths, ice
cover, areas of melt, ice pack movement, turbulent eddy cells,
meandering, size, curl, and net ice transport, etc.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0278, DOUBTFUL HYDROGRAPHIC DATA
UNKNOWN, U.S. Navy, Oceanographic Institute, Suitland,

Maryland
Objectives: (1) Identify features and conditions detectable

from aircraft and spacecraft. )2) Determine electromagnetic
frequency of sensor(s) which will provide results desired. (3)
Substantiate theroetical approach with some field data. (4) Pro-
vide sufficient aircraft ground trilith data to quatify techniques ar-
rived at in first phase.

Approach: Develop theoretical approach to factors required
to detect hydrographic features from spacecraft and test theory
with surface and aircraft data.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0279, ANALYSIS OF MANAGERIAL, FINANCIAL, AND
REGULATORY FUNCTIONS OF REGIONAL WATER
RESOURCES AUTHORITIES AND OTHER INSTITUTIONAL
ARRANGEMENTS
H .D. M ESSER, Booz Allen Applied Res. Inc. , Washington -
Bethesda, Maryland

The purpose of this study is to analyze the managerial, finan-
cial, and regulatory functions of regional water resources authori-
ties and other institutional arrangements and to analyze the im-
pact of water rights doctrines on the practice of water manage-
ment. The results of this analysis will provide a basis for the
establishment of mechanisms for water resources management.
Research results will be useful in improving management effec-
tiveness through lessening of conflicts, uncertainties, and confu-
sion among claimants to the resource. The major steps in this pro-
gram will be: I. Identification, collection, and organization of an
appropriate information base 2. Analysis of functions of water
resources authorities 3. Development of functional standards for
regional water resources authorities 4. Analysis of functions of ex-
isting water resources authorities using standards developed 5.
Development of alternative functional patterns of regional water
resources authorities.

The study will be carried out by requesting information from
water resources authorities by letters of inquiry, indexing this in-
formation, and using the resultant classification to accomplish the
stated objectives.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0280, A METHODOLOGY FOR PLANNING OPTIMAL
REGIONAL WASTE MANAGEMENT SYSTEMS
D.D. ADRIAN, Univ. of Massachusetts, School of Engineering,
Amherst, Massachusetts 01003

A regional system of waste management encompasses several
communities lying on the watershed of a stream which is used for
effluent disposal. These communities may at present have various
types of treatment plants. Regional planning is an attempt to
maintain or to upgrade stream quality by expanding or adding

6. WATER RESOURCES PLANNING

new facilities while considering the region as whole rather than on
a piecemeal, community by community basis. The expected out-
come of this type of planning is the pooling or sharing of some
facilities thereby significantly lowering the cost of meeting stream
standards.

The overall objective of this research is to develop a practica-
ble methodology for regional waste water management planning
employing economic optimization techniques. It is proposed that
this be done as follows:

A. Form a research team drawing personnel from several
disciplines. B. Develop for each sub-system of the regional plan
quantitative expressions defining and describing: 1. Physical rela-
tionships among variables. 2. Significant constraints on the sub-
systems. 3. Cost functions. C. Construct over-all mathematical
model integrating the above relationships. D. Adapt and develop
techniques for model analysis and optimization. Code these
techniques for a computer. E. Devise methods for testing the
model in the absence of existing regional waste management
plans and test the model in accordance with these methods.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

6.0281, PROGRAMMED SELECTION OF OPTIMUM
USES OF A SMALL WATER RESOURCE SUBJECTED TO
COMPLEX SIMULTANEOUS DEMAND STRESSES
C.A. CARLOZZI, Univ. of Massachusetts, School of Agriculture,
Amherst, Massachusetts 01003

The objectives of the total study are as follows: I. To develop
methods for relating the demand-supply information to determine
present or anticipated stress on the water resource; 2. To simulate
alternative use schedules and management inputs and test for op-
timum economic 'choices under various theoretical management
and use schemes; 3. To develop methods for the graphic in-
terpretation on watershed maps of probable sequential changes in
the supply-demand relationships among the major water users by
public and private economic sectors, geographic location, demo-
graphic features, and management inputs to 1977; 4. To develop
methods for expressing the graphic information derived as a series
of alternatives for choice in integrated watershed planning; 5. To
develop a computer graphics program that has applicability to in-
tegrated watershed planning generally and that can present com-
plex multivariate economic and statistical data in form 'asily as-
similable and meaningful to planners and decision makers in
public and private roles.

The purpose of the project is to develop an improved method
for attaining optimum use of a small water resource by analyzing
and synthesizing diverse data on water demand and related supply
through the tools of computer graphics and multivariate systems
simulation. This integrated project will draw information on water
use and management from several disciplines: forestry, fisheries,
wildlife ecology, resource planning, economics, engineering, busi-
ness management and recreation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

6.0282, ENHANCEMENT OF ECOLOGIC AND
AESTHETIC VALUES OF WETLANDS ASSOCIATED WITH
INTERSTATE HIGHWAYS
C.A. CARLOZZI, Univ. of Massachusetts, School of Agriculture,
Amherst, Massachusetts 01003

The objectives of the study are as follows: (1) To develop
design and management criteria for protecting coastal wetlands
and developing small water impoundments in conjunction with
Federal Interstate Highway Construction in relation to wildlife
and fish habitat improvement in Massachusetts and Southern
New England. (2) To develop visual-aesthetic design and
management criteria for such impoundments and wetlands in
relation to highway beautification. (3) To examine existing statu-
tory, institutional and administrative provisions and their applica-
tion and improvement in order to create a procedure for imple-
menting the design and management proposals in the interstate
Highway program.

The purpose of this study is to examine the ecological and
aesthetic characteristics of water resources formed or altered dur-
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ing the construction of major highways in order to derive ap-
proaches for purposefully using such water bodies to enhance wil-
dlife and fisheries potentials and landscape beautification.

This will require research in two distinct but intimately re-
lated parts, Part one will involve the nature of the biological and
physical changes consequent and subsequent to highway con-
struction. Part two will examine the legal, institutional bases relat-
ing to the implementation of highway construction plans and the
administration of resources resulting for multiple purpose higway
development,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

6.0283, A COMPENDIUM OF WATER LAW AND
ECONOMICS IN NEW HAMPSHIRE
R.H. FORSTE, Univ. of Massachusetts, School of Agriculture,
Amherst, Massachusetts 01003

The considerable body of statutory and common law relating
to water rights in New Hampshire exists in a diffused form
throughout state statutes and in court decisions over a period of
more than 150 years. Some of these statutes and decisions have
relevance to water law and use today; other statutes and laws that
have been in effect for over a century may impose adverse effects
on the economic efficiency of water use and the distribution of in-
come associated with particular water users, The objectives of
this study, therefore, are: (1) to describe relevant existing statuto-
ry and common law as it relates to water resources in New
Hampshire; and (2) to assess the economic effects of these laws
on water users and use patterns in qualitative terms, in t,,treas of
water quality, diversion, accessibility, multiple -use, and so forth.

Legal research is being performed mainly at the law offices of
Alexander J, Kalinski, 51 High Street, Manchester, Ncw
Hampshire.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
University of New Hampshire

6,0284, INSTITUTIONAL PATTERNS FOR EVOLVING
REGIONAL PROGRAMS FOR WATER RESOURCE
MANAGEMENT
I. HOWARDS, Univ. of Massachusetts, Bureau of Government
Research, Amherst, Massachusetts 01003

Greater research emphasis on the institutional aspects of
water resources planning and development is considered necessa-
ry if we are to maximize on the potential contribution of the vari-
ous public and private interests involved, and at the same time
minimize the conflicts among them. Such conflicts, arising
frequently after detailed planning has taken place and alternative
solutions proposed, constitute a real and recognized barrier to
more rational and efficient planning and administration. This
research project proposed is designed to overcome such barriers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Massachusetts

6.0285, THE USE OF AERIAL PHOTOGRAPHS TO
EVALUATE THE RECREATIONAL RESOURCES OF A
RIVER
W.P. MACCONNELL, Univ. of Massachusetts, Agricultural Ex-
periment S ta. , Amherst, Massachusetts 01003

Objectives: (a) To develop and test the use of aerial photo-
grammetric techniwues as a tool for identifying and classifying
river-based recreation sites, (b) to examine and map a large river
by these methods and make recommendations for its recreational
use, and (c) to determine the land use changes which have taken
place along a portion of the river since it was last photographed in
1952.

The river to be studied is the Connecticut River. Refinement
of analytical techniques will be based on a study of the River in
Massachusetts; later the entire river will be studied from its
source in northern N. H. to its mouth in Connecticut. The entire
length of the river will be photographed in a swath at least 500
inches wide on either side. These photographs will be examined
photogrammetrically with frequent ground checks to determine

what can be detected with respect to (a) the land bordering the
river -- accessibility, locations for parking, camping, and picnic
areas, scenic overlooks and other picturesque sites, soil drainage,
and characteristics of vegetation, (b) the shoreline-- beach sites,
dock sites, shoreline fishing and hiking, and (c) the river itself--
water depth, flood level, currents, nature of the bottom, physical
obstacles, navigational landmarks, aquatic vegetation.

A classification system for recreational use of a river will be
developed and the entire river will be analyzed, mapped, and clas-
sified,

SUPPORTED BY U.S. Dept. of Agriculture
Massachusetts State Government

6.0286, THE ECONOMICS OF WATER SUPPLY AND
QUALITY
R. DORFMAN, Harvard University, Graduate School, Cam-
bridge, Massachusetts 02138

The objective of this research is to develop improved
methods of planning water resource developments in situations
where municipal and industrial water supply and pollution
problems are significant.

This work is comprised of three essential parts. First is the
study of the economics of water pollution abatement at the waste
source and the construction of functions which reflect the losses
and benefits associated with alternative abatement measures such
as low flow augmentation, long-distance waste transport and in-
stream treatment. Second is the study of the economics of mu-
nicipal and industrial water supply and the development of im-
proved benefit and loss functions for water system performance.
Finally these economic functions will be incorporated into simu-
lation models of the Delaware River basin and estuary with the
objective of developing improved methods for planning water
supply and pollution abatement policy.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0287, OPTIMUM LINEAR SYNTHESIS IN URBAN
HYDROLOGY
P.S. EAGLESON, Mass. Inst. of Technology, School of Engineer-
ing, Cambridge, Massachusetts 02139

The goal of this research is to develop and evaluate a new
method for the prediction of the entire hydrograph of surface ru-
noff given the time-distribution of rainfall excess. The method is
to have an accuracy and to involve a computational effort which
are compatible with its incorporation into algorithms for the op-
timal design of urban drainage systems.

Development of the method will involve systematic investiga-
tion of the errors introduced into analytical models of surface ru-
noff systems by linearization and by lumping of systems which are
inherently distributed and non-linear. These aspects of the
research results will be of equal value in the development of im-
proved analytical models for forecasting the surft.ce runoff com-
ponent of strcamflow in rural areas also

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0288, SYSTEMS METHODOLOGY FOR WATER-
RESOURCE PLANNING IN A REGIONAL DEVELOPMENT
CONTEXT
R.T. MCLAUGHLIN, Mass. ?inst. of Technology, School of En-
gineering, Cambridge, Massachusetts 02139

Research on the use of mathematical models and systems
analysis in planning for comprehensive development of water
resources in river basins or other hydrologic units. The relation-
ship of such developments to the social and economic activity of
the region in which the unit is located is also being considered.
Simplified mathematical models are being investigated for possi-
ble use in obtaining approximate answers in the early stages of a
planning study. The results of the simplified models are being
checked against results of simulation.
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SUPPORTED BY Massachusetts Institute of Technology

6.0289, BIOLOGY AND CHEMISTRY OF MARINE
PLANKTON POPULATIONS
B.H. KETCHUM, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

The short term changes which proceed during the growth of
plankton populations are to be studied in the Gulf of Maine. A
parachute drogue attached to a radio buoy is used to identify a
particular patch of water and observations are made close to the
buoy. The objectives of this program are to evaluate quantitative-
ly the turnover rates of the nutrients and to study rates of decom-
position in situ, It has been postulated that in situ recycling of ele-
ments maintains the level of productivity in parts of the world
throughout much of the year, but no useful estimates of recycling
rates have been available. Additional studies include the changes
in the vertical distribution of chlorophyll and the rate of sinking of
particles, the changes in the ratio of elements in particles as they
sink and decompose in the water column, and diurnal variations
in the rate of photosynthesis as a function of the chlorophyll con-
tent of the water. Studies of the vertical distribtuion of the
zooplankton are included since a substantial part of the regenera-
tion of elements may result from the phytoplankton respiration
and zooplankton consumption and digestion of particulate matter
in the sea.

SUPPORTED BY U.S. Atomic Energy Commission

6.0290, PHYSIOLOGY AND BEHAVIOR
T.A. EDSALL, U.S. Dept. of Interior, Biological Laboratory, Ann
Arbor, Michigan

Laboratory and field studies are underway to determine the
potential productivity of Lake Michigan for intermediate and top
carnivores. Recent biological changes in Lake Michigan that have
altered the lake's trophic structure are under investigation. Anal-
ysis of food chains and energy flow within and between trophic
levels will include studies of food preference, food competition,
and the efficiency of utilization. The effects of the chemical and
physical factors of the environment on the physiology and
behavior of native and exotic species are being investigated. Spe-
Oal emphasis will be placed on determining the role of these fac-
tors as controlling mechanisms in energy flow and productivity in
the ecosystem.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0291, ECOLOGY OF C. BOTULINUM IN THE COM-
MERCIAL FISHERIES ENVIRONMENT
J.T. GRAIKOSKI, U.S. Dept. of Interior, Technological Labora-
tory, Ann Arbor, Michigan

In studies concerning the ecology of C. botulinum in the
fisheries environment, the distribution, types and relative num-
bers in fish, bottom sediments, water, contiguous soils, and in the
cycle of handling and processing of fish and fishery products is
being determined. Areas of interest are the Great Lakes Region
and commercial fishing areas of the North and South ktlantic
fisheries not being surveyed by other groups under similar pro-
grams. OrgaCsms obtained in these studies are being identified
and classified according to classical methods and immunoserolog-
ical technique.;. Field studies, specifically in the Great Lakes re-
gion, are being directed towards looking for reservoirs of botu-
linum spores and the preformed toxin, including the possibility of
a cycle of transfer of the organism and the preformed toxin from
elements of the fishery food chain to fish and to waterfowl.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0292, RESEARCH ON THE MACROBENTHOS OF THE
GREAT LAKES
J.K. HILTUNEN, U.S. Dept. of Interior, Biological Laboratory,
Ann Arbor, Michigan

The objective of this project is to determine the kinds of bot-
tom dwelling invertebrates and their ecology in offshore areas of
the Great Lakes.

6. WATER RESOURCES PLANNING

Research on freshwater macrobenthos can yield data on the
availability of fish food organisms and provide insights into the
relationships between species and water quality. Studies of bot-
tom fauna currently undertaken include Lakes Ontario and St.
Clair and the Apostle Islands region of Lake Superior. In Lakes
Michigan and Eric benthological research is confined mostly to
taxonomy and ecology of microdrile oligochaetes. Among aquatic
invertebrates, populations of oligochaetes are generally the best
indicators of pollution.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0293, LAKE SUPERIOR EXPLORATIONS
N.J. REIGLE, U.S. Dcpt. of Interior, Exptl. Fish & Gear Res.
Base, /Inn Arbor, Michigan

The decline of high-value, food fish species and increases in
populations of low-value fish stocks have left the Lake Superior
fishermen with little chance to earn satisfactory incomes with
traditional gill nets, trap nets and pounds nets. Systematic ex-
ploratory fishing operations are being conducted for locating and
assessing the potential commercial yield of additional or alternate
fish stocks; introducing existing gear from other areas or im-
proved or new methods and equipment to allow efficient and
economical harvest of these populations; surveying the physical
characteristics of Lake Superior to ascertain suitability for vari-
ous types of fishing gear; and determining the seasonal availability
of various species in order to stabilize production and counteract
the effects of seasonal gluts.

Otter trawls are being evaluated to determine the effective-
ness of this gear for more economical exploitation of the abun-
dant species such as chubs, smelt and suckers. Continuing studies
will provide the basis for sound management of the available
resource and permit economical, year-round utilization of under-
utilized species.

SUPPORTED BY U.S. Dept. of Interior - Bu, Comm. Fish.

6.0294, DISTRIBUTION AND ABUNDANCE OF
ZOOPLANKTON IN LAKE ERIE
J. REYNOLDS, U.S. Dept. of Interior, Biological Laboratory,
Ann Arbor, Michigan

This project is aimed at obtaining good estimates of relative
abundance and standing crop of common species of zooplankton
in Lake Erie, Such estimates require a knowledge of the variation
in catch contributed by factors causing other than real changes in
biomass (i.e., apparent changes due to sampling). Initially, a
restricted area in Lake Erie will be sampled to determine the ex-
tent of sampling error. Subsequent experiments will attempt to
quantify those ecological relationships which significantly mask
the real changes in zooplankton abundance. Considering present
knowledge of zooplankton ecology, some of the factors studied
will be light, oxygen, temperature, diurnal movement, and
horizontal distribution. Proper treatment of the data will require
multiple regression analysis and multiple analysis of variance
using the high-speed computer. Inclusion of any significant
ecological factors as an adjustment in estimation would increase
the precision involved in detecting real changes in zooplankton
abundance. Hopefully, these improved estimates may give addi-
tional meaning to the relation between density of zooplankton
and survival of certain species of fishes in Lake Erie, particularly
young-of-the-year. The project will begin during May 1967.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0295, EARLY LIFE HISTORY OF COREGONIDS
L. WELLS, U.S. Dept. of Interior, Biological Laboratory, Ann Ar-
bor, Michigan

Little or nothing is known about the early life history of
coregonids, and of related ecological events and requirements.
This study is exploring means of locating and collecting juvenile
coregonids from hatching through their second year. Only
recently has it been possible to collect larvae and fry in limited
numbers, but methods to locate and catch young from the middle
of their first year until the start of their third year have not been
found. Once satisfactory means of collection have been
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developed, studies will be directed to their distribution, growth,
and mortality in relation to the physical, chemical, and biological
characteristics of the environment. The results of this study will
be used in making estimates of recruitment and early mortality in
population studies.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0296, DECISION MAKING UNDER UNCERTAINTY -

ECONOMIC EVALUATION OF STREAMFLOW
FORECASTS
A. BRINSER, Univ. of Michigan, Graduate School, Ann Arbor,
Michigan

Research is intended to develop a model of estimating the net
benefits to selected classes of users of water services from succes-
sive increments of improvement in the reliability of water supply
forecasts; to develop improved criteria for comparing the value of
incremental increases in the reliability of water supply forecasts
with that of incremental increases in total usable supply obtaina-
ble from weather modification or watershed treatment, as these
values are assessed by several classes of users; and to suggest an
appropriate level of intensified operational activity and research
effort directed toward technologically feasible improvements in
stream flow forecasting techniques.

A product of the research will be a model for estimating the
value of increased certainty of streamflow, together with empiri-
cal tests of the model, based on data gathered in the field in
selected basins.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch

6.0297, COMPUTER SIMULATION OF EFFECTS OF
LAND MANAGEMENT AND WEATHER MODIFICATION
ON WATERSHED ECOSYSTEMS
C.F. COOPER, Univ. of Michigan, Graduate School, Ann Arbor,
Michigan

Objective: To develop improved computer simulation
models for preliminary evaluation of the effects of land use and
weather modification on watershed ecosystems and on the quanti-
ty, quality, and timing of water yields.

Procedures: (I) Review existing simulation models. (2) Test
multivariate statistical techniques for mathematical description of
ecosystem structure. (3) Develop preliminary simulation model
of a small forested catchment. (4) Test and refine preliminary
model against observed data. (5) Determine response of
hypothetical ecosystem to :hinges in weather inputs. (6) Define
gaps in existing data programs and analytical procedures.

SUPPORTED BY U.S. Dept. of Agriculture

6.0298, URBAN WATER POLITICS AND DECISION
MAKING IN THE DETROIT METROPOLITAN REGION
W.R. GABLE, Univ. of Michigan, Institute of Public Admin. , Ann
Arbor, Michigan

The proposed research program involves both literature and
field investigations designed to understand and develop a concep-
tual structure for the decision making process relating to water
resources in The Detroit Metropolitan Region.

Institutional relations as they affect wate. resource actions
provide the central focus for investigation. The main approach is
to study the political process as it provides the interlinkages
among institutions, and thus motivate and condition decisions
that will be made by each.

Literature investigations will include that relating: (1) deci-
sion making with respect to water management and/or
metropolitan government, and (2) conditions and actions regard-
ing water resources in the study region.

Field investigations will rely primarily upon interviews with
principal actors and other 'water influentials` in the metropolitan
area. Interviewing strategics will be adapted to different needs. It
is anticipated that questionnaires will be employed in surveying
differences of perceptions of the various interests in water
resources.

An information-political 'model' will be developed for one
river basin in the metropolitan fringe to illustrate political intern-

tions between water interests in the fringe area and the water in-
terest in the metropolitan core.

Political decisions and arrangements in water affairs will be
identified and evaluated in terms of criteria for optimal water use.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0299, INFRARED IMAGER STUDIES
0. LOWE, Univ. of Michigan, Institute of Sci. & Technology, Ann

Arbor, Michigan
Objectives: Develop experiment techniques for interpreta-

tion of infrared data. To provide instrument and interpretation
support to various users of infrared data returns. Determine ex-
perimental goals that can be achieved with Infrared Imaging in-
strumentation as applied to discovery of minerals, water
resources, oceanographic features, etc.

Approach: Conduct studies for instrumentation covering the
emitted and reflected IR spectral band. Define instrument
parameters required to accomplish various user discipline objec-
tives. Conduct an investigation to determine optimum signal
processing techniques.

Status: Completed evaluation if IR scanner for an early Earth

Resources mission. Conducting conceptual design studies for
space instrumentation. Evaluating signal studies for space instru-
mentation. Defining experimental goals that can be achieved with
imaging instrumentation.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0300, FARM FISH POND MANAGEMENT
R.C. BALL, Michigan State University, Agricultural Experiment
Sta. , East Lansing, Michigan 48824

Estimate production of plants and animals per unit area or
volume of water in farm type ponds, and natural ponds. Deter-
mine co what extent fertilization of ponds will increase production
of fish food (plankton, insects) and fish. Devise practical manage-
ment programs for farm ponds; this includes the number of fish to
plant and harvest. Detect and measure possible detrimental ef-
fects of use of fertilizers in fish ponds.

Description of Work: Measurement of release of stored
nutrients in the subaqueous soils by addition ofchelating (EDTA,
etc.) materials to the waters will be made by chemical methods.

Evaluation and tracing of the paths of nutrients added to the
waters will be possible through the tagging of the nutrients with
radioactive tracers (p32), and the fate of these in bottom
deposits.

The rates of fixation of nutrients and accumulation of or-
ganic material (basic productivity) will be measured by the C-14

light-and- dark bottle technic. This will be correlated by light-
and-dark bottle methods of determining of production of oxygen
and pond-biota respiration. Input of solar radiation will be mea-
sured by Eppley pyrheliometer and submarine photometer.

SUPPORTED BY U.S. Dept. of Agriculture
Michigan State Government

6.0301, DYNAMIC SYSTEM MODELING AND SIMULA-

TION OF A RIVER BASIN
G,A. COULMAN, Michigan State University, School of Engineer-
ing, East Lansing, Michigan 48824

The dynamic phenomenological characteristics of a segment
of a river basin are to be mathematically described. The system
will provide a detailed hybrid computer simulation for study fo
the variation in time of the significant variables of the river. Once
firmly proven to accurately represent the system, the simulation
will provide a facility for deterministic and stochastic response
studies of projected regional changes and natural occurrences.

During the initial period of this work, it is expected that a
major portion of the model will be developed and justified.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Michigan State University

6.0302, WATERSHED ANALYSIS RELATING TO
EUTROPHICATION OF LAKE MICHIGAN
M.E. STEPHENSON, Michigan State University, School of En-
gineering, East Lansing, Michigan 48824

The objectives of the project are to (1) establish a storage
and retrieval system of data on water quality and quantity within
the surface system of lakes and streams of a major watershed of
Lake Michigan, the Grand River, and (2) collect and collate ex-
isting data pertaining to the physical, chemical, biological, and
socio-economic aspects of the water resources of the basin, (3)
incorporate a current evaluation of material transport
(phosphorus, nitrogen, total carbon, pesticides, etc.) within the
river system, (4) determine the qualitative and quantitative rela-
tionships between waste discharge and receiving stream water
quality on the Grand River system and Lake Michigan, and (5)
carry out a compilation and analysis of land use practices and
socio-economic developments as related to each of the water
resource parameters considered above.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Michigan State University

6.0303, STUDIES ON PLANTED BROOK TROUT IN
RELATION TO NUMBERS PLANTED, LIMNOLOGICAL
CONDITIONS AND FOOD SUPPLIES IN UNFISHED LAKES

GOWING, State Res. & Dev. Division, Lansing, Michigan
48926

Objectives: To investigate the population of stocked brook
trout in lakes closed to angling when stocked at various numerical
levels; to determine the extent that these fish utilize or ignore
sources of available food; to learn if methods can be devised to in-
crease the growth and/or survival rates of the planted fish.

Procedures: In the fall of 1965, six lakes on the Pigeon River
Fisheries Research Area were stocked with fin-clipped 5 to 6 inch
brook trout at levels of 50, 100, and 500 fish per acre. The mor-
tality rates of these fish in the absence of angling has been fol-
lowed, and will be followed, by spring and fall population esti-
mates. From 10-20 fish collected monthly, growth is measured,
and stomach samples are obtained for food habits analysis.

Detailed bottom food sampling is done 4 times yearly in West
Lost Lake to estimate the types of bottom food available, and the
crayfish population of this lake is estimated to measure the
abundance of this food form. Tests of correlation between the
above data and the growth records and food studies should pro-
vide some measure of the amount of use of the available trout
foods. Water chemistry and temperature data on all experimental
lakes are recorded at regular intervals.

SUPPORTED BY U.S. Dept. of Interior - Bu, Sport Fish.
Michigan State Government

6.0304, HYDROLOGY OF RIVER-BASED RECREATION
G.E. HENDRICKSON, U.S. Dept. of Interior, Geological Survey,
Lansing, Michigan

Purpose: To analyze the hydrologic factors related to use of
cold-water rivers in a glacial terrain, to provide guidelines for as-
sessing the potential recreational value of such rivers, and to
determine how development by man in the watersheds affects the
recreational value of the streams.

Methods: On the basis of streamflow and water quality
records, geology, topography, and amount of development, select
representative rivers in northern Michigan. Assemble information
regarding stream flow characteristics, stream morphology, water
temperature, ground-water levels, and areas of ground-water
discharge. Obtain information on recreational potential of rivers,
including fish populations and present and future use for fishing,
boating, and camping, Interpret relationships of recreational uses
to hydrology of the watershed. In developed watersheds obtain in-
formation on surface and ground water withdrawals, disposal of
sewage and other wastes, regulation by dams, and indirect con-
trols by timber-cutting and other changes in land use in the
watersheds. Report on relationships of characteristics of stream-
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flow, water quality, and stream morphology to river-based recrea-
tion.

SUPPORTED BY U.S, Dept. of Interior - Geological Survey
Michigan State Government

6.0305, ECONOMICS OF FLOOD CONTROL STRUC-
TURES IN THE LOWER MINNESOTA RIVER WATERSHED
DISTRICT
L.E. SAMSTAD, Lower Minn, Rivr. Wat. Dist. , Burnsville, Min-
nesota

The purpose of this study is to provide (a) a survey of existing
flood control structures, (permanent and temporary) .otecting
towns and industries in the Lower Minnesota River Valley; (b) a
tabulation of costs of these structures; (c) a tabulation of the
savings which accrue from these structures; (d) a study of the in-
direct benefits of flood proofing; (e) an objective economic ap-
praisal of these flood control structures based on existing condi-
tions.

The Lower Minnesota River Watershed District encomasses
several towns (Carver, Chaska, Shakopee, Savage, Burnsville,
Bloomington, Mendota Heights and Mendota, Minnesota) all
lying along the banks of the Minnesota River at its terminus or
confluence with the Mississippi River. Many flood control struc-
tures have been erected to protect these towns as well as large in-
dustries such as Cargill, Inc.; Northern States Power; and Amer-
ican Crystal Sugar, Inc.

These flood control measures in the lower reaches of this
river valley have not been evaluated as to effectiveness in har-
nessing the ravages of severe floods,

This study would detail the existing flood control measures.
Costs of this flood protection measures (permanent and tempora-
ry) would be tabulated. A determination would be made of all
direct savings from these structures based on past floods. The in-
vestigators would evaluate the economic advantages and disad-
vantages of all types of flood proofing encountered.

An analysis of existing methods would lead other investiga-
tors to help evaluate their success, crom engineering and
economic stand points, and hopefully lead these investigators to
new and improved methods of flood proofing in similar river val-
leys.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0306, HYDROLOGIC ASPECTS OF WATER LAWS IN
MINNESOTA
W.C. WALTON, Univ. of Minnesota, Water Resources Research
Ctr. , Minneapolis, Minnesota 55455

Perhaps the greatest concern felt by water users in Minnesota
is the apparent uncertainly and variability of their water rights.
Our entire system of water is based on uncertain tensure arrange-
ment subject to administrative water permits and regulations and
judicial determination of reasonable and beneficial public use.
Both surface and groundwater property rights are incident to the
owership of land. To operate effectively the water right must be
capable of coping with the physical uncertainty of water
resources, the fugititve and fleeting nature of water resources
which creates problems of commonality or spillover effects of
use, technical aspects of the hydrologic cycle, and diversions of
water resources form one basin to another. This research is
directed toward fully understanding water laws in Minnesota and
their relation to hydrologic cycle events and improving water laws
to make them hydrologically sound.

Office investigations will include: 1) collection of data on all
direct and indirect water laws in Minnesota; 2) Collection of
available data pertaining to the hydrologic cycle and water use in
Minnesota; 3) collection or ciata on water resources institutional
environment in Minnesota; 4) study data to identify advantages
and disadvantages of current water laws with respect to hydrolog-
ic cycle events; and 5) formulation of hydrologically sound water
laws.
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SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
University of Minnesota

6.0307, HYDROLOGIC PARAMETERS CONTROLLING
RECREATIONAL USE OF MINNESOTA RIVERS
R.F. BROWN, U.S. Dept. of Interior, Geological Survey, Saint
Paul, Minnesota

Purpose - To determine the effect of hydrologic parameters -
streamflow, water quality, geology, stream morphology - on
recreational use of selected rivers in Minnesota.

Methods - Selected Minnesota rivers have been designated
by the State as 'Wild Rivers' and knowledge of the geologic and
hydrologic environment of these streams is required by conserva-
tionists and recreation managers and planners to evaluate their
recreational use. Available records of streamflow, water quality
and geology will be evaluated in terms of the controlling influence
of these parameters on the present and future recreational value
of the rivers. Longitudinal profiles of streams will be made, chan-
nel morphology will be studied, and additional measurements of
streamflow and water quality parameters will be made and their
relation to recreational use will be evaluated.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Minnesota State Government

6.0308, VALUE PRODUCTIVITY OF
AGRICULTURE
J. BURNS, Univ. of Minnesota, Agricultura
Saint Paul, Minnesota

Objectives: To estimate the value pr
agricultural uses, and analyze the econom
cal improvements in the efficiency of wat

Approach: Data describing water u
agricultural uses will be collected an
value productivity. The analyses will
the effects on water use efficiency
supply and use technology. Estima
value products of resources used
farming in Minnesota and other
techniques for estimating dema
United States will be examined
estimates of value productivity
in irrigation farming.

SUPPORTED BY U.S. D
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ORTED BY U.S. Dept. of Agriculture
University of Minnesota

.0310, ECONOMIC PROBLEMS IN THE USE, ALLOCA-
TION, REGULATION AND PRICING OF WATER
P.M. RAUP, Univ. of Minnesota, Agricultural Experiment Sta.
Saint Poril, Minnesota

To estimate supply and demand for water for agriculture and
competing uses, currently, and for years to come; explore
economic consequences of existing laws and doctrine; examine

econo
tural
nat.
of

mic issues involved in competition for water among agricul-
, recreational, municipal, and industrial uses; appraise alter-

ve forms of organization for conservation, use, and regulation
water resources; and study data bearing on conflicts between

ublic and private rights in control over water resources.
Description of work: Supply and demand for water in Min-

nesota will be determined; and adequacy of current legislation
regulating permits by Division of Waters and Department of Con-
servation will be tested, and method evaluated. Conflict between
public and private interests, and ownership rights will be studied
and economic issues examined. Cost of development; division of
costs and benefits among users, and delineation of public and
private interests will be determined. Detailed research procedures
will be developed through joint investigations by economists and
law students and professors, and actual research will also be con-
ducted by them. After two years, research will be coordinated
with neighboring states making similar investigations to obtain
maximum value.

SUPPORTED BY U.S. Dept. of Agriculture
Minnesota State Government

6.0311, ECONOMICS OF WATER QUALITY CONTROL
IN THE UPPER MISSISSIPPI RIVER (MINNESOTA)
J.J. WAELT I, Univ. of Minnesota, School of Agriculture, Saint
Paul, Minnesota

Objectives: The overall objective of the project is to formu-
late an economic optimizing model for water quality control and
sewage disposal on selected stretches of the upper Mississippi
River. The model will be designed to serve as a useful basis for
public policy decisions in Minnseota with respect to both the
water quality standards adopted on particular segments of the
River and for least-cost-methods of attaining given standards. The
methodology developed would be expected to be adaptable to
water quality problems elsewhere.

Specifically, the model would be useful in answering such
questions as: 1. What is the least-cost strategy of attaining given
water quality parameters, taking into account-a. Natural assimila-
tve capacity of the river; b. Variations in flow; c. Alternative
Invels of treatment; d. Alternative locations of treatment; 2. What
are the economic benefits associated with alternative standards?
Taking into account the above, 3. What are the costs and benefits
associated with raising or lowering water quality standards on par-
ticular stretches of the River? 4. What are the policy implications
for stream standards versus uniform effluent standards for all
waste dischargers?

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Minnesota

6.0312, UNDERGRADUATE TRAINING FOR CAREERS
IN WATER SUPPLY AND POLLUTION CONTROL
C.D. MCNABB, Saint Marys College, Graduate School, Winona,
Minnesota 55987

The project objective is to evaluate the effectiveness of a sub-
sidized undergraduate program in competing for promising young
students who will prepare for graduate work and eventual careers
in water supply arid pollution control. Two students will be sup-
ported for one calendar year beginning in the second semester of
their junior year. In the winter term they will learn techniques and
design a program for sampling a pool of the Mississippi River to
evaluate water quality parameters. The following spring, they will
write a technical report on their field work which will satisfy their
thesis requirements. They will be placed in graduate school and
their careers will be followed with feedback information.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Saint Marys College

6.0313, TIRE IMPACT OF RESERVOIRS ON LAND
VALUES - A CASE STUDY
D.C. WILLIAMS, Univ. of Southern Mississippi, Graduate
School, Hattiesburg, Mississippi 39401

This project studies the effect of reservoir construction on
land values. Land values in the area around the reservoirs and
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determined for periods before and after construction and com-
pared with settlement values where land was taken as part of the
reservoir.

The case study method is employed and the Ross Barnett
Reservoir in central Mississippi was selected for study. Land
values will be determined from records of land sales and personal
interview with buyers and sellers. These data are to be collected
on a sample basis. An analysis of results is included.

Although this is a case study of only one reservoir, it is felt
that some general conclusion may be drawn because of the size
and location of the reservoir. Similar studies at other reservoir
sites may be undertaken after completion of this study.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Southern Mississippi

6.0314, FOOD HABITS STUDY
UNKNOWN, State Game & Fish Commission, Jackson, Mississip-

pi
An electric shocker will be used to collect the fish used in this

study. Collection will be made on a monthly basis as near the sta-
tions for the other two jobs as possible.

The fish will be grouped in inch classess and the stomachs
combined for analysis. Qualitative and quantitative determina-
tions will be made of the contents of the stomachs. The findings
will be compared with the findings of Job I to determine utiliza-
tion of bottom organisms and plankton.

Attempts will be made to collect at least 20 per month of
each of the following species: Largemough bass, crappie, bluegill,
shad, orange spotted sunfish and catfish.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Mississippi State Government

6.0315, AN ECOLOGICAL AND RECREATIONAL USE
SURVEY OF A SMALL MISSISSIPPI RIVER JUST BEFORE
CHAN N EL IZATION
D.H. ARN ER, Mississippi St. University, Graduate School, State
College, Mississippi 39762

An ecological and recreational use study of a small Mississip-
pi river just before channelization. Littoral Benthos macrofauna
and fish populations will be sampled. Water and soil chemistry
data will be collected. Water table levels will be measured along
lines perpendicular to the river. Data concerning hunting and
fishing use of the river will be collected. It is anticipated that a fol-
low-up study will be made after channelization.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Mississippi State University

6.0316, POLITICAL PROCESSES IN THE PROMOTION
OF WATER RESOURCE DEVELOPMENT PROGRAMS
A.R. JONES, Mississippi St. University, Social Science Research
Center, State College, Mississippi 39762

This study will analyze the administrative network of federal
state, state-state, and intrastate relations characteristic of three
major water resource agencies in Mississippi, one of which in-
volves a cooperative compact with two adjacent states. Historical
and legal records will be utilized to reconstruct the pattern of
political influences which led to the origin of and furthered the
early and recent development of each program. Interviews will be
taken with leaders of each program in order to collect informa-
tion on the correct political and administrative setting of each
program. Modes of support (appropriation, taxation, grant, etc.)
will be explored and related to program implementation. The
total analysis will be comparative with emphasis on the processes,
cooperative and coordinative, and problems related to each agen-
cy.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Mississippi State University

6.0317, AN ANALYSIS OF PRICING PRACTICES AND
POLICIES OF WATER SERVICE UTILITIES IN SMALL
COMMUNITIES IN MISSISSIPPI
G,T. PEDEN, Mississippi St. University, Graduate School, State
College, Mississippi 39762

During the first three to six months, the members LA' the Bu-
reau staff assigned to the project will collect data on water rates
from municipalities having populations of between 2,500 people
and 10,000 people. It is felt that the water service utilities in these
towns will be small enough to be subject to inadequate price poli-
cies, but large enough so that a good price policy could have a
marked effect on the financial structure of the water service utili-
ties.

After all the information is collected, an analysis will be
made of each community's pricing practices using economic and
financial principles as criteria. Then the most widely accepted
practices among the communities will be selected to formulate
the representative pricing practices of the communities.

The final step will be to develop a set of pricing procedures
or practices commensurate with the average plant size and
general community objectives with the aim or goal being a
generally applicable pricing model that the communities could
apply in determining their water rate structure.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Mississippi State University

6.0318, COMMUNITY INVOLVEMENT OF PARTICI-
PANTS IN WATERSHED PLANNING
K.P. WILKINSON, Mississippi St. University% Social Science
Research Center, State College, Mississippi 39762

This study will examine the nature, extent and consequences
of generalized community involvement of those persons who play
the leading roles in watershed development programs in Missis-
sippi, the assumption being that community involvement of par-
ticipants has significant implications for program effectiveness.
Local participants in watershed development programs in the
state will be identified from secondary sources and through con-
tacts with key informants. A questionnaire survey will be used to
identify community involvement patterns and watershed program
roles of leading participants and to collect background informa-
tion on participants. Community differences will be identified and
related to data collected earlier and available from secondary
sources on accomplishment of watershed program goals.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Mississippi State University

6.0319, ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER INVERTEBRATES - DEVELOPMENT OF A
LABORATORY STREAM FOR REARING AND TESTING
AQUATIC INVERTEBRATES
H. SANDERS, U.S. Dept. of Interior, Fish Pesticide Res. Lab. ,
Columbia, Missouri 65201

The objective of this work is to design, build and test for effi-
ciency a laboratory stream for rearing, holding and testing aquatic
invertebrates normally found in flowing water situations. Rearing
and testing facilities will be tested with several species of animals
involving control of water temperature, water quality, and water
flow conditions.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0320, ECONOMIC ASPECTS OF SUPPLEMENTAL IR-
RIGATION IN MISSOURI
O.R. BURT, Univ. of Missouri, Water Resources Research Ctr. ,
Columbia, Missouri 65202

This research focuses on the problems of irrigation under
sub-- humid climate. It is quite long range in its requirements and
wil! involve irrigation experiments as well as utilization of cur-
rently available data. Present research is limited to irrigation of
corn.
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The general method of approach to supplemental irrigation
is: (1) estimate a physical production relationship with moisture
and temperature as the primary explanatory variables (other vari-
ables such as fertility must be included but are of only secondary
interest); (2) estimate an optimal intraseasonal irrigation policy
taking cognizance of the stochastic climatic variables, optimality
being measured by an expected value criterion function; (3) using
the irrigation policy, the ysical production function, and an
estimated probability distribution for the climatic variables, eval-
uate returns to investment in irrigation facilities by using both ex-
pected value and dispersion of returns as criteria.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri
Missouri State Government

6.0321, AN EVALUATION OF ALTERNATIVES FOR
WATER RESOURCES REGULATION IN MISSOURI
T.E. LAUER, Univ. of Missouri, Water Resources Research Ctr. ,
Columbia, Missouri 65202

This project involves critical examination of existing Missou-
ri decisional and statutory water law followed by determination
and evaluation of pfospective legislative systems of water
resources regulation for the state, in light of existing legal and
non-legal conditions. The purpose of the research is to develop
feasible alternatives for comprehensive water resources regula-
tion, and to ascertain the strengths and weaknesses of each. These
alternatives will be submitted to consultants in non-legal fields for
evaluation, re-evaluated from a legal standpoint and, as may
prove practicable, legislative alternatives drafted for inclusion in
a final project report.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

6.0322, AN ECONOMIC ANALYSIS OF THE PUBLIC
WATER SUPPLY DISTRICT
C.G. MCN ABB, Univ. of Missouri, School of Agriculture, Colum-
bia, Missouri 65202

The overall purpose of this project is to describe and analyze
certain economic and social aspects relating to the growth,
development and operation of the public water supply district.
Data will be secured from records of the supervising agency,
records of local districts and from interviews with members of
local organizations.

The specific objectives will be (1) to develop concepts and
provide information about the growth and development of the
public water supply district, (2 to identify problems associated
with their development and operation and (3) to identify and
analyze economic and social factors associated with sound
planning, financing and management of the public water supply
district.

SUPPORTED BY U.S. Dept. of interior - O. Water Res. Rch
University of Missouri

6.0323, ECONOMIC AND LEGAL FACTORS IN PROVID-
ING, USING, AND MANAGING WATER RESOURCES IN
AGRICULTURE
F. MILLER, Univ. of Missouri, Agricultural Experiment Sta. ,
Columbia, Missouri 65202

Objectives: The objectives of the regional project relate to
both qualitative and quantitative aspects of water use problems in
the North Central Region. The objective of the Missouri con-
tributing project is to determine the economic considerations that
affect use and management of water in agriculture and competing
uses.

Description of work proposed: Economic returns to invest
ments in supplemental irrigation in Missouri will be estimated.
Results from this analysis will permit estimation of the value that
can be imputed to water used for irrigation. This value can then
be compared with that in competing uses.

SUPPORTED BY U.S. Dept. of Agriculture
Missouri State Government

6.0324, COLORADO COMPREHENSIVE PLAN FOR OUT-
DOOR RECREATION
W.R. CHENEY, Midwest Research Institute, Kansas City, Missou-
ri

Objectives of this project are to develop local participation
data from primary sources to be used in updating the Demand,
Supply, Needs. amd Action portions of the Comprehensive Out-
door Recreation Plan for Colorado. Data from a study of the
Economic Impact of Hunting and Fishing Activities by resident
population are also being collected for use in a separate study as
well as inclusion in the plan. The study is proceeding approxi-
mately on schedule. The data produced will provide a statewide
mapping system on transparent overlays: county boundaries;
highways, cities and towns and water courses, base map coding
system with recreation inventory plotted, and topography at a
scale of 1:250,000. This information is to be made available at the
cost of reproduction to all agencies requesting data.

Procedure: Personal household interviews are being con-
ducted on a statewide basis. Households are selected on the basis
of a random sampling plan stratified by county, region, and
S.M.S.A. Data will be projected on the basis of current population
studies to the years 1970, 75, 80, 90, 2000, 2010 and 2020, for
the Recreation Study. These projections when compared with
measures of existing and potential supply will be used as the basis
for needs statements now and in the future. The project was
started in fiscal year 1967-68.

SUPPORTED BY U.S. Dept. of Interior Bu. Outdoor Rec.
Colorado State Government

6.0325, DEVELOPMENT OF A STATE WATER
PLANNING MODEL
D.W. BOYD, Montana State University, School of Engineering,
Bozeman, Montana 59715

The State of Montana Water Resources Board has been
charged by the State Legislature with developing a State Water
Plan. In fulfilling its mission, the Water Board inevitably will have
to cope with and evaluate innumerable proposals and requests
from all quarters. The Water Board, therefore, urgently needs a
specially structured simulation model which will permit the rapid
evaluation of a proposed river basin treatment and determination
of the probability of achieving the desired goals.

The systems approach will be applied to the design of a State
Water Planning Model, by implementing orderly systems en-
gineering methodology based on the thesis that the dominating
factor in the complex system is the large quantity of information
involved. The Model will incorporate such Operations 'Research
techniques as simulation and input-output analysis. A Sigma 7
digital computer will be utilized in the simulation of various
management policies.

Development of a single watershed model for the Yel-
lowstone River basin will proceed concurrently with the decom-
position, analysis and structuring of the state-wide system. The
Yellowstone model will then be interacted with other aspects of
the system, and will form a unit of the State Water Planning
Model.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Montana State University

6.0326, A STUDY OF WATER RESOURCES RESEARCH
NEEDS IN MONTANA
C.C. BRADLEY, Montana State University, Graduate School,
Bozeman, Montana 59715

This is a one-year project (July 1, 1968 - June 30, 1969) with
the objective of identifying the major water problems of Montana
as a basis of establishing goals, directions, and priorities for the
Montana Joint Water Resources Research Center.

The procedure envisions the creation of several task forces
envolving about five faculty members each, coordinated by a
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council composed by task force chairmen under the leadership of
the principle investigator.

The mission of the task forces will be to identify the major
water related problems of the state, and to break these down into
an integrated group of research-size packages, which in turn
become specific attainable goals for faculty members and other
research personnel working directly or indirectly with the Mon-
tana WRRC.

The project will start at Montana State University and later
will be expanded to include the University of Montana and Mon-
tana College of Mineral Sciences and Technology.

The work of the task forces and coordinating council will be
organized into a report at the end of the project period.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Montana State University

6.0327, THE ECONOMICS OF WATER TRANSFER - AN
APPRAISAL OF INSTITUTIONS

HOLJE, Montana State University, Agricultural Experiment
Sta. , Bozeman, Montana 59715

(1) To appraise the legal-institutional-administrative devices
and processes through which transfers of water between uses and
users take place and (2) To assess the consequences of these
devices and processes on the economic efficiency and equity of
water use and (3) To suggest desirable modifications in these
devices and processes that might enhance economic efficiency or
equity in the use of water resources.

To describe the functional structure of the selected water
right complex vis-a-vis the marginal value product of water use in
each category of use, Appraise the results from such alternative
modifications against the criterion of maximized marginal value
product to water use. To conclude as to the hypothetical ideal of
efficiency and the political ideal of attainability relative to each of
the programmed modifications. Regional synthesis of the findings
will be undertaken in one or more regional publications.

SUPPORTED BY U.S. Dept. of Agriculture
Montana State Government

6.0328, PROBLEMS AND OPPORTUNITIES OF WATER
RESOURCE UTILIZATION IN THE UPPER COLUMBIA
AND MISSOURI RIVER BASINS
R.J. MCCONNEN, Montana State University, School of Agricul-
ture, Bozeman, Montana 59715

This research project has as its major objectives the follow-
ing: ( I ) A comprehensive inventory of available data and
research reports related to the water resources of the upper
Columbia and Missouri River Basins, (2) identification of
problem areas and trends in water use, (3) consideration of the
multiple uses of water and identification of competitive and com-
plimentary uses, (4) demonstration of investiment opportunities
in water resource development, and (5) assistance in the prepara-
tion of a plan for the future development of water resources of the
upper Columbia and Missouri River Basins.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Montana State University

6.0329, SOCIAL CHANGE IN A WATER RESOURCE
DEVELOPMENT AREA - SOCIAL ASPECTS OF THE CON-
STRUCTION PHASE OF LIBBY DAM
H.J. TU RECK, Montana State University, Graduate School,
Bozeman, Montana 59715

The small town of Libby, Montana (population in 1965 was
slightly over 4,000) is the site of the construction of Libby Dam.
This project is to take five years and will bring about 15,000 new-
comers into the area during construction. The objectives of this
research are concerned with establishing 'benchmark' attitudes
regarding the construction, displacement of some residents,
present recreational patterns, recreational potentials represented
by the reservoir, and social changes brought about by increased
population and economic development. Longitudinal study will
then catalogue changes in these attitudes during the construction
period. The impact of the rapidly changing problems of communi-

6. WATER RESOURCES PLANNING

ty development will also be studied during the construction
period. The overall objectives of the research are: (1) to gather
information about changing attitudes, values, and social interac-
tions in a small community undergoing high social impact, and
(2) ultimately to provide useful information to decision-makers in
the area of water resource development.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0330, EFFECTS OF DEWATERING ON A TROUT
POPULATION
A.H. WIPPERMAN, State Fish & Game Department, Helena,
Montana

The purpose of this project is to determine if reduced stream
flows affect a trout population, and if so, what flows are required
to sustain a trout population of value to recreational fishing. A
second objective is to determine how dewatering affects the
physical features of the stream.

An artificial dewatering system was constructed on Blacktail
Creek in Southwestern Montana in the spring of 1965. A diver-
sion canal and diversion structures were constructed so that vari-
ous reductions in flow could be made in three consecutive stream
sections.

The study plan for 1967 will involve dewatering the entire
study area 90 percent below low normal summer flow. Dewater-
ing will begin in early June and terminate in early September..The
fish population will be inventoried with the aid of shocking gear
prior to and at the conclusion of the dewatering period, Fish traps
will be maintained at each end of the dewatered area to determine
fish movements in or out of the area.

Physical features of the stream channel will be measured at
low normal flow and at the dewatered flow. Measurements will in-
clude widths, depths, volume, cover, and velocities. These physi-
cal features will be correlated with the fish population at normal
flows and at dewatcred flows,

Work and data collection will be conducted during the
summer of 1967. Report writing will follow completion of data
collection.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Montana State Government

6.0331, ECONOMIC SURVEY OF BEAVERHEAD COUN-
TY, MONTANA
M.C. JOHNSON, Univ. of Montana, Graduate School, Missoula,
Montana 59801

An economic study of Beaverhead County, Montana, in 1964
prior to utilization of water from the Bureau of Reclamation's
East Bench Unit project. This project will provide full irrigation
services for 21,800 acres of land not previously irrigated and sup-
plemental water for 28,000 acres that were under irrigation be-
fore construction of the project.

An interim study of secondary data will be performed in
1971 following the availability of 1969 Census of Agriculture and
1970 population census. A final study and evaluation to measure
the effects of the irrigation project on Beaverhead County and
surrounding trade centers will be conducted in 1975 and 1976.
This will represent a 10- year time span essentially coinciding with
the end of the development period and will also permit the full
utilization of 1974 census of agriculture data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0332, WATER AND RECREATION USE, BLACKFOOT
RIVER DRAINAGE, WESTERN MONTANA

MALOUF, Univ. of Montana, Graduate School, Missoula,
Montana 59801

This study will concentrate on the recreational uses of the
Blackfoot River system, in western Montana. The objectives are
three- fold: 1) Use of portions of the river course for recreation by
local residents, and by visitors. Visitors come from three large
communities on three sides of the drainage area. 2) To study the
extent of seasonal uses for recreation through summer and winter,
fall and spring. 3) To establish new uses for the area and to deter-
mine its recreational potential.
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The communities nearby which make wide use of the river
system are Great Falls on the east, Missoula on the west, and
Helena on the south. To the northward are primitive areas and
Glacier National Park. Use by people from outside the regions
mentioned will also be determined. The drainage includes high
mountain ranges, many lakes capable of supporting boating facili-
ties and fishing, forest and parklands, and some sizeable rivers.
There are at present no ski reports here.

Data will be collected which can be tabulated. The investiga-
tors will make samplings during various seasons by contacting
people who are making current use of the recreation offerings in
this region.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
University of Montana

6.0333, LEGAL RESEARCH, WRITING AND DRAFTING
TOWARD IMPROVING MONTANA WATER LAWS
A.W. STONE, Univ. of Montana, Joint Water Resour. Res. Ctr. ,
Missoula, Montana 59801

Previous allotments resulted in an initial draft of a com-
prehensive surface and groundwater code for Montana which was
completed in time to be used during the 1967 legislature. It needs
further work on its organization and on some of the drafting, as
well as revision of parts of that draft.

There is a need for legal research on the background at com-
mon law and in Montana law of the public interest in the use of
waters, hopefully leading to a clarification of that interest as well
as a basis to support legislation on the subject.

Water Conservancy District Legislation has been considered
by state agencies, the legislature and private organizations. No
such law has been enacted. Legal work on this is needed, and will
be pursued with the Montana Conservation Council.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Montana State University

6.0334, SAUGER AND WALLEYE INVESTIGATIONS IN
THE MISSOURI RIVER
L. MORRIS, State Game & Parks Commission, Lincoln, Nebraska
68509

The objectives of this job are to determine the daily and
seasonal activity patterns of sauger and walleye adults which con-
gregate during the spring immediately below Gavins Point Dam.
Their population sizes will be determined also.

When these fish congregate immediately below Gavins Point
Dam in the spring they constitute an important sport fishery; how-
ever, their movements and habits during the remainder of the
year are largely unknown. This segment, as in the two previous
segments, we will tag a large number of adults when they are con-
gregated below the dam. The movement information gained from
sport fishermen's return of tags will be added to that already
gathered in order to discern movement patterns. The determina-
tion of movement patterns by returned tags has been slow but
each year's information improves our understanding of both
distance and time of movements. Fish tracking transmitters, if
they are available, may be used to facilitate this determination.

In addition, we will estimate the population size (modified
Schnabel Method) in the stilling basin in order to determine the
size of the resource.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Nebraska State Government

6.0335, FLATHEAD CATFISH INVESTIGATIONS IN THE
MISSOURI RIVER
L. MORRIS, State Game & Parks Commission, Lincoln, Nebraska
68509

The objective of this study is to improve our understanding of
recent flathead catfish population changes in the Missouri River.

Previous work done under this job suggests that the flathead
catfish populatiion has declined since 1964 expressed primarily as
a sharp decline in numbers of fish over 13 inches. During this seg-
ment we will attempt to pinpoint the year of life and size at which
flathead catfish numbers decline. To accomplish our objective we

will study flathead catfish environmental requirements through
thr4 use of radio transmitters, and their age, rate of growth, and
food habits. We will also investigate the amount and availability
of food organisms of the flathead catfish.

The data to be collected during this segment will be analyzed
and compared with the flathead catfish life history information
from earlier segments. In this mariner we hope to determine
precisely both the reasons for and the time of life at which
flathead numbers decline.

It is expected that the collection and analysis of data will be
largely the responsibility of a graduate student, Mr. Delmar Holz,
of the University of Missourii.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Nebraska State Government

6.0336, INPUT-OUTPUT ANALYSIS OF WATER USE FOR
NEBRASKA INDUSTRIES - WATER RESOURCE PLANNING
- WATER DEMAND
A.W. EPP, Univ. of Nebraska, School of Agriculture, Lincoln,
Nebraska 68508

We plan to determine the input-output relationship for water
for each major segment of industry in Nebraska including :-Agricul-
ture. We will study the water use interrelationships among indus-
tries and the possibilities for multiple use of water. Further studies
will be made to determine the opportunities for locating indus-
tries to obtain maximum benefits from the available water. It ap-
pears possible to develop a programming model that will permit
electronic computation of optimal allocation of the available
water resources to the various uses. This project will be started in
fiscal 1966 and should be completed in fiscal 1968.

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res. Rch
University of Nebraska

6.03V, THE OPTIMUM RELEASE POLICY FOR A MUL-
TIPURPOSE RESERVOIR USING STOCHASTIC HYDROLO-
GY
W.S. BUTCHER, Univ. of Nevada, Desert Research Institute,
Reno, Nevada 89507

For a multipurpose reservoir with realistic constraints, and
using the historical streamflow record this project will develop an
optimum release policy to give maximum expected annual
benefits and will determine the risk and uncertainty associated
with these returns.

The method 'will be developed using one or more particular
projects as examples. Monthly streamflow will be regarded as a
non-stationary Markov Chain and will use dynamic programming
to determine the optimal release policy.

Using synthetic hydrology, Monte Carlo methods will be
used to determine the risk associated with the annual returns
when the optimal policy is used as an operating policy.

The method to be developed on this project will be able to be
used in planning studies to determine direct benefits possible
from a multi-purpose facility. In addition the method will produce
a release policy capable at being used in ival time operation of a
reservoir.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nevada

6.0338, ECOLOGY OF SCHISTOSOME DERMATITIS IN
WESTERN AND NORTHERN NEVADA WATERS
R.L. CHURCH, Univ. of Nevada, Graduate School, Reno, Nevada
89507

Survey for occurrence of causative schistosomes of human
dermatitis and the distribution and abundance of their molluscan
hosts in selected lentic waters.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nevada

6.0339, RESEARCH AND ANALYSIS TO PLAN,
DEVELOP, AND MANAGE A GROUND AND SURFACE
WATER SUPPLY
P.A, DOMENICO, Univ. of Nevada, Water Resources Research
Ctr. , Reno, Nevada 89507

This research has four objectives: 1) to analyze sources of
ground and surface water supplies and determine the optimal
methods of integrating these supplies, 2) to determine the optimal
institutional arrangements for planning, implementing, and
managing selected alternative supply integrations, 3) to deter-
mine values of water for alternative uses, and 4) to analyze pric-
ing policies and their effects for various uses.

The area of Las Vegas Valley, southern Nevada, was chosen
because its problems apply to other arid and semi -arid regions.
The problems are acute in that ground-water recently has been
over-developed, which has precipitated surface-water importa-
tion from Lake Mead. The area is the fastest growing urban re-
gion in the United States. Thus, how a new and rapidly growing
population plans and organizes for optimal water management is
crucial to all arid and semi-arid regions.

Minimizing total annual costs is the objectives function, and
mathematical programming will be used to determine optimal
water supply integrations. Present and proposed institutional ar-
rangements and water laws will be analyzed through legal
research and field interviews. Economic and statistical models
will measure values of water in alternative uses, and selected pric-
ing schemes will be investigated to determine water use effects.

SUPPORTED EY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nevada

6.9340, APPLICATION OF SIMULATION THEORY TO
WATER RESOURCES PLANNING AND MANAGEMENT
G.B. MAXEY, Univ. of Nevada, Water Resources Research Ctr. ,
Reno, Nevada 89507

This research is directed toward development of criteria
whereby manifestations of various types of management decisions
affecting the optimization of a complex river system may be
analyzed and evaluated. Secondly this research is directed toward
a detailed study of a) the feasibility of applying a recently
developed hydrological simulation technique on a large and very
complex hydrological system, and b) the effectiveness of such a
technique as a guide in water resources planning.

SUPPORTED BY U.S. Dept. of Interior - 0, WaV, I Res, Rch

6.0341, STATE WATER LAW ORIENTATIC4N TOWARD
SCIENTIFIC AND TECHNOLOGICAL BASES FOR EFFEC-
TIVE PLANNING AND MANAGEMENT
J.C. OH RENSCHALL, Univ. of Nevada, Desert Research In-
stitute, Reno, Nevada 89507

This research has four objectives: (1) analysis of one or more
systems of Western state water laws to determine the historical
and socio-political bases for legal classifications and doctrines;
(2) determination of the extent to which decision-makers must
ascertain common sources of supply; (3) investigation and resolu-
tion of conflicts in Western water legislation with the desirability
for planning and management purposes of treating all water
resources and rights uniformly on a scientific basis; and (4)
preparation of recommendations for the water law systems
selected for study.

Comprehensive river basin planning and management de-
pend upon allocation of water rights; these depend upon state
laws. A model state system of water law should encourage max-
imum development and security of water rights. The first step is to
accommodate state water laws to scientific and technological
reality. How to accomplish this step is crucial to all regions of the
nation, particularly to the West where water is a regional scarcity
and has already become an over developed resource.

Present and proposed institutional arrangements and water
laws, including allocations of water among states, will be analyzed
through legal research, field interviews, and hydrologic applica-
tions in Nevada and similarly-situated neighboring states.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Nevada

6.0342, FERTILIZER-WATER-CULTURAL PRACTICES
R.A. YOUNG, Univ. of Nevada, Agricultural Experiment Sta. ,
Reno, Nevada 89507

1. To determine the effects of various combinations of fertil-
izer, water management regimes and cultural practices on per-
formance of annual crops on 'new lands'. 2. To determine the ef-
fects of various combinations of fertilizer, water management
regimes and cultural practices on performance of perennial
grasses and legumes (emphasis on seed production). 3. To deter-
mine the efficiencies of resource use and economic returns from
the various combinations.

Field experiments will be conducted with cereal grains and
perennial grasses and legumes in which variables of fertilizer,
water management regimes and cultural practices will be imposed
in various combinations. Performance of crops and efficiency of
water use will be determined. Economic returns from the various
combinations will be determined.

SUPPORTED BY U.S. Dept. of Agriculture
Nevada State Government

6.0343, ESTIMATION OF HOUSEHOLD CONSUMPTION
OF WATER
R.A, ANDREWS, Univ. of New Hampshire, School of Agricul-
ture, Durham, New Hampshire 03824

The objective of this study is to quantify the influence of in-
come, family composition, vacation patterns, use of water using
appliances, number of bathrooms and household outdoor uses on
per capita and per family consumption of water.

The determinants of water demand will be estimated from
cross sectional data obtained from families on metered and mu-
nicipal water systems by mail questionnaire, Traditional cross sec-
tional analysis using single equation least squares and 0-1
techniques will be employed to measure the influence of family
characteristics on the families' consumption of water.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of New Hampshire

6.0344, TEMPERATURE TOLERANCE OF MARINE
ANIMALS THROUGH BEHAVORIAL RESPONSES
D.W. BRIDGES, U.S. Dept. of Interior, Sandy Hook Marine Lab.
, Highlands, New Jersey

Introduce acclimated and non-acclimated marine organisms
into waters of various temperature regimes; observe and measure
behavioral patterns such as rate of feeding of fishes, cirral activity
of barnacles and pumping rate of bivalves. Diagnose range of tem-
perature in which experimental animals are able to maintain nor-
mal behavior as well as determine the thermal death point(s) for
these organisms.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0345, DISTRIBUTION OF YOUNG STAGES OF
COASTAL FISHES
J. CLARK, U.S. Dept. of Interior, Sandy Hook Marine Lab. ,

Highlands, New Jersey
A survey is to be made of the continetal shelf from Cape Cod,

Mass. to Cape Lookout, N.C., utilizing the research vessel Dol-
phin. The goal is to determine relative abundance of young of the
major game species in the open estuaries, along the coast, and
seaward onto the continental shelf. A series of 14 transects will be
established; each extending from the shore to at least the 50-
fathom contour. Eight cruises will be made at approximate 1-1/2
month intervals throughout one year. Collecting stations will be
spaced along the lines at approximate 10 mile intervals; somewhat
closer near shore. At each station along the survey transects a 30-
minute oblique tow will be made with 1) a modified Gulf III sam-
pler for larvae and 2) a special 20 foot mid-water trawl for ju-
venile fish. All fishes taken will be identified to species and
isometric chart. of abundance of eggs, larvae, and juveniles will
be drawn.
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SUPPORTED BY U.S, Dept, of Interior - Bu. Sport Fish.

6.0346, INFLUENCE OF THE PHYSICAL ENVIRONMENT
ON DISTRIBUTION OF YOUNG STAGES OF COASTAL
GAME FISH
R. STONE, U,S, Dept. of Interior, Sandy Hook Marine Lab. ,

Highlands, New Jersey
The fate of critical young stages of coastal migratory fish is

governed largely by conditions of the physical environment.
Physical measurements of the continental shelf waters will be
concurrent with the collection of ichthyoplankton (see 2541-01
in an attempt to relate the distribution of young stages of fish to
physkal conditions in the environment. Hydrographic stations
will be made on each of eight cruises from Cape Cod, Mass., to
Cape Lookout, N.C., along 14 transects. Observations will in-
clude temperature, salinity, oxygen content and turbidity. Drift
bottles and bottom drifters will be released at each station.

SUPPORTED BY U.S, Dept. of Interior - Bu. Sport Fish.

6.0347, AN ENGINEERING - ECONOMIC STUDY OF THE
INDUSTRIAL GROWTH POTENTIAL OF THE UPPER PAS-
SAIC RIVER BASIN
A.H. SPINNER, Stevens Institute of Technol, Graduate School,
Hoboken, New Jersey 07030

New Jersey's eminence as an industrial state has been due in
part to industry's settling and growing along its waterways, such as
the Passaic River, The complexion of industry has changed as
water requirements, river characteristics, and social, political and
legal constraints have altered. Further changes in the complexion
of industry along the Passaic River can be expected as a result of
the promulgation of new water quality standards. It is hoped that
the guidelines developed in this study will assist in an orderly in-
dustrial growth. Of perhaps equal importance are the methodolo-
gy and simulation model which will be available for other similar
river studies.

The objective of this study is to develop a plan to attain
preferential growth patterns for industrial development in the
Upper Passaic River Basin given multi-purpose use of the river.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Stevens Institute of Technology

6.0348. EFFECT OF WATER QUALITY ON RE-
SIDENTIAL LOCATION DECISIONS
J.L. BEYER, Rutgers The State University, School of Agriculture,
New Brunswick, New Jersey 08903

An exploratory project to investigate the probability of find-
ing enough information to warrant an intensive study of the
economic effects of water quality--or changes in water quality--on
residential location decisions. with deterioration in the quality of
surface waters, as this deterioration affects the aesthetics of the
environment, seems a reasonable one to make. There are few
data, however, from field studies to support the assumption. It
would be useful to explore the perception of those engaged in
buying, renting, selling, or taxing land and homes with respect to
the values they attach to pleasant water environments. The hope
here is that a measure can eventually be made of the costs of not
maintaining such an environment and their willingness and/or
ability to pay is also part of the study.

The Raritan River Basin is suggested as the locus of such a
preliminary study. It is a well-defined physical unit with a range of
occupance patterns from rural to heavily industrial. Studies of
pollution have progressed to the point where adequate informa-
tion is now available about the actual quality problem for the
Raritan and many of its tributaries. Access to developers, real
estate dealers, residents, potential buyers, farmers, tax assessors,
and conservation workers (watershed association members, etc.).
is possible and anticipated.

This preliminary study will be useful primarily in determining
the need for more intensive research in an area of decision mak-
ing which has many implications for planning and future develop-
ment in a rapidly urbanizing area of New Jersey.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Rutgers The State University

6.0349, THE EFFECTIVENESS OF GOVERNMENTAL AC-
TION FOR WATER POLLUTION CONTROL IN NEW JEI1-
SEY
P.H. BURCH, Rutgers The State University, Graduate School,
New Brunswick, New Jersey 08903

The objective of this research is to determine the factors
which contribute to the effectiveness of governmental action for
the control of water pollution. The factors in a given watershed
which lead to the development of a pollution problem will be
analyzed; the pertinent aspects of government in the watershed
will be assessed; and both will be correlated with measurements of
the effectiveness of pollution control activities. The study will
proceed from an initial phase involving a survey of the literature
and interviews with experienced water pollution control person-
nel, through the development o hypotheses, the testing of the
hypotheses in a number of case studies of New Jersey watersheds,
and the development of generalized conclusions and recommen-
dations for public policy.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Rutgers The State University

6.0350, A STUDY OF THE DEMAND FOR OUTDOOR
RECREATION BASED ON THE ANALYSES OF THE NA-
TIONAL RECREATION SURVEYS OF 1960 AND 1965
P. DAVIDSON, Rutgers The State University, Graduate School,
New Brunswick, New Jersey 08903

The Bureau of Outdoor Recreation initiated a supply inven-
tory for public recreation facilities throughout the United States.
In 1960 the Outdoor Recreation Resources Review Commission
sponsored a National Recreation Survey for each quarter of 1950;
this was followed up by a similar Survey of Outdoor Recreation
Participation by the Bureau of Outdoor Recreation in 1965.

The purpose of this project is to analyze the interactions of
demand and supply variables which jointly determine participa-
tion patterns of different cross section segments of the population
for different activities. A theoretical as well as an empirical model
will be used to test different economic hypotheses for different
factors, which determine participation in Outdoor Recreation.

The water based outdoor recreation activities have been con-
sidered primary activities in this study. This is true because they
are important from the demand side because of the vast numbers
of participants and from the supply side because of the extensive
data that the B.O.R. has inventoried disaggregating recreation
water by quantity and quality.

SUPPORTED BY U.S. Dept. of Interior - Bu. Outdoor Rec.

6.0351, URBANIZATION AND ITS EFFECT ON WATER
RESOURCES
M. MARCUS, Rutgers The State University, Graduate School,
New Brunswick, New Jersey 08903

The proposed research is intended to identify, describe, and
project major processes of urbanization in relation to land use and
water pollution aspects of water resource development. The study
will define urbanization in terms of industry and households as the
two major urban water user groups.

Dr. Marcus proposes to analyze the aggregate area (New Jer-
sey) economy as a set of industries in which urbanization charac-
teristics can be examined and for which projections can be at-
tempted. Existing industry, employment and population data will
be used. The analysis will be organized to describe anticipated
changes in the economic dimensions of newly urbanized areas
and project industrial growth into the future.

Dr. Newlling proposes to analyze the spatial structure of
urban population and areal growth on the basis of a simple urban
growth model which uses a density-distance relationship. The
technique will be applied to selected test areas using parameters
developed from available census and residential land use data.
Test projections of increased population and densities will be
made for periods of 10 to 20 years in duration.
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Dr. Genetilli proposes to study the development of the raw
organic pollution load over a period of years in three key
watersheds, i,e., the Millstone-Stony Brook, the Raritan, and the
Passaic. Following this, a statistical analysis and correlation will
be carried out to determine the relationship between growth of
pollution load on one hand and growth of population and of
specific types of industry on the other. These parameters will then
be applied to economic and demographic projections to deter-
mine what growth of raw organic pollution load may be expected
in key river basins of the state up to the year 2000,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Rutgers The State University

6.0352, THE IMPACT OF SUBURBAN DEVELOPMENT
ON THE WATER RESOURCES OF NEW JERSEY.
11. NATHAN, Rutgers The State University, Agricultural Experi-
ment Sta. , New Brunswick, New Jersey 08903

OBJECTIVES: To compare the water balances of small
watersheds occupied by properly managed farms and/or woods to
those of matched watersheds occupied by suburban develop-
ments.

To determine the practices which will best contribute to
proper conservation of existing water and soil resources in
agricultural areas undergoing suburban development,

WORK PROPOSED: Rainfall will be measured in a network
of standard gauges. Evaporation will be determined with standard
pans. Elevations of the water table will be recorded with observa-
tion wells and stage recorders. Runoff will be determined in ap-
propriate locations by standard flumes, Stream flow will be deter-
mined and recorded by electric velocity probes and current me-
ters and standard hydraulic procedures. Soils will be sampled and
moisture contents determined periodically by standard methods.
Records of temperature and relative humidity will be kept.

SUPPORTED BY New Jersey State Government

6.0353, IMPROVEMENTS TO THE BOROUGH OF NEW
PROVIDENCE SEWAGE PUMPING STATION AND TREAT-
MENT FACILITIES
J.T. MCCANN, New Providence Government, New Providence,
New Jersey 07974

It is proposed to install two high rate trickling fiters designed
to accommodate the extreme range of flows which occur during
periods of rainfall, one trickling filter would he constructed with a
plastic filter medium; the other would be provided with conven-
tional trap rock or stone filter medium. Following the filters,
facilities will be provided to add polyelectrolytes and other
chemicals to ir.',prove sedimentation efficiency in the final settling
tank, also a part of this project. Cholorination facilities will be
provided to disinfect the final effluent,

This project will also include the necessary evaluation
required to meet the demonstration program objectives. A moni-
toring program will be pursued, designed to thoroughly evaluate
the operation and effectiveness of the separate treatment units as
well as the overall effectiveness of the entire installation. The
system operation shall be varied so as to develop the most effec-
tive and economical plant operation to achieve the desired
results.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
New Providence City Government - N. J.

6.0354, ESTUARINE DREDGE HOLE INVESTIGATIONS
W.S. MURAWSKI, State Div. of Fish & Game, Trenton, New Jer-
sey

Objectives: To summarize our studies on the ecology of sub-
marine estuarine dredge holes, especially in regard to finfish
habitation.

Procedure: Information relative to the location of estuarine
dredge holes, their area, depth and other physical characters
gained during the course of four years of field work will be
analyzed and brought together in a final report.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
New Jersey State Government

6.0355, DETERMINE ECOLOGICAL CHANGES RESULT-
ING FROM IMPOUNDMENT
W.E. SHOEMAKER, State Div. of Fish & Game, Trenton, New
Jersey

Objectives: To determine ecological changes resulting from
impoundment and record the appearance of new vegetation on
the dikes with special reference to undesirable vegetation.

Procedures: Prepare cover type maps of the impoundments
and establish permanent transects to determine changes in major
vegetative types. Record species of vegetation within the im-
poundments, both submerged and emergent; their densities by
estimated percentages; and their heights. Make note of any un-
desirable vegetation which becomes established on the dikes or
within the impoundments, In addition, cost figures will be
recorded for maintaining desired water levels.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
New Jersey State Government

6.0356, PATTERNS OF POLICY MAKING IN WATER
RESOURCES DEVELOPMENT
H. INGRAM, Univ. of New Mexico, Graduate School, Al-
buquerque, New Mexico 87106

This study aims to set up a model of how the political system
in an arid Western State responds to the problems raised by water
being a scarce natural resource, The model is to represent the
process through which consensus is constructed and maintained
on a water policy, and how disagreement which threatens consen-
sus building is handled in the decision making process. Proposi-
tions are deduced from the model relevant to the behavior which
can be expected of certain actors under certain circumstances.
These propositions are tested in a specific instance of water policy
making. A case study is made of New Mexico's role in the
Colorado River Basin Development controversy. The usefulness
of the model is assessed on the basis of the validity of the proposi-
tions as tested.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of New Mexico

6.0357, PROJECTING THE DEMAND FOR AND SUPPLY
OF WATER
N. WOLLMAN, Univ. of New Mexico, Graduate School, Al-
buquerque, New Mexico 87106

Significance: The nation is faced with numerous problems as-
sociated with meeting current and prospective demands for water
use. One of the most difficult tasks that has been faced by policy
makers and the public generally in dealing with these problems is
that of securing a reasonably accurate picture of the water de-
mand-supply outlook. Over the past several years Resources for
the Future has supported a series of studies aimed at providing a
foundation for a better assessment of the national water situation.
The first of these efforts was a study conducted by Professor
Wollman under the sponsorship of Resources for the Future and
with the cooperation of the Senate Select Committee on National
Water Resources and the federal agencies. This study was
published as a report of the Senate Select Committee on National
Water Resources in 1960. Because, of the tentative nature of the
results, Resources for the Future has made additional grants to
the University of New Mexico for continuation of this line of
study under Professor Wollman's direction. Although the further
work advanced the methodology of this kind of appraisal, it has
not been possible in view of the complexities and difficulties en-
countered to bring the research to a satisfactory conclusion.

Specific Aims and Expected Results: The general purpose of
the study would be to further the development of a methodology
for appraising from a national point of view the water demand-
supply situation in the United States. The specific objectives
would be to: L Devise, demonstrate and test a methodology for
projecting water supply and demand by regios of the United
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States. 2. Provide an up- to-date and greatly improved set of waer
supply and demand projec.. ns for the 22 major river basins of
the United States. The major emphasis in the study would be upon
the development of analytical models, the appraisal of the suita-
bility of available data for making projections, and the determina-
tion of data deficiencies,

SUPPORTED BY Resources For The Future Incorporated

6.0358, CULTURAL AND MANAGEMENT STUDIES FOR
GRAIN SORGHUM ON THE HIGH PLAINS OF EASTERN
NEW MEXICO
N,R. MALM, New Mexico State University, Agricultural Experi-
ment Sta, , Clovis, New Mexico 88101

Objectives: 1. To determine the effects of plant spacing in
single and double rows on yield of grain, plant height, test weight,
filleting, grams of seed per head, and other agronomic characters
under irrigated conditions. 2. To determine the effects of iron and
zinc applied as a foliar treatment on the production of grain
sorghum. 3. To determine the effects of several micro-nutrients
on the production of grain sorghum. 4, To determine the produc-
tion of grain sorghum as affected by various water management
practices.

Description of Work Proposed: Four experiments will be
conducted to determine the effe 3 of: 1) various plant popula-
tions; 2) foliar treatment with iron and zinc; 3) micro-nutrients;
and 4) irrigation treatment on grain production and other
agronomic characteristics of grain sorghum. Other agronomic
characteristics noted in addition to yield will be flowering date,
plant height, exsertion and test weight. For the micro-nutrients
experiments, iron, zinc, boron, copper, and manganese and
molybdenum will be applied to plots receiving near-optimum
nitrogen and phosphorus. All experiments will be irrigated,

SUPPORTED BY New Mexico State Government

6.0359, DECISION MODELS FOR MINIMIZING COST OF
INFORMATION OR ERROR IN ESTIMATING BENEFIT-
WATER RELATIONSHIPS IN IRRIGATION. (ABBREV)
R. LARGE, New Mexico State University, Water Resources
Research Inst. , Las Cruces - University Park, New Mexico 88001

One of the most critical elements required for the application
of mathematical models to water resource systems is the estima-
tion of the relationships between quantity and/or quality alloca-
tions, and the resulting net benefits generated. The application of
incremental benefit measurements to allocation problems has not
been explored to determine their reliability and the cost of gain-
ing the necessary information as compared with the present
means of developing models. It is contemplated that existing
systems methods can be utilized with some alterations to develop
alternative sets of decision rules. Net benefit functions will be
developed and tested.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
New Mexico State University

6.0360, IRRIGABLE ACREAGE IN NEW MEXICO AND
PROJECTED DEMANDS FOR IRRIGATION WATER
M.G. HANSON, New Mexico State University, Water Resources
Research Inst. , Las Cruces - University Park, New Mexico 88001

Irrigated and potentially irrigable land areas of New Mexico
will be classified according to physical and economic feasibility of
irrigation. Crop enterprise budgets will indicate production alter-
natives for potential irrigation development. Projections of irriga-
ble acreage will proceed assuming unlimited availability of
capital, labor and water.

Productivities of additional water supplies to maintain or in-
crease irrigation development in all areas of the state will be esti-
mated when allocated to highest agricultural uses based on pro-
jected production coefficients, price relationships, and discount
rates. The demands for irrigation water will be estimated in the
context of economic development or growth.

SUPPORTED BY U,S, Dept. of Interior - 0, Water Res, Itch
New Mexico State University

6.0361, LAND AND WATER VALUES IN EASTERN NEW
MEXICO
D.C. HENDERSON, New Mexico State University, Agricultural
Experiment Sta. , Las Cruces - University Park, New Mexico
88001

The objective of this study is to calculate guidelines for deter-
mining depletable irrigation water costs in Lea, Roosevelt, Curry
and Quay counties. Data will be collected on land sales from a
date of about 1948 to present in the study area to determine: (1)
at what point in time a price differential began between land with
underground water supplies suitable for irrigation and land
without such supplies. (2) an allocation of the original purchase
price between the land including all improvements and the
depletable ground water supply. Any value attributable to non-
farm uses must be excluded. Guidelines will be constructed by
homogeneous areas for percent of irrigated land value attributed
to irrigation water, maximum values for the depletable water cost
base and minimums for the dryland value. Guidelines will be
verified with knowledgeable people in each area.

SUPPORTED BY New Mexico State Government

6.0362, A COMPREHENSIVE WATER RESOURCES
ANALYSIS OF A TYPIt.,1%L OVERDRAWN BASIN IN AN IR-
RIGATED SEMIARID AREA - PECOS RIVER BASIN, NEW
MEXICO
C.E. JACOB, New Mexico State University, Graduate School, Las
Cruces - University Park, New Mexico 88001

The objectives of this project are: (1) To develop basic physi-
cal and sociological data. (2) Analyze the surface and sub-surface
hydrologic system by use of digital and analogue computations
using techniques of systems analysis and linear programming. (3)
Develop a mathematical decision-model for the design and opera-
tion of an overdrawn water supply system. (4) Establish primary
land classification and cost and returns information for guiding
the present and future agricultural uses of water. (5) Develop a
method of economic and legal analysis appropriate for a region
with surface and groundwater for the maximization of the region's
economic welfare.

This interuniversity-interdisciplinary project is bringing
together the many factors into an overall analysis as well as refin-
ing the information for each disciplinary segment. The decision
model, the gross systems analysis and the economic legal analysis
will combine the several factors for analysis on the basis of the
whole basin, and its interrelated problems, rather than consider-
ing each segment separately.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
New Mexico State University

6.0363, ECONOMICS OF WATER SUPPLY-PORTALES
VALLEY, NEW MEXICO
R.B. LONG, New Mexico State University, Agricultural Experi-
ment Sta. , Las Cruces - University Park, New Mexico 88001

Objectives: 1. Evaluate the past, present and future water
supply of the Portales Valley and its current and future influence
on the economy of the area. 2. Evaluate the new proposals to
bring water to the valley from nearby wells and from the Ute
Reservoir, and the impact of these alternatives on the agricultural
economy of the area.

Description of Work Proposed: The work to be conducted
will be separated into two parts. First, secondary historical data
will be secured from the State Engineer, County, A.S.C. office,
etc., to determine: water use for agriculture, municipalities, and
industry; precipitation; water levels in observation wells;
thickness of the water bearing strata; and population. Secondly,
data will be collected to determine the cost of water from sources
outside the valley, farm size and crop structure, and budgets for
the major crops and livestock enterprises in the valley. These data
will then be analyzed, and the proposed publications prepared.
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SUPPORTED BY U.S. Dept. of Agriculture
New Mexico State Government

6,0364, EFFECTS OF RESTORATION AND M
MENT OF THE SAN SIMON MARSH ON ITS UTIL
BY MEXICAN DUCKS
F.W. MARTIN, New Mexico State University, Agricultural Ex-
periment Sta. , Las Cruces - University Park, New Mexico 88001

Objective: To assist the Bureau of Land Management in a
program to preserve Mixican duck habitat by gathering basic
facts concerning effects of restoration and management of the
San Simon marsh on the development of a self-sustaining popula-
tion of Mexican ducks.

Work Proposed: Four impoundments, one
and from four to five feet deep will be constru
impoundments will be fenced to exclude live
will be interconnected and will contain islan
sites. The aquatic and upland vegetation
vegetation important for nesting or food m
appears desirable and feasible. Studies wil
cies of waterfowl use, distribution, numb
of normal grazing on utilization of habita

ANAGE-
IZATION

SUPPORTED BY U.S. Dept. of Inte

acre or less in size
cted. Two of these

stock. These ponds
ds for nest and loaf

will be mapped and
y be introduced if this

I be conducted on Spe-
er of broods and effects

t.

dor - Bu, Land Mgmt.

6.0365, EFFECT OF RATE OF SEEDING AND THE AP-
PLICATION OF AGRICULTURAL CHEMICALS ON YIELD
AND QUALITY OF ALFALFA SEED
B.A. MELTON, New Mexico State University, Agricultural Ex-
periment Sta, , Las Cruces - University Park, New Mexico 88001

I . To determine optimum seeding rates and planting methods
for alfalfa seed production. 2. To investigate the effects of rates
and frequencies of irrigation on alfalfa seed yields. 3. To evaluate
the effects of the number and time of forage harvests on the yields
of alfalfa seed. 4. To evaluate new and promising herbicides,
growth regulators and desiccants for alfalfa seed production (as
they become available through preliminary evaluation tests).

Description of Work Proposed: Selected seeding rates from
1/2 to 20 pounds per acre will be evaluated in 12-inch rows, 24-
inch rows, 40-inch beds with 2 rows per bed, and in broadcast
plantings. The effects of time and number of forage harvests on
yields of alfalfa seed will also be evaluated. The rate and frequen-
cy of irrigation will be evaluated for efficiency of water utilization
and effects on seed yields. Promising herbicides, growth regula-
tors and desiccants will be evaluated for possible use for seed
production as indicated by preliminary screening conducted
within other projects,

SUPPORTED BY New Mexico State Government

6.0366, A COMPREHENSIVE WATER RESOURCES
ANALYSIS OF A TYPICAL OVERDRAWN BASIN IN AN IR-
RIGATED SEMIARIID AREA - PECOS RIVER BASIN, NEW
MEXICO
H.R. STUCKY, New Mexico State University, Water Resources
Research Inst. , Las Cruces - University Park, New Mexico 88001

WOLLMAN
An interdisciplinary-interuniversity research project, which

includes a unified approach on the part of the University of New
Mexico, Albuquerque; New Mexico Institute of Mining and
Technology, Socorro; and Ntw Mexico State University, Univer-
sity Park, New Mexico, in a water basin which has problems, the
solution of which have local, state, regional and national sig-
nificance.

The Pecos River Basin in New Mexico is a typical river basin
in the irrigated West. This project includes a gross-systems analy-
sis by Civil engineers, a general economic and economic land
classification (as affected by water supplies and as it would effect
water use) by economists and agricultural economists; a digital
and analog computation based on known facts about the surface
and subsurface hydrology, and a legal study. These will assist in
bringing together a total resources analysis to the end that the
available and exploitable water resources analysis may be put to
optimum use. This will be done with proper regard being given to
the hydrologic and geologic phases as well as the agronomic,
biologic, economic and legal phases.

6. WATER RESOURCES PLANNING

There are many basic facts available on the numerous and
complex problems such as overpumping, saline water en-
croachment, increasing total water demands, one water laws and
regulations.

The hoped for success in sharpening and refining the water
balances, based on this research, will be of great assistance to the
over-all future economy of the New Mexico portion of the river
basin, as well as to the section of the Pecos River in the State of
Texas. The Pecos River Compact signed in Santa Fe in December
1948, provides for the regulation and division of the Pecos waters
between the two states.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
New Mexico State University

6.0367, TURFGRASS MANAGEMENT
C.E. WATSON, New Mexico State University, Agricultural Ex-
periment Sta. , Las Cruces University Park, New Mexico 88001

Objectives: 1, To determine the effect of varying amounts of
nitrogen, phosphorus, potassium, and minor elements in turfgrass
growth and quality. 2. To determine weed control, residual effects
and damage to turf by various herbicides when used against cool
or warm season and annual or perennial weeds. 3. To determine
the resistance to compaction, percolation or water and water
holding capacity of various soil mixtures, and growth of grass with
and without soil amendments or conditions. 4. To observe new
varieties and strains of cool and warm season turfgrass plants for
adaptation to climate, soils, and to determine turf quality under
southern New Mexico conditions.

Description of proposed work: The fertilization phase will in-
clude 20 treatments with the three major elements of nitrogen,
phosphorus and potassium. Iron, zinc and manganese will be the
only minor elements considered. Studies will include chemical
methods of weed control, testing will include various soil and sand
mixtures, and the effect of amendments and conditioners on soils.
Observations will be made on new varieties, strains, and species of
promising plants for use as turf.

SUPPORTED BY New Mexico State Government

6.0368, EVALUATION OF MARINE AND ALKALI
TOLERANT SPECIES INTRODUCTION IN THE LOWER
PECOS RIVER
W.J. MCNALL, State Dept. of Game & Fish, Santa Fe, New Mex-
ico

Procedures: Orangemouth corvina, sargo, and bairdiella,
gifts from California, will be taken from the Salton Sea and in-
troduced into the Pecos River from Malaga Bend southward and
the Bottomless Lakes. Sacramento perch, a gift from Nebraska,
will be released in alkaline waters of southeastern New Mexico
where game fish populations are limited due to the alkalinities.
Survival, migration, and reproduction will be determined by stan-
dard population sampling. Chemical phenomena :ill be deter-
mined from U.S.G.S. data and field analysis. Hartn..st, when such
occurs, will be determined from conservation officers' creel cen-
sus records.

SUPPORTED BY U.S. Dept. of Interior - Bu, Sport Fish.
New Mexico State Government

6.0369, EVALUATION OF IRRIGATED PASTURE
GRASSES
D.H. WILLIAMS, New Mexico State University, Agricultural Ex-
periment Sta. , Tucumcari, New Mexico 88401

Objectives: I . To determine the performance of selected su-
dangrass-sorghum crosses, hybrid sweet sudangrasses and millets
grown under irrigation in northeastern New Mexico. 2. To deter-
mine the performance of six selected grass pasture crops grown
with three rates of nitrogen fertilization under irrigation in
northeastern New Mexico.

Description of work proposed: Sudangrass and millet varie-
ties, crosses, hybrids and/or strains will be fertilized with three ap-
plications of nitrogen and their adaptability for possible use in this
area as temporary summer pasture crops will be evaluated. Mea-
surements will be made on their green, air-dry yields, recovery
after cutting and other related factors.
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Six grasses - Midland, Coastal, Common, N.K.37, WS-300
Bermuda grasses and Blackwell Switchgrass will be grown With
three levels of nitrogen fertilization. All plots will be overseeded
with Hairy Vetch each fall. Measurements will be recorded on
green and air-dry yields, stand, recovery after cutting and other
characteristics,

SUPPORTED BY New Mexico Statc Government

6.0370, REGIONAL COMPREHENSIVE MULTI-PURPOSE
WATER RESOURCES PLANNING STUDIES
F.W. MONTANARI, State Conservation Department, Albany,
New York 12226

Each study involves an inventory of the water resources,
quantity and quality, of the basins under investigation; an assess-
ment of present needs (including recreation, irrigation, public
water supply, low flow augmentation, fish and wildlife, power,
navigation, etc.) in terms of water resources development; and a
projection of future needs and identification of means and
preparation of plans for meeting them. An economic base study is
made to determine present economic make-up of the area, and to
make the necessary projections of population growth, industrial
change, etc.

Hydrologic and economic information arc obtained from
analysis of existing data and intensive data collection using field
observation, interviews, and mail questionnaires.

At present, regional studies under six water resources
planning and development boards are underway. The Erie-
Niagara Basin investigation under one board was begun in 1963
and will be completed in 1968. The Upper Sencca portion of the
Oswego River Basin is being studied under two boards. This study
was initiated in 1964 and will end in 1970. The Eastern portions
of both the Susquehanna River Basin and the Oswego River Basin
are being studied under two boards created in 1967; an Allegheny
Basin board was also created in 1967. During fiscal year 1968-69
studies of several other regions will be started. These include the
Western Susquehanna, the Delaware, the Black, the St.
Lawrence, and the Genesee Basins.

A non-salaried seven-man Board composed of local leaders
appointed by the Water Resources Commission, is responsible for
the conduct of the study and for evolving comprehensive plans for
development of each region. Office space, equipment, technical,
legal, engineering, clerical and other personnel and services arc
provided by the Commission. The Commission is composed of the
heads of seven State Departments--Conservation (Chairman),
Agriculture and Markets, Commerce, Health, Law, Transporta-
tion and the Office For Local Government.

SUPPORTED BY New York State Government

6.0371, PHYSICAL & CHEMICAL PROPERTIES OF
WATER & SOILS OF MARSHES AS THESE PROPERTIES
RELATE TO THE SUCCESS OF WATERFOWL FOODS &
COVER.

LATHWELL, State Div. of Fish & Game, Albany, New York
12226

Procedure: Procedures under this job may be catalogued
under three heads; biological, chemical and physical. 1. Biologi-
cal a. Throughout the growing season changes in growth and
color of established plantings will be noted. At the end of the
growing season air-dry weight will be obtained for the growth in
each plot, intensity of seed production will be determined, and if
possible, seeds will be analyzed for nutrient content. b. Unwanted
vegetation will be removed from between the plots by mowing
and within the plots by hand weed ings. 2. Chemical a. Analyze for
dissolved oxygen by the Winkler and Oxygen meter methods of
water taken at the surface, and at one foot intervals to and includ-
ing the bottom, Samples to be obtained in vegetated and non-
vegetated areas. b. Using the Tarow indicator, analyze water sam-
ples for total alkalinity obtained at the same locations and at the
same time water is collected for dissolved oxygen determinations.
c. Measure the pH of the surface and bottom water by using a
Beckman pH meter. d. Determine the concentrations of carbon
dioxide by using a nomograph. e. Using spectrophotometer,
analyze water samples from main marsh and from selected 1/10
acre marshes for nutrient content. This will show the nutrient

level for 13.15 major components of the water. f. Using
techniques defined by Greweling and Peech, soil samples ob-
tained from each one-tenth acre area will be analyzed for
nitrogen, phosphorus, potassium, calcium, magnesium, iron, alu-
minum and manganese, Soil organic matter and soil pH will also
be determined. Samples will be obtained quarterly. In addition
soil samples will be obtained from selected marshes throughout
the growing season to study in detail quantities and forms of iron
and manganese present in various layers of the soil, In addition
forms of inorganic nitrogen will be determined. Oxygen consump-
tion as a measure of biological activity will be measured on
selected soil cores, These data will be used in an attempt to pre-
dict the state of oxidation or reduction of the soils as they may be
related to vegetative growth. 3. Physical a. Maintenance of proper
water levels. b. Maintenance of weather station. c. Measurements
of soil temperatures. d. Measurements of surface temperatures of
the water. e, Measurements of water transparency. 4. Appraisal
Preparation of a publication documenting plan, objective and
status of studies with recommendations for the future.

SUPPORTED BY U,S, Dept, of Interior Bu. Sport Fish,
New York State Government

6.0372, EFFECT OF LIMNOLOGICAL CHANGES ON
SURVIVAL OF YOUNG FISH IN ONEIDA LAKE
R.L. NOBLE, State Div. of Fish & Game, Albany, New York
12226

Objectives; Determine aquatic plant and bottom fauna dis-
tribution and abundance and compare with surveys conducted in
1916.1918 to determine if major ecological changes have oc-
curred; monitor annual fluctuations in zooplankton and bottom
fauna abundance; develop procedures for measuring zooplankton
production and its utilization by young fish.

Procedure; A. Repeat survey of Lower South Bay (Baker,
F.C. 1918, The productivity of invertebrate fish food or the bot-
tom of Oneida Lake with special reference to mollusks, N.Y.S.
College of Forestry Tech, Pub9) 1, Complete analysis of 120 bot-
tom samples taken in Lower South Bay during 1967 and sum-
marize data comparing aquatic plant distribution in 1916 and
1967. 2. Review biological and water quality data collected since
1916 by various agencies (4 surveys). 3. Determine extent of
changes in limnological parameters which have been measured;
their possible relation to rapid urbanization of the watershed, and
future effect on the fishery. B. Establish sampling program to
monitor annual changes in plankton and bottom fauna. (The U. S.
Geological Survey is currently conducting an intensive limnologi-
cal survey on Oneida Lake and this segment of the project will not
be initiated until the USGS program is terminated in 1969.) C.
Measurement of zooplankton abundance and utilization by young
yellow perch. 1. Estimate zooplankton density from samples
taken at weekly intervals with Isaacs-Kidd sampler during May
through July. 2. Obtain estimates of zooplankton consumption by
rearing young perch on known quantities of plankters. 3. From
estimates of young perch density obtained under Job I-b compute
portion of zooplankton standing crop utilized by perch produc-
tion.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
New York State Government

6.0373, THE USE OF SYSTEMS ANALYSIS IN THE
DEVELOPMENT OF WATER RESOURCES MANAGEMENT
PLANS FOR NEW YORK STATE
A.C. TEDROW, State Div. of Water Resources, Albany, New York
12226

The proposed research is intended to develop tools of
systems analysis for use in the water resources planning studies
undertaken by New York State. The study will provide techniques
for use with current information levels in on-going planning stir .
veys as well as pointing the way to more fruitful data collection ef-
forts for providing better inputs to higher levels of analysis.

The research will be conducted concurrently with an on-
going planning study. It will start with the development of rudi-
mentary mathematical models and simulation techniques and
then will proceed to higher levels as more information becomes
available.
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At each level of development, an evaluation will be made as
to the benefits derived from that particular mode of analysis and
the implications on the collection of data.

SUPPORTED BY U.S, Dept, of Interior - O. Water Res, Rch

6.0374, STOCHASTIC BASIS FOR COMPREHENSIVE
RIVER BASIN PLANNING
F,G, HAAG, Union College & University, Graduate School, Al-
bany, New York 12208

Systems analysis and stochastic methods will be utilized to
identify optimum river basin plans. In particular Monte Carlo
probability simulation will be applied, Wherever possible known
probability frequency distributions will be used for the physical
parameters that are significant to water resources, However,
where probability frequency distributions do not exist they will be
developed analytically and correlated with available data. The
overall mathematical model for the physical variables of a river
basin will be developed and programmed ro. the digital computer.
The results obtained when the model is applied to the Hudson
River system will be compared against data that is available from
New York State and the U,S. Geological Survey.

Economic data will be developed to permit relating the cost
of alternate water development plans (e.g. waste treatment
plants, water storage, and water transmission facilities) to the
relative economic benefits to alternate users (e.g. recreation, in-
dustrial, commercial fishing and trAnspogation).

The physical and economic models will be coupled and op-
timization techniques will be applied to evaluate various per-
formance criteria. The use of stochastic methods will permit more
realistic decision making by water resources management
because the uncertainty vvi!: be described quantitative :y in terms
of confidence levels.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Union College & University

6.0375, SOCIAL CONSEQUENCES OF VARIATION IN
AGRICULTURAL IRRIGATION
B. PASTERNAK, State University of New York, Graduate
School, Buffalo, New York 14214

This research promises to determine the social and political
consequences of modifying an irrigation system in such a way as
to equalize or disequalize access to water. Attention will be espe-
cially focused upon the relationship between irrigation and local
patterns of conflict and cooperation, The general hypothesis
which will be tested to achieve this objective is that disequaliza-
tion of access to irrigation water will result in an intensification of
conflict over water; an expansion and formalization of local
cooperative networks; and less intensive labor demand peaks.
Where access to irrigation water is equalized, on the other hand,
the opposite results will ensue.

The methodology will be controlled comparison. New data to
be collected in a village on the Chianan Plain of Formosa (a dis-
equalized irrigation setting) will be compared with that collected
earlier in a village on the Pingtung Plain (an equalized irrigation
setting). The technique of participant-observation, interview, and
historical inquiry will be used in the field to collect new data. The
proposed project is intended to provide comparative data on
relevance to a more general, long-range study of the relationships
between local water managerial systems and specific forms of so-
cial and political organization. A clearer appreciation of such
relationships would be of predictive value to those involved in the
alteration or modification of irrigation systems, particularly those
concerned with the possible social consequences of such changes.

SUPPORTED BY U.S. National Science. Foundation

6.0376, STUDY OF EXCRETORY PATTERNS IN CRAY-
FISHES
M.G. SHARMA, State University of New York, Graduate School,
Fredonia, New York 14063

Crayfishes are freshwater crustaceans. On a few occasions,
they have been reported from slightly brackish waters. They have
also survived for long periods in water of relatively high salt con-

6, WATER RESOURCES PLANNING

tent. The applicant acclimated specimens of Orconectes rusticus
to 50% sea water. The environmental osmotic stress brought
about a reversible shift toward ureotelism in their mode of
nitrogenous excretion. This shift toward ureotelism by the adult
amroonotelic crayfishes is neither related to phylogeny nor does it
serve ag a water-conserving device. In the latter respect, it is at
variance with the widely accepted view of Needham. Therefore, it
appears that the ureotelism exhibited by Orconectes rusticus dif-
fers from those so far reported in the literature. This raises
questions about the sources of this increased urea production, its
utility, and the mechanism of its synthesis. Further, since it does
not act as a water-conserving device, it raises the possibility that
the changes In the pattern of nitrogenous excretion under osmotic
stress are. not necessarily related to the availability of water but
may be triggered by some other factor, These questions were
partly investigated during the summer of 1967. One paper is in
press and another will be submitted very shortly. It is proposed to
further the project by undertaking the following stuoies: (a) the
determination of the contribution, if any, of purine degradation to
increased urea production; this will involve the estimation of the
activity of uricolytic enzymes. To begin with, the estimation of
urease and uricase activity will be undertaken. (b) a determina-
tion of total nitrogen excreted and its partition into various excre-
tory products.

In view of the interesting results obtained so far, it is
proposed to extend the project on a comparative basis, For this
purpose, the applicant will apply for a federal grant next year.

SUPPORTED EN State University of New York

6.0377, RHEOTAXIS IN ALGAL METABOLISM AND
PHOTOSYNTHESIS
K.G. WOOD, State University of New York, Graduate School,
Fredonia, New York 14063

Rheotaxis of algae has been a neglected area of study despite .
the fact that growth of the sessile alga, Cladophora, has become a
major problem along the wave-swept shores of Lake Erie and
other eutrophie lakes, This alga lives in areas of intense water
movement, but breaks away during storms to wash ashore and
forms rotting masses of vegetation to the detriment of recrea-
tional use of the shore. The proposed study will be part of a con-
tinuing investigation of the physiology of this alga.

Two questions are involved in this study: (a) Does rheotaxis
augment the rate of respiration and/or photosynthesis? (b) If the
results of part (a) are positive, does rheotaxis act through
mechanical stimulation per se or does it merely provide a steeper
diffusion gradient between the cells and their environment?

The biological parameters to be investigated will be carbon
dioxide uptake in the light and carbon dioxide output in the dark.
Algae enclosed in full containers of water will be subjected to
various shaking procedures. The carbon dioxide content of the
water will be determined gasometrically at the beginning and end
of the experiments. In addition, the isotope method with carbon-
14 will be employed simultaneously to yield an independent esti-
mate of the phytosynthetic rate. This dual approach in the
photosynthetic studies will improve greatly the validity of the
results as shown by the applicant (Wood, in press). Nutrient
levels will be increased in some experiments in an attempt to les-
sen the diffusion gradient required by the algae. There may be an
equivalence between nutrient level and rheotactic effect.

SUPPORTED BY State University of New York

6.0378, FLORA OF THE GENESEE COUNTRYAQUATIC
VASCULAR PLANTS CONESUS LAKE COMMUNITY STU-
DIES
H.S. FOREST, State University of New York, Graduate School,
Geneseo, New York 14454

Flora of the Genesee Country (10 county area including
Genesee River Basin in New York).

A. Aquatic vascular plants: search and summary of reports,
location and verification of herbarium specimens, and collection
of specimens to establish identity, distribution, and frequency. B.
Conesus Lake (Livingston Co.) Community Studies. 1. Algae:
identity, frequency, seasonal distribution. 2. Aquatic vascular
plants: identity, distribution, quantitative community composi-
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tion. 3. E. coli: quantity, distribution, sources. 4. Phosphate
budget.

These studies are being coordinated with limnological studies
by Dr. K. M. Stewart (SUNY, Buffalo) and with fish management
plans of the State Conservation Department.

SUPPORTED BY State University of New York

6.0379, A STUDY OF POTENTIAL INSTITUTIONAL AR-
RANGEMENTS FOR WATER POLLUTION CONTROL IN
THE HUDSON-MOHAWK RIVER BASIN
L.B. DWORSKY, Cornell University, School of Engineering,
Ithaca, New York

Basin or sub-basin wide solutions to water pollution problems
are technologically feasible considering existing technology and
are possible conceptually using new and developing technology.
Such solutions are expected to result in economies of scale opera-
tional efficiency and the establishment of an improved priority
basis for scheduling and pollutional control efforts.

A major obstacle to the development of basin or sub-basin
wide solutions has been the lack of modernization of governmen-
tal institutional arrangements to stimulate and encourage the
early and efficient utilization of existing and newly developing
technology for the public benefit.

The research proposes to develop alternative institutional ar-
rangements for the Hudson-Mohawk River Basin, or appropriate
sub- basin units, to achieve a substantially improved water pollu-
tion control program for the study basin.

The plan of research will consider basin history, geography
and culture; current water pollution control programs of state,
federal, compact and local agencies; government organization af-
fecting water pollution control; water pollution control plans;
preliminary type engineering-economic studies of alternative pol-
lution control measures; formulation of criteria to consider in the
development of regional institutional arrangements for pollution
control; the relation of alternative institutional arrangements for
water pollution control to local water and waste water utility ser-
vices, and to multi-basin and multi-purpose water and related
land resources development programs in the northeastern United
States. The research will corclude with a synthesis, recommenda-
tions and supporting references.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

6.0380, WATER RIGHTS & WATER LAW & THE EF-
FECTS OF THESE ON THE DEVELOPMENT & UTILIZA-
TION OF THE WATER RESOURCES OF NY STATE (AB-
BREV)
W.H. FARNHAM, Cornell University, Graduate School, Ithaca,
New York

In general, the scope of the project is concerned with adjust-
..jrig and improving the legal structure for the more effective use of
known or newly developed technology. This will insure an
adequate supply of water at the proper time in the proper place
and of the right quality in New York State to serve all human
requirements. Connell University Water Resources Center
together with the ,Jew York Temporary State Commission on
Water Resources Planning proposes to study (1) the question as
to whether the state of New York has proprietary rights or rights
as trustee for the public in the waters of the State, as distinct from
its police and navigation powers over such waters, and (2) the
question as to whether the state, if it has such rights, is by virtue
thereof, authorized to modify riparian rights in furtherance of the
public interest. In addition, the investigation will include studies
of such questions as the following: What changes should be made
in the constituent rules of an administration of the riparian doc-
trine which in New York and in other eastern states has for many
years determined rights and privileges with respect to streams?
What changes should be made in the New York law governing the
use of an interference with the flow of surface and percolating
waters and in the administration of that law?

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

6.0381, RESEARCH ON DECISION MAKING AND RE-
LATED MANAGERIAL ASPECTS OF BRITISH WATER
RESOURCES PROGRAMS
E.S. FLASH, Cornell University, Graduate School, Ithaca, New
York

Under the social science aspects of the research program of
the Cornell University Water Resources and Marine Sciences
Center, this project will investigate and analyze the processes of
policy development and implementation operating in British
water resources programs carried out under the Water Resources
Act of 1963. To determine the impact of relevant substantive,
political, and administrative factors, the research will focus on the
relationships between political executives and professional ex-
perts as they participate in the creation and execution of particu-
lar programs related to development in the South East Region of
England. By providing a valuable basis for comparative analysis,
this research will contribute to the solution of managerial
problems associated with American water law and institutions.
Research on particular decision-making situations will be accom-
plished by review of public and available official documents and
by interviews with officials of national and local organizations in-
cluding river authorities, business executives, academicians, and
private citizens. The entire project will be conducted by Professor
Flash. He will work in England and have access to the facilities of
the London School of Economics and Politics, and, on a tempora-
ry basis, to those of the University of Glasgow. He will also make
such field trips as necessary.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

6.0382, MATHEMATICAL MODELS OF HYDROLOGIC
SYSTEMS
J.A. LIGGETT, Cornell University, School of Engineering, Ithaca,
New York

The overall objective of this research is to contribute to the
economic design of water resource systems. In particular we are
considering systems which require the description of complete
flow hydrographs for design purposes such as urban and rural
storm drainage systems, river systems involving unsteady
discharges from dams, hydro power plants, and sewage outfalls,
and estuaries. In each of these cases the water quality aspects may
be very important and, in general, a good description of water
quality involves knowledge of quantities. A physically sound
description of flow in channels or over surfaces is provided by
shallow water theory. At resent the equations of shallow water
theory are of limited use to engineers because their solution is
very complex. However, these equations can be solved on the
digital computer; many of the solutions can be put in table or
chart form for ready use. Thus calculations involving the unsteady
flow of water with a free surface can be made accuurate through
use of exact physical analysis.

The overall objective must be pursued in a sequential
manner. We have selected as the first objective of this project the
development of shallow water theory in a manner that it can
provide a practical tool for research and design.

Subsequently we propose to investigate the design process it-
self and to develop general techniques and procedures for the
design of hydraulic structures. These procedures will involve the
physical processes investigated under the first objective as well as
economic theory and may utilize systems analysis techniques.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0383, STOCHASTIC MODELS FOR WATER
RESOURCES MANAGEMENT
D.P. LOUCKS, Cornell University, School of Engineering, Ithaca,
New York

Analytical methods are to be developed which incorporate
the complex stochastic nature of streamflow and runoff into
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models for defining alternative policies for managing both the
quantity and quality of water within a developed river system. The
solutions of these stochastic programming models will indicate
the daily reservoir releases and the quantities of water that should
be allocated to each water use, so as to best achieve some physical
or economic management objective and at the same time, satisfy
all the requirements that are imposed upon the system. The study
will begin in Fiscal Year 1968 and span a two-year period.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch

6.0384, IMPACT OF WATER BASED RECREATION
D.J. ALLEE, State University of New York, School of Agricul-
ture, Ithaca, New York 14850

The general problem is how to relate the capacity of water
and related land resources to provide recreation services with the
growing demand for those services in the context of comprehen-
sive water resources planning. Specifically, selected aspects of
relevant biological processes and physical features will be studied
to describe the production function for recreation services of one
of the New York Finger Lakes and two old flood control reser-
voirs which have just recently been partly converted to recreation
use. Included in this will be a specification of substitution rela-
tionships with other water uses, and a review of public and private
inputs including institutional changes. In turn these production
relationships will be related to estimates of the demand for
recreation services and its growth in the service areas of these
bodies of water. Measurements and projections of both direct and
indirect benefits will be attempted. The objective is to develop
and test, theoretically sound operational planning procedures
while adding to our meagre fund of knowledge about water based
recreation, its economics and its technology.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

6.0385, SUPPLY AND DEMAND FOR WATER
D.J. ALLEE, State University of New York, Agricultural Experi-
ment Sta. , Ithaca, New York 14850

This is a part of the C. U. Water Resources Center project of
the same title. It will contribute to the technology of projecting of
water use by user type and for relevant use regions by I) develop-
ing overall methodology to delineate such regions and make pro-
jections, 2) identifying the weak links in such methodology and
attempting to devise means of strenghtening them. Water supply
projection techniques require the identification of the means of
satisfying the use projections. The Northeastern United States is
the current focus.

DESCRIPTION OF WORK - A transportation model, one
type of linear programming, appears to provide an organizing
framework as it envisions a series of supply points and use points
(regions), can be adapted for supply and demand schedules, and
includes transfer cost relationships. It lends itself to the segmenta-
tion of the problem, allowing any one researcher to work on a sin-
gle part, for example the use of water by a single industry. An ex-
amination of water use overtime and space is expected to include
the reaction of use to cost (price) as well as population, income,
sector output and changes in technology. Agricultural Economics
will develop demand relationships for selected water use sectors.
Initial emphasis will be on pulp and paper products, livestock,
food processing, recreation, and irrigation. Also general
assistance will be given to the general handliig of demand.

SUPPORTED WV New York State Government

6.0386, WATER RIGHTS AND WATER LAW
D.J. ALLEE, State University of New York, Agricultural Experi-
ment Sta. , Ithaca, New York 14850

Within the overall Cornell University Water Resources
Center project personnel from these two departments will relate
findings of law to specific water use situations with special atten-
tion to rural areas. They will also identify areas of uncertainty
which water users have encountered that relate to the law. Par-
ticular aspects of the law which will be studied include, I) The
State's proprietary rights as distinct from police or navigation
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powers and the relation of these to riparian rights and in turn to
allocation powers of the State, 2) changes in administration, eg.
permit system, 3) effect of a permit system on existing users, 4)
alternatives for adjudication of conflicts, 5) operation of a
reasonable use doctrine, 6) implication of the legal distinction
between stream, surface and perculating water.

DESCRIPTION OF WORK -- On the one hand the unique
circumstances of water use in New York State will be studied and
on the other hand the existing law of the state, in other states and
experience in other states will be examined. A synthesis of these
will be made in order to prepare alternative recommendations
and reasons for each. Particular attention will be given by these
departments to the application of the current status of the law as
it now affects rural water users.

SUPPORTED BY New York State Government

6.0387, EFFECT OF INCUBATION TEMPERATURE ON
SURVIVAL OF LARGEMOUTH BASS EMBRYOS
A.W. EIPPER, State University of New York, School of Agricul-
ture, Ithaca, New York 14850

Objectives of this project are 1) To determine if egg age, ac-
climation, or both factors produced mortality differences
between acclimated and non-acclimated embryos observed dur-
ing 1966 at temperatures above 25 C and below 12.5 C, 2) To ob-
serve the effects of sudden temperature shifts on bass eggs of vari-
ous known ages, 3) To determine the developmental stage at
which non-acclimated embryos are most critically affected by
sharp temperature changes. Water temperature control facilities
were expanded to permit precise control of temperature in 20 50-
gallon aquaria, and a method for collection of spawning bass with
an electric shocker was devised. Experiments were begun in 1967
to determine the effect of temperature on mortality of largemouth
bass embryos. Artificially-fertilized eggs were obtained by mixing
gametes of a pair of spawning bass caught with the electric
shocker. Embryos were divided into lots of 20 per container, and
all embryos started at 20 C. At 5 hr. intervals, some embryos were
subjected to sudden temperature changes, and others reached
final incubation temperatures from 10 C to 30 C via acclimation
rates of 0.3 C and 1 C. Total mortality, determined three days
after hatching, indicated no evidence of a 'critical' temperature-
sensitive period. There was indication of a broad temperature
tolerance zone between 15 C and 25 C, within which mortality
varied relatively little. Mortalities occurring at the extreme tem-
peratures (10 C and 30 C) decreased slightly with age, regardless
of acclimation. The effect of temperature alone seems insufficient
explanation of high mortalities observed by earlier workers in na-
ture during the early life of the bass. Experiments were repeated
during the bass spawning season in 1968, and analysis of data is in
progress. Mr. Swallow's thesis, which reviews literature on the ef-
fect of water temperature on survival of fish eggs, is in final stages
of preparation. This project was begun in 1965 and will be ter-
minated in 1970.

SUPPORTED BY U:S. Dept. of Interior - Bu. Sport Fish.
New York State Government
Cornell University

6.0388, CONSERVATION AND DEVELOPMENT
PLANNING FOR THE ESTUARINE ZONE (A CASE STUDY
IN THE TOWN OF SOUTHOLD, LONG ISLAND)
L.S. HAMILTON, State University of New York, School of
Agriculture, Ithaca, New York 14850

The estuarine zone, where fresh and salt water meet, is
probably as rich in situations where one man's actions can inad-
vertently affect another man's welfare as any in the world of natu-
ral resources. Dredging, waste disposal, filling and bulkheading,
silt and the like, can lay waste to the spawning grounds for fin fish,
shellfish beds and areas of unique ecological significance. Impor-
tant commercial, recreational and esthetic values can be quickly
lost. Planning, controls and public investiment decision processes
have been developed to specifically solve these types of problems
in other environments, but little has been done here. New institu-
tions and approaches are required.

This project proposes to study the estuarine zone of an im-
portant part of Long Island in an attempt to identify the
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mechanisms by which problems arise, to determine the existing
and potential roles of public agencies, and to develop an ap-
proach--essentially a planning methodology--suited to the evalua-
tion of the public interest in the estuarine zone in meaninful pol-
icy amd program terms. This project will seek positive means
whereby local governments can both promote new economic
development and still enjoy the fruits of this rich marine resource.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

6.0389, A CASE STUDY OF WATER RESOURCES
DEVELOPMENT - AN ANALYSIS OF A PROPOSED PRO-
JECT ON THE MISSOURI RIVER
L.S. HAMILTON, State University of New York, School of
Agriculture, Ithaca, New York 14850

The objective of this study is a detailed analysis of the 'Joint
Report on water and related land resources development for the
Missouri River, Fort Peck Reservoir to the vicinity of Fort
Benton, Montana,' released by the U.S. Department of the Interi-
or and the U.S. Army Corps of Engineers in June, 1963.

The Joint Report proposed eleven alternative plans for
development of the 200 mile reach of the Upper Missouri River.
The plans ranged from total protection of the reach as a National
Wilderness Waterway to tonal inundation by reservoirs designed
almost exclusively to produce hydroelectric power. Of the eleven
plans, plan 04 which called for 2 dams was preferred by the Corps
of Engineers and the Bureau of Reclamation because it exhibited
both the highest benefit-cost ratio and the greatest excess of
benefits over costs. The National Park Service felt that plan 04
would be incompatible with their National Wilderness Waterway
proposal and thus preferred either plan 06 (one dam) or plan 07
(no dams).

It is intended to analyze the Joint Report from four major
aspects: I) As an example of a comprehensive water and related
land resources development plan. 2) To ascertain the sensitivity
of the overall economic feasibility of the project when certain
variables and adjusted within a range of reasonableness; instead
of being accepted as constants. 3) To apply those changes that
have occurred over the past five years since the Joint Report was
released. These changes include legislation passed by Congress,
Executive Directives, changes in construction costs, changes in
thermal electric power generation technology. 4) The analysis
will also attempt to consider the development schemes from their
social/economic impact. What is the current status of the region?
How valid is the choice of region? What impact would the pro-
jects have on the people and the economy of the area?

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

6.0390, MULTIPLE PURPOSE WATER RESOURCE IN-
VESTIGATIONS
L.S. HAMILTON, State University of New York, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

To investigate critical multiple-use problems with respect to
New York's surface waters, so that information is made available
on which to base both private and public policy with respect to
the use and development of this vital resource.

Description of Work: Water-use conflicts are becoming in-
creasingly severe even in the humid East. New York State already
is experiencing conflict between irrigation, navigation, recrea-
tion, power production, pollution, municipal water supply, indus-
trial use and flood control. Some of these conflicts will be ex-
amined as case studies with the goal of criteria for water alloca-
tion and policy formulation. The initial case study will be an anal-
ysis of municipal water supply reservoirs in New York, focussing
on the degree of multiple use of the water and watershed lands.

SUPPORTED BY U.S. Dept. of Agriculture
New York State Government

6.0391, PLANNING ANALYSIS FOR THE NON-MARKET
VALUES OF WATER RESOURCES WITH PARTICULAR
EMPHASIS ON RECREATION
R.J. KALTER, State University of New York, School of Agricul-
ture, Ithaca, New York 14850

Based upon sample surveys taken both for this specific study
and national surveys taken by the Bureau of Outdoor Recreation
this project will construct a model of the demand for water based
recreation. This model, hopefully, will reflect such factors as the
inter-action between supply and demand, the developing
preferences of young people, shifts in income and population. It
will be carried through to the point of actual projection and will
be integrated into the planning programs for the Finger Lakes Re-
gion of New York State. The basis for benefit estimates will be in-
cluded. Both through the development of the model and through
ancillary studies the project will attempt to lay the basis for im-
proved management of the lakes and other waters of the region
and their environment. Policy guides which relate the network of
environmental influences to institutions for management will be
developed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Cornell University

6.0392, SYSTEMATIC STUDY JD DEVELOPMENT OF
LONG-RANGE PROGRAMS OF URBAN WATER
RESOURCES RESEARCH
M.B. MCPHERSON, Amer. Soc. of Civil Engrs. , New York, New
York

This project is a continuation of a project by ASCE to assist
in outlining, developing and initiating a coordinated national pro-
gram of urban water resources research. The first year of the pro-
ject had the objective of providing guidelines for initiating and ex-
panding a program of long-range studies on urban water
problems. This included; (1) Conduct a prefeasibility study to
determine the possible effectiveness, cost, and time requirements
for a comprehensive systems engineering analysis of all aspects of
urban water. (2) Conduct a prefeasibility study to determine the
possible effectiveness, cost, and time requirements for a general
economic analysis of costs and pricing parameters of all aspects of
urban water. (3) Conduct a state-of the-art study of for analyzing
urban rainfall-runoff-quality processes. (4) Study requirements
for assessment of drainage damage and explore alternatives to
direct storm water runoff, such as the utilization of recharge
basins or other storage schemes. (5) Study political, economic,
legal and social problems related to urban water management
with recommendations for further work. (6) Prepare appropriate
reports of the research results of the project suitable for publica-
tion in engineering and professional journals.

In addition, this project was conducted along with a parallel
project sponsored by the USGS to conduct a study of 'Research
and Analysis of National Basic Information needs in Urban
Hydrology' with special emphasis on the assessment or definition
of data needs, data devices and data networks. Continuation of
this parallel project will lead to development of a Metropolitan
Water INtelligence System.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0393, BENEFITS FROM INTEGRATED WATER
MANAGEMENT IN THE NEW YORK METROPOLITAN RE-
GION
L. ZOBLER, Columbia University, Graduate School, New York,
New York 10027

The main objective of the research effort is to determine the
increase in the effective water supply of the New York
Metropolitan Region that can be attained as a result of integrating
the management of the separate water systems presently responsi-
ble for the procurement, treatment, and distribution of water
within the area. The expansion of supply is to be attained without
the development of new source areas.
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The research plan is to be carried out in the following steps:
, Assemblage of the basic water facts. 2. Analysis of operations

of the region's separate water producing units. 3. Design of a
simulation model. 4. Preliminary suggestions for a water authori-
ty.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch

6.0394, PONSAR REGULATING SIPHON
E.E, HULT, New York City Dept. Pub. Works, New York, New
York

The project is the installation and evaluation of a unique flow
regulating device called the Ponsar Regulator. The function of the
regulator is to deliver a predetermined maximum volume of com-
bined sewage to ,,he interceptor sewer from the drainage area col-
lection system. The regulator operates on a siphon principle
wherein the flow is proportional to the sum of the hydrostatic and
differential pressure heads. The device is so constructed that the
total pressure difference will remain constant after a predeter-
mined hydrostatic head has been reached and surpassed. In addi-
tion, an adjacent existing regulator will be monitored for direct
comparison of performance under like conditions.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
New York City Government - New York

6.0395, ECOLOGY OF YEASTS IN LAKE CHAMPLAIN
W.L. COOK, State University of New York, Graduate School,
Plattsburgh, New York 12901

The yeast population of Lake Champlain has never been
determined. This makes it imperative that the normal yeast popu-
lation be determined before pollution, which usually follows in-
creasing human utilization, changes the environment. Yeasts
could possibly be used as indicators of pollution.

Beginning February 1968, monthly water samples are being
taken from two selected sites in Lake Champlain. Yeasts are col-
lected with Cobet Sterile Water Samplers, concentrated with a
Millipore filter, isolated and identified by standard biochemical
and morphological means. The water samples are further
analyzed for temperature, oxygen, carbon dioxide, alkalinity, pH
and conductivity.

SUPPORTED BY State University of New York
U.S. National Science Foundation

6.0396, ECOLOGICAL STUDIES OF LARVAL TRE-
MATODES AND THEIR SNAIL-HOSTS IN THE LAKE
CHAMPLAIN WATERSHED
R.H. SU DDS, State University of New York, Graduate School,
Plattsburgh, New York 12901

This project was designed to obtain t NO types of infonnation.
The first phase of the study involves a survey of the aquatic mol-
lusks in the northwestern Lake Champlain watershed to deter-
mine what mollusks are present in this area (such a survey has
never been done). The second phase of this study is concerned
with the relationships which develop between larval digenetic tre-
matodes and the mollusks of this area that serve as intermediate
hosts for these parasites. Information being sought concerning
host-parasite relationships includes the effect of environment
upon both the snail host activities and the activities of the
parasite, location of the snail-hosts by free swimming trematode
miracidia, and the effect of snail size, age, feeding habits, and spe-
cies upon the ability of the larval trematodes to utilize the snails as
intermediate hosts.

Both field and laboratory experiments are being employed.

SUPPORTED BY State University of New York

6.0397, RESEARCH ON DATA AND ANALYTICAL
SYSTEMS FOR PREPARING NATIONAL WATER ASSESS-
MENTS
J.W. WILKINSON, Rensselaer Polytechnic Inst. , Graduate
School, Troy, New York 12181

Water-resource data-collection programs and the techniques
for development of coordinated and integrated data (informa-

6. WATER RESOURCES PLANNING

tion ) systems will be examined and evaluated, and computational
modeling techniques and analytical systems appropriate for
water-resource data interpretation and reporting will be ex-
amined and evaluated, both with a view to selecting from among
alternative information-analytical systems an approach or ap-
proaches to methodology for a national water assessment by
water-resource regions.

The elements of a selected model must reflect present and
projected water quantity and water quality conditions, including
statistical probabilities of excesses and deficiencies in physical
terms. These elements will identify present and future water
supply and requirements problems, water quality problems, and
flood and drought problems.

Subsequently, the development and testing of physical as-
sessment systems from this investigation and selection stage will
be coupled with economic analyses for water-resource policy,
planning, development, and management decisions at Federal,
State and local levels. Therefore, the incorporation of economic
variables will be given some consideration in these investigations.

southeast corner of the state east of the Pecos river and the
area between mitheast corner of the state east of the Pecos river
and the area between

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0398, ECOLOGICAL STUDIES AT THE KAINJI LAKE
BASIN, BEFORE, DURING AND AFTER INUNDATION
A. IMEVBORE, Univ. of Ife, lfe,

Firstly, to study in detail the fundamental limnological
changes occurring as the river becomes a lake, and secondly to
measure the productivity of the water during the initial period of
maximum change. The quantitative and qualitative determina-
tions of the changes in chemical composition and physical proper-
ties of the water, and the micro-organisms it supports, will provide
valuable data to complement the applied pre-investment studies
to be undertaken by the UNDP/FAO Kainji Lake Research Pro-
ject, which deals primarily with lake fisheries.

SUPPORTED BY Rockefeller Foundation

6.0399, COLLECTION AND APPLICATION OF INFOR-
MATION ON THE USE OF FOREST RECREATION FACILI-
TIES AND RELATED RESOURCES
G.A. JAMES, U.S. Dept. of Agriculture, Asheville, North Carolina

Object: To develop principles and guides to enhance recrea-
tional use benefits from forests and other wild lands of the
Southeast.

Plan of work: A major phase of work involves improvement
of methods for collecting and processing information on area and
site characteristics, and use. Planned work includes the design
and testing of a system to compile, store and retrieve facility and
use data for all National Forest recreation lands. Maximizing the
use of fish and game resources will be explored. This will involve
an analysis of the avilability and use of access roads and trails.
Means of predicting future facility needs will be sought and the ef-
fects of regulatory measures on hunting and fishing evaluated.
Study of the cold water fishery resource will involve an assess-
ment of its nature, amount and worth in significant areas. The sur-
veys of resources will be complemented by studies of the relation-
ships between resource availability, fishing pressure, and enjoy-
ment of the sport. Improvement of the selection, design and
management of recreation sites will be sought by: (1) develop-
ment of vegetation, and restoration of problem sites. Measure-
ment of the carrying capacity of sites will be explored, as will the
choice of horticultural materials for enhancing and restoring sites.
(2 pmy per yr.)

SUPPORTED BY U.S. Dept. of Agriculture

6.0400, EFFECT OF ENVIRONMENTAL CHANGES ON
BLUE CRAB ABUNDANCE
M.H. JUDY, U.S. Dept. of Interior, Biological Laboratory, Beau-
fort, North Carolina 28516

Under this project the following studies are planned or are in
progress in North Carolina waters:(1) relative abundance and dis-
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tribution of all life history stages, (2) migratory movements of
adult blue crabs. (3) species composition of crab population. (4)
development of methods to estimate adult crab population size.
(5) relationship between size of spawning population and result-
ing marketable size progeny.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0401, SURVIVAL REQUIREMENTS OF JUVENILE AND
ADULT BLUE CRABS
M .E. TAGATZ, U.S. Dept. of Interior, Biological Laboratory,
Beaufort, North Carolina 28516

The project has three phases, which will be undertaken in the
order in which they are listed.

Phase I. Determine the nature of, and the capacity for
osmotic and ionic regulation in juvenile and adult blue crabs.

Phase 2. Determine factors affecting length of intermolt
period and percentage increase in size at time of molt.

Phase 3. Analyze responses of juveniles and adults to en-
vironmental stresses such as salinity, temperature, pH, dissolved
oxygen, etc., under controlled laboratory conditions, to establish
parameters within which survival is possible. Within these
parameters, determine optimum conditions for growth and
reproduction.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0402, ADAPTING THE WATER RESOURCE PLANNING
PROCESS TO PROBLEMS AND NEEDS OF
METROPOLITAN AREAS
M.M. HUFSCHMIDT, Univ. of North Carolina, Graduate
School, Chapel Hill, North Carolina 27514

Investigation of changes required in existing water resource
planning theory, process, technique and practice to adapt water
resource planning to meet emerging ntleds and problems of
metropolitan emus and their natural resource hinterlands. The
approach will be (1) establishment of a conceptuai public invest-
ment model for water resources in an urban metropolitan context,
(2) analysis of applicability of the model to actual cases such as
Washington, D.C.- Potomac River basin, and Philadelphia-
Delaware River basin, and (3) refinement of model and develop-
ment of specific, detailed methodology for water resource
planning in conjunction with comprehensive metropolitan
planning, with associated criteria, standards and techniques.

Conceptual research will involve and interdisciplinary ap-
proach and use systems analysis insights.

Testing applicability of models will be done by literature
analysis and intensive on-the-spot investigations involving inter-
views with practitioners and public officials, and participant-ob-
servation research.

Research results, in the form of refined conceptual models,
statements of planning methodology, techniques and organization
and administrative constructs will be published initially as
progress reports and finally as a report on the entire research pro-
ject.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch

6.0403, SPECIES AND SUCCESSIONAL CONTROL OF
UNDESIRABLE VEGETATION
0. FLORSCHUTZ, State Wildlife Resources Comm. , Raleigh,
North Carolina

Procedure: 1. Experimental plots for chemical herbicides
with control plots will be established on a limited basis.

2. Plots will be mapped, numbered and complete data will be
kept for each plot including chemical and concentration, carrier
and wetting agent, when and how applied, physical condition of
marsh, degrce of growth of species being tested, initial and final
results, and cost per acre.

3. On the Orton Development, and/or other areas where
practicable, experimental plots will be established for each of the
following methods:

(a) Mowing (b) Burning (c) Disking (d) Crushing e) Flood-
ing

(f) Plowing (g) Combinations of above

4. In order listed the following species are considered un-
desirable and will be given special attention: Alternanthera
philoxeroides, Juncus roemerianus, Typha spp. (on waterfowl
areas), Cladium jamaicense, Castalia odorata, Deeadon verticil-
lata, and sesbania.

5. After successful elimination of undesirable species, the
growth of desirable vegetation will be encouraged to prevent or
retard return of the original growth.

6. In cooperation with biologists of the U. S. Fish and Wil-
dlife Service, a series of herbicide experiments will be initiated to
determine a practical control method for Alternanthera philoxe-
roides.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
North Carolina State Government

6.0404, A PRELIMINARY STUDY OF THE ECOLOGY,
PRESENT AND ALTERNATIVE FUTURE LAND USE PAT-
TERNS IN THE DISMAL SWAMP AREA OF NORTH
CAROLINA
A.W. COOPER, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

Wetlands in the United States are subject to numerous pres-
sures for alteration and development. Clearing, drainage, stream
channelization, and real estate development are several of the
pressures facing our wetlands. North Carolina is confronted with
a major wetland problem in the Dismal Swamp in the northeast-
ern part of the state. Here lumbering has been the major past
commercial use. Now, real estate development and strong pres-
sure for conversion of organic soils to agriculture threaten the
area. In addition, conservation and wildlife interests wish exten-
sive portions of the swamp preserved. This research project is a
preliminary evaluation of the effects and relative values of the
various proposed land use practices in the Dismal Swamp. Exist-
ing data on the ecology of the area, augmented by field studies,
will be synthesized. The present land use pattern will be deter-
mined. The various future land use proposals for the Dismal
Swamp will be evaluated and, insofar as data permit, judgments as
to effects on the ecology of the region will be made. If the data
warrant, a full-scale project will be developed for an intensive stu-
t.iy. The work will be coordinated with the Virginia Water
resources Research Institute.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

6.0405, EXPLORATORY STUDY OF SOCIOLOGICAL
ASPECTS OF WATER RESOURCES RESEARCH
A.C. DAVIS, Univ. of North Carolina, Graduate School, Raleigh,
North Carolina 27600

The current phase of the project is exploratory in nature,
designed to develop a theory and methodology for investigation
of a processual model of adjustment to alterations which might
occur in the social psychological composition and social structure
of a community as a consequence of imposed sociocultural
changes. Adjustment will be conceived as an interplay of internal
response to external force, resulting in a patterned sequence of
events moving essentially from opposition to accommodation.
Developed theory in fields such as community structure, power
and influence, identification, value systems, and response to frus-
tration and conflict should be productive but not limiting. Infor-
mation from related studies catalogued in the Science Informa-
tion Exchange should be useful when received.

The, anticipated investigative research proposal is perceived
as one incorporating a sequence of stages, each adapted to a unit
in the model of adjustment to be involved. Each stage will con-
stitute a distinct research project which will in turn integrate into
a wholistic investigative interpretation of the model,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
North Carolina State University
North Carolina State Government

6.0406, DEVELOPMENT OF A SYSTEM OF DETERMIN-
ING THE CAPACITY OF WATER RESOURCES TO SUP-
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PORT VARIOUS TYPES AND COMBINATIONS OF
RECREATION USE
G.A. HAMMON, Univ. of North Carolina, Graduate School,
Raleigh, North Carolina 27600

The general purpose of the proposed research is to formulate
concepts and practical methodology for estimating or predicting
the volume of recreation use which can be properly supported by
various types of waterbodies in the state of North Carolina. More
specifically, it is proposed to:

1. Define the statistical population and develop parametric
descriptions of component elements and groups. 2. Establish
criteria based on observable or predictable characteristics of typi-
cal population elements, or groups of elements, as a basis for
recognizing the degree to which significant characteristics and at-
tributes are present. a. Minimize the effect of subjective reasoning
through a dichotomous sequence of alternative/consequence
decisions. b. Express the effect of decisions in numerical terms to
facilitate comparison of typical sets of circumstances and com-
binations of characteristics. 3. Develop a simple appraisal
technique which will yield a quantified estimate of the capacity of
any individual waterbody under a specified set of conditions and
management assumptions. Validate methodology in typical situa-
tions. Express capacity in meaningful units of time, area, and
patron presence.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University
North Carolina State Government

6.0407, A FIELD AND LABORATORY STUDY OF
FLUORIDE UPTAKE BY OYSTERS
J.E. HOBBLE, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

The project is designed to answer the following questions
about fluoride in North Carolina estuaries: I. Is there evidence for
an increase in levels of fluoride in oysters due to effluevitE from
phosphate mines? 2. What is the effect of the phosphate effluents
on growth and fluoride levels of oysters? 3. Are these levels
potentially dangerous to humans?

Techniques used will be linear growth and meat-shell ratio
measurements as well as a spectrophotometric determination for
fluoride hi soft tissues following oxidation and diffusion of HF.

The project will involve measurements of the fluoride levels
in natural populations, transplant of oysters into effluent areas to
see if fluoride is concentraed, and laboratory studies in high
fluoride environments to follow growth and concentration effects.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

6.0408, ECONOMIC EVALUATION OF CHANGES IN
LAND USE OF A MUNICIPAL WATERSHED AS A GUIDE
TO DECISION-MAKING
T.E. MAKI, Univ. of North Carolina, Graduate School, Raleigh,
North Carolina 27600

The proposed research involves two major phases, the first of
which consists mainly of photogrammetric analysis of six sets of
photos taken at varying intervals over a 30-year-period, supple-
mented by field investigations, to delineate the nature and extent
of changes in land use over the past forty years on the 168- square
mile Lake Michie municipal watershed near Durham, North
Carolina. Concomitantly, the Lake Michie reservoir records
would be examined and compiled to provide data on variation in
yield, quality, and treatment costs of the water over the same 40-
year period. The data on land use changes and on weather factors
would comprise the variables against which the reservoir water
records would be assessed and correlated by appropriate statisti-
cal techniques.

The second major phase consists of an appraisal of research
results at several hydrologic stations where vegetative cover
manipulation has been studied in relation to streamflow. Relevant
treatments would be selected and applied hypothetically in kind
and degree to cover types on the Lake Michie watershed after a
detailed field investigation of the composition and condition of
the existing vegetative r f the watershed to determine what
increases in streamflr be effected through alternative
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treatments and what the net benefits from such treatments would
be.

Finally, an attempt would be made to develop guides that
would be helpful to managers of municipal watersheds in deci-
sion-making.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

6.0409, NORTH DAKOTA STATE COMPREHENSIVE
OUTDOOR RECREATION PLAN
J.E. WALTERSON, State Outdoor Rec. Agcy. , Bismarck, North
Dakota

The Regional Setting - Comparisons with surrounding states
and provinces. Resources - Emphasis on outdoor recreation.
Land Use - General land suitability. Participation and Preferences
in Outdoor Recreation (Demand) Present recreation opportuni-
ties. Standards of Capacity and Seasonal Use. Outdoor Recrea-
tion Needs - A mathematical comparison of demand and supply
Responsitilities for Outdoor Recreation in North Dakota - Legal
implications of recreation programs. Plans of Others - Inventory
of proposed and potential development projects, governmental
and private. The Impact of Garrison Diversion Outdoor Recrea-
tion in North Dakota - A two million acre irrigation project's im-
pact on recreation. Recreation for North Dakota's Disadvantaged
Persons. Tourism and Outdoor Recreation in North Dakota. Plan
for State Parks in North Dakota. Historic Sites in North Dakota -
Development and acquisition of historic sites. Land Suitability
Study - An analyses and mapping of the best or highest use for all
lands in North Dakota,

SUPPORTED BY U.S. Dept. of Housing & Urban
Development

U.S. Dept. of Housing & Urban
Development

North Dakota State Government

6.0410, BROOD PRODUCTION AND POND PREFERENCE
OF DIVING DUCKS IN THE TURTLE MOUNTAINS OF
NORTH nAKOTA
J.F. CASSEL, North Dakota Statc University, Graduate School,
Fargo, North Dakota 58102

Approximately 175 selected lakes and ponds in the Turtle
Mountains of North Dakota are being analysed for the following
data: a. Utilization by adult waterfowl. b. Utilization by duck
broods. c. Aquatic vegetation. d. Use of surrounding land. e.
Water chemistry. 1. pH. 2. Total dissolved solids. 3. Conductivity.
4. Alkalinity.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Dakota State University

6.0411, EFFECTS OF IRRIGATION DEVELOPMENT ON
TRADE PATTERNS AND INCOME GENERATION
A. HERTSGAARD, North Dakota State University, Agricultural
Experiment Sta. , Fargo, North Dakota 58102

Objectives: 1. To identify business expenditure patterns in
the New Rockford and Warwick - McVille irrigation areas in
North Dakota. 2. To project changes in the levels of income, by
economic sector, that result from irrigation development in the
New Rockford and Warwick- McVille irrigation areas. 3. To pro-
vide primary data that will describe existing and changing pat-
terns of economic activity in an area during the initial stages of ir-
rigation development.

Description of work proposed: 1. Delineate a study area in-
cluding the proposed irrigation areas and assemble data on expen-
ditures of economic units within the area. 2. Apply income mul-
tipliers (obtained in this and previous research) to the expendi-
tures associated with irrigation development to obtain projections
of the changes in income that will result within the area. 3. Collect
and compile auxiliary economic data that will be useful for the
research and for planning resource development programs.

This project (OWRR number B-003-NDak and N.D. Agr.
Expt. Sta. number S-3-I6, entitled 'Effects of Irrigation Develop-
ment on Trade Patterns and Income Generation') is funded under
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the matching grant program of the Office of Water Resources
Research and will constitute the initial research effort of the
North Dakota Agricultural Experiment Station toward Objective
2 of NC-88, 'Economic Development in Rural Communities'.

SUPPORTED BY North Dakota State Government

6.0412, EFFECTS OF IRRIGATION DEVELOPMENT ON
TRADE PATTERNS AND INCOME GENERATION
T.A. HERTSGAARD, North Dakota State University, State Water
Resources Inst, Fargo, North Dakota 58102

This study will measure the level of economic activity in each
of the economic sectors in an area prior to the initiation of an ir-
rigation development project in that area. Gross receipts mul-
tipliers obtained from previous research will be applied to the
changes in income that result directly from irrigation develop-
ment in order to estimate the indirect changes in income that are
likely to result from irrigation development.

An input-output model will be employed as the analytical
framework in this study. The interdependence coefficients to be
used in the projection of indirect income changes will be those
which are associated with marginal rates of income change in
each sector rather than those based upon average expenditure
patterns.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Dakota State University

6.0413, ECONOMIC IMPACTS OF WATER RESOURCE
DEVELOPMENT
T.A. HERTSGAARD, North Dakota State University, Agricul-
tural Experiment Sta. , Fargo, North Dakota 58102

Objectives: To test the hypothesis that secondary income
generated by water resource development can be explained and
predicted on the basis of measurable characteristics of the com-
munity.

A multi-county functional economic area will be selected for
study and classes of similar economic activity will be delineated as
economic sectors. Data will be collected on the expenditures of
economic units in each sector to each of the other sectors. These
data will be aggregated to obtain a total expenditures matrix for
each of several subareas within the area studied. A set of trade
coefficients will be computed for each of the subareas and these
coefficients will be compared for differences.

SUPPORTED BY North Dakota State Government

6.0414, PRIMARY PRODUCTIVITY, AND STANDING
CROPS IN RELATION TO WATER QUALITY IN LAKE
ASHTABULA RESERVOIR, NORTH DAKOTA
id. PETER KA, North Dakota State University, Graduate School,
Fargo, North Dakota 58102

The relationships of productivity of phytoplankton and
standing crops of zooplankton and bottom fauna to water quality
will he studied in Lake Ashtabula reservoir in southeastern North
Dakota.

Field studies will involve measurements of I. phytoplankton
production measured by the light- and dark- bottle oxygen change
technique and phytoplankton standing crops measured by
chlorophyll 'A', total numbers, dry weights; 2. zooplankton stand-
ing crops. 3. bottom fauna standing crops; and 4. measurements
of temperature, total alkalinity, 02, SO4, NO3, NO2, NH4, pH,
and total dissolved salts. Measurements will be taken throughout
the year at a permanent station established a short distance above
the dam.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Dakota State University

6.0415, A PHYSICAL AND ECONOMIC ANALYSIS OF
ALTERNATIVE IRRIGATION METHODS IN A SUB-HUMID
CLIMATE
E.C. STEGMAN, North Dakota State University, School of
Agriculture, Fargo, North Dakota 58102

The objective of this project is to evaluate alternative
methods of irrigation for the purpose of identifying the design or
designs which maximize returns to resources in a sub-humid cli-
mate. The results of this study will provide information needed by
irrigators to make decisions regarding the method and size of ir-
rigation system needed to realize the optimum economic poten-
tial or irrigation in the new irrigation districts in North Dakota.

Description of Work Proposed: A. Available crop water use
data will be analyzed to develop suitable soil moisture accounting
model. B. Available crop yield and associated climatic data will
be anlayzed by means of the soil mositure accounting model to
develop production functions for potentially irrigible crops. C.
Artificial irrigation programs will be synthesized for significant
periods of climatic record to estimate the yield response distribu-
tions attainable with discrete irrigation system design capacities
as applied to a range of farm unit sites, soil moisture storage
capacities, and crop rotations. D. Linear programming techniques
will be utilized to identify the system designs which maximize ir-
rigation returns to selected resources given specific combinations
of the factors considered.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Dakota State University

6.0416, DISTRIBUTION AND ECOLOGY OF RIVER
MOLLUSKS IN CENTRAL AND WESTERN NORTH
DAKOTA
A.M. CVANCARA, Univ. of North Dakota, School of Engineer-
ing, Grand Forks, North Dakota 58202

This investigation has two objectives, 1) to determine the dis-
tribution and ecology of mollusks in the rivers of central and
western North Dakota, and 2) to determine the effects of water
pollution in the rivers of this area as indicated by these mollusks.

This study is to be initiated and completed before natural
drainages are altered by the Garrison Diversion Unit of the Mis-
souri River Basin Project. The diversion project will effectively
mix the waters of the Missouri River and Hudson Bay Drainage
basins.

Ecologic factors affecting mollusk distribution, once known,
can be further evaluated by ecologic impact studies after the
natural drainages are altered physically of by possible water pollu-
tion. Also, present ecologic data can be related to paleoecological
conditions of Pleistocene mollusks. Distribution data of the mus-
sels may be applied to tracing former stream confluence in central
and western North Dakota.

Numerous sampling stations will be established on each river
system, with at least five stations on each minor tributary. At each
station, all species of mollusks will be collected :;nd their relative
abundance estimated. Light penetration, turbidity, water tem-
perature, dissolved oxygen, alkalinity, hardness, chloride content,
nitrate and nitrite content, pH, and other factors will also be
analyzed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of North Dakota

6.0417, THE LIMNOBIOCHEMISTRY OF DEVILS LAKE,
NORTH DAKOTA
J,K. NEEL, Univ. of North Dakota, Graduate School, Grand
Forks, North Dakota 58202

This proposed study is aimed at determination of the physi-
cal, chemical, and biological nature of the highly saline Devils
Lake environment and energy exchanges between the water, bot-
tom sediments, and atmosphere as brought about through the life
processes of plankton, benthos, nekton, and outside predators.

Investigations will involve the following: 1. Analyses of
water, plankton, seston, and bottom sediments to show annual
patterns of productivity and nutrient exchanges and energy
among these divisions. 2. Determination of benthos composition
and concentration and how it and energy conservation are af-
fected by insect emergences and repopulations. 3. The role of ver-
tebrates (nekton) in energy cycles as related to their utilization of
plankton and benthos and their removal by predation and migra-
tion (salamanders).
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SUPPORTED BY U.S, Dept. of Interior - O. Water Res. Rch
University of North Dakota

6.0418, THE IMPORTANCE OF THE FOOD CHAIN IN
BOTULISM INTOXICATION AMONG WATERFOWL
LAKES AND SLOUGHS OF THE DEVILS LAKE REGION IN
NORTH DAKOTA
J.R. REILLY , Univ. of North Dakota, Graduate School, Grand
Forks, North Dakota 58202

This information is designed to investigate the importance of
the food chain in the initiation and continuance of epornitics of
botulism intoxication among waterfowl and to evaluate possible
control methods.

Investigations will involve the following: 1. Examination of
natural outbreaks of botulism to determine the type involved, the
sources of intoxication and the mechanism of transmission, via
the food chain. 2. Determination of the mode of entrance of the
organism and its toxin into the food chain. 3. The role of inver-
tebrates in the intraspecific transfer to vertebrates. 4. The possi-
ble use of marsh inoculation with B. licheniforms as a control
measure to reduce or eliminate botulism epornitics.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of North Dakota

6.0419, INTENSIVE COOPERATIVE INVESTIGATIONS
OF SELECTED POTHOLES ON MISSOURI COTEAU IN
DICKEY, WARD AND STUTSMAN COUNTIES, NORTH
DAKOTA
W.S. EISENLOHR, U.S. Dept. of Interior, Northern Pr. Wife.
Res. Ctr. , Jamestown, North Dakota

The purpose of these studies is to describe and evaluate ?ac-
tors causing water loss and water-replenishment in potholes, and
to determine the relationship of water-levels to marsh and aquatic
plant associations and to waterfowl use. Hydrological factors
being investigated include evapotranspiration, bottom seepage,
inflow and outflow, surface runoff, ground water influence, and
size, topography, vegetation and land-use of watorsheds. Instru-
mentation on each pothole includes a water stage recorder for
pond level with two margin pens-one for a tipping bucket rain
gage and the other for recording Miles of wind movement,
anemometers mounted 12 feet above water surface, water tem-
perature recorders and ground water wells. Comparative data are
obtained from hoth open-water ponds and heavily vegetated
ponds. The information concerning varying rates of water loss
and water replenishment should be useful in evaluating potholes
that are being considered for management or acquisition. The
Geological Survey is responsible for the hydrological investiga-
tions, while correlative biological relationships are being studied
by the Bureau of Sport Fisheries and Wildlife. This project was in-
itiated in FY 1961 and field work was completed in FY 1968. A
number of reports have been published and project will be
completed in FY 1970.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0420, DISTRIBUTION AND DENSITY OF BREEDING
WATERFOWL POPULATIONS AS RELATED TO QUANTI-
TY AND QUALITY OF WETLAND HABITAT IN NORTH
DAKOTA
R.E. STEWART, U.S. Dept. of Interior, Northern Pr. Wife. Res.

, Jamestown, North Dakota
Objectives: (1) To identify and describe types of wetlands

occurring in important waterfowl producing areas of North
Dakota and determine their numerical and areal distribution, (2)
to determine the distribution and density of waterfowl breeding
populations and production as related to number, acreage and
distribution of wetland types in each area, (3) to evaluate the im-
portance of each area to breeding populations and production of
waterfowl, (4) to determine the use of different wetland types by
breeding waterfowl and broods as related to various physical and
environmental factors, (5) to compare relative use of man-made
and natural basin wetlands by breeding waterfowl and broods, (6)
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to obtain information useful in developing a classification for
man-made and riparian wetlands, and (7) to determine if the sam-
pling system established for breeding waterfowl population in-
vestigations may be suitable for analyses of other important facets
of long-term regional ecological studies.

Procedures: The more important prairie wetland area of
North Dakota has been grouped into four natural strata based
upon physiographical, biogeographical and ecological factors.
For pair counts a total of 194 randomly selected 1 /4- square -mile
quadrats will be optimally allocated among these strata on the
basis of variance estimates in .967. For pilot brood counts a total
of 32 1 /2- square- mile quadrats will be randomly selected on one
of the four strata. Information recorded for each wetland occur-
ring in a quadrat will include class, subclass, cover interspersion
type, size, dominant vegetation, water levels and conditions and
the land use of its basin and related watershed. Water samples will
be collected for chemical analyses. Separate waterfowl pair and
brood counts will be made so as to include the peak nesting and
brood periods for early, mid and late breeding species. Records
will be kept of travel and equipment requirements.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0421, COMPUTERIZED DESIGN AND SYSTEMS ANAL-
YSIS OF WASTEWATER TREATMENT PLANTS
R. SMITH, U.S. Dept. of Interior, Water Research Laboratory,
Cincinnati, Ohio 45226

Development of technology which will make it possible to
predict by means of theoretical or empirical relationships the per-
formance and cost of individual wastewater treatment processes
or systems of one or more processes. Calculated performance and
cost estimates must be sufficiently valid to act as a basis for mak-
ing decisions concerning the most economic plant design which
can be used to convert the influent wastewater stream to an ef-
fluent stream of sufficient qualtiy to satisfy the needs of the user
or the receiving stream. Models for individual processes will be
devised using theoretical relationships wherever possible and em-
pirical relationships or performance factors when necessary to ac-
count for the lack of adequate physical, chemical, or biological
theory.

A common stream vector will be used in developing all
models in order that any effluent stream from a process can be
used as an influent stream to any other process. Models or unit
calculations for each process will be programmed for the digital
computer as a subroutine. An executive program will be
developed which will make it possible to compute performance
and cost for any system of processes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0422, A SOCIO-ENVIRONMENTAL STUDY OF A
RIVER VALLEY
M.R. ZAVON, Univ. of Cincinnati, School of Medicine, Cincin-
nati, Ohio 45221

This project will study the feasibility of establishing a long-
term surveillance of the interactive effects of man and his en-
vironment in a single river valley complex. The Great Miami
River Valley includes large cities, small towns and farmland.
Animals and man living in the Valley produce sanitary waste and
the products of daily living; industries in the Valley contribute
heavily to the overall burden of waste which must disposed of by
the air, the water, or put on the land. The people in this Valley
complex came from different geographical sources with differing
cultural and social backgrounds. Their heritage predisposes them
to certain ways of solving problems and to the organization of
their social fabric.

The project represents an approach to research in which the
social, biological, and physical sciences cor cute data to a cen-
tralized facility. During the phase suppr . oy the present grant,
three individual research investigations will be carried out at the
same time the central project office will determine whether
research cont. ,ated in this context may be done at less costs more
productively, and more meaningfully than similar research done
without the unifying concept proposed.
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SUPPORTED BY U.S. National Science Foundation

6.0423, POLLUTION TAXES AND THE COSTS OF
WATER QUALITY MANAGEMENT
J.H. BOYD, Ohio State University, Graduate School, Columbus,
Ohio 43210

The relationship between pollution taxes, designed to
achieve efficient allocation of resources with respect to water
quality, and the costs of investment and management activity
designed to increase a river's waste assimilative capacity, will be
examined. An extension of the economic theory of the multiple-
product firm will be used, and engineering relationships will be in-
vestigated, The emphasis will be on deductive analysis rather than
the collection of new data.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
Ohio State University

6.0424, COLONIZATION RATES OF BENTHIC INVER-
TEBRATES IN AN OHIO RESERVOIR
W. DUDROW, Ohio State University, Graduate School, Colum-
bus, Ohio 43210

During the summer water levels of reser'oirs are lowered and
littoral areas arc exposed to the atmosphere. The purpose of this
study is to estimate the rate invertebrates colonize the drawdown
areas as water levels are raised in the spring and fall. A transect
method is being used to sample natural populations. Artificial
substrates are being used to estimate colonization rates on clay,
sand and gravel. Representative littoral areas will be sealed off
from fishes to estimate the impact of fishes on colonization,

SUPPORTED BY U.S, Dept. of Interior - Bu, Sport Fish,
U.S. Dept. of Interior Bu. Comm. Fish.
Ohio State University

6.0425, COMMUNITY REACTIONS TO WATER
RESOURCES PROBLEMS IN RELATION TO PLANNING
R,R. DYNES, Ohio State University, Graduate School, Columbus,
Ohio 43210

The proposal views flooding, water pollution and depletion
as different forms of objective collective stress. It is suggested
here that those types of collective stress which develop over long
periods of time are more difficult to perceive and, therefore, it
becomes more difficult to initiate planning and action to cope
with them, The stud) focuses on interviews with a sample of com-
munity decision makers in five different communities. The five
communities will be selected on the basis of having experienced
different types of collective stress, In each community, the defini-
tion of the salience of such problems for the community will be
determined. In each community the types of adaptation in terms
of planning and inaction will be determined, Various social fac-
tors will be related to the differential perceptions and adaptations
of each community.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Ohio State University

6.0426, A SYSTEMS ANALYSIS OF THE WESTERN
BASIN OF LAKE ERIE
G.P. HANNA, Ohio State University, Water Resources Center,
Columbus, Ohio 43210

The purpose of the research is to conduct a systems analysis
of the Western Basin of Lake Erie and adjacent areas that will
combine on-shore economic relationships with in-lake ecological
relationships. The connections are viewed in both directions. Pol-
lutants generated by economic growth in the drainage area of the
Western Basin have given rise to biological phenomena in the
lake. Pollutant controls, intended to improve water quality, will
impose costs on the economic community, The system that this
research proposes to develop will be designed to measure the ef-
fects of abatement costs, imposed in various ways, on the affected
industries, on employment in the region and on other attributes of
the local economy.

The proposed research will (1) establish the economic rela-
tionships relevant to the problem and (2) integrate the results of
other water resources research projects that are already under
way in the area, Included in the latter are studies of pollutant ef-
fects on biological processes in the lake, The system is visualized
as comprised of two major subsystems, the economy of the
Detroit Toledo Metropolitan Area, and the in-lake ecological
sub-system; and two related subsystems, the geological effects
and recreational demand. Linkages between these subsystems are
envisioned as mainly the pollutants, and the resulting water quali-
ty, Special studies are proposed to determine pollutant costs and
markets of the products that give rise to pollutants. Costs of mu-
nicipal sewage treatment and the impact of municipal taxes are
other special studies that will be investigated.

SUPPORTED BY U.S, Dept, of Interior - 0. Water Res. Reh
Ohio State University

6.0427, THE ECOLOGIC IMPACT OF THE INTERAC-
TkONS AMONG MICROORGANISMS AND AQUATIC CON-
TAMINANTS IN LAKE ERIE
R.M. PFISTER, Ohio State University, Graduate School, Colum-
bus,Ohio 43210

Particulate matter in Lake Erie water will be examined on a
physical, chemical, and biological basis, and this matter will be
chat acterized using density gradient centrifugation, electron
microscopy, and certain chemical analyses. Microbial portions of
the Lake Eric ecosystem will be characterized on the basis of
physiological types (not identification), Primary productivity,
chlorophyll distribution and photosynthesis-pigment relationships
will be examined to obtain information pertinent to particulate
and bacterial interactions, Algae will be collected arid treated to
remove physically associated bacteria. Cultures of bacteria ob-
tained from the algae will be examined in the same meaner (e.g.,
determine physiological types) as the non-algal associated bac-
teria in water. Surface tension and water content of selected
chemicals will be experimentally altered to study the effects on
microbial populations (physiological types) and on types of par-
ticulates found in the water, Data from these experiments will be
correlated in an attempt to establish cause-and-effect relation-
ships.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Ohio State University

6.0428, PUBLIC INVESTMENT CRITERIA FOR WATER-
ORIENTED RECREATION IN THE LAKE ERIE BASIN
R.A. TYBOUT, Ohio State University, Graduate School, Colum-
bus, Ohio 43210

The project has three parts: I) The measurement of demand
for water-oriented recreation at numerous sites. 2) Analysis of
costs of pollution abatement and recreation facilities at the same
sites. 3) Evaluation of the relative merits of alternative public in-
vestments for recreation enhancement and of selected financial
policies.

Each part is assigned a year of research time. Demand will be
measured by a simultaneous-oitin adaptation of the Hotelling-
Clawson method. Shifts in degnantl due to pollution and income
changes will be measured in 'act, play an important part in
the determination of bene N.: .3 abatement. The analysis of
costs of pollution will seek te;,.ite marginal pollution contribu-
tions at recreation sites to costs of abatement. The third, or final
part of the analysis will explore the implications of combining the
results of the first two parts in a cost-benefit framework with vari-
ous methods of financing, including pollution taxes, user charges
and other revenue sources.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Ohio State University

6.0429, ECONOMIC AND LEGAL FACTORS IN PROVID-
ING, USING, AND MANAGING WATER RESOURCES IN
AGRICULTURE
W.A. WAYT, Ohio State University, Agricultural Experiment Sta.
,Columbus,Ohio 43210
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Objectives: To determine the economic considerations that
affect use and management of water leagriculture, and compet-
ing uses,

To identify widely used systems and sources of providing for
farm water supply needs in different parts of the state.

Procedures: Costs and capital requirements data will be as-
sembled from various sources regarding materials costs, construc-
tion of facilities costs, etc., to develop supply costs for different
existing farm systems compared to costs of providing watcr by al-
ternative centralized facilities.

SUPPORTED BY U.S. Dept. of Agriculture
Ohio Statc Government

6.0430, MINIMUM WATER CONCENTRATION OF EN-
VIRONMENTAL WATER CAPABLE OF SUPPORTING LIFE
G.W, WHARTON, Ohio State University, Graduatc School,
Columbus, Ohio 43210

Objective: a. Problem: To determine thc minimum conccn-
tration of watcr than can support terrestrial life and makc an esti-
mation of the theoretical limit for any type, of life based on
protoplasm. b. Application; Information gained through thc
proposed research can be used to predict thc conccntration of
watcr required to sustain life on othcr planets. c. Water is neces-
sary for life, but thc minimum conccntration of watcr required to
sustain life is unknown. It is known that a sufficiently high con-
eenlration must be present to bc available to protoplasm, but this
varies depending on the organism.

Approach: It is proposed to investigate polyhydric alcohols,
sugars, and amino acids at temperatures and pressures within thc
biologic range, Concurrently thc same methods will bc used to
determine thc ability of organisms to extract water from unsatu-
rated air and then from dilutions of molecules in equilibrium with
the vapor content of the lowest relative humidity (R.H.) from
which the organisms can extract water.

Progress: a, 01 05 66 to 30 04 67. b. Thc screening of fungi
and lichens for their ability to takc up watcr from low R. H. at-
mospheres continues. A green alga failed to show significant
water uptake at low water activities. Fiv iichcns were screened
and one shows potential for growth in environments of low water
activity.

Four Scientific papers are in preparation dealing with watcr
exchange undcr equilibrium and non-equilibrium conditions and
the finc structure of the cuticle of thc mite. The fourth paper is
concerned with thc question of thc paradox raised by the studies
indicating that while watcr is essential for terrestrial life, living
systems should be able to use essentially all of the water in an en-
vironment and yet, the deserts of thc world are characterized by
limited faunas and floras.

SUPPORTED BY U.S. Natl. Acro. & Space Adm.

6.0431, THE ALGAE AND ZOOPLANKTON OF PRO-
TECTED AND EXPLOITED LENTIC HABITATS IN
NORTH EASTERN OH 10
G.D. COOKE, Kent Statc University, Graduate School, Kent,

Ohio 44240
A long-term survey of thc species composition, distribution,

and ecology of algae and aquatic microcrustacea in four represen-
tative bodies of watcr in Northeastern Ohio has been initiated.
Two of thc study sites (a lake and a reservoir) were selected on
thc basis that thcy have not bccn subjected to sewage or septic
tank effluents or othcr pollutants, and thc othcr two sitcs
(strongly eutrophic late and reservoir) were selected for com-
parative purposes.

The major objective is to prepare comparative specics lists
based on extensive seasonal collecting in pelagic and littoral
areas. This information is to be comparcd with thc ecological and
cultural history of each body of water. This projcct is part of a
larger study of the trophic typology of Ohio lakes.

6. WATER RESOURCES PLANNING

SUPPORTED BY Kent State University
Ohio Statc Government

6.0432, THE INCORPORATION OF C14 BICARBONATE
INTO PIGMENTS OF A NATURALLY OCCURRING BLUE-
GREEN ALGAE COMMUNITY WITH RESPONSE TO
WAVELENGTH
J.H. MORRISON, Kent State University, Graduatc School, Kent,
Ohio 44240

Oscillatoria rubescens is enclosed in dark and light bottles at
depths of known wavelength and exposed for 6 hours to Sodium
C14 bicarbonate. Thc pigments are separated into chloophyll,
carotcnc, and phycobilin fractions by extractions. Seasonal ratios
indicate a shift in the phycoerythrin/phycocyanin ratio by isotopc
incorporation studics.. Further evidence of metabolic change duc
to wavelength variation is indicated.

SUPPORTED BY Kcnt State University

6.0433, THE INCORPORATION OF C14- BICARBONATE
INTO THE PIGMENTS OF BLUE-GREEN ALGAE POPULA-
TION
J.H. MORRISON, Kent State University, Graduate School, Kent,
Ohio 44240

This study deals with the diurnal and seasonal variations in
thc distribution of labelled carbon into the different
photosynthetic pigments of Oscillatoria rubescens in Lakc
Hodgson, Portage County, Ohio.

Radioactive sodium bicarbonatc is added to four liter light
and dark bottles, and the bottles arc incubated in the lake for four
hours, beginning at 2400 hours and extending for 24 hours. Light
penetration and temperature arc measured. In the laboratory the
four liter samples arc divided and thc following measurements
made: cell density and total cell volume, total radioactivity, car-
bon-14 incorporation in phycobilin, and carbon-14 incorporation
into chlorophylls and carotcnoids. At intervals during the projcct,
in situ enrichment studies will bc conducted along with the car-
bon-14 study. These nutricnt investigations may reveal depletion
states and associated alterations of biosynthetic pathways.

SUPPORTED BY Kent Statc University

6.0434, A SURVEY OF PHYTOPLANKTON IN AND OLD
AND A NEW RESERVOIR
R. RHODES, Kcnt State University, Graduate School, Kent, Ohio
44240

Thc object of this study is to qualitatively compare the
summer phytoplankton of Mogadorc Reservoir and thc newly
formcd West Branch Reservoir, Portage County, Ohio.

Limnctic algae are collected, species identified, and domi-
nant species counted. Routinc limnological measurements are
also made at thc time of cellection.

SUPPORTED BY Kcnt State University

6.0435, THE ROLE OF TEMPERATURE AND ILLUMINA-
TION IN THE BIOLOGY OF OSCILLATORIA RUBESCENS
R. RHODES, Kcnt State University, Graduate School, Kent, Ohio
44240

Seasonal changes in thc density and activity of a population
of Oscillatoria rubcsccns in Lakc Hodgson, Ohio will be in-
vestigated. Particular emphasis will bc placed on thc importance
of watcr temperature and illumination in thc regulation of bio-ac-
tivity of this species. Laboratory populations will also be studies
under experimentally controlled conditions of tcrmperaturc and
light.

SUPPORTED BY Kcnt State University

6.0436, FLORISTIC AND FAUNISTIC SURVEY IN THE
CUYAHOGA RIVER WATERSHED
R.G. RHODES, Kcnt State University, Graduatc School, Kent,
Ohio 44240

The major objectives of this study arc twofold. The first ob-
jective is to develop for the Ohio Biological Survey a detailed list
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of algal and fish species in waters of the upper Cuyahoga River
Basin. The second objective is to compare floral and faunal sur-
veys made at selected Cuyahoga River stations above and below
the East Branch Reservoir, An effort will be made to detect and
assess biotic changes associated with the East Branch Reservoir
and with the inflow from a tributary of the Cuyahoga River.
Complete physical data will be collected at each station.

This project is a part of master plan which will involve the
rosecution and integration of long-term surveys of flora and
fauna in this river system and determination of the effects of pol-
lution water impoundment, and tributary inflow on the in-
digenous biota.

SUPPORTED BY Kent State University
Ohio State Government

6.0437, COMPARATIVE STUDY OF PHYTOPLANKTON
IN NEW AND RECLAIMED ACID MINE DRAINAGE PONDS
C.V. RILEY, Kent State University, Graduate School, Kent, Ohio
44240

The purpose of the project is threefold: to compare the algal
flora of new (very acid) and reclaimed ( near neutral) strip mine
ponds, to evaluate the role of algae in the reclamation process,
and to study the nutrition of algae in an extremely acid ecosystem.

Water samples are taken weekly in both pond types and
phytoplankton species identified and enumerated. Routine lim-
nological measurements of pH, dissolved oxygen, hardness, al-
kalinity, and plant nutrients are also made.

Control and experimental columns of water are isolated in
transparent polyethylene bags and resuspended in the ponds,
Plant nutrients are added to the experimental bags to determine
those ions which may be in limiting concentration in the ponds,
The importance of chelators is to be carefully evaluated.

In an effort to estimate the importance of algae in the recla-
mation process, laboratory algal populations are cultured under
semi natural conditions and changes in water' quality with time
are studied.

SUPPORTED BY Kent State University

6.0438, ROUTINE SAMPLING AT SEVEN INDEX STA-
MM.;
V.C. APPLEGATE, U.S. Dept. of Interior, Biological Station, San-
dusky, Ohio

Early work conducted by the R/V Cisco in Lake Erie in 1957
indicated the desirability of establishing regular sampling stations
in the western basin of the lake for collecting both fishery and lim-
nological data. Relatively rapid changes in both the environment
and the fisheries that were known to be occurring could only be
identified and defined on a long-term basis by such a program.

In 1958 and 1959, seven stations in the western end of the
lake were visited in the spring, summer, and fall. Since 1960, only
the summer visit to each station has been made due to limitations
of funds, personnel, and equipment.

At each visit to each station, physical and chemical limnolog-
ical data and plankton and bottom samples are collected by con-
ventional procedures. Larger fish are collected by trawling and
fry are sought with tow nets. Limnological data and plankton and
bor. am samples are turned over to the Biological Laboratory's
Environmental Research Unit for analysis. Fish and fry collec-
tions are retained at the Sandusky Biological Station for current
and future studies. Ultimately, all fishery and limnological data
will be integrated by the two groups to demonstrate relationships
that may exist between them.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.1.439, LIFE HISTORY AND ABUNDANCE OF THE YEL-
LOW PERCH

VANMETER, U,S. Dept. of Interior, Biological Station, San-
dusky, Ohio

The abundance of year classes, rate of growth, and the ef-
fects of exploitation are determined from data collected from fish
captured in experimental and commercial nets. Information on
food, spawning habnib, distribution, competition with other spe-

cies, and other life history aspects are obtained from collections
of fish taken in experimental gear, Environmental factors--ox-
ygen, water temperature, bottom organisms, plankton, water cur-
rents, seiches, and the interrelations with other species of fish are
determined from limnological and fish-population data obtained
with the fish collections.

Current studies nearing completion include the age and
growth, abundance, and history of the commercial fishery for this
species from 1949 through the calendar year 1966, spawning and
fry development, age and size at maturity, fecundity and food
habits. Studies of the effects of environmental conditions upon
this species arc described elsewhere as separate projects,

SUPPORTED BY U.S. Dept, of Interior Bu. Comm. Fish.

6.0440, LIFE HISTORY AND ABUNDANCE OF THE
WALLEYE
D.R. WOLFERT, U.S. Dept. of Interior, Biological Station, San-
dusky, Ohio

The abundance of year classes, rate of growth, and the ef-
fects of exploitation are determined from data collected from fish
captured in experimental and commercial nets. Information on
food, spawning habits, distribution, competition with other spe-
cies, and other life history aspects are obtained from collections
of fish taken in experimental gear. Environmental factors -- ox-
ygen, water temperature, bottom organisms, plankton, water cur-
rents, seiches, and the interrelations with other species of fish are
determined from limnological and fish- population data obtained
with the fish collections.

Current studies nearing completion include the age and
growth, abundance, and history of the commercial fishery for this
species through the calendar year 1961, the food habits and food
preferences of young-of-the-year walleyes, and the type and
degree of parasitic infections of young-of-the-year and yearling
fish. Studies of the effects of environmental conditions upon this
species are described elsewhere as separate projects.

SUPPORTED BY U.S. Dept. of Interior Bu, Comm. Fish.

6.0441, EVALUATION OF NATURAL RIVER ENVIRON-
MENTS
M. MORISA WA, Antioch College, Undergraduate School, Yellow
Springs, Ohio 45387

Objective methods for identifying and assessing comparative
values of rivers in their natural states will be developed. Biologi-
cal, geological and esthetic aspects of two wild or natural rivers
will 'be compared with these same qualities in a developed river.
Pertinent geological factors will include discharge and stream
regimen, channel morphology and composition, soil types and
profiles and the relations of these to biotic communities. Biologi-
cal factors will include community types and compositions and
methods of judging successional status. We will attempt to identi-
fy relations of geologic and biotic processes that are pertinent to
present and future river qualities. Methods and criteria will be or-
ganized around the problem of judging over-all value of a river
system in relation to human requirements. These criteria will be
reported as an aid to agencies concerned with selection and
management of rivers for wild, scenic, or recreational status.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0442, MULTISTRUCTURAL DEMAND MODELS FOR
WATER REQUIREMENT FORECASTING
G.W. REID, Univ. of Oklahoma, Research Institute, Norman,
Oklahoma 73069

Design and construction of municipal industrial water facili-
ties require knowledge of future needs. Water supply facilities
must be properly planned and executed or dis-economy of scale
'managerial efficiency' can develop prematurely. Generally
system design involves principles and phenomena not altogether
understood; as a consequence, resulting mathematical models are
very complex. With computers, mathematical modelscan be con-
structed which integrate socio-economic factors in perspective.

This research proposes to develop appropriate models of fu-
ture demands for municirm industrial water. The methodology
will be applicable to et.'',zr essential services.
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The need is to utilize new notions in urban economics,
`banal' concepts of economic spaces, and the socio-economic
forces determining their projections, The generation of these fu-
ture values will use a supply base concept, not the more tradi-
tional demand base, Socio economic projects and constraints will
be incorporated in the modes and system analysis of forecasts per-
formed.

More specifically, the model will proceed from a macro level
by disaggregation procedures, or step-down techniques to a micro
level, The macro level will use a supply base concept with special
distribution based on the concept of limiting or optimal resource,
The intra regional distribution will continue to use the supply base
concept but will be tempered by the interaction of individual
mixes and reference to the export concept,

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch

6.0443, LAND AND WATER USE, CONSERVATION, AND
DEVELOPMENT IN OKLAHOMA WATERSHEDS
D.D. BADGER, Okla. St. Univ. of Agr. & Sci, Agricultural Ex-
periment Sta. , Stillwater, Oklahoma 74075

( I ) To determine the actual and potential changes in use of
flood plain land by farmers as a result of reduetion in flooding af-
forded by the upstream watershed development programs (2) To
develop alternate predictive models of flood plain land use
change following flood protection (3) To estimate the effect of
watershed development upon farm real estate values and prices
(4) To determine the potential value of the water supply created
by the floodwater retarding structures for irrigation purposes (5)
To estimate the local secondary effects of the watershed develop-
ment programs (6) To determine feasible institutional arrange-
ments and probable costs of developing alternative recreational
facilities.

A survey of about 200 farm operators with flood plain land in
the watersheds of the Washita River Basin will be made for the
purposes of obtaining basic land resource and type of farming
data and of identifying changes in use of land following flood pro-
tection. Data from secondary sourcer will be used to identify
major trends in the use of upland and bottomland in counties of
the Washita Basin. Information on land values and market prices
will be obtained in the survey of farmers in the watershed. Local
and total multiplies effects of increases in agricultural revenue
due to watershed development in the county will be estimated by
mathematical techniques, and methods of adapting the results to
other local areas will be developed.

SUPPORTED BY U.S. Dept. of Agriculture
Oklahoma State Government

6.0444, ECONOMIC EFFICIENCY IN THE ALLOCATION
OF IRRIGATION WATER OVER TIME
V.R. EIDMAN, Okla. St. Univ. of Agr. & Sci. , School of Agricul-
ture, Stillwater, Oklahoma 74075

The purpose of this project is to estimate the primary benefits
from irrigation on the economic development of an area for alter-
native methods of water-use regulation. The study pertains to the
portion of the Ogallala aquifer between the Canadian and the Ar-
kansas Rivers.

The procedure involves programming optimum plans for
representative farms using varying quantities of water to estimate
the demand schedule for water for irrigation. These results will be
aggregated to estimate the area demand. Estimates of both the an-
nual recharge and quantity of water in storage will be obtained
from the U. S. Geological Survey studies of the area. This demand
and supply information will be used to evaluate alternative
methods of regulating water-use for irrigation. The evaluation will
be made on the basis of the method's effect on the representative
farm organization, net returns to the farmer's fixed resources, the
quantity of the major agricultural products that will be produced
and water availability in future years. Results from these analyses
will be used to determine the primary economic benefits from ir
rigation and its impact on the economic development of the area.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
Oklahoma State University

6.0445, WATER RESOURCES PLANNING STUDIES -
OKLAHOMA AND ARKANSAS
A.F. GAUDY, Okla, St. Univ, of Agr. & Sci, School of Engineer-
ing, Stillwater, Oklahoma 74075

It is proposed to collect, correlate, and summarize all availa-
ble hydrologic and water quality data pertinent to the Arkansas
River and its tributaries as they affect the water resources of
Oklahoma and Arkansas. The data will be utilized to determine,
predict, and/or recommend the allowable conservation storage
which may be equitably apportioned to each state in light of the
present and future water requirements. A parallel proposal for the
water resource in Arkansas is being submitted by the University
of Arkansas. The approach will be to estimate the present total
water production and quantity at the state lines by streams con-
tributing to the Arkansas River Basin resource. After obtaining
the most complete picture which is possible of present charac-
teristics of the appropriate streams, existing federal, state, and
private agency plans for future stream development will be
analyzed. Also, in the course of the study, additional possibilities
for reservoir sites 'nay be considered. Using the present water
production figures and assuming potential reservoirs are in opera-
tion, and assuming the needed releases for existing and predicted
water requirements, the effect of the assumed proposed reservoir
operations can be analyzed to determine if the usable supply is
ample for all estimated needs, and if surplus water remains.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
Oklahoma State University

6.0446, A PRELIMINARY ANALYSIS OF THE IMPACT
OF THE ARKANSAS WATERWAY ON LAND TENURE AND
VALUE IN OKLAHOMA
L.B. WARNER, Okla. St. Univ. of Agr. & Sci. , Graduate School,
Stillwater, Oklahoma 74075

This work proposes to idcntify changes in land tenure and
value associated with the Arkansas waterway in an area in
Oklahoma bordering the waterway. Emphasis will be on major
transactions, and the period of examination will be from 1957 to
the present. The obstacles to obtaining such data are numerous;
thus an implicit objective of this pilot project is to determine
whether such information can be obtained in a sufficiently syste-
matic manner so that reasonably valid inferences can be made.
Since this is a pilot project, the investigator will maintain contact
with a gegrapher and a business logistics expert who have already
express interest. Future expansion of the project would involve
such an interdisciplinary team.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oklahoma State University

6.0447, ECOLOGY OF SPRING CHINOOK SALMON
W. BURCK, State Fish Commission, Clackamas, Oregon 97015

The work encompasses a complete ecological early life histo-
ry study of spring-run chinook salmon (Oncorhynchus
tshawytscha) in Lookingglass Creek, Grande Ronde River, near
Elgin, Oregon. Principal objectives are to determine the follow,
ing: 1. Productivity of a given stream arca by complete adult up-
stream enumeration and by sampling of downstream fingerlings
and smolts. 2, The physical and biological factors affecting
production by monitoring physical factors and by studying all
aquatic biological populations. 3. Kinds of significant mortality
which occur and stream population densities or carrying capaci-
ties at different time periods. 4. Develop behavior patterns for
spring chinook in natural conditions to provide information on
basic environmental needs of this species.

SUPPORTED BY Oregon State Government

6.0448, FACTORS INFLUENCING THE FRESHWATER
RESIDENCE OF JUVENILE FALL CHINOOK SALMON
P.E. REIMERS, State Fish Commission, Clackamas, Oregon
97015
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This study is investigating factors influencing the length of
freshwater residence of juvenile fall chinook salmon in coastal
streams. The study is being conducted primarily in the Sixes and
Elk Rivers. Main segments of the investigation are concerned
with documenting the early life history of fall chinook in relation
to length of residence in streams and estuary, timing of seaward
migration, physiological adaptation, and basic life history in
streams concerning growth rate, population, scale pattern, move-
ment, and behavior, The role of aggressive behavior is being stu-
died in the natural stream environment and in two artificial en-
vironments (an observation aquarium and two identical observa-
tion troughs). An analysis of the study will include the phases of
genetics, population density, and physiological adaptation.

SUPPORTED BY Oregon State Government

6.0449, LIMNOLOGY AND MANAGEMENT OF OREGON
FARM PONDS AND SMALL IMPOUNDMENTS
C.E. BOND, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

1. To formulate suitable management practices for rearing
fish in Oregon farm ponds and irrigation impoundments. 2. To
provide basic limnological knowledge for small bodies of water.

Progress to Date: Toxicity to fish of several pesticides, mainly
herbicides, has been studied by static water bioassay, 90-day tank
experiments, and other methods.

Considerable time has been spent in evaluating the effect of
trifluralin upon fish, which has been found in laboratory tests to
be extremely toxic to salmonids.

Pond production experiments have been carried out with lar-
gemouth bass and channel catfish stocked both as young adults
and juveniles.

Data have been gathered for a comparison of invertebrate
production in ponds fertilized by organic and by inorganic fertil-
izers.

SUPPORTED BY U.S. Dept. of Agriculture
Oregon State Government

6.0450, OREGON FISHES - THEIR CLASSIFICATIONS,
DISTRIBUTIONS AND LIFE HISTORIES
C.E. BOND, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

Objectives: In general, to provide basic information concern-
ing Oregon's fish fauna. Immediate objectives involve compila-
tion of faunal lists, keys to Oregon marine fishes and sttlies of the
Zoogeography and speciation of freshwater fishes. A special in-
vestigation will assess populations of certain estuarine fishes.

Work Proposed: A. Freshwater studies: Collection, catalog-
ing, and ecological analysis will be continued in order to provide
faunal lists and Zoogeographical Information. Collections of
lampreys from inland as well as coastal areas must precede studies
of speciation in this group. B. Marine studies: For lists and keys,
additional collection, cataloging and taxonomic studies will be
necessary. Populations of bay fishes will be studied by mark-and-
recapture methods.

SUPPORTED BY Oregon State Government

6.0451, ECONOMIC CONSEQUENCES OF INTERBASIN
WATER TRANSFERS
W.G. BROWN, Oregon State University, School of Agriculture,
Corvallis, Oregon 97331

It is proposed to develop a theoretical framework which will
relate the economic consequences of both direct (primary) and
indirect (secondary) economic benefits resulting from interbasin
water diversion projects. However, the empirical research on this
project will be concentrated on estimating the direct (primary)
benefits which could be expected from intcrbasin water diversion
projects. These direct benefits play a crucial role in evaluating the
necessary conditions for water transfer. For reliable computations
of direct economic benefits from interbasin water transfer, the
marginal value productivity of water in its least valuable use in the
area of origin and in the area of destination must be estimated.
The empirical research on this project will he focussed on the esti-

mation of these marginal value productivities. These estimates
will depend crucially upon the costs and returns from various ir-
rigated crops and present and projected acreages of these crops.

Once direct economic benefits have been identified and esti-
mated, it should be possible to isolate the conditions under which
indirect (secondary) benefits are likely to arise. Alternative
methods for empirically estimating these indirect benefits will be
evaluated.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0452, ECOLOGICAL STUDIES OF RADIOACTIVITY IN
THE COLUMBIA RIVER ESTUARY AND ADJACENT
PACIFIC OCEAN
W.V. BURT, Oregon State University, Graduate School, Corvallis,
Oregon 97331 (AT(45-1)-1750)

PEARCY
Neutron-induced radionuclides, originating primarily from

the nuclear reactors at Hanford, Washington, are continually in-
troduced into the Columbia River estuary and adjacent Pacific
Ocean. The presence of Zn65, Cr51, Sc46, Mn54, Co60, and
several other radionuclides in dilute, but often measurable con-
centrations, permits studies of the cycling of these elements.

Studies in the estuary which have already been defined show
that the levels of radioactivity and distribution of radionuclides in
water, sediment, and biota will concentrate on specific activities
(activity of radionuclide per gram of total element) in various
components of the ecosystem to determine reservoirs, routes, and
rates of transfer.

In offshore areas, planktonic and nektonic organisms will be
collected from discrete depths using electrical cable to monitor
depth and actuate opening and closing devices. A special study
will be made of vertical migrations of euphausiids. Radioanalysis
and stable element analysis of midwater and benthic animals from
various depths will enable estimates of vertical changes in
radionuclide levels and vertical transport rates. Comparisons
between specific activities of zinc in animals and water will be at-
tempted in the plume region. Study of seasonal and regional
variations of gamma emitters in albacore, tuna and salmon, which
have provided insight into the migratory behavior of these species
will be completed.

The radioccology of benthic organisms on the continental
shelf and slope is being studied along the northern Oregon coast.
Stomach contents will be analyzed and food webs will be
delineated and related to radionuclide distribution. A deep-sea
camera linked to a sediment sampler will help relate bottom
topography to the sediment and infauna. Animal-sediment rela-
tionships, which have already been shown to be important aspects
of benthic radioccology, will become more meaningful when
viewed in terms of specific activities.

SUPPORTED BY U.S. Atomic Energy Commission

6.0453, AN ESTIMATION OF THE THERMAL POTEN-
TIAL FOR GROWING IRRIGATED CROPS ON OREGONS
DRYLAND
R.H. CALLIHAN, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

Objectives: 1. Develop a technique based on climatological,
phonological and yield data to predict a crop-growing risk and
relative productivity in irrigable dryland areas in Oregon. 2.
Identify dryland areas in Oregon having thermal potential for in-
creased productivity through irrigation using the above
technique. 3. Identify, via the above technique, crop species best
adapted to those areas if irrigated. 4. Publish an information
source for persons interested in the agricultural potential of Ore-
gon's irrigable dryland areas.

Description of work proposed: Summarize, analyse, and in-
terpret available topographic, soil, and weather data to identify
Oregon's irrigable drylands and their thermal characteristics, and
available phenologic and yield data to determine the response of
various crops to thermal regimes. Prepare mapped isograms of
thermal adaptation areas for crops, heat unit probabilities, void-
spell probabilities, and other information which will enable a
better assessment of potential agricultural productivity.
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SUPPORTED BY Oregon State Government

6.0454, AN ECONOMIC EVALUATION OF WATER POL-
LUTION CONTROL, YAQUINA BAY, ORE
E.N, CASTFL, Oregon State University, Agricultural Experiment
Sta. , Corvallis, Oregon 97331

OBJECTIVE: (1) Identify the items of economic value that
will be sacrificed if pollution is not controlled in a particular case
study situation. (2) Insofar as possible, determine the unit prices
and physical quantities of those items of economic value
identified in ( I ) above. (3) Determine the cost of alternative en-
gineering plans designed to provide for varying degrees of pollu-
tion control. (4) Relate the above variables in a mathematical
model that will permit the unknown physical, biological and
economic data to be isolated. (5) Relate the unknown variables in
(4) above to needed research in the physical, biological and
economic fields. This work will involve the establishment of a
complete mathematical model which will relate all monetary ele-
ments of benefits and costs. It will be necessary to make quantita-
tive determination of so many of the benefits and cost items as
possible. It will then be necessary to solve for the crucial range of
values for the unknown variables. The results of this case study
will then be related to the more general problem of benefit-cost
analysis in water pollution control.

SUPPORTED BY Oregon State Government

6.0455, APPRAISAL OF WATER MANAGEMENT IN-
STITUTIONS-SURVEY OF OREGON WATER LAW
C,D. CLARK, Oregon State University, Water Resources
Research Inst. , Corvallis, Oregon 9733 I

Object, I. To conduct a survey study of Oregon water law. 2.
To evaluate the adequacy of selected portions of Oregon water
law, such as pollution controls. 3, To assess the vitality of com-
mon law principles expressed in early Oregon decisions, 4. To
identify for further research legal problems of water resources
management important to the Northwest.

Description of Work: Analysis will be made of Oregon court
decisions, constitutional and statutory provisions, and Attorney
General opinions regarding the use of the various water
resources, surface and underground, of the state. This survey
study will trace the historical development of Oregon water law,
synthesize and evaluate existing Oregon water law, critically com-
pare it with water law in other Western states, and otherwise seek
to attain the objectives stated above.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Oregon State University

6.0456, SIMULATION AS A MEANS OF STUDYING
RESOURCE ALLOCATIONS
A.N. HALTER, Oregon State University, School of Agriculture,
Corvallis, Oregon 97331

Objeetivcs: 1. To build mathematical models of the environ-
ment it,,d decision-making processes of various resource allocat-
ing units (firm, industry, agency, both public and private). 2. To
operate and test these models on digital computers. 3. To design
and test alternative decision-making criteria and processes.

Progress to Date: A computer simulation model of a relative-
ly small river basin has been developed that is capable of compar-
ing sizes of reservoirs, channel capacities, water use priorities,
operating procedures, and other management policies that come
within the economic framework.

SUPPORTED BY Oregon State Government

6.0457, SOCIO-CULTURAL IMPACTS OF WATER
RESOURCE DEVELOPMENT IN THE SANTIAM
T.C. HOGG, Oregon State University, Graduate School, Corvallis,
Oregon 97331

This project is to examine the effects of Santiam water
resource development projects on social organizational
(behavioral) and cultural (attitudinal) patterns of Santiam inhabi-

6. WATER RESOURCES PLANNING

tants. It is to focus on such effects just following the construction
phase of the Foster and Green Peter Reservoirs and to test a
socio-cultural model of a water resource development project in
its institutional phase.

The research will make use of written documents and inter-
view data to ascertain the social and attitudinal characteristics of
the people of the Santiam as they relate to the dams. Checks on
interview data are to be obtained through the use of a participant
observation technique in special community settings.

Comparisons are to be made with on-going and proposed
projects in the Western Region. These will include aspects related
to the project's developmental cycle,i.e., planning, construction,
intitutionalization, and evaluation, and those of public recreation
and education, political restructuring and economic reorienta-
tion, and social and attitudinal adjustments.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Oregon State University
Oregon State Government

6.0458, ECOLOGY OF RECREATIONALLY IMPORTANT
ESTUARINE FISHES IN OREGON
H.F. HORTON, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

The first objective of this project is to provide fundamental
understanding of the ecological factors which influence the
abundance and well being of the recreationally important fish
species in Oregon estuaries. The second objective is to develop
the understanding of the ecology of the various species into
recommendations for management practices for the conservation
of populations of estuarine fishes. Immediate objectives are: ( 1)
To study the movements and migrations of Oregon's estuarine
fishes in relation to the factors of their environment. (2) To esti-
mate the periodic abundance and angler yield of the various
populations of estuarine fishes. (3) To study the growth and mor-
tality factors which may influence the maintenance of populations
of estuarine fishes.

Intra- estuarine and coastal movements of the recreationally
important fishes will be determined by the analysis of recoveries
of tagged specimens. Estimates of population size and angler yield
will be determined by use of the capture-mark-release-and-recap-
ture technique, Growth rates will be determined by scale analysis,
length- frequency distributions and empirical data on length
recorded at periodic intervals. Mortality factors will he deter-
mined by fecundity, longevity and angler yield data. Environmen-
tal factors as temperature, salinity, tidal cycle and associated
fauna will be recorded and related to the factors listed above.
Based on the relationships developed, recommendations for
management will be made.

SUPPORTED BY Oregon State Government

6.0459, HYDROSTATIC PRESSURE-TEMPERATURE, AS
ENVIRONMENTAL PARAMETERS, ON GROWTH,
BIOCHEMISTRY AND PHYSIOLOGY OF MICROORGAN-
ISMS
R.Y. MORITA, Oregon State University, Graduate School, Cor-
vallis, Oregon 97331

Objective - a. Problem: The study of metabolic processes
under the environmental extremes of temperatures near 0 degrees
C and between 50 and 100 degrees C under hydrostatic pressure.
b. Application: To determine whether the maximum growth tem-
perature (at 1 atm.) car be elevated by manipulation of hydro-
static pressure and temperature. c. Specifically, interpretations of
growth processes will be made at the molecular level to determine
the general and specific mechanisms through which temperature-
pressure interaction influences or controls these reactions.

Approach - Pressure between I and 1,100 atmospheres
(17,600 psi.) and temperatures near 0 degrees C and 50 to 100
degrees C will be employed. In vitro studies concerned with the
molecular volume and conformational changes of hot and cold
marine microorganisms will furnish data concerned with the
precise concept and mechanism of the pressure-temperature in-
terrelationship that can happen in vivo.

Progress - a. 30 04 67 to 01 05 68 b. Research indicates
generally that microorganisms (terrestrial and marine) coming
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from environments close to 1 atm. cannot tolerate pressures
greater than 600 atm. Certain organisms have been isolated from
deep sea environment but in the laboratory have not been shown
to withstand elevated pressures from where they were isolated.
Three types of organisms have been categorized according to
their pressure sensitivity: 1) Cultures able to survive 4 weeks at
1,100 atmos. 2) Cultures able to survive 1 week at 1,100 atmos.
3) Cultures not able to survive 1 week at 1,100 atmos.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

6.0460, DEVELOPMENT OF A MODEL RESOURCE
ANALYSIS FOR RANGE WATERSHEDS
C.E. POULTON, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

Objectives: (1) Develop and field test a practical method of
resource analysis for use by B.B.M. personnel. (2) Demonstrate
how the information maybe interpreted and used in management
decisions. (3) Coordinate field testing throughout the western re-
gion and revise the procedures as necessary to meet locally vary-
ing conditions. (4) Provide specialized technical training of per-
sonnel as needed to insure successful application of the new
method.

Description of Work: On sample areas selected to represent
different kinds of range, apply knowledge from the tri-state con-
tribution to W-25, 'Ecology and Improvement of Brush-Infested
Ranges,' in an improved method of resource analysis. Refine aeri-
al photo interpretation as a tool in anai ds. Base field mapping on
existing conditions not on interpretations. Map both vegetation
and the physical environment. Mapping intensity will be such as
to map pure, homogeneous types or no more than three different
types within a single delineation. Where complexes are mapped,
the percentage of each component will be estimated and they will
be written up separately. Interpretations will be made on overlays
or on photo mosaic copies. Detailed instructions will be prepared.
Objectives 3 and 4 will be undertaken as subsequently deter-
mined.

SUPPORTED BY Oregon State Government

6.0461, EXPERIMENTAL REARING OF SALMON AND
STEELHEAD IN BRACKISH WATER IMPOUNDMENTS
H.J. RAYNER, Oregon State University, State Game Commis-
sion, Corvallis, Oregon 97331

1. To determine the feasibility of rearing salmon and steel-
head fry to smolts in brackish water impoundments. 2. To deter-
mine optimal stocking intensities, survival rates, mortality cause,
and environmental control procedures that produce the largest
return of adult fish.

Progress to date: Fall chinook fry, coho fry and steelhead fin-
gerlings are introduced into the pond which is usually filled with
fresh water. As the salinity tolerance of the fish increases, sea-
water from Alsea Bay is added. The growth rate of the fish at vari-
ous stocking densities is closely watched. Differential marking
and adjustment of the point of ielease is being used to test the
homing imprint of saltwater-reared smolts. The size of fish
released and the location of release will be tested at the time of
return of marked adults.

Limited supplemental feeding is planned for fall chinook
reared in brackish water in 1969. An investigation is under way of
the saltwater fish disease, Vibrio angularium Type C, that has
become a problem in pond rearing.

SUPPORTED BY Oregon State Government

6.0462, WATER NEEDS FOR IRRIGATION IN OREGON
M.N. SHEARER, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

Objectives - To estimate the water needs for the ultimate
development of irrigated agriculture in Oregon.

Procedure - 1. Criteria for determination of lands suitable for
ultimate irrigation will be restricted to factors of soil, climate, and
topography. 2. Determine the acreage in each soil class suitable
for irrigation for the designated 17 river basins. 3. Stratify for cli-
mate as needed within each river basin to determine the poten-

tially irrigable land. 4. Estimate for the potentially irrigable land
an annual water requirement equal to a 'full season' crop. 5. Ad-
just the net water requirement fonanticipated conveyance and ap-
plication efficiencies. 6. Determine the estimated water use and
supplemental needs on presently irrigated land. 7. Summarize the
estimates of water needs for irrigation for the years 1980, 2000,
2020, and 2070 for each of the river basins.

SUPPORTED BY Oregon State Government

6.0463, GENERAL SOIL MAPS OF REGIONS IN
OREGON WITH POTENTIAL FOR IRRIGATION
G.H. SIMONSON, Oregon State University, Agricultural Experi-
ment Sta. , Corvallis, Oregon 97331

1. To prepare general soil maps of those major regions of the
state that have potential for irrigation development. 2. To esti-
mate the area of soils with various degrees of suitability for irriga-
tion. 3. To develop descriptive 'material about the soils so that the
maps will be useful as a general information source and inventory
of the soils in each region.

Progress to Date: High altitude aerial photographs have been
obtained for all areas where needed and field work completed in
several areas totaling nearly 8,000 square miles. In some instances
it was necessary to set upand describe unnamed taxonomic units.

Typical profiles of the major units have been sampled for
laboratory analysis including determination of salt and alkalinity.

SUPPORTED BY Oregon State Government

6.0464, INVESTIGATE THE FEASIBILITY OF IN-
TRODUCING SOCKEYE SALMON INTO RESERVOIRS
L. KORN, State Fish Commission, Portland, Oregon 97201 (14-
17 -001 -1429)

Determine the ability of juvenile sockeye to survive and rear
in and emigrate from certain reservoirs. Catalog reservoirs in
Oregon as to their physical, chemical, and biological properties;
evaluate these with respect to the potential for rearing sockeye.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0465, ECONOMICS OF WATER QUALITY FOR A RE-
GIONAL SYSTEM
W. ISARD, Regional Science Res. Inst. , Philadelphia, Pennsyl-
vania 19104

To develop workable methods for the integration of empiri-
cal materials on possible supply, demand and quality conditions
for the development of an efficient water basin investment and
management program. These methods would be generally ap-
plicable to water basin investment and management in various re-
gions of the world. More specifically, our objective would be to
interrelate (1) quality conditions simulated by the diffusion
model for the Delaware estuary, (2) supply conditions as derived
from the current simulation model for the Delaware River basin
and (3) probable demand conditions projected with the use of
Philadelphia Regional economic base studies, to guide investment
and quality management policy on the Delaware estuary.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0466, THE ECONOMIC IMPLICATIONS OF THE IN-
TERCONNECTION OF URBAN WATER SYSTEMS
P. SEIDENSTAT, Temple University, Graduate School, Philadel-
phia, Pennsylvania 19122

An examination of the Philadelphia metropolitan area will be
undertaken to determine the economic feasibility of water in-
terchange among contingent urban water systems. Data on these
systems will be collected, including demand, supply, and related
planning information.

With the data for the 1961-66 period, an analysis of the pos-
sibilities of interchange to have met peak demands in this
`drought' period will be attempted. Then an examination of the
planning of water supply augmentations through 1980 in the light
of possibilities of tradeoffs of water will be undertaken, culminat-
ing in a cost-benefit analysis of the tradeoff method compared to
other supply-increasing alternatives.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0467, AN OPTIMAL WATER MANAGEMENT PLAN
FOR THE MIAMI VALLEY
H.J. PAY, Carnegie Mellon University, School of Engineering,
Pittsburgh, Pennsylvania 15213

The objectives of this study are twofold: ( I ) to develop an
optimal plan for conjunctive use of surface and ground water in
the lower valley of the Great Miami River in southwestern Ohio,
and (2) to develop systems analysis techniques appropriate for
study of alternatives in other regions faced with similar conjunc-
tive use water resource problems.

The Miami River was chosen because of the possibility of ex-
amining a number of interesting alternatives which show some
promise for meeting future water demands in the Miami Valley,
These include;

1) Examination of the feasibility of using dams as combined
flood control and groundwater recharge devices 2) Examination
of the feasibility of using surface water and groundwater interac-
tions for low flow augmentation.

The aquifer in the Miami Valley is heavily used, well defined,
and relatively well documented. Systems analysis techniques such
as dynamic programming, linear programming, geometric pro-
gramming and simulation will be applied in an attempt to evaluate
all feasible alternatives and select an optimum.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0468, A CONTINUATION OF THE STUDY TO DETER-
MINE THE COSTS OF WATER IN INDUSTRIAL USES
H.C. BRAM ER, Cyrus William Rice & Company, Pittsburgh,
Pennsylvania 15205

This investigation seeks to acquire, evaluate, and correlate
data with which the costs of water in industrial uses can be quan-
tified. The industries to be studied are those not included in the
present research study being completed for the Office of Water
Resources Research under Contract No. 14-01-0001-1581. Data
is to be determined according to industry classification, quantities
of water used, within plant uses, raw water sources and qualities,
geographical distribution, and value added by the industry, The
secondary objective of the investigation is to refine and
thoroughly test the model developed as a result of the current
research, to computerize the model, and to generate data on in-
dustrial water values through the use of the model on the basis of
available information. The results of the research would be ex-
pected to be a highly developed and reliable technique for the
determination of the costs of water in general industrial uses and a
compilation of data which would be of immediate use to water
resources planners and industrial users.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0469, STUDIES ON THE PRODUCTIVITY OF VASCU-
LAR HYDROPHYTES AND THEIR ROLE IN MINERAL
CYCLING IN AQUATIC ECOSYSTEMS
R.T. HARTMAN, Univ, of Pittsburgh, Graduate School, Pitt-
sburgh, Pennsylvania 1 5213 (AT( 30 -1) )

The relationships between the intensity and spectral quality
of light reaching submersed aquatic plants and the photosynthetic
efficiency of these plants and the photosynthetic efficiency of
these plants will be investigated. Spectroradiometric measure-
ments of available radiation will be used, in calculating these effi-
ciencies in field studies. Attention will be given to factors respon-
sible for previously observed changes in these efficiencies
throughout the day. Field study will be supplemented by laborato-
ry investigations using a high intensity monochrometer or trans-
mission filters.

Measurements will be made on the rate of release of tagged
carbon dioxide released through respiration by surface-floating
duckweeds while the plants are fixing 14-carbon photosyntheti-
cally. Information on rates of recycling of newly fixed carbon
compounds can aid in the interpretation of results from the appli-
cation of radiocarbon tracer methods.

6. WATER RESOURCES PLANNING

The uptake mineral elements by rooted aquatic plants will be
studied, Radioisotopes of selected nutrient elements will be sup-
plied to isolate root and shoot systems and the effect of different
types of substrates, in various degrees of oxidation and reduction,
will be observed. Work will continue on the preparation of a
mineral budget for a small pond in which submerged vascular
plants are the most important primary producers,

SUPPORTED BY U.S. Atomic Energy Commission

6.0470, STUDY OF METHODS FOR CONTROLLING
AQUATIC GROWTH AT PYMATUNING RESERVOIR AND
CONNEAUT LAKE, PENNSYLVANIA
C.H. MCCONNELL, Univ. of Pittsburgh, Graduate School, Pitt-
sburgh, Pennsylvania 15213

To conduct studies and prepare reports on various methods
of controlling aquatic vegetation growth; to make recommenda-
tions and to furnish technical advice as may be required from time
to time, to assure an orderly development of a program to control
these growths.

SUPPORTED BY Pennsylvania State Government

6.0471, RURAL LAND USAGE
R.A. BA RTOO, Penn, State University, Agricultural F-neriment
Sta. , University Park, Pennsylvania 16802

Develop the framework for a research program to investigate
the problems of rural land usage, Devise methods and select
criteria for measuring the economic and social values which can
be attached to alternative uses of rural land. Devise methods of
measuring the compatibility of rural land uses so that the relative
desirability of proposals for single use or combination of uses may
be evaluated.

SUPPORTED BY U.S. Dept. of Agriculture
Pennsylvania State Government

6.0472, ECONOMIC IMPACT OF WATER RESOURCE
DEVELOPMENT ON LAND USE
J.C. FREY, Penn. State University, Agricultural Experiment Sta. ,
University Park, Pennsylvania 16802

1. To measure changes in land use, land value and business
enterprises in selected rural areas where water reservoirs have
been developed. 2. To measure quantitatively the extent to which
variations in rates of development can be explained by charac-
teristics of the water reservoirs and other relevent variables. 3. To
develop methods of estimating the probable impact of water
resource development projects on economic growth. 4. To deter-
mine optional organization and management programs for busi-
ness enterprise attracted by water resource development projects.

An inventory of land use, land value and business enterprise
will be undertaken in selected rural areas of Pennsylvania where
water reservoirs have been constructed. Types of development at
the various reservoir sites will be classified, trends in development
will be established, and levels of development will be compared.
Regression analyses will be used to isolate factors which are rele-
vant in explaining variation in rates of development. From these
analyses, equations for estimating growth at reservoir sites will be
derived. Input-out analysis of community accounts will be un-
dertaken to ascertain the influence of new enterprise develop-
ment on community income and employment. Mathematical pro-
gramming techniques will be employed to develop optimum in-
come producing models for representative enterprises attracted
to the reservoir sites.

SUPPORTED BY U.S. Dept. of Agriculture
Pennsylvania State Government

6.0473, STREAM POLLUTION AND RECREATION
H.B. GAMBLE, Penn. State University, Inst. For Res. on Land &
Water, University Park, Pennsylvania 16802

The basic hypothesis in the proposed research is that there is
a negative correlation between the degree of pollution and the in-
tensity of recreational use of streams. The major objective is to
examine a number of streams in Pennsylvania in order to derive
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estimates of one of the social costs of pollution - that of recrea-
tional development and use foregone.

Field investigations will include the selection of a number of
streams or stretches of streams throughout Pennsylvanis showing
varying degrees of recreational use. Variables other than pollu-
tion which affect recreational use and development along any
given stream will have to be accounted for. A detailed study of thc
degree and kinds of pollution will be made, and will involve physi-
cal and chemical testing of the waters as well as development and
application of schematic scaling techniques for the aesthetic and
nonbiochemical qualities of thc water and environs, Detailed data
will be gathered through field interviewing as to the amount and
kinds of expenditures by recreational users of streams.

Regression analysis will be the statistical tool employed to
describe thc relationship between direct and indirect expendi-
tures from recreationists and kind of stream pollution and the
control factors.

SUPPORTED BY U.S. Dept. of Interior - 0. Watcr Res. Rch
Pennsylvania Statc University

6.0474, WILDLAND RECREATIONAL MANAGEMENT
J.L. GEORGE, Penn. Statc University, Agricultural Experiment
Sta. , University Park, Pennsylvania 16802

(I) Develop, evaluate, and compare various combinations of
uses of timber, wildiifc, water, and land resources to determine
the degree of compatibility of such use with the economic and so-
cial needs of our society and the interests of the landowner. (2)
Explore the possibilities of developing unique recreational activi-
ties in the use of a wildland area, introducing new game species,
and devising new techniques or methods of harvesting wildlife
and timber resources on a wildland area. (3) Determine the
characteristics of the demand curve for various recreational uses
of a wildland area at different user fec rates. Relate the demand
curves to production functions and cost analysis resource com-
binations for recreational purposes.

To be conducted on Quchanns, 40,000 acre wilderness area
in conjunction with state action agencies relating to forests and
water, game, and fish.

SUPPORTED BY U.S. Dept. of Agriculture

6.0475, CRITERIA FOR DETERMINING ECONOMIC PRI-
ORITIES IN AWARDING SEWAGE FACILITY CONSTRUC-
TION GRANTS
J.D. JANSMA, Pcnn. State University, Inst. For Res. on Land &
Water, University Park, Pennsylvania 16802

The State of Pennsylvania uses a point system to determine
relative needs in assigning priorities for awarding sewage facility
construction grants. The relative needs considered are water pol-
lution control (50 points), per capita costs (10 points) and finan-
cial need (40 points). The major objective of this research is to
develop economic indices which measure financial need and per
capita costs. Factor analysis will probably be the technique em-
ployed to group the various measures of a communities
economic-well-being and thus provide the basis for the index of
financial need. Alternative approaches for setting priorities will
be evaluated in terms of economic efficiency and equity.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

6.0476, SOCIOLOGICAL IMPACT OF A FLOOD-CON-
TROL RESERVOIR
S.M. LEADLEY, Penn. State University, School of Agriculture,
University Park, Pennsylvania 16802

The social organization of a community adjacent to a new
flood control reservoir is under pressure to change. This research
proposes to measure (I) the nature of perceptions of the flood-
control reservoirs by influentials, (2) the more significant
sociological and social psychological variables related to influen-
tials' perceptions, and (3) the consequences of influentials' per-
ceptions on community governmental and formal voluntary or-
ganizations. This study is an attempt to relate ecological change
to shifts in both individual perceptions and organizational struc-
tures and processes.

Existing Guttman and Likert scales for measuring individual
perceptions will be utilized. Influentials to be interviewed will be
selected using purposive sampling techniques. Additional longitu-
dinal data from previous community studies (complete household
enumerations) in 1937, 1949, and 1960 will be used in order to
establish bench modes of individual perceptions and social struc-
tural variables. Current organizational information will be ob-
tained from key informants from within the community and
specific organizations.

Recommendations will be made regarding procedures for
central office and field staff personnel in the areas of reducing so-
cial costs of adjustment and assisting community organizations in
their attempts to maximize the multiplier effect of the ecological
change.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

6.0477, A WATER SUPPLY-DEMAND ANALYSIS IN
CLINTON COUNTY, PENNSYLVANIA - A STUDY IN
ECONOMIC HYDROLOGY
D.L. RAPHAEL, Penn. State University, School of Engineering,
University Park, Pennsylvania 16802

For a given region, water, in many ways, can be likened to
the flow of money into, through and out of the economy.
Economics has developed a model that simulates the flow of
money through a regional economy. This type of model has al-
ready been utilized for the economic study of Clinton County,
Pennsylvania. This Leontief type input- output model was con-
structed and programmed on a large capacity digital computer.
The model has already been tested and proven feasible.

The data for the water portion of the model will be obtained
or reasonably approximated from existing sources of data. This
will essentially consist of an approximated water balance for Clin-
ton County. The hydrological data is used only to implement the
study of the methodological goal and is not intended to reflect a
detailed water balance of the study area. The water flow model
will then be related to the existing Clinton County microregional
model by means of water use functions. The nature of those em-
pirical water use functions is the primary goal of this stage, and
they will relate levels of water usage with levels of economic ac-
tivity, Finally, impact studies of the effects of economic change in
the region on water usage will be conducted. This will include a
study of the water resource as a constraint on economic activity.
However, water availability as a generator of economic activity
per se will not be considered in this study but will be dealt with
later in subsequent studies.

In the first phase of this study the effort was centered on deal-
ing with the water resource only in quantitative terms. It will be
the objective of the continuation phase to explore the direct and
indirect relationship between water usage and economy of a
microregiori with respect to water quality. This emphasis on water
quality will also include attention to an adequate definition of
water quality in the context of the general study.

SUPPORTED BY U,S. Dept. of Interior - 0. Water Res. Rch
Pennsylvania State University

6.0478, COMPARATIVE STUDY OF THE BENTHIC
MICROBIAL BIOTA IN SOME COASTAL AREAS OF PUER-
TO RICO
E. ANGEL, Univ. of Puerto Rico, Water Resources Research Inst.
, Mayaguez, Puerto Rico

Three marine areas of the Southwest coast of Puetro Rico
supposedly affected or not by chemical or animal residue: are to
be studied. (1). The characteristic bacteriological biota of the
neritic benthic zone is going to be studied in order to find the ac-
tual population. (2). The standard physical and chemical charac-
teristics of sea water are going to be studied in the three different
areas. (3). Comparative studies will be conducted in to
establish relations between pollution and physical change to bac-
terial population changes, and to establish which are the believed
`normal' bacterial population (unaffected areas) and 'abnormal'
bacterial population (affected areas),
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

6.0479, RELEVANCE OF SELECTED ECOLOGICAL FAC-
TORS RELATED TO WATER RESOURCES & SOCIAL OR-
GANIZATION OF FISHEMEN VILLAGES IN PUERTO RICO
(ABBREV)
F. BLAY, Univ. of Puerto Rico, School of Engineering,
Mayaguez, Puerto Rico

This study aims to discover some relevance, if any, between
fishing products as an aspect of water-resources, and the struc-
ture, processes and changes of some fishermen communities in
Puerto Rico. The impact of changes in the availability of this
water resource upon the culture, the social relationships and the
personality of fishermen will be observed.

Three fishermen villages of Puerto Rico will be selected that
would show differences as to the past, actual and potential availa-
bility of the water resource to be studied - fishing products.

Personal interviews and questionaires and other statistical
methods to a sample of the population and direct observation will
be used to gather the data. Reliable information already obtained
by government agencies might also be used. Proper statistical
analysis will determine the relevance between the variables.

Practical application of these results would be useful in
development programs of International, local, private and
government agencies interested in bringing desirable changes to
fishermen villages.

A contribution to the ecological appraoch in the sociological
theories is expected by this research.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

6.0480, THE MANAGEMENT AND CONTROL OF
WATER IN PUERTO RICO
1.A. CORDERO, Univ. of Puerto Rico, Water Resources
Research Inst. , Mayaguez, Puerto Rico

This study seeks to discover some of the problems involved in
the management and control of water in Puerto Rico.

The subject will be discussed under the following topics -- ir-
rigation, Hydroelectric Power, Domestic and Industrial Water
Supply, Water Pollution, Flood Control, Drainage and Wildlife
and Recreation.

The principal objectives of the study are: 1) To bring
together a summary of data in the management and control of
water in Puerto Rico. II) To examine and analyze the data in
respect to management and control of water. HI) To offer recom-
mendations where necessary for the improvement in the manage-
ment and control of water in Puerto Rico. Data will be gathered
from both public and private water related agencies. Upon
completion of the study, the project is expected to provide valua-
ble information to the said agencies and the Institute.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0481, HUMAN FACTORS INVOLVED IN THE
DEVELOPMENT OF A WATERSHED PROJECT IN YABU-
COA, PUERTO RICO
F. DELRIO, Univ. of Puerto Rico, School of Engineering,
Mayaguez, Puerto Rico

This study aims to determine the present social, economic
and cultural situation of an area in the southeastern coast of Puer-
to Rico in which plans are underway for the establishment of a
watershed project. (Guayanes Watershed Project)

The specific objectives of this study are to: 1. Determine
some of the personal characteristics of farmers in terms of age,
education, main occupation, income and levels of living. 2. Deter-
mine the knowledge, attitudes, and opinions of farmers toward
the Guayanes River Watershed Project. 3. Determine the farming
situation in relation to land tenure and other variables as stated in
objective 1. 4. To arrive at conclusions and make suggestions that
may help for the program planning and evaluation of the
watershed project.

6. WATER RESOURCES PLANNING

Information will be secured from a sample of around 200
farm operators thrc gh persomil interviews by the investigators
and through the administration of a questionnaire by trained in-
terviewers.

The findings and conclusions of this study are expected to
provide for both the program planning and evaluation of the
Guayanes River Watershed Project.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

6.0482, STUDIES WITH BARBADOS OR WEST INDIAN
CHERRY (MALPIGHIA PUNICFOLIA, L)
G.C. JACKSON, Univ. of Puerto Rico, Agricultural Experiment
Sta. , Mayaguez, Puerto Rico

to determine the adaptability of selected West Indian cherry
varieties for porduction in the different regions of Puerto Rico
and develop optimum agronomic techniques to be utilized in their
production.

Description of work: The screening os seedling trees for high
yielders of ascorbic acid will be continued. Matorial will be
propagated from these trees and will be established in experi-
ments to study effects of irrigation on cropping cycle, fruit yield,
and ascorbic acid content. The effects of pruning in respect to
ascorbic acid yield of this economic crop will be investigated.

SUPPORTED BY Puerto Rico Government

6.0483, THE DEMAND FOR WATER BASED RECREA-
TION IN SOUTHWEST PUERTO RICO
R.B. RAMGOLAM, Univ. of Puerto Rico, Water Resources
Research Inst. , Mayaguez, Puerto Rico

This study will be centered on an estimation of the present
and future demand for water based recreation in the southwestern
area of Puerto Rico. The primary objectives of the study are: 1) to
evaluate the use of water based recreational facilities. 2) To
determine people's willingness to pay for the use of the areas and
facilities. 3) To examine the characteristics of recreational uses
and the effect of these characteristics on demand for various
areas and facilities. 4) To determine the satisfaction of visitors
with the areas and facilities. 5) To make recommendations, if any,
for the improvement of existing areas and facilities and the
establishment of new ones.

A questionnaire will be designed to acquire the relevant data
by random sampling of use of water-based recreation areas. The
data collected will be arranged for analysis by computer to
prepare the findings and conclusions for study,

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

6.0484, QUANTITATIVE ANALYSIS OF WATER USE
PATTERNS IN PUERTO RICO
A.S. VAZQUEZ, Univ. of Puerto Rico, School of Engineering,
Mayaguez, Puerto Rico

The objectives: (1) To inventory the past and present water
use situation in Puerto Rico. (2) To estimate major future trends
on residential, commercial, industrial and agricultural water uses.

Plan of work for Objective (1) - To conduct a survey to ob-
tain data on water uses for residential, industrial, commercial and
agricultural purposes. Data will be used to determine present
water consumption patterns. Statistical experiments will be
designed and conducted cooperatively with the Puerto Rico
Resources Authority and other Agencies.

Plan of Work for Objective (2) - To project trends and esti-
mate effects of new technology and the socio-economic changes
for future uses in residential, industrial, commercial and agricul-
tural purposes. Survey data will be subject to mathematical analy-
sis in order to identify major trends in water use.

The research will be conducted by stages, with residential
water uses past, present and future patterns being the first stage.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Puerto Rico

6.0485, SOCIO-ECONOMIC STUDY OF NARRAGANSETT
BAY, RHODE ISLAND
N. RORHOLM, Univ, of Rhode Island, Agricultural Experiment
Sta. , Kingston, Rhode Island 02881

To identify, measure and evaluate the economic and social
values of the marine resources of the Bay to the State of Rhode
Island. The project will be based on secondary source information
currently available to the University of Rhode Island with addi-
tional surveys or interviews being made as necessary to supple-
ment existing data. To identify, measure and analyze economic
and social trends in Rhode Island which would he significant in
terms of water pollution control or land use regulation of the Bay
and that portion of the watershed which is significant in determin-
ing the quality of the estuarine water resources.

To explore how benefit cost analysis techniques may he best
applied to determine the effects of various combinations of
beneficial uses on the estuarine resources. To identify and recom-
mend needs for future studies or basic data systems which would
be useful in obtaining optimum public benefits from use of the
Bay resources.

SUPPORTED BY Rhode Island State Government

6.0486, ANALYSIS OF SOCIAL AND MOTIVATIONAL
CHARACTERISTICS ASSOCIATED WITH SELECTED OUT-
DOOR RECREATIONAL ACTIVITIES IN RHODE ISLAND
I.A. SPAULDING, Univ, of Rhode bland, Agricultural Experi-
ment Sta. , Kingston, Rhode Island 0288 I

Objective: To analyze social and motivational characteristics
of participants in selected outdoor recreational activities using
Rhode Island resources; priority is given to participants in boat-
ing, hunting and fishing, and hiking.

Procedure: Through Rhode Island's registries and licensing
agencies for power boats and hunting and fishing, samples of
power boat owners and licensed hunters and fishers will he
secured. Questionnaires will he used to secure data pertaining to
social characteristics, motivation, and responses to participation.
Hiking club., will he contacted, and relevant data will he secured
by questionnaire and/or interview from members or samples of
members. When desired, intensive case studies will be made.

SUPPORTED BY Rhode. Island State Government

6.0487, THE FRESHWATER ALGAE OF SOUTH
CAROLINA FLORISTICS AND ECOLOGY
G.E. DILLARD, Clemson University, Agricultural Experiment
Sta. , Clemson, South Carolina 29631

Objectives: I . To identify the species of freshwater algae oc-
curring in South Carolina. 2. To study the ecology of the in-
dividual species of algae of both lotic and lentic habitats in the
state.

Procedure: Initial efforts will involve extensive algal collec-
tions over the state as a whole and intensive collections in one or
two upper Piedmont stream habitats. As suitable equipment can
he acquired the ecological requirements of the various species
will he determined. The project will require revision and delinea-
tion of more specific objectives after 2 to 3 years.

SUPPORTED BY U.S. Dept. of Agriculture
South Carolina State Government

6.0488, IRRIGATION AND FERTILIZER ON UPLAND
FOREST
W.H. MCGREGOR, Clemson University, Agricultural Experi-
ment Sta. , Clemson South Carolina 29631

I. To determine the relative importance of (a ) moisture
stress and (b) mineral nutrient deficiency in restricting growth on
an upland mixed hardwood-pine stand by measuring increased
growth when supplemental water and mineral nutrients are sup-
plied.

2. To determine what changes in understory vegetations take
place when supplemental water and nutrients are supplied.

A ridgetop site of mixed upland hardwood-shortleaf pine will
be selected on the Clemson Forest and sprinkler-irrigated from a
nearby stream. There will be four irrigated and four non-irrigated
1/4 acre plots. Vegetation will be sampled before and for at least
8 years after irrigation. Growth of tree species will be measured
each year. Fertilizer will be added to one-half of each plot approx-
imately two years after initiation of the study. Weather data will
he recorded on the plots.

()gtxt -249:2

SUPPORTED BY U.S. Dept, of Agriculture

6.0489, STUDY OF COSTS OF TREATING TEXTILE
WASTES IN MUNICIPAL AND INDUSTRIAL SEWAGE
PLANTS
J.M. STEPP, Clemson University, Water Resources Research
Inst. , Clemson, South Carolina 29631

The textile industry, which is concentrated and still growing
in the Carolinas and Georgia, is a major user and polluter of water
while at the same time requiring high-quality water for dyeing and
firdshing operations. The liquid wastes from such operations are
strong, complicated, variable, and difficult to remove from waste-
water. The public interest requires effective treatment of industri-
al wastes; hence it is in the interest of the general public, the tex-
tile industry and the people and communities supported by it to
obtain information on methods, problems and costs of treating
textile wastes, and the relation of such costs to other compt,,,ents
of the cost and income structure of the plants.

The study will cover all of the 32 sewered South Carolina
municipalities which accept and treat textile wastes in their mu-
nicipal sewage plants, and a substantial number of the 89 South
Carolina wet- process textile manufacturing plants which operate
waste-treatment facilities. Data will be obtained from the
managers of the sewage systems and plants by means of question-
naires, from published reports, from the records of public agen-
cies, and from consulting engineering firms which specialize in
the design and operation of waste-treatment systems. The mu-
nicipal phase of the study will prececleAe ;ming-Hal phase.

SUPPORTED BY 4:57S:15ept. of Interior - 0, Water Res. Rch
Clemson University

6.0490, A STUDY OF SOUTH CAROLINAS STATE
LEGISLATION, POLICIES AND PROGRAMS PERTAINING
TO WATER AND RELATED LAND RESOURCES
J.M. STEPP, Clemson University, Agricultural Experiment Sta. ,
Clemson, South Carolina 29631

1) To compile a statement of the statutory authority and the
operating policies, procedures and programs of South Carolina
state agencies concerned with water and related land resources,
2) To list and summarize the functions of federal agencies in
South Carolina which have water resource responsibilities; 3) To
evaluate South Carolina's water-related laws, policies, programs,
and procedures in relation to the experience of other states.

The State constitution and State statutes concerning water
will be studied in order to determine South Carolina's official pol-
icies relating thereto. Detailed study of court decisions is beyond
the scope of this project. State and federal agencies that are con-
cerned with water and related laid resources will he visited, and
their programs and policies in regard to water and related land
resources will he ascertained. Data obtained in this study will he
compared with similar data that are available from other states.
Advantages or deficiencies in South Carolina's laws, policies, or
programs will he determined and specified. Ways for improving
South Carolina's position on water and related land resources will
be evaluated.

SUPPORTED BY U.S. Dept. of Agriculture
South Carolina State Government

6.0491, ECONOMIC ANALYSIS OF THE SANTEE-
COOPER PROJECT - A RETROSPECTIVE STUDY UTILIZ-
ING CURRENT EVALUATION STANDARDS
J.M. STEPP, Clemson University, Agricultural Experiment Sta. ,
Clemson, South Carolina 29631
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Santee-Cooper is a state-owned, multipurpose reservoir,
located in the Coastal Plain of South Carolina, which was
completed in 1942 at a cost of approximately $64 million. The
facilities include two lakes (connected by a diversion canal)
which cover 160,000 acres, a hydroelectric plant, a thermal elec-
tric' plant, and electricity distribution facilities, In recent years the
lakes have achieved'a growing popularity with sport:, fishermen.

The objectives of this study arc: (1) to discover and describe
the economic assumptions and estimates of those who promoted
and planned the project in the 1930's; (2) to evaluate estimated
primary and secondary, benefits in light of present benefits and
costs of the project; (3) to determine the nature and extent of dis-
crepancies between the predicted and the actual benefits and
costs of the project; (4) to propose methods by which these dis-
crepancies might be reduced in future projects.

Procedures will include documentary research, study of
records of operation of the project, and interviews with project
officials.

SUPPORTED BY South Carolina State Government

6.0492, LEGAL ASPECTS OF WATER .USE AND CON-
TROL IN SOUTH CAROLINA
C.N. RANDALL, Univ. of South Carolina, Graduate School,
Columbia5outh Carolina 29208

This research proposes to evaluate the present law applicable
to water use and control in the State of South Carolina, as well as
making suggestions for the clarifying and amendment of the law.
Consideration will be given to all aspects of legal control and
regulation of water. Judicial and legislative trends in water law
through out the United States, and their potential for the laws of
South Carolina, will he investigated.

The specific objectives of the study are as follows: (1) to
analyze and report on the scope and extent of Federal law govern-
ing the use and control of water resources within the State of
South Carolina; (2) to analyze and report on existing statutes,
constitutional provisions and judicial decisions of the State of
South Carolina affecting water use and control, as well as laws
and activities of neighboring States affecting water flow in which
the State of South Carolina has an interest; (3) to survey the im-
portant developments in the law, both judicial and legislative and
regulatory, relating to water use and control throughout the
United States; (4) to give critical consideration to proposed addi-
tions to or amendments of the laws of South Carolina relating to
water use and control.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of South Carolina
South Carolina State Government

6.0493, THE MODIFICATION OF A PREDICTIVE RIVER
BASIN MODEL
R.P, COVERT, South Dakota State University, School of En-
gineering, Brookings, South Dakota 57007

The proposed research plan involves the modification of and
verification of a systematic reach analysis of a predictive river
basin model. The original model was designed to predict the ef-
fects of economic activity on the Blackwater River Basin in Cen-
tral Missouri. Although every effort was made to keep the model
general, it is expected that this model has features that make it ap-
plicable only to that basin. The true generality of the model can
be determined only by testing it in another basin and making the
necessary modifications and generalizations. Further, this verifi-
cation will provide an indication of the manhours and procedures
necessary to use this model on any other basin,

Since the basic model is developed, the majority of the effort
can be expended on securing the best possible coorclation
between the model and the segments of the river basin under stu-
dy. The basin selected is ideal for these purposes since it contains
a metropolitan area as well as agriculture economic activity.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res, Rch
South Dakota State University

6.0494, THE IMPACT OF IMPOSING A WATER QUALI-
TY STANDARD ON A LIVE STREAM

DORNBUSII, South Dakota State University, School of En-
gineering, Brookings, South Dakota 57007

This proposed study involves an evaluation of the impact of
imposing quality standards on a stream which is presently being
considered for multipurpose development through reservoir con-
struction.

Water resources development frequently requires long-range
decisions involving huge expenditures; however, these decisions
are often made without complete consideration of existing infor-
mation. It is the purpose of this study to appraise information for
decision- making regarding beneficial uses including flood con-
trol, recreation, irrigation, fish propagation and civality control.

The approach will be to evaluate statistically existing infor-
mation in order to relate the proposed quality requirements to the
projected uses, The ease study will consider the interrelationships
of existit:;.4 and projected stream quality, the frequency of low
stream flows, the pollution abatement requirements, the effect of
river impoundment and the need for flow augmentation.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
South Dakota State Government
South Dakota State University

6,0495, HIDDEN COSTS OF USING SUBSTANDARD
QUALITY WATER, AS EXPERIENCED BY WATER USERS
IN WEBSTER, SOUTH DAKOTA
A.J. MATSON, South Dakota State University, Graduate School,
Brookings, South Dakota 57007

A survey is being conducted of residential, institutional, com-
mercial, and industrial water users in Webster, South Dakota. The
object is to determine the hidden costs associated with the use of
substandard quality water formerly supplied, as compared with
the present use of the product water from OSW's Saline Water
Conversion Demonstration Plant. A breakdown of comparative
costs incurred before and after the change-over from brackish to
potable water service is being prepared.

In addition, the project is to include a number of other cities
using substandard water in the same state, correlating the retarda-
tion of economic growth with the use of water high in mineral
content, quantifying economic losses, and assessing the benefits
which might accrue

SUPPORTED BY U.S. Dept. of Interior - Off', Saline Water

6.0496, ECONOMIC ANALYSIS OF IRRIGATION
SYSTEMS APPLICABLE TO THE NORTHERN GREAT
PLAINS
(;.D, ROSE, South Dakota State University, Graduate School,
Brookings, South Dakota 57007

The proposed research plan involves cooperative efforts with
agricultural engineers, soil scientists and agronomist:; to identify
economically feasible irrigation systems for Northern Great
Plains conditions, The main approach is a linear programming
analysis of selected bench-mark farms to determine optimum
combinations of alternative irrigation systems and farming enter-
prises to meet the economic objectives of individual farm firms, A
prime consideration will be the opportunities and investment
strategics necessary for shifting from privately developed water
sources to publicly developed sources as such are developed.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Reh
South Dakota State University

6.0497, PHYSICAL, CHEMICAL, AND BIOLOGICAL
LIMNOLOGY OF OAHE RESERVOIR

HIGHAM, U.S. Dept. of Interior, Biological Station,
Mobridge,S'outh Dakota

Limnological studies began October 1966 as an expansion of
research on Oahe Reservoir, Studies of pi-ysical, chemical, and
biological features of the reservoir will provide information on
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causes of fluctuations in survival and growth of fish populations.
The knowledge will help predict levels of abundance in the fish
stocks for the optimum management of these resources. Collec-
tions at a number of limnological stations will include records of
water level fluctuations, erosion, silt deposition, reservoir soil
characteristics, water temperatures, turbidity, plankton, bottom
fauna, and water chemistry.

Analyses of 61 soil samples from six transacts of the reservoir
are underway at South Dakota University. Determinations are
being made for organic matter, phosphorus, potasrium, soluble
salts, and pH.

SUPPORTED BY U.S. Dept. of Interior Bu. COMM. Fish,

6.0498, GROWTH AND MORTALITY RATES Orr YOUNG
YELLOW PERCH IN OAHE RESERVIOR
L.G. BECKMAN, U.S. Dept. of Interior, North Cen. Reservoir
Invg. , Yankton, South Dakota

Yellow perch is the most abundant game fish in Oahe Reser-
voir, S.D., and an important food for both young and adultpreda-
tory fishes. Because of its apparent key role in the ecology of the
reservoir, information on the dynamics of juvenile stocks has
been accomplished since 1964. Measures of apparent abundance
in selected nurseries, along with estimates of growth and mortality
rates, provide the vital statistical data used to assess the annual
status of juvenile stocks.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0499, ABUNDANCE OF YOUNG-OF-THE-YEAR FISHES
IN OAHE RESERVOIR
L.G. BECKMAN, U.S. Dept. of Interior, North Cen. Reservoir
Invg. , Yankton, South Dakota

Measures of the relative apparent abundance of larval and ju-
venile fishes in Oahe Reservoir have been obtained from stan-
dardized haul seine and trawl catches since 1964. These measures
not only provide estimates of the initial success of annual
spawning but also furnish information on the future status of in-
dividual game fish populations. Estimates of the first year's
growth and mortality rates of selected species are derived from
these data.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

6.0500, DISTRIBUTION AND RELATIVE ABUNDANCE
OR POPULATION OF YOUNG FISHES IN LAKE SHARPE
RESERVOIR
J. ELROD, U.S. Dept. of Interior, North Ccn. Reservoir Invg. ,
YaOton, South Dakota

Measures of the relative apparent abundance of larval and ju-
venile fishes in Lake Sharpe, S. D., are obtained from stan-
dardized haul seine and trawl catches to determine the distribu-
tion of young and success of annual spawning. Estimates of the
first year's growth and mortality rates of selected species are
derived from these data.
SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0501, ABUNDANCE AND COMPOSITION OF ADULT
FISH STOCK IN LAKE 3HARPE
J. ELROD, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

Measures of the relative apparent abundance of the adult fish
stock in Lake Sharpe, S.D. have been obtained from standardized
gill net catches since 1964. The purpose of the study is to describe
changes in specie3 composition and the size, age, and sex com-
position of the individual species populations following impound-
ment. Estimates of recruitment, growth, and mortality rates of
selected species also are derived from the data.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

6.0502, VITAL STATISTICS OF NORTHERN PIKE IN
LAKE SHARPE
J. ELROD, U.S. Dept. of Interior, North Cen. Reservoir Invg, ,
Yankton, South Dakota

Northern pike is a much sought-after game fish in Lake
Sharpe, S.D. To provide current information on the status of the
population, annual estimates of recruitment, growth, and mortali-
ty rates are derived from catch per -snit- effort data (gill net),and
independent estimates of these parameters will be sought from
mark and recapture data.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0503, VITAL STATISTICS OF WALLEYE IN LAKE
SHARPE
J. ELROD, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

Walleye constitutes a sizeable game fish population in Lake
Sharpe, S. D. To provide current information on the status of the
population, annual estimates of recruitment, growth, and mortali-
ty rates are derived from catch per-unit-effort data (gill net), and
independent estimates of these parameters will be sought from
mad( and recapture data.

SUPPORTED BY U.S. Dept, of Interior Bu. Sport Fish.

6.0504, RELATIVE ABUNDANCE OF ADULT FISH IN
LAKE FRANCIS CASE
C.R. GASAWAY, U.S. Dept. of Interior, North Cen. Reservoir
Invg Yankton, South Dakota

Studies on adult fish are conducted biannually using gill nets
and trap nets. Nets are fished in June, July, and August in lower,
middle, and upper areas of the reservoir. Species and age com-
position, relative abundance, year-class strength, growth rates,
and maturity are determined from collected samples.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0505, YOUNG-OF-THE-YEAR FISH IN LAKE FRANCIS
CASE
C.R. GASAWAY , U.S. Dept. of Interior, North Cen. Reservoir
Invg. , Yankton, South Dakota

Sampling of young-of-the-year is conducted from July
through October to determine year-class strength, growth, and
mortality rates. Environmental factors are measured to determine
cause and effect relations. Sampling is conducted in the lower,
middle, and upper areas of the reservoir, using seines, bottom
trawls, and mid -water trawls.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0506, EARLY LIFE HISTORY OF WALLEYE IN LAKE
FRANCIS CASE
C.R. GASAWAY, U.S. Dept. of Interior, North Cen. Reservoir
Invg. , Yankton, South Dakota

Walleye have increased in number in Lake Francis Case dur-
ing the past 5 years. Studies will be conducted to determine time
and location of spawning, environmental factors influencing sur-
vival of embryos and larvae, and vital statistics of young- of -the-
year. Initial work will consist of exploratory sampling to find
spawning areas. Eggs will be collected with a suction device.
Adults will be collected with gill nets and electric shocker.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0507, EFFECTS OF TEMPERATURE AND SILT ON
NORTHERN PIKE DEVELOPMENTS IN THE LABORATO-
RY
T. HASSLER, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

Empirical results of field studies of survival rates of young
northern pike in relation to specific environmental factors are to
be tested under controlled conditions in the laboratory. Initial stu-
dies will deal with effects of water temperature and silt on artifi-
cially- fertilized embryos, yolk-sac larvae, and larvae.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6,0508, EFFECTS OF TEMPERATURE AND SILT ON
YELLOW PERCH DEVELOPMENT IN THE LABORATORY
T. HASSLER, U.S. Dept. of Interior, North Cen, Reservoir Invg. ,
Yankton, South Dakota

Empirical results of field studies of survival rates of young
yellow perch in relation to specific environmental factors are to
be tested under controlled conditions in the laboratory. Initial stu-
dies will deal with effects of water temperatures and silt on natu-
rally fertilized embryos, yolk-sae larvae, and larvae.

SUPPORTED BY U,S. Dept, of Interior Bu. Sport Fish.

6.0509, EFFECTS OF TEMPERATURE AND SILT ON
WHITE BASS DEVELOPMENT IN THE LABORATORY
T. HASSLER, U.S. Dept. of Interior, North Cen. Reservoir Invg.
Yankton, South Dakota ti

Empirical results of field studies of survival rates of young
white bass in relation to specific environmental factors are to be
tested under controlled conditions in the laboratory. Initial stu-
dies will deal with effects of water temperature and silt on artifi-
cially- fertilized embryos, yolk-sac larvae, and larvae.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0510, ENVIRONMENTAL FACTORS AND YOUNG
NORTHERN PIKE SURVIVAL IN RESERVOIRS
7'. HASSLER, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

To determine if variable survival of northern pike young is
related to specific environmental factors, naturally-occurring and
artificially- fertilized embryos are placed in rearing trays and pens
at selected spawning sites. Survival of embryos and yolk-sac lar-
vae is compared with variations in silt, wind, water temperature,
and substrate.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0511, ENVIRONMENTAL FACTORS AND YOUNG YEL-
LOW PERCH SURVIVAL IN RESERVOIRS
T. HASSLER, U .S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

To determine if variable survival of young yellow perch is re-
lated to specific environmental factors, naturally-spawned emb-
ryo clusters are placed in rearing pens and trays at selected
spawning sites. Survival of embryos and yolk-sac larvae is com-
pared with variations in silt, wind, water temperature, and sub-
strate.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0512, ENVIRONMENTAL FACTORS AN9 YOUNG
WHITE BASS SURVIVAL IN RESERVOIRS
T. HASSLER, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

To determine if variable survival of white bass young is re-
lated to specific environmental factors, naturally-occurring and
artificially- fertilized embryos are placed in rearing trays and pens
at selected spawning sites. Survival of embryos and yolk-sac lar-
vae is compared with variations in silt, wind, water temperature,
and substrate.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish,

6.0513, EFFECTS OF PLANTING TERRESTRIAL
VEGETATION ON EXPOSED RESERVOIR BOTTOM ON
AQUATIC BIOTA
P.L, HUDSON, U,S. Dept. of Interior, North Cen. Reservoir Invg.
, Yankton, South Dakota

About 50% of the bottom of Lake Francis Case is exposed
each fall by a drawdown, The timing of the drawdown prevents
aquatic or terresterial vegetation from being established. Prelimi-
nary trials with 8 commercially available varieties showed that

6. WATER RESOURCES PLANNING

sorghum-sudan hybrid seed planted in early August on exposed
bottom reached 5 feet by the end of the growing season. These
plantings held the foliage during winter and may be inundated this
spring. Other varieties showed promise. The effects of vegetation
on plankton, benthos, and fish (spawning sites and feeding area)
will be measured. Additional plant varieties will be tried and new
plantings made, Seeds will be distributed by airplane and by nor-
mal cultivation methods. The South Dakota Department of
Game, Fish and Parks assists in the work.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish,

6.0514, BENTHOS IN LEWIS AND CLARK LAKE
P.L. HUDSON, U.S, Dept. of Interior, North Cen. Reservoir Invg.
, Yankton, South Dakota

Chironomids (Diptera) and Hexagenia (Ephemeroptera)
comprise numerically over 95% of the benthos in this lake, We
have extensive knowledge on abundance and distribution of both
groups and we monitor a 3,500 acre study area each spring. Past
work has been concerned principally with physical and chemical
factors and future work will emphasize biota interrelationsh;ps.
The analyses will include species diversity, predator-prey rela-
tionships, production, movement, and fish predation. Recent
work on chironomids will allow us to work at the species level.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0515, BENTHOS IN LAKE FRANCIS CASE
P.L. HUDSON, U.S. Dept. of Interior, North Cen. Reservoir Invg.
, Yankton, South Dakota

Water levels of Lake Francis Case (Ft. Randall Reservoir)
fluctuate greatly due to normal water management operaiions.
Past studies of drawdown effects show that large numbers of
benthic invertebrates are stranded and habitat for burrowing
forms is destroyed. The trophic dynamics of the benthic commu-
nities will be studied and related to primary productivity and
zooplankton work. Measurements and analyses will include
production rates, species succession and diversity, predator-prey
relationships, and fish predation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0516, G1.4',NERAL HYDROGRAPHIC FEATURES OF
OAHE RESERVOIR AND LAKE SHARPE
F.C. JUNE, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

To provide measures of environmental changes following im-
poundment of Oahe Reservoir and Lake Sharpe, S. D., periodic
cruises, begun in 1966, are made during the open-water period.
Routine station observations include water temperature, turbidi-
ty, conOuctivity, and oxygen, along with phyto and zooplankton
samples. Measures of major chemical ions, elements, and com-
pounds also are obtained periodically.

SUPPORTED BY U.S. Dept. of Interior - 3u. Sport Fish.

6.0517, LIMNOLOGICAL FEATURES LAKE SHARPE IN
RELATION TO COLD-WATER FISHES
F.C. JUNE, U.S. Dept. of Interior North Cen. Reservoir Invg. ,
Yankton, South Dakota

Preliminary studies of Lake Sharpe, S. D. indicate that cold
water entering through Oahe Dam essentially establishes a cold-
water environment during the warm months. To determine the
suitability of the impoundment for cold-water fishes, studies will
be made of the annual water temperature regimen, current pat-
tern, available food, and potential spawning habitats in relation to
the requirements of several cold-water species.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0518, VARIATIONS IN SPAWNING OF FISHES IN
RELATION TO TEMPERATURE
F.C. JUNE, U.S Dept. of Interior, North Con. Reservoir Invg. ,
Yankton, South Dakota
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A preliminary study of the reproductive cycle of 19 common
fishes in Oahe Reservoir and Lake Sharpe, South Dakota, showed
marked variability in the onset of maturation and spawning within
species, Maximum spawning of every species, however, was as-
soeiated with specific water temperatures, and temperature
anomalies appeared to be a cause of spawning failure (retention
of eggs) in some species. To investigate these apparent relation-
ships further, measures of water temperature and the maturation
and release of ovarian ova are obtained at selected sites during
the spawning period.

SUPPORTED BY U.S. Dept. of Interior Bu, Sport Fish.

6.0519, COMPOSITION OF THE SPAWNING STOCKS IN
OAHE RESERVOIR AND LAKE SHARPE
F.C. JUNE, U.S. Dvt. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

To determine the relation between changes in the biological
characteristics of the spawning stock and variations in annual
spawning success, studies are conducted of fecundity, attainment
of sexual maturity, sex ratio, and the age and size of spawners of
selected species in Oahe Reservoir and Lake Sharpe, S. D.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0520, SEXUAL MATURATION AND SPAWNING OF
NORTHERN PIKE
F.C. JUNE, U.S. Dept. of Interior, North Cen. Reservoir Invg.

South Dakota

Marked annual variations in the spawning success of
northern pike have occurred since impoundment of Oahe Reser-
voir, S. D. Studies based on an examination of ovaries are con-
ducted of the times and places of spawning to determine the rela-
tion between egg deposition and the spring water regimen.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

6.0521, SPAWNING OF YELLOW PERCH
F.C. JUNE, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

Annual variations in the spawning success of yellow perch
have occurred since impoundment of Oahe Reservoir, S. D. Stu-
dies based on an examination of Ovaries are conducted of the
times and places of spawning, to determine the relation between
egg deposition and the spring water regimen.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0522, EARLY LIFE HISTORY STAGES OF OAF; AND

BIG BEND RESERVOIR FISHES
F.C. JUNE, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

The identity of embryos and larvae of many reservoir fishes is
imperfectly known and is basic to early life history studies to be
conducted in Oahe and Big Bend Reservoirs. The work will in-
volve collection of young with plankton nets, seines, trawls, and
electrical shocker; rearing of eggs and larvae in captivity; and the
preparation of taxonomic keys and descriptions, using meristic,
morphometric, pigmentation, and other anatomical charac-
teristics. Fish species to he studied in detail initially include yel-
low perch, northern pike, and crappies.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

6.0523, LIFE HISTORY OF RESERVOIR FISHES,
SPAWNING OF OAHE AND BIG BEND RESERVOIR FISHES
F.C. JUNE, U.S. Dept. of Interior, North Cen. Reservoir Invg. ,
Yankton, South Dakota

Time and place of spawning, size and age at maturity,
developmental stages of ova, and fecundity will be determined in
Oahe and Big Bend Reservoirs for yellow perch, northern pike,
and crappies. Ovaries will be collected throughout the year from
experimental, sport, and commercial fish catches. Verification of
the times and places of spawning will be made from plankton col-
lections of embryos and newly- hatched larvae. Biological infor-

mation will be collected concurrently, and observations on
spawning behavior will be conducted when possible, The project
will be expanded to include other species after 2 years.

SUPPORTED BY U.S. Dept. of interior - 13u. Sport Fish.

6.0524, PRIMARY PRODUCTIVITY IN LAKE FRANCIS
CASE
D.6. MARTIN, U.S, Dept. of Interior, North Cen, Reservoir Invg.
, Yankton, South Dakota

The carbon 14 light and dark bottle technique will be used to
measure primary productivity in St. Phillips Bay (3 miles from
dam ) and in a mid-lake station adjacent to the bay. Measurements
will also be taken of organic matter sedimentation, inorganic
phosphorus, chlorophyll, and phytoplankton standing crop. This
work will be related to studies on benthos and fish in the same
area.

SUPPORTED BY U.:5. Dept. of Interior - Bu. Sport Fish.

6.0525, PRIMARY PRODUCTION IN LEWIS AND CLARK
LAKE

MARTIN, U.S. Dept. of Interior, North Cen. Reservoir Invg.

Yankton, South Dakota
This work will describe the difference in photosynthetic rates

in 6 stations of the reservoir and the causes of these differences.
The carbon 14 light and dark bottle method is used to measure
primary productivity. Concurrent measurements are taken of
chlorophyll concentrations, phytoplankton standing crop, light
penetration, turbidity, nitrogen, phosphorus, and sedimentation
of organic matter. The primary productivity of the entire reser-
voir will be estimated and areas of low arid high production will be
delineated.
SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0526, PLANKTON POPULATIONS IN LEWIS AND
CLARK LAKE AND LAKE FRANCIS CASE
J.F. NOVOTNY, U.S. Dept, of Interior, North Cen. Reservoir
Invg. , Yankton South Dakota

Automatic plankton samplers are installed in powerhouses of
both reservoirs and they screen an average of 11,000 liters of
water per week. Only the No. 10 screen is now used for sampling
zooplankton. Weekly grab samples of 10 liters of water are used
for sampling phytoplankton and rotifers. The samples are
analyzed by species, number, and weight. Comparisons are made
with plankton and fish studies in the reservoirs.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

6.0527, LIFE HISTORY OF CYCLOPS BICUSPIDATUS
J.F. NOVOTNY, U.S. Dept. of Interior, North Cen, Reservoir
Invg. , Yankton, Soul/: Dakota

Cyclops bicuspidatus accounts for over 50% of the annual
numerical standing crop of cladocerans and copepods in Lewis
and Clark Lake and Lake Francis Case. Birth rates, productivity
rates, population structure, and mortality rates will be related to
food, temperature, and water chemistry. Both field and laborato-
ry studies will be conducted.

SUPPORTED BY U.S. Dept, of Interior - Bu. Sport Fish.

6.0528, LIFE HISTORY OF WHITE BASS IN LEWIS AND
CLARK LAKE
R.E. SIEFERT, U.S. Dept. of Interior, North Cen. Reservoir Invg.
, Yankton, South Dakota

Since introduction of white bass in Lewis and Clark Lake
(1959- 61) this species has become an important sport fish, Stu-
dies will be conducted to determine ( I ) age and rate of growth;
(2) spawning history; (3) food habits in relation to food availabili-
ty; (4) mortality rates; (5) factors affecting strength of year class.

Early life history stages will be emphasized. The work will
determine time and location of spawning, and mortality and
growth during the first year of life.

1-598



SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish,

6,0529, FISH POPULATION OR ABUNDANCE STUDIES
IN LEWIS AND CLARK LAKE
CH. WALBURG, U,S, Dept. of Interior, North Ccn, Reservoir
Invg. , Yankton, South Dakota

Studies on young-of-the-year arc completed annually in
June, July, and August to determine year-class strength, growth,
and mortality rates. Physical and environmental factors are mea-
sured to determine cause and effect relations. Sampling is con-
ducted in two areas near the center and one area in the upper end
of the reservoir. These areas arc representative of the various
reservoir habitats. Gears used include seines, bottom trawls, and
small-mesh frame nets.

Studies of adult fish arc conducted annually in September
and October. Sampling is conducted for 30 days with trap nets
and gill nets. Information on relative abundance, growth, mortali-
ty, and other vital statistics are obtained from collected data.
Strength of year- classes estimated from young-of-the-year and
adult collections will be compared to determine accuracy of sam-
pling rn,^ihods.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish

6.0530, LIFE HISTORY OF CHANNEL CATFISH IN
LEWIS AND CLARK LAKE
C.H. WALBURG, U.S. Dept. of Interior, North Cen. Reservoir
Invg. , Yankton, South Dakota

Channel catfish abundance in Lewis and Clark Lake has
declined 50% since early years of impoundment. This study will
include: ( I ) larval growth, feeding, and mortality; (2) age com-
position; (3) growth; and (4) environmental factors influencing
the above vital statistics. Work will be conducted in the reservoir
and in aquaria.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

6.0531, FISH POPULATION IN TAILWATER OF LEWIS
AND CLARK LAKE
C.H. WALBURG, U.S. Dept. of Interior, North Cen. Reservoir
Invg. , Yankton, South Dakota

The decline of sport fishing success in the tailwater has paral-
leled the decrease in abundance of fish stock in Lewis and Clark
Lake. It is known that large numbers of young fish and some
adults move through the powerhouse during summer. This project
will determine the relations between the reservoir and tailwatcr
fish stocks.

Fish sampling in the tailwatcr will be conducted biweekly, for
one year, using gill nets and seines. Data are available from the
lake. The analyses will include species and age composition of the
fish populations, movement, and food habits of selected species.

SUPPORTED BY U,S. Dept. of Interior - Bu. Sport Fish.

6.0532, A FORECAST OF AGRICULTURAL DEVELOP-
MENT IN THE IRRIGATED AREAS OF SPAIN
A. ZORILLA, Inst. Nac. Dc Inv. Agron. , Madrid, Spain

Object; The objective of this study is to determine the op-
timal uses of irrigation water for crops in Spain taking into con-
sideration technical factors which may affect future farm produc-
tivity and such environmental factors as population growth, per
capita food consumption trends, crop patterns, food production
in the non-irrigated areas of Spain, and foreign competitive fac-
tors all of which will have a bearing on the future potential de-
mand for farm products to be produced in the irrigated areas,

Plan of work: Macro data on population, trade, industrial ac-
tivity, and income will be used in determining future potential de-
mands for agricultural products, The cost functions for various al-
ternative crops under irrigation will be determined by economic
analysis of field trials conducted by the Institute Nacional de In-
vestigacionos Agronomicas that associate the volume of water
used with final yields under differing agronomic conditions. When
necessary, new trials may be conducted to supplement those al-
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ready fulfilled. Thus, it will be possible to establish the most
economical patterns of crop production in the irrigated areas and
further to provide a basis for determining cost and benefit rela-
tionships for new irrigation projects. The data obtained will also
be arranged into tables that will be utilized for advising farmers
through the Extension Service about the use of water.

SUPPORTED BY U.S, Dept. of Agriculture

6:0533, INVESTIGATION OF LINKAGES OF WATER-
FRONT MANUFACTURING
M.I. FOSTER, U.S. Tennessee Valley Auth. , Knoxville, Tennes-
see

Using publiciy available data, a method was developed to
trace the inputs and outputs of the Tennessee River waterfront
manufacturing plants, The method permits the estimating of the
number of jobs required to provide the chief inputs and to utilize
the outputs of Ile 'nished goods. Input-providing and output-
using industries wel- identified at the 4-digit level.

For a selected waterfront community, case study methods
were applied to trace local linkages of waterfront manufacturing
plants with other manufacturing and service industries.

SUPPORTED BY U.S. Tennessee Valley Auth.

6.0534, THE DEVELOPMENT OF METHODS USED IN
EVALUATING RECREATIONAL BENEFITS OF MULTIPLE-
PURPOSE WATER RESOURCE PROJECTS
H. HINOTE, U.S. Tennessee Val/0y Auth. , Knoxville, Tennessee

This study traces the treatment of outdoor recreation as an
economic good in a benefit -cost analysis. Methods proposed
and/or utilized in evaluating recreational benefits are examined in
detail. The methods examined arc: ( I ) expenditures method or
gross volume of business method, (2 value -addedvalue-added by recreation
expenditures method, (3) national income or gross national
product method, (4) cost method, (5) market value method, (6)
methods based on a consumers' surplus, (7) monopoly revenue
method or Clawson's demand curves, (8) discriminating
monopoly revenue method. Major extensions of the monopoly
revenue and discriminating monopoly revenue methods are ex-
amined.

The study concludes that the market value method is the
commonly accepted technique for evaluating recreational
benefits; however, because of its inherent weaknesses, alternative
methods based on demand curve analysis using travel cost data as
a proxy for price has been proposed. The proposed alternative
methods are discussed in detail.

Finally the study presents some suggested areas of additional
research so that recreational benefits can be given equivalent
status with other types of benefits in the benefit-cost analysis.

SUPPORTED BY U.S. Tennessee Valley Auth.

6.0535, HIGH ANALYSIS FERTILIZER INVESTIGA-
TIONS - FISHERIES
B.D. JACO, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

A comprehensive test of the effect of high-analysis plant
nutrient application on fish production, particularly sport fish
reproduction and survival, in limited areas of large TVA reser-
voirs. This project completed; results show:

Increasing sport fishing in selected coves of a deep reservoir
through application of inorganic fertilizer during one growing
season does not appear tr be practical. The fertilizer produced lit-
tle lasting increase in nutrients in the water of the coves. Most of
it presumably sank into the mud or was sluiced out of the coves.

Fertilization increases the number of bottom organisms and
zooplankton but there was no significant change in numbers, size,
species composition, or survival of fish. Temperature and oxygen
profiles coupled with the physical characteristics (directional axis
of coves in relation to main creek and cove depth and length) sug-
gest that the age of the water may be very significant in increasing
production in coves.

The exact effect of fertilizer still remains unknown since the
amount of fertilizer loss to sinking and sluicing could not be mea-
sured, But one thing seems dear: the measured increase in
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production was due to only a small fraction of the total applica-
tion.

SUPPORTED BY U.S. Tennessee Valley Auth.

6.0536, PINE TREE BRANCH WATERSHED RESEARCH
P.C. SPATH, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

Research started in 1941 to determine the effects of intensive
reforestation and simple erosion control measures upon hydrolog-
ic factors, including runoff, erosion, and underground storage and
movement of water, in small watersheds of highly erodible soils.
The 88-acre watershed is located in Henderson County in western
Tennessee. The plan involved changing the watershed from many
years of row-crop cultivation to well-managed pine forest cover.
Fine sandy loam soils of the Mississippi Embayment physio-
graphic province were seriously eroded to depths up to 10 feet.
Hydrologic observations include precipitation, streamflow, sedi-
ment and ground-water ievels.

Treatment in 1945-1946 included erosion-control measures
and extensive reforestation. Construction of a network of logging
roads was begun in .963 and special devices were installed to
measure erosion losses due to road construction. Selective cutting
of pine stands was carried on in 1966. The watershed was reinven-
toried in the fall of 1966. Cull and other poor quality, inoperable
hardwood trees were killed in the spring of 1967. The study is
continuing.

Analyses of results show large reductions in peak discharges,
surface runoff volumes, and sediment yield, some loss in annual
water yield, and increased evapotranspiration. A comprehensive
report has been published entitled, 'Reforestation and Erosion
Control Influence Upon the Hydrology of the Pine Tree Branch
Watershed 1941-1960.'

SUPPORTED BY U 7 Tennessee Valley Auth.

6.0537, THE EFFECT OF WATER RESOURCES ON
ECOYOMIC GROWTH IN THE TENNESSEE VALEY
C.B. GARRISON, Univ. of Tennessee, Graduate School, Knox-
ville, Tennessee 37916

The proposed study involves a statistical investigation of the
effect of water availability on the location of manufacturing ac-
tivity in tt. _ Tennessee Valley Region. The region, consisting of
201 counties in seven states, includes all of the Tennessee Valley
and part of the Cumberland Valley. Shift analysis will be used to
determine the competitive rate of employment growth by four-
digit industrial classification for each county during the period
1959-1967 (a distinction will he made between 'water-intensive'
and all other industries). The region was chosen because of the
availability of high-quality employment and streamflow data on a
county basis. The statistical approach is tile rank correlation test
of independence. This technique requires less stringent assump-
tions than the analysis of variance, and its efficiency relative to
the latter is quite high. Further, this technique permits observa-
tion of the effect of water availability in conjunction with other lo-
cation variables (e,g., labor availability, market access).

The importance of the study is derived from the fact that
both the Congress and water resource agencies have viewed 're-
gional development' as a goal of water resource projects (in addi-
tion to the orthodox 'efficiency' goal). The proposed study will
provide policy- makers with an improved understanding of the
relationship between water resource projects, water availability,
and economic growth.
SUPPORTED BY U.S. Dept of Interior - 0. Water Res. Rch

University of Tennessee

6.0538, USE OF WATER ON FEDERAL IRRIGATION
PROJECTS

UNKNOWN, U.S. Dept. of Interior, Bureau of Reclamation,
Amarillo, Texas

The purpose of this Bureau-wide study is to document histor-
ic use of ii rigation water and to obtain data from selected projects
to determine present use and efficiency as well as possible im-
provements in efficiency in both existing and future projects. The
first phase of the study, which is the updating of the 1952 report,

'Use of Water on Federal Irrigation Projects,' is complete. The
second phase, the collection and analysis of more detailed data
from selected areas, was begun in F.Y. 1964 and will be con-
ducted for a period of five years.

The Region 5 detailed study is being conducted on seven
selected irrigated fields, 40 - 60 acres each, located in the Mer-
cedes Division of Lower Rio Grande Rehabilitation, Weslaco,
Texas. The fields are operated by private farmers under their nor-
mal farming schedules while data are collected on irrigation
diversions, precipitation, surface runoff, water table elevations,
soil moisture depletion, climatic conditions, crop growth, and cul-
tural operations. Prelim;aary annual summary reports will be
made in addition to a final report on completion of the study
about 1970.
SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

6.0539, FLATHEAD CATFISH STUDY
R.M. BAMBERG, State Parks & Wildlife Dept. Austin, Texas

Procedures: I. Monthly surveys will be made on Lake Kirby,
except during the spawning season, when additional surveys will
be conducted. Experimental gill nets will be used for collecting
flathead catfish. Those fish collected will be dissected and their
stomach content recorded. 2. Fish collected will be sexed and
their sexual maturity noted. 3. Fish collected will be weighed,
measured and the coefficient of condition (IC factor) calculated.
The age of the fish will be determined by the use of length -
frequency studies. Some of the fish collected will be tagged and
released. 4. Samples will be taken from all habitat types to at-
tempt to locate preferred habitat and to determine a seasonal dis-
tribution patterns.
SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.

Texas State Government

6.0540, EVALUATION OF CLEARED SEINING AREAS
E.W. BONN, State Parks & Wildlife Dept. , Austin, Texas

Procedures: Four areas were cleared by the Corps of En-
gineers in Pat Mayse Reservoir in Lamar County to serve as col-
lection sites. These areas were cleared at the request of the Texas
Parks & Wildlife Department. The areas will be marked with off-
set markers so that they may be located after they are inundated.
Trawl, beach seine and net collections will be made on the sites
and compared with similar collection efforts in uncleared areas in
order to determine the value of clearing such areas on future
reservoir projects.

Schedule: First year of a three-year study.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Texas State Government

6.0541, WALLEYE AND NORTHERN PIKE STUDY
J.E. CRABTREE, State Parks & Wildlife Dept. , Austin, Texas

1. Monthly collections of various sizes of fish will be made
utilizing gill nets, frame nets and seines. Collections will be made
more often during periods of particular importance such as the
spawning period. The stomach contents of specimens taken will
be analyzed. Fish foods will be identified to Species and inver-
tebrate foods to Order, if possible.

2. Determination of spawning sites and time will be made
through observations and sampling with nets and seines. Fecundi-
ty and age at maturity will be determined from samples taken in
number I above.

3. Samples taken under number 1 above will be weighed,
measured and K-factors figured. Age will be determined by scale
annuli counts and by length-frequency studies. Fish of known age
will be marked to aid in age-growth determination and in deter-
mining longevity.

4. Seasonal distribution will be determined by collecting in
each ecological habitat during each month. Records of re-release
sites for marked fish, in number 3 above will be recorded and
compared with returns to determine movements of the marked
fish.

5. All samples taken will be examined grossly for the
presence of parasites.

044
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SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish,
Texas State Covernment

6.0542, FISH STOCKING EVALUATION
B.J, FOLLIS, State Parks & W ildlife Dept. , Austin, Texas

PPS Objectives: To assess the practice of supplementary
stocking of hatchery produced fish as a management tool.

Procedures: The method of application, necessary equip-
ment, and successfulness of various mass marking techniques will
be studied to determine their adaptability to the needs of this job.

The selected equipment will be purchased. Project personnel
will be familiarized with the operation of equipment, proper
methods of application and means of identifying recaptured
marked fish.

The effects and duration of the selected marking method or
methods will be determined by marking known numbers of small
game fish ( including largemouth bass, channel catfish and sunf-
ish) and releasing them in hatchery ponds. Collections will be
made periodically with seines. This survival and retention of the
mark will be recorded. This will be continued as long as deemed
necessary ( maximum time thought to be one year).

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Texas State Government

6.0543, THE EFFECTS OF ENGINEERING PROJECTS ON
THE ECOLOGY OF JONES BAY
R.B. JOHNSON, State Parks & Wildlife Dept. , Austin, Texas

Objectives; To study the ecology of Jones Bay prior to altera-
tion and to evaluate the effects of the proposed Hitchcock exten-
sion of the Texas City Hurricane Protection Levee.

Procedures: The study will include description of the area, an
analysis of bottom sediments, chemical and physical water quali-
ty, and species composition and abundance. The extent and quali-
ty of nursery habitat will be evaluated.

Representative stations will be established and sampled
systematically in affected areas and in control sites. Catch per
unit effort records will be maintained so that all work can be
duplicated and comp .red. Sampling procedures will compare to
those used in estuat Le research by the Texas Parks and Wildlife
Department and the Bureau of Commercial Fisheries Laboratory
at Galveston.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish.
Texas State Government

6.0544, THE EFFECTS OF ENGINEERING PROJECTS ON
THE ECOLOGY OF MOSES LAKE
R.B. JOHNSON, State Parks & Wildlife Dept. , Austin, Texas

Objectives: To study the ecology of Moses Lake and com-
pare data accrued prior to the construction of the Texas City Hur-
ricane Protection Levee, and to evaluate the effects of levee al-
terations in progress.

Procedures: The study will include description of the area, an
analysis of bottom sediments, chemical and physical water quail-
4, and species composition and abundance. The extent and quali-
ty of nursery habitat will be evaluated.

Representative stations will be established and sampled
systematically in affected areas and in control sites. Catch per
unit effort records will be maintained so that all work can be
duplicated and compared. Sampling procedures will compare to
those used in estuarine research by the Texas Parks and Wildlife
Department and the Burcau of Commercial Fisheries Laboratory
at Galveston.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Texas State Government

6.0545, USE OF NEW ANALYTICAL METHODS FOR
WATER RESOURCES DEVELOPMENT
C.S. BEIGHTLER, Univ. of Texas, School of Engineering, Austin,
Texas 78712

The objective of this research is to apply recently developed
analytical techniques to the problem of planning for optimal
water resource development. An optimal plan with regard to the
size and location of proposed reservoirs is that physical configura-
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tion which provides the greatest net economic benefit to the peo-
ple of the region while meeting future water needs, Optimizing a
water resource system is difficult, since the output from each
reservoir provides an input to all downstream reservoirs, and the
streams form nonserial (branched) inputs.

Reservoir design in a river basin system may be formulated as
a branched multistage decision process. In such processes, the
decisions made at each stage (potential reservoir site) affect the
circumstances under which all subsequent decisions in the system
must be made. Under certain favorable circumstances, small
branched systems may be formulated aDd solved as complex non-
linear programming problems. However, the intercoupled staging
structure of such problems may be exploited by means of recently
developed decomposition techniques, permitting the analysis of
the large systems which arc met in practise. These new methods
can be used to break down the nonserial process into a sequence
of simple serial problems which are then amenable to solution.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0546, A STUDY OF SELECTED CHEMICAL AND
BIOLOGICAL CONDITIONS OF THE LOWER TRINITY
RIVER AND THE UPPER TRINITY BAY
R.J. BALDAUF, Texas A & M University System, School of
Agriculture, College Station, Texas 77843

The Galveston Bay System of Texas serves as an essential
nursery area for commercial shrimp and certain fishes. The
System serves in this capacity because of the discharge of fresh
water from the Trinity River and the subsequent mixing of this
water with the saline waters of the Gulf of Mexico. Available data
suggest that a reduction in the flow of water will cause the System
to become more saline and thus unable to serve as a nursery area.

The Texas Basins Project, the proposed dredging of the
Trinity River for navigation, and the current construction of the
Wallisville Dam just above the Trinity River Delta will influeme
the chemical, physical, and biological conditions of the System.
The purpose of this project is to determine the nature of this in-
fluence.

Samples of fishes, crustaceans, and water will be collected
from above and below the proposed site of the Wallisville Dam to
determine ( 1 ) the chemistry of the water, (2) the fish and
crustacean fauna, (3) the salinity tolerances of the animal species
collected, (4) the role of a dam on the flow of nutrients into a
major bay system, and (5) the population dynamics of the fauna.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas A. & M. University System

6.0547, A STUDY OF THE ECOLOGY OF THE
NAVASOTA RIVER, TEXAS
W.J. CLARK, Texas A & M University System, Graduate School,
College Station, Texas 77843

The project proposes a study of the physical, chemical and
biological characteristics of the Navasota River, Texas. The
Navasota River is a 100 mile long tributary of the Brazos River,
and joins the Brazos 30 miles south of Texas A&M University.

The study wi;i provide information about a realtively
undisturbed stream. This information will be beneficial in un-
derstanding the effects of stream development, and will provide a
firm basis for evaluating the effects of the impoundments which
are soon to be built on the Navasota River.

Plankton and water chemistry will be studied by bi-monthly
sampling at four stations spaced along the river. Zooplankton will
be sampled with a No. 20 net. Phytoplankton will be separated by
centrifuge or by millipore filtration.

Fishes and benthic orgaMsms will be sampled throughout the
drainage. The fishes will be collected by seining, trapping and
electrofishing. The benthos will be sampled by dredges or grab
samplers.

Physical data are collected at four U.S. Geological Survey
Stations and chemical data as well at one of them. Project person-
nel will collect supplementary data where necessary, including
some trace element analyses.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas A. & M. University System

6.0548, INTRODUCTION OF RISK: AND UNCERTAINTY
CONCEPTS TO OPTIMIZATION OF WATER RESOURCE
SYSTEM DESIGN
R.J. FREUND, Texas A & M University System, Graduate
School, College Station, Texas 77843

The proposed research plan is directed at the evaluation of
water resource system design under conditions of hydrologic and
economic risk and uncertainty by applying operations research
techniques. The specific objective of the investigation is to pro-
vide mathematical models capable of incorporating elements of
risk and uncertainty into the solution of optimal water resource
system design.

The research methodology will involve examination and
modification of basic system design models. The various factors
or parameters in the models will be further examined to see if they
are subject to risk and/or uncertainties. Final model modifications
will be made, as necessary, depending on various assumptions to
be made regarding underlying probability distributions and
desired optimization criteria.

Various methods presently being proposed in the literature
for handling risk and uncertainty in programming models will be
examined for possible application to the above outlined models.
Solution procedures for the models used will be obtained and
solutions provided using data from a specific watershed. A simu-
lation study will be set up to enable comparative studies to be
made of the behavior of the derived solutions and of the solutions
obtained from presently available methods.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0549, THE EFFECTS OF FERTILIZATION ON
PRODUCTIVITY OF FARM PONDS
J.M. INGLIS, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

OBJECTIVES: 1, To determine how the gross productivity of
pond waters is affected by application of varying amounts of
selected kinds of fertilizers. 2. To determine how seasonal
changes in physical pond environment influence the effect of fer-
tilization in ponds. 3. To evaluate the effect of fertilization of
ponds on bottom - dwelling organisms and game fish that eat them.
4. To develop fertilization recommendations relative to amount
and ratio of nutrients for farm ponds on the Lufkin-Susquehanna
soil types of Central Texas. 5, To make preliminary evaluations of
the economics of recommendations prior to extensive field testing
based on research results.

WORK PROPOSED: This study is designed to provide basic
information about the normal patterns of physical conditions in
farm ponds, the Kinds and rates of fertilizers best suited for their
management and the biological effects of these fertilizers on
productivity of different trophic levels in them.

The studies will be conducted on ponds located on the Tex
A&M University Range and Forestry Area and will provide
management data applying to typical ponds in the lower Post Oak
Belt of Texas.

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

6.0550, THE EVALUATION, BREEDING AND IMPROVE-
MENT OF LETTUCE VARIETIES FOR TEXAS
P.W. LEEPER, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Objectives: Test the adaptability of lettuce varieties and
strains for commercial production in Texas. Develop varieties of
superior quality which will produce higher yields under commer-
cial production through a program of selection and breeding. In-
corporate resistance to downy mildew and to other diseases into
commercially desirable types. Determine the proper plant
spacings, irrigation levels and nutrient levels for new varieties
developed in this program.

SUPPORTED BY Texas State Government

6.0551, APPLICATION OF SPECIALIZED OPTIM TECH
IN WATER QUANTITY & QUALITY MANAGEMENT WITH
RESPECT TO PLANNING FOR THE TRINITY RIVER BASIN
W.L. METER, Texas A & M University System, School of En-
gineering, College Station, Texas 77843

A multistage optimization approach to planning for the op-
timal beneficial use of water resources within a river basin will be
developed. Techniques will be developed which permit formula-
tion of a complex water resource system as a multistage decision
problem. Using this approach, an existing complex macrosystem
can be decomposed into more manageable parts for subsequent
analysis. An algorithm will be developed and coded for computer
solution in the course of the study.

A unique feature of this algorithm will be its provision for in-
corporating water quality management into a general water
resource planning problem. The computational algorithm
developed in this study will permit objective analysis of alterna-
tives regarding ( I ) the into rrelation between waste treatment and
low-flow augmentation for quality control, (2) the influence of
water quality on other beneficial uses of water, and (3) the con-
sideration of water quality control as a competing beneficial use
of water.

An actual river basin in Texas, the Trinity, will be used as a
testing ground for determining the applicability of the method
developed.

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res. Rch
Texas A, & M. University System

6.0552, WATER RESOURCE SYSTEM OPTIMIZATION
BY GEOMETRIC PROGRAMMING
W.L. METER, Texas A & M University System, School of En-
gineering, College Station, Texas 77843

Techniques useful in the optimization of water resource
system design problems will be developed in this research, A new
and powerful optimization method, geometric programming, will
form the basis for this study. Using geometric programming,
highly nonlinear problems may be solved with relative ease.

In this investigation, the geometric programming optimiza-
tion technique will be applied to a variety of water resource
design problems to tests its usefulness in design optimization. Two
such problems are concerned with the optimal design of waste
treatment units and pipelines. A computer algorithm will be
developed to make the geometric programming available for use
by water resource analysts.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas A. % M. University System

6.0553, FERTILIZER TREATMENTS AND CULTURAL
PRACTICES ON VEGETABLES
D.R. PATTERSON, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Tem, r 77843

Objectives: 1. To determine the differential response of yield
and shipping qualities among varieties of different species of
vegetables to different rates, ratios, and sources of nitrogen,
phosphorus and potassium. 2. The influence of time, method, and
location of placement of fertilizers upon yield and shipping quali-
ties. 3. The effect of different '..evels of fertility and soil types upon
the behavior of different varieties of the same species of vegeta-
ble, with particular reference to shipping amd market qualities. 4.
The interaction of differential fertilization with certain cultural
practices.

SUPPORTED BY Texas State Government

6.0554, ECONOMIC IMPACT OF WATER IMPOUND-
MENT - VALIDITY TESTING OF A COMPARATIVE- PRO-
JECTION MODEL
J.E. PEARSON, Texas A & M University System, Graduate
School, College Station, Texas 77843

The proposed research plan involves the accuracy testing of
a comparative-projection model designed to measure the
economic impact of water impoundment. The model is unique
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since it contains three time/action phases and uses empirical local
data as the basic inputs. A now-being-completed impoundment
project in central Texas is to be tit,. primary study area. The pro-
jections established for this impoundment project through an
earlier study are to be evaluated as data are collected. The projec-
tions are to be compared to a synthetic index which has been
established earlier for this purpose. An analysis of the economy
surrounding the reservoir will be made to detect certain economic
developments which can affect the accuracy of the model.

In completing the second phase of the study, a generalized
testing of the model will be undertaken. Established impound-
ment projects across the state of Texas will be selected for testing
the model and the results are to be compared to the synthetic in-
dex. Modifications and adjustments will be made to the model as
needed in order to obtain a generalized form with adequate pre-
dictive value.

A recreational phase will be conducted concurrent with the
above. This part is to involve on-site interviewing of recreators at
reservoirs. The purpose of this phase is to strengthen the third
phase (post-fillup) projection of the model.

SUPPORTED BY U.S. Dept. of interior - 0. Water Res. Rch
Texas A. & M. University System

6.0555, AN ECONOMIC STUDY OF CROP PRODUCTION
PRACTICES AND THE USE OF FARM EQUIPMENT ON
THE HIGH PLAINS OF TEXAS
W.B. ROGERS, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Objectives: The general objective will be to determine the
most effective cropping practices as a means of reducing produc-
tion costs of both irrigated and dryland crops. More specifically,
the objectives are: 1. Evaluate various preplanting practices, in-
cluding the kind of operation and the type of tool used together
with the time when each operation is performed in preparing a
seed bed for both dryland and irrigated crops. Particular attention
will be given to conservation of soil moisture, control of soil blow-
ing, crop residue management and proper tilth correlated with
soil type. 2. Determine the cost and benefits occurring from the
use of special planting attachments. Also, evaluate other practices
associated with establishing both irrigated and dryland crops cor-
related with soil type. (see project statement).

SUPPORTED BY Texas State Government

6.0556, AN ECONOMIC ANALYSES OF THE DEMAND
FOR LAND AND/OR WATER-BASED OUTDOOR RECREA-
TION IN TEXAS
LW. SCHMEDEMANN, Texas A & M University System,
Agricultural Experiment Sta. , College Station, Texas 77843

OBJECTIVES: 1. To construct demand functions and to esti-
mate structural coefficients for those types of outdoor recreation
which require the use of land and/or water. 2. To analyze con-
sumer preferences for outdoor recreation activities and facilities
and to measure the effects of factors which affect those
preferences.

DESCRIPTION OF WORK: Estimates of demand and con-
sumer preferences generally will be for those activities and facili-
ties located in recreation areas falling into Marion Clawson's clas-
sification of (a) intermediate, (b) resource-based. Data for the
analyses will be obtained from participants in recreation areas
and from populations classed as (a) rural, (b) urban, (c)
metropolitan. The estimates of demand for outdoor recreation ac-
tivities will be expanded to represent the demand for outdoor
recreation from the population groups mentioned above.
Preference data pertaining to activities and facilities will be ex-
tended to provide solutions to acceptance problems facing both
the private and public sector of the state. Cooperation will be
continued with Texas Parks and Wildlife Department, USDA and
other Federal agencies charged with responsibilities in outdoor
recreation.
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SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

6.0557, DEVELOPING AGRICULTURAL LAND IN
RECREATIONAL USES UNDER PRIVATE OWNERSHIP OP-
PORTUNITIES IN A TEXAS ECONOMIC AREA
I. W. SCHMEDEMANN, Texas A & M University System, School
of Agriculture, College Station, Texas 77843

Research was conducted to determine the effects of selected
factors upon the intensity of recreational use of Texas lakes. Fac-
tors analyzed were grouped into four categories (1) Physical
Characteristics, (2) Location of Lakes, (3) Demographic Charac-
teristics of the Surrounding Populations, (4) Types of Recrea-
tional Facilities Provided at the Lakes. A representative sample
was selected from lake sizes ranging between 10 and 500 surface
acres being used for reereational purposes. Regression analysis
showed that four independent variables, distance to nearest lake
with comparable faciliticz, size of lake, picnic facilities, and
Swimming significantly influen.ed recreational use intensity at
the .10 level. They had a coefficient of multiple determination of
.52.

Those lakes that were publicly administered were found to
receive more recreational use than those which were privately ad-
ministered. This contrast in recreational use was attributed to (1)
Poor Quality Facilities, (2) Poor Management, (3) Improper Lo-
cation, and (4) Insufficient Advertising i. the private sector.

It was fouA that non-club lakes received more recreational
use than did club lakes in the study. This was attributed to the fact
that people hold memberships in club lakes to escape the crowd-
ing existing in public areas and to associate with people of a given
social status. One, therefore, would not expect use rates at club
lakes to be as high as those at non-club lakes.

SUPPORTED BY Texas State Government

6.0558, EVALUATION OF RESOURCE USE AND
ECONOMIC EFFECTS DUE TO IRRIGATION WATER
AVAILABILITY IN TEXAS
F.A. SCHMER, Texas A & M University System, Water
Resources Institute, College Station, Texas 77843

The State of Texas is presently developing a State Water Plan
which is to become a basic guide for water development through
the year 2020. The objective of this research is to evaluate the
total effect of the water plan on the Texas agricultural industry.
The availability of water to agriculture in the future and its effect
on the Texas economy as set forth by the plan is of utmost im-
portance to Texans considering the relative merit of this plan.

To develop meaningful projections of water requirements
which could be used in planning for water resource development,
four models of agricultural resource requirements and production
will be analyzed. Each model will contain (1) assumptions of
restrictions on production and marketing of products; (2) as-
sumptions relative to resource availability and use, and (3) esti-
mates of output with the specified employment of resources.
These models will illustrate the potential of Texas agriculture to
produce food and fiber as effected by various restrictions on
resource availability and marketing potential.

Analysis techniques by computer will be developed to evalu-
ate the different restraints imposed on resource availability and
market limitations and project the effect of these restraints into
the future.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Texas A. & M. University System

6.0559, ECONOMICS OF AGRICULTURAL WATER USE
NORTH OF CANADIAN RIVER
J.L. SHIPLEY, Texas A & M University System, Agricuitnral Ex-
periment Sta. , College Station, Texas 77843

Objectives: 1. To obtain physical input-output coefficients. 2.
To determine maximum-profit resource combinations for
livestock and crop enterprises. 3. To develop maximum-profit
short-run farm plans for selected cost-price situations and
resource limitations. 4. To develop criteria for investment deci-
sions, and to develop maximum-profit farm plans for inter-
mediate-run and long-run planning horizons.
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WORK PROPOSED: An experiment field will be established
and out- farm experiments conducted to supplement data from
experiment stations and farm surveys. Input-output coefficients
will be estimated by regression analysis and maximum-profit
resource combinations for enterprises will be estimated by mar-
ginal analysis. Maximum-profit farm plans will be obtained by
mathematical programming. Investment decision criteria will be
developed from applications of investiment and production
theory.

SUPPORTED BY Texas State Government

6.0560, EFFECTS OF VARIOUS PRE-HARVEST AND
POST-HARVEST TREATMENTS ON SWEET POTATOES
D.E. SPEIGHTS, Texas A & M University System, Agricultural
Experiment Sta. , College Station, Texas 77843

Objectives: I. To determine the most efficient method for
obtaining maximum number of sweet potato plants per bushel of
scedstock. 2. To determine the proper source, rate and placement
of NPK and minor elements. 3. To determine the amount and
time of application of irrigation water to obtain the highest yields
of No. 4. To evaluate all sweet potato lines and varieties released
for testing by the Southern Regional Testing program. 5. To
screen herbicides for broad leaf weed and grass control in sweet
potatoes.

SUPPORTED BY Texas State Government

6.0561, ALTERNATIVE DEVELOPMENT PATTERNS,
PLANS, CONTROLS AND IMPACT ASSOCIATED WITH
NEW RESERVOIRS
F.W. SUGGITT, Texas A & M University System, Graduate
School, College Station, Texas 77843

Investigation: Develop an 'ideal' plan based upon optimum
utilization of the lake, the shore and the backland. This will as-
sume that ways and means are available whereby such an op-
timum utilization of the resources can be obtained, to provide a
maximum of recreation- residence-business satisfaction to the
people of the local area, to absentee owners, and to visitors.
Evaluation of implications. Develop a 'probable' development
plan showing what would likely attain without overall comprehen-
sive planning and control, based upon whatever controls and
guidance is now available, and transferring developmental history
from other comparable lake situations. Evaluation of the ultimate
costs, benefits, problems. Develop a 'practical' development plan
that appears to be likely to be achieved with the installation of
planning procedures and control. Evaluation of costs, benefits,
deficiencies and problems. Procedure Organization and function
of a Lake Livingston area regional planning commission, or coun-
cil of governments, or development authority. Analysis of
statutes, legal procedures, organization, finances, and operation
of one or several instrumentalities. Measures needed to adopt and
enforce ordinances and c(ides relating to land use, subdivisions,
water supply, waste disposal, traffic control, (land and water),
building and related ccdes Steps needed to assure public un-
derstanding of recomniended plans and organizations and or-
dinances. Evaluation of additional studies and efforts needed.
Evaluation of additional sources of funds for such studies.

SUPPORTED BY Texas A. & M. University System
Lake Livingston 4-county Development

Assn.

6.0562, INSTITUTIONAL FACTORS INFLUENCING
WATER DEVELOPMENT IN TEXAS
W.L. TROCK, Texas A & M University System, School of
Agriculture, College Station, Texas 77843

The proposed research involves ( I ) identification of institu-
tional factors which have influenced important water develop-
ments in Texas, (2) evaluation of the impacts of these factors on
development, allocation and subsequent uses of water, and (3)
determination of possible ci.unges in institutions or ways of deal-
ing with institutional factors which will facilitate planning and
developmental efforts concerned with water resources.

Identification of significant institutional factors will require
examination of issues which have been publicly debated, counsel-

ing with expert witnesses, and interviews with individuals affected
by developments. Impacts of factors will be measured in terms of
time requirements for development, litigation needed, changes in
resource use, added costs of resource development attributable to
institutional factors, and other terms appropriate to the measure-
ment of impacts.

Determination of relationships of institutional factors to
water resource developments will provide a basis for suggestions
for improving authorizations and procedures in developmental
activities.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Texas A. & M. University System

6.0563, INSTITUTIONAL FACTORS AFFECTING WATER
RESOURCE DEVELOPMENT IN THE LOWER RIO
GRANDE RIVER BASIN
W.L. TROCK, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

A. Classify and inventory existing institutional arrangements
in the Lower Rio Grande River Basin that potentially affect
achievement of optimum management and development of water
resources, and to describe their historical development. B.
Analyze and describe the particular ways in which the identified
institutional arrangements may act as obstructing or facilitating
elements in achieving optimum management and development of
water resources. C. Suggest the nature and extent of modification
needed in existing institutional arrangements to facilitate achieve-
ment otoptimum water management and development.

SUPPORTED BY Texas State Government

6.0564, ECESIS AND STABILIZATION OF PRICKYPEAR
(OPUNTIA SPP.) ON THE RIO GRANDE PLAINS
UNKNOWN, Texas A & M University System, Agricultural Ex-

periment Sta. , College Station, Texas 77843
I. To determine the various methods of reproduction and the

importance of each in the spread of Opuntia spp. 2. To determine
the edaphic factors favoring the persistent occurrence and propr-
gation of Opuntia snp. and the extent to which this species modi-
fies the soil and other environmental factors of the habitat. 3. To
determine the interactions of Opuntia spp. with the rate of
recovery of the more desirable herbaceous species following con-
trol measures on selected soil sites.

Procedures: Field and laboratory studies will be established
to determine the methods of reproduction and the importance of
each in the propagation of Opuntia spp., the environmental fac-
tors favoring its persistent occurrence and spread and the effects
of Opuntia spp. on the environmental factors of the habitat. Ap-
propriate studies will be made to determine the effects of Opuntia
spp, on the more desirable herbaceous species of the Rio Grande
Plains.

SUPPORTED BY Texas State Government

6.0565, EXPERIMENTAL SEEDING (SHRIMP AQUACUL-
TURE PROGRAM)
T.J. COSTELLO, U.S. Dept. of Interior, Biological Laboratory,
Fort Crockett - Galveston, Texas

Following a 3-year study of the ecology of the waters in
Florida Bay and Keys, it is apparent that only a portion of the
suitable nursery areas are used by shrimp. Project objectives are
to rear large numbers of shrimp from eggs spawned in the labora-
tory and seed underutilized nursery grounds.

Selected areas will be enclosed and stocked with laboratory-
reared postiarvae. By systematic measurements of shrimp popula-
tions and physical features, rates of growth and survival of shrimp
in different population densities will be related to physical condi-
tions. The ultimate goal will be to determine the carrying capaci-
ties of nursery grounds and maintain an optimum level of shrimp
population by seeding.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,

6.0566, STUDY OF TEMPERATURE EFFECTS IN COOL-
ING WATER LAKE
H.C. MCKEE, Southwest Research Institute, Houston, Texas

Ecological Effects of Plant Cooling Water in Lake - 1967,
1968.

SUPPORTED BY Southwest Research Institute

6.0567, THIODAN AS A TOXICANT FOR ERADICATION
OF FISHES IN LAKE MANAGEMENT
R.N. HAMBRIC, State Parks & Wildlife Dept. , Houston, Texas
77028

Several ponds or lakes will be treated with Thiodan to evalu-
ate its effectiveness as a toxicant for fish eradication. Thiodan is
an insecticide often used to spray fruits and vegetables. It has a
fairly low mammalian toxicity and has been known to kill fish
when applied at vary low ppm levels, Results of field applications
of Thiodan to reclaim lakes will be compared with results that are
normally expected when rotenone or toxaphene is used.

SUPPORTED BY Texas State Government

6.0568, RESULTS OF APPLICATIONS OF KARMEX FOR
CONTROL OF PLANTS IN PONDS AND LAK
R.N. HAMBRIC, State Parks & Wildlife Dept. , Houston, Texas
77028

This study is to evaluate the effectiveness of Karmex (diu-
ron) as applied under field conditions for control of various
aquatic plants. Attention will be given to water quality, degree of
control, methods of application, and dispersal of the herbicide.

SUPPORTED BY Texas State Government

6.0569, SIGNIFICANCE OF STOCKING SUB-ADULT FIN
CLIPPED CATFISH IN HUNTSVILLE STATE PARK LAKE
R.N. HAMBRIC, State Parks & Wildlife Dept. Houston, Texas
77028

An initial stocking of 9,000 marked catfish, that weighed ap-
proximately one ounce each, in this 210 acre lake greatly ex-
panded the channel catfish population as shown in an intensive
sampling effort, The program will be continued by releasing addi-
tional fin clipped sub- adult catfish with emphasis on the study of
survival rate and degree of harvest by fishermen.

SUPPORTED BY Texas State Government

6.0570, LAKE BASTROP NETTING STUDY
A.G. WENGER, State Parks & Wildlife Dept. , Houston, Texas
77028

P.P.S. Objective: To evaluate - through field study - the ef-
fec' of commercial fishing on certain game fish species.

Procedures: (1st year) Description of the basic features of
the study area; establishing routines for collecting fish population
data; tabulating data to show fisherman catch rate, gill net catch
rate, and baited-trap catch rate; tagging catfish for age and
growth study; tabulating gill net data to show relation of mesh size
to size and species of fish caught. (2nd and 3rd years) Continued
collection and calibration of catch-rate data. (4th and 5th years)
Introduce commercial netting - with continued catch-rate data
collection, (6th year) Data analysis and publication.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Texas State Government

6.051, ECONOMIC ANALYSIS OF ALTERNATIVE
WATER USE TECHNIQUES IN PRODUCTION OF COTTON,
GRAIN SORGHUM & RELATED CROPS - SOUTHERN
HIGH PLAINS OF TEXAS
H.W. GRUBB, Texas Technological College, School of Agricul-
ture, Lubbock, Texas 79409

(1) To develop analytical procedures to '1)e used in selecting
optimum combined precipation and irrigation water use plans in
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the Southern High Plains of Texas. (2) To develop input-output
information (Production coefficients) for farm enterprises
produced with recently developed water savings production
techniques. (3) To develop water- value-maximizing farm plans
for alternative water precipitation plus groundwater) saving
techniques. Economics models will be formulated for the purpose
of evaluating alternative investments in water conserving and
water saving techniques. The analytic procedures will relate alter-
native water conserving techniques in terms of investment and
maintenance costs and productivity in terms of crop yield values
through time. The study area will be subdivided into homogene-
ous irrigation water supply sub-areas. The analysis will be done
for typical farms of each sub-area. The economic analysis will
utilize yield and cost data obtained from land modification
research at the South Plains Research and Extension Center, yield
and cost data from studies or irrigation techniques, data obt; :ned
from I.,elected farmer interviews, and data from secon Jary
sources, Records of precipitation in the study area will be
analyzed for the purpose of estimating precipitation available for
crop production, Engineering-economic evaluation techniques
will be used to establish physical input requirements and costs of
water conserving projects. Farm enterprise budgets will be used
to estimate costs and returns of alternative crops produced on
modified lands. Dynamic Linear Programming techniques will be
utilized to estimate long-range farm plans for optimum combined
precipitation and groundwater use.

SUPPORTED BY Texas State Government

6.0572, CULTURAL, SOCIAL ORGANIZATIONAL, AND
SOCIAL PSYCHOLOGICAL FACTORS ASSOCIATED WITH
PROPOSED CHANGES IN WATER USE PATTERNS
W.H. ANDREWS, Utah State University, Graduate School,
Logan, Utah 8432!

The project deals with an interstate river basin and the
sociological factors associate) with development of the water
resources of the basin. A development plan has been proposed
and this will be a field study to investigate the attitudes, soial
values and goals that effect the decisions made about this
proposal and the people that behave in relation to it. In addition a
measure of the kind and quality of knowledge the public has
about the proposal and the social systems through which the
knowledge was diffused as well as how it was done. These ele-
ments are expected to begin to shed some light on the institutional
constraints on water resource development for improvement of
development programs and for management planning,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Utah State University

6.0573, THE HISTORY AND ECONOMICS OF RECLA-
MATION PROJECTS IN UTAH
L.J. ARRINGTON, Utah State University, Agricultural Experi-
ment Sta. , Logan, Utah 84321

The most important federal reclamation projects in Utah will
be studied, and individual articles on each project will be
prepared for publication in the Utah Historical Quarterly, the
Western Economic Journal, Pacific Historical Review, Agricul-
tural History, and other profession I journals. During the year
1964-65, the Strawberry Reserv' Hyrum Dam will be given
intensive study. In future year.., ,t :dies of the Provo River Pro-
ject, Weber Basin Project, Ogden River Project, Newton Project,
and other important projects an Utah will be examined. These stu-
dies will treat the early history, the construction, and the manage-
ment and use of the project. Particular attention will be given to
the economic and social impact of each project on the economy
of the state and region. The effect of the project upon population
growth, the development of agriculture, industry, and trade, will
be traced and estimated, as well as the impact on public services.
Both 4uantitative and qualitative data and analysis will be util-
ized.
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SUPPORTED BY Utah State Government

6.0574, LABORATORY CATCHMENT INVESTIGATIONS
RELATING TO HYDROLOGIC SYSTEMS ANALYSIS
D.L. CHERY, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

General investigation of watershed morphological and input
parameters and their relation to parameters of system transfer
functions, descriptive of measured hydrologic systems.

In particular, system identification will be developed for a
laboratory catchment which will be subjected to controlled varia-
tions of geometry and input. The influence on the parameters of
the system function caused by the controlled changes will be
analyzed. Ultimately the laboratory information will be extended
to the investigation of the natural system, by duiding the design of
field measurement system and development or refinement of
system functional relations describing the natural system.

SUPPORTED BY U.S. Dept. of Agriculture

6.0575, APPLICATION OF OPERATIONS RESEARCH
TECHNIQUES FOR ALLOCATION OF COLORADO RIVER
WATERS IN UTAH
C.G. CLYDE, Utah State University, Utah Ctr, For Water Resour.
, Logan, Utah 84321

The State of Utah, through its commitment to develop a
State Water Plan, has the responsibility of allocating the available
water supplies in such a manner as to pro vide for the most benefi-
cial control and utilization of the supplies within the various
basins of the State. In this responsibility, the State of Utah is faced
with a problem common to all of the states.

The objectives of the proposed research are to assist the
state of Utah in particular and the other states in general by for-
mulating a methodology for optimal allocation of available
waters. More specifically, the objectives are: 1. To formulate a
mathematical model with the appropriate constraints for the
water resource system composed of the portion of the State of
Utah which feasibly could recieve Colorado River waters either
directly or by transfer. 2. To solve the mathematical model using
an appropriate optimizing algorithm to determine the least-cost
allocation of Colorado River waters in the State of Utah. 3. To
carry out optimizations for various assumed operating rules. 4. To
evaluate the usefulness of the analytical approach for state water
planning.

In carrying out the intended research, preliminary screening
will be necessary to define the actual study area. Physical features
as well as legal characteristics of the area and the limitations im-
posed by the Colorado River Compact will be formulated as
system constraints. Various water costs associated with the alter-
native sources and demands will be determined and an ap-
propriate objective function will be established. Alternative
operating rules and assumptions will also be established. Optimal
allocations for the alternative operating rules and assumptions
can be determined then by use of the linear programming al-
gorithm or some other suitable optimizing method. The optimal
allocations of Colorado River water on an interregional basis will
yield information of great value to subystem projects composed of
tributary river basins.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Utah State University

6.0576, THE VALUE OF WATER IN COMPLEMENTARY
INDUSTRY COMPLEXES
B,D. GARDNER, Utah State University, Economics Research In-
stitute, Logan, Utah 84321

Objective: To determine the marginal productivity of water
within the structure of selected agriculturally related industrial
complexes.

Work Plan: Input-output analysis and simulation techniques
are being used to e.tablish the economic structure of given local
economies in Utah. From this structure it will be possible to trace
the impact of a given augmentation in the water supply to certain
uses on the entire economy of the region. In this way the marginal
social value of the water resource can be estimated.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Utah State University

6,0577, THE ECONOMICS OF WATER TRANSFER
B.D. GARDNER, Utah State University, Agricultural Experiment
Sta, , Logan, Utah 84321

1. To identify and describe the legal, institutional and ad-
ministrative structures, processes, and techniques currently used
in Utah that effect transfers of water or act to deter them.

2. To appraise these legal, institutional, and administrative
devices and processes with respect to: (a) the degree of flexibility
in water allocation they permit leading to efficiency in use, and
(b) the permanency of tenure they bestow as a stimulant to in-
vestment and economic growth.

3. To study the markets for water rights and water rentals in
Utah and to evaluate their adequacy in permitting water transfers
and in promoting economic efficiency and equity.

A survey and analysis will be made of the roles and functions
of water law, water markets, state administrative agencies, such a
the State Engineer's Office, Water and Power Board, and local or-
ganizations such as the metropolitan water districts, water con-
servancy districts, and irrigation companies. The focus will be on
the ease or difficulty of water transfer; and the resulting impact
on economic efficiency and wealth redistribution brought about
by transfer.

SUPPORTED BY U.S. Dept. of Agriculture
Utah State Government

6.0578, THE POTENTIAL DEMAND FOR WATER AND
LAND IN SELECTED AREAS OF UTAH
B,D. GARDNER, Utah State University, Agricultural Experiment
Sta. , Logan, Utah 84321

Objectives: 1. To determine the value productivities of water
in competing uses. 2. To identify and determine t;le relative im-
portance of factors which affect the amount of water demanded
by various user types. 3. To compute rates of return to various in-
vestment practices associated with water conservation, quality
maintenance, and storage. 4. To gauge the impact of water trans-
fers on income and wealth distribution between individual users
and between affected geographical regions.

Procedure: Farms, households, and industrial firms will he
surveyed to determine how much water is used and the factors
that are thought to be important in determining use. Regression
analysis will then be used to indicate the importance of each fac-
tor. Costs and returns information will also be collected that re-
late to investment in storage facilities, water conserving practices,
and maintaining water quality. This will permit calculation of
rates of return on investment. Aggregate county census informa-
tion will be used to determine average net income for various
classifications of water users. Then as assumed water transfers are
made to different uses and to different regions, the impact on area
income and economic activity can be estimated.

SUPPORTED BY Utah State Government

6.0579, STATE WATER PLAN INVESTIGATIONS
F.W. HAWS, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

Water supply and water use determinations and projections
are being made according to major hydrologic areas of the state.
All hydrologic information is evaluated and analysed in terms of
frequency occurrence. The total flow picture from headwater
reaches to final stream disposition is being pieced together so that
the effects of development and management can be traced
throughout the balance of the hydraulic system. Basic data
evaluation and interpretation are =tie with view toward planning
requirements in which alternative development possibilities must
be tested.

This work was begun in 1961 and will continue to hydrologic
subdivisions until all areas of the state have been thus studies and
reports prepared. Reports to be published in 1968 include: Water
Related Land Use in the Provo River Divisions, Land Use in the
Weber River Drainage Systems. Land Use in the Bear River
System, Hydrologic Budgets have been completed for Provo,
Weber, Bear river system and the Uinta Drainage area.
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SUPPORTED BY Utah State Government

6.0580, THE EFFECTS OF DIELDRIN ON MALLARD
DUCKLING BEHAVIOR
P.N. LEHNER, Utah State University, State Coop. Wildlife Res.
Unit, Logan, Utah 84321

Objective of this project: To determine if various levels of
dieldrin affect the ability of juvenile mallards to discriminate
wavelength (color).

Procedures: Adult Mallards will be fed 0,1.6,4 and 10 ppm of
dieldrin in their feed. The eggs will be collected and artificially in-
cubated. Ducklings will then be placed either on clean feed or on
feed at the same dosage level as that fed their parents.

Ducklings will be raised to approximately 50 days of age and
then tested on their ability to discriminate color. Automated
psychological testing equipment will be used to produce stimulus
generalization gradients for each duckling. Measurements of inter
and intraducklings effects will be made by graphic comparison.

Who!' brain analyses of dieldrin residues will be made on all
ducklings tested and on a sample of the parent population at the
termination of the study. These will be correlated with the stimu-
lus generalization gradients.
SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

Utah State University

6.0581, HOME RANGE AND BREEDING BIOLOGY OF
SHOVELERS (ANAS CLYPEATA) IN THE ALBERTA
GRASSLAND
J.B. LOW, Utah State University, State Coop. Wildlife Res. Unit,
Logan, Utah 84321

A four-year study of the breeding ground home range and
biology of the shoveler (Anas clypeata) was undertaken on a
small tract of agricultural land in the grassland of southern Al-
berta. Three objectives of the study were: (1) to study the move-
ments of shovelers using the home range concept, (2) to in-
vestigate the function of a shoveler's home range, and (3) to study
the breeding biology of shovelers. Work is being done in the
Strathmore study area near Strathmore, Alberta,Canada.

SUPPORTED BY Utah State University

6.0582, WATER QUANTITY AND QUALITY REQUIRE-
MENTS ON WESTERN SALINE MARSHLANDS
J.B. LOW, Utah State University, State Coop. Wildlife Res. Unit,
Logan, Utah 84321

The basic objective of this research was to supply the State
Engineer with factual information on the quality and quantity of
water required for effective operation of Waterfowl Management
areas. Allocations to wildlife areas are important because of water
resources of Utah are rapidly being developed for agriculture and
industry. This study, begun in 1960 through the cooperation of
the Utah State Department of Fish and Game, the Engineering
Experiment Station at Utah State University and the Utah
Cooperative Wildlife Research Unit, has operated on two phases
of the subject; (1) the actual water required c,Jantity) to operate
efficiently a marshland and (2) the quality of water needed to
propagate the desirable marsh and aquatic plants needed as food
and cover by waterfowl. The study area selected was the 700 acre
State area known as Howard Slough Waterfowl Management
Area.

Field work completed; bulletin in manuscript form, but not
published.

SUPPORTED BY Utah State University
Utah State Government

6.0583, FOOD AND FOOD ENERGY REQUIREMENTS OF
WILD DUCKLINGS
J.B. LOW, Utah State University, State Coop. Wildlife Res. Unit,
Logan, Utah 84321

Objectives of this study are to: (1) determine the composi-
tion of the diet of four species of flightless young ducks using the
same habitat, (2) determine the abundance of animal and plant
foods in the habitat and relate it to duck use as determined in ob-
jective '1', previous, (3) investigate factors which influence food

6, WATER RESOURCES PLANNING

use by ducklings, (4) determine nutritional composition of natu-
ral duck foods, (5) determine food energy requirements of grow-
ing ducks, using species considered in objective '1'.

Over a three-year period, samples of each age class of
flightless young of lesser scaup, baldpate, and pintail, will be col-
lected on the study area. Tentative minimum sample size has been
set at 70 usable gullets more or less evenly distributed among the
several classes of flightless young. Birds will be collected during
the period they are normally abundant for a given species or age
class.

The relative abundance of aquatic invertebrates will be mea-
sured at each duck collecting site by means of 'sweep' and bottom
sampling.

Vegetation at duck collecting sites will be measured by a
modification of the line point method. Plants will be sampled with
a square-foot frame divided into 0.01 sq. ft. squares by a wire grid.

Analyses for the major nutrients of important foods will be
contracted to the Provincial Analytical Laboratory. Foods to be
analyzed will be collected on the study area. In order to measure
daily food intake of growing ducklings, four groups of 3 or 4
ducks each will be used for feeding trials with natural foods pro-
vided ad libitum. The factorial method involves determining the
requirements for maintenance, daily activity, and growth, which
together make up the net energy requirements. Use of the two
methods for determining food energy requirements of growing
wild ducklings will provide an excellent check. Work being per-
formed in the Strathmore study area, Strathmore, Alberta,
Canada. Work started fiscal year 1966 and will terminate fiscal
year 1970.

SUPPORTED BY Utah State University
Canadian Government

6.0584, EFFECTS OF REGULATE) GRAZING ON
WATERFOWL PRODUCTION
V.R. PANCAKE, Utah State University, Graduate School, Logan,
Utah 84321

The proposed study is designed to determine the effects of
regulated grazing on waterfowl production in a salt grass-bulrush
marsh. This will be done by correlating variations in production of
waterfowl with the amount of cover removal on plots receiving
different grazing pressures. During the first grazing season,
( winter, 1968 69), there will be heavy grazing on two acre 'pilot'
plots. These will serve as guides in establishing grazing intensities
for the 1969- 70 grazing experiments. During this season, grazing
will be at light, medium, and heavy intensities, but will include
controls and a pair of plots which will be grazed according to
practises of local cattlemen. These plots will be 25 acres with 2
replications for each treatment. Nesting censuses will be con-
ducted over the whole marsh, by quadrat sampling, in the spring
of 1969. The 1970 nest census will be restricted to the 25 acre
plots.

SUPPORTED BY Utah State Government

6.0585, APPLICATION OF AN ELECTRONIC ANALOG
COMPUTER TO THE SIMULATION OF THE TOTAL
HYDROLOGIC-ECONOMIC FLOW SYSTEM
J.P. RILEY, Utah State University, Utah Ctr. For Water Resour. ,
Logan, Utah 84321

Efficient management of water resources involves a con-
sideration of interacting hydro/ogh.. and economic variables, and,
therefore, requires an examination of the system as a whole. The
overall approach requires the integration of the many system
components, and to this end the electronic analog computer is
well suited. The validity of the analog simulation approach to
hydrologic problems has already been demonstrated by the
results of recent research at Utah State University. Under the
proporA study this background experience will be applied to the
development of a fundamental model of the hydrologic-economic
flow system. Both the engineering and the economics disciplines
are involved.

Briefly, the major objectives of the research proposal are to
) develop, improve, and evaluate basic relationships which link

the hydrologic and economic flow systems, and (2) investigate
the feasibility of using an electronic analog computer to synthes-
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ize fundamental hydrologic and economic processes into a work-
ing model of the total hydrologic-economic flow system.

The model will be verified by simulating a prototype basin for

which both hydrologic and economic data are available,

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rch
Utah State University

6,0586, THE DEVELOPMENT OF A SIMULATION
MODEL FOR THE BEAR RIVER BASIN
J.P. RILEY, Utah State University, Utah Ctr. For Water Resour. ,
Logan, Utah 84321

The overall objective of this study is to apply analog com-
puter simulation techniques as a planning and management
device for the water resources of the Bear River system. This is an
interstate stream in a water-short area. Distribution of the availa-
ble water supplies among the multiplicity of demands will require
the consideration of many alternative plans of development.

The study will proceed by assembling available hydrologic
data and formulating a mathematical model based on previous ex-
periences and equipment developments. The mathematical model
will then be tested and verified on the analog computer. The utili-
ty of the model will be demonstrated by examining various alter-
native management possibilities within the Bear River basin,

SUPPORTED BY U.S. Dept, of Interior - 0. Water Res, Rch
Utah State University

6.0587, A STUDY OF THE INTEGRATION OF THE
WATER RESOURCES OF THE BEAR, WEBER, AND JOR-
DAN RIVERS IN NORTHERN UTAH
J.P. RILEY, Utah State University, Utah Water Research Labora-
tory, Logan, Utah 84321

The overall objective of this study is to determine the mag-
nitude and variations in the quantity of water that might be
feasibly exchanged between the Bear and Jordan River systems,
using the waters of the Weber River as the exchange medium. In
view of the scope of this objective, the simulation approach to the
problem seemed particularly applicable. Through the formulation
of computer models of the physical system, it is possible to con-
sider quickly the influence of a wide range of constraints and
input functions. The electronic analog computer is the primary
computational device being applied in the formulation of the
models.

SUPPORTED BY Utah State Government

6.0588, WATERFOWL UTILIZATION OF SAGO POND-
WEED (POTAMOGETON PECTINATUS) ON A SELECTED
MARSH IN NORTHERN UTAH
M. STERLING, Utah State University, Graduate School, Logan,
Utah 84321

The utilization of sago pondweed will be determined by the
establishment of 48 sets of study plots from which comparisonsof
productions of sago pondweed tubers, vegetation, and seedheads
will be made. Each set of study plots will consist of (1) an en-
closed plot, (2) a plot available to carp and waterfowl use, and
(3) a plot available only to carp. Water levels and soil depths will
be recorded in conjunction with the tuber sampling to determine
what effect these two variables had on waterfowl utilization of
sago pondweed tubers.

The effect of waterfowl utilization on sago pondweed
production will be determined by the establishment of fifteen, 50
by 50 foot pens. These pens will be stocked with semi-domestic
mallard ducks at specific rates to simulate the desired densities of
use. Samples of sago pondweed vegetation, tubers, and seedheads
will be taken after utilization periods to determine the effect
utilization had on production of these elements.

SUPPORTED BY U.S. Dept. of Interior - Bu, Sport Fish.
Utah State University

6.0589, FARM ADJUSTMENT TO LIMITED IRRIGATION
WATER WITH REFERENCE TO CENTRAL UTAH PRO-
JECT
C.E. STEWART, Utah State University, Agricultural Experiment
Sta, , Logan, Utalt 84321

The general objective is to determine the most profitable in-
dividual farm adjustments to conditions of inadequate irrigation
water supplies and to appraise the effect on farm incomes and on
other criteria of economic success of incremental changes in
water supply to individual farms. The analysis is oriented to rele-
vant market, climatological, and physical resource conditions.

The study is focused primarily on conditions of inadequate ir-
rigation water supplies. What adjustments are desirable from the
standpoint of the individual farmer? What is the most profitable
and efficient use he can make of the available supply? What is the
value of an increment of water from the sr. ater from the stand-
points of individual farmers and of the public?

Economic data have been collected for 140 farms on Straw-
berry Valley Project and for 60 farms in Ashley Valley. Detailed
input data were collected on about 400 fields of crops on these
farms. Work remaining is entirely analytical. A large portion of
the data has been coded; this job will soon be completed. Data
will then be punched on IBM cards and analyzed by budgeting
and linear programming techniques to estimate the most profita-
ble combinations of resources and farm adjustments under
limited supplies of irrigation water. Value of increments of irriga-
tion water will be estimated.

SUPPORTED BY Utah State Government

6.0590, SOILS, PESTICIDES, AND THE QUALITY OF
WATER
S.A. TAYLOR, Utah State University, Agricultural Experiment
Sta, , Logan, Utah 84321

Objective : 1. To establish whether movement through the
soil constitutes a significant source of the pesticides found in sur-
face and ground water. 2. To identify the properties of pesticides
and of soils that control the extent of movement of pesticides in
and through soils. 3. To ascertain the solubility characteristics of
pesticides sorbed on soil particles and hence the effect of
suspended soil on the concentrations of pesticides in water. 4, To
ascertain the effects of management of pesticides and land on the
transport, by all means, of pesticides to water supplies.

This Utah project is devotei to furthering above Objectives 2
and 3. Adsorption, flow, and thermodynamic properties of a
variety of pesticides will be studied in connection with montmoril-
lonitic and kaolinitic types of clays, saticl, and complete soil.
Specific compounds will be selected to give carboxyl, carbonyl,
amine, amide, and double bonded oxygen, sulfur, or phosphorus
positions that may interact with clay or exchange with cations
present in the colloidal complex of soil materials. Thermodynam-
ic properties of systems consisting of various soil materials and
water will be studied, Organic pesticides will then be adsorbed
onto the soil solids and the thermodynamic properties will again
be studied. In this way the change in properties will be evaluated,

SUPPORTED BY U,S. Dept. of Agriculture
Utah State Government

6.0591, IMPACT OF RECREATIONISTS ON SELECTED
SUES

TOCHER, Utah State University, Agricultural Experiment
Sta. , Logan, Utalt 84321

Objectives: 1, Establish initial impact of recreationists on
vegetation and soils on previously unused sites. 2. Relate changes
in low level vegetation to treatment by irrigation and fertilization,
amount of use, and site factors. 3. Study responses of growth rate
of overstory trees in camp to pair trees outside camp.

Description of Work: 27 0.064 acre plots have been laid out,
mapped and measured. Treatment effectiveness will be tested by
vegetation responses and changes in rates of infiltration. Selected
plots will be irrigated and fertilized. Regressions analysis will re-
late vegetation to use, facility location and site factors.
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SUPPORTED BY Utah State Government

6.0592, METHODOLOGY FOR DETERMINING VALUA-
TIONS OF WATER FOR ALTERNATIVE USES
E.B. WENNERGREN, Utah State University, Agricultural Ex-
periment Sta. Logan, Mal; 84321

1. To develop economic models designed to estimate mar-
ginal values for water in its alternative uses in the Intermountain
West, 2. To develop economic models designed to estimate mar-
ginal value relationships for water in its alternative uses and levels
of use in the Intermountain West.

Water use classification systems will be developed. Methods
of measuring water input-output relations for economic analysis
wit' be explored. Alternative economic 'choice indicators' will be
studied. Types of water markets will be determined. Methods for
determining the present economic efficiency of resource alloca-
tion within and among water-using industries will be developed.
Also, the direction of resource reallocation to increase wate, use
efficiency will be established conceptically. Economic models
developed will be tested on a diminutive cable for selected water
use complexes.

SUPPORTED BY Utah State Government

6.0593, RECREATION VALUE OF WATER FOR THE
PRODUCTION OF WATERFOWL
R.S. WHALEY, Utah State University, Graduate School, Logan,
Utah 84321

The proposed research has the following objective: To
develop and test methods that can be used for valuing on-site and
off-site benefits originating from the production of waterfowl at
selected Utah waterfowl refuges and state marshes.

There are fundamentally three steps in the procedures for
this project: (1) Defining the kind and distribution of benefits
resulting from particular refuges; (2) estimating the amount of
use of the varied kinds of recreation opportunities offered by the
operation of the refuge; and (3) placing value estimates on these
uses.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Utah State University

6.0594, UPDATING AND REPUBLICATION OF FACTORS
INFLUENCING THE RESTORATION AND DEVELOPMENT
OF OGDEN BAY REFUGE
N.F. NELSON, State Div. of Fish & Game, Salt Lake City, Utah
84116

Objective: To determine ecological changes as they occur on
saline marshes and to determine the impact of these changes on
waterfowl habitat and use.

Status: This is the second year of a proposed three year study
to update and revise a previous W-290R publication on tho ecolo-
gy of saline marshes. Project plans call for formal publication in
the form of a Department bulletin.

Justification: The ecology of saline marshes is of extreme in-
terest to waterfowl technicians throughout western North Amer-
ica. Continuing ecological studies of these areas are critical in
view of todays increased demand for total utilization of existing
water supplies. The impact that changes in water supplies will
have on ecology of any waterfowl area will directly affect water-
fowl production and use of saline marshes in the Great Basin.
Publication and revision of this manuscript will satisfy the increas-
ing demand for copies of the orginal publication which is out of
print, and at the same time enlarge our knowledge of saline marsh
ecology.

Procedures: Relocation of original study areas and transects
on the Department's Ogden Bay Waterfowl Area; establishment
of new transects whereever ecological change has altered the
original study area; reading of these transects at established inter-
vals; summarization and tabulation of new data; comparison of
ecological change with patterns of waterfowl use during produc-
tion and migration periods; comprehensive review of the orginal
manuscript; consolidation of new data with the orginal manus-
cript; and formal publication of this consolidation.

6, WATER RESOUNICES PLANNING

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish,
Utah State Government

6.0595, THE EFFECT OF LIVESTOCK UTILIZATION ON
WATERFOWL HABITAT AND PRODUCTION
UNKNOWN, State Div. of Fish & Game, Salt Lake City, Utah

84116
Objective: To determine the impact of unregulated livestock

utilization of wetlands on waterafowl habitat and production.
Status: This the first year of an estimated three year study to

determine the impact of cattle on waterfowl production and wet-
land habitat.

Justification: Livestock interests in Utah continually pressure
the Department for grazing privileges on State-controlled water-
flowl areas, With one exception these areas are not currently util-
ized by livestock. The Department feels that livestock use on
waterfowl areas is not compatible with the basic purpose of the
development; however, no evaluation of this problem has been at-
tempted in the State, This study will endeavor to determine
specific effects of livestock on waterfowl production, the effect of
cattle on wetland habitat, and the effect of cattle on habitat quali-
ty.

Procedure: Establishment of ground transects on the Depart-
ment's Locomotive Springs (study) and Salt Creek (control)
Waterfowl Management Areas. These areas are both spring fed
saline marshes similar in all respects with the exception that cattle
are allowed to utilize Locomotive Springs. Cover mapping of both
areas has been accomplished. Transects will be established in
similar cover types and read at regular intervals throughout the
spring, summer, and early fall. A comparison as to waterfowl use,
habitat development, and production of the two areas will be
made. This comparison will indicate the impact of cattle on
waterfowl and waterfowl production and will be evaluated in an
effort to formulate management recommendations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Utah State Government

6.0596, THE BIOLOGY AND CONTROL OF TABANIDAE
IN MARSHLANDS ALONG THE EASTERN SHORE OF THE
GREAT SALT LAKE, UTAH
D,M. REES, Univ. of Utah, Graduate School, Salt Lake City, Utah
84112

Object: To survey marshlands along the eastern shore of the
Great Salt Lake to determine most favorable breeding areas for
tabanids, to determine life cycle under existing conditions, and to
devise water and land management schemes to minimize breeding
of tabanids.

Plan of Work: Collections of larvae and adults of tabanids
will be made along the eastern shore of the Great Salt Lake by soil
sampling, emergence cages, light traps, car traps, and animal bait
traps. Samples of larvae and adults collected from suspected
breeding areas will be used to determine species present,
preferred egg laying sites, life cycles, and preferred hosts. Adult
collections will also be used to determine ecology, dispersion and
flight patterns and habits of various species. Observations will be
made on the seasonal cycles and succession of adults of different
species and their habits in relation to meteorological and other
environmental factors. The micro environment of favorable larval
breeding habitats will be determined, Current water and land
management practices at Salt Lake will be evaluated for their ef-
fect on the production of tabanids.

SUPPORTED BY U.S. Dept. of Agriculture

6.0597, ECONOMIC EFFECTS OF WATER ALLOCATION
AMONG ALTERNATIVE INDUSTRIAL (NON-AGRICUL-
TURAL) USES
G.S. THOMPSON, Univ. of Utah, Graduate School, Salt Lake
City, Utah 84112

The demands for water in Utah have expanded more rapidly
than the total supply available. If the state's growth is to continue,
wise allocations of water among competing uses must be made.
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The allocation process is complicated by the rapid transformation
of the state from a rural, agricultural to an urban, industrial-com-
mercial economy.

Objectives: The primary purpose of the proposed research is
to assemble data and undertake analysis which will attempt to
determine the marginal productivity and the economic effects of
water allocation among alternative industrial or non-agricultural
uses.

Procedures: A dual approach will be used. 1. An industrial
complex will be selected based on a Utah mineral and composed
of a series of related dependent industries, Information will be
collected from each segment of the industry complex which when
processed and applied to an economic model will indicate the
marginal productivity of water for each segment of the industry as
well as for the total complex. 2. The second approach is to calcu-
late the number of jobs per acre foot (or per gallon) of water
which exists in mining and manufacturing industries within the
state and determine the contribution to total state income of such
employment and water use.

The first approach will be intensive in nature and will stress
methodology; the second will attempt to obtain useful informa-
tion over a broader range of industries in order to offer immediate
assistance in water allocation decisions. The techniques
developed will be useful to other regions.

SUPPORTED BY U.S. Dept. of Interior - 0, Water Res. Rch
University of Utah

6.0598, AN EVALUATION OF THE LAMPREY IN LAKE
CHAMPLAIN
J.K. ANDERSON, State Fish & Game Department, Montpelier,
Vermont

Objectives: To determine the size of the lamprey population
in Lake Champlain and to locate their principal spawning
streams. To determine the extent of their predation upon fish in
Lake Champlain and to determine fishes most readily attacked.

Procedures: Spawning streams will be located utilizing clec-
tro- fishing gear to sample adults and to locate ammocoetes,
These streams will be catalogued with reference to spawning loca-
tions and the approximate size of the lamprey population utilizing
it as a spawning site. All fish collected in Lake Champlain studies
will be examined for lamprey scars and records kept of such scars.
These records will be used to evaluate the lamprey predation
upon each species of fish and to determine the susceptibility of
each species to lamprey predation.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Vermont State Government

6.0599, CLIMATOLOGICAL FACTORS AFFECTING
WATER USE IN AGRICULTURE
R. BAJWA, U.S. Dept. of Agriculture, Arlington, Virginia

Objectives: To develop improved methods for incorporating
climatological factors into analyses of water use in agriculture.

Approach: A study of techniques for computing consumptive
water use requirements by agricultural crops wii! be undertaken
to determine reliability for use in estimating such requirements in
various regions of the United States. Estimates will be made of
consumptive use of water by various crops in selected regions of
the United States. These estimates will be combined with data
describing water supplies and irrigable soils in the selected re-
gions to derive estimates of irrigation potential and the total water
requirements needed to realize the potential.

SUPPORTED BY U.S. Dept. of Agriculture

6.0600, ECONOMIC INVENTORY OF AGRICULTURAL
WATER USE IN THE UNITED STATES
C. DICKASON, U.S. Dept. of Agriculture, Arlington, Virginia

Objectives: To formulate and maintain a systematic and con-
tinuing economic inventory of agriculatural water use in the
United States.

Approach: The formulation ,.nd maintenence of this invento-
ry will be accomplished by collecting and analyzing data from
Federal, Stow and local organizations such as irrigation, drainage,

conservancy and soil conservation districts will also be included
as sources of data. The research will include appraisal of current
and prospective economic demands for water by agriculture in
relation to current and prospective economic supplies of water.
Analyses of economic aspects of agricultural water use and
development and the relationships between water development or
conservation programs and various agricultural problems will also
be included. The inventory will include pertinent facts on quanti-
ty, quality and uses of water; comparative expenditures for major
uses, including demand and supply relationships; and trends in
use.

SUPPORTED BY U.S. Dept. of Agriculture

6.0601, ECONOMICS OF IRRIGATION, DRAINAGE AND
RELATED PROBLEMS IN THE NORTHWEST
G.A. PAVELIS, U.S. Dept. of Agriculture, Arlington, Virginia

Objectives: To conduct economic analyses pertinent to: (1)
Measurement or irrigation water values; (2) use of irrigation
return flows; (3) alternative drainage methods; and (4) water
quality management.

Approach: Experimental and survey data will be used in
production function analyses and mathematical programming
techniques to determine values of water in irrigating selected
crops. Irrigation return flows data will be collected from the
Northwest Hydrology Research Watershed for use in economic
studies of transfer of this water to other uses in other locations. In-
itially, economic analyses of drainage methods will depend upon
an experimental research program at Oregon State University for
data. This will be followed by an economic analysis of drainage
methods in the Willamette Valley. An input-output framework is
being used in selecting a suitable water quality management pol-
icy for the Yaquina Bay Area in Oregon. Welfare economics will
provide the selection criteria and the analysis will include various
interest groups represented as economic sectors,

SUPPORTED BY U.S. Dept. of Agriculture

6.0602, ROLE OF WATER IN TIM PATTERN OF RE-
GIONAL ECONOMIC DEVELOPMEN T
A. SOKOLOSKI, U.S. Dept, of Agriculture, Arlington, Virginia

Objectives: To examine the role of water as a determinant in
location of economic growth and development as related to
specific methods of designating regions by natural resource, geo-
graphic, population density, or economic characteristics.

Approach: Economic growth and development in the New
England States will be analyzed in a framework based on location
theory. Specific attention will be devoted to the effects of water
resources on the pattern of economic development over time.

SUPPORTED BY U.S. Dept. of Agriculture

6.0603, SYSTEMS STUDY - MARYLAND PROJECT
I). ()BRYAN, U.S. Dept. of interior, Water Resources Division,
Arlington, Virginia

The study is concerned with the relationships between a
natural water system and its physical environment, and the forces
of planning, development, and management during the stages in
which the water resource is utilized to the ever greater advantage
of the local economy and human desires. Specifically to assist
public officials toward: a. A general understanding of hydrologic
knowledge as a background vital to water resources planning,
design, and management. b. Use of specific hydrologic findings as
working tools in the hands of planning and reviewing bodies. c.
Recognition of and consideration for the alternatives and com-
promises to be encountered in the planning of the development of
water systems.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

6.0604, ECONOMIC ANALYSIS OF RECREATIONAL USE
OF RESERVOIRS CONSTRUCTED BY PRIVATE POWER
COMPANIES
A. DEGN, Virginia Polytechnic Institute, Agricultural Experi-
ment Sta. , Blacksburg, Virginia 24061
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Objectives: Determine practices, problems and opportunities
associated with recreational use of reset voirs, explain recrea-
tional use of reservoirs, determine impact of reservoirs on local
economies.

Description of Work: In depth interviews with power com-
pany officials to identify problems of recreational use of reser-
voirs, role of public agencies in providing recreational facilities on
private reservoirs. Survey of users of reservoirs to determine their
social and economic characteristics and expenditure patterns to
be used in projecting future use of these reservoirs. Inventory
recreational facilities associated with private reservoirs. Survey of
recreational establishments to determine cost and returns in order
to determine their contribution to the local economy in terms of
gross volume of business, employment, payrolls and taxable in-
vestment.

SUPPORTED BY Virginia State Government

6.0605, PERCEPTION OF WATER RESOURCE
PROBLEMS A PILOT STUDY
C.A, IBSEN, Virginia Polytechnic Institute, Graduate School,
Blacksburg, Virginia 24061

The proposed research plan is a pilot study directed at gain-
ing insight into the relationship the perception of water problems
by the public and the attempts of the water expert to deal effec-
tively with water problems. The study will deal with the following
research questions: I. What are the factors related to the public's
perception of water problems? 2. To what extent does the public
view water as a problem and what is the basis of a problem per-
ception? 3. What action does the public feel should be taken
toward the solution of the problems perceived?

A random sample of 500 will be selected and these respon-
dents will be interviewed by telephone. The interview will gather
data on the characteristics of the respondent, his perception of
water problems, the source of these perceptions, and his feelings
about what could be done to solve the perceived problems. This
data will then be analyzed according to the significance of dif-
ferences between types of respondents and their perceptions of
lack of perceptions of water problems, source of perceptions, and
suggested solutions. The interpretation of findings of the pilot
study will be made as hypotheses to be tested in a larger research
effort.
SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch

Virginia Polytechnic Institute

6.0606, WATER RIGHTS RELATED TO WATER QUALI
TY STORAGE
W.R. WALKER, Virginia Polytechnic Institute, Water Resources
Research Ctr, , Blacksburg, Virginia 24061

In the early 1960's, Congress amended the Federal Water
Pollution Control Act to permit Federal agencies to give con-
sideration to the inclusion of storage for regulation of streamflow
for the purpose of water quality control. To date, little considera-
tion has been given to the claims which might be made on this
wator under various state laws after it has been released from the
reservoirs. This study proposes to define the rights of both ripari-
an owners and appropriative users to this water in the states which
now have, or soon will have, impoundments with water quality
storage. If the investigation reveals a conflict of interest, the
research should suggest alternative solutions in forms of com-
pacts, uniform laws, or federal legislation.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

6.0607, UTILIZATION OF PHYSICAL AND MATHE-
MATICAL MODELS IN ESTUARINE WATER RESOURCES
RESEARCH AND MANAGEMENT
W.J. HARGIS, Virginia Inst. of Marine Sci. , Gloucester Point, Vir-
ginia 23062

Increased use of hydraulic and mathematical models in
research, planning engineering and conserving estuarine and
coastal environments is important. The proposed project will util-
ize VIMS hydraulic model of the tidal James system and
analogue, digital and hybrid mathematical modeling capabilities

6. WATER RESOURCES PLANNING

in a program of research designed to evaluate and improve the
capabilities of each technique. Thus, the accuracy, precision and
capabilities of all likely will be improved, or at least clarified.

It is expected that improved ability to predict the changes
which will result in such biologically, economically, socially and
politically important environmental tactors as salinity distribu-
tion, currents sedimentation, bottom scour and shore erosion will
result.

This program is relevant to the projected Chesapeake Bay
Hydraulic Model.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0608, THE IMPACT OF FEDERAL WATER LEGISLA-
TION AT THE STATE AND LOCAL LEVEL
K.A. HAMMOND, Central Washington State Coll. , Graduate
School, Ellensburg, Washington 98926

The proposed project would identify the reasons for, and as-

sess the implications of, the actual impact of federal water
resource legislation. Study would include institutional adjust-
ments, financial arrangements, and the long-term physical and
economic implications of development in selected case areas. In-
terrelationships between the dedication of water to a particular
use and the effect on related resource use would be explored.

The initial focus is on the Land and Water Conservation
Fund Act as it operates in the State of Washington. Attention
would subsequently be given to other laws and other areas. This
phase of study would be directed toward the Federal Water Pro-
jects Recreation Act and the Water Quality Act of 1965.

Findings of actual impact would be compared with what was
anticipated by those who framed the legislation. It is hoped that
conclusions would prove useful both in the implementation of ex-
isting legislation and the development of new water policy,

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Central Washington State College

6.0609, SOME EFFECTS OF WATER IMPOUNDMENTS
ON WATERFOWL POPULATIONS AND REPRODUCTION
ON THE SNAKE RIVER, WASHINGTON
1.0. BUSS, Washington State University, Graduate School, Pull-
man, Washington 99163

Aim: To study the ecology and reproduction of waterfowl
(mainly Canada goose and mallard) of the Snake River between
Clarkson and Central Ferry for comparison with similar data ob-
tained subsequent to impoundments created by Lower Granite
and Little Goose dams. Secondly, to study the physiological pat-
tern of reproduction in the mallard, and to study the migratory
pattern of waterfowl on the snake River prior to impoundment of
water between Clarkston and Central Ferry.

Description: Continue investigations of nesting sites includ-
ing density of breeding populations and ecological changes in
islands used by waterfowl (primarily geese). Study behavior of
Canada geese netted with cannon nets (with cooperation of State
Game Department) and marked with conspicuous plastic neck-
bands. Ascertain percentage of neck banded geese nesting on
islands and the percentage nesting on canyon ledges, by direct ob-
servation. A cooperative banding study will be conducted walk
biologists of the State Game Department and the Atomic Energy
Commission (W. C. Hanson and B. L. Browning) to enhance nest-
ing and migration studies. During the waterfowl hunting season,
hunters will be checked to obtain bands and other data on move-
ments and population phenomena of the local breeding popula-
tion.

This investigation would be of considerable importance from
the standpoint of waterfowl management both locally and na-
tionally. Valuable information would be provided for elucidating
our present knowsledge of waterfowl reproduction, supplemental
information would be provided on behavior, ecology, physiology
of waterfowl. Finally, information obtained prior to impoundment
of water would be provided for comparison with post-impound-
ment information.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Washington State University

6.0610, MAXIMIZING PRODUCTIVITY OF WATER
USED FOR IRRIGATION OF AGRICULTURAL LANDS
W.R. BUTCHER, Washington State University, School of
Agriculture, Pullman, Washington 99163

The proposed research involves empirical and theoretical
determinations of the relations between water-use and agricul-
tural output. The purpose is economic analysis of alternative use
patterns to determine opportunities for gains through more effi-
cient water-use patterns and to suggest criteria for use in water al-
locations among crops, farms, and areas.

The procedure emphasizes construction of economically
valid valuation and choice processes. Some data on the relevant
water/plant yield relationships are available from past studies.
Models will be constructed, using these data, to portray the rele-
vant relationships and the decision process. Solutions from these
models will indicate the principles involved and disclose the most
critical data needs for a more complete analysis of water produc-
tivity in the State.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Washington State University

6.0611, PRUNE ORCHARD MANAGEMENT
E.G. PRIEBSTING, Washington State University, Agricultural
Experiment Sta. , Pullman, Washington 99 / 63

I. To study response of Early Italian prune to varied soil
nitrogen and water management practices. 2. To investigate the
nature and causes of internal browning of Early Italian prunes. a.
Develop practices that will reduce losses from this disorder. 3. To
investigate further the effect of reduced fruit load on the func-
tioning of fruit and foliage.

I) Nitrogen will be applied at different rates over a period of
years. Moisture stress will be induced at critical periods. Effects
on yield, size, maturity, and quality will be measured. 2) Internal
browning will be studied from numerous angles: weather, post-
harvest temp. and atmos., growth regulators, relation to maturity.
3) Gumspot- leaf curl will be induced by defloration and modifi-
cation by soil moisture and growth regulator manipulations will
be attempted.

SUPPORTED BY Washington State Government

6.0612, ESTIMATION OF RECREATION WATER
REQUIREMENTS - ULTIMATE NEEDS STUDY (OREGON)
M.H. KARR, Battelle Memorial Institute, Richland, Washington
99352

As one of several contractors for Oregon's ultimate needs
study, BNW is developing recreation water demands for the years
2020 and 2070 utilizing population projections made by another
contractor. The study identifies recreation demand for various ac-
tivities, and associated water requirements including consumptive
use at parks and camps and evaporation from the needed lakes
and reservoirs. Demand and water use analysis techniques
developed for this study have application in any arca where
water-based recreation is of significance. Factors utilized include
income, mobility, education, leisure time, and local regional
recreation habits.

SUPPORTED BY Oregon State Government

6.0613, COLUMBIA RIVER ECOLOGY
R.E. NAKATAN I, Battelle Memorial Institute, Richland, Washing-
ton 99352 (AT(45-1)1830)

The comprehensive ecological study of the Columbia River,
has as its principal areas of interest, mineral cycling in the river
ecosystem using reactor produced radionuclides as tracers,
clarification of the role of the biota in river transport of
radioisotopes, and study of the effects of physical and chemical
factors on population dynamics and radionuclide cycling.

Highest levels of effluent isotopes in many river organisms
are in the early fall when river conditions of light and temperature
are most favorable and flow minimal. Zn -65 and P-32 are the
dominant nuclides in most organisms, Cr-51 in plankton and al-
gae. The 6-week reactor shutdown this summer markedly altered
radionuclidf patterns in the biota, a decrease of one to two orders
of magnitude in lower trophic levels; loss by adult fish as well as
uptake after startup was not so rapid. Zn-65 uptake was studied in
peryphyton in the laboratory. The number of fall Chinook salmon
nests was a 20-year high. Upstream dispersion of adult caddis flies
labelled by reactor-produced Zn-65 was up to 16 km.

SUPPORTED BY U.S. Atomic Energy Commission

6.0614, EFFECT OF SUPERSATURATION OF DIS-
SOLVED NITROGEN ON MIGRATING SALMONIDS
W,J. EBEL, U.S. Dept. of Interior, Biological Laboratory, Seattle,
Washington 98102

Supersaturation of dissolved nitrogen in the Columbia River
can be a significant factor in the survival of migrating salmonids.
Measurements of nitrogen levels from the estuary to the upper
Columbia River have indicated that highest levels were reached in
the spring when large volumes of water were being spilled at
dams. Nitrogen concentrations, which were sufficiently high to
produce gas bubble disease in fish, did not equilibrate in reser-
voirs between dams. Migrant salmonids using fishways or passing
through shallow areas that force them near the surface may suffer
mortality from high nitrogen levels.

In conjunction with current fish behavior studies on the
Columbia River, experiments are in progress to examine the ef-
fect of nitrogen levels on survival of migrating adult salmonids.
Salmon in fishways are being inspected for evidence of gas bubble
disease, and systematic searches of the river system are being
made to obtain samples of moribund fish for clinical examination.
Laboratory experiments are planned to determine the effects of
nitrogen saturation at different pressures and temperatures on
survival of young and adult salmon.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0615, FISH BEHAVIOR AND PHYSIOLOGY
A.B. GROVES, U.S. Dept. of Interior, i3iological Laboratory,
Seattle, Washington 98102

The essential purpose of this work is to acquire a knowledge
of intrinsic physical and sensory abilities of fish which relate to
specific environmental factors encountered in migration and fish
passage situations: A broader purpose is to assess the adaptive
ranges of these capacities in different migratory fish stocks. This
information will be applied to help predict or anticipate the ef-
fects on migrant fish of various river and estuarine development
programs which are creating numerous changes in the environ-
ments of native stocks of commercially valuable species.

Specifically the work is with salmonids and involves measure-
ments of fish capacities against selected environmental variables.
This includes measurements of swimming performance abilities of
juvenile and adult fish and activity patterns and responses of sal-
monid species. Studies also are made of sensory responses which
may relate to migration and homing behavior, of physical and
hydraulic factors that can injure fish in power turbines, of respon-
ses that may aid in diverting fish away from dangerous areas in
turbines, and of effects on migrants of thermal shock such as that
encountered by passing through heated effluents from thermal
power plants.

The work is now in the laboratory but is directed to the idea
that the derived information can be applied directly to field
problems.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0616, RELATION OF RIVER -RUN IMPOUNDMENTS
TO SALMON PRODUCTION
A.J. NOVOTNY, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

This program seeks to develop a self-sustained, mobile field
laboratory, designed for maximum flexibility, which will provide a
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working base for unlimited aquatic environmental studies in
navigable impoundments, and eventually in marine bays and
estuaries. Primary emphasis is being placed on studies related to
changes in the environment induced directly or indirectly by
human activities and the effects of these environmental changes
on salmon. These studies will include on -site experimental control
of water quality to determine the feasibility of 'carrying' salmon
through critical phases of their life cycle in river-run impound-
ments. Parameters of control include temperature, filtration,
sterilization, dissolved gases, and waste products.

SUPPORTED BY U.S. Dept. of Interior - Comm. Fish.

6.0617, PREDICTION OF ENVIRONMENT
C.R. SNY DER, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

A chain of reservoirs is rapidly replacing the remaining free
flowing areas of the Columbia ? d Snake Rivers. Freshets and
floods which played a major role in the transport of fingerling sal-
monids to the sea are being controlled. Temperature regimes that
govern rates of growth and maturation are being modified, and in
the changed environment, new predator-competitor and disease
relationships are being established that greatly affect the survival
of the migrant salmon. Studies are in progress to predict future
environments in rivers and reservoirs. Work is nearing comple-
tion on the prediction of the physical and biological environment
of John Day Reservoir in the Columbia River.

Studies are under way and planned to determine the feasibili-
ty of lowering water temperatures in the Upper Columbia and
Middle Snake Rivers by tapping cool waters at the bottom of
lakes and reservoirs. If thermal controls carry into downstream
areas of these rivers, environmental conditions for survival of sal-
mon could be measurably improved during the hot summer
months. Potential benefits from timed releases of stored waters
also are being evaluated in the light of proposed thermal-nuclear
power developments in the Columbia Basin.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0618, FISHWAY RESEARCH (BONNEVILLE LABORA.
TORY)
C.R. WEAVER, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

These studies are designed to provide information applicable
to the improved efficiency of fish facilities at Corps of Engineers
projects in the Columbia Basin. The investigations are carried out
in the Fisheries-Engineering Research. Laboratory at Bonneville
Dam. Financing is by the Corps and direction of research is under
supervision of the Corps Technical Advisory Committee.

A large laboratory area permits construction of full-scale fish
facilities for study of the performance and behavior of adult
migrating salmon that can be diverted from an adjoining fishway
at the dam. Current and proposed studies include examination of
the responses of salmon to various jet velocities, submerged ori-
fice flows, temperature conditions, and barrier facilities.
Techniques for T.V. monitoring of fish passage are being ex-
plored and developed for use in remote control counting of fish at
dams. Special aspects of the behavior of juvenile salmon in tur-
bine intakes are also being examined.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0619, GRAVEL PERMEABILITY IN SALMONID
SPAWNING BEDS
M.C. BELL, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Research on the effect of siltation on gravel permeability in
salmonid spawning beds to determine cementation effects of the
fine materials and the flows which would be required to remove
such materials when deposited.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0620, ESTUARINE ECOLOGY
D.E. BEVAN, Univ. of Washington, Graduate School, Seattle,
Washington 98122

6. WATER RESOURCES PLANNING

The specific objectives of the current Estuarine Ecology Pro-
ject are: 1. To develop a mathematical model of important physi-
cal and chemical processes of the Duwamish Estuary, including
rates of dilution of pollutants. 2, To investigate the ecology of
pelagic and de.mersal fishes in the estuary and nearshore marine
environments affected by industrial and domestic waste
discharges. This investigation includes studies of the estuarine
and early marine life of immature chinook salmon (Oncor-
hynchus tshawytscha), including mortality, distribution, and
growth; the estuarine life of migrant adult chinook salmon; and
the ecology of resident demersal species of the Duwamish Estua-
ry, 3. To record some of the parameters of the water quality in the
Duwamish Estuary and compare them with the known environ-
mental requirements of salmon and other fishes of economic im-
portance.

Emphasis in the study is being placed on the Duwamish
Estuary and Elliott Bay because a wealth of physical and chemical
data has been collected. The Mtn deipality of Metropolitan Seattle
(METRO), a local organization concerned with sewage abate-
ment, and the United States Geological Survey ( USGS) have
maintained three telemetry stations in the estuary and another
station in the Duwamish River above saline influence since 1964.
These stations record pH, dissolved oxygen, water temperature,
conductivity, and turbidity every hour and send the data to the
central station at METRO headquarters. The data, together with
streamflow and other physical parameters, are transferred on
magnetic tape for computer screening and subsequent analysis oy
Estuarine Ecology Project personnel.

SUPPORTED BY University of Washington
U.S. Dept. of interior - F. Water Pol. Ctl

6.0621, VARIED RECREATIONAL USES OF FOREST
LANDS FOR TIMBER PRODUCTION IN WESTERN
WASHINGTON
C.F. BROCKMAN, Univ. of Washington, Graduate School, Seat-
tle, Washington 98122

Objectives: Investigation of the compatibility and/or conflicts
between: (1) relationships of the nature of public recreational
uses and facilities to deterieratics of recreational interests. (2) dif-
ferent recreational uses of forest lands, (3) various recreational
uses of forest lands with different silvicultural systems and current
logging practices, and (4) study of methods of minimizing or
eliminating conflicts between recreational use and timber produc-
tion with a view to perpotuating maximum esthetic, cultural and
economic returns.

Description of work proposed: The complexity of recrea-
tional research, together with the variety of information Accessary
to conclusions relating to the broad overall objective of this pro-
ject, nocosoitatos specific attontion to various pertinent limited
objectives as qualified workers are available. It is intended first,
to (1) measure relative increase of land values due to forest
recreation focal points (lakes, streams, ski areas etc.) on forest
lands and, based on trends and impact indicated from these data,
develop a theoretic model for simulating recreation value impli-
cations in forest management and (2) determine, through ecolog-
ical analysis of vegetative associations (using series of quadrate
and/or transacts) the impact of public use on various types of
recreational areas.

SUPPORTED BY U.S. Dept. of Agriculture

6.0622, STUDY OF RED SALMON IN THE NUSHAGAK
DISTRICT
R.L. BURGN ER, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Investigations of Wood River system red salmon have been in
progress since 1946. Until 1959 funding was accomplished chiefly
through the Alaska Salmon Industry. Since 1959 a portion of the
work has been performed under contract to the Bureau of Com-
mercial Fisheries.

The principal objective here, as in the other jstems in
Bristol Bay, is to determine optimum escapement levels. The
Wood River program includes a variety of studies. Length mea-
surements, scales, and otoliths are collected annually from
spawning red salmon from several of the more important
spawning grounds to determine racial differentiation. Detailed
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data concerning physical and chemical feat., res of spawning areas
are obtained regularly to ascertain spawning area requirements.
Tow nets and echo sounders provide a means of indexing the
abundance of young.

Limnological studies include: (1) determination of primary
productivity; (2) chlorophyll determinations; (3) water analysis;
(4) zooplankton identification and measurement of abundance.

Special studies recently instituted include: (1) a study of the
life history of the Alaska blackfish; and (2) the effects of digestion
after death on char stomach contents.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,

6.0623, OPTIMUM ESCAPEMENT STUDIES OF CHIrNIK
SOCKEYE SALMON
R.L. BURGHER, Univ. of Washington, Graduate School, Seattle,
Washington 98122

The Chignik River system, which consists of two physically
and biologically dissimilar lakes, supports the largest run of
sockeye salmon (Oncorhynchus nerka) on the south side of the
Alaska Peninsula. Extensive analysis of historical records and
preliminary studies conducted since 1955 have provided a basis
for managing the runs to the two lakes separately. These studies
have also led to the hypothesis that competitor species in the. lake
nursery areas are inhibiting return per sockeye spawner. In-
creased emphasis will now be placed on the ecological association
of young sockeye and competitor species in the two lakes to eval-
uate the influence of sockeye year classes of different magnitude
in control of the ecosystem. Studies will include: (1) Continuing
beach seine and surface trawl sampling of both lakes to determine
the growth, abundance, mortality, and distribution of juvenile
sockeye salmon and associated species. (2) A study of the food
supply and food habits of sockeye salmon and resident fishes to
determine the manner in which the species compete for food, (3)
Continuation of statistics of the adult salmon runs including Mtge

composition. (4) Preparation of a forecast for the 1969 sockeye
run. The studies will be conducted in cooperation with the Alaska
Department of Fish and Game.

SUPPORTED BY University of Washington
U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska Packers Association

6.0624, FERN LAKE MINERAL METABOLISM PRO-
GRAM
L.R. DONALDSON, Univ. of Washington, Graduate School,
Seattle, Washington 98122 (AT( 45-1 )-2050 )

Since 1958, Fern Lake and the surrounding watershed have
been the object of a detailed ecological study o investigate the
fundamental processes governing productivity in an undisturbed
watershed.

Because of the size, type of soil, and climatological charac-
teristics of the watershed, Fern Lake is flushed repeatedly every
winter and thus kept in a mineral-deficient state. Terrestrial stu-
dies indicate the glacial till, high in sand and gravel content and
low in organic matter, allows sufficient runoff to dilute the lake
-later during the rainy period. Consequently, steelhead trout
production is low--approximately 22 pounds of fish per year per
surface acre.

Results: To increase productivity a carefully planned addi-
tion of minerals was made to the lake in the summer of 1965. The
responses to the fertilization in primary, secondary, and tertiary
production were measured and the physical and chemical charac-
teristics of the lake water and sediments were assessed. Produc-
tion in the lake showed a marked increase. Heavy rains during the
winter have differentially diluted the elements added; some
minerals were completely flushed out, while others were retained.
Work is now concentrated on the dynamics of the movement of
phosphorus in the lake and the special problems of the measure-
ment of the orthophosphates.

SUPPORTED BY U.S. Atomic Energy Commission

6.0625, AQUATIC COMMUNITIES
W.T. EDMONDSON, Univ. of Washington, Graduate School,
Seattle, Washington 98122 (AT(45-1)-2044)

The object is to analyze the mechanisms that control produc-
tivity and population characteristics in aquatic communities. The
first stage consists of improving our knowledge of conditions as
they exist in natural communities. The basic data consist of mea-
surements of abundance, population structure, rates of activity
and relevant environmental features. Much of the work will be
carried out in lakes that have been altered in distinctive ways;
e.g., the saline lakes in the lower Grand Coulee which have been
diluted with fresh water- from irrigation projects. These field ex-
periments will be backed up by appropriate experiments in the
laboratory, as suggested by correlations found in the field data.
Inevitably, considerable attention will have to be given to food
relations.

A large body of information has already been obtained in
previous investigations. Some has been published, and some is in
advanced stages of preparation for publication. Much of the in-
formation concerns the way the fauna of the saline lakes has
changed with dilution, and measurements have been made of the
osmostic pressure of blood of invertebrates held in different con-
centrations of the lake water.

SUPPORTED BY U.S. Atomic Energy Commission

6.0626, THE ANALYSIS OF THE WATER RIGHTS RE-
GISTRATION ACT AND ASSOCIATED LEGISLATION OF
THE 1967 WASHINGTON SESSION LAWS
}.W. JOHNSON, Univ. of Washington, Graduate School, Seattle,
Washington 98122

The proposed project involves the analysis of the Water
Rights Registration Act and related legislation enacted by the
Washington Legislature in 1967. The study would provide a natu-
ral continuation and sequel to O.W.R.R. Project OA -002- Wash.,
`Uncertainty in Washington Water Rights,' which influenced the
1967 Legislation. The analysis would involve a review of the
problems that the 1967 legislation was designed to alleviate and a
consideration of how effectively it is accomplishing its purposes.
The legislation is unique and will be compared with the ex-
periences of other states in attempting to solve the problems of
unrecorded water rights. In addition the legislation should be re-
lated to the statutory water rights adjudication procedures. It is
anticipated that one of the results of the study may be to suggest
amendments to the 1967 legislation which would enable the
legislation to better achieve its goals in this area. Further, the
study would have an important bearing a the water rights
problems common to all of the western states.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Washington

6.0627, STUDIES OF SOCKEYE SALMON, ONCOR-
HYNCHUS NERKA, IN THE KVICHAK RIVER SYSTEM,
ALASKA
D.A. MATHISEN, Univ. of Washington, Graduate School, Seat-
tle, Washington 98122

The Kvichak project is a long-range study of the flow of ener-
gy between the tropic levels in a sockeye producing watershed,
when the salmon runs exibit fairly regular oscillations within a
period of five years. These field studies conducted in Bristol Bay,
Alaska, commenced in Fiscal Year 1955 with no definite termina-
tion date.

SUPPORTED BY University of Washington
U.S. Dept. of Interior - Bu. Comm. Fish.
Association of Pacific Fisheries

6.0628, OBSERVATIONS ON RED SALMON IN THE
KVICHAK RIVER SYSTEM
O.A. MATHISEN, Univ. of Washington, Graduate School, Seat-
tle, Washington 98122

The Kvichak studies are funded in part by the Bureau of
Commercial Fisheries via contractual arrangements with the
Fisheries Research Institute. Additional support for the program
is received from the Alaska Salmon Industry and the University of
Washington.

While the red salmon runs to the Kvichak system have un-
dergone marked cyclic fluctuations in abundance, the Kvichak
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drainage has :ed and continues to lead all other systems in the
production of red salmon. The principal objective of the research
on the Kvichak has been to determine optimum escapement
levels. The overall program consists of a variety of studies
designed to establish the carrying capacity of spawning and/or
nursery areas and to determine what factors limit production in
each environment.

Surveys are conducted annually to determine the distribution
and racial differentiation of spawning groups. Indices of young
fish abundance through use of tow nets and echo sounders have
been developed to provide a measure of the success of reproduc-
tion. Determinations are made regularly of zooplankton
abundance and distribution, the quantity of dissolved nutrients,
and primary productivity. Currently, emphasis is directed upon
comparison and evaluation of survival rtes in off and peak years
of the cycle.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

6.0629, ECOLOGICAL STUDIES OF CHUM AND COW*
SALMON AT BIG BEEF CREEK
E.O. SALO, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Although long range objectives of this University field station
are to study the natural ecology of chum and coho salmon,
preliminary investigations will be concerned with the effect of an
artificial water impoundment in the stream.

A cabin on the site has been remodeled into living quarters
and office. The studies of 1966 centered on enumeration and dis-
tribution of the smolt and adult populations and growth of the fin-
gerlings throughout the stream system. The newly formed lake al-
lowed for the examination of transition, plants, changes in water
chemistry and iIteration of streamflow patterns. Limnological
studies are being continued.

SUPPORTED BY Washington State Government
University of Washington

6.0630, STUDIES IN OYSTER PATHOLOGY
A.K. SPARKS, Univ. of Washington, Graduate School, Seattle,
Washington 98122

All oysters collected in the mortality investigations of the
Washington Department of Fisheries and the Oregon Fish Com-
mission are processed for histological examination in our labora-
tory. Three slides are prepared from each oysters; the slides are
examined in our laboratory for the presence of disease organisms
or pathological conditions. On slide is retained in our collection,
one returned to the initiating agency along with the diagnosis, and
one sent to the Bureau of Commercial Fisheries Shellfish Labora-
tory at Oxford, Maryland for confirmatory examination.

SUPPORTED BY University of Washington
U.S. Dept. of Interior - Bu. Comm. Fish.

6,0631, EPIZOOTICS IN EXPERIMENTAL MARINE
SHELLFISH POPULATIONS
A.K. SPARKS, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Maintenance of experimental populations of Pacific oysters,
native oysters, and bay mussels in float and bed stations will be
continued in California, Oregon and Washington for determina-
tion of mortality and growth rates in the various species at the dif-
ferent locations. Living and dying bivalves will continue to be
fixed and processed for microscopic examination for the presence
and pathological effects of possible pathogenic organisms and a
more sophisticated computer program will be utilized to deter-
mine the relationships of possible pathogens and mortalities.

Attempts will be made to culture in vitro the microorgan-
isms, probably Vahlkampfia sp., responsible for heavy mortalities
of Pacific oysters in Humboldt Bay, California to elucidate its life
history, facilitate specific identification, and enable us to initiate
infection experiments. Life history studies, through in vitro cul-
ture, of Mytilicola orientalis will be continued, particularly to
determine the infective stage.

6. WATER RESOURCES PLANNING

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

6.0632, A COMPARATIVE ANALYSIS OF AMERICAN
AND CANADIAN GOVERNMENTAL DEVELOPMENT OF
REGIONAL WATER POLICY IN THE COLUMBIA RIVER
BASIN
R. WARREN, Univ. of Washington, Graduate School, Seattle,
Washington 98122

This study will have four main objectives: 1. To gather infor-
mation in order to identify, compare and evaluate the governmen-
tal structures by which policies concerning the use and develop-
ment of water resources are determined in the American and
Canadian portions of the Columbia River Basin. 2. To specify and
compare the national and international linkages of the American
and Canadian regional systems in the Columbia River Basin
which effect regional organization and policies. 3. To develop
hypotheses about the relationship of the formal structure of
government within a region concerning water policy, the
behavioral tendencies of water related public enterprises within a
region, and external regional linkages to the performance of the
regional system for developing and administering water policy,
i.e., the degree to which: social, economic and political con-
sequences of a regional scale can be taken into account in policy
choices on the part of regional decision makers; innovative poli-
cies can .e developed; and plans can be developed with ap-
propriate time horizons for the development and utilization of re-
gional water resources. 4. To develop criteria for choosing among
alternative formal regional governmental arrangements and/or
externally determined incentives ac means of producing policies
and behavior within a region which will respond to regional and
national values.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Washington

6.0633, FORECASTING WATER DEMAND - AN INTER-
AND INTRA-COMMUNITY STUDY
R.J. SAUNDERS, West Va. University, Graduate School, Mor-
gantown, West Virginia 26506

The three primary objectives of this study are:: 1. Identify
those factors which are most closely associated with, or 'deter-
mine', the level of demand for water, both in an inter community
and intra community context. 2. Construct several predictive
models which will be of use in the forecasting of water demand in
urban areas. 3. Examine the projected degree of sensitivity of
urban area water demand to changes in both the magnitudes of
the individual explanatory factors and in the parameters of the
resulting models (parameter variations based on assumptions
about changes in consumer taste, area development, technology,
etc.).

It is proposed that the results of this study will provide a
specific analytical framework which can be used to project
specific urban area and intra area demand for water allowing for
specified degrees of latitude in the assumptions concerning the
probable future economic, demographic, and sociological struc-
ture of the urban community.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

6.0634, AN INTEGRATED RECREATION AND NATURAL
AREA PRESERVATION PLAN FOR OHIO AND MARSHALL
COUNTIES, WEST VIRGINIA
F.R. SWAN, West Liberty State College, Undergraduate School,
West Liberty, West Virginia 26074

The purpose of this project is to develop an integrated plan
for recreation areas and for the establishment of natural areas for
scientific study in Ohio and Marshall Counties, West Virginia.
This plan would show existing and proposed scientific areas, loca-
tions of reservoirs, camping sites, picnic areas, public hunting and
fishing areas and hiking trails.
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SUPPORTED BY Southern Regional Education Board

6.0635, MONITORING FISH STOCKS AND ENVIRON-
MENTAL CONDITIONS
M.M. BAILEY, U.S. Dept. of Interior, Research Station, Ashland,
Wisconsin

Optimum utilization of the fishery resources of Lake Superi-
or can be achieved only through a knowledge of the biological
characteristics of the various stocks and their environment. Syste-
matic collections of basic data on stocks of Lake Superior fish
should provide information on changes in distribution and
abundance as related to environmental factors.

Current research is confined to systematic sampling of en-
vironmental conditions at pre-selected locations in western Lake
Superior and the collection of data on size, age, maturity, and sex
composition of commercially landed species and of associated
species taken in experimental gear fished by the Bureau's
research vessel Siscowet. Analyses of the data are kept current to
detect changes in the biological community which may signify
needs for special inquiry.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

6.0636, ASSESSMENT OF LAKE SUPERIOR LAKE
TROUT
R.L. PYCHA, U.S. Dept. of Interior, Research Station, Ashland,
Wisconsin

Control of the sea lamprey and large-scale plantings of lake
trout in Lake Superior have brought about a rapid buildup of lake
trout stocks. Close surveillance of the changes in the juvenile,
legal sized, and spawning stocks is required for rational utilization
in the future. Data currently utilized are collected by contract
fishermen using conventional commercial gear and by the Bu-
reau's research vessel Siscowet using experimental gill nets and
trawls.

Present research, designed to assess the rehabilitation of the
lake trout, includes inquiry into: changes in abundance c f the size
groups of the commercial portion of the artificially propagated
lake trout to the commercial catch and the relative success of
various hatchery plants; changes in age structure and growth rates
of the populations; comprehensive evaluation of the effect of
hatchery-reared fish on the juvenile and spawning populations;
differences in the habits and distribution between hatchery-
reared and native lake trout; the identities and biological features
of discrete offshore' populations; and the relationship between
lamprey predation and the size of the lamprey population. Data
on food habits and other features of the life history are collected
incidentally to other studies.

Techniques and findings of research on lake trout in Lake
Superior should aid similar studies on Lakes Michigan and Huron.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

6.0637, IMPACT OF LAGOONS AND SAND BLANKETS
ON FISH, AQUATIC LIFE AND WATER QUALITY
D.A. BRATLEY, State Dept. of Nat. Resources, Madison, Wiscon-
sin 53701

Phase one, nearly complete, involvles assembling Public Ser-
vice Commission records on characteristics and extensiveness of
lagoons and sand blankets in inland Wisconsin lands. Phase two
will involve field research on Lake Winnebago and southeastern
Wisconsin lakes to determine the effects of encroachments upon
species composition, density, and dominance of aquatic vegeta-
tion, fish, bottom organisms and plankton. Water Quality stations
will also be monitored in connection with this work. Lakeshore
encroachments are presently being checked to determine their
potential as study areas for the second phase of the project.

SUPPORTED BY Wisconsin State Government

6.0638, WILD RIVERS ECOLOGY STUDIES
./. W. MASON, State Dept. of Nat. Resources, Madison, Wisconsin
53701

The Wisconsin State Legislature in 1965 designated the Pine,
Popple and Pike Rivers in northeastern Wisconsin as wild rivers.

In 1966, a project was developed to study the ecology of these
three wild rivers, in order to inventory the resource, document its
current status, and provide a guide for planning and management
in the future. Work now in progress includes fish population stu-
dies (species present and relative abundance, growth rates and
reproductive success of game fish, evaluation of fish management
techniques, harvest and angling pressure on opening weekend);
an aquatic plant survey (species composition, relative abundance,
and relationship to environment); and a study of the invertebrate
fauna (species composition, relative abundance and ecological
significance). Water quality and quantity is being measured in
cooperation with the United States Geological Survey (tempera-
ture, flow, Do, pH, conductivity, alkalinity, major nutrients and
major elements).

SUPPORTED BY Wisconsin State Government

6.0639, WATER QUALITY MONITORING STUDIES
J.W. MASON, State Dept. of Nat. Resources, Madison, Wisconsin
53701

A statewide program is under way to detect and document
changes in water quality which may occur in various lakes and
streams as a result of changing use patterns (shoreline develop-
ment, recreational development, dam construction, dredging,
ditching, irrigation, etc.). In the waters selected for monitoring,
the following parameters are measured four times yearly: tem-
perature and oxygen profiles, pH, alkalinity, water clarity, re-
sistivity, nutrient concentrations, and other elements. Biota
changes, if any, are noted (fish populations, vegetation, etc.).
Streams are also being monitored for any chemical changes that
may occur, and in addition continuous temperature recordings
are being made. In situations where fish populations are suspected
to be affected by development they are studied intensively (dam
constructing, ditching, irrigation, land cover changes). Lakes and
streams which man-made changes are not expected to affect are
being monitored as 'bench mark' waters.

SUPPORTED BY Wisconsin State Government

6.0640, WALLEYE FRY - ZOOPLANKTON RELATION-
SHIPS IN SOUTHEASTERN WISCONSIN LAKES

UNKNOWN, State Div. of Conservation, Madison, Wisconsin
53701

Procedures: Walleye spawning runs are sampled by fyke nets
to obtain information on the size of the run, dates of spawning,
sex ratios, incidence of marked fish in the run, and to obtain fish
for growth and maturity data.

Spawning grounds are observed to determine when eggs are
laid, to follow their development, and determine time of hatching),

Plankton samples are collected, starting with the date of %all
leye hatching or fry stocking, and then at four-day intertals for
the next three weeks. Two tows are made at both the 6 and 12-
foot levels. The individual collections are diluted to known
volumes, 1 cc. samples placed in a Sedgewick-Rafter cell, plank-
ters identified and counted, the number determined for the col-
lection, and the number per one revolution of the Clarke-Bumpus
sampler determined. The four cellections for each date are com-
bined, and averaged to give a plankton abundance value per
revolution for the date. This value is used to show fluctuation in
abundance.

Data on dates of natural hatches, fry stockings, strength of
year classes, and plankton abundance values are analyzed to see if
a correlation exists between plankton abundance and year class
strength.

The stocking rate is 2,000 per acre in LaBelle and 5,000 per
acre in the other lakes. To determine if there is a substantial mor-
tality of walleye fry soon after stocking, three lots of 100 fish will
be placed in muslin enclosures at the time of stocking each study
lake. One enclosure will be removed from each lake at regular in-
tervals (24, 48, 72 hours) to learn of initial losses. Small numbers
of walleye fry will be placed in aquaria and observed until all are
dead, to yield information on how long the fish lives on the yolk
sack and how long it will live before it starves to death. This infor-
mation will be useful in developing the plankton abundance year
class strength relationship.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Wisconsin State Government

6.0641, FLOOD PLAIN DELINEATION - DRD USGS,
COOPERATIVE STUDY
T.M. LEE, State Div. of Env. Protection, Madison, Wisconsin

This cooperative project, provides for the U.S.G.S. to per-
form flood plain delineation studies with the aid of Division of En-
vironmental Protection's water surface profile computer program
for ibe Rock River in Rock and Jefferson Counties, Wisconsin.
This project will: 1. Result in U.S.G.S. preparation of computer
control cards for Division of Environmental Protection's en-
croachment studies needs, thus eliminating need for future D.E.P.
duplication of this effort. 2. Provide basis for Reek River flood
plain regulation in Rock and Jefferson Counties. 3. Provide model
U.S.G.S. delineation report reflecting state flood plain criteria
which would have state-wide use as an example.

SUPPORTED BY Wisconsin State Government
U.S. Dept. of Interior - Geological Survey

6.0642, LAW AFFECTING INSTITUTIONAL DESIGN FOR
WATER QUALITY MANAGEMENT
P.N. DAVIS, Univ. of Wisconsin, Graduate School, Madison,
Wisconsin

This is a tripartite legal study to investigate the legal and con-
stitutional constraints on proposed broadening of powers of state
agencies to regulate water quality and to operate pollution abate-
ment works. The three areas of research are: (1) Common law of
pollution in action - What influence if any does the common law
riparian concept of 'reasonable use have on the behavior of pol-
luters? Field interviews will be conducted with riparian owners,
and practicing attorneys. Local court records will be examined.
Library research will determine the pneeedural and evidentiary
problems in civil pollution actions. (2) Law affecting effluent
charges -- Jbrary research will determine the legal and constitu-
tional limitations on various effluent charge schemes proposed by
economists. (3) Operation of polluation abatement works by the
State of Wisconsin -- Library research will determine the legal
and constitutional constraints to broadening state agency powers
to regulate water quality in a river as a single system and to
operate pollution abatement works.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

5.0643, THE APPLICATION OF RADIOISOTOPES TO
STUDIES OF AQUATIC ECOSYSTEMS
A.D. HASLER, Univ. of Wisconsin, Graduate School, Madison,
Wisconsin

Studies will be continued to determine the amounts and rela-
tive nutrient value of trace elements and organic compounds of
biological importance in water.

Investigations will be initiated to examine the changes that
occur over a 24 hour period in the composition of benthos on a
small section of substrate in Lawrence Creek, Adams Co.,
Wisconsin. Sections of substrate will be enclosed by metal frames
and the organisms contained therein labelled with P-32. Qualita-
tive and quantitative analyses will be made of drift samples col -
lected downstream from the experimental areas in an attempt to
elucidate the influence of such factors as changing light intensity,
stage of development, and population densities, on benthic tur-
nover and drift rates.

SUPPORTED BY U.S. Atomic Energy Commission

6.0644, BIOLOGICAL FACTORS IN THE MANAGEMENT
OF LAKE FLIES
W.L. HILSENHOFF, Univ. of Wisconsin, Agricultural Experi-
ment Sta. , Madison, Wisconsin

The ecology of the bottom fauna of Lake Winnebago and 14
other Wisconsin lakes, and the chemical and physical properties
of these lakes are being studied to determine the factors that are
responsible for nuisance population of midges. The biology of the
Lake Fly, Tendipes plumosus, in Lake Winnebago is being inten-

6. WATER RESOURCES PLANNING

vely studied in the field and in the laboratory. The parasites and
predators of T. r -rnosus are being investigated to determine their
potential for biological eontrol. Lakes treated by the Wisconsin
Conservation Department with toxicants to remove undesirable
fish populations are being studied to determine the effects of the
toxicants on the bottom fauna and the effect of fish predation on
this fauna.

SUPPORTED BY Wisconsin State Government

6.0645, IRRIGATION TRENDS AND POTENTIALS IN
THE NORTH CENTRAL STATES
A MASSEY, Univ. of Wisconsin, Agricultural Experiment Sta. ,
Madison, Wisconsin

Objectives: To indicate the extent tn which irrigation will
compete for availal le water supplies and must be considered an
integral element of water resources planning in the North Central
States.

Approach: Information from past and current studies and
Census reports will be analyzed and correlated to complete a re-
gional appraisal of irrigation trends and potentials for major
resource regions and subregions within the North Central States.
Historical trends in irrigated acreage will be estimated using ap-
propriate time series techniques including such factors as sources
of water and methods of application. Corresponding data on rates
of water use per irrigated acre will also be derived, analyzed, and
evaluated for possible intertemporal change resulting from im-
proved irrigation technology, weather variations, and changes in
crops irrigated. Physical limits to irrigation potential will be esti-
mated on the basis of soil suit- ability and water availability. Pro-
jections of future irrigation development will be made for specific
dates in the future, considering future technology of irrigation,
long-term drotn!ht probabilities, and costs and returns from irriga-
tion activities. Water rights and other legal restrictions will also be
considered in this role of either restricting or permitting ireigation
development.

SUPPORTED BY U.S. Dept. of Agriculture

6.0646, ECONOMIC AND LEGAL FACTORS IN PROVID-
ING, USING AND MANAGING WATER RESOURCES IN
AGRICULTURE
R.J. PENN, Univ. of Wisconsin, Agricultural Experiment Sta. ,
Madison, Wisconsin

Objectives: (1) To determine the economic considerations
that affect use and management of water in agriculture and corn;
peting uses (2) To identify and describe rights in water and the
administrative arrangements that regulate water use in the several
states.

Procedures: Multiple regression analysis of data collected
from 60 artificial lakes in Wisconsin and an analysis of consumer
behavior relating recreation to income, size of family) age of fami-
ly, place of residence, occupation and other selected charac-
teristics. Update an existing bibliography of publications concern-
ing water rights and related topics which will serve as a reference
source for related research efforts. Provide a method by which
economic effects of state and federal water-based recreation pro-
jects on the economies of local political subdivisions can be deter-
mined; and illustrate the use of the model developes to analyze
the adequacy of present and proposed public decision-making in-
stitmtions relating to the development and expansion of water-
based recreation areas from the viewpoint of economic con-
siderations. (Predictive inputoutput model for a selected case
county in Wisconsin.)

SUPPORTED BY U.S. Dept. of Agriculture
Wisconsin State Government

6.0647, PHYSICAL TECHNIQUES AND INSTITUTIONAL
MECHANISMS FOR INTEGRATED ADJUSTMENT IN THE
FLOOD PLAIN THROUGH SOIL SURVEYS
D.A. YANGGEN, Univ. of Wisconsin, School of Agriculture,
Madison, Wisconsin

The major thrust of this project is to develop practical and
relatively inexpensive methods for public control of flood plain
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occupancy in rural areas. The proposed research would be done
through a series of interrelated steps as follows:

A. Development and Testing of New Technique; for Delinea-
tion and Description of Flood Plain Characteristics.

Detailed soil surveys made as a part of the National Coopera-
tive Soil Survey appear to be resource inventory with high poten-
tial for use in delineation of flood plain boundaries in non-ur-
banized areas. A determination will be made of the correlation
between soil mapping units and an array of flood flow values rang-
ing from low volume events which occur frequently through the
maximum flood of record and the standard project flood to the
maximum probable flood. The resulting product will be a delinea-
tion of flood plains into areas of various intensities of flood hazard
by standard methods which can then be compared with sail
mapping units to determine degrees of correlation.

B. Analyze Alternative Public Methods for Influencing Flood
Pain Development.

C. Prepare Model Provisions for Local Flood Plain Regula-
tions.

D. Develop Economic Guidelines for Evaluating Alternative
Uses of Flood Plain Lands.

E. Evaluate the Techniques Developed After Testing in a
Pilot County.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wisconsin

6.0648, RELATIONSHIP OF CERTAIN BIOLOGICAL,
CHEMICAL AND GEOLOGICAL PARAMETERS TO THE
ENVIRONMENT OF THE BOISE BRULE WATERSHED,
WISCONSIN
A.B. DICKAS, Wisc. State University, Graduate School, Superior,
Wisconsin 54881

Functioning under an interdisciplinary format, a research
team will conduct studies to determine qualitative and quantita-
tive interrelationships of the vegetative cover, geology, soil and
bedrock type, bedload sediment evaluation, and water chemistry,
on the total environment of the Boise Brute watershed and their
effect as a system on the quality of Lake Superior.

The investigation within the project will follow four major
phases: I. Ecological - Vegetation types will be studied by select-
ing from the communities as delineated on maps in Fassett
(1944), from aerial photographs, and from field surveys. Vegeta-
tion types will also be selected with reference to drainage patterns
of the total watershed. 2. Chemical - A relationship of the water
properties to the surrounding environments of the river will be in-
vestigated by the sampling and analysis of selected water quality
parameters. 3. A comparative study will be undertaken following
the comprehensive geological survey of 1942 by Bean and
Thompson (1944) to quantitatively define the changes that have
occurred during the past 26 years. 4. Geographical Information
resulting from the above three phases will be collated and mapped
to provide a unified view of the study area. Aerial photographs
will be used to aid in the interpretation and correlation of the
data.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Wisconsin State University

6,0649, DETERMINATION OF THE MAGNITUDE AND
AGE COMPOSITION OF THE HARVEST, HABITAT
PREFERENCES AND FOOD HABITS
F.M. EISERMAN, State Game & Fish Commission, Cheyenne,
Wyoming

Procedures: 1. To measure sportsman harvest. 2. To correlate
habitat type with numbers of fish present, by age, group and
season. 3. To correlate relative abundance of specific food organ-
isms in (1) the habitat and (2) fish stomachs, by season.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Wyoming Stele Cevernment

6.9650, VALUE OF THE GAME AND FISH RESOURCES
IN RELATION TO THE FUTUtE U fILIZATION OF THE
WATER OF THE GREEN RIVER DRAINAGE IN WYOMING
G.T. BAXTER, Univ. of 'Wyoming, Graduate School, Laramie,
Wyoming 82071

The evaluation of the game and fish resources of the Green
River, and their potential value under different types of future
water utilization, particularly as anticipated under either the Wild
Rivers Act or prospective State or Federal developments includ-
ing irrigation, industrial, trans-basin diversions, etc. This study
will be essentially a refined inventory of the Green River, to in-
clude lengths of stream, water surface areas, stream classification,
fish and game populations, general productivity, land ownership
status, review of flow records as they pertain to fisheries, and
present utilization of sportsmen. Various aspects of water quality
- present and anticipated - will be analyzed. A prediction of the ef-
fects of various types of water utilization on the game and fish
resources will be made on the basis of the data obtained during
the course of the study.

Field work will be undertaken near Pinedale, Wyoming. All
other portions of the study will be on the campus of the University
of Wyoming.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wyoming

6.0651, THE ECONOMICS OF WATER RESOURCE
DEVELOPMENT
R.I. CLARK, Univ. of Wyoming, Agricultural Experiment Sta. ,
Laramie, Wyoming 82071

Objectives 1 and 2 -- Data on supplies of water will be com-
piled from secondary sources, and note will be taken of areas
where increased competition for such supplies appears imminent.
Attention will be given to shifts in use as these relate to economic
growth.

Objective 3 -- Legal and institutional arrangements or
processes presently governing transfer of water rights will be ex-
amined.

Objectives 4 and 5 -- Adequacy of the above arrangements
and processes will be appraised, with goals of efficiency,
economic growth, equity; etc. as criteria, and alternative arrange-
ments will be recommended where such appear to be in order.

This study will be both descriptive and analytical. It will be
descriptive in that present water uses will be noted as well as ar-
rangements relating to transfer of water among uses. It will be
analytical in that it will investigate the relat;on of water use to effi-
ciency and to equity.

SUPPORTED BY Wyoming State Government

6.0652, WATER RESOURCE OPERATIONS STUDY
P.A. RECHARD, Univ. of Wyoming, Water Resources Research
Inst. , Laramie, Wyoming 82071

The basic purpose of the research is to learn more about the
relationships among the many kinds and aspects of water resource
operations, including how better to accomplish such multidiscipli-
nary research.

As initial objectives, four study areas have been selected for
investigation: (1) Criteria for Water Resource Planning, by study-
ing the basic problems relating to 'Trans-basin Diversions in
Wyoming': (2) Bio-Physical Relationships in the Hydrologic Cy-
cle, by implementing the 'Multiple Use of the Water Resource
Observatory`; (3) The Impact of Weather Modification, with a
legal-engineering study of 'Artificial Snow Pack Augmentation`;
and (4) Principles of Analysis of Water Resource Operations.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Wyoming

6.0653, STATE WATER PLANNING FOR WYOMING
P.A. RECHARD, Univ, of Wyoming, Water Resources Research
Inst. , Laramie, Wyoming 82071
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Prepare and maintain an up to date file of streamfiow data
for Wyoming in automatic data processing form. Have available
programs for tabulating and analyzing the data.

Aid in the selection of proper hydrologic period for water
supply study purposes.

SUPPORTED BY Wyoming State Government

7. RESOURCE DATA
Network Design; Instrumentation; Data Acquisition; Evaluation,
Processing, and Publication.

7.0001, A GROUNDWATER QUALITY SUMMARY FOR
ALASKA
C.E. BEHLKE, Univ. of Alaska, Inst. of Water Resources Res. ,
College, Alaska 99735

Presently available groundwater quality information for the
State of Alaska is being centralized and punched on cards for data
retrieval and analysis purposes. The punched information will be
suitable for analysis in preparation of a ground water quality atlas
for the State.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

7.0002, A WATER QUALITY COMPUTER MODEL OF
COOK INLET (PHASE ONE - THE HYDRAULIC MODEL)
R.F. CARLSON, Univ. of Alaska, Inst. of Water Resources Res. ,
College, Alaska 99735

The proposed research will develop a computer model of the
water quality behavior of Cook Inlet. Phase one of the study will
develop the hydraulic portion of the overall study. The hydraulic
model output is the solution of the two-dimensional equations of
flow as specified by the velocity and water surface elevations as
functions of time and location. Phase two will develop the water
quality portion of the study as an extension of phase one.

The hydraulic model will furnish the main flow parameters to
the water quality model. The solution of the water quality model
is specified by the time and location history of the concentration
of a substance. The solutions of both the hydraulic and quality
models will be checked with field data. The results of the field
check will be examined and used to indicate modifications of the
model.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Alaska

7.0003, AERIAL MEASUREMENT OF HYDROLOGIC
PHENOMENA
H.E. SKIBITZKE, U.S. Dept. of Interior, Water Resources Divi-
sion, Phoenix, Arizona

Ways to accelerate and improve collection of data desperate-
ly needed in the analyzation of the roles of nature and of man in
community problems involving floods, droughts, and water supply
are constantly being sought. Recent and potential developments
in aerial film, sensing devices and camera equipment, give
evidence of heralding the long needed collection techniques.

Through the use of aircraft maximum advantage will be
taken of natural light reflected from the earth, of heat radiated
from the land surface, and of moisture vapor migrating through
the air away from evaporation areas. Photography with black and
white, color, in the right wavelength range, detect heat radiation
in the temperature range of interest; and a thermistor-type
sensing element responds electrically to the moisture vapor
present in the atmosphere along the path of the aircraft.

The object of this project is to procure, design, construct,
and assemble the sensing and recording equipment necessary for
the aerial measurement of hydrologic factors, or the aerial collec-
tion of data pertinent to such factors. To evaluate, through
preliminary field trials and demonstration, the utility to the
hydrologist of aerial measurement and data-collection
techniques.

7. RESOURCE DATA

SUPPORTED BY U.S. Dept. of Interior Geological Survey

7.0004, EFFICIENCY OF DATA COLLECTION SYSTEMS
IN HYDROLOGY AND WATER RESOURCES FOR PREDIC-
TION AND CONTROL
C.C. KISIEL, Univ. of Arizona, Graduate School, Tucson, Arizona
85721

The overall objective of this research is to contribute to our
methodology for determining the worth (in the economic and in-
formation- theoretic sense) of hydrologic and water resource data
for prediction and control of water resource systems. A hybrid
computer will be employed to simulate a range of hydrologic
situations in Central Arizona where data is available. The simula-
tion model is to be formulated in the spirit of recent developments
in stochastic and parametric hydrology and will employ opera-
tions research techniques as necessary. Data analyses requisite to
such modeling include time series analysis (power spectra,
coherence, phase, frequence response, stationarity, and
probablistic character of input and output sequences, linearity
and stationarity of the system behavior) and regional analys
(multivariate analysis, space-time ergodicity). The time series in-
clude precipitation, streamfiow, ground water levels and evapora-
tion. By simulation the efficiency of current streamflow forecast
procedures and ground water models will be studied on single and
multiple-watershed systems. To this end, probablistic models of
precipitation, snow-melt, ephemeral streamflow, natural recharge
and ground water fluctuations will be investigated. The cost of
data collection and analysis (cost of thinking) will be related to
the benefits assignable to the data.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Arizona

7.0005, DIGITAL SYSTEMS FOR ON-SITE DATA COL-
LECTION FOR WATER QUALITY ANALYSIS
M.K. TESTERMAN, Univ. of Arkansas, Graduate School, Little
Rock, Arkansas 72005

The proposed work is concerned with the development of an
electronic digital system for on-site data collection in water
resources research and control programs. System design objec-
tives include (1) data recordings directly readable by computer
input devices, (2) a selectable number of measurement channels
within a design maximum, (3) system operation either indepen-
dent or in synchronism with other equipment of the same type,
(4) provisions for interfacing with telemetry packages or data
modems for transmission over communication networks (e.g. Bell
System Dataphone).

The work would involve establishing data acquisition
requirements and sources of error, data system requirements and
performance constraints, and system equipment design.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Unive. of Arkansas

7.0006, A CONTINUOUS MULTIPARAMETER WATER
QUALITY MONITOR
M.K. TESTERMAN, Univ. of Arkansas, Graduate School, Little
Rock, Arkansas 72005

The object of this investigation is to study, perform necessary
research and develop an unattended portable, self-contained unit
capable of measuring and recording parameters of interest in the
study of water pollution. Concurrent measurement and recording
of at least four parameters of flowing streams, such as pH, con-
ductivity, temperature, and dissolved oxygen, by a single station
should be feasible.

Consideration will be given to weight, time of operation,
required cost, and accuracy. For those parameters to be con-
sidered, suitable methods of measurement must be developed and
studied. Modular design will be used to provide the possibility of
changing transducers in order to allow recording of different
parameters while using the same basic electronic and recording
unit. In order to allow unattended operation for considerable
periods of time, very careful consideration must be given to the
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question of power sources and the power drain required by the
electronic, programmer, and recorder units. Provisions for inter-
nal standardization and validity checks, in so far as possible,
should also be included.

A versatile instrument, capable of recording a number of
stream parameters at a minimum cost per recording station,
would make available long-term data defining general aspects of
water quality and the extremes of particular chemical con-
stituents of interest. Without a device of this type, it is impossible
to study pollution transients by current techniques.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

7.0007, INDUCED ELECTRICAL POLARIZATION AND
GROUND WATER
S.H. WARD, Univ. of California, School of Engineering, Berkeley,
California 94720

Applications of an electric field to rock or soil containing
clay minerals leads to electrical polarization in the rock or soil.
This polarization may be detected by measuring the change in ap-
parent resistivity of the subsurface as the frequency of electrical
excitation is changed. This measurement can be of value in loca-
tion and evaluation of natural ground water reservoirs.

We have investiglted the applicability and limitations of the
induced electrical polarization nethod in the location and evalua-
tion of natural ground water reservoirs in the State of California.

Clay horizons and other clay-bearing unconsolidated sedi-
ments are potential sources of induced polarization anomalies. If
such anomalies may be detected above system noise, then the in-
duced polarization method may be of value for in-situ classifica-
tion of unconsolidated sediments encountered in hydrological
projects. One such project exists in Santa Clara County where
near-surface unconsolidated sediments are frequently considered
as potential recharge areas. Of four areas surveyed with induced-
polarization apparatus in Santa Clara County, only two yielded
significant frequency-effect anomalies, and in each of these two
the frequency effects were of the order of 3 percent. These
anomalous frequency effects may be related to clayey gravels.
The dipole-dipole array, with spreads of I 0 ft. and 20 ft., was typi-
cally used in the study.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

7.0008, SACRAMENTO-SAN JOAQUIN DELTA ANALOG
MODEL STUDIES
C.A. WERNER, Univ. of California, School of Engineering,
Berkeley, California 94720

Problem: Simulate the hydraulics of the complex estuarine
system of an inverse Delta (Sacramento-San Joaquin Delta) com-
posed of over 700 miles o` meandering interconnected sloughs
and waterways.

Solution: Construct and verify an electrical analog model of
the system: Analogy; tidal stage; discharge; water surface area;
cross sectional area with gravitational acceleration; frictional re-
sistance; voltage above ground; current; capitance; inductance
per unit length of channel; resistance.

Special square law resistor units are employed to simulate
nonlinear characteristics of the hydraulic system. Direct current
simulates 'net' flows. The tidal effect is duplicated by using alter-
nating current at different frequencies corresponding to the solar
and lunar components of the tide.

The analog model has been verified and is operational for
normal hydrology conditions, and is now in the verification stage
for flood conditions. It is located in Sacramento, California. For
information write Department of Water Resources, P.O. Box 388,
Sacramento, California, Attention: Wayne Haas.

SUPPORTED BY California State Government

7.0009, THEORY FOR THE DESIGN OF PRECIPITATION
NETWORKS FOR HYDROLOGIC ANALYSIS
J. AMOROCHO, Univ. of California, School of Agriculture,
Davis, California 95616

The purpose of the investigation is to establish criteria for the
design of precipitation gage networks based on consideration of
the physics of precipitation as well as on the principles of sam-
pling theory.

It is proposed to establish a special recording gage network
which will permit the study of trend surfaces describing the in-
stantaneous precipitation patterns over a catchment during a se-
ries of storm events. Whth these data, the minimum gage spacing
necessary to characterize significant areal distribution trends for
various catchment sizes will be studied.

SUPPORTED BY University of California

7.0010, HYDRAULIC STUDIES AND RESEARCH ON
CALIFORNIA WATER FACILITIES
J. AMOROCHO, Univ. of California, Agricultural Experiment
Sta. , Davis, California 95616

Objective: The objective of these studies is to investigate the
phenomena of fluid flow in complex structures of the type used in

large irrigation and other water conveyance systems. Specific ap-
plication of this work will be the optimization of a number of fea-
tures of the California Water Plan for final design.

Description: Laboratory scale models of structures designed
by the State Department of Water Resources will be constructed
in the laboratories of the Department of Irrigation. The theories
of hydraulic similitude will be applied for the analysis of the
results and for their application to the prototype. Special installa-
tions and instrumentation have been developed for these pur-
poses and some new theoretical studies have been performed in
the past nd will be advanced in the future.

SUPPORTED BY California State Government

7.0011, OPERATIONAL HYDROMETEOROLOGICAL
DATA MANAGEMENT SYSTEM
J. SCHIEFER, North Amer. Rockwell Corp. , Downey, California

The objective of this project is to obtain technical assistance
in the orderly development of automation of the federal multi-
purpose river control and power system operation in the Pacific
Northwest.

The area pertinent to hydrology is to develop and plan for a
joint Pacific Northwest Federal Agencies Data Management
System for collecting, transmitting, storing, retrieving, processing
and displaying hydrometeorological data.

SUPPORTED BY U.S. Dept. of Interior - Bonny'. Pwr. Adm.

7.0012, PLANNING ALGORITHMS FOR REGIONAL
WATER RESOURCE SYSTEMS
W.G. KECKLER, Stanford Reseiuch Institute, Menlo Park,
California

The size, complexity, and expense of regional water resource
systems have made computer-based decision techniques of cen-
tral importance. Methods are being sought to provide planners
with the capability of determing the least costly means of provid-
ing water to meet system demands at a specified future date
within prescribed physical, legal, financial, and contractual con-
straints. Methods providing the optimal sizing, sequencing, and
timing of system additions from the present to the termination of
the planning interval are also being developdd.

The primary emphasis of this research is the development of
computer algorithms capable of meeting the above objectives.
Thus far dynamic programming and its extensions have been suc-
cessfully applied to the optimal operation and planning of natural-
gas pipeline networks, electrical power planning, and the short-
term optimal dispatching of a multipurpose reservoir system.
These methods and other specialized dynamic programming
techniques, such as branch compression and absorption, k-best
trajectories, and successive approximations, will be used to obtain
the required algorithms,
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SUPPORTED BY Stanford Research institute

7.0013, SPECIFIC YIELD RESEARCH AND PERMEA-
BILITY RESEARCH
W.E. STEINER, U.S. Dept. of Interior, Geological Survey, Menlo
Park, California

The U. S. Geological Survey, Water resources Division, on a
matching fund basis with the California Department of Water
Resources, performs research on specific yield and permeability
of California water-bearing sediments. Specific yield and permea-
bility of California are directed toward establishing uniform
laboratory testing procedures, and developing definitive values of
specific yield and permeability in order to determine storage
capacity of ground water reservoirs, and rates of movement of
ground water.

SUPPORTED BY California State Government
U.S. Dept, of Interior - Geological Survey

7.0014, NUMERICAL MODELING OF GENERAL CIRCU-
LATION OF EARTHS ATMOSPHERE
A. KASAHARA, Natl. Center For Atmosph. Res. , Boulder,
Colorado 80302

A mathematical model of the general circulation of the
earth's atmosphere is being developed for studying the various
processes at work, for experiments in prediction and for simula-
tion of atmospheric modification. A computer is used to solve by
numerical methods the equations governing the motions and
processes of the atmosphere. The current version of the model
uses a grid network of seven height levels reaching from the
earth's surface to the top of the atmosphere and covering the en-
tire globe with a horizontal spacing of 5 degrees in both latitude
and :ongitude. The surface friction layer is included by incor-
porating the horizontal and vertical eddy exchange processes for
momentum, water vapor, and heat. Heating due to incoming solar
insolation and cooling due to long-wave radiation are included.
Distribution of sea-surface temperature is taken from climatologi-
cal records but land temperature distribution is computed, based
on a balance condition of heat flux at the ground. The distribution
of orography is taken into account through lower boundary con-
ditions. As the initial approximation, the effect of release of latent
heat of condensation is included by assuming the atmposphere to
be saturated by water vapor. However, the amount of latent heat
release is adjusted by a factor determining the rate of condensa-
tion. Next, the hydrological cycle will include vertical and
horizontal transports of water vapor, precipitation, runoff and
evaporation. At present many short-term (10 to 30 days) and long
term (80 to 100 days) integrations are being made on the Control
Data 6600 computer by changing the magnitudes of parameters
within their reasonable limits. The results of integration are com-
pared with climatological data of the atmosphere. The response
of the model to varying parameters is studied and the model is ad-
justed accordingly.

SUPPORTED BY National Center For Atmospheric Research
U.S, National Science Foundation

7.0015, REMOTE SENSING OF WATER VAPOR
R.E. MCGAVIN, U,S, Dept. of Commerce, Wave Propagation
Laboratory, Boulder, Coiorado 80302

The variability of received electromagnetic signals is a func-
tion of the variations of the refractive index which is in turn con-
trolled mainly by temperature and water vapor fluctuations.
Radio distance measuring equipment, an auxiliary optical probe
and standard weather instruments will be used to measure the tur-
bulence of ..,vater vapor over arbitrary paths and surfaces to deter-
mine the nature of water 1.kpor transport,

A radio phase measuring system with an auxiliary optical
probe has been developed and tested.

SUPPORTED BY U.S. Dept. of Commerce - E.S,S.A.

7.0016, INSTRUMENTATION FOR ENERGY BUDGET
EVAPOTRANSP STUDIES
C.R. DAUM, U.S. Dept. of Interior, Water Resources Division,
Den ver, Colorado

7. RESOURCE DATA

A means for measuring the diurnal flow characteristics of
water within the trunk of a tree would eld in determining the at-
mosphere plant-soil relationship, This method measures the radial
heat entering or leaving the ;niter stream from the outside of the
tree, the heat lost or gained by the water from the inactive xylem,
and fh... vertical temperature differential of the stream. From
these data, the water floe may be calculated,

A detailed study of natural heat flow as evidenced by tem-
perature gradients within the trunk of a tree along with its
physiology provides the basis for this project. The temperatures
are measured and recorded using small copper-constantan ther-
mocouples (size 30 wire) embedded within the tree. The depth is
determined by the physiological section to be studied, i.e., the ac-
tive or inactive xylem. Commercial heat flow plates are em-
bedded under the bark of the tree and outside the cambium layer,
to provide a measurement of incoming or outgoing heat.

SUPPORTED BY U,S, Dept. of Interior - Geological Survey

7.0017, TECHNIQUES FOR USE OF RADIOISOTOPES IN
TRACING RESERVOIR LEAKAGE
R.L. HANSEN, U.S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The Bureau is vitally concerned with developing new
methods of investigations of reservoir sites where the problem of
leakage from reservoirs might exist Investigations and actual tests
by others have shown that definite advantages can be attained by
the u.ie of radioisotopes for detecting and tracing such leakage. In
many cases where contamination by ground water or ancient
water has occurred, the radioisotope method, at this time, is the
only practical means of deriving volumetric and directional flow
information. For tracing leakage in complex and faulted or caver-
nous strata such as may occur in foundations and abutments, the
radioisotope method is an excellent method as it can be adapted
to continuous reading by detecting the actual movement of the
tracer past the point of measurement,

This is a program, in part, funded by a contract with the
Atomic Energy Commission.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

7.0018, BOREHOLE GEOPHYSICS AS APPLIED TO
GEOHYDROLOGY
W.S. KEYS, U.S. Dept. of Interior, Water Resources Division,
Denver, Colorado

Borehole geophysics is one of the most important techniques
for deriving information from drill holes. It can provide accurate
in situ data on the geometry and physical characteristics of
aquifers and adjacent rocks, and chemistry and movement of the
contained fluids, in both cased and uncased holes. Exploratory
drill holes constructed to investigate a ground-water environment
are often very costly. Means of improving the quality and increas-
ing the quantity of data obtained are necessary if full use of these
drill holes is to be realized.

Geophysical techniques currently in use in the petroleum in-
dustry, e.g., gamma-gamma, neutron, and sonic logs and in-hole
tracer tests will be applied to ground-water investigations. The
conventional gamma ray, electric, temperature, caliper and flow-
meter logs will be evaluated in a variety of geologic terranes.
Procedures for improving log interpretation as related to
geohydrology are being investigated and recent advances in
equipment technology will be utilized. Considerable progress can
be made in all of these phases of borehole geophysics by utilizing
knowledge available in the petroleum industry.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

7.0019, INSTRUMENTATION, DATA ACQUISITION, AND
COMPUTER TECHNIQUES
J.C. SCHUSTER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Modern instrumentation is studied to find how the quality
and quantity of data acquired from laboratory investigations can
be improved. The study emphasizes a continuous review of the in-
struments offered by various manufacturers. Information is as-
sembled to aid in providing instrument groups conpatible with
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computer methods of analysis at a reasonable cost. The study in-
cludes transducers for pressure, temperature, velocity, vibration,
and acceleration to match the data recording and computing
systems. Each system is designed for use in the laboratory but
made adaptable as required for field use.

Hydraulics Branch personnel are being trained in the effi-
cient use of computer systems and in the utilization of these
systems in the solution of routine hydraulic problems. Application
is being made of both digital and analog computers.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

7.0020, PHYSICAL CHEMISTRY OF RADIOELEMENTS -
RADIOMETRIC METHODS OF ANALYSIS
L.L. THATCHER, U.S. Dept. of Interior, Water Resources Divi-
sion, Denver, Colorado

The objective of this project is to improve existing analytical
methods and develop new analytical methods for the determina-
tion of trace concentrations of natural and synthetic
radionuclides in water. Also, to make preliminary studies of
determinations of trace concentrations of stable elements by ac-
tivation analysis. Analytical techniques such as alpha and gamma
spectrometry are used extensively. Frequently used chemical
processes inc iude ion e:e.thange, solvent extraction, coprecipita-
tion, and electrodeposition.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

7.0021, ELECTRONIC EQUIPMENT DEVELOPMENT
J.E. EDDY, U.S. Dept. of Interior, Water Resources Division,
Washington, District of Columbia

The objective of this project is to design and develop equip-
ment (largely electronic) for use in ground water studies. In-
cluded in the plans are the development of a magnetic switch and
counter for the deep well current meter, equipment for measuring
differential head of aquifers using pressure sensitive transducers,
and an angular measurement device to determine the direction of
current flow by the use of potentiometers.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

7.0022, BLACK CANYON OF THE GUNNISON,
COLORADO
W.R. HANSEN, U.S. Dept. of Interior, Geologic Division,
Washington, District of Columbia 20242

Detailed geologic mapping of 4 - 7 1/2-minute quadrangles
along the Gunnison River in Southwestern Colorado. The geology
consists of Precambrian granite, gneiss and schist, Triassic red
beds, Jurassic Morrison formation, Cretaceous Dakota sandstone,
Mancos shale, Mesa Verde sandstone, and Tertiary volcanic
rocks. The Morrison fot mation contains uranium deposits in this
general area. Tuff breccias and tillites of the area may be aquifers.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

7.0023, PHOTOMAPPING
J.W. PUMPELLY, U.S. Dept. of Interior, Topographic Division,
Washington, District of Columbia 20242

Purpose: To develop published maps which, by using
orthophotomosaics in areas of steep terrain or controlled mosaics
in areas of low relief, show the detail contained in aerial photo-
graphs and portray this detail in colors representative of the
ground, vegetation, water features, etc., and to overprint such
standard map information...as is required to facilitate use of the
map.

Procedure: Three lithographically reproducible continuous
tone negatives are prepared to print the photographic imagery.

A tint representative of the ground color is printed first. By
masking technique the various portions of one negative (low con-
trast) are next printed in color appropriate for the type of feature.
Over these an accent image (edge-isolated) negative is used to ac-
centuate all line- type features contained on the photographs.
Selected maps lettering and certain line symbols are added to
facilitate the identification of important roads, places, or other
features.

Results: Orthophotomaps have been processed through
publication. Results are sufficiently satisfactory that 16
photomaps covering the Florida-Georgia Okefenokee Swamp
have been prepared for public sale. Research and experimenta-
tion in the production of similar maps for numerous other areas is
progressing rapidly.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

7.0024, TAXONOMY AND ECOLOGY OF INSHORE
MARINE MICRGBIOTA
J.B. LACKEY, Individual Grants, Florida

This envisages publication of an illustrated account, with
keys, of inshore marine and brackish water protozoa and micro-
scopic algae, both planktonic and benthic. Their commonness or
rareness, cosmopolitan or restrictive distribution will be covered
by ecology, especially with reference to pollution, nutrient
richness and water poor in nutrients. Regions covered to date are
the Atlantic Coast, Florida to Woods Hole, Massachusetts; The
Florida Gulf Coast, the California coast, the Island of Oahu and
Guanabara Bay, Brazil.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

7.0025, A METHOD OF DETERMINING AND MAPPING
THE HYDROLOGIC RESPONSE OF UNGAGED
WATERSHEDS IN THE SOUTHEAST
J.F. WOODRUFF, Univ. of Georgia, Graduate School, Athens,
Georgia 30602

The research will determine the quantitative relation
between hydrologic response of small watersheds (20 square
miles or less) and a selected small number of geomorphic and
land use factors. Hydrologic response is defined as the ratio direct
runoff/gross precipitation, averaged over a season or year. Direct
runoff is defined quantitatively by an equation developed and
tested in a previous study. The derived relation will be used to
map a test area in detail, showing the source and volumes of
potential flood waters produced by different areas in an average
year.

Drastic differences in hydrologic response of various terrains
and regions is generally concealed in records of precipitation and
streamflow published by the Weather Bureau and the U. S.
Geological Survey. Gaging stations are too far apart to map
response accurately and methods are needed to convert hydrolog-
ic, soil, topographic and serial maps into response maps, revealing
at a glance the varying capacity for land areas to produce storm
flows. This project will attempt to show the ungaged areas can be
mapped and that hydrologic response maps are potentially valua-
ble tools in water resources education, planning and manage-
ment.

Response ratios will be calculated according to methods al-
ready developed by one of the investigators. The ratios will be re-
lated by multivariate analysis to certain precipitation and
watershed factors. Data will be secured from government publica-
tions and from various maps and recorded data. Analysis will be
chiefly by 7094 computer.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Georgia

7.0026, TELEMETERING OF HYDROLOGIC DATA
FROM REMOTE AREAS
C.C. WARNICK, Univ. of Idaho, Engineering Experiment Station,
Moscow, Idaho 83843

This program is in cooperation with the University of Idahc
Experiment Station. The program develops and tests scientific
equipment for the telemetering of hydrological data from remote
mountainous areas which provide a source of water supply for
power and irrigation.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation
Idaho State Government

7.9027, DEVELOPMENT OF MULTIPLE-USE PRODUC-
TION/OUTPUT INFORMATION FOR OWNERS OF SMALL
WOODLANDS IN THE CENTRAL HARDWOOD REGION
R.I. BEAZLEY, Southern Illinois University, Graduate School,
Carbondale, Illinois 62903

Analysis of the need for physiical input/output information
concerning water in all its aspects except navigation and irriga-
tion. Of particular interest is input-output information as to ero-
sion control effects in this region.

SUPPORTED BY Southern Illinois University

7.0028, EXPERIMENTAL INVESTIGATION OF
HYDROLOGICAL PARAMETERS OF AQUIFERS
THROUGH ELECTRICAL RESISTIVITY MEASUREMENTS
H. PFANNKUCH, Southern Illinois University, Graduate School,
Carbondale, Illinois 62903

Fundamental concepts of resistivity measurements of satu-
rated porous rock are investigated. They will be applied to the
geophysical determination of hydrological parameters of aquifiers
by electrical measurements in the well or bore hole.

Complete equations are developed containing terms for con-
ductance of the saturating pore fluid, the solid matrix, and the
double layer at the solid-liquid interface. In normal operations,
developed from oil field practices, the two last terms are
neglected. This is not warranted, however, for high resistivity
liquids such as ground water of high purity.

The proposed equations will be tested experimentally in the
laboratory and empirical relations will be derived from the analy-
sis of field samples.

SUPPORTED BY Southern Illinois University

7.0029, THE DEVELOPMENT OF COMMERCE IN THE
UPPER MISSISSIPPI BASIN IN THE PERIOD PRIOR TO
THE CIVIL WAR (ABBREV)
W.A. PI7'KIN, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

Considerations: I . Questions of Sovereignty 2. Explorers and
Travellers 3. Expeditions sponsored by the U.S. Government,
Utilization of Scientists and Engineers 4. The Role of the War De-
partment 5. The War of 1812. Its Outcome The Signal for Expan-
sion 6. The Great Migration 7. Impact of the Erie Canal 8. The In-
dian; The Black Hawk War 9. The Origin of Traffic on the Upper
Mississippi 10. The 'Spirit of Commerce.' (See James Hall) 11.
The Founding and Development of 'key' communities (e.g.
Galena) 12. Production for a Market; Exploitation of Natural
Resources 13. Domestic Trade 14. Foreign Trade 15. The Missis-
sippi's Tributaries 16. The Illinois and Michigan Canal (Impact of
Chicago's growth on Mississippi River Traffic, and Vice Versa)
17. Types of River Craft 18. The Great Age of the Steamboat on
Inland Waters 19. Persistence in Utilization of the Flat Boat and
the Keel 20. Regulation of Commerce by the U.S. Government
21. Impact of Science and Technology; the Industrial Revolution
22. The Men of Initiative and Imagination Responsible for the
Phenomenal Expansion of the Mississippi Basin 23. The Dark
Cloud on the Horizon; the Approach of the Civil War 2,4. The
Question of a Northwest Confederacy 25. A Traffic Study, 1860-
1861 --trade with the East --trade with the South 26. The Histori-
an's Task: Sources; Synthesis; Interdisciplinary Considerations

SUPPORTED BY Southern Illinois University

7.0030, SOUTHERN ILLINOIS REGIONAL ECONOMIC
DATA SYSTEM
A.E. PRELL, Southern Illinois University, Graduate School, Car-
bondale, Illinois 62903

This project involves the establishment of data banks on im-
portant industrial variables. One of the variables to be analyzed,
evaluated and catalogued is the water resources of the area as
they relate to business and industry. This would include the indus-
trial requirement for water, the possibilities of developing water

7. RESOURCE DATA

resources into recreation industries and the relationship of water
as a factor in the development and growth of business and indus-
trial communities.

SUPPORTED BY Southern Illinois University

7.0031, A REGIONAL STUDY OF THE CHANGING OC-
CUPANCY AND DEVELOPMENT OF AN ALLUVIAL
LOWLAND
T.H. SCHMUDDE, Southern Illinois University, Graduate
School, Carbondale, Illinois 62903

The purpose of the study has been to analyze the present oc-
cupancy of a portion of the Mississippi alluvial lowland and the
agricultural system by which the area hat: ;..1,en developed and is
being developed. Special emphasis was focused on the space or-
ganizing aspects of this development. From such an analysis the
attempt will be to construct a model of regional development in
this area. Such a model could be expected to have important im-
plications for guiding development in other areas.

Relevant to water resources research the occupancy of the
Lower Mississippi alluvial lowland can be viewed as a struggle
toward better water resource management. Fundamental to the
development of this area for agricultural as well as other forms of
settlement has been the need to organize spatially institutions and
individual enterprises in order to manage the problems of too
much water on the land (drainage organization), too little water
on the land at critical times (irrigation organization) and the Mis-
sissippi River itself (flood control and improved navigation). Spa-
tial organization is an inherent part of water management since
the control over movement of quantity and quality of water
horizontally is the essence of water management. Once such or-
ganization is established, however, the institutions can serve
either directly or indirectly for other forms of spatial organiza-
tion, which is so essential for area development. Thus an ap-
preciation of the spatial dimension of water resource manage-
ment problems in the area is an important result of the study.

An atlas of relevant distributions concerning water
resources, land resources and agricultural and economic factors is
nearing completion and could be published if funds were availa-
ble.

SUPPORTED BY Southern Illinois University

7.0032, DEVICE FOR FIELD DETERMINATION OF
HEAVY METALS IN NATURAL WATERS
R.E. VANATTA, Southern Illinois University, Graduate School,
Carbondale, Illinois 62903

The proposed investigation involves the design, construction,
and testing of a simple, portable, self-contained device suitable
for in situ analysis of natural waters for copper, lead, cadmium,
nickel, chromium, and zinc; simultaneous determination of dis-
solved oxygen may also be feasible. A modification of a conven-
tional DC polargraphic lev;ce is proposed.

Laboratory investigations would involve the following: ( 1 )
Development of fundamental electrical circuitry for simplicity of
field operations, while permitting the desired accuracy. (2)
Development of suitable electrolyte and electrode systems for
field application. (3) Adaptation of circuitry and electrolyte-elec-
trode systems to concentration levels present in natural waters.

Field studies would include testing of the proposed device
through the analysis of various types of natural waters, i.e., lakes,
rivers, ground water, wells, etc. Confirmation of performance
would be made through appropriate laboratory analysis of the
same waters with modern laboratory techniques and facilities.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Southern Illinois University

7.0033, ELECTRICAL EARTH RESISTIVITY SURVEYS
M.D. BUR LE, State Geol. Survey, Urbana, Illinois

From 75 to 140 electrical earth resistivity surveys are con-
ducted each year in search of water-bearing sand and gravel
deposits. This activity has been a public service function by the
State Geological Survey since 1932. It is also used in research
projects where warranted. Surveys are conducted for municipali-
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ties, industries, public agencies, and private citizens, using instru-
ments whith Gish- Rooney AC circuits and Wenner electrode
configuration. Interpretation of results is based on empirical
methods that have proved to be applicable in Illinois.

SUPPORTED BY Illinois State Government

7.0034, GROUND-WATER GEOLOGY OF OGLE COUN-
TY, ILLINOIS
J.E. HACKETT, State Geol. Survey, Urbana, Illinois

The geology of Ogle County is under study relative to the oc-
currence and availability of ground water. The county contains
favorable aquifers within the glacial drift and to depths of more
than 1000 feet in the bedrock. Information on the character of
the aquifers is being obtained from well records and from exten-
sive outcrops of bedrock in the county. Aerial photographs are
yielding information on possible fracture traces that may be use-
ful in well siting.

011 015

SUPPORTED BY Illinois State Government

7.0035, STATE GRAVITY SURVEY
P.C. HEIGOLD, State Geol. Survey, Urbana, Illinois

A gravity study of the state is being conducted by regions.
Gravity measurements are made at all section corners and at
bench marks. Bouguer and residual gravity contour maps are
prepared as each region is completed. To date field work has been
completed in the northern third, the southern third, and the east-
central part of Illinois. The regional maps are interpreted relative
to basement and sedimentary structure as they are completed.
Deep seismic reflection studies have been used to complement
gravity studies in some regions.

SUPPORTED BY Illinois State Government

7.0036, GEOLOGY OF VALLEY FELL DEPOSITS IN THE
MIDDLE ILLINOIS RIVER VALLEY
M.R. MCCOMAS, State Geol. Survey, Urbana, Illinois

This study of the Middle Illinois River Valley in Bureau,
Marshall, Woodford, Peoria, and Tazewell Counties undertakes
to define the geological and hydrogeological characteristics of the
valley fill deposits. The initial investigation is primarily an ex-
amination of the glacial drift in order to define the limits and
character of the sand and gravel aquifers, especially the thick
basal aquifer, the Sankoty Sand. A textural, mineralogical, and
possibly electron microscopic examination of the Sankoty Sand
will be performed in order to determine its history of deposition
and physical properties. The Sankoty Sand is the principal aquifer
for the cities of Peoria, Pekin, Henry, Hennepin, and Princeton.

SUPPORTED BY Illinois State Government

7.0037, STATISTICAL ANALYSIS OF WATER CON-
SUMPTION
S. CSALLANY ,State Water Survey, Urbana, Illinois

Purpose of this study is to determine the influence of various
factors on municipal water consumption in Illinois.

To collect the basic data questionnaires were sent to all
public water works (incorporated places) in Illinois. The
questionnaire was designed to obtain information on the date of
daily pumpage metered, average daily pumpage subdivided by
number of persons served by the water works, and percent of total
pumpage treated. The collected basic data were tabulated and
grouped according to source (groundwater, surface water). The
effects of these factors on water consumption were studied. Out-
side of the Chicago region the most important factors influencing
water consumption are percent of public distribution, persons per
service, population, and commercial and industrial water use. In
the Chicago region the most factors are the percent of services
used by commercial and industrial firms; percent of water used
for commercial and industrial purposes, and the age of the water
works.

SUPPORTED BY Illinois State Government

7.0038, PERMEABILITY OF UNCONSOLIDATED
AQUIFER MATERIALS
T.A. PRICKETT, State Water Survey, Urbana, Illinois

The statistical analysis of the permeability of unconsolidated
aquifer materials versus geohydrologic controls is continuing. All
hydrologic and geographic data have now been put on punch
cards and several correlations made with geologic parameters.

A special study is being made of the valley train and alluvial
deposits contained in the bedrock valley coincident with the
present Mississippi River from Alton to Cairo. Data are available
from approximately 2500 measurements of permeability along
this valley system. With this data it is hoped to determine to what
limits permeability variation can be predicted. The results of this
special study will form the basis for determining the reliability of
other valley system predictions.

SUPPORTED BY Illinois State Government

7.0039, AUTOMATIC RECORDING OF SHORT TERM
B.O.D.
R.M. ARTHUR, Rose Polytechnic Institute, School of Engineer-
ing, Terre Hautc, Indiana 47803

The project objective is to demonstrate the ability of the au-
tomatic respirometer to produce accurate and precise measure-
ment of BOD of waste waters within a one or two hour time
period with batch or continuous operations. Automatic
respirometers will be fabricated and installed in two sewage treat-
ment plants. Daily tests of 5-day BOD will be run on the plant in-
fluent and effluent. The same samples will be tested in the auto-
matic BOD respirometer. Correlation analysis will be performed
on the results.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Rose Polytechnic Institute

7.0040, LIMNOLOGY OF DESOTO BEND LAKE, IOWA
AND NEBRASKA
R.W. BACHMANN, Iowa State University, Iowa Coop Fishery
Unit, Ames, Iowa 50010

Investigations of physical, chemical and biological charac-
teristics of DeSoto Bend Lake were begun in June, 1967 and will
continue until the spring, 1968. Analysis of plankton, benthos and
bottom sediment samples has been initiated. Temperature and ox-
ygen records indicate partial stratification in mid-summer. M. S.
thesis will be completed in 1969.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Iowa State University
Iowa State Government
Nebraska State Government

7.0041, THE FEASIBILITY OF COLD WATER FISHES
FOR LAKE SHARPE, SOUTH DAKOTA
R.W. BACHMANN, Iowa State University, Iowa Coop Fishery
Unit, Ames, Iowa 50010

Under normal flow conditions, Lake Sharpe is a single domi-
nant water mass warming between 1 and 9 degrees C. Maximum
temperature encountered during 1966 and 1967 was 24.3 degrees
C. Bottom sampling from June through November, 1967 in-
dicated little season variation in the numbers or types of bottom
organisms.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Iowa State University

7.0042, A LIMNOLOGICAL INVENTORY OF IOWA
LAKES AND STREAMS
R.W. BACHMANN, Iowa State University, School of Agriculture,
Ames, Iowa 50010

The purpose of this project is to review, analyze and sum-
marize the existing information dealing with the distribution,
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water supply, water chemistry, flora and fauna, and limnological
cycles of Iowa lakes and streams. Limnological surveys are being
conducted on selected lakes and streams.

SUPPORTED BY Iowa State Government

7.0043, AGRICULTURAL AND INDUSTRIAL DEVELOP-
MENT IN RELATION TO 10WAS ECONOMIC GROWTH
W.R. MAKI, Iowa State University, School of Agriculture, Ames,
Iowa 50010

Prepare econometric models for development planning in
Iowa, particularly in relation to the Missouri and Upper Mississip-
pi Basin Development programs; prepare analyses of investment
opportunities in selected Iowa industries; estimate labor and
water resource requirements of projected agricultural and indus-
trial development in Iowa and contiguous areas; collaborate with
Iowa Development Commission, Iowa Natural Resources Coun-
cil, and Missouri Basin Inter-Agency Committee in preparation of
area economic projections.

SUPPORTED BY Iowa State Government

7.0044, COMPUTER SIMULATION AND EVALUATION
OF CLIMATOLOGICAL MODELS
J.R. EAGLEMAN, Univ. of Kansas, Graduate School, Lawrence,
Kansas 66045

The climatic variables if viewed in terms of long period
means for a particular location can be combined in various ways
to obtain indices to the average climate for this location. One way
of combining climatic elements is through the water balance.
Monthly differences between evapotranspiration and precipita-
tion can be compared. This static climatological model becomes
more dynamic with the inclusion of fluctuations about the mean
values. These fluctuations are being investigated in terms of stan-
dard deviations and certain percentages of the area under the
Gamma distribution.

SUPPORTED BY University of Kansas

7.0045, R.I.-LIQUEFACTION OF SAND DUE TO LONG
TERM, SMALL AMPLITUDE VIBRATIONS
V.P. DRNEVICH, Univ. of Kentucky, School of Engineering, Lex-
ington, Kentucky 40506

The objective of this research will be to study liquefaction of
saturated cohensionless soils under restricted drainage conditions
due to long term, relatively small amplitude vibratory shearing
strains. The number of load repetitions necessary to cause
liquefaction will be determined as a function of ambient effective
stresses, relative density, and shearing strain amplitude. For this
study, a special torsional resonant column device will be used. It
applies essentially uniform vibratory shearing strains to a hollow
cylindrical specimen acted upon by static confining pressures.
Shear modulus and energy dissipation will be measured as a func-
tion of the number of cycles of vibration.

SUPPORTED BY U.S. National Science Foundation

7.0046, AUTOMATION OF GROUND-WATER RECORDS
W.E. WEBB, Johns Hopkins University, State Geological Survey,
Baltimore, Maryland 21218

The objective is to organize and prepare a feasible operating
system of ground-water data storage and retrieval. The approach
used is to identify the types of data to be stored, assign priorities
for their entry into the system, determine the storage media and
format, and finally enter data accumulated into the system.

SUPPORTED BY Maryland State Government
U.S. Dept. of Interior - Geological Survey

7.0047, SIMULATION OF WATER RESOURCE REGIMES
T.W. CADMAN, Univ. of Maryland, School of Engineering, Col-
lege Park, Maryland

Water Resource regimes will be simulated for analysis with
analog computers. Typical of the regimes to be studied are those
such as the surface flow in a watershed, an estuarine system, or

7. RESOURCE DATA

ground water supply and waste disposal. Initially, emphasis will be
on the training of faculty members in the analog simulation and
application. Subsequently, faculty members will utilize this
knowledge in broader water resources research problems.

SUPPORTED BY U.S. Dept, of Interior - 0, Water Res. Rch
University of Maryland

7.0048, TEST AND EVALUATION OF TELEMETERING
STORAGE PRECIPITATION GAGE
K.W. DAVIS, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

Test and evaluation of a telemetering storage precipitation
gage for use at inaccessible heavy snow areas during the winter
months,

The equipment Development Laboratory prototype will be
subjected to a series of controlled laboratory tests to determine its
ability to meet its functional and engineering requirements.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

7.0049, FISHER AND PORTER INSTALLATION
METHODS
K.W. DAVIS, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

To evaluate the Fisher and Porter precipitation gage installa-
tions methods, oils for use as evaporation suppressors and the ef-
fect of the windshields on the F and P precipitation gage.

Comparative evaluations will be conducted on precipitation
gage foundations of different designs, oils recommended by oil
companies for use as evaporation suppressors and the effect of
the windshield cat various elevations.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

7.0050, IMPROVE COMPONENTS OF THE DATA
ACQUISITION SYSTEM - SATELLITE COMMUNICATIONS
EQUIPMENT
F.V. KOHL, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

Continue current experimental collection of river and rain-
fall reports from remote sensor sites via VHF relay through ATS-
1 satellite to determine feasibility and optimum equipment inven-
tory required for a large scale data collection program by this
method. Investigate techniques for low signal level nd for signal
reception under difficult signal/noise conditions.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

7.0051, IMPROVE PRECIPITATION MEASURING EQUIP-
MENT - HYDROLOGIC EQUIPMENT IMPROVEMENT
F.V. KOHL, U.S. Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

This task is concerned with the improvement of hydrologic
equipment for the purpose of bettering hydrological data collec-
tion.

This work will take one of two directions depending on the
outcome of the hydrologic equipment analysis of the D111
Precipitation Gage Analysis or the Pressure Transducer Analysis.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

7.0052, PRECIPITATION-FREQUENCY MAPS FOR
WESTERN UNITED STATES
J.L. PAULHUS, U.S. Dept. of Commerce, Off. of Hydrology,
Silver Spring, Maryland 20910

Physiographically adjusted precipitation-frequency maps of
6- and 24 hour-precipitation for return periods of 2, 5, 10, 25, 50
and 100 years are being prepared for 10 western States. Relation-
ships developed between precipitation-frequency station, or
point, data and topographic and climatic parameters are used to
estimate point data where none is available. Maps thus produced
depict precipitation-frequency regimes more accurately than
those based on station data only. Two sets of maps aro prepared
for those regions with high elevations where snow contributes sig-
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nificantly to annual series data. For those regions, one set of maps
is based on precipitation data throughout the year; and the other,
on data for the May-October season only, when practically all
heavy precipitation is rain, The maps, which are printed on a
1:1,000,000 topotraphic bast, are issued as completed on a State-
by- State basis.

SUPPORTED BY U.S. Dept. of Commerce - E.S,S,A,

7,0053, DEVELOP PROTOTYPE PRECIPITATION OC-
CURRENCE SENSOR DEVELOP AMOS 111-70 (AUTO-
MATIC WEATHER STATION)
R. RUTH, U.S, Dept. of Commerce, Weather Bureau, Silver
Spring, Maryland 20910

An outside contractor will be engaged to package as a proto-
type, a precipitation occurrence sensor. The type of sensor, either
`rotating disc' or 'peck' will be determined by the results obtained
through tests and evaluation.

SUPPORTED BY U.S. Dept. of Commerce - E.S,S,A.

7.0054, SOME ASPECTS OF THE MARINE SPORT
FISHERY OF MASSACHUSETTS WITH SPECIAL EMPHA-
SIS ON SURVEY DESIGN AND BASIC ECONOMIC AT-
TRIBUTES
J.A. MCCANN, Univ. of Massachusetts, School of Agriculture,
Amherst, Massachusetts 01003

Federal and state agencies have recently realized the im-
portance of collecting reliable marine sport fishery statistics and
of determining the impact of the marine sports angler on local
economy. A study has recently been undertaken to obtain data on
the identity of the marine sport fisherman, his needs and
preferences, and his impact on the economy of Massachusetts.

Major emphasis thus far has been upon literature review and
method evaluation. Data will be collected this summer (1968)
which should provide some insight into problems related to sur-
vey design and division of labor in future work. These data will be
solicited from certain business establishments and captains of
sport fishing vessels, as well as the fishermen themselves, and will
deal primarily with fishermen residences, preferences as to
methods, localities, and fish species, and average daily expendi-
tures. Questionnaires in post-card form will be made available to
fishermen at randomly selected bait and tackle shops, and some
limited personal interviewing is anticipated. A large- scale fisher-
man interview program is planned for 1969 and will follow some
type of stratified design.

These preliminary observations will provide a foundation for
the principal survey of 1969, especially with regard to nonre-
sident sampling. A tentative statistical scheme employing several
survey methods is being considereci for in-state sampling. This
may take the form of a latin square whereby treatments (survey
methods) are assigned randomly to cells within the overall pat-
tern. Several assumptions underlying this method will have to be
tested prior to its actual implementation.

SUPPORTED BY U.S. Dept. of Interior - mi. Sport Fish.
Massachusetts State Government

7.0055, DATA COLLECTION ECONOMICS FOR WATER
POLLUTION STUDIES
A.S. GOODMAN, Northeastern University, School of Engineer-
ing, Boston, Massachusetts 02115

The research will employ operations research and other
techniques to critically review existing data collection and
processing programs. The programs studied will be selected from
those of the pollution control agencies in the New England area.
A principal objective of the research will be the improvement of
the economic efficiency of such programs, to make them as
responsive as practicable ( within budget constraints) to the
planning and operation requirements of water pollution control
agencies.

SUPPORTED BY U.S, Dept, of Interior - F. Water Pol, Ctl

7.0056, HYDROLOGIC MEASUREMENT SYSTEMS
P.S. EAGLESON, Mass. Inst. of Technology, School of Engineer-
ing, Cambridge, Massachusetts 02139

Use of concepts from information theory to develop general-
ized criteria for the design and evaluation of hyorologic instru-
ments, networks and measuring programs. Conventional, tipping-
bucket raingages arc shown to be inadequate for many problems
of urban hydrologic analysis. Wher estimating long-term average
areal rainfall the error of estimate is often quite insensitive to the
use of more than two point measuring stations.

SUPPORTED BY Massachusetts Institute of Technology

7.0057, RAIN SCAVENGING STUDIES - DATA ANALY-
SIS, SYNTHESIS AND INTERPRETATION
A.N. DINGLE, Univ. of Michigan, Graduate School, Ann Arbor,
Michigan (AT( 1 1 - I ) )

The proposed work has for its objective the collection and in-
terpretation of fundamental data on the scavenging of atmospher-
ic particulate matter by rain systems and investigation of the rain
systems themselves,

This work is basic to the understanding of the natural
mechanisms by which the air is cleaned and to the intelligent use
of our atmospheric reservoir.

Our procedure is to use the natural and artificial chemical
content of rain water to trace the natural cleansing processes.
This is done through the collection and analysis of sequential rain
samples from individual storms and observations of rain to the
detail of raindrop size distributions and tipping bucket rainfall
rates. The data collection is located and timed for maximum
benefit from the extensive facilities of the National Severe Storms
Laboratory, Norman, Oklahoma.

A nev, and potentially valuable technique, now in the pilot
phase, is the investigation of convective storm and precipitation
processes through the introduction of artificial tracers.

Results to date indicate that the techniques developed over
the past few years are capable of yielding new knowledge in such
ar ?.as as natural air cleansing mechanisms, convective storm cir-
culations and structure, weather modification by cloud seeding,
and the efficiency of convective precipitation.

SUPPORTED BY U.S. Atomic Energy Commission

7.0058, CEARACTERISTICS OF RIVER BANKS RE-
LATED TO VEHICLE PERFORMANCE WHEN ENTERING

EXITING STREAMS
W.L. HARRISON, Univ. of Detroit, Graduate School, Detroit,
Michigan 48221

The current study will investigate or establish the following:
a, Definition of the Problem: This will be established by collecting
statistics on river characteristics such as : frequency of accuracy
of streams and specific stream characteristics. This will determine
if the problem to be solved is one of modifying the vehical or the
stream and which part of the problem area should receive empha-
sis. b. Mathematical Models: Establish mathematical functions
which will predict vehicle thrust developed and a vehicle moves
from a totally buoyant state through the soil-water transition area
to a totally soil supported state. c. Experimental Tests: Scale
model tests will be used in the establishment of vehicle-river exit
equations and full scale tests will be conducted to verify the final
equations.

The studies are being conducted under contract with the
University of Detroit using the River Simulator located at the
L and Locomotion Laboratory, ATAC.

SUPPORTED BY U.S. Dept. of Defense - Army

7.0059, RESEARCH IN SEDIMENT SAMPLING EQUIP-
MENT
J.V. SKINNER, U.S. Dept. of Interior, Water Resources Division,
Minneapolis, Minnesota 55414

Equipment developed under this project permits collection
of suspended-sediment samples, bed-material samples, and deter-
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mination of particle size of both suspended- and bed-material
sediments. Current work includes the following: (a) Design of an
improved bed-load discharge sampler, (b) Development of a
volume-recording pumping sampler, (c) Testing of nuclear gages
for measuring suspended sediment, (d) Experimentation with
direct electronic sensing of suspended sediment concentration,
and ultrasonic and turbidity sensing instruments.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

7.0060, COOPERATIVE GULF OF !VIEW() INVENTORY
AND STUDY (AUDIO-VISUAL FILM)
J. Y. CHRISTMAS, State Marine Conserv. Comm. , Biloxi, Missis-
sippi

OBJECTIVES: (1) To prepare an audio-visual film of en-
vironmental characteristics, resources and problems of the Gulf
of Mexico estuaries. (2) To cooperate with the Gulf States,
Marine Fisheries Commission and the Bureau of Commercial
Fisheries in the preparation of such a film.

PROCEDURES: An audio-visual film presenting the im-
portance of the estuaries of the Gulf States Marine Fisheries
Commission and the Bureau of Commercial Fisheries. The work
will be performed under a contract, with the Bureau of Commer-
cial Fisheries providing production supervision. All such produc-
tion supervision expenses will be State financed as agreed at the
April 28, 1966 meeting of the film sub committee of the Estuarine
Technical Coordinating Committee, Gulf States Marine Fisheries
Commission.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Mississippi State Government

7.0061, COOPERATIVE GULF OF MEXICO INVENTORY
AND STUDY (AREA DESCRIPTION)
J. Y. CHRISTMAS, State Marine Conserv. Comm. , Biloxi, Missis-
sippi

OBJECTIVES: (1) To determine the physical characteristics
of Mississippi Estuaries. (2) To develop a state atlas describing
these estuaries. (3) To make the state atlas available, in coopera-
tion with the other Gulf States and the Bureau of Commercial
Fisheries, for inclusion in an atlas of Gulf of Mexico estuaries.

PROCEDURES: (1) Locate and compile existing data
describing physical, geological and industrial features of Missis-
sippi estuarine areas. (2) Acquire necessary additional data using
techniques and procedures recommended by the Estuarine
Technical Coordinating Committee of the Gulf States Marine
Fisheries Commission. (3) Collect, analyze and prepare data in a
state atlas in a form which will be available for incorporation as a
section in an atlas of the estuaries, of the Gulf States in coopera-
tion with members of the Gulf States Marine Fisheries Commis-
sion and the Bureau of Commercial Fisheries. (4) Prepare and
publish additional notes and papers as necessary.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Mississippi State Government

7.0062, INSTRUMENTATION IN EMBANKMENTS AND
FOUNDATIONS
C.R. FURLOW, U.S. Army, Waterways Experiment Sta, ,

Vicksburg, Mississippi
The objective of this project is to collect and study instru-

mentation practices for earth dams and foundations by all USAE
Divisions and other agencies. Selected devices are subjected to
laboratory and field investigations to determine their precision
and reliability in regard to their use by Corps of Engineers' of-
fices. The results of these studies will be disseminated in a series
of reports and will eventually culminate in an Engineer Manual.

SUPPORTED BY U.S. Dept. of Defense - Army

7.0063, HYDRAULIC INSTRUMENTATION
J.E. CLOVER, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop special laboratory

and field measuring equipment or techniques to increase the ac-
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curacy and efficiency of measurements. Current efforts are con-
cerned with turbulence meters, model hawser stress transducers,
water level indicators for prototype lock tests, water-surface mea-
suring equipment for model use, and miscellaneous model and
field testing equipment.

SUPPORTED BY U.S. Dept. of Defense - Army

7.0064, DEVELOPMENT OF HYDROLOGIC EQUIPMENT
F.P. HANES, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of this project is to develop an adapt instru-
ments an equipment for hydrologic purposes, including raido
facilities, when such needs cannot be satisfactorily met through
normal procurement methods. This project will also assemble in-
formation regarding characteristics and cost of equipment availa-
ble for hydrologic use, and conduct certain investigations and stu-
dies to improve or adapt such equipment to best serve the
requirements of the Corps of Engineers.

It is the intent of this project to provide qualified professional
personnel within the Corps to act as consultants in pianning,
designing, and installation of telemetering networks. Progress and
accomplishments are reported on an unscheduled basis, but
usually once a year, by means of Project Bulletins issued by USAE
Waterways Experiment Station.

SUPPORTED BY U.S. Dept. of Defense - Army

7.0065, EFFECTS OF SCALE AND OPERATING
TECHNIQUE ON HARBOR MODELS
R.Y. HUDSON, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Wississippi
The objective of this project is to determine the effects of

model scale and the techniques of model operation on the accura-
cy of model results. Tests will be conducted to establish the bases
of model design, operation, and analysis of test results. Studies to
be made are wave filters for harbor models and wave flumes,
wave attentuation due to bottom friction, and design of ripple
tank and appurtenances.

SUPPORTED BY U.S. Dept. of Defense - Army

7.0066, DESIGN OF RUBBLE WAVE ABSORBERS
A.M. KAMEL, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this study is to investigate the wave tetlect-

ing and transmitting characteristics of rubble-mound break-
waters, rubble wave absorbers, sand beaches, wave traps, and
resonators.

SUPPORTED BY U.S. Dept. of Defense - Army

7.0067, EVALUATION OF SOIL MECHANICS LABORA-
TORY EQUIPMENT AND TESTING PROCEDURES
B.N. MACIVER, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop and evaluate

laboratory equipment for use by USAE Division Laboratories and
to investigate laboratory testing procedures to determine benefi-
cial improvements.

Under this continued study, evaluations have included con-
solidometers, pore pressure devices, procedures for performing
direct shear tests, etc. During FY 68, work included evaluation of
the back-pressure consolidometer and investigations of the
methods for preparing test specimens of cohesive soils and the ef-
fect of strain rate on R triaxial shear strength. The study of strain
rate will be continued in FY 69 and several new studies will be in-
itiated, including evaluation of the direct simple-shear apparatus,
investigation of the effect if various apparatus features on the
results of triaxial tests, and development of methods for perform-
ing undrained annular shear tests.

1-627



7. RESOURCE DATA

SUPPORTED BY U.S, Dept. of Defense - Army

7.0068, VIBRATION OF LOW-CREST SPILLWAYS
E.B. PICKETT, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to investigate !ow ogee spill-

way crest vibrations resulting from flow instabilities occurring
with operating heads exceeding design heads. The study includes
determination of intensity and dominant frequencies of possible
fluctuations in the hydrodynamic load in the fixed spillway and
consideration of the elastic and inertial properties of the vibratory
system.

SUPPORTED BY U.S. Dept. of Defense - Army

7.0069, THE USE OF LIGHT-WEIGHT SPHERICAL PAR-
TICLES FOR DISCHARGE MEASUREMENT IN OPEN
CHANNELS
H. LIU, Univ. of Missouri, Water Resources Research Ctr. ,
Columbia, Missouri 65202

Experimental results of the current project study have in.
dicated that accurate flow measurement in open channels for
velocities below 0.1 ft/sec is feasible through the use of light-
weight spherical particles (the integrating-float method). More
studies are planned in this proposal. These include an extension of
the present study to uniform flows of higher velocities, a study of
the technique under nonuniform-flow condition and a study of
the influence of turbulence on the accuracy of the technique. All
proposed tests will be conducted in a 2 ft x 1 ft laboratory flume.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Missouri

7.0070, INFORMATION PROCEDURES IN ENVIRON-
MENTAL CONTAMINATION
M.L. PETERSON, Comm. For Environ. Information,Saint Louis,
Missouri 63108

This is a project for developing and evaluating methods for
communicating technical information on environmental con-
tamination to scientists and interested laymen. The problems of
environmental contamination encompass such a wide range of
scientific disciplines, and are in such rapid change, that it is in-
creasingly difficult for individual scientists not professionally con-
cerned with these problems to acquire a grasp of their general sig-
nificance amd scientific background. It is correspondingly dif-
ficult for scientists, generally, to transmit such information to the
interested public.

We expect to develop methods for collecting and distributing
objective information about a series of specific problems in air
pollution, water pollution and other environmental contamina-
tion such as pesticides, noise, etc.

The CEI Scientific Division reviews relevant scientific jour-
nals and reports, prepares continuing bibliographies, staus re-
ports, and the articles for publication in the journal 'Scientist and
Citizen' relevant to each of the indicated topics. The close col-
laboration between the scientists and a Readers Advisory Board
ensures both objectivity and readability.

Coordinated publication, radio and news coverage, and
school or other public lectures are continually being used and
evaluated as effective ways for scientists to impart necessary in-
formation to the public. Study of the best means to involve larger
number of scientists, reaching a wider citizen audience is in
progress.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

7.0071, AIRBORNE RADIOMETRIC SNOW SURVEY
P. JORDAN, Montana State University, School of Engineering,
Bozeman, Montana 59715

This program is to design and fabricate an operationally reli-
able system of measuring snow water contents from an aircraft by
measuring the degree of attenuation of gamma radiation from a
radioactive source of known strength pre-placed under the snow-
pack.

SUPPORTED BY U.S. Dept. of Interior - Bonny!. Pwr. Adm.
U.S. Atomic Energy Commission

7.0072, DIGITAL INSTRUMENTATION AND
TELEMETRY FOR WA'D'ER RESOURCES RESEARCH
D.K. WEAVER, Montana State University, School of Engineer-
ing, Bozeman, Montana 59715

This study is concerned with Digital Instrumentation Systems
and Digital Telemetry Systems for use IN remote areas. The study
will review current practice, current developments and current
and future requirements. A design philosophy and specifications
will be established for reliable, flexible and low cost digital
systems. Models will be constructed for test and demonstration.
The Bridger Hydro-Meteorological Research Area will be used as
a proving ground.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Itch
Montana State University

7.0073, EVALUATION OF HYDROLOGIC INSTRUMEN-
TATION ON MAYNARD CREEK WATERSHED
T.T. WILLIAMS, Montana State University, School of Engineer-
ing, Bozeman, Montana 59715

This study involves the evaluation of automated equipment
for the recording and transmission of hydrologic phenomena. The
Electronics Research Laboratory at Montana State University has
developed (as a separate project) a centrally located data acquisi-
tion facility which will receive information via radio or data-
phone, and convert it into a form suitable for input to a digital
computer. The research conducted herein is aimed at evaluating,
testing, and calibrating a variety of new types of automated equip-
ment for measuring, transmitting, and recording hydrologic
phenomena.

The study began in July 1965. Data collection is scheduled to
terminate on December 1, 1967, with completion of the project
scheduled for June 1968.

SUPPORTED BY Montana State University

7.0074, GENERAL STUDIES RELATED TO CODING
GROUND-WATER APPROPRIATIONS & BASIC DATA FOR
INFORMATION, STORAGE & PROCESSING SYSTEMS
S.L. GROFF, Montana Coll. of Min. Science, Graduate School,
Butte, Montana 59701

The objective of this research project is a basic study of the
coding of all ground water data on IBM type cards and the
development of an actual system for filing and retrieval of ground
water legal data.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Montana College of Mineral Science &

Tech.

7.0075, HYDROLOGICAL DATA ACQUISITION
THROUGH REMOTE RECONNAISSANCE SYSTEMS
F.L. GERLACH, Univ. of Montana, Graduate School, Missoula,
Montana 59801

This research is a continuation of work conducted during
1965-66. The purposes include (1) testing the apparent relation-
ship between surface soil moisture and middle-rc.nge infrared
radiation using ground data and airborne sensor imagery of
selected areas, (2) applying multi- sensor image analysis in the
preparation of soil moisture maps of selected areas, (3) observing
radiation-temperature characteristics of selected terrain features
for ground verification of these characteristics, and (4) testing the
application of multi-sensor image analysis to the acquisition of
hydrologic data. Study areas have been located containing a
variety of terrain features. Ground data including surface soil
moisture, surface reflectance, and surface radiation temperature
will be related to aerial photographic and thermographic imagery
during selected diurnal periods. Supplemental environmental
data will be obtained.
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SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Montana

7.0076, A COMPREHENSIVE ANALYSIS OF THE TU-
LAROSA BASIN SALINE WATER RESOURCES THEIR
AVAILABILITY AND POTENTIAL ECONOMIC DEVELOP-
MENT
H.R. STUCKY , New Mexico State University, Water Resources
Research Inst. , Las Cruces - University Park, New Mexico 88001

The objectives of this study are: (1) to assemble pertinent in-
formation on the saline water resources of the Tularosa Basin and
make a summary report on the quantities, qualities and depth by
locations. (2) develop a prospectus on the potential industry,
recreation and agricultural uses of the basin's saline water, and
(3) to outline further investigations which may be required to
develop these resources.

The Geological Survey, Office of Saline Water, and the Of-
fice of Water Resources Research are cooperating with the New
Mexico State Engineer Office, and the New Mexico Water
Resources Research Institute in the conduct of the various phases
of this research effort. A group of electrical generating companies
are interested in these saline water resources for a large scale
generating plant, possibly in combination with a desalinization
plant powered by coal or atomic fuel.

One phase of this project will be an investigation of the
resources by the U. S. Geological Survey, a second will be
research on the hydrology of the Lucero Lake area and its rela-
tion to the resources of the area, while a third with the economic
analysis of the potential users.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
New Mexico State University

7.0077, HYDRAULICS OF WELLS
M.S. HANTUSH, New Mexico Inst. Min. & Tech. , Graduate
School, Socorro, New Mexico 87801

Theoretical development and experimental verification,
using viscous- flow models, of several well-flow problems. Some
of these problems are: l) Unsteady drawdown distribution around
wells of constant discharge in stratified aquifers. 2) Unsteady
drawdown distribution around wells of constant discharge in
aquifers separated by semipervious layers. 3) The unsteady draw-
down of the water table in a semipervious layer drained by pump-
ing wells in an underlying artesian aquifer. 4) The unsteady draw-
down in an artesian semipervious layer drained by pumping wells
in an underlying artesian aquifer.

SUPPORTED BY New Mexico State Government

7.0078, TO EVALUATE THE UTILITY OF EXISTING AU-
TOMATIC CHEMICAL ANALYSIS EQUIPMENT FOR
WATER QUALITY SURVEILLANCE UNDER COMPUTER
CONTROL

OBRIEN, Health Research Incorporated, Albany, New York
The utility of existing automatic equipment designed to col-

lect and analyze water samples for 12 specified parameters of
water quality will be evaluated. The equipment will be capable of
analyzing samples on a continuous or intermittent basis, and will
include atomic absorption spectrophotometry. An electronic
`memory' system for storage and retrieval of data output of the
automatic chemical analysis equipment, a system for periodic
data scanning and a system for computer control of the instru-
ment will be provided and evaluated.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. CtI
New York State Government

7.0079, THE ROLE OF FOOD IN THE MORTALITY OF
LARGEMOUTH BASS LARVAE
C.A. CARLSON, State University of New York, School of
Agriculture, Ithaca, New York 14850

The objectives of this project are I) To determine how long
the caloric content of yolk supplies enough energy to meet the

7. RESOURCE DATA

requirements of developing largemouth larvae, 2) To establish
the exact age and size of larvae at onset of feeding, 3) To establish
feeding rates of larval bass on mixtures and pure cultures of
plankters at different temperatures, light comitions, and popula-
tion densities, and to determine importance of specific plankters
in larval bass diets, and 4) To study starvation of largemouth lar-
vae. Two energy budget and metabolism experiments have been
conducted. In one, oxygen consumption was used as a measure of
catabolism, and the ratio of larval tissue to remaining yolk was
used as a measure of catabolism, in the other. Condition factor
was determined in groups of larvae fed at three different densities
of plankton and in a group of starved larvae. An experiment to
determine the effect of dissolved organic matter on the survival
and development of embryos and larvae through the yolk-sac
period was also conducted. A swimming speed experiment was
used to obtain a quantitative measure of starvation in largemouth
bass larvae. Data from these experiments are currently being
analyzed. Experience has been gained in use of radioisotopes
which will be used iu future determinations of food preferences
and feeding rates. This project was begin in 1968 and is expected
to continue until 1971.

SUPPORTED BY U S. Dept. of Interior - Bu. Sport Fish.
Cornell University
New York State Government

7.0080, PREDATION ON LARGEMOUTH BASS DURING
THEIR FIRST YEAR OF LIFE
C.A. CARLSON, State University of New York, School of
Agriculture, Ithaca, New York 14850

Objectives of this project are 1) to observe behavior of and
predation on largemouth bass larvae under natural conditions, 2)
to observe effectiveness of suspected predators in aquaria. and 7)
to identify and quantify predation on larvae by use of radioactive
tags. During the summer of 1967, preliminary experiments on
marking of young largemouth bass with radioisotopes were con-
ducted at Cornell's Radiation Biology Field Laboratory (New
York State Veterinary College). Initial attempts to study uptake
of 85Sr by newly-hatched larvae met with little success because of
difficulty in handling larvae. New methods employed in a tempo-
rary radioisotope lab at the Fishery Laboratory during the 1968
spawning season were successful, and preliminary data on 85Sr
uptake by newly-hatched bass larvae were obtained, Uptake of
85Sr by larger young-of-the-year bass was studied in the summer
of 1967, and acceptable methods and preliminary data were
generated. Experiments on uptake by green algae (food for
cladocerans) have also been initiated as the first step in studies to
determine food preferences and feeding rates of largemouth lar-
vae. A scintillation counting system was recently acquired, and a
permanent radioisotope laboratory to house this research is under
construction at the Fishery Laboratory. Experiments to obtain in-
formation about predation on bass larvae by aquatic insects were
begun during the 1968 spawning season. Larval bass of various
ages have been placed in aquaria with suspected insect predators,
and feeding rates at different predator and prey densities have
been observed. This project was initiated during 1968 and will
continue indefinitely.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Cornell University
New York State Government

7.0081, DEVELOPMENT OF MARKING METHODS FOR
SMALL FISH
A.W. EIPPER, State University of New York, School of Agricul-
ture, Ithaca, New York 14850

The objective of this research is to devise and evaluate
methods of marking small fish. Investigation of effectiveness of fin
cautery, dye-marking, and four types of tags for marking young
largemouth bass was continued in F.Y. 1968. Flsh were held in
I/5 -acre man-made ponds after marking. Fin tips removed with a
high-frequency electro cauterizing iron had completely
regenerated after four months. Use of a jet injector to inject dye
(National Fast Blue) into fins apparently did not affect survival or
growth and produced marks recognizable a year after marking.
Marks on anal and pectoral fins were retained better than markt,
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on mandibles or dorsal or caudal fins. Four types of tags consist-
ing of a small plastic pennant connected to a stainless steel device
anchored between the interneural bones below the spinous dorsal
fin were evaluated. Tags similar to the `Sphyrion tage of Scarratt
and Elson, but containing a soft-temper stainless steel wire
between anchor and pennant, showed best retention. Tagging
mortality was not appreciable with any of the tags. Rigid filaments
produced less external tissue irritation than semi-flexible fila-
ments. Experiments with dye marks and tags on smaller bass and
on other fishes are planned for the future. This project was begun
in 1964 and will continue indefinitely.

SUPPORTED BY U.S. Dept. of Interior Bu. Sport Fish.
Cornell University
New York State Government

7.0082, FOOD HABITS OF LARGEMOUTH BASS LAR-
VAE
A.W. EIPPER, State University of New York, School of Agricul-
ture, Ithaca, New York 14850

The objectives of this research are I) to determine food
haVts of largemouth bass in their first ten weeks of life in man-
made ponds and 2) to compare food habits with composition of
pond plankton to identify any food selectivity which might exist.
Following is a brief summary of Mr. Mathur's M.S. thesis which is
in final stages of preparation. Stomach contents of larvae cot-
lected from three ponds at the Cornell Fishery Laboratory during
the summer of 1966 were analyzed. Zooplankton abundance was
determined for each pond and compared to food of larval bass.
Cladocerans (including Chydorus, Daphnia, Bosmina, and
Ceriodaphnia) and Cyclops and Diaptomus were the most abun-
dant organisms in stomachs of larval bass. Copepods and imma-
ture insects were more common in stomachs of older larvae.
Rotifers and copepod nauplii were the most abundant con-
stituents of the pond zooplankton. Electivity indices indicated
that Chydorus and Daphnia were consistently preferred by the
bass larvae. Since these were the smallest and largest available
cladocerans, there appeared to be no selectivity on the basis of
size. Copepods were consistently rejected by bass larvae. IvIev's
electivity index was found to be rather unrealistic when forage or-
ganisms were present in very small quantities in the plankton or in
larval stomachs, but not in both, and when changes in plankton
abundance occurred during sampling periods. This project was in-
itiated in 1966 and will be terminated in 1969.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Cornell University
New York State Government

7.0083, CONTINUATION OF WORLD DATA CENTER A -
GLACIOLOGY
W.O. FIELD, Amer. Geographical Society, New York, New York

It is proposed to continue the operation of IGY World Data
Center A: Glaciology, along its present lines of activity. The
World Data Center has as its principal tasks 1) the collection,
exchange among other relevant World Data Centers, and the
archiving of data with a suitable cataloguing to make the collec-
tion effectively known to the scientific community, 2) serving of
the scientific community by providing copies of glaciological and
related data on request, and 3) serving as a source of information
about glaciological research in progress around the world. In
order to make known new data in the files of the Data Center, a
quarterly bulletin, Glaciological Notes, will continue to be
published, listing new acquisitions. Some increase in the catalogu
ing function is required. For example, many of the photographs
taken of areas affected by the great Alaskan earthquake of 1964
have not yet been integrated into the Data Center files.

Maintenance of World Data Center A is essential to many
long range as well as short range studies in glaciology. The
records of events which change with time are basic to such a large
number of glaciological and related studies that the need for
photographic and other documentation goes without question. In
particular, the global nature and possible world-wide cause-effect
relations in glaciology demand records that can best be obtained
and maintained by the World Data Center.

SUPPORTED BY U.S. National Science Foundation

7.0084, LAKE EFFECT SNOW SITUATIONS, EASTERN
LAKE ONTARIO AREA
R.B. SYKES, State University of New York, Graduate School,
Oswego, New York 13126

So far activity has primarily concerned gathering of informa-
tion relating to snow situations particularly identified with cir-
cumstances to the lee (southeast and east) of Lake Ontario. This
comparatively small scale effort began in the winter of 1962/63
with a trial meso- scale network of microbarographs for air pres-
sure records. During the next three years network was expanded
in area to include the Land peripheral around eastern Lake On-
tario and inland 30 to 40 miles to the east of the lake. Wind and
temperature instrumentation was included; detailed surface and
reconnaisance observations were added. Since winter of 1965/66
the meso- network has been largely one for atmospheric pressure
with about 65 microbarographs located within the land arc
around the eastern third of Lake Ontario. Data are filed and
cataloged by days. Data have been used in conference presenta-
tions and for preparation of status reports except that one major
publication was produced in 1966 based upon a 1965 locally
heavy snow situation to the lee of the Lake. Such snows appear to
be complex composites of air mass temperature and stability,
moisture content, flow at 4000 feet and below, orography, tem-
perature of the lake, water-ice relations, nuclei, and electrical
charge factors to mention the more obvious.

The main surface weather observations are made near the
College, but the recorded data are acquired over an area of a cou-
ple thousand square miles.

Activities started in FY 1963 uncle- funding auspices pf
SUNY ASRC with termination of current data collection phase
expected by the end of FY 1971; except operations will phase into
FY of the International Hydrological Decade for Lake Ontario.

SUPPORTED BY State University of New York
Individual Support
U.S. Dept. of Commerce - E.S.S.A.

7.0085, WATER RESOURCES OF NORTH CAROLINA
AN INVENTORY OF INFORMATION AND DATA
F.E. MCJUNKIN, Univ. of North Carolina, School of Public
Health, Chapel Hill, North Carolina 27514

The objective of this work is to prepare and analyze, in a sin-
gle publication, a comprehensive inventory and index to all sig-
nificant printed information and data of specific relevance to
North Carolina's water resources.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of North Carolina

7.0086, EXPLORATORY STUDY ON THE APPLICATION
OF NEUTRON ACTIVATION ANALYSIS TECHNIQUES TO
WATER RESOURCES RESEARCH AND MANAGEMENT
J.R. BOHANNON, Univ. of North Carolina, School of Engineer-
ing, Raleigh, North Carolina 27600

Objectives: The major objectives of this research program
are to determine the applicability of the use of neutron activation
analysis in water monitoring and investigation of specific water
and pollution problems.

Perspective: Once the applications of N.A.A. in this area of
research are clear, a report to and contacts with North Carolina
Industry and agencies will be made. In doing this, the areas of
N.A.A. that prove feasible and practical to water resource centrol
and in the implementation of present programs of analysis, will be
outlined.

Procedures: 1. Complete extensive literature survey on
present research of N.A.A. along lines of project to determine
local and national levels of involvement. 2. Visit with State agen-
cies, laboratories and industry to establish objectives, extent, and
priority of their present programs to insure future co-operation in
confirmation of N.A.A. techniques. 3, Based on identity of areas
of known or potential use of N.A.A. begin laboratory check and
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confirmation of methods and techniques by working in close
liaison with Pesticide Research Lab and N.C. Water Resources
Laboratory.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

7.0087, DESIGNING AND TESTING A WATER MONI-
TORING SYSTEM FOR PESTICIDES IN NORTH CAROLINA
T.J. SHEETS, Univ. of North Carolina, School of Agriculture,
Raleigh, North Carolina 27600

General pesticide use patterns in North Carolina will be
determined and related to river drainage systems. Procedures for
sampling rivers and estuaries for pesticides will be outlined and
tested on one major river and estuarine system in North Carolina
(Tar-Pamlico River and Pamlico Sound). Testing of sampling
procedures will include location and number of sites, position of
sampling in the river and sound, and frequency of sampling.

Extraction and cleanup procedures will be selected from the
literature and adapted for use on this project. Electron capture
gas chrornatograp%y will be employed for detection. Two
chlorinated hydrocarbons p,p'-DDT and endrin) will be measured
routinely, but concentrations of other pesticides will be recorded
when convenient. At the completion of one year's work, judge-
ment will be made of the need for additional research on sampling
and of the adaptability of the procedures to routine monitoring by
another State Agency.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
North Carolina State University

7.0088, BIBLIOGRAPHY ON FLUORI
PUBLIC WATER SUPPLIES
I.R. CAMPBELL, Univ. of Cincinnati, School
cinnoti, Ohio 45221

The primary purpose of the project is the publication at such
intervals as are deemed desirable, of evaluated summaries of
selected, scientifically reliable literature bearing on the safety, ef-
fectiveness and significance of fluoridation of public water sup-
plies. The first of these publications, 'The Role of Fluoride in
Public Health: The Soundness of Fluoridation of Communal
Water Supplies,' was published in 1963. The publications for in-
clusion in these reviews are chosen, with the assistance of an Ad-
visory Editorial Board, from a continuing comprehensive survey
of the world literature. Informative abstracts are prepared of
publications dealing with the following aspects of inorganic com-
!sounds of fluorine: necnrence, biochemistry, physiologic and
pharmacologic observations on man and animals; all aspects;
methods of analysis and pertinent chemical properties. The ab-
stracts, together with author and subject indexes, are made availa-
ble on a limited basis and at nominal cost to interested scientists
and libraries.

DATION OF

of Medicine, Cin-

SUPPORTED BY U.S . Dept. of Hlth. Ed. & Wel. - P.H.S.

7.0089, INSTRUMENTATION DEVELOPMENT FOR
HYDROLOGIC DATA COLLECTION
H. WIRES, U.S. Dept. of Interior, Water Resources Division,
Columbus, Ohio.

New developments in equipment and instrumentation suita-
ble for use in water resources investigations, surveys and research
need to be evaluated. Advancements in electrical, electronic, and
mechanical devices and components should be investigated.
Designs for new devices to improve, supplement or replace
present equipment are needed.

The purpose is to design, develop, and test new equipment
and instruments for use in field, laboratory, or office studies.
Specifications, drawings, and test procedures for procurement
use will be prepared. Manuals for installation and service of new
equipment will be assembed as necessary.

SUPPORTED BY U.S. Dept. of Interior Geological Survey

7.0090, ACCUMULATION OF CLIMATOLOGICAL DATA
J.B. JONES, Ohio Agric. Res. & Dev. Ctr. , Wooster, Ohio 44691
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rmine daily maximum-minimum air temperature,
and maximum-minimum temperature in the plow

determine weekly soil temperature and moisture at
the below plow layer 3. To observe and record the

t leaf and flower emergence, last date of flowering and
of leaf drop of Chinese lilac plants (to conform to NC

I Weather Project, NC-26).
oisture blocks, thermistors, and soil thermometers were in-

I at Canfield, Carpenter, North Baltimore, Ripley, Wooster,
olumbus in order to gather weekly and daily soil moistures

soil temperatures. Blocks and thermometers are to be in-
Iled also at South Charleston later this year. Lilac plants are at

arpenter, North Baltimore, Ripley, Wooster, and Columbus.
Data taken from these plants are to be forwarded to the Nebraska
Station for evaluation.

SUPPORTED BY Ohio State Government

7.0091, SUBSURFACES BRINES CONTAINING VALUA-
BLE AND STRATEGIC MINERALS
A.G. COLLINS, U.S. Dept. of Interior, Petroleum Research Ctr. ,
Bartlesville, Oklahoma

The analytical data of subsurface brines from selected areas
are subjected to automatic data processing using techniques such
as principal component analysis or cluster analysis. The results
are interpreted tc determine the potential value of the brines and
their geochemical relationships to the environment from which
they were obtained.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

7.0092, STUDY SOCIAL VALUE OF RECREATIONAL
FACILITIEJ RESULTING FROM IMPROVED WATER
QUALITY
P. DAVIDSON, Univ. of Pennsylvania, Graduate School,
Philadelphia, Pennsylvania 19104

Specific Aims and Expected Results: The proposed research
would utilize data from the Michigan Survey Research Center,
from the National Recreation Survey conducted by the Bureau of
the Census, and from other sources such as the Corps of En-
gineers and the Tennessee Valley Authority to extend and im-
prove the previous study in several ways.

One addition will be to explore the way people respond to an
improvement in recreational opportunity. As improvement takes
place, recreational experts have found that the number of users
and kinds of use increase as people have to learn how to engage in
the new activities and acquire the necessary equipment. The ordi-
nary projections of recreation participation neglect this dynamic
aspect and often underestimate the demand which improved
water quality will bring forth. A second aspect of recreation de-
mand which has not been studied previously and which will be in-
vestigated is the possibility that an 'option' demand may be im-
portant. People may place a value on the fact that facilities are
there to use should they want them even though they rarely if ever
use them. The previous study revealed that such a demand does
exist and that conventional means of recreation evaluation miss it
completely. The proposed study would utilize the newly available
data to shed light on this problem. Several journal articles or a
book length study should result from this project.

SUPPORTED BY Resources For The Future Incorporated

7.0093, FEEDING PATTERNS OF THE FRESHWATER
ISOPOD LIRCEUS BRACHYURUS
E. COOPER, Penn. State University, Graduate School, University
Park, Pennsylvania 16802

Reason for Study: Animals considered to be scavengers, such
as Lirceus brachyurus, are uniquely important in the energetic
relationship of ecosystems, particularly when they represent a sig-
nificant portion of the biomass. This species represents a major
component of polluted portions of some streams in central
Pennsylvania. There is a wide variety of possible foods available
and much uncertainty as to the exact nature and quantities of
these that are actually consumed. It is also probable that the effe-
ciency of the isopod in utilizing the various foods consumed may
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vary from one food type to another. A study of its feeding patterns
will clarify the nature of this species as a scavenger, expand the
knowledge of energy flow pathways and add to our understanding
of the biotic response to water pollution.

Objectives: 1. To rate preference for the various food typ%
naturally available to the isopod. 2. To determine the rate ofcon-
sumption of each food type for a 24-hour period and variations of
the consumption rate during a 24-hour period. 3. To determine
the growth rate of L. brachyurus on each food type. 4. To corre-
late laboratory studies on food selection with the relative
abundance of the isopod on each food type in a polluted stream.

Design of Project: To study food selection, the response of
the isopods to different combinations of food types fastened to
specific locations in a chamber will be observed, To determine
growth rates, radioisotopically labeled food materials will be
used. To determine feeding rates, isopods will be grown for
several weeks on single food types and their ash free dry weight
increase during this interval will be calculated.

To correlate laboratory studies on food selection with the
relative abundance of the isopod on each food type in a polluted
stream, samples will be taken from stream locations having a
predominance of each of the food types.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Pennsylvania State University

7.0094, RELATIONSHIPS BETWEEN DRIFT DENSITY
AND PRODUCTION, GROWTH, CROPPING EFFICIENCY
AND CONSUMPTION IN A NATURAL BROOK TROUT
POPULATION
E. COOPER, Penn. State University, Graduate School, University
Park, Pennsylvania 16802

Reason for Study: Production within a fish population is lar-
gely dependent upon the quantity and availability of food. Basic
information is needed on how changes in feeding opportunity in-
fluence cropping efficiency and ultimately production of natural
populations of fish. So little is known about this aspect of produc-
tion that such information may go far in increasing or understand-
ing of natural production. The emphasis of this study will be
placed on differences in prey density and how it relates to fjsh
growth, production and cropping efficiency.

Objectives: 1. Measure differences in growth and production
of brook trout in two streams having different prey densities. 2.
Determine cropping efficiency at different levels of prey density.
3. Estimme total conamptkm of two populations of brook trout.
4. Compare field studies with feeding experiments conducted in
the laboratory.

Design of Project: Sections of two small Pennsylvania brook
trout streams differing in productivity will be isolated with weirs.
Fish will be captured and individually marked. Prey density will
be measured with stationary drift nets. Diurnal and seasonal fluc-
tuations in drift will be recorded.

The drift will be sampled at both emus oft le study area at ap-
proximately 10-day intervals for two consecutive days. During the
first day fish will be in the stream. The second day the fish will be
removed and held in live boxes. Percentage changes in drift will
be recorded. Additional studies will be conducted to determine
the amount of drift added per unit area and the total estimated
consumption in the study sections. The trout will be weighed,
measured and sampled live for stomach contents. Separate stu-
dies will be conducted in the laboratory to determine growth rate
with a range of known catch sizes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Pennsylvania State University

7.0095, WATER RESOURCES SITUATION IN PUERTO
RICO - A BIBLIOGRAPHY OF PUBLISHED INFORMATION
A,S. VAZQUEZ, Univ. of Puerto Rico, School of Engineering,
Mayaguez, Puerto Rico

This study will be primarily centered on collection and or-
ganization of past and current information in conjunction with the
preparation of a comprehensive report of the present water
resources situation in Puerto Rico.

The objectives of the study are to: (I) Collect all published
information on water resources of Puerto Rico. (2) Classify and

organize the said information in respect to areas of study related
to Water Resources. (3) Compile a list of references accom-
panied by a summary of thesprocedure, objectives and findings of
the respective references. (4) Prepare a report of the current
water resources situation in Puerto Rico based on the collected
and compiled information.

Data for this project will be collected from all federal, insular
and private organizations on the island, The results of this study
will be of immeasurable benefit upon completion to all water
resources institutions in Puerto Rico.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Puerto Rico

7.0096, AUTOMATIC VHF RADIO HYDROLOGIC DATA
REPORTING SYSTEM
R.A. ELDER, U.S, Tennessee Valley Auth. , Knoxville, Tennessee

Information on rainfall, streamflow, and related data
required to operate the TVA system of 32 reservoirs must be col-
lected and transmitted daily to the operating staff. To provide
rainfall and stream level data from stations in remote areas of the
Tennessee Valley, an automatic VHF radio hydrologic data re-
porting system has been operated and maintained for the past 13-
14 years. However, this equipment is approaching the end of its
useful life.

During the past two years, a new system has been redesigned
to replace the old system. The new system which will be
completely operational by December 1968 is designed to:

1, Increase system dependability through the use of solid
state components, 2. Make station operation independent of com-
mercial power, 3. Decrease data transmission time, and 4. Pro-
vide narrow band system operation, as required by the Federal
Communications Commission (FCC) by 1.967.

With the new system, each station will report automatically
every two hours, but any station may be called on at any time for
additional reports. A complete report takes from seven to ten
seconds per station. The new system can be easily expanded to a
larger number of stations, can be coupled directly to the digital
computer for data processing, and can be modified easily to re-
port other variables such as temperature, wind speed, etc.

Because of the use of solid-state electronics, the average
power required by a gaging station is so small that the power from
thermoelectric genexators using LP gas will be sufficient for many
months of operation.

SUPPORTED BY U.S. Tennessee Valley Auth.

7.0097, REGIONAL CORRELATIONS IN HYDROLOGIC
VARIABLES
J.E. CAFFEY, Univ. of Texas, School of Engineering, Arlington,
Texas 76010

Collection, reduction and assembly of basic hydrologic data
of rainfall, runoff and evaporation sufficient to support the
teaching endeavor and provide base data for hydrologic research
investigations. After sufficient data has been processed more
detailed research into the character of inter-station correlations
in annual precipitatioe and in annual river flows is to be done. At-
tempts will be made to identify kcal factors affecting the general
patterns in inter-station correlation coefficients. If sufficient
evaporation data is available, a first look will be taken at regional
patterns in interstation coefficients for evaporation. Patterns are
defined by fitting three dimensional surfaces to observe inter-sta-
tion correlation coefficients.

SUPPORTED BY University of Texas

7.0098, ENVIRONMENTAL GEOLOGY STUDY OF DAL-
LAS-FT. WORTH METROPOLITAN REGION
R,L. TUCKER, Univ. of Texas, School of Engineering, Arlington,
Texas 76010

A preliminary study of environmental and engineering
geological aspects of the Dallas - Fort Worth Metropolitan Area is
being conducted. The first phase includes obtaining and assem-
bling data available from numerous agencies and firms. Needs of
potential users of survey results are being determined. Special
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purpose maps and reports will be developed in the future, It is ex-
pected that the results of the project will be useful in delineating
regions of possible foundation problems, natural resources and
groundwater sources.

SUPPORTED BY University of Texas

7.0099, STREAMFLOW TEMPERATURE INVESTIGA-
TION, TEXAS
J. RAWSON, U.S. Dept. of Interior, Water Resources Division,
Austin, Texas

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Texas.

Purpose: To determine whether the temperature being col-
lected at gaging stations is representative of the stream tempera-
ture. To determine the range of fluctuations of temperatures, par-
ticularly in pools and riffles, between gaging stations in the lower
reaches of the Colorado and Guadalupe Rivers.

Methods: Profiles will be measured at stream cross sections
using the thermistor thermometer at 13 gaging stations. The sur-
veys will be repeated six times during the year so that seasonal
and rate of flow differences will be observed.

An investigation will be made of the thermal changes in the
Colorado River from Austin to the mouth and in the Guadalupe
River from near Gonzales to the mouth. A pilot study will first be
made by boat on the Colorado between Austin and Bastrop. Tem-
perature measurements will be made along this reach to deter-
mine the range of fluctuations, particularly in riffles and pools.
The results of the pilot study will be used to determine the details
of the remainder of this phase of the study, specifically whether it
will be necessary to continue with the surveys by boat or whether
surveys made at each road crossing will be sufficient.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Texas State Government

7.0100, TEXAS GEOLOGIC ATLAS PROJECT
V.E. BARNES, Univ. of Texas, Bureau of Economic Geology,
Austin, Texas 78712

This project, which was undertaken with the support and
cooperation or various professional geological societies and oil
companies of Texas, is the compilation of a new geologic map of
Texas. The map will be issued as a geologic atlas consisting of 37
individual sheets. Geologic information from published sources,
unpublished theses and dissertations, oil company files, aerial
photographs, and current field mapping is being compiled on
Army Map Service base maps, drawn on a scale of 4 miles to the
inch (1:250,000). The areas of outcrop of various rock units in-
dicated on the map sheets will provide basic information for
ground water studied.

The Tyler, Texarkana, Lubbock, Sherman, Palestine, Beau-
mont, Houston, Plainview, and Van Horn-Fl Paso sheets have
been published and color separation has been finished for the
Amarillo sheet. Scribing has been completed for the Texas por-
tion of the Tucumcari sheet and is in progress for the Abilene,
Beeville-Bay City, and the Texas portion of the Perryton and Dal-
hart sheets. Field checking has been completed on the Dallas,
Waco, and Brownsville sheets and is in progress on the Austin,
Seguin, Brownwood, Big Spring, and Tex& oortion of the Clovis,
Brownfield, and Hobbs sheets.

SUPPORTED BY University of Texas

7.0101, GEOLOGY OF THE CAVE CREEK SCHOOL,
MONUMENT HILL, AND YEAGER CREEK QUADRAN-
GLES, GILLESPIE, BLANCO, AND HAYS COUNTIES,
TEXAS
V.E. BARNES, Univ. of Texas, Bureau of Economic Geology,
Austin, Texas 78712

This project, geologic field mapping in central Texas, is a
continuing project which has resulted in publication of 24 7.5-
minute geologic quadrangle maps including the 3 listed in the ti-
tle. At least 6 others will be published as U. S. Geological Survey
topographic bases become available. The maps so far published

7. RESOURCE DATA

have been widely used to guide drilling in development of ground
water resources.

SUPPORTED BY University of Texas

7.0102, DEVELOPING COMPUTER PROGRAMS FOR
SOLUTION OF HYDROLOGIC PROBLEMS RELATED TO
SMALL WATERSHEDS
L.J, GLASS, Texas A & M University System, Agricultural Ex-
periment Sta. , College Station, Texas 77843

Objectives: I. Develop procedures whereby hydrologic data
from experimental watersheds can be quickly analyzed by elec-
tronic computers giving correlation of the effects of various
physiographic and climatic characteristics. 2. Develop computer
programs for predicting hydrographs for small waters! is based
on probabilities of any combination of physiographic ano' climatic
factors existing at any given time.

Description of Work Proposed: Computer programs will be
developed for analysis of hydrologic data from small watersheds.
Also, computer methods will be developed to make predictions of
watershed yields at future dates if possible. This is not an experi-
mental research project, but instead a project for development of
procedures for rapid systematic handling of hydrologic data to
obtain the greatest and most general use of the physical data
possible. The project does not require the collection of additional
experimental field data,

SUPPORTED BY U.S. Dept. of Agriculture
Texas State Government

7.0103, DEVELOPMENT AND EVALUATION OF IM-
PROVED TECHNIQUES TO MEASURE WATER-CONTENT
OF SNOW
D.C. CHADWICK, Utah State University, Utah Ctr. For Water
Resour. , Logan, Utah 84321

Snow pressure pillows used for determining water-content of
snow are both large and expensive. A new type of snow pressure
pillow is being designed which holds about 1 percent of the al-
cohol commonly used in the conventional pillows. This newly
designed low-displacement type pressure pillow, if successful,
could cut pillow acquisition and installation costs to 15 percent of
present costs.

Several types of the low-displacement pressure pillows will
be evaluated. Also, several types of electrical pressure sensors will
be evaluated by aid of a telemetering system which will remotely
monitor and transmit hydrologic data on command.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Utah State University

7.0104, SEDIMENTATION METER
D.G. CHADWICK, Utah State University, School of Engineering,
Logan, Utah 84321

Development of a sediment meter that operates unattended
and automatically records sediment in a stream.

SUPPORTED BY Utah State Government

7.0105, ELECTRONIC ANALOG SIMULATION OF THE
SALINITY FLOW SYSTEM WITHIN THE UPPER
COLORADO RIVER BASIN
J.P. RILEY, Utah State University, Utah Water Research Labora-
tory, Logan, Utah 84321

Efficient management of water resources involves a con-
sideration of interacting quantity and quality variables, and there-
fore, requires an examination of the system as a whole. The
overall approach being applied under this project requires the in-
tegration of the many system components, and to this end the
electronic analog computer is well suited. In addition, through
analog simulation of a complete flow system, this project will
demonstrate a means of better understanding the various parame-
ters involved in describing water quality.

Briefly, the major objectives of the research study are to: (I)
Simulate the complex hydrologic and salinity flow systems of a
river basin, and (2) Evaluate various management possibilities for
a water supply of a given quantity and salinity.
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Fundamental equations which describe the joint hydrologic
and salinity system of a drainage area will be programmed on the
analog computer. The demonstration unit selected is the Upper
Colorado River Basin, and a computer model of the hydrologic
and salinity system within this basin is being developed. When
verified, the applicability of the model as an aid in water
resources management will be demonstrated.

SUPPORTED BY U.S, Dept. of Interior - i . Water Pol. Ctl
Utah State Government

7.0106, APPLICATIONS OF ANALOG COMPUTER SIllViU-
CATION TECHNIQUES FOR RUNOFF PREDICTIONS
WITHIN THE REYNOLDS CREEK WATERSHED
J.P. RILEY, Utah State University, Utah Water Research Labora-
tory, Logan, Utah 84321

The overall objective of this cooperative study is to examine
the applicability of analog computer simulation techniques for in-
vestigating basic hydrologic processes and for establishing runoff
predictions. Data will be obtained from the Reynolds Creek ex-
perimental watershed near Boise, Idaho. As far as possible,
models will incorporate basic, fundamental expressions for
describing the various hydrologic processes. Large and small in-
crements in both the space and time dimension will be applied,
with the range site being considered as a minimum space unit.

It is anticipated that it will be possible to examine the in-
fluence upon the model of each of the hydrologic parameters in-
cluded as input quantities to the system. In addition, the study will
help to indicate a direction of emphasis for the continuing data
collection program on the Reynolds Creek Watershed.

SUPPORTED BY U.S. Dept. of Agriculture

7.0107, FEASIBILITY OF RATING CURRENT METERS
IN A VELOCITY FIELD
G.V. SKOGERBOE, Utah State University, Utah Water Research
Laboratory, Logan, Utah 84321

The Towing Tank method of rating current meters is widely
accepted. The primary disadvantage of this technique is the
length of time, and consequent cost of this time, required to
establish the rating for a current meter.

The advantage of rating current meters in a velocity field is
the rapidity with which the ratings can be acquired. Once the
velocity Feld is established, one current meter after another can
be placed in the moving fluid.

The primary objective of this study is to investigate the feasi-
bility of rating current meters by placing them in a submerged jet
emanating from a contracting cone section. Model cones will be
constructed based upon both published design criteria and
theoretical analysis. The model cones will be evaluated for
uniformity of the velocity field and the effects of placing a pygmy
meter in the jet. The results of the model studies will form the
basis for designing a prototype system, which will also be evalu-
ated.

SUPPORTED BY Utah State University

7,0108, STATISTICAL INFERENCE AND MODELS
E.J. GILROY, U.S. Dept. of Interior, Water Resources Division,
Arlington, Virginia

An investigation is being made to determine the effect of the
geometry, cross-sectional areas and volumes, of tree growth on
time trends in sequences of annual ring widths. A statistical model
for the time trend is needed to facilitate computer operations for
trend removal in an observed sequence of ring widths.

The application of spectral analysis to describe the fluctua-
tions of ground-water levels as they respond to storms and such
factors as barometric pressure and earth tides is being in-
vestigated. The analysis is aimed at determining the response
function of an aquifer and as a tool for filtering out frequencies
for certain causative factors.

A Markov binomial model is being used to determine the
probability distribution and the associated moments for the
number of peaks in a partial duration series. The use of a Markov
model provides a simple and direct means of accounting for the
sack of independence among the peaks.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

7.0109, INSTRUMENTATION FOR RESEARCH
G.F. SMOOT, U.S. Dept. of Interior, Water Resources Division,
Arlington, Virginia

The general objective is to develop instrumentation for use in
investigations in fluid mechanics.

Specific attention is being given to developing instrumenta-
tion for measuring and characterizing the scale and intensity of
turbulence, utilizing the Doppler-shift principle to measure
velocity, and designing a reliable system for recording variables
other than stage on a Fischer- Porter digital recorder.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

7.0110, TEST AND EVALUATION OF FLASH FLOOD
ALARM SYSTEM
K.W. DAVIS, U.S. Dept. of Commerce, Weather Bureau, Sterling,
Virginia 22170

To conduct sufficient test and evaluation of the flash flood
alarm system to determine its suitability for field implementation.

The Equipment Development Laboratory prototype will be
subjected to a field test by a series of controlled laboratory tests.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

7.0111, COOPERATIVE STUDIES WITH FEDERAL AND
STATE AGENCIES
W.J. BECK, U.S. Dept. of Hlth. Ed. & Wel. , Pac. Nw. Marine
Hlth. Sc. Lab. , Gig Harbor, Washington 98335

Assistance will be provided to the Washington State Health
Department on hydrological and microbiological surveys as-
sociated with sanitary surveys of Willapa Bay and Grays Harbor
estuarine areas. Assistance will be provided to the Alaska Health
Department in assaying shellfish for paralytic shellfish poisons.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

7.0112, OCEANOGRAPHIC DATA COLLECTION - MID-
DLE PUGET SOUND
W.J. BECK, U.S. Dept. of Filth. Ed. & Wel. , Pac. Nw. Marine
Hlth. Sc. Lab. , Gig Harbor, Washington 98335

Collection of oceanographic data for temperature, salinity
and bacteriology at future laboratory site in Middle Puget Sound
will be continued. Continuous recordings of temperature and
salinities will be continued. Pacific oysters will be used to deter-
mine the potential uptake of metals by bivalves at this location.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.N.S.

7.0113, WETLANDS ECOLOGY LITERATURE REVIEW
S.J. KLEINART, State Dept. of Nat. Resources, Madison, Wiscon-
sin 53701

To develop a bibliography on wetlands in the categories of
hydrology, biology, ecology, management and economics. This
bibliography will be used in determining gaps in knowledge about
wetlands values which must be filled by future research and will
form the basis for a statewide wetland ecology program which will
include research and planning.

The bibliography will be published in 1968. This bibliog-
raphy will be kept current each year as part of the Wisconsin Wet-
land Ecology program.

SUPPORTED BY Wisconsin State Government

7.0114, BIOPOTENTIAL OF NATURAL WATERS
J. KOONCE, State Dept. of Nat. Resources, Madison, Wisconsin
53701

Objectives: A research program will be initiated to explore
various modifications of techniques of measuring primary
productivity to find a method suitable for acid bog lakes. While
most of the methods (14C assimilation, 02 evolution and CO2
uptake) have been applied to oligotrophic and eutrophic lakes,

1-634



the dystrophic lakes have neither been adequately explored, nor
have reliable methods been developed to measure their primary
productivity. In conjunction with this major emphasis, seasonal
variation of phytoplankton biomass and major nutrient levels
(phosphate, nitrate, and the cations: calcium, iron, manganese,
and sodium) will be observed. This study will, therefore, develop
methods for and provide useful data on the primary trophic level
of acid bog dystrophic lakes.

Procedures: At intervals during the slimmer, water samples
from selected stations in the study lakes will be taken for chemical
analysis and biomass determination. If the techniques prove fruit-
ful, year round observations may be initiated. Productivity mea-
surements will also be made in situ using a modified 14C assimila-
tion method and CO2 uptake rate method. Water samples will be
returned to the Trout Lake Laboratory where colorimetric analy-
sis of phosphate and nitrate will be conducted. Some samples will
be fixed and returned to Madison for atomic absorption spec-
trophotometric determinations of calcium, iron, manganese, and
sodium content. Phytoplankton biomass will be determined with
the Uttermohl sedimentation technique and major species will be
identified to the species level.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Wisconsin State Government

7.0115, DEVELOPMENT AND IMPROVEMENT OF IN-
STRUMENTATION AND SAMPLING GEAR FOR USE IN
LIMNOLOGY AND FISHERY BIOLOGY
J. MAGNUSON, State Dept. of Nat. Resources, Madison, Wiscon-
sin 53701

Objectives: To increase the accuracy, precision, and ease of
use of new and traditional instruments and sampling gear where a
need is indicated.

Background: Relatively little attention has been paid to the
improvement of instrumentation and standard sampling gear
which has been traditionally utilized in limnological and fisheries
research for biological sampling and data recording. Such im-
provements are needed and recent development in electronics
technology suggest that they are entirely feasible.

Procedures: Experimentation will be initiated to design and
construct a towable plankton counter for in situ measurements of
zooplankton distribution and abundance. Work will continue on
the development of an electronic scale reader. New circuitry will
be developed for the ultrasonic white bass tag which will allow
monitoring the depth of swimming and swimming movements.
One study will center on the effects of this internal tag on fish
behavior. The larger ultrasonic tags will be modified to reduce
weight while maintaining greater range for use in tracking fishes
such as the salmon or trout. A rolling vertical gill net will be
designed and developed for use in Paliette Lake and other
oligotrophic lakes to investigate distributions of the pelagic fishes.
Field aquaria will be developed for in situ measurements of ox-
ygen tolerances of fishes in bog lakes during the winter.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Wisconsin State Government

8. ENGINEERING WORKS
Design; Materials; Construction and Operation.

8.0001, VERIFICATION OF HYDRAULIC DESIGN OF
BRIDGES IN ALABAMA
UNKNOWN, State Highway Department, Montgomery, Alabama

Objective - Investigation of the water resources of Alabama,
with special reference to the collection and analysis of informa-
tion on floods.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Alabama State Government

8.0002, EVALUATION AND CONTROL OF SEEPAGE
FROM WATER STORAGE AND CONVEYANCE STRUC-
TURES
L.E. MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

8. ENGINEERING WORKS

Objective: Develop and evaluate principles, methods, materi-
als, and design criteria for measurement, evaluation, control of
seepage losses from channels and reservoirs.

Plan of Work: Design math models, electrical analogs, soil
columns, sand tanks and hydraulic flumes to test new principles
or methods for metering seepage and hydraulic conductivity ,of
soil. Correlate with field tests of materials for seepage control
with emphasis on sprayed asphalts, emulsions, dispersants, floccu-
lants, chemicals, films, and membranes.

SUPPORTED BY U.S. Dept. of Agriculture

8M003, IRRIGATION SYSTEMS FOR EFFICIENT WATER
USE
L.E. MYERS, U.S. Dept. of Agriculture, Phoenix, Arizona

Objective: To develop and evaluate principles, methods, and
design criteria for irrigation systems that will facilitate efficient
water use.

Plan of Work: Develop physical and mathematical models to
define hydraulic characteristics of irrigation system components,
including control and metering devices. Include data on
evapotranspiration and soil moisture movement, obtained by
other investigators, to develop comprehensive models describing
functioning of complete systems. Conduct field studies to test
models under actual operating conditions and make necessary
corrections. Develop procedures for utilizing mathematical
models and physical model data to design complete, efficient ir-
rigation systems.

SUPPORTED BY U.S. Dept. of Agriculture

8.0004, OPEN CHANNEL TRANSITIONS
E.M. LAURSEN, Univ. of Arizona, School of Engineering, Tuc-
son, Arizona 85721

Both contractions and expansions in canal sections are being
studied, looking toward improvement in design methods. For the
contractions various shapes ranging from the abrupt through cir-
cular ellipsoidal walls to the free stream line form will be used.
Flow patterns, water surface profiles and head losses are being
measured. For the expansion, standard warped sections veined
expansions and other shapes are being studied. Flow patterns,
water surface profiles and head losses will be measured.

These studies are being carried on as masters' theses.

SUPPORTED BY University of Arizona

8.0005, SCOUR AT RELIEF BRIDGES
E.M. LAURSEN, Univ. of Arizona, School of Engineering, Tuc-
son, Arizona 85721

Laboratory investigation to find the effect of sediment size
and velocity of flow on the limiting depths of clear-water scour in
simple relief-bridge geometries. Long contractions and abrupt
contractions will be studied. The experimental data will be com-
pared to an approximate solution of the problem previously
published by the principal investigator.

SUPPORTED BY University of Arizona

8.0006, SHEAR CHARACTERISTICS OF UNDISTURBED
WEAK CLAY
H.B. SEED, Univ. of California, School of Engineering, Berkeley,
California 94720

The objective of this project is to investigate the influence of
pore water pressure on the strength characteristics of undisturbed
weak clays with particular reference to the applicability of the
results to the design of embankments resting on such clays.

Prior to FY 68, emphasis in this project was placed on the
methods for measuring the shear strength of weak clays. The ef-
fects of sampling disturbance were evaluated as were the in-
fluences of anisotropy, plane strain versus axially symmetric
strain conditions, reorientation of principal stresses, cap and base
restraint of test specimens, etc. In FY 68, finite elements methods
of stress analysis were developed to permit application of strength
and stress-deformation characteristics of weak clays to stability
analyses of embankment foundations.
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SUPPORTED BY U.S. Dept. of Defense - Army

8.0007, CHARACTERISTICS OF SOILS UNDER
SUSTAINED STRESS
H.R. SEED, Univ. of California, School of Engineering, Berkeley,
California 94720

From a review of literature, it is apparent that the creep and
creep strength behavior of soils is dependent on a large number of
inter-related factors. We need more information on this subject to
insure that the strength of il, at least under some conditions may
not be less than that determined by current procedures This has
led to a program of research to identify and clarify the factors of
controlling response of artificially prepared sand-clay mixtures
and of natural disturbed clays to the action of sustained stress,
with particular reference to time-dependent deformation, pore-
water pressures, and the phenomenon of rupture at stress levels
lower than required to cause failure in normal strength tests.

After a thorough critical review of all available literature on
this subject, a detailed experimental test program will he con-
ducted with the following variables: clay type, size distribution
and texture of the granular phase, relative proportions of sand
and clay, water content, density, and structure. Also, the follow-
ing test variables will be included: age of specimen, nreconsolida-
tion pressure, confining pressure, deviator stress intnesity, dura-
tion of creep, and type of -loading in strength test.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0008, MODEL STUDY OF DISSIPATING STRUCTURES
UNKNOWN, Univ. of California, Graduate School, Berkeley,

California 94720
OBJECTIVE - A model study of Hook-type energy dissipa-

tors (or aerodissipators) for the performance of specific designs
and for the development of general design criteria.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
California State Government

8.0009, CALIFORNIA AQUEDUCT, NORTH SAN
,JOAQUIN DIVISION, FISH PROTECTIVE FACILITY
A.R. GOLZE, Univ. of California, Graduate School, Davis,
California 95616

Work consisted of hydraulic model studies to evaluate the
hydraulic performance of various features of the Fish Protective
Facility located on the California Aqueduct intake channel from
the Sacramento-San Joaquin River Delta. Reasonably uniform
flow throughout the absence of nonflow areas in the structures is
necessary to assure efficient fish collection by this louvered
guidance principle facility.

Model tests were conducted to determine the length of inlet
and outlet training walls required to attain uniform velocities of
flow in separate 21-foot channels and various combinations of
channels across a 160-foot-wide, 200-foot-long reinforced
concrete waterway at depths varying from 20 to 25 feet and with
velocities varying from 1.5 to 3.5 fps.

Another phase of model testing was to determine the most
feasible configuration to achieve uniform velocity of flow through
a transition from two 4-foot-diameter pipes to a 10-foot-wide rein-
forced concrete channel at depths from 4 to 10 feet with veloci-
ties varying from 1.5 to 3.5 fps. The 1:7.5 scale model included 6-
inch clear plastic pipes with simulated gate and butterfly valves
and flexiglass walls and roof on the transition to permit visual ob-
servation of flow. An acceptable flow was achieved by alteration
to the slope of the transition roof.

The final phase of model testing determined the need for and
the required positioning of flow guide vanes in a fish bypass intake
structure. This structure transitions flow from a 25-foot-deep,
one- foot-wide intake into a 4-foot-diameter pipe. University of
California at Davis Water Science and Engineering Papers Nos.
1012 and 1019 have been published giving the results of the
above tests.

SUPPORTED BY California State Government

8.0010, DRAINAGE DESIGNS AS INFLUENCED BY CON-
DITIONS IN THE VICINITY OF THE DRAIN LINE

LUTHIN, Univ. of California, School of Engineering, Davis,
California 95616

Exit gradients causing movement of sands and silts into drain
pipes will be determined for a variety of conditions including:
drain pipe diameter, size and geometry of gravel envelope, condi-
tion of backfill, relative hydraulic conductivity of the gravel en-
velope with respect to the surrounding soil, depth to impermeable
layer, soil stratification. Theoretical analyses utilizing existing
equations and with solutions prepared by the computer for cases
not covered by present theory will be used to study conditions af-
fecting the flow into the drain pipes. Experiments will be run on
field scale laboratory models and on smaller models for the pur-
pose of determining the optimum size of the gravel envelope. The
effect of crack width on the flow into conventional drains will be
studied. The optimum spacing of perforations in plastic drains will
also be studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of California

8.0011, THE MECHANICS OF OPEN-CHANNEL, FLOW
SYSTEMS
T.S. STRELKOFF, Univ. of California, Agricultural Experiment
Sta. ,Davis, California 95616

Objectives: (1) Develop standard computational methods of
maximum efficiency for the prediction of hydraulic transients in
canal systems with controls for cases of prismatic and non-
prismatic configurations; (2) Develop a more rigorous theory and
supporting experimental data for representation of the
phenomena of steady and unsteady-state flow past complex con-
trol structures; (3) Provide mathematical foundation for the auto-
matic control and optimum programming of the operations of
complex open-channel distribution systems.

Description: (1) A comprehensive analytical and experimen-
tal study will be made of specific phenomena encountered in
operation of complex open-channel systems that are presently
poorly understood and quantitatively unpredictable; (2) Un-
steady surface profiles in trapezoidal prismatic reaches will be in-
vestigated experimentally; (3) Detailed studies will be made of
flow phenomena for assessment of certain equations for unsteady
flow in non-prismatic channels; (4) Theoretical determinations
will be made of surface profiles and discharge coefficients for free
flow under gates and over weirs; (5) Detailed studies would be
made of flows in the neighborhood of submerged radial gates to
obtain discharge coefficients for gates under motion and stationa-
ry, with gradually varying heads and a more accurate description
of flow patterns, so that mathematical linkages can be established
between adjacent canal reaches for prediction of transient flow
conditions.

SUPPORTED BY California State Government

8.0012, FACTORS GOVERNING EVAPOTRANSPIRATION
OF WATER IN COASTAL REGIONS
P. NIXON, U.S. Dept. of Agriculture, Lompoc, California

Objective: Relationships between evapotranspiration and
various climatic, soil, and plant influences. Develop improved
methods of predicting evapotranspiration of cropped fields and
native vegetation.

Plan of Work: Continue metering evapotranspiration from
electronically instrumented lysimeters at Lompoc Hydroclimate
Station. Complete installation of data of logger instruments to
record energy budget. Obtain backlog of data representative of
coastal environment. Conduct duplicate research and/orcompare
data with similar cooperative research under (a) hot humid; (b)
cool humid; (c) hot desert arid; and, (d) cool desert arid energy
regimes. Describe processes involved in transformation of energy
in soil -plant-atmosphere system. Develop predictive equations
which utilize easily measurable variables.
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SUPPORTED BY U.S. Dept. of Agriculture

8.0013, THE EFFECT OF HIGH CONFINING PRESSURE
ON THE DEFORMATION OF SOIL
K.L. LEE, Univ. of California, School of Engineering, Los Angeles

U,C.L.A. , California 90024
The present trend in the design and construction of earth

dams is toward dams of progressively increasing heights with cor-
respondingly increasing stress on elements of soil in and near the
foundations. The satisfactory performance of these structures
requires a clear knowledge of the engineering properties of soil at
these high confining pressures. Preliminary investigations have
produced data which suggests that some of the important design
properties may be adversely affected to a considerable degree by
high confining pressures but present knowledge does not allow
definite conclusions to be made. This study is intended to supply
sufficient basic fundamental data to clarify the effect of high pres-
sures on the strength and deformation properties of soil to guide
the detailed design investigations for future major earth dams.

SUPPORTED BY U.S. National Science Foundation

8.0014, PROTOTYPE ANALYSES - STRUCTURAL
BEHAVIOR
W.L. BERTSCH, U.S. Army, Engineer District, Sacramento,
California 95814

Purpose is to determine if use of a `Linemeter` will improve
accuracy of measurement of concrete dam alignment at Corps
dams. The `Linemeter` is a new surveying instrument in which a
beam of light can be projected between monuments at ends of
dam. This beam of light serves as a reference axis from which
deviation of any point along the axis may be measured. Only piece
of equipment that is moved is device which measures distance of
intermediate markers from light beam. Device must be set on
each marker in much the same fashion as the micrometer caliper
target must be in present system. By use of `Linemeter`, entire
reference line is fixed for duration of particular survey, enabling
deviations to be read from line at any point.

District completed, by contract, one precise alignment sur-
vey on Pine Flat dam in FY 1967 and tentatively scheduled
second survey at Table Rock Dam, Little Rock District, for FY
1969. Contracts include adaptation of instruments for use with
present type of monuments at dams. `Linemeter` surveys to coin-
cide as practical with appropriate district's regularly scheduled
precise alignment surveys. District will prepare a report on accu-
racy, characteristics, costs, and suitability of new method.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0015, ADHESIVE PROTECTION FOR CONCRETE
E.J. BOYD, U.S. Army, Engineer District, Sacramento, California
95814

Location: Pine Flat Dam, Kings River, California. Objective:
Determine effect of epoxy resin applications in reducing erosion,
or damage from cavitation in concrete conduits subject to high
velocity flows. Applications were made in November 1957. Fol-
lowing types of epoxy resin foundations were used: 1. Epoxy ad-
hesive, consisting of 100 parts of epoxy resin to 27 parts reactive
catalytic agents. 2. Epoxy mastic coating, consisting of 100 parts
epoxy resin, 27 parts inert filler and 25 reactive catalytic agents.
3. Epoxy mortar, consisting of 100 parts epoxy resin, 300 parts
sand and 54 parts reactive catalytic agents.

Tests of epoxy applications were made in 1958, 1961, 1963,
1964, and 1967. Reservoir water surface elevations and demand
for irrigation water did not produce conditions suitable for further
testing in 1965, 1966, or 1968. Applications have been tested at
full gate opening under heads from 334 feet to 379 feet and at
partial gate openings under heads from 71 feet to 250 feet.

Partial gate opening tests will be continued at progressively
higher heads until damage to conduits occurs or until a head of
approximately 400 feet has been reached.

None of the areas treated with epoxy resin mastic has been
damaged during periods of testing or normal operation.

8. ENGINEERING WORKS

SUPPORTED BY U.S. Dept. of Defense - Army

8.0016, SHEAR STRENGTH OF ROCK FILL
G.E. BERTRAM, U.S. Army, Engineer Division, San Francisco,
California 94111

The purpose of this study is to determine the shear strength,
stress- strain, and volume change characters -tics of materials such
as crushed rock, quarry-run gravels, siltstones, sandstones,
limestones and mixtures of such materials used to construct
rockfill dams. These granular materials will be compacted by
vibration to expected placement densities and at varying grada-
tions and sheared under triaxial compression using 12' and 5'
diameter specimens. Confining pressures generally range from 60
to 500 psi and maximum particle size in the 12' specimen is 3' and
in the 45' specimen is 8'. Specimens are also loaded in one-dimen-
sional consolidometers having a diameter of 12' to determine
volume change characteristics under extremely high pressures.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0017, ACCESSIBILITY OF PORES IN POROUS MEDIA
4".A. DULLIEN, Univ. of Waterloo, School of Engineering,
Waterloo - Ontario, Canada

Systematic determination of the accessibility of pores, i.e.,
the fraction of pore space occupied by relatively large pores that
is accessible only through narrower ones.

If Alpha, which is a function of delta, is the pore size distribu-
tion function, then the accessibility, alpha prime, which is a func-
tion of delta and delta sub e, gives the fraction of alpha, which is a
function of delta, that is accessible through pores having diame-
ters between delta sub e and delta sub e plus the differential of
delta sub e.

SUPPORTED BY Amer. Chemical Society

8.0018, DRAINAGE SYSTEMS - PIPE AND FILTERS
A.J. AISENBREY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Research work has been and is being conducted for pipe
drainage systems for irrigated agricultural lands by many different
agencies throughout the world.

A need exists for an assembly and evaluation of this work cul-
minating with a presentation in a form for use by designers.

Filter materials, efficiency, and gradation limits for granular
filters performing under various hydraulic gradients with various
soil base materials will be investigated. Materials used for pipe,
size, and location of apertures, friction factor, and structural
strength, are also of special interest.

SUPPORTED BY 11.S. Dept. of Interior Bu. Reclamation

8.0019, SITE TESTS TO DETERMINE STRUCTURAL
PROPERTIES OF ROCK FOUNDATIONS
F.A. ANDERSON, U.S. Dept. of Interior, Elureau of Reclamation,
Denver, Colorado 80225

In order to gain useful information on the characteristics of
foundation rock in the area of large dams, underground power-
plants and tunnels, and the means of stabilization of this rock, the
Bureau of Reclamation is working in the following areas:

Equipment has been designed and fabricated and procedures
have been developed to determine the in situ shear strength of
foundation rock. Tests have been conducted utilizing foundation
rock from Morrow Point damsite, and further tests will be con-
ducted at Glen Canyon Dam utilizing this equipment.

Development of a lightweight assembly for field jacking tests
is underway to allow earlier testing in remote areas where large
hydrostructures are planned. This basic considerations of the
design are the unit weight of the components and the loading
capacity.

Tests of various proprietary rock bolt anchorage types have
been conducted to determine those types which are most effec-
tive in varying types of foundation rock. 'Further testing will be
done as additional anchorage systems become available. The
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results should provide the basis for rational design criteria of un-
derground structures,
, Status: shear tests have been completed at Glen Canyon,

light weight field jacking tests have been completed at two Forks
damsite, Colorado, and radial jacking tests are to be done at Two
Forks Colorado, and at Auburn damsite, California, future work
will be done at project sites as needed.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0020, STRUCTURAL ANALYSIS
H.W. ANDERSON, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Since electronic computers are available for use in solving
complex structural analysis problems, new and different methods
of structural analysis compatible with computer usage should be
considered.

The following investigations shall be continued: 1. search of
scientific literature for new ideas and methods and serious study
given to their applicability in solving particular design problems.
2. Some of the particular solutions being considered and used are:
a. Elastic frame analysis; b. Stability analysis; c. Slab analysis d.
Stress analysis by finite elements method; e. Trial load method of
analysis; f. Concrete beam design; g. Concrete column design; h.
Concrete volume computations

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0021, DETERMINATION OF IN SITU STRESSES BY
STRAIN- RELIEF METHOD
W.G. AUSTIN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Test methods, instrumentation, and procedures for measure-
ment of 3-dimensional stress within structures will be developed
to evaluate structural conditions. This research also provides a
means of determining when and if rehabilitation is necessary on
older structures such as concrete dams.

Currently used methods for in situ combined stress deter-
minations using the 3-dimensional bore hole gage will be im-
proved. Also, other types of instrumentation and procedures for
obtaining strain-relief measurements will be investigated for later
inclusion in the research program to increase accuracy and
economy of in situ stress determinations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0022, POURBAIX DIAGRAM FOR CORROSION
EVALUATION
T.E. BACKSTROM, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The use of the Pourbaix diagram for evaluating the corrosivi-
ty of soils and waters will be studied, with the view of developing a
standard test for corrosivity evaluations. This application could
provide a suitable soil or water parameter for determination of
corrosivity.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0023, CORROSION OF METALS IN CONCRETE
T.E. BACKSTROM, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The object of this program is to determine the effects of the
common parameters such as chloride concentration and steel
stress level on the corrosion of steel embedded in concrete. To be
studied are the effects of chloride ion concentration, prestressing
levels, and concrete composition on the corrosion process. Tests
will be pointed toward problems of immediate interest to the Bu-
reau.

The effect of crack width in concrete on the corrosion of em-
bedded steel is the area of immediate concern to the Bureau.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0024, NEW DEVELOPMENTS IN CATHODIC PROTEC-
TION AND CORROSION STUDIES
T.E. BACKSTROM, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

This is a continuing study of corrosion and corrosion control.
Current projects are (1) determination of the influence of
cathodic protection on protective coatings, and (2) investigation
of tha use of platinized titanium anodes for cathodic protection.

Standard Bureau protective coatings are being evaluated for
resistance to various levels of cathodic protection. The use of
platinized titanium wire for providing cathodic protection to the
interior of wells and well metalwork is being studied. Further ap-
plications will found in protection hydraulic structures in
which commonly used anodes are not practicable due possibly to
geometrical, size, or safety considerations.

Standard Bureau protective coatings are being evaluated for
resistance to various levels of cathodic protection. The use of
platinized titanium anodes for providing cathodic protection to
the interior of wells and to radial gates is being studied. Further
applications will be found in protection of hydraulic structures in
which commonly used anodes are not practicable due to the
geometry of the structure, size, or other considerations.

SUPPORTED BY U.S. Dept. of interior Bu. Reclamation

8.0025, ALLOY SELECTION FOR CAVITATION RE-
SISTANCE
T.E. BACKSTROM, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The program is designed to determine a suitable test
procedure for alloy selection for cavitation resistance; a new
parameter for evaluating the order of alloys as to cavitation re-
sistance has been developed. Testing will be performed to deter-
mine the applicability of the parameter to cavitation in hydrotur-
bines.

Tests will be made to evaluate the cavitation intensity levels
experienced in turbines and in accelerated test devices, and tenta-
tiwe recommendations for a suitable turbine materia made.

A field test program to determine the applicability of the
laboratory test results to operating turbines will be made.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0026, DRAFT TUBE SURGES
C.C. BATES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A large percentage of hydraulic turbines have draft tube
surges which cause noisy operation, vibration, and power surges.
These problems are usually overcome by the admission of air
and/or by the installation of baffles on the draft tube liner. How-
ever, occasionally a tube will not take air, or baffles do not help.
Additional research on the phenomena is desired to assure sucess
of original and modified designs.

Several venting schemes recommended by manufactures and
one scheme recommended by this office have been tried with only
partial success. Vented splitters installed in the draft tube have
stopped surging but not without loss of capacity and efficiency.
Further attempts will be made to find corrective and preventive
designs.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0027, GLASS FIBER REINFORCED PLASTIC MORTAR
PIPE FOR PRESSURE IRRIGATION DISTRIBUTION
SYSTEM
B.P. BELLPORT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The 1/2 -mile -long experimental test section using 15-inch-
diameter glass reinforced plastic mortar (Techite) pipe in Lateral
7-9.5S of Westlands Water District will be instrumented in part to
record strains and deflections. In addition, 10-foot long sections
will be removed at 6-month intervals for tests and evaluation. The
studies are part of a program for determining service, charac-
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teristics, suitability, and possible benefits of using this new type of
pipe for Bureau work. The West lands installation will provide
severe conditions and will indicate the direction for possible fu-
ture studies of much larger sized pipes.

This research program will consist of monitoring the field test
instruments and recording the results, removing and examining
the 10- foot sections and recording the results, making engineer-
ing evaluations based on these results, and preparing reports that
discuss the tests test results, and the conclusions and recommen-
dations reached. The program will be integrated with studies
being made in Denver.

SUPPORTED BY U,S. Dept. of Interior - Bu. Reclamation

8.0028, SEDIMENTATION AND WATER SALVAGE STU-
DIES-SOIL AND MOISTURE PROGRAM
W.M. BORLAND, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Sedimentation Studies. In a continuation of sedimentation
studies, field data collected on the aggradation and degradation
upstream and downstream from existing diversion dams will be
analyzed; studies based on this data and observed conditions will
be utilized to gain a better understanding and provide a solution
to the problem, and on-site field observations and studies of
stream channels will be made toward (1) predicting the maximum
scour at siphon structures and (2) recommendations for the sta-
bilization and protection of channel banks.

Transportation by Phreatophytes and Other Nonbeneficial
Vegetation. This study is for the purpose of developing reliable
methodology for evaluating the transpiration of the phreatophyte
growth and the water savings that can be salvaged by eradication,
control, or conversion by determining importance of depth to
water table and density of growth on rate of use, and effectiveness
of existing and potential eradication projects, and establishing
criteria for selection of eradication methods, resulting costs and
effectiveness. Data obtained from areas in Arizona and New Mex-
ico and eradication projects on the Rio Grande and Pecos Rivers
will be analyzed using the newly developed Jensen and Haise solar
radiation consumptive use method for establishing transpiration
rates and indexes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0029, STRENGTH OF ROCK MASSES
J.R. BRANDON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Strength of rock mass studies include, in part, 't',41 effect of
shear and joint planes on the rock mass stability, T livestigate
this problem, shear tests on rock samples are reqc.k,g1.

To accomplish the above, a three phase undertaking is
proposed: (1) developing shear testing equipment ;It U. S. Bureau
of Reclamation laboratories, (2) University of Illinois will study
effect of shear stresses on lubricated and grouted shear planes and
joints, (3) Colorado School of Mines will develop a theoretical
and experimental approach to a bolted rock structure to see what
effect joints and shear planes have on a rock mass restrained by
bolts or other means.

Phase (1) design completed - equipment to be fabricated FY
69 if funds available, (2) and (3) to continue into FY 69 under
contracts if funds available.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0030, ULTIMATE STRENGTH DESIGN
H.O. BROUGHTON, U.S. Dept. of Interior, Structural & Arch.
Branch, Denver, Colorado 80225

Numerous changes were made in the latest revision of the
ACI Building Code and serious consideration should be given to
use of all these revisions on the heavy construction used in
hydroelectric structures.

Preliminary investigations indicate that load factors specified
in 'Building Code Requirements for Reinforced Concrete, ACI
318-63' for ultimate strength design are satisfactory for small
pumping plant structures.

8. ENGINEERING WORKS

Further investigations will be restricted to study of the
recommended load factors for ultimate strength design when ap-
plied to heavily loaded massive structures.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0031, DESIGN OF UNDERGROUND POWERPLANTS
G.L. BROWN, U S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The following investigations have been undertaken in the
field of rock mechanics: 1. Determine the torque-tension relation-
ship in rock bolting. Development of a lightweight hydraulic ram
for true tension installation. 2. Determination of in situ stresses by
bore- hole gage technique. Unidirectional bore-hole gages are
adequately covered in Bureau of Mines publications-Bulletin 587
and RI-5881. Presently working on development of a three-
dimensional bore-hole gage and will ultimately extend this to
development of a three-dimensional bore-hole gage. 3. Develop-
ment of 'finite element' solutions for stress problems and pro-
grammed for electronic digital computer. The two dimensional
analysis of the stress concentration around an underground open-
ing including effects of jointing, altered zones due to blasting,
faults, variation of rock type and rock properties, and other physi-
cal features of the rock mass is reported in the paper 'Morrow
Point Underground Powerplant' by W. H. Wolf et al, Proceedings
ASCE Power Division Specialty Conference, Denver, Colorado,
August 13- 20, 1965, pp. 493-534 and is to be further reported by
the papers 'The Influence of Discontinuities on the Stability of an
Underground Opening' by I. G. Taylor and 'The Finite Element
Solution Applied to Rock Mechanics' by H. W. Anderson and J.
S. Dodd, in the forthcoming First International Congress of the
International Society of Rock Mechanics to be held in Lisbon
September 25 through October 1, 1966.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0032, STRUCTURAL RESPONSE, DYNAMIC LOADS
G.L. BROWN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The paramount dynamic load considered for hydroelectric
plants is an earthquake loading. With the availability of electronic
computers, characteristics of vibration can be computed for
structures and typical dynamic load patterns applied. The follow-
ing investigations should be made.

I. Continue review of current literature on the following sub-
jects:

a, Methods of analysis for computer application, b, Effects of
geology and foundation on earthquake response spectral. c.
Damping factors for heavy concrete rigid structures such as
powerplants.

2. Determine the number of modes of vibration which should
be considered to insure adequate design for the structure. Study is
complete. Results are summarized in final designs for visitor
facilities at San Luis Pumping-Generating Plant.

3, Investigate the effects of the extreme stiffness inherent in
the main body of hydroelectric powerplants, Study complete, see
San Luis final designs.

4. Have adopted methods of analysis using response spectra
adjusted for a particular site and actual dynamic properties of the
structure.

Write a computer program for analysis of structural dynamic
properties and application of response spectrum curves to analy-
sis of structures for earthquake damage resistance.

SUPPORTED BY U.S, Dept. of Interior - Bu. Reclamation

8.0033, STRUCTURAL PROBLEMS ASSOCIATED WITH
CONCRETE PIPE
L.H. BURTON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

As outlined in Report No. CB-3, 'Study of Earth Pressures on
Rigid Pipe,' field tests of buried rigid pipe are proposed. Results
of these tests will be studied and revisions in design criteria, if in-
dicated, developed and reported. Studies have been underway to
find a better approach to watertightness in concrete pipes. An ap-
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proach involving width-of-crack criteria is being pursued. A large
number of hydrostatic tests, on various head classes of concrete
pipe, are necessary to improve the validity of data used in this stu-
dy. As results of these tests become available they will be evalu-
ated and design criteria developed and reported,

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0034, FACTORS AFFECTING STABILITY OF ARTIFI-
CIAL AND NATURAL CHANNELS
E.J. CARLSON, U.S. Dent. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

These studies are concerned with field and laboratory in-
vestigations of stable channel shapes as well as boundary shear
(critical tractive forces) for cohesive soils.

Field tests at lower than design discharge have been made on
experimental reaches of trapezoidal channels with 1-1/2:1 side
slopes constructed on less than critical, critical, and greater than
critical hydraulic slopes for stability. These test reaches are all in
cohesive soils. The boundary shear is measured with a Preston
tube. Tests will be concluded with a set of field measurements in
the experimental reaches at design discharges and will include
velocity distribution, boundary shear, water surface slope, and
vane shear tests on the soil.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0035, INVESTIGATION OF EROSION AND TRACTIVE
FORCES ON CANALS--OPEN AND CLOSED CONDUIT
RESEARCH PROGRAM
E.J. CARLSON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The purpose of the investigation is to correlate performance
of soils in unlined and earth-lined canals with soil characteristics
and hydraulic conditions. Based on criteria developed in the study
of about 50 Bureau canals, three field test sections on a new un-
lined canal in a loesoial soil area have been established to check
the criteria. One section was designed with a slope sufficient to
cause erosion, the second with a slope to cause the soil to be on
the point of eroding, and the third section with a slope such that
the canal would not be expected to erode. Laboratory tests to
determine soil characteristics have been conducted on represen-
tative soil samples from the field test sections. During the 1965 ir-
rigation season it is expected that hydraulic measurements will be
made on the field test sections. A correlation of the soil and
hydraulic properties and the performance of the test sections with
respect to erosion will be made so that an adjustment of the
present criteria for erosion can be made, if required,

SUPPORTED BY U.S. Dept, of Interior - Bu. Reclamation

8.0036, FIELD TESTS OF POWER TRANSMISSION
EQUIPMENT
G.W.CLEAVELAND, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

By means of the main mobile power systems laboratory and
its smaller mobile auxiliary, tests are made of basic power system
parameters, the characteristics and adequacy of prototype power
system apparatus, the requirements of future designs, and the
characteristics of limitations of existing apparatus. The work that
is currently proposed for investigation includes tests of coordina-
tion of transmission line protective relaying on the Colorado
River Storage Project. Other work for investigation includes tests
of EHV system switching surges, line reelosing capability,
adequacy of excitation control including time constants of control
components and capability of circuit interruption.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0037, GATES, VALVES, AND ORIFICES
D. COLGATE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The objective of this project is to study the hydraulic features
of control devices with the view of improving their design and
operating characteristics, The seating, sealing, and extrusion pro-

perties of rubber gate seals under prototype heads to 600 feet are
being investigated, Comparative operational data on several dif-
ferent seal designs have been obtained and tests are continuing.
The basic parameters for air requirement relationships in gate
structures using prototype and model measurements are being
studied. An analytical study of the air requirements ofan emer-
gency penstock gate was completed. The discharge coefficients
for orifice plates located in unusual sett'ngs and for circular
openings in pipe walls are being measured and evaluated,

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0038, FLOW SURFACE PROTECTION
D. COLGATE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The objective of this study is to determine the cavitation
potential of surface roughnesses or misalinements subjected to
high velocity flow. Misalinements or roughnesses can take several
forms, including offsets, wavir SS, depressions, protrusions, bug
holes, and surfaces that slope c curve too rapidly away from the
flow.

Laboratory tests have been completed for the design of an
aeration slot to admit air into the stream in a tunnel spillway to
prevent cavitation erosion. Selected hydraulic structures in which
cavitation damage has occurred will be observed as opportunities
arise.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0039, TRANSIENT FLOW IN OPEN CHANNELS
C.C. CRAWFORD, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

When the flow in an open channel is suddenly changed,
surges are set up in the channel. These surges may be caused by
starting and stopping pumps, operation of turnouts and checks, or
operation of siphons. Currently available methods of analysis of
such open channel transients need refinement and further
development in order to provide the design engineer with better
analytical tools. Methods of analysis should be able to account for
shape of channel cross-section, bottom slope, surface slope,
changes in cross-section, branch connections, dead ends, and side
channel

Presently available methods of computing open channel
transients will be reviewed and evaluated, The method of charac-
teristics adapted for digital computer will be pursued,

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0040, PROTECTION OF ERODIBLE CHANNELS AND
SURFACES WITH GRAVEL OR RIPRAP
M.E. DAY, U.S. Dept, of Interior, Canals Branch, Denver,
Colorado 80225

The protection of erodible channels by gravel or riprap is es-
sential to reduce scour and for the protection of structures. The
study of channel protection is necessary to insure the use of suffi-
cient material at minimum cost, since protective materials are ex-
pensive and often difficult to obtain. The collection of data on the
field performance of gravel and riprap will continue. Information
desired for various types and sizes of structures on canals and
cross-drainage channels and at diversion dams, and for various
flow conditions, includes location, extent, size, number of layers,
bedding and foundation material. Field and laboratory data will
be compared and existing design procedures and instructions will
be examined to improve design criteria and to establish standards
where appropriate. Related areas of study include underseepage
control, reverse filter design, integration with various types of lin-
ing, hydraulic action of flowing water, ground water and waves,
energy and the protection of earth fills.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0041, EXPLOSIVE EXCAVATION IN THE DEVELOP-
MENT OF WATER RESOURCES
M.E. DAY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225
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The Plowshare Program of the U.S. Atomic Energy Commis-
sion is established to develop the technology required for the
peaceful applications of nuclear energy. Excavation by nuclear
explosions is one phase of the Plowshare Program. Among the
primary purposes are the development of design data and the im-
provement of related investigative techniques, The Bureau is in-
terested in this program as it relates to the current rapid excava-
tion research devoted to finding ways to speed up excavation
work and reduce the cost. Test and research includes the use of
chemical explosives. Possible uses of excavation by explosion in-
clude: Canal excavation, reservoir excavation, construction of
earth and rockfill dams including cofferdams, development of un-
derground water supply and storage, and conversion of tunnel
schemes to open cut excavation. Design research by the Bureau
will include the following activities: (a) Study the literature to
keep abreast of developments; (b) establish and maintain contact
with other agencies to determine new developments in related
fields and possible applications to Bureau work; (c) observe tests
by other agencies.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0042, PIPELINE AND TUNNEL HYDRAULICS
R.B. DEXTER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The studies are concerned with surges in pipelines and fric-
tion losses in various types of pipes and tunnels. Frequently, long
pipelines are separated into sections by pipe checks or pipe stands
which eliminate the need for high pressure piping. This type of
system has the disadvantage that, unless properly proportioned,
excessive surging will occur. With the aid of a hydraulic model of
a pipeline that included seven pipe checks in series and a flow
control valve that provided uniform increments of discharge
change with respect to time, an ADP program has been developed
to compute surges for various pipeline operations. A hydraulic
performance test of a 115 mile-long portion of the Canadian
River Aqueduct, Texas, has been performed to define pressure
surges in the system in relation to discharge changes. Data were
also obtained to define hydraulic frictional resistances in long
reaches of precast concrete pipe with diameters of 72 inches, 66
inches, and 54 inches. Analytical and experimental studies were
made to investigate the type and magnitude of surges which can
develop with steady inflow into a pipe system containing a series
of check structures,

The performance of previously constructed conduits is a reli-
able guide for predicting the performance of new designs. There-
fore, a field testing program is being continued to evaluate
hydraulic resistance coefficients of large water conduits. Installa-
tion of test facilities is in progress in large diameter concrete-lined
pressure and free flow tunnels to permit measurements of hydrau-
lic friction heads.

SUPPORTED BY U.S. Dept, of Interior - Bu. Reclamation

8.0043, FACTORS INFLUENCING THE DURABILITY OF
CONCRETE
J.T. DIKEON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Work has been conducted on (1) correlation of freeze-thaw
data obtained from field and laboratory concrete specimens; (2)
correlation of tests for sulfate resistance and uncombined calcium
hydroxide with performance of cement-asbestos pipe. The study
of silicons, epoxies, and other agents as surface treatments for im-
proving the durability of concrete is active. Investigation ofmax-
imum permissible sulfate content of curing water for concrete is
underway. Results of tests with concentrations of sulfate in mixing
water for concrete are in Report C-1258. Data are collected from
longtime, outdoor storage specimens to determine the effect of
pozzolan on the durability of concrete. An extension of initial
tests, which have been reported are scheduled to investigate the
effect of freezing fresh concrete on its strength and durability.
Nearing completion is an investigation into effects of various fac-
tors on air void systems of mortars and concretes.

8. ENGINEERING WORKS

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0044, FACTORS INFLUENCING THE RESISTANCE OF
CONCRETE TO SULFATE ATTACK
J.T. DIKEOU, U,S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The use of Type V cement or other special cements low in
tricalcium aluminate will usually provide adequate protection
against sulfate deterioration. However, other factors such as ce-
ment content, water- cement ratio, and admixtures in the form of
accelerators, retarders, air-entraining agents and pozzolans have
a pronounced influence on the rate and degree of sulfate attack.
These factors are investigated through use of concrete specimens
subjected to an accelerated wetting and drying cycle sulfate test,
and a continuous soaking test. Both tests utilize a 2.1-percent
solution of sodium sulfate. Other concentrations and types of
sulfate solution are used in special investigations and research
projects. Rate of deterioration is determined by periodic length
change measurements. Work in this area includes (1) evaluation
of special cements and admixtures submitted for testing, (2) cor-
relation of results between the accelerated and soaking tests (3)
analysis of test data obtained from longtime tests of concrete
specimens stored in alkali ponds at the Columbia Basin Project,
Washington; and (4) investigating the effect of fly ash pozzolan
on sulfate resistance of concrete containing Types I and V ce-
ments (5) Effect of Absorption of concrete Drain Tile.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0045, THE DEVELOPMENT OF CONCRETE-POLYMER
MATERIALS

DIKEOU, U,S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A research and development program is being sponsored by
the Bureau of Reclamation, the Atomic Energy Commission, and
the Office of Saline Water to study the formation of concrete-
polymer materials. Brookhaven National Laboratory and the Bu-
reau of Reclamation are cooperating in the investigative phase of
this program. Experiments have been conducted to determine the
feasibility of the impregnation and in-situ polymerization of
monomers in preformed concrete and the inclusion of monomers
as part of the formulation of a fresh concrete mix followed by
polymerization. Two modes of initiating polymerization- -gamma
radiation and thermal-catalytic--are being studied. Results to date
show remarkable improvements in properties of concrete, includ-
ing increased strength, durability, abrasion resistance, cavitation
resistance, resistance to chemical attack and to hot distilled
water, and reduced permeability, absorption and creep.

SUPPORTED BY U.S. Dept. of Interior Bu, Reclamation

8.0046, EFFECT OF RETARDING ADMIXTURES ON
PROPERTIES OF CONCRETE
J.T. DIKEOU, U.S. Dept. of Interior, Div. of Research, Denver,
Colorado 80225

Freeze-thaw tests are being performed on concretes contain-
ing four different commercial water-reducing, set-controlling ad-
mixtures. These admixtures were combined with four distinctively
different aggregates to determine the effect of the admixtures on
the durability of concrete. The effect of several different commer-
cial admixtures on rate of air loss and slump loss has been studied.
A report correlating these variables will be forthcoming.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0047, DEVELOPMENT OF NX BOREHOLE INSTRU-
MENT FOR DEFORMATION MODULUS
M. DUCKWORTH, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Exploratory drill holes (NX-3-inch hole) are used to secure
cores, geophysical data, and geological data at proposed project
sites. In situ small scale deformation testing would provide early
statistical data on deformation modulus needed for preliminary
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design. Instrumentation to be developed would be inserted in the
exploratory drill holes at various depths and deformation tests
performed even below the water table. Various instruments are
available for use in soils am, low modulus material, Instruments
are needed which can be used in medium and high modulus
material. Initial work will consist of evaluating previously
developed commercial equipment. Final phase will adapt or
modify instrument to fulfull Bureau needs.

SUPPORTED BY U.S. Dept. of Interior - Hu. Reclamation

8.0048, INVESTIGATION IN THE DEVELOPMENT AND
IMPROVEMENT OF SPECIAL CEMENTS
R.J. ELFERT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Concretes having improved strength, durability, elasticity,
and volume change characteristics are needed. Likely means of
achieving these objectives are changing the characteristics of the
cement during manufacture or altering the hydration products by
additives or curing environment.

A study will be made of the effect of various additives and
curing environments on the hydration products of portland ce-
ment. Physical, chemical, differential thermal analysis, and X-ray
methods will be used to examine the nature and effect of the
resulting binders.

This project will also include a limited investigation of the
potential use of expansive cements in Bureau of Reclamation
concrete.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0049, PERFORMANCE OF WATER-REDUCING SET-
CONTROLLING ADMIXTURES IN CONCRETE, MORTAR
AND CEMENT PASTE
R.J. ELFERT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Some water-reducing set-controlling admixtures behave er-
ratically with certain cements. Construction difficulties from
slump loss occurs due to incompatibility of cement and admix-
tures.

Performance of cement from selected sources will be
analyzed to isolate characteristics which might cause abnormal
behavior and admixtures. Also cement clinker of different com-
positions will be ground with calcium sulfate to study the inter-
relationship of cement composition, form, and amount of calcium
sulfate and the admixture with respect to the setting charac-
teristics of the cement.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0050, HARD SURFACE LININGS--LOWER COST
CANAL LINING PROGRAM
L.M. ELLSPERMAN, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Hard surface linings being investigated are asphaltic concrete
and portland cement concrete. For asphaltic concrete an attempt
is being made to find an economical material for the maintenance
of older asphaltic concrete linings in existence. Material is needed
for filling cracks which develop irt this type of lining to protect the
lining from further deterioration. Several field test sections of
asphaltic concrete linings requiring maintenance have been
selected. Various products proposed by manufacturers for treat-
ing the lining surface and filling the cracks are being used in the
test sections and the performance of the materials evaluated.

Seepage through portland cement concrete lining is con-
sidered to be almost entirely through cracks and joints in the lin-
ing, and an investigation of various materials for sealing the
cracks and joints is underway. Field test sections have been
established in which joint and crack sealing materials are being
field tested to determine performance. An evaluation of these
materials will assist in formulating specifications for more effec-
tive joint and crack sealers, better maintenance of existing linings,
and in construction of new linings.

A laboraotry investigation is being started to determine the
feasibility of reducing seepage through joints in concrete canal

lining by the application of a gel with a controlled time of set
through the joint. The purpose of this would be to fill the voids in
soil beneath the joint and thereby reduce seepage.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0051, MEMBRANE LININGS-OPEN AND CLOSED CON-
DUIT RESEARCH PROGRAM
L.M. ELLSPERMAN, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Plastic film lining of polyethylene and polyvinyl chloride as
buried membranes and butyl rubber as both a buried and an ex-
posed membrane are being used in field experiments. Periodic
field observations and a few field seepage tests are being con-
ducted to determine performance and effectiveness in reducing
canal seepage. Laboratory tests are conducted to evaluate these
linings as improvements are made by manufacturers. Also,
specifications for these linings are being developed.

To better evaluate hot-applied buried catalytically-blown
asphalt membrane linings, a laboratory procedure was developed
to determine the percentage of phosphorous in the asphalt lining
material. Phosphorous pentoxide is a catalyst used in producing
the best type of cationic asphalt for membrane linings and it is
possible that the performance of the lining could be correlated
with the amount of residual phosphorous in the asphalt.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0052, CIRCUIT BREAKER RESEARCH
B. EVANS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Direct current (DC) transmission at high voltage (HV) and
extra high voltage (EHV) promises substantial economic benefits
over alternating current (AC) transmission for long distances and
large blocks of power. DC transmission by cable circuits is also at-
tractive, even for relatively short distances and moderate amounts
of power.

Networks with interconnections of HVDC and EHV DC will
be necessary to utilize the full potential and economy of DC trans-
mission. This will require the development of a DC circuit
breaker since none is available for switching HV and EHV power
circuits. A DC circuit breaker may also find important application
to future AC systems. The benefits of DC transmission and the
need for DC circuit breakers are indicated in the February 1968
Transmission Study 190 Report.

The Electric Research Council (ERC) established a task
force about a year ago, with the Bureau and BPA representation,
to evaluate a proposal by Hughes Aircraft Company for develop-
ment of a HV DC circuit breaker. The ERC task force has recom-
mended that the proposed Hughes program be supported. In FY
1969 a program will be detailed and an agreement executed
between ERC and Hughes. The Bureau will participate in the
ERC effort as one of several contributors and will by itself or
jointly with EPA, contract with Hughes to provide funds.

The Hughes development program for FY 1969 will include
the further study and experimental verification of the sequential
switching concept they have proposed. Circuit configuration,
linear and nonlinear switching resistors, the cro' Jed field tube and
other types of interrupters will be evaluated.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0053, CHANNELIZA'ION STUDIES
R. FIFE, U.S. Dept. of Interior, Bureau of Reclamation, Denver,
Colorado 80225

Work is being done on the Middle Rio Grande Project, New
Mexico, from Cochiti Diversion Dam to Elephant Butte Reser-
voir. The three original features of the program are: (1) the
evaluation of river channel improvement by jacks /structural
shape /; (2) the evaluation of channeling water through low-flow
conveyance channels; and (3) the determination of the efficiency
of settling basins for sediment control.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0054, HIGH-VOLTAGE D-C TRANSMISSION IN-
VESTIGATIONS
R.R. PILLENBERG, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The unprecendented use in this country of high-voltage d-c
power transmission for economy in large capacities, flexibility of
control, and ability to operate between power systems not in
synchronism requires investigation. There has been no three-ter-
minal application made. A laboratory scale model suitable for
control study and for combination with an A-C Network Analyzer
has been designed and the prototype model pole has been assem-
bled and evaluated. The prototype model may be expanded to a
three-phase, four-pole (two each per terminal) representation
employing silicon controlled rectifiers to represent the per-
formance of the mercury rectifiers to actual installations. The d-c
line model may be used as an educational and training tool, to
assist in the development of parallel dc-ac power system digital
computer programs, to investigate combination ac-dc system in-
terconnections, to investigate variable frequency operation of
motors and generators for improved efficiency and stability and
ac-dc-ac system stabilizing schemes. A Bureau design engineer
has been assigned to work with the project staff of the AC/DC
System Operation Research Program (EEI Project RP56) for a
period of 1 year. The major efforts in the program have been the
design and construction of an intermediate power-level system
model now in operation in a research laboratory in Philadelphia
and the development of a digital program for study of parallel dc-
ac systems using the model to verify program results.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0055, CAPACITOR SWITCHING DUTY EVALUATION
R.R. FILLENBERG, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Conventional power circuit breakers on capacitor switching
service frequently experience difficulty in clearing due to high
magnitude and rate of rise of recovery voltages. This condition
frequently results in multiple reignitions and restrikes on clearing.
Severe overvoltages during reignitions or restrikes may be damag-
ing to connected equipment. Field tests of simulated capacitor
switching have been conducted to determine the characteristics
and magnitudes of capacitor switching transients in control cir-
cuit cables and to evaluate methods of limiting coupled voltage
which could damage control equipment. Results are given in
Research Report EP-19. Control circuit transients have been
recorded for field tests of actual system capacitor bank switching
and a report is in progress. Increased use of solid-state devices
with less overvoltage capability than former vacuum tubes and
relay devices require tighter limitation of induced voltage in con-
trol circuits,

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0056, HIGH-VOLTAGE A-C TRANSMISSION
R.R. F !GLEN BERG , U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Extra-high-voltage a-c power transmission continues in con-
temporary development and application with EHV d-c transmis-
sion. EHV d-c transmission at present is essentially an express
power link between geographically widely separated terminals.
Serving as backup and providing enroute load and supply taps are
EHV a-c transmission systems. Long a-c transmission lines
require high percentage series capacitive compensation to pro-
vide for economic loading and stable operation. Analytical
techniques are needed to predict EHV a-c line performance
under abnormal loads and fault conditions. It is proposed to
develop analog computer, digital computer and model
procedures and programs to study EHV a-c transmission dynamic
and transient performance, and related transformer, switch ap-
paratus and protective system requirements. Infrared detection
studies are being conducted in cooperation with the Air Force.
Additional investigations include the measurement and evalua-
tion of corona loss on EHV lines and measurement of earth cur-

8. ENGINEERING WORKS

rent flow through transformers and transm;ssion system as a result
of high sunspot activity, and measurement of high-voltage
switching surges. Corona loss and high-percentage compensated
line studies are being conducted by a summertime research ar-
rangement with the University of Colorado using graduate stu-
dents in electrical engineering.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0057, SEISMICITY OF FAULTS - ENGINEERING
GEOLOGIC EVALUATION
W.I. GARDNER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Develop and evaluate a rapid method for determining the
seismicity of faults occurring at the site of a proposed engineering
structure such as a dam, reservoir, or tunnel. The engineering
geological method would be a seismic detection system which
would record the occurrence of micro-seismic events along a
fault-little earthquakes too small to be felt or even recorded on
ordinary seismographs.

The number of micro-events recorded over a short period of
days or weeks would provide a factual basis, when compared
against a rating curve for evaluating the degree of activity or
probability of earthquakes. It would be particularly applicable to
faults in damsite which could not, by other means, be confidently
defined as 'live' or 'dead.'

The micro-seismic rating approach fills the gap between
historical data on recorded epicenters and geologic data such as
displaced river terraces or fault scarps. Major items of equipment
exist and the principle stops for developing an operating
procedure are evident.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0058, HYDROGEOLOGIC INVESTIGATION
TECHNIQUES
W.I. GARDNER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The rapid increase in water demand is overtaxing surface and
ground-water supplies of many areas. The supplies are ap-
proaching exhaustion, becoming inadequate due to high storage
and conveyance losses, or diminishing in quality and quantity due
to pollution, climatic changes, and other factors. Engineering
planning must consider increased use of leaky conveyance struc-
tures and reservoirs and more competent waterloss estimating is
required.

Intensive research is essential to develop reliable
hydrogeologic investigation methods--field methods and data
analysis procedures--for estimating reservoir water-holding capa-
bilities, effects of proposed projects on ground-water basins, and
the possibilities of controlling losses or recovering the water for
later use. Present methods of geologic and ground-water in-
vestigation yield erratic results.

All existing procedures of determining the subsurface
geologic and ground-water regimen of an area, and locating and
estimating water loss in proposed reservoirs will be reviewed and
collated. Specific attention will be given to distinguishing between
importand and unimportant parameters with respect to time-cost
of securing the data and influence on reliability of final product,
i.e., seepage estimates.

Investigation and analytical methods applicable to different
typical geologic environments--volcanic layered sedimentary,
fractured rock masses, glacial--will be outlined.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0059, INSULATING MINERAL OILS AND SYNTHETIC
LIQUIDS AND LUBRICATING OILS
F.H. GEIER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Research is needed to make possible the improving of exist-
ing test procedures and specifications for quality control of insu-
lating oils, askarels, and other synthetic liquids used in Bureau
electrical power equipment. It is essential that a standard reliable
test method be developed to predict oxidation stability or re-
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sistance to sludge formation. Also, it is important that laboratory
testing be conducted to acquire data for developing new or im-
proved specifications to cover new synthetic insulating liquids,
reconditioned or reclaimed insulating oils, and lubricating and
governor oils.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0060, APPLICATIONS OF RESEARCH TO VARIA-
TIONS IN SHEAR AND CONSOLIDATION TESTING
H.J. GIBBS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The relationship of volume and the pore air pressure in par-
tially saturated soils has been established to behave according to
the physical laws of pressure, temperature, and solubility for
gases. The most recent work has developed test procedures to
measure the equivalent capillary effects of the pore water and the
relation to volume change. These measurements are important
because they significantly affect the test values of soil strength
used for structures. The improved pore fluid measurements have
given impetus to determining the relationship of effective stress to
volume change in soils.

The purpose of this investigation is to fully apply the results
of recent research by the Bureau and by others to shear and con-
solidation testing on a broad range of soil types.

This study requires the use of a range of tests, such as the
isotropic consolidation, one-dimensional consolidation, triaxial
shear, and a modified triaxial test which limits the lateral strain to
zero. Data will be obtained to sustain current theory on the effec-
tive stress- volume change relationship. This will be done through
application of the pore fluid measurement techniques to soils with
a variety of plasticity characteristics. The studies would include
regular triaxial tests as well as special tests. Final shear and con-
solidation tests procedures ;nvolving the latest developments in
pore pressure measurements are to be completed. Additional
work should be done to increase the uniformity of density, and
moisture content conditions in soil specimens for better reprodu-
cibility of results.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0061, EFFECTS OF EARTHQUAKES ON SOIL PER-
FORMANCE
H.J. GIBBS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The soil foundation is an important consideration in the
design of structures resistant to earthquake damage. The in-
vestigation of damage after major earthquakes has shown that
some soils, particularly fine- grained, saturated sands and sensi-
tive clays, may become unstable during shocks from earthquakes.
Laboratory and field test procedures need to be improved to
better indicate soil conditions that are susceptible to instability
and to produce results that can be used for the design of the most
economical structures.

Current literature on this subject has been reviewed.
Laboratory test equipment has been modified to conduct

triaxial shear tests on soil specimens during the application of pul-
sating loads alternately in tension and compression. Tests with
this equipment have been conducted on a few soils of particular
interest in current Bureau projects.

Through a contract with the University of New Mexico, a
graduate student is using Bureau laboratory test facilities to mea-
sure pore pressures on a variety of soils subjected to dynamic
loads. If required to improve quality of measurements, he will at-
tempt to modify existing laboratory equipment.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0062, EVALUATION OF CONCRETE AND RELATED
MATERIALS FOR USE IN DESALINATION PLANTS
J.R. GRAHAM, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

This investigation, being performed for the Office of Saline
Water, is divided into five parts, each under a principal investiga-
tor as numbered above, as follows: I. Evaluation of concrete both

natural and limestone coarse aggregate under a variety of tem-
perature-pressure- brine concentration conditions. 2. Wall sec-
tion model studies. 3. Selection and evaluation of accessory
coatings, sealants, and polymeric products (Note: Some of the
tests on these materials will be conducted concurrently and under
the same exposures as the concrete in Item 1), 4. Concrete rein-
forcement materials (corrosion studies). 5. Concrete microstruc-
tural investigations.

Concrete and related materials are being exposed to hot
synthetic seawater and hot distilled water ranging from 100
degrees F to 290 degrees F. Strength, elastic properties, micros-
tructural changes, and corrosion potential of reinforcement steel
are being determined.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

8.0063, EVALUATION OF CONCRETE PROPERTIES OF
CORES FROM OLT) STRUCTURES
J.R. GRAHAM, U.S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Various properties of concrete such as compressive strength,
modulus of elasticity, Poisson's ratio, specific gravity, etc., are
determined from tests conducted on cores taken from new and
old Bureau dams. Cores are usually extracted at predesignated in-
tervals from the time the structure is new until it is perhaps 20-25
years old, or even 40.45 years old if need be. Occasionally, situa-
tions arise that require the extraction of cores from old structures
having no previous core drilling program. Sampling and testing at
intervals provide data early in the life of the concrete which can
be used to help ascertain possible future economies. It also pro-
vides a method of monitoring chemical, physical, and microstruc-
tural changes in the concrete.

Long-time concrete evaluation investigations have, in the
past, been programmed for Shasta and Friant Dams, now over 25
years of age, and Hungry Horse Dam, now over 13 years of age.
Similar programs are now actively underway for Glen Canyon,
Flaming Gorge, Yellowtail, and Morrow Point Dams. Cores have
been tested and evaluated to establish the structural integrity and
conformance with present design standards of: Wild Horse Dam,
30 years old; Horse Masa Dam, 40 years old; Warm Springs Darn,
48 years old; and American Falls Dam, 40 years old. From time to
time, laboratory reports covering the aforementioned evaluations
are published.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0064, DEVELOPMENT OF STANDARD DESIGNS FOR
CANAL STRUCTURES
J.O. GRIMSLEY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 50225

An effort will be made to standardize the frequently used
types of canal structures by determining the best. designs for
minimum head losses and maximum construction economy. The
investigational procedure may include: 1. Request through ap-
propriate channels for model studies where further data are
necessary to establish a basis for design of standard structures. 2.
Data collection from field offices as to size, type, or design limita-
tions related to efficient and economical precasting or in-place
construction. 3. Coordination of design for maximum usage of
`standards' consistent with required structure operation and good
construction practice.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0065, RADIOISOTOPE WATER FLOW MEASUREMENT
IN HIGH-HEAD TURBINES AND PUMPS
R.L. HANSEN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Radioisotope methods and instrumentation systems
developed by the Denver Office for open channel water flow mea-
surements are adaptable in part to the problem of accurately
determining the rate of water flow through high-head turbines
and pumps--a measurement which cannot be accurately made by
conventional methods. Research on measurement techniques is
jointly financed in a cooperative program with the Bureau and the
Atomic Energy Commission.
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8.0066, RADIOISOTOPE GROUND WATER MEASURE-
MENTS IN SMALL DIAMETER DRILL HOLES
R.G. HANSEN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Radioisotope technology is continually advancing in the field
of ground water measurement in drill holes. In order to keep the
costs of ground water investigations to a minimum, it is desirable
to use the smallest size drill hole diameter possible. This leads to
the need for improved instrumentation and techniques to work in
the small size drill holes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0067, MODEL STUDY OF UNDERGROUND OPENINGS
M.G. HA VERGAND, U.S. Dept. of Interior, Office of The Chief
Engr. , Denver, Colorado

In the construction of Reclamation Dams and water tunnels,
there are discrepancies concerning viseo-elastic properties of
rock. Little definite information is available by which effects of
joints, faults, bedding planes, and other foundation irregularities
can be accurately included in the design of underground
openings. Fundamental data on the basic properties of rock are
being analyzed to evaluate various methods of determining the
structural behavior of a geologic formation surrounding a tunnel
or at a foundation site for a dam. A structural model program will
supplement field investigations to increase our knowledge in this
field. The program will be progressive, starting with the construc-
tion and testing of a solid foundation and continuing through in-
vestigations of various openings and foundation irregularities,

A model foundation will be constructed contain;ng predeter-
mined irregularities. The test program will consist of various load-
ing conditions for determining the transmission of forces in the
foundation with no opening. A small pilot bore will be drilled, in-
strumented and tested. This will be followed by 'boring' a tunnel.
Test will be conducted with the tunnel both unlined and lined,

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0068, COMPRESSIVE CREEP TESTS OF CONCRETE
K. HICKEY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Creep characteristics of concrete (deformation due to long-
time load) must be known to correctly evaluate the strain and
stress behavior of structures from readings obtained with em-
bedded instruments. Some test specimens are being retained 20
and 30 years under continuous load to verify extrapolation of
creep based on 1- and 2-year creep measurements. Current and
proposed research includes studies to determine the effects on
creep of specimen and aggregate sizes, sealing methods, types of
loading systems and strain measuring gages, moisture conditions
of the concrete, load intensity, and the range of stress in which
strain is linearly proportional to stress,

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0069, STABILIZATION OF SLOPES
ME. HICKEY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver. Colorado 80225

The is a need for economical stabilization of unstable or
erosive-type soils often encountered in slope excavation or em-
bankment construction on Bureau projects. Also needed are
methods of sealing or waterproofing clay areas in slope or tunnel
excavations to prevent slaking and slide problems. Testing is
necessary to evaluate the stabilizing and scaling capabilities of
various petrochemical materials such as plastic resins, asphalt
cutbacks and emulsions, proprietary type products. This study is
scheduled for completion in FY 70.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0070, FIELD PERFORMANCE OF ASPHALTIC
CONCRETE
M.E. HICKEY, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

8. ENGINEERING WORKS

To guide future design work and field control for better
asphaltic construction, a study is being made to evaluate asphaltic
dam facings, linings, and pavement installations of varying service
ages. When opportunity arises, inspections are made of these in-
stallations and samples are obtained for analyses in the laborato-
ry. Samples from both the better and poorer installations are stu-
died to determine short-comings of current specifications and
construction methods. The current study is scheduled for comple-
tion in FY 70.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0071, STABILITY OF EARTH SLOPES
J.G. HOFFMAN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A means of accurately assessing the stability of earth slopes is
a requisite to the design of earth dams, large canals, and other
earth structures associated with the development of water
resources. Numerous procedures for evaluating the stability of
earth slopes are currently available, but all fall short of an
adequate solution.

Research will be conducted with the goal of developing im-
proved methods of stability analysis which will provide results of
desired accuracy with a minimum expenditure of time and
money. Particular attention will be devoted to the effects of
earthquakes, surface cracking, seasonal and long-term variations
in shear strength, pore pressures, rapid drawdown, and stresses
imposed by structural loads. Activities will include:

1, Collection of relevant data from existing earth structures.
2. Review of pertinent technical literature.
3, Development of improved techniques of stability analysis

which will, where possible, overcome the inaccuracies incurred in
the mechanical procedures currently employed and provide for
adequate treatment of all factors that significantly affect the sta-
bility of earth slopes.

4. Development of statistical procedures for evaluating the
stability of long canals where soil parameters vary throughout the
length of; the channel.

5. Adaption of analysis procedures to the electronic com-
puter,

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0072, SOIL PRESSURES ON FLEXIBLE STEEL PIPE
A.K. HOWARD, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

More information is needed on the soil pressures which are
developed on pipe in various embankment and trench conditions
in order to arrive at the most economical design for the pipe.
Therefore, large-scale laboratory tests are under way to more ac-
curately determine the soil pressures and any pipe deflections.
The tests are conducted on instrumented pipe sections buried in a
large soil container with surcharge loads being applied by a large
laboratory testing machine.

Prior to conducting tests on pipe it was necessary to select a
soil pressure cell that could be installed in the pipe. The pressure
cell selected for this purpose was a modification of the no-flow
pressure cell used in triaxial shear tests.

The first series of tests were completed on 18-inch diameter
rigid concrete pipe. Six different soil conditions around the pipe
were investigated; these ranged from a uniform compressible soil
to a condition in which the pipe was resting on a very firm soil
foundation. From the test results it was possible to plot graphs
showing the variations in pressure surrounding the pipe. The
shape of the pressure curves was largely determined by the rela-
tive firmness of the soils beneath the pipe.

Recently four of a series of 18 proposed tests have been
completed on flexible steel pipe. The test equipment and
procedures are similar to those used for concrete pipe. The test
results are showing the soil pressures on the pipe and deformation
occurring under different soil and loading conditions.
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SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0073, DETECTION OF SUBSURFACE CAVITIES OR
CONDUITS IN FOUNDATIONS OF PROPOSED RESER-
VOIRS AND ENGINEERING STRUCTURES
W.H. IRWIN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Reservoirs in soluble rock terrain are being proposed with in-
creasing frequency by water resource planning engineers. New
and more reliable engineering geologic methods of locating sub-
surface cavities, conduits, and open-joint systems are essential.

Basic investigations are in progress to compare, define, and
evaluate the capability of various investigation methods to locate
subsurface openings. Geologic and geophysical techniques as well
as the use of testing procedures and principles from other scien-
tific disciplines are being studied and evaluated for possible test-
ing at a selected field proving ground for engineering geologic in-
vestigation methods. The techniques being studied are: Gravimet-
ric surveys, geothermal gradient, radioisotope and dye tracers,
water dating (tritium), infra- red scanning and photography,
geophysical and TV-drill hole logging, seismic fan shooting and
potential-drop-ratio surveys, thermal capacity (heat sink) mea-
surements. Results are being checked against subsurface data
derived from reservoir operation and standard geologic studies
and drilling.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0074, ENGINEERING GEOLOGIC BEHAVIOR OF
FOUNDATIONS IN RESERVOIRS IN GYPSUM-LIMESTONE
TERRAIN
W.H. IRWIN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Engineering geologic criteria will be developed to guide
judgment on rate of deterioration--due to factorS such as solution,
creep--of foundation rock for engineering structures.

Special laboratory tests of solution rates (over periods of 1

month to 1 year) will be compared with geologic observations
(periods of geologic time--5,000 to 20,000 years), and with foun-
dation service histories (periods of 20 to 100 years). The resulting
criteria will be used in geologic investigations for planning and
design purposes to evaluate probable rates of change (due to
gradual solution ) in strength, permeability, rate of ground water
circulation, consolidation off proposed foundations over periods
of project life (150-200 years). Comparative analytical calcula-
tion wily be made to establish maximum- minimum rates and re-
lated laboratory and field observations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0075, CONCRETE CURING COMPOUND INVESTIGA-
TIONS
H. JOHNS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Resin base curing compounds are being evaluated to
establish their moisture retention properties and the value to the
Bureau of their broader use as finish coatings and as bases for
other coatings, tile, or other treatments. When confirmed,
satisfactory performance should enable early form removal,
better concrete curing, elimination of water curing and/or sand-
blast cleaning, and possibly other consequences which will impor-
tantly facilitate be the work and scheduling in the construction
of power and pumping plants. lintly with the Concrete and
Structural Branch, the study is beeng extended to include use of
the compound on up- and downstream surfaces and internal joint
surfaces of dams.

Moisture retention, bond to concrete, and outdoor weather-
ing have been tested. Concrete finish and repair materials to be
used in conjunction with these compounds have been evaluated.
Tentative procedures for application of the resin compound to in-
terior walls of power and pumping plants were established. A
progress report of the above tests, including 46 compounds, was
prepared (ChE-63).

The next phase of the program will be initiated to develop
more data regarding the suitability of resin base compounds as a

base for paint and tile. As part of a joint program with the
Concrete and Structural Branch, the cleanability, weathering re-
sistance, and color stability of resin base compounds will be
tested.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0076, INVESTIGATION OF GROOVE AND CRACK
SEALING MATERIALS
H. JOHNS, U.S. Dept. of Interior, Office of The Chief Engr. ,
Denver, Colorado

Effective sealing of grooved joints in concrete canal linings is
one of the more difficult jobs to accomplish, particularly when
high heads are involved. Leakage results in loss of considerable
water, and can cause damage to the canal by washout of the sub-
grade or from expansion due to wetting expansive subgrades. Ef-
fective sealing of dams, powerplants, pumping plants, and other
structures is also necessary, but similarly not easy to accomplish.
These problems are recognized by the sealant industry and many
new materials and systems are produced each year. These new
materials are being evaluated and the overall problems are being
studied. Considerable effort was expended in laboratory evalua-
tions of new, machine-grade coal-tar polysulfide sealants, and a
field test was made including this material in a variety of applica-
tions. The program to evaluate the effectiveness of placing rapid-
set polysulfide sealer in fresh concrete has been completed. A
laboratory report on the results of these tests is being prepared.
Further studies were conducted on cast-in-place, pleste, joint
forming and sealing strips. Several new designs were established
and experimental quantities produced. Limited tests on a
polyethylene strip designed to form a goove for the placement of
polysulfide rubber sealant in the contraction joints of concrete-
lined canals were conducted. The tests demonstrated the degree
of concrete consolidation required to permit removal of part of
the strip, and the sealing capabilities of the remaining part. Tests
were continued on 66 joint- sealing materials and caulking com-
pounds, aid completed or. four materials. Testing the new joint
sealers and sealant systems and new caulking compounds will be
continued. Further laboratory testing of plastic joint forming and
sealing strips is planned and a field test will be started soon. Con-
tacts with industry will continue.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0077, TURBINE AND PUMP TESTING
G.H. JOHNSON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Accurate determination of the quantities - power, head, and
discharge are necessary to accurately determine the performance
of turbines and pumps.

Through research work in connection with this project an at-
tempt is being made to develop new methods, equipment, and
techniques for measuring these quantities more accurately.

Report No. HM-3 covers accomplishments to date in the
area of head measurements and determination of specific weight
of water at the test site.

Work in the area of flow measurement by the Salt Velocity
method has progressed to the point where criteria for the design
of an adequate mixing section (i.e., injection station to first elec-
trode) has been developed but not proven. The new criteria
requires the use of a turbulator downstream of the injection sta-
tion in most installations to provide sufficient mixinh,energy.

Future work will consist of verification of these new criteria
in every way possible. Flow measurement by the pressure-time
principle (Gibson Method) will also be investigated from the
standpoint of using modern components for obtaining the
required diagrams.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0078, NEW ROOFING SYSTEMS
B. V. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Many new roofing systems, especially in elastomeric
products are being introduced by major material manufacturers.
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There is a need for more durable roofing construction on Bureau
projects. Therefore, it is important that new and better roofing
materials be evaluated to provide data for upgrading Bureau
specifications for roof construction. Both laboratory and outdoor
exposure tests are conducted to evaluate the various new roofing
systems. This study is scheduled for completion in FY 72.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0079, SCREENING TESTS ON NEW ASPHALTIC,
PLASTIC, AND RUBBER PRODUCTS
B.V. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Industry is continually developing new or improved products
for meeting requirements of the present-day construction. Many
of these materials may be of value in Bureau construction and
maintenance programs. Thus, it is important that the various
materials submitted annually to the laboratory be given prelimi-
nary evaluation. Also, new test methods for appraisal of materials
and for specifications are evaluated. Those products and new
techniques that show promise are then more fully investigated in a
subsequently scheduled research program. The current study is
scheduled for completion in FY 70.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0080, PORE-PRESSURE MEASURING REFINEMENTS
IN SOILS FOR SHEAR AND CONSOLIDATION
C.W. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Within the past few years, a new method of measuring capil-
lary (negative pore) pressures has been developed. Such pres-
sur's are important because they influence the strength
developed in soils when external loads are applied. Measurements
obtained by this method are now used in triaxial shear tests, and
the analysis of results better simulate actual field conditions.
Present research is being devoted to refinements in test procedure
to further improve the test results.

Pore-pressure measurements made near the top, middle, and
bottom of cylindrical test specimens of cohesive soils have shown
that the pressure distribution was not as uniform as desired. An
attempt is being made to modify the current method of compact-
ing the soil specimen to produce a more uniform density which af-
fccts pore pressures. Also the contacts between the specimen
ends and the measuring system are being improved.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamatioh

8.0081, EVALUATION OF ROCK RIPRAP AND
DEVELOPMENT OF SUBSTITUTES
C.W. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Laboratory methods are developed to better determine the
suitability of rock for use as riprap by providing basic information
on rock properties that affect quality and durability. A program
has been outlined and rock specimens prepared for a comprehen-
sive correlation of petrographic characteristics and the effects of
freezing and thawing, wetting and drying, and heating and cool-
ing. A study of rock fractures and their effect on the stability and
resistance to weathering of rock used for riprap was started.

In some areas where earth embankments are constructed,
suitable rock is not available for riprap to protect the slopes
against erosion from water-wave action. Soil-cement is proving to
be one of the most effective and economical substitutes. The per-
formance of field installations of soil-cement is closely observed,
and this will be continued. Petrographic examination and related
physical tests of soil-cement specimens representative of five dif-
ferent field installations have been completed. In a cooperative
laboratory testing program, chemical tests were conducted in the
development of a rapid, field, control test for the determination of
the cement content of fresh soil-cement.

On several field installations where soil-cement has been
used as a riprap substitute, a lack of bond between layers at their
edges has been detected. This is now being investigated for possi-
ble improvement in future soil-cement construction.

8. ENGINEERING WORKS

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0082, RAPID SOILS EXCAVATION
C.W. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The development of methods to improve excavation in terms
of speed and economy is needed both for surface and subsurface
applications. Advancements are being made in equipment
development for rapid and continuous excavation systems. Also,
other agencies are exploring possibilities of explosive excavation
either by chemical or nuclear charges. We are participating in
furthering advancements where possibilities exist for future
benefits to the Bureau.

Activity is now largely devoted to literature review and con-
tacts with others to keep abreast of new developments in rapid ex-
cavation that might be applicable in Bureau work. The Corps of
Engineers project REDSOD on the development of an explosive
excavating machine has been closely followed. Meetings with
representatives of the Atomic Energy Commission have been held
to explore the possibility of using nuclear explosives in future Bu-
reau work. Representatives witnessed an experiment by the Corps
of Engineers in which a ditch was excavated in Bearpaw shale
near Ft. Peck, Montana, using chemical explosives. Financial sup-
port is being given to the NAS-NAE Committee on Rapid Excava-
tion and there is a Bureau representative on the committee.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0083, FILTER CRITERIA FOR DRAINS AND WATER
W ELLS
C. W. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The purpose of this program is to establish criteria for the
grading of granular filter materials used for packing around per-
forated casing in water-producing wells, This material needs to
have a suitable gradation to prevent excessive infiltration of soil
fines from the surrounding aquifer into or through the filter and
yet allow a free flow of water to be pumped from the well. Such
infiltration is sometimes caused by the violent hydraulic action
occurring during well development which is needed to open water
passages to the well and remove drilling fluid deposited during
well-drilling operations.

Laboratory tests will be made with typical aquifers and with
various gradings for filters subjected to the action of water similar
to that occurring during well development. observations, the
range of filter gradings resulting in the required performance can
be established. The effect of drilling fluid normally used in well
excavation on the performance of the well will also bc studied.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0084, DEVELOPMENT OF SOIL TESTING
PROCEDURES AND ANALYSIS OF RESULTS
C.W. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

There has been a continual effort to improve testing equip-
ment and procedures for laboratory soil testing and field sampling
and in situ testing. This inch ides the evaluation of commercially
produced equipment and the development of equipment for spe-
cial tests where commercial equipment is not available. Equip-
ment for the following tests are of particular concern at this time:
high-pressure, triaxial shear for gravelly soils; high-range, direct
shear for soil-cement and soft rock; plain-strain shear; soil com-
paction by laboratory mechanical compactors; and field vane
shear. Also double-tube augers and piston samplers for
undisturbed soil samples are being investigated.

New testing procedures are developed, often in cooperation
with other organizations, such as the American Society for I est-
ing and Materials.

Petrographic methods for examining soils are developed and
used in some research programs, particularly those involving clay-
type soils.
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Computer methods are being applied to save time and labor
for the computation of test data and in the analysis of complex
soil problems such as slope stability.

SUPPORTED BY U,S. Dept. of Interior - Bu, Reclamation

8.0085, EVALUATION OF CANAL SEALANTS -OPEN
AND CLOSED CONDUCT RESEARCH PROGRAM
C.W. JONES, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

This project involves a search for materials, particularly
chemicals, that can be economically applied as canal sealants to
accomplish seepage reduction. Of particular interest is a water-
borne- type sealant that can be introduced into canal water in a
ponded or flowing condition so that the water will distribute the
sealant to areas of seepage and seal the soil to an effective depth.

An attempt has been made to interest industry in developing
canal sealants. After companies have completed at least initial
development of prospective sealants, the Bureau conducts tests to
evaluate them. These tests are first made in small-scale laboratory
permeameters. Later, for those sealants that appear to be promis-
irg, larger laboratory tests under flowing water conditions in
laboratory flumes are conducted. For a few sealants, the in-
vestigation has been carried forward in field tests on Bureau
canals requiring seepage control.

Tests made to date on canal sealants have shown considera-
ble promise, and are useful under certain conditions where a par-
tial and temporary seepage reduction would be economical. Ef-
forts are continuing to find sealants that will have greater ability
to penetrate canal soils and provide a more lasting water barrier.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0086, BINDERS OF CONCRETE RESISTANT TO
SALINE WATER AT ELEVATED TEMPERATURES
G.L. KALOUSEK, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The overall objective is to determine what combinations of
cementitious materials will form the most resistant binders for
concrete in concentrated sea water at elevated temperatures. Por-
tland cements, fly ash, slag and gypsum in different proportions
have been prepared as pastes and cured at different temperatures.
A calcium alum Mate cement is included in similar tests. The sam-
ples were first screened by x-ray diffraction and differential ther-
mal analysis for desirable and undersirable phases. The more
promising mixes were cast as pastes, cured at representative tem-
peratures and tested for strength. Twenty- four selected mixes
were cast as small cylinders and bars and immersed in concen-
trated sea water at 25r4 F. The specimens are examined periodi-
cally for phases, length change and dynamic modulus of elasticity.
The most recent examinations (after I 1 I days of exposure) in-
dicate satisfactory resistance by all mixes.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

8.0087, PROTECTIVE LININGS FOR WATER PASSAGE
SURFACES OF FERROUS METALWORK
J.L. KIEWIT, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Protective linings for water passage surfaces of ferrous metal-
work are being studied in several distinct programs. Linings with
good erosion resistance are needed when sand- or silt-laden
waters are conveyed in a piping system. Specific materials for
these applications are being studied in a laboratory test which
simulates sand and silt erosion in field exposure. 0"-ier selected
lining materials, which performed successfully in screening tests,
and which are not expected to be affected by certain service con-
ditions that would damage coal- tar enamel or cement-mortar
linings, are also being field tested. Forty-two materials in 36
systems are being tested in siphon piping on the Southside Canal,
Collbran Project, Colorado, with companion specimens being
tested in the laboratory. Field tests on epoxy coal- tar and
modified phenolic linings are being conducted in turbines at
Spring Creek Powerplant, California, and at Flaming Gorge
Powerplant, Utah. Erosion resistance of a neoprene paint is being

field tested on pump-turbine runners at Chandler Pumping-
Generating Plant, Yakima Project.

Erosion tests were completed on 16 specimens. All of these
were shop- applied by the manufacturers. Four field test linngs
placed in Coulee outlets were inspected for resistance to high-
velocity flows.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0088, DESIGN IMPROVEMENTS--GATES AND VALVES
W.H. KOHLER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Investigations and research are continuing on various design
and operating features of gates and valves for the purpose of sim-
plifying designs, reducing manufacturing costs, improving relia-
bility and minimizing maintenance requirements. The following
principal features and equipment are currently being studied: I.
Rubber Gate Seals- Various types of rubber seals are currently
being tested to establish design criteria and pressure limitationsfor such seals. 2. Gate Wheels--Investiationss have been
completed and designs are being prepared with corrosion-re-
sistant wheel rims. 3. Gate Roller Trains- -Evaluation of data and
preparation of a report covering tests of friction and operation of
roller trains is in process. 4. Butterfly Valves--A review of availa-
ble design and operating data has been made to establish areas
which merit further tests and study to establish more definite and
reliable design information. 5. Stainless Steel Fluidway Linings--
Galvanic corrosion problems which have arisen in the use of
stainless steel clad plates have beer .,arefully studied, so that seri-
ous damage to gate flu idways which are lined with such plate will
be minimized. 6, Gate Testing--A broad program of operating
tests is in process to insure that the guard gates and valves for
hydraulic turbines will be close under emergency conditions.
SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0089, ARCH DAM ANALYSES BASED ON THE
MATHEMATICAL THEORY OF ELASTICITY
A.T. LEWIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Mathematical stress analyses for arch dams include several
fundamental assumptions which have been necessary to reduce
the complexity of the computations. With the use of electronic
computers it is now possible to have a direct application of the
mathematical theory of elasticity. This will eliminate the necessity
of some of the important simplifying assumptions and :mprove the
accuracy of stress analysis in both the dam and foundation.

The basic mathematical concepts have been developed and
necessary relationships prepared to provide a general solution for
three dimensional stresses in any arch dam and itsfoundation. Fu-
ture research will consist of preparation of programs for the solu-
tion of large numbers of equations resulting from this approach,
testing these programs, and checking the results of solutions

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0090, STUDY OF POLYCENTERED, PARABOLIC, AND
OTHER SHAPES FOR ARCH DAMS
A.T. LEWIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Because of the simplicity in laying out and constructing arch
dams with circular faces, this shape has been adopted for practi-
cally all arch dams built in the United States. Actually the most ef-
ficient shape is one in which the 1 =e of thrust follows the center-
line of the arch.

Research will be continued to determine the most efficient
shape for horizontal arch section. A three-centered arch dam has
been designed, analysed and compared with circular faced
arches. Parabolic, elliptical, and possibly other shapes will be stu-
died as time permits. Both theoretical and applied analyses will be
required to determine the most desirable shape. It is expected that
more efficient use of material, better stress distribution, and a
more direct approach to the abutment rock can be obtained by
the use of other than circular shapes for arch dams. Structural
models are being constructed and tested to check theoretical
analyses.
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8.0091, ABUTMENT PADS FOR ARCH DAMS
A.T. LEWIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Concrete pads between artih dams and their abutments may
be used to reduce the intensity of pressure and distribute it more
uniformly on the foundation rock. They also provide a means of
reducing the effects of foundation irregularities and obtaining
symmetry for the arch shell.

Investigations will include determination of the most efficient
sizes and shapes of abutment pads; effects of pads on the stresses
in both the dam and foundation; and advantages, if any of a
perimetrical joint between pad and the dam. This research will
require several mathemetical analyses, probably of the trial-load
type, and po.,sibly some photoelastic or other structural model
studies.

The initial structure for study is a symmetrical thin arch dam
in a non-symmetrical site. Concrete pads have been designed and
the analysis is presently ufiderway.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0092, EFFECTS OF CRACKING IN ARCH DAMS
A.T. LEWIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Tensile stresses are often the limiting criteria in the design of
thin arch dams. A method for including the effects of cracking in
cantilever elements was developed many years ago, but is now
considered inadequate. A method is to be developed to evaluate
the effects of cracking in arch dams and incorporate it into our
computerized trial load method of analyzing arch dams. Such a
procedure is very important in determining the safety of old dams
as well as layouts of new dams.

SUPPORTED BY U.S. Dept. of Interior - Bu, Reclamation

8.0093, REINFORCEMENT OF OPENINGS IN MASSIVE
CONCRETE STRUCTURES
A.7'. LEWIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

In general, the required reinforcement around openings in
massive concrete dams has been determined from tensions
developed with photoelastic models or analytically by theory of
elasticity. In many instances the strain capability of the concrete
is not sufficient to stress the steel to more than a few thousand psi.
In cases where the dam stresses are all compressive, any cracks
due to tensile stresses adjacent to openings propagate only a short
distance whether or not reinforced.

Where appurtenant structures are attached to and restrained
by the dam, the interrelation of temperature stresses, cracking,
and reinforcement requires clarification.

This study will include analytic analyses only.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0094, MASSIVE-HEAD BUTTRESS DAMS
A.T. LEWIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Buttress type dams are well adapted to wide valleys with vari-
able foundation conditions. Hollow buttress dams compared to
gravity dams reduce uplift, minimize temperature problems, and
require much less material. This investigation will include design
layouts, stress studies and economic investigations to evaluate the
feasibility of massive head buttress dams in the United States.
Data available from technical publications and magazines will be
collected and evaluated.

SUPPORTED BY U.S. Dept. of Intorior Bu. Reclamation

8.0095, DESIGN OF DOUBLE-CURVATURE MULTIPLE-
ARCH DAMS FOR USE IN WIDE VALLEYS
A.T. LEWIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

One of the principal economic deterrents to multiple arch
dams is the necessity of reinforcing areas of high tensile stress in
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the arch shell. Double-curvature designs will be developed to
eliminate or reduce tensile stresses. Multiple-arch dams offer an
effective means of combining spillways and powerplants with the
dam to provide an economical hydroelectric unit. It is believed
that this type of structure will permit savings over other conven-
tional types of dams in some wide valleys. This research is to in-
clude design layouts, stress analyses, and economic investigations
to evaluate the feasibility of double-curvature multiple-arch dams
in wide valleys.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0096, EARTHQUAKE THEORY AS APPLIED TO DAMS
AND APPURTENANT STRUCTURES
A.T. LEWIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Based upon the premise that earthquakes are capable of
producing resonance in thin arch dams, a method has been
developed for computing dynamic loadings. The earthquake
response spectra concept was used. The first two arch modes
were considered and frequencies computed for them. Damping
rates were assumed.

To substanti7te computations and provide needed informa-
tion on the dynamic properties of arch dams, cield tests have been
completed on Monticello Dam in California, using exciters,
owned by the California Department of Architecture. Natural
frequencies damping, and the deflected shape of the crest and
three vertical elements were measured for the first five modes.
Data reduction and evaluation are now in progress.

To improve and refine the proposed earthquake loadings,
electric analogy methods will be used to determine the effective
mass of water that is accelerated by arch dams vibrating in the
first and second modes. Analytical studies of the dynamics of arch
dams are being pursued.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0097, DRILL PERFORMANCE MONITOR
M. LOGAN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

In oil well drilling, continuous measurements of various
aspects of drilling operations are customary. Small-scale
equivalents of such measured instruments have not been
developed for foundation exploration drilling. Continuous
records of controlled foundation drilling may provide means of
defining or assessing the 'natural design' of foundation rock. For
example, accurate recording of the variations in drill fluid loss
might indicate drilling through open joints, and the amount of loss
would be an indication of the extent of the fractures.

Various portions of the drill performance monitor will be
designed and fabricated and tested in the laboratory. Individual
units passing laboratory tests will be field tested in actual founda-
tion drilling operations. Study and design of a drill bit sensing
device for relaying pressures, temperature, and other facets of
drill performance to the operator at ground level will be con-
tinued.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0098, ENGINEERING GEOLOGIC PROPERTIES OF
ROCK
M. LOGAN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Current and anticipated design and planning problems
require provision of more comprehensive and exacting engineer-
ing geologic data on actual subsurface rock conditions in
proposed foundations.

The development and integration of new field investigation
methods such as the drill performance monitor and TV drill hole
camera; the evaluation of the capability of geophysical drill hole
logging devices in foundation exploration - an entirely new field
of application; and the comparison of results of the various
methods, such as infrared scanning and camouflage aerial photog-
raphy, are essential to the formulation of multipurpose engineer-
ing geologic exploration programs and the effective use of the
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results in engineering studies, These data will yield criteria for
judging, for example, need of tunnel supports, foundation and
reservoir seepage rates, stability of natural earth anu rock masses,
recognition of faulting and structural pandits in lithologically
similar rock strata with extensive savings in excavation costs, and
the use of rock bolts, reinforcing steel, and concrete.

SUPPORTED BY U,S. Dept, of Interior - Bu. Reclamation

8.0099, INTAKES, ENTRANCES, AND TRANSITIONS
H.M. MARTIN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Hydraulic laboratory investigations are being performed to
determine optimum configurations for intakes, entrances, and
transitions for penstocks and outlet pipes. Entrances are normally
streamlined and made as large as practicable to minimize en-
trance losses, to maintain positive pressures throughout, and to
prevent formation of vortices which may reduce the capacity and
entrain objectionable quantities of air. Economic considerations
dictate that these entrances should be as small as possible in keep-
ing with good hydraulic performance. Tests are planned to deter-
mine the actual losses at entrances of different sizes and configu-
ration. These tests will extend to include studies of pressures and
of vortex formation to determine minimum subme.gence
required to maintain adequate wall pressures and to prevent vor-
tices, and to determine the pressure variations and velocity dis-
tribution in penstocks as affected by bends and a symmetrical ap-
proaching flow.

Surging :n draft tube transitions has resulted in poor opera-
tional characteristics for many powerplants, and in some cases
has restricted power output. The basic properties of swirling flow
in a cylinder will be investigated initially. The research will be ex-
panded to explore the effects of draft tube length and inlet swirl
on amplitude and frequency of surging, Various surge suppressor
configurations will be tested in the facility to determine remedial
corrections for existing facilities.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0100, BEHAVIOR OF STRUCTURAL ELHMENTS OR
MODELS UNDER TEMPERATURE AND DYNAMIC LOADS
R.M. MCCAFFERTY, U.S. Dept. of Interior, Office of The Chief
Engr. , Denver, Colorado

The effects of vibrations and earthquakes on structures are a
field in which little testing has been conducted. Much research
must be completed before economical design of earthquake re-
sistant structures can be accomplished.

Through the use of a hydraulic vibration test system,
specimens will be subjected to vibratory forces. The system's
force rating will be 25 tons vector force with a frequency range
from DC to 400 cps.

Many different materials will be tested to determine their
dynamic properties. Structures, structural components, or
models, depending upon the size of the prototype, will be tested
to determine their characteristics due to sinusoidal and
earthquake type forces.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0101, EVALUATION AND DEVELOPMENT OF
SPECIFICATIONS AND TEST METHODS FOR CEMENT
AND POZZOLAN
R.L. MCKISSON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

To assure that high quality and economic construction is ob-
tained on Bureau. projects, continual evaluation and development
are made of specifications and test methods.

Practical maximum-minimum specification limits on the
physical properties and compound composition of portland ce-
ment will be determined. Such limits are desirable because the
maximum or minimum limitations in current specifications can-
not be relied upon to provide the desired uniformity in concrete
and mortar.

This program will consist of statistical evaluation of data on
cement uniformity obtained by the Bureau of Reclamation and

similar information reported by other groups. Of primary interest
is the variability of compressive strength as related to the physical
and chemical properties of the cement and the degree of
uniformity that can reasonably be expected in cement produc-
tion.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0102, GENERAL ROCK MECHANICS INVESTIGA-
TIONS
D.L. MISTEREK, U.S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The physical properties and the structural action of a rock
mass which includes various joint systems and other discontinui-
ties are not well known. Studies arc needed to more clearly define
which of the rock properties are required to predict the structural
action of a rock mass, how the properties can be determined most
easily, and how the data should be included in designs. Special at-
tention will be directed toward stability of rock slopes, stability
and support of openings in rock, and deformability of darn foun-
dations,

Published literature will be reviewed, Results of Bureau of
Reclamation tests will be reviewed and compared with existing
theory.

SUPPORTED BY U.S. Dept. of Interior - Bu, Reclamation

8,0103, ANALYSIS OF LENGTH CHANGE OF
CONCRETE
L,J. MITCHELL, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Design of concrete structures with proper crack control
requires consideration of numerous factors influencing drying
shrinkage. Extensive data are available, indicating that aggregate
composition can be responsible for excessive drying shrinkage
and occasionally may be responsible for structural failures. Some
project data indicate extremely high shrinkage where graywacke
constitutes a significant proportion of the aggregate. Drying
shrinkage considerations are increasingly more important as thin
arch dams and prestressed or precast concrete units are used for
smaller structures.

Recent developments have increased our knowledge on ef-
fect of specimen size and maximum aggregate on shrinkage of
concrete. These data, along with other information concerning ef-
fect of aggregate composition are being tabulated and evaluated
to produce a method in which preliminary estimates of potential
drying shrinkage of concrete may be possible.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

0.0104, STUDY OF TUNNEL LININGS AND REINFORCE-
MENT
J.W. MORRIS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The requirement for lining water conveyance tunnels is often
a problem for planners and designers of water development pro-
jects. Studies will be made to determine the limits of practicability
of unlined tunnels and to establish the feasibility of tunnels that
are partially lined. Efforts will be directed toward establishing
criteria for use of unlined and partially lined tunnels.

For many years there has been a need to establish better
guidelines for the use of reinforcement in linings of pressure tun-
nels. A study is underway which will attempt to outline the condi-
tions under which reinforcement should be provided. The results
of lining behavior measurements will be applied in this program
where they are applicable.

Programs utilizing automatic data processing equipment are
being developed for combining the various loading-restraint con-
ditions that may exist at a given location. These programs will
facilitate the determination of stresses at different locations of the
tunnel section for various assumed lining thicknesses.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0105, CHANGES IN PHYSICAL CHARACTERISTICS
OF ASPHALT MATERIAL
W.R. MORRISON, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

The service life of asphaltic concrete used in dam facings,
linings, and pavements and of asphaltic roofing and various water-
proofing applications depends to a large degree on the resistance
of the asphalt cement to hardening or aging. Asphalt cements
from different sources, being of a different base stock and
produced by different refineries vary considerably in aging
characteristics. Measurements of the penetration, ductility and
softening point properties before and after exposure to 140
degrees F for 14 days and 325 degrees F for 5 hours will indicate a
degree. of susceptibility of an asphalt to aging in service. To make
possible the selection of the best asphalts possible for durable
construction, it is important to evaluate the physical properties of
asphalt cement samples under accelerated aging conditions.

Correlation between accelerated laboratory aging and field
aging for several asphalt cements is described in Water Resources
Report No. 12 entitled 'Buried Asphalt Membrane Canal Lining'
and which was published in FY 68. Test results for the laboratory
accelerated aging studies is scheduled for publication in FY 69.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

0.0106, ASPHALT BINDING OF COBBLES FOR RIPRAP
W.R. MORRISON, U.S. Dept. of Interior, Bureau of Reclama-
tion. Denver, Colorado 80225

In some construction areas, there is a lack of rock suitable for
riprap for erosion control of earth embankments which neces-
sitates costly importation of riprap or application of other
methods of slope protection. Often in these areas, cobbles up to
12 inches in diameter are available and could be placed for riprap
protection provided some method could be devised for anchoring
the cobbles in place. One possibility that warrants investigation is
binding the placed cobbles together with a grouting application of
asphalt or an asphaltic sand- mastic. Hydraulic laboratory testing
will be conducted to evaluate different asphalts and asphalt mix-
tures for binding cobbles sufficiently for use a riprap.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0107, EFFECT OF PROPERTIES OF FRESH
CONCRETE ON FORM PRESSURES
E.L. ORE, U.S. Dept. of Interior, Div. of Research, Denver,
Colorado 80225

Many concrete forms have been over- or underdesigned
because information on lateral pressures is sparse or incomplete.
Of interest in this study is the effect of variables such as cement
hydration, slump, rate of placement, admixtures, and tempera-
ture. Also, an attempt is being made to establish the influence of
each ingredient, such as sand and coarse aggregate, upon the
lateral pressure of concrete, A model form having inside dimen-
sions of 1- by 3- by 10- feet high is being used in the study. Gloet-
zel cells have been adapted to measure pressures exerted on the
form.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0108, REVIBRATION OF CONCRETE AND MASONRY
R.R. OWEN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

In recent years, some research nas been conducted to deter-
mine the value of revibration in improving the physical properties
of concrete and masonry, but due to the inconsistency of the
findings, the need for additional studies is evident. An investiga-
tion of available data on this subject is being conducted in an ef-
fort to arrive at some definite conclusions. Laboratory experi-
ments may then be required to verify the accuracy of these con-
clusions. If revibration is found to be of definite value in improv-
ing the physical properties of concrete, its use should be incor-
porated into Bureau designs and specifications.

8. ENGINEERING WORKS

SUPPORTED BY U.S. Dept, of Interior - Bu. Reclamation

8.0109, DEVELOPMENT OF THREE-DIMENSIONAL
PHOTOELASTIC TECHNIQUES
H.R. PHILLIPS, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The development of epoxy resins which are suitable for
photoelastic stress analysis has expanded the field of possible stu-
dies to include three-dimensional models of complex engineering
structures that cannot be studied by two-dimensional models.
However, except for planes of symmetry, the interpretation of the
stress patterns is a much more complex procedure, Initial in-
vestigations under this research project will be directed toward
the basic problems associated with three dimensional
photoelasticity. These investigations will include: 1. Studies of
mix proportioning to obtain consistent and desired properties of
the cast epoxy. 2. Development of proper casting techniques to
obtain stress-free, clear, and otherwise suitable models. 3.
Procedures for loading and freezing of st-Psses within the model.
4. Development of methods and procedures for evaluation of
stresses by either slicing or coring procedures.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0110, EFFECT OF AGGREGATE PROPERTIES AND
CEMENT CONTENT ON THE TENSILE STRENGTH OF
CONCRETE
J.S. PIERCE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A method of test for determining the tensile strength of
concrete is being developed using 18-inch prisms and cylinders as
a maximum size test specimen. A series of tests is being con-
ducted to determine the effects of varying cement content, max-
imum-size aggregate, and the use of a water-reducing, set-con-
trolling admixture. Initial tests will include maximum aggregate
sizes of 1-1/2 and 6 inches, and cement contents varying from 3 to
8 sacks per cubic yard. Future considerations for study may in-
clude other maximum aggregate sizes (3/16, 3/8, 3/4, and 3
inches), several types of aggregate with varying mineralogic
characteristics, surface roughness and grading (specific surface).

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0111, EFFECT OF THE MAGNITUDE OF COMPRES-
SIVE STRENGTH OF CONCRETE AT VARIOUS AGES ON
THE STANDARD DEVIATION AND COEFFICIENT OF
VARIATION
J.S. PIERCE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

This study includes concretes with and without pozzolan, at
various water -cement ratios from which specimens will be cast
for compressive strength tests at ages up to 1 year. A statistical
analysis will be made upon the results of these tests to determine
the effect of the magnitude of compressive strength upon the
standard deviation and the coefficient of variation.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0112, DEVELOPMENT AND EVALUATION OF TEST
PROCEDURES FOR DETERMINING REACTIVE EXPAN-
SION, AIR AND WATER PERMEABILITY, AND BONDING
EFFICIENCY
L.C. PORTER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Improved methods of determining reactive expansion are
needed, Current research related to reactive expansion is directed
towards determining the nature of reactive expansion in old
concretes, particularly the duration and conditions necessary to
promote the reaction in concrete which is known to contain
potentially reactive materials. Expansions developed to date sug-
gest that reactive potential is present in concretes even after many
years in service.
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With methods presently used for measurement of air and

water permeability, various irregularities are encountered. There-
fore, development of a sensitive means of measurement of
vacuum-treated, oven-dried, or routinely-cured specimens has
been undertaken. For air permeability, measurement of inflow
will be made either by displacement of water at atmospheric pres-
sure, or by change in absolute pressure due to air flow into an
evacuated container.

The repair of cracks, spalled, and eroded areas is a continu-
ing problem in the maintenance of concrete structures. Epoxy
resin type adhesives are the most prominent of the many bonding
agents available for repair work. Investigations are conducted to
determine the application of the various bonding agents to the
necessary repair conditions, as well as special techniques for ap-
plication and curing requirements.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0113, CONCRETE TEST VESSEL
M.C. REDMOND, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The overall objective is to supplement data obtained in the
Lboratories of the USBR on the feasibility of concrete as the prin-
cipal construction material in large desalination plants; to study
openings in the concrete shell and methods of sealing such
openings; to determine structural behaviour of the vessel and its
component parts when subjected to rapid heating aAd cooling at-
tending the startup and shutdown of the main test module to
which the vessel is attached. Specifically, (I) the effects of flow
velocity, (2) corrosion of the concrete and reinforcing steel due
to exposure to hot sea water and/or distilled water, (3) behavior
of coating and sealing materials and microstructural changes will
be determined. These tests, except for (2) are visually evaluated.
The structure is highly instrumented to provide data on its struc-
tural behavior.

The test vessel located at the OSW San Diego test facility
has been constructed and fully instrumented to obtain the data
necessary to achieve the objectives outlined above. The data
acquisition system is scheduled to be installed by the middle of
August 1968. After this installation the vessel will be ready to go
on stream.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

8.0114, ENERGY DISSIPATORS
T.J. RHONE, U.S. Dept, of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The objective of these studies is to develop many types of
energy dissipators so that future investigative work on individual
structures will be a minimum. The studies include tests with sud-
den enlargements in pipelines, vertical stilling wells, vortex
basins, chute blocks, slide gatc stilling basins, surges in stilling
basins, and energy dissipators for low-head conduits and road cul-
vertr,.

Models are used to obtain basic data used in the development
of the various structures. From these data a correlation between
the model and the prototype is found for such variables as the
Froude number, discharge, gate opening, operating head, and
energy dissipated. Pressure transducers and electronic recording
equipment are used to assist in mcasuring impact forces and pres-
sure fluctuations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0115, REGION 2 - WEED CONTROL
J.D. RICHARDS, U.S. Dept, of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The Bureau of Reclamation's concrete mix design procedure
has been derived from laboratory investigations and past ex-
perience. Currently, mix designs are based on information ob-
tained prior to the prevalent use of water-reducing, set-con-
trolling admixtures in concrete. One result of the use of such ad-
mixtures in concrete is a reduced water requirement, and hence,
higher compressive strengths for a given water- cement ratio
when compared with concretes without the water-reducing, set-
controlling agent.

This study will investigate two types of water-reducing, set
controlling admixtures; namely, a lignosulfonate and a hydroxy-
lated carboxylic acid. Both agents will be used, at different
dosages, in concretes with water-cement ratios varying, by 0.05
increments, from 0.35 to 0.70. It is also anticipated to measure
the effects of the aggregate by using two different types, each with
maximum sizes of 3/8, 3/4, 1-1/2, 3, and 6 inches.

Upon completion of the testing, mix design tables in the Bu-
reau's Concrete Manual will be replaced utilizing the new data.
Also, new constants for Abram's equation, S equals A over B to
the X power, will be determined for different ages through use of
electronic data processing.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0116, ULTRASONIC TESTING OF ROCK AND
CONCRETE
H.C. RIFFLE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Ultrasonic testing techniques have the potential of providing
a positive and rapid means to check materials for quality control
in the laboratory and the field. The test is nondestructive, can be
performed on either samples or rock and concrete in-ssitu, and in
many cases provides a more rapid test than other methods.
Characteristics of rock and concrete that should be obtainable by
ultrasonic testing include moisture content, physical soundness
deterioration, location of internal cracks, faults, and uniformity of
material.

Investigations are being made of the feasibility of testing rock
in-situ for cracks and faults by means of reflected waves or by sur-
face waves. Direct transmission tests are being conducted with
concrete samples to evalute ultrasonic techniques when applied
to heterogeneous material. Particular attention is being given to
the determination of proper pulse frequency ranges with regard to
energy level attenuation during transmission through a very
heterogeneous medium. Suitable ultrasonic transducers are being
developed to produce useful signal propagation in rock and
concrete. Development works is done where required to produce
specialized equipment needed. Evaluation will be made of ul-
trasonic test data to correlate it with that obtained by other stan-
dard tests.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0117, SLAB ANALYSIS
W.H. POTH, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The only methods now available for designers to accurately
determine the stress distribution in flat slabs are rigorous and
complicated. In the interest of economy, the designer uses ap-
proximate methods, such as coefficients or modified frame
analyses, rather than the more time-consuming, expensive
methods.

We propose to make studies which will lead to an electronic
data processing program for flat slabs. This program will produce
moments and shears in slabs of varying as well as uniform
thicknesses, with various edge conditions and loadings and
openings in the slab.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0118, BASIC ROCK PHYSICS
S. RUBENSTEIN,U.S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

By the observation, petrographic classification, description,
and laboratory testing of a wide variety of rocks it is believed the
physical properties and the engineering performance charac-
teristics for various rock-type groups can be more firmly
established on a petrographic basis. Values from the physical ob-
servations and variations from these values can be studied and re-
lated to the petrographic characteristics of individual samples for
each group. With the knowledge of which rock properties are
characteristic, it may be possible to quantitatively assess the ef-
fects of weathering, fracturing, and other alterations of a rock as
related to the petrographic features.
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Two new petrographic methods of evaluating rock for foun-
dation and rinrap were investigated. One method related the area
of the micro-fractures to the total volume of rock. The other
determines a ratio of the weathered or altered minerals to quartz
in the total rock. It has already been shown that both of these
procedures have significant bearing on the quality of rock for en-
gineering purposes, With further investigation, it is believed the
results of these procedures will give another parameter to rock
testing which can be related and coordinated with the elastic and
strength properties,

SUPPORTED BY U.S. Dept, of Interior - Bu. Reclamation

8.0119, PETROGRAPHIC INVESTIGATIONS
S. RUBENSTEIN, U.S, Dept, of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Petrographic techniques which investigates the microstruc-
ture, composition, and physical, and chemical properties of
materials are used iu the solution of many engineering material
problems; the development of uses for new manufacturers sub-
stances and in gaining a better understanding of the engineering
behavior of materials necessary for more efficient and advanced
design and O&M of Bureau projects. Petrography is especially
important in the study of rocks and soils and can be a powerful
approach in the investigation of any crystalline material where
microstructure is of significance. Materials research and studies
of new laboratory techniques which show promise and require ex-
tensive further work in physical and ch-mical testing methods in-
clude impact hammer, sonic velocity measurements, investigation
of concrete deterioration from various causes.

SUPPORTED BY U.S, Dept. of Interior - Bu. Reclamation

3.0120, POWER TRANSMISSION STRUCTURES, NEW
TYPES
R.S. SALIMAN, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Transn;ission structures comprise a large percentage of the
cost of transmission facilities. To achieve economy of construc-
tion, improvement in efficiency, and lowest possible operation
and maintenance charges, a continuing search for new types and
refinements of existing types of structures for transmission lines
and substations are needed.

Data will be collected on a variety of materials which might
be used for transmission line structures.

New structural forms and modifications of structural forms
now in use will be studied to gain improvement in appearance.

Data and illustrations from technical publications,
magazines, meetings, and conferences will be collected and evalu-
ated as they become available.

SUPPORTED BY U.S. Dept. of Interior - Bu, Reclamation

8.0121, REACTOR SWITCHING DUTY EVALUATION
F.R. SCHLEIF, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

For circuit breakers in reactor switching duty specifications
requirements on a performance basis discourage manufacturers.
Technical requirements which could be factory tested would be
preferable but such data have not been available. Practical per-
formance of oil circuit breakers on reactor switching duty has
been characterized by excessive carbon sludge formation and the
need for frequent maintence. This project is to obtain basic data
to better adapt circuit breakers to this application. Field in-
vestigations that have been conducted include the examination of
circuit breaker performance when switci ng reactor circuits with
and without modification by surge suppressors. Effectiveness of
oil filtration equipment is being investigated. Model tests, using a
circuit breaker simulator, and field tests are being conducted to
determine effective locations and configurations of surge suppres-
sors, develop protective relay schemes and determine internal
reactor transients when switching with a circuit breaker in the
reactor neutral. These phases of the research are being conducted
under a summertime research contract with the University of
Colorado using a graduate student in electrical engineering.

8. ENGINEERING WORKS

SUPPORTED BY U,S. Dept. of Interior Bu. Reclamation

8,0122, RELAY, CONTROL, AND METERING CIRCUIT
INVESTIGATIONS
F.R. SCHLEIF, U,S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

More reliable relaying, control and metering systems and
devices are needed to accommodate specific design limitations
and to correct special operating problems. Investigations are con-
ducted to improve design, reduce maintenance, and increase re-
liability of relay, control and metering devices, circuits and
systems. Typical projects researched are ground relaying systems,
influence of stray capacitance on large battery installations and
surge suppression in d-c control circuits, Experimental deter-
mination of comparative accuracy for two-element and three -ele-
ment metering on grounded wye systems with phase unbalance
existing from untransposed transmission lines is given in Report
No, EP-24. High-speed power flow prototype relay systems are
being investigated for protection of power system interties to
achieve controlled sectionalization when needed during severe
and unusual disturbances, The objective is rapid sectionalization
so each of the separated systems will retain stability with suffi-
cient generation to independently serve the local area loads.
Prototypes of a power swing relay and auxiliary have been
designed, assembled, calibrated and placed in service on the East-
West tics, Power flow, rate of change of power flow, power flow
bias, blocking for nearby system switching, pretrip alarm and
high-speed tripping at a favorable time are some cf the salient fea-
tures incorporated in the prototype relay. High sensitivity in a
narrow band near a critical power system oscillation with tripping
near a point of oscillation quiescence is provided in the prototype
auxiliary. System performance data are being evaluated and other
applications are under study.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0123, UNDERGROUND TRANSMISSION AND EQUIP-
MENT DIELECTRICS--SOLID, LIQUID, AND INERT GAS
F.R. SCHLEIF, U.S. Dept, of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Influence of dielectric absorption or polarity reversal upon
dielectric strength of underground cables and equipment insula-
tion will be evaluated. Possible utilization of polarity reversal in
cable as a testing technique is proposed. Many new systems of in-
sulation are being offered with widely different characteristics,
and a practical means of evaluating insulations to meet the users'
applications is needed, taking into consideration initial and aging
characteristics of dielectric properties, and mechanical properties
and ease of handling. A corollary part of the solid insulation
problem is that the evaluating insulations after various stages of
service to permit scheduling of repair or replacements as needed,
but yet utilize the maximum service life indicated to be available,
Evaluation systems employing power factor and power factor tip-
up measurements proved to be influenced by nonlinear corona
control paint applied to the ends of machine stator coils. Further-
more, in electric machines these measurement techniques require
isolation of each coil before measurement. Evaluations of coil
conditions by ionization measurements have shown some capa-
bilities of avoiding these difficulties. The winding of a machine is
being evaluated by each of the techniques for comparison and for
refinement of an evaluation technique for field use. Investigation
also includes application of inplace repair techniques for genera-
tor stator coils. Inert gas atmosphere for oil insulated equipment
is being evaluated. A portable high-voltage d-c power supply spe-
cially designed for insulation testing is being developed.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0124, GOVERNOR REGULATION FOR SPEED AND
SYSTEM CONTROL
F.R. SCHLEIF, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225
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The increasing interconnection of systems makes the former
approximate experimental system of governor adjustment more
difficult, yet the needs are for still more accurately coordinated
adjustment. The procedure for calculation of adjustments evolved
by computer studies has been applied. This investigation includes
correlation of calculated settings with actual response, develop-
ment of a field test and adjustment procedure to achieve the
desired settings, and means of reconciling the d;verging require-
ments of governor adjustment for speed control and response of a
governor to tieline control signals. A scheme of simulating iso-
lated operation of a generator under normal system load has been
developed for adjusting govern.ors. Optimum system performance
is achieved by machines so adjusted. Refer to IEEE Paper No. 31
PP 67-22. Electrical control schemes have been developed for ap-
plication on hydromachine mechanical governors, Two different
prototypes of supplementary fringe control have been used at
Grand Coulee Powerplant to improve system stability, Fringe
control study results are given in Report EP-13. A prototype elec-
tronic governor auxiliary for a mechanical governor is being
operational tested at Grand Coulee Powerplant. Hydro-machine
actual response time is decreased and tieline and frequency regu-
lation improved by the electronic auxiliary. Prototype supplemen-
tary excitation control systems have been assembled and placed
in service at Glen Canyon and Yellowtail Powerplants, Analog
computer studies and application results of supplementary excita-
tion control are given in Reports EP-16, EP-18 and EP-25,
Further studies are being conducted to optimize the excitation
control and its coordination with governing systems.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0125, ELECTRICAL MACHINERY TEMPERATURE
CONTROL
F.R. SCHLEIF, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

This investigation assumes importance because of the trend
to more extensive load peaking with hydro and to centralization
of power control to necessarily conserve manpower. A prominent
deleterious effect on electrical machinery is produced by thermal
cycling. Use of automatic temperature control is an evident
means of relief. Applications to steam turbine units have been
fairly common, but few applications have been made on hydro
units. Beyond the need to minimize deleterious effects on the
machine itself, there is also a need to eliminate manual control
operations to facilitate centralization of control. An automatic
temperature control installation has been designed to compare
the performance of several different type sensing systems. The
sensing systems employed for comparison include stator re-
sistance temperature detector, a bulb-type sensing element in-
serted under the stator slot wedge, and a bulb-type sensing ele-
ment attached to the end section of the coil. Preliminary results
showed good performance of control apparatus driven by the re-
sistance temperature detector. Subsequent phases of the study are
to continue examination of capabilities of the more rugged and
less expensive bulb-type detector with associated controllers to
achieve the desired control function of limiting the temperature
cycling range. Control of temperature to a constant value is not
the object of the control,

SUPPORTED BY U.S. Dept. of Interior - Bu, Reclamation

8.0126, COORDINATION OF PLANT FREQUENCY, D-C-
TRANSMISSION AND SYSTEM CONTROL
F.R. SCHLEIF, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The new technique of a-c/d-c conversions offers promise of
flexiblity which may not only relieve the confinements of speed at
generators and of pumps under varying head and gate conditions,
the conversion technique may also yield valuable flexibility for
control for system stabilization along with its advantages in d-c
transmission, both overhead and underground. This project is
concerned with evaluation of the potential of the techniques of a-
c/d-c conversions, particularly by solid-state devices, for relieving
these prominent problems singly or in combination. If the study
phase results are sufficiently promising, the work would continue
with acquisition and evaluation of prototype apparatus.

SUPPORTED BY U.S. Dept, of Interior Bu. Reclamation

8.0127, OPEN CHANNEL HYDRAULICS
J.C. SCHUSTER, U.S. Dept. of Interior, Hydraulics Branch,
Denver, Colorado 80225

Minimum head losses in canals and canal structures are es-
sential for an economical and efficient transportation of irrigation
water. Canal structures include drops, turnouts, wastways,
overchutes, culverts, transitions, bifurcations, side channel weirs,
and other structures. Verification of model investigations with
field tests are required on a number of individual designs, These
include research on culverts, transitions, drops, and bifurcations.

Research is continuing on different sizes of uniform riprap
and of graded riprap to relate the rate of flow of water to a stable
size of riprap.

Studies of canal surges was terminated with the publication
of the Hydraulics Branch Report Hyd-575,' Attenuation of Surge
Waves by a Side Weir in a Trapezoidal Channel.'

SUPPORTED BY U.S. Dept. of Interior Bu, Reclamation

8.0128, WATER MEASUREMENT
J.C. SCHUSTER, U.S. Dept. of Interior, Bureau of Reclamation,
Deny ',Colorado 80225

Commitment of more and more of our water resources com-
pels us to improve water measuring methods, to increase measur-
ing accuracy, and to supply information to people measuring the
water. Distribution of water from older systems of canals and
pipelines needed only an understanding of relatively simple mea-
suring devices, Newer distribution systems demand a much
greater knowledge of many complex measuring devices and water
controls. The expected increased automation of water control
and its measurement will raise the level of knowledge needed to
account for water into and out of the system. Studies in progress
and planned are to increase our knowledge of both old and new
devicer,

The studies include evaluation of acoustic dye, momentum,
and thermal methods of discharge measurement, and the capabili-
ties of new controls and indicators.

SUPPORTED by U.S. Dept. of Interior - Bu. Reclamation

8.0129, STUDIES OF EQUATIONS FOR SEEPAGE LOSS
FROM CANALS
M. W. SCRIVNER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Numerous equations have been developed for computing
seepage losses from canals. These equations were based on cer-
tain idealized assumptions such as uniform soil permeability and
that seepage is not affected by ground water or subsoil stratifica-
tions. Such ideal conditions are rarely encountered in practice.
Seepage loss equations are required which will accurately predict
seepage by application of measured values of permeability and
other measurable properties of the soil in which the canal is to be
built.

Published literature on P.'epage losses will be reviewed to
assist in selecting or develot ations which would permit a
more accurate prediction of . asses and needs for canal lin-
ing. Seepage rates obtained 'tom ponding tests on Bureau of
Reclamation canals will be compared to the published equations.
Permeability and other laboratory measured properties of soil
samples from the canals will be examined for possible correlation
with seepage rates measured by ponding tests in the field.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0130, STUDIES OF CANAL HYDRAULICS
M. W. SCRIVNER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Economic design of canal systems depends on accurate
determination of the head losses that will occur in each com-
ponent part of the systems. Wide variations between the losses al-
lowed for in design and measured in prototypes indicate a need
for information as to the cause of these variations,
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A program for measuring head losses in Bureau of Reclama-
tion canals began in 1957 will be continued. Tests will be made in
cooperation with other programs on Bureau of Reclamation
canals, Tests will include measurements in earth and lined sec-
tions of various sizes and on typical canal structures.

Data collected under this and other programs will be
analyzed for useful information. Data from technical publication
and magazines will be collected and evaluated as they become
available.

Data collected will be used to aid in determining the relative
influence of size, shape, slope, alinement, surface roughness,
aquatic growths and deposits on friction coefficients for open
channel flow. Data from structure measurements will be analyzed
to determine the effects of piers, transition bends, etc. on overall
structure losses.

SUPPORTED BY U.S. Dept, of Interior - Bu. Reclamation

8.0131, COATING TECHNOLOGY
C.E. SELANDER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Each year there are many new developments related to pro-
tective coatings and scalers which are not covered by other
specific research items. Many of these are of potential value to
the Bureau and arc being investigated. These investigations may
include new techniques of surface preparation or application and
the evaluation of coating materials for use in humid or wet and
low temperature situations, as well as performance surveys and
service estimates. Studies of the relationships of certain proper-
ties of coatings to actual field performance under various expo-
sure conditions are expected to provide information to better un-
derstand differences in performance in various geographic areas.
The results from these studies are used in upgrading and improv-
ing specifications, General survellance of the protective coating
field continued. A computer program is in use for analysis of coat-
ing performance data from paint screening tests.

Maintenance painting, an evergrowing problem as Bureau
structures age, usually proceeds under adverse physical condi-
tions and a strigent time limitation. In recent years, developments
in the properties of coating materials may permit or at least im-
prove their applicability in humid or wet, low-temperature situa-
tions. Variations on surface preparation and application
techniques with such materials are being investigated to enable
selecting those most suitable to specific O&M problems. New
projects and procedures which show promise and warrent a major
effort will be investigated further in separate programs.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0132, PLASTIC PIPE AND TUBING
C.E. SELANDER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

One of the most active and expanding of the industries is that
related to plastic pipe, and the industry appears to be redirecting
its efforts to water service. Plastic pipe produced under suitable
standards can withstand exposure to many severe environments.
Recent developments, particularly in reinforced plastic mortar
(RPM) pipe, now make available most any size of pipe desired.
Samples up to 96 inches in diameter have been furnished to the
laboratory. Plastic pipe, properly selected, can replace metal pipe
which requires unusual protection or it is not suitable because of
environmental conditions. Developments in RPM pipe make this
type of piping competitive with concrete or asbestos-cement pipe
in various sizes up to 54 inches diameter on a regular basis. The
only major unanswered questions concerning this pipe are related
to its durability under service conditions. Laboratory and field
evaluations arc being conducted with excellent cooperation by in-
dustry and in association with the Open and Closed Conduit
Systems (OSSC) program to answer these questions.

Developments in phstic drain pipe which may result in sub-
stantial savings in large-scale drainage systems are being studied.
Sections of the field test pipe from Westlands Irrigation District,
California will be tested in the laboratory after delivery from the
project and thereafter at 6-month intervals as planned. The
Concrete and Structural Branch is cooperating closely in this stu-
dy. Monitoring of the field installation will continue.

8. ENGINEERING WORKS

Samples of other plastic pipes were received for preliminary
examination and numerous meetings were held with industrial
representatives.

SUPPORTED BY U.S. Dept, of Interior - Bu. Reclamation

8.0133, PLASTICS TECHNOLOGY AND ENGINEERING
APPLICATIONS
C.E. SELANDER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Specific engineering applications of a variety of plastic
materials are being investigated. Oftentimes, certain specific pro-
perties govern the uses of plastic materials under particular ser-
vice conditions. Materials and their properties are being studied.
New materials and uses not specifically covered by other research
programs are investigated to establish if there is potential value to
the Bureau, Preliminary studies in this program arc useful in
determining whether separate research programs for detailed and
comprehensive investigations are justified. Technical develop-
ments and engineering advances are monitored by review of
technical publications and frequent contacts with industry,
Government, and technical groups.

Environmental testing of certain plastics was continued with
periodic evaluation, Minor miscellaneous tests were conducted as
neck's dictated, but no new major studies were undertaken
because of higher priority work. Report No. ChE-73 on a study of
impact and tensile strengths of two polyethylenes and Report No.
ChE-74 on moisture absorption of one type of nylon are planned.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0134, CORRELATION OF JOINT DENSITY AND ROCK
LOADSINSTALLATION OF TUNNEL SET LOAD CELLS IN
DIVIDE TUNNEL, COLORADO
E.J. SLED IR, U.S, Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Correlation of joint density and rock loads remains an impor-
tant unknown in the design of underground openings. Instrumen-
tation of tunnel sets will be performed using load cells. Correla-
tion of underground and surface joints with loads on tunnel sets in
a specific rock type will be studied. Particular evaluation will be
made of Terzaghi's formula for estimating rock loads based on
joint density in a special rock type.

Status--All data have been furnished to Graduate Student L.
A. Brown, Data will be incorporated in PhD thesis. Target date
for thesis--1968.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0135, VIBRATORY COMPACTION OF COHESIVE
SOILS
D.A. TIEDEM ANN, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

A research investigation is being conducted to determine the
effects of vibratory compaction on the properties of cohesive
soils. Although vibratory equipment has successfully compacted
cohesionless soils, its effect on cohesive soils, particularly in
dams, has not been established. Equipment company representa-
tives and contractors have claimed that vibratory rollers are more
economical than conventional-type rollers on cohesive soils and
that they can effectively compact this type of material. This
research is designed to gather data which will serve as a basis for
our engineers to allow or disallow the use of vibratory equipment
in the compaction of cohesive soils, particularly for water bar-
riers.

Equipment has been acquired to study the dynamic proper-
ties of soils subjected to vibratory action, both under field and
laboratory conditions. Vibration records have been obtained
from a test embankment of lean clay compacted by a vibratory
roller. These records are being analyzed preparatory to establish-
ing a laboratory test program. This program will consist of a series
of vibratory tests on samples of different cohesive soils to deter-
mine the mechanics of the compaction process and the properties
of the soil compacted in this manner.
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SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0136, DESIGN CRITERIA FOR OPEN CHANNELS
P,J. TJLP, U.S. Dept. of Interior, Bureau of Reclamation, Denver,
Colorado 80225

To secure maximum project benefits, it is essential that water
distribution and drainage systems be designed with adequate
capacity. Experience shows that under capacity in open channel
portions of canals has resulted in costly modification work after
original construction. Criteria used in the design of open channels
should result in a system that is economical to construct, operate,
and maintain and should account for all factors which will have a
significant effect on their capacity.

Criteria for the design of open channels will be revised as
required to account for factors which have been shown to have
significant effect on capacity. Activities will include:

1. Review data from canal hydraulic tests and other informa-
tion on hydraulic performance of Bureau of Reclamation canals.

2. Assemble and evaluate data from other agencies on
hydraulic tests and performance of open channels.

3. Analyze data and formulate criteria which will he reliable
for use in design of future canal systems.

4. Revise existing design aids and devise new aids to assist in
applying the adapted design criteria.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8,0137, EARTH AND ROCKFILL DAM DESIGN PRAC,
TICES
F.C. WALKER, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

A continuing program to improve Earth Dam Design prac-
tices is being pursued through evaluation of construction per-
formance, structure performance measurements, operation and
maintenance experience and review of literature. Collected data
is evaluated from time to time and compared to previously
established design practices. Modifications are then introduced in
the design practices, data collection procedures, measuring ap-
paratus, or methods of analysis and evaluation to reflect the effect
of accumulated experience.

Current operations include: Improved piezometer design to
register negative pressures and reduce failure in installations.
Statistical appraisal of construction variation in compaction of
materials and establishment of conditions' for testing. Develop-
ment of standards for earthquake hazard evaluation. Improve-
ments in stability analysis.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0138, AUTOMATION OF CANAL SYSTEMS
L.F. WEIEE, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

The trend in management and operation of canal systems is
toward more automatic controls. Many existing automated instal-
lat:ons have been developed by local entities and many have been
modified to solve local operational problems. The factors respon-
sible for conditions which make modification of simple controls
necessary are not defined. Design engineers and canal operating
personnel require definition of these factors to provide satisfacto-
ry automatic control of canal systems.

A review of literature on existing automated installations was
begun in 1966 and will be continued. Information obtained from
this review will be used to determine (1) the operational capabili-
ties of each type of installation, (2) the suitability of the electrical
and mechanical components of each installation, and (3) the fac-
tors which require special consideration in the modification of
simple controls. Automation of individual structures as well as
complete systems will be included.

Related studies will include equipment and methods of moni-
toring and controlling rates of flow and water surface elevations,
as well as capabilities for remote control and supervision.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0139, HYDRAULIC AND STRUCTURAL DESIGN
SPILLWAYS AND OUTLET WORKS
R.W. WHINNERAH, U.S. Dept. of Interior, Bureau of Reclama-
tion, Denver, Colorado 80225

Further investigations of prototype performance of existing
selective level outlet works with the objective of improving future
designs. Development of programs to speed conversion of various
design and estimating computations from manual to ADP
procedures will continue. Data collection on high head gates and
valves will soon be completed. Study of cavitation and abrasion of
concrete flow surfaces will continue. Initiation of research in the
following areas is proposed: 1. Application of the finite element
theory to counterfort design. 2, Effects of ultimate strength design
on hydraulic structures. 3. Simplification of structural outlines to
reduce form costs. 4. Efficacy of repairs of concrete flow sur-
faces. 5. Methods of splicing 14S and 185 reinforcing bars. 6.
Establishment of uniform standards in determining hydraulic
head losses.

SUPPORTED BY U.S. Dept. of Interior Bu. Reclamation

8.0140, ADMINISTRATION, GENERAL, ANiy OTHER EX-
PENSES--SOIL AND MOISTURE CONSERVATION PRO-
GRAM
R.J. WILLSON, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

Coordination of the activities within and controlled by the
Office of the Chief Engineer, which includes providing design
assistance of a minor nature not justifying transfer of funds from
regions for accomplishment, providing technicians for field con-
sultation on matters not provided for otherwise in the program,
and meeting general administrative and other minor expenses.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0141, PRECAST CONCRETE FORMS
W.H. WOLF, U.S. Dept. of Interior, Bureau of Reclamation,
Denver, Colorado 80225

As part of continuing efforts to improve quality and reduce
costs, investigations are being made of the utilization of precast
reinforced concrete units as construction forms and permanent
protective facing for reinforced concrete structures, particularly
hydroelectric powerplants. The initial phase involves study and
correlation of available data and information on the subject, after
which preliminary designs and economic studies will be prepared
to determine the structural elements, the types and sizes of struc-
tures, and the various construction site factors for which the use
of precast concrete forms will prove most advantageous and
economical. These determinations will involve study of equip-
ment and methods used in the manufacture and installation of the
units. Modifications of designs and details of structures to better
adapt them to precast concrete forms will be investigated. Finally
standardized designs and specifications for the various types of
precast form units found to be economically feasible will be
prepared along with recommendations as to the conditions most
favorable to their use.

Special research into some phases of the development will be
undertaken as the need becomes apparent.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0142, UNSTEADY FREE SURFACE FLOW IN LONG
STORM DRAIN
A.H. BARNES, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

Three numerical methods have been developed for digital
computer solution of the teo partial differential equations ex-
plaining gradually varied unsteady flow. These are the diffusing
method, the Lax-Wendroff method, and the method of charac-
teristics. The Lax-Wendroff is the preferred for its superior sta-
bility. Unsteady flow observations were made for base discharges,
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peak flows, boundary conditions, initial conditions, and lateral
flow conditions. Energy losses through junction boxes were deter-
mined for steady flow conditions, These were in agreement for
observations taken on a 3-ft diameter pipe and a 6 1/4 in. pipe.
Computer wave forms were compared with observations made in
England. Good agreement was attained.

Reports issued: A development of a numerical solution to a
system of partial differential equations, W. B. Frye, thesis, June
1966. Free surface flow energy losses in a 90-degree junction box,
W. L. Lorah, thesis, June 1966. Hydraulic roughness of free-sur-
face flow in a smooth steel pipe, F. M. Yevdjevich and A. H.
Barnes, Aug 1966. Solution of the unsteady free surface flow in a
storm drain by the method of characteristics, S. Pinkayan, Sep
1966. Velocity distribution factors in a circular cross-section, A.
H. Barnes, Oct 1966. Comparison of mathematical versus experi-
mental flood wave attenuation in part full pipes, J. S. Mitchell,
Nov 1966.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Colorado State Government

8.0143, WATERSHED IMPROVEMENT--SOIL AND
MOISTURE CONSERVATION PROGRAM
R.E. DILS, Colorado State University, Graduate School, Fort
Collins, Colorado 80521

The objectives of this research are to test snowmelt accelera-
tion materials and techniques on a larger scale treatment basis;
continue field testing of a continuous method of gaging stream-
flow; evaluate the water yield benefit expected from operational
conversion of lodgepole pine forest to herbaceous vegetation, and
evaluate the different herbaceous species with respect to their
adaptability to such conversions, their relative demands on water,
and their utility for protection and recreational use of the land.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0144, SEALING OF CANALS AND RESERVOIRS WITH
COLORADO CLAYS
R.D. DIRMEY ER, Colorado State University, Agricultural Ex-
periment Sta. , Fort Collins, Colorado 80521

A. To inventory clay deposits close to major irrigated areas in
Colorado, B. To develop methods of utilizing locally available
clays and sealing leaky canals and reservoirs in Colorado.

Description of Work; Samples of deposits of clay are evalu-
ated in the laboratory to determine particle size, permeability,
washability, mixability, swell and other chemical and mineralogi-
cal ch.racteristics.

Field trials are conducted in existing canals and reservoirs
with clays that appear favorable from laboratory tests.

SUPPORTED BY Colorado State Government

8.0145, ENGINEERING INVESTIGATION PERTAINING
TO FLOOD PROTECTION OF BRIDGES AND CULVERTS
D.B. SIMONS, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

This research is to develop design criteria required to
establish methods and the physical requirements of materials
necessary to control erosion downstream of highway culverts,
contracted bridge sections, and other hydraulic structures. Scope:
Laboratory facilities will be utilized to initially study the flow
phenomenon, the forces acting on bank stabilization materials,
and design criteria for selecting and placing material for scour
prevention.

SUPPORTED BY U.S, Dept. of Transportation - Public Rds.
Wyoming State Government

8.0146, HYDRAULICS LABORATORY
D.B. SIMONS, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

A. A study of sediment transport in alluvial channels. B. A
study of the mechanics of turbulence and its effects on flow in
open channels. C. A basic study of fall velocity--the fall velocity
of porous particles,

8. ENGINEERING WORKS

Objectives of Project: A. Improve the theory of sediment
transport in open channels. B. Develop techniques of measuring
the turbulence of water in open channels. C. Improve the concept
of fall velocity of particles.

Sediment data are being collected in both the laboratory and
the field. A new recirculating flume is being built in the new
hydraulics laboratory for further study. A special fall velocity
tube and associated photographic equipment will be used for fall
velocity studies.

SUPPORTED BY Colorado State Government

8.0147, REVERSE FILTER EROSION PROTECTION
C..1. POSEY , Univ. of Connecticut, School of Engineering, Storrs,
Connecticut 06268

Paving with concrete, asphalt, or ether impermeable materi-
als, as commonly done to protect the bed and banks or drainage
ditches and canals from erosion, is not only expensive, but hastens
the flow away with minimum opportunity for replenishment of
groundwater. It has been shown recently that more dependable
protection can be obtained with a pervious lining having the pro-
perties of a reverse filter. Economical designs and placement
methods need to be developed and tested in a wide range of soils.
Work is starting at the Hydraulics Research Laboratory of the
University of Connecticut, with support from the Connecticut
State Highway Department, and should be completed by 1969.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Connecticut

8.0148, COASTAL WORKS EVALUATION FOR
CHECKING, IMPROVING AND DEVELOPING DESIGN
RELATIONSHIPS AND CONSTRUCTION TECHNIQUE
J.V. HALL, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

Data are obtained and studied on the behavior of shore im-
provement projects during and after their construction, The data
are obtained in cooperation with appropriate field offices insofar
as practicable. Protective works studied include beach fills which
serve to rehabilitate and/or nourish shore segments, as well as
gravity or cantilever type shore structures of both monolithic and
rubble construction.

Projects currently being followed also involve sand bypassing
at improved inlets, permeable and impermeable groins, jetties and
breakwaters, and reconstruction of protective sand dunes. Utiliz-
ing the collected data, applicable design relationships, both func-
tional and structural, are evaluated. Study objectives are improve-
ment of existing design relationships and construction techniques,
or development of new ones.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0149, PROTOTYPE ANALYSIS-STRUCTURAL
BEHAVIOR
J.A. RHODES, U.S. Army, Office of The Chief of Engrs. ,

Washington, District of Columbia
Mass Concrete Temperature Summaries (ES 627.1) - Tem-

perature histories of mass concrete and related parameters affect-
ing heat generation and temperature changes, measured during
and subsequent to construction at large concrete gravity dams,
are collected, summarized, and presented in a series of reports.
To date 12 summaries have been published.

Uplift Studies - Flood Wails (ES 627.6) - Piezometer and
well point devices, installed at three Ohio River flood wall sites,
are observed at high stage periods to determine hydrostatic pres-
sures and flow nets in the underlying pervious' strata.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0150, WAVE ACTION ON STRUCTURES
T. SAVILLE, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

The action of all types of waves on various types of structures
will be studied in the laboratory using experimental models, in the
field making prototype measurements, and by analytic theoretical
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approach. In particular such things as wave run-up, wave over-
topping, wave forces, and structure stability are planned for in-
vestigation.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0151, STRUCTURAL DESIGN OF SHORE STRUC-
TURES
T. SAVILLE, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

This project involves continuing review of literature on the
design of shore structures, field tests on wave action on struc-
tures, and model tests on wave action on models of various
coastal structures.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0152, EFFECTIVENESS OF WEB REINFORCEMENT IN
REINFORCED CONCRETE BEAMS SUBJECT TO AXIAL
FORCES

UNKNOWN, U.S. Army, Office of The Chief of Engrs. ,

Washington, District of Columbia
The purposes of the research are to obtain a fundamental un-

derstanding of the action of web reinforcement to resist shear in
reinforced concrete beams when axial forces are present and to
develop expressions for shear strength of such beams. No data are
presently available on this subject.

Investigation will be made of the behavior of a series of rein-
forced concrete beams with web reinforcement when subject to
various combinations of shear and axial force. The variables will
be axial stress, amount of web reinforcement, concrete strength,
amount of longitudinal reinforcement and the ratio of moment to
shear.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0153, UTILIZATION OF RADIOACTIVE TRACERS IN
BEACH STUDIES
G.M. WATTS, U.S. Army, Coastal Engin. Res. Center, Washing-
ton, District of Columbia 20016

The feasibility of utilizing radioactive and fluorescent tracers
in beach studies is being followed and investigated. Preliminary
tests familiarizing staff personnel with such techniques are carried
out. Study is made to utilize and alter laboratory techniques for
field application,

SUPPORTED BY U.S. Dept. of Defense - Army

8.0154, DEVELOPMENT OF OFFSHORE SOURCES OF
SAND SUITABLE FOR BEACH RESTORATION AND
NOURISHMENT
G.M. WATTS, U.S. Army, Coastal Engin. Res, Center, Washing-
ton, District of Columbia 20016

This study is to locate and quantitatively assess those
offshore deposits which contain sediments suitable for beach
restoration and/or nourishment. The present geographical limits
of the study are from New Hampshire to the Florida Keys along
the Atlantic Coast in water depths of 15 to 100 feet below low
water datum. The method of exploration is twofold: (1)
Geophysical (acoustic) surveys or the bottom and shallow subsur-
face strata in selected areas; and (2) The extraction of short (10-
15 feet) cores of the unconsolidated sediments. These data are
analyzed to develop two and three dimensional maps delineating
areas of usable sediments which may be exploited economically.
Concurrent studies are in progress to develop and refine methods
of offshore dredging and delivery of the material from the dredge
to the shore.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0155, DEVELOPMENT OF CRITERIA FOR ARTIFI-
CIAL BEACHES
G.M. WATTS, U.S. Army, Coastal Engin. Res. Center, Washing-
ton, District of Columbia 20016

The study is to develop beach fill design criteria, and to
establish a systematic procedure for the investigation of the
characteristics of littoral material. Program involves 2 steps: ( I )
Develop design criteria for beach fill through application of
statistical principles to special test data; (2) Reexamination stu-
dies of completed artificial fill projects to obtain data for com-
parative evaluation of developed design criteria. Data which have
been derived under the functional study of fill projects are utilized
in step 2 procedures of developing the criteria for artificial
beaches. Studies through contracts with educational institutions
are being carried out regarding the use of statistical principles by
repetitive collection of field data at one location. High speed
computers are utilized in the analysis of the field data.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0156, RUBBLE-MOUND PROTOTYPE STUDIES
G.M. WATTS, U.S. Army, Coastal Engin. Res. Center, Washing-
ton, District of Columbia 20016

Prototype rubble-mound structures, including structures
with pre- cast armor units, are subjected to programmed surveil-
lance for damage or movement of armor units by wave action in
order to correlate such data as are obtained with that previously
obtained from hydraulic modei and theoretical studies. Armor
units at selected positions in the structure are permanently
tagged, positioned by survey measurement, and subsequently
checked semi-annually, or after each major storm, to determine
the degree of movement of the units. Wave gaging instrumenta-
tion is installed to provide continuous sampling of incident wave
action, and survey measurements of adjacent beach and bottom
are also taken periodically. Data are currently being measured at
three locations on the Pacific Coast which include a rubble-stone
jetty; a jetty with pre-cast quadripod armor units, and a shore-
connected breakwater constructed with a rubble-stone stem and
monolithic concrete head.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0157, CORROSION MITIGATION
G.M. WATTS, U.S. Army, Coastal Engin. Res. Center, Washing-
ton, District of Columbia 20016

The investigation is to involve the collection and presenta-
tion of data showing the corrosion rate in sea water of various
shapes of steel piling and of the stressing steel in pre-stressed and
post stressed concrete piling. The corrosion rates are to be deter-
mined from piling installed at locations having various climatic,
tidal and contamination conditions. The objective is to furnish in-
formation to aid in determining the life expectancy of steel used
in piling installations.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0158, HYDRAULIC PERFORMANCE OF BRIDGES
UNKNOWN, U.S. Dept. of Interior, Geological Survey, Washing-

ton, District of Columbia 20242
Information is being obtained on the overall efficiency of

bridges, on the hydraulic efficiency of earthen spur dikes, and on
the hydraulic efficiency of excavated areas under bridges. This
will lead to a more effective design of waterway openings under
bridges.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Mississippi State Government

8.0159, DEVELOPMENT OF HYDRAULIC DESIGN
PROCEDURES FOR STRUCTURAL PLATE PIPE AND PIPE-
ARCH CULVERTS USING RESISTANCE FACTORS FROM
RECENT RESEARCH
N.G. BOSSY, U.S. Dept. of Transportation, Bureau of Public
Roads, Washington, District of Columbia

Design aid for selection of a structural plate pipe-arch culvert
(new section of 31-in. corner radius) adequate for a given design
flood peak is being developed and made available to highway en-

fineers.
This will be supplemented by data on resistance factors

or all sizes and types of corrugated metal culverts.
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SUPPORTED BY U.S. Dept. of Transportation - Public Rds.

8.0160, COASTAL ENGINEERING STUDIES RELATED
TO FLORIDAS SHORELINE AND BEACH EROSION
PROBLEMS
R.G. DEAN, Univ. of Florida, School of Engineering, Gainesville,
Florida 32601

The proposed program represents a long-range investigation
to define the causes of and solutions to Florida's shoreline and
beach erosion problems. The emphasis during the first year of the
project will focus attention along the lower southeast coast from
Jupiter Island south to Government Cut. In subsequent years, at-
tention will be directed to other segments of the State's coastline.
The primary objectives of the study are described in the following
paragraphs.

Inlets, shoreline problems will be investigated. Special con-
sideration will be given to the hydrographic features and sand
bypassing processes at the, various inlets.

Nearshore Sand Resources. define near-shore sand resources
suitable for beach nourishment purposes.

Susceptibility of General Coastline to Wave Attack. refrac-
tion techniques will be employed to identify areas that are par-
ticularly vulnerable to storms originating from various directions.
Erosion-deposition occurrences for particular storms will be cor-
related with these results.

Coastal construction. types of coastal structures and prac-
tices will be assembled and interpreted in order to document the
most effective solutions to Florida's coastal problems.

SUPPORTED BY Florida State Government

8.0161, SAND TRACING AT SPECIFIC INLETS AND
AREAS ON THE LOWER EAST COAST OF FLORIDA

PURPURA, Univ. of Florida, School of Engineering,
Gainesville, Florida 32601

The purpose of this tracing program is to determine the pat-
tern of natural as well as artificial sand bypassing that is occuring
at three inlets and to study the longshore and transversal littoral
drift of the shoreline between two of the inlets. It is hoped this
data will be useful in determining the most practical way(s) of sta-
bilizing and/or protecting beach area adjacent to inlets.

Natural, native sand in large quantities is coated with a
fluorescent pigment. The coated sand is placed at different loca-
tions throughout the study area. After placement, a comprehen-
sive sampling program is carried out. Results are then analyzed
and correlated with measured physical parameters.

SUPPORTED BY Florida State Government

8.0162, SILVEX PERSISTENCE IN WATER AND
HYDROSOIL
H.P. NICHOLSON, U.S. Dept. of interior, Southeast Water Lab. ,
Athens, Georgia

Methodology has been developed for the differential analysis
of the propylene glycol butyl ether esters of silvex and silvex acid
in water and the underlying hydrosoil. The persistence of the
esters and acid of silvex in water and hydrosoil have been deter-
mined in the laboratory. Soil types involved were: Cecil sandy
clay loam of the Piedmont Plateau of Georgia, Lakeland loamy
sand from the Coastal Plain of Georgia, and Brighton muck from
Florida. These studies are being extended, under field conditions
to Louisiana soils of the Olivier Calhoun-Loring Association. The
Louisiana tests involve applications to three natural ponds.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0163, TWO-PHASE FLOW IN A VERTICAL BEND
M.R. CARSTENS, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Genrgia 30332

The proposed research is designed to contribute to a general
understanding of two-phase (air-water) flow in enclosed conduits
involving a vertical shaft, an elbow, and a horizontal discharge
kg. Special attention will be paid the transition from a bubbly
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mixture in the vertical leg to stratified (open-channel) or plug
flow in the horizontal leg.

Generalized conclusions regarding important design and per-
formance parameters will be based on an experimental investiga-
tion in which the following variables will be considered: (a) air
concentration, (b) radius of curvature of the bend, (c) length of
the horizontal conduit, and (d) Froude Number of the flow in the
horizontal conduit.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

8.0164, UNSTEADY FLOW OF DILUTE AQUEOUS HIGH
POLYMER SOLUTIONS IN PIPES
P.G. MAYER, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The proposed research plan involves mathematical and ex-
perimental studies of unsteady pipe flows of dilute aqueous solu-
tions of high polymers. The main purpose of the studies is to for-
mulate mathematically and to verify en erimentally the progress
of slugs of water having changed physical properties due to
polymer additives. The mathematical study involves solutions to
hydraulic transients due to changed fluid properties. Numerical
methods and electronic digital computers are to be employed.

The experimental study involves measurements of pressure
transients in controlled laboratory experiments. Different con-
centrations of polymeric substances are to be injected and the
progress of the slug and its effect on the system are to be ob-
served.

The mathematical study and the laboratory investigation
would be correlated to suggest practical applications of polymer
injections to improve water, distribution systems.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Georgia Institute of Technology

8.0165, CIVIL ENGINEERING STRUCTURES IN THE
OCEANS
P.G. MAYER, Georgia Inst. of Technology, School of Engineer-
ing, Atlanta, Georgia 30332

Engineering structures in the ocean involve forces and con-
straints which demand attention to the interrelationships between
the soil dynamics of the ocean floor, the hydrodynamics of wave
action and of the viscous damping, and the structural response
characteristics. These interrelationships must be understood as
random phenomena and must be treated by probablistic methods.

The present study involves the formulation of a structural
model based on continuous mass distribution, an analysis of the
wave force spectrum using the theory of random processes as ap-
plied to structure and the ocean, and an analysis of foundation
conditions. The synthesis of the above will be attempted by nu-
merical methods. (Ph.D. thesis.)

SUPPORTED BY Georgia Institute of Technology

8.0166, TURBULENT FLOW SPECTRAL ANALYSIS
P.G. MAYER, Georgia Inst. of Technology, School of Engineer-
ing, Atlanta, Georgia 30332

Boundary layer turbulence creates random pressure fluctua-
tions. This pressure fluctuation creates noise and structural vibra-
tions. Many engineering structures are subjected to random force
applications and their response characteristics are closely related
to noise problems. In fluid mechanics, pressure fluctuations are
responsible for large drag forces and structural fatigue.

Design of hydraulic structures should include an analysis of
the turbulent flow spectre.

SUPPORTED BY Georgia Institute of Technology

8.0167, HYDRAULIC INVESTIGATION OF TAINTER
GATES AS FLOW MEASURING DEVICES
P.G. MAYER, Georgia Inst. of Technology, School of Engineer-
ing, Atlanta, Georgia 30332

An analytical and experimental study is proposed in which
Tainter gates will be used as flow measuring devices.
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The analytical study will entail a study of similitude relations
and a hydrodynamic treatment of flow under and over partially
open gates.

Scale models of existing installations will be built and syste-
matic tests will be conducted in the hydraulic laboratory,

SUPPORTED BY Georgia State Government
U.S. Dept. of Agriculture

8.0168, AQUATIC PLANT CONTROL
A.B. MONTGOMERY, U.S. Dept. of Interior, Bureau of Sport
Fish. & W Ife. , Atlanta, Georgia 30323

The ever-increasing demands on water resources of this
country are being severely curtailed by the rapid encroachment of
obnoxious aquatic plants. This has resulted in the necessity for
control of interfering aquatic weed infestations. Such is most ef-
fectively accomplished through the use of chemicals. However,
the chemicals must be harmless to aquatic organisms and safe for
uses associated with human water supply.

The objectives of the investigation are to determine the ef-
fects of herbicides, used in the control of obnoxious aquatic
plants, to fish and related organisms and their environment. Pre-,
during and post-treatment data will be collected from field study
areas which are treated under operational procedures. Standard
fisheries collecting equipment and methods will be used. The stu-
dies will include acute and chronic toxicities of the chemicals, as
well as residues which are accumulated in the various tissues and
organs of the organisms, bottom muds and the water. Laboratory
studies will be conducted as are deemed necessary and beneficial.
In addition, the good or bad effect:. of alteration of the habitat
through plant removal will be evaluated, This is a continuing
study and will consider different plants, environments, and chemi-
cals.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0169, INVESTIGATION EVALUATION AND DESIGN
OF OPEN AND CLOSED CONDUIT SYSTEMS AS IT RE-
LATES CONVEYANCE AND DISTRIBUTION SYSTEMS
UNKNOWN, U.S. Dept. of Interior, Bureau of Reclamation,

Boise, Idaho
Review, evaluate and consolidate presently available studies

and information, study operating costs of controlling and deliver-
ing water including justification of water control features such as
meters, automation and remote control facilities, study main-
tenance costs, including amount and kind of personnel and equip-
ment required to operate the system, from the information ob-
tained develop models of closed conduit irrigation systems. This
program replaces the Lower-cost Canal Lining Program.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0170, OBSERVATION AND EVALUATION OF INSTRU-
MENTATION IN THE FOUNDATION AND EMBANKMENT
OF MORAINE STATE PARK DAM
C.H. MCCONNELL, Individual Grants, Illinois

To install piezometers in the foundation and embankment of
dam to monitor the stability of lacustrine clay deposits in founda-
tion during construction; to monitor stability of abutments after
filling of reservoir and check effectiveness of Wakefield Sheet Pil-
ing and upstream blankets; and to monitor uplift pressures in
bedrock and check effectiveness of grouting. Settlement plates
will be installed and observed for foundation settlement during
construction of dam embankment.

SUPPORTED BY Pennsylvania State Government

8.0171, GREAT LAKES, PORTS AND SHIPPING SYSTEM
A.R. MACMILLAN, Southern Illinois University, Transportation
Institute, Carbondale, Illinois 62903

Purpose of Work: The purpose of this research is to: (1) to
assemble under one cover technical and non-technical informa-
tion regarding all phases of activities in Great Lakes ports; (2) to
show the influence of the St. Lawrence Seaway in forming and
reforming the ports and their waterborne directed functions; (3)

to give complete details on a great many economic matters affect-
ing a large number of Great Lakes ports, including investigation
of territorial regions and zones tributary to such ports; and (4) the
opportunities available for the American Merchant Marine.

Scope of Work: The basic purpose of this work is to compile
a large amount of new diversified port and shipping data into a
single volume. The Contractor is making a complete analysis of
the present port system including the fundamental trends in land
and water transportation. There is a growing need for a solid
representation of the position of the Great Lakes ports and their
data relevant, to the economy of this vast coastline particularly to
the promotion of the United States Merchant Marine.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

8.0172, CORROSION MITIGATION -CATHODIC PRO-
TECTION OF WATER-IMMERSED STEEL STRUCTURES
F.W. SHANKS, U.S. Army, Engineer District, Rock Island, Illinois
61201

Objectives. To investigate the technical and economic feasi-
bility of cathodically protecting water-immersed steel structures
of the Corps of Engineers and to develop practical cathodic pro-
tection designs for such structures.

Current and Proposed Investigations, The technical and
economic practicability of cathodically protecting water-im-
mersed steel components of Corps of Engineers waterways pro-
jects has been under study for several years. Numerous cathodic
installations both of the galvanic anode type and impressed-cur-
rent type have been designed and evaluated on practical struc-
tures. Factors which complicate the satisfactory application of
cathodic protection are: (1) The components (usually gates of
some type) move during operation. (2) The surface configuration
is frequently complex. (3) Anode assemblies are generally subject
to physical damage by turbulent water, ice, debris and water-
borne vehicles. (4) Surfaces to be protected may be immersed
only in part and only part of the time. (5) Competitive methods of
protection, primarily coatings, are being continually improved
and do not require the continuing surveillance inherent in
cathodic protection installations. Currently a survey of cathodic
protection experience on waterways projects is being conducted
on a Corps-wide basis. The direction of future work will depend
largely on the survey findings.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0173, PAINT TESTS
F.W. SHANKS, U.S. Army, Engineer District, Rock Island, Illinois
61201

Objectives. To conduct an investigative program designed to
provide the gteatest overall economy in protective coatings for
Corps of Engineers structures, with primary emphasis on the
metal components of hydraulic structures which are subject to
water immersion.

Current and Proposed Investigations. This investigation has
been in progress for many years and has led to the coating systems
now used throughout the Corps on hydraulic structures and ap-
purtenant works. In general, the investigation is designed to keep
abreast of progress in the rapidly changing paint industry by for-
mulating basic new film- formers and other new ingredient
materials, or new combinations of accepted materials, into
finished coatings which are evaluated on test panels and even-
tually on practical structures. Current and proposed work is
designed to: (1) Improve the characteristics and further evaluate
the performance capabilities of the standard coal tar-epoxy paint
system used in the Corps. (2) Develop a zinc-rich primer best
suited for use under standard vinyl type paint systems employed
on water-immersible surfaces. (3) Continue the improvement of
the Corps' vinyl systems for water-immersed steel. (4) Update
previous studies of epoxy and urethane coatings. (5) Update
previous studies relative to the ability of paint coatings (on steel)
to resist damage by cathodic current. (6) Carry on cooperative
test work with other independent agencies.



SUPPORTED BY U.S. Dept. of Defense - Army

8.0174, ENGINEERING GEOLOGY
W.C. SMITH, State Geol. Survey, Urbana, Illinois

Continuing research and service on geologic conditions as
they relate to engineering problems. Cooperation is extended to
other State Departments with particular reference to highway
construction, dam sites, reservoirs, foundation conditions, etc.
Field conferences, examination of borings, and preparation of re-
ports are undertaken for other State Departments or at the
request of consulting engineers engaged on various projects.

SUPPORTED BY Illinois State Government

8.0175, COOLY' :G TOWER TREATMENT
R.W. LANE, State Water Survey, Urbana, Illinois

Investigation is being made of cooling tower corrosion' and
scale prevention, and methods of water treatment and control.
This program is being carried out in the several hundred cooling
towers at State Institutions of Illinois.

SUPPORTED BY Illinois State Government

8.0176, EVALUATION OF CORROSION RATE TESTERS
R.W. LANE, State Water Survey, Urbana, Illinois

Investigation is being made of various corrosion measure-
ment methods (as the LS.W.S. corrosion test method, Berk tester,
N.D.H.A. tester, and coupon tester), as applied to corrosion in
cold and hot water distribution and in cooling tower and steam
condensate systems.

(In cooperation with J.F.J. Thomas, Head, Industrial Waters
Section, Canada, Dept. of Mines & Technical Surveys, Ottawa,
Canada.)

SUPPORTED BY Illinois State Government

8.0177, STUDIES OF CORROSION SPECIMENS
R.W. LANE, State Water Survey, Urbana, Illinois

Pipe test pieces of galvanized steel, galvanized wrought iron,
aluminum, and Alclad were distributed and installed for two years
at twenty locations throughout the United States and Canada.
After exposure to waters at measured velocities, the test pieces
were cut into specimens and studied. Analysis is being conducted
to strive for more meaningful relationships to predict corrosion
rates from the water quality data.

Specimens were distributed in 1962 and collected in 1964.
This study has been completed and the results have been
reviewed by the committee, now called 'Technical Unit Commit-
tee T7E of National Association of Corrosion Engineers.' It is ex-
pected that the report will be published in a forthcoming issue of
Materials Protection. .

SUPPORTED BY Illinois State Government
National Assoc. of Corrosion Engineers

8.0178, CORROSION TESTING
R.W. LANE, State Water Survey, Urbana, Illinois

Corrosion tests (ISWS method, ASTM D2688) are being
conducted in cold and hot water distribution systems in 50 Illinois
State Institutions. The results are expected to aid in specifying
materials which will be corrosion resistant to a particular water
quality.

SUPPORTED BY Illinois State Government

8.0179, NITRATE IN SURFACE WATERS IN ILLINOIS
T.E. LARSON, State Water Survey, Urbana, Illinois

Periodic analyses are being made for NO3 on samples from
streams in Illinois. These have clearly shown that this ingredient is
increasing in concentration over the past 20 years. Intensive sam-
pling of farm drain tiles is being conducted at several, small
watersheds to correlate with the fertilizer application over the
past 5 or more years, and with the soil types, NO3 in streams, and
factors influeming its presence in tile drainage.

8. ENGINEERING WORKS

SUPPORTED BY Illinois State Government
University of Illinois

8.0180, BOUNDARY EFFECTS ON JET FLOW PAT-
TERNS RELATED TO WATER QUALITY AND POLLUTION
PROBLEMS
W.H. MAXWELL, Univ. of Illinois, School of Engineering, Ur-
bana, Illinois

This experimental program will be divided into two phases:
(I) Collection and analysis of further experimental data on
velocity distributions downstream from a water jet introduced
horizontally beneath the free surface of a deep reservoir. (See
Project A-010-111). The diameter of the jet, submergence of the
jet and velocity of efflux from the jet will be varied systematically
to determine their influence on the flow pattern. (2) Velocity
traverses will be taken of the flow field downstream from a water
jet introduced horizontally beneath the free surface of a shallow
reservoir. The diameter and submergence of the jet, velocity of
efflux and the vertical location and slope of the lower fixer! boun-
dary will be varied systematically.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

8.0181, TURBULENT BOUNDARY LAYERS IN PRES-
SURE GRADIENTS
J.M. ROBERTSON, Univ. of Illinois, School of Engineering, Ur-
bana, Illinois

Near separations and in flows along surface of appreciable
curvature (in flow direction) the pressure distribution across a
turbulent boundary layer is not uniform, as predicted by elemen-
tary boundary layer theory. Integre: equation analysis of layer
development is able to cope with a pressure difference across the
layer if it is known. Present phase of general turbulent boundary-
layer studies is concerned with an evaluation of transverse pres-
sure occurrences.

SUPPORTED BY University of Illinois

8.0182, FLOW IN ECCENTRIC ANNULAR PIPES
J.M. ROBERTSON, Univ. of Illinois, School of Engineering, Ur-
bana, Illinois

Motivated by an interest In the effect of an inserted pipe on
the flow capacity of sewers, this study is concerned with the ef-
fects on flow capacity and friction factor of the eccentricity and
diameter ratio. Experiments have been conducted on two diame-
ter ratios at several eccentricities in the turbulent pipe-flow-
regime. In the second phase of work the occurrences over a wider
range of variables are being evaluated with the aid of the com-
puter.

Appreciable deviations have been found from the common
hydrauhc assumption of no effect on friction factor.

SUPPORTED BY Amer. Society of Civil Engineers
U.S. Dept. of Interior - F. Water Pol. Ctl

8.0183, MICROSCOPIC INVESTIGATION OF TRACTIVE
FORCE DISTRIBUTION IN OPEN CHANNEL
H.G. WENZEL, Univ. of Illinois, School of Engineering, Urbana,
Illinois

Tractive forces for the case of three dimensional subvertical
turbulent flow in open channels are determined using a
microscope to observe the motion of small particles suspended in
the flow. The small depth of field of the optical system permits
velocity determinations to be made at various planes in the
sublayer region. High speed photography is employed to record
the particle motion. Velocity profiles near the boundary are used
to compute the tractive force. A small glass walled channel is
being employed with the depth of flow approximately one-half
inch. Smooth and rough boundaries will be studied.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Illinois

8.0184, STUDY OF LIQUEFACTION OF SATURATED
SANDS
S. PRAKASH, School of Res. & Tm. Equake. , Roorkee, India
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Loose sands may get liquefied if subjected to earthquake
shocks. The variables affecting liquefaction are relative density of
sand, vibration characteristics i.e. amplitude, frequency and ac-
celeration of motion, time of vibrations and type of sand.

Studies of all these variables was undertaken for Obra Dam
sand. Obra Dam is proposed to be 100 ft. high earth dam on 80 ft.
deep deposit of loose to medium sand. The maximum earthquake
acceleration to which the samples were subjected on a steady
state vibration table was 10% g. It was found that the Obra sand
was too coarse to liquefy. However, the maximum settlement
under no super load was about 10%-15% of the height of sample.
Settlement of this order may cause damange to slopes of the earth
dam.

Blasting tests were performed at the proposed site, in order
to verify the applicability of laboratory data to field problem. 60%
gelatin was fired at a depth of 6m below the river bed. The quanti-
ty of charge varied from I kg to 3 kg. Pore pressure, settlement
and surface acceleration (both in the vertical and horizontal
direction) were measured.

It was found that results of laboratory could be extended to
field conditions and Obra sand did not liquefy under simulated
earthquake conditions.

Settlements of foundation were predicted under anticipated
ground shocks in future and remedial measures suggested.

SUPPORTED BY Scientific & Industrial Research Council

8.0185, LIQUEFACTION STUDIES OF TENUGHAT DAM
SAND
S. PRAKASH, Univ. of Roorkee, Roorkee - Uttar Pradesh, India

Tenughat Dam is proposed to be 165 ft. high earth dam on 50
ft. deep deposit of loose to medium sand. Loose sand may get
liquefied and experience large settlements if subjected to
earthquake shocks. The variable factors, the effect of which was
studied on this sand, were (i) frequency (ii) acce7 cation (iii)
number of cycles and (iv) effective surcharge under fu.ly drained
condition.

Saturated sand samples of 26 cm height were tested on a
steady state horizontal vibration table. Pore pressures at 6 cm,
115.5 cm and 25 cm depth were measured. The settlement of the
deposit was also recorded. It was foubd that Tenughat sand did
not liquefy at anticipated ground motion and the maximum settle-
ment under no super load was about 4 to 5% of the height of sam-
ple. When the surcharge was increased to 0.23 kg/cm2 the settle-
ment & rise in pore pressure was reduced considerably.

Blasting tests were performed at proposed site to verify the
aapplicability of laboratory data to field problem. 80% special
gelatin was fired at a depth of usually 6 m below the river bed.
Pore pressure, settlement, surface acceleration were measured. It
was found that results of laboratory could be extended to field
conditions. Settlements of foundations were predicted under an-
ticipated ground shocks in future.

SUPPORTED BY Scientific & Industrial Research Council

8.0186, LIQUEFACTION STUDIES OF UKAI DAM SAND
S. PRAKASH, Univ. of Roorkee, Roorkee - Uttar Pradesh, India

Ukai Dam is proposed to be 265 ft high earth darn. In the
river portion there remains a standing pool of water 12' to 15'
deep. An under water sand fill will be constructed and will have
22 ft of maximum depth. Problem of excessive settlement and
liquefaction under earthquakes of this loosely filled sand is being
studied.

Saturated sand samples are planned to be tested on steady
state horizontal vibrations table. Pore pressures of three different
heights will be measured.

SUPPORTED BY Scientific & Industrial Research Council

8.0187, TURBULENCE IN LIQUIDS
J.W. DELLEUR, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

Heat transfer characteristics, system response and other
operational factors were investigated, for the Hubbard Hot-Wire
Anemometer and for the Thermo-Systems Cylindrical Hot-Film
Anemometer using bare metal wire and quartz coated cylindrical

film on glass wire, respectively. Experiments were done in de-
ionized water and in ethylene glycol. Turbulence measurements
were made in a submerged water jet. Measurements include mean
velocity, fluctuating velocity, and one dimensional energy spec-
trum.

SUPPORTED BY Purdue University

8.0188, FLUID MECHANICS INSTRUCTIONAL EQUIP-
MENT
J.W. DELLEUR, Purdue University, Schook of Engineering,
Lafayette - West Lafayette, Indiana 47907

This project calls for improvement in Undergraduate instruc-
tion in Fluid Mechanics. A number of new apparatus have been
developed, designed, and built. Also a number of commercial
equipment has been acquired. New methods of teaching un-
dergraduate fluid Mechanics Laboratory have been evaluated.

SUPPORTED BY Purdue University

8.0189, FLOW REGIMES IN POROUS MEDIA
R.A. GREENKORN, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

The immediate objective of this proposal is to study the pres-
sure response of fluid-filled porous media to determine predomi-
nant flow regimes as a function of the frequency of input pressure
oscillations. The effects of property variation (heterogeneity) of
the media, property variation of the fluids, and variation of preF,
sure level will also be included. The initial mathematical model
selected for the experiments is the linear wave equation for a
viscous, fluid-filled porous medium. Four possible flow regimes,
including the Darcy regime (creeping flow), have been deduced
from this model for various combinations of the frequency of the
input pressure, of fluid properties, and of media properties. The
existence of these regimes and the parameters delineating these
regimes will be determined by measuring the pressure response to
input pressure oscillations in rigid and elastic capillaries, in
homogeneous porous media and in heterogeneous porous media,
all containing several different fluids. Measurements of the pres-
sure response of fluid-filled porous media will be made at several
pressure levels such that the compressibilities of the fluids and of
the media may change. The wave equation model and the results
of the experiments in rigid media, will be compared to determine
the dynamic range of the regimes. Results of the experiments at
higher pressure levels will be compared with models for elastic
porous media. This project started in 1968 and completion is an-
ticipated in 1972.

SUPPORTED BY U.S. National Science Foundation

8.0190, FLOW IN HETEROGENEOUS POROUS MEDIA
R.A. GREENKORN, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

A study of the phenomonological, statistical and mechanistic
behavior of multiphase flow in heterogeneous porous media by
measurement on Hele-Shaw and other physical models and by
theoretical calculations based on mathematical and statistical
models.

SUPPORTED BY Amer. Chemical Society

8.0191, FLUCTUATION OF RESERVOIR LEVELS AND
THE RELATED CAUSE OF LANDSLIDES (THE OHIO
RIVER VALLEY)
M.E. HARR, Purdue University, School of Engineering, Lafayette
- West Lafayette, Indiana 47907

The specific objective of the project is to develop solution
procedures whereby an assessment can be made of the potential
instability of earth (soil or rock) slopes abutting bodies of water
whose surfaces fluctuate with time. Such slopes may be n,tural or
man-made. The earthen material may exhibit varying degrees of
homogeneity and anisotropy with respect to permeability and
strength.

Current procedures assume that seepage conditions are
steady state; however, this state of affairs seldom is realized and is
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almost never critical. A computer solution will be developed to
provide the location of the phreatic surface within the slope at
any time. Of particular importance is the phenomenon of 'rapid
drawdown', wherein a lowering of the water surface greatly leads
the change within the earthen body. This condition is believed to
be responsible for the recent failures in the Mark land Dam Area
on the Ohio River. These failures are to provide input for
developing and checking the analytical procedures produced in
the study.

The assessment capability will be developed at two scales:
(a) general or regional and (b) detailed, or for a specific site.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Purdue University

8.0192, THE CHARACTERIZATION OF OVERLAND
FLOW ON VERY ROUGH SURFACES
L.P. HUGGINS, Purdue University, School of Agriculture,
Lafayette - West Lafayette, Indiana 47907

The objective of the proposed research is to determine the
hydraulic relationships which govern the mechanics of shallow
fluid flow over very rough surfaces. Such conditions characterize
the majority of overland flow on natural surfaces where the flow
geometry is composed of a myriad of small interconnected rivu-
lets and channels rather than a continuous film or sheet of fluid.

The primary emphasis of the proposed research will be a
comprehensive laboratory study of shallow flow over a variety of
surface roughness conditions. This investigation will utilize equip-
ment capable of applying controlled surface flow and artificial
rainfall to a 12 foot square, variable sloping flow table. Results of
the experimental investigation will be used to develop flow analy-
sis techniques to describe the composite flow pattern on the basis
of a statistical characterization of the flow surface rather than a
complete mathematical description of the boundaries of each in-
dividual flow channel.

SUPPORTED BY Purdue University

8.0193, DEVELOPMENT AND CALIBRATION OF A
PITOT SPHERE
G.H. TOEBES, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

A need exists for directionally sensitive mean flow measuring
devices and a 5-hole pitot sphere is being developed. Used in con-
junction with pressure transducers it will, when ultimately hooked
up to the planned campus-wide hybrid computor, provide the
possibility to map three - dimensions) vector fields.

SUPPORTED BY Purdue University

8.0194, DESIGN OF INSTRUCTIONAL EQUIPMENT FOR
LABORATORY DEMONSTRATIONS IN FLUID
MECHANICS
G.H. TOEBES, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

The preliminary design for the equipment of a Towing Tank
150 feet long by 11 feet wide has been completed.

Final design of a research wind tunnel is being completed.
Actual use of the equipment is scheduled in the fall of 1969.

SUPPORTED BY Purdue University

8.0195, PERFORMANCE CHARACTERISTICS OF LARGE
SCALE HYDROMECHANICS LABORATORY EQUIPMENT
G.H. TOEBES, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

Under design are a 35' x1.5' x 3' and a 90' x 6' x3' tilting
glass-lined flumes. The larger` flume will accommodate sediment
recirculation. A number of design problems are being studied
which will be verified upon completion of the equipment. The
main problems are: uniformity of inflow from headbox; residual
turbulence in inflow; the boundary layer development in free sur-
face flow and the length of flow establishemnt. The smaller flume
is completed and measurements are being started using pressure
transducers and hot-wire equipment.

8. ENGINEERING WORKS

SUPPORTED BY Purdue University
U.S. National Science Foundation

8.0196, FREE SURFACE FLOW AND WAVE PROPAGA-
TION THROUGH CHANNEL-FLOOD PLAIN GEOMETRIES
G.H. TOEBES, Purdue University, School of Engineering,
Lafayette - West Lafayette, Indiana 47907

This research consists in part of a laboratory investigation of
the flow field through a prismatic channel flood plain geometry.
Velocity distributions and energy losses have been evaluated for
five geometries and at least nine flow conditions for each. An au-
tomated data collection system and data reduction computor pro-
grams for velocity distribution and free surface elevations have
been developed.

SUPPORTED BY Purdue University
U.S. Dept. of Agriculture

8.0197, DESIGN REQUIREMENTS FOR MUNICIPAL
DIATOMITE FILTERS
P.E. MORGAN, Iowa State University, School of Engineering,
Ames, Iowa 50010

This study was undertaken to determine the characteristics
of municipal applications in which diatomite filters may be used
successfully, to study the effect of various variables on filtration
economy and effectiveness, and to outline a procedure for desig-
ning a plant to operate with maximum economy. A theory of
diatomite filtration has been proposed and verified for use in
designing plants for the filtration of raw and chemically treated
water. In the current work, a compute: program is being
developed that will be used for determining the characteristics of
a filter to operate at least cost. A truck mounted diatomie water
treatment plant is being operated in the field to gather design data
for typical municipal water applications: iron removal, surface
water filtration, coagulated water filtration, and filtration of
limesoda ash softened water. Those data will be fed into a com-
puter to determine the economics of filtering such waters with
diatomite filters.

Laboratory studies are being made to determine the hydrau-
lic characteristics of filter cakes used in the removal of kaolin,
montmorillonite, and other clays from water. The evaluation of
coagulant and polyelectrolyte coatings for filter aids will be ex-
tended to determine the effects of pH and other factors on their
removal of biological organisms and turbidity and on their
hydraulic characteristics.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

8.0198, EFFECTS OF RIVER CURVATURE ON RE-
SISTANCE TO FLOW
E.M. °LOUGHLIN, Univ. of Iowa, School of Engineering, Iowa
City, Iowa 52240

Bed -form characteristics developed in a flow over cohesion-
less beds in straight and curved laboratory channels will be
analyzed with the purpose of identifying readily measured and
reproducible measures of stream-bed roughness. The roughness
measures so derived will be incorporated into resistance relation-
ships, and the effects of channel curvature upon the resistance
equations will be examined.

Data will be obtained in the laboratory with the use of an ul-
trasonic depth recorder whose output is digitized by an IBM 1800
Data Acquisition and Control Sysfem.

Similar field data are being collected on the Missouri River
under a coopetative research agreement with the Omaha District
of the U. S. Corps of Engineers.

SUPPORTED BY U.S Dept. of Interior - 0. Water Res. Rch
University of Iowa

8.0199, STUDIES ON THE GEOSCIENCE VALUE OF
RADAR IMAGERY
D,S. SIMONETT, Univ. of Kansas, Graduate School, Lawrence,
Kansas 66045

Eight students were supported on this project for the
equivalent of about 6 man months each. Reports produced with

1-663



8. ENGINEERING WORKS

partial support from the project are: Kirk, J. N. and R. L. Walters
(1966) Preliminary Report on Radar Lineaments in the Boston
Mountains of Arkansas: The Compass of Sigma Gamma Epsilon,
Vol. 43, No. 2, pp. 85-933. MacDonald, H. C., P. A. Brennan and
L. F. Del !wig (in press) Geologic Evaluation by Radar of NASA
Sedimentary Test Site: Institute of Electrical and Electronics En-
gineers (IEEE) Transactions on Geoscience Electronics, vol. GE-
5, no. 3, pp. 72-78. McCoy, R. M, (1967) An Evaluation of Radar
Imagery as a Tool for Drainage Basin Analysis. CRES Report 61-
31, 102 pp. Morain, S. A. (1967) Field Studies on Vegetation at
Horsefly Mountain, Oregon and its Relation to Radar Imagery:
CRES Report 61-22, 19 pp. Morain, S. A. and D. S. Simonett
(1967) K-band Radar in Vegetation Mapping: Photogrammetric
Engineering, Vol. 33, No. 7, pp. 730-740. Moore, R. K. and D. S.
Simonett (1967) Potential Research and Earth Resource Studies
With Orbiting Radars: Results of Recent Studies. American In-
stitute of Aeronautics and Astronautics, Proceedings, Fourth An-
nual Meeting, pp. 1-22. Walters, R. L. (1968) A Radar Bibliog-
raphy for Geoscientists: CRES Report 61-30, pp. 1-27.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

8.0200, UNSTEADY FLOW PARAMETERS IN HYDRAU-
LIC DESIGN
Y. YU, Univ. of Kansas, School of Engineering, Lawrence, Kansas
66045

The purpose of this research project is to investigate experi-
mentally and theoretically the characteristics of unsteady, incom-
pressible flow involving the interaction between a conduit and a
reservoir or other non-uniformities of boundary configuration.

The test system consists of a reservoir from which water
flows through a conduit. Flow is varied by controlling a quick-act-
ing valve. We propose to measure transient pressures with pres-
sure transducers and transient velocities in the outlet conduit and
reservoir with a hot-film anemometer or from high-speed movies.

Existing theoretical solutions will be compared with the ex-
perimental results and extended to other cases.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Kansas

8.0201, STUDY OF ENGINEERING PRACTICES OF IR-
RIGATION IN KANSAS
G.R. TENEYCK, Kansas State University, Agricultural Experi-
ment Sta. , Manhattan, Kansas 66504

Objectives: The objet :fives of the project are to study (1) the
factors limiting crop production on bench leveled land, (2) the
factors that control the design of irrigation systems on sloping
land, (3) the distribution of water on irrigated farms, (4) methods
of irrigating orchards, and (5) the effects of tillage tools and time
of tillage operations on crop production.

A contour bench has been leveled. Various fertility and
cropping treatments are being carried out to determine the best
method of bringing the area into irrigated crop production. Feasi-
bility of bench leveling will be determined by comparing bench
leveling with contour irrigation and sprinkler irrigation. Open
ditches with portable and permanent structures and gated pipe to
deliver water to level and sloping fields are being evaluated. An
orchard has been established with trees growing in terrace chan-
nels. Irrigation water is applied in these channels. Additional trees
will be planted on bench leveled land to determine a good method
for irrigating trees along with the spraying operations that must be
carried out. Roto tillers, moldboard plow and lister will be com-
pared to determine their effects on crop yields and soil structure.

SUPPORTED BY Kansas State Government

8.0202, OPTIMAL DESIGN OF WASTE TREATMENT
SYSTEMS
L. TSENGFAN, Kansas State University, School of Engineering,
Manhattan, Kansas 66504

The primary purpose of this investigation is to develop op-
timal designs and methods that lead to optimal designs for a
veriety of waste treatment systems. The research will begin with
an analysis, optimization, and process design study of the conven-

tional activated sludge process and the complete mixing activated
sludge process. Optimal designs of these two systems will be
developed and the designs will be experimentally verified by
operating pilot-scale models of the optimal systems.

Efforts will also be made to optimize other biological oxida-
tion processes, entire waste treatment systems and advanced
waste treatment systems (those involving adsorption, electrodial-
ysis, etc. which are designed to provide reusable water),

A secon objective of this research will be to illustrate how
modern optimization techniques such as dynamic programming
and the generalized version of the maximum principle can be used
to develop optimal designs and optimal operating conditions for
waste treatment processes.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

8.0203, SIPHON TYPE TRICKLE TUBE FOR FARM
'PONDS AND RESERVOIRS
H.J. BRAUD, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803

The design and field testing of siphon type trickle tubes for
water level control in a pond or reservoir.

Design, fabricate and test in the laboratory several types of
siphon pipes. Install an experimental siphon tube on a dar of a
reservoir suitable from the hydraulic standpoint for evaluating the
water level control achieved.

Alter and improve tube design as indicated by performance
of field installation.

1. To design and test a siphon type trickle tube for maintain-
ing a regulated water level in a reservoir. 2. To observe the per-
formance of several siphon tube installations to determine life ex-
pectancy and problems encountered in actual field installations
over a several year period.

SUPPORTED BY Louisiana State Government

8.0204, ENVIRONMENT CONTROL FOR ORCHARDS
AND FIELDS
H.J. BRAUD, Louisiana State University, Agricultural Experi-
ment Sta. , Baton Rouge, Louisiana 70803

Objectives: 1. To develop and evaluate practical methods for
protecting citrus trees against damage due to windborne freezes.

. To develop and evaluate practical methods for reducing hot
weather stress on fruit and vegetable crops.

A citrus orchard is instrumented to study the effectiveness of
water spray for preventing cold damage to trees. Several applica-
tion methods will be evaluated. The use of irrigation spray for
reducing hot weather stress on strawberries will be studied.

SUPPORTED BY Louisiana State Government

8.0205, DIVERTING MISSISSIPPI RIVER WATER TO
TEXAS - A PRELIMINARY EVALUATION OF PLANS
R.G. KAZMANN, Louisiana State University, School of En-
gineering, Baton Rouge, Louisiana 70803

A preliminary evaluation of published plans to divert water
from the Mississippi River to Texas will be made. The alternate
routes will be studied in view of the hydrologic characteristics of
the river. An attempt will be made to evaluate the effects both
positive (possible reduction of flood stage) and negative
(degradation of water quality and reduction of discharge & stage
at low flows) on the existing uses of water. The possible effects on
the geomorphology of the lower Mississippi River will be deter-
mined on the basis of an operational analysis which will superim-
pose the proposed diversions on a portion of the historical record
of flow.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Louisiana State University

8.0206, A STUDY OF STORM WATER INLET CAPACI-
TIES
UNKNOWN, Louisiana State University, School of Engineering,

Baton Rouge, Louisiana 70803
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The purpose of this project is to study the existing Louisiana
Department of Highways standard storm-water inlets. The quanti-
ty of storm water that can be intercepted by the various types of
inlets will be determined for various roadway grader and crown
slopes. Full size wooden models will be tested in the laboratory
and then field tests will be performed to verify the laboratory
findings.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

8.0207, VERIFICATION OF HYDRAULIC COMPUTA-
TION METHODS FOR BRIDGE SITES

UNKNOWN, U.S. Dept. of interior, Geological Survey, Baton
Rouge, Louisiana

To verify computation methods used for bridge sites, particu-
larly with regard to stage discharge relationship, backwater deter-
mination, and division of flow among multiple bridges.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Louisiana State Government

8.0208, AQUATIC PLANT CONTROL - EQUIPMENT FOR
MECHANICAL AND CHEMICAL DESTRUCTION
W,E. WI) ERLICH, U.S. Army, Engineer District, New Orleans,
Louisiana 70160

Short description of machinery that has been used in the past
for aquatic vegetation destruction in Louisiana.

Development of special devices used in application of chemi-
cals o.: aquatic vegetation. Description and sketches of these
devices.

Examination of the equipment available on the commercial
market for use in this kind of work and listing of those that ap-
peared to be satisfactory for various types of jobs.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0209, FREE DROP WATER CONTAINER
R.L. WOODBURY, U.S. Army, Limited War Laboratory,
Aberdeen Proving Ground, Maryland 21005

Tech Objective: To develop a water container which will sur-
vive a free fall drop from low flying aircraft. This container will
provide a convenient means of water resupply to units operating
in remote areas.

Tech Approach: 1.,e free drop water container is an eight
inch tube, fifty-two inches long and holds 3 gallons. The tube is
made of eight thicknesses of five mil modified polyurethane
material, one inside the other. The external bag is international
orange in color. The container is filled with three gallons of water
and each tube is tied by means of a simple overhand slipknot. The
filled bag is inserted in a corrugated carton 4-1/2' x 5-1/2' x 38'.
The filled container ready for free drop weighs approximately 27
pounds. Empty tubes weigh 1 lb 10 oz and the corrugated carton
weighs 1 lb 15 oz.

Progress: Development through successful South East Asia
evaluation has been completed. The U. S. Army Materiel Com-
mand (U.S. Army Natick Laboratories) is currently processing
operational requirements for the item.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0210, METHODS FOR CONTROLLING ALLIGATOR-
WEED AND OTHER WEEDS IN CANALS, WATERWAYS,
AND ADJACENT WATERS IN THE SOUTHEASTERN U. S.
F.L. TIMMONS, U.S. Dept. of Agriculture, Beltsville, Maryland

Research is conducted under laboratory, greenhouse, and
field conditions to develop chemical and biological methods for
the control of alligatorweed and other aquatic weeds such as
waterhyacinth, waterlettuce, n?iad, and others which clog naviga-
tion channels, irrigation and drainage ditches, and other waters in
the Southeastern States and which interfere with boating, fishing,
hunting, and other recreational activities. The research is con-
ducted by the U. S. Department of Agriculture in cooperation
with the Departments of the Army; Interior; and Health, Educa-
tion and Welfare; the Florida U. S. Department of Agriculture in
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cooperation with the Departments Agricultural Experiment Sta-
tion; Central and Southern Florida Flood Control District; Florida
Fish and Game Commission, and other interested agencies in-
cluding chemical companies. New and promising herbicides are
evaluated for their effectiveness in controlling difficult-to-kill
aquatic weeds in relation to environmental influences and includ-
ing studies on factors affecting the absorption, translocation, and
effectiveness of the chemicals and their disappearance pattern in
water. The above studies and research on the Marisa snail and
other biological control agents for aquatic weeds are conducted
in Florida and adjoining states.

Work is also conducted in South America to find insects with
sufficient specificity in their feeding habits to suppress alligator-
weed and waterhyacinth without causing any damage to benefi-
cial ornamental plants, crop plants, or other valuable plants.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0211, USE OF ATTERBERG LIMITS IN APPLIED SOIL
MECHANICS
A. CASAGRANDE, Harvard University, Graduate School, Cam-
bridge, Massachusetts 02138

The objective of this project is to develop a comprehensive
set of guides which can be used to prevent errors and ensure relia-
bility of Atterberg limits test results and applicability of these tests
for defining other soil characteristics.

During previous fiscal years, the instruments and procedures
for determining Atterberg limits were investigated, and laborato-
ry tests were performed to measure physical properties of soils for
correlations with Atterberg limits. Additional correlations were
made between Atterberg limits and other engineering properties
of cohesive soils. During FY 68 and FY 69, residual shear
strengths of overconsolidated clays and clay shales are being
determined to complete correlations.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0212, EMBANKMENT AND FOUNDATION MOVE-
MENTS ON THE INSTRUMENTED SECTIONS OF THE
EAST ATCHAFALAYA BASIN PROTECTION LEVEE, ST.
MARTIN PARISH, LOUISIANA
T.W. LAMBE, Mass. Inst. of Technology, School of Engineering,
Cambridge, Massachusetts 02139 (DACW29-68-C-0016 )

Soils research including analyzing and predicting embank-
ment and foundation movement on the Instrumented Sections of
the East Atchafalaya Basin Protection Levee which requires ef-
forts in the areas of computer programming, analysis of field per-
formance data and soil test data, soil testing, study of new data,
field inspections, coordination with Government soils and levee
design engineers, and preparation of reports summarizing work
performed and results. The purpose of this research is to review,
refine and confirm results of testing performed by personnel of
the U. S. Army Corps of Engineers, New Orleans District, on the
Instrumented Sections of the E.A.B.P.L. Extremely poor founda-
tion conditions characterized by very soft subsurface soils which
cause extreme settlement and shear failures have made it difficult

to raise the guide levees of the Lower Atchafalaya Floodway
whi(li are deficient in grade and section. The instrumented sec-
tions were constructed to obtain data on settlement, stability and
pore water pressures, prior to, during and after construction of
stability berms and levee enlargement to determine the best
methods of construction and the minimum factor of safety to use
in design all in order to improve and accelerate levee construction
in the Atchafalaya Basin.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0213, A GENERALIZED COMPUTER LANGUAGE FOR
HYDROLOGIC AND HYDRAULIC ANALYSIS
F.E. PERKINS, Mass. Inst. of Technology, School of Engineer-
ing, Cambridge, Massachusetts 02139

Specifically it is proposed to develop a set of computational
routines which are of general interest to hydrologists and hydrau-
lic engineers, and to integrate these through a common data base
and command structured language. It is proposed that this work
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be placed into a broad engineering context by making it a com-
patible part of the Integrated Civil Engineering System (ICES)
which is presently under development by the Civil Engineering
Department at

This would permit then the development of an extremely
flexible data structure for integration of the routines and a con-
venient problem oriented language for the user. In addition it
would place the hydraulic/hydrologic language in a system which
is expected to find wide use by practicing engineers.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch

8.0214, SNOW DISTRIBUTION MAPPING FROM SATEL-
LITE PHOTOGRAPHY
A.F. FLANDERS, Allied Research Assoc. Inc. , Concord, Mas-
sachusetts 01742

Satellite snow-mapping techniques for plain's areas,
developed under Contract No. Cwb -1 1209 with Allied Research
Associates, subsequently have been tested under Contract No. E-
1 62-67(N ) with ARA. It has bzen deemed desirable by the Office
of Hydrology of the Weather Bureau and the Environmental
Sciences Group of the NESC to extend satellite snow-mapping to
mountainous areas. The purpose of the proposed contract is to
adapt the techniques previously developed for non-mountainous
areas or, as is more likely to be necessary, develop new
techniques for snow-mapping in the type of terrain characteristic
of the v,...0;ern third of the United States.

TIROS and ESSA satellite pictures from the winter and
spring months of 1964-1968 will be used to generate a representa-
tive sample of eloud -free days over the western third of the
United States. After snow covered areas have been identified by
techniques developed in previous studies, maps of snow cover dis-
tribution will be prepared, and the satellite snow mapping will
then be compared with that done with conventional ground data.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

8.0215, EXPLORATORY DEVELOPMENT OF WATER
PROPULSION FOR COMBAT VEHICLES
Z.J. JANOSI, U.S. Army, Tank & Automotive Command, War-
ren, Michigan

The current study will investigate the following: a. Systems
Analysis: A systems analysis will be initiated which ultimately will
encompass all aspects of the military vehicle river crossing
problem. The first phase of this study will be to establish the sig-
nificance of various degrees of water performancc, including
swimming, fording, entry, and exit capabilities. Extensive river
survey work will be conducted to identify the river characteristics
and these data will be used as inputs to the systems analysis study.
b. Mathematical Models: A mathematical model of the mechanics
of river crossing will be established. This model will include the
river environment, the pertinent vehicle charicteristics and the
mathematical relationship between them. c. Propulsion Systems:
Various propulsion and control systems will be studied and ex-
perimentally evaluated to determine their performance and ap-
plicability for providing a significant improvement in swimming
speed and maneuvering capabilities of future military vehicles.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0216, HYDRAULIC DESIGN OF STRUCTURES FOR
WATER USE AND CONTROL IN THE CORN BELT
K. YALAMANCHILI, U.S. Dept. of Agriculture, Minneapolis,
Minnesota

Object: To develop new and improved structures for water
use, disposal, conveyance, and control; and to determine the
hydraulic criteria for their safe, efficient, and economical design.

Plan of Work: This research seeks to establish principles and
develop dimensionless designs for various water control struc-
tures which can be adapted to various site situations and size
requirements on individual farms and ranches and in up stream
watersheds. Studies are carried on principally by means of model
studies at the St. Anthony Falls Hydraulic Laboratory, Min-
neapolis, Minnesota, and in close coordination with related
research at the Outdoor Hydraulic Laboratory, Stillwater,
Oklahoma.

SUPPORTED BY U.S. Dept. of Agriculture

8.0217, MODEL STUDY OF CONTROL STRUCTURES
FOR FOOTHILL FEEDER TUNNELS
A.G. ANDERSON, Univ. of Minnesota, School of Engineering,
Minneapolis, Minnesota 55455

These model studies are being carried out to examine the
operating characteristics of several proposed control structures to
be used to regulate the flow through the Foothill Feeder tunnel.
This tunnel, 18.5 ft, in diameter, will receive water from the
California water project and distribute it to the metropolitan area
of Southern California. The control structures are needed to pro-
vide the proper hydraulic gradelines throughout the system and to
provide for discharge rejection and distribution of the flow to
various branches. The study is being carried out by the use of
transparent models at a scale of 38.3:1. The principal objective is
the Jcvelopment of the operating characteristics and to examine
the efficacy of the proposed designs. The fluctuating pressure on
the gates and piers are measured by pressure transducers and esti-
mates are made of any potential cavitation. The project was
started in January 1966 and its termination is expected by
December 1968.

SUPPORTED BY Harza Engineering Company
California State Government

8.0218, MODEL STUDY OF SEWER DROPSHAFT
A.G. ANDERSON, Univ. of Minnesota, School of Engineering,
Minneapolis, Minnesota 55455

This project is an investigation of the hydraulics of flow in
vertical conduits or drop shafts having a length of the order of 200
ft. Thjs discharge is variable and air is entrained at the inlet and
separated from the flow at the downstream exit. The flow of air-
water mixtures at atmospheric pressures with entrainment in the
direction of flow is the subject of interest. The project involves
the experimental design of drop shafts for use in the proposed
sewer system to accommodate surface runoff. The study was
started in February 1967 and terminated in july 1968.

SUPPORTED BY Harza Engineering Company
Chicago City Government - Illinois

8.0219, LAKE ERIE DIKE
E. SILBERMAN, Univ. of Minnesota, School of Engineering,
Minneapolis, Minnesota 55455

The Bethlehem Steel Corporation at its Lackawanna, New
York plant proposes to contain the slag and other waste products
previously dumped freely into Lake Eric by enclosing the waste
area within a dike. It is the purpose of the investigation to deter-
mine the optimum outline and structure of the dike to (I) limit in-
terference with navigation into Buffalo Harbor by wave reflection
and refraction and (2) prevent contamination or silting of the
several adjacent water intakes, especially the Eric County Water
Authority and the City of Buffalo intakes. Other objectives may
include a study of a larger enclosure to contain public wastes and
a means for providing a ship docking facility. The study will be
made by means of a physical model of the cast end of Lake Erie at
a distorted scale of 1:600 horizontal and 1:60 vertical. The
research will take about one year from July 1968.

SUPPORTED BY Bethlehem Steel Corporation

8.0220, ENGINEERING PHASES OF SOIL AND WATER
MANAGEMENT
C.L. LARSON, Univ. of Minnesota, Agricultural Experiment Sta.
, Saint Paul, Minnesota

Cooperation with ARS-USDA is proposed on the following
objectives: (1) To study characteristics of rainfall, infiltration,
percolation, and runoff as related to soil and water management.
(2) To determine what methods of drainage arc best su!ted to
soils of West Central and Northwestern Minnesota. (3) To
develop amounts of and methods of irrigation needs in Western
Minnesota. (4) To develop methods of controlling soil erosion.
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SUPPORTED BY Minnesota State Government

8.0221, DURABILITY OF CONCRETE DRAIN TILE AND
IRRIGATION PIPE
P,W. MANSON, Univ. of Minnesota, Agricultural Experiment
Sta. , Saint Paul, Minnesota

Description: 1, To develop a crushing strength test require-
ment where no absorption test is required, that will accurately
measure whether or not a concrete drain tile meets the 'Extra
Quality' specification, 2, To improve the type of the bearing head
now used in making the crushing strength test of pipe,

SUPPORTED BY Minnesota State Government

8.0222, THE FLOW OF WATER IN FLUMES AND
CANALS
J.C. MCWHORTER, Mississippi St. University, Agricultural Ex-
periment Sta. , State College, Mississippi 39762

The most commonly used basic equations for describing the
flow of water in open channels suffer from some deficiency such
as lack of dimensional homogeneity, improper assumptions of in-
tensity of shear or some other reason. This project proposed to
develop more reliable relations for describing the turbulent flow
of water in certain man- made canals and flumes.

The study will be accomplished in three steps: (1) a dimen-
sional analysis using the physical quantities necessary to describe
the turbulent flow of water in prismatic open channels, (2) a col-
lection of the reported data from the flow of water in man-made
structures of various materials and cross-sectional shapes, and (3)
an evaluation and relation of parameters through which the flow
in channels of various materials and cross-sectional shapes may
be described.

SUPPORTED BY U.S, Dept. of Interior - 0. Water Res. Rch
Mississippi State University

8.0223, CORROSION OF UNDERGROUND STEEL PIL-
ING
E.H. ARDAHL, U.S. Army, Lower Miss. Valley Div. , Vicksburg,
Mississippi

Objectives: 1. To investigate corrosion of underground steel
piling by field inspection. 2. To develop criteria for the applica-
tion of corrosion mitigation means to underground piling installa-
tions.

Procedures: The corrosion of underground steel piling in dif-
ferent soil environments is being studied by excavation of test
holes at piling installations and by extraction of piles, where possi-
ble. Soil samples are obtained for classification and for electrical
resistivity and pH determinations. Steel rod and pipe corrosion
specimens have been placed at four select sites to compare the
corrosion in distrubed and undistrubed soils with that of piling.
Polarization curves are run periodically on the corroding
specimens using a bridge-type circuit.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0224, GEOLOGIC AND ENGINEERING SIGNIFICANCE
OF FRACTURED ROCK
D.C. BANKS, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The study is to provide practical guidance for the investiga-
tion and analysis of rock masses, and define the direction and
scope of future studies in rock mechanics.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0225, GROUTING RESEARCH - DAM FOUNDATIONS
R.A. BENDINELLI, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
Tilt: objective of this project is to conduct experiments on

compositions of neat grouts, sanded grouts, and chemical grouts
in order to develop effective and economical compositions for
various conditions of grouting dam foundations so as to fill
openings of a wide range of dimensions with materials having
satisfactory properties of strength, ability to penetrate, volume
constancy, and durability.
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SUPPORTED BY U.S. Dept. of Defense - Army

8.0226, DEVELOPMENT OF HYDRAULIC DESIGN
CRITERIA
R.G. COX, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of the program is the analysis of hydraulic
data, theories and procedures; the development of design criteria
therefrom; and the dissemination of this information in the form
of Hydraulic Design Criteria to insure adequate capacity, econo-
my of design and construction and safe and satisfactory operation
of the large hydraulic structures being designed, built and
operated by the Corps of Engineers. Data sources include hydrau-
lic model and prototype studies of all Federal Government agen-
cies, domestic and foreign university work and professional
periodicals and literature.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0227, MODEL STUDIES OF MASS CONCRETE STRUC-
TURES
H.G. GEYMAYER, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to select and/or develop in-

strumentation and techniques for the investigation of three
dimensional stress fields in mass concrete structures by the use of
small-scale microconcrete models, The initial phase consists of a
thorough review and evaluation of small embedded strain (and
stress) measuring devices, now being used in the United States
and foreign laboratories in order to select or develop suitable
model instrumentation. The second phase comprises materials
studies and preliminary tests on basic concrete models to develop
adequate model materials and techniques and to select optimum
scales for subsequent studies on different scale models of existing
and well investigated prototype structures.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0228, HYDRAULIC PROTOTYPE TESTS
E.D. HART, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The general objective of prototype tests is to obtain experi-
mental results from field tests on problems which cannot be
solved by laboratory tests. The objective of this project is the
coordination of the hydraulic prototype testing program of the
Corps of Engineers to insure complete coverage of needed test-
ing, to prevent unnecessary duplication of testing facilities and
tests, to recommend instrument installations at projects where
physical and hydraulic conditions will be suitable for obtaining
data and to investigate hydraulic performance. Under the ES 805
program, Waterways Experiment Station personnel and equip-
ment are made available to Districts conducting hydraulic proto-
type tests. Assistance also is given in planning test facilities,
analyzing data and preparing reports.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0229, INVESTIGATION OF WATERSTOPS FOR CON-
STRUCTION JOINTS
B.J. HOUSTON, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to determine the properties

and performance of nonmetallic waterstops for use in joints in
concrete structures and to prepare revised acceptance specifica-
tions and methods for testing. To correlate variations in proper-
ties with laboratory performance and performance in simulated
service under a variety of exposure conditions, in order to realize
the benefits of reduced costs and improved performance in the
event that such will result from the substitution of appropriate
nonmetallic materials for the metallic materials previously
required.

The project is mainly concerned with the development and
reporting of data resulting from the field exposure tests in severe
environments. It is naturally concerned with new plastics that
could be better than polyvinyl chloride plastic. Water retentivity
properties of various shapes of waterstops have been investigated.
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It will continue indefinitely also in connection with improvement
and revision of specifications and methods of testing rubber and
plastic waterstops.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0230, STABILITY OF RUBBLE-MOUND BREAK-
WATERS
R.Y. HUDSON, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop formulas and

design criteria from which the action of waves on rubble-mound
breakwaters can be determined with sufficient accuracy to pro-
vide economical and safe designs of full-scale structures,

SUPPORTED BY U.S. Dept. of Defense - Army

8.0231, HARBOR DESIGN STUDIES
R.Y. HUDSON, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to determine criteria for desig-

ning harbors and harbor structures to obtain optimum wave pro-
tection for medium and large-size vessels. This will be accom-
plished by running tests to determine the optimum arrangement
of breakewaters and navigation entrances to harbors to obtain the
maximum wave reduction in the harbor, and to determine the ef-
fect of wave-front curvature on the amount of distribution of
wave energy that enters a harbor through navigation openings of
various dimensions and orientation with respect to the direction
of wave approach. Additional tests will be run to determine ef-
fects of the so-called Mach stem phenomena on the optimum
orientation of breakwater and vertical-wall piers; the relationship
between the rate of wave attenuation in channels through shallow
reef areas, and channel lenght, width, depth, and side slope; the
effect of extending fill seaward along entrances of channels,
through shallow reef areas, on wave pattern at the entrance of the
channel and wave propagation through the channel; the relation-
ship between harbor basin geometry and habor response to wave
energy reaching the basin via the entrance channel.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0232, WAVE FORCES ON BREAKWATERS
A.M. KAME,L, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop a theory and obtain

experimental data on wave pressures from which the magnitude,
duration, and location of wave pressures and impact t ces on
full-scale breakwaters of the vertical wall and composition types
can be predicted.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0233, INVESTIGATION OF PLANE STRAIN
L.N. MACIVER, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this projects to develop the apparatus and

techniques for determining the strength and stress-deformation
characteristics of soils in terms of principal stresses under condi-
tions of plane strain.

A high-capacity plane strain apparatus was constructed in
FY 1968 following literature search and analyses conducted in
FY 1967. Comparative plane strain and triaxial compression tests
will be performed on several cohesionless soils to evaluate the sig-
nificance of plane strain conditions. Subsequent testing will in-
vestigate the influence of specimen proportions, apparatus fea-
tures, and variations in testing techniques on results. A larger
plane strain apparatus may be constructed later to permit in-
vestigations of the effect of particle size of the test materials.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0234, INVESTIGATION OF TESTING METHODS AND
APPARATUS
B. MATHER, U.S Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of this project is to carry out all authorized in-
vestigation of new methods of concrete testing, new apparatus for
testing, and modifications of existing test methods and apparatus
in order to determine whether such methods or modifications
should be standardized for use in the Corps of Engineers.

SUPPORTED BY U.S. Dept. of Defense Army

8.0235, HANDBOOK FOR CONCRETE AND CEMENT
B. MATHER, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of this project is to maintain by means of quar-
terly supplements the Handbook for Concrete and Cement con-
taining the latest and best compilation of specifications and
methods of testing freshly mixed and hardened concrete,
concrete aggregates, cementitious materials, concrete curing
materials, mixing and curing water, and other materials for use in
connection with concrete construction of Corps of Engineers.
This project provides the Corps of Engineers with the only
complete, up to date, reference work on specifications applicable
to cement, pozzolans, aggregates, admixtures, curing materials,
waterstops, joint sealers, concrete water, etc. Through quarterly
supplementation, it is kept up to date.

SUPPORTED BY U.S. Dept. of Defense Army

8.0236, CEMENT - AGGREGATE REACTION
K. MATHER, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of this project is to investigate the factors af-
fecting the development of excessive expansion of portland-ce-
ment concrete resulting from the chemical reaction between ag-
gregates and cements, in order to improve the methods of detect-
ing cement-aggregate combinations capable of reacting to cause
such excessive expansion and to improve the procedures for
avoiding undesirable results of the use of such combinations by
modification of the composition of the concrete.

This project has made studies on effects of alkali content of
cement, cement composition, effects of alkali-silica reactions, in-
ternally and externally applied restraint effects, and carbonate
rock reactions. It has also sought means to measure the effective-
ness of pozzolan to inhibit alkali-silica reactions.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0237, CONCRETE AGGREGATE RESEARCH
K. MATHER, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of this project is to conduct investigational
work relating to the properties, performance, specification, and
testing of aggregates for portland-cement concrete, so as to im-
prove the prescribed procedures for selecting, approving,
processing, and using such materials. It also maintains, by means
of annual supplements, the compilation of test data developed by
all Corps of Engineers laboratories on samples from sources of
concrete aggregate in the continental United States. These activi-
ties have as their ultimate purpose the reduction of costs and im-
provement of quality of concrete used in Corps of Engineei s con-
struction.

This project has made studies of clay in aggregates, effects of
aggregate on time-dependent volume change of concrete, and
quality tests of aggregates. It has also studied the effects on struc-
tures of chert gravel aggregate, cherty limestone, graywacke,
quartzite, etc.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0238, SOIL SAMPLING MANUAL
A.L. MATHEWS, U.S. Army, Waterways Experiment Sta. ,
Vicksburg, Mississippi

Following a survey of the techniques and equipment cur-
rently in use by the Corps of Engineers and drilling contractors to
determine the types of available equipment satisfactory for ob-
taining undisturbed and disturbed soil samples and performing in
situ soil tests, a draft of a manual was prepared containing specific
instructions as to techniques and drilling and sampling equipment



to be used for foundation exploration on all Corps of Engineers'
projects. The use of these techniques and drilling and sampling
equipment will result in recovery of less disturbed soil samples,
obtaining samples that might not otherwise be recovered, and
reduction in exploration costs. As a result, the results of laborato-
ry tests performed on the soil samples would be more reliable and
would result in safer and more economical design. Future work
will consist of revision of the manual based on review by others
and subsequent publications.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0239, DEVELOPMENT OF INSTRUMENTS FOR
PROTOTYPE TESTING
E.E. MCCOY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop and to evaluate the

performance of instruments designed to permit measurements of
structural behavior of concrete structures through laboratory in-
vestigations and through experimental installations in prototype
structures,. This project develops procedures by which prototype
behavior data can be reliably developed over long periods of time
in order to provide a basis for improved structural design to effect
improvements in serviceability and reduced costs of concrete
structures.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0240, INVESTIGATION OF CREEP IN CONCRETE
E.E. MCCOY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop standardized

procedures for determining the time-dependent volume changes
of concrete (especially creep and shrinkage), to develop data on
the factors affecting the rate and magnitude of such changes of
concrete as affected by the characteristics of materials, mag-
nitude, time of application, duration of load and relative humidi-
ty, so as to permit more accurate interpretation of structural
behavior data and more appropriate selection and use of materi-
als to provide desirable performance.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0241, CONTINUATION OF FIELD EXPOSURE STA-
TIONS
E.E. MCCOY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to maintain field exposure sta-

tions at Treat Island, Cobscook Bay, Maine, and at Salt Run, St.
Augustine, Florida, to continue the development of data on the
resistance of concrete and concrete materials to the effects of
natural weathering so as to permit the development of improved
criteria for the selection of materials and concrete mixtures that
will give satisfactory service regardless of the exposure to which
they may be subjected.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0242, GENERAL SPILLWAY TESTS
T.E. MURPHY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to provide general data for im-

provement of the design of spillway weirs and stilling basins.
Discharge coefficients and pressure on spillway weirs of various
heights for a full range of flow conditions to include heads in ex-
cess of that for which the weir is designed are of concern. This
project will study pier and abutments contraction coefficients and
discharge characteristics of crest pies. Stilling basin tests will be
conducted for establishment of general rules for design of roller
type energy dissipators and hydraulic jump-type stilling basins.
The overall effort can be divided into under designed crest pres-
sures and coefficients, tainter gate coefficients, pier and abute-
ment contraction coefficients, and stilling basin design.
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SUPPORTED BY U.S. Dept. of Defense - Army

8.0243, CAVIATION
T.E. MURPHY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to assist in development of

designs for elements of hydraulic structures which will be free
from cavitation damage. In accomplishing the purpose, efforts
will be made to develop improved methods for prediction of
prototype cavitation from model data. Also resistance of various
materials to damage by cavitation will be studied. Close contact
will be maintained with other inaallations conducting cavitation
studies in order to take advantage of any new developments in
technique. The overall project anc be divided into resistance of
material, scale effects, and shapes for specific elements of struc-
tures.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0244, LOCK FILLING AND EMPTYING SYSTEM
T.E. MURPHY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to provide new or improved

design information and procedures to assist in the design of
navigation lock filling and emptying systems. Present designs are
accomplished largely by empirical methods based on results of
hydraulic model studies of specific structures. Comprehensive
tests will he conducted on different tl pes of filling systems to ob-
tain data over a wide range of conditions. Analysis of tests and
other available data will result in improved generalized design in-
formation. The overall effort can be divided into side-wall port
systems, multiport systems, interlaced lateral and split-lateral
systems, and longitudinal floor culvert systems.

SUPPORTED BY U,S. Dept. of Defense - Army

8.0245, RIPRAP-PROTECTION FOR HYDRAULIC
STRUCTURES
T.E. MURPHY, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop critcria for the

design of riprap protection at hydraulic structures. At present no
positive design rules exist for riprap protection immediately up-
stream from low crests, along training walls, below stilling basins,
or on overflow dikes. The overall effort can be divided into
specific model tests, and basic mechanics of drag and lift.

SUPPORTED BY U.S. Dept. of Plfense Army

8.0246, RIPRAP, REQUIREMENTS IN CHANNELS
T.E. MURPHY, U.S. Army, Waterways Exp. cement Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop improved criteria

for the design of riprap protection for channels. Present methods
have resulted in of er design and thus excessive costs in some
cases and under design and failures in others. Analytical studies
will be made using prep ntly available data. Flume tests will be
made to provide data on shear forces, velocity distribution, and
the basic mechanics of lift and drag. Large scale model tests of
typical channels are planned for development of the final criteria.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0247, INVESTIGATION OF CONCRETING MATERIAL
(OTHER THAN AGGREGATE AND CEMENTITIOUS
MATERIALS)
L. PEPPER, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of this project is to carry out all authorized in-
vestigations of materials other than aggregates, cementitious
materials, pozzolans and chemical admixtures, nonmetallic
waterstops and gate seals, that may be proposed for use as
concrete materials or in connection with concrete construction so

1-669



8. ENGINEERING WORKS

as to evaluate any benefits that may accrue from their use and to
indicate the desirability of developing specifications and methods
of tests.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0248, EPDXY RESINS FOR CIVIL WORKS PROJECTS
L. PEPPER, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of this project is to develop information on the
application that can be made of epoxy resin systems in connection
with concrete construction and maintenance, and to select the
most advantageous systems for the accomplishment of specific
results, such as the repair of concrete surfaces that have been
eroded by cavitation and the repair of cracks in existing concrete
structures in order to permit the preparation of appropriate
specifications and methods of testing for the acceptance of such
systems for specific applications.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0249, RESEARCH ON PROPERTIES OF CEMENTI-
TIOUS MATERIAL
L. PEPPER, U.S. Army, Waterways Experiment Sta. , Vicksburg,

Mississippi
The objective of this project is to conduct investigational

work relating to cementitious materials including both portland
cements and other cements so as to relate their properties to the
performance of concrete containing them and to develop im-
proved specifications and methods oftesting in order that cemen-
titious material may be selected and used to give the maximum as-
surance of satisfactory performance.

SUPPORTED BY U Dept. of Defense - Army

8.0250, RESEARCH IN MASS CONCRETE
J.M. POLATTY, .11.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop information on

pozzolans and chemical admixtures (including air-entraining) for
use in portland-cenient concrete, so as to permit the preparation
of improved acceptance specifications and engineering manuals.
The more effective utilization of such materials will permit the
production of concrete with improved technical properties at a
lower cost.

This project includes studies of pozzolans, lean mixtures with
large amounts of pozzolan, temperature rise, water-reducing ad-
mixtures, lime-pozzolan reactions, air-entraining agents, calcium-
chloride base solutions, low-activity pozzolans, sulfate resistance,
frost resistance, effect of temperature on air-entraining admixture
demand and effect of chemical admixtures on workability.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0251, PERFORMANCE OF CONSTRUCTION PLANT

AND EQUIPMENT
J.M. POLATTY, U.S. Army, Waterways Experiment ,

Vicksburg, Mississippi
The objective of this project is to conduct investigations and

to develop data on the performance of items of plant and equip-
ment that are used or may be proposed for use in Corps of En-
gineers concrete construction and to develop appropriate method
for testing to evaluate the perfn,'mance of such items of plant and
equipment in the field in order to permit appropriate modifica-
tions of criteria for approving proposed construction plant and
equipment so as to realize the benefits of new developments, the
use of which may result in the production of concrete of improved
quality and uniformity at reduced cost.

Investigations will be made of new plant and equipment as
such becomes available and comes to our attention. Project plans
will be formulated for approval as appropriate. Among the types
of plant a nd equipment that may be investigated are: concrete
mixers, including truck mixers; apparatus for indicating moisture
content of aggregates; equipment for splicing reinforcing bars;
belt conveyors.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0252, TENSILE CRACK EXPOSURE TESIS
E.C. ROSHORE, U.S. Army, Waterways Experiment Sta
Vicksburg, Mississippi

The objective of this project is to obtain information on the
influence of variation in class of reinforcing steel, type of defor-
mation on steel, depth of concrete coverage over steel, quality of

concrete cover, and magnitude of tensile stress in steel on the per-
formance of reinforced concrete beams subjected to severe natu-
ral weathering in order to permit appropriate revision of specifi-
cations governing the design of reinforced concrete members and
the specifications for steel reinforcement when severe weathering
is a characteristic of the exposure.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0253, DURABILITY AND BEHAVIOR OF
PRESTRESSED CONCRETE BEAMS
E.C. ROSHORE, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to develop information on the

factors affecting the performance of prestressed concrete mem-
bers subjected to severe natural weathering as this performance is
affected by the nature of the prestressing system employed and
the state of stress of the member during exposure and the quality
and properties of the concrete. It will also develop information on
accessories such as end anchorages and construction procedures
and materials such as the composition of grout mixtures and the
methods of accomplishing grouting of prestressing tendons used
in posttensioned prestressed members in order to permit the em-
ployment of prestressed concrete designs so as to realize ad-
vantages that may be inherent in such design.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0254, COMPILATION OF EARTH DAM CRITERIA FOR
DESIGN USE
W.E. STROHM, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is the publication of design

criteria for recently completed earth dams, giving sufficient infor-
mation for use of designers in the field. The data on physical
aspects, construction experience, and behavior of these earth
dams are assembled and published.

SUPPORTED BY U.S. Dept. of Defense - Aro)/

8.0255, SPECIAL STUDIES FOR CIVIL WORKS SOILS

PROBLEMS
W.E. STROHM, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
Includes collection, correlation, and analysis of field com-

paction control data and procedures for earth and iockfill dams,
and other special studies such as evaluation of data on per-
formance of slope protection subject to wave action to develop
improved design criteria.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0256, PROTOTYPE ANALYSES LOCK BEHAVIOR IN-

VESTIGATION
C.C. TRAH AN, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
Field instrumentation of existing lock facilities to obtain

prototype measurements of soil stresses on locks, internal stresses
in concrete structure and lateral movement of the lock structure.
Reports on instrumentation programs for t\ recently completed
structures are being prepared.
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SUPPORTED BY U.S. Dept. of Defense - Army

8.0257, FORMING, FINISHING, AND CURING
CONCRETE
R.V. TYE, U.S. Army, Waterways Experiment Sta. , Vicksburg,
Mississippi

The objective of this project is to develop data on the factors
affecting the quality of concrete surfaces as these are the result of
materials and practices employed in forming, finishing, and cur-
ing so as to develop procedures and specifications that will
prevent to the greatest possible extent the occurrence of defective
surfaces.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0258, INVESTIGATIONS OF PLACEABILITY OF
CONCRETE
W.O. TYNES, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to conduct investigations and

to develop data relating to the factors affecting the workability
and consolidation of freshly mixed concrete and to evaluate the
procedures currently employed in consolidating concrete so as to
develop improved methods of measuring the consistency, worka-
bility, and placeability of concrete and improved criteria for the
approval of equipment to be employed in effecting consolidation.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0259, IMPROVEMENTS IN CONCRETE CONSTRUC-
TION PRACTICES
W.O. TYNES, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to evaluate concrete construc-

tion practices and to compare the results obtained by variations in
practices either wit` .'n the limits of current requirements or out-
side of such limit, as the case might be in order to appraise the
desirability of revising current specifications so as to improve the
quality and uniformity of concrete construction and reduce its
cost. This project includes studies on effects of random fluctua-
tions in coarse aggregate, effects of early freezing, effects of shape
of grading curves foi coarse aggregates, and preplaced-aggregate
concrete.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0260, IMPROVEMENTS IN MASS CONCRETE MIX-
TURE PROPORTIONING

TYNES, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
The objective of this project is to investigate procedures for

selecting proportions for concrete mixtures containing large ag-
gregate particles in order to determine whether concrete of im-
proved quality and uniformity or concrete of lower cost or both
can be produced by the adoption of mixture proportioning
procedures differing from these currently employed. This project
will include studies on air content of mass concrete, maximum
size aggregate mass concrete, and water cement ratio of exterior
mass concrete.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0261, INVESTIGATION OF SIIOTCRETE
W.O. TYNES, U.S. Army, Waterways Experiment Sta. ,

Vicksburg, Mississippi
Shotcreting is not a new art; however, poor practice on many

applications has resulted in difference of opinion on the merits of
shotcrete as a construction material. Laboratory evaluation of
shotcrete has been hampered by the difficulty of securing
representative samples of inplace shotcrete. The objective of this
investigation is to evaluate shotcrete as a construction material
for application to Corps Projects. Tests will be conducted to
determine the correct sampling techniques, pertinent physical
properties, and problem areas.

8. ENGINEERING WORKS

SUPPORTED BY U,S, Dept. of Defense - Army

8.0262, STRENGTH OF JOINTED ROCKS
K.S. LANE, U.S. Army, Missouri River Engr, Div. , Omaha,
Nebraska

This investigation is primarily concerned with developing
methods to determine the rational design strengths of rock foun-
dations - particularly intermediate quality rocks such as the softer
limestones, shales, weakly cemented breccias and weaker layers
within hard rock where strength is sufficiently low that it is often a
key factor in design of superimposed structures of concrete and
earth.

Emphasis is placed on shear strength of open joints, naturally
cemented joints, seams, cleavage planes and weaker bedding
planes with limited reference testing of intact cores. Studies in-
clude effect of cyclic loading, pore pressure, and joint surface
roughness, supplemented by petrofabric studies of microcraeks.
As one product of this research, reports are being prepared cover-
ing the various testing techniques developed which it is hoped will
serve to establish guides for rock testing procedures in other
Corps laboratories. Furthermore, this effort will result in the
preparation of reports which will discuss the factors which affect
rock shear strength and the extent to which they should be con-
sidered in design.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0263, CONTROL OF SEEPAGE FROM CNNALS AND
STORAGE PONDS IN NEVADA
P.R. NIXON, U.S. Dept. of Agriculture, Reno, Nevada

Objective: To develop treatments for control of seepage from
small irrigation water storage reservoirs, stock ponds, and irriga-
tion canals using locally available materials such as clay deposits
and playa lake sediments or other materials as economically feas.i-
ble within the area.

Plan of Work: Continue laboratory and field evaluation of
available clay deposits and playa lake sediments to determine the
factors and conditions resulting in durable and effective seals in
canals and reservoirs. Emphasis to be on developing a procedure
for predicting sealing capability of materials and on devising
systems of applying or installing the seal. Work will involve both
laboratory and field plot tests.

SUPPORTED BY U.S. Dept. of Agriculture

8.0264, MECHANICS OF ICE
G.E. FRANKENSTEIN, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

Studies will be continued on ice jams on inland rivers, and ice
conditions on the St. Lawrence Seaway. Studies will also be con-
tinued on removal of ice jams by use of explosives and other
means.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0265, APPLIED PHYSICS AND MECHANICS
0. FRANKSTEIN, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

Technical Objective: Study bearing capacity of sea and lake
ice and means of increasing or decreasing this capacity. Develop
theories of elastic and plastic deformation and stress distribution
in snow and floating ice sheets. Study movement, ablation, defor-
mation and subsurface temperature of glacial snow and ice.

Approach: Conduct strength and load tests on fresh and salt
water ice including compression, tensile, flexural and heavy loads.
Develop methods of increasing ice thickness by flooding
techniques. Elimination of ice by bubbling techniques will be
tested. Conduct field tests relative to leveling ice for airfields.
Develop theory for bearing capacity of ice sheets and snow layers.
Obtain measurements of annual ice cap movement at the Tuto
ramp in Greenland. Observe pressure and deformation rates of
buried structures in snow at Camp Century and in the ice tunnel
at Tuto. Analyze data and prepare reports.
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Progress: Strength and load tests on fresh and salt water ice
have been made and analysis and reports prepared on ice
thickness required for support of military vehicles. Studies of
leveling rough sea ice for airfields have resulted in the develop-
ment of an ice chipper which hes been successfully used at Bar-
row, Alaska, and the Antarctic. Theoretical work has resulted in
analysis of the river crossing problem, time dependent deflection
of an ice sheet, and a design criterion for snow runways. Charts
have been prepared using these theoretical results, which give
required ice thickness to cross ice bridges of different widths and
lengths. Three pressure cells have been installed at dye 3 and a
data collection program established.

SUPPORTED BY U.S. Dept, of Defense - Army

8.0266, TECHNICAL SUPPORT, INVESTIGATIONS OF
ARCTIC CONSTRUCTION
C.W. FU LW IDER, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

As part of a current study of dams in arctic and subarctic
regions used to impound water, the following are in progress: a.
Ground temperature observations made during 1953-1959 on a
cross-section of an earth-fill dam at Thule, Greenland, were
analyzed to determine the thermal regime in the structure under
the influence of the impounded water. A report will be issued on
the results in FY 69. b. of the design, construction and per-
formance of an earth-fill dam at Livengood, Alaska, has been
completed and a report will be issued in FY 1969. c. Liaison was
maintained with the Division of Building Research, National
Research Council on Power Generating Dams constructed in
Canada.

2. Revised editions of the following Technical Manuals on
Arctic and subarctic construction were prepared: TM 5-852-1
(EM 1110-345 660) 'General Provisions' TM 5-852-2 (EM 1110-
345 -661) 'Site Selection and Development TM 5-852-5 (EM
1110-345-664) 'Utilities' TM 5-852-7 (EM 1110-345-666) 'Sur-
face Drainage'.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0267, STUDY OF MECHANISMS IN SOIL RELATED TO
FROST HEAVE AND ITS CONTROL
J.M. SAY WARD, U.S. Army, Terrestrial Sciences Center,
Hanover, New Hampshire 03755

Technical Objective: Study fundamentals and use of foam
bubbles for filling voids in soil to reduce water migration and
hence frost heave.

Approach: Initially seek understanding of interfacial rela-
tionships involved in soil frost action, to assess the likelihood that
fixed, i.e. film-enclosed, bubbles might limit movement of water
to the freezing interface. Make practical test to determine if per-
manent foams can be mixed or produced in soils, and, if so, will
they reduce water migration and heave without harmful effect on
soil packing or strength.

PROGRESS: 21 April - 1 July 1966 - Technological litera-
ture and contacts with some ten authorities in foamed plastics
suggest that the use of plastic film stabilized bubbles added to soil
may not be promising. In the presence of appreciable proportions
of mineral fillers, ordinary closed cell foams are collapsed. Tem-
porary foams may find application as a means of more amount of
soil. Two informal progress reports have been prepared, dated 9
May and 6 June 1966. It is expected that this project will be rein-
stated to one active status in FY 1970.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0268, HYDRODYNAMIC CHARACTERISTICS OF
FLOW CONCENTRATION GROINS

13OURODIMOS, Rutgers The State University, School of
Engineering, New Brunswick, New Jersey 08903

The proposed work will evaluate hydrodynamic charac-
teristics of a type of flood concentration groins devised to assist in
artificial river aeration. The need for a sturcture to concentrate
flow for mechanical type aerators in streams has been shown by
other work in process.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch
Rutgers The State University

8.0269, STRUCTURE AND MECHANICAL BEHAVIOR OF
POLYMERIC MEMBRANES
J.A. SAUER, Rutgers The State University, School of Engineer-
ing, New Brunswick, New Jersey 08903

A study is to be carried out of the structure and mechanical
behavior of polymeric membranes. Specific attention will be
given to cellulose acetate films. The morphology and structure of
such films will be studied by means of x-ray and electron
microscopy. Samples to be investigated include dense films,
porous films, asymmetric Loeb- type membranes, ultrathin films,
and films prepared from single crystals. The mechanical behavior
of the polymer films and membranes will be investigated by varied
means, including sonic modulus measurements, and torsion pen-
dulum measurements over a broad temperature range. Relaxation
and melting transitions will be further investigated by means of
calorimetric measurements. Attempts will be made to relate ob-
served transitions, and the accompanying molecular motion, to
the structure and morphology of the film as well as to preparation
conditions and prior history. It is intended also to study the
phenomenon of compaction as well as to initiate a stress analysis
study of the reverse-osmosis membrane system.

SUPPORTED BY U.S. Dept. of Interior - Off. Saline Water

8.0270, EXPERIMENTAL STUDY OF MOTION OF
CAVITATION BUBBLES
V.J. LUNARDIN!, State University of New York, School of En-
gineering, Buffalo, New York 14214

An analytical study of the inception of cavitation in venturi
systems has been completed. This study has uncovered a number
of questions which seem to be best resolved through an experi-
mental program. A study will be made of the motion and growth
of cavitation bubbles in an internal flow device, High speed
photography will be used to obtain data on nucleation, the growth
history of a bubble, and the position of a bubble within the ventu-
ri. Water will be used as the test fluid. It is hoped that the experi-
mental program will clarify the basic mechanisms sufficiently to
allow a more complete theoretical study to be undertaken.

SUPPORTED BY State University of New York

8.0271, EVALUATION OF POLYVINYL CHLORIDE
(PVC) AND VINYL CLAD ALUMINUM PIPE USED FOR
CARRYING IRRIGATION WATER WHEN BURIED WITHIN
THE FROST ZONE
H.M. OLSON, North Dakota State University, Agricultural Ex-
periment Sta. , Carrington, North Dakota 58241

Polyvinyl chloride (PVC) pipe, 8-, 10-, and 12-inch diame-
ter, and vinyl clad aluminum pipe, 8-inch diameter, will be in-
stalled in the frost zone with 3-foot minimum cover. Approxi-
mately 900 feet of 10- and 12-inch diameter low head PVC pipe
and about 660 feet each of 8- inch diameter high (head 100 psi)
PVC and vinyl clad aluminum pipe will be used. Repetitive
lengths of 8-inch PVC pipe will be installed with different types of
pipe joints, including as a minimum solvent- cement welded
Joints, threaded joints, and rubber gasket joints.

Pipe installations will be evaluated for installation
procedures; flow charactdristics, corrosion resistance; bedding
conditions; and overall performance relative to existing installa-
tions of nonreinforced concrete and asbestos-cement pipe.

Representative samples of new pipe and of bedding material
will be furnished the Bureau of Reclamation laboratories for test-
ing. Standard lengths of installed pipe will be removed in the fu-
ture for examination and measurement.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

8.0272, CONCRETE DITCH LINING AND PIPE FOR IR-
RIGATION SYSTEMS
H. HOLMEN, North Dakota State University, Agricultural Ex-
periment Sta. , Fargo, North Dakota 381102
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Objectives: 1. To determine the potential useful life of dif-
ferent thicknesses of nonreinforc,,i concrete linings placed in a
farm irrigation ditch and the potential useful life of a non-rein-
forced low pressure concrete pipe placed 12 to 30 inches below
ground surface. 2. To compare the economic factors of lined
and/or closed conduit distribution systems with an open unlined
system.

Description: About 650 feet of concrete lined ditch and 1775
feet of low pressure concrete pipe will be installed and studied to
determine durability, frost action, action of machinery traffic, in-
stallation and maintenance costs, and water losses. A camera will
be used to check internal condition of pipe. Surveying instru-
ments will be used to check movement of pipe and lining due to
frost action and other sources.

SUPPORTED BY North Dakota State Government

8.0273, SHEAR EVALUATION OF WEAK ROCK FOUN-
DATIONS
C,K. EOFFMEYER, U,S. Army, Ordnance Res. & Dev. Labs. ,

Cincinnati, Ohio 45227
The strengths of weak rocks such as indurated clays and

shales in the Ohio River Basin are being determined in the field by
in situ testing by special direct shear rigs. Comparison rock core
specimens drilled with standard drilling equipment are being ob-
tained and tested in the laboratory in direct shear blocks. The
bond strength of concrete placed and cured on shales is also being
tested in the field and laboratory. Different methods for preparing
the rock surface preparatory to concrete placement arc being in-
vestigated. The field testing is primarily accomplished at Ohio
River Division navigation and flood control dam sites as they
become available during early stages of construction.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0274, IMPROVEMENT OF WATER SUPPLY SOURCES
AND STORAGE FACILITIES IN THE CORN BELT
R.C. REEVE, Ohio State University, Agricultural Experiment Sta.
, Columbus, Ohio 43210

Object: To develop design criteria for ponds and other sur-
face and subsurface water storage facilities. To investigate
methods of suppresxing evaporation and seepage losses from farm
ponds.

Plan of Work: Study methods of reducing water losses by
compaction, dispersion and other treatments on the hydraulic
conductivity of the soil. Investigate the possibility of using the
soils adjacent to the reservoirs for blanket materials. Test various
dispersants as possible sealing materials for soils. Also, investiga-
tions are directed toward determining the rate of evaporation
from ponds in relation to climatic factors. Study the probable
amounts of runoff that could be expected for use as irrigation
water.

Cooperation: Missouri Agricultural Experiment Station; SCS
and other agencies.

SUPPORTED BY U.S. Dept. of Agriculture

8.0275, INVESTIGATIONS OF SHORE EROSION ALONG
THE OHIO SHORELINE OF LAKE ERIE
C.E. HERDENDORF, State Geol. Survey Div. , Sandusky, Ohio
44870

Each year shore erosion removes approximately 3,000,000
cubic yards of bluff and beach material from the Ohio shoreline of
Lake Eric. This study will provide information of the character of
the shoreline, shore processes in areas of critical shore erosion
and recommended methods of shore protection. Sixteen areas of
critical erosion will be studied in detail. Methods of investigation
will include: (I) repetitive, profiles of bluff, beach and nearshore
areas, (2) current measurements, (3) repetitive aerial photo-
graphs, (4) observations of experimental shore protection struc-
tures, and (5) installation of water level gauging stations along the
shoreline.
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SUPPORTED BY Ohio State Government

8.0276, THE HYDRAULICS AND MEASUREMENT OF
CHANNEL, FLOOD PLAIN, AND OVERLAND FLOW IN
THE SOUTHERN PLAINS
W.O. REE, U.S. Dept. of Agriculture, Stillwater, Oklahoma

Object: To provide an understanding of the hydraulic
phenomena associated with the flow of water in channels on flood
plains and overland; to develop procedures for the application of
basic physical principles to the solution of problems involving
overland flow and unsteady hydraulics; to determine the flow re-
tarding properties of various channel roughnesses in natural and
artificial channels and flood plains; and to develop or adapt
devices for the precise measurement of flow in streams, channels
and constructed works.

Plan of Work: This work is carried on at the Outdoor
Hydraulic Laboratory, Stillwater, Oklahoma, through investiga-
tions on natural channels and by means of model studies.

SUPPORTED BY U.S. Dept. of Agriculture

8.0277, HYDRAULIC DESIGN OF STRUCTURES FOR
WATER USE AND CONTROL IN THE SOUTHERN PLAINS
W.O. REE, U.S. Dept. of Agriculture, Stillwater, Oklahoma

Object: To develop new and improved structures for water
control, conveyance, and disposal; and to determine the hydraulic
criteria for their safe, efficient, and economical design.

Plan of Work: This research seeks to establish principles and
develop dimensionless designs for various water control struc-
tures which can be adapted to various site situations and size
requirements on individual farms and ranches and in upstream
watersheds. Studies are carried on principally by means of model
studies at the Outdoor Hydraulic Laboratory, Stillwater,
Oklahoma, and in close coordination with related research at the
St. Anthony Falls Hydraulic Laboratory, Minneapolis, Minnesota.

SUPPORTED BY U.S. Dept. of Agriculture

8.0278, STUDY OF DISCREPANCY IN FISH COUNTS
BETWEEN COLUMBIA RIVER DAMS
L.C. FREDD, State Fish Commission, Clackamas, Oregon 97015

Description: Work consists of a statistical review of past
counting records, fish catch, spawning escapement, hatchery
return records and other pertinent observations.

Purpose: To determine the extent and possible causes of dis-
crepancies in counts of adult salmonids between Columbia River
Dams.

Results: Average percent of the adjusted Bonneville 1957
through 1965 counts that were recounted at The Dalles, McNary
and Priest Rapids - Ice Harbor Dams were as follows: Spring chin-
ook, 80%, 70%, 46%; summer chinook, 78%, 78%; 66%; fall chin-
ook, 78%, 57%, 28%; sockeye, 97%, 100%, 106%; and steelhead
trout, 97%, 83%, 46%.

A. Differences in counts of a particular species at successive
dams are proportional to the abundance of that species. B.
Average differences in counts usually exceed estimates of num-
bers of fish spawning in intermediate tributaries. C, Counting
error cannot be used to logically explain observed differences in
counts. Rates of re-ascent by fallbacks probably do not differ
greatly by species or dam, or from year to year. D. A common fac-
tor affects the survival of spring and summer chinook between
dams, its effect changes little from year to year. A common factor
also controls survival of fall chinook and steelhead between Mc-
Nary and Priest Rapids - Ice Harbor dams; its effects are changing
-- inter-dam survival has worsened each year since 1962. E. Physi-
cal size may influence survival of chinook between Bonneville
and McNary dams; most mortality may be inflicted on large chin-
ook.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0279, EVALUATION OF UPSTREAM AND
DOWNSTREAM ANADROMOUS FISH PASSAGE AT RIVER
MILL AND FARADAY DAMS ON THE CLACKAMAS
RIVER, OREGON
L. KORN, State Fish Commission, Clackamas, Oregon 97015
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Upstream salmon and steelhead trout migrations past River
Mill Dam on the Clackamas River will be evaluated by observa-
tions of any blocked fish and counts of fish passing through the
ladder. Records of past movements will be examined and timing
and successful passage of adults will be recorded during the study
period. Movements of downstream migrating juveniles will be fol-
lowed by a mark-and-recapture program to determine the portion
of the population which is shunted into a side canal leading to
Faraday Reservoir. Results of these investigations will be used to
recommend the most efficient fish management practices or
modifications to the Portland General Electric Company.

SUPPORTED BY Portland General Electric Company

3.0280, EVALUATION OF ANADROMOUS FISH
PASSAGE FACILITIES AT FALL CREEK DAM, BIG FALL
CREEK, OREGON
L. KORN, State Fish Commission, Clackamas, Oregon 97015

This study will test and evaluate the efficiency of fish passage
facilities for anadromous fish at Fall Creek Dam. We will deter-
mine the effect of the reservoir on survival, growth, and passage
of juvenile salmonids and monitor the environment for changes.
Results from this study will be used to recommend operating
procedures for the fish facilities, if passage is successful. If
passage is unsuccessful, alternate methods of maintaining the sa-
mon and steelhead populations will be proposed.

SUPPORTED BY Oregon State Government
U.S, Dept. of Interior Bu. Comm. Fish.
U.S, Dept. of Interior Bu. Sport Fish.
U.S. Dept. of Defense - Army

8.0281, DETROIT TEST CHUTE
L.R. METCALF, U.S. Army, Corps of Engineers, Portland,
Oregon 97205

The test chute has been provided to measure the amount of
bulking effect on the depth a flow that occurs in a full-scale,
high-head, spillway chute due to entrainment of air. The effect of
air entrainment on velocity of flow will also be studied. The ap-
proximately 350-foot- high spillway was partitioned during con-
struction to form a 42-foot- wide chute. The chute walls are sur-
mounted by a traveling carriage upon which a staff gage is
mounted to measure water-surface profiles. Nine sets of elec-
trodes spaced 50 feet apart are mounted on the chute walls.
Passage of a salt cloud will be observed electronically in order to
determine mean velocities. Future test objectives will include
measurement of velocity distribution and variation in air entrain-
ment concentration with depth.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0282, DETROIT TEST CONDUIT
L.R. METCALF, U.S. Army, Corps of Engineers, Portland,
Oregon 97205

The test conduit has been provided as a general purpose
high-head test facility for testing control valves, resistance of
concrete to cavitation and or erosion, steel liner requirements
downstream of regulating gates, and multiple gated regulating
outlet transitions. The initial program (1964 thru approximately
1969) involves the testing of high quality concrete slabs with spe-
cial surface treatments. The primary objective is to determine if
any surface treatment, other than steel lining, downstream from a
regulating outlet slide gate open 20 per cent will resist the cavita-
tional and or erosional forces due to operation with 300 to 320
feet of head. A secondary aim is to provide a comparison of the
relative durability of surface treatments such as steel troweled,
epoxy grout, epoxy mortar and rubber coated. The test gate (17
by 30 inches) discharges into a 21-inch wide by 4-foot high by 40-
foot -Ion? flume, of which the first 10-foot-long base panel is the
test section.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0283, OPEN-CHANNEL TRANSITIONS IN SUPERCRITI-
CAL FLOW
C.H. MCCONNELL, Penn. State University, School of Engineer-
ing, University Park, Pennsylvania 16802

Investigation of supercritical flow phenomena in open-chan-
ncl transitions between an upstream rectangular cross-section and
a downstream trapezoidal section, in a straight channel at con-
stant and continuous invert slopes. Three types of transitions, one
warped and two composed of plane wall, are being tested. The ex-
periments with each of the three shapes cover combinations of at
least three transition lengths and three depths with Froude num-
bers varing up to 3.0, Design criteria will be determined based on
the test results.

SUPPORTED BY Pennsylvania State Government

8.0284, DYNAMIC BEHAVIOR OF SOILS
V.A. NACCI, Univ. of Rhode Island, School of Engineering, King-
ston, Rhode Island 02881

The study of the behavior of soil under moderate static load-
ing has evolved to the point where nearly every facet of the
phenomena can be controlled, tested and usefully protected into
practical soil mechanics. Many structures such as high dams that
arc built today subject soils to very high stresses and in addition
dynamic problems associated with powerful blasts, seismic forces,
and vibrations have extended the need for strength and behavior,
characteristics far beyond the point where static parameters may
be extrapolated.

The proposed study, therefore, will attempt to develop new
theories, and to predict the behavior of soil masses to high pres-
sure, transient and cyclic loadings and impact stresses, The work
will include:

I. Examination of strength and deformation characteristics
under impact loading. 2. Development of a pulsating or vibrating
device. 3. Investigation of liquifaction phenomenia of soils under
vibration and impact loads, 4, Correlations of laboratory work
with field model studies.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Rhode Island

8.0285, INVESTIGATION OF SOIL FREEZING
G.L. RODERICK, Univ, of Rhode Island, School of Engineering,
Kingston, Rhode Island 0288 I

Frost heaving of underlying soils can cause damage to canal
and spillway linings, slope protection material of dikes and dams,
and road surfaces. Such damage can lead to serious seepage
losses, erosion and costly maintenance. The freezing of a soil-
water system is a complex process affected by a large number of
factors. The objectives of this study are to determine, for various
soil types and freezing rates: the effects of initial moisture con-
tent, void ratio and saturation on the degree of ice segregation
which occurs; the density required to resist heaving during freez-
ing at near saturation; and migration of moisture and void ratio
changes during freezing. Results should contribute to a more
complete understanding of the soil freezing phenomena. Results
will be correlated with common soil properties to establish
criteria for evaluation of the frost susceptibility of soils.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Rhode Island

8.0286, COMPUTER MODELS FOR WATER DISTRIBU-
TION SYSTEMS
M.L. WOLLA, Clemson University, School of Engineering, Clem-
son, South Carolina 29631

The project entails an analytic study of water distribution
systems operating under steady-flow conditions. The objective is
the formulation of a class of mathematical models and related nu-
merical solution algorithms which would provide flexible and effi-
cient computer techniques for predicting the characteristics of
existing or proposed water distribution systems. The project con-
sists of three stages: Phase 1 is concerned with the theoretical
study to devise secondary models and determine their properties
in as broad and general a form as possible, and to consider spe-
cializations of these models as required to solve present and fu-
ture problems arising in the operation or design of water distribu-
tion systems. The initial effort will be directed toward those
models which are best suited for formulation and solution with
digital computers. Phase II is concerned with the investigation of
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suitable numerical solution algorithms and their implementation
on the digital computer; Phase III is concerned with a study of the
feasibility of using the analog computer, either separately or in a
hybrid configuration, as a means of obtaining desired solutions to
the mathematical model,

SUPPORTED BY U.S. Dept. of Interior 0. Water Res. Rcl.
Clemson University
South Carolina State Government

8.0287, TURBINE RATING FRAME INTERFERENCE
STUDY
R.A. ELDER, U.S. Tennessee Valley Auth. , Knoxville, Tennessee

TVA has underway a project to determine accurate
discharge ratings for turbines in the nine dams on the Tennessee
River by traversing the flow at the turbine intake gate slots of
each unit with frames on which are mounted Ott cosine-com-
ponent current meters. This study will consist of laboratory tests
to determine what effect, if any, the current meter frame has on
the accuracy of the measured flows through the turbines. Some
tests were conducted during 1966. Further testing will be done in
1969 and 1970.

SUPPORTED BY U.S, Tennessee Valley Auth.

8.0288, SMALL RESERVOIR SEALING
J.I. SEWELL, Univ. of Tennessee, Agricultural Experiment Sta. ,

Knoxville, Tennessee 37916
Phase I involved the making of permeability tests of the ef-

fects of various chemicals on seepage rates of soils representative
of areas where pond leakage is prevalent, In the laboratory tests,
nine chemicals were tested on five soils. The variables of the tests
are: soil type, horizons in soil types, type of chemical, rate of
chemical, soil density, cation exchange capacity, and soil acidity.
After approximately 500 permeability tests, the sodium car-
bonates and phosphates appear to be the most promising sealing
agents.

Phase II involved the making of field tests of the most premis-
ing sealing techniques. Ponds which were constructed for one or
more years and which leaked excessively were treated. Stage
height data were recorded. From this, the effectiveness of the
treatments were evaluated.

Nine ponds have been treated. Eight of these held well, and
one holds to a depth of only six feet.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Tennessee

8.0289, PERFORMANCE OF CIRCULAR CULVERTS ON
STEEP GRADES

UNKNOWN, Univ, of Texas, Graduate School, Austin, Texas
78712

Objective: ( I ) To determine the effects of outlet channel and
culvert flow characteristics upon the formation of hydraulic
jumps in the barrel of a circular culvert, and the effects of the
jump upon culvert efficiency. (2) To investigate a new type of
energy dissipator for reduction of erosion at the outlet of culverts
on steep slopes. A hydraulic jump formed on a platform of circu-
lar sector plan is to be evaluated.

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Texas State Government

8.0290, EVALUATION OF ENGINEERING PROJECTS
AND ESTUARINE DATA (ESTUARINE PROGRAM)
R.J. HOOGLAND, U.S. Dept. of Interior, Biological Laboratory,
Fort Crockett - Galveston, Texas

Estuarine-dependent species of the Gulf of Mexico coast
comprise several of the nation's most valuable fishery resources.
If the nursery grounds in the estuaries are to be preserved, it is es-
sential that the estuarine habitat of these species be protected
during and following construction of water-development projects
in upland basins, estuarine systems, and coastal marshes. The in-
creasing number, as well as complexity, of construction projects
require a detailed understanding of estuaries.

8. ENGINEERING WORKS

It is the purpose of this project to (1) assist the Branch of
River Basin Studies (BSFW) by reviewing all proposed construc-
tion and water-development projects affecting western Gulf
estuaries and, when warranted, recommend remedial measures to
reduce adverse project effects; (2) where practical, recommend
changes in water-development projects whereby the habitat
would be enhanced for the fishery resources; (3) inventory, or-
ganize, and keep current all published and unpublished data re-
lated to western Gulf estuaries; and (4) recommend basic
research needed for protecting estuarine fishery resources.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

8.0291, CONTROL OF SEEPAGE FROM WATER CON-
VEYANCE AND STORAGE STRUCTURES IN THE INTER-
MOUNTAIN AREA
P.R. NIXON, Utah State University, Agricultural Experirne. t Sta.
, Logan, Utah 84321

Objective: To develop methods, materials, and devices for
control of seepage from conveyance, storage, and application
structures.

Plan of Work: Continue laboratory and field evaluation of ef-
fectiveness, suitability, and durability of various materials for
seepage control in canals and reservoirs and for use in water dis-
tribution devices or systems. Develop installation and main-
tenance techniques using existing materials and new materials as
they become available.

SUPPORTED BY U.S. Dept. of Agriculture

8.0292, FACILITIES AND SYSTEMS FOR WATER HAR-
VEST IN THE INTER-MOUNTAIN BASIN
P.R. NIXON, Utah State University, Agricultural Experiment Sta.
, Logan, Utah 84321

Objective: To develop methods of collecting and storing
precipitation, including installation procedures, construction
materials, durability, performance, and maintenance require-
ments.

Plan of Work: Evaluation of durability of materials by ac-
celerated aging, exposure tests, and in actual field test installa-
tions, will continue. Other factors under study arc: slope of col-
lecting surface, storage structures, evaporation control measures,
maintenance requirements and construction techniques. Materi-
als scheduled for testing include metal, asphalt, plastic film,
synthetic rubber, and soil cements,

SUPPORTED BY U.S. Dept. of Agriculture

8.0293, SHORE-LINE ENGINEERING STUDIES ON
GREAT SALT LAKE
W.P. HEWITT, Univ. of Utah, State Geolog. & Min. Surv. , Salt
Lake City, Utah 84112

The object of this study is to determine the effect of currents,
storm waves, and heavy brine on engineering structures that
might be built on Great Salt Lake, or upon its shores. A contour-
map of the brine-lake bed contact is to be built, currents are to be
studied and reefs are to be plotted.

This project is to commence in the summer of 1965.
Status: Lakewide survey involving current measurements,

water depths, water temperatures and water densities are under
way. Fathometer on loan from U S. Navy will be tested this
summer. Photography of Lake, wined cooperatively in 1965
and 1966 with U.S. Geologicr will be studied for reef dis-
tribution and shoreline feature..

SUPPORTED BY Utah State Government

8.0294, ENGINEERING CHARACTERISTICS OF THE
BOTTOM SEDIMENTS OF GREAT SALT LAKE
W.P. HEWITT, Univ. of Utah, State Geolog. & Min. Surv. , Salt
Lake City, Utah 84112

The object of this study is to develop data that will aid in the
design of structures that might be founded on the sediments that
underlie Great Salt Lake's excessively dense brine. Therefore, in
order to determine the bearing capacities of Great Salt Lake sedi-
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!Twins, a series of 100-foot deep holes are to be drilled into the
bottom sediments of the lake. Penetration and shear vane tests
will be conducted in the field; Shelby tube samples will be col-
lected for standard laboratory testing, and constituent properties
of the sediments are to be identified.

The work is to be started in the summer of 1965.
Status: work on this project postponed.

SUPPORTED BY Utah State Government

8.0295, USE OF LARGE ROUGHNESS ELEMENTS FOR
HYDRAULIC ENERGY DISSIPATION
H.M. MORRIS, Virginia Polytechnic Institute, Engineering Ex-
periment Station, Blacksburg, Virginia 24061

General Design Criteria for flow regimes and energy dissipa-
tion in steep channels with large roughness elements are being
developed. The characteristics of the tumbling flow regime are of
special interest. Design application for chutes, culverts, and other
highway drainage structures are in view. Experimental studies are
being made both in a large laboratory tilting flume and in field in-
stallations,

SUPPORTED BY U.S. Dept. of Transportation - Public Rds.
Virginia State Government

8.0296, HIGH POWERED FLOATING NUCLEAR POWER
PLANT CONCEPTUAL STUDY
P.D. ARROWSMITH, U.S. Army, Nuclear Power Field Off. , Fort
Belvoir, Virginia

Objective: Develop a conceptual design for a high power,
high reliability nuclear power floating electrical generating sta-
tion (40 MWE) with simultaneous capability of furnishing one
million gallons of desalted water per day.

Approach: Work is being carried out in three phases (1)
preliminary investigation of suitable reactor types, desalination
concepts, evaluation of plant configurations and establishment of
recommended configurations for reactor and desalination con-
cepts for further study. (2) Conceptual design of nuclear
desalination, power conversion, steam to electric systems - and
evaluation and selection of a floating mount - capital costs, plant
layout, weighs and overall evaluation of systems will be included.
(3) Final selection of system plant integration, final capital and
other costs estimates, layout of a plant procurement program and
preparation of a final report.

Draft report reflects cost and sizing criteria that require up-
dating. Additional effort will be expended to produce final report
using latest maritime design and current nuclear and shipyard
prices. This extends scope by twenty percent and will result in Au-
gust 68 completion.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0297, DEVELOP DESIGN DATA FOR LIGHT WEIGHT
WATER PURIFICATION UNIT
R.J. GAINEY, U.S. Army, Engineer Research & Dev. Labs. , Fort
Belvoir, Virginia 22060

Technical Objective: Develop design data for a water purifi-
cation unit which will be used for production of drinking water in
the field to support dispersed tactical forces of the Air Mobile
Division.

Approach: Perform studies to determine feasibility of
vacuum diatomite filters, hydraulically operated agitators, and
chemical feeders and evaluate new materials applicable to the
required characteristics of the new equipment.

A prototype model was fabricated in-house, including a pres-
sure diatomite filter, coagulation basin, storage and accessories
weighing less than 1000 pounds. Engineering design tests have
been completed. Procurement data package was prepared for
limited production. A contract has been awarded for 45 equip-
ment sets.

SUPPORTED BY U.S. Dept. of Defense - Army

8,0298, RESISTANCE OF CONCRETE TO SULPHATE
WATERS

OWENS, U.S. Dept. of Interior, Civil & Structural Sect. ,

Coulee Dam, Washington
This test was established and is being continued to determine

the effect of alkline waters on reinforced concrete. Test
specimens were made using various admixtures, several types of
cement; 4-1/2, 6, and 7-1/2 sack mixes, and one aggregate source.
The information gathered is of value in connection with construc-
tion of irrigation works where sulfate contact is anticipated.

The last tests, including photographs, were taken during the
Fall of 1959. The next tests will be taken in the Fall of 1965 and
thereafter on a five year basis. Interim work consits of routine ob-
servations, repairing minor leaks in the ponds, and maintaining
the desired salt concentration therein.

SUPPORTED BY U.S. Dept. .9 of Interior Bu. Reclamation

8.0299, COLLECTION OF JUVENILE SALMON IN TUR-
BINE INTAKES
J.R. GAULEY, U.S. Dept. of Interior, Fisheries Engin. Res. Lab..
North Bonneville, Washington

Description: Fish are passed through a simulated portion of a
penstock and their reaction to various gatewall slot configurations
is measured.

Purpose: Other research has indicated mortalities as high as
11% to juvenile salmon that pass through turbines of Columbia
River Dams. It has also been noted that many of these seaward
migrants collect in the gatewall slots at existing projects. These
studies are to determine if the gatewall slots can be modified and
utilized as deflection and by-pass systems to prevent or reduce
fish loss in turbines.

Results: These studies just initiated. Preliminary data col-
lected have not yet been analyzed.

SUPPORTED BY U.S. Dept. of Defense - Army

8,0300, MIGRATORY RESPONSE OF ADULT SAL-
MONIDS TO WATER TEMPERATURE
J.R. GAULEY, U.S. Dept. of Interior, Fisheries Engin. Res. Lab. ,

North Bonneville, Washington
Description: Fish are given choice of water of two variable

temperature regimes. Reaction is measured.
Purpose: To obtain background data needed for locating and

operating fish collection facilities at high storage projects where
waters of different temperatures are released through turbines,
regulating outlets and other facilities.

Results: Preliminary work on chinook, coho and sockeye sal-
mon given a choke between existing river temperatures and
water heated 3 degreess F, 7 degrees F, and 15 degrees above
river temperature shows that a temperature increase of 3 degrees
F had little effect on the response of migrating adult salmonids,
but when the temperature was increased 7 degrees F above that of
river flow, a number of fish rejected the heated water. River tem-
pe-atures during these observations declined from 69.5 degrees to
( 8 degree F. Future research will include response to chilled as
well as heated water.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0301, PASSAGE OF ADULT SALMONIDS THROUGH
PIPES
J.R. GAULEY, U.S. Dept. of Interior, Fisheries Engin. Res. Lab. ,
North Bonneville, Washington

Description: Adult salmonids are subjected to several
hydraulic and light conditions in various lengths and configura-
tions of 1-foot, 2-foot and 3-foot diameter pipes to determine fish
passage potential of such transportation media.

Purpose: More efficient and less costly fish passage through
difficult areas at dams than by conventional concrete channels.
Modification of existing fishway exits to prevent loss of fish
through adjacent spillways, temporary passage situations during
project construction and the transportation of fish from point to
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point within a dam are examples of possible application of this
work.

Results: These studies now in progress. Preliminary results
indicated that salmon and steelhead will pass through dark,
horizontal pipes up to 270 feet in length, including several 180
degrees bends. A 2-foot diameter pipe provided best results. Ex-
periments were conducted in an endless horizontal 2-foot diame-
ter pipe in FY 1966. The best test conditions for chinook salmon
were a dark pipe with a water velocity of 2.5 f.p.s.; 100 percent
completed 800-feet and 50 percent completed 1 mile. Sockeye
salmon and steelhead trout made their best performances in a
lighted pipe with a velocity of 2.5 f.p.s. At these conditions, all of
the sockeye reached 2,335 feet, and 76 percent completed 1 mile;
100 percent of the steelnead attained 4,381 feet, and 90 percent
completed 1 mile.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0302, M.CNARY ARTIFICIAL SPAWNING CHANNEL
STUDIES
J.S. CHAMBERS, State Dept. of Fisheries, Olympia, Washington

Description: A 2,400-foot channel, 30-feet in width with a
designed flow of 60 cfs, was constructed on the basis of field
criteria collected in earlier work. Adult Fall Chinook were placed
in the channel annually over a nine-year period and the results
measured.

Purpose: TdDdetermine if artificial spawning channels will
provide a suitable replacement for natural spawning grounds in-
undated by dams.

Results: It has been demonstrated that fish will accept, spawn
in and reproduce successfully in spawning channels when water
conditions are adequate. Egg deposition has ranged between
27,000 and 2,100,000 annually with survival to seaward migrant
varying from 5.2% to 36.6%. Adult returns to the channel have
been small. Because high water temperatures during the incubat-
ing season are a limiting factor, production channels along the
Columbia River below the mouth of the Snake River are not con-
sidered feasible. Several channels based on Mc Nary data are
being constructed by project developers on the Columbia River
above the mouth of the Snake, where water temperatures are
suitable.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0303, TEMPERATURE PREDICTION STUDIES RELAT-
ING TO THE DEVELOPMENT OF A POWER REACTOR
SITE ON THE LOWER COLUMBIA RIVER
R.T. JASKE, Battelle Memorial Institute, Richland, Washington
99352

As a continuation of a previous program in which the disper-
sion characteristics adjacent to the site on river mile 72.8 were
established along with installation of a temperature monitoring
network, and a preliminary appraisal of the effects of the con-
struction of Columbia Treaty dams on temperatures of the
Columbia River, the following additional work way authorized: 1)
Prepare a statistical probability analysis to determine the extent
that time critical conditions may impose periods of shut-down (if
any) of a proposed plant under the zxisting water management
plans of control agencies and within the state water quality stan-
dards. 2) Extend this analysis to the downstream portion of the
river to examine related effects involving flow transients from
tides and river flow regulation for peak power requirement. 3)
Technical supervision over the temperature collection network
and analytical work involving analysis of recorded data.

SUPPORTED BY Portland General Electric Company

8.0304, FISH TRANSPORTATION
W.J. EBEL, U.S. Dept. of Interior, Biological Laboratory, Seattle,
Washington 98102

One of the important techniques of fisheries management is
the transportation of living fishes, sometimes for long distances.
The solution of fish-passage problems in Columbia River Basin
may require that anadromous fish be carried around dams or
other obstructions, either as downstream migrant young or as

8. ENGINEERING WORKS

adults migrating upstream to spawn. In either case, they are sub-
jected to various hazards which may cause serious mortality, im-
mediate or delayed. The purpose of this investigation will be to
develop safe and efficient short- and long-range methods of trans-
porting wild anadromous fish and to improve on contemporary
methods of transportation.

Current efforts are concentrated on developing a system to
detect magnetically tagged adult salmon and to separate them
from untagged fish in a fishway. These tags, which are placed in
juvenile migrants, will provide information on the survival of
transported fish and their ability to home to natal streams when
they return as adults. Subsequent research will be directed to the
problems of holding fish in collection facilities prior to transport,
transferring fish from holding to transport facilities, and reducing
mortalities during transport and release operations. Predation,
disease, and physiological effects during the various phases of
transportation are receiving special attention.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

8,0305, ADULT SALMON BEHAVIOR STUDIES IN
RIVERS AND AT DAMS (SONIC TRACKING)
J.H. JOHNSON, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

This project seeks information which will contribute to a
sound assessment of the effect of reservoirs and dams on
anadromous fish runs, specifically on adult salmonids returning to
Columbia River system spawning areas. Such as assessment
requires an accurate knowledge of migration timing and spawning
area locations before dams are constructed, and of the amount
and nature of mortality resulting directly from fish passage over
dams.

The project's primary research tool at present is the sonic
fish tag, a miniature high frequency sound transmitter attached
directly to the fish. Since tagged fish can be tracked individually
from boats, their continuous movements noted in precise detail,
or their progress and dispersion upstream can be measured by
means of automatic recording monitors placed at intervals along
the shore above a tagging site.

Studier, in progress are attempting to pinpoint the causes for
losses of adult salmon between Bonneville, Priest Rapids, and Ice
Harbor dams using sonic tracking devices and automatic record-
ing monitors placed at strategic intervals along the Columbia
River and tributary streams.

Studies are planned on the behavior of adult salmonids in
estuaries, using sonic tracking techniques to examine migration in
relation to tides, freshwater inflow, salinity, and other environ-
mental factots.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

8.0306, PROTECTION OF FINGERLING SALMON IN
TURBINES
C.W. LONG, U.S. Dept. of Interior, Biological Laboratory, Seat-
tle, Washington 98102

This project is directed toward the assessment of losses of
young salmon during passage through Kaplan turbines and the
development of methods to reduce these losses.

The passage of juvenile salmon at dams on the Columbia-
Snake river watershed is a problem of attrition. When all low-
head dams are completed, some stocks of fish may have to pass as
many as 10 projects to reach the sea. Problems of passage will be
further compounded in the near future when many more turbines
will be inst.4.:ed and fish now enjoying relatively safe passage
through the spillways will be forced to use the turbines as their
only means of egress to downstream areas.

Equipment and techniques are being used to investigate the
causes of loss of fish in prototype facilities at Ice Harbor Dam and
elsewhere in the Columbia Basin. Fish protection methods fall
into three general categories: (1) Operating turbines to minimize
mortality, (2) Eliminating lethal agents in turbines, and (3)
Bypassing fish around turbines.

1-677



8. ENGINEERING WORKS

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

8.0307, FISH GUIDING
J.R. PUGH, U.S. Dept. of Interior, Biological Laboratory, Seattle,
Washington 98102

Fish-guiding techniques examined by this project have in-
cluded the use of electrical fields, louvers in combination with
electricity, and large panel nets in conjunction with self-cleaning
traps. Also studied was the distribution of fish in the natural en-
vironment as related to application of fish-guiding devices. Re-
ports of these investigations arc in final stages as project nears
completion.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

8.0308, JUVENILE MIGRATION RATES
H.L. RAYMOND, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

This project is aimed at assessing the effects of dams and im-
poundments on the timing and survival of juvenile salmonids
migrating to the sea, Extensive marking of fish is being done in
tributary streams of the Columbia and Snake Rivers, using ther-
mal brands. Recovery of marked fish from turbine intake
gatewells at dams in the Columbia and Snake Rivers and from the
estuary by purse seines and beach seines is providing data on rates
of movement, timing of migration, and survival of young fish in
relation to the changing environment.

Information being gathered will be used to identify areas in
which delays and mortalities are occurring as the result of en-
vironmental changes. These findings would then be applied to im-
plement management practices designed to enhance survival of
seaward migrating salmonids.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

8.0309, SALMON PRODUCTION IN AREAS MADE INAC-
CESSIBLE BY DAMS
G.R. SNYDER, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

Researchers will assess available spawning and rearing areas,
condition of gravels, productive capacity of lakes and reservoirs,
availability of re-seeding stock with desired racial characteristics,
existing predator-competitor species, and demonstrate produc-
tive potential experimentally.

Prospects for successful reestablishment of salmon runs in
areas blockaded by dams are to be evaluated in the light of ex-
panding Indian fisheries and industrial developments in the
Columbia Basin.

SUPPORTED BY U.S. Dept. of Interior Bu. Comm. Fish.

8.0310, FISHERIES-TURBINE RESEARCH COMPENDI-
UM COMPILATION
M.C. BELL, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Description: Much research has taken place in recent years
in a number of countries to determine the mortality or survival
levels of juvenile fish that must pass through hydroelectric tur-
bines on their migration routes to the sea and the possible causes
of any mortalities. This project will compile and analyze these
various tests utilizing automatic data processing techniques and
attempt to inter-relate various test data to specific turbine charac-
teristics.

Purpose: To compile and summarize in a single volume for
ready reference all fisheries- turbine test data, experience records
anc allied test data. To analyze in a manner that will facilitate
de.clopment of prediction techniques for survivals through any
turbine. To determine the need for additional expensive field
tests.

Results: This project is about 40% complete. Contacts have
been made with all known researchers in this field to secure test
results. (Interviews have been held with turbine design experts
and fisheries specialists in such work). A form for compiling test
data that can be easily coded for automatic data processing
methods has been designed and compilation of test data is in
progress.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0311, GUIDING JUVENILE AND ADULT MIGRANT
SALMONIDS BY NON-ELECTRICAL MEANS
P.R. FIELDS, Univ. of Washington, Graduate School, Seattle,
Washington 98122 4,

Description: This research area, investigated over a 10-year
period by the University of Washington, involves dozens of in-
dividual studies conducted in the laboratory and in the field. Pri-
mary emphasis has been on the reaction of fish to lights and water
velocities. Tests were designed and conducted to scientifically
measure the response of fish to many light-velocity situations.

Purpose: To determine the reaction of fish to the tested
stimuli and provide, if possible, criteria for the design of deflec-
tion or attraction dcvices to aid in the collection or protection of
fish at dams.

Results: Early in the work many visual stimuli were
eliminated for various reasons. Flashing lights and colored lights
were no more effective than steady white lights. Multiple light ar-
rays appeared more effectively than single lights. Field tests at
McNary Dam and The Dalles Dam in recent years provided
general conclusions that: a. Under some conditions, artificial light
can repel fish and divert them from certain areas. Such situations
require the balancing of various stimuli so that light intensity
overrides velocity, turbidity, depth and temperature. b. Under
other conditions, artificial light can attract fish and concentrate
them in particular areas. Some degree of light adaption is necessa-
ry before attraction will occur. These studies have been
completed and a final report fully discussing the many tests and
the complex reaction relationships has been prepared, These stu-
dies will be considered in future fish facility design situations, but
it is questionable whether the positive reaction of fish to light pos-
sesses the required simplicity for practical application.

SUPPORTED BY U.S. Dept. of Defense - Army

8.0312, FISH PASSAGE THROUGH TURBINES
F.K. CRAMER, U.S. Army, Corps of Engineers, Walla Walla,
Washington

Description: Juvenile fish were passed through model and
prototype Francis and Kaplan turbines at the Allis Chalmers
Plant, Pennsylvania, Cushman Power station, Washington, Shasta
Dam, California and Big Cliff Dam, Oregon under a variety of
operating conditions. Mortality rates were measured.

Purpose: To secure design ano operating guidelines for im-
proved survival of fish that must pass through turbines and to
determine if safe fish passage through turbines is possible.

Results: Survivals as high as 89.6% through Francis turbines
were achieved. It was determined that desirable Francis turbine
characteristics for maximum fish survival are: a. Low runner
speed. b. High efficiency. c. Deep setting of centerline of runner
in tailwater to minimize cavitation. d. Maximum clearance
between gates and blades and between blades. Other complex
relationships were also established.

Survivals as high as 95.5% were achieved in Kaplan turbines.
Maximum survival occurred at highest turbine efficiency, and is
related to lowest cavitation index. Work is continuing in this field
to determine if Kaplan and Francis turbines can be designed and
operated to minimize or eliminate juvenile fish mortalities.

SUPPORTED BY U.S. Dept. of Defense - Army

9. MANPOWER, GRANTS, AND FACILITIES
Education-extramural; Education-in House; Research Facilities;
Grants, Contracts, and Research Act Allotments.

9.0001, HYDROLOGY TRAINING AND METHODOLOGY
B.B. EICHERT, U.S. Army, Engineer District, Sacramento,
California 95814

Activities: a. Methods systemization projects in which
procedures currently in use in hydrologic engineering will be
reviewed with purpose of developing step-by-step sequences, con-
venient formats, and other instructions necessary to increase effi-
ciency of use, in order to reduce cost of studies and improve
quality of results. New procedures will be developed for syste-
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matic applications, b. 'Training Courses', (16 weeks) group par-
ticipation, classroomntype instruction, related to various phases of
hydrologic engineering. c, 'Short Conferences or Seminars', (3-5
days) following planned agendas for guidance of open discussions
and lecture-type presentations related to various phases of
hydrologic engineering. d, 'Individual or Small Group Training
Assignments', instruction and supervision of trainees assigned to
the Center for two weeks or longer. Services performed will con-
sist of supervision and necessary advice on methods, with reliance
being placed on the trainee for actual analyses and solutions.
Training is systematic with emphasis placed on subject areas of
speeal importance to each trainee. Basic data and problem situa-
tions related to the trainee's home area will be utilized insofar as
practicable.

SUPPORTED BY U.S. Dept, of Defense - Army

9.0002, ECONOMICS OF WATER TRANSFER - AN AP-
PRAISAL OF INSTITUTIONS
D. SECKLER, Colorado State University, Agricultural Experi-
ment Sta. , Fort Collins, Colorado 80521

Objectives: A. To investigate and compare various organiza-
tions and administrative procedures, which control the use of
water in terms of their respective achievement and potentiality
for allocative efficiency in water use among users and uses. Ex-
amine the factors that lead to flexibility, security, rigidity in water
use. Also examine the role of water changes and prices in achiev-
ing allocative efficiency.

Consider: 1) Role of Northern Colorado Water Conservancy
District in water use and transfer. 2) State water agencies and
water organizations in Wyoming, Montana, Idaho and/or other
states.

B. To investigate and estimate demand function for water in
various uses and investigate complimentarity and competitive
relationships between uses with emphasis on implications of these
relationships for transfers between uses and organizational ar-
rangements.

SUPPORTED BY U.S. Dept. of Agriculture
Colorado State Government

9,0003, SUPPORT OF THE COMMITTEE ON WATER
E.F. COOK, Natl, Academy of Sciences, Washington, District of
Columbia

Funds are requested for partial support of the National
Academy's Committee on Water. The Committee has three
panels concerned respectively with scientific hydrology, water
management, and education. These panels will investigate water
esources needs with a principal objective of making recommen-

dations for carrying forward national programs in the fields of
scientific hydrology, water management and education. Commit-
tee activities will build upon previous investigations of needs in
water resources research, such as the 1963 study for the Federal
Council for Science and Technology, which was restricted to
Federal Agency programs. Close coordination will be maintained
with other groups, such as the Universities Council on Water
Resources and the Committee on Status and Needs of the Amer-
ican Geophysical Union's Section on Hydrology, which may be
investigating specific aspects of water resources research and
education.

SUPPORTED BY U.S. National Science Foundation

9.0004, SUPPLY OF AND DEMAND FOR TRAINED
WATER RESOURCES PERSONNEL - A PILOT STUDY
J. FISHER, Surveys & Research Corporation, Washington, Dis-
trict of Columbia

The project undertakes to develop the mthodology required
to carry out a national survey, to be done at a later date, of the
supply and utilization of and the current and future demand for
trained water resources personnel. Key problems to be resolved
include the identification of types of personnel working in the
field of water resources, methods for collecting data as to their
training, experience and utilization, capability of universities and
other establishments to train the required manpower and the

9. MANPOWER, GRANTS, AND FACILITIES

identification of establishments that employ these personnel The
work will be done by means of a developmental study through in-
terviews with selected establishments, development of a survey
instrumen and a pre-test of it. The final output will be a question-
naire ready for a full-scale survey, instructions and definitions for
respondents and a sampling plan so that a national survey that
would be Phase II could be carried out.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res, Rch

9.0005, PARTIAL SUPPORT OF THE U. S. NATIONAL
COMMITTEE FOR THE INTERNATIONAL HYDROLOGI-
CAL DECADE
L.A. HEINDL, U.S. Dept. of State, Washington, District of Colum-
bia

Brief Description of Research Project: Funds are requested
for support of the National Committee for the International
Hydrologic Decade. This committee will study the needs and
make recommendations for U, S. participation in the program of
the, International Hydrologic Decade which is being developed by
UNESCO.

SUPPORTED BY U.S. National Science Foundation

9.0006, AIDS FOR WASTEWATER SYSTEM PERSONNEL
SAFETY AND ADVANCEMENT
G.W. BURKE, Water Pollution Control Fed. , Washington, Dis-
trict of Columbia 20016

In this project expert consultants will prepare informational
materials describing the use of recommended practices in main-
taining safety and in testing and certifying qualified personnel in
water pollution control facilities. The consultants will study
selected programs and evaluate the pros and cons on each pro-
grams

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
Water Pollution Control Federation

9.0007, WATER RESOURCES RESEARCH, MANPOWER
AND TRAINING NEEDS FOR INDIANA
D. WIERSMA, Purdue University, Water Resources Research
Ctr. Lafayette - West Lafayette, Indiana 47907

The project will be an attempt to study the water resources
research needs of Indiana, the manpower required to adequately
staff the research, planning, operating and management water
resources programs in the State, and to develop training facilities,
including the academic curriculum, which will fulfil these needs.

The resources of all the universities, State and Federal Agen-
cies, and private organizations will be utilized.

SUPPORTED BY U.S. Dept. of Interior - 0. Water Res. Rch
Purdue University

9.0008, AN INVESTIGATION OF MANPOWER
RESOURCES FOR WATER RESOURCES RESEARCH AND
OTHER WATER - RELATED ACTIVITIES
J.E. LEWIS, Louisiana State University, Graduate School, Baton
Rouge, Louisiana 70803

Can we satisfy the demand for water resources personnel
during the period to 1985? Four principal intermediate objectives
constitute the basic outline of the plan of work in this study:

1. identification of estimated levels of production of profes-
sional, technical, and other elements of the national labor force
on a year-by-year basis to 1985; 2. identification of estimated
manpower requirements in major scientific and technical pro-
grams and in industrial and occupational categories on the na-
tional level; 3. comparison of estimated manpower requirements
with estimated manpower prbduction at the pertinent educational
and skill levels; 4. evaluation of the impact of the more general
manpower supply and demand patterns on the availability of
water resources personnel.

No attempt will be made to collect new data. The focus of the
study will be on the analysis and interpretation of data currently
available from the U.S. D.L., N.S.F. other government agencies
and professional associations. A realistic understanding of the in-
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9. MANPOWER, GRANTS, AND FACILITIES

terplay of supply and demand imthe national manpower situation
is a prerequisite to plann;ng for optimal utilization of water
resources personnel and funds.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Louisiana State University

9.0009, LOGISTIC SUPPORT AND MAINTENANCE OF
FACILITIES
C.E. WILI)E, Mount Desert Island Biol, Lab, Salsbury Cove,
Maine

The Mt. Desert Island Biological Laboratory is one of very
few independent marine biological research stations in the United
States. It was founded in 1898 at South Harpswell, Maine, incor-
porated in 1914, and lias functioned as a seasonal field station at
Salisbury Cove, Maine. The laboratory has operated uniquely by
cooperative voluntary efforts of its investigators, At the present
time the yearly paid employees are in full time maintenance men
and part time assistant director. The officers serve without renu-
meration.

Located on Frenchmen Bay, there is immediate access to or-
ganisms of the cold Atlantic waters as well as to environments of
rocky shores, fresh water lakes, bogs, meadows and spruce
forests. Acadia National Park is close by. The individual research
programs carried out at the Laboratory represent a broad spec-
trum of marine biological research. The advantages of the later
summer breeding seasons of certain invertebrates, the greater
availability of other organisms throughout the season and special
ecological aspects of the location have led to emphasis on certain
kinds of research: comparative physiology of fish (especially renal
and respiratory physiology); various aspects of development using
marine eggs; problems of ion transport, cell division, regenera-
tion, botanical ecology, fine structure, organ biochemistry,
hemodynamics and general comparative physiology.

SUPPORTED BY U.S. National Science Foundation

9.0010, THE APPLICATION OF PROGRAMMED LEARN-
ING TECHNIQUES TO WATER CHEMISTRY

MANCY, Univ. of Michigan, School of Public Health, Ann
Arbor, Michigan

A series of programmed units on selected topics in water
chemistry will be developed. This involves the careful definition

of goals, precise instructional design and intensive testing and
revision. The programmed material, together with carefully
developed tests, will be distributed to different Federal, State and
educational institutions for evaluation. Test results will be
processed and analyzed and conclusions will be drawn, A com-
prehensive report on the feasibility of using programmed learning
and the methods by which it can be applied in the field ofwater
pollution control will be prepared.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
University of Michigan

9.0011, SUMMER RESEARCH AT THE UNIVERSITY OF
OKLAHOMA BIOLOGICAL STATION
C.D. RIGGS, Univ. of Oklahoma, Graduate School, Norman,
Oklahoma 73069

The University of Oklahoma Biological Station is located on
the Oklahoma-Texas boundary at Lake Texoma, an artificial
impoundment of approximately 93,000 acres created in 1942 by
construction of a flood control and power clam on the Red and
Washita Rivers. The area surrounding the Biological Station
contains a variety of both aquatic and terrestrial environments
for biological investigation including tall grass prairie, blackjack-
post oak forests, and variety of hill, plain and valley vegetation
available to this laboratory.

This interesting natural environment together with the
substantial physical facilities of this field station provide the
basic requirements for the excellent summer research and
research training programs which have developed there.
Although the Biological Station is maintained for use on a year
round basis, summer is its season of peak activity. During this
period its staff or faculty of 11, approximately half of whom
come from institutions other than the University of Oklahoma,
and 70-75 pre- and postdoctoral researchers and a group of
advanced undergraduate and beginning graduate students
assemble for 10 weeks of intensive study. Postdoctoral partici-
pants carry out their research independently whereas pre-
doctoral and younger students receive appropriate supervision
and some didactic training.

SUPPORTED BY: U.S. National Science Foundation
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A COMPARATIVE ANALYSIS OF AMERICAN AND CANADI-
AN GOVERNMENTAL DEVELOPMENT OF REGIONAL
WATER POLICY IN THE COLUMBIA RIVER BASIN ...Colum-
bia River, Intergovernmental Relations, International, Water
Resources Development, ...6.0632

ANALYSIS OF MANAGERIAL, FINANCIAL, AND REGULATO-
RY FUNCTIONS OF REGIONAL WATER RESOURCES
AUTHORITIES AND OTHER INSTITUTIONAL ARRANGE-
MENTS ...Finance, Law Enforcement, Management and Adminis-
tration, Survey Studies, 6.0279

COMPREHENISVE PLANNING FOR WATER RESOURCES
MANAGEMENT IN METROPOLITAN ENVIRONMENTS
...District of Columbia, Planning, Policy Making, Public-works,
Survey Studies, -.6.0123

A STUDY OF POTENTIAL INSTITUTIONAL ARRANGEMENTS
FOR WATER POLLUTION CONTROL IN THE HUDSON-
MOHAWK RIVER BASIN ...Government -other, New York,
River Basins, Systems Analysis, Water Quality Control-general,
...6.0379

LAW AFFECTING INSTITUTIONAL DESIGN FOR WATER
QUALITY MANAGEMENT ...Legal Review, Pollution Abate-
ment, Riparian Rights, State Government, Water Quality Control-
general, ...6.0642
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RESEARCH ON DECISION MAKING AND RELATED
MANAGERIAL ASPECTS OF BRITISH WATER RESOURCES
PROGRAMS ...British Isles, Management, Operations Research,
Water Law-r.meral, -.6.0381

CONSERVATION AND DEVELOPMENT PLANNING FOR THE
ESTUARINE ZONE (A CASE STUDY IN THE TOWN OF
SOUTHOLD, LONG ISLAND) ...Estuaries, Long Island Sound.
Planning, Systems Analysis, Water Resources Development,
_6.0388

EUTROPHICATION FACTORS IN NORTH CENTRAL FLORIDA
LAKES ...Eutrophication, Florida, Lakes, Model Studies, Systems
Analysis, -.5.0258

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Economic Efficiency, Water - Alternative
Uses, Water Allocation, Water Rights-general, Water Transfer,
Welfare Economics, 6.0012

LEGAL- ECONOMIC ASPECTS OF WATER USE IN ARKANSAS
...Arkansas, Economics-general, Water Law-general, Water
Resources Development, Water Utilization -general, ...6.0025

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Systems Analysis, Water Costs, Water Dis-
tribution Systems, Water Transfer, Water Utilization -general,
-.6.0055

ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
STITUTIONS ...Economic Efficiency, Price & Value, Water Allo-
cation, Water Demand, Water Transfer, ...9.0002

ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
STITUTIONS ...Economic Efficiency, Idaho, Water Law-general,
Water Rights-general, Water Transfer, -.6.0178

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture Industry, Benefit-cost Analysis, Water Allocation,
Water Law-general, Water Quality Control-general, Water
Resources Development, _6.0229

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Economic Efficiency, Economies-general,
Water Rights-general, Water Transfer, -.6.0327

USE OF GROUND WATER IN EXCESS OF RECHARGE
...Agriculture Industry, Economic Efficiency, Water - Alternative
Uses, Water Rights-general, Water Transfer, 3.0310

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Alternative Planning, Economic Efficiency,
Legal Review, Model Studies, Water Transfer, Welfare
Economics, -.4.0169

ECONOMICS OF WATER TRANSFER - APPRAISAL OF IN-
STITUTIONS ...Economic Efficiency, Legal Review, Water Allo-
cation, Water Transfer, Welfare Economics, -.4.0176

LAND AND WATER USE, CONSERVATION, AND DEVELOP-
MENT IN OKLAHOMA WATERSHEDS ...Agriculture, Flood-
plains, Floodproofing, Lund, Land Use, Model Studies, _6.0443

A STUDY OF SOUTH CAROLINAS STATE LEGISLATION,
POLICIES AND PROGRAMS PERTAINING TO WATER AND
RELATED LAND RESOURCES ...Legal Review, South Carolina,
State Government, Water Law-general, -.6.0490

THE ECONOMICS OF WATER TRANSFER ...Economic Impact,
Legal Review, Water Allocation, Water Rights-general, Water
Transfer, ...6.0577

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Economic Efficiency, Legal Review, State-
local Government, Water Allocation, Water Transfer, ...4.0269

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
._..Economic Impact, Impact, Model Studies, Policy Making,
Recreation Sites, Social Aspects, Water Rights-general, -.6.0646

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Economic Efficiency, Water Demand,
Water Law-general, Water Rights-general, Water Transfer,
_4.0282

COMPARATIVE STUDIES OF COMMUNITIES IN ILLINOIS ...Il-
linois, Local Government, Social Aspects, Urban Environments,
-.6.0189

ILLINOIS AND ITS INTERSTATE COMPACTS ...Control and
Protection, Illinois, Interstate, Legal Review, Urban Environ-
ments, 6.0185

ALTERNATIVE DEVELOPMENT PATTERNS, PLANS, CON-
TROLS AND IMPACT ASSOCIATED WITH NEW RESER-
VOIRS ...Alternative Planning, Optimization, Reservoirs and Im-
poundments, Texas, Types of Resources, ...6.0561

AN HISTORICAL APPRAISAL OF THE TENNESSEE VALLEY
AUTHORITY'S FLOOD CONTROL PROJECT AND PRO-
GRAM ...Benefit-cost Analysis, Control and Protection, Survey
Studies, Tennessee River, -.4.0227



SUBJECT INDEX
THE IMPACT OF THE NORTHEASTERN DROUGHT ON THE

PLANNING AND PROVISION OF MUNICIPAL WATER SUP-
PLIES ...Alternative Planning, Economic Impact, Meteorological
Extremes, Northeast, Water Supply-general, ..A.0136

WATER RESOURCES RESEARCH NEEDS $' CORRESPONDING
INSTITUTE CAPABILITIES ...Survey Stu6ies, Water Resources
Development, 6.0068

A STUDY OF THE SOCIAL MECHANISM OF RURAL-URBAN
WATER TRANSFERS WITH SPECIAL REFERENCE TO EX-
TERNAL EFFECTS .,,Agriculture, Base Studies, Economic Effi-
ciency, Fiscal, Model Studies, Social Aspects, Water Allocation,
Water Transfer, Welfare Economics, 6.0105

ECONOMICS OF GROUNDWATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ..,Alternative Planning,
Colorado, Economics - general, Groundwater, Water Resources
Development, .2.0207

INSTITUTIONAL FACTORS AFFECTING WATER RESOURCE
DEVELOPMENT IN THE Le',1ER RIO GRANDE RIVER
BASIN .Management, Rio 6,,inde River, Water Resources
Development, .6.0563

THE ECONOMICS OF WATER RESOURCE DEVELOPMENT
_Economic Efficiency, Water Law-general, Water Resources
Development, Water Transfer, _6.0651

ADMINISTRATION, GENERAL AND OTHER EXPENSES--SOIL
AND MOISTURE CONSERVATION PROGRAM ,,,Conserva-
tion- general, Economics-general, Moisture Content, 8.0140

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST .Con-
tracts-permits, Eastern, Legal Review, Water Law-general, Water
Rights - general, ..6.0131

APPRAISAL OF LOCAL SOIL, WATER AND OTHER
RESOURCE ORGANIZATIONS ...Conservation-general,
Economics-general, Legislation, Other. Soils - general, ..6.0134

Afghanistan
THE NANGARHAR CANAL PROJECT OF EASTERN

AFGHANISTAN ,Canals, Electric Power Plants, Hydrology-
general, Irrigation-general, Water Resources Development,
4.0179

Africa-other
RESEARCH AND TRAINING PROGRAM DEALING WITH THE

PROBLEMS AND POTENTIALITIES OF THE FOUR MAJOR
RESERVOIR PROJECTS CURRENTLY UNDER WAY IN
AFRICA ..,Economic Impact, Reservoirs and Impoundments, So-
cial Aspects, Water Resources Development, 4.0076

INTERNATIONAL RIVER PLANNING IN AFRICA _Interna-
tional Affairs, Planning, River Basins, Streams, Water Resources
Development, _6.0188

Agricultural Engineering
Animal Waste Removal-treatment

WATER POLLUTION BY DAIRY FARM WASTES AS RE-
LATED TO METHOD OF WASTE DISPOSAL Alabama , Bac-
terial Pollutant Sources, Chemical Oxygen Demand, Farm Wastes,
Management, Sewage Lagoons, Waste Disposal-general, ..5.0011

WATER UTILIZATION AND WASTE CONTROL IN THE
POULTRY PROCESSING INDUSTRY Economics-general,
Food Processing Industry, Industrial Wastes, Poultry - N S, Waste
Water Treatment-general, Water Utilization -general, 5.0819

TREATMENT OF AQUEOUS AGRICULTURAL WASTES FOR
CLEAN WATER AND FOR MICROBIAL PROTEIN PRODUC-
TION ...Aeration, Agricultural Microbiology, Fermentation,
Microorganism Proteins, Plant Waste Removal, Treatment,
5.0410

(FSCT CATEGORY V D) MAGAGEMENT OF CATTLE
FEEDLOT WASTES ...Anaerobic, Animal Wastes - Feed Lots,
Farm Wastes, Lagoon, Sewage Lagoons, 5.0412

DISPOSAL OF WASTES FROM SWINE FEEDING FLOORS TO
MINIMIZE STREAM POLLUTION ...Animal Wastes - Feed
Lots, Farm Wastes, Management, Process Design, Streams,
5.0500

WASTE DISPOSAL IN RURAL AREAS ...Aerobic, Chemical
Analysis (water). Effluents-waste Water. Farm Wastes, Rural
Areas, Septic Tanks, 5.0219

SPRAY DISPOSAL OF LIQUID COW MANURE ...Animal Wastes
- Feed Lots, Effluent-standards, Farm Wastes, Pump-other, Waste
Disposal -underground, 5.0224
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Agricultural Engineering
FARM ANIMAL WASTE DISPOSAL _Galliformes Fowl-other,

Livestock -non-specific, Sewage Lagoons, Swine, Waste Water
Treatment-general, 5.0407

LAGOONS FOR DISPOSAL OF BARN YARD WASTES Animal
Wastes - Feed Lots, Climate, Farm Wastes, Lagoon, Louisiana,
Process Design, 5.0452

CONTROL OF INSECTS ASSOCIATED WITH SWINE PRODUC-
TION WITHOUT THE USE OF INSECTICIDES .,,Control -non-
specific, Ectoparasitic, Farm Wastes, Flies - house,face,horn,stahle,
Septic Tanks, ..5.0488

FARM ANIMAL WASTE DISPOSAL ...Aeration, Drying-dewater-
ing, Electroosmosis, Farm Wastes, .5.0564

FARM ANIMAL WASTE DISPOSAL ...Animal Wastes - Feed
Lots, Management, Manure, Pollution - Effects of ..5.0736

POULTRY MANURE PROPERTIES, HANDLING AND
DISPOSAL .Poultry- Other, Solid Waste, Waste Disposal-
general, Waste Water Treatment-general, .5.0775

FARM ANIMAL WASTE DISPOSAL ...Chickens, Sewage Lagoons,
Swine, Waste Disposal-general, 5.0835

FEED AND WASTE HANDLING IN THE DAIRY OPERATION
,..Animal Wastes - Feed Lots, Management, Pennsylvania, Sprin-
kler Irrigation, 5.1023

THE ENGINEERING MANAGEMENT OF AGRICULTURAL
WASTES ...Activated, Diary Wastes, Farm Wastes, Lagoon, Solid
Waste, .5.0084

AEROBIC DISPOSAL OF ANIMAL WASTES WITH CONTINU-
OUS WATER REUSE ...Aerobic, Aerobic Bacteria, Dilution-
general, Sludge-other, Water Reuse, 5.0294

APPLICATION OF OPTIMIZATION TECHNIQUES TO
PROBLEMS TO AGRICULTURE ...Analog Computers, Digital
Computers, Model Studies, Optimization, Solid Waste, Waste
Water Treatment-general, _5.0427

A FEASIBILITY STUDY OF A LIVESTOCK WASTE DISPOSAL
INVOLVING REUSE OF WATER .Farm Wastes, Sewage Treat-
ment Plant, Solid Waste, Waste Water Treatment-general, Water
Reuse, 5.0836

DESIGN OF FACILITIES FOR ANIMAL WASTE DISPOSAL
...Anaerobic, Farm Wastes, Puerto Rico, Waste Disposal-general,
5.1049

LAGOONS FOR DAIRY FARMS ...Diary Wastes, Microbial-bac-
terial, Process Design, Sewage Lagoons, ...5.1240

POLLUTION IMPLICATIONS OF ANIMAL WASTE ...Animal
Wastes - Feed Lots, Farm Wastes, Liv1;stock Equipment, Waste
Water Treatment-general, 5.0916

CHARACTERISTICS OF FARM ANIMAL MANURES AFFECT-
ING DESIGN OF DISPOSAL FACILITIES ...Farm Wastes, Physi-
cal Property Effects, Waste Disposal -underground. Waste
Disposal-general, 3.0300

FARM ANIMAL MANURE DISPOSAL LAGOONS ...Farm
Wastes, Lagoon, Process Design, Sewage Lagoons, Waste
Disposal-general, 5.0613

TRAVEL OF NITROGEN IN SOILS ...Groundwater, Movement,
Availability, Nitrogen, Pollutants - Path of , Soil Tests, _1.0070

LIVESTOCK WASTE MANAGEMENT AND SANITATION
...Aerobic, Computer Methods -oellr, General Sanitation
Methods, Manure, _5.0360

Farm Structures & Design
Construction

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE CORN BELT ...Corn Belt, Design
Criteria, Model Studies, Routing, Water Control Works-general,
...8.0216

Land and Water Use
Conservation & Management Eng.,

ENGINEERING PHASES OF LAND SHAPING FOR SOIL AND
WATER CONSERVATION ...Available Water, Nebraska, Ru-
noff, Soil Environment, Water Loss Control, _3.0312

ENGINEERING DESIGN CRITERIA FOR SOIL AND WATER
MANAGEMENT ...Management, Soil Erosion -non -sped Soil
Preparation & Renovation, 6.0002

WATER MOVEMENT CONTROL AND CULTURAL PRAC-
TICES IN COTTON PRODUCTION ...Cotton, Management, Soil
Tillage Methods -other, Sub - Humid, Tillage, Cropping Systems,
Water Yield, _2.0003

RUNOFF FROM SMALL AGRICULTURAL AREAS IN ILLINOIS
...Agricultural Watersheds, Conservation, Illinois, Runoff,3.0220
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ENGINEERING AND AGRONOMIC STUDIES ASSOCIATED
WITH LAND SHAPING, ETC. ...Erosion- gene?:,', Nebraska, Til-
lage, Cropping Systems, Water Loss Control, _4.0163

EVALUATION OF SOIL AND WATER CONSERVATION
DESIGN ...Conservation, Conservation-general, Drainage
Systems, Soil Preparation & Renovation, ...2.0800

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN TENNESSEE ...Instrumentation-general, Ru-
noff, Small Watersheds, Soil Conditions, Water Harvesting, Water
Yield, ...4.0225

DR YLAND SOIL MANAGEMENT ...Erosion-general, Soil Prepara-
tion & Renovation, Wind Erosion, -4.0111

THE EFFECT OF BENCH LEVELING AND CONTRIBUTING
WATERSHED AREAS ON SOIL MOISTURE STORAGE AND
CROP YIELDS IN THE ROLLING PLAINS ...Agr;cultural
Watersheds, Clay, Soil Management -other, Water Costs, Yield,
-3.0449

CONSERVATION AND UTILIZATION OF RAINFALL AND IR-
RIGATION WATER ...Irrigation, Runoff, Slopes, Tillage,
Cropping Systems, Water Harvesting, _3.0451

EVALUATION OF ENGINEERING PROJECTS AND
ESTUARINE DATA (ESTUARINE PROGRAM) ...Commercial
Fishit Construction Sites, Estuaries, Gulf of Mexico, Habitat
Studies, Land Use -non-specific, -8,0290

REDUCTION IN DAMAGES TO FORESTS BY IMPROVING
MINING AND REHABILITATION PROCEDURES ...Coal-
general. Forest Watersheds, Mining Industry, Site Index and Site
Quality, Soils and Fertilizer, .,.4.0120

ANALYTICAL HYDROGRAPHY IN WATERSHED ENGINEER-
ING ...Agricultural Watersheds, Conservation-general, Hydrology-
general, Water Yield, -4.0131

DEVELOPMENT OF SUPPORTING PRACTICES, SYSTEMS,
TECHNIQUES AND DEVICES FOR RUNOFF AND EROSION
CONTROL IN THE SOUTH ...Conservation, Erosion-general,
Flow Characteristics -water, Land Use, Runoff, Tillage, Cropping
Systems, _5.0275

DEVELOPMENT OF SUPPORTING RUNOFF AND EROSION
CONTROL PRACTICES AND SYSTEMS IN THE CORN BELT
...Corn Belt, Erosion Control, Erosion-general, Runoff, Stabiliza-
tion-other, Terrace-bench, Wind, ...3.0225

Drainage Engineering
DEVELOPMENT OF DRAINAGE ASSESSMENT PROCEDURES

BASED ON PHYSICAL FEATURES IN ILLINOIS ...Benefit -cost
Analysis, Drainage, Illinois, Mathematical Analysis, Terrain Anal-
ysis, -6.0207

PHYSICAL, CHEMICAL AND MICROBIOLOGICAL FACTORS
AFFECTING THE DISCHARGE OF WATER INTO DRAIN
TILE ...Drainage, Water Properties-general, -2.0145

ENGINEERING PHASES OF SURFACE DRAINAGE ...Deltas,
Drainage, Drainage Systems, ...4.0019

DRAINAGE OF AGRICULTURAL LANDS ...Agricultural
Watersheds, Drainage, Excessive Moisture, Groundwater, Water
Table - Depth of , -4.0153

SURFACE AND SUBSURFACE DRAINAGE FOR SLOWLY
PERMEABLE SOILS ..,Drainage, Erwin responses (non-specific,
Soil Moisture -non-specific, Soil-water-plant Relationships,
...4.0192

SOIL, PLANT, AND METEOROLOGICAL FACTORS IN
DRAINAGE EVALUATION AND DESIG ...Applied Climatolo-
gy, Drainage, Soil Environment, Soil-water-plant Relationships,
-4.0213

r RAINAGE OF PROPOSED IRRIGATED SOILS IN OAHE UNIT
...Irrigation, Soil-water-plant Relationships, ...4.0217

DRAINAGE DESIGN IN RELATION TO SOIL SALINITY
...California, Drainage, Movement, Availability, Saline and Al-
kaline Soils, Soil and Rock Leaching, ,..3,0046

IMPROVEMENT OF IRRIGATION MANAGEMENT AND
SALINITY CONTROL IN THE IMPERIAL VALLEY.
...Drainage, Management, Saline and Alkaline Soils, Sprinkler Ir-
rigation, Water Table Fluctuation, -3.0048

RELATIONSHIP BETWEEN EXCESSIVE SOIL MOISTURE AND
CITRUS ROOT DAMAGE ...Citrus, Drainage, Excessive
Moisture, Other Enviromental Conditions, Piezometry, -2.0316

ENGINEERING PHASES OF SOIL AND WATER MANAGE-
MENT ...Erosion-general, Irrigation-general, Management, Sta-
bilization-general, -8.0220

DRAINAGE OF STRATIFIED FOILS ...Drainage, Drainage
Systems, Soil-waterplant Relationships, -5.0939

CROP AND SOIL MANAGEMENT OVER SHALLOW PLASTIC-
LINED MOLE DRAINS ...Management, Mechanical Joining -
Other, Plastics - General, Soil and Rock Leaching, -4.0262
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DRAINAGE FARM SERVICE ...Agriculture Industry, Land Use,
Research Facilities, Utah, ...4.0254

DRAINAGE SYSTEMS - PIPE AND FILTERS ...Drainage Systems,
Filters, Hydraulic Gradient, Pipelines, Pipes, ...8.0018

DESIGN, INSTALLATION, AND MAINTENANCE OF SURFACE
AND SUBSURFACE DRAINAGE SYSTEMS WITH OP
WITHOUT LANDFORMING AND CONDITIONING ...Drainage,
Erosion -other, Runoff, Southern, Tillage, Cropping Systems,
...4,0081

Irrigation Engineering
DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM

...Arkansas, Automated Equipment, Design Criteria, Pipelioes,
Spray Devices, Subsurface Irrigation, -3.0025

HYDRAULIC OPERATING CHARACTERISTICS OF LOW
GRADIENT BORDER SYSTEMS PHASE II ...Border Irrigation.
Infiltration, Irrigation, Water Application Methods, _3.0139

ECONOMIC ANALYSIS OF IRRIGATION SYSTEMS APPLICA-
BLE TO THE NORTHERN GREAT PLAINS ...Agriculture,
Economic Efficiency, Great Plains province, Irrigation-general,
Systems Analysis, _6.0496

EVALUATION AND FUNCTIONAL OPERATION OF IRRIGA-
TION SYSTEMS ...Irrigation-general, Management, South
Dakota, Yield, -3.0433

HYDRAULICS OF SURFACE IRRIGATION ...Math Models, Mea-
surement, Porous Media - Flow Through, Surface Flow, Surface
Irrigation -general, -2.0047

ENGINEERING PHASES OF IRRIGATION IN ARKANSAS ...Ar-
kansas, Irrigation, _2.0069

HYDRAULICS OF SURFACE IRRIGATION ...Channel Roughness,
Flow Characteristics -water, Irrigation, Mathematical Analysis,
Soils - general, Surface Irrigation -general, ..,2.0215

DISTRIBUTION, APPLICATION AND USE OF WATER ...Furrow
Irrigation, Model Studies, Moisture Content, Soil-water-plant
Relationships, Water Yield, _3.0304

EVALUATION OF EXTENSIVE IRRIGATION ...Automated
Equipment, Economic Efficiency, Runoff, Sprinkler Irrigation,
Tillage, Cropping Systems, _3.0381

IRRIGATION WATER USE EVALUATION ...Border Irrigation,
Furrow Irrigation, Management, Runoff, Water Table Fluctuation,
-3.0383

IRRIGATION REQUIREMENTS OF FIELD AND HORTICUL-
TURAL CROPS Evapotranspirationt Irrigation, Moisture Defi-
ciency, Sprinkler irrigation, Surface Irrigation -general, -2.0872

HYDRAULICS OF SURFACE IRRIGATION ...Math Models,
Model Studies, Surface Flow, Surface Irrigation -general, Water
Application Methods, -4.0252

PERFORMANCE AND SCIENTIFIC DESIGN 0'7 SPRINKLERS
USED FOR IRRIGATION ...Fluid Dynamics, Spray Devices,
Sprinkler Irrigation, -3.0230

SOLAR POWERED EQUIPMENT FOR OPERATING A SMALL
IRRIGATION PUMP. ...Irrigation, Irrigation-other, Pump-other,
Pumping, Solar Power-general, -4.0201

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
...Automated Equipment, Moisture, Pipes, Plastics - General, Sub-
surface Irrigation, Water Distribution Systems, -3.0024

SEALING OF CANALS AND RESERVOIRS WITH COLORADO
CLAYS ...Clay, Colorado, Open Channel, Particle Size, Permea-
bility, Reservoirs, Waterproof, ..8.0144

IRRIGATION EFFICIENCY ...Evaporation, Pollution Behavior-
general, Sprinkler Irrigation, Velocity, Wind Tunnels, -3.0179

STUDY OF ENGINEERING PRACTICES OF IRRIGATION IN
KANSAS ...Irrigation- general, Kansas, Slopes, Terrace-bench, Til-
lage, Cropping Systems, Yield, -8.0201

SUBIRRIGATION ...Orifice, Subsurface Irrigation, Water Applica-
tion Methods, -4.0121

IRRIGATION -Economics-general, Irrigation, Meteorological Ex-
tremes, Sprinkler irrigation, Yield, -2.0673

FARM IRRIGATION EFFICIENCY AS INFLUENCED BY
DESIGN, CONSTRUCTION, AND OPERATION OF IRRIGA-
TION SYSTEMS IN SOUTHWESTERN NEW MEXICO ...Irriga-
tion, Irrigation-general, New Mexico, Rhizosphere, -2,0775

PERFORMANCE CHARACTERISTICS OF SOLID COVERAGE
SPRINKLER IRRIGATION SYSTE -Irrigation, Regression Anal-
ysis, Spray Devices, Sprinkler Irrigation, _2.0897

LAND FORMING FOR DRAINAGE AND FURROW IRRIGA-
TION ...Data Analysis - General, Drainage, Furrow Irrigation, Ir-
rigation, Pumping, -5.1131

EVALUATION OF SUBIRRIGATION FOR CROP PRODUCTION
...Irrigation, -2.1036
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FARM CONVEYANCE AND WATER APPLICATION
.Elastomers Rubber, Irrigation-general, Plastics - General, Water
Transfer, 3.0473

DESIGN FACTORS IN SURFACE IRRIGATION ,.,Furrow Irriga-
tion, Infiltration, Water Application Methods, .3.0477

IRRIGATION REQUIREMENTS FOR WYOMING ..,Evapotrans-
piration, Irrigation-general, Requirements for Water, Soil Types,
Wyoming, 3.0192

WATER APPLICATION AND USE ON A RANGE WATER-
SPREADER Irrigation, Management and Ferti;Ity, Soil Environ-
ment, Surface Irrigation -general, Water Application Methods,
4.0056

USE OF WATER ON FEDERAL IRRIGATION PROJECTS _Con-
sumptive Use, Engineering Structures-general, Irrigation-general,
Radiation-general, Systems Analysis, 6.0094

DESIGN CRITERIA FOR OPEN CHANNELS ...Design Criteria,
Hydraulics-general, Open Channel, Open Channel Flow, Surface
Irrigation -general, _8.0136

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...Ir-
rigation- general, Planning, Water Utilization -general, 6.0175

INVESTIGATION EVALUATION AND DESIGN OF OPEN AND
CLOSED CONDUIT SYSTEMS AS IT RELATES CON-
VEYANCE AND DISTRIBUTION SYSTEMS ...Conduit, Hydrau-
lic Equipment, Irrigation-general, Remote Sensing -other, Water
Distribution Systems, Water Transfer, ..8.0169

GLASS FIBER REINFORCED PLASTIC MORTAR PIPE FOR
PRESSURE IRRIGATION DISTRIBUTION SYSTEM ..,Fiber,
Filament, Whisker, Glass, Pipe, Tube, Pipelines, Plastic Matrix,
8.0027

DEVELOPMENT OF WATER SUPPLIES FOR IRRIGATION IN
THE SOUTH ...Available Water, Carbonate Aquifers, Clastie
Aquifers, Irrigation-general, Water Resources Development,
Water Sources -general, _2.0332

IRRIGATION PRACTICES, REQUIREMENTS AND DESIGN
CRITERIA FOR EFFICIENT USE OF WATER AND
SUSTAINED CROP PRODUCTION IN THE NORTHERN
PLAINS ...Irrigation, 3.0142

Land & Water Use -other
JORDANS EAST GHOR DEVELOPMENT PROJECT ...Agricul-

ture, Income, Irrigation-general, Jordan, Land, 4.0180

Machinery, Equipment & Power
Automated Equipment

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
...Arkansas, Design Criteria, Irrigation Engineering, Pipelines,
Spray Devices, Subsurface Irrigation, ...3.0025

EVALUATION OF EXTENSIVE IRRIGATION ...Economic Effi-
ciency, Irrigation Engineering, Runoff, Sprinkler Irrigation, Til-
lage, Cropping Systems, 3.0381

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
...Irrigation Engineering, Moisture, Pipes, Plastics - General, Sub-
surface Irrigation, Water Distribution Systems, 3.0024

Fertilizing, Planting & Cult
APPLICATION OF SEWAGE SLUDGE TO FIELD CROPS

...Disposal, Methods of Application, Organic Fertility -other,
Sewage, Source of Fertilizer, Waste Disposal -underground,
.5.0363

Livestock Equipment
BIOLOGICAL TREATMENT OF BEEF ANIMAL WASTES TO

REDUCE WATER POLLUTION ...Aeration, Anaerobic, Animal
Wastes - Feed Lots, Biochemical Oxygen Demand, Chemical Ox-
ygen Demand, Chemical Treatment, Farm Wastes, 5.0433

POLLUTION IMPLICATIONS OF ANIMAL WASTE ...Animal
Waste Removal-treatment, Animal Wastes - Feed Lots, Farm
Wastes, Waste Water Treatment-general, 5.0916

Pest, Disease & Weed Control
AQUATIC PLANT CONTROL - EQUIPMENT FOR. MECHANI-

CAL AND CHEMICAL DESTRUCTION ...Herbicides -non-
specific, Louisiana, of Aquatic Plants, 8.0208

Soil Preparation & Renovation
ENGINEERING DESIGN CRITERIA FOR SOIL AND WATER

MANAGEMENT ...Conservation & Management Eng, Manage-
ment, Soil Erosion -non-specific, 6.0002

EVALUATION OF SOIL AND WATER CONSERVATION
DESIGN ...Conservation, Conservation & Management Eng, Con-
servation-general, Drainage Systems, 2.0800

DRYLAND SOIL MANAGEMENT ...Conservation & Management
Eng, Erosion-general, Wind Erosion, 4.0111

2-5

AN ECONOMIC STUDY OF CROP PRODUCTION PRACTICES
AND THE USE OF FARM EQUIPMENT ON THE HIGH
PLAINS OF TEXAS Benefit-cost Analysis, Costs, Special Pur-
pose Machines, Texas, Tillage, Cropping Systems, .6.0555

GRADED FURROWS FOR RUNOFF AND EROSION CONTROL
.Conservation, Costs, Erosion-general, Runoff, _3.0445

CHARACTERIZATION OF DYNAMIC PROPERTIES AND
PHYSICAL CONDITIONS OF SOIL IN RELATION TO TIL-
LAGE AND TRACTION ...Dynamic, Load Behavior, Manage-
ment Effects, Soil Conditions, Tillage, Cropping Systems,
2.0001

Special Purpose Machines
AN ECONOMIC STUDY OF CROP PRODUCTION PRACTICES

AND THE USE OF FARM EQUIPMENT ON THE HIGH
PLAINS OF TEXAS ,,,Benefit -cost Analysis, Costs, Soil Prepara-
tion & Renovation, i exas, Tillage, Cropping Systems, 6.0555

GEAR RESEARCH-RICE FARM PRODUCED FISH ...Aquaculture
& Fish-farming, Economic Efficiency, Farm Pond, Stocking of
Fish & Shellfish, ..6.0032

Plant Waste Removal, Treatment
TREATMENT OF AQUEOUS AGRICULTURAL WASTES FOR

CLEAN WATER AND FOR MICROBIAL PROTEIN PRODUC-
TION ...Aeration , Agricultural Microbiology, Animal Waste
Removal-treatment, Fermentation, Microorganism Proteins,
5.0410

IMPROVING SURFACE WATER CONDITIONS THROUGH
CONTROL AND DISPOSAL OF AQUATIC VEGETATION
.,.Economic Efficiency, of Aauatic Plants, Plant Pollutants, Water
Quality Control-general, ...5.f298

TREATMENT OF ALKALINE WASTES FROM POTATO
PROCESSING Activated, Canning Wastes, Concentration, Food
Processing industry, Streams & Rivers, Waste Water Treatment-
general, _5.0465

ANAEROBIC - AEROBIC SUGAR BEET WASTE TREATMENT
...Aerobic, Algae, Anaerobic, Food Processing Industry, Industrial
Processes-other, Taste and Odor, ...5.0193

LIME TREATMENT AND INPLANT REUSE OF AN AC-
'MATED SLUDGE PLANT EFFLUENT IN THE CITRUS
PROCESSING INDUSTRY ,..Activated, Canning Wastes, Drying-
dewatcring, ',ime Treatment, Storage-retention-facilities, Waste
Treatment-economics, ...5.0274

PILOT PLANT DEVELOPMENT OF THE ION-EXCHANGE
PROCESS FOR RECOVERY OF AMINO COMPOUNDS FROM
POTATO STARCH FACTORY EFFLUENTS ...Agricultural
Chemicals- other, Air Pollution -other, Amino Acids -non-specific,
Food Processing Industry, Vegetables, 5.0990

CHEMICAL AND ENGINEERING ASPECTS OF POTATO
PROCESSING WASTES TREATMENT ...Canning Wastes,
Dehydration, Drying-dewatering, Material Recovery Wastes,
Potatoes, Waste Treatment-economics, Waste Water Treatment-
general, 5.0979

MICROBIOLOGICAL TREATMENT OF POTATO WASTES
...Additives, Agricultural Microbiology, Canning Wastes, Industri-
al Wastes, Material Recovery Wastes, Microbial-bacterial, Trace
Analyses-other, 5.0978

Agricultural Regions - US

Corn Belt
SEDIMENT SOURCES AND YIELDS IN AGRICULTURAL

WATERSHEDS IN CORN BELT STATES .,.Agricultural
Watersheds, Forecasting-prediction, Land Use, Sediment Yield,
Streams, 2.0864

PRECIPITATION AND SNOW MELT CHARACTERISTICS IN-
FLUENCING RUNOFF FROM WATERSHEDS IN CORN BELT
...Agricultural Watersheds, Permafrost-frozen, Precipitation-
general, Runoff, Snowmcit, 2.0865

RUNOFF PRODUCTION BY UNIT SOURCE AREA AGRICUL-
TURAL WATERSHEDS IN CORN BELT STATES ...Agricul-
tural Watersheds, Forecasting-prediction, Runoff, 2.0866

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN CORN BELT STATES ...Agricultural
Watersheds, Patterns, Physical Climatology, Runoff, Storms-
general, ...Z.0867

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE CORN BELT ...Construction, Design
Criteria, Model Studies, Routing, Water Control Works-general,
...8.0216

IMPROVEMENT AND MODERNIZATION OF SURFACE AND
SUBSURFACE DRAINAGE PRACTICES AND FACILITIES IN
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THE CORN BELT ...Drainage, Drainage Systems, Pipe, Tube,
Plastics o General, 4.0191

IMPROVEMENT OF WATER SUPPLY SOURCES AND
STORAGE FACILITIES IN THE CORN BELT ...Permeability,
Ponds, Reservoirs, Seepage, Water Loss Control, _8.0274

EVALUATION OF CLIMATIC, TOPOGRAPHIC, SOIL AND
CROP MANAGEMENT FACTORS IN RELATION TO WATER
MANAGEMENT AND EROSION CONTROL IN THE CORN
BELT ...Climate, Erosion-general, Runoff, Slopes, Wind Erosion,
...2.0476

DEVELOPMENT OF SUPPORTING RUNOFF AND EROSION
CONTROL PRACTICES AND SYSTEMS IN THE CORN BELT
...Conservation & Management Eng, Erosion Control, Erosion-
general, Runoff, Stabilization-other, Terrace-bench, Wind,
3.0225

CLIMATIC INFLUENCE ON WATER USE AND CROP PER-
FORMANCE IN THE CORN BELT REGION _Climate, Energy
Budgets, Evapotranspiration, Heat Exchange, Humidity, Soil-
water-plant Relationships, 2.0439

SOIL MOISTURE FLOW PROBLEMS AND SOLUTIONS IN THE
CORN BELT REGION Flow Characteristics -water, Internal
Water Movement, Management-general, Partial, .2.0440

SOIL MOISTURE REGIMES OF AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Internal Water Movement, Land Use, Moisture
Levels, Recharge -general, Soil Physical Properties, ...2-G869

Agricultural Studies -general
WEATHER IN RELATION TO KANSAS AGRICULTURE ...Infor-

mation Retrieval Methods, Kansas, Plant Er ironment, Ns,
Weather Forecasting, ...2.0508

AGROCLIMATIC PARAMETERS ...Applied Climatology, Climate-
general, Nebraska, Phcnology, Seasonal, ...2,0724

APPLICATION OF CLIMATOLOGY TO NEW JERSEY
AGRICULTURE ...Climate-general, Northeast, Phenology,
2.0762

Agronomy

Cereals
Corn

ECONOMIC ASPECTS OF SUPPLEMENTAL IRRIGATION IN
MISSOURI Economies-general, Irrigation-general, Moisture -

non- specific, Sub - Humid, Temperature -non-specific, 6.0320
ECONOMIC ANALYSIS OF WATER USE IN ILLINOIS

AGRICULTURE Economics-general, Illinois, Irrigation-general,
...6.0213

THE EFFECT OF VARYING SOIL MOISTURE REGIMES ON
THE YIELD AND LEAF NITROGEN COMPOSITION OF
CORN ...Fertility Competition - Soil, Management, Nitrogen,
Rates Or Levels of Application, Soil-water-Cmt Relationships,
2.0446

SYSTEMATIC ANALYSIS OF THE MOISTURE-TEMPERATURE
INTERACTIONS ON CORN YIELD ...Model Studies, Moisture
Content, Yield, _2.0442

IRRIGATION INVESTIGATION IN IOWA ...Iowa. Irrigation-
general, Yield, ..4.0105

IRRIGATION PROJECT ...Irrigation-general, Milo and Grain
Sorghum, 2,0512

ROW CROP IRRIGATION IN NORTHEAST LOUISIANA ...Cot-
ton, Evapotranspiration, Furrow Irrigation, Irrigation, Louisiana,
2.0534

IRRIGATION OF ROW CROPS Cotton, Irrigation, Nitrogen,
4.0146

FERTILIZER REQUIREMENTS OF CROPS GROWN IN DIF-
FERENT CROPPING SYSTEMS ...Alfalfa, Cotton, Irrigation,
Soil Fertility -non-specific, Tillage, Cropping Systems, _2.1045

EFFECTS OF NUTRITION, CULTURAL PRACTICES AND
WEATHER ON THE GROWTH, DEVELOPMENT, YIELD
AND QUALITY OF CORN ...Cultivation Methods, Ns, Manage-
ment, Yield, ...3.0260

Management
RECLAMATION AND MANAGEMENT OF SOILS ON IRRIGA-

BLE LAND (MONTANA) ...Internal Water Movement, Irriga-
tion, Saline and Alkaline Soils, Saline Soils, Velocity -water,
4.0159

STUDIES IN SOILS AND AGRONOMIC PRACTICES -
SHOSHONE PROJECT, WYOMING ...Air - Water - Plant Rela-
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tiona, Big Horn, Physical Properties-general, Rates Or Levels of
Application, Saline and Alkaline Soils, 3.0494

MOISTURE USE ESTIMATION AND RELATIONSHIP
BETWEEN MOISTURE USE AND NITROGEN RESPONSE IN
WINTER WHEAT ...Economic Efficiency, Nitrogen, Soil En-
vironment, Wheat, ...2.0518

THE EFFECT OF VARYING SOIL MOISTURE REGIMES ON
THE YIELD AND LEAF NITROGEN COMPOSITION OF
CORN ...Corn, Fertility Competition - Soil, Nitrogen, Rates Or
Levels of Application, Soil-water-plant Relationships, ...2.0446

CULTURAL AND MANAGEMENT sTurmEs FOR GRAIN
SORGHUM ON THE HIGH PLAINS OF EASTERN NEW MEX-
ICO Irrigation, Irrigation-general, Milo and Grain Sorghum,
New Mexico, Space Competition, 6.0358

EFFECTS OF NUTRITION, CULTURAL PRACTICES AND
WEATHER ON THE GROWTH, DEVELOPMENT, YIELD
AND QUALITY OF CORN ...Corn, Cultivation Methods, Ns,
Yield, ...3.0260

RICE CULTURE ...Concentration Within Fertilize, Maturity &
Growth Stages, Methods of Application, Other, Rates Or Levels
of Application, Rice, Varietal Evaluation, Yield, _2.0570

Milo and Grain Sorghum
IRRIGATION PROJECT ...Corn, Irrigation-general, ...2.0512
CULTURAL AND MANAGEMENT STUDIES FOR GRAIN

SORGHUM ON THE HIGH PLAINS OF EASTERN NEW MEX-
ICO ...Irrigation, Irrigation-general, Management, New Mexico,
Space Competition, 6.0358

THE EFFECTS OF SWEETCLOVER, NITROGEN, SUPPLEMEN-
TAL IRRIGATION, AND PLANT POPULATION ON GRAIN
SORGHUM YIELDS OF BLACKLAND SOILS Irrigation,
Sweet Clover, ...2.1025

DIFFERENTIAL RESPONSE OF SORGHUMS TO DIFPERENCES
IN CULTURE AND ENVIRONMENT ...Drought, Growth Rate,
Modified Water Use, Moisture Deficiency, Rates Or Levels of
Application, 2.0578

Rice
PHOSPHATE TRANSFORMATION IN WATERLOGGED SOILS

...Phosphate, Phosphite, Soil-water-piant Relationships, 4.0124
RICE FARMS IN ARKANSAS ...Arkansas, Benefit-cost Analysis,

Costs, Irrigation-general, Management, 3.0026
CHEMICAL AND MINERALOGICAL RELATIONSHIPS

BETWEEN SUBMERGED SOILS AND RICE CULTURE,
...Aquatic Soils, Arkansas, Irrigation-general, Mineralogy,
4.0021

WATER BALANCE AND ALKALINE EXCHANGE RELATION-
SHIPS AS INFLUENCED BY WATER MANAGEMENT PRAC-
TICES IN RICE ...Arkansas, Microelimate-general, Salt, Water
Balance-budget, Water Depth, Water Levels, 2.0071

Wheat
MOISTURE USE ESTIMATION AND RELATIONSHIP

BETWEEN MOISTURE USE AND NITROGEN RESPONSE IN
WINTER WHEAT ...Economic Efficiency, Management,
Nitrogen, Soil Environment, 2.0518

IRRIGATION OF WINTER WHEAT IN SOUTHERN IDAHO ...Ir-
rigation, Irrigation-general, Moisture Content, Moisture Levels,
Soil-water-plant Relationships, 3.0208

Fiber
Cotton

THE EFFECT OF IRRIGATION METHOD, AND MOISTURE
AND FERTILITY LEVELS UPON MAXIMIZING WATER USE
EFFICIENCY AND QUALITY COTTON FIBER PRODUCTION
...Furrow Irrigation, New Mexico, Rates Or Levels of Application,
Soil Fertility, Subsurface Irrigation, Water Loss Control, ...3.0337

WATER MOVEMENT CONTROL AND CULTURAL PRAC-
TICES IN COTTON PRODUCTION _Conservation & Manage-
ment Eng, Management, Soil Tillage Methods -other, Sub - Hu-
mid, Tillage, Cropping Systems, Water Yield, ...2.0003

SPRINKLER IRRIGATION OF COTTON WITH HIGH SALT-
CONTENT WATER .Salinity, Sprinkler Irrigation, 3.0011

IRRIGATION INVESTIGATIONS WITH AGRONOMIC CROPS
...Cultivation Methods, Ns, Irrigation, Moisture Levels, Natural
Variation of Water USE, Soybeans , 10075

THE EFFECT OF BOLL MOISTURE STRESS ON DEVELOP-
MENT AND LINT QUALITY OF COTTON ...Climate-general,
Floral, Growth, Israel, Soil Environment, 3.0236
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ROW CROP IRRIGATION IN NORTHWEST LOUISIANA - COT-
TON IRRIGATION ...Evapotranspiration, Furrow Irrigation, Ir-
rigation, Louisiana, -.2.0533

ROW CROP IRRIGATION IN NORTHEAST LOUISIANA ...Corn,
Evapotranspiration, Furrow Irrigation, Irrigation, Louisiana,
...2.0534

NITROGEN REQUIREMENT FOR SKIP-ROW COTTON
...Nitrogen, Rao); Or Levels of Application, Soil Tillage Methods
- other, ..3.0303

IRRIGATION OF ROW CROPS ...Corn, Irrigation, Nitrogen,
_4.0146

FERTILIZER REQUIREMENTS OF CROPS GROWN IN DIF-
FERENT CROPPING SYSTEMS ...Alfalfa, Corn, Irrigation, Soil
Fertility -non-specific, Tillage, Cropping Systems, -.2.1045

VARIABLE ROW SPACING AS A MEANS FOR REDUCING
COSTS AND CONSERVING WATER IN IRRIGATED COT-
TON PRODUCTION ...Irrigation, Irrigation-general, Modified
Water Use, Space Competition, Water Costs, ...3.0448

Management
WATER MOVEMENT CONTROL AND CULTURAL PRAC-

TICES IN COTTON PRODUCTION Conservation 4Q,. Manage-
ment Eng, Cotton, Sail Tillage Methods -other, Sub - Humid, Til-
lage, Cropping Systems, Water Yield, 2.0003

Forage Grasses
Breeding

WATER USE EFFICIENCY OF FORAGE CROPS ...Drought,
Drought Resistance, 2.0055

BREEDING AND EVALUATION OF IMPROVED VARIETIES
OF PERENNIAL COOL-SEASON GRASSES ADAPTED TO
SEMIARID AND ARID REGIONS ..,Arid and Desert, Breeding
and Genetics, Disease & Anomalies, Semi - Arid, ...2.0574

Harvest and Storage
EVALUATION OF IRRIGATED PASTURE GRASSES ...Irrigation,

New Mexico, Nitrogen, 6.0369

Management
ISOTOPES IN THE BIOSPHERE .,.Erosion-general, Pollutants -

Path of , Radioactive Fallout, Runoff, Strontium, Washout,
_5.0670

NITRATES IN PLANTS ...Fertilizer Losses, Fertilizers, Nitrate,
Nitrite, Pollution - Effects of , Survey Studies, 5.0680

EFFICIENT ESTABLISHMENT AND PRODUCTION OF
FORAGE CROPS ON IRRIGATED LANDS ...Irrigation, Saline
and Alkaline Soils, Soil-water-plant Relationships, Space Competi-
tion, Yield, -.2.0733

ECONOMIC AND AGRONOMIC EVALUATION OF FERTIL-
IZER RESPONSE OF FORAGE CROPS ...Bahia Grass, Dallis-
grass, Bermuda Grass, Moisture Levels, Soil Fertility, Yield,
3.0190

SOD AND STUBBLE MULCH PLANTING - VEGETATION CON-
TROL ...Evaporation, Runoff, Soil Erosion -non-specific,
Southeast, Stubble Mulching, 2.0827

THE IMPROVED USE OF WET AND SALTED SOILS FOR
FORAGE PRODUCTION ...Cultivation Methods, Ns, Excessive
Moisture, Saline and Alkaline Soils, Saline Soils, Utah, -.3.0474

CROP AND SOIL MANAGEMENT OVER SHALLOW PLASTIC-
LINED MOLE DRAINS ...Mechanical Joining - Other, Plastics -
General, Soil and Rock Leaching, ...4.0262

SOIL AND WATER MANAGEMENT AS RELATED TO
FORAGE CROP PRODUCTION ...Fumigation, Irrigation, Lime,
Soil-water-plant Relationships, Tillage, Cropping Systems,

2.1104
FORAGE MANAGEMENT AND PRODUCTION IN THE TEN-

NESSEE VALLEY Irrigation-general, Tennessee, ,..4.02I9
REMOVAL OF NUTRIENTS FROM ENRICHED FLOWS &

WASTE EFFLUENTS BY THE HYDROPONIC CULT OF
SUITABLE FORAGE PLANTS & GRASSES ...Grasses -non-
specific, Hydroponic, Nutrients, Process Design, Waste Water
Treatment-general, -.5.0910

SALVAGE AND USE OF WATER LOST TO PHREATOPHYTES
IN THE GREAT BASIN ...Energy Budgets, Great Basin, Moisture
Levels, Phreatophytes, Water Loss Control, .3.0315

Quality and Utilization
ANIMAL, FORAGE AND WATER RESOURCES FOR BEEF

PRODUCTION ...Management, -.5.0086
CULTURAL MANAGEMENT PRACTICES OF FORAGE CROPS

FOR PASTURES HAY OR SILAGE ...Formulation, Irrigation,
Rates Or Levels of Application, Yield, -.3.0176
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Reed Canary
CONTROL OF C'kNADA THISTLE AND WATER WEEDS

Evaluation, Ken..,cky Bluegrass, Montana, of Aquatic Plants,
Phenology, .3.0308

FcTage Legumes
Alfalfa

MEASURING EVAPOTRANSPIRATION AND PHOTOSYNTHES-
IS OVER SHORT PERIODS OF TIME IN THE FIELD
...Evapotranspiration, Humidity, Lysimeters, Photosynthesis, Wind
Or Air Movement, ...2.0725

FERTILIZER REQUIREMENTS OF CROPS GROWN IN DIF-
FERENT CROPPING SYSTEMS _Corn, Cotton, Irrigation, Soil
Fertility -non-specific, Tillage, Cropping Systems, ...2.1045

Breeding
WATER USE EFFIC,ENCY OF FORAGE CROPS ...Drought,

Drought Resistance, _2.0055

Harvest and Storage
IRRIGATED GRASS INVESTIGATIONS ON THE BELLE

FOURCHE PROJECT ...Alfalfa, Grasses - non - specific, Irrigation-
general, South Dakota, ...2.0977

HIGH ALTITUDE EVAPOTRANSPIRATION FROM NATIVE
MEADOWS ...Energy Budgets, Evapotranspiration, Lysimeters,
Microclimate- general, Nuclear Moisture Meters, -.3.0493

Legume-grass Mixtures
IRRIGATED PASTURE AND MEADOW ESTABLISHMENT AND

MANAGEMENT ...Flood Irrigation, Grasses -non-specific, Irriga-
tion, Legumes -other-mesquite... , Montana, North Dakota,
Oregon, 10472

Management
EFFECT OF RATE OF SEEDING AND THE APPLICATION OF

AGRIcULTURAL CHEMICALS ON YIELD AND QUALITY
OF ALFALFA SEED ...Alfalfa, Growth Management, Irrigation,
...6.0365

Sweet Clover
THE EFFECTS OF SWEETCLOVER, NITROGEN, SUPPLEMEN-

TAL IRRIGATION, AND PLANT POPULATION ON GRAIN
SORGHUM YIELDS OF BLACKLAND SOILS ...Irrigation, Mi'
and Grain Sorghum, ...2.1025

Oilseed Crops
Soybeans

SOYBEAN YIELD AND QUALITY AS AFFECTED BY CLI-
MATIC, CULTURAL AND SOIL FACTORS ..,Alabama,
Drought, irrigation, Moisture Tension, Yield, 3.0001

IRRIGATION INVESTIGATIONS WITH AGRONOMIC CROPS
...Cotton, Cultivation Methods, Ns, Irrigation, Moisture Levels,
Natural Variation of Water USE, 2.0075

MICROMETEOROLOGY OF SOYBEANS ...Environmental-disease
Relation, Evapotranspiration, Furrow Irrigation, Irrigation,
Micrometeorology..2.0070

Range
Breeding and Genetics

BREEDING AND EVALUATION OF IMPROVED VARIETIES
OF PERENNIAL COOL-SEASON GRASSES ADAPTED TO
SEMIARID AND ARID REGIONS ...Arid and Desert, Breeding,
Disease & Anomalies, Semi - Arid, ...2.0574

Forest Grazing
BADGER WASH COOPERATIVE STUDY ...Cover Crops, Ero-

sion-general, Runoff, Sediment Yield, Water Cycle, 10176

Management and Fertility
REYNOLDS CREEK WATERSHED STUDY ...Idaho, Runoff, Sedi-

ment Yield, Water Yield, Watersheds-general, 2.0571
SEEDING ARID RANGELANDS OF ARIZONA ...Adaptation,

Range, 4.0012
METHODS OF CONTROLLING CLUBMOSS (SELAGINELLA

DENSA RYDB) AND REDEVELOPING THE PRODUCTIVE
CAPACITY OF RANGES FOLLOWING CLUBMOSS CON-
TROL ...Applied Ecology, Lycopsida, Weeds -physiological Stu-
dies, ...4.0160

MOUNTAIN MEADOW RESTORATION ...Agricultural Land Use
Effects, Conservation, Conservation-general, Mountains-alpine,
Other Water Conditions, 4.0166
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EFFECT OF RANGE MANAGEMENT ON INFILTRATION, RU-
NOFF, AND EROSION .,,Cover Crops, Infiltration, Runoff,
2.0105

EFFECTS OF RANGE PLANT FOLLIAGE REMOVAL ON SOIL
MOISTURE REGIME ...Grazing, Modified Water Use, Moisture
Content, Seasonal, ...Z.1063

BIOLOGY AND CONSUMPTIVE WATER USE OF PERENNIAL
RANGE PLANTS UNDER DESERT CONDITIONS Arid and
Desert, Consumptive Use, Flood irrigation, Perennial, Phonology,
Soil-water-plant Relationships, ,,,3.023I

COOPERATIVE WATERSHED MANAGEMENT ON
BRUSHLANDS OF CALIFORNIA ...Amount, California,
Management, Runoff, Sediment Yield, 4.0036

EFFECT OF GRAZING MANAGEMENT ON RANGE
LIVESTOCK NUTRITION AND ON THE RANGE RESOURCE
Cattle, Cutting &/or Grazing Effects, Diet Or Ration -other,
Management, Quality and Utilization, ..2.0971

THE INFLUENCE OF GRAZING MANAGEMENT SYSTEMS ON
VEGETATION COMPOSITION AND LIVESTOCK REACTION
...Agricultural Watersheds, Conservation-general, Grazing, Water
Loss-general, _5.1160

VEGETATION AND SOIL RESPONSE TO SOIL SURFACE
TREATMENTS ...Economic Efficiency, Erosion-general, Tillage,
Cropping Systems. Utah, Vigor, ...3.0476

WATER APPLICATION AND USE ON A RANGE WATER-
SPREADER ...Irrigation, Irrigation Engineering, Soil Environ-
ment, Surface Irrigation -general, Water Application Methods,
4.0056

Quality and Utilization
DEVELOPMENT OF A MODEL RESOURCE ANALYSIS FOR

RANGE WATERSHEDS ...Mapping, Model Studio, Species and
Species Evaluation, ...6.0460

EFFECT OF GRAZING MANAGEMENT ON RANGE
LIVESTOCK NUTRITION AND ON THE RANGE RESOURCE
...Cattle. Cutting &/or Grazing Effects, Diet Or Ration -other,
Management, Management and Fertility, ...2.0971

Species and Species Evaluation
AN ANALYSIS OF THE VEGETATION AND SOIL CHARAC-

TERISTICS OF RANGE WATERSHEDS IN NEVADA ...Cover
Crops, Infiltration, Mapping, Runoff, Soil-water-plant Relation-
ships, 2.0740

DEVELOPMENT OF A MODEL RESOURCE ANALYSIS FOR
RANGE WATERSHEDS ...Mapping, Model Studies, Quality and
Utilization, _6.0460

Rotations
DEVELOPMENT OF A CHEMICAL FALLOW SYSTEM OF

FARMING .,.Great Plains Province, Herbicides -non-specific,
Moisture Retention, Runoff, Tillage, Cropping Systems, 4.0236

SOIL MANAGEMENT INVESTIGATIONS ON IRRIGATED
LAND .,.Irrigation, Management, Soil Analysis, Soil Comparison,
Tillage, Cropping Systems, Water Application Methods, -.4.0 I 14

Seed Production
Growth Management

EFFECT OF RATE OF SEEDING AND THE APPLICATION OF
AGRICULTURAL CHEMICALS ON YIELD AND QUALITY
OF ALFALFA SEED ...Alfalfa, Irrigation, Management, 6.0365

Seed Production -non-specific
FERTILIZER-WATER-CULTURAL PRACTICES ...Arid and

Desert, Management, Nevada, Plant Water Use- other, 6.0342

Sugar Crops
Breeding and Genetics

VARIETAL EVALUATIONS AND IMPROVED AGRONOMIC
PRACTICES FOR SUGARBEETS irrigation, Management,
Sugar Beets, Varietal Evaluation, 3.0262

Management
METHODS FOR DETERMINING THE ECONOMIC PRODUC-

TIVITY OF IRRIGATION WATER FOR THE PRCDUCTION
OF SUGAR IN HAWAII Hawaii, Irrigation-general, Sugar
Cane, Yield, 6.0171

VARIETAL EVALUATIONS AND IMPROVED AGRONOMIC
PRACTICES FOR SUGARBEETS ...Breeding and Genetics, Ir-
rigation, Sugar Beets, Varietal Evaluation, ...3.0262
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Sugar Beds
VARIETAL EVALUATIONS A ND IMPROVED AGRONOMIC

PRACTICES FOR SUGARBEETS ...Breeding and Genetics, Ir-
rigation, Management, Varietal Evaluation, ...3.0262

Sugar Cane
WATER REQUIREMENTS BY SUGARCANE UNDER IRRIGA-

TION ...Consumptive Use, Irrigation, Moisture Content -plants,
Requirements for Water, 3.0424

METHODS FOR DETERMINING THE ECONOMIC PRODUC-
TIVITY OF IRRIGATION WATER FOR THE PRODUCTION
OF SUGAR IN HAWAII ...Hawaii, Irrigation-general, Manage-
ment, Yield, 6.0171

LAND FORMING FOR IRRIGATION AND DRAINAGE IN SU-
GARCANE PRODUCTION UNDER PUERTO RICAN CONDI-
TIONS ...Drainage, Irrigation, Irrigation-general, Puerto Rico,
Water Harvesting, _3.0425

THE LOSS OF FERTILIZERS BY LEACHING FROM THE SU-
GARCANE SOILS OF PUERTO RICO ...Fertilizer Losses,
Lysimeters, Methods of Application, Other, Puerto Rico, ...2.0938

DRAINAGE OF SUGARCANE LANDS IN THE HUMID SEC-
TIONS OF PUERTO RICO ..,Drainage, Humid, Puerto Rico,
Water Table - Depth of , Water Table Fluctuation, Yield,
...2.0936

THE INFLUENCE OF WATER AND CLIMATE ON THE YIELD
AND SUCROSE CONTEr'T OF SUGARCANE ...Applied Cli-
matology, Irrigation-general, Microclimate-general, Puerto Rico,
Yield, ...4.0211

FARM MANAGEMENT STUDY OF THE SUGARCANE FARMS
SERVED BY THE I.AJAS VALLEY IRRIGATION DISTRICT
...Costs, Irrigation-general, Production & Processing, Puerto Rico,
Water Costs, ...3.0427

VALUE OF IRRIGATION WATER FOR THE PRODUCTION OF
SUGAR CANE ...Economic Feasibility, Irrigation, Irrigation-
general, Water Allocation, Water Costs, 6.0174

Tobacco
Management

NITROGEN FERTILIZATION AND IRRIGATION OF TOBACCO
_Irrigation, Moisture Deficiency, Nitrogen, Rates Or Levels of
Application, ...2.0870

IMPROVEMENT IN CIGAR TOBACCOS BY DEVELOPMENT
OF MORE ADEQUATE CROPPING SYSTEMS, FERTILIZA-
TION, CULTURAL AND CURING PRACTICES ...Irrigation-
general, Space Competition, Tillage, Cropping Systems, ...3.0261

Turf
Management

TURF RESEARCH ...Irrigation, Species and Variety Evaluation,
Sprinkler Irrigation, Water Costs, 4.0065

TURFGRASS MANAGEMENT ...in Turf, New Mexico, Nitrogen,
Phosphorus, Ptaassium, Species and Variety Evaluation, ...6.0367

THE WATER ECONOMY OF TURFGRASS ...Dew, Moisture Con-
tent, Soil Types, Soil-water plant Relationships, Species and
Variety Evaluation, ...2.0941

Species and Variety Evaluation
TURF RESEARCH ...Irrigation , Management, Sprinkler Irrigation,

Water Costs, 4.0065
TURFGRASS MANAGEMENT .,.in Turf, Management, New Mex-

ico, Nitrogen, Phosphorus, Potassium, ...6.0367
THE WATER ECONOMY OF TURFGRASS ...Dew, Management,

Moisture Content, Soil Types, Soil-water-plant Relationships,
...2.0941

Weed Control
Biocontrol

BIOLOGICAL CONTROL - TAMARISK AND OTHER
PHREATOPHYTES Antitranspirants, of Aquatic Plants, Salt-
cedar, Tamarisk, ...3.0335

BIOLOGIC AND ENVIRONMENTAL CONTROL OF EURASIAN
MILFOIL (MYRIOPHYLLUM SPICATUM L.) IN CHES-
APEAKE BAY ..Cho apeake Bay, Histology and Cytology,
Range Or Territorial Distr. , Water Milfoil, Waterweed... ,

...6.0251
BIOLOGICAL CONTROL OF AQUATIC VEGETATION ...Lakes,

of Aquatic Plants, Ponds, Tilapia, Cichlids, 6.0196
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PHYCOVIRUSES - THEIR NATURE, OCCURRENCE, AND AP-
PLICATION ...Algal Pollutant Sources, Algal Virus, Eutrophica-
tion, Isolation, Pathological Physiology, 5.0859

EUTROPHICATION - BIOLOGICAL CONTROL USING
GRAZERS ...Eutrophication, of Aquatic Plants, Survey Studies,
W:sconsin, 5.0971

CONTROLLING WEEDS ON DITCHBANKS AND OTHER NON-
CROP AREAS ...Persistence in soils, Physical Control, Phytotox-
icity, Soil Erosion -non-specific, 5.1328

PRINCIPLES AND PRACTICES FOR THE CONTROL OF SUB-
MERSED, FLOATING, AI!i IMMERSED AQUATIC WEEDS
...Canals, Environmental Effects, Evaluation, Herbicides -non-
specific, of Aquatic Plants, 5.1329

SEARCH FOR AND IMPORTATION OF FOREIGN INSECT
ENEMIES OF WEEDS _Collections, Insects -non-specific, Vase.
plant & Arthropods Comp, Weeds, 2,0076

UTILIZATION OF INSECT ENEMIES IN THE CONTROL OF IN-
SECT PESTS AND WEEDS ...Host Specificity, Insects, Preda-
tion, Rearing, Weeds, _6.0034

Control By Burning
SPECIES AND SUCCESSIONAL CONTROL OF UNDESIRABLE

VEGETATION ...Cultural Control, in Wetlands, Physical Control,
Plant Succession, Swamps-marshes, _6.0403

Cultural Control
CONTROL OF UNDESIRABLE SHRUBS AND REVEGETATION

OF SOUTHERN ARIZONA RANGES ,,.Arid and Desert,
Arizona, Integrated Cultural Control, Maturity Or Growth Stage
of , Range, 4.0011

SPECIES AND SUCCESSIONAL CONTROL OF UNDESIRABLE
VEGETATION ...Control By Burning, in Wetlands, Physical Con-
trol, Plant Succession, Swamps-marshes, 6.0403

WATER CONTROL FOR FOREST PRODUCTION ..,Available
Water, Palms, Pines, Timber Stand Improvement, Water Loss
Control, ...3.0175

in Forages and Pasture
CONSERVATION OF GROUNDWATER THROUGH REPLACE-

MENT OF PHREATOPHYTES WITH FORAGES ...Conserva-
tion-general, Groundwater, Herbicides -non-specific, Soil Environ-
ment, Water Table - Depth of , 3,0318

IMPROVEMENT AND MANAGEMENT OF THE COMMUNITY
PASTURES OF THE PERSHING COUNTY WATER CONSER-
VATION DISTRICT NEAR BATTLE MOUNTAIN, NEVADA
...Evaluation, Management, Nevada, Phrcatophytes, Storage of
Water, ..3.0316

in Forests
UNDESIRABLE SHRUB AND TREE CONTROL ...Evaluation,

Forest Watersheds, of Trees and Shrubs, Relations - Forage -
Timber, Utah, ...3.0475

in Horticulture
STUDIES ON VEGETABLE CULTURE ..,Aerial, Drainage, Irriga-

tion, Irrigation-general, 2.0949

in Turf
TURFGRASS MANAGEMENT ...Management, New Mexico,

Nitrogen, Phosphorus, Potassium, Species and Variety Evaluation,
6.0367

in Wetlands
SPECIES AND SUCCESSIONAL CONTROL OF UNDESIRABLE

VEGETATION ...Control By Burning, Cultural Control, Physical
Control, Plant Succession, Swamps-marshes, ...6.0403

of Aquatic Plants
METHODS FOR CONTROLLING ALLIGATORWEED AND

OTHER WEEDS IN CANALS, WATERWAYS, AND AD-
JACENT WATERS IN THE SOUTHEASTERN U. S. ,..Canals,
Evaluation, Herbicides -non-specific, Integrated Biological Con-
trol, Southeast, 8.0210

EXPANDED AQUATIC PLANT CONTROL PROJECT
...Amaranthaceae -alligatorweed.., Submerged Plants, Transloca-
tion, 2,4-d, 6.0248

CONTROL OF CANADA THISTLE AND WATER WEEDS
...Evaluation, Kentucky Bluegrass, Montana, Phenology, Reed Ca-
nary, 3.0308

BIOLOGICAL CONTROL - TAMARISK AND OTHER
PHREATOPHYTES ...Antitranspirants, Biocontrol, Saltcedar,
Tamarisk, ...3.0335

REGION 2 - WEED CONTROL Contamination - Water,
Drainage, Irrigation-general, Plant Pollutants, ...3.0093
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CURRENT FISH AND WILDLIFE PESTICIDE PROBLEMS
...Azodrin, Endrin, Guthion, Mercury, Seed Treatment, Thiodan,
Wildlife, 4.0042

WEED AND ALGAE CONTROL, SMALL IMPOUNDMENT IN-
VESTIGATIONS ...Georgia, Plant Pollutants, Reservoirs and Im-
poundments, Soil Sterilants, _5.0304

THE EFFECTS OF NUTRIENTS ADDITIONS AND STREAM
DYNAMICS ON STREAM EUTROPHICATION ...Energy-
dynamics, Eutrophication, Nutrients, Productivity - Food Chain,
Streams, 5.1040

RESPIRATION OF AQUATIC MACROPHYTES IN EUTROPHIC
SYSTEMS ...Environmental Effects-geologie, Eutrophication,
Nutrients, Plant Pollutants, Respiration, 5,1041

A STUDY OF INHIBITORY COMPOUNDS PRODUCED BY
FRESH-WATER ALGAE ...Algal Pollutant Sources, Chemicals
(incl, algacides), Chlorophyceae (non-specif&ot), Eutrophica-
tion, Metabolic Inhibitors, 5,0446

IMPROVING SURFACE WATER CONDITIONS THROUGH
CONTROL AND DISPOSAL OF AQUATIC VEGETATION
...Economic Efficiency, Plant Pollutants, Plant Waste Removal,
Treatment, Water Quality Control - general, ...5.1298

CHANGES IN WATER ENVIRONMENT RESULTING FROM
AQUATIC PLANT CONTROL ...Lakes, Physical Control, Plant
Pollutants, Recreation Sites, 5.1301

INVASION OF THE AQUATIC HABITAT BY AMPHIBIOUS
SPECIES OF POLYGONUM .Amphibious Plants, Clones,
Habitat Studies, Plant Taxonomy, Polygonaceac, .,.2,1105

NUTRIENT CONTROL PROJECT - DETROIT LAKES, MIN-
NESOTA ...Eutrophication, Lakes, Nutrients, Secondary Treat-
ment, Stream Rehabilitation, 5.0583

CONTROL OF UNDESIRABLE AQUATIC VEGETATION IN
LAKE TANEYCOMO, MISSOURI .,.Herbicides -non-specific,
Lakes, Misrouri, 5.0682

CHEMICAL CONTROL OF WEEDS IN PONDS ...Algacides -non-
specific, Herbicides -non-specific, Plant Pollutants, Ponds, Wil-
dlife, 5.0009

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS Depth, Ions and Gases, Nutrients, Range Or Territorial
Distr. , Submerged Plants, 2.0620

AQUATIC WEEDS ...Aquatic Plants (non-specific), Herbicides -
non- specific, Physical-general, Plant Pollutants, Range Or Terri-
torial Distr. , ...5.0735

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...Elodea, Waterweed, Thalassia, Mineral Nutrition,
Potamogeton, Ruppia, Zostera.., Submerged Plants, Water
Waterweed.. , 2.0764

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...Elodea, Waterwecd, Thalassia, Potionogeton, Ruppia,
Zostera.., Submerged Plants, Water Properties-general, 2.0805

COOPERATIVE BIOLOGICAL PEST CONTROL RESEARCH
...Biological Pollutants -general, California, Canals, Evaluation,
Reservoirs and Impoundments, 5.0087

INVESTIGATION AND CONTROL OF ALGAE BLOOMS AND
NUISANCE GROWTHS OF WATER WEEDS Eutrophication,
Phosphate, Phosphite, 6.0110

EVALUATION OF HERBICIDES FOR CONTROL OF AQUATIC
WEEDS ...Application Mt" .', Evaluation, Floating Plants, Herbi-
cides -non-specific, Subr: Plants, ...5.0247

CHEMICAL CONTROL OF AQUATIC VEGETATION ...Evalua-
tion, Illinois, Lakes, Pre-emergents (plants), 5.0349

BIOLOGICAL CONTROL OF AQUATIC VEGE fATION
...Biocontrol, Lakes, Ponds, Tilapia, Cichlids, _6.0196

MANAGEMENT OF FOREST AND FARM GAME HABITAT -
FISH POND MANAGEMENT ...Farm Pond, Food Supply, Game
Reserves, Habitat Studies, Site Index and Site Quality, ...6.0245

INVESTIGATION OF AQUATIC WEED PROBLEMS AND
MEANS OF CONTROL WITH EMPHASIS ON BRAZILIAN
WATERWEED ...Applied Ecology, Herbicides -non-specific,
Screening Potential Pesticides, Water Milfoil, Waterweed... ,
.5.0938

STUDY OF METHODS FOR CONTROLLING AQUATIC
GROWTH AT PYMATUNING RESERVOIR AND CONNEAUT
LAKE, PENNSYLVANIA ...Lakes, Pennsylvania, Plant Pollu-
tants, Pollution Abatement, Reservoirs and Impoundments,
6.0470

RESULTS OF APPLICATIONS OF KARMEX FOR CONTROL OF
PLANTS IN PONDS AND LAK ...Aquatic Plants (non-specific),
Diuron, Evaluation, Lakes, Water Quality-general, _6.0568

NUTRITION OF WATER WEEDS ...Mineral Nutrition, Reservoirs
and Impoundments, Water Quality Control-general, _5.0023



Agronomy SUBJECT INDEX

AQUATIC PLANT CONTROL - EQUIPMENT FOR MECHANI-
CAL AND CHEMICAL DESTRUCTION ...Herbicides -non-
specific, Louisiana. Pest, Disease & Weed Control, ...8.0208

AQUATIC PLANT CONTROL Environmental Ecology, Fish -

non- specific, Herbicides - non - specific, Wildlife, ,,.8.0168
GROWTH SUPPRESSION AND REDUCT/ON IN REGROWTH

POTENTIAL OF AQUATIC WEEDS ...Acrolcio, Biological Pol-
lutants -other, Maturity Or Growth Stage of , Plant Resistance,
Submerged Plants, ...2.0191

AROMATIC SOLVENT AQUATIC HERBICIDES AND EMULSI-
FYING AGENT TESTING ...Aromatic Cpds. Chemical Analysis,
Evaluation. Herbicides - nun - specific, Petroleum Cpds. -non-
specific, Plant Pollutants, ...3.0107

LABORA'IORY STUDY OF AQUATIC ENVIRONMENTAL FAC-
TORS AND PLANT GROWTH STAGES ON AQUATIC WEED
GROWTH AND HERBICIDAL RESPONSE ...Enviroocntal Ef-
fects, Herbicides -non-specific, Light -other. Maturity & Growth
Stages, Water Temperature -other, 3.0127

WEED CONTROL AND REVEGETATION ...New Mexico, of
Trees and Shrubs, Rio Grande River. Riparian Land. 3.0118

EFFECI' OF COPPER SULFATE ON AQUATIC WEEDS Al-
kalinity, Canals. Copper, Copper Sulfite. Irrigation-general,
...3.0108

WEED CONTROL IN IRRIGATION AND DRAINAGE SYSTEMS
...Amphibious Plants. Aquatic Soils, Herbicides -non-specific,
Plant Pollutants, Submerged Plan's, Timing - non- specific,
_3.0094

EUTROPHICATION - EFFECI' OF WEED HARVESTING
...Eutrophication, Nutrients. Physical Control, Plant Succession,
_5.0970

EUTROPHICATION BIOLOGICAL CONTROL USING
GRAZERS ...13iocontrol, Eutrophication, Survey Studies, Wiscon-
sin, 5.0971

EUTROPHICATION - PHYSICAL ECOLOGICAL CONTROL
_Destratilication, Environment, Eutrophication, Physical Control,
Primary Productivity. ,.,5.0972

PIGMENT ANALYSIS FOR THE DETECTION OF EN-
RICHMENT ...Chemical Analysis (water), Effluents-waste Water,
Eutrophication. Nutrients, 5.0906

PRINCIPLES AND PRACTICES FOR THE CONTROL OF SUB-
MERSED, FLOATING, AND IMMERSED AQUATIC WEEDS
...I3iocontrol, Canals, E'nvironmental Effects. Evaluation, Herbi-
cides -non-specific, _5.1329

of Specific Weeds
ECESIS AND STABILIZATION OF PRICKYPEAR (OPUNTIA

SPP.) ON THE RIO GRANDE PLAINS ...Angiosperms, Arid . nd
Desert. Cacti. Habitat Studies, Range Or Territorial Distr.
_6.0564

SEDIMENT'AT'ION AND WATER SALVAGE STUDIES-SOIL
AND MOISTURE PROGRAM ...Channels. Phreatophytes, Scour-
ing. Tr.inspiration, Water Loss Control, _8.0028

of Trees and Shrubs
UNDESIRABLE SHRUB AND TREE CONTROL ...Evaluation.

Forest Watersheds, in Forests, Relations - Forage - Timber, Utah.
...3.0475

WEED CONTROL AND REVEGETATION ...New Mexico, of
Aquatic Plants, Rio Grande River. Riparian Land, 3.0118

Physical Control
SPECIES AND SUCCESSIONAL CONTROL OF UNDESIRABLE

VEGETATION ...Control By Burning, Cultural Control, in Wet-
lands, Plant Succession, Swamps-marshes. 6.0403

CHANGES IN WATER ENVIRONMENT RESULTING FROM
AQUATIC PLANT CONTROL ...Lakes, of Aquatic Plants. Plant
Pollutants, Recreation Sites, 5.1301

EUTROPHICATION - EFFECT OF WEED HARVESTING
...Eintrophication, Nutrients. of Aquatic Plants, Plant Succession,
...5M9'70

EUTROPHICATION - PHYSICAL ECOLOGICAL CONTROL
Destratification, Environment, Eutrophication, of Aquatic
Plants. Primary Productivity, ..5.0972

CONTROLLING WEEDS ON DITCHBANKS AND OTHER NON-
CROP AREAS Bioeontrol, Persistence in Soils, Pytotoxicity,
Soil Erosion -non-specific, 5.1328

Range
CONTROL OF UNDESIRABLE SHRUBS AND REVEGETATION

OF SOUTHERN ARIZONA RANGES ...Arid and Desert,
Arizona, Cultural Control, Integrated Cultural Control, Maturity
Or Growth Stage or. 4.0011

SEEDING ARID RANGELANDS OF A'q1ZONA ...Adaptation,
Management and Fertility, .4.0012

STRATTON SAGEBRUSH HYDROLOGY STUDY _Cover Crops,
Hydrology-general, Runoff, Sediment Yield, Soil Environment,
...2.0221

CHEMICAL CONTROL OF CP.E0SOTEBUSil AND MESQUITE
.Evaluation, Legumes -other..mesquite.... , Management Effects,
Phreatophytes, Watersheds-general, Zygophyllaceae, 4.0177

CHEMICAL BRUSH CONTROL - BIOCHEMISTRY AND TOXIC
HAZARD ...Aquatic Or Soil-aquatic Cycles, Environmental Ef-
fects. Herbicides - non - specific.. Other, Pesticides, 5.0944

MICROC'LIMATIC FACTORS FOR FOUR PLANT COMMUNI-
TIES ON ELK MOUNTAIN ...Artemisia, Elevational Levels, Al-
titude, Energy Budgets, Mapping, Wyoming, .2.1170

HERBICIDE,: EVALUATION FOR PHREATOPHYTE CONTROL
...Consuptive Use, Herbicides - non- specific, Modified Water
Use, Saitcedar, Tamarisk, Water Loss Control, _3.0132

Weed Control -other
PHREATOPHYTE CONTROL - LAHONTAN AND HUMBOLDT

BASINS ...Phenology, Phreatophytes, Reservoirs and Impound-
ma's. Root, Salteedar. Tamarisk, -.3.0:117

FIELD EVALUATION OF SOIL-APPLIED HERBICIDE FOR
"'OTAI., VEGETATION CONTROL ...Formulations -non-specitie,
Herbicides - non- specific, Soil Treatments - nun- specific. ...3.0126

CONTROL OF WOODY PLANTS ...Aerial - Airplane, Herbicides -
non-specitie, Nev, Mexico, Rio Grande River. ...3.0121

WEED CONTROL AND REVEGETATION ...Control and Protec-
tion. New Mexico, Plant Pollutants, Rio Grande River, 3.0111

WEED CONTROL AND REVEGETATION ...Control and Protec-
tion, Cover Crops, Plant Pollutants, Rio Grande River, 3.0119

Weeds -other
DISTRIBUTION, LIFE HISTORY, AND ECOLOGY OF EURA-

SIAN V'ATERMILFOIL ...Chesapeake Bay, Range Or Territorial
Distr. lubmerged Plants, Water Milfoil, Water 6,0263

Weeds -phenological Studies
FIELD INVESTIGATION OF THE SUBMERSED AQUATIC EN-

VIRONMENT ...Aquatic Ecology, Canals, Irrigation-general,
Plant Pollutants. Reservoirs and Impoundments, Submerged
Plants, 3.0125

Weeds -physiological Studies
METHODS OF CONTROLLING CLUI3MOSS (SELA(;INELLA

DENSA RYDB) AND REDEVELOPING THE PRODUCTIVE
CAPACITY OF RANGES FOLLOWING CLUBMOSS CON-
TROL ...Applied Ecology, Lycopsida, Management and Fertility,
_4.0160

DE'TERMINAT'ION OF FACTORA AFFECTING THE COMPETI-
TIVE ABILITY OF WEEDS IN SEM-ARID AREAS _Growth
Rate, Roots, Semi - Arid. Vase. plant Competition -other,
_2.1016

Wildlife Habitats
Management

EFFECTS OF RESTORATION AND MANAGEMENT OF THE
SAN SIMON MARSH ON ITS UTILIZATION BY MEXICAN
DUCKS ...Food Supply, Mexican Duck, Spawn Or Nesting Sites,
Swamps-marshes, Water Utilization -animal, 6.0364

WATERFOWL STUDY-EVALUATION OF PHYSICAL
CHANGES IN MARSH PONDS ON THE WISNER AND
BILOXI DEVELOPMENT ...Land Use, Mississippi, Physical-
general, Survey Studies, Swamps-marshes, Water Fowl, N.s. ,

_4.0128
EFFECTS OF WATERSHED MANIPULATION ON DEER AND

ELK USE ...Cover Crops, Habitat Studies, Population Dynamics,
Water Yield, Watersheds - general, ...4.0003

WATERFOWL MANAGEMENT THROUGH WATER-LEVEL
CONTROL ...Depth.water Level. Fluctuation. Drawdown,
Management -other, Water Fowl, N.s. , Wetlands, _4.0133

EFFECTS OF PLANTING TERRESTRIAL VEGETATION ON
EXPOSED RESERVOIR BOTTOM ON AQUATIC BIOTA
... Drawdown, South Dakota, _6.0513

MANAGEMENT OF FOREST GAME RANGES IN THE CEN-
TRAL ROCKY MOUNTAINS, AND IMPROVEMENT OF FISH
HABITAT BY MANIPULATION OF STREAMSIDE VEGETA-
'T'ION ...Habitat Studies, Land We - non- specific, Soil (wildlife)
Cover. Streams, Wildlife -non-specific, 4.0074

2-10



SUBJECT INDEX Air Motion

Species Evaluation
WETLANDS EVALUATION AND DEVELOPMENT

MARITIMES ...Canada, Habitat Studies, Wetlands, _6.0085

Wetlands
PHYSICAL & CHEMICAL PROPERTIES OF WATER & SOILS

OF MARSHES AS THESE PROPERTIES RELATE TO THE
SUCCESS OF WATERFOWL FOODS & COVER. ...Biological-
general, Food Supply, Soil (wildlife) Cover, -60371

RECREATION VALUE OF WATER FOR THE PRODUCTION
OF WATERFOWL ...Benefit -cost Analysis, Recreation Sites,
Utah, Water Fowl, N.s. , -6.0593

MUSQUODOBOIT - METERING BASINS NOVA SCOTIA,
CANADA ...Aquatic Ecology, Canada, Mammals -other,
Mapping, Water Fowl, N.s. , Water Level Fluctuation, -4.0054

MARSH EVALUATION AND ACQUISITION, QUEBEC
...Canada, Habitat Studies, ..A.0049

WETLANDS EVALUATION AND DEVELOPMENT -
MARITIMES ...Canada, Habitat Studies, Species Evaluation,
-6.0085

WETLANDS ECOLOGY LITERATURE REVIEW ...Bibliography,
Planning, Wisconsin, -7.0113

CHEMICAL CHARACTERIZATION OF WATERS OF PRAIRIE
AND FOREST WETLANDS ...Chemical-general, Habitat Studies,
-1.0092

Air Motion
Air Motion-general

SMALL-SCALE CIRCULATIONS OF THE SAN FRANCISCO
BAY AREA ...Inversion, Land-sea Breezes, Model Studies, Oro-
graphic Effects, San Francisco Bay, -2.0154

NUMERICAL MODELING OF GENERAL CIRCULATION OF
EAR FHS ATMOSPHERE ...Computers-general, Heat Exchange,
Humidity, Latent Heats, Weather Modification-general, -7.0014

GENERAL CIRCULATION - NUMERICAL MODELING OF
PRECIPITATION _Forecasting, Heat Exchange, Humidity,
Model Studies, Weather Modification-general, -2.0265

Convection
NUMERICAL SIMULATION OF THE MACROPHYSICAL AND

M ICROPHYSICAL PROCESSES OF MOIST CONVECTION
...Cloud Formation and Evolution, Clouds-precipitation, Forma-
tion, Model Studies, Thermodynamics, ..2.0239

RESEARCH ON THE METEROGENEITY OF CLOUD STRUC-
TURE ...Cloud Physics, Cloud Structure, Encrgy-general, In-
cloud, -2.1017

SHORT-DURATION CONVECTIVE RAINFALL - DEPTH-DURA-
TION AND INTENSITY-DURATION RELATIONSHIPS AND
VARIATIONS ...Amount, Gages, Patterns, Thunderstorms,
...2.0921

CONVECTIVE CLOUD SYSTEMS, NORTHERN GREAT
PLAINS, ATMOSPHERIC WATER RESOURCES ...Cloud Struc-
ture, Clouds-precipitation, Cumulus, Great Plains Province,
Model Studies, -2.0193

Diffusion
AN EXPERIMENTAL STUDY OF EDDY DIFFUSION COEFFI-

CIENTS, EVAPOTRANSPIRATION AND WATER USE EFFI-
CIENCY Eddies, Evaporation, Evapotranspiration, Natural
Variation of Water USE, Transpiration , Wind Or Air Movement,
-2.0437

A THREE-DIMENSIONAL APPROACH TO THE EXCHANGE
OF HEAT AND WATER VAPOR BETWEEN A LARGE
WATER BODY AND THE ATMOSPHERE ...Boundary Layer
Studies, Electric Power Plants, Evaporation, Heat Exchange,
...2.0793

AIRFLOW AND DIFFUSION PARAMETERS IN CONNECTION
WITH ATMOSPHERIC WATER RESOURCES PROGRAM
...Model Studies, Orographic Effects, Topographic Influences,
Weather Modification-other, Wind Tunnels, -2.0167

Forecasting
NUMERICAL PREDICTION OF CLOUDINESS AND PRECIPITA-

TION ...Applications, Prediction Models, -2.0266

Inversion
SMALL-SCALE CIRCULATIONS OF THE SAN FRANCISCO

BAY AREA ...Air Motion-general, Land-sea Breezes, Model Stu-
dies, Orographic Effects, San Francisco Bay, -2.0154

Patterns
RAINOUT OF RADIOACTIVITY IN ILLINOIS ...Dispersion

Transporation, Fallout Products, Storms-general, Washout,
-2.0445

METEOVI.OGICAL ANALYSIS OF PRECIPITATION EFFECTS
OF SWISS HAIL SUPPRESSION EXPERIMENTS ...Clo4'.
precip;7,ttion, Modification, Pressure-density, Weather Charts-
maps, -2.0108

PACIFIC OCEAN INFLUENCE UPON CALIFORNIA RAINFALL
-California, Forecasting, Pacific Ocean-general, Rain-other, Tem-
perature, -2.0104

CLIMATE AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ..,Nevada, ..2.0730

LARGE SCALE; DYNAMIC EFFECTS OF CLOUD SEEDING
...Clouds-precipitation, Statistics-general, -10171

A STUDY OF NATURAL EVAPORATION FROM FREE WATER
SURFACES ,..Boundary Layer Studies, Evaporation, Oklahoma,
Water Loss Control, Waves, ...3.0129

Turbulence
1n-cloud

RESEARCH ON THE METEROGENEITY OF CLOUD STRUC-
TURE ...Cloud Physics, Cloud Structure, Convection, Energy-
general, -2.1017

Turbulence-general
EXPERIMENTAL STUDIES OF AIR AND WATER INTERFA-

CIAL INTERACTION ...Pollutants - Path of , Waves, Wind Tun-
nels, Wind-water Interaction, -2.0246

REMOTE SENSING OF WATER VAPOR ...Electronics - Applied,
Humidity, Optics, Radio, Temperature, -7.0015

Turbulence-other
HYDROMETEOROLOGY ...Mountains-alpine, Orographic Effects,

Snowpwk, Topographic Influences, Velocity, -2.0218

Wind
Direction

CLIMATE RELATED TO PLANT RESPONSE IN THE
MATANUSKA VALLEY ...Alaska, Evaporation, General Synop-
tic Observations, Sunshine, Transpiration and Evap, Velocity,
-2.0029

Land-sea Breezes
SMALL-SCALE CIRCULATIONS OF THE SAN FRANCISCO

BAY AREA ...Air Motion-general, Inversion, Model Studies, Oro-
graphic Effects, San Francisco Bay, -2.0154

Orographic Effects
SMALL-SCALE CIRCULATIONS OF THE SAN FRANCISCO

BAY AREA ...Air Motion-general, Inversion, Lund -sea Breezes,
Model Studies, San Francisco Bay, -2.0154

NORTH SIERRA OROGRAPHIC, CONVECTIVE CLOUD
STUDY - ATMOSPHERIC WATER RESOURCES PROGRAM
...Cloud Physics, Data Display Systems, Hydrology-general,
Modification, Precipitation Instruments, -2.0731

HYDROMETEOROLOGY ...Moue twins- alpine, Snowpack, Topo-

2-11

graphic Influences, Turbulence-other, Ve ocity, -2.0 18
TOPOGRAPHIC INFLUENCES ON PRECIPITATION ...Alaska,

Patterns. Runoff, Topographic Influences, -2.0028
PARK RANGE ATMOSPHERIC WATER RESOURCES PRO-

GRAM ...Clouds-precipitation, Colorado, Nucleation Physics, Pat-
terns, Technique Development, -2.0164

THE DEVELOPMENT OF SNYOPTIC CLIMATOLOGY AND
STATISTICAL FORECASTING METHODS AND ORO-
GRAPHIC PRECIPITATION ...Patterns, -2.0205

ATMOSPHERIC WATER RESOURCES RESEARCH UNIVERSI-
TY OF WYOMING ...Cloud Formation and Evolution, Cloud
Physics, Nucleation Physics, Snowpack, Wyoming, -2.0162

AIRFLOW AND DIFFUSION PARAMETERS IN CONNECTION
WITH ATMOSPHERIC WATER RESOURCES PROGRAM
...Diffusion, Model Studies, Topographic Influences, Weather
Modification-other, Wind Tunnels, -2.0167

Shear
GREAT LAKES RESEARCH LAKE WAVES ...Great Lakes-

general, Waves, -2.0641

Velocity
TROPICAL STORM RAINFALL AND HURRICANE WIND

FIELDS ...Forecasting, Gulf of Mexico, Pressure-density, Tropical
Cyclones, ...2.0595

a



Air Motion SUBJECT INDEX

CLIMATE RELATED TO PLANT RESPONSE IN THE
MATANUSKA VALLEY ...Alaska, Direction, Evaporation,
General Synoptic Observations, Sunshine, Transpiration and
Evap, _2.0029

HYDROMETEOROLOGY ...Mountains-alpine, Orographic Effects,
Snowpack, Topographic Influences, 'Turbulence- other, _2.0218

IRRIGATION EFFICIENCY ...Evaporation, Irrigation Engineering,
Pollution Behavior-general, Sprinkler Irrigation, Wind Tunnels,
_3.0179

GREAT LAKES RESEARCH - LAKE EVAPORATION ...Evapora-
tion, Great Lakes-general, Heat Budget, Humidity, Precipitation-
general, _2.0637

DEEP ICE CORE STUDIES AND ANALYSES FROM GREEN-
LAND AND ANTARCTICA ...Antarctica, Core Analysis, Dust
Particulate Matter, Extraterrestrial, Greenland, Radioactive Dat-
ing-general, ...2.0754

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR ...Evaporation, Heat Budget, Humidity, Humidity
Instruments, Oklahoma, Reservoirs and Impoundments, Transmis-
sion Characteristics, Water Loss Control, _3.0114

SUPPRESSION OF EVAPORATION FROM WATER SURFACES
_Energy, Evaporation, Storage of Water, Temperature, Water
Loss Control, .. 2.0034

Wand-general
MICROMETEOROLOGICAL INVESTIGATIONS OF THE ENER-

GY BUDGET - EFFECT OF SUMMER WINDS _Evapotrans-
piration, Heat Budget, Heat How, Micrometeorology, Semi -
Arid, _2.0516

EVAPORATION OF WATER AS RELATED TO WIND BAR-
RIERS ...Evaporation, Heat Exchange, Modified Water Use,
Moisture Tcnsion, Water Loss Control, _3.0138

GREAT LAKES RESEARCH - HARBOR CURRENTS ...Currents -
water, Great Lakes-general, Harbors, Model Studies, Pressure-
density, Water Level Fluctuation, _2.0642

Wand -other
WIND EFFEC"fS ON THE DISPERSION OF PARTICULATE

POLLUTANTS IN TURBULENT OPEN-CHANNEL FLOW
_Dispersion -water, How of Dispersed Solids, Open Channel
How, Sedimeits, Turbulent Flow, _2.0220

Air Motion Instruments
Meters

THEoRnicm. AND EXPERIMENTAL STUDIES OF TURBU-
LENCE. AND MIXING NEAR ROUGH SURFACES ...Fluid Mix-
ing, Lasers-masers, Turbulent, _3.0459

Tracers
RAIN SCAVENGING STUDIES - DATA ANALYSIS, SYNTHESIS

AND INTERPRETATION ...Clouds- precipitation, Dust - Particu-
late Matter, Precipitation-general, Storms-general, Washout,
_7.0057

Wind Tunnels
EXPERIMENTAL STUDIES OF AIR AND WATER INTERFA-

CIAL INTERACTION _Pollutants - Path of , Turbulence-
general, Waves, Wind-water Interaction, -2.0246

DESIGN OF INSTRUCTIONAL EQUIPMENT FOR LABORATO-
RY DEMONSTRATIONS IN FLUID MECHANICS _Model Stu-
dies, Tanks, Water Tunnels Tables, _8.0194

PRODUCTION AND DISPERSAL OF PATHOGENIC BACTERI-
AL AND VIRAL AEROSOLS BY AERATION OF CON-
TAMINATED WATERS -Aeration, Aerosols, Biokrgical Organ-
isms, Effluents-waste 'Water, Monitoring-general, Mycobacterium
Tubercul, -5.0301

IRRIGATION EFFICIENCY ...Evaporation, Irrigation Engineering,
Pollution Behavior-general, Sprinkler Irrigation, Velocity,
-3.0179

AIRFLOW AND DIFFUSION PARAMETERS IN CONNECTION
WITH ATMOSPHERIC WATER RESOURCES PROGRAM
...Diffusion, Model Studies, Orographic Effects, Topographic In-
fluences, Weather Modification-other, -2.0167

THE ENERGY BUDGET AT THE EARTHS SURFACE ...Energy
Budgets, Heat Exchange, Humidity, Moisture Content, Transpira-
tion and Evap, Water Balance-budget, -2.0808

Air Pollution Control
CONFERENCE ON SANITARY ENGINEERING EDUCATION

...Atmpopherie Pollution-general, Education' and Training,
Management, Meetings, Water Quality-general, ..5.11152

Air Pollution-chemistry
Odor

DEVELOPMENT OF INSTRUMENTAL TECHNIQUES FOR THE
ANALYSIS OF TRACE ORGANIC CONSTITUENTS IN
WATER ...Analyzing, Chromatography-other, Infrared, Organic,
Organic Wastes, -5.0211

Other
LEAD ISOTOPIC CHEMISTRY FOR POLLUTION RESEARCH

...Analysis and Detection, Lead, Pollutants - Path of
Radioisotopes, Transport, ...5.0150

Air Temperature Instruments
THE HYDROLOGIC SIGNIFICANCE OF CHEMICALLY

DERIVED MEAN BASIN TEMPERATURES ...Aldose and
Ketose, Evaporation, Forecasting-prediction, Heat Measurement,
Pennsylvania, _2.0924

WMO EVAPORATION PAN DATA ...Atmosphere Radiation,
Evaporation, Standards, Specifications, -2.1113

Air-earth Interface
Boundary Layer Studies

FACTORS AFFECTING THE MOVEMENTS OF WATER AND
ORGANISMS WITHIN A REGULATED MULTIPURPOSE
LAKE ...Bacterial Pollutir*. Sources, Currents -water, Lakes,
Sediments, Washington, ...2.1114

A THREE-DIMENSIONAL APPROACH TO THE EXCHANGE
OF HEAT AND WATER VAPOR BETWEEN A LARGE
WATER BODY AND THE ATMOSPHERE ...Diffusion, Electric
Power Plants, Evaporation, Heat Exchange, _2.0793

MICROCLIMATE ANALYSIS ...Irrigation. Irrigation-general,
Microclimate-general, Texas, Transpiration, -2.1002

A STUDY OF NATURAL EVAPORATION FROM FREE WATER
SURFACES ...Evaporation, Oklahoma, Patterns, Water Loss Con-
trol, Waves, -3.0129

BASIC INVESTIGATION OF HEAT AND MOISTURE
TRANSFER ACROSS THE MR-WATER INTERFACE

.Evaporation, Heat Exchange, Interface, Water Balance-budget,
Water Loss Control, -3.0124

Air-general
STUDY OF THE USE OF INERT GASES TO ELIMINATE ACID

POLLUTION FROM ABANDONED DEEP MINES ...Acid Mine
Wastes, Mine Atmosphere Conditions, Mine Hydrology, Pennsyl-
vania, Underground Workings, ...4.0203

THE USE OF INERT GASES TO ELIMINATE POLLUTION
FROM ABANDONED MINES ...Acid Mine Wastes, Ammonia,
Chlorine, Mine Atmosphere Conditions, Nitrogen, _4.0205

OXYGEN TRANSFER TO WATER DROPLETS ...Diffusion-other,
Oxygen, Water, -1.0038

Air-sea Boundary Studies
Heat and Radiation Transfer

SURFACE TEMPERATURE STUDIES USING RADIOMETRY
TECHNIQUES ...Aircraft, infrared Radiation, Microwave Radia-
tion, Surface Environments, Temperature, -6.0270

GREAT LAKES RESEARCH - ENERGY TRANSFER AT THE
AIR-WATER INTERFACE ...Data Analysis - General, Heat-
transfer-other, Lake Michigan, Mass Transfer, Towers, Wind-
water Interaction, -2.0639

Wind-water Interaction
OCEANOGRAPHIC USES OF RADAR ...Aircraft, Electronics -

Applied, Radar, Surface Environments, Waves, -6.0273
A STUDY OF PROBLEMS RELATED TO WIND-GENERATED

WAVES ...Fluid-properties-other, Free Surface Waves, Laminar -
Turbulent, Turbulent, _2.0132

RESEARCH IN OCEANIC PHYSICS ...Atlantic Ocean-south, Con-
vection, Mixing, Thermodynamics, Water Mass & Ocean Fronts,
_2.0619

DYNAMICS OF THE CIRCULATION IN THE GREAT LAKES
...Circulation General, Hydrodynamics. Lake Huron, Lake
Michigan, Model Studies, -2.0407

RESIDENCE TIMES OF WATERS BEHIND BARRIER ISLANDS
...Bays, Circulation General, Simulation Theory, Tides, ..5.0253
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EXPERIMENTAL STUDIES OF AIR AND WATER INTERFA-
CIAL INTERACTION ...Pollutants - Path of , Turbulence-
general, Waves, Wind Tunnels, _2.0246

VERTICAL CURRENT STRUCTURE IN THE GREAT LAKES
...Buoys, Currents -water, Forecasting-prediction, Great Lakes-
general, Model Studies, .2.0632

GREAT LAKES RESEARCH - ENERGY TRANSFER AT THE
AIR-WATER INTERFACE ...Data Analysis - General, Heat and
Radiation Transfer, Heat-transfer-other, Lake Michigan, Mass
Transfer, Towers, 2.0639

GREAT LAKES RESEARCH - LAKE WAVES ...Great Lakes-
general, Waves, .,.2.0641

Alabama
HYDRAULIC INVESTIGATION OF SOIL EROSION AND SEDI-

MENTATION IN HIGHWAY MEDIAN AND SIDE DITCHES
...Drainage, Flow Characteristics -water, Scouring, Sedimentation,
Silting, ...2.0004

FLOOD FREQUENCY SYNTHESIS FOR SMALL STREAMS IN
ALABAMA ...Drainage, Forecasting - prediction, Gaging, Peak
Flow, Runoff, Small Watersheds, ...3.0172

VERIFICATION OF HYDRAULIC DESIGN OF BRIDGES IN
ALABAMA ...Bridges & Culverts, Data Acquisition-general,
Drainage, Engineering Structures-gencral, Floods, 8.0001

DYNAMICS OF CHEMICAL & PHYSICAL CHARACT OF
WATER, BOTTOM MUDS & AQUATIC LIFE IN A LARGE
IMPOUNDMENT ON A RIVER r/ PHASE II-Aquatic Soils,
Chemical-general, Physical-general, Pollution - Effects of , Pollu-
tion Effects, Reservoirs and Impoundments, 5.0008

EVALUATION OF NEW TECHNIQUES IN ELECTRICAL RE-
SISTIVITY SURVEYING IN THE PIEDMONT AREA,
ALABAMA _Electric Logging, Groundwater, Piedmont
Province, Survey Studies, 2.0005

WATER POLLUTION BY DAIRY FARM WASTES AS RE-
LATED TO METHOD OF WASTE DISPOSAL ...Animal Waste
Removal-treatment, Bacterial Pollutant Sources, Chemical Ox-
ygen Demand, Farm Wastes, Management, Sewage Lagoons,
Waste Disposal-general, 5.0011

SOYBEAN YIELD AND QUALITY AS AFFECTED BY CLI-
MATIC, CULTURAL AND SOIL FACTORS ...Drought, Irriga-
tion, Moisture Tension, Soybeans, Yield, ...3.0001

UPPER BEAR CREEK EXPERIMF.NTAL PROJECT .,.Cover
Crops, Discharge-general, Forecasting-prediction, Small
Watersheds, Technique Development, _2.0987

COAL STRIP MINE WATERSHED DEMONSTRATION- -
JACKSON COUNTY, ALABAMA ...Aquatic Ecology, Coal-
general, Mining Industry, Pollution - Effects of , Water Quality-
general, 5.1124

WRAGG SWAMP CANAL INVESTIGATION, ALABAMA
...Amount, Canals, Control Factors-general, Runoff, Urban En-
vironments, 4.0001

PROJECT 2203 EFFECTS ON PHYSIOLOGY WORK UNIT 53
CHRONIC' EFFECTS OF ENDRIN ON BLUEGILLS ...Bluegills,
Bream, Computer Matching Code, Endrin, Residue Analysis -
other, Wildlife, ..,5.0022

Alaska
INVESTIGATION OF SCOUR AT BRIDGES IN ALASKA

...Bridges & Culverts, Channel Geometry, Drainage, Erosion Con-
trol, Scouring, Suspension, 2.0285

A STUDY OF TECHNOLOGIES FOR REDUCING WINTER
WEATHER COSTS Benefit-cost Analysis, Forecasting-predic-
tion, Great Lakes-general, Meteorological Extremes, Northeast,
_2.0256

CONTINUATION OF GLACIOLOGICAL INVESTIGATIONS ON
THE CASEMENT GLACIER, ALASKA ...Floor Properties,
General Synoptic Observations, Rate, Rheology - Flowage,
_2.0858

FOREST AND BOG OF SOUTH COASTAL ALASKA - INTRA-
TYPE VARIATION AND ASSOCIATED HABITAT FEATURES
...Forests, Habitat Studies, Peat, Swamps-marshes, Variation,
...2.0023

REGIMEN OF THE MARTIN RIVER AND SIOUX GLACIERS,
ALASKA ...Streams, _2.0849

STUDY OF RED SALMON IN THE NUSHAGAK DISTRICT
...Chemical-gmeral, Physical-general, Salmon -coho,chin-
ook,sockeye, Spawn Or Nesting Sites, ...6.0622

OBSERVATIONS ON RED SALMON IN THE KVICHAK RIVER
SYSTEM .Aquatic Ecology, Population Dynamics, Reproduction
Studies (general), Salmon -coho,chinook,sockeye. Streams,
6.0628
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Alaska

INVESTIGATION OF SPAWNING GROUND POTENTIALS AND
GROWTH AND SURVIVAL OF JUVENILE SOCKEYE SAL-
MON IN FRAZER LAKE SYSTEM _Censusing, Lakes, Nets,
Salmon -coho,ehinook,sockeye. Spawn Or Nesting Sites, Tags,
_6.0009

MONITORING THE EFFECTS OF LAND USE ON SALMON
PRODUCTION Construction Land Use Effects, Land Use,
Logging, Transport, Equipment, Pulp, Paper , and Logging, Water
Sampling, 5.0039

RESTORATION AND REHABILITATION OF EARTHQUAKE
DAMAGED PINK AND CHUM SALMON STUDIES IN
PRINCE WILLIAM SOUND ...Aquatic Ecology, Data Acquisi-
tion-general, Earthquakes, Flow Characteristics -water, Salmon -
coho,chinook,sockeye. Spawn Or Nesting Sites, Stream Reha-
bilitation, Tectonics - general, 2.0026

WATER QUALITY REQUIREMENTS IN ALASKA CAMP-
GROUNDS WITH PROJECTIONS OF RECREATION DE-
MANDS AND BENEFIT/COST ANALYSIS FOR SITE SELEC-
TION ...Benefit-cost Analysis, Recreation Sites, Types of
Resources, Water Quality-general, ...6.0007

A GROUNDWATER QUALITY SUMMARY FOR ALASKA .At-
lases-maps, Document & Literature Info, Groundwater, Water
Quality-general, _7.0001

DISTRIBUTION OF DISSOLVED IONS IN ALASKAN WATERS
_General Transport Effects, Glaciers, Ions and Gases, Sediments,
Suspension, Water, 2.0020

THE EFFECTS OF EXTREME FLOODS AND PLACER MINING
ON THE BASIC PRODUCTIVITY OF SUBARCTIC STREAMS
_Benthic Fauna, Bottom Sampling, Floods, Meteorological Ex-
tremes, Placer, Productivity - Food Chain, 2.0022

A STUDY OF THE FREEZING CYCLE IN AN ALASKAN
STREAM ...General, Ice Properties-general, Sampling, Streams,
...2.0018

A WATER QUALITY COMPUTER MODEL OF COOK INLET
(PHASE ONE - THE HYDRAULIC MODEL) ...Computers-
general, Estuaries, Hydraulics-general, Model Studies, Water
Quality-general, _7.0002

ECONOMIC CONSIDERATIONS IN RESOURCES UTILIZATION
CONFLICTS WITH PARTICULAR REGARD TO THE COOK
INLET BASIN ...Benefit-cost Analysis, Conflicts, Economic Effi-
ciency, Economics-general, Risk & Uncertainty, Survey Studies,
Water Resources Development, _6.0008

ORGANIC COMPOUNDS IN ALASKA PERMAFROST
GROUNDWATER ...Gas, Organic, Permafrost-frozen, Spec-
troscopy- general, Thin Layer, ..1.0005

CLIMATE RELATED To PLANT RESPONSE IN THE
MATANUSKA VALLEY ...Direction, Evaporation, Gencral
Synoptic Observations, Sunshine, Transpiration and Evap,
Velocity, 2.0029

RESPONSE OF ALASKA'S ADAPTED CROPS TO SUPPLEMEN-
TAL WATER ...Benefit-cost Analysis, Irrigation, Irrigation-
general, Soil-water-plant Relationships, Water Sources -general,
2.0030

OPTIMUM ESCAPEMENT STUDIES OF CHIGNIK SOCKEYE
SALMON ...Aquatic Ecolugy, General Synoptic Observations,
Lakes, Salmon -coho,chinook,sockeye. Water Properties-general,
6.0623

STUDIES OF SOCKEYE SALMON, ONCORHYNCHUS NERKA,
IN THE KVICHAK RIVER SYSTEM, ALASKA ...Commercial
Fishing, Productivity - Food Chain, Salmon -coho,chin-
ook,sockeye.., Watersheds-other, 6.0627

ARCTIC ECOSYSTEMS ...Aquatic Ecology, Energy Budgets,
Freshwater Ecology, Polar, Productivity - Food Chain, _5.0236

FROZEN GROUND INVESTIGATIONS, BARROW, ALASKA
...Frost and Permafrost, Hydrology-gcneral, Ice Content, Per-
mafrost-frozen, Runoff, Small Watersheds, 2.0748

HYDROLOGIC STUDY OF A SMALL ALASKAN WATERSHED
...General, General Synoptic Observations, Hydrology-general,
Small Watersheds, Water Sampling, ...2.0749

GEOHYDROLOGY OF THE ANCHORAGE AREA, ALASKA
...Groundwater, Surface Water, Urban Environments, Water
Quantity-general, Water Resources Development, ..2.0011

WATER RESOURCES OF THE GREATER JUNEAU BOROUGH,
ALASKA ...Observation Wells, Unconsolidated Aquifers, Urban
Environments, Water Resources Development, Water Table Fluc-
tuation, ...2.0014

WATER RESOURCES OF THE KENAI PENINSULA BOROUGH
AREA, ALASKA ...Aquifers- general, Gaging, Groundwater
Basins, Runoff, Water Resources Development, 2.0012

TOPOGRAPHIC INFLUENCES ON PRECIPITATION ..,Oro-
graphic Effects, Patterns, Runoff, Topographic Influences,
2.0028



Alaska SUBJECT INDEX

BRISTOL BAY ESTUARINE ECOLOGY ...Estuaries, Fishing Gear,
Life History Studies, Migration, Salmon -coho,chinook,sockeye..,
Water Mass & Ocean Fronts, ,2,0016

COASTAL AND INSHORE OCEANOGRAPHY ...Estuaries,
General, Marine Biology, Other Sea Water Prope' ties, Shoreline -
Coastline, ...2,00I5

PINK SALMON INVESTIGATIONS FRESHWATER ECOLOGY
.,.Aquatic Ecology, Salmon -coho,chinook,sockeye.., Spawn Or
Nesting Sites, Streams, Water Properties-general, 6.0005

ESTUARINE STUDIES OF SOUTHEASTERN ALASKA ,..Benthic
Fauna, Environmental Ecology, Estuaries, Number Or Density,
Vertical Distribution, ..2.00I7

TOTAL ORGANIC CARBON AS A POLLUTION CONTROL
PARAMETER IN SUB-ARCTIC WATE ...Chemical Identifica-
tion, Infrared, Organic Matter, 0,,idation-general, Technique
Development, 5.0031

DEVELOPMENT OF WASTE STABILIZATION LAGOONS FOR
APPLICATION IN ALASKA ...Lagoon, Pilot Plant, Process
Design, Sewage Lagoons, Storage-retention-facilities, _5.0026

EFFECTS OF LARGE SCALE FOREST FIRES ON WATER
QUALITY IN THE INT. AK ...Fire Damage, Recovery, Forest
Watersheds, Soil Analysis, Soils and Fertilizer, Water Quality-
general, 5.0030

ORGANISMS RESPONSIBLE FOR TOXICITY OF ALASKAN
CLAMS ...Biological Pollutants -general, Clams, Food Spoilage
Detection, Microbiological, Pollutants-general, 5.0032

Algae- Blue-green

Aphanizomenon
AN INVESTIGATION OF APHANIZOMENON FLOS-AQUAE, A

TOXIC BY-PRODUCT OF EUTROPHICATION ,Algal
Metab.( non-specific &ot), Eutrophication, 5.0717

AUTECOLOGICAL STUDIES ON SOME DOMINANT
PHYTOPLANKTON SPECIES OF LAKE CHAMPLAIN ...Algae-
Diatoms, Cyanophyta (non-specific & Ot), Eutrophication, Fresh-
water Ecology, Vermont, 2.1084

Cyanophyta (non-specific & Ot)
ECOLOGY AND PHYSIOLOGY OF THERMORPHILIC BLUE-

GREEN ALGAE Adaptation Habitat Studies, High Temp. -
851 Or Above, Hot Springs, 2.0898

BLUE-GREEN ALGAE POISONING ...Algal Pollutant Sources,
Algal Toxins, Arizona, Range Or Territorial Distr. , Vegetable
Origin, 5.0041

AUTECOLOGICAL STUDIES ON SOME DOMINANT
PHYTOPLANKTON SPECIES OF LAKE CHAMPLAIN ...Algae-
Diatoms, Aphanizomenon, Eutrophication, Freshwater Ecology,
Vermont, 2.1084

THE AUTECOLOGY OF SOME BLUE-GREEN PLANKTON
ALGAE ...Algal Culture, Eutrophication, Mixed Culture, Nutri-
tion Studies, Phytoplankton, ...5.0955

RELATIONS OF NUISANCE ALGAE TO FISH IN KLAMATH
LAKE ...Algal Toxins, Bioassays, Fish -non-specific, Lakes,
Oregon, _5.0937

CULTURING AND PROPAGATION OF SELECTED INVER-
TEBRATES AND ASSOCIATED FOOD ORGANISMS ..,Algal
Culture, Chlorophyceae (non - specif. &ot), Chrysophyceae (non-
specif.&ot), Food Supply, Invertebrate Cultures, ...5.0591

STRUCTURE OF THE BLUE-GREEN ALGA TOXIN ...Gas, Glu-
cagon X Hor, Mass, Natural Occurring, Organic, 5.0127

Oscillatoria
THE INCORPORATION OF C14 BICARBONATE INTO PIG-

MENTS OF A NATURALLY OCCURRING BLUE-GREEN
ALGAE COMMUNITY WITH RESPONSE TO WAVELENGTH
...Chlorophyll, Phycobilins, Physiological Ecology, Pigments,
Vitamins, 6.0432

THE INCORPORATION OF CI4-BICARBONATE INTO THE
PIGMENTS OF BLUE-GREEN ALGAE POPULATION
...Carotenoid Pigments, Chlorophyll, Nutrients, Phycobilins, Pig-
ments, 6.0433

Algae- Brown
Phaeophyta (non-specific & Ot)

PRIMARY PRODUCTION AND DECOMPOSITION IN
ESTUARINE WATER ...Estuaries , Florida, Methane Bacteria
(non-specif.), Primary Productivity, Rhodophyta (non-specific &
Ot), Turnover (metabolic), ...5.0257
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PHYTOCHEMISTRY OF NARCOTIC PRINCIPLES IN CAULER-
PA ...Biochemical, Biochemical Analysis, Caulerpa,
Cyclopropane, Medicinal Planti, 6,0172

Algae- Diatoms
DISTRIBUTION OF DIATOMS IN DESERT WATERS

...Branchiopoda -other, Deserts, Plant Prod. (non-specific),
Playas, Respiratory System, 2,0138

ECOLOGICAL-PHYSIOLOGICAL INVESTIGATIONS OF L1T-
TORAL DIATOM COMMUNITIES OF TilE YAQUINA RIVER
ESTUARY ...Environment, intertidal Areas, Oregon, Physiologi-
cal Ecology, 5.0949

VARIABILITY IN DIATOM MORPHOLOGY AND WATER POL-
LUTION ,Algal Culture, Bioindicators, Environment, Pollution -
Effects of , Water Quality-general, _5.0217

AUTECOLOGICAL STUDIES ON SOME DOMINANT
PHYTOPLANKTON SPECIES OF LAKE CHAMPLAIN
_Aphanizomenon, Cyanophyta (non-specific & Ot), Eutrophiea-
don, Freshwater Ecology, Vermont, 2.1084

DIATOM POPULATIONS CHANGES IN LAKE GEORGE
...Eutrophication, New York, Plankton Sampling, Plant Succes-
sion, Recreation Sites, 2.0816

FACTORS AFFECTING THE STRUCTURE OF DIATOM COM-
MUNITIES ...Acidity, Chemical Analysis (water), Environment,
Mineral Content -water, pH -water, 5.1008

ECOLOGY OF DIATOMS IN HARDWATER HABITATS ...Algae,
Environmental Changes, Habitat Studies, Paleoecology, Pollen,
_5,0406

DIATOM REMOVAL BY FLOCCULATION ...Algal Pollutant
Sources, Flocculation, Plankton (non-specific), Sand, ...5.0353

Algae- General
A STUDY OF THE PRIMARY PRODUCTIVITY OF NEW AND

OLDER RESERVOIRS ...Climate-general, Fish -non-specific, Pri-
mary Productivity, ...2.0I49

EXCHANGE OF PHOSPHORUS SPECIES BETWEEN LIVING
AND NONLIVING SYSTEMS IN FRESH WATER ENVIRON-
MENTS .,.Bioindicators, Biological Treatment-general, Nutrients,
Waste Water Treatment - general, ..5.0812

DETERMINATION OF THE FEASIBILITY OF REMOVAL OF
ALGAL NUTRIENTS IN LAKE WATERS BY ION-EXCHANGE
Eutrophication, Ion Exchange-other, Lakes, Nutrients,
Phosphate, Phosphite, 2.0610

EFFECTS OF ZOOPLANKTON ON PHOTOSYNTHESIS BY
ALGAE IN LAKES ...Interbiotic Relat.(non-specif), Lakes,
Migration, Photosynthesis, Zooplankton, .2.1I03

DISPERSAL OF VIABLE ALGAE AND PROTOZOA BY
AQUATIC INSECTS ...Aquatic Ecology, Insects -non-specific, In-
terbiotic Relat.( non-specif), Invertebrates, Protozoa -other,
...5.1170

INORGANIC-ORGANIC INTERACTIONS IN NATURAL
WATERS ...Chemical-general, Color, Organic-general, Physical-
general, ...5.0603

TAXONOMY AND ECOLOGY OF INSHORE MARINE
MICROBIOTA ...Animal Taxonomy, Aquatic Ecology, Plant Tax-
onomy, Protozoa -other, Range Or Territorial Distr. , ...7.0024

BACTERIDAL EFFECTS OF ALGAE ON ENTERIC ORGAN-
ISMS ...Algal Culture, Bactericides -non-specific, Intestinal Bac-
teria, Sanitation, Sewage, ...5.115I

THE FRESHWATER ALGAE OF SOUTH CAROLINA -
FLORISTICS AND ECOLOGY ...Freshwater Ecology, Plant Tax-
onomy, South Carolina, Streams, 6.0487

THE ALGAE AND ZOOPLANKTON OF PROTECTED AND EX-
PLOITED LENTIC HABITATS IN NORTHEASTERN OHIO
...Aquatic Ecology, Freshwater Ecology, Habitat Studies, Ohio,
Zooplankton, ...6.0431

ALGAE IN ILLINOIS WATERS ...Illinois, Plant Taxonomy, Water
Sampling, ...6.0I84

ALGAL GROWTH POTENTIAL OF ILLINOIS WATERS Bioin-
dicators, Growth (non-specific & Ot.), Growth and Differentia-
tion, Illinois, Other, ...6,0199

THERMAL AND BIOLOGICAL CHARACTERISTICS OF LAKES
...Evaporation, Indiana, Lakes, Stratification, Temperature,
2.0452

MEASUREMENT OF THE RATE OF CARBON DIOXIDE (CI4)
FIXATION INTO SUBCELLULAR FRACTIONS OF ALGAE
...Algal Culture, Bioindicators, Carbon, Carbon Dioxide Fixation,
Growth Rate, Intracellular Localization, ...5.1090

A STUDY OF MICROORGANISMS INS UCING TASTES AND
ODORS IN WATER ...Actinomycetes -non-specific, Gas, Mass,
Taste and Odor, 5.0212



SUBJECT INDEX Algal Physiology

Algae- Golden-brown
Chrysophyceae (non-specif.&ot)

CULTURING AND PROPAGATION OF SELECTED INVER-
TEBRATES AND ASSOCIATED FOOD ORGANISMS ...Algal
Culture. Chlorophyceae (non-specif.&ot), Cyanophyta (non-
specific & Ot). Food Supply, Invertebrate Cultures, _5.0591

Prymnesium
STUDY OF TOXIN SYNTHESIS IN SYNCHRONIZED PRYM-

NESIUM ..Algal Toxins, Biosynthesis, Cell Cycle, Hemolysins -
non- specific, Synchronization, .,.1.0089

Algae- Grass-green
Caulerpa

PHYTOCHEMISTRY OF NARCOTIC PRINCIPLES IN CAUL ER-
PA ...Biochemical, Biochemical Analysis, Cyclopropanc,
Medicinal Plants, Phaeophyta (non-specific & Ot 1. _6.0172

Chlorella
NUCLIDE UPTAKE BY ALGAE AND ZOOPLANKTON

Cladocera, Environment, Ionic Effect, Organic Matter Content -
water, Radioisotopes -non-specific, _6.0048

Chlorophyceae (non-specif.&ot)
A STUDY OF INHIBITORY COMPOUNDS PRODUCED BY

FRESH-WATER ALGAE ...Algal Pollutant Sources, Chemicals
(incl. algacides), Eutrophication, Metabolic Inhibitors, of Aquatic
Plants, .5.0446

CULTURING AND PROPAGATION OF SELECTED INVER-
TEBRATES AND ASSOCIATED FOOD ORGANISMS ...Algal
Culture, Chrysophyeette (non-specif.&ot), Cyanophyta (non-
specific & Ot), Food Supply, Invertebrate Cultures, ...5.0591

Cladophora
CLADOPHORA AS RELATED TO POLLUTION IN WESTERN

LAKE ERIE ...Algal Pollutant Sources. 13ioindicators, Chemical
Analysis, Lake Erie, Mapping...3.0883

RHEOTAXIS IN ALGAL METABOLISM AND PHOTOSYNTHES-
IS ...Algal Pollutant Sources. Lake Erie, Motility and Migration,
Photosynthesis, Respiration. 6.0377

Algae- Red
Rhodophyta (non-specific & Ot)

PRIMARY PRODUCTION AND DECOMPOSITION IN
ESTUARINE WATER ...Estuaries . Florida, Methane Bacteria
( non-speeif.). Phaeophyta (non-specific & Ot ). Primary Produc-
tivity. furnover (metabolic). 5.0257

Algal Physiology

Environment
NUCLIDE UPTAKE BY ALGAE AND ZOOPLANKTON

...Chlorella, Cladocera. Ionic Effect, Organic Matter Content -
water. Radioisotopes - non - specific, 6.0048

ECOLOGICAL-PHYSIOLOGICAL INVESTIGATIONS OF LIT-
TORAL DIATOM COMMUNITIES OF THE YAQUINA RIVER
ESTUARY ...Algae- Diatoms. Intertidal Areas. Oregon,
Physiological Ecology. 5.0949

TOLERANCE AND CYTOLOGICAL RESPONSE OF ALGAE TO
MINE WATER ...Histology and Cytology, Mining Activities. pH ,
pH -water. Pollution - Effects of ..,.5.1276

THE ECOLOGIC IMPACT OF THE INTERACTIONS AMONG
MICROORGANISMS AND AQUATIC CONTAMINANTS IN
LAKE ERIE ...Lake Erie, Pollution - Effects of . Primary Produc-
tivity. Sediments. Water Bacteria. 6,0427

VARIABILITY IN DIATOM MORPHOLOGY AND WATER POL-
LUTION ...Algae- Diatoms. Algal Culture. Bioindicators. Pollu-
tion - Effects of , Water Quality-general, 5.0217

COPPER fOXCITY ON ALGAE OF THE BIG BLACKFOOT
RIVER Contamination, Pollution-water, Copper, Mining Activi-
ties, Montana. Pollution - Effects or , -5.0701

FACTORS AFFECTING THE STRUCTURE OF DIATOM COM-
MUNITIES ...Acidity, Algae- Diatoms. Chemical Analysis
(water), Mineral Content -water, pH -water, 5.1008

EUTROPHICATION - PHYSICAL ECOLOGICAL CONTROL
Destratification, Eutrophication, of Aquatic Plants, Physical
Control, Primary Productivity, ...5.0972

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT MARINE PHYTOPLANK-
TON SPECIES ...Axenic Culture, Growth and Differentiation,
Marine Biology, Marine Plants, Phytoplankton, .,.5.1094

INTEGRATED FIELD AND LABORATORY SYSTEM FOR AS-
SAYING THE EFFECTS OF POLLUTANTS AND TOXICANTS
UPON WATER QUALITY ...Algal Culture, Axenie Culture,
Phytoplankton, Pollution - Effects of , ...5.1087

Growth and Differentiation
ALGAL GROWTH AND DECOMPOSITION - EFFECTS ON

WATER QUALITY ...Algal Culture, Algal Pollutant Sources, Cell
Injury and Autolysis, Mineral Composition, Model Systems, Water
Quality-general, 5.0443

DETERMINATION OF CRITICAL PEOSPHATE AND NITRATE
CONCENTRATIONS FOR ALGAL BLOOM CONDITIONS IN
LAKE ERIE ...Algal Pollutant Sources, Eutrophication. Nitrogen,
Phosphorus, 6.0086

STUDY OF EUTROPHICATION IN LAKES MAGOG & BROME
Algal Pollutant Sources, Canada, Eutrophication, Freshwater
Ecology. Nutrition Studies, ..3.0166

ALGAL GROWTH POTENTIAL OF ILLINOIS WATERS ...Algae-
General, Bioindicators, Gvowth (non-specific & Ot.), Illinois.
Other, 6.0199

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT MARINE PHYTOPLANK-
TON SPECIES ...Axenic Culture, Environment, Marine Biology,
Marine Plants, Phytoplanktim, ...5.1094

Metabolism
Algal Metab.(non-specific &ot)

AN INVESTIGATION OF APHANIZOMENON FLOS-AQUAE. A
TOXIC BY-PRODUCT OF EUTROPHICATION ...Eutrophica-
tion ....5.0717

MARINE TOXINS OF THE TROPICAL PACIFIC ...Animal Origin.
Fish -non-specific, Other, Polynesia, Toxicology. 5.0315

Chemicals (incl. algacides)
A STUDY OF INHIBITORY COMPOUNDS PRODUCED BY

FRESH-WATER ALGAE ..,Algal Pollutant. Sources.
Chlorophyceae (non-specif,&ot). Eutrophication, Metabolic In-
hibitors, of Aquatic Plants, _5.0446

EFFECT OF NITRILOTRIACETIC ACID (NTA) UPON THE
TOXICITY OF METALS TO SELECTED SPECIES OF
ESTUARINE PHYTOPLANKTON ...Acids. Carbon, Estuaries.
Phytoplankton, Radioisotopes. ...5.1085

Enzymes
STUDY OF NITROGEN METABOLISM IN MARINE ALGAE

...Bioindicators. Marine Plants, Microbiological Analysis. Pollu-
tion - Effects of . Quantitative & Qualitative, 5.1089

Mineral Composition
ECOLOGICAL PERIODICITIES OF NITROGEN AND

PHOSPHORUS IN SALT MARSH FLORA AND SURROUND-
ING WATERS ...Swamps-marshes. 6.0118

NUTRITIONAL ECOLOGY AND COMMUNITY STRUCTURE
OF THE PHYTOPLANKTON OF GREEN BAY ...Bays. Nutri-
tion Studies, Physiological Ecology, Phytoplankton, Wisconsin,
...5.1294)

ALGAL GROWTH AND DECOMPOSITION EFFECTS ON
WATER QUALITY ...Algal Culture, Algal Pollutant Sources, Cell
Injury and Autolysis. Growth and Differentiation. Model Systems.
Water Quality-general. ...5.0443

Nitrogen Fixation
DYNAMICS OF THE NITROGEN CYCLE IN LAKES ...Denitrifi-

cation, Lakes, Nitrogen, Respiration, ...5.0033

Nutrition Studies
A STUDY OF ALGAL POPULATIONS ASSOCIATED WITH DIF-

FERENT LEVELS OF WATER QUALITY IN NEW
HAMPSHIRE ...Algal Pollutant Sources, Bioindicators, Eutrophi-
cation. New Hampshire, Water Quality-gcneral. 5.0712

NUTRITIONAL ECOLOGY AND COMMUNITY STRUCTURE
OF THE PHYTOPLANKTON OF GREEN BAY ...Bays, Mineral
Composition, Physiological Ecology, Phytoplankton, Wisconsin,
_5.1290

DETECTION OF' LIMITING AND SURPLUS NUTIENTS IN
ALGAE ...Nitrogen. Nutrients, Nutrition, Repression. 5.1303

2-15

ti



A

Algal Physiology SUBJECT INDEX

THE A UTECOLOGY OF SOME BLUE-GREEN PLANKTON
ALGAE ...Algal Culture, Cyanophyta (non-specific & Ot),
Eutrophication, Mixed Culture, Phytoplankton, ...5.0955

COMPARATIVE STUDY OF PHYTOPLANKTON IN NEW AND
RECLAIMED ACID MINE DRAINAGE PONDS ...Acidity, Min-
ing Activities, Phytoplankton, Ponds, Waste Water Treatment-
germal, ...6.0437

STUDY OF EUTROPHICATION IN LAKES MAGOG & BROME
...Algal Pollutant Sources, Canada, Eutrophication, Freshwater
Ecology, Growth and Differentiation, _5.0166

pH
TOLERANCE AND CYTOLOGICAL RESPONSE OF ALGAE TO

MINE WATER ,Environment, Histology and Cytology, Mining
Activities, pH -water, Pollution - Effects of , ...5.1276

Respiration
RHEOTAXIS IN ALGAL METABOLISM AND PHOTOSYNTHES-

IS ...Algal Pollutant Sources, Cladophora, Lake Erie, Motility and
Migration, Photosynthesis, ...6.0377

Pathological Physiology
PHYCOVIRUSES - THEIR NATURE, OCCURRENCE, AND AP-

PLICATION ...Algal Pollutant Sources, Algal Virus, Bioeontrol,
Eutrophication, Isolation, ...5.0859

Photosynthesis
ENERGY SOURCES OF HETEROTROPHIC MICROORGANISMS

IN AN AQUATIC ENVIRONMENT ...Bioenergetics, Glycolic
Acid Cpds, Heterotrophic Bacteria, Phytoplankton, 2.0622

REOXYGENATION OF IOWA STREAMS ...Aeration, Iowa, Self-
purification, Streams, ...5.0417

EFFECTS OF ZOOPLANKTON ON PHOTOSYNTHESIS BY
ALGAE IN LAKES ...Algae- General, Interbiotie Rclat.(non-
specif), Lakes, Migration, Zooplankton, ..,2.1103

RHEOTAXIS IN ALGAL METABOLISM AND PHOTOSYNTHES-
IS ...Algal Pollutant Sources, Cladophora, Lake Eric, Motility and
Migration, Respiration, ...6.0377

PRIMARY PRODUCTION IN I,EWIS AND CLARK LAKE
_Phytoplankton, Primary Productivity, Reservoirs and Impound-
ments, South Dakota, ...6.0525

Pigments
THE INCORPORATION OF C14 BICARBONATE INTO PIG-

MENTS OF A NATURALLY OCCURRING BLUE-GREEN
ALGAE COMMUNITY WITH RESPONSE TO WAVELENGTH
...Chlorophyll, Oseillatoria, Phycobilins, Physiological Ecology,
Vitamins, ...6.0432

THE INCORPORATION OF C14- BICARBONATE INTO THE
PIGMENTS OF BLUE-GREEN ALGAE POPULATION
Carotenoid Pigments, Chlorophyll, Nutrients, Oseillatoria,
Phycobilins, ...6.0433

Algebra
Systems of Equations

LABORATORY TESTING OF HYDRAULIC FORMULATIONS
FOR OPEN CHANNEL FLOW ...Channel Geometry, Channel
Roughness, Open Channel, Routing, Imat.ition Sections, Velocity,
2.05'73

Alkali Metals-general
THERMODYNAMICS OF MIXING OF SALT SOLUTIONS ...Salt,

Solution, 1.0090
SOLID COORDINATION COMPOUNDS OF ALKALI METAL

SALTS ...Amines, Chelation, Electronic Structure-other,
Precipitation, ...3.0432

SCATTERING MEASUREMENTS ON ALKALI - WATER
SYSTEMS ...Atomic & Molecular Beams, Atomic Collisions,
Atomic Forces and Potentials, Multipolc Interactions, 1.0021

SCATTERING MEASUREMENTS ON ALKALI - WATER
SYSTEMS ...Atomic Collisions, Molecular Collisions, Other,
Watcr, 1.0022

CEMENT - AGGREGATE REACTION ...Aggregates, Extenders,
Fillers, Cement, Concrete, Dimensions, Expansion, Reaction-
general, 8.0236

Alkaline Earth-general
THE HEATS OF MIXING OF STRONG ELECTROLYTES ...Elec-

trolytes, Salt, Solution, Water. 1.0029
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Alternative Planning
THE ECONOMICS AND ADMINISTRATION OF WATER

RESOURCES Administrative Structures, Colo' ndo, Water - Al-
ternative Uses, Water Costs, Watersheds-general, 6.0107

ALTERNATIVE ECONOMIC RESPONSES TO THE ACID MINE
DRAINAGE PROBLEM IN SOUTHEASTERN OHIO ...Acidity,
Benefit-cost Analysis, Drainage, Mining Activities, Water Treat-
ment -- General, ...5.0887

AN EXPLORATION OF COMPONENTS AFFECTING AND
LIMITING POLICYMAKING OPTIONS IN LOCAL WATER
AGENCIES ...Administrative Structures, Colorado, Economic Im-
pact, Local Government, State-local Government, ...6.0104

ECONOMICS OF GROUND WATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ...Economic Impact, Economics,
Groundwater Basins, Model Studies, Water Resources Develop-
ment, _6.0108

PHYSICAL TECHNIQUES AND INSTITUTIONAL
MECHANISMS FOR INTEGRATED ADJUSTMENT IN THE
FLOOD PLAIN THROUGH SOIL SURVEYS _Floodplains,
Floodproofing, Land Use, Mapping, Soil Survey, ...6.0647

ALTERNATE METHODS OF MOSQUITO CONTROL TO
REDUCE CHEMICAL POLLUTION OF WATERS FOR
RECHARGE OF THE OGALALLA FORMATION ...Aquifers-
general, Chlorinated Hydrocarbons, Insecticides -non-specific,
Mosquitoes -non-specific, Playas, Pollution Abatement, 5.1180

ECONOMIC ANALYSIS OF ALTERNATIVE WATER POLLU-
TION CONTROL MEASURES Economies-general, Model Stu-
dies, Waste Water Treatment-genewl, Water Quality Control -
general, ..6.0231

METHODS OF ANALYSIS AND DETERMINATION OF EF-
FECTS OF ALTERNATIVE USES OF FORESTED LANDS ON
STREAMFL OW ...Forest Watersheds, Land Use, Other, River
Basins, Wyshington, .4.0272

PUBLIC INVESTMENT CRITERIA FOR WATER-ORIENTED
RECREATION IN THE LAKE ERIE BASIN ...Costs, Finance,
Fisco:, Pollution Abatement, Projected Demand, Recreation Sites,
64428

AN OPTIMAL WATER MANAGEMENT PLAN FOR THE
MIAMI VALLEY ...Artificial Recharge, Augmentation-general,
Conjunctive Use, Floodproofing, Optimization Technique,
Systems Analysis, 6.0467

INSTITUTIONAL DESIGN FOR WATER QUALITY MANAGE-
MENT - A CASE STUDY OF THE WISCONSIN RIVER BASIN
.,.Administrative Structures, Economics-general, Regional Areas,
Water Law-general, Water Quality-general, ...5.1306

STOCHASTIC MODELS FOR WATER RESOURCES MANAGE-
MENT ...Application, Management, Runoff, Stochastic Models,
Streams, 6.0383

THEORETICAL AND EMPIRICAL STUDIES OF STOCHASTIC
MODELS FOR THE ANALYSIS OF FLOOD CONTROL AND
RELIEF POLICIES ...Floodproofing, Intergovernmental Relations,
Model Studies, Other, Policy Making, ..6.0047

AN EVALUATION OF ALTERNATIVES FOR WATER
RESOURCES REGULATION IN MISSOURI ...Law Enforce-
ment, Legal Review, Missouri, Statc Government, ...6.0321

THE POTOMAC RIVER BASIN DEMONSTRATION PROJECT
IN GEORGES CREEK ...Multiple-purpose Projects, Potomac
River, River Basins, State-local Government, 6.0261

WATER UTILIZATION AND WASTE CONTROL IN THE TEX-
TILE INDUSTRY ...Material Recovery Wastes, Recycle, Textile
Wastes, Waste Water Pre-treatment, ...3.0377

CASE STUDY OF REMEDIAL FLOOD MANAGEMENT IN AN
URBAN AREA-PHASE I ...Floodplains, Floods, Management,
Planning, Urban Environments, ...6.0166

AN APPRAISAL OF FLOOD REGULATIONS IN THE STATES
OF ILLINOIS, INDIANA, IOWA, MISSOURI AND OHIO ...Cen-
tral, Floodplains, Floodproofing, Management, Water Rights-
other, ...6.0209

A CASE STUDY OF WATER RESOURCES DEVELOPMENT -
AN ANALYSIS OF A PROPOSED PROJECT ON THE MIS-
SOURI RIVER ...Benefit-cost Analysis, Economic Impact, Land
Use, Missouri River, Social Aspects, Water Resources Develop-
ment, ...6.0389

WATER RIGHTS RELATED TO WATER QUALITY STORAGE
Conflicts, Flow Augmentation, Reservoirs and Impoundments,
Riparian Rights, Storage of Water, 6.0606

DEVELOP AND DEMONSTRATE A METHOD FOR ASSESSING
THE EXTENT OF POLLUTION FROM STORM WATER RU-
NOFF IN AN URBAN AREA ...Combined Sewer, Iowa,
Nutrients, Storm Water, Urban Environments, ...5.0705



SUBJECT INDEX Amphibious Vehicles

INVESTIGATION FOR CONTROL OF WATER POLLUTION
FROM COMBINED SEWERS IN ROANOKE, VIRGINIA
..,Combined Sewer, Model Studies, Rain Fall Intensity, Runoff,
Sanitary Sewage Quantity-other, Storm Water, Water Qtta thy
Control-general, ...5.1220

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, Legal Review, Model Studies, Water Transfer, Welfare
Economics, ...4.0169

ECONOMICS OF WATER SUPPLY-PORTALES VALLEY, NEW
MEXICO ...Available Water, Economic Impact, Projections and
Estimations, Water Costs, Water Transfer, 6.0363

ECONOMIC ANALYSIS OF SMALL WATERSHED DEVELOP-
MENT IN TEXAS. ...Benefit-cost Analysis, Economic Impact,
Small Watersheds, Texas, Water Resources Development,
4.0241

ALTERNATIVE DEVELOPMENT PATTERNS, PLANS, CON-
TROLS AND IMPACT ASSOCIATED WITH NEW RESER-
VOIRS ...Administrative Structures, Optimization, Reservoirs and
Impoundments, Texas, Types of Resources, ...6.0561

EFFICIENT SYSTEM OF WATER QUALITY MANAGEMENT
FOR THE MIAMI BASIN ...Economic Efficiency, Management,
Ohio, River Basins, Water Quality Control-general, ...5.1015

ECONOMICS OF WATER QUALITY IN A REGIONAL SYSTEM
Benefit-cost Analysis, Delaware Bay, Estuaries, Management,
Water Quality-general, _5.1011

THE IMPACT OF THE NORTHEASTERN DROUGHT ON THE
PLANNING AND PROVISION OF MUNICIPAL WATER SUP-
PLIES ...Administrative Structures, Economic Impact,
Meteorological Extremes, Northeast, Water Supply-general,
4.0136

THE ECONOMICS OF PUBLIC INVESTMENT IN RESOURCES
DEVELOPMENT ...Benefit-cost Analysis, Land, Price & Value,
Water Resources Development, 6.0049

ECONOMIC GROWTH AND OPTIMUM WATER RESOURCE
DEVELOPMENT ...Economics-general, Optimization, Water Al-
location, Water Demand, Water 'Resources Development,
6.0043

ECONOMICS OF GROUNDWATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ...Administrative Structures,
Colorado, Economics-general, Groundwater, Water Resources
Development, ...2.0207

WATER RESOURCE DEVELOPMENT AND MANAGEMENT
MODEL ...Available Water, Model Studies, State-local Govern-
ment, Systems Analysis, Water Resources Development, ...6.0201

WATER RIGHTS AND WATER LAW ...Eminent Domain, Ripari-
an Rights, Water Allocation, Water Resources Development,
Water Utilization -general, ...6.0386

AN ECONOMIC EVALUATION OF WATER POLLUTION CON-
TROL, YAQUINA BAY, ORE ...Bays, Benefit-cost Analysis,
Model Studies, Oregon, Systems Analysis, Water Quality Control-
general, ,..6.0454

SIMULATION AS A MEANS OF STUDYING RESOURCE ALLO-
CATIONS Economics-general, Model Studies, River Basins,
Simulation Theory, Water Allocation, 6.0456

SYSTEMS STUDY - MARYLAND PROJECT .,.Hydrology- general,
Management, Maryland, Planning, Water Resources Develop-
ment, 6.0603

QUANTITATIVE WATER-BUDGET ANALYSIS OF WESTERN
LONG ISLAND, NEW YORK ...Groundwater Basins, Manage-
ment, New York, Water Balance-budget, Water Resources
Development, ...2.0809

WATER RESOURCES, COLUMBUS, INDIANA AREA ...Clastic
Aquifers, Groundwater, Indiana, Model Studies, Water Develop-
ment, ,..2.0456

TECHNOLOGY AND ECONOMICS OF CONSERVATION
Benefit-cost Analysis, Conservation-general, Erosion-general,
Land Use, Sediments, 4.0106

Aluminum
PROTECTIVE FILMS FORMED BY PLASMA ANODIZATION

..,Anodic, Brines, Desalination, Iron, Passivation, .,.3.0263
CORROSION AND MASS TRANSFER FROM CYLINDERS OF

METALS ROTATING IN SEAWATER AT HIGH TEMPERA-
TURES AND PRESSURES ...Desalination, High, Water, ...3.0247

DEMONSTRATION OF ALUMINUM IN SEAWATER DESALT-
ING ...Desalination, Flash Distillation, Oxygen Containing, Scale
Formation, Sulfate, Sulfite, ...3.04811
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EVALUATION OF POLYVINYL CHLORIDE (PVC) AND
VINYL CLAD ALUMINUM PIPE USED FOR CARRYING IR-
RIGATION WATER WHEN BURIED WITHIN THE FROST
ZONE ...Cladding, Irrigation-general, Joining, Bonding-general,
Pipe, Tube, Polyvinyls-other, Soils, 8.0271

VIRUS REMOVAL BY CHEMICAL FLOCCULATION ...Coagula-
tion, Complexing, Flocculation, Viral Pollutant Sources, Virus,
5.0364

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Complexes, Iron, Mechanisms, Phosphate, Phos-
phite, Waste Water Treatment-general, ...5.0732

INTERACTIONS OF SILICA WITH IRON AND ALUMINUM
...Analysis and Detection, Coagulation, Complexing, Iron, Water
Treatment General, ...5.0557

PHOSPHORUS REMOVAL BY ADDITION OF ALUMINUM TO
THE ACTIVATED SLUDGE PROCESS ...Activated, Phosphate,
Phosphite, Waste Treatment-economics, 5.0109

PHOSPHORUS REMOVAL IN THE ACTIVATED SLUDGE
PLANT ...Activated, Aeration, Phosphate, Phosphite, Precipita-
tion, Sewage Domestic, ...5.0788

PARAMETRIC STUDY OF THE KINETICS OF PRECIPITATION
AND NATURE OF THE PRECIPITATE OBTAINED IN
PHOSPHATE REMOVAL USING IRON AND ALUMINUM
SALT ...Iron, Phosphate, Phosphite, Precipitation, Solubility, Ter-
tiary Treatment, ...5.0075

ALUMINA COLUMNS FOR THE SELECTIVE REMOVAL OF
PHOSPHORUS FROM WASTEWATERS AND THE ULTI-
MATE DISPOSAL OF PHOSPHORUS AS CALCIUM
PHOSPHATE ...Material Recovery Wastes, Phosphate, Phosphite,
Process Design, Regeneration-other, Selective-removal, 5.1243

SOLUBLE PHOSPHORUS REMOVAL IN THE ACTIVATED
SLUDGE PROCESS ...Activated, Aeration, Chemical Treatment,
Digestion, Filter-other, Phosphate, Phosphite. 5.1037

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IL ON ...Chemical Treatment, Chemical Treatment-general,
Iron, Phosphate, Phosphite, Reaction-general, ...5.0738

CHEMISTRY OF HYDROSOLIC METALS IN NATURAL
WATER ...Aeration, Demineralization, Geochemical Analysis,
Iron, Manganese, Solution Chemistry, 5.0119

Ammonia
ENGINEERING ECONOMICS OF WATER DESALTING IN

COMBINATION WITH NITROGEN FIXATION FOR
AGRICULTURAL CHEMICALS MANUFACTURE ...Cost Anal-
ysis, Desalination, Fixation, Nuclear, Statistical, ...3.0347

AMMONIA REMOVAL FROM AGRICULTURAL RUNOFF BY
SELECTIVE ION EXCHANGE ...Ammonium, Ion Exchange-
other, Process Design, Runoff, Waste Water Treatment-general,
Zeolite, ...5.1247

THE USE OF INERT GASES TO ELIMINATE POLLUTION
FROM ABANDONED MINES ...Acid Mine Wastes, Air-general,
Chlorine, Mine Atmosphere Conditions, Nitrogen, ..,4.0205

A STUDY OF THE EFFECT OF ULTRASONIC ENERGY ON
WASTE WATER ...Disinfection, Organics, Ultrasonics, ...5.0104

ULTIMATE DISPOSAL OF PHOSPHATE FROM WASTEWATER
BY RECOVERY AS FERTILIZER ...Activated, Disposal, Fertil-
izers, Material Recovery Wastes, Nutrients, Phosphate, Phosphite,
...5.0342

THE ELECTRO-OXIDATION OF AMMONIA IN SEWAGE TO
NITROGEN ...Electrode, Electrolytic, Waste Water Treatment-
general, Waste Water Treatment-other, 5.0538

AMMONIA STRIPPING MATHEMATICAL MODEL FOR
WASTE WATER TREATMENT ...Aeration, Finance, Mathe-
matical Analysis, Model Studies, Waste Treatment-economics,
5,0337

Ammonium
FISH TOXICANT STUDIES ...Control of Nuisance Species, Evalua-

tion, Fish -non-specific, Piscieides -non-specific, Screening Poten-
tial Pesticides, 5.1147

AMMONIA REMOVAL FROM AGRICULTURAL RUNOFF BY
SELECTIVE ION EXCHANGE ...Ammonia, Ion Exchange-other,
Process Design, Runoff, Waste Water Treatment-general, Zeolite,
5.1247

Amphibious Vehicles
CHARACTERISTICS OF RIVER BANKS RELATED TO VEHI-

CLE PERFORMANCE WHEN ENTERING & EXITING
STREAMS Statisties-general, Stream Banks, Streams, Synthetic
Hydrology-general, Water Vessel, 7.0058



Amphibious Vehicles SUBJECT INDEX

EXPLORATORY DEVELOPMENT OF WATER PROPULSION
FOR COMBAT VEHICLES ...Marine, Other, Streams, Systems
Analysis, ..8.0215

Analysis

Differential Equations
Differential Equations General

DISPERSION DURING FLOW IN HETEROGENEOUS POROUS
MEDIA ...Dispersion -water, Model Studies, Porous Media - Flow
Through, Secpage, Statistical Models, ...5.0394

Antimal Characteristics
Adaptation

GROWTH, CONDITION, AND SURVIVAL OF SHELLFISH ...En-
vironmental Physiology, Maryland, Oysters, Water Quality-
general, Water Salinity, ...6.0269

Age
YOUNG-OF-THE-YEAR FISH IN LAKE FRANCIS CASE ,..Fish -

non- specific, Nets, Reservoirs and Impoundments, South Dakota,
Water Environment -other, ...6.0505

ABUNDANCE OF YOUNG-OF-THE-YEAR FISHES IN OAHE
RESERVOIR ...Aquatic Ecology, Fish -non-specific, Population
Dynamics, Reservoirs and Impoundments, South Dakota,
_6.0499

COMPOSITION OF THE SPAWNING STOCKS IN OAHE RESER-
VOIR AND LAKE SHARPE ...Fertility, Fish -non-specific, Size,
South Dakota, Spawn Or Nesting Sites, ..6.0519

EXPLORATORY SAMPLING PROGRAM FOR YOUNG-OF-THE-
YEAR FISH ...Fish -non-specific, Nets, Population Dynamics,
Reservoirs and Impoundments, 6.0022

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER INVER-
TEBRATES ...Bioassay, Chemical Measurements -water, Chemi-
cal- general, Laboratory Animals, Water Temperature-non-
specific, 5.0662

Environmental Response
EXPERIMENTAL REARING OF SALMON AND STLELHEAD

IN BRACKISH WATER IMPOUNDMENTS ...Brackish Water,
Captive Rearing, Mortality Rates, Rainbow Trout, Steelhead
Trout, Stocking of Fish & Shellfish, 6.0461

Fertility
COMPOSITION OF THE SPAWNING STOCKS IN OAHE RESER-

VOIR AND LAKE SHARPE ...Age, Fish -non-specific, Size,
South Dakota, Spawn Or Nesting Sites, ...6.0519

BIOCHEMISTRY OF FISH SEMEN ...Cutthroat Trout, Endrin,
Male Gametes, Mode of Action -animal, 5.0627

Growth Rate
RELATIONSHIPS BETWEEN DRIFT DENSITY AND PRODUC-

TION, GROWTH, CROPPING EFFICIENCY AND CONSUMP-
TION IN A NATURAL BROOK TROUT POPULATION ...Lake
Trout, Brook Trout, Number Or Density, Predation, Productivity
(agricultural), Streams, 7.0094

STREAM BIOLOGY AND ITS RELATION TO FISH PRODUC-
TION ...Food Supply, Mississippi River, Shiners, Streams, Vertical
Distribution, 6.0223

THE EFFECT OF EVAPORATION BARRIERS ON FISH
GROWTH AND LIMNOLOGY ...Antitranspirants, Aquatic
Ecology, Environmental Ecology, Fish -non-specific, 2.0060

SPORT FISHERY POTENTIAL IN RECLAIMED WASTEWATER
...Channel Catfish, Other, Salmon & Trout - Non-specific, Stream
Rehabilitation, Tilapia, Cichlids, ...5.0050

DISTRIBUTION AND GROWTH PATTERNS OF THE GIZZARD
SHAD (DOROSOMA CEPEDIANU) AND THREADFIN SHAD
(DOROSOMA PETENENSE) IN RESERVOIRS ...Alewife,men-
haden,shad,herring, Arkansas, Number Or Density, Reservoirs
and Impoundments, Temporal Distribution, ..6.0029

FLATHEAD CATFISH STUDY ...Aquatic Ecology, Behavior -
animal, Food Supply, Ictaluridae -other, Reproduction Studies
(general), Texas, 6.0539

THE EVALUATION OF ENVIRONMENTAL ALTERATION BY
THERMAL LOADING AND ACID POLLUTION IN THE
COOLING RESERVOIR OF A STEAM - ELECTRIC STATION
...Acidity Mining Activities, Reservoirs and Impoundments, Ther-
mal Pollution, Warm Water, 5.0681

TEMPERATURE REQUIREMENTS OF SALMONIDS IN RELA-
TION TO THEIR FEEDING, BIOENERGETICS, GROWTH
AND BEHAVIOR ...Behavior -animal, Energy, Rainbow Trout,
Steelhead Trout, Salmon -coho,chinook,sockeye.., Water Tem-
perature- non - specific, .5.0942

GROWTH OF THE BROWN BULLHEAD, ICTALURUS NEBU-
LOSUS (LESUEUR), IN MINE ACID POLLUTED WATER
...Acidity, Bullheads, Contamination - Water, Mining Activities,
Ph, Acidity -water, Pollution Effects, ...5.1278

SUBLETHAL INFLUENCE OF POLLUTANTS ON FISH
METABOLISM ...Contamination - Water, Fish -non-specific,
Metabolism -animal, Pollution - Effects of , Pollution Effects,
5.0901

WATER QUALITY REQUIREMENTS FOR AQUATIC INSECTS
...Oxygen, 5.0699

A STUDY OF A WATER TOXICITY PROBLEM ...Bioassays,
Bioindicators, Management, Potable Water, Toxins and Poisons -
other, 5.0197

A COMPARISON OF THE GROWTH RATE OF BLUE CATFISH
AND CHANNEL CATFISH FINGERLINGS FOR A PELLETED
COMMERCIAL FEED ...Aquaculture & Fish-farming, Channel
Catfish. Pelleted, ...5.1179

VITAL STATISTICS or NORTHERN PIKE IN LAKE SHARPE
...Mortality Rates, Pikes, Pickeral, Muskellunge, Population
Dynamics, Reservoirs and Impoundments, South Dakota,
6.0502

VITAL STATISTICS OF WALLEYE IN LAKE SHARPE ...Mortali-
ty Rates, Population Dynamics, Reservoirs and Impoundments,
South Dakota, Walleyes, ..6.0503

GROWTH AND MORTALITY RATES OF YOUNG YELLOW
PERCH IN OAHE RESERVIOR ...Aquatic Ecology, Mortality
Rates, Reservoirs and Impoundments, South Dakota, Yellow
Perch, Darters, 6.0498

MORTALITY RATES AND RECRUITMENT ...Arkansas, Fish -
non- specific, Mortality Rates, Population Dynamics, Reservoirs
and Impoundments, 4.0014

EFFECTS OF CHRONIC EXPOSURE TO METHOXYCHLOR ON
THE GROWTH AND REPRODUCTION OF GUPPIES -
CHRONIC TOXIEITY OF PESTICIDES TO FISH ...Killifishs -
Cyprinodon, Maturity & Growth Stages, Methoxychlor..5.0650

CULTURE OF SHELLFISH IN ARTIFICIAL AND NATURAL
SALT PONDS ...Captive Rearing, Commercial Fishing, Maryland,
Oysters, Ponds, _6.0267

Hatchability
EFFECTS OF WATER QUALITY ON HATCHING SUCCESS

...Basses -sea,white, White Perch, Captive Rearing, Louisiana,
Pollution - Effects of , Water Properties - general, 5.0453

Longevity
ECOLOGY OF NEMATODES IN IRRIGATION WATER ...Animal

Wastes - Feed Lots, Bioindicators, Irrigation - general, Nematoda -
other, Pollution - Effects of , ...5.1232

Maturity & Growth Stages
ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH

AND OTHER VERTEBRATES ...Insecticides -non-specific,
Mode of Action -animal, Pollution - Effects of , Pollution Effects,
Wildlife, 5.0649

THE ROLE OF FOOD IN THE MORTALITY OF LARGEMOUTH
BASS LARVAE ...Environmental Physiology, Fasting - Starvation,
Food Supply, Largemouth Bass, Mortality Rates, 7.0079

PREDATION ON LARGEMOUTH BASS DURING THEIR FIRST
YEAR OF LIFE ...Behavioral Ecology, Largemouth Bass, Preda-
tion, Strontium, Tags, 7.0080

AN EVALUATION OF THE LAMPREY IN LAKE CHAMPLAIN
...Lakes, Lampreys, Predation, Spawn Or Nesting Sites, Vermont,
6.0598

STATEWIDE FISHERIES RESEARCH ...Basses -sea,white, White
Perch, Environmental Physiology, Incubation, Low Temp. -but
Above 32f, Temperature, 5.0818

HYBRID SUNFISH STUDIES ...Centrarchidae -other, Laboratory,
Ponds, Selection & Breeding, ...6.0195

DDT RESIDUE ACCUMULATION IN WISCONSIN FISH AND
THE EFFECT ON REPRODUCTION ...DDT , Reproduction Stu-
dies (general), Walleyes, Wildlife, Wisconsin, ...5.1292

RELATIVE ABUNDANCE OF ADULT FISH IN LAKE FRANCIS
CASE ...Number Or Density, Reservoirs and Impoundments,
South Dakota, 6.0504

DISTRIBUTION OF YOUNG STAGES OF COASTAL FISHES
...Continental Shelf, Estuaries, Fish -non-specific, Number Or
Density, Ships and Cruises, 6.0345
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INFLUENCE OF THE PHYSICAL ENVIRONMENT ON DIS-
TRIBUTION OF YOUNG STAGES OF COASTAL GAME FISH
Continental Shelf, Environmental Ecology, Fish -non-specific,
Physical - general, Range Or Territorial Distr. , 6.0346

EARLY LIFE HISTORY OF WALLEYE IN LAKE FRANCIS
CASE ...Aquatic Ecology, Life History Studies, Reservoirs and
Impoundments, South Dakota, Walleyes, .6.0506

VARIATIONS IN SPAWNING OF FISHES IN RELATION TO
TEMPERATURE ...Biological Rhythms, Fish -non-specific, South
Dakota, Temperature, Water Temperature-non-specific, 6.0518

SEXUAL MATURATION AND SPAWNING OF NORTHERN
PIKE ...Biological Rhythms, Pikes, Pickoral, Muskellunge, Reser-
voirs Impoundments, Sean Dakota, Spawn Or Nesting Sites.
6.0520

DEVELOPMENT OF IDENTIFICATION KEYS 10 LARVAL,
AND JUVENILE RESERVIOR FISHES .Animal Taxonomy.
Captive Rearing, Fish -non-specific, Photography-other, Reser-
voirs and Impoundments; 6.0018

EFFECTS OF CHRONIC EXPOSURE TO METHOXYCHLOR ON
THE GROWTH AND REPRODUCTION OF GUPPIES -
CHRONIC TOXIEITY OF PESTICIDES TO FISH ...Growth
Rate, Killifishs Cyprinodon, Methoxyehlor, ...5.0650

EARLY LIFE HISTORY OF COREGONIDS ...Cisco, Lake Herring,
Environmental Ecology, Life History Studies, Technique Develop-
ment, Water Environment -other, 6.0295

EFFECTS OF TEMPERATURE ON MATURATION, EMB-
RYONIC DEVELOPMENT AND CONDITION OF FRY IN
YELLOW PERCH - LAKE HERRING, SMELT AND WAL-
LEYE ...Basic Embryology, Environmental Physiology, Tempera-
ture, Thermal Pollution, Water Temperature-non-specific, Yellow
Perch, Darters, 5.0590

Metabolic Efficiency
PHYSIOLOGICAL EFFECTS OF SUBLETHAL LEVELS OF

ACID WATER ON FISH Acidity, Mining Activities;, Ph, Acidity
-water, Water Quality-general, West Virginia, 5.1281

Mortality Rates
FISHERIES-TURBINE RESEARCH COMPENDIUM COMPILA-

TION ...Electric Power Plants, Fish -non-specific, Migration, Tur-
bine-other, 8.0310

COLLECTION OF JUVENILE SALMON IN TURBINE INTAKES
_Columbia River, Control Gate, Electric Power Plants, Salmon &
Trout Non-specific, Turbine-other, 8.0299

THE ROLE OF FOOD IN THE MORTALITY OF LARGEMOUTH
BASS LARVAE Environmental Physiology, Fasting - Starvation,
Food Supply, Largemouth Bass, Maturity & Growth Stages,
7.0079

EFFECTS OF DISSOLVED OXYGEN CONCENTRATION ON
SURVIVAL OF LARGEMOUTH BASS EMBRYOS Basic Emb-
ryology, Gases, Dissolved -water, Largemouth Bass, Oxygen,
Water Movement, Currents Water Temperature-non-specific,
5.0771

MASS MORTALITY OF PACIFIC OYSTERS ALONG THE
WASHINGTON COAST ...Bays, Environmental Ecology, Oysters,
Pathology, Puget Sound, ...5.1230

MASS MORTALITY OF OYSTERS ALONG THE OREGON
COAST ...Bays, Invertebrate Pathology, Oregon, Oysters, Patholo-
gy, 5.0985

EVALUATION OF METHODS DESIGNED TO PREVENT
WINTER-KILL ...Aeration, Chemical-general, Circulation -water,
Lakes, North Dakota, 5.0828

PREDICTING AND PREVENTING FISH KILLS ...Chemical Anal-
ysis (water), Ponds, Stratification, ...5.0012

EFFECT OF WATER QUALITY ON FIRST-YEAR MORTALITY
OF LARGEMOUTH BASS ...Aquatic Ecology, Environmental
Ecology, Largemouth Bass, Pollution - Effects of , Water Proper-
ties-general, 5.0772

DISTRIBUTION OF DEMERSAL. FISHES IN INSHORE WATERS
...Environmental Ecology, Fish -non-specific, Marine Biology,
Nets, Vertical Distribution, ...5.1260

BIOCHEMICAL AND ECOLOGICAL RELATIONSHIPS OF
PESTICIDES AND THE BIOLOGICAL CONSTITUENTS OF
AQUATIC COMMUNITIES ...Applied Ecology, Bioenergeties,
Cell Injury and Autolysis, Pesticides -non-specific, Sterility,
...5.0566

STUDIES IN OYSTER PATHOLOGY ...Histology and Cytology,
Oysters, Pathology, 6.0630

EXPERIMENTAL REARING OF SALMON AND STEELHEAD
IN BRACKISH WATER IMPOUNDMENTS ..,Brackish Water,
Captive Rearing, Environmental Response, Rainbow Trout, Steel-
head Trout, Stocking of Fish & Shellfish, _6.0461

FISH PASS/. . HROUGH TURBINES ...Fish -non-specific,
Hydraulic, Management -other, Power Development, Stamina,
...8.0312

VITAL STATISTICS OF NORTHERN PIKE IN LAKE SHARPE
...Growth Rate, Pikes, Pickeral, Muskellunge, Population Dynam-
ics, Reservoirs and Impoundments, south Dakota, 6.0502

VITAL STATISTICS OF WALLEYE IN LAKE SHARPE ...Growth
Rate, Population Dynamics, Reservoirs and Impoundments, South
Dakota, Walleyes, 6.0503

GROWTH AND MORTALITY RATES OF YOUNG YELLOW
PERCH IN OAHE RESERVIOR ...Aquatic Ecology, Growth
Rate, Reservoirs and Impoundments, South Dakota, Yellow
Perch, Darters, 6.0498

TEMPERATURE TOLERANCE OF MARINE ANIMALS
THROUGH BEHAVORIAL RESPONSES _Behavior -animal,
Environment Resistance, Thermal, Water Temperature-non-
specific, 6.0344

MORTALITY RATES AND RECRUITMENT ...Arkansas, Fish -
non- specific, Growth Rate, Population Dynamics, Reservoirs and
Impoundments, ...4.0014

SHELLFISH MORTALITY - CHESAPEAKE BAY ...Chesapeake
Bay. Computer Matching Code, Oysters, Pathology, Protozoa,
...6.0264

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
...Aquatic Ecology, Environmental Ecology, Estuaries, Physical-
general, Salmon -coho,chinook,sockeye. _4.0002

EFFECT OF SUPERSATURATION OF DISSOLVED NITROGEN
ON MIGRATING SALMONIDS ...Gases, Dissolved -water,
Nitrogen, Pathology, Salmon & Trout - Non-specific, 6.0614

PROTECTION OF FINGERLING SALMON IN TURBINES _Con-
struction Land Use Effects, Engineering Structures-general,
Migration, Salmon & Trout - Non-specific, Snake River, 8.0306

PACIFIC OYSTER MORTALITY STUDIES ...Invertebrate Patholo-
gy, Invertebrates, Oysters, Pathology, 6.0266

EPIZOOTICS IN EXPERIMENTAL MARINE SHELLFISH POPU-
LATIONS ...Epizootic, Freshwater Mussels, Scallops, Oysters,
Pathology, 6.0631

Number Or Density
STUDY OF DISCREPANCY IN FISH COUNTS BETWEEN

COLUMBIA RIVER DAMS ...Censusing, Columbia River, Rain -
how Trout, Steelhead Trout, Salmon -coho,chinook,sockeye.
8.0278

RELATIONSHIPS BETWEEN DRIFT DENSITY AND PRODUC-
TION, GROWTH, CROPPING EFFICIENCY AND CONSUMP-
TION IN A NATURAL BROOK TROUT POPULATION
...Growth Rate, Lake Trout, Brook Trout, Predation, Productivity
(agricultural), Streams, 7,0094

THE DISTRIBUTION OF FISH IN PENNSYLVANIA AS RE-
LATED TO tviiNE ACID DRAINAGE ...Acidity, Contamination -
Water. Fish -non-specific, Mining Activities, Pennsylvania,
...5.1026

CHANGES IN STREAM COMMUNITIES ASSOCIATED WITH
EFFLUENT - INDUCED EUTROPHICATION Aquatic Plants
(non-specific), Eutrophicution, Invertebrates -non-specific,
Pennsylvania, Streams, 5.1029

ABUNDANCE AND DISTRIBUTION OF BENT HIC MACRO-IN-
VERTEBRATES IN A STREAM RECEIVING OILFIELD
WASTEWATERS ...Benthic Fauna, Bioindicators, Contamination
- Water, Industrial Wastes, Vertical Distribution, ...5.1028

DISTRIBUTION AND ABUDANCE OF JUVENILE AMERICAN
SHAD, ALOSA SAPIDISSIMA (WILSON), IN THE CONNEC-
TICUT RIVER ABOVE HOLYOKE DAM, MASSACHUSETTS
...Alewife,menhaden,shad,herring, Connecticut River, Engineering
Structures-general, Massachusetts, Migration, 3.0271

COVER AS A LIMITING FACTOR IN TROUT PRODUCTION
...Colorado, Environmental Ecology, Salmon & Trout - Non-
specific, Soil (wildlife) Cover, Streams, ...4.0070

DISTRIBUTION AND GROWTH PATTERNS OF THE GIZZARD
SHAD (DOROSOMA CEPEDIANU) AND THREADFIN SHAD
(DOROSOMA PETENENSE) IN RESERVOIRS ...Alewife,men-
haden,shad,herring, Arkansas, Growth Rate, Reservoirs and Im-
poundments, Temporal Distribution, ...6.0029

FLATHEAD CATFISH INVESTIGATIONS IN THE MISSOURI
RIVER ...letaluridae -other, Life History Studies, Missouri River,
Population Dynamics, 6,0335

A STUDY OF THE BENTHIC FAUNA OF MERLE COLLINS
RESERVOIR (VIRGINIA RANCH RESERVOIR) ...California,
Food Supply, Productivity - Food Chain, Reservoirs and Im-
poundments, 6.0071
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Animal Characteristics SUBJECT INDEX

BOTTOM FAUNA STUDIES ,Benthic Fauna, Bottom Sampling,
Depth,water Level, Fluctuation, Lakes, Water Level Fluctuation,
.4.0126

DETERMINATION OF THE MAGNITUDE AND AGE COMPOSI-
TION OF THE HARVEST, HABITAT PREFERENCES AND
FOOD HABITS ,..Aquatic Ecology, Cutthroat Trout, Snake
River, Wyoming, ,6.0649

LAKEBORGNE-CHANDELEUR SOUND SYSTEM .Aquatic
Ecology, Louisiana, Nets, Plankton Sampling, Tides, .2.0543

BRETON SOUND - MOUTH OF MISSISSIPPI RIVER SYSTEM
,..Aquatic Ecology, Mississippi River, Nets, Plankton Sampling,
,..2.0544

ATCHAFALAYA RIVER - CALLIOU LAKE SYSTEM ..,Lakes,
Louisiana, Physical-general, Plankton (non-specific), Vertical Dis.
tribution, 2.0545

VERMILION - CALCASIEU - SABINE SYSTEM ,,,Aquatic Ecolo-
gy, Data Acquisition-general, Louisiana, Nets, Plankton Sampling,
,..2.0546

T1MBALIER TERREBONNE BAYS SYSTEM .,.Aquatic Ecology,
Data Acquisition-general, Louisiana, Nets, Plankton Sampling,
2.0547

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INF vt OF FRESH WATER QUALITY IN RHODE ISLAND
,Bioindicators, Environmental Ecology, Pollution - Effects of
Pollution Effects, Stone Flies, Plecoptera, Streams, ,,,5.1057

A RUN TIMING STUDY IN THE LOWER COLUMBIA RIVER
BY MEANS OF A TESTFISHING PROGRAM ,.,Columbia River,
Migration, Nets, Salmon - coho,chinook,sockeye,,, Streams,
2.0884

RELATIVE ABUNDANCE OF ADULT FISH IN LAKE FRANCIS
CASE ...Maturity & Growth Stages, Reservoirs and Impound-
ments, South Dakota, 6.0504

DISTRIBUTION OF YOUNG STAGES OF COASTAL FISHES
Continental Shelf, Estuaries, Fish -non-specific, Maturity &
Growth Stages, Ships and Cruises, 6.0345

ABUNDANCE AND COMPOSITION OF ADULT FISH STOCK IN
LAKE SHARPE ,.,Aquatic Ecology, Fish -non-specific, Popula-
tion Dynamics, Reservoirs and Impoundments, South Dakota,
6.0501

LIFE HISTORY OF CHANNEL CATFISH IN LEWIS AND
CLARK LAKE .,.Channel Catfish, Environmental Ecology, Life
History Studies, Reservoirs and Impoundments, South Dakota,
...6.0530

DISTRIBUTION AND DENSITY OF BREEDING WATERFOWL
POPULATIONS AS RELATED TO QUANTITY AND QUALI-
TY OF WETLAND HABITAT IN NORTH DAKOTA Geog-
raphy-physical, North Dakota, Spawn Or Nesting Sites, Water
Fowl, N.s, Wetlands, 6.0420

BENTHOS IN LEWIS AND CLARK LAKE .,.Aquatic Ecology,
Bloodworms, Aquatic Midges, Mayflies, Reservoirs and Impound-
ments, South Dakota, .6.0514

COOPERATIVE AGREEMENT FOR BEAVER RESERVOIR
CREEL CENSUS STUDY ..Censuring, Fish -non-specific, Fish-
ing, Reservoirs and Impoundments, Weight, 4.0015

ESTIMATES OF COMPOSITION, ABUNDANCE AND FLUC-
TUATION IN FISH POPULATIONS IN BULL SHOALS AND
BEAVER RESERVOIRS .,.Aquatic Ecology, Arkansas, Fish -non-
specific, Population Dynamics, Reservoirs and Impoundments,
,..4.0017

LIFE HISTORY OF CYCLOPS BICUSPIDATUS Aquatic Ecolo-
gy, Copepods, Life History Studies, Reservoirs and Impound-
ments, South Dakota, ..6.0527

ESTUARINE STUDIES OF SOUTHEASTERN ALASKA .,.Alaska,
Benthic Fauna, Environmental Ecology, Estuaries, Vertical Dis-
tribution, 2.0011

DISTRIBUTION, ABUNDANCE, TAXONOMY, AND BIOLOGY
OF MOSQUITOES AFFECTING AGRICULTURE ...Animal Tax-
onomy, Insect Chemosterilm.;:s, N,s, Mosquitoes -non-specific,
Radiation, Range Or Territorial Distr. , 6.0148

Productivity (agricultural)
RELATIONSHIPS BETWEEN DRIFT DENSITY AND PRODUC-

TION, GROWTH. CROPPING EFFICIENCY AND CONSUMP-
TION IN A NATURAL BROOK TROUT POPULATION
.,.Growth Rate, Lake Trout, Brook Trout, Number Or Density,
Predation, Streams, ..7.0094

SPRING POND ECOLOGY AND MANAGEMENT ...Fishing,
Habitat Studies, Management, Ponds, salmon & Trout - Non-
specific, ...3.0488

LIMESTONE DRUM PRODUCTIVITY STUDY ...Aquatic Ecolo-
gy, Chemical-general, Limestone - Gencral, Ph, Acidity -water,
Population Dynamics, 5.1273

FEASIBILITY OF TREATING AND RECYCLING USED FISH
HATCHERY WATER Benefit-cost Analysis, Captive Rearing,
Waste Water Treatment-general, Water Reuse, ,5.0753

TUSCON WASTEWATER RECLAMATION PROJECT Biologi-
cal-general, Chemical-general, Filter-other, Fish -non-specific,
Stream Rehabilitation, Water Standards, ,5.0043

FACTORS LIMITING WATERFOWL PRODUCTION ON THE
SPRING-FED SALT MARSHES WEST OF THE GREAT SALT
LAKE ,.,Mallard, Nutrition - other, Swamps-marshes, Utah,
Viremia5.1194

HIGH ANALYSIS FERTILIZER INVESTIGATIONS - FISRERIES
,Fertilizers -aquatic, Fish -non-specific, Reservoirs and Impound-
ments, '7.'ennessee, 6.0535

RELATIONSHIP BETWEEN MOURNING DOVE PRODUCTION
AND WATER DISTRIBUTION IN THE SONORAN DESERT
Arizona, Deserts, Dove, Habitat Studies, Water Utilization -
animal, 6.0262

Size
COMPETITION, PREDATION, AND BODY SIZE IN LAKE

ZOOPLANKTON ...Aquatic Ecology, Competition, Lakes, Preda-
tion, Zooplankton, 6.0115

FOOD INTAKE OF LARGEMOUTH BASS ...Food Supply, Lakes,
Largemouth Bass, Malnutrition -other, 6.0182

COMPOSITION OF THE SPAWNING STOCKS IN OAHE RESER-
VOIR AND LAKE SHARPE ...Age, Fertility, Fish -non-specific,
South Dakota, Spawn Or Nesting Sites, 6.0519

Sterility
BIOCHEMICAL AND ECOLOGICAL RELATIONSHIPS OF

PESTICIDES AND THE BIOLOGICAL CONSTITUENTS OF
AQUATIC COMMUNITIES ...Applied Ecology, Bioenergetics,
Cell Injury and Autolysis, Mortality Rates, Pesticides -non-
specific, 5.0566

Stress
TOXIC ACTION OF WATER SOLUBLE POLLUTANTS ON

FRESHWATER FISH ...Contamination - Water, Mineral Origin,
Pollution Effects, Rainbow Trout, Steelhead Trout, ...5.0565

PESPONSES OF FISH TO ENVIRONMENTAL STRESSES ...Car-
diovascular System, Environmental Physiology, Fish -non-specific,
Kidney and Urinary System, Water Environment -other, ...5.1269

STUDY OF EXCRETORY PATTERNS IN CRAYFISHES ...Cray-
fish, All, Metabolism, Nitrogen, Osmoregulation, Urea, 6.0376

INVESTIGATION OF STRESS - INDUCED MOBILIZATION OF
INSECTICIDE RESIDUES - CHRONIC TOXICITY OF PESTI-
CIDES TO FISH ...DDT , Dieldcin, Metabolism -animal, Salmon -
coho,chinook,sockeye. Wildlife, ...5.06S5

PHYSIOLOGIC AND METABOLIC RESPONSE AS INDICATORS
OF STRESS ...Environmental Physiology, Gases, Dissolved -water,
Ions and Gases, Metabolism -animal, Oxygen, 5.0592

THE INVESTIGATION AND ANALYSIS OF BIOCHEMICAL
PROCESSES OF AQUATIC ORGANISMS UNDER STRESS
...Animal Origin, Aquatic Ecology, Fish -non-specific, Metabolism
-animal, Other, 5.0585

PHARMACOLOGY OF METAL POISONING IN ESTUARINE
FISHES ...Contamination - Water, Estuaries, Killifishs -
Cyprinodon, Metals Ns..5.1083

Weight
COOPERATIVE AGREEMENT FOR BEAVER RESERVOIR

CREEL CENSUS STUDY ...Censuring, Fish -non-specific, Fish-
ing, Number Or Density, Reservoirs and Impoundments, ...4.0015

Animal Parasitology
Ectoparasites

LAKE HURON CHEMICAL CONTROL ..,Bioindicators, Chemical-
general, Flow Characteristics -water, Selectivity, ...5.0578

Effect of Parasite on Host
ECOLOGICAL STUDIES OF 1.,4RVAL TREMATODES AND

THEIR SNAIL-HOSTS IN THE LAKE CHAMPLAIN
WATERSHED ...Aquatic, Aquatic Ecology, Digenea -other, Gas-
tropods -slugs,conch,snails, Survey Studies, 6.0396
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Endoparasites
Endoparasites -other

COMPARATIVE BIOCHEMICAL AND MORPHOLOGICAL
CHARACTERISTICS OF MARINE FUNGI FROM SHELLFISH
...Fungal Culture, Histoehcmistry - Cytochem, Histology and
Cytology, Marine Fungi (non-specific), Plant Taxonomy, 6.0265

BIOLOGICAL ACTIVITIES OF MARINE FUNGI ...Host-parasite
Interactions, Invertebrate Pathology, Marine Fungi (non-specific),
Oysters, Pathological Physiolog, Plant Developmental Biology,
.,.5.0289

Helminths
A PARASITOLOGICAL STUDY OF FISHES FROM THE PINE

HILLS AREA ...Aquatic Ecology, Fish -non-specific, Illinois, Low
Temp. -hut Above 32f, Springs, 6.0180

Protozoa
SHELLFISH MORTALITY - CHESAPEAKE BAY ...Chesapeake

Bay, Computer Matching Code, Mortality Rates, Oysters,
Pathology, ...6.0264

Host Specificity
UTILIZATION OF INSECT ENEMIES IN THE CONTROL OF IN-

SECT PESTS AND WEEDS ...Biocontrol, Insects, Predation,
Rearing, Weed:;, .6.0034

EFFECT OF ANTIBIOTICS ON FUNGUS PARASITES IN
OYSTERS ...Antibiotics, Chemicals - Fungicides, Dermocystidi-
um, Fungal Culture, Oysters, 5.1171

Reservoirs
Aquatic

ECOLOGICAL STUDIES OF LARVAL TREMATODES AND
THEIR SNAIL-HOSTS IN THE LAKE CHAMPLAIN
WATERSHED ...Aquatic Ecology, Digenca -other, Effect of
Parasite on Host,. Gastropods -slugs,conch,snails, Survey Studies,
6.0396

Animai Resistance to ....
Environment Resistance

AQUATIC ECOSYSTEM ...Acidity, Cladoccra, Ph, Acidity -water,
Pollution - Effects of , Productivity - Food Chain, 6.0084

TEMPERATURE TOLERANCE OF MARINE ANIMALS
THROUGH BEHAVORIAL RESPONSES ...Behavior -animal,
Mortality Rates, Thermal, Water Temperature-non-specific,
6.0344

Animal Taxonomy
SYSTEMATIC AND BIOGEOGRAPHIC STUDIES OF AQUATIC

AND SEMI-AQUATIC ORGANISMS IN NORTHERN MEXICO
...Aquatic Ecology, Habitat Studies, Mexico, Plant Taxonomy,
2.0038

CYTOTAXONOMY AND RELATED STUDIES OF HOLARCTIC
MIDGES ...Arctic, Bloodworms, Aquatic Midges, Collections,
Museum, Nearctic, 5.0756

TAXONOMY AND ECOLOGY OF INSHORE MARINE
MICROBIOTA ...Algae- General, Aquatic Ecology, Plant Taxono-
my, Protozoa -other, Range Or Territorial Distr. , ...7.0024

TAXONOMY AND BIOLOGY OF SLUDGE WORMS ,..Bioindica-
tors, Brackish Water, Earthworms, Fresh Water, Pollution Effects,
5.0167

INSECTS ASSOCIATED WITH AQUATIC WEED PESTS OF
FOREIGN ORIGIN IN LOUISIANA ...Insects -non-specific, Loui-
siana, Survey Methods, Weeds, 5.0490

ORGANISMS WHICH ATTACK THE AQUATIC PLANT, EURA-
SIAN WATERMILFOIL IN PAKISTAN ...Insects -non-specific,
Life History Studies, Other, Pakistan, Water Milfoil, Waterweed...
9 4.0202

TAXONOMY AND PHYSIOLOGY OF PROTOZOA IN CAVE
STREAMS AND POOLS ...Caves, Environmental Physiology,
Kentucky, Protozoa -other, Streams, 6.0240

NEMATODES ASSOCIATED WITH SEWAGE TREATMENT
AND THEIR SIGNIFICANCE ...Contamination - Water, Ne-
matoda -other, Sewage, Streams, Waste Water Treatment-general,
...5.0251

A COMPARATIVE STUDY OF THE MACROSCOPIC BENTHIC
FAUNA OF TWO CENTRAL ADIRONDACK LAKES ,.. Benthic
Fauna, Comparative Physiology, Lakes, New York, Productivity -
Food Chain, 2.0814

Antitranspirants

OREGON FISHES - THEIR CLASSIFICATIONS, DISTRIBUTIONS
AND LIFE HISTORIES .Fresh Water, Life History Studies,
Oregon, Vertical Distribution, ..,6.0450

DEVELOPMENT OF IDENTIFICATION KEYS TO LARVAL,
AND JUVENILE RESERVIOR FISHES ...Captive Rearing, Fish -
non- specific, Maturity & Growth Stages, Photography-other,
Reservoirs and Impoundments, ,..6.0018

EARLY LIFE HISTORY STAGES OF OAHE AND BIG BEND
RESERVOIR FISHES ,..Aquatic Ecology, rife History Studies,
Plankton Sampling, Reservoirs and Impoundments, South Dakota,
6.0522

DISTRIBUTION, ABUNDANCE, TAXONOMY, AND BIOLOGY
OF MOSQUITOES AFFECTING AGRICULTURE Insect'
Chemosterilants, N.s. , Mosquitoes -non-specific, Number Or
Density, Radiation, Range Or Territorial Distr, ...6.0148

Annelids

Earthworms
TAXONOMY AND BIOLOGY OF SLUDGE WORMS ,..Animal

Taxonomy, Bioindicators, Brackish Water, Fresh Water, Pollution
Effects, 5.0167

RESEARCH ON THE MACROBENTHOS OF THE GREAT
LAKES ...Aquatic Ecology, Benthic Fauna, Food Supply, Great
Lakes-general, Water Quality-general, 6.0292

Lugworms, Marine Segmentedworm
RELATIONSHIP OF TUBE-AND REEF BUILDING MARINE AN-

NELIDS TO COASTAL ENGINEERING AND CONSERVA-
TION PROBLEMS IN FLORIDA ...Coastal Engineering-other,
Environmental Ecology, Florida, Vertical Distribution, ...3.0187
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Antarctica
LIMNOLOGY OF ROSS ISLAND, ANTARCTICA ... Benthic Or-

ganisms (non-specif), Chemical - general, Lakes, Plankton (non-
specific), Puhilications -other, ...2.0087

GLACIOLOGY AND METEOROLOGY OF ANVERS ISLAND,
ANTARCTICA ...Data Analysis - General, Geologic Maps, Inten-
sity, Movement, Thickness - Area, ...2.0856

DEEP ICE CORE STUDIES AND ANALYSES FROM GREEN-
LAND AND ANTARCTICA ...Core Analysis, Dust - Particulate
Matter, Extraterrestrial, Greenland, Radioactive Dating-general,
Velocity, ...2.0754

Antecedent Moisture
CORRELATION OF SOIL SURFACE AND RAINFALL-RUNOFF-

MOISTURE RELATIONSHIPS ON AGRICULTURAL
WATERSHEDS ON COASTAL PLAINS SOILS (ABBREV)
...Recharge -general, Runoff, Small Watersheds, Soil Environ-
ment, Water Yield, ...2.0002

DEVELOPMENT OF IMPROVED SNOW SURVEYING AND
STREAM -FLOW FORECASTING TECHNIQUES ...Amount,
Flow Characteristics -water, ForecAsting-prediction, Moisture
Content, Temperature, ...2.1072

HYDROLOGIC SIMULATION - DAILY STREAMF 3W ...Design
Flow-flood, Floods, Forecasting-prediction, Hydrology- general,
Reservoirs and Impoundments, 6.0073

INFILTRATION AS INFLUENCED BY SOIL-VEGETATION
COMPLEXES Infiltration, Semi - Arid, Soil-water-plant Rela-
tionships, .2.0385

Antibiotics
ANTIBIOTIC EFFECTS OF ROOTED AQUATICS ON

ZOOPLANKTON SPECIES ...Aquatic Plants (non-specific), En-
vironmental Physiology, Physiological Ecology, ...2.0159

EFFECT OF ANTIBIOTICS ON FUNGUS PARASITES IN
OYSTERS ...Chemicals - Fungicides, Dermocystidium, Fungal
Culture, Host Specificity, Oysters, ...5.1171

Antitranspirants
BIOLOGICAL CONTROL - TAMARISK AND OTHER

PHREATOPHYTES ...Biocoritrol, of Aquatic Plants, Saltcedar,
Tamarisk, ...3.0335

THE EFFECT OF EVAPORATION BARRIERS ON FISH
GROWTH AND LIMNOLOGY .,.Aquatic Ecology, Environmen-
tal Ecology, Fish -non-specific, Growth Rate, 2.0060

REMOTE ELECTRO-MAGNETIC SENSORS FOR DETECTING
TRANSP1RATIONAL WATER USE BY PLANTS SUBJECTED



Arititranspirants SUBJECT INDEX

TO VARIOUS FOLIAR CHEMICAL TREATMENTS ,..E M
Radiation-general, Heat Flow, Moisture Tension, Remote Sensing,
Transpiration, ...2.1069

ENERGY SOURCES FOR EVAPOTRANSPIRATION IN THE
PLAINS REGION Evapotranspiration, Lysimeters, Nebraska,
Radiation-general, Water Loss Control, 2.0721

INFLUENCE OF TRANSPIRATION SUPPRESSANTS, SPRIN-
KLER IRRIGATION & MOISTURE LEVELS ON TRANSPIRA-
TION & EVAPOTRANSPIRATION .Dendroclimatology,
Microclimate- general, Moisture Levels, Sprinkler Irrigation,
Transpiration, 3.0464

EVAPOTRANSPIRATION AND ITS CHEMICAL REDUCTION
Agricultural Watersheds, Evapotranspiration, Kansas, Lysime-
ters, Meteorology, ..3.0244

POTENTIAL USEFULNESS OF ANTITRANSPIRANTS FOR IN-
CREASING WATER USE EFFICIENCY OF PLANTS
Epidermis, Growth and Differentiation, Osmotic and Turgor
Pressure, Photosynthesis, Temperature - Internal, 3.0045

PLANT-WATER-USE EFFICIENCY WITH GROWTH REGULA-
TORS AND TRANSPIRATION SUPPRESSANTS ...Anti-trans-
pirants, Fruit-set, Growth Rate, Growth Regulators, Modified
Water Use, 3.0160

GROUND WATER RECHARGE AS AFFECTED BY SURFACE
VEGETATION AND MANAGEMENT ...Conservation - general,
Groundwater, Infiltration, Natural Recharge, Soil-water-plant
Relationships, 4.0061

WATER-SOIL-PLANT RELATIONS .,.Root Absorption, Soil-
water-plant Relationships, Translocation, Water Movement,
2.0059

WATER-SOIL-PLANT RELATIONS ...1)ro4ht, Laboratory Analy-
sis, Soil-water-plant Relationships, 2.0088

SOIL MOISTURE EVAPORATION AND ITS CONTROL
cohols, Evaporation, Organometallic, Soil Environment,
Physical Properties, Tillage, Cropping Systems, Water Loss
trol, 2.0969

WATER-SOIL-PLANT RELATIONS ...Drought, Osmotic. and Tur-
gor Pressure, Rhizosphcrc, Root Absorption, Soil-water-plant
Relationships, 2.1077

EFFECT OF METABOLIC ANTITRANSPIRANTS ON INTER-
NAL WATER BALANCE, GROWTH AND SURVIVAL OF
OUTPLANTED TREES ...Water Balance-budget, .2.1158

INVESTIGATION OF BLOSSOM-END ROT OF PEAR TO-
MATOES ...Blossom End Rot, Modified Water Use, Moisture
Meters, Tomatoes, Water-borne, 2.1044

EVAPORATION REDUCTION 'INVESTIGATIONS STUDY OF
THE EFFECTS OF FATTY ALCOHOLS ON THE ECOLOGY
OF LAKE HEFNER ...Alcohols, Lakes, Physiological Ecology,
Plankton (non-specific), Texas, 3.0130

SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER
SURFACES AS RELATED TO EVAPORATION SUPPRESSION
...Dyes and Coloring, Evaporation, Monolaycrs, Polymer-other,
Sunshine, 3.0110

Appalachian Highlands
Adirondack Province

IN SITU STUDY OF FACTORS CONTROLLING NUTRIENT
REGENERATIONS IN THE BOTTOM SEDIMENTS Aquatic
Soils, Exchange Capacity, Mineral Content - water, Nutrients,
Phosphorus, Ponds, 2.0806

Appalachian Highlands-other
HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN

THE NORTHERN APPALACHIAN REGION Clouds-precipita-
tion, Flow Characteristics -water, Model Studies, Modification,
Watersheds-general, 2.0184

FLOOD RUNOFF REDUCTION AND WATER YIELD IM-
PROVEMENT ...Cutting Operations, Forest Watersheds, Manage-
ment, Runoff, Water Yield, ...5.1287

AI-
Soil

Con-

New England Province
STUDIES OF NEAR-SURFACE SEDIMENTS IN LAKES, AND

RELATIONSHIPS BETWEEN SURFACE SEDIMENT POLLEN
SPECTRA AND VEGETATION Canada, Lakes, Paleoceology,
2.051:3

ENHANCEMENT OF ECOLOGIC AND AESTHETIC VALUES
OF WETLANDS ASSOCIATED WITH INTERSTATE
HIGHWAYS Administrative Structures, Beautification, In-
terstate, Water Law-general, Wetlands, 6.0282

ROLE OF WATER IN THE PATTERN OF REGIONAL
ECONOMIC DEVELOPMENT Economics-general, Income,
Locution, Regional Areas, Water Resources Development,
6.0602

Piedmont Province
FEASIBILITY STUDY OF ELECTRICAL GEOPHYSICAL

METHODS IN THE DETERMINATION OF SUBSURFACE
HYDROGEOLOGIC ENVIRONMENTS IN SOUTH CAROLINA
...Electric Logging, Electronics - Applied, Hydrology-general, In-
duction, Porosity-permeability, Water Table Fluctuation, .,,2.0950

EVALUATION OF NEW TECHNIQUES IN ELECTRICAL RE-
SISTIVITY SURVEYING IN THE PIEDMONT AREA,
ALABAMA ...Alabama, Electric Logging, Groundwater, Survey
Studies, ,,.2,0005

DEEP SEEPAGE ON PIEDMONT WATERSHEDS Percolation,
Physical Properties-general, Saturated Flow, Seepage, Unsaturated
Flow, Water Table Fluctuation, 2.0955

HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS ...Agricultural Watersheds, Cover Crops, General
Synoptic Observations, Groundwater, Management, Soil-water-
plant Relationships, Water Yield, 2.0958

QUANTITY, QUALITY, AND TIMING OF WATER YIELDS IN
THE SOUTHERN APPALACHIANS-PIEDMONT Appalachia,
Evapotranspiration, Forest Watersheds, Heat Budget, Water
Yield, 3.0374

Valley and Ridge Province
HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN

THE NORTHERN APPALACHIAN REGION ...Clouds-precipita-
tion, Forecasting-prediction, Mathematical Analysis, Model Stu-
dies, Runoff, Watersheds-general, 2.0922

Applied Math Index (num Grp)
Computer Languag's

Problem Oriented Languages
A GENERALIZED COMPUTER LANGUAGE FOR HYDROLOG-

IC AND HYDRAULIC ANALYSIS ...Data Analysis - General,
Digital Computers, Facilities, Hydraulic Engineerino-other,
_8.0213
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Aquaculture & Fish-farming
FEASAI3II.ITY OF FISH PRODUCTION IN TERTIARY WASTE

TREATMENT PONDS ...Sewage Lagoons, Tertiary Treatment,
Waste Water Treatment-general, ..,5.0401

LIMNOLOGY AND MANAGEMENT OF OREGON FARM
PONDS AND SMALL IMPOUNDMENTS Farm Pond,
Management, Productivity - Food Chain, Reservoirs and Im-
poundments, Trifluralin, Wildlife, 6.0449

BIONOMICS or FISHES AND SHELLFISHES ...Bays, Economlcs-
general, Environmental Ecology, Oregon, Productivity - Food
Chain, 2.0896

PRODUCTION OF ADUE GAME FISHES BY ARTIFICIAL
FEEDING ...Fish -non-specific, Fish Rations, Food Supply,
6.0181

A COMPARISON OF THE-GROWTH RATE OF BLUE CATFISH
AND CHANNEL CATFISH FINGERLINGS FOR A PELLETED
COMMERCIAL FEED ...Channel Catfish, Growth Rate, Filleted,
...5.1179

GEAR RESEARCH -RICE FARM PRODUCED FISH ...Economic
Efficiency, Farm Pond, Special Purpose Machines, Stocking of
Fish & Shellfish, 6.002

Aquatic Environments
THE DECOMPOSITION OF PETROLEUM PRODUCTS IN OUR

NATURAL WATERS ...Anaerobic, Chemical, Chemical Treat-
ment-other, Industrial Wastes, Petroleum Industry, ...5.0623

DIFFUSION OF OXYGEN ACROSS THE MUD-WATER INTER-
FACE IN AQUATIC ENVIRONMENTS Diffusion-other, Elcc-
troanalyses- other, Ions and Gases, Oxygen, ,..2.0797

EFFECT OF EURASIAN WATERMILFOIL CONTROL
PROCEDURES ON WILDLIFE AND OTHER ORGANISMS IN
AQUATIC ENVIRONMENTS ...Contamination Water, Diquat,
Evaluation, Water Milfoil, Watcrwecd... , 2,4-d, ...5.0505



SUBJECT INDEX Aquifers

Aquatic Soils
IN SITU STUDY OF FACTORS CONTROLLING NUTRIENT

REGENERATIONS IN THE BOTTOM SEDIMENTS ...Adiron-
dack Province, Exchange Capacity, Mineral Content -water,
Nutrients, Phosphorus, Ponds, -2.0806

BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE
SALT MARSH ENVIRONMENT --Chemical, Core Analysis,
Microorganisms (non-specific), SaEnity, Swamps-marshes, Tide-
water Areas, -1.0026

THE RELATIONSHIP OF SEWAGE HANDLING PRACTICE TO
PESTICIDE RESIDUE LEVELS AND INVERTEBRATE
ECOLOGY -Aquatic Ecology, Insecticides -non-specific.
Michigan, Pollutants - Path of , Pollution Effects, ...5.0572

RELATIONSHIPS BETWEEN PHOSPHATE AND OTHER
CHEMICALS AT THE WATERSUBSTRATE INTERFACE IN
WESTERN LAKE ERIE ...Chemical, Chemical-general,
Phosphate, Phosphite, Sediments, -5.0874

DYNAMICS OF CHEMICAL & PHYSICAL CHARACT OF
WATER, BOTTOM MUDS & AQUATIC LIFE IN A LARGE
IMPOUNDMENT ON A RIVER PHASE II-Alabama, Chemi-
cal-general, Physical-general, Pollution - Effects of , Pollution Ef-
fects, Reservoirs and Impoundments, ...50008

CHEMICAL AND MINERALOGICAL RELATIONSHIPS
BETWEEN SUBMERGED SOILS AND RICE CULTURE ...Ar-
kansas, Irrigation-general, Mineralogy, Rice, ...4.002I

PHOSPHORUS IN LAKE SEDIMENTS ...Lakes, Mineral
Equilibria, Phosphorus, Soil Environment, Temperature, -5.0210

EQUIPMENT TO AGITATE POND SOILS FOR RELEASE OF
NUTRIENTS ...Limestone - General, Nutrients, Ponds, Soil En-
vironment, Technique Development, -5.0774

WEED CONTROL IN IRRIGATION AND DRAINAGE SYSTEMS
Amphibious Plants, Herbicides -non.specific, of Aquatic Plants,
Plant Pollutants, Submerged Plants, Timing -non-specific,
...3.0094

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE
UPPER CHESAPEAKE BAY -Chemical-general, Chesapeake
Bay, Commercia: Fishing, Environmental Effects - geologic, Physi-
cal-general, -5.0506

OXYGEN DEMAND OF LAKE ERIE SEDIMENT ..,Deposits-
other, Oxygen, Transfer Processes, -2.0627

Aqueducts
SURFACE AND GROUND WATER POTENTIALITIES OF THE

MULLICA RIVER BASH ...Conjunctive Use, Economic Impact,
Systems Analysis, Water Quality-general, Water Transfer,
-4.0172

MODEL STUDY OF CONTROL STRUCTURES FOR FOOTHILL
FEEDER TUNNELS ...Control Gate, Urban Environments, Water
Distribution Systems, Water Transfer, -8.0217

Aquifers
Aquifers-general

THE HYDRAULICS OF GROUND WATER TESTS ...Dispersion -
water, Groundwater Movement, Model Studies, Tracers-general,
-2.0288

DIFFUSION OF ENTRAPPED GASES IN POROUf. MEDIA
...Cavitation-other, Compressibility--gas-liq, Diffusion, Ground-
water, Ions and Gases, Porous Media - Flow Through, -2.0209

THE EVALUATION OF APPLICATION t, C-14 DATING OF
GROUND WATER ...Carbon-14, Disposal Methods-other,
Groundwater, Radioactivity-general, Underground Waste
Disposal, -5.0241

THE GROUND-WATER FLOW SYSTEM IN THE DELMARVA
PENINSULA ...Delaware, Fiow Characteristics -wa:er, Ground-
water, Model Studies, Water Balance-budget, ...2.0254

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Artificial
Recharge, Filtration, Recharge Pits - Wells, Technique Develop-
ment, Turbidity, ...4.0247

ALTERNATE METHODS OF MOSQUITO CONTROL TO
REDUCE CHEMICAL POLLUTION OF WATERS FOR
RECHARGE OF THE OGALALLA FORMATION .,.Alternative
Plarting, Chlorinated Hydrocarbons, Insecticides -non-specific,
Mosquitoes -non-specific, Playas, Pollution Abatement, -5.1180

APPLICATION OF SEISMIC SHEAR WAVE STUDIES TO THE
INVESTIGATION OF AQUIFERS ...Geophysical Analysis,
Lithology, Shear, Technique Development, Velocity, -4.0137
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OPTIMUM UTILIZATION AND MANAGEMENT OF WATER IN
FORMATIONS HYDROLOGICALLY-CONNECTED TO A
STRETCH OF THE CONNECTICUT RIVER ...Artificial
Recharge, Baseflow, Connecticut River, Massachusetts, Water
Yield, -4.0134

GEOCHEMICAL INVESTIGATION OF THE GROUNDWATER
SYSTEM IN THE LANSING, MICHIGAN, AREA ...Chemical,.
general, Groundwater, Ions and Gases, Michigan, Water Quality-
general, -1.0069

NUMERICAL MODELING OF GROUND WATER FLOW ...Artifi-
cial Recharge, Groundwater Movement, Model Studies, Subsur-
face Flow, _2.0506

ECONOMIC EFFICIENCY IN THE ALLOCATION OF IRRIGA-
TION WATER OVER TIME ...Economic Efff,:iency, Irrigation-
general, Water - Alternative Uses, Water Allocation, Water De-
mand, -6.0444

GROUND WATER RECHARGE THROUGH PITS AND WELLS
-Artificial Recharge, Drainage, Filtration, Glass, Recharge Pits -
Wells, ...2,0514

URANIUM AND HYDROGEN RADIONUCLIDES AS NATURAL,
TRACERS IN THE FLORIDAN AQUIFER ...Florida, Quaternary
Period, Radioisotopes, Reek Iv -general, Tritium, Uranium,
-2.0326

AQUIFER PERFORMANCE TESTS UNDER TWO PHASE FLOW
CONDITIONS ...Observation Wells, Subsurface Flow, Synthetic
Hydrology-general, Two-phase-other, -2.0008

RECHARGE IN RIVER VALLEYS OF CENTRAL AND EAST-
ERN KANSAS - EFFECT OF TUTTLE CREEK RESERVOIR
ON GROUNDWATER LEVELS ...Chemical-general, Geophysical
Analysis, Natural Recharge, Reservoirs and Impoundments, Water
Table Fluctuation, -2.0509

GEOCHEMISTRY OF AQUIFERS AS AFFECTED, OR POTEN-
TIALLY AFFECTED BY OFFTAKE OR ARTIFICIAL
RECHARGE ...Artificial Recharge, Chemical-general, Discharge-
general, Geochemistry-general, Louisiana, -2.0530

HYDROLOGIC ANALYSIS OF GROUNDWATER BAS' BY
DIGITAL COMPUTER SIMULATION ..Digital Computers,
Groundwater Basins, Groundwater Movement, Mathematical
Analyais, Model Studies, -4.0043

INDUCTIVE ELECTROMAGNETIC METHODS FOR MAPPING
AND EVALUATING AQUIFERS ...California, Electric Logging,
Geophysical Analysis, Groundwater, Mapping, -2.0083

SYSTEM IDENTIFICATION AND MULTI-LEVEL OPTIMIZA-
TION OF INTEGRATED GROUND WATER SYSTEMS
...Mathematical Analysis, Model Studies, Systems Analysis,
-6.0062

GROUND WATER RESERVOIR RESPONSE TO EARTH TIDES
..Earth Tides, Geophysical Analysis, Porosity, Storage of Water,

Water Table Fluctuation, -2.1108
MOVEMENT AND MIXING OF WATER INJECTED INTO

AQUIFERS ...Artificial Recharge, Dispersion -water, Exchange
Capacity, Flow Augmentation, Fluid Mixing, Groundwater Move-
ment, Water Wells, ...5.0527

ADVANCED WASTE TREATMENT FOR WATER RECLAMA-
TION AND REUSE BY INJECTION -Injection-wells, Recharge
Pits - Wells, Secondary Treatment, Waste Water Treatment-
general, Water Reune, ...5.0778

SMALL WATERSHED YIELDS ...Amount, Land Use, Runoff,
Small Watersheds, Water Yield, -4.0149

DRAINAGE DESIGN FOR IRRIGATION AGRICULTURE ...Arte-
sian Flow, Conjunctive Use, Groundwater Movement, Seepage,
Water Wells, .4.0165

WATER YIELDS FROM SHALLOW GROUND AQUIFERS ...Ir-
rigation-general, Permeability, Recharge -general, Water Yield,
-4.0214

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS
...Amount, Applied Climatology, Runoff, Small Watersheds, Soil
Types-general, Water Yield, .4.0207

SEISMIC EVALUATION OF PERMEABILITY OF FRACTURE
ZONES IN ROCK ...Joints-fractures, Permeability, Southwest,
Structure Location, Tunnels, Water Yield, -3.0017

MR INJECTION INTO AN AQUIFER ...Laboratory Analysis,
Permeability, Porous Media - Flow Through, Saline Water Intru-
sion, -2.0358

RESEARCH ON GEOHYDROLOGY OF THE EASTERN SLOPE
OF WEST MAUI ...Hawaii, Mountains-alpine, Patterns, Projec-
tions and Estimations, Slopes, Water Yield, -6.0170

DEVELOPMENT OF GROUND WATER CONTROL METHODS
FOR THE HEAVY SOILS OF THE LAJAS VALLEY ...Ground-
water, Hydrology-general, Piezometry, Puerto Rico, Soil Environ-
ment, -.4.0209



Aquifers SUBJECT INDEX

EXPERIMENTAL INVESTIGATION OF HYDROLOGICAL
PARAMETERS OF AQUIFERS THROUGH ELECTRICAL RE-
SISTIVITY MEASUREMENTS ...Borehole Geophysics, Electric
Logging, Hydro logy-gencral, Other Models, Porosity-permeability,
_7.0028

RADIOCARBON AS A TRACER IN GROUND WATER
PROBLEMS ...Groundwater Movement, Laminar now, Permea-
bility, Radioisotopes, Recharge -general, .,.2.0056

GROUNDWATER SUPPLIES ,.,Atlases-maps, Groundwater, Natu-
ral Recharge, Total Volume, Water Table Fluctuation, _2.0058

SPECIFIC YIELD RESEARCH AND PERMEABILITY
RESEARCH _California, Permeability, Storage of Water,
Velocity -water, Water Yield, .,.7.0013

SHALLOW WELLS AND IRRIGATION PITS FOR IRRIGATION
AND OTHER FARM WATER SUPPLY IN THE COASTAL
PLAINS ,..Coastal Plain, Irrigation-general, Pumping, Terrain
Analysis, Water Wells, 3.0194

PIT METHOD OF ARTIFICIAL GROUND-WATER RECHARGE
,..Artificial Recharge, Illinois River, Induced Infiltration, Permea-
bility, Recharge Pits - Wells, ...4.0099

GEOHYDROLOGIC SYSTEM ANALYSIS WITH AN ELECTRIC
ANALOG COMPUTER ...Analog, Analog Computers, Digital
Computers, Groundwater, Induced Infiltration, Network Synthes-
is, Systems Analysis, ...2.0417

ENVIRONMENTAL GEOLOGY OF MCHENRY COUNTY, IL-
LINOIS ...Illinois, I and Use, Potential of Deposit, Subsurface,
Terrain Analysis, ...6.0192

PERMEABILITY OF UNCONSOLIDATED AQUIFER MATERI-
ALS ...Data Analysis Applications, Hydrology-general, Permea-
bility, Unconsolidated Aquifers, Valleys and Canyons, ...7M038

AQUIFER STUDIES IN MARYLAND - SEDIMENTARY ROCKS
IN THE COASTAL PLAIN ..,Geologic Sections, Hydrology-
general, Management, Specific Rock Unit, Subsurface, Water Al-
location, 2.0561

WATER RESOURCES OF COPIAH COUNTY Available Water,
Chemical Analysis (water), Groundwater, Surface Water, Water
Quality-general, ...4.0147

GEOLOGY AND GROUND WATER RESOURCES OF TRAILL
COUNTY ...Chemical-general, Drilling and Coring, Groundwater,
Permeability, Surficial Geology, 2.0837

GEOLOGY AND GROUND WATER RESOURCES OF WELLS
COUNTY ...Chemical-general, Drilling and Coring, Groundwater,
Permeability, Surficial Geology, ...2.0838

GEOLOGY AND GROUND WATER RESOURCES OF GRAND
FORKS COUNTY ...Chemical-general, Drilling and Coring,
Groundwater. Permeability, Surficial Geology, ...2.0839

(GEOLOGY AND GROUND WATER RESOURCES OF WIL-
LIAMS COUNTY ...Chemical-general, Drilling and Coring,
Groundwater, Permeability, Surficial Geology, 2.0840

GEOLOGY AND GROUND WATER RESOURCES OF WARD
COUNTY ...Geology-general, Groundwater, Hydrology-general,
North Dakota. Water Quality-general, ...2.0841

GEOLOGY AND GROUND WATER RESOURCES OF BURKE
COUNTY Chemical-general, Drilling and Coring, Groundwater,
Permeability, Surficial Geology, ...2.0842

GEOLOGY AND GROUND WATER RESOURCES OF
RENVILLE COUNTY ...Geology-general, Groundwater, North
Dakota. Water Resources - General. Water Wells, 2.0843

GEOLOGY AND GROUND WATER RESOURCES OF PEMBINA
COUNTY ...Deposits, Geology-general, Groundwater. Mapping,
Permeability, Rocks - Bedrock. ...2.0844

GEOLOGY AND GROUND WATER RESOURCES OF NELSON
COUNTY ...Deposits, Geology-general. Groundwater, Mapping,
Permeability, Rocks - Bedrock, ...2.0845

GEOLOGY AND GROUND WATER RESOURCES OF WALSH
COUNTY ...Deposits, Geology-general. Groundwater, Mapping.
Permeability, Rocks - Bedrock, ..2.0846

GEOLOGY AND GROUND WATER RESOURCES OF CAVALI-
ER COUNTY ...Deposits, Geology-general, Groundwater.
Mapping, Permeability, Rocks - Bedrock, ...2.0847

A STUDY OF LAND DISPOSAL OF SPENT SULFITE LIQUOR
AT BADGER PAPER MILLS, INC., PESHTIGO, WISCONSIN
...Disposal, Limestone - General, Neutralization, Pollutants - Path
of , Pulp and Paper Wastes, 5.1295

STATISTICAL INFERENCE AND MODELS ...Dendrochronology,
Distributions, Statistical Models. Stochastic Processes, Water
Table Fluctuation, ...7.0108

SPECIf'T YIELD INVESTIGATION ...California, Groundwater
Basil', Moisture Content, Projections and Estimations, Water
Yield, 2.0182
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BOREHOLE GEOPHYSICS AS APPLIED TO GEOHYDROLOGY
,..Borehole Geophysics, Geophysical Analysis, Groundwater
Movement, Instrumentation-general, Technique Development,
7.0018

MECHANICS OF GROUND-WATER FLOW .Artificial Recharge,
Earthquakes, Groundwater Basins, Groundwater Movement,
Water Table Fluctuation, 2.1093

GEOLOGIC STRUCTURE AND FRESH GROUND WATER IN
GULF COASTAL PLAIN ...Flow Characteristics -water, Geologic
Maps, Regional Structure, South Central, ...2.0536

GEOHYDROLOGY OF THE POTOMAC-RARITAN-MAGOTHY
AQUIFER SYSTEM ...Calcite Group, Clay Minerals-general,
Groundwater, Mineralogy, Solution Chemistry, ..2.0768

MISSOURI SPRINGFLOW CHARACTERISTICS Chemical-
general, Discharge-general, Physical Features-general, Springs,
Water Supply-general, ,..2.0701

GRAVITY FLOW OF WATER IN SOILS AND AQUIFERS OF
WESTERN KANSAS ...Gravitational Movement - water, Kansas,
Natural Recharge, Soil Environment, Storage of Water, ...2.0502

MILL CREEK VALLEY ANALOG MODEL STUD',', OHIO
...Analog Computers, Artificial Recharge, Model Studies, Ohio,
Recharge Pits - Wells, ...4.0195

SALT-WATER ENCROACHMENT IN THE BRUNSWICK AREA,
GEORGIA ...Georgia, Observation Wells, Piczometry, Pumping,
Saline Water Intrusion, ...5.0306

GEOHYDROLOGY OF SHALLOW AQUIFERS IN HENRY AND
WEAKLEY COUNTIES, TENNESSE ...Groundwater, Observa-
tion Wells, Pollution Sources-general, Pumping, Tennessee,
...2.0998

WATER AVAILABILITY OF MUSCATINE ISLAND, IOWA
...Available Water, Chemical-general, Iowa, Prediction Models,
Water Resources Development, ...2.0488

WATER RESOURCES OF THE BOWLING GREEN AREA, KEN-
TUCKY ...Groundwater Movement, Industrial-general, Kentucky,
Streams, Water Quality - general, ..2.0528

GROUND WATER CONDITIONS OF THE CENTRAL BOSTON
AREA, MASSACHUSETTS ...Massachusetts, Observation Wells,
Structure Sites, Unconsolidated Deposits, Water Table Fluctua-
tion, ...2.0613

HYDROLOGY OF CONSOLIDATED ROCK AQUIFERS NEAR
PENNINGTON, NEW JERSEY ...Circulation -water, New Jersey,
Permeability, Recharge -general, Reservoirs and Impoundments,
...2.0767

BASIC HYDROLOGIC RESEARCH IN SELECTEE) AREAS IN
SOUTH DAKOTA ...Aircraft, Geophysical Analysis, Reconnais-
sance, South Dakota, Water Sources -general, ...2.0976

HYDROLOGY OF A WETLAND AREA IN THE YELLOW
RIVER BASIN, WISCONSIN ...Flow Characteristics -water,
Water Quality-general, Wetlands, Wisconsin, ...2.1150

WATER RESOURCES OF THE KENAI PENINSULA BOROUGH
AREA, ALASKA ...Alaska, Gaging, Groundwater Basins, Runoff,
Water Resources Development, ...2.0012

REMOTE SENSING, GULF COASTAL AREA, CENTRAL
FLORIDA ...Aircraft. Fresh Water, Saline Water Systems, Tem-
perature. Tides, ...2.0327

TECHNIQUES FOR USE OF RADIOISOTOPES IN TRACING
RESERVOIR LEAKAGE ...Faults, Foundations-general, Leckage,
Radioisotopes, Reservoirs and Impoundments, 7.0017

GROUNDWATER ANALYSIS BY DIGITAL COMPUTER APPLI-
CATION DEVELOPMENT ...Digital Computers, Forecasting-pre-
diction, Water Table Fluctuation, ...4.0059

FATE OF POLLUTANTS IN GROUND WATER ...Artificial
Recharge, Chlorinated Hydrocarbons, Nitrate, Nitrite, Playas, Pol-
lutants - Path of , ...5.0917

SUBSURFACE AND GROUND WATER ACCRETION, DEPLE-
TioN, MOVEMENT AND CONTRIBUTION TO STREAM-
FLOW ...Agricultural Watersheds, Bascflow, Groundwater Move-
ment, Mississippi, Natural Recharge, _2.0336

AQUIFER AND SUBSURFACE RELATIONSHIPS IN THE
HYDROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS ...Baseflow, Forecasting-prediction, Groundwater
Movement, Natural Recharge, Streams, Technique Development,
Water Yield, ...3.0394

AQUIFER-STREAMFLOW INTERRELATIONSHIPS IN UP-
STREAM AGRICULTURAL WATERSHEDS OF THE PACIFIC
NORTHWEST ...Agricultural Watersheds, Flow Characteristics -
water, Permeability, Recharge -general, Structure, Subsurface
Flow, 3.0201

OPTIMUM UTILIZATION OF -SURFACE AND SUBSURFACE
WATER FACILITIES ...Conjunctive Use, Mathematical Analysis,
Operations Research, Storage of Water, Survey Studies, _4.01110



SUBJECT INDEX Aquifers

ECONOMICS OF WATER MANAGEMENT ON THE TEXAS
HIGH PLAINS ..,Economic Impact, Groundwater, Production &
Processing, Texas, Water Allocation, Water Yield, Welfare
Economics, 6.0137

Aquifers-other
WELL DRAWDOWN IN UNCONFINED AQUIFERS UNDER

NON-STEADY CONDITIONS Drawdown, Flow Characteristics
-water, Seepage, Unsteady Flow, Water Wells, ...2.0862

EFFECT OF FORMATION DIP ON THE MOVEMENT OF
FRESH WATER STORED IN SALINE AQUIFERS ...Artificial
Recharge, Fresh Water, Local Structure, Model Studies, Storage
of Water, _4.0122

HYDRAULICS OF WELLS ...Drawdown, Hydraulic Engineering-
other, Model Studies, Unsteady Flow, Water Wells, 7.0077

AQUIFERS AND DRAINAGE ...Brackish Water, Drainage,
Groundwater Movement, Irrigation-general, Model Studies,
,,.2.0166

Carbonate Aquifers
THE ARTESIAN SYSTEM IN GEORGIA STRATIGRAPHY AND

HYDROLOGY OF THE OCALA Artesian Flow, Georgia,
Groundwater Movement, Natural Recharge, Piezometry, ...4.0082

AVAILABILITY, DISTRIBUTION, QUANTITY AND QUALITY
OF WATER RESOURCES IN CARBONATE KARST TERRAIN
Available Water, Groundwater, Karst Topography, Runoff,
Water Balance-budget, Water Quality-general, ...4.0155

DRILLED WELL INVESTIGATION OF DOLOMITE AQUIFER
CHARACTERISTICS ..,Dolomite, Groundwater Movement, Ob-
servation Wells, Permeability, Storage of Water, 2.0704

EFFECT OF UNLINED TREATED SEWAGE STORAGE PONDS
ON WATER QUALITY IN THE OGALLALA FORMATION
Effluents-waste Water, Pollution - Effects of , Ponds, Storage of
Water, Texas, 4.0245

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA Computers-general, Mining
Industry, North Carolina, Saline Water Intrusion, Water Table
Fluctuation, ...2.0821

MATHEMATICAL MANAGEMENT MODEL UNCONFINED
AQUIFER ...Groundwater, Management, Mathematical Analysis,
Model Studies, Water Movement-general, ...4.0246

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ...Analog Computers, Develop-
ment of Models, Digital Computers, Model Studies, North
Carolina, ...2.0822

STRUCTURAL CONTROL OF SPRINGS FROM THE MUAV
AQUIFER IN WESTERN GRAND CANYON NATIONAL
PARK, ARIZONA ..Groundwater Movement, Seasonal, Specific
Rock Unit, Springs:Tectonics-general, ...2.0054

HYDROLOGY STUDY IN U. S. GYPSUM MINE, SHOALS, INDI-
ANA ...Artesian Flow, Hydrated Acid and Norm, Indiana, Mine
Drainage Control, Mine Hydrology, ...5.0386

GROUND-WATER STUDIES - PILOT DRAINAGE BASIN
STUDY ...Groundwater Basins, Groundwater Movement, Land
Use, Natural Recharge, Runoff, Water Cycle, ...2.0418

THERMAL CHARACTERISTICS OF AQUIFER SYSTEMS
Clastic Aquifers, Flow Characteristics -water, Permeability, Sub-
surface Flow, Temperature, ...2.1099

HYDROGEOLOGY OF ARTESIAN SYSTEMS AND LIMESTONE
TERRANES ...Artesian Flow, Clastic Aquifers, Coastal Plain,
Southeast, Water Supply-general, ...2.0287

WATER RESOURCES STUDY, DUVAL COUNTY, FLORIDA
.Florida, Hydrology-general, Surface Water, Total Volume,
Water Quality-general, ...2.0330

DEVELOPMENT OF WATER SUPPLIES FOR IRRIGATION IN
THE SOUTH ...Available Water, Clastic Aquifers, Irrigation En-
gineering, Irrigation-general, Water Resources Development,
Water Sources -general, 2.0332

Clastic Aquifers
THE WILCOX GROUP IN TEXAS ...Groundwater, Local Stratig-

raphy, Sedimentary History, Specific Rock Unit, Texas, 2.1007
EXTERNAL GEOMETRY OF SUPERPOSED ELONGATE SAND-

STONES, NORTH-CENTRAL TEXAS ...Channel Filling,
Geomorphology-general, Isopach, Sandstones, Subsurface,
2.1006

GEOLOGY OF THE PALUXY AND BRAZOS VALLEYS IN
HOOD, SOMERVELL, AND ERATH COUNTIES, TEXAS
..Groundwater, Texas, Water Table Fluctuation, Water Utiliza-
tion -general, Water Yield, 4.0235

GROUND-WATER STUDIES - DEEP SANDSTONE AQUIFER IN
CHICAGO REGION ...Groundwater Movement, Permeability,
Pumping, Sandstones, Water Table Fluctuation, ,2.0419

GROUND-WATER GEOLOGY OF DEKALB AND BOONE
COUNTIES, ILLINOIS ...Aerial, Deposits, Geophysical Analysis,
Groundwater, Local Stratigraphy, Mapping, 4.0096

ELECTRICAL EARTH RESISTIVITY SURVEYS ...Electric
Logging, Electrodes, Geophysical Analysis, Groundwater, Illinois,
_7.0033

GEOLOGY OF VALLEY FILL DEPOSITS IN THE MIDDLE IL-
LINOIS RIVER VALLEY ...Deposits, Hydrology-general, Sedi-
mentary History, Valley, Buried, ...7.0036

EVALUATION OF MAGOTHY AQUIFER - ANNAPOLIS AREA
...Atlases-maps, Available Water, Maryland, Model Studies, Saline
Water Intrusion, .,.2.0564

TRANSPORT PROCESSES IN FLUID FLOWS ...Dispersion -water,
Dyes, Mathematical Analysis, Model Studies, Porous Media -
Flow Through, ,..2.0368

PERMEABILITY DISTRIBUTION AND SEDIMENTATIONAL
FEATURES ...Big Horn, Permeability, Petrography, Sedimentary
Structures-other, Water Yield, _2.0271

GEOHYDROLOGIC ENVIRONMENTAL STUDIES ...Facies, Flow
Characteristics -water, Permeability, Specific Rock Unit, Tertiary
Period, 2.0538

THERMAL CHARACTERISTICS OF AQUIFER SYSTEMS ...Car-
bonate Aquifers, Flow Characteristics -water, Permea'Aity, Sub-
surface Flow, Temperature, ...2.1099

HYDROGEOLOGY OF ARTESIAN SYSTEMS AND LIMESTONE
TERRANES .,.Artesian Flow, Carbonate Aquifers, Coastal Plain,
Southeast, Water Supply-general, ...2.0287

ARTIFICIAL RECHARGE OF TREATED SEWAGE WATER AT
BAY PARK, N.Y....Artificial Recharge, 4.9183

HYDROLOGY OF THE SAVANNAH RIVER PLANT, SOUTH
CAROLINA --BEDROCK WASTE STORAGE EXPLORATION -
HYDROLOGY OF COASTAL PLAIN SEDIMENTS (ABBREV)
...Coastal Plain, Crystalline Aquifers, Hydrology-general, Seepage,
Underground Waste Disposal, 5.1108

SPRINGFIELD AREA INFILTRATION STUDY, OHIO ...Artificial
Recharge, Flow Characteristics -water, Induced infiltration, Ohio,
Water Yield, ...4.0196

HYDROGEOLOGIC MAPPING OF PALEOCENE SEDIMENTS,
WESTERN TENNESSEE ...Mapping, Specific Rock Unit, Surfi-
cial Geology, Tennessee, Tertiary Period, ..2.0995

WATER RESOURCES, COLUMBUS, INDIANA AREA ..,Alterna-
tive Planning, Groundwater, Indiana, Model Studies, Water
Development, ...2.0456

HYDROLOGY OF BURIED PENNSYLVANIAN CHANNEL
SANDSTONE, KENTUCKY ...Kentucky, Observation Wells,
Pennsylvanian Period, Salinity, Valley, Buried, ...2.0527

DEVELOPMENT OF WATER SUPPLIES FOR IRRIGATION IN
THE SOUTH ...Available Water, Carbonate Aquifers, Irrigation
Engineering, Irrigation-general, Water Resources Development,
Water Sources -general, ...2.0332

Crystalline Aquifers
HYDROLOGY OF THE SAVANNAH RIVER PLANT, SOUTH

CAROLINA --BEDROCK WASTE STORAGE EXPLORATION -
HYDROLOGY OF COASTAL PLAIN SEDIMENTS (ABBREV)
...Clastic Aquifers, Coastal Plain, Hydrology-general, Seepage,
Underground Waste Disposal, ...5.1108

Unconsolidated Aquifers
ADVANCE WARNING OF GROUND-WATER POLLUTION

HAZARDS, WITH SPECIAL REFERENCE TO AQUIFERS IN
GLACIAL OUTWASH ...Electrical, Electromagnetic Probing,
Groundwater, Outwash Plains, Physical Parameters, ...5.1235

THE USE OF GRAVITY SHAFTS FOR GROUND WATER
RECHARGE, PHASE I OF A TWO PHASE STUDY ...Deposits,
Economic Efficiency, Recharge Pits - Wells, Turbidity, _4.0189

MORPHOLOGY AND HYDROLOGY OF PLEISTOCENE
DEPOSITS, DELAWARE ,..Geophysical Analysis, Groundwater
Movement, Morphology-general, Permeability, Quaternary Period,
Water Yield, ...2.0253

GEOHYDRAULICS AT THE UNCONFORMITY BETWEEN
BEDROCK AND ALLUVIAL AQUIFERS ...Flow Characteristics
-water, Groundwater Basins, Rocks - Bedrock, Unconformities,
Water Transfer, ...2.0229

WATER DATING TECHNIQUES AS APPLIED TO THE MIS-
SOULA GROUND-WATER RESERVOIR, MONT. ...Carbon-I4,
Geochemical Analysis, Groundwater Movement, Montana,
...2.0715
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Aquifers SUBJECT INDEX

GROUND-WATER GEOLOGY OF OGLE COUNTY, ILLINOIS
,..Aerial, Available Water, Groundwater, Joints-fractures, Obser-
vation Wells, 7.0034

TEMPERATURE PROSPECTING FOR SHALLOW GLACIAL
AND ALLUVIAL AQUIFERS ...Deposits, Geothermal, Tempera-
ture, Temperature Profiles, 4.0095

PERMEABILITY OF UNCONSOLIDATED AQUIFER MATERI-
ALS ...Aquifers-general, Data Analysis Applications, Hydrology-
general, Permeability, Valleys and Canyons, ...7.0038

MECHANICS OF AQUIFER SYSTEMS ...Storage of Water, Sub-
sidence, ..2.0153

WATER RESOURCES OF THE GREATER JUNEAU BOROUGH,
ALASKA ...Alaska, Observation Wells, Urban Environments,
Water Resources Development, Water Table Fluctuation,
...2.0014

Valley, Buried
UTILIZATION OF THE STORAGE POTENTIAL OF RIVER

VALLEY AQUIFERS (ABBREV ) ...Nebraska, Recharge -
general, River Basins, Storage of Water, Water Quality-general,
..,4.0162

GRAVITY INVESTIGATION OF WATER-BEARING STRATA IN
SWAN VALLEY, MONTANA ...Density, Gravity Surveys, Local
Structure, Montana, Porosity, ...2.0713

INTERRELATIONSHIP OF SURFACE AND SUB-SURFACE
FLOW IN THE NISHNABOTNA DRAINAGE BASIN
...Discharge-other, Drift, Groundwater Movement, Iowa, River
Basins, ...2.0481

GEOLOGY OF VALLEY FILL DEPOSITS IN THE MIDDLE IL-
LINOIS RIVER VALLEY ...elastic Aquifers, Deposits, Hydrolo-
gy-general, Sedimentary History, 7.0036

EXPLORATION AND MAPPING OF THE SALISBURY
PALEOCHANNEL ...Atlases-maps, Borehole Geophysics, Chan-
nels, Geophysical Analysis, Maryland, ...2.0566

WATER RESOURCES OF CENTRAL WISCONSIN, A WATER-
POOR AREA ...Artificial Recharge, Augmentation-general,
Deposits, Geophysical Analysis, Wisconsin, ...2.1146

HYDROLOGY OF BURIED PENNSYLVANIAN CHANNEL
SANDSTONE, KENTUCKY ...Clastie Aquifers, Kentucky, Obser-
vation Wells, Pennsylvanian Period, :salinity, ...2.0527

Arctic
SATELLITE SEA ICE STUDIES Satellites, Sea Ice, ...6.0277
PATHWAYS OF TRACE ELEMENTS IN ARCTIC LAKE

ECOSYSTEMS ...Gel Filtration, Lakes, Organic-general, Pollu-
tants - Path of , Trace Element Analysis, 1.0004

STREAM VALLEY ASYMMETRY IN AN ARCTIC ENVIRON-
MENT-CONDITIONS GOVERNING GEOMORPHIC
PROCESSES 7360 ..,Environmental Effects-geologic, Microcli-
mate- general, Shape, Slopes, Valleys and Canyons, ...2.0255

CYTOTAXONOMY AND RELATED STUDIES OF HOLARCTIC
MIDGES ...Animal Taxonomy, Bloodworms, Aquatic Midges,
Collections, Museum, Nearctic, ...5.0756

COLD REGIONS PHYSICAL SCIENCE ...Cloud Physics, Electron,
Ice Fog, Petrofabrics, 2.0757

SNOW AND ICE COVER INVESTIGATIONS ...Frost, Sea Ice,
Snowmelt, Snowpaek, Weather Forecasting, 2.0747

TECHNICAL SUPPORT, INVESTIGATIONS OF ARCTIC CON-
STRUCTION ...Cols! - Climates, Construction, Earth & Rocklin
Dams, Thermal Properties-general, ...8.0266

INVESTIGATION OF WATER SUPPLY PROBLEMS IN ARCTIC
AND SUB-ARCTIC AREAS Groundwater, Potable Water,
Storage of Water, Surface Water, Water Supply-general, ...3.0004

Argon
HETEROGENEOUS NUCLEATION AND CONDENSATION OF

VAPORS Liquid, Nucleation, Solution, Water, 4 Ring System,
...1.0094

Arizona
SMALL DRAINAGE AREA STUDY ...Drainage, Floods, Gaging,

Peak Flow, Small Watersheds, 2.0289
CONTROL OF UNDESIRABLE SHRUBS AND REVEGETATION

OF SOUTHERN ARIZONA RANGES ...Arid and Desert, Cul-
tural Control, Integrated Cultural Control, Maturity Or Growth
Stage of , Range, 4.0001
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DEER FOODS ON WATERSHEDS TREATED FOR INCREASED
WATER YIELD ...Deer Ns, Food Supply, Forages, N. s. , Water
Yield, ...4.0004

BLUE-GREEN ALGAE POISONING .Algal Pollutant Sources,
Algal Toxins, Cyanophyta (non-specific & Ot), Range Or Terri-
torial Distr. , Vegetable Origin, 5.0041

FERTILIZATION OF WOODS CANYON LAKE ...Fertilizers -
aquatic, Lakes, Rainbow Trout, Steelbead 'Trout, ..5.0040

ECONOMIC IMPLICATIONS OF WATER POLICY IN ARIZONA
...Economic Efficiency, Economic Impact, Legal Review, Model
Studies, Water Resources Development, 6.0011

GEOPHYSICAL INVESTIGATIONS IN ALLUVIAL BASINS IN
SOUTHERN ARIZONA ...Electric Logging, Gravity Surveys,
Hydrology-general, Seismic Refraction, 2.0062

DEVELOPMENT OF ECONOMIC WATER HARVEST SYSTEMS
FOR INCREASING WATER SUPPL ...Cover Crops, Economic
Efficiency, Erosion - general, Saline Soils, Water Harvesting,
...3.0012

TRACE AND TRACER ELEMENTS IN GROUND WATER
...Agricultural Cnemicals-general, Groundwater, Industrial Wastes,
Trace Elements, Tracers-general, 4.0010

OPERATIONS RESEARCH STUDY OF WATER RESOURCES
DEVELOPMENT AND MANAGEMENT IN THE TUCSON
AREA ...Management, Operations Research, Optimization
Technique, Research - Development, Simulation Theory, Water
Resources Development, ...6.0015

LEMON PRODUCTION IMPROVEMENT ...Citrus, Furrow Irriga-
tion, Irrigation, Sprinkler Irrigation, Trees, 2.0067

SNOW HYDROLOGY ...Energy Budgets, Forest Watersheds,
Mathematical Analysis, Snow, Snowmclt, ...2.0064

MANAGEMENT OF SALINE WATER FOR CROP PRODUC-
TION ...Brackish Water, Management, Saline and Alkaline Soils,
Use of Impaired Water, Water Quality-general, 3.0014

WATER IN RELATION TO ECONOMIC GROWTH IN AN ARID
ENVIRONMENT ...Arid and Desert, Economic Impact, Ground-
water, Model Studies, Water Costs, ...6.0013

TREATING AN INADEQUACY OF THE UNIT HYDROCIRAPH
HYPOTHESIS BY STORAGE ROUTING WITH VARIABLE
EMPIRICAL VALUES OF LAG AND STORAGE ...Amount,
Hydrographs, Model Studies, Runoff, Storage of Water, 2.0063

GENETIC AND CYTOGENIC STUDIES OF HORTICULTURAL
CROPS-BREEDING XEROPHYTIC CUCURBITA ...Aerial, Alid
and Desert, Interspecific Genetic Relat, Squash, Pumpkin,
Sterility, 3.0010

SOIL PHYSICAL CHANGES DUE TO MANAGEMENT PRAC-
TICES ...Management, Management Effects, Tillage, Cropping
Systems, Yield, _2.0050

SAFFORD VALLEY, ARIZONA GEOPHYSICAL STUDIES
...Geophysical Analysis, Groundwater, Hydrology-general,
...2.0276

GILA RIVER PHREATOPHYTE PROJECT ...Energy Budgets,
Evapotranspiration, Phreatophytes, Water Balance-budget, Water
Loss Control, ...2.0042

WATER RESOURCES APPRAISAL OF THE TUCSON BASIN,
ARIZONA ...Groundwater Movement, River Basins, Storage of
Water, Surface Water, Water Table Fluctuation, ...2.0043

ELECTRICAL-ANALOG ANALYSIS OF HYDROLOGIC DATA,
ARVA VALLEY, ARIZ ...Analog Computers, Groundwater,
Model Studies, Pumping, Water Table Fluctuation, 2.0044

ARIZONA WEATHER MODIFICATION ENGINEERING
RESEARCH, ATMOSPHERIC WATER RESOURCES ...Cloud
Formation and Evolution, Clouds-precipitation, Nucleation
Physics, Other, Storms-general, ...2.0186

RELATIONSHIP BETWEEN MOURNING DOVE PRODUCTION
AND WATER DISTRIBUTION IN THE SONORAN DESERT
...Deserts, Dove, Habitat Studies, Productivity (agricultural),
Water Utilization -animal, ...6.0262

Arkansas
DISTRIBUTION AND GROWTH PATTERNS OF THE GIZZARD

SHAD (DOROSOMA CEPEDIANU) AND THREADFIN SHAD
(DOROSOMA PETENENSE) IN RESERVOIRS ...Alewife,men-
haden,shad,herring, Growth Rate, Number Or Density, Reservoirs
and Impoundments, Temporal Distribution, _6.0029

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
...Automated Equipment, Design Criteria, Irrigation Engineering,
Pipelines, Spray Devices, Subsurface Irrigation, _3.0025

WATER RESOURCES PLANNING STUDIES - ARKANSAS AND
OKLAHOMA ...Daily, Oklahoma, River Basins, Water Allocation,
Water Quality-general, _6.0028

X?



SUBJECT INDEX Atlases-maps
THE DISTRIBUTION OF TRACE ELEMENTS IN IMPOUND-

MENTS ...Electric Power Plants, Reservoirs and Impoundments,
Trace Elements, Water Quality Control-general, Water Sampling,
-.2.0068

A EUTROPHICATION MODEL OF THE WHITE RIVER BASIN
ABOVE BEAVER RESERVOIR IN NORTHWEST ARKANSAS
...Eutrophication, Forecasting-prediction, Nutrients, Reservoirs
and Impoundments, Simulation, ..5,0053

GROUNDWATER - SURFACE WATER INTEGRATION STUDY
IN THE GRAND PRAIRIE REGION OF ARKANSAS ...Availa-
We Water, Conjunctive 11: c, Groundwater, Recharge -general,
Water Demand, ...4.0020

GROUND WATER, RESOURCES AND RECHARGE - RICE .,,Ar-
tificial Recharge, Groundwater, Irrigation-general, Pollution Ef-
fects of Water Wells, ..6.0026

ENGINEERING PHASES OF IRRIGATION IN ARKANSAS ...Ir-
rigation, Irrigation Engineering, .2.0069

RICE FARMS IN ARKANSAS ...Benefit -cost Analysis, Costs, Ir-
rigation-general, Management, Rice, ..3.0026

CHE,M ICA L AND MINERALOGICAL RELATIONSHIPS
BETWEEN SUBMERGED SOILS AND RICE CULTURE
...Aquatic Soils, Irrigation-general, Mineralogy, Rice, .4.0021

LEGAL - ECONOMIC ASPECTS OF WATER USE IN ARKANSAS
...Administrative Structures, Economics-general, Water Law-
general, Water Resources Development, Water Utilization -
general..6.0025

MANAGEMENT ALTERNATIVES ON OZARK FOREST ...Ero-
sion-general, Polley - Business Methods, Sediment Yield, Small
Watersheds, Soils and Fertilizer, .,2.0073

WATER BALANCE AND ALKALINE EXCHANGE RELATION-
SHIPS AS INFLUENCED BY WATER MANAGEMENT PRAC-
TICES IN RICE ...Microclimate-general, Rice, Salt, Water
Balance-budget, Water Depth, Water Levels, .2.0071

POPULATION ESTIMATES FROM MIDWATER TRAWL SAM-
PLING .. .Alewife,mcnhaden,shad,herring, Aquatic Ecology, Nets,
Population Dynamics, Reservoirs and Impoundments, 6.0019

MOVEMENTS OF SPORT FISHES IN BEAVER RESERVOIR
...Basses -sea,white, White Perch, Fishery Development -other,
Migration, Reservoirs and Impoundments, Tags, 6.0017

SPOTTED BASS REPRODUCTION IN BULL SHOALS ...Biologi-
cal Rhythms, Centrarehidae -other, Environmental Ecology,
Reproduction Studies (general), Reservoirs and Impoundments,
6.0023

LIFE HISTORY OF LONGEAR SUNFISH ...Behavioral Ecology,
Centrarehidae -other, Life History Studies, Reservoirs and Im-
poundments, Scuba, _6.0016

MORTALITY RATES AND RECRUITMENT ...Fish -non-specific,
Growth Rate, Mortality Rates, Population Dynamics, Reservoirs
and Impoundments, -.4.0014

DESIGN AND CONSTRUCTION OF GEAR FOR MIDWATER
TRAWLING ...Alewife,mcnhaden,shad,herring, Nets, Population
Dynamics, Reservoirs and Impoundments, _4.0016

ESTIMATES OF COMPOSITION, ABUNDANCE AND FLUC-
TUATION IN FISH POPULATIONS IN BULL SHOALS AND
BEAVER RESERVOIRS ...Aquatic Ecology, Fish -non-specific,
Number Or Density, Population Dynamics, Reservoirs and Im-
poundments, .4.0017

Arkansas River
FISHES OF THE ARKANSAS RIVER BASIN, COLORADO

...Colorado, Environmental Changes, Fish -non-specific, Survey
Studies, Water Environment -other, _6.0102

\WATER RESOURCES PLANNING STUDIES - OKLAHOMA
\ AND ARKANSAS ...Data Acquisition-general, Federal Govern-
\ ment, Planning, State-local Government, Storage of Water,

..6.0445

HXDROLOGY OF ARKANSAS RIVER VALLEY, CANON CITY
TO STATE LINE ...Flow Characteristics -water, Groundwater,
Hydrology-general, Irrigation-general, Management, Water
Transfer, ...2.0202

Aromatic Cpds
AROMATIC SOLVENT AQUATIC HERBICIDES AND EMULSI-

FYING AGENT TESTING ...Chemical Analysis, Evaluation, Her-
bicides -non-specific, of Aquatic Plants, Petroleum Cpds. -non-
specific, Plant Pollutants, 3.0107

Astronomy
Planetary Studies

Environment
MINIMUM WATER CONCENTRATION OF ZNVIRONMENTAL

WATER CAPABLE OF SUPPORTING LIFE ...Extraterrestrial,
Fungi -non-specific, Lichcnes, Moisture, Water, .6.0430

Atlantic Ocean-general
COORDINATION OF ESTUARINE REMOTE SENSING IN AT-

LANTIC COAST REGION ,..Aerial, Estuaries, Satellites,
.2.0910

Atlantic Ocean-north
LOGISTIC SUPPORT AND MAINTENANCE OF FACILITIES

Lakes, Maine, Marine Biology, Research Facilities, 9.0009
EFFECTS OF HOT WATER MASSES ON MARINE FISHES

...Behavior -animal, Fish -non-specific, High Temp. -85f Or
Above, Thermal, .5.0721

CIRCULATION ON THE CONTINENTAL SHELF ...Circulation
General, Continental Shelf, Eastern, Water Motion Recorders,
...2.0624

Atlantic Ocean-south
RESEARCH IN OCEANIC PHYSICS ...Convection, Mixing, Ther-

modynamics, Water Mass & Ocean Fronts, Wind -water Interac-
tion, ...2.0619

Atlantic Plain
Coastal Plain

SHALLOW WELLS AND IRRIGATION PITS FOR IRRIGATION
AND OTHER FARM WATER SUPPLY IN THE COASTAL
PLAINS ...Aquifers-general, Irrigation-general, Pumping, Terrain
Analysis, Water Wells, 3.0194

INFLUENCE OF SOIL MOISTURE AND SOIL FERTILITY
LEVELS ON ASPARAGUS YIELD AND QUALITY
...Asparagus, Moisture Content, Moisture Levels, Rates Or Levels
of Application, ..2.0760

ATLANTIC COASTAL PLAIN - PERMEABILITY DISTRIBU-
TION STUDY ...Permeability, Sea Level Variations, Structural
Source, Transport Direction, Wedges, -.2.0824

HYDROGEOLOGY OF ARTESIAN SYSTEMS AND LIMESTONE
TERRANES ...Artesian Flow, Carbonate Aquifers, Clastic
Aquifers, Southeast, Water Supply-general, -.2.0287

HYDROLOGY OF THE SAVANNAH RIVER PLANT, SOUTH
CAROLINA --BEDROCK WASTE STORAGE EXPLORATION -
HYDROLOGY OF COASTAL PLAIN SEDIMENTS (ABBREV)
...Clastic Aquifers, Crystalline Aquifers, Hydrology-general,
Seepage, Underground Waste Disposal, -.5.1108

Continental Shelf
DISTRIBUTION OF YOUNG STAGES OF COASTAL FISHES

...Estuaries, Fish -non-specific, Maturity & Growth Stages,
Number Or Density, Ships and Cruises, ...6.0345

Atlases-maps
COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY

- II HYDROLOGY ...Aquatic Ecology, Environmental Ecology,
Estuaries, Gulf of Mexico, Water Propertie&.general, .2.0670

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- III SEDIMENTOLOGY ...Aquatic Ecology, Distribution, En-
vironmental Ecology, Estuaries, Gulf of Mexico, -.2.0671

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- IV BIOLOGY ...Aquatic Ecology, Environmental Ecology,
Estuaries, Gulf of Mexico, Mississippi River, ...2.0672

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
(AREA DESCRIPTION) ...Estuaries, Gulf of Mexico, Industrial-
general, Mississippi River, Water Properties-general, ...7.0061

GEOCHEMISTRY AND ORIGIN OF SULFO-SALINE GROUND
WATER, SALINE COUNTY, MISSOURI ...Chemical-general,
Geochemical Analysis, Groundwater, Permeability, Salinity, Sul-
fide, _4.0152

A METHOD OF DETERMINING AND MAPPING THE
HYDROLOGIC RESPONSE OF UNGAGED WATERSHEDS IN
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Atlases-maps SUBJECT INDEX

THE SOUTHEAST ...Hydrology-general, Land Use, Morphology-
general, Small Watersheds, Southeast, ...7.0025

WATER RESOURCES OF NORTH CAROLINA - AN INVENTO-
RY OF INFORMATION AND DATA ,Indexes, North Carolina,
Tables, Compilations, Catalogs, Water Resources - General,
7.0085

A GROUNDWATER QUALITY SUMMARY FOR ALASKA
...Alaska, Document & Literature Info, Groundwater, Water
Quality-general, ...7.0001

STUDY OF GEOLOGIC STRUCTURAL CONTROL ON THE
FLOW AND DISCHARGE OF GEOTHERMAL WATERS
.Groundwater, Groundwater Movement, Iceland, Regional Struc-
ture, Thermal Features-other, ...2.0794

A GEOGRAPHIC ANALYSIS OF THE HYDROLOGIC
RESPONSE IN THE SOUTHEASTERN UNITED STATES
.,.Drainage, Land Use, Patterns, Southeast, ...2.0346

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS
...Moisture Content, Patterns, Puerto Rico, Runoff, Water Yield,
4.0208

TEXAS GEOLOGIC ATLAS PROJECT ...Compilation, Geologic
Maps, Texas, 7.0100

GEOLOGY OF THE LAJITAS AND REDFORD QUADRAN-
GLES, BREWSTER AND PRESIDIO COUNTIES, TEXAS
...Geologic Maps, Geology- general, Groundwater, Texas, ..,2.1014

GEOLOGY OF THE CAVE CREEK SCHOOL, MONUMENT
HILL, AND YEAGER CREEK QUADRANGLES, GILLESPIE,
BLANCO, AND HAYS COUNTIES, TEXAS ...Geologic Maps,
Geology-general, Groundwater, Texas, Water Resources Develop-
ment, 7.0101

GROUNDWATER SUPPLIES ...Aquifers-general, Groundwater,
Natural Recharge, Total Volume, Water Table Fluctuation,
...2.0058

EVALUATION OF MAGOTHY AQUIFER - ANNAPOLIS AREA
...Available Water, elastic Aquifers, Maryland, Model Studies,
Saline Water Intrusion, 2.0564

EXPLORATION AND MAPPING OF THE SALISBURY
PALEOCHANNEL _Borehole Geophysics, Channels, Geophysi-
cal Analysis, Maryland, Valley, Buried, 2.0566

FLOOD INUNDATION MAPPING, NORTHEASTERN ILLINOIS
...Data Networks, Discharge-general, Floods, Gaging, Illinois,
4,0093

Atmosphere Composition
Chemical Composition

STUDY OF LIGHT ISOTOPES IN LACUSTRINE ENVIRON-
MENTS ...Gaseous Atmosphere, Lakes, Oxygen, 2.0242

CHEMISTRY OF ATMOSPHERIC PRECIPITATION ...Environ-
mental Effects-geologic, Groundwater, Precipitation-general,
Streams, Water Quality-general, 2.0279

Atmosphere Disturbance
Atmosphere Disturbance

TIME DISTRIBUTION OF RAINFALL INTENSITIES ...Mathe-
matical Analysis, Patterns, 2.0920

Atmosphere Disturbance-general
EVAPORATION MECHANISMS ...Boundary Process (moisture),

Capillary Movement, Epidermis, Evaporation, Transpiration,
Transpiration and Evap, ..,2.1164

Fronts
SKYWATER ...Amount, Clouds- precipitation, Montana, Storms-

general, Topographic Influences, ...2.0200

Storms-general
RAINOUT OF RADIOACTIVITY IN ILLINOIS ...Dispersion

Transporation, Fallout Products, Patterns, Washout, 2.0445
RAIN SCAVENGING STUDIES - DATA ANALYSIS, SYNTHESIS

AND INTERPRETATION ...Clouds-precipitation, Dust - Particu-
late Matter, Precipitation-general, Tracers, Washout, ...7.0057

PROBABLE MAXIMUM PRECIPITATION FOR SMALL BASIN
IN THE TENNESSEE RIVER DRAINAGE SYSTEM ...Amount,
Drainage, Tennessee River, Topographic Influences, Weather
Forecasting, 2.0594

MATHEMATICAL SIMULATION OF RAINFALL RUNOFF
PROCESSES ,Computers-gencral, Hydrographs, Model Studies,
Optimization, Other Computers, Runoff, ...2.1015

CHEMICAL CHARACTERISTICS OF PRECIPITATION
FALLING IN CHAMPLAIN VALLEY ,..Chemical Analysis,
Rain-general, Snow-general, Vermont, Water Quality-general,
_2.1086

AN ATMOSPHERIC ENERGY BUDGET STUDY ...Great Basin,
Heat Exchange, Water Balance-budget, 2.0738

THEORY FOR THE DESIGN OF PRECIPITATION NETWORKS
FOR HYDROLOGIC ANALYSIS ...Gages, Patterns, ...7.0009

NEUTRON ACTIVATION ANALYSIS OF IMPURITIES IN RAIN
AND SNOW ...Activation Analysis, Calcium, Lake Erie, Rain-
general, Snowmelt, Sulfur, ...5.0767

COASTAL ENGINEERING STUDIES RELATED TO FLORIDAS
SHORELINE AND BEACH EROSION PROBLEMS ...Beach, By-
passing, Erosion-general, General, Shoreline Structures, Waves,
8.0160

HYDROMETEOROLOGICAL ANALYSIS OF SEVERE RAIN-
STORMS ...Illinois, Meteorological Extremes, Patterns, Radar,
Weather Charts -maps, ..2.0414

CLIMATOLOGY OF HAIL ...Applied Climatology, Modification,
Patterns, Radar, ..,4.0097

DENSE RAINGAGE NETWORK PROJECTS Climatography,
Data Networks, Gages, Modification, Weather Modification-
general, ...2.0424

RAINFALL EVALUATION STUDIES ...Data Analysis Applica-
tions, Gages, General Synoptic Observations, Modification, Pat-
terns, ...2.0416

RELATION OF CLIMATIC AND WATERSHED CHARAC-
TERISTICS TO STORM RUNOFF IN THE EDWARDS
PLATEAU ...Amount, Runoff, Small Watersheds, Storm Water,
Texas, 2.1030

MARINE SURFACE FORECASTING TECHNIQUES ...Forecast-
Mg-prediction, Lake Erie, Ocean Meteorological Studies, Surface
Environments, Tides, 2,0599

HYDROLOGIC S1UDIFS (STORM STUDIES) ..Flood Control,
Floodproofing, Hydrology-general, Patterns, Tables, Compilations,
Catalogs, _2.0549

HYDROLOGIC STUDIES (STORM STUDIES) HAWAIIAN
ISLANDS ...Hawaii, Hydrology-general, Storm Water, Weather
Charts-maps, 2.0366

FLOODS IN NORTH LOUISIANA - RAINFALL-RUNOFF RELA-
TIONSHIPS ...Amount, Floods, Gaging, Louisiana, Runoff,
,2.0537

FLOOD HYDROLOGY INVESTIGATIONS ...Runoff, 6.0090
ATMOSPHERIC WATER RESOURCES RESEARCH IN THE

STATE OF NEW MEXICO ...Clouds-general, Clouds-precipita-
tion, New Mexico, Precipitation Instruments, Rio Grande,
...2.0175

ARIZONA WEATHER MODIFICATION ENGINEERING
RESEARCH, ATMOSPHERIC WATER RESOURCES ..,Arizona,
Cloud Formation and Evolution, Clouds-precipitation, Nucleation
Physics, Other, ...2.0186

SKYWATER ...Amount, Clouds-precipitation, Fronts, Montana,
Topographic Influences, 2.0200

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
RUNOFF RATES AND VOLUME YIELDS ...Agricultural
Watersheds, Climate, Flow Characteristics -water, Geomorpholo-
gy-quantitative, Morphology-general, Water Yield, ...2.0333

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN CORN BELT STATES ,..Agricultural
Watersheds, Corn Belt, Patterns, Physical Climatology, Runoff,
2.0867

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Conservation-gencral, Flew Characteristics -water,
Runoff, ...4.0248

STREAM FLOW REGIMES OF SEMIARID RANGELAND
WATERSHEDS IN THE SOUTHWEST ...Channels, Flow
Characteristics -wider, Runoff, Semi - Arid, Storm Water,
4.0009

STREAM FLOW REGIMES ON A SEMIARID RANGELAND
WATERSHED ...Agricultural Watersheds, Channels, Hydraulics-
general, Hydrographs, Runoff, 4.0178

Thunderstorms
SHORT-DURATION CONVECTIVE RAINFALL - DEPTH-DURA-

TION AND INTENSITY-DURATION RELATIONSHIPS AND
VARIATIONS ...Amount, Convection, Gages, Patterns, 2.09211
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SUBJECT INDEX

FIRE WEATHER FORECAST TECHNIQUES ...Fire Behavior -
Identification, Fire Prevention, Regulation of Weather & Veg-,
Technique Development, Weather Forecasting, 2.0587

FLOOD WAVE MOVEMENT IN NATURAL EPHEMERAL
STREAM CHANNELS ...Channels, Ephemeral, Floods, Runoff,
Waves, ...4.0008

Tropical Cyclones
TROPICAL STORM RAINFALL AND HURRICANE WIND

FIELDS ...Forecasting, Gulf of Mexico, Pressure-density,
Velocity, ..2.0595

Atmosphere Radiation
WMO EVAPORATION PAN DATA ...Air Temperature Instru-

ments, Evaporation, Standards, Specifications, 2.1113
EVAPORATION ...Evaporation, Forecasting-prediction, Lakes,

Radiation - general, Water 1601(1, ...2.0603
ECOLOGICAL ENGlisfEERIrsIG PROJECT ...Nutriznts, Synthetic

Hydrology-general, Temperature, Tracers-general, Velocity -
water, 6.0159

Atmospheric Pollution
Atmpopheric Pollution-general

PREPARATION AND ANALYSIS OF CLIMATOLOGICAL
DATA IMPORTANT TO AGRICULTURE AND FORESTRY

Appliede d Climatology, Patterns1eipitation - non - specific,
ist

ssesestern4619r
MEASUREMENT OF AIR AND WATER QUALITY ...Pollutants-

general, Techniques-other, Water Quality-general, ...5.1178
INFORMATION PROCEDURES IN ENVIRONMENTAL CON-

TAMINATION ...Atmospheric Contamination, General Informa-
tam Services, Pesticides -non-specific, _7.0070

CONFERENCE ON SANITARY ENGINEERING EDUCATION
,.ti rP(Iltt)n C)ntr)lEducation NgTraining, Management,n ageme n t ,

Behavior
Dispersion - Transporation

RAINOUT OF RADIOACTIVITY IN ILLINOIS ...Fallout Products,
Patterns, Storms-general, Washout, ...2.0445

PRECIPITATION SCAVENGING ...Nuclear Explosions - Fallout,
Nucleation Physics, Rain-other, Snow-other, Washout, ..5.1252

Pollution Behavior-general
IRRIGATION EFFICIENCY ...Evaporation, Irrigation Engineering,

Sprinkler Irrigation, Velocity, Wind Tunnels, ...3.0179

Washout
RAINOUT OF RADIOACTIVITY IN ILLINOIS 7..`ispersion -

Transporation, Fallout Products, Patterns, Storms-general,
2.0445

RAIN SCAVENGING STUDIES - DATA ANALYSIS, SYNTHESIS
AND INTERPRETATION ...Clouds-precipitation, Dust - Particu-
late Matter, Precipitation-general, Storms-general, Tracers,
...7.0057

EFFECT OF CHARGE UPON COLLISIONS IN WASHOUT
...Charge on Droplets, Charged Particles, Collision Effects,
Droplet Formation, Dust - Particulate Matter, ...2.0155

SCAVENGING STUDY OF SNOW AND ICE CRYSTALS
...Charge on Droplets, Nucleation Physics, Structure, Structure-
size, 2.0406

ISOTOPES IN THE BIOSPHERE ...Erosion-general, Management,
Pollutants - Path of , Radioactive Fallout, Runoff, Strontium,
...5.0670

PRECIPITATION SCAVENGING ...Dispersion - Transporation,
Nuclear Explosions - Fallout, Nucleation Physics, Rain-other,
Snow-other, ...5.1252

Sources
Nuclear Explosions - Fallout

PRECIPITATION SCAVENGING ...Dispersion Transporation,
Nucleation Physics, Rain-other, Snow-other, Washout, 54252

Pest Control
REDUCTION OF INSECTICIDAL HAZARDS ...Atmospheric Con-

tamination, Insecticides -non-specific, Movement, Leaching, Per-
sistence in Soils, Pollution - Effects of , 5.0393

Atomic Collisions

INSECTICIDE RESIDUES ON ALFALFA Insecticides -non-
specific, Persistence of Residues, Persistence in Soils, Soil Chemi-
cal Properties, _5.1115

Pulp and Paper
CHAMPLAIN VALLEY PRECIPITATION STUDY ...Gages, Pat-

terns, Sulfur, Valleys and Canyons, ...2.0812

Techniques
Monitoring-general

PRODUCTION AND DISPERSAL OF PATHOGENIC BACTERI-
AL AND VIRAL AEROSOLS BY AERATION OF CON-
TAMINATED WATERS ...Aeration, Aerosols, Biological Organ-
isms, Effluents-waste. Water, Mycobacterium Tubercul, Wind
Tunnels, ...5.0301

Sampling-general
RAINFALL EVALUATION STUDIES .Data Analysis - General,

Gages, Modification, Patterns, Weather Modification-general,
3.0219

Techniques-other
MEASUREMENT OF MR AND WATER QUALITY ...Atmpopher-

ic Pollution-general, Pollutants-general, Water Quality-general,
_5.1178

Types
Aerosols

PRODUCTION AND DISPERSAL OF PATHOGENIC BACTERI-
AL AND VIRAL AEROSOLS BY AERATION OF CON-
TAMINATED WATERS ...Aeration, Biological Organisms, Ef-
fluents-waste Water, Monitoring-general, Mycobacterium Tu-
bere'ul, Wind Tunnels, 5.0301

Biological Organisms
PRODUCTION AND DISPERSAL OF PATHOGENIC BACTERI-

AL AND VIRAL AEROSOLS BY AERATION OF CON-
TAMINATED WATERS ...Aeration, Aerosols, Effluents-waste
Water, Monitoring-general, Mycobacterium Tubercul, Wind Tun-
nels, ...5.0301

Dust - Particulate Matter
RAIN SCAVENGING STUDIES - DATA ANALYSIS, SYNTHESIS

AND INTERPRETATION ...Clouds-precipitation, Precipitation-
general, Storms-general, Tracers, Washout, 7.0057

EFFECT OF CHARGE UPON COLLISIONS IN WASHOUT
...Charge on Droplets, Charged Particles, Collision Effects,
Droplet Formation, Washout, ...2.0155

DEEP ICE CORE STUDIES AND ANALYSES FROM GREEN-
LAND AND ANTARCTICA ...Antarctica, Core Analysis, Ex-
traterrestrial, Greenland, Radioactive Dating-general, Velocity,
2.0754

Ice Fog
COLD REGIONS PHYSICAL SCIENCE ...Arctic, Cloud Physics,

Electron, Petrofabrics, .2.0757

Radioactivity
RADIOACTIVITY IN RAINFALL ...General Synoptic Observa-

tions, Illinois, Rain-general, ...2.0415
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Atmospheric Pressure
LAKE EFFECT SNOW SITUATIONS, EASTERN LAKE ON-

TARIO AREA ...Data Acquisition, General Synoptic Observa-
tions, Lake Ontario, Topographic Influences, 7.0084

IMPROVE PRECIPITATION MEASURING EQUIPMENT -
HYDROLOGIC EQUIPMENT IMPROVEMENT ...Data Acquisi-
tion Systems, Gages, Instrumental Services, Technique Develop-
ment, Transducers, 7.0051

Atomic & Molecular Beams
SCATTERING MEASUREMENTS ON ALKALI - WATER

SYSTEMS ...Alkali Metals-general, Atomic Collisions, Atomic
Forces and Potentials, Multipole Interactions, _1.0021

Atomic Collisions
SCATTERING MEASUREMENTS ON ALKALI - WATER

SYSTEMS ...Alkali Metals-general, Atomic & Molecular Beams,
Atomic Forces and Potentials, Multipole Interactions, 1.0021



Atomic Collisions

SCATTERING MEASUREMENTS ON ALKALI
SYSTEMS ...Alkali Metals-general, Molecular Collisions, Other,
Water, ...1.0022

SUBJECT INDEX

- WATER

Atomic Forces and Potentials
SCATTERING MEASUREMENTS ON ALKALI - WATER

SYSTEMS ...Alkali Metals-general, Atomic & Molecular Beams,
Atomic Collisions, Multipole Interactions, 1.0021

Multipole Interactions
SCATTERING MEASUREMENTS ON ALKALI - WATER

S (STEMS ...Alkali Metals-general, Atomic & Molecular Beams,
Atomic Collisions, Atomic Forces and Potentials, 1.0021

Potential Functions
THEORY OF LIQUIDS ...Approximations, Interparticle Forces,

Perturbation Methods, Solution-ether, Statistical, 1.0016

Van Der Waals Forces
STATISTICAL MECHANICAL THEORIES OF FLUIDS ...Inter-

face, Quantum Analysis, Solution, Statistical, Tension, 1.0084

Atomic Magnetic Phenomena
Spin-orbit Interaction

THE BASIC NATURE OF LIQUIDS ...Absorption Spectra, In-
frared, Interparticle Forces, Self Consistent Fields, 1.0117

Augmentation- general
A STUDY OF THE HYDROLOGIC EFFECTS OF RAINFALL

AUGMENTATION ...Amount, Clouds-precipitation, Digital Com-
puters, Model Studies, Watersheds-general, -.3.0076

THE VALUE OF WATER IN COMPLEMENTARY INDUSTRY
COMPLEXES ...Agriculture Industry, Economic Impact, Social
Aspects, Utah, -.6.0576

AN OPTIMAL WATER MANAGEMENT PLAN FOR THE
MIAMI VALLEY ...Alternative Planning, Artificial Recharge,
Conjunctive Use, Floodproofing, Optimization Technique,
Systems Analysis, -.6.0467

REVERSE OSMOSIS TO REMOVE DISSOLVED SOLIDS FROM
RENOVATED WASTE WATER USED IN GROUND WATER
RECHARGE ...Artificial Recharge, Effluent-standards, Reverse
Osmosis, Waste Water Treatment-general, Water Reuse, -.5.0095

METHODS FOR IMPROVING ROCK PERMEABILITY ...Mineral-
ized Rock, Permeability, Rock Fragmentation Methods, Soil and
Rock Leaching, -.3.0018

RECHARGE OF GROUND WATER IN RIVER VALLEYS OF
EASTERN AND CENTRAL KANSAS, AND THE HIGH
PLAINS ...Artificial Recharge, Great Plains Province, Ground-
water, Groundwater Mining, Natural Recharge, Water Table Fluc-
tuation, ...4.0116

REGIONAL COMPREHENSIVE MULTI-PURPOSE WATER
RESOURCES PLANNING STUDIES ...Multiple-purpose Projects,
New York, Planning, Public Utilities, Water Resources Develop-
ment, ...6.0370

CASCADES ATMOSPHERIC WATER RESOURCES PROGRAM
...Cascade Mountains, Clouds-precipitation, Data Analysis -
General, Formation, Washington, 2.1128

WATER RESOURCES OF CENTRAL WISCONSIN, A WATER-
POOR AREA ...Artificial Recharge, Dcposits, Geophysical Analy-
sis, Valley, Buried, Wisconsin, ...2.1146

VALUE OF DESALTED WATER FOR IRRIGATION ...Benefit-
cost Analysis, Desalination, Irrigation-general, Planning, Use of
Impaired Water, -.3.0122

ATMOSPHERIC WATER RESOURCES PROGRAM ...Clouds-
precipitation, Modification, Reservoirs and Impoundments,
Technique Development, Water Quantity-general, -.2.0163

STATE OF WASHINGTON DEPARTMENT OF WATER
RESOURCES CASCADE ATMOSPHERIC WATER
RESOURCES PROGRAM ...Cascade - Sierra Mountains, Clouds-
precipitation, Nucleation Physics, Patterns, Washington, -.2.0195

ATMOSPHERIC WATER RESOURCES RESEARCH ...California,
Clouds-precipitation, Modification, Technique Development,
...2.0206

Automatic Systems
AUTOMATED POTENTIOMETRIC TECHNIQUES FOR THE

ON-SITE MONITROING OF ANION CONCENTRATIONS IN
WATER ...Analysis and Detection, Electrode, Nitrate, Nitrite,
Potentiometry, Technique Development, ...5.0676

AUTOMATIC p,ECORDING OF SHORT TERM B.O.D.
...Biochemical Oxygen Demand, Effluent-standards, Sewage Test-
ing, Technique Development, -.7.0039

DETERMINATION OF THE PHOSPHATE CONTENT OF NATU-
RAL WATERS, AT THE NUTRIENT LEVEL, BY SOLVENT
EXTRACTION ...Extraction- other, Fresh Water, Nutrients,
Phosphate, Phosphite, Trace Analyses-other, 1.0015

Bacteria
Actinomycetes -non-specific

A STUDY OF THE METABOLL 4 OF THE AQUATIC ACTINO-
MYCETES ...Bacterial Pollutai . Sources, Respiration, Taste and
Odor, 5.1168

A STUDY OF MICROORGANISMS INDUCING TASTES AND
ODORS IN WATER ...Algae- General, Gas, Muss, Taste and
Odor, ...5.0212

Aerobic Bacteria
AEROBIC DISPOSAL OF ANIMAL WASTFS WITH CONTINU-

OUS WATER REUSE ...Aerobic, Anima Waste Removal-treat-
ment, Dilution-general, Sludge-other, Water Reuse, ...5.0294

Anaerobic Bacteria
EFFECTS OF WATER PROPERTIES IN THIXOTROPIC CLAY

SYSTEMS ON BIOLOGICAL ACTIVITY ...Cell Cycle, Clay,
Origin of Life, Thermodynamics, ...6.0217

THE BIOCHEMISTRY OF ANAEROBIC DIGESTION ...Acids,
Anaerobic, Biodegradation, Other, Respiration, -.5.0762

Arthrobacter
SIGNIFICANCE OF ARTHROBACTER IN ECOLOGY OF

WATER AND SOIL ...Catabolism and Degradation, Cell,
env.(non-specific & Ot.), Nucleic Acids, Plant Succession,
_5.1302

Azotobacter -non-specific
AZOTOBACTER ECOLOGY ...Bioindicators, Effluents-waste

Water, Streams, Symbiotic Nitrogen Fixation, ...5.0322

Bacteria (non-specific)
STUDIES ON THE INTERACTIONS OF BACTERIA AND

AQUATIC NEMATODES ...Animal Pollutant Sources, Aquatic
Ecology, Bacterial Pollutant Sources, Interbiotic Relat.(non-
specif), Nematoda -other, -.5.0013

BIOCHEMICAL OXIDATION OF HYDROCARBONS IN NATU-
RAL WATERS ...Chemostat, Degradation, Hydrocarbons, Or-
ganic Matter, Seasonal, 1.0110

THE EFFECT OF WATER STRUCTURE ON BIOLOGICAL AC-
TIVITY ...Corn, Molecular Interaction, Water, Water Movement,
...1.0047

RECOVERY OF INDICATOR BACTERIA ON SELECTIVE
MEDIA DURING DECREASE OF VIABLE COUNTS ...Bioin-
dicators, Media, Tests of Cell Viability, Water Bacteria, -.5.0587

Clostridium Botulinum
STUDY OF WATERFOWL BOTULISM ...California, Growth (non-

specific & Ot.), Identification, Pathology, Water Fowl, N.s. ,

...6.0070
SURV7Y OF CLOSTRIDIUM BOTULINUM TYPE E ...Growth

(non-specific & Ot.), Media, Microbiological Analysis, Pathology,
...5.1310

SURVEY OF CLOSTRIDIUM BOTULINUM TYPE E ...Bacterial
Exotoxins, Identification, Infra Red, Mutagens, ...5.0957

BOTULINUM FOOD POISONING IN RELATION TO FISHERY
PRODUCTS ..Antibiotics, Fish, N.s. , Great Lakes-general,
Microbiological, Repression, ...5.1305

ECOLOGY OF C. BOTULINUM IN THE COMMERCIAL FISHE-
RIES ENVIRONMENT ...Identification, Productivity - Food
Chain, Serology, 6.0291

CLOSTRIDIUM OUTGROWTH AND TOXIN PRODUCTION
DURING STORAGE OF SHELLFISH ...Bacterial Pollutant
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Sources, Microbiological, Oysters, Pacific Ocean-general, Shelf
Life & Storage, 5,1223

THERMAL DESTRUCTION OF TYPE E CLOSTRIDIUM BOTU-
LINUM .Cell Injury and Autolysis, Heat Resistance,
Microbiological, Spore Studies, Toxicological and Allergy,
.5.0233

THE ECOLOGY OF CLOSTRIDUM BOTULINUM IN THE TVA
LAKES AREA ,.,Bacterial Exotoxins, Bacterial Pollutant Sources,
Food, Microbiological, Range Or Territorial Distr, Tennessee,
_2.0990

ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E IN
GREEN BAY .Fish -non-specific, Fish, N,s. , Great Lakes-
general, Microbiological, Repression, Vertical Distribution,
_2.1162

EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY ON
C, BOTULINUM SPORE SURVIVAL IN WHITEFISH CHUBS
DURING SMOKE PROCESSING ...Cisco, Lake Herring, Fish -
other, Heat, Microbiological, Smoking, ..5.1320

SPORULATION AND GERMINATION OF CLOSTRIDIUM
BOTULINUM _Bacterial Exotoxins, Cell. env.(non-specific &
Ot.), Growth (non-specific & Ot,), Media, Spore Studies,
_5.0568

THE ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E
.Bacterial Exotoxins, Classification Or Taxonomy, Ecology,
Estuaries, Serology, ..5,1070

Coliforms (non-specific)
A STUDY OF COLIFORM BACTERIA AND ESCHERICHIA

COLI ON POLLUTED AND UNPOLLUTED OYSTER BOT-
TOMS OF MISSISSIPPI Identification, Mississippi River,
Sewage, Vertical Distribution, Water Sampling, .5.0619

BACTERIOLOGICAL WATER QUALITY ANALYSES OF
METHODS FOR DETECTING FECAL POLLUTION ...Bacterial
Pollutant Sources, 131oindicators, Microbiological Analysis, Sal-
monella (non-specific & Ot ), Streptococcus Fecalis, ,..5.1113

MICROBIOLOGICAL STUDIES IN AN OPEN AND A CLOSED
WATERSHED ...Bacterial Pollutant Sources, Montana, Recrea-
tion Sites, Streptococcus Fecalis, Watersheds-general, .,.5.0696

ENTERIC BACTERIA AND VIRUSES IN SEWAGE, WATER,
AND SHELLFISH ...Bacterial Pollutant Sources, Oysters, Pollu-
tion Effects, Sewage, Viral Pollutant Sources, ..5.0718

INDICATOR-PATHOGEN DENSITY RELATIONSHIPS IN
TRIBUTARY STREAMS ...Bacterial Pollutant Sources, Bioio-
dicators. Microbiological Analysis. Pollutants - Path of , Streams,
5.0562

A COMPARISON OF TOTAL COLIFORM AND FECAL
COLIFORM COUNTS IN STREAM POLLUTION SURVEYS
...Bacterial Pollutant Sources, Bioindieators, Surface Water, Sur-
vey Studies, Water Standards, _5.1296

EFFECTS OF DEVELOPMENT ON WATER QUALITY
_Eutrophication, Land Use, Nutrients, Soil Conditions, Streams,

FREQUENCY DISTRIBUTION OF BIOLOGICAL POLLUTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT ,Biolo-
gy. Enteroviruses or Humans, Gulf of Mexico, Oysters, Pollution-
water, 5.0016

E Co li
DEGRADATION OF SEWAGE AND SOIL MICROORGANISMS

...Catabolism and Degradation, Degradation, Micro-organism Enz,
Sewage, Soil Bacteria, 5.0524

Food Bacteria
SURVIVAL OF FOOD PATHOGENS IN RADIATION

PASTEURIZED SEAFOOD _Dosimetry, Fish. N.s Food,
Microbiological, Radiation. 5.0933

Gram-negative Bacteria
BACTERIOLOGY OF BIODEGRADABLE SURFACTANTS 'Cell

Injury and Autolysis, Electron, Gram-positive Bacteria, Repres-
sion, Surfactants, _5.0106

Gram-positive Bacteria
BACTERIOLOGY OF BIODEGRADABLE SURFACTANTS ...Cell

Injury and Autolysis, Electron, Gram-negative Bacteria, Repres-
sion, Surfactants, .5.0106

Heterotrophic Bacteria
ENERGY SOURCES OF HETEROTROPHIC MICROORGANISMS

IN AN AQUATIC ENVIRONMENT .Bioenergetics, Glycolic
Acid Cpds, Photosynthesis, Phytoplankton, 2.0622

Intestinal Bacteria
EFFECT OF POLLUTING AGENTS ON SURVIVAL OF INDICA-

TOR ORGANISMS ...Bioindicators, Pollution-water, Salmonella
(non-specific & Ot), Shigella (non-specific & Ot.), Zooplankton,
,.,5,1132

I3ACTERIDAL EFFECTS OF ALGAE ON ENTERIC ORGAN-
ISMS ...Algae- General, Algal Culture, Bactericides -non-specific,
Sanitation, Sewage, .5.1151

ENTERIC BACTERIAL DEGRADATION OF STREAM
DETRITUS Bacterial Pollutant Sources, Model Studies, Or-
ganic-general, Sanitation, Self - purification, ..5.0291

ROLE OF ENTERIC MICROORGANISMS IN DETOXIFICATION
- INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ,Bacterial Culture, Biodegradation, Fish -non-specific,
Identification, Insecticides -non-specific, .5.0641

EVALUATION OF METHODS FOR RECOVERY OF EN-
TEROBACTERIACEAE FROM MARINE SOURCES _Bacterial
Pollutant Sources, Crustacea -non-specific, Estuaries, Pollutants-
general, .5.122f

PURIFICATION OF HARD CLAMS FROM POLLUTED
WATERS _Animal Viruses (non-specific), Clams, Contamination
- Water, Estuaries, New Jersey, 5.0729

INCIDENCE OF PATHOGENIC ENTEROBACTERIACEAE AND
ENTEROVIRUSES IN ESTUARINE AREAS ...Detection, En-
teroviruses of Humans, Estuaries, Puget Sound, ...5.1226

Iron Bacteria
MICROBIOLOGICAL ASPECTS OF ACID MINE-DRAINAGE

...Acidity, Autotrophic, Indiana, Mining Industry, Sulfur Bacteria,
5,0385

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART I) ...Acidity, Groundwater
Movement, Mine Drainage Control, Pyrite Group, Soil and Rock
Leaching, .,1.0107

Marine Bacteria (non-specific)
BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE

SALT MARSH ENVIRONMENT --Bacterial Pollutant Sources,
Identification, Laboratory, Salinity, Swamps-marshes, 1.0025

MICROBIOLOGY OF MARINE AND ESTUARINE INVER-
TEBRATES ...Estuaries, Microbiological Analysis, Oysters,
_2.0586

NITRIFICATION BY MARINE MICROORGANISMS _Au-
totrophic, Bact. morphology (general), Bacterial Culture, Isola-
tion From Nat, environ. , Nitrification, Nitrogen Bacteria, Range
Or Territorial Distr. , .1.0066

Methane Bacteria (non-specif.)
STUDIES ON THE METHANOGENIC BACTERIA IN SLUDGE

.Acids , Culture Collections, Digestion, Isolation From Nat. en-
viron, ..5.0259

PRIMARY PRODUCTION AND DECOMPOSITION IN
ESTUARINE WATER ...Estuaries, Florida, Phaeophyta (non-
specific & Ot), Primary Productivity, Rhodophyta (non-specific &
Ot), Turnover (metabolic), 5.0257

CONTROLLING FACTORS IN METHANE FERMENTATION
Bacterial Culture, Cell. env,(non-specific & CH.), Fermentation,

Respiration, Saturated Hydrocarbons, 5.0754
ACCLIMATION OF HIGH RATE ANAEROBIC DIGESTION

...Acetate, Anaerobic, Digestion, Fermentation, _5.0366

Mycobacterium Tubercul
PRODUCTION AND DISPERSAL OF PATHOGENIC BACTERI-

AL AND VIRAL AEROSOLS BY AERATION OF CON-
TAMINATED WATERS ,..Aeration, Aerosols, Biological Organ-
isms, Effluents-waste Water, Monitoring-general, Wind Tunnels,
5.0301

Myxobacteria
STUDIES ON AQUATIC MYXOBACTERIA ...Bacterial Pollutant

Sources, Bioindicators, Degradation, Nutrition, Range Or Terri-
torial Distr Streams, 5.0952
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STUDIES ON AQUA--; MYXOBACTERIA ...Applied Ecology,
Bacterial Pollutant Sources, Fresh Water, Pollution Abatement,
Range Or Territorial Distr. , ...5.0954

Nitrogen 'Bacteria
MICROBIAL ECOLOGY OF LAKE CHAMPLAIN AS IN-

FLUENCED BY PESTICIDES ...Biodegradation, Freshwater
Ecology, Lakes, Microorganisms (non-specific), ...5.1202

CONTROL OF BIOLOGICAL GROWTHS IN RAPID SAND FIL-
TERS AS RELATED TO IRON REMOVAL ...Disinfection, Iron,
Nitrification, Repression, Sand, 5.0377

NITRIFICATION BY MARINE MICROORGANISMS ...Au-
totrophic, Bact. morphology (general), Bacterial Culture, Isola-
tion From Nat. environ. , Marine Bacteria (non-specific), Nitrifi-
cation, Range Or Territorial Distr. , ...1.0066

Salmonella (non-specific & Ot)
EFFECT OF POLLUTING AGENTS ON SURVIVAL OF INDICA-

TOR ORGANISMS ...Bioindicators , Intestinal Bacteria, Pollu-
tion-water, Shigella (non-specific & Ot.), Zooplankton, ...5.1132

BACTERIOLOGICAL WATER QUALITY ANALYSES OF
METHODS FOR DETECTING FECAL POLLUTION ...Bacterial
Pollutant Sources, Bioindicators, Coliforms (non-specific),
Microbiological Analysis, Streptococcus Fecalis, _5.1113

DEMONSTRATION OF THE CHANNEL AERATION PROCESS
IN TREATMENT OF SEWAGE ...Aeration, Applied Ecology,
Enteroviruses of Animals, Enteroviruses of Humans, Nutrients,
...5.0596

STUDY OF GROWING AREA STANDARD BY EXAMINING
ENTEROPATHOGENS AND INDICATOR ...Bioindicators, En-
teroviruses of Humans, Microbiological Analysis, Number,
Sewage, ...5.1069

Salmonella Typhimurium
THE DEVELOPMENT OF OPERATIONAL SHELLFISH DEPU-

RATION AND RELAYING SYSTEMS ...Bacterial Pollutant
Sources, Clams, Thermal Pollution, Trace Elements, ...5.1068

Sewage Bacteria
MICROBIOLOGY OF SEWAGE LAGOONS - EFFECTS OF IN-

DUSTRIAL WASTES ON COLIFORM AND OTHER ENTERIC
ORGANISMS ...Bacteria, Biochemical Oxygen Demand, Food
Processing Industry, Industrial Waste-other, Lagoon, Sewage
Lagoons, 5.0837

EFFECTS OF AUDIO VIBRATIONS ON AERATED BIOLOGI-
CAL SYSTEMS ...Activated, Aeration, Bubble, Sonic, Waste
Water Treatment-general, 5.0673

MICROBIAL DEGRADATION OF ORGANIC POLLUTANTS OF
INDUSTRIAL ORIGIN ...Chemical, Industrial Wastes, Microbial-
bacterial, Organic Matter, Toxic Substances -non-specific,
...5,0514

MICROBIOLOGICAL CHARACTERIZATION OF ACTIVATED
SLUDGE IN A WASTEWATER TREATMENT PLANT CHEMI-
CALLY MODIFIED FOR PHOSPHORUS REMOVAL ...Ac-
tivated, Aerobic, Cell. env.(non-specific & Ot.), Chemical Treat-
ment, Phosphorus, ...5.1046

DETECTION AND SIGNIFICANCE OF ENZOOTIC WATER
POLLUTION ...Animal Wastes - Feed Lots, Bacterial Pollutant
Sources, Bioindicators, Enzootic, Protozoa -other, ...5.0700

MICROBIOLOGY OF SLUDGE - DNA ANALYSES AND N2
REMOVAL ...Activated, Denitrification, ...5.0694

IDENTIFICATION OF LIMITING FACTORS IN THE BIOLOGI-
CAL TREATMENT OF SEWAGE ...Activated, Biological Treat-
ment-other, Other, Pilot Plant, 5.0230

CHLORINATION OF WASTE WATER EFFLUENTS ...Activated,
Bacteria, Chlorination, Effluent-standards, Illinois, ...5.0367

STUDY OF MICROBIOLOGICAL-BIOCHEMICAL PHOSPHATE
SORPTION MECHANISM BY ACTIVATED SLUDGE ...Ab-
sorption-other, Activated, Mechanisms, Other, Phosphate, Phos-
phite, ...5.0907

Shigella (non-specific & Ot.)
EFFECT OF POLLUTING AGENTS ON SURVIVAL OF INDICA-

TOR ORGANISMS ...Bioindicators, Intestinal Bacteria, Pollution-
water, Salmonella (non-specific & Ot), Zooplankton, ...5.1132

Soil Bacteria
DEGRADATION OF SEWAGE AND SOIL MICROORGANISMS

...Catabolism and Degradation, Degradation, E Coli, Micro-organ-
ism Enz, Sewage, 5.0524

BIOTRANSFORMATION OF ALDRIN AND DIELDRIN BY BAC-
TERIA - INTERACTION BETWEEN MICROORGANISMS AND
PESTICIDES ...Aldrin, Biodegradation, Cell. env.(non-specific &
Ot.), Dieldrin, Other, Water Bacteria, ...5.0644

BIOTRANSFORMATION OF HEPTACHLOR BY BACTERIA -
INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ...Bacterial Pollutant Sources, Biodegradation, Heptachlor,
Other, Water Bacteria, ...5.0645

Sphaerotilus
THE BIOLOGY AND CHEMISTRY OF SPHAEROTILUS ...Au-

totrophic, Butyric Acid, Growth (non-specific & Ot.), Nutrition,
Oxidation-general, ...5.1241

ECOLOGY OF SPHAEROTILUS IN ACTIVATED SLUDGE ...Ac-
tivated, Cell. env.(non-specific & Ot.), Ecology, Identification,
Microbial-bacterial, ...5.0341

EFFECT OF PAPER FIBER WASTES ON FISH EGGS AND JU-
VENILES ...Fish -non-specific, Minnesota, Oxygen, Pollution - Ef-
fects of , Pulp, Paper , and Logging, 5.0614

SLIME CONTROL ASSOCIATED WITH PULP MILL EF-
FLUENTS ...Bacterial Pollutant Sources, Industrial Wastes, Nutri-
tion, Pulp and Paper Wastes, ...5.0977

Streptococcus Fecalis
BACTERIOLOGICAL WATER QUALITY ANALYSES OF

METHODS FOR DETECTING FECAL POLLUTION ...Bacterial
Pollutant Sources, Bioindicators, Coliforms (non-specific),
Microbiological Analysis, Salmonella (non-specific & Ot),
_5.1113

MICROBIOLOGICAL STUDIES IN AN OPEN AND A CLOSED
WATERSHED ...Bacterial Pollutant Sources, Coliforms (non-
specific), Montana, Recreation Sites, Watersheds-general,
5.0696

ENTEROCOCCI, COLIFORM BACTERIA AND BAC-
TERIOPHAGES IN LAKE WATER ...Bacterial Pollutant
Sources, Bacteriophages (non-spec & Ot), Detection & Diagnosis,
...5.1315

Sulfur Bacteria
METABOLIC ROLE OF SULFATES Al'.D SULFIDES PRODUC-

ING BACTERIA IN THE POLLUTION OF WATERS ...Au-
totrophic, Bacterial Pollutant Sources, Budgets -other, Mine
Drainage Control, Respiration, ...5.0438

WASTE WATER ODOR REDUCTION MECHANISMS IN SOIL
FILTERS ...Biological, Growth (non-specific & Ot.), Pollutant-
other, Soil, Taste and Odor, ...5.1258

MICROBIOLOGICAL REMOVAL OF IRON FROM MINE
DRAINAGE WATERS ...Acid Mine Wastes, Iron, Microbial-bac-
terial, Oxidation-other, Reduction-other, ...5.0925

MICROBIOLOGICAL ASPECTS OF ACID MINE-DRAINAGE
Acidity, Autotrophic, Indiana, Iron Bacteria, Mining Industry,

...5.0385

Vibrio N S
VIBRIO PARAHAEMOLYTICUS IN THE ESTUARINE EN-

VIRONMENT ...Crustacea -non-specific, Estuaries, Isolation
From Nat. environ. , Mollusks -non-specific & Other, Temporal
Distribution, 2.1115

Water Bacteria
ZOOPLANKTON NUTRITION IN LARGE RESERVOIRS ...Nutri-

tion - Invertebrate, Population Dynamics, Productivity - Food
Chain, Reservoirs and Impoundments, Zooplankton, ...2.0515

FACTORS AFFECTING ZOOPLANKTON PRODUCTION IN
FOUR ARIZONA LAKES ...Environmental Ecology, Lakes,
Productivity - Food Chain, Trace Element Analysis, Zooplankton,
5.0047

SEASONAL VARIATIONS IN THE PHYTOPLANKTON - BAC-
TERIA POPULATIONS AND THE NUTRIENT CONCENTRA-
TION IN BEAVER RESERVOIR ...Nitrogen, Phosphorus,
Phytoplankton, Reservoirs and Impoundments, Temporal Dis-
tribution, ...6.0027

ECOLOGICAL RELATIONSHIPS OF ORGANIC MATTER AND
BACTERIA IN TUTTLE CREEK RESERVOIR ...Food Chains,
Freshwater Ecology, Kansas, Organic Matter, Reservoirs and Im-
poundments, _5.0428

ECOLOGY OF SELECTED AQUATIC BACTERIA IN THE
SNAKE RIVER ...Bacterial Pollutant Sources, Pollution - Effects
of , Pulp, Paper , and Logging, Sewage, Snake River, 5.1236

BIOLOGICAL DEGRADATION OF WASTES UNDER
PSYCHROPHILIC ENVIRONMENTS .Bacterial Pollutant
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Sources, Biological, Low Temp. But Above 32f, Mixed Culture,
Polar, ,..5.0036

MICROBIAL INTERVENTION IN THE EUTROPHICATION
PROCESS ...Eutrophication, Food Chains, Nutrients, Organic,
Phytoplankton, ...5.0515

THE ECOLOGY OF STREAM BIOTA IN WASTE ASSIMILA-
TION Degradation, Organic Matter, Periphyton, Self-purifica-
tion, Streams, _5.0675

THE ECOLOGIC IMPACT OF THE INTERACTIONS AMONG
MICROORGANISMS AND AQUATIC CONTAMINANTS IN
LAKE ERIE Environment, Lake Erie, Pollution - Effects of
Primary Productivity, Sediments, .6.0427

EFFECT OF AN ACID-WATER ENVIRONMENT UPON THE
SYNTHESIS OF GROWTH FACTORS BY BACTERIA
,Biosynthesis, Industrial Wastes, Ionic Effect, Mining Activities,
Waste Water Treatment-general, 5.1265

STUDIES ON AQUATIC STALKED BACTERIA ...Bacterial Cul-
ture, Classification Or Taxonomy, Ecology, Growth (non-specific
& Ot.), Stalks and Buds, 5.1280

RAPID IDENTIFICATION OF MICROBIAL POPULATIONS IN
WATER ...Biological Pollutants -general, Fresh Water, Identifica-
tion, Membrane, 5.1167

SEDIMENT-WATER-BACTERIA INTERACTIONS IN
EUTROPHICATION ,,,Deposits- other, Eutrophication, La 4s,
Nutrients, Oregon, 5.0953

BIOTRANSFORMritION OF ALDRIN AND DIELDRIN BY BAC-
TERIA - INTERACTION BETWEEN MICROORGANISMS AND
PESTICIDES .Aldrin, Biodegradation, Cell. cnv.(non-specific &
Ot.), Dicldrin, Other, Soil Bacteria, _5.0644

BIOTRANSFORMATION OF HEPTACHLOR BY BACTERIA -
INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ...Bacterial Pollutant Sources, Biodegradation, Heptachlor,
Other, Soil Bacteria, 5.0645

RECOVERY OF INDICATOR BACTERIA ON SELECTIVE
MEDIA DURING DECREASE OF VIABLE COUNTS .Bacterin
(non-specific), 13ioindieatom, Media, Tests of Cell Viability,
...5.0587

Zooglia
INVESTIGATIONS OF ZOOGLOEAL FLOCS ...Adhesion, Classifi-

cation Or Taxonomy, Diffusion, Nutrients, Other, 5.1313

Bacterial Studies
Classification Or Taxonomy

OCCURENCE OF PROSTHECATE BACTERIA IN A
GRADIENT-POLLUTED RIVER ..,Bact. morphology(other
Spceif), Bacterial Pollutant Sources, Freshwater Ecology,
Number, Streams, 5.0571

INVESTIGATIONS OF ZOOGLOEAL FLOCS ...Adhesion, Diffu-
sion, Nutrients, Other, Zooglia, 5.1313

STUDIES ON AQUATIC STALKED BACTERIA ...Bacterial Cul-
ture, Ecology, Growth (non-specific & Ot.), Stalks and Buds,
Water Bacteria, 5.1280

THE ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E
...Bacterial Exotoxins, Clostridium Botulinum, Ecology, Estuaries,
Serology, ...5.1070

Ecology
STUDIES ON AQUATIC STALKED BACTERIA ...Bacterial Cul-

ture, Classification Or Taxonomy, Growth (non-speeifie & Ot.),
Stalks and Buds, Water Bacteria, 5.1280

ECOLOGY OF SPHAEROTILUS IN ACTIVATED SLUDGE _Ac-
tivated, Cell. env.(non-specific St Ot.), Identification, Microbial-
bacterial, Sphaerotilus, 5.0341

THE ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E
...Bacterial Exotoxins, Classification Or Taxonomy, Clostridium
Botulinum, Estuaries, Serology, 5.1070

Identification
STUDY OF WATERFOWL BOTULISM ...California, Clostridium

Botulinum, Growth (non-specific & Ot.), Pathology, Water Fowl,
N.s, ..6.0070

BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE
SALT MARSH ENVIRONMENT --Bacterial Pollutant Sources,
Laboratory, Marine Bacteria (non-specific), Salinity, Swamps-
marshes, .,.1.0025

A STUDY OF COLIFORM BACTERIA AND ESCHERICHIA
COLT ON POLLUTED AND UNPOLLUTED OYSTER BOT-

TOMS OF MISSISSIPPI ...Coliforms (non-specific), Mississippi
River, Sewage, Vertical Distribution, Water Sampling, 5.0619

ACID MINE DRAINAGE MICROBIOLOGICAL STUDIES ...Acidi-
ty, Bacterial Pollutant Sources, Mining Activities, Mining Indus-
try, Sewage, ...5.1284

ECOLOGY OF SPHAEROTILUS IN ACTIVATED SLUDGE Ac-
tivated, Cell. env.(non-specific & Ot,), Ecology, Microbial-bac-
terial, Sphaerotilus, 5.0341

RAPID IDENTIFICATION OF MICROBIAL POPULATIONS IN
WATER .,.Biological Pollutants -general, Fresh Water, Mem-
brane, Water Bacteria, _5.1167

SURVEY OF CLOSTRIDIUM BOTULINUM TYPE E .,.Bacterial
Exotoxins, Clostridium Botulinum, Infra Red, Mutagens, ,5.0957

WATER POLLUTION Bacterial Pollutant Sources, Cell.
env.(tion-specific & Ot.), Self-purification, Septic Tanks, Streams.
5.0730

ORGANIC DEBRIS ON CONNECTICUT BEACHES AND
SHORES .,.Catabolism and Degradation, Connecticut, Organic
Matter, Physical-general, Shoreline - Coastline, 5.0204

ROLE OF ENTERIC MICROORGANISMS IN DETOXIFICATION
- INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES _Bacterial Culture, Biodegradation, Fish -non-specific, In-
secticides -non-specific, Intestinal Bacteria, 5.06411

ECOLOGY OF C. BOTULINUM IN THE COMMERCIAL FISHE-
RIES ENVIRONMENT ...Clostridium Botulinum, Productivity -
Food Chain, Serology, 6.0291

Isolation From Nat. environ.
STUDIES ON THE METHANOGENIC BACTERIA IN SLUDGE

...Acids, Culture Collections, Digestion, Methane Bacteria (non-
specif,), ...5.0259

VIBRIO PARAHAEMOLYTICUS IN THE ESTUARINE EN-
VIRONMENT ...Crustacca -non-specific, Estuaries, Mollusks -
non- specific & Other, Temporal Distribution, Vihrio N S,
.2.1115

NITRIFICATION BY MARINE MICROORGANISMS ...Au-
totrophic, Bact. morphology (general), Bacterial Culture, Marine
Bacteria (non-specific), Nitrification, Nitrogen Bacteria, Range
Or Territorial Distr. , 1.0066

Morphology
Bact. morphology (general)

NITRIFICATION BY MARINE MICROORGANISMS ...Au-
totrophic, Bacterial Culture, Isolation From Nat. environ. ,

Marine Bacteria (non-specific), Nitrification, Nitrogen Bacteria,
Range Or Territorial Distr. , 1.0066

Bact. morphology(other Specif)
OCCURENCE OF PROSTHECATE BACTERIA IN A

GRADIENT-POLLUTED RIVER Bacterial Pollutant Sources,
Classification Or Taxonomy, Freshwater Ecology, Number,
Streams, 5.0571

Capsule and Slime Layer
ECONOMIC OPTIMIZATION OF SECONDARY TREATMENT

AND DETERMINATION OF LOAD TO CONTROL BIOLOGI-
CAL GROWTHS IN A STREAM ...Aeration, Lagoon, Optimiza-
tion, Pulp and Paper Wastes, Storage-retention-facilities, ...5.1222

Spore Studies
THERMAL DESTRUCTION OF TYPE E CLOSTRIDIUM BOTU-

LINUM ...Cell Injury and Autolysis, Clostricif,im Botulinum, Heat
Resistance, Microbiological, Toxicological and Allergy, ...5.0233

SPORULATION AND GERMINATION OF CLOSTRIDIUM
BOTULINUM ...Bacterial Exotoxins, Cell. env.(non-specific &
Ot.), Clostridium Botulinum, Growth (non-specific & Ot.),
Media, 5.0568

Stalks and Buds
STUDIES ON AQUATIC STALKED BACTERIA ,..Bacterial Cul-

ture, Classification Or Taxonomy, Ecology, Growth (non-specific
& Ot.), Water Bacteria, 5.1280

Serology
ECOLOGY OF C. BOTULINUM IN THE COMMERCIAL FISHE-

RIES ENVIRONMENT ...Clostridium Botulinum, Identification,
Productivity - Food Chain, .6.0291

THE ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E
...Bacterial Exotoxins, Classification Or Taxonomy, Clostridium
Botulinum, Ecology, Estuaries, ...5.1070
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Bacteriophage
Bacteriophages (non-spec & Ot)

APPLICATION OF BACTERIOPHAGES TO ELIMINATE MINE
ACIDS ...Acidity , Bacterial Pollutant Sources, Isolation, Mining
Industry, ...5.0995

ENTEROCOCCI, COLIFORM BACTERIA AND BAC-
TERIOPHAGES IN LAKE WATER ...Bacterial Pollutant
Sources, Detection & Diagnosis, Streptococcus Fecalis, _5.1315

Escherichia Coli
ADSORPTION OF VIRUSES ON MINERAL SURFACES ...Ad-

sorption, Adsorption Capacity, Control of Viruses, Mineralogy,
Viral Pollutant Sources, ....5.0474

Barium
SOLUBILITIES OF THE SULFATES OF BARIUM AND STRON-

TIUM IN OILFIELD WATERS ...Brines, Fluid Properties,
Radioisotopes, Solution Chemistry, Strontium, Thermal Proper-
ties-other, ...1.0097

Baseflow
TRACING STORM AND BASE FLOW TO VARIABLE SOURCE

AREAS ON FORESTED HEADWATERS ,..Floods, Forest
Watersheds, Georgia, Hydraulic Structures, Runoff, Subsurface
Flow, 2.0339

EFFECTS OF GROUNDWATER SEEPAGE ON STREAM
REGIMEN ...Flume Studies, Groundwater, North Dakota,
Seepage, Suspension, ...2M832

OPT/MUM UTILIZATION AND MANAGEMENT OF WATER IN
FORMATIONS HYDROLOGICAL LY-CONNECTED TO A
STRETCH OF THE CONNECTICUT RIVER ...Aquifers-general,
Artificial Recharge, Connecticut River, Massachusetts, Water
Yield, ...4.(H34

A STUDY OF SUBSURFACE FLOW INTO MOUNTAIN
STREAMS AS RELATED TO TOPOGRAPHY AND PARTIAL
SOURCE AREAS ...Georgia, Japan, Mountains-alpine, Relief,
_2.0340

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN GEORGIA ...Georgia, Runoff, Small
Watersheds, Statisties-general, Water Yield, 4.0083

BASE FLOW ANALYSIS OF SELECTED DRAINAGE BASINS.
...Mathematical Analysis, New Hampshire, Seasonal, Small
Watersheds, ...2.0742

TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS ...Flow Characteristics
-water, Forest Watersheds, Georgia, Physical Properties -other,
Sediment Yield, 2.0341

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART 2) ...Acidity, Groundwater
Movement, Mine Drainage Control, Pyrite Group, Stratified Flow,
...5.1044

LOW-FLOW ANALYSIS, WASHINGTON STREAMS ...Discharge-
general, Gaging, Hydrographs, Low Flow, Washington, _2.1134

LOW-FLOW STUDY - WISCONSIN ...Data Acquisition-general,
Flow Characteristics -water, Low Flow, Wisconsin, 2.1147

SUBSURFACE AND GROUND WATER ACCRETION, DEPLE-
TION, MOVEMENT AND CONTRIBUTION TO STREAM-
FLOW ...Agricultural Watersheds, Aquifers-general, Groundwater
Movement, Mississippi, Natural Recharge, 2.0336

AQUIFER AND SUBSURFACE RELATIONSHIPS IN THE
HYDROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS Aquifers-general, Forecasting-prediction,
Groundwater Movement, Natural Recharge, Streams, Technique
Development, Water Yield, ...3.0394

Bathymetry
DEPTH CONTOURING BY COLOR SEPARATION ...Electronics -

Applied, Marine Photography-television, Optical, Photogram-
metry, Satellites, ...6,0276

TRANSVERSAL DRIFTS IN BOTTOM PROFILE ...Benthonie-bot-
tom, Intertidal Areas, Ocean Waves - Currents, Waves, 5.0254

Bayous
BAYOU LAFOURCHE SEDIMENTATION STUDY, LOUISIANA

...Channels, Louisiana, Morphology-general, Rate of Deposition,
Sediment Yield, 2.0535
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Bays
MASS MORTALITY OF PACIFIC OYSTERS ALONG THE

WASHINGTON COAST ...Environmental Ecology, Mortality
Rates, Oysters, Pathology, Puget Sound, ...51230

MASS MORTALITY OF OYSTERS ALONG THE OREGON
COAST Invertebrate Pathology, Mortality Rates, Oregon,
Oysters, Pathology, _5.0985

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF JONES BAY ...Aquatic Ecology, Construction, Engineer-
ing, Structures-general, Texas, Water Properties-general, 6.0543

DETERMINATION OF SAFE LEVELS OF POLLUTION IN
PUERTO RICO ...Contamination - Water, Meteorological Stu-
dies-general, Pollution - Effects of , Puerto Rico, Recreation Sites,
Water Properties-general, 2,0937

RESIDENCE TIMES OF WATERS BEHIND BARRIER ISLANDS
...Circulation General, Simulation Theory, Tides, Wind-water In-
teraction, 5.0253

EUTROPHICATION OF SHELTERED BAYS IN A LARGE LAKE
Chemical-general, Currents -water, Eutrophication, Freshwater
Ecology, Utah, ...5.1188

NUTRITIONAL ECOLOGY AND COMMUNITY STRUCTURE
OF THE PHYTOPLANKTON OF GREEN BAY ...Mineral Com-
position, Nutrition Studies, Physiological Ecology, Phytoplankton,
Wisconsin, 5.1290

EFFECTS OF RIVERS ON THE METABOI ISM OF TEXAS
BAYS ...Nutrients, Pollutants - general, Primary Productivity,
Streams, Texas, Water Quality-general, 5.1182

EFFECTS OF WATER POLLUTION IN SAN FRANCISCO BAY
...Economic impact, Pollution - Effects of , Recreation Sites, San
Francisco Bay, Social Aspects, Water Utilization -domestic, Wel-
fare Economics, 5.0125

STUDIES OF THERMAL POLLUTION IN 'BISCAYNE BAY
...Aquatic Ecology, Florida, Pollution - Effects of , Thermal Pollu-
tion. Warm Water, ...5.0265

SPFUNG CREEK AUXILIARY WATER POLLUTION CONTROL
PROJECT ...Combined Sewer, Effluents-waste Water, Ncw York,
Overflow, 5.0759

BIONOMICS OF FISHES AND SHELLFISHES ...Aquaculture &
Fish-farming, Economies-general, Environmental Ecology,
Oregon, Productivity - Food Chain, 2.0896

SEASONAL VARIATIONS OF SOME LIMNOLOGICAL FAC-
TORS IN LITTLE SODUS BAY, NEW YORK ...Chemical-
general, Eutrophication, Lake Ontario, New York, Productivity -
Food Chain, 3.0355

THE ANALYSIS AND GEOCHEMISTRY OF TRACE ELE-
MENTS IN THE HYDROSPHERE ...Activation Analysis, Chemi-
cal Analysis (water), Chemical Reactions, Gamma, Trace Ele-
ment Analysis, 1.0109

SAND TRACING AT SPECIFIC INLETS AND AREAS ON THE
LOWER EAST COAST OF FLORIDA ...By-passing, Florida,
Longshore Currents, Shoreline - Coastline, Tracers, ...8.0161

AN ECONOMIC EVALUATION OF WATER POLLUTION CON-
TROL, YAQUINA BAY, ORE ...Alternative Planning, Benefit-
cost Analysis, Model Studies, Oregon, Systems Analysis, Water
Quality Control-general, ...6.0454

SOCIO-ECONOMIC STUDY OF NARRAGANSETT BAY,
RHODE ISLAND ...Benefit -cost Analysis, Estuaries, Land Use,
Rhode Island, Social Aspects, Water Quality Control-general,
6.0485

SEA NETTLE STUDIES IN CHESAPEAKE BAY, LIFE HISTORY
AND ECOLOGY ...Aquatic Ecology, Biological Control, Ches-
apeake Bay, Jelly Fish, Life History Studies, ...6.0127

EFFECTS OF HEATED WATER IN A TIDAL ESTUARY ...Ches-
apeake Bay, Electric Power Plants, Pollution Effects, Thermal
Pollution, Urban Environments, Water Properties-general,

QUALITY OF WATER OF THE TEXAS BAYS ANL/ ESTUARIES
...Estuaries, Nutrients, Pollutants - Path of , Texas, Water Quality-
general, ...2.1003

GEOCHEMISTRY OF SAN FRANCISCO BAY ...Clays, Distribu-
tion, Mineral Associations, San Francisco Bay, Trace Element
Analysis, ...2.0121

HYDROLOGY OF UPPER OLD TAMPA BAY, FLORIDA
...Groundwater Movement, Hydrology-general, Lakes, Permeabili-
ty, Water Harvesting, Water Quality-general, 2.0331

INVENTORY OF THE GULF ESTUARY SYSTEM ...Data
Acquisition-general, Estuaries, Fishing, Gulf of Mexico, Sedimen-
tology-gencral, ...2.0322

SAN PABLO BAY STUDY ...Benthic Fauna, Bottom Sampling, Ex-
cavation, Spoil Banks, Water Sampling, 6.0038



SUBJECT INDEX Benthic Flora

PRIMARY PRODUCTIVITY IN LAKE FRANCIS CASE ...Benthic
Fauna, Phytoplankton, Primary Productivity, Reservoirs and Im-
poundments, Standing Crops, ...6.0524

ECOLOGY OF GREAT LAKES ESTUARIES ,,,Currents -water,
Estuaries, 2.0626

MODEL FOR DETERMINING THE MOST UNFAVORABLE
CONDITIONS FOR AREA CLASSIFICATION ,..Pollutants
Path of , Pollutants-general, Rhode Island, Shellfish, N.s. , Water
Standards, 5.1067

EFFECT OF THE EFFLUENT FROM AN ATOMIC POWER
PLANT ON THE ADJACENT PORTION OF BARNEGAT BAY,
NEW JERSEY ...New Jersey, Pollution - Effects of , Pollution Ef-
fects, Reactor Sites & Rad Waste, Thermal Pollution, Water Tem-
perature-non-specific, 5.1076

Beaches
DISPERSION OF WATER AND SEDIMENTS IN THE SURF

ZONE ...Pollutants - Path of , Pollution-general, Shoreline -
Coastline, Size, Waves, ..5.0151

DEVELOPMENT OF CRITERIA FOR ARTIFICIAL BEACHES
...Beach, Coastal Engineering- other, Design Criteria, Shoreline
Structures, Statistics-general, ...8.0155

Beef Husbandry

Management
ANIMAL, FORAGE AND WATER RESOURCES FOR BEEF

PRODUCTION ...Quality and Utilization, ..5.0086

EFFECT OF GRAZING MANAGEMENT ON RANGE
LIVESTOCK NUTRITION AND ON THE RANGE RESOURCE
...Cattle, Cutting &/or Grazing Effects, Diet Or Ration -other,
Management and Fertility, Quality and Utilization, ...2.0971

Behavior -animal
RELATIONSHIPS BETWEEN SUB-LETHAL PESTICIDES AND

REPRODUCTION AND BEHAVIOR OF FISHES ...DDT , Killi-

fishs Cyprinodon, Pesticides -non-specific, Reproduction Studies
(general), Wildlife, ...5.0292

FOOD HABITS OF LARGEMOUTH BASS LARVAE ...Aquatic
Ecology, Food Supply, Largemouth Bass, Ponds, Zooplankton,
_7.0082

THE EFFECTS OF DIELDRIN ON MALLARD DUCKLING

BEHAVIOR Light Quality -non-specific, Mallard,
Mode of Action -aningfl, Visual, 6.0580

FLATHEAD CATFISH STUDY .,.Aquatic Ecology, Food Supply,
Growth Rate, Ictaluridae -other, Reproduction Studies (general),
Texas, ...6.0539

TEMPERATURE REQUIREMENTS OF SALMONIDS IN RELA-
TION TO THEIR FEEDING, BIOENERGETICS, GROWTH
AND BEHAVIOR ...Energy, Growth Rate, Rainbow Trout, Steel-
head Trout, Salmon - coho,chinook,sockeyc.., Water Temperature-
non-specific, 5.0942

TEMPERATURE TOLERANCE OF MARINE ANIMALS
THROUGH BEHAVORIAL RESPONSES ...Environment Re-
sistance, Mortality Rates, Thermal, Water Temperature-non-
specific, ...6.0344

THERMAL PREFERENCES OF MARINE FISHES AND INVER-

TEBRATES ...Fish -non-specific, Invertebrates -non-specific,
Water Temperature-non-specific, 5.0720

EFFECTS OF HOT WATER MASSES ON MARINE FISHES ...At-
lantic Ocean-north, Fish -non-specific, High Temp. -85f Or
Above, Thermal, 5.0721

BEHAVIOR OF ESTUARINE ANIMALS ...Estuaries, Pesticides -
non- specific, Pollution - Effects of , Pollution Effects, ...2.0323

FISH BEHAVIOR AND PHYSIOLOGY ...Engineering Structures-
general, Environmental Physiology, Migration, Salmon & Trout -
Non- specific, Thermal Pollution, 6.0615

Beneficiation, Extraction

Beneficiation
IRON ORE FLOTATION ...Flotation, Industrial Processes-other,

Mining Industry, Ores, Pollution Abatement, Recovery, Scrap and
Wastes, 5.0616

Electrolytic Processes
TREATMENT RECOVERY, AND REUSE OF COPPER WIRE

MILL PICKLING WASTES ...Copper, Electrochemistry-other,
Material Recovery Wastes, Metal Pickling Wastes, Regeneration-
other, 5.0722

Recovery, Scrap and Wastes
AN INVESTIGATION OF TECHNIQUES FOR THE REMOVAL

OF CHROMIUM AND CYANIDES FROM ELECTROPLATING
WASTES ,,, Chromium, Electroplated, Extraction, Flotation, In-
dustrial Processe...other, Material Recovery Wastes, 5.0725

ENCAPSULATION AND SOLIDIFICATION OF INTERMEDIATE
LEVEL RADIOACTIVE WASTES IN THERMOPL ASTICS
Accidentel, Encapsulation, Fire Research-other, Instrumenta-
tion, Plant Equip. , Poiymer-other, Radioisotopes, 5.1142

IRON ORE FLOTATION Beneficiation, Flotation, Industrial
Processes-other, Mining Industry, Ores, Pollution Abatement,
5.1)616

Separation
LEACHING AND RECOVERY OF COPPER FROM ORES AND

WASTE DUMPS ...Copper, 3.0478
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Benthic Fauna
ABUNDANCE AND DISTRIBUTION OF BENTHIC MACRO-IN-

VERTEBRATES IN A STREAM RECEIVING OILFIELD
WASTEWATERS ...3ioindicators, Contamination - Water, Indus-
trial Wastes, Number Or Density, Vertical Distribution, 5.1028

COLONIZATION RATES OF BENTHIC INVERTEBRATES IN
AN OHIO RESERVOIR Intertidal Areas, Ohio, Productivity -
Food Chain, Reservoirs and Impoundments, Water Level Fluctua-
tion, 6.0424

BOTTOM FAUNA STUDIES ,..Bottom Sampling, Depth,water
Level, Fluctuation, Lakes, Number Or Density, Water Level Fluc-
tuation, 4.0126

WATER QUALITY - BENTHIC INVERTEBRATE RELATION-
SHIPS IN ESTUARIES ...Benthonic-bottom, Estuaries, Maine,
Pollution - Effects of , Pollution Effects, ..5.0478

THE EFFECTS OF EXTREME FLOODS AND PLACER MINING
ON THE BASIC PRODUCTIVITY OF SUBARCTIC STREAMS
,..Alaska, Bottom Sampling, Floods, Meteorological Extremes,
Placer, Productivity - Food Chain, .,.2.0022

BENTHONIC INVERTEBRATES AS AN INDEX OF WATER
QUALITY ...Bioindicators, Gases, Dissolved -water, Oxygen,
Water Quality Control-general, 5.0601

THE MICRODISTRIBUTION OF STREAM BENTHOS ...Aquatic
Ecology, Organic-general, Productivity - Food Chain, Streams,
Vertical Distribution, ,5.1020

THE BIOLOGY OF THE INFAUNA OF A TROPICAL SOFT
BOTTOM AREA ...Aquatic Ecology, Estuaries, Florida, Intertidal
Areas, Pollution - Effects of , ...5.0263

BOTTOM FAUNA IN THE NORTH ST, VRAIN CREEK,
COLORADO Aquatic Ecology, Colorado, Mountains-alpine,
Streams, Veical Distribution, 2.0158

A COMPARATIVE STUDY OF THE MACROSCOPIC BENTHIC
FAUNA OF TWO CENTRAL ADIRONDACK LAKES ...Animal
Taxonomy, Comparative Physiology, Lakes, New York, Produc-
tivity - Food Chain, 2.0814

SAN PABLO BAY STUDY ...Bays, Bottom Sampling, Excavation,
Spoil Banks, Water Sampling, 6.0038

PRIMARY PRODUCTIVITY IN LAKE FRANCIS CASE ...Bays,
Phytoplankton, Primary Productivity, Reservoirs and Impound-
ments, Standing Crops, 6.0524

BENTHOS IN LAKE FRANCIS CASE ...Aquatic Ecology, Reser-
voirs and Impoundments, South Dakota, 6.0515

RESEARCH ON THE MACROBENTHOS OF THE GREAT
LAKES ...Aquatic Ecology, Earthworms, Food Supply, Great
Lakes-general, Water Quality-general, 6.0'292

ESTUARINE STUDIES OF SOUTHEASTERN ALASKA ...Alaska,
Environmental Ecology, Estuaries, Number Or Density, Vertical
Distribution, 2.0017

Benthic Flora
BASIC RESEARCH IN THE AQUATIC ENVIRONMENT EF-

FECTS OF EUTROPHICATION ON PLANKTON ALGAE AND
BENTHIC PLANTS COMMUNITIES ...Eutrophication,
Nutrients, .2.0803



Benthic Flora SUBJECT INDEX

COMPARATIVE STUDY OF THE BENTHIC MICROBIAL
BIOTA IN SOME COASTAL AREAS OF PUERTO RICO
..,Benthonic-bottom, Ocean Environment, Pollution - Effects of ,
Puerto Rico, Standing Crops, ...6.0478

SENSITIVITY OF BENTHIC MICROFLORA TO POLLUTION
GRADIENTS Bioindicators, Estuaries, Marine Plants, Plant
Prod. (non-specific), Water Standards, 5.1059

FACTORS INFLUENCING THE PRODUCTION OF PLANK-
TONIC AND BENTHIC PLANTS ...Growth Rate, Nutrition,
Phytoplankton, Secretions and Products, Standing Crops,

...5.1119

Benthic Organisms (non-specif)
THE APPLICATION OF RADIOISOTOPES TO STUDIES OF

AQUATIC ECOSYSTEMS Aquatic Ecology, Freshwater Ecolo-
gy, Productivity - Food Chain, Water Properties-general, Wiscon-
sin, ...6.0643

LIMNOLOGY OF ROSS ISLAND, ANTARCTICA _Antarctica,
Chemical-general, Lakes, Plankton (non-specific), Puhilications -
other, 2.0087

LIMNOLOGY OF DESOTO BEND LAKE, IOWA AND
NEBRASKA .,.Iowa, Lakes, Nebraska. Plankton (non-specific),
Stratification, _7.0040

A BENTHIC COMMUNITY OF THE PENOBSCOT RIVER
ESTUARY ...Aquatic Ecology, Estuaries, Industrial Wastes,
Maine, Productivity - Food Chain, ...5.0473

FOOD HABITS STUDY ...Aquatic Ecology, Food Supply, Lakes,
Mississippi, Plankton (non-specific), .,.6.0314

THE LIMNOBIOCHEMISTRY OF DEVILS LAKE, NORTH
AKOTA _Aquatic Ecology. Biological - general, Lakes, North

Dakota, Salinity, ..,6.0417
)

Benthonic-bottom
WATER QUALITY - BENTHIC INVERTEBRATE RELATION-

SHIPS IN ESTUARIES ...Benthic Fauna, Estuvies, Maine, Pollu-
tion - Effects of , Pollution Effects, .5.0478

CONTROL OF BENTHIC DEPOSITS IN LAKES ...Deposits-other,
Eutrophication, Lakes, Water Quality Control-general, ...5.0513

COMPARATIVE STUDY OF THE BENTHIC MICROBIAL
BIOTA IN SOME COASTAL AREAS OF PUERTO RICO
...Benthic Flora, Ocean Environment, Pollution - Effects of ,
Puerto Rico, Standing Crops, ...6.0478

TRANSVERSAL DRIFTS IN BOTTOM PROFILE ...Bathymetry,
Intertidal Areas, Ocean Waves - Currents, Waves, ...5 ,0254

BENTHIC COMMUNITIES ...Engineering Structures-general, En-
vironmental Ecology, Estuaries, Marine Biology, Productivity -

Food Chain, ..,6.0156

Bering Sea
ECOLOGY & NITROGEN CYCLE IN A MARINE PLANT COM-

MUNITY _Nitrogen, Physiological Ecology, Potamogeton, Rup-
pia, Zostcra,., Primary Productivity, Sewage, ...5.0035

Bioassays
THE BIOASSAY OF WATER POLLUTANTS WITH CULTURED

MAMMALIAN CELLS ...Bioassay, Herbicides -non-specific, Tox-
icity Or Residues -other, 5.1055

ALGAL BIOASSAY TO DETERMINE THE EXTENT OF
NUTRIENT REMOVAL BY AWT AT THE WASTE TREAT-
MENT PLANT AT ELY, MINNESOTA ...Algae, Denitrification,
Nutrients, Pilot Plant, Waste. Water Treatment-general, ...5.1304

A STUDY OF A 'WATER TOXICITY PROBLEM ...Bioindicators,
Growth Rate, Management. PW:Ible Water, Toxins and Poisons -
other, ...5.0197

RELATIONS OF NUISANCE ALGAE TO FISH IN KLAMATH
LAKE ...Algal Toxins, Cyanophyta (non-specific & Ot), Fish -
non- specific, Lakes, ')rcgon, 5.0937

SCREENING AQUATIC INVERTEBRATES TO DETECT AN OR-
GANISM SUITABLE FOR USE IN A MONITORING PRO-
GRAM ...Bioindicators, Cholinesterase. Fish -non-specific, Inver-
tebrates -non-specific, Metabolism, Monitoring Systems, 5.0639

RELATIVE SUSCEPTIBILITIES OF FISH FAMILIES TO INSEC-
TICIDES - ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER FISH AND OTHER VERTEBRATES ...Bioassay, Carba-

mates - non - specific, Chlorinated Hydrocarbons, Or-
ganophosphorous Cpds. , Wildlife, 5.0653

CULTURING, PROPAGATION AND CONDITION EVALUA-
TION OF FISHES ...Blood -other, Captive Rearing, Cisco, Lake

Herring, Contamination - Water, Lake Trout, Brook Trout, Yel-
low Perch, Darters, ..,5.0586

COMPARATIVE TOXICITIES OF METALS TO ESTUARINE
FISHES ...Estuaries, Industrial Wastes, Killifishs Cyprinodon,
Mineral Origin, Solid Waste, ..,5.1084

USE OF MARINE PLANKTONIC ORGANISMS FOR EVALUAT-
ING THE QUALITY OF MARINE AND ESTUARINE WATERS
...Estuaries, Phytoplankton, Pollution - Effects of , Pollution Ef-
fects, Zooplankton, 5.1093

DEVELOPMENT OF A METHOD FOR CHRONIC TOXICITY
BIOASSAY USING MARINE PLANKTONIC ALGAE ...Algal
Culture. Marine Plants, Microbiological Analysis, Monitoring
(long Term Studies), Phytoplankton, Technique Development,
Toxicology, ...5.1088

COOPERATIVE STUDIES WITH FEDERAL AND STATE AGEN-
CIES Crustacca -non-specific, Mollusks -non-specific & Other,
Public Health Ecology, Survey Studies, Water Quality-general,
7.0111

Biochemical Analysis
SEASONAL CHANGES IN ESTERASE ACTIVITY IN FISH AND

INVERTEBRATES. INTERACTIONS BETWEEN PESTICIDES

ON FISH ENZYME SYSTEMS Blucgills, Bream,
Cholinesterase, Invertebrates - non - specific, Mode of Action -

animal, Pesticides -non-specific, ...5.0638
PHYTOCHEMISTRY OF NARCOTIC PRINCIPLES IN CAULER-

PA ...Biochemical, Caulerpa, Cyclopropane, Medicinal Plants,
Phaeophyta (non-specific & Ot), ...6.0172

Hormones
Other

THE INVESTIGATION AND ANALYSIS OF BIOCHEMICAL
PROCESSES OF AQUATIC ORGANISMS UNDER STRESS
...Animal Origin, Aquatic Ecology, Fish -non-specific, Metabolism
-animal, Stress, 5.0585

Proteins and Amino Acids
Purif and lsol

STUDIES ON THE MOLECULAR STRUCTURE OF B/OLOGI-
CAL MEMBRANES ...Active Transport, Desalination, Mem-
branes-other, Plasma Membrane, Structure, 3.0388

FACTORS AFFECTING ASH PRODUCTION PONDS ...Blood
Proteins -non-specific, Bluegills, Bream, Electrophoresis -other,
Environmental Physiology, Protein, _6.0221
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Biological Rhythms
ECOLOGICAL SIGNIFICANCE OF ORGANIC RELEASE

PRODUCTS OF MARINE AND FRESHWATER ANIMALS
...Aquatic Ecology, Metabolism, Mucus, Productivity - Food

Chain, ...2.0342
SAUCER AND WALLEYE INVESTIGATIONS IN THE MISSOU-

RI RIVER ...Missouri River, Population Dynamics, Sauger, Wal-
leyes, ...6.0334

LIFE HISTORY OF THE GOLDEYE (HIODON ALOSOIDES) IN
GARRISON RESERVOIR. NORTH DAKOTA ...Life History Stu-
dies, Nets, North Dakota, Reservoirs and Impoundments, Spawn

Or Nesting Sites. 5.0827
VARIATIONS IN SPAWNING OF FISHES IN RELATION TO

TEMPERATURE ...Fish - non - specific, Maturity & Growth Stages,
South Dakota, Temperature, Water Temperature-non-specific,
...6.0518

SEXUAL MATURATION AND SPAWNING OF NORTHERN
PIKE ...Maturity & Growth Stages, Pikes, Piekeral. Muskellunge,
Reservoirs and Impoundments, South Dakota, Sp,iy'r, Or Nesting
Sites, 6.0520

SPAWNING OF YELLOW PERCH ...Ovary, Reservoirs and Im-
poundments, South Dakota, Spawn Or Nesting Sites, Yellow
Perch, Darters, ...6.0521

SPOTTED BASS REPRODUCTION IN BULL SHOALS ,..Arkan-
sas, Centrarchidae -other, Environmental Ecology, Reproduction
Studies (general), Reservoirs and Impoundments, ...6.0023

LIFE HISTORY OF RESERVOIR FISHES, SPAWNING OF OAHE
AND BIG BEND RESERVOIR FISHES ...Aquatic Ecology, Life
History Studies, Reservoirs and Impoundments, South Dakota,
Spawn Or Nesting Sites, ...6.0523

PHYSIOLOGY AND BEHAVIOR OF LARVAE (PHYSIOECOLO-
GY OF SHELLFISH PROGRAM) ...Aquatic Ecology, Environ-
mental Ecology, Environmental Physiology, Water Properties-
general, ...6.0113



SUBJECT INDEX Birds

SURVIVAL REQUIREMENTS OF JUVENILE AND ADULT
BLUE CRABS ...Crabs, All, Environmental Physiology, Laborato-
ry, Osmoregulation, Water Properties- general, ..6.0401

Biological Techniques
ENZYMATIC TECHNIQUE FOR DETECTION OF SURPLUS

PHOSPHORUS UPTAKE BY ACTIVATED SLUDGE ...Ac-
tivated, Nutrients, Phosphorus, 5.1149

Biophysics & Molec. biology
PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC

ASPECTS OF EVAPOTRANSPIRATION Evapotranspiration,
Forest Watersheds, Southeast, Transpiration and Evap, Water
Yield, ...2.0953

Dipole and Dielectric
EFFECTS OF POLAR ORGANIC SOLVENTS ON ENZYME AC-

TION ...Enzymatic, Exobiology, Kinetics -other, Temperature,
Water, 1.0063

Ionic Effect
ACTIVE AND PASSIVE ION FLUXES ACROSS INTERFACES

AND MEMBRANES ...Adsorption & Interface, Diffusion, En-
zymes -non-specific, Membranes-other, Transport, 3,0348

EFFECTS OF CHEMICAL IONS ON VIRUS INACTIVATION
...Animal Viruses (non-specific), Concentration, Inactivation, Ion
Exchange-other, Virus, ...5.0475

Molecular Interaction
STUDY OF FACTORS WHICH DETERMINE THE IONIC

SELECTIVITY OF BIOLOGICAL AND ARTIFICIAL MEM-
BRANES ...Lon Selective, Natural Occurring, Other, Permeability,
3.0371

THE EFFECT OF WATER STRUCTURE ON BIOLOGICAL AC-
TIVITY ...Bacteria (non-specific), Corn, Water, Water Move-
ment. 1.0047

Structure
STUDIES ON THE MOLECULAR STRUCTURE OF BIOLOGI-

CAL MEMBRANES ...Active Transport, Desalination, Mem-
branes-other, Plasma Membrane, Purif and Isol, ...3.0388

Thermodynamics
EFFECTS OF WATER PROPERTIES IN THIXOTROPIC CLAY

SYSTEMS ON BIOLOGICAL ACTIVITY ...Anaerobic Bacteria,
Cell Cycle, Clay, Origin of Life, ...6.0217

ION TRANSPORT IN SOME HALOPFELIC ORGANISMS ...Ac-
tive Transport, Halophytic, Ions (inorganic), 3.0232

THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF
THE MECHANISM OF FLOW OF WATER AND SOLUTES IN
PLANT ROOTS Ionic Effect, Osmotic and T'irgor Pressure,
Pressure & Mech Stress, Ultrafiltration, Water Movement,
...2.0497

TRITIATED WATER STUDIES OF THE SIGNIFICANCE OF
DEW AND VAPOR IN PLANT WATER ECONOMY ...Arid and
Desert, Dew, Foliar Absorption, Humidity, Hydrogen, Osmotic
and Turgor Pressure, ...2.0112

Birds

Anseriformes -other
STUDY OF BIOLOGIr.',6,1_, DESALINATION PHENOMENA AND

SALT TRANSPORT MECHNAISMS OF SELECTIVE AVIAN
SALT GLANDS ...Active Transport, Chemical Analysis, Ion
Selective, Osmoregulation, Transport, ..3.0479

A STUDY OF SUSPECTED LEAD POISONING OF SWANS AND
GEESE .,,Lead, Ponds, Rhode Island, 5.1077

Black Duck
AN ECOLOGICAL STUDY OF LAKE ST. PETER, QUEBEC

...Canada, Depth,water Level, Fluctuation, Interbiotic Relat.(non-
specif), Lakes, Water Level Fluctuation, ...4.0050

Chickens
FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-

treatment, Sewage Lagoons, Swine, Waste Disposal-general,

_5.0835

Ciconiiformes - Wading Birds
ECOLOGY OF SOME WADING BIRD POPULATIONS AF-

FECTED BY THE INVASION OF THE CATTLE EGRET INTO
ALABAMA ...Aquatic Ecology, Behavioral Ecology, Mark, Tag
Or Capture -other, Migration, Water Utilization -animal, ...6.0001

Dove
RELATIONSHIP BETWEEN MOURNING DOVE PRODUCTION

AND WATER DISTRIBUTION IN THE SONORAN DESERT
...Arizona, Deserts, Habitat Studies, Productivity (agricultural),
Water Utilization -animal, 6.0262

Galliformes - Fowl-other
FARM ANIMAL. WASTE DISPOSAL ...Animal Waste Removal-

treatment, Livestock -non-specific, Sewage Lagoons, Swine,

Waste Water Treatment-general, ...5.0407

Mallard
THE EFFECTS OF DIELDRIN ON MALLARD DUCKLING

BEHAVIOR ...Behavior -animal, Dieldrin, Light Quality -ram-
specific, Mode of Action -animal, Visual, ...6.0580

WATERFOWL UTILIZATION OF SAGO PONDWEED
(POTAMOGETON PECTINATUS) ON A SELECTED MARSH
IN NORTHERN UTAH ...Food Supply, Potamogeton, Ruppia,
Zostera.., Storage, Swamps-marshes, Utah, _6.0588

FACTORS LIMITING WATERFOWL PRODUCTION ON THE
SPRING-FED SALT MARSHES WEST OF THE GREAT SALT
LAKE ...Nutrition -other, Productivity (agricultural), Swamps-
marshes, Utah, Viremia, ,..5.1194

Mexican Duck
EFFECTS OF RESTORATION AND MANAGEMC"T OF THE

SAN SIMON MARSH ON ITS UTILIZATION BY MiT.,Y.,!0AN
DUCKS ...Food Supply, Management, Spawn Or Nesting Sites,
Swamps-marshes, Water Utilization -animal, ...6.0364

Pintail, Anas Acuta
FOOD AND FOOD ENERGY REQUIREMENTS OF WILD

DUCKLINGS ...Energy, Food Supply, Habitat Studies, Scaup,
Lesser, Widgeon, American, ...6.0583

Scaup, Lesser
FOOD AND FOOD ENERGY REQUIREMENTS OF WILD

DUCKLINGS ...Energy, Food Supply, Habitat Studies, Pintail,
Anas Acuta, Widgeon, American, 6.0583

Water Fowl, N.s.
EFFECTS OF EARLY WATER ON WATERFOWL PRODUC-

TION ...Benefit -cost Analysis, Irrigation-general, Spawn Or Nest-

ing Sites, Water Supply-general, Water Utilization -animal,

...2.0214
PHYSICAL & CHEMICAL. PROPERTIES OF WATER & SOILS

OF MARSHES AS THESE PROPERTIES RELATE TO THE
SUCCESS OF WATERFOWL FOODS & COVER. ...Biological-
general, Food Supply, Soil (wildlife) Cover, Wetlands, ...6.0371

STUDY OF WATERFOWL BOTULISM ...California, Clostridium
Botulinum, Growth (non-specific & Ot.), Identification, Patholo-
gy, ...6.0070

THE EFFECTS OF DREDGING AND SILTATION ON DIVING
DUCK FOODS AND FEEDING HABITS ON THE MISSISSIPPI
RIVER ...Food Supply, Mississippi River, Sediments, Silting,
5.0411

IMPORTANCE OF TYPE I WETLAND COMMUNITIES TO
WATERFOWL PRODUCTION ...Censuring, Land Use, Spawn
Or Nesting Sites, Water Utilization -animal, Wetlands, ...4.0218

WATERFOWL STUDY-EVALUATION OF PHYSICAL
CHANGES IN MARSH PONDS ON THE WISNER AND
BILOXI DEVELOPMENT ...Land Use, Management, Mississippi,
Physical-general, Survey Studies, Swamps-marshes, _4,0128

EVALUATION OF HABITAT AND REPRODUCTIVE FACTORS
WHICH INFLUENCE POPULATIONS OF NESTING WATER-
FOWL ...Habitat Studies, Mapping, Population Dynamics, Spawn
Or Nesting Sites, Water Level Fluctuation, ..A.0108

UPDATING AND REPUBLICATION OF FACTORS INFLUENC-
ING THE RESTORATION AND DEVELOPMENT OF OGDEN
BAY REFUGE ...Mans Activities, Pubilications -other, Swamps-
marshes, Water Demand, Water Utilization -animal, 6.0594
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THE EFFECT OF LIVESTOCK UTILIZATION ON WATERFOWL
HABITAT AND PRODUCTION .,.Cattle, Habitat Studies, Utah,
Vase. plant & Vert. -other, Wetlands, ...6.0595

RECREATION VALUE OF WATER FOR THE PRODUCTION
OF WATERFOWL Benefit-cost Analysis, Recreation Sites,
Utah, Wetlands, 6.0593

BROOD PRODUCTION AND POND PREFERENCE OF DIVING
DUCKS IN THE TURTLE MOUNTAINS OF NORTH DAKOTA
..,Aquatie Plants (non - specific), Chemical-general, Habitat Stu-
dies, Land Use, Water Utilization - animal, ..6.0410

WATER TEMPERATURE AS A QUALITY FACTOR IN THE
USE OF STREAMS AND RESERVOI ...Habitat Studies, Reser-
voirs and Impoundments, Streams, Temperature, Thermal Pollu-
tion, 5.0200

WATERFOWL POPULATIONS AND RECREATIONAL USE
PATTERNS IN THE PROPOSED SAYLORVILLE RESERVOIR
AREA AS RELATED TO PRE-IMPOUNDMENT CONDITIONS
...Access, Frequency of Use, Iowa, Population Dynamics, Pre-im-
poundment Sites, User Patterns, 6.0227

AN EVALUATION OF SOME MARSH MANAGEMENT
TECHNIQUES ...Management, Potholes, Spawn Or Nesting Sites,
Swamps-marshes, Water Utilization -animal, ...4.0107

WATER QUANTITY AND QUALITY REQUIREMENTS ON
WESTERN SALINE MARSHLANDS ...Habitat Studies, Swamps-
marshes, Utah, Water Allocation, Water Quality-general, ...6.0582

ECOLOGICAL STUDIES OF MANIPULATED MARSHES AT
DELTA, MANITOBA, CANADA ...Amphibious Plants, Canada,
Submerged Plants, Swamps-marshes, Water Depth, Water Levels,
_4.0257

THE EFFECTIVENESS OF WATERFOWL IN CARRYING
PATHOGENIC MICRO-ORGANISMS ...Sewage, Swamps-
marshes, Utah, Vertebrates, ...5.1193

MUSQUODOBOIT - METERING BASINS NOVA SCOTIA,
CANADA ...Aquatic Ecology, Canada, Mammals -other,
Mapping, Water Level Fluctuation, Wetlands, ...4.0054

AN ECOLOGICAL STUDY OF ILES-DE-LA-PAIX, LAKE ST.
LOUIS, QUEBEC ...Canada, Interbiotic Relat.(non-specif),
Islands, St. lawrence River, 4.0048

MARSH EVALUATION AND ACQUISITION, QUEBEC
...Canada, Habitat Studies, Wetlands, ...4.0049

WETLANDS EVALUATION AND DEVELOPMENT -

MARITIMES ...Canada, Habitat Studies, Species Evaluation, Wet-
lands, ,..6.0085

MARSH EVALUATION AND ACQUISTION - ONTARIO
...Canada, Habitat Studies, Management, Management -other,
Wetlands, ...4.0046

LITERATURE REVIEW ON FLOODED GREEN TIMBER AREAS
...Canada, Management, Site Index and Site Quality, Survey Stu-
dies, Wetlands, 4.0045

WATERFOWL HABITAT INVESTIGATIONS - OTTAWA RIVER
...Canada, Floods, Habitat Studies, Water Level Fluctuation,
...4.0051

THE MANAGEMENT OF SHALLOW-WATER IMPOUND-
MENTS FOR WATERFOWL ...Food Supply, Management,
Reservoirs and Impoundments, Salinity, Water Level Fluctuation,
6.0247

THE PHYSICAL AND CHEMICAL PROPERTIES OF WATER
AND SOILS AS RELATED TO THE SUCCESSFUL GROWTH
OF WATERFOWL FOOD AND COVER PLANTS ...Flooding,
Food Supply, Oxygen, Phytotoxic, Soil (wildlife) Cover, Soil Con-
ditions, ..,2.0799

AQUATIC BIOLOGY INVESTIGATIONS ...Cricetidac -other,
Lake Trout, Brook flout, Lakes, New York, Streams, ...2.0786

EFFECTS OF REGULATED GRAZING ON WATERFOWL
PRODUCTION ...Cutting &/or Grazing Effects, Productivity -
Food Chain, Soil (wildlife) Cover, Swamps-marshes, ...6.0584

HYDROLOGY OF PRAIRIE POTHOLES ...Manage -tent -other,
North Dakota, Potholes, Seepage, Water Balance-budget, Water
Utilization -animal, 2.0170

THE EFFECT OF OCEAN WATER INTRUSION INTO BACK
BAY, VIRGINIA, AND CURRITUCK SOUND, NORTH
CAROLINA, ON THE WATERFOWL AND FISH HABITAT
.Aquatic Ecology, Brackish Water, Fish -non-specific, Habitat
Studies, Saline Water Intrusion, Water Salinity, ...2.0585

INTENSIVE COOPERATIVE INVESTIGATIONS OF SELECTED
POTHOLES ON MISSOURI COTEAU IN DICKEY, WARD
AND STUTSMAN COUNTIES, NORTH DAKOTA ...Hydrology-
general, Natural Recharge, Potholes, Water Level Fluctuation,
Water Loss-general, 6.0419

WATERFOWL MANAGEMENT THROUGH WATER-LEVEL
CONTROL .,.Depth,water Level, Fluctuation, Drawdown,
Management, Management -other, Wetlands, .,.4.0133

LIMNOLOGICAL INVESTIGATIONS OF PRAIRIE POTHOLES
...Chemical-general, Habitat Studies, North Dakota, Potholes,
_2.0850

CHEMICAL CHARACTERIZATION OF WATERS OF PRAIRIE
AND FOREST WETLANDS ...Chemical-general, Habitat Studies,
Wetlands, ...1.0092

DISTRIBUTION AND DENSITY OF BREEDIVG WATERFOWL
POPULATIONS AS RELATED TO QUANTITY AND QUALI-
TY OF WETLAND HABITAT IN NORTH DAKOTA ...Geog-
raphy-physical, North Dakota, Number Or Density, Spawn Or
Nesting Sites, Wetlands, ...6.0420

Widgeon, American
FOOD AND FOOD ENERGY REQUIREMENTS OF WILD

DUCKLINGS ...Energy, Food Supply, Habitat Studies, Pintail,
Antis Acuta, Scaup, Lesser, ...6.0583

Blood Plasma and Serum
SERUM ANALYSIS OF CUTTHROAT TROUT EXPOSED

CHRONICALLY TO METHOXYCHLOR PESTICIDE EFFECTS
ON FISH ENDOCRINE FUNCTIONS ...Cutthroat Trout, En-
docrine -other, Methoxychlor, Mode of Action -animal, 5.0629

THE CONSTITUENTS AND PHVSICO-CHEMICAL PROPERTIES
OF SERUM FROM GOLD-FISH EXPOSED CHRONICALLY
TO MALATHION AND ENDRIN .. Endocrine -other, Endrin,
Goldfish, Malathion, Mode of Actio) mimal, 5.0630

PHYSIOLOGICAL EVALUATION OF TREATED TOXIC
WASTES ...Bioindicators, Contamination - Water, Pollution Ef-
fects, Pulp, Paper , and Logging, Tissues -biological, 5.0976

HEMATOLOGICAL CHANGES IN F. HETEROCLITUS UPON
EXPOSURE TO TOXIC METALS ...Blood Cells, Cadmium, Killi-
fishs - Cyprinodon, Lead, Mineral Origin, ...5.1092

Blood-lymph-re-system

Blood -other
CULTURING, PROPAGATION AND CONDITION EVALUA-

TION OF FISHES ...Bioassays, Captive Rearing, Cisco, Lake Her-
ring, Contamination - Water, Lakc Trout, Brook Trout, Yellow
Perch, Darters, ...5.0586

Blood Cells
SOLUTE AND WATER TRANSPORT ACROSS 1110LOGIC

MEMBRANES ...Active Transport, Carbohydrates, Ionic Effect,
Kidney and Urinary System, Natural Occuring, Sodium, ...2.0706

BLOOD OXYGEN AND CO2 CARRYING CAPACITY OF 4 FISH
EXPOSED TO MALATHION AND ENDRIN - PESTICIDE EF-
FECTS ON FISH ENDOCRINE FUNCTIONS ...Endrin, Labora-
tory Animals, Malathion, Mode of Action -animal, Sevin,
...5.0632

HEMATOLOGICAL CHANGES IN F. HETEROCLITUS UPON
EXPOSURE TO TOXIC METALS ...Blood Plasma and Scrum,
Cadmium, Killifishs - Cyprinodon, Lead, Mineral Origin, ...5.1092

Other
STUDY OF FACTORS WHICH DETERMINE THE IONIC

SELECTIVITY OF BIOLOGICAL AND ARTIFICIAL MEM-
BRANES ...Ion Selective, Molecular Interaction, Natural Occur-
ring, Permeability, ...3.0371

Protein
FACTORS AFFECTING FISH PRODUCTION PONDS ...Blood

Proteins -non-specific, Bluegills, Bream, Electrophoresis -other,
Environmental Physiology, Purif and Isol, 6.02211

CHEMICAL RESPONSES BY MARINE ORGANISMS TO STRESS
...Environmental Changes, Environmental Ecology, Environmental
Physiology, Salinity, Thermal, ...5.1056
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Bolsons
GEOLOGY AND HYDROLOGY OF THE PRESIDIO BOLCON,

TEXAS AND ADJACENT MEXICO ...Groundwater, Hydrology-
general, Local Stratigraphy, Sedimentary Basins, Water Yield,
...2.1011



SUBJECT INDEX
Borehole Geophysics

CONSERVATION OF FRESH-WATER RESOURCES BY DEEP-
WELL DISPOSAL OF LIQUID WASTES _Core Analysis,
Litho logy, Permeability, Pollution Abatement. Underground
Waste Disposal, ...5.0025

EXPERIMENTAL INVESTIGATION OF HYDROLOGICAL
PARAMETERS OF AQUIFERS THROUGH ELECTRICAL RE-
SISTIVITY MEASUREMENTS ..,Aquifers- general, Electric
Logging, Hydrology-general, Other Models, Porosity-permeability,
...7.0028

EXPLORATION AND MAPPING OF THE SALISBURY
PALEOCHANNEL ...Atlases-maps, Channels, Geophysical Analy-
sis, Maryland, Valley, I3uricd, ...2M566

BOREHOLE GEOPHYSICS AS APPLIED '1'0 GEOHYDROLOGY
-Aquifers-general, Geophysical Analysis, Groundwater Move-
ment, Instrumentation-general, Technique Development, -7M018

DESIGN OF UNDriRGROUND POWERPLANTS ...Digital Compu-
ters, Electric Power Plants, Mechanics of Structures-other, Power
Plant, Rock Mechanics, _8.0031

DRILL PERFORMANCE MONITOR .,.Drilling Operation, Founda-
tions-general, Pressure, Soil Exploration, Temperature, _8.0097

ENGINEERING GEOLOGIC PROPERTIES OF ROCK -Aerial,
Foundations-general, Geology - Engineering, Microstructure,
Technique Development, ...8.0098

DEVELOPMENT OF NX BOREHOLE INSTRUMENT FOR
DEFORMATION MODULUS _Deformation, Drilling and Cor-
ing, -8.0047

RADIOISOTOPE GROUND WATER MEASUREMENTS IN
SMALL DIAMETER DRILL HOLES ...Drilling and Coring,
Groundwater, Instrumentation-general, Radioisotopes, Technique
Development, -8.0066

Boron
DEVELOPMENT OF ECONOMICAL METHODS OF BORON

REMOVAL FROM IRRIGATION RETURN WATERS
_Desalination, Reverse Osmosis, Use of Impaired Water, Waste
'Treatment- economics, Waste Water Pre-treatment, -5.0093

EFFECT OF BORON IN 13101.0GICAL WASTE TREATMENT
...Activated, Aerobic, Industrial Wastes, Sewage - Domestic, Sur-
factants, ...5.0223

THE PROCESSES AND CONDITIONS CONTRIBUTING TO'THE
ACCUMULATION OF NUTRIENTS IN DRAINAGE WATER
FROM IRRIGATED AREA AND SOIL RECLAMATION
...Nitrogen, -4.0027

CHEMISTRY OF BORON IN CALIFORNIA SOILS ...Absorption,
Fixation, Exchange, Phytotoxic, Soil Amendments, Soil and Rock
Leaching, Soil Management -non-speeitic, Soil Morphology,
Profiles, -5.0080

TOLERANCE OF CITRUS TO SALINITY AND BORON IN THE
SOIL AND IRRIGATION WATER -Citrus, Saline Soils,
_3.0186

Bottom Sampling
THE FEASIMLITY OF COLD WATER FISHES FOR LAKE

SHARPE, SOUTH DAKOTA ...Fish -non-specific, Low Temp. -
but Above 32f, Reservoirs and Impoundments, South Dakota,
Temperature, -7.0041

ANALYSIS OF WATER CHEMISTRY ...Aeration, Chemical Anal-
ysis (water). Destratification, Physical-general, _4.0035

TROUT STREAM - SURVEY OF STREAMS AND THEIR
WATERSHEDS ...Biological-general, Erosion-general, Georgia,
Physical-general, Population Dynamics. ...2.0361

BOTTOM FAUNA STUDIES ...Benthic Fauna, Depth,water Level,
Fluctuation, Lakes, Number Or Density, Water Level Fluctuation,
,..4.0126

CHEMICAL AND PHYSICAL ANALYSES OF WATER AND
SOILS -Chemical-general, Lakes, Physical-general, Soil CI,emical
Properties, Water Level Fluctuation. -2.0548

THE EFFECTS OF EXTREME FLOODS AND PLACER MINING
ON THE BASIC PRODUCTIVITY OF SUBARCTIC STREAMS
-Alaska, Benthic Fauna, Floods, Meteorological Extremes,
Placer, ProduetIvity - Food Chain, -2.0022

DISTRIBUTION AND ECOLOGY OF AQUATIC INSECTS OF
IDAHO ...Aquatic Ecology. Chemical-general, Idaho, Insects -
non- specific, Physical - general. ,,.2.0393

FARMINGTON RIVER SHAD STUDIES ...Alewife,men-
haden,shad,hcrring, Migration. Plankton Sampling, Water Proper-
ties-general, Water Sampling, -6.01117
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Brackish Water
RESEARCH IN SEDIMENT SAMPLING EQUIPMENT ...Bed

Load, Instrumentation-general, Suspension, Turbidity, Ultrasonics,
_7.0059

SAN PABLO BAY STUDY -Bays, Benthic Fauna, Excavation,
Spoil Banks, Water Sampling, -6.0038

ROUTINE SAMPLING Al' SEVEN INDEX STATIONS ...Data
Acquisition-general, Irish -non-specific, Lake Eric, Plankton
Sampling, Water Sampling. ...6.0438

Brackish Water
DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-

PRESSION PROCESS FOR USE WITH BRACKISH WATERS
...Desalination. Freezing, Mobile, North Carolina, Pilot Plants,
_3.0487

DEVELOPMENT OF ADVANCED TRANSPORT DEPLETION
PROCESSES _Desalination, Electrodialysis, Ion Selective, Pilot
Plant, -3.0002

HIDDEN COSTS OF USING SUBSTANDARD QUALITY
WATER, AS EXPERIENCED BY WATER USERS IN
WEBSTER, SOUTH DAKOTA ,..Desalination, Economic Impact,
Potable Water, South Dakota, Water Costs, ..,6.0495

SYNTHESIS AND EVALUATION OF NEW POLYMER MEM-
BRANE CANDIDATES FOR APPLICATION IN REVERSE OS-
MOSIS ...Brines, Dcsf.lination, Membranes-other, Organic,
Reverse Osmosis, ...3M174

THE EFFECTS OF VELOCITY ON THE PASSIVATION OF AL-
LOYS IN BRACKISH WATER _Desalination, Electrolytes,
Metallic Alloys, Passivation, Velocity -water, ..,3.0136

DEVELOPMENT OF A 50,000 GALLON PER DAY NELLEN
STACK ELECTRODIALYSIS MODULE ...Cost Analysis,
Desalination, Electrodialysis, Membranes-other, Waste Treatment-
economies, -3.0150

EVALUATION OF AN ELECTROCHEMICAL DESALINATION
PROCESS FOR BRACKISH WATER ...Desalination, Elec-
trochemistry-other, -3.0396

ELECTROLYTIC REGENERATION OF ION EXCHANGE
RESINS ...Desalination, Ion Exchange-other, Pilot Plant,
Regeneration-other. -3.0327

A COST-EFFECTIVENESS STUDY OF PRETREATMENT
METHODS SUITABLE FOR INTEGRATION TO MEMBRANE
DESALTING PLANTS _Desalination, Economic Efficiency, Use
of Impaired Water, Waste Treatment-economics, Waste Water
Pre-treatment, -5.0746

STUDIES IN THE THERMOECONOMICS OF SEA AND
BRACKISH WATER DEMINERALIZATION ...Demineralization,
Desalination, Optimization, Sea Water-general, -3.0319

RESEARCH AND DEVELOPMENT OF ULTRATHIN FILM
MEMBRANES FOR REVERSE OSMOSIS DESALINATION
...Cellulosies, Desalination, Dimensions, Expansion, Membranes-
othor, Reverse Osmosis, -3.0298

ION SELECTIVE ELECTROCHEMICAL SENSORS ...Brines, De-
tectors and Sensors, Electroanalyses-other, Electrode, Technique
Development, ..5.1166

FIELD EVALUATION OF THE SUL-BISUL ION EXCHANGE
PROCESS FOR DESALTING BRACKISH WATERS ...Desalina-
tion, Ion Exchange-other, Mobile, Salinity, -3.0214

DEEP WELL DISPOSAL OF DESALINATION BRINE WASTES
-Artificial Recharge, Desalination, Desalination Wastes,
Economics-general, Water Law-general, -3.0296

PROCESS AND CONFIGURATION DEVELOPMENT FOR TU-
BULAR REVERSE OSMOSIS UNITS ...Desalination, Other, Pilot
Plant, Reverse Osmosis, -3.0057

BRACKISH WATER FIELD TEST EVALUATION OF MEM-
BRANE PROCESSES ...Desalination, Economic Efficiency, Mem-
branes-other, Pilot Plant, -3.0072

DESIGN AND CONSTRUCTION OF A LOW PRESSURE
HOUSEHOLD REVERSE OSMOSIS UNIT' ...Cost Analysis,
Desalination, Mobile, Potable Water, Reverse Osmosis, -3.0320

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIALYSIS PROCESS ...Cost
Analysis, Desalination, Electrodialysis, Other, Pilot Plant,
-3.0270

IMPROVEMENT OF ECONOMICS OF ELECTRODIALYSIS
SYSTEMS BY SELECTIVE PRETREATMENT ...Cost Analysis,
Desalination, Electrodialysis, Ion Selective, Other, Waste Water
Pre-treatment, -3.0407

BRACKISH WATER PURIFICATION BY BIOLOGICAL FUEL
CELL POWERED ELECTRODIALYSIS ,.,Biological, Cellulose
Acetate, Desalination, Electrodialysis, Water Costs, ..,5.0704



Brackish Water SUBJECT INDEX

PHYSIOLOGICAL CHANGES IN PLANTS PRODUCED BY
SALINE SOLUTIONS ...Beans (garden), Humidity, Repression,
Transpiration and Evap, Water Movement, 2.0061

TAXONOMY AND BIOLOGY OF SLUDGE WORMS ...Animal
Taxonomy, Bioindicators, Earthworms, Fresh Water, Pollution Ef-
fects, ...5.0167

GRAND VALLEY SALINITY CONTROL DEMONSTRATION
PROJECT ...Canals, Colorado River, Linings-pavings, Mineraliza-
tion, Natural Recharge, ...5.0203

AGRICULTURAL UTILIZATION OF SOILS AFFECTED BY
SALINITY Absorption, Fixation, Exchange, Mineral Nutrition,
Movement, Availability, Saline Soils, Yield, ...3.0237

MANAGEMENT OF SALINE WATER FOR CROP PRODUC-
TION ...Arizona, Management, Saline and Alkaline Soils, Use of
Impaired Water, Water Quality-general, 3.0014

EXTENT OF BRACKISH WATER IN TIDAL RIVERS ...Maryland,
Saline Water Intrusion, Salinity, Tidal Streams, Tides, ...2.0562

EXPERIMENTAL REARING OF SALMON AND STEELHEAD
IN BRACKISH WATER IMPOUNDMENTS ...Captive Rearing,
Environmental Response, Mortality Rates, Rainbow Trout, Steel-
head Trout, Stocking of Fish & Shellfish, ..6.0461

LIGHTWEIGHT WATER PURIFICATION UNIT ...Density,
Desalination, Distillation-other, Distilling Units, Mobile, Plastic
Matrix, Technique Development, Waste Water Treatment-
general, 3.0250

RELICT COPEPODS FROM LAKE TUBORG, ELLESMERE
ISLAND ...Canada, Carbon-I4, Copepods, Lakes, Plankton
Sampling, ...2.0257

DISTRIBUTION OF ELEMENTS IN FLUVIAL AND BRACKISH
ENVIRONMENTS ...Adsorption Capacity, Adsorption-general,
Chemical Reactions, Element Ratios, Exchange Capacity, Solu-
tion, ...2.0282

EXTENT OF BRACKISH WATER IN TIDAL RIVERS, MARY-
LAND .Runoff, Tides, Water Utilization -general, ...2.0569

SELECTION , OF SITES FOR FIELD TESTING BRACKISH
WATER CONVERSION UNITS ...Desalination, Other, ...3.0123

PROGRAM FOR FIELD EVALUATION OF REVERSE OSMOSIS
PILOT PLANTS ON BRACKISH Wi.TERS ...Cost Analysis,
Membranes-other, Other, Pilot Plant, Reverse Osmosis, 3.0115

AQUIFERS AND DRAINAGE ...Aquifers-other, Drainage, Ground-
water Movement, Irrigation-general, Model Studies, 2.0166

VALUE OF DESALTED WATER FOR IRRIGATION ...Desalina-
tion, Electrodialysis, Irrigation-general, Saline Soils, Water Costs,
...3.0128

THE EFFECT OF OCEAN WATER INTRUSION INTO BACK
BAY, VIRGINIA, AND CURRITUCK SOUND, NORTH
CAROLINA, ON THE WATERFOWL AND FISH HABITAT
...Aquatic Ecology, Fish -non-specific, Habitat Studies, Saline
Water Intrusion, Water Fowl, N.s. , Water Salinity, ..,2.0585

EFFECTS OF USING SALINE AND INDUSTRIAL WASTE
WATERS ON YIELD AND QUALITY OF PLANTS Industrial
Wastes. Irrigation, Irrigation-general, Saline and Alkaline Soils,
Soil and Rock Leaching, Soil-water-plant Relationships, ...3.0258

THE EFFECT OF BRACKISH WATER ON PLANTS AND SOIL
IN THE SOUTH ...Irrigation, Saline and Alkaline Soils, Soil-
water-plant Relationships, Southern, ..3.0192

Brines
SOLUBILITY OF NATURAL GASES IN CONNATE WATER

AND OF WATER IN NATURAL GASES ...High Pressure - 1-
1000 Atm, Interstitial - Connate Water, Ions and Gases, Natural
Gas, Solubility, Solution Chemistry, _1.0080

FUNDAMENTAL STUDIES OF DESALINATION BY FREEZING
...Desalination, Freezing, Heat Transfer, Removal -- organics,
.3.0281

STUDIES OF FUNDAMENTAL MECHANISMS IN THE DEPOSI-
TION OF CALCIUM SULFATE SCALE ...Dilatometry, Electron,
Nucleation, Phase Relationship, Seale Formation, 3.0293

THE EFFECTS OF NONELECTROLYTES AND SELECTED
SALTS ON STRUCTURING IN WATER ...Heat Capacity-other,
Solubility, Thermal Relation-other, Water, ...1.0104

RECOVERY OF SALTS FROM SALINE WATERS VIA SOL-
VENT EXTRACTION ...Desalination, Distribution Coefficient,
Extraction, Magnesium, Material Recovery, ...5.0162

PROTECTIVE FILMS FORMED BY PLASMA ANODIZATION
...Aluminum, Anodic, Desalination, Iron, Passivation, ...3.0263

SYNTHESIS AND EVALUATION OF NEW POLYMER MEM-
BRANE CANDIDATES FOR APPLICATION IN REVERSE OS-
MOSIS ...Brackish Water, Desalination, Membranes-other, Or-
ganic, Reverse Osmosis, 3.0174
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MINERAL RECOVERY FROM CONCENTRATED BRINES
...Chloride, Desalination, Great Salt Lake, Magnesium, Potassium,
Regeneration-other, 5.1198

DIFFUSION IN TERNARY AQUEOUS SALINE SOLUTIONS
...Diffusion, Thermodynamic Non Equilibrium, 1.0042

NUCLEATION AND GROWTH OF ICE CRYSTALS ...Crystal
Growth, Desalination, Freezing, Hydration, Nucleation, .3.0041

ION SELECTIVE ELECTROCHEMICAL SENSORS ...Brackish
Water, Detectors and Sensors, Electroanalyses-other, Electrode,
Technique Development, 5.1166

WATER RESEARCH PROGRAM III CORROSION Composition
Parameters-other. Nickel Alloys, Pitting, Titanium, ...3.0438

REACTIONS AND TRANSPORT PHENOMENA Al' SURFACES
...Analysis and Detection, Electrode, Pitting, Separation-general,
Transport, ..3.0440

DEVELOPMENT OF DIRECT CO NTACT CONDENSATION
MULTISTAGE FLASH (DCC-MSF) DISTILLATION PROCESS
...Condensation, Desalination, Film, Flash Distillation, Heat
Transfer, Plastics - General, ...3.0040

STUDIES ON THE HYDRATE PROCESS FOR DEMINERALIZ-
ING SEA WATER ...Crystal Growth, Demineralization, Hydra-
tion, Removalinorganies, ...3.0366

DESALINATION AND REDUCTION OF CONCENTRATION
POLARIZATION EFFECTS IN REVERSE OSMOSIS SYSTEMS
USING POROUS WALL SECTIONS ...Fluid Flow-other, Mem-
branes-other, Other, Porosity, Reverse Osmosis, 3.0359

LIME MAGNESIUM CARBONATE PROCESS - SEA WATER
SOFTENING PLANT ...Evaporation, High Temperature - 1000-
3000 , Precipitation , Removal -- inorganics, Waste Water Pre-
treatment, ...3.0105

EFFECT OF ELECTROCHEMICAL AND METALLURGICAL
FACTORS ON CORROSION OF METALSAND ALLOYS
...Desalination, Pitting, Stainless Steels-other, 3.0283

EVALUATION OF HIGH PRESSURE PUMPS FOR REVERSE
OSMOSIS PROCESS ...Axial Flow, Pumping, Reverse Osmosis,
Sea Water-general, 3.0410

TEST OPERATION OF A 2,500 GPD TWO-STAGE SEA WATER
REVERSE OSMOSIS PILOT PLANT ...Cost Analysis, Desalina-
tion, Membranes-other, Optimization, Pilot Plant, Reverse Osmo-
sis, .3.0079

DEVELOPMENT OF NEW AND IMPROVED CELLULOSE
ESTER REVERSE OSMOSIS MEMBRANES ...Desalination,
Homopolymers, Membranes-other, Natural Occurring, Reverse
Osmosis, 3.0060

THERMOPHYSICAL PROPERTIES OF SEA WATER AND
AQUEOUS ELECTROLYTE SOLUTIONS CONTAINING
NACL, KCL, NA2SO4, AND MGSO4 ...Boiling Point, Conduc-
tivity, Density, Tables, Compilations, Catalogs, Vapor Pressure,
Viscosity, ...3.0286

PROBABLE EFFECTS ON MARINE ENVIRONMENTS OF
DISPERSING BRINE EFFLUENTS FROM LARGE DESALINA-
TION PLANTS IN THE GULF OF CALIFORNIA ...Atomic
Plants, Desalination, Gulf of California, Marine Environments-
general, Pollution - Effects of , ...3.0020

REMOVAL OF INORGANIC MATERIAL FROM SALINE
WATER BY PRECIPITATION PROCESSES ...Crystal Crowth,
Demineralization, Nucleation, Precipitation, Removal -- inorganics,
...5.0420

A COMPREHENSIVE ANALYSIS OF THE TULAROSA BASIN
SALINE WATER PFSOURCES - THEIR AVAILABILITY AND
POTENTIAL ECONOMIC DEVELOPMENT ...Atomic Plants,
Desalination, Electric Power Plants, Impact, New Mexico,
7.0076

RECONDITIONING AND REUSE OF FOOD PROCESSING
RINES ...Canning Wastes, Filtration, Lagoon, Waste Treatment-

economics, Water Reuse, ...5.0234
NORTH FORK ALLUVIAL DECONTAMINATION PROJECT

Artificial Recharge, Petroleum Industry, Seepage, Surface
Water, Texas, ...5.1145

UTILIZATION OF OIL FIELD BRINES AS A POSSIBLE FERTIL-
IZER SOURCE ...Atomic Absorption, Emission, Geochemical
Analysis, Material Recovery Wastes, X-ray, ...1.0056

CHEMICAL QUALITY OF BRINES ASSOCIATED WITH DEEP
SEDIMENTS BENEATH GREAT SALT LAKE .,.Chemical Anal-
ysis (water), Great Salt Lake, Salt, Water Sampling, Water Wells,
.,.5.1200

HYDROLOGY OF THE SUB-LAKE SEDIMENTS BENEATH
GREAT SALT LAKE ...Artificial Recharge, Geology - Engineer-
ing, Great Salt Lake, Interstitial - Connate Water, Permeability,
...2.1082

CHEMISTRY OF BRINE STRATIFICATION AND RELATED
EVAPORATION STUDIES ...Analysis and Detection, Chemical-
general, Evaporation, Ions and Gases, Water Sampling, 1.0119
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PERMIAN BASIN - ORIGIN OF SALINE WATER DISCHARGE
...Groundwater Movement, Permian Period, Saline Water Intru-
sion, Subsurface Flow, Texas, 2.1004

BINDERS OF CONCRETE RESISTANT TO SALINE WATER AT
ELEVATED TEMPERATURES Aggregates, Extenders, Fillers,
Binders, Cement, Concrete, D.La. , X-ray, ...8.0086

SOLUBILITIES OF SILICATES IN SALINE WATERS Analysis
and Detection, Desalination, Scale Formation, Silicate, Solubility,
...4.0198

CHEMISTRY OF SUBSURFACE OILFIELD BRINES ...Chemical-
general, Fresh Water, Primary Recovery, ..2.0873

ANALYTICAL METHODS - OILFIELD WATER CHEMISTRY
Chemical Analysis (water), Fluid Properties, General,
Technique Development, 2.0874

SOLUBILITIES OF THE SULFATES OF BARIUM AND STRON-
TIUM IN OILFIELD WATERS ...Barium, Fluid Properties,
Radioisotopes, Solution Chemistry, Strontium, Thermal Proper-
ties-other, .1.0097

MINING-POLLUTION CONTROL TECHNOLOGY - 011.

PRODUCTION GROUND-WATER RECLAMATION BY
SELECTIVE PUMPING ...Groundwater, Mine Drainage Control,
Petroleum Industry, Pumping, Saline Water Intrusion, Secondary
Recovery, 5.0913

British Isles
RESEARCH ON DECISION MAKING AND RELATED

MANAGERIAL ASPECTS OF I3RITISH WATER RESOURCES
PROGRAMS Administrative Structures, Management, Opera-
tions Resbarch, Water Law-general, 6.0381

Bromine
DEVELOPMENT OF FIELD TEST FOR FREE CHLORINE

...Chlorine, Calorimetric, Membrancs-other, Stcrilants, Technique
Development, ...5.0808

(U) DETERMINATION OF FREE BROMINE IN WATER (US 14)
Amines, Analysis and Detection, Chlorine, Calorimetric,
...5.0372

DISINFECTION OF SEWAGE EFFLUENTS ...Bacteria, Chemical-
general, Chlorination, Chlorine, Disinfection, Sewage, 5.0380

Building and Land Development
Classification

Manufacturing
PREPARE AN OPERATIONAL PLAN, CONCEPTUAL DESIGN

AND PLANS AND SPECIFICATIONS FOR A SEAWATER
CORROSION TEST FACILITY Construction-general, Desalina-
tion, Research Facilities, Test Methods, Water, ...3.0297

Public Utilities
A STUDY OF THE ECONOMIC IMPACT OF DROUGHT ON

WATER SUPPLY SYSTEMS IN THE PASSAIC RIVER BASIN,
NEW JERSEY ...Economic Impact, Meteorological Extremes,
New Jersey, River Basins, Water Quality-general, ...2.0761

THE LOCAL WATER DISTRICT AS AN URBAN WATER-POL-
ICY DETERMINING ENTITY ...California, Management, State-
local Government, Urban Environments, 6.0060

QUANTITATIVE ANALYSIS OF WATER USE PATTERNS IN
PUERTO RICO .,.Consumptive Use, Projections and Estimations,
Puerto Rico, Water Utilization -general, ...6.0484

EFFECTS OF LIMNOLOGICAL FACTORS ON WATER TREAT-
MENT ...Iowa, Other, Reservoirs, Reservoirs and Impoundments,
Water Quality-general, ,..5.0415

A MATHEMATICAL MODEL FOR REGIONAL TREATMENT
OF WATER POLLUTION SYSTEMS ...Estuaries, Mathematical
Analysis, Public Works, Regional Areas, Sewerage Systems-other,
Value Analysis, _5.0114

REVIEW OF ALGALCIDES Algacidcs -non-specific, Algal Pollu-
tant Sources, Residential, Survey Studies, Water Distribution
Systems, 5.0358

DEMAND FOR WATER UNDER DYNAMIC CONDITIONS
...Colorado, Social Aspects, Water Costs, Water Demand,
6.0087

INORGANIC ADDITIONS RESULTING FROM WATER USE
Composition, Hardness-minerals, Mineralization, Water Reuse,
5.0350

REGIONAL COMPREHENSIVE MULTI-PURPOSE WATER
RESOURCES PLANNING STUDIES ...Augmentation-general,
Multiple-purpose Projects, New York, Planning, Water Resources
Development, 6.0370

UTILITIES IN PERMAFROST AREAS ...Codes and Standards,
Cold Climates, Permafrost-frozen, Sewage Treatment Plant,
2,0756

POWER TRANSMISSION STRUCTURES, NEW TYPES ...Electric
Power Plants, Electrical Engineering-general, Power Transmission,
Structural, Transmission Lines, 8,0120

EMPIRICAL PREDICTION OF SAND FILTER PERFORMANCE
...Public Works, Sand, Urban Environments, Waste Water Treat-
ment- general, _5,0403

Residential
REVIEW OF ALGALCIDES ...Algacides -non-specific, Algal Pollu-

tant Sources, Public Utilities, Survey Studies, Water Distribution
Systems, 5,0358

Components and Equipment
Roots

NEW ROOFING SYSTEMS Domestic Structural, Elastomers
Rubber, Standards, Specifications, Weathering, ...8.0078

Construction
Codes and Standards

UTILITIES IN PERMAFROST AREAS ...Cosd - Climates, Per-
mafrost-frozen, Public Utilities, Sewage Treatment Plant, 2.0756

Construction-general
PREPARE AN OPERATIONAL PLAN, CONCEPTUAL DESIGN

AND PLANS AND SPECIFICATIONS FOR A SEAWATER
CORROSION TEST FACILITY ...Desalination, Manufacturing,
Research Facilities, Test Methods, Water, ..,3.0297

Construction-other
EPDXY RESINS FOR CIVIL WORKS PROJECTS ...Concrete-

other, Epoxies, Fracture Mechanics, Maintenance, Repairing,
...8.0248

Equipment
INVESTIGATIONS OF PLACEABILITY OF CONCRETE ...Ce-

ment, Concrete, Methods, Plasticity, 8.0258
PERFORMANCE OF CONSTRUCTION PLANT AND EQUIP-

MENT ...Concrete-general, Construction, Machines, ..8.0251

Excavation
RESEARCH TO DETERMINE THE FEASIBILITY OF NUCLEAR

EXCAVATION ...Geology - Engineering, Nuclear Excavation,
Nuclear Explosion, ...2.0102

RAPID SOILS EXCAVATION ...Construction, Machines, Nuclear
Excavation, Technique Development, 8.0082

EXPLOSIVE EXCAVATION IN THE DEVELOPMENT OF
WATER RESOURCES ,..Earth & Rocklin Dams, Nuclear Power.
Open Channel, Reservoirs, Water Resources Development,
_8.0041

SAN PABLO BAY STUDY Bays, Benthie Fauna, Bottom
Sampling, Spoil Banks, Water Sampling, 6.0038

Methods
INVESTIGATIONS OF PLACEABILITY OF CONCRETE ...Ce-

ment, Concrete, Equipment, Plasticity, 8.0258
IMPROVEMENTS IN CONCRETE CONSTRUCTION PRAC-

TICES ...Aggregates, Extenders, Fillers, Construction, Moisture,
..,8.0259

DURABILITY AND BEHAVIOR OF PRESTRESSED CONCRETE
BEAMS ...Beams - Bars, Construction Materials-other, Pre-
stressed, Weathering, _8.0253

Design
Codes and Standards

UTILITIES IN PERMAFROST AREAS ...Cold - Climates, Per-
mafrost-frozen, Public Utilities, Sewage Treatment Plant, 2.0756
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ULTIMATE STRENGTH DESIGN ...Electric Power Plants, Power
Development, Reinfbreed. Structural, 8.0030

Structural
INVESTIGATION OF THE USE OF LOW-COST PLASTIC FILMS

FOR SOLAR STILL COIsISTRUCTION ...Costs, Distilling Units,
Film, Glass, Plastics - General, Weathering, 3.0391

ULTIMATE STRENGTH DESIGN ...Codes and Standards, Electric
Power Plants, Power Development, Reinforced, 8.0030
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POWER TRANSMISSION STRUCTURES, NEW TYPES ...Electric
Power Plants, Electrical Engineering-general, Power Transmission,
Public Utilities, Transmission Lines, ..,8.0120

Land Use
Planning

URBAN AND METROPOLITAN STUDIES ..,Aerial, Geography-
physical, Remote Sensing-general, Urban, Urban Environments,
_6.0139

Redevelopment of Land
INTERRELATIONS BETWEEN RIVER BASIN DEVELOPMENTS

AND DEVELOPMENT OF METROPOLITAN AREAS
.Planning, River Basins, Urban Research, Water Resources
Development, ..6.0165

Value
INFLUENCE ON LAND VALUES OF IMPROVED UTILIZATION

THROUGH FLOOD PROTECTION Economic Impact, Flood-
proofing, Land Use, Rural Areas, Urban Environments, 6.0129

Zoning
FLOODS IN PUNALUU-HAUULA AREA, OAHU, HAWAII

...Floodprooling, Hoods, Hawaii, Peak Flow, _4.0086

Landscape
ANALYSIS OF DRAINAGE BASINS AND LANDSCAPES ...River

Basins, Watersheds- general, 2.0633

Maintenance
DISTRIBUTION OF LIQUIDS IN POLAR CAMPS ...Flow, Per-

mafrost-frozen, Pipes, Polar, Sewage, _5.0134
EPDXY RESINS FOR CIVIL WORKS PROJECTS ...Concrete-

other, Construction-other, Epoxies, Fracture Mechanics, Repair-
ing, ...8.0248

Public Works
A MATHEMATICAL MODEL FOR REGIONAL TREATMENT

OF WATER POLLUTION SYSTEMS ...Estuaries, Mathematical
Analysis. Public Utilities, Regional Areas, Sewerage Systems-
other, Value Analysis. 5.0114

EMPIRICAL. PREDICTION OF SAND FILTER PERFORMANCE
..Public Utilities, Sand, Urban Environments, Waste Water Treat-
ment-general, 5.0403

ORGANIC MATTER AND ITS ROLE IN WATER QUALITY
...Management, Organic Matter, Reservoirs and Impoundments,
Urban Environments, Waste Water Treatment-general, 5.0122

EXTRACTION OF ALGAE BY FLOCCULATIVE TECHNIQUES
.Additives, Algal Pollutant Sources, Extraction, Flocculation,

5.0398

Buoys
BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-

LATIONS ...Chlorophyll, Food Chains, Nutrients, Phytoplankton,
Vertical Distribution, Zooplankton, ...6.0289

VERTICAL CURRENT STRUCTURE IN THE GREAT LAKES
...Currents -water, Forecasting-prediction, Great Lakes-general,
Model Studies, Wind-water Interaction, ...2.0632

Cadmium
HEMATOLOGICAL CHANGES IN F. HETEROCLITUS UPON

EXPOSURE TO TOXIC METALS ...Blood Cells, Blood Plasma
and Serum, Killifishs - Cyprinodon, Lead, Mineral Origin,
5.1092

Calcium
NEW SELECTIVE MEMBRANES ...Desalination, Ion Selective,

Natural Occurring, Reverse Osmosis, 5.0763
SEPARATION OF MAGNESIUM FROM CALCIUM IN THEIR

SALINE SOLUTIONS ...Chelation, Desalination, Ion Exchange-
other, Magnesium, Separation-general, 5.0687

ION HYDRATION AND ION INTERACTION ...Assoc & Dissoc,
Attenuation, Hydration, Magnesium, Salt, Ultrasonic, Ultrasonics,
...1.0059

PREDICTING THE EFFECT OF WATER QUALITY AND GYP-
SUM ON THE CHEMICAL AND PHYSICAL PROPERTIES OF
SALINE AND ALKALI SOILS ...Forecasting-prediction,
Hydrated Acid and Norm, Model Studies, Pollution - Effects of ,
Soil Chemical Properties, 3.0013
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NEUTRON ACTIVATION ANALYSIS OF IMPURITIES IN RAIN
AND SNOW ...Activation Analysis, Lake Eric, Rain-general,
Snowmelt, Storms-general, Sulfur, ...5.0767

PHYSIOLOGY OF MINERAL ACCUMULATION IN PLANTS
...Adhesion, Corn, Drought, Mineral Nutrition, Nutrition,
...2.0107

California
STUDIES OF PHOTOSYNTHETIC HALOPHILES FROM OWENS

LAKE .. Exobiology, Halophytic Ionic Effect, Playas, Tempera-
ture, .6.0057

RADIOISOTOPIC TRACER STUDY TO INVESTIGATE THE
MECHANICS OF LITTORAL TRANSPORT AROUND POINT
CONCEPTION, CALIFORNIA _Distribution, Intertidal Areas,
Radioisotopes, Sediment Transport-other, Tracers, ..1.0031

AMERICAN RIVER HYDROBIOLOGIC POTENTIAL STUDY
...Bioindicators, Lower Plants, Phytoplankton, Primary Productivi-
ty, Water Quality-general, 5.0143

STUDY OF WATERFOWL BOTULISM ..,Clostridium Botulinum,
Growth (non - specific & Ot.), Identification, Pathology, Water
Fowl, N.s, ..6.0070

A STUDY OF THE BENTHIC FAUNA OF MERLE COLLINS
RESERVOIR (VIRGINIA RANCH RESERVOIR) ...Food Supply,
Number Or Dcasity, Productivity - Food Chain, Reservoirs and
Impoundments, _6.0011

THE LOCAL WATER DISTRICT AS AN URBAN WATER-POL-
ICY DETERMINING ENTITY ...Management, Public Utilities,
State-local Government, Urban Environments, _6.0060

ON-FARM IRRIGATION WATER SUPPLIES AND COSTS IN
RELATION TO CROPPING SYSTEMS AND PRODUCTION
ADJUSTMENTS IN THE SACRAMENTO VALLEY ...Economic
Efficiency, Irrigation-general, Water - Alternative Uses, Water
Costs, Water Quantity-general, ...6.0051

THE DEVELOPMENT OF WATER RESOURCES IN CALIFOR-
NIA IN RELATIONSHIP TO PLANS AND PROGRAMS FOR
WESTERN REGIONAL WATER DEVELOPMENT ..,Planning,
Regional Areas, Social Aspects, Water Resources Development,
Water Transfer, 6.0063

ECONOMIC EVALUATION OF WATER - A DYNAMIC INER-
REGIONAL IMPUT-OU1 PUT PROGRAMMING MODEL OF
CALIFORNIA AND THE WESTERN STATES WATER
ECONOMY ...Available Water, Economics-general, Other
Models, _6.0044

THE ACCEPTABILITY OF MINERAL TASTE IN DOMESTIC
WATER ,..Mineralization, Potable Water, Taste, Water Utiliza-
tion -domestic, 5.0068

ESTIMATION OF RECREATIONAL BENEFITS AT SOME EX-
ISTING WATER DEVELOPMENT SITES IN CALIFORNIA
...Projected Demand, Recreation Sites, Recreation Types -non-
specific, Welfare Economics, _6.0081

A SYSTEM APPROACH FOR INTEGRATING GROUNDWATER
AND SURFACE-WATER USE ...Conjunctive Use, Groundwater,
Systems Analysis, Water Quality Control-general, Water Utiliza-
tion -general, ...6.0037

PACIFIC OCEAN INFLUENCE UPON CALIFORNIA RAINFALL
.,.Forecasting, Pacific Ocean-general, Patterns, Rain-other, Tem-
perature, ...2.0104

SYSTEMATIC ANALYSIS OF MANAGEMENT EFFECTIVE-
NESS OF THE WATER QUALITY CONTROL BOARD
SYSTEM OF CALIFORNIA ...Management, Model Studies,
Operations Research, State-local Government, Water Quality
Control-general, ...6.0035

INDUCTIVE ELECTROMAGNETIC METHODS FOR MAPPING
AND EVALUATING AQUIFERS ...Aquifers-general, Electric
Logging, Geophysical Analysis, Groundwater, Mapping, ...2.0083

PUBLIC ATTITUDES TOWARD REUSE OF RECLAIMED
WATER ...Attitudes & Attitude Change, Water Reuse, _6.0042

MARINE WASTE DISPOSAL AND SEA URCHIN ECOLOGY
...Pollution Effects, Productivity - Food Chain, Sea Urchins &
Other Echinoderm, Sewage, _5.0130

EUTROPHICATION OF SURFACE WATERS - LAKE TAHOE
Effluents-waste Water, Eutrophication, Lakes, Runoff, ...5.0088

WATER-QUALITY REGIMEN OF TAHOE-TRUCKEE SYSTEM
Digital Computers, Lakes, Model Studies, Nevada, Water Quali-
ty-general, _5.0706

TREATMENT OF COMBINED SEWER OVERFLOWS BY THE
DISSOLVED AIR FLOTATION PROCESS ...Chlorination, Com-
bined Sewer, Flotation, Overflow, ...5.0153

CHARACTERIZATION OF THE ACTIVATED SLUDGE
PROCESS AT THE HYPERION TREATMENT PLANT ...Ac-
tivated, Mathematical Analysis, Model Studies, Waste Water
Treatment-general, Water Purification Plants, 5.0107
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MOISTURE CONTROL AND ITS RELATION TO CULTURAL

PRACTICES FDR CITRUS, TREE, AND VINE CROPS ...Irriga-
tion, Moisture Tension, Soil-water-plant Relationships, Trees,
Vines, -2.0139

CLIMATIC PATTERNS AND THEIR EFFECT ON CALIFORNIA
AGRICULTURE ...Agriculture, Applied Climatology, Data Anal-
ysis - General, Phenology, Production & Processing, Temperature,
Weather, -2.0095

SOIL MOISTURE DRYING CURVES-MANAGEMENT RELA-
TIONS ...Management, Moisture Content, Sequoia, Soil F,nviron-
ment, ...6,0036

DISPERSAL OF CONCENTRATF.D OR UNDILUTED INSECTI-
CIDES FOR IMPROVED MOSQUITO CONTROL ...Animal
Appl. -other, Insecticides -non-specific, Larvicides, Mosquitoes -
non- specific, ,..5.0493

METHODOLOGIES FOR PREDICTING CLIMATIC SUITABILI-
TY OF NEW AREAS FOR IRRIGATED AGRICULTURE ...Al-
pine, Applied Climatology, Arid and Desert, Cold - Climates,
Forecasting-prediction, Irrigation-general, _2.0096

DRAINAGE DESIGN IN RELATION TO SOIL SALINITY
...Drainage, Drainage Engineering, Movement, Availability, Saline
and Alkaline Soils, Soil and Rock Leaching, -3.0046

IRRIGATION STUDIES WITH VEGETABLES ...Aerial. Irrigation-
general, Root, Saline Soils, Soil-water-plant Relationships, Water
Quality-general, -2.0137

MOISTURE CONTENT OF VARIOUSLY TREATED CHAPAR-
RAL SOILS IN RELATION TO SEEDLING ESTABLISHMENT
OF ADAPTED PERENNIAL GRASSES ...Adaptation, Cover
Crops, Grasses -non-specific, Moisture Tension, Soil-water-plant
Relationships, -2.0142

EFFECTS OF ON-FARM IRRIGATION WATER SUPPLIES AND
COSTS ON CROPPING SYSTEMS AND PRODUCTION AD-
JUSTMENTS ...Agriculture, Irrigation-general, Production &
Processing, Water Costs, Water Demand, _6.0052

COOPERATIVE WATERSHED MANAGEMENT ON
BRUSHLANDS OF CALIFORNIA ...Amount, Management,
Management and Fertility, Runoff, Sediment Yield, -4.0036

GROUND WATER RESEARCH ...Agriculture Industry. Artificial
Recharge, Dispersion -water, Groundwater, Groundwater Move-
ment, _2,0135

COOPERATIVE WATERSHED MANAGEMENT IN
SNOWLANDS AND LOWER CONIFER ZONES OF CALIFOR-
NIA -Coniferous Forests, Forest Watersheds, Management,
Moisture Tension, Snowmelt, -4.0022

FLOODS FROM SMALL DRAINAGE AREAS ...Floods, Gaging,
Hydrographs, Small Watersheds, -4.0039

RELATIONSHIP BETWEEN IRRIGATION WATER COMPOSI-
TION AND SOIL PROPERTIES ...Clovers -red,alsike,ladino... ,

Irrigation-general, Movement, Availability, Saline and Alkaline
Soils, Salinity, -3.0034

BORON CHARACTERISTICS AND RECLAMATION NEEDS OF
SOILS IN WESTERN KERN COUNTY ...Boron, _3.0087

COOPERATIVE BIOLOGICAL PEST CONTROL RESEARCH
...Biological Pollutants -general, Canals, Evaluation, of Aquatic
Plants, Reservoirs and Impoundments, _5.0087

SPECIFIC YIELD RESEARCH AND PERMEABILITY
RESEARCH ...Aquifers-general, Permeability, Storage of Water,
Velocity -water, Water Yield, -7.0013

NUTRIENT REMOVAL FROM AGRICULTURAL WASTE
WATERS ...Denitrification. Eutrophication, Nutrients, Pilot
Plants, San Francisco Bay, Waste Water Treatment-general,
-4.0032

A SALT BALANCE INVESTIGATION ON THE SANTA ANA
RIVER BASIN ABOVE PRADO DA ...Forecasting-prediction,
Groundwater Basins, Salinity, Systems Analysis. Water Quality
Control-general. -5.0098

GENESIS AND MORPHOLOGY OF PYGMY FOREST-
BLACKLOCK SOIL ECOSYSTEM ...Douglas Fir, Sequoia, Soil
Ecology, Water Table Fluctuation. Wave-built Terrace, 6.0041

ADHESIVE PROTECTION FOR CONCRETE ...Cavitation, Ce-
ment, Concrete. Coatings-general, Epoxies, Erosion, -8.0015

MINERAL-WATER INTERACTION IN S." LINE ENVIRON-
MENTS ...Analysis and Detection, Evaporation. Intertidal, Solu-
tion, Solution Chemistry, _2.1095

LAND SUBSIDENCE STUDIES IN THE SAN JOAQUIN VALLEY
,..San Joaquin, Subsidence, -2.0152

SPECIFIC YIELD INVESTIGATION ...Aquifers-general, Ground-
water Basins, Moisture Content, Projections and Estimations,
Water Yield, -2.0182

VERIFICATION OF MASS-TRANSFER AND PAN EVAPORA-
TION RELATIONSHIPS FOR LARGE LAKES AND RESER-
VOIRS (SALTON SEA, CALIFORNIA) ...Conductivity, Evapora-
tion, Forecasting-prediction. Lakes, Vapor Pressure, -2.0129
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DETERMINATION OF CHANNEL CAPACITY OF THE
MERCED RIVER, CALIFORNIA ...Channels, Cross-section,
Discharge-general, Hydrographie, Peak Flow, -2.0116

CHANNEL CAPACITY IN STONY CREEK NEAR ORLAND,
CALIFORNIA ...Channels, Design Flow-flood, Peak Flow, Reser-
voirs and Impoundments, Water Transfer, -2.0122

SAN GORGONIO PASS GROUND-WATER STUDIES, CALIFOR-
NIA ...Artificial Recharge, Groundwater Basins, Groundwater
Movement, Storage of Water. Water Table Fluctuation, -4.0037

FLOOD FLOWS AND SEDIMENT YIELD OF COLMA CREEK
BASIN, CALIFORNIA ...Construction, Floods, Projections and
Estimations. Sediment Yield, Irhan Environments, Water Yield,
-4,0038

ATMOSPHERIC WATER RESOURCES RESEARCH ...Augmenta-
tion-general, Clouds-precipitation, Modification, Technique
Development, -2.0206

EARTHQUAKE THEORY AS APPLIED TO DAMS AND APPUR-
TENANT STRUCTURES ...Arch Dams, Dynamic-other,
Earthquakes, Engineering Structures-general, -8.0096

PRECIPITATION PATTERNS ON UPSTREAM WATERSHEDS
IN CENTRAL AND SOUTHERN CALIFORNIA ...Climatog-
raphy, Patterns, Runoff', Sediment Yield, Watersheds-general,
-2.0103

WATER USE UNDER DRYLAND CONDITIONS IN COASTAL
VALLEYS OF CALIFORNIA ...Applied Climatology, Modified
Water Use, Moisture Content, Precipitation-general, Soil Environ-
ment, -3.0092

MANAGEMENT PRACTICES FOR SALINE AND SODIC SOILS
IN IMPERIAL VALLEY ...Management, Plant Residues, Humus,
Compost, Tillage, Cropping Systems, _3.0037

CONSUMER ATTITUDES TOWARD MINERAL TASTE IN
DOMESTIC WATER ...Attitudes & Attitude Change, Hardness-
minerals, Potable Water, Taste and Odor, Water Standards,
-6.0039

Canada
STUDIES OF NEAR-SURFACE SEDIMENTS IN LAKES, AND

RELATIONSHIPS BETWEEN SURFACE SEDIMEN'I' POLLEN
SPECTRA AND VEGETATION ...Lakes, New England Province,
Paleoccology, -2.0555

ECOLOGICAL STUDIES OF MANIPULATED MARSHES AT
DELTA, MANITOBA, CANADA ...Amphibious Plants, Sub-
merged Plants, Swamps-marshes, Water Depth, Water Levels,
Water Fowl, N.s. , -4.0257

INTER -BASIN DIVERSION OF WATER - A TEXAS CASE
STUDY ...Economic Impact, Fiscal, Price & Value, Southern,
Water Transfer, -4.0244

AN ECOLOGICAL STUDY OF LAKE ST. PETER, QUEBEC
-Black Duck, Depth,water Level, Fluctuation, Interbiotie
Relat.(non-speeif), Lakes, Water Level Fluctuation, _4.0050

REHABILITATION, SCOTSBURN MARSH, NOVA SCOTIA,
CANADA ...Engineering Structures-general, Habitat Studies,
Swamps-marshes, Water Level Fluctuation, -4.0053

MUSQUODOBOIT - METERING BASINS NOVA SCOTIA,
CANADA ...Aquatic Ecology, Mammals -other, Mapping. Water
Fowl, N.s. , Water Level Fluctuation, Wetlands. _4.0054

STUDY OF THE DISTRIBUTION OF FOUR ASSOCIATIONS OF
AQUATIC PLANTS IN THE VICINITY OF MONTREAL ...Am-
phibious Plants, Depth, Freshwater Ecology, Range Or Territorial
Distr. , St. lawrence River, -4.0047

AN ECOLOGICAL STUDY OF ILES-DE-LA-PAIX, LAKE ST.
LOUIS, QUEBEC ...Interbiotic Relat.(non-specif), Islands, St.
lawrence River, Water Fowl, N.s. -4.0048

MARSH EVALUATION AND ACQUISITION, QUEBEC ...Habitat
Studies, Wetlands, ...4.0049

WETLANDS EVALUATION AND DEVELOPMENT -
MARITIMES -Habitat Studies, Species Evaluation, Wetlands,
-6.0085

MARSH EVALUATION AND ACQUISTION - ONTARIO
...Habitat Studies, Management, Management -other, Water Fowl,
N.s. , Wetlands, ,..4.0046

LITERATURE REVIEW ON FLOODED GREEN TIMBER AREAS
...Management, Site Index and Site Quality, Survey Studies, Water
Fowl, N.s. , Wetlands, _4.0045

WATERFOWL HABITAT INVESTIGATIONS - OTTAWA RIVER
-Floods, Habitat Studies, Water Fowl, N.s. Water Level Fluc-
tuation, -4.0051

AERATED LAGOONS & ANAEROBIC REACTORS - A FIELD &
LAB STUDY OF THEIR EFFICIENCIES & DESIGN PRINCI-
PLES IN SEWAGE TREATMENT ...Aerobic, Anaerobic, Process
Design, Sewage Lagoons, -5.01165
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STUDY OF EUTROPHICATION IN LAKES MAGOG & BROME
...Algal Pollutant Sources, Eutrophication, Freshwater Ecology,
Growth and Differentiation, Nutrition Studies, -5.0166

AERATED SEWAGE LAGOON INVESTIGATION - BOISSEVAIN
...Aeration, Economic Efficiency, Sewage Lagoons, Technique
Development, -5.0170

EVALUATION OF AERATED LAGOONS AS A SEWAGE
TREATMENT FACILITY IN THE PRAIRIE PROVINCES .,.Ac-
tivated, Aeration, Economic Efficiency, Sewage Lagoons, Waste
Treatment-economies, -5.0173

RELICT COPEPODS FROM LAKE TUBORG, ELLESMERE
ISLAND ...Brackish Water, Carbon-14, Copepods, Lakes, Plank-
ton Sampling, _2.0257

Canals
OPERATION RIVERPORTS ...Harbors, Mississippi River, Missouri

River, Streams, Water Transportation, -6.0183
METHODS FOR CONTROLLING A LLIGATORWEED AND

OTHER WEEDS IN CANALS, WATERWAYS, AND AD-
JACENT WATERS IN THE SOUTHEASTERN U. S. ...Evalua-
tion, Herbicides -non-specific, Integrated Biological Control, of
Aquatic Plants, Southeast, -8.0210

FEEDBACK CONTROL OF CANAL CHECK GATES ...Channel
Regulation-other, Control Gate, Economic Efficiency, Water De-
mand, ..4.0023

INVESTIGATION OF SEEPAGE REDUCTION BY NATURAL
PROCESSES IN IRRIGATION CANALS -Irrigation-general,
Linings - pavings, Seepage, Soil Environment, Tensiometer,
-3.0207

THE FLOW OF WATER IN FLUMES AND CANALS ...Channel
Geometry, Flume, Open Channel, Open Channel Flow, Turbulent,
...8.0222

GRAND VALLEY SALINITY CONTP.OL DEMONSTRATION
PROJECT -Brackish Water, Colorado River, Linings-pavings,
Mineralization, Natural Recharge, -5.0203

EFFECT OF EXTERNAL AIR PRESSURE ON LIQUID FLOW
THROUGH A POROUS MEDIUM .,.Model Studies, Permeabili-
ty, Physical Properties -other, Pressure-density, Seepage, -2.0392

OPEN CHANNEL TRANSITIONS ...Energy Losses-other, Flow
Characteristics -water, Open Channel, Surface Phenomena,
Transition Sections, -8.0004

THE NANGARHAR CANAL PROJECT OF EASTERN
AFGHANISTAN -Afghanistan, Electric Power Plants, Hydrolo-
gy-general, Irrigation-general, Water Resources Development,
.4.0179

COOPERATIVE BIOLOGICAL PEST CONTROL RESEARCH
...Biological Pollutants -general, California, Evaluation, of Aquatic
Plants, Reservoirs and Impoundments, -5.0087

FLOW MEASUREMENT OF IRRIGATION WATER ,.,Flow
Characteristics -water, Fluids, Flume, Irrigation, Measurement,
-3.0144

AQUATIC TRANSPORT OF NUCLEAR DEBRIS ,..Chemical
Reactions, Exchange Capacity, Ion Exchange-other, Pollutants -
Path of , Radioactive Fallout, -1.0012

WRAGG SWAMP CANAL INVESTIGATION, ALABAMA
...Alabama, Amount, Control Factors-general, Runoff, Urban En-
vironments. -4.0001

FIELD INVESTIGATION OF THE SUBMERSED AQUATIC EN-
VIRONMENT ...Aquatic Ecology, Irrigation-general, Plant Pollu-
tants, Reservoirs and Impoundments, Submerged Plants, Weeds -
phenological Studies, ...3.0125

DEVELOPMENT OF STANDARD DESIGNS FOR CANAL
STRUCTURES ...Construction, Design Criteria, Energy Losses-
general, Model Studies, Open Channel, -8.0064

PROTECTION OF ERODIBLE CHANNELS AND SURFACES
WITH GRAVEL OR RIPRAP -Channels, Energy Loss -water,
Engineering Structures-general, Flow Characteristics -water,
Groundwater, Linings-pavings, Scouring, Seepage, ...8.0040

STUDIES OF EQUATIONS FOR SEEPAGE LOSS FROM
CANALS ...Lining, Loss, Open Channel, Permeability, Soil Test -
Insitu, ...8.0129

STUDIES OF CANAL HYDRAULICS ...Channel Roughness, Ener-
gy Losses-other, Hydraulics- general, Open Channel, Transition
Sections, -8.0130

EFFECT OF COPPER SULFATE ON AQUATIC WEEDS ,..Al-
kalinity, Copper, Copper Sulfate, Irrigation-general, of Aquatic
Plants, ...3.0108

AUTOMATION OF CANAL SYSTEMS ...Channel Regulation-
other, Control Gate, Controls, Open Channel, Other Control
Systems, -8.0138
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INVESTIGATION OF EROSION AND TRACTIVE FORCES ON
CANALS--OPEN AND CLOSED CONDUIT RESEARCH PRO-
GRAM ...Erosion-general, Lining, Linings-pavings, Soil Environ-
ment, Traction, -8.0035

HARD SURFACE LININGS--LOWER COST CANAL LINING
PROGRAM ...Biturninous, Cement, Concrete, Gel, Linings-
pavings, Sealant Materials, -8.0050

EVALUATION OF CANAL SEALANTS -OPEN AND CLOSED
CONDUCT RESEARCH PROGRAM ...Dam, Canal, Flume Stu-
dies, Sealant Materials, Seepage, Soil Environment, .,.8.0085

INVESTIGATION OF GROOVE AND CRACK SEALING
MATERIALS ...Bituminous, Cement, Concrete, Elastomers
Rubber, Linings-pavings, Polyethylene, Sealant Materials.
..,8.0076

PRINCIPLES AND PRACTICES FOR THE CONTROL OF SUB-
MERSED, FLOATING, AND IMMERSED AQUATIC WEEDS
-Biocontrol, Environmental Effects, Evaluation, Herbicides -non-
specific, of Aquatic Plants, ...5.1329

PERSISTENCE AND FATE OF HERBICIDES IN WATER AND
AQUATIC SOILS AND THE EFFECTS OF HERBICIDES IN IR-
RIGATION WATER ON CROP PLANTS -Herbicides -non-
specific, Irrigation, Pcrsistancc of Residues, Persistence in Soils,
Pollutants - Path of , -5.1330

CONTROL OF SEEPAGE FROM CNNALS AND STORAGE
PONDS IN NEVADA -Bentonite, Linings-pavings, Seepage,
Water Loss Control, -8.0263

Capillary Movement
EVAPORATION MECHANISMS ...Atmosphere Disturbance-

general, Boundary Process (moisture), Epidermis, Evaporation,
Transpiration, Transpiration and Evap, -2.1164

EVALUATION OF SUBIRRIGATION FOR CROP PRODUCTION
...Irrigation, Irrigation Engineering, -2.1036

Carbon
STABLE CARBON AND OXYGEN ISOTOPE RATIO VARIA-

TIONS IN THE FLOW TO CARBON AND OXYGEN
THROUGH NORMAL AND POLLUTED AQUATIC SYSTEMS
...Analysis and Detection, Element Ratios, Organic-general, Ox-
ygen, Pollutants - Path of , Sewerage Systems-other, ...5.1183

THE ELECTROSORB PROCESS FOR DESALTING WATER
...Adsorption-other, Desalination, Electrochemistry-other, Elec-
trode, -3.0102

THE THERMOSORI3 PROCESS FOR DESALTING WATER ...Ad-
sorption-other, Cost Analysis, Desalination, Ion Exchange-other,
Thermal Treatment,

THE ELECTROSORB PROCESS FOR DESALTING WATER
.Adsorption-other, Desalination, Electrochemistry-other, Elec-
trode, -3.0104

TOXAPHENE FILTRATION PUBLICATION ...Filtration, Pubilica-
tions -other, Removal of Residues, Toxaphene, -5.1146

REFRACTORY ADSORPTION ON CI-rMCOKE -Activated Car-
bon, Adsorption-other, Phy and Cli m Properties, Refractory,
...5.1135

A STUDY OF THE REMOVAL OF CARBONACEOUS,
NITROGENOUS AND PHOSPHORUS MATERIALS FROM
CONCENTRATED PROCESS WASTE STREAMS ...Digestion,
Nitrogen, Phosphorus, Process Design, Streams, -5.0060

STRUCTURE OF CARBON-OXYGEN COMPLEXES ...Adsorp-
tion-other, Complexes, Infrared. Oxygen, Surface-other, -1.0082

USE OF TOTAL civ,:4)N ANALYZER TO DEFINE
MICROBIOLOGICAL P':'..01,1 SSES ...Microbial-bacterial, Quan-
titative Chemistry, ..5,

SOURCE DISTRIBUTIC `, .0" FA rE OF C14 LABELED AND
CHLORINATION HY1',':01.-ARBON INSECTICIDE RESIDUES
IN FISH ...Biodegradation, Food Chains, Animal And/or Man,
Pcrsistancc of Residues, Wildlife, -5,0281

EFFECT OF NITRILOTRIACETIC ACID (NTA) UPON THE
TOXICITY OF METALS TO SELECTED SPECIES OF
ESTUARINE PHYTOPLANKTON ...Acids, Chemicals (incl. al-
gacidcs), Estuaries, Phytoplunkton, Radioisotopes, -5.1085

Carbonate, Bicarbonate
SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-

MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ...Chemical Identification, Fluorometry, Iodide,
Phosphate, Phosphite, Spectroscopy-general, Thiocyanatc,
-5.0672
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Cardiovascular System
PESPONSES OF FISH TO ENVIRONMENTAL STRESSES En-

vironmental Physiology, Fish -non-specific, Kidney and Urinary
System, Stress, Water Environment -other, 5,1269

Carotenoid Pigments
THE INCORPORATION OF C14-BICARBONATE INTO THE

PIGMENTS OF BLUE-GREEN ALGAE POPULATION
Chlorophyll, Nutrients, Oseillatoria, Phycobilins Pigments,
_6.0433

Casting of Materials
DEVELOPMENT OF REVERSE OSMOSIS MEMBRANES

...Acids, Cellulose Acetate, Desalination, Nitrogen, Technique
Development, 3.0050

14. 01-0001-1760 -- IN-SITU FORMATION OF REGENERATIVE
CELLULOSE ACETATE MEMBRANES ON POROUS SUP-
PORTS ...Cellulose Acetate, Ceramics - General, Reverse Osmo-
sis, Saline Conversion, Solutionizing, 3.0069

CORROSION AND TUBERCULATION IN DISTRIBUTION
SYSTEMS Coatings-general, Corrosion Prevention-other, Iron,
Water, 5.0373

FORMING, FINISHING, AND CI.'1ING CONCRETE .,.Cement,
Concrete, Setting, Curing, Surface, Surface Cleaning, Finishing,
..,8.0257

Cells and Batteries
Fuel Cells

Biological
BRACKISH WATER PURIFICATION BY BIOLOGICAL FUEL

CELL POWERED ELECTRODIALYSIS .Brackish Water, Cel-
lulose Acetate, Desalination, Eleetrodialysis, Water Costs,
,..5.0704

Fuel Cell-other
METHOD FOR QUANTITATIVE ANALYSIS OF PHENOLS IN

FUEL CELL PRODUCT WATER ...Alcohols, Quinones, Steam
Distillation, Ultraviolet, Water, 1.0041

Cellular Physiology
Action- & Bioelectrical Pot.

TEMPERATURE EFFECTS ON BIOLOGICALLY INTERESTING
MEMBRANE SYSTEMS ...Membranes-other, Model Membranes,
Oils -fats, Permeability, Temperature, 3.0182

COMPARATIVE STUDIES OF DINOFLAGELLATE TOXINS
...Algal Culture, Algal Toxins, Dinophyceac (non-specific &ot),
Toxicology, 5.0716

Activity and Specialization
Motility and Migration

RHEOTAXIS IN ALGAL METABOLISM AND PHOTOSYNTHES-
IS ...Algal Pollutant Sources, Cladophora, Lake Erie,
Photosynthesis, Respiration, ...6.0377

Secretions and Products
DISSOLVED ORGANIC MATTER AND PHOTOSYNTHESIS IN

LAKES ...Autotrophic, Lakes, Nutrition, Submerged Plants,
...5.0574

FACTORS INFLUENCING THE PRODUCTION OF PLANK-
TONIC AND BENTH1C PLANTS ...Benthic Flora, Growth Rate,
Nutrition, Phytoplankton, Standing Crops, 5.1119

Cell Injury and Autolysis
ALGAL GROWTH AND DECOMPOSITION - EFFECTS ON

WATER QUALITY ,..Algal Culture, Algal Pollutant Sources,
Growth and Differentiation, Mineral Composition, Model
Systems, Water Quality-general, 5.0443

ALGAE DEGRADATION IN WATERWAYS ...Algal Culture,
Algal Pollutant Sources, Mixed Culture, Water Properties-general,
...5.0126

BACTERIOLOGY OF BIODEGRADABLE SURFACTANTS
Electron, Gram-negative Bacteria, Gram-positive Bacteria,
Repression, Surfactants, 5.0106

BIOCHEMICAL AND ECOLOGICAL RELATIONSHIPS OF
PESTICIDES AND THE BIOLOGICAL CONSTITUENTS OF

Cellular Physiology

AQUATIC COMMUNITIES ...Awned Ecology, Bioenergetics,
Mortality Rates, Pesticides non-soccifie, Sterility, 5.0566

EFFECTS OF PESTICIDES ON PROTEIN, CARBOHYDRATE,
AND NUCLEIC ACID METABOLISM. INTERACTION
BETWEEN MICROORGANISMS AND PESTICIDES
..,Biosynthesis, Microorganisms (non-specific), Mode of Action -
animal, Mode of Action -plant, Pesticides -non-specific, Respira-
tion, ...5.0643

THERMAL DESTRUCTION OF TYPE E CLOSTRIDIUM BOTU-
LINUM ...Clostridium Botulinum, Heat Resistance, Microbiologi-
cal, Spore Studies, Toxicological and Allergy, .,.5,0233

BIOLOGICAL ALGICIDES ...Algacides -non-specific, Algal Virus,
Endogenous Cpds -plants, Mixed Culture, 5.0226

Environment
Cell. env.(non-specific &

THE KINETICS OF MICROBIOLOGICAL MODIFICATION OF
ORGANIC SUBSTANCES OCCURRING IN NATURAL
WATERS Active Transport, Biological-general, Microorganisms
(non-specific), Organic-general, 1.01006

MICROBIAL RELEASE OF SOLUBLE PHOSPHATE IN AN AC-
TIVATED SLUDGE ENVIRONMENT ..Microorganisms (non-
specific), Oxygen, Phosphate, Phosphite, ...5,1213

MICROBIOLOGICAL CHARACTERIZATION OF ACTIVATED
SLUDGE IN A WASTEWATER TREATMENT PLANT CHEMI-
CALLY MODIFIED FOR PHOSPHORUS REMOVAL ...Ac-
tivated, Aerobic, Chemical Treatment, Phosphorus, Sewage Bac-
writ), ...5.1046

ECOLOGY OF SPHAEROTILUS IN ACTIVATED SLUDGE .Ac-
tivated, Ecology, Identification, Microbial-bacterial, Sphaerotilus,
5.0341

CONTROLLING FACTORS IN METHANE FERMENTATION
...Bacterial Culture, Fermentation; Methane Bacteria (non-
specif), Respiration, Saturated Hydrocarbons, 5.0754

SIGNIFICANCE OF ARTHROBACTER IN ECOLOGY OF
WATER AND SOIL Arthrobacter, Catabolism and Degrade-
Con. Nucleic Acids, Plant Succession, .5.1302

WATER POLLUTION ...Bacterial Pollutant Sources, Identification,
Self-purification, Septic Tanks, Streams, _5.0730

BIOTRANSFORMATION OF ALDRIN AND DIELDRIN BY BAC-
TERIA - INTERACTION BETWEEN MICROORGANISMS AND
PESTICIDES ...Aldrin, Biodegradation, Dicldrin, Other, Soil Bac-
teria, Water Bacteria, 5.0644

SPORULATION AND GERMINATION OF CLOSTRIDIUM
BOTULINUM ..Bacterial Exotoxins, Clostridium Botulinum,
Growth (non-specific & Ot.), Media, Spore Studies, 5.0568

Gases
THE NATURE AND MAGNITUDE OF THE RESISTANCE TO

FLOW OF WATER IN ROOTS ...Exudates, Osmotic and Turgor
Pressure, Roots, Temperature, Transpiration and Evap, Water
Movement, ...2.0245

INFLUENCE OF PLANT AND ENVIRONMENTAL FACTORS
ON PHOTOSYNTHESIS, STOMATAL APERTURE AND
TRANSPIRATION ...Diffusion, Epidermis, Osmotic and Turgor
Pressure, Photosynthesis, Transpiration and Evap, 2.0501

Ionic Effect
STUDIES OF PHOTOSYNTHETIC HALOPHILES FROM OWENS

LAKE ...California, Exobiology, Halophytic, Playas, Temperature,
6.0057

NUCLIDE UPTAKE BY ALGAE AND ZOOPLANKTON
...Chlorella, Cladocera, Environment, Organic Matter Content -
water, Radioisotopes -non-specific, 6.0048

SOLUTE AND WATER TRANSPORT ACROSS BIOLOGIC
MEMBRANES ...Active Transport, Blood Cells, Carbohydrates,
Kidney and Urinary System, Natural Oecuring, Sodium, ...2.0706

EFFECT OF AN ACID-WATER ENVIRONMENT UPON THE
SYNTHESIS OF GROWTH FACTORS BY BACTERIA
...Biosynthesis, Industrial Wastes, Mining Activities, Waste Water
Treatment-general, Water Bacteria, ...5.1285

THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF
THE MECHANISM OF FLOW OF WATER AND SOLUTES IN
PLANT ROOTS ...Osmotic and Turgor Pressure, Pressure &
Mech Stress, Thermodynamics, Ultrafiltration, Water Movement,
2.0497

PHYSIOLOGICAL ADAPTATION OF PLANTS TO MOISTURE
AND OSMOTIC STRESSES WITH RESPECT TO SALT ACCU-
MULATION ...Bioenergetics, Drought, Mineral Nutrition,
Osmotic and Turgor Pressure, Respiration, 3.0229
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Moisture

MINIMUM WATER CONCENTRATION OF ENVIRONMENTAL
WATER CAPABLE OF SUPPORTING LIFE _Environment, Ex-
traterrestrial, Fungi - non - specific, Lichcnes, Water, 6.0430

THE INFLUENCE OF INADEQUATE WATER SUPPLY ON
METABOLISM IN BIOLOGICAL SYSTEMS WITH EMPHASIS
ON PROTEIN SYNTHESIS AND NUCLEIC ACID METABOL-
ISM ...Drought, 3.0180

Temperature
STUDIES OF PHOTOSYNTHETIC HALOPHILES FROM OWENS

LAKE ...California, Exobiology, Halophytic, Ionic Effect, Playas,
,,.6.0057

HYDROSTATIC PRESSURE-TEMPERATURE, AS ENVIRON-
MENTAL PARAMETERS, ON GROWTH, BIOCHEMISTRY
AND PHYSIOLOGY OF MICROORGANISMS Growth (non-
specific & Ot.), Marine Biology (non-specific), Microorganisms
(non-specific), Pressure & Mccli Stress, ..6.0459

EFFECTS OF POLAR ORGANIC SOLVENTS ON ENZYME AC-
TION ...Dipole and Dielectric, Enzymatic, Exobiology, Kinetics -
other, Water, .,.1.0063

THE NATURE AND MAGNITUDE OF THE RESISTANCE TO
FLOW OF WATER IN ROOTS .,.Exudates, Gases, Osmotic and
Turgor Pressure, Roots, Transpiration and Evap, Water Move-
ment, ...2.0245

TEMPERATURE EFFECTS ON BIOLOGICALLY INTERESTING
MEMBRANE SYSTEMS _Action- & I3ioelcetrical Pot. , Mem-
branes-other, Model Membranes, Oils -fats, Permeability,
_3.0182

Growth and Differentiation
Cell Cycle

EFFECTS OF WATER PROPERTIES IN THIXOTROPIC CLAY
SYSTEMS ON BIOLOGICAL. ACTIVITY ...Anaerobic Bacteria,
Clay, Origin of Life, Thermodynamics, 6.0217

STUDY OF TOXIN SYNTHESIS IN SYNCHRONIZED PRYM-
NESIUM ...Algal Toxins, Biosynthesis. Hemolysins -non-specific,
Prymnesium, Synchronization, 1.0089

Growth (non-specific &
HYDROSTATIC PRESSURE-TEMPERATURE, AS ENVIRON-

MENTAL PARAMETERS, ON GROWTH, BIOCHEMISTRY
AND PHYSIOLOGY OF MICROORGANISMS Marine Biology
(non-specific), Microorganisms (non-specific), Pressure & Mech
Stress, Temperature, 6-.0459

STUDY OF WATERFOWL BOTULISM ...California, Clostridium
Botulinum, Identification, Pathology, Water Fowl, N,s, , _6.0070

WASTE WATER ODOR REDUCTION MECHANISMS IN SOIL
FILTERS _Biological, Pollutant-other, Soil, Sulfur Bacteria,
Taste and Odor, 5.1258

STUDIES ON AQUATIC STALKED BACTERIA ...Bacterial Cul-
ture, Classification Or Taxonomy, Ecology, Stalks and Buds,
Water Bacteria...Z.1280

THE BIOLOGY AND CHEMISTRY OF SPHAEROTILUS ...Au-
totcophic, Butyric Acid, Nutrition, Oxidation-general, Sphaeroti-
lus, 5.1241

SURVEY OF CLOSTRIDIUM BOTULINUM TYPE E .,.Clostridi-
um Botulinum, Media, Microbiological Analysis, Pathology,

ALGAL GROWTH POTENTIAL OF ILLINOIS WATERS .,.Algae -
General, I3ioindieators, Growth and Differentiation, Illinois,
Other, 6.0199

SPORULATION AND GERMINATION OF CLOSTRIDIUM
BOTULINUM ...Bacterial Exotoxins, Cell. env.(non - specific &
Ot, ), Clostridium Botulinum, Media, Spore Studies, ...5.0568

Growth Rate
A STUDY OF PHYTOPLANKTON DYNAMICS IN LAKE

FAYETTEVILLE AS A MEANS OF ASSESSING WATER
QUALITY ...Algal Culture, Bioindicators, Eutrophication,
Phytoplankton, Primary Productivity, 6.0031

KINETICS OF BIOLOGICAL FILTERS ...Microbial-bacterial,
Microorganisms (non-specific), Organic Wastes, Pollutant-other,
Trickling, 5.1103

FACTORS IN.:LUENCING THE PRODUCTION OF PLANK-
TONIC AND BENTHIC PLANTS Benthic Flora. Nutrition,
Phytoplankton, Secretions and Products, Standing Crops,
...5.1119

MEASUREMENT OF THE RATE OF CARBON DIOXIDE (CI4)
FIXATION INTO SUBCELLULAR FRACTIONS OF ALGAE
..,Algae- General, Algal Culture, Bioindicators, arbon Carbon
Dioxide Fixation, Intracellular Localization, 521890

Repression
PHYSIOLOGICAL CHANGES IN PLANTS PRODUCED BY

SALINE SOLUTIONS ..,Beans (garden), Brackish Water, Hu-
midity, Transpiration and Evap, Water Movement, 2.0061

DETECTION OF LIMITING AND SURPLUS NUTIENTS IN
ALGAE ...Nitrogen, Nutrients, Nutrition, Nutrition Studies,
...5.1303

BACTERIOLOGY OF BIODEGRADABLE SURFACTANTS ...Cell
Injury and Autolysis, Electron, Gram-negative Bacteria, Gram-
positive Bacteria, Surfactants, 5.0106

BOTULINUM FOOD POISONING IN RELATION TO FISHERY
PRODUCTS Antibiotics, Clostridium Botulinum, Fish, N.s. ,

Great Lakes-general, Microbiological, 5.1305
CONTROL OF BIOLOGICAL GROWTHS IN RAPID SAND FIL-

TERS AS RELATED TO IRON REMOVAL ...Disinfection, Iron,
Nitrification, Nitrogen Bacteria, Sand, 5.0377

ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E IN
GREEN BAY ...Clostridium Botulinum, Fish -non-specific, Fish,
N.s. , Great Lakes-general, Microbiological, Vertical Distribution,
...2.1162

Synchronization
STUDY OF TOXIN SYNTHESIS IN SYNCHRONIZED PRYM-

NESIUM Algal Toxins, Biosynthesis, Cell Cycle, Hemolysins -
non- specific, Prymnesium, _1.0089

Intracellular Localization
MEASUREMENT OF THE RATE OF CARBON DIOXIDE (CI4)

FIXATION INTO SUBCELLULAR FRACTIONS OF ALGAE
...Algae- General, Algal Culture, Bioindicators, Carbon, Carbon
Dioxide Fixation, Growth Rate, 5.1090

Membrane Permeability & Exch.
Active Transport

SOLUTE AND WATER TRANSPORT ACROSS BIOLOGIC
MEMBRANES ...Blood Cells, Carbohydrates, Ionic Effect, Kid-
ney and Urinary System, Natural Occuring, Sodium, 2.0706

TRANSFER OF SALT AND WATER ACROSS MEMBRANES OF
PLANT MITOCHONDRIA ...Bioenergeties, Desalination,
Mitochondrial Membranes, Salt, Water Movement, ,..3.0218

ION TRANSPORT IN SOME HALOPHILIC ORGANISMS
,..Halophytic, Ions (inorganic), Thermodynamics, 3.0232

STUDIES ON THE MOLECULAR STRUCTURE OF BIOLOGI-
CAL MEMBRANES Desalination, Membranes-other, Plasma
Membrane, Purif and Isol, Structure, 3.0388

STUDY OF BIOLOGICAL DESALINATION PHENOMENA AND
SALT TRANSPORT MECHNAISMS OF SELECTIVE AVIAN
SALT GLANDS .Anseriformes -other, Chemical Analysis, Ion
Selective, Osmoregulation, Trinsport.,3.0479

THE KINETICS OF MICROBIOLOGICAL MODIFICATION OF
ORGANIC SUBSTANCES OCCURRING IN NATURAL
WATERS ..,Biological - general, Cell. env.(non-specific & Ot.),
Microorganisms (non-specific), Organic-general, 1.0006

Diffusion
ACTIVE AND PASSIVE ION FLUXES ACROSS INTERFACES

AND MEMBRANES ...Adsorption & Interface, Enzymes -non-
specific, Ionic Effect, Membranes-other, Transport, 3.0348

INVESTIGATIONS OF ZOOGLOEAL FLOCS ...Adhesion, Classifi-
cation Or Taxonomy, Nutrients, Other, Zooglia, ...5.1313

INFLUENCE OF PLANT AND ENVIRONMENTAL FACTORS
ON PHOTOSYNTHESIS, STOMATAL APERTURE AND
TRANSPIRATION ...Epidermis, Gases, Osmotic and Turgor Pres-
sure, Photosynthesis, Transpiration and Evap, 2.0501

Other
STUDY OF MICROBIOLOGICAL-BIOCHEMICAL PHOSPHATE

SORPTION MECHANISM BY ACTIVATED SLUDGE ...Ab-
sorption-other, Activated, Mechanisms, Phosphate, Phosphite,
Sewage Bacteria, _5.0907

Permeability
STUDIES OF NATURALLY OCCURRING ACIDIC LIPIDS -

IONIC, SURFACE AND MEMBRANE PROPERTIES
...Cephalin, Lecithin, Model Membranes, Sphingomyelin, Surface
Properties -other, 3.0354

STUDY OF FACTORS WHICH DETERMINE THE IONIC
SELECTIVITY OF BIOLOGICAL AND ARTIFICIAL MEM-
BRANES ...lon Selective, Molecular Interaction, Natural Occur-
ring, Other, 3.0371
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ry and Autolysis, Microorganisms (non-specific), Mode of Action
-animal, Mode of Action -plant, Pesticides -non-specific, Respira-
tion, -5.0643

STUDY OF TOXIN SYNTHESIS IN SYNCHRONIZED PRYM-
NESIUM .,.Algal Toxins, Cell Cycle, Hemolysins -non-specific,
Prymnesium, Synchronization, _1.0089

Carbohydrates
SOLUTE AND WATER TRANSPORT ACROSS BIOLOGIC

MEMBRANES ...Active Transport, Blood Cells, Ionic Effect, Kid-
ney and Urinary System, Natural Occuring, Sodium, -2.0706

Carbon Dioxide Fixation
ME'ASUREMENT OF THE RATE OF CARBON DIOXIDE (C14)

FIXATION INTO SUBCELLULAR FRACTIONS OF ALGAE
-Algae- General, Algal Culture, Bioindicators, Carbon, Growth
Rate, Intracellular Localization, -5.1090

Catabolism and Degradation
SIGNIFICANCE OF ARTHROBACTER IN ECOLOGY OF

WATER AND SOIL ...Arthrohacter, Cell. env.(non-specific &
Ot.), Nucleic Acids, Plant Succession, -5.1302

DEGRADATION OF SEWAGE AND SOIL MICROORGANISMS
...Degradation, E Coli, Micro-organisn, Enz, Sewage, Soil Bac-
teria, _5.0524

THE PHYSIOLOGICAL BASIS OF THE TOLERANCE OF HOR-
TICULTURAL CROPS TO COLD, DROUGHT, AND WATER
...Cold Resistance and Hardiness, Drought, -2.0500

ORGANIC DEBRIS ON CONNECTICUT BEACHES AND
SHORES -Connecticut, Identification, Organic Matter, Physical-
general, Shoreline - Coastline, -5.0204

Ions (inorganic)
ION TRANSPORT IN SOME HALOPHILIC ORGANISMS ...Ac-

tive Transport, Halophytic, Thermodynamics, -3.0232

Nitrogen Fixation
DYNAMICS OF THE NITROGEN CYCLE IN LAKES _Denitrifi-

cation, Lakes, Nitrogen, Respiration, -5.0033

Nucleic Acids
THE INFLUENCE OF INADEQUATE WATER SUPPLY ON

METABOLISM IN BIOLOGICAL SYSTEMS WITH EMPHASIS
ON PROTEIN SYNTHESIS AND NUCLEIC ACID METABOL-
ISM ...Drought, -3.0180

SIGNIFICANCE OF ARTHROBACTER IN ECOLOGY OF
WATER AND SOIL ...Arthrobaetcr, Catabolism and Degrada-
tion, Cell. env.(non-specific & Ot.), Plant Succession, -5.1302

Nutrition
DISSOLVED ORGANIC MATTER AND PHOTOSYNTHESIS IN

LAKES ...Autotrophie, Lakes, Secretions and Products, Sub-
merged Plants, -5.0574

PHOSPHATE UPTAKE, STORAGE, AND RELEASE BY
MICROORGANISMS IN WASTEWATER TREATMENT
...Chemostat, Microorganisms (non-specific), Phosphate, Phos-
phite, Storage, Waste Water Treatment-generpl, -5.1282

STUDIES ON PHOSPHORUS TRANSFORMATIONS IN
EUTROPHIC LAKES ...Bacterial Culture, Bacterial Pollutant
Sources, Budgets -other, Connecticut, Eutrophication,
Phosphorus, -5.0216

STUDIES ON AQUATIC MYXOBACTERIA ...Bacterial Pollutant
Sources, Bioindicators, Degradation, Myxobacteria, Range Or
Territorial Distr. , Streams, -5.0952

DETECTION OF LIMITING AND SURPLUS NUTIENTS IN
ALGAE ...Nitrogen, Nutrients, Nutrition Studies, Repression,
-5.1303

THE BIOLOGY AND CHEMISTRY OF SPHAEROTILUS ...Au-
totrophic, Butyric Acid, Growth (non-specific & Ot.), Oxidation-
general, Sphaerotilus, ...5.1241

OXYGEN CONSUMPTION IN CONTINUOUS BIOLOGICAL
CULTURE ...Activated, Aeration, Bacteria, Flocculation,
-5.0424

PHYSIOLOGY OF MINERAL ACCUMULATION IN PLANTS
...Adhesion, Calcium, Corn, Drought, Mineral Nutrition, -2.0107

Water Movement
THE NATURE AND MAGNITUDE OF THE RESISTANCE TO

FLOW OF WATER IN ROOTS ...Exudates, Gases, Osmotic and
Turgor Pressure, Roots, Temperature, Transpiration and Evap,
,..2.0245

TRANSFER OF SALT AND WATER ACROSS MEMBRANES OF
PLANT MITOCHONDRIA ...Active Transport, Bioenergetics,
Desalination, Mitochondria' Membranes, Salt, -3.0218

PHYSIOLOGICAL CHANGES IN PLANTS PRODUCED BY
SALINE SOLUTIONS ...Beans (garden), Brackish Water, Hu-
midity, Repression, Transpiration and Evap, _2.0061

WATER-SOIL-PLANT RELATIONS _Antitranspirants, Root Ab-
sorption, Soil-water-plant Relationships, Translocation, -2.0059

THE EFFECT OF WATER STRUCTURE ON BIOLOGICAL AC-
TIVITY ...Bacteria (non-specific), Corn, Molecular Interaction,
Water, _1.0047

THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF
THE MECHANISM OF FLOW OF WATER AND SOLUTES IN
PLANT ROOTS ...Ionic Effect, Osmotic and Turgor Pressure,
Pressure & Mech Stress, Thermodynamics, Ultrafiltration,
_2.0497

Metabolism (intracellular)
Amino Acids

UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-
TEBRATES ...Amino Acids -non-specific, Chemoreccptors, Inver-
tebrates -non-specific, Marine Biology, Metabolism, Nutrition -
Invertebrate, Pulse-labelling, _6.0058

Autotrophic
DISSOLVED ORGANIC MATTER AND PHOTOSYNTHESIS IN

LAKES ...Lakes, Nutrition, Secretions and Products, Submerged
Plants, _5.0574

METABOLIC ROLE OF SULFATES AND SULFIDES PRODUC-
ING BACTERIA IN THE POLLUTION OF WATERS ...Bacterial
Pollutant Sources, Budgets -other, Mine Drainage Control,
Respiration, Sulfur Bacteria, _5.0438

THE BIOLOGY AND CHEMISTRY OF SPHAEROTILUS ...Bu-
tyric Acid, Growth (non-specific & Ot.), Nutrition, Oxidation-
general, Sphaerotilus, -5.1241

MICROBIOLOGICAL ASPECTS OF ACID MINE- DRAINAGE
.,.Acidity, Indiana, Iron Bacteria, Mining Industry, Sulfur Bac-
teria, ...5.0385

THE EFFECTS OF LIGHT WAVE LENGTHS ON THE RATES
OF PHOTOSYNTHESIS AND ITS REALTION TO OXYGEN
LEVELS IN PONDS ...Optical Properties, Oxygen Content -
water, Ponds, Respiration, Water - Light Qual. & Quant. ,
-6.0033

NITRIFICATION BY MARINE MICROORGANISMS -Net.
morphology (general), Bacterial Culture, Isolation From Nat. en-
viron. , Marine Bacteria (non-specific), Nitrification, Nitrogen
Bacteria, Range Or Territorial Distr. , -1.0066

Bioenergetics
ENERGY SOURCES OF HETEROTROPHIC MICROORGANISMS

IN AN AQUATIC ENVIRONMENT ...Glycolic Acid Cpds,
Heterotrophic Bacteria, Photosynthesis, Phytoplankton, -2.0622

TRANSFER OF SALT AND WATER ACROSS MEMBRANES OF
PLANT MITOCHONDRIA ,..Active Transport, Desalination,
Mitochondria' Membranes, Salt, Water Movement, _3.0218

BIOCHEMICAL AND ECOLOGICAL RELATIONSHIPS OF
PESTICIDES AND THE BIOLOGICAL CONSTITUENTS OF
AQUATIC COMMUNITIES ...Applied Ecology, Cell Injury and
Autolysis, Mortality Rates, Pesticides -non-specific, Sterility,
_5.0566

PHYSIOLOGICAL ADAPTATION OF PLANTS TO MOISTURE
AND OSMOTIC STRESSES WITH RESPECT TO SALT ACCU-
MULATION ...Drought, Ionic Effect, Mineral Nutrition, Osmotic
and Turgor Pressure, Respiration, -30229

Biosynthesis
THE INFLUENCE OF INADEQUATE WATER SUPPLY ON

METABOLISM IN BIOLOGICAL SYSTEMS WITH EMPHASIS
ON PROTEIN SYNTHESIS AND NUCLEIC ACID METABOL-
ISM ...Drought, -3.0180

EFFECT OF AN ACID-WATER ENVIRONMENT UPON THE
SYNTHESIS OF GROWTH FACTORS BY BACTERIA ...Indus-
trial Wastes, Ionic Effect, Mining Activities, Waste Water Treat-
ment-general, Water Bacteria, ...5.I285

EFFECTS OF PESTICIDES ON PROTEIN, CARBOHYDRATE,
AND NUCLEIC ACID METABOLISM. INTERACTION
BETWEEN MICROORGANISMS AND PESTICIDES ...Cell Inju-
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FACTORS INFLUENCING THE PRODUCTION OF PLANK-
TONIC AND BENTHIC PLANTS ,..Benthic Flora, Growth Rate,
Phytoplankton, Secretions and Products, Standing Crops,
-5.1119

SLIME CONTROL ASSOCIATED WITH PULP MILL EF-
FLUENTS ...Bacterial Pollutant Sources, Industrial Wastes, Pulp
and Paper Wastes, Sphaerotilus, -5.0977
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Other
INVESTIGATIONS OF ZOOGLOEAL FLOCS ...Adhesion, Classifi-

cation Or Taxonomy, Diffusion, Nutrients, Zooglia, -.5.1313

THE BIOCHEMISTRY OF ANAEROBIC DIGESTION ...Acids,
Anaerobic, Anaerobic Bacteria, Biodegradation, Respiration,

5.0762
IDENTIFICATION OF LIMITING FACTORS IN THE BIOLOGI-

CAL TREATMENT OF SEWAGE ...Activated, Biological Treat-
ment-other, Pilot Plant. Sewage Bacteria, 5.0230

BIOTRANSFORMATION OF ALDRIN AND DIELDRIN BY BAC-
TERIA - INTERACTION BETWEEN MICROORGANISMS AND
PESTICIDES ...Aldrin, Biodegradation, Cell. env,(non-specific &
Ot,), Dicldrin, Soil Bacteria, Water Bacteria, .,.5.0644

BIOTRANSFORMATION OF HEPTACHLOR BY BACTERIA -
INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES _Bacterial Pollutant Sources, Biodegradation, Heptachlor,
Soil Bacteria, Water Bacteria, ,5.0645

Proteins
THE INFLUENCE OF INADEQUATE WATER SUPPLY ON

METABOLISM IN BIOLOGICAL SYSTEMS WITH EMPHASIS
ON PROTEIN SYNTHESIS AND NUCLEIC ACID METABOL-
ISM ...Drought, _3.0180

Respiration
METABOLIC ROLE OF SULFATES AND SULFIDES PRODUC-

ING BACTERIA IN THE POLLUTION OF WATERS .Au-
totrophic, Bacterial Pollutant Sources, Budgets -other, Mine
Drainage Control, Sulfur Bacteria, ...5.0438

DYNAMICS OF THE NITROGEN CYCLE IN LAKES ...Dcnitrifi-
cation, Lakes, Nitrogen. Nitrogen Fixation, ..5.0033

THE BIOCHEMISTRY OF ANAEROBIC DIGESTION Acids,
Anaerobic, Anaerobic Bacteria, Biodegradation, Other, ...5.0762

A STUDY OF THE METABOLISM OF THE AQUATIC ACTING-
MYCETES Actinornycetes -non-specific, Bacterial Pollutant
Sources, Taste and Odor, ...5.1168

CONTROLLING FACTORS IN METHANE FERMENTATION
Bacterial Culture, Cell. env.(non-specific & Ot.), Fermentation,
M. ethane Bacteria (non-specif.), Saturated Hydrocarbons,
_5.0754

PHYSIOLOGICAL ADAPTATION OF PLANTS TO MOISTURE
AND OSMOTIC STRESSES WITH RESPECT TO SALT ACCU-
MULATION ...Bioenergeties, Drought, Ionic effect, Mineral
Nutrition, Osmotic and Turgor Pressure, _3.0229

EFFECTS OF POSSIBLE POLLUTANTS ON ENERGY PRODUC-
TION BY BLUEGILL LIVER MITOCHONDRIA ...Bluegills,
Bream, Metallic Ions, Mineral, Mineral Origin, ...5.0348

THE EFFECTS OF LIGHT WAVE LENGTHS ON THE RATES
OF PHOTOSYNTHESIS AND ITS REALTION TO OXYGEN
LEVELS IN FONDS ...Autotrophic, Optical Properties, Oxygen
Content -water, Ponds, Water - Light Qual. & ()tint. , _6.0033

EFFECTS OF PESTICIDES ON PROTEIN, CARBOHYDRATE,
AND NUCLEIC ACID METABOLISM. INTERACTION
BETWEEN MICROORGANISMS AND PESTICIDES
Biosynthesis, Cell Injury and Autolysis, Microorganisms (non-
specific), Mode of Action -animal, Mode of Action -plant, Pesti-
cides -non-spccifie, 5.0643

PHYSIOLOGICAL STUDIES OF ALFALFA AS RELATED TO
COLD AND HEAT TOLERANCE, DROUGHT RESISTANCE,
AND FORAGE QUALITY AND YIELD ...Alfalfa, Blood Albu-
min, Cold Resistance and Hardiness, Drought, ..2.0572

Turnover (metabolic)
PRIMARY PRODUCTION AND DECOMPOSITION IN

ESTUARINE WATER ...Estuaries, Florida, Methane Bacteria
(non-specif.), Phacophyta (non-specific & Ot), Primary Produc-
tivity, Rhodophyta (non-specific & Ot), .,.5.0257

Model Systems
ALGAL GROWTH A.ND DECOMPOSITION - EFFECTS ON

WATER QUALITY ..Algal Culture, Algal Pollutant Sources, Cell
Injury and Autolysis, Growth and Differentiation, Mineral Com-
position, Water Quality-general... 5.0443

Surface Properties
Adhesion

INVESTIGATIONS OF ZOOGLOEAL FLOCS Classification Or
Taxonomy, Diffusion, Nutrients, Other, Zooglia, ...5.1313

PHYSIOLOGY OF MINERAL ACCUMULATION IN PLANTS
...Calcium, Corn, Drought, Mineral Nutrition, Nutrition, ...2.0107

Adsorption & Interface
THE LOSS OF ORGANIC AND INORGANIC MATERIALS

FROM ABOVE-GROUND PLANT PARTS, WITH REFERENCE
TO DECONTAMINATION OF PARTS UTILIZED FOR FOOD
...Atomic Bomb, Leaching-aerial, Radioactive, Fallout, Root Ab-
sorption, .,.5.0776

ACTIVE AND PASSIVE ION FLUXES ACROSS INTERFACES
AND MEMBRANES ...Diffusion, Enzymes -non-specific, Ionic
Effect, Membranes-other, Transport, 3.0348

Surface Properties -other
STUDIES OF NATURALLY OCCURRING ACIDIC LIPIDS -

IONIC, SURFACE AND MEMBRANE PROPERTIES
...Cephalin, Lecithin, Model Membranes, Permeability, Sphingo-
myelin, ...3.0354

FOLIAR PENETRATION OF CHEMICALS WHICH INCREASE
DROUGHT AND SALT TOLERANCE ...Drought Resistance,
Foliar Absorption, Growth Retardation of Plants, Modified Water
Use, Saline Soils, _3.0049

Tests of Cell Viability
RECOVERY OF INDICATOR BACTERIA ON SELECTIVE

MEDIA DURING DECREASE OF VIABLE COUNTS ...Bacteria
(r.on-specific), Bioindieators, Media, Water Bacteria, ...5.0587

Ceramic Construction Materials
Bituminous

CHANGES IN PHYSICAL CHARACTERISTICS OF ASPHALT
MATERIAL ...Aging , Asphalt - Tar Sands, Cement, Concrete,
Linings-pavings, Test Methods, ...8.0105

ASPHALT BINDING OF COBBLES FOR RIPRAP ...Aggregates,
Extenders, Fillers, Binders, Conglomerates, Embankments, Ero-
sion-general, Slopes, .8.0106

STABILIZATION OF SLOPES ...Clay, Cuts, Embankments, Slopes,

Soil Stabilization, 8.0069
FIELD PERFORMANCE OF ASPHALTIC CONCRETE ..,Asphalt,

Cement, Concrete, Highway Structures, Hydraulic Structures,
Time, 8.0070

SCREENING TESTS ON NEW ASPHALTIC, PLASTIC, AND
RUBBER PRODUCTS ...Elastomers Rubber, Standards, Specifi-
cations, Test Methods, ...8.0079

HARD SURFACE LININGS--LOWER COST CANAL LINING
PROGRAM ...Canals, Cement, Concrete, Gel, Linings-pavings,
Sealant Materials, 8.0050

MEMBRANE LININGS-OPEN AND CLOSED CONDUIT
RESEARCH PROGRAM ...Elastomers Rubber, Lining, Open
Channel, Polyethylene, Polyvinyl Chloride, 8.0051

INVESTIGATION OF GROOVE AND CRACK SEALING
MATERIALS ...Canals, Cement, Concrete, Elastomers Rubber,
Linings-pavings, Polyethylene, Sealant Materials, 8.0076

Cement, Concrete
INFLUENCES OF SALINE WATER ON CONCRETE ...Composi-

tion Parameters-other, Construction Materials-other, Desalination,
Saline Water Systems, Salinity, ...3.0221

CORROSION PROTECTION B'Y INHIBITOR CROSS-LINKING
AND SURFACE COATING GRAFTING ...Crosslinkcd, Inhibi-
tors, Metallic Alloys, Metals, Radiation Induced, ...3.0404

POLYMERIC COATINGS FOR PROTECTION ON CONCRETE
EXPOSED TO AQUEOUS SALINE ENVIRONMENTS ,,,Adhc -0

sion, Depolymerization, Organic- general, Plastics General,
Salinity, Water, .,.3.0405

ADHESIVE PROTECTION FOR CONCRETE ...California, Cavita-
tion, Coatings-general, Epoxies, Erosion, 8.0015

INVESTIGATIONS OF PLACEABILITY OF CONCRETE ...Equip-
ment, Methods, Plasticity, ...8.0258

FORMING, FINISHING, AND CURING CONCRETE ...Casting of
Materials, Setting, Curing, Surface, Surface Cleaning, Finishing,
_8.0257

INVESTIGATION OF TESTING METHODS AND APPARATUS
...Atomic Absorption, Infrared, Instrumentation, Plant Equip. ,

Standards, Specifications, Test Methods, Ultrasonic and Sonic,
,8.0234

INVESTIGATION OF CONCRETING MATERIAL (OTHER
THAN AGGREGATE AND CEMENTITIOUS MATERIALS)
...Construction Materials-other, Standards, Specifications, Test
Methods, ...8.0247
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CEMENT - AGGREGATE REACTION ...Aggregates, Extenders,
Fillers, Alkali Metais-general, Dimensions, Expansion, Reaction-
general, -.8.0236

RESEARCH IN MASS CONCRETE ..,Aggregates, Extenders, Fil-
lers, Standards, Specifications, 8.0250

INVESTIGATION OF CREEP IN CONCRETE ...Creep, Dimen-
sions, Expansion, Water, 8.0240

TENSILE CRACK EXPOSURE TESTS ...Beams - Bars, Crack In-
itiation, Propagation, Reinforcing Steel, Standards, Specifications,
Weathering, 8.0252

INVESTIGATION OF WATERSTOPS FOR CONSTRUCTION
JOINTS -.Elastomers Rubber, Joints, Plastics - General, Sealing,
Water, -.8.0229

CONCRE fE AGGREGATE RESEARCH ...Aggregntes, Extenders,
Chert, Non-foliated Rocks, Sandstones, Staldards, Specifi-

cations, Test Methods, ...8.0237
CONTINUATION OF FIELD EXPOSURE STATIONS .,.Florida,

Maine, Research Facilities, Water, Weathering, _8.0241
HANDBOOK FOR CONCRETE AND CEMENT _Aggregates, Ex-

tenders, Fillers, Curing Agents, Handbooks, Sealant Materials,
Water, 8.0235

RESEARCH ON PROPERTIES OF CEMENTITIOUS MATERIAL
_Mechanical Properties-general, Physical Properties-general,
Standards, Specifications, Test Methods, 8.0249

IMPROVEMENTS IN MASS CONCRETE MIXTURE PROPOR-
TIONING ...Aggregates, Extenders, Fillers, Composition Parame-

ters-other, Costs, Homogeneity, Quality Control-materials,
8.0260

SHEAR EVALUATION OF WEAK ROCK FOUNDATIONS
...Foundations, Joining, Bonding-general, Ohio River. Shear
Strength, Soil Test - Insitu, 8.0273

INVESTIGATION OF SHOTCRETE ...Mechanical Properties-
general, Physical Properties-general, Test Methods, ...8.0261

MODEL STUDIES OF MASS CONCRETE STRUCTURES
Dimension-three, Mass, Model Studies, Stress Recorders,
Technique Development, -.8.0227

CONCRETE TEST VESSEL ...Concrete-other, Desalination, Pres-

sure Ussel Materials, Tanks, Water, _8.0113
BINDERS OF CONCRETE RESISTANT TO SALINE WATER AT

ELEVATED TEMPERATURES ...Aggregates, Extenders, Fillers,
Binders, Brines, D.t.a. , X-ray, 8.0086

EVALUATION OF CONCRETE AND RELATED MATERIALS
FOR USE IN DESALINATION PLANTS ...Coatings-general,
Corrosion General, Ferrous Alloys - Other, Saline Conversion,
Sealant Materials, _8.0062

INVESTIGATIONS OF ALGAE INHIBITING MATERIALS
...Coatings-other, Fouling, Inhibitors, Liquids Or Sprays, Organic
Wastes, Water Distribution Systems, 3.0106

CONCRETE CURING COMPOUND INVESTIGATIONS ...Curing
Agents, Dam, Canal, Organic-general, Weathering, 8.0075

CHANGES IN PHYSICAL CHARACTERISTICS OF ASPHALT
MATERIAL .,.Aging, Asphalt - Tar Sands, Bituminous, Linings-
pavings, Test Methods, 8.0105

ULTRASONIC TESTING OF ROCK AND CONCRETE ...Attenua-
tion, Consolidated Material, Structure Location, Ultrasonic and
Sonic, Ultrasonics, ...8.0116

EFFECT PROPERTIES OF FRESH CONCRETE ON FORM
PRESSURES ...Aggregates, Extenders, Fillers, Composition
Parameters-other, Pressure, Temperature General, 8.0107

FACTORS INFLUENCING THE RESISTANCE OF CONCRETE
TO SULFATE ATTACK ...Aggregates, Extenders, Fillers, Chemi-
cals, Composition Parameters-other, Sulfate, Sulfite, _8.0044

ANALYSIS OF LENGTH CHANGE OF CONCRETE ,..Aggregates,
Extenders, Fillers, Crack Initiation, Propagation, Drying, Failure
Analysis, Reability, Shrinking, 8.0103

COMPRESSIVE CREEP TESTS OF CONCRETE ...Aggregates, Ex-

tenders, Fillers, Compression, Creep, Engineering Structures-
general, 8.068

EVALUATION AND DEVELOPMENT OF SPECIFICATIONS
AND TEST METHODS FOR CEMENT AND POZZOLAN
...Composition Parameters-other, Compression, Quality Control-
materials, Standards, Specifications, Test Methods, ...8.0101

FACTORS INFLUENCING THE DURABILITY OF CONCRETE
...Chemicals, Durability, Deterioration, Organic-general, Pipe,

Tube, Sulfate, Sulfite, 8.0043
EFFECT OF AGGREGATE PROPERTIES AND CEMENT CON-

TENT ON THE TENSILE STRENGTH OF CONCRETE ...Ag-
gregates, Extenders, Fillers, Composition Parameters-other, Ten-
sile, Test Methods, -.8.0110

RESISTANCE OF CONCRETE TO SULPHATE WATERS ...Al-
kalinity, Chemicals, Dam, Canal, Irrigation, Sulfate, Sulfite,
.8.0298

EFFECT OF THE MAGNITUDE OF COMPRESSIVE STRENGTH
OF CONCRETE AT VARIOUS AGES ON THE STANDARD
DEVIATION AND COEFFICIENT OF VARIATION ..,Compres-
sion, Engineering Structures-general, Quality Control-materials,
_8.0111

DEVELOPMENT AND EVALUATION OF TEST PROCEDURES
FOR DETERMINING REACTIVE i7XPANSION, AIR AND
WATER PERMEABILITY, AND BONDING EFFICIENCY Ad-
hesives, Bonding - Other, Porosity, Permeability, Repairing, Test
Methods, 8.0112

THE DEVELOPMENT OF CONCRETE-POLYMER MATERIALS
...Ceramic Matrix, Durability, Deterioration, In-situ, Plastics -
General, Radiation Induced, Strength, Cohesion, 8.0045

CORROSION OF METALS IN CONCRETE ...Chloride, Low Alloy
Steels, Stress, Strain, Water. _8.0023

EVALUATION OF CONCRETE PROPERTIES OF CORES FROM
OLD STRUCTURES ...Dams-other, Engineering Structures-
general, Mechanical Properties - general, Time, ...8.0063

HELD PERFORMANCE OF ASPHALTIC CONCRETE ...Asphalt,
Bituminous, Highway Structures, Hydraulic Structures, Time,
-.8.0070

PETROGRAPHIC INVESTIGATIONS ...Aggregates, Extenders, Fil-
lers, Construction Materials-other, Petrography, Structure-materi-
als-general, .,.8.0119

EFFECT OF RETARDING ADMIXTURES ON PROPERTIES OF
CONCRETE ...Additives, Aggregates, Extenders, Fillers, Durabili-
ty, Deterioration, Engineering Structures -general, ..8.0046

REVIBRATION OF CONCRETE AND MASONRY ...Concrete-
other, Mechanical Vibrations-othei, Physical Properties-general,
Standards, Specifications, Vibration, -.8.0108

INVESTIGATION IN THE DEVELOPMENT AND IMPROVE-
MENT OF SPECIAL CEMENTS -.Durability, Deterioration,
Elasticity - General, Engineering Structures-general, Setting, Cur-
ing, Strength, Cohesion, .,.8.0048

PERFORMANCE OF WATER-REDUCING SET-CONTROLLING
ADMIXTURES IN CONCRETE, MORTAR AND CEMENT
PASTE ...Chemical Materials-other, Composition Parameters-
other, Engineering Structures-general, Setting, Curing, 8.0049

HARD SURFACE LININGS--LOWER COST CANAL LINING
PROGRAM ...Bituminous, Canals, Gel, Linings-pavings, Sealant
Materials, 8.0050

REGION 2 - WEED CONTROL -.Engineering Structures-general,
Setting, Curing, Water, 8.0115

INVESTIGATION OF GROOVE AND CRACK SEALING
MATERIALS -Bituminous, Canals, Elastomers Rubber, Linings-
pavings, Polyethylene, Sealant Materials, _8.0076

Construction Materials-other
INFLUENCES OF SALINE WATER ON CONCRETE Cement,

Concrete, Composition Parameters-other, Desalination, Saline
Water Systems, Salinity, ...3.0221

INVESTIGATION OF CONCRETING MATERIAL (OTHER
THAN AGGREGATE AND CEMENTITIOUS MATERIALS)
...Cement, Concrete, Standards, Specifications, Test Methods,
_8.0247

DURABILITY AND BEHAVIOR OF PRESTRESSED CONCRETE
BEAMS -.Beams - Bars, Methods, Pre-stressed, Weathering,
...8.0253

PETROGRAPHIC INVESTIGATIONS ...Aggregates, Extenders, Fil-
lers, Cement, Concrete, Petrography, Structure-materials-general,
-.8.0119

Ceramics

Ceramics - General
14-01-0001-1760 -- IN-SITU FORMATION OF REGENERATIVE

CELLULOSE ACETATE MEMBRANES ON POROUS SUP-
PORTS .,.Casting of Materials, Cellulose Acetate, Reverse Osmo-
sis, Saline Conversion, Solutionizing, -.3.0069

Glass
INVESTIGATION OF THE USE OF LOW-COST PLASTIC FILMS

FOR SOLAR STILL CONSTRUCTION ...Costs, Distilling Units,
Film, Plastics - General, Structural, Weathering, -.3.0391

RESEARCH ON POROUS GLASS MEMBRANES FOR REVERSE
OSMOSIS _Desalination, Fiber, Filament, Whisker, Membranes-
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other, Porosity, Permeability, Reverse Osmosis, Waste Water
Treatment-other, -3.0068

GROUND WATER RECHARGE THROUGH PITS AND WELLS
.Aquifers-general, Artifici.,1 Recharge, Drainage, Filtration,
Recharge Pits - Wells, ,2.0514

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
REVERSE OSMOSIS -Carbon, Fiber, Filament, Whisker, Mem-
branes-other, Pollutant-fouling, Reverse Osmosis, Waste Water
Pre-treatment, -5.0131

GLASS FIBER REINFORCED PLASTIC MORTAR PIPE FOR
PRESSURE IRRIGATION DISTRIBUTION SYSTEM ...Fiber,
Filament, Whisker, Irrigation Engineering, Pipe, Tube, Pipelines,
Plastic Matrix, ...8.0027

Cesium
EFFECTS OF LIMNOLOGICAL FACTORS ON UPTAKE OF

CS137 BY FISH ...Metabolism -animal, -1.0068
THE EFFECTS OF LIMNOLOGICAL FACTORS ON THE UP-

TAKE OF CS 137 BY FISH ...Atomic Absorption, Emission,
Lakes, Michigan, Radioactive Fallout, -2.0653

IMPROVED DETECTION TECHNIQUES TO DETERMINE
RADIONUCLIDES IN FRESH AND SEA WATER ...Fresh
Water, Ion Exchange-other, Radioactivity-general, Sea Water-
general, -5.1100

BIOLOGICAL (ENRICHMENT) CHAINS OF RADIONUCLIDES
IN FINNISH LAKES ...Eutrophication, Finland, Nutrients,
Radioactive Fallout, Radioisotop" ..2.0309

Channels
PERFORMANCE OF CIRCULAR CULVERTS ON STEEP

GRADES ...Culvert, Drainage, Engineering Structures-general,
Erosion Control, Flow Characteristics -water, -8.0289

STABLE ALLUVIAL CHANNELS ...Alluvial Deposits, Boundary
Layer-general, Control Factors-general, Cross-section, Flow
Characteristics -water, -2.0225

HYDRODYNAMIC FORCES ON NON-COHESIVE BED PARTI-
CLES INCLUDING SEEPAGE ...Drag, Seepage, -2.1079

FLOW OF A ROTATING FLUID OVER IRREGULAR SURFACE
TOPOGRAPHIES ...Flow Characteristics -water, Rotating Fluids,
Roughness, ...2.0249

MCNARY ARTIFICIAL SPAWNING CHANNEL STUDIES
...Columbia River, Construction Land Use Effects, Salmon -
coho,chinook,sockeye.., Spawn Or Nesting Sites, Temperature,
-8.0302

SURFACE WATER MANAGEMENT ...Forest Watersheds, Hydro-
graphs, Mountains-alpine, Seepage, Soil-water-plant Relationships,
...4.006G

THE EFFECT OF A PERMEABLE BED ON SEDIMENT MO-
TION ...Permeability, Sediment Transport-general, Seepage,
Slopes, ...2.0353

THE HYDRAULICS OF SPATIALLY VARIED STEADY FLOW
IN AN IRRIGATION DISTRIBUTION CHANNEL WITH FUR-
ROW OUTLETS ...Engineering Structures-general, Flow Charac-
teristics -water, Furrow Irrigation, Orifice, Weir, -3.0398

CHANGES IN NATURAL CHANNELS RESULTING FROM
CONTROL DEVICES IN THE UPPER REACHES OF THE
BASINS ...Control Factors-general, Open Channel, Reservoirs,
Sedimentation, Structure Sites, -2.0685

AN ECOLOGICAL AND RECREATIONAL USE SURVEY OF A
SMALL MISSISSIPPI RIVER JUST BEFORE CHANNELIZA-
TION ...Frequency of Use, Mississippi, Recreation Sites, Streams,
...6.0315

EFFECTS OF RIVER CURVATURE ON RESISTANCE TO FLOW
...Flow Characteristics -water, Flume Studies, Roughness, Un-
steady Flow, Velocity -water, -8.0198

FREE SURFACE FLOW AND WAVE PROPAGATION
THROUGH CHANNEL-FLOOD PLAIN GEOMETRIES ...Con-
duit Flow-other, Floodplains, Flow Characteristics -water, Free
Surface Waves, Model Studies, -8.0196

THE CHARACTERIZATION OF OVERLAND FLOW ON VERY
ROUGH SURFACES ...Channel Roughness, Data Analysis Appli-
cations, Flow Characteristics -water, Model Studies, Surface Flow,
.,.8.0192

HYDRAULICS LABORATORY ...Flow of Dispersed Solids, Open
Channel, Sedimentation, Streams, Suspension, Turbulent,
-8.0146

EXPLORATION AND MAPPING OF THE SALISBUR7
PALEOCHANNEL ...Atlases-maps, Borehole Geophysics,
Geophysical Analysis, Maryland, Valley, Burled, -2.0566
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HARBOR DESIGN STUDIES ...Harbors, Navigation, Waves,
.8.0231

COMMITTEE ON CHANNEL STABILIZATION ...Alluvial
Deposits, Bedding Planes, Design Criteria, Open Channel, Sta-
bilization- other, Streams, Temperature, -2.0686

SHOALING PROCESSES ...Sand Bars, Scouring, Sediment Trans-
port-other, Tidewater Areas, Turbulent Flow, .2.0690

LONG TERM CHANNEL CHANGES ...Cross- section, Gaging,
Morphology-general, Soil Erosion -non-specific, -2.0284

UNSTEADY FLOW AND SALINE INTRUSION IN ESTUARIES
Estuaries, Model Studies, Open Channel Flow, Saline Water In-

trusion, Unsteady Flow, -2.1091
FLOW AND SEDIMENT TRANSPORT, RIO GRANDE CON-

VEYANCE CHANNEL ...Flume Studies, Morphology-general,
Rio Grande River, Sediment Transport-other, Streams, -2.0771

EVALUATION OF VARIABLES IN ALLUVIAL CHANNEL
FLOW ...Bed Load, Flow Characteristics -water, Model Studies,
Morphology-general, Velocity - water, ..2,0237

GRAIN SIZE DISTRIBUTION AND BEDLOAD TRANSPORT
...Bed Load, Discharge-general, Flume Studies, Grain Size,
Hydraulics - ;general, .,.2.1101

DETERMINATION OF CHANNEL CAPACITY OF THE
MERCED RIVER, CALIFORNIA ...California, Cross-section,
Discharge-general, Hydrographic, Peak Flow, -2.0116

BAYOU LAFOURCHE SEDIMENTATION STUDY, LOUISIANA
.Bayous, Louisiana, Morphology-general, Rate of Deposition,

Sediment Yield, ..2.0035
CHANNEL MEANDER STUDIES .Discharge-general, Grain Size,

Indiana, Meanders, Suspension, -2.0453
CHANNEL CAPACITY IN STONY CREEK NEAR ORLAND,

CALIFORNIA ...California, Design Flow-flood, Peak Flow, Reser-
voirs and Impoundments, Water Transfer, -2.0122

FLOOD INUNDATION STUDY, WISCONSIN ...Design Flow-
flood, Floodproofing, Floods, Mapping, Wisconsin, -4.0278

PROTECTION OF ERODIBLE CHANNELS AND SURFACES
WITH GRAVEL OR RIPRAP ...Canals, Energy Loss -water, En-
gineering Structures-general, Flow Characteristics -water, Ground-
water, Linings-pavings, Scouring, Seepage, -8.0040

CHANNELIZATION STUDIES ...Channel Geometry, Control and
Protection, New Mexico, Sedimentation, Silting, -8.0053

SEDIMENTATION AND WATER SALVAGE STUDIES-SOIL
AND MOISTURE PROGRAM ...of Specific Weeds,
Phreatophytes, Scouring, Transpiration, Water Loss Control,
-8.0028

FACTORS AFFECTING STABILITY OF ARTIFICIAL AND
NATURAL CHANNELS ...Cohesive Soil-general, Hydraulic
Gradient, Open Channel, Soil Stability Analysis, Vane, -8.0034

SEDIMENT PROCEDURES DEVELOPMENT AND RESERVOIR
SEDIMENTATION ...Engineering Structures-general, Reservoirs
and Impoundments, Sediment Transport-other, Sediment Yield,
Seclimentology-general, -6.0089

SOIL STABILIZATION AND RUNOFF REGULATION IN
CONIFI WATERSHEDS ...Erosion-general, Forest Watersheds,
Internal Water Movement, Land Use, Runoff, Stabilization-other,
-5.0967

DEVELOPMENT AND EVALUATION OF MEANS AND MEA-
SURES FOR CHANNEL STABILIZATION ...Channel Geometry,
Design Criteria, Flow Characteristics -water, Mechanics, General,
Scouring, Sediment Transport-general, -5.1032

MECHANICS OF SEDIMENT ENTRAINMENT, TRANSPORTA-
TION AND DEPOSITION IN CHANNELS OF THE SOUTHERN
BRANCH AND AT THE USDA SEDIMENTATION
LABORATO ...Flume Studies, Sediment Transport-general, Sedi-
mentation, Velocity -water, Waves, ...2.0677

STREAM CHANNEL STABILIZATION SEDIMENT CONTROL
WORKS IN CHANNELS ...Erosion Control, Lining, Open Chan-
nel, Scouring, Sedimentation, _5.0930

STORM RUNOFF AND FLOOD FLOWS IN RELATION TO CLI-
MATIC AND WATERSHED CHARACTERISTICS ...Hydro-
graphs, Water Yield, Watersheds-general, -4.0206

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ..,Floods, Forecasting-prediction, Hydro-
graphs, Idaho, Peak Flow, Storage of Water, Water Yield,
Watersheds-general, ...3.0202

THE HYDRAULICS AND MEASUREMENT OF CHANNEL,
FLOOD PLAIN, AND OVERLAND FLOW IN THE
SOUTHERN PLANS ...Channel Roughness, Floodplains, Mea-
surement, Open Channel, Unsteady, ...8.0276



SUBJECT INDEX Chemical & Physical Properties
FACTORS INFLUENCING THE STABILITY AND REGIME OF

CHANNELS IN AGRICULTURAL WATERSHEDS ...Agricul-
tural Watersheds, Climate, General Deposition, Land Use,
Morphology-general, ...4.0072

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHWESTERN SEMIARID RANGELAND WATERSHEDS
,..Channel Filling, Cross-section, Gullys Arroyos, Sediment
Yield, Stream Banks, ...5.0757

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHERN CALIFORNIA -.Channel Filling, Cross-section, Gul-
lys - Arroyos, Sediment Yield, Stream Banks, _5.0103

FLOOD WAVE MOVEMENT IN NATURAL EPHEMERAL
STREAM CHANNELS ...Ephemeral, Floods, Runoff, Thun-
derstorms, Waves, ..4.0008

STREAM FLOW REGIMES OF SEMIARID RANGELAND
WATERSHEDS IN THE SOUTHWEST ...Flow Characteristics -
water, Runoff, Semi - Arid, Storm Water, Storms-general,
_4.0009

STREAM FLOW REGIMES ON A SEMIARID RANGELAND
WATERSHED ...Agricultural Watersheds, Hydraulics-general,
Hydrographs, Runoff, Storms-general, ...4.0178

Charged Particles
EFFECT OF CHARGE UPON COLLISIONS IN WASHOUT

-.Charge on Droplets, Collision Effects, Droplet Formation, Dust
- Particulate Matter, Washout, -.2.0155

Chemical & Physical Properties
Colligative

Concentration
VOLUME CHANGES ON MIXING SOLUTIONS OF ELEC-

TROLYTES _Binary Mixtures, Dilatometry, Electrolytes, Mixing,
_1.0086

THERMODYNAMICS OF MIXING OF SALT SOLUTIONS .,.AI-
kali Metals-general, Salt, Solution, _1.0090

DIFFUSION PHENOMENA IN ICE - RECRYSTALLIZATION
PHENOMENA IN ICE ...Crystal Growth, Desalination, Diffusion-
other, Electrolytes, Rate of Reaction, ..3.0361

EFFECT OF PH AND IONIC STRENGTH ON THE CRYSTAL-
LIZATION AND MORPHOLOGY OF POLYMER MEM-
BRANES AND FIBERS .,.Desalination, Membranes-other,
Morphology-other, Natural Occurring, Reverse Osmosis, -.3.0188

TRANSPORT PROPERTIES OF AQUEOUS ELECTROLYTE
SOLUTIONS - AN APPROACH FROM THE HIGH CONCEN-
TRATION LIMIT -.Desalination, Entropy, Glassy, Transport,
Viscosity, _1.0049

REMOVAL OF TRACE METALS FROM WATER BY ION
FLOTATION ...Domestic, Flotation, Foam, Industrial Waste -
other, Trace Elements, -.5.0878

EFFECTS OF CHEMICAL IONS ON VIRUS INACTIVATION
...Animal Viruses (non-specific), inactivation, Ion Exchange-
other, Ionic Effect, Virus, ...5.0475

TREATMENT OF ALKALINE WASTES FROM POTATO
PROCESSING ...Activated, Canning Wastes, Food Processing In-
dustry, Plant Waste Removal, Treatment, Streams & Rivers,
Waste Water Treatment-general, -.5.0465

RECOVERY & REUSE OF LIME AS A COAGULANT IN TERTI-
ARY TREAT & NITROGEN REMOVAL FROM TERTIARY
TREATED EFFLUENT -.Coagulation, Denitrification, Disposal,
Material Recovery Wastes, Tertiary Treatment, -.5.0160

UPTAKE AND RELEASE OF SOLUBLE ORTHOPHOSPHATE
BY ACTIVATED SLUDGE ...Activated, Aeration, Effluents-
waste Water, Phosphate, Phosphite, ...5.0365

MECHANISMS AND RATES OF HEAVY METAL SORPTION
AND DESORPTION ...Adsorption-desorption, Mechanisms,
Other, Oxidation Reduction, Rate of Reaction, 2.0181

QUANTITATIVE DETECTION OF SMALL AMOUNTS OF
VIRUSES IN LARGE VOLUMES OF WATER ...Analysis an,1
Detection, Detectors and Sensors, Filtration, Membranes-other,
Virus, -.5.0842

SINGLE STAGE LIME TREATMENT WASTEWATER
...Demineralization, Electrodialysis, Filter-other, Precipitation,
Sedimentation, 0,15,0897

HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE
SPECTRA OF ORGANIC PESTICIDES ...Carbamates -non-
specific, Chlorinated Hydrocarbons, Decomposition-general,
Isotopic, Nuclear Magnetic Resonance, Organophosphorous Cpds.
, Temperature-other, -.5.0283

Osmotic Pressure
ION ION AND ION - MOLECULE INTERACTIONS IN AQUE-

OUS SALT SOLUTIONS ,.,Aetivity, Conductivity, Ionic,
Polarization, Solution, ...1.0020

DEVELOPMENT OF METHODS FOR MEASURING PARTIAL
VAPOR PRESSURE OF SOIL WATER ...Krypton, Moisture Ten-
sion, Soil Environment, Soil-water-plant Relationships, Technique
Development, Vapor Pressure, .2.0495

Vapor Pressure
DISPOSAL OF BRINE BY SOLAR EVAPORATION ...Desalina-

tion, Evaporation, Heat Transfer, Mass Transfer, Solar Still,
3,0333

MAXIMUM RATE OF VAPORIZATION AND CONDENSATION
OF WATER WITH DISSOLVED SALTS AND SURFACE CON-
TAMINATION ...Condensation, Electrolytes, Evaporation,
Gas/gas, Rate of Reaction, -.3.0413

INVESTIGATION OF ANOMALOUS WATER ...Condens "km,
Density, Phy and Chem Properties, Vapor, Viscosity, Water,
-.3.0288

THERMOPHYSICAL PROPERTIES OF SEA WATER AND
AQUEOUS ELECTROLYTE SOLUTIONS CONTAINING
NACL, KCL, NA2SO4, AND MGSO4 ...Boiling Point, Brines,
Conductivity, Density, Tables, Compilations, Catalogs, Viscosity,
-.3,0286

ISOTOPE EFFECT ON THE THERMODYNAMIC ACTIVITY OF
WATER ...Activity, Chemical-general, Deuterium, Solution,
Water, _1.0112

DEVELOPMENT OF METHODS FOR MEASURING PARTIAL
VAPOR PRESSURE OF SOIL WATER ...Krypton, Moisture Ten-
sion, Osmotic Pressure, Soil Environment, Soil-water-plant Rela-
tionships, Technique Development, -.2.0495

VERIFICATION OF MASS-TRANSFER AND PAN EVAPORA-
TION RELATIONSHIPS FOR LARGE LAKES AND RESER-
VOIRS (SALTON SEA, CALIFORNIA) ...California, Conductivi-
ty, Evaporation, Forecasting-prediction, Lakes, ...2.0129

RELATIONSHIP OF PESTICIDE PROPERTIES TO ADSORP-
TION ...Adsorption-other, Electrophoresis, Polarization, 0,5.0825

Crystal
Inorganic

STUDY OF SNOW CRYSTAL TYPES
SNOWSTORMS ...Activation Analysis,
Iodine, Storm Water, Structure, _2.0784

Liquid
HETEROGENEOUS NUCLEATION AND

VAPORS ...Argon, Nucleation, Solution,
...1.0094

IN GREAT LAKES
Great Lakes-general,

CONDENSATION OF
Water, 4 Ring System,

Density
INVESTIGATION OF ANOMALOUS WATER ...Condensation,

Phy and Chem Properties, Vapor, Vapor Pressure, Viscosity,
Water, -.3.0288

THERMOPHYSICAL PROPERTIES OF SEA WATER AND
AQUEOUS ELECTROLYTE SOLUTIONS CONTAINING
NACL, KCL, NA2SO4, AND MGSO4 ...Boiling Point, Brines,
Conductivity, Tables, Compilations, Catalogs, Vapor Pressure,
Viscosity, -.3.0286

Diffusion
Diffusion -other

TRANSPORT PROPERTIES OF CONCENTRATEE' SALT SOLU-
TIONS ...Bond Type-general, Conductivity, Desalination, Kinetic-
general, 1.0087

DIFFUSION PHENOMENA IN ICE - RECRYSTALLIZATION
PHENOMENA IN ICE ...Concentration, Crystal Growth,
Desalination, Electrolytes, Rate of Reaction, ..,3.036I

THE INVESTIGATION OF TRANSPORT PROCESSES IN AQUE-
OUS ELECTROLYTE SOLUTIONS ...Conductivity, Electrolytes,
Ionic, Solution, Water, 1.0093

TRANSPORT PHENOMENA IN FUSED ORGANIC SALTS
-.Desalination, Reverse Osmosis, Salt, Thermal Properties-other,
Viscosity, -.3.0075

ION DISCRIMINATION BY HYDROPHOBIC MEMBRANES
.-Equilibrium-other, Hydrophobic, Membrares-other, Solution,
...3.0234

DIFFUSION OF OXYGEN AND HYDROGEN SULFIDE IN
WATER AS EFFECTED BY DISSOLVED SURFACTANTS
...Oxygen, Sulfide, Surfactants, 1.0002
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OXYGENATION OF AQUEOUS BODIES USING LIQUID OX-
YGEN ...Aeration, Oxygen, Solution, Waste Treatment-
economics, ...5.0685

DIFFERENTIAL ION MOBILITY AT COLLOIDAL SURFACES
...Colloidal Phenomena, Hydrophobic, Membranes-other,
Radiochemical Techniques, Transport, ...2.0053

DIFFUSION OF OXYGEN ACROSS THE MUD-WATER INTER-
FACE IN AQUATIC ENVIRONMENTS ...Aquatic Environments,
Elcetroanalyses- other, Ions and Gases, Oxygen, ..2.0797

OXYGEN TRANSFER TO WATER DROPLETS ...Air-general, Ox-
ygen, Water, ...1.0038

Gas/gas
MAXIMUM RATE OF VAPORIZATION AND CONDENSATION

OF WATER WITH DISSOLVED SALTS AND SURFACE CON-
TAMINATION ...Condensation, Electrolytes, Evaporation, Rate
of Reaction, Vapor Pressure, ...3.0413

Gas/liquid
DIFFUSIVITY OF OXYGEN AND SULFIDE SPECIES IN AQUE-

OUS SOLUTIONS ...Chemical Treatment, Oxygen, Solution, Sul-
fide, Surfactants, 1.0003

EFFECT OF SURFACE FILMS ON GASES DISSOLVED IN
WATER ...Evaporation, Ions and Gases, Solubility, Water Loss
Control, 5,0056

Liquid/liquid
DIFFUSION AND FLOW IN INTERPHASE TRANSPORT Con-

vection, Desalination, Membranes-other, Surfactants, ...5.0378

Electrical
Conductivity

AN INVESTIGATION OF ION MOBILITY IN AQUEOUS SOLU-
TIONS ...Solution, State Variables - Pvt, Transport, Variable
Temperature, Variational Pressure, 1.0064

STUDIES OF THE PHYSICAL CHEMISTRY OF ELECTROLYTE
SOLUTIONS ...Desalination, Electrolytes, Mathematical Analysis,
Model Studies, Nuclear Magnetic, ...1.0085

TRANSPORT PROPERTIES OF CONCENTRATED SALT SOLU-
TIONS ...Bond Type-general, Desalination, Diffusio 'other,
Kinetic-general, 1.0087

THE INVESTIGATION OF TRANSPORT PROCESSES IN AQUE-
OUS ELECTROLYTE SOLUTIONS Diffusion-other, Elec-
trolytes, Ionic, Solution, Water, 1.0093

ION - ION AND ION - MOLECULE INTERACTIONS IN AQUE-
OUS SALT SOLUTIONS ...Activity, Ionic, Osmotic Pressure,
Polarization, Solution, 1.0020

Electrical Properties-other
ELECTRIC AND STRUCTURAL PROPERTIES OF ION SELEC-

TIVE MEMBRANES ...Electrolytes, Glassy, Membranes-other,
Permeability, Transport. ...5.0135

Electrochemical
Dielectric Properties

DIELECTRIC PROPERTIES OF HYDROGEN-BONDED LIQUIDS
...Alcohols, Desalination. Hydrogen, Isomerism, Thermal Rela-
tion-other, ...1.0078

SPECTROSCOPIC AND DIELECTRIC STUDIES OF NEW
HYDROGEN BONDED SPECIES ...Gaseous, Hydrogen, Infrared,
Far, Phase Relationship, Water, 1.0061

TRANSPORT AND DIELECTRIC PROPERTIES OF SALINE
SOLUTIONS ...Analysis and Detection, Compressibility--gas-liq,
Extreme High Pressure - K Bar, Transference, Water...A.0103

Electrochemical-other
ELLIPSOMETRIC STUDIES OF PASSIVATION, WITH SPECIAL

REFERENCE TO THE ESSENTIAL ANIONIC CONSTITUENTS
OF SALINE WATER ...Desalination, Halide, Passivation, Saline
Conversion, Water, ...3.0412

THE EFFECT OF ORGANIC INHIBITORS ON THE DISSOLU-
TION KINETICS OF IRON ..,Corrosion General, Electrode, In-
hibitors, Iron, Kinetics-other, ...3.0065

Electrolytes
STUDIES BEARING ON THE RELATION OF STRUCTURE TO

PROPERTIES IN LIQUID SOLUTIONS ...Activity, Solution,
Water, ...1.0105

STUDIES OF CONCENTRATED AQUEOUS ELECTROLYTES
AND OF MOLTEN ELECTROLYTES BY INFRARED SPEC-
TROSCOPY Infrared, Raman, Solid State, Solution, Variable
Temperature, 1.0118
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VOLUME CHANCES ON MIXING SOLUTIONS OF ELEC-
TROLYTES ...Binary Mixtures, Concentration, Dilatometry, Mix-
ing, 1.0086

STUDIES OF THE PHYSICAL CHEMISTRY OF ELECTROLYTE
SOLUTIONS ...Conductivity, Desalination, Mathematical Analy-
sis, Model Studies, Nuclear Magnetic, ...1.0085

DIFFUSION PHENOMENA IN ICE - RECRYSTALLIZATION
PHENOMENA IN ICE ...Concentration, Crystal Growth,
Desalination, Diffusion-other, Rate of Reaction, ..3.0361

ELECTRIC AND STRUCTURAL PROPERTIES OF ION SELEC-
TIVE MEMBRANES ...Electrical Properties-Other, Glassy, Mem-
branes-other, Permeability, Transport, ...5,0135

ION-SOLVENT AND ION-ION INTERACTIONS IN AQUEOUS
ELECTROLYTES ...Activity, Assoc & Dissoc, Relaxation, Tem-
perature Jump Method, Ultrasonic, ...1.0095

THE INVESTIGATION OF TRANSPORT PROCESSES IN AQUE-
OUS ELECTROLYTE SOLUTIONS _Conductivity, Diffusion-
other, Ionic, Solution, Water, 1.0093

THE EFFECTS OF VELOCITY ON THE PASSIVATION OF AL-
LOYS IN BRACKISH WATER ...Brackish Water, Desalination,
Metallic Alloys, Passivation, Velocity -water, ...3,0136

STUDY OF A SPECIFIC INFLUENCE OF IONIC SPECIES ON
STRUCTURING IN WATER .,.Configuration, Entropy, Half Cell,
Ion Exchange-other, Membranes-other, ...1.0010

THE HEATS OF MIXING OF STRONG ELECTROLYTES ...Al-
kaline Earth-general, Salt, Solution, Water, 1,0029

MAXIMUM RATE OF VAPORIZATION AND CONDENSATION
OF WATER WITH DISSOLVED SALTS AND SURFACE CON-
TAMINATION ...Condensation, Evaporation, Gas/gas, Rate of
Reaction, Vapor Pressure, ...3.0413

FREEZING POTENTIAL STUDY ...Desalination, Freezing,
Polarization, Relaxation, Solution, 3.0183

ANALYSIS OF SOLUTIONS FOR SURFACE-ACTIVE CON-
STITUENTS ...Absorption-other, Detectors and Sensors, Elec-
trochemical-other, Electrode, Surfactants, 5.0439

NMR AND X-RAY STUDIES OF STRUCTURE IN AQUEOUS
ELECTROLYTE SOLUTIONS ...Adsorption-other, Nuclear Mag-
netic, Nuclear Magnetic Resonance, Reaction-general, Solution,
X-ray, ...1.0073

ELECTROANALYTICAL CHEMISTRY - STUDIES OF ADSORP-
TION AND REDOX PROCESSES AT ELECTRODES ...Am-
perometry, Analysis and Detection, Oxidation Reduction,
Polarography, Surfactants, 5.0440

Polarization
SOLUTE PROPERTIES OF WATER ...Hydration, Hydrogen, Solu-

tion, Water, 1.0098
CONTROL OF CONCENTRATION POLARIZATION IN

REVERSE OSMOSIS DESALINATION OF WATER ...Desalina-
tion, Flow Characteristics - water, Fluid Flow-other, Membranes-
other, Reverse Osmosis, 3.0287

STUDY OF MASS TRANSFER THROUGH MEMBRAMES
De alination, Electrodialysis, Lasers, Membranes-other, Reverse

Osmosis, ...3.0035
STUDY OF THE HYDRODYNAMIC ASPECTS OF DESALINA-

TION BY REVERSE OSMOSIS ...Membranes- other, Other,
Reverse Osmosis, 3.0267

DEVELOPMENT OF A LOW-COST IRON-BASE ALLOY TO RE-
SIST CORROSION IN HOT SEA-WATER .,.Alloy & Systems,
Desalination, Orientation, Saline Conversion, Water, ...3.0418

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
,..Cost Analysis, Electrodialysis, Gasket Materials, Membranes-
other, Saline Conversion, ...3.0285

Polyelectrolytes
CHARACTERIZATION AND REMOVAL OF REFRACTORY

COLOR COLLOIDS FROM HAWAIIAN SURFACE WATERS
...Coagulation, Colloidal Phenomena, Color, Hawaii, Potable
Water, Zeta Potential, ...5.0310

FLOCCULATION OF COLLOIDS WITH POLYELECTROLYTES
IN AQUEOUS SALT SOLUTIONS ...Adsorption-general, Coagu-
lation, Colloidal Phenomena, Flocculation, Salinay, 5.1065

METHODS TO REDUCE WATER POLLUTION CAUSED BY
STORM WATER SEWER LOADING BY USING FLUID FLOW
FRICTION REDUCERS ...Flow, Friction, Molecular Weight-
other, Storm Sewer Quantity-other, Storm Water, 5.1185

EFFICIENCY AND ECONOMY OF POLYMERIC SEWAGE
CLARIFICATION ...Industrial Processes-general, Sewage -

Domestic, Waste Treatment-economics, ...5.0610
THE USE OF ORGANIC POLYELECTROLYTES FOR OPERA-

TIONAL IMPROVEMENT OF WASTE TREATMENT
PROCESSES ...Activated, Coagulation, Waste Treatment-
economics, ...5.0868



SUBJECT INDEX Chemical & Physical Properties

FULL SCALE RAW WASTE WATER FLOCCULATION ...Floccu-
lation, Pollutant Removal-general, Sedimentation, Sewage Treat-
merit Plant, ...5.0244

IMPROVEMENTS TO THE BOROUGH OF NEW PROVIDENCE
SEWAGE PUMPING STATION AND TREATMENT FACILI-
TIES -Chlorination, Pilot Plant, Plastics General, Pumping Sta-
tions, Sedimentation, Trickling, -6.0353

REVERSE OSMOSIS TREATMENT OF WASTEWATERS Indus-
trial Wastes, Membranes-other, Organic Wastes, Process Design,
Reverse Osmosis, -5.0516

ROCK CREEK PARK CLARIFICATION PROJECT ...Chlorination,
Coagulation, District of Columbia, Sediments, Streams, -4.0044

A PROGRAM FOR DEMONSTRATING COMBINED SEWER
OVERFLOW CONTROL TECHNIQUE FOR WATER QUALI-
TY IMPROVEMENTS AND BEACH PROTECTION -Chlorina-
tion, Combined Sewer, Disinfection, Lake Erie, Potable Water,
Shoreline - Coastline, ...5.0867

APPLICATION OF HYPERFILTRATION WITH DYNAMI-
CALLY-FORMED MEMBRANES TO TREATMENT OF MU-
NICIPAL SEWAGE E,rFLUENTS ...Filtration, Membranes-other,
Secondary Treatment, Sludge-general, Tertiary Treatment,
...5.1143

INVESTIGATION OF AMPHIPATHIC WATER-SOLUBLE
POLYMERS AS FLOCCULANTS AND FLOTATION AIDS IN
DOMESTIC WASTEWATER TREATMENT ...Domestic Wastes-
general, Flocculation, Flotation, Sewage - Domestic, Waste Water
Treatment-general, ...5.0222

REMOVAL OF SUSPENDED MA'TT'ER AND TURBIDITY FROM
WATER BY FLOCCULATION WITH POLYELECTROLYTE
COAGULANTS AND COAGULATION ACIDS ...Electrophore
sis, Flocculation, Sediments, Waste Water Treatment-general,
-4.0109

POWDERED CARBON TREATMENT OF WASTEWATER ...Ac-
tivated, Chemical, Fluidized Bed, Microwave, Waste Treatment-
economics, ...5.0857

Transference
TRANSPORT AND DIELECTRIC PROPERTIES OF SALINE

SOLUTIONS .,.Analysis and Detection, Compressibility--gas-liq,
Dielectric Properties, Extreme High Pressure - K Bar, Water,
-1.0103

Equilibrium
Binary Mixtures

VOLUME CHANGES ON MIXING SOLUTIONS OF ELEC-
TROLYTES ...Concentration, Dilatomctry, Electrolytes, Mixing,
_1.0086

Equilibrium-other
THE USE OF AMALGAM ELECTRODES TO MEASURE AC

TIVITY COEFFICIENTS OF METAL SALTS IN MULTICOM-
PONENT SALT SOLUTIONS ,..Activity Coefficient, Electrode,
Saline Water Systems. -1.0065

ION DISCRIMINATION BY HYDROPHOBIC MEMBRANES
...Diffusion-other, Hydrophobia Membranes-other, Solution,
...3.0234

SORPTION AND DESORPTION OF CHLORINATED
HYDROCARBON PESTICIDES IN AQUATIC SEDIMENT
MINERALS ...Absorption, Fixation, Exchange, Adsorption
Capacity, Adsorption-desorption, Model Studies, Pesticides,
-5.0690

CALCULATION OF CHEMICAL DOSAGES IN LIME-SODA
SOFTENING ...Hardness-minerals, Lime Treatment, -5.0376

GEOCHEMICAL CONTROLS OF WATER QUALITY ...Chemical
Analysis (water). Electroanalyses-other, Properties of Minerals,
Reaction-general, Solution Chemistry, -2.0115

Phase Relationship
MULTICOMPONENT FIXED-BED ION EXCHANGE IN THE

TREATMENT OF SALINE WATER ...Desalination, Ion
Exchange-other, Reaction-general, Regeneration-other, -3(082

STUDIES OF FUNDAMENTAL MECHANISMS IN THE DEPOSI-
TION OF CALCIUM SULFATE SCALE ...Brineti, Dilatometry,
Electron, Nucleation, Scale Formation, -3.0293

THE MEASUREMENT OF EVAPORATION AND CONDENSA-
TION COEFFICIENTS OF WATER UNDER EQUILIBRIUM
CONDITIONS -Desalination, Equilibrium - Chemical, Tritium,
Vaporization, -3.0403

BEHAVIOR OF LIQUID SURFACES DURING EVAPORATION
AND CONDENSATION ...Evaporation, Rate of Reaction,
-1.0083

SPECTROSCOPIC AND DIELECTRIC STUDIES OF NEW
HYDROGEN BONDED SPECIES ...Dielectric Properties, Gase-
ous, Hydrogen, Infrared. Far, Water, -1.0061

MASS TRANSFER AND CHEMICAL REACTION IN TWO
PHASE FLOW -Close Channel, Mass Transfer, Mathematical
Analysis, Model Studies, Waste Water Treatment-Peneral,
-5,0225

Gel
STRUCTURE AND MORPHOLOGY OE INORGANIC MEM-

BRANES ...Complexes, Electron, Membranes-other, Transport,
...3.0463

PREPARATION AND PROPERTIES OF GRAFTED AND VEC-
TORED MEMBRANES FOR USE IN DESALINATION
...Copolymerization, Desalination, Graft - Polymerization, Mem-
branes- other, Porosity, -3.0.178

Phy and Chem Properties
EFFECT OF AMINES, ALCOHOLS AND PHENOLS ON THE

PHYSICO-CHEMICAL PROPERTIES OF WATER ...Hydrogen,
Infrared, Liquid Solutions, X-ray, -1.0106

INVESTIGATION OF ANOMALOUS WATER -Condensation,
Density, Vapor, Vapor Pressure, Viscosity, Water, -3.0288

REFRACTORY ADSORPTION ON CHEMCOKE ...Activated Car-
bon, Adsorption-other, Carbon, Refractory, -5.1135

Rheological
Rheological-general

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
.,.Fluid Flow-other, Mass Transfer, Organic, Polymer Type-other,
Solution, Transport, -1.0027

ROTATIONAL STABILITY IN DILUTE POLYMER SOLUTIONS
...Polymer Type-other, Solution, States of Flow, Waste Water
Treatment-other, -1.0028

Viscosity
THERMODYNAMICS AND TRANSPORT PROPERTIES OF

MULTICOMPONENT INTERFACES ...Distillation-other, Extrac-
tion, Interface, Other, Surfactants, -3.0483

TRANSPORT PROPERTIES OF AQUEOUS ELECTROLYTE
SOLUTIONS - AN APPROACH FROM THE HIGH CONCEN-
TRATION LIMIT ...Concentration, Desalination, Entropy, Glassy,
Transport, -1.0049

VISCOSITY STUDIES OF AQUEOUS SOLUTIONS ...Activation
Energy, Alcohols, Desalination, Mixed Solvents, Water, -1.0033

INVESTIGATION OF ANOMALOUS WATER ...Condensation,
Density, Phy and Chem Properties, Vapor, Vapor Pressure,
Water, -3.0288

TRANSPORT PHENOMENA IN FUSED ORGANIC SALTS
_Desalination, Diffusion-other, Reverse Osmosis, Salt, Thermal
Properties-other, ...3.0075

THERMOPHYSICAL PROPERTIES OF SEA WATER AND
AQUEOUS ELECTROLYTE SOLUTIONS CONTAINING
NACL, KCL, NA2SO4, AND MGSO4 ...Boiling Point, Brines,
Conductivity, Density, Tables, Compilations, Catalogs, Vapor
Pressure, -3.0286

PRESSURE AND TEMPERATURE DEPENDENCE OF VOLUME
VISCOSITY AND MICROSOPIC STRUCTURE IN WATER
AND SALINE SOLUTIONS ...Analysis and Detec on, Inorganic,
Ultrasonic, Water, -3.0161

INTERFACIAL STRUCTURE AND TRANSPORT IN WATER
...Alcohols, Evaporation, Flow Characteristics -water, Surface-
other, Water Loss Control, -3.0152

INVESTIGATIONS INTO TECHNIQUES FOR IMPROVING THE
AMOUN f AND EFFICIENCY OF OXYGEN INCORPORA-
TION INTO RAPID-RATE BIOLOGICAL WASTE TREAT-
MENT SYS -Activated, Biological Treatment-other, Oxygen,
Plants-systems-other, Waste Treatment-economies, -5.0169

Solution
Solubility

SOLUBILITY OF NATURAL GASES IN CONNATE WATER
AND OF WATER IN NATURAL GASES ...Brines, High Pressure
- 1.1000 Atm, Interstitial - Connate Water, Ions and Gases, Natu-
ral Gas, Solution Chemistry, -1.0080

THE EFFECTS OF NONELECTROLYTES AND SELECTED
SALTS ON STRUCTURING IN WATER ...Brines, Heat Capaci-
ty-other, Thermal Relation-other, Water, _1.0104

THE EFFT2T OF SURFACTANTS ON THE AQUEOUS SOLU-
BILITY )F OXYGEN AND HYDROGEN SULFIDE ...Micelle,
Oxygen, Sulfide, Surfactants, Wettability, -1.0001

THE STRUCTURE AND PROPERTIES OF WATER SOLUTIONS
...Aqueos, Inorganic, Thermodynamic Relation, Water, :..1.0039
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Chemical & Physical Properties SUBJECT INDEX

A LABORATORY STUDY OF THE SOLUBLE METALS IN
ROCKS, SAPROLITE, AND SOIL FROM THE BROAD
QUADRANGLE, GEORGIA ...Atomic Absorption, Laboratory
Analysis, Lateritic, Solution Chemistry, Trace Element Analysis,
1.0037

EFFECTS OF SURFACTANTS ON FIBROUS BED COALESCING
_Emulsion, Interface, Packed Bed, Surfactants, Water Treatment

General, 5.0340
EXPERIMENTAL CLOSED WATER SYSTEM TO ELIMINATE

WASTE WATER DISCHARGE FROM JOHNS MANVILLE
PLANT 03, DEFIANCE, OHIO ,,.Alcohols, Industrial Processes-
other, Screening, Waste Water Treatment-general, 5.0724

EFFECT OF SURFACE FILMS ON GASES DISSOLVED IN
WATER ...Evaporation, Gas/liquid, Ions and Gases, Water Loss
Control, 5.0056

PARAMETRIC STUDY OF THE KINETICS OF PRECIPITATION
AND NATURE OF THE PRECIPITATE OBTAINED IN
PHOSPHATE REMOVAL USING IRON AND ALUMINUM
SALT ...Aluminum, Iron, Phosphate, Phosphite, Precipitation,
Tertiary Treatment, 5.0075

SOLUBILITIES OF SILICATES IN SALINE WATERS Analysis
and Detection, Brines, Desalination, Scale Formation, Silicate,
,4,0198

SOLUBILITIES OF SILICATES IN SALINE WATERS Petroleum
Chemistry, Silicate, ..1,0096

Solution -other
THEORY OF LIQUIDS ...Approximations, Interparticle Forces,

Perturbation Methods, Potential Functions, Statistical, 1.0016

Surface
Area

ADSORPTION OF ORGANIC COMPOUNDS ONTO SOLIDS
FROM AQUEOUS SOLUTIONS ...Adsorption-general, Organic
Matter, Organics-general, Solution, Surface Energy, Surface-
other, 1.0122

EFFECT OF SURFACE GROUPS ON ADSORPTION OF POLLU-
TANTS Activated Carbon, Adsorption, Material Recovery
Wastes, Organics, 5.0987

Bubble
THE KINETICS OF COMPRESSIBILITY EFFECTS IN TWO

PHASE SINGLE COMPONENT FLOW ...Kinetic-general, Rate
Determination, Spectroscopy-other, Two-phase-other, 3.0292

EFFECTS OF AUDIO VIBRATIONS ON AERATED BIOLOGI-
CAL SYSTEMS ...Activated, Aeration, Sewage Bacteria, Sonic,
Waste Water Treatment-general, 5.0673

Micelle
THE EFFECT OF SURFACTANTS ON THE AQUEOUS SOLU-

BILITY OF OXYGEN AND HYDROGEN SULFIDE ...Oxygen,
Solubility, Sulfide, Surfactants, Wettability, 1.0001

EFFECT OF SURFACTANT MICELLES ON METAL ION
REMOVAL BY FLOTATION FROM METALLURGICAL
WASTEWATER ...Copper, Foam, Metal Pickling Wastes, Surfac-
tants, Ultrasonics, Zinc, 5.0691

Monolayers
SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER

SURFACES AS RELATED TO EVAPORATION SUPPRESSION
...Evaporation, Evaporation Control, Organics-general, Refrac-
tometry, Water Loss Control, 2.1110

INCREASING WATER SUPPLIES BY SUPPRESSION OF RESER-
VIOR EVAPORATION ...Evaporation, Membranes-other, Or-
ganic, Reservoirs and Impoundments, Water Loss Control,
3.0397

THE SURFACE SHEAR VISCOSITY OF MONOMOLECULAR
FILMS Viscosity, 5.0791

EVAPORATION RETARDATION, PONDS OR SMALL LAKES
...Evaporation, Farm Pond, Lakes, Water Loss Control, 4.0100

SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER
SURFACES AS RELATED TO EVAPORATION SUPPRESSION
Antitranspirants, Dyes and Coloring, Evaporation, Polymer-
other, Sunshine, 3.0110

Permeability
THE RELATIONSHIP RETWEEN ADSORPTION AND PERMEA-

BILITY ...Adsorption-other, Benzene Rings, Cellulose Acetate,
Organometallic, Silica Gel, 2.0698

ELECTRIC AND STRUCTURAL PROPERTIES OF ION SELEC-
TIVE MEMBRANES ...Electrical Properties-other, Electrolytes,
Glassy, Membranes-other, Transport, 5.0135
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PREPARATION OF SMALL TUBES AND THE DETERMINA-
TION OF THEIR PROPERTIES FOR REVERSE OSMOSIS
...Dimensions, Expansion, Mechanical Properties-general, Pipe,
Tube, Reverse Osmosis, Stretch Forming, Cryoform, 3.0387

TEMPERATURE EFFECTS ON BIOLOGICALLY INTERESTING
MEMBRANE SYSTEMS ...Action- & Bioelectrical Pot Mem-
branes-other, Model Membranes, Oils -fats, Temperature,
_3.0182

WATER RESEARCH PROGRAM SECTION IV, SEPARATIONS
PROCESS ,Additives, Chemical Effect-other, Interface, Mem-
branes-other, Other, Porosity, Reverse Osmosis, Separation -
general, ..3.0441

MECHANICAL PROPERTIES OF ULTRA-THIN LIPID MEM-
I3RANE ,Creep, Elasticity - General, Fracture - General,
Laminates, Natural Occuring, 3.0342

Porosity
RESEARCH ON LIFE SUPPORT POROUS MEMBRANES FOR

REVERSE OSMOSIS Membranes-other, Potable Water, Recy-
cle, Reverse Osmosis, Water Reuse, 3,0169

STUDIES ON THE FREEZING PROCESS FOR DESALTING
SALINE. WATERS ...Cost Analysis, Freezing, Other, Ther-
modynamic Relation, Washing, 3.0365

DEMINERALIZATION BY FORCED-FLOW ELECTRO-
DESALINATION ...Demineralization, Desalination, Electrodialy-
sis, Fluid Flow-other, Ion Selective, Screening, 3.0003

SYNTHESIS OF MODIFIED LOEB MEMBRANES BY GRAFT-
ING ...Desalination, Graft Polymerization, Membranes-other,
Monomer Synthe ?is, Natural Occurring, 3.0340

PREPARATION AND PROPERTIES OF GRAFTED AND VEC-
TORED MEMBRANES FOR USE IN DESALINATION
_Copolymerization, Desalination, Gel, Graft Polymerization,
Membranes-other, ...3.0378

WATER RESEARCH PROGRAM - SECTION IV. SEPARATIONS
PROCESS ...Additives, Chemical Effect-other, Interface, Mem-
branes-other, Other, Permeability, Reverse Osmosis, Separation-
general, 3.0441

DESALINATION AND REDUCTION OF CONCENTRATION
POLARIZATION EFFECTS IN REVERSE OSMOSIS SYSTEMS
USING POROUS WALL. SECTIONS ...Brines, Fluid Flow-other,
Membranes-other, Other, Reverts Osmosis, 3.0359

RESEARCH ON IMPROVED REVERSE OSMOSIS MEMBRANES
_Cellulosics, Crosslinked, Membranes-other, Polyvinyl Pyr-
rolidone, Reverse Osmosis, Saline Conversion, ..3.0096

THE STRUCTURE OF THE ACTIVE LAYER OF THE AS-
SYMETRIC CELLULOSE ACETATE MEMBRANE THE
SALT AND WATER PERMEABILITY OF A BIOLOGICAL
MEMBRANE ...Cellulose Acetate, Natural Occuring, Other, Rate
Determination, 3.0353

SORPTION BEHAVIOR OF ORGANIC PYROPOLYMERS IN
AQUEOUS SOLUTION Adsorption-abwrption-other, Organic,
Organics, -.5.0232

ACCESSIBILITY OF PORES IN POROUS MEDIA ...Porous Media
- Flow Through, ,,.8.0017

Surface Energy
SOLIDIFICATION AND SEPARATION OF ICE FROM SALINE

WATER ...Convection, Desalination, Freezing, Magnetic Field,
-.3.0277

ADSORPTION OF ORGANIC COMPOUNDS ONTO SOLIDS
FROM AQUEOUS SOLUTIONS ...Adsorption-general, Arca, Or-
ganic Matter, Organics-general, Solution, Surface-other, .,.1.0122

Surface-other
BEHAVIOR OF LIQUID SURFACES DURING EVAPORATION

AND CONDENSATION ...Evaporation, Rate of Reaction,
1.0083

AN EXPERIMENTAL INVESTIGATION OF CELLULOSE
ACETATE MEMBRANE REGENERATION ...Cellulose Acetate,
Fluid Flow-other, Other, Regeneration - other, ..3,0324

INTERFACIAL STRUCTURE AND TRANSPORT IN WATER
...Alcohols, Evaporation, Flow Characteristics -water, Viscosity,
Water Loss Control, -.3.0152

ADSORPTION OF ORGANIC COMPOUNDS ONTO SOLIDS
FROM AQUEOUS SOLUTIONS ...Adsorption-general, Area, Or-
ganic Matter, Organics-general, Solution, Surface Energy,
_1.0122

STRUCTURE OF CAMON-OXYGEN COMPLEXES ,,,Adsorp-
tion- other, Carbon, Complexes, Infrared, Oxygen, '..1.0082



SUBJECT INDEX Chemical Analysis

Transport
AN INVESTIGATION OF ION MOBILITY IN AQUEOUS SOLU-

TIONS ...Conductivity, Solution, State Variables - Pvt, Variable
'Temperature, Variational Pressure, 1.0064

ACTIVE AND PASSIVE ION FLUXES ACROSS INTERFACES
AND MEMBRANES ...Adsorption & Interface, Diffusion, En-
zymes -non-specific, Ionic Effect, Membranes-other, ...3.0348

ELECTRIC AND STRUCTURAL PROPERTIES OF ION SELEC-
TIVE MEMBRANES ...Electrical Properties-other, Electrolytes,
Glassy, Membranes-other, Permeability, ...5.0135

WATER TRANSPORT ACROSS MEMBRANES BY ELECTRO-
OSMOSIS _Desalination, Electric Field, Elcetroosmosis, Mem-
branes-other, 5.1012

TRANSPORT PROPERTIES OF AQUEOUS ELECTROLYTE
SOLUTIONS - AN APPROACH FROM THE HIGH CONCEN-
TRATION LIMIT ..Concentration, Desalination, Entropy, Glassy,
Viscosity, _1.0049

STRUCTURE AND MORPHOLOGY OF INORGANIC MEM-
BRANES ...Complexes, Electron, Gel, Membranes-other,
_3.0463

STUDY OF BIOLOGICAL DESALINATION PHENOMENA AND
SALT TRANSPORT MECHNAISMS OF SELECTIVE AVIAN
SALT GLANDS ...Active Transport, Anscriformcs -other, Chemi-
cal Analysis, Ion Selective, Osmoregulation, _3.0479

REACTIONS AND TRANSPORT PHENOMENA AT SURFACES
...Analysis and Detection, Brines, Electrode, Pitting, Separation-
general, _3.0440

WATER RESEARCH PROGRAM - SECTION I, PROPERTIES OF
SOLUTIONS ...Colloidal Phenomena, Distribution Coefficient,
Membranes-other, Potentiometry, Salts, Vapor, 1.0115

TRANSPORT PROCESSES OF PARTICLES IN DILUTE SUSPEN-
SIONS IN TURBULENT WATER FLOW ...Colloidal
Phenomena, Flow Characteristics -water, Hydraulies-general,
Sedimentation, Turbulent Flow, 5.0370

DIFFERENTIAL ION MOBILITY AT COLLOIDAL SURFACES
...Colloidal Phenomena, Diffusion-other, Hydrophobic, Mem-
branes-other, Radiochemical Techniques, 2.0053

VELOCITIES OF RADIONUCLIDES AT ARNAR GOSA SITE
_Groundwater, Nevada, Pollutants Pat! of , Radioactivity-un-
dcrground Test, 2,0174

LEAD ISOTOPIC CHEMISTRY FOR POI LUTION RESEARCH
...Analysis and Detection, Lead, Other, Pollutants - Path of ,
Radioisotopes, 5.0150

Chemical Analysis
A MASS TRANSFER STUDY OF CURRENT REQUIREMENTS

FOR CATHODIC PROTECTION ...Cathodic Protection, Cavita-
tion, Desalination, Fluid Flow-other, Heat Transfer, Oxygen,
3.0033

DETERMINATION OF OXYGEN IN SEA WATER ...Elec.
troanalyses-other, Gases, Oxygen, Salt, 1.0009

STUDY OF BIOLOGICAL DESALINATION PHENOMENA AND
SALT TRANSPORT MECHNAISMS OF SELECTIVE AVIAN
SALT GLANDS ...Active Transport, Anscriformcs -other, Ion
Selective, Osmoregulation, Transport, ...3.0479

CHEMICAL CHARACTERISTICS OF PRECIPITATION
FALLING IN CHAMPLAIN VALLEY ...Rain-general, Snow-
general, Storms-general, Vermont, Water Quality-gencral,
2.1086

CHEMICAL CHARACTERISTICS OF ORGANIC COLOR IN
WATER ...Coagulation, Dcpolymerization, Dyes and Coloring,
Hydrolysis, Other, 5.1259

ROLE OF SOLIDS IN COMBINED SEWAGE POLLUTION
...Combined Sewer, Disinfection, Screening, Solid Waste,
...5.0091

ANALYTICAL INSTRUMENTATION FOR DETERMINING LOW
LEVELS OF TOTAL ORGANIC CARBON IN WATER
...Analyzing, Organic-gencral, Total Organic Carbon, _5.0094

MODIFICATIONS TO PUMPING STATION AT SHAGOWA
LAKE, FIELD SITE, ELY, MINNESOTA ...Demineralization,
Equipment Purchase Operation, Minncsota, Lumping, ..5.0932

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
PAPER MILL EASTE EFFLUENTS ...Chemical Identification,
Chemical Treatment, Distillation-other, Extraction, Organic, Pulp
and Paper Wastes, ..5.0284

Surfactants
FOAM SEPARATION FOR FIELD WATER TREA1MENT

...Aeration, Foam, Military Aspects, Potable Water, Sterilants,
..5.6444

EVALUATION OF INORGANIC MEMBRANES FOR ELEC-
TRODIALYSIS OF BRACKISH WATERS ...Desalination, Elec-
trodialysis, Ion Exchange-other, Membranes-other, Stability,
_3.0209

DIFFUSION AND FLOW IN INTERPHASE TRANSPORT ...Con-
vection, Desalination, Liquid /liquid, Membranes-other, ...5.0378

THE EFFECT OF SURFACTANTS ON THE AQUEOUS SOLU-
BILITY OF OXYGEN AND HYDROGEN SULFIDE ...Micelle,
Oxygen, Solubility, Sulfide, Wettability, 1.0001

DIFFUSION OF OXYGEN AND HYDRbGEN SULFIDE IN
WATER AS EFFECTED BY DISSOLVED SURFACTANTS
...Diffusion - other, Oxygen, Sulfide, ...1.0002

THE ORGANIC CONCENTRATION GRADIENT IN AN AERA-
TION COLUMN ...Aeration, Bubbles, Foam, Organic Matter,
Waste Water Treatment-general, ...5.0734

EFFECT OF SURFACTANT MICELLES ON METAL ION
REMOV AL BY FLOTATION FROM METALLURGICAL
WASTEWATER ...Copper, Foam, Metal Pickling Wastes,
Micelle, Ultrasonics, Zinc, 5.0691

KINETIC STUDIES OF THE OXIDATIVE DEGRADATION OF
DETERGENT, AND RELATED CHEMICAL SPECIES IN
AQUEOUS SOLUTION ...Biodegradation, Biological, Chemical
Degradation, Kinetic-general, Physical Degradation, Waste Water
Treatment-general, 5.0495

DIFFUSIVITY OF OXYGEN AND SULFIDE SPECIES IN AQUE-
OUS SOLUTIONS .Chemical Treatment, Gas/liquid, Oxygen,
Solution, Sulfide, 1,0003

THE. APPLICATION OF LASER IONIZATION MASS SPEC-
TROMETRY To THE IDENTIFICATION OF ORGANIC SALTS
IN POLLUTED WATER ...Applications of Lasers-masers, Or-
ganic. Matter, Physical Parameters, Spectrozcopy, Sulfonates (r-
so3na), 1.0108

FOAM SEPARATION FLOTATION OF COLLOID ORGANIC
SYSTEMS ...Chromium, Colloidal Phenomena, Flotation, Foam,
Iron, Process Design, Pulp and Paper Wastes, Sulfate, Sulfite,
5.0445

STUDIES IN FOAM SEPARATION AND RELATED
TECHNIQUES ...Extraction, Foam, Industrial Waste-other,
Separation-other, ...5,0520

REMOVAL OF METAL IONS BY FLOTATION WITH SURFAC-
TANTS ...Cost Analysis, Demineralization, Flotation, Ions and
Gases, Other, Temperature, ...5,0692

WASTE TREATMENT ...Activated, Biological, Solid Waste, Waste
Treatment-economics, Waste Water Treatment- general, ..5.0731

ELECTROANALYTICAL CHEMISTRY - STUDIES OF ADSORP-
TION AND REDOX PROCESSES AT ELECTRODES ...Am-
perometry, Analysis and Detection, Electrolytes, Oxidation
Reduction, Polarography..5.0440

(U) BIODEGRADABILITY OF DETERGENT COMPOUNDS
...Activated, Biodegradation, Biological, Gas, Laundry Wastes,
Sulfonates (rso3na), ...5.0534

INVESTIGATION OF SOAP-DETERGENT COMBINATIONS
BASED ON INEDIBLE ANIMAL FA ...Acids, Biodegradation,
Hydrolysis, Organic, Stability, ,,.5.0991

BIODEGRADABLE DETERGENTS FROM ANIMAL FATS
_Biodegradation, Esters, Septic Tanks, Sulfonates (rso3na),
5.0992

Tension
STATISTICAL MECHANICAL THEORIES OF FLUIDS ...Inter-

face, Quantum Analysis, Solution, Statistical, Van Dcr Weals
Forces, _1.0084

RESEARCH ON HIGH-EFFICIENCY COMBINED EVAPORA-
TIVE AND CONDENSATIVE HEAT TRANSFER SYSTEM
...Condensation, Fluoro Plastics, Heat Transfer, Heat Transfer
Coefficients, Other, Titanium, 3.0266

IMPINGEMENT OF A FLUID ON A FLUID SURFACE ...Imping-
ing Jets, Interface, Surface Phenomena, 1.0127

INTERFACIAL WATER STRUCTURE AND PROPERTIES
...Hydration, Inorganic, Interface, Thermal Properties-other,
Water, 1.044

Wettability
THE EFFECT OF SURFACTANTS ON THE AQUEOUS SOLU-

BILITY OF OXYGEN AND HYDROGEN SULFIDE ...Micelle,
Oxygen, Solubility, Sulfide, Surfactants, 1.0001
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Chemical Analysis (water)

Chemical Analysis (water)
CLASSIFICATION OF DEEP SUBSURFACE WATERS BY

CHEMICAL COMPOSITION AND GEOLOGY ..,Gcochcmical
Analysis, Groundwater, High Pressure Research, Interstitial - Con-
nate Water, Salinity, -2.0883

SILVEX PERSISTENCE IN WATER AND HYDROSOIL .Al-
cohols, Clay, Esters, Sand, -8.0162

DEVELOPMENT OF A CALIBRATION MODULE FOR TRACE
OXYGEN ANALYZERS ...Analyzing, Calibration Devices, Inor-
ganic, Oxygen, Technique Development, -10055

ANALYSIS OP WATER CHEMISTRY .Aeration, Bottom
Sampling, Destratification, Physical-general, _4.0035

WATERSHED EVALUATION -Population Dynamics, Stream
Rehabilitation, Streams, Temperature, Watershed -general,
,4.0226

PESTICIDE RESIDUE STUDY IN SPORT FISH WATERS ...Filtra-
tion, Monitoring Systems, Pesticides - non - specific, Pollution - Ef-
fects of ..5.1231

PREDICTING AND PREVENTING FISH KILLS ...Mortality Rates,
Ponds, Stratification, .5.0012

STRUCTURAL CHEMISTRY OF YELLOW ORGANIC MATTER
IN FRESH WATER -Hydrogenolyses, Organic, Organic Content,
Organic Matter, Organic-general, -5.1054

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS Chemical Identification, Fluoride, Fluorometry, Nitrate,
Nitrite, Spectroscopy-general, -5.0671

ANALYSIS OF TRACE ELEMENTS IN WATER _Activation
Analysis, Inorganic, Other, Spectroscopy-other, -5.1062

STATISTICAL TREATMENT OF HYDROGEOLOGIC DATA -
PART II, WATER QUALITY ASPLCTS .Time Series Analysis,

EVALUATION BY TEST DRILLING OF GEOPHYSICAL
PROSPECTING FOR GROUND WATER IN THE PIEDMONT
AREA, ALABAMA ...Drilling and Coring, Ocophysical Analysis,
Groundwater, Pumping, Water Development, ..2.0006

DEVICE FOR FIELD DETERMINATION OF HEAVY METALS
IN NATURAL WATERS ...F.lectrode, Heavy Elements, Ions and
Gases, Metals, Polarography, -7.0032

DISSOLVED OXYGEN DETERMINATION IN NATURAL AND
WASTE WATERS ...Ions and Gases, Oxygen, Potentiometry,
Technique Development, Voltammetry, -5.0553

FACTORS AFFECTING THE STRUCTURE OF DIATOM COM-
MUNITIES ...Acidity, Algae- Diatoms, Environment, Mineral
Content -water, pH -water, -5.1008

TO EVALUATE THE UTILITY OF EXISTING AUTOMATIC
CHEMICAL ANALYSIS EQUIPMENT FOR WATER QUALITY
SURVEILLANCE UNDER COMPUTER CONTROL ...Atomic
Absorption, Automatic Data Aquisition, Computers-general, In-
formation Retrieval Methods, Information Storage and File,
System Development, Water Properties-general, ...7.0078

WASTE DISPOSAL IN RURAL AREAS -Aerobic, Animal Waste
Removal-treatment, Effluents-waste Water, Farm Wastes, Rural
Areas, Septic Tanks, _5.0219

THE QUALITY OF ARIZONA WATERS WITH PARTICULAR
REFERENCE TO FLUORIDES ..,Fluoride, Water Quality-
general, -5.0049

A FIVE YEAR LIMNOLOGICAL STUDY OF A NEWLY
CREATED ACID MINE WATER IMPOUNDMENT ...Acidity,
Alkalinity, Chemical-gem:nil, Mining Activities, Physical-general,
...5.0895

THE ANALYSIS AND GEOCHEMISTRY OF TRACE ELE-
MENTS IN THE HYDROSPHERE .,.Activation Analysis, Bays,
Chemical Reactions, Gamma, Trace Element Analysis. -1.0109

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION, LAKE,
AND POND WATERS ...Chemical Analysis, Chemical Treat-
ment-general, Irrigation-general, Lakes. Pesticides -non-specific,
Ponds, -5.0139

INTERRELATIONSHIP OF FACTORS AFFECTING QUALITY
OF IMPOUNDED WATERS -Biological-general, Chemical-
general, Lakes, Physical-general, Water Quality-general, ...2.0413

HYDROGEOLOGY OF SOLID WASTE DISPOSAL SITES
...Groundwater Movement. Hydrology-general, Illinois, Sanitary
Landfills, ...5.0347

TRACE ELEMENT CHEMISTRY OF STREAMS OF THE
LOWER KANSAS RIVER BASIN ..Analysis and Detection,
Atomic Absorption, Trace Analyses - other, Trace Element Analy-
sis, ...1.0055

SUBJECT INDEX

WATER RESOURCES OF COPIAH COUNTY ...Aquifers-general,
Available Water, Groundwater, Surface Water, Water Quality-
general, -4.0147

SUBSURFACE WATER POLLUTION FROM SANITARY LAND-
FILLS IN CARBONATE ROCK TERRAIN ...Disposal, Dolomite,
Groundwater, Sanitary Landfills, Soil and Rock Leaching,
-5.1030

CHEMICAL, QUALITY OF BRINES ASSOCIATED WITH DEEP
SEDIMENTS BENEATH GREAT SALT LAKE ,..Brines, Great
Salt Lake, Salt, Water Sampling, Water Wells, -5.1200

ANALYTICAL METHODS - WATER CHEMISTRY ...Analysis and
Detection, Chromatography-general, Emission, Other, Photomet-
ric Techniques, .2.0196

GEOCHEMICAL CONTROLS OF WATER QUALITY ...Elec.
troanalyses-other, Equilibrium-other, Properties of Minerals,
Reaction-general, Solution Chemistry, ...2.0115

TECHNIQUES AND INSTRUMENTATION ,Mobile, Physical
Parameters. Technique Development, Temperature, Water
Sampling, _5.0187

EUTROPHICATION RESEARCH AMERICAN FALLS RESER-
VOIR STUDY -Eutrophication, Idaho, Nutrients, Reservoirs and
Impoundments, Water Quality Control-gcneral, _5.0317

WATER CONTROL - CONTROL TECHNIQUES FIELD TEST-
ING AND EVALUATION ...Acidity, Coal-general, Mine
Drainage Control, Mining Activities, Pollution Abatement,
-5.1018

REUSE OF WASTE IRRIGATION WATER TO RECOVER ADDI-
TIONAL PETROLEUM BY WATERFLOODING ..,D.t.a. , Irriga-
tion-other, Petroleum Industry, Secondary Recovery, Spectrosco-
py-general, Water Reuse, -5.0154

ANALYTICAL METHODS - OILFIELD WATER CHEMISTRY
..,Brines, Fluid Properties, General, Technique Development,
-2.0874

GENERAL HYDROGRAPHIC FEATURES OF OAHE RESER-
VOIR AND LAKE SHARPE ...Phytoplunkton, South Dakota,
Temperature, Turbidity, Zooplunkton, -6.0516

FIELD TECHNIQUES FOR CHEMICAL ANALYSIS OF WET-
LAND CRITERIA .,.Chromatography - other, Colorimetric, Trans-
lation Grants, Wetlands, -1.0091

CHEMICAL CHARACTERISTICS OF THE GREAT LAKES
...Great Lakes-general. Nutrients, Productivity - Food Chain,
Water Quality-general, -5.0542

DEVELOPMENT OF AUTOMATED ANALYSES FOR THE SUP-
PORT OF ADVANCED WASTE TREATMENT RESEARCH
PROJECTS ...Automatic Data A quisition, Instrumentation-
general, Waste Water Treatment-generpl, -5.0863

EUTROPHICATION EFFECT OF FLOW AUGMENTATION
-Chemical-general, Eutrophicution, Flow Augmentation, Physi-
cal-general, Pollution Abatement, -5.0969

PIGMENT ANALYSIS FOR THE DETECTION OF EN-
RICHMENT -Effluents-waste Water, Eutrophication, Nutrients,
of Aquatic Plants, -5.0906

TRACE AMOUNT SUBSTANCES IN ENVIRONMENTAL
HEALTH ...Other, Pollutants-general, Trace Elements, -5.0677

Chemical Analysis - Soils
MODE OF OCCURRENCE OF MINOR ELEMENTS IN SEDI-

MENTS AND SOILS ...Groundwater, Heavy Mineral Analysis,
Mineralogy, Trace Element Analysis, Weathering Products,
...1.0054

SALINITY TOLERANCES OF CERTAIN TROPICAL SOILS AND
RELATIONSHIPS BETWEEN SODIUM ION ACTIVITIES AND
SOIL PHYSICAL PROPERTIES ...Irrigation-general, Saline Pro-
perties, Semi - Arid, Sodium, Soil Chemical Properties, Tropic,
-3.0200

MAXIMUM PRODUCTION OF CROPS UNDER IRRIGATION IN
WESTERN NEBRASKA .,.Irrigation, Moisture Content,
Nebraska, Subsueace Irrigation, Yield, -2.0727

Chemical Processing
Drying

ANALYSIS OF LENGTH CHANGE OF CONCRETE ...Aggregates,
Extenders, Fillers, Cement, Concrete, Crack Initiation, Propaga-
tion, Failure Analysis, Reliability, Shrinking, -8.0103

Sealing
INVESTIGATION OF WATERSTOPS FOR CONSTRUCTION

JOINTS ...Cement, Concrete. Elastomers Rubber, Joints, Plastics
- General, Water, ...8.0229
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SUBJECT INDEX Chemical Reactions

Setting, Curing
FORMING, FINISHING, AND CURING CONCRETE ...Casting of

Materials, Cement, Concrete, Surface, Surface Cleaning, Finish-
ing, _8.0257

INVESTIGATION IN THE DEVELOPMENT AND IMPROVE-
MENT OF SPECIAL CEMENTS ...Cement, Concrete, Durability,
Deterioration, Elasticity - General, Engineering Structures-
general, Strength, Cohesion, 8.0048

PFRFORMANCE OF WATER - REDUCING SET - CONTROLLING
ADMIXTURES IN CONCRETE, MORTA AND CEMENT
PASTE ...Cement, Concrete, Chemical Materials-other, Composi-
tion Parameters-other, Engineering Structures-general, ...8.0049

REGION 2 - WEED CONTROL ...Cement, Concrete, Engineering
Structures-general, Water, 8.0115

Chemical Reactions

Condensation
ENHANCEMENT OF WATER QUALITY USING FOREST

DERIVED COAGULATING SYSTEMS ...Alcohols, Aldehydes,
Coagulation, Heterocyclics-other, Industrial Processes-other, Pulp,
Paper , and Logging, ...5.1255

NEW-TYPE GLYCOL MONO ALKYL ETHERS FOR THE CON-
TROL OF WATER EVAPORATION, To EXTEND THE USE
OF COTTONSEED OIL ...Acids, Agronomic, Evaporation, Water
Loss Control, ...2.0451

Decomposition
Biodegradation

A STUDY OF PRESSURE DIALYSIS AND COUPLING
PHENOMENA IN SYNTHETIC AND NATURAL MEM-
BRANES ...Desalination, Membranes-other, Mosaic, Reverse Os-
mosis, Water Properties-general, ...3.0273

ENZYMES FOR ANALYSIS A:.13 PURIFICATION OF SALINE
WATER SYSTEMS ...Alcohols, Bioindicators, Degradation,
Fluorometry, Heavy Elements, Pesticides, ..5.0456

INTERMEDIATE PRODUCTS IN THE BACTERIAL DECOM-
POSITION OF HEXADECANOL AND OCTADECANOL ...Al-
cohols, Gas, 5.1158

THE BIOCHEMISTRY OF ANAEROBIC DIGESTION ...Acids,
Anaerobic, Anaerobic Bacteria, Other, Respiration, 5.0762

(U) BIODEGRADABILITY OF DETERGENT COMPOUNDS
...Activated, Biological, Gas, Laundry Wastes. Sulfonates (r-
so3na), Surfactants, ...5.0534

INVESTIGATION OF SOAP-DETERGENT COMBINATIONS
BASED ON INEDIBLE ANIW L, FA ...Acids, Hydrolysis, Or-
ganic, Stability, Surfactants, 5.09,1

BIODEGRADABLE DETERGENTS FROM ANIMAI FATS
...Esters, Septic Tanks, Sulfonates (rso3na), Surfactants, 5.0992

Decomposition-general
QUALITY IMPROVEMENT OF SWIMMING POOL WATERS -

KINETICS AND MECHANISMS OF THE CHLORINATION-
DEGRADATION OF UREA AND URIC ACID ...Chlorination,
Potable, Sterilants, Titrimetry-other, Ultraviolet, ...5.0832

DILUTE SOLUTION REACTIONS OF NITRATE ION AS AP-
PLIED TO WATER RECLAMATION Denitrification, Nitrate,
Nitrite, Reduction-general, Survey Studies, ...5.0073

BEHAVIOR OF POLLUTANTS IN WATER ...Aquatic Or Soil-
aquatic Cycles, Infiltration, Movement, Leaching, Persistence in
Soils, Pesticides -non-specific, Pollutants - Path of , ...5.0190

HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE
SPECTRA OF ORGANIC PESTICIDES ...Carbamates -non-
specific, Chlorinated Hydrocarbons, Concentration, Isotopic,
Nuclear Magnetic Resonance, Organophosphorous Cpds. , Tem-
perature-other, ...5.0283

Decomposition-other
FATE AND PERSISTENCE OF PESTICIDES AND PHYSIOLOGI-

CALL'I ACTIVE DEGRADATION PRODUCTS ...Chemical
Identification, Degradation -other, Infrared, Persistance of
Residues, ...5.1032

PHYSICAL-CHEMICAL PHENOMENA ASSOCIATED WITH OR-
GANO-COLLOIDAL SURFACE INTERACTIONS ...Absorption,
Fixation, Exchange, Bond Type-general, Colloidal Phenomena,
Isotherm, X-ray, ...5.0277

Depolymerization
POLYMERIC COATINGS FOR PROTECTION ON CONCRETE

EXPOSED TO AQUEOUS SALINE ENVIRONMENTS ...Adhe-
sion, Cement, Concrete, Organic-general, Plastics - General,
Salinity, Water, 3.0405

CHEMICAL CHARAC fEi<ISTICS OF ORGANIC COLOR IN
WATER .Chemical Analysis, Coagulation, Dyes and Coloring,
Hydrolysis, Other, 5.1259

RENOVATION OF MUNICIPAL WASTEWATER BY REVERSE
OSMOSIS SYSTEMS ...Membranes-other, Model Studies, Process
Design, Reverse Osmosis, Urban Environments, _5.0092

Electrochemical
Electrochemical-other

ANALYSIS OF SOLUTIONS FOR SURFACE - ACTIVE CON-
STITUENTS ...Absorption-other, Detectors and Sensors, Elec-
trode, Electrolytes, Surfactants, 5.0439

Electrode
KINETICS OF ADSORPTION VIA DOUBLE LAYER CAPACITY

MEASUREMENTS ...Aqueos, Interface, Methodology, Non-elec-
trical Measurements, 1.0100

METALLIC CORROSION IN HALIDE ENVIRONMENTS
...Cathodic Protection, Desalination, Halogens-general, Water,
..3.0369

THE USE OF AMALGAM ELECTRODES TO MEASURE AC-
TIVITY COEFFICIENTS OF METAL SALTS IN MULTICOM-
PONENT SALT SOLUTIONS ...Activity Coefficient, Equilibrium-
other, Saline Water Systems, ...1.0065

THE EFFECT OF ORGANIC INHIBITORS ON THE DISSOLU-
TION KINETICS OF IRON ...Corrosion General, Electrochemi-
cal-other, Inhibitors, Iron, Kinetics-other, 3.0065

ELECTROCHEMICAL DEMINERALIZATION OF BRACKISH
WATER ...Demineralization, Desalination, Electrochemistry-
other, Ion Exchange-other, Regeneration-other, _3.0039

ION SELECTIVE ELECTROCHEMICAL SENSORS ...Brackish
Water, Brines, Detectors and Sensors, Electroanalyses-other,
Technique Development, ...5.1166

PRECISION ANALYSIS WITH ION-SELECTIVE ELECTRODES
...Analysis and Detection, 5.0765

RESEARCH ON NEW ION-ADSORPTION ELECTRODES FOR
DEMINERALIZATION OF SALINE WATER ...Desalination,
Electrochemistry-other, Graft - Polymerization, Organic, Oxida-
tion Reduction, Removal -- inorganics, 3.0363

REACTIONS AND TRANSPORT PHENOMENA AT SURFACES
...Analysis and Detection, Brines, Pitting, Separation-general,
Transport, ...3.0440

THE ELECTROSORB PROCESS FOR DESALTING WATER
...Adsorption-other, Carbon, Desalination, Electrochemistry-other,
...3.0102

THE ELECTROSORB PROCESS FOR DESALTING WATER
...Adsorption-other, Carbon Desalination, Electrochemistry-other,
...3.0104

AUTOMATED POTENTIOMETRIC TECHNIQUES FOR THE
ON-SITE MONITROING OF ANION CONCENTRATIONS IN
WATER ...Analysis and Detection, Automatic Systems, Nitrate,
Nitrite, Potentiometry, Technique Oevelopment, 5.0676

ANALYSIS OF SOLUTIONS FOR SURFACE-ACTIVE CON-
STITUENTS ...Absorption-other, DeteLfors and Sensors, Elec-
trochemical-other, Electrolytes, Surfactants, ...5,0439

DEVICE FOR FIELD DETERMINATION OF HEAVY METALS
IN NATURAL WATERS Chemical Analysis (water), Heavy
Elements, Ions and Gases, Metals, Polarography, ...7,0032

AN ELECTROCHEMICAL METHOD FOR REMOVAL OF
PHOSPHATES FROM WASTEWATERS ...Electrochemistry -
other, Phosphate, Phosphite, Waste Treatment-economics,
5.0523

ELECTROOSMOTIC PUMPING FOR DEWATERING SEWAGE
SLUDGE ...Drying-dewatering, Electroosmosis, Sludge-general,
Treatment-other, ...5.0072

THE ELECTRO-OXIDATION OF AMMONIA IN SEWAGE TO
NITROGEN ...Ammonia, Electrolytic, Waste Water Treatment-
general, Waste Water Treatment- other, ..5.0538

Electrodeposition
PHYSICAL CHEMISTRY OF RADIOCLEMENTS - RADIOMET-

RIC METHODS OF ANALYSIS ...Activation Analysis, Extrac-
tion-other, Organic, Precipitation, Radioactivity-general, 7.0020
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Half Cell
STUDY OF A SPECIFIC INFLUENCE OF IONIC SPECIES ON

STRUCTURING IN WATER ...Configuration, Electrolytes, En-
tropy, Ion Exchange-other, Membranes-other, 1.0010



Chemical Reactions SUBJECT INDEX

Polarization
STUDIES OF MEMBRANE PHENOMENA - PREPARATION OF

NEW ELECTRODIALYSIS MEMBRANES ...Electrodiatysis, kin
Selective, Olefins, Organic, ...3.0350

Exchange
Exchange -other

THE EFFECT OF CLAY MINERALS ON THE CHEMICAL COM-
POSITION OF FRESH AND SALINE WATERS ...Adsorption-
other, Chemical-general, Clay Minerals-general, Core Analysis,
Groundwater, Interstitial - Connate Water, ...2.0360

Isotopic
HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE

SPECTRA OF ORGANIC PESTICIDES .Carbamates -non-
specific, Chlorinated Hydrocarbons, Co4centration, Decomposi-
tion-general, Nuclear Magnetic Resonance, Organophosphorous
Cpds. , Temperature-other, 5.0283

Halogenation
Chlorination

QUALITY IMPROVEMENT OF SWIMMING POOL WATERS -
KINETICS AND MECHANISMS OF THE CHLORINATION-
DEGRADATION OF UREA AND URIC ACID Decomposition-
general, Potable, Sterilants, Titrimetry-other, Ultraviolet, ...5.0832

COMPOSITION OF RESIDUES FROM PULP BLEACHING
TREATMENTS ...Extraction, Natural Occurring, Pulp and Paper
Wastes, Quinones, _5.0760

Hydrolysis and Esterification
Hydrolysis

CHEMICAL CHARACTERISTICS OF ORGANIC COLOR IN
WATER Chemical Analysis, Coagulation, Depolymerization,
Dyes and Coloring, Other, 5.1259

HYDROLYSIS OF SLUDGE USING LOW PRESSURE STEAM
WITH SO2 AS A HYDROLYTIC ADJUNCT AND TO STUDY
THE UTILIZATION OF THE RESULTING HYDROLYSATE
...Chemical Treatment, Digestion, Feeds Or Feed Additives, Fer-
tilizers, Material Recovery Wastes, Waste Treatment-economics,
...5.0782

PREDICTING SOLUTE MOVEMENT AND DISTRIBUTION IN
SOILS ...Infiltration, Salinity, Soil and Rock Leaching, Soil En-
vironment, Subsurface Flow, ...2.1043

INVESTIGATION OF SOAP-DETERGENT COMBINATIONS
BASED ON INEDIBLE ANIMAL FA ...Acids, Biodegradation,
Organic, Stability, Surfactants, ...5.0991

METAL ION INTERACTIONS WITH WATER ...Bond L.,nergy,
Forces, Inorganic, Metal Ion, Natural Occurring, Organic,
Polynuclear Complex, Vibration, ...1.0077

Interfacial
MINERAL -WATER INTERACTION IN SALINE ENVIRON-

MENTS Analysis and Detection, California, Evaporation, Solu-
tion, Solution Chemistry, 2.1095

Ionic
THE INVESTIGATION OF TRANSPORT PROCESSES IN AQUE-

OUS ELECTROLYTE SOLUTIONS ...Conductivity, Diffusion-
other, Electrolytes, Solution, Water, 1.0093

IONIC SOLVATON ...Assoc & Dissoc, Covalent, Nuclear Mag-
netic Resonance, Raman, Solvation-other, ..,1.0101

A STUDY OF THE INTERACTIONS PRESENT IN AQUEOUS
SALT SOLUTIONS BY NUCLEAR MAGNETIC RESONANCE
SPECTROSCOPY Conservation-generat, Nuclear Magnetic,
Solution, Transition Metal-general, Water Resources Develop-
ment, 1.0074

Metallation
Chelation

SOLID COORDINATION COMPOUNDS OF ALKALI METAL
SALTS ...Alkali Metals-general, Amines, Electronic Structure-
other, Precipitation, ...3.0432

SEPARATION OF MAGNESIUM FROM CALCIUM IN THEIR
SALINE SOLUTIONS ...Calcium, Desalination, Ion Exchange-
other, Magnesium, Separation-general, _5.0687

Complexing
INVESTIGATIONS OF AQUEOUS SALT SOLUTIONS BY

RAMAN SPECTROSCOPY Complexes, Raman, Solution, Sol-
vent-other, Thermal Relation-other, ...1.0079

FOAM FRACTIONATION ...Extraction, Flotation, Foam, Material
Recovery, Removal -- inorganics, .3.0389

VIRUS REMOVAL BY CHEMICAL FLOCCULATION ...Alu-
minum, Coagulation, Flocculation, Viral Pollutant Sources, Virus,
...5.0364

TREATMENT OF DYEING BATH WASTE STREAMS BY
FOAMING AND FLOTATION TECHNIQU ...Color, Dye
Wastes, Flotation, Foam, Industrial Wastes, 5.1212

\ITERACTIONS OF SILICA WITH IRON AND ALUMINUM
...Aluminum, Analysis and Detection, Coagulation, Iron, Water
Treatment -- General, ...5.0557

Neutralization
CRUSHED LIMESTONE BARRIERS FOR NEUTRALIZATION

OF ACID STREAM Acid Mine Wastes, Limestone - General,
...5.1036

TREATMENT OF BEAN HOUSE WASTES FROM A VEGETA-
BLE TANNERY ...Aerobic, Anaerobic, Lime Treatment, Tannery
Wastes, Waste Water Treatment-general, ...5.0864

COMPLETE TREATMENT OF TANNERY INDUSTRIAL WASTE
r,OR CHROME TANNING, ALUM TANNING AND VEGETA-
BLE 'FANNING ...Aerobic, Anaerobic, Process Design, Tannery
Wastes, Waste Water Pre-treatment, ...5.0436

CONSTRUCTION OF MINE WATER TREATMENT PLANT AT
HOLLYWOOD, PENNSYLVANIA ...Acid Mine Wastes,
Disposal, Filtration, Microbial-bacterial, Waste Treatment-
economies, 5.0994

IN-SITU PRECIPITATION OF SLUDGE RESULTING FROM
REACTION OF MINE WATER WITH LOW COST ADDITIVES
TO PREVENT MINE DRAINAGE POLLUTION ...Acid Mine
Wastes, Drainage, Mining Activities, Precipitation, Treatment-
other, ...5.1000

A STUDY OF LAND DISPOSAL OF SPENT SULFITE LIQUOR
AT BADGER PAPER MILLS, INC., PESHTIGO, WISCONSIN
...Aquifer:- general, Disposal, Limestone - General, Pollutants -
Path of , Pulp and Paper Wastes, ...5.1295

Nitration
PROCESS DEVELOPMENT FOR REMOVAL OF NUTRIENT

MATERIALS FROM WASTEWATERS ...Activated, Anaerobic,
Denitrification, Loading, Nutrients, Pollutant-other, 5.0841

Oxidation
Catalytic

METAL ION-CATALYZED OXIDATION OF PHENOLS AND
AROMATIC AMINES ...Alcohols, Metal Ion, Organic Wastes,
Radioisotopes, ...5.1159

APPLICABILITY OF ARDOX CATALYSTS TO THE OXIDA-
TION OF MUNICIPAL, SEWAGE EFFLUENTS AND OF
WASTES PRODUCED DURING MANNED SP +C' FLIGHT
.,.Cutalyst- other, Effluent-standards, Manned Sutelite,
waste-other, Sewage, 5.0745

INTERACTION OF ORGANIC MOLECULES IN WATER Assoc
& Dissoc, Drug Chemistry, Enzymatic, Organic-general, 1.0058

Electrolytic
CATALYTIC OXIDATION OF ORGANIC COMPOUNDS IN

WASTE WATERS Chemical Treatment-general, Electrochemis-
try-other, Heterogeneous Catalysis, Organics, 5.0332

IMPROVEMENT OF TREATMENT OF FOOD INDUSTRY
WASTE ...Chemical Treatment, Diary Wastes, ...5.0777

THE ELECTRO-OXIDATION OF AMMONIA IN SEWAGE TO
NITROGEN ...Ammonia, Electrode, Waste Water Treatment-
general, Waste Water Treatment-other, 5.0538

Oxidants
PHOTOLYSIS MECHANISMS FOR POLLUTION ABATEMENT

...Chemical Treatment, Organics, Photolysis, Pollution Abate-
ment, Sunshine, ...5.0335

HETEROGENEOUS OXIDATION OF POLLUTANTS IN WATER
...Chemical Treatment-other, Element, Heterogeneous Catalysis,
Organic Matter, Regeneration-other, ...5.0789

Oxidation-general
THE BIOLOGY AND CHEMISTRY OF SPHAEROTILUS ...Au-

totrophic, Butyric Acid, Growth (non-specific & Ot.) Nutrition,
Sphaerotilus, 5.1241

2-58



SUBJECT INDEX Chemical Reactions

OPTIMAL DESIGN OF WASTE TREATMENT SYSTEMS ...Ac-
tivated, Biological Treatment-other, Electrodialysis, Optimization,
Process Design, 8.0202

OXYGENATION KINETICS OF REDUCED SULFUR SPECIES
...Order, Other, Oxygen, 5,0496

STUDY OF THE SULFIDE-TO-SULFATE REACTION
MECHANISM ...Adsorption-other, Biological Cycles, Properties
and Structure, Pyrite Group, Solution Chemistry, Sulfate, Sulfite,
Sulfide, ,5.0880

AN INVESTIGATION OF LIGHT-CATALYZED CHLORINE FOR
TREATMENT OF WASTE WATER ...Chlorine, Light-catalyzed,
Organics, Waste Treatment-economics, Waste Water Treatment-
general, ...5.0686

TOTAL ORGANIC CARBON AS A POLLUTION CONTROL
PARAMETER IN SUB-ARCTIC WATE ...Alaska, Chemical
Identification, Infrared, Organic Matter, Technique Development,
5.0031

Oxidation-other
APPLI7ABILITY OF ARDOX CATALYST TO OXIDATION IN

SPACE WASTE MANAGEMENT ...Activated, Manned Sate lite,
Microbial-bacterial, Other, Waste - disposal- recovery, ..5.0240

THE EFFECTIVENESS OF CONTACT FILTER FOR THE
REMOVAL OF IRON FROM GROUND WATER ...Filtration,
Flocculation, Groundwater, Sand, 2.0021

THE CHEMISTRY OF MAGANESE IN NATURAL WATERS
...Analysis Detection, Chemical - general,her3eicn.aelgiener5a1611149anganese, Water

MICROBIOLOGICAL REMOVAL OF IRON FROM MINE
DRAINAGE WATERS ...Acid Mine Wastes, Iron, Microbial-bac-
terial, Reduction-other, Sulfur Bacteria, .,.5.0925

OPERATIONAL DEMONSTRATION OF OXIDATION DITCH
METHOD OF WASTE TREATMENT ...Chemical Treatment,
Lagoon, Process Design, 5.0839

Ozonization
MICROSTRAINING PILOT TESTS OF STORM WATER OVER-

FLOWS FROM COMBINED STORM AND SANITARY SEWER
SYSTEMS ...Chlorination, Combined Sewer, Pilot Plants, Screen-
ing, ...5,1003

DISINFECTION OF RENOVATED WASTEWATER ,..Chlorina-
tion, Disinfection, Effluent-standards, Waste Treatment-
economics, 5.0846

Wet Oxidation
AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS

SYSTEMS ...Chemical Treatment, Kinetics-other, Mass Transfer,
Organic Wastes, Solution, 5.0215

AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ...Aeration, Chemical Treatment, Continuous, Mass
Transfer, Organics, 1.0023

Oxidation Reduction
RESEARCH CN NEW ION-ADSORPTION ELECTRODES FOR

DEMINERALIZATION OF SALINE WATER ...Desalination,
Electrochemistry-other, Electrode, Graft - Polymerization, Or-
ganic, Removalinorganics, 3.0363

ELECTROANALYTICAL CHEMISTRY - STUDIES OF ADSORP-
TION AND REDOX PROCESSES Al' ELECTRODES ..,Am-
perometry, Analysis and Detection, Electrolytes, Polarography,
Surfactants, 5.0440

MECHANISMS AND RATES OF HEAVY METAL SORPTION
AND DESORPTION ...Adsorption-desorption, Concentration,
Mechanisms. Other. Rate of Reaction, 2.0181

Photochemical
Light-catalyzed

AN INVESTIGATION OF LIGHT-CATALYZED CHLORINE FOR
TREATMENT OF WASTE WATER ..,Chlorine, Organics, Oxida-
tion-general. Waste Treatment-economics, Waste Water Treat-
ment-general, 5.0686

Photolysis
PHOTOLYSIS MECHANISMS FOR POLLUTION ABATEMENT

...Chemical Treatment, Organics, Oxidants, Pollution Abatement,
Sunshine, 5.0335

HETEROGENEOUS NUCLEATION OF ICE ...Growth and
Preparation, Nucleation Physics, Radiation-general, Temperature,
2.0785

Polymerization
Copolymerization

PREPARATION AND PROPERTIES OF GRAFTED AND VEC-
TORED MEMBRANES FOR USE IN DESALINATION
Desalination, Gel, Graft - Polymerization, Membranes-other,
Porosity, ,..3.0378

Crosslinking
INFLUENCE OF STRONGLY BOUND COUNTER -IONS ON

PERMSELECTIVE MEMBRANES ...Electrochemistry-other, Ion
Selective, Van Dcr Waals, .3,0227

A STUDY OF MEMBRANES FOR DESALINATION BY
REVERSE OSMOSIS Desalination, Membranes-other, Natural
Occurring, Reverse Osmosis, 3.0030

Graft - Polymerization
SYNTHESIS OF MODIFIED LOEB MEMBRANES BY GRAFT-

ING ...Desalination, Membranes-other, Monomer Synthesis, Natu-
ral Occurring, Porosity, 3.0340

PREPARATION AND PROPERTIES OF GRAFTED AND VEC-
TORED MEMBRANES FOR USE IN DESALINATION
...Copolymerization, Desalination, Gel, Membranes-other, Porosi-
ty, 3.0378

RESEARCH ON NEW ION-ADSORPTION ELECTRODES FOR
DEMINERALIZATION OF SALINE WATER ...Desalination,
Electrochemistry-other, Electrode, Organic, Oxidation Reduction,
Removalinorganics, .3.0363

In-situ
THE DEVELOPMENT OF CONCRETE-POLYMER MATERIALS

...Cement, Concrete, Ceramic Matrix. Durability, Deterioration,
Plastics - General, Radiation Inc-Aced, Strength, Cohesion,
8.0045

Polymerization-general
DEVELOPMENT OF ULTRATHIN SKIN MEMBRANES - HEMA

POLYMERS ...Desalination, Esters, Films, Membranes-other,
Reverse Osmosis, 3.0278

Radiation Induced
CORROSION PROTECTION BY INHIBITOR CROSS-LINKING

ANp SURFACE COATING GRAFTING Cement, Concrete,
bsslinked, Inhibitors, Metallic Alloys, Metals, 3.0404

TH EVELOPMENT OF CONCRETE-POLYMER MATERIALS
...Cement, Concrete, Ceramic Matrix, Durability, Deterioration,
In-situ, Plastics - General, Strength, Cohesion, 8,0045

Telemerization
ENERGETICS AND STRUCTURE OF THE HYDROGEN BOND

Alcohols, Hydrogen, Infrared, Polarization, Solution, ...1.0036

Precipitation
SOLID COORDINATION COMPOUNDS OF ALKALI METAL

SALTS ...Alkali Metals-general, Amines, Chelation, Electronic
Structure-other, 3.0432

Reaction-general
MULTICOMPONENT FIXED -BED ION EXCHANGE IN THE

TREATMENT OF SALINE WATER ...Desalination, Ion
Exchange-other, Phase Relationship, Regeneration-other,
3.0082

NMR AND X-RAY STDIES OF STRUCTURE IN AQUEOUS
ELECTROLYTE SOLUTIONS Adsorption-other, Electrolytes,
Nuclear Magnetic, Nuclear Magnetic Resonance, Solution, X-ray,
1.0073

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Aluminum, Chemical Treatment, Chemical Treat-
ment- general. Iron, Phosphate, Phosphite, ...5.0738

CEMENT - AGGREGATE REACTION ...Aggregates, Extenders,
Fillers, Alkali Metals-general, Cement, Concrete, Dimensions, Ex-
pansion, ...8.0236

GEOCHEMICAL CONTROLS OF WATER QUALITY ...Chemical
Analysis (water), Electroanalyses-other, Equilibrium-other, Pro-
perties of Minerals, Solution Chemistry, 2.0115

METHODS OF ANALYSIS FOR INSECT-CONTROL CHEMI-
CALS Chemical Analysis, Coiorimetric, Extraction-other, Gas,
Spectroscopy-other, 5.0491

2-59



Chemical Reactions

Rearrangements
Ketonic

'TILE ROLE OF WATER IN ORGANIC REACTIONS ...Deuterium,
Inorganic, Solvolyses, Structure - Activity, Transition State,
Water, -1.0062

SUBJECT INDEX

Reduction
Electrolytic

DEVELOPMENT OF A COULOMETRIC METHOD FOR THE
MEASUREMENT OF DISSOLVED OXYGEN IN SEA WATER
...Analysis and Detection, Coulometry, Gases, Oxygen, Technique
Development, -2.0914

Hydrogenolyses
STRUCTURAL CHEMISTRY OF YELLOW ORGANIC MATTER

IN FRESH WATER ...Chemical Analysis (water), Organic, Or-
ganic Content, Organic Matter, Organic-general, -5.1054

Reduction-general
DILUTE SOLUTK,N REACTIONS OF NITRATE ION AS AP-

PLIED TO WATER RECLAMATION ...Decomposition-general,
Denitrification, Nitrate, Nitrite, Survey Studies, _5.0073

Reduction-other
CHEMICAL REMOVAL OF NITRATE FROM POTABLE

WATER SUPPLIES -Ion Exchange-other, Nitrate, Nitrite, Pota-
ble, Potable Water, -5.0423

MICROBIOLOGICAL REMOVAL OF IRON FROM MINE
DRAINAGE WATERS ...Acid Minc Wastes, Iron, Microbial-bac-
torial, Oxidation-other, Sulfur Bacteria, _5.0925

NITRATE DETERMINATION USING CHROMIUM (II) COM-
PLEXES ...Chromium, Complexes, Electroanalyses-other, Nitrate,
Nitrite, Other, -1.0121

Solvation
Hydretion

SOLUTE PROPERTIES OF WATER ...Hydrogen, Polarization,
Solution, Water, -1.0098

NUCLEATION AND GROWTH OF ICE CRYSTALS ...Brines,
Crystal Growth, Desalination, Freezing, Nucleation, -3.0041

STUDIES ON THE HYDRATE PROCESS FOR DEMINERALIZ-
INC 4',EA WATER ...Brines, Crystal Growth, Demineralization,
Removalinorganics, _3.0366

ION HYDRATION AND ION INTERACTION ...Assoc & Dissoc,
Attenuation, Calcium, Magnesium, Salt, Ultrasonic, Ultrasonics,
-1.0059

INTERFACIAL WATER STRUCTURE AND PROPERTIES ...Inor-
ganic, Interface, 'Tension, Thermal Properties-other, Water,
...1.0044

Solvation-other
IONIC SOLVATION ...Assoc & Dissoc, Covalent, Ionic, Nuclear

Magnetic Resonance, Raman, -1.0101

Solvolyses
THE ROLE OF WATER IN ORGANIC REACTIONS ..Deuterium,

Inorganic, Ketonic, Structure - Activity, Transition State, Water,
...1.0062

Synthesis
Fixation

ENGINEERING ECONOMICS OF WATER DESALTING IN
COMBINATION WITH NITROGEN FIXATION FOR
AGRICULTURAL CHEMICALS MANUFACTURE ...Ammonia,
Cost Analysis, Desalination, Nuclear, Statistical, ...3.0347

CHEMISTRY OF NITROGEN IN NATURAL WATERS ...Analysis
and Detection, Denitrification, Lakes, Nitrogen, Radioisotopes,
-5.0250

Organic
DEVELOPMENT OF DESALINATION MEMBRANES

..,Copolymers, Desalination. Membranes-other, -3.0406
STRUCTURAL CHEMISTRY OF YELLOW ORGANIC MATTER

IN FRESH WATER ...Chemical Analysis (water),
Hydro genolyses, Organic Content, Organic Matter, Organic-
general, -5.1054

BASIC SALINOGEN ION EXCHANGE RESINS FOR SELECTIVE
NITRATE REMOVAL FROM POTABLE AND EFFLUENT
WATER -Effluents-waste Water, Ion Exchange-other, Nitrate,
Nitrite, Potable Water, Selective-removal, _5.0537

LIGNIN SULFONATES IN PULP MILL EFFLUENTS ...Column,
Natural Occurring, Pulp and Paper Wastes, Sulfonates (rso3na),
Ultraviolet, -5.0959

INVESTIGATION OF SOAP-DETERGENT COMBINATIONS
BASED ON INEDIBLE ANIMAL FA ...Acids, Biodegradation,
Hydrolysis, Stability, Surfactants, -5.0991

STRUCTURE OF THE BLUE-GREEN ALGA, TOXIN
-Cyanophyta (non-specific & Ot), Gas, Giucagon X Hor, Mass,
Natural Occurring, _5.0127

Transfer
Oxygen

A MASS TRANSFER STUDY OF CURRENT REQUIREMENTS
FOR CATHODIC PROTECTION ...Cathodic Protection, Cavita-
tion, Chemical Analysis, Desalination, Fluid Flow-other, Heat
Transfer, -3.0033

OXYGEN TRANSFER TO WATER DROPLETS -Air-general,
Diffusion-other, Water, -1.0038

INVESTIGATIONS INTO TECHNIQUES FOR IMPROVING THE
AMOUNT AND EFFICIENCY OF OXYGEN INCORPORA-
TION INTO RAPID-RATE BIOLOGICAL WASTE TREAT-
MENT SYS ...Activated, Biological Treatment-other, Plants-
systems-other, Viscosity, Waste Treatment-economics, -5.0169

Chemistry - Atomic & Molecular
Atomic & Molecular Beam

INTERMOLECULAR FORCES AND THE LIQUID STATE ...Bond
Energy, Forces, Desalination, Hydrogen, Inorganic, Liquid,
...1.0051

MOLECULAR BEAM INVESTIGATION OF THE WATER
MOLECULE ...Bond Energy, Forces, Cross Sections, Diffraction-
other, Water, -3.0223

Bond Theories
Electrostatic

ION-SOLVENT INTERACTION ...Assoc & Dissoc, Hydrogen,
Mixed Solvents, Salt, Steric Effects, -1.0018

Bond Type
Bond Type-general

TRANSPORT PROPERTIES OF CONCENTRATED SALT SOLU-
TIONS ...Conductivity, Desalination, Diffusion-other, Kinetic-
general, ...1.0087

PHYSICAL - CHEMICAL PHENOMENA ASSOCIATED WITH OR-
GANO-COLLOIDAL SURFACE INTERACTIONS ...Absorption,
Fixation, Exchange, Colloidal Phenomena, Decomposition-other,
Isotherm, X-ray, -5,0277

Bond Type-other
INVESTIGATION OF DESALINATiON BY FREEZING

...Desalination, Free Energy, Freezing, Impurity, Interface,
_3.0417

Covalent
IONIC SOLVATION ...Assoc & Dissoc, Ionic, Nuclear Magnetic

Resonance, Raman, Solvation-other, -1.0201

Hydrogen
SOLUTE PROPERTIES OF WATER ...Hydration, Polarization,

Solution, Water, -1.0098
DIELECTRIC PROPERTIES OF HYDROGEN-BONDED LIQUIDS

...Alcohols, Desalination, Dielectric Properties, Isomerism, Ther-
mal Relation-other, -1.0078

STRUCTURE IN SOLVENTS AND CONCENTRATED SOLU-
TIONS ...Infrared, Ion Exchange-other, Nuclear Magnetic, Salt,
Water, _1.0035

INTERMOLECULAR FORCES AND THE LIQUID STATE
...Atomic & Molecular Beam, Bond Energy, Forces, Desalination,
Inorganic, Liquid, ...I.0051

SPECTROSCOPIC AND DIELECTRIC STUDIES OF NEW
HYDROGEN BONDED SPECIES ...Dielectric Properties, Gase-
ous, Infrared, Far, Phase Relationship, Water, -1.0061

EFFECT OF AMINES, ALCOHOLS AND PHENOLS ON THE
PHYSICO-CHEMICAL PROPERTIES C WATER ...Infrared,
Liquid Solutions, Phy and Chem Properties, X-ray, -1.0106

ENERGET1rS AND STRUCTURE OF THE HYDROGEN BOND
...Alcohols, Infrared, Polarization, Solution, Telemerization,
...1.0036
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SUBJECT INDEX Chemistry - Atomic & Molecular

ION-SOLVENT INTERACTION .Assoc & Dissoc, Electrostatic,
Mixed Solvents, Salt, Steric Effects, 1.0018

NMR AND IR STUDIES OF HYDROGEN DONDING IN N-AL-

K YLPHOSPHORAMIDATES ...Infrared, Nuclear Magnetic
Resonance, Phosphorous, Salt, Steric Effects, ...5.0279

Ionic '
ION - ION AND ION - MOLECULE INTERACTIONS IN AQUE-

OUS SALT SOLUTIONS ...Activity, Conductivity, Osmotic Pres-
sure, Polarization, Solution, 1.0020

Van Der Wools
INFLUENCE OF STRONGLY BOUND COUNTER-IONS ON

PERMSELECTIVE MEMBRANES ...Crosslinking, Electrochemis-
try-other, Ion Selective, 3.0227

Bonding
Assoc & Dissoc

ION-SOLVENT AND ION-ION INTERACTIONS IN AQUEOUS
ELECTROLYTES ...Activity, Electrolytes, Relaxation, Tempera-
ture Jump Method, Ultrasonic, 1.0095

ION-SOLVENT INTERACTION ...Electrostatic, Hydrogen, Mixed
Solvents, Salt, Steric Effects, 1.0018

IONIC SOLVATION Covalent, Ionic, Nuclear Magnetic
Resonance, Raman, Salvation - other, 1.0101

ION HYDRATION AND ION INTERACTION ...Attenuation, Cal-
cium, Hydration, Magnesium, Salt, Ultrasonic, Ultrasonics,
1.0059

INTERACTION OF ORGANIC MOLECULES IN WATER ...Cata-
lytic, Drug Chemistry, Enzymatic, Organic-general, ...1.0058

Bond Energy, Forces
INTERMOLECULAR FORCES AND THE LIQUID STATE

Atomic & Molecular Beam. Desalination, Hydrogen, Inorganic,
Liquid, 1.0051

MOLECULAR BEAM INVESTIGATION OF THE WATER
MOLECULE ...Atomic & Molecular Beam, Cross Sections, Dif-
fraction-other, Water, ...3.0223

METAL ION INTERACTIONS WITH WATER ,Hydrolysis, Inor-
ganic, Metal Ion, Natural Occurring, Organic, Polynuclear Com-
plex, Vibration, ...1.0077

Chem Structure Determination
Chem Str Determ-Oher

THE DETERMINATION OF THE STRUCTURES OF ORGANIC
CONTAMINANTS IN WATER ...Analyzing, Chemical Identifica-

tion, Chromatography-other, Distillation-other, Spectroscopy-

other, 5.0278
Inorganic

INTERMOLECULAR FORCES AND THE LIQUID STATE
...Atomic & Molecular Beam, Bond Energy, Forces, Desalination,
Hydrogen, Liquid, 1.0051

A STUDY OF HYPERSONIC WAVES IN WATER AND IN
AQUEOUS SOLUTIONS ...Dissociation, Hypersonic Waves,
Relaxation, Ultrasonic, Ultrasonics, Water, ...1.0030

A NUCLEAR MAGNETIC RELAXATION INVESTIGATION OF
WATER- MEMBRANE INTERACTIONS ...Interface, Isotope-
other, Membranes-other, Nuclear Magnetic Resonance, Relaxa-
tion, 3.0349

PRESSURE AND TEMPERATURE DEPENDENCE OF VOLUME
VISCOSITY AND MICROSOPIC STRUCTURE IN WATER
AND SALINE SOLUTIONS ...Analysis and Detection, Ultrasonic,
Viscosity, Water, 3.0161

THE STRUCTURE AND PROPERTIES OF WATER SOLUTIONS
...Aqueos, Solubility, Thermodynamic Relation, Water, 1.0039

INTERFACIAL WATER STRUCTURE AND PROPERTIES
Hydration, Interface, Tension, Thermal Properties-other, Water,
_1.0044

THERMODYNAMICS OF WATER AND WATER SOLUTIONS
...Entropy. Solution, Water, 1.0043

THE ROLE OF WATER IN ORGANIC REACTIONS ...Deuterium,
Ketonic, Solvolyses, Structure - Activity, Transition State, Water,
...1.0062

METAL ION INTERACTIONS WITH WATER ...Bond Energy,
Forces, Hydrolysis, Metal Ion, Natural Occurring, Organic,
Polynuclear Complex, Vibration, 1.0077

Organic
CHARACTERIZATION OF ORGANIC CONTAMINANTS IN

PAPER MILL. EASTE EFFLUENTS ...Chemical Analysis, Chemi-

cal Identification, Chemical Treatment, Distillation-other, Extrac-
tion, Pulp and Paper Wastes, 5.0284

METAL ION INTERACTIONS WITH WATER ...Bond Energy,
Forces, Hydrolysis, Inorganic, Metal Ion, Natural Occurring,
Polynucicar Complex, Vibration, 1.0077

Cross Sections
MOLECULAR BEAM INVESTIGATION OF THE WATER

MOLECULE ...Atomic & Molecular Beam, Bond Energy, Forces,
Diffraction-other, Water, .3,0223

Diffraction
Diffraction-other

MOLECULAR BEAM INVESTIGATION OF THE WATER
MOLECULE ...Atomic & Molecular Beam, Bond Energy, Forces,
Cross Sections, Water, ...3,0223

X-ray
EFFECT OF AMINES, ALCOHOLS AND PHENOLS ON THE

PHYSICO-CHEMICAL PROPERTIES OF WATER ...Hydrogen,
Infrared, Liquid Solutions, Phy and Chem Properties, 1.0106

Electronic Phenomena
Polarization

ENERGETICS AND STRUCTURE OF THE HYDROGEN BOND
...Alcohols, Hydrogen, Infrared, Solution, Telemerization,
...I.0036

FREEZING POTENTIAL STUDY Desalination, Electrolytes,
Freezing, Relaxation, Solution, 3.0183

ION - ION AND ION - MOLECULE INTERACTIONS IN AQUE-
OUS SALT SOLUTIONS ...Activity, Conductivity, Ionic, Osmotic
Pressure, Solution, .,.1.0020

COMPARATIVE EVALUATION OF REVERSE OSMOSIS PILOT
PLANTS OF DIFFERENT DESIGN CONFIGURATIONS ...Cast
Analysis, Desalination, Interface, Membranes-other, Reverse Os-
mosis, .3.0117

RELATIONSHIP OF PESTICIDE PROPERTIES TO ADSORP-
TION ...Adsorption-other, Electrophoresis, Vapor Pressure,
_5.0825

Electronic Structure
Electronic Structure-other

SOLID COORDINATION COMPOUNDS OF ALKALI METAL
SALTS ...Alkali Metals-general, Amines, Chclation, Precipitation,
3.0432

Excitation Energies
Activation Energy

VISCOSITY STUDIES OF AQUEOUS SOLUTIONS ...Alcohols,
Desalination, Mixed Solvents, Viscosity, Water, ...1.0033

Relaxation
FREEZING POTENTIAL STUDY Desalination, Electrolytes,

Freezing, Polarization, Solution, 3.0183

Resonance Spe,:troscopy
Nuclear Magnetic Resonance

IONIC SOLVATION ...Assoc & Dissoc, Covalent, Ionic, Raman,
Solvation-other, _1.0101

A NUCLEAR MAGNETIC RELAXATION INVESTIGATION OF
WATER-MEMBRANE INTERACTIONS ...Inorganic, Interface,
Isotope-other, Membranes-other, Relaxation, ..,3.0349

NMR AND IR STUDIES OF HYDROGEN BONDING IN N-AL-
KYLPHOSPHORAMIDATES ...Hydrogen, Infrared, Phosphorous,
Salt, Steric Effects, 5.0279

HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE
SPECTRA OF ORGANIC PESTICIDES ...Carbamates -non-
specific, Chlorinated Hydrocarbons, Concentration, Decomposi-
tion-general, Isotopic, Organophosphorous Cpds. , Temperature-
other, 5.0283

Scattering
Other

SCATTERING MEASUREMENTS ON ALKALI - WATER
SYSTEMS ...Alkali Metals-general, Atomic Collisions, Molecular
Collisions, Water, 1.0022
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Chemistry - Atomic & Molecular SUBJECT INDEX

Raman
THE RELATION BETWEEN THE STRUCTURE AND PROPER-

TIES OF LIQUID WATER ...Infrared, Far, Ultraviolet, Water,
...1.0102

Spectroscopy
Infrared

EFFECT OF AMINES, ALCOHOLS AND PHENOLS ON THE
PHYSICO-CHEMICAL PROPERTIES OF WATER Hydrogen,
Liquid Solutions, Phy and Chem Properties, X-ray, .1.0106

ENERGETICS AND STRUCTURE OF THE HYDROGEN 130ND

...Alcohols, Hydrogen, Polarization, Solution, Telemerization,
1.0036

NMR AND IR STUDIES OF HYDROGEN BONDING IN N-AL-
KY LPHOSPHORAMIDATES ...Hydrogen, Nuclear Magnetic
Resonance, Phosphorous, Salt, Sterie Effects, ...5.0279

Infrared, Far
THE RELATION BETWEEN THE STRUCTURE AND PROPER-

TIES OF LIQUID WATER ...Raman, Ultraviolet, Water, 1.0102

SPECTROSCOPIC AND DIELECTRIC STUDIES OF NEW
HYDROGEN BONDED SPECIES ...Dielectric Properties, Gase-
ous, Hydrogen, Phase Relationship, Water, ...1.0061

Infrared, Near
DIFFUSION OF OXYGEN AND HYDROGEN SULFIDE IN

WATER AS EFFECTED BY DISSOLVED SURFACTANTS
,..Diffusion-other, Oxygen, Sulfide, Surfa,tants, 1.0002

Ultraviolet
THE RELATION BETWEEN THE STRUCTURE AND PROPER-

TIES OF LIQUID WATER ...Infrared, Far, Raman, Water;
1.0102

ULTRAVIOLET ABSORPTION AND ITS POSSIBLE RELATION
TO EUTROPHICATION IN LARGE NEW HAMPSHIRE LAKES
Eutrophieation, Filtration, Lakes, New Hampshire, Technique
Development, ...5.0714

Stereochemistry
Configuration

STUDY OF A SPECIFIC INFLUENCE OF IONIC SPECIES ON
STRUCTURING IN WATER ...Electrolytes, Entropy, Half Cell,
Ion Exchange-other, Membranes-other, _1.0010

Inversion
AN EVALUATION OF THE SUGAR - INVERSION METHOD OF

MEASURING MEAN TEMPERATURE IN A CLIMATOLOGI-
CAL NETWORK ...Aldose and Ketosc, Microclimate-general,
Physical Climatology, Temperature, 2.0925

Isomerism
DIELECTRIC PROPERTIES OF HYDROGEN-BONDED LIQUIDS

,.,Alcohols, Desalination, Dielectric Properties, Hydrogen, Ther-
mal Relation-other, _1.0078

Steric Effects
ION-SOLVENT INTERACTION ,Assoc & Dissoc, Electrostatic,

Hydrogen, Mixed Solvents, Solt, _1.0018
NMR AND IR STUDIES OF HYDROGEN BONDING IN N-AL-

KY LPHOSPHORA MI DATES ...Hydrogen, Infrared, Nuclear
Magnetic Resonance, Phosphorous, Salt, ...5,0279

Stimulated Emission
Lasers

STUDY OF MASS TRANSFER THROUGH MEMBRAMES
Desalination, Electrodialysis, Membranes-other, Polarization,
Reverse Osmosis, 3.0035

Vibration
METAL ION INTERACTIONS WITH WATER ,..Bond Energy,

Forces, Hydrolysis, Inorganic, Metal Ion, Natural Occurring, Or-
ganic, Polynuclear Complex, 1.0077

Chemistry - Coordination
Complexes

INVESTIGATIONS OF AQUEOUS SALT SOLUTIONS BY
RAMAN SPECTROSCOPY ...Complexing, Raman, Solution, Sol-
vent-other, Thermal Relation-other. 1.0079

STRUCTURE AND MORPHOLOGY OF INORGANIC MEM-
BRANES Electron, Gel, Membranes-other, Transport, 3.0463

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON Aluminum, Iron, Mechanisms, Phosphate, Phos-
phite, Waste Water Treatment - general, ..5,0732

LIGAND EXCHANGE REAGENTS ...Calorimetric, Compound,
Dyes and Coloring, /on Exchange-other, Spectroscopy-other,
...5.0431

STRUCTURE OF CARBON-OXYGEN COMPLEXES ...Adsorp-
tion-other, Carbon, Infrared, Oxygen, Surface-other, 1.0082

NITRATE DETERMINATION USING CHROMIUM (II) COM-
PLEXES ...Chromium, Electroanalyses-other, Nitrate, Nitrite,
Other, Reduction-other, ..,1.0121

Complexing Agents
Chelating Agents

RECOVERY OF METAL SALTS FROM CONCENTRATED
BRINES BY CHELATION CONTRACT NO. 14-01-0001-1692
...Cost Analysis, Ion Exchange-other, Material Recovery, Potable,
Regeneration-other, 5.0142

EFFECTS OF CRUDE OILS AND THEIR EMULSIONS TO
MARINE ORGANISMS ...Emulsion, Oil, Petroleum Chemistry,
Poisons-other, Removal -- organics, 5.1082

Polynuclear Complex
METAL ION INTERACTIONS WITH WATER ...Bond Energy,

Forces, Hydrolysis, Inorganic, Metal Ion, Natural Occurring, Or-
ganic, Vibration, 1.0077

Chemistry - Effects

Additives
STUDIES ON APPLICATION OF RADIOISOTOPE TECHNIQUES

IN STREAM POLLUTION PROBLEMS IN THE PULP AND
PAPER INDUSTRY ...Iridium, Pollutants - Path of ,

Radioisotopes, 5.1233
STRUCTURE OD SEMIPERMEABLE POLYMER FILMS AND

ITS EFFECT ON SALT REJECTION ...Desalination, Filtration,
Membranes-other, Molecular Weight Distribution, Morphology-
other, _3.0414

WATER RESEARCH PROGRAM - SECTION IV. SEPARATIONS
PROCESS ...Chemical Effect-other, Interface, Membranes-other,
Other, Permeability, Porosity, Reverse Osmosis, Separation-
general, _3.0441

IMPROVEMENTS IN DESALINATION BY THE FLASH
EVAPORATION PROCESS ...Desalination, Evaporation,
Fluidized Bed, Ion Exchange-other, Scale Formation, ...3.0408

CONSTANT TOTAL PRESSURE EVAPORATION WITH HEART
REUSE BY A BULIT-IN ENGINE ...Boiling Point, Condensation,
Desalination, Heat Recovery, Saturated Hydrocarbons, 3.0135

EFFECT OF DRAG REDUCING ADDITIVES IN WATER
TRANSPORTATION ...Close Channel, Drag, Fluid Flow-other,
Laminar - Turbulent, Polymer Type-other, 1.0111

SMALL DESALINATION UNIT TO TEST SCALE REDUCTION
ADDITIVES ...Desalination, Distillation-other, Economic Effi-
ciency, Scale Formation, ..3.0429

UNSTEADY FLOW OF DILUTE AQUEOUS HIGH POLYMER
SOLUTIONS IN PIPES ...Fluid Flow-other, Mathematics
Matching Code, Pipes, Size, Unsteady, .8.0164

STORM WATER DEMONSTRATION PROJECT - CITY OF
SOMERSWORTH, NEW HAMPSHIRE ...Chlorination, Com-
bined Sewer, Polymer Type-other, Storm Water, 5.0710

MICROBIOLOGICAL TREATMENT OF POTATO WASTES
.Agricultural Microbiology, Canning Wastes, Industrial Wastes,

Material Recovery Wastes, Microbial-bacterial, Plant Waste
Removal, Treatment, Truce Analyses-other, 5.0978

EXTRACTION OF ALGAE BY FLOCCULATIVE TECHNIQUES
,..Algal Pollutant Sources, Extraction, Flocculation, Public Works,
...5.0398

Chemical Effect-other
WATER RESEARCH PROGRAM - SECTION IV. SEPARATIONS

PROCESS ...Additives, Interface, Membranes-other, Other,
Permeability, Porosity, Reverse Osmosis, Separation - general,
.,,3.0441

EFFECT OF METAL POISONING ON VARIOUS ENZYMES IN
FISH ...Atpasc, Inhibitors, Killifishs - Cyprinodon, Metals Ns,
Mineral Origin, _5.1091
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SUBJECT INDEX Chemistry - Instrumentation

Electric Field
WATER TRANSPORT ACROSS MEMBRANES BY ELECTRO-

OSMOSIS Desalination, Fleetroosmosis, Membranes-other,

Transport, 5.1012
APPLICATIONS OF POWDERED MAGNETIC IRON OXIDE

FOR THE REMOVAL. OF PATHOGENIC MICROORGANISMS

...Adsorption-absorption-other,
Electrochemistry-other, Magnetic,

Spinel Group, Virus, 5.0400

Environmental Conditions
Oxidizing Atmosphere

IMPROVEMENT OF THE CORROSION RESISTANCE OF ALU-

MINUM BRASS FOR USE IN SEA WATER CONVERSION

PLANTS ...Copper, Desalination, Films, High, Water, 3.0213

Impurity
INVESTIGATION OF DESALINATION BY FREEZING Bond

ype.other, Desalination, Free Energy, Freezing, Interface,

3.0417

Isotope
Deuterium

ISOTOPE EFFECT ON THE THERMODYNAMIC ACTIVITY OF

WATER ...Activity, Chemical-general, Solution, Vapor Pressure,

Water, 1.0112
THE ROLE OF WATER IN ORGANIC REACTIONS ...Inorganic,

Ketone, Solvolyses, Structure - Activity, Transition State, Water,

...1,0062

Isotope-other
A NUCLEAR MAGNETIC RELAXATION INVESTIGATION OF

WATER- MEMBRANE INTERACTIONS ...Inorganic, Interface,

Membranes-other, Nuclear Magnetic Resonance, Relaxation,

_3,0349

Magnetic Field
sourmcwrioN AND SEPARATION OF ICE FROM SALINE

WATER ...Convectein, Desalination, Freezing, Surface Energy,

...3.0277

Pressure
High

RESEARCH ON PIEZODIALYSIS ...Desalination, Dialysis, Mosaic,

3.0291
DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-

PRESSION PROCESS ..,Desalination. Evaporation, Freezing,

Pilot Plant, Potable Water, ...1.0128

PROPOSAL TO DEVELOP A HIGH-PRESSURE-FOAM WASTE

WATER TREATMENT PROCESS ...Flocculation, Foam, Or-

ganics, Waste Water Treatment-general, ...5.0100

HYDROSTATIC HIGH PRESSURE EFFECTS ...Activity, Enthalpy,

Entropy, Water, _1.0126

Pressure-other
SELF-ADJUSTING AND SELF-CLEANING FILTER FEASIBILI-

TY STUDY ...Chlorination. Combined Sewer, Filament Winding,

Filter-other, Pollutant-other, 5.0227

Radiation
Other

GAMMA RADIATION OF TEXTILE WASTE WATER TO

REDUCE POLLUTION ...Cobtalt, Gamma, Industrial Wastes,

Textile Wastes. Waste Water Treatment-general, _5.0006

Solvent
Aqueos

KINETICS OF ADSORPTION VIA DOUBLE LAYER CAPACITY

MEASUREMENTS ...Electrode, Interface, Methodology, Non-

electrical Measurements, 1.0100
THE STRUCTURE AND PROPERTIES OF WATER SOLUTIONS

Inorganic, Solubility. Thermodynamic Relation, Water, _1.0039

Hydrophobic
ION DISCRIMINATION BY HYDROPHOBIC MEMBRANES

...Diffusion-other. Equilibrium-other, Membranes-other, Solution,

3.0234

DIFFERENTIAL ION MOBILITY AT COLLOIDAL SURFACES
...Colloidal Phenomena, Diffusion-other, Membranes-other,

Radiochemical Techniques, Transport, 2,0033

Mixed Solvents
KA-SOLVENT INTERACTION ...Assoc & Dissoc, Electrostatic,

Hydrogen, Salt, Steric Effects, 1,0018
VISCOSITY STUDIES OF AQUEOUS SOLUTIONS ...Activation

Energy, Alcohols, Desalination, Viscosity, Water, ...1.003:1

Solvent-other
INVESTIGATIONS OF AQUEOUS SALT SOLUTIONS BY

RAMAN SPECTROSCOPY ...Complexes, Complexing, Raman,
Solution, Thermal Relation -other, ..I.0079

THE MECHANISM FOR FORMATION OF A SKINNED TYPE

MEMBRANE ...Desalination, Evaporation, Interface, Light Scat-

tering, Membranes-other, ...3.0265

Structural Effects
Structural Effect-other

INORGANIC ION EXCHANGERS AND THE NUCLEATION OF

SCALE FORMING MATERIALS .Calorimetry, Desalination,

Equilibrium - Chemical, Ion Exchange-other, Zirconium, .3,034II

THE MOLECULAR NATURE OF ORGANIC WASTE REMOVAL

PATTERNS ...Activated, Analysis and Den.ction, Gas, Organics.

Rate of Reactivi-i, 5.1155

Structure - Activity
THE ROLE OF WATER IN ORGANIC REACTIONS .Deuterium.

Inorganic, Ketonic, Solvolyses, Transition State, Water, 1.0062

Temperature
High

PROGRAM FOR ELF,CTRODIALYSIS RESEARCH AND

DEVELOPMENT ...Electrodialysis, Membranes-other, Other,

...3.0I16

Low
COMPLETE MIX ACTIVATED SLUDGE UNIT PROCESS

ADAPTION TO LOW TEMP ...Activated, Loading, Pilot Plant,
Separation-other, Solid Waste, _5.0028

Temperature-other
AN INVESTIGATION OF THE EFFECT OF CONTROLLED

RELEASES ON THE PHYSICAL, CHEMICAL AND BAC-
TERIOLOGICAL CHARACTERISTICS OF FORT LOUDOUN
RESERVOIR .,.Nitrogen, Phosphate, Phosphite, Stratified Flow,
Suspension, Tennessee, ...5.1128

HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE

SPECTRA OF ORGANIC PESTICIDES ...Carbamates -non-
specific, Chlorinated Hydrocarbons, Concentration, Decomposi-

tion-general, Isotopic, Nuclear Magnetic Resonance, Or-

ganophosphorous Cpds. , ...5.0283

Chemistry - Instrumentation
Application Or Purpose

Analyzing
INSTALLATION OF INSTRUMENTATION FOR CLAIR ENGLE

PLANT Computers-general, Desalination, Flash Distillation,

Gaging, ...3.0457
DEVELOPMENT OF A CALIBRATION MODULE FOR TRACE

OXYGEN ANALYZERS ...Calibration Devices, Chemical Analy-

sis (water), Inorganic, Oxygen, Technique Development, 3.0055
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DEVELOPMENT OF INSTRUMENTAL TECHNIQUES FOR THE

ANALYSIS OF TRACE ORGANIC CONSTITUENTS IN

WATER ...Chromatography-other, Infrared, Odor, Organic, Or-

ganic Wastes, ...5.0211

A CONTINUOUS MULTIPARAMETER WATER QUALITY
MONITOR ...Instrumental Services, Mobile, Recording Systems,
Transducers, Water Quality-general, 7.0006

ANALYTICAL INSTRUMENTATION FOR DETERMINING LOW
LEVELS OF TOTAL ORGANIC CARBON IN WATER

...Chemical Analysis, Organic-general, Total Organic Carbon,

...5.0094
THE DETERMINATION OF THE STRUCTURES OF ORGANIC

CONTAMINANTS IN WATER ...Chem Str Determ-other,

Chemical Identification, Chromatography-other, Distillation-other,
Spectroscopy-other, _5.0278



Chemistry - Instrumentation SUBJECT INDEX

Property Measurement
THERMAL PROPERTIES OF SALT SOLUTIONS ...Conductivity,

Salts, Solution, 11.0057

Mobile
DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-

PRESSION PROCESS FOR USE wru BRACKISH WATERS
...Brackish Water, Desalination, Freezing, North Carolina, Pilot
Plants, ...3.0487

TRAINING, TECHNICAL SUPERVISION, AND ASSISTANCE
REGARDING THE OPERATION OF A SKID-MOUNTED MSF
UNIT ...Aeration, Distillation-other, Foam, Other, Pilot Plant,
3.0491

FIELD EVALUATION OF THE SUL-BISUL ION EXCHANGE
PROCESS FOR DESALTING BRACKISH WATERS .Brackish
Water, Desalination, Ion Exchange-other, Salinity, 3,0214

DESIGN, CONSTRUCTION AND OPERATION OF A SKID-
MOUNTED ION EXCHANGE PILOT PLANT ...Cost Anu
Desalination, Economics-general, Ion Exchange-other. Pilot
Plants, ..3.0329

OPERATION OF A 50,000 OPD PORTABLE PILOT PLANT
Membranes-other, Pilot Plant, Reverse Osmosis, Scale Forma-
tion, Zeolite, ...3.0029

DESIGN AND CONSTRUCTION OF A LOW PRESSURE
HOUSEHOLD REVERSE OSMOSIS UNIT ...Brackish Water,
Cost Analysis, Desalination, Potable Water, Reverse Osmosis,
...3.0320

BIOLOGICAL NITROGEN FIXATION IN LAKES ...Acetylene,
Ethylene, Gus, Lakes, Nitrogen, Nitrogen Fixation, 5.1299

A CONTINUOUS MULTIPARAMETER WATER QUALITY
MONITOR ...Analyzing, Instrumental Services, Recording
Systems, Transducers, Water Quality-general, 7,0006

DEVELOP DESIGN DATA FOR LIGHT WEIGHT WATER PU-
RIFICATION UNIT ...Filtration, Potable, Potable Water,
Technique Development, Waste Water Treatment-other, 8.0297

LIGHTWEIGHT WATER PURIFICATION UNIT ..,Brackish
Water, Density, Desalination, Distillation-other, Distilling Units,
Plastic Matrix, Technique Development, Waste Water Treatment-
general, 3.0250

REVERSE OSMOSIS WATrill PURIFICATION ...Cellulose
Acetate, Military Aspects, Other, Potable Water, Reverse Osmo-
sis, 3.0251

ION EXCHANGE UNIT, 3000 ()PH Demineralization, Ion
Exchange-other, Other, Potable Water, Radioactivity-general,
5.1215

TECHNIQUES AND INSTRUMENTATION ...Chemical Analysis
(water), Physical Parameters, Technique Development, Tempera-
ture, Water Sampling, ...5.0187

Type
FLUOROMETRIC QUALITATION AND QUANITATION OF

LIGNIN SULFONATES IN WATER ...Fluorometry, Natural Oc-
curring, Pulp and Paper, Pulp and Paper Wastes, Sulfate, Sulfite,
Sulfonates (rso3na), -.5.0286

Automatic
ASSEMBLY AND EVALUATION OF AN IMPROVED PPB OX-

YGEN ANALYZER FOR SEA WATER ...Calibration Devices,
Gases, Inorganic, Oxygen, Technique Development, 3.0453

PROCESS CONTROL MODEL FOR OXYGEN REGENERATION
OF POLLUTED RIVERS ...Aeration, Chemical Oxygen Demand,
Detectors and Sensors, Model Studies, Oxygen, Streams, ...5,0727

Calibration Devices
DEVELOPMENT OF A CALIBRATION MODULE FOR TRACE

OXYGEN ANALYZERS ...Analyzing, Chemical Analysis (water),
Inorganic, Oxygen, Technique, Development, ...3.0055

ASSEMBLY AND EVALUATION OF AN IMPROVED PPB OX-
YGEN ANALYZER FOR SEA WATER ...Automatic, Gases, In-
organic, Oxygen, Technique Development, 3.0453

Detectors and Sensors
ION SELECTIVE, ELECTROCHEMICAL SENSORS ...Brackish

Water, Brines, Electroanalyses-other, Electrode, Technique
Development, -.5.1166

PROCESS CONTROL MODEL FOR OXYGEN REGENERATION
OF POLLUTED RIVERS ...Aeration, Automatic, Chemical Ox-
ygen Demand, Model Studies, Oxygen, Streams, ...5.0727

DETECTION AND IDENTIFICATION OF MOLECULAR WATER
POLLUTANTS BY LASER RAMAN SPECTROSCOPY

...Chemical Analysis, Industrial Wastes, Lasers and Masers, Pesti-
cides -non-specific, Physical Parameters, Raman, Surfactants,
...5.0441

ANALYSIS OF SOLUTIONS FOR SURFACE-ACTIVE CON-
STITUENTS ...Absorption-other, Electrochemical-other, Elec-
trode, Electrolytes, Surfactants, 5.0439

TURBULENCE IN LIQUIDS ...Quartz, Turbulence, Turbulent,
8.0187

QUANTITATIVE DETECTION OF SMALL, AMOUNTS OF
VIRUSES IN LARGE VOLUMES OF WATER ...Analysis and
Detection, Concentration, Filtration, Membranes-other, Virus,
...5.0842

Testing Devices
FISHER AND PORTER INSTALLATION METHODS ...Evapora-

tion, Gages, Technique Development, 7.0049

Ultrasonics
A STUDY OF HYPERSONIC WAVES IN WATER AND IN

AQUEOUS SOLUTIONS ...Dissociation, Hypersonic Waves, Inor-
ganic, Relaxation, Ultrasonic, Water, 1.0030

ION HYDRATION AND ION INTERACTION ...Assoc & Dissoc,
Attenuation, Calcium, Hydration, Magnesium, Salt, Ultrasonic,
1.0059

EFFECT OF SURFACTANT MICELLES ON METAL ION
REMOVAL BY FLOTATION FROM METALLURGICAL
WASTEWATER Copper, Foam, Metal Pickling Wastes,
Micelle, Surfactants, Zinc, .. 5.0691

FABRICATION AND EVALUATION OF AN ULTRASONIC FIL-
TRATION SYSTEM FOR TREATING COMBINED SEWER
OVERFLOWS ...Biochemical Oxygen Demand, Combined Sewer,
Filter-other, Overflow, Waste Treatment-economics, 5.0105

A STUDY OF THE EFFECT OF ULTRASONIC ENERGY ON
WASTE WATER ...Ammonia, Disinfection, Organics, 5.0104

Chemistry - Mechanisms

Kinetics
Kinetic-general

TRANSPORT PROPERTIES OF CONCENTRATED SALT SOLU-
TIONS ...Bond 'type -gencral, Conductivity, Desalination, Diffu-
sion-other, 1.0087

THE KINETICS OF COMPRESSIBILITY EFFECTS IN TWO
PHASE SINGLE COMPONENT FLOW ...Bubble, Rate Deter-
mination, Spectroscopy-other, Two-phase-other, 3.0292

KINETIC STUDIES OF THE OXIDATIVE DEGRADATION OF
DETERGENT, AND RELATED CHEMICAL SPECIES IN
AQUEOUS SOLUTION ...Biodegradation, Biological, Chemical
Degradation, Physical Degradation, Surfactants, Waste Water
Treatment-general, 5.0495

PREPARATION OF MONODISPERSE EMULSIONS ...Distribu-
tion, Emulsion, Nucleation, Precipitation, 5.0064

Kinetics-other
THE EFFECT OF ORGANIC INHIBITORS ON THE DISSOLU-

TION KINETICS OF IRON ...Corrosion General, Electrochemi-
cal-other, Electrode, Inhibitors, Iron, 3.0065

AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ...Chemical Treatment, Mass Transfer, Organic
Wastes, Solution, Wet Oxidation, -.5.0215

KINETICS AND MECHANISM IN ACTIVATED SLUDGE
PROCESSES ...Activated, Process Design, ...5.0927

A STUDY OF THE KINETICS OF THE ACTIVATED SLUDGE
PROCESS ...Activated, Aeration, Flow Regulations, Pump,
Storage-retention-facilities, ...5.0862

Order
OXYGENATION KINETICS OF REDUCED SULFUR SPECIES

..,Other, Oxidation-general, Oxygen, 5.0496

Rate of Reaction
BEHAVIOR OF LIQUID SURFACES DURING EVAPORATION

AND CONDENSATION ...Evaporation, 1.0083
DIFFUSION PHENOMENA IN ICE - RECRYSTALLIZATION

PHENOMENA IN ICE ...Concentration, Crystal Growth,
Desalination, Diffusion-other, Electrolytes, 3.0361

MAXIMUM RATE OF VAPORIZATION AND CONDENSATION
OF WATER WITH DISSOLVED SALTS AND SURFACE CON -
TAMINATION ...Condensation, Electrolytes, Evaporation,
Gas/gas, Vapor Pressure, 3.0413
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SUBJECT INDEX Chemistry Mechanisms

ENGINEERING FEASIBILITY STUDY OF THE HORIZONTAL
TUBE MULTIPLE EFFECT DISTILLATION PROCESS
...Desalination, Distilling Units, Economic Efficiency, Heat
Transfer, North Carolina, 3,0352

REMOVAL OF COLLOIDAL MATTER FROM WASTE WATER
...Microbial-bacterial, Organic Wastes, Pollutant-other, Sediments,
Waste Water Treatment-general, 5.0599

THE MOLECULAR NATURE OF ORGANIC WASTE REMOVAL
PATTERNS ...Activated, Analysis and Detection, (his, Organics,
Structural Effect-other, 5.1155

MECHANISMS AND RATES OF HEAVY METAL. SORPTION
AND DESORPTION ...Adsorption-desorption, Concentration,
Mechanisms, Other, Oxidation Reduction, 2,0181

Relaxation
ION-SOLVENT AND ION-ION INTERACTIONS IN AQUEOUS

ELECTROLYTES ...Activity, Assoc & Dissoc, Electrolytes, Tem-
perature Jump Method, Ultrasonic, 1.0095

A STUDY OF HYPERSONIC WAVES IN WATER AND IN
AQUEOUS SOLUTIONS ...Dissociation, Hypersonic Waves, Inor:-
ganic, Ultrasonic, Ultrasonics, Water, 1,0030

A NUCLEAR MAGNETIC RELAXATION INVESTIGATION OF
WATER-MEMBRANE INTERACTIONS ...Inorganic, Interface,
Isotope-other, Membranes-other, Nuclear Magnetic Resonance,
3.0349

Mechanism Determination
Mechanisms

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Aluminum, Complexes, Iron. Phosphate, Phosphite,
Waste Water Treatment-general, ...5.0732

BEHAVIOR OF TRACE ELEMENTS IN WATER RECLAMA-
TION TREATMENT PROCESSES ...Chemical Treatment-
general, Pollutant-other, Radioisotopes, Trace Elements, ...5.0177

THE ECOLOGY OF THE MICROBIAL POPULATION OF AC-
TIVATED SLUDGE ...Activated, Degradation, Industrial
Processes-other, Plant Succession, Toxic Substances -non-specific,
...5,0168

MECHANISMS AND RATES OF HEAVY METAL SORPTION
AND DESORPTION ...Adsorption-desorption, Concentration,
Other, Oxidation Reduction, Rate of Reaction, 2.0181

PHOSPHATE REMOVAL BY ACTIVATED ;SLUDGE PROCESS
APPLICATION - PLANT SCALE DEMONSTRATION ...Ac-
tivated, Location, Phosphate, Phosphite, Pollutant-other, Sewage
Treatment Plant, 5,0912

STUDY OF MICROBIOLOGICAL-BIOCHEMICAL PHOSPHATE
SORPTION MECHANISM BY ACTIVATED SLUDGE ...Ab-
sorption-other, Activated, Other, Phosphate, Phosphite, Sewage
Bacteria, -.5.0907

Transition State
THE ROLE OF WATER IN ORGANIC REACTIONS ..,Deuterium,

Inorganic, Ketonic, Solvolyses, Structure - Activity, Water,
1.0062

Reaction Media
Gaseous

SPECTROSCOPIC AND DIELECTRIC STUDIES OF NEW
HYDROGEN BONDED SPECIES ...Dielectric Properties,
Hydrogen, Infrared, Far, Phase Relationship, Water, 1.0061

ENGINEERING SERVICES - 50-150 MM GALLON PER DAY
MULTISTAGE, MULTIFLASH DESALINATION PROCESS
...Desalination, Distilling Units, flash Distillation, Fluid Flow-
other, Removal -- inorganics, -.3.0064

HIGH-PRESSURE VAPOR EXTRACTION OF SOLUBLE OR-
GANIC SOLUTES FROM AQUEOUS INDUSTRIAL WASTE
STREAMS ...Extraction, Flow of Gas in Liquid, High Pressure -
1 -1000 Atm, Industrial Processes-other, Two-phase-other,
5.0070

Liquid
INTERMOLECULAR FORCES AND THE LIQUID STATE

...Atomic & Molecular Beam, Bond Energy, Forces, Desalination,
Hydrogen, Inorganic, ...1.0051

Solid State
STUDIES OF CONCENTRATED AQUEOUS ELECTROLYTES

AND OF MOLTEN ELECTROLYTES BY INFRARED SPEC-
TROSCOPY ...Electrolytes, Infrared, Raman, Solution, Variable
Temperature, ...1.0118
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STUDY OF METHODS TO RETARD COMPACTION OF CELLU-
LOSE ACETATE MEMBRANES IN REVERSE OSMOSIS
DESALINATION ...Cellulose Acetate, Desalination, Membranes-
other, Natural Occurring, Reverse Osmosis, ...3.0149

Solution
INVESTIGATIONS OF AQUEOUS SALT SOLUTIONS BY

RAMAN SPECTROSCOPY ...Complexes, Complexing, Raman,
Solvent-other, Thermal Relation-other....1.0079

SOLUTE PROPERTIES OF WATER ...Hydration, Hydrogen,
Polarization, Water, ...1.0098

AN INVESTIGATION OF ION MOBILITY IN AQUEOUS SOLU-
TIONS ...Conductivity, State Variables - Pvt, ransport, Variable
Temperature, Variational Pressure, _1.0064

STUDIES BEARING ON THE RELATION OF STRUCTURE TO
PROPERTIES IN LIQUID SOLUTIONS ...Activity, Electrolytes.
Water, 1.0105

STUDIES OF CONCENTRATED AQUEOUS ELECTROLYTES
AND OF MOLTEN ELECTROLYTES BY INFRARED SPE. 7-
TROSCOPY ...Electrolytes, Infrared, Raman, Solid State, Vat a-
ble Temperature, 1.0118

THERMODYNAMICS OF MIXING OF SALT SOLUTIONS ...Al-
kali Metals-general, Salt, 1.0090

STATISTICAL MECHANICAL THEORIES CT FLUIDS ..Inter-
face. Quantum Analysis, Statistical, 'Tension, Van Der Muds
Forces, ...1.0084

ENERGETICS AND STRUCTURE OF THE HYDROGEN BOND
...Alcohols, Hydrogen, Infrared, Polarization, Telemerization,
...1.0036

THE INVESTIGATION OF TRANSPORT PROCESSES IN AQUE-
OUS ELECTROLYTE SOLUTIONS ...Conductivity, Diffusion-
other, Electrolytes, Ionic, Water, ...1.0093

HETEROGENEOUS NUCLEATION AND CONDENSATION OF
VAPORS ...Argon, Liquid, Nucleation, Water, 4 Ring System,
1.0094

THERMAL PROPERTIES OF SALT SOLUTIONS ...Conductivity,
Property Measurement, Salts, 1.0057

FREEZING POTENTIAL STUDY ...Desalination, Electrolytes.
Freezing, Polarization, Relaxation, -.3,0183

DISSOLVED GASES AND WATER CLUSTERING IN AQUEOUS
SOLUTION ...Chlorine, Dio; ide, Ions and Gases, Salt, Thermal
Properties-other, Water, _1,0052

ION DISCRIMINATION BY HYDROPHOBIC MEMBRANES
...Diffusion- other, Equilibrium-4)liter, Hydrophobic, Membranes-
other, 3.0234

ION - ION AND ION - MOLECULE INTERACTIONS IN AQUE-
OUS SALT SOLUTIONS ...Activity, Conductivity, Ionic, Osmotic
Pressure, Polarization, ...1.0020

A STUDY OF THE INTERACTIONS PRESENT IN AQUEOUS
SALT SOLUTIONS BY NUCLEAR MAGNETIC RESONANCE
SPECTROSCOPY ...Conservation-general, Ionic, Nuclear Mag-
netic, Transition Metal-general, Water Resources Development,
...1.0074

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
..Fluid Flow-other, Mass Transfer, Organic, Polymer Type-other,

Transport, ...1.0027
AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS

SYSTEMS ...Chemical Treatment, Kinetics-other, Mass Transfer,
Organic Wastes, Wet Oxidation, _5.0215

DIFFUSIVITY OF OXYGEN AND SULFIDE SPECIES IN AQUE-
OUS SOLUTIONS ...Chemical Treatment, Gas/liquid, Oxygen,
Sulfide, Surfactants, ...1.0003

ROTATIONAL STABILITY IN DILUTE POLYMER SOLUTIONS
...Polymer Type-other, Rheological-general, States of Flow, Waste
Water Treatment-other, 1.0028

ADSORPTION OF ORGANIC COMPOUNDS ONTO SOLIDS
FROM AQUEOUS SOLUTIONS ...Adsorption-general, Area, Or-
ganic Matter, Organics-general, S rface Energy, Surface-other,
...1.0122

ISOTOPE EFFECT ON THE . AODYNAMIC ACTIVITY OF
WATER ...Activity, Chemical-general, Deuterium, Vapor Pres-
sure, Water, 1.0112

NMR AND X-RAY STUDIES OF STRUCTURE IN AQUEOUS
ELECTROLYTE SOLUTIONS ...Adsorption-other, Electrolytes,
Nuclear Magnetic, Nuclear Magnetic Resonance, Reaction-
general, X-ray, ...1.0073

ATOMIZATION AND DROP SIZE OF NON - NEWTONIAN
FLUID ...Atomization, Distribution, Non - Newtonian, Nozzles,
Spray Devices, -.5.0796

STUDIES OF LOW MOLECULAR WEIGHT LIGNIN SUL-
FONATES ...Column, Molecular Weight Distribution, Natural
Occurring, Sulfonates (rso3na), 5.1262



Chemistry - Mechanisms SUBJECT INDEX

OXYGENATION OF AQUEOUS BODIES USING LIQUID OX-
YGEN ...Aeration, Diffusion-other, Oxygen, Waste Treatment-
economics, ...5.0685

THERMODYNAMICS OF WATER AND WATER SOLUTIONS
...Entropy, Water, ..1.0043

Vapor
WATER RESEARCH PROGRAM - SECTION I, PROPERTIES OF

SOLUTIONS ...Colloidal Phenomena, Distribution Coefficient,
Membranes-other, Potentiometry, Sults, Transport, -1.0115

INVESTIGATION OF ANOMALOUS WATER -Condensation,
Density, Phy and Chem Properties, Vapor Pressure, Viscosity,
Water, -3.0288

EFFECT OF THE WARM CLOUD BASE UPON CLOUDSEED-
1NG FROM THE GROUND ...Clouds-precipitation, Iodine,
Nucleation, Nucleation Physic's, Silver, -2.0156

Chemistry - Organic Compounds
Aliphatics

Acids
DEVELOPMENT OF REVERSE OSMOSIS MEMBRANES ...Cast-

ing of Materials, Cellulose Acetate. Desalination, Nitrogen,
Technique Development, -3.0050

THE BIOCHEMISTRY OF ANAEROBIC DIGESTION ...Anaero-
bic. Anaerobic Bacteria, Biodegradation, Other, Respiration,
...5.0762

STUDIES ON THE METHANOGENIC BACTERIA IN SLUDGE
,..Culture Collections, Digestion. Isolation From Nat, environ. ,

Methane Bacteria (nun - specs(.), -5.0259
NEW-TYPE GLYCOL. MONO ALKYL ETHERS FOR THE CON-

TROL OF WATER EVAPORATION, TO EXTEND THE USE
OF COTTONSEED OIL ...Agronomic, Condensation, Evapora-
tion, Water i.oss Control, -2.0451

EFFECT OF NITRIi.OTRIACETIC ACID (NTA ) UPON THE
TOXICITY OF METALS TO SELECTED SPECIES OF
ESTUARINE PHYTOPLANKTON ...Carbon, Chemicals (incl. al-
guides), Estuaries, Phytoplunkton, Radioisotopes, -5.1085

INVESTIGATION OF SOAP-DETERGENT COMBINATIONS
BASED ON INEbIBLE ANIMAL FA ...Biodegradation, Hydroly-
sis, Organic, Stability, Surfactants, -5.0991

Alcohols
SILVEX PERSISTENCE. IN WATER AND HYDROSOIL ...Chemi-

cal Analysis (water), Clay, Esters, Sand, -8.0162
DIELECTRIC PROPERTIES OF HYDROGEN-BONDED LIQUIDS

...Desalination, Dielectric Properties, Hydrogen, Isomerism, Ther-
mal Relation - other, -1.0078

ENERGETICS AND' STRUCTURE OF THE HYDROGEN BOND
...Hydrogen, Infrared. Polarization, Solution, Telemerization,
-1.0036

VISCOSITY STUDIES OF AQUEOUS SOLUTIONS ...Activation
Energy, Desalination, Mixed Solvents, Viscosity, Water, ...1.0033

INTERFACIAL STRUCTURE AND TRANSPORT IN WATER
...Evaporation, Flow Characteristics -water, Surface-other,
Viscosity, Water Loss Control, -3.0152

INTERMEDIATE PRODUCTS IN THE BACTERIAL DECOM-
POSITION OF HEXADECANOL ANL) OCTADECANOL
...Biodegradation, Gas, ...5.1158

SOIL MOISTURE EVAPORATION AND ITS CONTROL ...An-
titranspirants, Evaporation, Organometallie, Soil Environment,
Soil Physical Properties, Tillage, Cropping Systems, Water Loss
Control, -2.0969

EVAPORATION REDUCTION INVESTIGATIONS STUDY OF
THE EFFECTS OF FATTY ALCOHOLS ON THE ECOLOGY
OF LAKE HEFNER _Antitranspirants, Lakes, Physiological
Ecology, Plankton (non- specific), Texas, -3.0130

Aldehydes
AEROBIC SECONDARY TREATMENT OF PLYWOOD GLUE

WASTES -Activated, Aeration. Aerobic. Lagoon, Process
Design, Secondary Treatment, -5.0984

Aldose and Ketose
THE HYDROLOGIC SIGNIFICANCE OF CHEMICALLY

DERIVED MEAN BASIN TEMPERATURES ...Air Temperature
Instruments, Evaporation, Forecasting-prediction, Heat Measure-
ment, Pennsylvania. -2.0924

AN EVALUATION OF THE SUGAR - INVERSION METHOD OF
MEASURING MEAN TEMPERATURE IN A CLIMATOLOGI-
CAL NETWORK ...Inversion, Microclimate-general, Physical Cli-
matology, Temperature, .2.0925

Amines
(U) DETERMINATION OF FREE BROMINE IN WATER (US 14)

...Analysis and Detection, Bromine, Chlorine, Colorimctric,
-5.0372

Esters
SILVEX PERSISTENCE IN WATER AND HYDROSOIL ...Al-

cohols, Chemical Analysis (water), Clay, Sand, ...8.0162
DEVELOPMENT OF ULTRATHIN SKIN MEMBRANES - HEMA

POLYMERS ...Desalination, Films, Membranes-other,
Polymerization-general, Reverse Osmosis, -3.0278

1310DEGRADABLE DETERGENTS FROM ANIMAL FATS
...Biodegradation, Septic Tanks, Sulfonates (rso3na), Surfactants,
_5.0992

Olefins
STUDIES OF MEMBRANE PHENOMENA - PREPARATION OF

NEW ELECTRODIALYSIS MEMBRANES ...Electrodialysis, Ion
Selective, Organic, Polarization, ..3.0350

Phosphorous
NMR AND IR STUDIES OF HYDROGEN BONDING IN N-AL-

KYLPHOSPHORAMIDATES ...Hydrogen, Infrared, Nuclear
Magnetic Resonance, Salt, Steric Effects, -5.0279

Salt
THERMODYNAMICS OF MIXING OF SALT SOLUTIONS ...Al-

kali Metals-general. Solution, -1.0090
THE HEATS OF MIXING OF STRONG ELECTROLYTES ...Al

kalinc Earth-general, Electrolytes, Solution, Water, .1.0029
DISSOLVED GASES AND WATER CLUSTERING IN AQUEOUS

SOLUTION ...Chlorine, Dioxide, Ions and Gases, Solution, Ther-
mal Properties-other, Water, -1.0052

ION HYDRATION AND ION INTERACTION ...Assoc & Dissoc.
Attenuation, Calcium, Hydration, Magnesium, Ultrasonic, Ul-
trasonics, -1.0059

TRANSPORT PHENOMENA IN FUSED ORGANIC SALTS
...Desalination. Diffusion-other, Reverse Osmosis, Thermal Pro-
perties-other, Viscosity, -3.0075

Saturated Hydrocarbons
DISSOLVED ORGANIC PHOSPHORUS IN NATURAL WATERS

...Analysis and Detection, Organic-general, Precipitation.
Radiochemical Techniques. Removalinorganics, -1.0088

CONSTANT TOTAL PRESSURE EVAPORATION WITH HEART
REUSE 13Y A BULIT-IN ENGINE ...Additives. Boiling Point,
Condensation, Desalination, Heat Recovery, -3.0135

ORGANIC DECOMPOSITION AT POISED 0-R POTENTIAL
LEVELS -Anaerobic. Digestion. Electrodialysis, Membranes-
other, -5.0550

MICROBIAL INTERACTIONS IN WASTE TREATMENT
SYSTEMS ...Anaerobic, Digestion, Filter-other, Ion Selective,
Microbial-bacterial, -5.0395

CONTROLLING FACTORS IN METHANE FERMENTATION
...Bacterial Culture, Cell. env.(non-specific & Ot.). Fermentation,
Methane Bacteria (non-specif.), Respiration, -5.0754

MICROBIOLOGY OF ANAEROBIC SLUDGE ...Anaerobic,
Biological, Digestion, Fermentation, Microbial-bacterial. -5.0809

Condensed Alicyclics
4 Ring System

HETEROGENEOUS NUCLEATION AND CONDENSATION OF
VAPORS ...Argon, Liquid, Nucleation, Solution, Water, ...1.0094

Condensed Aromatics
Nitroso Compounds

REAGENTS FOR DETERMINATIONS OF TRACE IMPURITIES
IN WATER -Analysis and Detection, Cobalt. Inorganic, Nitrate,
Nitrite, Spectroscopy-general, -5.0330

Quinones
COMPOSITION OF RESIDUES FROM PULP BLEACHING

TREATMENTS ...Chlorination, Extraction, Natural Occurring,
Pulp and Paper Wastes, -5.0760

METHOD FOR QUANTITATIVE ANALYSIS OF PHENOLS IN
FUEL CELL PRODUCT WATER ...Alcohols, Fuel Cell-other,
Steam Distillation, Ultraviolet, Water, -1.0041
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SUBJECT INDEX Chemistry - Polymer

sis and Detection, Chromatography-other, Extraction-other, Spec-
troscopy-other, Taste and Odor, 5.0711

Dyes and Coloring
BIOLOGICAL TREATMENT OF SPENT VEGETABLE TANNINS

...Biological, Chemical Treatment, Industrial Wastes, Tannery
Wastes, Waste Water Treatment - general, ..5.1283

CHEMICAL CHARACTERISTICS OF ORGANIC COLOR IN
WATER ...Chemical Analysis, Coagulation, Depolymerization,
Hydrolysis, Other, 5.1259

LIGAND EXCHANGE REAGENTS ...Colorimetrie, Complexes,
Compound, Ion Exchange-other, Spectroscopy-other, 5,0431

WATER MEASUREMENT ...Discharge - general, Fluids, Measure-
ment, Technique Development. Water Quantity-general, ...8,0128

SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER
SURFACES AS RELATED TO EVAPORATION SUPPRESSION
...Antitranspirants, Evaporation, Monolayers, Polymer-other,
Sunshine, 3.0110

Heterocyclics (1 Hetero)
Nitrogen

DEVELOPMENT OF REVERSE OSMOSIS MEMBRANES
.,.Acids, lasting of Materials, Cellulose Acetate, Desalination,
Technique Development, ...3.0050

DESIGN AND CONSTRUCTION OF A REVERSE OSMOSIS
PILOT PLANT FOR THE DESALINATION OF SEA WATER
,..Desalination, Membranes-other, Pilot Plant, Reverse Osmosis,
Sea Water-general, 3.0051

Heterocyclics (2 Hetero)
Heterocyclics-other

ENHANCEMENT OF WATER QUALITY USING FOREST
DERIVED COAGULATING SYSTEMS ...Alcohols, Aldehydes.
Coagulation. Condensation, Industrial Processes-other, Pulp,
Paper , and Logging, ...5.1255

Noncondensed Aromatics
Alcohols

ENZYMES FOR ANALYSIS AND PURIFICATION OF SALINE
WATER SYSTEMS ...Biodegradation, Bioindicators, Degradation,
Fluorometry, Heavy Elements, Pesticides, 5.0456

ENHANCEMENT OF WATER QUALITY USING FOREST
DERIVED COAGULATING SYSTEMS ...Aldehydes, Coagula-
tion, Condensation, Heterocyclics-other, Industrial Processes-
other, Pulp, Paper , and Logging, ...5.1255

METAL. ION-CATALYZED OXIDATION OF PHENOLS AND
AROMATIC AMINES ...Catalytic, Metal Ion, Organic Wastes,
Radioisotopes, ...5.1159

EXPERIMENTAL CLOSED WATER SYSTEM TO ELIMINATE
WASTE WATER DISCHARGE FROM JOHNS MANVILLE
PLANT 03, DEFIANCE, OHIO ...Industrial Processes-other,
Screening. Solubility, Waste Water Treatment-general, ...5.0724

DEMONSTRATION OF A FACILITYFOR THE BIOLOGICAL
TREATMENT OF COMM EX CHLOROPHENOLIC WASTE
Aerobic, Organics, Pesticides, Pond, Removal of Residues,
5.0055

METHOD NOR QUANTITATIVE ANALYSIS OF PHENOLS IN
FUEL CELL PRODUCT WATER ...Fuel Cell-other, Quinones,
Steam Distillation, Ultraviolet. Water, _1,0041

SORPTION ISOTHEMS OF PHENOL ON IC EXCHANGE
RESINS ...Industrial Processes-other, Industrial Wastes, Ion
Exchange-other, Isotherm, 2.0402

Aldehydes
ENHANCEMENT OF WATER QUALITY USING FOREST

DERIVED COAGULATING SYSTEMS ...Alcohols, Coagulation,
Condensation, Heterocyclics- other, Industrial Processes-other,
Pulp, Paper , and Logging, 5.1255

Amines
SOLID COORDINATION COMPOUNDS OF ALKALI METAL

SAL i'S ...Alkali Metals-general, Chelation, Electronic Structure-
other, Precipitation, ...3.0432

Benzene Rings
THE RELATIONSHIP BETWEEN ADSORPTION AND PERMEA-

BILITY ...Adsorption-other, Cellulose Acetate, Organometallic,
Permeability, Silica Gel, 2.0698

Noncondensed Aromatics-other
THE ANALYSIS OF AROMATIC CONSTITUENTS IN WATER

USING FLUORESCENCE AND PHOSPHORESCENCE ...Analy-

Salt
NMR AND IR STUDIES OF HYDROGEN BONDING IN N-AL-

KYLPHOSPHORAMIDATES ...Hydrogen, Infrared, Nuclear
Magnetic Resonance, Phosphorous, Stcrie Effects, 5.0279

Organics-general
SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER

SURFACES AS RELATED TO EVAPORATION SUPPRESSION
Evaporation, Evaporation Control, Monolayers, Rcfractometry,
Water Loss Control, 2.1110

ADSORPTION OF ORGANIC COMPOUNDS ONTO SOLIDS
FROM AQUEOUS SOLUTIONS ...Adsorption-general, Area, Or-
ganic Matter, Solution, Surface Energy, Surface-other, 1.0122

IDENTIFICATION OF NATURAL AND SYNTHETIC ORGANIC
COMPOUNDS IN RAW AND TREATED MUNICIPAL
WASTES ...Chromatography-other, Filtration, Purlication- general,
Separation-general, Tertiary Treatment, 5.0847

Pesticides
ENZYMES FOR ANALYSIS AND PURIFICATION OF SALINE

WATER SYSTEMS ...Alcohols, Biodegradation, Bioindieators,
Degradation, Fluoromctry, Heavy Elements, 5.0456

SORPTION AND DESORPTION OF CHLORINATED
HYDROCARBON PESTICIDES IN AQUATIC SEDIMENT
MINERALS Absorption, Fixation, Exchange, Adsorption
Capacity, Adsorption-desorption, Equilibrium-other, Model Stu -
dies, 5.0690

DEMONSTRATION OF A FACILITYFOR THE BIOLOGICAL
TREATMENT OF COMPL EX CHLOROPHENOLIC WASTE
...Aerobic, Alcohols, Organics, Pond, Removal of Residues,
5.0055

ORGANIC SUBSTANCES IN WATER Extraction, Gas, Infrared,
Organic Wastes, Vacuum Distillation, 5.0120

INTERACTIONS OF PESTICIDES AND SEDIMENTED OILS
.Chemical Treatment-other, Chlorinated Hydrocarbons, Other,

Pollutants - Path of , 5.0551

Poisons-other
EFFECTS OF CRUDE OILS AND THEIR EMULSIONS TO

MARINE ORGANISMS ...Chelating Agents, Emulsion, Oil,
Petroleum Chemistry, Removal -- organics, 5.1082

Chemistry - Polymer

Basic Structure
Copolymers

NEW SYNTHETIC MEMBRANES FOR REVERSE OSMOSIS
DESALINATION ...Desalination, Membranes-other, Reverse Os-
mosis, Technique Development, 3.0468

RESEARCH AND DEVELOPMENT OF NEW POLYMER
SYSTEMS FOR REVERSE OSMOSIS MEMBRANES ...Desalina-
tion, Membranes-other, Organic, Reverse Osmosis, ...3.0031

IMPROVED ION EXCHANGE POLYMERS AND MEMBRANES
FOR ELECTRODIALYSIS OF SALINE WATER ...Electrodialy-
sis, Ion Exchange-other, Membranes-other, Other, 3.0395

DEVELOPMENT OF DESALINATION MEMBRANES ,..Desalina-
tion, Membranes-other, Organic, 3.0406

STUDIES OF MEMBRANE PHENOMENA - PREPARATION OF
NEW ELECTRODIALYSIS MEMBRANES ...Desalination, Elec.
trodialyfiis, Membranes-other, Organic, 3.0351

Homopolymers
DEVELOPMENT OF NEW AND IMPROVED CELLULOSE

ESTER REVERSE OSMOSIS MEMBRANES ...Brines, Desalina-
tion, Membranes-other, Natural Occurring, Reverse Osmosis,
3.0060

Terpolymers
MEMBRANE MATERIALS FOR WASTE WATER RECLAMA-

TION BY REVERSE OSMOSIS ...Cellulose Acetate,
Demineralization, Reverse Osmosis, Waste Water Treatment-
other, .,.5.0I49
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Chemistry - Polymer

Molecular Weight
Molecular Weight Distribution

STRUCTURE OD SEMIPERMEABLE POLYMER FILMS AND
ITS EFFECT ON SALT REJECTION ...Additives, Desalination,
Filtration, Membranessother, Morphology-other, -3.0414

STUDIES OF LOW MOLECULAR WEIGHT LIGNIN SUL-
FONATES ...Column, Natural Occurring. Solution, Sulfonates (r-
so3na), ...5.1262

Molecular Weight-other
METHODS TO REDUCE WATER POLLUTION CAUSED BY

STORM WATER SEWER LOADING BY USING FLUID FLOW
FRICTION REDUCERS ...Flow, Friction, Polyelectrolytes, Storm
Sewer Quantity-other, Storm Water, -5.1185

SUBJECT INDEX

Size
UNSTEADY FLOW OF DILUTE AQUEOUS HIGH POLYMER

SOLUTIONS IN PIPES ...Additives, Fluid Flow-other, Mathe-
matics Matching Code, Pipes, Unsteady, -8.0164

Monomer Synthesis
SYNTHESIS OF MODIFIED LOEB MEMBRANES BY GRAFT-

ING ...Desalination, Graft - Polymerization, Membranes-other,
Natural Occurring, Porosity, -3.0340

Morphology
Glassy

ELECTRIC AND STRUCTURAL PROPERTIES OF ION SELEC-
TIVE MEMBRANES ...Electrical Properties-other, Electrolytes,
Membranes-other, Permeability, Transport, -5.0135

TRANSPORT PROPERTIES OF AQUEOUS ELECTROLYTE
SOLUTIONS - AN APPROACH FROM THE HIGH CONCEN-
TRATION LIMIT ...Concentration, Desalination, Entropy, Trans-
port, Viscosity, -1.0049

Morphology-other
EFFECT OF PH AND IONIC STRENGTH ON THE CRYSTAL-

LIZATION AND MORPHOLOGY OF POLYMER MEM-
BRANES AND FIBERS ...Concentration, Desalination, Mem-
branes-other, Natural Occurring, Reverse Osmosis, -3.0188

THE PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
THE SURFACE MODIFICATION OF CELLULOSE AND RE-
LATED MATERIALS ...Desalination, Membranes-other, Natural
Occurring, Reverse Osmosis, -3.0211

STRUCTURE OD SEMIPERMEABLE POLYMER FILMS AND
ITS EFFECT ON SALT REJECTION ...Additives, Desalination,
Filtration, Membranes-other, Molecular Weight Distribution,
_3.0414

PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
SURFACE MODIFICATION OF CELLULOSE AND RELATED
MATERIALS ...Ccllulosics, Desalination, Film, Membranes-other,
Reverse Osmosis, -3.0212

DEVELOPMENT OF HOLLOW FILAMENT TECHNOLOGY
FOR REVERSE OSMOSIS DESALINATION SYSTEMS
...Desalination, Membranes-other, Reverse Osmosis, Technique
Development, -3.0165

STRUCTURE AND MECHANICAL BEHAVIOR OF POLYMERIC
MEMBRANES -Cellulose Acetate, Cellulosics, Mechanical Pro-
perties-general, Reverse Osmosis, Structure-materials-general,
-8.0269

Polymer Types
Natural Occurring

WHITE WATER CLARIFICATION AND REUSE ...Electrokinetic-
other, Flocculation, Pulp and Paper Wastes, Waste Treatment-
economics. Water Reuse, -5.0334

MEMBRANES FOR REVERSE OSMOSIS DESALINATION BY
DIRECT CASTING ON POROUS SUPPORTS ...Cellulosfrg, Cost
Analysis, Film, Reverse Osmosis, Saline Conversion, -3.030)

STUDY OF METHODS TO RETARD COMPACTION OF CELLU-
LOSE ACETATE MEMBRANES IN REVERSE OSMOSIS
DESALINATION ...Cellulose Acetate, Desalination, Membranes-
other, Reverse Osmosis, Solid State, ..3.0149

PREPARATION AND CHARACTERIZATION OF MEMBRANES
FOR REVERSE OSMOSIS ...Desalination, Membranes-other,
Reverse Osmosis, ...3.0364

MULTICOMPONENT MEMBRANE FOR REVERSE OSMOSIS
.Membranes-other, Other, Reverse Osmosis, .3.0386

EFFECT OF PH AND IONIC STRENGTH ON THE CRYSTAL-
LIZATION AND MORPHOLOGY OF POLYMER MEM-
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BRANES AND FIBERS ...Concentration, Desalination, Mem-
branes-other, Morphology-other, Reverse Osmosis, -3.0188

SYNTHESIS OF MODIFIED LOEB MEMBRANES BY GRAFT-
ING _Desalination, Graft Polymerization, Membranes-other,
Monomer Synthesis, Porosity, -3.0340

STUDY OF FACTORS WHICH DETERMNE THE IONIC
SELECTIVITY OF BIOLOGICAL AND ARTIFICIAL MEM-
BRANES ...Ion Selective. Molc+-ular Interaction, Other, Permea-
bility, -3.0371

THE PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
THE SURFACE MODIFICATION OF CELLULOSE AND RE-
LATED MATERIALS ...Desalination, Membranes-other,
Morphology-other, Reverse Osmosis, -3.0211

NEW SELECTIVE MEMBRANES ...Calcium, Desalination, Ion
Selective, Reverse Osmosis, -5.0763

A STUDY OF MEMBRANES FOR DESALINATION BY
REVERSE OSMOSIS ...Crosslinking, Desalination, Membranes-
other, Reverse Osmosis, -3.0030

DEVELOPMENT OF WATER PURIFICATION SYSTEMS BASED
ON REVERSE OSMOSIS ...Desalination, Membranes-other,
Plastic Matrix, Reinforcing Materials, Reverse Osmosis, -3.0147

DEVELOPMENT OF NEAR NEUTRAL MEMBRANES FOR USE
IN Tis.ANSPORT DEPLETION SYSTEM ...Desalination, Elec.
trodialysis, Ion Selective, -3.0321

CHARACTERIZATION OF CELLULOSE ACETATE MEM-
BRANES AND ULTRATHIN FILMS FOR REVERSE OSMOSIS
...Desalination, Electrical Properties, Film, Membranes, Mem-
branes-other, Reverse Osmosis, -3.0362

THE PREPARATION OF ULTRA-THIN REVERSE OSMOSIS
MEMBRANES BY ELECTROSTATIC DEPOSITION ...Desalina-
tion, Electrostatic, Membranes-other, Reverse Osmosis, -3.016.1

THE INFLUENCE OF HYDROXYL RATIO ON THE PER-
FORMANCE OF REVERSE OSMOSIS DESALINATION MEM-
BRANES _Desalination, Membranes-other, Reverse Osmosis,
-3.0330

MODIFICATION OF PROTEIN FILMS FOR USE IN DESALINA-
TION ...Desalination, Dialysis, Membranes-other, Polyvinyls-
other, Reverse Osmosis, ..3.0269

HYDROF(RMING REVERSE OSMOSIS MEMBRANES AND A
DESALTING MODULE BASED ON THE HYDROFORMINO
PROCESS ...Desalination, Membranes-other, Regeneration-other,
Reverse Osmosis, -3.0268

EVALUATION OF DESALINATION PROPERTIES OF CELLU-
LOSE ACETATE MEMBRANES IN FLAT, TUBULAR AND
SPIRAL WOUND CONFIGURATIONS ...Desalination, Film,
Membranes-other, Saline Conversion, Stress, Strain, -3.0052

DEVELOPMENT OF NEW AND IMPROVED CELLULOSE
ESTER REVERSE OSMOSIS MEMBRANES ...Brines, Desalina-
tion, Homopolymers, Membranes-other, Reverse Osmosis,
...3.0060

STUDIES OF LOW MOLECULAR WEIGHT LIGNIN SUL-
FONATES ...Column, Molecular Weight Distribution, Solution,
Sulfonates (rso3na), -5.1262

COMPOSITION OF RESIDUES FROM PULP BLEACHING
TREATMENTS ...Chlorination, Extraction, Pulp and Paper
Wastes, Quinones, -5.0760

LIGNIN SULFONATES IN PULP MILL EFFLUENTS ...Column,
Organic, Pulp and Paper Wastes, Sulfonates (rso3na), Ultraviolet,
-5.0959

FLUOROMETRIC QUALITATION AND QUANITATION OF
LIGNIN SULFONATES IN WATER ...Fluorometry, Pulp and
Paper, Pulp and Paper Wastes, Sulfate, Sulfite, Sulfonates (r-
so3na), Type, -5.0286

METAL ION INTERACTIONS WITH WATER ...Bond Energy,
Forces, Hydrolysis, Inorganic, Metal Ion, Organic, Polynuclear
Complex, Vibration, -1.0077

STRUCTURE OF THE BLUE-GREEN ALGA TOXIN
iirgCyacannophytamrf-specic & Ot), Gas, Glucagon X Hor, Mass,

Organic
SYNTHESIS AND EVALUATION OF NEW POLYMER MEM-

BRANE CANDIDATES FOR APPLICATION IN REVERSE OS-
MOSIS ...Brackish Water, Brines, Desalination, Membranes-other,
Reverse Osmosis, ...3.0174

RESEARCH AND DEVELOPMENT OF NEW POLYMER
SYSTEMS FOR REVERSE OSMOSIS MEMBRANES
...Copolymers, Desalination, Membranes-other, Reverse Osmosis,
...3.0031

RESEARCH ON NEW ION-ADSORPTION ELECTRODES FOR
DEMINERALIZATION OF SALINE WATER ...Desalination,



SUBJECT INDEX Chemistry - Surface & Colloid

Electrochemistry-other, Electrode, Graft - Polymerization, Oxida-
tion Reduction, Removal -- inorganics, 3.0363

STUDIES OF MEMBRANE PHENOMENA - PREPARATION OF
NEW ELECTRODIALYSIS MEMBRANES ...Electrodialysis, Ion
Selective, Olefins, Polarization, 3,0350

DEVELOPMENT OF DESALINATION MEMBRANES
...Copolymers, Desalination, Membranes-other, 3.0406

STUDIES OF MEMBRANE PHENOMENA - PREPARATION OF
NEW ELECTRODIALYSIS MEMBRANES Copolymers,
Desalination, Electrodialysis, Membranes-other, 3.0351

WATER QUALITY CONTROL WITH SYNTHETIC POLYMERIC
FLOCCULANTS ...Activated, Bacteria, Bacterial Pollutant
Sources, Flocculation, Water Quality Control-general, ...5.0221

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
..Fluid Flow-other, Mass Transfer, Polymer Type-other, Solution,

Transport, .1,0021
INCREASING WATER SUPPLIES BY SUPPRESSION OF RESER-

VIOR EVAPORATION ...Evaporation, Membranes-other,
Monolayers, Reservoirs and Impoundments, Water Loss Control,
3,0397

SORPTION BEHAVIOR OF ORGANIC PYROPOLYMERS IN
AQUEOUS SOI U'l'ION ...Adsorption-absorption-other, Organics,
Porosity, ...S.0232

WASTE TREATMENT FACILITIES FOR POLY VINYL
CHLORIDE MANUFACTURING PLANT ...Activated, Activated
Carbon, Chemical Manufacturing Wastes, Effluent-standards,
Pond, 5.0866

SUSPENDED AND COLLOIDAL SOLIDS REMOVALFLOCCU-
LATION BY ORGANIC POLYMERS ...Biological Treatment-
other, Chemical Treatment, Colloidal Phenomena, Filter-other,
Separation-general, 5.0851

Organometallie
THE RELATIONSHIP BETWEEN ADSORPTION AND PERMEA-

DUTY Adsorption-other, Benzene Rings, Cellulose Acetate,
Permeability, Silica Gel, 2.0698

SOIL MOISTURE EVAPORATION AND ITS CONTROL ...Al-
cohols, Antitranspirants, Evaporation, Soil Environment, Soil
Physical Properties, Tillage, Cropping Systems, Water Loss Con-
trol, 2,0969

Polymer Type-other
EFFECT OF DRAG REDUCING ADDITIVES IN WATER

TRANSPORTATION Additives, Close Channel, Drag, Fluid
Flow-other, Laminar Turbulent, 1,0111

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
...Fluid Flow-other, Mass Transfer, Organic, Solution, Transport,
1,0027

ROTATIONAL STABILITY IN DILUTE POLYMER SOLUTIONS
Rheological-general, Solution, States of Flow, Waste Water
Treatment-other, ...1.0028

DEMONSTRATION AND EVALUATION OF POLYMERIC AD-
DITIVES IN THE TREATMENT OF STORM SEWER OVER-
FLOW ...Combined Sewer, Pilot Plant, 5.0579

STORM WATER DEMONSTRATION PROJECT - CITY OF
SOMERSWORTH, NEW HAMPSHIRE ,..Additives, Chlorination,
Combined Sewer, Storm Water, _5.0710

Polymer-other
DETERMINATION OF THE SURFACE AND COLLOIDAL CON-

DITIONS WHICH CAN LEAD TO HIGH SALT REJECTION
REVERSE OSMOSIS POLYMER MEMBRANES ...Colloidal
Phenomena, Desalination, Ion Selective, Reverse Osmosis,
3.0071

ENCAPSULATION AND SOLIDIFICATION OF INTERMEDIATE
LEVEL RADIOACTIVE WASTES IN THERMOPLASTICS
...Accidental, Encapsulation, Fire Research-other, Instrumenta-
tion, Plant Equip. , Radioisotopes, Recovery, Scrap and Wastes,
5.1142

SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER
SURFACES AS RELATED TO EVAPORATION SUPPRESSION
...Antitranspirants, Dyes and Coloring, Evaporation, Monolaycrs,
Sunshine, ...3.0110

Structural Types
Crosslinked

GEL SEPARATION PROCESSES FOR SALINE SOLUTIONS
...Desalination, Gel Filtration, Ion Exchange-other, Other,
3.0066

CORROSION PROTECTION BY INHIBITOR CROSS - LINKING
AND SURFACE COATING GRAFTING ...Cement, Concrete, In-
hibitors, Metallic Alloys, Metals, Radiation Induced, 3.0404

RESEARCH ON IMPROVED REVERSE OSMOSIS MEMBRANES
Cellulosics, Membranes-other, Polyvinyl Pyrrolidone, Porosity,

Reverse Osmosis, Saline Conversion, 3.0096

Chemistry - Specialized Fields
Drug Chemistry

INTERACTION OF ORGANIC MOLECULES IN WATER ...Assoc
& Dissoc, Catalytic, Enzymatic, Organic-general, ...1.0058

Water Chemistry
THE CHEMISTRY OF MAGANESE IN NATURAL WATERS

...Analysis and Detection, Chemical-general, Manganese, Oxida-
tion-other, Water Treatment -- General, ...5.0129

THE APPIXATION OF PROGRAMMED LEARNING
TEaiNioups TO WATER CHEMISTRY ...Chemical-general,
Education and Training, Water Quality Control-general, 9.0010

Chemistry Surface & Colloid

Absorption
Absorption-other

ANALYSIS OF SOLUTIONS FOR SURFACE-ACTIVE CON -
STITUENTS ...Detectors and Sensors, Electrochemical-m:1er,
Electrode, Electrolytes, Surfactants, ...5.0439

THE EFFECT OF DETERGENTS ON THE OXYGENATION OF
WATER ...Activated, Isotherm, Oxygen, Surfactants, ...5.1207

PRODUCTION OF HIGHLY PALATABLE WATER FROM AIR
FOR HOUSEHOLD, LIVESTOCK, AND INDUSTRIAL USE
...Cont Analysis, Potable Water, Process Development-other, Solar
Still, Water Development, 3,0242

STUDY OF MICROBIOLOGICAL-BIOCHEMICAL PHOSPHATE
SORPTION MECHANISM BY ACTIVATED SLUDGE ...Ac-
tivated, Mechanisms, Other, Phosphate, Phosphite, Sewage Bac-
teria, ...5.0907

Metals
CORROSION PROTECTION BY INHIBITOR CROSS-LINKING

AND SURFACE COATING GRAFTING ...Cement, Concrete,
Crosslinked, Inhibitors, Metallic Alloys, Radiation Induced,
.3.0404

Adsorption
Adsorption-general

ADSORPTION OF ORGANIC COMPOUNDS ONTO SOLIDS
FROM AQUEOUS SOLUTIONS Area, Organic Matter, Or-
ganics- general, Solution, Surface Energy, Surface-other, 1.0122

FLOCCULATION OF COLLOIDS WITH POLYELECTROLYTES
IN AQUEOUS SALT SOLUTIONS ...Coagulation, Colloidal
Phenomena, Flocculation, Polyelectrolytes, Salinity, 5.1065

DISTRIBUTION OF ELEMENTS IN FLUVIAL AND BRACKISH
ENVIRONMENTS ...Adsorption Capacity, Brackish Water,
Chemical Reactions, Element Ratios, Exchange Capacity, Solu-
tion, ...2.0282

Adsorption-other
THE RELATIONSHIP BETWEEN ADSORPTION AND PERMEA-

BILITY ...Benzene Rings, Cellulose Acetate, Organometallie,
Permeability, Silica Gel, _2.0698

ELECTROSORPTION AND DESORPTION PROCESS FOR
DEMINERALIZATION ...Demineralization, Desalination, Elec-
trochemistry-other, Industrial Operation-other, Membranes-other,
5.0014

A STUDY OF PRESCALING DEPOSITION ...Copper, Desalina-
tion, Radioisotopes, Saline Conversion, Scaling, Encrusting,
1.0011

CONSTRUCTION AND OPERATION OF 7-GPM PILOT PLANT
FOR SILICA REMOVAL ...Evaporation, Hardness, Pilot Plant,
Pollutant-other, Silicon, 3.0323

THE ELECTROSORB PROCESS FOR DESALTING WATER
...Carbon, Desalination, Electrochemistry-other, Electrode,
_3,0102

THE THERMOSORB PROCESS FOR DESALTING WATER
Carbon, Coq Analysis, Desalination, Ion Exchange-other, Ther-
mal Treatment, 3.0103

THE ELECTROSORB PROCESS FOR DESALTING WATER
...Carbon, Desalination, Electrochemistry-other, Electrode,
...3.0104
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Chemistry - Surface & Colloid SUBJECT INDEX
ADSORPTION OF IONS IN TRACE CONCENTRATIONS ON

SOIL AND SILT PARTICLES Adsorption Capacity,
Radioisotopes, Size, Soil Environment, Transfer Processes,
_10349

THE IMPACT OF LEAD-ZINC MINING ON THE QUALITY
AND ECOLOGY OF SURFACE WATERS IN SOUTHEAST
MISSOURI ...Atomic Absorption, Lead, Missouri, Trace Ele-
wtts, Zinc, 5.0689

THE EFFECT OF CLAY MINERALS ON THE CHEMICAL COM-
POSITION OF FRESH AND SALINE WATERS ...Chemical-
general, Clay Minerals-general. Core Analysis, Exchange-other,
Groundwater, Interstitial - Connate Water, _2.0360

DEVELOPMENT OF PULSATING ADSORPTION FILTER FOR
TERTIARY TREATMENT OF WASTE WATERS ...Ash-coal,
Biological, Pilot Plant, Sand, Tertiary Treatment, ..5.0408

NMR AND X-RAY STUDIES OF STRUCTURE IN AQUEOUS
ELECTROLYTE SOLUTIONS ..Electrolytes, Nuclear Magnetic,
Nuclear Magnetic Resonance, Reaction-general, Solution, X-ray.
1,0073

ADSORPTION FROM AQUEOUS SOLUTION ...Adsorption, Ad-
sorption-absorption-other, Organic Matter, Organics. ...5.0558

REFRACTORY ADSORPTION ON CHEMCOKE ...Activated Car-
bon. Carbon, Phy and Chem Properties, Refractory, ..5.1135

STUDY OF THE SULFIDE-TO-SULFATE REACTION
MECHANISM ...Biological Cycles, Oxidation-general, Properties
and Structure, Pyrite Group, Solution Chemistry. Sulfate, Sulfite.
Sulfide, ...5.0880

STRUCTURE or CARBON-OXYGEN COMPLEXES ...Carbon,
Complexes, Infrared, Oxygen, Surface-other, ...1.0082

PHYSICS AND CHEMISTRY OF SOIL WATER AND INTERFA-
CIAL PHENOMENA ...Boundary Process (moisture), Frost and
Permafrost, Moisture Retention, Permafrost-frozen, Thermal Pro-
perties-general, ...1.0076

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
TEXTILE WASTE EFFLUENTS ...Chromatography-other, Ex-
traction-other, Organic Wastes, Spectroscopy-other, Textile
Wastes, ...5.0280

RELATIONSHIP OF PESTICIDE PROPERTIES TO ADSORP-
TION _Eleetrophoresis, Polarization, Vapor Pressure, ..5.0825

PARTICULATE-ORGANIC EFFECT - SENSORY QUALITY OF
WATER ...Coagulation, Colloidal Phenomena, Organic Matter,
Potable Water, Taste and Odor, Waste Water Treatment-other,
5.1013

SORPTION KINETICS IN FLOW THROUGH GRANULAR PAR-
TICLES ...Groundwater, Ion Exchange-other, Porous Media -
Flow Through, Rate Determination, Tertiary Treatment, Water
Quality Control - general, ..S.1191

isotherm
REMOVAL OF TRACE ORGANICS FROM WATER BY AD-

SORPTION ON COAL ...Activated Carbon, Adsorption, Coal-
general. Organic, Waste Water Treatment-general, 5.1209

THE EFFECT OF DETERGENTS ON THE OXYGENATION OF
WATER ...Absorption-other, Activated, Oxygen, Surfactants,
_5.1207

SORPTION ISOTHEMS OF PHENOL ON ION EXCHANGE
RESINS ...Alcohols, Industrial Processes-other, Industrial Wastes,
Ion Exchange-other, 2.0402

PHYSICAL-CHEMICAL PHENOMENA ASSOCIATED WITH OR-
GANO-COLLOIDAL SURFACE INTERACTIONS ...Absorption,
Fixation, Exchange, Bond Type-general, Colloidal Phenomena,
Decomposition-other, X-ray, 5.0277

Metals
A STUDY OF THE EFFECTS OF SURFACE POTENTIAL ON

SCALE FORMATION ...Crystal Growth, Desalination, Elec-
trochemistry-other, Nucleation, Settle Formation, ...3.0080

Silica Gel
THE RELATIONSHIP BETWEEN ADSORPTION AND PERMEA-

BILITY ...Adsorption-other, Benzene Rings, Cellulose Acetate,
Organometallic. Permeability, ...2.0698

Zeolite
OPERATION OF A 50,000 GPD PORTABLE PILOT PLANT

...Membranes- other, Mobile. Pilot Plant, Reverse Osmosis, Scale
Formation, ...3.0029

AMMONIA REMOVAL FROM AGRICULTURAL RUNOFF BY
SELECTIVE ION EXCHANGE ...Ammonia, Ammonium, Ion
Exchange-other, Process Design, Runoff, Waste Water Treatment-
general, 5.1247

Adsorption-desorption
SORPTION AND DESORPTION OF CHLORINATED

HYDROCARBON PESTICIDES IN AQUATIC SEDIMENT
MINERALS ...Absorption, Fixation, Exchange, Adsorption
Capacity, Equilibrium-other, Model Studies, Pesticides, ..5.0690

MECHANISMS AND RATES OF HEAVY METAL SORPTION
AND DESORPTION _Concentration, Mechanisms, Other, Ox-
idation Reduction, Rate of Reaction, ...2.0181

RURAL RUNOFF CONTROL Nutrients, Pesticides -non-specific,
Runoff, Rural Areas, Thermal Properties-other, ...5.02$2

Catalysts
Catalyst-other

APPLICABILITY OF ARDOX CATALYSTS TO THE OXIDA-
TION OF MUNICIPAL SEWAGE EFFLUENTS AND OF
WASTES PRODUCED DURING MANNED SPACE FLIGHT
...Catalytic. Effluent-standards. Manned Satelite, Municipal-waste-
other, Sewage, ...5.0745

Enzymatic
EFFECTS OF POLAR ORGANIC SOLVENTS ON ENZYME AC-

TION ...Dipole and Dielectric, Exobiology, Kinetics -other, Tem-
perature, Water, ...1.0063

INTERACTION OF ORGANIC MOLECULES IN WATER ...Assoc
& Dissoc, Catalytic, Drug Chemistry, Organic-general, 1.0058

Colloidal Phenomena
DETERMINATION OF THE SURFACE AND COLLOIDAL CON-

DITIONS WHICH CAN LEAD TO HIGH SALT REJECTION
REVERSE OSMOSIS POLYMER MEMBRANES ...Desalination,
Ion Selective, Polymer-other, Reverse Osmosis, 3.8071

MICROFLOTATION AND FLOCCULATION OF NATURAL
COLLOIDAL SYSTEMS ...Adsorption, Electrochemistry,other,
Flocculation, Flotation, Microbial-bacterial, 5.0790

WATER RESEARCH PROGRAM - SECTION I, PROPERTIES OF
SOLUTIONS ...Distribution Coefficient, Membranes-other, Poten-
tiometry, Salts, Transport, Vapor, 1.0115

CHARACTERIZATION AND REMOVAL OF REFRACTORY
COLOR COLLOIDS FROM HAWAIIAN SURFACE WATERS
...Coagulation. Color, Hawaii, Polyclectrolytes, Potable Water.
Zeta Potential, 5.0310

TRANSPORT PROCESSES OF PARTICLES IN DILUTE SUSPEN-
SIONS IN TURBULENT WATER FLOW ...Flow Characteristics
-water, Hydraulics-general, Sedimentation, Transport, Turbulent
Flow, _5.0370

ELECTROPHORETIC CLARIFICATION OF WATER ...Bacterial
Pollutant Sources, Desalination, Other, Pesticides -non-specific,
Tertiary Treatment, Waste Water Treatment-general, 5.1157

FLOCCULATION OF COLLOIDS WITH POLYELECTROLYTES
IN AQUEOUS SALT SOLUTIONS ...Adsorption-general, Coagu-
lation, Flocculation, Polyelectrolytes, Salinity, _5.1065

THE REMOVAL OF IMPURITIES IN TRICKLING FILTER EF-
FLUENTS ...Coagulation, Other, Secondary Treatment, Tertiary
Treatment. Trickling, 5.1106

FOAM SEPARATION FLOTATION OF COLLOID ORGANIC
SYSTEMS ...Chromium, Flotation, Foam, irm, Process Design,
Pulp and Paper Wastes, Sulfate, Sulfite, Surfactants, ...5.0445

DIFFERENTIAL ION MOBILITY AT COLLOIDAL SURFACES
..,Diffusion-other, Hydrophobic, Membranes-other, Radiochemical
Techniques, Transport, 2.0053

FLOW OF COLLOIDAL SUSPENSIONS IN POROUS MEDIA
...Model Studies, Porous Media - Flow Through, Radioisotopes,
Suspension, ...2.0871

PHYSICAL-CHEMICAL PHENOMENA ASSOCIATED WITH OR-
GANO-COLLOIDAL SURFACE INTERACTIONS ...Absorption,
Fixation, Exchange, Bond Type-general, Decomposition-other,
Isotherm, X-ray, ...5.0277

SUSPENDED AND COLLOIDAL SOLIDS REMOVALFLOCCU-
LATION BY ORGANIC POLYMERS Biological Treatment-
other, Chemical Treatment, Filter-other, Organic, Separation-
general, 5.0851

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL--SOLIDS
SEPARATION BY CHEMICAL TREATMENT AND FILTRA-
TION .. Coagulation, Emulsion, Filter-other, Membranes-other,
Separation-general, 5.0854

PARTICULATE-ORGANIC EFFECT - SENSORY QUALITY OF
WATER ...Adsorption-other, Coagulation, Organic Matter, Pota-
ble Water, Taste and Odor, Waste Water Treatment-other,
...5.1013
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SUBJECT INDEX Chemistry - Surface & Colloid

.Demineralization, Distilling Units, Evaporation, Heat Transfet,
Interface, ...3.0489

DEVELOPMENT OF ULTRATHIN SKIN MEMBRANES HEMA
POLYMERS ...Desalination, Esters, Membranes-other,
Polymerization-general, Reverse Osmosis, 3,0278

IMPROVEMENT OF THE CORROSION RESISTANCE OF ALU-
MINUM BRASS FOR USE IN SEA WATER CONVERSION
PLANTS ...Copper. Desalination, High, Oxidizing Atmosphere,
Water, 3,0213

Electrokinetics
Eleetrokinetic-other

WHITE WATER CLARIFICATION AND REUSE ...Flocculation,
Natural Occurring, Pulp and Paper Wastes, Waste Treatment-
economies, Water Reuse, 5.0334

Electroosmosis
WATER TRANSPORT ACROSS MEMBRANES BY ELECTRO-

OSMOSIS ...Desalination, Electric Field, Membranes-other,
'Transport, 5.1012

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties, Infiltration, Soil Environment,
Streaming Potential, Unsaturated Flow, Zeta Potential, 2.0467

ELECTROOSMOTIC PUMPING FOR DEWATERING SEWAGE
SLUDGE ...Drying-tit:watering, Electrode, Sludgeleneral, Treat-
ment-other, ...5.0072

FARM ANIMAL WASTE DISPOSAL .,.Aeration, Animal Waste
Removal-treatment, Drying-dewatering, Farm Wastes, ...5.0564

Electrophoresis
REMOVAL OF SUSPENDED MATTER AND TURBIDITY FROM

WATER 13Y FLOCCULATION WTI-1-1 POLYF.LECTROLYTE
COAGULANTS AND COAGULATION ACIDS ...Flocculation.
Polycleetrolytes, Sediments, Waste Water Treatment-general,
...4.0109

RELATIONSHIP OF PESTICIDE PROPERTIES TO ADSORP-
TION ...Adsorption-other. Polarization, Vapor Pressure, 5.0825

Streaming Potential
THE TRANSPORT OF SALTS AND WATER ACROSS A CA-

TION EXCHANGER UNDER A GRADIENT OF HYDRO-
STATIC PRESSURE. ...Cation, Desalination. Membranes-other.
Thermodynamic Non Equilibrium, 3.0467

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties. Elevtroosmosis. Infiltration, Soil
Environment, Unsaturated Flow, Zeta Potential, ...2.0467

TREATMENT OF WATER FROM SMALL RESERVOIRS FOR
DOMESTIC' CONSUMPTION ...Coagulation. Filter-other, Water
Utilization -domestic....5.0397

Zeta Potential
ELECTRICAL EFFECTS ON WATER INFILTRATION INTO

SOILS ...Electrical Properties, Eleetroosmosis, Infiltration, Soil
Environment. Streaming Potential. Unsaturated How. ...2.0467

CHARACTERIZATION AND REMOVAL OF REFRACTORY
COLOR COLLOIDS FROM HAWAIIAN SURFACE WATERS
...Coagulation, Colloidal Phenomena. Color. Hawaii, Polyelec-
trolytes, Potable Water, 5.0310

A MATHEMATICAL MODEL. FOR THE FINAL CLARIFIER OF
AN ACTIVATED SLUDGE PROCESS ...Activated, Computers-
general. Effluents-waste Water, Forecasting-prediction, Thicken-
ing, ...5.1322

Emulsion
EFFECTS OF SURFACTANTS ON FIBROUS I3ED COALESCING

..,Interface, Packed Bed, Solubility, Surfactants, Water Treatment
-- General, ...5.0340

PREPARATION OF MONODISPERSE EMULSIONS ...Distribu-
tion, Kinetic-general, Nucleation, Precipitation, 5.0064

THE SURFACE SHEAR VISCOSITY OF MONOMOLECULAR
FILMS ...Viscosity, 5,0791

TREATMENT OF WASTE WATER - WASTE OIL MIXTURE
..,Coagulation, Disposal, Flocculation, Flotation, Process Design,
...5.0898

FILTRATION OF AQUEOUS EFFLUENTS CARRYING EMUL-
SIFIED OILS ...Coagulation, Effluents-waste Water. Filter-other,
Oil - Technological Testing, .I.0008

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL--SOLIDS
SEPARATION BY CHEMICAL TREATMENT AND FILTRA-
TION ...Coagulation, Colloidal Phenomena, Filter-other, Mem-
branes-other, Separation- general. ,..5,0854

EFFECTS OF 'CRUDE OILS AND THEIR EMULSIONS To
MARINE ORGANISMS _Chelating Agents, Oil, Petroleum
Chemistry. Poisons-other, Removalorganics, 5.1082

Films
DEVELOPMENT OE PERMANENT SYSTEMS FOR DROPW1SE

CONDENSATION ...Condensation, Distillation-other, Heat
Transfer, Pilot Plant, Vapor, _3,0411

AN INTERFEROMETRIC INVESTIGATION OF TRANSPORT
PHENOMENA IN PARTIAL PRESSURE DISTILLATION

Heterogeneous Catalysis
CATALYTIC OXIDATION OF ORGANIC COMPOUNDS IN

WASTE WATERS Chemical Treatment-general, Electrochemis-
trpother, Electrolytic. Organics, ...5.0332

HE'T'EROGENEOUS OXIDATION OF POLLUTANTS IN WATER
...Chemical Treatment-other, Element. Organic Matter, Oxidants,
Regeneration-other. ...5.0789

Homogeneous Catalysis
Metal Ion

METAL ION-CATALYZED OXIDATION OF PHENOLS AND
AROMATIC AMINES ...Alcohols, Catalytic. Organic Wastes,
Rad ioisotopes, _5.1159

METAL ION INTERACTIONS WITH WATER ..,Bond Energy,
Forces, Hydrolysis, Inorganic, Natural Occurring, Organic,
Polynuclear Complex. Vibration, 1.0077

Interface
KINETICS OF ADSORPTION VIA DOUBLE. LAYER CAPACITY

MEASUREMENTS ...Aqueos, Electrode. Methodology, Non-elec-
trical Measurements....1.0100

STATISTICAL MECHANICAL 'THEORIES OF FLUIDS ...Quan-
tum Analysis, Solution, Statistical, Tension, Van Der Waals
Forces, 1.0084

AN INTERFEROMETRIC INVESTIGATION OF TRANSPORT
PHENOMENA IN PARTIAL PRESSURE. DISTILLATION
Demineralization, Distilling Units, Evaporation. Films. Heat
Transfer, ..3.0489

THERMODYNAMICS AND TRANSPORT PROPERTIES OF
MULTICOMPONENT INTERFACES ...Distillation-other, Extrac-
tion, Other, Surfactants, Viscosity, 3,0483

INVESTIGATION OF DESALINATION I3Y FREEZING ...Bond
Type-other, Desalination. Free Energy, Freezing. Impurity,
-3.0417

THE MECHANISM FOR FORMATION OF A SKINNED TYPE
MEMBRANE ...Desalination, Evaporation, Light Scattering,
Membranes-other, Solvent-other, ...3.0265

WATER RESEARCH PROGRAM - SECTION IV. SEPARATIONS
PROCESS ...Additives. Chemical Effect-other, Membranes-other,
Other, Permeability, Porosity. Reverse Osmosis, Separation-
general, 3.0441

A NUCLEAR MAGNETIC RELAXATION INVESTIGATION OF
WATER-MEMBRANE INTERACTIONS Inorganic, Isotope-
other, Membranes-other, Nuclear Magnetic Resonance. Relaxa-
tion. _3.0349

EFFECTS OF SURFACTANTS ON FIBROUS BED COALESCING
...Emulsion, Packed Bed. Solubility. Surfactants, Water Treatment
-- General, ...5.0340

IMPINGEMENT OF A FLUID ON A FLUID SURFACE Imping-
ing Jets, Surface Phenomena, Tension, .,.1.0127

INTERFACIAL WATER STRUCTURE AND PROPERTIES
...Hydration, Inorganic. Tension. Thermal Properties-other,
Water, 1.0044

COMPARATIVE EVALUATION OF REVERSE OSMOSIS PILOT
PLANTS OF DIFFERENT DESIGN CONFIGURATIONS ...Cost
Analysis. Desalination, Membranes-othm Polarization, Reverse
Osmosis, 3,0117

BASIC INVESTIGATION OF HEAT AND MOISTURE
TRANSFER ACROSS 1HE AIR-WATER INTERFACE ...Boun-
dary Layer Studies, Evaporation, Heat Exchange, Water Balance-
budget. Water Loss Control, .,.3.0124

Membranes
Cellulose Acetate

THE RELATIONSHIP BETWEEN ADSORPTION AND PERMEA-
BILITY -.Adsorption-other, Benzene Rings, Organometallic,
Permeability, Silica Gel, ...2.0698

WATER TRANSPORT THROUGH HYPERFULTRATION MEM-
BRANES Desalination, Radioisotopes, Rate Determination,
Reverse Osmosis, 3.0239
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Chemistry - Surface & Colloid SUBJECT INDEX

STUDY OF METHODS TO RETARD COMPACTION OF CELLU-
LOSE ACETATE MEMBRANES IN REVERSE OSMOSIS
DESALINATION ...Desalination, Membranes-other, Natural Oc-
curring, Reverse Osmosis, Solid State, _3.0149

DEVELOPMENT OF REVERSE OSMOSIS MEMBRANES
...Acids, Casting of Materials, Desalination, Nitrogen, Technique
Development, ..3.0050

DEVELOPMENT OF IMPROVED CELLULOSE ACETATE
MEMBRANES FOR REVERSE OSMOSIS ...Desalination, Fiber,
Filament, Whisker, Reverse Osmosis, _3.0264

DEVELOPMENT OF STORAGE TECHNIQUES FOR REVERSE
OSMOSIS MEMBRANES ...Microorganisms (non-specific),
Other, Reverse Osmosis, Storage, 3.0058

AN EXPERIMENTAL INVESTIGATION OF CELLULOSE
ACETATE MEMBRANE REGENERATION ...Fluid Flow-other,
Other, Regeneration-other, Surface-other, 3.0324

MODIFIED ION-EXCHANGE MEMBRANES FOR WATER PU-
RIFICATION BY REVERSE OSMOSIS ...Desalination, High
Pressure - 1-1000 Atm, Ion Exchange-other, Reverse Osmosis,
3.0289

THE STRUCTURE OF THE ACTIVE LAYER OF THE AS-
SYMETRIC CELLULOSE ACETATE MEMBRANE - THE
SALT AND WATER PERMEABILITY OF A BIOLOGICAL
MEMBRANE ...Natural Occuring, Other, Porosity, Rate Deter-
mination, ...3.0353

14-01-0001-1760 -- IN -SITU FORMATION OF REGENERATIVE
CELLULOSE ACETATE MEMBRANES ON POROUS SUP-
PORTS ...Casting of Materials, Ceramics - General, Reverse Os-
mosis, Saline Conversion, Solutionizing, 3.0069

STRUCTURE AND MECHANICAL BEHAVIOR OF POLYMERIC
MEMBRANES ...Cellulosics, Mechamical Properties - general,
Morphology-other, Reverse Osmosis, Structure-materials-general,
8.0269

BRACKISH WATER PURIFICATION BY BIOLOGICAL FUEL
CELL POWERED ELECTRODIALYSIS ...Biological, Brackish
Water, Desalination, Electrodialysis, Water Costs, ...5.0704

MEMBRANE MATERIALS FOR WASTE WATER RECLAMA-
TION BY REVERSE OSMOSIS ...Demineralization, Reverse Os-
mosis, Tcrpolymers, Waste Water Treatment-other, 5.0149

REVERSE OSMOSIS WATER PURIFICATION ...Military Aspects,
Mobile, Other, Potable Water, Reverse Osmosis, 3.0251

Ion Selective
INFLUENCE OF STRONGLY BOUND COUNTER-IONS ON

PERMSELECTIVE MEMBRANES Crosslinking, Electrochcmis-
try- other, Van Der Waals, ...3.0227

DEVELOPMENT OF ADVANCED TRANSPORT DEPLETION
PROCESSES ...Brackish Water, Desalination, Electrodialysis,
Pilot Plant, ...3.0002

DEMINERALIZATION BY FORCED-FLOW ELECTRO-
DESALINATION ...Demineralization, Desalination, Electrodialy-
sis, Fluid Flow-other, Porosity, Screening, 3.0003

STUDY OF FACTORS WHICH DETERMINE THE IONIC
SELECTIVITY OF BIOLOGICAL AND ARTIFICIAL MEM-
BRANES ...Molecular Interaction, Natural Occurring, Other,
Permeability, 3.0371

NEW SELECTIVE MEMBRANES Calcium, Desalination, Natural
Occurring, Reverse Osmosis, ...5.0763

DETERMINATION OF THE SURFACE AND COLLOIDAL CON-
DITIONS WHICH CAN LEAD TO HIGH SALT REJECTION
REVERSE OSMOSIS POLYMER MEMBRANES ...Colloidal
Phenomena, Desalination, Polymer-other, Reverse Osmosis,
...3.0071

THE DESIGN, CONSTRUCTION AND TESTING OF A 10,000
GPD TRANSPORT DEPLETION DESALINATION PILOT
PLANT ...Cost Analysis, Desalination, Other, Pilot Plant,
3.0148

DEVELOPMENT OF NEAR NEUTRAL MEMBRANES FOR USE
IN TRANSPORT DEPLETION SYSTEM ...Desalination, Elec-
trodialysis, Natural Occurring, ...3.0321

THE ELECTROHYDRODYNAMICS OF ELECTRODIALYSIS
SYSTEMS ...Desalination, Electrodialysis, Fluid Dynamics,
...3.0280

STUDY OF BIOLOGICAL DESALINATION PHENOMENA AND
SALT TRANSPORT MECHNAISMS OF SELECTIVE AVIAN
SALT GLANDS ...Active Transport, Anseriformes -other, Chemi-
cal Analysis, Osmoregulation, Transport, 3.0479

STUDIES OF MEMBRANE PHENOMENA - PREPARATION OF
NEW ELECTRODIALYSIS MEMBRANES ...Electrodialysis,
Olefins, Organic, Polarization, 3.0350

STUDY OF REJECTION OF VARIOUS SOLUTES BY REVERSE
OSMOSIS MEMBRANES ...Cellulosics, Removal--inorganics,
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Removalorganics, Reverse Osmosis, Saline Conversion, 3.0097

IMPROVEMENT OF ECONOMICS OF ELECTRODIALYSIS
SYSTEMS BY SELECTIVE PRETREATMENT ...Brackish
Water, Co .. Analysis, Desalination, Electrodialysis, Other, Waste
Water Pre-treatment, 3.0407

MICROBIAL INTERACTIONS IN WASTE TREATMENT
SYSTEMS Anaerobic, Digestion, Filter-other, Microbial-bacteri-
al, Saturated Hydrocarbons, _5.0395

SELECTIVE NITRATE AND PHOSPHATE REMOVAL
...Denitrification, Ion Exchange-other, Nitrate, Nitrite, Phosphate,
Phosphite. Selective-removal, Waste Treatment- economics,
_5.0532

Membranes-other
RESEARCH ON LIFE SUPPORT POROUS MEMBRANES FOR

REVERSE OSMOSIS ...Porosity, Potable Water, Recycle,
Reverse Osmosis, Water Reuse, ...3.0169

DEVELOPMENT OF FIELD TEST FOR FREE CHLORINE
...Bromine, Chlorine, Colorimetric, Sterilants, Technique
Development, ...5.0808

ACTIVE AND PASSIVE ION FLUXES ACROSS INTERFACES
AND MEMBRANES .Adsorption & Interface, Diffusion, En-
zymes -non-specific, Ionic Effect, Transport, _3.0348

THE TRANSPORT OF SALTS AND WATER ACROSS A CA-
TION EXCHANGER UNDER A GRADIENT OF HYDRO-
STATIC PRESSURE. ...Cation, Desalination, Streaming Potential,
Thermodynamic Non Equilibrium, ..,3.0467

NEW SYNTHETIC MEMBRANES FOR REVERSE OSMOSIS
DESALINATION ...Copolymers, Desalination, Reverse Osmosis,
Technique Development, 3.0468

CONTROL OF CONCENTRATION POLARIZATION IN
REVERSE OSMOSIS DESALINATION OF WATER ...Desalina-
tion, Flow Characteristics -water, Fluid Flow-other, Polarization,
Reverse Osmosis, ..,3.0287

A STUDY OF PRESSURE DIALYSIS AND COUPLING
PHENOMENA IN SYNTHETIC AND NATURAL MEM-
BRANES ...Biodegradation, Desalination, Mosaic, Reverse Osmo-
sis, Water Properties-general, ..,3.0273

ELECTROSORPTION AND DESORPTION PROCESS FOR
DEMINERALIZATION ...Adsorption-other, Demineralization,
Desalination, Electrochemistry-other, Industrial Operation-other,
,..5.0014

ELECTRIC AND STRUCTURAL PROPERTIES OF ION SELEC-
TIVE MEMBRANES ...Electrical Properties-other, Electrolytes,
Glassy, Permeability, Transport, ...5.0135

WATER TRANSPORT ACROSS MEMBRANES BY ELECTRO-
OSMOSIS ...Desalination, Electric Field, Electroosmsis, Trans-
port, ...5.1012

STUDY OF METHODS TO RETARD COMPACTION OF CELLU-
LOSE ACETATE MEMBRANES IN REVERSE OSMOSIS
DESALINATION ...Cellulose Acetate, Desalination, Natural Oc-
curring, Reverse Osmosis, Solid State, 3.0149

PREPARATION AND CHARACTERIZATION OF MEMBRANES
FOR REVERSE OSMOSIS ...Desalination, Natural Occurring,
Reverse Osmosis, 3.0364

MULTICOMPONENT MEMBRANE FOR REVERSE OSMOSIS
...Natural Occurring, Other, Reverse Osmosis, _3.0386

SYNTHESIS AND EVALUATION OF NEW POLYMER MEM-
I3RANE CANDIDATES FOR APPLICATION IN REVERSE OS-
MOSIS ...Brackish Water, Brines, Desalination, Organic, Reverse
Osmosis, ...3.0174

STUDY OF ORIENTED CELLULOSE MEMBRANES FOR
REVERSE OSMOSIS AND THE RELATIONSHIP BETWEEN
MORPHOLOGY AND SALT REJECTION ...Desalination, Film,
Orientation, Reverse Osmosis, Structure-materials-general,
...3.0248

EFFECT OF PH AND IONIC STRENGTH ON THE CRYSTAL-
LIZATION AND MORPHOLOGY OF POLYMER MEM-
BRANES AND FIBERS ,..Concentration, Desalination,
Morphology-other, Natural Occurring, Reverse Osmosis, 3.0188

STUDY OF MASS TRANSFER THROUGH MEMBRAMES
...Desalination, Electrodialysis, Lasers, Polarization, Reverse Os-
mosis, 3.0035

STUDIES ON THE MOLECULAR STRUCTURE OF BIOLOGI-
CAL MEMBRANES ...Active Transport, Desalination, Plasma
Membrane, Purif and !sal, Structure, ..3.0388

SYNTHESIS OF MODIFIED LOEB MEMBRANES BY GRAFT-
ING ...Desalination, Graft - Polymerization, Monomer Synthesis,
Natural Occurring, Porosity, ...30340
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STUDY OF THE HYDRODYNAMIC ASPECTS OF DESALINA-

TION BY REVERSE OSMOSIS ...Other, Polarization, Reverse
Osmosis, ...3.0267

THE PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
THE SURFACE MODIFICATION OF CELLULOSE AND RE-
LATED MATERIALS ...Desalination, Morphology-other, Natural
Occurring, Reverse Osmosis, .,.3.0211

STRUCTURE AND MORPHOLOGY OF INORGANIC MEM-
BRANES .,.Complexes, Electron, Gel, Transport, -3.0463

DEVELOPMENT OF ULTRATHIN SKIN MEMBRANES - HEMA
POLYMERS ...Desalination, Este:s, Films, Polymerization-
gcural, Reverse Osmosis, -3.0278

REVERSE OSMOSIS TUBULAR MODUI E OPTIMIZATION
...Desalination, Digital Computers, Pilot Plant, Reverse Osmosis.
-3.0070

PREPARATION AND PROPERTIES OF GRAFTED AND VEC-
TORED MEMBRANES FOR 'SE IN DESALINATION
...Copolymerization, Desalination, jel, Graft - Polymerization,
Porosity, ...3.0378

A STUDY OF MEMBRANES FOR DESALINATION BY
REVERSE OSMOSIS -Crosslinking, Desalination, Natural Oc-
curring, Reverse Osmosis, ...3.0030

STUDY OF A SPECIFIC INFLUENCE OF IONIC SPECIES ON
STRUCTURING IN WATER ...Configuration, Electrolytes, En-
tropy, Half Cell, Ion Exchange-other, -1.0010

DESIGN AND CONSTRUCTION OF A REVERSE OSMOSIS
PILOT PLANT FOR THE DESALINATION OF SEA WATER
...Desalination, Nitrogen, Pilot Plant, Reverse Osmosis, Sea
Water-general, -3.0051

RESEARCH AND DEVELOPMENT OF NEW POLYMER
SYSTEMS FOR REVERSE OSMOSIS MEMBRANES
...Copolymers, Desalination, Organic, Reverse Osmosis, ..,3.0031

DESIGN, CONSTRUCT AND EVALUATE A 1,000 GALLON
PER DAY REVERSE OSMOSIS UNIT OF RECTANGULAR
CONFIGURATION ...Cost Analysis, Desalination, Other, Reverse
Osmosis, -3.0028

DEVELOPMENT OF A 50,000 GALLON PER DAY NELLEN
STACK ELECTRODIALYSIS MODULE ...Brackish Water, Cost
Analysis, Desalination, Electrodialysis, Waste Treatment-
economics, -3.0156

DEVELOPMENT OF WATER PURIFICATION SYSTEMS BASED
ON REVERSE OSMOSIS ...Desalination, Natural Occurring,
Plastic Matrix, Reinforcing Materials, Reverse Osmosis, -3.0147

HYDRODYNAMIC STUDIES FOR ELECTRODIALYSIS ...Elec-
trodialysis, Pilot Plant, -5.0121

REVERSE OSMOSIS MEMBRANES CONTAINING GRAPHITIC
OXIDE _Desalination, Graphite, Pilot Plant, Reverse Osmosis,
-3.0416

REVERSE OSMOSIS PERMEATORS - DESIGN STUDY ...Cost
Analysis, Other, Pilot Plant, Reverse Osmosis, ...3.03V

EVALUATION OF INORGANIC MEMBRANES FOR ELEC-
TRODIALYSIS OF BRACKISH WATERS ...Desalination, Elec-
trodialysis, Ion Exchange-other, Stability, Surfactants, -3.0209

TEMPERATURE EFFECTS ON BIOLOGICALLY INTERESTING
MEMBRANE SYSTEMS ...Action- & Bioclectrical Pot. , Model
Membranes, Oils -fats, Permeability, Temperature, -3.0182

STRUCTURE OD SEMIPERMEABLE POLYMER FILLS AND
ITS EFFECT ON SALT REJECTION ...Additives, Desalination,
Filtration, Molecultir Weight Distribution, Morphology-other,
-3.0414

DIFFUSION AND FLOW IN INTFIRPHASE TRANSPORT ...Con-
vection, Desalination, Liquid/liquid, Surfactants, -5.0378

CHARACTERIZATION OF CELLULOSE ACETATE MEM-
BRANES AND ULTRATHIN FILMS FOR REVERSE OSMOSIS
...Desalination, Electrical Properties, Film, Membranes, Natural
Occurring, Reverse Osmosis, ...3.0362

THE MECHANISM FOR FORMATION OF A SKINNED TYPE
MEMBRANE ...Desalination, Evaporatic n, Interface, Light Scat-
tering, Solvent-other, _3.0265

RESEARCH AND DEVELOPMENT OF ULTRATHIN FILM
MEMBRANES FOR REVERSE OSMOSIS DESALINATION
...Brackish Water, Cellulosics, Desalination. Dimensions, Expan-
sion, Reverse Osmosis, -3.0298

THE PREPARATION OF ULTRA-THIN REVERSE OSMOSIS
MEMBRANES BY ELECTROSTATIC DEPOSITION ...Desalina-
tion, Electrostatic, Natural Occurring, Reverse Osmosis, _3.0162

WATER RESEARCH PROGRAM - SECTION I, PROPERTIES OF
SOLUTIONS ...Colloidal Phenomena, Distribution Coefficient,
Potentiometry, Salts, Transport, Vapor, -11.0115
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WATER RESEARCH PROGRAM - SECTION IV. SEPARATIONS
PROCESS ...Additives, Chemical Effect-other, Interface, Other,
Permeability, Porosity, Reverse Osmosis, Separation-gencral,
,..3.0441

THE INFLUENCE OF HYDROXYL RATIO ON THE PER-
FORMANCE OF REVERSE OSMOSIS DESALINATION MEM-
BRANES -Desalination, Natural Occurring, Reverse Osmosis,
-3.0330

MODIFICATION OF PROTEIN FILMS FOR USE IN DESALINA-
'T'ION ,..Desalination, Dialysis, Natural Occurring, Polyvinyls-
other, Reverse Osmosis, -3.9269

DESALINATION AND REDUCTION OF CONCENTRATION
POLARIZATION EFFECTS IN REVERSE OSMOSIS SYSTEMS
USING POROUS WALL SECTIONS ...I3rines, Fluid Flow-other,
Other, Porosity, Reverse Osmosis, -3.0359

A NUCLEAR MAGNETIC RELAXATION INVESTIGATION OF
WATER-MEMBRANE INTERACTIONS ...Inorganic, Interface,
Isotope-other, Nuclear Magnetic Resonance, Relaxation, _3.0349

PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
SURFACE MODIFICATION OF CELLULOSE AND RELATED
MATERIALS ...Cellulosies, Desalination, Film, Morphology-
other, Reverse Osmosis, -3.0212

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
-Cost Analysis, Desalination, Electrodialysis, Marketing, Water,
_3.0210

HYDROFORMING REVERSE OSMOSIS MEMBRANES AND A
DESALTING MODULE BASED ON THE HYDROFORMING
PROCESS ...Desalination, Natural Occurring, Regeneration-other,
Reverse Osmosis, -3.0268

REVERSE OSMOSIS PILTO PLANT INVESTIGATIONS ...Cost
Analysis, Desalination, Other, Pilot Plant, Reverse Osmosis,
...3.0056

PRELIMINARY EVALUATION OF HIGH RETENTION MEM-
BRANES ...Desalination, Other, Reverse Osmosis, Sea Water-
general, -3.0059

REVERSE OSMOSIS MEMBRANE REGENERATION ...Cost
Analysis, Regencration-other, Reverse Osmosis, ...3.0054

DEVELOPMENT OF A THIN-LIQUID FILM MEMBRANE
DEVICE FOR EFFICIENT DESALINATION BY REVERSE OS-
MOSIS ...Cost Analysis, Desalination, Process Development-other,
Reverse Osmosis, -3.0155

CONCEPTUAL DESIGN STUDY ON REVERSE OSMOSIS MEM-
BRANE ASSEMBLY MODULAR UNIT ...Desalination, Pilot
Plant, Process Development-other, Reverse Osmosis, -3.0215

TEST OPERATION OF A TUBULAR 4,300 GPD REVERSE OS-
MOSIS UNIT ON SEA WATER -Desalination, Process Develop-
ment-other, Reverse Osmosis, Sea Water-gencral, -3.0098

BRACKISH WATER FIELD TEST EVALUATION OF MEM-
I3RANE PROCESSES ...Brackish Water. Desalination, Economic
Efficiency, Pilot Plant, -3.0072

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE REVERSE OSMOSIS PROCESS ...Cost
Analysis, Marketing, Pilo Plant, Reverse Osmosis, ...3.0164

TEST OPERATION OF A 2,500 GPD TWO-STAGE SEA WATER
REVERSE OSMOSIS PILOT PLANT . Brines, Cost Analysis,
Desalination, Optimization, Pilot Plant, Reverse Osmosis,
-3.0079

EVALUATION OF DESALINATION PROPERTIES OF CELLU-
LOSE ACETATE MEMBRANES IN FLAT, TUBULAR AND
SPIRAL WOUND CONFIGURATIONS ...Desalination, Film,
Natural Occurring, Saline Conversion, Stress, Strain, _3.0052

CONCEPTUAL DESIGN STUDY - REVERSE OSMOSIS MEM-
BRANE ASSEMBLY MODULAR UNIT Cost Analysis, Fluid
Flow-other, Other, Reverse Osmosis, .,.3.0345

RESEARCH ON IMPROVED REVERSE OSMOSIS MEMBRANES
-Cellulosies, Crosslinked, Polyvinyl Pyrrolidonc, Porosity,
Reverse Osmosis, Saline Conversion, -3.0096

DEVELOPMENT OF NEW AND IMPROVED CELLULOSE
ESTER REVERSE OSMOSIS MEMBRANES ...Brines, Desalina-
tion, Homopolymers, Natural Occurring, Reverse Osmosis,
-3.0060

DEVELOPMENT OF A WATER DESALINATION SYSTEM
BASED ON HOLLOW FINE FIBER MEMBRANES
losies, Desalination, Fiber, Filament, Whisker, Pilot ,ant,
Reverse Osmosis, -3.0274

OPERATION OF A 50,000 GPD PORTABLE PILOT PLANT
_Mobile, Pilot Plant, Reverse Osmosis, Scale Formation, Zeolite,
-3.0029

CONSTRUCTION AND DEVELOPMENT OF SPIRAL DESIGN
ELECTRODIALYSIS MODULE ...Desalination, Electrodialysis,
Pilot Plants....3.0154
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DEVELOPMENT OF HOLLOW FILAiviEN1"FECHNOLOGY
FOP. REVERSE OSMOSIS DESALINATION SYSTLMS
_Desalination, Morphology-other, Reverse Osmosis, Technique
Development, 3.0165

PARAMETRIC ECONOMIC AND ENGINEERING STUDY OF
THR REVERSE OSMOSIS PROCESS ...Cost Analysis, Desalina-
tion, Other, Rate Determination, Reverse Osmosis, Water Costs,

CONCEPTUAL DESIGN STUDY ON ELECTRODIALYSIS MEM-
BRANE ASSEMBLY MODULAR UNIT DESIGN ...Cost Analy-
sis, Desalination, Electrodialysis, Pilot Plant, Potable, 3.0228

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
...Cost Analysis, Electrodialysis, Gasket Materials, Polarization,
Saline Conversion, ...3.0285

IMPROVED ION EXCHANGE POLYMERS AND MEMBRANES
FOR ELECTRODIALYSIS OF SALINE WATER ...Copolymers,
Electrodialysir, Ion Exchange-other, Other, 3.0395

RESEARCH ON POROUS GLASS MEMBRANES FOR REVERSE
OSMOSIS _Desalination, Fiber, Filament, Whisker, Glass Porosi-
ty, Permeability, Reverse Osmosis, Waste Water Treatment-other,
3.0068

:,N DISCRIMINATION BY HYDROPHOBIC MEMBRANES
...Diffusion-other, Equilibrium - other, Hydrophobic, Solution,
3,0234

DEVELOPMENT OF DESALINATION MEMBRANES
...Copolymers, Desalination, Organic, ...3.0406

STUDIES OF MEMBRANE PHENOMENA - PREPARATION OF
NEW ELECTRODIALYSIS MEMBRANES ...Copolymers,
Desalination, Electrodialysis, Organic, 3.0351

INCREASING WATER SUPPLIES BY SUPPRESSION OF RESER-
VIOR EVAPORATION ...Evaporation, Monolayers, Organic,
Reservoirs and Impoundments, Water Loss Control, 3.0397

ORGANIC DECOMPOSITION AT POISED O-R POTENTIAL
LEVELS _Anaerobic, Digestion, Electrodialysis, Saturated
Hydrocarbons, ...5.0550

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
REVERSE OSMOSIS ...Carbon, Fiber, Filament, Whisker, Glass,
Pollutant-fouling, Reverse Osmosis, Waste Water Pre-treatment,
5.0131

REVERSE OSMOSIS 'T'REAT'MENT' OF WASTEWATERS ...Indus-
trial Wastes, Organic Wastes, Polyelectrolytes, Process Design,
Reverse Osmosis, _5.0516

RENOVATION OF MUNICIPAL WASTEWATER BY REVERSE
OSMOSIS SYSTEMS Depolymerization, Model Studies, Process
Design, Reverse Osmosis, Urban Environments, ...5.0092

APPLICATION OF HYPERFILTRATION WITH DYNAMI-
CALLY-FORMED MEMBRANES TO TREATMENT OF MU-
NICIPAL SEWAGE EFFLUENTS ...Filtration, Polyelectrolytes,
Secondary Treatment, Sludge-general, Tertiary Treatment,
...5.1143

DIFFERENTIAL ION MOBILITY AT COLLOIDAL SURFACES
...Colloidal Phenomena, Diffusion-other, Hydrophobic,
Radiochemical Techniques, Transport, ...2.0053

WATER TREATMENT BY REVERSE OSMOSIS METHOD
...Fresh Water, Pilot Plants, Reverse Osmosis, Waste Water Treat-
ment-general, ...5.0164

PROGRAM FOR FIELD EVALUATION OF REVERSE OSMOSIS
PILOT PLANTS ON BRACKISH WATERS ...Brackish Water,
Cost Analysis, Other, Pilot Plant, Reverse Osmosis, ,..3.0115

PROGRAM FOR ELECTRODIALYSIS RESEARCH AND
DEVELOPMENT ...Electrodialysis, High, Other, 3.0116

COMPARATIVE EVALUATION OF REVERSE OSMOSIS PILOT
PLANTS OF DIFFERENT DESIGN CONFIGURATIONS ...Cost
Analysis, Desalination, Interface, Polarization, Reverse Osmosis,
...3.0117

CONTROL OF MINERAL CONSTITUENTS IN WASTE WATER
BY ELECTRODIALYSIS ...Activated Carbon, Electrodialysis,
Organics, Solid Waste, Waste Treatment-economics, ...5.0845

QUANTITATIVE DETECTION OF SMALL AMOUNTS OF
VIRUSES IN LARGE VOLUMES OF WATER ...Analysis and
Detection, Concentration, Detectors and Sensors, Filtration,
Virus, ...5.0842

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL--SOLIDS
SEPARATION BY CHEMICAL. TREATMENT AND FILTRA-
TION ...Coagulation, Colloidal Phenomena, Emulsion, Filter-
other, Separation-general, ...5.0854

Mosaic
RESEARCH ON PIEZODIALYSIS ...Desalination, Dialysis, High,

3.0291
A STUDY OF PRESSURE DIALYSIS AND COUPLING

PHENOMENA IN SYNTHETIC AND NATURAL MEM-

BRANES ...Biodegradation, Desalination, Membranes-other,
Reverse Osmosis, Water Properties-general, 3.0273

MOSAIC MEMBRANES FOR DESALINATION Desalination,
Electrodialysis, Reverse Osmosis, 3.0373

Natural Occuring
SOLUTE AND WATER TRANSPORT ACROSS BIOLOGIC

MEMBRANES ...Active Transport, Blood Cells, Carbohydrates,
Ionic Effect, Kidney and Urinary System, Sodium, ...2.0706

THE STRUCTURE OF THE ACTIVE LAYER OF THE AS-
SYMETRIC CELLULOSE ACETATE MEMBRANE - THE
SALT AND WATER PERMEABILITY OF A BIOLOGICAL
MEMBRANE ...Cellulose Acetate, Other, Porosity, Rate Deter-
mination, ...3.0353

MECHANICAL PROPERTIES OF ULTRA-THIN LIPID MEM-
BRANE ...Creep, Elasticity - General, Fracture - General,
Laminates, Permeability, .3.0342

Surface-other
FLOW FIELD IN A PACKED BED ...Fluid Flow-other, Mass

Transfer, Packed Bed, Porous Media - Flow Through, 11.0045

Suspension
AN INVESTIGATION OF THE EFFECT OF CONTROLLED

RELEASES ON THE PHYSICAL, CHEMICAL AND BAC-
TERIOLOGICAL CHARACTERISTICS OF FORT LOUDOUN
RESERVOIR ...Nitrogen, Phosphate, Phosphite, Stratified Flow,
Temperature-other, Tennessee, 5.1128

Chemistry-organic Sulfur Cpds
Sulfonic Acid and Derivatives

Sulfonates (rso3na)
THE APPLICATION OF LASER IONIZATION MASS SPEC-

TROMETRY TO 'ITIE IDENTIFICATION OF ORGANIC SALTS
IN POLLUTED WATER ...Applications of Lasers-masers, Or-
ganic Matter, Physical Parameters, Spectroscopy, Surfactants,
...1.0108

STUDIES OF LOW MOLECULAR WEIGHT LIGNIN SUL-
FONATES ...Column, Molecular Weight Distribution, Natural
Occurring, Solution, 5.1262

LIGNIN SULFONATES IN PULP MILL EFFLUENTS ...Column,
Natural Occurring, Organic, Pulp and Paper Wastes, Ultraviolet,
...5.0959

(U) BIODEGRADABILITY OF DETERGENT COMPOUNDS
...Activated, Biodegradation, Biological, is, Laundry Wastes,
Surfactants, ...5.0534

FLUOROMETRIC QUALITATION AND QUANITATION OF
LIGNIN SULFONATES IN WATER Fluorometry, Natural Oc-
curring, Pulp and Paper, Pulp and Paper Wastes, Sulfate, Sulfite,
Type, ...5.0286

BIODEGRADABLE DETERGENTS FROM ANIMAL FATS
...Biodegradation, Esters, Septic Tanks, Surfactants, ...5.0992
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Chemostat
PHOSPHATE UPTAKE, STORAGE, AND RELEASE BY

MICROORGANISMS IN WASTEWATER TREATMENT
...Microorganisms (non-specific), Nutrition, Phosphate, Phosphite,
Storage, Waste Water Treatment-general, ...5.1282

BIOCHEMICAL OXIDATION OF HYDROCARBONS IN NATU-
RAL WATERS ...Bacteria (non-specific), Degradation, Hydrocar-
bons, Organic Matter, Seasonal, ...I.0110

Chesapeake Bay
THE BIOLOGY AND CHEMISTRY OF TRACE ELEMENTS IN

MARINE AND ESTUARINE WATERS ...Estuaries, Phytoplank-
ton, Productivity Food Chain, Trace Element Analysis,
Zooplankton, ...2.0556

A RECONNAISSANCE STUDY OF THE CHEAPEAKE BAY
...Erosion-general, Floods, Sedimentology-general, Shoreline -
Coastline, Survey Studies, Thermal Pollution, 6.0254

BIOLOGIC AND ENVIRONMENTAL CONTROL OF EURASIAN
MILFOIL (MYRIOPHYLLUM SPICATUM L.) IN CHES-
APEAKE BAY ...Biocontrol, Histology and Cytology, Range Or
Territorial Distr. , Water Milfoil, Waterweed... , 6.0251

SUSPENDED SEDIMENTS IN THE UPPER CHESEPECKE BAY -
EVALUATION OF METHODS FOR SIZE ANALYSIS OF
SUSPENDED MATERIALS ...Laboratory, Sampling, Size, Size
Frequency Distribution, Turbidity, ...2.0557
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FIELD MEA ?UREMENTS OF THE TEMPORAL AND SPATIAL
VARIATIONS IN CONCENTRATION AND PARTICLE SIZE
DISTRIBUTION OP SUSPENDED MATERIALS IN THE
UPPER ..,Distribution, Maryland, Mineralogy, Size, Turbidity,
2.0558

COMPARISON OF OPTICAL PROPERTIES WITH DIRECT
MEASUREMENTS OF CONCENTRATION AND SIZE DIS-
TRIBUTION OF SUSPENDED MATERIALS ...Fluorometry,
Light Scattering, Optical Properties, Size, Turbidity, ..2.0559,

ENHANCEMENT OF RECREATIONAL USES OF ESTUARINE
WATERS THROUGH STUDY OF POTENTIAL CONTROL
METHODS FOR STINGING SEA NETTLES ...Biological Con-
trol, Estuaries, Jelly Fish, Recreation Sites, Water Quality-general,
6.0256

SEA NETTLE STUDIES IN CHESAPEAKE BAY, LIFE HISTORY
AND ECOLOGY ...Aquatic Ecology, Bays, Biological Control,
Jelly Fish, Life History Studies, 6.0127

EFFECTS OF HEATED WATER IN A TIDAL ESTUARY ...Bays,
Electric Power Plants, Pollution Effects, Thermal Pollution,
Urban Environments, Water Properties-general, ...4.0078

DISTRIBUTION, LIFE HISTOP.Y, AND ECOLOGY OF EURA-
SIAN WATERMILFOIL ...Range Or Territorial Distr. . Sub-
merged Plants, Water Waterweed... , Weeds -other,
...6.0263

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE
UPPER CHESAPEAKE BAY ...Aquatic Soils, Chemical-general,
Commercial Fishing, Environmental Effects-geologic, Physical-
general, 5.0506

POTENTIAL OYSTER SETTING CAPACITY - LOCAL AREAS
...Commercial Fishing, Other, Oysters, Spawn Or Nesting Sites,
Streams, ...5.0507

ECOLOGY AND DISTRIBUTION OF OYSTERS AND CLAMS
...Clams, Commercial Fishing, Food Supply, Food Webs, Oysters,
6.0268

SHELLFISH MORTALITY - CHESAPEAKE BAY ...Computer
Woching Code, Mortality Rates, Oysters, Pathology, Protozoa,
6.0264

Chloride
MINERAL RECOVERY FROM CONCENTRATED BRINES

...Brines, Desalination, Great Salt Lake, Magnesium, Potassium,
Regeneration-other, ...5.1198

THE EFFECT OF SALTS APPLIED TO HIGHWAYS ON THE IN-
FILTRATION AND PERCOLATION OF WATER THROUGH
THE SOILS BANDING HIGHWAYS Infiltration, Pollutants -
Path of , Snow and Ice Removal, Sodium, Soil Chemical Proper -
tics, ...5.0471

DIGESTION OF SLUDGES WITH SODIUM CHLORIDE AND
SULFATE ...Digestion, Disposal, Disposal Wastes, Sodium,
Sulfate, Sulfite, 5.0299

CORROSION OF METALS IN CONCRETE ...Cement, Concrete,
Low Alloy Steels, Stress, Strain, Water, 8.0023

Chlorine
DEVELOPMENT OF FIELD TEST FOR FREE CHLORINE

.,.Bromine, Colorimctric, Membranes-other, Sterilants, Technique
Development, ...5.0808

(U) DETERMINATION OF FREE BROMINE IN WATER (US 14)
...Amines, Analysis and Detection, Bromine, Colorimetric,
...5.0372

EFFECTS OF CHEMICAL IMPURITIES IN WATER DISINFEC-
TION BY HALOGENS ...Chemical and Spices, Chlorination, Dis-
infectants, Taste and Odor, Water for Cooking Or Drinking,
5.0512

DISINFECTION OF SMALL QUANTITIES OF DRINKING
WATER ...Chemical Treatment-general, Iodine, Military Aspects,
Potable Water, Sterilants, ...5.0374

DISSOLVED GASES AND WATER CLUSTERING IN AQUEOUS
SOLUTION ...Dioxide, Ions and Gases, Salt, Solution, Thermal
Properties-other, Water, 1.0052

DISINFECTION OF SEWAGE EFFLUENTS ...Bacteria, Bromine,
Chemical-general, Chlorination, Disinfection, Sewage, 5.0380

AN INVESTIGATION OF LIGHT- CATALYZED CHLORINE FOR
TREATMENT OF WASTE WATER ...Light-catalyzed, Organics,
Oxidation-general, Waste Treatment-economics, Waste Water
Treatment-general, ...5.0686

THE USE OF INERT GASES TO ELIMINATE POLLUTION
FROM ABANDONED MINES ...Acid Mine Wastes, Air-general,
Ammonia, Mine Atmosphere Conditions, Nitrogen, 4.0205

SALT DISTRIBUTION ALONG LAKE BOTTOM AND WITHIN
DEEP SEDIMENTS BENEATH GREAT SALT LAKE ...Great
Salt Lake, Quaternary Period, Salt, Sodium, _5.1201

Chlorites,hypochlorites
CHLORINATION AND HYPOCHLORINATION OF POLLUTED

STORM WATER PUMPAGE ...Bacteria, Chlorination, Disinfec-
tion, Storm Sewer Quantity-other, Water Purification Plants,
5.0458

Chlorophyll
BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-

LATIONS ...Buoys, Food Chains, Nutrients, Phytoplankton, Ver-
tical Distribution, Zooplankton, 6.0289

THE INCORPORATION OF CI4 BICARBONATE INTO PIG-
MENTS OF A NATURALLY OCCURRING BLUE-GREEN
ALGAE COMMUNITY WITH RESPONSE TO WAVELENGTH

Oscillatoria, Phycobilins, Physiological Ecology, Pigments,
Vitamins, 6.0432

THE INCORPORATION OF C14-BICARBONATE INTO THE
PIGMENTS OF BLUE-GREEN ALGAE POPULATION
...Carotenoid Pigments, Nutrients, Oscillatoria, Phycobilins, Pig-
ments, ...6.0433

Chromatography
Chromatography-general

ANALYTICAL METHODS - WATER CHEMISTRY ...Analysis and
Detection, Chemical Analysis (water), Emission, Other,
Photometric Techniques, ...2.0196

Chromatography-other
THE ANALYSIS OF AROMATIC CONSTITUENTS IN WATER

USING FLUORESCENCE AND PHOSPHORESCENCE ...Analy-
sis and Detection, Extraction-other, Noncondensed Aromatics-
other, Spectroscopy-other, Taste and Odor, ...5.0711

THE ACTIVATION-CHROMATOGRAPHIC ELEMENTAL AND
STRUCTURAL ANALYSIS OF FRESH WATER SOURCES
...Activation Analysis, Analysis and Detection, Fresh Water, Gam-
ma, Inorganic, Organic, ...5.0252

DEVELOPMENT OF INSTRUMENTAL TECHNIQUES FOR THE
ANALYSIS OF TRACE ORGANIC CONSTITUENTS IN
WATER ...Analyzing, Infrared, Odor, Organic, Organic Wastes,
5.0211

DETERMINATION OF DEGRADED DYES AND AUXILIARY
CHEMICALS IN EFFLUENTS FROM TEXTILE DYEING
PROCESSES ...Dye Wastes, Lagoon, Spectroscopy-other, Textile
Wastes, Waste Water Treatment-general, 5.0297

FIELD TECHNIQUES FOR CHEMICAL ANALYSIS OF WET-
LAND CRITERIA .,.Chemical Analysis (water), Colorimetric,
Translation Grants, Wetlands, 1.0091

THE DETERMINATION OF THE STRUCTURES OF ORGANIC
CONTAMINANTS IN WATER ...Analyzing, Chem Str Determ-
other, Chemical Identification, Distillation-other, Spectroscopy-
other, 5.0278

IDENTIFICATION OF NATURAL AND SYNTHETIC ORGANIC
COMPOUNDS IN RAW AND TREATED MUNICIPAL
WASTES ,..Filtration, Organics-general, Purfication-general,
Separation-general, Tertiary Treatment, -.5.0847

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
TEXTILE WASTE EFFLUENTS ...Adsorption-other, Extraction-
other, Organic Wastes, Spectroscopy-other, Textile Wastes,
...5.0280

Column
STUDIES OF LOW MOLECULAR WEIGHT LIGNIN SUL-

FONATES ...Molecular Weight Distribution, Natural Occurring,
Solution, Sulfonates (rso3na), ...5.1262

LIGNIN SULFONATES IN PULP MILL EFFLUENTS ...Natural
Occurring, Organic, Pulp and Paper Wastes, Sulfonates (rso3na),
Ultraviolet, 5.0959

Gas
BIOLOGICAL AND CHEMICAL OXIDATION OF SELECTED

ORGANIC PESTICIDES ...Biological, Chemical Degradation,
Chlorinated Hydrocarbons, Chlorination, Degradation, Pesticides,
...5.0010

2-75



Chromatography SUBJECT INDEX

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION AND
POND WATERS ...Chlorinated Hydrocarbons, Emission, Irriga-
tion-general, Pollutants-general, Ponds, ...5.0137

INTERMEDIATE PRODUCTS IN THE BACTERIAL DECOM-
POSITION OF HEXADECANOL AND OCTADECANOL Al-
cohols, Biodegradation, 5.1158

BIOLOGICAL NITROGEN FIXATION IN LAKES ...Acetylene,
Ethylene, Lakes, Mobile, Nitrogen, Nitrogen Fixation, ...5.1299

NATURALLY OCCURRING TASTES AND ODORS IN WATER
SUPPLIES Freezing, Mass, Nuclear Magnetic, Studies, Or-
ganoleptic, Taste and Odor, 5.1169

ORGANIC COMPOUNDS IN ALASKA PERMAFROST
GROUNDWATER ...Alaska, Organic, Permafrost- frozen, Spec-
troscopy-general, Thin Layer, ..1.0005

THE MOLECULAR NATURE OF ORGANIC WASTE REMOVAL
PATTERNS ...Activated, Analysis and Detection, Organics, Rate
of Reaction, Structural Effect - other, ..5.1155

ORGANICS CAUSING TASTE OR ODOR IN THE MISSOURI
RIVER ...Infrared, Library, Missouri River, Organic Matter, TNstc
and Odor, 5.0683

(U) BIODEGRADABILITY OF DETERGENT COMPOUNDS
...Activated, Biodegradation, Biological, Laundry Wastes, Sul-
fonates (rso3na), Surf'a,:tants, ...5.0534

ORGANIC SUBSTANCES IN WATER Extraction, Infrared, Or-
ganic Wastes, Pesticides, Vacuum Distillation, ..5.0120

PESTICIDE, MONITORING PROGRAM ...Bioindicators, Estuaries,
Monitoring Systems, Oysters, 5.0268

METHODS OF ANALYSIS FOR INSECT-CONTROL CHEMI-
CALS ...Chemical Analysis, Colorimetric, Extraction-other, Reac-
tion-general, Spectroscopy-other, ...5.0491

A STUDY OF MICROORGANISMS INDUCING TASTES AND
ODORS IN WATER Aetinomyeetes -non-specific, Algae-
General, Mass, Taste and Odor, ..5.0212

STRUCTURE OF THE BLUE-GREEN ALGA TOXIN
Cyanophyta (non-specific & Ot), Glucagon X Hor, Mass, Natu-
ral Occurring, Organic, 5.0127

Thin Layer
ORGANIC COMPOUNDS IN kLASKA PERMAFROST

GROUNDWATER ...Alaska, Gas, Organic, Permafrost-frozen,
Spectroscopy-general, 1.0005

Chromium
FOAM SEPARATION FLOTATION OF COLLOID ORGANIC

SYSTEMS Colloidal Phenomena, Flotation, Foam, Iron, Process
Design, Pulp and Paper Wastes, Sulfate, Sulfite, Surfactants,
...5.0445

AN INVESTIGATION OF TECHNIQUES FOR THE REMOVAL
OF CHROMIUM AND CYANIDES FROM ELECTROPLATING
WASTES ...Electroplated, Extraction, Flotation, Industrial
Processes-other, Material Recovery Wastes, Recovery, Scrap and
Wastes, .,.5.0725

NITRATE DETERMINATION USING CHROMIUM (II) COM-
PLEXES ...Complexes, Electroanalyses-other, Nitrate, Nitrite,
Other, Reduction-other, 1.0121

DEPURATION OF CHEMICAL POLLUTANTS IN SHELLFISH
...Contamination - Water, Metabolism, Oysters, Pesticides -non-
specific, Shellfish Depuration, 5.0020

Circulation -water
WINTER TEMPERATURE STRUCTURE OF THE GREAT

LAKES ...Lake Michigan, Sea Ice, Temperature, Thermodynam-
ics, 2.0631

EVALUATION OF METHODS DESIGNED TO PREVENT
WINTER-KILL Aeration, Chemical-general, Lakes, Mortality
Rates, North Dakota, ...5.0828

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ...Evaporation, Heat Flow, Lakes, Mixing, New
York, 2.0779

FLUSHING PATTERN OF CERTAIN TIDAL STREAMS IN
DELAWARE Aquatic Ecology, Delaware, Discharge-general.
Industrial-general, Tidal Streams, ...2.0250

INVESTIGATION OF THE CIRCULATION OF LAKE SUPERIOR
Model Studies, Stratified Flow, Temperature, Velocity -water,
2.1161

HORIZONTAL DISPERSION IN SHALLOW ESTUARIES OF IR-
REGULAR SHAPE Dispersion -water, Estuaries, Gulf of Mex-
ico, Model Studies, Water Quality-general, 2.10113

EXPERIMENTAL REVERSAL OF THE LAKE EUTROPHICA-
TION PROCESS ...Biological - general, Eutrophication, Nutrients,
Temperature, Wisconsin, _5.1308

FLUSHING OF SMALL SHALLOW LAKES ...Discharge-other,
Lakes, Mixing, Pollution Abatement, Self-purification, ...5.1242

HYDROLOGY OF CONSOLIDATED ROCK AQUIFERS NEAR
PENNINGTON, NEW JERSEY Aquifers-general, New Jersey,
Permeability, Recharge -general, Reservoirs and Impoundments,
2.0767

Class2fications
AN INTEGRATED SYSTEM OF STREAM CLASSIFICATION

,Morphology-general, Rock Type, Roughness, Streams, Struc-
tually Controlled Feature, ..2.0465

Cleansing Agents
INFLUENCE OF WATER QUALITY IN MAINTAINING WHITE-

NESS WHEN LAUNDERING WHITE FABRICS ..,Color, Cot-
ton, Hardness-minerals, Laundering, Pollution - Effects of ,

Strength, Cohesion, 3.0382

Climatic Regions
Alpine

LIMNOLOGICAL STUDIES OF LENTIC WATERS IN IDAHO
...Idaho, Lakes, Phytoplankton, Primary Productivity, Prnductivity
- Food Chain, Reservoirs and Impoundments, ...2.0398

METHODOLOGIES FOR PREDICTING CLIMATIC SUITABILI-
TY OF NEW AREAS FOR IRRIGATED AGRICULTURE ...Ap-
plied Climatology, Arid and Desert, California, Cold - Climates,
Forecasting-prediction, Irrigation-general, 2.0096

WATER YIELD IMPROVEMENT, AND SNOW AND
AVALANCHE PREDICTION AND PREVENTION, IN THE AL-
PINE REGIONS OF THE CENTRAL ROCKY MOUNTAINS
...Colorado, Snowslide-avalanche, Water Loss Control, Water
Yield, -.3.0146

Arid and Desert
EVALUATION OF FIVE METHODS FOR SAMPLING DESERT

AND WETLAND VEGETATION ...Colorado, Deserts, Plant
Ecology (non-specitic), Utah, Wetkinds, 3.0471

CONTROL OF UNDESIRABLE SHRUBS AND REVEGETATION
OF SOUTHERN ARIZONA RANGES ...Arizona, Cultural Con-
trol, Integrated Cultural Control, Maturity Or Growth Stage of ,

Range, 4.0011
ARID LAND ECOLOGY AND ENVIRONMENT STUDIES IV,

WATER QUANTITY MANAGEMENT ...Big Horn, Deserts,
Deserts, Add Lands, Moisture Content, Wyoming, ...4.0281

SOIL TEMPERATURE AS A CRITERION FOR ALLOCATING
WATER SUPPLY FOR CROP USE ...Moisture Content, Soil En-
vit,nment, Soil Moisture -non-specific, Temperature, Water Allo-
cation, 2.0111

THE WATER RELATIONS OF DESERT PLANTS ...Osmotic and
Turgor Pressure, Phenology, Plant Water Use-other, Seasonal,
Xeric, 2.0737

PATTERNS OF POLICY MAKING IN WATER RESOURCES
DEVELOPMENT _Policy Making, Social Aspects, 6.0356

MODEL STUDY TO PREDICT SALT DISTRIBUTION AND
CONCENTRATION OF WATER IN SOIL PROFILES Irriga-
tion-g,eneral, Model Studies, Moisture Content, Saline Properties,
Soil Chemical Properties, ...5.0750

AN ECONOMIC STUDY OF THE DEMAND FOR OUTDOOR
RECREATION ...Methods, Projected Demand, Recreat;on Sites,
Reservoirs and Impoundments, Standards, ...6.0014

FERTILIZER-WATER-CULTURAL PRACTICES .,.Management,
Nevada, Plant Water Us;z-other, Seed Production -non-specific,
6.0342

RUNOFF INDUCEMENT IN ARID LANDS ..,Infiltration, Linings-
pavings, Runoff, Stabilization-general, Storage of Water, Synthetic
Hydrology-general, 3,0238

BIOLOGY AND CONSUMPTIVE WATER USE OF PERENNIAL
RANGE PLANTS UNDER DESERT CONDITIONS ...Consump-
tive Use, Flood Irrigation, Management and Fertility, Perennial,
Phenology, Soil - water -plait Relationships, _3.0231

WATER IN RELATION TO ECONOMIC GROWTH IN AN ARID
ENVIRONMENT ...Arizona, Economic Impact, Groundwater,
Model Studies, Water Costs, _6.0013

GENETIC AND CYTOGENIC STUDIES OF HORTICULTURAL
CROPS - BREEDING XEROPHYTIC CUCURB1TA
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Arizona, Interspecific Genetic Re lat. , Squash, Pumpkin, Sterility,
.3.0010

METHODOLOGIES FOR PREDICTING CLIMATIC SUITABILI-
TY OF NEW AREAS FOR IRRIGATED AGRICULTURE ...Al-
pine, Applied Climatology, California, Cold - Climates, Forecast-
ing-prediction, Irrigation-general, .2.0096

TRITIATED WATER STUDIES OF THE SIGNIFICANCE OF
DEW AND VAPOR IN PLANT WATER ECONOMY ...Dew,
Foliar Absorption, Humidity, Hydrogen, Osmotic and Turgor
PressurepThermodynamies, .2.0I12

A UNIFIED APPROACH TO WATER, FOOD AND POWER IN A
COASTAL DESERT COMMUNITY .Desalination, Deserts,
Diesel, Distilling Units, Electric Power Plants, Greenhouse, Use of
Impaired Water, 3.0115

ECESIS AND STABILIZATION OF PRICKYPEAR (OPUNTIA
SPP.) ON THE RIO GRANDE PLAINS Angiosperms, Cacti,
Habitat Studies, of Specific Weeds, Range Or Territorial Distr. ,

...6.0564
VEGETATION CHANGES IN SOUTHWESTERN NORTH AMER-

ICA ...Climate, Deserts, Arid Lands, Other Water Conditions,
Soil-water-plant Relationships, Southwest, 2.004S

LARGE IMPOUNDMENTS ...Eutrophication, Nevada, Reservoirs
and Impoundments, Water Properties-general, Water Quality-
general, ...5.0184

()REEDING AND EVALUATION OF IMPROVED VARIETIES
OF PERENNIAL COOL-SEASON GRASSES ADAPTED TO
SEMIARID AND ARID REGIONS ...Breeding, Breeding and
Genetics, Disease & Anomalies, Semi - Arid, ...2,0574

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE IN THE
GREAT !!3ASIN ...Evapotranspiration, Great Basin, Isysimeters,
Sprinkler 'irrigation, Water Balance-budget, 3.0314

THE SIMULATION OF HYDROLOGIC EVENTS IN ARID RE-
GIONS ...Analog Computers, Hydrology-general, Management,
Model Studies, Surface Water. 2.1075

Climate-general
A STUDY or, THE PRIMARY PRODUCTIVITY OF NEW AND

OLDER RESERVOIRS ...Algae- General, Fish -non-specific, Pri-
mary Productivity, 2,0149

CLIMATE 0' THE NORTHEAST - ANALYSES & RELATION-
SHIP TO PLANT RESPONSE (NE-35 ..,Aerial, Beans (garden),
Delaware, Envir. responses (non-specific, General Synoptic Ob-
servations, ...2M25 I

WATER REQUIREMENTS OF CROPS ...Irrigation, IrrigatiPn-
g,eneral. Management, Moisture Content, Requirements for
Water, Soil-water-plant Relationships. _2.0654

AGROCLIMATIC PARAMETERS ...Agricultural Studies -general,
Applied Climatology, Nebraska, Phonology, Seasonal, ...2.0724

APPLICATION OF CLIMATOLOGY TO NEW JERSEY
AGRICULTURE Agricultural Studies -general, Northeast,
Phonology, ...2.0762

WEATHER INFORMATION FOR AGRICULTURE ...Data Analy-
sis - General, Evapotranspiration, General Synoptic Observations,
Soil Physical Properties, ,4.0190

STUDIES OF THE SOIL-MOISTURE-PLANT REGIME FOR THE
CONDITIONS OF WESTERN OKLAHOMA ...Analog Compu-
ters, Consumptive Use, Evapotranspiration, Oklahoma, Soil-water-
plant Relationships, ...2M880

MOISTURE USE CHARACI ERISTICS OF CERTAIN CROP
PLANTS Moisture Levels, Plant Water Use-other, Soil Fertility,
Varietal Evaluation, Yield, 2.0991

DEVELOPING COMPUTER PROGRAMS FOR SOLUTION OF
HYDROLOGIC PROBLEMS RELATED TO SMALL
WATERSHEDS Forecastingprediction, Hydrographs, Physiog-
raphy-general, Small Watersheds, Water Yield, 7.0102

THE EFFECT OF BOLL MOISTURE STRESS ON DEVELOP-
MENT AND LINT QUALITY OF COTTON ...Cotton, Floral,
Growth, Israel, Soil Environment, 3.0236

ECOLOGICAL EFFECTS OF WEATHER MODIFICATION
...Management, Modification, Water Properties-general, Weather
Modification-general, ..,2.0168

RELATION OF CLIMATIC AND WATERSHED PH YSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
...Agricultural Watersheds, Groundwater, Land Use, Shape, Water
Yield, _3.0393

MOISTURE CONSERVATION PRINCIPLES AND PRACTICES
IN THE PACIFIC NORTHWEST ...Air - Water - Plant Relations,
Evapotranspiration, Management Effects, Modified Water Use,
Soil-water-plant Relationships, 4.0267

CLIMATOLOGICAL FACTORS AFFECTING WATER USE IN
AGRICULTURE ...Consumptive Use, Irrigation-general, Projec-
tions and Estimations, Requirements for Water, Water Demand,
...6.0599

Cold - Climates
HYDROLOGIC CHARACTERIZATION OF SMALL

WATERSHEDS Mathematical Analysis, Model Studies, Peak
Flow, Runoff, Small Watersheds, 4.0143

METHODOLOGIES FOR PREDICTING CLIMATIC SUITABILI-
TY OF NEW AREAS FOR IRRIGATED AGRICULTURE ...Al-
pine, Applied Climatology, Arid and Desert, California, Forecast-
mg-prediction, Irrigation-general, ...2.0096

TECHNICAL SUPPORT, INVESTIGATIONS OF ARCTIC CON-
STRUCTION Arctic, Construction, Earth & Rockfill Dams,
Thermal Properties-general, ...8.0266

UTILITIES IN PERMAFROST AREAS ...Codes and Standards,
Permafrost-frozen, Public Utilities, Sewage Treatment Plant,
...2.0756

Humid
THE DEMAND AND PRICE STRUCTURES FOR WATER IN A

HUMID AREA Consumptive Use, Georgia, Price & Value,
Water Costs, Water Demand, _6.0161

DRAINAGE OF SUGARCANE LANDS IN THE HUMID SEC-
TIONS OF PUERTO RICO ...Drainage, Puerto Rico, Sugar Cane,
Water Table - Depth of , Water Table Fluctuation, Yield.
...2.0936

COATING TECHNOLOGY ,..Coatings - general, Paint - General,
Sealant Materials, Standards, Specifications, Surface Cleaning,
Finishing, _8.0131

Microclimate-general
STREAM VALLEY ASYMMETRY IN AN ARCTIC ENVIRON-

MENT-CONDITIONS GOVERNING GEOMORPHIC
PROCESSES 7360 ...Arctic, Environmental Effects-geologic,
Shape, Slopes, Valleys and Canyons, ...2.0255

INFLUENCE OF TRANSPIRATION SUPPRESSANTS, SPRIN-
KLER IRRIGATION & MOISTURE LEVELS ON TRANSPIRA-
TroN & EVAPOTRANSPIRATION Antitranspirants,
Dendroclimatology, Moisture Levels, Sprinkler Irrigation, Trans-
piration, 3.0464

WATER BALANCE AND ALKALINE EXCHANGE RELATION-
SHIPS AS INFLUENCED BY WATER MANAGEMENT PRAC-
TICES IN RICE ...Arkansas, Rice, Salt, Water Balance-budget,
Water Depth, Water Levels, _2.0071

AN EVALUATION OF THE SUGAR-INVERSION METHOD OF
MEASURING MEAN TEMPERATURE IN A CLIMATOLOGI-
CAL NETWORK ...Aldose and Ketose, Inversion, Physical Cli-
matology, Temperature, 2.9925

PREDICTIONS OF WATER REQUIREMENTS OF CROPS FROM
MICROCUMATIC PARAMETERS ...Air - Water - Plant Rela-
tions, Energy I3udgets, Evapotranspiration, Miniature Or Microen-
vironment, Requirements for Water, ...4.0029

THE INFLUENCE OF WATER AND CLIMATE ON THE YIELD
AND SUCROSE CONTENT OF SUGARCANE ...Applied Cli-
matology, irrigation-general, Puerto Rico, Sugar Cane, Yield,
_4.0211

EFFECT OF THE CLIMATE AND MICROCLIMATE ON
AGRICULTURE IN SOUTH DAKOTA ...Applied Clin,,aology,
Automatic Stations, Digital Computers, South Dakota, Statistics-
general, ...2.0973

MICROCLIMATE ANALYSIS ...Boundary Layer Studies, Irriga-
tion, Irrigation - general, Texas, Transpiration, _2.1002

HIGH ALTITUDE EVAPOTRANSPIRATION FROM NATIVE
MEADOWS .,.Energy Budgets, Evapotranspiration, Harvest and
Storage, Lysimeters, Nuclear Moisture Meters, ...3.0493

Polar
BIOLOGICAL DEGRADATION OF WASTES UNDER

PSYCHROPHILIC ENVIRONMENTS ...Bacterial Pollutant
Sources, Biological, Low Temp. - But Above 32f, Mixed Culture,
Water Bacteria, 5.0036

DISTRIBUTION OF LIQUIDS IN POLAR CAMPS ...Flow, Main-
tenance, Permafrost-frozen, Pipes, Sewage, 5.0134

MINIMUM WATER SANITARY Kr/STEM ...Equipment, Flushing
Devices, Incineration, Waste Treatment-economics, ...3.0078

ARCTIC ECOSYSTEMS ...Alaska, Aquatic Ecology. Energy
Budgets, Freshwater Ecology, Productivity - Food Chain,
_5.0236
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STUDY OF ASSIMILATIVE CAPACITY OF ARCTIC AND SUB-
ARCTIC STREAMS ..,Environmental Effects-geologic, Pollution -

Effects of , Self-purification, Streams, 5,0029

- Arid
MICROMETEOROLOGICAL INVESTIGATIONS OF THE ENER-

GY BUDGET - EFFECT OF SUMMER WINDS ...Evapotrans-
piration, Heat Budget, Heat Flow, Micromeuorology, Wind-
general, ,..2.0516

OPTIMIZING SALVAGEABLE WATER RESOURCES IN A
SEMI-ARID INLAND BASIN ...Natural Recharge, Optimization,
Runoff, Water - Alternative Uses, Water Quality-general, Water
Reuse, .. 3.0019

A COMPREHENSIVE WATER RESOURCES ANALYSIS OF A

TYPICAL OVERDRAWN BASIN IN AN IRRIGATED
SEMIARID AREA - PECOS RIVER BASIN, NEW MEXICO
,..New Mexico, River Basins, Systems Analysis, ..6,0362

DETERMINATION OF FACTORA AFFECTING THE COMPETI-
TIVE ABILITY OF WEEDS IN SEM-ARID AREAS ...Growth
Rate, Roots, Vase. plant Competition -other, Weeds -physiologi-
cal Studies, ..2,1016

SALINITY TOLERANCES OF CERTAIN TROPICAL SOILS AND
RELATIONSHIPS BETWEEN SODIUM ION ACTIVITIES AND
SOIL PHYSICAL PROPERTIES Chemical Analysis - Soils, Ir-
rigation- general, Saline Properties, Sodium, Soil Chemical Proper-
ties, Tropic, 3.0200

AN ESTIMATION OF THE THERMAL POTENTIAL FOR

GROWING IRRIGATED CROPS ON OREGONS DRYLAND
Applied Climatology, Phenology, 6.0453

BREEDING AND EVALUATION OF IMPROVED VARIETIES
OF PERENNIAL COOL-SEASON GRASSES ADAPTED TO
SEMIARID AND ARID REGIONS Arid and Desert, Breeding,
Breeding and Genetics, Disease & Anomalies, .,.2.0574

EVAPOTRANSPIRATION UNDER NATURAL CONDITIONS
Evaporation, Moisture Budgets, Moisture Tension, Ponds,

_2.0384
INFIL7RATION AS INFLUENCED BY SOIL-VEGETATION

COMPLEXES _Infiltration, Soil-water-plant Relationship's,

.2.0385
STREAM FLOW REGIMES OF SEMIARID RANGELAND

WATERSHEDS IN THE SOUTHWEST _Channels, Flow

Characteristics -water, Runoff, Storm Water, Storms-general,
.4.0009

Sub - Humid
ECONOMIC ASPECTS OF SUPPLEMENTAL IRRIGATION IN

MISSOURI .Corn, Economics-general, Irrigation-general,
Moisture -non-speeitic, Temperature -non-specific, 6.0320

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB-HUMID CLIMATE
,..Agriculture, Irrigation - genera!, North Dakota, Production &
Processing, 6,0415

WATER MOVEMENT CONTROL AND CULTURAL PRAC-
TICES IN COTTON PRODUCTION ,..Conservation & Manage-
ment Eng, Cotton, Management, Soil Tillage Methods -other, Til-
lage, Cropping Systems, Water Yield, 2.0003

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB-HUMID CLIMATE ...Ap-

plied Climatology, Evapotranspiration, Irrigation-general, Model
Studies, Water Balance-budget, 3.0384

THE INVESTIGATION OF SOIL PROBLEMS IN RELATION TO
IRRIGATION DEVELOPMENT IN SUBHUMID AREAS ir-
rigation, Soil-water-plant Relationships, 2.0967

Sub - Polar
RADIOACTIVE FOOD-CHAINS IN THE SUBARCTIC ENVIRON-

MENT ...Productivity - Food Chain, Radioactive Fallout,

Radioactive Isotopes, Radiologic Health, Toxicological and Aller-
gy, 2.0308

EVALUATION OF AN OXIDATION-DITCH WASTEWATER
TREATMENT PLANT IN SUBARCTIC ALASKA ...Chemical
Oxygen Demand, Dilution-other, Model Studies, Waste Treat-
ment-economics, 5.0038

SUBARC AERAT LAG INVES 'MOM REQUIR SEASON &
DIURN EFF ON NUT BAL Aeration, Effluent- standards,
Lagoon, Process Design, Waste Treatment-economics, 5.0027

Sub - Tropic
ANTI-POLLUTION AND SEWAGE DISPOSAL FOR FLORIDA

COMMUNITIES ...Lagoon, Organics, Pollution Abatement, Sand,
Sewage - Domestic, 5.0255

Temperate
FACTORS AFFECTING PRIMARY AND SECONDARY

PRODUCTION IN TEMPERATE LAKES ...Lakes, Minnesota,
Productivity - Food Chain, Regression Analysis, Zooplankton,
...2.0157

Tropic
(U) INSTABILITY PATTERNS IN THE TROPICS .. Radar,

Weather Forecasting, _2.0320
SALINITY TOLERANCES OF CERTAIN TROPICAL SOILS AND

RELATIONSHIPS BETWEEN SODIUM ION ACTIVITIES AND
SOIL PHYSICAL PROPERTIES ...Chemical Analysis - Soils, Ir-
rigation-general, Saline Properties, Semi - Arid, Sodium, Soil
Chemical Properties, 3,0200

PILOT EVAPOTRANSPIRATION STUDY WITH LYSIMETERS
OF WATER USE BY SUGAR CANE, PINEAPPLE AND TROP-
ICAL TRUCK CROPS Evapotranspiration. Lysimeteis, Pineap-

ple, Sugarcane, Yield, 2.0372
( U ) STABILIZATION POND OPERATION IN TROPICAL

AREAS (P) ...tiigae, Bacteria, Biochemical Oxygen Demand,
Loading, Pond, 5,0174

Climatology

Applied Climatology
CLIMATIC PATTERNS AND THEIR EFFECT ON CALIFORNIA

AGRICULTURE .,.Agriculture, California, Data Analysis -

General, Phonology, Production & Processing, Tempeiature,
Weather, ..2.0095

EVALUATION OF CLIMATIC PATTERNS AFFECTING IDA' 0
AGRICULTURE ,,.Agricultural Watersheds, Data Analysis -

General, Evaporation, Forecasting, Idaho, Meteorological
Averages, Patterns, 2.0396

WEATHER INFORMATION FOR AGRICULTURE .,.General
Synoptic Observations, Iowa, Moisture Content, Oats, Soil En-
vironment, ...2.0484

CRITERIA FOR EVALUATION AND FUNCTIONAL DESIGN OF
IRRIGATION SYSTEMS ...Drought, Irrigation, Irrigation - general,
Moisture Levels, Moisture Tension, .2.0524

AGROCLIMATIC PARAMETERS .,.Agricultural Studies -general,
Climate-general, Nebraska, Phenology, Seasonal, 2.0724

CLIMATE AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ...Meteorological Averages,
Other Water Conditions, Patterns, Phenology, Tables, Compila-
tions, Catalogs, ...3.0332

PREPARATION AND ANALYSIS OF CLIMATOLOGICAL
DATA IMPORTANT TO AGRICULTURE AND FORESTRY
..,Atmpopheric Pollution-general, Patterns, Precipitation -non-
specific, Stochastic Processes, Western, 4-0199

SOIL, PLANT, AND METEOROLOGICAL FACTORS IN

DRAINAGE EVALUATION AND DESIG ...Drainage, Drainage
Engineering, Soil Environment, Soil-water-plant Relationships,

...4.0213
AGRICULTURAL CLIMATOLOGY OF WEST VIRGINIA ..,Cli-

mate, Northeast, Other Water Conditions, Phenology, 2.1142

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS
...Amount, Aquifers-general, Runoff, Small Watersheds, Soil
Types-general, Water Yield, 4.0207

METHODOLOGIES FOR PREDICTING CLIMATIC SUITABILI-
TY OF NEW AREAS FOR IRRIGATED AGRICULTURE ...Al-
pine, Arid and Desert, California, Cold - Climates, Forecasting-
prediction, Irrigation-general, ...20096

ECONOMICS OF CLIMATE ...Economic Impact, Kansas, Risk &
Uncertainty, Weather, Yield, 2.0511

PILOT STUDY OF THE PROBABILITY OF OCCURRENCE OF
CLIMATOLOGICAL PHENOMENA IN THE ATLANTA AREA
...Georgia, Model Studies, Weather Forecasting, ...2.0351

CLIMATOLOGY OF HAIL ...Modification, Patterns, Radar,

Storms-general, 4.0097
TOPOGRAPHIC EFFECTS ON PRECIPITATION Illinois,

Precipitation Instruments, Topographic Influences, 2,04.12

SOIL AND CLIMATE FACTORS AFFECTING THE EFFICIENT
USE OF WATER BY CROPS ...Air - Water - Plant Relations,
Evaporation, Iowa, Woisture Content, Moisture Levels, Soil-
water-plant Relationships, 2.0485

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB -HUMID CLIMATE
...Evapotranspiration, Irrigation-general, Model Studies, Sub - Hu-

mid, Water alance-budget, .,.3.0384
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A ESTIMATION OF THE THERMAL POTENTIAL FOR
L.ROWING IRRIGATED CROPS ON OREGONS DRYLAND
...Phenology, Semi - Arid, -.6.0453

THE INFLUENCE OF WATER AND CLIMATE ON THE YIELD
AND SUCROSE CONTENT OF SUGARCANE ...Irrigation-
general, Microelimatc-general, Puerto Rico, Sugar Cane, Yield,
4.0211

EFFECT OF THE CLIMATE A!''D MICROCLIMATE ON
AGRICULTURE IN SOUTH DAKOTA ...Automatic Stations,
Digital Computers, Microc limute-general, South Dakota,
Statistics-general, ...2.0973

GROUNDWATER RECHARGE . oreeasting-prediction, Ground-
water, Natural Recharge, Observation Wells, Water Table Hue-
tuation, _3.0430

THE DEVELOPMENT OF SNYOPTIC CLIMATOLOGY AND
STATISTICAL FORECASTING METHODS AND ORO-
GRAPHIC PRECIPITATION ...Patterns, 2.0205

FEASIBILITY OF USING ATMOSPHERIC WATER RESOURCES
IN THE NORTHEASTERN UNITED STATES ...Benefit-cost
Analysis, Clouds-precipitation, Connecticut River, River Basins,
Water Resources Development, ...2.0161

WATER USE UNDER DRYLAND CONDITIONS IN COASTAL
VALLEYS OF CALIFORNIA California, Modified Water Use,
Moisture Content, Precipitation-general, Soil Environment,
,..3.0092

Climatogg4hy
BEHAVIOR OF WATER IN AN SOUTHWEST IMPOUNDMENT -

LAKE THUNDERBIRD ...Chemical-general, Land Use, Physical-
general, Reservoirs and Impoundments, Water Quality-general,
-.5.0918

CLIMATE AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ...Nevada, Patterns,
...2.0730

DENSE RAINGAGE NETWORK PROJECTS ...Data Networks,
Gages, Modification, Storms-general, Weather Modification-
general, 2.0424

DRAINAGE CORRELATION RESEARCH PROJECT ...Drainage,
Floods, Peak Flow, Precipitation-general, Small Watersheds,
-.2.0710

DROUGHT FREQUENCY, INTENSITY & DURATION - ITS
CORRELATION TO STREAMFLOW AND ITS IMPACT UPON
SYNTHETIC HYDROLOGY ...Flow Characteristics -water,
Meteorological Extremes, Patterns, Synthetic Hydrology-general,
Water Loss-general, 2.0763

MOUNTAIN RESEARCH ...General, Mountains-alpine, ...2.0753
PRECIPITATION PATTERNS ON RANGELAND WATERSHEDS

IN THE SOUTHWEST ...Forecasting, Patterns, Runoff, Sediment
Yield, Southwest, .,.2,0040

PRECIPITATION PATTERNS ON UPSTREAM WATERSHEDS
IN CENTRAL AND SOUTHERN CALIFORNIA ...California,
Patterns, Runoff, Sediment Yield, Watersheds-general, -.2.0103

Climatology-general
RESEARCH INTO RECENT CLIMATIC CHANGES ...Computa-

tion Techniques, Correlation, Physical Climatology, ...2.0321

Dendroclimatology
INFLUENCE OF TRANSPIRATION SUPPRESSANTS, SPRIN-

KLER IRRIGATION & MOISTURE LEVELS ON TRANSPIRA-
TION & EVAPOTRANSPIRATION ...Antitranspirants, Microcli-
mate-general, Moisture Levels, Sprinkler Irrigation, Transpiration,
...3.0464

THE ROLE OF VEGETATION AND SOIL IN WATERSHED
YIELD ...Cover Crops, Soil Prop.,rties - General, Soil-water-plant
Relationships, Water Balance-budget, Water Yield, Watersheds-
general, ...4.0256

Physical Climatology
RESEARCH INTO RECENT CLIMATIC CHANGES ...Climatolo-

gy-general, Computation Techniques. Correlation, 2.0321
WATER TRANSFER FROM SOIL TO THE ATMOSPHERE AS

RELATED TO CLIMATE AND SOIL PROPERTIES ...Evapora-
tion, Humidity, Moisture Content, Radiation-general, Water
Balance-budget, Water Transfer, ...2.1046

CLIMATE OF THE NORTHEAST - ANALYSIS AND RELA-
TIONSHIP TO PLANT RESPONSE ...Ash Trees, Flowering, New
York, Phenology, ...2.0791

COMPUTER SIMULATION AND EVALUATION OF CLO-
W.. °LOGICAL MODELS ...Computers-general, Model Studies,
Patterns, Statistics-general, 7.0044

Clouds

AN EVALUATION OF THE SUG,*.R-INVERSION METHOD OF
MEASURING MEAN TEMPERATURE IN A CLIMATOLOGI-
CAL NETWORK ...Aldose and Ketose, Inversion, Mieroclirnate-
general, Temperature, 2.0925

CLIMATOLOGICAL MEASUREMENTS RELATED TO
AGRICULTURE ...Amount, Fog-haze-mist, Land Use, Sunshine,
Temperature, Water Utilization -general, -.2.0741

MISCELLANEOUS FIELD RESEARCH IN CLIMATOLOGY
...Amount, Precipitation-general, Water Resources Development,
Water Yield, Weather Modification-general, 2.0606

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Patterns, Runoff, Storms-general,
...2 9867

Clouds
Classification

Cumulus
RESEARCH ON CHARACTERISTICS OF CONVECTIVE

CLOUDS IN TEXAS ...Aircraft, Cloud Physics, Data Analysis -
General, Model Studies, Texas, -.2.1023

CONVECTIVE CLOUD SYSTEMS, NORTHERN GREAT
PLAINS, ATMOSPHERIC WATER RESOURCES ...Cloud Struc-
ture, Clouds-precipitation, Convection, Great Plains Province,
Model Studies, ...2.0193

Other
ARIZONA WEATHER MODIFICATION ENGINEERING

RESEARCH, ATMOSPHERIC WATER RESOURCES ,..Arizona,
Cloud Formation and Evolution, Clouds-precipitation, Nucleation
Physics, Storms-general, 2.0186

INVESTIGATION OF THE FEASIBILITY OF WARM-CLOUD
MANAGEMENT ...Cloud Temperature, Clouds-precipitation,
Model Studies, Modification, 2.0165

Cloud Cover
SUBSYNOPTIC WEATHER SPECIFICATION ...Data Analysis Ap-

plications, Dew, Micrometcorology, Model Studies, Temperature,
Weather Forecasting, -.2.0592

NUMERICAL PREDICTION OF CLOUDINESS AND PRECIPITA-
TION ...Applications, Forecasting, Prediction Models, ...2.0266

CLOUD AND PRECIPITATION FORECAST MODEL ...Condensa-
tion-general, Forecasting, Latent Heats, Model Studies, Weather
Forecasting, -.2.0267

Cloud Formations and Evolution
NUMERICAL SIMULATION OF THE MACROPHYSICAL AND

MICROPHYSICAL PROCESSES OF MOIST CONVECTION
...Clouds-precipitation, Convection, Formation, Model Studies,
Thermodynamics, -.2.0239

ARIZONA WEATHER MODIFICATION ENGINEERING
RESEARCH, ATMOSPHERIC WATER RESOURCES ...Arizona,
Clouds-precipitation, Nucleation Physics, Other, Storms-general,
...2.0186

THE DEVELOPMENT OF SNYOPTIC CLIMATOLOGY AND
STATISTICAL FORECASTING METHODS AND ORO-
GRAPHIC PRECIPITATION .. "ti/.=ons, -1.0205

ATMOSPHERIC WATER RES 'ES RESEARCH UNIVERSI-
TY OF WYOMING ...Cloud ir'ilysics, Nucleation Physics, Oro-
graphic Effects, Snowpack, Wyoming, ...2.6162

Cloud Physics
NORTH SIERRA OROGRAPHIC, CONVECTIVE CLOUD

STUDY - ATMOSPHERIC WATER RESOURCES PROGRAM
...Data Display Systems, Hydrology-general, Modification, Oro-
graphic Effects, Precipitation Instruments, ...2.0731

RESEARCH ON THE METEROGENEITY OF CLOUD STRUC-
TURE ...Cloud Structure, Convection, Energy - general, In-cloud,
...2.1017

RESEARCH ON CHARACTERISTICS OF CONVECTIVE
CLOUDS IN TEXAS ...Aircraft, Cumulus, Data Analysis -
General, Model Studies, Texas, ...2.1023

USE OF RADAR FOR HYDROLOGICAL STUDIES ...Evapoia-
flail, Groundwater Movement, Patterns, Radar, Structure-size,
2.0776

COLD REGIONS PHYSICAL SCIENCE ...Arctic, Electron, Ice
Fog, Petrofabrics, -.2.0757

ATMOSPHERIC WATER RESOURCES RESEARCH UNIVERSI-
TY OF WYOMING ...Cloud Formation and Evolution, Nuclea-
tion Physics, Orographic Effects, Snowpack, Wyoming, ...2.0162
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Clouds SUBJECT INDEX

PRODUCTION AND DETECTION OF ARTIFICIAL ICE NUCLEI
...Formation, Model Studies, Modification, Nucleation Physics,
Precipitation Instruments, ...2.0173

Cloud Structure
ROCKY MOUNTAIN OROGRAPHIC CLOUD PRECIPITATION

AND MODIFICATION ...Clouds - precipitation, Colorado, Forma-
tion, Patterns, Topographic Influences. _3.0140

RESEARCH ON THE METEROGENEITY OF CLOUD STRUC-
TURE ...Cloud Physics, Convection, Energy-general. In-cloud,
2.1017

CONVECTIVE CLOUD SYSTEMS, NORTHERN GREAT
PLAINS, ATMOSPHERIC WATER RESOURCES ...Clouds-
prceipitation. Convection. Cumulus, Great Plains Province, Model
Studies, 2.6193

Cloud Temperature
INVESTIGATION OF THE FEASIBILITY OF WARM-CLOUD

MANAGEMENT ...Clouds-precipitation, Model Studies, Modifi-
cation, Other, _2.0165

Clouds-general
NATIONWIDE PRECIPITATION - NMC FORECAST

TECHNIQUES ,,.Computers - general, Forecasting, Forecasting-
prediction, General Synoptic Observations. Regression Analysis.
...2.0589

ATMOSPHERIC WATER RESOURCES RESEARCH IN THE
STATE OF NEW MEXICO _Clouds-precipitation, New Mexico,
Precipitation instruments, Rio Grande, Storms-general, ,..2.0175

Coal
SEWAGE TREATMENT, PILOT PLANT EVALUATION ...Ash-

coal, Coal - general, Industrial Wastes, Pilot Plant. Waste Treat-
ment-qconomies, 5.0870

Washing
STUDIES ON THE FREEZING PROCESS FOR DESALTING

SALINE WATERS ...Cost Analysis, Freezing, Other, Porosity,
Thermodynamic. Relation, 3.0365

SALINE WATER BY FREEZING - A PROGRAM OF IN-
VESTIGATION .,.Desalination, Evaporation, Freezing, Microsco-
py-other, Nucleation, _3.343

COUNTERWASHERS FOR FREEZE-DISTILLATION
DESALINATION Cost Analysis. Fluid Flow-other, Freezing,
Packed Bed, Screening, ...3.0279

Coatings

Chemical Conversion
Anodic

PROTECTIVE FILMS FORMED BY PLASMA ANODIZATION
Aluminum. Brines, Desalination, Iron, Passivation, ...3.0263

Cladding
EVALUATION OF POLYVINYL CHLORIDE (PVC) AND

VINYL CLAD ALUMINUM PIPE USED FOR CARRYING IR-
RIGATION WATER WHEN BURIED WITHIN THE FROST
ZONE Aluminum, Irrigation-general, Joining, Bonding-general,
Pipe, Tube, Polyvinyls-other. Soils, ...8.0271

Coatings-general
CORROSION AND TUBERCULATION IN DISTRIBUTION

SYSTEMS ..,Casting of Materials, Corrosion Prevention-other,
Iron, Water, 5.0373

ADHESIVE PROTECTION FOR CONCRETE California, Cavita-
tion, Cement, Concrete, Epoxies. Erosion, 8.0015

CORROSION MITIGATION -CATHODIC PROTECTION OF
WATER-IMMERSED STEEL STRUCTURES ...Cathodic Protec-
tion, Engineering Studies-general, Hydraulic Structures, Low
Alloy Steels, .8.0172

EVALUATION OF CONCRETE AND RELATED MATERIALS
FOR USE IN DESALINATION PLANTS ...Cement. Concrete.
Corrosion General, Ferrous Alloys - Other, Saline Conversion,
Sealant Materials, ...8.0062

COATING TECHNOLOGY ...Humid, Paint - General, Sealant
Materials, Standards, Specifications, Surface Cleaning. 7inishing,
8.0131

NEW DEVELOPMENTS IN CATHODIC PROTECTION AND
CORROSION STUDIES ,..Cathodic Protection, Dam, Canal,
Platinum, Titanium, 8.0024

Coatings-other
INVESTIGATIONS OF ALGAE INHIBITING MATERIALS ...Ce-

ment. Concrete. Fouling, Inhibitors, Liquids Or Sprays, Organic
Wastes, Water Distribution Systems, _3.0106

Dip, Immersion
GaivanNed

STUDIED OF CORROSION SPECIMENS .,.Pipe, Tube, Test
Methods, Water, Water Quality-general. 8.0177

Electroplated
AN INVESTIGATION OF TECHNIQUES FOR THE REMOVAL

OF CHROMIUM AND CYANIDES FROM ELECTROPLATING
WASTES ...Chromium. Extraction, Flotation, Industrial
Processes-other, Material Recovery Wastes, Recovery, Scrap and
Wastes, 5.0725

Mectrostatic
THE PREPARATION OF ULTRA-THIN REVERSE OSMOSIS

MEMBRANES BY ELECTROSTATIC DEPOSITION ...Desalina-
tion, Membranes-other, Natural Occurring, Reverse Osmosis,
3.0162

Paint and Organic
Organic- general

DEVELOPMENT OF PARYLENE COATING FOR DROPWISE
CONDENSATION OF WATER ON HEAT EXCHANGERS
Condensation, Copper, Desalination, Heat Exchangers, Plastics-
other, 3.0327

POLYMERIC COATINGS FOR PROTECTION ON CONCRETE
EXF OSED TO AQUEOUS SALINE ENVIPONMENTS ...Adhe-
sion, Cement, Concrete. Depolymerization, Plastics - General,
Salinity, Walcr, 3.0405

CONCRETE CURING COMPOUND INVESTIGATIONS ...Ce-
ment, Concrete, Curing Agents, Dam, Canal, Weathering,
8.0075

FACTORS INFLUENCING THE DURABILITY OF CONCRETE
.,.Cement, Concrete, Chemicals, Durability, Deterioration, Pipe,
Tube, Sulfate, Sulfite, 8.0043

PROTECTIVE LININGS FOR WATER PASSAGE SURFACES OF
FERROUS METALWORK ...Erosion, Linings-pavings, Pipe,
Tube. Water, 8,0087

Paint - General
PAINT TESTS ...Epoxies, Polyvinyls-other, Primers, Urethanes,

...8.0173
COATING TECHNOLOGY ...Coatings-general, Humid, Sealant

Materials, Standards, Specifications, Surface Cleaning, Finishing,
..,8.0131

Printers
PAINT TESTS ...Epoxies, Paint Genera Polyvinyls-other,

Urethanes, ...8.0173

Solutionizing
I4-01-0001-1760 -- IN-SITU FORMATION OF REGENERATIVE

CELLULOSE ACETATE MEMBRANES ON POROUS SUP-
PORTS ...Casting of Materials, Cellulose Acetate, Ceramics -
General, Reverse Osmosis, Saline Conversion, 3.0069
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Cobalt
REAGENTS FOR DETERMINATIONS OF TRACE IMPURITIES

IN WATER ...Analysis and Detection, Inorganic, Nitrate. Nitrite,
Nitroso Compounds, Spectroscopy-general, 5.0330

GAMMA RADIATION OF TEXTILE WASTE WATER TO
REDUCE POLLUTION ...Gamma, Industrial Wastes, Other, Tex-
tile Wastes, Waste Water Treatment-general, ,..S.0006

Collections
THE AQUATIC PLANT RESOURCES OF WESTERN MONTANA

...Aquatic Plants (non-specific), Montana, Plant Taxonomy, Pubil-
ications -other, 2.0717

CYTOTAXONOMY AND RELATED STUDIES OF HOLARCTIC
MIDGES .Animal Taxonomy, Arctic, Bloodworms, Aquatic
Midges, Museum, Nearctic, 5.0756



SUBJECT INDEX Columbia River
SEARCH FOR AND IMPORTATION OF FOREIGN INSECT

ENEMIES OF WEEDS ...Biocontrol, Insects -non-specific, Vase.
plant & Arthropods Comp, Weeds, 2.0076

Colorado
ROCKY MOUNTAIN OROGRAPHIC CLOUD PRECIPITATION

AND MODIFICATION ...Cloud Structure, Clouds-precipitation,
Formation, Patterns, Topographic Influences, .3.0140

INFLUENCE OF ACCUMULATED SEDIMENTS UPON WATER
VELOCITY OF MICROHABITATS OCCUPIED BY TRouis
.Habitat Studies, Rio Grande River, Salmon & Trout - Non-
specific, Sediments, Velocity -water, .,.4.0068

FISHES OF THE ARKANSAS RIVER BASIN, COLORADO .Ar-
..kansas River, Environmental Changes, Fish -non-specific, Survey
Studies, Water Environment -other, 6.0102

WATER VELOCITY AND SPATIAL CO-ACTIONS OF
HATCHERY TROUT AND WILD BROWN TROUT
Behavioral Ecology, Brown Trout, Flume Studies, Rainbow
Trout, Steelhead Trout, Velocity -water, ...5.0198

FISHES OF THE SOUTH PLATTE RIVER BASIN, COLORADO
Animal Distr, (non-specific), Environmental Change:4, Environ-

mental Ecology, Fish -non-specific, Pollution - Effects of , River
Basins, 5.0194

COVER AS A LIMITING FACTOR IN TROUT PRODUCTION
...Environmental Ecology, Number Or Density, Salmon & Trout -
Non- specific, Soil (wildlife) Cover, Streams, ..4.0070

EVALUATION OF FIVE METHODS FOR SAMPLING DESERT
AND WETLAND VEGETATION ...Arid and Desert, Deserts,
Plant Ecology (non-specific), Utah, Wetlands, 3.0471

SMALL IMPOUNDMENT STOCKING .Bullheads, Centrarchidae
-other, Control of Nuisance Species, Lakes, Stocking of Fish &
Shellfish, ...5.0201

COLORADO COMPREHENSIVE PLAN FOR OUTDOOR
RECREATION ...Economic Impact, Mapping, Other, Planning,
Recreation Sites, 6.0324

SOUTH PLATTE RIVER DEVELOPMENT PLAN .Fishing, Pic-
nicking, Recreation Activities, Recreation Sites, Riding, ..2.0160

THE ECONOMICS AND ADMINISTRATION OF WATER
RESOURCES ...Administrative Structures, Alternative Planning,
Water - Alternative Uses, Water Costs, Watersheds-general,
...6.0107

AN EXPLORATION OF COMPONENTS AFFECTING AND
LIMITING POLICYMAKING OPTIONS IN LOCAL WATER
AGENCIES _Administrative Structures, Alternative Planning,
Economic Impact, Local' Government, State-local Government,
6.0104

DRYLAND SOIL MANAGEMENT ...Evapotranspiration, Manage-
ment Effects, Modified Water Use, Soil-water-plant Relationships,
Tillage, Cropping Systems, Wind Erosion, 2.0208

ECOLOGY OF COLORADO MOLLUSKS .,.Mollusks -non-specific
& Other, Pollution - Effects of , Pollution -non-specific, Pollution
Effects, Range Or Territorial Distr. , 5.'0178

BOTTOM FAUNA IN THE NORTH ST. VRAIN CREEK,
COLORADO ..,Aquatic Ecology, Benthic Fauna, Mountains-al-
pine, Streams, Vertical Distribution, 2.0158

LEVELS OF SECONDARY PRODUCTIVITY IN COLORADO
MOUNTAIN STREAMS ...Mountains-alpine, Productivity - Food
Chain, Secondary Productivity, Streams, ...5.0179

CHEMICAL ECOLOGY OF DIAPTOMID COPEPODS OF
COLORADO ...Aquatic Ecology, Chemical Measurements -water,
Copepods, Environmental Ecology. Fresh Water, ...6.0088

DEMAND FOR WATER UNDER DYNAMIC CONDITIONS
...Public Utilities, Social Aspects, Water Costs, Water Demand,
...6.0087

SEALING OF CANALS AND RESERVOIRS WITH COLORADO
CLAYS ...Clay, Irrigation Engineering, Open Channel, Particle
Size, Permetbility, Reservoirs, Waterproof, _8.0144

GROUND WATER RESOURCES ..,Groundwater, Management,
Model Studies, Technique Development, Water Resources
Development, ...4.0067

ECONOMICS OF GROUNDWATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO _Administrative Structures, Al-
ternative Planning, Economics-general, Groundwater, Water
Resources Development, 2.0207

WATER SALVAGE STUDY ...Modified Water Use, Phrcatophytes,
Transpiration, Water Loss Control, 6.0096

CORRELATION OF JOINT DENSITY AND ROCK LOADS--IN-
STALLATION OF TUNNEL SET LOAD CELLS IN DIVIDE
TUNNEL, COLORADO Engineering Structures-general, Geolo-
gy - Engineering, Joints-fractures, Tunnels, _8.0134
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PARK RANGE ATMOSPHERIC WATER RESOURCES PRO-
GRAM ..,Clouds-precipitation, Nucleation Physics, Orographic
Effects, Patterns, Technique Development, 2.0164

SKYWATERPARK RANGE FOREST HYDROLOGY ...Forest
Watersheds, Model Studies, Mountains-alpine, Topographic In-
fluences, Weather Modification-general, ...2.0172

SKYWATER ...Data Acquisition-general, Gaging, Streams, 2,0190

PROJECT SKYWATER - COLORADO - STEAMBOAT SPRING
Autor:,atie Stations, Gages, Instrumental Services, Other
Telemetry, Snow-general, ...2.0204

ECONOMIC ANALYSIS RESOURCE AREAS _Economic Im-
pact, Recreation Sites, Reservoirs and Impoundments, Social
Aspects, ..,6.0097

WATER YIELD IMPROVEMENT, AND SNOW AND
AVALANCHE PREDICTION AND PREVENTION, IN THE AL-
PINE REGIONS OF THE CENTRAL ROCKY MOUNTAINS

Al iaae, Snowslide-avalanche, Water Loss Control, Water Yield,
3.0146

Colorado River
ATMOSPHERIC WATER ...Cirques, Evaporation, Snowmclt, Snow-

pack, Water Loss Control, ...2.0223
ATMOSPHERIC WATER BALANCE AND THE FORECAST OF

ANNUAL RUNOFF FROM THE UPPER COLORADO RIVER
BASIN ...Evaporation, Forecasting-prediction, Runoff, Water
Balance-budget, ...2.0222

APPLICATION OF OPERATIONS RESEARCH TECHNIQUES
FOR ALLOCATION OF COLORAPO RIVER WATERS IN
UTAH ...Operations Research, Optimization, Utah, Water Alloca-
tion,

ELECTRONIC ANALOG SIMULATION OF THE SALINITY
FLOW SYSTEM WITHIN THE UPPER COLORADO RIVER
BASIN ...Analog Computers, Management, Salinity, ...7.0105

GRAND VALLEY SALINITY CONTROL DEMONSTRATION
PROJECT ..Brackish Water, Canals, Linings-pavings, Mineraliza-
tion, Natural Recharge, 5.0203

HISTORY OF THE DEVELOPMENT OF THE WATER
RESOURCES OF THE COLORADO RIVER-PHASE ONE. THE
COLORADO RIVER COMPACT ...History, Water Resources
Development, 6.0066

CALIFORNIA-ARIZONA ECONOMIC INTERDEPENDENCE
AND THE COLORADO RIVER CONFLICT WITH PARTICU-
LAR REFERENCE TO AGRICULTURE ...Agriculture, Agricul-
ture Industry, Economic Impact, Income, Input - Output Analysis,
Water Allocation, ...6.00S0

HYDROLOGY OF LOWER COLORADO RIVER BASIN
...Groundwater, Groundwater Movement, Total Volume, Water
Loss-general, Water Quality-general, ...2.0066

FIELD TESTS OF POWER TRANSMISSION EQUIPMENT ...Field
'resting, Power Transmission, Relay Circuits, Switching, Transmis-
sion Lines, 8.0036

Columbia River
ECOLOGICAL STUDIES OF RADIOACTIVITY IN THE COLUM-

BIA RIVER ESTUARY AND ADJACENT PACIFIC OCEAN
...Contamination - Water, Organ Sampling Devices, Pacific
Ocean-north, Pollutants - Path of , Radioactivity, ..6.0452

COLUMBIA RIVER STUDIES ...Contamination - Water, Inver-
tebrates, Oysters, Pollution Effects, Radioactivity-general,
Reproductive System, ...5.1268

MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA RIVER
ESTUARY ...Estuaries, Mathematical Analysis, Pollutants - Path
of , Radioactivity-general, Water Sampling, ..,5.0986

COLUMBIA RIVER SEDIMENT STUDIES ...Oeochemical Analy-
sis, Radioactivity-general, Radiochemical Techniques, Sediments,
Self-purification, ...5.1249

STUDY OF DISCREPANCY IN FISH COUNTS BETWEEN
COLUMBIA RIVER DAMS ...Ccnsusing, Number Or Density,
Rainbow Trout, Steelhead Trout, Salmon -coho,chin-
ook,sockeye.., ...8.0278

MCNARY ARTIFICIAL SPAWNING CHANNEL STUDIES
...Channels, Construction Land Use Effects, Salmon -coho,chin-
ook,sockeye.., Spawn Or Nesting Sites, Temperature, ...8.0302

COLLECTION OF JUVENILE SALMON IN TURBINE INTAKES
...Control Gate, Electric Power Plants, Mortality Rates, Salmon &
Trout - Nora - specific, Turbine-other, 8.0299

PROBLEMS AND OPPORTUNITIES OF WATER RESOURCE
UTILIZATION IN THE UPPER COLUMBIA AND MISSOURI



Columbia River SUBJECT INDEX

RIVER BASINS ...Economics-general, Missouri River, Water -
Alternative Uses, Water Resources Development, Water Utiliza-
tion -domestic, ...6.0328

A COMPARATIVE ANALYSIS OF AMERICAN AND CANADI-
AN GOVERNMENTAL DEVELOPMENT OF REGIONAL
WATER POLICY IN THE COLUMBIA RIVER BASIN ...Ad-
ministrative Structures, Intergovernmental Relations, Interna-
tional, Water Resources Development, ...6.0632

FORMULATION OF A GENERAL MATHEMATICAL MODEL
FOR THE PREDICTION OF THERMAL ENERGY CHANGES
IN IMPOUNDMENTS ...Forecasting-prediction, Mathematical
Analysis, Model Statics, Reservoirs and Impoundments, Thermal
Pollution, ...5.0163

TEMPERATURE PREDICTION STUDIES RELATING To THE
DEVELOPMENT OF A POWER REACTOR SITE ON THE
LOWER COLUMBIA RIVER ...Atomic Plants, Construction
Sites, Data Networks, Dispersion -water, Thermal Pollution,
_8.0303

A RUN TIMING STUDY IN THE LOWER COLUMBIA RIVER
BY MEANS OF A TESTFISHING PROGRAM ...Migration, Nets,
Number Or Density, Salmon -coho,chinook,sockeye.., Streams,
_2.0884

COLUMBIA RIVER CHINOOK SALMON ...Construction Land
Use Effects, Habitat Studies, Population Dynamics, Salmon -
coho,chinook,sockeye.., Spawn Or Nesting Sites, ...2.1I29

PLANKTON-PERIPHYTON STUDIES IN THE COLUMBIA
RIVER ...Food Webs, Petiphyton, Phytoplankton, Radioactivity-
general, Radioccology, 2.1127

TRANSLOCATION OF RADIONUCLIDES BY FISH ...Fish -non-
specific, Migration, Phosphorus, Radioactivity-general, Zinc,
2.1130

COLUMBIA RIVER ECOLOGY ...Chromium, Phosphorus, Pollu-
tants - Path of , Radioisotopes, Zinc, ...6.0613

EFFECT OF REACTOR EFFLUENT ON QUALITY OF COLUM-
BIA RIVER WATER ...Atomic Plants, Digital Computers, Filtra-
tion, Pollution - Effects of , Radioactivity-general, ...5.1246

MECHANISMS OF ENVIRONMENTAL EXPOSURE ...Radioac-
tive Isotopes, Radioactivity-general, Radiologic Health, Regulation
and Selection, Toxicological and Allergy, ...5.1244

MOVEMENT OF RADIONUCLIDES IN THE LOWER COLUM-
BIA RIVER ...Absorbed Load, Adsorption Capacity, Pollutants -
Path of Radioactivity-general, ...2.0902

THE MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA
RIVER ESTUARY ...Absorbed Load, Estuaries, Pollutants - Path
of , Radioactivity-general, 2.0903

JUVENILE MIGRATION RATES ...Migration, Other, Salmon &
Trout - Non-specific, Snake River, Water Environment -other,
...8.0308

SALMON PRODUCTION IN AREAS MADE INACCESSIBLE BY
DAMS ...Aquatic Ecology, Engineering Structures-general, En-
vironmental Ecology, Salmon & Trout - Non-specific, Spawn Or
Nesting Sites....8.0309

ADULT SALMON BEHAVIOR STUDIES IN RIVERS AND AT
DAMS (SONIC TRACKING) ...Aquatic Ecology, Sehlvioral
Ecology, Migration, Salmon & Trout - Non-specific, Tags,
8.0305

PREDICTION OF ENVIRONMENT ...Biological-general, Environ-
mental Ecology, Low Temp. -but Above 32f, Physical-general,
Reservoirs and Impoundments, Salmon & Trout - Non-specific,
Snake River, Temperature, Thermal Pollution, ...6.0617

EFFECTS OF INDUSTRIAL EXPANSION ON THE AQUATIC
ENVIRONMENT OF ESTUARINE AREAS ...Estuaries, Salmon
& Trout - Non-specific, ...2.1131

Column Leaching & Diffusing
MOVEMENT AND ADSORPTION OF PESTICIDES IN STERIL-

IZED SOIL COLUMNS ...Absorption Rates, Absorption, Fixa-
tion, Exchange, Internal Water Movement, Movement, Leaching,
Pesticides -non-specific, Soil Tests, 5.0256

Committee-support
SUPPORT OF THE COMMITTEE ON WATER Hydrology-

general, Management, Teaching and Research, ...9.0003
PARTIAL SUPPORT OF THE U. S. NATIONAL COMMITTEE

FOR THE INTERNATIONAL HYDROLOGICAL DECADE
...Hydrology-general, 9.0005

TIDAL FLOWS IN RIVERS AND HARBORS ...Harbors, Hydrau-
lies-general, Streams, Tides, ...2.0688

GENERAL TECHNICAL ASSISTANCE ...Crustacea -non-specific,
Mollusks -non-specific & Other, Shellfish Depuration, Water
Quality-general, ...5.1075

Commodity Development Research
Microbiological Uses

Agricultural Microbiology
TREATMENT OF AQUEOUS AGRICULTURAL WASTES FOR

CLEAN WATER AND FOR MICROBIAL PROTEIN PRODUC-
TION ...Aeration , Animal Waste Removal-treatment, Fermenta-
tion, Microorganism Proteins, Plant Waste Removal, Treatment,
...5.0410

MICROBIOLOGICAL TREATMENT OF POTATO WASTES
...Additives, Canning Wastes, Industrial Wastes, Material
Recovery Wastes, Microbial-bacterial, Plant Waste Removal,
Treatment, Trace Analyses-other, 5.0978

New Ag Uses of Industrial Prod
Feeds Or Feed Additives

HYDROLYSIS OF SLUDGE USING LOW PRESSURE STEAM
WITH SO2 AS A HYDROLYTIC ADJUNCT AND TO STUDY
THE UTILIZATION OF THE RESULTING HYDROLYSATE
...Chemical Treatment, Digestion, Fertilizers, Hydrolysis, Material
Recovery Wastes, Waste Treatment-economics, 5.0782

Fertilizers
HYDROLYSIS OF SLUDGE USING LOW PRESSURE STEAM

WITH SO2 AS A HYDROLYTIC ADJUNCT AND TO STUDY
THE UTILIZATION OF THE RESULTING HYDROLYSATE
...Chemical Treatment, Digestion, Feeds Or Feed Additives,
Hydrolysis, Material Recovery Wastes, Waste Treatment-
economics, 5.0782

ULTIMATE DISPOSAL OF PHOSPHATE FROM WASTEWATER
BY RECOVERY AS FERTILIZER ...Activated, Ammonia,
Disposal, Material Recovery Wastes, Nutrients, Phosphate, Phos-
phite, ...5.0342

New Uses of Ag Products
Agronomic

NEW-TYPE GLYCOL MONO ALKYL ETHERS FOR THE CON-
TROL OF WATER EVAPORATION, TO EXTEND THE USE
OF COTTONSEED OIL ...Acids, Condensation, Evaporation,
Water Loss Control, ...2.0451

Vegetables
PILOT PLANT DEVELOPMENT OF THE ION-EXCHANGE

PROCESS FOR RECOVERY OF AMINO COMPOUNDS FROM
POTATO STARCH FACTORY EFFLUENTS ...Agricultural
Chemicals-other, Air Pollution -other, Amino Acids -non-specific,
Food Processing Industry, Plant Waste Removal, Treatment,
5.0990

Communication

Mass Communication
MEASUREMENT OF COMMUNITY OPINION RELATING TO

PUBLIC WATER SUPPLIES ...Attitudes & Attitude Change,
Citizen's Participation, Social Aspects, Water Quality-general,
Water Supply-general, Water Utilization -domestic, 6.0167

Communication Systems

Radio
AUTOMATIC VHF RADIO HYDROLOGIC DATA REPORTING

SYSTEM ...Automatic Data Aquisition, Data Transmission
Systems, General Synoptic Observations, Hydrology-general, Very
High Frequency, 7.0096

Communication Theory

Man Machine Systems
Other Man.machine

A SYNTHETIC COMPUTER LANGUAGE FOR SANITARY EN-
GINEERING ...Computation Techniques, Solid Waste-general,
...5.1014
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Composite Materials

SUBJECT INDEX Computers

Digital Computers
DIGITAL INSTRUMENTATION AND TELEMETRY FOR

WATER RESOURCES RESEARCH ...Automatic Data Aquisi-
tion, Electronics - Applied, ...7.0072

DIGITAL SYSTEMS FOR ON-SITE DATA COLLECTION FOR
WATER QUALITY ANALYSIS ...Automatic Data Aquisition,
Data Networks, Technique Development, Water Quality-general,
7.0005

HIGH-VOLTAGE D-C TRANSMISSION INVESTIGATIONS ...Ac-
dc, Dc-ac, Electrical Engineering-general, Power Regulator,
Power Transmission, Silicon-controlled-rectifiers, 8.0054

Laminates
MECHANICAL PROPERTIES OF ULTRA-THIN LIPID MEM-

BRANE ...Creep, Elasticity - General, Fracture - General, Natural
Occuring, Permeability, 3.0342

FREE DROP WATER CONTAINER ...Airborne-operation, Equip-
ment, Logistics, Pipe, Tube, Urethanes, ...8.C209

Reinforced Systems
Ceramic Matrix

PLASTIC PIPE AND TUBING ...Corrosion General, Engineering
Structures-general, Pipe, Tube, Plastic Matrix, Plastics - General,
8.0132

THE DEVELOPMENT OF CONCRETE-POLYMER MATERIALS
...Cement, Concrete, Durability, Deterioration, In-situ, Plastics -
General, Radiation Induced, Strength, Cohesion, ...8.0045

Filament Winding
SELF - ADJUSTING AND SELF-CLEANING FILTER FEASIBILI-

TY STUDY ...Chlorination, Combined Sewer, Filter-other, Pollu-
tant-other, Pressure - other, 5.0227

Plastic Matrix
DEVELOPMENT OF WATER PURIFICATION SYSTEMS BASED

ON REVERSE OSMOSIS ...Desalination, Membranes-other,
Natural Occurring, Reinforcing Materials, Reverse Osmosis,
...3.0147

LIGHTWEIGHT WATER PURIFICATION UNIT ..,Brackish
Water, Density, Desalination, Distillation-other, Distilling Units,
Mobile, Technique Development, Waste Water Treatment-
general, ...3.0250

PLASTIC PIPE AND TUBING ...Ceramic Matrix, Corrosion
General, Engineering Structures-general, Pipe, Tube, Plastics -

General, 8.0132
GLASS FIBER REINFORCED PLASTIC MORTAR PIPE FOR

PRESSURE IRRIGATION DISTRIBUTION SYSTEM ...Fiber,
Filament, Whisker, Glass, Irrigation Engineering, Pipe, Tube,
Pipelines, ...8.0027

Reinforcing Materials
DEVELOPMENT OF WATER PURIFICATION SYSTEMS BASED

ON REVERSE OSMOSIS ...Desalination, Membranes-other,
Natural Occurring, Plastic Matrix, Reverse Osmosis, 3.0147

Computer Electronics
Analog

GEOHYDROLOGIC SYSTEM ANALYSIS WITH AN ELECTRIC
ANALOG COMPUTER ...Analog Computers, Aquifers-general,
Digital Computers, Groundwater, Induced Infiltration, Network
Synthesis, Systems Analysis, ...2.0417

Data Acquisition System/
RADAR DATA ACQUISITION OVER OCEANOGRAPHIC TEST

SITES ...Electronics - Applied, Icebergs, Optical, Radar, Surface
Environments, Waves, 6.0274

EVALUATION OF HYDROLOGIC INSTRUMENTATION ON
MAYNARD CREEK WATERSHED ...Data Processing Services,
Evaluation Other, Montana, ...7.0073

IMPROVE COMPONENTS OF THE DATA ACQUISITION
SYSTEM - SATELLITE COMMUNICATIONS EQUIPMENT
...Automatic Data Aquisition, Instrumental Services, Rain-general,
Satellites & Deep Space Probe:. Streams, 7.0050

IMPROVE PRECIPITATION MEASURING EQUIPMENT -

HYDROLOGIC EQUIPMENT IMPROVEMENT ...Atmospheric
Pressure, Gages, Instrumental Services, Technique Development,
Transducers, ...7.005I

Data Transmission Systems
TELEMETERING OF HYDROLOGIC DATA FROM REMOTE

AREAS ...Automatic Data Aquisition, Mountains-alpine, Other
Telemetry, Remote Areas, Technique Development, ..7.0026

AUTOMATIC VHF RADIO HYDROLOGIC DATA REPORTING
SYSTEM ...Automatic Data Aquisition, General Syroptic Obser-
vations, Hydrology-general, Radio, Very High Frequency,
7.0096

Recording Systems
A CONTINUOUS MULTIPARAMETER WATER QUALITY

MONITOR ...Analyzing, Instrumental Services, Mobile, Transdu-
cers, Water Quality-general, ...7.0006

INSTRUMENTATION FOR RESEARCH ...Doppler, Fluid Dynam-
ics, Instrumental Services, Turbulence, Velocity, ...7.0109

Computer Methods -general
Computer Methods -other

LIVESTOCK WASTE MANAGEMENT AND SANITATION
_Aerobic, Animal Waste Removal-treatment, General Sanitation
Methods, Manure, 5.0360

Computers

Analog Computers
APPLICATION OF MAGNETOHYDRODYNAMICS TO MEA-

SUREMENT OF LIQUID VELOCITY AND TURBULENCE
...Analog Computers Math, Technique Development, Turbulent,
Turbulent Flow, Velocity, Velocity -water, ...2.1166

SIMULATION OF WATER RESOURCE REGIMES ...Estuaries,
Groundwater, Model Studies, Surface Water, 7.0047

SEDIMENTATION AND IN-PLACE FILTRATION DURING
FLOW THROUGH EARTH FRACTURES ...Filtration, Joints-
fractures, Mathematical Analysis, Model Studies, Sedimentology-
general, ...4.0018

APPLICATION OF AN ELECTRONIC ANALOG COMPUTER
To THE SIMULATION OF THE TOTAL HYDROLOGIC-
ECONOMIC FLOW SYSTEM Economics-general, Hydrology-
general, Model Studies, River Basins, 6.0585

TIDAL EFFECTS ON GROUND WATER HYDRAULICS IN
HAWAII ...Groundwater, Hawaii, Hydraulics-general, Model Stu-
dies, Tides, 2.0378

THE DEVELOPMENT OF A SIMULATION MODEL FOR THE
BEAR RIVER BASIN ... Development of Models, Model Studies,
Planning, River Basins, Utah, ...6.0586

EFFECTS OF FORES", COVER MANIPULATION ON WATER
YIELD AS STUDIED BY AN ELECTRIC ANALOG ...Develop-
ment of Models, Forest Watersheds, Soils and Fertilizer, Washing-
ton, Water Yield, 3.0484

COMPUTER SIMULATION OF URBAN HYDROLOGIC
SYSTEMS ...Hydrographs, Runoff, Texas, Urban Environments,
Watersheds-other, ...4.0258

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ...Carbonate Aquifers, Develop-
ment of Models, Digital Computers, Model Studies, North
Carolina, 2.0822

ANALOG MODELING TO DETERMINE FRESH WATER
AVAILABILITY ON THE OUTER BANKS OF NORTH
CAROLINA ...Groundwater, Groundwater Movement, Model
Studies, North Carolina, Water Yield, 3.0375

ELECTRONIC ANALOG SIMULATION OF THE SALINITY
FLOW SYSTEM WITHIN THE UPPER COLORADO RIVER
BASIN ...Colorado River, Management, Salinity, 7.0105

STUDIES OF THE SOIL-MOISTURE-PLANT REGIME FOR THE
CONDITIONS OF WESTERN OKLAHOMA ...Climate-general,
Consumptive Use, Evapotranspiration, Oklahoma, Soil-water-plant
Relationships, 2.0880

HYDRAULICS OF FLOOD MOVEMENTS ...Floods, Mathematical
Analysis, Open Channel Flow, Partial, Routing, Unsteady Flow,
2.0348

HYDROLOGIC ANALYSIS BY ANALOG COMPUTERS
...Groundwater, Hydrographs, Hydrology-general, Reservoirs and
Impoundments, Routing, Surface Water, 2.0429
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SACRAMENTO-SAN JOAQUIN DELTA ANALOG MODEL STU-
DIES ,Deltas, Electronics - Applied, Instrumental Services,
Model Studies, Sacramento River, _7.0008

GEOHYDROLOGIC SYSTEM ANALYSIS WITH AN ELECTRIC
ANALOG COMPUTER ...Analog, Aquifers-general, Digital Com-
puters, Groundwater, Induced Infiltration, Network Synthesis,
Systems Analysis, _2.0417

APPLICATION OF OPTIMIZATION TECHNIQUES TO
PROBLEMS TO AGRICULTURE ..,Animal Waste Removal-
treatment, Digital Computers, Model Studies, Optimization, Solid
Waste, Waste Water Treatment-general, 5.0427

ELECTRONIC ANALOG MODEL STUDIES OF RIVER BASINS
...Groundwater, Management, Model Studies, Precipitation-
general, River Basins, Runoff, Water Cycle, Water Resources
Development, 2.1059

A STUDY OF THE INTEGRATION OF THE WATER
RESOURCES OF THE BEAR, WEBER, AND JORDAN RIVERS
IN NORTHERN UTAH ...Analog Computers Math, Model Stu-
dies, Planning, Utah, Water Transfer, 6.0587

DENVER MULTIPHASE FLOW Infiltration, Instrumental Ser-
vices, Internal Water Movement, Transducers, Unsaturated Flow,
2.0192

ELECTRICAL ANALOG MODELS OF HYDROLOGIC SYSTEMS
...Flow Characteristics -water, Groundwater, Groundwater Move-
ment, Model Studies, Surflice Water, 2.0037

MILL CREEK VALLEY ANALOG MODEL STUDY, OHIO
..,Aquifers-general, Artificial Recharge, Model Studies, Ohio,
Recharge Pits - Wells, ...4.0195

ELECTRICAL-ANALOG ANALYSIS OF HYDROLOGIC DATA,
ARVA VALLEY, ARIZ ...Arizona, Groundwater, Model Studies,
Pumping, Water 'fable Fluctuation, 2.0044

HYDROGEOLOGY OF GLACIAL OUTWASH NEAR SIOUX
FALLS, SOUTH DAKOTA ,.,Available Water, Outwash Plains,
Prediction Models, Projections and Estimations, South Dakota,
,..2.0975

IRRIGABLE LAND SUITABILITY STUDY ...Irrigation-general,
Percolation, Saline and Alkaline Soils, Water Quality-general,
...6.0092

INSTRUMENTATION, DATA ACQUISITION, AND COMPUTER
TECHNIQUES ,..Automatie Data Aquisition, Data Analysis Ap-
plications, Digital Computers, Hydraulics-general, 7.0019

HIGH-VOLTAGE A-C TRANSMISSION ...Development of Models,
Digital Computers, Electrical Engineering-general, Power Trans-
mission, Sli.-tehing, 8.0056

APPLICATIONS OF ANALOG COMPUTER SIMULATION
TECHNIQUES FOR RUNOFF PREDICTIONS WITHIN THE
REYNOLDS CREEK WATERSHED ,,,Forecasting - prediction,
Idaho, Model Studies, Runoff, Simulation Theory, _7.0106

THE SIMULATION OF HYDROLOGIC EVENTS IN ARID RE-
GIONS ,.,Arid and Desert, Hydrology-general, Management,
Model Studies, Surface Water, 2.1075

DRAINAGE SYSTEMS FOR THE IMPERIAL VALLEY .,.Digital
Computers, Drainage, Groundwater Movement, 4.0026

Analog Computers Math
APPLICATION OF MAGNETOHYDRODYNAMICS TO MEA-

SUREMENT OF LIQUID VELOCITY AND TURBULENCE
..AnaloE Computers, Technique Development, Turbulent, Turbu-

lent Flow, Velocity, Velocity -water, .2.1166
A STUDY OF THE INTEGRATION OF THE WATER

RESOURCES OF THE BEAR, WEBER, AND JORDAN RIVERS
IN NORTHERN UTAH ...Analog Computers, Model Studies,
Planning, Utah, Water Transfer, _6.0587

Computers-general
COMPUTER SIMULATION OF ESTUARINE DISPERSION

...Dispersion -water, Estuaries, Model Studies, Seasonal, 'fides,
_5.0935

INSTALLATION OF INSTRUMENTATION FOR CLAIR ENGLE
PLANT ...Analyzing, Desalination. Flash Distillation, Gaging,
3.0457

A METHOD FOR SYSTEM EVALUATION AND COST-EFFEC-
TIVENESS OE LARGE MULTISTAGE FLASH DESALTING
PLANTS ...Cost Analysis, Deillination, Flash Distillation,
Research - Development, Systems Analysis, 3.0166

AN ANALYSIS OF PHOSPHORUS AND NITROGEN COM-
POUNDS IN TIDAL MARSHLAND DRAINAGE - LABORATO-
RY PROCEDURES Colorimetrie, Conductrometry, Manage-
ment, Nitrogen, Phosphate, Phosphite, Swamps-marshes, _11.0024

2-84

EVAPORATION FROM SOIL SURFACES AS AFFECTED BY
SALT, STRUCTURE AND TEXTURE .Boundary Process
(moisture), Development of ModeS, Evaporation, Saline Proper-
ties, Soil Morphology, Profiles, Water Movement-general,
.2.0216

MATHEMATICAL SIMULATION OF RAINFALL RUNOFF
PROCESSES .Hydrographs, Model Studies, Optimization, Other
Computers, Runoff, Storms-general, 2.1015

A CONTINUATION OF THE STUDY TO DETERMINE THE
COSTS OF WATER IN INDUSTRIAL USES Benefit-cost Anal-
ysis, Industrial-general, Model Studies, Water Costs, Water De-
mand, ...6.0468

UTILIZATION OF PHYSICAL AND MATHEMATICAL MODELS
IN ESTUARINE WATER RESOURCES RESEARCH AND
MANAGEMENT ...Estuaries, Management, Model Studies,
Shoreline - Coastline, Tides, _6.0607

PROGRAMMED SELECTION OF OPTIMUM USES OF A
SMALL WATER RESOURCE SUBJECTED TO COMPLEX
SIMULTANEOUS DEMAND STRESSES ...Model Studies, Op-
timization, Water - Alternative Uses, Water Demand, Water
Supply-general, 6.0281

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ...Carbonate Aquifers, Mining
Industry, North Carolina, Saline Water Intrusion, Water Table
Fluctuation, 2.0821

MEASUREMENT AND ANALYSIS OF NATURAL-TYPE SUR-
FACES AFFECTING FLUID FLOW ...Channel Roughness, Fluid
Flow-other, Frictional, Hydraulic Gradient, ...2.0247

STOCHASTIC ANALYSIS OF HYDROLOGIC SYSTEMS
...Mathematical Analysis, Model Studies, River Basins, Stochastic
Models, Systems Analysis, 6.0203

ANOMALOUS FLOOD RESPONSE IN REGIONS OF SIMILAR
GEOMORPHIC CHARACTERISTICS ,..Floods, Flow Charac-
teristics -water, Morphology-general, Pennsylvania, .2.0927

NUMERICAL SIMULATION OF GROUNDWATER FLOW
SYSTEMS .Groundwater Movement, Management, Research -
Development, Simulation Theory, ...2.0918

A WATER QUALITY COMPUTER MODEL OF COOK INLET
(PHASE ONE - THE HYDRAULIC MODEL) ...Alaska, Estua-
ries, Hydraulics-general, Model Studies, Water Quality-general,
7.0002

ECONOMIC EVALUATION OF WATER QUALITY ...Benefit-cost
Analysis, Management, Model Studies, Systems Analysis, Waste
Water Treatment-general, 6.0046

TO EVALUATE THE UTILITY OF EXISTING AUTOMATIC
CHEMICAL ANALYSIS EQUIPMENT FOR WATER QUALITY
SURVEILLANCE UNDER COMPUTER CONTROL ...Atomic
Absorption, Automatic Data Aquisition, Chemical Analysis
(water), Information Retrieval Methods, Information Storage and
File, System Development, Water Properties-general, 7.0078

COMPLEMENTARY - COMPETITIVE ASPECTS OF WATER
STORAGE ,,,Benefit -cost Analysis, Model Studies, Reservoirs and
Impoundments, Storage of Water, Water - Alternative Uses,
...5.0144

MATHEMATICAL AND COMPUTER SERVICES FOR THE
ANALYSIS OF DATA AND DESIGN OF EXPERIMENTS FOR
CERTAIN FWPCA PROGRAMS ...Data Analysis - General,
Facilities, Instrumental Services, Oregon, 5.0934

DEVELOPMENT OF MATHEMATICAL MODEL OF SEWAGE
SLUDGE FLUIDIZED BED INCINERATORS ...Disposal,
Fluidized Bed, Mathematical Analysis, Model Studies, ...5.0344

A MATHEMATICAL MODEL FOR THE FINAL CLARIFIER OF
AN ACTIVATED SLUDGE PROCESS ...Activated, Effluents-
waste Water, Forecasting-prediction, Thickening, Zeta Potential,
...5.1322

MODEL STUDIES FOR DEVELOPMENT AND CALIBRATION
OF STREAMFLOW CONTROL DEVICES IN THE SOUTHERN
BRANCH Channel Regulation-general, Discharge-general, Gag-
ing, Models, Synthetic Hydrology-general, 3.0189

ECONOMIC EVALUATION OF IRRIGATION IN NORTH
DAKOTA Economics-general, Irrigation-general, North Dakota,
Optimization, ...3.0379

SOIL CHARACTERISTICS AFFECTING SUBSURFACE
DRAINAGE Model Studies-general, Permeability, Void Ratio
and Porosity, ...4.0194

DATA REDUCTION METHODS FOR STREAMFLOW FROM
SMALL, WILDLAND WATERSHEDS ...Data Analysis - General,
Discharge-general, Gaging, Integration, Quadraturc, Small
Watersheds, Utah, .2.I068

COMPUTER SIMULATION AND EVALUATION OF CLI-
MATOLOGICAL MODELS ...Model Studies, Patterns, Statistics-
general, 7.0044



SUBJECT INDEX

ANALYSIS AND SYNTHESIS OF HYDROLOGIC SYSTEMS
Flow Characteristics -water, Hydrology-general, Open Channel
Flow, Patterns, Technique Development, ...2.0615

NUMERICAL MODELING OF GENERAL CIRCULATION OF
EARTHS ATMOSPHERE ...Air Motion-general, Heat Exchange,
Humidity, Latent Heats, Weather Modification-general, ...7.0014

AUTOMATION OF GROUND-WATER RECORDS ...Automatic
Data Aquisition, Groundwater, Information Retrieval Methods,
Other Storage, ...7.0046

PROBABILITIES OF SEQUENCES OF DRY DAYS IN TEXAS
...Forecasting, Irrigation-general, Planning, Tables, Compilations,
Catalogs, Water Supply-general, ...3.0442

OPTIMIZATION IN THE USE OF VARIAI3LE QUALITY
DESAI.TED WATER AND AN ARTIFICAL UNDERGROUND
RESERVOIR TO SUPPLY PEAK MUNICIPAL WATER DE-
MANDS ...Conjunctive Use, Desalination, Optimization, Other
Computers, Urban Environments, Use of Impaired Water,
...3.0470

WEATHER RADAR - PRECIPITATION RELATIONSHIP ...Auto-
matic Stations, Forecasting, Patterns, Radar, ...2.0876

NATIONWIDE PRECIPITATION - NMC FORECAST
TECHNIQUES ...Clouds - general, Forecasting, Forecasting-predic-
tion, General Synoptic Observations, Regression Analysis,
_2.0589

NUMERICAL PRECIPITATION MODEL _Forecasting, Model
Studies, Simulation Theory, Western, ...2.0588

DEVELOPMENT OF HYDROLOGIC ANALYSIS TECHNIQUES
...Data Analysis - General, Hydrology-general, Land Use, Model
Studies, Technique Development, 2.0988

COMPUTER-ORIENTED MATHEMATICAL MODEL FOR CON-
TINUOUS STREAMFLOW PREDICTION ...Amount, Develop-
ment of Models, Discharge-general, Prediction Models, ...2.0985

HYDROLOGY TRAINING AND METHODOLOGY ...Education
and Training, Hydraulic Engincerin?-other, Hydrology-general,
Meetings, _9.0001

RESERVOIR SYSTEM ANALYSIS FOR LOW-FLOW REGULA-
TION ...Low Flow. Management, Optimization, Reservoirs and
Impoundments, Systems Analysis, 2.0151

PLAN FORMULATION AND EVALUATION STUDIES -

RECREATION DESIGN CRITERIA AND DEMAND ...Costs,
Frequency of Use, Planning, Projected Demand, Survey, ...6.0078

ARTIFICIAL FLOODS ...Dam, Dams-other, Floods, Flow Charac-
teristics -water. 6.0076

REMOTE SENSING. EVERGLADES AREA, FLORIDA ...Florida,
Remote Areas, Swamps-marshes, Visible Light, Water Properties-
general. 2.0329

STRUCTURAL. RESPONSE, DYNAMIC LOADS ...Dynamic-other,
Earthquakes, Electric Power Plants, Industrial Structures, Other
Computers, Rock Mechanics, ...8.0032

EXPERIMENTAL. DESIGN & STATISTICAL EVALUATION OF
WEATHER MODIFICATION EXPERIMENTS ...Data Analysis -
General, Data Analysis Applications, Statistics-general, Technique
Development, Weather Modification-general, 2.0198

EFFECTS OF CRACKING IN ARCH DAMS ...Analysis Structural,
Arch Danis. Engineering Structures-general, Fracture Mechanics,
Tensile. 8.0092

SMALL IMPOUNDMENTS ...Destrat,ification, Flow Augmentation,
Reservoirs and Impoundments, Water Quality-general, 5.0189

PREDICTING NITRATE CONTENT OF AGRICULTURAL
DRAIN WATER ...Agricultural Watersheds, Drainage, Model
Studies-general. Moisture Content, Nitrate. Nitrite, Nitrogen,
5.0181

DISTRIBUTION AND ABUNDANCE OF ZOOPLANKTON IN
LAKE ERIE ..,Aquatic Ecology. Environmental Ecology, Inter-
biotic Relat,( non-specif). Lake Erie. Other Computers, Popula-
tion Dynamics. 6.0294

SOIL WATER MOVEMENT IN RELATION TO THE CONSER-
VATION OF WATER SUPPLIES ...Conservation-general,
Evaporation, Groundwater Movement. Infiltration, Internal Water
Movement. Water Loss Control, 2.0033

METHODS FOR WATER QUALITY IMPROVEMENT AND ITS
STORAGE UNDERGROUND ...Denitrification, Groundwater
Basins, Management. Natural Recharge, Percolation, Un-
derground Waste Disposal, Waste Water Treatment-general,
_4.0005

SOIL HEAT TRANSFER - PERMAFROST AND FROST
PENETRATION ...Heat Flow, Math. model, Perma4%-ost-frozen,
Thermal Properties-other, 2.0024

Computers

Digital Computers
URBAN HYDROLOGIC STUDIES ...Drainage, Forecasting-predic-

tion, Louisiana, Peak Flow, Urban Environments, 2.0551
SIMULATION MODELING OF THERMAL EFFECTS ON

SELECTED RIVER SYSTEMS ...Atomic Plants, Forecasting-pre-
diction, Model Studies, Self-purification, Thermal Pollution,
4.0270

A STUDY OF THE HYDROLOGIC EFFECTS OF RAINFALL
AUGMENTATION ...Amount, Augmentation-general, Clouds-
precipitation, Model Studies, Watersheds-general, 3.0076

REVERSE OSMOSIS TUBULAR MODULE OPTIMIZATION
...Desalination, Membranes-other, Pilot Plant, Reverse Osmosis,
...3.0070

SIMULATION OF MULTISTAGE FLASH TEST MODULI (9-
STAGE SAN DIEGO PLANT) _Desalination, Development of
Models, Flash Distillation, Hybrid Computers, Ordinary, 3.0328

ANALYSIS OF DESALTING PLANTS AS A SOURCE OF SUP-
PLEMENTAL SAFE YIELD ...Desalination, Optimization
Technique, Other, Process Development-other, 3.0469

GENERAL STUDIES RELATED 'FO CODING GROUND-WATER
APPROPRIATIONS & BASIC DATA FOR INFORMATION,
STORAGE & PROCESSING SYSTEMS ...Data & Statistics Info
Storage, Data and Statistics Centers, General Design, Water Law-
general, ...7.0074

DIGITAL INSTRUMENTATION AND TELEMETRY FOR
WATER RESOURCES RESEARCH ...Automatic Data Aquisi-
tion, Electronics - Applied, .7.0072

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS Hydrographs, Runoff, Sen-
sitivity Problems, Testing of Models, Watersheds-general,
2.0461

DIGITAL SYSTEMS FOR ON-SITE DATA COLLECTION FOR
WATER QUALITY ANALYSIS ...Automatic Data Aquisition,
Data Networks, Technique De-elopment, Water Quality-general,
_7.0005

PRECIPITATION INTENSITY-FREQUENCY RELATIONSHIPS
FOR WEST VIRGINIA ...Amount, Patterns, West Virginia,
...2.1141

SIMULATION OF THE HYDROLOGIC CYCLE ON SMALL
AGRICULTURAL WATERSHEDS BY DIGITAL TECHNIQUES
...Agricultural Watersheds, Algorithms, Other Models, Virginia,
Water Cycle, ...2.1109

DEVELOPMENT OF COMPUTER MODELS & METHODOLOGY
FOR FORECASTING & EVALUATING MUNICIPAL & IN-
DUSTRIAL WATER REQUIREMENTS ...Maryland, Model Stu-
dies, Projections and Estimations, Urban Environments, Water
Demand, 6.0252

COMPUTER SIMULATION OF THE HYDROLOGIC SYSTEM
OF A MOUNTAIN WATERSHED ...Groundwater, Hydrology-
general, Model Studies, Mountains-alpine, Surface Water.
Watersheds-other, 2.0707

THE DETERMINATION OF ZONES OF INTENSE CONTRIBU-
TION TO STREAM FLOW AS RELATED TO THE CONCEPT
OF PARTIAL AREA CONTRIBUTIONS Development of
Models, Model Studies, Runoff, Synthetic Hydrology-general,
Watersheds-general, 2.0580

SIMULATION MODEL FOR EVALUATION OF INTER EPTION
FROM FOREST TREES ...Environment, Forests, Interception,
Model Studies, Snowgencral, 2.0390

PARTIAL AREA CONTRIBUTION TO STREAM FLOW ...Flow
Characteristics -water, Model Studies, Runoff, Water Yield,
Watersheds-general, 2.0581

DEVELOPMENT OF A REFINED PREDICTIVE SYSTEM FOR
USE IN FORECASTING MUNICIPAL WATER NEEDS
...Forecasting - prediction, Testing of Models, Urban Environments,
Water Utilization -domestic, _6.0253

DEVELOP A COMPUTERIZED METHODOLOGY FOR
EVALUATION OF MUNICIPAL WATER CONSERVATION
RESEARCH PROGRAMS ...Conservation-general, Cost Analysis,
Development of Models. Urban Environments, ...3.0253

A GENERALIZED COMPUTER LANGUAGE FOR HYDROLOG-
IC AND HYDRAULIC ANALYSIS ...Data Analysis - General,
Facilities. Hydraulic Engineering-other, Problem Oriented Lan-
guages, ...8.0213

STOCHASTIC BASIS FOR COMPREHENSIVE RIVER BASIN
PLANNING ...Development of Models, Monte Carlo Methods,
New York, Planning, Stochastic Processes. Systems Analysis,
_6.0374

HYDROLOGIC ANALYSIS OF GROUNDWATER BASINS BY
DIGITAL COMPUTER SIMULATION ...Aquifers-general,
Groundwater Basins, Groundwater Movement. Mathematical
Analysis, Model Studies, 4.0043
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COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ,..Analog Computers, Carbonate
Aquifers, Development of Models, Model Studies, North
Carolina, 2.0822

WATER-QUALITY REGIMEN OF TAHOE-TRUCKEE SYSTEM
...California, Lakes, Model Studies, Nevada, Water Quality-
general, .,.5.0706

OPTIMAL DESIGN OF SEWER AND DRAINAGE SYSTEMS
...Open Channel, Process Design, Sewerage Systems-other, Un-
steady, 5.0530

HYDRAULICS OF SURFACE IRRIGATION Differential Equa-
tions, Irrigation, Steady, Surface Irrigation -general, Unsteady,
...2.0098

STATISTICAL ANALYSIS OF FLOOD PEAKS OF GEORGIA
RIVERS ...Data Analysis Applications, Discharge-general, Floods,
Georgia, Peak Flow, 2.0357

TURBULENT FLOW THROUGH POROUS MEDIA ...Digital
Computers, Finite Differences, Porous Media - Flow Through,
Prediction Models, Turbulent, Turbulent Flow, ...2.0354

SYSTEM ANALYSIS OF RAINFALL-RUNOFF RELATIONSHIP
...Amount, Digital Computers, Ordinary, Runoff, Systems Analy-
sis, ...2.0427

INVESTIGATION OF THE TURBULENT TRANSPORT
MECHANISMS FOR HEAT AND MOMENTUM TRANSFER IN
PIPE FLOW ...Heat-transfer-other, Statistics-general, Turbulent,
Velocity, ..,5.0371

PLANNING ALGORITHMS FOR REGIONAL WATER
RESOURCE SYSTEMS ...Algorithms, Economic Efficiency,
Planning, Systems Analysis, Water Resources Development,
.,.7.0012

GEOHYDROLOGIC SYSTEM ANALYSIS WITH AN ELECTRIC
ANALOG COMPUTER ...Analog, Analog Computers, Aquifers-
general, Groundwater, Induced Infiltration, Network Synthesis,
Systems Analysis, 2.0417

APPLICATION OF OPTIMIZATION TECHNIQUES TO
PROBLEMS TO AGRICULTURE ...Analog Computers, Animal
Waste Removal-treatment, Model Studies, Optimization, Solid
Waste, Waste Water Treatment-general, ...5.0427

EFFECT OF THE CLIMATE AND MICROCLIMATE ON
AGRICULTURE IN SOUTH DAKOTA ...Applied Climatology,
Automatic Stations, Microclimate-general, South Dakota,
Statistics-general, ...2.0973

EFFECT OF REACTOR EFFLUENT ON QUALITY OF COLUM-
BIA RIVER WATER Atomic Plants, Columbia River, Filtration,
Pollution - Effects of , Radioactivity-general, ...5.1246

INSTRUMENTATION, DATA ACQUISITION, AND COMPUTER
TECHNIQUES ...Analog Computers, Automatic Data Aquisition,
Data Analysis Applications, Hydraulics-general, 7.0019

DESIGN OF UNDERGROUND POWERPLANTS ...Borehole
Geophysics, Electric Power Plants, Mechanics of Structures-other,
Power Plant, Rock Mechanics, 8.0031

HIGH-VOLTAGE A-C TRANSMISSION ...Analog Computers,
Development of Models, Electrical Engineering-general, Power
Transmission, Switching, 8.0056

SLAB ANALYSIS Beams - Bars, Engineering Structures-general,
...8.0117

GROUNDWATER ANALYSIS BY DIGITAL COMPUTER APPLI-
CATION DEVELOPMENT Aquifers-general, Forecasting-pre-
diction, Water Table Fluctuation, 4.0059

ENGINEERING ANALYSIS OF WASTE TRiiATMENT ...Ac-
tivated Carbon, Development of Models, Electrodialysis, Op-
timization, Sewerage Systems-other, 5.0861

COMPUTERIZED DESIGN AND SYSTEMS ANALYSIS OF
WASTEWATER TREATMENT PLANTS ...Application,
Development of Models, Forecasting-prediction, Systems Analy-
sis, Waste Water Treatment-general, 6.0421

DRAINAGE SYSTEMS FOR THE IMPERIAL VALLEY ...Analog
Computers, Drainage, Groundwater Movement, 4.0026

Digital Computers
TURBULENT FLOW THROUGH POROUS MEDIA ...Digital

Computers, Finite Differences, Porous Media - Flow Through,
Prediction Models, Turbulent, Turbulent Flow, ...2.0354

SYSTEM ANALYSIS OF RAINFALL - RUNOFF RELATIONSHIP
...Amount, Digital Computers, Ordinary, Runoff, Systems Analy-
sis, ...2.0427

Hybrid Computers
SIMULATION OF MULTISTAGE FLASH TEST MODULI (9-

STAGE SAN DIEGO PLANT) ...Desalination, Development of
Models, Digital Computers, Flash Distillation, Ordinary, 3.0328

EFFICIENCY OF DATA COLLECTION SYSTEMS IN
HYDROLOGY AND WATER RESOURCES FOR PREDICTION
AND CONTROL ...Control and Protection, Economic Efficiency,
Hydrology-general, Systems Analysis, 7.0004

DYNAMIC SYSTEM MODELING AND SIMULATION OF A
RIVER BASIN ...Dynamic, Michigan, Model Studies, River
Basins, Stochastic Models, ...6.0301

HYBRID COMPUTER SIMULATION OF GROUND-WATER
BASINS .,Development of Models, Groundwater, Groundwater
Basins, Model Studies, Water Quality Control - general, 2.0106

DEVELOPMENT AND CALIBRATION OF A PITOT SPHERE
...Gaging, Hybrid Computers, Mass, ..,8.0193

Hybrid Computers
DEVELOPMENT AND CALIBRATION OF A PITOT SPHERE

...Gaging, Hybrid Computers, Mass, 8.0193

Other Computers
MATHEMATICAL SIMULATION OF RAINFALL RUNOFF

PROCESSES ...Computers-general, Hydrographs, Model Studies,
Optimization, Runoff, Storms-general, 2.1015

OPTIMIZATION IN THE USE OF VARIABLE QUALITY
DESALTED WATER AND AN ARTIFICAL UNDERGROUND
RESERVOIR To SUPPLY PEAK MUNICIPAL WATER DE-
MANDS ...Computers - general, Conjunctive Use, Desalination,
Optimization, Urban Environments, Use of Impaired Water,
3.0470

STRUCTURAL ANALYSIS ...Analysis Structural, Beams Bars,
Concrete-other, Finite Differences, Frame, Arch,truss..8,0020

STRUCTURAL. RESPONSE, DYNAMIC LOADS ...Computers-
general, Dynamic-other, Earthquakes, Electric Power Plants, In-
dustrial Structures, Rock Mechanics, 8,0032

Other Computers
DISTRIBUTION AND ABUNDANCE OF ZOOPLANKTON IN

LAKE ERIE ...Aquatic Ecology, Computers-general, Environmen-
tal Ecology, Interbiotic Relat.(non-specify, Lake Eric, Population
Dynamics, 6.0294

Conifers
Conifers -non-specific

A STUDY OF SNOW INTERCEPTED BY CONIFEROUS TREE
CROWNS AND ITS DISPOSITION UNDER THE CLIMATIC
CONDITIONS OF CENTRAL NEW YORK ...Coniferous Forests,
Interception, New York, Snow, Snow-other, _2.0787

Douglas Fir
EFFECTS OF LOGGING ON SALMON POPULATIONS IN

COASTAL STREAMS ...Forest Debris, Forest Watersheds,
Logging, Transport, Equipment, Population Dynamics, Salmon -
coho,chinook,sockeye.., 5.0947

GENESIS AND MORPHOLOGY OF PYGMY FOREST-
BLACKLOCK SOIL ECOSYSTEM ...California, Sequoia, Soil
Ecology, Water Table Fluctuation, Wave-built Terrace, 6.0041

TESTS OF DOUGLAS-FIR PLANTING STOCK FOR SURVIVAL
UNDER DROUGHT STRESS ...Drought, Longevity, Mycorrhin,
Physiology, Plant Chemistry, Site Index and Site Quality, 2.0894

umperus
EFFECTS OF PINYON-JUNIPER CONVERSION ON

WATERSHED VALUES IN UTAH ...Cover Crops, Forest
Watersheds, Moisture Budgets, Pines, Water Balance-budget,
2.1067

Pines
FOREST TREE NUTRITION AND FOREST FERTILIZATION

...Irrigation-general, Chemistry, Potassium, Soil

EFFECTS OF PINYONJUNIPER CONVERSION ON
WATERSHED VALUES IN UTAH ...Cover Crops, Forest
Watersheds, Juniperus, Moisture Budgets, Water Balance-budget,
...2.1067

TRANSPIRATION RATES OF CONIFERS ...Air Temperature -
non- specific, Solar Light -non-specific, Spruces, ...2.0712

FOREST SITE AMELIORATION IN THE COASTAL FLAT-
WOODS OF MISSISSIPPI - ECONOMIC AND BIOLOGICAL
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SUBJECT INDEX Connecticut River

CONSIDERATIONS ...Mississippi, Moisture Tension, Site Index

and Site Quality, Water Table Depth of , Water Table Fluctua-
tion, -.2A682

CONSERVING SOIL MOISTURE BENEATH RED PINE BY
MEANS OF A FOLIAR SPRAY OF A STOMATA CLOSING
CHEMICAL ...Liquids Or Sprays, Moisture Content, PMA , Soil
Environment, Soils and Fertilizer, Transpiration, 3.0151

WATER CONTROL FOR FOREST PRODUCTION ...Available
Water, Cultural Control, Palms, Timber Stand Improvement,
Water Loss Control, ...3.0175

GROWTH AND DEVELOPMENT OF NATIVE HARDWOODS
AND PINE ...Available Water, Growth, Soil Environment, Soil
Types, Soils and Fertilizer, 2.0430

EFFECTS OF SOIL MOISTURE STRESS ...Drought, Moisture
Deficiency, Moisture Tension, Physiology, Plant Chemistry, Soil
Environment, 2.0431

EFFECT OF MOISTURE STRESS ON RATES OF

PHOTOSYNTHESIS ...Drought, Growth Rate, Photosynthesis,
Respiration, _2.0956

THE MANAGEMENT OF PONDEROSA PINE - NEW METHODS
OF THINNING DENSE STAGNATING SECOND GROWTH
STANDS ...Fire Use for Silviculture, Soil Environment, Soils and
Fertilizer, Timber Stand Improvement, 2.0065

INTERRELATION OF MOISTURE REGIME & NUTRIENT
LEVELS OF SELECTED MISSISSIPPI SOILS & THEIR RELA-
TION TO THE SITE INDEX OF LOBLOLLY PINE ...Forest
Watersheds, Mississippi, Moisture Tension, Site Index and Site
Quality, Soils and Fertilizer, ...2.0683

SILVICULTURE OF COASTAL PLAIN TIMBER TYPES ...En-
vironment, Forest Watersheds, Taxodioideae, Timber Stand Im-
provement, Wetlands, 4.0212

Sequoia
SOIL MOISTURE DRYINC CURVES-MANAGEMENT RELA-

TIONS ...California, Management, Moisture Content, Soil En-
vironment, ...6.0036

GENESIS AND MORPHOLOGY OF PYGMY FOREST-

BLACKLOCK SOIL ECOSYSTEM ...California, Douglas Fir, Soil
Ecology, Water Table Fluctuation, Wave-built Terrace, 6.0041

Spruces
TRANSPIRATION RATES OF CONIFERS ...Air Temperature -

non- specific, Pines, Solar Light -non-specific, ...2.0712

Taxodioideae
SILVICULTURE OF COASTAL PLAIN TIMBER TYPES ...En-

vironment, Forest Watersheds, Pines, Timber Stand Impromnent,
Wetlands, 441212

Conjunctive Use
WATER RESOURCE OPERATIONS STUDY ...Operations

Research, Planning, Water Cycle, Weather Modification-general,
Wyoming, 6.0652

OPTIMIZATION OF WELLS AND RECHARGE FACILITIES IN
CONJUNCTIVE USE OF GROUNDWATER RESERVOIRS
...Groundwater Basins, Optimization, Pumping, Recharge -general,

Water Wells, 6.0054
AN OPTIMAL WATER MANAGEMENT PLAN FOR THE

MIAMI VALLEY ...Alternative Planning, Artificial Recharge,
Augmentation-general, Floodproofing, Optimization Technique,
Systems Analysis, 6.0467

A SYSTEM APPROACH FOR INTEGRATING GROUNDWATER
AND SURFACE-WATER USE ...California, Groundwater,
Systems Analysis, Water Quality Control-general, Water Utiliza-

tion -general, .6.0037
SURFACE AND GROUND WATER POTENTIALITIES OF THE

MULL1CA RIVER BASIN ...Aqueducts, Economic Impact,

Systems Analysis, Water Quality-general, Water Transfer,

...4.0172
A COMPENDIUM OF WATER LAW AND ECONOMICS IN

NEW HAMPSHIRE ..Economic Impact, New Hampshire, Water
Law-geneol, Water Quality-general, Water Rights-general, Water
Utilization -domestic, 6.0283

A COMPARATIVE STUDY OF THE USE TAX AS A MEANS OF

ALLOCATION OF WATER RESOURCES IN A CONJUNC-
TIVE USE SYSTEM Benefit-cost Analysis, Fiscal, Ground-

water, Water Allocation, Welfare Economics, _6.0056

GROUNDWATER - SURFACE WATER INTEGRATION STUDY
IN THE GRAND PRAIRIE REGION OF ARKANSAS ...Arkan-
sas, Available Water, Groundwater, Recharge -general, Water De-

mand, ...4.0020
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SYSTEMS SIMULATION FOR MANAGEMENT OF A TOTAL
WATER RESOURCE _Management, Optimization, Planning,
River Basins, Water Transfer, _4.0230

DRAINAGE DESIGN FOR IRRIGATION AGRICULTURE
,,.Aquifers - general, Artesian Flow, Groundwater Movement,
Seepage , Vater Wells, _4.0165

ECONOMIC ANALYSIS OF ALTERNATIVE WATER USE
TECHNIQUES IN PRODUCTION OF COTTON, GRAIN
SORGHUM & RELATED CROPS - SOUTHERN HIGH PLAINS

OF 'TEXAS Conservation-general, Economic Efficiency, Irriga-
tion-general, Water - Alternative Uses, Water Costs, 6.0571

OPTIMIZATION IN THE USE OF VARIABLE QUALITY
DESALTED WATER AND AN ARTIFICAL UNDERGROUND
RESERVOIR TO SUPPLY PEAK MUNICIPAL WATER DE-
MANDS ...Computers-gencral, Desalination, Optimization, Other

Computers, Urban Environments, Use of Impaired Water,

3.0470
OPTIMUM UTILIZATION OF SURFACE AND SUBSURFACE

WATER FACILITIES ...Aquifers -general, Mathematical Analysis,
Operations Research, Storage of Water, Survey Studies ..A.0110

Connecticut
RATE AND DIRECTION OF GROUND WATER CIRCULATION

IN CLOSE SPACED BEDROCK AND GRAVEL WELLS
UNDER THE INFLUCENCE OF NON-SYNCHRONOUS PUMP-
ING TIME ...Groundwater Movement, Land Use, Fowling, Sub-
surface Flow, .2.0244

REVERSE FILTER EROSION PROTECTION ...Control and Pro-
tection, Engineering Structures-general, Erosion-general, Filters,

Lining, ...8.0147
INTEGRATION OF CONNECTICUT WATER RIGHTS LAWS

AND POLLUTION CONTROL LAWS ...Legal Review, State
Government, Water Allocation, Water Quality Control-general,
Water Rights-general, 6.0116

STUDIES ON PHOSPHORUS 'rRANSFORMATIONs IN

EUTROPHIC LAKES _Bacterial Culture, Bacterial Pollutant
Sources, Budgets -other, Eutrophication, Nutritiim, Phosphorus,

5.0216
ORGANIC DEBRIS ON CONNECTICUT BEACHES AND

SHORES Catabolism and Degradation, Identification, Organic
Matter, Physical-general, Shoreline - Coastline, 5.0204

REGIONAL UTILITIES STUDY-WATER SUPPLY, SEWERAGE,
DRAINAGE AND REFUSE DISPOSAL ...Municipal-waste-other,
Operations Research, Planning, Sewage, Water Supply-general,
,..5.0207

DISPOSAL OF LIQUID WASTES ...Disposal Wastes, Plants -

Systems - general, ...5.0206
ECOLOGICAL FACTORS AFFECTING REPRODUCTION OF

SHELLFISH (PHYSIOECOLOGY OF SHELLFISH PROGRAM)
...Environmental Ecology, Oysters, Reproductive System, Spawn
Or Nesting Sites, Water Properties-general, 6.0114

Connecticut River
DISTRIBUTION AND ABUDANCE OF JUVENILE AMERICAN

SHAD, ALOSA SAPIDISSIMA (WILSON), IN THE CONNEC-
TICUT RIVER ABOVE HOLYOKE DAM, MASSACHUSETTS
...Alewife,menhaden,shad,herring, Engineering Structures-general,
Massachusetts, Migration, Number Or Density, 3.0271

FOOD HABITS OF LARVAL AND JUVENILE SHAD IN THE
CONNECTICUT RIVER ...Alewife,menhaden,shad,herring,
Aquatic Ecology, Food Supply, Massachusetts, Recreation Sites,

...3.0272
STUDY OF THE RIVER PHASE OF THE LIFE HISTORIES OF

ALOSA PSEUDOHARENGUS AND AESTIVALIS
...Alewife,menhaden,shad,herring, Aquatic Ecology, Environmen-

tal Ecology, Life History Studies, Spawn Or Nesting Sites,

6.0111
POTENTIAL FISHERY FOR RIVER HERRINGS IN CONNEC-

TICUT RIVER ...Alewife,menhaden,shad,herring, Environmental
Ecology, Life History Studies, Nets, Spawn Or Nesting Sites,
4.0075

OPTIMUM UTILIZATION AND MANAGEMENT OF WATER IN
FORMATIONS HYDROLOGICALLY-CONNECTED TO A
STRETCH OF THE CONNECTICUT RIVER ...Aquifers- general,

Artificial Recharge, Baseflow, Massachusetts, Water Yield,

4.0134
THE USE OF AERIAL PHOTOGRAPHS TO EVALUATE THE

RECREATIONAL RESOURCES OF A RIVER .,.Land Use,
Methods, Photogrammetry, Recreation Sites, Streams, 6.0285

FEASIBILITY OF USING ATMOSPHERIC WATER RESOURCES

IN THE NORTHEASTERN UNITED STATES ...Applied Cli-



Connecticut River SUBJECT INDEX

matology, Benefit-cost Analysis, Clouds-precipitation, River
Basins, Water Resources Development, _2.0161

THE CONNECTICUT RIVER STUDY ...Projected Demand,
Recreation Areas and Parks, Recreation Sites, Recreation Types
non-specific, Types of Resources, _3.0168

Conservation
ECONOMICS OF SOIL CONSERVATION PRACTICES WITHIN

WATERSHEDS ,..Agricultural Watersheds, Economies-general,
Kansas, Tillage, Cropping Systems, ,3.0243

Conservation-general
SAN LUIS WATERSHED STUDY ...Management, New Mexico,

Sediment Yield, Small Watersheds, Water Yield, ...2.0234

MOUNTAIN MEADOW RESTORATION ...Agricultural Land Use
Effects, Conservation, Management and Fertility, Mountains-al-
pine, Other Water Conditions, 4.0166

HYDROLOGY OF SUBURAN AREAS ...Amount, Land, New Jer-
sey, Runoff, Surhurhan Areas, ...4.0173

A STUDY OF THE INTERACTIONS PRESENT IN AQUEOUS
SALT SOLUTIONS BY NUCLEAR MAGNETIC' RESONANCE
SPECTROSCOPY ...Ionic, Nuclear Magnetic, Solution, Transition
Metal-general, Water Resources Development, 1.0074

WATER RESOURCES IN SOURDOUGH AND MIDDLE CREEK
WATERSHEDS - A COMPARATIVE STUDY OF QUALITY
AND HYDROLOGY ...Hydrology-general, Land Use, Montana,
Water Quality Control-general, Watersheds-general, 5.0695

LEGAL RESEARCH, WRITING AND DRAFTING TOWARD IM-
PROVING MONTANA WATER LAWS ...Legislation, Montana,
State Government, Water Utilization -general, 6.0333

DEVELOP A COMPUTERIZED METHODOLOGY FOR
EVALUATION OF MUNICIPAL WATER CONSERVATION
RESEARCH PROGRAMS ...Cost Analysis, Development of
Models, Digital Computers, Urban Environments, 3.0253

GROUND WATER RECHARGE AS AFFECTED BY SURFACE
VEGETATION AND MANAGEMENT ...Antitranspirants,
Groundwater, Infiltration, Natural Recharge, Soil-water-plant
Relationships, 4.0061

WATER CONSERVATION THROUGH EFFICIENT USE BY
CROP PLANTS Metabolic-biochemical Genetics, Moisture
Deficiency, Natural Variation of Water USE, Requirements for
Water, Selection & Breeding, ...2.0057

CONSERVATION OF WATER RESOURCES THROUGH
MODIFICATION OF THE PHYSICAL AND CHEMICAL PRO-
PERTIES OF SOIL .,.Persistence in Soils, Sand, Soil Environ-
ment, Storage of Water, Surfactants - Wetting Agents, ..2.0312

PHYSICAL AND ECONOMIC ANALYSIS OF WATERSHEDS AS
RELATED TO SOIL AND WATER CONSERVATION Benefit-
cost Analysis, Land, Land Use, Linear & Non-linear Program,
Watersheds-general, ...6.0222

SOIL WATER MOVEMENT ...Groundwater Movement, Manage-
ment, Moisture Meters, Moisture Tension, Movement, Availabili-
ty, ...3.0245

SOIL AND WATER CONSERVATION MANAGEMENT ....Ero-
sion-general, Soil Erosion - non - specific, Tillage, Cropping
Systems, YieldA.0150

CONSERVATION OF GROUNDWATER THROUGH REPLACE-
MENT OF PHREATOPHYTES WITH FORAGES ...Ground-
water, Herbicides -non-specific, in Forages and Pasture, Soil En-
vironment, Water Table - Depth or , ...3.0318

EVALUATION OF SOIL AND WATER CONSERVATION
DESIGN ...Conservation, Conservation & Management Zing,

Drainage Systems, Soil Preparation & Renovation. 2.0800
SOIL SURFACE MANAGEMENT PROCEDURES FOR SOIL

AND WATER CONSERVATION ...Conservation, Plant Residues,
Humus, Compost, Tillage, Cropping Systems, Yield, ...2.0878

CONSERVATION AND RENOVATION OF WASTE WATER
...Effluents -waste Water, Natural Recharge, Pollution - Effects of ,
Soil Properties - General, Surface Irrigation -general, Waste
Water Treatment-general, ...5.1035

CRITERIA FOR PUBLIC INVESTMENT IN NATURAL
RESOURCES ...Cmc, Finance, Fiscal, Savings and Investment,
...2.0130

NATURAL RESOURCE MANAGEMENT AND CONSERVATION
IN THE SOVIET UNION ...Multiple-purpose Projects, Russia,

Survey Studies, Water Allocation, Water Quality-general,
3.0485

SEDIMENTATION IN LAKES AND RESERVOIRS ...Land Use,

Rate of Deposition, Reservoirs and Impoundments, Slopes, Soil
Types-other, ...2.0422

PREDICTING RUNOFF AND GROSS EROSION FROM FARM-
LAND AND DISTURBED AREAS ...Agricultural Watersheds,

Conservation, Erosion-general, Forecasting-prediction, Runoff,

INVESTIGATIONS OF EROSION CONTROL AND WATER
CONSERVATION ...Amount, Erosion, Gullys - Arroyos, Land
Use, Runoff, Sediment Yield, Stabilization- general, ...3.0226

SEASONAL WA'I'ER USE BY FOREST VEGETATION _Environ-
ment, Forest Watersheds, Seasonal, Transpiration and Evap,
Water Quality Control-general, _2.0893

THE INFLUENCE OF GRAZING MANAGEMENT SYSTEMS ON
VEGETATION COMPOSITION AND LIVESTOCK REACTION
...Agricultural Watersheds, Grazing, ManalNment and Fertility,
Water Loss.gencral..3.1160

ECONOMIC ANALYSIS OF ALTERNATIVE WATER USE

TECHNIQUES IN PRODUCTION OF CO'T'TON, GRAIN
SORGHUM & RELATED CROPS - SOUTHERN HIGH PLAINS
OF 'TEXAS ...Conjunctive Use, Economic Efficiency, Irrigation-
general, Water Alternative Uses, Water Costs, ...6.0571

GENERAL EVALUATION OF SOIL AND MOISTURE CONSER-
VATION TREATMENT PRACTICES ...Engineering Structures-
general, Erosion-general, Runoff', Sedimentology-general, Soil En-
vironment, ...2.0185

FLOW LOSSES IN AN EPHEMERAL STREAM CHANNEL
.Energy Loss -water, Ephemeral, Infiltration, Morphology-
general, Open Channel Flow, Water Cycle, ..2.0178

VEGETATION MANIPULATION EFFECTS ON RUNOFF -
SYCAMORE CREEK, ARIZ ...Cover Crops, Runoff, Sediment
Yield, Water Yield, Watersheds-general, _3.0008

ADMINISTRATION, GENERAL, AND OTHER EXPENSES--SOIL
AND MOISTURE CONSERVATION PROGRAM ...Administra-
tive Structures, Economics-general, Moisture Content, 8.0140

ISLAND STUDY ...Inventories, Islands, Planning, Recreation Sites,
Survey Studies, .3.0171

PULP AND PAPER WASTE CONTROL AND TREATMENT
.Disposal Wastes, in Plant Treatment Wastes, Material Recovery

Wastes, Pulp and Paper Wastes, Water Reuse, 5.0980
DEVELOPMENT' OF CRITERIA FOR TILLAGE MACHINERY

THAT WILL REDUCE SOIL EROSION AND RUNOFF ...Ero-
sion-general, Moisture Retention, Runoff, Technique Develop-
ment, Tillage, Cropping Systems, 2.0007

ANALYTICAL HYDROGRAPHY IN WATERSHED ENGINEER-
ING .,.Agricultural Watersheds, Conservation & Management
Eng, Hydrology-general, Water Yield, .,.4.0131

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Flow Characteristics -water, Runoff, Storms-general,
...4.0248

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
...Agricultural Watersheds, Flow Characteristics -water, Land Use,
Physiography-general, Water Yield, 3.0462

SOIL WATER MOVEMENT IN RELATION TO THE CO.
VATION OF WATER SUPPLIES Computers-general, Evapora-
tion, Groundwater Movement, Infiltration, Internal Water Move-
ment, Water Loss Control, ..2.0033

EROSION AND RUNOFF CONTROL PRACTICES AND
SYSTEMS TO CONSERVE SOIL AND WATER RESOURCES
IN THE PACIFIC NORTHWEST ...Conservation, Design Flow-
flood, Erosion-general, Runoff, Southern, 4.0087

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
FROM CROPPED FIELDS ...Evapotranspiration, Humidity,
Modified Water Use, Soil-water-plant Relationships, Transpira-
tion, ...2.0035

TECHNOLOGY AND ECONOMICS OF CONSERVATION ...Al-
ternative Planning, Benefit-cost Analysis, Erosion-general, Land
Use, Sediments, 4.0106

APPRAISAL OF LOCAL SOIL, WATER AND OTHER
RESOURCE ORGANIZATIONS ...Administrative Structures,
Economics-general, Legislation, Other, Soils -general, ...6.0134

Construction Materials
Dam, Canal

CONCRETE CURING COMPOUND INVESTIGATIONS ...Ce-
ment, Concrete, Curing Agents, Organic-general, Weathering,
_8.0075

DESIGN IMPROVEMENTS--GATES AND VALVES ...Channel
Regulation-other, Control Gate, Galvanic, Seals, Valves, 8.0088
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SUBJECT INDEX Copper

RESISTANCE OF CONCRETE TO SULPHATE WATERS ,.,Al-
kalinity, Cement, Concrete, Chemicals. Irrigation, Sulfate, Sulfite,
_8.0298

NEW DEVELOPMENTS IN CATHODIC PROTECTION AND
CORROSION STUDIES ...Cathodic Protection, Coatings-general,
Platinum, Titanium, ..,8.0024

EVALUATION OF CANAL SEALANTS -OPEN AND CLOSED
CONDUCT RESEARCH PROGRAM ...Canals, Flume Studies,
Sealant Materials, Seepage, Soil Environment, ...8.0085

Domestic Structural
NEW ROOFING SYSTEMS ...Elastomers Rubber, Roofs, Stan-

dards, Specifications, Weathering, 8.0078

Construction Sites
VERIFICATION OF HYDRAULIC COMPUTATION METHODS

FOR BRIDGE SITES ...Bridges & Culverts, Discharge-general,
Location, 8.0207

A S'i'UDY OF THE DISPOSAL OF THE EFFLUENT FROM A
LARGE DESALINATION PLANT ...Copper, Desalination,
Desalination Wastes, Effluents-waste Water, Handbooks, _3.0295

SOCIAL CHANGE IN A WATER RESOURCE DEVELOPMENT
AREA - SOCIAL ASPECTS OF THE CONSTRUCTION PHASE
OF LIBBY DAM ...Attitudes & Attitude Change, Recreation
Sites, Reservoirs and Impoundments, Social Aspects, Social
Change, User Patterns, 6.0329

TEMPERATURE PREDICTION STUDIES RELATING TO THE
DEVELOPMENT OF A POWER REACTOR SITE ON THE
LOWER COLUMBIA RIVER ...Atomic Plants, Columbia River,
Data Networks, Dispersion -water, Thermal Pollution, 8.0203

EVALUATION OF ENGINEERING PROJECTS AND
ESTUARINE DATA (ESTUARINE PROGRAM) ...Commercial
Fishing, Conservation & Management Eng, Estuaries, Gulf of
Mexico, Habitat Studies, Land Use -non-specific, 8.0290

Consultants, Advisory Services
AIDS FOR WASTEWATER SYSTEM PERSONNEL SAFETY

AND ADVANCEMENT ...Personnel , Safety, Waste Water
Treatment-general, 9.0006

Continental Shelf
ESTUARIES AND SHORE STUDIES AND WATER SURFACE

INVESTIGATIONS Effluents-waste Water, Evaporation, In-
frared Radiation, Shoreline - Coastline, Thermal Pollution, Visible
Light, ...6.0143

DISTRIBUTION OF LIFE WITH DEPTH ...Marine Photography-
television, North Carolina, Photography-other, Vertical Distribu-
tion, ...5.0272

MARINE HYDROLOGY AND GEOCHEMISTRY, ATLANTIC
CONTINENTAL SHELF AND SLOPE ...Chemistry, Distribution,
Mixing, Ocean Environment, Saline Water Intrusion, ...2.0623

INFLUENCE OF THE PHYSICAL ENVIRONMENT ON DIS-
TRIBUTION OF YOUNG STAGES OF COASTAL GAME FISH
...Environmental Ecology, Fish -non-specific, Maturity & Growth
Stages, Physical-general, Range Or Territorial Distr. , ...6.0346

CIRCULATION ON THE CONTINENTAL SHELF ...Atlantic
Ocean-north, Circulation General, Eastern, Water Motion Recor-
ders, ..2.0624

Control and Protection
REVERSE FILTER EROSION PROTECTION ...Connecticut, En-

gineering Structures-general, Erosion-general, Filters, Lining,
8.0147

LEGAL ASPECTS OF WATER USE AND CONTROL IN SOUTH
CAROLINA ...Legislation, South Carolina, Survey Studies, Water
Law-general, Water Utilization -general, 6.0492

THE MANAGEMENT AND CONTROL OF WATER IN PUERTO
RICO ...Data Analysis - General, Management, Puerto Rico,
Types of Resources, Water Quality-general, Water Supply-
general, ...6.0480

EFFICIENCY OF DATA COLLECTION SYSTEMS IN
HYDROLOGY AND WATER RESOURCES FOR PREDICTION
AND CONTROL ...Economic Efficiency, Hybrid Computers,
Hydrology-general, Systems Analysis, 7.0004

ANTHROPOLOGICAL ANALYSIS OF SOCIAL AND CUL-
TURAL BENEFITS AND COSTS FROM STREAM-CONTROL
MEASURES ...Demography, Kentucky, River Basins, Social
Aspects, ...6.0239

DIVERTING MISSISSIPPI RIVER WATER TO TEXAS - A
PRELIMINNRY EVALUATION OF PLANS ...Mississippi River,
Str.;:ams, , Water Transfer, ...8.0205

OPERATION., RESEARCH IN WATER QUALITY MANAGE-
MENT ...Channel Regulation-other, Engineering Structures-
general, Management, Operations Research, Water Quality Con-
trol-general, ...5.0526

DEVELOPMENT OF MULTIPLE-USE PRODUCTION/OUTPUT
INFORMATION FOR OWNERS OF SMALL WOODLANDS IN
THE CENTRAL HARDWOOD REGION ...Erosion-general,
Forest Watersheds, General Information Services, Input - Output
Analysis, Multiple-purpose Projects, 7.0027

ILLINOIS AND ITS INTERSTATE COMPACTS ...Administrative
Structures, Illinois, Interstate, Legal Review, Urban Environments,
...6.0185

AN HISTORICAL APPRAISAL OF THE TENNESSEE VALLEY
AUTHORITY'S ROOD CONTROL PROJECT AND PRO-
GRAM ...Administrative Structures, Benefit-cost Analysis, Survey
Studies, Tennessee River, ...4.0227

CITY OF JACKSON, WATER RESOURCES STUDY, MISSISSIPPI
...Floods, Groundwater, Mississippi, Urban Environments, Water
Supply-general, ...4.0148

CHANNELIZATION STUDIES ...Channel Geometry, Channels,
New Mexico, Sedimentation, Silting, ..,8.0053

WEED CONTROL AND REVEGETATION ...New Mexico, Plant
Pollutants, Rio Grande River, Weed Control -other, ..3.0111

WEED CONTROL AND REVEGETATION ...Cover Crops, Plant
Pollutants, Rio Grande River, Weed Control -other, 3.0119

GENERAL WATER QUALITY INVESTIGATIONS ...Meetings,
Pollutants-general, State-local Government, Technique Develop-
ment, Water Quality-general, 5.0186

Control Systems
Guidance

FISH GUIDING ...Animal Distr. (non - specific), Fish -non-specific,
Instrumental Services, Management -other, Water Environment -
other, 8.0307

Other Control Systems
ELECTRICAL MACHINERY 'TEMPERATURE CONTROL ...Elec-

tric Power Plants, Motors and Appliances, Power Regulator, Tem-
perature, ...8.0125

AUTOMATION OF CANAL SYSTEMS ...Canals, Channel Regula-
tion-other, Control Gate, Controls, Open Channel, 8.0138

Control Theory
Dynamic Control System

WATER DISPATCHING OPERATIONS BY ELECTRONIC COM-
PUTER ...Daily, Design Flow-flood, Electric Power Plants, Inflow,
Power Generation, Reservoirs and Impoundments, 2.0984

Sensitivity Problems
MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS

ON UNGAGED WATERSHEDS ...Digital Computers, Hydro-
graphs, Runoff, Testing of Models, Watersheds-general, 2.0461
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Copper
A STUDY OF THE DISPOSAL OF THE EFFLUENT FROM A

LARGE DESALINATION PLANT ...Construction Sites,
Desalination, Desalination Wastes, Effluents-waste Water, Hand-
books, 3.0295

EFFECT OF SURFACTANT MICELLES ON METAL ION
REMOVAL BY FLOTATION FROM METALLURGICAL
WASTEWATER ...Foam, Metal Pickling Wastes, Micelle, Surfac-
tants, Ultrasonics, Zinc, 5.0691

COPPER TOXCITY ON ALGAE OF THE 1310 BLACKFOOT
RIVER ...Contamination, Pollution-water, Environment, Mining
Activities, Montana, Pollution - Effects of , ...5.0701

TREATMENT RECOVERY, AND REUSE OF COPPER WIRE
MILL PICKLING WASTES ...Electrochemistry-other, Electrolytic
Processes, Material Recovery Wastes, Metal Pickling Wastes,
Regeneration-other, _5.0722

EFFECT OF COPPER SULFATE ON AQUATIC WEEDS ...Al-
kalinity, Canals, Copper Sulfate, Irrigation-general, of Aquatic
Plants, ...3.0108



Core Analysis SUBJECT INDEX

Core Analysis
BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE

SALT MARSH ENVIRONMENT --Aquatic Soils, Chemical,
Microorganisms (non-specific), Salinity, Swamps-marshes, Tide-
water Areas, 1.0026

RELATION OF PHOSPHORUS IN LAKE BOTTOM DEPOSITS
AND POLLUTIONAL HISTORY OF MINNESOTA LAKES
...Chemical, Lakes, Minnesota, Phosphorus, ...5.0602

CONSERVATION OF FRESH-WATER RESOURCES BY DEEP-
WELL DISPOSAL OF LIQUID WASTES ...Borehole Geophysics,

Lithology, Permeability, Pollution Abatement, Underground
Waste Disposal, 5.0025

THE EFFECT OF CLAY MINERALS ON THE CHEMICAL COM-
POSITION OF FRESH AND SALINE WATERS ...Adsorption-
other, Chemical-general, Clay Minerals-general, Exchange-other,
Groundwater, Interstitial - Connate Water, 2.0360

(ENGINEERING GEOLOGY ...Dams-general, Foundations-general,
Geology - Engineering, Highway Sites, Reservoirs, ...8.0174

ENVIRONMENTAL RADIATION STUDIES ...Protactinium, Rate

of Deposition, Thorium, Uranium, 1.0113
DEEP ICE CORE STUDIES AND ANALYSES FROM GREEN-

LA') AND ANTARCTICA ...Antarctica, Dust - Particulate
Matter, Extraterrestrial, Greenland, Radioactive Dating-general,
Velocity, 1.0754

Corrosion, Deterioration
Agents

Biological
THE ELECTROCHEMICAL. BEHAVIOR OF METALS AND AL-

LOYS IN SEA WATER AND THE EFFECT OF BIOLOGICAL
SLIMES ON THEIR RATES OF CORROSION Bacteria,
Desalination, High, Metallic Alloys, Water, .3.0181

STORAGE AND CONVEYANCE OF IRRIGATION WATER ...Ir-
rigation- general, Leckage, Linings-pavings, Porosity, Permeability,
Stability, Weathering, ...2.1071

CORROSION AND ENCRUSTATION MECHANISMS IN WATER
SUPPLIES ...Chemicals, Corrosion Prevention-other, Mineraliza-
tion, Scaling, Encrusting, ...2.0274

MICROBIOLOGICAL INVESTIGATIONS ...Biological Pollutants -
general, Marine Fouling, Microorganisms (non-specific), Water
Supply-general, _3.0133

Chemicals
EFFECT OF ELECTROCHEMICAL AND METALLURGICAL

FACTORS ON CORROSION OF METALS AND ALLOYS
...Austenitic, Galv.mic, Passivation, Pitting, Water, ...3.0282

CORROSION AND ENCRUSTATION MECHANISMS IN WATER
SUPPLIES ...Biological, Corrosion Prevention-other, Mineraliza-
tion, Sealing, Encrusting, ...2.0274

FACTORS INFLUENCING THE RESISTANCE OF CONCRETE
TO SULFATE ATTACK ...Aggregates, Extenders, Fillers, Ce-
ment, Concrete, Composition Parameters-other, Sulfate, Sulfite,
8.0044

FACTORS INFLUENCING THE DURABILITY OF CONCRETE
...Cement, Concrete, Durability, Deterioration, Organic-general,
Pipe, Tube, Sulfite, Sulfite, ...8.0043

RESISTANCE OF CONCRETE TO SULPHATE WATERS .,.Al-
kalinity, Cement, Concrete, Dam, Canal, Irrigation, Sulfate,

Sulfite, ...8.0298

Soils
EVALUATION OF POLYVINYL CHLORIDE (PVC) AND

VINYL CLAD ALUMINUM PIPE USED FOR CARRYING IR-
RIGATION WATER WHEN BURIED WITHIN THE FROST
ZONE ..,Aluminum, Cladding, Irrigation-general, Joining, Bond-
ing-general, Pipe, Tube, Polyvinyls-other, 8.0271

CORROSION OF UNDERGROUND STEEL PILING ...Corrosion
Prevention-other, Deep, Low Alloy Steels, Soil Chemical Proper-
ties, Soil Electrical Properties, .,.8.0223

POURBAIX DIAGRAM FOR CORROSION EVALUATION ...Soil
Chemical Properties, Test Methods, Water, _8.0022

Water
EFFECT OF ELECTROCHEMICAL AND METALLURGICAL

FACTORS ON CORROSION OF METALS AND ALLOYS
...Austenitic, Chemicals, Galvanic, Passivation, Pitting, 3.0282

METALLIC CORROSION IN HALIDE ENVIRONMENTS
...Cathodic Protection, Desalination, Electrode, Halogens-general,
3.0369

SEA WATER CORROSION TEST PROGRAM ...Desalination, In-
hibitors, Scale Formation, Sea Water-general, ...3.0455

CORROSION RESEARCH ...Cathodic Protection, Desalination,
Iron, ...3.0167

CORROSION AND MASS TRANSFER FROM CYLINDERS OF
METALS ROTATING IN SEAWATER AT HIGH TEMPERA-
TURES AND PRESSURES ...Aluminum, Desalination, High,
3.0247

ELLIPSOMETR1C STUDIES OF PASSIVATION, WITH SPECIAL
REFERENCE TO THE ESSENTIAL ANIONIC 'CONSTITUENTS
OF SALINE WATER ...Desalination, Electrochemical-other, Ha-
lide, Passivation, Saline Conversion, _3.0412

A STUDY OF THE STRESS-CORROSION SUSCEPTIBILITY OF
CUPRO-NICKEL AND TITANIUM UNDER DESALINATION
CONDITIONS ...Copper, Desalination, Stress Corrosion, Tem-
perature General, Titanium, ...3.0137

SEAWATER CORROSION CONTROL BY ENVIRONMENT
MODIFICATION ...Environment General, Inhibitors, Low Alloy
Steels, Other, Saline Conversion, ...3.0454

DEVELOPMENT OF A LOW-COST IRON-BASE ALLOY TO RE-
SIST CORROSION IN HOT SEA-WATER ...Alloy & Systems,
Desalination, Orientation, Polarization, Saline Conversion,
3.0418

THE ELECTROCHEMICAL BEHAVIOR OF METALS AND AL-
LOYS IN SEA WATER AND THE EFFECT OF BIOLOGICAL
SLIMES ON THEIR RATES OF CORROSION ...Bacteria,
Biological, Desalination, High, Metallic Alloys, 3.0181

DEVELOPMENT OF LOW-COST, CORROSION - RESISTANT AL-
LOYS AND ON ELECTRO-CHEMICAL TECHNIQUES FOR

THEIR PROTECTION IN DESALINATION SYSTEMS
...Copper, Corrosion Prevention-other, Desalination, Saline Con-
version, Zinc, ...3.0290

POLYMERIC COATINGS FOR PROTECTION ON CONCRETE
EXPOSED TO AQUEOUS SALINE ENVIRONMENTS ...Adhe-
sion, Cement, Concrete, Depolymerization, Organic-general,
Plastics - General, Salinity, ...3.0405

PREPARE AN OPERATIONAL PLAN, CONCEPTUAL DESIGN
AND PLANS AND SPECIFICATIONS FOR A SEAWATER
CORROSION TEST FACILITY Construction-general, Desalina-
tion, Manufacturing, Research Facilities, Test Methods, ...3.0297

IMPROVEMENT OF THE CORROSION RESISTANCE OF ALU-
MINUM BRASS FOR USE IN SEA WATER CONVERSION
PLANTS ,..Copper, Desalination, Films, High, Oxidizing At-
mosphere, ..,3.0213

APPLICATION OF IRON- ALUMINUM BASE ALLOYS TO
SALINE WATER CONVERSION ...Alloy & Systems, Cost Anal-
ysis. Desalination, Pipe, Tube, Stainless Steels-other, 3,0099

CORROSION AND TUBERCULATION IN DISTRIBUTION
SYSTEMS ...Casting of Materials, Coatings-general, Corrosion
Prevention-other, Iron, ...5.0373

COOLING TOWER TREATMENT ...Corrosion Prevention-other,
Other, Scale Formation, Scaling, Encrusting, Water Purification
Plants, ...8.0175

EVALUATION OF CORROSION RATE TESTERS ...Corrosion
General, Low Temperature -, Medium Temperature - 300-1000k,
Test Methods, .8.0176

STUDIES OF CORROSION SPECIMENS ...Galvanized, Pipe, Tube,
Test Methods, Water Quality-general, 8.0177

INVESTIGATION OF CREEP IN CONCRETE ...Cement,
Concrete, Creep, Dimensions, Expansion, 8.0240

INVESTIGATION OF WATERSTOPS FOR CONSTRUCTION
JOINTS ...Cement, Concrete, Elastomers Rubber, Joints, Plastics
- General, Sealing, ...8.0229

CONTINUATION OF FIELD EXPOSURE STATIONS ...Cement,
Concrete, Florida, Maine, Research Facilities, Weathering,
...8.0241

CORROSION MITIGATION ...Corrosion Prevention-other, Deep,
Low Alloy Steels, Marine Fouling, Pre-stressed, 8.0157

CONCRETE TEST VESSEL ...Cement, Concrete, Cemerete-other,
Desalination, Pressure Ussel Materials, Tanks, 8.0113

PROTECTIVE LININGS FOR WATER PASSAGE SURFACES OF
FERROUS METALWORK ...Erosion, Linings-pavings, Organic-
general, Pipe, Tube, ...8.0087

POURBAIX DIAGRAM FOR CORROSION EVALUATION ...Soil
Chemical Properties, Soils, Test Methods, 8.0022

CORROSION OF METALS IN CONCRETE ...Cement, Concrete,
Chloride, Low Alloy Steels, Stress, Strain, ...8.0023

Weathering
INVESTIGATION OF THE USE OF LOW-COST PLASTIC FILMS

FOR SOLAR STILL CONSTRUCTION ...Costs, Distilling Units,
Film, Glass, Plastics - General, Structural, _3.0391



SUBJECT INDEX Corrosion, Deterioration

STORAGE AND CONVEYANCE OF IRRIGATION WATER
...Biological, Irrigation-general, Leckage, Linings-pavings, Porosi-
ty, Permeability, Stability, -2.1071

TENSILE CRACK EXPOSURE TESTS ...Beams - Bars, Cement,
Concrete, Crack Initiation, Propagation, Reinforcing Steel, Stan-
dards, Specifications, -8.0252

DURABILITY AND BEHAVIOR OF PRESTRESSED CONCRETE
BEAMS ...Beams - Bars, Construction Materials-other, Methods,
Pre-stressed, -8.0253

CONTINUATION OF FIELD EXPOSURE STATIONS ...Cement,
Concrete, Florida, Maine, Research Facilities, Water, ...8.0241

CONCRETE CURING COMPOUND INVESTIGATIONS ...Ce-
ment, Concrete, Curing Agents, Dam, Canal, Organic-general,
-8.0075

NEW ROOFING SYSTEMS ...Dornestiv Structural, Elastomers
Rubber, Roof's, Standards, Specifications, -8.0078

Corrosion General
THE EFFECT OF ORGANIC INHIBI'T'ORS ON THE DISSOLU-

TION KINETICS OF IRON ...Electrochemical-other, Electrode,
Inhibitors, Iron, Kinetics-other, -3.0065

INVESTIGATION OF CORROSION FUNDAMENTALS AS RE-
LATED To ALLOYING ...Additives, Alloy & Systems, Alu-
minum, Copper, _3.0415

EVALUATION OF CORROSION RATE TESTERS ...Low Tem-
perature -, Medium Temperature - 300-1000k, Test Methods,
Water, -8.0176

EVALUATION OF CONCRETE AND RELATED MATERIALS
FOR USE IN DESALINATION PLANTS ...Cement, Concrete,
Coatings - general, Ferrous Alloys - Other, Saline Conversion, Sea-
lant Materials, -8.0062

PLASTIC PIPE AND TUBING ...Ceramic Matrix, Engineering
Structures-general, Pipe, Tube, Plastic Matrix, Plastics - General,
-8.0132

Durability, Deterioration
FACTORS INFLUENCING THE DURABILITY OF CONCRETE

...Cement, Concrete, Chemicals, Organic-general, Pipe, Tube,
Sulfate, Sulfite, ..8.0043

THE DEVELOPMENT OF CONCRETE-POLYMER MATERIALS
...Cement, Concrete, Ceramic Matrix, In-situ, Plastics - General,
Radiation Induced Strength, Cohesion, -8.0045

EFFECT OF RETARDING ADMIXTURES ON PROPERTIES OF
CONCRETE ...Additives, Aggregates, Extenders, Fillers, Cement,
Concrete, Engineering Structures-general, _8.0046

INVESTIGATION IN THE DEVELOPMENT AND IMPROVE-
MENT OF SPECIAL CEMENTS ...Cement, Concrete, Elasticity -
General, Engineering Structures-general, Setting, Curing,
Strength, Cohesion, -8.0048

FACILITIES AND SYSTEMS FOR WATER HARVEST IN THE
INTER-MOUNTAIN BASIN ...Film, Mountains-alpine, Storage of
Water, Water Harvesting, Water Loss Control, ...8.0292

Effects and Mechanisms
Aging

CHANGES IN PHYSICAL CHARACTERISTICS OF ASPHALT
MATERIAL AsphaP - Tar Sands, Bituminous, Cement,
Concrete, Linings-pavings, rest Methods, _8.0105

Cavitation
A MASS TRANSFER STUDY OF CURRENT REQUIREMENTS

FOR CATHODIC PROTECTION ...Cathodic Protection, Chemi-
cal Analysis, Desalination, Fluid Flow-other, Heat Transfer, Ox-
ygen, -3.0033

ADHESIVE PROTECTION FOR CONCRETE ...California. Ce-
ment, Concrete, Coatings-general, Epoxies, Erosion, ...8.00I5

ALLOY SELECTION FOR CAVITATION RESISTANCE ...Cavita-
tion-other, Metallic Alloys, Test Methods, Turbine-other,
-8.0025

Fouling
INVESTIGATIONS OF ALGAE INHIBITING MATERIALS ...Ce-

ment. Concrete, Coatings-other, Inhibitors, Liquids Or Sprays, Or-
ganic Wastes, Water Distribution Systems, -3.0106

Galvanic
EFFECT OF ELECTROCHEMICAL AND METALLURGICAL

FACTORS ON CORROSION OF METALS AND ALLOYS
-Austenitie, Chemicals, Passivation, Pitting, Water, _3.0282

DESIGN IMPROVEMENTS-GATES AND VALVES ...Channel
Regulation-other, Control Gate, Dam, Canal, Seals, Valves,
-8.0088

Oxidation
INSULATING MINERAL OILS AND SYNTHETIC LIQUIDS AND

LUBRICATING OILS ...Electrical Materials, Liquid Lubricants,
Lubricants and Fluids Other, Standards, Specifications, Test
Methods, -8.0059

Pitting
EFFECT OF ELECTROCHEMICAL AND METALLURGICAL

FACTORS ON CORROSION OF METALS AND ALLOYS
...Austenitic, Chemicals, Galvanic, Passivation, Water, _3.0282

WATER RESEARCH PROGRAM III CORROSION ...Brines, Com-
position Parameters-other, Nickel Alloys, Titanium, -3.0438

REACTIONS AND TRANSPORT PHENOMENA AT SURFACES
...Analysis and Detection, Brines, Electrode, Separation-general,
Transport, -3.0440

EFFECT OF ELECTROCHEMICAL AND METALLURGICAL
FACTORS ON CORROSION OF METALSAND ALLOYS
...Brines, Desalination, Stainless Steels-other, -3.0283

Scaling, Encrusting
SCALE CONTROL WITH GfcAPHITE HEAT-TRANSFER TUBES

OF CONTROLLED PERMEABILITY TO STEAM ...Desalina-
tion, Distillation-other, Distilling Units, Heat Exchangers, Heat
Transfer, -3.0390

A STUDY OF PRESCALING DEPOSITION ...Copper, Desalina-
tion, Radioisotopes, Saline Conversion, ...1.0011

COOLING TOWER TREATMENT ...Corrosion Prevention-other,
Other, Seale Formation, Water, Water Purification Plants,
...8.0175

CORROSION AND ENCRUSTATION MECHANISMS IN WATER
SUPPLIES ...Biological, Chemicals, Corrosion Prevention-other,
Mineralization, ...2.0274

Stress Corrosion
A STUDY OF THE STRESS-CORROSION SUSCEPTIBILITY OF

CUPRO-NICKEL AND TITANIUM UNDER DESALINATION
CONDITIONS ...Copper, Desalination, Temperature General,
Titanium, Water, -3.0137

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING ...Crack Initiation, Propagation, Desalination,
Iron, Magnesium, ...3.0255

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING ...Alloys and Systems, Austenitic, Brittleness,
Copper, Film, Titanium, ...3.0254

Prevention
Cathodic Protection

METALLIC CORROSION IN HALIDE ENVIRONMENTS
.,.Desalination, Electrode, Halogens-general, Water, ...3.0369

A MASS TRANSFER STUDY OF CURRENT REQUIREMENTS
FOR CATHODIC PROTECTION ...Cavitation, Chemical Analy-
sis, Desalination, Fluid Flow-other, Heat Transfer, Oxygen,
...3.0033

CORROSION RESEARCH ...Desalination, Iron, Water, _3.0167
CORROSION MITIGATION -CATHODIC PROTECTION OF

WATER-IMMERSED STEEL SIT UCTURES ...Coatings-general,
Engineering Studies-general, Hydraulic Structures, Low Alloy
Steels, ...8.0172

NEW DEVELOPMENTS IN CATHODIC PROTECTION AND
CORROSION STUDIES ...Coatings-general, Dam, Canal,
Platinum, Titanium, _8.0024

Corrosion Prevention-other
DEVELOPMENT OF LOW-COST, CORROSION-RESISTANT AL-

LOYS AND ON ELECTRO-CHEMICAL TECHNIQUES FOR
THEIR PROTECTION IN DESALINATION SYSTEMS
...Copper, Desalination, Saline Conversion, Water, Zinc, ...3.0290
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CORROSION AND TUBERCULATION IN DISTRIBUTION
SYSTEMS ...Casting of Materials, Coatings-general, Iron, Water,
...5.0373

COOLING TOWER TREATMENT ...Other, Scale Formation, Scal-
ing, Encrusting, Water, Water Purification Plants, .. 8.0175

CORROSION OF UNDERGROUND STEEL PILING ...Deep, Low
Alloy Steels, Soil Chemical Properties, Soil Electrical Properties,
Soils, ...8.0223

CORROSION MITIGATION ...Deep, Low Alloy Steels, Marine
Fouling, Pre-stressed, Water, -8.0157

CORROSION AND ENCRUSTATION MECHANISMS IN WATER
SUPPLIES ...Biological, Chemicals, Mineralization, Scaling. En-
crusting, -2.0274



Corrosion, Deterioration

Inhibitors
SEA WATER CORROSION TEST PROGRAM ...Desalination,

Scale Formation, Sea Water-general, Water, ...3.0455
SEAWATER CORROSION CONTROL BY ENVIRONMENT

MODIFICATION ...Environment General, Low Alloy Steels,
Other, Saline Conversion, Water, ...3.0454

THE EFFECT OF ORGANIC INHIBITORS ON THE DISSOLU-
TION KINETICS OF IRON ...Corrosion General, Electrochemi-
cal-other, Electrode, Iron, Kinetics - other, ..3.0065

CORROSION PROTECTION BY INHIBITOR CROSS-LINKING
AND SURFACE COATING GRAFTING ...Cement, Concrete,
Crosslinked, Metallic Alloys, Metals, Radiation Induced, -.3.0404

SUBJECT INDEX

INVESTIGATIONS OF ALGAE INHIBITING MATERIALS ...Ce-
ment, Concrete, Coatings-other, Fouling, Liquids Or Sprays, Or-
ganic Wastes, Water Distribution Systems, 3.0106

Passivation
EFFECT OF ELECTROCHEMICAL AND METALLURGICAL

FACTORS ON C(iRROSiON OF METALS AND ALLOYS
...Austenitic, Chemicals, Galvanic, Pitting, Water, -.3.0282

PROTECTIVE FILMS FORMED BY PLASMA ANODIZATION
...Aluminum, Anodic, Brines, Desalination, Iron, ...3.0263

ELLIPSOMETRIC STUDIES OF PASSIVATION, WITH SPECIAL
REFERENCE TO THE ESSENTIAL ANIONIC CONSTITUENTS
OF SALINE WATER ...Desalination, Electrochemical-other, Ha-
lide, Saline Conversion, Water, 3.0412

THE EFFECTS OF VELOCITY ON THE PASSIVATION OF AL-
LOYS IN BRACKISH WATER ...Brackish Water, Desalination,
Electrolytes, Metallic Alloys, Velocity -water, -.3.0136

Crustacea
Branchiopoda -other

DISTRIBUTION OF DIATOMS IN DESERT WATERS ...Algae-
Diatoms, Deserts, Plant Prod. (non-specific), Playas, Respiratory
System, 2.0138

Copepods
IMPOUNDMENT EFFECTS ON WATER QUALITY AS

REFLECTED IN PARASITISM OF RESERVOIR BASSES
.Pathology, Pre-impoundment Sites, Reservoirs and Impound-
ments, Water Level Fluctuation, Water Quality - general, ..6.0024

ANNUAL PHYTOPLANKTON PRODUCTION IN PUGET
SOUND WATERS ...Invertebrate Cultures, Phytoplankton, Puget
Sound, Standing Crops, Tides, -.5,1256

CHEMICAL ECOLOGY OF DIAPTOMID COPEPODS OF
COLORADO ...Aquatic Ecology, Chemical Measurements -water,
Colorado, Environmental Ecology, Fresh Water, -.6.0088

RELICT COPEPODS FROM LAKE TUBORG, ELLESMERE
ISLAND ...Brackish Water, Canada, Carbon-14, Lakes, Plankton
Sampling, ...2.0257

LIFE HISTORY OF CYCLOPS BICUSPIDATUS ...Aquatic Ecolo-
gy, Life History Studies, Number Or Density, Reservoirs and Im-
poundments, South Dakota, ...6.0527

DEVELOPMENT OF CULTURE METHODS FOR ECOLOGI-
CALLY IMPORTANT MARINE ZOOPLANKTON SPECIES
...Aquatic Ecology, Environmental Physiology, Invertebrate Cul-
tures, Zooplankton, _5.1096

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT SPECIES OF MARINE
ZOOPLANKTON .,.Oxygen, Water Salinity, Wow Temperature-
non-specific, Zooplankton, _5.1097

Crabs, All
SURVIVAL REQUIREMENTS OF JUVENILE AND ADULT

BLUE CRABS ...Biological Rhythms, Environmental Physiology,
Laboratory, Osmoregulation, Water Properties-general, -.6.0401

EFFECT OF ENVIRONMENTAL CHANGES ON BLUE CRAB
ABUNDANCE ...Environmental Changes, Life History Studies,
Migration, Mirth Carolina, Population Dynamics, 6.0400

REARING AND SENSITIVITY STUDIES OF VARIOUS LIFE
STAGES OF MARINE MACROINVERTEBRATES ...Bioindica-
tors, Shrimps - Common, Whole Body Culture & Rearing,
5.1079

Crayfish, All
STUDY OF EXCRETORY PATTERNS IN CRAYFISHES

...Metabolism, Nitrogen, Osmoregulation, Stress, Urea, ...6.0376

Crustacea -non-specific
THERMAL EFFECTS ON MARINE AND ESTUARINE SHELLF-

ISH ...Aquatic Ecology, Environmental Physiology, Mollusks -
non- specific & Other, Pollution - Effects of , Water Temperature-
non-specific, 5,1251

MARINE BIOLOGICAL ASSESSMENT OF POLLUTIONAL
FATE ...Contamination - Water, Fish -non-specific, Nets, Pollu-
tion - Effects of , -.5.0975

VIBRIO PARAHAEMOLYTICUS IN THE ESTUARINE EN-
VIRONMENT ...Estuaries, Isolation From Nat. cnviron. , Mol-
lusks -non-specific & Other, Temporal Distribution, Vibrio N S,
_2.1115

BIOLOGICAL METHODS RESEARCH ...Chemical Identification,
Enteroviruses of Humans, Isolation, Sewage, Viral Pollutant
.iources, ...5.0017

EVALUATION OF METHODS FOR RECOVERY OF EN-
TEROBACTERIACEAE FROM MARINE SOURCES ...Bacterial
Pollutmt Sources, Estuaries, Intestinal Bacteria, Pollutants-
general, ...5.1225

INVESTIGATIONS ON CIGUATERA-LIKE BIOTOXINS IN
SHELLFISH ...Algal Culture, Algal Toxins, Bulk Culture -other,
Gymnodinium, Mollusks -non-specific & Other, ...5.00I8

COOPERATIVE STUDIES WITH FEDERAL AND STATE AGEN-
CIES ...Bioassays, Mollusks -non-specific & Other, Public Health
Ecology, Survey Studies, Water Quality-general, 7.0111

GENERAL TECHNICAL ASSISTANCE ...Committee-support,
Mollusks -non-specific & Other, Shellfish Depuration, Water
Quality-general, ...5.1075

Diplostraca
Cladocera

NUCLIDE UPTAKE BY ALGAE AND ZOOPLANKTON
...Chlorella, Environment, Ionic Effect, Organic Matter Content -
water, Radioisotopes -non-specific, -.6.0048

DIVERSITY AND ECOLOGICAL NICHES IN MULTI-SPECIES
ASSOCIATIONS OF CHYORID CLADOCERA (CRUSTACEA)
...Environmental Ecology, Habitat Studies, Interbiotic Relat.(non-
specif), Lakes, Microtbssils, _2.0911

AQUATIC ECOSYSTEM ...Acidity, Environment Resistance, Ph,
Acidity -water, Pollution - Effects of , Productivity - Food Chain,
...6.0084

Isopods
FEEDING PATTERNS OF THE FRESHWATER ISOPOD LIR-

CEUS BRACHYURUS ...Aquatic Ecology, Behavioral Ecology,
Food Supply, Nutrition - Invertebrate, Pennsylvania, Streams,

.7.0093

Shrimps - Brine Or Fairy
INFLUENCE OF SALINITY AND TEMPERATURE ON TOXICI-

TY OF SOME PESTICIDES TO BRINE SHRIMP ...Environmen-
tal Effects, Salinity, Temperature, -.5.0663

Shrimps - Common
EXPERIMENTAL SEEDING (SHRIMP AQUACULTURE PRO-

GRAM) ...Captive Rearing, Florida, Population Dynamics, Spawn
Or Nesting Sites, Stocking of Fish & Shellfish, ...6.0565

REARING AND SENSITIVITY STUDIES OF VARIOUS LIFE
STAGES OF MARINE MACROINVERTEBRATES ...Bioindica-
tors, Crabs, All, Whol'.. Body Culture & Rearing, ...5.1079

Shrimps - Seed Or Mussel
EFFECTS OF THE CHLORINATED HYDROCARBONS, ALDRIN

AND DIELDRIN, ON FRESHWATER SEED SHRIMP (OS-
TRACODA ) ...Aldrin, Contamination - Water, Dicldrin, Fresh
Water, Laboratory Animals, Pollution - Effects of , _5.1117

Crystallization
Crystal Growth

A STUDY OF THE NUCLEATION AND GROWTH CHARAC-
TERISTICS OF SLURRIES OF ICE CRYSTALS ...Desalination,
Fluid Dynamics, Freezing, Nucleation, Shear-flow, ...3.0356

DIFFUSION PHENOMENA IN ICE - RECRYSTALLIZATION
PHENOMENA IN ICE ...Concentration, Desalination, Diffusion-
other, Electrolytes, Rate of Reaction, ...3.0361

A STUDY OF THE EFFECTS OF SURFACE POTENTIAL ON
SCALE FORMATION ...Desalination, Electrochemistry-other,
Metals, Nucleation, Scale Formation, _3.0080
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SUBJECT INDEX Culture (methods & Techniques)

NUCLEATION AND GROWTH OF ICE CRYSTALS ..,Brines,
Desalination, Freezing, Hydration, Nucleation, 3.0041

STUDIES ON THE HYDRATE PROCESS FOR DEMINERALIZ-
ING SEA WATER .,,Brines, Demineralization, Hydration,
Removal--inorganics, 3.0366

REMOVAL OF INORGANIC MATERIAL FROM SALINE
WATER BY PRECIPITATION PROCESSES
Demineralization, Nucleation, Precipitation, Removal -- inorganics,
5.0420

Crystallization-other
TREATMENT AND DISPOSAL OF CONDENSATE WASTES

FROM HIGH LEVEL WASTE SOLIDIFICATION PROCESSES
Disposal Wastes, Fractionation, Material Recovery Wastes,
Nuclear, Precipitation, 5.1250

DESALINATION BY HIGH PRESSURE SOLIDIFICATION OF
WATER TO ICE Desalination, High Pressure - 1-1000 Atm,
Other, .3.0360

Nucleation
ICE FORMATION BY CONTACT NUCLEATION ,Formation,

':;rowth and Preparation, Model Studies, Nucleation Physics,
Temperature, 3.0339

STUDIES OF FUNDAMENTAL MECHANISMS IN THE DEPOSI-
TION OF CALCIUM SULFATE SCALE .Brines, Di latometry,
Electron, Phase Relationship, Scale Formation, ..,3.0293

A STUDY OF THE NUCLEATION AND GROWTH CHARAC-
TERISTICS OF SLURRIES OF ICE CRYSTALS ...Crystal
Growth, Desalination, Fluid Dynamics, Freezing, Shear-flow,
,..3.0356

SALINE WATER BY FREEZING - A PROGRAM OF IN-
VESTIGATION ...Desalination, Evaporation, Freezing, Microsco-
py-other, Washing, 3.0343

HETEROGENEOUS NUCLEATION AND CONDENSATION OF
VAPORS ...Argon, Liquid, Solution, Water, 4 Ring System,
1.0094

A STUDY OF THE EFFECTS OF SURFACE POTENTIAL ON
SCALE FORMATION .,.Crystal Growth, Desalination, Elcc-
trochemistry-other, Metals, Scale Formation, ..3.0080

NUCLEATION AND GROWTH OF ICE CRYSTALS ...Brines,
Crystal Growth, Desalination, F eezing, Hydration, ...3.0041

REMOVAL OF INORGANIC MATERIAL FROM SALINE
WATER BY PRECIPITATION PROCESSES Brines, Crystal
Growth, Demineralization, Precipitation, Removal -- inorganics,
...5.0420

PREPARATION OF MONODISPERSE EMULSIONS ...Distribu-
tion, Emulsion, Kiretic-general, Precipitation, .5.0064

SEEDING OF BRACKISH WATER ...Desalination Wastes,
Evaporation, Material Recovery Wastes, Scale Formation.
...5.1216

EFFECT OF THE WARM CLOUD BASE UPON CLOUDSEED-
ING FROM THE GROUND ...Clouds-precipitation, Iodine,
Nucleation Physics, Silver, Vapor, ...2.0156

Culture (methods & Techniques)
Algal Culture

VARIABILITY IN DIATOM MORPHOLOGY AND WATER POL-
LUTION _Algae- Diatoms, Bioindicators, Environment, Pollution
- Effects of , Water Quality-general, 5.0217

ALGAL GROWTH AND DECOMPOSITION - EFFECTS ON
WATER QUALITY ...Algal Pollutant Sources, Cell Injury and
Autolysis, Growth and Differentiation, Mineral Composition,
Model Systems, Water Quality-general, ...5.P443

A STUDY OF PHYTOPLANKTON DY, 1MICS IN LAKE
FAYETTEVILLE AS A MEANS OF ASSESSING WATER
QUALITY ...Bioindicators, Eutrophication, Growth Rate,
Phytoplankton, Primary Productivity, 6.0031

THE AUTECOLOGY OF SOME BLUE-GREEN PLANKTON
ALGAE Cyanophyta (non-specific & Ot), Eutrophication,
Mixed Culture, Nutrition Studies, Phytoplankton, ,..5.0955

ALGAE DEGRADATION IN WATERWAYS ...Algal Pollutant
Sources, Cell Injury and Autolysis, Mixed Culture, Water Proper-
ties-general, 5.0126

BACTERIDAL EFFECTS OF ALGAE ON ENTERIC ORGAN-
ISMS ,.,Algae- General, Bactericides -non-specific, Intestinal Bac-
teria, Sanitation, Sewage, 5.1151

COLLECTION AND ESTABLISHMENT IN CULTURE OF SPE-
CIES AND STRAINS OF MARINE PHYTOPLANKTON OR-
GANISMS ...Culture Collections, Marine Plants, Phytoplankton,
Pollution-general, ..,5.1063

USE OF PURE STRAINS OF ALGAE AND MIXED ALGAE-
PROTOZOA, AND ALGAE-BACTERIA CULTURES IN

SEWAGE TREATMENT .,.Algae, Microbial-bacterial, Pilot
Plant, Waste Water Treatment-general, 5.0382

CULTURING AND PROPAGATION OF SELECTED INVER-
TEBRATES AND ASSOCIATED FOOD ORGANISMS
...Chlorophyceae (non-specif.&ot), Chrysophyceae (non-
speci.&ot), Cyanophyta (non-specific & Ot), Food Supply, Inver-
tebrate Cultures, 5.0591

INTEGRATED FIELD AND LABORATORY SYSTEM FOR AS-
SAYING THE EFFECTS OF POLLUTANTS AND TOXICANTS
UPON WATER QUALITY Axenic Culture, Environment,
Phytoplankton, Pollution - Effects of 5.1087

DEVELOPMENT OF A METHOD FOR CHRONIC TOXICITY
BIOASSAY USING MARINE PLANKTONIC ALGAE Bioas-
says, Marine Plants, Microbiological Analysis, Monitoring (long
Term Studies), Phytoplankton, Technique Development, Tox-
icology, .5.1088

MEASUREMENT OF THE RATE OF CARBON DIOXIDE ,1C14)
FIXATION INTO SUBCFLLULAR FRACTIONS OF ALGAE
Algae- General, Bioindicators, Carbon, Carbon Dioxide Fixa-
tion, Growth Rate, intracellular Localization, ..5.1090

LABORATORY STUDIES OF TOXIC DINOFLAGELLATES Al-
gal Toxins, Gonyaulax, Gulf of Mexico, Gymnodinium, Vegetaele
Origin, ...5.1161

COMPARATIVE STUDIES OF DINOFLAGELLATE TOXINS
.,.Action- & Bioelectrical Pot Algal Toxins, Dinophyceau (non-
specific &ot), Toxicology, ..5.0716

INVESTIGATIONS ON CIGUATERA-LIKE BIOTOXINS IN
SHELLFISH Algal Toxins, Bulk Culture -other, Crustacca -non-
specific, Gymnodinium, Mollusks -non-specific & Other, 5,0018

Axenic Culture
INFLUENCE OF PROTOZOAN ACTIVITY ON HALOGENATED

HYDROCARBON RESIDUES - INTERACTION BETWEEN
MICROORGANISMS AND PESTICIDES ...Metabolism, Mode of
Action -animal, Petroleum Cpds, -non-specific, Protozoa ether,
...5.0642

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT MARINE PHYTOPLANK-
TON SPECIES ,..Environment, Growth and Differentiation,
Marine Biology, Marine- Plants, Phytoplankton, 5.1094

INTEGRATED FIELD AND LABORATORY SYSTEM FOR AS-
SAYING THE EFFECTS OF POLLUTANTS AND TOXICANTS
UPON WATER QUALITY Algal Culture, Environment,
Phytoplankton, Pollution - Effects of , 5.1087

Bacterial Culture
STUDIES ON PHOSPHORUS TRANSFORMATIONS IN

EUTROPHIC LAKES .Bacterial Pollutant Sources, Budgets -
other, Connecticut, Eutrophication, Nutrition, Phosphorus,
...5.0216

STUDIES ON AQUATIC STALKED BACTERIA ...Classification
Or Taxonomy, Ecology, Growth (non-specific & Ot,), Stalks and
Buds, Water Bacteria, 5.1280

CONTROLLING FACTORS IN METHANE FERMENTATION
Cell. env,(non-specific & Ot.), Fermentation, Methane Bacteria
(non-specif.), Respiration, Saturated Hydrocarbons, 5.0754

ROLE OF ENTERIC MICROORGANISMS IN DETOXIFICATION
- INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ...Biodegradation, Fish -non-specific, Identification, Insec-
ticides -non-specific, Intestinal Bacteria, 5.0641

NITRIFICATION BY MARINE MICROORGANISMS ...Au-
totrophic, Bact. morphology (general), Isolation From Nat. en-
viron. , Marine Bacteria (non-specific), Nitrification, Nitrogen
Bacteria, Range Or Territorial Distr. , 1.0066

Bulk Culture -other
INVESTIGATIONS ON C1GUATERA-LIKE BIOTOXINS IN

SHELLFISH ...Algal Culture, Algal Toxins, Crustacea -non-
specific, Gymnodinium, Mollusks -non-specific & Other, 5.0018

Cell Cloning
EFFECT OF INDUST WASTES OF MEMPHIS & SHELBY

COUNTY ON PRIMARY PLANKTONIC PRODUCERS
...Drainage, Industrial Wastes, Plankton (non-specific), Primary
Productivity, Tennessee, 5.1134

PLAQUING AND FLUORESCENT ANTIBODY METHODS FOR
DETECTION AND IDENTIFICATION OF ENTEROVIRUSES
...Assay, Detection & Diagnosis, Enteroviruses of Animals, Pollu-
tants-general, Waste Watet Treatment-other, 5.0046
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Culture (methods & Techniques) SUBJECT INDEX

Fungal Culture
COMPARATIVE BIOCHEMICAL AND MORPHOLOGICAL

CHARACTERISTICS OF MARINE FUNGI FROM SHELLFISH
...Endoparasites -other, Histochemistry - Cytochem, Histology and
Cytology, Marine Fungi (non-specific), Plant Taxonomy, _6.0265

EFFECT OF ANTIBIOTICS ON FUNGUS PARASITES IN
OYSTERS ...Antibiotics, Chemicals - Fungicides, Dermocystidi-
um, Host Specificity, Oysters, ...5.1171

Invertebrate Cultures
ANNUAL PHYTOPLANKTON PRODUCTION IN PUGET

SOUND WATERS ...Copepods, Phytoplankton, Puget Sound,
Standing Crops, 'fides, 5.1256

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER INVER-
TEBRATES - DEVELOPMENT OF A LABORATORY STREAM
FOR REARING AND TESTING AQUATIC INVERTEBRATES
...Captive Rearing, Invertebrates -non-specific, Laboratory,
Laboratory Animals, Pesticides -non-specifie, _6.0319

CULTURING AND PROPAGATION OF SELECTED INVER-
TEBRATES AND ASSOCIATED FOOD ORGANISMS -.Algal
Culture, Chlorophyceae (non-specif.&ot), Chrysophyccae (non-
specif.&ot), Cyanophyta (non-specific & Ot), Food Supply,
-.5.0591

DEVELOPMENT OF CULTURE METHODS FOR ECOLOGI-
CALLY IMPORTANT MARINE ZOOPLANKTON SPECIES
...Aquatic Ecology, Copepods, Environmental rThysiology,
Zooplankton, ...5.1096

Mixed Culture
BIOLOGICAL DEGRADATION OF WASTES UNDER

PSYCHROFH1LIC ENVIRONMENTS ...Bacterial Pollutant
Sources, Biological, Low Temp. - But Above 32f, Polar, Water
Bacteria, ...5.0036

OXYGEN TRANSFER IN CONCENTRATED MICROBIAL
SYSTEMS ...Degradation, Microbial-bacterial, Model Studies, Ox-
ygen, Physic() - Chem - Mctab, -.5.0801

THE AUTECOLOGY OF SOME BLUE-GREEN PLANKTON
ALGAE ...Algal Culture, Cyanophyta (non-specific & Ot),
Eutrophication, Nutrition Studies, Phytoplankton, ,,,5.0955

ALGAE DEGRADATION IN WATERWAYS -.Algal Culture,
Algal Pollutant Sources, Cell Injury and Autolysis, Water Proper-
ties-general, -.5.0126

BIOLOGICAL ALGICIDES ...Algacides -non-specific, Algal Virus,
Cell Injury and Autolysis, Endogenous Cpds -plants, ...5.0226

Culture Collections
STUDIES ON THE METHANOGENIC BACTERIA IN SLUDGE

_Acids, Digestion, Isolation From Nat. environ. , Methane Bac-

teria (non-speeif.), _5.0259
COLLECTION AND ESTABLISHMENT IN CULTURE OF SPE-

CIES AND STRAINS OF MARINE PHYTOPLANKTON OR-
GANISMS _Algal Culture, Marine Plants, Phytoplankton, Pollu-
tion-general, _5.1063

Cumberland River
SIMULATED OPEN CHANNEL HYDRAULICS ...Mathematical

Analysis, Model Studies, Numerical Analysis-other, Open Channel
How, Tennessee, ...2.0983

Currents -water
THE RELATIONSHIP BETWEEN TURBIDITY CURRENTS AND

FISH MOVEMENTS IN GARRISON RESERVOIR -.Nets, North
Dakota, Reservoirs and Impoundments, Turbidity, Turbidity &
Suspended Matter, -.5.0829

FACTORS AFFECTING THE MOVEMENTS OF WATER AND
ORGANISMS WITHIN A REGULATED MULTIPURPOSE
LAKE ...Bacterial Pollutant Sources, Boundary Layer Studies,
Lakes, Sediments, Washington, ...2.1114

EUTROPHICATION OF SHELTERED BAYS IN A LARGE LAKE
-.Bays, Chemical- general, Eutrophication, Freshwater Ecology,
Utah, -.5.1188

A THREE DIMENSIONAL STUDY OF PARAMETERS RE-
LATED 'FO THE CURRENT DISTRIBUTION IN LAKE
ROOSEVELT -Model Studies, Reservoirs and Impoundments,
Stratification, Tempevature, Water Quality-general, ...5.1245

A LIMNOLOGICAL STUDY OF LAKE PONTCHARTRAIN,
LOUISIANA, IN THE SUMMER OF 1968 ...Chemical-general,

Louisiana, Physical-general, Water Sampling, ...5.0457

MIXING AND DISPERSION OF CONTAMINANTS IN RESER-
VOIRS ...Dispersion -water, Mixing, Reservoirs and Impound-
ments, Tracers-general, Velocity -water, ...5.1153

VERTICAL CURRENT STRUCTURE IN THE GREAT LAKES
_Buoys, Forecasting-prediction, Great Lakes-general, Model Stu-
dies, Wind-water Interaction, -.2.0632

FEASIBILITY OF RATING CURRENT METERS IN A
VELOCITY FIELD -.Gaging, Mass, Model Studies, Velocity -
water, _7.0107

SALINITY INTRUSION AND RELATED PHENOMENA
...General Deposition, Mixing, Open Channel Flow, Saline Water
Intrusion, Sediment Transport-general, -.2.0687

GREAT LAKES RESEARCH - CHARACTERISTICS OF LAKE
WATER ...Chemical-general, Great Lakes-general, Ocean
Meteorological Studies, Physical-general, Water Quality-general,
2.0648

GREAT LAKES RESEARCH - HARBOR CURRENTS ...Great
Lakes-general, Harbors, Model Studies, Pressure-density, Water
Level Fluctuation, Wind-general, 2.0642

LIMNOLOGICAL FEATURES LAKE SHARPE IN RELATION TO
COLD-WATER FISHES ...Fish -non-specific, Low Temp. -hut
Above 32f, Reservoirs and Impoundments, South Dakota, Tem-
perature, 6.6i4.17

PHYSICAL LIMNOLOGY OF THE GREAT LAKES ,,.Environ-
mental Ecology, Fish -non-specific, Temperature, -.5.0541

ECOLOGY OF GREAT LAKES ESTUARIES ...Bays, Estuaries,
-.2.0626

Cyclopropane
PHYTOCHEMISTRY OF NARCOTIC PRINCIPLES IN CAULER-

PA ...Biochemical, Biochemical Analysis, Caulerpa, Medicinal
Plants, Phaeophyta (non-specific & Ot), ,,,6.0172

Dairy Husbandry
Management

WATER POLLUTION BY DAIRY FARM WASTES AS RE-
LATED TO METHOD OF WASTE DISPOSAL ...Alabama,
Animal Waste Removal-treatment, Bacterial Pollutant Sources,
Chemical Oxygen Demand, Farm Wastes, Sewage Lagoons, Waste
Disposal-general, _5.0011

FEED AND WASTE HANDLING IN THE DAIRY OPERATION
...Animal Waste Removal-treatment, Animal Wastes - Feed Lots,
Pennsylvania, Sprinkler Irrigation, -.5.1023

Dam Sites
EXTREME RAINFALL FOR THE MEKONG RIVER BASIN

...Floods, Management, Meteorological Extremes, Southeast Asia,
Water Loss Control, 2.0596

Data Acquisition
LAKE EFFECT SNOW SITUATIONS, EASTERN LAKE ON-

TARIO AREA ...Atmospheric Pressure, General Synoptic Olvvcr-
vittions, Lake Ontario, Topographic Influences, ,,.7.0084

OCEANOGRAPHIC DATA COLLECTION - MIDDLE PUGET
SOUND ...Oysters, Puget Sound, Salinity, Temperature, Trace
Elements, 7.0112

Automatic Data Aquisition
GREAT LAKES RESEARCH - MONITORING OF WATER

CHARACTERISTICS ...Forecasting-prediction, Geophysical
Analysis, Great Lakes-general, Temperature, -.2.0647

TELEMETERING OF HYDROLOGIC DATA FROM REMOTE
AREAS ...Data Transmission Systems, Mountains-alpine, Other
Telemetry, Remote Areas, Technique Development, .,,7.0026

A STUDY OF THE OPEN WATER DISTRIBUTION AND
ABUNDANCE OF NET-PLANKTON AS AN INDEX OF
EUTROPHICATION IN LAKE SUPERIOR ...Bioindicators, Lake
Superior, Plankton Sampling, Water Quality-general, Zooplank-
ton, _5.0600

DIGITAL INSTRUMENTATION AND TELEMETRY FOR
WATER RESOURCES RESEARCH ...Digital Computers, Elec-
tronics - Applied, -.7.0072

HYDROLOGIC ANALYSIS OF THE NORTH FORK OF ELK
CREEK ...Discharge-general, Montana, Observation Wells, Water
Table Fluctuation. _2.07114
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SUBJECT INDEX Data Acquisition

DIGITAL SYSTEMS FOR ON-SITE DATA COLLECTION FOR
WATER QUALITY ANALYSIS ...Data Networks, Digital Com-
puters, Techniaue Development, Water Quality-general, ...7.0005

THERMAL AND INDUSTRIAL POLLUTION - DELAWARE
RIVER ...Delaware River, Electric Power Plants, Industrial
Wastes, Physical Parameters, Pulp, Paper , and Logging, Thermal
Pollution, ...5.0989

TO EVALUATE THE UTILITY OF EXISTING AUTOMATIC
CHEMICAL ANALYSIS EQUIPMENT FOR WATER QUALITY
SURVEILLANCE UNDER COMPUTER CONTROL ...Atomic
Absorption, Chemical Analysis (water), Computers-general, Infor-
mation Retrieval Methods, Information Storage and File, System
Development, Water Properties-general, ...7.0078

WATEk QUALITY TELEMETRY ...Benefit-cost Analysis, Int4. '-
mental Services, Other Telemetry, Water Quality-genev %,
5.11197

SYSTEM MONITORING AND REMOTE CONTROL _Effluents-
waste Water, Gages, Instrumental Services, Other Telemetry,
Physical Parameters, ...5.0559

AUTOMATION OF GROUND-WATER RECORDS ...Computers-
general, Groundwater, Information Retrieval Methods, Other
Storage, ...7.0046

SEDIMENTATION METER ...Gaging, Rate of Deposition, 7.0104

IMPROVE COMPONENTS OF THE DATA ACQUISITION
SYSTEM - SATELLITE COMMUNICATIONS EQUIPMENT
...Data Acquisition Systems, Instrumental Services, Rain-general,
Satellites & Deep Space Probes, Streams, ...7.0050

DEVELOP PROTOTYPE PRECIPITATION OCCURRENCE SEN-
SOR - DEVELOP AMOS III-70 (AUTOMATIC WEATHER
STATION ) ...Automatic Stations, Precipitation Instruments,
Precipitation-other, Technique Development, ...7.0053

TEST AND EVALUATION OF TELEMETERING STORAGE
PRECIPITATION GAGE ...Amount, Automatic Stations, Gages,
Technique Development, ...7.0048

IMPROVE PRECIPITATION MEASURING EQUIPMENT - D-III
PRECIPITATION EQUIPMENT ...Amount, Automatic Stations,
Gages, Technique Development, ...2.0591

AUTOMATIC VHF RADIO HYDROLOGIC DATA REPORTING
SYSTEM ...Data Transmission Systems, General Synoptic Obser-
vations, Hydrology-general, Radio, Very High Frequency,
7.0096

GREAT I.AKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS ...Forecasting - prediction, Geophysical
Analysis, Great Lakes-general, Instrumentation-general, Tempera-
ture, ...2.0649

INSTRUMENTATION, DATA ACQUISITION, AND COMPUTER
TECHNIQUES ...Analog Computers, Data Analysis Applications,
Digital Computers, Hydraulics-general, ...7.0019

DEVELOPMENT OF AUTOMATED ANALYSES FOR THE SUP-
PORT OF ADVANCED WASTE TREATMENT RESEARCH
PROJECTS ...Chemical Analysis (water), Instrumentation-
general, Waste Water Treatment-general, ...5.0863

DESIGN CRITERIA FOR LIVESTOCK FARMSTEAD WATER
SYSTEMS ...Design Criteria, Storage of Water, Water Demand,
Water Transfer, Water Utilization -animal, ...6.0257

Data Acquisition-general
THERMAL POLLUTION AND ITS IMPLICATIONS FOR THE

COAL INDUSTRY-A SURVEY OF THE STATE OF
KNOWLEDGE ...Electric Power Plants, Pollution - Effects of ,
Survey Studies. Thermal Pollution, 5.0208

RUNOFF STUDIES ON SMALL DRAINAGE AREAS ...Discharge-
general, Drainage, Peak Flow, Small Watersheds, West Virginia,
2.0290

HYDROLOGY RESEARCH PROJECT ...Data Analysis General,
Drainage, Hydrology-general, Small Watersheds, Structural,
2.0281

COLLECTION OF HYDROLOGIC DATA OF SMALL
DRAINAGE. AREAS ...Drainage, Maryland, Runoff, Small
Watersheds, Storm Water, ...2.0560

VERIFICATION OF HYDRAULIC DESIGN OF BRIDGES IN
ALABAMA ...Alabama, Bridges & Culverts, Drainage, Engineer-
ing Structures-general, Floods, _8.0001

HYDROLOGIC STUDIES ...Floods. Small Watersheds, Virginia,
.,.2.0299

COMPILATION OF WATER QUALITY DATA ...Aquatic Ecology,
Basses -sea,white, White Perch, Data Analysis - General, Lakes,
Water Quality-general 5.0459

RESTORATION AND REHABILITATION OF EARTHQUAKE
DAMAGED PINK AND CHUM SALMON STUDIES IN
PRINCE WILLIAM SOUND ...Alaska, Aquatic Ecology,
Earthquakes, Flow Characteristics -water, Salmon -coho,chin-
ook,sockeye.., Spawn Or Nesting Sites, Stream Rehabilitation,
Tectonics-general, ...2.0026

VERMILION - CALCASIEU - SABINE SYSTEM ...Aquatic Ecolo-
gy, Louisiana, Nets, Number Or Density, Plankton Sampling,
_2.0546

TIMBALIER TERREBONNE BAYS SYSTEM ...Aquatic Ecology,
Louisiana, Nets, Number Or Density, Plankton Sampling,
2.0547

WATER RESOURCES PLANNING STUDIES - OKLAHOMA
AND ARKANSAS ...Arkansas River, Federal Government,
Planning, State-local Government, Storage of Water, ...6.0445

METHODOLOGY FOR INTEGRATING WATER QUALITY
MANAGEMENT WITH THE MANAGEMENT OF THE TOTAL
WATER RESOURCES IN MINNESOTA ...Management, Min-
nesota, Technique Development, Water Quality Control-general,
...5.0605

A CLASSIFICATION OF THE LAKES OF THE STATE OF
OREGON ...Lakes, Oregon, Survey Studies, Water Properties-
general, 2.0891

SYSTEMATIC STUDY AND DEVELOPMENT OF LONG-
RANGE PROGRAMS OF URBAN WATER RESOURCES
RESEARCH .Economics-general, Projections and Estimations,
Social Aspects, Systems Analysis, Urban Environments, Water
Law-general, 6.0392

EVALUATION OF GROUNDWATER RESOURCES, LIVER-
MORE VALLEY, CALIFORNIA ...Groundwater Basins, Manage-
ment, Model Studies, Subsurface Flow, Water Yield, _4.0025

APPLICATION OF AERIAL PHOTOGRAPHS FOR THE IN-
VESTIGATION OF THE DISCHARGE PROPERTIES OF
DRAINAGE BASINS ...Aerial, Discharge-general, Photogram-
metry, River Basins, Water Yield, _2.0792

RESEARCH ON DATA AND ANALYTICAL SYSTEMS FOR
PREPARING NATIONAL WATER ASSESSMENTS ...Data &
Statistics Info Storage, Model Studies, Statistics-general, Water
Quality-general, Water Quantity-general, ...6.0397

DATA COLLECTION ECONOMICS FOR WATER POLLUTION
STUDIES _Econoinic Efficiency, Operations Research, Water
Quality Control-general, 7.0055

EUTROPHICATION OF NATURAL WATERS Eutrophication,
Forecasting-prediction, Lakes, Plant Succession, Water Quality
Control - general, ..5.1314

A PILOT-SCALE STUDY OF ACID MINE DRAINAGE ...Acidity,
Mining Industry, Pollution Abatement, Systems Analysis, ...5.0881

WATER POLLUTION STUDY OF THE WABASH RIVER ...Indi-
ana, Low Flow, Model Studies, Oxygen, Water Quality-general,
...5.0390

ENVIRONMENTAL GEOLOGY STUDY OF DALLAS-FT.
WORTH METROPOLITAN REGION ...Geology - Engineering,
Groundwater, Shallow, Texas, Urban Environments, ...7.0098

AERIAL MEASUREMENT OF HYDROLOGIC PHENOMENA
...Aerial, Geophysical Analysis, Humidity Instruments, Hydrology-
general, Infrared Radiation, ...7.0003

LOW-FLOW STUDY - WISCONSIN ...Baseflow, Flow Charac-
teristics -water, Low Flow, Wisconsin, 2.1147

TIDAL DISCHARGE RESEARCH, NEW JERSEY ...Discharge-
general, Other Data Analysis, Sediments, Tides, Water Quality-
general, ...2.0769

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...Ir-
rigation- general, Moisture Content, Rio Grande River, Water
Table Fluctuation, ...6.0538

SKYWATER ...Colorado, Gaging, Streams, ...2.0190
EFFECT OF RECLAMATION PROJECTS UPON THE QUALITY

OF WATER OF THE MISSOURI RIVER ABOVE SIOUX CITY,
IOWA ...Missouri River, River Basins, Water Quality-general,
...5.0191

INVENTORY OF THE GULF ESTUARY SYSTEM ...Bays, Estua-
ries, Fishing, Gulf of Mexico, Sedimentology-general, ...2.0322

ROUTINE SAMPLING Al' SEVEN INDEX STATIONS ...Bottom
Sampling, Fish -non-specific, Lake Erie, Plankton Sampling,
Water Sampling, ...6.0438

Data Acquisition-other
HYDROLOGICAL DATA ACQUISITION THROUGH REMOTE

RECONNAISSANCE SYSTEMS ...Aerial, Hydrology-general, In-
frared Radiation, Mapping, Moisture Content, Reflectance,
7.0075
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Data Networks
UTAH ATMOSPHERIC WATER RESOURCES (THE WASATCH

WEATHER MODIFICATION PROJECT) ...Automatic Stations,
Clouds-precipitation, Gages, Patterns, Utah, ...2.1074

DIGITAL SYSTEMS FOR ON-SITE DATA COLLECTION FOR
WATER QUALITY ANALYSIS ...Automatic Data Aquisition,
Digital Computers, Technique Development, Water Quality-
general, 7.0005

CLIMATIC PATTERNS IN WASHINGTON STATE ...Climate,
Data Analysis Applications, Evaporation, Forecasting, Patterns,
_11122

TEMPERATURE PREDICTION STUDIES RELATING TO THE
DEVELOPMENT OF A POWER REACTOR SITE ON THE
LOWER COLUMBIA RIVER ...Atomic Plants, Columbia River,
Construction Sites, Dispersion -water, Thermal Pollution,
...8.0303

HYDROLOGIC MEASUREMENT SYSTEMS ...Amount, Errok
Analysis, Gages, Hydrology-general, Instrumentation-general,
Rain-general, Technique Development, Urban Environments,
7.0056

SOUTHERN ILLINOIS REGIONAL ECONOMIC DATA SYSTEM
...Economics- general, Illinois, Impact, Industrial-general, Regional
Areas, 7.0030

GROUND WATER TABLE FLUCTUATIONS ...Observation Wells,
Other Data Analysis, Water Table Fluctuation, 4.0062

DENSE RAINGAGE NETWORK PROJECTS ...Climatography,
Gages, Modification, Storms-general, Weather Modification-
general, 2.0424

HYDROLOGIC RELATIONS IN HAWAII ...Amount, Floodproof-
ing, Hawaii, Hydrology-general, Runoff, 2.0365

VALUE OF STREAMFLOW DATA ...Benefit-cost Analysis, Gag-
ing, Open Channel Flow, Unsteady Flow, Water Resources
Development, 6.0077

FLOOD INUNDATION MAPPING, NORTHEASTERN ILLINOIS
...Atlases-maps, Discharge-general, Floods, Gaging, Illinois,
_4.0093

Data Analysis - General
HYDROLOGY RESEARCH PROJECT ...Data Acquisition-general,

Drainage, Hydrology-general, Small Watersheds, Structural,
_2.0281

SMALL STREAMS INVESTIGATIONS IN OREGON ...Discharge-
general, Floods, Gaging, Hydrographs, Peak Flow, ...2.0293

DOUBTFUL HYDROGRAPHIC DATA ...Aircraft, Hydrology-
general, Satellites, Technique Development, ...6.0278

DOCTORAL DISSERTATION RESEARCH IN GEOGRAPHY
...General Synoptic Observations, Geography-physical, Humidity,
Ohio River, Water Balance-budget, 3.0392

RAINFALL EVALUATION STUDIES ...Gages, Modification, Pat-
terns, Sampling-general, Weather Modification-general, -3.0219

GLACIOLOGY AND METEOROLOGY OF ANVERS ISLAND,
ANTARCTICA ...Antarctica, Geologic Maps, Intensity, Move-
ment, Thickness - Area, ...2.0856

PESTICIDE RESIDUE DATA PROCESSING ...Chemical Analysis,
Document & Literature Info, Information Retrieval Methods, Per-
sistance of Residues, Pesticides -non-specific, ...5.0147

CHEMICAL TREATMENT OF NEBISH LAKE ...Aquatic Ecology,
Chemical Treatment-general, Control of Nuisance Species, Lakes,
Stocking of Fish & Shellfish, ...5.1293

COMPILATION OF WATER QUALITY DATA ...Aquatic Ecology,
Basses -sea,white, White Perch, Data Acquisition-general, Lakes,
Water Quality-general, 5.0459

AN EVALUATION OF RECENT APPROACHES FOR THE
DESIGN OF BIOLOGICAL WASTNS TREATMENT ...Biological
Treatment-general, Pilot Plant, ProCii4 Design, Waste Water
Treatment-general, ...5.0928

THE MANAGEMENT AND CONTROL OF WATER IN PUERTO
RICO ...Control and Protection, Management, Puerto Rico, Types
of Resources, Water Quality-general, Water Supply-general,
6.0480

WATERSHED ANALYSIS RELATING TO EUTROPHICATION
OF LAKE MICHIGAN ...Economics-general, Eutrophication,
Great Lakes-general, Michigan, Social Aspects, ...6.0302

BIOLOGICAL PRODUCTIVITY OF THE COEUR D'ALENE
RIVER AS RELATED TO WATER QUALITY ...Idaho, Primary
Productivity, Productivity - Food Chain, Streams, Water Quality-
general, 5.0326

ASSEMBLY AND ANALYSIS OF HYDROLOGIC AND
GEOMORPHOLOGIC DATA FOR SMALL WATERSHEDS IN
INDIANA ...Geomorphology-general, Hydrographs, Indiana,
Smfill Watersheds, Streams, ...2.0459

A GENERALIZED COMPUTER LANGUAGE FOR HYDROLOG-
IC AND HYDRAULIC ANALYSIS ,.,Digital Computers, Facili-
ties, Hydraulic Engineering-other, Problem Oriented Languages,
8.0213

COMPUTER ANALYSIS OF WATERSHED CHARACTERISTICS
AFFECTING FLOOD HYDROLOGY ...Economic Efficiency,
Floods, Research - Development, Small Watersheds, Water Loss
Control, ...2.0523

PRECIPITATION AND RUNOFF DISTRIBUTIONS - ANALYSIS
AND COMPARISONS ...Discharge-general, Forecasting-predic-
tion, Other Probability, Patterns, Runoff, ...2.0739

DELAWARE ESTUARY AND BAY WATER QUALITY SAM-
PLING AND MATHEMATICAL MODELING PROJECT
.,.Delaware Bay, Mathematical Analysis, Model Studies, Pollution
Abatement, Technique Development, ...5.0749

MATHEMATICAL AND COMPUTER SERVICES FOR THE
ANALYSIS OF DATA AND DESIGN OF EXPERIMENTS FOR
CERTAIN FWPCA PROGRAMS ...Computers-general, Facilities,
Instrumental Services, Oregon, ...5.0934

CLIMATIC PATTERNS AND THEIR EFFECT ON CALIFORNIA
AGRICULTURE ...Agriculture, Applied Climatology, California,
Phenology, Production & Processing, Temperature, Weather,
2.0095

EVALUATION OF CLIMATIC PATTERNS AFFECTING IDAHO
AGRICULTURE ...Agricultural Watersheds, Applied Climatolo-
gy, Evaporation, Forecasting, Idaho, Meteorological Averages,
Patterns, _2.0396

RAINFALL OVER MISSOURI ...Gages, Geography-physical,
Modification, Patterns, Topographic Influences, 2.0694

WEATHER INFORMATION FOR AGRICULTURE ...Climate-
general, Evapotranspiration, General Synoptic Observations, Soil
Physical Properties, 4.0190

DATA REDUCTION METHODS FOR STREAMFLOW FROM
SMALL, WILDLAND WATERSHEDS ...Computers-general,
Discharge-general, Gaging, Integration, Quadrature, Small
Watersheds, Utah, ...2.1068

RESEARCH ON CHARACTERISTICS OF CONVECTIVE
CLOUDS IN TEXAS ...Aircraft, Cloud Physics, Cumulus, Model
Studies, Texas, ...2.1023

REGIONAL CORRELATIONS IN HYDROLOGIC VARIABLES
...Annual, Correlation, Evaporation, Patterns, Runoff, 7.0097

PILOT-STUDY OF SMALL WATERSHED HYDROLOGY
...Floods, Instrumentation-general, Mathematical Analysis, Ra-
general, Runoff, Small Watersheds, ...2.0379

LAND FORMING FOR DRAINAGE AND FURROW IRRIGA-
TION ...Drainage, Furrow Irrigation, Irrigation, Irrigation En-
gineering, Pumping, 5.1131

CASCADES ATMOSPHERIC WATER RESOURCES PROGRAM
...Augmentation-general, Cascade Mountains, Cloudsprecipita-
tion, Formation, Washington, 2.1128

STATE WATER PLANNING FOR WYOMING ...Planning, State-
local Government, Water Supply-general, Wyoming, ...6.0653

DEVELOPMENT OF HYDROLOGIC ANALYSIS TECHNIQUES
...Computers-general, Hydrology-general, Land Use, Model Stu-
dies, Technique Development, 2.0988

GREAT LAKES RESEARCH - ENERGY TRANSFER AT THE
MR-WATER INTERFACE ...Heat and Radiation Transfer, Heat-
transfer-other, Lake Michigan, Mass Transfer, Towers, Wind-
water Interaction, 2.0639

STUDY OF TUNNEL LININGS AND REINFORCEMENT ...Chan-
nel Type-other, Lining, Linings-pavings, Reinforced, _8.0104

EXPERIMENTAL DESIGN & STATISTICAL EVALUATION OF
WEATHER MODIFICATION EXPERIMENTS ...Computers-
general, 'Data Analysis Applications, Statistics-general, Technique
Development, Weather Modification-general, 2.0198

EVALUATION OF ESTUARINE DATA ...Current Research Pro-
jects Info, Estuaries, Gulf of Mexico, ...2.1047

Data Reduction and Analysis
Data Analysis Applications

STATISTICAL, METEOROLOGICAL AND DEPTH-AREA
ANALYSIS OF RAINFALL ...Forecasting, Hydrology-general,
Middle-east-general, Patterns, 2.0492

STATISTICAL ANALYSES OF THE VARIATIONS OF
PRECIPITATION-TEMPERATURE AND EVAPORATION IN
TEXAS ...Evaporation, Patterns, Temperature, Texas, 2.1027

CLIMATIC PATTERNS IN WASHINGTON STATE ...Climate,
Data Networks, Evaporation, Forecasting, Patterns, ...2.1122
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THE CHARACTERIZATION OF OVERLAND FLOW ON VERY
ROUGH SURFACES ...Channel Roughness, Channels, Flow
Characteristics uwater, Model Studies, Surface Flow, 8.0192

STATISTICAL ANALYSIS OF FLOOD PEAKS OF GEORGIA
RIVERS ...Digital Computers, Discharge-general, Floods, Georgia,
Peak Flow, 2.0351

STATISTICAL ANALYSIS OF WATER CONSUMPTION ...Con-
sumptive Use, Illinois, Urban Environments, Water Sources -
general, Water Utilization -general, 7.0037

PERMEABILITY OF UNCONSOLIDATED AQUIFER MATERI-
ALS ...Aquifers-general, Hydrology-general, Permeability, Uncon-
solidated Aquifers, Valleys and Canyons, _7.0038

RAINFALL EVALUATION STUDIES ..,Gages, General Synoptic
Observations, Modification, Patterns, Storms-general. 2.0416

SUBSYNOPTIC WEATHER SPECIFICATION ...Cloud Cover,
Dew, Micrometeorology, Model Studies, Temperature, Weather
Forecasting, 2.0592

INSTRUMENTATION, DATA ACQUISITION, AND COMPUTER
TECHNIQUES ...Analog Computers, Automatic Data Aquisition,
Digital Computers, Hydraulics-general, 7.0019

EXPERIMENTAL DESIGN & STATISTICAL EVALUATION OF
WEATHER MODIFICATION EXPERIMENTS ...Computers-
general, Data Analysis - General, Statistics-general, Technique
Development, Weather Modification-general, _2.0198

Other Data Analysis
OPERATIONAL HYDROMETEOROLOGICAL DATA MANAGE-

MENT SYSTEM ...Data Processing Services, Economics-business-
management, Information Retrieval Methods, Management-
general, Southern, Streams, System Development, 7.0011

SEQUENTIAL USE WITHIN A HYDROLOGIC COMPLEX
...Hydrology-general, Management, Model Studies, Systems Anal-
ysis, Water Quality - general, ..5.1189

GROUND WATER TABLE FLUCTUATIONS .,.Data Networks,
Observation Wells, Water Table Fluctuation, _4.0062

TIDAL DISCHARGE RESEARCH, NEW JERSEY ...Data Acquisi-
tion-general, Discharge-general, Sediments, Tides, Water Quality-
general, 2.0769

System Development
OPERATIONAL HYDROMETEOROLOGICAL DATA MANAGE-

MENT SYSTEM ...Data Processing Services, Economics-business-
management, Information Retrieval Methods, Management-
general, Other Data Analysis, Southern, Streams, ...7.0011

TO EVALUATE THE UTILITY OF EXISTING AUTOMATIC
CHEMICAL ANALYSIS EQUIPMENT FOR WATER QUALITY
SURVEILLANCE UNDER COMPUTER CONTROL ...Atomic
Abscrption, Automatic Data Aquisition, Chemical Analysis
(water), Computers-general, Information Retrieval Methods, In-
formation Storage and File, Water Properties-general, ...7.0078

WAVE RECORDING AND ANALYSIS ...Lasers-masers, Pressure,

Radar, Sonar, Statistics-general, Water Motion Recorders, Waves,

...2.0262

Decision Making
THE DECISION SEQUENCE IN WATER RESOURCE

PLANNING ...Decision Theory, Operations Research, Planning,

...6.0069
AN EXPLORATION OF THE INFLUENCE OF ATTITUDES FOR

DECISION-MAKING IN WATER MANAGEMENT ...Attitudes
& Attitude Change, Floods, Management, 6.0187

Defects

Surface
FORMING, FINISHING, AND CURING CONCRETE ...Casting of

Materials, Cement, Concrete, Setting, Curing, Surface Cleaning,
Finishing, ...8.0257

Delaware
FLUSHING PATTERN OF CERTAIN TIDAL STREAMS IN

DELAWARE ...Aquatic Ecology, Circulation -water, Discharge-
general, Industrial-general, Tidal Streams, 2.0250

THE GROUND-WATER FLOW SYSTEM IN THE DELMARVA
PENINSULA ...Aquifers-general, Flow Characteristics -water,
Groundwater, Model Studies, Water Balance-budget, ...2.0254

CLIMATE OF THE NORTHEAST - ANALYSES & RELATION-
SHIP TO PLANT RESPONSE (NE-35 ...Aerial, Beans (garden),

Climate-general, Envir. responses (non-specific, General Synoptic
Observations, ...2.0251

ECOLOGICAL STUDIES OF WILDLIFE MANAGEMENT PRAC-
TICES _Depth,water Level, Fluctuation, Habitat Studies,
Management, Swamps-marshes, Wildlife -non-specific, 6.0119

REMOTE SENSING OF DELAWARE ESTUARY ...Aircraft,
Estuaries, Pollutants-general, ..,2.0909

Delaware Bay
DELAWARE ESTUARY AND BAY WATER QUALITY SAM-

PLINC; AND MATHEMATICAL MODELING PROJECT ...Data
Analysis - General, Mathematical Analysis, Model Studies, Pollu-
tion Abatement, Technique Development, ...5.0749

ECONOMICS OF WATER QUALITY IN A REGIONAL SYSTEM
...Alternative Planning, Benefit-cost Analysis, Estuaries, Manage-
ment, Water Quality-general, _5.1011

Delaware River
THE ECONOMICS OF WATER SUPPLY AND QUALITY

,..Benefit -cost Analysis, Flow Augmentation, Model Studies, Pol-
lution Abatement, Urban Environments, Water Allocation,
_6.0286

ECONOMICS OF WATER QUALITY FOR A REGIONAL
SYSTEM ...Economic Efficiency, Estuaries, Finance, Regional
Areas, Water Demand, Water Quality-general, .,,6.0465

THERMAL AND INDUSTRIAL POLLUTION - DELAWARE
RIVER ...Automatic Data Aquisition, Electric Power Plants, In-
dustrial Wastes, Physical Parameters, Pulp, Paper , and Logging,
Thermal Pollution, ...5.0989

INTERSTATE REGIONAL PLANNING FOR WATER SUPPLY
AND WASTE DISPOSAL ...Disposal-genera!, Interstate,
Planning, Water Distribution Systems, Water Quality Control-
general, Water Supply-general, ...5.0748

OXYGEN REGENERATION OF POLLUTED RIVERS ...Aeration,
Economic Efficiency, Instrumentation-general, Oxygen, Pollution
Abatement, Streams, _5.0740

DELAWARE ESTUARY SEDIMENTATION STUDY ...Rate of
Deposition, Sand Bars, Sediment Transport-general, Sediment
Yield, Turbulent Flow, 2.0908

Deltas
ENGINEERING PHASES OF SURFACE DRAINAGE .Drainage,

Drainage Engineering, Drainage Systems, ...4.0019
LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ...Biologi-

cal, Biological-general, Chemical, Chemical-general, Eutrophica-
tion, Lake Eric, Meteorological Studies- general, Monitoring (long
Term Studies), Physical-general, Sedimentology-general, 2.0783

SACRAMENTO-SAN JOAQUIN DELTA ANALOG MODEL STU-
DIES ...Analog Computers, Electronics - Applied, Instrumental
Services, Model Studies, Sacramento River, ...7.0008

Deposits - Non-metallic

Aggregrates - Crushed Rock
POROSITY AND PERMEABILITY OF VIRGINIA AGGREGATES

...Nitrogen, Permeability, Porosity, Virginia, 2.1111
EVALUATION OF ROCK RIPRAP AND DEVELOPMENT OF

SUBSTITUTES Engineering Structures- general, Erosion Con-
trol, Petrography, Slopes, Soil Cement, Wave Action, ...8.0081

Asphalt - Tar Sands
CHANGES IN PHYSICAL CHARACTERISTICS OF ASPHALT

MATERIAL ...Aging, Bituminous, Cement, Concrete, Linings-
pavings, Test Methods, ...8.0105

Brines - Saline Waters
SUBSURFACES BRINES CONTAINING VALUABLE AND

STRATEGIC MINERALS ...Chemical-general, Geochemistry-
general, Hardness-minerals, Potential of Deposit, 7.0091

Coal
Bituminous

CHEMICAL CHARACTERISTICS OF WATERS IN FLOODED
BITUMINOUS-COAL MINESHAFTS ...Acidity, Geochemical
Analysis, Mine Drainage Control, Mine Hydrology, Pyrite Group,
...5.1279
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Deposits - Non - metallic

Coal-general
COMBINED DESALINATION AND POWER-GENERATION

BASED ON COAL ENERGY _Cost Analysis, Desalination, Flash
Distillation, Material Recovery, Reverse Osmosis, ...3.0325

SEWAGE TREATMENT, PILOT PLANT EVALUATION ...Ash-
coal, Coal, Industrial Wastes, Pilot Plant, Waste Treatment-
economics, 5,0870

REMOVAL OF TRACE ORGANICS FROM WATER BY AD-
SORPTION ON COAL ...Activated Carbon, Adsorption,
Isotherm, Organic, Waste Water Treatment-general, 5.1209

HYDROLOGY AND WATER QUALITY OF SURFACE MINING
FOR COAL IN PIKE COUNTY, INDIANA .,.Hydrology- general,
Indiana, Strip Mines, Water Quality-general, _5.0384

PHYSICAL AND CHEMICAL CHANGES IN WEATHERING
COAL SPOILS-EFFECT ON WATER SUPPLY AND PLANT
GROW'T'H ...Growth Rate, Regeneration & Seed Production, Ru-
noff, Soil and Rock Leaching, Spoil Banks, Spoil Banks, Strip
Mine Soils, ...5.0903

ESTIMATING ACID MINE DRAINAGE POTENTIAL FROM
COAL BEDS BY USE OF THE SOXHLET EXTRACTOR ...Aeid
Mine Wastes, Acidity, Extraction, Iron, Sulfate, Sulfite, _5.0993

TREATMENT OF COAL MINE WATERS TO MEET CURRENT
COMMONWEALTH WATER DISCHARGE REQUIREMENTS
...Lagoon, Mining Activities, Pennsylvania, Waste Treatment-
economics, Waste Water 'Treatment- general, ...5.1038

COAL STRIP MINE WATERSHED STUDY ...Aquatic Ecology,
Mining Activities, Pollution - Effects of , Soil Management -non-
, :7ecific, Stream Rehabilitation, Strip Mines, ...2.0980

COAL STRIP MINE WATERSHED ' DEMONSTRATION--
JACKSON COUNTY, ALABAMA _Alabama, Aquatic Ecology,
Mining Industry, Pollution - Effects of , Water Quality-general,
...5.1124

HYDROLOGIC INFLUENCES OF STRIP MINING, BEAVER
CREEK, KENTUCKY ...Appalachia, Hydrology-general, Mining
Activities, Pollution - Effects of , Strip Mines, 5.0890

WATER CONTROL - CONTROL TECHNIQUES FIELD TEST-
INC AND EVALUATION ...Acidity, Chemical Analysis (water),
Mine Drainage Control, Mining Activities, Pollution Abatement,
_5.1018

USE OF COAL AS ADSORBENT FOR TREATING WASTE
WATER ...Adsorption-absorption-other, Anaerobic, Domestic,
Material Recovery Wastes, Secondary Treatment, ...5.1017

REDUCTION IN DAMAGES TO FORESTS BY IMPROVING
MINING AND REHABILITATION PROCEDURES ...Conserva-
tion & Management Eng, Forest Watersheds, Mining Industry,
Site Index and Site Quality, Soils and Fertilizer, 4.0120

Oil Shale
POLLUTANTS IN PRODUCT AND PROCESS WATERS FROM

OIL-SHALE RETORTING OPERATIONS AND METHODS
FOR THEIR REMOVAL ...Material Recovery Wastes, Mining In-
dustry, Pollutants-general. Technique Development, Waste Water
Treatment-general, ...5.1324

Water - Hot Water
GEOTHERMAL RESOURCES OF IDAHO ...Chemical-general,

Hot Springs, Idaho. Survey Studies, Temperature, ...3.0206

SUBJECT INDEX

Deserts
PRECIPITATION, STREAMFLOW AND SEDIMENT CON-

VEYANCE IN A SMALL ARID WATERSHED ...Climate, Flash
Floods, Flow Characteristics -water, Patterns, Sediment 'Trans-
port-other, ...2.0496

DISTRIBUTION OF DIATOMS IN DESERT WATERS ...Algae-
Diatoms, Branchiopoda -other, Plant Prod. (non-specific), Playas,
Respiratory System, _2.0138

EVALUATION OF FIVE METHODS FOR SAMPLING DESERT
AND WETLAND VEGETATION ..,Arid and Desert, Colorado,
Plant Ecology (non-specific), Utah, Wetlands, 3.0471

ARID LAND ECOLOGY AND ENVIRONMENT STUDIES IV,
WATER QUANTITY MANAGEMENT ...Arid and Desert. Big
Horn, Deserts, Arid Lands, Moisture Content, Wyoming, 4.0281

A UNIFIED APPROACH TO WATER, FOOD AND POWER IN A
COASTAL DESERT COMMUNITY ...Arid and Desert, Desalina-
tion, Diesel, Distilling Units, Electric Power Plants, Greenhouse,
Use of Impaired Water, 3.0015

COOPERATIVE EVAPOTRANSPIRATION RESEARCH ...Cli-
mate, Evapotranspiration, Heat Exchange, Radiation-general,
2.0136

RELATIONSHIP BETWEEN MOURNING DOVE PRODUCTION
AND WATER DISTRIBUTION IN THE SONORAN DESERT
...Arizona, Dove, Habitat Studies, Productivity (agricultural),
Water Utilization -animal, ..,6,0262

Design Instrumentation
Design Instrumentation-other

DEVELOPMENT OF HYDROLOGIC EQUIPMENT ...Hydraulic
Engineering-other, Hydrology-general, Instrumental Services, In-
strumentation-general, Other Telemetry, 7.0064

Dimension
Dimension-three

NUMERICAL ANALYSIS OF TIME-DEPENDENT FREE SUR-
FACE FLOWS ...Capillarity, Finite Differences, Open Channel,
Partial, Unsteady, _2.0441

MODEL. STUDIES OF MASS CONCRETE STRUCTURES ..,Ce-
ment, Concrete, Mass, Model Studies, Stress Recorders,
Technique Development, ...8.0227

Dimension-two
GROUND WATER DISPERSION DURING PUMPING AND

RECHARGE OPERATIONS ...Approximations, Artificial
Recharge, Dispersion -water, Finite Differences, Groundwater,
Porous Media - Flow Through, Steady, ...5.0529

Math. model
SOIL HEAT TRANSFER PERMAFROST AND FROST

PENETRATION ...Computers-general, Heat Flow, Permafrost-
frozen, Thermal Properties-other, ...2.0024

Measuring Devices
Fluids

RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-
HEAD TURBINES AND PUMPS ...Open Channel Flow, Pump-
other, Radioisotopes, Technique Development, Turbine-other,
4.0057

FLOW MEASUREMENT OF IRRIGATION WATER ...Canals,
Flow Characteristics -water, Flume, Irrigation, Measurement,
3.0144

HYDRAULIC INVESTIGATION OF 'FAINTER GATES AS FLOW
MEASURING DEVICES ..,Control Gate, Fluid Dynamics, Mea-
surement, 8.0167

WATER MEASUREMENT Discharge-general, Dyes and Color-
ing, Measurement, Technique Development, Water Quantity-
general, 8.0128

RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-
HEAD TURBINES AND PUMPS ...Open Channel Flow,
Radioisotopes, Water, ...8.0065

Mass
DEVELOPMENT AND CALIBRATION OF A PILOT SPHERE

...Gaging, Hybrid Computers, Hybrid Computers, .,8.0193
FEASIBILITY OF RATING CURRENT METERS IN A

VELOCITY FIELD ...Currents -water, Gaging, Model Studies,
Velocity -water, ...7.0107

Moisture
DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM

...Automated Equipment, Irrigation Engineering, Pipes, Plastics -
General, Subsurface Irrigation, Water Distribution Systems.
3.0024

PERFORMANCE OF CONSTRUCTION PLANT AND EQUIP-
MENT ...Concrete-general, Construction, Equipment, Machines,
8.0251

Pressure
UNSTEADY FLOW PARAMETERS IN HYDRAULIC DESIGN

...Conduit, Incompressible, Reservoirs, Transition Sections, Un-
steady, 8.0200

PORE-PRESSURE MEASURING REFINEMENTS IN SOILS FOR
SHEAR AND CONSOLIDATION ...Capillarity, Cohesive Soil-
general, Pore Water, Technique Development, Triaxial, _8.0080

DRILL PERFORMANCE MONITOR ...Borehole Geophysics,
Drilling Operation, Foundations-general. Soil Exploration, Tem-
perature, 8.0097
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Stress Recorders
MODEL STUDIES OF MASS CONCRETE STRUCTURES ...Ce-

ment, Concrete, Dimension - three, Mass, Model Studies,
Technique Development, 8.0227

DETERMINATION OF IN SITU STRESSES BY STRAIN-RELIEF
METHOD ...Dams-other, Reinforced, 8.0021

Temperature
SIMULTANEOUS RADIATION, CONVECTION AND CONDUC-

TION IN A TRANSPIRATION PROCESS ...Mixed Modes,
Porous Media - Flow Through, Transpiration, .2.1154

DRILL PERFORMANCE MONITOR ...Borehole Geophysics,
Drilling Operation, Foundations-general, Pressure, Soil Explora-
don, 8.0097

ELECTRICAL MACHINERY TEMPERATURE CONTROL .,.Elec-
tric Power Plants, Motors and Appliances, Other Control Systems,
Power Regulator, ...8.0125

Turbulence
TURBULENCE IN LIQUIDS Detectors and Sensors, Quartz, Tur-

bulent, 8.0187
INSTRUMENTATION 1:OR RESEARCH ...Doppler, Fluid Dynam-

ics, Instrumental Services, Recording Systems, Velocity, 7.0109

Velocity
INVESTIGATION OF THE TURBULENT TRANSPORT

MECHANISMS FOR HEAT AND MOMENTUM TRANSFER IN
PIPE FLOW ...Digital Computers, Heat-transfer-other, Statistics-
general, Turbulent, _5.0371

INSTRUME'NT'A'T'ION FOR RESEARCH ...Doppler, Fluid Dynam-
ics, Instrumental Services, Recording Systems. Turbulence,
7.0109

Requirement
SANITATION, WASTE DISPOSAL AND PEST AND VECTOR

CONTROL ...Nuclear Explosion, Pollution - Effects of , Radioac-
tive Fallout, Radiologic Warfare; Sewage, Urban Environments,
_5.0059

Simulators
DEVELOPMENT OF HYDRAULIC DESIGN CRITERIA ...Con-

duit, Design Criteria, Models, Spillways, Water Control Works-
other, 8.0226

HYDRAULIC PROTOTYPE TESTS ...Channel Regulation-other,
Conduit, Models, Spillways, 8.0228

Specifications
DURABILITY OF CONCRETE DRAIN TILE AND IRRIGATION

PIPE ...Drainage. Pipes, Plain, Strength, Techniques, _8.0221

Testing
Techniques

COMPARISON OF EVAPORATION 1NSTRUWNTS ...Evapora-
tion, Instrumentation-general, Tanks, 2.0450

DURABILITY OF CONCRETE DRAIN TILE AM) IRRIGATION
PIPE ...Drainage. Pipes, Plain, Specifications. Strength, 8.0221

Developmental Biology

Vertebrates
Bask Embryology

THE EFFECT OF DIELDRIN ON SURVIVAL AND DEVELOP-
MENT OF FISH EGOS ...Aldrin, Dieldrin, Mode of Action -
animal, Ohio, Pollution - Effects of , ...5,0885

EFFECT OF INCUBATION TEMPERATURE ON SURVIVAL OF
LARGEMOUTH BASS EMBRYOS ...Environmental Physiology,
Incubation, Largemouth Bass, Temperature, Warm Water.
_6.0387

EFFECTS OF DISSOLVED OXYGEN CONCENTRATION ON
SURVIVAL OF LARGEMOUTH BASS EMBRYOS ...Gases, Dis-
solved -water, Largemouth Bass, Mortality Rates. Oxygen, Water
Movement, Currents., Water Temperature-non-specific, ...5.0771

EFFECTS OF TEMPERATURE AND SILT ON NORTHERN PIKE
DEVELOPMENTS IN THE LABORATORY ...Laboratory, Pikes,
Pickeral, Muskellunge, South Dakota, Turbidity & Suspended
Matter, Water Temperature-non-specific, ...6.0507

EFFECTS OF TEMPERATURE AND SILT ON YELLOW PERCH
DEVELOPMENT IN THE LABORATORY ...Laboratory, South

Dakota, Turbidity & Suspended Matter, Water Temperature-non-
specific, Yellow Perch, Darters, 6.0508

EFFECTS OF TEMPERATURE AND SILT ON WHITE BASS
DEVELOPMENT IN THE LABORATORY ...Basses -sca,white,
White Perch, Laboratory, Turbidity, Turbidity & Suspended
Matter, Water Temperature-non-specitie, 6.0509

ENVIRONMENTAL FACTORS AND YOUNG WHITE BASS
SURVIVAL IN RESERVOIRS ...Basses -sca,white, White Perch,
Captive Rearing, Environmental Physiology, Reservoirs and Im-
poundments, ..6.0512

EFFECTS OF TEMPERATURE. ON MATURATION, EMB-
RYONIC DEVELOPMENT AND CONDITION OF FRY IN
YELLOW PERCH - LAKE HERRING, SMELT AND WAL-
LEYE ...Environmental Physiology. Maturity & Growth Stages,
Temperature, Thermal Pollution, Water Temperature-non-
specific, Yellow Perch, Darters. ...5.0590

Dewatering
SHALES AS FILTERS IN NATURAL WATERS ...Chemical-

general, Filtration, Fine-grained Clastics, Groundwater, Interstitial
- Connate Water, 2.0079

EFFECTS OF DEWATERING ON A TROUT POPULATION
...Montana, Population Dynamics, Recreation Sites, Salmon &
Trout Non-specific, Streams, ...6.0330

DEWATERING AND DRYING OF SLUDriE ON POROUS
MEDIA _Drying-dcwatering, Sand, Sludge-other, 5.1140

ULTIMATE DISPOSAL OF SLUDGES BY SURFACE SPREAD-
ING ...Animal Wastes - Feed Lots, Disposal, Transport, Waste
Disposal -underground, 5.0850

Dicots

Amaranthaceae -alligatorweed..
EXPANDED AQUATIC PLANT CONTROL PROJECT ...of

Aquatic Mints, Submerged Plants, Translocation, 2,4-d, ...6.0248

Apples
EFFECT OF WATER APPLICATIONS '1'0 SOD AND MULCH

UPON QUALITY ATTRIBUTES OF APPLE FRUITS Irriga-
tion, Mulches -other, Quality -non-specific, Sprinkler Irrigation,
Storage Changes, Trees, 2.0853

SOIL MOISTURE AND FRUIT GROWTH IN RELATION TO
WEATHER CHECKING OF MCINTOSH APPLES ...Growth
Rate, Moisture Content, Moisture Levels. Weather Checking,
...2.0789

Apricot
IRRIGATION STUDIES WITH APRICOTS AT WOLFSKILL EX-

PERIMENTAL ORCHARDS ...Growth Rate, Irrigation, Irriga-
tion-general, Trees, Yield, 2.0099

Artemisia
MICROCLIMATIC FACTORS FOR FOUR PLANT COMMUNI-

TIES ON ELK MOUNTAIN Elevational Levels, Altitude, Ener-
gy Budgets, Mapping, Range, Wyoming, ..,2.1170

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN RIVt3R BASINS ...Cover Crops, Erosion-general, Forest
Watersheds, Management, Soil-water-plant Relationships, Water
Yield, 3.0495

Ash Trees
CLIMATE OF THE NORTHEAST - ANALYSIS AND RELA-

TIONSHIP 1'O PLANT RESPONSE ...Flowering, New York,
Phenology, Physical Climatology, 2.0791

ACCUMULATION OF CLIMATOLOGICAL DATA ...Flowering,
Ohio, Soil Depth, Soil Temp. -non-specific, ...7.009(l

Blueberries, Cranberries
THE PERSISTENCE, ACCUMULATION AND FATE OF PESTI-

CIDES IN CRANBERRY SOILS AND RESERVOIRS
_Chlorinated Hydrocarbons, Organophosphorous Cpds. , Per-
sistence in Soils, Reservoirs and Impoundments, Swamps-marshes,
5.0533

Brassica -the Cabbage Group
IMPROVEMENT OF HIGH ALTITUDE (7600) VEGETA LE

CROPS Elevational Levels, Altitude, Irrigation, Irrigation-
general, Lotuce. Quality -non-specific, _4.0055
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Dicots SUBJECT INDEX
BROCCOLI CULTURAL INVESTIGATIONS IN WESTERN

WASHINGTON ...Aerial, Irrigation, Irrigation-general, Space
Competition, Washington, ...2.1126

Cacti
ECESIS AND STABILIZATION OF PRICKYPEAR (OPUNTIA

SPP.) ON THE RIO GRi.NDE PLAINS ...Angiosperms, Arid and
Desert, Habitat Studies, of Specific Weeds, Range Or Territorial
Distr. , 6.0564

Cantalope, Muskmelon, Honeydew
FACTORS AFFECTING THE QUALITY OF ARIZONA MELONS

...Irrigation , Mineral Nutrition, Moisture Levels, Nitrogen, Vines,
2.0031

Citrus
IRRIGATION EFFICIENCY ...Evaporation, Florida, Sprinkler Ir-

rigation, Trees, Water Loss Control, ...3.0177
REMOVAL OF ORGANICS AND NUTRIENTS FROM CITRUS

PROCESSING PLANT WASTES ,..Activated, Aeration, Food
Processing Industry, Organics, Pond, Waste Water Treatment-
general, ...5.0266

SPRINKLER IRRIGATION OF CITRUS UNDER
SOUTHWESTERN CONDITIONS ...Flood Irrigation, Irrigation,
Southwest, Sprinkler Irrigation, Trees, 2.0052

RESPONSE OF CITRUS TREES TO SOIL MOISTURE ...Internal
Water Movement, Moisture Levels, Rhizosphere, ...2.0039

LEMON PRODUCTION IMPROVEMENT ...Arizona, Furrow Ir-
rigation, Irrigation, Sprinkler Irrigation, Trees, ...2.0067

SOILS AND NUTRIENT CULTURE EXPERIMENTS TO DETER-
MINE THE EFFECTS OF VARIABLE SALINITY CONDITIONS
ON CITRUS BEHAVIOR ...Irrigation, Saline and Alkaline Soils,
Saline Soils, Salinity, Trees, ....3.0086

LEACHING REQUIREMENT AND SALINITY STUDIES WITH
BEARING ORANGE TREES _Flood Irrigation, Leaching-other,
Soil and Rock Leaching, Trees, Water Salinity, 4.0041

EVAPOTRANSPIRATION AND SOIL MOISTURE DETERMINA-
TION AS GUIDES TO CITRUS IRRIGATION ,..Evapotranspira-
tion, Irrigation, Moisture Content, Moisture Levels, ...2.0315

RELATIONSHIP BETWEEN EXCESSIVE SOIL MOISTURE AND
CITRUS ROOT DAMAGE ...Drainage, Drainage Engineering,
Excessive Moisture, Other Enviromental Conditions, Piczometry,
...2.0316

WATER RELATIONS WITH CITRUS ON THE FLATWOODS
AND MARSHES OF THE EAST COAST ...Drainage, Saline
Soils, Sprinkler Irrigation, Swamps-marshes, Water Table Fluctua-
tion, ...2.0310

ENVIRONMENT CONTROL FOR ORCHARDS AND FIELDS
...Freezing & Below, High Temp. - 851 Or Above, Sprinkler Ir-
rigation, Strawberry, Trees, 8.0204

CITRUS FERTILIZER TEST ON SEVERAL PRINCIPAL CITRUS
SOIL TYPES IN THE LOWER RIO GRANDE VALLEY OF
TEXAS ...Concentration Within Fertilize, Irrigation, Irrigation-
general, Rates Or Levels of Application, Soil Types, ...2.1034

EFFECTS OF CULTURAL PRACTICES, SOIL MOISTURE
LEVELS, AND FERTILITY LEVELS ON CITRUS TREE
REACTION, AND ON SOIL PROPERTIES ...Consumptive Use,
Moisture Levels, Requirements for Water, Soil Chemical Proper-
ties, Trees, 2,1033

TOLERANCE OF CITRUS TO LOW TEMPERATURES ...Cold,
Low Temp. - But Above 321, Plants, Trees, 3.0184

TOLERANCE OF CITRUS TO SALINITY AND BORON IN THE
SOIL AND IRRIGATION WATER ...Boron, Saline Soils,
...3.0186

SURFACE AND SUBSURFACE IRRIGATION SYSTEMS FOR
COASTAL CALIFORNIA ...Agricultural Watersheds, Saline and
Alkaline Soils, Salinity, Subsurface Irrigation, Surface Irrigation -
general, ...3.0091

IRRIGATION AND OTHER PRODUCTION RELATIONS IN
FLORIDA CITRUS ENTERPRISES Benefit-cost Analysis,
Florida, Input - Output Analysis, Irrigation-general, Water Costs,
Water Demand, ...6.0135

Cotton
SPRINKLER IRRIGATION OF COTTON WITH HIGH SALT-

CONTENT WATER ...Salinity, Sprinkler Irrigation, 3.0011
IRRIGATION OF COTTON AND CORN. ...Corn, Irrigation, Irriga-

tion-general, Rates Or Levels of Application, Yield, 2.0960

Lauraceae - Sassafras...
SOIL-MOISTURE-PLANT RELATIONS OF AVOCADO TREES

...Irrigation-general, Moisture Content, Soil-water-plant Relation-
ships, Temperature, Trees, ...2.0148

Legumes
Alfalfa

SPRING IRRIGATION OF ALFALFA ...Irrigation, Rhizosphere,
'Temperature, _3.0313

DROUGHT INJURY AND RESISTANCE IN PLANTS ...Drought,.
Moisture Deficiency, ...2.0834

NORTHERN IDAHO ALFALFA PROBLEM ...Idaho, Internal
Water Movement, Other Enviromental Conditions, Soil Condi-
tions, Soil-water-plant Relaticoships, ...2.0397

EFFECT OF RATE OF SEEDING AND THE APPLICATION OF
AGRICULTURAL CHEMICALS ON YIELD AND QUALITY
OF ALFALFA SEED ...Growth Management, Irrigation, Manage-
ment, ...6.0365

IRRIGATED GRASS INVE TIGATIONS ON THE BELLE
FOURCHE PROJECT ...Grasses -non-specific, Harvest and
Storage, Irrigation-general, South Dakota, 2.0977

PHYSIOLOGICAL STUDIES OF ALFALFA AS RELATED TO
COLD AND HEAT TOLERANCE, DROUGHT RESISTANCE,
AND FORAGE QUALITY AND YIELD ...Blood Albumin, Cold
Resistance and Hardiness, Drought, Respiration, _2.0572

Beans (garden)
PHYSIOLOGICAL CHANGES IN PLANTS PRODUCED BY

SALINE SOLUTIONS ...Brackish Water, Humidity, Repression,
Transpiration and Evap, Water Movement, ...2.0061

CLIMATE OF THE NORTHEAST - ANALYSES & RELATION-
SHIP TO PLANT RESPONSE (NE-35 ...Aerial, Climate-general.
Delaware, Envir. responses (non-specific, General Synoptic Ob-
servations, ...2.0251

SPRING AND SUMMER HORTICULTURAL CROPS ...Aerial,
Fruit, Nuts & Berries -other, Potatoes, Sprinkler Irrigation, Straw-
berry, ...2.0338

Clovers -red,alsike,ladino...
RELATIONSHIP BETWEEN IRRIGATION WATER COMPOSI-

T ION AND SOIL PROPERTIES ...California , Irrigation-general,
Movement, Availability, Saline and Alkaline Soils, Salinity,
3.0034

Legumes -other..mesquite...
CHEMICAL CONTROL OF CREOSOTEBUSH AND MESQUITE

...Evaluation, Management Effects, Phreatophytes, Range,
Watersheds-general, Zygophyl laccae, 4.0177

IRRIGATED PASTURE AND MEADOW ESTABLISHMENT AND
MANAGEMENT ...Flood Irrigation, Grasses -non-specific, Irriga-
tion, Legume-grass Mixtures, Montana, North Dakota, Oregon,
3.0472

TIMBER AND WATERSHED RESOURCES DEVELOPMENT
RESEARCH IN HAWAII ...Erosion-general, Evapotranspiration,
Rain, Soils and Fertilizer, Streams, ...2.0367

Peanut
THE RESPONSE OF PEANUTS TO SUPPLEMENTAL IRRIGA-

TION ...Excessive Moisture, Irrigation, Moisture Content, Yield,
...2.0364

Soybean
EFFECT OF WATER A"AILABILITY ON PHOTOSYNTFIESIS

OF PLANTS ...Available Water, Corn, Drought, Irrigation-
general, Moisture Content -plants, Photosynthesis, ...2.0426

FIELD INVESTIGATIONS OF SUBSURFACE AND SURFACE
DRAINAGE ...Corn, Drainage, 4.0103

INJURY AND RESISTANCE IN PLANTS ...Corn, Drought,
Moisture Deficiency, Translocation, .,.2.0487

EFFECT OF SOIL MOISTURE AND POTASSIUM FERTILIZA-
TION ON THE TRANSPIRATION RATE OF SOYBEANS
(GLYCINE MAX) ...Growth Rate, Moisture Levels, Potassium,
Transpiration, Transpiration and Evap, ...2.0404

Lettuce
IMPROVEMENT OF HIGH ALTITUDE (7600) VEGETABLE

CROPS ...Brassica -the Cabbage Group, Elevational Levels, Al-
titude, Irrigation, Irrigation-general, Quality -non-specific,
...4.0055
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SUBJECT INDEX Dicots

THE EVALUATION, BREEDING AND IMPROVEMENT OF
LETTUCE VARIETIES FOR TEXAS ...Aerial, Irrigation, Space
Competition, Texas, ...6.0550

Macadamia
MACADAMIA CULTURE ...Fruit-set, Hawaii, Irrigation, Trees,

.2.0377

Malpighiaceae
STUDIES WITH BARBADOS OR WEST INDIAN CHERRY

(MALPIGHIA PUNICFOL1A, 1,) ...Puerto Rico, Shrubs,
Vitamins, Yield, 6.0482

Myrtaceae
GUAVA VARIETIES. SELECTION & PROPAGATION OF

GUAVA VARIETIES & 1NVESTIG. OF COMMERCIAL & IN-
DUST. POSSIBILITIES OF THE FRUIT (ABBREV) ...Irrigation,
Puerto Rico, Selection & Breeding, Trees, Varietal Evaluation,
5.1047

Oaks
MANIPULATION OF TREMBLING ASPEN AND GAMBEL OAK

FOR INCREASED WATER YIELD ...Cutting Operations,
Nuclear Moisture Meters, Poplars, Aspens, Cottonwoods, Snow-
melt, Water Loss Control, Water Yield, 4.0259

SOIL 'MOISTURE DISTRIBUTION PATTERNS UNDER MIXED
OAK FOREST ...Canopy & Overstory, Interception, Moisture
Content, Rhode Island, Soil Environment, 2.0940

Peaches
MOISTURE REQUIREMENTS OF DECIDUOUS ORCHARDS

...Cracking, Moisture Tension, Other Enviromental Conditions,
Plums, Trees, ...4.0030

PEACH NITROGEN, PRUNING AND IRRIGATION STUDY ...Ir-
rigation-general, Moisture Content, Nitrogen, Trees, 4.0185

IRRIGATION PRACTICES WITH RANGER PEACHES ...Fruit, Ir-
rigation-general, Size, Yield, 2.1053

Pears
NUTRITIONAL AND SOIL MOISTURE REQUIREMENTS OF

PEAR ORCHARDS OF SOUTHERN OREGON ...Oregon, Quali-
ty -non-specific, Requirements for Water, Trees, Yield, ..,2.0899

Pecans, Hickory Nuts
FACTORS AFFECTING PRODUCTION OF PECANS IN

ARIZONA ...Irrigation, Irrigation-general, Mineral Nutrition,
Moisture Content, Saline Properties, Saline Soils, ...2,0046

Plums
MOISTURE REQUIREMENTS OF DECIDUOUS ORCHARDS

...Cracking, Moisture Tension, Other Enviromental Conditions,
Peaches, Trees, 4.0030

PRUNE ORCHARD MANAGEMENT ...Internal Necrosis,
Nitrogen, Rates Or Levels of Application, Trees, 6.0611

Polygonaceae
INVASION OF THE AQUATIC HABITAT BY AMPHIBIOUS

SPECIES OF POLYGONUM ...Amphibious Plants, Clones,
Habitat Studies, of Aquatic Plants, Plant Taxonomy, 2.1105

Poplars, Aspens, Cottonwoods
MANIPULATION OF TREMBLING ASPEN AND GAMBEL OAK

FOR INCREASED WATER YIELD ...Cutting Operations,
Nuclear Moisture Meters, Oaks, Snowmen, Water Loss Control,
Water Yield, 4.0259

Potatoes
INFLUENCES OF MIST IRRIGATION ON MOISTURE STRESS,

GROWTH, YIELD, AND QUA" LITY OF POTATOES AND
OTHER VEGETABLE CROPS ...Drought, Irrigation, Mist Irriga-
tion, Moisture Tension, 2.0668

SPRING AND SUMMER HORTICULTURAL CROPS .,.Aerial,
Beans (garden), Fruit, Nuts & Berries -other, Sprinkler Irrigation,
Strawberry, ...2.0338

EFFECTS OF COARSE SKELETON ON PHYSICAL PROPER-
TIES OF SOIL ...Maine, Physical Properties-general, Runoff, Soil
Compaction Or Density, 2.0553

THE EFFECT OF VARIOUS COMMERCIAL FERTILIZER
PLACEMENTS AND IRRIGATION PRACTICES ON THE
YIELD AND QUALITY OF RUSSET BURBANK POTATOES
...13and Width, Irrigation, Irrigation-general, Soil Temp. -non-
specific, Yield, 2.0228

A STUDY OF TECHNIQUES FOR INCREASING EFFICIENCY
OF IRRIGATION WATER APPLIED TO POTATOES ...Irriga-
tion, Moisture Tension, Water Application Methods, 2.0798

WHEN TO IRRIGATE ...Irrigation, Moisture Levels, Root,
...2M23

Safflower
IMPROVED CULTURAL PRACTICES FOR PRODUCING SAF-

FLOWER UNDER IRRIGATED AND NON-IRRIGATED CON-
DITIONS ...Application Rates, Evaluation, Irrigation, 3.0256

Saltcedar, Tamarisk
PHREATOPHYTE CONTROL - L.AHONTAN AND HUMBOLDT

BASINS ...Phenology, Phreatophytes, Reservoirs and Impound-
ments, Root, Weed Control -other, 3.0317

BIOLOGICAL CONTROL - TAMARISK AND OTHER
PHREATOPHYTES ...Antitranspirants, Biocontrol, of Aquatic
Plants, 3.0335

PHREATOPHYTE EVAPORATION RESEARCH ...Energy
Budgets, Evapotranspiration, Groundwater, Phreatophytes,
_2.1052

GREENHOUSE AND OUTDOOR NURSERY CULTURE OF
SALTCEDAR PLANTS TO BE USED IN PHREATOPHYTE
CONTROL PROGRAM Agricultural Chemicals-general, Green-
house, Shrubs & Vines, Mainly Fibrous, Trees, 3.0131

HERBICIDE EVALUATION FOR PHREATOPHYTE CONTROL
...Consumptive Use, Herbicide); -non-specific, Modified Water
Use, Range, Water Loss Control, 3.0132

CONSUMPTIVE USE OF WATER BY SALT CEDARS ...Con-
sumptive Use, Lysimeters, New Mexico, Other Water Conditions,
Water Table - Depth of , 3,0113

Squash, Pumpkin
GENETIC AND CYTOGENIC STUDIES OF HORTICULTURAL

CROPS-BREEDING XEROPHYTIC CUCURBITA Aerial, Arid
and Desert, Arizona, Interspecific Genetic Relat. , Sterility,
...3.0010

Strawberry
SPRING AND SUMMER HORTICULTURAL CROPS ...Aerial,

Beans (garden), Fruit, Nuts & Berries -other, Potatoes, Sprinkler
Irrigation, 2.0338

ENVIRONMENT CONTROL FOR ORCHARDS AND FIELDS
..,Citrus, Freezing & Below, High Tcmp. - 85f Or Above, Sprin-
kler Irrigation, Trees, 8.0204

Sweetpotatoes
EFFECTS OF VARIOUS PRE-HARVEST AND POST-HARVEST

TREATMENTS ON SWEET POTATOES ...Herbicides -non-
specific, Irrigation, Root, Screening Potential Pesticides, ...6.0560

Tobacco
A COMPARATIVE STUDY OF SODIUM TRANSLOCATION IN

PLANTS ...Ion Transport and Elect. pot. , Sodium, Translocation,
2.0110

IRRIGATION AND FERTILITY PRACTICES FOR FLUE
CURED-TOBACCO ...Excessive Moisture, Irrigation, Nitrogen,
2.0363

Tomatoes
IRRIGATION STUDIES WITH TOMATOES ...Irrigation, Moisture

Levels, Yield, 2.0804
INVESTIGATION OF BLOSSOM-END ROT OF PEAR TO-

MATOES Antitranspirants, Blossom End Rot, Modified Water
Use. Moisture Meters, Water-borne, 2.1044

Umbelliferae
CULTURAL PRACTICES OF VEGETABLE CROPS ..,Irrigation,

Onion, Garlic, Shallot, Lacks, Quality -non-specific, Yield,
...2.1049
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Dicots

Walnuts -black & English
SOIL-PLANT-ATMOSPL RE COMPONENTS IN IRRIGATION

STUDIES OF BLACK WALNUT TREES IN SOUTHERN IL-
LINOIS ...Air - Water - Plant Relations, Irrigation-general,
Moisture Tension, Soil-water-plant Relationships, Transpiration,
..,2.0401

SOIL AND WATER REQUIREMENTS FOR BLACK WALNUT
AND OTHER HARDWOODS ...Requirements for Water, Site
Index and Site Quality, Soil Structure, Soil Structure -other, Soils
and Fertilizer, ...4M089

SUBJECT INDEX

Water Milfoil, Waterweed...
BIOLOGIC AND ENVIRONMENTAL CONTROL OF EURASIAN

MILFOIL (MYRIOPHYLLUM SPICATUM L.) IN CHES-
APEAKE BAY ...Biocontrol, Chesapeake Bay, Histology and
Cytology, Range Or Territorial Distr. , 6.0251

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...Elodea, Waterweed, Thalassia, Mineral Nutrition, of
Aquatic Plants, Potamogeton, Ruppia, Zostera. Submerged
Plants, ...2.0764

ORGANISMS WHICH ATTACK THE AQUATIC' PLANT, EURA-
SIAN WATERMILFOIL IN PAKISTAN ...Animal Taxonomy, In-
sects -non-specific, Life History Studies, Other, Pakistan, ..4M202

INVESTIGATION OF AQUATIC WEED PROBLEMS AND
MEANS OF CONTROL WITH EMPHASIS ON BRAZILIAN
WATERWEED Ecology, Herbicides -non-specific, of
Aquatic Plants, Screening Potential Pesticides, 5.0938

EFFECT OF EURASIAN WATERMILFOIL CONTROL
PROCEDURES ON WILDLIFE AND OTHER ORGANISMS IN
AQUATIC ENVIRONMENTS ...Aquatic Environments, Con-
tamination - Water, Diquat, Evaluation, 2,4-d, 5.0505

DISTRIBUTION, LIFE HISTORY, AND ECOLOGY OF EURA-
SIAN WATERMILF011. ...Chesapeake Bay, Range Or Territorial
Distr. , Submerged Plants, Weeds -other, ...6M263

Zygophyllaceae
CHEMICAL CONTROL OF CREOSOTEBUSH AND MESQUITE

...Evaluation, Legumes -other..mesquite... , Management Effects,
Phreatophytes, Range, Watersheds - general. ...4,0177

Diffraction

Electron
STRUCTURE AND MORPHOLOGY OF INORGANIC MEM-

BRANES ...Complexes, Gel, Membranes-other, Transport,
_3.0463

X-ray
NMR AND X-RAY STUDIES OF STRUCTURE IN AQUEOUS

ELECTROLYTE SOLUTIONS ...Adsorption-other, Electrolytes,
Nuclear Magnetic, Nuclear Magnetic Resonance, Reaction-
general. Solution, 1.0073

UTILIZATION OF OIL FIELD BRINES AS A POSSIBLE FERTIL-
IZER SOURCE ...Atomic Absorption, Brines, Emission,
Geochemical Analysis, Material Recovery Wastes, 1.0056

BINDERS OF CONCRETE RF,SISTAN'I"r0 SALINE WATER AT
ELEVATED TEMPERATURES ...Aggregates, Extenders. Fillers,
Binders, Brines, Cement, Concrete, , 8.0086

PHYSICAL - CHEMICAL PHENOMENA ASSOCIATED WITH OR-
GANO-COLLOIDAL SURFACE INTERACTIONS ...Absorption,
Fixation, Exchange, Bond Type-general. Colloidal Phenomena,
Decomposition-other, Isotherm, 5.0277

Digestive System

Intestine
SOCIO-ECONOMIC FACTORS RELATED To THE INCIDENCE

OF A WATER-BORNE DISEASE ...Economic Impact, Pollution-
water, Puerto Rico, Social Aspects, Social Environment of The
City. 5.1048

Dinophyceae (non-specific &ot)
COMPARATIVE STUDIES OF DINOFLAGELLATE TOXINS

,.,Action- & Bioeleetrical Pot.. Algal Culture, Algal Toxins, Tox-
icology, 5.0716

Dioxide
DISSOLVED GASES AND WATER CLUSTERING IN AQUEOUS

SOLUTION ...Chlorine, Ions and Gases, Salt, Solution, Thermal
Properties-other, Water, 1.0052

Discharge
Annual

A STUDY OF SERIAL CORRELATION IN ANNUAL STREAM
RUNOFF ...Correlation, Runoff, Stochastic Models, Streams,
...2.I132

REGIONAL CORRELATIONS IN HYDROLOGIC VARIABLES
...Correlation, Data Analysis - General, Evaporation, Patterns, Ru-
noff. 7.0097

HYDROLOGIC SIMULATION - MONTHLY AND ANNUAL
STREAMFLOW ...Correlation, Forecasting-prediction, Regression
Analysis, Research - Development, Simulation, Water Supply-
general, _6,0074

LOW FLOW CHARACTERISTICS OF TENNESSEE STREAMS
...Gaging, Low Flow, Tennessee, Variation in Time. 2.0997

Daily
WATER RESOURCES PLANNING STUDIES - ARKANSAS AND

OKLAHOMA ...Arkansas, Oklahoma, River Basins, Water Allo-
cation, Water Quality-general, ...6.0028

WATER DISPATCHING OPERATIONS 13Y ELECTRONIC COM-
PUTER ...Design Flow-flood, Dynamic Control System, Electric
Power Plants, Inflow, Power Generation, Reservoirs and Im-
poundments, .2.0984

Discharge-general
HYDROLOGICAL STUDY ...Drainage, Gaging, Peak Flow, Rhode

Island, Small Watersheds, 2.0943
VERIFICATION OF HYDRAULIC COMPUTATION METHODS

FOR BRIDGE SITES ...Bridges & Culverts, Construction Sites,
Location, ...8M207

DRAINAGE AREA FLOW RESEARCH ...Drainage, Montana,
Small Watersheds, _2.0270

RUNOFF STUDIES ON SMALL DRAINAGE AREAS ...Data
Acquisition-general, Drainage, Peak Flow, Small Watersheds,
West Virginia, _2.0290

FLOOD FREQUENCY FOR SMALL DRAINAGE AREAS
...Drainage, Floods, Mississippi, Small Watersheds, 2.0291

SMALL STREAMS INVESTIGATIONS IN OREGON ...Data Anal-
ysis - General, Floods, Gaging, Hydrograpbs, Peak Flow, 2.0293

2-102

DETERMINATION OF THE DISTRIBUTION OF
RADIONUCLIDES DISCHARGED TO THE GROUND AT THE
NRTS, IDAHO ...Artesian Flow, Observation Wells, Pollutants -
Path of , Radioactivity-general, Radioisotopes, ,..5M318

HYDROLOGIC INVESTIGATION OF WATERSHEDS IN OHIO
...Hydrology-general, Ohio, Simulation. Small Watersheds,
2.0861

FLUSHING PATTERN OF CERTAIN TIDAL STREAMS IN
DELAWARE ...Aquatic Ecology, Circulation -water, Delaware,
Industrial-general, Tidal Streams, 2.0250

GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-
SES ...Forecasting-prediction, Hydrology general, Inflow, Small
Watersheds, 2.0084

HYDROLOGIC ANALYSIS OF THE NORTH FORK OF ELK
CREEK ...Automatic Data Aquisition, Montana, Observation
Wells, Water Table Fluctuation, 2.0714

PILOT STUDY OF SMALL WATERSHED FLOOD HYDROLO-
GY IN HAWAII, PHASE 11 ...Design Criteria, Drainage Systems,
Floods, Hawaii, Urban Environments, ...2,0381

APPLICATION OF AilRIAL PHOTOGRAPHS FOR THE IN-
VESTIGATION OF THE DISCHARGE PROPERTIES OF
DRAINAGE BASINS ...Aerial, Data Acquisition-general, Photo-
grammetry, River Basins, Water Yield, 2.0792

GEOCHEMISTRY OF AQUIFERS AS AFFECTED, OR POTEN-
TIALLY AFFECTED BY OFFTAKE OR ARTIFICIAL
RECHARGE ...Aquifers-general, Artificial Recharge, Chemical-
general, Geochemistry-general, Louisiana, _2.0530

PRECIPITATION AND RUNOFF DISTRIBUTIONS ANALYSIS
AND COMPARISONS ..,Data Analysis - General, Forecasting-
prediction, Other Probability, Patterns, Runoff, 2.0739

ECONOMIC EVALUATION OF CHANGES IN LAND USE OF A
MUNICIPAL WATERSHED AS A GUIDE TO DECISION-MAK-



SUBJECT INDEX Dispersion -water
ING ...Land Use, North Carolina, Reservoirs and Impoundments,
Urban Environments, Water Costs, ...6.0408

U. S. S. R. LITERATURE ON WATER SUPPLY AND POLLU-
TION CONTROL ...Russia, Sewage, Sewerage Systems-general,
Survey Studies, Waste Disposal-general, ...5.0228

STUDIES ON EFFECTS OF WATERSHED PRACTICES ON
STREAMS ...Chemical-general, Forest Watersheds, Organic
Matter, Periphyton, Physical-general, Primary Productivity,
_5.0948

MODEL STUDIES FOR DEVELOPMENT AND CALIBRATION
OF STREAMFLOW CONTROL DEVICES IN THE SOUTHERN
BRANCH ...Channel Regulation-general, Computers-general,
Gaging, Models, Synthetic Hydrology-general, ...3.0189

NON-STEADY 2 AND 3- DIMENSIONAL. FLOW OF FLUID INTO
POROUS MATERIAL _Unsteady Flow, _2.0394

DATA REDUCTION METHODS FOR STREAMFLOW FROM
SMALL, WILDLAND WATERSHEDS Computers-general,
Data Analysis - Gerund, Gaging, Integration, Quadrature, Small
Watersheds, Utah, ..,2.1068

MODEL STUDY OF SEWER DROPSHAFT .,.Conduit, Design-
other, How Regulations, Runoff, Two-phase-other, 8.0218

STATISTICAL ANALYSIS OF FLOOD PEAKS OF GEORGIA
RIVERS ...Data Analysis Applications, Digital Computers, Floods.
Georgia, Peak Flow, _2.0357

LAKE MICHIGAN WATER QUALITY MODEL ...Hardness -
minerals, Lake Michigan, Management, Mathematical Analysis,
Water Quality-general, _6.0198

CHARACTERISTICS OF UTAH STREAMS .,.Flow Characteristics
-water, Gaging, Streams, Utah, ..2.1060

OPEN CHANNEL ROUGHNESS CHARACTERIZATION ...Chan-
nel Roughness, Flume, Flume Studies, Open Channel, Open
Channel Flow, 2.1073

UPPER BEAR CREEK EXPERIMENTAL. PROJECT Alabama,
Cover Crops, Forecasting-prediction, Small Watersheds,
Technique Development, ...2.0987

COMPUTER-ORIENT ED MATHEMATICAL MODEL FOR CON-
TINUOUS STREAMFLOW PREDICTION ...Amount, Compu-
ters-general, Development of Models, Prediction Models,
_2.0985

BASIC RESEARCH IN GEOMORPHOLOGY AND HYDROLOGY
...Control Factors-general, Eastern, Meanders, Outwash Plains,
W isconsin . 2.0272

GRAIN SIZE DISTRIBUTION AND BEDLOAD TRANSPORT
...Bed Load, Channels, Flume Studies, Grain Size, Hydraulics-
general, _2.1101

MISSOURI SPRINGFLOW CHARACTERISTICS ..,Aquifers-
general, Chemical-general, Physical Features-general, Springs,
Water Supply-general, 2.0701

HYDROLOGY OF UPPER BUFFALO RIVER BASIN ...Ground-
water, River Basins, Surface Water, Tennessee, Water Table Fluc-
tuation, .,.2.0996

FLOOD-FREQUENCY AND BASIN PARAMETER RELATION-
SHIPS IN SMALL DRAINAGE AREAS ...Amount, Floods.
Morphology-general, Peak Flow, Small Watersheds, ...2.0280

SUBMARINE SPRINGS _Bibliography, Marine Geology-general,
Ocean Environment, Springs, Subsurface Environments, ..2.03I9

DETERMINATION OF CHANNEL CAPACITY OF THE
MERCED RIVER, CALIFORNIA ...California, Channels, Cross-
section, Hydrographie, Peak Flow, _2.0116

CHANNEL MEANDER STUDIES ...Channels, Grain Size, Indiana,
Meanders, Suspension, _2.0453

LOW-FLOW ANALYSIS, WASHINGTON STREAMS ...Bascflow,
Gaging, Hydrographs, Low Flow, Washington, .,.2.1I34

FLOOD INUNDATION MAPPING, NORTHEASTERN ILLINOIS
Atlases-maps, Data Networks. Floods, Gaging, Illinois, ...4.0093

LOW FLOW CHARACTERISTICS OF INDIANA STREAMS
Flow Characteristics -water, Gaging, Indiana, Low Flow,
2.0455

FLOOD PROFILES AND FLOOD-P!,AIN INFORMATION, LINN
COUNTY, IOWA ...Floodplains, Floodproofing, Floods, Iowa,
Low Flow, 2.0491

FLOODING OF SMALL STREAMS IN NASHVILLE-DAVIDSON
CO. AREA, TENN....Amount, Hoods, Gaging, Tennessee. Urban
Environments, ...2.0994

HYDROLOGIC INVESTIGATIONS OF URBAN AREAS -
HOUSTON. TEXAS ...Amount, Floods. Gaging, Texas, Urban
Environments, 4.0233

HYDROLOGIC EFFECTS OF SMALL RESERVOIR ON NEDER-
10 CREEK, WISCONSIN ...Hydrology-general, Reservoirs and
Impoundments, Runoff, Water Cycle. Wisconsin, 2.1148

WR'I'ER RESOURCES OF SOUTHEASTERN WISCONSIN - MIL-
WAUKEE RIVER BASIN ...River Basins, Water Quality-general,
Water Supply-general, Water Table Fluctuation, ..,2.1152

TIDAL DISCHARGE RESEARCH, NEW JERSEY ...Data Acquisi-
tion-general. Other Data Analysis, Sediments, Tides, Water Quali-
ty-general, ...2.0769

WATER MEASUREMENT ..,Dyes and Coloring, Fluids, Measure-
ment, Technique Development, Water Quantity- general, ..8.0128

TURBINE AND PUMP TESTING ...Pump-other, Pumping, Tur-
bine-other, 8.0077

Discharge-other
INT'ERRELAT'IONSHIP OF SURFACE AND SUB-SURFACE

FLOW IN THE NISHNABOTNA DRAINAGE BASIN _Drift,
Groundwater Movement. Iowa, River Basins, Valley. Buried.
...2.0481

FLUSHING OF SMALL SHALLOW LAKES ...Circulation -water,
Lakes, Mixing, Pollution Abatement, Self-purification..5.1242

GENERAL COASTAL INLET STUDIES ...Coastal Engineering,.
other, Coastlines-shorelines, Model Studies, Synthetic Hydrology-
general, Tides, Velocity -water, 2.0689

SCOUR AT BRIDGE CROSSINGS IN ALASKA ...Bridges & Cul-
verts, Erosion Control, Scouring, Suspension, ...2M013

URBAN HYDROLOGY STUDY - SAN ANTONIO, TEXAS
_Floods, Runoff, Texas, Urban Environments, 4.0234

Seasonal
COMPUTER SIMULATION OF ESTUARINE DISPERSION

...Computers-general, Dispersion -water, Estuaries, Model Studies,
Tides, 5.0935

BASE FLOW ANALYSIS OF SELECTED DRAINAGE BASINS.
...Baseflow, Mathematical Analysis, New Hampshire, Small
Watersheds, ...2.0742

STRUCTURAL CONTROL OF SPRINGS FROM THE MUAV
AQUIFER IN WESTERN GRAND CANYON NATIONAL.
PARK. ARIZONA ...Carbonate Aquifers, Groundwater Move-
ment, Specific Rock Unit, Springs, Tectonics-general, ...2.0054

WHITE HOLLOW WATERSHED RESEARCH ...Forest
Watersheds, Other. Sediment Yield, Tennessee, Water Yield,
4.0221
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Dispersion -water
THE HYDRAULICS OF GROUND WATER TESTS ...Aquifers-

general, Groundwater Movement, Model Studies, Tracers-general,
_2.0288

WIND EFFECTS ON THE DISPERSION OF PARTICULATE
POLLUTANTS IN TURBULENT OPEN-CHANNEL FLOW
...Flow of Dispersed Solids, Open Channel Flow, Sediments, Tur-
bulent Flow, Wind-other, 2.0220

COMPUTER SIMULATION OF ESTUARINE DISPERSION
...Computers-general, Estuaries, Model Studies, Seasonal, Tides,
_5.0935

R.I.-MIXING PROCESSES IN ESTUARIES ...Estuaries. Flume Stu-
dies, Mixing, Model Studies, Turbulent Flow, 5.0063

AN EXPERIMENTAL STUDY OF VARIABLE PHYSICAL PRO-
PERTY AND NATURAL CONVECTION EFFECTS IN
POROUS MEDIA ...Flow of Dispersed Solids, Model Studies,
Porous Media - Flow Through, 3.0358

GROUND WATER BASIN DYNAMICS ...Groundwater Basins,
Mathematical Analysis, Model Studies, Natural Recharge, Ohio,
_2.0851

HORIZONTAL DISPERSION IN SHALLOW ESTUARIES OF IR-
REGULAR SHAPE ...Circulation -water, Estuaries, Gulf of Mex-
ico, Model Studies, Water Quality-general, 2.1013

EXPERIMENTAL AND THEORETICAL STUDY OF THE
HYDRODYNAMICS OF DISPERSION IN RIVERS AND
ESTUARIES ...Estuaries, Flow Characteristics -water, Model Stu-
dies, Streams, Velocity -water, 2.0584

SEDIMENTATION AND CONTAMINANT CRITERIA FOR
WATER RESOURCES PLANNING AND MANAGEMENT
...Management, Planning, Pollutants - Path of Sediment Yield,
Sedimentology-general, Watersheds-general, ...4.0066

ANALYSIS OF THERMAL POLLUTION DISPERSION ...Aera-
tion, Effluents-waste Water, Stratified Flow, Temperature, Ther-
mal Pollution, ...5.0726

LONGITUDINAL DISPERSION OF THE LOWER KANSAS
RIVER BASIN ...Dyes, Kansas, River Basins, _2.0507

UNSTEADY FLOW OF GROUNDWATERDISPERSION AND
SALT WATER INTRUSION IN NON-HOMOGENEOUS MEDIA
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Model Studies, Saline Water Intrusion, Unsteady, Unsteady
Flow, 2.1159

EDDY DIFFUSION AND BACTERIAL REDUCTION IN WASTE
FIELDS ...Bacterial Pollutant Sources, Diffusion, Dyes, Mixing,
Pollutants - Path of , Sewers, 5,0111

MIXING AND DISPERSION OF CONTAMINANTS IN RESER-
VOIRS ...Currents -water, Mixing, Reservoirs and Impoundments,
Tracers-general, Velocity -water, ...5.1153

SALT WATER ENTRAINMENT FOR DILUTION IN SEWER
OUTFALLS ...Conduit Flow-other, Fluid Flow-other, Fluid Mix-
ing, Ocean, Outlet, Sewers, Two-phase-other, ...5.1265

PULP MILL EFFLUENT DISPOSAL ...Bioindicators, Contamina-
tion - Water, Industrial Wastes, Pulp and Paper Wastes, 5.0940

MOVEMENT AND MIXING OF WATER INJECTED INTO
AQUIFERS ...Aquifers-general, Artificial Recharge, Exchange
Capacity, Flow Augmentation, Fluid Mixing, Groundwater Move-
ment, Water Wells, 5.0527

DISPERSION DURING FLOW IN HETEROGENEOUS POROUS
MEDIA Differential Equations General, Model Studies, Porous
Media - Flow Through, Seepage, Statistical Models, 5.0394

COMPUTE SIMULATION OF DIFFUSION STUDIES ...Monte
Carlo Methods, Simulation Theory., Turbulent Flow, Velocity -
water, ...F,0785

MECHANICS OF DISPERSION IN ESTUARY POLLUTION
...Estuaries, Mathematical Analysis, Model Studies, Pollutants -
Path of , Tides, ...5.0528

TEMPERATURE PREDICTION STUDIES RELATING TO THE
DEVELOPMENT OF A POWER REACTOR SITE ON THE
LOWER COLUMBIA RIVER Atomic Plants, Columbia River,
Construction Sites, Data Networks, Thermal Pollution, ...8.0303

GROUND WATER DISPERSION DURING PUMPING AND
RECHARGE OPERATIONS ...Approximations, Artificial

Recharge, Dimension-two, Finite Differences, Groundwater,
Porous Media - Flow Through, Steady, ...5.0529

GROUND WATER RESEARCH ...Agriculture Industry, Artificial

Recharge, California, Groundwater, Groundwater Movement,
_2.0135

GREAT LAKES RESEARCH - SPOIL DISPOSAL EFFECTS
...Great Lakes-general, Pollution - Effects of , Sedimentation,
Sediments, Spoil Banks, Water PropertiGs-general, ...5.0561

INVESTIGATIONS IN ISOTOPIC HYDROLOGY ...Georgia,
Radioisotopes, Tritium, Water Cycle, Water Movement-general,

11.0032
TRANSPORT PROCESSES IN FLUID FLOWS ,..Clastic Aqtifers,

Dyes, Mathematical Analysis, Model Studies, Porous Media -
Flow Through, ...2.0368

HYDROLOGY OF COASTAL AREA IN THE VICINITY OF
RICEBORO, GEORGIA ...Artesian Flow, Estuaries, Georgia,
Saline Water Intrusion, Water Quality-general, ...5.0205

DISPERSION PROCESSES IN ESTUARIES AND RIVERS ...Dyes,
Estuaries, Streams, Synthetic Hydrology-general, ...2.0118

Dissociation
A STUDY OF HYPERSONIC WAVES IN WATER AND IN

AQUEOUS SOLUTIONS ...Hypersonic Waves, Inorganic, Relaxa-
tion, Ultrasonic, Ultrasonics, Water, 1.0030

Distillation

Distillation-other
DEVELOPMENT OF PERMANENT SYSTEMS FOR DROPWISE

CONDENSATION ...Condensation, Films, Heat Transfer, Pilot
Plant, Vapor, 3.0411

SEPHTON FLASH TUBE (VORTEX TUBE) PROCESS
_Desalination, Distilling Units, Flexible, Vortex, _3.0081

THERMODYNAMICS AND TRANSPORT PROPERTIES OF
MULTICOMPONENT INTERFACES ...Extraction, Interface,
Other, Surfactants, Viscosity, 3.0483

A STUDY OF THE BENEFITS OF PLASTIC MATERIALS IN
DESALINATION PLANTS ...Desalination, Electrodialysis, Freez-
ing, Plastics - General, Reverse Osmosis, ...3.0153

TRAINING, TECHNICAL SUPERVISION, AND ASSISTANCE
REGARDING THE OPERATION OF A SKID-MOUNTED MSF
UNIT ...Aeration, Foam, Mobile, Other, Pilot Plant, 3.0491

DISTILLATION PLANT AND COMPONENT STUDIES
...Desalination, Distilling Units, Heat Transfer, Reverse Osmosis,
_3.0439

SCALE CONTROL WITH GRAPHITE HEAT-TRANSFER TUBES
OF CONTROLLED PERMEABILITY TO STEAM _Desalina-
tion, Distilling Units, Heat Exchangers, Heat Transfer, Scaling,
Encrusting, .3.0390

A STUDY OF HEM' TRANSFER IN THE FLUTED VERTICAL
TUBE EVAPORATOR ...Desalination, Distilling Units, Heat
Transfer Coefficients, Heat-transfer-other, ...3.0456

SMALL DESALINATION UNIT TO TEST SCALE REDUCTION
ADDITIVES ...Additives, Desalination, Economic Efficiency,
Scale Formation, ...3.0429

LIGHTWEIGHT WATER PURIFICATION UNIT ...Brackish
Water, Density, Desalination, Distilling Units, Mobile, Plastic
Matrix, Technique Development, Waste Water Treatment-
general, ...3.0250

THE DETERMINATION OF THE STRUCTURES OF ORGANIC
CONTAMINANTS IN WATER ...Analyzing, Chem Str Determ-
other, Chemical Identification, Chromatography-other, Spec-
troscopy-other, 5.0278

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
PAPER MILL EASTE EFFLUENTS ...Chemical Analysis, Chemi-
cal Identification, Chemical Treatment, Extraction, Organic, Pulp
and Paper Wastes, ...5.0284

Flash Distillation
FUNDAMENTAL STUDIES IN METASTABLE FLASHING

FLOW ... Desalination, Mass Transfer, Water Movement-general,
3.0458

INVESTIGATION OF MULTI- EFFECT MULTI-STAGE (MEMS)
EVAPORATOR DESIGN PARAMETERS ...Evaporation, Heat
Transfer, ...3.0159

THE DEVELOPMENT OF AN ANALYTICAL MODEL OF A
FLASH STAGE ...Desalination, Mathematical Analysis, Model
Studies, ...3.0156

INSTALLATION OF INSTRUMENTATION FOR CLAIR ENGLE
PLANT ...Analyzing, Computers-general, Desalination, Gaging,
3.0457

DEMONSTRATION OF ALUMINUM IN SEAWATER DESALT-
ING ...Aluminum, Desalination, Oxygen Containing, Scale Forma-
tion, Sulfate, Sulfite, 3.0481

SIMULATION OF MULTISTAGE FLASH TEST MODULI (9-
STAGE SAN DIEGO PLANT) ...Desalination, Development of
Models, Digital Computers, Hybrid Computers, Ordinary,
3.0328

DEVELOPMENT OF DIRECT CONTACT CONDENSATION
MULTISTAGE FLASH (DCC-MSF) DISTILLATION PROCESS

Brines, Condensation, Desalination, Film, Heat Transfer,
Plastics General, ...3.0040

ENGINEERING SERVICES - 50-150 MM GALLON PER DAY
MULTISTAGE, MULTIFLASH DESALINATION PROCESS

Desalination, Distilling Units, Fluid Flow-other, Gaseous,
Removal--inorganics, 3.0064

A METHOD FOR SYSTEM EVALUATION AND COST-EFFEC-
TIVENESS OF LARGE MULTISTAGE FLASH DESALTING
PLANTS ...Computers- general, Cost Analysis, Desalination,
Research - Development, Systems Analysis, ...3.0166

COMBINED DESALINATION AND POWER-GENERATION
BASED ON COAL ENERGY ...Coal-general, Cost Analysis,
Desalination, Material Recovery, Reverse Osmosis, ...3.0325

PRELIMINARY FEASIBILITY AND ECONOMICS OF DESALT-
ING BRACKISH WATERS IN CANDIATE AREAS OF WEST
TEXAS ...Cost Analysis, Desalination, Electrodialysis, Freezing,
Reverse Osmosis, Water Costs, ...3.0443

HYDRAULIC MODEL STUDIES OF A PUMP INLET
MANIFOLD ...Axial Flow, Critical, Desalination, Distilling Units,
High Pressure, Models, ...3.0120

Fractionation
TREATMENT AND DISPOSAL OF CONDENSATE WASTES

FROM HIGH LEVEL WASTE SOLIDIFICATION PROCESSES
...Crystallization-other, Disposal Wastes, Materia: Recovery
Wastes, Nuclear, Precipitation, 5.1250

Steam Distillation
METHOD FOR QUANTITATIVE ANALYSIS OF PHENOLS IN

FUEL CELL PRODUCT WATER ...Alcohols, Fuel Cell - ether,
Quinones, Ultraviolet, Water, 1.0041

Vacuum Distillation
ORGANIC SUBSTANCES IN WATER ...Extraction, Gas, Infrared,

Organic Wastes, Pesticides, ...5.0120
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District of Columbia
STORM WATER INFLOW ...Diainage, Forecasting-prediction,

Seepage, Storm Water, 2.0307
COMPREHENISVE PLANNING FOR WATER RESOURCES

MANAGEMENT IN METROPOLITAN ENVIRONMENTS _Ad-
ministrative Structures, Planning, Policy Making, Public-works,
Survey Studies, _6.0123

ROCK CREEK PARK CLARIFICATION FROJECT ...Chlorination,
Coagulation, Polyclectrolytes, Sediments, Streams, ..4.0044

COMBINED SEWER STUDY FOR WASHINGTON, D.C. ...Com-
bined Sewer, Effluent-standards, Filtration, Storage-retention-
facilities, Water Quality - general, ..5.100$

DNA
MICROBIOLOGY OF SLUDGE - DNA ANALYSES AND N2

REMOVAL Activated, Denitrilication, .5.0694

Drainage
EROSION CONTROL CRITERIA FOR DRAINAGE. STRUC-

TURES Drainage Systems, Erosion - general, ..2.0681
STUDY OF RUNOFF FROM SMALL DRAINAGE. AREAS ..,Ru-

noff, ...2.0520
FLOOD FREQUENCY OF SMALL STREAMS IN LOUISIANA

_Floods, Louisiana, _2.0541
;.:IGHWAY DRAINAGE STUDY ...Maryland, ...2.0579
RUNOFF STUDIES ON SMALL DRAINAGE AREAS ...Data

Acquisition- general, Discharge-general, Peak Flow, Small
Watersheds, West Virginia, ...2.0290

EROSION CONTROL STUDY ...Cover Crops, Erosion Control,
Soil Erosion -non-specific, ...2.0532

PROGRAM FOR HYDROLOGIC INVESTIGATION OF SMALL
DRAINAGE AREAS IN TEXAS ...Design Flow-flood, Floods,
Hydraulic Structures, Small Watersheds, Texas, 2.0296

SMALL WATERSHED STUDY ...Design-other, Drainage Systems,
Hydraulic Structures, ...2.0297

INVESTIGATION OF WATER RESOURCES. FLOODS IN
SMALL STREAMS IN TENNESSEE Floods, Tennessee,
2.0298

URBAN HYDROLOGIC STUDIES ...Digital Computers, Forecast-
ing-prediction, Louisiana, Peak Flow, Urban Environments,
.2.0551

PROBABLE MAXIMUM PRECIPITATION FOR SMALL BASIN
IN THE TENNESSEE RIVER DRAINAGE SYSTEM ...Amount,
Storms-general, Tennessee River, Topographic Influences,
Weather Forecasting, 2.0594

DRAINAGE INVESTIGATIONS OF PROPOSED IRRIGATED
SOILS IN Irrigation-general, Permeability, Soil Environment,
2.0974

REGION 2 - WEED CONTROL ...Contamination - Water, Irriga-
tion-general, of Aquatic Plants, Plant Pollutants, 3.0093

ALTERNATIVE ECONOMIC RESPONSES TO THE ACID MINE
DRAINAGE PROBLEM IN SOUTHEASTERN OHIO ...Acidity,
Alternative Planning, Benefit-cost Analysis, Mining Activities,
Water Treatment -- General, _5.0887

THE EFFECT OF POTHOLE DRAINAGE UPON GROUND-
WATER RESOURCES ...Groundwater, Potholes, Radioisotopes,
Unsaturated Flow, 4.0144

DEVELOPMENT OF DRAINAGE ASSESSMENT PROCEDURES
BASED ON PHYSICAL FEATURES IN ILLINOIS ...Benefit -cost
Analysis, Drainage Engineering, Illinois, Mathematical Analysis,
Terrain Analysis, 6.0207

URBAN HYDROLOGIC RELATIONSHIPS ...Forecasting- predic-
tion, Hydrographs, Runoff, U. ban Environments, Variation in
Time, ...2.0554

PHYSICAL, LEGAL AND ECONOMIC ASPECTS OF ASSESS-
MENT OF COSTS AMONG DRAINAGE DISTRICTS ...Flood-
proofing, Floods, Flow Characteristics -water, Legal Review,
Routing, 6.0228

WATER RESERVOIR SYSTEMS ...Reservoirs and Impoundments,
Runoff, Sewerage Systems-other, Storage of Water, Storm Water,
Urban Environments, 4.0031

EFFECT OF INDUST WASTES OF MEMPHIS & SHELBY
COUNTY ON PRIMARY PLANKTONIC PRODUCERS ...Cell
Cloning, Industrial Wastes, Plankton (non-specific), Primary
Productivity, Tennessee, 5.1134

GROUND WATER RECHARGE THROUGH PITS AND WELLS
.Aquifers-general, Artificial Recharge, Filtration, Glass,
Recharge Pits - Wells, 2.0514
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PHYSICAL, CHEMICAL AND MICROBIOLOGICAL FACTORS
AFFECTING THE DISCHARGE OF WATER INTO DRAIN
TILE Drainage Engineering, Water Properties-general, ...2.0145

A GEOGRAPHIC ANALYSIS OF THE HYDROLOGIC
RESPONSE IN THE SOUTHEASTERN UNITED STATES At-
lase&.maps, Land We, Patterns, Southeast, ..2.0346

THE STORAGE COEFFICIENT AS A FUNCTION OF WATER
TABLE CELERITY ...Mathematical Analysis, Permeability,
Storage of Water, Unsteady Flow, Water Table Fluctuation,
...2.1121

WATER QUALITY DEGRADATION BY SEPT1K TANK
DRAINAGE ...Degradation, Lakes, Nitrogen, Phosphorus, Septic
Tanks, 5.0468

OPTIMIZATION AND DEVELOPMENT OF IMPROVED CHEW-
CAL TECHNIQUES FOR THE TREATMENT OF COAL. MINE.
DRAINAGE Acid Mine Wastes, Chemical Treatment, Mining
Activities, Optimiz.;tion, Pilot Plaint, Process Design, ...5.0999

1N-SITU PRECIPITATION OF SLUDGE RESULTING FROM
REACTION OF MINE WATER WITH LOW COST ADDITIVES
TO PREVENT MINE DRAINAGE POLLUTION ..,Acid Mine
Wastes, Mining Activities, Neutralization, Precipitation, Treat-
ment-other, 5.1000

ENGINEERING PHASES OF SURFACE DRAINAGE ..,Deltas,
Drainage Engineering, Drainage Systems, ...4.0019

LABORATORY STUDIES OF CONSERVATION AND
DRAINAGE STRUCTURES ...Erosion Control, Pipes, Scouring,
Transition Sections, Velocity, 3.0217

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS .Gravitational Movement -water, Internal Water
Movement, Moi.;ture Content, Slopes, Small Watersheds,
,2.0434

FIELD INVESTIGATIONS OF SUBSURFACE AND SURFACE
DRAINAGE ...Corn, Soybean, 4,0103

RELATION OF SOIL FERTILITY TO THE EXCHANGE COM-
PLEX ...Fertilizer Losses, Mineral Nutrition, Missouri, Soil En-
vironment, Soil pH , ...5.0678

DRAINAGE OF AGRICULTURAL LANDS .Agricultural
Watersheds, Drainage Engineering, Excessive Moisture, Ground-
water, Water Table - Depth of , ...4.0153

SOIL DRAINAGE ...Amount, New Jersey, Soil Morphology,
Profiles, Water Table Fluctuation, 4.0171

EVALUATION OF SOIL MOISTURE RECHARGE ..,Evapotrans-
piration, Moisture Content, Recharge -general, Water Table -
Depth of , Water Table Fluctuation, 3.0344

DEVELOPMENT OF CRITERIA FOR ADEQUATE DRAINAGE
.,.Moisture Levels, Soil-water-plant Relationships, ...4.0186

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Adsorption
Capacity, Movement, Leaching, North Carolina, Persistence in
Soils, 5.0826

SURFACE AND SUBSURFACE DRAINAGE FOR SLOWLY
PERMEABLE SOILS Drainage Engineering, Envir. responses
(non-specific, Soil Moisture -non-specific, Soil-water-plant Rela-
tionships, ...4.0192

METHODS AND EQUIPMENT FOR SUBSURFACE DRAINAGE
...Drainage Systems, Sedimentation, 4.0193

DRAINAGE OF PROPOSED IRRIGATED SOILS IN OAHE UNIT
...Drainage Engineering, Irrigation, Soil-water-plant Relationships,
4.0217

THE DRAINAGE OF IRRIGATED LANDS ..,Irrigation-general,
Permeability, Steady, Subsurface Flow, Water Table Fluctuation,
...4.0251

IMPROVEMENT OF IRRIGATION MANAGEMENT AND
SALINITY CONTROL IN THE IMPERIAL VALLEY.
Drainage Engineering, Management, Saline and Alkaline Soils,
Sprinkler Irrigation, Water Table Fluctuation, 3.0048

WATER CONTROL FOR FOREST PRODUCTION Forests, Ir-
rigation-general, Moisture Content, Palms, Water Table Fluctua
tion, 2.0314

RELATIONSHIP BETWEEN EXCESSIVE SOIL MOISTURE AND
CITRUS ROOT DAMAGE Citrus, Drainage Engineering, Ex-
cessive Moisture, Other Enviromental Conditions, Piezometry,
_2.0316

STREAMFLOW VARIABILITY ...Floodplains, Low How, Peak
Flow, Reservoirs and Impoundments, Water Supply-general,
2.0421

HYDRAULICS OF STORM SEWER JUNCTIONS ...Design
Criteria, Drainage Systems, Models, Storm Water, Urban
Research, 5.0356
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DURABILITY OF CONCRETE DRAIN TILE AND IRRIGATION
PIPE ...Pipes, Plain, Specifications, Strength, Techniques,
...8M221

DRAINAGE CORRELATION RESEARCH PROJECT ...Climatog-
raphy, Floods, Peak How, Precipitation-general, Small
Watersheds, ,2.0710

DRAINAGE STUDIES OF NEW YORK SOILS ,..Land, Land Use,
Production & Processing, Wetlands, .4.0182

DRAINAGE OF STRATIFIED FOILS ..,Drainage Engineering,
Drainage Systems, Soil-water-plant Relationships, _5.0939

DRAINAGE OF SUGARCANE LANDS IN THE HUMID SEC-
TIONS OF PUERTO RICO .Humid, Puerto Rico, Sugar Cane,
Water Table - Depth of , Water Table Fluctuation, Yield,

LAND FORMING FOR DRAINAGE AND FURROW IRRIGA-
TION Data Analysis - General, Furrow Irrigation, Irrigation, Ir-
rigation Engineering, Pumping, 5,1131

UNSATURATED FLOW THEORY APPLIED TO DRAINAGE
AND INFILTRATION Groundwater Movement, Infiltration, In-
ternal Water Movement, Runoff, Unsaturated Flow, ...2.0125

EFFECT OF IRRIGATION ON STREAMFLOW IN CENTRAL
SAND PLAINS OF WISCONSIN ...Groundwater, Irrigation-
general, Morphology-general, Water Balance-budget, Wisconsin,
_4.0279

AQUIFERS AND DRAINAGE Aquifers-other, Brackkh Water,
Groundwater Movement, Irrigation-general, Model Studies,
,2.0166

FILTER CRITERIA FOR DRAINS AND WATER WELLS ...Fil-
ters, Filtration, Infiltration, Linings-pavings, Water Wells,
8.0083

PREDICTING NITRATE CONTENT OF AGRICULTURAL
DRAIN WATER _Agricultural Watersheds, Computers-general,
Model Studies-general, Moisture Content, Nitrate, Nitrite,
Nitrogen, _5.0181

DEVELOPMENT AND EVALUATION OF SURFACE AND SUB-
SURFACE DRAINAGE PRACTICES ...Interception, Piczome-
ters, Seepage, Subsurface Flow, Surface Flow, ...4.0132

DESIGN, INSTALLATION, AND MAINTENANCE OF SURFACE
AND SUBSURFACE DRAINAGE SYSTEMS WITH OR
WITHOUT LANDFORMING AND CONDITIONING ...Drainage
Engineering, Erosion -other, Runoff, Southern, Tillage, Cropping
Systems, 4.0081

IMPROVEMENT AND MODERNIZATION OF SURFACE AND
SUBSURFACE DRAINAGE PRACTICES AND FACILITIES IN
THE CORN BELT ...Corn Belt, Drainage Systems, Pipe, Tube,
Plastics - General, _4.0191

DRAINAGE FACILITIES, METHODS, AND DESIGN CRITERIA
FOR PROTECTION AND IMPROVEMENT OF AGRICUL-
TURAL CROPS AND SOILS IN THE NORTHERN PLAINS
,..Design Criteria, Drainage Syr'ems, Flow Characteristics -water,
Simulation, 4.0064

DRAINAGE SYSTEMS FOR THE GREAT BASIN ...Artesian
Flow, Drainage Systems, Great Basin, Groundwater Movement,
Permeability, ...4.0164

PRINCIPLES AND PRACTICES FOR SALINITY CONTROL IN
THE SOIL-WATER-PLANT SYSTEM Irrigation, Salinity, Soil
and Rock Leaching, Soil Environment, Soil-water-plant Relation-
ships, ...3.0083

DRAINAGE SYSTEMS FOR THE IMPERIAL VALLEY ...Analog
Computers, Digital Computers, Groundwater Movement, ...4.0026

ECONOMICS OF IRRIGATION, DRAINAGE AND RELATED
PROBLEMS IN THE NORTHWEST ...Benefit -cost Analysis, Ir-
rigation-general, Southern, Water Quality Control-general, Wel-
fare Economics, 6.0601

Dra-ordown
IMPACT OF WINTER DRI. WDOWN ON A SLOW-GROWING

PANFISH POPULATION AND ASSOCIATED SPECIES
...Aquatic Ecology, Chemical-general, Depth,water Level, Fluc-
tuation, Population Dynamics, ...4.0276

WELL DRAWDOWN IN UNCONFINED AQUIFERS UNDER
NON-STEADY CONDITIONS ...Aquifers-other, Flow Charac-
teristics -water, Seepage, Unsteady Flow, Water Wells, _2.0862

FIELD INVESTIGATIONS OF SUBSURFACE AND SURFACE
DRAINAGE ...Corn, Drainage, Soybean, ...4.0103

PERFORMANCE OF DRAINAGE SYSTEMS ...Drainage Systems,
Hydraulic Gradient, Observation Wells, Permeability, Water
Table Fluctuation, ..4.0174

INTERRELATIONSHIPS OF SOIL PHYSICAL PROPERTIES
AND SOIL WATER MOVEMENTS ...Adsorption Capacity, In-
ternal Water Movement, Moisture Tension, Permeability,
Phosphate, Phosphite, 2.0829

CORRELATION OF GROUND SUBSIDENCE FEATURES,
FOUNDATION FAILURES AND EARTH CRACKS WITH
WATER TABLE DRAWDOWN IN ALLUVIAL BASINS ...Allu-
vial Deposits, Foundations-general, Joints-fractures, Soil Explora-
tion, Soil Settlements, Subsidence, ..,3.0016

HYDRAULICS OF WELLS ...Aquifers-other, Hydraulic Engineer-
ing-other, Model Studies, Unsteady Flow, Water Wells, ...7.0077

GROUND-WATER HYDROLOGY AND DEVELOPMENT IN
EAST-CENTRAL WASHINGTON ...Groundwater Basins,
Groundwater Mining, Subsurface Flow, Washington, Water Table
Fluctuation, .2.1135

WATERFOWL MANAGEMENT 'THROUGH WATER-LEVEL
CONTROL ...Depth,water Level, Fluctuation, Management,
Management -other, Water Fowl, N.s. , Wetlands, ...4.0133

EFFECTS OF PLANTING TERRESTRIAL VEGETATION ON
EXPOSED RESERVOIR BOTTOM ON AQUATIC BIOTA
Management, South Dakota, ...6.0513

Drilling and Coring
EVALUATION BY TEST DRILLING OF GEOPHYSICAL

PROSPECTING FOR GROUND WATER IN THE PIEDMONT
AREA, ALABAMA ...Chemical Analysis (water), Geophysical
Analysis, Groundwater, Pumping, Water Development, ...2.0006

GEOLOGY AND GROUND WATER RESOURCES OF TRAILL
COUNTY ...Aquifers-general, Chemical-general, Groundwater,
Permeability, Surficial Geology, ...2.0837

GEOLOGY AND GROUND WATER RESOURCES OF WELLS
COUNTY ...Aquifers-general, Chemical-general, Groundwater,
Permeability, Surficial Geology, ...2.0838

GEOLOGY AND GROUND WATER RESOURCES OF GRAND
FORKS COUNTY ...Aquifers-general, Chemical-general, Ground-
water, Permeability, Surficial Geology, .,2.0839

GEOLOGY AND GROUND WATER RESOURCES OF WIL-
LIAMS COUNTY ...Aquifers-general, Chemical-general, Ground-
water, Permeability, Surficial Geology, ...2.0840

GEOLOGY AND GROUND WATER RESOURCES OF BURKE
COUNTY ...Aquifers-general, Chemical-general, Groundwater,
Permeability, Surficial Geology-2.0842

WATER SUPPLY TECHNOLOGY - WATER QUALITY
MANAGEMENT AND PROTECTION Demineralization,
Groundwater, Reverse Osmosis, Water Reuse, ...5.1219

DEVELOPMENT OF NX BOREHOLE INSTRUMENT FOR
DEFORMATION MODULUS ...Borehole Geophysics, Deforma-
tion, 8.0047

RADIOISOTOPE GROUND WATER MEASUREMENTS IN
SMALL DIAMETER DRILL HOLES ...Borehole GeophysieE,
Groundwater, Instrumentation-general, Radioisotopes, Technique
Development, 8.0066

Earth Electrical Properties
Applications

Porosity-permeability
FEASIBILITY STUDY OF ELECTRICAL GEOPHYSICAL

METHODS IN THE DETERMINATION OF SUBSURFACE
HYDROGEOLOGIC ENVIRONMENTS IN SOUTH CAROLINA
...Electric Logging, Electronics - Applied, Hydrology-general, In-
duction, Piedmont Province, Water Table Fluctuation, _2.0950

EXPERIMENTAL INVESTIGATION OF HYDROLOGICAL
PARAMETERS OF AQUIFERS THROUGH E; ECTRICAL RE-
SISTIVITY MEASUREMENTS Aquifers-k;eneral, Borehole
Geophysics, Electric Logging, Hydrology-general, Other Models,
...7.0028

Exploration Methods
Electric Logging

DEVELOPMENT OF A PRACTICAL METHOD OF LOCATING
AND TRACING SEEPAGE WATER IN UNSTABLE SLOPES
...Kentucky, Land and Rock Slides, Loss, 3cepage, Slopes,
2.0519

INDUCED ELECTRICAL POLARIZATION AND GROUND
WATER ...Artificial Recharge, Geophysical Analysis, Ground-
water, Groundwater Basins, Polarization, ...7.0007
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GEOPHYSICAL INVESTIGATIONS IN ALLUVIAL BASINS IN
SOUTHERN ARIZONA ..,Arizona, Gravity Surveys, Hydrology-
general, Seismic Refraction, 2.0062

GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE II .Electromagnetic Probing, Geophysical
Analysis, Groundwater, Hawaii, Seismic Surveys, ...2.0371

PHYSICAL CHARACTERISTICS OF BASALT AQUIFERS ...Flow
Characteristics -water, Groundwater Movement, Local Structure,
Porosity, Radioactivity Logging, ...2.1117

FEASIBILITY STUDY OF ELECTRICAL GEOPHYSICAL
METHODS IN THE DETERMINATION OF SUBSURFACE
HYDROGEOLOGIC ENVIRONMENTS IN SOUTH CAROLINA
...Electronics - Applied, Hydrology-general, Induction, Piedmont
Province, Porosity-permeability, Water Table Fluctuation,
_2.0950

EVALUATION OF NEW TECHNIQUES IN ELECTRICAL RE-
SISTIVITY SURVEYING IN THE PIEDMONT AREA,
ALABAMA ...Alabama, Groundwater, Piedmont Province, Sur-
vey Studies, ...2.0005

GEOPHYSICAL. EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE III ...Geophysical Analysis, Groundwater,
Hawaii, Seismic Surveys, Volcanoes, ...2.0369

INDUCTIVE ELECTROMAGNETIC METHODS FOR MAPPING
AND EVALUATING AQUIFERS ...Aquifers - general, California,
Geophysical Analysis, Groundwater, Mapping, 2.0083

EXPERIMENTAL INVESTIGATION OF HYDROLOGICAL
PARAMETERS OF AQUIFERS THROUGH ELECTRICAL RE-
SISTIVITY MEASUREMENTS Aquifers-general, Borehole
Geophysics, Hydrology-general, Other Models, Porosity-permea-
bility, ...7.0028

ELECTRICAL EARTH RESISTIVITY SURVEYS .,.Clastie
Aquifers, Electrodes, Geophysical Analysis, Groundwater, Illinois,
.,.7.0033

Electromagnetic Probing
ADVANCE WARNING OF GROUND-WATER POLLUTION

HAZARDS, WITH SPECIAL. REFERENCE TO AQUIFERS IN
GLACIAL OUTWASH Electrical, Groundwater, Outwash
Plains, Physical Parameters, Unconsolidated Aquifers, ...5.1235

GEOPHYSICAL. EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE II ...Electric Logging, Geophysical Analysis,
Groundwater, Hawaii, Seismic Surveys, 2.0371

Field Characteristics
Induction

FEASIBILITY STUDY OF ELECTRICAL GEOPHYSICAL
METHODS IN THE DETERMINATION OF SUBSURFACE
HYDROGEOLOGIC ENVIRONMENTS IN SOUTH CAROLINA
...Electric Logging, Electronics - Applied, Hydrology-general,
Piedmont Province, Porosity-permeability, Water Table Fluctua-
tion, .2.0950

Polarization
INDUCED ELECTRICAL POLARIZATION AND GROUND

WATER ...Artificial Recharge, Electric Logging, Geophysical
Analysis, Groundwater, Groundwater Basins, ...7.0007

Earth Magnetism
Exploration Methods

Aeromagnetic
COORDINATION AND LIAISON AT MANNED SPACECRAFT

CENTER, HOUSTON ...Aircraft, Geography-physical, Hydrology-
general, Infrared Radiation, Ultra - Violet Radiation, ..6.0146

Magnetic Surveys
GEOTHERMAL INVESTIGATIONS - YELLOWSTONE PARK

...Gravity Surveys, Hot Springs, Satellites, Seismic Surveys, Ter-
rain Analysis, Yellowstone Plateau, ...6.0147

Earth Structures
Cuts

STABILIZATION OF SLOPES ...Bituminous, Clay, Embankments,
Slopes, Soil Stabilization, 8.0069

Dams
THE EFFECT OF HIGH CONFINING PRESSURE ON THE

DEFORMATION OF SOIL ...Deformation, Earth & Rockfill

Dams, Foundations-general, Pressure-other, Shear Strength,
...8.0013

LIQUEFACTION STUDIES OF UKAI DAM SAND ...Earthquakes,
India, Sand, Soil Dynamics, Soil Liquefaction, 8.0186

WATER QUALITY MONITORING STUDIES ...Aquatic Ecology,
Chemical-general, Land Use, Monitoring Systems, Survey Studies,
Water Quality-general, ...6.0639

INSTRUMENTATION IN EMBANKMENTS AND FOUNDA-
TIONS ...Embankments, Foundations-general, Handbooks,
Techniques & Instrumentation, ...7.0062

COMPILATION OF EARTH DAM CRITERIA FOR DESIGN USE
...Abstracts, Design Criteria, Earth & Rockfill Dams, Engineering
Structures-general, ...8.0254

EARTH AND ROCKFILL DAM DESIGN PRACTICES ...Design
Criteria, Earth & Rocklin Dams, Earthquakes, Engineering Struc-
tures-general, Soil Stability Analysis, ...8.0137

GENERAL ROCK MECHANICS INVESTIGATIONS ...Deep, Rock
Mechanics, ...8.0102

STABILITY OF EARTH SLOPES ...Earthquakes, Open Channel,
Pore Water, Slopes, Soil Stability Analysis, 8.0071

VIBRATORY COMPACTION OF COHESIVE SOILS ...C.thesivc
Soil-general, Compaction, Embankments, Field Soils Compaction,
Soil Dynamics, ...8.0135

Embankments
SHEAR CHARACTERISTICS OF UNDISTURBED WEAK CLAY

...Clay, Deformation, Disturbed/undisturbed, Pore Water, Shear
Strength, ...8.0006

EMBANKMENT AND FOUNDATION MOVEMENTS ON THE
INSTRUMENTED SECTIONS OF THE EAST ATCHAFALAYA
BASIN PROTECTION LEVEE, ST. MARTIN PARISH, LOUI-
SIANA ...Engineering Properties, Soil Settlements, Soil Stability
Analysis, Soil Tests, ...8.0212

TEMPORARY LININGS FOR WATERWAYS AND EMBANK-
MENTS ...Cover Crops, Design Criteria, Erosion Control, Florida,
Hydrology-general, Lining, ...3.0178

OBSERVATION AND EVALUATION OF INSTRUMENTATION
IN THE FOUNDATION AND EMBANKMENT OF MORAINE
STATE PARK DAM .,.Foundations-general, Piezometers, Soil
Settlements, Soil Stability Analysis, Uplift, 8.0170

INSTRUMENTATION IN EMBANKMENTS AND FOUNDA-
TIONS ...Dams, Foundations-general, Handbooks, Techniques &
Instrumentation, ...7.0062

ASPHALT BINDING OF COBBLES FOR RIPRAP .,.Aggregates,
Extenders, Fillers, Binders, Bituminous, Conglomerates, Erosion-
general, Slopes, 8.0106

STABILIZATION OF SLOPES ...Bituminous, Clay, Cuts, Slopes,
Soil Stabilization, ...8.0069

VIBRATORY COMPACTION OF COHESIVE SOILS ...Cohesive
Soil-general, Compaction, Dams, Field Soils Compaction, Soil
Dynamics, ...8.0135

Filters
REVERSE FILTER EROSION PROTECTION ...Connecticut, Con-

trol and Protection, Engineering Structures-general, Erosion-
general, Lining, 8.0147

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ...Design Criteria, Drainage Systems, Other, Permea-
bility, Seepage, ..,4.0200

DRAINAGE SYSTEMS - PIPE AND FILTERS ...Drainage En-
gineering, Drainage Systems, Hydraulic Gradient, Pipelines, Pipes,
8.0018

FILTER CRITERIA FOR DRAINS AND WATER WELLS
...Drainage, Filtration, Infiltration, linings-pavings, Water Wells,
...8.0083

Slopes
DEVELOPMENT OF A PRACTICAL METHOD OF LOCATING

AND TRACING SEEPAGE WATER IN UNSTABLE SLOPES
...Electric Logging, Kentucky, Land and Rock Slides, Loss,
Seepage, ...2.0519

FLUCTUATION OF RESERVOIR LEVELS AND THE RELATED
CAUSE OF LANDSLIDES (THE OHIO RIVER VALLEY)
...Force, Land and Rock Slides, Reservoirs and Impoundments,
Soil Stability Analysis, Water Level Fluctuation, 8.0191

SPECIAL STUDIES FOR CIVIL WORKS SOILS PROBLEMS
...Design Criteria, Earth & Rockfill Dams, Erosion Control, Field
Soils Compaction, Wave Action, ...8.0255
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EVALUATION OF ROCK RIPRAP AND DEVELOPMENT OF
SUBSTITUTES Aggregnites - Crushed Rock, Engineering Struc-
tures-general, Erosion Control, Petrography, Soil Cement, Wave
Action, 8,0081

STABILITY OF EARTH SLOPES ...Dams, Earthquakes, Open
Channel, Pore Water, Soil Stability Analysis, ..8.0071

ASPHALT 13INDING OF COBBLES FOR RIPRAP Aggregates,
Extenders, Fillers, Binders, Bituminous, Conglomerates, Embank-
ments, Erosion-general, 8.0106

STABILIZATION OF SLOPES ...Bituminous, Clay, Cuts, Embank-
ments, Soil Stabilization, ..,8.0069

PREVENTING OR CONTROLLING ACCELERATED EROSION
OF UNSTABLE FOREST SOILS .,.Erosion - general, Mountains-
alpine, Movement, Availability, Open Channel, Soil Science -

other, Soil Stability Analysis, 5.0316

Earth Thermal Properties
Exploration Methods

Survey Studies
GEOTHERMAL. RESOURCES OF IDAHO Chemical-general,

Hot Springs, Idaho, Temperature, Water - Hot Water, ...3.0206

Geothermal Gradient
THERMAL GRADIENTS IN SOUTH CAROLINA _Groundwater

Movement, Heat Flows, Permeability, South Carolina, Tempera-
ture, _2.0964

DETECTION OF SUBSURFACE CAVITIES OR CONDUITS IN
FOUNDATIONS OF PROPOSED RESERVOIRS AND EN-
GINEERING ST'RUCT'URES ...Carbonates, Cave Studies, En-
gineering Structures-general, Geology - Engineering, Tritium,
8.0073

Heat Flows
THERMAL GRADIENTS IN SOUTH CAROLINA ...Geothermal

Gradient, Groundwater Movement, Permeability, South Carolina,
Temperature, ,..2.0964

Temperature Profiles
TEMPERATURE PROSPECTING FOR SHALLOW GLACIAL

AND ALLUVIAL AQUIFERS Deposits, Geothermal, Tempera-
ture, Unconsolidated Aquifers, ...4.0095

Ecology (plant)

Applied Ecology
METHODS OF CONTROLLING CLUBMOSS (SELAGINELLA

DENSA RYDB) AND REDEVELOPING THE PRODUCTIVE
CAPACITY OF RANGES FOLLOWING CLUBMOSS CON-
TROL ...Lyeopsida, Management and Fertility, Weeds -physiqlog-
ical Studies, _4.0160

DEMONSTRATION OF THE CHANNEL AERATION PROCESS
IN TREATMENT OF SEWAGE .,.Aeration, Enteroviruses of
Animals, Enteroviruses of Humans, Nutrients, Salmonella (non-
specific & Ot), 5.0596

EFFECTS OF POLLUTANTS ON SUBMARINE PLANT
SYNECOLOGY _Industrial Wastes, Nutrients, Plant Prod. (non-
specific). Plant Succession, Sedimentation, Sediments....5.1221

PHOSPHATE MINING EFFLUENT IN ESTUARINE ECOLOGY
...Estuaries, Mining Activities, Mountmorillanite, Phosphate,
Phosphite, Pollution - Effects of , 5.0821

BIOCHEMICAL AND ECOLOGICAL RELATIONSHIPS OF
PESTICIDES AND THE BIOLOGICAL CONSTITUENTS OF
AQUATIC COMMUNITIES ...Bioenergeties, Cell Injury and Au-
tolysis, Mortality Rates, Pesticides -non-specific, Sterility,
...5,0566

CRITERIA FOR FUNCTIONAL ANALYSIS OF SOIL-PLANT-
WATER SYSTEMS Management, Quality - non - specific, Soil-
water-plant Relationships, South Carolina, Yield, .,2.0952

INVESTIGATION OF AQUATIC WEED PROBLEMS AND
MEANS OF CONTROL WITH EMPHASIS ON BRAZILIAN
WATERWEED ...Herbicides - non - specific, of Aquatic Plants,
Screening Potential Pesticides. Water Milfoil, Waterweed ,

5.0938
STUDIES ON AQUATIC MYXOBACTERIA ...Bacterial Pollutant

Sources, Fresh Water, Myxobacteria, Pollution Abatement, Range
Or Territorial Distr. , 5.0954

Aquatic Plant Group
Amphibious Plants

STUDIES ON THE PRODUCTIVITY OF VASCULAR
HYDROPHYTES AND THEIR ROLE IN MINERAL CYCLING
IN AQUATIC ECOSYSTEMS ...Budgets -other, Floating Plants,
Freshwater Ecology, Primary Productivity, Submerged Plants,
6.0469

INVASION OF THE AQUATIC HABITAT BY AMPHIBIOUS
SPECIES OF POLYGONUM ...Clones, Habitat Studies, of
Aquatic Plants, Plant Taxonomy, Polygonaceae, 2.1105

ECOLOGICAL. STUDIES OF MANIPULATED MARSHES AT
DF,LTA, MANITOBA, CANADA ...Canada, Submerged Plants,
Swamps-marshes, Water Depth, Water Levels, Water Fowl, N.s. ,

_4.0257
STUDY OF THE DISTRIBUTION OF FOUR ASSOCIATIONS OF

AQUATIC PLANTS IN THE VICINITY OF MONTREAL
...Canada, Depth, Freshwater Ecology, Range Or Territorial Distr.
, St. lawrence River, ...4.0047

WEED CONTROL IN IRRIGATION AND DRAINAGE SYSTEMS
...Aquatic Soils, Herbicides -non-specific, of Aquatic Plants, Plant
Pollutants, Submerged Plants, Timing -non-specific, _3.0094

Aquatic Plants (non-specific)
CHANGES IN STREAM COMMUNITIES ASSOCIATED WITH

EFFLUENT - INDUCED EUTROPHICATION ...Eutrophication,
Invertebrates -non-specific, Number Or Density, Pennsylvania,
Streams, .,.5.1029

QUANTITATIVE AND QUALITATIVE MEASUREMENT OF
AQUATIC VEGETATION-CURRITUCK SOUND ...Mapping,
North Carolina, Pollution - Effects of , Saline Water Intrusion,
Virginia, ...5.0816

THE AQUATIC PLANT RESOURCES OF WESTERN MONTANA
...Collections, Montana, Plant 3xonomy, Pubilications -other,
...2.0717

I3ROOD PRODUCTION AND POND PREFERENCE OF DIVING
DUCKS IN THE TURTLE MOUNTAINS OF NORTH DAKOTA
..Chemical - general, Habitat Studies, Land Use, Water Fowl, N.s.

, Water Utilization -animal, 6,0410
INTERRELM IONS OF SEVERAL ABIOTIC FACTORS AND

THE HIGHER AQUATIC PLANTS OF A STREAM
ECOSYSTEM ...Plant Ecosystems(non-specific), Streams,
_2.0656

HYDROBIOLOGY OF THE MADISON RIVER AND ITS HEAD-
WATERS ...Montana, Organic-general, Photosynthesis, Physiolog-
ical Ecology, Respiration, 5.0697

AQUATIC PLANTS OF POLLUTED WATERS IN S. W. UNITED
STATES ...Habitat Studies, Plant Pollutants, Pollution Sources-
general, Southwest, Tables, Compilations, Catalogs, 5.1184

AQUATIC PLANT CHEMISTRY-ITS APPLICATION To ECOLO-
GY ...Bacterial Pollutant Sources, Bactericides - non - specific, En-
dogenous Cpds -plants, Water Quality Control-general, ...5.0793

AQUATIC WEEDS ...Herbicides -non-specific, of Aquatic Plants,
Physical-general, Plant Pollutants. Range Or Territorial Distr. ,

...5.0735
FLORA OF THE GENESEE COUNTRY--AQUATIC VASCULAR

PLANTS CONESUS LAKE COMMUNITY STUDIES ...Bacterial
Sources, Budgets -other, Floras, New York, Range Or

Territorial Distr. , ,6.0378
ANTIBIOTIC EFFECTS OF ROOTED AQUATICS ON

ZOOPLANKTON SPECIES ...Antibiotics, Environmental
Physiology, Physiological Ecology, .,.2.0159

A LIMNOLOGICAL INVENTORY OF IOWA LAKES AND
STREAMS Aquatic. Ecology, Iowa, Lakes, Streams, Survey Stu-
dies, Water Properties-general, 7.0042

RESULTS OF APPLICATIONS OF KARMEX FOR CONTROL OF
PLANTS IN PONDS AND LAK ...Diuron, Evaluation, Lakes, of
Aquatic Plants, Water Quality-general, 6.0568

MILWAUKEE RIVER WATERSHED LAKE VEGETATION SUR-
VEY _Lakes, Mapping, Range Or Territorial Distr, , Survey Stu-
dies, Wisconsin, ...2.1144

THE ROLE OF AQUATIC SOILS IN THE NUTRIENT DYNAM-
ICS OF AQUATIC ECOSYSTEMS ...Floating Plants, Movement,
Availability, Soil-water-plant Relationships, 6.0158

Floating Plants
STUDIES ON THE PRODUCTIVITY OF VASCULAR

HYDROPHYTES AND THEIR ROLE IN MINERAL CYCLING
IN AQUATIC ECOSYSTEMS ...Amphibious Plants, Budgets -
other, Freshwater Ecology, Primary Productivity, Submerged
Plants, 6.0469
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EVALUATION OF HERBICIDES FOR CONTROL OF AQUATIC
WEEDS ...Application Rates, Evaluation, Herbicides -non-
specific, of Aquatic Plants, Submerged Plants, 5.0247

IHE ROLE OF AQUATIC SOILS IN THE NUTRIENT DYNAM-
ICS OF AQUATIC ECOSYSTEMS ...Aquatic Plants (non-
specific), Movement, Availability, Soil-water-plant Relationships,
...6.0158

Lower Plants
AMERICAN RIVER HYDROBIOLOGIC POTENTIAL STUDY

Bioindicators, California, Phytoplankton, Primary Productivity,
Water Quality-general, 5.0143

Riparian Plants
WATER YIELD IMPROVEMENT FROM RIPARIAN AND

UPLAND AREA OF RIVER BASINS ...Evapotranspiration,
Management, Phreatophytes, River Basins, Sediment Yield,
Southwest, 4.0006

Submerged Plants
STUDIES ON THE PRODUCTIVITY OF VASCULAR

HYDROPHYTF.S AND THEIR ROLE IN MINERAL CYCLING
IN AQUATIC ECOSYSTEMS ,Amphibious Plants, Budgets -
other, Floating Plants, Freshwater Ecology, Primary Productivity,
..,6.0469

DISSOL VED ORGANIC MA'I"fER AND PHOTOSYNTHESIS IN
LAKES ...Autotrophic, Lakes, Nutrition, Secretions and Products,
5.0574

EXPANDED AQUATIC PLANT CONTROL. PROJECT
...Amaranthaecac -alligatorweed,., of Aquatic Plants, Transloca-
tion, 2,4-d, 6.0248

AQUATIC VEGETATION STUDIES Lakes, Mapping, Water
Level Fluctuation, _4.0127

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ,Depth, Ions and Oases, Nutrients, of Aquatic Plants,
R;inge Or Territorial Distr 2.0620

THE ECOLOGY OF SELL CTF.D SUBMERSED AQUATIC
WEEDS ...Elodea, Waterweed, Thalassia, Mineral Nutrition, of
Aquatic Plants, Potamogeton, Ruppia, Zostera,., Water Mini!,
Waterweed 2.0764

THE ECOLOGY OF SELECITD SUBMERSED AQUATIC
WEEDS Elodea, Waterweed, Thalassiii, of Aquatic Plants,

Potamogeton, Ruppia, Zostera Water Properties-general,
2,0405

ECOLOGICAL. STUDIES OF MANIPULATED MARSHES AT
DELTA, MANITOBA, CANADA .Amphibious Plants, Canada,
Swamps-marshes, Water Depth, Water Levels, Water Fowl, N.s. ,
4.0257

EVALUATION OF HERBICIDES FOR CONTROL OF AQUATIC
WEEDS ...Application Rates, Evaluation, Floating Plants, Herbi-
cides -non-specific, of Aquatic Plants, 5.0247

GROWTH SUPPRESSION AND REDUCTION IN REGROWTH
POTENTIAL OF AQUATIC WEEDS Aerolcin, Biological Pol-
lutants -other, Maturity Or Growth Stage of , of Aquatic Plants,
Plant Resistance, ...2.0191

FIELD INVESTIGATION OF THE SUBMERSED AQUATIC EN-
VIRONMENT ...Aquatic Ecology, Canals, Irrigation-general,
Plant Pollutants, Reservoirs and Impoundments, Weeds -

phenological Studies, .,3.0125
WEED CONTROL IN IRRIGATION AND DRAINAGE SYSTEMS

Amphibious Plants, Aquatic Soils, Herbicides - non - specific, of
Aquatic Plants, Plant Pollutants, Timing -non-specific, .,.3.6094

DISTRIBUTION, LIFE HISTORY, AND ECOLOGY OF EURA-
SIAN WATERMILFOR. ...Chesapeake Bay, Range Or Territorial
Distr. , Water Milfoil, Waterweed... , Weeds -other, _6.0263

Biomes
Biomes (non-specific)

ANALYSIS OF VEGETATIVE CHANGES RESULTING FROM

WATER LEVEL. CONTROL ,.,Mapping, North Carolina,
Swamps-marshes, Water Level Fluctuation, ..4.0184

Coniferous Forests
COOPERATIVE WATERSHED MANAGEMENT IN

SNOWLANDS AND LOWER CONIFER ZONES OF CALIFOR-
NIA ...California, Forest Watersheds, Management, Moisture Ten-
sion, Snowmelt, 4.0022

A STUDY OE SNOW INTERCEPTED BY CONIFEROUS TREE
CROWNS AND ITS DISPOSITION UNDER THE CLIMATIC
CONDITIONS OF CENTRAL NEW YORK _Conifers -non-
specific, Interception, New York, Snow, Snow-other, _2.0787

Ecology (plant)

Deserts, Arid Lands
ARID LAND ECOLOGY AND ENVMONMENT STUDIES IV.

WATER QUANTITY MANAGEMENT ..,Arid and Desert, Big
Horn, Deserts, Moisture Content, Wyoming, .,4.0281

VEGETATION CHANGES IN SOUTHWESTERN NORTH AMER-
ICA .Arid and Desert, Climate, Other Water Conditions, Soil-
water-plant Relationships, Southwest, .,.2.0045

Grasslands
ECOLOGICAL STUDIES OF GRASSLANDS, ETC, .Kansas, Soil

Environment, Soil Moisture - non - specific, ..2.0513

Distribution
Range Or Territorial Distr.

13LUE-GREEN ALGAE POISONING ,,,Algal Pollutant Sources,
Algal Toxins, Arizona, Cyanophyta (nun - specific & Ot ), Vegeta-
He Origin, .,5.0041

BIOLOGIC AND ENVIRONMENTAL CONTROL OF EURASIAN
MILFOII. (MYRIOPHYLLUM SPICATUM I..) IN CHES-
APEAKE BAY .Biocontrol, Chesapeake Bay, Histology and
Cytology, Water Milfoil, Waterweed... , ...6.0251

ECOLOGICAL STUDIES OF THE SURFACE WATERS OF THE
WHITEWATER CREEK WATERSHED, WALWORTH, ROCK,
AND JEFFERSON COUNTIES, WISCONSIN _Bioindicators,
Water Quality-general, Watersheds-general, .,.5.1323

STUDIES ON AQUATIC MYXOBACTERIA _Bacterial Pollutant
Sources, Bioindicators, Degradation, Myxobrieteria, Nutrition,
Streams, 5.0952

TAXONOMY AND ECOLOGY OF INSHORE MARINE
MICROBIOTA ...Algae- General, Animal Taxonomy, Aquatic
Ecology, Plant Taxonomy, Protozoa -other, _7.0024

A DETAILED STUDY OF LAKE MICHIGAN PLANKTON
DIATOMS ...Lake Michigan, Phytoplankton, Planktonic - Float-
ing, Plant Taxonomy, ,5.0554

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS Depth, Ions and Gases, Nutrients, of Aquatic Plants,
Submerged Plants, ...2.0620

AQUATIC WEEDS ...Aquatic Plants (nun - specific), Herbicides -
non- specific, of Aquatic Plants, Physical-general, Plant Pollutants,
5.0735

FLORA OF THE GENESEE COUNTRY--AQUATIC VASCULAR
PLANTS CONESUS LAKE COMMUNITY STUDIES _Aquatic
Plants (non - specific), Bacterial Pollutant Sources, Budgets -other,
Floras, New York, _6.0378

STUDY OF THE DISTRIBUTION OF FOUR ASSOCIATIONS OF
AQUATIC PLANTS IN THE VICINITY OF MONTREAL Am-
phibious Plants, Canada, Depth, Freshwater Ecology, St. lawrence
River, _4.0047

STUDIES ON AQUATIC MYXOBACTERIA ...Applied Ecology,
Bacterial Pollutant Sources, Fresh Water, Myxobacteria, Pollution
Abatement, 5.0954

ECESIS AND STABILIZATION OF PRICKYPEAR (OPUNTIA
SPP.) ON THE RIO GRANDE PLAINS ...Angiosperms, Arid and
Desert, Cacti, Habitat Studies, of Specific Weeds, ...6.0564

MILWAUKEE RIVER WATERSHED LAKE VEGETATION SUR-
VEY Aquatic Plants (non - specific), Lakes, Mapping, Survey
Studies, Wisconsin, .,.2.1144

DISTRIBUTION, LIFE HISTORY, AND ECOLOGY OF EURA-
SIAN WATERMILFOIL Chesapeake Bay, Submerged Plants,
Water Milfoil, Waterweed. , Weeds - other, ..6.0263

PLANKTON ECOLOGY ...Estuaries, Eutrophication, Gulf of Mex-
ico, Gynnodinium, Phytoplankton, _6.0155

NITRIFICATION BY MARINE MICROORGANISMS ...Au-
totrophic, Bact. morphology (general), Bacte-ial Culture, Isola-
tion From Nat. environ Marine Bacteria (non-specific), Nitrifi-
cation, Nitrogen Bacteria, _1.0066

THE ECOLOGY OF CLOSTRIDUM BOTULINUM IN THE TVA
LAKES AREA Bacterial Exotoxins, Bacterial Pollutant Sources,
Clostridium Botulinum, Food, Microbiological, Tennessee,
,..2.0990

Temporal Distribution
SEASONAL VARIATIONS IN THE PHYTOPLANKTON - BAC-

TERIA POPULATIONS AND THE NUTRIENT CONCENTRA-
TION IN BEAVER RESERVOIR ...Nitrogen, Phosphorus,
Phytoplankton, Reservoirs and Impoundments, Water Bacteria,
_6.0027

ECOLOGICAL PERIODICITIES OF NITROGEN AND
PHOSPHORUS IN SALT MARSH FLORA AND SURROUND.
ING WATERS ...Mineral Composition. Swamps-marshes,
6.0118
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THE ROLE OF TEMPERATURE AND ILLUMINATION IN THE
BIOLOGY OF OSCILLATORIA RUBESCENS Lakes, Ohio,
Optical Properties, Temperature, 6.0435

VIBRIO PARAHAEMOLYTICUS Iry THE ESTUARINE EN-
VIRONMENT ...Crustacea -non-specific, Estuaries, Isolation
From Nat. environ. , Mollusks -non-specific & Other, Vibrio N S,
_2.1115

Vertical Distribution
BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-

LATIONS ...Buoys, Chlorophyll, Food Chains, Nutrients,
Phytoplankton, Zooplankton, 6.0289

A STUDY OF COLIFORM BACTERIA AND ESCHERICHIA
COLI ON POLLUTED AND UNPOLLUTED OYSTER BOT-
TOMS OF MISSISSIPPI ...Coliforms (non-specific), Identification,
Mississippi River, Sewage, Water Sampling, 5.0619

BUOYANCY AND SINKING CHARACTERISTICS OF FRESH-
WATER PHYTOPLANKTON ...Algal Pollutant Sources, Fresh
W o.c.r, Herbicides -non-specific, Phytoplankton, Primary Produc-
tivity, 5.1064

ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E IN
GREEN BAY ...Clostridium Botulinum, Fish -non-specific, Fish,
N.s. , Great Lakes-general, Microbiological. Repression, _2.1162

Ecological Types -other
THE MICROBIOLOGY OF FARM PONDS AND OTHER FRESH

WATER SYSTEMS ...Bacterial Pollutant Sources, Domestic
Wastes-general, Farm Pond, Pollution - Effects of , ...5.1286

ECOLOGY OF YEASTS IN LAKE CHAMPLAIN ...Lakes, Mil-
lipore, New York, Plant Taxonomy, Yeast N 5, 6.0395

Ecosystems
Plant Ecosystems(non-specific)

INTERRELATIONS OF SEVERAL ABIOTIC FACTORS AND
THE HIGHER AQUATIC PLANTS OF A STREAM
ECOSYSTEM ...Aquatic Plants (non-specific), Streams, 2.0656

COMPUTER SIMULATION OF EFFECTS OF LAND MANAGE-
MENT AND WEATHER MODIFICATION ON WATERSHED
ECOSYSTEMS ...Land Use, Multivariate Analysis, Simulation
Theory, Water Yield, Weather Modifici,::on-general, 6.0297

Plant Succession
ENVIRONMENTAL HISTORY OF THE GALAPAGOS ISLANDS

...Floral, Galapagos Islands, Lakes, Plant Taxonomy, Productivity
- Food Chain, ...2.0852

STUDIES ON THE MECHANISMS OF COMMUNITY STRUC-
TURE AND SUCCESSION IN TEMPORARY PONDS ,..Fresh-
water Ecology, Plant Competition -other, Ponds, Productivity -
Food Chain, Succession, 2.0100

SPECIES AND SUCCESSIONAL CONTROL OF UNDESIRABLE
VEGETATION ...Control By Burning, Cultural Control, in Wet-
lands, Physical Control, Swamps-marshes. ...6.0403

DETERMINE ECOLOGICAL CHANGES RESULTING FROM IM-
POUNDMENT ...Cover Crops, Flooding, Freshwater Ecology,
Mapping, Reservoirs and Impoundments, Water Level Fluctua-
tion, 6.0355

VEGETATIVE SUCCESSION IN NEWLY CONTROLLED
MARSHES ...Environmental Ecology, Growth Rate, South
Carolina, Swamps-marshes, Water Level Fluctuation, 4.0215

DIATOM POPULATIONS CHANGES IN LAKE GEORGE ...Al-
gae- Diatoms, Eutrophication, New York, Plankton Sampling,
Recreation Sites, 2.0816

ADAPTATION BY MICROBIAL POPULATIONS ...Adaptation,
Biological Pollutants -general, Microorganisms (non-specific),
Waste Water Treatment-general, ...5.0770

SIGNIFICANCE OF ARTHROBACTER IN ECOLOGY OF
WATER AND SOIL Arthrobacter, Catabolism and Degrada-
tion, Cell. env.(non-spccitic & Ot.), Nucleic Acids, 5.1302

EFFECTS OF POLLUTANTS ON SUBMARINE PLANT
SYNECOLOGY ...Applied Ecology, Industrial Wastes, Nutrients,
Plant Prod. (non-specific), Sedimentation, Sediments, 5.1221

EUTROPHICATION OF NATURAL WATERS ...Data Acquisition-
general, Eutrophication, Forecasting-prediction, Lakes, Water
Quality Control-general, 5.1314

TROPHIC TYPOLOGY OF OHIO LAKES ,..Eutrophication, Fresh-
water Ecology, Lakes, Nutrients, Ohio, 5.0893

ECOLOGICAL SUCCESSION IN A NORTHEASTERN OHIO
RESERVOIR Eutrophication, Nutrients, Ohio, Plankton (non-
specific), Reservoirs and Impoundments, 5.0894

THE ECOLOGY OF THE MICROBIAL POPULATION OF AC-
TIVATED SLUDGE Activated, Degradation, Industrial

Processes-other, Mechanisms, Toxic Substances -non-specific,
5,0168

EUTROPHICATION - EFFECT OF WEED HARVESTING
Eutrophication, Nutrients, of Aquatic Plants, Physical Control,
5.0970

Eutrophication
AN INVESTIGATION OF APHANIZOMENON MOS-AQUAE, A

TOXIC BY-PRODUCT OF EUTROPHICATION ...Algal
Metab.(non-specific &ot), 5.0717

BASIC RESEARCH IN THE AQUATIC ENVIRONMENT EF-
FECTS OF EUTROPHICATION ON PLANKTON ALGAE AND
BENTHIC PLANTS COMMUNITIES ...Nutrients, 2.0803

INVESTIGATION AND CONTROL OF ALGAE BLOOMS AND
NUISANCE GROWTHS OF WATER WEEDS of Aquatic
Plants, Phosphate, Phosphite, 6.0110

PLANKTON ECOLOGY ...Estuaries, Gulf of Mexico, Gymnodini-
um, Phytoplankton, Range Or Territorial Distr. , ...6.0155

EUTROPHICATION - BIOLOGICAL CONTROL USING
GRAZERS ...Biocontrol, of Aquatic Plants, Survey Studies,
Wisconsin, 5.0971

Floras
FLORA OF THE GENESEE COUNTRY -- AQUATIC VASCULAR

PLANTS CONESUS LAKE COMMUNITY STUDIES ...Aquatic
Plants (non-specific), Bacterial Pollutant Sources, Budgets -other,
New York, Range Or Territorial Distr. , 6.0378

Food Chains
THE ACCUMULATION OF FISSION PRODUCTS BY MARINE

FISH AND SHELLFISH ...Chlorideae -other, Contamination -
Water, Estuaries, Radioactivity-general, Radioecology, 5,0805

BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-
LATIONS ...Buoys, Chlorophyll, Nutrients, Phytoplankton, Verti-
cal Distribution, Zooplankton, 6.0289

A STUDY OF THE ENERGY FLOW THROUGH SELECTED
COMPONENTS OF A SMALL AQUATIC ECOSYSTEM
...Aquatic Ecology, Energy Budgets, Farm Pond, Productivity -
Food Chain, ...6.0162

ECOLOGICAL RELATIONSHIPS OF ORGANIC MATTER AND
BACTERIA IN TUTTLE CREEK RESERVOIR ...Freshwater
Ecology, Kansas, Organic Matter, ReserVoirs rind Impoundments,
Water Bacteria, ...5.0428

MICROBIAL INTERVENTION IN THE EUTROPHICATION
PROCESS ... Eutrophication, Nutrients, Organic, Phytoplankton,
Water Bacteria, .,.5.0515

LIMNOLOGICAL INVESTIGATION OF ONEIDA LAKE ,.,Lakes,
New York, Phytoplankton, Primary Productivity, Zooplankton,
...5.0773

Food Pyramids
A QUANTITATIVE STUDY OF TRACE ELEMENTS ON

ABIOTIC AND BIOTIC AGGREGATES IN THE MISSOURI
RIVER ...Bacterial Pollutant Sources, Missouri River, Silting,
Trace Elements, ...5.0688

Food Webs
PLANKTON-PERIPHYTON STUDIES IN THE COLUMBIA

RIVER ...Columbia River, Periphyton, Phytoplankton, Radioac-
tivity-general, Radioecology, ...2.1127

ECOLOGY AND DISTRIBUTION OF OYSTERS AND CLAMS
...Chesapeake Bay, Clams, Commercial Fishing, Food Supply,
Oysters, ...6.0268

Freshwater Ecology
THE APPLICATION OF RADIOISOTOPES TO STUDIES OF

AQUATIC ECOSYSTEMS ...Aquatic Ecology, Benthic Organisms
(non-specif), Productivity - Food Chain, Water Properties-
general, Wisconsin, 6.0643

STUDIES ON THE PRODUCTIVITY OF VASCULAR
HYDROPHYTES AND THEIR ROLE IN MINERAL CYCLING
IN AQUATIC ECOSYSTEMS ...Amphibious Plants, Budgets -
other, Floating Plants, Primary Productivity, Submerged Plants,
6.0469

STUDIES ON THE MECHANISMS OF COMMUNITY STRUC-
TURE AND SUCCESSION IN TEMPORARY PONDS ...Plant
Competition -other, Plant Succession, Ponds, Productivity - Food
Chain, Succession, 2.0100

2-110



SUBJECT INDEX Ecology (plant)

DETERMINE ECOLOGICAL CHANGES RESULTING FROM IM-
?OUNDMENT _Cover Crops, Flooding, Mapping, Plant Succes-
sion, Reservoirs and Impoundments, Water Level Fluctuation,
_6.0355

NATURAL WATER SYSTEMS IN WESTERN MONTANA
Lakes, Montana, Phytoplankton, Streams, Zooplankton,
2,0719

ECOLOGICAL RELATIONSHIPS OF ORGANIC MATTER AND
BACTERIA IN TUM.,E CREEK RESERVOIR Food Chains,
Kansas, Organic Matter, Reservoirs and Impoundments, Water
Bacteria, 5.0428

MANIPULATION OF RESERVOIR WATER FOR IMPROVED
QUALITY AND FISH POPULATION RESPONSE ...Environ-
mental Ecology, Eutrophication, Fish -non-specific, Flow Aug-
mentation, Population Dynamics, Reservoirs and Impoundments,
5.1294

AN INVESTIGATION OF APHANIZOMENON MOS-AQUAE, A
TOXIC BY-PRODUCT OF EUTROPHICATION ...Algal
Metab.(non-specific &ot), Eutrophication, 5.0717

EUTROPHICATION OF SHELTERED BAYS IN A LARGE LAKE
...Bays, Chemical-general, Currents -water, Eutrophication, Utah,
..,5.1188

OCCURENCE OF PROSTHECATE BACTERIA IN A
GRADIENT-POLLUTED RIVER ...Bact. morphologylother
Specif), Bacterial Pollutant Sources, Classification Or Taxonomy,
Number, Streams, 5.0571

AUTECOLOGICAL STUDIES ON SOME DOMINANT
PHYTOPLANKTON SPECIES OF LAKE CHAMPLAIN ...Algae-
Diatoms, Aphanizomenon, Cyanophyta (non-specific &
Eutrophication, Vermont, 2.1084

ECOLOGICAL STUDIES OF AN EXPERIMENTAL STREAM
...Aquatic Ecology, Contamination - Water, Energy Budgets,
Streams, 5.0963

BIOLOGICAL MODELS OF FRESHWATER COMMUNITIES
Aquatic Ecology, Fresh Water, Model Studies, Nutrients, Urban
Environments, 5.1270

MECHANISMS OF BIOLOGICAL PRODUCTION IN STREAMS
...Primary Productivity, Productivity - Food Chain, Secondary
Productivity, Streams, ...4.0145

THE FRESHWATER ALGAE OF SOUTH CAROLINA -
FLORISTICS AND ECOLOGY ...Algae- General, Plant Taxono-
my, South Carolina, Streams, 6.0487

MICROBIAL ECOLOGY OF LAKE CHAMPLAIN AS IN-
FLUENCED BY PESTICIDES ...Biodegradation, Lakes, Microor-
ganisms (non-specific), Nitrogen Bacteria, 5.1202

FLORISTIC AND FAUNISTIC SURVEY IN THE CUYAHOGA
RIVER WATERSHED ...Aquatic Ecology, Ohio, Physical-general,
Pollution - Effects of , Survey Studies, ...6.0436

TROPHIC TYPOLOGY OE OHIO LAKES ...Eutrophication, Lakes,
Nutrients, Ohio, Plant Succession, 5.0893

THE ALGAE AND ZOOPLANKTON OF PROTECTED AND EX-
PLOITED LENTIC HABITATS IN NORTHEASTERN OHIO
Algae- General, Aquatic Ecology, Habitat Studies, Ohio,
Zooplankton, 6,0431

STUDY OF 'THIS; DISTRIBUTION OF FOUR ASSOCIATIONS OF
AQUATIC PLANTS IN THE VICINITY OF MONTREAL ...Am-
phibious Plants, Canada, Depth, Range Or Territorial Distr. , St.
lawrence River, 4.0047

STUDY OF EUTROPHICATION IN LAKES MAGOG & BROME
...Algal Pollutant Sources, Canada, Eutrophication, Growth and
Differentiation, Nutrition Studies, ...5.0166

RELATIONSHIPS OF AQUATIC FLORA TO WATER QUALITY
AND POLLUTION ...Plant Pollutants, Pollution - Effects of , Pri-
mary Productivity, Streams, Water Quality-gencrul, 5.0956

ARCTIC ECOSYSTEMS ...Alaska, Aquatic Ecology, Energy
Budgets, Polar, Productivity - Food Chain, 5.0236

REAERATION IN OPEN CHANNEL FLOW ...Aeration, Degrada-
tion, Open Channel Flow. Oxygen, Oxygen Content -water,
2.0224

Habitat Studies
ECOLOGY AND PHYSIOLOGY OF THERMORPHILIC BLUE-

GREEN ALGAE ...Adaptation, Cyanophyta (non-specific & Ot),
High Temp. - 85f Or Above, Hot Springs, ...2.0898

SYSTEMATIC AND BIOGEOGRAPHIC STUDIES OF AQUATIC
AND SEMI-AQUATIC ORGANISMS IN NORTHERN MEXICO
.,.Animal Taxonomy, Aquatic Ecology, Mexico, Plant Taxonomy,
...2.0038

FOREST AND BOG OF SOUTH COASTAL ALASKA - INTRA-
TYPE VARIATION AND ASSOCIATED HABITAT FEATURES
...Alaska, Forests, Peat, Swamps-marshes, Variation, ...2.0023

INVASION OF THE AQUATIC HABITAT BY AMPHIBIOUS
SPECIES OF POLYGONUM ...Amphibious Plants, Clones, of
Aquatic Plants, Plant Taxonomy, Polygonaccac, _2.1105

ECOLOGY OF DIATOMS IN HARDWATER HABFIATS ...Algae,
Algae- Diatoms, Environmental Changes, Palcoccology, Pollen,
5.0406

AQUATIC PLANTS OF POLLUTED WATERS IN S. W. UNITED
STATES ...Aquatic Plants (non-specific), Plant Pollutants, Pollu-
tion Sources-general, Southwest, Tables, Compilations, Catalogs,
_5.1184

THE ALGAE AND ZOOPLANKTON OF PROTECTED AND EX-
PLOITED LENTIC HABITATS IN NORTHEASTERN OHIO
...Algae- General, Aquatic Ecology, Freshwater Ecology, Ohio,
Zooplankton, 6.0431

ECESIS AND STABILIZATION OF PRICKYPEAR (OPUNTIA
SPP.) ON THE RIO GRANDE PLAINS Angiosperms, Arid and
Desert, Cacti, of Specific Weeds, Range Or Territorial Distr. ,

...6.0564
LIMNOLOGICAL INVESTIGATIONS OF PRAIRIE POTHOLES

...Chemical-general, North Dakota, Potholes, Water Fowl, N.s. ,

_2.0850

Mapping
STUDIES ON THE GEOSCIENCE VALUE OF RADAR

IMAGERY ...Bibliography, Mountains-alpine, Photogrammetry,
Radar, River Basins, 8.0199

AN ANALYSIS OF THE VEGETATION ANL) SOIL CHARAC-
TERISTICS OF RANGE WATERSHEDS IN NEVADA ...Cover
Craps, Infiltration, Runoff, Soil-water-plant Relationships, Species
and Species Evaluation, 2.0740

ANALYSIS OF VEGETATIVE CHANGES RESULTING FROM
WATER LEVEL CONTROL ...Biomes (non-specific), North
Carolina, Swamps-marshes, Water Level Fluctuation, 4.0184

DETERMINE ECOLOGICAL CHANGES RESULTING FROM IM-
POUNDMENT ...Cover Crops, Flooding, Freshwater Ecology,
Plant Succession, Reservoirs and Impoundments, Water Level
Fluctuation, _6.0355

AQUATIC VEGETATION STUDIES ...Lakes, Submerged Plants,
Water Level Fluctuation, ..4.0127

QUANTITATIVE AND QUALITATIVE MEASUREMENT OF
AQUATIC VEGETATION-CURRITUCK SOUND ...Aquatic
Plants (non-specific), North Carolina, Pollution - Effects of ,

Saline Water Intrusion, Virginia, 5.0816
EVALUATION OF HABITAT AND REPRODUCTIVE FACTORS

WHICH INFLUENCE POPULATIONS OF NESTING WATER-
FOWL ...Habitat Studies, Population Dynamics, Spawn Or Nest-
ing Sites, Water Fowl, N.s. , Water Level Fluctuation, 4.0108

CLADOPHbRA AS RELATED TO POLLUTION IN WESTERN
LAKE ERIE ...Algal Pollutant Sources, Bioindicators, Chemical
Analysis, Cladophora, Lake Erie, ...5.0883

MUSQUODOBOIT - METERING BASINS NOVA SCOTIA,
CANADA ...Aquatic Ecology, Canada, Mammals - other, Water
Fowl, N.s. , Water Level Fluctuation, Wetlands, ...4.0054

DEVELOPMENT OF A MODEL RESOURCE ANALYSIS FOR
RANGE WATERSHEDS ...Model Studies, Quality and Utiliza-
tion, Spccics and Species Evaluation, ...6.0460

MILWAUKEE RIVER WATERSHED LAKE VEGETATION SUR-
VEY ...Aquatic Plants (non-specific), Lakes, Range Or Territorial
Distr. , Survey Studies, Wisconsin, ...2.1144

MICROCLIMATIC FACTORS FOR FOUR PLANT COMMUNI-
TIES ON ELK MOUNTAIN ...Artemisia, Elevational Levels, Al-
titude, Energy Budgets, Range, Wyoming, ...2.1170

BASIC RESEARCH IN VEGETATION AND HYDROLOGY
...Flooding, Groundwater, Land Use, Low Flow, Movement,
Water Quality-general, _2.1100

Paleoecology
STUDIES OF NEAR-SURFACE SEDIMENTS IN LAKES, AND

RELATIONSHIPS BETWEEN SURFACE SEDIMENT POLLEN
SPECTRA AND VEGETATION ...Canada, Lakes, New England
Province, 2.0555

ECOLOGY OF DIATOMS IN HARDWATER HABITATS ...Algae,
Algae- Diatoms, Environmentai Changes, Habitat Studies, Pollen,
...S.0406

Phenology
PHREATOPHYTE CONTROL - LAHONTAN AND HUMBOLDT

BASINS .Phreatophytes, Reservoirs and Impoundments, Root,
Saltcedar, Tamarisk, Weed Control -other, 30317

CONTROL OF CANADA THISTLE AND WATER WEEDS
...Evaluation, Kentucky Bluegrass, Montana, of Aquatic Plants,
Reed Canary, ...3.0308
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THE WATER RELATIONS OF DESERT PLANTS ...Arid and
Desert, Osmotic and Turgor Pressure, Plant Water Use-other,
Seasonal, Xeric, ...2.0737

CLIMATIC PATTERNS AND THEIR EFFECT ON CALIFORNIA
AGRICULTURE ...Agriculture, Applied Climatology, California,
Data Analysis - Genyral, Production & Processing, Temperature,
Weather, .2,0095

AGROCLIMATIC PARAMETERS ..,Agricultural Studies -general,
Applied Climatology, Climate-general, Nebraska, Seasonal,

..,2.0724
APPLICATION OF CLIMATOLOGY To NEW JERSEY

AGRICULTURE ...Agricultural Studies -general, Climate-general,
Northeast, ...2.0762

CLIMATE AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ...Applied Climatology,
Meteorological Averages, Other Water Conditions, Patterns, Ta-
bles, Compilations, Catalogs, ...3.0332

CLIMATE OF THE NORTHEAST - ANALYSIS AND RELA-
TIONSHIP TO PLANT RESPONSE ...Ash Trees, Flowering, New
York, Physical Climatology, ...2.0791

AGRICULTURAL CLIMATOLOGY OF WEST VIRGINIA ...Ap-
plied Climatology, Climate, Northeast, Other Water Conditions,
2.1142

BIOLOGY AND CONSUMPTIVE WATER USE OF PERENNIAL
RANGE PLANTS UNDER DESERT CONDITIONS ...Arid and
Desert, Consumptive Use, Flood Irrigation, Management and Fer-
tility, Perennial, Soil-water-plant Relationships, 3.0231

LIMNOLOGY OF NEBRASKA Lakes, Life History Studies,
Nebraska, Reservoirs and Impoundments, Water Properties-
general, 2.0720

AN ESTIMATION OF THE THERMAL POTENTIAL FOR
GROWING IRRIGATED CROPS ON OREGONS DRYLAND
.Applied Climatology, Semi - Arid, 6.0453

Physiological Ecology
ECOLOGICAL-PHYSIOLOGICAL INVESTIGATIONS OF LIT-

TORAL DIATOM COMMUNITIES OF THE YAQUINA RIVER
ESTUARY Algae- Diatoms, Environment, Intertidal Areas,

Oregon, 5.0949
ECOLOGICAL. PERIODICITIES OF NITROGEN AND

PHOSPHORUS IN SALT MARSH FLORA AND SURROUND-
ING WATERS ...Mineral Composition, Swamps-marshes,

6.0118
NUTRITIONAL ECOLOGY AND COMMUNITY STRUCTURE

OF THE PHYTOPLANKTON OF GREEN BAY ...Bays, Mineral
Composition, Nutrition Studies, Phytoplankton, Wisconsin,
_5.1290

HYDROBIOLOGY OF THE MADISON RIVER AND I'T'S HEAD-
WATERS ...Aquatic Plants (non-specific), Montana, Organic-
general, Photosynthesis, Respiration, 5.0697

ECOLOGY & NITROGEN CYCLE IN A MARINE PLANT COM-
MUNITY ...13cring Sea, Nitrogen, Potamogeton, Ruppia,
Zostera.., Primary Productivity, Sewage, 5.0035

THE INCORPORATION OF C14 BICARBONATE INTO PIG-
MENTS OF A NATURALLY OCCURRING BLUE-GREEN
ALGAE COMMUNITY WITH RESPONSE TO WAVELENGTH
_Chlorophyll, Oscillatoria, Phycobilins, Pigments, Vitamins,
_6.0432

ANTIBIOTIC' EFFECTS OF ROOTED AQUATICS ON
ZOOPL.ANKTON SPECIES ...Antibiotics, Aquatic Plants (non-
specific), Environmental Physiology, 2.0159

EVAPORATION REDUCTION INVESTIGATIONS STUDY OF
THE EFFECTS OF FATTY ALCOHOLS ON THE ECOLOGY
OF LAKE HEFNE.R ...Alcohols, Antitranspirants, Lakes, Plank-

ton (non-specific), Texas, _3.0130

Plant Ecology (non-specific)
EVALUATION OF FIVE METHODS FOR SAMPLING DESERT

AND WETLAND VEGETATION .Arid and Desert, Colorado,
Deserts, Utah, Wetlands. 3.0471

WETLANDS ECOI OGY LITERATURE REVIEW Bibliography,
Planning, Wetlands, Wisconsin, 7.0013

Productivity
Plant Prod. (now-specific)

DISTRIBUTION OF DIATOMS IN DESERT WATERS ,..Algae -

Diatom:;, Branchiopmla -other, Deserts, Playas, Respiratory
System, ...2.0138

EFFECTS OF THERMAL POLLUTION ON PRODUCTIVITY
AND STABILITY OF ESTUARINE COMMUNITIES ...Aquatic
Ecology, Environmental Ecology, Estuaries, Pollution - Effects of
, '1Iiermal Pollution, ...5.0498

COMPARATIVE PRODUCTIVITIES OF SMALL BODIES OF
WATER IN DESERT AND MONTANE AREAS OF
SOUTHERN NEW MEXICO ...New Mexico, Phytoplankton,
Ponds, Productivity - Food Chain, Zooplankton, _3.0336

ULTRAVIOLET ABSORPTION IN COASTAL WATERS ...Biologi-
cal, Marine Plants, Physical Parameters, Sewage, Shoreline -
Coastline, ...5.0112

SENSITIVITY OF BENTHIC MICROFLORA TO POLLUTION
GRADIENTS ...Benthic Flora, Bioindicators, Estuaries, Marine
Plants, Water Standards, ...5.1059

EFFECTS OF POLLUTANTS ON SUBMARINE PLANT
SYNECOLOGY ...Applied Ecology, Industrial Wastes, Nutrients,
Plant Succession, Sedimentation, Sediments, ..5.1221

THE EFFECTS OF FERTILIZATION ON PRODUCTIVITY OF
FARM PONDS ...Farm Pond, Fertilizers, Physical, Productivity -
Food Chain, 6.0549

BIOLOGICAL PRODUCTIVITY RELATED TO HYDROLOGIC
CONDITIONS Aquatic Ecology, Productivity - Food Chain,
Swamps-marshes, Water Level Fluctuation, Water Quality-
general, 2.0317

ECOLOGY OF WESTERN GULF ESTURIES ,..Estuaries, Gulf of
Mexico, Habitat Studies, Pollution - Effects of , Productivity -
Food Chain, ..,2.1048

Primary Productivity
STUDIES ON THE PRODUCTIVITY OF VASCULAR

HYDROPHYTES AND THEIR ROLE IN MINERAL CYCLING
IN AQUATIC ECOSYSTEMS ...Amphibious Plants, Budgets -
other, Floating Plants, Freshwater Ecology, Submerged Plants,
6.0469

AMERICAN RIVER HYDROBIOLOGIC POTENTIAL STUDY
Bioindicators, California, Lower Plants, Phytoplankton, Water
Quality-general, _5.0143

A STUDY OF THE PRIMARY PRODUCTIVITY OF NEW AND
OLDER RESERVOIRS ...Algae- General, Climate-general, Fish -
non-specific, .,.2.0149

STUDY OF TURBIDITY - PRODUCTION FACTORS IN LAKE
KAMPESKA CODINGTON COUNTY, SOUTH DAKOTA
...Lakes, Productivity - Food Chain, South Dakota, Turbidity,
Water - Light Qual. & Quant. , Water Properties-general,
.2.0978

BIOPOTENTIAL OF NATURAL WATERS ...Acidity, Atomic Ab-
sorption, Lakes, Phytoplankton, Visible, Wisconsin, ..,7.01I4

DETERMINATION OF THE STAGES OF EUTROPHICATION OF
SOME OF NEW HAMPSHIRES LARGE LAKES PHASE II
,Eutrophication, Lakes, New Hampshire, Phytoplankton, Water
Properties-general, Zooplankton, 2.0746

LIMNOLOGICAL STUDIES OF LENTIC WATERS IN IDAHO
Alpine, Idaho, Lakes, Phytoplankton, Productivity - Food
Chain, Reservoirs and Impoundments, ...2.0398

PRIMARY PRODUCTIVITY OF MINNESOTA LAKES ...Chemi-
cal-general, Lakes, Plankton (non-specific), Trace Element Anal-
ysis, Water Sampling, ...5.0607

BIOLOGICAL AND CHEMICAL STUDY OF VIRGINIAS ESTUA-
RIES ...Estuaries, Nitrogen, Phosphorus, Phytoplankton, Popula-
tion Dynamics, Virginia, ...2.1112

THE ECOLOGIC IMPACT OF THE INTERACTIONS AMONG
MICROORGANISMS AND AQUATIC CONTAMINANTS IN
LAKE ERIE ...Environment, Lake Eric, Pollution - Effects of ,
Sediments, Water Bacteria, ..,6.0427

BUOYANCY AND SINKING CHARACTERISTICS OF FRESH-
WATER PHYTOPLANKTON ...Algal Pollutant Sources, Fresh
Water, Herbicides -non-specific, Phytoplankton, Vertical Distribu-
tion, ...5.1064

EFFECT OF INDUST WASTES OF MEMPHIS & SHELBY
COUNTY ON PRIMARY PLANKTONIC PRODUCERS ...Cell
Cloning, Drainage, Industrial Wastes, Plankton (non -specific),
Tennessee, .,.5.1134

BIOLOGICAL PRODUCTIVITY OF THE COEUR D'ALENE
RIVER AS RELATED TO WATER QUALITY ...Data Analysis -
General, Idaho, Productivity - Food Chain, Streams, Water Quali-
ty-general, ...5.0326

THE EFFECTS OF THERMAL LOADING AND WATER QUALI-
TY ON ESTUARINE PRIMARY PRODUCTION ...Acidity,
Estuaries, Nutrients, Standing Crops, Thermal Pollution, 6.0258
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RESERVOIR WATER QUALITY PREDICTION BASED ON LIM-
NOLOGICAL PARAMETERS ...Model Studies, Nutrients, Reser-

voirs and Impoundments, Water Properties-general, _5.1102

A STUDY OF PHYTOPLANKTON DYNAMICS IN LAKE
FAYETTEVILLE AS A MEANS OF ASSESSING WATER
QUALITY ...Algal Culture, Bioindicators, Eutrophication, Growth
Rate, Phytoplankton, _6.0031



SUBJECT INDEX

EFFECTS OF RIVERS ON THE METABOLISM OF TEXAS
BAYS ...Bays, Nutrients, Pollutants-general, Streams, Texas,
Water Quality-general, _5.1182

PRIMARY PRODUCTION AND DECOMPOSITION IN
ESTUARINE WATER ...Estuaries, Florida, Methane Bacteria
(non-specif.), Phacophyta (non-specific & Ot), Rhodophyta (non-
specific & Ot), Turnover (metabolic), _5.0257

ECOLOGY & NITROGEN CYCLE IN A MARINE PLANT COM-
MUNITY ...Bering Sea, Nitrogen, Physiological Ecology,
Potamogeton, Ruppia, Zosterti. Sewage, ...5.0035

STUDIES ON EFFECTS OF WATERSHED PRACTICES ON
STREAMS ...Chemical-general, Discharge-general, Forest
Watersheds, Organic Matter, Periphyton, Physical-general,
-5,0948

MECHANISMS OF BIOLOGICAL PRODUCTION IN STREAMS
...Freshwater Ecology, Productivity Food Chain, Secondary
Productivity, Streams, -4.0145

LIMNOLOGICAL INVESTIGATION OF ONEIDA LAKE ...Food
Chains, Lakes, New York, Phytoplankton, Zooplankton, -5.0773

RELATIONSHIPS OF AQUATIC FLORA TO WATER QUALITY
AND POLLUTION ...Freshwater Ecology, Plant Pollutants, Pollu-
tion - Effects of , Streams, Water Quality-general, -5.0956

PRIMARY PRODUCTION ...Plankton (non-specific), Strontium,
-2.1001

PRIMARY PRODUCTIVITY IN LAKE FRANCIS CASE ...Bays,
Benthic Fauna, Phytoplankton, Reservoirs and Impoundments,
Standing Crops, -6.0524

PRIMARY PRODUCTION IN LEWIS AND CLARK LAKE
.Photosynthesis, Phytoplankton, Reservoirs and Impoundments,

South Dakota, -6.0525
EUTROPHICATION - PHYSICAL ECOLOGICAL CONTROL

...Destratifieation, Environment, Eutrophication, of Aquatic
Plants, Physical Control, _5.0972

Secondary Productivity
MECHANISMS OF BIOLOGICAL PRODUCTION IN STREAMS

...Freshwater Ecology, Primary Productivity, Productivity - Food
Chain, Streams, -4.0145

LEVELS OF SECONDARY PRODUCTIVITY IN COLORADO
MOUNTAIN STREAMS ...Colorado, Mountains-alpine, Produc-
tivity - Food Chain, Streams, ...5.0179

Radioecology
THE ACCUMULATION OF FISSION PRODUCTS BY MARINE

FISH AND SHELLFISH ...Chlorideae -other, Contamination -
Water, Estuaries, Food Chains, Radioactivity-general, _5.0805

A DETAILED STUDY OF THE ENERGY FLOW THROUGH
THE I3IOTA OF DOE RUN, MEADE COUNTY, KENTUCKY
...Energy Budgets, Kentucky, Radioactivity-general, Streams,
-2.0529

PLANKTON-PERIPHYTON STUDIES IN THE COLUMBIA
RIVER ,..Columbia River, Food Webs, Periphyton, Phytoplank-
ton, Radioactivity-general, ...2.1127

Soil Ecology
GENESIS AND MORPHOLOGY OF PYGMY FOREST-

BLACKLOCK SOIL ECOSYSTEM ...California, Douglas Fir,
Sequoia, Water Table Fluctuation, Wave-built Terrace, -6.0041

Standing Crops
DETERMINING CHANGES IN PHYTOPLANKTON POPULA-

TIONS IN CLOUDS OF FLUORESCENT DYE MOVING IN
THE MISSISSIPPI RIVER ...Dyes, Fluorometry, Minnesota, Mis-
sissippi River, Phytoplankton, -5.0617

COMPARATIVE STUDY OF THE BENTHIC MICROBIAL
BIOTA IN SOME COASTAL AREAS OF PUERTO RICO
...Benthic Flora, Benthonie-bottom, Ocean Environment, Pollu-
tion - Effects of , Puerto Rico, ...6.0478

THE EFFECTS OF THERMAL LOADING AND WATER QUALI-
TY ON ESTUARINE PRIMARY PRODUCTION ..,Acidity,
Estuaries, Nutrients, Primary Productivity, Thermal Pollution,
...6 .0258

ANNUAL PHYTOPLANKTON PRODUCTION IN PUGET
SOUND WATERS ...Copepods, Invertebrate Cultures,
Phytoplankton, Puget Sound, Tides, ..5.1256

FACTORS INFLUENCING THE PRODUCTION OF PLANK-
TONIC AND BENTHIC PLANTS ... Benthic Flora, Growth Rate,
Nutrition, Phytoplankton, Secretions and Products, -5.1119

PRIMARY PRODUCTIVITY IN LAKE FRANCIS CASE ...Bays,
Benthic Fauna, Phytoplankton, Primary Productivity, Reservoirs
and Impoundments, -6.0524

Ecology - Animal

Ecology - Animal
Applied Ecology

Biological Control
ENHANCEMENT OF RECREATIONAL USES OF ESTUARINE

WATERS THROUGH STUDY OF POTENTIAL CONTROL
METHODS FOP. STINGING SEA NETTLES ...Chesapeake Bay,
Estuaries, Jelly Fish, Recreation Sites, Water Quality-general,
-6.0256

SEA NETTLE STLJDIE' .: CHESAPEAKE BAY, LIFE HISTORY
AND ECOLOGY ... /.',vatic Ecology, Bays, Chesapeake Bay, Jelly
Fish, Life History Studies, _6.0127

Pollution Effects
COLUMBIA RIVER STUDIES ...Columbia River, Contamination -

Water, Invertebrates, Oysters, Radioactivity-general, Reproductive
System, -5.1268

OPTIMUM ECOLOGICAL DESIGNS FOR ESTUARINE
SYSTEMS OF NORTH CAROLINA ...Domestic Wastes-general,
Estuaries, Marine Biology (non-specific), North Carolina, Pollu-
tion - Effects of , Productivity - Food Chain, ...2.0820

THE UPTAKE OF DIELDRIN IN THE THREE RIDGED NAIAD,
AMBLEMA PLICATA ...Bioindicators, Dicldrin, Freshwater
Mussels, Scallops, Metabolism, Ohio River, -5,0886

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES insecticides -non-specific,
Maturity & Growth Stages, Mode of Action -animal, Pollution -
Effects of ,Wildlife, -5.0649

RESIDENT POPULATION DETERMINATION -Effluents-waste
Water, New Hampshire, Pollution - Effects of , Thermal Pollu-
tion, -5.0709

FISH ECOLOGY AND PHYSIOLOGY IN RELATION TO ACID
MINE DRAINAGE ...Acidity, Aquatic Ecology, Fish -non-
specific, Mine Drainage Control, Pollution - Effects of , -5.1277

EFFECTS OF HEATED WATER, ACID MINE DRAINAGE & AL-
KALINE ASH DRAINAGE ON WAT:R QUALITY & RESER-
VOIR COMMUNITY METABOLISM (ABBREV) ...Mine
Drainage Control, Mining Activities, PAlution - Effects of ,

Reservoirs and Impoundments, Thermal Pollution, -5.0668
THE RELATIONSHIP OF SEWAGE HANDLING PRACTICE TO

PESTICIDE RESIDUE LEVELS AI ID INVERTEBRATE
ECOLOGY ...Aquatic Ecology, Aquatic Soils, Insecticides -non-
specific, Michigan, Pollutants - Path of , ...5.0572

EFFECTS OF PULP MILL EFFLUENTS ON THE GROWTH AND
PRODUCTION OF FISH ...Food Supply, Industrial Wastes, In-
dustry Land Use Effects, Pollution - Effects of , Pulp, Paper , and
Logging, -5.0961

ACTIVITY PATTERNS OF FISH EXPOSED TO TOXIC MATERI-
ALS ...Contamination - Water, Fish -non-specific, Industrial
Wastes, Pollution - Effects of , -5.0421

WATER QUALITY - BENTHIC INVERTEBRATE RELATION-
SHIPS IN ESTUARIES -Benthic Fauna, Benthonic-bottom,
Estuaries, Maine, Pollution - Effects of , -5.0478

EFFECTS OF THERMAL AND OTHER FORMS OF POLLUTION
ON SOME ANADROMOUS FISHES ...Alewife,men-
haden,shad,hcrring, Aquatic Ecology, Basses -sea,white, White
Perch, Pollution Effects of , Thermal Pollution, -5.0739

DISTRIBUTION AND ECOLOGY OF RIVER MOLLUSKS IN
CENTRAL AND WESTERN NORTH DAKOTA ...Aquatic
Ecology, Mollusks -non-specific & Other, North Dakota, Pollation
- Effects of , Streams, -6.0416

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
-Bioindicators, Environmental Ecology, Number Or Density, Pol-
lution - Effects of , Stone Flies, Plecoptera, Streams, ...5.1057

DYNAMICS OF CHEMICAL & PHYSICAL CHARACT OF
WATER, BOTTOM MUDS & AQUATIC LIFE IN A LARGE
IMPOUNDMENT ON A RIVER %PHASE II..Alabama, Aquatic
Soils, Chemical-general, Physical-general, Pollution - Effects of ,
Reservoirs and Impoundments, -5.0008

LONG-TERM EFFECTS OF PESTICIDES ON AQUATIC INVER-
TEBRATES ...Endrin, Malathion, Parathion, Pollution - Effects of
, Sevin, ...5.0548

COMPARISON OF ENERGY FLOW PARAMETERS OF MIDGE
POPULATIONS IN BIOLOGICAL OXIDATION PONDS
-Bloodworms, Aquatic Midges, Energy Budgets, Oklahoma,
Productivity - Food Chain, Sewage Lagoons, -5,0929

SEASONAL AND DIURNAL ASPECTS OF ZOOPLANKTON
MICRODISTRIBUTION AND VERTICAL MIGRATION IN
RELATION TO WATER POLLUTION ...Environmental Ecology,
Fresh Water, Vertical Distribution, Water Quality-general,
Zooplankton, -5.1126
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Ecology Animal SUBJECT INDEX

GROWTH OF THE BROWN BULLHEAD, ICTALURUS NEBU-
LOSUS (LESUEUR), IN MINE ACID POLLUTED WATER
Acidity, Bullheads, Contamination - Water, Growth Rate, Min-
ing Activities, Ph, Acidity -water, 5.1278

TOXIC ACTION OF WATER SOLUBLE POLLUTANTS ON
FRESHWATER FISH ...Contamination - Water, Mineral Origin,
Rainbow Trout, Stcelhead Trout, Stress, ...5.0565

ENTERIC BACTERIA AND VIRUSES IN SEWAGE, WATER,
AND SHELLFISH ...Bacterial Pollutant Sources, Conforms (non-
specific), Oysters, Sewage, Viral Pollutant Sources, _5.0718

MARINE WASTE DISPOSAL AND SEA URCHIN ECOLOGY
...California, Productivity - Food Chain, Sea Vrehins & Other
Echinoderm, Sewage, ..5.0130

THE EFFECT OF INORGANIC SEDIMENT ON STREAM BIOTA
Aquatic: Ecology, Contamination - Water, Pollution - Effects of
, Sediments, Streams, ...5,0388

DEMONSTRATION OF THE LIMITATIONS AND EFFECTS OF
WASTE DISPOSAL ON AN OCEAN SHELF ...Marine Plants,
Ocean, Outlet, Pollution - Effects of , Sewers, 5.0248

SUBLETHAL INFLUENCE OF POLLUTANTS ON FISH
METABOLISM ...Contamination - Water, Fish -non-specific,
Growth Rate, Metabolism -animal, Pollution - Effects of ,

.5.0901
CYTOPATHOLOGICAL CHANGES IN NATIVE FISH SPECIES

EXPOSED TO STREAM POLLUTANTS ...Contamination
Water, Fish -non-specific, Histology and Cytology. Pollution Ef-
fects of , Streams, 5.1021

TAXONOMY AND BIOLOGY OF SLUDGE WORMS ..Animal
Taxonomy, Bioindicators, Brackish Water, Earthworms, Fresh
Water, 5,0167

REDUCTION OF HAZARDS ASSOCIATED WITH INSEC-
TICIDAL CHEMICALS IN THE ENVIRONMENT Insecticides
-non-specific, Persistence in Soils, Pollution - Effects of , Removal
of Residues, Residues in Foods, 5,0359

FACTORS INFLUENCING INSECTICIDE RESIDUES ON OR IN
FOOD AND FORAGE CROPS ...Environmental Effects, Kansas,
Organophosphorous CNN, , Persistence of Residues, Persistence
in Soils, Physical Degradation, 5.0429

ECOLOGY OF PESTICIDES IN AN AQUATIC ECOSYSTEM
Food Chains, Animal And/or Man, Insecticides -non-specific,
Michigan, Pollutants - Path of , Pollution - Effects of , 5.0563

ECOLOGY OF COLORADO MOLLUSKS ,.,Colorado, Mollusks
non-specific & Other, Pollution - Effects of , Pollution -non-
specific, Range Or Territorial Distr. , 5,0178

STUDY OF EFFEC'T'S OF MILL WASTE WATER ON FISH LIFE
...Contamination - Water, Fish -non-specific, Industrial Processes-
other, Industrial Wastes, Pollution - Effects of , 5.1174

ST. JOHNS RIVER FISHERY PROJECT ...Environmental Ecology,
Florida, Mans Activities, Population Dynamics, Streams, 3.0173

PEACE RIVER POLLUTION INVESTIGATIONS .Fish -non-
specific, Florida, Industrial Wastes, Phosphate, Phosphite, Pollu-
tion - Effects of , Streams, 5.0273

OIL CONTAMINATION OF OYSTERS FROM OIL WELL
DRILLING MUDS ...Industrial Wastes, Oil, Oysters, Petroleum
Industry, 5.0449

INFLUENCE OF WATER POLLUTANTS AND WATER QUALI-
TY ON EARLY LIFE HISTORY AND POPULATION DYNAM-
ICS OF MINNESOTA FISHES .,.Fish -non-specific, Life History
Studies, Minnesota, Pollution - Effects of , Population Dynamics,
5,0615

EFFECTS OF KRAFT PULP MILL EFFLUENTS ON THE
GROWTH AND PRODUCTION OF FISH Industrial Wastes,
Pollution Effects of , Pulp, Paper and Logging, Salmon &
Trout - Non-specific, 5.0966

CHEMICAL BIOCIDES IN LAKES Lakes, Pesticides -non-
specific, Pollution - Effects of , Productivity - Food Chain, South
Dakota, 5.1111

EFFECT OF PESTICIDES ON WILDLIFE,(SONGBIRDS, HER-
RING GULLS AND FISH) ...DDT , Wildlife, Wildlife -non-
specific, Wisconsin, 5.1309

EFFECTS OF HEATED WATER IN A TIDAL ESTUARY ...Bays,
Chesapeake Bay, Electric Power Plants, Thermal Pollution, Urban
Environments, Water Properties-general, 4.0078

MEASUREMENT OF RADIONUCLIDES IN ESTUARINE AND
MARINE ENVIRONMENTS (A COOPERATIVE AGREEMENT
WITH ATOMIC ENERGY COMMISSION) ...Estuaries, Marine
Environments-general, Pollution - Effects of , Radioactivity-
general, Reactor Sites & Rad Waste, ..2.0819

SEDIMENT MINERALOGY ...Adsorption Capacity, Contamination
- Water, Estuaries, Productivity - Food Chain, Radioactivity-
general, 5.0806

ACCUMULATION OF RADIOACTIVITY BY INVERTEBRATES
...Contamination Water, Metabolism, Productivity Food Chain,
Radioactivity-general, 5.0804

ACCUMULATION OF RADIONUCLIDES BY VERTEBRATES
Contamination - Water, Estuaries, Productivity Food Chain,
Radioactivity-general, ..,5.0803

FAUNAL PRODUCTiON ...Estuaries, Pollution-general, Productivi-
ty - Food Chain, Vertical Distribution, Water Environment -other,
6,0154

BEHAVIOR OF ESTUARINE ANIMALS _Behavior -animal,
Estuaries, Pesticides -non-specific, Pollution - Effects of ,
2.0323

RATES OF PESTICIDE BUILDUP IN SALMONIDS RECENTLY
INTRODUCED IN THE GREAT LAKES ... Insecticides -non-
specific, Wildlife, _5.0545

MECHANISMS OF PESTICIDE ACCUMULATION IN AQUATIC
ORGANISMS ...Chlorinated Hydrocarbons, Food Chains, Animal
And/or Man, Insecticides -non-specific, Productivity - Food
Chain, 5.0546

ESTUARINE ECOSYSTEMS ,..Aquatic Or Soil-aquatic Cycles,
Estuaries, Pesticides -non-specific, Pollution - Effects of , Water
Properties-general, ...2.0324

EFFECTS OF D.O., TEMPERATURE AND POTENTIAL TOXI-
CANTS UPON SELECTED MACROINVERTEBRATES
(EMPHASIZING NON-ARTHROPODS) ...Contamination -
Water, Food Supply, Gases, Dissolved -water, Pollution - Effects
of , Water Temperature-non-specific, .5,0589

PHYSIOLOGICAL EVALUATION OF TREATED TOXIC
WASTES _BioindiEJators, Blood Plasma and Serum, Contamina-
tion - Water, Pulp, Paper , and Logging, Tissues -biological,
,..5.0976

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE FISHES ...Computer Matching
Code, Contamination - Water, Kiltifishs - Cyprinodon, Pollution -
Effects or , 5.1080

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE INVERTEBRATES ...Clams. Com-
puter Matching Code, Contamination - Water, Invertebrate
Pathology, Pollution Effects of , Pollution-other, ...5.1081

USE OF MARINE PLANKTONIC ORGANISMS FOR EVALUAT-
ING THE QUALITY OF MARINE AND ESTUARINE WATERS
...Bioassays, Estuaries, Phytoplankton, Pollution - Effects of ,

Zooplankton..5.1093
THE NORMAL ANATOMY AND HISTOLOGY OF SOME

MARINE INVERTEBRATES ...Clams, Histology and Cytology,
Invertebrate Anatomy, Water Quality - general, ..5.1095

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT ,..Air
Pollution -other, Contamination - Water, Food Chains, Animal
And/or Man, Pesticides -non-specific, Soil Contamination -other,
5.0945

THE EFFECT OF SELECTED PESTICIDES ON INTERTIDAL
BIOTA ...Insecticides -non-specific, Intertidal Areas, Pesticides -
non- specific, Pollutants-general, Productivity - Food Chain,
Swamps-marshes, ...5.0522

ENVIRONMENT AND VIRUS -HOST INTERACTIONS IN FISHES
...Agricultural Chemicals-general, Environmental Ecology,
Pathology, Pollution - Effects of , Viral Pollutant Sources,
5.0786

PESTICIDE RESISTANT FISH IN NATURAL ECOSYSTEMS
,..Animal Resistance, Endrin, Food Chains, Animal And/or Man,
Tolerance Rates, Wildlife, ...5.0624

MICROBIOLOGY OF ESTUARINE AND SHELLFISH POLLU-
TION Bioindicators, Clams, Estuaries, Oysters, Shellfish Depu-
ration, Waste Water Treatment-fIgneral, 5.0719

EFFECT OF THE EFFLUEN't L AOM AN ATOMIC POWER
PLANT ON THE ADJACF7,. t PO ,1TION OF BARNEGAT BAY,
NEW JERSEY ...Bays, , Pollution - Effects of , Reac-
tor Sites & Rad Waste, 'I ,;.rif,, Pollution, Water Temperature-
non-specific, 5.1076

Public Health Ecology
COOPERATIVE STUDIES WITH FEDERAL AND STATE AGEN-

CIES ...Bioassays, Crustacea -non-specific, Mollusks -non-specific
& Other, Survey Studies, Water Quality-weral, 7.0111

Reactor Sites & Rad Waste
RADIONUCLIDE METABOLISM IN AQUATIC ANIMALS

...Clams, Contamination - Water, Fish -non-specific, Metabolism,
Radiation Effects-non-specific, 5.0101

MEASUREMENT OF RADIONUCLIDES IN ESTUARINE AND
MARINE ENVIRONMENTS (A COOPERATIVE AGREEMENT
WITH ATOMIC ENERGY COMMISSION) ...Estuaries, Marine
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SUBJECT INDEX Ecology - Animal

Environments-gcncral, Pollution - Effects of , Pollution Effects,
Radioactivity-gcneral, 2.0819

EFFECT OF THE EFFLUENT FROM AN ATOMIC POWER
PLANT ON THE ADJACENT PORTION OF I3ARNEGAT BAY,
NEW JERSEY Bays, New Jcrscy, Pollution Effects of , Pollu-
tion Effccts, Thcrmal Pollution, Water Tcmperaturc-non-specitic,
,5.1076

Aquatic Ecology
THE APPLICATION OF RADIOISOTOPES TO STUDIES OF

AQUATIC ECOSYSTEMS _Benthic Organisms (nun - specify,
Freshwater Ecology, Productivity - Food Chain, Water Properties-
gencral, Wisconsin, 6.0643

AQUATIC COMMUNITIES ,,,Environmental Ecology, Lakes,
Productivity - Food Chain, Salinity, Water Salinity, .6.0625

COMPETITION, PREDATION, AND BODY SIZE IN LAKE
ZOOPLANKTON Competition, Lakes, Predation, Size,
Zooplankton, ,6.0115

REPOPULATION OF EXPERIMENTALLY DECIMATED AREAS
BY STREAM FISHES ,,,Control of Nuisance Species, Fish -non-
specific, Louisiana, Population Dynamics, Stream Rehabilitation,
Streams, .5.0460

SYSTEMATIC AND BIOGEOGRAPHIC STUDIES OF AQUATIC
AND SEMI-AQUATIC ORGANISMS IN NORTHERN MEXICO
.Animal Taxonomy, Habitat Studies, Mexico, Plant Taxonomy,
.2.0038

ECOLOGICAL SIGNIFICANCE OF ORGANIC RELEASE
PRODUCTS OF MARINE AND FRESHWATER ANIMALS
,Biological Rhythms, Metabolism, Mucus, Productivity - Food
Chain, 2.0342

FEEDING PATTERNS OF THE FRESHWATER ISOPOD LIR-
CEUS BRACHYURUS .Behavioral Ecology, Food Supply,
Isopods, Nutrition - Invertebrate, Pennsylvania, Strums, .7.0093

FOOD HABITS OF LARVAL AND JUVENILE SHAD IN THE
CONNECTICUT RIVER Alewifc,mcnhaden,shad,herring, Con-
necticut River, Food Supply, Massachusetts, Recreation Sitcs,
.3.0272

THE EFFECT OF EVAPORATION BARRIERS ON FISH
GROWTH AND LIMNOLOGY ,Antitranspirants, Environmcn-
tal Ecology, Fish - non - specific, Growth Ratc, .2.0060

ZOOPLANKTON STANDING CROPS IN A SOUTH DAKOTA
PRAIRIE LAKE Animal Pollutant Sources, Lakcs, Population
Dynamics, South Dakota, Zooplankton, 5.1110

INVESTIGATION OF THE RELATIONSHIP OF THE AMER-
ICAN SMELT, OSMERUS MORDAX MITCHILL, TO THE
WEWEANTIC RIVER ESTUARY, WAREHAM, MAS-
SACHUSETTS ,,.Environmental Ecology, Estuaries, Smelts,
Spawn Or Nesting Sites, Temperaturc, .5.0510

FOOD HABITS OF LARGEMOUTH BASS LARVAE .,,Behavior -
animal, Food Supply, Largcmouth Bass, Ponds, Zooplankton,
,o7.0082

A BENTHIC COMMUNITY OF THE PENOBSCOT RIVER
ESTUARY .Bcnthic Organisms (non-speeif), Estuarics, Industri-
al Wastes, Mainc, Productivity - Food Chain, 5.0473

STUDY OF STRIPED BASS POPULATIONS IN MAINE
COASTAL WATERS ,,,Busses -sea,whitc, Whitc Pcrch, Estuarics,
Maine, Migration, 5.0470

INVESTIGATION OF RELATIONSHIP OF CUNNER, TAU-
TOGOLABRUS ADSPERSUS -(WALBAUM ), TO WEWEAN-
TIC RIVER ESTUARY, WAREHAM, MASSACHUSETTS
Estuaries, Fish - other, Massachusetts, Swamps - marshes, Watcr
Environment - other, .,5.0511

OBSERVATIONS ON RED SALMON IN THE KVICHAK RIVER
SYSTEM ,..Alaska, Population Dynamics, Reproduction Studics
(general), Salmon -coho,chinook,sockcyc. Strcams, .,.6.0628

ESTUARINE DREDGE HOLE INVESTIGATIONS ...Estuarics,
Fish - non - specific, Habitat Studies, Occan Coring and Dredging,
6.0354

CHEMICAL TREATMENT OF NEBISH LAKE ...Chemical Trcat-
mcnt-gcncral, Control of Nuisance Specics, Data Analysis -
Gcneral, Lakcs, Stocking of Fish & Shellfish, .5.1293

WALLEYE FRY - ZOOPLANKTON RELATIONSHIPS IN
SOUTHEASTERN WISCONSIN LAKES .,.Food Supply, Lakcs,
Plankton Sampling, Walleyes, Zooplankton, 6.0640

COMPILATION OF WATER QUALITY DATA ...Basses -
sea,whitc, Whitc Perch, Data Acquisition - general, Data Analysis -
Gencral, Lakcs, Watcr Quality - general, ...5.0459

IMPACT OF WINTER DRAWDOWN ON A SLOW-GROWING
PANFISH POPULATION AND ASSOCIATED SPECIES
Chemical-gcncral, Dcpth,water Level, Fluctuation, Drawdown,
Population Dynamics, ...4.0276
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EFFECTS OF CHANGES IN WATER QUALITY ON FRY AND
FINGERLINGS ,,,Basses -sca,whitc, Whitc Perch, Chcmical-
gcneral, Environmental Ecology, Louisiana, Water Quality-
gcneral.,5.0454

FOOD HABITS 'STUDY Bonthie Organisms (non-spccif), Food
Supply, Lakcs, Mississippi, Plankton (non - specific), 6.0314

DETERMINATION OF THE MAGNITUDE AND AGE COMPOSI-
TION OF THE HARVEST, HABITAT PREFERENCES AND
FOOD HABITS ,,,Cutthroat Trout, Number Or Density, Snakc
River, Wyoming, ,6.0649

WALLEYE AND NORTHERN PIKE STUDY .,,Life History Stu-
dies, Pikes, Pickeral, Muskellunge, Spawn Or Nesting Sitcs, Tcx-
as, Walleyes, ..6.0541

FLATHEAD CATFISH STUDY ,,.Behavior -animal, Food Supply,
Growth Rate, Ictaluridae -other, Reproduction Studies (gcncral),
Texas, ,6.0539

FISH POPULATION STUDIES. (DEWEY RESERVOIR)
Alewife,menhaden,shad,herring, Fcrtilizcrs -aquatic, Kentucky,
Population Dynamics, Reservoirs and Impoundmcnts, .5.0437

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER I -
LIMNOLOGICAL STUDY ,.,Acidity, Biological-gencral, Chcrni-
cal-general, Limestone - Calera!, Strcam Rehabilitation, ,5.1275

LIMESTONE DRUM PRODUCTIVITY STUDY ,Chcmical-
gcncral, Limestone General, Ph, Acidity -water, Population
Dynamics, Productivity (agricultural), ..5.1273

A STUDY OF A POLLUTED RIVER, THE ILLINOIS 13ioindica-
tors, Contamination - Water, Fish ,non-spccific, Illinois River,
Mollusks -non- specific & Other, _2.0408

RESTORATION AND REHABILITATION OF EARTHQUAKE
DAMAGED PINK AND CHUM SALMON STUDIES IN
PRINCE WILLIAM SOUND ,Alaska, Data Acquisition-gcncral,
Earthquakes, Flow Characteristics -water, Salmon -coho,chin-
ook,sockcye. Spawn Or Nesting Sites, Stream Rehabilitation,
Tcctonics-gcncral, 2.0026

PHYSICAL AND CHEMICAL PROPERTIES OF ALABAMA
WATERS LIKELY TO SUPPORT STRIPED BASS, ROCCUS
SAXATILIS .,.Basses -sca,white, White Perch, Chemical Measure-
ments - water, Chcmical-gcncral, Physical Measurements -water,
Physical-gcncral, ...6.0003

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF JONES BAY ,Bays, Construction, Engincering Struc-
turcs-gcncral, Tcxas, Watcr Propertics-gcncral, .6.0543

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF MOSES LAKE ,Construction, Engincering Structurcs-
gcncral, Lakcs, Texas, Water Propertics-gcncral, _6.0544

STUDY OF THE RIVER PHASE OF THE LIFE HISTORIES OF
ALOSA PSEUDOHARENGUS AND AES7IVALIS
,Alewifc,mcnhaden,shad,herring, Connecticut River, Environ-
mcntal Ecology, Life History Studics, Spawn Or Nesting Sitcs,
.6.0I11

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- II HYDROLOGY ,,,Atlases -maps, Environmental Ecology,
Estuarics, Gulf of Mexico, Water Properties- general, 2.0670

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- III SEDIMENTOLOGY ...Atlases -maps, Distribution, Environ-
mcntal Ecology, Estuarics, Gulf of Mexico, ..1.0671

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- IV BIOLOGY ,,,Atlases -maps, Environmental Ecology, Estua-
rics, Gulf of Mexico, Mississippi River, .,2.0672

ECOLOGY OF LOUISIANAS ESTUARINE WATERS - MARINE
LABORATRY Estuarics, Louisiana, Marinc Biology (non-
specific), Shoreline - Coastline, ...2.0542

LAKEBORGNE-CHANDELEUR SOUND SYSTEM ...Louisiana,
Ncts, Numbcr Or Dcnsity, Plankton Sampling, Tidcs..2.0543

BRETON SOUND - MOUTH OF MISSISSIPPI RIVER SYSTEM
...Mississippi River, Nets, Numbcr Or Density, Plankton Sampling,
_2.0544

VERMILION - CALCASIEU - SABINE SYSTEM ...Data Acquisi-
tion-gcncral, Louisiana, Ncts, Numbcr Or Density, Plankton
Sampling, 2.0546

TIMBALIER - TERREBONNE BAYS SYSTEM ,..Data Acquisition-
gcncral, Louisiana, Nets, Number Or Density, Plankton Sampling,
...2.0547

WATER RESOURCES NEMATOLOGY Animal Pollutant
Sources, Environmental Ecology, Mans Activities, Nematoda -
othcr, Productivity - Food Chain, ..5.0001

FISH ECOLOGY AND PHYSIOLOGY IN RELATION TO ACID
MINE DRAINAGE ...Acidity, Fish -non-specific, Mine Drainage
Control, Pollution - Effects of , Pollution Effccts, ...5.1277

THE ECOLOGY OF THE YOUNG FISHES OF THE WEWEAN-
TIC RIVER ESTUARY ...Estuarics, Massachusetts, Pesticides -
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non-specific, Pollution - Effects of , Population Dynamics,
.2,0607

STUDIES ON THE INTERACTIONS OF BACTERIA AND
AQUATIC NEMATODES -.Animal Pollutant Sources, Bacteria
(non-specific), Bacterial Pollutant Sources, Interhiotic Relat.(non-
speeif), Nematoda -other, ...5.0013

FLUSHING PATTERN OF CERTAIN TIDAL STREAMS IN
DELAWARE ...Circulation -water, Delaware, Discharge-rneral,
Industrial-general, Tidal Streams, ...2.0250

A STUDY OF THE ENERGY FLOW THROUGH SELECTED
COMPONENTS OF A SMALL AQUATIC ECOSYSTEM ...Ener-
gy Budgets, Farm Pond, Food Chains, Productivity Food Chain.
-.6.0162

THE RELATIONSHIP OF SEWAGE HANDLING PRACTICE TO
PESTICIDE RESIDUE LEVELS AND INVERTEBRATE,
ECOLOGY ...Aquatic Soils, Insecticides -non-specific, Michigan,
Pollutants - Path of , Pollution Effects, ...5.0572

EFFECTS OF THERMAL POLLUTION ON PRODUCTIVITY
AND STABILITY OF ESTUARINE COMMUNITIES ...F.nviron-
mental Ecology, Estuaries, Plant Prod. (non-specific), Pollution -
Effects of , Thermal Pollution, ...5.0498

IMPROVEMENT OF QUALITY OF WATER RESOURCES BY A
THREE-FOLD ATTACK ADSORPTION, SEDIMENTATION
AND MIXING ...Adsorption, Adsorption Capacity, Flocculation,
Pollution Abatement, Sedimentation, ..5.0502

EFFECTS OF THERMAL AND OTHER FORMS OF POLLUTION
ON SOME ANA!)SOMOUS FISHES Alcwife,men-
haden,shad,herring, Busses -sea,white, Whi! ; Perch. Pollution -

Effects of , Pollution Effects, Thermal Pollution. 5.0739
EFFECT OF WATER QUALITY ON FIRST-YEAR MORTALITY

OF LARGEMOUTH BASS -Environmental Ecology, Lar-
gemouth Bass, Mortality Rates, Pollution - Effects of Water Pro-
perties-general. ...5.0772

A STUDY OF THE ECOLOGY OF THE NAVASOTA RIVER,
'I'EXAS ...Fish -non-specific, Pre-impoundment Sites, Texas,
Water Properties-general. Zooplankton, ...6.0547

DISTRIBUTION AND ECOLOGY OF RIVER MOLLUSKS IN
CENTRAL AND WESTERN NORTH DAKOTA ...Mollusks -

non- specific & Other, North Dakota, Pollution - Effects of , Pol-
lution Effects, Streams, 6.0416

THE LIMNOBIOCHEMISTRY OF DEVILS LAKE, NORTH
DAKOTA Benthic Organisms (non - specify, Biological-general.
Lakes, North Dakota. Salinity,

AQUATIC ENVIRONMENT AND FOOD HABITS OF MAYFLIES
...Chemical-general, Environmental Ecology, Mayflies, Nutrition
tend Metabolism, Physical - general, ..5.0323

ECOLOGY OF SOME WADING BIRD POPULATIONS AF-
FECTED BY THE INVASION 0 F THE CATTLE EGRET INTO
ALABAMA ...Behavioral Ecology, Ciconliformes - Wading Birds,
Mark, Tag Or Capture -other, Migration, Water Utilization -

animal, 6.0001
INVESTIGATION OF PHOSPHORUS AVAILABILITY IN

OLIGOTROPHIC LAKES ...Adsorption Capacity, Chemical,
Exchange Capacity, Lakes, Phosphorus. 2.0807

A SYSTEMS ANALYSIS OF THE WESTERN BASIN OF LAKE
ERIE ...Economic Impact. Great Lakes-general, Pollution - Ef-
fects of , Systems Analysis, Water Quality Control-general,
_6.0426

DISPERSAL OF VIABLE ALGAE AND PROTOZOA BY
AQUATIC INSECTS ...Algae- General, Insects -non-specific, In-
terhiotic Relat.(non-specif), Invertebrates, Protozoa -other,
-.5.1170

FACTORS INFLUENCING FREE-LIVING NEMATODES IN
WATER SUPPLIES ...Chemical Treatment-general. Evaluation,
Mode of Action -animal, Nematoda -other, Sand. ...5.0368

DISSOLVED OXYGEN REQUIREMENTS OF FRESHWATER
FISH -.Environmental Ecology, Fish -non-specific, Gases, Dis-
solved -Water. Ions and Gases, Oxygen, 5.0962

THE MICRODISTRIBUTION OF STREAM BENTHOS ...Benthic
Fauna. Organic-general, Productivity - Food Chain, Streams, Ver-
tical Distribution, _5.1020

THE BIOLOGY OF THE INFAUNA OF A TROPICAL SOFT
BOTTOM AREA ...Benthic Fauna, Estuaries, Florida, Intertidal
Areas, Pollution - Effects of , ...5.0263

TAXONOMY AND ECOLOGY OE INSHORE MARINE
MICROBIOTA ...Algae- General, Animal Taxonomy, Plant Tax-
onomy, Protozoa -other, Range Or Territorial Distr., ...7.0024

ECOLOGICAL STUDIES OF AN EXPERIMENTAL STREAM
.Contamination - Water, Energy Budgets, Freshwater Ecology,
Stream;, 5.0963
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THE EFFECT OF INORGANIC SEDIMENT ON STREAM BIOTA
...Contamination - Water, Pollution - Effects of , Pollution Ef-
fects, Sediments, Streams, 5.0388

BIOLOGICAL SURVEY OF STREAMS OF COLES COUNTY, IL-
LINOIS _Contamination - Water, Environmental Ecology, Fish -
non- specific, Illinois, Streams, _5.0333

STUDIES OF THERMAL POLLUTION iN BISCAYNE BAY
,..Bays, Florida, Pollution - Effects of , Thermal Pollution, Warm
Water, 5,0265

1310LOGICAL MODELS OF FRESHWATER COMMUNITIES
...Fresh Water, Freshwater Ecology, Model Studies, Nutrients,
Urban Environments, ..5.1270

WATER QUALITY REQUIREMENTS FOR AQUATIC INSECTS
...Growth Rate, Oxygen, .5.0699

DISTRIBUTION AND ECOLOGY OF AQUATIC INSECTS OF
IDAHO .,.Bottom Sampling, Chemical-general, Idaho, Insects
non-specific, Physical-general, 2.0393

BEHAVIOR AND FOOD PREFERENCES OF INTRODUCED AN-
NUAL FISHES IN RELATION TO MOSQUITOES ...Behavioral
Ecology, Food Supply, Killifishs - Cyprinodon, Mosquitoes -non-
specific, Predators and Parasite, ...2.0575

EPIDEMIOLOGICAL RELATIONSHIPS OF PESTICIDE APPLI-
CATION TO PESTICIDE RESIDUES IN WILDLIFE TISSUES
AND HABITATS ...Habitat Studies, Oregon, Terrestrial -other,
Wildlife -non-specific, 5.0960

FLORISTIC AND FAUNISTIC SURVEY IN THE CUYAHOGA
RIVER WATERSHED Freshwater Ecology, Ohio, Physical-
general, Pollution - Effects of , Survey Studies, 6.0436

THE ALGAE AND ZOOPLANKTON OF PROTECTED AND EX-
PLOITED LENTIC HABITATS IN NORTHEASTERN OHIO
.Algae- General, Freshwater Ecology, Habitat Studies, Ohio,
Zooplankton, _6.0431

ECOLOGICAL STUDIES OF LARVAL TREMATODES AND
THEIR SNAIL-HOSTS IN THE LAKE CHAMPLAIN
WATERSHED ..Aquatie, Digenea -other, Effect of Parasite on
Host, Gastropods -slugs,conch,snails, Survey Studies, 6.0396

BOTTOM FAUNA IN THE NORTH ST. VRAIN CREEK,
COLORADO ...Benthic Fauna, Colorado, Mountains-alpine,
Streams, Vertical Distribution, -.2.0158

CHEMICAL ECOLOGY OF DIAPTOMID COPEPODS OF
COLORADO ...Chemical Measurements -water, Colorado,
Copepods, Environmental Ecology, Fresh Water, .6.0083

A PARASITOLOGICAL STUDY OF FISHES FROM THE PINE
HILLS AREA ...Fish - non - specific, Helminths, Illinois, Low
Temp. -hut Above 32f, Springs, ...6.0180

OPTIMUM ESCAPEMENT STUDIES OF CHIGNIK SOCKEYE
SALMON ...Alaska, General Synoptic Observations, Lakes. Sal-
mon - coho,chinook,sockeye.., Water Properties-general, -.6.0623

ESTUARINE ECOLOGY ...Contamination - Water, Estuaries,
Mathematical Analysis, Washington, Water Quality-general,
...6.0620

STUDY OF TEMPERATURE EFFECTS IN COOLING WATER
LAKE ...Lakes, Pollution - Effects of , Temperature, Thermal
Pollution, Water Temperature-non-specific, ...6.0566

INTER-DISCIPLINARY RESEARCH IN THE AREA OF THE
KANO PLAINS, WESTERN KENYA ...Geography - cultural,
Geomorphology-general, Kenya, 3.0246

MUSQUODOBOIT - METERING BASINS NOVA SCOTIA,
CANADA ...Canada, Mammals -other, Mapping, Water Fowl,
N.s. , Water Level Fluctuation, Wetlands, -.4.0054

THERMAL EFFECTS ON MARINE AND ESTUARINE SHELLF-
ISH _Crustacea -non-specific, Environmental Physiology, Mol-
lusks - non - specific & Other, Pollution - Effects of , Water Tem-
perature.-non-specific, ..,5.1251

A 1.IMNOLOGICAL INVENTORY OF IOWA LAKES AND
STREAMS ...Aquatic Plants (non-specific), Iowa, Lakes, Streams,
Survey Studies, Water Properties-general, ...7.0042

INFLUENCES OF WATER QUALITY AND OTHER ENVIRON-
MENTAL CHANGES ON FISH AND ASSOCIATED ORGAN-
ISMS IN INLAND WATERS ...Environmental Ecology, Fish -

non- specific. Mans Activities, Pollution - Effects of , Social
Aspects, Water Quality-general, ,..5.0965

ECOLOGY OF SPRING CHINOOK SALMON ,..Life History Stu-
dies, Oregon, Productivity - Food Chain, Salmon -coho,chin-
ook,sockeye.., Streams, -.6.0447

FACTORS INFLUENCING THE FRESHWATER RESIDENCE OF
JUVENILE FALL CHINOOK SALMON ...Fresh Water, Life His-
tory Studies, Oregon, Salmon -eoho,chinook,sockeye.., Streams,
.6.0448

ECOLOGY OF RECREATIONALLY IMPORTANT ESTUARINE
FISHES IN OREGON ...Environmental Ecology, Estuaries, Fish-
ing, Migration, Oregon, Population Dynamics, 6.0458
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EVALUATION OF ANADROMOUS FISH PASSAGE FACILITIES

AT FALL CREEK DAM, BIG FALL CREEK, OREGON En-
gineering Structures-general, Migration, Oregon, Rainbow Trout,
Steelhead Trout, Salmon & Trout - Non-specific, ...8.0280

SIGNIFICANCE OF STOCKING SUB-ADULT FIN CLIPPED
CATFISH IN HUNTSVILLE STATE PARK LAKE ...Channel
Catfish, Lakes, Other, Population Dynamics, Stocking of Fish &
Shellfish, .,.6.0569

ECOLOGICAL STUDIES OF CHUM AND COHO SALMON AT
"010 BEEF CREEK Chemical-general, Reservoirs and Impound-
ments, Salmon -coho,chinook,sockeye.., Streams, Washington,
_6.0629

IMPACT OF LAGOONS AND SAND BLANKETS ON FISH,
AQUATIC LIVE AND WATER EQUALITY ...Blankets,
Lagoons, Lakes, Submcrgent, Water Quality-general, ...6.0637

WATER QUALITY MONITORING STUDIES ...Chemical - general,
Dams, Land Use, Monitoring Systems, Survey Studies, Water
Quality-general, 6.0639

RADIONUCLIDE CYCLING IN AQUATIC ECOSYSTEMS AND
THE USE OF ISOTOPES TO DELINEATE AND QUANTIFY
BASIC ECOLOGICAL PROCESSES Environmental Ecology,
Lakes, Productivity - Food Chain, Radioactive Pollution -ns,
Strontium, 2.1000

RADIATION EFFECTS IN AQUATIC SYSTEMS ,,.Chronic Radia-
tion, Contamination - Water, Fish -non-specific, Low Level
Radiation, Radiation Effects-non-specific, Radiation Treatment,
Radioactivity-general, ...5.1248

COAL STRIP MINE WATERSHED STUDY ,Coal-general, Mining
Activities, Pollution - Effects of , Soil Management -non-specific,
Stream Rehabilitation, Strip Mines, 2.0980

COAL STRIP MINE WATERSHED DEMONSTRATION- -
JACKSON COUNTY, ALABAMA ...Alabama, Coal-general,
Mining Industry, Pollution - Effects of , Water Quality-general,
5.1124

EFFECTS OF TEMPERATURE ON AQUATIC LIFE ,,.Fish -non-
specific, Model Studies, Productivity - Food Chain, Temperature,
Warm Water..5.I 121

SEA NEril.F. STUDIES IN CHESAPEAKE I3AY, LIFE HISTORY
AND ECOLOGY .Bays, Biological Control, Chesapeake Bay,
Jelly Fish, Life History Studies, 6,0127

ARCTIC ECOSYSTEMS Alaska, Energy Budgets, Freshwater
Ecology, Polar, Productivity - Food Chain, ..5.0236

POPULATION ECOLOGY OF FORAMINIFERA IN THE CHOP-
TANK RIVER .Environmental Ecology, Foraminifera, Maryland,
Population Dynamics, Water Properties-general, 6.0126

13101.06K7A1, PRODUCTIVITY RELATED TO HYDROLOGIC
CONDITIONS ,,.Plant Prod. (non-specific), Productivity - Food
Chain, Swamps-marshes, Water Level Fluctuation, Water Quality-
general, .,.2.0317

FIELD INVESTIGATION OF THE SUBMERSED AQUATIC EN-
VIRONMENT' ..,Canals, Irrigation-general, Plant Pollutants,
Reservoirs and Impoundments, Submerged Plants, Weeds -
phenolog,:eal Studies, 3.0125

THE EFFECT OF OCEAN WATER INTRUSION INTO BACK
I3AY, VIRGINIA, AND CURRITUCK SOUND, NORTH
CAROLINA, ON THE WATERFOWL AND FISH HABITAT
...Brackish Water, Fish -non-specific, Habitat Studies, Saline
Water Intrusion, Water Fowl, N.s. , Water Salinity, .,2,0585

FISH POPULATION OR ABUNDANCE STUDIES IN LEWIS
AND CI.ARK LAKE ,..Fish -non-specific, Habitat Studies, Popu-
lation Dynamics, Reservoirs and Impoundments, South Dakota,
..,6.0529

DISTRIBUTION AND RELATIVE ABUNDANCE OR POPULA-
TION OF YOUNG FISHES IN LAKE SHARPE RESERVOIR
...Fish -non-specific, Population Dynamics, Reservoirs and Im-
poundments, South Dakota, Vertical Distribution, ..,6.0500

ABUNDANCE AND COMPOSITION OF ADULT FISH STOCK IN
LAKE SHARPE, ...Fish -non-specific, Number Or Density, Popu-
lation Dynamics, Reservoirs and Impoundments, South Dakota,
6,0501

GROWTH AND MORTALITY RATES OF YOUNG YELLOW
PERCH IN OAHE RESERVIOR ,..Growth Rate, Mortality Rates,
Reservoirs and Impoundments, South Dakota, Yellow Perch, Dar-
ters, ...6.0498

ABUNDANCE OF YOUNG-OF-THE-YEAR FISHES IN OAHE
RESERVOIR Age, Fish -non-specific, Population Dynamics,
Reservoirs and Impoundments, South Dakota, _6.0499

EARLY LIFE HISTORY OF WALLEYE IN LAKE FRANCIS
CASE ...Life History Studies, Maturity & Growth Stages, Reser-
voirs and Impoundments, South Dakota, Walleyes, 6.0506

ENVIRONMENTAL FACTORS AND YOUNG NORTHERN PIKE
SURVIVAL IN RESERVOIRS ...Environmental Physiology,
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Pikes, Pickeral, Muskellunge, Reservoirs and Impoundments,
Stocking of Fish & Shellfish, Temperature, .6.0510

ENVIRONMENTAL FACTORS AND YOUNG YELLOW PERCH
SURVIVAL IN RESERVOIRS ,.,Environmental Physiology,
Reservoirs and Impoundments, Stocking of Fish & Shellfish, Tem-
perature, Yellow Perch, Darters, ..6.0511

BENTHOS IN LEWIS AND CLARK LAKE ,,,Bloodworms, Aquatic
Midges, Mayflies, Number Or Density, Reservoirs and Impound-
ments, South Dakota, ,,,6.0514

BENTHOS IN LAKE FRANCIS CASE ...Benthic Fauna, Reservoirs
and Impoundments, South Dakota, 6.0515

POPULATION ESTIMATES FROM MIDWATER TRAWL SAM-
PLING Alewife,menhadon,shad,herring, Arkansas, Nets, Popula-
tion Dynamics, Reservoirs and Impoundments, ,6.0019

EARLY 1.IFE HISTORY STAGES OF OAHE AND BIG BEND
RESERVOIR FISHES ...Animal Taxonomy, Life History Studies,
Plankton Sampling, Reservoirs and Impoundments, South Dakota,
6.0522

LIFE HISTORY OF RESERVOIR FISHES, SPAWNING OF OAHE
AND BIG BEND RESERVOIR FISHES ...Biological Rhythms,
Life History Studies, Reservoirs and Impoundments, South
Dakota, Spawn Or Nesting Sites, .6.0523

ESTIMATES OF COMPOSITION, ABUNDANCE AND FLUC-
TUATION IN FISH POPULATIONS IN BULL SHOALS AND
BEAVER RESERVOIRS ,,.Arkansas, Fish -non-specific, Number
Or Density, Population Dynamics, Reservoirs and Impoundments,
.4.00I7

LIFE HISTORY OF WHITE BASS IN LEWIS AND CLARK LAKE
Basses -sea,white, White Perch, Life History Studies, Reservoirs
and Impoundments, South Dakota, .,.6.0528

LIFE HISTORY OF CYCLOPS BICUSPIDATUS .Copepods, Life
History Studies, Number Or Density, Reservoirs and Impound-
ments, South Dakota, ..6.0527

FISH POPULATION IN TAILWATER OF LEWIS AND CLARK
LAKE .Fish -non-specific, Population Dynamics, Reservoirs and
Impoundments, South Dakota, ..6.0531

PHYSIOLOGY AND BEHAVIOR OF LARVAE (PHYSIOECOLO-
(,;Y OF SHELLFISH PROGRAM) _Biological Rhythms, Environ-
mental Ecology, Environmental Physiology, Water Properties-
general, 6.011:3

ESTUARINE BIOLOGY--RESPONSE OF LARVAE TO TEM-
PERATURE AND SALINITY _Alewife,menhaden,shad,herring,
Environmental Ecology, Estuaries, Salinity, Temperature,
..,2.0817

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
,..Environmental Ecology, Estuaries, Mortality Rates, Physical-
general, Salmon -eolio,chinook,sockeye....4.0002

PHYSIOLOGY AND BEHAVIOR ...Biological-general, Environ-
mental Physiology, Productivity - Food Chain, ,,,6.0290

LIFE HISTORY AND ABUNDANCE OF THE WALLEYE ...Com-
mercial Fishing, Environmental Ecology, Life History Studies,
Walleyes, Water Properties-general, 6.0440

LIFE HISTORY AND ABUNDANCE OF THE YELL OW PERCH
Environmental Ecology, Life History Studies, Population
Dynamics, Wale; Properties-general, Yellow Perch, Darters,
.,.6.0439

ENVIRONMENTAL CHANGES IN LAKE ERIE ..,Environmental
Changes, Environmental Ecology, Ions and Gases, Lake Erie,
Nutrients, ..,5.0540

ASSESSMENT OF LAKE SUPERIOR LAKE TROUT ...Commer-
cial Fishing., Lake Trout, Brook Trout, Lampreys, Life History
Studies, .6.0636

MONITORING FISH STOCKS AND ENVIRONMENTAL CONDI-
'T'IONS ,,,Biological - general, Environmental Effects-geologic,
Population Dynamics, Water Properties-general, .6.0635

RELATION OF ENVIRONMENTAL FACTORS TO THE
PRODUCTIVITY OF ESTUARINE SEDENTARY FAUNA ...En-
vironmental Ecology, Estuaries, Florida, Productivity - Food
Chain, .5.0269

RESEARCH ON THE MACROBENTHOS OF THE GREAT
LAKES ...Benthic Fauna, Earthworms, Food Supply, Great Lakes-
general, Water Quality-general, 6.0292

DISTRIBUTION AND ABUNDANCE OF ZOOPLANKTON IN
LAKE ERIE ...Computers-general, Environmental Ecology, Inter-
biotic Relat.(non-specif), Lake Erie, Other Computers, Popula-
tion Dynamics, 6.0294

RELATION OF RIVER -RUN IMPOUNDMENTS TO SALMON
PRODUCTION .,,Engineering Structures-general, Environmental
Changes, Environmental Ecology, Mans Activities, Pollution - Ef-
fects of , Salmon & Trout - Non-specific, 6.0616
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SALMON PRODUCTION IN AREAS MADE INACCESSIBLE BY
DAMS ...Columbia River, Engineering Structures-general, En-
vironmental Ecology, Salmon & Trout - Non-specific, Spawn Or
Nesting Sites, 8.0309

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
_Alaska, Salmon -coho,chinook,sockeye.., Spawn Or Nesting
Sites, Streams, Water Properties-general, ...6.0005

ADULT SALMON BEHAVIOR STUDIES IN RIVERS AND AT
DAMS (SONIC TRACKING) ...Behavioral Ecology, Columbia
River, Migration, Salmon & Trout - Non-specific, Tugs, 8.0305

FISH TRANSPORTATION .,.Management -other, Migration, Sal-
mon & Trout - Non-specific, Streams, Tags, ...8.0304

THE INVESTIGATION AND ANALYSIS OF BIOCHEMICAL
PROCESSES OF AQUATIC ORGANISMS UNDER STRESS
_Animal Origin, Fish -non-specific, Metabolism -animal, Other,
Stress, ...5.0585

EFFECTS OF HIGH TEMPERATURE, LOW OXYGEN, AND PH
EXTREMES ON THE SURVIVAL OF AQUATIC INSECTS
AND CRUSTACEA IMPORTANT AS TROUT FOOD ...Food
Supply, Gases, Dissolved -water, High Temp. -85t' Or Above,
Lake Superior, Ph, Acidity -water, 5.0593

DEVELOPMENT OF CULTURE METHODS FOR ECOLOGI-
CALLY IMPORTANT MARINE ZOOPLANKTON SPECIES
..,Copepods, Environmental Physiology, Invertebrate Cultures,
Zooplankton, ...5.1096

RELATIONSHIP OF WATER AND LAND MANAGEMENT TO
MOSQUITO BREEDING IN WATER IMPOUNDMENTS AND
IRRIGATED FARM AREAS ...Computer Matching Code, Dis-
eases, Management, Mosquitoes - non - specific, Predators and
Parasite, Rearing, Water, 6.0255

BIOLOGY AND CONTROL OF SALT-MARSH AND RICE-FIELD
MOSQUITOES IN GULF COAST AREAS ...Computer Matching
Code, Louisiana, Mosquitoes -non-specific, Predators and
Parasite, Swamps-marshes, ...2.0576

THE EFFECT OF PREDATORS AND PARASITES ON THE
BREEDING POTENTIAL OF MOSQUITOES ...Aedes
Mosquitoes, Disease, Predators, Diseases, Louisiana, Predators
and Parasite, ...2.0577

Distribution
Animal Distr. (non-specific)

FISHES OF THE SOUTH PLATTE RIVER BASIN, COLORADO
Colorado, Environmental Changes. Environmental Ecology, Fish
-non-specific, Pollution - Effects of , River Basins, 5.0194

FISH GUIDING ...Fish -non-specific, Guidance, Instrumental Ser-
vices, Management -other, Water Environment -othei. 8.0307

Range Or Territorial Distr.
ECOLOGICAL STUDIES OF THE SURFACE WATERS OF THE

WHITEWATER CREEK WATERSHED, WALWORTH, :10CK,
AND JEFFERSON COUNTIES, WISCONSIN ...Bioindicators,
Water Quality-general, Watersheds-general Wisconsin, ...5.1323

EFFECT OF RANGE AND WATER ON MULE DEER POPULA-
TION ...New Mexico, Odocoileus, Population Dynamics, Rela-
tions - Forage - Timber, Water Utilization -animal,

ECOLOGY OF COLORADO MOLLUSKS ...Colorado, Mollusks -
non-specific & Other, Pollution - Effects of , Pollution -non-
specific, Pollution Effects, ...5.0178

INFLUENCE OF THE PHYSICAL ENVIRONMENT ON DIS-
TRIBUTION OF YOUNG STAGES OF COASTAL GAME FISH
...Continental Shell', Environmental Ecology, Fish -non-specific,
Maturity & Growth Stages, Physical-general, ...6.0346

DISTRIBUTION, ABUNDANCE, TAXONOMY, AND BIOLOGY
OF MOSQUITOES AFFECTING AGRICULTURE ...Animal Tax-
onomy, Insect Chemosterilants, N.s. , Mosquitoes -non-specific,
Number Or Density, Radiation, 6.0148

Temporal Distribution
DISTRIBUTION AND GROWTH PATTERNS OF THE GIZZARD

SHAD (DOROSOMA CEPEDIANU) AND THREADFIN SHAD
(DOROSOMA PETENENSE) IN RESERVOIRS ...Alewife,men-
haden,shad,herring, Arkansas, Growth Rate, Number Or Density,
Reservoirs and Impoundments, ...6.0029

Vertical Distribution
BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-

LATIONS ...Buoys, Chlorophyll, Food Chains, Nutrients,
Phytoplankton, Zooplankton, 6.0289

ABUNDANCE AND DISTRIBUTION OF BENTHIC MACRO-IN-
VERTEBRATES IN A STREAM RECEIVING OILFIELD
WASTEWATERS ...Benthic Fauna, Bioindicators, Contamination
- Water, Industrial Wastes, Number Or Density, ...5.1028

STREAM BIOLOGY AND ITS RELATION TO FISH PRODUC-
TION ...Food Supply, Growth Rate, Mississippi River, Shiners,
Streams, ...6.0223

ATCHAFALAYA RIVER - CALLIOU LAKE SYSTEM ...Lakes,
Louisiana, Number Or Density, Physical-general, Plankton (non-
specific), 2.0545

SEASONAL. AND DIURNAL ASPECTS OF ZOOPLANKTON
MICRODISTRIBUTION AND VERTICAL MIGRATION IN
RELATION TO WATER POLLUTION ...Environmental Ecology,
Fresh Water, Pollution Effects, Water Quality-geperal, Zooplank-
ton, ...5.1126

THE MICRODISTRIBUTION OF STREAM BENTHOS ...Aquatic
Ecoitgy, Benthic Fauna, Organic-general, Productivity Food
Cann, Streams, ...5.1020

DISTRIBUTION OF DEMERSAL FISHES IN INSHORE WATERS
...Environmental Ecology, Fish -non-specific, Marine Biology,
Mortality Rates, Nets, ...5.1260

DISTRIBUTION OF LIFE WITH DEPTH ...Continental Shelf,
Marine Photography-television, North Carolina, Photography-
other, ...5.0272

BOTTOM FAUNA IN THE NORTH ST. VRAIN CREEK,
COLORADO ...Aquatic Ecology, Benthic Fauna, Colorado,
Mountains - alpine, Streams, ...2.0158

RELATIONSHIP OF TUBE-AND REEF BUILDING MARINE AN-
NELIDS TO COASTAL ENGINEERING AND CONSERVA-
TION PROBLEMS IN FLORIDA ...Coastal Engineering-other,
Environmental Ecology, Florida, Lugworms, Marine Segmented-
worm, 3,0187

DEPTH DISTRIBUTION OF FISH IN LAKE GLENDALE
Bluegills, Bream, Food Supply, Illinois, Lakes, Largemouth
Bass, ...6.0197

OREGON FISHES - THEIR CLASSIFICATIONS, DISTRIBUTIONS
AND LIFE HISTORIES ...Animal Taxonomy, Fresh Water, Life
History Studies, Oregon, 6.0450

DISTRIBUTION AND RELATIVE ABUNDANCE OR POPULA-
TION OF YOUNG FISHES IN LAKE SHARPE RESERVOIR
...Aquatic Ecology, Fish -non-specific, Population Dynamics,
Reservoirs and Impoundments, South Dakota, ...6.0500

FAUNAL PRODUCTION ...Estuaries, Pollution Effects, Pollution-
general, Productivity - Food Chain, Water Environment -other,
...6.0154

ESTUARINE STUDIES OF SOUTHEASTERN ALASKA ...Alaska,
Benthic Fauna, Environmental Ecology, Estuaries, Number Or
Density, ...2.0017

Environmental Ecology
AQUATIC COMMUNITIES ...Aquatic Ecology, Lakes, Productivity

- Food Chain, Salinity, Water Salinity, .6.0625
DIVERSITY AND ECOLOGICAL NICHES IN MULTI-SPECIES

ASSOCIATIONS OF CHYORID CLADOCERA (CRUSTACEA)
_Cladoccra, Habitat Studies, Interbietic Relat.(non-specif),
Lakes, Microfossils, 2.0911

THE EFFECT OF EVAPORATION BARRIERS ON FISH
GROWTH AND LIMNOLOGY ...Antitranspirants, Aquatic
Ecology, Fish -non-specific, Growth Rate, 2.0060

FISHES OF THE SOUTH PLATTE RIVER BASIN, COLORADO
...Animal Distr. (non-specific), Colorado, Environmental Changes,
Fish -non-specific, Pollution - Effects of , River Basins, .,.5.0194

FACTORS AFFECTING ZOOPLANKTON PRODUCTION IN
FOUR ARIZONA LAKES ...Lakes, Productivity - Food Chain,
Trace Element Analysis, Water Bacteria, Zooplankton, 5.0047

INVESTIGATION OF THE RELATIONSHIP OF THE AMER-
ICAN SMELT, OSMERUS MORDAX - MITCHILL, TO THE
WEWEANTIC RIVER ESTUARY, WAREHAM, MAS-
SACHUSETTS ...Aquatic Ecology, Estuaries, Smelts, Spawn Or
Nesting Sites, Temperature, ...5.0510

COVER AS A LIMITING FACTOR IN TROUT PRODUCTION
.Colorado, Number Or Density, Salmon & Trout - Non-specific,
Soil (wildlife) Cover, Streams, ...4.0070

MASS MORTALITY OF PACIFIC OYSTERS ALONG THE
WASHINGTON COAST ...Bays, Mortality Rates, Oysters,
Pathology, Puget Sound, 5.1230

EFFECTS OF CHANGES IN WATER QUALITY ON FRY AND
FINGERLINGS ...Aquatic Ecology, Basses -sea,white, White
Perch, Chemical - general, Louisiana, Water Quality-general,
5.0454

VEGETATIVE SUCCESSION IN NEWLY CONTROLLED
MARSHES ...Growth Rate, Plant Succession, South Carolina,
Swamps-marshes, Water Level Fluctuation, 4.0215
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STUDY OF THE RIVER PHASE OF THE LIFE HISTORIES OF
ALOSA PSEUDOHARENGUS AND AESTIVALIS
...Alewifemenhaden,shad,herring, Aquatic Ecology, Connecticut
River, Life History Studics, Spawn Or Ncsting Sitcs, -6.0111

POTENTIAL FISHERY FOR RIVER HERRINGS IN CONNEC-
'mu'. RIVER ...Atewifc,mcnhadcn,shad,hcrring, Connceticut
River, Lifc History Studies, Ncts, Spawn Or Nesting Sitcs,
...4.0075

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- II HYDROLOGY ...Aquatic Ecology, Atlascs-maps, Estuaries,
Gulf of Mcxico, Water Properties- general, ...2.0670

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- III SEDIMENTOLOGY ...Aquatic Ecology, Atlascs-maps, Dis-
tribution, Estuaries, Gulf of Mexico, -2.0671

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- IV BIOLOGY ...Aquatic Ecology, Atlases-maps, Estuarics, Gulf'
of Mcxico, Mississippi Rivcr, -2.0672

WATER RESOURCES NEMATOLOGY ,..Animal Pollutant
Sources, Aquatic Ecology, Mans Activities, Nematoda -other,
Productivity - Food Chain, -5.0001

MANIPULA'I'ION OF RESERVOIR WATER FOR IMPROVED
QUALITY AND FISH POPULATION RESPONSE ...Eutrophica-
tion, Fish -non-specific, Flow Augmentation, Freshwater Ecology,
Population Dynamics, Reservoirs and Impoundments, -5.1294

EFFECTS OF THERMAL POLLUTION ON PRODUCTIVITY
AND STABILITY OF ESTUARINE COMMUNITIES ...Aquatic
Ecology, Estuaries, Plant Prod. (non-specific), Pollution - Effccts
of , 'Thermal Pollution, -5.0498

TRACE ELEMENT CHEMISTRY OF A SMALL POND IN RELA-
TION TO PRODUCTIVITY ...Geochcmical Analysis, Ponds,
Population Dynamics, Trace Elcment Analysis, Zooplankton,
-6.0232

EFFECTS OF WATER DIVERSION ON BIOTA AND WATER
QUALITY IN THE STATE OF ARKANSAS ...Fish -non-specific,
Population Dynamics, Reservoirs and Impoundments, Tempera-
ture, Watcr Quality - general, -6.0030

EFFECT OF WATER QUALITY ON FIRST-YEAR MORTALITY
OF LARGEMOUTH BASS ...Aquatic Ecology, Largemouth Bass,
Mortality Ratcs, Pollution - Effects of , Water Properties - general,
-5.0772

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
Bioinclicators, Number Or Density, Pollution - Effccts of , Pollu-
tion Effects, Stonc Flics, Plccoptera, Strcams, -5.1057

AQUATIC ENVIRONMENT AND FOOD HABITS OF MAYFLIES
...Aquatic Ecology, Chemical-general, Mayflies, Nutrition and
Metabolism, Physical - general, ,..5.0323

SEASONAL AND DIURNAL ASPECTS OF ZOOPLANKTON
MICRODISTRIBUTION AND VERTICAL MIGRATION IN
RELATION TO WATER POLLUTION ...Fresh Water, Pollution
Effccts, Vertical Distribution, Watcr Quality-general, Zooplank-
ton, -5.1126

CHEMICAL RESPONSES BY MARINE ORGANISMS TO STRESS
...Environmental Changcs, Environmental Physiology, Protein,
Salinity, Thcrmal, -5.1056

DISSOLVED OXYGEN REQUIREMENTS OF FRESHWATER
FISH ...Aquatic Ecology, Fish -non-specific, Gascs, Dissolved
watcr, Ions and Caws, Oxygen, -5.0962

DISTRIBI ''. ION OF DEMERSAL FISHES IN INSHORE WATERS
...Fish - non - specific, Marine Biology, Mortality Ratcs, Nets, Verti-
cal Distribution, ...5.1260

BIOLOGICAL SURVEY OF STREAMS OF COLES COUNTY, IL-
LINOIS _Aquatic Ecology, Contamination - Water, Fish -non-
specific, Illinois, Streams, -5.0333

BIONOMICS OF FISHES AND SHELLFISHES ...Aquaculture &
Fish-farming, Bays, Economics- general, Orcgon, Productivity -
Food Chain, -2.0896

CHEMICAL ECOLOGY OF DIAPTOMID COPEPODS OF
COLORADO ...Aquatic Ecology, Chemical Measurements -water,
Colorado, Copepods, Fresh Water, _6.0088

ST. JOHNS RIVER FISHERY PROJECT ...Florida, Mans Aetivitics.
Pollution Effccts. Population Dynamics, Strcams, -3.0173

RELATIONSHIP OF TUBE-AND REEF BUILDING MARINE AN-
NELIDS TO COASTAL ENGINEERING AND CONSERVA-
TION PROBLEMS IN FLORIDA ...Coastal Engineering - other,
Florida, Lugworms, Marinc Segmcntcdworm. Vertical Distribu-

-3.0187
ASH MOVEMENTS IN THE NORTH INLET OF WOLF LAKE,

HUNTINGTON FOREST ...Behavioral Ecology, Lake Trout,
Brook Trout, Locomotion -animal, New York, Strcams, _2.0813
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INFLUENCES OF WATER QUALITY AND OTHER ENVIRON-
MENTAL CHANGES ON FISH AND ASSOCIATED ORGAN-
ISMS IN INLAND WATERS ...Aquatic Ecology, Fish -non-
specific, Mans Activities, Pollution - Effects of , Social Aspects,
Water Quality - general, _5.0965

ECOLOGY OF RECREATIONALLY IMPORTANT ESTUARINE
FISHES IN OREGON ...Aquatic Ecology, Estuaries, Fishing,
Migration, Orcgon, Population Dynamics, _6.0458

RADIONUCLIDE CYCLING IN AQUATIC ECOSYSTEMS AND
'I'HE USE OF ISOTOPES TO DELINEATE AND QUANTIFY
BASIC ECOLOGICAL PROCESSES ...Aquatic Ecology, Lakcs,
Productivity - Food Chain, Radioactive Pollution -ns, Strontium,
-2.1000

POPULATION ECOLOGY OF FORAMINIFERA IN THE CHOP-
TANK RIVER ...Aquatic Ecology, Foraminifcra, Maryland, Popu-
lation Dynamics, Watcr Properties-gcneral, -6.0126

AQUATIC PLANT CONTROL ...Fish -non-specific, Herbicides -
non- specific, of Aquatic Plants, Wildlife, ...8.0168

WATER QUALITY AND NUTRIENTS, SACRAMENTO-SAN
JOAQUIN RIVER SYSTEM ...Eutrophication, Fish -non-specific,
Nutrients, Plankton (non-specific), Watcr Quality-general,
...2M127

INFLUENCE OF THE PHYSICAL ENVIRONMENT ON DIS-
TRIBUTION OF YOUNG STAGES OF COASTAL GAME FISH
...Continental Shclf, Fish -non-specific, Maturity & Growth
Stages, Physical-gencral, Range Or Territorial Distr. , ...6.0346

LIFE HISTORY OF CHANNEL CATFISH IN LEWIS AND
CLARK LAKE ...Channel Catfish, Life History Studies, Numhcr
Or Density, Reservoirs and Impoundments, South Dakota,
_6.0530

EFFECTS OF ENVIRONMENTAL FACTORS ON STANDING
CROP AND HARVEST OF FISHES IN U. S. RESERVOIRS
...Environmental Effects-geologic, Fish -non-specific, Reservoirs
and Impoundments, ...6.0021

SPOTTED BASS REPRODUCTION IN BULL SHOALS ...Arkan-
sas, Biological Rhythms, Centrarchidae -other, Reproduction Stu-
dics (general), Reservoirs and Impoundments, ...6.0023

THE INFLUENCES OF ENVIRONMENTAL CONDITIONS ON
THE TOXICITY OF PESTICIDES ...Bioassay, Fish -non-specific,
Pollution - Effccts of , Wildlife, ...5.0656

PHYSIOLOGY AND BEHAVIOR OF LARVAE (PHYSIOECOLO-
GY OF SHELLFISH PROGRAM) ...Aquatic Ecology, Biological
Rhythms, Environmental Physiology, Watcr Properties -gencral,
...6M113

ECOLOGICAL FACTORS AFFECTING REPRODUCTION OF
SHELLFISH (PHYSIOECOLOGY OF SHELLFISH PROGRAM)
...Connecticut, Oystcrs, Reproductive Systcm, Spawn Or Ncsting
Sites, Water Properties- general, -6.0114

ESTUARINE BIOLOGY--RESPONSE OF LARVAE TO TEM-
PERATURE AND SALINITY ...Alcwife,mcnhaden,shad,herring,
Aquatic Ecology, Estuaries, Salinity, Temperature, -2.0817

BENTHIC COMMUNITIES ...Bcnthonie-bottom, Engineering Struc-
tures- general, Estuarics, Marine Biology, Productivity - Food
Chain, -6.0156

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
...Aquatic Ecology, Estuaries, Mortality Rates, Physical-general,
Salmon -coho,chinook,sockeye.., -4.0002

EARLY LIFE HISTORY OF COREGONIDS ...Cisco, Lakc Herring,
Life History Studies, Maturity & Growth Stages, Technique
Development, W,Iter Environment -other, _6.0295

LIFE HISTORY AND ABUNDANCE OF THE WALLEYE
...Aquatic Ecology, Commercial Fishing, Life History Studies,
Walleyes, Water Properties-gcncral, -6.0440

LIFE HISTORY AND ABUNDANCE OF THE YELLOW PERCH
...Aquatic Ecology, Life History Studies, Population Dynamics,
Watcr Properties-general, Yellow Perch, Dartcrs, -6.0439

ENVIRONMENTAL CHANGES IN LAKE ERIE ...Aquatic Ecolo-
gy, Environmental Changes, Ions and Gases, Lakc Erie, Nutrients,
-5.0540

PHYSICAL LIMNOLOGY OF THE GREAT LAKES ...Currents-
water. Fish -non-specific, Temperature, -5.0541

RELATION OF ENVIRONMENTAL FACTORS TO THE
PRODUCTIVITY OF ESTUARINE SEDENTARY FAUNA
...Aquatic Ecology, Estuaries, Florida, Productivity - Food Chain,
-5.0269

DISTRIBUTION AND ABUNDANCE OF ZOOPLANKTON IN
LAKE ERIE ...Aquatic Ecology, Computers-general, Interbiotic
Relat.(non-spccif), Lakc Erie, Other Computers, Population
Dynamics, -6.0294

RELATION OF RIVER-RUN IMPOUNDMENTS TO SALMON
PRODUCTION ...Aquatic Ecology, Engineering Structures-
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general, Environmental Changes, Mans Activities, Pollution - Ef-
fects of , Salmon & Trout - Non-specific, ...6.0616

SALMON PRODUCTION IN AREAS MADE INACCESSIBLE BY
DAMS ...Aquatic Ecology, Columbia River, Engineering Struc-
tures-general, Salmon & Trout - Non-specific, Spawn Or Nesting
Sites, ..8.0309

ESTUARINE STUDIES OF SOUTHEASTERN ALASKA ...Alaska,
Benthic Fauna, Estuaries, Number Or Density, Vertical Distribu-
tion, 2.0017

PREDICTION OF ENVIRONMENT .Biological-general, Columbia
River, Low Temp. -hut Above 32f, Physical-general, Reservoirs
and Impoundments, Salmon & Trout - Non-specific, Snake River,
Temperature, Thermal Pollution, ...6.0617

ASHWAY RESEARCH (BONNEVILLE LABORATORY)
.,.Behavioral Ecology, Engineering Structures-general, Manage-
ment -other, Migration, Salmon & Trout - Non-specific, ...6.0618

ENVIRONMENT AND VIRUS-HOST INTERACTIONS IN FISHES
...Agricultural Chemicals-general, Pathology, Pollution - Effects of
, Pollution Effects, Viral Pollutant Sources, 5.0786

Habitat Studies
DIVERSITY AND ECOLOGICAL NICHES IN MULTI-SPECIES

ASSOCIATIONS OF CHYORID CLADOCERA (CRUSTACEA)
...Cladocera, Environmental Ecology, Interbiotic Relat.(non-
speeif), Lakes, Microfossils, 2.0911

SYSTEMATIC AND BIOGEOGRAPHIC STUDIES OF AQUATIC
AND SEMI-AQUATIC ORGANISMS IN NORTHERN MEXICO
...Animal Taxonomy, Aquatic Ecology, Mexico, Plant Taxonomy,
...2.0038

INFLUENCE OF ACCUMULATED St JIMENTS UPON WATER
VELOCITY OF MICROHABITATS OCCUPIED I3Y TROUTS
..,Colorado, Rio Grande River, Salmon & Trout - Non-specific,
Sediments, Velocity -water, ..,4.0068

BEHAVIOR AND HABITAT INTERACTION OF BROOK TROUT
AND CUTTHROAT TROUT .,.Behavioral Ecology, Cutthroat
Trout, Idaho, Lake Trout, Brook Trout, Regression Analysis,
...5.0324

ESTUARINE DREDGE HOLE INVESTIGATIONS ...Aquatic
Ecology, Estuaries, Fish -non-specific, Ocean Coring and
Dredging, ...6.0354

ECOLOGY OF THE FISHES OF THE KASKASKIA RIVER ...Fish
-non-specific, Life History Studies, Population Dynamics, Reser-
voirs and Impoundments, Streams, ...4.0094

SPRING POND ECOLOGY AND MANAGEMENT ...Fishing,
Management, Ponds, Productivity (agricultural), Salmon & Trout
- Non - specific, ..3.0488

MARSH HABITAT STUDY ...Centrarchidac -other, Chemical-
general, Florida, Life History Studies, Swamps-marshes, _6.0157

EFFECTS OF WATERSHED MANIPULATION ON DEER AND
ELK USE ,..Cover Crops, Management, Population Dynamics,
Water Yield, Watersheds-general, 4.0003

EVALUATION OF HABITAT AND REPRODUCTIVE FACTORS
WHICH INFLUENCE POPULATIONS OF NESTING WATER-
FOWL ...Mapping, Population Dynamics, Spawn Or Nesting Sites,
Water Fowl, N.s. , Water Level Fluctuation, ...4.0108

THE EFFECT OF LIVESTOCK UTILIZATION ON WATERFOWL
HABITAT AND PRODUCTION ...Cattle, Utah, Vase. plant &
Vert. -other, Water Fowl, N.H. , Wetlands, ...6.0595

BROOD PRODUCTION AND POND PREFERENCE OF DIVING
DUCKS IN THE TURTLE MOUNTAINS OF NORTH DAKOTA
...Aquatic Plants (non-specific), Chemical-general, Land Use,
Water Fowl, N.s. , Water Utilization -animal, 6.0410

WATER TEMPERATURE AS A QUALITY FACTOR IN THE
USE OF STREAMS AND RESERVOI ...Reservoirs and Impound-
ments, Streams, Temperature, Thermal Pollution, Water Fowl,
N.s. , 5.0200

RELATION OF FLOODPLAIN POOLS TO THE BIOLOGICAL
PRODUCTION OF THE KASKASKIA RIVER AND ITS MAIN-
STEM RESERVOIRS ...Food Supply, Illinois, Productivity - Food
Chain, Reservoirs and Impoundments, Streams, ...2.0411

MACRO-FAUNA IN WASTE STABILIZATION LAGOONS
...Biological, Bloodworms, Aquatic Midges, Lagoon, Organic
Matter, Sewage Lagoons, 5.0946

MAYFLY DISTRIBUTION AS A WATER QUALITY INDEX
...Bioindicators, Mayflies, Mississippi River, Population Dynamics,
Survey Methods, ...5.0618

PATHOGENS AS BIOLOGICAL CONTROL AGENTS FOR
MOSQUITO LARVAE Diseases, Growth, Moulting &
Metamorph, Mosquitoes -non-specific, Population Dynamics, Sur-
vey Methods, 5.0492

THE BIOLOGY AND CONTROL OF TABANIDAE IN
MARSHLANDS ALONG THE EASTERN SHORE OF THE
GREAT SALT LAKE, UTAH ...Flies -horse,deer, Great Salt
Lake, Management, Survey Methods, Swamps-marshes, .6.0596

EPIDEMIOLOGICAL RELATIONSHIPS OF PESTICIDE APPLI-
CATION TO PESTICIDE RESIDUES IN WILDLIFE TISSUES
AND HABITATS ...Aquatic Ecology, Oregon, Terrestrial -other,
Wildlife -non-specific, ...5.0960

WATER QUANTITY AND QUALITY REQUIREMENTS ON
WESTERN SALINE MARSHLANDS ...Swamps-marshes, Utah,
Water Allocation, Water Fowl, N.s. , Water Quality-general,
...6.0582

FOOD AND FOOD ENERGY REQUIREMENTS OF WILD
DUCKLINGS ...Energy, Food Supply, Pintail, Anas Acuta, Scaup,
Lesser, Widgeon, American, ...6.0583

MARSH EVALUATION AND ACQUISITION - MARITIMES
...Management, Management -other, Wetlands, ...4.0052

REHABILITATION, SCOTSBURN MARSH, NOVA SCOTIA,
CANADA ...Canada, Engineering Structures-general, Swamps-
marshes, Water Level Fluctuation, ...4.0053

MARSH EVALUATION AND ACQUISITION, QUEBEC
...Canada, Wetlands, ...4.0049

WETLANDS EVALUATION AND DEVELOPMENT -
MARITIMES ...Canada, Species Evaluation, Wetlands, ...6.0085

MARSH EVALUATION AND ACQUISTION - ONTARIO
...Canada, Management, Management -other, Water Fowl, N.s.

...4.0046
WATERFOWL HABITAT INVESTIGATIONS - OTTAWA RIVER

...Canada, Floods, Water Fowl, N.s. , Water Level Fluctuation,

...4.0051
PESTICIDES AND WILDLIFE ...Biodegradation, Food Chains,

Animal And/or Man, Insecticides -non-specific, Preventative Mea-
sures, Wildlife -non-specific, ...5.0138

ECOLOGICAL STUDIES OF WILDLIFE MANAGEMENT PRAC-
TICES ...Delaware, Depth,water Level, Fluctuation, Management,
Swamps-marshes, Wildlife -non-specific, 6.0119

MANAGEMENT OF FOREST AND FARM GAME HABITAT -
FISH POND MANAGEMENT ...Farm Pond, Food Supply, Game
Reserves, of Aquatic Plants, Site Index and Site Quality, ..6.0245

COLUMBIA RIVER CHINOOK SALMON Columbia River, Con-
struction Land Use Effects, Population Dynamics, Salmon -
coho,chinook,sockcyc.., Spawn Or Nesting Sites, ...2.1129

THE EFFECT OF OCEAN WATER INTRUSION INTO BACK
BAY, VIRGINIA, AND CURRITUCK SOUND, NORTH
CAROLINA, ON THE WATERFOWL AND FISH HABITAT
...Aquatic Ecology, Brackish Water, Fish -non-specific, Saline
Water Intrusion, Water Fowl, N.s. , Water Salinity, ...2.0585

FISH POPULATION OR ABUNDANCE STUDIES IN LEWIS
AND CLARK LAKE ...Aquatic Ecology, Fish -non-specific,
Population Dynamics, Reservoirs and Impoundments, South
Dakota, ...6.0529

RELATIONSHIP BETWEEN MOURNING DOVE PRODUCTION
AND WATER DISTRIBUTION IN THE SONORAN DESERT
...Arizona, Deserts, Dove, Productivity (agricultural), Water
Utilization -animal, .6.0262

LIMNOLOGICAL INVESTIGATIONS OF PRAIRIE POTHOLES
...Chemical-general, North Dakota, Potholes, Water Fowl, N.s. ,

..,2.0850
CHEMICAL CHARACTERIZATION OF WATERS OF PRAIRIE

AND FOREST WETLANDS ...Chemical- general, Wetlands,
_1.0092

EVALUATION OF ENGINEERING PROJECTS AND
ESTUARINE DATA (ESTUARINE PROGRAM) ...Commercial
Fishing, Conservation & Management Eng, Construction Sites,
Estuaries, Gulf of Mexico, Land Use -non-specific, .,.8.0290

ECOLOGY OF WESTERN GULF ESTURIES ...Estuaries, Gulf of
Mexico, Plant Prod. (non-specific), Pollution - Effects of ,

Productivity - Food Chain, ...2.1048
MANAGEMENT OF FOREST GAME RANGES IN THE CEN-

TRAL ROCKY MOUNTAINS, AND IMPROVEMENT OF FISH
HABITAT BY MANIPULATION OF STREAMSIDE VEGETA-
TION ...Land Use -non-specific, Management, Soil (wildlife)
Cover, Streams, Wildlife -non-specific, 4.0074

Interbiotic Relationship
Behavioral Ecology

GUIDING JUVENILE AND ADULT MIGRANT SALMONIDS BY
NON-ELECTRICAL MEANS ...Migration, Salmon & Trout -
Non- specific, Velocity -water, Water Light Quality & Quantity,
8.0311
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FEEDING PATTERNS OF THE FRESHWATER ISOPOD LIR-
CEUS BRACHYURUS ...Aquatic Ecology, Food Supply, Isopods,
Nutrition Invertebrate., Pennsylvania, Streams, _7.0093

THE BEHAVIOR OF SMALLMOUTH BASS AS RELATED TO
ARTIFICIAL COVER ...Acidity, Mining Industry, Smallmouth
Bass, Soil (wildlife) Cover, Water Movement, Currents ...5.1024

WATER VELOCITY AND SPATIAL CO-ACTIONS OF
HATCHERY TROUT AND WILD BROWN TROUT ...Brown
Trout, Colorado, Flume Studies, Rainbow Trout, Steelhcad Trout,
Velocity -water, _5.0198

BEHAVIOR AND HABITAT INTERACTION OF BROOK TROUT
AND CUTTHROAT TROUT ..,Cutthroat Trout, Habitat Studies,
Idaho, Lake Trout, Brook Trout, Regression Analysis, ...5.0324

PREDATION ON LARGEMOUTH BASS DURING THEIR FIRST
YEAR OF LIFE ...Largemouth Bass, Maturity & Growth Stages,
Predation, Strontium, Tags, ...7.0080

ECOLOGY OF f; *VIE WADING BIRD POPULATIONS AF-
FECTED BY THE INVASION OF THE CATTLE EGRET INTO
ALABAMA ...Aquatic Ecology, Ciconiiformes - Wading Birds,
Mark, Tag Or Capture -other, Migration, Water Utilization -

animal, -.6.0001
BEHAVIOR AND FOOD PREFERENCES OF INTRODUCED AN-

NUAL FISHES IN RELATION TO MOSQUITOES ...Aquatic
Ecology, Food Supply, Killifishs - Cyprinodon, Mosquitoes -non-
specific, Predators and Parasite, -.2.0575

FISH MOVEMENTS IN THE NORTH INLET OF WOLF LAKE,
HUNTINGTON FOREST ...Environmental Ecoiogy, Lake Trout,
Brook Trout, Locomotion -animal, New York, Streams, -.2.0813

LIFE HISTORY OF LONGEAR SUNFISH ...Arkansas, Cen-
trarchidae -other, Life History Studies, Reservoirs and Impound-
ments, Scuba, 6.0016

ADULT SALMON BEHAVIOR STUDIES IN RIVERS AND AT
DAMS (SONIC TRACKING) ...Aquatic Ecology, Columbia
River, Migration, Salmon & Trout - Non-specific, Tags, _8.0305

FISHWAY RESEARCH (BONNEVILLE LABORATORY) ...En-
gineering Structures-general, Environmental Ecology, Manage-
ment -other, Migration, Salmon & Trout - Non-specific, -.6.0618

Competition
COMPETITION, PREDATION, AND BODY SIZE IN LAKE

ZOOPLANKTON ..Aquatic Ecology, Lakes, Predation, Size,
Zooplankton, 6.0115

Interbiotic Relat.(non-specif)
DIVERSITY AND ECOLOGICAL NICHES IN MULTI-SPECIES

ASSOCIATIONS OF CHYORID CLADOCERA (CRUSTACEA)
...Cladocera , Environmental Ecology, Habitat Studies, Lakes,
Microfossils, ...2.0911

STUDIES ON THE INTERACTIONS OF BACTERIA AND
AQUATIC NEMATODES ..Animal Pollutant Sources, Aquatic
Ecology, Bacteria (non-specific), Bacterial Pollutant Sources, Ne-
matoda - other, ..5.0013

EFFECTS OF ZOOPLANKTON ON PHOTOSYNTHESIS BY
ALGAE IN LAKES ...Algae- General, Lakes, Migration,
Photosynthesis, Zooplankton, ...2.1103

DISPERSAL OF VIABLE ALGAE AND PROTOZOA BY
AQUATIC INSECTS ...Algae- General, Aquatic Ecology, Insects
-non-specific, Invertebrates, Protozoa -other, 5.1170

AN ECOLOGICAL STUDY OF LAKE ST. PETER, QUEBEC
...Black Duck, Canada, Depth,water Level, Fluctuation, Lakes,
Water Level Fluctuation, ...4.0050

AN ECOLOGICAL STUDY OF ILES-DE-LA-PAIX, LAKE ST.
LOUIS, QUEBEC ...Canada, Islands, St. lawrence River, Water
Fowl, N.s. , ..4,0048

DISTRIBUTION AND ABUNDANCE OF ZOOPLANKTON IN
LAKE ERIE ...Aquatic Ecology, Computers-general, Environmen-
tal Ecology, Lake Eric, Other Computers, Population Dynamics,
-.6.0294

Predation
COMPETITION, PREDATION, AND BODY SIZE IN LAKE

ZOOPLANKTON ...Aquatic Ecology, Competition, Lakes, Size,
Zooplankton, ...6.0115

RELATIONSHIPS BETWEEN DRIFT DENSITY AND PRODUC-
TION, GROWTH, CROPPING EFFICIENCY AND CONSUMP-
TION IN A NATURAL BROOK TROUT POPULATION
...Growth Rate, Lake Trout, Brook Trout, Number Or Density,
Productivity (agricultural), Streams, ...7.0094

PREDATION ON LARGEMOUTH BASS DURING THEIR FIRST
YEAR OF LIFE ...Behavioral Ecology, Largemouth Bass, Maturi-
ty & Growth Stages, Strontium, Tags, -.7.0080

AN EVALUATION OF THE LAMPREY IN LAKE CHAMPLAIN
_Lakes, Lampreys, Maturity & Growth Stages, Spawn Or Nesting
Sites, Vermont, 6.0598

BIOLOGICAL FACTORS IN THE MANAGEMENT OF LAKE
FLIES ...Lakes, Midges, Piscicidcs -non-specific, Pollution - Ef-
fects of , Predators and Parasite, Wisconsin, -.6.0644

UTILIZATION OF INSECT ENEMIES IN THE CONTROL OF IN-
SECT PESTS AND WEEDS ,..Biocontrol, Host Specificity, In-
sects, Rearing, Weeds, -.6.0034

Life History Studies
DYNAMICS OF FISH POPULATIONS IN NATURAL LAKES

...Food Supply, Iowa, Lakes, Population Dynamics, -.6.0224
FLATHEAD CATFISH INVESTIGATIONS IN THE MISSOURI

RIVER ...Ictaluridae -other, Missouri River, Number Or Density,
Population Dynamics, ...6.0335

ECOLOGY OF THE FISHES OF THE KASKASKIA RIVER ...Fish
-non-specific, Habitat Studies, Population Dynamics, Reservoirs
and Impoundments, Streams, 4.0094

MARSH HABITAT STUDY ...Centrarchidac -other, Chemical-
general, Florida, Habitat Studies, Swamps-marshes, ...6.0157

WALLEYE AND NORTHERN PIKE STUDY ...Aquatic Ecology,
Pikes, Pickeral, Muskellunge, Spawn Or Nesting Sites, Texas,
Walleyes, 6.0541

LIFE HISTORY OF THE GOLDEYE (HIODON ALOSOIDES) IN
GARRISON RESERVOIR, NORTH DAKOTA ...Biological
Rhythms, Nets, North Dakota, Reservoirs and Impoundments,
Spawn Or Nesting Sites, -.5.0827

STUDY OF THE RIVER PHASE OF THE LIFE HISTORIES OF
ALOSA PSEUDOHARENGUS AND AESTIVALIS
.Alowife,menhaden,shad,herring, Aquatic Ecology, Connecticut
River, Environmental Ecology, Spawn Or Nesting Sites, 6.0111

POTENTIAL FISHERY FOR RIVER HERRINGS IN CONNEC-
TICUT RIVER .. .Alewife,menhaden,shad,hcrring, Connecticut
River, Environmental Ecology, Nets, Spawn Or Nesting Sites,
,..4.0075

ORGANISMS WHICH ATTACK THE AQUATIC PLANT, EURA-
SIAN WATERMILFOIL IN PAKISTAN ...Animal Taxonomy, In-
sects -non-specific, Other, Pakistan, Water Milfoil, Waterweed... ,
4.0202

INFLUENCE OF WATER POLLUTANTS AND WATER QUALI-
TY ON EARLY LIFE HISTORY AND POPULATION DYNAM-
ICS OF MINNESOTA FISHES ...Fish -non-specific, Minnesota,
Pollution - Effects of , Pollution Effects, Population Dynamics,
...5.0615

LIMNOLOGY OF NEBRASKA ...Lakes, Nebraska, Phonology,
Reservoirs and Impoundments, Water Properties-general,
...2.0720

OREGON FISHES - THEIR CLASSIFICATIONS, DISTRIBUTIONS
AND LIFE HISTORIES ...Animal Taxonomy, Fresh Water,
Oregon, Vertical Distribution, ...6.0450

ECOLOGY OF SPRING CHINOOK SALMON ...Aquatic Ecology,
Oregon, Productivity - Food Chain, Salmon -coho,chin-
ook,sockeye. Streams, ...6.0447

FACTORS INFLUENCING THE FRESHWATER RESIDENCE OF
JUVENILE FALL CHINOOK SALMON ...Aquatic Ecology,
Fresh Water, Oregon, Salmon -coho,chinook,sockeye.., Streams,
...6.0448

SEA NETTLE STUDIES IN CHESAPEAKE BAY, LIFE HISTORY
AND ECOLOGY ...Aquatic Ecology, Bays, Biological Control,
Chesapeake Bay, Jelly Fish, ...6.0127

EARLY LIFE HISTORY OF WALLEYE IN LAKE FRANCIS
CASE ...Aquatic Ecology, Maturity & Growth Stages, Reservoirs
and Impoundments, South Dakota, Walleyes, 6.0506

LIFE HISTORY OF CHANNEL CATFISH IN LEWIS AND
CLARK LAKE ...Channel Catfish, Environmental Ecology,
Number Or Density, Reservoirs and Impoundments, South
Dakota, -.6.0530

LIFE HISTORY OF LONGEAR SUNFISH ...Arkansas, Behavioral
Ecology, Centrarchidae -other, Reservoirs and Impoundments,
Scuba, 6.0016

EARLY LIFE HISTORY STAGES OF OAHE AND BIG BEND
RESERVOIR FISHES .,.Animal Taxonomy, Aquatic Ecology,
Plankton Sampling, Reservoirs and Impoundments, South Dakota,
...6.0522

LIFE HISTORY OF RESERVOIR FISHES, SPAWNING OF OAHE
AND BIG BEND RESERVOIR FISHES ...Aquatic Ecology,
Biological Rhythms, Reservoirs and Impoundments, South
Dakota, Spawn Or Nesting Sites, 6.0513
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LIFE HISTORY OF WHITE BASS IN LEWIS AND CLARK LAKE
...Aquatic Ecology, Basses -sca,white, White Perch, Reservoirs
and Impoundments, South Dakota, 6.0528

LIFE HISTORY OF CYCLOPS BICUSPIDATUS ...Aquatic Ecolo-

gy, Copepods, Number Or Density, Reservoirs and Impound-
ments, South Dakota, ..6.0527

EFFECT OF ENVIRONMENTAL CHANGES ON BLUE CRAB
ABUNDANCE ...Crabs, All, Environmental Changes. Migration,
North Carolina, Population Dynamics, -.6.0400

BRISTOL BAY ESTUARINE ECOLOGY ...Alaska, Estuaries, Fish-

ing Gear, Migration, Salmon -coho,chinook,sockeye.., Water Mass
& Ocean Fronts, -.2.0016

EARLY LIFE HISTORY OF COREGONIDS ...Cisco, Lake Herring,
Environmental Ecology, Maturity & Growth Stages, Technique
Development, Water Environment -other, _6.0295

LIFE HISTORY AND ABUNDANCE OF THE WALLEYE
...Aquatic Ecology, Commercial Fishing, Environmental Ecology,
Walleyes, Water Properties-general, 6.0440

LIFE HISTORY AND ABUNDANCE OF THE YELLOW PERCH
...Aquatic Ecology, Environmental Ecology, Population Dynamics,
Water Properties-general, Yellow Perch, Darters, ..6.0439

ASSESSMENT OF LAKE SUPERIOR LAKE TROUT ...Aquatic
Ecology, Commercial Fishing, Lake Trout, Brook Trout,
Lampreys, .6.0636

Migration
GUIDING JUVENILE AND ADULT MIGRANT SALMONIDS BY

NON-ELECTRICAL MEANS ...Behavioral Ecology, Salmon &
Trout - Non-specific. Velocity -water, Water Light Quality &
Quantity, 8.0311

FISHERIES-TURBINE RESEARCH COMPENDIUM COMPILA-
TION ...Electric Power Plants, Fish -non-specific, Mortality Rates,
Turbine-other, 8.0310

MIGRATORY RESPONSE OF ADULT SALMONIDS TO WATER
TEMPERATURE ...Management -other, Salmon -coho,chin-
ook,sockeye.. Temperature, Thermal Pollution, Warm Water,
-.8.0300

DISTRIBUTION AND ABUDANCE OF JUVENILE AMERICAN
SHAD, ALOSA SAPIDISSIMA (WILSON), IN THE CONNEC-
TICUT RIVER ABOVE HOLYOKE DAM, MASSACHUSETTS
-.Alewife,menhaden,shad,herring, Connecticut River, igineering
Structures-general, Massachusetts, Number Or Density, ..3.0271

STUDY OF STRIPED BASS POPULATIONS IN MAINE
COASTAL WATERS ...Aquatic Ecology, Basses -sea,white,
White Perch, Estuaries, Maine, -.5.0470

EVALUATION OF MARINE AND ALKALI TOLERANT SPE-
CIES INTRODUCIN IN THE LOWER PECOS RIVER ...Cen-
trarchidae -other, Drums, Fish -other, New Mexico, Stocking of
Fish & Shellfish, 6.0368

ECOLOGY OF SOME WADING BIRD POPULATIONS AF-
FECTED BY THE INVASION OF THE CATTLE EGRET INTO
ALABAMA ...Aquatic Ecology, Behavioral Ecoiogy,
Ciconiiformes - Wading Birds, Mark, Tag Or Capture -other,
Water Utilization -animal, ...6.0001

EFFECTS OF ZOOPLANKTON ON PHOTOSYNTHESIS BY
ALGAE IN LAKES ...Alec- General, Interbiotic Relat.(non-
specif), Lakes, Photosynthesis, Zooplankton, -.2.1103

EVALUATION OF UPSTREAM AND DOWNSTREAM
ANADROMOUS FISH PASSAGE AT RIVER MILL AND
FARADAY DAMS ON THE CLACKAMAS RIVER, OREGON
...Engineering Structures-general, Management -other, Oregon,
Rainbow Trout, Steelhead Trout, Reservoirs and Impoundments,
-.8.0279

FARMINGTON RIVER SHAD STUDIES ...Alewife,men-
haden,shad,herring, Bottom Sampling, Plankton Sampling, Water
Properties-general, Water Sampling, 6.0117

A RUN TIMING STUDY IN THE LOWER COLUMBIA RIVER
BY MEANS OF A TESTFISHING PROGRAM ...Columbia River,
Nets, Number Or Density. Salmon -coho,chinook,sockeyc..,
Streams, ...2.0884

ECOLOGY OF RECREATIONALLY IMPORTANT ESTUARINE
FISHES IN OREGON ...Aquatic Ecology, Environmental Ecolo-
gy, Estuaries, Fishing, Oregon, Population Dynamics, 6.0458

EVALUATION OF ANADROMOUS FISH PASSAGE FACILITIES
AT FALL CREEK DAM, BIG FALL CREEK, OREGON
...Aquatic Ecology, Engineering Structures-general, Oregon, Rain-
bow Trout, Steelhead Trout, Salmon & Trout - Non-specific,
8.0280

TRANSLOCATION OF RADIONUCLIDES BY FISH ...Columbia
River, Fish -non-specific, Phosphorus, Radioactivity-general, Zinc,
...2.1130

MOVEMENTS OF SPORT FISHES IN BEAVER RESERVOIR
...Arkansas, Basses -sca,whitc, White Perch, Fishery Development
-other, Reservoirs and Impoundments, Tags, 6,0017

EFFECT OF ENVIRONMENTAL CHANGES ON BLUE CRAB
ABUNDANCE ...Crabs, All, Environmental Changes, Life History
Studies, North Carolina, Population Dynamics, _6.0400

BRISTOL BAY ESTUARINE ECOLOGY ...Alaska, Estuaries, Fish-

ing Gear, Life History Studies, Salmon -coho,chinook,sockeye..,
Water Mass & Ocean Fronts, _2.0016

COLLECTION OF JUVENILE MIGRANTS FROM RIVERS AND
STREAMS ...Engineering Structures-general, Fish -non-specific,
Management -other, Streams, _4.0271

JUVENILE MIGRATION RATES -.Columbia River, Other, Salmon
& Trout - Non-specific, Snake River, Water Environment -other,
.8.0308

ADULT SALMON BEHAVIOR STUDIES IN RIVERS AND AT
DAMS (SONIC TRACKING) ...Aquatic Ecology, Behavioral
Ecology, Columbia River, Salmon & Trout - Non-specific, Tags,
_8.0305

FISH TRANSPORTATION ...Aquatic Ecology, Management -other,
Salmon & Trout - Non-specific, Streams, Tags, _8.0304

FISH BEHAVIOR AND PHYSIOLOGY ...Behavior -animal, En-
gineering Structures-general, Environmental Physiology, Salmon
& Trout - Non-specific, Thermal Pollution, ...6.0615

FISHWAY RESEARCH (BONNEVILLE LABORATORY)
-.Behavioral Ecology, Engineering Structures-general, Environ-
mental Ecology, Management -other, Salmon & Trout - Non-
specific, -.6.0618

PROTECTION OF FINGERLING SALMON IN TURBINES ...Con-
struction Land Use Effects, Engineering Structures-general, Mor-
tality Rates, Salmon & Trout - Non-specific, Snake River,
8.0306

Population Dynamics
ZOOPLANKTON NUTRITION IN LARGE RESERVOIRS ...Nutri-

tion - Invertebrate, Productivity - Food Chain, Reservoirs and Im-
poundments, Water Bacteria, Zooplankton, -.2.0515

REPOPULATION OF EXPERIMENTALLY DECIMATED AREAS
BY STREAM FISHES ...Aquatic Ecology, Control of Nuisance
Species, Fish -non-specific, Louisiana, Stream Rehebilitation,
Streams, -.5.0460

ROOT-KNOT NEMATODE CONTROL (MELOIDOGYNE
NAASI-FRANKLIN) ...Animal Pollutant Sources, Formula-
tion,rate,concentration, Nematocides -non-specific, Nematodes,
Rhabditoidea, -.3.0042

EFFECTS OF ORGANIC POLLUTION ON HATCHABILITY
AND SURVIVAL OF BROOK TROUT, SALVELINUS FON-
TINALIS, AND GROWTH OF BROWN TROUT,. SALMO
TRUTTA ,..Brown Trout, Lake Trout, Brook Trout, Nutrients,
Pollution - Effects of , Streams, -.5.1027

DYNAMICS OF FISH POPULATIONS IN NATURAL LAKES
...Food Supply, Iowa, Lakes, Life History Studies, .,,6.0224

INFLUENCE OF SEDIMENTATION UPON THE PRODUCTION
OF GAME FISHES ...Fish -non-specific, Montana, Pollution - Ef-
fects of , Sediments, Streams, -.4.0069

ZOOPLANKTON STANDING CROPS IN A SOUTH DAKOTA
PRAIRIE LAKE ...Animal Pollutant Sources, Aquatic Ecology,
Lakes, South Dakota, Zoopiankton, ...5.1110

OBSERVATIONS ON RED SALMON IN THE KVICHAK RIVER
SYSTEM ..,Alaska, Aquatic Ecology, Reproduction Studies
(general), Salmon .coho,chinook,sockeye,., Streams, -.6.0628

SAUCER AND WALLEYE INVESTIGATIONS IN THE MISSOU-
RI RIVER ...Biological Rhythms, Missouri River, Sanger, Wal-
leyes, ...6.0334

FLATHEAD CATFISH INVESTIGATIONS IN THE MISSOURI
RIVER ...Ictaluridae -other, Life History Studies, Missouri River,
Number Or Density, -.6.0335

EFFECTS OF DEWATERING ON A TROUT POPULATION ...De-
watering, Montana, Recreation Sites, Salmon & Trout - Non-
specific, Streams, 6.0330

TROUT STREAM - SURVEY OF STREAMS AND THEIR
WATERSHEDS .Biological-general, Bottom Sampling, Erosion-
general, Georgia, Physical-general, 10361

ECOLOGY OF THE FISHES OF THE KASKASKIA RIVER .. Fish
-non-specific, Habitat Studies, Life History Studies, Reservoirs
and Impoundments, Streams, 4.0094

DOCUMENT LOGGING DAMAGE ...Biological-general, Chemi-
cal-general, Fish -non-specific, Forest Debris, Logging, 'liansport,
Equipment, Physical-general, Pollution - Effects ofg, 5.0145
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STREAM IMPROVEMENT STUDY ...Engineering Structures-
general, Physical-general, Project Post-evaluation, Salmon &
Trout p Non-specific, Streams, ...2.0962

STUDIES ON PLANTED BROOK TROUT IN RELATION TO
NUMBERS PLANTED, LIMNOLOGICAL CONDITIONS AND
FOOD SUPPLIEC IN UNFISHED LAKES ...Food Supply, Lake
Trout, Brook Trout, Lakes, Michigan, Stocking of Fish & Shellf-
ish, 6.0303

IMPACT OF WINTER DRAWDOWN ON A SLOW-GROWING
PANFISH POPULATION AND ASSOCIATED SPECIES
...Aquatic Ecology, Chemical - general, Depth,water Level, Fluc-
tuation, Drawdown, ..,4.0276

WATERSHED EVALUATION ...Chemical Analysis (water),
Stream Rehabilitation, Streams. Temperature, Watersheds-
general, ...4.0226

STABILIZATION STUDY OF FALCON RESERVOIR -.Biological-
general, Chemical-general, Fish -non-specific, Physical-general.
Reservoirs and Impoundments, ...4.0229

LAKE BASTROP NETTING STUDY ...Commercial Fishing, letalu-
ridac -other, Lakes, Nets, Texas, ...6.0570

EFFECTS OF WATERSHED MANIPULATION ON DEER AND
ELK USE ...Cover Crops, Habitat Studies, Management, Water
Yield, Watersheds-gener:1, -.4.0003

EVALUATION OF HABITAT AND REPRODUCTIVE FACTORS
WHICH INFLUENCE POPULATIONS OF NESTING WATER-
FOWL Habitat Studies, Mapping, Spawn Or Nesting Sites,
Water Fowl, N.s. , Water Level Fluctuation, _4.0108

FISH POPULATION STUDIES, (DEWEY RESERVOIR)
Alewife,menhaden,shad,herring, Aquatic Ecology, Fertilizers -
aquatic, Kentucky, Reservoirs and Impoundments, 5.0437

LIMESTONE DRUM PRODUCTIVITY STUDY ...Aquatic Ecolo-
gy, Chemical-general, Limestone - General, Ph, Acidity -water,
Productivity (agricultural), 5.1273

EFFECTS OF LOGGING ON SALMON POPULATIONS IN
COASTAL STREAMS -.Douglas Fir, Forest Debris, Forest
Watersheds, Logging, Transport, Equipment, Salmon -coho,chin-
ook,sockeye.., _5.0947

THE ECOLOGY OF THE YOUNG FISHES OF THE WEWEAN-
TIC RIVER ESTUARY -.Aquatic Ecology, Estuaries, Mas-
sachusetts, Pesticides -non-specific, Pollution - EffeLts of ,

2.0607
MANIPULATION OF RESERVOIR WATER FOR IMPROVED

QUALITY AND FISH POPULATION RESPONSE ...Environ-
mental Ecology, Eutrophication, Fish -non-specific, Flow Aug-
mentation, Freshwater Ecology, Reservoirs and Impoundments,
.,.5.I294

TRACE ELEMENT CHEMISTRY OF A SMALL POND IN RELA-
TION TO PRODUCTIVITY Environmental Ecology,
Geochemical Analysis, Ponds, Trace Element Analysis, Zooplank-
ton, ,.,6.0232

EFFECTS OF WATER DIVERSION ON BIOTA AND WATER
QUALITY IN THE STATE OF ARKANSAS Environmental
Ecology, Fish -non-specific, Reservoirs and Impoundments, Tem-
perature, Water Quality-general, ...6.0030

BIOLOGICAL AND CHEMICAL STUDY OF VIRGINIAS ESTUA-
RIES ...Estuaries. Nitrogen, Phosphorus, Phytoplankton, Primary
Productivity, Virginia, ...2.1112

EFFECT OF CHLORINATION ON CILIATE PROTOZOA AND
THEIR ROLE AS A BARRIER TO STREAM POLLUTION
...Biological-general, Chlorination, Illinois, Protozoa -other,
Streams, -.5.0379

WATER QUALITY CRITERIA TO PROTECT THE FISH POPU-
LATION DIRECTLY BELOW SEWAGE OUTFALLS ...Effluent -
standards, Fish -non-specific, Sewage, Water Properties-general,
Water Standards, -.5.0501

WATERFOWL POPULATIONS AND RECREATIONAL USE
PATTERNS IN THE PROPOSED SAYLORVILLE RESERVOIR
AREA AS RELATED TO PRE-IMPOUNDMENT CONDITIONS
Access, Frequency of Use, Iowa, Pre-impoundment Sites, User
Patterns, Water Fowl, N.s. a-6.0227

EVOLUTION OF ALLOPATRIC POPULATIONS ...Captive Rear-
ing, Ecological, Lake Trout, Brook Trout, Maine, _5.0464

MAYFLY DISTRIBUTION AS A WATER QUALITY INDEX
Bioindicators, Habitat Studies, Mayflies, Mississippi River, Sur-
vey Methods, -.5.0618

PATHOGENS AS BIOLOGICAL CONTROL AGENTS FOR
MOSQUITO LARVAE ...Diseases, Growth, Moulting &
Mctamorph, Habitat Studies. Mosquitoes -non-specific, Survey
Methods, 5.0492

EFFECT OF RANGE AND WATER ON MULE DEER POPULA-
TION .New Mexico, Odocoileus, Range Or Territorial Distr. ,

Relations - Forage - Timber, Water Utilization -animal, 3.0338
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ST. JOHNS RIVER FISHERY PROJECT ...Environmental Ecology,
Florida, Mans Activities, Pollution Effects, Streams, 3.0173

FISH POPULATION i ANIPULATION AT RIDGE LAKE ...Con-
trol of Nuisance Species, Depth,water Level, Fluctuation, Illinois,
Lakes, Water Level Fluctuation, ...6.0194

INFLUENCE OF WATER POLLUTANTS AND WATER QUALI-
TY ON EARLY LIFE HISTORY AND POPULATION DYNAM-
ICS OF MINNESOTA FISHES ...Fish -non-specific, Life History
Studies, Minnesota, Pollution Effects of , Pollution Effects,
...5M615

ECOLOGY OF RECREATIONALLY IMPORTANT ESTUARINE
FISHES IN OREGON ...Aquatic Ecology, Environmental Ecolo-
gy, Estuaries. Fishing. Migration, Oregon, ..,6.0458

SIGNIFICANCE OF STOCKING SUB-ADULT FIN CLIPPED
CATFISH IN HUNTSVILLE STATE PARK LAKE ...Aquatic
Ecology, Channel Catfish, Lakes, Other, Stocking of Fish & Shell-
fish, ...6.0569

WILD RIVERS ECOLOGY STUDIES ...Acidity, Fish -non-specific,
Invertebrates -non-specific, Wild Rivers, Wisconsin, ...6.0638

COLUMBIA RIVER CHINOOK SALMON _Columbia River, Con-
struction Land Use Effects, Habitat Studies, Salmon -coho,chin-
ook,sockeye. Spawn Or Nesting Sites, 2.1129

POPULATION ECOLOGY OF FORAMINIFERA IN THE CHOP-
TANK RIVER ...Aquatic Ecology, Environmental Ecology,
Foraminifera, Maryland, Water Properties-general, ...6.0126

FISH POPULATION OR ABUNDANCE STUDIES IN LEWIS
AND CLARK LAKE -.Aquatic Ecology, Fish -non-specific,
Habitat Studies, Reservoirs and Impoundments, South Dakota,
...6.0529

DISTRIBUTION AND RELATIVE ABUNDANCE OR POPULA-
TION OF YOUNG FISHES IN LAKE SHARPE RESERVOIR
_Aquatic Ecology, Fish -non-specific, Reservoirs and Impound-
ments, South Dakota, Vertical Distribution, ...6.0500

ABUNDANCE AND COMPOSITION OF ADULT FISH STOCK IN
LAKE SHARPE ...Aquatic Ecology, Fish -non-specific, Number
Or Density, Reservoirs and Impoundments, South Dakota,
6.0501

VITAL STATISTICS OF NORTHERN PIKE IN LAKE SHARPE
...Growth Rate, Mortality Rates, Pikes, Pickeral, Muskellunge,
Reservoirs and Impoundments, South Dakota, ...6.0502

VITAL. STATISTICS OF WALLEYE IN LAKE SHARPE ...Growth
Rate, Mortality Rates, Reservoirs and Impoundments, South
Dakota, Walleyes, ...6.0503

ABUNDANCE OF YOUNG-OF-THE-YEAR FISHES IN OAHE
RESERVOIR ...Age, Aquatic Ecology, Fish -non-specific, Reser-
voirs and Impoundments, South Dakota, ...6.0499

EXPLORATORY SAMPLING PROGRAM FOR YOUNG-OF-THE-
YEAR FISH ...Age, Fish -non-specific, Nets, Reservoirs and Im-
poundments, ...6.0022

POPULATION ESTIMATES FROM MIDWATER TRAWL SAM-
PLING ., .Alewife,menhaden,shad,herring, Aquatic Ecology, Ar-
kansas, Nets, Reservoirs and Impoundments, ...6.0019

MORTALITY RATES AND RECRUITMENT ...Arkansas, Fish -
non- specific, Growth Rate, Mortality Rates, Reservoirs and Im-
poundments, ...4.0014

DESIGN AND CONSTRUCTION OF GEAR FOR MIDWATER
TRAWLING ...Alewifc,menhaden,shad,herring, Arkansas, Nets,
Reservoirs and Impoundments, ...4.0016

ESTIMATES OF COMPOSITION, ABUNDANCE AND FLUC-
TUATION IN FISH POPULATIONS IN BULL SHOALS AND
BEAVER RESERVOIRS ...Aquatic Ecology, Arkansas, Fish -non-
specific, Number Or Density, Reservoirs and Impoundments,
...4.0017

FISH POPULATION IN TAILWATER OF LEWIS AND CLARK
LAKE -.Aquatic Ecology, Fish -non-specific, Reservoirs and Im-
poundments, South Dakota, ...6.0531

EFFECT OF ENVIRONMENTAL CHANGES ON BLUE CRAB
ABUNDANCE ...Crabs, All, Environmental Changes, Life History
Studies, Migration, North Carolina, ...6.0400

LIFE HISTORY AND ABUNDANCE OF THE YELLOW PERCH
...Aquatic Ecology, Environmental Ecology, Life History Studies,
Water Properties-general, Yellow Perch, Darters, ...6.0439

MONITORING FISH STOCKS AND ENVIRONMENTAL CONDI-
TIONS ...Aquatic Ecology, Biological-general, Environmental Ef-
fects-geologic, Water Properties-general, ...6.0635

PHYSICAL, CHEMICAL, AND BIOLOGICAL LIMNOLOGY OF
OAHE RESERVOIR ...Fish -non-specific, Physical Properties-
general, Reservoirs and Impoundments, South Dakota, Water Pro-
perties-general, _6.0497

DISTRIBUTION AND ABUNDANCE OF ZOOPLANKTON IN
LAKE ERIE Aquatic Ecology, Computers-general, Environmen-
tal Ecology, Interbiotie Relat.(non-specify, Lake Erie. Other Com-
puters, 6.0294
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EXPERIMENTAL SEEDING (SHRIMP AQUACULTURE PRO-
GRAM) ...Captive Rearing, Florida, Shrimps - Common, Spawn
Or Nesting Sites, Stocking of Fish & Shellfish, ...6.0565

Productivity - Food Chain
THE APPLICATION OF RADIOISOTOPES TO STUDIES OF

AQUATIC ECOSYSTEMS ..Aquatie Ecology, Benthic Organisms
(non-specif), Freshwater Ecology, Water Properties-general,
Wisconsin, ...6.0643

FIELD EXPERIMENTS ON THE FLUX OF RADIONUCLIDES
THROUGH A SALT MARSH ECOSYSTEM, RENEWAL
...Chlorideac -other, Georgia, Model Studies, Swamps-marshes,
Water Cycle, ...2.0345

BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-
LATIONS ...13uoys, Chlorophyll, Food Chains, Nutrients,
Phytoplankton, Vertical Distribution, Zooplankton, ..6.0289

THE BIOLOGY AND CHEMISTRY OF TRACE ELEMENTS IN
MARINE AND ESTUARINE WATERS -.Chesapeake Bay,
Estuaries, Phytoplankton, Trace Element Analysis, Zooplankton,
...2.0556

RADIOACTIVE FOOD-CHAINS IN THE SUBARCTIC ENVIRON-
MENT .,.Radioactive Fallout, Radioactive Isotopes, Radiologic
Health, Sub - Polar, Toxicological and Allergy, ...2.0308

AQUATIC COMMUNITIES ...Aquatic Ecology, Environmental
Ecology, Lakes, Salinity, Water Salinity, ...6.0625

FERN LAKE MINERAL METABOLISM PROGRAM ...Fertilizers -
aquatic, Hardness-minerals, Lakes, Mineral Content -water,
Washington, 6.0624

ZOOPLANKTON NUTRITION IN LARGE RESERVOIRS ...Nutri-
tion - Invertebrate, Population Dynamics, Reservoirs and Im-
poundments, Water Bacteria, Zooplankton, ...2.0515

ENVIRONMENTAL HISTORY OF THE GALAPAGOS ISLANDS
...Floral, Galapagos Islands, Lakes, Plant Succession, Plant Tax-
onomy, -.2.0852

STUDIES ON THE MECHANISMS OF COMMUNITY STRUC-
TURE AND SUCCESSION IN TEMPORARY PONDS ,Fresh-
water Ecology, Plant Competition -other, Plant Succession,
Ponds, Succession, -.2.0100

FACTORS AFFECTING PRIMARY AND SECONDARY
PRODUCTION IN TEMPERATE LAKES ...Lakes, Minnesota,
Regression Analysis, Temperate, Zooplankton, ...2.0157

ECOLOGICAL SIGNIFICANCE OF ORGANIC RELEASE
PRODUCTS OF MARINE AND FRESHWATER ANIMALS
...Aquatic Ecology, Biological Rhyth.ls, Metabolism, Mucus,
2.0342

OPTIMUM ECOLOGICAL DESIGNS FOR ESTUARINE
SYSTEMS OF NORTH CAROLINA ...Domestic Wastes-general,
Estuaries, Marine Biology (non-specific), North Carolina, Pollu-
tion - Effects of , Pollution Effects, 2.0820

AN ECOLOGICAL STUDY OF AN ALKALINE STREAM WITH
HEAVY IRON DEPOSITS ORIGINATING FROM TREAT-
MENT OF MINE ACID WATER ...Alkalinity, Lake Trout, Brook
Trout, Mineral Content -water, Mining Activities, Susquehanna
River, Water Alkalinity, -.5.1025

FACTORS AFFECTING ZOOPLANKTON PRODUCTION IN
FOUR ARIZONA LAKES ...Environmental Ecology, Lakes,
Truce Element Analysis, Water Bacteria, Zooplankton, ..5.0047

COLONIZATION RATES OF BENTHIC INVERTEBRATES IN
AN OHIO RESERVOIR ...Benthic Fauna, Intertidal Areas, Ohio,
Reservoirs and Impoundments, Water Level Fluctuation, ..6.0424

A BENTHIC COMMUNITY OF THE PENOBSCOT RIVER
ESTUARY ...Aquatic Ecology, Benthie Organisms (non - specify,
Estuaries, Industrial Wastes, Maine, 5.0473

A STUDY OF THE BENTHIC FAUNA OF MERLE COLLINS
RESERVOIR (VIRGINIA RANCH RESERVOIR) ...California,
Food Supply, Number Or Density, Reservoirs and Impoundments,
...6.0071

STUDY OF TURBIDITY - PRODUCTION FACTORS IN LAKE
KAMPESKA CODINGTON COUNTY, SOUTH DAKOTA
...Lakes, Primary Productivity, South Dakota, Turbidity, Water -
Light Qual. & Quant. , Water Properties - general, ..2.0978

WATER RESOURCES NEMATOLOGY Animal Pollutant
Sources, Aquatic Ecology, Environmental Ecology, Mans Activi-
ties, Nematode -other, ...5.0001

THE EFFECTS OF NUTRIENTS ADDITIONS AND STREAM
DYNAMICS ON STREAM EUTROPHICATION .,.Energy-
dynamics, Eutrophication, Nutrients, of Aquatic Plants, Streams,
5.1040

A STUDY OF THE ENERGY FLOW THROUGH SELECTED
COMPONENTS OF A SMALL AQUATIC ECOSYSTEM
Aquatic Ecology, Energy Budgets, Farm Pond, Food Chains,
6.0162
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LIMNOLOGICAL STUDIES OF LENTIC WATERS IN IDAHO
...Alpine, Idaho, Lakes, Phytoplankton, Primary Productivity,
Reservoirs and Impoundments, -.2.0398

PRIMARY PRODUCTIVITY, AND STANDING CROPS IN RELA-
TION TO WATER QUALITY IN LAKE ASHTABULA RESER-
VOIR, NORTH DAKOTA ...North Dakota, Phytoplankton,
Reservoirs and Impoundments, Water Quality-general, Zooplank-
ton, ...6.0414

RELATION OF FLOODPLAIN POOLS TO THE BIOLOGICAL
PRODUCTION OF THE KASKASKIA RIVER AND ITS MAIN-
STEM RESERVOIRS ...Food Supply, Habitat Studies, Illinois,
Reservoirs and Impoundments, Streams, ...2.0411

COMPARATIVE PRODUCTIVITIES OF SMALL BODIES OF
WATER IN DESERT AND MONTANE AREAS OF
SOUTHERN NEW MEXICO ...New Mexico, Phytoplankton,
Plant Prod. (non-specific), Ponds, Zooplankton, -.3.0336

COMPARISON OF ENERGY FLOW PARAMETERS OF MIDGE
POPULATIONS IN BIOLOGICAL OXIDATION PONDS
...Bloodworms, Aquatic Midges, Energy Budgets, Oklahoma, Pol-
lution Effects, Sewage Lagoons, -.5.0929

THE EFFECTS OF EXTREME FLOODS AND PLACER MINING
ON THE BASIC PRODUCTIVITY OF SUBARCTIC STREAMS
...Alaska, Benthie Fauna, Bottom Sampling, Floods, Meteorologi-
cal Extremes, Placer, ...2.0022

BIOLOGICAL PRODUCTIVITY OF THE COEUR D'ALENE
RIVER AS RELATED TO WATER QUALITY ...Data Analysis -
General, Idaho, Primary Productivity, Streams, Water Quality-
general, ...5.0326

EVALUATION OF NATURAL RIVER ENVIRONMENTS
...Regimen, Streams, Succession, Water Quality-general, Wild
Rivers, ...6.0441

THE MICRODISTRIBUTION OF STREAM BENTHOS ...Aquatic
Ecology, Benthic Fauna, Organic-general, Streams, Vertical Dis-
tribution, ...5.1020

MARINE WASTE DISPOSAL AND SEA URCHIN ECOLOGY
...California, Pollution Effects, Sea Urchins & Other Echinoderm,
Sewage, -.5.0130

FARM FISH POND MANAGEMENT -.Farm Pond, Fertilizers -
aquatic, Food Supply, Management, Nutrients, 6.0300

MECHANISMS OF BIOLOGICAL PRODUCTION IN STK AMS
...Freshwater Ecology, Primary Productivity, Secondary Produc-
tivity, Streams, ...4.0145

LIMNOLOGY AND MANAGEMENT OF OREGON FARM
PONDS AND SMALL IMPOUNDMENTS ...Aquaculture 8,, Fish-
farming, Farm Pond, Management, Reservoirs and Impound-
ments, Trifluralin, Wildlife, -.6.0449

BIONOMICS OF FISHES AND SHELLFISHES ...Aquaculture &
Fish-farming, Bays, Economics-general, Environmental Ecology,
Oregon, ...2.0896

PHARMACOLOGICAL AND ECOLOGICAL EFFECTS OF
PESTICIDES ...Food Chains, Animal And/or Man, Fresh Water,
Pollution - Effects of ..5.0964

THE EFFECTS OF FERTILIZATION ON PRODUCTIVITY OF
FARM PONDS ...Farm Pond, Fertilizers, Physical, Plant Prod,
(non-specific), 6.0549

SEASONAL VARIATIONS OF SOME LIMNOLOGICAL FAC-
TORS IN LITTLE SODUS BAY, NEW YORK ...Bays, Chemical-
general, Eutrophication, Lake Ontario, New York, ..3.0355

LEVELS OF SECONDARY PRODUCTIVITY IN COLORADO
MOUNTAIN STREAMS ...Colorado, Mountains-alpine, Seconda-
ry Productivity, Streams, ..5.0179

STUDIES OF SOCKEYE SALMON, ONCORHYNCHUS NERKA,
IN THE KVICHAK RIVER SYSTEM, ALASKA ...Alaska, Com-
mercial Fishing, Salmon - coho,chinook,sockeye,., Watersheds-
other, ...6.0627

AQUATIC ECOSYSTEM ...Acidity, Cladocera, Environment Re-
sistance, Ph, Acidity -water, Pollution - Effects of , 6.0084

A COMPARATIVE STUDY OF THE MACROSCOPIC BENTHIC
FAUNA OF TWO CENTRAL ADIRONDACK LAKES ...Animal
Taxonomy, Benthic Fauna, Comparative Physiology, Lakes, New
York, ...2.0814

ECOLOGY OF SPRING CHINOOK SALMON ...Aquatic Ecology,
Life History Studies, Oregon, Salmon -coho,chinook,sockeye..,
Streams, -.6.0447

CHEMICAL BIOCIDES IN LAKES ...Lakes, Pesticides -non-
specific, Pollution - Effects of , Pollution Effects, South Dakota,
...5.1111

EFFECTS OF REGULATED GRAZING ON WATERFOWL
PRODUCTION ...Cutting &/or Grazing Effects, Soil (wildlife)
Cover, Swamps-marshes, Water Fowl, N.s. , ...6.0584

RADIONUCLIDE CYCLING IN AQUATIC ECOSYSTEMS AND
THE USE OF ISOTOKIS TO DELINEATE AND QUANTIFY
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BASIC ECOLOGICAL PROCESSES ...Aquatic Ecology, Environ-
mental Ecology, Lakes, Radioactive Pollution -ns, Strontium,
2.1000

BIOLOGICAL AVAILABILITY OF NUCLEAR DEBRIS '1'0

AQUATIC ANIMALS ,..Contamination - Water, Food, Radioac-
tivity-general, Radio logic Health, ..5.0102

EFFECTS OF TEMPERATURE ON AQUATIC LIFE ...Aquatic
Ecology, Fish - non - specific, Model Studies, Temperature, Warm
Water, .5.1121

ARCTIC ECOSYSTEMS .Alaska, Aquatic Ecology, Energy

Budgets, Freshwater Ecology, Polar, .,5.0236
EVALUATION OF PHYSICAL AND ECONOMIC EFFECTS OF

IMPOUNDMENTS AND RELEASES ON UPSTREAM AND
DOWNSTREAM WATER QUALITY Benefit-cost Analysis,
Reservoirs and Impoundments, Storage of Water, Stratification,
Water Quality Control-general, 6.0128

BIOLOGICAL PRODUCTIVITY RELATED TO HYDROLOGIC
CONDITIONS Aquatic Ecology, Plant Prod, (non-specific),

Swamps-marshes, Water Level Fluctuation, Water Quality-
general, .,.2.0317

COLLECTION AND COLLATION OF AVAILABLE BIOLOGI-
CAL, PHYSICAL AND CHEMICAL DATA ON U, S. RESER-
VOIRS ,Doeurnent and Literature Center, Fish -non-specific,
Reservoirs and Impoundments, River Basins, Survey Studies,
..,6.0020

PRODUCTIVITY OF ESTUARINE AND MARINE ".:COSYSTEMS

(A COOPERATIVE AGREEMENT WITH THE ATOMIC
ENERGY COMMISSION) Estuaries, Ions v.id Gases, Plankton
Sampling, Radioactivity, Radioactivity-genervi, 2.9818

SEDIMENT MINERALOGY ,,.Adsorption Capacity, Contamination

Water, Estuaries, Pollution Effects Radioactivity-general,
5.0806

ACCUMULATION OF RADIOACTIVITY BY INVERTEBRATES
...Contamination - Water, Metabolism, Pollution Effects, Radioac-
tivity-general, 5.0804

ACCUMULATION OF RADIONUCLIDES BY VERTEBRATES
_Contamination - Water, Estuaries, Pollution Effects, Radioac-
tivity-general, 5.0803

FAUNAL PRODUCTION .,.Estuaries, Pollution Effects, Pollution-

general, Vertical Distribution, Water Environment -other,
,..6.0154

BENTHIC COMMUNITIES Benthonic-bottom, Engineering Struc-
tures-general, Environmental Ecology, Estuaries, Marine Biology,
.,.6.0156

PHYSIOLOGY AND BEHAVIOR ...Aquatic Ecology, Biological-
general, Environmental Physiology, 6.0290

CHEMICAL CHARACTERISTICS OF THE GREAT LAKES
.Chemical Analysis (water), Great Lakes-general, Nutrients,

Water Quality-general, 5.0542
RELATION OF ENVIRONMENTAL FACTORS To THE

PRODUCTIVITY OF ESTUARINE SEDENTARY FAUNA
...Aquatic Ecology, Environmental Ecology, Estuaries, Florida,
5.0269

MECHANISMS OF PESTICIDE ACCUMULATION IN AQUATIC
ORGANISMS ...Chlorinated Hydrocarbons, Food Chains, Animal

And/or Man, Insecticides -non-specific, Pollution Effects,

...5.0546
ECOLOGY OF WESTERN GULF ESTURIES ...Estuaries, Gulf of

Mexico, Habitat Studies, Plant Prod, (non-specific), Pollution -
Effects of , .,.2 1048

ECOLOGY OF C. BOTULINUM IN THE COMMERCIAL FISHE-
RIES ENVIRONMENT ...Clostridium Botulinum, Identification,
Serology, 6.0291

THE EFFECT OF SELECTED PESTICIDES ON INTERTIDAL
BIOTA ...Insecticides -non-specific, Intertidal Areas, Pesticides -

non-specific, Pollutants-general, Pollution Effects, Swamps-

marshes, 5.0522

Succession
STUDIES ON THE MECHANISMS OF COMMUNITY STRUC-

TURE AND SUCCESSION IN TEMPORARY PONDS ...Fresh-

water Ecology, Plant Competition -other, Plant Succession,
Ponds, Productivity - Food Chain, 2,0100

EVALUATION OF NATURAL RIVER ENVIRONMENTS
...Productivity - Food Chain, Regimen, Streams, Water Quality-
general, Wild Rivers, ...6.0441

Terrestrial
Caves

TAXONOMY AND PHYSIOLOGY OF PROTOZOA IN CAVE
STREAMS AND POOLS Animal Taxonomy, Environmental
Physiology. Kentucky, Protozoa -other, Streams, ..6.0240

Terrestrial -other
FPIDEMIOL(X;ICAL RELATIONSHIPS OF PESTICIDE APPLI-

CATION TO PESTICIDE RESIDUES IN WILDLIFE TISSUES
AND HABITATS ...Aquatic Ecology, Habitat Studies, Oregon,
Wildlife -non-specific, 5.0960

Ecology - Soil
MEADOW SOD MAT ACCUMULATION AND DECOMPOSI-

TION ...High Organic Soils, Maintenance, Microbiology -soil, Soil
Depth, Soil Physical Properties, _2.0238

Economic Mineral Appraisals

Appraisals-general
MINERAL RESOURCE STUDY - - RESERVOIR SITES ...Metallic

Deposits-other, Pre-impoundment Sites, Reservoirs and Impound-
ments. Resource Inventories, Texas, .,.2.1008

ENVIRONMENTAL GEOLOGY OF THE SPRINGFIELD-
DECATUR AREA ...Geology-general, Groundwater, Illinois,
Land Use, Urban Environments, 6.0193

Potential of Deposit
ENVIRONMENTAL GEOLOGY OF MCHENRY COUNTY, IL-

LINOIS ...Aquifers-general, Illinois, Land Use, Subsurface, Ter-
rain Analysis, .6.0192

SPRINGS OF UTAH Chemical-general, Springs, Utah, Variation
in Time, Water Properties - general, ..2.1081

SUBSURFACES BRINES CONTAINING VALUABLE AND
STRATEGIC MINERALS ...Brines - Saline Waters, Chemical-
general, Geochemistry-general, Hardness-minerals, 7.0091

Resource Inventories
CARTOGRAPHIC MAPPING ...Aerial, Acrospatial, Compilation,

Satellites, Topographic, 6.0140
MINERAL RESOURCE STUDY -- RESERVOIR SITES ...Appraisals-

general, Metallic Deposits-other, Pre-impoundment Sites, Reser.
voirs and Impoundments. Texas, 2.1008

Economics
ECONOMICS OF GROUND WATER DEVELOPMENT IN THE

HIGH PLAINS OF COLORADO ...Alternative Planning,
Economic Impact, Groundwater I3asins, Model Studies, Water
Resources Development, 6.0108

ECONOMIC EVALUATION OF WATER, A DYNAMIC INTER-
REGIONAL INPUT-OUTPUT PROGRAMMING MODEL OF
CALIFORNIA AND THE WESTERN STATES WATER
ECONOMY Economics-general, Input - Output Analysis, Model
Studies, Regional Areas, ,..6.0045

Application
INTRODUCTION OF RISK AND UNCERTAINTY CONCEPTS

TO OPTIMIZATION OF WATER RESOURCE SYSTEM
DESIGN ...Optimization, Optimization Technique, Other Model

Modif, Risk & Uncertainty, Water Resources Development,
6.0548

STOCHASTIC MODELS FOR WATER RESOURCES MANAGE-
MENT ...Alternative Planning, Management, Runoff, Stochastic
Models, Streams, ...6.0383

DEVELOPMENT OF A STATE WATER PLANNING MODEL
...Development of Models, Model Studies, Montana, Planning,
River Basins, 6.0325

ECONOMICS OF AGRICULTURAL WATER USE NORTH OF

CANADIAN RIVER .Agriculture Industry, Cost Analysis,
Regression Analysis, Texas, Water Costs...A.0559

COMPUTERIZED DESIGN AND SYSTEMS ANALYSIS OF
WASTEWATER TREATMENT PLANTS Development of
Models, Digital Computers, Forecasting-prediction, Systems Anal-
ysis, Waste Water Treatment-general, ...6.0421
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Economics

Benefit-cost Analysis
A STUDY OF TECHNOLOGIES FOR REDUCING WINTER

WEATHER COSTS ..,Alaska, Forecasting - prediction, Great
Lakes-general, Meteorological Extremes, Northeast, 2.0256

ECONOMIC EVALUATION OF NAVIGATION IMPROVE-
MENTS ...Modes, Navigation, Optimization, Price & Value,
Water Transportation, Welfare Economies, 6.0190

EVALUATION OF EXISTING AND UNCONVENTIONAL
MEANS FOR PUMPING AND ENERGY RECOVERY IN A
REVERSE OSMOSIS DESALINATION PLANT _Desalination,
Hydraulic, Power Cycle, Pump-other, Reverse Osmosis, .3.0275

EFFECTS OF EARLY WATER ON WATERFOWL. PRODUC-
TION ...Irrigation-general, Spawn Or Nesting Sites, Water Fowl,
N.s. , Water Supply-general, Water Utilization - animal, ..2.0214

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER 3 -
ECONOMIC EVALUATION .Acidity, Biological-general,
Chemical-general, Limestone - General, .5.1274

ALTERNATIVE ECONOMIC RESPONSES TO THE ACID ts. INE
DRAINAGE PROBLEM IN SOUTHEASTERN OHIO
Alternative Planning, Drainage, Mining Activities, Water '1 .eat-
ment -- General, 5.0887

THE ECONOMIC IMPACT OF FLOOD CONTROL RESERVOIRS
...Economic Impact, Floodproofing, Kentucky, Project Post-
evaluation, Reservoirs and Impoundments, 6.0241

DEVELOPMENT OF DRAINAGE ASSESSMENT PROCEDURES
BASED ON PHYSICAL FEATURES IN ILLINOIS ...Drainage,
Drainage Engineering, Illinois, Mathematical Analysis, Terrain
Analysis, 6.0207

VALUE OF WATER FOR IRRIGATION IN THE KANSAS RIVER
VALLEY ...Consumptive Use, irrigation - general, Projections and
Estimations, Water Casts, Water Demand, 6.0236

IMPAC g OF WATER BASED RECREATION ...Lakes, New York,
Planning, Recreation Sites, Reservoirs and Impoundments,
.6.0304

AN ECONOMIC ANALYSIS OF ORGANIZATIONS OF WATER
USERS ...Water Resources Development, ..5.0405

RECREATION VALUE OF WATER FOR THE PRODUCTION
OF WATERFOWL ...Recreation Sites, Utah, Water Fowl, N.s. ,

Wetlands, 6.0593
POLLUTION TAXES AND THE COSTS OF WATER QUALITY

MANAGEMENT ,.Economic Efficiency, Management, Self-pu-
rification, Water Costs, Water Quality Control-general, 6.0423

A CONTINUATION OF THE STUDY TO DETERMINE THE
COSTS OF WATER IN INDUSTRIAL USES Computers-
general, Industrial-general, Model Studies, Water Costs, Water
Demand, 6.0468

DECISION MAKING UNDER UNCERTAINTY - ECONOMIC
EVALUATION OF STREAMFLOW FORECASTS Flow
Characteristics -water, Forecasting-prediction, Model Studies,
Projections and Estimations. Water Supply-general,

ECONOMIC CONSEQUENCES OF INTERBASIN WATER
TRANSFERS ..,Economic Impact, Irrigation-general, River
Basins, Water Transfer..6.0451

WATER QUALITY REQUIREMENTS IN ALASKA CAMP-
GROUNDS WITH PROJECTIONS OF RECREATION DE-
MANDS AND BENEFIT/COST ANALYSIS FOR SITE SELEC-
TION ...Alaska, Recreation Sites, Types of Resources, Water
Quality-general, 6.0007

A COMPARATIVE STUDY OF THE USE TAX AS A MEANS OF
ALLOCATION OF WATER RESOURCES IN A CONJUNC-
TIVE USE SYSTEM ,Conjunctive Use, Fiscal, Groundwater,
Water Allocation, Welfare Economics, 6.0056

FEASIBILITY OF TREATING AND RECYCLING USED FISH
HATCHERY WATER _Captive Rearing. Productivity (agricul-
tural), Waste Water Treatmeit-general, Water Reuse, _5.0753

DECISION MODELS FOR MINIMIZING COST OF INFORMA-
TION OR ERROR IN ESTIMATING BENEFIT -WATER RELA-
TIONSHIPS IN IRRIGATION, (ABBREV) Irrigation-general,
Mathematical Analysis, Model Studies, Reliability, Systems Analy-
sis, ..6.0359

AN ECONOMIC EVALUATION OF THE TOLEDO BEND
RESERVOIR PROJECT Louisiana, Multiple-purpose Projects.
Policy Making, Reservoirs and Impoundments, Texas, Water Law-
general, Welfare Economics, ..,6.0246

INTERACTIONS OF URBAN ACTIVITY AND THE
HYDROLOGICAL CYCLE ..,Architecture and Design, Land
Use, Value, Lund Planning, Pollution Abatement, Recreation
Sites, Urban Environments....4.0135

DEVELOPMENT OF METHODS FOR VALUING WILD RIVERS
Economics-general, River Basins, Wild Rivers, 6.0083
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ECONOMIC CONSIDERATIONS IN RESOURCES UTILIZATION
CONFLICTS WITH PARTICULAR REGARD TO THE COOK
INLET BASIN _Alaska, Conflicts, Economic Efficiency,
Economies-general, Risk & Uncertainty, Survey Studies, Water
Resources Development, 6.0008

A CASE STUDY OF WATER RESOURCES DEVELOPMENT -
AN ANALYSIS OF A PROPOSED PROJECT ON THE MIS-
SOURI RIVER ...Alternative Planning, Economic Impact, Land
Use, Missouri River, Social Aspects, Water Resources Develop-
ment, ..6,0389

THE ECONOMICS OF WATER SUPPLY AND QUALITY
Delaware River, Flow Augmentation, Model Studies, Pollution
Abatement, Urban Environments, Water Allocation, ,6.0286

ECONOMIC EVALUATION OF WATER QUALITY Computers-
general, Management, Model Studies, Systems Analysis, Waste
Water Treatment-general, 6.0046

WATER QUALITY TELEMETRY .,,Automatic Data Aquisition,
Instrumental Services, Other elemetry, Water Quality-general,
5.1197

COMPLEMENTARY - COMPETITIVE ASPECTS OF WATER
STORAGE ...Computers-general, Model Studies, Reservoirs and
Impoundments, Storage of Water, Water - Alternative Uses,
5.0144

ENGINEERING INVESTIGATION OF STORM WATER INFIL-
TRATION INTO SANITARY SEWERS OF THE EAST BAY
MUNICIPAL UTILITY DISTRICT Combined Sewer, Infiltra-
tion, San Francisco Bay, Storm Water, Water Quality Control-
general, 5.0123

RICE FARMS IN ARKANSAS _Arkansas, Costs, Irrigation-
general, Management, Rice, _3,0026

PHYSICAL AND ECONOMIC ANALYSIS OF WATERSHEDS AS
RELATED TO SOIL AND WATER CONSERVATION Conser-
vation-general. Land, Land Use, Linear & Non-linear Program,
Watersheds- general, ..,6.0222

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
,Administrative Structures, Agriculture Industry, Water Alloca-
tion, Water Law-general, Water Quality Control-general, Water
Resources Development, .6 0229

ECONOMIC ANALYSIS OF SMALL WATERSHED DEVELOP-
MENT IN TEXAS.Alternative Planning, Economic Impact,
Small Watersheds, *Texas, Water Resources Development,
_4.0241

RESPONSE OF ALASKA'S ADAPTED CROPS TO SUPPLEMEN-
TAL WATER ...Alaska, Irrigation, Irrigation-general, Soil-water-
plant Relationships, Water Sources -general, .2.0030

A FORECAST OF AGRICULTURAL DEVELOPMENT IN THE
IRRIGATED AREAS OF SPAIN ...Agriculture, Irrigation, Irriga-
tion-general, Production & Processing, Spain..6.0532

AN HISTORICAL APPRAISAL OF THE TENNESSEE VALLEY
AUTHORITY'S FLOOD CONTROL PROJECT AND PRO-
GRAM Administrative Structures, Control and Protection, Sur-
vey Studies, Tennessee River, .4.0227

ECONOMICS OF WATER QUALITY IN A REGIONAL SYSTEM
...Alternative Planning, Delaware Bay, Estuaries, Management,
Water Quality-general, 5.1011

POST CONSTRUCTION AUDITS OF THE ECONOMIC PER-
FORMANCE OF PUBLIC WATER RESOURCES INVEST-
MENT Fiscal, Other, Risk & Uncertainty, Water Resources
Development, 6.0230

THE ECONOMICS OF PUBLIC INVESTMENT IN RESOURCES
DEVELOPMENT ...Alternative Planning, Land, Price & Value,
Water Resources Development, .,6.0049

AN ECONOMIC EVALUATION OF WATER POLLUTION CON-
TROL, YAQUINA BAY, ORE ...Alternative Planning, Bays,
Model Studies, Oregon, Systems Analysis, Water Quality Control -
general. ..,6.0454

IRRIGATION FEASIBILITY ON THE DAYTON, AMITY, WOOD-
BURN, WILLAMETTE AND RELATED SOILS OF THE WIL-
LAMETTE VALLEY Irrigation-general, Modified Water Use,
Soil Environment, Tillage, Cropping Systems, Water Costs,
2.0888

SOCIO-ECONOMIC STUDY OF NARRAGANSETT BAY,
RHODE ISLAND Bays, Estuaries, Lund Use, Rhode Island, So-
cial Aspects, Water Quality Control-general, 6,0485

ECONOMIC ANALYSIS OF THE SANTEE-COOPER PROJECT -
A RETROSPECTIVE STUDY UTILIZING CURRENT
EVALUATION STANDARDS Economic Impact, Electric
Power Plants, Project Post-evaluation, Reservoirs and Impound-
ments, 6.0491



SUBJECT INDEX Economics

AN ECONOMIC STUDY OF CROP PRODUCTION PRACTICES
AND THE USE OF FARM EQUIPMENT ON THE HIGH
PLAINS OF TEXAS Costs, Soil Preparation & Renovation,
Special Purpose Machines, Texas, Tillage, Cropping Systems,
6.0555

THE DEVELOPMENT OF METHODS USED IN EVALUATING
RECREATIONAL BENEFITS OF MULTIPLE-PURPOSE
WATER RESOURCE PROJECTS ,,.Consumption, Demand Anal-

ysis, Methods, Multiple-purpose Projects, Recreation Sites,

Theory, ...6.0534
EVALUATION OF PHYSICAL AND ECONOMIC EFFECTS OF

IMPOUNDMENTS AND RELEASES ON UPSTREAM AND
DOWNSTREAM WATER QUALITY ...Productivity - Food
Chain, Reservoirs and Impoundments, Storage of Water, Stratifi-
cation, Water Quality Control-general, ...6.0128

VALUE OF STREAMFLOW DATA ...Data Networks, Gaging,
Open Channel Flow, Unsteady Flow, Water Resources Develop-
ment, ...6.0077

VALUE OF DESALTED WATER FOR IRRIGATION ..,Augmenta-
tion-general, Desalination, Irrigation-general, Planning, Use of Im-
paired Water, 3.0122

DESALINIZATION AND INTERREGIONAL STUDIES ...Atomic
Plants, Desalination, Marketing, Radioactive Isotope, Water
Costs, 6.0099

FEASIBILITY OF USING ATMOSPHERIC WATER RESOURCES
IN THE NORTHEASTERN UNITED STATES .,.Applied Cli-
matology, Clouds-precipitation, Connecticut River, River Basins,
Water Resources Development, 2.0161

ECONOMICS OF IRRIGATION, DRAINAGE AND RELATED
PROBLEMS IN THE NORTHWEST ..,Drainage, Irrigation-
general, Southern, Water Quality Control-general, Welfare
Economics, .6.0601

ECONOMIC ANALYSIS OF AGRICULTURAL WATER
MANAGEMENT IN THE SOUTHEAST ..Agriculture, Economic
Impact, Impact, Irrigation-general, Water Demand, ..6.0169

IRRIGATION AND OTHER PRODUCTION RELATIONS IN
FLORIDA CITRUS ENTERPRISES ,,.Citrus, Florida, Input -

Output Analysis, Irrigation-general, Water Costs, Water Demand,
6.0135

ECONOMIC ANALYSIS OF WATER USE IN IRRIGATION IN
THE NORTHERN PLAINS ,.,Costs, Great Plains Province, Irriga-
tion-general, Production & Proccising, Rates Or Levels of Appli-
cation, Water - Alternative Uses, .4.0077

TECHNOLOGY AND ECONOMICS OF CONSERVATION ..,Al-
ternative Planning, Conservation-general, Erosion-general, Land
Use, Sediments, 4.0106

ECONOMICS OF WESTERN STREAMFLOW ACCRETIONS ...Ir-
rigation-general, Missouri River, Water Allocation, Water Rights-
general, Water Transfer, 6.0100

THE ECONOMIC ANALYSIS OF WATER POLLUTION BY
PESTICIDES AND OTHER AGRICULTURAL WASTES
...Agricultural Watersheds, Economic Impact, Model Studies,
Pesticides -non-specific, Pollution, Pollution Abatement, ...5.0238

Cost Analysis
DEVELOP A COMPUTERIZED METHODOLOGY FOR

EVALUATION OF MUNICIPAL WATER CONSERVATION
RESEARCH PROGRAMS ...Conservation-general, Development
of Models, Digital Computers, Urban Environments, ...3.0253

ECONOMICS OF AGRICULTURAL WATER USE NORTH OF
CANADIAN RIVER ...Agriculture Industry, Application, Regres-
sion Analysis, Texas, Water Costs, 6.0559

Design of Experiments
WATER RESOURCE SYSTEM OPTIMIZATION BY GEOMET-

RIC PROGRAMMING ...Algorithms, Nonlinearity, Optimization,
Optimization Technique, Research - Development, 6.0552

Economic Efficiency
A COST-EFFECTIVENESS STUDY OF PRETREATMENT

METHODS SUITABLE FOR INTEGRATICA TO MEMBRANE
DESALTING PLANTS ...Brackish Water, )esalination, Use of
Impaired Water, Waste Treatment-economics, Waste Water Pre-

treatment, 5.0746
ENGINEERING FEASIBILITY STUDY OF THE HORIZONTAL

TUBE MULTIPLE EFFECT DISTILLATION PROCESS
...Desalination, Distilling Units, Heat Transfer, North Carolina,
Kate of Reaction, 3.0352

OPERATION AND EVALUATION OF A 50,000 GALLONS PER
DAY REVERSE OSMOSIS PILOT PLANT ...Cost Analysis,
Desalination, Pilot Plants, Reverse Osmosis, 3.0061
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BRACKISH WATER FIELD ',EST EVALUATION OF MEM-
BRANE PROCESSES ...Brackish Water, Desalination, Mem-
branes-other, Pilot Plant, 3.0072

THE ECONOMICS OF A REGIONAL MUNICIPAL DESALTING
SYSTEM IN THE LOWER RIO GRANDE VALLEY OF TEXAS
.Desalination, Texas, Urban Environments, ...3.0461

FEEDBACK CONTROL OF CANAL CHECK GATES ,,,Canals,
Channel Regulation-other, Control Gate, Water Demand,
4.0023

SYSTEMS ANALYSIS FOR GROUNDWATER MANAGEMENT
,Groundwater Basins, Management, Model Studies, Saline Water
Intrusion, Systems Analysis, 5.0071

ON-FARM IRRIGATION WATER SUPPLIES AND COSTS IN
RELATION To CROPPING SYSTEMS AND PRODUCTION
ADJUSTMENTS IN THE SACRAMENTO VALLEY .,,Califor-
nia, Irrigation-general, Water - Alternative Uses, Water Costs,
Water Quantity-general, ...6.0051

A LEGAL-ECONOMIC ANALYSIS OF ADMINISTRATIVE AND
MARKET PROCEDURES USED IN THE TRANSFER OF
WATER RIGHTS ...Administrative Structures, Model Studies,
Production - Supply, State Government, Water Allocation, Water
Transfer, ...2.0726

ECONOMIC IMPLICATIONS OF WATER POLICY IN ARIZONA
...Arizona, Economic Impact, Legal Review, Model Studies,
Water Resources Development, 6.0011

DEVELOPMENT OF ECONOMIC WATER HARVEST SYSTEMS
FOR INCREASING WATER SUPPL ...Arizona, Cover Crops,
Erosion-general, Saline Soils, Water Harvesting, 3.0012

AN ANALYSIS OF THE ECONOMIC IMPLICATIONS OF THE
PERMIT SYSTEM OF WATER ALLOCATION ...Contracts-per-
mits, Economic Impact, Iowa, Water Allocation, Water Law-
general, _6.0226

THE USE OF GRAVITY SHAFTS FOR GROUND WATER
RECHARGE, PHASE I OF A TWO PHASE STUDY ,,,Deposits,
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general, Water - Alternative Uses, Water Allocation, Water De-
mand, 6.0444

SMALL DESALINATION UNIT TO TEST SCALE REDUCTION
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STITUTIONS ,..Administrative Structures, Idaho, Water Law-
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& Fish-farming, Farm Pond, Special Purpose Machines, Stocking
of Fish & Shellfish, 6.0032

VALUE PRODUCTIVITY OF WATER IN AGRICULTURE
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SUGAR CANE ...Irrigation, Irrigation-general, Sugar Cane, Water
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AN EXPLORATION OF COMPONENTS AFFECTING AND
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Colorado, Local Government, State-local Government, ..6.0104

ECONOMICS OF GROUND WATER DEVELOPMENT IN THE
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EFFECTS OF IRRIGATION DEVELOPMENT ON TRADE PAT-
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TESTING OF A COMPARrIlv"". PROJECTION MODEL
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SURFACE AND GROUND WATER POTENTIALITIES OF THE
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A COMPENDIUM OF WATER LAW AND ECONOMICS IN
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A SYSTEMS ANALYSIS OF THE WESTERN BASIN OF LAKE
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THE IMPACT OF RESERVOIRS ON LAND VALUES - A CASE
STUDY Land, Price & Value, Reservoirs and Impoundments,
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SOCIO-CULTURAL IMPACTS OF WATER RESOURCE
DEVELOPMENT IN THE SANTIAM ...Attitudes & Attitude
Change, Oregon, Reservoirs and Impoundments, Social Aspects,
Water Resources Development, 6.0457

A PRELIMINARY ANALYSIS OF THE IMPACT OF THE AR-
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THE EFFECT OF WATER RESOURCES ON ECONOMIC
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Correlation, Location, Tennessee River, Water Resources
Development, ...6.0537
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MENT ...Forecasting-prediction, Impact, Water Resources
Development, ...6.0413

EFFECTS OF IRRIGATION DEVELOPMENT ON TRADE PAT-
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ECONOMIC ANALYSIS OF AGRICULTURAL WATER
MANAGEMENT IN THE SOUTHEAST ...Agriculture, Benefit-
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- Humid. Temperature -non-specific, 6.0320

ECONOMIC EVALUATION OF WATER - A DYNAMIC INTER-
REGIONAL IMPUT-OUTPUT PROGRAMMING MODEL OF
CALIFORNIA AND THE WESTERN STATES WATER
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INLET BASIN ...Alaska, Benefit-cwt. Analysis, Conflicts,
Economic Efficiency, Risk & Uncertainty, Survey Studies, Water
Resources Development, ...6.0008

MATHEMATICAL MODELS OF HYDROLOGIC SYSTEMS
Hydraulic Structures, Model Studies, Open Channel, Unsteady,
Unsteady Flow, Water Quality-general, 6.0382

STUDY OF ESTUARINE POLLUTION IN THE STATE OF
HAWAII ...Bacterial Pollutant Sources, Estuaries, Forecasting -
predict; an, Hawaii, Sewage, 5.0311

LEGAL-ECONOMIC ASPECTS OF WATER USE IN ARKANSAS
Administrative Structures, Arkansas, Water Law-general, Water
Resources Development, Water Utilization -general, 6.0025

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture Industry, Economic Impact, Kansas, Management,
Water Law-general, 6.0233

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS .,.Administrative Structures, Economic Effi-
ciency, Water Rights-general, Water Transfer, ...6.0327

ECONOMIC EVALUATION OF IRRIGATION IN NORTH
DAKOTA ...Computers-general, Irrigation-general, North Dakota,
Optimization, 3.0379

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture Industry, Management, Watt 'Costs, Water Law-
general, -.6.0429
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BIONOM1CS OF FISHES AND SHELLFISHES ...Aquaculture &
Fish-farming, Bays, Environmental 2eology, Oregon, Productivity
- Food Chain, ...2.0896

SYSTEMS METHODOLOGY FOR WATER-RESOURCE
PLANNING IN A REGIONAL DEVELOPMENT CONTEXT

'...Mathematical Analysis, Regional Areas, Social Aspects, Systems
Analysis, Water Resources Development, 6.0288

SOUTHERN ILLINOIS REGIONAL. ECONOMIC DATA SYSTEM
...Data Networks, Illinois, Impact, Industrial-general, Regional
Areas, ...7,0030

AN ECONOMIC ANALYSIS OF SOUTHERN ILLINOIS _Base
Studies, Finance, 111;nois, Trends,projections, 6.0179

MARSH EVALUATION AND ACQUISITION, QUEBEC
...Canada, Habitat Studies, Wetlands, 4.0049

ECONOMIC GROWTH AND OPTIMUM WATER RESOURCE
DEVELOPMENT ...Alternative Planning, Optimization, Water
Allocation, Water Demand, Water Resources Development,
.6.0043

ECONOMICS OF GROUNDWATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ...Administrative Structures, Al-
ternative Planning, Colorado, Groundwater, Water Resources
Development, _2.0207

STUDY OF IRRIGATION SYSTEM DESIGN CRITERIA FOR
HAWAIIAN VEGETABLE CROPS ...Hawaii, Irrigation, Irriga-
tion-general, Soil-water-plant Relationships, Water Yield,
2.0380

AGRICULTURAL AND INDUSTRIAL DEVELOPMENT IN
RELATION TO IOWAS ECONOMIC GROWTH Agriculture,
Base Studies, Income, Iowa, Model Studies Requirement and
Resources, Water Resources Development, 7.0043

IOWA ECONOMETRIC MODEL Iowa, Model Studies, Planning,
Projections and Estimations, River Basins, 6.0225

THE ECONOMICS OF LAND UTILIZATION ...Conservation,
Kansas, Land, Land Use, 6.0235

ECONOMICS OF SOIL CONSERVATION PRACTICES WITHIN
WATERSHEDS ...Agricultural Watersheds, Conservation, Kansas,
Tillage, Cropping Systems, ..3.0243

ANALYSIS OF PUBLIC INVESTMENTS IN NATURAL
RESOURCES WITHIN MINNESOTA ...Inventories, Minnesota,
,..2.0669

IRRIGATION ...Irrigation, Irrigation Engineering, Meteorological
Extremes, Sprinkler Irrigation, Yield, 2.0673

SIMULATION AS A MEANS OF STUDYING RESOURCE ALLO-
CATIONS Alternative Planning. Model Studies, River Basins,
Simulation Theory, Water Allocation, _6.0456

THE ECONOMICS OF IRRIGATED CROP PRODUCTION BY
LOW CAPACITY WELLS AND BY SPRINKLER SYSTEMS ON
TEXAS FARMS _Irrigation-general, Management, Optimization,
Texas, Water Table Fluctuation, 3.0452

DRAINAGE REQUIREMENTS AND PRACTICES FOR CROP
PRODUCTION Drainage. Virginia, 4.0266

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
CONCRETE BOX CULVERTS WITH STANDARD, IM-
PROVED AND SIDE-TAPERED INLETS ...Culvert, Drainage,
Engineering Structures-general, Structural, Transition Sections,
2,0304

INDUSTRIAL. WATER USE IN THE UNITED STATES ...Extrac-
tive Natural Resources, Industry, Manufacturing, Multiple-pur-
pose Projects, Water Utilization -general, 5.0239

POTENTIAL APPLICATIONS OF NUCLEAR EXPLOSIVES IN
W ATER RESOURCE DEVELOPMENT ...Hydrology-general,
Nuclear Excavation, Nuclear Explosion, Water Law-general,
Water Resources Development...3.0067

PRECAST CONCRETE FORMS ...Electric Power Plants, Engineer-
ing Structures-general, Hydraulic Structures, Pre-cast, 8.0141

ADMINISTRATION, GENERAL, AND OTHER EXPENSES--SOIL
AND MOISTURE CONSERVATION PROGRAM ...Administra-
tive Structures, Conservation-general, Moisture Content, 8.0140

ECONOMIC ANALYSIS OF RESOURCE AREAS ...Federal
Government, History, Social Aspects, Water Resources Develop-
ment, ..6.0098

EUTROPHICATION - PILOT OPERATIONS Eutrophication,
Pilot Plants, Systems Analysis, Water Quality Control-general,
5.0981

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Irriga-
tion- general, Legal Review, Water Resources Development,
Water Rights-general. Water Utilization -domestic, 6.0133

ECONOMIC INVENTORY OF AGRICULTURAL WATER USE
IN THE UNITED STATES ...Agriculture Industry, Survey Stu-

dies, Water Demand, Water Resources Development, Water
Utilization -general, ...6.0600

ROLE OF WATER IN THE PATTERN OF REGIONAL
ECONOMIC DEVELOPMENT ...Income, Location, New En-
gland Province, Regional Areas, Water Resources Development,
_6,0602

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
NORTH DAKO'l A ...Agricultural Watersheds, Great Plains

Province, Irrigation-general, Management, North Dakota,
_4.0188

APPRAISAL OF LOCAL SOIL, WATER AND OTHER
RESOURCE ORGANIZATIONS ...Administrative Structures,
Conservation-general, Legislation, Other, Soils -general....6.0134

Economics-other
ECONOMIC' EVALUATION OF PRIMARY BENEFITS FROM

FISHING AND HUNTING BASED ON THE NATIONAL SUR-
VEYS OF FISHING AND HUNTING ...Fishing, Hunting, Pro-
jected Demand, Survey, 4.0024

Finance
THE IMPACT OF FEDERAL WATER LEGISLATION AT THE

STATE AND LOCAL LEVEL ...Economic Impact, Legislation,
Local Government, State Government, Washington, 6.0608

PUBLIC INVESTMENT CRITERIA FOR WATER-ORIENTED
RECREATION IN THE LAKE ERIE BASIN ...Alternative
Planning, Costs, Fiscal, Pollution Abatement, Projected Demand,
Recreation Sites, 6.0428

APPLIED CRITERIA FOR MUNICIPAL WATER RATE STRUC-
TURES ...Economic Efficiency, Price & Value, Water Costs,
Water Demand, Welfare Economics, ...6.0149

AN ANALYSIS OF PRICING PRACTICES AND POLICIES OF
WATER SERVICE UTILITIES IN SMALL COMMUNITIES IN
MISSISSIPPI ...Planning, Price & Value, Urban Environments,
Water Costs, _6.0317

ANALYSIS OF MANAGERIAL, FINANCIAL, AND REGULATO-
RY FUNCTIONS OF REGIONAL WATER RESOURCES
AUTHORITIES AND OTHER INSTITUTIONAL ARRANGE-
MENTS ...Administrative Structures, Law Enforcement, Manage-
ment and Administration, Survey Studies, 6.0279

ECONOMICS OF WATER QUALITY FOR A REGIONAL
SYSTEM ...Delaware River, Economic Efficiency, Estuaries, Re-
gional Areas, Water Demand, Water Quality-general, 6.0465

AM MONIA STRIPPING MATHEMATICAL MODEL FOR
WASTE WATER TREATMENT ...Aeration, Ammonia, Mathe-
matical Analysis, Model Studies, Waste Treatment - economics,
5.0337

DEVELOPMENT OF METHODS FOR PLANNING AND TIMING
OF WATER RESOURCES INVESTMENTS ...Multiple-purpose
Projects, Operations Research, Planning, Rik & Uncertainty,
Water Resources Development, 6.0065

AN ECONOMIC ANALYSIS OF SOUTHERN ILLINOIS ...Base
Studies, Economics-general, Illinois, Trends,projections, _6.0179

CRITERIA FOR PUBLIC INVESTMENT IN NATURAL
RESOURCES _Cmc, Conservation-general, Fiscal, Savings and
Investment, ...2.0130

Income Analysis
Consumption

THE DEMAND FOR MUNICIPAL WATER IN CENTRAL
ARIZONA ...Income, Other, Price & Value, Water Costs, Water
Demand, Water Sources -general, 6.0010

STREAM POLLUTION AND RECREATION ...Pollution - Effects
of , Recreation Sites, Social Aspects, Water Standards, Welfare
Economics, ...6.0473

THE DEVELOPMENT OF METHODS USED IN EVALUATING
RECREATIONAL BENEFITS OF MULTIPLE-PURPOSE
WATER RESOURCE PROJECTS Benefit-cost Analysis, De-
mand Analysis, Methods, Multiple-purpose Projects, Recreation
Sites, Theory, ...6.0534

Fiscal
THE USE OF TAXES, SUBSIDIES, AND REGULATIONS TO

CONTROL THE EFFLUENT OF THE TEXTILE INDUSTRY
Economic Impact, South Carolina, Textile Industry. Water
Quality Control-general, 5.1105

PUBLIC INVESTMENT CRITERIA FOR WATER-ORIENTED
RECREATION IN THE LAKE ERIE BASIN ...Alternative
Planning, Costs, Finance, Pollution Abatement, Projected De-
mand, Recreation Sites, 6.0428
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A COMPARATIVE STUDY OF THE USE TAX AS A MEANS OF
ALLOCATION OF WATER RESOURCES IN A CONJUNC-
TIVE USE SYSTEM ...Benefit-cost Analysis, Conjunctive Use,
Groundwater, Water Allocution, Welfare Economics, ...6.0056

CRITERIA FOR DETERMINING ECONOMIC PRIORITIES IN
AWARDING SEWAGE FACILITY CONSTRUCTION JRANTS
,..Pennsylvania, Waste Treatment-economies, Water Quality Con-
trol-generul, Welfare Economics, ...6.0475

INTER-BASIN DIVERSION OF WATER - A TEXAS CASE
STUDY ...Canada, Economic Impact, Price & Value, Southern,
Water Transfer, 4.0244

POST CONSTRUCTION AUDITS OF THE ECONOMIC PER-
FORMANCE OF PUBLIC WATER RESOURCES INVEST-
MENT Benefit-cost Analysis, Other, Risk & Uncertainty, Water
Resources Development, 6.0230

CRITERIA FOR PUBLIC INVESTMENT IN NATURAL
RESOURCES ...Cmc, Conservation-general, Finance, Savings and
Investment, ..2.0130

A STUDY OF THE SOCIAL MECHANISM OF RURAL-URBAN
WATER TRANSFERS WI'l'H SPECIAL REFERENCE 10 EX-
TERNAL EFFECTS ...Administrative Structures, Agriculture,
Base Studies, Economic Efficiency, Model Studies, Social
Aspects, Water Allocation, Water Transfer, Welfare Economics,
.6.0105

Income
THE DEMAND FOR MUNICIPAL WATER IN CENTRAL

ARIZONA ...Consumption, Other, Price & Value, Water Costs,
Water Demand, Water Sources -general, _6.0010

JORDANS EAST GHOR DEVELOPMENT PROJECT ...Agricul-
ture, Irrigation-general, Jordan, Land, Land & Winer Use -other,
4,0180

CALIFORNIA-ARIZONA ECONOMIC INTERDEPENDENCE
AND THE COLORADO RIVER CONFLICT WITH PARTICU-
LAR REFE,RENCF. TO AGRICULTURE ...Agriculture, Agricul-
ture Industry, Colorado River, Economic Impact, Input - Output
Analysis, Water Allocation, 6.0050

AGRICULTURAL AND INDUSTRIAL DEVELOPMENT IN
RELATION TO IOWAS ECONOMIC GROWTH .Agriculture.
Base Studies, Economies-general, Iowa, Model Studies, Require-
ment and Resources, Water Resources Developme'*- .7.0043

EFFECTS OF IRRIGATION DEVELOPMENT C. TRADE PAT-
TERNS AND INCOME GENERATION ...Economic Impact, Ir-
rigation- general, Projections and Estimations, 6.0411

THE POTENTIAL DEMAND FOR WATER AND LAND IN
SELECTED AREAS OF UTAH ...Agriculture, Economic Impact,
Industry, Utah, Water Demand, 6.0578

ROLE OF WATER IN THE PATTERN OF REGIONAL
ECONOMIC DEVELOPMENT .,.Economies- general, Location,
New England Province, Regional Areas, Water Resources
Development, ..6.0602

Savings and Investment
CRITERIA FOR PUBLIC INVESTMENT IN NATURAL

RESOURCES ...Cmc, Conservation-general, Finance, Fiscal,
2.0130

Losses (or Benefits) From
Pollution

THE ECONOMIC ANALYSIS OF WATER POLLUTION BY
PESTICIDES AND OTHER AGRICULTURAL WASTES
..,Agricultural Watersheds, Benefit-cost Analysis, Economic Im-
pact, Model Studies, Pesticides -non-specific, Pollution Abate-
ment, ...5.0238

Weather
THE ECONOMIC EFFECTS OF DROUGHT ON AN AGRICUL-

TURAL ECONOMY Drought, Economic Impact, Great Plains
Province, Meteorological Extremes, ...2.05I0

PROPOSAL FOR COMPILATION OF CUMULATIVE DROUGHT
BIBLIOGRAPHY ...Bibliography, Economics-general,
Meteorological Extremes, Social Aspects, 2.0611

THE URBAN SNOW HAZARD ...Economic Impact, Snow-general,
Social Aspects, Urban Environments, Welfare Economics,
...6.0I86

CLIMATIC PATTERNS AND THEIR EFFECT ON CALIFORNIA
AGRICULTURE ...Agriculture, Applied Climatology, California,
Data Analysis - General, Phenology, Production & Processing,
Temperature, ...2.0095

WEATHER MODIFICATION IN NORTH DAKOTA ...Amount,
Clouds - precipitation, Hail, Modification, North Dakota, 2.0831

ECONOMICS OF CLIMATE ...Applied Climatology, Economic Im-
pact, Kansas, Risk & Uncertainty, Yield, 2.0511

Management Science
Decision Theory

URBAN WATER POLITICS AND DECISION MAKING IN THE
DETROIT METROPOLITAN REGION ...Model Studies, Op-
timization Technique, Politics, Urban Environments, 6.0298

Ti ii? DECISION SEQUENCE IN WATER RESOURCE
PLANNING ...Decision Making, Operations Research, Planning,
6.0069

Management-general
OPERATIONAL HYDROMETEOROLOGICAL DATA MANAGE-

MENT SYSTEM ,..Data Processing Services, Economies-business-
management, Information Retrieval Methods, Other Data Analy-
sis, Southern, Streams, System Development, 7.0011

SOIL MOISTURE FLOW PROBLEMS AND SOLUTIONS IN THE
CORN BELT REGION ...Corn Belt, Flow Characteristics -water,
Internal Water Movement, Partial, 2.0440

Methods & Measures
input - Output Analysis

EFFECTS OF IRRIGATION DEVELOPMENT ON TRADE PAT-
TERNS AND INCOME GENERATION ...Economic Impact, Ir-
rigation- general, Model Studies, Planning, 6.0412

ECONOMIC EVALUATION OF WATER, A DYNAMIC INTER-
REGIONAL INPUl-OUTPUT PROGRAMMING MODEL OF
CALIFORNIA AND THE WESTERN STATES WATER
ECONOMY Economies, Economics-general, Model Studies, Re-
gional Areas, 6.0045

DEVELOPMENT' OF MULTIPLE-USE PRODUCTION/OUTPUT
INFORMATION FOR OWNERS OF SMALL WOODLANDS IN
THE CENTRAL HARDWOOD REGION ...Control and Protec-
tion, Erosion-general, Forest Watersheds, General Information
Services, Multiple-purpose Projects, .7.0027

CALIFORNIA-ARIZONA ECONOMIC INTERDEPENDENCE
AND THE COLORADO RIVER CONFLICT WITH PARTICU-
LAR REFERENCE TO AGRICULTURE ...Agriculture, Agricul-
ture Industry, Colorado River, Economic Impact, Income, Water
Allocation, ..6.0050

METHODOLOGY FOR DETERMINING VALUATIONS OF
WATER FOR ALTERNATIVE USES ...Economic Efficiency,
Model Studies, Water - Alternative Uses, Water Allocation,
Water Costs, 6.0592

INVESTIGATION OF LINKAGES OF WATERFRONT MANU-
FACTURING ...Economic Impact, Industrial-general, Manufac-
turing, Tennessee River, ..6.0533

IRRIGATION AND OTHER PRODUCTION RELATIONS IN
FLORIDA CITRUS ENTERPRISES ...Benefit-cost Analysis,
Citrus, Florida, Irrigation-general, Water Costs, Water Demand,
,..6.0135

ECONOMICS OF WATER MArAGEMENT TECHNIQUES IN
SOUTH DAKOTA .Economic Impact, Impact, Irrigation-
general, Management, Optimization, Production & Processing,
South Dakota, Water Allocation, 6.0136

Linear & Non-linear Program
PHYSICAL AND ECONOMIC ANALYSIS OF WATERSHEDS AS

RELATED TO SOIL AND WATER CONSERVATION Benefit-
cost Analysis, Conservation-general, Land, Land Use,
Watersheds-general, 6.0222

Other
THEORETICAL AND EMPIRICAL STUDIES OF STOCHASTIC

MODELS FOR THE ANALYSIS OF FLOOD CONTROL AND
RELIEF POLICIES ...Alternative Planning, Floodproofing, Inter-
governmental Relations, Model Studies, Policy Making, ...6.0047

POST CONSTRUCTION AUDITS OF THE ECONOMIC PER-
FORMANCE OF PUBLIC WATER RESOURCES INVEST-
MENT ...Benefit-cost Analysis, Fiscal, Risk & Uncertainty, Water
Resources Development, 6.0230

Trends,projections
FORECASTING WATER DEMAND - AN INTER- AND INTRA-

COMMUNITY STUDY ...Forecasting-prediction, Projections &
Forecasting, Urban Environments, Water Demand, Water Utiliza-
tion - domestic, ...6.0633

AN ECONOMIC ANALYSIS OF SOUTHERN ILLINOIS ...Base
Studies, Economics-general, Finance, Illinois, _6.0119
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Microeconomics
Costs

INVESTIGATION OF THE USE t,F LOW-COST PLASTIC FILMS
FOR SOLAR STILL CONSTRUCTION ...Distilling Units, Film.
Glass, Plastics - General, Structural, Weathering, 3.0391

PUBLIC INVESTMENT CRITERIA FOR WATER-ORIENTED
RECREATION IN THE LAKE ERIE BASIN ...Alternative
Planning, Finance, Fiscal, Pollution Abatement, Projected De-
mand, Recreation Sites, 6.0428

RICE FARMS IN ARKANSAS ...Arkansas, Benefit -cost Analysis.
Irrigation-general, Management, Rice, 3.0026

FARM MANAGEMENT STUDY OF THE SUGARCANE FARMS
SERVED BY THE LAJAS VALLEY IRRIGATION DISTRICT
...Irrigation - general, Production & Processing, Puerto Rico, Sugar
Cane, Water Costs, ...3.0427

AN ECONOMIC STUDY OF CROP PRODUCTION PRACTICES
AND THE USE OF FARM EQUIPMENT ON THE HIGH
PLAINS OF TEXAS Benefit-cost Analysis, Soil Preparation &
Renovation, Special Purpose Machines, Texas, Tillage, Cropping
Systems, ...6,0555

GRADED FURROWS FOR RUNOFF AND EROSION CONTROL
...Conservation, Erosion-general, Runoff, Soil Preparation &
Renovation, 3.0445

IMPROVEMENTS IN MASS CONCRETE MIXTURE PROPOR-
'HONING ...Aggregates, Extenders, Fillers, Cement, Concrete,
Composition Parameters-other, Homogeneity, Quality Control-
materials, 8.0260

PLAN FORMULATION AND EVALUATION STUDIES -

RECREATION DESIGN CRITERIA AND DEMAND ...Compu-
ters- general, Frequency of Use, Planning, Projected Demand, Sur-
vey, 6.0078

ECONOMIC ANALYSIS OF WATER USE IN IRRIGATION IN
THE NORTHERN PLAINS ...Benefit -cost Analysis, Great Plains
Province, Irrigation-general, Production & Processing, Rates Or
Levels of Application, Water - Alternative Uses, 4.0077

Location
THE EFFECT OF WATER RESOURCES ON ECONOMIC

GROWTH IN THE TENNESSEE VALEY ...Available Water,
Correlation, Economic Impact, Tennessee River, Water Resources
Development, 6,0537

ROLE OF WATER IN THE PATTERN OF REGIONAL
ECONOMIC DEVELOPMENT Economics-general, Income,
New England Province, Regional Areas, Water Resources
Development, ...6.0602

Price & Value
ECONOMIC EVALUATION OF NAVIGATION IMPROVE-

MENTS Benefit-cost Analysis, Modes, Navigation, Optimiza-
tion, Water Transportation, Welfare Economics, 6.0190

THE DEMAND AND PRICE STRUCTURES FOR WATER IN A
HUMID AREA Consumptive Use, Georgia, Humid, Water
Costs, Water Demand. 6.0161

THE DEMAND FOR MUNICIPAL WATER IN CENTRAL
ARIZONA ...Consumption, Income, Other, Water Costs, Water
Demand, Water Sources -general, 6.0010

APPLIED CRITERIA FOR MUNICIPAL WATER RATE STRUC-
TURES ...Economic Efficiency, Finance, Water Costs, Water De-
mand, Welfare Economies, ...6.0149

THE IMPACT OF RESERVOIRS ON LAND VALUES - A CASE
STUDY ...Economic Impact, Land, Reservoirs and Impound-
ments, 6.0313

AN ANALYSIS OF PRICING PRACTICES AND POLICIES OF
WATER SERVICE UTILITIES IN SMALL COMMUNITIES IN
MISSISSIPPI ...Finance, Planning, Urban Environments, Water
Costs, ...6.0317

RESEARCH AND ANALYSIS TO PLAN, DEVELOP, AND
MANAGE A GROUND AND SURFACE WATER SUPPLY
...Management, Nevada, Water Supply-general, ...6.0339

ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
STITUTIONS ...Administrative Structures, Economic Efficiency,
Water Allocation, Water Demand, Water Transfer, ...9.0002

ECONOMIC PROBLEMS IN THE USE, ALLOCATION, REGU-
LATION AND PRICING OF WATER ...Conflicts, Minnesota,
Water Allocation, Water Demand, Water Law-general, .,.6.0310

VARIED RECREATIONAL USES OF FOREST LANDS FOR
TIMBER PRGDUCTION IN WESTERN WASHINGTON
...Forests, Frequency of Use, Land, Recreation Areas and Parks,
Washington, ...6.0621

INTER-BASIN DIVERSION OF WATER A TEXAS CASE
STUDY ...Canada, Economic Impact, Fiscal, Southern, Water
Transfer, ...4.0244

THE ECONOMICS OF PUBLIC INVESTMENT IN RESOURCES
DEVELOPMENT ...Alternative Planning, Benefit-cost Analysis,
Lund, Water Resources Development, 6.0049

LAND AND WATER VALUES IN EASTERN NEW MEXICO
...Groundwater, Irrigation-general, Land, New Mexico, Water
Costs, _6.0361

Production & Processing
A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE

IRRIGATION METHODS IN A SUB-HUMID CLIMATE
Agriculture, Irrigation-general, North Dakota, Sub - Humid,
-.6.0415

THE ECOMONIC IMPLICATIONS OF THE INTERCONNEC-
TION OF URBAN WATER SYSTEMS ...Policy Making, Public-
works, Risk & Uncertainty, Urban Environments, Water Demand,
Water Transfer, 6.0466

CLIMATIC PATTERNS AND THEIR EFFECT ON CALIFORNIA
AGRICULTURE ...Agriculture, Applied Climatology, California,
Data Analysis - 6.mcral, Phonology, Temperature, Weather,
2.0095

IMPLICATIONS OF IRRIGATION TO THE MARKETING OF
SPECIALTY CROPS ...Irrigation - general, Kansas, Specialty
Crops, 6.0237

LAND SHAPING FOR WATER CONSERVATION ...Floods, Land
Use, Moisture Content, Natural Recharge, Runoff, Water Har-
vesting, 10311

WILDLAND RECREATIONAL MANAGEMENT ...Projected De-
mand, Recreation Sites, Wilderness, 6.0474

A FORECAST OF AGRICULTURAL DEVELOPMENT IN THE
IRRIGATED AREAS OF SPAIN ...Agriculture, Benefit-cost
Analysis, Irrigation, Irrigation-general, Spain, 6.0532

EFFECTS OF ON-FARM IRRIGATION WATER SUPPLIES AND
COSTS ON CROPPING SYSTEMS AND PRODUCTION AD-
JUSTMENTS ...Agriculture, California, Irrigation-general, Water
Costs, Water Demand, 6.0052

DEMAND FOR AND AVAILABILITY OF LAND AND WATER
ORIENTED RECREATION FACILITIES IN MARYLAND -
ECONOMIC ANALYSIS ...Demand Analysis, Forecasting-predic-
tion, Maryland, Recreation Sites, Types of Resources, ..6.0259

THE EXTENT OF IRRIGATION DEVELOPMENT IN NORTH
DAKOTA AND ITS ECONOMIC IMPACT ...Economic Impact,
Impact, Irrigation-general, Model Studies, Water - Alternative
Uses, Water Resources Development, 3.0380

DRAINAGE STUDIES OF NEW YORK SOILS ...Drainage, Land,
Land Use, Wetlands, 4.0182

FARM MANAGEMENT STUDY OF THE SUGARCANE FARMS
SERVED BY THE LAJAS VALLEY IRRIGATION DISTRICT
...Costs, Irrigation-general, Puerto Rico, Sugar Cane, Water Costs,
.,.3.0427

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
SOUTH DAKOTA ...Economic Impact, Impact, Input - Output
Analysis, Irrigation- general, Management, Optimization, South
Dakota, Water Allocation, 6.01:36

ECONOMIC ANALYSIS OF WATER USE IN IRRIGATION IN
THE NORTHERN PLAINS Benefit-cost Analysis, Costs, Great
Plains Province, Irrigation-general, Rates Or Levels of Applica-
tion, Water - Alternative Uses, ...4.0077

ECONOMICS OF WATER MANAGEMENT ON THE TEXAS
HIGH PLAINS ...Aquifers-general, Economic Impact, Ground-
water, Texas, Water Allocation, Water Yield, Welfare Economics,
6.0137

ECONOMIC ANALYSIS OF RESOURCE POLLUTION BY
PESTICIDES AND OTHER WASTE MATERIALS ...Economic
Impact, Economics of Chemical Control, Pesticides, ...5.1204

Technological Development
VALUE PRODUCTIVITY OF WATER IN AGRICULTURE

...Agriculture Industry, Economic Efficiency, Irrigation-general,
Minnesota, Water Demand, _6.0308

Natural Resoures, Economics Of
Cmc

CRITERIA FOR PUBLIC INVESTMENT IN NATURAL
RESOURCES ...Conservation-general , Finance, Fiscal, Savings
and Investment, _2.0130

ANALYSIS OF RURAL ZONING ENABLING STATUTES AND
ORDINANCES ...Agriculture, Intergovernmental Relations,
Legislation, ...6.0I38

Land
FRAIL LANDS STUDIES NEAR CISCO, UTAH (ABBREV)

...Erosion-general, Sediment Yield, Soil Environment, Tillage,
Cropping Systems, Utah, 4.0255
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HYDROLOGY OF SUBURAN AREAS Amount, Conservation-
general, Now Jersey, Runoff, Surburban Areas, 4.0173

A COMPREHENSIVE WATER RESOURCES ANALYSIS OF A
TYPICAL OVERDRAWN BASIN IN AN IRRIGATED
SEMIARID AREA PECOS RIVER BASIN, NEW MEXICO
Impel, Management, New Mexico, River Basins, Systems Anal-
ysis, 6,0366

HUMAN FACTORS INVOLVED IN THE DEVELOPMENT OF A
WATERSHED PROJECT IN YABUCOA, PUERTO RICO
...Economic Impact, Puerto Rico, Social Aspects, Water
Resources Development, 6.0481

'1HE IMPACT OF RESERVOIRS ON LAND VALUES A CASE
STUDY ..,Economic Impact. Price & Value. Reservoirs and Im-
poundments, 6.0313

A PRELIMINARY ANALYSIS OF THE IMPACT OF THE AR-
KANSAS WATERWAY ON LAND TENURE AND VALUE IN
OKLAHOMA ...Economic Impact, Engineering Structures-
general. Oklahoma, 6,0446

PHYSICAL AND ECONOMIC ANALYSIS OF WATERSHEDS AS
RELATED To SOIL AND W/VI.ER CONSERVATION Benefit-
cost, Analysis, Conservation-general. Land Use. Linear & Non-
linear Program. Watersheds-general, 6.0222

LAND AND WATER USE, CONSERVATION, AND DEVELOP-
MENT IN OKLAHOMA WATERSHEDS ...Administrative Strue
tures, Agriculture, Floodplains, Floodprooling, Land Use. Model
Studies. 6,0443

RURAL LAND USAGE ...Agriculture. Land Use, Land Use -non-
specific. Rural Areas, Social Aspects, ypes of Resources,
6.0471

VARIED RECREATIONAL. USES OF FOREST LANDS FOR
TIMBER PRODUCTION IN WESTERN WASHINGTON
...Forests, Frequency of Use, Price & Value. Recreation Areas
and Parks, Washington, 6.0621

JORDANS EAST (iHOR DEVELOPMENT PROJECT ...Agricul-
ture, Income, Irrigation-general, Jordan, Land & Water Use
other. 4.0180

RESOURCE CONSERVATION ,..Management, Other. Policy Mak-
ing. Water Alternative Uses, 3.0036

THE ECONOMICS OF PUBLIC INVESTMENT IN RESOURCES
DEVELOPMENT .,.Alternative Planning, Benefit -cost Analysis,
Price & Value, Water Resources Development, 6.0049

THE ECONOMICS OF LAND UTILIZATION ...Conservation,
Economies-general, Kansas. Land Use, ...6.0235

LAND AND WATER VALUES IN EASTERN NEW MEXICO
...Groundwater. Irrigation-general, New Mexico, Price elt Value,
Water Costs, 6.0361

DRAINAGE STUDIES OF NEW YORK SOILS ...Drainage, Land
Use, Production & Processing, Wetlands, 4.0182

ANALYSN OF RURAL ZONING ENABLING STATUTES AND
ORDINANCES ...Agriculture. Cmc, Intergovernmental Relations,
Legislation, 6.0138

Other
RESOURCE CONSERVATION ...Land, Management, Policy Mak-

ing, Water - Alternative Uses, .3.0036
APPRAISAL. OF LOCAL SOIL., WATER AND OTHER

RESOURCE ORGANIZATIONS ...Administrative Structures,
C'onserv'ation- general, Economics-general, Legislation, Soils -

general, 6.0134

Optimization
ECONOMIC EVALUATION OF NAVIGATION IMPROVE-

MENTS ...Benefit -cost Analysis, Modes, Navigation, Price &
Value. Water Transpowition, Welfare Economies, ...6,0190

OPTIMAL DESALINATION SYSTEMS ...Desalination, Elcctrouial-
ysis, Evaporation, Optimization Technique, Reverse Osmosis,
3.0241

STUDIES IN THE THERMOECONOMICS OF SEA AND
BRACKISH WATER DEMINERALIZATION ...Brackish Water,
Demineralization, Desalination, Sea Water-general, 3.0319

OPTIMIZATION STUDY OF HIGH RECOVERY REVERSE OS-
MOSIS PLANTS ...Material Recovery, Model Studies, Other,
Revere Osmosis, 3.0053

'MST OPERATION OF A 2,500 GPD TWO-STAGE SEA WATER
REVERSE OSMOSIS PILOT PLANT ...Brines, Cost Analysis,
Desalination, Membranes-other, Pilot Plant, Reverse Osmosis,
...3.0079

OPTIMIZATION OF WATER RESOURCES DEVELOPMENT-11
...Dynamic Programming, Optimization Technique, Systems Anal-
ysis, Water Resources Development, 6.0064
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ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARES AGRI-BUSINESS INDUSTRY ...Agri Business,
Disposal Wastes, Food Processing Industry, Irrigation-general,
Projections and Estimations, Water Resources Development,
_6.0120

OPTIMIZATION OF WELLS AND RECHARGE FACILITIES IN
CONJUNCTIVE USE OF GROUNDWATER RESERVOIRS
...Conjunctive Use. Groundwater Basins, Pumping, Recharge
general, Water Wells, ..4,0054

MATHEMATICAL. SIMULATION Of' RAINFALL RUNOFF
PROC'ESSF.S ...Computers-general. Hydrogruphs, Model Studies.
Other Computers. Runoff. Stormsgeneral, 2,1015

OPTIMIZING SALVAGEABLE WATER RESOURCES IN A
SEMI -ARID INLAND BASIN ...Natural Recharge, Runoff, Semi
Arid, Water - Alternative Uses. Water Quality-general. Water
Reuse, 3.0019

MAXIMIZING PRODUCTIVITY OF WATER USED FOR IR-
RIGATION OF AGRICULTURAL LANDS ...Irrigation-general.
Model Studies, Water Alternative Uses, Water Allocation.
6,0610

APPLICATION OF SPECIALIZED OPTIM TECH IN WATER
QUANTITY & QUALITY MANAGEMENT WITH RESPECT
TO PLANNING FOR THE TRINITY RIVER BASIN ...Planning,
River Basins, Texas, Water Quality-general. Water Quantity.
general, 6.0551

INTRODUCTION OF RISK AND UNCERTAINTY CONCEPTS
TO OPTIMIZATION OF WATER RESOURCE SYSTEM
DESIGN ...Application, Optimization Technique, Other Model
Modif, Risk & Uncertainty, Water Resources Development,
_6.0548

APPLICATION OF SIMULATION THEORY TO WATER
RESOURCES PLANNING AND MANAGEMENT ...Manage-
ment, Model Studies, Planning, River Basins, 6.0340

PROGRAMMED SELECTION OF OPTIMUM USES OF A
SMALL WATER RESOURCE SUBJECTED TO COMPLEX
SIMULTANEOUS DEMAND STRESSES Computers-general.
Model Studies, Water - Alternative Uses, Water Demand, Water
Supply-general, 6.0281

OPTIMIZATION OF STEP AERATION WASTE TREATMENT
PROCESSES Aeration, Development of Models, Dynamic Pro-
gramming. Process Design, Systems Analysis, 5.0426

THE ENGINEERING APPLICATIONS OF DISTRIBUTED AND
MULTIVARIABLE SYSTEM THEORY TO THE DYNAMICS
OF WATER POLLUTION CONTROL ...Systems Analysis,
_5.0728

RELATIONSHIP OF PUMPING LIFT TO ECONOMIC USE OF
GROUND WATER FOR IRRIGATION Groundwater, Irriga-
tion-other, Pumping, Water Allocation, Water Costs, ...6.0177

ECONOMICS OF WATER QUALITY CONTROL IN THE UPPER
MISSISSIPPI RIVER (MINNESOTA) ...1',Iiiinesota, Mississippi
River, Model Studies. Water Quality Control-general. Water Stan-
dards, .6,0311

A METHODOLOGY FOR PLANNING OPTIMAL REGIONAL
WASTE MANAGEMENT SYSTEMS Effluents-waste Water,
Management, Model Studies, Regional Areas, Waste Water Treat -
ment - general, ..6.0280

AN INVESTIGATION OF MANPOWER RESOURCES FOR
WATER RESOURCES RESEARCH AND OTHER WATER-RE-
LATED ACTIVITIES Forecasting-prediction, Personnel,
Requirement and Resources, Water Resources - General,
9,0008

WATER RESOURCE SYSTEM OPTIMIZATION BY GEOMET-
RIC PROGRAMMING ...Algorithms, Design of Experiments.
Nonlinearity, Optimization Technique. Research - Development,
...6.0552

APPLICATION OF OPERATIONS RESEARCH TECHNIQUES
FOR ALLOCATION OF COLORADO RIVER WATERS IN
UTAH ,..Colorado River, Operations Research, Utah, Water Allo-
cation, .,.6.0575

SYSTEMS SIMULATION FOR MANAGEMENT OF A TOTAL
WATER RESOURCE ...Conjunctive Use, Management, Planning,
River Basins, Water Transfer, 4.0230

MODELING AND OPTIMIZATION OF WATER RESOURCES
SYSTEMS ..,Management, Mathematical Analysis, Model Studies,
Multiple-purpose Projects. Reservoirs and Impoundments,
6.0234,

OPTIMAL DESIGN OF WASTE TREATMENT SYSTEMS ...Ac-
tivated, Biological Treatment-other, Electrodialysis, Oxidation-
general, Process Design, 8.0202

USE OF NEW ANALYTICAL METHODS FOR WATER
RESOURCES DEVELOPMENT ...Mathematical Analysis, Op-
timization Technique, Planning, Reservoirs and Impoundments,
Water Resources Development, 6.0545
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ECONOMIC OPTIMIZATION OF SECONDARY TRF.ATMF.NT
AND DETERMINATION OF LOAD TO CONTROL BIOLOGI.
CAL GROWTHS IN A STREAM ...Aeration, Capsule and Slime
Layer, Lagoon, Pulp and Paper Wastes, Storage-retention-facili-
ties, ...5.1222

OPTIMIZATION AND DEVELOPMENT OF IMPROVED CHEW-
CAL TECHNIQUF.S FOR THE TREATMENT OF COAL. MINE
DRAINAGE ...Acid Mine Wastes, Chemical Treatment, Drainage,
Mining Activities, Pilot Plant, Process Design, 5.0999

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE

iqtAtritIrtiect.teltnutrr?ii,

.17,igttn-general, Legal Review, Management,

ECONOMIC EVALUATION OF IRRIGATION IN NORTH
DAKOTA ...Computers-general, Economics-general. Irrigation.
general, North Dakota, ..3,0379

ALTERNATIVE. DEVELOPMENT PATTERNS, PLANS, CON-
'T'ROLS AND IMPACT ASSOCIATED WITH NEW RESER-
VOIRS ...Administrative Structures, Alternative Planning, Reser-
voirs and Impoundments, Texas, Types of Resources, 6.0561

ECONOMIC GROWTH AND OPTIMUM WATER RESOURCE
DEVELOPMENT ...Alternative Planning, Economics-general,
Water Allocution, Water Demand, Water Resources Develop.
ment, 6,0043

WATER QUALITY MODEL DERIVED FROM SYSTEM
ANALYSES ...Management, Model Studies, Systems Analysis,
Water Quality-general, 6.0200

APPLICATION OF OPTIMIZATION TECHNIQUES TO
PROI3LEMS TO AGRICULTURE ...Analog Computers, Animal
Waste Removal - treatment, Digital Computers, Model Studies,
Solid Waste, Waste Water Treatment-general, ...5,0427

THE ECONOMICS OF IRRIGATED CROP PRODUCTION BY
LOW CAPACEI Y WELLS AND BY SPRINKLER SYSTEMS ON
TEXAS FARMS ,..Economics - general, Irrigation-general,
Managern,!nt, Texas, Water Table Fluctuation, 3.0452

OPTIMIZATION IN THE USE OF VARIABLE QUALITY
DESALTED WATER AND AN ARTIFICAL UNDERGROUND
RESERVOIR TO SUPPLY PEAK MUNICIPAL WATER DE-
MANDS ...Computers-general, Conjunctive Use, Desalination,
Other Computers, Urban Environments, Use of Impaired Water,
3.0470

RESERVOIR SYSTEM ANALYSIS FOR LOW-FLOW REGULA-
TION ...Computers - general, Low Flow, Management, Reservoirs
and Impoundments, Systems Analysis, 2.0151

OPTIMIZATION TECHNIQUES FOR HYDROLOGIC EN-
GINEERING ...Floods, Hydrographs, Hydrology-general, Reser-
voirs, Reservoirs and Impoundments, Routing, ..6,0075

RESERVOIR AND RIVER OPERATION PROCEDURES ...Availa-
ble Water, Management, Model Studies, Reservoirs and Impound-
ments, River 13asms, _6.0095

ENGINEERING ANALYSIS OF WASTE TREATMENT _Ac-
tivated Carbon, Development of Models, Digital Computers, Elec.
tmdialysis, Sewerage Systems-other, 5.0861

EFFECT OF IMPOUNDMENTS ON WATER QUALITY
...Oklahoma, Pre-impoundment Sites, Reservoirs and Impound-
ments, Water Quality Control-general, Water Sampling, 5.0904

ECONOMICS OF WATER MANAGEMENT TECHNIQUES 1N
SOUTH DAKOTA ...Economic Impact, Impact, Input - Output
Analysis, Irrigation-general, Management, Production &
Processing, South Dakota, Water Allocation, 6.0136

Opti.nization Technique
OPTIMAL DESALINATION SYSTEMS ...Desalination, Electrodial-

ysis, Evaporation, Optimization, Reverse Osmosis, ..3.024I
ANALYSIS OF DESALTING PLANTS AS A SOURCE OF SUP-

PLEMENTAL SAFE YIELD ...Desalination, Digital Computers,
Other, Process Development-other, 3.0469

OPERATIONS RESEARCH STUDY OF WATER RESOURCES
DEVELOPMENT AND MANAGEMENT IN THE TUCSON
AREA ...Arizona, Management, Operations Research, Research -
Development, Simulation Theory, Water Resources Development,
6.0015

OPTIMUM LINEAR SYNTHESIS IN URBAN HYDROLOGY ...Er-
ror Analysis, Hydrographs, Prediction, Runoff, Urban Environ-
ments, ...6.0287

INTRODUCTION OF RISK AND UNCERTAINTY CONCEPTS
TO OPTIMIZATION OF WATER RESOURCE SYSTEM
DESIGN ...Application, Optimization, Other Model Modif, Risk
& Uncertainty, Water Resources Development, ...6.0548

URBAN WATER POLITICS AND DECISION MAKING IN THE
DETROIT METROPOLITAN REGION :..Decision Theory,
Model Studies, Politics, Urban Environments, 6.0298

ADS' SNCED METHODOLOGIES FOR WATER RESOURCES
PL .NNING ...Illinois, Mathematical Programming, Planning,
Sto,:hastic Models....6.0202

WATER RESOURCE SYSTEM OPTIMIZATION BY GEOMET-
RIC' PROORAMMING Algorithms, Design of Experiments,
Nonlinearity, Optimization, Research Development, ...6,0552

SYSTEM IDENTIFICATION AND MULTI-LEVEL OPTIMIZA-
TION OF INTEGRATED GROUND WATER SYSTEMS
...Aquifers-general, Mathematical Analysis, Model Studies,
Systems Analysis, 6.0062

USE OF NEW ANALYTICAL METHODS FOR WATER
RESOURCES DEVELOPMENT ...Mathematical Analysis, Op-
timization, Planning, Reservoirs and Impoundments, Water
Resources Development, ...6.0545

Other 0.r.
PHASE II-STUDY OF A RIVER SYSTEM AS A CHEMICAL

REACTOR ...Industrial Wastes, Maine, Reactors-other, Systems
Analysis, Water Quality Control-general, ...5.0466

Production - Supply
A LECAL-ECONOMIC ANALYSIS OF ADMINISTRATIVE AN

MARKET PROCEDURES USED IN THE TRANSFER OF
WATER RIGHTS ...Administrative Structures, Economic Effi-
ciency, Model Studies, State Government, Water Allocation,
Water Transfer, ...2.0726

Programming
Dynamic Programming

OPTIMIZATION OF WATER RESOURCES DEVELOPMENT--II
...Optimization, Optimization Technique, Systems Analysis, Witte;
Resources Development, 6.0064

OPTIMIZATION OF STEP AERATION WASTE TREATMENT
PROCESSES ...Aeration, Development of Models, Optimization,
Process Design, Systems Analysis, 5,0426

CANNERY WASTE RESEARCH PROJECT ...Canning Wastes, in
Plant Treatment Wastes, Process Design, Systems Analysis, Waste
Treatment-economics, 5,0099

Other Programming
OPTIMAL DESALINATION BY GEOMETRIC PROGRAMMING

AND MATHEMATICAL DECOMPOSITION ...Cost Analysis,
Decompositions, Desalination. Mathematical Analysis, Optimal
Statistics, 3.0077

Quality Control
WATER QUALITY MODELING AND PREDICTION ...Dynamic,

Pollutants - Path of , Prediction Models, Waste Water Treatment-
other, 5.0432

Regional
Base Studies

AN ECONOMIC ANALYSIS
...Economics-general, Finance, Illinois, Trends,projections,
,..6.0179

A STUDY OF THE SOCIAL MECHANISM OF RURAL-URBAN
WATER TRANSFERS WITH SPECIAL REFERENCE TO EX-
TERNAL EFFECTS ...Administrative Structures, Agriculture,
Economic Efficiency, Fiscal, Model Studies, Social Aspects,
Water Allocation, Water Transfer, Welfare Economics, 6.0105

AGRICULTURAL AND INDUSTRIAL DEVELOPMENT IN
RELATION TO lOWAS ECONOMIC GROWTH ...Agriculture,
Economics-general, Income, Iowa, Model Studies, Requirement
and Resources, Water Resources Development, 7.0043

Impact
A COMPREHENSIVE WATER RESOURCES ANALYSIS OF A

TYPICAL OVERDRAWN BASIN IN AN IRRIGATED
SEMIARID AREA - PECOS RIVER BASIN, NEW MEXICO
...Land, Management, New Mexic^ River Basins, Systems Analy-
sis, ...6.0366

A COMPREHENSIVE ANAL'.. !:1F THE TULAROSA BASIN
SALINE WATER RESOURCES - THEIR AVAILABILITY AND
POTENTIAL ECONOMIC DEVELOPMENT ...Atomic Plants,
Brines, Desalination, Electric Power Plants, New Mexico,
7.0076

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Administrative StruCtures, Economic Impact, Model Studies,
Policy Making, Recreation Sites, Social Aspects, Water Rights-
general, 6.0646

OF SOUTHERN ILLINOIS
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SOUTHERN ILLINOIS REGIONAL ECONOMIC DATA SYSTEM
...Data Networks, Economics-general, Illinois, Industrial-general,
Regional Areas, 7.0030

ECONOMIC IMPACTS OF WATER RESOURCE DEVELOP-
MENT ...Economic Impact. Forecasting-prediction, Water
Resources Development, 6.0413

THE EXTENT OF IRRIGATION DEVELOPMENT IN NORTH
DAKOTA AND ITS ECONOMIC IMPACT -.Economic Impact.
Irrigation-general. Model Studies, Production & Processing,
Water - Alternative Uses, Water Resources Development,
...3.0380

THE HISTORY AND ECONOMICS OF RECLAMATION PRO-
JECTS IN UTAH ...Economic Impact, History, Social Aspects,
Water Resources Development, 6.0573

ECONOMIC ANALYSIS OF RECREATIONAL USE OF RESER-
VOIRS CONSTRUCTED BY PRIVATE POWER COMPANIES
Frequency of Use, Private Enterprise, Recreation Sites, Reser-
voirs and Impoundments, User Characteristics -other, ...6.0604

ECONOMIC ANALYSIS OF AGRICULTURAL WATER
MANAGEMENT IN THF. SOUTHEAST ...Agriculture. Benefit-
cost Analysis, Economic Impact, Irrigation-general. Water De-
mand, -.6,0169

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
SOUTH DAKOTA ...Economic Impact, Input - Output Analysis,
Irrigation-general, Management, Optimization, Production &
Processing, South Dakota. Water Allocation, 6,0136

Reliability
DECISION MODELS FOR MINIMIZING COST OF INFORMA-

TION OR ERROR IN ESTIMATING BENE,FIT-WATER RELA-
TIONSHIPS IN IRRIGATION. (ABBREV) Benefit-cost Analy-
sits, Irrigation-general, Mathematical Analysis, Model Studies,
Systems Analysis. 6,0359

ANALYSIS AND SYNTHESIS OF BEDLOAD FORMULAS ...Bed
Load, Graphs and Matroids, Survey Studies, -.2.0916

Risk & Uncertainty
INTRODUCTION OF RISK AND UNCERTAINTY CONCEPTS

TO OPTIMIZATION OF WATER RESOURCE SYSTEM
DESIGN ...Application, Optimization. Optimization Technique,
Other Model Modif, Water Resources Development, -.6.0548

THE ECOMONIC IMPLICATIONS OF THE INTERCONNEC-
TroN OF URBAN WATER SYSTEMS ...Policy Making, Produc-
tion & Processing, Public-works, Urban Environments, Water De-
mand, Water Transfer, -.6.0466

ECONOMIC CONSIDERATIONS IN RESOURCES UTILIZATION
CONFLICTS WITH PARTICULAR REGARD TO THE COOK
INLET BASIN -.Alaska, 13enefit-cost Analysis, Conflicts,
Economic Efficiency, Economics-general, Survey Studies. Water
Resources Development, 6.0008

RECLAMATION OF BIOLOGICALLY, MECHANICALLY &
CHEMICALLY TREATED WASTEWATER FOR POTABLE
WATER SUPPLY USES (ABBREV) Activated Carbon.
Chlorination, Electrodialysis, Ion Exchange-other, Waste Water
Pre-treatment, ...5.0159

DEVELOPMENT OF METHODS FOR PLANNING AND TIMING
OF WATER RESOURCES INVESTMENTS ...Finance, Multiple-
purpose Projects, Operations Research, Planning, Water
Resources Development, 6.0065

ECONOMICS OF CLIMATE ...Applied Climatology, Economic Im-
pact, Kansas. Weather, Yield. ...2.0511

POST CONSTRUCTION AUDITS OF THE ECONOMIC PER-
FORMANCE OF PUBLIC WATER RESOURCES INVEST-
MENT ...Benefit -cost Analysis, Fiscal, Other. Water Resources
Development, 6.0230

CORRELATION OF ECONOMIC PHYSICAL FACTORS AF-
FECTING SELECTION OF LANDS FOR IRRIGATION
-.Economic Impact. Irrigation-general, Projections and Estima-
tions, -.6.0091

Specialty Crops
IMPLICATIONS OF IRRIGATION TO THE MARKETING OF

SPECIALTY CROPS ...Irrigation - general, Kansas. Production &
Processing, ...6.0237

Systems Analysis
A METHOD FOR SYSTEM EVALUATION AND COST-EFFEC-

TIVENESS OF LARGE MULTISTAGE FLASH DESALTING
PLANTS ...Computers - general, Cost Analysis, Desalination, Flash
Distillation, Research - Development, 3.0166

OPTIMIZATION OF WATER RESOURCES DEVELOPMENTII
...Dynamic Programming, Optimization, Optimization Technique,
Water Resources Development, -.6.0064

PHASE II-STUDY OF A RIVER SYSTEM AS A CHEMICAL
REACTOR Industrial Wastes, Maine, Other 0.r. , Reactors-
other. Water Quality Control-general, .5.0466

THE USE OF SYSTEMS ANALYSIS IN THE DEVELOPMENT
OF WATER RESOURCES MANAGEMENT PLANS FOR NEW
YORK STATE -Management, Model Studies. New York,
Planning. 6.0373

THE MODIFICATION OF A PREDICTIVE RIVER BASIN
MODEL ...Economic Impact. Missouri, Other Models. River
Basins. 6.0493

THE ENGINEERING APPLICATIONS OF DISTRIBUTED AND
MUI:VIVARIABLE SYSTEM THEORY 'FO THE DYNAMICS
OF WATER POLLUTION CONTROL ...Optimization....5.0728

EFFICIENC'Y OF DATA COLLECTION SYSTEMS IN
HYDROLOGY AND WATER RESOURCES FOR PREDICTION
AND CONTROL ...Control and Protection, Economic Efficiency.
Hybrid Computers, Hydrology-general, 7,0004

STOCHASTIC BASIS FOR COMPREHENSIVE RIVER BASIN
PLANNING ...Development of Models, Digital Computers, Monte
Carlo Methods, New York, Planning, Stochastic Processes,
...6,0374

SYSTEM IDENTIFICATION AND MULTI-LEVEL OPTIMIZA-
TION OF INTEGRATED GROUND WATER SYSTEMS
...Aquifers-geneL'al, Mathematical Analysis, Model Studies,
6.0062

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Water t. as,
Water Distribution Systems. Water Transfer, Water Utilization -
general, ...6.0055

CANNERY WASTE RESEARCH PROJECT -.Canning Wastes,
Dynamic Programming, in Plant Treatment Wastes, Process
Design, Waste Treatment-economics, ...5,0099

GEOHYDROLOGIC SYSTEM ANALYSIS WITH AN ELECTRIC
ANALOG COMPUTER ...Analog, Analog Computers, Aquifers-
general, Digital Computers. Groundwater, Induced Infiltration,
Network Synthesis, 2.0417

AN ECONOMIC EVALUATION OF WATER POI LUTION CON-
TROL, YAQUINA BAY, ORE ...Alternative Planning, Bays,
Benefit-cost Analysis, Model Studies. Oregon, Water Quality Con-
trol-general....6.0454

Theory
THE DEVELOPMENT OF METHODS USED IN EVALUATING

RECREATIONAL BENEFITS OF MULTIPLE-PURPOSE
WATER RESOURCE PROJECTS ...Benefit-cost Analysis, Con-
sumption, Demand Analysis, Methods, Multiple-purpose Projects,
Recreation Sites, ...6.0534

Types
Agri Business

ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARES AGRI-BUSINESS INDUSTRY ...Disposal Wastes,
Food Processing Industry, Irrigation-general. Optimization, Pro-
jections and Estimations, Water Resources Development,
_6.0120

Agriculture
A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE

IRRIGATION METHODS IN A SUB-HUMID CLIMATE ...Irriga-
tion-general, North Dakota. Production & Processing, Sub - Hu-
mid, 6,0415

ECONOMIC ANALYSIS OF IRRIGATION SYSTEMS APPLICA-
BLE TO THE NORTHERN GREAT PLAINS ...Economic Effi-
ciency. Great Plains Province, Irrigation Engineering, Irrigation-
general, Systems Analysis. ...6.0496

CLIMATIC PATTERNS AND THEIR EFFECT ON CALIFORNIA
AGRICULTURE ...Applied Climatology, California, Data Analy-
sis - General, Phenology, Production & Processing, Temperature,
Weather, 2.0095

ECONOMIC AND LEGAL FACTORS IN PROVIDING. USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
..Irrigation - general, Legal Review, Management, North Central,

Optimization, 6.0323
LAND AND WATER USE, CONSERVATION, AND DEVELOP-

MENT IN OKLAHOMA WATERSHEDS ...Administrative Struc-
tures, Floodplains, Floodproofing, Land, Land Use. Model Stu-
dies, ..6.0443

RURAL LAND USAGE ...Land, Land Use, Land Use -non-specific,
Rural Areas, Social Aspects, Types of Resources, 6.0471
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$4 FORECAST OF AGRICULTURAL DEVELOPMENT IN THE
IRRIGATED AREAS OF SPAIN ...Benefit-cost Analysis, Irriga-
tion, Irrigation-general, Production & Processing, Spain, ...6.0532

JORDANS EAST GHOR DEVELOPMENT PROJECT ...Income,
Irrigation-general, Jordan, Land, Land & Watcr Use -other,
4 0180

EFFECTS OF ON-FARM IRRIGATION WATER SUPPLIES AND
COSTS ON CROPPING SYSTEMS AND PRODUCTION AD-
JUSTMENTS ...California, Irrigation-general, Production &
Processing, Water Costs, Water Demand, 6.0052

CALIFORNIA - ARIZONA ECONOMIC INTERDEPENDENCE
AND THE COLORADO RIVER CONFLICT WITH PARTICU-
LAR REFERENCE TO AGRICULTURE ...Agriculture Industry,
Colorado River, Economic Impact, Income, Input - Output Analy-
sis, Water Allocation, ...6.0050

A STUDY OF THE SOCIAL MECHANISM OF RURAL -URBAN
WATER TRANSFERS WITH SPECIAL REFERENCE TO EX-
TERNAL EFFECTS ...Administrative Structures, Base Studies,
Economic Efficiency, Fiscal, Model Studies, Social Aspects,
Water Allocation, Water Transfer, Welfare Economics, 6.0105

AN ECONOMIC AND LEGAL APPRAISAL OF THE USE OF
WATER FOR IRRIGATION AND OTHER PURPOSES ON IL-
LINOIS FALMS ...Illinois, Irrigation-general, Legal Review,
Legislative Processes, Water Law-general, 6.0214

AGRICULTURAL AND INDUSTRIAL DEVELOPMENT IN
RELATION TO 10WAS ECONOMIC GROWTH ...Base Studies,
Economics-general, Income, Iowa, Model Studies, Requirement
and Resources, Water Rcsources Development, 7.0043

THE POTENTIAL DEMAND FOR WATER AND LAND IN
SELECTED AREAS OF UTAH ...Economic Impact, Income, In-
dustry, Utah, Water Demand, 6.0578

ECONOMIC ANALYSIS OF AGRICULTURAL WATER
MANAGEMENT IN THE SOUTHEAST Benefit-cost Analysis,
Economic Impact, Impact, Irrigation-general, Watcr Demand,
...6.0169

ANALYSIS OF RURAL ZONING ENABLING STATUTES AND
ORDINANCES ...Cmc, Intergovernmental Relations, Legislation,
...6.0138

Extractive Natural Resources
INDUSTRIAL WATER USE IN THE UNITED STATES

Economics-general, industry, Manufacturing, Multiple-purpose
Projects, Watcr Utilization -general, ..5.0239

Industry
ECONOMIC EFFECTS OF WATER ALLOCATION AMONG AL-

TERNATIVE INDUSTRIAL (NON-AGRICULTURAL) USES
-.Economic Impact, Mineral Proccssing Industry, Model Studies,
Watcr Alternative Uses, Water Allocation, 6.0597

THE POTENTIAL DEMAND FOR WATER AND LAND IN
SELECTED AREAS OF UTAH ...Agriculture, Economic Impact,
Income, Utah, Water Demand, 6.0578

INDUSTRIAL WATER USE IN THE UNITED STATES
Economics-general, Extractive Natural Resources, Manufactur-
ing, Multiple-purpose Projects, Water Utilization -general,
...5.0239

Manufacturing
INDUSTRIAL WATER USE IN THE UNITED STATES

...Economies-general, Extractive Natural Resources, Industry,
Multiple-purpose Projects, Water Utilization -general, 5.0239

INVESTIGATION OF LINKAGES OF WATERFRONT MANU-
FACTURING ...Economic Impact, Industrial-general, Input - Out-
put Analysis, Tennessee River, ...6.0533

Value Analysis
A MATHEMATICAL MODEL FOR iEG1ONAL TREATMENT

OF WATER POLLUTION SYSTEMS .Estuaries, Mathematical
Analysis, Public Utilities, Public Works, Regional Areas,
Sewerage Systems-other, ...5.0114

Water Costs
HIDDEN COSTS OF USING SUBSTANDARD QUALITY

WATER, AS EXPERIENCED BY WATER USERS IN
WEBSTER, SOUTH DAKOTA ...Brackish Watcr, Desalination,
Economic Impact, Potable Water, South Dakota, ...6.0495

DESIGN AND ECONOMIC STUDY OF A GAS TURBINE
POWERED VAPOR COMPRESSION PLANT FOR EVAPORA-
TION OF SEAWATER ...Compressors, Desalination, Evapora-
tion, Gas, Heat Recovery, 3.0421

APPLICATION OF THE HIGH TEMPERATURE WATER JET
COMPRESSOR TO THREE MAJOR DESALINATION
PROCESSES ...Compressors, Desalination, Distilling Units,
3.0346
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PARAMETRIC ECONOMIC AND ENGINEERING STUDY OF
THR REVERSE OSMOSIS PROCESS ...Cost Analysis, Desalina-
tion, Membranes-other, Other, Rate Determination, Reverse Os-
mosis, 3.0073

THE ECONOMICS AND ADMINISTRATION OF WATER
RESOURCES ...Administrative Structures, Alternative Planning,
Colorado, Water - Alternative Uses, Watersheds-general, 6.0107

ON-FARM IRRIGATION WATER SUPPLIES AND COSTS IN
RELATION 70 CROPPING SYSTEMS AND PRODUCTION
ADJUSTMENTS IN THE SACRAMENTO VALLEY Califor-
nia, Economic Efficiency, Irrigation-general, Water - Alternative
Uses, Water Quantity-general, 6.6051

VALUE OF WATER FOR IRRIGATION IN THE KANSAS RIVER
VALLEY ...Benefit-cost Analysis, Consumptive Use, Irrigation-
general, Projections and Estimations, Water Demand, ...6.0236

THE DEMAND AND PRICE STRUCTURES FOR WATER IN A
HUMID AREA ...Consumptive Use, Georgia, Humid, Price &
Value, Water Demand, ...6.0161

BRACKISH WATER PURIFICATION BY BIOLOGICAL FUEL
CELL, POWERED ELECTRODIALYSIS ...Biological, Brackish
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IRRIGABLE ACREAGE IN NEW MEXICO AND PROJECTED
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ECONOMICS OF WATER SUPPLYPORTALES VALLEY, NEW
MEXICO ...Alternative Planning, Available Water, Economic Im-
pact, Projections and Estimations, Water Transfer, ...6.0363
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RY PROCEDURES .,.Colorimetric, Computers-general, Manage-
ment, Nitrogen, Phosphate, Phosphite, Swamps-marshes, _1.0024

Coulometry
DEVELOPMENT OF A COULOMETRIC METHOD :70R THE
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TION AND REDOX PROCESSES AT ELECTRODES ...Am-
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DEVELOPMENT OF ADVANCED TRANSPORT DEPLETION
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TION STUDY OF THE ELECTRODIALYSIS PROCESS ...Cost
Analysis, Desalination, Other, Survey Studies, -3.0101

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
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Waste Water Pre-treatment, ...5.0015

MATHEMATICAL MODEL OF THE ELECTRODIALYSIS
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ING BRACKISH WATERS IN CANDIATE AREAS OF WEST
TEXAS ...Cost Analysis, Desalination, Flash Distillation, Freezing,
Reverse Osmosis, Water Costs, -.3.0443

PROGRAM FOR ELECTRODIALYSIS RESEARCH AND
DEVELOPMENT ...High, Membranes-other, Other, -3.0116



SUBJECT INDEX Electronic Technical Services
VALUE OF DESALTED WATER FOR IRRIGATION Brackish

Water, Desalination, Irrigation-general, Saline Soils, Water Costs,
...3.0128

ENGINEERING ANALYSIS OF WASTE TREATMENT ..,Ac-
tivated Carbon, Development of Models. Digital Computers, Op-
timization, Sewerage Systems-other, 5.0861

CONTROL OF MINERAL CONSTITUENTS IN WASTE WATER
BY ELECTRODIALYSIS ..,Activated Carbon, Membranes-other.
Organics. Solid Waste, Waste Treatment-economics, 5.0845

ELECTRODIALYSIS TREATMENT OF SECONDARY EF-
FLUENT ...Activated Carbon, Demineralization, Pollutant-other.
Recycle, Waste Treatment-economies. 5.0896

REMOVAL 01, SUSPENDED SOLIDS AND PHOSPHATE FROM
A SECONDARY EFFLUENT BY ALUM COAGULATION AND
DUAL MEDIA FILTRATION ...Filter-other. Ion Exchange-other,
Reverse Osmosis, Sedimentation. Waste Treatment-economics,
_5.0848

SINGLE STAGE. LIME TREATMENT WASTEWATER ...Concen-
tration, Demineralization. Filter-other. Precipitation. Sedimenta-
tion. 5.0897

EXPLORATORY STUDIES ON SIMPLIFYING DISPOSAL OF
FOOD PROCESSING WASTES ...Activated Carbon. Canning
Wastes, Ion Exchange-other, Other, Regeneration-other, Reverse
Osmosis. ...5.0057

Electrophoresis
Other

ELEC"fROPHORETIC CLARIFICATION 01, WATER _Bacterial
Pollutant Sources. Colloidal Phenomena. Desalination. Pesticides
-non-specific, Tertiary Treatment. Waste Water Treatment-
general. 5.1157

THE REMOVAL 01' IMPURITIES IN TRICKLING FILTER EF-
FLUENTS ...Coagulation. Colloidal Phenomena. Secondary
Treatment. Tertiary Treatment. Trickling. _5.1106

EXPLORATORY STUDIES ON SIMPLIFYING DISPOSAL OF
FOOD PROCESSING WASTES ...Activated Carbon, Canning
Wastes. Electrodialysis, Ion Exchange-other, Regeneration-other,
Reverse Osmosis, _5.0057

Electromechanical Design
INSTRUMENTATION DEVELOPMENT FOR HYDROLOGIC

DATA COLLECEION ...Field Testing, Instrumental Services. In-
strumentation-general. Technique Development, ...7.0089

Electronic Evaluations
Evaluation Other

EVALUATION OF HYDROLOGIC INSTRUMENTATION ON
MAYNARD CREEK WATERSHED ...Data Acquisition Systems.
Data Processing Services. Montana...7.0073

TEST AND EVALUATION OF FLASH FLOOD ALARM
SYSTEM Field Studies, Field Testing. Flash Floods, Laboratory
Analysis. Warning-systems, ...7.0110

REACTOR SWITCHING DUTY EVALUATION ...Electrical En-
gineering-general. Power Transmission, Relay Circuits. Switching,
8.0121

RELAY. CONTROL. AND METERING CIRCUIT INVESTIGA-
TIONS ...Cororol. Power Transmission. Relay Circuits...8.0122

UNDERGROUND TRANSMISSION AND EQUIPMENT DIELEC-
TRICS--SOLID, LIQUID, AND INERT GAS ...Cables and Trans-
mission Lines, Electric Power Plants. Field Testing, Insulators.
Power Transmission...8.0123

CAPACITOR SWITCHING DUTY EVALUATION ...Capacitors.
Control. Field Testing, Switching. Switching Circuits, ...8. 055

CIRCUIT BREAKER RESEARCH ...Circuit Breaker. Electric
Power Plants, Electrical Engineering-general, Power Transmission.
Switching. ...8.0052

COORDINATION OF PLANT FREQUENCY, D-C-TRANSMIS-
SION AND SYSTEM CONTROL ...Ac-de. Electric Power Plants.
Other Generators, Power Conditioner. Power Transmission.
...8.0126

Field Testing
TEST AND EVALUATION OF FLASH FLOOD ALARM

SYSTEM ...Evaluation Other, Field Studies. Flash Floods,
Laboratory Analysis, Warning-systems. 7.01110

INSTRUMENTATION DEVELOPMENT FOR HYDROLOGIC
DATA COLLECTION Electromechanical Design. Instrumental
Services, Instrumentation-general, Technique Development,
7.0089

FIELD TESTS OF POWER TRANSMISSION EQUIPMENT
.Colorado River, Power Transmission. Relay Circuits, Switching,
Transmission Lines....8.0036

UNDERGROUND TRANSMISSION AND EQUIPMENT D1ELEC-
TRICS--SOLID. LIQUID, AND INERT GAS ...Cables and Trans-
mission Lines, Electric Power Plants, Evaluation Other, Insulators.
Power Transmission, _8.0123

CAPACITOR SWITCHING DUTY E,VALUAT1ON Capacitors,
Control. Evaluation Other, Switching. Switching Circuits,
8.0055

Electronic Technical Services
Data Processing Services

OPERATIONAL HYDROMETEOROLOGICAL DATA MANAGE-
MENT SYSTEM ...Economies- business- management. Information
Retrieval Methods. Management-general. Other Data Analysis.
Southern. Streams. System Development. ...7.0011

EVALUATION OF HYDROLOGIC INSTRUMENTATION ON
MAYNARD CREEK WATERSHED ...Data Acquisition Systems.
Evaluation Other, Montana, 7.0073

Instrumental Services
MARINE OIL-WATER MONITORING INSTRUMENTATION

SYSTEM SUBGROUP V ...Detectors, Industrial Waste-other, In-
frared. Infrared Radiation. Oil. Oil - Technological Testing,
_5.0336

TEST SITE INSTRUMENTATION ...Electronics - Applied. Instru-
mentation-general, Surface Environments...6.0271

OIL SLICK ANALYSES ...Aircraft. Oil. Optical Devices. Satellites,
Transducers. 6.0275

INFRARED IMAGER STUDIES ...Detectors. Geophysical Equip-
milt. Image Amp. Infrared Radiation, Mineralogy, ...6.0299

DEVELOPMENT AND EVALUATION OF IMPROVED
TECHNIQUES TO MEASURE WATER-CONTENT OF SNOW
...Composition, Moisture Meters, Other Telemetry. TJelmique
Development. Transducers. ...7.0103

DIGITAL INSTRUMENTATION AND TELEMETRY FOR
WATER RESOURCES RESEARCH ...Automatic Data Aquisi-
tion, Digital Computers. Electronics - Applied. ..,7.0072

INTERNAL WATER STATUS OF PLANTS ...Dieleetrie Parame-
ters, Plant Water Use-other, Refractometry, Technique Develop-
ment. Translocatiom ...2.0722

A CONTINUOUS MULTIPARAMETER WATER QUALITY
MONITOR ...Analyzing, Mobile, Recording Systems, Transducers.
Water Quality - general. ..,7.0006

WATER QUALITY TELEMETRY Automatic Data Aquisition,
Benefit -cost Analysis, Other Telemetry. Water Quality-general,
...5.1I97

SYS'I'EM MONI'T'ORING AND REMOTE CONTROL Automatic
Data Aquisition, Effluents-waste Water. Gages, Other Telemetry.
Physical Parameters...5.0559

SACRAMENTO-SAN JOAQUIN DELTA ANALOG MODEL STU-
DIES ...Analog Computers. Deltas. Electronics - Applied, Model
Studies, Sacramento River, ...7.0008

IMPROVE COMPONENTS OF THE DATA ACQUISITION
SYSTEM - SATELLITE COMMUNICATIONS EQUIPMENT
...Automatic Data Aquisition, Data Acquisition Systems, Rain-
general. Satellites & Deep Space Probes, Streams. 7.0050

IMPROVE PRECIPITATION MEASURING EQUIPMENT - PRES-
SURE TRANSDUCER ANALYSIS ...Automatic Stations. Gages.
Transducers. 2.0590

IMPROVE PRECIPITATION MEASURING EQUIPMENT -
HYDROLOGIC EQUIPMENT IMPROVEMENT ...Atmospheric
Pressure, Data Acquisition Systems. Gages, Technique Develop-
ment, Transducers, _7.0051

DEVELOPMENT OF HYDROLOGIC EQUIPMENT ...Design In-
strumentation- other, Hydraulic Engineering-other. Hydrology-
general. Instrumentation-general. Other Telemetry. ...7.0064

INSTRUMENTATION DEVELOPMENT FOR HYDROLOGIC
DATA COLLECTION Electromechanical Design. Field Testing,
Instrumentation-general, Technique Development. ,. 7.0089 .

DENVER MULTIPHASE FLOW ...Analog Computers. Infiltration.
Internal Water Movement, Transducers, Unsaturated Flow,
2,0192

INSTRUMENTATION FOR RESEARCH ...Doppler. Fluid Dynam-
ics, Recording Systems, Turbulence, Velocity, 7.0109

PROJECT SKYWATER - NEW MEXICO .,,Automatic Stations,
Gages, New Mexico. Other Telemetry, Snow-general. Technique
Development, ...2.0203
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PROJECT SKY WATER - COLORADO - STEAMBOAT SPRINGS
...Automatic Stations, Colorado, Gages, Other Telemetry, Snow-
general..2.0204

FISH GUIDING ,..Animal Distr. (non-specific), Fish -non-specific,
Guidance, Management -other, Water Environment -other,
8.0307

Electronics
Electric Circuits and Networks

Circuit Breaker
CIRCUIT BREAKER RESEARCH .,.Electric Power Plants, Electri-

cal Engineering- general, Evaluation Other, Power Transmission,
Switching, 8.0052

Control
RELAY, CONTROL, AND METERING CIRCUIT INVESTIGA-

TIONS ,.,Evaluation Other, Power Transmission, Relay Circuits,
8.0122

CAPACITOR SWITCHING DUTY EVALUATION ...Capacitors,
Evaluation Other, Field Testing, Switching, Switching Circuits,
_8.0055

Network Synthesis
GEOHYDROLOGIC SYSTEM ANALYSIS WITH AN ELECTRIC

ANALOG COMPUTER ...Analog, Analog Computers, Aquifers-
general, Digital Computers, Groundwater, Induced Infiltration,
Systems Analysis, ...2.0417

Relay Circuits
REACTOR SWITCHING DUTY EVALUATION Electrical En-

gincering-gencral, Evaluation Other, Power Transmission,
Switching, .8.0121

FIELD TESTS OF POWER TRANSMISSION EQUIPMENT
.,.Colorado River, Field Testing, Power Transmission, Switching,
Transmission Lines, 8.0036,

RELAY, CONTROL, AND METERING CIRCUIT INVESTIGA-
TIONS ...Control, Evaluation Other, Power Transmission,
8.0122

Switching
REACTOR SWITCHING DUTY EVALUATION ...Electrical En-

gineering- general, Evaluation Other. Power Transmission, Relay
Circuits, 8.0121

FIELD TESTS OF POWER TRANSMISSION EQUIPMENT
...Colorado River, Field Testing, Power Transmission, Relay Cir-
cuits, Transmission Lines, ...8.0036

CAPACITOR SWITCHING DUTY EVALUATION .,.Capacitors,
Control, Evaluation Other, Field Testing, Switching Circuits,
8.0055

HIGH-VOLTAGE A-C TRANSMISSION ...Analog Computers,
Development of Models, Digital Computers, Electrical Engineer-
ing-general, Power Transmission, 8.0056

CIRCUIT BREAKER RESEARCH ...Circuit Breaker, Electric
Power Plants, Electrical Engineering-general, Evaluation Other,
Power Transmission, 8.0052

Electromagnetic Propagation
Microwave

VHF PROPAGATION 'THROUGH FRESH WATER AND
ACROSS THE AIR -WATER INTERFACE ...Fish -non-specific,
Telemetry, Transmitters, Very High Frequency, Water Properties-
other, 1.0129

Signal Analysis
Doppler

INSTRUMENTATION FOR RESEARCH Fluid Dynamics, Instru-
mental Services, Recording Systems, Turbulence, Velocity,
...7.0109

Solid State
Amplifiers

DEVELOPMENT OF AT MOSPHERIC LASER RADAR Hu nidi-
ty, Lasers, Lasers and Masers, Radar, Ruby, ...2.0194

Detectors
MARINE OIL-WATER MONITORING INSTRUMENTATION

SYSTEM SUBGROUP V Industrial Waste-other, Infrared, In-
frared Radiation, Instrumental Services, Oil, Oil - Technological
Testing, 5.0336

INFRARED IMAGER STUDIES ...Geophysical Equipment, Image
Amp, Infrared Radiation, Instrumental Services, Mineralogy,
_6.0299

Image Amy;
INFRARED IMAGER STUDIES ...Detectors, Geophysical Equip-

ment, Infrared Radiation, Instrumental Services, Mineralogy,
...6.0299

Switching Circuits
CAPACITOR SWITCHING DUTY EVALUATION ...Capacitors,

Control, Evaluation Other, Field Testing, Switching, .8.0055

Transmission Lines
FIELD TESTS OF POWER TRANSMISSION EQUIPMENT

...Colorado River, Field Testing, Power Transmission, Relay Cir-
cuits, Switching, ...8.0036

POWER TRANSMISSION STRUCTURES, NEW TYPES ...Electric
Power Plants, Electrical Engineering-general, Power Transmission,
Public Utilities, Structural, 8.0120

Electronics - Applied
TEST SITE INSTRUMENTATION ...Instrumental Services, Instru-

mentation-general, Surface Environments, 6.0271
APPLICATIONS STUDIES RELATED TO SEA SURFACE TEM-

PERATURE ...Other Sca Water Properties, ..6.0272
OCEANOGRAPHIC USES OF RADAR ...Aircraft, Radar, Surface

Environments, Waves, Wind-water Interaction, _6.0273
RADAR DATA ACQUISITION OVER OCEANOGRAPHIC TEST

SITES ...Data Acquisition Systems, Icebergs, Optical, Radar, Sur-
face Environments, Waves, 6.0274

DEPTH CONTOURING BY COLOR SEPARATION ...Bathymctry,
Marine Photography-television, Optical, Photogrammctry, Satel-
lites, ..6.0276

CRATER LAKE VERTICAL TEMPERATURE PROFILES
.Lakes, Oregon, Radioactive Fallout, Temperature, Water

Sampling, ...2.0101
(U) RADAR MEAS REMENT OF RAINFALL ...Radar, ...2.0423
DIGITAL INSTRUMENTATION AND TELEMETRY FOR

WATER RESOURCES RESEARCH ...Automatic Data Aquisi-
tion, Digital Computers, ...7.0072

FEASIBILITY STUDY OF ELECTRICAL GEOPHYSICAL
METHODS IN THE DETERMINATION OF SUBSURFACE
HYDROGEOLOGIC ENVIRONMENTS IN SOUTH CAROLINA
...Electric Logging, Hydrology-general, Induction, Piedmont
Province, Porosity-permeability, Water Table Fluctuation,
2.0950

SACRAMENTO-SAN JOAQUIN DELTA ANALOG MODEL STU-
DIES ...Analog Computers, Deltas, Instrumental Services, Model
Studies, Sacramento River, 7.0008

REMOTE SENSING OF WATER VAPOR ,..Humidity, Optics,
Radio, Temperature, Turbulence-general, 7.0015

Electrophoresis
Electrophoresis -other

FACTORS AFFECTING FISH PRODUCTION PONDS ...Blood
Proteins -non-specific, Bluegills, Bream, Environmental Physiolo-
gy, Protein, Purif and Isol, 6.0221

Encapsulation
ENCAPSULATION AND SOLIDIFICATION OF INTERMEDIATE

LEVEL RADIOACTIVE WASTES IN THERMOPLASTICS
...Accidental, Fire Research-other, Instrumentation Plant Equip.
Polymer-other, Radioisotopes, Recovery, Scrap and Wasts,
...5.1142

Endocrine System
Endocrine -other

SERUM ANALYSIS CF CUTTHROAT TROUT EXPOSED
CHRONICALLY TO METHOXYCHLOR PESTICIDE EFFECTS
ON FISH ENDOCRINE FUNCTIONS ...Blood Plasma and
Serum, Cutthroat Trout, Methoxychlor, Mode of Action -animal,
...5.0629

THE CONSTITUENTS AND PHVSICO-CHEMICAL PROPERTIES
OF SERUM FROM GOLD-FISH EXPOSED CHRONICALLY
TO MALATHION AND ENDRIN ...Blood Plasma and Serum,
Endrin, Goldfish, Malathion, Mode of Action -animal, 5.0630
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Fracture Mechanics
EPDXY RESINS FOR CIVIL WORKS PROJECTS ...Concrete-

other, Construction-other, Epoxies, Maintenance, Repairing,
,..8.0248

EFFECTS OF CRACKING IN ARCH DAMS ...Analysis Structural,
Arch Dams, Computers-general, Engineering Structures-general,
Tensile, ...8.0092

REINFORCEMENT OF OPENINGS IN MASSIVE CONCRETE
STRUCTURES ...Analysis Structural, Gravity Dams, Reinforced,
Stress Concentration, Thermal, 8.0093

Gonadotropins
EFFECTS OF MALA'i HON ON THE SEXUAL DEVELOPMENT

OF MALE RAINBOW TROUT - PESTICIDE EFFECTS ON
FISH ENDOCRINE FUNCTIONS ...Gonadoteophins, Malathion,
Mode of Action -animal, Pollution - Effects of , Rainbow Trout,
Steclhead Trout, ..5.0633

Thyroid
THYROID FUNCTION OF GOLDFISH AND RAINBOW TROUT

EXPOSED CHRONICALLY TO MALATHION AND ENDRIN -
PESTICIDE EFFECTS ON FISH ENDOCRINE FUNCTIONS
Endrin, Goldfish, Malathion, Mode of Action -animal, Rainbow
Trout, Stcelhead Trout, 5.0631

Endrin X Biocid
INTERACTION OF ENDRIN AND PROLACTING-INDUCED

FAT SYNTHESIS IN THE PLAINS KILLIFISH - PESTICIDE
EFFECTS ON FISH ENDOCRINE FUNCTIONS ...Adipose, Kil li-

fishs Cyprinodon, Metabolism -animal, Photoperiod..5.0657

Energy Loss -water
SPATIAL BEHAVIOR OF ROUGHNESS IN LABORATORY

WATERSHED, PHASE II ...Model Studies, Roughness, Runoff,
Structure-size, Surface Flow, Synthetic Hydrology-general,
2.0703

FLOW LOSSES IN AN EPHEMERAL STREAM CHANNEL
Conservation-gencral, Ephemeral, infiltration, Morphology-
general, Open Channel Flow, Water Cycle, 2.0178

PROTECTION OF ERODIBLE CHANNELS AND SURFACES
WITH GRAVEL OR RIPRAP ...Canals, Channels, Engineering
Structures-general, Flow Characteristics -water, Groundwater,
Linings-pavings, Scouring, Seepage, 8.0040

Engineering Mechanics
Analysis

Analysis-other
TURBULENT BOUNDARY LAYERS IN PRESSURE

CRADIENTS .Integrals, Laminar - Turbulent, Pressure Gradient,
Separation, _8.0181

Ultimate
HYDRAULIC AND STRUCTURAL DESIGN - SPILLWAYS AND

OUTLET WORKS ...Concrete-other, Hydraulic Structures,
Models, Spillways, 8.0139

Deflection
PROTOTYPE ANALYSES - LOCK BEHAVIOR INVESTIGATION

...Concrete-general, Hydraulic Structures, Internal, Locks, Pres-
sure-general, 8.0256

Deformations
FLUID ELASTIC OPERATORS FOR UNDER-STREAMLINED

STRUCTURES ...Compressible Fluid, Geometric Configuration,
Hydraulic Equipment, 10472

Forces and Loading
Axial

EFFECTIVENESS OF WEB REINFORCEMENT IN REIN-
FORCED CONCRETE BEAMS SUBJECT TO AXIAL FORCES
...Beams - Bars, Moments, Reinforced, Shearing, Strength,
_8.0152

Dynamic-other
STRUCTURAL RESPONSE, DYNAMIC LOADS ...Computers-

general, Earthquakes, Electric Power Plants, Industrial Structures,
Other Computers, Rock Mechanics, 8.0032

BEHAVIOR OF STRUCTURAL ELEMENTS OR MODELS
UNDER TEMPERATURE AND DYNAMIC LOADS
...Earthquakes, Engineering Structures-general, Mechanical Vibra-
tions-other, Model Studies, Structures-other, 8.0100

EARTHQUAKE THEORY AS Ai FLIED TO DAMS AND APPUR-
TENANT STRUCTURES ...Arch Dams, California, Earthquakes,
Engineering Structures-general, 8.0096

Moving
DYNAMIC PROPERTIES OF GRANULAR BASE MATERIALS

IN SATURATED AND PARTIALLY SATURATED CONDI-
TIONS ...Granular-general, Moisture Content, Pavement, Soil
Dynamics, Soil Mechanical Properties, 2.0305

Layered System
BEDDING AND INFILTRA1TON STUDIES OF SANITARY

SEWERS IN THE GULF COAST AREA ...Appurtenances, Infil-
tration - F:r/colation, Pipe-layini;,, South Central, 5.0461

Mechanical Vibrations
Linear

R1-LIQUEFACTION OF SAND DUE TO LONG TERM, SMALL
AMPLITUDE VIBRATIONS ...Sand, Saturated-unsaturated,
Shearing, Soil Dynamics, Soil Liquefaction, 7.0045

Mechanical Vibrations-other
BEHAVIOR OF STRUCTURAL ELEMENTS OR MODELS

UNDER TEMPERATURE AND DYNAMIC LOADS ...Dynamic-
other, Earthquakes, Engineering Structures-general, Model Stu-
dies, Structures - other, ...8.0100

REVIBRATION OF CONCRETE AND MASONRY ...Cement,
Concrete, Concrete-other, Physical Properties-general, Standards,
Specifications, Vibration, 8.0108

Non-linear
VIBRATION OF LOW-CREST SPILLWAYS ...Hydrodynamic

Structures, Spillways, 7.0068

Moments
EFFECTIVENESS OF WEB REINFORCEMENT IN REIN-

FORCED CONCRETE BEAMS SUBJECT TO AXIAL FORCES
...Axial, Beams - Bars, Reinforced, Shearing, Strength, 8.0152

Stability
CONVECTIVE INSTABILITY IN TRANSIENT SYSTEMS ...Ap-

proximations, Partial, Transport-other, 1.0048
WAVE ACTION ON STRUCTURES ...Engineering Structures-

general, Hydrodynamic Structures, Models, Shoreline Structures,
Wave Action, ...8.01S0

Strain
Shearing

R.I,-LIQUEFACTION OF SAND DUE TO LONG TERM, SMALL
AMPLITUDE VIBRATIONS ...Linear, Sand, Saturated-unsatu-
rated, Soil Dynamics, Soil Liquefaction, 7.0045

RHEOLOGY OF SOIL-WATER SYSTEMS ...Compressibility,
Creep and Rhcology, Moisture Content, Soil Dynamics,
Viscoclasticity, 2.0082

EFFECTIVENESS OF WEB REINFORCEMENT IN REIN-
FORCED CONCRETE BEAMS SUBJECT TO AXIAL FORCES

Beams - Bars, Moments, Reinforced, Strength, 8.0152

Strain-general
DEVELOPMENT OF INSTRUMENTS FOR PROTOTYPE, TEST-

ING Concrete-general, Laboratory Analysis, Model Studies,
Stresses-general, ...8.0239

Strength
DURABILITY OF CONCRETE DRAIN TILE AND IRRI 4 t tON

PIPE ..Drainage, Pipes, Plain, Specifications, Techniques,
...8.02211

EFFECTIVENESS OF WEB REINFORCEMENT IN REIN-
FORCED CONCRETE BEAMS SUBJECT TO AXIAL FORCES
...Axial, Beams - Bars, Moments, Reinforced, Shearing, ...8.0152

Stress Concentration
REINFORCEMENT OF OPENINGS IN MASSIVE CONCRETE

STRUCTURES ...Analysis Structural, Fracture Mechanics, Gravi-
ty Dams, Reinforced, Thermal, 8.0093
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Engineering Mechanics

Stresses
Internal

PROTOTYPE ANALYSES - LOCK BEHAVIOR INVESTIGATION
...Concrete-general, Deflection, Hydraulic Structures, Locks, Pres-
sure-general, .8.0256

Stresses-general
DEVELOPMENT OF INSTRUMENTS FOR PROTOTYPE TEST-

ING ...Concrete - general, Laboratory Analysis, Model Studies,
Strain-general, 8.0239

MASSIVE-HEAD BUTTRESS DAMS ,Dams-other, Foundations-
general, Gravity Dams, Uplift, ,8.0094

Tensile
EFFECTS OF CRACKING IN ARCH DAMS ...Analysis Structural,

Arch Lams, Computers-general, Engineering Structures-general,
Fracture Mechanics, -.8.0092

Thermal
RL'INFORCEMENT OF OPENINGS IN MASSIVE CONCRETE

STRUCTURES ...Analysis Structural, Fracture Mechanics, Gravi-
ty Dams, Reinforced, Stress Concentration, ,.,8.0093

Techniques
Optical

DEVELOPMENT OF THREE-DIMENSIONAL PHQTOELASTIC
TECHNIQUES ...Epoxies, Photoelasticity..8.0109

Engineering Structures-general
WATERSHED SHAPE-FACTOR ...Culvert , Design Criteria,

Drainage, North Dakota, Peak Flow, ..,2.0277
HYDRAULIC PER rORMANCE OF BRIDGES ...Bridges & Cul-

verts, Culvert, Design Criteria, Dike, Drainage, ...8.0158
HYDROLOGY STUDY ...Bridges & Culverts, Culvert, Floods, Flow

Characteristics -water, Small Watersheds, -.2.0292
UNSTEADY FREE SURFACE FLOW IN LONG STORM DRAIN

...Drainage, Eigenvalues, Other Methods, Pipes, Steady, Transi-
tion Sections, Unsteady, 8.0142

INVESTIGATION OF WATER RESOURCES. FLOODS IN
SMALL STREAMS IN TENNESSEE ...Drainage, Floods, 'Tennes-
see, ..2.0298

PERFORMANCE OF CIRCULAR CULVERTS ON STEEP
GRADES ...Channels, Culvert, Drainage, Erosion Control, Flow
Characteristics -water, ...8.0289

VERIFICATION OF HYDRAULIC DESIGN OF BRIDGES IN
ALABAMA ...Alabama, Bridges & Culverts, Data Acquisition-
geneal, Drainage, Floods, _8.0001

DISTRIBUTION AND ABUDANCE OF JUVENILE AMERICAN
SHAD, ALOSA SAPIDISSIMA (WILSON), IN THE CONNEC-
TICUT RIVER ABOVE HOLYOKE DAM, MASSACHUSETTS
...Alewife,menhaden,shad,herring, Connecticut River, Mas-
sachusetts, Migration, Number Or Density, ...3.0271

STREAM IMPROVEMENT STUDY ...Physical-general, Population
Dynamics, Project Post-evaluation, Salmon & Trout - Non-
specific, Streams, ..2.0962

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF JONES BAY ...Aquatic Ecology, Bays, Construction, Tex-
as, Water Properties- general, ...6.0543

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF MOSES LAKE ...Aquatic Ecology, Construction, Lakes,
Texas, Water Properties-general, -.6.0544

REVERSE FILTER EROSION PROTECTION ...Connecticut, Con-
trol and Protection, Erosion-general, Filters, Lining, ...8.0147

REDUCTION OF RIVER HEAT POLLUTION BY TURBULENCE
STIMULATION ...Destratification, Electric Power Plants,
Roughness, Stream Rehabilitation, Thermal Pollution, Turbulent
Flow, ...5.0214

TWO-PHASE FLOW IN A VERTICAL BEND ...Close Channel,
Open Channel, Stratified Flow, Two-phase-other, Ventilated Cavi-
ties, ...8.0I63

THE HYDRAULICS OF SPATIALLY VARIED STEADY FLOW
IN AN IRRIGATION DISTRIBUTION CHANNEL WITH FUR-
ROW OUTLETS ...Channels, Flow Characteristics -water, Furrow
Irrigation, Orifice, Weir, -.3.0398

THEORETICAL AND EXPERIMENTAL STUDY OF SUPER-
CRITICAL FLOW IN CIRCULAR DRAINS AND OF THE FOR-
MATION OF HYDRAULIC JUMP IN THE SAME ...Critical,
Drainage Systems, Flow of Gas in Liquid, Pipes, Survey Studies,
2.0935

SUBJECT INDEX

2-144

A PRELIMINARY ANALYSIS OF THE IMPACT OF THE AR-
KANSAS WATERWAY ON LAND TENURE AND VALUE IN
OKLAHOMA .Economic Impact, Land, Oklahoma, ...6,0446

HYDRODYNAMIC CHARACTERISTICS OF FLOW CONCEN-
TRATION GROINS ...Aeration, Floods, Flow Characteristics -
water, Groin, Streams, 8.0268

OPERATIONS RESEARCH IN WATER QUALITY MANAGE-
MENT .Channel Regulation-other, Control and Protection,
Management, Operations Research, Water Quality Control-
general, 5.0526

EVALUATION OF UPSTREAM AND DOWNSTREAM
ANADROMOUS FISH PASSAGE AT RIVER MILL AND
FARADAY DAMS ON 'ME CLACKAMAS RIVER, OREGON
.Management -c.ther, Migration, Oregon, Rainbow Trout, Steel-
head Trout, Reservoirs and Impoundments, 8.0279

TURBULENT FLOW SPECTRAL ANALYSIS Flow Charac-
teristics -water, Turbulent, Turbulent Flow, 8.0166

REHABILITATION, SCOTSBURN MARSH, NOVA SCOTIA,
CANADA ...Canada, Habitat Studies, Swamps-marshes, Water
Level Fluctuation, 4.0053

CALIFORNIA AQUEDUCT, NORTH SAN JOAQUIN DIVISION,
FISH PROTECTIVE FACILITY ...Models, Open Channel, Pipes,
Transition Sections, Velocity, 8.0009

INVESTIGATIONS OF SHORE EROSION ALONG THE OHIO
SHORELINE OF LAKE ERIE ...Aerial, Erosion-general, Gaging,
Lake Erie, Shoreline - Coastline, 8.0275

EVALUATION OF ANADROMOUS FISH PASSAGE FACILITIES
AT FALL CREEK DAM, BIG FALL CREEK, OREGON
...Aquatic Ecology, Migration, Oregon, Rainbow Trout, Steelhead
Trout, Salmon & Trout - Non-specific, -.8.0280

WATER YIELD AND GROUNDWATER MOVEMENT IN THE
EDWARDS PLATEAU AS AFFECTED BY GEOLOGY, CHAN-
NEL AND VALLEY MATERIALS, AND FLOOD STRUC-
TURES ...Groundwater Movement, Karst Topography, Rain, Tex-
as, Water Table Fluctuation, Water Yield, 2.1031

ENGINEERING CHARACTERISTICS OF THE BOTTOM SEDI-
MENTS OF (GREAT SALT LAKE ...Great Salt Lake, Soil Bear-
ing Capacity, Soil Exploration, Soil Test - Insitu, Vane, _8.0294

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
STRUCTURAL PLATE PIPE AND PIPE-ARCH CULVERTS
USING RESISTANCE FACTORS FROM RECENT RESEARCH
...Culvert, Drainage, Friction, Pipes, ...8.0159

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
CONCRETE BOX CULVERTS WITH STANDARD, IM-
PROVED AND SIDE-TAPERED INLETS ...Culvert, Drainage,
Economics-general, Structural, Transition Ve.etions, ...2.0304

COMPILATION OF EARTH DAM CRITERIA FOR DESIGN USE
...Abstracts, Dams, Design Criteria, Earth & Rockfill Dams,
...8.0254

STABILITY OF RUBBLE-MOUND BREAKWATERS ...Break-
waters, Design Criteria, Hydrodynamics, Shoreline Structures,
Wave Action, Waves, ...8.0230

RIPRAP-PROTECTION FOR HYDRAULIC STRUCTURES
...Design Criteria, Dike, Sea Wall, Water Control Works-other,
...8.0245

GREAT LAKES RESEARCH - EFFECTS OF STRUCTURES ON
COASTAL SEDIMENTATION ...Beach, Bed Load, Coastal En-
gineering-other, Energy-dynamics, Great Lakes-general, Velocity -
water, 2.0650

SHEAR STRENGTH OF ROCK FILL ...Consolidation, Earth &
Rockfill Dams, Granular-general, Shear Strength, Triaxial,
_8.0016

WAVE ACTION ON STRUCTURES ...Hydrodynamic Structures,
Models, Shoreline Structures, Stability, Wave Action, -.8.0150

CORRELATION OF BEACH PROPERTIES AND INCIDENT
WAVES ...Beach, Development, Waves, _2.0260

STRUCTURAL DESIGN OF SHORE STRUCTURES ...Coastal En-
gineering-general, Hydrodynamic Structures, Models, Shoreline
Structures, Wave Action, ...8.0151

GENERAL EVALUATION OF SUL AND MOISTURE CONSER-
VATION TREATMENT PRACTICES ...Conservation-general,
Erosion-general, Runoff, Sedimentology-general, Soil Environ-
ment, 2.0185

USE OF WATER ON FEDERAL IRRIGATION PROJECTS Con-
sumptive Use, Irrigation Engineering, Irrigation-general, Radia-
tion-general, Systems Analysis, ...6.0094

FLOW SURFACE PROTECTION ...Aeration, Cavitation-other,
Hydraulics-general, 8.0038

EARTH AND ROCKFILL DAM DESIGN PRACTICES ...Dams,
Design Criteria, Earth & Ro:kfill Dams, Earthquakes, Soil Stabili-
ty Analysis, 8.0137
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PROTECTION OF ERODIBLE CHANNELS AND SURFACES
WITH GRAVEL OR WRAP ...Canals, Channels, Energy Loss
water, Flow Characteristics -water, Groundwater, Linings-pavings,
Scouring, Seepage, -8.0040

SITE TESTS TO DETERMINE STRUCTURAL PROPERTIES OF
ROCK FOUNDATIONS ...Dams-other, Foundations-general,
Power Development, Rock Mechanics, Tunnels, -8.0019

COMPRESSIVE CREEP TESTS OF CONCRETE ...Aggregates, Ex-
tenders, Fillers, Cement, Concrete, Compression, Creep, -8.0068

EVALUATION OF ROCK RIPRAP AND DEVELOPMENT OF
SUBSTITUTES ...Aggregrates - Crushed Rock, Erosion Control,
Petrography, Slopes, Soil Cenrbont, Wave Action, -8.0081

PRECAST CONCRETE FORMS ...Economics - general, Electric
Power Plants, Hydraulic Structures, Pre-cast, ...8.0141

ARCH DAM ANALYSES BASED ON THE MATHEMATICAL
THEORY OF ELASTICITY ..,Analysis Structural, Arch Dams,
Development of Models, Elasticity, Foundations-general, -8.0089

DETECTION OF SUBSURFACE CAVITIES OR CONDUITS IN
FOUNDATIONS OF PROPOSED RESERVOIRS AND EN-
GINEERING STRUCTURES ...Carbonates, Cave Studies, Geolo-
gy - Engineering, Geothermal Gradient, Tritium, ...8.0073

EFFECT OF THE MAGNITUDE OF COMPRESSIVE STRENGTH
OF CONCRETE AT VARIOUS AGES ON THE STANDARD
DEVI ATION AND COEFFICIENT OF VARIATION ...Cement,
Concrete, Compression, Quality Control-mate; ials, -8.0111

ABUTMENT PADS FOR ARCH DAMS ...Arch Dams, Concrete-
other, Foundations-other, Joints, Mathematics Matching Code,
-8.0091

CORRELATION OF JOINT DENSITY AND ROCK LOADS-IN-
STALLATION OF TUNNEL SET LOAD CELLS IN DIVIDE
TUNNEL, COLORADO ...Colorado, Geology - Engineering,
Joints-fractures, Tunnels, -8.0134

BEF VIOR OF STRUCTURAL ELEMENTS OR MODELS
UNDER TEMPERATURE AND DYNAMIC LOADS ...Dynamic -
other, Earthquakes, Mechanical Vibrations-other, Model Studies,
Structures-other, -8.0100

SEISMICITY OF FAULTS ENGINEERING GEOLOGIC
EVALUATION ...Earthquakes, Faults, Geology - Engineering,
Microseisms - Background, Seismographs, -8.0057

PLASTIC PIPE AND TUBING ...Ceramic Matrix, Corrosion
General, Pipe, Tube, Plastic Matrix, Plastics - General, ..,8.0132

BASIC ROCK PHYSICS ...Foundations-general, General Petrology,
Geology - Engineering, Joints-fractures, Weathering, ...8.0118

EVALUATION OF CONCRETE PROPERTIES OF CORES FROM
OLD STRUCTURES ...Cement, Concrete, Dams-other, Mechani-
cal Properties-general, Time, ...8.0063

EFFECTS OF CRACKING IN ARCH DAMS ...Analysis Structural,
Arch Dams, Computers-general, Fracture Mechanics, Tensile,
-8.0092

STRENGTH OF ROCK MASSES ...Geology - Engineering, Joints,
Joints-fractures, Mine Structures, Rock Mechanics, -8.0029

SLAB ANALYSIS ...Beams - Bars, Digital Computers, -8.0117
SEDIMENT PROCEDURES DEVELOPMEN i AND RESERVOIR

SEDIMENTATION ...Channels, Reservoirs and Impoundments,
Sediment Transport-other, Sediment Yield, Sedimentology-
general, ...6.0089

EFFECT OF RETARDING ADMIXTURES ON PROPERTIES OF
CONCRETE ...Additives, Aggregates, Extenders, Fillers, Cement,
Concrete, Durability, Deterioration, -8.0046

DESIGN OF DOUBLE-CURVATURE MULTIPLE-ARCH DAMS
FOR USE IN WIDE VALLEYS ...Analysis Structural, Arch
Dams, Power Development, Reinforced, Shells, -8.0095

INVESTIGATION IN THE DEVELOPMENT AND IMPROVE-
MENT OF SPECIAL CEMENTS ...Cement, Concrete, Durability,
Deterioration, Elasticity - General, Setting, Curing, Strength,
Cohesion, -8.0048

PERFORMANCE OF WATER-REDUCING SET - CONTROLLING
ADMIXTURES IN CONCRETE, MORTAR AND CEMENT
PASTE ...Cement, Concrete, Chemical Materials-other, Composi-
tion Parameters-other, Setting, Curing, -8.0049

REGION 2 - WEED CONTROL ...Cement, Concrete, Setting, Cur-
ing, Water, ...8.0115

EARTHQUAKE THEORY AS APPLIED TO DAMS AND APPUR-
TENANT STRUCTURES ...Arch Dams, California, Dynamic-
other, Earthquakes, -8.0096

ENGINEERING GEOLOGIC BEHAVIOR OF FOUNDATIONS IN
RESERVOIRS IN GYPSUM-LIMESTONE TERRAIN ...Founda-
tiont-generaL Geology - Engineering, Gypsum, Limestone -
General, Solution Chemistry, -8.0074

BENTHIC COMMUNITIES ...Benthonic-bottom, Environmental
Ecolor, Estuaries, Marine Biology, Productivity - Food Chain,
-6.0156

COLLECTION OF JUVENILE MIGRANTS FROM RIVERS AND
STREAMS ...Fib -non-specific, Management -other, Migration,
Streams, _4.0271

RELATION OF RIVER-RUN IMPOUNDMENTS TO SALMON
PRODUCTION ...Aquatic Ecology, Environmental Changes, En-
vironmental Ecology, Mans Activities, Pollution - Effects of , Sal-
mon & Trout Non-specific, -6.0616

SALMON PRODUCTION IN AREAS MADE INACCESSIBLE BY
DAMS ...Aquatic Ecology, Columbia River, Environmental Ecolo-
gy, Salmon & Trout - Non-specific, Spawn Or Nesting Sites,
-8.0309

FISH BEHAVIOR AND PHYSIOLOGY ...Behavior -animal, En-
vironmental Physiology, Migration, Salmon & Trout - Non-
specific, Thermal Pollution, -6.0615

FISHWAY RESEARCH (BONNEVILLE LABORATORY)
...Behavioral Ecology, Environmental Ecology, Management -

other, Migration, Salmon & Trout - Non-specific, -6.0618
PROTECTION OF FINGERLING SALMON IN TURBINES ...Con-

struction Land Use Effects, Migration, Mortality Rates, Salmon &
Trout - Non-specific, Snake River, -8.0306

DEVELOPMENT OF STRUCTURAL MEASURES FOR SEDI-
MENT CONTROL AND FOR STREAM CHANNEL STA-
BILIZATION IN THE SOUTHERN BRANCH .,.Agricultural
Watersheds, Channel Geometry, Open Channel, Sedimentation,
Shear -flow, Velocity, -5.0622

Engineering-general
Support-system

Other
APPLICABILITY OF ARDOX CATALYST TO OXIDATION IN

SPACE WASTE MANAGEMENT ...Activated, Manned Satelite,
Microbial-bacterial, Oxidation-other, Waste-disposal-recovery,
-5.0240

Waste-disposal-recovery
APPLICABILITY OF ARDOX CATALYST TO OXIDATION IN

SPACE WASTE MANAGEMENT ...Activated, Manned Satelite,
Microbial-bacterial, Other, Oxidation-other, -5.0240

Entomology, Applied
Agronomic Pests on

Weeds
INSECTS ASSOCIATED WITH AQUATIC WEED PESTS OF

FOREIGN ORIGIN IN LOUISIANA ...Animal Taxonomy, Insects
-non-specific, Louisiana, Survey Methods, -5.0490

Biological Control By
Diseases

PATHOGENS AS BIOLOGICAL CONTROL AGENTS FOR
MOSQUITO LARVAE -Growth, Moulting & Metarnorph,
Habitat Studies Mosquitoes -non-specific, Population Dynamics,
Survey Methods, -5.0492

RELATIONSHIP OF WATER AND LAND MANAGEMENT TO
MOSQUITO BREEDING IN WATER IMPOUNDMENTS AND
IRRIGATED FARM AREAS ...Aquatic Ecology, Computer
Matching Code, Management, Mosquitoes -non-specific, Preda-
tors and Parasite, Rearing, Water, -6.0255

THE EFFECT OF PREDATORS AND PARASITES ON THE
BREEDING POTENTIAL OF MOSQUITOES ...Aedes
Mosquitoes, Aquatic Ecology, Disease, Predators, Louisiana,
Predators and Parasite, ...2.0577

Predators and Parasite
BEHAVIOR AND FOOD PREFERENCES OF INTRODUCED AN-

NUAL FISHES IN RELATION TO MOSQUITOES ...Aquatic
Ecology, Behavioral Ecology, Food Supply, Killifishs -
Cyprinodon, Mosquitoes -non-specific, -2.0575

BIOLOGICAL FACTORS IN THE MANAGEMENT OF LAKE
FLIES ...Lakes, Midges, Piscicides -non-specific, Pollution - Ef-
fects of , Predation, Wisconsin, -6.0644

RELATIONSHIP OF WATER AND LAND MANAGEMENT TO
MOSQUITO BREEDING IN WATER IMPOUNDMENTS AND
IRRIGATED FARM AREAS ...Aquatic Ecology, Computer
Matching Code, Diseases, Management, Mosquitoes -non-specific,
Rearing, Water, ..6.0255
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BIOLOGY AND CONTROL OF SALT-MARSH AND RICE-FIELD
MOSQUITOES IN GULF COAST AREAS ...Aquatic Ecology,
Computer Matching Code, Louisiana, Mosquitoes -non-specific,
Swamps- marshes, ..2,0576

THE EFFECT OF PREDATORS AND PARASITES ON THE
BREEDING POTENTIAL OF MOSQUITOES ...Aedes
Mosquitoes, Aquatic Ecology, Disease, Predators, Diseases, Loui-
siana, 2,0577

Biological Control of
Insects

UTILIZATION OF INSECT ENEMIES IN THE CONTROL OF IN-
SECT PESTS AND WEEDS ...Biocontrol, Host Specificity,
Predation, Rearing, Weeds, 6.0034

Other
ORGANISMS WHICH ATTACK THE AQUATIC PLANT, EURA-

SIAN WATERMILFOIL IN PAKISTAN ...Animal Taxonomy, In-
sects -non-specific, Life History Studies, Pakistan, Water Milfoil,
Waterweed... , _4.0202

Weeds
INSECTS ASSOCIATED WITH AQUATIC WEED PES fS OF

FOREIGN ORIGIN IN LOUISIANA ...Animal Taxonomy, Insects
-non-specific, Louisiana, Survey Methods, ...5.0490

SEARCH FOR AND IMPORTATION OF FOREIGN INSECT
ENEMIES OF WEEDS ...Biocontrol, Collections, Insects -non-
specific, Vase, plant & Arthropods Comp, ...2.0076

UTILIZATION OF INSECT ENEMIES IN THE CONTROL OF IN-
SECT PESTS AND WEEDS ...Biocontrol, Host Specificity, In-
sects, Predation, Rearing, 6,0034

Chemical Control By
Computer Matching Code

RELATIONSHIP OF WATER AND LAND MANAGEMENT TO
MOSQUITO BREEDING IN WATER IMPOUNDMENTS AND
IRRIGATED FARM AREAS ...Aquatic Ecology, Diseases,
Management, Mosquitoes -non-specific, Predators and Parasite,
Rearing, Water, ...6.0255

BIOLOGY AND CONTROL OF SALT-MARSH AND RICE-FIELD
MOSQUITOES IN GULF COAST AREAS ...Aquatic Ecology,
Louisiana, Mosquitoes -non-specific, Predators and Parasite,
Swamps-marshes, ...20576

Control -non-specific
CONTROL OF INSECTS ASSOCIATED WITH SWINE PRODUC-

TION WITHOUT THE,USE OF INSECTICIDES ...Animal Waste
Removal-treatment, Ectoparasitic, Farm Wastes, Flies -
house,face,horn,stable, Septic Tanks, _5.0488

Cultural Control
CONTROL OF INSECT VECTORS ON WATERFOWL MARSHES

...Great Salt Lake, Insecticides -non-specific, Lad Use, Manage-
ment, Swamps-marshes, ...4.0263

Factors Affecting Insects
Disease, Predators

THE EFFECT OF PREDATORS AND PARASITES ON THE
BREEDING POTENTIAL OF MOSQUITOES ...Aedes
Mosquitoes, Aquatic Ecology, Diseases, Louisiana, Predators and
Parasite, ...2.0577

Physical Control
Radiation

DISTRIBUTION, ABUNDANCE, TAXONOMY, AND BIOLOGY
OF MOSQUITOES AFFECTING AGRICULTURE ...Animal Tax-
onomy, Insect Chemosterilants, Ns. , Mosquitoes -non-specific,
Number Or Density, Range Or Territorial Distr. , ...6.0148

Rearing
RELATIONSHIP OF WATER AND LAND MANAGEMENT TO

MOSQUITO BREEDING IN WATER IMPOUNDMENTS AND
IRRIGATED FARM AREAS ...Aquatic Ecology, Computer
Matching Code, Diseases, Management, Mosquitoes -non-specific,
Predators and Parasite, Water, ...6.0255

UTILIZATION OF INSECT ENEMIES IN THE CONTROL OF IN-
SECT PESTS AND WEEDS ...Biocontrol, Host Specificity, In-
sects, Predation, Weeds, ...6.0034

Survey Methods
MAYFLY DISTRIBUTION AS A WATER QUALITY INDEX

Bioindicators, Habitat Studies, Mayflies, Mississippi River,
Population Dynamics, ...5.0618

PATHOGENS AS BIOLOGICAL CONTROL AGENTS FOR
MOSQUITO LARVAE ...Diseases, Growth, Moulting &
Mctamorph, Habitat Studies, Mosquitoes -non-specific, Popula-
tion Dynamics, 5.0492

INSECTS ASSOCIATED WITH AQUATIC WEED PESTS OF
FOREIGN ORIGIN IN LOUISIANA ...Animal Taxonomy, Insects
-non-specific, Louisiana, Weeds, ...5.0490

THE BIOLOGY AND CONTROL OF TABANIDAE IN
MARSHLANDS ALONG THE EASTERN SHORE OF THE
GREAT SALT LAKE, UTAH ...Flies -horse,deer, Great Salt
Lake, Habitat Studies, Management, Swamps-marshes, 6.0596

Veterinary Pests
Ectoparasitic

CONTROL OF INSECTS ASSOCIATED WITH SWINE PRODUC-
TION WITHOUT THE USE OF INSECTICID7S Animal Waste
Removal-treatment, Control -non-specific, Farm Wastes, Flies -
houseface,horn,stable, Septic Tanks, 5.0488

Entomology, Physiology
Comparative Physiology

A COMPARATIVE STUDY OF THE MACROSCOPIC BENTHIC
FAUNA OF TWO CENTRAL ADIRONDACK LAKES ...Animal
Taxonomy, Benthic Fauna, Lakes, New York, Productivity - Food
Chain, _2.0814

Env Physiology
Oxygen

WATER QUALITY REQUIREMENTS FOR AQUATIC INSECTS
...Growth Rate, 5.0699

Temperature
WATER QUALITY REQUIREMENTS FOR AQUATIC INSECTS

...Growth Rate, Oxygen, 5.0699

Water
RELATIONSHIP OF WATER AND LAND MANAGEMENT TO

MOSQUITO BREEDING IN WATER IMPOUNDMENTS AND
IRRIGATED FARM AREAS ...Aquatic Ecology, Computer
Matching Code, Diseases, Management, Mosquitoes -non-specific,
Predators and Parasite, Rearing, 6.0255

Growth, Moulting & Metamorph
PATHOGENS AS BIOLOGICAL CONTROL AGENTS FOR

MOSQUITO LARVAE .Diseases, Habitat Studies, Mosquitoes -
non- specific, Population Dynamics, Survey Methods, ..5.0492

Nutrition and Metabolism
AQUATIC ENVIRONMENT AND FOOD HABITS OF MAYFLIES

.Aquatic Ecology, Chemical-general, Environmental Ecology,
Mayflies, Physical-general, 5.0323

Environment - Plant

Budgets -other
STUDIES ON THE PRODUCTIVITY OF VASCULAR

HYDROPHYTES AND THEIR ROLE IN MINERAL CYCLING
IN AQUATIC ECOSYSTEMS ...Amphibious Plants, Floating
Plants, Freshwater Ecology, Primary Productivity, Submerged
Plants, ...6.0469

STUDIES ON PHOSPHORUS TRANSFORMATIONS IN
EUTROPHIC LAKES ...Bacterial Culture, Bacterial Pollutant
Sources, Connecticut, Eutrophication, Nutrition, Phosphorus,
5.0216

METABOLIC ROLE OF SULFATES AND SULFIDES PRODUC-
ING BACTERIA IN THE POLLUTION OF WATERS ...Au-
totrophic, Bacterial Pollutant Sources, Mine Drainage Control,
Respiration, Sulfur Bacteria, ...5.0438

FLORA OF THE GENESEE COUNTRY--AQUATIC VASCULAR
PLANTS CONESUS LAKE COMMUNITY STUDIES ...Aquatic
Plants (non-specific), Bacterial Pollutant Sources, Floras, New
York, Range Or Territorial Distr. , -.6.0378

2-146



SUBJECT INDEX Environment - Plant

Contamination, Pollution - Air
Air Pollution -other

PILOT PLANT DEVELOPMENT OF THE ION-EXCHANGE
PROCESS FOR h. 'OVERY OF AMINO COMPOUNDS FROM
POTATO STARCH FACTORY EFFLUENTS ...Agricultural
Chemicals - otter, Amino Acids -non-specific, Food Processing In-
dustry, Plant Waste Removal, Treatment, Vegetables, 5.0990

Radioactive, Fallout
THE LOSS OF ORGANIC AND INORGANIC MATERIALS

FROM ABOVE-GROUND PLANT PARTS, WITH REFERENCE
TO DECONTAMINATION OF PARTS UTILIZED FOR FOOD
...Adsorption & Interface, Atomic Bomb, Leaching-aerial, Root
Absorption, 5.0776

Contamination, Pollution -soil
Radioactive Contamination

ENVIRONMENTAL RADIATION STUDIES - EVALUATION OF
FISSION PRODUCE DISTRIBUTION AND MOVEMENT IN
TERRESTRIAL ENVIRONMENTS ...Absorption, Fixation,
Exchange, Plants, Radioactivity-general, Root Absorption, Soil
Environment, 1.0116

ACCUMULATION AND MOVEMENT OF FISSION PRODUCTS
IN SOILS AND PLANTS ...Movement, Availability, Strontium,
_5.0484

Soil Contaminntion -other
EFFECTS OF SUGAR REFINING LAGOON EFFLUENTS ON

BIOLOGICAL, PHYSICAL, AND CHEMICAL PROPERTIES
OF FARGO CLAY ...Clay, E',ffluents-waste Water, Food
Processing Industry, Industrial Processes-other, North Dakota,
Soil Properties - Other, ...5.0/04

ARABLE LAND DEGRADATION BY EFFLUENT POLLUTION
...Effluents -waste Water, Sanitation, Sewage Lagoons, Soil Chemi-
cal Properties, 5.0171

HERBICIDE RESIDUES ...Irrigation-general, Pers'stance of
Residues, 2,4-d, 2,4,5 -t, 3.0109

Competition
Cutting &/or Grazing Effects

EFFECT OF GRAZING MANAGEMENT ON RANGE
LIVESTOCK NUTRITION AND ON THE RANGE RESOURCE
...Cattle, Diet Or Ration -other, Management. Management and
Fertility, Quality and Utilization, 2.0971

EFFECTS OF REGULATED GRAZING ON WATERFOWL
PRODUCTION ...Productivity - Food Chain, Soil (wildlife)
Cover, Swamps-marshes, Water Powl, N.s. , 6.0584

Fertility Competition - Soil
THE EFFECT OF VARYING SOIL MOISTURE REGIMES ON

THE YIELD AND LEAF NITROGEN COMPOSITION OF
CORN ...Corn, Management, Nitrogen, Rates Or Levels of Appli-
cation, Soil-water-plant Relationships, ...2.0446

Moisture Competition
PARTIAL CUTTINGS OF FOREST PLANTATIONS, INCLUDING

EFFECT OF GROUND VEGETATION ON SUPPLY OF SOIL
MOISTURE ...Consumptive Use, Cover Crops, Forests, Soil En-
vironment, Soil-water-plant Relationships, 2.1168

Plant Competition -other
STUDIES ON THE MECHANISMS OF COMMUNITY STRUC-

TURE AND SUCCESSION IN TEMPORARY PONDS .,.Fresh-
water Ecology, Plant Succession, Ponds, Productivity - Food
Chain, Succession, ...2.0100

Space Competition
EFFICIENT ESTABLISHMENT AND PRODUCTION OF

FORAGE CROPS ON IRRIGATED LANDS ...irrigation,
Management, Saline and Alkaline Soils, Soil-water-plant Relation-
ships, Yield, 2.0733

CULTURAL AND MANAGEMENT STUDIES FOR GRAIN
SORGHUM ON THE HIGH PLAINS OF EASTERN NEW MEX-
ICO ...Irrigation, Irrigation-general, Management, Milo and Grain
Sorahum,INew Mexico, ...6.0358

THt -ALUATION, BREEDING AND IMPROVEMENT OF
UCE VARIETIES FOR TEXAS ...Aerial, Irrigation, Let-

tuce, Tao. ...6.0550
GROWTH AND YIELD OF COTTON AND TOMATOES UNDER

DIFFERENT MOISTURE LEVELS AND PLANT SPACING IN
THE LOWER RIO GRANDE VALLEY ...Activation Analysis, Ir-
rigation, Irrigation-general, Moisture Levels, Soil-water-plant
Relationships, 2.1026

VARIABLE ROW SPACING AS A MEANS FOR REDUCING
COSTS AND CONSERVING WATER IN IRRIGATED COT-
TON PRODUCTION ...Cotton, Irrigation, Irrigation-general,
Medified Water Use, Water Costs, 3.0448

BROCCOLI CULTURAL INVESTIGATIONS IN WESTERN
WASHINGTON ...Aerial, Brassicu -the Cabbage Group, Irriga-
tion, Irrigation-general, Washington, ...2.1126

IMPROVEMENT IN CIGAR TOBACCOS BY DEVELOPMENT
OF MORE ADEQUATE CROPPING SYSTEMS, FERTILIZA-
TION, CULTURAL AND CURING PRACTICES ...Irrigation-
general, Management, Tillage, Cropping Systems, 3.0261

Vase. plant & Arthropods Comp.
SEARCH FOR AND IMPORTATION OF FOREIGN INSECT

ENEMIES OF WEEDS ...Biocontrol, Collections, bisects -non-
specific, Weeds, 2.0076

Vase. plant & Vert. bother
THE EFFECT OF LIVESTOCK UTILIZATION ON WATERFOWL

HABITAT AND PRODUCTION ...Cattle, Habitat Studies, Utah,
Water Fowl, N.s. , Wetlands, ...6.0595

Vase. plant Competition -other
DETERMINATION OF FACTORA AFFECTING THE COMPETI-

TIVE ABILITY OF WEEDS IN SEM-ARID AREAS ...Growth
Rate, Roots, Semi - Arid, Weeds -physiological Studies, ...2.1016

Contamination, Pollution
Radioactive Pollution -ns

DETAILED CHARACTERIZATION OF SOILS AND VEGETA-
TION AT SELECTED SITES TO SERVE AS BASIS FOR FU-
TURE EVALUATION OF RADIOACTIVE CONTAMINATION
...Absorption, Fixation, Exchange, Radioactivity-general, Small
Watersheds, Soil and Rock Leaching, Strontium, ...5.0902

Contamination, Pollution-water
COPPER TOXCITY ON ALGAE OF THE BIG BLACKFOOT

RIVER ...Copper , Environment, Mining Activities, Montana, Pol-
lution - Effects of , 5.0701

DEVELOPMENT OF TILLAGE-REPLACING HERBICIDE
SYSTEMS ...Pesticides, Runoff, Tillap, Cropping Systems,
5.0884

THE EFFECTS OF FLUORIDES IN AIR. WATER AND SOIL ON
GROWTH, QUALITY AND YIELDS OF TREE, FIELD AND
VEGETABLE CROPS Fluorine, Growth Rate, Irrigation,
Mineral Nutrition, Western, 3.0088

EFFECTS OF PETROLEUM AND PETROLEUM WASTES UPON
IMPORTANT SPECIES OF ESTUARINE PHYTOPLANKTON
AND ZOOPLANKTON ...Contamination - Water, Estuaries, Oil,
Petroleum, Phytoplankton, Zooplankton, 5.1086

MARINE BIOTOXINS ...Animal Pollutant Sources, Bioindicators,
Eutrophication, Gonyaulax, Venom, 5.1072

ISOLATION AND TAXONOMY OF YEASTS IN LAKES AND
SEWAGE ...Bioindicators, Plant Taxonomy, Streams, Yeast N S,
_5.0339

Cultivated Soils
CULTURAL PRACTICES ON EASTGATE BASIN ...Moisture

Content, Sediment Yield, Sheetflow, Surface Flow, Tillage,
Cropping Systems, 4.0168

Energy Budgets
HEAT BUDGET AND EVAPOTRANSPIRATION OF FRUIT

TREES Evapotranspiration, Temperature Or Heat Budgets,
Transpiration and Evap, Trees, Water Balance-budget, 2.0311

RATE OF EVAPOTRANSPIRATION ...Drought, Evapotranspira-
tion, Missouri, Precipitation-general, Yield, 2.0692

A DETAILED STUDY OF THE ENERGY FLOW THROUGH
THE BIOTA OF DOE RUN, MEADS COUNTY, KENTUCKY
...Kentucky, Radioactivity-general, Radioecology, Streams,
2.0529

UNDERSTANDING AND IMPROVING THE SOIL-PLANT EN-
VIRONMENT FOR MORE EFFICIENT UTILIZATION OF
WATER ...Evapotranspiration, Irrigation-general, Modified Water
Use, Requirements for Water, Soil-water-plant Relationships,
..,2.0968
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PLANT POPULATION EFFECTS ON THE EFFICIENT USE OF
WATER ...Evapotranspiration, Modified Water Use, Number,
Requirements for Water, Soil-water-plant Relationships, -3.0399

ECOLOGICAL STUDIES OF AN EXPERIMENTAL STREAM
-Aquatic Ecology, Contamination - Water, Freshwater Ecology,
Streams, -5.0963

SNOW HYDROLOGY -Arizona, Forest Watersheds, Mathematical
Analysis, Snow, Snowmelt, -2.0064

INFLUENCE OF ENERGY BUDGET ON AGRICULTURAL
PRODUCTION ...Evapotranspiration, Heat Flow, Modified Water
Use, Soil-water-plant Relationships, Water Balance-budget,
,.,2.0693

PREDICTIONS OF WATER !REQUIREMENTS OF CROPS FROM
MICROCLIMATIC PARAMETERS -Air - Water - Plant Rela-
tions, Evapotranspiration, Mieroelimate-general, Miniature Or
Microenviromilent, Requirements for Water, -4.0029

MICROCLIMATIC FACTORS FOR FOUR PLANT COMMUNI-
TIES ON ELK MOUNTAIN -Artemisia, Elcvational Levels, Al-
titude, Mapping, Range, Wyoming, -2.1170

HIGH ALTITUDE EVAPOTRANSPIRATION FROM NATIVE
MEADOWS ...Evapotranspiration, Harvest and Storage, Lysime-
ters, NAcroclimate-general, Nuclear Moisture Meters, 3.0493

ARCTIC ECOSYSTEMS ...Alaska, Aquatic Ecology, Freshwater
Ecology, Polar, Productivity Food Chain, -5.0236

PHREATOPHYTE EVAPORATION RESEARCH _Evapotrans-
piration, Groundwater, Phreatophytc:s, Salteedar, Tamarisk,
-2.1052

GILA RIVER PHREATOPHYTE PROJECT ...Arizona, Evapotrans-
piration, Phreatophytes, Water Balance-budget, Water Loss Con-
trol, -2.0042

INSTRUMENTATION FOR ENERGY BUDGET EVAPOTRANSP
STUDIES ...Evapotranspiration, Soil-water-plant Relationships,
Temperature - Internal, Translocation, Xylem, -7.0016

IMPROVEMENT OF WATER YIELDS BY MODIFICATION OF
RADIANT ENERGY OVER LAND SURFACES (ABBREV)
...Evapotranspiration, Interception, Radiation-general, Snowmelt,
Water Yield, -2.0235

SALVAGE AND USE OF WATER LOST TO PHREATOPHYTES
IN THE GREAT BASIN ,..Great Basin, Management, Moisture
Levels, Phreatophytes, Water Loss Control, -3.0315

CLIMATIC INFLUENCE ON WATER USE AND CROP PER-
FORMANCE IN THE CORN BELT REGION ...Climate, Corn
Belt, Evapotranspiration, Heat Exchange, Humidity, Soil-water-
plant Relationships, -2.0439

THE ENERGY BUDGET AT THE EARTHS SURFACE ...Heat
Exchange, Humidity, Moisture Content, Transpiration and Evap,
Water Balance-budget, Wind Tunnels, -2.0808

Humidity
MEASURING EVAPOTRANSPIRATION AND PHOTOSYNTHES-

IS OVER SHORT PERIODS OF TIME IN THE FIELD .,.Alfalfa,
Evapotranspiration, Lysimeters, Photosynthesis, Wind Or Air
Movement, -2,0725

PHYSIOLOGICAL CHANGES IN PLANTS PRODUCED BY
SALINE SOLUTIONS ...Beans (garden), Brackish Watcr, Repres-
sion, Transpiration and Evap, Water Movement, -2.0061

TRITIATED WATER STUDIES OF THE SIGNIFICANCE OF
DEW AND VAPOR IN PLANT WATER ECONOMY ...Arid and
Desert, Dew, Foliar Absorption, Hydrogen, Osmotic and Turgor
Pressure, Thermodynamics, -2.0112

FACTORS INFLUENCING PLANT TRANSPIRATION IN THE
SOUTH ...Light Quality -non-specific, Light Quantity -non-
specific, Photosynthesis, Temperature -non-specific, Trarispira-
non, -2.0684

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
FROM CROPPED FIELDS ...Conservation-general, Evapotrans-
piration, Modified Water Use, Soil-water-plant Relationships,
Transpiration, -2.0035

ight - Solar
Solar Light .-,an-specifie

TRANSPIRATION RATES OF CONIFERS ...Air Temperature -
non-specific, Pines, Spruces, -2.0712

Light -other
LABORATORY STUDY OF AQUATIC ENVIRONMENTAL FAC-

TORS AND PLANT GROWTH STAGES ON AQUATIC WEED
GROWTH AND HERBICIDAL RESPONSE ...Environmental Ef-
fects, Herbicides - non - specific, Maturity & Growth Stages, of
Aquatic Plants, Water Temperature -other, -3.0127

Light Quality
Far Red Light

ROLE OF LIGHT QUALITY, ETC, ON TRANSPIRATION OF
WATER LOSSES BY PLANTS .Humidity, Low Temp. But
Above 32f, Temperature, Transpiration, -2.1038

Light Quality -non-specific
FACTORS INFLUENCING PLANT TRANSPIRATION IN THE

SOUTH Light Quantity -non-specific, Photosynthesis,
Temperature -non-specific, Transpiration, -2.0634

Light Quantity Or Intensity
Light Quantity -non-specific

FACTORS INFLUENCING PLANT TRANSPIRATION IN THE
SOUTH ...Humidity, Light Quality -non-specific, Photosynthesis,
Temperature -non-specific, Transpiration, .2.0684

Mineral Content -water
IN SITU STUDY OF FACTORS CONTROLLING NUTRIENT

REGENERATIONS IN THE BOTTOM SEDIMENTS ...Adiron-
dack Province, Aquatic Soils, Exchange Cap ,city, Nutrients,
Phosphorus, Ponds, -2.0806

FACTORS AFFECTING THE STRUCTURE OF DIATOM COM-
MUNITIES ...Acidity, Algae- Diatoms, Chemical Analysis
(water), Environment, pH -water, .5.1008

STUDIES ON INORGANIC NUTRIENT ASSIMILATION RATES
IN ESTUARINE PONDS .Estuaries, Nitrogen, Nutrients,
Phosphorus, Self-purification, -5.0621

Moisture -non-specific
ECONOMIC ASPECTS OF SUPPLEMENTAL IRRIGATIOT IN

MISSOURI ...Corn, Economics-general, Irrigation-general, Sub -
Humid, Temperature -non-specific, -6,0320

Moisture Budgets
EFFECTS OF PINYON-JUNIPER CONVERSION ON

WATERSHED VALUES IN UTAH ...Cover Crops, Forest
Watersheds, Juniperus, Pines, Water Balance-budget, -2.1067

EVAPOTRANSPIRATION UNDER NATURAL CONDITIONS
...Evaporation, Moisture Tcnsion, Ponds, Semi - Arid, _2.0384

Oxygen Content -water
REAERATION IN OPEN CHANNEL FLOW .,.Aeration, Degrada-

tion, Freshwater Ecology, Open Channel Flow, Oxygen, -2.0224
THE EFFECTS OF LIGHT WAVE LENGTHS ON THE RATES

OF PHOTOSYNTHESIS AND ITS REALTION TO OXYGEN
LEVELS IN PONDS ,..Autotrophic, Optical Properties, Ponds,
Respiration, Water - Light Qual. & Quant. , -6.0033

pH -water
TOLERANCE AND CYTOLOGICAL RESPONSE OF ALGAE TO

MINE WATER ...Environment, Histology and Cytology, Mining
Activities, pH , Pollution - Effects of , -5.1276

FACTORS AFFECTING THE STRUCTURE OF DIATOM COM-
MUNITIES ...Acidity, Algae- Diatoms, Chemical Analysis
(water), Environment, Mineral Content -water, ...5.1008

Photoperiod
Photoperiod -Inn-specific

DROUGHT RESISTANCE IN BARLEY VARIETIES ...Drought,
Moisture Deficiency, -2.0449

Plant Environment, Ns
WEATHER IN RELATION TO KANSAS AGRICULTURE

...Agricultural Studies -general, Information Retrieval Methods,
Kansas, Weather Forecasting, -2.0508

Precipitation
Dew

TRITIATED WATER STUDIES OF THE SIGNIFICANCE OF
DEW AND VAPOR IN PLANT WATER ECONOMY ...Arid and
Desert, Foliar Absorption, Humidity, Hydrogen, Osmotk; and Tur-
gor Pressure, Thermodynamics, -2.0112

Hail
WEATHER MODIFICATION IN NORTH DAKOTA ...Amount,

Clouds-precipitation, Modification, North Dakota, Weather,
...2.0831
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Precipitation -non-specific
PREPARATION AND ANALYSIS OF CLIMATOLOGICAL

DATA IMPORTANT TO AGRICULTURE AND FORESTRY
..,Applied Climatology, Atmpopheric Pollution-general, Patterns,
Stochastic Processes, Western, 4.0199

DIFFERENCE IN EFFECTS OF FOREST AND OTHER VEGETA-
TIVE COVERS ON WATER YIELD ...Cover Crops, Evapotrans-
piration, Israel, Moisture Tension, Water Yield, ...3.0235

PERIODIC PLANT GROWTH PHENOMENA AND HYDROLO-
GY ...Dendochronology, Moisture Levels, Natural Variation of
Water USE, Soil-waterplant Relationships, Water Table Fluctua-
tion, ...2.1098

WATER YIELD IMPROVEMENT FROM SOIL TREATMENTS
AND PLANT-COVER ALTERATIONS (ABBREV) ...Cover
Crops, Soil Management -other, Soil-water-plant Relationships,
Water Yield, Watersheds-general, -.4.0249

RUNOFF PRODUCTION BY UNIT SOURCE AREA FOR
AGRICULTURAL WATERSHEDS IN THE SOUTH ...Agricul-
tural Watersheds, Conservation, Land Use, Runoff, Southern,
...2.0335

Rain
DETACHABILITY OF SOIL PARTICLES ...Cover Crops, Manage-

ment Effects, Nebraska, Soil Analysis, ...2.0723
RAINFALL CHARACTERISTICS, DROUGHT INCIDENCE AND

THE DEVELOPMENT OF A RAINFALL DEFICIENCY INDEX
FOrt THE AGRICULTURAL REGIONS OF PUERTO RICO
...Drought, Irrigation-general, Meteorological Extremes, Patterns,
Puerto Rico, ...2.0932

SYSTEMATIC ANALYSIS OF THE MOISTURE-TEMPERATURE
INTERACTIONS ON CORN YIELD Coen, Model Studies,
Moisture Content, Yield, 2.0442

WATER "i IELD AM) GROUNDWATER MOVEMENT IN THE
EDWARDS PLATEAU AS AFFECTED BY GEOLOGY, CHAN-
NEL AND VALLEY MATERIALS, AND FLOOD STRUC-
TURES ...Engineering Structures-general, Groundwater Move-
ment, Karst Topography. Texas, Water Table Fluctuation, Water
Yield, _11031

FACTORS AFFECTING WATER CONSERVATION FOR PLANT
GROWTH IN THE LOW RAINFALL AREA OF EASTERN
WASHINGTON ...Density, Moisture Content, Moisture Levels,
Washington, -3.0482

TIMBER AND WATERSHED RESOURCES DEVELOPMENT
RESEARCH IN HAWAII ...Erosion-general, Evapotranspiration,
Legumes - othcr..mesquite... , Soils and Fertilizer, Streams,
...2.0367

EFFECTS OF SOIL, TOPOGRAPHY, CLIMATE, CROPPING
AND MANAGEMENT PROCEDURES ON RUNOFF AND
EROSION, AND ON THE PREDICTION OF SOIL LOSSES
...Conservation, Runoff, Slope - Degree of , Tillage, Cropping
Systems. _2.0337

Snow
SNOW HYDROLOGY ...Arizona, Energy Budgets, Forest

Watersheds, Mathematical Analysis, Snowmelt, ...2.0064
A STUDY OF SNOW INTERCEPTED BY CONIFEROUS TREE

CROWNS AND ITS DISPOSITION UNDER THE CLIMATIC
CONDITIONS OF CENTRAL NEW YORK ...Coniferous Forests,
Conifers -non-specific, Interception, New York, Snow-other,
...2.0787

Rhizosphere
RESPONSE OF CITRUS TREES TO SOIL MOISTURE ...Citrus,

Internal Water Movement, Moisture Levels, -.2.0039
THE DISPOSITION OF PESTICIDES IN THE SOIL ...Aquatic Or

Soil-aquatic Cycles, Atrazine, Groundwater Movement, Microbial
Degradation, Movement, Leaching, Trifluralin, -.5.0290

SPRING IRRIGATION OF ALFALFA ...Alfalfa, Irrigation, Tem-
perature, ...3.0313

WATER-SOIL-PLANT RELATIONS ...Antitranspirants, Drought,
Osmotic and Turgor Pressure, Root Absorption, Soil-water-plant
Relationships, ...2.1077

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Ground-
water Movement, Infiltration, Movement, Leaching, Pollutants -
Path of , ...S.1239

SOIL SOLUTION DISTRIBUTIONS AND CROP RESPONSES RE-
LATED TO IRRIGATION PRACTICES ...Internal Water Move-
ment, Irrigation, Movement, Availability, Saline Properties, Saline
Soils, ...4.0028

FARM IRRIGATION EFFICIENCY AS INFLUENCED BY
DESIGN, CONSTRUCTION, AND OPERATION OF IRRIGA-
TION SYSTEMS IN SOUTHWESTERN NEW MEXICO ...Irriga-

tion, Irrigation Engineering, Irrigation-general, New Mexico,
_2.0775

Saline Soils
RECLAMATION AND MANAGEMENT OF SOILS ON IRRIGA-

BLE LAND (MONTANA) ...Internal Water Movement, Irriga-
tion, Management, Saline and Alkaline Soils, Velocity -water,
_4.0159

EFFECTS OF MARGINAL QUALITY IRRIGATION WATER ON
TI-1E ACCUMULATION OF SALTS AND ALKALI IN SOUTH
DAKOTA SOILS ...Irrigation-general, Saline and Alkaline Soils,
Soil pH , South Dakota, Use of Impaired Water, 3.0434

DEVELOPMENT OF ECONOMIC WATER HARVEST SYSTEMS
FOR INCREASING WATER SUPPL ...Arizona, Cover Crops,
Economic Efficiency, Erosion-general, Water Harvesting,
3.0012

FACTORS AFFECTING PRODUCTION OF PECANS IN
ARIZONA Irrigation, Irrigation-general, Mineral Nutrition,
Moisture Content, Pecans, Hickory Nuts, Saline Properties,
_2.0046

SPRINKLER IRRIGATION OF COTTON WITH HIGH SALT-
CONTENT WATER ...Cotton, Salinity, Sprinkler Irrigation,
3.0011

SOILS AND NUTRIENT CULTURE EXPERIMENTS TO DETER-
MINE THE EFFECTS OF VARIABLE SALINITY CONDITIONS
ON CITRUS BEHAVIOR ...Citrus, Irrigation, Saline and Alkaline
Soils, Salinity, Trees, _3.0086

IMPURITIES OF IRRIGATION WATERS AFFECTING SOIL
PROPERTIES ...Irrigation-general, Saline and Alkaline Soils, Soil
Environment, Use of Impaired Water, Water Quality-general,
...3.0043

AGRICULTURAL UTILIZATION OF SOILS AFFECTED BY
SALINITY ...Absorption, Fixation, Exchange, Brackish Water,
Mineral Nutrition, Movement, Availability, Yield, ...3.0237

SALT TOLERANCE IN BLUE PANICGRASS, PANICUM AN-
TIDOTALE ..,Environment Effects on Genome, Halophytic,
Panicum -other, Selection & Breeding, -.3.0023

FOLIAR PENETRATION OF CHEMICALS WHICH INCREASE
DROUGHT AND SALT TOLERANCE ...Drought Resistance,
Foliar Absorption, Growth Retardation of Plants, Modified Water
Use, Surface Properties -other, -.3.0049

TOXICITIES OF CATIONS VS. ANIONS ACCUMULATED
FROM SALINE SOILS ...Ion Transport and Elect. pot. , Saline
Properties, Soil Chemical ?roperties, ...5.0136

IRRIGATION STUDIES WITH VEGETABLES ...Aerial, California,
Irrigation-general, Root, Soil-water-plant Relationships, Water
Quality-general, -.2.0137

SOIL SOLUTION DISTRIBUTIONS AND CROP RESPONSES RE-
LATED TO IRRIGATION PRACTICES .,.Internal Water Move-
ment, Irrigation, Movement, Availability, Rhizo,sphere, Saline Pro-
perties, 4.0028

WATER RELATIONS WITH CITRUS ON THE FLATWOODS
AND MARSHES OF THE EAST COAST ...Citrus, Drainage,
Sprinkler Irrigation, Swamps-marshes, Water Table Fluctuation,
...2.0310

CROP RESPONSE TO STATIC AND FLUCTUAING WATER
TABLES ..,Soil Aeration, Soil water -plant Reim' rnships, Texas,
Water Table - Depth of , Water Table Fluctuation, ...3.0446

THE IMPROVED USE Or VET AND SALTED SOILS FOR
FORAGE PRODUCTIC', ;:ultivation Methods, Ns, Excessive
Moisture, Management, IZIrie and Alkaline Soils, Utah, 3.0474

VALUE OF DESALTED WATER FOR IRRIGATION ...Brackish
Water, Desalination, Eleetrodialysis, Irrigation - general, Water
Costs, -.3.0128

RELATION OF NITROGEN LEVEL, HIGH WATER TABLE
AND SOIL SALINITv TO GROWTH, YIELD AND FRUIT
QUALITY OF DATES ...Rates Or Levels of Application, Trees,
Water Table - Depth of , Water Table Fluctuation, -.3.0185

TOLERANCE OF CITRUS TO SALINITY AND BORON IN THE
SOIL ANT) IRRIGATION WATER ...Boron, Citrus, ...3.0186

IMPROVEMENT AND MANAGEMENT OF SALINE AND
SODIC SOILS OF THE NORTHERN PLAINS ...Growth Rate,
Saline and Alkaline Soils, Soil - Alkaline, Soil Amendments,
3.0385

SALINE AND SODIC SOILS AND IRRIGATION WATER QUALI-
TY PROBLEMS IN THE RIO GRANDE RIVER BASIN ...Irriga-
tion-general, Management, Saline and Alkaline Soils, Soil and
Rock Leaching, Water Quality-general, Yield, ...3.0466

TOLERANCE AND PHYSIOLOGICAL REACTIONS OF PLANTS
TO SALINITY AND RELATED FACTORS ...Growth Rate,
Modified Water Use, Salinity, .. .4.0040
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Seasonal
THE WATER RELATIONS OF DESERT PLANTS ...Arid and

Desert, Osmotic and Turgor Pressure, Phenology, Plant Water
Use-other, Xeric, ...2.0737

BIOCHEMICAL OXIDATION OF HYDROCARBONS IN NATU-
RAL WATERS .,.Bacteria (non-specific), Chemostat, Degrada-
tion, Hydrocarbons, Organic Matter, -1.0110

AGROCLIMATIC PARAMETERS ...Agricultural Studies - general,
Applied Climatology, Climate-general, Nebraska, Phenology,
-2.0724

WATER REQUIREMENTS OF MAJOR CROPS IN SOUTHERN
NEVADA ...Moisture Content, Nevada, Requirements for Water,
Soil and Rock Leaching, -2.0728

EFFECTS OF RANGE PLANT FOLLIAGE REMOVAL ON SOIL
MOISTURE REGIME ...Grazing, Management and Fertility,
Modified Water Use, Moisture Content, -2.1063

SEASONAL VARIABLITY OF SOIL MOISTURE AND LEVELS
OF GROUNDWATER TABLE ON LOWLAND AREAS
...IVioigture Levels, Poland, Soils and Fertilizer, Water Table Fluc-
tuation, Wetlands, ...3.0422

SEASONAL WATER USE BY FOREST VEGETATION ...Conscr-
vation-general, Environment, Forest Watersheds, Transpiration
and Evap, Water Quality Control-general, -2.0893

Soil - Alkaline
IMPROVEMENT AND MANAGEMENT OF SALINE AND

SOD/C SOILS OF THE NORTHERN PLAINS ...Growth Rate,
Saline and Alkaline Soils, Saline Soils, Soil Amendments,
-3.0385

Soil Aeration
CROP RESPONSE TO STATIC AND FLUCTUATING WATER

TABLES ...Saline Sails, Soil-water-plant Relationships, Texas,
Water Table - Depth of , Water Table Fluctuation, -3.0446

EFFECT OF VARIOUS IRRIGATION TECHNIQUES ON SOIL
AERATION, SOIL STRUCTURE, AND CROP RESPONSE ,,.Ir-
rigation, Soil Structure, -2.1070

Soil Compaction Or Density
IRRIGATION MANAGEMENT FOR CROPS -Infiltration, Irriga-

tion-general, Management, Soil Environment, -2.0090
PROPERTIES OF SOILS RELATED TO APPLIED STRESSES

...Moisture Tension, Soil Environment, Soil Tests, -2.0080
EFFECTS OF COARSE SKELETON ON PHYSICAL PROPER-

TIES OF SOIL ...Maine, Physical Properties-general, Potatoes,
Runoff, -2.0553

EFFECTS OF TREE ROOTS ON HYDRAULIC CONDUCTIVITY
AND POROSITY OF FOREST SOILS IN THE ALLEGHENY-
CUMBERLAND PLATEAU ...Forests, Roots, Soil Environment,
Soils and Fertilizer, Subsurface Flow, _2.0855

Soil Composition
Clay

EFFECTS OF WATER PROPERTIES IN THIXOTROPIC CLAY
SYSTEMS ON BIOLOGICAL ACTIVITY -Anaerobic Bacteria,
Cell Cycle, Origin of Life, Thermodynamics, .,.6.02I7

EVALUATION OF EARTHY MATERIALS FOR USE IN DECON-
TAMINATION OF WATER ...Removal of Residues, Waste
Water Treatment-general, -5.0002

RELATIONSHIPS BETWEEN PESTICIDES AND GEORGIA--
FARM POND ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles,
DDT , Endrin, Farm Pond, Georgia, Pollution - Effects of , Soil
`Types, ..5.0288

CLAY-WATER-ION INTERACTIONS ...Adsorption Capacity, Flow
Characteristics -water, Moisture Tension, Soil Temp. -non-
specific, Temperature, ...2.0436

MOVEMENT OF IONS AND SALTS IN SOILS ...Soil and Rock
Leaching, -2.0494

High Organic Soils
BOG AND SWAMP HYDROLOGY ...Forest Watersheds, Manage-

ment, North Central, Soils and Fertilizer, Water Yield, -3.0294
MEADOW SOD MAT ACCUMULATION AND DECOMPOSI-

TION ...Ecology - Soil, Maintenance, Microbiology -soil, Soil
Depth, Soil Physical Properties, -2.0238

Sand
MANAGEMENT OF FLATWOOD SOILS ...Depth, Tillage,

Cropping Systems, Water Table - Depth of , Water Table Fluctua-
tion, -6.0153

CONSERVATION OF WATER RESOURCES THROUGH
MODIFICATION OF THE PHYSICAL AND CHEMICAL PRO-
PERTIES OF SOIL ...Conservation - general, Persistence in Soils,
Soil Environment, Storage of Water, Surfactants - Wetting
Agents, -2.0312

Sog Depth
THE USE OF NUCLEAR METHODS FOR DETERMINING

FOREST SOIL SITE INDEX ...Geophysical Analysis, Runoff, Site
Index and Site Quality, Soil Morphology, Profiles, Soil Profile,
_3.0249

'I'ILLAGE STUDIES ...Groundwater Movement, Growth Rate,
Physical Properties -other, Plowing, Tillage, Cropping Systems,
_4.011'9

ACCUMULATION OF CLIMATOLOGICAL DATA ...Ash Trees,
Flowering, Ohio, Soil Temp. - non - specific, -7.0090

SOIL MOISTURE SURVEY FOR SOUTH PLAINS OF
NORTHWEST TEXAS ...Moisture Content, Moisture Meters,
Moisture Tension, Texas, -2.1051

MEADOW SOD MAT ACCUMULATION AND DECOMPOSI-
TION ...Ecology - Soil, High Organic Soils, Maintenance,
Microbiology -soil, Soil Physical Properties, -2.0238

Soil Fertility
FOREST TREE NUTRITION AND FORES't FERTILIZATION

...Irrigation - general, Physiology, Plant Chemistry, Pines, Potassi-
um, Soils and Fertilizer, -2.01315

THE EFFECT OF IRRIGATION METHOD, AND MOISTURE
AND FERTILITY LEVELS UPON MAXIMIZING WATER USE
EFFICIENCY AND QUALITY COTTON FIBER PRODUCTION
...Cotton, Furrow Irrigation, New Mexico, Rates Or Levels of Ap-
plication, Subsurface Irrigation, Water Loss Control, ...3.0337

MOISTURE USE CHARACTERISTICS OF CERTAIN CROP
PLANTS ...Climate-general, Moisture Levy's, Plant Water Use-
other, Varietal Evaluation, Yield, ...2t991

ECONOMIC AND AGRONOMIC EVALUATION OF FERTIL-
IZER RESPONSE OF FORAGE CROPS ...Bahia Grass, Dallis-
grass, Bermuda Grass, Management, Moisture Levels, Yield,
-3.0190

Soil Minerals -natural
Phytotoxic

CHEMISTRY OF BORON ]N CALIFORNIA SOILS ...Absorption,
Fixation, Exchange, Boron, Soil Amendments, Soil and Rock
Leaching, Soil Management -non-specific, Soil Morphology,
Profiles, -5.0080

THE PHYSICAL AND CHEMICAL. PROPERTIES OF WATER
AND SOILS AS RELATED TO THE SUCCESSFUL GROWTH
OF WATERFOWL FOOD AND COVER PLANTS ...FlOoding,
Food Supply, Oxygen, Soil (wildlife) Cover, Soil Conditions,
Water Fowl, N.s. ..2.0799

Soil Moisture
Excessive Moisture

PHOSPHATE TRANSFORMATION IN WATERLOGGED SOILS
...Phosphate, Phosphite, Rice, Soil-water-plant Relationships,
...4.0124

DRAINAGE OF AGRICULTURAL LANDS ...Agricultural
Watersheds, Drainage, Drainage Engineering, Groundwater,
Water 'fable - Depth ci , -4.0153

PROPERTIES OF SUBMERGED SOILS -Moisture Content, Rice,
Soil Chemical Properties, Soil Saturation, -2.0093

RELATIONSHIP BETWEEN EXCESSIVE SOIL MOISTURE AND
CITRUS ROOT DAMAGE ...Citrus, Drainage, Drainage En-
gineering, Other Enviromental Conditions, Piezometry, ...2.0316

IRRIGATION AND FERTILITY PRACTICES FOR FLUE
CURED-TOBACCO ...Irrigation, Nitrogen, Tobacco, -2.0363

THE RESPONSE OF PEANUTS TO SUPPLEMENTAL IRRIGA-
TION ...Irrigation, Moisture Content, Peanut, Yield, -2.0364

THE IMPROVED USE OF WET AND SALTED SOILS FOR
FORAGE PRODUCTION ...Cultivation Methods, Ns, Manage-
ment, Saline and Alkaline Soils, Saline Soils, Utah, ...3.0474

Moisture Deficiency
EVAPORATION AND EVAPOTRANSPIRATION IN RELATION

TO SOIL PROPERTIES AND MOISTURE STRESS ...Evapora-
tion, Evapotranspiration, Moisture Tension, Physical Properties -
other, Transpiration, -2.0957
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WATER CONSERVATION THROUGH EFFICIENT USE BY
CROP PLANTS Conservation-general, Metabolic-biochemical
Genetics, Natural Variation of Water USE, Requirements for
Water, Selection & Breeding, 2.0057

EFFECTS OF SOIL MOISTURE STRESS ...Drought, Moisture Ten-
sion, Physiology, Plant Chemistry, Pines, Soil Environment,
...2.0431

INJURY AND RESISTANCE IN PLANTS ...Corn, Drought,
Soybean, Translocation, 2.0487

DROUGHT INJURY AND RESISTANCE IN PLANTS ...Drought,
_2.0834

THE EFFICIENCY OF WATER USE UNDER VARYLING CON-
DITIONS OF PLANT WATER STRESS ...Drought, Soil-water-
plant Relationships, 2.0836

IRRIGATION REQUIREMENTS OF FIELD AND HORTICUL-
TURAL CROPS ...Evapotranspiration, Irrigation, Irrigation En-
gineering, Sprinkler Irrigation, Surface Irrigation -general,
_2.0872

DROUGHT RESISTANCE IN BARLEY VARIETIES ...Drought,
Photoperiod -non-specific, 2.0449

NITROGEN FERTILIZATION AND IRRIGATION OF TOBACCO
...Irrigation, Management, Nitrogen, Rates Or Levels of Applica-
tion, ...2.0870

DIFFERENTIAL RESPONSE OF SORGHUMS TO DIFFERENCES
IN CULTURE AND ENVIRONMENT ...Drought, Growth Rate,
Milo and Grain Sorghum, Modified Water Use, Rates Or Levels
of Application, ...2.0578

Moisture Levels
INFLUENCE OF TRANSPIRATION SUPPRESSANTS, SPRIN-

KLER IRRIGATION & MOISTURE LEVELS ON TRANSPIRA-
'T'ION & EVAPOTRANSPIRATION ...Antitranspirants,
Dendroclimutology, Microclimate- general, Sprinkler Irrigation,
Transpiration, .0464

PLANT SOIL MOISTURE ENVIRONMENT AND ITS EFFECT
ON WATER MOVEMENT INTO PLANT ROOTS ...Mathemati-
cal Analysis, Moisture Tension, Soil Environment. Soil-water-
plant Relationships, 2.0521

FACTORS AFFECTING THE QUALITY OF ARIZONA MELONS
...Cantalope, Muskmelon, Honeydew, Irrigation, Mineral Nutri-
tion, Nitrogen, Vines, 2.0031

LETTUCE PHYSIOLOGY ...Fertilizer Types -other, Growth, Irriga-
tion, Moisture Content, 2.0032

RESPONSE OF CITRUS TREES '1'0 SOIL MOISTURE ...Citrus,
Internal Water Movement, Rhizosphere, 2.0039

IRRIGATION INVESTIGATIONS WITH AGRONOMIC CROPS
...Cotton, Cultivation Methods, Ns, Irrigation, Natural Variation
of Water USE, Soybeans , ...2.0075

PHYSIOLOGICAL FACTORS IN WATER NEEDS AND USE 017
CROPS Irrigation, Moisture Content, Plant Phys.(non-specific
& Ot), Soil - Crop Relationships, Soil-water plant Relationships,
2.0072

CRITERIA FOR EVALUATION AND FUNCTIONAL DESIGN OF
IRRIGATION SYSTEMS ...Applied Climatology, Drought, Irriga-
tion, Irrigation-general, Moisture Tension, ...2.0524

EVAPOTRANSPIRATION PATTERNS OF FOREST AND BRUSH
VEGETATION ON THE EAST SLOPE OF THE SIERRA
NEVADA ...Evapotranspiration, Forest Watersheds, Mountains-
alpine, Sierra Nevada, Slope - Direction of , 4.0167

DEVELOPMENT OF CRITERIA FOR ADEQUATE DRAINAGE
...Drainage, Soil - water -plant Relationships, 4.0186

MOISTURE USE CHARACTERISTICS OF CERTAIN CROP
PLANTS ...Climate-general, Plant Water Use, other, Sail Fertility,
Varietal Evaluation, Yield, 2.0991

SEASONAL VARIABLITY OF SOIL MOISTURE AND LEVELS
OF GROUNDWATER TABLE ON LOWLAND AREAS ...Po-
land, Seasonal, Soils and Fertilizer, Water Table Fluctuation,
Wetlands, ..,3.0422

MINERAL NUTRITION AND PLANT GENETIC VARIABILITY
...Growth Rate, Requirements for Water, Transpiration, Trans-
piration and Evap, Variation....2.1171

EFFECT OF SOIL MOISTURE AND POTASSIUM FERTILIZA-
TION ON THE TRANSPIRATION RATE OF SOYBEANS
(GLYCINE MAX) ...Growth Rate, Potassium, Soybean, Trans-
piration, Transpiration and Evap, 2.0404

COOPERATIVE RESEARCH ON SOIL AND WATER MANAGE-
MENT OF DRY-FARM GRAINLAND AND RELATED LANDS
...Conservation, Dry Farming, Management, Movement, Availa-
bility, 3.0090

EVAPOTRANSPIRATION AND SOIL MOISTURE DETERMINA-
TION AS GUIDES TO CITRUS IRRIGATION ...Citrus,
Evapotranspiration, Irrigation, Moisture Content, 2.0315

Environment - Plant

ECONOMIC AND AGRONOMIC EVALUATION OF FERTIL-
IZER RESPONSE OF FORAGE CROPS ...Bahia Grass, Dallis-
grass, Bermuda Grass, Management, Soil Fertility, Yield, 3.0190

IRRIGATION OF WINTER WHEAT IN SOUTHERN IDAHO ...Ir-
rigation, Irrigation-general, Moisture Content, Soil-water-plant
Relationships, Wheat, ...3.0208

SOIL AND CLIMATE FACTORS AFFECTING THE EFFICIENT
USE OF WATER BY CROPS ...Air - Water - Plant Relations,
Applied Climatology, Evaporation, Iowa, Moisture Content, Soil-
water - plant Relationships, 2.0485

INFLUENCE OF SOIL MOISTURE AND SOIL FERTILITY
LEVELS ON ASPARAGUS YIELD AND QUALITY
...Asparagus, Coastal Plain, Moisture Content, Rates Or Levels of
Application, 2.0760

SOIL MOISTURE AND FRUIT GROWTH IN RELATION TO
WEATHER CHECKING OF MCINTOSH APPLES Apples,
Growth Rate, Moisture Content, Weather Che, 2.0789

IRRIGATION STUDIES WITH TOMATOES ...Irrigation, To-
matoes, Yield, 2.0804

IRRIGATION STUDIES FOR THE HIGH PLAINS ...Consumptive
Use, Irrigation-general, Requirements for Water, Texas, ...2.1050

EFFECTS OF CULTURAL PRACTICES, SOIL MOISTURE
LEVELS, AND FERTILITY LEVELS ON CITRUS TREE
REACTION, AND ON SOIL PROPERTIES ...Citrus, Consump-
tive Use, Requirements for Water, Soil Chemical Properties,
Trees, 2.1033

GROWTH AND YIELD OF COTTON AND TOMATOES UNDER
DIFFERENT MOISTURE LEVELS AND PLANT SPACING IN
THE LOWER RIO GRANDE VALLEY ...Activation Analysis, Ir-
rigation, Irrigation-general, Soil-water plant Relationships, Space
Competition, 2.1026

SOIL MOISTURE STORAGE AND UTILIZATION. ...Available
Water, Modified Water Use, Soil Environment, Soil-water-plant
Relationships, Storage of Water, ...2.10.17

WHEN TO IRRIGATE ...Irrigation, Potatoes, Root, ...2.1123
FACTORS AFFECTING WATER CONSERVATION FOR PLANT

GROWTH IN THE LOW RAINFALL AREA OF EASTERN
WASHINGTON ...Density, Moisture Content, Rain, Washington,
...3.0482

PERIODIC PLANT GROWTH PHENOMENA AND HYDROLO-
GY ...Dendrochronology, Natural Variation of Water USE,
Precipitation -non-specific, Soil-water-plant Relationships, Water
Table Fluctuation, .,.2.1098

SALVAGE AND USE OF WATER LOST TO PHREATOPHYTES
IN THE GREAT BASIN ...Energy Budgets, Great Basin, Manage-
ment, Phreatophytes, Water Loss Control, _3.0315

SOIL MOISTURE REGIMES OF AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Internal Water Movement, Land Use,
Recharge -general, Soil Physical Properties, ...2.0869

Soil Moisture -non-specific
EFFECTS OF WEATHER ON CROPS ...Available Water,

Evapotranspiration, Meteorological Studies-general, Moisture
Tension, Projections and Estimations, 2.0482

THE DETERMINATION OF PLANT ROOTING AND WATER
ABSORPTION PATTERNS WITH RADIOIODINE ...Absorption,
Fixation, Exchange, Iodine, Montana, Requirements for Water,
Root Absorption, ...2.0716

SOIL TEMPERATURE AS A CRITERION FOR ALLOCATING
WATER SUPPLY FOR CROP USE ...Arid and Desert, Moisture
Content, Soil Environment, Temperature, Water Allocation,
...2.01I1

INTERACTION OF TEMPERATURE WITH OTHER FACTORS
ON THE RESPONSE OF CANADA THISTLE TO HERBICIDES
..,Herbicides -non-specific, Mineral Nutrition, Mode of Action -
plant, Modified Water Use, Temperature Levels Or Ranges,
...2.0395

ECOLOGICAL STUDIES OF GRASSLANDS, ETC. ...Grasslands,
Kansas, Soil Environment, 2.0513

ENERGY AND WATER BALANCE ...Evapotranspiration,
Moisture Tension, Nuclear Moisture Meters, Soil-water-plant
Relationships, Soils and Fertilizer, _2.0691

SURFACE AND SUBSURFACE DRAINAGE FOR SLOWLY
PERMEABLE SOILS ...Drainage, Drainage Engineering, Envir.
responses (non-specific, Soil-water-plant Relationships, ...4.0192

Water Table - 'Depth of
FOREST SITE AMELIORATION IN THE COASTAL FLAT-

WOODS OF MISSISSIPPI - ECONOMIC AND BIOLOGICAL
CONSIDERATIONS ...Mississippi, Moisture Tension, Pines, Site
Index and Site Quality, Water Table Fluctuation, 2.0682
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Environment - Plant SUBJECT INDEX

MANAGEMENT OF FLATWOOD SOILS ...Depth, Sand, Tillage,
Cropping Systems, Water Table Fluctuation, ...6.0153

STAND TREATMENT ...Cutting Operations, Floods, Regeneration
& Seed Production, Timber Stand Improvement, Water Table
Fluctuation, ...2.0697

DRAINAGE OF AGRICULTURAL LANDS ...Agricultural
Watersheds, Drainage, Drainage Engineering, Excessive Moisture,
Groundwater, ...4.0153

CONSERVATION OF GROUNDWATER THROUGH REPLACE-
MENT OF PHREATOPHYTES WITH FORAGES ...Conserva-
tion-general, Groundwater, Herbicides -non-specific, in Forages
and Pasture, Soi: Environment, 3.0318

EVALUATION OF SOP MOISTURE RECHARGE ...Drainage,
Evapotranspirtion, Moisture Content, Recharge -general, Water
Table Fluctuation, ...3.0344

DRAINAGE OF SUGARCANE LANDS IN THE HUMID SEC-
TIONS OF PUERTO RICO ...Drainage, Humid, Puerto Rico,
Sugar Cane, Water Table Fluctuation, Yield, 2.0936

CROP RESPONSE TO STATIC AND FLUCTUATING WATER
TABLR; ...Saline Soils, Soil Aeration, Soil-water-plant Relation-
ships, Texas, Water 'fable Fluctuation, ...3.0446

CONSUMPTIVE USE OF WATER BY SALT CEDARS ...Con-
sumptive Use, Lysimeters, New Mexico, Other Water Conditions,
Saltcedar, Tamarisk, .,.3.0113

RELATION OF NITROGEN LEVEL, HIGH WATER TABLE
AND SOIL SALINITY TO GROWTH, YIELD AND FRUIT
QUALITY OF DATE5 ...Rates Or Levels of Application, Saline
Soils, Trees, Water Table Fluctuation, ...3.0185

DRAINAGE REQUIREMENTS OF CROPS IN THE SOUTH
...Drainage, Growth Rate, Southern, 3.0197

Soil pH
EFFECTS OF MARGINAL QUALITY IRRIGATION WATER ON

THE ACCUMULATION OF SALTS AND ALKALI IN SOUTH
DAKOTA SOILS ...Irrigation-general, Saline and Alkaline Soils,
Saline Soils, South Dakota, Use of Impaired Water, 3.0434

RELATION OF SOIL FERTILITY TO THE EXCHANGE COM-
PLEX ...Drainage, Fertilizer Losses, Mineral Nutrition, Missouri,
Soil Environment, _5..0678

Soil Structure
INFLUENCE OF IRRIGATION PRACTICES ...Irrigation, 7.0210
THE ROLE OF SOIL STRUCTURE IN CROP PRODUCTION

AND METHODS FOR IMPROVING SOIL PHYSICAL CONDI-
TIONS ...Groundwater Movement, Management Effects, Plant
Residues, Humus, Compost, Soil Environment, Texas, _2.1055

EFFECT OF VARIOUS IRRIGATION TECHNIQUES ON SOIL
AERATION, SOIL STRUCTURE, AND CROP RESPONSE ...Ir-
rigation, Soil Aeration, ...2.1070

PHYSICAL PROPERTIES OF IMPORTANT SOIL TYPES OF
VIRGINIA AS THEY RELATE TO WATER AND MR
BEHAVIOR AND TILLAGE ...Engineering Properties-general,
Moisture Content, Soil Tests, Soil Types, Storage of Water, Til-
lage, Cropping Systems, 2.1107

SOIL AND WATER REQUIREMENTS FOR BLACK WALNUT
AND OTHER HARDWOODS ...Requirements for Water, Site
Index and Site Quality, Soil Structure -other, Soils and Fertilizer,
Walnuts -black & English, 4.0089

Soli Types
STUDY OF ROOT DISTRIBUTION AND DENSITY OF VEGETA-

BLE CROPS ...Absorption, Fixation, Exchange, Phosphorus, Root
Absorption, Soil Morphology, Profiles, Water Loss-other,
_2.0583

THE WATER ECONOMY OF TURFGRASS ...Dew, Management,
Moisture Content, Soil-water-plant Relationships, Species and
Variety Evaluation, ..,2.0941

Spoil Banks, Strip Mine Soils
PHYSICAL AND CHEMICAL CHANGES IN WEATHERING

COAL SPOILS-EFFECT ON WATER SUPPLY AND PLANT
GROWTH ...Coal-general, Growth Rate, Regeneration & Seed
Production, Runoff, Soil and Rock Leaching, Spoil Banks,
.5.9903

Temperature - Mr
Air Temperature -non-specific

TRANSPIRATION RATES OF CONIFERS ...Pines, Solar Light -
non- specific, Spruces, ...2.0712

CALCULATION OF TEMPERATURE AND PRECIPITATION
VALUES ...Distributions, Forecasting, Patterns, Temperature,
Utah, ...2.1058

SYSTEMATIC ANALYSIS OF THE MOISTURE-TEMPERATURE
INTERACTIONS ON CORN YIELD ...Corn, Model Studies,
Moisture Content, Yield, 2.0442

Freezing & Below
ENVIRONMENT CONTROL FOR ORCHARDS AND FIELDS

...Citrus, High Temp, - 85f Or Above, Sprinkler Irrigation, Straw-
berry, Trees, ...8.0204

High Temp. - 85f Or Above
ENVIRONMENT CONTROL FOR ORCHARDS AND FIELDS

...Citrus, Freezing & Below, Sprinkler Irrigation, Strawberry,
Trees, 8.0204

Low Temp. - But Above 32f
ROLE OF LIGHT QUALITY, ETC, ON TRANSPIRATION OF

WATER LOSSES BY PLANTS ...Humidity, Temperature, Trans-
piration, ...2.1038

BREEDING AND CULTURAL PRACTICES TO AID PRODUC-
TION OF VEGETABLES IN SOUTH DAKOTA ...Irrigation, Mist
Irrigation, South Dakota, Yield, _3.0435

TCLERANCE OF CITRUS TO LOW TEMPERATURES ...Citrus,
Cold, Plants, Trees, 3.0184

Temperature Levels Or Ranges
INTERACTION OF TEMPERATURE WITH OTHER FACTORS

ON THE RESPONSE OF CANADA THISTLE. TO HERBICIDES
...Herbicides -non-specific, Mineral Nutrition, Mode of Action -
plant, Modified Water Use, Soil Moisture -non-specific, .,.2.0395

Temperature - Soil
Freezing & Below

LABORATORY AND FIELD STUDIES OF FROST HEAVING

Moisture
Water Movement, Mineralogy,

High Temp. - 85f Or Above
USE OF REACTOR COOLING WATER FROM NUCLEAR

POWER PLANTS FOR IRRIGATION OF AGRICULTURAL
CROPS ...Atomic Plants, Irrigation-general, Photosynthesis,
Respiration, Transpiration and Evap, ...3.0400

THE EFFECT OF TILLAGE AND ORGANIC MULCHES UPON
SOIL MOISTURE MOVEMENT AND SOIL TEMPERATURES
IN THE LOWER RIO GRANDE ...Evaporation, Modified Water
Use, Mulches -other, Soil Environment, Temperature, -.2.1056

Low Temp. - But Above 32f
PREDICTING THE EFFECTS OF CHANGES IN IRRIGATION

WATER TEMPERATURE CAUSED BY WATER PROJECTS
...Heat Flow, Irrigation, Temperature, 5.0083

ROLE OF LIGHT QUALITY, ETC, ON TRANSPIRATION OF
WATER LOSSES BY PLANTS ...Humidity, Temperature, Trans-
piration, 2.1038

Soil Temp. -non-specific
CLAY-WATER-10N INTERACTIONS ...Adsorption Capacity,

Clay, Flow Characteristics -water, Moisture Tension, Tempera-
ture, ...2.0436

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Permeability, Saturated-
unsaturated, Temperature, Texture, Water Movement, Velocity,
...2.0885

THE EFFECT OF VARIOUS COMMERCIAL FERTILIZER
PLACEMENTS AND IRRIGATION PRACTICES ON THE
YIELD AND QUALITY OF RUSSET BURBANK POTATOES
...Band Width, Irrigation, Irrigation-general, Potatoes, Yield,
...2.0228

ACCUMULATION OF CLIMATOLOGICAL DATA ...Ash Trees,
Flowering, Ohio, Soil Depth, ...7.0090

CHEMICAL, PHYSICAL AND BIOLOGICAL REACTIONS OF
PESTICIDES WITH SOILS AFFECTING SOIL PRODUCTIVITY
AND PESTICIDE STABILITY ...Microbiology -soil, Movement,
Leaching, Pesticides -non-specific, Pollutants - Path of , Residue
Analysis -other, Soil Conditions, ...5.0202

Temperature -non-specific
ECONOMIC ASPECTS OF SUPPLEMENTAL IRRIGATION IN

MISSOURI ...Corn, Economics-general, Irrigation-general,
Moisture -non-specific, Sub - Humid, 6.0320
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SUBJECT INDEX Environmental Changes

FACTORS INFLUENCING PLANT TRANSPIRATION IN THE
SOUTH ,..Humidity, Light Quality -non-specific, Light Quantity -
non- specific, Photosynthesis, Transpiration, .2.0684

Temperature -water
High Temp. - 85f Or Above

ECOLOGY AND PHYSIOLOGY OF THERMORPHILIC BLUE-
GREEN ALGAE ...Adaptation, Cyanophyta (non-specific & Ot),
Habitat Studies, Hot Springs, 2.0898

Low Temp. - But Above 321
'BIOLOGICAL DEGRADATION OF WASTES UNDER

PSYCHROPHILIC ENVIRONMENTS ...Bacterial Pollutant
Sources, Biological, Mixed Culture, Polar, Water Bacteria,
,5.0036

WATER AND SOIL TEMPERATURE IN RELATION TO PLANT
GROWTH irrigation, Soil-water-plant Relationships, Tempera-
ture, Yield, ,.,2.0089

Water Temperature -other
LABORATORY STUDY OF AQUATIC ENVIRONMENTAL FAC-

TORS AND PLANT GROWTH STAGES ON AQUATIC WEED
GROWTH AND HERBICIDAL RESPONSE ...Environmental Ef-
fects, Herbicides -non-specific, Light -other, Maturity & Growth
Stages, of Aquatic Plants, 3.0127

Temperature Or Heat Budgets
HEAT BUDGET AND EVAPOTRANSPIRATION OF FRUIT

TREES ...Energy Budgets, Evapotranspiration, Transpiration and
Evap, Trees, Water Balance-budget, ,,.2.0311

DAILY HEAT BUDGETS IN ENVIRONMENTAL FLUIDS Heat
Budget, Heat Flow, Illinois, Ohio, ...2.0405

Topographical
Elevational Levels, Altitude

IMPROVEMENT OF HIGH ALTITUDE (7600) VEGETABLE
CROPS Brassica -the Cabbage Group, Irrigation, Irrigation-
general, Lettuce, Quality - non - specific, .,4.0055

MICROCLIMATIC FACTORS FOR FOUR PLANT COMMUNI-
TIES ON ELK MOUNTAIN ...Artemisia, Energy Budgets,
Mapping, Range, Wyoming, ...2.1170

Slope - Degree of
LOW GRADIENT BORDER CHECK IRRIGATION ...Border Ir-

rigation, Irrigation, Management, .4.0063
REDUCTION OF FLOOD RUNOFF, SEDIMENTATION AND

STREAMFLOW IMPROVEMENT IN UNGLACIATED AREAS
...Erosion-general, Forest Watersheds, Mississippi River, Runoff,
Stream Rehabilitation, Water Loss Control, 4.0275

EFFECTS OF SOIL, TOPOGRAPHY, CLIMATE, CROPPING
AND MANAGEMENT PROCEDURES ON RUNOFF AND
EROSION, AND ON THE PREDICTION OF SOIL LOSSES
...Conservation, Rain, Runoff, Tillage, Cropping Systems,
...2.0337

Slope - Direction of
EVAPOTRANSPIRATION PATTERNS OF FOREST AND BRUSH

VEGETATION ON THE EAST SLOPE OF THE SIERRA
NEVADA ...Evapotranspiration, Forest Watersheds, Moisture
Levels. Mountains-alpine, Sierra Nevada, ...4.0I67

Topographical -other
A SURVEY OF THE SEASONALLY-INUNDATED MARGINS OF

LAKE VOLTA (GHANA) ...Agriculture Industry, Floods, Ghana,
Soil Types, ...4.0084

Types of Plant Environments
Field

SPECTRAL RECONNAISSANCE FOR DIAGNOSIS OF SOIL
AND WATER MANAGEMENT PROBLEMS ...Management,
Reflectance, Remote Sensing, Soil Management -non-specific,
Soil-water-plant Relationships, Spectral Reflectance, 3.0465

Greenhouse
A UNIFIED APPROACH TO WATER, FOOD AND POWER IN A

COASTAL DESERT COMMUNITY ...Arid and Dcscrt, Desalina-
tion, Deserts, Diesel, Distilling Units, Electric Power Plants, Use
of Impaired Water, ...3.0015

GREENHOUSE AND OUTDOOR NURSERY CULTURE OF
SALTCEDAR PLANTS TO BE USED IN PHREATOPHYTE
CONTROL PROGRAM ...Agricultural Chemicals-general, Salt-

cedar, Tamarisk, Shrubs & Vines, Mainly Fibrous, Trees,
_3.0131

Hydroponic
REMOVAL OF NUTRIENTS FROM ENRICHED FLOWS &

WASTE EFFLUENTS BY THE HYDROPONIC CULT OF
SUITABLE FORAGE PLANTS & GRASSES ...Grasses -non-
specific, Management, Nutrients, Process Design, Waste Water
Treatment-general, 5.0910

Laboratory
BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE

SALT MARSH ENVIRONMENT -...Bacterial Pollutant Sources,
Identification, Marine Bacteria (non-specific), Salinity, Swamps-
marshes, ...1.0025

Miniature Or Microenvironment
PREDICTIONS OF WATER REQUIREMENTS OF CROPS FROM

MICROCLIMATIC PARAMETERS ,,.Air - Water Knit Rela-
tions, Energy Budgets, Evapotranspiration, Microclimate-general,
Requirements for Water, ...4.0029

Xeric
THE WATER RELATIONS OF DESERT PLANTS ...Arid and

Desert, Osmotic and Turgor Pressure, Phonology, Plant Water
Use-other, Seasonal, .2.0737

Water - Light Qual. & Quant.
STUDY OF TURBIDITY - PRODUCTION FACTORS IN LAKE

KAMPESKA CODINGTON COUNTY, SOUTH DAKOTA
...Lakes, Primary Productivity, Productivity - Food Chain, South
Dakota, Turbidity, Water Properties-general, 2.0978

THE EFFECTS OF LIGHT WAVE LENGTHS ON THE RATES
OF PHOTOSYNTHESIS AND ITS REALTION TO OXYGEN
LEVELS IN PONDS ,..Autotrophic, Optical Properties, Oxygen
Content - water, Ponds, Respiration, 6.0033

Water Depth, Water Levels
WATER BALANCE AND ALKALINE EXCHANGE RELATION-

SHIPS AS INFLUENCED BY WATER MANAGEMENT PRAC-
TICES IN RICE ...Arkansas, Microclimate-general, Rice, Salt,
Water Balance - budget, ..2.0071

ECOLOGICAL STUDIES OF MANIPULATED MARSHES AT
DELTA, MANITOBA, CANADA ...Amphibious Plants, Canada,
Submerged Plants, Swamps-marshes, Water Fowl, N.s. , 4.0257

Water Movement, Velocity
TRACE ELEMENT STUDY OF SOIL-PLANT-WATER SYSTEMS

...Groundwater, Soil - Crop Relationships, Soibwater-plant Rela-
tionships, Trace Elements, 1.0013

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Permeability, Saturated-
unsaturated, Soil Temp, -non-specific, 'temperature, Texture,
...2.0885

SOIL - PLANT - WATER RELATIONSHIPS ...Moisture Tension,
Nuclear Moisture Met is, Soil Morphology, Profiles, Soil-water-
plant Relationships, 2.0923

HYDROLOGIC EFFECT OF VEGETATION MODIFICATION
...Hydrology-general, Model Studies, Modified Water Use, Water
Development, Water Yield, _3.0009

Water Salinity
LEACHING REQUIREMENT AND SALINITY STUDIES WITH

BEARING ORANGE TREES ...Citrus, Flood Irrigation,
Leaching-other, Soil and Rock Leaching, Trees, 4.0041

Wind Or Air Movement
MEASURING EVAPOTRANSPIRATION AND PHOTOSYNTHES-

IS OVER SHORT PERIODS OF TIME IN THE FIELD ...Alfalfa,
Evapotranspiration, Humidity, Lysimctcrs, Photosynthesis,
...2.0725

AN EXPERIMENTAL STUDY OF EDDY DIFFUSION COEFFI-
CIENTS, EVAPOTRANSPIRATION AND WATER USE EFFI-
CIENCY .,.Diffusion, Eddies, Evaporation, Evapotranspiration,
Natural Variation of Water USE, Transpiration , ...2.0437

Environmental Changes
FISHES OF THE ARKANSAS RIVER BASIN, COLORADO ...Ar-

kansas River, Colorado, Fish -non-specific, Survey Studies, Water
Environment -other, ...6.0102
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Environmental Changes SUBJECT INDEX

FISHES OF THE SOUTH PLATTE RIVER BASIN, COLORADO
...Animal Distr. (non-specific), Colorado, Environmental Ecology,
Fish dnon-specific, Pollution - Effects of , River Basins, -.5.0194

HYDROGRAPHY OF THE PENOBSCOT RIVER ESTUARY
.Dissolved Load, Estuaries, Maine, Pollution Abatement, Salini-
ty, Temperature, .,.5.0467

PHYSIOCHEMICAL RESPONSES OF RIVERS TO NATURAL
AND MANMADE ENVIRONMENTAL CHANGES ...Mans Ac-
tivities, Nutrients, Pollutants - Path of , Streams, ..5.1150

CHEMICAL RESPONSES BY MARINE ORGANISMS TO STRESS
...Environmental Ecology, Environmental Physiology, Protein,
Salinity, Thermal, .5.1056

ECOLOGY OF DIATOMS IN HARDWATER HABITATS ...Algae,
Algae- Diatoms, Habitat Studies, Paleoccology, Pollen, ..5.0406

EFFECT OF ENVIRONMENTAL CHANGES ON BLUE CRAB
ABUNDANCE ...Crabs, All, Life History Studies, Migration,
North Carolina, Population Dynamics, -.6.0400

ENVIRONMENTAL CHANGES IN LAKE ERIE ...Aquatic Ecolo-
gy, Environmental Ecology, Ions and Gases, Lake Eric, Nutrients,
_5.0540

RELATION OF RIVER-RUN IMPOUNDMENTS TO SALMON
PRODUCTION ...Aquatic Ecology, Engineering Structures-
general, Environmental Ecology, Mans Activities, Pollution - Ef-
fects of , Salmon & Trout - Non-specific, -.6.0616

Environmental Effects-geologic
STREAM VALLEY ASYMMETRY IN AN ARCTIC ENVIRON-

MENT-CONDITIONS GOVERNING GEOMORPHIC
PROCESSES 7360 ...Arctic Microclimate-general, Shape,
Slopes, Valleys and Canyons, ...2.0255

RAINWASH AND SOIL CREEP IN WESTERN NORTH DAKOTA
...Creep, Erosion-general, Morphology-general, North Dakota,
Slopes, .,.2.0848

RESPIRATION OF AQUATIC MACROPHYTES IN EUTROPHIC
SYSTEMS ...Eutrophication, Nutrients, of Aquatic Plants, Plant
Pollutants, Respiration, -.5.1041

A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Kentucky, Morphology-general, Pre-impoundment Sites, Water
Quality-general, -.6.0243

HYDROGEOCHEMICAL INVESTIGATION OF SELECTED
WATERSHEDS IN SOUTHWESTERN MONTANA ...Chemical-
general, Hydrogeochemical Properties, Montana, Rocks -

Bedrock, Small Watersheds, ...5.0698
CHEMISTRY OF ATMOSPHERIC PRECIPITATION ...Chemical

Composition, Groundwater, Precipitation-general, Streams, Water
Quality-general, -.2.0279

EFFECTS OF ENVIRONMENTAL FACTORS ON STANDING
CROP AND HARVEST OF FISHES IN U. S. RESERVOIRS
...Environmental Ecology, Fish -non-specific, Reservoirs and Im-

poundments, -.6.0021
PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE

UPPER CHESAPEAKE BAY ...Aquatic Soils, Chemical-general,
Chesapeake Bay, Commercial Fishing, Physical-general, ...5.0506

THE EFFECTS OF ENVIRONMENTAL CONDITIONS ON THE
SPAWNING AND SURVIVAL OF FRY OF THE WALLEYE
...Eutrophication, Pollution - Effects of , Temperature, Walleyes,
-.5.0900

MONITORING FISH STOCKS AND ENVIRONMENTAL CONDI-
TIONS ...Aquatic Ecology, Biological-general, Population Dynam-
ics, Water Properties-general, -.6.0635

STUDY OF ASSIMILATIVE CAPACITY OF ARCTIC AND SUB-
ARCTIC STREAMS ...Polar, Pollution - Effects of , Self-purifica-
tion, Streams, -.5.0029

Environmental Factors-geologic
Biological

LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ...Biologi-
cal-general , Chemical, Chemical-general, Deltas, Eutrophication,
Lake Erie, Meteorological Studies-general, Monitoring (long
Term Studies), Physical-general, Sedimentology-general, ..2.0783

Chemical
LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ...Biologi-

cal, Biological-general, Chemical-general, Deltas, Eutrophication,
Lake Erie, Meteorological Studies-general, Monitoring (long
Term Studies), Physical-general, Sedimentology-general,

Physical
THE EFFECTS OF FERTILIZATION ON PRODUCTIVITY OF

FARM PONDS .,.Farm Pond, Fertilizers, Plant Prod. (non-
specific), Productivity - Food Chain, .6.0549

Basin Shape
HYDROLOGY AND GEOCHEMISTRY OF CLOSED BASIN

LAKES ,Evaporation, Gcochemical Analysis, Lakes,
Meteorological Extremes, Salt, Solution, ...2.1137

Climate
HYDROLOGIC ANALYSIS OF LAKE SYSTEMS AND OF

GLACIERS .,.Glaciology - general, Infrared Radiation, Lakes,
Snowpack, Water Balance-budget, -.6.0142

CHARACTERISTICS OF STREAM FLOW OF SMALL
WATERSHEDS IN PENNSYLVANIA AND INFLUENCING
FACTORS ,Flow Characteristics -water, Land Use, Model Stu-
dies, Morphology-general, Small Watersheds, Water Yield,
...2.0929

AERATION OF LAGOONS IN RIGOROUS CLIMATE AREAS
-.Aeration, Degradation-other, Lagoon, Pollution Abatement,
Pond, Water Balance-budget, Wyoming, -.5.1325

LAGOONS FOR DISPOSAL OF BARN YARD WASTES ...Animal
Waste Removal-treatment, Animal Wastes - Feed Lots, Farm
Wastes, Lagoon, Louisiana, Process Design, ...5.0452

WATER YIELDS FROM SMALL WATERSHEDS ...Runoff, Shape,
Small Watersheds, Virginia, Water Yield, ..A.0265

CLIMATIC PATTERNS IN WASHINGTON STATE ...Data Analy-
sis Applications, Data Networks, Evaporation, Forecasting, Pat-
terns, ..2.1122

AGRICULTURAL CLIMATOLOGY OF WEST VIRGINIA ...Ap-
plied Climatology, Northeast, Other Water Conditions, Phenolo-
gy..2.1142

COOPERATIVE EVAPOTRANSPIRATION RESEARCH
...Deserts, Evapotranspiration, Heat Exchange, Radiation-general,
-.2.0136

EVALUATION OF CONSUMPTIVE WATER USE, SOIL -WATER
STORAGE, AND THE INTERRELATION OF THREE COM-
PONENTS OF THE WATER BUDGET ...Agricultural
Watersheds, Consumptive Use, Evapotranspiration, Groundwater,
Moisture Retention, Water Balance-budget, ...4,0080

EVAPORATION AND CLIMATIC STUDIES ...Climatic Effects,
Evaporation, Evapotranspiration, Snowmelt, Water Quality-
general, ...2.1064

PRECIPITATION-FREQUENCY MAPS FOR WESTERN UNITED
STATES ...Geomorphology, Patterns, Weather Charts-maps,
Western, -.7.0052

VEGETATION CHANGES IN SOUTHWESTERN NORTH AMER-
ICA ...Arid and Desert, Deserts, Arid Lands, Other Water Condi-
tions, Soil-water-plant Relationships, Southwest, -.2.0045

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE SOUTHERN
BRANCH ...Agricultural Watersheds, Location, Radioisotopes,
Sediment Transport-general, Sediment Yield, ...2.0675

SEDIMENT PRODUCTION, YIELD, & DELIVERY RATIO IN
RELATION TO CLIMATIC, GEOLOGIC, & WATERSHED
CHARACTERISTICS OF THE NORTHERN PLAINS ...Agricul-
tural Watersheds, Location, Radioisotopes, Sediment Transport-
general, Sediment Yield, ...2.0230

WATER YIELD IN RELATION TO CLIMATIC & WATERSHED
CHARACTERISTICS OF LAND ...Agricultural Watersheds,
Morphology-general, Patterns, Subsurface Flow, Water Yield,
3.0419

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
RUNOFF RATES AND VOLUME YIELDS ..,Agricultural
Watersheds, Flow Characteristics -water, Geomorphology-quan-
titative, Morphology-general, Storms-general, Water Yield,
...2.0333

WATER YIELD AS RELATED TO CLIMATIC WATERSHED
CHARACTERISTICS IN THE NORTHERN PLAINS ...Agricul-
tural Watersheds, Groundwater Movement, Morphology-general,
Patterns, Water Yield, ...3.0145

STORM RUNOFF AND FLOODS AS RELATED TO IN-
TEGRATED CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Floods, Land Use, Morphology-general, Runoff,
Storm Water, ...4.0071

EVALUATION OF CLIMATIC, TOPOGRAPHIC, SOIL AND
CROP MANAGEMENT FACTORS IN RELATION TO WATER
MANAGEMENT AND EROSION CONTROL IN THE CORN
BELT ...Corn Belt, Erosion-general, Runoff, Slopes, Wind Ero-
sion, 2.0476
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CLINATIC INFLUENCE ON WATER USE AND CI.UP PER-

I ORMANCE IN THE CORN BELT REGION ...Corn Belt, Ener-
gy Budgets, Evapotranspiration, Heat Exchange, Humidity, Soil-
water-plant Relationships, .2.0439

FACTORS INFLUENCING THE STABILITY AND REGIME OF
CHANNELS IN AGRICULTURAL WATERSHEDS ...Agricul-
tural Watersheds, Channels, General Deposition, Land Use,
Morphology-general, ...4.0072

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
IN COASTAL REGIONS ...Energy - general, Evapotranspiration,
Lysimeters, Moisture Tension, Soil Environment, 8.0012

Geomorphology
PRECIPITATION-FREQUENCY MAPS FOR WESTERN UNITED

STATES ...Climate, Patterns, Weather Charts-maps, Western,
...7.0052

Meteorology
EVAPOTRANSPIRATION AND ITS CHEMICAL REDUCTION

...Agricultural Watersheds, Antitranspirants, Evapotranspiration,
Kansas, Lysimeters, 3.0244

Environmental Physiology
EFFECTS OF WATER TEMPERATURE UPON RESPIRATORY

METABOLISM OF CUTTHROAT TROUT, SALMO CLARKI
...Cutthroat Trout, Respiration, Temperature, Utah, Water Tem-
perature-non-specific, ...5.1192

EFFECT OF INCUBATION TEMPERATURE ON SURVIVAL OF
LARGEMOUTH BASS EMBRYOS ...Basic Embryology, Incuba-
tion, Largemouth Bass, Temperature, Warm Water, 6.0387

THE ROLE OF FOOD IN THE MORTALITY OF LARGEMOUTH
BASS LARVAE ...Fasting - Starvation, Food Supply, Largemouth
Bass, Maturity & Growth Stages, Mortality Rates, ...7.0079

FACTORS AFFECTING FISH PRODUCTION PONDS Blood
Proteins -non-specific, Bluegills, Bream, Electrophoresis -other,
Protein, Purif and Isol, 6.0221

STATEWIDE FISHERIES RESEARCH ...Basses -sea,white, White
Perch, Incubation, Low Temp. -but Above 32f, Maturity &
Growth Stages, Temperature, 5.0818

PIGMENT INDICES OF ENVIRONMENTAL OXYGEN STRESS
...Hemoglobin, Oxygen, Respiratory Or Blood, ...5.0810

CHEMICAL RESPONSES BY MARINE ORGANISMS TO STRESS
...Environmental Changes, Environmental Ecology, Protein,
Salinity, Thermal, 5.1056

PESPONSES OF FISH TO ENVIRONMENTAL STRESSES ...Car-
diovascular System, Fish -non-specific, Kidney and Urinary
System, Stress, Water Environment -other, 5.1269

FISH OPERCULAR RESPONSE TO ENVIRONMENTAL VARIA-
BLES ...Fish, Gases, Dissolved -water, Goldfish, Minnows, Water
Temperature-non-specific, _5.0865

EFFECT OF WATER TEMPERATURE AND/OR DISSOLVED
OXYGEN REQUIREMENTS ON SELECTED MOLLUSKS
...Freezing & Below, Gases, Dissolved -water, Gastropods -
slugs,conch,snails, Oxygen, Warm Water, ...5.0555

TAXONOMY AND PHYSIOLOGY OF PROTOZOA IN CAVE
STREAMS AND POOLS ...Animal Taxonomy, Caves, Kentucky,
Protozoa -other, Streams, _6.0240

ANTIBIOTIC EFFECTS OF ROOTED AQUATICS ON
ZOOPLANKTON SPECIES ...Antibiotics, Aquatic Plants (non-
specific), Physiological Ecology, 2.0159

THERMAL EFFECTS ON MARINE AND ESTUARINE SHELLF-
ISH ...Aquatic Ecology, Crustacea -non-specific, Mollusks -non-
specific & Other, Pollution - Effects of , Water Temperature-non-
specific, ...5.1251

ENVIRONMENTAL FACTORS AND YOUNG NORTHERN PIKE
SURVIVAL IN RESERVOIRS ..Aquatic Ecology, Pikes,
Pickeral, Muskellunge, Reservoirs and Impoundments, Stocking of
Fish & Shellfish, Temperature, 6.0510

ENVIRONMENTAL FACTORS AND YOUNG YELLOW PERCH
SURVIVAL IN RESERVOIRS ...Aquatic Ecology, Reservoirs and
Impoundments, Stocking of Fish & Shellfish, Temperature, Yel-
low Perch, Darters, 6.0511

ENVIRONMENTAL FACTORS AND YOUNG WHITE BASS
SURVIVAL IN RESERVOIRS ...Basic Embryology, Basses -
sea,white, White Perch, Captive Rearing, Reservoirs and Im-
poundments, 6.0512

PHYSIOLOGY AND BEHAVIOR OF LARVAE (PHYSIOECOLO-
GY OF SHELLFISH PROGRAM) ...Aquatic Ecology, Biological
Rhythms, Environmental Ecology, Water Properties-general,
_6.0113

SURVIVAL REQUIREMENTS OF JUVENILE AND ADULT
BLUE CRABS ...Biological Rhythms, Crabs, All, Laboratory,
Osmoregulation, Water Properties-general, ...6.0401

PHYSIOLOGY AND BEHAVIOR ...Aquatic Ecology, Biological-
general, Productivity - Food Chain, 6.0290

FISH BEHAVIOR AND PHYSIOLOGY ...Behavior -animal, En-
gineering Structures-general, Migration, Salmon & Trout - Non-
specific, Thermal Pollution, ..6.0615

GROWTH, CONDITION, AND SURVIVAL OF SHELLFISH
Adaptation, Maryland, Oysters, Water Quality- general, Water
Salinity, .,.6.0269

EFFECTS OF TEMPERATURE ON MATURATION, EMB-
RYONIC DEVELOPMENT AND CONDITION OF FRY IN
YELLOW PERCH - LAKE HERRING, SMELT AND WAL-
LEYE ...Basic Embryology, Maturity & Growth Stages, Tempera-
ture, Thermal Pollution, Water Temperature-non-specific, Yellow
Perch, Darters, 5.0590

PHYSIOLOGIC AND METABOLIC RESPONSE AS INDICATORS
OF STRESS ...Gases, Dissolved -water, tons and Gases, Metabol-
ism -animal, Oxygen, Stress, .5.0592

DEVELOPMENT OF CULTURE METHODS FOR ECOLOGI-
CALLY IMPORTANT MARINE ZOOPLANKTON SPECIES
...Aquatic Ecology, Copepods, Invertebrate Cultures, Zooplank-
ton, 5.1096

Environments - Animal
Air Pollution -other

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT ...Con-
tamination - Water, Food Chains, Animal And/or Man, Pesticides
-non-specific, Pollution Ef"zets, Soil Contamination -other,
...5.0945

Chemical Measurements -water
PHYSICAL AND CHEMICAL CHANGES OF RECIRCULATED

HATCHERY WATER SUPPLIES ...Captive Rearing, Chemical-
general, Physical Measurements -water, Physical-general, Water
Reuse, ...5.0708

PHYSICAL AND CHEMICAL PROPERTIES OF ALABAMA
WATERS LIKELY TO SUPPORT STRIPED BASS, ROCCUS
SAXATILIS ...Aquatic Ecology, Basses -sea,white, White Perch,
Chemical-general, Physical Measurements -water, Physical-
general, ...6.0003

CHEMICAL ECOLOGY OF DIAPTOMID COPEPODS OF
COLORADO ...Aquatic Ecology, Colorado, Copepods, Environ-
mental Ecology, Fresh Water, 6.0088

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER INVER-
TEBRATES ...Age, Bioassay, Chemical-general, Laboratory
Animals, Water Temperature-non-specific, _5.0662

Contamination
Pollution -non-specific

ECOLOGY OF COLORADO MOLLUSKS ...Colorado, Mollusks
non-specific & Other, Pollution - Effects of , Pollution Effects,
Range Or Territorial Distr. , 5.0178

Radioactive Pollution -ns
RADIONUCLIDE CYCLING IN AQUATIC ECOSYSTEMS AND

THE USE OF ISOTOPES TO DELINEATE AND QUANTIFY
BASIC ECOLOGICAL PROCESSES ...Aquatic Ecology, Environ-
mental Ecology, Lakes, Productivity - Food Chain, Strontium,
...2.1000

Contamination - Soil
Soil Contamination -other

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT ...Air
Pollution -other, Contamination - Water, Food Chains, Animal
And/or Man, Pesticides -non-specific, Pollution Effects, _5.0945

Contamination - Water
THE ACCUMULATION OF FISSION PRODUCTS BY MARINE

FISH AND SHELLFISH ...Chlorideae -other, Estuaries, Food
Chains, Radioactivity-general, Radioecology, 5.0805

ECOLOGICAL STUDIES OF RADIOACTIVITY IN THE COLUM-
BIA RIVER ESTUARY AND ADJACENT PACIFIC OCEAN
...Columbia River, Organ Sampling Devices, Pacific Ocean-north,
Pollutants - Path of , Radioactivity, -.6.0452

COLUMBIA RIVER STUDIES ...Columbia River, Invertebrates,
Oysters, Pollution Effects, Radioactivity-general, Reproductive
System, -.5.1268

2-155



Environments - Animal SUBJECT INDEX

REGION 2 WEED CONTROL ...Drainage, Irrigation-general, of
Aquatic Plants, Plant Pollutants, 240093

THE SPECIES DIVERSITY OF AQUATIC INSECTS AS RE-
LATED TO MINE ACID POLLUTION ...Acidity, Insects -non-
specific, Mining Activities, Ph, Acidity -water, -.5.1033

THE DISTRIBUTION OF FISH IN PENNSYLVANIA AS RE-
LATED TO MINE ACID DRAINAGE ...Acidity, Fish -non-
specific, Mining Activities, Number Or Density, Pennsylvania,
_5.1026

ABUNDANCE AND DISTRIBUTION OF BENTHIC MACRO-IN-
VERTEBRATES IN A STREAM RECEIVING OILFIELD
WASTEWATERS ...Benthic Fauna, Bioindicators, Industrial
Wastes, Number Or Density, Vertical Distribution, -.5.1028

A STUDY OF A POLLUTED RIVER, THE ILLINOIS ...Aquatic
Ecology, Bioindicators, Fish -non-specific, Illinois River, Mollusks
-non-specific & Other, ...2.0408

EFFECTS OF SIMULTANEOUS VARIATION OF TEMPERA-
TURE AND DISSOLVED OXYGEN ON THE RESISTANCE OF
FISHES TO CONTROLLED POLLUTANTS ...Gases, Dissolved
water, Oxygen, Pollution - Effects of , Temperature, Water Tem-
perature-non-specific, ...5.0220

DETERMINATION OF SAFE LEVELS OF POLLUTION IN
PUERTO RICO Bays, Meteorological Studies-general, Pollution
- Effects of , Puerto Rico, Recreation Sites, Water Properties-
general, 2.0937

ACTIVITY PATTERNS OF FISH EXPOSED TO TOXIC MATERI-
ALS ...Fish -non-specific, Industrial Wastes, Pollution - Effects of
, Pollution Effects, 5.0421

EFFECTS OF THE CHLORINATED HYDROCARBONS, ALDRIN
AND DIELDRIN, ON FRESHWATER SEED SHRIMP (OS-
TRACODA ) ...Aldrin, Dieldrin, Fresh Water, Laboratory
Animals, Pollution - Effects of , Shrimps - Seed Or Mussel,
,..5.1117

ECOLOGY OF SCHISTOSOME DERMATITIS IN WESTERN
AND NORTHERN NEVADA WATERS ...Animal Pollutant
Sources, Lakes, Nevada, 6.0338

GROWTH OF THE BROWN BULLHEAD, ICTALURUS NEBU-
LOSUS (LESUEUR), IN MINE ACID POLLUTED WATER
...Acidity, Bullheads, Growth Rate, Mining Activities, Ph, Acidity
-water, Pollution Effects, 5.1278

TOXIC ACTION OF WATER SOLUBLE POLLUTANTS ON
FRESHWATER FISH ...Mineral Origin, Pollution Effects, Rain-
bow Trout, Steelhead Trout, Stress, -.5.0565

ECOLOGICAL STUDIES OF AN EXPERIMENTAL STREAM
...Aquatic Ecology, Energy Budgets, Freshwater Ecology, Streams,
-.5.0963

PULP MILL EFFLUENT DISPOSAL ...Bioindicators, Dispersion -
water, Industrial Wastes, Pulp and Paper Wastes, ..5.0940

THE EFFECT OF INORGANIC SEDIMENT ON STREAM BIOTA
-.Aquatic Ecology. Pollution - Effects of , Pollution Effects, Sedi-
ments, Streams, -.5.0388

BIOLOGICAL SURVEY OF STREAMS OF COLES COUNTY, IL-
LINOIS ...Aquatic Ecology, Environmental Ecology, Fish -non-
specific, Illinois, Streams, ...5.0333

SUBLETHAL INFLUENCE OF POLLUTANTS ON FISH
METABOLISM ...Fish -non-specific, Growth Rate, Metabolism -
animal, Pollution - Effects of , Pollution Effects, -.5.0901

CYTOPATHOLOGICAL CHANGES IN NATIVE FISH SPECIES
EXPOSED TO STREAM POLLUTANTS ...Fish -non-specific,
Histology and Cytology, Pollution - Effects of , Pollution Effects,
Streams, 5.1021

ESTUARINE ECOLOGY ...Aquatic Ecology, Estuaries, Mathemati-
cal Analysis, Washington. Water Quality-germal, -.6.0620

STUDY OF EFFECTS OF MILL WASTE WATER ON FISH LIFE
...Fish -non-specific, Industrial Processes-other, Industrial Wastes,
Pollution - Effects of , Pollution Effects, ...5.1174

NEMATODES ASSOCIATED WITH SEWAGE TREATMENT
AND THEIR SIGNIFICANCE ...Animal Taxonomy, Nematoda -
other, Sewage, Streams, Waste Water Treatment-general,
-.5.0251

niE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
...Bioindicators, Ions and Gases, Rhode Island, Stone Flies,
Plecoptera, Streams, 5.1058

RADIONUCLIDE METABOLISM IN AQUATIC ANIMALS
...Clams, Fish -non-specific. Metabolism, Radiation Effects-non-
specific, Reactor Sites & Rad Waste, 5.0101

BIOLOGICAL AVAILABILITY OF NUCLEAR DEBRIS TO
AQUATIC ANIMALS ...Food, Productivity - Food Chain,
Radioactivity-general, Radiologic Health, ...5.0102

RADIATION EFFECTS IN AQUATIC SYSTEMS ...Aquatic Ecolo-
gy, Chronic Radiation, Fish -non-specific, Low Level Radiation,

Radiation Effects-non-specific, Radiation Treatment, Radioactivi-
ty-general, .5.1248

EFFECT OF EURASIAN WATERMILFOIL CONTROL
PROCEDURES ON WILDLIFE AND OTHER ORGANISMS IN
AQUATIC ENVIRONMENTS ...Aquatic Environments, Diquat,
Evaluation, Water Milfoil, Waterweed... 2,4-d, _5.0505

SEDIMENT MINERALOGY ...Adsorption Capacity, estuaries, Pol-
lution Effects, Productivity Food Chain, Radioactivity-general,
5.0806

ACCUMULATION OF RADIOACTIVITY BY INVERTEBRATES
Metabolism, Pollution Effects, Productivity - Food Chain,
Radioactivity-general, 5.0804

ACCUMULATION OF RADIONUCLIDES BY VERTEBRATES
...Estuaries, Pollution Effects, Productivity - Food Chain,
Radioactivity-general, 5.0803

LABORATORY BIOASSAYS -.Laboratory, Laboratory Animals,
Pollution - Effects of , Pollution-general, Wildlife, ...5.0270

CHRONIC EFFECTS OF HEAVY METALS ON FISH ...Computer
Matching-code, Industrial Wastes, Mineral, Mineral Origin,
Radioisotopes, -.5.0584

CULTURING, PROPAGATION AND CONDITION EVALUA-
TION OF FISHES ...Bioassays, Blood -other, Captive Rearing,
Cisco, Lake Herring, Lake Trout, Brook Trout, Yellow Perch,
Darters, ...5.0586

EFFECTS OF D.O., TEMPERATURE AND POTENTIAL 'TOXI-
CANTS UPON SELECTED MACROINVERTEBRATES
(EMPHASIZING NON-ARTHROPODS) ..Food Supply, Gases,
Dissolved -water, Pollution - Effects of , Pollution Effects, Water
Temperature-non-specific, ...5.0589

MARINE BIOLOGICAL ASSESSMENT OF POLLUTIONAL
FATE Crustacca -non-specific, Fish - non - specific, Nets, Pollu-
tion - Effects of .S.0975

PHYSIOLOGICAL EVALUATION OF TREATED TOXIC
WASTES ...Bioindicators, Blood Plasma and Scrum, Pollution Ef-
fects, Pulp, Paper , and Logging, Tissues -biological, -.5.0976

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE FISHES .Computer Matching
Code, Killifishs Cyprinodon, Pollution - Effects of , Pollution Ef-
fects, -.5.1080

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE INVERTEBRATES -Clams, Com-
puter Matching Code, Invertebrate Pathology, Pollution - Effects
of , Pollution Effects, Pollution other, _5.1081

PHARMACOLOGY OF METAL POISONING IN ESTUARINE
FISHES ...Estuaries, Killifishs - Cyprinodon, Metals Ns, Stress,
-.5.1083

EFFECTS OF PETROLEUM AND PETROLEUM ;TASTES UPON
IMPORTANT SPECIES OF ESTUARINE PHVTOPLANKTON
AND ZOOPLANKTON ...Contamination, Pollution-water, Estua-
ries, Oil, Petroleum, Phytoplankton, Zooplankton, -.5.1086

WATER QUALITY REQUIREMENTS FOR AQUATIC LIFE
...Fish -non-specific, Pollution - Effects of , Toxins and Poisons -
other, Water Quality-general, -.5.0844

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT ..Air
Pollution -other, Food Chains, Animal And/or Man, Pesticides -
non-specific, Pollution Effects, Soil Contamination -other,
5.0945

PURIFICATION OF HARD CLAMS FROM POLLUTED
WATERS ...Animal Viruses (non-specific), Clams, Estuaries, In-
testinal Bacteria, New Jersey, 5.0729

DEPURATION OF CHEMICAL POLLUTANTS IN SHELLFISH
...Chromium, Metabolism, Oysters, Pesticides -non-specific, SheII-
fish Depuration, ...5.0020

Depth,water Level, Fluctuation
BOTTOM FAUNA STUDIES ...Benthic Fauna, Bottom Sampling,

Lakes, Number Or Density, Water Level Fluctuation, 4.0126
IMPACT OF WINTER DRAWDOWN ON A SLOW-GROWING

PANFISH POPULATION AND ASSOCIATED SPECIES
...Aquatic Ecology, Chemical - general, Drawdown, Population
Dynamics, ...4.0276

AN ECOLOGICAL STUDY OF LAKE ST. PETER, QUEBEC
...Black Duck, Canada, Interbiotic Relat.(non-specif), Lakes,
Water Level Fluctuation, 4.0050

ECOLOGICAL STUDIES OF WILDLIFE MANAGEMENT PRAC-
TICES ...Delaware, Habitat Studies, Management, Swamps-
marshes, Wildlife -non-specific, -.6.0119

FISH POPULATION MANIPULATION AT RIDGE LAKE ...Con-
tol of Nuisance Species, Illinois, Lakes, Population Dynamics,
Water Level Fluctuation, 6.0194
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WATERFOWL MANAGEMENT THROUGH WATER-LEVEL
CONTROL ). ,.,Drawdown, Management, Management -other,
Water Fow., N.s.., Wetlands, ..4.0133

Energy Budgets
A DETAILED STUDY OF THE ENERGY FLOW THROUGH

THE BIOTA OF DOE RUN, MEADE COUNTY, KENTUCKY
Kentucky, Radioactivity-general, Radioccology, Streams,
2.0529

A STUDY OF THE ENERGY FLOW THROUGH SELECTED
COMPONENTS OF A SMALL AQUATIC ECOSYSTEM
...Aquatic Ecology, Farm Pond, Food Chains, Productivity - Food
Chan, ..6.0162

COMPARISON OF ENERGY FLOW PARAMETERS OF MIDGE
POPULATIONS IN BIOLOGICAL OXIDATION PONDS
,..Bloodworms, Aquatic Midges, Oklahoma, Pollution Effects
Productivity - Food Chain, Sewage Lagoons, 5.0929

Effects,

ECOLOGICAL STUDIES OF AN EXPERIMENTAL STREAM
...Aquatic Ecology, Contamination - Water, Freshwater Ecology,
Streams, 5.0963

'Gases, Dissolved -water
EFFECTS OF DISSOLVED OXYGEN CONCENTRATION ON

SURVIVAL OF LARGEMOUTH BASS EMBRYOS ...Basic Emb-
ryology, Largemouth Bass, Mortality Rates, Oxygen, Water Move-
ment, Currents Water Temperature -non- specific, 5.0771

EFFECTS OF SIMULTANEOUS VARIATION OF TEMPERA-
TURE AND DISSOLVED OXYGEN ON THE RESISTANCE OF
FISHES TO CONTROLLED POLLUTANTS ...Contamination -
Water, Oxygen, Pollution - Effects of , Temperature, Water Tem-
perature-non-specific, ...5.0220

DISSOLVED OXYGEN REQUIREMENTS OF FRESHWATER
FISH ...Aquatic Ecology, Environmental Ecology, Fish -non-
specific, Ions and Gases. Oxygen, 5.0962

BENTHONIC INVERTEBRM ES AS AN INDEX OF WATER
QUALITY ...Benthic Fauna, Bioindicators, Oxygen, Water Quali-
ty Control-general, 5.0601

FISH OPERCULAR RESPONSE TO ENVIRONMENTAL VARIA-
BLES Environmental Physiology, Fish, Goldfish, Minnows,
Water Temperature-non-specific, ...5.0865

EFFECT OF WATER TEMPERATURE AND/OR DISSOLVED
OXYGEN REQUIREMENTS ON SELECTED MOLLUSKS ...En-
vironmental Physiology, Freezing & Below, Gastropods -
slugs,conch,snails, Oxygen, Warm Water, ...5.0555

EFFECT OF SUPERSATURATION OF DISSOLVED NITROGEN
ON MIGRATING SALMONIDS ...Mortality Rates, Nitrogen,
Pathology, Salmon & Trout - Non-specific, 6.0614

PHYSIOLOGIC AND METABOLIC RESPONSE AS INDICATORS
OF STRESS ...Environmental Physiology, Ions and Gases,
Metabolism -animal, Oxygen, Stress, ...5.0592

EFFECTS OF D.0 TEMPERATURE AND POTENTIAL TOXI-
CANTS UPON SELECTED MACROINVERTEBRATES
(EMPHASIZING NON-ARTHROPODS) ...Contamination -
Water, Food Supply, Pollution - Effects of , Pollution Effects,
Water Temperature-non-specific, ...5.0589

EFFECTS OF HIGH TEMPERATURE, LOW OXYGEN, AND PH
EXTREMES ON THE SURVIVAL OF AQUATIC INSECTS
AND CRUSTACEA IMPORTANT AS TROUT FOOD ...Aquatic
Ecology, Food Supply, High Temp. -85f Or Above, Lake Superi-
or, Ph, Acidity -water, .. 5.0593

Light Quality
Light Quality -non-specific

' THE EFFECTS OF DIELDRIN ON MALLARD DUCKLING
BEHAVIOR ...Behavior -animal, Dicldrin, Mallard, Mode of Ac-
tion -animal, Visual, ...6.0580

Mineral Content -water
FERN LAKE MINERAL METABOLISM PROGRAM ...Fertilizers -

aquatic, Hardness-minerals, Lakes, Productivity - Food Chain,
Washington, -6.0624

AN ECOLOGICAL STUDY OF AN ALKALINE STREAM WITH
HEAVY IRON DEPOSITS ORIGINATING FROM TREAT-
MENT OF MINE ACID WATER ...Alkalinity, Lake Trout, Brook
Trout, Mining Activities, Productivity - Food Chain, Susquehanna
River, Water Alkalinity, 5.1025

Organic Matter Content -water
NUCLIDE UPTAKE BY ALGAE AND ZOOPLANKTON

...Chlorella, Cladocera, Environment, Ionic Effect, Radioisotopes
-non-specific, 6.0048

Ph, Acidity -water
THE SPECIES DIVERSITY OF AQUATIC INSECTS AS RE-

LATED TO MINE ACID POLLUTION ..,Acidity, Contamination
- Water, Insects -non-specific, Mining Activities, 5./033

SENSITIVITY OF SELECTED INSECT SPECIES TO DEPRESSED
LEVELS OF PH ...Acidity, Bioindicators, Caddis-flies, Mayflies,
Mining Industry, Stone Flies, Plccoptera, 5,1034

LIMESTONE DRUM PRODUCTIVITY STUDY ..,Aquatic Ecolo-
gy, Chemical-general, Limestone - General, Population Dynamics,
Productivity (agricultural), ...5.1273

PHYSIOLOGICAL EFFECTS OF SUBLETHAL LEVELS OF
ACID WATER ON FISH ...Acidity. Metabolic Efficiency, Mining
Activities, Water Quality-general, West Virginia, ..5.1281

GROWTH OF THE BROWN BULLHEAD, ICTALURUS NEBU-
LOSUS (LESUEUR), IN MINE ACID POLLUTED WATER
...Acidity, Bullheads, Contamination - Water, Growth Rate, Min-
ing Activities, Pollution Effects, ..5.1278

WATER QUALITY REQUIREMENTS FOR AQUATIC INSECTS
...Growth Rate, Oxygen, ..5.0699

AQUATIC ECOSYSTEM ...Acidity, Cladoccra, Environment Re-
sistance, Pollution - Effects of , Productivity - Food Chain,
6.0084

EFFECTS OF HIGH TEMPERATURE, LOW OXYGEN, AND PH
EXTREMES ON THE SURVIVAL OF AQUATIC INSECTS
AND CRUSTACEA IMPORTANT AS TROUT FOOD ...Aquatic
Ecology, Food Supply, Gases, Dissolved -water, High Temp. -85f
Or Above, Lake Superior, ...5.0593

Photoperiod
INTERACTION OF ENDRIN AND PROLACTING-INDUCED

FAT SYNTHESIS IN THE PLAINS KILLIFISH - PESTICIDE
EFFECTS ON FISH ENDOCRINE FUNCTIONS ...Adipose, En-
drin X Biocid, Killifishs - Cyprinodon, Metabolism -animal,
_5.0657

Physical M 2asurements -water
PHYSICAL AND CHEMICAL CHANGES OF RECIRCULATED

HATCHERY WATER SUPPLIES ...Captive Rearing, Chemical
Measurements -water, Chemical-general, Physical-general, Water
Reuse, ...5.0708

PHYSICAL AND CHEMICAL PROPERTIES OF ALABAMA
WATERS LIKELY TO SUPPORT STRIPED BASS, ROCCUS
SAXATILIS ...Aquatic Ecology, Basses -sca,white, White Perch,
Chemical Measurements -water, Chemical-general, Physical-
general, 6.0003

Radioactive Fallout
RADIOACTIVE FOOD-CHAINS IN THE SUBARCTIC ENVIRON-

MENT ...Productivity - Food Chain, Radioactive Isotopes,
R,a2d.0k3floolic Health, Sub - Po:ar, Toxicological and Allergy,

Temperature -water
Freezing & Below

EFFECT OF WATER TEMPERATURE AND/OR DISSOLVED
OXYGEN REQUIREMENTS ON SELECTED MOLLUSKS ...En-
vironmental Physiology, Gases, Dissolved -water, Gastropods -
slugs,conch,snails, Oxygen, Warm Water, ...5.0555

High Temp. -85f Or Above
EFFECTS OF HOT WATER MASSES ON MARINE FISHES ...At-

lantic Ocean-north, Behavior -animal, Fish -non-specific, Thermal,
5.0721

EFFECTS OF HIGH TEMPERATURE, LOW OXYGEN, AND PH
EXTREMES ON THE SURVIVAL OF AQUATIC INSECTS
AND CRUSTACEA IMPORTANT AS TROUT FOOD ...Aquatic
Ecology, Food Supply, Gases, Dissolved -water, Lake Superior,
Ph, Acidity -water, ...5.0593

Low Temp. -but Above 32f
THE FEASIBILITY OF COLD WATER FISHES FOR LAKE

SHARPE, SOUTH DAKOTA ...Bottom Sampling, Fish -non-
specific, Reservoirs and Impoundments, South Dakota, Tempera-
ture, 7.0041

STATEWIDE FISHERIES RESEARCH ...Basses -sea,white, White
Perch, Environmental Physiology, Incubation, Maturity & Growth
Stages, Temperature, ...5.0818

A PARASITOLOGICAL STUDY OF FISHES FROM THE PINE
HILLS AREA ...Aquatic Ecology, Fish -non-specific, Helminths,
Illinois, Springs, 6.0180
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LIMNOLOGICAL FEATURES LAKE SHARPE IN RELATION TO
COLD-WATER FISHES ...Currents -water, Fish -non-specific,
Reservoirs and Impoundments, South Dakota, Temperature,
_6.0517

PREDICTION OF ENVIRONMENT ...Biological-general, Columbia
River, Environmental Ecology, Physical-general, Reservoirs and
Impoundments, Salmon & Trout - Non-specific, Snake River,
Temperature, Thermal Pollution, _6.0617

Warm Water
MIGRATORY RESPONSE OF ADULT SALMONIDS TO WATER

TEMPERATURE ...Management -other, Migration, Salmon
coho,chinook,sockeye. Temperature, Thermal Pollution,
8.0300

EFFECT OF INCUBATION TEMPERATURE ON SURVIVAL OF
LARGEMOUTH BASS EMBRYOS ...Basic Embryology, Environ-
mental Physiology, Incubation, Largemouth Bass, Temperature,
6.0387

THE EVALUATION OF ENVIRONMENTAL ALTERATION BY
THERMAL LOADING AND ACID POLLUTION IN THE
COOLING RESERVOIR OF A STEAM-ELECTRIC STATION
...Acidity, Growth Rate, Mining Activities, Reservoirs and Im-
poundments, Thermal Pollution, 5.0681

STUDIES OF THERMAL POLLUTION IN BISCAYNE BAY
...Aquatic Ecology, Bays, Florida, Pollution - Effects of , Thermal
Pollution, ...5.0265

EFFECT OF WATER TEMPERATURE AND/OR DISSOLVED
OXYGEN REQUIREMENTS ON SELECTED MOLLUSKS ...En-
vironmental Physiology, Freezing & Below, Gases, Dissolved -
water, Gastropods -slugs,conch,snails, Oxygen, ...5.0555

EFFECTS OF TEMPERATURE ON AQUATIC LIFE ...Aquatic
Ecology, Fish -non-specific, Model Studies, Productivity - Food
Chain, Temperature, ...5.1121

Water Temperature-non-specific
EFFECTS OF WATER TEMPERATURE UPON RESPIRATORY

METABOLISM OF CUTTHROAT TROUT, SALMO CLARKI
...Cutthroat Trout, Environmental Physiology, Respiration, Tem-
perature, Utah, ...5.1192

EFFECTS OF DISSOLVED OXYGEN CONCENTRATION ON
SURVIVAL OF LARGEMOUTH BASS EMBRYOS ...Basic Emb-
ryology, Gases, Dissolved -water, Largemouth Bass, Mortality
Rates, Oxygen, Water Movement, Currents ...5.0771

EFFECTS OF SIMULTANEOUS VARIATION OF TEMPERA-
TURE AND DISSOLVED OXYGEN ON THE RESISTANCE OF
FISHES TO CONTROLLED POLLUTANTS ...Contamination -
Water, Gases, Dissolved -water, Oxygen, Pollution - Effects of ,
Temperature, 5.0220

TEMPERATURE REQUIREMENTS OF SALMONIDS IN RELA-
TION TO THEIR FEEDING, BIOENERGETICS, GROWTH
AND BEHAVIOR ...Behavior -animal, Energy, Growth Rate,
Rainbow Trout, Steelheacl Trout, Salmon -coho,chin-
ook,sockeye. 5.0942

FISH OPERCULAR RESPONSE TO ENVIRONMENTAL VARIA-
BLES ...Environmental Physiology, Fish, Gases, Dissolved -water,
Goldfish, Minnows, ...5.0865

STUDY OF TEMPERATURE EFFECTS IN COOLING WATER
LAKE ...Aquatic Ecology, Lakes, Pollution - Effects of , Tem-
perature, Thermal Pollution, 6.0566

THERMAL EFFECTS ON MARINE AND ESTUARINE SHELLF-
ISH ...Aquatic Ecology, Crustacca -non-specific, Environmental
Physiology, Mollusks -non-specific & Other, Pollution - Effects of
, 5.1251

EFFECTS OF TEMPERATURE AND SILT ON NORTHERN PIKE
DEVELOPMENTS IN THE I ABORATORY ...Basic Embryology,
Laboratory, Pikes, Pickcral, Muskellunge, South Dakota, Turbidi-
ty & Suspended Matter, ...6.0507

EFFECTS OF TEMPERATURE AND SILT ON YELLOW PERCH
DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
Laboratory, South Dakota, Turbidity & Suspended Matter, Yel-
low Perch, Darters, 6.0508

EFFECTS OF TEMPERATURE AND SILT ON WHITE BASS
DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
Basses -sea,white, White Perch, Laboratory, Turbidity, Turbidity
& Suspended Matter, ...6.0509

VARIATIONS IN SPAWNING OF FISHES IN RELATION TO
TEMPERATURE ...Biological Rhythms, Fish -non-specific, Matu-
rity & Growth Stages, South Dakota, Temperature, 6.0518

TEMPERATURE TOLERANCE OF MARINE ANIMALS
THROUGH BEHAVORIAL RESPONSES ...Behavior -animal,
Environment Resistance, Mortality Rates, Thermal, 6.0344

THERMAL PREFERENCES OF MARINE FISHES AND INVER-
TEBRATES ...Behavior -animal, Fish -non-specific, Invertebrates
-non-specific, 5.0720

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER INVER-
TEBRATES ...Age, Bioassay, Chemical Measurements -water,
Chemical-general, Laboratory Animals, 5.0662

EFFECTS OF TEMPERATURE ON MATURATION, EMB-
RYONIC DEVELOPMENT AND CONDITION OF FRY IN
YELLOW PERCH - LAKE HERRING, SMELT AND WAL-
LEYE ...Basic Embryology, Environmental Physiology, Maturity
& Growth Stages, Temperature, Thermal Pollution, Yellow Perch,
Darters, 5.0590

EFFECTS OF D.O., TEMPERATURE AND POTENTIAL TOXI-
CANTS UPON SELECTED MACROIN VERTEBRATES
(EMPHASIZING NON-ARTHROPODS) ...Contamination -
Water, Food Supply, Gases, Dissolved -water, Pollution - Effects
of , Pollution Effects, 5.0589

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT SPECIES OF MARINE
ZOOPLANKTON ...Copepods, Oxygen, Water Salinity,
Zooplankton, ...5.1097

EFFECT OF THE EFFLUENT FROM AN ATOMIC POWER
PLANT ON THE ADJACENT PORTION OF BARNEGAT BAY,
NEW JERSEY ...Bays, New Jersey, Pollution - Effects of , Pollu-
tion Effects, Reactor Sites & Rad Waste, Thermal Pollution,
_5.1076

Turbidity & Suspended Matter
ASSESSMENT OF ENVIRONMENT FACTORS INFLUENCING

THE DISTRIBUTION OF BOTTOM FISHES IN RESERVOIRS
...Nets, Oklahoma, Organic, Physical Properties-general, Reser-
voirs and Impoundments, 5.0924

THE RELATIONSHIP BETWEEN TURBIDITY CURRENTS AND
FISH MOVEMENTS IN GARRISON RESERVOIR ...Currents -
water, Nets, North Dakota, Reservoirs and Impoundments, Tur-
bidity, ...5.0829

EFFECTS OF TEMPERATURE AND SILT ON NORTHERN PIKE
DEVELOPMENTS IN THE LABORATORY ...Basic Embryology,
Laboratory, Pikes, Pickeral, Muskellunge, South Dakota, Water
Temperature-non-specific, 6.0507

EFFECTS OF TEMPERATURE AND SILT ON YELLOW PERCH
DEVELOPMENT IN THE LABORATORY .,.Basic Embryology,
Laboratory, South Dakota, Water Temperature-non-specific, Yel-
low Perch, Darters, 6.0508

EFFECTS OF TEMPERATURE AND SILT ON WHITE BASS
DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
Basses -sea,white, White Perch, Laboratory, Turbidity, Water
Temperature-non-specific, 6.0509

Types of Animal Environments
Islands

AN ECOLOGICAL STUDY OF ILES-DE-LA-PAIX, LAKE ST.
LOUIS, QUEBEC ...Canada, Interbiotic Relat.(non-specify, St.
lawrence Rive Voter Fowl, N.s. ...4.0048

Laboratory
A FIELD AND LABORATORY STUDY OF FLUORIDE UPTAKE

BY OYSTERS ...Estuaries, Fluoride, Metabolism, Mining Activi-
ties, Oysters, Phosphate, Phosphite, ...6.0407

HYBRID SUNFISH STUDIES ...Centrarchidac -other, Maturity &
Growth Stages. Ponds, Selection & Breeding, ...6.0195

EFFECTS OF TEMPERATURE AND SILT ON NORTHERN PIKE
DEVELOPMENTS IN THE LABORATORY ...Basic Embryology,
Pikes, Pickeral, Muskellunge, South Dakota, Turbidity &
Suspended Matter, Water Temperature-non-specific, 6.0507

EFFECTS OF TEMPERATURE AND SILT ON YELLOW PERCH
DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
South Dakota, Turbidity & Suspended Matter, Water Tempera-
ture-non-specific, Yellow Perch, Darters, ...6.0508

EFFECTS OF TEMPERATURE AND SILT ON WHITE BASS
DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
Basses -sea,white, White Perch, Turbidity, Turbidity & Suspended
Matter, Water Temperature-non-specific, _6.0509

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER INVER-
TEBRATES - DEVELOPMENT OF A LABORATORY STREAM
FOR REARING AND TESTING AQUATIC INVERTEBRATES
...Captive Rearing, Invertebrate Cultures, Invertebrates -non-
specific, Laboratory Animals, Pesticides -non-specific, 6.0319

SURVIVAL REQUIREMENTS OF JUVENILE AND ADULT
BLUE CRABS ...Biological Rhythms, Crabs, All, Environmental
Physiology, Osmoregulation, Water Properties-general, 6.0401
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LABORATORY BIOASSAYS ...Contamination - Water, Laboratory
Animals, Pollution - Effects of Pollution-general, Wildlife,
.5.0270

Water Alkalinity
AN ECOLOGICAL STUDY OF AN ALKALINE STREAM WITH

HEAVY IRON DEPOSITS ORIGINATING FROM TREAT-
MENT OF MINE ACID WATER ...Alkalinity, Lake Trout, Brook
Trout, Mineral Content -water, Mining Activities, Productivity -
Food Chain, Susquehanna River, .5.1025

Water Environment -other
FISHES OF THE ARKANSAS RIVER BASIN, COLORADO ...Ar-

kansas River, Colorado, Environmental Changes, Fish -non-
specific, Survey Studies, _6.0102

INVESTIGATION OF RELATIONSHIP OF CUNNER, TAU-
TOGOLABRUS ADSPERSUS -(WALBAUM ), TO WEWEAN-
TIC RIVER ESTUARY, WAREHAM, MASSACHUSETTS
.Aquatic Ecology, Estuaries, Fish -other, Massachusetts,
Swamps-marshes, .5.0511

PESPONSES OF FISH TO ENVIRONMENTAL STRESSES ...Car-
diovascular System, Environmental Physiology, Fish -non-specific,
Kidney and Urinary System, Stress, ..5.1269

EFFECTS OF CHEMICAL VARIATIONS IN AQUATIC EN-
VIRONMENTS ...Bioindicators, Chemical-general, Fi ;h -non-
specific, Mans Activities, 6.0103

YOUNG-OF-THE-YEAR FISH IN LAKE FRANCIS CASE ...Age,
Fish -non-specific, Nets, Reservoirs and Impoundments, South
Dakota, ...6.0505

FAUNAL PRODUCTION ,.,Estuaries, Pollution Effe;its, Pollution-
general, Productivity - Food Chain, Vertical Distribution,
_6.0154

JUVENILE MIGRATION RATES ...Columbia River, Migration,
Other, Salmon & Trout - Non-specific, Snake River, ..8.0308

EARLY LIFE HISTORY OF COREGONIDS ...Cisco, Lake Herring,
Environmental Ecology, Lifc History Studies, Maturity & Growth
Stages, Technique Development, _6.0295

FISH GUIDING Animal Distr. (non-specific), Fish -non-specific,
Guidance, Instrumental Services, Management -other, ...8.0307

Water Light Quality & Quantity
GUIDING JUVENILE AND ADULT MIGRANT SALMONIDS BY

NON-ELECTRICAL MEANS ...Behavioral Ecology, Migration,
Salmon & Trout - Non-specific, Velocity -water, 8.0311

Water Movement, Currents,
THE BEHAVIOR OF SMALLMOUTH BASS AS RELATED TO

ARTIFICIAL COVER ...Acidity, Behavioral Ecology, Mining In-
dustry, Smallmc,uth Bass, Soil (wildlife) Cover, ...5.1024

EFFECTS OF DISSOLVED OXYGEN CONCENTRATION ON
SURVIVAL OF LARGEMOUTH BASS EMBRYOS ...Basic Emb-
ryology, Gases, Dissolved -water, Largemouth Bass, Mortality
Rates, Oxygen, Water Temperature- non - specific, ..5.0771

Water Salinity
AQUATIC COMMUNITIES ...Aquatic Ecology, Environmental

Ecology, Lakes, Productivity - Food Chain, Salinity, 6.0625
EFFECTS OF INCREASE IN SALTON SEA SALINITY ON THE

SURVIVAL OF ORANGEMOUTH CORVINA, SARGO, BAIR-
DIELLA, AND NEANTHES Bioindicators, Captive Rearing,
Fish -other, Pollution - Effects of , Salinity, Salton, 5.0146

THE EFFECT OF OCEAN WATER INTRUSION INTO BACK
BAY, VIRGINIA, AND CURR1TUCK SOUND, NORTH
CAROLINA, ON THE WATERFOWL AND FISH HABITAT
Aquatic Ecology, Brackish Water, Fish -non-specific, Habitat
Studies, Saline Water Intrusion, Water Fowl, N.s ...2.0585

GROWTH, CONDITION, AND SURVIVAL OF SHELLFISH
.,.Adaptation, Environmental Physiology, Maryland, Oysters,
Water Quality-general, 6.0269

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT SPECIES OF MARINE
ZOOPLANKTON ...Copepods, Oxygen, Water Temperature-non-
specific, Zooplankton, 5.1097

Environments-general
THE EFFECT OF PESTICIDES ON AN ECOSYSTEM ...Food

Chains, Animal And/or Man, Persistance of Residues, Pesticides -
non-specific, Physical Properties-general, Pollution - Effects of ,
Soil Chemical Properties, 5.1154

Enzyme Studies
Comparative Enzymology

CHARACTERIZATION AND COMPARISON OF ESTERASE(S)
PRESENT IN THE HEADS OF THE IMMATURE FORM OF
TWO SPECIES OF DAMSELFY ...Esterase, Inhibitors, Mayflies,
Reaction Rates, 5,0640

Inhibitors
CHARACTERIZATION AND COMPARISON OF ESTERASE(S)

PRESENT IN THE HEADS OF THE IMMATURE FORM OF
TWO SPEC:ES OF DAMSELFY ...Comparative Enzymology,
Esterase, Mayflies, Reaction Rates, .,5M640

EFFECT OF METAL POISONING ON VARIOUS ENZYMES IN
FISH ...Atpase, Chemical Effect-other, Killifishs Cyprinodon,
Metals Ns, Mineral Origin, -.5.1091

Kinetics -other
EFFECTS OF POLAR ORGANIC SOLVENTS ON ENZYME AC-

TION ...Dipole and Dielectric, Enzymatic, Exobiology, Tempera-
ture, Water, 1.0063

Quantitative & Qualitative
CHANGES IN ENZYMES IN THE PLANT AS RELATED TO

WATER SUPPLY AND USAGE ...Drought, .2.0092
STUDY OF NITROGEN METABOLISM IN MARINE ALGAE

.Bioindicators, Enzymes, Marine Plants, Microbiological Analy-
sis, Pollution - Effects of ..5.1089

Reaction Rates
CHARACTERIZATION AND COMPARISON OF ESTERASE(S)

PRESENT IN THE HEADS OF THE IMMATURE FORM OF
TWO SPECIES OF DAMSELFY ...Comparative Enzymology,
Esterase, Inhibitors, Mayflies, 5.0640

Enzymes
Atpase

EFFECT OF METAL POISONING ON VARIOUS ENZYMES IN
FISH .,.Chemical Effect-other, Inhibitors, Killifishs Cyprinndon,
Metals Ns, Mineral Origin, ...S.1091

Cholinesterase
COMPARISON OF METHODS USED TO MEASURE ESTERASE

ACTIVITY, INTERACTIONS BETWEEN PESTICIDE ON FISH
ENZYME SYSTEMS Bluegills, Bream, Channel Catfish,
Cutthroat Trout, Manometers, Pesticides -non-specific, Visible,
...5.0637

SEASONAL CHANGES IN ESTERASE ACTIVITY IN FISH AND
INVERTEBRATES. INTERACTIONS BETWEEN PESTICIDES
ON FISH ENZYME SYSTEMS ...Biochemical Analysis, Bluegills,
Bream, Invertebrates -non-specific, Mode of Action -animal,
Pesticides -non-specific, 5.0638

SCREENING AQUATIC INVERTEBRATES TO DETECT AN OR-
GANISM SUITABLE FOR USE IN A MONITORING PRO-
GRAM ...Bioassays, Bioindicators, Fish -non-specific, Inver-
tebrates -non-specific, Metabolism, Monitoring Systems, 5.0639

Depolymerase
BIOLOGICAL METHODS OF SLUDGE DEWATERING ...Ac-

tivated, Biological Treatment-other, Butyric Acid, Drying-de-
watering, Microorganisms (non-specific), 5.0089

Enzymes -non-specific
ACTIVE AND PASSIVE ION FLUXES ACROSS INTERFACES

AND MEMBRANES ...Adsorption & Interface, Diffusion, Ionic
Effect, Membranes-other, Transport, 3.0348

Esterase
CHARACTERIZATION AND COMPARISON OF ESTERASE(S)

PRESENT IN THE HEADS OF THE IMMATURE FORM OF
TWO SPECIES OF DAMSELFY ...Comparative Enzymology, In-
hibitors, Mayflies, Reaction Rates, 5.0640

Micro-organism Enz
DEGRADATION OF SEWAGE AND SOIL MICROORGANISMS

...Catabolism and Degradation, Degradation, E Cali, Sewage, Soil
Bacteria, .,.5.0524
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Plant Enzymes -non-specific
CHANGES IN ENZYMES IN THE PLANT AS RELATED TO

WATER SUPPLY AND USAGE ...Drought, 2.0092

Epidemiology of Disease
Environmental Health

Food
BIOLOGICAL AVAILABILITY OF NUCLEAR DEBRIS TO

AQUATIC ANIMALS ...Contamination - Water, Productivity -
Food Chain, Radioactivity-general, Radiologic Health, ...5.0102

OCCUPATIONAL AND ENVIRONMENTAL HEALTH ...Human
Tox. or Residues -other, Occupational Hazards, Pollution - Effects
of , Pollution-atmosphere, Radiologic Health, ...5.0518

SURVIVAL OF FOOD PATHOGENS IN RADIATION
PASTEURIZED SEAFOOD ...Dosimetry, Fish, N.s. , Food Bac-
teria, Microbiological, Radiation, ...5.0933

THE ECOLOGY OF CLOSTRIDUM BOTULINUM IN THE TVA
LAKES AREA ...Bacterial Exotoxins, Bacterial Pollutant Sources,
Clostridium Botulinum, Microbiological, Range Or Territorial
Distr. , Tennessee, 2.0990

FREQUENCY DISTRIBUTION OF CHEMICAL POLLUTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT _Or-
ganophosphorous Cpds. , Oysters, Pollution - Effects of ,

Southern, Toxicological and Allergy, ...5.0021

Occupational Hazards
OCCUPATIONAL AND ENVIRONMENTAL HEALTH ...Food,

Human Tox. or Residues -other, Pollution - Effects of , Pollution-
atmosphere, Radiologic Health, ...5.0518

Other
TRACE AMOUNT SUBSTANCES IN ENVIRONMENTAL

HEALTH ...Chemical Analysis (water), Pollutants-general, Trace
Elements, ...5.0677

Pollution-atmosphere
OCCUPATIONAL AND ENVIRONMENTAL HEALTH ...Food,

Human Tox. or Residues -other, Occupational Hazards, Pollution
- Effects of , Radiologic Health, ...5.0518

Pollution-water
EFFECT OF POLLUTING AGENTS ON SURVIVAL OF INDICA-

TOR ORGANISMS ...Bioindicators, Imestinal Bacteria, Salmonel-
la (non-specific & Ot), Shigella (non-specific & (X.), Zooplank-
ton, 5.1132

WATER QUALITY CRITERIA FOR SELECTED RECREATION
USES ...Illinois, Mathematical Analysis, Recreation Sites, User
Characteristics -other, Water Quality-general, 5.0381

SOCIO-ECONOMIC FACTORS RELATED TO THE INCIDENCE
OF A WATER-BORNE DISEASE ...Economic Impact, Intestine,
Puerto Rico, Social Aspects, Social Environment of The City,
5.1048

EFFECTIVENESS OF IODINE FOR DISINFECTION OF PUBLIC
WATER SUPPLIES & TO DETERMINE PHYSIOLOGICAL EF-
FECTS ON A HUMAN POPULATION (ABBREV)
Treatment-other, Iodine, Side Effects, 5.0249

RELATION OF SWIMMING WATER QUALITY To THE OC-
CURRENCE OF EAR INFECTIONS ...Conduction, Detection,
5.0588

FREQUENCY DISTRIBUTION OF BIOLO GICAL POLLUTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT ...Biolo-
gy, Coliforms (non-specific), Enteroviruses of Humans, Gulf of
Mexico, Oysters, ...5.0016

TASTES AND ODORS IN WATER SUPPLIES ...Algal Pollutant
Sources, Pollutants-general, Studies, Organoleptic, Taste and
Odor, Water for Cooking Or Drinking, _5.0066

Radiologic Health
RADIOACTIVE FOOD-CHAINS IN THE SUBARCTIC ENVIRON-

MENT ...Productivity - Food Chain, Radioactive Fallout,
Radioactive Isotopes, Sub - Polar, Toxicological and Allergy,
2.0308

BIOLOGICAL AVAILABILITY OF NUCLEAR DEBRIS TO
AQUATIC ANIMALS ...Contamination - Water, Food, Produc-
tivity - Food Chain, Radioactivity-general, ...5.0102

MECHANISMS OF ENVIRONMENTAL EXPOSURE ...Columbia
River, Radioactive Isotopes, Radioactivity-general, Regulation and
Selection, Toxicological and Alleig, 5.1244

OCCUPATIONAL AND ENVIRONMENTAL HEALTH ...Food,
Human Tox. or Residues -other, Occupational Hazards, Pollution
- Effects of Pollution-atmosphere, ...5.0518

Epizootiology

Incidence and Prevalence
Enzootic

DETECTION AND SIGNIFICANCE OF ENZOOTIC WATER
POLLUTION ...Animal Wastes - Feed Lots, Bacterial Pollutant
Sources, Bioindicators, Protozoa -other, Sewage Bacteria,
5.0700

Epizootic
EPIZOOTICS IN EXPERIMENTAL MARINE SHELLFISH POPU-

LATIONS ...Freshwater Mussels, Scallops, Mortality Rates,
Oysters, Pathology, 6.0631

Mode of Transmission
Invertebrates

DISPERSAL OF VIABLE ALGAE AND PROTOZOA BY
AQUATIC INSECTS ...Algae- General, Aquatic Ecology, Insects
-non-specific, Interbiotic Relat.(non-specify, Protozoa -other,
5.1170

PACIFIC OYSTER MORTALITY STUDIES ...Invertebrate Patholo-
gy, Mortality Rates, Oysters, Pathology, 6.0266

Vertebrates
THE EFFECTIVENESS OF WATERFOWL IN CARRYING

PATHOGENIC MICRO-ORGANISMS ...Sewage, Swamps-
marshes, Utah, Water Fowl, N.s. , ...5.1193
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Equipment Purchase Operation
PRODUCTION OF 90-10 COPPER NICKEL TUBING FOR

DESALTING ...Copper, Desalination, Pipe, Tube, ...3.0158
MODIFICATIONS To PUMPING STATION AT SHAGOWA

LAKE, FIELD SITE, ELY, MINNESOTA ...Chemical Analysis,
Demineralization, Minnesota, Pumping, ...5.0932

Erosion-general
EROSION CONTROL CRITERIA FOR DRAINAGE STRUC-

TURES ...Drainage, Drainage Systems, ...2.0681
ROADSIDE DEVELOPMENT AND BEAUTIFICATION

...Aesthetic, Cover Crops, Plant Growth, Roads and Highways,

...2.0109
DESIGN TO CONTROL EROSION IN ROADSIDE DRAINAGE

CHANNELS ...Design Criteria, Drainage, Lining, Soil Erosion,
...2.0657

SOIL EROSION STUDIES IN OKLAHOMA AND SOIL SEDI-
MENTATION STUDIES IN OKLAHOMA ...Channel Geometry,
Culvert, Drainage, Froude Number, Stabilization-general,
...2.0877

A RECONNAISSANCE STUDY OF THE CHEAPEAKE BAY
_Chesapeake Bay, Floods, Sedimentology-general, Shoreline -
Coastline, Survey Studies, Thermal Pollution, ...6.0254

BADGER WASH COOPERATIVE STUDY _Cove; Crops, Forest
Grazing, Runoff, Sediment Yield, Water Cycle, _2.0176

INTERAGENCY FRAIL LANDS STUDY - MONTANA IV.
WATER QUANTITY MANAGEMENT ...Conservation, Mon-
tana, Runoff, Slopes, Soil Erosion -non-specific, ...4.016!

FRAIL LANDS STUDIES NEAR CISCO. UTAH (ABBREV)
...Land, Sediment Yield, Soil Environment, Tillage, Cropping
Systems, Utah, ...4.025+

TROUT STREAM - SURVEY OF STREAMS AND THEIR
WATERSHEDS ...Biological-general, Bottom Sampling, Georgia,
Physical-general, Population Dynamics, 2.0361

REVERSE FILTER EROSION PROTECTION ...Connecticut, Con-
trol and Protection, Engineering Structures-general, Filters, Lin-
ing, ...8.(1147

CHARACTERISTICS OF MAJOR FOREST AND RANGE
WATERSHED TYPES IN IDAHO ...Forest Watersheds, Idaho,
Land Use, Runoff, Water Yield, 6.0176

DEVELOPMENT OF ECONOMIC WATER HARVEST SYSTEMS
FOR INCREASING WATER SUPPL ...Arizona, Cover Crops,
Economic Efficiency, Saline Soils, Water Harvesting, ...3.0012

RAINWASH AND SOIL CREEP IN WESTERN NORTH DAKOTA
...Creep, Environmental Effects-geologic, Morphology-general,
North Dakota, Slopes, _2.0848

RELATIONSHIP BETWEEN THE ERODIBILITY OF SOILS AND
THE SEDIMENTATION RATE OF RESERVOIRS ...Physical
Properties-Feneral, Rate of Deposition, Reservoirs and Impound-
ments, Sediment 'Yield, Soil Erosion -non-specific, ...2.0463
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MANAGEMENT ALTERNATIVES ON OZARK FOREST ...Ar-
kansas, Policy - Business Methods, Sediment Yield, Small
Watersheds, Soils and Fertilizer, -2.0073

EFFECT OF RANGE MANAGEMENT ON INFILTRATION, RU-
NOFF, AND EROSION Cover Crops, Infiltration, Management
and Fertility, Runoff, -2.0105

EFFECTS OF FIRE ON HYDROLOGY AND EROSION ...Fire
Damage, Recovery, Forest Watersheds, Hydroiogy-general, Mid-
dle Rocky Mts..2.0226

DEVELOPMENT OF LAND USE EQUATIONS FOR THE SLOP-
ING SOILS OF INDIANA ,..Development of Models, Indiana,
Land Use, Slopes, Tillage, Cropping Systems, _2.0464

MECHANICS OF SOIL EROSION BY WATER .Erosion Control,
Particle Surface, Rain-general, Stability, Thermal Properties-
general, ...2.0457

SOIL AND WATER CONSERVATION MANAGEMENT ...Conser-
vation- general, Soil Erosion -non-specific, Tillage, Cropping
Systems, Yield, ..4.01SO

FERTILITY RUNOFF -Irrigation, Runoff, Tillage, Cropping
Systcms..4.0154

ISOTOPES IN THE BIOSPHERE ...Management, Pollutants - Path
of , Radioactive Fallout, Runoff, Strontium, Washout, ..,5.0670

ENGINEERING AND AGRONOMIC STUDIES ASSOCIATED
WITH LAND SHAPING, ETC. ...Conservation & Management
Eng, Nebraska, Tillage, Cropping Systems, Water Loss Control,
-4.0163

EFFECTS OF SOIL MANAGEMENT TREATMENTS ON ERODI-
BILITY AND INFILTRATION CHARACTERISTICS ...Infiltra-
tion, Management Effects, Ohio, -2.0860

CROP, SOIL AND WATER USE EFFECTS OF LOW INTENSITY
SPRINKLER IRRIGATION ...Irrigation, -3.0233

TIDAL, SALINITY AND SEDIMENTATION PROBLEMS IN
LAKE MA^ ACAIBP CHANNEL, VENEZUELA ...Bed Load,
Rate of Deposition, Salinity, Tides, Venezuela, -2.0618

DEVELOPMENT OF MULTIPLE-USE PRODUCTION/OUTPUT
INFC"IMATION FOR OWNERS OF SMALL WOODLANDS IN
THE CENTRAL HARDWOOD REGION ..,Control and Protec-
tion, Forest Watersheds, General Information Services, Input -
Output Analysis, Multiple-purpose Projects, _7.0027

COASTAL ENGINEERING STUDIES RELATED TO FLORIDAS
SHORELINE ANLi BEACH EROSION PROBLEM,. _Beach, By-
passing, General, Shoreline Structures, Storms-general, Waves,
-8.0160

PREDICTING RUNOFF AND GROSS EROSION FROM FARM-
LAND AND DISTURBED AREAS ...Agricultural Watersheds,
Conservation, Conservation-general, Forecasting-prediction, Ru-
noff, ...3.0224

DRYLAND SOIL MANAGEMENT _Conservation & Management
Eng, Soil Preparation & Renovation, Wind Erosion, -4.0111

SOIL MANAGEMENT UNDER DRYLAND CONDITIONS
...Maaagement, Modified Water Use, Soil Conditions, Storage of
Water, Tillage, Cropping Systems, _4.0113

ENGINEERING PHASES OF SOIL AND WATER MANAGE-
MENT ...Drainage Engineering, Irrigation-general, Management,
Stabilization-general, -8.0220

WATERSHED VALUES AS AFFECTED BY FOREST MANAGE-
MENT ...Cover Crops, Forest Watersheds, Forests, Moisture Con-
tent, Runoff, Swamps-marshes, -4.0142

STRIP-MINING AND WATER QUALITY ...Chemical-genertil,
Mining Activities, Rainfall Simulators, Runoff, Spoil Banks,
-5.0889

INVESTIGATIONS OF SHORE EROSION ALONG THE OHIO
SHORELINE OF LAKE ERIE ...Aerial, Engineering Structures-
general, Gaging, Lake Eric, Shoreline - Coastline, ...8.0275

GRADED FURROWS FOR RUNOFF AND EROSION CONTROL
...Conservation, Costs, Runoff, Soil Preparation & Renovation,
-3.0445

MEASUREMENT OF RUNOFF AND SOIL LOSS DIFFERENCES
BETWEEN ESTABLISHED PLOTS ...Artesian Flow, Observation
Wells, Runoff, Soil Environment, Water Table Fluctuation,
-2.1019

VEGETATION AND SOIL RESPONSE TO SOIL SURFACE
TREATMENTS ...Economic Efficiency, Management and Fertili-
ty, Tillage, Cropping Systems, Utah, Vigor, -3.0476

SOIL EROSION PROBLEMS IN WISCONSIN ...Cultivation
Methods, Ns, Sediment Yield, Stabilization-general, ..,2.1160

FOREST INFLUENCES STUDIES ...Forest Watersheds, Infiltration,
Land Use, Runoff, Stabilization-general, Water Quality-general,
-2.0986
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PINE TREE BRANCH WATERSHED RESEARCH ...Cutting
Operations, Forest Watersheds, Land Usc, Other, Sediment Yield,
Tennessee, _6.0536

HYDRAULICS AND DYNAMICS OF ESTUARIES -Estuaries,
Flow Characteristics -water, SedimentOogy-general, Water Level
Fluctuation, Waves, .,2.0261

GENERAL EVALUATION OF SOIL AND MOISTURE CONSER-
VATION TREATMENT PRACTICES ...Conservation - general,
Engineering Structures - general, Runoff, Sedimentology-general,
Soil Environment, ...2,0185

SEDIMENTATION AND HYDROLOGY-ROCK CREEK AND
ANACOSTIA RIVER BASINS, MARYLAND ...Groundwater,
Land Use, Maryland, Sediment Yield, Urban Environments,
...4.0130

ASPHALT BINDING OF COBBLES FOR RIPRAP -Aggregates,
Extenders, Fillers, 13indars, Bituminous, Conglomerates, Embank-
ments, Slopes, _8.0106

INVESTIGATION OF EROSION AND TRACTIVE FORCES ON
CANALS--OPEN AND CLOSED CONDUIT RESEARCH PRO-
GRAM -Canals, Lining, Linings-pavirigs, Soil Environment, Trac-
tion, ...8.0035

DEVELOPMENT OF CRITERIA FOR TILLAGE MACHINERY
THAT WILL REDUCE SOIL EROSION AND RUNOFF ...Con-
servalion-general, Moisture Retention, Runoff, Technique
Development, Tillage, Cropping Systems, -2.0007

TIMBER AND WATERSHED RESOURCES DEVELOPMENT
RESEARCH IN HAWAII ...Evapotranspiration, Legumes -
other..mesquite,.. , Rain, Soils and Fertilizer, Streams, _2.0367

CONTROL OF EROSION AND SEDIMENTATION ASSOCIATED
BUILDIN(I AND LOGGING ..,Conservation, Forest Watersheds,
Logging, Transport, Equipment, Sediment Yield, Streams,
-2.0027

WATER YIELD IMPROVEMENT, EROSION CONTROL, AND
SEDIMENT REDUCTION IN FORESTS ...Forest Watersheds,
Land Use, Moisture Content, Radioisotopes, Stabilization-other,
Water Yield, -3.0486

SOIL STABILIZATION AND RLJNOFF REGULATION IN
CONIFER WA7ERSHEDS ...Channels, Forest Watersheds, Inter-
nal Water Movement, Land Use, Runoff, Stabilization-other,
...5.0967

FLOOD AND SEDIMENT REDUCTION IN STEEP UNSTABLE
BRUSHLANDS OF THE SOUTHWEST -Floodproofing, Floods,
Sediment Yield, Southwest, -4.0034

PREVENTING OR CONTROLLING ACCELERATED EROSION
OF UNSTABLE FOREST SOILS ...Mountains-alpine, Movement,
Availability, Open Channel, Slopes, Soil Science -other, Soil Sta-
bility Analysis, -5.0316

WATERSHED PROTECTION & REHABILITATION TO REDUCE
WATER RUNOFF ...Floods, Forest Watersheds, Infiltration,
Land Use, Runoff, -4.0250

WATER YIELD IMPROVEMENT IN THE SNOWPACK TIMBER
ZONE, RUNOFF FROM RANGELANDS ...Gully Or Channel
Erosion, Mountains-alpine, Radiation-general, Snowmelt, Water
Yield, -3.0143

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN RIVER BASINS ...Artemisia, Cover Crops, Forest
Watersheds, Management, Soil-water-plant Relationships, Water
Yield, -3.0495

WATERSHED REHABILITATION TO CONTROL EROSION
AND SEDIMENTATION IN THE SOUTHWEST ...General
Deposition, Sediment Yield, Stabilization-general, Watersheds-
general, -4.0175

FLOOD REDUCTION AND IMPROVEMENT IN TIMING OF
WATER YIELD IN THE OZARKOUACHITA UPLANDS
...Floods, Infiltration, Land Use, Water Cycle, Water Yield,
...5.0054

DEVELOPMENT OF SPECIAL REHABILITATION
TECHNIQUES AND FOREST MANAGEMENT PRACTICES
FOR USE ON SEVERELY ERODED OR HIGHLY EROSIVE
WATERSHEDS ...Conservation, Cover Crops, Floods, Runoff,
Site Index and Site Quality, -2.0674

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN THE BLACK HILLS ...Flow Characteristics -water,
Forest Watersheds, Management, Sedimentology-general, Sta-
bilization-other, Water Yield....3.0436

EFFECTS OF VARIOUS FOREST TYPES AND STAND TREAT-
MENTS ON GROUNDWATER RECHARGE AND STREAM-
BANK EROSION IN AREAS OF DEEP GLACIAL DRIFT ,..Ero-
sion Control, Forest Watersheds, Natural Recharge, Open Chan-
nel, Stream Banks, -5.0573
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REDUCTION OF FLOOD RUNOFF, SEDIMENTATION AND
STREAMFLOW IMPROVEMENT IN UNGLACIATED AREAS
Forest Watersheds, Mississippi River, Runoff, Slope - Degree a
, Stream Rehabilitation, Water Loss Control, 4,0275

DETERMINATION AND EVALUATION OF FACTORS AFFECT-
ING WATER RUNOFF AND EROSION IN THE DIFFERENT
LAND RESOURCE AREAS OF THE NORTHEAST ...Conserva-
tion, Management, Northeast, Runoff, Seedbed Preparation,
5,0489

DEVELOPMENT OF SUPPORTING PRACTICES, SYSTEMS,
TECHNIQUES AND DEVICES FOR RUNOFF AND EROSION
CONTROL IN THE SOUTH ...Conservation, Conservation &
Management Eng, Flow Characteristics -water, Land Use, Runoff,
Tillage, Cropping Systems, ...5.0275

BASIC PRINCIPLES AND MECHANICS OF RAINFALL, RU-
NOFF, SOIL. MOVEMENT AND LOSS IN THE CORN BELT
...Engineering Properties-general, Runoff, Sediment Transport-
general, Slopes, Structure-size, Surface Flow, 2.0475

EVALUATION OF CLIMATIC, TOPOGRAPHIC, SOIL AND
CROP MANAGEMENT FACTORS IN RELATION TO WATER
MANAGEMENT AND EROSION CONTROL IN THE CORN
BELT ...Climate, Corn Belt, Runoff, Slopes, Wind Erosion,
...2.0476

DEVELOPMENT AND REFINEMENT OF METHODS FOR PRE-
DICTING FIELD RUNOFF AND SOIL LOSS ...Conserv:,;tion,
Forecasting-prediction, Mathematical Analysis, Runoff, Sediment
Yield, Soil Environment, Soil Erosion -non-specific, 2.0477

DEVELOPMENT OF SUPPORTING RUNOFF AND EROSION
CONTROL PRACTICES AND SYSTEMS IN THE CORN BELT
...Conservation & Management Eng, Corn Belt, Erosion Control,
Runoff, Stabilization-other, Terrace-bench, Wind, ...3.0225

WATER AND WIND EROSION AND ITS CONTROL ON IR-
RIGATED AND NONIRRIGATED LANDS IN THE
NORTHERN PLAINS ...Great Plains Province, Irrigation-general,
Runoff, Soil Tillage Methods -other, Wind Erosion, 5.0195

MECHANICS AND PRINCIPLES OF WATER EROSION AND
THEIR APPLICATION FOR EROSION CONTROL IN THE
SOUTHERN PLAINS ...Great Plains Province, Runoff, Soil En-
vironment, Soil Erosion -non-specific, 5.0435

EROSION AND RUNOFF CONTROL PRACTICES AND
SYSTEMS TO CONSERVE SOIL AND WATER RESOURCES
IN THE PACIFIC NORTHWEST ...Conservation, Conservation-
general, Design Flow-floed, Runoff, Southern, 4.0087

FUNDAMENTAL ASPECTS OF WATER EROSION IN THE
PACIFIC NORTHWEST ...Infiltration, Permafrost-frozen, Soil
Erosion -non-specific, Southern, Synthetic Hydrology-general,
...2.0389

TECHNOLOGY AND ECONOMICS OF CONSERVATION ...Al-
ternative Planning, Benefit -cost Analysis, Conservation-general,
Land Use, Sediments, 4.0106

Estuaries
THE ACCUMULATION OF FISSION PRODUCTS BY MARINE

FISH AND SHELLFISH ...Chlorideae -other, Contamination -
W ater, Food Chains, Radioactivity-general, Radioccology,

THE BIOLOGY AND CHEMISTRY OF TRACE ELEMENTS IN
MARINE AND ESTUARINE WATERS ...Chesapeake Bay,
Phytoplankton, Productivity - Food Chain, Trace Element Analy-
sis, Zooplankton, 2.0556

MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA RIVER
ESTUARY ...Columbia River, Mathematical Analysis, Pollutants -
Path of , Radioactivity-general, Water Sampling, ...5.0986

COMPUTER SIMULATION OF ESTUARINE DISPERSION
...Computers-general, Dispersion -water, Model Studies, Seasonal,
Tides, 5.093S

R.I.-MIXING PROCESSES IN ESTUARIES ...Dispersion -water,
Flume Studies, Mixing, Model Studies, Turbulent Flow, ...5.0063

OPTIMUM ECOLOGICAL DESIGNS FOR ESTUARINE
SYSTEMS OF NORTH CAROLINA ...Domestic Wastes-general,
Marine Biology (non-specific), North Carolina, Pollution - Effects
of , Pollution Effects, Productivity - Food Chain, 2.0820

THE EFFECTS OF PESTICIDE RESIDUES ON LARVAL AND
JUVENILE WINTER FLOUNDER IN THE WEWEANTIC
RIVER ESTUARY, MASSACHUSETTS ...Massachusetts, Pollu-
tion - Effects of , Righteye Flounders, Wildlife, 5.0509

INVESTIGATION OF THE RELATIONSHIP OF THE AMER-
ICAN SMELT, OSMERUS MORDAX - MITCHILL, TO THE
WEWEANTIC RIVER ESTUARY, WAREHAM, MAS-
SACHUSETTS ...Aquatic Ecology, Environmental Ecology,
Smelts, Spawn Or Nesting Sites, Temperature, 5.0510
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HYDROGRAPHY OF THE PENOBSCOT RIVER ESTUARY
..Dissolved Load, Environmental Changes, Maine, Pollution
Abatement, Salinity, Temperature, ...5.0467

A BENTHIC COMMUNITY OF THE PENOBSCOT RIVER
ESTUARY ,Aquatic Ecology, Benthic Organisms (non-specif),
Industrial Wastes, Maine, Prod,Activity - Food Chain, 5.0473

STUDY OF STRIPED BASS POPULATIONS IN MAINE
COASTAL WATERS .Aquatic Ecology, Basses -sea,white,
White Perch, Maine, Migration, 5.0470

INVESTIGATION OF RELATIONSHIP OF CUNNER, TAU-
TOGOLABRUS ADSPERSUS -(WALBAUM), TO WEWEAN-
TIC RIVER ESTUARY, WAREHAM, MASSACHUSETTS
...Aquatic Ecology, Fish -other, Massachusetts, Swamps-marshes,
Water F.:vironment -other, _5.0511

ESTUARINE DREDGE HOLE INVESTIGATIONS ...Aquatic
Ecology, Fish -non-specific:, Habitat Studies, Ocean Coring and
Dredging, 6.0354

CHARTING OF SUBTIDAL OYSTER BEDS AND EXPERIMEN-
TAL TRANSPLANTING OF SEED OYSTERS FROM POL-
LUTED SEED OYSTER BEDS ...Captive Rearing, Commercial
Fishing, Oysters, South Carolina, Stocking of Fish & Shellfish,
5.1101

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- II HYDROLOGY ...Aquatic Ecology, Atlases-maps, Environ-
mental Ecology, Gulf of Mexico, Water Properties-general,
_2.0670

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- III SEDIMENTOLOGY ...Aquatic Ecology, Atlases-maps, Dis-
tribution, Environmental Ecology, Gulf of Mexico, 2.0671

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
(AUDIO- VISUAL FILM) ...Gulf of Mexico, Other, Survey Stu-
dies, -.7.0060

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- IV BIOLOGY ...Aquatic Ecology, Atlases-maps, Environmental
Ecology, Gulf of Mexico, Mississippi River, 2.0672

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
(AREA DESCRIPTION) ...Atlases-maps, Gulf of Mexico, Indus-
trial-general, Mississippi River, Water Properties- general,
...7.0061

ECOLOGY OF LOUISIANAS ESTUARINE WATERS - MARINE
LABORATRY ...Aquatic Ecology, Louisiana, Marine Biology
(non-specific), Shoreline - Coastline, 2.0542

THE ECOLOGY OF THE YOUNG FISHES OF THE WEWEAN-
TIC RIVER ESTUARY ...Aquatic Ecology, Massachusetts, Pesti-
cides -non-specific, Pollution - Effects of , Population Dynamics,
..,2.0607

A STUDY OF SELECTED CHEMICAL AND BIOLOGICAL CON-
DITIONS OF THE LOWER TRINITY RIVER AND THE UPPER
TRINITY BAY ...Commercial Fishing, Mans Activities, Pollution
- Effects of , Spawn Or Nesting Sites, Texas, ...6.0546

CHANGES DURING EUTROPHICATION OF AN ESTUARY
...Eutrophication, North Carolina, Plankton (non-specific), Pollu-
tion - Effects of , -.5.0820

SIMULATION OF WATER RESOURCE REGIMES ...Analog Com-
puters, Groundwater, Model Studies, Surface Water, 7.0047

EFFECTS OF THERMAL POLLUTION ON PRODUCTIVITY
AND STABILITY OF ESTUARINE COMMUNITIES ...Aquatic
Ecology, Environmental Ecology, Plant Prod. (non-specific), Pol-
lution - Effects of , Thermal Pollution, ...5.0490

ENHANCEMENT OF RECREATIONAL USES OF ESTUARINE
WATERS THROUGH SUDY OF POTENTIAL CONTROL
METHODS FOR STINGING SEA NETTLES ...Biological Con-
trol, Chesapeake Bay, Jelly Fish, Recreation Sites, Water Quality-
general, ...6.0256

WATER QUALITY - BENTHIC INVERTEBRATE RELATION-
SHIPS IN ESTUARIES ...Benthic Fauna, Benthonic-bottom,
Maine, Pollution - Effects of , Pollution Effects, 5.0478

RELATION OF PASS OPENINGS ON PHYSICAL EXCHANGE
AND SALINITY IN ESTUARIES ...Mixing, Saline Water Intru-
sion, Salinity, Shoreline Structures, Texas, -.2.1012

BIOLOGICAL AND CHEMICAL STUDY OF VIRGINIAS ESTUA-
RIES ...Nitrogen, Phosphorus, Phytoplankton, Population Dynam-
ics, Primary Productivity, Virginia, ..2.1112

UTILIZATION OF PHYSICAL AND MATHEMATICAL MODELS
IN ESTUARINE WATER RESOURCES RESEARCH AND
MANAGEMENT ...Computers-general, Management, Model Stu-
dies, Shoreline - Coastline, Tides, 6.0607

HORIZONTAL DISPERSION IN SHALLOW ESTUARIES OF IR-
REGULAR SHAPE ...Circulation -water, Dispersion -water, Gulf
of Mexico, Model Studies, Water Quality-general, 2.1013
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EXPERIMENTAL AND THEORETICAL STUDY OF THE
HYDRODYNAMICS OF DISPERSION IN RIVERS AND
ESTUARIES Dispersion -water, Flow Characteristics -water,
Model Studies, Streams, Velocity -water, .2.0584

WATER LAW OF SOUTHEASTERN ESTUARIES ...Conflicts,
Southeast, State Government, Water Law-general, 6.0163

THE EFFECTS OF THERMAL LOADING ANDWATER QUALI-
TY ON ESTUARINE PRIMARY PRODUCTION Acidity,
Nutrients, Primary Productivity, Standing Crops, Thermal Pollu-
tions .6,0258

A FIELD AND LABORATORY STUDY OF FLUORIDE. UPTAKE
BY OYSTERS ,..Fluoride, Laboratory, Metabolism, Mining Ac-
tivities, Oysters, Phosphate, Phosphite, 6.0407

ESTUARINE HYDROGRAPHY AND ITS ROLE IN TRANSPORT
OF NATURALLY PRODUCED FOODS AND POLLUTANTS
...Effluents -waste Water, Georgia, Water Movement-general,
Water Properties-general, Water Quality-general, ..,2.0352

A WATER QUALITY COMPUTER MODEL OF COOK INLET
(PHASE ONE - THE HYDRAULIC MODEL) Alaska, Compu-
ters-general, Hydraulics-general, Model Studies, Water Quality -
general, ..7.0002

CONSERVATION AND DEVELOPMENT PLANNING FOR THE
ESTUARINE ZONE (A CASE STUDY IN THE TOWN OF
SOUTHOLD, LONG ISLAND) ,Administrative Structures, Long
Island Sound, Planning, Systems Analysis, Water Resources
Development, 6.0388

ECONOMICS OF WATER QUALITY FOR A REGIONAL
SYSTEM ...Delaware River, Economic Efficiency, Finance, Re-
gional Areas, Water Demand, Water Quality-general, 6.0465

THE BIOLOGY OF THE INFAUNA OF A TROPICAL SOFT
BOTTOM AREA ...Aquatic Ecology, Benthic Fauna, Florida, In-
tertidal Areas, Pollution - Effects of , 5,0263

PRIMARY PRODUCTION AND DECOMPOSIVON IN
ESTUARINE WATER Florida, Methane Bacteria (non-specif.),
Phaeophyta (non-specific & Ot), Primary Productivity,
Rhodophyta (non - specific & Ot), Turnover (metabolic), ...5.0257

NUTRIENT ASSIMILATION RATES - FIELD STUDIES _Fertil-
izers -aquatic, Nutrients, Phosphorus, Ponds, 5.0620

A MATHEMATICAL MODEL FOR REGIONAL TREATMENT
OF WATER POLLUTION SYSEMS ,..Mathematical Analysis,
Public Utilities, Public Works, Regional Areas, Sewerage Systems-
other, Value Analysis, 5,0114

SENSITIVITY OF BENTHIC MICROFLORA TO POLLUTION
GRADIENTS ...Bcnthic Flora, Bioindicators, Marine Plants, Plaint
Prod. (non-specific), Water Standards, 5.1059

A STOCHASTIC MODEL FOR POLLUTION IN ESTUARIES
Ions and Gases, Model Studies, Oxygen, Water Quality Control-
general, Water Quality-general, _5.1211

INFLUENCE OF LOG RAFTING ON WATER QUALITY ...Bioin-
dtcators, Forest Debris, Logging, Transport, Equipment, Pulp,
Paper , and Logging, Streams, ...5.0958

PHOSPHATE MINING EFFLUENT IN ESTUARINE ECOLOGY
...Applied Ecology, Mining Activities, Mountmorillanite,
Phosphate, Phosphite, Pollution - Effects of , 5.0821

STUDY OF ESTUARINE POLLUTION IN THE STATE OF
HAWAII ...Bacterial Pollutant Sources, Economics-general,
Forecasting-prediction, Hawaii, Sewage, ...5.0311

MANAGEMENT OF INDUSTRIAL WASTE DISCHARGES IN
COMPLEX ESTUARINE SYSTEMS ...Industrial Wastes,
Management, Model Studies, Texas, Water Standards, 5.1156

MECHANICS OF DISPERSION IN ESTUARY POLLUTION
...Dispersion -water, Mathematical Analysis, Model Studies, Pollu-
tants - Path of , Tides, ...5.0528

ESTUARINE ECOLOGY ...Aquatic Ecology Contamination -

Water, Mathematical Analysis, Washington, Water Quality-
general, ...6.0620

ECONOMICS OF WATER QUALITY IN A REGIONAL SYSTEM
...Alternative Planning, Benefit-cost Analysis, Delaware Bay,
Management, Water Quality-general, ...5.1011

STUDIES ON INORGANIC NUTRIENT ASSIMILATION RATES
IN ESTUARINE PONDS ...Mineral Content -water, Nitrogen,
Nutrients, Phosphorus, Self-purifications ...5.0621

EFFECTS OF PESTICIDES ON ESTUARINE ORGANISMS
...Bioassay, Persistance of Residues, Pollution - Effects of , Sevin,
Swamps-marshes, 5.0950

ECOLOGY OF RECREATIONALLY IMPORTANT ESTUARINE
FISHES IN OREGON ...Aquatic Ecology, Environmental Ecolo-
gy, Fishing, Migration, Oregon, Population Dynamics, 6.0458

SOCIO-ECONOMIC STUDY OF NARRAGANSETT BAY,
RHODE ISLAND ...Bays, Benefit-cost Analysis, Land Ilse, Rhode
island, Social Aspects, Water Quality Control-general, 6.0485
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RADIONUCLIDES IN THE SAVANNAH RIVER ESTUARY AND
ADJACENT COASTAL WATERS ..,Atomic Plants, Pollutants -
Path of , Radioactivity, Radioactivity-general, Tracers, .5.1098

HYDRAULICS AND DYNAMICS OF ESTUARIES .Erosion-
general, Flow Characteristics -water, Sedimentology-general,
Water Level Fluctuation, Waves, 2,0261

THE MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA
RIVER ESTUARY ...Absorbed Load, Columbia River, Pollutants
- Path of , Radioactivity-general, 2,0903

UNSTEADY FLOW AND SALINE INTRUSION IN ESTUARIES
.Channels, Model Studies, Open Channel Flow, Saline Water In-
trusion, Unsteady Flow, 2.1091

INFLUENCE OF INDUSTRIAL AND MUNICIPAL WASTES ON
ESTUARINE AND OFF SHORE WATER QUALITY Domestic
Wastes-general, Industrial Wastes, Pollution - Effects of ,
Washington, ..5.1271

HYDROLOGY OF COASTAL AREA IN THE VICAITY OF
RICEBORO, GEORGIA Artesian Flow, Dispersion -water,
Georgia, Saline Water Intrusion, Water Quality-general, .5.0305

QUALITY OF WATER OF THE TEXAS BAYS AND ESTUARIES
Bays, Nutrients, Pollutants - Path of , Texas, Water Quality-
general, ...2.1003

REMOTE SENSING OF ESTUARINE WATER AND VEGETA-
TION, MARYLAND ...Aerial, Bioindicators, Chemical-general,
Physical-general, Remote Sensing -other, 2.0268

FLOW AND SALINITY IN THE HUDSON ESTUARY, NEW
YORK ..,Fresh Water, Inflow, Management, Salinity, Tides,
2.0781

DISPERSION PROCESSES IN ESTUARIES AND RIVERS
...Dispersion -water, ayes, Streams, Synthetic Hydrology-general,
2.0113

REMOTE SENSING OF DELAWARE ESTUARY ...Aircraft,
Delaware, Pollutants-general, 2.0909

COORDINATION OF ESTUARINE REMOTE SENSING IN AT-
LANTIC COAST REGION ...Aerial, Atlantic Ocean- general,
Satellites, 2.0910

SALT-WATER ENCROACHMENT IN NORTH CAROL ,'4A
ESTUARIES ...Chemical-general, Flow Characteristics -water, In-
dustrial-gencral, Saline Water Intrusion, Water Sampling,
2.0826

DISTRIBUTION OF YOUNG STAGES OF COASTAL FISHES
...Continental Shelf, Fish -non-specific, Maturity & Growth
Stages, Number Or Density, Ships and Cruises, ...6.0345

INVENTORY OF THE GULF ESTUARY SYSTEM Bays, Data
Acquisition-general, Fishing, Gulf of Maxie.), Sedimentology-
general, ...2.0322

EFFECTS OF PESTICIDES ON AQUATIC ANIMALS IN THE
ESTUARINE AND MARINE ENVIRONMENT (ABBREV)
_Bioindicators, Laboratory Animals, Pesticides -non-specific, Pol-
lution - Effects of , 5.0062

ESTUARINE BIOLOGY -- RESPONSE OF LARVAE TO TEM-
PERATURE AND SALINITY ...Alewife,menhaden,shad,herring,
Aquatic Ecology, Environmental Ecology, Salinity, Temperature,
_2.08;7

PRODUCTIVITY OF ESTUARINE AND MARINE ECOSYSTEMS
(A COOPERATIVE AGREEMENT WITH THE ATOMIC
ENERGY COMMISSION) ...Ions and Gases, Plankton Sampling,
Productivity - Food Chain, Radioactivity, Radioactivity-gencral,
.,.2.0818

MEASUREMENT OF RADIONUCLIDES IN ESTUARINE AND
MARINE ENVIRONMENTS (A COOPERATIVE AGREEMENT
WITH ATOMIC ENERGY COMMISSION) ...Marine Environ-
ments-general, Pollution - Effects of , Pollution Effects, Radioac-
tivity-general, Reactor Sites & Rad Waste, ..2.0819

SEDIMENT MINERALOGY ...Adsorption Capacity, Contamination
- Water, Pollution Effects, Productivity - Food Chain, Radioactivi-
ty-general, ...5.0806

ACCUMULATION OF RADIONUCLIDES BY VERTEBRATES
...Contamination - Water, Pollution Effects, Productivity - Food
Chain, Radioactivity-general, 5.0803

FAUNAL PRODUCTION ...Pollution Effects, Pollution-general,
Productivity - Food Chain, Vertical Distribution, Water Environ-
ment -other, ...6.0154

BENTHIC COMMUNITIES ...Benthonic-bottom, Engineering Struc-
tures-general, Environmental Ecology, Marine Biology, Produc-
tivity - Food Chain, 6.0156

PLANKTON ECOLOGY ..,Eutrophication, Gulf of Mexico, Gym-
nodinium, Phytoplankton, Range Or Territorial Distr. , 6.0155

BRISTOL BAY ESTUARINE ECOLOGY Alaska, Fishing Gear,
Life History Studies, Migration, Salmon -coho,chinook,sockeye.
Water Mass & Ocean Fronts, 2.0016
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PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
-Aquatic Ecology, Environmental Ecology, Mortality Rates,
Physical-general, Salmon -coho,chintok,sockeye, ...4.0002

COASTAL AND INSHORE OCEANOGRAPHY ...Alaska, General,
Marine Biology, Other Sea Water Properties, Shoreline - Coast-
line, ...2.0015

ECOLOGY OF GREAT LAKES ESTUARIES ...Bays, Currents -

water, -2.0626
ESTUARINE INVENTORY (FORMERLY CHEMICAL EN-

VIRONMENT) ...Florida, Gulf of Mexico, Marine Biology,
Physiography-general, Sedimentology-general, ..,2.0325

PESTICIDE MONITORING PROGRAM .Bioindicators, Gas,

Monitoring Systems, Oysters, ,5.0268

RELATION OF ENVIRONMENTAL FACTORS TO THE
PRODUCTIVITY OF ESTUAR",NE SEDENTARY FAUNA
...Aquatic Ecology, Environmental Ecology, Florida, Productivity
- Food Chain, _5.0269

BEHAVIOR OF ESTUARINE ANIMALS -Behavior -animal, Pesti-
cides -non-specific, Pollution - Effects of , Pollution Effects,
-2.0323

CHEMICAL ANALYSES ...Chlorinated Hydrocarbons, Substances

Or Chemicals, -1.0034
ESTUARINE STUDIES OF SOUTHEASTERN ALASKA ...Alaska,

Benthic Fauna, Environmental Ecology, Number Or Density, Ver-
tical Distribution, -2.0017

ESTUARINE ECOSYSTEMS .,.Aquatic Or Soil-aquatic Cycles,
Pesticides -non-specific, Pollution - Effects of , Pollution Effects,
Water Properties- general, -2.0324

PESTICIDE KINETICS .,.Aquatic Or Soil-aquatic Cycles, Degrada-

tion - non - specific, Insecticides -non-specific, Marine Biology
(non-specific), Pollutants - Path of , .5.0271

EFFECTS OF INDUSTRIAL EXPANSION ON THE AQUATIC
ENVIRONMENT OF ESTUARINE AREAS ...Columbia River,
Salmon & Trout - Non-specific ...2.1131

EVALUATION OF ENGINEERING PROJECTS AND
ESTUARINE DATA (ESTUARINE PROGRAM) ...Commercial
Fishing, Conservation & Management Eng, Construction Sites,
Gulf of Mexico, Habitat Studies, Land Use -non-specific, -8.0290

ECOLOGY OF WESTERN GULF ESTURIES ...Gulf of Mexico,
Habitat Studies, Plant Prod. (non-specific), Pollution - Effects of ,
Productivity - Food Chain, -2.1048

MICROBIOLOGY OF MARINE AND ESTUARINE INVER-
TEBRATES ...Marine Bacteria (non-specific), Microbiological
Analysis, Oysters, -2.0586

EVALUATION OF ESTUARINE DATA ...Current Research Pro-
jects Info, Data Analysis - General, Gulf of Mexico, ...2.1047

ESTUARINE DIFFUSION OF POLLUTANTS ...Dilution-other,
Oregon, Pollutants - Path of , Salinity, Stratification, -5.0974

PHARMACOLOGY OF METAL POISONING IN ESTUARINE
FISHES .,.Contamination - Water, Killifishs - Cyprinodon, Metals
Ns, Stress, _5.1083

COMPARATIVE TOXICITIES OF METALS TO ESTUARINE
FISHES ...Bioassays, Industrial Wastes, Killifishs - Cyprinodon,
Mineral Origin, Solid Waste, _5.1084

USE OF MARINE PLANKTONIC ORGANISMS FOR EVALUAT-
ING THE QUALITY OF MARINE AND ESTUARINE WATERS
..,Bioassays, Phytoplankton, Pollution - Effects of , Pollution Ef-
fects, Zooplankton, ...5.1093

EFFECTS OF PETROLEUM AND PETROLEUM WASTES UPON
IMPORTANT SPECIES OF ESTUARINE PHYTOPLANKTON
AND ZOOPLANKTON ...Contamination - Water, Contamination,

Pollution-water, Oil, Petroleum, Phytoplankton, Zooplankton,
-5.1086

EFFECT OF NITRILOTRIACETIC ACID (NTA) UPON THE
TOXICITY OF METALS TO SELECTED SPECIES OF
ESTUARINE PHYTOPLANKTON ..,Acids, Carbon, Chemicals
(incl. algacides), Phytoplankton, Radioisotopes, -5.1085

EVALUATION OF METHODS FOR QUANTITATION OF
FECAL COLIFORM BACTERIA ..,Bacterial Pollutant Sources,
-5.1224

VIBRIO PARAHAEMOLYTICUS IN THE ESTUARINE EN-
VIRONMENT ... Crustacea -non-specific, Isolation From Nat. en-

viron. , Mollusks -non-specific & Other, Temporal Distribution,
Vibrio N S,

EVALUATION OF METHODS FOR RECOVERY OF EN-
TEROBACTERIACEAE FROM MARINE SOURCES ...Bacterial
Pollutant Sources, Crustacea -non-specific, Intestinal Bacteria,
Pollutants-general, _5.1225
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PURIFICATION OF HARD CLAMS FROM POLLUTED
WATERS ,..Animal Viruses (non - specific), Clams, Contamination
- Water, Intestinal Bacteria, New Jersey, _5.0729

PHYTOPLANKTON, SUSPENDED MATERIALS, AND TURBIDI-
TY ...Organic-general, Organics, Shoreline - Coastline, Turbidity,
-6.0082

MICROBIOLOGY OF ESTUARINE AND SHELLFISH POLLU-
TION ...Bioindicators, Clams, Oysters, Pollution Effects, Shellfish
Depuration, Waste Water Treatment-general, -5.0719

INCIDENCE OF PATHOGENIC ENTEROBACTERIACEAE AND
ENTEROVIRUSES IN ESTUARINE AREAS .,.Detection, En-
tcroviruses of Humans, Intestinal Bacteria, Puget Sound, _5.1226

THE ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E
...Bacterial Exotoxins, Classification Or Taxonomy, Clostridium
Botulinum, Ecology, Serology, -5.1070

Ethylene
BIOLOGICAL NITROGEN FIXATION IN LAKES ..,Acetylene,

Gas, Lakes, Mobile, Nitrogen, Nitrogen Fixation, .5.1299

Eutrophication
CHANGES IN STREAM COMMUNITIES ASSOCIATED WITH

EFFLUENT - INDUCED EUTROPHICATION ,..Aquatic Plants
(non-specific), Invertebrates -non-specific, Number Or Density,
Pennsylvania, Streams, -S.1029

DETERMINATION OF THE STAGES OF EUTROPHICATION OF
SOME OF NEW HAMPSHIRES LARGE LAKES PHASE II
...Lakes, New Hampshire, Phytoplankton, Primary Productivity,
Water Properties-general, Zooplankton, ...2.0746

THE EFFECTS OF NUTRIENTS ADDITIONS AND STREAM
DYNAMICS ON STREAM EUTROPHICATION ...Energy-
dynamics, Nutrients, of Aquatic Plants, Productivity - Food

Chain, Streams, -5.1040
CHANGES DURING EUTROPHICATION OF AN ESTUARY

,..Estuaries, North Carolina, Plankton (non-specifie), Pollution -
Effects of , ...5.0320

MANIPULATION OF RESERVOIR WATER FOR IMPROVED
QUALITY AND FISH POPULATION RESPONSE ...Environ-
mental Ecology, Fish -non-specific, Flow Augmentation, Fresh-
water Ecology, Population Dynamics, Reservoirs and Impound-
ments, -5.1294

A STUDY OF ALGAL POPULATIONS ASSOCIATED WITH DIF-
FERENT LEVELS OF WATER QUALITY IN NEW
HAMPSHIRE ...Algal Pollutant Sources, Bioindicators, Ncw
Hampshire, Nutrition Studies, Water Quality-general, -5.0712

DETERMINATION OF THE FEASIBILITY OF REMOVAL OF
ALGAL NUTRIENTS IN LAKE WATERS BY ION-EXCHANGE
...Algae- General, Ion Exchange - other, Lakes, Nutrients,
Phosphate, Phosphite, -2.0610

MICROBIAL INTERVENTION IN THE EUTROPHICATION
PROCESS ...Food Chains, Nutrients, Organic, Phytoplankton,
Water Bacteria, ...5.0515

AN INVESTIGATION OF APHANIZOMENON FLOS-AQUAE, A
TOXIC BY-PRODUCT OF EUTROPHICATION ...Algal
Metab.(non-specific &ot), ...5,0717

BASIC RESEARCH IN THE AQUATIC ENVIRONMENT EF-
FECTS OF EUTROPHICATION ON PLANKTON ALGAE ANL)
BENTHIC PLANTS COMMUNITIES ..,Nutrients, -2.0803

EUTROPHICATION OF SHELTERED BAYS IN A LARGE LAKE
...Bays, Chemical-general, Currents -water, Freshwater Ecology,
Utah, -5.1188

INFLUENCE OF SUSPENDED MICROSCOPIC SUBSTANCES
ON THE METABOLISM OF MICROORGANISMS RESPONSI-
BLE FOR BIOLOGICAL ENRICHMENT OF WATER ...Adsorp-
tion Capacity, Chemical, Microorganisms (non-specific), Pollution
- Effects of , Sediments, -5.0877

CONTROL OF BENTHIC DEPOSITS IN LAKES ...Benthonic-bot-
tom, Deposits-other, Lakes, Water Quality Control-general,
...5.0513

STUDIES ON PHOSPHORUS TRANSFORMATIONS IN
EUTROPHIC LAKES ...Bacterial Culture, Bacterial Pollutant
Sources, Budgets -other, Connecticut, Nutrition, Phosphorus,
.,.5.0216

RESPIRATION OF AQUATIC MACROPHYTES IN EUTROPHIC
SYSTEMS ...Environmental Effects-geologic, Nutrients, of
Aquatic Plants, Plant Pollutants, Respiration, -5.1041

WATERSHED ANALYSIS RELATING TO EUTROPHICATION
OF LAKE MICHIGAN ...Data Analysis - General, Economics-
general, Great Lakes-general, Michigan, Social Aspects, _6.0302



SUBJECT INDEX Eutrophication

A EUTROPHICATION MODEL OF THE WHITE RIVER BASIN
ABOVE BEAVER RESERVOIR IN NORTHWEST ARKANSAS
.,.Arkansas, Forecasting-prediction, Nutrients, Reservoirs and Im-
poundments, Simulation, ...5.0053

THE ROLE OF AQUATIC VASCULAR PLANTS IN THE
EUTROPHICATION OF SELECTED LAKES IN WESTERN
MASSACHUSETTS ...Bioindicators, Lakes, Massachusetts,
Nutrients, Water Properties - general, ..2.0609

DEVELOPMENT OF A MATHEMATICAL MODEL TO PRE-
DICT THE ROLE OF SURFACE RUNOFF AND GROUND
WATER FLOW IN OVERFERTILIZATION OF SURFACE
WATERS ...Mathematical Analysis, Minnesota, Nutrients, Runoff,
Surface Water, 5.0606

A STUDY OF INHIBITORY COMPOUNDS PRODUCED BY
FRESH-WATER ALGAE ...Algal Pollutant Sources, Chemicals
(incl algacides), Chlorophyeeae (non-specif.&ot), Metabolic In-
hibitors, of Aquatic Plants, ...5.0446

AUTECOLOGICAL STUDIES ON SOME DOMINANT
PHYTOPLANKTON SPECIES OF LAKE CHAMPLAIN ...Algae-
Diatoms, Aphanizomenon, Cyanophyta (non-specific & Ot),
Freshwater Ecology, Vermont, ...2.1084

ULTRAVIOLET ABSORPTION AND ITS POSSIBLE RELATION
TO EUTROPHICATION IN LARGE NEW HAMPSHIRE LAKES
...Filtration, Lakes, New Hampshire, Technique Development, Ul-
traviolet, .. 5.0714

CHANGES IN WATER QUALITY PARAMETERS OF RESER-
VOIRS DURING REGULATED FLOW CONDITIONS ...Iron,
Manganese, Tennessee, Water Properties-general, Water Quality-
general, ...5.1129

EUTROPHIC EVALUATION OF A SMALL MULTI-LAND USE
WATERSHED ...Nitrogen, Phosphorus, Small Watersheds, Urban
Environments, Wisconsin, 5.1319

DIATOM POPULATIONS CHANGES IN LAKE GEORGE ...Al-
gae- Diatoms, New York, Plankton Sampling, Plant Succession,
Recreation Sites, ...2.0816

PLANT-AVAILABLE PHOSPHORUS STATUS OF LAKES
...Phosphorus, ...2,1153

EXPERIMENTAL REVERSAL OF THE LAKE EUTROPHICA-
TION PROCESS ,.,Biological-general, Circulation -water,
Nutrients, Temperature, Wisconsin, 5.1308

SEDIMENTARY FACIES IN LAKE BUTTE DES MORTS,
WISCONSIN ...General, Lakes, Organic, Size, Wisconsin,
...2.1169

WATER QUALITY MANAGEMENT OF IMPOUNDMENTS
Destratification, Management, North Carolina, Reservoirs and
Impoundments, Water Quality Control-general, 5.0813

A STUDY OF PHYTOPLANKTON DYNAMICS IN LAKE
FAYETTEVILLE AS A MEANS OF ASSESSING WATER
QUALITY ...Algal Culture, Bioindicators, Growth Rate,
Phytoplankton, Primary Productivity, 6.0031

A COHERENT-AREA STUDY OF SOUTHERN LAKE
MICHIGAN ...Bioindicators, Chemical Identification, Lake
Michigan, Sedimentology-general, Weather Modification-other,
...5.0547

THE AUTECOLOGY OF SOME BLUE-GREEN PLANKTON
ALGAE ...Algal Culture, Cyanophyta (non-specific & Ot), Mixed
Culture. Nutrition Studies, Phytoplankton, ...5.0955

EUTROPHICATION FACTORS IN NORTH CENTRAL FLORIDA
LAKES ...Administrative Structures, Florida, Lakes, Model Stu-
dies, Systems Analysis, ...5.0258

EFFECTS OF DOMESTIC POLLUTION ABATEMENT ON A
EUTROPHIC LAKE ...Biological-general, Chemical-general,
Physical-general, Pollution Abatement, Self-purification, ...6.0220

EUTROPHICATION OF SURFACE WATERS - LAKE TAHOE
...California, Effluents-waste Water, Lakes, Runoff, ...5.0088

RENOVATION OF A DYSTROPHIC LAKE INTO A EUTROPHIC
LAKE ...Aeration, Biological-general, Lakes, Nutrients, Organic
Matter, 5.0761

PHOSPHATE EXCHANGE WITH SEDIMENTS Chemical-
general, Phosphate. Phosphite, Pollution - Effects of , Pollution
Abatement, Water Quality Control-general, 5.0525

NUTRIENT CONTROL PROJECT - DETROIT LAKES, MIN-
NESOTA ...Lakes, Nutrients, of Aquatic Plants, Secondary Treat-
ment, Stream Rehabilitation, ...5.0583

EUTROPHICATION OF NATURAL WATERS ...Data Acquisition-
general, Forecasting-prediction, Lakes, Plant Succession, Water
Quality Control-general, ...5.1314

EFFECT OF PHOSPHORUS REMOVAL PROCESSES ON
ALGAL GROWTH ...Algae, Algal Pollutant Sources, Biological
Treatment-other, Denitrification, Nutrients, _5.0097

SYSTEM ANALYSIS OF EUTROPHICATION CONTROL BY
FLUSHING ...Flow Augmentation, Lakes, Systems Analysis,
Water Quality Control-general, _5.1266
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SEDIMENT-WATER-BACTERIA INTERACTIONS IN
EUTROPHICATION ...Deposits-other, Lakes, Nutrients, Oregon,
Water Bacteria, 5.0953

REMOVAL OF ORGANIC AND EUTROPHYING POLLUTANTS
BY COMBINED CHEMICAL AND BIOLOGICAL TREAT-
MENT ...Biological Treatment-general, Chemical Treatment,
Denitrification, Industrial Waste-other, Organics, _5.0399

A STUDY TO EVALUATE THE EFFECT OF SILT AND SILT
REMOVAL IN A NORTHERN PRAIRIE LAKE ...Domestic
Wastes-general, Hardness-minerals, Lakes, Silting, ...5.1116

'rROPHIC TYPOLOGY OF OHIO LAKES ...Freshwater Ecology,
Lakes, Nutrients, Ohio, Plant Succession, ...5.0893

ECOLOGICAL SUCCESSION IN h. NORTHEASTERN OHIO
RESERVOIR ...Nutrients, Ohio, Plankton (non-specific), Plant
Succession, Reservoirs and Impoundments, 5.0894

LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ..,Biologi-
cal, Biological-general, Chemical, Chemical-general, Deltas, Lake
Erie, Meteorological Studies-general, Monitoring (long Term Stu-
dies), Physical-general, Sedimentology- general, ...2.0783

SEASONAL VARIATIONS OF SOME LIMNOLOGICAL FAC-
TORS IN LITTLE SODUS BAY, NEW YORK ...Bays, Chemical-
general, Lake Ontario, New York, Productivity - Food Chain,
...3.0355

DETERMINATION OF CRITICAL PHOSPHATE AND NITRATE
CONCENTRATIONS FOR ALGAL BLOOM CONDITIONS IN
LAKE ERIE ...Algal Pollutant Sources, Growth and Differentia-
tion, Nitrogen, Phosphorus, ...6.0086

STUDY OF EUTROPHICATION IN LAKES MAGOG & BROME
...Algal Pollutant Sources, Canada, Freshwater Ecology, Growth
and Differentiation, Nutrition Studies, ...5.0166

NUTRIENT REMOVAL FROM AGRICULTURAL WASTE
WATERS ...California, Denitrification, Nutrients, Pilot Plants,
San Francisco Bay, Waste Water Treatment-general, 4.0032

INVESTIGATION AND CONTROL OF ALGAE BLOOMS AND
NUISANCE GROWTHS OF WATER WEEDS ,..of Aquatic
Plants, Phosphate, Phosphite, _6.0110

EFFECTS OF DEVELOPMENT ON WATER QUALITY
...Coliforms (non-specific), Land Use, Nutrients, Soil Conditions,
Streams, ...5.11I8

WATER QUALITY AND NUTRIENTS, SACRAMENTO-SAN
JOAQUIN RIVER SYSTEM ...Environmental Ecology, Fish -non-
specific, Nutrients, Plankton (non-specific), Water Quality-
general, ...2.0127

LARGE IMPOUNDMENTS ...Arid and Desert, Nevada, Reservoirs
and Impoundments, Water Properties-general, Water Quality-
general, ...5.0184

EUTROPHICATION RESEARCH AMERICAN FALLS RESER-
VOIR STUDY ...Chemical Analysis (water), Idaho, Nutrients,
Reservoirs and Impoundments, Water Quality Control-general,
...5.0317

THE EFFECTS OF ENVIRONMENTAL CONDITIONS ON THE
SPAWNING AND SURVIVAL OF FRY OF THE WALLEYE
...Environmental Effects-geologic, Pollution - Effects of , Tem-
perature, Walleyes, ...5.0900

PHYCOVIRUSES - THEIR NATURE, OCCURRENCE, AND AP-
PLICATION ...Algal Pollutant Sources, Algal Virus, Biocontrol,
Isolation, Pathological Physiology, ...5.0859

EUTROPHICATION - REMOVAL OF NUTRIENTS - SHAGAWA
LAKE ...Activated Carbon, Coagulation, Ion Exchange-other,
Nutrients, Sediments, Tertiary Treatment, Trickling, ...5.0594

EUTROPHICATION - EFFECT OF FLOW AUGMENTATION
...Chemical Analysis (water), Chemical-general, Flow Augmenta-
tion, Physical - general, Pollution Abatement, ...5.0969

EUTROPHICATION - EFFECT OF WEED HARVESTING
..,Nutrients, of Aquatic Plants, Physical Control, Plant Succession,
...5.0970

EUTROPHICATION - BIOLOGICAL CONTROL USING
GRAZERS ...Biocontrol, of Aquatic Plants, Survey Studies,
Wisconsin, ...5.0971

EUTROPHICATION - PHYSICAL ECOLOGICAL CONTROL
Destratification, Environment, of Aquatic Plants, Physical Con-
trol, Primary Productivity, ..5,0972

EUTROPHICATION - PILOT OPERATIONS ...Economies-general,
Pilot Plants, Systems Analysis, Water Quality Control-general,
...5.0981

EUTROPHICATION - SEDIMENT-WATER INTERCHANGE
STUDIES ...Exchange Capacity. Ion Exchange-other, Lakes,
Nutrients, Sediments, ...5.0982

PIGMENT ANALYSIS FOR THE DETECTION OF EN-
RICHMENT ...Chemical Analysis (water), Effluents-waste Water,
Nutrients, of Aquatic Plants, ...5.0906



Eutrophication SUBJECT INDEX

MARINE BIOTOXINS ...Animal Pollutant Sources, Bioindicators,
Contamination, Pollutionawater, Gonyaulax, Venom, .5.1072

BIOLOGICAL (ENRICHMENT) CHAINS OF RADIONUCLIDES
IN FINNISH LAKES ...Cesium, Finland, Nutrients, Radioactive
Fallout, Radioisotopes, .2.0309

Evaporation
OPTIMAL DESALINATION SYSTEMS ...Desalination, Electrodial-

ysis, Optimization, Optimization Technique, Reverse Osmosis,
_3.9241

BEHAVIOR OF LIQUID SURFACES DURING EVAPORATION
AND CONDENSATION ...Rate of Reaction, 1.0083

DISPOSAL OF BRINE BY SOLAR EVAPORATION ...Desalina-
tion, Heat Transfer, Mass Transfer, Solar Still, Vapor Pressure,
_3.0333

AN INTERFEROMETRIC INVESTIGATION OF TRANSPORT
PHENOMENA IN PARTIAL PRESSURE DISTILLATION
..,Demineralization, Distilling Units, Films, Heat Transfer, Inter-
face, 3.0489

SALINE WATER 13Y FREEZING - A PROGRAM OF IN-
VESTIGATION ...Desalination, Freezing, Microscopy-other,
Nucleation, Washing, ...3.0343

INVESTIGATION OF MULTI-EFFECT MULTI-STAGE (MEMS)
EVAPORATOR DESIGN PARAMETERS ...Flash Distillation,
Heat Transfer, ..3.0159

AN EVAPORATIVE FREEZING PROCESS FOR DESALTING
WATER ...Batch, Desalination, Freezing, Pilot Plant, 3.0163

MAXIMUM RATE OF VAPORIZATION AND CONDENSATION
OF WATER WITH DISSOLVED SALTS AND SURFACE CON-
TAMINATION ..,Condensation, Electrolytes, Gas/gas, Rate of
Reaction, Vapor Pressure, ..3.0413

THE MECHANISM FOR FORMATION OF A SKINNED TYPE
MEMBRANE ...Desalination, Interface, Light Scattering, Mem-
branes-other, Solvent-other, 3.0265

DESIGN AND ECONOMIC STUDY OF A GAS TURBINE
POWERED VAPOR COMPRESSION PLANT FOR EVAPORA-
TION OF SEAWATER .,.Compressors, Desalination, Gas, Heat
Recovery, Water Costs, 3.0421

IMPROVEMENTS IN DESALINATION BY THE FLASH
EVAPORATION PROCESS ...Additives, Desalination, Fluidized
Bed, Ion Exchange-other, Scale Formation, 3.0408

CONTROLLED FLASH EVAPORATOR, ECONOMIC ANALYSIS
AND THE DESIGN OF A DEMONSTRATION PLANT ...Cost
Analysis, Desalination, Pilot Plant, .3.0326

LIME MAGNESIUM CARBONATE PROCESS - SEA WATER
SOFTENING PLANT .,.Brines, High Temperature - 1000-3000 ,
Precipitation , Removal -- inorganics, Waste Water Pre-treatment,
...3.0105

CONSTRUCTION AND OPERATION OF 7-GPM PILOT PLANT
FOR SILICA REMOVAL ...Adsorption-other, Hardness, Pilot
Plant, Pollutant-other, Silicon, 3.0323

CONTINUOUS COUNTERCURRENT EXCHANGE SYSTEM
FOR REMOVAL OF CALCIUM, MAGNESIUM AND DIS-
SOLVED OXYGEN FROM FEED WATER ...Desalination, Ion

Exchange-other, Other, Precipitation, Regeneration-other,
...3.0437

DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-
PRESSION PROCESS ...Desalination, Freezing, High, Pilot Plant,
Potable Water, 1.0128

FISHER AND PORTER INSTALLATION METHODS ...Gages,
Technique Development, Testing Devices, _7.0049

SEEDING OF BRACKISH WATER ...Desalination Wastes, Material
Recovery Wastes, Nucleation, Scale Formation, ...5.1216

MINERAL-WATER INTERACTION IN SALINE ENVIRON-
MENTS ...Analysis and Detection, California, Interfacial, Solu-
tion, Solution Chemistry, ...2.1095

Explosions, Detonation

Accidental
ENCAPSULATION AND SOLIDIFICATION OF INTERMEDIATE

LEVEL RADIOACTIVE WASTES IN THERMOPLASTICS
...I.-mcapsulation, Fire Research-other, Instrumentation, Plant

Equip. , Polymer-other, Radioisotopes, Recovery, Scrap and
Wastes, 5.1142

Extraction
RECOVERY OF SALTS FROM SALINE WATERS VIA SOL-

VENT EXTRACTION ...Brines, Desalination, Distribution Coeffi-
cient, Magnesium, Material Recovery, 5.0162

FOAM FRACTIONATION .Complexing, Flotation, Foam, Materi-
al Recovery, Removal -- inorganics, 3.0389

THERMODYNAMICS AND TRANSPORT PROPERTIES OF
MULTICOMPONENT INTERFACES ...Distillation-other, Inter-
face, Other, Surfactants, Viscosity, .3.0483

THE EXTRACTION OF POTASSIUM FROM FRESH AND
SALINE WATERS BY CLAY MINERALS ...Adsorption Capaci-
ty,

03
Analysis and Detection, Clay Minerals-general, Potassium,

PROCEDURES FOR TRACE ANALYSIS OF DISSOLVED INOR-
GANIC AND ORGANIC CONSTITUENTS IN WATER
...Atomic Absorption, Coulometry, Titrimetry-other, Trace
Analyses-other, 5.0442

COMPOSITION OF RESIDUES FROM PULP BLEACHING
TREATMENTS ...Chlorination, Natural Occurring, Pulp and
Paper Wastes, Quinones, ,.,5.0760

STUDIES IN FOAM SEPARATION AND RELATED
TECHNIQUES ,..Foam, Industrial Waste-other, Separation-other,
Surfactants, .5.0520

AN INVESTIGATION OF 'TECHNIQUES FOR THE REMOVAL
OF CHROMIUM AND CYANIDES FROM ELECTROPLATING
WASTES ...Chromium, Electroplated, Flotation, Industrial
Processes-other, Material Recovery Wastes, Recovery, Scrap and
Wastes, ...5.0725

HIGH-PRESSURE VAPOR EXTRACTION OF SOLUBLE OR-
GANIC SOLUTES FROM AQUEOUS INDUSTRIAL WASTE
STREAMS ...Flow of Gas in Liquid, Gaseous, High Pressure - I -

1000 Atm, Industrial Processes-other, Two-phase-other, ...5.0070

ESTIMATING ACID MINE DRAINAGE POTENTIAL FROM
COAL BEDS BY USE OF THE SOXHLET EXTRACTOR ...Acid
Mine Wastes, Acidity, Coal-general, Iron, Sulfate, Sulfite,
5.0993

ORGANIC SUBSTANCES IN WATER ...Gas, Infrared, Organic
Wastes, Pesticides, Vacuum Distillation, .5.0120

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
PAPER MILL EASTE EFFLUENTS ...Chemical Analysis, Chemi-
cal Identification, Chemical Treatment, Distillation-other, Or-
ganic, Pulp and Paper Wastes, 5.0284

EXTRACTION OF ALGAE BY FLOCCULATIVE TECHNIQUES
...Additives, Algal Pollutant Sources, Flocculation, Public Works,
...5.0398

Distribution Coefficient
RECOVERY OF SALTS FROM SALINE WATERS VIA SOL-

VENT EXTRACTION ...Brines, Desalination, Extraction, Mag-
nesium, Material Recovery, 5.0162

WATER RESEARCH PROGRAM - SECTION I, PROPERTIES OF
SOLUTIONS ...Colloidal Phenomena, Membranes-other, Poten-
tiometry, Salts, Transport, Vapor, .1.0115

Extraction-other
THE ANALYSIS OF AROMATIC CONSTITUENTS IN WATER

USING FLUORESCENCE AND PHOSPHORESCENCE ...Analy
sis and Detection, Chromatography-other, Noncondenscd Aro-
matics-other, Spectroscopy-other, Taste and Odor, 5.0711

DETERMINATION OF THE PHOSPHATE CONTENT OF NATU-
RAL WATERS, AT THE NUTRIENT LEVEL, BY SOLVENT
EXTRACTION ...Automatic Systems, Fresh Water, Nutrients,
Phosphate, Phosphite, Trace Analyses-other, 1.0015

PHYSICAL CHEMISTRY OF PAD1OCLEMENTS - RADIOMET-
RIC METHODS OF ANALYSIS ...Activation Analysis, Elec-
trodeposition, Organic, Precipitation, Radioactivity-general,
7.0020

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
TEXTILE WASTE EFFLUENTS ...Adsorption-other, Chromatog-
raphy-other, Organic Wastes, Spectroscopy-other, Textile Wastes,
_5.0280

METHODS OF ANALYSIS FOR INSECT- CONTROL CHEMI-
CALS ...Chemical Analysis, Colorimetric, Gas, Reaction-general,
Spectroscopy-other, ...5.0491

AGRICULTURAL SIGNIFICANCE OF CERTAIN TRANSI-
TIONAL ELEMENTS FROM PESTICIDES AND OTHER
AGRICULTURAL CHEMICALS ...Chelating, Metal Organics -
non- specific, Mineralogy, Movement, Availability, Soil Analysis,
Soil Chemical Properties, ...5.0483
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SUBJECT INDEX Fats

Extraterrestrial
MINIMUM WATER CONCENTRATION OF ENVIRONMENTAL

WATER CAPABLE OF SUPPORTING LIFE ,'Environment,
Fungi -non-specific, Lichenes, Moisture, Water, ,6.0430

DEEP ICE CORE STUDIES AND ANALYSES FROM GREEN-
LAND AND ANTARCTICA ,Antarctica, Core Analysis, Dust -
Particulate Matter, Greenland, Radioactive Dating-general,
Velocity, .2.0754

Exudates
THE NATURE AND MAGNITUDE OF THE RESISTANCE TO

FLOW OF WATER IN ROOTS .Gases, Osmotic and Turgor
Pressure, Roots, Temperature, Transpiration and Evap, Water
Movement, 2.0245

A COMPARATIVE STUDY OF SODIUM TRANSLOCATION IN
PLANTS Ion Transport and Elect. pot, , Sodium, Tobacco,
Trans location, 2.0110

Fabrication
Shrinking

ANALYSIS OF LENGTH CHANGE OF CONCRETE .Aggregates,
Extenders, Fillers, Cement, Concrete, Crack Initiation, Propaga-
tion, Drying, Failure Analysis, Reliability, 8.0103

Stretch Forming, Cryoform
PREPARATION OF SMALL TUBES AND THE DETERMINA-

TION OF THEIR PROPERTIES FOR REVERSE OSMOSIS
Dimensions, Expansion, Mechanical Properties-general, Permea-

bility, Pipe, Tube, Reverse Osmosis, .3.0387

Fabrics
Cotton

INFLUENCE OF WATER QUALITY IN MAINTAINING WHITE-
NESS WHEN LAUNDERING WHITE FABRICS ,..Cleansing
Agents, Color, Hardness-minerals, Laundering, Pollution - Effects
of , Strength, Cohesion, ...3.0382

Farm Pond
TRANSPORT, STORAGE, AND TOXICITY OF INSECTICIDES

IN AQUATIC ENVIRONMENTS ...Food Chains, Animal And/or
Man, Mode of Action -animal, Pollutants - Path of , 5.0575

A STUDY OF THE ENERGY FLOW THROUGH SELECTED
COMPONENTS OF A SMALL AQUATIC ECOSYSTEM
...Aquatic Ecology, Energy Budgets, Food Chains, Productivity -
Food Chain, ...6.0162

RELATIONSHIPS BETWEEN PESTICIDES AND GEORGIA
FARM POND ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles,
Clay, DDT , Endrin, Georgia, Pollution - Effects of , Soil Types,
,..5.0288

FARM FISH POND MANAGEMENT ...Fertilizers -aquatic, Food
Supply, Management, Nutrients, Productivity - Food Chain,
,..6.0300

LIMNOLOGY AND MANAGEMENT OF OREGON FARM
PONDS AND SMALL IMPOUNDMENTS ...Aquaculture & Fish-
farming, Management, Productivity - Food Chain, Reservoirs and
Impoundments, Trifluralin, Wildlife, 6.0449

THE EFFECTS OF FERTILIZATION ON PRODUCTIVITY OF
FARM PONDS ...Fertilizers, Physical, Plant Prod. (non-specific),
Productivity - Food Chain, 6.0549

THE MICROBIOLOGY OF FARM PONDS AND OTHER FRESH
WATER SYSTEMS ...Bacterial Pollutant Sources, Domestic
Wastes-general, Pollution - Effects of , ...S.1286

SURFACE WATER STORAGE AND SUPPLY ON FARMS IN
THE COASTAL PLAINS ...Evaporation, Leekage, Seepage,
Storage of Water, Surface Water, Water Loss Control, ...3.0196

EVAPORATION RETARDATION, PONDS OR SMALL LAKES
...Evaporation, Lakes, Monolayers, Water Loss Control, 4.0100

MANAGEMENT OF FOREST AND FARM GAME HABITAT -
FISH POND MANAGEMENT ...Food Supply, Game Reserves,
Habitat Studies, of Aquatic Plants, Site Index and Site Quality,
6.0245

SIPHON TYPE TRICKLE TUBE FOR FARM PONDS AND
RESERVOIRS ...Conduit, Design Criteria, Reservoirs, Siphon,
Technique Development, Water Level Fluctuation, 8.0203

GEAR RESEARCH-RICE FARM PRODUCED FISH ...Aquaculture
& Fish-farming, Economic Efficiency, Special Purpose Machines,
Stocking of Fish & Shellfish, 6.0032

THE DISPOSITION OF PESTICIDES IN SOIL AND CLOSELY
RELATED WATER ..,Louisiana, Management, Pesticides -non-
specific, Pollutants - Path of , Soil and Rock Leaching, _5.0276

Farm Wastes
CLOSED SYSTEMS FOR ANIMAL SEWAGE TREATMENT

,Aerobic, Digestion, Disinfection, Ion Exchan,,e-other, Safety,
.1.0060

BIOLOGICAL TREATMENT OF BEEF ANIMAL WASTES TO
REDUCE WATER POLLUTION .Aeration, Anaerobic, Animal
Wastes - Feed Lots, Biochemical Oxygen Demand, Chemical Ox-
ygen Demand, Chemical Treatment, Livestock Equipment,
5.0433

WATER POLLUTION BY DAIRY FARM WASTES AS RE-
LATED TO METHOD OF WASTE DISPOSAL ...Alabama,
Animal Waste Removal-treatment, Bacterial Pollutant Sources,
Chemical Oxygen Demand, Management, Sewage Lagoons, Waste
Disposal-general, 5.0011

(FSCT CATEGORY V D) MAGAGEMENT OF CATTLE
FEEDLOT WASTES ...Anaerobic, Animal Waste Removal-treat-
ment, Animal Wastes - Feed Lots, Lagoon, Sewage Lagoons,
.5.0412

DISPOSAL OF WASTES FROM SWINE FEEDING FLOORS TO
MINIMIZE STREAM POLLUTION .,.Animal Waste Removal-
treatment, Animal Wastes - Feed Lots, Management, Process
Design, Streams, 5.0500

WASTE DISPOSAL IN RURAL AREAS .Aerobic, Animal Waste
Removal-treatment, Chemical Analysis (water), Effluents-waste
Water, Rural Areas, Septic Tanks, 5.0219

SPRAY DISPOSAL OF LIQUID COW MANURE .Animal Waste
Removal-treatment, Animal Wastes - Feed Lots, Effluent-stan-
dards, Pump-other, Waste Disposal -underground, ...5.0224

LAGOONS FOR DISPOSAL OF BARN YARD WASTES ..,Animal
Waste Removal-treatment, Animal Wastes - Feed Lots, Climate,
Lagoon, Louisiana, Process Design, 5.0452

CONTROL OF INSECTS ASSOCIATED WITH SWINE PRODUC-
TION WITHOUT THE USE OF INSECTICIDES ...Animal Waste
Removal-treatment, Control -non-specific, Ectoparasitic, Flies -
house,face,horn,stable, Septic Tanks, 5.0488

FARM ANIMAL WASTE DISPOSAL ...Aeration, Animal Waste
Removal-treatment, Drying-dewatering, Electroosmosis, 5.0564

THE ENGINEERING MANAGEMENT OF AGRICULTURAL
WASTES ...Activated, Animal Waste Removal-treatment, Diary
Wastes, Lagoon, Solid Waste, 5.0084

A FEASIBILITY STUDY OF A LIVESTOCK WASTE DISPOSAL
INVOLVING REUSE OF WATER .Animal Waste Removal-
treatment, Sewage Treatment Plant, Solid Waste, Waste Water
Treatment-general, Water Reuse, 5.0836

DESIGN OF FACILITIES FOR ANIMAL WASTE DISPOSAL
...Anaerobic, Animal Waste Removal-treatment, Puerto Rico,
Waste Disposal-general, 5.1049

POLLUTION IMPLICATIONS OF ANIMAL WASTE ...Animal
Waste Removal-treatment, Animal Wastes - Feed Lots, Livestock
Equipment, Waste Water Treatment-general, 5.0916

CHARACTERISTICS OF FARM ANIMAL MANURES AFFECT-
ING DESIGN OF DISPOSAL FACILITIES ...Animal Waste
Removal-treatment, Physical Property Effects, Waste Disposal -
underground, Waste Disposal-general, 3.0300

FARM ANIMAL MANURE DISPOSAL LAGOONS ...Animal
Waste Removal-treatment, Lagoon, Process Design, Sewage
Lagoons, Waste Disposal-general, ...5.0613

Fats
Butyric Acid

THE BIOLOGY AND CHEMISTRY OF SPHAEROTILUS ...Au-
totrophic, Growth (non-specific & Ot.), Nutrition, Oxidation-
general, Sphaerotilus, 5.1241

BIOLOGICAL METHODS OF SLUDGE DEWATERING ...Ac-
tivated, Biological Treatment-other, Depolymerase, Drying-de-
watering, Microorganisms (non-specific), ...5.0089

Cephalin
STUDIES OF NATURALLY OCCURRING ACIDIC LIPIDS -

IONIC, SURFACE AND MEMBRANE PROPERTIES ...Lecithin,
Model Membranes, Permeability, Sphingomyelin, Surface Proper-
ties -other, 3.0354
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Fats
Fats -non-specific

RESEARCH AND FIELD ENGINEERING STUDIES FOR OP-
TIMIZING LIPID BIOSTABILIZATION PROCESSES ...Anaero-
bic, Destratification, Microorganisms (non-specific), Model Stu-
dies, Process Design, ...5.0684

Lecithin
STUDIES OF NATURALLY OCCURRING ACIDIC LIPIDS -

IONIC, SURFACE AND MEMBRANE PROPERTIES
...Cephalin, Model Membranes, Permeability, Sphingomyelin, Sur-
face Properties -other, ,.,3.0354

Lipid Hydroperoxides
STEROLS AND LIPIDS IN WATER POLLUTION ...Chemical

Identification, Effluents-waste Water, Pollutants - Path of ,

Sewage, Sterols, 5.1173

Oils -fats
TEMPERATURE EFFECTS ON BIOLOGICALLY INTERESTING

MEMBRANE SYSTEMS ,..Action- & Bioelectrieal Pot. , Mem-
branes-other, Model Membranes, Permeability, Temperature,
...3.0182

SUBJECT INDEX

Sphingomyelin
STUDIES OF NATURALLY OCCURRING ACIDIC LIPIDS -

IONIC, SURFACE AND MEMBRANE PROPERTIES
...Cephalin, Lecithin, Model Membranes, Permeability, Surface
Properties -other, ...3.0354

Federal Government
DOCTORAL DISSERTATION RESEARCH IN POLITICAL

SCIENCE Irrigation-general, Mexico, Policy Making, Power
Structure, Water Supply-general, ...3.0157

WATER RESOURCES PLANNING STUDIES - OKLAHOMA
AND ARKANSAS ...Arkansas River, Data Acquisition-general,
Planning, State-local Government, Storage of Water, ...6.0445

POLITICAL PROCESSES IN1 THE PROMOTION OF WATER
RESOURCE DEVELOPMENT PROGRAMS ...Intergovernmental
Relations, Management and Administration, Mississippi, State-
local Government, Water Resources Development, ...6.0316

ECONOMIC ANALYSIS OF RESOURCE AREAS ...Economics-
general, History, Social Aspects, Water Resources Development,
6.0098

SCENIC RIVERS STUDY ...Intergovern Relations, Recreation
Sites, Wild Rivers, ..,3.0170

Feed Science and Technology
Fish Meals

REMOVAL OF PESTICIDES FROM FRESHWATER FISH
...Bioassay, Fish -non-specific, Mode of Action -animal, Pesticides
-non-specific, Removal of Residues, 5.0543

Forages, N. s.
DEER FOODS ON WATERSHEDS TREATED FOR INCREASED

WATER YIELD ...Arizona, Deer Ns, Food Supply, Water Yield,
4.0004

Methods of Feeding
Grazing

ANIMAL, FORAGE AND WATER RESOURCES FOR BEEF
PRODUCTION ...Management, Quality and Utilization, .,.5.0086

EFFECTS OF RANGE PLANT FOLLIAGE REMOVAL ON SOIL
MOISTURE REGIME ...Management and Fertility, Modified
Water Use, Moisture Content, Seasonal, ...2.1063

THE INFLUENCE OF GRAZING MANAGEMENT SYSTEMS ON
VEGETATION COMPOSITION AND LIVESTOCK REACTION
...Agricultural Watersheds, Conservation-general, Management
and Fertility, Water Loss-general, 5.1160

Processing and Preservation
Pelleted

A COMPARISON OF THE GROWTH RATE OF BLUE CATFISH
AND CHANNEL CATFISH FINGERLINGS FOR A PELLETED
COMMERCIAL FEED ...Aquaculture & Fish-farming, Channel
Catfish, Growth Rate, 5.1179

Rations
Fish R.h.tions

PRODUCTION OF ADULT GAME FISHES BY ARTIFICIAL
FEEDING .Aquaculture & Fish-farming, Fish -non-specific,
Food Supply, ...6.0181

Ferrous Alloys
Alloy & Systems

CORROSION AND MASS TRANSFER FROM CYLINDERS OF
METALS ROTATING IN SEAWATER AT HIGH TEMPERA-
TURES AND PRESSURES ...Aluminum, Desalination, High,
Water, 3.0247

DEVELOPMENT OF A LOW-COST IRON-BASE ALLOY TO RE-
SIST CORROSION IN HOT SEA-WATER ...Desalination, Orien-
tation, Polarization, Saline Conversion, Water, ...3.0418

INVESTIGATION OF CORROSION FUNDAMENTALS AS RE-
LATED '1'0 ALLOYING ...Additives, Aluminum, Copper, Corro-
sion General, .,.3.0415

APPLICATION OF IRON-ALUMINUM BASE ALLOYS TO
SALINE WATER CONVERSION ...Cog Analysis, Desalination,
Pipe, Tube, Stainless Steels-other, Water, ...3.0099

Ferrous Alloys - Other
EVALUATION OF CONCRETE AND RELATED MATERIALS

FOR USE IN DESALINATION PLANTS .,.Cement, Concrete,
Coatings general, Corrosion General, Saline Conversion, Sealant
Materials, ..,8.0062

Low Alloy Steels
SEAWATER CORROSION CONTROL BY ENVIRONMENT

MODIFICATION ..,Environment General, Inhibitors, Other,
Saline Conversion, Water, ..,3.0454

CORROSION OF UNDERGROUND STEEL PILING ...Corrosion
Prevention-other, Deep, Soil Chemical Properties, Soil Electrical
Properties, Soils, ...8.0223

CORROSION MITIGATION Corrosion Preventionother, Deep,
Marine Fouling, Pre-stressed, Water, ...8.0157

CORROSION MITIGATION -CATHODIC PROTECTION OF
WATER - IMMERSED STEEL STRUCTURES ...Cathodic Protec-
tion, Coatings-general, Engineering Studies-general, Hydraulic
Structures, ...8.01172

CORROSION OF METALS IN CONCRETE ...Cement, Concrete,
Chloride, Stress, Strain, Water, 8.0023

Ores
IRON ORE FLOTATION Beneficiation, Flotation, Industrial

Processes-other, Mining Industry, Pollution Abatement, Recovery,
Scrap and Wastes, ...5.0616

Reinforcing Steel
TENSILE CRACK EXPOSURE TESTS ...Beams - Bars, Cement,

Concrete, Crack Initiation, Propagation, Standards, Specifications,
Weathering, ...8.0252

Stainless Steels
Austenitie

EFFECT OF ELECTROCHEMICAL AND METALLURGICAL
FACTORS ON CORROSION OF METALS AND ALLOYS
...Chemicals, Galvanic, Passivation, Pitting, Water, 3.0282

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING ...Alloys and Systems, Brittleness, Copper,
Film, Stress Corrosion, Titanium, 3.0254

Stainless Steels-other
EFFECT OF ELECTROCHEMICAL AND METALLURGICAL

FACTORS ON CORROSION OF METALSAND ALLOYS
..,Brines, Desalination, Pitting, 3.0283

APPLICATION OF IRON - ALUMINUM BASE ALLOYS TO
SALINE WATER CONVERSION ...Alloy & Systems, Cost Anal-
ysis, Desalination, Pipe, Tube, Water, ...3.0099

Fertilizer Technology
Fertilizer Losses

UREA TRANSFORMATIONS AND RETENTION IN FLOODED
SOILS ...Drainage, Nitrogen, Soil and Rock Leaching, Soil En-
vironment, 4.0123
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SUBJECT INDEX Field Soils Compaction

RELATION OF SOIL FERTILITY TO THE EXCHANGE COM-
PLEX .,.Drainage, Mineral Nutrition, Missouri, Soil Environment,
Soil pH , ,.,5.0678

NITRATES IN PLANTS Fertilizers, Management, Nitrate, Nitrite,
Pollution - Effects of , Survey Studies, 5.0680

BEHAVIOR OF NITROGEN IN THE SOIL ,Nitrogen, Soil and
Rock Leaching, Soils and Fertilizer, ,,,5.0715

THE LOSS OF FERTILIZERS BY LEACHING FROM THE SOILS
OF PUERTO RICO Fertilizers, Methods of Application, Puerto
Rico, Soil and Rock Leaching, 3.0428

THE LOSS OF FERTILIZERS BY LEACHING PROM THE SU-
GARCANE SOILS OF PUERTO RICO Lysimeters, Methods of
Application, Other, Puerto Rico, Sugar Cane, 2.0938

Fertilizer Materials
Concentration Within Fertilize

CITRUS FERTILIZER TEST ON SEVERAL PRINCIPAL CITRUS
SOIL TYPES IN THE LOWER RIO GRANDE VALLEY OF
TEXAS ..,Citrus Irrigation, Irrigation-general, Rates Or Levels of
Application, Soil Types, 2.1034

RICE CULTURE ,..Management, Maturity & Growth Stages,
Methods of Application, Other, Rates Or Levels of Application,
Rice, Varietal Evaluation, Yield, 2.0570

Formulation
CULTURAL MANAGEMENT PRACTICES OF FORAGE CROPS

FOR PASTURES HAY OR SILAGE ...Irrigation, Quality and
Utilization, Rates Or Levels of Application, Yield, 3.0176

Source of Fertilizer
APPLICATION OF SEWAGE SLUDGE TO FIELD CROPS

.,.Disposal, Fertilizing, Planting & Cult, Methods of Application,
Organic Fertility -other, Sewage, Waste Disposal -underground,
5.0363

Fertilizer Technology -other
FIXATION AND AVAILABILITY OF ADDED PHOSPHORUS IN

SOILS ...Absorption, Fixation, Exchange, Phosphorus, Soil En-
vironment, 1.0053

Methods of Application
APPLICATION OF SEWAGE SLUDGE TO FIELD CROPS

...Disposal, Fertilizing, Planting & Cult, Organic Fertility -other,
Sewage, Source of Fertilizer, Waste Disposal -underground,
,..5.0363

THE LOSS OF FERTILIZERS BY LEACHING FROM THE SOILS
OF PUERTO RICO ,..Fertilizer Losses, Fertilizers, Puerto Rico,
Soil and Rock Leaching, ...3.0428

THE LOSS OF FERTILIZERS BY LEACHING FROM THE SU-
GARCANE SOILS OF PUERTO RICO ...Fertilizer Losses,
Lysimeters, Other, Puerto Rico, Sugar Cane, ...20938

RICE CULTURE ...Concentration Within Fertilize, 7-1nnagement,
Maturity & Growth Stages, Other, Rates Or Lk-mtir. 6.41:' Applica-

tion, Rice, Varietal Evaluation, Yield, 2.0570

Placement of Fertilizer
Band Width

THE EFFECT OF VARIOUS COMMERCIAL FERTILIZER
PLACEMENTS AND IRRIGATION PRACTICES ON THE
YIELD AND QUALITY OF RUSSET BURBANK POTATOES
...Irrigation, Irrigation-general, Potatoes, Soil Temp. -non-specific,
Yield, ...2.0228

Depth
MANAGEMENT OF FLATWOOD SOILS ...Sand, Tillage,

Cropping Systems, Water Table - Depth of , Water Table Fluctua-
tion, 6.0153

Rates Or Levels of Application
STUDIES IN SOILS AND AGRONOMIC PRACTICES -

SHOSHONE PROJECT, WYOMING ...Air - Water - Plant Rela-
tions, Big Horn, Management, Physical Properties-general, Saline
and Alkaline Soils, ...3.0494

THE EFFECT OF IRRIGATION METHOD, AND MOISTURE
AND FERTILITY LEVELS UPON MAXIMIZING WATER USE
EFFICIENCY AND QUALITY COTTON FIBER PRODUCTION
...Cotton, Furrow Irrigation, New Mexico, Soil Fertility, Subsur-
face Irrigation, Water Loss Control, 3.0337

THE EFFECT OF VARYING SOIL MOISTURE REGIMES ON
THE YIELD AND LEAF NITROGEN COMPOSITION OF
CORN ...Corn, Fertility Competition - Soil, Management,
Nitrogen, Soil-water-plant Relationships, 2.0446

NITROGEN REQUIREMENT FOR SKIP-ROW COTTON ..,Cot-
ton, Nitrogen, Soil Tillage Methods -other, ..3.0303

INFLUENCE OF SOIL MOISTURE AND SOIL FERTILITY
LEVELS ON ASPARAGUS YIELD AND QUALITY
,,.Asparagus, Coastal Plain, Moisture Content, Moisture Levels,
,,,2,0760

NITROGEN FERTILIZATION AND IRRIGATION OF TOBACCO
irrigation, Management, Moisture Deficiency, Nitrogen,

2.0870
IRRIGATION OF COTTON AND CORN. ,.,Corn, Cotton, Irriga-

tion, Irrigation-general, Yield, ..2.0960
FERTILIZER TREATMENTS AND CULTURAL PRACTICES ON

VEGETABLES .Aerial, Quality -non-specific, Root, Texas,
Yield, ...6.0553

CITRUS FERTILIZER TEST ON SEVERAL PRINCIPAL CITRUS
SOIL TYPES IN THE LOWER RIO GRANDE VALLEY OF
TEXAS ...Citrus, Concentration Within Fertilize, Irrigation, Irriga-
tion-general, Soil Types, ...2.1034

PRUNE ORCHARD MANAGEMENT ...Internal Necrosis,
Nitrogen, Plums, Trees, 6.0611

DIFFERENTIAL RESPONSE OF SORGHUMS TO DIFFERENCES
IN CULTURE AND ENVIRONMENT ...Drought, Growth Rate,
Milo and Grain Sorghum, Modified Water Use, Moisture Defi-
ciency, _2.0578

RICE CULTURE ...Concentration Within Fertilize, Management,
Maturity & Growth Stages, Methods of Application, Other, Rice,
Varietal Evaluation, Yield, ...2.0570

CULTURAL MANAGEMENT PRACTICES OF FORAGE CROPS
FOR PASTURES HAY OR SILAGE Formulation, Irrigation,
Quality and 1.1:, aation, Yield, _3.0176

RELATION OF NITROGEN LEVEL, HIGH WATER TABLE
AND SOIL SALINITY TO GROWTH, YIELD AND FRUIT
QUALITY OF DATES ...Saline Soils, Trees, Water Table - Depth
of , Water Table Fluctuation, 3.0185

ECONOMIC ANALYSIS OF WATER USE IN IRRIGATION IN
THE NORTHERN PLAINS ...Benefit-cost Analysis, Costs, Great
Plains Province, Irrigation-general, Production & Processing,
Water - Alternative Uses, 4.0077

Timing of Application
Other

THE LOSS OF FERTILIZERS BY LEACHING FROM THE SU-
GARCANE SOILS OF PUERTO RICO Fertilizer Losses,
Lysimeters, Methods of Application, Puerto Rico, Sugar Cane,
_2.0938

RICE CULTURE ...Concentration Within Fertilize, Management,
Maturity & Growth Stages, Methods of Application, Rates Or
Levels of Application, Rice, Varietal Evaluation, Yield, 2.0570

Types of Applied Fertilizer
Fertilizer Types -other

LETTUCE PHYSIOLOGY ...Growth, Irrigation, Moisture Content,
Moisture Levels, 2.0032
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Fiber, Filament, Whisker
DEVELOPMENT OF IMPROVED CELLULOSE ACETATE

MEMBRANES FOR REVERSE OSMOSIS ...Cellulose Acetate,
Desalination, Reverse Osmosis, .,.3.0264

DEVELOPMENT OF A WATER DESALINATION SYSTEM
BASED ON HOLLOW FINE FIBER MEMBRANES ...Cellu-
losics, Desalination, Membranes-other, Pilot Plant, Reverse Osmo-
sis, ...3.0274

RESEARCH ON POROUS GLASS MEMBRANES FOR REVERSE
OSMOSIS ...Desalination, Glass, Membranes-other, Porosity,
Permeability, Reverse Osmosis, Waste Water Treatment-other,
3.0068

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
REVERSE OSMOSIS ...Carbon, Glass, Membranes-other, Pollu-
tant-fouling, Reverse Osmosis, Waste Water Pre-treatment,
5.0131

GLASS FIBER REINFORCED PLASTIC MORTAR PIPE FOR
PRESSURE IRRIGATION DISTRIBUTION SYSTEM ...Glass, Ir-
rigation Engineering, Pipe, Tube, Pipelines, Plastic Matrix,
...8.0027

Field Soils Compaction
SPECIAL STUDIES FOR CIVIL WORKS SOIL; PROBLEMS

.ioDpeessigrC,vre
Action,

Criteria Earth Rockfiil Dams, Erosion Control,



Field Soils Compaction SUBJECT INDEX

VIBRATORY COMPACTION OF COHESIVE SOILS ,.,Cohesive
Soil - general, Compaction, Darns, Embankments, Soil Dynamics,
.8.0135

Field Studies
TEST AND EVALUATION OF FLASH FLOOD ALARM

SYSTEM ...Evaluation Other, Field Testing, Flash Floods,
Laboratory Analysis, Warning-systems, 7.0110

GEOLOGIC ASPECTS OF SEA-WATER ENCROACHMENT -
RECOGNITION OF LATE GLACIAL SUBSTAGES IN NEW
YORK AND NEW ENGLAND ...New York, Quaternary Period,
Saline Water Intrusion, Sea Level Variations, Shoreline - Coast-
line, ...2.0300

Film
MEMBRANES FOR REVERSE OSMOSIS DESALINATION BY

DIRECT CASTING ON POROUS SUPPORTS .., Cellulosics, Cost
Analysis, Natural Occurring, Reverse Osmosis, Saline Conversion,
.3.0309

STUDY OF ORIENTED CELLULOSE MEMBRANES FOR
REVERSE OSMOSIS AND THE RELATIONSHIP BETWEEN
MORPHOLOGY AND SALT REJECTION ...Desalination, Mem-
branes-other, Orientation, Reverse Osmosis, Structure-materials-
general, 3.0248

INVESTIGATION OF THE USE OF LOW-COST PLASTIC FILMS
FOR SOLAR STILL CONSTRUCTION ...Costs, Distilling Units,
Glass, Plastics - General, Structural, Weathering, _3.0391

CHARACTERIZATION OF CELLULOSE ACETATE MEM-
BRANES AND ULTRATHIN FILMS FOR REVERSE OSMOSIS
...Desalination, Electrical Properties, Membranes, Membranes-
other, Natural Occurring, Reverse Osmosis, ...3.0362

DEVELOPMENT OF DIRECT CONTACT CONDENSATION
MULTISTAGE FLASH (DCC-MSF) DISTILLATION PROCESS
...Brines, Condensation, Desalination, Flash Distillation, Heat
Transfer, Plastics - General, 3.0040

PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
SURFACE MODIFICATION OF CELLULOSE AND RELATED
MATERIALS ...Cellulosics, Desalination, Membranes-other,
Morphology-other, Reverse Osmosis, ...3.0212

EVALUATION OF DESALINATION PROPERTIES OF CELLU-
LOSE ACETATE MEMBRANES IN FLAT, 'TUBULAR AND
SPIRAL WOUND CONFIGURATIONS ..,Desalination, Mem-
branes-other, Natural Occurring, Saline Conversion, Stress, Strain,
...3.0052

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING Alloys and Systems, Austenitie, Brittleness,
Copper, Stress Corrosion, Titanium, ...3.0254

CONTROL OF SEEPAGE FROM WATER CONVEYANCE AND
STORAGE STRUCTURES IN THE INTER-MOUNTAIN AREA

linings-pavings, Seepage, Storage of Water, Water Loss Con-
trol, Water Transfer, ...8.0291

FACILITIES AND SYSTEMS FOR WATER HARVEST IN THE
INTER-MOUNTAIN BASIN ...Durability, Deterioration, Moun-
tains-alpine, Storage of Water, Water Harvesting, Water Loss
Control, ...8.0292

Film Deposition
Vapor

DEVELOPMENT OF PERMANENT SYSTEMS FOR DROPWISE
CONDENSATION ...Condensation, Distillation-other, Films, Heat
Transfer, Pilot Plant, _3.0411

Filter Materials
COUPLING OF FLOWS AROUND AND THROUGH POROUS

MEDIA Boundary-layer-other, Liquid - Solid Interactions,
Porous Media - Flow Through, ..,2.0661

Filters
Membrane

RAPID IDENTIFICATION OF MICROBIAL POPULATIONS IN
WATER ...Biological Pollutants -general, Fresh Water, Identifica-
tion, Water Bacteria, ...5.1167

QUANTITATIVE DETECTION AND ENUMERATION OF POL-
LUTION INDICATOR BACTERIA OF WASTE WATERS AND
SEWAGE TREATMENT PLANT EFFLUENTS -Bacteria, Bac-
terial Pollutant Sources, Bioindieators, Detection, Sewage Testing,
...5.0853

Millipore
ECOLOGY OF YEASTS IN LAKE CHAMPLAIN Lakes, New

York, Plant Taxonomy, Yeast N S, 6.0395

Finland
BIOLOGICAL (ENRICHMENT) CHAINS OF RADIONUCLIDES

IN FINNISH LAKES ...Cesium, Eutrophication, Nutrients,
Radioactive Fallout, Radioisotopes, _2.0309

Fish

Alewife,menhaden,shad,herring
DISTRIBUTION AND ABUDANCE OF JUVENILE AMERICAN

SHAD, ALOSA SAPIDISSIMA (WILSON), IN THE CONNEC-
TICUT RIVER ABOVE HOLYOKE DAM, MASSACHUSETTS
...Connecticut River, Engineering Structures-general, Mas-
sachusetts, Migration, Number Or Density, ...3.0271

FOOD HABITS OF LARVAL AND JUVENILE SHAD IN THE
CONNECTICUT RIVER ...Ac ttie Ecology, Connecticut River,
Food Supply, Massachusetts, R creation Sites, 3.0272

DISTRIBUTION AND GROWTH PATTERNS OF THE GIZZARD
SHAD (DOROSOMA CEPEDIANU) AND THREADFIN SHAD
(DOROSOMA PETENENSE) IN RESERVOIRS ...Arkansas,
Growth Rate, Number Or Density, Reservoirs and Impoundments,
Temporal Distribution, _6.0029

FISH POPULATION STUDIES. (DEWEY RESERVOIR) ...Aquatic
Ecology, Fertilizers -aquatic, Kentucky, Population Dynamics,
Reservoirs and Impoundments, 5.0437

STUDY OF THE RIVER PHASE OF THE LIFE HISTORIES OF
ALOSA PSEUDOHARENGUS AND AESTIVALIS Aquatic
Ecology, Connecticut River, Environmental Ecology, Life History
Studies, Spawn Or Nesting Sites, 6.0111

POTENTIAL FISHERY FOR RIVER HERRINGS IN CONNEC-
TICUT RIVER ...Connecticut River, Environmental Ecology, Life
History Studies, Nets, Spawn Or Nesting Sites, ...4.0075

EFFECTS OF THERMAL AND OTHER FORMS OF POLLUTION
ON SOME ANADROMOUS FISHES ...Aquatic Ecology, Basses -
sea,white, White Perch, Pollution - Effects of , Pollution Effects,
Thermal Pollution, ...5.0739

FARMINGTON RIVER SHAD STUDIES ...Bottom Sampling,
Migration, Plankton Sampling, Water Properties- general, Water
Sampling, 6.0117

POPULATION ESTIMATES FROM MIDWATER TRAWL SAM-
PLING ...Aquatic Ecology, Arkansas, Nets, Population Dynamics,
Reservoirs and Impoundments, ...6.0019

DESIGN AND CONSTRUCTION OF GEAR FOR MIDWATER
TRAWLING ...Arkansas, Nets, Population Dynamics, Reservoirs
and Impoundments, ...4.0016

ESTUARINE BIOLOGY--RESPONSE OF LARVAE TO TEM-
PERATURE AND SALINITY ...Aquatic Ecology, Environmental
Ecology, Estuaries, Salinity, Temperature, ...2.0817

Atlantic Salmon, Sebago Salmon
EFFECTS OF CHRONIC SUBLETHAL DOSAGES OF DDT ON

THE SWIMMING PERFORMANCE OF ATLANTIC SALMON
PARR ...DDT , Locomotion -animal, Mode of Action -animal,
Stamina, Wildlife, ...5.0472

Basses - sea,white, White Perch
STUDY OF STRIPED BASS POPULATIONS IN MAINE

COASTAL WATERS ...Aquatic Ecology, Estuaries, Maine,
Migration, ...5.0470

COMPILATION OF WATER QUALIT% DATA ...Aquatic Ecology,
Data Acquisition-general, Data Analysis - General, Lakes, Water
Quality-general, 5.0459

EFFECTS OF WATER QUALITY ON HATCHING SUCCESS
...Captive Rearing, Hatchability, Louisiana, Pollution - Effects of ,
Water Proporties-general, 511453

EFFECTS OF CHANGES IN WATER QUALITY ON FRY AND
FINGERLINGS ...Aquatic Ecology, Chemical-general, Environ-
mental Ecology, Louisiana, Water Quality-general, ...5.0454

DEVELOPMENT AND IMPROVEMENT OF INSTRUMENTA-
TION AND SAMPLING GEAR FOR USE IN LIMNOLOGY
AND FISHERY BIOLOGY ...Nets, Plankton Sampling, Salmon &
Trout - Non-specific, Tags, Telemetry, ...7.0115

STATEWIDE FISHERIES RESEARCH ...Environmental Physiolo-
gy, Incubation, Low Temp. -but Above 32f, Maturity & Growth
Stages, Temperature, 5.0818
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PHYSICAL AND CHEMICAL PROPERTIES OF ALABAMA
WATERS LIKELY TO SUPPORT STRIPED BASS, ROCCUS
SAXATILIS Aquatic Ecology, Chemical Measurements -water,
Chemical-general, Physical Measurements -water, Physical-
general, 6.0003

EFFECTS OF THERMAL AND OTHER FORMS OF POLLUTION
ON SOME ANADROMOUS FISHES Alewife,men-
haden,shad,herring, Aquatic Ecology, Pollution - Effects of , Pol-
lution Effects, Thermal Pollution, ..5.0739

EFFECTS OF TEMPERATURE AND SILT ON WHITE BASS
DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
Laboratory, Turbidity, Turbidity & Suspended Matter, Water
Temperature-non-specific, .6.0509

ENVIRONMENTAL FACTORS AND YOUNG WHITE BASS
SURVIVAL IN RESERVOIRS Basic Embryology, Captive
Rearing, Environmental Physiology, Reservoirs and Impound-
ments, .6.0512

MOVEMENT'S OF SPORT FISHES IN BEAVER RESERVOIR
.Arkansas, Fishery Development -other, Migration, Reservoirs
and Impoundments, Tags, 6.0017

LIFE HISTORY OF WHITE BASS IN LEWIS AND CLARK LAKE
...Aquatic Ecology, Life History Studies, Reservoirs and Impound-
ments, South Dakota, ...6.0528

Bluegills, Bream
FACTORS AFFECTING FISH PRODUCTION PONDS ...Blood

Proteins -non-specific, Electrophoresis -other, Environmental
Physiology, Protein. Purif and Isol, .6.0221

STATEWIDE FISHERIES RESEARCH Bioindicators. Environ-
mental Effects, Pollution - Effects of , Rotenone, Temperature,
.5.0817

EFFECTS OF POSSIBLE POLLUTANTS ON ENERGY PRODUC-
TION BY BLUEGILL LIVER MITOCHONDRIA .Metallic Ions,
Mineral, Mineral Origin, Respiration, 5.0348

DEPTH DISTRIBUTION OF FISH IN LAKE GLENDALE ...Food
Supply, Illinois, Lakes, Largemouth Bass, Vertical Distribution,
...6.0197

CHRONIC EFFECTS OF MALATHION ON BLUEGILLS .Chan-
nel Catfish, Malathion, Mode of Action -animal, Pollution - Ef-
fects of , Wildlife, .5.0646

PROJECT 2203 EFFECTS ON PHYSIOLOGY WORK UNIT 53
CHRONIC EFFECTS OF ENDRIN ON I3LUEGILLS ...Alabama,
Computer Matching Code, Endrin, Residue Analysis -other, Wil-
dlife, 5.0022

CHRONIC EFFECTS OF METHOXYCHLOR ON I3LUEGILLS AT
COLUMBIA, MISSOURI ...Methoxychlor, Missouri, Pollution -
Effects of , .5.0647

COMPARISON OF METHODS USED To MEASURE ESTERASE
ACTIVITY. INTERACTIONS BETWEEN PESTICIDE ON FISH
ENZYME SYSTEMS ...Channel Catfish, Cholinesterase,
Cutthroat Trout, Manometers, Pesticides -non-specific, Visible,
...5.0637

SEASONAL CHANGES IN ESTERASE ACTIVITY IN FISH AND
INVERTEBRATES. INTERACTIONS BETWEEN PESTICIDES
ON FISH ENZYME SYSTEMS .Biochemical Analysis,
Cholinesterase, Invertebrates -non-specific, Mode of Action -
animal, Pesticides - non - specific, ..5.0638

MINERAL IMBALANCE IN BLUEGILLS EXPOSED TO
MALATHION PESTICIDE-INDUCED MINERAL IMBALANCE
IN FISH .Malathion, Mineral, Wildlife, ...5.0658

Brown Trout
EFFECTS OF ORGANIC POLLUTION ON HATCHABILITY

AND SURVIVAL OE BROOK TROUT, SALVELINUS FON-
TINALIS, AND GROWTH OF BROWN TROUT, SALMO
TRUTTA ...Lake Trout, Brook Trout, Nutrients, Pollution - Ef-
fects of , Population Dynamics, Streams, ..5.1027

WATER VELOCITY AND SPATIAL CO-ACTIONS OF
HATCHERY TROUT AND WILD BROWN TROUT
...Behavioral Ecology, Colorado, Flume Studies, Rainbow Trout,
Steelhead Trout, Velocity - water, ..5.0198

Bullheads
SMALL IMPOUNDMENT STOCKING ...Centrarchidac -other,

Colorado, Control of Nuisance Species, Lakes, Stocking of Fish &
Shellfish, ...5.0201

GROWTH OF THE BROWN BULLHEAD, ICTALURUS NEBU-
LOSUS (LESUEUR), IN MINE ACID POLLUTED WATER
..Acidity, Contamination - Water, Growth Rate, Mining Activi-

ties, Ph, Acidity -water, Pollution Effects, 5.1278

Centrarchidae -other
MARSH HABITAT STUDY ...Chemical-general, Florida, Habitat

Studies, Life History Studies, Swamps-marshes, 6.0157
SMALL IMPOUNDMENT STOCKING .13ullheads, Colorado,

Control of Nuisance Species, Lakes, Stocking of Fish & Shellfish,
...5.0201

EVALUATION OF MARINE AND ALKALI TOLERANT SPE-
CIES INTRODUCTION IN THE LOWER PECOS RIVER
_Drums, Fish -other. Migration, New Mexico, Stocking of Fish &
Shellfish, ..6.0368

HYBRID SUNFISH STUDIES laboratory, Maturity & Growth
Stages, Ponds, Selection & Breeding, 6.0195

SPOTTED BASS REPRODUCTION IN BULL SHOALS Arkan-
sas, 131ological Rhythms, Environmental Ecology, Reproduction
Studies (general), Reservoirs and Impoundments, 6.0023

LIFE HISTORY OF LONGEAR SUNFISH .Arkansas, Behavioral
Ecology, Life History Studies, Reservoirs and Impoundments,
Scuba, .6.0016

Channel Catfish
SPORT FISHERY POTENTIAL IN RECLAIMED WASTEWATER

.Growth Rate, Other, Salmon & Trout - Non-specific, Stream
Rehabilitation, Tilapia, Cichlids, ...5.0050

INVESTIGATIONS OF THE RELATION BETWEEN THE USE
OF CHLORINATED HYDROCARBONS AND THEIR
RESIDUES IN CHANNEL CATFISH ...Chlorinated Hydrocar-
bons, Environmental Effects, Missouri River, Nebraska, Wildlife,
.5,0702

A COMPARISON OF THE GROWTH RATE OF BLUE CATFISH
AND CHANNEL CATFISH FINGERLINGS FOR A PELLETED
COMMERCIAL FEED Aquaculture & Fish-farming, Growth
Rate, PcIleted, 5.1179

SIGNIFICANCE OF STOCKING SUB-ADULT FIN CLIPPED
CATFISH IN HUNTSVILLE STATE PARK LAKE .Aquatic
Ecology, Lakes, Other, Population Dynamics, Stocking of Fish &
Shellfish, .6,0569

LIFE HISTORY OF CHANNEL CATFISH IN LEWIS AND
CLARK LAKE ...Environmental Ecology, Life History Studies,
Number Or Density, Reservoirs and Impoundments, South
Dakota, 6.0530

CHRONIC EFFECTS OF MALATHION ON BLUEGILLS
...Bluegills, 13ream, Malathion. Mode of Action -animal, Pollution
- Effects of , Wildlife, ..S.0646

COMPARISON OF METHODS USED '1'0 MEASURE ESTERASE
ACTIVITY. INTERACTIONS BETWEEN PESTICIDE ON FISH
ENZYME SYSTEMS ...13luegills, Bream, Cholinesterase,
Cutthroat Trout, Manometers, Pesticides - non - specific, Visible,
5.0637

CHRONIC EFFECTS OF METYHL PARATHION AND ENDRIN
ON CHANNEL CATFISH AND GOLDFISH IN PONDS. PESTI-
CIDE- INDUCED CHANGES IN POND ECOLOGY ...Endrin,
Goldfish, Parathion, Ponds, _5.0648

2,4-D UPTAKE AND METABOLISM - METABOLISM OF PESTI-
CIDES IN FISH Goldfish, Laboratory Animals, Metabolism -
animal, Rainbow Trout, Steelhead Trout, 2,4-d..5.0659

Cisco, Lake Herring
EARLY LIFE HISTORY OF COREGONIDS .Environmental

Ecology, Life History Studies, Maturity & Growth Stages,
Technique Development, Water Environment -other, ...6.0295

CULTURING, PROPAGATION AND CONDITION EVALUA-
TION OF FISHES ...Bioassays, Blood -other, Captive Rearing,
Contamination - Water, Lake Trout, Brook Trout, Yellow Perch,
Darters, 5.0586

EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY ON
C. BOTULINUM SPORE SURVIVAL IN WHITEFISH CHUBS
DURING SMOKE PROCESSING ...Clostridium Botulinum, Fish -
other, Heat, Microbiological, Smoking, ...5.1320

Cutthroat Trout
BEHAVIOR AND HABITAT INTERACTION OF BROOK TROUT

AND CUTTHROAT TROUT ...Behavioral Ecology, Habitat Stu-
dies, Idaho, Lake Trout, Brook Trout, Regression Analysis,
.5.0324

EFFECTS OF WATER TEMPERATURE UP:7N RESPIRATORY
METABOLISM OF CUTTHROAT TROUT, SALMO CLARK!
...Environmental Physiology, Respiration, Temperature, Utah,
Water Temperature-non-specific, ...5.1192

DETERMINATION OF THE MAGNITUDE AND AGE COMPOSI-
TION OF THE HARVEST, HABITAT PREFERENCES AND
FOOD HABITS ...Aquatic Ecology, Number Or Density, Snake
River, Wyoming, 6.0649
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BIOCHEMISTRY OF FISH SEMEN Endrin, Fertility, Male
Gametes Mode of Action -animal, ...5.0627

COMPARISON OF METHODS USED TO MEASURE ESTERASE
ACTIVITY, INTERACT'ONS BETWEEN PESTICIDE ON FISH
ENZYME SYSTEMS ...Bluegills, Bream, Channel Catfish,
Cholinesterase, Manometers, Pesticides -non-specific, Visible,
5.0637

METHOXYCHLOR-CAUSED EFFECTS ON CUTTHROAT
TROUT PHYSIOLOGY CHRONIC TOXICITY OF INSECTI-
CIDES TO COLD-WATER FISH ...Methoxychlor, Mode of Ac-
tion -animal, Wildlife, Wyoming, 5.0666

SERUM ANALYSIS OF CUTTHROAT TROUT EXPOSED
CHRONICALLY TO METHOXYCHLOR PESTICIDE EFFECTS
ON FISH ENDOCRINE FUNCTIONS ...Blood Plasma and
Scrum, Endocrine -other, Methoxychlor, Mode of Action -animal,
5,0629

Drums
EVALUATION OF MARINE AND ALKALI TOLERANT SPE-

CIES INTRODUCTION IN THE LOWER PECOS RIVER Cen-
trarchidac -other, Fish -other, Migration, New Mexico, Stocking
of Fish & Shellfish, 6.0368

Fish -non-specific
VHF PROPAGATION THROUGH FRESH WATER AND

ACROSS THE AIR-WATER INTERFACE Microwave,
Telemetry, Transmitters, Vcry High Frequency, Water Properties-
other, 1.0129

REPOPULATION OF EXPERIMENTALLY DECIMATED AREAS
BY STREAM FISHES .. Aquatic Ecology, Control of Nuisance
Species, Louisiana, Population Dynamics, Stream Rehabilitation,
Streams, .5.0460

FISHERIES-TURBINE RESEARCH COMPENDIUM COMPILA-
TION ...Electric Power Plants, Migration, Mortality Rates, Tur-
bine-other, .8.0310

THE DISTRIBUTION OF FISH IN PENNSYLVANIA AS RE-
LATED TO MINE ACID DRAINAGE ...Acidity, Contamination
Water, Mining Activities, Number Or Density, Pennsylvania,
5.1026

THE EFFECT OF EVAPORATION BARRIERS ON FISH
GROWTH AND LIMNOLOOY Antitranspirants, Aquatic
Ecology, Environmental Ecology, Growth Rate, ..,2.0060

INFLUENCE OF SEDIMENTATION UPON THE PRODUCTION
OF GAME FISHES ...Montana, Pollution - Effects of , Population
Dynamics, Sediments, Streams, ..A.0069

FISHES OF THE ARKANSAS RIVER BASIN, COLORADO ...Ar-
kansas River, Colorado, Environmental Changes, Survey Studies,
Water Environment -other, .6.0102

FISHES OF THE SOUTH PLATTE RIVER BASIN, COLORADO
...Animal Distr. (non-specific), Colorado, Environmental Changes,
Environmental Ecology, Pollution - Effects of , River Basins,
...5.0194

THE FEASIBILITY OF COLD WATER FISHES FOR LAKE
SHARPE, SOUTH DAKOTA ...Bottom Sampling, Low Temp. -
but Above 32f, Reservoirs and Impoundments, South Dakota,
Temperature, _7.0041

A STUDY OF THE PRIMARY PRODUCTIVITY OF NEW AND
OLDER RESERVOIRS Algae- General, Climate-general, Prima-
ry Productivity, _2.0149

ESTUARINE DREDGE HOLE INVESTIGATIONS ...Aquatic
Ecology, Estuaries, Habitat Studies, Ocean Coring and Dredging,
...6.0354

ECOLOGY OF THE FISHES OF THE KASKASKIA RIVER
Habitat Studies, Life History Studies, Population Dynamics,
Reservoirs and Impoundments, Streams, 4,0094

DOCUMENT LOGGING DAMAGE ...Biological-general, Chemi-
cal-general, Forest Debris, Logging, Transport, Equipment, Physi-
cal-general, Pollution - Effects of , Population Dynamics,
5.0145

EFFECT OF LIMNOLOGICAL CHANGES ON SURVIVAL OF
YOUNG FISH IN ONEIDA LAKE ...Food Supply, Lakes, New
York, Urban Environments, Water Quality-general, .,.6.0372

STABILIZATION STUDY OF FALCON RESERVOIR ...Biological-
general, Chemical-general, Physical-general, Population Dynam-
ics, Reservoirs and Impoundments, 4.0229

FISH TOXICANT STUDIES Ammonium, Control of Nuisance
Species, Evaluation, Piscicides -non-specific, Screening Potential
Pesticides, ...5.1147

A STUDY OF A POLLUTED RIVER, THE ILLINOIS ..,Aquatic
Ecology, Bioindicators, Contamination - Water, Illinois River,
Mollusks -non-specific & Other, ...2.0408
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FISH ECOLOGY AND PHYSIOLOGY IN RELATION TO ACID
MINE DRAINAGE ...Acidity, Aquatic Ecology, Mine Drainage
Control, Pollution - Effects of , Pollution Effects, ,..5.1277

MANIPULATION OF RESERVOIR WATER FOR IMPROVED
QUALITY AND FISH POPULATION RESPONSE .Environ-
mental Ecology, Eutrophication, Flow Augmentation, Freshwater
Ecology, Population Dynamics, Reservoirs and Impoundments,
.5,1294

EFFECTS OF WATER DIVERSION ON BIOTA AND WATER
QUALITY IN THE STATE OF ARKANSAS ...Environmental
Ecology, Population Dynamics, Reservoirs and Impoundments,
Temperature, Water Quality-general, 6.0030

ACTIVITY PATTERNS OF FISH EXPOSED TO TOXIC MATERI-
ALS Contamination - Water, Industrial Wastes, Pollution Ef-
fects of , Pollution Effects, ..5.0421

A STUDY OF THE ECOLOGY OF THE NAVASOTA RIVER,
'I'EXAS ...Aquatic Ecology, Pre-impoundment Sites, Texas, Water
Properties-general, Zooplankton, 6.0547

WATER QUALITY CRITERIA TO PROTECT THE FISH POPU-
LATION DIRECTLY BELOW SEWAGE OUTFALLS Effluent-
standardi, Population Dynamics, Sewage, Water Properties-
general, Water Standards, 5.0501

DISSOLVED OXYGEN REQUIREMENTS OF FRESHWATER
FISH ,..Aquatic Ecology, Environmental Ecology, Gases, Dis-
solved - water, Ions and Gases, Oxygen, 5.0962

EFFECT OF PAPER FIBER WASTES ON FISH EGGS AND JU-
VENILES ..Minnesota, Oxygen, Pollution - Effects of , Pulp,
Paper , and Logging, Sphaerotilus, ...5.0614

PESPONSES OF FISH TO ENVIRONMENTAL STRESSES ...Car-
diovascular System, Environmental Physiology, Kidney and Urina-
ry System, Stress, Water Environment -other, ...5.1269

DISTRIBUTION OF DEMERSAL FISHES IN INSHORE WATERS
...Environmental Ecology, Marine Biology, Mortality Rates, Nets,
Vertical Distribution, ..5.1260

TUSCON WASTEWATER RECLAMATION PROJECT ...Biologi-
cal-general, Chemical-general, Filter-other, Productivity (agricul-
tural), Stream Rehabilitation, Water Standards, ..,5.0043

BIOLOGICAL SURVEY OF STREAMS OF COLES COUNTY, IL-
LINOIS ...Aquatic Ecology, Contamination - Water, Environmen-
tal Ecology, Illinois, Streams, 5.0333

SUBLETHAL INFLUENCE OF POLLUTANTS ON FISH
METABOLISM ...Contamination - Water, Growth Rate, Metabol-
ism -animal, Pollution - Effects of , Pollution Effects, 5.0901

CYTOPATHOLOGICAL CHANGES IN NATIVE FISH SPECIES
EXPOSED TO STREAM POLLUTANTS ..,Contamination -
Water, Histology and Cytology, Pollution - Effects of , Pollution
Effects, Streams, ...5.1021

EFFECTS OF CHEMICAL VARIATIONS IN AQUATIC EN-
VIRONMENTS ...Bioindicators, Chemical-general, Mans Activi-
ties, Water Environment -other, 6.0103

A PARASITOLOGICAL STUDY OF FISHES FROM THE PINE
HILLS AREA ..,Aquatic Ecology, Helminths, Illinois, Low Temp.
-but Above 32f, Springs, _6.0180

PRODUCTION OF ADULT GAME FISHES BY ARTIFICIAL
FEEDING ...Aquaculture & Fish-farming, Fish Rations, Food
Supply, 6.0181

STUDY OF EFFECTS OF MILL WASTE WATER ON FISH LIFE
...Contamination - Water, Industrial Processes-other, Industrial
Wastes, Pollution - Effects of , Pollution Effects, ...5.1174

PEACE RIVER POLLUTION INVESTIGATIONS ...Florida, Indus-
trial Wastes, Phosphate, Phosphite, Pollution - Effects of , Pollu-
tion Effects, Streams, .,.5.0273

INFLUENCE OF WATER POLLUTANTS AND WATER QUALI-
TY ON EARLY LIFE HISTORY AND POPULATION DYNAM-
ICS OF MINNESOTA FISHES ...Life History Studies, Minnesota,
Pollution - Effects of , Pollution Effects, Population Dynamics,
...5.0615

INFLUENCES OF WATER QUALITY AND OTHER ENVIRON-
MENTAL CHANGES ON FISH AND ASSOCIATED ORGAN-
ISMS IN INLAND WATERS ...Aquatic Ecology, Environmental
Ecology, Mans Activities, Pollution - Effects of , Sociat Aspects,
Water Quality-general....5.0965

RELATIONS OF NUISANCE ALGAE TO FISH IN KLAMATH
LAKE ...Algal Toxins, Bioassays, Cyanophyta (non-specific &
Ot), Lakes, Oregon, 5.0937

EFFECTS OF CHEMICAL AND BIOLOGICALLY MODIFIED
PULPING EFFLUENTS ON THE PRODUCTION OF FISH Ef-
fluents-waste Water, Industrial Wastes, Pulp, Paper , and Logging,
Self-purification, Tox & Allergenic Effects, Willamette River,
...5.0936

WILD RIVERS ECOLOGY STUDIES .,.Acidity, Invertebrates -non-
specific, Population Dynamics, Wild Rivers, Wisconsin, 6.0638
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TRANSLOCATION OF RADIONUCLIDES BY FISH ...Columbia
River, Migration, Phosphorus, Radioactivity-general, Zinc,
2.1130

RADIONUCLIDE METABOLISM IN AQUATIC ANIMALS
...Clams, Contamination - Water, Metabolism, Radiation Effects-
non-specific, Reactor Sites & Rad Waste, 5.0101

RADIATION EFFECTS IN AQUATIC SYSTEMS ...Aquatic Ecolo-
gy, Chronic Radiation, Contamination - Water, Low Level Radia-
tion, Radiation Effects-non-specific, Radiation Treatment,
Radioactivity-general, 5.1248

EFFECTS OF TEMPERATURE ON AQUATIC LIFE ...Aquatic
Ecology, Model Studien, Productivity - Food Chain, Temperature,
Warm Water, _5.1121

HIGH ANALYSIS FERTILIZER INVESTIGATIONS - FISHERIES
Fertilizers -aquatic, Productivity (agricultural), Reservoirs and
Impoundments, Tennessee, ...6.0535

FISH PASSAGE THROUGH TURBINES ...Hydraulic, Management
-other, Mortality Rates, Power Development, Stamina, -.8.0312

AQUATIC PLANT CONTROL ...Environmental Ecology, Herbi-
cides -non-specific, of Aquatic Plants, Wildlife, -.8.0168

WATER QUALITY AND NUTRIENTS, SACRAMENTO-SAN
JOAQUIN RIVER SYSTEM _Environmental Ecology, Eutrophi-
cation, Nutrients, Plankton (non-specific), Water Quality-general,
_2.0127

THE EFFECT OF OCEAN WATER INTRUSION INTO BACK
BAY, VIRGINIA, AND CURRITUCK SOUND, NORTH
CAROLINA, ON THE WATERFOWL AND FISH HABITAT
...Aquatic Ecology, Brackish Water, Habitat Studies, Saline Water
Intrusion, Water Fowl, N.s. , Water Salinity, _2.0585

COLLECTION AND COLLATION OF AVAILABLE BIOLOGI-
CAL, PHYSICAL AND CHEMICAL DATA ON U. S. RESER-
VOIRS ...Document and Literature Center, Productivity - Food
Chain, Reservoirs and Impoundments, River Basins, Survey Stu-
dies, ...6.0020

FISH POPULATION OR ABUNDANCE STUDIES IN LEWIS
AND CLARK LAKE ...Aquatic Ecology, Habitat Studies, Popula-
tion Dynamics, Reservoirs and Impoundments, South Dakota,
-.6.0529

YOUNG-OF-THE-YEAR FISH IN LAKE FRANCIS CASE ...Age,
Nets, Reservoirs and Impoundments, South Dakota, Water En-
vironment -other, ...6.0505

DISTRIBUTION OF YOUNG STAGES OF COASTAL FISHES
-.Continental Shelf, Estuaries, Maturity & Growth Stages,
Number Or Density, Ships and Cruises, ...6.0345

INFLUENCE OF THE PHYSICAL ENVIRONMENT ON DIS-
TRIBUTION OF YOUNG STAGES OF COASTAL GAME FISH
...Continental Shelf, Environmental Ecology, Maturity & Growth
Stages, Physical-general, Range Or Territorial Distr. , ...6.0346

DISTRIBUTION AND RELATIVE ABUNDANCE OR POPULA-
TION OF YOUNG FISHES IN LAKE SHARPE RESERVOIR
Aquatic Ecology, Population Dynamics, Reservoirs and Im-
poundments, South Dakota, Vertical Distribution, ...6.0500

ABUNDANCE AND COMPOSITION OF ADULT FISH STOCK IN
LAKE SHARPE ...Aquatic Ecology, Number Or Density, Popula-
tion Dynamics, Reservoirs and Impoundments, South Dakota,
...6.0501

LIMNOLOGICAL FEATURES LAKE SHARPE IN RELATION TO
COLD-WATER FISHES -Currents -water, Low Temp. -but
Above 32f, Reservoirs and Impoundments, South Dakota, Tem-
perature, ...6.05I7

ABUNDANCE OF YOUNG-OF-THE-YEAR FISHES IN OAHE
RESERVOIR ..Age, Aquatic Ecology, Population Dynamics,
Reservoirs and impoundments, South Dakota, -.6.0499

VARIATIONS IN SPAWNING OF FISHES IN RELATION TO
TEMPERATURE -Biological Rhythms, Maturity & Growth
Stages, South Dakota, Temperature, Water Temperature-non-
specific, ...6.0518

COMPOSITION OF THE SPAWNING STOCKS IN OAHE RESER-
VOIR AND LAKE SHARPE ...Age, Fertility, Size, South Dakota,
Spawn Or Nesting Sites, 6.0519

THERMAL PREFERENCES OF MARINE FISHES AND INVER-
TEBRATES ...Behavior -animal, Invertebrates -non-specific,
Water Temperature-non-specific, -.5.0720

EFFECTS OF HOT WATER MASSES ON MARINE FISHES ...At-
lantic Ocean-north, Behavior -animal, High Temp. -85f Or Above,
Thermal, ...5.0721

EFFECTS OF ENVIRONMENTAL FACTORS ON STANDING
CROP AND HARVEST OF FISHES IN U. S. RESERVOIRS
...Environmental Ecology, Environmental Effects-geologic, Reser-
voirs and. Impoundments, 6.0021

COMPARATIVE UPTAKE OF 10 CHLORINATED HYDROCAR-
BON PESTICIDES BY FISH ...Chlorinated Hydrocarbons,
Metabolism -animal, Residue Analysis -other, Wildlife, 5.0628

EXPLORATORY SAMPLING PROGRAM FOR YOUNG-OF-THE-
YEAR FISH ...Age, Nets, Population Dynamics, Reservoirs and
Impoundments, ...6.0022

DEVELOPMENT OF IDENTIFICATION KEYS TO LARVAL,
AND JUVENILE RE:SERVIOR FISHES ...Animal Taxonomy,
Captive Rearing, Maturity & Growth Stages, Photography-other,
Reservoirs and Impoundments, _6.0018

COOPERATIVE AGREEMENT FOR BEAVER RESERVOIR
CREEL CENSUS STUDY ...Censusing, Fishing, Number Or Den-
sity, Rtservoirs and Impoundments, Weight, ..A.0015

MORTALITY RATES AND RECRUITMENT ...Arkansas, Growth
Rate, Mortality Rates, Population Dynamics, Reservoirs and Im-
poundments, ..A.0014

ESTIMATES OF COMPOSITION, ABUNDANCE AND FLUC-
TUATION IN FISH POPULATIONS IN BULL SHOALS AND
BEAVER RESERVOIRS ...Aquatic Ecology, Arkansas, Number
Or Density, Population Dynamics, Reservoirs and Impoundments,
4.0017

FISH POPULATION IN TAILWATER OF LEWIS AND CLARK
LAKE ...Aquatic Ecology, Population Dynamics, Reservoirs and
Impoundments, Sou:th Dakota, _6.0531

SCREENING AQUA'T'IC INVERTEBRATES TO DETECT AN OR-
GANISM SUITABLE FOR USE IN A MONITORING PRO-
GRAM -.Bioassays Bioindicators, Cholinesterase, Invertebrates -
non-specific, Metabolism, Monitoring Systems, _5.0639

ROLE OF ENTERIC MICROORGANISMS IN DETOXIFICATION
- INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ...Bacterial Culture, Biodegradation, Identification, Insecti-
cides -non-specific, Intestinal Bacteria, _5.0641

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES ...Pesticides -non-specific,
Screening Potential Pesticides, Temperature, Water Quality-
general, Wildlife, ...5.0652

THE INFLUENCES OF ENVIRONMENTAL CONDITIONS ON
THE TOXICITY OF PESTICIDES ...Bioassay, Environmental
Ecology, Pollution - Effects of , Wildlife, ...5.0656

COLLECTION OF JUVENILE MIGRANTS FROM RIVERS AND
STREAMS ...Engineering Structures-general, Management -other,
Migration, Streams, ...4.0271

ROUTINE SAMPLING AT SEVEN INDEX STATIONS ...Bottom
Sampling, Data Acquisition-general, Lake Eric, Plankton
Sampling, Water Sampling, ...6.0438

PHYSICAL LIMNOLOGY OF THE GREAT LAKES ...Currents -
water, Environmental Ecology, Temperature, ...5.0541

PHYSICAL, CHEMICAL, AND BIOLOGICAL LIMNOLOGY OF
OAHE RESERVOIR ...Physical Properties-general, Population
Dynamics, Reservoirs and Impoundments, South Dakota, Water
Properties-general, 6.0497

FISH GUIDING -.Animal Distr. (non-specific), Guidance, Instru-
mental Services, Management -other, Water Environment -other,
-.8.0307

REMOVAL OF PESTICIDES FROM FRESHWATER FISH
...Bioassay, Fish Meals, Mode of Action -animal, Pesticides -non-
specific, Removal of Residues, _5.0543

THE INVESTIGATION AND ANALYSIS OF BIOCHEMICAL
PROCESSES OF AQUATIC ORGANISMS UNDER STRESS

.Animal Origin, Aquatic Ecology, Metabolism -animal, Other,
Stress, -.5.0585

MARINE BIOLOGICAL ASSESSMENT OF POLLUTIONAL
FATE ...Contamination - Water, Crustacea -non-specific, Nets,
Pollution - Effects of , ...5.0975

WATER QUALITY REQUIREMENTS FOR AQUATIC LIFE
...Contamination - Water, Pollution - Effects of , Toxins and
Poisons -other, Water Quality-general, ...5.0844

SYNERGISM OF PESTICIDES AND DETERGENTS ...Chlorinated
Hydrocarbons, Mode of Action -animal, Other, Surfactants -
Wetting Agents, Synergism and Synergists, -.5.0800

ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E IN
GREEN BAY ...Clostridium Botulinum, Fish, N.s. , Great Lakes-
general, Microbiological, Repression, Vertical Distribution,
...2.1162

MARINE TOXINS OF THE TROPICAL PACIFIC ...Algal
Metab.(non-specific &ot), Animal Origin, Other, Polynesia, Tox-
icology, ...5.0315

Fish -other
INVESTIGATION OF RELATIONSHIP OF CUNNER, TAU-

TOGOLABRUS ADSPERSUS -(WALBAUM), TO WEWEAN-
TIC RIVER ESTUARY, WAREHAM, MASSACHUSETTS
...Aquatic Ecology, Estuaries, Massachusetts, Swamps-marshes,
Water Environment -other, 5.0511
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EFFECTS OF INCREASE IN SALTON SEA SALINITY ON THE
SURVIVAL OF ORANGEMOUTH CORVINA, SARGO, BAIR-
DIELLA, AND NEANTHES ...Bioindicators, Captive Rearing,
Pollution - Effects of , Salinity, Salton, Water Salinity, ,5.0146

EVALUATION OF MARINE AND ALKALI TOLERANT SPE-
CIES INTRODUCTION IN THE LOWER PECOS RIVER ...Can-
trarchidae -other, Drums, Migration, New Mexico, Stacking of
Fish & Shellfish, .6.0368

Goldfish
FISH OPERCULAR RESPONSE TO ENVIRONMENTAL VARIA-

BLES ...Environmental Physiology, Fish, Gases, Dissolved -water,
Minnows, Water Temperature-non-specific, 5.0865

EFFECTS OF MALATHION ON LEARNING AND RETENTION
IN THE GOLDFISH ...Escape and Avoidance, Malathion, Mode
of Action -animal, Pesticides, Pollution - Effects of , 5.0667

CHRONIC EFFECTS OF METYHL PARATHION AND ENDRIN
ON CHANNEL CATFISH AND GOLDFISH IN PONDS, PESTI-
CIDE-INDUCED CHANGES IN POND ECOLOGY _Channel
Catfish, Endrin, Parathion, Ponds, ...5.0648

2,4-D UPTAKE AND METABOLISM - METABOLISM OF PESTI-
CIDES IN FISH _Channel Catfish, Laboratory Animals, Metabol-
ism -animal, Rainbow Trout, Steelhead Trout, 2,4-d, ...5.0659

THE CONSTI'TUENT'S AND PH VSICO-CHEMICAL PROPERTIES
OF SERUM FROM GOLD-FISH EXPOSED CHRONICALLY
TO MALATHION AND ENDRIN ...Blood Plasma and Scrum,
Endocrine -other, Endrin, Malathion, Mode of Action -animal,
5.0630

THYROID FUNCTION OF GOLDFISH AND RAINBOW TROUT
EXPOSED CHRONICALLY TO MALATHION AND ENDRIN -
PESTICIDE EFFECTS ON FISH ENDOCRINE FUNCTIONS

... Endrin, Malathion, Mode of Action -animal, Rainbow Trout,
Steelhead Trout, Thyroid, 5.0631

EFFECTS OF ENDRIN & MALATHION ON GONADAL
HYDRATION RESPONSE OF MALE GOLDFISH & RAINBOW
TROUT. PESTICIDE EFFECTS ON FISH ENDOCRINE FUNC-
TION ,..Endrin, Malathion, Male Gametes, Mode of Action -
animal, Pesticides, Rainbow Trout, Steelhead Trout, ...5.0634

Ictaluridae -other
FLATHEAD CATFISH INVESTIGATIONS IN THE MISSOURI

RIVER ...Life History Studies, Missouri River, Number Or Densi-
ty, Population Dynamics, ..6.0335

LAKE BASTROP NETTING STUDY ...Commercial Fishing, Lakes,
Nets, Population Dynamics, Texas, ...6.0570

FLATHEAD CATFISH STUDY ...Aquatic Ecology, Behavior -

animal, Food Supply, Growth Rate, Reproduction Studies
(general), Texas, ...6.0539

Killifishs - Cyprinodon
RELATIONSHIPS BETWEEN SUB-LETHAL PESTICIDES AND

REPRODUCTION AND BEHAVIOR OF FISHES _Behavior -
animal, DDT , Pesticides -non-specific, Reproduction Studies
(general), Wildlife. 5.0292

BEHAVIOR AND FOOD PREFERENCES OF INTRODUCED AN-
NUAL FISHES IN RELATION TO MOSQUITOES ..,Aquatic
Ecology, Behavioral Ecology, Food Supply Mosquitoes -non-
specific, Predators and Parasite, ..2.0575

EFFECTS OF CHRONIC EXPOSURE TO METHOXYCHLOR ON
THE GROWTH AND REPRODUCTION OF GUPPIES -

CHRONIC TOXIEITY OF PESTICIDES TO FISH ...Growth
Rate, Maturity & Growth Stages, Methoxychlor, 5.0650

INTERACTION OF ENDRIN AND PROLACTING-INDUCED
FAT SYNTHESIS IN THE PLAINS KILLIFISH - PESTICIDE
EFFECTS ON FISH ENDOCRINE FUNCTIONS ...Adipose. En-
drin X Biocid, Metabolism -animal, Plrotoperiod, ...5.0657

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE FISHES ..,Computer Matching
Code, Contamination - Water, Pollution - Effects of , Pollution
Effects, 5.1080

EFFECT OF METAL POISONING ON VARIOUS ENZYMES IN
FISH ...Atpase, Chemical Effect-other, Inhibitors, Metals Ns,
Mineral Origin, 5.1091

HEMATOLOGICAL CHANGES IN F. HETEROCLITUS UPON
EXPOSURE TO TOXIC METALS ...Etlood Cells, Blood Plasma
and Scrum, Cadmium, Lead, Mineral Origin, 5.1092

PHARMACOLOGY OF METAL POISONING IN ESTUARINE
FISHES Contamination - Water, Estuaries, Metals Ns, Stress,
5.1083

COMPARATIVE TOXICITIES OF METALS TO ESTUARINE
FISHES ...Bioassays, Estuaries, Industrial Wastes, Mineral Origin,
Solid Waste, ...5.1084

Lake Trout, Brook Trout
RELATIONSHIPS BETWEEN DRIFT DENSITY AND PRODUC-

TION, GROWTH, CROPPING EFFICIENCY AND CONSUMP-
TION IN A NATURAL BROOK TROUT POPULATION
...Growth Rate, Number Or Density, Predation, Productivity
(agricultural), Streams, 7.0094

EFFECTS OF ORGANIC POLLUTION ON HATCHABILITY
AND SURVIVAL OF BROOK TROUT, SALVELINUS FON-
TINALIS, AND GROWTH OF BROWN TROUT, SALMO
TRU1TA ...Brown Trout. Nutrients, Pollution - Effects of , Popu-
lation Dynamics, Streams, 5.1027

AN ECOLOGICAL STUDY OF AN ALKALINE STREAM WITH
HEAVY IRON DEPOSITS ORIGINATING FROM TREAT-
MENT OF MINE ACID WATER .,.Alkalinity, Mineral Content -
water, Mining Activities, Productivity - Food Chain, Susquehanna
River, Water Alkalinity, 5.1025

BEHAVIOR AND HABITAT INTERACTION OF BROOK TROUT
AND CUTTHROAT TROUT ...Behavioral Ecology, Cutthroat
Trout, Habitat Studies, Idaho, Regression Analysis, _5.0324

STUDIES ON PLANTED BROOK TROUT IN RELATION TO
NUMBERS PLANTED, LIMNOLOGICAL CONDITIONS AND
FOOD SUPPLIES IN UNFISHED LAKES ...Food Supply, Lakes,
Michigan, Population Dynamics, Stocking of Fish & Shellfish,
6.0303

STREAM RESTORATION AND CONTROLLED FLOWS Dams-
other, Logging, Transport, Equipment, Salmon & Trout -
Non-specific, Stream Rehabilitation, 4.0129

EVOLUTION OF ALLOPATRIC POPULATIONS .Captive Rear-
ing, Ecological, Maine, Population Dynamics, 5.0464

AQUATIC BIOLOGY INVESTIGATIONS .,.Cricetidac -other,
Lakes, New York, Streams, Water Fowl, N.s. , 2.0786

FISH MOVEMENTS IN THE NORTH INLET OF WOLF LAKE,
HUNTINGTON FOREST ...Behavioral Ecology, Environmental
Ecology, Locomotion -animal, New York, Streams. 2.0813

EFFECTS OF CHRONIC EXPOSURE TO SUBLETHAL LEVELS
OF INSECTICIDES ON REPRODUCTION IN BROOK TROUT.
CHRONIC TOXICITY OF PESTICIDES TO FISH ...Carbamates
-non-specific, Chlorinated Hydrocarbons, Organophosphorous
Cpds. , Pollution - Effects of , Reproduction Studies (general),
Wildlife, 5.0654

ASSESSMENT OF LAKE SUPERIOR LAKE TROUT ...Aquatic
Ecology, Commercial Fishing, Lampreys, Life History Studies,
...6.0636

CULTURING, PROPAGATION AND CONDITION EVALUA-
TION OF FISHES ...Bioassays, Blood -other, Captive Rearing,
Cisco, Lake Herring, Contamination Water, Yellow Perch. Dar-
ters, 5.0586

Lampreys
AN EVALUATION OF THE LAMPREY IN LAKE CHAMPLAIN

...Lakes, Maturity & Growth Stages, Predation, Spawn Or Nesting
Sites, Vermont, .6.0598

ASSESSMENT OF LAKE SUPERIOR LAKE TROUT ...Aquatic
Ecology, Commercial Fishing, Lake Trout, Brook Trout, Life His-
tory Studies, 6.0636

LAKE SUPERIOR CHEMICAL CONTROL OF SEA LAMPREY
...Control of Nuisance Species, Flow Characteristics -water, Lake
Superior, Larvicides, Streams, ,..5.0577

LAKE MICHIGAN CHEMICAL CONTROL OF SEA LAMPREY
...Animal Pollutant Sources, Control of Nuisance Species, Evalua-
tion, Larvicides, ...5.0576

BIOASSAY Animal Pollutant Sources, Evaluation, Piscicides -

non- specific, Streams, Water Properties-general, 5.0580

Largemouth Bass
EFFECTS OF LIMNOLOGICAL FACTORS ON UPTAKE OF

CS137 BY FISH ...Cesium, Metabolism -animal, ...1.0068
EFFECT OF INCUBATION TEMPERATURE ON SURVIVAL OF

LARGEMOUTH BASS EMBRYOS ...Basic Embryology, Environ-
mental Physiology, Incubation, Temperature, Warm Water,
_6.0387

DEVELOPMENT OF MARKING METHODS FOR SMALL FISH
Dyes, Musculoskeletal System, Other, Tags, 7.0081

FOOD HABITS OF LARGEMOUTH BASS LARVAE ...Aquatic
Ecology, Behavior -animal, Food Supply, Ponds, Zooplankton,
_7.0082
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THE ROLE OF FOOD IN THE MORTALITY OF LARGEMOUTH
BASS LARVAE ...Environmental Physiology, Fasting - Starvation,
Food Supply, Maturity & Growth Stages, Mortality Rates,
.7.0079

PREDATION ON LARGEMOUTH BASS DURING THEIR FIRST
YEAR OF LIFE ...Behavioral Ecology, Maturity & Growth
Stages, Predation, Strontium, Tags, _7.0080

EFFECTS OF DISSOLVED OXYGEN CONCENTRATION ON
SURVIVAL OF LARGEMOUTH BASS EMBRYOS ...Basic Emb-
ryology, Gases, Dissolved -water, Mortality Rates, Oxygen, Water
Movement, Currents Water Temperature-non-specific, 5.0771

FISH STOCKING EVALUATION Captive Rearing, Management,
Nets, Ponds, Stocking of Fish & Shellfish, 6.0542

EFFECT OF WATER QUALITY ON FIRST -YEAR MORTALITY
OF LARGEMOUTH BASS ...Aquatic Ecology, Environmental
Ecology, Mortality Rates, Pollution Effects of , Water Proper-
ties-general, ...5.0772

FOOD INTAKE Ge LARGEMOUTH BASS ...Food Supply, Lakes,
Malnutrition -other, Size, 6.0182

DEPTH DISTRIBUTION OF FISH IN LAKE GLENDALE
...Bluegills, Bream, Food Supply, Illinois, Lakes, Vertical Distribu-
tion, _6.0197

Minnows
FISH OPERCULAR RESPONSE TO ENVIRONMENTAL VARIA-

BLES ...Environmental Physiology, Fish, Gases, Dissolved -water,
Goldfish, Water Temperature- non - specific, ..5.0865

Pikes, Pickeral, Muskellunge
WALLEYE AND NORTHERN PIKE STUDY ...Aquatic Ecology,

Life Ilistoly Studies, Spawn Or Nesting Sites, Texas, Walleyes,
...6.0541

EFFECTS OF TEMPERATURE AND SILT ON NORTHERN PIKE
DEVELOPMENTS IN THE LABORATORY ...Basic Embryology,
Laboratory, South Dakota, Turbidity & Suspended Matter, Water
Temperature- non - specific, ..6.0507

VITAL STATISTICS OF NORTHERN PIKE IN LAKE SHARPE
...Growth Rate, Mortality Rates, Population Dynamics, Reservoirs
and Impoundments, South Dakota, 6.0502

SEXUAL MATURATION AND SPAWNING OF NORTHERN
PIKE ...Biological Rhythms, Maturity & Growth Stages, Reser-
voirs and Impoundments, South Dakota, Spawn Or Nesting Sites,
6.0520

ENVIRONMENTAL FACTORS AND YOUNG NORTHERN PIKE
SURVIVAL IN RESERVOIRS ...Aquatic Ecology, Environmental
Physiology, Reservoirs and Impoundments, Stocking of Fish &
Shellfish, Temperature, 6.0510

Rainbow Trout, Steelhead Trout
STUDY OF DISCREPANCY IN FISH COUNTS BETWEEN

COLUMBIA RIVER DAMS ...Censusing , Columbia River,
Number Or Density, Salmon -coho,chinook,sockeye. 8.0278

WATER VELOCITY AND SPATIAL CO-ACTIONS OF
HATCHERY TROUT AND WILD BROWN TROUT
...Behavioral Ecology, Brown Trout, Colorado, Flume Studies,
Velocity -water, ...5.0198

FERTILIZATION OF WOODS CANYON LAKE ...Arizona, Fertil-
izers -aquatic, Lakes, 5.0040

TEMPERATURE REQUIREMENTS OF SALMONIDS IN RELA-
TION TO THEIR FEEDING, BICENERGETICS, GROWTH
AND BEHAVIOR .Behavior -animal, Energy, Growth Rate, Sal-
mon -coho,chinook,sockeye. Water Temperature-non-specific,
.5M942

TOXIC ACTION OF WATER SOLUBLE POLLUTANTS ON
FRESHWATER FISH ...Contamination - Water, Mineral Origin,
Pollution Effects, Stress, 5.0565

EVALUATION OF UPSTREAM AND DOWNSTREAM
ANADROMOUS FISH PASSAGE AT RIVER MILL AND
FARADAY DAMS ON THE CLACKAMAS RIVER, OREGON
...Engineering Structures-general, Management -other, Migration,
Oregon, Reservoirs and Impoundments, 8.0279

EXPERIMENTAL REARING OF SALMON AND STEELHEAD
IN BRACKISH WATER IMPOUNDMENTS ...Brackish Water,
Captive Rearing, Environmental Response, Mortality Rates,
Stocking of Fish & Shellfish, 6.0461

EVALUATION OF ANADROMOUS FISH PASSAGE FACILITIES
AT FALL CREEK DAM, BIG FALL CREEK, OREGON
6rAzantiLlEnictomilori.REninpngieornii4eLS.tfriuccturtrisigeral, Migration,

2,4-D UPTAKE AND METABOLISM - METABOLISM OF PESTI-
CIDES IN FISH ...Channel Catfish, Goldfish, Laboratory Animals,
Metabolism -animal, 2,4-d, 5.0659

THYROID FUNCTION OF GOLDFISH AND RAINBOW TROUT
EXPOSED CHRONICALLY TO MALATHION AND ENDRIN -
PESTICIDE EFFECTS ON FISH ENDOCRINE FUNCTIONS
...Endrin, Goldfish, Malathion, Mode of Action -animal, ThyroA,
.5.0631

EFFECTS OF MALATHION ON THE SEXUAL DEVELOPMENT
OF MALE RAINBOW TROUT - PESTICIDE EFFECTS ON
ASH ENDOCRINE FUNCTIONS ...Gonadotrophins,
Gonadotropins, Malathion, Mode of Action -anirni.1, Pollution -
Effects of , 5.0633

EFFECTS OF ENDRIN & MALATHION ON GONADAL
HYDRATION RESPONSE OF MALE GOLDFISH & RAINBOW
TROUT. PESTICIDE EFFECTS ON FISH ENDOCRINE FUNC-
TION ...Endrin, Goldfish, Malathion, Male Gametes, Mode of Ac-
tion -animal, Pesticides, 5.0634

Righteye Flounders
THE EFFECTS OF PESTICIDE RESIDUES ON LARVAL AND

JUVENILE WINTER FLOUNDER IN THE WEWEANTIC
RIVER ESTUARY, MASSACHUSETTS ...Estuaries, Mas-
sachusetts, Pollution - Effects of , Wildlife, 5.0509

Salmon & Trout - Non-specific
GUIDING JUVENILE AND ADULT MIGRANT SALMONIDS BY

NON-ELECTRICAL MEANS ...Behavioral Ecology, Migration,
Velocity -water, Water Light Quality & Quantity, 8.0311

COLLECTION OF JUVENILE SALMON IN TURBINE INTAKES
...Columbia River, Control Gate, Electric Power Plants, Mortality
Rates, Turbine-other, ...8.0299

INFLUENCE OF ACCUMULATED SEDIMENTS UPON WATER
VELOCITY OF MICROHABITATS OCCUPIED BY TROUTS
,..Colorado, Habitat Studies, Rio Grande River, Sediments,
Velocity -water, 4.0068

SPORT FISHERY POTENTIAL IN RECLAIMED WASTEWATER
,..Channel Catfish, Growth Rate, Other, Stream Rehabilitation,
Tilapia, C;chlids, 5.0050

COVER AS A LIMITING FACTOR IN TROUT PRODUCTION
...Colorado, Environmental Ecology, Number Or Density, Soil
(wildfire) Cover, Streams, 4.0070

EFFECTS OF DEWATERING ON A TROUT POPULATION ...Dc-
watering, Montana, Population Dynamics, Recreation Sites,
Streams, ..6.0330

SPRING POND ECOLOGY AND MANAGEMENT ...Fishing,
Habitat Studies, Management, Ponds, Productivity (agricultural),
3.0488

STREAM IMPROVEMENT STUDY ...Engineering Structures-
general, Physical-general, Population Dynamics, Project Post-
evaluation, Streams, 2.0962

STREAM RESTORATION AND CONTROLLED FLOWS ...Dams-
other, Lake Trout, Brook Trout, Logging, Transport, Equipment,
Maine, Stream Rehabilitation, ..A.0129

DEVELOPMENT AND IMPROVEMENT OF INSTRUMENTA-
TION AND SAMPLING GEM FOR USE IN LIMNOLOGY
AND FISHERY BIOLOGY ...Basses -sca,white, White Perch,
Nets, Plankton Sampling, Tags, Telemetry, ...7.0115

EFFECTS OF KRAFT PULP MILL EFFLUENTS ON THE
GROWTH AND PRODUCTION OF FISH ...Industrial Wastes,
Pollution - Effects of , Pollution Effects, Pulp, Paper , and
Logging, ..5.0966

EVALUATION OF ANADROMOUS FISH PASSAGE FACILITIES
AT FALL CREEK DAM, BIG FALL CREEK, OREGON
Aquatic Ecology, Engineering Structures-general, Migration,
Oregon, Rainbow Trout, Steelhead Trout, _8.0280

JUVENILE MIGRATION RATES ...Columbia River, Migration,
Other, Snake River, Water Environment -other, 8.0308

RELATION OF RIVER-RUN IMPOUNDMENTS TO SALMON
PRODUCTION ...Aquatic Ecology, Enginccring Structures-
general, Environmental Changes, Environmental Ecology, Mans
Activities, Pollution - Effects of , ...6.0616

SALMON PRODUCTION IN AREAS MADE INACCESSIBLE BY
DAMS ...Aquatic Ecology, Columbia River, Engineering Struc-
tures-general, Environmental Ecology, Spawn Or Nesting Sites,
8.0309

ADULT SALMON BEHAVIOR STUDIES IN RIVERS AND AT
DAMS (SONIC TRACKING) ...Aquatic Ecology, Behavioral
Ecology, Columbia River, Migration, Tags, 8.0305

PREDICTION OF ENVIRONMENT ...Biological-general, Columbia
River, Environmental Ecology, Low Temp. -but Above 32f, Physi-
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cal-general, Reservoirs and Impoundments, Snake River, Tem-
perature, Thermal Pollution, ...6.0617

EFFECTS OF INDUSTRIAL EXPANSION ON THE AQUATIC
ENVIRONMENT OF ESTUARINE AREAS _Columbia River,
Estuaries, ...2.1131

EFFECT OF SUPERSATURATION OF DISSOLVED NITROGEN
ON MIGRATING SALMON/DS ...Gases, Dissolved -water, Mor-
tality Rates, Nitrogen, Pathology, ...6.0614

FISH TRANSPORTATION ...Aquatic Ecology, Management -other,
Migration, Streams, Tags, ...8.0304

FISH BEHAVIOR AND PHYSIOLOGY ..,Behavior -animal, En-
gineering Structures- general, Environmental Physiology, Migra-
tion, Thermal Pollution, ..6.0615

FISHWAY RESEARCH (BONNEVILLE LABORATORY)
Behavioral Ecology, Engineering Structures-general, Environ-
mental Ecology, Management -other, Migration, ...6.0618

PROTECTION OF FINGERLING SALMON IN TURBINES .,.Con-
struction Land Use Effects, Engineering Structures-general,
Migration, Mortality Rates, Snake River, .8.0306

Salmon -coho,chinook,sockeye..
STUDY OF DISCREPANCY IN FISH COUNTS BETWEEN

COLUMBIA RIVER DAMS ...Censusing , Columbia River,
Number Or Density, Rainbow Trout, Steelhcad Trout, ...8.0278

MCNARY ARTIFICIAL SPAWNING CHANNEL STUDIES
...Channels, Columbia River, Construction Land Use Effects,
Spawn Or Nesting Sites, Temperature, ...8.0302

MIGRATORY RESPONSE OF ADULT SALMONIDS TO WATER
TEMPERATURE ...Management -other, Migration, Temperature,
Thermal Pollution, Warm Water, ...8.0300

PASSAGE OF ADULT SALMONIDS THROUGH PIPES ...Con-
struction Land Use Effects, Management -other, Pipes, 8.0301

STUDY OF RD SALMON IN THE NUSHAGAK DISTRICT
...Alaska, Chemical-general, Physical-general, Spawn Or Nesting
Sites, 6.0622

INVESTIGATE THE FEASIBILITY OF INTRODUCING
SOCKEYE SALMON INTO RESERVOIRS ...Oregon, Reservoirs
and Impoundments, Stocking of Fish & Shellfish, 6.0464

OBSERVATIONS ON RED SALMON !N THE KVICHAK RIVER
SYSTEM Alaska, Aquatic Ecology, Population Dynamics,
Reproduction Studies (general), Streams, ..6.0628

INVESTIGATION OF SPAWNING GROUND POTENTIALS AND
GROWTH AND SURVIVAL OF JUVENILE SOCKEYE SAL-
MON IN FRAZEP. LAKE SYSTEM ...Alaska, Censusing, Lakes,
Nets, Spawn Or Nesting Sites, Tags, ...6.0009

RESTORATION AND REHABILITATION OF EARTHQUAKE
DAMAGED PINK AND CHUM SALMON STUDIES IN
PRINCE WILLIAM SOUND ...Alaska, Aquatic Ecology, Data
Acquisition-general, Earthqualo.s, Flow Characteristics -water,
Spawn Or Nesting Sites, Stream Rehabilitation, Tectonics-general,
2.0026

EFFECTS OF LOGGING ON SALMON POPULATIONS IN
COASTAL STREAMS ...Douglas Fir, Forest Debris, Forest.
Watersheds, Logging, Transport, Equipment, Population Dynam-
ics, 5.0947

TEMPERATURE REQUIREMENTS OF SALMONIDS IN RELA-
TION TO THEIR FEEDING, BIOENERGETICS, GROWTH
AND BEHAVIOR ...Behavior -animal, Energy, Growth Rate,
Rainbow Trout, Stcclhcad Trout, Water Temperature-non-
specific, 5.0942

OPTIMUM ESCAPEMENT STUDIES OF CHIGNIK SOCKEYE
SALMON ...Alaska, Aquatic Ecology, General Synoptic Observa-
tions, Lakes, Water Properties-general, 6.0623

STUDIES OF SOCKEYE SALMON, ONCORHYNCHUS NERKA,
IN THE K "ICHAK RIVER SYSTEM, ALASKA ...Alaska, Com-
mercial Fishing, Productivity - Food Chain, Watersheds-other,
6.0627

ECOLOGY OF SPRING CHINOOK SALMON ...Aquatic Ecology,
Life History Studies, Oregon, Productivity - Food Chain, Streams,
6.0447

A RUN TIMING STUDY IN THE LOWER COLUMBIA RIVER
BY MEANS OF A TESTFISHING PROGRAM ...Columbia River,
Migration, Nets, Number Or Density, Streams, ...2.0884

FACTORS INFLUENCING THE FRESHWATER RESIDENCE OF
JUVENILE FALL CHINOOK SALMON ...Aquatic Ecology,
Fresh Water, Life History Studies, Oregon, Streams, ...6.0448

ECOLOGICAL STUDIES OF CHUM AND COHO SALMON AT
BIG BEEF CREEK ...Aquatic Ecology, Chemical-general, Reser-
voirs and Impoundments, Streams, Washington, 6.0629

COLUMBIA RIVER CHINOOK SALMON _Columbia River, Con-
struction Land Use Effects, Habitat Studies, Population Dynam-
ics, Spawn Or Nesting Sites, 2.1129

DDT AND DIELDRIN METABOLISM AND STORAGE BY
CHINOOK SALMON UNDER LABORATORY CONDITIONS
...DDT , Dicldrin, Laboratory Animals, Metabolism -animal,
5.0660

INVESTIGATION OF STRESS-INDUCED MOBILIZATION OF
INSECTICIDE RESIDUES - CHRONIC TOXICITY OF PESTI-
CIDES TO FISH ...DDT , Dicldrin, Metabolism -animal, Stress,
Wildlife, _5.0655

RISTOL BAY ESTUARINE ECOLOGY ...Alaska, Estuaries, Fish-
ing Gear, Life History Studies, Migration, Water Mass & Ocean
Fronts, 2.0016

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
...Aquatic Ecology, Environmental Ecology, Estuaries, Mortality
Rates, Physical-general, 4.0002

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
...Alaska, Aquatic Ecology, Spawn Or Nesting Sites, Streams,
Water Properties - general,

Sanger
SAUGER AND WALLEYE INVESTIGATIONS IN THE MISSOU-

RI RIVER ...Biological Rhythms, Missouri River, Population
Dynamics, Walleyes, ...6.0334

Shiners
STREAM BIOLOGY AND ITS RELATION TO FISH PRODUC-

TION ...Food Supply, Growth Rate, Mississippi River, Streams,
Vertical Distribution, ..6.0223

Smallmouth Bass
THE BEHAVIOR OF SMALLMOUlli BASS AS RELATED TO

ARTIFICIAL COVER ...Acidity, Behavioral Ecology, Mining In-
dustry, Soil (wildlife) Cover, Water Movement, Currents
...5.1024

Smelts
INVESTIGATION OF THE RELATIONSHIP OF THE AMER-

ICAN SMELT, OSMERUS MORDAX - MITCHILL, TO THE
WEWEANTIC RIVER ESTUARY, WAREHAM, MAS
SACHUSETTS ...Aquatic Ecology, Environmental Ecology,
Estuaries, Spawn Or Nesting Sites, Temperature, ...5.0510

LAKE SUPERIOR EXPLORATIONS ...Commercial Fishing, Lake
Superior, Management -other, Nets, Suckers, ...6.0293

Suckers
LAKE SUPERIOR EXPLORATIONS ...Commercial Fishing, Lake

Superior, Management -other, Nets, Smelts, ...6.0293

Tilapia, Cichlids
SPORT FISHERY POTENTIAL IN RECLAIMED WASTEWATER

...Channel Catfish, Growth Rate, Other, Salmon & Trout - Non-
specific, Stream Rehabilitation, 5.0650

BIOLOGICAL CONTROL OF AQUATIC VEGETATION
...Biocontrol, Lakes, of Aquatic Plants, Ponds, 6.0196

Walleyes
SAUGER AND WALLEYE INVESTIGATIONS IN THE MISSOU-

RI RIVER ...Biological Rhythms, Missouri River, Population
Dynamics, Sauger, 6.0334

WALLEYE FRY - ZOOPLANKTON RELATIONSHIPS IN
SOUTHEASTERN WISCONSIN LAKES ...Aquatic Ecology,
Food Supply, Lakes, Plankton Sampling, ZoonlaAton, ...6.0640

WALLEYE AND NORTHERN PIKE STUDY ...Aquatic Ecology,
Life History Studies, Pikes, Pickeral, Muskellunge, Spawn Or
Nesting Sites, Texas, 6.0541

DDT RESIDUE ACCUMULATION IN WISCONSIN FISH AND
THE EFFECT ON REPRODUCTION ...DDT , Maturity &
Growth Stages, Reproduction Studies (general), Wildlife, Wiscon-
sin, ...5.1292

VITAL STATISTICS OF WALLEYE IN LAKE SHARPE ...Growth
Rate, Mortality Rates, Population Dynamics, Reservoirs and Im-
poundments, South Dakota, ...6.0503

EARLY LIFE HISTORY OF WALLEYE IN LAKE FRANCIS
CASE ...Aquatic Ecology, Life History Studies, Maturity &
Growth Stages, Reservoirs and Impoundments, South Dakota,
...6.0506
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THE EFFECTS OF ENVIRONMENTAL CONDITIONS ON THE
SPAWNING AND SURVIVAL OF FRY OF THE WALLEYE
.,.Environmental Effectstgeologic, Eutrophication, Pollution Ef-
fects of , Temperature, ..5.0900

LIFE HISTORY AND ABUNDANCE OF THE WALLEYE
...Aquatic Ecology, Commercial Fishing, Environmental Ecology,
Life History Studies, Water Properties - general, _6.0440

Yellow Perch, Darters
EFFECTS OF TEMPERATURE AND SILT ON YELLOW PERCH

DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
Laboratory, South Dakota, Turbidity & Suspended Matter, Water
Temperature-non-specific, .6.0508

GROWTH AND MORTALITY RATES OF YOUNG YELLOW
PERCH IN OAHE RESERVIOR ...Aquatic Ecology, Growth
Rate, Mortality Rates, Reservoirs and Impoundments, South
Dakota, 6.0498

SPAWNING OF YELLOW PERCH ..,Biological Rhythms, Ovary,
Reservoirs and Impoundments, South Dakota, Spawli Or Nesting
Sites, ...6.0521

ENVIRONMENTAL FACTORS AND YOUNG YELLOW PERCH
SURVIVAL IN RESERVOIRS ...Aquatic Ecology, Environmental
Physiology, Reservoirs and Impoundments, Stocking of Fish &
Shellfish, Temperature, ...6.0511

LIFE HISTORY AND ABUNDANCE OF THE YELLOW PERCH
...Aquatic Ecology, Environmental Ecology, Life History Studies,
Population Dynamics, Water Properties-general, 6.0439

EFFECTS OF TEMPERATURE ON MATURATION, EMB-
RYONIC DEVELOPMENT AND CONDITION OF FRY IN
YELLOW PERCH - LAKE HERRING, SMELT AND WAL-
LEYE ..,Basic Embryology, Environmental Physiology, Maturity
& Growth Stages, Temperature, Thermal Pollution, Water Tem-
perature-non-specific, 5.0590

CULTURING, PROPAGATION AND CONDITION EVALUA-
TION OF FISHES ...Bioassays, Blood -other, Captive Rearing,
Cisco, Lake Herring, Contamination - Water, Lake Trout, Brook
Trout, ..5.0586

Fish & Wildlife Bio;ogy
Birds

Censusing
IMPORTANCE OF TYPE I WETLAND COMMUNITIES TO

WATERFOWL PRODUCTION ...Land Use, Spawn Or Nesting
Sites, Water Fowl, N.s. , Water Utilization -animal, Wetlands,
...4.0218

Food Supply
WATERFOWL UTILIZATION OF SAGO PONDWEED

(POTAMOGETON PECTINATUS) ON A SELECTED MARSH
IN NORTHERN UTAH ...Mallard, Potamogeton, Ruppia,
Zostera.., Storage, Swamps-marshes, Utah, 6.0588

EFFECTS OF RESTORATION AND MANAGEMENT OF THE
SAN SIMON MARSH ON ITS UTILIZATION BY MEXICAN
DUCKS ...Management, Mexican Duck, Spawn Or Nesting Sites,
Swamps - marshes; Water Utilization -animal, ..,6.0364

PHYSICAL & CHEMICAL PROPERTIES OF WATER & SOILS
OF MARSHES AS THESE PROPERTIES RELATE TO THE
SUCCESS OF WATERFOWL FOODS & COVER. ...Biological-
general, Soil (wildlife) Cover, Wetlands, ..6.0371

THE EFFECTS OF DREDGING AND SILTATION ON DIVING
DUCK FOODS AND FEEDING HABITS ON THE MISSISSIPPI
RIVER ...Mississippi River, Sediments, Silting, Water Fowl, N.s. ,
5.0411

FOOD AND FOOD ENERGY REQUIREMENTS OF WILD
DUCKLINGS _Energy, Habitat Studies, Pintail, Anas Acuta,
Scaup, Lesser, Widgeon, American, 6.0583

MANAGEMENT OF FOREST AND FARM GAME HABITAT -
FISH POND MANAGEMENT ...Farm Pond, Game Reserves,
Habitat Studies, of Aquatic Plants, Site Index and Site Quality,
6.0245.

THE MANAGEMENT OF SHALLOW-WATER IMPOUND-
MENTS FOR WATERFOWL ...Management, Reservoirs and Im-
poundments, Salinity, Water Fowl, N.s. , Water Level Fluctuation,
6.0247

THE PHYSICAL AND CHEMICAL PROPERTIES OF WATER
AND SOILS AS RELATED TO THE SUCCESSFUL GROWTH
OF WATERFOWL FOOD AND COVER PLANTS _Flooding,
Oxygen, Phytotoxic, Soil (wildlife) Cover, Soil Conditions, Water
Fowl, N.s. ..,2.0799

Game Reserves & Preserves
A PRELIMINARY STUDY OF THE ECOLOGY, PRESENT AND

ALTERNATIVE FUTURE LAND USE PATTERNS IN THE
DISMAL SWAMP AREA OF NORTH CAROLINA Agricul-
tural Land Use Effects, Economic Impact, Land Use, North
Carolina, Wetlands, 6.0404

Management -other
MARSH EVALUATION AND ACQUISITION - MARITIMES

...Habitat Studies, Management, Wetlands, ..4.0052
MARSH EVALUATION AND ACQUISTION ONTARIO

,..Canada, Habitat Studies, Management, Water Fowl, N.s. , Wet-
lands, ...4.0046

HYDROLOGY OF PRAIRIE POTHOLES North Dakota,
Potholes, Seepage, Water Balance-budget, Water Fowl, N.s. ,

Water Utilization -animal, _2.0170
WATERFOWL MANAGEMENT THROUGH WATER-LEVEL

CONTROL ...Depth,water Level, Fluctuation, Drawdown,
Management, Water Fowl, N.s. , Wetlands, 4.0133

Mark, Tag Or Capture -other
ECOLOGY OF SOME WADING BIRD POPULATIONS AF-

FECTED BY THE INVASION OF THE CATTLE EGRET INTO
ALABAMA ...Aquatic Ecology, Behavioral Ecology,
Ciconiiformes - Wading Birds, Migration, Water Utilization -

animal, ...6.0001

Pathology
STUDY OF WATERFOWL BOTULISM ...California, Clostridium

Botulinum, Growth (non-specific & Os.), Identification, Water
Fowl, N.s. , .6.0070

Fish & Shellfish
Captive Rearing

PHYSICAL AND CHEMICAL CHANGES OF RECIRCULA'rED
HATCHERY WATER SUPPLIES ...Chemical Measurements -
water, Chemical-general, Physical Measurements -water, Physical-
general, Water Reuse, ...5.0708

EFFECTS OF INCREASE IN SALTON SEA SALINITY ON THE
SURVIVAL OF ORANGEMOUTH CORVINA, SARGO, BAIR-
DIELLA, AND NEANTHES ...Bioindicators, Fish - other, Pollu-
tion - Effects of , Salinity, Salton, Water Salinity, 5.0146

EFFECTS OF WATER QUALITY ON HATCHING SUCCESS
...Basses -sea,white, White Perch, Hatchability, Louisiana, Pollu-
tion - Effects of , Water Properties - general, ..5.0453

FISH STOCKING EVALUATION ...Largemouth Bass, Manage-
ment, Nets, Ponds, Stocking of Fish & Shellfish, 6.0542

CHARTING OF SUBTIDAL OYSTER BEDS AND EXPERIMEN-
TAL TRANSPLANTING OF SEED OYSTERS FROM POL-
LUTED SEED OYSTER BEDS ...Commercial Fishing, Estuaries,
Oysters, South Carolina, Stocking of Fish & Shellfish, ...5.1101

FEASIBILITY OF TREATING AND RECYCLING USED FISH
HATCHERY WATER ...Benefit -cost Analysis, Productivity
(agricultural), Waste Water Treatment-general, Water Reuse,
...5.0753

EVOLUTION OF ALLOPATRIC POPULATIONS ...Ecological,
Lake Trout, Brook Trout, Maine, Population Dynamics, 5.0464

POLLUTION AS A RESULT OF FISH CULTURAL ACTIVITIES
...Algal Pollutant Sources, Biological Pollutants -general, Manage-
ment -other, Pollution - Effects of , Water Quality Control-
general, ...5.1199

EXPERIMENTAL REARING OF SALMON AND STEELHEAD
IN BRACKISH WATER IMPOUNDMENTS ..,Brackish Water,
Environmental Response, Mortality Rates, Rainbow Trout, Steel-
head Trout, Stocking of Fish & Shellfish, 6.0461

ENVIRONMENTAL FACTORS AND YOUNG WHITE BASS
SURVIVAL IN RESERVOIRS ...Basic Embryology, Basses -
sea,white, White Perch, Environmental Physiology, Reservoirs and
Impoundments, ...6.0512

DEVELOPMENT OF IDENTIFICATION KEYS TO LARVAL,
AND JUVENILE RESERVIOR FISHES ...Animal Taxonomy,
Fish -non-specific, Maturity & Growth Stages, Photography-other,
Reservoirs and Impoundments, _6.0018

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER INVER-
TEBRATES - DEVELOPMENT OF A LABORATORY STREAM
FOR REARING AND TESTING AQUATIC INVERTEBRATES
Invertebrate Cultures, Invertebrates -non-specific, Laboratory,
Laboratory Animals, Pesticides -non-specific, ...6.0319

CULTURE OF SHELLFISH IN ARTIFICIAL AND NATURAL
SALT PONDS ...Commercial Fishing, Growth Rate, Maryland,
Oysters, Ponds, 6.0267
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EXPERIMENTAL SEEDING (SHRIMP AQUACULTURE PRO-
GRAM) .Florida, Population Dynamics, Shrimps Common,
Spawn Or Nesting Sites, Stocking of Fish & Shellfish, ...6.0565

CULTURING, PROPAGATION AND CONDITION EVALUA-
TION OF FISHES ...Bioassays, Blood -other, Cisco, Lake Herring,
Contamination - Water, Lake Trout, Brook Trout, Yellow Perch,
Darters, ...5.0586

Censusing
STUDY OF DISCREPANCY IN FISH COUNTS BETWEEN

COLUMBIA RIVER DAMS ...Columbia River, Number Or Den-
sity, Rainbow Trout, Stec !head Trout, Salmon -coho,chin-
ook,sockeye. ...8.0278

SOME ASPECTS OF THE MARINE SPORT FISHERY OF MAS-
SACHUSETTS WITH SPECIAL EMPHASIS ON SURVEY
DESIGN AND BASIC ECONOMIC ATTRIBUTES ...Fishing,
Massachusetts, Survey, ...7.0054

INVESTIGATION OF SPAWNING GROUND POTENTIALS AND
GROWTH AND SURVIVAL OF JUVENILE SOCKEYE SAL-
MON IN FRAZER LAKE SYSTEM ...Alaska, Lakes, Nets, Sal-
mon - coho,chinook,sockeyc.., Spawn Or Nesting Sites, Tags,
...6.0009

COOPERATIVE AGREEMENT FOR BEAVER RESERVOIR
CREEL CENSUS STUDY ...Fish -non-specific, Fishing, Number
Or Density, Reservoirs and Impoundments, Weight, ...4.0015

Commercial Fishing
TRANSLATION OF VOPROSY IKHTIOLOGII (PROBLEMS OF

ICHTHYOLOGY) ...Russia, Translation Grants, ...6.0122
LAKE BASTROP NETTING STUDY ...Ictaluridae -other, Lakes,

Nets, Population Dynamics, Texas, -.6.0570
CHARTING OF SUBTIDAL OYSTER BEDS AND EXPERIMEN-

TAL TRANSPLANTING OF SEED OYSTERS FROM POL-
LUTED SEED OYSTER BEDS ...Captive Rearing, Estuaries,
Oysters, South Carolina, Stocking of Fish & Shellfish, ...5.1101

OYSTER LEASE CONTROL MONUMENTS BAY ADAM,
BASTIAN BAY AND SANDY POINT BAY AREAS .,.Gulf of
Mexico, Louisiana, Oysters, Plane, Tides, ...6,0249

A STUDY OF SELECTED CHEMICAL AND BIOLOGICAL CON-
DITIONS OF THE LOWER TRINITY RIVER AND THE UPPER
TRINITY BAY ...Estuaries, Mans Activities, Pollution - Effects of
, Spawn Or Nesting Sites, Texas, -.6.0546

RELEVANCE OF SELECTED ECOLOGICAL FACTORS RE-
LATED TO WATER RESOURCES & SOCIAL ORGANIZA-
TION OF FISHEMEN VILLAGES IN PUERTO RICO (AB-
BREV ) ...Fish, N.s. , Puerto Rico, Social Aspects, Social Struc-
ture, Water Resources - General, ..,6.0479

STUDIES OF SOCKEYE SALMON, ONCORHYNCHUS NERKA,
IN THE KVICHAK RIVER SYSTEM, ALASKA ,..Alaska,
Productivity - Food Chain, Salmon - coho,chinook,sockeye..,
Watersheds-other, ...6.0627

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE
UPPER CHESAPEAKE BAY ...Aquatic Soils, Chemical-general,
Chesapeake !ivy, Environmental Effects-geologic, Physical -
general, ..5.0506

CULTURE OF SHELLFISH IN ARTIFICIAL AND NATURAL
SALT PONDS ...Captive Rearing, Growth Rate, Maryland,
Oysters, Ponds, -.6.0267

POTENTIAL OYSTER SETTING CAPACITY - LOCAL AREAS
...Chesapeake Bay, Other, Oysters, Spawn Or Nesting Sites,
Streams, -.5.0507

ECOLOGY AND DISTRIBUTION OF OYSTERS AND CLAMS
...Chesapeake Bay, Clams, Food Supply, Food Webs, Oysters,
...6.0268

LIFE HISTORY AND ABUNDANCE OF THE WALLEYE
...Aquatic Ecology, Environmental Ecology, Life History Studies,
Walleyes, Water Properties-general, ...6.0440

ASSESSMENT OF LAKE SUPERIOR LAKE TROUT ...Aquatic
Ecology, Lake Trout, Brook Trout, Lampreys, Life History Stu-
dies, ...6.0636

LAKE SUPERIOR EXPLORATIONS ...Lake Suncrior, Manage-
ment -other, Nets, Smelts, Suckers, ...6.0293

EVALUATION OF ENGINEERING PROJECTS AND
ESTUARINE DATA (ESTUARINE PROGRAM) ...Conservation
& Management Eng, Construction Sites, Estuaries, Gulf of Mex-
ico, Habitat Studies, 1 and Use -non-specific, 8.0290

Control of Nuisance Species
REPOPULATION OF EXPERIMENTALLY DECIMATED AREAS

BY STREAM FISHES ...Aquatic Ecology, Fish -non-specific,
Louisiana, Population Dynamics, Stream Rehabilitation, Streams,
5.0460

CHEMICAL TREATMENT OF NEBISH LAKE ...Aquatic Ecology,
Chemical Treatment-general, Data Analysis - General, Lakes,
Stocking of Fish & Shellfish, ...5.1293

FISH TOXICANT STUDIES ,..Ammonium, Evaluation, Fish -non-
specific, Piscicides -non-specific, Screening Potential Pesticides,
5.1147

SMALL IMPOUNDMENT STOCKING ...Bullheads, Centrarchidac
-other, Colorado, Lakes, Stocking of Fish & Shellfish, 5.0201

FISH POPULATION MANIPULATION AT RIDGE LAKE
...Depth,water Level, Fluctuation, Illinois, Lakes, Population
Dynamics, Water Level Fluctuation, 6.0194

THIODAN AS A TOXICANT FOR ERADICATION OF FISHES
IN LAKE MANAGEMENT ...Evaluation, Lakes, Management,
Thiodan, ...6.0567

LAKE SUPERIOR CHEMICAL CONTROL OF SEA LAMPREY
Flow Characteristics -water, Lake Superior, Lampreys, Larvi-
cides, Streams, ...5.0577

LAKE MICHIGAN CHEMICAL CONTROL OF SEA LAMPREY
...Animal Pollutant Sources, Evaluation, Lampreys, Larvicides,
.5.0576

Dyes
DEVELOPMENT OF MARKING METHODS FOR SMALL FISH

...Largemouth Bass, Musculoskeletal System, Other, Tags,

.,.7.0081

Fertilizers -aquatic
FERN LAKE MINERAL METABOLISM PROGRAM -.Hardness-

minerals, Lakes, Mineral Content -water, Productivity - Food
Chain, Washington, ...6.0624

FERTILIZATION OF WOODS CANYON LAKE .Arizona, I.:)kes,
Rainbow Trout, Steatead Trot, .5,0040

FISH POPULATION STUDIL,S. (DEWEY RESERVOIR)
...Alewife,menhaden,shadtherring, Aquatic Ecology, Kentucky,
Population Dynamics, Reservoirs and Impoundments, ...5.0437

NUTRIENT ASSIMILATION RATES FIELD STUDIES _Estua-
ries, Nutrients, Phosphorus, Ponds, ...5.0620

FARM FISH POND MANAGEMENT ...Farm Pond, Food Supply,
Management, Nutrients, Productivity - Food Chain, -.6.0300

HIGH ANALYSIS FERTILIZER INVESTIGATIONS - FISHERIES
...Fish -non-specific, Productivity (agricultural), Reservoirs and
Impoundments, Tennessee, ...6.0535

Fishery Development -other
MOVEMENTS OF SPORT FISHES IN BEAVER RESERVOIR

...Arkansas, Basses -sca,white, White Perch, Migration, Reservoirs
and Impoundments, Tags, ...6.0017

Food Supply
FEEDING PATTERNS OF THE FRESHWATER ISOPOD LIR-

CEUS BRACHYURUS ...Aquatic Ecology, Beha dont! Ecology,
Isopods, Nutrition - Invertebrate, Pennsylvania, Streams, ..7.0093
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FOOD HABITS OF LARVAL AND JUVENILE SHAD IN THE
CONNECTICUT RIVER .. .Alewife,menhaden,shad,herring,
Aquatic Ecology, Connecticut River, Massachusetts, Recreation
Sites, 3.0272

STREAM BIOLOGY AND ITS RELATION TO FISH PRODUC-
TION ...Growth Rate, Mississippi River, Shiners, Streams, Verti-
cal Distribution, ...6.0223

DYNAMICS OF FISH POPULATIONS IN NATURAL LAKES
,..Iowa, Lakes, Life History Studies, Population Dynamics,
.,.6.0224

FOOD HABITS OF LARGEMOUTH BASS LARVAE ...Aquatic
Ecology, Behavior -animal, Largemouth Bass, Ponds, Zooplank-
ton, ...7.0082

THE ROLE OF FOOD IN THE MORTALITY OF LARGEMOUTH
BASS LARVAE ...Environmental Physiology, Fasting - Starvation,
Largemouth Bass, Maturity & Growth Stages, Mortality Rates,
.,.7.0079

A STUDY OF THE BENTHIC FAUNA OF MERLE COLLINS
RESERVOIR (VIRGINIA RANCH RESERVOIR) ...California,
Number Or Density, Productivity - Food Chain, Reservoirs and
Impoundments, ...6.0071

WALLEYE FRY - ZOOPLANKTON RELATIONSHIPS IN
SOUTHEASTERN WISCONSIN LAKES ...Aquatic Ecology,
Lakes, Plankton Sampling, Walleyes, Zooplankton, ...6.0640

STUDIES ON PLANTED BROOK TROUT IN RELATION TO
NUMBERS PLANTED, LIMNOLOGICAL CONDITIONS AND
FOOD SUPPLIES IN UNFISHED LAKES -.Lake Trout, Brook
Trout, Lakes, Michigan, Population Dynamics, Stocking of Fish &
Shellfish, ...6.0303
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EFFECT OF LIMNOLOGICAL CHANGES ON SURVIVAL OF
YOUNG FISH IN ONEIDA LAKE ...Fish -non-specific, Lakes,
New York, Urban Environments, Water Quality-general, 6.0372

FOOD HABITS STUDY ...Aquatic Ecology, Benthic Organisms
(non-specif), Lakes, Mississippi, Plankton (non-specific),
..,6.0314

FLATHEAD CATFISH STUDY ...Aquatic Ecology, Behavior -

animal, Growth Rate, letaluridae -other, Reproduction Studies
( general), Texas, _6.0539

EFFECTS OF PULP MILL EFFLUENTS ON THE GROWTH AND
PRODUCTION OF FISH industrial Wastes, Industry Land Use
Effects, Pollution - Effects of , Pollution Effects, Pulp, Paper ,
and Logging, 5.0961

RELATION OF FLOODPLAIN POOLS TO THE BIOLOG:C'AL
PRODUCTION OF THE KASKASKIA RIVER AND ITS MAIN-
STEM RESERVOIRS Habitat Studies, Illinois, Productivity -

Food Chain, Reservoirs and Impoundments, Streams, ,,.2.0411

BEHAVIOR AND FOOD PREFERENCES OF INTRODUCED AN-
NUAL FISHES IN RELATION TO MOSQUITOES ,.Aquatic
Ecology, Behavioral Ecology, Killifishs - Cyprinodon, Mosquitoes
-non-specific, Predators and Parasite, 2.0575

FARM FISH POND MANAGEMENT ...Farm Pond, Fertilizers -
aquatic, Management, Nutrients, Productivity - Food Chain,
6.0300

AN EVALUATION OF WIDELY USED HERBICIDES ON
AQUATIC PLANT'S, FISH AND FISH-FOOD ORGANISMS
.,.Environmental Effects, Herbicides -non-specific, Wildlife,
...5.0570

PRODUCTION OF ADULT GAME FISHES BY ARTIFICIAL
FEEDING ...Aquaculture & Fish-farming, Fish -non-specific, Fish

Rations, ...6.0I81
FOOD INTAKE OF LARGEMOUTH BASS ...Lakes, Largemouth

Bass, Malnutrition -other, Size, ..6.0182
DEPTH DISTRIBUTION OF FISH IN LAKE GLENDALE

..Bluegills, Bream, Illinois, Lakes, Largemouth Bass, Vertical Dis-
tribution, 6.0197

ECOLOGY AND DISTRIBUTION OF OYSTERS AND CLAMS
,Chesapeake Bay, Clans, Commercial Fishing, Food Webs,
Oysters, ...6.0268

RESEARCH ON THE MACROBENTHOS OF THE GREAT
LAKES ...Aquatic Ecology, Benthic Fauna, Earthworms, Great
Lakes-general, Water Quality-general, ...6.0292

CULTURING AND PROPAGATION OF SELECTED INVER-
TEBRATES AND ASSOCIATED FOOD ORGANISMS ...Algal
Culture, Chlorophyceae (non-specir.aot), Chrysophyceue (non-
specif.&ot), Cyanophyta (non-specific & Ot), Invertebrate Cul-
tures, 5.0591

EFFECTS OF D.O., TEMPERATURE AND POTENTIAL TOXI-
CANTS UPON SELECTED MACROINVERTEBRATES
(EMPHASIZING NON-ARTHROPODS) ..Contamination -

Water, Gases, Dissolved -water, Pollution - Effects of , Pollution
Effects, Water Temperature-non-specific, 5.0589

EFFECTS OF HIGH TEMPERATURE, LOW OXYGEN, AND PH
EXTREMES ON THE SURVIVAL OF AQUATIC INSECTS
AND CRUSTACEA IMPORTANT AS TROUT FOOD ...Aquatic
Ecology, Gases, Dissolved -water, High Temp. -85f Or Above,
Lake Superior, Ph, Acidity -water, ...5.0593

Management -other
MIGRATORY RESPONSE OF ADULT' SALMONIDS TO WATER

TEMPERATURE ...Migration, Salmon -coho,chinook,sockeye..,
Temperature, Thermal Pollution, Warm Water, _8.0300

PASSAGE OF ADULT SALMONIDS THROUGH PIPES ...Con-
struction Land Use Effects, Pipes, Salmon -coho,chin-
ook,sockeye.., 8.0301

POLLUTION AS A RESULT OF FISH CULTURAL ACTIVITIES
...Algal Pollutant Sources, Biological Pollutants -general, Captive
Rearing, Pollution - Effects of , Water Quality Control - general,

...5.1199
EVALUATION OF UPSTREAM AND DOWNSTREAM

ANADROMOUS FISH PASSAGE AT RIVER MILL AND
FARADAY DAMS ON THE CLACKAMAS RIVER, OREGON
...Engineering Structures-general, Migration, Oregon, Rainbow
Trout, Steelhead Trout, Reservoirs and Impoundments, 8.0279

FISH PASSAGE THROUGH TURBINES ...Fish -non-specific,
Hydraulic, Mortality Rates, Power Development, Stamina,
8.0312

COLLECTION OF JUVENILE MIGRANTS FROM RIVERS AND
STREAMS ...Engineering Structures-general, Fish -non-specific,
Migration, Streams, ...4.0271

LAKE SUPERIOR EXPLORATIONS ...Commercial Fishing, Lake
Superior, Nets, Smelts, Suckers, 6.0293

FISH TRANSPORTATION ...Aquatic Ecology, Migration, Salmon
& Trout - Non-specific, Streams, Tags, 8.0304

FISH GUIDING ...Animal Distr, (non-specific), Fish -non-specific,
Guidance, Instrumental Services, Water Environment -other,
...8.0307

FISH WAY RESEARCH (BONNEVILLE LABORATORY )
...Behavioral Ecology, Engineering Structures-general, Environ-
mental Ecology, Migration, Salmon & Trout - Non-specific,
6.0618

Nets
EVALUATION OF CLEARED SEINING AREAS Land Use, Pre-

impoundment Sites, Reservoirs and Impoundments, Texas,
_6.0540

LAKE BASTROP NETTING STUDY .,,Commercial Fishing, letalu-
ridae -other, Lakes, Population Dynamics, Texas, ...6.0570

FISH STOCKING EVALUATION ...Captive Rearing, Largemouth
Bass, Management, Ponds, Stocking of Fish & Shellfish, _6.0542

DEVELOPMENT AND IMPROVEMENT OF INSTRUMENTA-
TION AND SAMPLING GEAR FOR USE IN LIMNOLOGY
AND FISHERY BIOLOGY _Basses -sea,white, White Perch,
Plankton Sampling, Salmon & Trout - Non-specific, Tags,
Telemetry, ...7.0115

INVESTIGATION OF SPAWNING GROUND POTENTIALS AND
GROWTH AND SURVIVAL OF' JUVENILE SOCKEYE SAL-
MON IN FRAZER LAKE SYSTEM ...Alaska, Censusing, Lakes,
Salmon -coho,chinook,sockeye.., Spawn Or Nesting Sites, Tags,
6.0009

ASSESSMENT OF ENVIRONMENT FACTORS INFLUENCING
THE DISTRIBUTION OF BOTTOM FISHES IN RESERVOIRS
,Oklahoma, Organic, Physical Praperties-general, Reservoirs and
Impoundments, Turbidity & Suspended Matter, ...5.0924

LIFE HISTORY OF THE GOLDEYE (HIODON ALOSOIDES) IN
GARRISON RESERVOIR, NORTH DAKOTA ...Biological
Rhythms, Life History Studies, North Dakota, Reservoirs and Im-
poundments, Spawn Or Nesting Sites, 5.0827

THE RELATIONSHIP BETWEEN TURBIDITY CURRENTS AND
FISH MOVEMENTS IN GARRISON RESERVOIR ...Currents -
water, North Dakota, Reservoirs and Impoundments, Turbidity,
Turbidity & Suspended Matter, ...5.0829

POTENTIAL FISHERY FOR RIVER HERRINGS IN CONNEC-
TICUT RIVER ...Alewife,menhaden,shad,herring, Connecticut
River, Environmental Ecology, Life History Studies, Spawn Or
Nesting Sites, 4.0075

LAKEBORGNE-CHANDELEUR SOUND SYSTEM ...Aquatic
Ecology, Louisiana, Number Or Density, Plankton Sampling,
Tides, _2.0543

BRETON SOUND - MOUTH OF MISSISSIPPI RIVER SYSTEM
...Aquatic Ecology, Mississippi River, Number Or Density, Plank-
ton Sampling, ...2.0544

VERMILION - CALCASIEU - SABINE SYSTEM ...Aquatic Ecolo-
gy, Data Acquisition-general, Louisiana, Number Or Density,
Plankton Sampling, ,,.2.0546

TIMBALIER - TERREBONNE BAYS SYSTEM ...Aquatic Ecology,
Data Acquisition-general, Louisiana, Number Or Density, Plank-
ton Sampling, 2.0547

DISTRIBUTION OF DEMERSAL FISHES IN INSHORE WATERS
..,Environmental Ecology, Fish -non-specific, Marine Biology,
Mortality Rates, Vertical Distribution, 5.1260

A RUN TIMING STUDY IN THE LOWER COLUMBIA RIVER
BY MEANS OF A TESTFISHING PROGRAM ...Columbia River,
Migration, Number Or Density, Salmon -coho,chinook,sockeye..,
Streams, ..2.0884

YOUNG-OF-THE-YEAR FISH IN LAKE FRANCIS CASE ..Age,
Fish -non-specific, Reservoirs and Impoundments, South Dakota,
Water Environment -other, 6.0505

EXPLORATORY SAMPLING PROGRAM FOR YOUNG-OF-THE-
YEAR FISH ...Age, Fish -non-specific, Population Dynamics,
Reservoirs and Impoundments, _6.0022

POPULATION ESTIMATES FROM MIDWATER TRAWL SAM-
PLING ...Alewife,menhaden,shad,herring, Aquatic Ecology, Ar-
kansas, Population Dynamics, Reservoirs and Impoundments,
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FLOOD INUNDATION STUDY, WISCONSIN ...Channels, Design
Flow-flood, Floods, Mapping, Wisconsin, ...4.0278

FLOOD AND SEDIMENT REDUCTION IN STEEP UNSTABLE
BRUSH LANDS OF THE SOUTHWEST Erosion-general,
Floods, Sediment Yield, Southwest, .4.0034
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FLOOD FREQUENCY STUDY ..,Bridges & Culverts, Culvert, New

Mexico, Peak Flow, Rio Grande, _2.0772
FLOOD FREQUENCY OF SMALL STREAMS IN LOUISIANA

...Drainage, Louisiana, 2.0541
INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL

WATERSHEDS IN OKLAHOMA Flow Characteristics -water,
Gaging, Oklahoma, Peak Flow, Small Watersheds, ...2.0278

INFLOW HYDROGRAPH STUDY Hydrographs, Inflow, Shape,
Small Watersheds, Wyoming, ...2.0302

SMALL DRAINAGE AREA STUDY ..Arizona, Drainage, Gaging,
Peak Flow, Small Watersheds, ...2.0289

ANALYSIS OF RUN-OFF FROM SMALL DRAINAGE AREAS
...Design Flow-flood, Drainage, Massachusetts, Runoff, Small
Watersheds, ...2.0612

FLOOD FREQUENCY FOR SMALL DRAINAGE AREAS
...Discharge-general, Drainage, Mississippi, Small Watersheds,
_2.0291

HYDROLOGY STUDY ...Bridges & Culverts, Culvert, Engince;ing
Structures-general, Flow Characteristics -water, Small
Watersheds, ...2.0292

INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL
DRAINAGE AREAS IN OHIO ...Drainage Systems, Ohio, Small
Watersheds, ,..2.0275

INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL
DRAINAGE AREAS IN SOUTH CAROLINA ...Culvert, Design
Flow-flood, Drainage, Small Watersheds, South Carolina,
...2.030I

SMALL STREAMS INVESTIGATIONS IN OREGON ...Data Anal-
ysis - General, Discharge-general, Gaging, Hydrographs, Peak
Flow, ...2.0293

INVESTIGA HON AND ANALYSIS OF FLOOD HYDROGRAPHS
FROM SMALL DRAINAGE BASINS IN SOUTH DAKOTA
...Bridges & Culverts, Culvert, Drainage, Hydrographs, Rain-
general, Small Watersheds, 2.0294

PROGRAM FOR INVESTIGATION AND ANALYSIS OF
FLOODS FROM SMALL DRAINAGE AREAS IN DELAWARE
...Drainage, Flow Characteristics -water, Forecasting-prediction,
Open Channel, Small Watersheds, ...2.0295

PROGRAM FOR HYDROLOGIC INVESTIGATION OF SMALL
DRAINAGE AREAS IN TEXAS ..Design Flow-flood, Drainage,
Hydaulic Structures, Small Watersireds, Texas, ...2.0296

ENGINEERING INVESTIGATION PERTAINING TO FLOOD
PROTECTION OF BRIDGES AND CULVERTS ...Bridges &
Culverts, Culvert, Design Criteria, Drag, Drainage, Erosion Con-
trol, ...8.0145

PREDICTION OF THE MAGNITUDES AND FREQUENCIES OF
FLOODS IN MICHIGAN ...Drainag, Forecasting-prediction,
Michigan, Morphology-general, Rain-general, 2.0635

INVESTIGATION OF WATER RESOURCES. FLOODS IN
SMALL STREAMS IN TENNESSEE ...Drainage, Tennessee,
2.0298

VERIFICATION OF HYDRAULIC DESIGN OF BRIDGES IN
ALABAMA ...Alabama, Bridges & Culverts, Data Acquisition-
general, Drainage, Engineering Structures-general, 8.0001

HYDROLOGIC STUDIES ...Data Acquisition-general, Small
Watersheds, Virginia, ...2.0299
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HYDROLOGIC FORECASTING AND EFFECTS OF FLOODS ON
MEANDERING ALLUVIAL RIVERS WITH LARGE FLOOD-
PLAINS Floodplains, Forecasting-prediction, Meanders, Model
Studies, Yugoslavia, 4.0283

EXTREME HYDROLOGIC EVENTS & THEIR EFFECTS ON
NUCLEAR FACILITIES Hydrology-general, Natural Recharge,
Radioactivity-general, Runoff, Water Table Fluctuation, ...2.0273

A RECONNAISSANCE STUDY OF THE CHEAPEAKE BAY
,.,Chesapeake Buy, Erosion-general, Sedimentology-general,
Shoreline - Coastline, Survey Studies, Thermal Pollution, 6.0254

FORM, PROCESSES AND DEPOSITS OF THE KNIK RIVER,
ALASKA ...Braided Stream, Deposition-other, Ice Jam, Sediment
Transport-other, Sorting, 2.0782

EXTREME RAINFALL FOR THE MEKONG RIVER BASIN
.Dam Sites, Management, Meteorological Extremes, Southeast
Asia, Water Loss Control, ...2.0596

PROBABLE MAXIMUM PRECIPITATION FOR SOUTHWEST
STATES ...Amount, Design Flow-flood, Patterns, Snowmelt,
Southwest, Weather Forecasting, 2.0597

THE HYDRAULICS AND GEOMORPHOLOGY OF MEANDER-
ING RIVERS WITH FLOOD PLAINS ..,Floodplains, Flow
Characteristics -water, Land Use, Meanders, Routing, 2.0473

FLOODS FROM SMALL WATERSHEDS ...Amount, Rural Areas,
Small Watersheds, Synthetic Hydrology - general, Systems Analysis,
2.0231

TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS .Baseflow. Forest
Watersheds, Georgia, Hydraulic Structures, Runoff, Subsurface
Flow, ...2.0339

REVIEW AND ANALYSIS OF PRECIPITATION AND RUNOFF
DATA FOR SELECTED WATERSHEDS IN MINNESOTA
_Hydrographs, Infiltration, Precipitation-general, Runoff,
Watersheds-general, 4.0140

HYDROLOGY OF FROZEN GROUND FLOODS Hydrographs,
Infiltration, Moisture Convent, Permafrost-frozen, Runoff,
...2.0399

PILOT STUDY OF SMALL WATERSHED FLOOD HYDROLO-
GY IN HAWAII, PHASE II ...Design Criteria, Discharge-general,
Drainage Systems, Hawaii, Urban Environments, ...2.0381

PHYSICAL, LEGAL AND ECONOMIC ASPECTS OF ASSESS-
MENT OF COSTS AMONG DRAINAGF, DISTRICTS

Drainage, Floodproofing, Flow Characteristics -water, Lewd
Review, Routing, ...6.0228

COMMUNITY REACTIONS TO WATER RESOURCES
PROBLEMS IN RELATION TO PLANNING ...Planning, Pollu-
tion - Effects of , Social Aspects, Urban Environments, ...6.0425

ECONOMICS OF FLOOD CONTROL STRUCTURES IN THE
LOWER MINNESOTA RIVER WATERSHED DISTRICT
...Economics-general, Floodproofing, Minnesota, Water Control
Works-other, Water Loss Control, ...6.0305

FACTORS RESTRICTING INFILTRATION RATES ON DECOM-
POSED GRANITIC SOILS ...Infiltration, Intrusives, Organic-
general, Sand, Sierra Nevada, ...2.0732

EFFECTS OF BANK SEEPAGE ON FLOOD HYDROGRAPHS
...Hydrographs, Leekage, Seepage, Storage of Water, Stream
Banks, 2.0504

PHASE TWO - EXPERIMENTAL INVESTIGATION OF SMALL
WATERSHED FLOODS ...Mathematical Analysis, Model Studies,
Rain-general, Runoff, Small Watersheds, ...2.0233

ANOMALOUS FLOOD RESPONSE IN REGIONS OF SIMILAR
GEOMORPHIC CHARACTERISTICS ...Computers-general, Flow
Characteristics -water, Morphology-general, Pennsylvania,
...2.0927

THE EFFECTS OF EXTREME FLOODS AND PLACER MINING
ON THE BASIC PRODUCTIVITY OF SUBARCTIC STREAMS
...Alaska, Benthic Fauna, Bottom Sampling, Meteorological Ex-
tremes, Placer, Productivity - Food Chain, ...2.0022

COMPUTER ANALYSIS OF WATERSHED CHARACTERISTICS
AFFECTING FLOOD HYDROLOGY ...Data Analysis General,
Economic Efficiency, Research - Development, Small Watersheds,
Water Loss Control, ...2.0523

CASE STUDY OF REMEDIAL FLOOD MANAGEMENT IN AN
URBAN AREA-PHASE I ...Alternative Planning, Floodplains,
Management, Planning, Urban Environments, 6.0166

HYDRODYNAMIC CHARACTERISTICS OF FLOW CONCEN-
TRATION GROINS ...Aeration, Engineering Structures-general,
Flow Characteristics -water, Groin, Streams, ...8.0268

SMALL AGRICULTURAL WATERSHED HYDROLOGY
...Agricultural Watersheds, Gages, Patterns, Runoff, Sediment
Yield, 4.0138
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STAND TREATMENT ...Cutting Operations, Regeneration & Seed
Production, Timber Stand Improvement, Water Table - Depth of ,
Water Table Fluctuation, ...2.0697

LAND SHAPING FOR WATER CONSERVATION ...Land Use,
Moisture Content, Natural Recharge, Production & Processing,
Runoff, Water Harvesting, -3.0311

STATISTICAL ANALYSIS OF FLOOD PEAKS OF GEORGIA
RIVERS ...Data Analysis Applications, Digital Computers,
Discharge-general, Georgia, Peak Flow, ,2.0357

HYDRAULICS OF FLOOD MOVEMENTS ...Analog Computers,
Mathematical Analysis, Open Channel Flow, Partial, Routing, Un-
steady Flow, _2.0348

AN EXPLORATION OF THE INFLUENCE OF ATTITUDES FOR
DECISION-MAKING IN WATER MANAGEMENT -Attitudes
& Attitude Change, Decision Making, Management, -6,0187

A SURVEY OF THE SEASONALLY-INUNDATED MARGINS OF
LAKE VOLTA (GHANA) ...Agriculture Industry, Ghana, Soil
Types, Topographical -other, ...4.0084

WATERFOWL HABITAT INVESTIGATIONS - OTTAWA RIVER
...Canada, Habitat Studies, Water Fowl, N.s. , Water Level Fluc-
tuation, -4.0051

FLOODS FROM SMALL DRAINAGE AREAS ,..California, Gag-
ing, Hydrographs, Small Watersheds, -4.0039

MATHEMATICAL MODELING OF SMALL WATERSHED
FLOODS ...Mathematical Analysis, Model Studies, Rain-general,
Runoff, Small Watersheds, _4.0073

EXPERIMENTAL INVESTIGATION OF SMALL WATERSHED
FLOODS ...Amount, Runoff, Small Watersheds, Synthetic
Hydrology-general, -2.0232

PILOT-STUDY OF SMALL WATERSHED HYDROLOGY ...Data
Analysis - General, Instrumentation-general, Mathematical Analy-
sis, Rain-general, Runoff, Small Watersheds, -2.0379

FLOOD FREQUENCY AND LOW-FLOW ANALYSES ...Flow
Characteristics -water, Low Flow, Maryland, Peak Flow, Statisti-
cal Models, -5.0481

DRAINAGE CORRELATION RESEARCH PROJECT ...Climatog-
raphy, Drainage, Peak Flow, Precipitation-general, Small
Watersheds, ,.,2.0710

FLOOD PREDICTION METHODS FOR PENNSYLVANIA
HIGHWAY CROSSINGS ...Engineering Properties, Forecasting-
prediction, Highway Sites, Small Watersheds, Systems Analysis,
-2.0928

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE EDWARDS
PLATEAU ..,Reservoirs and Impoundments, Runoff, Sediment
Yield, Texas, Watersheds-general, .2.1020

RUNOFF AND WATER YIELD AS AFFECTED BY CLIMATIC
AND WATERSHED CONDITIONS IN THE BLACKLANDS OF
TEXAS ...Agricultural Watersheds, Amount, Runoff, Texas,
Water Yield, ...2.1021

FLOOD HYDROGRAPH SYN1 HESIS - UNGAGED
WATERSHEDS ...Hydrographs, Small Watersheds, Tennessee,
...2.0981

FLOOD FREQUENCY STUDIES ...Design Flow-flood, Tennessee,
-2.0982

HYDROLOGIC SIMULATION - DAILY STREAMFLOW ...An-
tecedent Moisture, Design Flow-flood, Forecasting-prediction,
Hydrology-general, Reservoirs and Impoundments, -6.0073

OPTIMIZATION TECHNIQUES FOR HYDROLOGIC EN-
GINEERING ...Hydrographs, Hydrology-general, Optimization,
Reservoirs, Reservoirs and Impoundments, Routing, -6.0075

ARTIFICIAL FLOODS ...Computers-general, Dam, Dams-other,
Flow Characteristics -water, -6.0076

FLOOD-FREQUENCY AND BASIN PARAMETER RELATION-
SHIPS IN SMALL DRAINAGE AREAS ...Amount, Discharge-
general, Morphology-general, Peak Flow, Small Watersheds,
...2.0280

FLOOD INUNDATION MAPPING - JEFFERSON COUNTY, MIS-
SOURI ...Design Flow-flood, Floodproofing, Flow Characteristics
-water, Mapping, Missouri, -4.0157

FLOODS IN NORTH LOUISIANA - RAINFALL-RUNOFF RELA-
TIONSHIPS ...Amount, Gaging, Louisiana, Runoff, Storms-
general, -2.0537

FLOOD INUNDATION MAPPING, NORTHEASTERN ILLINOIS
".Atlases-maps, Data Networks, Discharge-general, Gaging, Il-
linois, -4.0093

UNIT HYDROGRAPHS FOR SOUTHWESTERN LOUISIANA
...Forecasting-prediction, Gaging, Hydrographs, Louisiana,
_2.0539
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UNIT HYDROGRAPHS FOR NORTHERN LOUISIANA
...Forecasting-prediction, Gaging, Hydrographs, Louisiana,
_2.0540

HYDROLOGY OF STREAMS, ST. LOUIS METROPOLITAN
AREA ...Missouri, Runoff, Streams, Urban Environments,
,..4.0158

FLOOD FLOWS AND SEDIMENT YIELD OF COLMA CREEK
BASIN, CALIFORNIA ...California, Construction, Projections
and Estimations, Sediment Yield, Urban Environments, Water
Yield, -4.0038

FLOODS IN THE WAIAHOLE- WAIKANE AREA, OAHU,
HAWAII -Floodproofing, Hawaii, Mapping, Peak Flow, Regional
Areas, -4.0085

FLOODS IN PUNALUU-HAUULA AREA, OAHU, HAWAII
,,,Floodproofing, Hawaii, Peak Flow, Zoning, ...4.0086

FLOOD PROFILES AND FLOOD-PLAIN INFORMATION,
CEDAR RAPIDS, IOWA ...Floodplains, Iowa, Planning. Urban
Environments, Water Law-general, -2.0490

FLOOD PROFILES AND FLOOD-PLAIN INFORMATION, LINN
COUNTY, IOWA ...Discharge-gcleral, Floodplains, Floodproof-
ing, Iowa, Low Flow, ..2.0491

CITY OF JACKSON, WATER RESOURCES STUDY, MISSISSIPPI
..Control and Protection, Groundwater, Mississippi, Urban En-

vironments, Water Supply-general, .4.0148
FLOODING OF SMALL STREAMS IN NASHVILLE-DAVIDSON

CO. AREA, TENN. ...Amount, Discharge - general, Gaging, Ten-
nessee, Urban Environments, -2.0994

FLOOD INUNDATION MAPPING AND URBAN RUNOFF INV.,
DALLAS, TEXAS ...Land Use, Mapping, Runoff, Texas, Urban
Environments, ..4.0232

HYDROLOGIC INVESTIGATIONS OF URBAN AREAS -
HOUSTON, TEXAS ...Amount, Discharge-general, Gaging, Tex-
as, Urban Environments, -4.0233

URBAN HYDROLOGY STUDY - SAN ANTONIO, TEXAS
...Discharge-othcr, Runoff, Texas, Urban Environments, -4.0234

FLOOD INUNDATION STUDY, WISCONSIN ...Channels, Design
Flow-flood, Floodproofing, Mapping, Wisconsin, ..4.0278

HYDROLOGIC ANALYSIS METHODS ...Forest Watersheds, Land
Use, Reservoirs and Impoundments, Sediment Yield, Snowmelt,
-2.0077

FLOOD AND SEDIMENT REDUCTION IN THE CONIFEROUS
TIMBER ZONE OF CALIFORNIA ,..Creep, Land and Rock
Slides, Management, Pulp, Paper , and Logging, Sediment Yield,
_2.0078

FLOOD AND SEDIMENT REDUCTION IN STEEP UNSTABLE
BRUSHLANDS OF THE SOUTHWEST -Erosion-gcneral,
Floodproofing, Sediment Yield, Southwest, -4.0034

WATERSHED PROTECTION & REHABILITATION TO REDUCE
WATER RUNOFF -Erosion-general, Forest Watersheds, Infiltra-
tion, Land Use, Runoff, -4.0250

FLOOD RUNOFF & WATER YIELD FROM GLACIATED
MOUNTAINS ...Forest Watersheds, Glacial Environment, Heat
Budget, Runoff, Water Balance-budget, Water Yield, ...3.0372

FLOOD REDUCTION AND IMPROVEMENT IN TIMING OF
WATER YIELD IN THE OZARKOUACHITA UPLANDS ...Ero-
sion-general, Infiltration, Land Use, Water Cycle, Water Yield,
-5.0054

DEVELOPMENT OF SPECIAL REHABILITATION
TECHNIQUES AND FOREST MANAGEMENT PRACTICES
FOR USE ON SEVERELY ERODED OR HIGHLY EROSIVE
WATERSHEDS -Conser;,,itl: 1, Cover Crops, Erosion-general,
Runoff, Site Index and F". v Qui City, -2.0674

STORM RUNOFF Al :7 111. ;OW AS RELATED TO IN-
TEGRATED CLIMA i.ND WATERSHED CHARAC-
TERISTICS ...Climate, Use, Morphology-general, Runoff,
Storm Water, -4.0071

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ...Channels, Forecasting-prediction,
Hydrographs, Idaho, Peak Flow, Storage of Water, Water Yield,
Watersheds-general, ...3.0202

CLIMATE, SOIL AND VEGETATION INFLUENCES ON
HYDROLOGY OF RANGELANDS IN THE SOUTHWEST
-Hydrology-general, Runoff, Sediment Yield, Water Yield,
-4.0007

FLOOD WAVE MOVEMENT IN NATURAL EPHEMERAL
STREAM CHANNELS ...Channels, Ephemeral, Runoff, Thun-
derstorms, Waves, -4.0008
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Florida

MARSH HABITAT STUDY Centrarchidac -other, Chemical-
general, Habitat Studies, Life History Studies, Swamps-marshes,
...6.0157

IRRIGATION EFFICIENCY _Citrus, Evaporation, Sprinkler Irriga-
tion, Trees, Water Loss Control, .3.0177

PREDICTION MODEL FOR WATER USE BY POPULATION
STRUCTURE Forecasting-prediction, Model Studies, Other,
Projections & Forecasting, Water Utilization -domestic, 6.0150

URANIUM AND HYDROGEN RADIONUCLIDES AS NATURAL
TRACERS IN THE FLORIDAN AQ1JIFER Aquifers-general,
Quaternary Period, Radioisotopes, Recharge -general, Tritium,
Uranium, 2.0326

THE BIOLOGY OF THE INFAUNA OF A TROPICAL SOFT
BOTTOM AREA Aquatic Ecology, Benthic Fauna, Estuaries,
Intertidal Areas, Pollution - Effects of , .5.0263

PRIMARY PRODUCTION AND DECOMPOSITION IN
ESTUARINE WATER ...Estuaries, Methane Bacteria (non-
specif.), Phaeophyta (non-specific & Ot), Primary Productivity,
Rhodophyta (non-specific & Ot), Turnover (metabolic), .5.0257

EUTROPHICATION FACTORS IN NORTH CENTRAL FLORIDA
LAKES .Administrative Structures, .ig.itrophication, Lakes,
Model Studies, Systems Analysis, 5.0258

STUDIES OF THERMAL POLLUTION IN BISCAYNE BAY
...Aquatic Ecology, Bays, Pollution - Effects of , Thermal Pollu-
tion, Warm Water, ...5.0265

FIELD EVALUATION OF REAERATING SURFACE WATERS
.Aeration, Reservoirs and Impoundments, ...5.0267

TEMPORARY LININGS FOR WATERWAYS AND EMBANK-
MENTS ...Cover Crops, Design Criteria, Embankments, Erosion
Control, Hydrology-general, Lining, 3.0178

ST. JOHNS RIVER FISHERY PROJECT ...Environmental Ecology,
Mans Activities, Pollution Effects, Population Dynamics, Streams,
.3.0173

SAND TRACING AT SPECIFIC INLETS AND AREAS ON THE
LOWER EAST COAST OF FLORIDA ,.,Bays, By-passing,
Longshore Currents, Shoreline - Coastline, Tracers, 8.0161

PEACE RIVER POLLUTION INVESTIGATIONS ,..Fish -non-
specific, Industrial Wastes, r'hosphate, Phosphite, Pollution - Ef-
fects of , Pollution Effects, Streams, .5.0273

RELATIONSHIP OF TUBE-AND REEF BUILDING MARINE AN-
NELIDS TO COASTAL ENGINEERING AND CONSERVA-
'HON PROBLEMS IN FLORIDA ...Coastal Engineering-other,
Environmental Ecology, Lugworms, Marine Segmentedworm,
Vertical Distribution, 3.0187

CONTINUATION OF FIELD EXPOSURE STATIONS ...Cement,
Concrete, Maine. Research Facilities, Water, Weathering,
8.0241

LAKE HYDROLOGY STUDIES ...Evaporation, Inflow, Lakes,
Morphology-general, Water Level Fluctuation, ..2.0328

WATER RESOURCES STUDY, DUVAL COUNTY, FLORIDA
_Carbonate Aquifers, Hydrology-general, Surface Water, Total
Volume, Water Quality-general, 2.0330

REMOTE SENSING, EVERGLADES AREA, FLORIDA ...Compu-
ters-general, Remote Areas, Swamps-marshes, Visible Light,
Water Properties-general, 2.0329

ESTUARINE INVENTORY (FORMERLY CHEMICAL EN-
VIRONMENT) ...Estuaries, Gulf of Mexico, Marine Biology,
Physiography-general, Sedirr ontology- general, 2.0325

RELATION OF ENVIRONMENTAL FACTORS TO THE
PRODUCTIVITY OF ESTUARINE SEDENTARY FAUNA
...Aquatic Ecology, Environmental Ecology, Estuaries, Productivi-
ty Food Chain, .5.0269

EXPERIMENTAL SEEDING (SHRIMP AQUACULTURE PRO-
GRAM) ...Captive Rearing, Population Dynamics, Shrimps -
Common, Spawn Or Nesting Sites, Stocking of Fish & Shellfish,
6.0565

IRRIGATION AND OTHER PRODUCTION RELATIONS IN
FLORIDA CITRUS ENTERPRISES ...Benefit-cost Analysis,
Citrus, Input - Output Analysis, Irrigation-general, Water Costs,
Water Demand, ...6.0135
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HYDRAULIC INVESTIGATION OF SOIL EROSION AND SEDI-

MENTATION IN HIGHWAY MEDIAN AND SIDE DITCHES
...Alabama, Drainage, Scouring, Sedimentation, Silting, 2.0004

INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL
WATERSHEDS IN OKLAHOMA ...Floods, Gaging, Oklahoma,
Peak Flow, Small Watersheds, ...2.0278
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HYDROLOGY STUDY Bridges & Culverts, Culvert, Engineering
Structures-general, Floods, Small Watersheds, .2.0292

PROGRAM FOR INVESTIGATION AND ANALYSIS OF
FLOODS FROM SMALL DRAINAGE AREAS IN DELAWARE
Drainage, Floods, Forecasting-prediction, Open Channel, Small
Watersheds, ..2.0295

PERFORMANCE OF CIRCULAR CULVERTS ON STEEP
GRADES ..,Channels, Culvert, Drainage, Engineering Structures-
general, Erosion Control, ..8.0289

PRECIPITATION, STREAMFLOW AND SEDIMENT CON-
VEYANCE IN A SMALL ARID WATERSHED ...Climate,
Deserts, Flash Floods, Patterns, Sediment Transport-other,
.2.0496

STABLE ALLUVIAL CHANNELS ,Alluvial Deposits, Boundary
Layer-general, Channels, Control Factors-general, Cross-section,
,2.0225

STUDY OF TRANSPORT, DEPOSITION AND SCOUR OF FINE
PARTICLES THROUGH A POROUS MEDIUM ...Permeability,
Porosity, Porous Media - Flow Through, Sedimentation, Silting,
,2.0081

FLOW REGIMES IN POROUS MEDIA ...Applications, Model Stu-
dies, Porosity, Porous Media - Flow Through, Viscous, ,..8.0189

FLOW OF A ROTATING FLUID OVER IRREGULAR SURFACE
TOPOGRAPHIES ...Channels, Rotating Fluids, Roughness,
...2.0249

THREE BASIC PROBLEMS IN FLUID MECHANICS EVAPORA-
TIVE CONVECTION, ELECTRO-OSMOSIS, INTERNAL
'vAVES Electrochemistry-other, Fluid Dynamics, Internal
Waves, Photography, Reverse Osmosis, Wave Motion in Fluids-
other, .3,0074

CONTROL OF CONCENTRATION POLARIZATION IN
REVERSE OSMOSIS DESALINATION OF WATER ...Desalina-
tion, Fluid Flow-other, Membranes-other, Polarization, Reverse
Osmosis, ...3.0287

INTERFACIAL STRUCTURE AND TRANSPORT IN WATER
...Alcohols, Evaporation, Surface-other, Viscosity, Water Loss
Control, ...3.0152

RESTORATION AND REHABILITATION OF EARTHQUAKE
DAMAGED PINK AND CHUM SALMON STUDIES IN
PRINCE WILLIAM SOUND ...Alaska, Aquatic Ecology, Data
Acquisition-general, Earthquakes, Salmon - coho,chin-
ook,sockeyc.., Spawn Or Nesting Sites, Stream Rehabilitation,
Tectonics-general, .2.0026

THE HYDRAULICS AND GEOMORPHOLOGY OF MEANDER-
ING RIVERS WITH FLOOD PLAINS Floodplains, Floods,
Land Use, Meanders, Routing, 2.0473

CHARACTERISTICS OF STREAM FLOW OF SMALL
WATERSHEDS IN PENNSYLVANIA AND INFLUENCING
FACTORS .,.Climate, Land Use, Model Studies, Morphology-
general, Small Watersheds, Water Yield, ...2.0929

WELL DRAWDOWN IN UNCONFINED AQUIFERS UNDER
NON-STEADY CONDITIONS ...Aquifers-other, Drawdown,
Seepage, Unsteady Flow, Water Wells, ...2.0862

THE GROUND-WATER FLOW SYSTEM IN THE DELMARVA
PENINSULA ...Aquifers-general, Delaware, Groundwater, Model
Studies, Water Balance-budget, ...2.0254

STORAGE OF FRESH WATER IN UNDERGROUND RESER-
VOIRS CONTAINING SALINE WATER ...Artificial Recharge,
Mixing, Model Studies, Recharge Pits - Wells, Storage of Water,
4.0115

GROUND WATER SEEPAGE PATTERNS TO WELLS FOR UN-
CONFINED FLOW ...Approximations, Groundwater, Seepage,
...2,0478

STUDY OF FACTORS AFFECTING THE CHANNEL PHASE OF
RUNOFF FROM SMALL WATERSHEDS BY MATHEMATI-
CAL MODELING ...Development of Models, Finite Differences,
Runoff, Small Watersheds, Streams, 2.0665

THE EFFECT OF TEMPERATURE ON WATER FLOW IN SOILS
...Boundary Process (moisture), Internal Water Movement, Soil
Environment, Subsurface Flow, Temperature, ...2.0679

HYDROLOGY OF SMALL DRAINAGE BASINS FOR DEVELOP-
ING HYDRAULIC DESIGN ,..Amount, Hydrographs, Runoff,
Small Watersheds, South Dakota, 2.0972

TRANSPORT PROCESSES OF PARTICLES IN DILUTE SUSPEN-
SIONS IN TURBULENT WATER FLOW ...Colloidal
Phenomena, Hydraulics-general, Sedimentation, Transport, Tur-
bulent Flow, 5.0370

BOUNDARY EFFECTS ON JET FLOW PATTERNS RELATED
TO WATER QUALITY AND POLLUTION PROBLEMS ...Jet
Flow-other, Reservoirs and Impoundments, Velocity, Velocity -
water, Water Quality Control-general, 8.0180
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EFFECT OF RAINDROP IMPACT AND SURFACE ROUGHNESS
ON SHEET FLOW ...Model Studies, Rain-other, Rainfall Simula-
tors, Roughness, Sheetflow, -2.0447

PHYSICAL, LEGAL AND ECONOMIC ASPECTS OF ASSESS-
MENT OF COSTS AMONG DRAINAGE DISTRICTS

Drainage, Floodproofing, Floods, Legal Review, Routing,
,..6.0228

PHYSICAL CHARACTERISTICS OF BASALT AQUIFERS ...Elec-
tric Logging, Groundwater Movement, Local Structure, Porosity,
Radioactivity Logging, -2.1117

DECISION MAKING UNDER UNCERTAINTY - ECONOMIC
EVALUATION OF STREAMFLOW FORECASTS -Benefit-cost
Analysis, Forecasting-prediction, Model Studies, Projections and
Estimations, Water Supply-general, ...6.0296

EXPERIMENTAL AND THEORETICAL STUDY OF THE
HYDRODYNAMICS OF DISPERSION IN RIVERS AND
ESTUARIES ...Dispersion -water, Estuaries, Model Studies,
Streams, Velocity -water, -2.0584

HYDRAULIC GEOMETRY OF STREAMS ...Hydraulics - general,
on and Gases, Low Flow, Physiography-general, River Basins,
-2.0444

HYDRAULIC RESISTANCE IN ALLUVIAL CHANNELS _Alluvi-
al Deposits, Channel Geometry, Energy- dynamics, Flow of
Dispersed Solids, Sediment Transport-general, _2.0448

GEOHYDRAULICS AT THE UNCONFORMITY BETWEEN
BEDROCK AND ALLUVIAL AQUIFERS ...Groundwater Basins,
Rocks - Bedrock, Uneonformities, Unconsolidated Aquifers,
Water Transfer, ..2.0229

CHEMICAL AND FLOW REGIMES OF GREAT BASIN SPRINGS
...Chemical-general, Great Basin, Groundwater Movement,
Springs, -2.0736

ANOMALOUS FLOOD RESPONSE IN REGIONS OF SIMILAR
GEOMORPHIC CHARACTERISTICS ...Computers-general,
Floods, Morphology - general, Pennsylvania, -2.0927

THE HYDRAULICS OF SPATIALLY VARIED STEADY FLOW
IN AN IRRIGATION DISTRIBUTION CHANNEL WITH FUR-
ROW OUTLETS ...Channels, Engineering Structures-general,
Furrow Irrigation, thificc, Weir, -3.0398

FLOW ANALYSIS OF HYDRAULIC CONNECTORS IN ARTIFI-
CIAL RECHARGE SYSTEMS ...Artificial Recharge, Mathemati-
cal Analysis, Model Studies, ...2.0859

PARTIAL AREA CONTRIBUTION To STREAM FLOW ...Digital
Computers, Model Studies, Runoff, Water Yield, Watersheds-
general, -2.0581

DYNAMIC SEPARATION OF SUSPENDED SOLIDS ...Nozzles,
Sediments, Separation-flow-other, -5.0674

EFFECTS OF RIVER CURVATURE ON RESISTANCE TO FLOW
...Channels, Flume Studies, Roughness, Unsteady Flow, Velocity -
water, -8.0198

HYDRODYNAMIC CHARACTERISTICS OF FLOW CONCEN
TRATION GROINS ...Aeration, Engineering Structures-general,
Floods, Groin, Streams, -8.0268

SAND FILTRATION OF DISCRETE SUSPENSIONS ...Filtration,
Sand, Suspension, Synthetic Hydrology- general, ..5.0549

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Adsorption Capacity, Internal Water Movement, Soil En-
vironment, Soil Physical Properties, Unsaturated Flow, ...2.0049

SOIL-WATER-VEGETATION RELATIONS IN THE DOUGLAS
FIR ZONE ...Forest Watersheds, Moisture Content, Patterns, Ru-
noff, Water Balance-budget, Water Cycle, ..3.0027

HYDRAULICS OF SURFACE IRRIGATION ...Channel Roughness,
Irrigation, Irrigation Engineering, Mathematical Analysis, Soils -
general, Surface Irrigation -general, ...2.0215

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ...Design Criteria, Drainage Systems, Model Studies,
Other, Seepage, ...4.0088

CLAY-WATER-ION INTERACTIONS ...Adsorption Capacity,
Clay, Moisture Tension, Soil Temp. -non-specific, Temperature,
-2.4)436

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Gaging, Mathematical Analysis, Model Studies,
Small Watersheds, Topographic, -4.0104

EFFECT OF SURFACE IRRIGATION HYDRAULICS ON EFFI-
CIENT APPLICATION OF WATE ...Channel Geometry, Channel
Roughness, Coen Channel, Surface Flow, Surface Irrigation -
general, -4.0239

DEVELOPMENT OF IMPROVED SNOW SURVEYING AND
STREAM-FLOW FORECASTING TECHNIQUES ...Amount, An-
tecedent Moisture, Forecasting-prediction, Moisture Content,
Temperature, ...2.1072
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OPEN CHANNEL TRANSITIONS ...Canals, Energy Losses-other,
Open Channel, Surface Phenomena, Transition Sections, ...8.0004

FREE SURFACE FLOW AND WAVE PROPAGATION
THROUGH CHANNEL-FLOOD PLAIN GEOMETRIES ...Chan-
nels, Conduit Flow-other, Floodplains, Free Surface Waves,
Model Studies, -8.0196

THE CHARACTERIZATION OF OVERLAND FLOW ON VERY
ROUGH SURFACES ...Channel Roughness, Channels, Data
Analysis Applications, Model Studies, Surface Flow, -.8.0192

TURBULENT FLOW SPECI'RAL ANALYSIS ...Engineering Struc-
tures-general, Turbulent, Turbulent Flow, -8.0166

ANALYSIS AND SYNTHESIS OF HYDROLOGIC SYSTEMS
...Computers-general, Hydrology-general, Open Channel Flow,
Patterns, Technique Development, -2.0615

HYDRAULIC STUDIES AND RESEARCH ON CALIFORNIA
WATER FACILITIES ...Fluid Flow-general, Irrigation, Irrigation-
general, Model Studies, Synthetic Hydrology-general, _7.0010

THE MECHANICS OF OPEN-CHANNEL FLOW SYSTEMS
...Open Channel, Steady, Transient, Transition Sections, Un-
steady. -8.0011

FLOW MEASUREMENT OF IRRIGATION WATER ...Canals,
Fluids, Flume, Irrigation, Measurement, -3.41144

TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS ...Baseflow, Forest
Watersheds, Georgia, Physical Properties - other, Sediment Yield,
...2.0341

FLOOD FREQUENCY AND LOW-FLOW ANALYSES ...Floods,
Low Flow, Maryland, Peak Flow, Statistical Models, .?.5.0481

THE IMPACT OF SUBURBAN DEVELOPMENT ON THE
WATER RESOURCES OF NEW JERSEY. ...Agricultural
Watersheds, Gaging, Measurement, Surburban Areas, Water
Balance-budget, Water Table Fluctuation, _6.0352

DROUGHT FREQUENCY, INTENSITY & DURATION - ITS
CORRELATION TO STREAMFLOW AND ITS IMPACT UPON
SYNTHETIC HYDROLOGY ...Climatography, Meteorological
Extremes, Patterns, Synthetic Hydrology-general, Water Loss-
general, -2.0763

WATER POLLUTION FROM ERODED SEDIMENTS ...Other
Transport Effects, Rain-general, Sediments, Suspension, Velocity -
water, -2.1042

CHARACTERISTICS OF UTAH STREAMS ...Discharge-general,
Gaging, Streams, Utah, -2.1060

INCIPIENT MOTION OF LARGE ROUGHNESS ELEMENTS IN
TURBULENT OPEN CHANNEL FLOW ...Erosion Control,
Open Channel, Open Channel Flow, Sediment Transport-other,
Turbulent Flt w, -2.1062

SIMULATION MODEL FOR THE STUDY OF THE HYDROLO-
CY OF THE WISCONSIN RIVER ...Hydrology-general, Reser-
voirs and Impoundments, River Basins, Simulation, Wisconsin,
...2.1155

HYDROLOGIC MODEL FOR STREAMFLOW FORECASTING
...Forecasting-prediction, Hydrographs, Model Studies, Peak Flow,
Precipitation-general, Runoff, _2.0600

RADIONUCLIDE MOVEMENT IN GROUNDWATER ...Ground-
water Movement, Pollutants - Path of , Radioactivity-general,
Radioisotopes, Seepage, ...5.1099

GROUNDWATER FLOW ...Groundwater Movement, Permeability,
Radioisotopes, Tritium, Velocity -water, -2.0947

WATER QUALITY CONTROL ...Forecasting-prediction, Manage-
ment, Reservoirs and Impoundments, Temperature, Water Quality
Control-general, -5.1123

EFFECTS OF IMPOUNDMENT ON WATER QUALITY
...Management, Reservoirs and Impoundments, Water Quality
Control-general, Water Quality-general, Water Quantity-general,
...5.1122

HYDRAULICS AND DYNAMICS OF ESTUARIES ...Erosion-
general, Estuaries, Sedimentology-general, Water Level Fluctua-
tion, Waves, -2.0261

ARTIFICIAL FLOODS ...Computers-general, Dam, Dams-other,
Floods, -6.0076

GEOHYDROLOGIC ENVIRONMENTAL STUDIES ...Clastic
Aquifers, Facies, Permeability, Specific Rock Unit, Tertiary
Period, -2.0538

ELECTRICAL ANALOG MODELS OF HYDROLOGIC SYSTEMS
...Analog Computers, Groundwater, Groundwater Movement,
Model Studies, Surface Water, -2.0037

EVALUATION OF VARIABLES IN ALLUVIAL CHANNEL
FLOW ...Bed Load, Channels, Model Studies, Morphology-
general, Velocity -water, -2.0237
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HYDROLOGY OF HUNGRY HORSE RESERVOIR, MONTANA
...Forecasting-prediction, Hydrology-general, Multiple-purpose
Projects, Reservoirs and Impoundments, Total Volume, 2.0705

THERMAL CHARACTERISTICS OF AQUIFER SYSTEMS ...Car-
bonate Aquifers, Clastic Aquifers, Permeability, Subsurface Flow,
Temperature, ...2.1099

GEOLOGIC STRUCTURE AND FRESH GROUND WATER IN
GULF COASTAL PLAIN ...Aquifers- general, Geologic Maps, Re-
gional Structure, South Central, ...2.0536

HYDROLOGY OF ARKANSAS RIVER VALLEY, CANON CITY
TO STATE LINE ...Arkansas River, Groundwater, Hydrology-
general, Irrigation-general, Management, Water Transfer,
...2.0202

FLOOD INUNDATION MAPPING - JEFFERSON COUNTY, MIS-
SOURI ...Design Flow-flood, Floodproofing, Floods, Mapping,
Missouri, 4.0157

SPRINGFIELD AREA INFILTRATION STUDY, OHIO ...Artificial
Recharge, Clastic Aquifers, Induced Infiltration, Ohio, Water
Yield, 4.0196

LOW FLOW CHARACTERISTICS OF INDIANA STREAMS
...Discharge-general, Gaging, Indiana, Low Flow, ...2.0455

STREAMFLOW TEMPERATURE INVESTIGATION, TEXAS
.Gaging, Streams, Temperature, .NX116, .7.0099

HYDROLOGY OF A WETLAND AREA IN THE YELLOW
RIVER BASIN, WISCONSIN ...Aquifers-general, Water Quality-
general, Wetlands, Wisconsin, 2.1150

LOW-FLOW STUDY - WISCONSIN Baseflow, Data Acquisition-
general, Low Flow, Wisconsin, 2.1147

SALT-WATER ENCROACHMENT IN NORTH CAROLINA
ESTUARIES ...Chemical-general, Estuaries, Industrial-general,
Saline Water Intrusion, Water Sampling, 2.0826

PROTECTION OF ERODIBLE CHANNELS AND SURFACES
WITH GlAVEL OR RIPRAP ...Canals, Channels, Energy Loss -
water, Engineering Structures-general, Groundwater, Linings-
pavings, Scouring, Seepage, ...8.0040

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN

THE NORTHERN APPALACHIAN REGION ...Appalachian
Highlands-other, Clouds-precipitation, Model Studies, Modifica-
tion, Watersheds-general, 2.0184

LAKE SUPERIOR CHEMICAL CONTROL OF SEA LAMPREY
...Control of Nuisance Species, Lake Saperior, Lampreys, Larvi-
cides, Streams, 5.0577

LAKE HURON CHEMICAL CONTROL ...Bioindicators, Chemical-
general, Ectoparasites, Selectivity, ...5.0578

STREAMFLOW REGULATION AND SEDIMENT CONTROL IN
NORTHERN ROCKY MOUNTAIN FORESTS ...Forest
Watersheds, Infiltration, Peak Flow, Snowmelt, Water Yield,
...5.03?,1

WATERSHED CORRELATION AND SYNTHESIS ...Eastern,
Forest Watersheds, Land Use, Management, Water Yield,
3.0420

EFFECTS OF DIFFERENT FOREST TYPES AND CONDITIONS
ON STREAM REGIMEN AND WATER YIELDS .,.Climatic Ef-
fects, Environment, Forest Watersheds, Land Use, Radiation-
general, Water Yield, 5.0794

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN THE BLACK HILLS ...Erosion-general, Forest
Watersheds, Management, Sedimentology-general, Stabilization-
other, Water Yield, 3.0436

DEVELOPMENT AND EVALUATION OF MEANS AND MEA-
SURES FOR CHANNEL STABILIZATION ...Channel Geometry,
Channels, Design Criteria, Mechanics, General, Scouring, Sedi-
ment Transport-general, 5,1022

INVESTIGATIONS OF STREAM CHANNEL MORPHOLOGY IN
THE SOUTHERN BRANCH AND AT THE USDA SEDIMEN-
TATION LABORATORY ...Alluvial Deposits, Meanders,
Morphology - general, Roughness, Scouring, Shear-flow, 2.0678

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
RUNOFF RATES AND VOLUME YIELDS ...Agricultural
Watersheds, Climate, Geomorphology-quantitative, Morphology-
general, Storms-general, Water Yield, 2.0333

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Conservation-general, Runoff, Storms-general,
.4.0248

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
...Agricultural Watersheds, Conservation-general, Land Use,
Physiography-general, Water Yield, 3.0462

AQUIFER-STREAMFLOW INTERRELATIONSHIPS IN UP-
STREAM AGRICULTURAL WATERSHEDS OF THE PACIFIC

NORTHWEST ...Agricultural Watersheds, Aquifers-general,
Permcabilitv, Recharge -general, Structure, Subsurface Flow,

.3.0201
DRAINAGE FACILITIES, METHODS, AND DESIGN CRITERIA

FOR PROTECTION AND IMPROVEMENT OF AGRICUL-
TURAL CROPS AND SOILS IN THE NORTHERN PLAINS
...Design Criteria, Drainage, Drainage Systems, Simulation,
4.0064

DEVELOPMENT OF SUPPORTING PRACTICES, SYSTEMS,
TECHNIQUES AND DEVICES FOR RUNOFF AND EROSION
CONTROL IN THE SOUTH ...Conservation, Conservation &
Management Eng, Erosion-general, Land Usc, Runoff, Tillage,
Cropping Systems, ...5.0275

SOIL MOISTURE FLOW PROBLEMS AND SOLUTIONS IN THE
CORN BELT REGION ...Corn Belt, Internal Water Movement,
Management-general, Partial, 2.0440

IRRIGATION AND EVAPOTRANSPIRATION OF WATER FOR
CROPS IN IMPERIAL VALLEY ...Consumptive Use,
Evapotranspiration, Furrow Irrigation, Internal Water Movement,
Irrigation, 3.0038

STREAM FLOW REGIMES OF SEMIARID RANGELAND
WATERSHEDS IN THE SOUTHWEST ...Channels, Runoff, Semi
- Arid, Storm Water, Storms-general, -.4.0009

Flow Types Natural Water
Artesian Flow

DETERMINATION OF THE DISTRIBUTION OF
RADIONUCLIDES DISCHARGED TO THE GROUND AT THE
NRTS, IDAHO ...Discharge-general, Observation Wells, Pollu-
tants - Path of , Radioactivity-general, Radioisotopes, 5.0318

THE ARTESIAN SYSTEM IN GEORGIA STRATIGRAPHY AND
HYDROLOGY OF THE OCALA ...Carbonate Aquifers, Georgia,
Groundwater Movement, Natural Recharge, Piezometry, ...4.0082

UNSTEADY FLOW TOWARD PARTIALLY PENETRATING AR-
TESIAN WELLS ...Groundwater Movement, Mathematical Anal-
ysis, Seepage, Unsteady, Unsteady Flow, ...2.0522

DRAINAGE DESIGN FOR IRRIGATION AGRICULTURE
Aquifers-general, Conjunctive Use, Groundwater Movement,
Seepage, Water Wells, 4.0165

HYDROLOGY STUDY IN U. S. GYPSUM MINE, SHOALS, INDI-
ANA ...Carbonate Aquifers, Hydrated Acid and Norm, Indiana,
Mine Drainage Control, Mine Hydrology, 5.0386

MEASUREMENT OF RUNOFF AND SOIL LOSS DIFFERENCES
BETWEEN ESTABLISHED PLOTS ...Erosion-general, Observa-
tion Wells, Runoff, Soil Environment, Water Table Fluctuation,
2.1019

HYDROGEOLOGY OF ARTESIAN SYSTEMS AND LIMESTONE
TERRANES ...Carbonate Aquifers, Clastic Aquifers, Coastal
Plain, Southeast, Water Supply-general, ...2.0287

HYDROLOGY OF COASTAL AREA IN THE VICINITY OF
RICEBORO, GEORGIA ...Dispersion -water, Estuaries, Georgia,
Saline Water Intrusion, Water Quality-general, 5.0305

DRAINAGE SYSTEMS FOR THE GREAT BASIN ...Drainage,
Drainage Systems, Great Basin, Groundwater Movement, Permea-
bility, .A.0164

Flow Types-other
NATURAL CONVECTION IN WATER-SATURATED POROUS

MEDIA ...Model Studies, Porous Media - Flow Through,
Velocity, Viscosity, ...2.0917

Laminar Flow
COMPUTER MODELS FOR WATER DISTRIBUTION SYSTEMS

ica.o.Algnoorithzsie Developmentervrealnospmrentog6Models, Model Studies, Water Al-

RADIOCARBON AS A TRACER IN GROUND WATER
PROBLEMS ...Aquifers-general, Groundwater Movement,
Permeability, Radioisotopes, Recharge -general, ...2.0e56

Low Flow
RECESSION CHARACTERISTICS OF IOWA STREAMS Iowa,

Mathematical Analysis, Streams, Variation in Time, 5.0413
THE IMPACT OF IMPOSING A WATER QUALITY STANDARD

ON A LIVE STREAM ...Flow Augmentation, Multiple-purpose
Projects, Pollution Abatement, Reservoirs and Impoundments,
Water Standards, 6.0494
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THE INFLUENCE OF WETLANDS ON QUANTITY AND
QUALITY OF STREAM FLOW ...Available Water, Evapotrans-
piration, Hydrologyigencral, Streams, Wetlands, ..4.0170

HYDRAULIC GEOMETRY OF sT
water, Hydraulics - general, Ions an
River Basins, ...2.0444

WATER POLLUTION STUDY OF TH
Acquisition-general, Indiana, Model
Quality-general, 5.0390

STREAMFLOW VARIABILITY ...Drains
Flow, Reservoirs and Impoundments,
_2.0421

ILLINOIS RIVER STUDY ...Illinois River, Ions
rification, Streams & Rivers, Waste Water
_5.0351

FLOOD FREQUENCY AND LOW-FLOW ANAL
Flow Characteristics -water, Maryland, Peak F
Models, 5.0481

RESERVOIR SYSTEM ANALYSIS FOR LOW-FLOW
'PION ...Computers-general, Management, Optimizati
voirs and Impoundments, Systems Analysis, ..2.0151

BASIC RESEARCH IN VEGETATION AND HYDR
...Flooding, Groundwater, Land Use, Mapping, Movement,
Quality-general, 2.1100

LOW-FLOW ANALYSIS, WASHINGTON STREAMS _Basel!
Discharge'general, Gaging, Hydrographs, Washington, _2.1134

LOW FLOW CHARACTERISTICS OF TENNESSEE STREAM
...Annual, Gaging, Tennessee, Variation in Time, ...2.0997

LOW FLOW CHARACTERISTICS OF INDIANA STREAMS
...Discharge-general, Flow Characteristics -water, Gaging, Indiana,
...2.0455

LOW-FLOW STUDIES OF IOWA STREAMS ...Available Water,
Iowa, Water Law-general, Water Quality Control-general, Water
Standards, ...2.0489

FLOOD PROFILES AND FLOOD-PLAIN INFORMATION, LINN
COUNTY, IOWA ...Discharge-general, Floodplains, Floodproof-
ing, Floods, Iowa, ...2.0491

LOW-FLOW STUDY - WISCONSIN ...Baseflow, Data Acquisition-
general, Flow Characteristics -water, Wisconsin, 2.1147

HYDROLOGY OF HUNGRY HORSE RESERVOIR MONTANA
...Inflow, Montana, Reservoirs and Impoundments, Water
Balance - budget, ..2.0124

Open Channel Flow
RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-

HEAD TURBINES AND PUMPS ...Fluids, Pump-other,
Radioisotopes, Technique Development, Turbine-other, ...4.0057

WIND EFFECTS ON THE DISPERSION OF PARTICULATE
POLLUTANTS IN TURBULENT OPEN-CHANNEL FLOW
...Dispersion -water, Flow of Dispersed Solids, Sediments, Turbu-
lent Flow, Wind-other, ...2.0220

HYDRODYNAMIC FORCES ON NON-COHESIVE BED PARTI-
CLES INCLUDING SEEPAGE ...Drag, Seepage, ...2.1079

MICROSCOPIC INVESTIGATION OF TRACTIVE FORCE DIS-
TRIBUTION IN OPEN CHANNEL ...Suspension, Traction, Tur-
bulent, Turbulent Flow, Velocity -water, -.8.0183

THE FLOW OF WATER IN FLUMES AND CANALS ...Canals,
Channel Geometry, Flume, Open Channel, Turbulent, ...8.0222

HYDRAULICS OF FLOOD MOVEMENTS ...Analog Computers,
Floods, Mathematical Analysis, Partial, Routing, Unsteady Flow,
...2.0348

ANALYSIS AND SYNTHESIS OF HYDROLOGIC SYSTEMS
...Computers-general, Flow Characteristics -water, Hydrology-
general, Patterns, Technique Development, 2.0615

OPEN-CHANNEL TRANSITIONS IN SUPERCRITICAL FLOW
...Channel Geometry, Critical, Cross-section, Hydraulics-general,
Open Channel, 8.0283

INCIPIENT MOTION OF LARGE ROUGHNESS ELEMENTS IN
TURBULENT OPEN CHANNEL FLOW ...Erosion Control, Flow
Characteristics -water, Open Channel, Sediment Transport-other,
Turbulent Flow, ...2.1062

OPEN CHANNEL ROUGHNESS CHARACTERIZATION ...Chan-
nel Roughness, Discharge-general, Flume, Flume Studies, Open
Channel, ..2.I073

SIMULATED OPEN CHANNEL HYDRAULICS ...Cumberland
River, Mathematical Analysis, Model Studies, Numerical Analysis-
other, Tennessee, 2.0983

SALINITY INTRUSION AND RELATED PHENOMENA ...Cur-
rents -water, General Deposition, Mixing, Saline Water Intrusion,
Sediment Transport-general, -.2.0687

REAMS Flow Characteristics -
d Gases, Physiography-general,

E WABASH RIVER ...Data
Studies, Oxygen, Water

ge, Floodplains, Peak
Water Supply-general,

and Gases, Self-pu-
Treatment-general,

YSES ...Floods,
)w, Statistical

REGULA-
n, Reser-

LOGY
Water

OW,

VALUE OF STREAMFLOW DATA Benefit-cost Analysis, Data
Networks, Gaging, Unsteady Flow, Water Resources Develop-
ment, ..6.0077

FLOW LOSSES IN AN EPHEMERAL STREAM CHANNEL
Conservation-gencral, Energy Loss -water, Ephemeral, Infiltra-
tion, Morphology-general, Water Cycle, ...2.0178

UNSTEADY FLOW AND SALINE INTRUSION IN ESTUARIES
.,.Channels, Estuaries, Model Studies, Saline Water Intrusion, Un-
steady Flow, _2.1091

REAERATION IN OPEN CHANNEL FLOW ...Aeration, Degrada-
tion, Freshwater Ecology, Oxygen, Oxygen Content -water,
...2.0224

NUMERICAL SIMULATiON OF HYDRODYNAMIC
PHENOMENA BY DIGITAL COMPUTER ...Groundwater,
Model Studies, Porous Media - Flow Through, Subsurface Flow,
Waves, ..2.1096

DESIGN CRITERIA FOR OPEN CHANNELS Design Criteria,
Hydraulics-general, Irrigation Engineering, Open Channel, Surface
Irrigation -general, -.8.0136

RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-
HEAD TURBINES AND PUMPS ...Fluids, Radioisotopes, Water,
_8.0065

TRANSIENT FLOW IN OPEN CHANNELS ...Channel Geometry,
Hydraulic Gradient, Pump-other, Siphon, Transieni, 8.0039

Peak Flow
FLOOD FREQUENCY STUDY ...Bridges & Culverts, Culvert,

Floods, New Mexico, Rio Grande, ...2.0772
HYDROLOGICAL STUDY ...Discharge-general, Drainage, Gaging,

Rhode Island, Small Watersheds, ..2.0943
WATERSHED SHAPE-FACTOR ...Culvert, Design Criteria,

Drainage, Engineering Structures-general, North Dakota, 2.0277
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VESTIGATION AND ANALYSIS OF FLOODS FROM SMALL
WATERSHEDS IN OKLAHOMA ...Floods, Flow Characteristics

ater, Gaging, Oklahoma, Small Watersheds, -.2.0278
D FREQUENCY SYNTHESIS FOR SMALL STREAMS IN
BAMA ...Alabama, Drainage, Forecasting-prediction, Gag-
unoff, Small Watersheds, ...3.0172

-w

FLOG
ALA
ing, R

SMALL
Gaging,

DRAINAGE AREA STUDY ...Arizona, Drainage, Floods,
mall Watersheds, -.2.0289

RUNOFF STUDIES ON SMALL DRAINAGE AREAS ...Data
Acquisition-general, Discharge-general, Drainage, Small
Watersheds, West Virginia, ...2.0290

SMALL STREA
ysis - General,
...2.0293

MS INVESTIGATIONS IN OREGON ...Data Anal-
Discharge-general, Floods, Gaging, Hydrographs,

URBAN HYDROLOGIC STUDIES ..Digital Computers, Drainage,
n, Louisiana, Urban Environments, 2.0551Forecasting-predictio

HYDROLOGIC CH
WATERSHEDS ...Cold
Studies, Runoff, Small W

ARACTERIZATION OF SMALL
- Climates, Mathematical Analysis, Model
atersheds, 4.0143

STATISTICAL ANALYSIS
RIVERS ...Data Analysis
Discharge-general, Floods, G

OF FLOOD PEAKS OF GEORGIA
Applications, Digital Computers,
orgia, 2.0357

MATHEMATICAL MODEL 0
TERCEPTOR SYSTEM ...Des
Rain Fall Intensity, Storm Water,

F STORM AND SANITARY IN-
ign- other, Inflow, Model Studies,

5.0597
STREAMFLOW VARIABILITY .

Flow, Reservoirs and Impoundm
...2.0421

TRACER STUDIES - URBAN RUNOFF
vironments, Urban Research, Velocity -

.Drainage, Floodplains, Low
ents, Water Supply-general,

...Dyes, Runoff, Urban En-
ater, 4.0101

FLOOD FREQUENCY AND LOW-FLOW ANALYSES ...Floods,
Flow Characteristics -water, Low Flow, Maryland, Statistical
Models, ...5.0481

DRAINAGE CORRELATION RESEARCH PROJECT .,.Climatog-
raphy, Drainage, Floods, Precipitation-general, Small Watersheds,
...2.0710

HYDROLOGIC MODEL FOR STREAMFLOW FORECASTING
...Flow Characteristics -water, Forecasting-prediction, Hydro-
graphs, Model Studies, Precipitation-general, Runoff, _2.0600

FLUVIAL SEDIMENTATION IN STONY BROOK WATERSHED
_.Gaging, Runoff, Sedimentology-general, Small Watersheds,
Total Volume, 2.0766

FLOOD-FREQUENCY AND BASIN PARAMETER RELATION-
SHIPS IN SMALL DRAINAGE AREAS ...Amount, Discharge-
general, Floods, Morphology-general, Small Watersheds, -.2.0280
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DETERMINATION OF CHANNEL CAPACITY OF THE
MERCED RIVER, CALIFORNIA ,..California, Channels, Cross-
section, Dischargcngeneral, Hydrographic, ...2.0116

CHANNEL CAPACITY IN STONY CREEK NEAR ORLAND,
CALIFORNIA ...California, Channels, Design Flow-flood, Reser-
voirs and Impoundments, Water Transfer, ...2.0122

FLOODS IN THE WAIAHOLE-WAIKANE AREA, OAHU,
HAWAII _Floodproofing, Floods, Hawaii, Mapping, Regional
Areas, _4.0085

FLOODS IN PUNALUU-HAUULA AREA, OAHU, HAWAII
...Floodproofing, Floods, Hawaii, Zoning, ...4.0086

STREAMFLOW REGULATION AND SEDIMENT CONTROL IN
NORTHERN ROCKY MOUNTAIN FORESTS ...Flow Charac-
teristics -water, Forest Watersheds, Infiltration, Snowmelt, Water
Yield, ...5.0321

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ...Channels, Floods, Forecasting-predic-
tion, Hydrographs, Idaho, Storage of Water, Water Yield,
Watersheds-general, 3.0202

Saturated Flow
DEEP SEEPAGE ON PIEDMONT WATERSHEDS ...Percolation,

Physical Properties-general, Piedmont Province, Seepage, Unsatu-
rated Flow, Water Table Fluctuation, 2.0955

MIXING PROCESSES IN SATURATED AND UNSATURATED
SOIL-WATER SYSTEMS IN RELATION TO POLLUTION
...Chemical-general, Internal Water Movement, Mixing, Pollutants
- Path of , Unsaturated Flow, .2.0086

THE FINITE ELEMENT METHOD IN FLUID MECHANICS
...Degradation, Finite Differences, Fluid Dynamics, Groundwater
Movement, Non-autonomous, 5.0302

VARIATION OF SATURATED HYDRAULIC CONDUCTIVITY
OF HOUSTON BLACK CLAY WITH SOIL DEPTH AND WITH
DIAMETER OF SOIL COVES ...Clay, Density, Permeability,
Texas, 2.1022

PERMEABILITY RECEARCH ...Groundwater Movement, Observa-
tion Wells, Permeability, Porous Media - Flow Through, Unsatu-
rated Flow, 2.0183

Sheetfiow
CULTURAL. PRACTICES ON EASTGATE BASIN ...Cultivated

Soils, Moisture Content, Sediment Yield, Surface Flow, Tillage,
Cropping Systems, ...4.0168

EFFECT OF RAINDROP IMPACT AND SURFACE ROUGHNESS
ON SHEET FLOW ...Flow Characteristics -water, Model Studies,
Rain-other, Rainfall Simulators, Roughness, 2.0447

Stratified Flow
AN INVESTIGATION OF THE EFFECT OF CONTROLLED

RELEASES ON THE PHYSICAL, CHEMICAL AND BAC-
TERIOLOGICAL CHARACTERISTICS OF FORT LOUDOUN
RESERVOIR ...Nitrogen, Phosphate, Phosphite, Suspension, Tem-
perature-other, Tennessee, ...5.1128

INVESTIGATION OF THE CIRCULATION OF LAKE SUPERIOR
...Circulation -water, Model Studies, Temperature, Velocity -

water, 2.1161
TWA PHASE FLOW IN A VERTICAL BEND ...Close Channel,

Engineering Structures - general, Open Channel, Two-phase-other,
Ventilated Cavities, 8.0163

INTERNAL CURRENTS RESULTING FROM INTERMEDIATE
DENSITY INFLOWS INTO STRATIFIED RESERVOIRS In-
flow, Model Studies, Reservoirs and Impoundments, Stratification,
Temperature, 5.1264

ANALYSIS OF THERMAL POLLUTION DISPERSION ...Aera-
tion, Dispersion -water, Effluents-waste Water, Temperature,
Thermal Pollution, 5.0726

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART 2) ...Acidity, Baseflow,
Groundwater Movement, Mine Drainage Control, Pyrite Group,
...5.1044

QUALITY OF WATER AS AFFECTED BY STRATIFIED FLOW
(RESERVOIRS) ...Ions and Gases, Model Studies, Reservoirs and
Impoundments, Stratification, Turbitlity, ...5.0185

Subsurface Flow
RUNOFF STUDIES ON SMALL WATERSHEDS ...Hydrographs,

Runoff, Small Watersheds, Surface Water, Water Yield, ...2.1138
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RELATION OF BEDROCK FRACTURE SYSTEMS TO UN-
DERGROUND WATER IN STAFFORD SPRINGS, SOUTH
COVENTRY, SPRING HILL & WESTFORD QUADS Ground-
water Movement, Joints-fractures, Local Structure, Rocks -

Bedrock, Water Quantity-general, 2.0243
RATE AND DIRECTION OF GROUND WATER CIRCULATION

IN CLOSE SPACED BEDROCK AND GRAVEL WELLS
UNDER THE INFLUCENCE OF NON-SYNCHRONOUS PUMP-
ING TIME ...Connecticut, Groundwater Movement, Land Use,
Pumping, 2.0244

THE EFFECT OF THE NATURAL SEALING OF POTHOLES
UPON WATER MOVEMENT AND GROUNDWATER
RESOURCES ...Groundwater, Internal Water Movement, Linings-
pavings, Permeability, Potholes, 2.0667

'TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS ..Baseflow, Floods,
Forest Watersheds, Georgia, Hydraulic Structures, Runoff,
...2.0339

WATER ADSORPTION AND ITS INTERACTIONS WITH CLAY
AND QUARTZ ...Adsorption Capacity, Bonding, Clay, Internal
Water Movement, Quartz,

THE EFFECT OF TEMPERATURE ON WATER FLOW IN SOILS
...Boundary Process (moisture), Flow Characteristics -water, In-

ternal Water Movement, Soil Environment, Temperature,
2.0679

NUMERICAL MODELING OF GROUND WATER FLOW
Aquifers-general, Artificial Recharge, Groundwater Movement,

Model Studies, 2.0506
EVALUATION OF GROUNDWATER RESOURCES, LIVER-

MORE VALLEY, CALIFORNIA ...Data Acquisition-general,
Groundwater Basins, Management, Model Studies, Water Yield,
4.0025

AQUIFER PERFORMANCE TESTS UNDER TWO PHASE FLOW
CONDITIONS ...Aquifers-general, Observation Wells, Synthetic
Hydrology-general, Two-phase-other, 2.0008

EFFECT OF PHYSICAL PROPERTIES OF POROUS MEDIA ON
WATER MOVEMENT ...Mathematical Analysis, Permeability,
Porosity, Porous Media - Flow 'Through, Size, 2.0391

WATER CONTAMINATION BY FERTILIZER NITROGEN AND
PHOSPHORUS ...Agricultural Watersheds, Fertilizers, Nitrogen,
North Carolina, Phosphorus, Runoff, _5.0823

FURTHER STUDIES OF INFILTRATION ...Infiltration, Porous
Media - Flow Through, Unsaturated Flow, Unsteady Flow,
5.0124

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES Compressibility, Internal Water Movement,
Radioisotopes, 2.0147

THE DRAINAGE OF IRRIGATED LANDS ...Drainage, Irrigation-
general, Permeability, Steady, Water Table Fluctuation, 4.0251

DESIGN OF OPEN CHANNELS TO PREVENT BANK FAILURE
...Piczometcrs, Seepage, ...4.0253

THE EFFECT OF HETEROGENEITIES OF THE SOIL UPON IN-
FILTRATION Infiltration, Physical Properties -other, 2.1165

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Absorption, Fixation, Exchange, Internal Water Move-
ment, Moisture Tension, Unsaturated Flow, 2.0376

THE ROLE OF SOIL WETTABILITY AND TREATMENT WITH
WETTING AGENTS ON WATER MOVEMENT AND SOIL
PHYSICAL PROPERTIES. ...Adsorption Capacity, Formation
Principles, Internal Water Movement, Moisture Content, Organic
Content, Texture, -.2.0141

THEORETICAL ANALYSIS OF REGIONAL GROUND-WATER
FLOW IN THE HAVANA AREA ...Groundwater Movement, II-
linois, Mathematical Analysis, Model Studies, Water Table Fluc-
tuation, 2.0410

EFFECTS OF TREE ROOTS ON HYDRAULIC CONDUCTIVITY
AND POROSITY OF FOREST SOILS IN THE ALLEGHENY-
CUMBERLAND PLATEAU ...Forests, Roots, Soil Compaction
Or Density, Soil Environment, Soils and Fertilizer, 2.0855

DRAINAGE OF STRATIFIED FOILS ...Drainage, Drainage En-
gineering, Drainage Systems, Soil -water -plant Relationships,
5,0939

PREDICTING SOLUTE MOVEMENT AND DISTRIBUTION IN
SOILS ...Hydrolysis, Infiltration, Salinity, Soil and Rock Leaching,
Soil Environment, _2.1043

PERMIAN BASIN - ORIGIN OF SALINE WATER DISCHARGE
...Brines, Groundwater Movement, Permian Period, Saline Water
Intrusion, Texas, ...2.1004

THERMAL CHARACTERISTICS OF AQUIFER SYSTEMS ...Car-
bonate Aquifers, Clastie Aquifers, Flow Characteristics -water.
Permeability, Temperature, 2.1099



Flow Types - Natural Water SUBJECT INDEX

GROUND-WATER HYDROLOGY AND DEVELOPMENT IN
EAST-CENTRAL WASHINGTON ...Drawdown, Groundwater
Basins, Groundwater Mining, Washington, Water Table Fluctua-
tion, ...2.1135

NUMERICAL SIMULATION OF HYDRODYNAMIC
PHENOMENA B' DIGITAL COMPUTER ...Groundwater,
Model Studies, Open Channel Flow, Porous Media - Flow
Through, Waves, .2.1096

MANAGEMENT OF STORM RUNOFF AND THE IMPROVE-
MENT OF WATER YIELD ON FOREST LAND ...Forest
Watersheds, Infiltration, Runoff, Storm Water, Water Yield,
...2.0863

WATER YIELD IN RELATION TO CLIMATIC & WATERSHED
CHARACTERISTICS OF LAND _Agricultural Watersheds, Cli-
mate, Morphology-general, Patterns, Water Yield, _3.0419

AQUIFER-STREAMFLOW INTERRELATIONSHIPS IN UP-
STREAM AGRICULTURAL WATERSHEDS OF THE PACIFIC
NORTHWEST ...Agricultural Watersheds, Aquifers-general, Flow
Characteristics -water, Permeability, Recharge -general, Structure,
_3.0201

DEVELOPMENT AND EVALUATION OF SURFACE AND SUB-
SURFACE DRAINAGE PRACTICES ..Drainage, Interception,
Piezometers, Seepage, Surface Flow, 4.0132

POLLUTION OF SUBSURFACE WATER BY SANITARY LAND-
FILL ...Contamination, Forecasting-prediction, Landfill, Pennsyl-
vania, Pollutants - Path of , 5.1009

Surface Flow
HYDROLOGIC MODELS FOR PREDICTING THE EFFECTS OF

URBANIZATION ...Groundwater Movement, Land Use, Model
Studies, Moisture Content, Seepage, Urban Environments,
.2.0913

CULTURAL PRACTICES ON EASTGATE BASIN ...Cultivated
Soils, Moisture Content, Sediment Yield, Sheetflow, Tillage,
Cropping Systems, 4.0168

SPATIAL BEHAVIOR OF ROUGHNESS IN LABORATORY
WATERSHED, PHASE II ...Energy Loss -water, Model Studies,
Roughness, Runoff, Structure-size, Synthetic Hydrology-general,
...2.0703

HYDRAULICS OF SURFACE IRRIGATION ...Irrigation Engineer-
ing, Math Models, Measurement, Porous Media - Flow Through,
Surface Irrigation -general, ...2.0047

HYDRAULICS OF SURFACE IRRIGATION ...Mathematical Anal-
ysis, Model Studies, Surface Irrigation -general, 3.0307

EFFECT OF SURFACE IRRIGATION HYDRAULICS ON EFFI-
CIENT APPLICATION OF WATE ...Channel Geometry, Channel
Roughness, Flow Characteristics -water, Open Channel, Surface
Irrigation -general, 4.0239

HYDRAULICS OF SURFACE IRRIGATION ...Irrigation Engineer-
ing, Math Models, Model Studies, Surface Irrigation -general,
Water Application Methods, 4.0252

HYDRAULICS OF SURFACE IRRIGATION ...Mathematical Anal-
ysis, Model Studies, Other Models, Surface Irrigation -general,
Unsteady Flow, 4.0268

THE CHARACTERIZATION OF OVERLAND FLOW ON VERY
ROUGH SURFACES ...Channel Roughness, Channels, Data
Analysis Applications, Flow Characteristics -water, Model Studies,
8.0192

INVESTIGATION OF SOIL AND WATER LOSSES THROUGH
CROPPING SYSTEMS AND SOIL MANAGEMENT PRAC-
TICES ...Runoff, Soil - Crop Relationships, Soil Environment, Til-
lage, Cropping Systems, ...3.0195

DEVELOPMENT AND EVALUATION OF SURFACE AND SUB-
SURFACE DRAINAGE PRACTICES ...Drainage, Interception,
Piezometers, Seepage, Subsurface Flow, 4.0132

BASIC PRINCIPLES AND MECHANICS OF RAINFALL, RU-
NOFF, SOIL MOVEMENT AND LOSS IN THE CORN BELT
...Engineering Properties-general, Erosion-general, Runoff, Sedi-
ment Transport-general, Slopes, Structure-size, ...2.0475

Turbulent Flow
WIND EFFECTS ON THE DISPERSION OF PARTICULATE

POLLUTANTS IN TURBULENT OPEN-CHANNEL FLOW
...Dispersion -water, Flow of Dispersed Solids, Open Channel
Flow, Sediments, Wind-other, 2.0220

R.I.-MIXING PROCESSES IN ESTUARIES ...Dispersion -water,
Estuvies, Flume Studies, Mixing, Model Studies, 5.0063

REDUCTION OF RIVER HEAT POLLUTION BY TURBULENCE
STIMULATION ...Destratification, Electric Power Plants, En-
gineering Structures-general, Roughness, Stream Rehabilitation,
Thermal Pollution, 5.0214

APPLICATION OF MAGNETOHYDRODYNAMICS TO MEA-
SUREMENT OF LIQUID VELOCITY AND TURBULENCE
...Analog Computers, Analog Computers Math, Technique
Development, Turbulent, Velocity, Velocity -water, _2.1166

TRANSPORT PROCESSES OF PARTICLES IN DILUTE SUSPEN-
SIONS IN TURBULENT WATER FLOW ...Colloidal
Phenomena, Flow Characteristics -water, Hydraulics-general,
Sedimentation, Transport, 5.0370

MICROSCOPIC INVESTIGATION OF TRACTIVE FORCE DIS-
TRIBUTION IN OPEN CHANNEL ...Open Channel Flow,
Suspension, Traction, Turbulent, Velocity -water, 8.0183

TURBULENT DIFFUSION AND REAERATION IN NATURAL
RIVERS ...Aeration, Flow of Gas in Liquid, Mixing, Model Stu-
dies, Tracers-general, 5.1136

COMPUTE SIMULATION OF DIFFUSION STUDIES ...Dispersion
-water, Monte Carlo Methods, Simulation Theory, Velocity -
water, ...5.0785

PERFORMANCE CHARACTERISTICS OF LARGE SCALE
HYDROMECHANICS LABORATORY EQUIPMENT ...Flume
Studies, Inflow, Sedimentation, Synthetic Hydrology-general,
...8.0195

TURBULENT FLOW THROUGH POROUS MEDIA ...Digital
Computers, Digital Computers, Finite Differences, Porous Media -
Flow Through, Prediction Models, Turbulent, ,..2.0354

TURBULENT FLOW SPECTRAL ANALYSIS ...Engineering Struc-
tures-general, Flow Characteristics -water, Turbulent, ...8.0166

EFFECTS OF OXYGEN DEMAND ON SURFACE REAERATION
RATES ...Aeration, Biochemical Oxygen Demand, Chemical Ox-
ygen Demand, Energy, Ions and Gases, 5.0369

TURBULENT MIXING IN SURFACE AERATION ...Aeration, Dif-
fuser, Dyes, Mixing, Synthetic Hydrology-general, 5.1061

INCIPIENT MOTION OF LARGE ROUGHNESS ELEMENTS IN
TURBULENT OPEN CHANNEL FLOW ...Erosion Control, Flow
Characteristics -water, Open Channel, Open Channel Flow, Sedi-
ment Transport-other, ...2.1062

SHOALING PROCESSES ...Channels, Sand Bars, Scouring, Sedi-
ment Transport-other, Tidewater Areas, 2.0690

HYDRAULIC INSTRUMENTATION ...Instrumentation-general,
Model Studies, Technique Development, Water Level Fluctua-
tion, 7.0063

MECHANICS OF FLOW STRUCTURE AND FLUID RE-
SISTANCE ...Open Channel, Sediment Transport-general, Sedi-
mentation, 2.0236

DELAWARE ESTUARY SEDIMENTATION STUDY ...Delaware
River, Rate of Deposition, Sand Bars, Sediment Transport-
general, Sediment Yield, ...2.0908

Unsaturated Flow
THE EFFECT OF POTHOLE DRAINAGE UPON GROUND-

WATER RESOURCES ...Drainage, Groundwater, Potholes,
Radioisotopes, 4.0144

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties, Electroosmosis, Infiltration, Soil
Environment, Streaming Potential, Zeta Potential, 2.0467

THE PREDICTION OF UNSATURATED FLOW RATES FROM
PHYSICAL PROPERTIES OF THE POROUS MEDIUM
...Permeability, Pollutants - Path of , Porous Media - Flow
Through, Water Cycle, 2.0889

DEEP SEEPAGE ON PIEDMONT WATERSHEDS ...Percolation,
Physical Properties-general, Piedmont Province, Saturated Flow,
Seepage, Water Table Fluctuation, 2.0955

FURTHER STUDIES OF INFILTRATION ...Infiltration, Porous
Media - Flow Through, Subsurface Flow, Unsteady Flow,
5.0124

TRANSPORT AND FATE OF POLLUTANTS IN SOIL ...Disposal,
Internal Water Movement, Pollutants - Path of , Porous Media -
How Through, Soil, 5.0517

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Adsorption Capacity, Flow Characteristics -water, Inter-
nal Water Movement, Soil Environment, Soil Physical Properties,
...2.0049

MIXING PROCESSES IN SATURATED AND UNSATURATED
SOIL-WATER SYSTEMS IN RELATION TO POLLUTION
...Chemical-general, Internal Water Movement, Mixing, Pollutants
- Path of , Saturated Flow, ...2.0086

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Clay, Electrical Properties, Heat Flow, Internal Water
Movement, Saturated-unsaturated, ...2.0217

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Electrical Properties, In-
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ternal Water Movement, Other Models, Water Movement-
general, ...2.1076

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Absorption, Fixation, Exchange, Internal Water Move-
ment, Moisture Tension, Subsurface Flow, ..2.0376

FLOW THROUGH UNSATURATED POROUS MEDIA .,.Ground-
water, Infiltration, Porous Media - Flow Through, 2.0356

UNSATURATED FLOW RATES ...Forecasting-prediction, Internal
Water Movement, Permeability, Porous Media - Flow Through,
Void Ratio and Porosity, ...2.0890

UNDERSTANDING OF THE INFILTRATION OF RAIN INTO

BURIED WASTE ...Groundwater Movement, Infiltration,
Moisture Content, Porosity, Radioactivity-other, _2.0948

DENVER MULTIPHASE FLOW ...Analog Computers, Infiltration,
Instrumental Sere; Is, Internal Water Movement, 'Transducers,
-.2.0192

UNSATURATED FLOW STUDIES ...Artificial Recharge, Electrical
Properties, Exchange Capacity, Groundwater Movement, Infiltra-
tion, ...2.0286

UNSATURATED FLOW THEORY APPLIED TO DRAINAGE
AND INFILTRATION ...Drainage, Groundwater Movement, Infil-
tration, Internal Water Movement, Runoff, 2.0125

PERMEABILITY RESEARCH ...Groundwater Movement, Observa-
tion Wells, Permeability, Porous Media - Flow Thcough, Saturated
Flow, 2.0183

WATER YIELD IMPROVEMENT IN THE BRUSHLANDS OF
THE SOUTHWEST ...Consumptive Use, Internal Water Move-
ment, Soil-water-plant Relationships, Southwest, Water Yield,
_3.0062

Unsteady Flow
DYNAMIC GROUND-WATER STORAGE ...Groundwater Move-

ment, Mathematical Analysis, Storage of Water, ...2.0765

WELL DRAWDOWN IN UNCONFINED AQUIFERS UNDER
NON-STEADY CONDITIONS ...Aquifers-other, Drawdown, Flow
Characteristics -water, Seepage, Water Wells, -.2.0862

UNSTEADY FLOW TOWARD PARTIALLY PENETRATING AR-
TESIAN WELLS ...Artesian Flow, Groundwater Movement,
Mathematical Analysis, Seepage, Unsteady, ...2.0522

OVERLAND FLOW ANALYSIS FOR A SIMULATED
VEGETATED SURFACE ...Flume Studies, Hydrographs, Rainfall
Simulators, Runoff, Streams, -.2.0879

THE STORAGE COEFFICIENT AS A FUNCTION OF WATER
TABLE CELERITY ...Drainage, Mathematical Analysis, Permea-
bility, Storage of Water, Water Table Fluctuation, ...2.1I21

EFFECTS OF RIVER CURVATURE ON RESISTANCE TO FLOW

...Channels, Flow Characteristics - water, Flume Studies,
Roughness, Velocity -water, -.8.0198

UNSTEADY FLOW OF GROUNDWATER--DISPERSION AND
SALT WATER INTRUSION IN NON-HOMOGENEOUS MEDIA
...Dispersion -water, Model Studies, Saline Water Intrusion, Un-
steady, ...2.1159

FURTHER STUDIES OF INFILTRATION ...Infiltration, Porous
Media - Flow Through, Subsurface Flow, Unsaturated Flow,
...5.0124

MATHEMATICAL MODELS OF HYDROLOGIC SYSTEMS
...Economics-general, Hydraulic Structures, Model Studies, Open
Channel, Unsteady, Water Quality-general, -.6.0382

NON-STEADY 2 AND 3-DIMENSIONAL FLOW OF FLUID INTO
POROUS MATERIAL ...Discharge-general, 2.0394

HYDRAULICS OF SURFACE IRRIGATION ...Mathematical Anal-
ysis, Model Studies, Other Models, Surface Flow, Surface Irriga-
tion -general, 4.0268

HYDRAULICS OF FLOOD MOVEMENTS ...Analog Computers,
Floods, Mathematical Analysis, Open Channel Flow, Partial,
Routing, ...2.0348

HYDRAULICS OF WELLS ...Aquifers-other, Drawdown, Hydraulic
Engineering-other, Model Studies, Water Wells, ...7.0077

VALUE OF STREAMFLOW DATA ...Benefit-cost Analysis, Data
Networks, Gaging, Open Channel Flow, Water Resources
Development, _68077

UNSTEADY FLOW AND SALINE INTRUSION IN ESTUARIES
...Channels, Estuaries, Model Studies, Open Channel Flow, Saline
Water Intrusion, 2.1091

Fluid Flow

Fluid Flow

Fluid Flow-other
A MASS TRANSFER STUDY OF CURRENT REQUIREMENTS

FOR CATHODIC PROTECTION ...Cathodic Protection, Cavita-
tion, Chemical Analysis, Desalination, Heat Transfer, Oxygen,
_3.0033

CONTROL OF CONCENTRATION POLARIZATION IN
REVERSE OSMOSIS DESALINATION OF WATER _Desalina-
tion, Flow Characteristics -water, Membranes-other, Polarization,
Reverse Osmosis, -.3.0287

DEMINERALIZATION BY FORCED-FLOW ELECTRO-
DESALINATION ...Demineralization, Desalination, Electrodialy-
sis, Ion Selective, Porosity, Screening, 3.0003

COUNTERWASHERS FOR FREEZE-DISTILLATION
DESALINATION ...Cost Analysis, Freezing, Packed Bed, Screen-
ing, Washing, ...3.0279

A STUDY OF HYDRODYNAMIC ASPECTS OF REVERSE OS-
MOSIS %HYPERFILTRATION..Cost Analysis, Desalination,
Reverse Osmosis, Turbulent, Water Purification Plants, _5.1144

DESALINATION AND REDUCTION OF CONCENTRATION
POLARIZATION EFFECTS IN REVERSE OSMOSIS SYSTEMS
USING POROUS WALL SECTIONS ...Brines, Membranes-other,
Other, Porosity, Reverse Osmosis, ...3.0359

ENGINEERING SERVICES - 50-150 MM GALLON PER DAY
MULTISTAGE, MULTIFLASH DESALINATION PROCESS
...Desalination, Distilling Units, Flash Distillation, Gaseous,
Removal--inorganics, ...3.0064

AN EXPERIMENTAL INVESTIGATION OF CELLULOSE
ACETATE MEMBRANE REGENERATION ...Cellulose Acetate,
Other, Regeneration-other, Surface - other, ..3.0324

CONCEPTUAL DESIGN STUDY - REVERSE OSMOSIS MEM-
BRANE ASSEMBLY MODULAR UNIT ...Cost Analysis, Mem-
branes-other, Other, Reverse Osmosis, ...3.0345

EFFECT OF DRAG REDUCING ADDITIVES IN WATER
TRANSPORTATION ..,Additives, Close Channel, Drag, Laminar
- Turbulent, Polymer Type-other, ...1.0111

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
...Mass Transfer, Organic, Polymer Type-other, Solution, Trans-
port, ...1.0027

UNSTEADY FLOW OF DILUTE AQUEOUS HIGH POLYMER
SOLUTIONS IN PIPES ...Additives, Mathematics Matching Code,
Pipes, Size, Unsteady, -.8.0164

SALT WATER ENTRAINMENT FOR DILUTION IN SEWER
OUTFALLS ...Conduit Flow-other, Dispersion -water, Fluid Mix-
ing, Ocean, Outlet, Sewers, Two-phase-other, ...5.1265

CONVECTION IN ROTATING FLUIDS ...Convection, Flowing
Fluid, Forced Convection, Rotating Fluids, 1.0046

FLOW FIELD IN A PACKED BED ...Mass Transfer, Packed Bed,
Porous Media - Flow Through, Surface-other, ...11.0045

Rate Determination
WATER TRANSPORT THROUGH HYPERFILTRATION MEM-

BRANES ...Cellulose Acetate, Desalination, Radioisotopes,
Reverse Osmosis, ...3.0239

THE KINETICS OF COMPRESSIBILITY EFFECTS IN TWO
PHASE SINGLE COMPONENT FLOW ...Bubble, Kinetic-
general, Spectroscopy-other, Two-phase-other, 3.0292

PARAMETRIC ECONOMIC AND ENGINEERING STUDY OF
THR REVERSE OSMOSIS PROCESS ...Cost Analysis, Desalina-
tion, Membranes-other, Other, Reverse Osmosis, Water Costs,
3.0073

THE STRUCTURE OF THE ACTIVE LAYER OF THE AS-
SYMETRIC CELLULOSE ACETATE MEMBRANE - THE
SALT AND WATER PERMEABILITY OF A BIOLOGICAL
MEMBRANE ...Cellulose Acetate, Natural Occuring, Other,
Porosity, ...3.0353

SORPTION KINETICS IN FLOW THROUGH GRANULAR PAR-
TICLES ...Adsorption-other, Groundwater, Ion Exchange-other,
Porous Media - Flow Through, Tertiary Treatment, Water Quality
Control-general, ...5.1191

States of Flow
ROTATIONAL STABILITY IN DILUTE POLYMER SOLUTIONS

Water°l'lirereratinTygolteerr,
...ratgical-general, Solution, Waste
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Fluid Mechanics

Fluid Mechanics
Acoustic Effects

TRANSIENT FLOW THROUGH CLOSED CONDUITS ,..Eigen-
values, Error Analysis, Interpolation, Pipes, Transient, Valves,
_2.0634

SUBJECT INDEX

Aerohydroeiasticity
Fluid Dynamics

A STUDY OF THE NUCLEATION AND GROWTH CHARAC-
TERISTICS OF SLURRIES OF ICE CRYSTALS ...Crystal
Growth, Desalination, Freezing, Nucleation, Shear-flow, 3.0356

THREE BASIC PROBLEMS IN FLUID MECHANICS EVAPORA-
TIVE CONVECTION, ELECTRO-OSMOSIS, INTERNAL
WAVES .Electrochemistry-other, Flow Characteristics -water,
Internal Waves, Photography, Reverse Osmosis, Wave Motion in
Fluids-other, ...3.0074

BOUNDARY LAYER FLOW PROBLEMS IN DESALINATION
BY REVERSE OSMOSIS ...Desalination, Laminar, Porous Media
- Flow Through, 3.0100

THE ELECTROHYDRODYNAMICS OF ELECTRODIALYSIS
SYSTEMS ...Desalination, Electrodialysis, Ion Selective, 3.0280

PERFORMANCE AND SCIENTIFIC DESIGN OF SPRINKLERS
USED FOR IRRIGATION ...Irrigation Engineering, Spray
Devices, Sprinkler Irrigation, ...3.0230

FLUID MECHANICS INSTRUCTIONAL EQUIPMENT ...Educa-
tion and Training, Model Apparatus-other, 8.0188

THE FINITE ELEMENT METHOD IN FLUID MECHANICS
_Degradation, Finite Differences, Groundwater Movement, Non-
autonomous, Saturated Flow, ...5.0302

HYDRAULIC INVESTIGATION OF TAINTER GATES AS FLOW
MEASURING DEVICES ...Control Gate, Fluids, Measurement,
8.0167

INSTRUMENTATION FOR RESEARCH .. Doppler, Instrumental
Services, Recording Systems, Turbulencf, Velocity, 7.0109

ENERGY DISSIPATORS ...Energy Dissipators, Model Studies,
Technique Development, 8.0114

Body Theory
Compressible Fluid

LAMINAR AND TURBULENT FLOW OF FLUIDS THROUGH
POROUS MEDIA ...Incompressible Fluid, Partial, Porous Media -
Flow Through, Statistics - general, ..2.0227

FLUID ELASTIC OPERATORS FOR UNDER-STREAMLINED
STRUCTURES ...Deformations, Geometric Configuration,
Hydraulic Equipment, ...2.0472

Drag
ENGINEERING INVESTIGATION PF.RTAINING TO FLOOD

PROTECTION OF BRIDGES AND CULVERTS ...Bridges &
Culverts, Culvert, Design Criteria, Drainage, Erosion Control,
Floods, 8.0145

WAVE FORCES ON SUBMERGED STRUCTURES ...Hydraulic
Structures, Lift, Shoreline Structures, Wave Action, Waves,
2.0629

INCIPIENT MOTION OF ROUGHNESS ELEMENTS IN TURBU-
LENT OPEN CHANNEL FLOW ...Channel Roughness, Design
Criteria, Lift, Open Channel, Turbulent, 2.1061

HYDRODYNAMIC FORCES ON NON-COHESIVE BED PARTI-
CLES INCLUDING SEEPAGE ...Seepage, ...2.1079

EFFECT OF DRAG REDUCING ADDITIVES IN WATER
TRANSPORTATION ...Additives, Close Channel, Fluid Flow-
other, Laminar - Turbulent, Polymer Type-other, 1.0111

RIPRAP, REQUIREMENTS IN CHANNELS ...Lift, Lining, Models,
Open Channel, Velocity, ..,8.0246

Incompressible Fluid
LAMINAR AND TURBULENT FLOW OF FLUIDS THROUGH

POROUS MEDIA ...Compressible Fluid, Partial, Porous Media -
Flow Through, Statistics-general, ...2.0227

Lift
WAVE FORCES ON SUBMERGED STRUCTURES ...Drag,

Hydraulic Structures, Shoreline Structures, Wave Action, Waves,
2,0629

INCIPIENT MOTION OF ROUGHNESS ELEMENTS IN TURBU-
LENT OPEN CHANNEL FLOW ...Channel Roughness, Design
Criteria, Drag, Open Channel, Turbulent, 2.1061
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CRADIENTS ...Analysis-other, Integrals, Pressure Gradient,
Separation, ...8.018I

Pressure Gradient
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ASYMMETRIC BUBBLE COLLAPSE STUDIES 6310 ...Bubbles,

Coaxial, Photography-general, Pressure Gradient, 1.0067

Inception
EXPERIMENTAL STUDY OF MOTION OF CAVITATION BUB-

BLES ...Bubbles, Close Channel, Growth, Turbulent, 8.0270
FREE SURFACE VORTEX RESEARCH ...Surface Phenomena,

Viscosity, Vortex, 1.0071

2-192



SUBJECT INDEX Fluid Mechanics

Supercavitating Flow
FREE-STREAMLINE FLOW OVER DISCONTINUITIES IN A
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FLUID ...Atomization, Distribution, Nozzles, Solution, Spray
Devices, -5.0796

THE SURFACE SHEAR VISCOSITY OF MONOMOLECULAR
FILMS ...Viscosity, -5.0791

FLOW LAWS FOR THE MOVEMENT OF WATER IN SOILS
...Force, Porous Media - Flow Through, -2.0470

Secondary Flows
DEPOSITION OF FINE SEDIMENTS IN TURBULENT FLOWS

...Channel Roughness, Open Channel, Sedimentation, Sheur-flow,
Turbulent, _5.0764

Shear-flow
A STUDY OF THE NUCLEATION AND GROWTH CHARAC-

TERISTICS OF SLURRIES OF ICE CRYSTALS ...Crystal
Growth, Desalination, Fluid Dynamics, Freezing, Nucleation,
...3.0356

DEPOSITION OF FINE SEDIMENTS IN TURBULENT FLOWS
...Channel Roughness, Open Channel, Secondary Flows, Sedimen-
tation, Turbulent, ,..5.0764

INVESTIGATIONS OF STREAM CHANNEL MORPHOLOGY IN
THE SOUTHERN BRANCH AND AT THE USDA SEDIMEN-
TATION LABORATORY Deposits, Flow Charac-
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lutants - Path of , Turbulent, _5.0414
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...Desalination, Distillation-other, Distilling Units, Flexible,
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EFFECT OF DRAG REDUCING ADDITIVES IN WATER
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LOSS COEFFICIENT IN A CHANNEL BEND WITH NATU-
RALLY DEFORMED BED ..,Energy Losses-other, Model Stu-
dies, Open Channel, Surface Phenomena, Transition Sections,
2.0934

TURBULENT MIXING IN SUBMERGED TWO-DIMENSIONAL
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A STUDY OF HEAT TRANSFER IN THE FLUTED VERTICAL
TUBE EVAPORATOR ...Desalination, Distillation-other,
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AIR-WATER INTERFACE ,..Data Analysis - General, Heat and
Radiation Transfer, Lake Michigan, Mass Transfer, Towcrs,
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IMPINGEMENT OF A FLUID ON A FLUID SURFACE ...Inter-
face, Surface Phenomena, Tension, ..1.0127

Jet Flow-other
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fusion, Groundwater, Ions and Gases, ..,2.0209

COUPLING OF FLOWS AROUND AND THROUGH POROUS
MEDIA ...Boundary-layer-other, Filter Materials, Liquid - Solid
Interactions, .,2.0661

NATURAL CONVECTION IN WATER-SATURATED POROUS
MEDIA ...Flow Types-other, Model Studies, Velocity, Viscosity,
_2.0917

LAMINAR AND TURBULENT FLOW 01, FLUIDS THROUGH
POROUS MEDIA ...Compressible Fluid, Incompressible Fluid.
Partial, Statistics-general, ..,2M227

FLOW REGIMES IN POROUS MEDIA ...Applications, Flow
Characteristics -water, Model Studies, Porosity, Viscous, ,..8.0189

AN EXPERIMENTAL STUDY OF VARIABLE PHYSICAL ?RO-
PERTY AND NATURAL CONVECTION EFFF,C1'f IN
POROUS MEDIA ...Dispersion -water, Flow of Dispersed Solids,
Model Studies, ...3.0358

BOUNDARY LAYER FLOW PROBLEMS IN DESALINATION
BY REVERSE OSMOSIS ...Desalination, Fluid Dynamics,
Laminar, 3.0109

THE PREDICTION OF UNSATURATED FLOW RATES FROM
PHYSICAL PROPERTIES OF THE POROUS MEDIUM
Permeability, Pollutants - Path of , Unsaturated Flow, Water
Cycle, ...2.0889

EFFECT OF PHYSICAL PROPERTIES OF POROUS MEDIA ON
WATER MOVEMENT Mathematical Analysis, Permeability,
Porosity, Size, Subsurface Flow, ...2.0391

FURTHER STUDIES OF INFILTRATION Infiltration, Subsurface
Flow, Unsaturated Flow, Unsteady Flow, 5.0124

TRANSPORT AND FATE OF POLLUTANTS IN SOIL Disposal,
Internal Water Movement, Pollutants - Path of , Soil, Unsaturated
Flow, ...5.0517

DISPERSION DURING FLOW IN HETEROGENEOUS POROUS
MEDIA ...Differential Equations General, Dispersion -water,
Model Studies, Seepage, Statistical Models, ...5.0394

HYDRAULICS OF SURFACE IRRIGATION ...Irrigation Engineer-
ing, Math Models, Measurement, Surface Flow. Surface Irrigation
-general, 2.0047

INVESTIGATION OF WATER STORAGE AND MOVEMENT IN
SOILS ...Moisture Content, Permeability, Saturated-unsaturated,
Seepage, Storage of Water, 2.0433

FLOW LAWS FOR THE MOVEMENT OF WATER IN SOILS
..,Force, Non - Newtonian, 2.0470

FLOW OF COLLOIDAL SUSPENSIONS IN POROUS MEDIA
Colloidal Phenomena, Model Studies, Radioisotopes, Suspen-
sion, 2.0871

FLOW THROUGH UNSATURATED POROUS MEDIA ...Ground-
water, Infiltration, Unsaturated Flow, 2.0356

TURBULENT FLOW THROUGH POROUS MEDIA .Digital
Computers, Digital Computers, Finite Differences, Prediction
Models, Turbulent, Turbulent Flow, ...2.0354

FLOW THROUGH ANISOTROPIC LAYERED MEDIA ...Finite
Differences, Matrix Methods, Permeability, Recharge -general,
Seepage, ...2.0355

AIR INJECTION INTO AN AQUIFER ...Aquifers-general, Labora-
tory Analysis, Permeability, Saline Water Intrusion, .2.0358

GROUND WATER DISPERSION DURING PUMPING AND
RECHARGE OPERATIONS ...Approximations, Artificial
Recharge, Dimension-two, Dispersion -water, Finite Differences,
Groundwater, Steady, ...5.0529

FLOW IN HETEROGENEOUS POROUS MEDIA ...Mathematical
Analysis, Model Studies, Statistical Models, Two-phase-other,
8.0190

FLOW FIELD IN A PACKED BED ...Fluid Flow-other, Mass
Transfer, Packed Bed, Surface-other, 1.0045

ACCESSIBILITY OF PORES IN POROUS MEDIA ...Porosity,
8.0017

UNSATURATED FLOW RATES ...Forecasting-prediction, Internal
Water Movement, Permeability, Unsaturated Flow, Void Ratio
and Porosity, 2.0890

INDIVIDUAL WATER FILTRATION DEVICE ...Filtration, Pump-
other, Sediments, Technique Development, Waste Water Treat-
ment-general, ...3.0252

TRANSPORT PROCESSES IN FLUID FLOWS ...Clastic Aquifers,
Dispersion -water, Dyes, Mathematical Analysis, Model Studies,
,..2.0368

PERMEABILITY RESEARCH ...Groundwater Movement, Observa-
tion Wells, Permeability, Saturated Flow, Unsaturated Flow,
2.0183

NUMERICAL SIMULATION OF HYDRODYNAMIC
PHENOMENA BY DIGITAL COMPUTER ...Groundwater,
Model Studies, Open Channel Flow, Subsurface Flow, Waves,
_2.1096

SORPTION KINETICS IN FLOW THROUGH GRANULAR PAR-
TICLES ...Adsorption-other, Groundwater, Ion Exchange-other,
Rate Determination, Tertiary Treatment, Water Quality Control-
general, _5.1191

Resistance
Frictional

MEASURF.MENT AND ANALYSIS OF NATURAL-TYPE SUR-
FACES AFFECTING FLUID FLOW ...Channel Roughness, Com-
puters-general. Fluid Flow-other, Hydraulic Gradient, ...2.0247

Skin Friction
THE STABILITY OF WATER FLOWS OVER A HEATED OR

COOLED SOLID SURFACE ...Flowing Fluid, Forced Convec-
tion. Laminar - Turbulent, Surface Phenomena, 2.0113

MECHANICS OF FLUID RESISTANCE ...Channel Roughness,
Close Channel, Friction, Turbulent, Viscosity, .,.2.0362

Rotating Fluids
FREE-STREAMLINE FLOW OVER DISCONTINUITIES IN A

BOUNDARY LAYER ...Boundary-layer-other, Differential Equa-
tions, Partial, Supercavitating Flow, .2.0658

FLOW OF A ROTA TING FLUID OVER IRREGULAR SURFACE
TOPOGRAPHIES ...Channels, Flow Characteristics -water,
Roughness, 2.0249

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ...Lakes, Mixed Modes, Mixing, New York,
Temperature, -2.0780

CONVECTION IN ROTATING FLUIDS Convection, Flowing
Fluid, Fluid Flow-other, Forced Convection, 1.0046

DYNAMICS OF RESERVOIR DESTRATIFICATION ...Aeration,
Destratification, Diffuser, Oklahoma, Reservoirs and Impound-
ments, .5.0911

Separation
Separation-flow-other

DYNAMIC SEPARATION OF SUSPENDED SOLIDS ...Flow
Characteristics -water, Nozzles, Sediments, 5.0674

Surface Phenomena
'THE STABILITY OF WATER FLOWS OVER A HEATED OR

COOLED SOLID SURFACE ...Flowing Fluid, Forced Convec-
tion, Laminar Turbulent, Skin Friction, 2.0113

LOSS COEFFICIENT IN A CHANNEL BEND WITH NATU-
RALLY DEFORMED BED ...Energy Losses-other, Model Stu-
dies, Open Channel, Transition Sections, Velocity, 2.0934

OPEN CHANNEL TRANSITIONS ...Canals, Energy Losses-other,
Flow Characteristics -water, Open Channel, Transition Sections,
8.0004

IMPINGEMENT OF A FLUID ON A FLUID SURFACE ...Imping-
ing Jets, Interface, Tension, 1.0127

FREE SURFACE VORTEX RESEARCH ...Inception, Viscosity,
Vortex, _1.0071

Transport
Diffusion

RESEARCH AND BASIC DATA ON THERMAL POLLUTION
.Dissipation, Eddies, General Synoptic Observations, Mixed

Modes, Streams, Thermal Pollution, ...4.0058
DIFFUSION OF ENTRAPPED GASES IN POROUS MEDIA

...Aquifers-general, Cavitation-other, Compressibility--gas-liq,
Groundwater, Ions and Gases, Porous Media - Flow Through,
2.0209

TURBULENT MIXING IN SUBMERGED TWO-DIMENSIONAL
WALL JETS ...Flow of Dispersed Solids, Thermal Pollution, Tur-
bulent, Velocity, 2.0992

EDDY DIFFUSION AND BACTERIAL REDUCTION IN WASTE
FIELDS ..Bacterial Pollutant Sources, Dispersion -water, Dyes,
Mixing, Pollutants - Path of , Sewers, 5.0111

AIRPHOTO ANALYSIS OF OCEAN OUTFALL DISPERSION
...Longshore Currents, Ocean, Outlet, Photogrammetry, Pollution-
general, 5.0941

THE EFFECT OF GAS BUBBLE MOTION ON FLUID MIXING
IN AERATION PROCESS ...Aeration, Bubble, Mass Transfer,
...5.0798
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SUBJECT INDEX Flume Studies

DISSIPATION AND DIFFUSION OF HEAT IN STREAMS AND
LAKES -Stratification, Temperature, Thermal Pollution,
_2.0303

Dissipation
RESEARCH AND BASIC DATA ON THERMAL POLLUTION

...Diffusion, Eddies, General Synoptic .Observations, Mixed
Modes, Streams, Thermal Pollution, .4.0058

DISSIPATION AND DIFFUSION OF HEAT IN STREAMS AND
LAKES ,..Stratification, Temperature, Thermal Pollution,
_2.0303

Mass Transfer
FUNDAMENTAL STUDIES IN METASTABLE FLASHING

FLOW ...Desalination, Flash Distillation, Water Movement-
general, -3.0458

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
..,Fluid Flow-other, Organic, Polymer Type-other, Solution,
Transport, -1.0027

MASS TRANSFER ANALYSIS IN REVERSE OSMOSIS OPERA-
TION ..,Free Convection, Reverse Osmosis, Turbulent, Waste
Water Treatment-other, Water, ...5.0797

THE EFFECT OF GAS BUBBLE MOTION ON FLUID MIXING
IN AERATION PROCESS -Aeration, Bubble, Diffusion,
_5.0798

GREAT LAKES RESEARCH - ENERGY TRANSFER AT THE
AIR-WATER INTERFACE ...Data Analysis - General, Heat and
Radiation Transfer, Heat-transfer-other, Lake Michigan, Towers,
Wind-water Interaction, -2.0639

Transport-other
CONVECTIVE INSTABILITY IN TRANSIENT SYSTEMS ...Ap-

proximations, Partial, Stability, _1.0048

Two - Phase Flow
Flow of Dispersed Solids

WIND EFFECTS ON THE DISPERSION OF PARTICULATE
POLLUTANTS IN TURBULENT OPEN-CHANNEL FLOW
...Dispersion -water, Open Channel Flow, Sediments, Turbulent
Flow, Wind-other, -2.0220

AN EXPERIMENTAL STUDY Of VARIABLE PHYSICAL PRO-
PERTY AND NATURAL CONVECTION EFFECTS IN
POROUS MEDIA ,..Dispersion -water, Model Studies, Porous
Media - Flow Through, -3.0358

HYDRAULIC RESISTANCE IN ALLUVIAL CHANNELS ...Alluvi-
al Deposits, Channel Geometry, Energy-dynamics, Flow Charac-
teristics -water, Sediment Transport-gencral, -2.0448

TURBULENT MIXING IN SUBMERGED TWO- DIMENSIONAL
WALL JETS ...Diffusion, Thermal Pollution, Turbulent, Velocity,
...2.0992

PIPELINE FLOW OF SOLIDS-LIQUID SUSPENSIONS ...Flow,
Pipes, Sludge-other, Transition Sections, Viscosity, ...5.0799

TRANSPORT OF SOLID SUSPENSION IN CONDUITS ...Com-
bined Sewer, Conduit, Design Criteria, Measurement, Transporta-
tion, -5.0988

HYDRAULICS LABORATORY ...Channels, Open Channel, Sedi-
mentation, Streams, Suspension, Turbulent, -8.0146

ENGINEERING DEVELOPMENT OF ICE NUCLEI DISPERSION
SYSTEMS ...Nucleation Physics, Technique Development,
-2.0197

TRANSPORT MECHANISMS IN WATER FILTRATION
...Development of Models, Filtration, Model Studies, Ordinary,
Transport. -5.0811

Flow of Gas in Liquid
THEORETICAL AND EXPERIMENTAL STUDY OF SUPER-

CRITICAL FLOW IN CIRCULAR DRAINS AND OF THE FOR-
MATION OF HYDRAULIC JUMP IN THE SAME ...Critical,
Drainage Systems, Engineering Structures-general, Pipes. Survey
Studies, ...2.0935

TURBULENT DIFFUSION AND REAERAT1ON IN NATURAL
RIVERS ...Aeration, Mixing, Model Studies, TracerNgeneral, Tur-
bulent Flow, ...5.1136

HIGH-PRESSURE VAPOR EXTRACTION OF SOLUBLE OR-
GANIC SOLUTES FROM AQUEOUS INDUSTRIAL WASTE
STREAMS ...Extraction, Gaseous, High Pressure - 1.1000 Atm,
Industrial Procchses-other, Two-phase-other, -5.0070

DETROIT TEST CHUTE ...Channel Geometry, Depth, Flume Stu-
dies, Spillways, Velocity, -8.0281

Two-phase-other
COALESCING MARINE OIL-WATER SEPARATOR ...Boat

Discharges, Fluid-device-other, Technique Development, Waste
Water Treatment-general, -5,0747

THE KINETICS OF COMPRESSIBILITY EFFECTS IN TWO
PHASE SINGLE COMPONENT FLOW ...Bubble, Kinetic-
general, Rate Determination, Spectroscopy-other, _3.0292

TWO-PHASE FLOW IN A VERTICAL BEND -Close Channel,
Engineering Structures-general, Open Channel, Stratified Flow,
Ventilated Cavities, -8.0163

AQUIFER PERFORMANCE TESTS UNDER TWO PHASE FLOW
CONDITIONS ...Aquifers-general, Observation Wells, Subsurface
Flow, Synthetic Hydrology-general, -2.0008

SALT WATER ENTRAINMENT FOR DILUTION IN SEWER
OUTFALLS ...Conduit Flow-other. Dispersion -water, Fluid Flow-
other, Fluid Mixing, Ocean, Outlet, Sewers, ...5.1265

MODEL STUDY OF SEWER DROPSHAFT ...Conduit, Design-
other, Discharge-general, Flow Regulations, Runoff, -8.0218

HIGH-PRESSURE VAPOR EXTRACTION OF SOLUBLE OR-
GANIC SOLUTES FROM AQUEOUS INDUSTRIAL WASTE
STREAMS -Extraction, Flow of Gas in Liquid, Gaseous, High
Pressure - 1-1000 Atm, Industrial Processes-other, -5.0070

FLOW IN HETEROGENEOUS POROUS MEDIA ...Mathematical
Analysis, Model Studies, Porous Media - Flow Through, Statistical
Models, -8.0190

Wave Motion in Fluids
Free Surface Waves

A STUDY OF PROBLEMS RELATED TO WIND-GENERATED
WAVES ...Fluid - properties - other, Laminar - Turbulent, Turbu-
lent, Wind-water Interaction, -2.0132

FREE SURFACE FLOW AND WAVE PROPAGATION
THROUGH CHANNEL-FLOOD PLAIN GEOMETRIES ...Chan-
nels, Conduit Flow-other, Floodplains, Flow Characteristics -
water, Model Studies, -8.0196

Shock Waves
MECHANICS OF FLOW IN OPEN CHANNEL SYSTEMS ...Nu-

merical Analysis-other, Open Channel, Steady. Unsteady, Waves
in Liquids, -2.0097

Wave Motion in Fluids-other
THREE BASIC PROBLEMS IN FLUID MECHANICS EVAPORA-

TIVE CONVECTION, ELECTRO-OSMOSIS, INTERNAL
WAVES ...Electrochemistry-other, Flow Characteristics -water,
Fluid Dynamics, Internal Waves, Photography, Reverse Osmosis,
-3.0074

MECHANICS OF SAND MOVEMENT BY WAVES .,.Model Stu-
dies, Ocean Waves - Currents, Shoreline Structures, Size, Waves,
_2.0259

Waves in Liquids
MECHANICS OF FLOW IN OPEN CHANNEL SYSTEMS ...Nu-

merical Analysis-other, Open Channel, Shock Waves, Steady, Un-
steady, -2.0097
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Flume Studies
MODEL RIVER SYSTEM STUDIES _Mathematical Analysis,

Model Studies, Radioactivity-general, Streams, Turbidity,
...2.1010

R.I.-MIXING PROCESSES IN ESTUARIES ...Dispersion -water,
Estuaries, Mixing, Model Studies, Turbulent Flow, ...5.0063

WATER VELOCITY AND SPATIAL CO-ACTIONS OF
HATCHERY TROUT AND WILD BROWN TROUT
...Behavioral Ecology, Brown Trout, Colorado, Rainbow Trout,
Stcelhead Trout, Velocity -water, -5.0198

EFFECTS OF GROUNDWATER SEEPAGE ON STREAM
REGIMEN ...Basellow, Groundwater, North Dakota, Seepage,
Suspension, ...2.0832

OVERLAND FLOW ANALYSIS FOR A SIMULATED
VEGETATED SURFACE -Hydrographs, Rainfall Simulators,
Runoff, Streams, Unsteady Flow, -2.0879

EFFECTS OF RIVER CURVATURE ON RESISTANCE TO FLOW
...Channels, Flow Characteristics -water, Roughness, Unsteady
Flow, Velocity -water, -8.0198

PERFORMANCE CHARACTERISTICS OF LARGE SCALE
HYDROMECHANICS LABORATORY EQUIPMENT ...Inflow,
Sedimentation, Synthetic Hydrology-general, Turbulent Flow,
-8.0195



Flume Studies SUBJECT INDEX

OPEN CHANNEL ROUGHNESS CHARACTERIZATION ...Chan-
nel Roughness, Discharge-general, Flume, Open Channel, Open
Channel Flow, 2.1073

DETROIT TEST CHUTE ...Channel Geometry, Depth, Flow of Gas
in Liquid, Spillways, Velocity, ...8.0281

DETROIT TEST CONDUIT ...Conduit, Control Gate, Erosion Con-
trol, Scouring, Transition Sections, -.8.0282

FLOW AND SEDIMENT TRANSPORT, RIO GRANDE CON-
VEYANCE CHANNEL ...Channels, Morphology-general, Rio
Grande River, Sediment Transport-other, Streams, 2.0771

GRAIN SIZE DISTRIBUTION AND BEDLOAD TRANSPORT
...Bed Load, Channels, Discharge-general, Grain Size, Hydraulics-
general, 2.1101

EVALUATION OF CANAL SEALANTS -OPEN AND CLOSED
CONDUCT RESEARCH PROGRAM ...Canals, Dam, Canal, Sea-
lant Materials, Seepage, Soil Environment, 8.0085

MECHANICS OF SEDIMENT ENTRAINMENT, TRANSPORTA-
TION AND DEPOSITION IN CHANNELS OF THE SOUTHERN
BRANCH AND AT THE USDA SEDIMENTATION
LABORATO ...Channels, Sediment Transport-general, Sedimenta-
tion, Velocity -water, Waves, 2.0677

Fluoride
SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-

MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ...Chemical Analysis (water), Chemical Identification,
Fluorometry, Nitrate, Nitrite, Spectroscopy-general, 5.0671

A FIELD AND LABORATORY STUDY OF FLUORIDE UPTAKE
BY OYSTERS ...Estuaries, Laboratory, Metabolism, Mining Ac-
tivities, Oysters, Phosphate, Phosphite, 6.0407

THE QUALITY OF ARIZONA WATERS WITH PARTICULAR
REFERENCE TO FLUORIDES ...Chemical Analysis (water),
Water Quality-general, 5.0049

Fluorine
THE EFFECTS OF FLUORIDES IN AIR, WATER AND SOIL ON

GROWTH, QUALITY AND YIELDS OF TREE, FIELD AND
VEGETABLE CROPS ...Contamination, Pollution-water, Growth
Rate, Irrigation, Mineral Nutrition, Western, 3.0088

Foam, Porous
STUDY OF MECHANISMS IN SOIL RELATED TO FROST

HEAVE AND ITS CONTROL ...Aggregates, Extenders, Fillers,
Frost and Permafrost, Linings-pavings, Plastics - General,
...8.0267

Food Science and Technology
Fish and Shellfish

Clams
MULTIPLICATION OF ENTERIC VIRUSES IN SHELLFISH En-

teroviruses of Humans, Microbiological, Oysters, Sewage, Tox-
icological and Allergy, 5.1052

ORGANISMS RESPONSIBLE FOR TOXICITY OF ALASKAN
CLAMS ...Alaska, Biological Pollutants -general, Food Spoilage
Detection, Microbiological, Pollutants-general, 5.0032

Fish -other
EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY ON

C. BOTULINUM SPORE SURVIVAL IN WHITEFISH CHUBS
DURING SMOKE PROCESSING ...Cisco, Lake Herring, Clos-
tridium Botulinum, Heat, Microbiological, Smoking, ...5.1320

Fish, N.s.
RELEVANCE OF SELECTED ECOLOGICAL FACTORS RE-

LATED TO WATER RESOURCES & SOCIAL ORGANIZA-
TION OF FISHEMEN VILLAGES IN PUERTO RICO (AB-
BREV) ...Commercial Fishing, Puerto Rico, Social Aspects, So-
cial Structure, Water Resources - General, 6.0479

BOTULINUM FOOD POISONING IN RELATION TO FISHERY
PRODUCTS ...Antibiotics, Clostridium Botulinum, Great Lakes-
general, Microbiological, Repression, 5.1305

SURVIVAL OF FOOD PATHOGENS IN RADIATION
PASTEURIZED SEAFOOD ...Dosimetry, Food, Food Bacteria,
Microbiological, Radiation, 5.0933

ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E IN
GREEN BAY ...Clostridium Botulinum, Fish -non-specific, Great
Lakes-general, Microbiological, Repression, Vertical Distribution,
2.1162

Oysters
OIL CONTAMINATION OF OYSTERS FROM OIL WELL

DRILLING MUDS ...Industrial Wastes, Oil, Petroleum Industry,
Pollution Effects, _5.0449

CLOSTRIDIUM OUTGROWTH AND TOXIN PRODUCTION
DURING STORAGE OF SHELLFISH ...Bacterial Pollutant
Sources, Clostridium Botulinum, Microbiological, Pacific Ocean-
general, Shelf Life & Storage, ...5.1223

MULTIPLICATION OF ENTERIC VIRUSES IN SHELLFISH
...Clams, Enteroviruses of Humans, Microbiological, Sewage, Tox-
icological and Allergy, 5.1052

FREQUENCY DISTRIBUTION OF CHEMICAL POLLUTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT _Food,
Organophosphorous Cpds. Pollution - Effects of , Southern, Tox-
icological and Allergy, 5.0021

Shellfish, N.s.
MODEL FOR DETERMINING THE MOST UNFAVORABLE

CONDITIONS FOR AREA CLASSIFICATION ...Bays, Pollutants
- Path of , Pollutants-general, Rhode Island, Water Standards,
5.1067

STUDY ON METHODOLOGY FOR VIRAL EXAMINATION OF
SEAWATER AND SHELLFISH ...Enteroviruses of Humans,
Food Spoilage Detection, Pollution-general, Viral Pollutant
Sources, 5.1071

Meats and Meat Product
Poultry - N S

WATER UTILIZATION AND WASTE CONTROL I' THE
POULTRY PROCESSING INDUSTRY ...Animal Waste Removal-
treatment, Economics-general, Food Processing Industry, Industri-
al Wastes, Waste Water Treatment-general, Water Utilization -
general, 5.0819

Processing & Presavation
Antibiotics

BOTULINUM FOOD POISONING IN RELATION TO FISHERY
PRODUCTS ...Clostridium Botulinum, Fish, N.s. , Great Lakes-
general, Microbiological, Repression, 5.1305

Chemical and Spices
EFFECTS OF CHEMICAL IMPURITIES IN WATER DISINFEC-

TION BY HALOGENS ...Chlorination, Chlorine, Disinfectants,
Taste and Odor, Water for Cooking Or Drinking, 5.0512

Dehydration
CHEMICAL AND ENGINEERING ASPECTS OF POTATO

PROCESSING WASTES TREATMENT ...Canning Wastes, Dry-
ing-dewatering, Material Recovery Wastes, Plant Waste Removal,
Treatment, Potatoes, Waste Treatment-economics, Waste Water
Treatment-general, 5.0979

Heat
EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY ON

C. BOTULINUM SPORE SURVIVAL IN WHITEFISH CHUBS
DURING SMOKE PROCESSING ...Cisco, Lake Herring, Clos-
tridium Botulinum, Fish -other, Microbiological, Smoking,
5.1320

Radiation
SURVIVAL OF FOOD PATHOGENS IN RADIATION

PASTEURIZED SEAFOOD ...Dosimetry, Fish, N.s. , Food, Food
Bacteria, Microbiological, 5.0933

Smoking
EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY ON

C. BOTULINUM SPORE SURVIVAL IN WHITEFISH CHUBS
DURING SMOKE PROCESSING ...Cisco, Lake Herring, Clos-
tridium Botulinum, Fish -other, Heat, Microbiological, 5.1320

Temperature Control
SELECTED FACTORS INFLUENCING TASTE OF DRINKING

WATER ...Hardness-minerals, Mineralization, Potable Water,
Saliva, Studies, Organoleptic, Water for Cooking Or Drinking,
5.0085

Quality Control and Standards
Legal Standards

RELATIONSHIP OF THE SOURCE TO LEVELS OF TOXIC
CHEMICALS IN SHELLFISH ...Freshwater Mussels, Scallops,
Heavy Elements, Industrial Wastes, Pollutants - Path of , Pollution
- Effects of , ...5.1073
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SUBJECT INDEX

Shelf Life & Storage
CLOSTRIDIUM OUTGROWTH AND TOXIN PRODUCTION

DURING STORAGE OF SHELLFISH ...Bacterial Pollutant
Sources, Clostridium Botulinum, Microbiological, Oysters, Pacific
Ocean-general, ...5.1223

Studies, Organoleptic
NATURALLY OCCURRING TASTES AND ODORS IN WATER

SUPPLIES ...Freezing, Gas, Muss, Nuclear Magnetic, Taste and
Odor, 5.1169

TASTES AND ODORS IN WATER SUPPLIES --Algal Pollutant
Sources, Pollutants-general, Pollution-water, Taste and Odor,
Water for Cooking Or Drinking, 5.0066

SELECTED FACTORS INFLUENCING TASTE OF DRINKING
WATER Hardness-minerals, Mineralization, Potable Water,
Saliva, Temperature Control, Water for Cooking Or Drinking,
.5.0085

Spoilage
Food Spoilage Detection

STUDY ON METHODOLOGY FOR VIRAL EXAMINATION OF
SEAWATER AND SHELLFISH ,..Enteroviruses of Humans, Pol-
lution-general, Shellfish, N.s. Viral Pollutant Sources, ...5.1071

ORGANISMS RESPONSIBLE FOR TOXICITY OF ALASKAN
CLAMS ...Alaska, Biological Pollutants -general, Clams,
Microbiological, Pollutants-general, .5.0032

Microbiological
BOTULINUM FOOD POISONING IN RELATION TO FISHERY

PRODUCTS ...Antibiotics, Clostridium Botulinum, Fish, N.s. ,

Great Lakes - general, Repression, _5.1305
CLOSTRIDIUM OUTGROWTH AND TOXIN PRODUCTION

DURING STORAGE OF SHELLFISH ...Bacterial Pollutant
Sources, Clostridium Botulinum, Oysters, Pacific Ocean-general,
Shelf Life & Storage, ..5.1223

THERMAL DESTRUCTION OF TYPE E CLOSTRIDIUM BOTU-
LINUM ...Cell Injury and Autolysis, Clostridium Botulinum, Heat
Resistance, Spt.:e Studies, Toxicological and Allergy, 5.0233

SURVIVAL OF FOOD PATHOGENS IN RADIATION
PASTEURIZED SEAFOOD Dosimetry, Fish, N.s. , Food, Food
Bacteria, Radiation, ..,5.0933

THE ECOLOGY OF CLOSTRIDUM BOTULINUM IN THE TVA
LAKES AREA ...Bacterial Exotoxins, Bacterial Pollutant Sources,
Clostridium Botulinum, Food, Range Or Territorial Distr , Ten-
nessee, 2.0990

ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E IN
GREEN BAY ...Clostridium Botulinum, Fish -non-specific, Fish,
N.s. , Great Lakes-general, Repression, Vertical Distribution,
...2.1162

EFFECT OF TEMPERATURE AND RELATIVE HUMIDITY ON
C. BOTULINUM SPORE SURVIVAL IN WHITEFISH CHUBS
DURING SMOKE PROCESSING ...Cisco, Lake Herring, Clos-
tridium Botulinum, Fish -other, Heat, Smoking, 5.1320

MULTIPLICATION OF ENTERIC VIRUSES IN SHELLFISH
Clams, Enteroviruses of Humans, Oysters, Sewage, Toxicologi-

cal and Allergy, 5.1052
ORGANISMS RESPONSIBLE FOR TOXICITY OF ALASKAN

CLAMS ...Alaska, Biological Pollutants -general, Clams, Food
Spoilage Detection, Pollutants-general, 5.0032

DEPURATION OF MICROBIAL POLLUTANTS IN SHELLFISH

...Oysters, Shellfish Depuration, Ultra Violet, Viral Pollutant
Sources, _5.0019

Radioactive Isotopes
RADIOACTIVE FOOD-CHAINS IN THE SUBARCTIC ENVIRON-

MENT ...Productivity - Food Chain, Radioactive Fallout,

Radiologic Health, Sub - Polar, Toxicological and Allergy,
2.0308

MECHANISMS OF ENVIRONMENTAL EXPOSURE ...Columbia
River, Radioactivity-general, Radiologic Health, Regulation and
Selection, Toxicological and Allergy, 5,1244

Vegetable & Vegetable Products
Potatoes

CHEMICAL AND ENGINEERING ASPECTS OF POTATO
PROCESSING WASTES TREATMENT ...Canning Wastes,

Dehydration, Drying-dewatering, Material Recovery Wastes, Plant
Waste Removal, Treatment, Waste Treatment-economics, Waste
Water Treatment-general, 5.0979

Forecasting-prediction

Water for Cooking Or Drinking
EFFECTS OF CHEMICAL IMPURITIES IN WATER DISINFEC-

TION BY HALOGENS .Chemical and Spices, Chlorination,
Chlorine, Disinfectants, Taste and Odor, ...5.0512

TASTES AND ODORS IN WATER SUPPLIES ...Algal Pollutant
Sources, Pollutants-general, Pollution-water, Studies, Organolep-
tic, Taste and Odor, 5.0066

SELECTED FACTORS INFLUENCING TASTE OF DRINKING

WATER ...Hardriess,minerals, Mineralization, Potable Water,
Saliva, Studies, Organoleptic, Temperature Control, 5.0085

Forecasting-prediction
STORM WATER INFLOW ,..District of Columbia, Drainage,

Seepage, Storm Water, 2.0307
FLOOD FREQUENCY SYNTHESIS FOR SMALL STREAMS IN

ALABAMA ...Alabama, Drainage, Gaging, Peak Flow, Runoff,
Small Watersheds, 3.0172

PROGRAM FOR INVESTIGATION AND ANALYSIS OF
FLOODS FROM SMALL DRAINAGE AREAS IN DELAWARE
.Drainage, Floods, Flow Characteristics -water, Open Channel,

Small Watersheds, ...2.0295
ESTIMATING 'UNOFF RATES FROM SMALL RURAL

WATERSHEDS ...Culvert, Drainage, Runoff, Small Watersheds,
,2.0240

PREDICTION OF THE MAGNITUDES AND FREQUENCIES OF
FLOODS IN MICHIGAN Drainag.e, Floods, Michigan,
Morphology-general, Rain - general, ..2.0635

URBAN HYDROLOGIC STUDIES ...Digital Computers, Drainage,
Louisiana, Peak Flow, Urban Environments, ..2.0551

HYDROLOGIC FORECASTING AND EFFECTS OF FLOODS ON
MEANDERING ALLUVIAL RIVERS WITH LARGE FLOOD-
PLAINS ...Floodplains, Floods, Meanders, Model Studies, Yu-
goslavia, ...4.0283

A STUDY OF TECHNOLOGIES OR REDUCING WINTER
WEATHER COSTS Alas1:1, Benefit-cost Aualysis, Great Lakes-
general, Meteorological Extremes, Northeast, 2.0256

SIMULATION MODELING OF THERMAL EFFECTS ON
SELECTED RIVER SYSTEMS ...Atomic Plants, Digital Compu-
ters, Model Studies, Self-purification, Thermal Pollution, 4.0270

THE PREDICTION AND OPTIMIZATION OF STREAM
RESPONSES TO POLLUTANT WASTES ...Mathematical Analy-
sis, Model Studies, Physical Parameters, Pollution - Effects of ,
Streams, 5.0743

STUDY OF LOCAL WATER CONTAMINATION PROBLEMS
...Model Studies, Partial, Pollutants - Path of , Potable Water,
Radioactivity-general, 5.0535

GREAT LAKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS Automatic Data Aquisition, Geophysical
Analysis, Great Lakes - general, Temperature, 2.0647

HYDROLOGY OF WATER YIELD PREDICTION ...Amount,
Forest Watersheds, Moisture Retention, Water Balance-budget,
Water Yield, 2.0892

URBAN HYDROLOGIC RELATIONSHIPS ...Drainage, Hydro-
graphs, Runoff, Urban Environments, Variation in Time, 2.0554
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GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-
SES Discharge-general, Hydrology-general, Inflow, Small
Watersheds, ..2.0084

THE HYDROLOGIC SIGNIFICANCE OF CHEMICALLY
DERIVED MEAN BASIN TEMPERATURES ,..Air Temperature
Instruments, Aldose and Wow, Evaporation, Heat Measurement,
Pennsylvania, ...2.0924

CAPILLARY - DIFFUSION AND SELF-DIFFUSION OF LIQUID
WATER IN UNSATURATED SOIL ...Capillarity, Clay,

Evapotranspiration, Moisture Content, Saturated-unsaturated,
2.0525

SEDIMENT TRANSPORTATION AND BOTTOM CONFIGURA-
TION, AMITE RIVER ...Bed Load, General Deposition, Loui-
siana, Rate of Deposition, Scouring, ...:10450

PREDICTION MODEL FOR WATER USE BY POPULA flON
STRUCTURE ...Florida, Model Studies, Other, Projections &
Forecasting, Water Utilization -domestic, 6.0150

DECISION MAKING UNDER UNCERTAINTY - ECONOMIC
EVALUATION OF STREAMFLOW FORECASTS ...BeneTir-cost
Analysis, Flow Characteristics -water, Model Studies, Projections
and Estimations, Water Supply-general, ...6.0296

FORECASTING WATER DEMAND - AN INTER- AND INTRA-
COMMUNITY STUDY ...Projections & Forecasting, Trends,pro-



Forecasting-prediction SUBJEt' 7, D E X

jections, Urban Environments, Water Demand, Water Utilization -
domestic, -6.0633

A EUTROPHICATION MODEL OF THE WHITE RIVER BASIN
ABOVE BEAVER RESERVOIR IN NORTHWEST ARKANSAS
...Arkansas, Eutrophkation, Nutrients, Reservoirs and Impound-
ments, Simulation, ...5.0053

PARAMETERIZATION OF THE OBSERVED HYDROGRAPH AS
A MEANS OF UNDERSTANDING RUNOFF PHENOMENA
FROM SMALL WATERSHEDS -Hydrographs, Model Studies,
Runoff, Small Watersheds, Vermont, ...2.1085

GLACIA L MELT WATER PREDICTION ...Energy, Glaciers,
Water, Water Yield, _2.0010

HYDROLOGIC CHARACTERIZATION OF FORESTED
WATERSHEDS IN ARIZONA _Dendrochronology, Forest
Watersheds, Management, Runoff, Snowpack, Water Yield,
_2.0051

ATMOSPHERIC WATER BALANCE AND THE FORECAST OF
ANNUAL RUNOFF FROM THE UPPER COLORADO RIVER
BASIN ...Colorado River, Evaporation, Runoff, Water Balance-
budget, ..,2.0222

AN INVESTIGATION OF MANPOWER RESOURCES FOR
WATER RESOURCES RESEARCH AND OTHER WATER-RE-
LATED ACTIVITIES ...Optimization, Personnel, Requirement
and Resources, Water Resources - General, -9.0008

DEVELOPMENT A REFINED PREDICTIVE SYSTEM FOR
USE IN FORECASTING MUNICIPAL WA' ER NEEDS ...Digital
Computers, Testing of Models, Urban Environments, Water
Utiliaation -domestic, -6.0253

PRECIPITATION AND RUNOFF DISTRIBUTIONS - ANALYSIS
AND COMPARISONS ...Data Analysis - General, Discharge-
general, Other Probability, Patterns, Runoff, ...2.0739

THE INTERFLOW PROCESS ON SLOPING WATERSHED
AREAS ...Groundwater Movement, Mathematical Analysis, Physi-
cal Properties - general, Rain-general, Tracers-general, -2.0961

A COMPUTER PROGRAM I.OR FORECASTING POLLUTION
AND DISSOLVE!) OXYGEN IN STREAMS -Distributions,
Model Studies, Oxygen, Stochastic Models, Water Quality-
general, -5.1210

DEVELOPMENT Or A SYSTEM OF DETERMINING THE
CAPACITY OF WATER RESOURCES TO SUPPORT VARI-
OUS TYPES AND COMBINATIONS OF RECREATION USE
_North Carolina, Recreation Sites, -6.0406

VERTICAL CURRENT STRUCTURE IN THE GREAT LAKES
...Buoys, Currents -water, Great Lakes-general, Model Studies,
Wind-water Interaction, -2.0632

THERMAL STRATIFICATION IN RESERVOIRS ...Mathematical
Analysis, Model Studies, Reservoirs and Impoundments, Stratifi-
cation, Temperature, -2.0616

THE SPREADING OF OIL FILMS ...Ocean Currents, Oil, Pollution
Abatement, 'Tides, Waves, -5.0787

EUTROPHICATION OF NATURAL WATERS ...Data Acquisition-
general, Eutrophication, Lakes, Plant Succession, Water Quality
Control-general, ...5.13!4

STUDY OF ESTUARINE POLLUTION IN THE STATE OF
HAWAII ...Bacterial Pollutant Sources, Economics-general,
Estuaries, Hawaii, Sewage, -5.0311

FORMULATION OF A GENERAL MATHEMATICAL MODEL
FOR THE PREDICTION OF THERMAL ENERGY CHANGES
IN IMPOUNDMENTS _Columbia River, Mathematical Analysis,
Model Studies, Reservoirs and Impoundments, Thermal Pollution,
_5.0163

A MATHEMATICAL MODEL FOR THE FINAL CLARIFIER OF
AN ACTIVATED SLUDGE PROCESS ...Activated, Computers-
general, Effluents-waste Water, Thickening, Zeta Potential,
-5.1322

PREDICTING THE EFFECT OF WATER QUALITY AND GYP-
SUM ON THE CHEMICAL AND PHYSICAL PROPERTIES OF
SALINE AND ALKALI SOILS ...Calcium, Hydrated Acid and
Norm, Model Studies, Pollution - Effects of , Soil Chemical Pro-
perties, -3.0013

DEVELOPING COMPUTER PROGRAMS FOR SOLUTION OF
HYDROLOGIC PROBLEMS RELATED TO SMALL
WATERSHEDS ...Climate-general, Hydrographs, Physiography-
general, Small Watersheds, Water Yield, ...7.0102

DEVELOPMENT OF IMPROVED SNOW SURVEYING AND
STREAM-FLOW FORECASTING TECHNIQUES ...Amount, An-
tecedent Moisture, Flow Characteristics -water, Moisture Content,
Temperature, -2.1072

METHODOLOGIES FOR PREDICTING CLIMATIC SUITABILI-
TY OF NEW AREAS FOR IRRIGATED AGRICULTURE ...Al-
pine, Applied Climatology, Arid and Desert, California, Cold -
Climatcs, Irrigation-general, -2.0096
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MARKETS TO 1980 FOR WASTE WATER TREATMENT AND
RENOVATION FACILITIES .,.Economic Impact, Industrial
Wastes, Marketing, Process Design, Waste Water Treatment-
other, _5.0116

A SALT BALANCE INVESTIGATION ON THE SANTA ANA
RIVER BASIN ABOVE PRADO DA ,..California, Groundwater
Basins, Salinity, Systems Analysis, Water Quality Control-general,
_5.0098

PREDICTING RUNOFF AND GROSS EROSION FROM FARM-
LAND AND DISTURBED AREAS ...Agricultural Watersheds,
Conservation, Conservation-general, Erosion-general, Runoff,
_3,0224

DEMAND FOR AND AVAILABILITY OF LAND AND WATER
ORIENTED RECREATION FACILITIES IN MARYLAND -
ECONOMIC ANALYSIS ...Demand Analysis, Maryland, Produc-
tion & Processing, Recreation Sites, Types of Resources, ..6.0259

WATER SUPPLY FROM AGRICULTURAL WATERSHEDS AND
UTILIZATION IN IRRIGATION ...Agricultural Watersheds, Ir-
rigation-general, Moisture Content, Patterns, Runoff, Water
Yield, ...4.0187

ECONOMIC IMPACTS OF WATER RESOURCE DEVELOP-
MENT _Economic Impact, Impact, Water Resources Develop-
ment, _6.0413

IMPROVING IRRIGATION WATER SUPPLY FORECASTS AND
THEIR USE .,.Frost and Permafrost, Irrigation-general, Moisture
Content, Moisture Meters, Runoff, Water Yield, -3.0401

UNSATURATED FLOW RATES ...Internal Water Movement,
Permeability, Porous Media - Flow Through, Unsaturated Flow,
Void Ratio and Porosity, ...2.0890

FLOOD PREDICTION METHODS FOR PENNSYLVANIA
HIGHWAY CROSSINGS ...Engineering Properties, Floods,
Highway Sites, Small Watersheds, Systems Analysis, -2.0928

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION -Clouds-precipita-
tion, Mathematical Analysis, Model Studies, Runoff, Valley and
Ridge Province, Watersheds-general, ...2.0922

RUNOFF PRODUCTION FROM UNIT SOURCE WATERSHEDS
IN THE EDWARDS PLATEAU ...Amount, Rocks - Bedrock, Ru-
noff, Small Watersheds, Texas, -2.1028

RUNOFF PRODUCTION BY UNIT SOURCE AREA .,.Evapora-
tion, Land Use, Moisture Content, Rain-general, Runoff, -2.1029

HYDROLOGIC MODEL FOR STREAMFLOW FORECASTING
.Flow Characteristics -water, Hydrographs, Model Studies, Peak
Flow, Precipitation-general, Runoff, -2.0600

MARINE SURFACE FORECASTING TECHNIQUES ...Lake Erie,
Ocean Meteorologicai Studies, Storms-general, Surface Environ-
ments, Tides, ...2.0599

PRECIPITATION ...Amount, Gages, Runoff, Snowpack, Water
Yield, .,.2.0601

SNOW METAMORPHOSIS AND SNOWMELT ...Snowinelt, Snow-
pack, Streams, Technique Development, Water Yield, -2.0602

EVAPORATION ...Atmosphere Radiation, Evaporation, Lakes,
Radiation-general, Water Yield, -2.0603

NATIONWIDE PRECIPITATION - NMC FORECAST
TECHNIQUES -Clouds-general, Computers-general, Forecasting,
General Synoptic Observations, Regression Analysis, -2.0589

GROUNDWATER RECHARGE ...Applie ; Climatology, Ground-
water, Natural Recharge, Observation Wells, Water Table Fluc-
tuation, -3.0430

UPPER BEAR CREEK EXPERIMENTAL PROJECT ...Alabama,
Cover Crops, Discharge-general, Small Watersheds, Technique
Development, 2.0987

WATER QUALITY CONTROL ...Flow Characteristics -water,
Management, Reservoirs and Impoundments, Temperature, Water
Quality Control-general, ...5.1123

HYDROLOGIC SIMULATION - DAILY STREAMFLOW ...An-
tecedent Moisture, Design Flow-flood, Floods, Hydrology-general,
Reservoirs and impoundments, -6.0073

HYDROLOGIC SIMULATION - MONTHLY AND ANNUAL
STREAMFLOW ...Annual, Correlation, Regression Analysis,
Research - Development, Simulation, Water Supply-general,
_6.0074

GENERALIZED SOIL - MOISTURE RUNOFF-RELATIONS
...Amount Moisture Content, River Basins, Runoff, -2.0900

RESERVOIR WATER QUALITY INVESTIGATION ...Operations
Research, Planning, Reservoirs and Impoundments, Storage of
Water, Water Quality Control-general, -5.0237

GROUND WATER PREDICTION STUDIES ...Frost Heaving,
Moisture Content, Permafrost-frozen, Technique Development,
-2.0752
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GREAT LAKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS ...Automatic Data Aquisition, Geophys:cal
Analysis, Great Lakes-general, Instrumentation-general, Tempera-
ture, ...2.0649

HYDROLOGY OF HUNGRY HORSE RESERVOIR, MONTANA
...Flow Characteristics -water, Hydrology-general, Multiple-pur-
pose Projects, Reservoirs and Impoundments, Total Volume,
...2.0705

VERIFICATION OF MASS-TRANSFER AND PAN EVAPORA-
TION RELATIONSHIPS FOR LARGE LAKES AND RESER-
VOIRS (SALTON SEA, CALIFORNIA) ...California, Conductivi-
ty, Evaporation, Lakes, Vapor Pressure, ...2.0129

UNIT HYDROGRAPHS FOR SOUTHWESTERN LOUISIANA
...Floods, Gaging, Hydrographs, Louisiana, ...2.0539

UNIT HYDROGRAPHS FOR NORTHERN LOUISIANA ...Floods,
Gaging, Hydrographs, Louisiana, ..2.0540

GROUNDWATER ANALYSIS BY DIGITAL COMPUTER APPLI-
CATION DEVELOPMENT ...Aquifers-geoeral, Digital Compu-
ters, Water Table Fluctuation, _4.0059

COMPUTERIZED DESIGN AND SYSTEMS ANALYSIS OF
WASTEWATER TREATMENT PLANTS ...Application,
Development of Models, Digital Computers, Systems Analysis,
Waste Water Treatment-general, ...6.0421

A THEORETICAL STUDY OF INFILTRATION INTO RANGE
AND FOREST SOILS ...Amount, Infiltration, Runoff, _2.1066

SEDIMENT SOURCES AND YIELDS IN AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Land Use, Sediment Yield, Streams,
2.0864

RUNOFF PRODUCTION BY UNIT SOURCE AREA AGRICUL-
TURAL WATERSHEDS IN CORN BELT STATES ...Agricul-
tural Watersheds, Corn Belt, Runoff, 2.0866

AQUIFER AND SUBSURFACE RELATIONSHIPS IN THE
HYDROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS ...Aquifers-general, Baseflow, Groundwater
Movement, Natural Recharge, Streams, Technique Development,
Water Yield, ...3.0394

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ...Channels, Floods, Hydrographs, Idaho,
Peak Flow, Storage of Water, Water Yield, Watersheds-general,
,..3.0202

DEVELOPMENT AND REFINEMENT OF METHODS FOR PRE-
DICTING FIELD RUNOFF AND SOIL LOSS ...Conservation,
Erosion-general, Mathematical Analysis, Runoff, Sediment Yield,
Soil Environment, Soil Erosion -non-specific, ...2.0477

APPLICATIONS OF ANALOG COMPUTER SIMULATION
TECHNIQUES FOR RUNOFF PREDICTIONS WITHIN THE
REYNOLDS CREEK WATERSHED ...Analog Computers, Idaho,
Model Studies, Runoff, Simulation Theory, ...7.0106

POLLUTION OF SUBSURFACE WATER BY SANITARY LAND-
FILL ...Contamination, Landfill, Pennsylvania, Pollutants - Path
of , Subsurface Flow, ...5.1009

Forestry
Dendrochronology

STATISTICAL INFERENCE AND MODELS ...Aquifers-general,
Distributions, Statistical Models, Stochastic Processes, Water
Table Fluctuation, ...7.0108

PERIODIC PLANT GROWTH PHENOMENA AND HYDROLO-
GY ...Moisture Levels, Natural Variation of Water USE,
Precipitation -non-specific, Soil-water-plant Relationships, Water
Table Fluctuation, ...2.1098

Fire Behavior - Identification
FIRE WEATHER FORECAST TECHNIQUES Fire Prevention,

Regulation of Weather & Veg-, Technique Development, Thun-
derstorms, Weather Forecasting, 2.0587

Fire Control
Regulation of Weather & Veg-

FIRE WEATHER FORECAST TECHNIQUES ...Fire Behavior
Identification, Fire Prevention, Technique Development, Thun-
derstorms, Weather Forecasting, ...2.0587

Fire Damage, Recovery
CHARACTERIZATION OF SOIL NONWETTABIL1TY AND THE

DEVELOPMENT OF CRITERA FOR THE MOST ECONOMIC
TREATMENT OF THESE SOILS ...Infiltration, Moisture Ten-
sion, Soils and Fertilizer, Surfactants, 2.0140

Forestry

EFFECTS OF FIRE ON HYDROLOGY AND EROSION ...Erosion-
general, Forest Watersheds, Hydrology-general, Middle Rocky
Mts, ...2.0226

EFFECTS OF LARGE SCALE FOREST FIRES ON WATER
QUALITY IN THE INT. AK ...Alaska, Forest Watersheds, Soil
Analysis, Soils and Fertilizer, Water Quality-general, 5.0030

Fire Prevention
FIRE WEATHER FORECAST TECHNIQUES _Fire Behavior -

Identification, Regulation of Weather & Veg-, Technique
Development, Thunderstorms, Wearier Forecasting, 2.0587

Fire Use for Silviculture
THE MANAGEMENT OF PONDEROSA PINE - NEW METHODS

OF THINNING DENSE STAGNATING SECOND GROWTH
STANDS ...Pines, Soil Environment, Soils and Fertilizer, Timber
Stand Improvement, ...2.0065

Lumbering
Logging, Transport, Equipment

DOCUMENT LOGGING DAMAGE ...Biological-general, Chemi-
cal-general, Fish -non-specific, Forest Debris, Physical-general,
Pollution - Effects of , Population Dynamics, ...5.0145

STREAM RESTORATION AND CONTROLLED FLOWS ...Dams-
other, Lake Trout, Brook Trout, Maine, Salmon & Trout - Non-
specific, Stream Rehabilitation, 4.0129

MONITORING THE EFFECTS OF LAND USE ON SALMON
PRODUCTION ...Alaska, Construction Land Use Effects, Land
Use, Pulp, Paper , and Logging, Water Sampling, ...5.0039

EFFECTS OF LOGGING ON SALMON POPULATIONS IN
COASTAL STREAMS ...Douglas Fir, Forest Debris, Forest
Watersheds, Population Dynamics, Salmon -coho,ehin-
ook,sockeye.., 5.0947

INFLUENCE OF LOG RAFTING ON WATER QUALITY ,..Bioin-
dicators, Estuaries, Forest Debris, Pulp, Paper , and Logging,
Streams, ...5.0958

INFLUENCE OF FOREST COVER AND TIMBER HARVESTING
METHODS ON STREAMFLOW ...Canopy & Overstory, Forest
Watersheds, Pennsylvania, Streams, 2.0930

SEDIMENTATION IN SMALL FORESTED DRAINAGE BASINS
...Forest Watersheds, Oregon, Runoff, Soil Erosion -non-specific,
...2.0901

CONTROL OF EROSION AND SEDIMENTATION ASSOCIATED
BUILDING AND LOGGING ...Conservation, Erosion-general,
Forest Watersheds, Sediment Yield, Streams, ...2.0027

Measurement of Trees & Stands
IRRIGATION AND FERTILIZER ON UPLAND FOREST

...Drought, Ecology and Morphology, Growth Rate, Irrigation,
South Carolina, 6.0488

Other
METHODS OF ANALYSIS AND DETERMINATION OF EF-

FECTS OF ALTERNATIVE USES OF FORESTED LANDS ON
STREAMFLOW ...Alternative Planning, Forest Watersheds, Land
Use, River Basins, Washington, ...4.0272

MANIPULATION AND MANAGEMENT OF SECOND GROWTH
PONDEROSA PINE FOR OPTIMUM YIELDS OF WATER
AND/OR WOOD AND FORAGE ...Forest Watersheds, Relations
- Forage - Timber, Soil-water-plant Relationships, Soils and Fertil-
izer, Water Yield, ...3.0021

WHITE HOLLOW WATERSHED RESEARCH ...Forest
Watersheds, Seasonal, Sediment Yield, Tennessee, Water Yield,
...4.0221

PINE TREE BRANCH WATERSHED RESEARCH ...Cutting
Operations, Erosion-general, Forest Watersheds, Land Use, Sedi-
ment Yield, Tennessee, ...6.0536

Policy - Business Methods
MANAGEMENT ALTERNATIVES ON OZARK FOREST ...Ar-

kansas, Erosion-general, Sediment Yield, Small Watersheds, Soils
and Fertilizer, ...2.0073

Processing and Products
Pulp, Pulping & Composite

FILTRATION OF KRAFT PULP LIQUOR THROUGH CHIPS
...Effluents-waste Water, Filter other, Pulp, Paper , and Logging,
Waste Water Treatment-general, ...5.0824
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IN-PLANT TREATMENT OF DILUTE WASTES OF THE PULP-
ING INDUSTRY ...Biological Treatment-other, Pulp and Paper
Wastes, Reverse Osmosis, Waste Water Pre-treatment, Water
Reuse, ..5.1288

A DEMONSTRATION PLANT EVALUATION OF FOUR
METHODS FOR PULP AND PAPER MILL SLUDGE UTILIZA-
TION AND DISPOSAL ...Disposal, Disposal Wastes, Mulches -
other, Pulp and Paper Wastes, Pulp, Paper , and Logging,
...5.0152

Range and Wildlife
Game Reserves

MANAGEMENT OF FOREST AND FARM GAME HABITAT
FISH POND MANAGEMENT ...Farm Pond, Food Supply,
Habitat Studies, of Aquatic Plants, Site Index and Site Quality,
_6.0245

Relations - Forage - Timber
MANIPULATION AND MANAGEMENT OF SECOND GROWTH

PONDEROSA PINE FOR OPTIMUM YIELDS OF WATER
AND/OR WOOD AND FORAGE ...Forest Watersheds, Other,
Soil-water-plant Relationships, Soils and Fertilizer, Water Yield,
3.0021

EFFECT OF RANGE AND WATER ON MULE DEER POPULA-
TION ...New Mexico, Odocoileus, Population Dynamics, Range
Or Territorial Distr. , Water Utilization -animal, 3.0338

UNDESIRABLE SHRUB AND TREE CONTROL ...Evaluation,
Forest Watersheds, in Forests, of Trees and Shrubs, Utah,
...3.0475

Recreation Areas and Parks
VARIED RECREATIONAL USES OF FOREST LANDS FOR

TIMBER PRODUCTION IN WESTERN WASHINGTON
...Forests, Frequency of Use. Land, Price & Value, Washington,
...6.0621

IMPACT OF RECREATIONISTS ON SELECTED SITES Infiltra-
tion, Irrigation-general, Recreation Sites, Soil Comparison,
6.4591

THE CONNECTICUT RIVER STUDY ...Connecticut River, Pro-
jected Demand, Recreation Sites, Recreation Types -non-specific,
Types of Resources, ...3.0168

COLLECTION AND APPLICATION OF INFORMATION ON
THE USE OF FOREST RECREATION FACILITIES AND RE-
LATED RESOURCES Access, Methods, Southeast, Standards,
Types of Resources, ...6.0399

Silviculture
Canopy & Overstory

INFLUENCE OF FOREST COVER AND TIMBER HARVESTING
METHODS ON STREAMFLOW ...Forest Watersheds, Logging,
Transport, Equipment, Pennsylvania, Streams, 2.0930

SOIL MOISTURE DISTRIBUTION PATTERNS UNDER MIXED
OAK FOREST ...Interception, Moisture Content, Oaks, Rhode
Island, Soil Environment, ...2.0940

Cutting Operations
METAMORPHOSIS OF SNOWPACK PROFILES AND CHANGES

IN WATER STORAGE FOLLOWING STRIP CUTTING IN
PINE FORESTS IN MICHIGAN ...Michigan, Natural Recharge,
Nuclear Moisture Meters, Snowmelt, Water Yield, -.2.0655

STAND TREATMENT ...Floods, Regeneration & Seed Production,
Timber Stand Improvement, Water Table - Depth of , Water
Table Fluctuation, ...2.0697

MANIPULATION CF TREMBLING ASPEN AND GAMBEL OAK
FOR INCREASED WATER YIELD ...Nuclear Moisture Meters,
Oaks, Poplars, Aspens, Cottonwoods, Snowmelt, Water Loss Con-
trol, Water Yield, ...4.0259

RELATION OF SILVICULTURAL CUTTINGS TO SOILS ...Soil
Conditions, Soil-water-plant Relationships, Soils and Fertilizer,
...2.1167

PINE. TREE BRANCH WATERSHED RESEARCH ...Erosion-
general, Forest Watersheds, Land Use, Other, Sediment Yield,
Tennessee, 6.0536

FLOOD RUNOFF REDUCTION AND WATER YIELD IM-
PROVEMENT ...Appalachian Highlands-other, Forest
Watersheds, Management, Runoff, IA/Wei' Yield, ...5.1287

Ecology and Morphology
IRRIGATION AND FERTILIZER ON UPLAND FOREST

,..Drought, Growth Rate, Irrigation, Measurement of Trees &
Stands, South Carolina, 6.0488

INTERCEPTION AND WATER LOSSES FROM A FOREST
FLOOR-SHRUB LAYER ...Interception, Lysimeters, New Jersey,
Other Water Conditions, Water Loss Control, _2.0770

Environment
HYDROLOGIC-MINERAL CYCLE INTERACTION IN SMALL

UNDISTRUBED AND MANMANIPULATED ECOSYSTEMS
...Chemical Reactions, Mineral Associations, New Hampshire,
Small Watersheds, Water Cycle, _2.0745

SIMULATION MODEL FOR EVALUATION OF INTERCEPTION
FROM FOREST 'FREES ...Digital Computers, Forests, Intercep-
tion, Model Studies, Snow-general, 2.0390

INFILTRATION CAPACITIES UNDER VARIOUS VEGETATION
TYPES AS INFLUENCED BY WATERSHED MANAGEMENT
PRACTICES ...Cover Crops, Infiltration, Management, Water
Yield, Watersheds-general, ...4.0013

SEASONAL WATER USE 13Y FOREST VEGETATION ...Conser-
vation-gencral, Forest Watersheds, Seasonal, Transpiration and
Evap, Water Quality Control-general, 2.0893

EFFECTS OF DIFFERENT FOREST TYPES AND CONDITIONS
ON STREAM REGIMEN AND WATER YIELDS ...Climatic Ef-
fects, Flow Characteristics -water, Forest Watersheds, Land Use,
Radiation-general, Water Yield, ...5.0794

SILVICULTURE OF COASTAL PLAIN TIMBER TYPES ...Forest
Watersheds, Pines, Taxodioideae, Timber Stand Improvement,
Wetlands, ...4.0212

Physiology, Plant Chemistry
FOREST TREE NUTRITION AND FOREST FERTILIZATION

...Irrigation-general, Pines, Potassium, Soil Fertility, Soils and Fer-
tilizer, 2.0815

EFFECTS OF SOIL MOISTURE S MESS ...Drought, Moisture
Deficiency, Moisture Tension, Pines, Soil Environment, _2.0431

TESTS OF DOUGLAS-FIR PLANTING STOCK FOR SURVIVAL
UNDER DROUGHT STRESS Douglas Fir, Drought, Longevity,
Mycorrhiza, Site Index and Site Quality, ...2.0894

Regeneration & Seed Production
STAND TREATMENT ...Cutting Operations, Floods, Timber Stand

Improvement, Water Table - Depth of , Water Table Fluctuation,
..2.0697

PHYSICAL AND CHEMICAL CHANGES IN WEATHERING
COAL SPOILS-EFFECT ON WATER SUPPLY AND PLANT
GROWTH ...Coal-general, Growth Rate, Runoff, Soil and Rock
Leaching, Spoil Banks, Spoil Banks, Strip Mine Soils, ...5.0903

Soils and Fertilizer
FOREST TREE NUTRITION AND FOREST FERTILIZATION

...Irrigation-general, Physiology, Plant Chemistry, Pines, Potassi-
um, Soil Fertility, _2.0815

EFFECTS OF FOREST COVER MANIPULATION ON WATER
YIELD AS STUDIED BY AN ELECTRIC ANALOG ...Analog
Computers, Development of Models, Forest Watersheds,
Washington, Water Yield, ...3.0484

CHARACTERIZATION OF SCIL NONWETTABILITY AND THE
DEV ELOPMENT OF CRITERA FOR THE MOST ECONOMIC
TREATMENT OF THESE SOILS ...Fire Damage, Recovery, Infil-
tration, Moisture Tension, Surfactants, ...2.0140

MANIPULATION AND MANAGEMENT OF SECOND GROWTH
PONDEROSA PINE FOR OPTIMUM YIELDS OF WATER
AND/OR WOOD AND FORAGE ...Forest Watersheds, Other,
Relations - Forage - Timber, Soil-water-plant Relationships, Water

...3.0021
MANAGEMENT ALTERNATIVES ON OZARK FOREST ...Ar-

kansas, Erosion-general, Policy - Business Methods, Sediment
Yield, Small Watersheds, ...2.0073

CONSERVING SOIL MOISTURE BENEATH RED PINE BY
MEANS OF A FOLIAR SPRAY OF A STOMATA - CLOSING
CHEMICAL ...Liquids Or Sprays, Moisture Content, Pines, PMA
, Soil Environment, Transpiration, 3.0151

THE BEHAVIOR AND FATE OF DDT AND ZECTRAN IN A
FOREST SOIL ...DDT , Persistence in Soils, Zectran, ...5.1205

GROWTH AND DEVEWPMENT OF NATIVE HARDWOODS
AND PINE ...Available Water, Growth, Pines, Soil Environment,
Soil Types, ...2.0430

FOREST COVER Coves Crops, Forest Watersheds, Forests, Inter-
ception, Missouri, 4.0156

ENERGY AND WATER BALANCE ...Evapotranspiration,
Moisture Tension, Nuclear Moisture Meters, Soil Moisture -non-
specific, Soil-water-plant Relationships, ...2.0691

BEHAVIOR OF NITROGEN IN THE SOIL ...Fertilizer Losses,
Nitrogen, Soil and Rock Leaching, 5.0715
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SUBJECT INDEX

FERTILIZER AND IRRIGATION EFFECTS ON TREE
DEVELOPMENT Irrigation, Irrigation- other, Timber Stand Im-
provement, 2.0989

SEASONAL VARIABLITY OF SOIL MOISTURE AND LEVELS
OF GROUNDWATER TABLE ON LOWLAND AREAS
...Moisture Levels, Poland, Seasonal, Water Table Fluctuation,
Wetlands, ...3.0422

THE MANAGEMENT OF PONDEROSA PINE - NEW METHODS
OF THINNING DENSE STAGNATING SECOND GROWTH
STANDS ...Fire Use for Silviculture, Pines, Soil Environment,
Timber Stand Improvement, ...2.0065

THE IMPROVEMENT OF SOILS DEVELOPED UNDER FOREST
VEGETATION _Forests, ..iineralogy, Minnesota, Soil Morpholo-
gy, Profiles, ...2.0662

INTERRELATION OF MOISTURE REGIME & NUTRIENT
LEVELS OF SELECTED MISSISSIPPI SOILS & THEIR RELA-
TION TO THE SITE INDEX OF LOBLOLLY PINE ...Forest
Watersheds, Mississippi, Moisture Tension, Pines, Site Index and
Site Quality, 2.0683

TREE NUTRITION AND FOREST FERTILIZATION ...Growth
Rate, Irrigation-general, New York, Site Index and Site Quality,
2.0788

EFFECTS OF TREE ROOTS ON HYDRAULIC CONDUCTIVITY
AND POROSITY OF FOREST SOILS IN THE ALLEGHENY-
CUMBERLAND PLATEAU ...Forests, Roots, Soil Compaction
Or Density, Soil Environment, Subsurface Flow, ...2.0855

THE EFFECTS OF IRRIGATION AND FERTILIZATION UPON
A PONDEROSA PINE FOREST STAND ...Irrigation, Quality -
non- specific, Soil Fertility -non-specific, Washington, ...2.1125

RELATION OF SILVICULTURAL CUTTINGS TO SOILS
...Cutting Operations, Soil Conditions, Soil-water-plant Relation-
ships, 2.1167

EFFECTS OF LARGE SCALE FOREST FIRES ON WATER
QUALITY IN THE INT. AK ...Alaska, Fire Damage, Recovery,
Forest Watersheds, Soil Analysis, Water Quality-general, ...5.0030

TIMBER AND WATERSHED RESOURCES DEVELOPMENT
RESEARCH IN HAWAII ...Erosion-general, Evapotranspiration,
Legumes -other..mesquite... , Rain, Streams, 2.0367

REDUCTION IN DAMAGES l'O FORESTS BY IMPROVING
MINING AND REHABILITATION PROCEDURES ...Coal-
general, Conservation & Management Eng, Forest Watersheds,
Mining Industry, Site Index and Site Quality, 4.0120

HYDROLOGY AND MANAGEMENT OF WETLAND FORESTS
...Forests, 3.0431

FATE AND EFFECTS OF PESTICIDES IN FOREST SOILS AND
WATER ...DDT , Forests, Groundwater Movement, Movement,
Leaching, Persistence in Soils, 5.0968

BOG AND SWAMP HYDROLOGY ...Forest Watersheds, High Or-
ganic Soils, Management, North Central, Water Yield, 3.0294

SOIL AND WATER REQUIREMENTS FOR BLACK WALNUT
AND OTHER HARDWOODS ...Requirements for Water, Site
Index and Site Quality, Soil Structure, Soil Structure -other, Wal-
nuts -black & English, 4.0089

Timber Stand Improvement
WATER CONTROL FOR FOREST PRODUCTION ...Available

Water, Cultural Control, Palms, Pines, Water Loss Control,
.,.3.0175

STAND TREATMENT ...Cutting Operations, Floods, Regeneration
& Seed Production, Water Table - Depth of , Water Table Fluc-
tuation, 2.0697

FERTILIZER AND IRRIGATION EFFECTS ON TREE
DEVELOPMENT ...Irrigation, Irrigation-other, Soils and Fertil-
izer, 2.0989

THE MANAGEMENT OF PONDEROSA PINE - NEW METHODS
OF THINNING DENSE STAGNATING SECOND GROWTH
STANDS ...Fire Use for Silviculture, Pines, Soil Environment,
Soils and Fertilizer, 2.0065

SILVICULTURE OF COASTAL PLAIN TIMBER TYPES ...En-
vironment, Forest Watersheds, Pines, Taxo'Jioideae, Wetlands,
4.0212

Site Index and Site Quality
FOREST SITE AMELIORATION IN THE COASTAL FLAT-

WOODS OF MISSISSIPPI - ECONOMIC AND BIOLOGICAL
CONSIDERATIONS ...Mississippi, Moisture Tension, Pines,
Water Table - Depth of , Water 'I able Fluctuation, 2.0682

THE USE OF NUCLEAR METHODS FOR DETERMINING
FOREST SOIL SITE INDEX ...Geophysical Analysis, Runoff, Soil
Depth, Soil Morphology, Profiles, Soil Profile, 3.0249

Foundations

LITERATURE REVIEW ON FLOODED GREEN TIMBER AREAS
...Canada, Management, Survey Studies, Water Fowl, N.s. , Wet-
lands, 4.0045

MANAGEMENT OF FOREST AND FARM GAME HABITAT -
FISH POND MANAGEMENT ...Farm Pond, Food Supply, Game
Reserves, Habitat Studies, of Aquatic Plants, 6.0245

INTERRELATION OF MOISTURE REGIME & NUTRIENT
LEVELS OF SELECTED MISSISSIPPI SOILS & THEIR RELA-
TION TO THE SITE INDEX OF LOBLOLLY PINE .Forest
Watersheds, Mississippi, Moisture Tension, Pines, Soils and Fertil-
izer, ...2.0683

TREE NUTRITION AND FOREST FERTILIZATION ...Growth
Rate, Irrigation-general, New York, Soils and Fertilizer, 2.0788

TESTS OF DOUGLAS-FIR PLANTING STOCK FOR SURVIVAL
UNDER DROUGHT STRESS ...Douglas Fir, Drought, Longevity,
Mycorrhiza, Physiology, Plant Chemistry, 2.0894

REDUCTION IN DAMAGES TO FORESTS BY IMPROVING
MINING AND REHABILITATION PROCEDURES ...Coal-
general, Conservation & Management Eng, Forest Watersheds,
Mining Industry, Soils and Fertilizer, ...4.0120

DEVELOPMENT OF SPECIAL REHABILITATION
TECHNIQUES AND FOREST MANAGEMENT PRACTICES
FOR USE ON SEVERELY ERODED OR HIGHLY EROSIVE
WATERSHEDS ...Conservation, Cover Crops, Erosion-general,
Floods, Runoff, ...2.0674

SOIL AND WATER REQUIREMENTS FOR BLACK WALNUT
AND OTHER HARDWOODS ...Requirements for Water, Soil
Structure, Soil Structure -other, Soils and Fertilizer, Walnuts -
black & English, _4.0089

Forests
FOREST AND BOG OF SOUTH COASTAL ALASKA - INTRA-

TYPE VARIATION AND ASSOCIATED HABITAT FEATURES
...Alaska, Habitat Studies, Peat, Swamps-marshes, Variation,
...2.0023

SIMULATION MODEL FOR EVALUATION OF INTERCEPTION
FROM FOREST TREES ...Digital Computers, Environment, In-
terception, Model Studies, Snow-general, 2.0390

VARIED RECREATIONAL USES OF FOREST LANDS FOR
TIMBER PRODUCTION IN WESTERN WASHINGTON
...Frequency of Use, Land, Price & Value, Recreation Areas and
Parks, Washington, 6.0621

THE IMPROVEMENT OF SOILS DEVELOPED UNDER FOREST
VEGETATION ...Mineralogy, Minnesota, Soil Morphology,
Profiles, Soils and Fertilizer, ...2.0662

HYDROLOGY AND MANAGEMENT OF WETLAND FORESTS
...Soils and Fertilizer, 3.0431

FATE AND EFFECTS OF PESTICIDES IN FOREST SOILS AND
WATER ...DDT , Groundwater Movement, Movement, Leaching,
Persistence in Soils, Soils and Fertilizer, 5.0968

Formosa - Taiwan
SOCIAL CONSEQUENCES OF VARIATION IN AGRICUL-

TURAL IRRIGATION ...Irrigation-general, Management, Social
Aspects, Social Change, ...6.0375

Foundations
SHEAR EVALUATION OF WEAK ROCK FOUNDATIONS ...Ce-

ment, Concrete, Joining, Bonding-general, Ohio River, Shear
Strength, Soil Test - Insitu, _8.0273

Deep
CORROSION OF UNDERGROUND STEEL PILING ...Corrosion

Prevention-other, Low Alloy Steels, Soil Chemical Properties, Soil
Electrical Properties, Soils, ...8.0223

CORROSION MITIGATION ...Corrosion Prevention-other, Low
Alloy Steels, Marine Fouling, Pre-stressed, Water, _8.0157

GENERAL ROCK MECHANICS INVESTIGATIONS ...Dams,
Rock Mechanics, ...8.0102

Foundations-general
THE EFFECT OF HIGH CONFINING PRESSURE ON THE

DEFORMATION OF SOIL ...Dams, Deformation, Earth &
Rockfill Dams, Pressure-other, Shear Strength, 8.0013

CORRELATION OF GROUND SUBSIDENCE FEATURES,
FOUNDATION FAILURES AND EARTH CRACKS WITH
WATER TABLE DRAWDOWN IN ALLUVIAL BASINS ...Allu-
vial Deposits, Drawdown, joints-fractures, Soil Exploration, Soil
Settlements, Subs;dence, 3.0016
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CIVIL ENGINEERING STRUCTURES IN THE OCEANS ...En-
gineering Studies-other, Hydraulic Structures, Hydrodynamics,
Mechanical Properties, Soil Dynamics, Wave Action, 8.0165

ENGINEERING GEOLOGY ...Core Analysis, Dams-general, Geolo-
gy - Engineering, Highway Sites, Reservoirs, ...8.0174

OBSERVATION AND EVALUATION OF INSTRUMENTATION
IN THE FOUNDATION AND EMBANKMENT OF MORAINE
STATE PARK DAM -.Embankments, Piezometers, Soil Settle-
ments, Soil Stability Analysis, Uplift, -.8.0170

INSTRUMENTATION IN EMBANKMENTS AND FOUNDA-
TIONS -.Dams, Embankments, Handbooks, Techniques & Instru-
trentation, 7.0062

MODEL STUDY OF UNDERGROUND OPENINGS ...Dams-
general, Geology - Engineering, Model Studies, Rock Mechanics,
Structural Analysis-general, Tunnel, 8.0067

SITE TESTS TO DETERMINE STRUCTURAL PROPERTIES OF
ROCK FOUNDATIONS ...Dams-other, Engineering Structures-
general, Power Development, Rock Mechanics, Tunnels, _8.0019

ARCH DAM ANALYSES BASED ON THE MATHEMATICAL
THEORY OF PLASTICITY ...Analysis Structural, Arch Dams,
Development of Models, Elasticity, Engineering Structures-
general, 8.0089

DRILL PERFORMANCE MONITOR -.Borehole Geophysics,
Drilling Operation, Pressure, Soil Exploration, Temperature,

8.007
TECHNIQUES FOR USE OF RADIOISOTOPES IN TRACING

RESERVOIR LEAKAGE ...Aquifers-general, Faults, Leekage,
Radioisotopes, Reservoirs and Impoundments, -.7.0017

ENGINEERING GEOLOGIC PROPERTIES OF ROCK ...Aerial,
Borehole Geophysics, Geology - Engineering, Microstructure,
Technique Development, -.8.0098

BASIC ROCK PHYSICS -.Engineering Structures-general, General
Petrology, Geology - Engineering, Joints - fractures, Weathering,
-.8.0118

MASSIVE-HEAD BUTTRESS DAMS ...Dams-other, Gravity Dams,
Stresses-general, liplift..8.0094

EFFECTS OF EARTHQUAKES ON SOIL PERFORMANCE
...Earthquakes, Pore Water, Soil Dynamics, Soil Liquefaction,
Triaxial, -.8.0061

ENGINEERING GEOLOGIC P,EHAVIOR OF FOUNDATIONS IN
RESERVOIRS IN GYPSUM-LIMESTONE TERRAIN ...Engineer-
ing Structures-general, Geology - Engineering, Gypsum,
Limestone - General, Solution Chemistry, _8.0074

Foundations-other
GROUTING RESEARCH - DAM FOUNDATIONS .,.Dams - other,

-.8.0225
ABUTMENT PADS FOR ARCH DAMS ,..Arch Dams, Concrete-

other, Engineering Structures-general, Joints, Mathematics
Matching Ode, 8.0091

Shallow
ENVIRONMENTAL GEOLOGY STUDY OF DALLAS-FT.

WORTH METROPOLITAN REGION ,..Data Acquisition-general,
Geology - Engineering, Groundwater, Texas, Urban Environ-
ments, ...7.0098

Frequencies
Radio Frequencies

Very High Frequency
VHF PROPAGATION THROUGH FRESH WATER AND

ACROSS THE AIR-WATER INTERFACE ...Fish -non-specific,
Microwave, Telemetry, Transmitters, Water Properties-other,
...1.0129

AUTOMATIC VHF RADIO HYDROLOGIC DATA REPORTING
SYSTEM ...Automatic Data Aquisition, Data Transmission
Systems, General Synoptic Observations, Hydrology-general,
Radio, ...7.0096

Fresh Water
BUOYANCY AND SINKING CHARACTERISTICS OF FRESH-

WATER PHYTOPLANKTON ...Algal Pollutant Sources, Herbi-
cides -non-specific, Phytoplankton, Primary Productivity, Vertical
Distribution, 5.1064

EFFECTS OF THE CHLORINATED HYDROCARBONS, ALDRIN
AND DIELDRIN, ON FRESHWATER SEED SHRIMP (OS-
TRACODA) ...Aldrin, Contamination - Water, Dieldrin, Labora-

2-204

tory Animals, Pollution - Effects of , Shrimps Seed Or Mussel,
-.5.1117

THE ACTIVATION-CHROMATOGRAPHIC ELEMENTAL AND
STRUCTURAL ANALYSIS OF FRESH WATER SOURCES
...Activation Analysis, Analysis and Detection, Chromatography-
other, Gamma, Inorganic:, Organic, 5,0252

SEASONAL AND DIURNAL ASPECTS OF ZOOPLANKTON
MICRODISTRIBUTION AND VERTICAL MIGRATION IN
RELATION TO WATER POLLUTION ...Environmental Ecology,
Pollution Effects, Vertical Distribution, Water Quality-general,
Zooplankton, 5.1126

EFFECT OF FORMATION DIP ON THE MOVEMENT OF
FRESH WATER STORED IN SALINE AQUIFERS ...Aquifers-
other, Artificial Recharge, Local Structure, Model Studies,
Storage of Water, -.4.0122

RAPID IDENTIFICATION OF MICROBIAL POPULATIONS IN
WATER -.Biological Pollutants -general, Identification, Mem-
brane, Water Bacteria, ...5.1167

BIOLOGICAL MODELS OF FRESHWATER COMMUNITIES
.Aquatic Ecology, Freshwater Ecology, Model Studies, Nutrients,

Urban Environments, -.5.1270
TAXONOMY AND BIOLOGY OF !SLUDGE WORMS ...Animal

Taxonomy, Bioindicator.1, Brackish Water, Earthworms, Pollution
Effects, -.5.0167

PHARMACOLOGICAL AND ECOLOGICAL EFFECTS OF
PESTICIDES .,.Food Chains, Animal And/or Man, Pollution - Ef-
fects of , Productivity - Food Chain, -.5.0964

CHEMICAL ECOLOGY OF DIAPTOMID COPEPODS OF
COLORADO ...Aquatic Ecology, Chemical Measurements -water,
Colorado, Copepods, Environmental Ecology, 6.0088

WATER TREATMENT BY REVERSE OSMOSIS METHOD
...Membranes-other, Pilot Plants, Reverse Osmosis, Waste Water
Treatment-general, 5.0164

DETERMINATION OF THE PHOSPHATE CONTENT OF NATU-
RAL WATERS, AT THE NUTRIENT LEVEL, BY SOLVENT
EXTRACTION ...Automatic Systems, Extraction-other, Nutrients,
Phosphate, Phosphite, Trace Analyses-other, ...1.0015

OREGON FISHES - THEIR CLASSIFICATIONS, DISTRIBUTIONS
AND LIFE HISTORIES _Animal Taxonomy, Life History Stu-
dies, Oregon, Vertical Distribution, -.6.0450

FACTORS INFLUENCING THE FRESHWATER RESIDENCE OF
JUVENILE FALL CHINOOK SALMON ...Aquatic Ecology, Life
History Studies, Oregon, Salmon -coho,chinook,sockeye..,
Streams, 6.0448

STUDIES ON AQUATIC MYXOBACTERIA ...Applied Ecology,
Bacterial Pollutant Sources, Myxobacteria, Pollution Abatement,
Range Or Territorial Distr. , -.5.0954

IMPROVED DETECTION TECHNIQUES TO DETERMINE
RADIONUCLIDES IN FRESH AND SEA WATER ...Cesium, Ion
Exchange-other, Radioactivity-general, Sea Water-general,
...5.1100

FLOW AND SALINITY IN THE HUDSON ESTUARY, NEW
YORK ...Estuaries, Inflow, Management, Salinity, Tides, -.2.0781

REMOTE SENSING, GULF COASTAL AREA, CENTRAL
FLORIDA ...Aircraft, Aquifers-general, Saline Water Systems,
Temperature, Tides, -.2.0327

CHEMISTRY OF SUBSURFACE OILFIELD BRINES ...Brines,
Chemical-general, Primary Recovery, -.2.0873

Frost and Permafrost
INVESTIGATION OF SOIL FREEZING ...Dams-other, Density,

Lining, Moisture Content, Void Ratio and Porosity, ...8.0285
IMPROVING IRRIGATION WATER SUPPLY FORECASTS AND

THEIR USE ...Forecasting-prediction, Irrigation-general, Moisture
Content, Moisture Meters, Runoff, Water Yield, -.3.0401

STUDY OF MECHANISMS IN SOIL RELATED TO FROST
HEAVE AND ITS CONTROL ...Aggregates, Extenders, Fillers,
Foam, Porous, Linings-pavings, Plastics - General, 8.0267

PHYSICS AND CHEMISTRY OF SOIL WATER AND INTERFA-
CIAL PHENOMENA ...Adsorption-other, Boundary Process
(moisture), Moisture Retention, Permafrost-frozen, Thermal Pro-
pertier-general, ...1.0076

FROZEN GROUND INVESTIGATIONS, BARROW, ALASKA
...Alaska, Hydrology-general, lee Content, Permafrost-frozen, Ru-
noff, Small Watersheds, -.2.0748

FROST SUSCEPTIBILITY CRITERIA ...Soil Environment, Soil
Testing-other, 2.0751

TEST OF EFFECTIVE SOILS PROPERTIES IN THE ANNUAL
FROST ZONE ...Disturbed/undisturbed, Moisture Content,



SUBJECT INDEX Gaging

Permeability, Soil Consolidation, Thermal Properties-general,
...2.0755

Fuels
Gaseous Fuel

Natural Gas
SOLUBILI'T'Y OF NATURAL GASES IN CONNATE WATER

AND OF WATER IN NATURAL GASES ...Brines, High Pressure
- 1. 1000 Atm, Interstitial - Connate Water, Ions and Gases, Solu-
bility, Solution Chemistry, 1.0080

Fungal Physiology
Metabolism

Chemicals - Fungicides
EFFECT OF ANTIBIOTICS ON FUNGUS PARASITES IN

OYSTERS ...Antibiotics, Dermocystidium, Fungal Culture, Host
Specificity, Oysters, ...5.1171

Pathological Physiolog
3IOLOGICAL ACTIVITIES OF MARINE FUNGI ...Endoparasites -

other, Host-parasite Interactions, Invertebrate Pathology, Marine
Fungi (non-specific), Oysters, Pint Developmental Biology,
5,0289

Fungi
Dermocystidium

EFFECT OF ANTIBIOTICS ON FUNGUS PARASITES IN
OYSTERS ...Antibiotics, Chemicals - Fungicides, Fungal Culture,
Host Specificity, Oysters, ...5.1171

Fungi -non-specific
MINIMUM WATER CONCENTRATION OF ENVIRONMENTAL

WATER CAPABV ;F SUPPORTING LIFE ...Environment, Ex-
traterrestrial, Lichenes, Moisture, Water, 6.0430

Marine Fungi (non-specific)
COMPARATIVE BIOCHEMICAL AND MORPHOLOGICAL

CHARACTERISTICS OF MARINE FUNGI FROM SHELLFISH
...Endoparasites -other, Fungal Culture, Histochemistry -
Cytochem, Histology and Cytology, Plant Taxonomy, 6.0265

BIOLOGICAL ACTIVITIES OF MARINE FUNGI ...Endoparasites -
other, Host-parasite Interactions, Invertebrate Pathology, Oysters,
Pathological Physiolog, Plant Developmental Biology, ...5.0289

Mycorrhiza
TESTS OF DOUGLAS-FIR PLANTING STOCK FOR SURVIVAL

UNDER DROUGHT STRESS ...Douglas Fir, Drought, Longevity,
Physiology, Plant Chemistry, Site Index and Site Quality, 2.0894

Yeast N S
ECOLOGY OF YEASTS IN LAKE CHAMPLAIN ...Lakes, Mil-

linore, New York, Plant Taxonomy, 6.0395
ISOLATION AND TAXONOMY OF YEASTS IN LAKES AND

SEWAGE ...Bioindicators, Contamination, Pollution-water, Plant
Taxonomy, Streams, 5.0339

Gaging
HYDROLOGICAL STUDY ...Discharge-general, Drainage, Peak

Flow, Rhode Island, Small Watersheds, 2.0943
FLOOD FREQUENCY OF SMALL STREAMS IN LOUISIANA

...Drainage, Floods, Louisiana, 2.0541
INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL

WATERSHEDS IN OKLAHOMA ...Floods, Flow Characteristics
-water, Oklahoma, Peak Flow, Small Watershlds, 2.0278

FLOOD FREQUENCY SYNTHESIS FOR SMALL STREAMS IN
ALABAMA ...Alabama, Drainage, Forecasting-prediction, Peak
Flow, Runoff, Small Watersheds, ...3.0172

SMALL DRAINAGE AREA STUDY ...Arizona, Drainage, Floods,
Peak Flow, Small Watersheds, 2.0289

INVESTIGATION OF WATER RESOURCES IN ALASKA
...Hydrology-general, Measurement, Open Channel, Streams,
...2.0269
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SMALL STREAMS INVESTIGATIONS IN OREGON ...Data Anal-
ysis - General, Discharge-general, Floods, Hydrographs, Peak
Flow, 2.0293

NUCLEAR TECHNIQUES IN SOILS HYDROLOGY, SNOW
GAGING, AND RELATED APPLICATIONS General,
Hydrology-general, Radioisotopes, Soil Environment, Soil-water-
plant Relationships" .1.0007

INSTALLATION OF INSTRUMENTATION FOR CLAIR ENGLE
PLANT ...Analyzing, Computers-general, Desalination, Flash
Distillation, 3,0457

WATERSHED IMPROVEMENT- -SOIL AND MOISTURE CON-
SERVATION PROGRAM ...Modified Water Use, Moisture Con-
tent, Snowmelt, Water Yield, Watersheds-general, ...8.0143

SAN ISIDRO WASH STUDY FLOW LOSSES IN AN
EPHEMERAL STREAM CHANNEL ...Ephemeral, Evapotrans-
piration, Infiltration, Morphology-general, New Mexico, 2,0177

MODEL STUDIES FOR DEVELOPMENT AND CALIBRATION
OF STREAMFLOW CONTROL DEVICES IN THE SOUTHERN
BRANCH ...Channel Regulation-general, Computers-general,
Discharge-general, Models, Synthetic Hydrology-general, 3.0189

HYDROLOGIC CHARACTERIZATION OF SMA Li
WA'T'ERSHEDS ...Flow Characteristics -water, Mathematical
Analysis, Model Studies, Small Watersheds, Topographic,
4.0104

RUNOFF OF SMALL WATERSHEDS ...Agricultural Watersheds,
General Synoptic Observations, Moisture Retention, Runoff, Soil
Types-general, ...2.0531

DATA REDUCTION METHODS FOR STREAMFLOW FROM
SMALL, WILDLAND WATERSHEDS Computers-general,
Data Analysis - General, Discharge-general, Integration, Quadra-
ture, Small Watersheds, Utah, ..2.1068

DEVELOPMENT AND CALIBRATION OF A PITOT SPHERE
...Hybrid Computers, Hybrid Computers, Mass, ...8.0193

FEASIBILITY OF RATING CURRENT METERS IN A
VELOCITY FIELD ..Currents -water, Mass, Model Studies,
Velocity -water, 7.0107

FLOODS FROM SMALL DRAINAGE AREAS ...California,
Floods, Hydrographs, Small Watersheds, 4.0039

THE IMPACT OF SUBURBAN DEVELOPMENT ON THE
WATER RESOURCES OF NEW JERSEY. ...Agricultural
Watersheds, Flow Characteristics -water, Measurement, Surbur-
ban Areas, Water Balance-budget, Water Table Fluctuation,
...6.0352

INVESTIGATIONS OF SHORE EROSION ALONG THE OHIO
SHORELINE OF LAKE ERIE Aerial, Engineering Structures-
general, Erosion-general, Lake Erie, Shoreline - Coastline,
...8.0275

SEDIMENTATION METER ...Automatic Data Aquisition, Rate of
Deposition, ...7.0104

CHARACTERISTICS OF UTAH STREAMS ...Discharge-general,
Flow Characteristics -water, Streams, Utah, ...2.1060

TURBINE RATING FRAME INTERFERENCE STUDY ...Electric
Power Plants, Inflow, Tennessee River, Turbine-other, 8.0287

VALUE OF STREAMFLOW DATA ...Benefit-cost Analysis, Data
Networks, Open Channel Flow, Unsteady Flow, Water Resources
Development, 6.0077

LONG TERM CHANNEL CHANGES ...Channels, Cross-section,
Morphology-general, Soil Erosion -non-specific, 2.0284

FLUVIAL SEDIMENTATION IN STONY BROOK WATERSHED
...Peak Flow, Runoff, Sedimentology-general, Small Watersheds,
Total Volume, ...2.0766

LOW-FLOW ANALYSIS, WASHINGTON STREAMS ...Baseflow,
Discharge-general, Hydrographs, Low Flow, Washington,
...2.1134

FLOODS IN NORTH LOUISIANA - RAINFALL-RUNOFF RELA-
TIONSHIPS ...Amount, Floods, Louisiana, Runoff, Storms-
general, 2.0537

FLOOD INUNDATION MAPPING, NORTHEASTERN ILLINOIS
...Atlases-maps, Data Networks, fl charge-general, Floods, Il-
linois, 4.0093

LOW FLOW CHARACTERIS1. .F TENNESSEE STREAMS
...Annual, Low Flow, Tennessee, Variation in Time, 2.0997

UNIT HYDROGRAPHS FOR SOUTHWESTERN LOUISIANA
...Floods, Forecasting-rediction, Hydrographs, Louisiana,
...2.0539

UNIT HYDROGRAPHS FOR NORTHERN LOUISIANA ...Floods,
Forecasting-prediction, Hydrographs, Louisiana, ..2.0540

LOW FLOW CHARACTERISTICS OF INDIANA STREAMS
..Discharge-general, Flow Characteristics -water, Indiana, Low
Flow, ...2.0455
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FLOODING OF SMALL STREAMS IN NASHVILLE-DAVIDSON
CO. AREA, TENN. ...Amount, Discharge- general, Floods, Ten-
nessee, Urban Environments, 2.0994

HYDROLOGIC INVESTIGATIONS OF URBAN AREAS -
HOUSTON, TEXAS ...Amount, Discharge-general, Floods, Texas,
Urban Environments, .4.0233

STREAMFLOW TEMPERATURE INVESTIGATION, TEXAS
,,.Flow Characteristics -water, Streams, Temperature, Texas,
7.0099

WATER RESOURCES OF THE KENAI PENINSULA BOROUGH
AREA, ALASKA ...Alaska, Aquifers-general, Groundwater
Basins, Runoff, Water Resources Development, .,2.0012

WATER RESOURCES OF I3RANCH-BLACKSTONE RIVER
BASIN, RHODE ISLAND ...Groundwater Basins, Permeability,
Rhode Island, Runoff, Water Yield, _2.0614

SKYWATER Colorado, Data Acquisition-general, Streams,
.2.0190

LABORATORY CATCHMENT INVESTIGATIONS RELATING
TO HYDROLOGIC SYSTEMS ANALYSIS Hydrology-general,
Model Studies, Morphology-general, Systems Analysis, ...6.0574

Galapagos Islands
ENVIRONMENTAL HISTORY OF THE GALAPAGOS ISLANDS

Floral, Lakes, Plant Succession, Plant Taxonomy, Productivity -
Food Chain, 2.0852

Gasket Materials
CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS

...Cost Analysis, Electrodialysis, Membranes-other, Polarization,
Saline Conversion, 3.0285

Gel
HARD SURFACE LININGS -- LOWER COST CANAL LINING

PROGRAM ...Bituminous, Canals, Cement, Concrete, Linings-
pavings, Sealant Materials, 8.0050

General Weather Topics
Data Display Systems

NORTH SIERRA OROGRAPHIC, CONVECTIVE CLOUD
STUDY - ATMOSPHERIC WATER RESOURCES PROGRAM

Clo Ire!):
iiatittnFiLdsnt)rluoge-gtesne

Hydrology - general, Orographic Ef-
fects,

AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ...Nevada, Patterns,

Meteorological Studies
Meteorological Averages

EVALUATION OF CLIMATIC PATTERNS AFFECTING IDAHO
AGRICULTURE ...Agricultural Watersheds, Applied Climatolo-
gy, Data Analysis - General, Evaporation, Forecasting, Idaho, Pat-
terns, ...2.0396

CLIMATE AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ...Applied Climatology,
Other Water Conditions, Patterns, Phenology, Tables, Compila-
tions, Catalogs, 3.0332

Meteorological Extremes
THE ECONOMIC EFFECTS OF DROUGHT ON AN AGRICUL-

TURAL ECONOMY ...Drought, Economic Impact, Great Plains
Province, Weather, ...2.0510

A STUDY OF THE ECONOMIC IMPACT OF DROUGHT ON
WATER SUPPLY SYSTEMS IN THE PASSAIC RIVER BASIN,
NEW JERSEY ...Economic Impact, New Jersey, Public Utilities,
River Basins, Water Quality-general, -.2.0761

PROPOSAL FOR COMPILATION OF CUMULATIVE DROUGHT
BIBLIOORAPHY ...Bibliography, Economics-general, Social
Aspects, Weather, ...2,0611

A STUDY OF TECHNOLOGIES FOR REDUCING WINTER
WEATHER COSTS .,.Alaska, Benefit-cost Analysis, Forecasting-
prediction, Great Lakes-general, Northeast, ...2.0256

EXTREME RAINFALL FOR THE MEKONG RIVER BASIN
...Dam Sites, Floods, Management, Southeast Asia, Water Loss
Control, 2.0596

THE EFFECTS OF EXTREME FLOODS AND PLACER MINING
ON THE BASIC PRODUCTIVITY OF SUBARCTIC STREAMS

.Alaska, Benthic Fauna, Bottom Sampling, Floods, Placer,
Productivity - Food Chain, ...2.0022

RAINFALL CHARACTERISTICS, DROUGHT INCIDENCE AND
THE DEVELOPMENT OF A RAINFALL DEFICIENCY INDEX
FOR THE AGRICULTURAL REGIONS OF PUERTO RICO
.,.Drought, Irrigation-general, Patterns, Puerto Rico, Rain,
2.0932

THE IMPACT OF THE NORTHEASTERN DROUGHT ON THE
PLANNING AND PROVISION OF MUNICIPAL WATER SUP-
PLIES ...Administrative Structures, Alternative Planning,
Economic Impact, Northeast, Water Supply-general, 4.0136

HYDROMETEOROLOGICAL ANALYSIS OF SEVERE RAIN-
STORMS ...Illinois, Patterns, Radar, Storms-general, Weather
Charts-maps, ...2.0414

IRRIGATION ...Economies-general, Irrigation, Irrigation Engineer-
ing, Sprinkler Irrigation, Yield, 2.0673

DROUGHT FREQUENCY, INTENSITY & DURATION - ITS
CORRELATION TO STREAMFLOW AND ITS IMPACT UPON
SYNTHETIC HYDROLOGY Climatography, Flow Charac-
teristics -water, Patterns, Synthetic Hydrology-general, Water
Loss-general, 2.0763

METEOROLOGICAL DROUGHT .,Technique Development,
Weather Forecasting, 2.0593

HYDROLOGY AND GEOCHEMISTRY OF CLOSED BASIN
LAKES ...Basin Shape, Evaporation, Geochemical Analysis,
Lakes, Salt, Solution, ..2.1137

Meteorological Studies-general
EFFECTS OF WEATHER ON CROPS Available Water,

Evapotranspiration, Moisture Tension, Projections and Estima-
tions, Soil Moisture -non-specific, 2.0482

WATER LOSS ...Amount, Depth, Requirements for Water, Water
Level Fluctuation, Water Loss-general, .4.0228

DETERMINATION OF SAFE LEVELS OF POLLUTION IN
PUERTO RICO ...Bays, Contamination - Water, Pollution - Ef-
fects of , Puerto Rico, Recreation Sites, Water Properties-general,
_2.0937

PHYSICAL, METEOROLOGICAL, AND HVDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION ...Evapotranspiration,
Soil-water-plant Relationships, Translocation, Water Balance-
budget, Water Yield, 2.0951

DISPATCHING SYSTEM FOR CONTROL OF COMBINED
SEWER LOSSES ...Combined Sewer, Control Gate, Energy
Losses-general, Hydraulics - general, Hydrology-general, ...5M609

LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ...Biologi-
cal, Biological-general, Chemical, Chemical-general, Deltas,
Eutrophication, Lake Erie, Monitoring (long Term Studies),
Physical-general, Sedimentology-general, ..2.0783

CONTROL AND PREVENTION OF CULVERT AND ROAD
ICINGS Culvert, Drainage, Hydrology-general, Roadway-
general, Snow and Ice Removal, ...2.0750

Micrometeorology
MICROMETEOROLOGICAL INVESTIGATIONS OF THE ENER-

GY BUDGET - EFFECT OF SUMMER WINDS ...Evapotrans-
piration, Heat Budget, Heat Flow, Semi - Arid, Wind-general,
.,.2.0516

MICROMETEOROLOGY OF SOYBEANS ...Environmental-disease
Relation, Evapotranspiration, Furrow Irrigation, Irrigation,
Soybeans, ...2.0070

SUBSYNOPTIC WEATHER SPECIFICATION ...Cloud Cover,
Data Analysis Applications. Dew, Model Studies, Temperature,
Weather Forecasting, ...2.0592

GREAT LAKES RESEARCH - ICE CHARACTERISTICS ,..Aerial,
Lake Superior, Origin, Petrofabrics, Radiation-terrestrial, Sea lee,
2.0644

UNDERSTANDING AND IMPROVING SOIL-PLANT-AT-
MOSPHERIC RELATIONSHIPS FOR MORE EFFICIENT
UTILIZATION OF WATER ...Irrigation, Root Absorption, Soil-
water-plant Relationships, ...2.1057

Model Studies
LAKE EFFECT STORM STUDY ...Formation, Lake Erie, Lake

Ontario, Sea of Japan, Weather Forecasting, ...2.0778
ICE FORMATION BY CONTACT NUCLEATION ...Formation,

Growth and Preparation, Nucleation, Nucleation Physics, Tem-
perature, ..3.0339

SMALL-SCALE CIRCULATIONS OF THE SAN FRANCISCO
BAY AREA ...Air Motion-general, Inversion, Land-sea Breezes,
Orographic Effects, San Francisco Bay, 2.0154
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NUMERICAL SIMULATION OF THE MACROPHYSICAL AND
MICROPHYSICAL PROCESSES OF MOIST CONVECTION
...Cloud Formation and Evolution, Clouds-precipitation, Convec-
tion, Formation, Thermodynamics..2.0239

COMPUTER SIMULATION AND EVALUATION OF CLI-
MATOLOGICAL MODELS ...Computers-general, Patterns,
Statistics-general, ...7.0044

RESEARCH ON CHARACTERISTICS OF CONVECTIVE
CLOUDS IN TEXAS .Aircraft, Cloud Physics, Cumulus, Data
Analysis - General, Texas, ...2.1023

PILOT STUDY OF THE PROBABILITY OF OCCURRENCE OF
CLIMATOLOGICAL PHENOMENA IN THE ATLANTA AREA
...Applied Climatology, Georgia, Weather Forecasting, 2.0351

GENERAL CIRCULATION - NUMERICAL MODELING OF
PRECIPITATION ...Air Motion-general, Forecasting., Heat
Exchange, Humidity, Weather Modification-general, 2.0265

SUBSYNOPTIC WEATHER SPECIFICATION ...Cloud Cover,
Data Analysis Applications, Dew, Micrometcorology, Tempera-
tore, Weather Forecasting, 2.0592

NUMERICAL PREDICTION OF CLOUDINESS AND PRECIPITA-
TION ...Applications, Forecasting, Prediction Models, 2.0266

CLOUD AND PRECIPITATION FORECAST MODEL ...Cloud
Cover, Cowiensation-general, Forecasting, Latent Heats, Weather
Forecasting, 2.0267

NUMERICAL PRECIPITATION MODEL Computers-gencral,
Forecasting, Simulation Theory, Western, ...2,0588

LARGE SCALE DYNAMIC EFFECTS OF CLOUD SEEDING
...Clouds-precipitation, Patterns, Statistics-general, 2.0171

A TEST OF CERTAIN EVALUATION DESIGNS FOR CLOUD.
SEEDING EXPERIMENTS ...Clouds-precipitation, F.aveasting,
Mathematical Analysis, Oklahoma, Weather Charts-maps,
_2,0180

INVESTIGATION OF THE FEASIBILITY OF WARM-CLOUD
MANAGEMENT ...Cloud Temperature, Clouds-precipitation,
:otodification, Other, 2.0165

AIRFLOW AND DIFFUSION PARAMETERS IN CONNECTION
WITH ATMOSPHERIC WATER RESOURCES PROGRAM
Diffusion, Orographic Effects, Topographic Influences, Weather
Modification-other, Wind Tunnels, 2.0167

Planning-support
EVALUATION OF PRECIPITATION MANAGEMENT PRO-

GRAMS BY PRECIPITATION RATE MEASUREMENTS
...Clouds-precipitation, Modification, ...2.0199

Weather Charts-maps
METEOROLOGICAL ANALYSIS OF PRECIPITATION EFFECTS

OF SWISS HAIL SUPPRESSION EXPERIMENTS Clouds-
precipitation, Modification, Patterns, Pressuredensity, 2,0108

INFLUENCE OF TOPOGRAPHIC FEATURES ON RAINFALL IN
WEST VIRGINIA ...Forecasting, Mathematical Analysis, Patterns,
Topographic Influences, West Virginia, 2.1140

HYDROMETEOROLOGICAL ANALYSIS OF SEVERE RAIN-
STORMS ...Illinois, Meteorological Extremes, Patterns, Radar,
Storms-general, 2.0414

RAINFALL FREQUENCY RELATIONS FOR PENNSYLVANIA
...Amount, Design Flow-flood, Gages, Hydrographie, Pennsyl-
vania, 2.0926

PRECIPITATION-FREQUENCY MAPS FOR WESTERN UNITED
STATES ...Climate, Geomorphology, Patterns, Western, ...7.0052

HYDROLOGIC STUDIES (STORM STUDIES) HAWAIIAN
ISLANDS Hawaii, Hydrology-general, Storm Water, Storms-
general, ...2.0366

A TEST OF CERTAIN EVALUATION DESIGNS FOR CLOUD-
SEEDING EXPERIMENTS ...Clouds-precipitation, Forecasting,
Mathematical Analysis, Model Studies, Oklahoma....2.0180

Weather Forecasting
(U) INSTABILITY PATTERNS IN THE TROPICS ...Radar, Trop-

ic, 2.0320
LAKE EFFECT STORM STUDY ...Formation, Lake Erie. Lake

Ontario, Model Studies, Sea of Japan, ...2.0778
PROBABLE MAXIMUM PRECIPITATION FOR SMALL BASIN

IN THE TENNESSEE RIVER DRAINAGE SYSTEM .,.Amount,
Drainage, Storms-general. Tennessee River, Topographic In-
fluences, 2.0594

PROBABLE MAXIMUM PRECIPITATION FOR SOUTHWEST
STATES ...Amount, Design Flow-flood, Floods, Patterns, Snow-
men, Southwest, 2.0597

WEATHER IN RELATION TO KANSAS AGRICULTURE
...Agricultural Studies -general, Information Retrieval Methods,
Kansas, Plant Environment, Ns, 2.0508

PILOT STUDY OF THE PROBABILITY OF OCCURRENCE OF
CLIMATOLOGICAL PHENOMENA IN THE ATLANTA AREA
...Applied Climatology, Georgia, Model Studies, ...2.0351

METEOROLOGICAL DROUGHT ...Meteorological Extremes,
Technique Development, 2.0593

SUBSYNOPTIC WEATHER SPECIFICATION ...Cloud Cover,
Data Analysis Applications, Dew, Micrometcorology, Model Stu-
dies, Temperature, 2.0592

PROBABILITY TABLES FOR PRECIPITATION ...Moisture-other,
Other Probability, Precipitation-other, Requirements for Witter,
Tables, Compilations, Catalog, 2.0604

CLOUD AND PRECIPITATION FORECAST MODEL ...Cloud
Cover, Condensation - general, Ft recasting, Latent Heats, Model
Studies, ...2.0267

FIRE WEATHER FORECAST TECHNIQUES ...Fire Behavior -
Identification, lire Prevention, Regulation of Weather & Veg-,
Technique Development, Thunderstorms, 2.0587

SNOW AND ICE COVER INVESTIGATIONS ...Arctic, Frost, Sea
Ice, Snowmen, Snowpack, 2.0747

Generators
Other Generators

COORDINATION OF PLANT FREQUENCY, D-C-TRANSMIS-
SION AND SYSTEM CONTROL ...Ac-de, Electric Power Plants,
Evaluation Other, Power Conditioner, Power Transmission,
...8.0126

Genetics
Environment Effects on Genome

SALT TOLERANCE IN BLUE PANICGRASS, PANICUM AN-
TIDOTALE ...Halophytic, Panicum -other, Saline Soils, Selection
& Breeding, 3.0023

Mutagens
SURVEY OF CLOSTRIDIUM BOTULINUM TYPE E Bacterial

Exotoxins, Clostridium Botulinum, Identification, Infra Red,
5.0957

Gene Action
Disease & Anomalies

BREEDING AND EVALUATION OF IMPROVED VARIETIES
OF PERENNIAL COOL-SEASDN GRASSES ADAPTED TO
SEMIARID AND ARID REGIONS ...Arid and Desert, Breeding,
Breeding and Genetics, Semi - Arid, ...2.0574

Interspecific Genetic Relat.
GENETIC AND CYTOGENIC STUDIES OF HORTICULTURAL

CROPS-BREEDING XEROPHYTIC CUCURBITA .. Aerial, Arid
and Desert, Arizona, Squash, Pumpkin, Sterility, 3.0010

Metabolic-biochemical Genetics
WATER CONSERVATION THROUGH EFFICIENT USE BY

CROP PLANTS ...Conservation-general , Moisture Deficiency,
Natural Variation of Water USE, Requirements for Water, Selec-
tion & Breeding, 2.0057

Population Studies (genetics)
Clones

INVASION OF THE AQUATIC HABITAT BY AMPHIBIOUS
SPECIES OF POLYGONUM ...Amphibious Plants, Habitat Stu-
dies, of Aquatic Plants, Plant Taxonnmy, Polygoriaccac, 2.1105

Population -other
EVOLUTION OF ALLOPATRIC POPULATIONS ...Captive Rear-

ing, Ecological, Lake Trout, Brook Trout, Maine, Population
Dynamics, 5.0464

Selection & Breea ng
WATER CONSERVATION THROUGH EFFICIENT USE BY

CROP PLANTS ...Conservation-general, Metabolic-biochemical
Genetics, Moisture Deficiency, Natural Variation of Water USE,
Requirements for Water, 2.0057

SALT TOLERANCE IN BLUE PANICGRASS, PANICUM AN-
TIDOTALE ...Environment Effects on Genome, Halophytic,
ranicum -other, Saline Soils, 3.0023
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HYBRID SUNFISH STUDIES ...Centrarchidae -other, Laboratory,
Maturity & Growth Stages, Ponds, ...6.0195

GUAVA VARIETIES. SELECTION & PROPAGATION OF
GUAVA VARIETIES & INVESTIG. OF COMMERCIAL & IN-
DUST. POSSIBILITIES OF THE FRUIT (ABBREV) ...Irrigation,
Myrtuceac, Puerto Rico, Trees, Varietal Evaluation, ...5,1047

Sterility
GENETIC AND CYTOGF.NIC STUDIES OF HORTICULTURAL

CROPS-BREEDING XEROPHYTIC CUCURBITA ...Aerial, Arid
and Desert, Arizona, Interspecific Genetic Relat. , Squash, Pump-
kin, ...3.0010

Geochemical Analysis
GEOCHEMICAL STUDIES OF CONTINENTAL WAVERS

...Authigcnesis, Location, Pore Fluids, Radioisotopes, 1.0081
COLUMBIA RIVER SEDIMENT STUDIES ...Columbia River,

Radioactivity-general, Radiochemical Techniques, Sediments,
Self-purification, -.5.1249

CLASSIFICATION OF DEEP SUBSURFACE WATERS BY
CHEMICAL COMPOSITION AND GEOLOGY ...Chemical Anal-
ysis (water), Groundwater, High Pressure Research, Interstitial -
Connate Water, Salinity, 10883

GEOCHEMICAL BEHAVIOR OF IRON AND MANGANESE IN
A RESERVOIR (LAKE LYNN, WEST VIRGINIA) FED BY
STREAMS CONTAINING ACID MINE DRAINAGE ...Acidity,
Iron, Manganese, Mine Drainage Control, West Virginia, ...2.1139

GEOCHEMISTRY AND ORIGIN OF SULFO-SALINE GROUND
WATER, SALINE COUNTY, MISSOURI ...Atlases-maps, Chemi-
cal-general, Groundwater, Permeability, Salinity, Sulfide, -.4,0152

CHEMICAL CHARACTERISTICS OF WATERS IN FLOODED
BITUMINOUS-COAL M1NESHAFTS ...Acidity, Bituminous,
Mine Drainage Control, Mine Hydrology, Pyrite Group, ...5.1279

TRACE ELEMENT CHEMISTRY OF A SMALL POND IN RELA-
TION TO PRODUCTIVITY ...Environmental Ecology, Ponds,
Population Dynamics, Trace Element Analysis, Zooplankton,
...6.0232

THE DEVELOPMENT OF GEOCHEMICAL AND GEOPHYSI-
CAL TECHNIQUES AS AN AID TO DETERMINING AVAILA-
BILITY OF GROUND WATER IN LIMESTONE TERRANES
...Available Water, Geophysical Analysis, Groundwater, Karst
Topography, Water Sources -general, 2.0009

DISSOLVED CONSTITUENTS OF NATURAL WATERS - CON-
TRIBUTIONS FROM MINERALIZED AREAS ...Chemical Reac-
tions, Groundwater, Mineralization, Mineralogy-petrology, Ore
Minerals, -.2.0734

WATER DATING TECHNIQUES AS APPLIED TO THE MIS-
SOULA GROUND-WATER RESERVOIR, MONT. ...Carbon-I4,
Groundwater Movement, Montana, Unconsolidated Aquifers,
...2.0715

UTILIZATION OF OIL FIELD BRINES AS A POSSIBLE FERTIL-
IZER SOURCE ...Atomic Absorption, Brines, Emission, Material
Recovery Wastes, X-ray, 1.0056

CHEMISTRY OF HYDROSOLIC METALS IN NATURAL
WATER ...Aeration, Aluminum, Demineralization, Iron, Man-
ganese, Solution Chemistry, -.5.0119

HYDROLOGY AND GEOCHEMISTRY OF CLOSED BASIN
LAKES ...Basin Shape, Evaporation, Lakes, Meteorological Ex-
tremes, Salt, Solution, ...2.1137

HYDROLOGY OF SUBSURFACE WASTE DISPOSAL - NA-
TIONAL REACTOR TESTING STATION, IDAHO ...Ground-
water Movement, Nuclear Power, Radioactivity-general, Un-
derground Waste Disposal, Water Cycle, _5.0319

Geochemistry

Atmosphere
GEOCHEMICAL STUDIES WITH STABLE AND RADIOACTIVE

ISOTOPES ...Mineral Groups, Nuclear - General, Radiochemical
Techniques, Sedimentary Rocks, Uranium, 2.0134

Gaseous Atmosphere
STUDY OF LIGHT ISOTOPES IN LACUSTRINE ENVIRON-

MENTS ...Lakes, Oxygen, _2.0242

Crystal Chemistry
Properties and Structure

STUDY OF THE SULFIDE-TO-SULFATE REACTION
MECHANISM ...Adsorption-other, Biological Cycles, Oxidation-
general, Pyrite Group, Solution Chemistry, Sulfate, Sulfite, Sul-
fide, 5.0880

Experimental Geochemistry
High Pressure Research

CLASSIFICATION OF DEEP SUBSURFACE WATERS BY
CHEMICAL COMPOSITION AND GEOLOGY ...Chemical Anal-
ysis (water), Geochemical Analysis, Groundwater, Interstitial -
Connate Water, Salinity, .2,0883

Mineral Equilibra
MINERAL-WATER CHEMISTRY, GREAT LAKES ...Chemical

Reactions, Great Lakes-general, Mineral Genesis, Model Studies,
Phase Relationships, Solution Chemistry, ...5.0552

Phase Relationships
MINERAL -WATER CHEMISTRY, GREAT LAKES ...Chemical

Reactions, Great Lakes-general, Mineral Equilibra, Mineral Gene-
sis, Model Studies, Solution Chemistry, .,5.0552

Solution Chemistry
CARBON, OXYGEN AND SULFUR ISOTOPES AND THE

ORIGIN AND SOURCES OF URANIUM MINERALIZATION
...Mineral Genesis, Ore Deposits, Radiochemical Techniques,
Thermophysical Properties, Transfer Processes, Uraninite Group,
...2.1083

SOLUBILITY OF NATURAL GASES IN CONNATE WATER
AND OF WATER IN NATURAL GASES ...Brines, High Pressure
- 1-1000 Atm, Interstitial - Connate Water, Ions and Gases, Natu-
ral Gas, Solubility, 1.0080

A LABORATORY STUDY OF THE SOLUBLE METALS IN
ROCKS, SAPROLITE, AND SOIL FROM THE BROAD
QUADRANGLE, GEORGIA ..Atomic Absorption, Laboratory
Analysis, Lateritic, Solubility, Trace Element Analysis, 1.0037

MINERAL-WATER CHEMISTRY, GREAT LAKES ...Chemical
Reactions, Great Lakes-general, Mineral Equilibra, Mineral Gene-
sis, Model Studies, Phase Relationships, ...5.0552

STUDY OF THE SULFIDE-TO-SULFATE REACTION
MECHANISM ...Adsorption-other, Biological Cycles, Oxidation-
general, Properties and Structure, Pyrite Group, Sulfate, Sulfite,
Sulfide, -.5.0880

GEOCHEMICAL CONTROLS OF WATER QUALITY ...Chemical
Analysis (water), Electroanalyses-other, Equilibrium-other, Pro-
perties of Minerals, Reaction-general, 2.0115

CHEMISTRY OF HYDROSOLIC METALS IN NATURAL
WATER ...Aeration, Aluminum, Demineralization, Geochemical
Analysis, Iron, Manganese, 5.0119

MINERAL-WATER INTERACTION IN SALINE ENVIRON-
MENTS _Analysis and Detection, California, Evaporation, Inter-
facial, Solution, 2.1095

SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTS IN
GROUND WATER ...Carbonates, Chemical-general, Ground-
water, Model Studies, Sedimentary Petrogenesis, Statistical,
1.0120

GEOHYDROLOGY OF THE POTOMAC-RARITAN-MAGOTHY
AQUIFER SYSTEM ...Aquifers-general, Calcite Group, Clay
Minerals-general, Groundwater, Mineralogy, 2.0768

ENGINEERING GEOLOGIC BEHAVIOR OF FOUNDATIONS IN
RESERVOIRS IN GYPSUM - LIMESTONE TERRAIN ...Engineer-
ing Structures-general, Foundations-general, Geology - Engineer-
ing, Gypsum, Limestone - General, ...8.0074

SOLUBILITIES OF THE SULFATES OF BARIUM AND STRON-
TIUM IN OILFIELD WATERS ...Barium, Brines, Fluid Proper-
ties, Radioisotopes, Strontium, Thermal Properties-other,
1.0097

Stability Fields
CLAY MINERAL STABILITY AND WATER COMPOSITION

...Clay Minerals-general, Clays, Interstitial - Connate Water,
Mineralization, Moisture Content, 1.0124

Thermophysicai Properties
CARBON, OXYGEN AND SULFUR ISOTOPES AND THE

ORIGIN AND SOURCES OF URANIUM MINERALIZATION
...Mineral Genesis, Ore Deposits, Radiochemical Techniques,
Solution Chemistry, Transfer Processes, Uraninite Group,
2.1083



SUBJECT INDEX Geochemistry

Exploration Methods
Hydrogeochemical Properties

HYDROGEOCHEMICAL INVESTIGATION OF SELECTED
WATERSHEDS IN SOUTHWESTERN MONTANA ...Chemical-
general, Environmental Effects-geologic, Montana, Rocks
Bedrock, Small Watersheds, 5.0698

Geochemical Investigations
Biological Cycles

STUDY OF THE SULFIDE-TO-SULFATE REACTION
MECHANISM ...Adsorption-other, Oxidation-general, Properties
and Structure, Pyrite Group, Solution Chemistry, Sulfate, Sulfite,
Sulfide, ...5.0880

Eleient Ratios
GEOCHEMICAL STUDIES OF CONTINENTAL WATERS

Authigenesis, Location, Pore Fluids, Radioisotopes, _1.0081
STABLE CARBON AND OXYGEN ISOTOPE RATIO VARIA-

TIONS IN THE FLOW TO CARBON AND OXYGEN
THROUGH NORMAL AND POLLUTE° AQUATIC SYSTEMS
Analysis and Detection, Carbon, Organic-general, Oxygen, Pol-
lutants Path of , Sewerage Systems-other, 5.1183

DISTRIBUTION OF ELEMENTS IN FLUVIAL AND BRACKISH
ENVIRONMENTS ...Adsorption Capacity, Adsorption-general,
Brackish Water, Chemical Reactions, Exchange Capacity, Solu-
tion, 10282

Mineral Associations
HYDROLOGIC-MINERAL CYCLE INTERACTION IN SMALL

UNDIS1°RUBED AND MANMANIPULATED ECOSYSTEMS
...Chemical Reactions, Environment, New Hampshire, Small
Watersheds, Water Cycle, 2.0745

GEOCHEMISTRY OF SAN FRANCISCO BAY ...Bays, Clays, Dis-
tribution, San Francisco Bay, Trace Element Analysis, 2.0121

Mineral Genesis
CARBON, OXYGEN AND SULFUR ISOTOPES AND THE

ORIGIN AND SOURCES OF URANIUM MINERALIZATION
Oro Deposits, Radiochemical Techniques, Solution Chemistry,
Thermophysical Properties, Transfer Processes, Uraninite Group,
2.1083

MINERAL-WATER CHEMISTRY, GREAT LAKES ...Chemical
Reactions, Great Lakes-general, Mineral Equilibra, Model Stu-
dies, Phase Relationships, Solution Chemistry, ...5.0552

Nuclear - General
GEOCHEMICAL STUDIES WITH STABLE AND RADIOACTIVE

ISOTOPES ..Atmosphere, Mineral Groups, Radiochemical
Techniques, Sedimentary Rocks, Uranium, ...2.0134

Properties of Minerals
GEOCHElvilCAL CONTROLS OF WATER QUALITY ...Chemical

Analysis (water), Electroanalyses-other, Equilibrium-other, Reac-
tion-general, Solution Chemistry, _2.0115

Soil Chemistry
TRACE ELEMENTS IN RESIDUAL SOILS ...Clay Minerals-

general, Lateritic, Mineralogy, Soil Chemical Properties, Trace
Element Analysis, _2.0931

Trace Element Analysis
THE BIOLOGY AND CHEMISTRY OF TRACE ELEMENTS IN

MARINE AND ESTUARINE WATERS ...Chesapeake Bay,
Estuaries, Phytoplankton, Productivity - Food Chain, Zooplank-
ton, ...2.0556

PATHWAYS OF TRACE ELEMENTS IN ARCTIC LAKE
ECOSYSTEMS ...Arctic, Gel Filtration, Lakes, Organic-general,
Pollutants - Path of , _1.0004

CHEMICAL STUDIES ON THE WATERS AND SOILS OF
LAKES AND WETLANDS, WITH SPECIAL REFERENCE TO
MINOR ELEMENTS ...Chemical, Chemical-general, Lakes, Min-
nesota, Wetlands, 2.0660

FACTORS AFFECTING ZOOPLANKTON PRODUCTION IN
FOUR ARIZONA LAKES ...Environmental Ecology, Lakes,
Productivity - Food Chain, Water Bacteria, Zooplankton,
...5.0047

STRONTIUM ISOTOPE COMPOSITION AND TRACE ELEMENT
CONCENTRATIONS IN LAKE HURON AND ITS PRINCIPAL
TRIBUTARIES ...Chemical, Ions and Gases, Lake Huron, Rocks -
Bedrock, Strontium, 2.0854

TRACE ELEMENT CHEMISTRY OF A SMALL POND IN RELA-
TION TO PRODUCTIVITY ...Environmental Ecology,
Geochemical Analysis, Ponds, Population Dynamics, Zooplank-
ton, 6.0232

PRIMARY PRODUCTIVITY OF MINNESOTA LAKES ...Chemi-
cal-general, Lakes, Plankton (non-specific), Primary Productivity,
Water Sampling, 5.0607

A LABORATORY STUDY OF THE SOLUBLE METALS IN
ROCKS, SAPROLITE, AND SOIL FROM THE BROAD
QUADRANGLE, GEORGIA ,..Atomic Absorption, Laboratory
Analysis, Lateritic, Solubility, Solution Chemistry, 1.0037

MODE OF OCCURRENCE OF MINOR ELEMENTS IN SEDI-
MENTS AND SOILS ...Chemical Analysis - Soils, Groundwater,
Heavy Mineral Analysis, Mineralogy, Weathering Products,
1.0054

TRACE ELEMENTS IN RESIDUAL SOILS ...Clay Minerals-
general, Lateritic, Mineralogy, Soil Chemical Properties, Soil
Chemistry, 2.0931

THE ANALYSIS AND GEOCHEMISTRY OF TRACE ELE-
MENTS IN THE HYDROSPHERE .Activation Analysis, Bays,
Chemical Analysis (water), Chemical Reactions, Gamma,
1.0109

TRACE ELEMENT CHEMISTRY OF STREAMS OF THE
LOWER KANSAS RIVER BASIN ...Analysis and Detection,
Atomic Absorption, Chemical Analysis (water), Trace Analyses-
other, 1.0055

A COMPARATIVE STUDY OF TRACE ELEMENT CYCLES IN
SIX LAKES IN SOUTH CAROL! ...Chemical-gencral, Lakes,
Plankton (non specific), South Carolina, Water Cycle, ..2.0944

TRACE ELEMENT CYCLES IN A SOUTHEASTERN RESER-
VOIR LAKE ...Adsorption Capacity, Radioactivity-general, Rate
of Deposition, Reservoirs, Reservoirs and Impoundments, Trace
Elements, Water Cycle, ...2.0945

GEOCHEMISTRY OF SAN FRANCISCO BAY ...Bays, Clays, Dis-
tribution, Mineral Associations, San Francisco Bay..2.0121

Transfer Processes
CARBON, OXYGEN AND SULFUR ISOTOPES AND THE

ORIGIN AND SOURCES OF URANIUM MINERALIZATION
...Mineral Genesis, Ore Deposits, Radiochemical Techniques,
Solution Chemistry, Thermophysical Properties, Uraninite Group,
...2.1083

ADSORPTION OF IONS IN TRACE CONCENTRATIONS ON
SOIL AND SILT PARTICLES ...Adsorption Capacity, Adsorp-
tion-other, Radioisotopes, Size, Soil Environment, 2.0349

OXYGEN DEMAND OF LAKE ERIE SEDIMENT ...Aquatic Soils,
Deposits-other, Oxygen, 2.0627

Weathering Products
GEOCHEMISTRY AND HYDROLOGY OF A SMALL BASIN IN

THE UPPER BUFFALO RIVER WATERSHED, TENNESSEE
Hydrology-general, Small Watersheds, Tennessee, Water Cycle,
Water Properties-general, 2.0999

MODE OF OCCURRENCE OF MINOR ELEMENTS IN sam-
MENTS AND SOILS ...Chemical Analysis - Soils, Groundwater,
Heavy Mineral Analysis, Mineralogy, Trace Element Analysis,
1.0054

Geochemistry-general
GEOCHEMISTRY OF AQUIFERS AS AFFECTED, OR POTEN-

TIALLY AFFECTED BY OFFTAKE OR ARTIFICIAL
RECHARGE ...Aquifers-general, Artificial Recharge, Chemical-
general, Discharge-general, Louisiana, _2.0530

SUBSURFACES BRINES CONTAINING VALUABLE AND
STRATEGIC MINERALS ...Brines - Saline Waters, Chemical-
general, Hardness-minerals, Potential of Deposit, ...7.0091

Hydrosphere
Groundwater

CONTAMINATION OF GROUND WATER FROM RADIOAC-
TIVE PACKAGES IMPACTING ON LAN ...Ground Water,
Groundwater Movement, Pollutants - Path of , Radioactivity-
general, 4.0240

MINERALOGIC CONTROLS ON CHEMISTRY OF GROUND
WATER ...Carbon-14, Chemical-general, Clay, Mineralogy,
Reverse Osmosis, ...2.1094

Lakes
STUDY OF LIGHT ISOTOPES IN LACUSTRINE ENVIRON-

MENTS ...Gaseous Atmosphere, Oxygen, _2.0242

Reservoirs
TRACE ELEMENT CYCLES IN A SOUTHEASTERN RESER-

VOIR LAKE ...Adsorption Capacity, Radioactivity-general, Rate
of Deposition, Reservoirs and Impoundments, Trace Element
Analysis, Trace Elements, Water Cycle, 2.0945
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Geochemistry

Lithosphere
Mineral Groups

GEOCHEMICAL STUDIES WITH STABLE AND RADIOACTIVE
ISOTOPES Atmosphere, Nuclear - General, Radiochemical
Techniques, Sedimentary Rocks, Uranium, 2,0134

Ore Deposits
CARBON, OXYGEN AND SULFUR ISOTOPES AND THE

ORIGIN AND SOURCES OF URANIUM MINERALIZATION
...Mineral Genesis, Radiochemical Techniques, Solution Chemis-
try, Thermophysical Properties, Transfer Processes, Uraninite
Group, 2.1083

Sedimentary Rocks
GEOCHEMICAL STUDIES WITH STABLE AND RADIOACTIVE

ISOTOPES Atmosphere, Mineral Groups, Nuclear General,
Radiochemical Techniques, Uranium, ..2.0134

Geochronology
Dendrochronology

HYDROLOGIC CHARACTERIZATION OF FORESTED
WATERSHEDS IN ARIZONA ...Forecasting-prediction, Forest
Watersheds, Management, Runoff, Snowpack, Water Yield,
2.0051

Radioactivity Methods
Carbon -14

THE EVALUATION OF APPLICATION OF C-I4 DATING OF
GROUND WATER .,.Aquifers-general, Disposal Methods-other,
Groundwater, Radioactivity-general, Underground Waste
Disposal, 5,0241

WATER TRACING AND DATING IN HAWAII HYDROLOGIC
CYCLE ...Groundwater Movement, Hawaii, Radioisotopes, Sur-
face Water, Tritium, Water Cycle, 10375

WATER DATING TECHNIQUES AS APPLIED TO THE MIS-
SOULA GROUND-WATER RESERVOIR, MONT. ...Geochemi-
cal Analysis, Groundwater Movement, Montana, Unconsolidated
Aquifers, 2.0715

CARBON-14 CONTENT OF FRESH WATER CARBONATES
Carbonates-general, Chemical, Palcoclimatology, Paleohydrolo-
gy, Playas, 2.0048

RELICT COPEPODS FROM LAKE TUBORG, ELLESMERE
ISLAND .,,Brackish Water, Canada, Copepods, Lakes, Plankton
Sampling, ..2.0257

MINERALOGIC CONTROLS ON CHEMISTRY OF GROUND
WATER ...Chemical-general, Clay, Groundwater, Mineralogy,
Reverse Osmosis, 2.1094

Radioactive Dating-general
DEEP ICE CORE STUDIES AND ANALYSES FROM GREEN-

LAND AND ANTARCTICA ...Antarctica, Core Analysis, Dust -
Particulate Matter, Extraterrestrial, Greenland, Velocity, ...2.0754

SUBJECT INDEX

Tritium
IDENTIFICATION OF IRRIGATION RETURN WATER IN THE

SUBSURFACE ..,Chemical-general, Hawaii, Irrigation-general,
Physical-general, Springs, ...5.0314

DETECTION OF SUBSURFACE CAVITIES OR CONDUITS IN
FOUNDATIONS OF PROPOSED RESERVOIRS AND EN-
GINEERING STRUCTURES ...Carbonates, Cave Studies, En-
gineering Structures-general. Geology - Engineering, Geothermal
Gradient, 8.0073

Uranium
ENVIRONMENTAL RADIATION STUDIES ...Core Analysis, Pro-

tactinium, Rate of Deposition, Thorium, 1.0113

Geography-cultural
INTER-DISCIPLINARY RESEARCH IN THE AREA OF THE

KANO PLAINS, WESTERN KENYA ...Aquatic Ecology,
Geomorphology-general, Kenya, ...3.0246

Geography-physical
URBAN AND METROPOLITAN STUDIES ...Aerial, Planning,

Remote Sensing-general, Urbit.., Urban Environments, _6.0139
COORDINATION AND LIAISON AT MANNED SPACECRAFT

CENTER, HOUSTON ...Acromagnetic, Aircraft, Hydrology-
general, Infrared Radiation, Ultra - Violet Radiation, 6.0146

DOCTORAL DISSERTATION RESEARCH IN GEOGRAPHY
...Data Analysis - General, General Synoptic Observations, Hu-
midity, Ohio River, Water Balance-budget, 3.0392

RAINFALL OVER MISSOURI ...Data Analysis - General, Gages,
Modification, Patterns, Topographic Influences, ..2.0694

DISTRIBUTION AND DENSITY OF BREEDING WATERFOWL
POPULATIONS AS RELATED TO QUANTITY AND QUALI-
TY OF WETLAND HABITAT IN NORTH DAKOTA ...North
Dakota, Number Or Density, Spawn Or Nestng Sites, Water
Fowl, N.s. , Wetlands, 6.0420

Geologic History
Glacial History

GLACIAL GEOLOGY OF THE CHAMPLAIN VALLEY ...Clays,
Mapping, New York, Till, Vermont, 2,1089

Origin of Life
EFFECTS OF WATER PROPERTIES IN THIXOTROPIC CLAY

SYSTEMS ON BIOLOGICAL ACTIVITY Anaerobic Bacteria,
Cell Cycle, Clay, Thermodynamics, 6.0217

Paleoclimatology
CARBON-14 CONTENT OF FRESH WATER CARBONATES

_Carbon- I 4. Carbonates-general, Chemical, Paleohydrology,
Playas. 2.0048

Sedimentary Basins
GEOLOGY AND HYDROLOGY OF THE PRESIDIO BOLSON,

TEXAS AND ADJACENT MEXICO .,.Bolsons, Groundwater,
Hydrology-general, Local Stratigraphy, Water Yield, 2.1011

Sedimentary History
THE WILCOX GROUP IN TEXAS ...Clastic Aquifers, Ground-

water, Local Stratigraphy, Specific Rock Unit, Texas, .,2.1007
GEOLOGY OF VALLEY FILL DEPOSITS IN THE MIDDLE IL-

LINOIS RIVER VALLEY ...Clastic Aquifers, Deposits, Hydrolo-
gy-general, Valley! Buried, 7.0036

Geologic Structures
Basins

Big Horn
STUDIES IN SOILS AND AGRONOMIC PRACTICES -

SHOSHONE PROJECT, WYOMING ...Air - Water - Plant Rela-
tions, Management, Physical Properties-general, Rates Or Levels
of Application, Saline and Alkaline Soils, _3.0494

ARID LAND ECOLOGY AND ENVIRONMENT STUDIES IV.
WATER QUANTITY MANAGEMENT ...Arid aid Desert,
Deserts, Deserts, Arid Lands, Moisture Content, Wyoming,
..A.0281

PERMEABILITY DISTRIBUTION AND SEDIMENTATIONAL
FEATURES ...Clastic Aquifers, Permeability, Petrography, Sedi-
mc.tary Structures-other, Water Yield, 2.0271

Great Basin
AN ATMOSPHERIC ENERGY BUDGET STUDY ...Heat

Exchange, Storms - general, Water Balance-budget, 2.0738
CHEMICAL AND FLOW REGIMES OF GREAT BASIN SPRINGS

,..Chemical-general, Flow Characteristics -water, Groundwater
Movement, Springs, 2.0736

SALVAGE AND USE OF WATER LOST TO PHREATOPHYTES
IN THE GREAT BASIN ...Energy Budgets, Management,
Moisture Levels, Phrcatophytes, Water Loss Control, ..3.0315

DRAINAGE SYSTEMS FOR THE GREAT BASIN Artesian
Flow, Drainage, Drainage Systems, Groundwater Movement,
Permeability, 4.0164

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE IN THE
GREAT BASIN ...Arid and Desert, Evapotranspiration, Lysime-
ters, Sprinkler Irrigation, Water Balance-budget, ...3.0314

San Joaquin
LAND SUBSIDENCE STUDIES IN THE SAN JOAQUIN VALLEY

...California, Subsidence, ..2.0152

San Juan
THE POST - PLEISTOCENE EPICYCLE SEQUENCE OF ALLU-

VIATION AND EROSION IN THE LOWER SAN JUAN
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SUBJECT INDEX Geology - Engineering
DRAINAGE Alluvial Deposits, Archeology, Gullys - Arroyos,
Paleoenvironments, Palcohydrology, ...2.1097

Depressions
Rio Grande

FLOOD FREQUENCY STUDY ,.,Bridges & Culverts, Culvert,
Floods, New Mexico, Peak Flow, ..,2.0772

Downwarps
Snake River

ECOLOGY OF SELECTED AQUATIC BACTERIA IN THE
SNAKE RIVER ...Bacterial Pollutant Sources, Pollution - Effects
of , Pulp, Paper , and Logging, Sewage, Water Bacteria, 5.1236

Embayments
Mississippi

A REGIONAL STUDY OF THE CHANGING OCCUPANCY AND
DEVELOPMENT OF AN ALLUVIAL LOWLAND ..,Alluvial
Deposits, Land Usc, Management, Model Studies, RegionalAreas, 7.0031

Rio Grande
ATMOSPHERIC WATER RESOURCES RESEARCH IN THE

STATE OF NEW MEXICO Clouds-general, Clouds-precipita-
tion, New Mexico, Precipitation Instruments, Storms-general,2.0175

Hills - Ridges - Massifs
Henry Mountains

PHYSIOGRAPHIC STUDY OF PART OF THE HENRY MOU-
TAINS REGION, UTAH ...Erosion, Physical Features-general,
Physiography-general, Processes, Utah, 2.0563

Shields - Shells - Platforms
Yellowstone Plateau

GEOTHERMAL INVESTIGATIONS YELLOWSTONE PARK
.Gravity Surveys, Hot Springs, Magnetic Surveys, Satellites,
Seismic Surveys, Terrain Analysis, ...6.0147

Troughs
Salton

EFFECTS OF INCREASE IN SALTON SEA SALINITY ON THE
SURVIVAL OF ORANGEMOUTH CORVINA, SARGO, BAIR-
DIELLA, AND NEANTHES .,.Bioindicators, Captive Rearing,
Fish -other, Pollution - Effects of , Salinity, Water Salinity,5.0146

Uplifts
Cascade Mountains

CASCADES ATMOSPHERIC WATER RESOURCES PROGRAM
Augmentation-general, Clouds-precipitation, Data Analysis -
General, Formation, Washington, ...2.1128

Sierra Nevada
FACTORS RESTRICTING INFILTRATION RATES ON DECOM-

POSED GRANITIC SOILS ...Floods, Infiltration, Intrusivcs, Or-
ganic-general, Sand, 2.0732

EVAPOTRANSPIRATION PATTERNS OF FOREST AND BRUSH
VEGETATION ON THE EAST SLOPE OF THE SIERRA,
NEVADA ...Evapotranspiration, Forest Watersheds, Moisture
Levels, Mountains-alpine, Slope - Direction of , 4.0167

GEOMORPHIC STUDIES IN THE SIERRA NEVADA, CALIFOR-
NIA ...Glaciers, Morphology-general, Regimen, Sediment Rela-
tionship, Streams, 2.0119

Geologic Time
Cenozoic Era

Quaternary Period
MORPHOLOGY AND HYDROLOGY OF PLEISTOCENE

DEPOSITS, DELAWARE ...Geophysical Analysis, Groundwater
Movement, Morphology-general, Permeability, Unconsolidated
Aquifers, Water Yield, .,.2.0253

URANIUM AND HYDROGEN RADIONUCLIDES AS NATURAL
TRACERS IN THE FLORIDAN AQUIFER ...Aquifers-general,

Florida, Radioisotopes, Recharge -general, Tritium, Uranium,2.0326
SALT DISTRIBUTION ALONG LAKE BOTTOM AND WITHIN

DEEP SEDIMENTS BENEATH GREAT SALT LAKE
Chlorine, Great Salt Lake, Salt, Sodium, 5.1201

GEOLOGIC ASPECTS OF SEA-WATER ENCROACHMENT -
RECOGNITION OF LATE GLACIAL SUBSTAGES IN NEW
YORK AND NEW ENGLAND .,.Field Studies, New York, Saline
Water Intrusion; Sea Level Variations, Shoreline Coastline,2.0300

QUATERNARY SEDIMENTATION AT MARINE-FLUVIAL IN-
TERFACE, SW OREGON Bed Load, Geological Exploration,
Heavy Minerals, Mineralogy-petrology, Size, 2.0120

Tertiary Period
GEOHYDROLOGIC ENVIRONMENTAL STUDIES .,. Clastic

Aquifers, Facies, Flow Characteristics -water, Permeability,
Specific Rock Unit, ..,2.0538

HYDROGEOLOGIC MAPPING OF PALEOCENE SEDIMENTS,
WESTERN TENNESSEE ..,Clastic Aquifers, Mapping, Specific
Rock Unit, Surficial Geology, Tennessee, 2.0995

Paleozoic Era
Pennsylvanian Period

HYDROLOGY OF BURIED PENNSYLVANIAN CHANNEL
SANDSTONE, KENTUCKY Clastie Aquifers, Kentucky, Obser-
vation Wells, Salinity, Valley, Buried, .,,2.0527

Permian Period
PERMIAN BASIN - ORIGIN OF SALINE WATER DISCHARGE

.,,Brines, Groundwater Movement, Saline Water Intrusion, Sub-
surface Flow, Texas, 2.1004
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Geological Exploration
WATER EXPLORATION AND MAPPING ...Mapping, Remote

Sensing-general, Water Resources Development, 6.0144
QUATERNARY SEDIMENTATION AT MARINE-FLUVIAL IN-

TERFACE, SW OREGON ...Bed Load, Heavy Minerals,
Mineralogy-petrology, Quaternary Period, Size, 2.0120

Geology - Engineering
ENVIRONMENTAL GEOLOGY STUDY OF DALLAS-FT,

WORTH METROPOLITAN REGION ...Data Acquisition-general,
Groundwater, Shallow, Texas, Urban Environments, 7.0098

ENGINEERING GEOLOGY ...Core Analysis, Dams-general, Foun-
dations-general, Highway Sites, Reservoirs, 8.0174

HYDROLOGY OF THE SUB-LAKE SEDIMENTS BENEATH
GREAT SALT LAKE .,,Artificial Recharge, Brines, Great Salt
Lake, Interstitial - Connate Water, Permeability, 2.1082

GEOLOGIC AND ENGINEERING SIGNIFICANCE OF FRAC-
TURED ROCK .,.Joints-fractures, Rock Mechanics, 8.0224

STRENGTH OF JOINTED ROCKS ...Breccia-general, Fine-grained
Clastics, Joints-fractures, Limestone General, Rock Mechanics,8.0262

RESEARCH TO DETERMINE THE FEASIBILITY OF NUCLEAR
EXCAVATION ...Excavation, Nuclear Excavation, Nuclear Ex-
plosion, ...2.0102

MODEL STUDY OF UNDERGROUND OPENINGS ,..Dams-
general, Foundations-general, Model Studies, Rock Mechanics,
Structural Analysis-general, Tunnel, 8.0067

DETECTION OF SUBSURFACE CAVITIES OR CONDUITS IN
FOUNDATIONS OF PROPOSED RESERVOIRS AND EN-
GINEERING STRUCTURES ...Carbonates, Cave Studies, En-
gineering Structures-general, Geothermal Gradient, Tritium,
,..8.0073

CORRELATION OF JOINT DENSITY AND ROCK LOADS - -IN-
STALLATION OF TUNNEL SET LOAD CELLS IN DIVIDE
TUNNEL, COLORADO Colorado, Engineering Structures-
general, Joints-fractures, Tunnels, ..8.0134

ENGINEERING GEOLOGIC PROPERTIES OF ROCK .,.Aerial,
Borehole Geophysics, Foundations-general, Microstructure,
Technique Development, ..8.0098

SEISMICITY OF FAULTS - ENGINEERING GEOLOGIC
EVALUATION ...Earthquakes, Engineering Structures-general,
Faults, Microseisms - Background, Seismographs, 8.0057

BASIC ROCK PHYSICS ..Engineering Structures-general, Founda-
tions-general, General Petrology, Joints-fractures, Weathering,
...8.0118



Geology - Engineering SUBJECT INDEX

STRENGTH OF ROCK MASSES ...Engineering Structures-general,
Joints, Joints-fractures, Mine Structures, Rock Mechanics,
_8.0029

ENGINEERING GEOLOGIC BEHAVIOR OF FOUNDATIOW !N
RESERVOIRS IN GYPSUM-LIMESTONE TERRAIN ...Engineer-
ing Structures-general, Foundations-general, Gypsum, Limestone -
General, Solution Chemistry, ...8.0074

Geology-general
GEOLOGY OF THE LAJITAS AND REDFORD QUADRAN-

GLES, BREWSTER AND PRESIDIO COUNTIES, TEXAS ...At-
lases-maps, Geologic Maps, Groundwater, Texas, ...2.1014

GEOLOGY OF THE CAVE CREEK SCHOOL MONUMENT
HILL, AND YEAGER CREEK QUADRANGLES, GILLESPIE,
BLANCO, AND HAYS COUNTIES, TEXAS ...Atlases-maps,
Geologic Maps, Groundwater, Texas, Water Resources Develop-
ment, 7.0101

ENVIRONMENTAL GEOLOGY OF THE SPRINGFIELD-
DECATUR AREA .Appraisals-general, Groundwater, Illinois,
Land Use, Urban Environments, ..,6.0193

GEOLOGY AND GROUND WATER RESOURCES OF WARD
COUNTY .Aquifers-general, Groundwater, Hydrology-general,
North Dakota, Water Quality-general, ...2.0841

GEOLOGY AND GROUND WATER RESOURCES OF
RENVILLE COUNTY Aquifers-general, Groundwater, North
Dakota, Water Resources - General, Water Wells, ...2.0843

GEOLOGY AND GROUND WATER RESOURCES OF PEMBINA
COUNTY ...Aquifers-general, Deposits, Groundwater, Mapping,
Permeability, Rocks - Bedrock, ...2.0844

GEOLOGY AND GROUND WATER RESOURCES OF NELSON
COUNTY ...Aquifers-general, Deposits, Groundwater, Mapping,
Permeability, Rocks - Bedrock, 2.0845

GEOLOGY AND GROUND WATER RESOURCES OF WALSH
COUNTY ...Aquifers-general, Deposits, Groundwater, Mapping,
Permeability, Rocks - Bedrock, ...2,0846

GEOLOGY AND GROUND WATER RESOURCES OF CAVALI-
ER COUNTY ...Aquife:,- general, Deposits, Groundwater,
Mapping, Permeability, Rocks - Bedrock, 2.0847

Geomorphology-general
ASSEMBLY AND ANALYSIS OF HYDROLOGIC AND

GEOMORPHOLOGIC DATA FOR SMALL WATERSHEDS IN
INDIANA ...Data Analysis - General, Hydrographs, Indiana, Small
Watersheds, Streams, 2.0459

RECENT VARIATIONS IN COURSE AND REGIMEN, KANSAS
RIVER AND NEARBY REACHES OF MISSOURI RIVER
_Floodplains, Kansas, Meanders, Sedimentology-gcncral,
...2.0503

EXTERNAL GEOMETRY OF SUPERPOSED ELONGATE SAND-
STONES, NORTH-CENTRAL TEXAS ...Channel Filling, Clastic
Aquifers, Isopach, Sandstones, Subsurface, ...2,1006

INTER-DISCIPLINARY RESEARCH IN THE AREA OF THE
KANO PLAINS, WESTERN KENYA ...Aquatic Ecology, Geog-
raphy-cultural, Kenya, ...3.0246

Geomorphology-quantitative
MATHEMATICAL GEOMORPHOLOGY ...Erosion, Features,

Model Studies, Processes, Terrain Analysis, 2.0425
RELATION OF CLIMATIC AND WATERSHED FACTORS TO

RUNOFF RATES AND VOLUME YIELDS ...Agricultural
Watersheds, Climate, Flow Characteristics -water, Morphology-
general, Storms-general, Water Yield, ...2.0333

Geophysical Analysis
GREAT LAKES RESEARCH - MONITORING OF WATER

CHARACTERISTICS ...Automatic Data Aquisition, Forecasting-
prediction, Great Lakes-general, Temperature, ...2,0647

INDUCED ELECTRICAL POLARIZATION AND GROUND
WATER. ...Artificial Recharge, Electric 1 ogging, Groundwater,
Groundwater Basins, Polarization, ...7.0007

THE DEVELOPMENT OF GEOCHEMICAL AND GEOPHYSI-
CAL TECHNIQUES AS AN AID TO DETERMINING AVA!LA-
BILITY OF GROUND WATER IN LIMESTONE TERRANES
...Available Water, Geochemical Analysis, Groundwater, Karst
Topography, Water Sources -general, ...2.0009

GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE II ...Electric Logging, Efectromagnetie Prob-
ing, Groundwater, Hawaii, Seismic Surveys. 2.0371
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APPLICATION OF SEISIvIliC SHEAR WAVE STUDIES TO THE
INVESTIGATION OF AQUIFERS ...Aquifers-general, Lithology,
Shear, Technique Development, Velocity, ...4.0137

MORPHOLOGY AND HYDROLOGY OF PLEISTOCENE
DEPOSITS. DELAWARE ...Groundwater Movement, Morpholo-
gy-general, Permeability, Quaternary Period, Unconsolidated
Aquifers, Water Yield, ...2.0253

EVALUATIION BY TEST DRILLING OF GEOPHYSICAL
PROSPECTING FOR GROUND WATER IN THE PIEDMONT
AREA, ALABAMA Chemical Analysis (water), Drilling and
Coring, Groundwater, Pumping, Water Development, 2.0006

GEOPHYSICAL EXPLORATION FOR HAWA ;LAN GROUND
WATER - PHASE III ...Electric Logging, Groundwater, Hawaii,
Seismic Surveys, Volcanoes, _2.0369

RECHARGE IN RIVER VALLEYS OF CENTRAL AND EAST-
ERN KANSAS - EFFECT OF TUTTLE CREEK RESERVOIR
ON GROUNDWATER LEVELS ...Aquifers - general, Chemical-
general, Natural Recharge, Reservoirs and Impoundments, Water
Table Fluctuation, 2.0509

INDUCTIVE ELECTROMAGNETIC METHODS FOR MAPPING
AND EVALUATING AQUIFERS ...Aquifers-general, California,
Electric Logging, Groundwater, Mapping, ...2.0183

GROUND WATER RESERVOIR RESPONSE TO EARTH TIDES
...Aquifers-general, Earth Tides, Porosity, Storage of Water,
Water Table Fluctuation, ...2.1108

THE USE OF NUCLEAR METHODS FOR DETERMINING
FOREST SOIL SITE INDEX ...Runoff, Site Index and Site Quali-
ty, Soil Depth, Soil Morphology, Profiles, Soil Profile, 3.0249

GROUND -WATER GEOLOGY OF DEKALB AND BOONE
COUNTIES, ILLINOIS ...Aerial, Clastic Aquifers, Deposits,
Groundwater, Local Stratigraphy, Mapping, 4.0096

ELECTRICAL EARTH RESISTIVITY SURVEYS ...Clastic
Aquifers, Electric Logging, Electrodes, Groundwater, Illinois,
...7.0033

STREAMFLOW HYDROGRAPH SEPARATION ...Electrical,
Groundwater, Hardness-minerals, Hydrographs, Runoff, Surface
Water, ...2.0420

EXPLORATION AND MAPPING OF THE SALISBURY
PALEOCHANNEL .Atlases-maps, Borehole Geophysics, Chan-
nels, Maryland, Valley, Buried, ...2.0566

GREAT LAKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS ...Automatic Data Aquisition, Forecasting-
prediction, Great Lakes- general, Instrumentation - general, Tem-
perature, ...2.0649

SAFFORD VALLEY, ARIZONA GEOPHYSICAL STUDIES
.. Arizona, Groundwater, Hydrology-general, ...2.0276

ELECTRONIC EQUIPMENT DEVELOPMENT ...Groundwater
Movement, Switches, Technique Development, Transducers,
...7.0021

AERIAL MEASUREMENT OF HYDROLOGIC PHENOMENA
...Aerial, Data Acquisition-gcneral, Humidity Instruments,
Hydrology-general, Infrared Radiation, 7.0003

BOREHOLE GEOPHYSICS AS APPLIED TO GEOHYDROLOGY
...Aquifers- general, Borehole Geophysics, Groundwater Move-
ment, Instrumentation-general, Technique Development, 7.0018

WATER RESOURCES OF CENTRAL WISCONSIN, A WATER-
POOR AREA ...Artificial Recharge, Augmentation-general,
Deposits, Valley, Buried, Wisconsin, ...2.1I46

BASIC HYDROLOGIC RESEARCH IN SELECTED AREAS IN
SOUTH DAKOTA ...Aircraft, Aquifers-general, Reconnaissance,
South Dakota, Water Sources - general, 2.0976

Geophysical Equipment
INFRARED IMAGER STUDIES Detectors, Image Amp, Infrared

Radiation, Instrumental Services, Mineralogy, 6.0299

Georgia
HELD EXPERIMENTS ON THE FLUX OF RADIONUCLIDES

THROUGH A SALT MARSH ECOSYSTEM, RENEWAL
...Chlorideae -other, Model Studies, Productivity - Food Chain,
Swamps-marshes, Water Cycle, ...2.0345

TROUT STREAM - SURVEY OF STREAMS AND THEIR
WATERSHEDS ...Biological-general, Bottom Sampling, Erosion-
general, Physical-general, Population Dynamics, ...2.0361

WEED AND ALGAE CONTROL, SMALL IMPOUNDMENT IN-
VESTIGATIONS ...of Aquatic Plants, Plant Pollutants, Reservoirs
and Impoundments, Soil Sterilants, ...5.0304



SUBJECT INDEX Glaciers

SCORP UNIVERSITY OUTDOOR RECREATION RESEARCH
STUDY SERVICE SPECIAL PROBLEMS ...Demand Analysis,
Recreation Sites, Urban Environments, .,6.0160

THE ARTESIAN SYSTEM IN GEORGIA STRATIGRAPHY AND
HYDROLOGY OF THE OCALA ...Artesian Flow, Carbonate
Aquifers, Groundwater Movement, Natural Recharge, Piezometry,
_4.0082

TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATEPS Basellow, Floods,
Forest Watersheds, Hydraulic Structures, Runoff, Subsurface
Flow, 2.0339

PHOSPHORUS BUDGETS OF LAKES SIDNEY, LANIER AND
HARTWELL ,Chemical-general, Nutrients, Phosphorus, Po llu-
tants - Path of Reservoirs and Impoundments, ...5M293

THE DEMAND AND PRICE STRUCTURES FOR WATER IN A
HUMID AREA ...Consumptive Use Humid, Price & Value,
Water Costs, Water Demand, 6.0161

A STUDY OF SUBSURFACE FLOW INTO MOUNTAIN
STREAMS AS RELATED TO TOPOGRAPHY AND PARTIAL.
SOURCE AREAS ...Basetlow, Japan, Mountains-alpine, Relief,
...2.0340

ESTUARINE HYDROGRAPHY AND ITS ROLE IN TRANSPORT
OF NATURALLY PRODUCED FOODS AND POLLUTANTS
Effluents-waste Water, Estuaries, Water Movement-general,
Water Properties-general, Water Quality-general, ...2.0352

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN GEORGIA _Baseflow, Runoff, Small
Watersheds, Statistics-general, Water Yield, 4.0083

THE DISPOSITION OF PESTICIDES IN THE SOIL Groundwater
Movement, Movement, Leaching, Persistence in Soils, Pesticides -
non- specific, Soil Environment, ...5.0287

THE INTERRELATIONSHIP BETWEEN WATERSHED FAC-
TORS THAT AFFECT RUNOFF RATES AND VOLUME
YIELDS IN THE SOUTHERN COASTAL. PLAINS ...Agricultural
Watersheds, Hydrology-general, Morphology-general, Runoff,
Water Yield, 3.0193

RELATIONSHIPS BETWEEN PESTICIDES AND GEORGIA
FARM POND ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles,
Clay, DDT , Endrin, Farm Pond, Pollution - Effects of , Soil
Types, 5.0288

STATISTICAL ANALYSIS OF FLOOD PEAKS OF GEORGIA
RIVERS ...Data Analysis Applications, Digital Computers,
Discharge-general, Floods, Peak Flow, ..2.0357

A STUDY OF GEORGIA RIVERS AND LAKES ...Lakes, Streams,
Travel Grants. Water Quality-gencral. 5.0300

PILOT STUDY OF THE PROBABILITY OF OCCURRENCE OF
CLIMATOLOGICAL PHENOMENA IN THE ATLANTA AREA
...Applied Climatology. Model Studies, Weather Forecasting,
...2.0351

TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS ...Basellow, Flow
Characteristics -water, Forest Watersheds, Physical Properties -
other, Sediment Yield, 2.0341

INVESTIGATIONS IN ISOTOPIC HYDROLOGY ...Dispersion -

water, Radioisotopes, Tritium, Water Cycle, Water Movement-
,encril ...1.0032

SALT-WATER ENCROACHMENT IN THE BRUNSWICK AREA,
GEORGIA ,..Aquifers-general, Observation Wells, Piczometry,
Pumping, Saline Water Intrusion, ...5.0306

HYDROLOGY OF COASTAL AREA IN THE VICINITY OF
RICEBORO, GEORGIA ...Artesian Flow, Dispersion -water,
Estuaries, Saline Water Intrusion, Water Quality-general, 5.0305

Geothermal
TEMPERATURE PROSPECTING FOR SHALLOW GLACIAL

AND ALLUVIAL AQUIFERS Deposits, Temperature, Tem-
perature Profiles, Unconsolidated AquifersA.0095

Ghana
A SURVEY OF THE SEASONALLY-INUNDATED MARGINS OF

LAKE VOLTA (GHANA) ...Agriculture Industry, Floods, Soil
Types, Topographical -other, 4.0084

Glacial Environment
FLOOD RUNOFF & WATER YIELD FROM GLACIATED

MOUNTAINS ...Floods, Forest Watersheds, Heat Budget, Ruoff,
Water Balance-budget, Water Yield, ...3.0372

Glacial Features
Depositional Features

Drift
INTERRELATIONSHIP OF SURFACE AND SUB-SURFACE

FLOW IN THE NISHNABOTNA DRAINAGE BASIN
..,Discharge- other, Groundwater Movement, Iowa, River Basins,
Valley, Buried, ..2.0481

Outwash Plains
ADVANCE WARNING OF GROUND-WATER POLLUTION

HAZARDS, WITH SPECIAL REFERENCE TO AQUIFERS IN
GLACIAL OUTWASH ...Electrical, Electromagnetic Probing,
Groundwater, Physieal Parameters, Unconsolidated Aquifers,
..,5.1235

BASIC RESEARCH IN GEOMORPHOLOGY AND HYDROLOGY
..,Control Factors-general, Discharge-general, Eastern, Meanders,
Wisconsin, ?:.0272

HYDROGEOLOGY OF GLACIAL OUTWASH NEAR SIOUX
FALLS, SOUTH DAKOTA ...Analog Computers, Available
Water, Prediction Models, Projections and Estimations, South
Dakota, ,2.0975

Erosional Features
Cirques

ATMOSPHERIC WATER ...Colorado River, Evaporation, Snow-
melt, Snowpack, Water Loss Control, ...2.0223

Glacial Features-general
HYDROLOGY OF RIVER-BASED RECREATION ...Michigan,

Morphology-general, Recreation Sites, Streams, Water Quality-
general, 6.0304

Glaciers
REGIMEN OF THE MARTIN RIVER AND SIOUX GLACIERS,

ALASKA ...Alaska, Streams, ..2.0849
GLACIAL MELT WATER PREDICTION ...Encrgy, Forecasting-

prediction, Water, Water Yield, 2.0010
GEOMORPHIC STUDIES IN THE SIERRA NEVADA, CALIFOR-

NIA ,Morphology-general, Regimen, Sediment Relationship,
Sierra Nevada, Streams, 2.0119

Deposits
THE USE OF GRAVITY SHAFTS FOR GROUND WATER

RECHARGE, PHASE I OF A TWO PHASE STUDY ...Economic
Efficiency, Recharge Pits - Wells, Turbidity, Unconsolidated
Aquifers, .,4.0189

GROUND-WATER GEOLOGY OF DEKALB AND BOONE
COUNTIES, ILLINOIS Aerial, Clastic Aquifers, Geophysical
Analysis, Groundwater, Local Stratigraphy, Mapping, 4.0096

TEMPERATURE PROSPECTING FOR SHALLOW GLACIAL
AND ALLUVIAL AQUIFERS ...Geotherm:Al, Temperature, Tem-
perature Profiles, Unconsolidated Aquifers, 4.0095

GEOLOGY OF VALLEY FILL DEPOSITS IN THE M. IDLE IL-
LINOIS RIVER VALLEY ...Clastic Aquifers, Hyd .ok gy-general,
Sedimentary History, Valley, Buried, ..7.0036

INVESTIGATION OF PERMEABILITY OF FINE GRAINED
GLACIAL SEDIMENTS IN RELATION TO WASTE DISPOSAL
IN ILLINOIS ...Disposal, Permeability, Recharge Pits - Wells, Till,
...2.0409

GEOLOGY AND GROUND WATER RESOURCES OF PEMBINA
COUNTY ...Aquifers-general, Geology-general, Groundwater,
Mapping, Permeability, Rocks - Bedrock, ...2.0844

GEOLOGY AND GROUND WATER RESOURCES OF NELSON
COUNTY ...Aquifers-general, Geology-general, Groundwater,
Mapping, Permeability, Rocks - Bedrock, ...2.0845

GEOLOGY AND GROUND WATER RESOURCES OF WALSH
COUNTY ...Aquifers-general, Geology-general, Groundwater,
Mapping, Permeability, Rocks - Bedrock, 2.0846

GEOLOGY AND GROUND WATER RESOURCES OF CA\
ER COUNTY ...Aquifers-general, Geology-general, Ground ..ter,
Mapping, Permeability, Rocks - Bedrock, ...2.0847

WATER RESOURCES OF CENTRAL WISCONSIN, A WATER-
POOR AREA ...Artificial Recharge, Augmentation-general,
Geophysical Analysis, Valley, Buried, Wisconsin, 2.1146

Energy
GLACIAL MELT WATER PREDICTION ...Forecasting-prediction,

Glaciers, Water, Water Yield, ...2.0010
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Glaciers SUBJECT INDEX

Floor Properties
CONTINUATION OF GLACIOLOGICAL INVESTIGATIONS ON

THE CASEMENT GLACIER, ALASKA ...Alaska, General
Synoptic Observations, Rate, Rheology Flowage, 2.0858

Movement
GLACIOLOGY AND METEOROLOGY OF ANVERS ISLAND,

ANTARCTICA ...Antarctica, Data Analysis - General, Geologic
Maps, Intensity, Thickness - Area, 2.0856

APPLIED PHYSICS AND MECHANICS .,.Alteration, Mechanical,
Sea Ice, 8.0265

BASIC RESEARCH IN VEGETATION AND HYDROLOGY
...Flooding, Groundwater, Land Use, Low Flow, Mapping, Water
Quality-general, 2.1100

Advance
CI ACIOLOGICAL RESEARCH ...Regimen, Runoff, Thickness

Area, Watersheds-other, 2.1136
Rate

CONTINUATION OF GLACIOLOGICAL INVESTIGATIONS ON
THE CASEMENT GLACIER, ALASKA ...Alaska, Floor Proper-
ties, General Synoptic Observations, Rheology - Flowage,
2.0858

Regimen
REGIMEN OF THE MARTIN RIVER AND SIOUX GLACIERS,

ALASKA ...Alaska, Streams, 2.0849
GLACIOLOGICAL RESEARCH ...Advance, Runoff, Thickness -

Area, Watersheds - other, ..2.1136
GEOMORPHIC STUDIES IN THE SIERRA NEVADA, CALIFOR-

NIA ...Glaciers, Morphology-general, Sediment Relationship, Sier-
ra Nevada, Streams, 2.0119

Rheology - Flowage
CONTINUATION OF GLACIOLOGICAL INVESTIGATIONS ON

THE CASEMENT GLACIER, ALASKA ...Alaska, Floor Proper-
ties, General Synoptic Observations, Rate, 2.0858

Thickness - Area
GLACIOLOGY AND METEOROLOGY OF ANVERS ISLAND,

ANTARCTICA ...Antarctica, Data Analysis - General, Geologic
Maps, Intensity, Movement, 2,0856

GLACIOLOGICAL RESEARCH ...Advance, Regimen, Runoff,
Watersheds-other, _2.1136

Water
GLACIAL MELT WATER PREDICTION ...Energy, Forecasting-

prediction, Glaciers, Water Yield, 2.0010
DISTRIBUTION OF DISSOLVED IONS IN ALASKAN WATERS

...Alaska, General Transport Effects, Glaciers, Ions and Gases,
Sedimen;s, Suspension, 2.0020

Glaciology-general
HYDROLOGIC ANALYSIS OF LAKE SYSTEMS AND OF

GLACIERS ...Climate, Infrared Radiation, Lakes, Snowpack,
Water Balance- budget, ..6.0142

CONTINUATION OF WORLD DATA CENTER A - GLACIOLO-
GY ...Data & Statistics Info Storage, Data and Statistics Centers,
Document & Literature Info, Periodicals, Research Facilities,
7.0083

Glycolic Acid Cpds
ENERGY SOURCES OF HETEROTROPHIC MICROORGANISMS

IN AN AQUATIC ENVIRONMENT ...Bioenergetics,
Heterotrophic Bacteria, Photosynthesis, Phytoplankton, ...2.0622

Gonyaulax
MARINE BIOTOXINS ...Animal Pollutant Sources, Bioindicators,

Contamination, Pollution-water, Eutrophication, Venom, ...5.1072

LABORATORY STUDIES OF TOXIC DINOFLAGELLATES ...Al-
gal Culture, Algal Toxins, Gulf of Mexico, Gymnodinium, Vegeta-
ble Origin, 5.1161

Graphite
REVERSE OSMOSIS MEMBRANES CONTAINING GRAPHITIC

OXIDE ...Desalination, Membranes-other, Pilot Plant, Reverse
Osmosis, ...3.0416

Gravitational Movement -water
HYDROLOGIC CHARACTERIZATION OF SMALL

WATERSHEDS ,..Drainage, internal Water Movement, Moisture
Content, Slopes, Small Watersheds, _2.0434

GRAVITY FLOW OF WATER IN SOILS AND AQUIFERS OF
WESTERN KANSAS Aquifers-general, Kansas, Natural
Recharge, Soil Environment, Storage of Water, ...2.050^

Gravity Studies
Applications

Structural Analysis
STATE GRAVITY SURVEY ...Gravity, Gravity Surveys, Illinois,

Seismic Reflection, Structure Location, 7.0035

Exploration Methods
Gravity Surveys

GEOTHERMAL INVESTIGATIONS - YELLOWSTONE PARK
...Hot Springs, Magnetic Surveys, Satellites, Seismic Surveys, Ter-
rain Analysis, Yellowstone Plateau, 6.0147

GEOPHYSICAL INVESTIGATIONS IN ALLUVIAL BASINS IN
SOUTHERN ARIZONA ...Arizona, Electric Logging, Hydrology.
general, Seismic Refraction, ..2.0062

GRAVITY INVESTIGATION OF WATER-BEARING STRATA IN
SWAN VALLEY, MONTANA ...Density, Local Structure, Mon-
tana, Porosity, Valley, Buried, 2.0713

STATE GRAVITY SURVEY ...Gravity, Illinois, Seismic Reflection,
Structural Analysis, Structure Location, 7.0035

Field Characteristics
Intensity

GLACIOLOGY AND METEOROLOGY OF ANVERS ISLAND,
ANTARCTICA ...Antarctica, Data Analysis - General, Geologic
Maps, Movement, Thickness - Arca, 2.0856

Great Lakes
Great Lakes-general

A STUDY OF TECHNOLOGIES FOR REDUCING WINTER
WEATHER COSTS ...Alaska, Benefit-cost Analysis, Forecasting-
prediction, Meteorological Extremes, Northeast, 2.0256

GREAT LAKES, PORTS AND SHIPPING SYSTEM ...Economics-
general, Information Analysis, Ports & Harbors, Water Transpor-
tation, 8.0171

GREAT LAKES RESEARCH - GREAT LAKES DEICING
...Bibliography, Harbors, Navigation, Origin, Sea !cc, 2.0643

GREAT LAKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS ..,Automatic Data Aquisition, Forecasting-
prediction, Geophysical Analysis, Temperature, ...2.0647

WATERSHED ANALYSIS RELATING TO EUTROPHICATION
OF LAKE MICHIGAN ...Data Analysis - General, Economics-
general, Eutrophication, Michigan, Social Aspects, ...1.0302

A SYSTEMS ANALYSIS OF THE WESTERN BASIN OF LAKE
ERIE ...Aquatic Ecology, Economic Impact, Pollution - Effects of
, Systems Analysis, Water Quality Control-general, 6.0426

VERTICAL CURRENT STRUCTURE IN THE GREAT LAKES
...Buoys, Currents -water, Forecasting-prediction, Model Studies,
Wind-water Interaction, ...2.0632

MINERAL-WATER CHEMISTRY, GREAT LAKES ...Chemical
Reactions, Mineral Equilibra, Mineral Genesis, Model Studies,
Phase Relationships, Solution Chemistry, 5.0552

BOTULINUM FOOD POISONING IN RELATION TO FISHERY
PRODUCTS ...Antibiotics, Clostridium Botulinum, Fish, N.s. ,
Microbiological, Repression, ...5.1305

STUDY OF THE HYDROLOGY FOR MODELS OF THE GREAT
LAKES ...Evaporation, Management, Precipitation-general, Ru-
noff, Systems Analysis, ...2.0435

STUDY OF SNOW CRYSTAI, TYPES IN GREAT LAKES
SNOWSTORMS ...Activation Analysis, Inorganic, Iodine, Storm
Water, Structure, ...2.0784
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SUBJECT INDEX Great Lakes

GREAT LAKES RESEARCH - ICE COVER DISTRIBUTION
...Atrial, Acrospatial, Alteration, Petrofabries, Sea Ice, ...2.0645

GREAT LAKES RESEARCH - LAKE EVAPORATION Evapora-
tion, Heat Budget, Humidity, Precipitation-general, Velocity,
2.0637

GREAT LAKES RESEARCH - LAKE PRECIPITATION ...Amount,
Forecasting, Lake Erie, Lake Michigan, Ocean Meteorological
Studies, .2.0638

GREAT LAKES RESEARCH - CHARACTERISTICS OF LAKE
WATER Chemical-general, Currents -water, Ocean Meteorolog-
ical Studies, Physical-general, Water Quality-general, .2.0648

GREAT LAKES RESEA`CH - EFFECTS OF STRUCTURES ON
COASTAL SEDIMENTATION ,Beach, Bed Load, Coastal En-
gineering-other, Energy - dynamics, Engineering Structures-general,
Velocity -water, 2.0650

GREAT LAKES RESEARCH - COASTAL AREA SEDIMENTA-
TION Beach, Development, General Transport Effects,
Lakeshores-inlets, Model Studies-2.0651

GREAT LAKES RESEAP.CH - LAKE WAVES ...Waves, .2.0641
GREAT LAKES RESEARCH - HARBOR CURRENTS Curr,mts -

water, Harbors, Model Studies, Pressure-density, Water Level
Fluctuation, Wind-general, ...2.0642

GREAT LAKES RESEARCH - SPOIL DISPOSAL EFFECTS
,Dispersion -water, Pollution - Effects of , Sedimentation, Sedi-
ments, Spoil Banks, Water Properties-general, 5.0561

GREAT LAKES RESEARCH - RIVER ICE JAMS ...Ice ,Jam,
Streams, Survey Studies, Water Movement-general, 2.0636

GREAT LAKES RESEARCH - GREAT LAKES DEICING ...Al-
teration, Bibliography, tee Properties-general, Origin, Sea lee,
.2.0646

GREAT LAKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS ...Automatic Data Aquisition, Forecasting-
prediction, Geophysical Analysis, Instrumentation-general, Tem-
perature, 2.0649

CHEMICAL CHARACTERISTICS OF THE GREAT LAKES
.Chemical Analysis (water), Nutrients, Productivity - Food
Chain, Water Quality-general, 5.0542

RESEARCH ON THE MACROBENTHOS OF THE GREAT
LAKES ,,.Aquatic Ecology, Benthic Fauna, Earthworms, Food
Supply, Water Quality - general, .,6.0292

MONITORING OF PESTICIDE LEVELS IN THE GREAT LAKES
Inhecticides - non - specific, Monitoring Systems, Pollutants-
general, Water Sampling, .,5.0544

ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E IN
GREEN BAY ...Clostridium Botulinum, Fish -non-specific, Fish,
N.s. , Microbiological, Repression, Vertical Distribution, ,2.1162

Lake Erie
LAKE ERIE DIKE ,..Dike, Disposal-other, Models, Wave Action,

Waves, ...8.0219
LAKE EFFECT STORM STUDY .Formation, Lake Ontario,

Model Studies, Sea of Japan, Weather Forecasting, ...2.0778
USE OF THE COASTAL ZONE FOR THE U. S. COASTLINE OF

LAKE ERIE AND LAKE SUPERIOR Lake Superior,
Lakeshores-inlets, is Use, Social Aspects, Welfare Economics,
6.0125

CLADOPHORA AS RELATED TO POLLUTION IN WESTERN
LAKE ERIE Algal Pollutant Sources, Bioindicators, Chemical
Analysis, Cladophora, Mapping, 5.0883

THE ECOLOGIC IMPACT OF THE INTERACTIONS AMONG
MICROORGANISMS AND AQUATIC CONTAMINANTS IN
LAKE ERIE ...Environment, Pollution - Effects of , Primary
Productivity, Sediments, Water Bacteria, 6.0427

DYNAMIC MODEL STUDY OF LAKE ERIE Hydraulics-general,
Inflow, Model Studies, Synthetic Hydrology-general, ...5.0766

A PROGRAM FOR DEMONSTRATING COMBINED SEWER
OVERFLOW CONTROL TECHNIQUE FOR WATER QUALI-
TY IMPROVEMENTS AND BEACH PROTECTION .,.Chlorina-
tion, Combined Sewer, Disinfection, Polyclectrolytes, Potable
Water, Shoreline - Coastline, .5.0867

NEUTRON ACTIVATION ANALYSIS OF IMPURITIES IN RAIN
AND SNOW ...Activation Analysis. Calcium, Rain-general, Snow-
melt, Storms-general, Sulfur, ...5.0767

RHEOTAXIS IN ALGAL METABOLISM AND PHOTOSYNTHES-
IS ...Algal Pollutant Sources, Cladophora, Motility and Migration,
Photosynthesis, Respiration, ..6.0377

LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM Biologi-
cal, Biological-general, Chemical, Chemical-general, Deltas,
Eutrophication, Meteorological Studies-general, Monitoring (long

Term Studies), Physical-general, Sedimentology-general, ,2.0783

INVESTIGATIONS OF SHORE EROSION ALONG THE OHIO
SHORELINE OF LAKE ERIE Aerial, Engineering Structures-
general, Erosion-general, Gaging, Shoreline - Coastline, 8.0275

MARINE SURFACE FORECASTING TECHNIQUES .Forecast-
ing-prediction, Ocean Meteorological Studies, Storms-general,
Surface Environments, Tides, .2.0599

GREAT LAKES RESEARCH - LAKE PRECIPITATION Amount,
Forecasting, Great Lakes-general, Lake Michigan; Ocean
Meteorological Studies, .2.0638

GREAT LAKES RESEARCH - WATER-LEVEL DISTURBANCES
...Lake Michigan, Model Studies, Sciches, Tides, Water Level
Fluctuation, .2.0640

ROUTINE SAMPLING AT SEVEN INDEX STATIONS ...Bottom
Sampling, Data Acquisition-general, Fish -non-specific, Plankton
Sampling, Water Sampling, 6.0438

ENVIRONMENTAL CHANGES IN LAKE ERIE ...Aquatic Ecolo-
gy, Environmental Changes Environmental Ecology, Ions and
Oases, Nutrients, ..5.0540

CHEMISTRY OF THE HYPOLIMNION OF LAKE ERIE .Chemi-
cal-general, Ions and Gases, Overturn, Oxygen, Stratification,
2.0625

QUANTITATIVE AND QUALITATIVE CHARACTERISTICS OF
MATERIALS CONTRIBUTING TO SEDIMENTATION IN
LAKE ERIE Locution, Organic, Organics, Rate of Deposition,
Sedimentation, ,..2.0628

DISTRIBUTION AND ABUNDANCE OF ZOOPLANKTON IN
LAKE ERIE ...Aquatic Ecology, Computers-general, Environmen-
tal Ecology, Interbiotic Relat.(non-specif), Other Computers,
Population Dynamics, ..6.0294

Lake Huron
DYNAMICS OF THE CIRCULATION IN THE GREAT LAKES

.Circulation General, Hydrodynamics, Lake Michigan, Model
Studies, Wind-water Interaction, ...2.0407

STRONTIUM ISOTOPE COMPOSITION AND TRACE ELEMENT
CONCENTRATIONS IN LAKE HURON AND ITS PRINCIPAL
TRIBUTARIES _Chemical, Ions and Gases, Rocks - Bedrock,
Strontium, Trace Element Analysis, ...2.0854

Lake Michigan
GEOLOGICAL STUDIES IN NORTHERN LAKE MICHIGAN

.Deposits-other, Lakes, Rocks - Bedrock, Submergcnt, Water
Level Fluctuation, 2.600

WINTER TEMPERATURE STRUCTURE OF THE GREAT
LAKES ...Circulation -water, Sea Ice, Temperature, Ther-
modynamics, .1.06311

STUDY OF INFLUENCE OF STRATIFICATION ON CURRENT
STRUCTURE ...Circulation General, Currents-other,
Hydrodynamics, ...2.0810

DYNAMICS OF THE CIRCULATION IN THE GREAT LAKES
...Circulation General, Hydrodynamics, Lake Huron, Model Stu-
dies, Wind-water Interaction, ...2.0407

A COHERENT-AREA STUDY OF SOUTHERN LAKE
MICHIGAN .Bioindicators, Chemical Identification, Eutrophica-
tion, Sedimentology-general, Weather Modification-other,
5.0547

A DETAILED STUDY OF LAKE MICHIGAN PLANKTON
DIATOMS ...Phytoplankton, Planktonic - Floating, Plant Taxono-
my, Range Or Territorial Distr. , 5.0554

A STUDY OF THE QUALITY OF INDIANA SURFACE WATERS
Indiana, Ions and Gases. Ohio River, Surface Water, Water
Quality-general, ...5.0389

LAKE MICHIGAN WATER QUALITY MODEL Discharge-
general, Hardness-minerals, ivianagement, Mathematical Analysis,
Water Quality-general, 6.0198

GREAT LAKES RESEARCH - LAKE PRECIPITATION ...Amount,
Forecasting, Great Lakes-general, Lake Erie, Ocean Meteorologi-
Lai Studies, .2.0638

GREAT LAKES RESEARCH - ENERGY TRANSFER AT THE
AIR-WATER INTERFACE ...Data Analysis - General, Heat and
Radiation Transfer, Heat-transfer-other, Mass Transfer, Towers,
Wind-water Interaction, 2.0639

GREAT LAKES RESEARCH - WATER-LEVEL DNSTURBANCES
...Lake Eric, Model Studies, Sciches, Tides, Water Level Fluctua-
tion. 2.0640

Lake Ontario
LAKE EFFECT STORM STUDY ...Formation, Lake Eric, Model

Studies, Sea of Japan. Weather Forecasting, _2.0778
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Great Lakes SUBJECT INDEX

LAKE EFFECT SNOW SITUATIONS, EASTERN LAKE ON-
TARIO AREA ..Atmospheric Pressure, Data Acquisition,
General Synoptic Observations, Topographic Influences, ...7.0084

SEASONAL VARIATIONS OF SOME LIMNOLOGICAL FAC-
TORS IN LITTLE SODUS BAY, NEW YORK ...Bays, Chemical-
general, Eutrophication, New York, Productivity - Food Chain,
-.3.0355

Lake Superior
USE OF THE COASTAL ZONE FOR THE U. S. COASTLINE OF

LAKE ERIE AND LAKE SUPERIOR ...Lake Eric, Lakeshores-in-
lets, Land Use, Social Aspects, Welfare Economics, -.6.0125

A STUDY OF THE OPEN WATER DISTRIBUTION AND
ABUNDANCE OF NET-PLANKTON AS AN INDEX OF
EUTROPHICATION I,N LAKE SUPERIOR ...Automatic Data
Aquisition, Bioindicators, Plankton Sampling, Water Quality-
general, Zooplankton, 5.0600

GREAT LAKES RESEARCH - ICE CHARACTERISTICS ...Aerial,
Micrometeorology, Origin, Petrofabrics, Radiation-terrestrial, Sea
Ice, -.2.0644

LAKE SUPERIOR CHEMICAL CONTROL OF SEA LAMPREY
...Control of Nuisance Species, Flow Characteristics -water,
Lampreys, Larvicides, Streams, ...5.0577

LAKE SUPERIOR EXPLORATIONS ...Commercial Fishing,
Management -other, Nets, Smelts, Suckers, _6.0293

EFFECTS OF HIGH TEMPERATURE, LOW OXYGEN, AND PH
EXTREMES ON THE SURVIVAL OF AQUATIC INSECTS
AND CRUSTACEA IMPORTANT AS TROUT FOOD ...Aquatic
Ecology, Food Supply, Gases, Dissolved -water, High Temp. -85f
Or Above, Ph, Acidity -water, ...5.0593

Great Salt Lake
MINERAL RECOVERY FROM CONCENTRATED BRINES

...Brines, Chloride, Desalination, Magnesium, Potassium,
Regeneration-other, ...3.1198

THE BIOLOGY AND CONTROL OF TABANIDAE IN
MARSHLANDS ALONG THE EASTERN SHORE OF THE
GREAT SALT LAKE, UTAH Hes - horse,dcer, Habitat Studies,
Management, Survey Methods, Swamps-marshes, 6.0596

SHORE -LINE ENGINEERING STUDIES ON GREAT SALT LAKE
...Hydraulic Structures, Hydrographic, Shoreline - Coastline,
Shoreline Structures, Wave Action, -.8.0293

ENGINEERING CHARACTERISTICS OF THE BOTTOM SEDI-
MENTS OF GREAT SALT LAKE ...Engineering Structures-
general, Soil - Bearing Capacity, Soil Exploration, Soil Test -
Insitu, Vane, ...8.0294

CHEMICAL QUALITY OF BRINES ASSOCIATED WITH DEEP
SEDIMENTS BENEATH GREAT SALT LAKE ...Brines, Chemi-
cal Analysis (water), Salt, Water Sampling, Water Wells, -.5.1200

SALT DISTRIBUTION ALONG LAKE BOTTOM AND WITHIN
DEEP SEDIMENTS BENEATH GREAT SALT LAKE
...Chlorine, Quaternary Period, Salt, Sodiure, -.5.1201

HYDROLOGY OF THE SUB-LAKE SEDIMENTS BENEATH
GREAT SALT LAKE ...Artificial Recharge, Brines, Geology -
Engineering, Interstitial - Connate Water, Permeability, ...2.1082

CONTROL OF INSECT VECTORS ON WATERFOWL MARSHES
...Cultural Control, Insecticides -non-specific, Land Use, Manage-
ment, Swamis marshes, 4.0263

Greenland
DEEP ICE CORE STUDIES AND ANALYSES FROM GREEN-

LAND AND ANTARCTICA ...Antarctica, Core Analysis, Dust -
Particulate Matter, Extraterrestrial, Radioactive Dating-general,
Velocity, ...2.0754

Groundwater
HIGHWAY DRAINAGE STUDY ...Drainage, Maryland, ...2.0579
DIFFUSION OF ENTRAPPED GASES IN POROUS MEDIA

i\g I f generTiv tionothel'Colpres
Compressibility

-"g a s-10)Itsi
..Aquifers - general,

rous Media -Flow Through, 2209
CLASSIFICATION OF DEEP SUBSURFACE WATERS BY

CHEMICAL COMPOSITION AND GEOLOGY ...Chemical Anal-
ysis (water), Geochemical Analysis, High Pressure Research, In-
terstitial - Connate Water, Salinity, -.2.0883

SHALES AS FILTERS IN NATURAL WATERS ..,Chemical -
general, Dewatering, Filtration, Fine-grained Clastics, interstitial -
Connate Water, _2.0079
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THE EVALUATION OF APPLICATION OF C-14 DATING OF
GROUND WATER ...Aquifers-general, Carbon-14, Disposal
Methods-other, Radioactivity-general, Underground Waste
Disposal, -.5.0241

THE EFFECT OF THE NATURAL SEALING OF POTHOLES
UPON WATER MOVEMENT AND GROUNDWATER
RESOURCES Internal Water Movement, Linings-pavings,
Permeability, Potholes, Subsurface Flow, -.2.0667

EFFECT OF PESTICIDE RESIDUES AND OTHER ORGANO-
TOXICANTS ON THE QUALITY OF SURFACE AND
GROUNDWATER RESOURCES _Carbamates -non-specific,
Movement, Leaching, Persistence in Soils, Removal of Residues,
Water Quality Control-general, _5.0396

GEOCHEMISTRY AND ORIGIN OF SULFO-SALINE GROUND
WATER, SALINE COUNTY, MISSOURI ...Atlases-maps, Chemi-
cal-general, Geochemical AnalysIs, Permeability, Salinity, Sulfide,
..A.0152

INDUCED ELECTRICAL POLARIZATION AND GROUND
WATER ...Artificial Recharge, Electric Logging, Geophysical
Analysis, Groundwater Basins, PolariLation, -.7.0007

THE EFFECT OF POTHOLE DRAINAGE UPON GROUND-
WATER RESOURCES ..Drainage, Potholes, Radioisotopes, Un-
saturated Flow, 4.0144

AVAILABILITY, DISTRIBUTION, QUANTITY AND QUALITY
OF WATER RESOURCES IN CARBONATE KARST TERRAIN

Available Water, Carbonate Aquifers, Karst Topography, Ru-
noff, Water Balance-budget, Water Quality-general, ...4.0155

POLLUTION EFFECTS ON GROUND WATER RECHARGE IN
HAWAII ...Adsorption-absorption-other, Natural Recharge, Pollu-
tants - Path of , Pollution - Effects of , Soil Environment,
...5.0313

EFFECTS OF GROUNDWATER SEEPAGE ON STREAM
REGIMEN ...Baseflow, Flume Studies, North Dakota, Seepage,
Suspension, ...2.0832

THE GROUND-WATER FLOW SYSTEM IN THE DELMARVA
PENINSULA ...Aquifers-general, Delaware, Flow Characteristics -
water, Model Studies, Water Balance-budget, -.2.0254

INVENTORY & EVALUATION OF THE GROUND-WATER
RESOURCES OF SUMMIT VALLEY & UPPER SILVER 130W
CREEK DRAINAGE AREA ...Montana, Survey Studies, Tables,
Compilations, Catalogs, Urban Environments, Water Quality-
general, -.2.0711

GROUND WATER SEEPAGE PATTERNS TO WELLS FOR UN-
CONFINED FLOW ...Approximations, Flow Characteristics -
water, Seepage, ...2.0478

ADVANCE WARNING OF GROUND-WATER POLLUTION
HAZARDS, WITH SPECIAL REFERENCE TO AQUIFERS IN
GLACIAL OUTWASH ...Electrical, Electromagnetic Probing,
Outwash Plains, Physical Parameters, Unconsolidated Aquifers,
...5.1235

SIMULATION OF WATER RESOURCE REGIMES ...Analog Com-
puters, Estuaries, Model Studies, Surface Water, -.7.0047

INVESTIGATION OF WATER LOSSES TO SINKHOLES IN THE
PAHASAPA LIMESTONE, AND THEIR RELATION TO RE-
SURGENT SPRINGS BLACK HILLS, SOUTH DAKOTA ...Karst
Topography, Leekage, South Dakota, Springs, Tracers-general,
-.2.0979

THE DEVELOPMENT OF GEOCHEMICAL AND GEOPHYS1,
CAL TECHNIQUES AS AN AID TO DETERMINING AVAILA-
BILITY OF GROUND WATER IN LIMESTONE TERRANES
...Available Water, Geochemical Analysis, Geophysical Analysis,
Karst Topography, Water Sources -general, ...2.0009

TRACE AND TRACER ELEMENTS IN GROUND WATER
Agricultural Chemicals-general, Arizona, Industrial Wastes,

Trace Elements, Tracers-general, ...4.0010
GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND

WATER - PHASE 11 ...Electric Logging, Electromagnetic Prob-
ing, Geophysical Analysis, Hawaii, Seismic Surveys, ...2.0371

A SYSTEM APPROACH FOR INTEGRATING GROUNDWATER
AND SURFACE-WATER USE ...California, Conjunctive Use,
Systems Analysis, Water Quality Control-general, Water Utiliza-
tion -general, ...6.0037

NITRATE ACCUMULATION IN KANSAS GROUND WATER
...Fertilizers, Ions and Gases, Kansas, Nitrate, Nitrite, Percolation,
5.0434

IRON AND MANGANESE REMOVAL FROM SMALL GOUND
WATER SUPPLIES ...Demineralization, Filtration, Iron, Man-
ganese, Technique Development, ...5.1053

GEOCHEMICAL INVESTIGATION OF THE GROUNDWATER
SYSTEM IN THE LANSING, MICHIGAN, AREA ...Aquifers-
general, Chemical-general, Ions and Gases, Michigan, Water
Quality-general, ...1.0069
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DISSOLVED CONSTITUENTS OF NATURAL WATERS - CON-
TRIBUTIONS FROM MINERALIZED AREAS ...Chemical Reac-
tions, Geochernical Analysis, Mineralization, Mineralogy-petrolo-
gy, Ore Minerals, ...2.0734

TEMPORAL, HORIZONTAL AND VERTICAL VARIABILITY
OF WATER CHEMISTRY IN THE UNSATURATED ZONE OF
FINE-GRAINED SOILS ...Chemical-general, Moisture- other,
Saturated - unsaturated, Water Quality-general, Water Sampling,
2,0400

A COMPARATIVE STUDY OF THE USE TAX AS A MEANS OF
ALLOCATION OF WATER RESOURCES IN A CONJUNC-
TIVE USE SYSTEM ...Benefit -cost Analysis, Conjunctive Use,
Fiscal, Water Allocation, Welfare Economics, 6.0056

COMPUTER SIMULATION OF THE HYDROLOGIC SYSTEM
OF A MOUNTAIN WATERSHED ...Digital Computers, Hydrolo-
gy-general, Model Studies, Mountains-alpine, Surface Water,
Watersheds-other, _2.0707

EVALUATION OF NEW TECHNIQUES IN ELECTRICAL RE-
SISTIVITY SURVEYING IN THE PIEDMONT AREA,
ALABAMA .Alabama, Electric Logging, Piedmont Province,
Survey Studies, 2.0005

RELATIONSHIP OF PUMPING LIFT TO ECONOMIC USE OF
GROUND WATER FOR IRRIGATION irrigation-other, Op-
timization, Pumping, Water Allocation, Water Costs, 6.0177

TIDAL EFFECTS ON GROUND WATER HYDRAULICS IN
HAWAII ...Analog Computers, Hawaii, Hydraulics-general, Model
Studies, Tides, ..2.0378

A GROUNDWATER QUALITY SUMMARY FOR ALASKA
...Alaska, Atlases-maps, Document & Literature Info, Water
Quality - general, ..7.0001

PRACTICAL APPLICATION OF FOAM FRACTIONATION
TREATMENT OF LOW QUAITY WATER ...Color, Cost Analy-
sis, Foam, Iron, Pilot Plant, 5.0037

STUDY OF GEOLOGIC STRUCTURAL CONTROL ON THE
FLOW AND DISCHARGE OF GEOTHERMAL WATERS ...At-
lases-maps, Groundwater Movement, Iceland, Regional Structure,
Thermal Features-other-2.0794

GROUNDWNI ER - SURFACE WATER INTEGRATION STUDY
IN THE GRAND PRAIRIE REGION OF ARKANSAS ...Arkan-
sas, Available ',;ater, Conjunctive Use, Recharge -general, Water
Demand, 4.0020

A SYSTEM FOR GEOLOGIC EVALUATION OF POLLUTION
POTENTIAL AT MOUNTAIN DWELLING SITES
tures, Sewage, ..5.0199

EVALUATION BY TEST DRILLING OF GEOPHYSICAL
PROSPECTING FOR GROUND WATER IN THE PIEDMONT
AREA, ALABAMA ...Chemical Analysis (water), Drilling and
Coring, Geophysical Analysis, Pumping, Water Development,
2.0006

THE EFFECT OF CLAY MINERALS ON THE CHEMICAL COM-
POSITION OF FRESH AND SALINE WATERS ...Adsorption-
other, Chemical-general, Clay Minerals-general, Core Analysis,
Exchange-other, Interstitial - Connate Water, 2.0360

GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE III ...Electric Logging, Geophysical Analysis,
Hawaii, Seismic Surveys, Volcanoes, ...2.0369

GROUND WATER CONTAMINATION RESULTING FROM
WASTE DISPOSAL ...Disposal, Pollution Sources-general, Pond,
Solid Waste, South Dakota, ...5.1109

THE EFFECTIVENESS OF CONTACT FILTER FOR THE
REMOVAL OF IRON FROM GROUND WATER ...Filtration,
Flocculation, Oxidation-other, Sand, 2.0021

HYDROLOGIC RELATIONSHIPS IN A CONIFEROUS FOREST
...Amount, Evapotranspiration, Forest Watersheds, Storage of
Water, Water Balance-budget, 2.0552

MATHEMATICAL MANAGEMENT MODEL UNCONFINED
AQUIFER ...Carbonate Aquifers, Management, Mathematical
Analysis, Model Studies, Water Movement-general, 4.0246

INDUCTIVE ELECTROMAGNETIC METHODS FOR MAPPING
AND EVALUATING AQUIFERS ...Aquifers-general, California,
Electric Logging, Geophysical Analysis, Mapping, ...2.0083

SYSTEM IDENTIFICATION AND MULTI-LEVEL OPTIMIZA-
TION OF INTEGRATED GROUND WATER SYSTEMS
..Aquifers-general, Mathematical Analysis, Model Studies,

Systems Analysis, 6.0062
HYBRID COMPUTER SIMULATION OF GROUND-WATER

BASINS ...Development of Models, Groundwater Basins, Hybrid
Computers, Model Studies, Water Quality Control-general,
2.0106

ANALOG MODELING TO DETERMINE FRESH WATER
AVAILABILITY ON THE OUTER BANKS OF NORTH
CAROLINA ...Analog Computers, Groundwater Movement,
Model Studies, North Carolina, Water Yield, 3,0375
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GROUND WATER RECHARGE AS AFFECTED BY SURFACE
VEGETATION AND MANAGEMENT Antitranspirants, Con-
servation-general, Infil' .tion, Natural Recharge, Soil-water-plant
Relationships, 4.0061

HYDROLOGIC AND PHOTOGEOLOGIC DETERMINATION OF
RAINFALL, RUNOFF, AND GROUNDWATER RELATION-
S'.1IPS IN A DOLOMITE AREA ...Amount, Dolomite, Hydrolo-
gy-general, Photogrammetry, Runoff, .2.0702

SPREADING TREATED SEWAGE FOR GROUNDWATER
RECHARGE .Artificial Recharge, Loading, Percolation, Pilot
Plant, Sewage, 3.0005

GROUND WATER, RESOURCES AND RECHARGE - RICE _Ar-
kansas, Artificial Recharge, Irrigation-general, Pollution - Effects
of , Water Wells, _6.0026

TRACE ELEMENT STUDY OF SOIL-PLANT-WATER SYSTEMS
...Soil - Crop Relationships, Soil-water-plant Relationships, Trace
Elements, Water Movement, Velocity, ...1.0013

DRAINAGE OF AGRICULTURAL LANDS ...Agricultural
Watersheds, Drainage, Drainage Engineering, Excessive Moisture,
Water Table - Depth of , 4.0153

CONSERVATION OF GP.OUNDWATER THROUGH REPLACE-
MENT OF PHREATOPHYTES WITH FORAGES Conserva-
tion-general, Herbicides -non-specific, in Forages and Pasture,
Soil Environment, Water Table - Depth of , 3.0318

HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS ,.,Agricultural Watersheds, Cover Crops, General
Synoptic Obset ,ations, Management, Piedmont Province, Soil-
water-plant Relationships, Water Yield, .2.0958

MODE OF OCCURRENCE OF MINOR ELEMENTS IN SEDI-
MENTS AND SOILS ..,Chemical Analysis - Soils, Heavy Mineral
Analysis, Mineralogy, Trace Element Analysis, Weathering
Products, _1.0054

CONTAMINATION OF GROUND WATER FROM RADIOAC-
TIVE PACKAGES IMPACTING ON LAN ...Ground Water,
Groundwater Movement, Pollutants - Path of , Radioactivity-
general, ..A.0240

WATER IN RELATION TO ECONOMIC GROWTH IN AN ARID
ENVIRONMENT ...Arid and Desert, Arizona, Economic Impact,
Model Studies, Water Costs, 6.0013

FLOW THROUGH UNSATURATED POROUS MEDIA Infiltra-
tion, Porous Media - Flow Through, Unsaturated Flow, 2.0356

HYDROLOGIC ANALYSIS BY ANALOG COMPUTERS ...Analog
Computers, Hydrographs, Hydrology-general, Reservoirs and Im-
poundments, Routing, Surface Water, 2.0429

INVESTIGATIONS OF THE REMOVAL OF 'RCN FROM
GROUNDWATER SUPPLIES IN ILLINOIS ...Demineralization,
Filtration, Illinois, Iron, Precipitation, ...5.0375

GROUND WATER DISPERSION DURING PUMPING AND
RECHARGE OPERATIONS ...Approximations, Artificial
Recharge, Dimension-two, Dispersion -water, Finite Differences,
Porous Media - Flow Through, Steady, 5.0529

DEVELOPMENT OF GROUND WATER CONTROL METHODS
FOR THE HEAVY SOILS OF THE LAJAS VALLEY ...Aquifers-
general, Hydrology-general, Piezometry, Puerto Rico, Soil En-
vironment, ...4.0209

TEXAS GEOLOGIC ATLAS PROJECT ...Atlases-maps, Compila-
tion, Geologic Maps, Texas, 7.0100

THE WILCOX GROUP IN TEXAS Clastic Aquifers, Local
Stratigrapny, Sedimentary History, Specific Rock Unit, Texas,
2.1007

GEOLOGY OF THE LAJITAS AND REDFORD QUADRAN-
GLES, BREWSTER AND PRESIDIO COUNTIES, TEXAS ...At.
lases-maps, Geologic Maps, Geology-general, Texas, ...2.1014

GEOLOGY AND HYDROLOGY OF THE PRESIDIO BOLSON,
TEXAS AND ADJACENT MEXICO ...Bolsons, Hythology-
general, Local Stratigraphy, Sedimentary Basins, Water Yield,
2.1011

ENVIRONMENTAL GEOLOGY STUDY OF DALLAS-FT.
WORTH METROPOLITAN REGION ...Data Acquisition-general,
Geology - Engineering, Shallow, Texas, Urban Environments,
7.0098

GEOLOGY OF THE CAVE CREEK SCHOOL, MONUMENT
HILL, AND YEAGER CREEK QUADRANGLES, GILLESPIE,
BLANCO, AND HAYS COUNTIES, TEXAS ...Atlases-maps,
Geologic Maps, Geology-general, Texas, Water Resources
Development, ...7.0101

GEOLOGY OF THE PALUXY AND BRAZOS VALLEYS IN
HOOD, SOMERVELL, AND ERATH COUNTIES, TEXAS
Clastic Aquifers, Texas, Water Table Fluctuation, Water Utiliza-
tion -general, Water Yield, ...4.0235

GROUNDWATER SUPPLIES ...Aquifers-general, Atlases-maps,
Natural Recharge, Total Volume, Water Table Fluctuation,
2.0058



Groundwater SUBJECT INDEX

GROUND WATER RESEARCH .Agriculture Industry, Artificial
Recharge, California, Dispersion -water, Groundwater Movement,
...2.0I35

GROUND WATER RESOURCES ...Colorado, Management, Model
Studies, Technique Development, Water Resources Development,
-4.0067

ECONOMICS OF GROUNDWATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ...Administrative Structures, Al-
ternative Planning, Colorado, Economies-general, Water
Resources Development, -2.0207

EVALUATION OF CONSUMPTIVE WATER USE, SOIL-WATER
STORAGE, AND THE INTERRELATION OF THREE COM-
PONENTS OF THE WATER BUDGET ...Agricultural
Watersheds, Climate, Consumptive Use, Evapotranspiration,
Moisture Retention, Water Balance-budget, -4.0080

GEOHYDROLOGIC SYSTEM ANALYSIS WITH AN ELECTRIC
ANALOG COMPUTER ...Analog, Analog Computers, Aquifers-
general, Digital Computers, Induced Infiltration, Network Synthe-
sis, Systems Analysis, _2.0417

GROUND-WATER GEOLOGY OF DEKALB AND BOONE
COUNTIES, ILLINOIS ..,Aerial, Clastic Aquifers, Deposits,
Geophysical Analysis, Local Stratigraphy, Mapping, ...4.0096

GROUND-WATER GEOLOGY OF OGLE COUNTY, ILLINOIS
...Aerial, Available Water, Joints-fractures, Observation Wells,
Unconsolidated Aquifers, -7.0034

ELECTRICAL EARTH RESISTIVITY SURVEYS ...Clastic
Aquifers, Electric Logging, Electrodes, Geophysical Analysis, Il-
linois, ...7.0033

ENVIRONMENTAL GEOLOGY OF THE SPRINGFIELD-
DECATUR AREA ...Appraisals - general, Geology-general, Illinois,
Land Use, Urban Environmen;s, -6.0193

STREAMFLOW HYDROGRAPH SEPARATION _Electrical,
Geophysical Analysis, Hardness-minerals, Hydrographs, Runoff,
Surface Water, -2.0420

EFFECT OF PESTICIDE RESIDUES AND OTHER ORGANO-
TOXICANTS ON THE QUALITY OF SURFACE AND
GROUND WATER RESOURCES ,..Persistence in Soils, Pesti-
cides - non - specific, Pollution - Effects of , Surface Water, Water
Quality Control-general, ...5.0392

RECHARGE OF GROUND WATER IN RIVER VALLEYS OF
EASTERN AND CENTRAL KANSAS, AND THE HIGH
PLAINS ...Artificial Recharge, Augmentation-general, Great
Plains Province, Groundwater Mining, Natural Recharge, Water
Table Fluctuation, -4.0116

AUTOMATION OF GROUND-WATER RECORDS ...Automatic
Data Aquisition, Computers-general, Information Retrieval
Methods, Other Storage, -7.0046

WATER RESOURCES OF COPIAH COUNTY ...Aquifers-general,
Available Water, Chemical Analysis (water), Surface Water,
Water Quality-general, ..A.0147

GEOLOGY AND GROUND WATER RESOURCES OF TRAILL
COUNTY ...Aquifers-general, Chemical-general, Drilling and Cor-
ing, Permeability, Surficial Geology, _2.0837

GEOLOGY AND GROUND WATER RESOURCES OF WELLS
COUNTY -Aquifers-general, Chemical-general, Drilling and Cor-
ing, Permeability, Surficial Geology, _2.0838

GEOLOGY AND GROUND WATER RESOURCES OF GRAND
FORKS COUNTY ...Aquifers-general, Chemical-general, Drilling
and Coring, Permeability, Surficial Geology, -2.0839

GEOLOGY AND GROUND WATER RESOURCES OF WIL-
LIAMS COUNTY ...Aquifers-general, Chemical-general, Drilling
and Coring, Permeability, Surficial Geology, -2.0840

GEOLOGY AND GROUND WATER RESOURCES OF WARD
COUNTY ...Aquifers-general, Geology-general, Hydrology-
general, North Dakota, Water Quality-general, ...2.0841

13EOLOGY AND GROUND WATER RESOURCES OF BURKE
COUNTY ...Aquifers-general, Chemical-general, Drilling and Cor-
ing, Permeabi;4, Surficial Geology, ...2.0842

GEOLOGY AND GROUND WATER RESOURCES OF
RENVILLE COUNTY ...Aquifers-general, Geology-general,
North Dakota, Water Resources - General, Water Wells, ...2,0843

GEOLOGY AND GROUND WATER RESOURCES OF PEMBINA
COUNTY ...Aquifers-general, Deposits, Geology-general,
Mapping, Permeability, Rocks - Bedrock, ...2.0844

GEOLOGY AND GROUND WATER RESOURCES OF NELSON
COUNTY ...Aquifers-general, Deposits, Geology-general,
Mapping, Permeability, Rocks - Bedrock, -2.0845

GEOLOGY AND GROUND WATER RESOURCES OF WALSH
COUNTY ...Aquifers-general, Deposits, Geology-general,
Mapping, Permeability, Rocks - Bedrock, -2.0846
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GEOLOGY AND GROUND WATER RESOURCES OF CAVALI-
ER COUNTY Aquifers-general, Deposits, Geology-general,
Mapping, Permeability, Rocks - Bedrock, -2.0847

CHEMICAL CHARACTER OF GROUND AND SURFACE
WATERS IN RELATION TO SOIL WEATHERING
PROCESSES ...Chemical-general, Movement, Availability, Soil
Weathering, Surface Water, _2.0743

LAND AND WATER VALUES IN EASTERN NEW MEXICO ...Ir-
rigation-general, Land, New Mexico, Price & Value, Water Costs,
-6.0361

SUBSURFACE WATER POLLUTION FROM SANITARY LAND-
FILLS IN CARBONATE, ROCK TERRAIN ...Chemical Analysis
(water), Disposal, Dolomite, Sanitary Landfills, Soil and Rock
Leaching, -5.1030

HYDROGEOLOGY OF PUBLIC GROUND WATER SUPPLIES IN
PENNSYLVANIA ...Chemical-general, Management, Pennsyl-
vania, Pollution Abatement, Water Yield, -2.0907

ELECTRONIC ANALOG MODEL STUDIES OF RIVER BASINS
-Analog Computers, Management, Model Studies, Precipitation-
general, River Basins, Runoff, Water Cycle, Water Resources
Development, -2.1059

GROUNDWATER RECHARGE ...Applied Climatology, ForecaM-
ing-prediction, Natural Recharge, Observation Wells, Water Table
Fluctuation, -3.0430

WATER SUPPLY TECHNOLOGY - WATER QUALITY
MANAGEMENT AND PROTECTION .,.Demineralization,
Drilling and Coring, Reverse Osmosis, Water Reuse, ...5.1219

SAFFORD VALLEY, ARIZONA GEOPHYSICAL STUDIES
...Arizona, Geophysical Analysis, Hydrology-general, -2.0276

HYDROLOGIC STUDIES LEADING TO SITE UTILIZATION
...Adsorption Capacity, Hydrology-general, Nuclear Explosion,
Pollutants - Path of Radioactivity-underground Test, Sediment
Transport-other, -3.0134

HYDROLOGY OF LOWER COLORADO RIVER BASIN
...Colorado River, Groundwater Movement, Total Volume, Water
Loss-general, Water Quality-general, -2.0066

CHEMISTRY OF ATMOSPHERIC PRECIPITATION ...Chemical
Composition, Environmental Effects-geologic, Precipitation-
general, Streams, Water Quality-general, -2.0279

VELOCITIES OF RADIONUCLIDES AT ARNAR GOSA sn E
.Nevada, Pollutants - Path of , Radioactivity-underground Test,

Transport, ..,2.0I74
MINERALOGIC CONTROLS ON CHEMISTRY OF GROUND

WATER ...Carbon -14, Chemical-general, Clay, Mineralogy,
Reverse Osmosis, -2.1094

SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTS IN
GROUND WATER ...Carbonates, Chemical-general, Model Stu-
dies, Sedimentary Petrogencsis, Solution Chemistry, Statistical,
-1.0120

BASIC RESEARCH IN VEGETATION AND HYDROLOGY
...Flooding, Land Use, Low Flow, Mapping, Movement, Water
Quality-general, -2.1100

PHREATOPHYTE EVAPORATION RESEARCH ...Energy
Budgets, Evapotranspiration, Pluvatophytes, Saltcedar, Tamarisk,
...2.1052

ELECTRICAL ANALOG MODELS OF HYDROLOGIC SYSTEMS
...Analog Computers, Flow Characteristics -water, Groundwater
Movement, Model Studies, Surface Water, -2.0037

HYDROLOGY OF THE CRYSTALLINE ROCK SYSTEM IN
SOUTHEASTERN STATES ...Crystalline, Groundwater Move-
ment, Hydrology - general, Water Quality-general, Water Wells,
Water Yield, -2.0825

GEOHYDROLOGY OF THE POTOMAC-RARITAN-MAGOTHY
AQUIFER SYSTEM ...Aquifers-general, Calcite Group, Clay
Minerals-general, Mineralogy, Solution Chemistry, -2.0768

HYDROLOGY OF ARKANSAS RIVER VALLEY, CANON CITY
TO STATE LINE ...Arkansas River, Flow Characteristics -water,
Hydrology-general, Irrigation-general, Management, Water
Transfer, ...2.0202

HYDROLOGY OF UPPER BUFFALO RIVER BASIN ...Discharge-
general, River Basins. Surface Water, Tennessee, Water Table
Fluctuation, -2.0996

INFLUENCES OF WATER-SEEPAGE CHARACTERISTICS ON
THE COMPOSITION Ok EXCHANGEABLE PORE-WATER
SOLUTES ...Clay Minerals-general, Exchange Capacity, Moisture
Content, Seepage, Water Quality-general, -2.0126

WATER RESOURCES, COLUMBUS, INDIANA AREA ...Alterna-
tive Planning, Clastic Aquifers, Indiana, Model Studies, Water
Development, -2.0456

GEOHYDROLOGY OF SHALLOW AQUIFERS IN HENRY AND
WEAKLEY COUNTIES, TENNESSE ...Aquifers-general, Obser-
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vation Wells, Pollution Sources-general, Pumping, Tennessee,
2.0998

GEOHYDROLOGY OF THE ANCHORAGE AREA, ALASKA
...Alaska, Surface Water, Urban Environments, Water Quantity-
general, Water Resources Development, 2.0011

ELECTRICAL-ANALOG ANALYSIS OF HYDROLOGIC DATA,
ARVA VALLEY, ARIZ ...Analog Computers, Arizona, Model
Studies, Pumping, Water Table Fluctuation, 2.0044

GROUND-WATER CONTAMINATION FROM HIGHWAY SALT-
ING IN MASSACHUSETTS ,..Groundwater Movement, Mas-
sachusetts, Salinity, Salt, Snow and Ice Removal, 5.0521

CITY OF JACKSON, WATER RESOU"'4:7.ES STUDY, MISSISSIPPI
...Control and Protection, Floods, Mississippi, Urban Environ-
ments, Water Supply-general, _4.0148

WATER REOURCES OF SOUTHEASTERN WISCONSIN -

R.ACINE AND KENOSHA COUNTIES ..Hydrographs, Stratig-
raphy-general, Water Quality-general, Water Supply-general,
Wisconsin, 2,1151

EFFECT OF IRRIGATION ON ST P.EAMFLOW IN CENTRAL
SAND PLAINS OF WISCONSIN ...Drainage, Irrigation-general,
Morphology-general, Water Balance-budget, Wisconsin, 4.0279

SEDIMENTATION AND HYDROLOGY-ROCK CREEK AND
ANACOSTIA RIVER BASINS, MARYLAND ...Erosion-general,
I and Use, Maryland, Sediment Yield, Urban Environments,
4.0130

NUMERICI:.%, SIMULATION OF HYDRODYNAMIC
PHENOMENA BY DIGITAL COMPUTER ...Model Studies,
Open Channel Flow, Porous Media - Flow Through, Subsurface
Flow, Waves, 2.1096

PROTECTION OF ERODIBLE CHANNELS AND SURFACES
WITH GRAVEL OR RIPRAP ...Canals, Channels, Energy Loss -
water, Engineering Structures-general, Flow Characteristics -
water, Linings-pavings, Scouring, Seepage, 8.0040

RADIOISOTOPE GROUND WATER MEASUREMENTS IN

SMALL DIAMETER DRILL HOLES ...Borehole Geophysics,
Milling and Coring, Instrumentation-general, Radioisotopes,
Technique Development, 8.0066

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
IRRIGATION RETURN FLOWS Effluents-waste Water, Irriga-
tion, Streams, Surface Water, Water Quality-general, _5.0909

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
PETROCHEMICAL WASTES ...Mining Activities, Other,
Petroleum Chemistry, Petroleum Industry, Pollution - Effects of ,

.5.0908
MINING-POLLUTION CONTROL TECHNOLOGY - OIL

PRODUCTION GROUND-WATER RECLAMATION BY

SELECTIVE PUMPING ...Brines, Mine Drainage Control,
Petroleum Industry, Pumping, Saline Water Intrusion, Secondary
Recovery, 5.0913

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD

.

Water
Watershet:.,, Climate-general, Land Use, Shape,

Water Yield, _3.0393
FACILITIES AND PROCEDURES FOR CONSERVATION

MANAGEMENT OF RUNOFF WATER FROM AGRICUL-
TURAL LANDS IN THE SOUTHERN PLAINS .,.Agricultural
Watersheds, Artificial Recharge, Playas, Runoff, Storage of
Water, ...4.0237

GROUND WATER IN RELATION TO USE AND MANAGE-
MENT OF RANGELAND WATERSHEDS IN '11-1E

SOUTHWEST ...Agricultural Watersheds, Natural Recharge, Pro-
jections and Estimations, Runoff, Southwest, ...3.0007

GROUND WATER RECHARGE AND MANAGEMENT IN
CALIFORNIA ...Groundwater Basins, Percolation, Recharge -
general, Soil Environment, Storage of Water, 4.0033

ECONOMICS OF WATER MANAGEMENT ON THE TEXAS
HIGH PLAINS ...Aquifers-general, Economic impact, Production
& Processing, Texas, Water Allocation, Water Yield, Welfare
Economics, ...6.0137

TRAVEL OF NITROGEN IN SOILS ...Animal Waste Removal-
treatment, Movement, Availability, Nitrogen, Pollutants - Path of
, Soil Tests, _1.0070

SORPTION KINETICS IN FLOW THROUGH GRANULAR PAR-
TICLES ...Adsorption-other, Ion Exchange-other, Porous Media -
Flow Through, Rate Determination, Tertiary Treatment, Water
Quality Control-general, 5.1191

INVESTIGATION OF WATER SUPPLY PROBLEMS IN ARCTIC
AND SUB-ARCTIC AREAS ..,Arctic, Potable Water, Storage of
Water, Surface Water, Water Supply-general, 3.0004

2-219

Groukkdwater Basins
SYSTEMS ANALYSIS FOR GROUNDWATER MANAGEMENT

...Economic Efficiency, Management, Model Studies, Saline
Water Intrusion, Systems Analysis, 5.007:

ECONOMICS OF GROUND WATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ...Alternative Planning,
Economic Impact, Economics, Model Studies, Water Resources
Development, 6.0108

INDUCED ELECTRICAL POLARIZATION AND GROUND
WATER ...Artificial Recharge, Electric Logging, Geophysical
Analysis, Groundwater, Polarization, .,.7.0007

OPTIMIZATION OF WELLS AND RECHARGE FACILITIES IN
CONJUNCTIVE USE OF GROUNDWATER RESERVOIRS
...Conjunctive Use, Optimization, Pumping, Recharge -general,
Water Wells, 6.0054

GROUND WATER BASIN DYNAMICS ...Dispersion -water,
Mathematical Analysis, Model Studies, Natural Recharge, Ohio,
...2.0851

EVALUATION OF GROUNDWATER RESOURCES, LIVER-
MORE VALLEY, CALIFORNIA ..Data Acquisition-general,
Management, Model Studies, Subsurface Flow, Water Yield,
_4.0025

GEOHYDRAULICS AT THE UNCONFORMITY BETWEEN
BEDROCK AND ALLUVIAL AQUIFERS ...Flow Characteristics
-water, Rocks - Bedrock, Unconformities, Unconsolidated
Aquifers, Water Transfer, ...2.0229

HYDROLOGIC ANALYSIS OF GROUNDWATER BASINS BY
DIGITAL COMPUTER SIMULATION ...Aquifers-general, Digital
Computers, Groundwater Movement, Mathematical Analysis,
Model Studies, ...4.0043

HYBRID COMPUTER SIMULATION OF GROUND-WATER
I3ASINS .,.Development of Models, Groundwater, Hybrid Compu-
ters, Model Studies, WLter Quality Control-general, ...2.0106

A SALT BALANCE INVESTIGATION ON THE SANTA ANA
RIVER BASIN ABOVE PRADO DA ...California, Forecasting-
prediction, Salinity, Systems Analysis, Water Quality Control-
general, ...5.0098

GROUND-WATER STUDIES - PILOT DRAINAGE BASIN
STUDY ...Carbonate Aquifers, Groundwater Movement, Land
Use, Natural Recharge, Runoff, Water Cycle, ...2.0418

WATER REQUIREMENTS FOR CROP PRODUCTION IN THE
ROSWELL UNDERGROUND WATER BASIN ...Irrigation, Ir-
rigation-general, Requirements for Water, Tillage, Cropping
Systems, Water Costs, 3.0334

SPECIFIC YIELD INVESTIGATION ...Aquifers-general, California,
Moisture Content, Projections and Estimations, Water Yield,
_2.0182

MECHANICS OF GROUND-WATER FLOW Aquifers-general.
Artificial Recharge, Earthquakes, Groundwater Movement, Water
Table Fluctuation, ...2.1093

QUANTITATIVE WATER-BUDGET ANALYSIS OF WESTERN
LONG ISLAND, NEW YORK ...Alternative Planning, Manage-
ment, New York, Water Balance-budget, Water Resources
Development, 2.0809

GROUND-WATER HYDROLOr" ,ND DEVELOPMENT IN
EAST-CENTRAL WASHING'O s ...Drawdown, Groundwater
Mining, Subsurface Flow, Washington, Water Table Fluctuation,
...2.1135

SAN GORGONIO PASS GROUND-WATER STUDIES, CALIFOR-
NIA ...Artificial Recharge, California, Groundwater Movement,
Storage of Water, Water Table Fluctuation, 4.0037

WATER RESOURCES OF THE KENAI PENINSULA BOROUGH
AREA, ALASKA ...Alaska, Aquifers-general, Gaging, Runoff,
Water Resources Development, _2.0012

WATER RESOURCES OF BRANCH-BLACKSTONE RIVER
BASIN, RHODF. ISLAND ...Gaging, Permeability, Rhode Island,
Runoff, Water Yield, 2.0614

GROUND WATER RECHARGE AND MANAGEMENT IN
CALIFORNIA ...Groundwater, Percolation, Recharge -general,
Soil Environment, Storage of Water, 4.0033

METHODS FOR WATER QUALITY IMPROVEMENT AND ITS
STORAGE UNDERGROUND ...Computers-general, Denitrifica-
tion, Management, Natural Recharge, Percolation, Underground
Waste Disposal, Waste Water Treatment-general, 4.0005



Groundwater Features
Groundwater Features

Cave Studies
DETECTION OF SUBSURFACE CAVITIES OR CONDUITS IN

FOUNDATIONS OF PROPOSED RESERVOIRS AND EN-
GINEERING STRUCTURES ...Carbonates, Engineering Struc-
tures-general, Geology - Engineering, Geothermal Gradient, 'Triti-
um, ...8.0073

SUBJECT INDEX

Karst Topography
DETERMINATION OF EVAPOTRANSPIRATION FOR SHORT

INTERVALS ON A BENCHMARK BASIN ...Evapotranspiration,
Heat Budget, Israel, Moisture Content, Water Balance-budget,
...2.0493

AVAILABILITY, DISTRIBUTION, QUANTITY AND QUALITY
OF WATER RESOURCES IN CARBONATE KARST TERRAIN
...Available Water, Carbonate Aquifers, Groundwater, Runoff,
Water Balance-budget, Water Quality-general, ...4.0155

INVESTIGATION OF WATER LOSSES TO SINKHOLES IN THE
PAHASAPA LIMESTONE, AND THEIR RELATION TO RE-
SURGENT SPRINGS BLACK HILLS, SOUTH DAKOTA
...Groundwater, Leekagc, South Dakota, Springs, Tracers-general,
-.2.0979

THE DEVELOPMENT OF GEOCHEMICAL AND GEOPHYSI-
CAL TECHNIQUES AS AN AID TO DETERMINING AVAILA-
BILITY OF GROUND WATER IN LIMESTONE TERRANES
..,Available Water, Geochemical Analysis, Geophysical Analysis,
Groundwater, Water Sources -general, 2.0009

WATER YIELD AND GROUNDWATER MOVEMENT IN THE
EDWARDS PLATEAU AS AFFECTED BY GEOLOGY, CHAN-
NEL AND VALLEY MATERIALS, AND FLOOD STRUC-
TURES ...Engineering Structures-general, Groundwater Move-
ment, Rain, Texas, Water Table Fluctuation, Water Yield,
...2.1031

Thermal Features
Hot Springs

GEOTHERMAL INVESTIGATIONS - YELLOWSTONE PARK
...Gravity Surveys, Magnetic Surveys, Satellites, Seismic Surveys,
Terrain Analysis, Yellowstone Plateau, ...6.0147

ECOLOGY AND PHYSIOLOGY OF THERMORPHILIC BLUE-
GREEN ALGAE ...Adaptation, Cyanophyta (non-specific & Ot),
Haoitat Studies, High Temp. - 85f Or Above, -.2.0898

GEOTHERMAL RESOURCES OF IDAHO ...Chemical-general,
Idaho, Survey Studies, Temperature, Water - Hot Water, 3.0206

Thermal Features-other
STUDY OF GEOLOGIC STRUCTURAL CONTROL ON THE

FLOW AND DISCHARGE OF GEOTHERMAL WATERS .,.At-
lases-maps, Groundwater. Groundwater Movement, Iceland, Re-
gional Structure, 2.0704

Groundwater Movement
ESTIMATE OF ACTUAL DAILY EVAPOTRANSPIRATION AS

A FUNCTION OF SOIL WATERFLOW, PLANT CANOPY
AND POTENTIAL EVAPOTRANSPIRATION ...Evapotranspira-
tion, Internal Water Movement, Soil Environment, 2.1163

THE HYDRAULICS OF GROUND WATER TESTS ...Aquifers-
general, Dispersion -water, Model Studies, Tracers-general,
2.0288

DYNAMIC GROUND-WATER STORAGE ...Mathematical Analy-
sis, Storage of Water, Unsteady Flow, 2.0765

HYDROLOGIC MODELS FOR PREDICTING THE EFFECTS OF
URBANIZATION Land Use, Model Studies, Moisture Content,
Seepage, Surface Flow, Urban Environments, 2.0913

INVESTIGATIONS ON THE SUBSURFACE DISPOSAL OF
WASTE EFFLUENTS AT INLAND SITES ...Artificial Recharge,
Dyes, Pollutants - Path of , Recharge Pits - Wells, Underground
Waste Disposal, 3,0022

CHANGES IN THE PHYSICAL AND BIOLOGICAL CHARAC-
TERISTICS OF GROUND WATER RESERVOIRS AND AD-
JACENT SURFACE WATERS ...Bacteria, Bacterial Pollutant
Sources, Biological-general, Physical-general, Pollutants - Path of
, 1.0017

RELATION OF BEDROCK FRACTURE SYSTEMS TO UN-
DERGROUND WATER IN STAFFORD SPRINGS, SOUTH
COVENTRY, SPRING HILL & WESTFORD QUADS Joints-
fractures, Local Structure, Rocks - Bedrock, Subsurface Flow,
Water Quantity-general, 2.0243

2-220

RATE AND DIRECTION OF GROUND WATER CIRCULATION
IN CLOSE SPACED BEDROCK AND GRAVEL WELLS
UNDER THE INFLUCENCE OF NON-SYNCHRONOUS PUMP-
ING TIME ...Connecticut, Lund Use, Pumpin , Subsurface Flow,
_2.0244

THE ARTESIAN SYSTEM IN GEORGIA STRATIGRAPHY AND
HYDROLOGY OF THE OCALA ...Artesian Flow, Carbonate
Aquifers, Georgia, Natural Recharge, Piczometry, -.4.0082

DRILLED WELL INVESTIGATION OF DOLOMITE AQUIFER
CHARACTERISTICS ...Carbonate Aquifers, Dolomite, Observa-
tion Wells, Permeability, Storage of Water, 2.0704

PHYSICAL CHARACTERISTICS OF BASALT AQUIFERS ...Elec-
tric Logging, Flow Characteristics -water, Local Structure, Porosi-
ty, Radioactivity Logging, -.2.1117

NUMERICAL MODELING OF GROUND WATER FLOW
...Aquifers-general, Artificial Recharge, Model Studies, Subsur-
face Flow, -.2.0506

SALINITY ABOVE A WATER TABLE AS AFFECTED BY RAIN-
FALL AND IRRIGATION ...Irrigation-general, Moisture Tension,
Permeability, Salinity Soil and Rock Leaching, ...2.0970

MORPHOLOGY AND HYDROLOGY OF PLEISTOCENE
DEPOSITS, DELAWARE ...Geophysical Analysis, Morphology-
general, Permeability, Quaternary Period, Unconsolidated
Aquifers, Water Yield, ...2.0253

WATER TRACING AND DATING IN HAWAII HYDROLOGIC
CYCLE ..,Canon-I4, Hawaii, Radioisotopes, Surface Water,
Tritium, Water Cycle, ...2.0375

STUDY OF GEOLOGIC STRUCTURAL CONTROL ON THE
FLOW AND DISCHARGE OF GEOTHERMAL WATERS ...At-
lases-maps, Grcauldwater, Iceland, Regional Structure, Thermal
Features - other, -.2.0794

UNSTEADY FLOW TOWARD PARTIALLY PENETRATING AR-
TESIAN WELLS ...Artesian Flow, Mathematical Analysis,
See age, Unsteady, Unsteady Flow, ...2.0522

WAT"R DATING TECHNIQUES AS APPLIED TO THE MIS-
SOULA GROUND-WATER RESERVOIR, MONT. ..Carbon-I4,
Geochemical Analysis, Montana, Unconsolidated Aquifers,
...2.0715

WATER TABLE CONTROL AND SUBSURFACE IRRIGATION
IN MINERAL AND HIGH ORGANIC COASTAL PLAIN SOILS
...Management, North Carolina, Subsurface Irrigation, Water
Table Fluctuation, -.2.0828

CHEMICAL AND FLOW REGIMES OF GREAT BASIN SPRINGS
...Chemical-general, Flow Characteristics -water, Great Basin,
Springs, ...2.0736

NUMERICAL SIMULATION OF GROUNDWATER FLOW
SYSTEMS ...Computers-general, Management, Research -
Development, Simulation Theory, 2.0918

INTERRELATIONSHIP OF SURFACE AND SUB-SURFACE
FLOW IN THE NISHNABOTNA DRAINAGE BASIN
...Discharge-other, Drift, Iowa, River Basins, Valley, Buried,
.,.2.0481

SEASONAL SHALLOW STORAGE AND DEEP SEEPAGE COM-
PONENTS FOR THE HYDROLOGIC BUDGET OF A SMALL
FORESTED OZARK WATERSHED Amount, Forest
Watersheds, Missouri, Seismic Surveys, Storage of Water,
_2.0700

HYDROLOGIC 4,NALYSIS OF GROUNDWATER BASINS BY
Imam, COMPUTER SIMULATION ...Aquifers-rieral, Digital
Computers, Groundwater Basins, Mathematical Analysis, Model
Studies, ...4.0043

THE INTERFLOW PROCESS ON SLOPING WATERSHED
AREAS _Forecasting:prediction, Mathematical Analysis, Physical
Properties-general, Rain-general, Tracers- general, .2.096I

SHALLOW GROUND-WATER FLOW SYSTEMS IN RELATION
TO INDUSTRIAL AND MUNICIPAL WATER SUPPLY AND
WASTE DISPOSAL REQUIREMENTS ...Disposal Wastes, Indus-
trial Wastes, Sanitary Landfills, Wisconsin, _5.1316

ANALOG MODELING TO DETERMINE FRESH WATER
AVAILABILITY ON THE OUTER BANKS OF NORTH
CAROLINA ...Analog Computers, Groundwater, Model Studies,
North Carolina, Water Yield, 3.0375

MOVEMENT AND MIXING OF WATER INJECTED INTO
AQUIFERS ...Aquifers-general, Artificial Recharge, Dispersion -
water, Exchange Capacity, Flow Augmentation, Fluid Mixing,
Water Wells, ...5.0527

DEVELOPMENT AND DEMONSTRATION OF MATERIALS TO
REDUCE OR ELIMINATE WATER INFILTRATION INTO
SEWERAGE ...Joining, Bonding-general, Linings-pavings, Other,
Pipe-other, Sealant Materials, ...5.1186



SUBJECT INDEX Groundwater Movement

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Absorp-
tion, Fixation, Exchange, Aquatic Or Soil-aquatic Cycles, Bounda-
ry Process (moisture), Movement, Leaching, Pesticides -non-
specific, _5.0079

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Georgia,
Movement, Leaching, Persistence in Soils, Pesticides -non-
specific, Soil Environment, ...5.0287

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Aquatic Cr
Soil-aquatic Cycles, Atrazine, Microbial Degradation, Movement,
Leaching, Rhizosphere, Trifluralin, -5.0290

SOIL WATER MOVEMENT -Conservation-gencral, Management,
Moisture Meters, Moisture Tension, Movement, Availability,
_3.0245

DRAINAGE DESIGN FOR IRRIGATION AGRICULTURE
...Aquifers-general, Artesian Flow, Conjunctive Use, Seepage,
Water Wells, -4.0165

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Bensu-
lide, Management, Movement, Leaching, Soil Environment, 2,4-d,
-5.0752

SOILS, PESTICIDES AND THE QUALITY OF WATER infiltra-
tion, Movement, Leaching, Pollutants - Path of , Rhizosphere,
-5.1239

CONTA M1NATION OF GROUND WATER FROM RADIOAC-
TIVE PACKAGES IMPACTING ON LAN ...Ground Water,
Groundwater, Pollutants - Path of , Radioactivity-gencral,
-4.0240

STRUCTURAL CONTROL OF SPRINGS FROM THE MUA V
AQUIFER IN WESTERN GRAND CANYON NATIONAL
PARK, ARIZONA ...Carbonate Aquifers, Seasonal, Specific Rock
Unit, Springs, Tectonics - general, -2.0054

THE FINITE ELEMENT METHOD IN FLUID MECHANICS
-Degradation, Finite Differences, Fluid Dynamics, Non-au-
tonomous, Saturated Flow, -5.0302

RADIOCARBON AS A TRACER IN GROUND WATER
PROBLEMS ...Aquifers-general, Laminar Flow, Permeability,
Radioisotopes, Recharge -general, -2.0056

GROUND WATER RESEARCH ...Agriculture Industry, Artificial
Recharge, California, Dispersion -water, Groundwater, ...2.0135

GROUND-WATER STUDIES - PILOT DRAINAGE BASIN
STUDY ...Carbonate Aquifers, Groundwater Basins, Land Use,
Natural Recharge, Runoff, Water Cycle, -2.0418

GROUND-WATER STUDIES - DEEP SANDSTONE AQUIFER IN
CHICAGO REGION ...Clastic Aquifers, Permeability, Pumping,
Sandstones, Water Table Fluctuation, -2.0419

HY DROGEOLOGY OF SOLID WASTE DISPOSAL SITES
_Chemical Analysis (water), Hydrology-general, Illinois, Sanitary
Landfills, _5.0347

THEORETICAL ANALYSIS OF REGIONAL GROUND-WATER
FLOW IN THE HAVANA AREA ...Illinois, Mathematical Analy-
sis, Model Studies, Subsurface Flow, Water Table Fluctuation,
...2.0410

CHARACTERIZATION OF THE PATE OF WATER INFILTRA-
TION INTO SON. _Infiltration, Moisture Content, Soil
Morphology, Profiles, -2.0471

TILLAGE STUDIES ...Growth Rate, Physical Properties -other,
Plowing, Soil Depth, Tillage, Cropping Systems, -4.0119

USE OF RADAR FOR HYDROLOGICAL. STUDIES ...Cloud
Physics, Evaporation, Patterns, Radar, Structure-size, -2.0776

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART 1) ...Acidity, Iron Bac-
teria, Mine Drainage Control, Pyrite Group, Soil and Rock
Leaching, ...I.0107

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART 2) ,..Acidity, Baseflow,
Mine Drainage Control, Pyrite Group, Stratified Flow, _5.1044

THE ROLE OF SOIL STRUCTURE IN CROP PRODUCTION
AND METHODS FOR IMPROVING SOIL PHYSICAL CONDI-
TIONS ...Management Effects, Plant Residues, Humus, Compost,
Soil Environment, Soil Structure, Texas, ...2.1055

WATER YIELD AND GROUNDWATER MOVEMENT IN THE
EDWARDS PLATEAU AS AFFECTED BY GEOLOGY, CHAN-
NEL AND VALLEY MATERIALS, AND FLOOD STRUC-
TURES ...Engineering Structures-general, Karst Topography,
Rain, Texas, Water Table Fluctuation, Water Yield, ...2.1031

RADIONUCLIDE MOVEMENT IN GROUNDWATER ...Flow
Characteristics -water, Pollutants - Path of , Radioactivity-general,
Radioisotopes, Seepage, -5.1099

INFLUENCE OF VEGETATION IN SOIL MOISTURE FLOW
...Cover Crops, Infiltration, Soil Environment, Tracers-general,
...2.0946

2-221

GROUNDWATER FLOW ...Flow Characteristics -water, Permea-
bility, Radioisotopes, Tritium, Velocity -water, -10947

UNDERSTANDING OF THE INFILTRATION OF RAIN INTO
BURIED WASTE infiltration, Moisture Content, Porosity,
Radioactivity-other, Unsaturated Flow, -2,0948

HYDROLOGY OF LOWER COLORADO RIVER BASIN
...Colorv.lo River, Groundwater, Total Volume, Water Los's-
general, Water Quality-general, .2.0066

ELECTRONIC EOUIPMr1,NT DEVELOPMENT ...Geophysical
Analysis, Switches, Technique. Development, Transducers,
.7.002I

UNSATURATED FLOW STUDIES -Artificial Recharge, Electrical
Properties, Exchange Capacity, Infiltration, Unsaturated Flow,
_2.0286

HYDROLOGY OF LIMESTONE AND RELATED ROCKS
...Faults, Folds, Limestone - General, Permeability, Porosity,
-2.0201

GEOMORPHIC ASPECTS (SISTERS AND WATTS BRANCHES,
MARYLAND) ...Envgy.dynamics, Ephemeral, Patterns, Runoff,
Sediment Transport general, Water Cycle, ...2.0283

REGIONAL HYDROLOGIC SYSTEM ANALYSES
(HYDRODYNAMICS) ...Hydraulics- general, Permeability,
Systems Analysis, ...2.1092

UNSATURATED FLOW THEORY APPLIED TO DRAINAGE
AND INFILTRATION -Drainage, Infiltration, Internal Water
Movement, Runoff, Unsaturated Flow, -2.0125

ELECTRICAL ANALOG MODELS OF 1YDROLOGIC SYSTEMS
..,Analog Computers, Flow Characteristics -water, Groundwater,
Model Studies, Surface Water, .2.0037

PERMIAN BASIN - ORIGIN OF SALINE WATER DISCHARGE
...Brines, Permian Period, Saline Water Intrusion, Subsurface
Flow, Texas, -2.1004

PERMEABILITY RESEARCH ...Observation Wells, Permeability,
Porous Media - Flow Through, Saturated Flow, Unsaturated Flow,
-2.0183

BOREHOLE GEOPHYSICS AS APPLIED TO GEOHYDROLOGY
.Aquifers-general, Borehole Geophysics, Geophysical Analysis,

Instrumentation-general, Technique Development, -7.0018
MECHANICS OF GROUND-WATER FLOW .Aquifers-general,

Artificial Recharge, Earthquakes, Groundwater Basins, Water
Table Fluctuation, -2.1093

HYDROLOGY OF SUBSURFACE WASTE DISPOSAL - NA-
TIONAL REACTOR TESTING STATION, IDAHO ...Geochemi-
cal Analysis, Nuclear Power, Radioactivity-general, Underground
Waste Disposal, Water Cycle, -5.0319

HYDROLOGY OF THE CRYSTALLINE ROCK SYSTEM IN
SOUTHEASTERN STATES ...Crystalline, Groundwater, Hydrolo-
gy-general, Water Quality-general, Water Wells, Water Yield,
-2.0825

THERMAL GRADIENTS IN SOUTH CAROLINA ,..Geothermal
Gradient, Heat Flows, Permeability, South Carolina, Temperature,
-2.0964

WATER RESOURCES APPRAISAL OF THE TUCSON BASIN,
ARIZONA ...Arizona, River Basins, Storage of Water, Surface
Water, Water Table Fluctuation, -2.0043

SAN GORGONIO PASS GROUND-WATER STUDIES, CALIFOR-
NIA ...Artificial Recharge, California, Groundwater Basins,
Storage of Water, Water Table Fluctuation, ...4.0037

WATER RESOURCES OF THE BOWLING GREEN AREA, KEN-
TUCKY -Aquifers-general, Industrial-general, Kentucky,
Streams, Water Quality-general, -2.0528

GROUND-WATER CONTAMINATION FROM HIGHWAY SALT-
ING IN MASSACHUSETTS ...Groundwater, Massachusetts,
Salinity, Salt, Snow and Ice Removal, -5.0521

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - FOX
RIVER BASIN ...Available Water, Mans Activities, Projections
and Estimations, Surface Water, Wisconsin, ...4.0277

HYDROLOGY OF UPPER OLD TAMPA BAY, FLORIDA ...Bays,
Hydrology-general, Lakes, Permeability, Water Harvesting, Water
Quality-general, -2.0331

AQUIFERS AND DRAINAGE ...Aquifers-other, Brackish Water,
Drainage, Irrigation-general, Model Studies, ...2.0I66

NITRATE BEHAVIOR IN SOIL WATER UNDER FIELD CONDI-
TIONS ...Infiltration, Movement, Availability, Nitrate, Nitrite,
Nitrogen, Permeability, -5.0180

EFFECT OF FOREST TYPES AND CONDITIONS ON WATER
MOVEMENT AND GROUND WATER RECHARGE ...Forest
Watersheds, Infiltration, Land Use, Natural Recharge, Runoff,
Water Cycle, -3.0301

FATE AND EFFECTS OF PESTICIDES IN FOREST SOILS AND
WATER ...DDT , Forests, Movement, Leaching, Persistence in
Soils, Soils and Fertilizer, -5.0968



Groundwater Movement SUBJECT INDEX

SUBSURFACE AND GROUND WATER ACCRETION, DEPLE-
TION, MOVEMENT AND CONTRIBUTION TO STREAM-
FLOW .Agricultural Watersheds, Aquifers-general, Baseflow,
Mississippi, Natural Recharge, 2.0336

AQUIFER AND SUBSURFACE RELATIONSHIPS IN THE
HYLfROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS ...Aquifers-general, Baseflow, Forecasting-predic-
tion, Natural Recharge, Streams, Technique Development, Water
Yield, ...3.0394

WATER YIELD AS RELATED TO CLIMATIC WATERSHED
CHARACTERISTICS IN THE NORTHERN PLAINS ...Agricul-
tural Watersheds, Climate, Morphology-general, Patterns, Water
Yield, ...3.0145

SOIL WATER MOVEMENT IN RELATION TO THE CONSER-
VATION OF WATER SUPPLIES ...Computers-general, Conser-
vation-general, Evaporation, Infiltration, Internal Water Move-
ment, Water Loss Control, 2.0033

DRAINAGE SYSTEMS FOR THE GREAT BASIN ...Artesian
Flow, Draiaage, Drainage Systems, Great. Basin, Permeability,
4.0164

NATURAL RECHARGE OF GROUND WATER IN CENTRAL
AND SOUTHERN CALIFORNIA ...Infiltration, Natural
Recharge, Rain-general, Runoff, 3.0063
RAINAGE SYSTEMS FOR THE IMPERIAL VALLEY ...Analog
Computers, Digital Comr-Aers, Drainage, 4.0026

Growth and Preparation
ICE FORMATION BY CONTACT NUCLEATION ...Formation,

Model Studies, Nucleation, Nucleation Physics, Temperature,
3.0339

HETEROGENEOUS NUCLEATION OF ICE ...Nucleation Physics,
Photolysis, Radiation-general, Temperature, ...2.0785

Growth Regulators
PLANT-WATER-USE EFFICIENCY WITH GROWTH REGULA-

TORS AND TRANSPIRATION SUPPRESSANTS ...Anti-trans-
pirants, Antitranspirants, Fruit-set, Growth Rate, Modified Water
Use, 3.0160

Gulf of Alaska
AUKE LAKE STUDIES ...Biological-general, Chemical-general,

Lakes, Physical-general, Spawn Or Nesting Sites, 6.0006

Gulf of California
PROBABLE EFFECTS ON MARINE ENVIRONMENTS OF

DISPERSING BRINE EFFLUENTS FROM LARGE DESALINA-
TION PLANTS IN THE GULF OF CALIFORNIA ...Atomic
Plants, Brines, Desalination. Marine Environments-general, Pollu-
tion - Effects of , 3.0020

Gulf of Mexico
TROPICAL STORM RAINFALL AND HURRICANE WIND

FIELDS ...Forecasting, Pressure-density, Tropical Cyclones,
Velocity, 2.0595

OYSTER LEASE CONTROL MONUMENTS - BAY ADAM,
BASTIAN BAY AND SANDY POINT BAY AREAS ...Commer-
cial Fishing, Louisiana, Oysters. Plane, Tides, ...6.0249

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- II HYDROLOGY ...Aquatic Ecology, Atlases-maps, Environ-
mental Ecology, Estuaries, Water Properties-general, ...2.0670

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- III SEDIMENTOLOGY ...Aquatic Ecology, Atlases-maps, Dis-
tribution, Environmental Ecology, Estuaries, ...2.0671

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
(AUDIO-VISUAL FILM) ...Estuaries, Other, Survey Studig,
...7.0060

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- IV BIOLOGY ...Aquatic Ecology, Atlases-maps, Environmental
Ecology, Estuaries, Mississippi River, 2.0672

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
(AREA DESCRIPTION) ...Atlases-maps, Estuaries, Industrial-
general, Mississippi River, Water Properties-general, ...7.0061

HORIZONTAL DISPERSION IN SHALLOW ESTUARIES OF IR-
REGULAR SHAPE ...Circulation -water, Dispersion -water,
Estuaries, Model Studies, Water Quality-general, ...2.1013

INVENTORY OF THE GULF ESTUARY SYSTEM ...Bays, Data
Acquisition-general, Estuaries, Fishing, Sedimentology-general,
...2.0322
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PLANKTON ECOLOGY ...Estuaries, Eutrophication, Gymnodini-
um, Phytoplankton, Range Or Territorial Distr. , 6.0155

ESTUARINE INVENTORY (FORMERLY CHEMICAL EN-
VIRONMENT) ...Estuaries, Florida, Marine Biology, Physiog-
raphy-general, Sedimentology-general, _2.0325

EVALUATION OF ENGINEERING PROJECTS AND
ESTUARINE DATA (ESTUARINE PROGRAM) ...Commercial
Fishing, Conservation & Management Eng, Construction Sites,
Estuaries, Habitat Studies, Land Use -non-specific, 8.0290

ECOLOGY OF WESTERN GULF ESTURIES ...Estuaries, Habitat
Studies, Plant Prod. (non-specific), Pollution - Effects of ,

Productivity - Food Chain, 2.1048
EVALUATION OF ESTUARINE DATA ...Current Research Pro-

jects Info, Data Analysis - General, Estuaries, 2.1047
FREQUENCY DISTRIBUTION OF BIOLOGICAL POLLUTANTS

IN SHELLFISH AND THE MARINE ENVIRONMENT ...Biolo-
gy, Coliforins (non-specific), Enteroviruses of Humans, Oysters,
Pollution-water, 5.0016

LABORATORY STUDIES OF TOXIC DINOFLAGELLATES ...Al-
gal Culture, Algal Toxins, Gonyaulax, Gymnodinium, Vegetable
Origin, ...5.1161

Gymnodiniurn
PLANKTON ECOLOGY ...Estuaries, Eutrophication, Gulf of Mex-

ico, Phytoplankton, Range Or Territorial Distr. ..6.0155
LABORATORY STUDIES OF TOXIC DINOFLAGELLATES ...Al-

gal Culture, Algal Toxins, Gonyaulax, Gulf of Mexico, Vegetable
Origin, ..5.1161

INVESTIGATIONS ON CIGUATERA-LIKE BIOTOXINS IN
SHELLFISH ...Algal Culture, Algal Toxins, Bulk Culture -other,
Crustacea -non-specific, Mollusks -non-specific & Other, .5.0018

Halide
ELLIPSOMETRIC STUDIES OF PASSIVATION, WITH SPECIAL

REFERENCE TO THE ESSENTIAL ANIONIC CONSTITUENTS
OF SALINE WATER ...Desalination, Electrochemical - other, Pas-
sivation, Saline Conversion, Water, 3.0412

Halogens-general
METALLIC CORROSION IN HALIDE ENVIRONMENTS

...Cathodic Protection, Desalination, Electrode, Water, 3.0369

Harbors
OPERATION RIVERPORTS ..,Canals, Mississippi River, Missouri

River, Streams, Water Transportation, _6.0183
CRITERIA FOR THE DESIGN OF SMALL CRAFT HARBORS

_Breakwaters, Coastal Engineering-other, Marinas, Seiches,
Waves, _2.0133

GREAT LAKES RESEARCH - GREAT LAKES DEICING
...Bibliography, Great Lakes-general, Navigation, Origin, Sea Ice,
...2.0643

BACTERIOLOGICAL AND ESTHETIC OF PLEASURE BOAT
WASTE DISCHARGE ON SMALL HARBORS ...Analysis and
Detection, Bacterial Pollutant Sources, Beautification, Boat
Discharges, Marinas, ...5.1267

TIDAL FLOWS IN RIVERS AND HARBORS ...Committee-sup-
port, Hydraulics-general, Streams, Tides, 2.0688

HARBOR DESIGN STUDIES ...Navigation, Waves, ...8.0231
EFFECTS OF SCALE AND OPERATING TECHNIQUE ON HAR-

BOR MODELS ...Synthetic Hydrology-general, ...7.0065
GREAT LAKES RESEARCH - HARBOR CURRENTS ...Currents -

water, Great Lakes-general, Model Studies, Pressure-density,
Water Level Fluctuation, Wind-general, ...2.0642

Hawaii
STUDY OF THE ENERGY BUDGET ON THE HAWAIIAN

ISLANDS ...Evapotranspiration, Radiation Emission, Radiation-
terrestrial, Reflectance, ...2.0370

THE EFFECTS OF SALINE IRRIGATION WATER ON SODIUM
ACTIVITIES AND PHYSICAL PROPERTIES OF LATOSOLIC
SOILS ...Irrigation, Irrigation-general, Saline and Alkaline Soils,
Salinity, Soil Environment, ...3.0199

METHODS FOR DETERMINING THE ECONOMIC PRODUC-
TIVITY OF IRRIGATION WATER FOR THE PRODUCTION
OF SUGAR IN HAWAII Irrigation-general, Management, Sugar
Cane, Yield, 6.0171



SUBJECT INDEX

CHARACTERIZATION AND REMOVAL OF REFRACTORY
COLOR COLLOIDS FROM HAWAIIAN SURFACE WATERS
Coagulation, Colloidal Phenomena, Color, Polyclectrolytes,
Potable Water, Zeta Potential, 5.0310

GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE II .Electric Logging, Electromagnetic Prob-
ing, Geophysical Analysis, Groundwater, Seismic Surveys,
...2.0371

PILOT STUDY OF SMALL WATERSHED FLOOD HYDROLO-
GY IN HAWAII, PHASE II ...Design Criteria, Discharge-3encral,
Drainage Systems, Floods, Urban Environments, 2.0381

IDENTIFICATION OF IRRIGATION RETURN WATER IN THE
SUBSURFACE ...Chemical-general, Irrigation-general, Physical-
general, Springs, Tritium, _5.0314

TIDAL EFFECTS ON GROUND WATER HYDRAULICS IN
HAWAII ...Analog Computers, Groundwater, Hydraulics-general,
Model Studies, Tides, 2.0378

WATER TRACING AND DATING IN HAWAII HYDROLOGIC
CYCLE ...Carbon-14, Groundwater Movement, Radioisotopes,
Surface Water, Tritium, Water Cycle, ...2.0375

GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE III ...Electric Logging, Geophysical Analysis,
Groundwater, Seismic Surveys, Volcanoes, 2.0369

STUDY OF ESTUARINE POLLUTION IN THE STATE OF
HAWAII Bacterial Pollutant Sources, Economics-general,
Estuaries, Forecasting-prediction, Sewage, 5.0311

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Aquatic
Or Soil-aquatic Cycles, Movement, Leaching, Soil Environment,
Triazincs -non-specific, Urca Cpds. -non-specific, ...5.0044

MACADAMIA CULTURE ...Fruit-set, Irrigation, Macadamia,
Trees, ...2.0377

RESEARCH ON GEOHYDROLOGY OF THE EASTERN SLOPE
OF WEST MAUI ...Aquifers-general, Mountains-alpine, Patterns,
Projections and Estimations, Slopes, Water Yield, ...6.0170

EVALUATION OF THE SULFUR SUPPLYING CAPACITY OF
HAWAIIAN SOILS Irrigation-general, Movement, Availability,
Rain-othcr, Soil Chemical Properties, Sulfur, 2.0373

SOIL-WATER RELATIONS OF HAWAIIAN SOILS ...Irrigation-
general, Mineralogy, Moisture Retention, Permeability, Soil Struc-
ture- general, Soil Tests, ...2.0374

HORTICULTURAL CROP RESPONSE TO IRRIGATION PRAC-
TICES ...Evaporation, Growth Rate, Irrigation, Moisture Tension,
...2.0382

STUDY OF IRRIGATION SYSTEM DESIGN CRITERIA FOR
HAWAIIAN VEGETABLE CROPS ...Economics-general, lrriga-
lion, Irrigation-general, Soil-water-plant Relationships, Water
Yield, ...2.0380

HYDROLOGIC RELATIONS IN HAWAII ...Amount, Data Net-
works, Floodproofing, Hydrology-general, Runoff, ...2.0365

HYDROLOGIC STUDIES (STORM STUDIES) HAWAIIAN
ISLANDS ...Hydrology - general, Storm Water, Storms-general,
Weather Charts-maps, ...2.0366

FLOODS IN THE WAIAHOLE-WAIKANE AREA, OAHU,
HAWAII ...Floodproofing, Floods, Mapping, Peak Flow, Regional
Areas, ...4.0085

FLOODS IN PUNALUU-HAUULA AREA, OAHU, HAWAII
...Floodproofing, Floods, Peak Flow, Zoning, 4.0086

Heat Transmit ion
Condensation

DEVELOPMENT OF PERMANENT SYSTEMS FOR DROPWISE
CONDENSATION ...Distillation-other, Films, Heat Transfer, Pilot
Plant, Vapor, -3.0411

RESEARCH ON HIGH-EFFICIENCY COMBINED EVAPORA-
TIVE AND CONDENSATIVE HEAT TRANSFER SYSTEM
... Fluoro Plastics, Heat Transfer, Heat Transfer Coefficients,
Other, Tension, Titanium, 3.0266

MAXIMUM RATE OF VAPORIZE. 30N AND CONDENSATION
OF WATER WITH DISSOLVED SALTS AND SURFACE CON-
TAMINATION ...Electrolytes, Evaporation, Gas/gas, Rate of
Reaction, Vapor Pressure, ...3.0413

DEVELOPMENT OF PARYLENE COATING FOR DROPWISE
CONDENSATION OF WATER ON HEAT EXCHANGERS
...Copper, Desalination, Heat Exchangers, Organic-general,
Plastics-other, 3.0322

DEVELOPMENT OF DIRECT CONTACT CONDENSATION
MULTISTAGE FLASH (DCC-MSF) DISTILLATION PROCESS
...Brines, Desalination, Film, Flash Distillation, Heat Transfer,
Plastics - General, ...3.0040

Heat Transmission

INVESTIGATION OF ANOMALOUS WATER ...Density, Phy and
Chem Properties, Vapor, Vapor Pressure, Viscosity, Water,
...3.0288

CONSTANT TOTAL PRESSURE EVAPORATION WITH HEART
REUSE BY A BULIT-IN ENGINE ...Additives, Boiling Point,
Desalination, Heat Recovery, Saturated Hydrocarbons, 3.0135

Conduction
Conductivity

THERMAL PROPERTIES OF SALT SOLUTIONS ...Property Mea-
surement, Salts, Solution, ...1.0057

THERMOPHYSICAL PROPERTIES OF SEA WATER AND
AQUEOUS ELECTROLYTE SOLUTIONS CONTAINING
NACL, KCL, NA2SO4, AND MGSO4 ...Boiling Point, B.:nes,
Density, Tables, Compilations, Catalogs, Vapor Pressure, Viscosi-
ty, 3.0286

THE DETERMINATION OF THE ENGINEERING THERMO-
PHYSICAL PROPERTIES OF SOLUTIONS CONTAINING DIS-
SOLVED SOLIDS ,..Calorimetry, Desalination, Enthalpy, Specific
Heat, ..,1.0019

SOLAR HEATING OF WATER TO VERY HIGH TEMPERA-
TURES ...Desalination, Mathematical Analysis, Medium Tem-
perature - 300-1000k, Sunshine, Water, ...3.0331

VERIFICATION OF MASS-TRANSFER AND PAN EVAPORA-
TION RELATIONSHIPS FOR LARGE LAKES AND RESER-
VOIRS (SALTON SEA, CALIFORNIA) ...California, Evapora-
tion, Forecasting-prediction, Lakes, Vapor Pressure, 2.0129

Convection
SOLIDIFICATION AND SEPARATION OF ICE FROM SALINE

WATER ...Desalination, Freezing, Magnetic Field, Surface Ener-
gy, ...3.0277

DIFFUSION AND FLOW IN INTERPHASE TRANSPORT
...Desalination, Liquid/liquid, Membranes-other, Surfactants,
..,5.0378

CONVECTION IN ROTATING FLt.hDS ...Flowing Fluid, Fluid
Flow-other, Forced Convection, Rotating Fluids, ...1.0046

Heat Transfer
FUNDAMENTAL STUDIES OF DESALINATION BY FREEZING

Brines, Desalination, Freezing, Removal--organics, 3.0281
A MASS TRANSFER STUDY OF CURRENT REQUIREMENTS

FOR CATHODIC PROTECTION ...Cathodic Protection, Cavita-
tion, Chemical Analysis, Desalination, Fluid Flow- other, Oxygen,
...3.0033

DEVELOPMENT OF PERMANENT SYSTEMS FOR DROPWISE
CONDENSATION ...Condensation, Distillation-other, Films, Pilot
Plant, Vapor, 3.0411

DISPOSAL OF BRINE BY SOLAR EVAPORATION ...Desalina-
tion, Evaporation, Mass Transfer, Solar Still, Vapor Pressure,
3.0333

AN INTERFEROMETRIC INVESTIGATION OF TRANSPORT
PHENOMENA IN PARTIAL PRESSURE DISTILLATION
...Demineralization, Distilling Units, Evaporation, Films, Interface,
...3.0489

RESEARCH ON HIGH-EFFICIENCY COMBINED EVAPORA-
TIVE AND CONDENSATIVE HEAT TRANSFER SYSTEM
...Condensation, Fluoro Plastics, Heat Transfer Coefficients,
Other, Tension, Titanium, ...3.0266

INVESTIGATION OF MULTI-EFFECT MULTI -STAGE (MEMS)
EVAPORATOR DESIGN PARAMETERS ...Evaporation, Flash
Distillation, ...3.0159

DISTILLATION PLANT AND COMPONENT STUDIES
...Desalination, Distillation-other, Distilling Units, Reverse Osmo-
sis, ...3.0439

SCALE CONTROL WITH GRAPHITE HEAT-TRANSFER TUBES
OF CONTROLLED PERMEABILITY TO STEAM ...Desalina-
tion, Distillation-other, Distilling Units, Heat Exchangers, Scaling,
Encrusting, 3.0390

DESALINATION BY THE INVERSION ON THE ORDER OF
MELTING BY APPLIED PRESSURE ...Crystallization, Desalina-
tion, Freezing, Pilot Plants, 3.0240

ENGINEERING FEASIBILITY STUDY OF THE HORIZONTAL
TUBE MULTIPLE EFFECT DISTILLATION PROCESS
...Desalination, Distilling Units, Economic Efficiency, North
Carolina, Rate of Reaction, ...3.0352

DEVELOPMENT OF DIRECT CONTACT CONDENSATION
MULTISTAGE FLASH (DCC -MSF) DISTILLATION PROCESS
...Brines, Condensation, Desalination, Film, Flash Distillation,
Plastics - General, 3.0040
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HEAT TRANSFER STUDIES ON SLUDGE SUSPENSION
...Digestion, Disposal, Pipelines, Solid Waste, ...5.0872

CONTROLLED FREEZING DESALINATION ...Desalination,
Freezing, Mass Transfer, Other, 3.0216

Flowing Fluid
THE STABILITY OF WATER FLOWS OVER A HEATED OR

COOLED SOLID SURFACE ...Forced Convection, Laminar -
Turbulent, Skin Friction, Surface Phenomena, 2.0113

CONVECTION IN ROTATING FLUIDS ...Convection, Fluid Flow-
other, Forced Convection, Rotating Fluids, ...1.0046

Heat Transfer Coefficients
RESEARCH ON HIGH-EFFICIENCY COMBINED EVAPORA-

TIVE AND CONDENSATIVE HEAT TRANSFER SYSTEM
Condensation, Fluoro Plastics, Heat Transfer, Other, Tension,
Titanium, 3.0266

A STUDY OF HEAT TRANSFER IN THE FLUTED VERTICAL
TUBE EVAPORATOR ...Desalination, Distillation-other,
Distilling Units, Heat- transfer - other, ..3.0456

Heavy Elements
ENZYMES FOR ANALYSIS AND PURIFICATION OF SALINE

WATER SYSTEMS ...Alcohols, Biodegradation, Bioindicators,
Degradation, Fluorometry, Pesticides, ...5.0456

APPLICATION OF MODERN ELECTROANALYTICAL
TECHNIQUES TO THE ANALYSIS OF HEAVY METALS IN
WATER ...Analysis and Detection, Chronopotentiometry,
Mineralization, Polarography, Trace Analyses-other, ...1.0040

DEVICE FOR FIELD DETERMINATION OF HEAVY METALS
IN NATURAL WATERS ...Chemical Analysis (water), Electrode,
Ions and Gases, Metals, Polarography, ...7.0032

BIOLOGICAL, EFFECTS OF HEAVY METAL POLLUTION
Biological, Metals, Microbial-bacterial, Mining Industry, Pollu-
tion - Effects of , ...5.0034

RELATIONSHIP OF THE SOURCE TO LEVELS OF TOXIC
CHEMICALS IN SHELLFISH ...Freshwater Mussels, Scallops, In-
dustrial Wastes, Legal Standards, Pollutants - Path of , Pollution -
Effects of ,

Heavy Mineral Analysis
MODE OF OCCURRENCE OF MINOR ELEMENTS IN SEDI-

MENTS AND SOILS ...Chemical Analysis - Soils, Groundwater,
Mineralogy, Trace Element Analysis, Weathering Products,
...11.0054

Hemolysins -non-specific
STUDY OF TOXIN SYNTHESIS IN SYNCHRONIZED PRYM-

NESIUM ...Algal Toxins, Biosynthesis, Cell Cycle, Prymnesium,
Synchronization, ...1.0089

Highway Sites
ENGINEERING GEOLOGY ...Core Analysis, Dams-gemeral, Foun-

dations-general, Geology - Engineering, Reservoirs, ...8.0174
FLOOD PREDICTION METHODS FOR PENNSYLVANIA

HIGHWAY CROSSINGS ...Engineering Properties, Floods,
Forecasting-prediction, Small Watersheds, Systems Analysis,
...2.0928

ESTABLISHMENT AND MAINTENANCE OF VEGETATION ON
HIGHWAY RIGHTS-OF-WAY ...Cover Crops, Erosion Control,
Plant Growth, Right-of-way, Roads and Highways, 2.1035

History
A HISTORY OF WATER UTILIZATION IN THE SOUTHWEST,

WITH PARTICULAR REFERENCE TO NEW MEXICO ...Ad-
ministrative Structures, Economics-general, New Mexico, Water
Law-general, Water Utilization -domestic, ...2.0774

HISTORY OF THE DEVELOPMENT OF THE WATER
RESOURCES OF THE COLORADO RIVER-PHASE ONE. THE
COLORADO RIVER COMPACT ...Colorado River, Water
Resources Development, 6.0066

THE DEVELOPMENT OF COMMERCE IN THE UPPER MISSIS-
SIPPI BASIN IN THE PERIOD PRIOR TO THE CIVIL WAR
(ABBREV) .,.Economic Impact, Mississippi River, .,.7.0029

IMPACTS OF DROUTH ON LOCAL ECONOMIES IN KANSAS
,..Agriculture Industry, Drought, Economic Impact, Kansas,
2.0517

THE HISTORY AND ECONOMICS OF RECLAMATION PRO-
JECTS IN UTAH ...Economic Impact, Impact, Social Aspects,
Water Resources Development, .6.0573

ECONOMIC ANALYSIS OF RESOURCE AREAS ...Economics-
general, Federal Government, Social Aspects, Water Resources
Development, .6.0098

Hormones
Glucagon X Hor

STRUCTURE OF THE BLUE-GREEN ALGA TOXIN
...Cyanophyta (non-specific & Ot), Gas, Mass, Natural Occurring,
Organic, ...5.0127

Gonadotrophins
EFFECTS OF MALATHION ON THE SEXUAL DEVELOPMENT

OF MALE RAINBOW TROUT - PESTICIDE EFFECTS ON
FISH ENDOCRINE FUNCTIONS ...Gonadotropins, Malathion,
Mode of Action -animal, Pollution - Effects of , Rainbow Trout,
Steelhead Trout, ...5.0633

Horticulture
Fruits, Nuts and Berries

Fruit, Nuts & Berries -other
SPRING AND SUMMER HORTICULTURAL CROPS ...Aerial,

Beans (garden), Potatoes, Sprinkler Irrigation, Strawberry,
...2.0338

Shrubs
STUDIES WITH BARBADOS OR WEST INDIAN CHERRY

(MALPIGHIA. PUNICFOLIA, L) .Malpighiaccae, Pucrto Rico,
Vitamins, Yield, ...6.0482

EFFECTS OF FERTILIZER AND SOIL MANAGEMENT PRAC-
TICES, IRRIGATION, PLANT SPACING, AND OTHER CUL-
TURAL TREATMENTS ON BERRY PRODUCTION ...Envir.
responses (non-specific, Irrigation, Irrigation-general, Manage-
ment, Mineral Nutrition, Vines, ...3.0259

Trees
HEAT BUDGET AND EVAPOTRANSPIRATION OF FRUIT

TREES ...Energy Budgets, Evapotranspiration, Temperature Or
Heat Budgets, Transpiration and Evap, Water Balance-budget,
2.0311

IRRIGATION EFFICIENCY ..,Citrus, Evaporation, Florida, Sprin-
kler Irrigation, Water Loss Control, ...3.0177

SPRINKLER IRRIGATION OF CITRUS UNDER
SOUTHWESTERN CONDITIONS ...Citrus, Flood Irrigation, Ir-
rigation, Southwest, Sprinkler Irrigation, ...2.0052

LEMON PRODUCTION IMPROVEMENT Arizona, Citrus, Fur-
row Irrigation; Irrigation, Sprinkler Irrigation, ...2.0067

SOILS AND NUTRIENT CULTURE EXPERIMENTS TO DETER-
MINE THE EFFECTS OF VARIABLE SALINITY CONDITIONS
ON CITRUS BEHAVIOR ...Citrus, Irrigation, Saline and Alkaline
Soils, Saline Soils, Salinity, .,.3.0086

MOISTURE CONTROL AND ITS RELATION TO CULTURAL
PRACTICES FOR CITRUS, TREE, AND VINE CROPS
...California, Irrigation, Moisture Tension, Soil-water-plant Rela-
tionships, Vines, _2.0139

EFFECT OF WATER APPLICATIONS TO SOD AND MULCH
UPON QUALITY ATTRIBUTES OF APPLE FRUITS ...Apples,
Irrigation, Mulches -other, Quality -non-specific, Sprinkler Irriga-
tion, Storage Changes, 2.0853

MACADAMIA CULTURE ...Fruit-set, Hawaii, Irrigation,
Macadamia, ...2.0377

LEACHING REQUIREMENT AND SALINITY STUDIES WITH
BEARING ORANGE TREES ...Citrus, Flood Irrigation,
Leaching-other, Soil and Rock Leaching, Water Salinity, ...4.0041

A STUDY OF THE PHYSIOLOGIC AND CULTURAL FACTORS
WHICH INFLUENCE PRODUCTION OF TREE FRUITS
...Drought, Herbicides and Other Chem, Irrigation, Irrigation-
general, ...2.0074

MOISTURE REQUIREMENTS OF DECIDUOUS ORCHARDS
...Cracking, Moisture Tension, Other Enviromental Conditions,
Peaches, Plums, ...4.0030

IRRIGATION STUDIES WITH APRICOTS AT WOLFSKILL EX-
PERIMENTAL ORCHARDS ...Apricot, Growth Rate, Irrigation,
Irrigation-general, Yield, _2.1199



SUBJECT INDEX Hydraulic Engineering

SOIL-MOISTURE-PLANT RELATIONS OF AVOCADO TREES
irrigation-general, Lauraceac - Sassafras... , Moisture Content,
Soil-water-plant Relationships, Temperature, 2,0148

ENVIRONMENT CONTROL FOR ORCHARDS AND FIELDS
.Citrus, Freezing & Below, High Temp. - 85f Or Above, Sprin-
kler Irrigation, Strawberry, 8.0204

PEACH NITROGEN, PRUNING AND IRRIGATION STUDY Ir-
rigation-general, Moisture Content, Nitrogen, Peaches, .4.0185

NUTRITIONAL AND SOIL MOISTURE REQUIREMENTS OF
PEAR ORCHARDS OF SOUTHERN OREGON ...Oregon, Pears,
Quality -non-specific, Requirements for Water, Yield, ...2.0899

GUAVA VARIETIES. SELECTION & PROPAGATION OF
GUAVA VARIETIES & INVESTIG. OF COMMERCIAL & IN-
DUST. POSSIBILITIES OF THE FRUIT (ABBREV) ...Irrigation,
Myrtaceae, Puerto Rico, Selection & Breeding, Varietal Evalua-
tion, ...5.1047

EFFECTS OF CULTURAL PRACTICES, SOIL MOISTURE
LEVELS, AND FERTILITY LEVELS ON CITRUS TREE
REACTION, AND ON SOIL PROPERTIES ...Citrus, Consump-
tive Use, Moisture Levels, Requirements for Water, Soil Chemical
Properties, 201033

ORCHARD MANAGEMENT ..,Evaporation, Irrigation, Mechanical
Harvest, ...2.1118

PRUNE ORCHARD MANAGEMENT ...Internal Necrosis,
Nitrogen, Plums, Rates Or Levels of Application, _6.0611

TOLERANCE OF CITRUS TO LOW TEMPERATURES ...Citrus,
Cold, Low Temp. - But Above 32f, Plants, ...3 .0184

RELATION OF NITROGEN LEVEL, HIGH WATER TABLE
AND SOIL SALINITY TO GROWTH, YIELD AND FRUIT
QUALITY OF DATES ...Rates Or Levels of Application, Saline
Soils, Water Table - Depth of , Water Table Fluctuation, 3.0185

Vines
FACTORS AFFECTING THE QUALITY OF ARIZONA MELONS

...Cantalope, Muskmelon, Honeydew, Irrigation, Mineral Nutri-
tion, Moisture Levels, Nitrogen, ...2.0031

MOISTURE CONTROL AND ITS RELATION TO CULTURAL
PRACTICES FOR CITRUS, TREE, AND VINE CROPS
California, Irrigation, Moisture Tension, Soil-water-plant Rela-

tionships, Trees, ...2.0139
EFFECTS OF FERTILIZER AND SOIL MANAGEMENT PRAC-

TICES, IRRIGATION, PLANT SPACING, AND OTHER CUL-
TURAL TREATMENTS ON BERRY PRODUCTION ...Envir.
responses (non-specific, Irrigation, Irrigation-general, Manage-
ment, Mineral Nutrition, Shrubs, ...3.0259

Medicinal Plants
PHYTOCHEMISTRY OF NARCOTIC PRINCIPLES IN CAULER-

PA ...Biochemical, Biochemical Analysis, Caulerpa,
Cyclopropane, Phaeophyta (non-specific & Ot), 6.0172

Ornamentals
Shrubs & Vines, Mainly Fibrous

GREENHOUSE AND OUTDOOR NURSERY CULTURE OF
SALTCEDAR PLANTS TO BE USED IN PHREATOPHYTE
CONTROL PROGRAM ...Agricultural Chemicals-general, Green-
house, Salteedar, Tamarisk, Trees, ...3.0131

Trees
GREENHOUSE AND OUTDOOR NURSERY CULTURE OF

SALTCEDAR PLANTS TO BE USED IN PHREATOPHYTE
CONTROL PROGRAM ..,Agricultural Chemicals-general, Green-
house, Salteedar, Tamarisk, Shrubs & Vines, Mainly Fibrous,
3.0131

Vegetables
Aerial

CLIMATE OF THE NORTHEAST - ANALYSES & RELATION-
SHIP TO PLANT RESPONSE (NE-35 ...Beans (garden), Cli-
mate-general, Delaware, Envir. responses (non-specific, General
Synoptic Observations, ...2.0251

SPRING AND SUMMER HORTICULTURAL CROPS ...Beans
(garden), Fruit, Nuts & Berries -other, Potatoes, Sprinkler Irriga-
tion, Strawberry, ...2.0338

GENETIC AND CYTOGENIC STUDIES OF HORTICULTURAL
CROPS-BREEDING XEROPHYTIC CUCURBITA ...Arid and
Desert, Arizona, Interspecific Genetic Relat. , Squash, Pumpkin,
Sterility, ...3.0010

IRRIGATION OF FIELD AND TRUCK CROPS ...irrigation, Quali-
ty -non-specific, Root, Yield, 2.0091

IRRIGATION STUDIES WITH VEGETABLES ...California, Irriga..
tion - general, Root, Saline Soils, Soil-water-plant Relationships,
Water Quality-general, 2,0137

VEGETABLE CROPS FERTILIZER, PLANT NUTRITION, AND
IRRIGATION PROBLEMS ...Irrigation, Irrigation-general,
Oregon, Root, Soil Fertility -non-specific, 2.0895

STUDIES ON VEGETABLE CULTURE ,..Drainage, in Horticul-
ture, Irrigation. Irrigation - general, .,2.0949

FERTILIZER TREATMENTS AND CULTURAL PRACTICES ON
VEGETABLES ...Quality -non-specific, Rates Or Levels of Appli-
cation, Root, Texas, Yield, 6.0553

THE EVALUATION, BREEDING AND IMPROVEMENT OF
LETTUCE VARIETIES FOR TEXAS ...Irrigation, Lettuce, Space
Competition, Texas, 6.0550

BROCCOLI CULTURAL INVESTIGATIONS IN WESTERN
WASHINGTON ...Brassica -the Cabbage Group, Irrigation, Irriga-
tion-general, Space Competition, Washington, .,.2.1126

Root
IRRIGATION OF FIELD AND TRUCK CROPS ..Aerial, Irrigation,

Quality -non-specific, Yield, ...2.0091
IRRIGATION STUDIES WITH VEGETABLES ...Aerial, California,

Irrigation-general, Saline Soils, Soil-water-plant Relationships,
Water Quality-general, 2.0137

VEGETABLE CROPS FERTILIZER, PLANT NUTRITION, AND
IRRIGATION PROBLEMS ...Aerial, Irrigation, Irrigation-general,
Oregon, Soil Fertility -non-specific, 2.0895

FERTILIZER TREATMENTS AND CULTURAL PRACTICES ON
VEGETABLES ...Aerial, Quality -non-specific, Rates Or Levels of
Application, Texas, Yield, ...6.0553

EFFECTS OF VARIOUS PRE-HARVEST AND POST-HARVEST
TREATMENTS ON SWEET POTATOES ...Herbicides -non-
specific, Irrigation, Screening Potential Pesticides, Sweetpotatoes,
_6.0560

WHEN TO IRRIGATE _Irrigation, Moisture Levels, Potatoes,
...2.1I23

Humidity Instruments
MEASUREMENT OF WATER VAPOR FLUX ABOVE A LAKE

SURFACE BY MEANS OF OPTICAL TECHNIQUES ...Absorp-
tion Spectra, Infrared, Infrared Radiation, Optical Systems,
Water, 2.0811

AERIAL MEASUREMENT OF HYDROLOGIC PHENOMENA
..,Aerial, Data Acquisition-general, Geophysical Analysis,
Hydrology-general, Infrared Radiation, 7.0003

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR ...Evaporation, Heat Budget, Humidity, Oklahoma,
Reservoirs and Impoundments, Transmission Characteristics,
Velocity, Water Loss Control, 3.0114

Hydraulic Engineering
Construction

IMPROVEMENTS IN CONCRETE CONSTRUCTION PRAC-
TICES ...Aggregates, Extenders, Fillers, Methods, Moisture,
_8.0259

PERFORMANCE OF CONSTRUCTION PLANT AND EQUIP-
MENT ...Concrete-general, Equipment, Machines, ...8.0251

COASTAL WORKS EVALUATION FOR CHECKING, IMPROV-
ING AND DEVELOPING DESIGN RELATIONSHIPS AND
CONSTRUCTION TECHNIQUE ...Breakwaters, Development,
Groin, Jetty, Shoreline Structures, ...8.0148

TECHNICAL SUPPORT, INVESTIGATIONS OF ARCTIC CON-
STRUCTION ...Arctic, Cold - Climates, Earth & Rockfill Dams,
Thermal Properties-general, 8.0266

PROTOTYPE ANALYSES - STRUCTURAL BEHAVIOR
...Concrete-general, Dams-general, Distances, Instrumentation,
...8.0014

DEVELOPMENT OF STANDARD DESIGNS FOR CANAL
STRUCTURES ...Canals, Design Criteria, Energy Losses-general,
Model Studies, Open Channel, 8.0064

Engineering Studies
Breakwaters

CRITERIA FOR THE DESIGN OF SMALL CRAFT HARBORS
...Coastal Engineering-other, Harbors, Marinas, Seiches, Waves,
2.0133

WAVE FORCES ON BREAKWATERS ...Ext Pressure on Struct-
general, Shoreline Structures, Wave Action, Waves, ...8.0232
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STABILITY OF RUBBLE-MOUND BREAKWATERS Design
Criteria, Engineering Structures-general, Hydrodynamics,
Shoreline Structures, Wave Action, Waves, ..8.0230

COASTAL WORKS EVALUATION FOR CHECKING, IMPROV-
ING AND DEVELOPING DESIGN RELATIONSHIPS AND
CONSTRUCTION TECHNIQUE ...Construction, Development,
Groin, Jetty, Shoreline Structures, 8.0148

RUBBLE-MOUND PROTOTYPE STUDIES ...Jetty, Shoreline
Structures, Water Motion Recorders, Wave Action, Waves,
.8.0156

DESIGN OF RUBBLE WAVE ABSORBERS ...Energy Dissipators,
Wave Action, Waves, 7.0066

Coastal Engineering-general
STRUCTURAL DESIGN OF SHORE STRUCTURES ...Engineering

Structures-general, Hydrodynamic Structures, Models, Shoreline
Structures, Wave Action, ..8.0151

Coastal Engineering-other
CRITERIA FOR THE DESIGN OF SMALL CRAFT HARBORS

...Breakwaters, Harbors, Marinas, Seiches, Waves, 10133
RELATIONSHIP OF TUBE-AND REEF BUILDING MARINE AN-

NELIDS TO COASTAL ENGINEERING AND CONSERVA-
TION PROBLEMS IN FLORIDA ...Environmental Ecology,
Florida, Lugworms, Marine Segmentedworm, Vertical Distribu-
tion, .3.0187

GENERAL COASTAL INLET STUDIES ...Coastlines - shorelines,
Discharge-other, Model Studies, Synthetic Hydrology-general,
Tides, Velocity -water, 2.0689

GREAT LAKES RESEARCH - EFFECTS OF STRUCTURES ON
COASTAL SEDIMENTATION ...Beach, Bed Load, Energy-
dynamics, Engineering Structures-general, Great Lakes-general,
Velocity -water, 2.0650

METHODS OF BYPASSING SAND PAST INLETS ...By-passing,
Ocean Waves - Currents, Shoreline Structures, Size, 2.0264

DEVELOPMENT OF CRITERIA FOR ARTIFICIAL BEACHES
...Beach, Beaches, Design Criteria, Shoreline Structures, Statistics-
general, 8.0155

Engineering Studies-other
DEVELOPMENT OF AN OPERATIONS CONTROL PLAN

...Channel Regulation-other, Controls, Pump-other, Reservoirs,

...6.0072

Erosior Control
INVESTIGATION OF SCOUR AT BRIDGES IN ALASKA

...Alaska, Bridges & Culverts, Channel Geometry, Drainage,
Scouring, Suspension, _2,0285

EROSION CONTROL STUDY ...Cov-er Crops, Drainage, Soil Ero-
sion -non-specific, 2.0532

REDUCTION OF SCOUR AROUND BRIDGE PIERS ...Bridges &
Culverts, Drainage, Scouring, ...2.0965

ENGINEERING INVESTIGATION PERTAINING TO FLOOD
PROTECTION OF BRIDGES AND CULVERTS ...Bridges &
Culverts, Culvert, Design Criteria, Drag, Drainage, Floods,
8.0145

PERFORMANCE OF CIRCULAR CULVERTS ON STEEP
GRADES ...Channels, Culvert, Drainage, Engineering Structures-
general, Flow Characteristics -water, 8.0289

DRAINAGE DESIGNS AS INFLUENCED BY CONDITIONS IN
THE VICINITY OF THE DRAIN LINE ...Drainage Systems,
Pipe, Tube, Pipes, Plastics - General, Seepage, _8.0010

TEMPORARY LININGS FOR WATERWAYS AND EMBANK-
MENTS ...Cover Crops, Design Criteria, Embankments, Florida,
Hydrology-general, Lining, 3.0178

LABORATORY STUDIES OF CONSERVATION AND
DRAINAGE STRUCTURES ...Drainage, Pipes, Scouring, Transi-
tion Sections, Velocity, _3.0217

MECHANICS OF SOIL EROSION BY WATER ...Erosion-general,
Particle Surface, Rain-general. Stability, Thermal Properties-
general, ...2.0457

ESTABLISHMENT AND MAINTENANCE OF VEGETATION ON
HIGHWAY RIGHTS-OF-WAY ...Cover Crops, Highway Sites,
Plant Growth, Right-of-way, Roads and Highways, ...2.1035

INCIPIENT MOTION OF LARGE ROUGHNESS ELEMENTS IN
TURBULENT OPEN CHANNEL FLOW ...Flow Characteristics -
water, Open Channel, Open Charnel Flow, Sediment Transport-
other, Turbulent Flow, _2.1062

DETROIT TEST CONDUIT ...Conduit, Control Gate, Flume Stu-
dies, Scouring, Transition Sections, ...8.0282

SPECIAL STUDIES FOR CIVIL WORKS SOILS PROBLEMS
...Design Criteria, Earth & Rockfill Dams, Field Soils Compac-
tion, Slopes, Wave Action, 8.0255

SCOUR AT BRIDGE CROSSINGS IN ALASKA ...Bridges & Cul-
verts, Discharge-other, Scouring, Suspension, 2.0013

EVALUATION OF ROCK RIPRAP AND DEVELOPMENT OF
SUBSTITUTES ...Aggregrates - Crushed Rock, Engineering Struc-
tures-general, Petrography, Slopes, Soil Cement, Wave Action,
.8.0081

EFFECTS OF VARIOUS FOREST TYPES AND STAND TREAT-
MENTS ON GROUNDWATER RECHARGE AND STREAM-
BANK EROSION IN AREAS OF DEEP GLACIAL DRIFT ...Ero-
sion-general, Forest Watersheds, Natural Recharge, Open Chan-
nel, Stream Banks, _5.0573

STREAM CHANNEL STABILIZATION SEDIMENT CONTROL
WORKS IN CHANNELS ...Channels, Lining, Open Channel,
Scouring, Sedimentation, ...5.0930

DEVELOPMENT OF SUPPORTING RUNOFF AND EROSION
CONTROL PRACTICES AND SYSTEMS IN THE CORN BELT
.Conservation & Management Eng, Corn Belt, Erosion-general,
Runoff, Stabilization-other, Terrace-bench, Wind, ...3.0225

Flood Control
A MODEL FOR QUANTIFYING FLOW AUGMENTATION

BENEFITS ...Flow Augmentation, Model Studies, Other Methods,
River Basins, Systems Analysis, Water Distribution Systems,
...6.0152

HYDROLOGIC STUDIES (STORM STUDIES) Floodproofing,
Hydrology-general, Patterns, Storms-general, Tables, Compila-
tions, Catalogs, ...2.0549

Harbors
TIDAL FLOWS IN RIVERS AND HARBORS ...Committee-sup-

port, Hydraulics-general, Streams, Tides, 2.0688
HARBOR DESIGN STUDIES ...Navigation, Waves, ...8.0231
EFFECTS OF SCALE AND OPERATING TECHNIQUE ON HAR-

BOR MODELS Synthetic Hydrology - general, ..7.0065

Infiltration - Percolation
BEDDING AND INFILTRATION STUDIES OF SANITARY

SEWERS IN THE GULF COAST AREA .Appurtenances,
Layered System, Pipe-laying, South Central, 5.0461

Irrigation
HYDRAULICS OF SURFACE IRRIGATION ...Differential Equa-

tions, Digitril Computers, Steady, Surface Irrigation -general, Un-
steady, 2,0098

HYDRAULICS OF SURFACE IRRIGATION ...Channel Roughness,
Flow Characteristics -water, Irrigation Engineering, Mathematical
Analysis, Soils -general, Surface Irrigation -general, _2.0215

SOLAR POWERED EQUIPMENT FOR OPERATING A SMALL
IRRIGA TION PUMP. ...Irrigation Engineering, Irrigation-other,
Pump-other, Pumping, Solar Power- general, ..4.0201

HYDRAULIC STUDIES AND RESEARCH ON CALIFORNIA
WATER FACILITIES ...Flow Characteristics -water, Fluid Flow-
general, Irrigation-general, Model Studies, Synthetic Hydrology-
general, ..7.0010

FLOW MEASUREMENT OF IRRIGATION WATER ...Canals,
Flow Characteristics -water, Fluids, Flume, Measurement,
3:0144

CONCRETE DITCH LINING AND PIPE FOR IRRIGATION
SYSTEMS ...Lining, Linings-pavings, Open Channel, Pipes, Plain,

PERFORMANCE CHARACTERISTICS OF SOLID COVERAGE
SPRINKLER IRRIGATION SYSTE ...Irrigation Engineering,
Regression Analysis, Spray Devices, Sprinkler Irrigation, 2.0897

OPEN CHANNEL HYDRAULICS ...Culvert, Open Channel,
Transition Sections, Weir, 8.0127

RESISTANCE OF CONCRETE TO SULPHATE WATERS ...Al-
kalinity, Cement, Concrete, Chemicals, Dam, Canal, Sulfate,
Sulfite, _8.0298

SURFACE AND SPRINKLER IRRIGATION SYSTEM DESIGN
AND OPERATION FOR EFFICIENT WATER USE IN THE
PACIFIC NORTHWEST ...Evapotranspiration, Model Studies,
Sprinkler Irrigation, Surface Irrigation -general, Technique
Development, ..3.0204

Lining
DESIGN TO CONTROL EROSION IN ROADSIDE DRAINAGE

CHANNELS ...Design Criteria, Drainage, Erosion-general, Soil
Erosion, ...2.0657

REVERSE FILTER EROSION PROTECTION ...Connecticut, Con-
tra and Protection, Engineering Structures-general, Erosion-
general, Filters, 8.0147
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INVESTIGATION OF SOIL FREEZING Dams-other, Density,
Frost and Permafrost, Moisture Content, Void Ratio and Porosity,
.8.0285

REDUCTION OF GROUND WATER INFILTRATION INTO
SEWERS BY ZONE PUMPING ...Pump, Pumping, Sewerage
Systems-general, Water Table Fluctuation, Water Wells, ...5.0320

USE OF LATEX AS A SOIL SEALANT TO CONTROL ACID
MINE WASTE DRAINAGE ...Acidity, Elastomers Rubber,
Linings-pavings, Mine Drainage Control, Sealant Materials,
Seepage, 5.0996

TEMPORARY LININGS FOR WATERWAYS AND EMBANK-
MENTS _Cover Crops, Design Criteria, Embankments, Erosion
Control, Florida, Hydrology-general, ...3.0178

POND SEALING ...Adsorption Capacity, Linings-pavings, Permea-
bility, Ponds, ...4.0223

CONCRETE DITCH LINING AND PIPE FOR IRRIGATION
SYSTEMS ...Irrigation, Linings-pavings, Open Channel, Pipes,
Plain, ...8.0272

RIPRAP, REQUIREMENTS IN CHANNELS ...Drag, Lift, Models,
Open Channel, Velocity, ...8.0246

STUDIES OF EQUATIONS FOR SEEPAGE LOSS FROM
CANALS ...Canals, Loss, Open Channel, Permeability, Soil Test -
Insitu, ...8.0129

STUDY OF TUNNEL LININGS AND REINFORCEMENT _Chan-
nel Type-other, Data Analysis - General, Linings-pavings, Rein-
forced, ...8.0104

INVESTIGATION OF EROSION AND TRACTIVE FORCES ON
CANALS--OPEN AND CLOSED CONDUIT RESEARCH PRO-
GRAM ...Canals, Erosion-general, Linings-pavings, Soil Environ-
ment, Traction, ...8.0035

MEMBRANE LININGS-OPEN AND CLOSED CONDUIT
RESEARCH PROGRAM ...Bituminous, Elastomers Rubber, Open
Channel, Polyethylene, Polyvinyl Chloride, 8.0051

STREAM CHANNEL STABILIZATION SEDIMENT CONTROL
WORKS IN CHANNELS ...Channels, Erosion Control, Open
Channel, Scouring, Sedimentation, 5.0930

FACILITIES, METHODS AND DESIGN CRITERIA TO PUMP,
CONVEY, CONTROL AND MEASURE WATER FOR
AGRICULTURAL PURPOSES IN THE NORTHERN PLAINS

Irrigation- gen eral, I ,P,7rinRurtrf,1 e of Water, Waterergrans ...T m

EVALUATION AND CONTROL OF SEEPAGE FROM WATER
STORAGE AND CONVEYANCE STRUCTURES ,..Models,
Preventive Measures, Seepage, Storage of Water, Water Loss
Control, 8.0002

Models
LAKE ERIE DIKE ...Dike, Disposal-other, Lake Erie, Wave Action,

Waves, ...8.0219
USE OF LARGE ROUGHNESS ELEMENTS FOR HYDRAULIC

ENERGY DISSIPATION ...Channel Roughness, Culvert,
Drainage, Energy Dissipators, Open Channel, 8.0295

THE USE OF LIGHT- WEIGHT SPHERICAL PARTICLES FOR
DISCHARGE MEASUREMENT IN OPEN CHANNELS ...Flume,
Measurement, Open Channel, Turbulent, Velocity, ...7.0069

MODEL STUDIES FOR DEVELOPMENT AND CALIBRATION
OF STREAMFLOW CONTROL DEVICES IN THE SOUTHERN
BRANCH ...Channel Regulation-general, Computers-general,
Discharge-general, Gaging, Synthetic Hydrology-general, ...3.0189

CALIFORNIA AQUEDUCT, NORTH SAN JOAQUIN DIVISION,
FISH PROTECTIVE FACILITY ...Engineering Structures-general,
Open Channel, Pipes, Transition Sections, Velocity, .,.8.0009

HYDRAULICS OF STORM SEWER JUNCTIONS ...Design

Criteria, Drainage, Drainage Systems, Storm Water, Urban
Research, ...5.0356

DEVELOPMENT OF HYDRAULIC DESIGN CRITERIA Con-
duit, Design Criteria, Simulators, Spillways, Water Control
Works-other, ...8.0226

HYDRAULIC PROTOTYPE TESTS .,.Channel Regulation-other,
Conduit, Simulators, Spillways, 8.0228

EFFECTS OF SCALE AND OPERATING TECHNIQUE ON HAR-
BOR MODELS ...Harbors, Synthetic Hydrology-general, ...7.0065

WAVE ACTION ON STRUCTURES ...Engineering Structures-
general, Hydrodynamic Structures, Shoreline Structures, Stability,
Wave Action, ...8.0150

STRUCTURAL DESIGN OF SHORE STRUCTURES ...Coastal En-
gineering-general, Engineering Structures-general, Hydrodynamic
Structures, Shoreline Structures, Wave Action, 8.0151

Hydraulic Engineering

STABILIZATION OF SHORES BY GROINS AND JETTIES
...Development, Groin, Jetty, Sedimentation, Wave Action,
2.0263

RIPRAP, REQUIREMENTS IN CHANNELS ...Drag, Lift, Lining,
Open Channel, Velocity, ...8.0246

HYDRAULIC MODEL STUDIES OF A PUMP INLET
MANIFOLD ...Axial Flow, Critical, Desalination, Distilling Units,
Flash Distillation, High Pressure, .3.0120

GATES, VALVES, AND ORIFICES ...Control Gate, Design
Criteria, Orifice, Seals, Valves, ...8.0037

STUDY OF POLYCENTERED, PARABOLIC, AND OTHER
1:HAPES FOR ARCH DAMS ...Analysis Structural, Arch Dams,
Design Criteria, _8.0090

HYDRAULIC AND STRUCTURAL DESIGN - SPILLWAYS AND
OUTLET WORKS ...Concrete-other, Hydraulic Structures, Spill-
ways, Ultimate, 8.0139

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE SOUTHERN PLAINS Agricultural
Watersheds, Design Criteria, Design Flow-flood, Hydraulic Struc-
tures, Water Loss Control, _8.0277

EVALUATION AND CONTROL OF SEEPAGE FROM WATER
STORAGE AND CONVEYANCE STRUCTURES ...Lining,
Preventive Measures, Seepage, Storage of Water, Water Loss
Control, 8.0002

Power Development
FISH PASSAGE THROUGH TURBINES ...Fish -non-specific,

Hydraulic, Management -other, Mortality Rates, Stamina,
...8.0312

INTAKES, ENTRANCES, AND TRANSITIONS ...Energy Losses-
other, Penstock, Pipes, Transition Sections, Vortex, 8.0099

SITE TESTS '1'0 DETERMINE STRUCTURAL PROPERTIES OF
ROCK FOUNDATIONS ...Dams-other, Engineering Structures-
general, Foundations-general, Rock Mechanics, Tunnels, 8.0019

ULTIMAT". STRENGTH DESIGN ...Codes and Standards, Electric
Power Plants, Reinforced, Structural, ...8.0030

DESIGN OF DOUBLE-CURVATURE MULTIPLEARCH DAMS
FOR USE IN WIDE VALLEYS ...Analysis Structural, Arch
Dams, Engineering Structures-general, Reinforced, Shells,
8.0095

POWER PRODUCTION Electric Power Plants, Nuclear Power,
Reservoir Systems, Spray Devices, Thermal Pollution, ...5.0983

Reservoir Systems
POWER PRODUCTION ...Electric Power Plants, Nuclear Power,

Power Development, Spray Devices, Thermal Pollution, 5.0983

Sedimentation
HYDRAULIC INVESTIGATION OF SOIL EROSION AND SEDI-

MENTATION IN HIGHWAY MEDIAN AND SIDE DITCHES
...Alabama, Drainage, Flow Characteristics -water, Scouring, Silt-
ing, _2.0004

STUDY OF TRANSPORT, DEPOSITION AND SCOUR OF FINE
PARTICLES THROUGH A POROUS MEDIUM ...Flow Charac-
teristics -water, Permeability, Porosity, Porous Media - Flow
Through, Silting, ...2.0081

CHANGES IN NATURAL CHANNELS RESULTING FROM
CONTROL DEVICES IN THE UPPER REACHES OF THE
BASINS Channels, Control Factors-general, Open Channel,
Reservoirs, Structure Sites, ...2.0685

NON-EQUILIBRIUN TRANSPORT OF SUSPENDED SEDIMENT
...Flume, Length, Open Channel, Scouring, Suspension, ...2.0696

DEPOSITION OF FINE SEDIMENTS IN TURBULENT FLOWS
...Channel Roughness, Open Channel, Secondary Flows, Shear-
flow, Turbulent, 5.0764

METHODS AND EQUIPMENT FOR SUBSURFACE DRAINAGE
Drainage, Drainage Systems, ...4.0193

SCOUR AT RELIEF BRIDGES ...Bridges & Culverts, Culvert,
Drainage, Scouring, Transition Sections, _8.0005

PERFORMANCE CHARACTERISTICS OF LARGE SCALE
HYDROMECHANICS LABORATORY EQUIPMENT ...Flume
Studies, Inflow, Synthetic Hydrology-general, Turbulent Flow,
...8.0195

HYDRAULICS LABORATORY . ..Channels, Flow of Dispersed
Solids, Open Channel, Streams, Suspension, Turbulent, ...8.0146

STABILIZATION OF SHORES BY GROINS AND JETTIES
...Development, Groin, Jetty, Models, Wave Action, ...2.0263

GREAT LAKES RESEARCH - SPOIL DISPOSAL EFFECTS
...Dispersion -water, Great Lakes-general, Pollution - Effects of ,
Sediments, Spoil Banks, Water Properties - general, ..5.0561
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MECHANICS OF FLOW STRUCTURE AND FLUID RE-
SISTANCE ...Open Channel, Sediment Transport-general, Turbu-
lent Flow, ,..2.0236

CHANNELIZATION STUDIES .Channel Geometry, Channels,
Control and Protection, Ncw Mexico, Silting, ..8.0053

MECHANICS OF SEDIMENT ENTRAINMENT, TRANSPORTA-
TION AND DEPOSITION IN CHANNELS OF THE SOUTHERN
BRANCH AND AT THE USDA SEDIMENTATION
LABORATO ..,Channels, Flume Studies, Sediment Transport-
general, Velocity -water, Waves, ...2.0677

DEVELOPMENT OF STRUCTURAL MEASURES FOR SEDI-
MENT CONTROL AND FOR STREAM CHANNEL STA-
BILIZATION IN THE SOUTHERN BRANCH ...Agricultural
Watersheds, Channel Geometry, Engineering Structures-general,
Open Channel, Shear-flow, Velocity, .,.5.0622

STREAM CHANNEL STABILIZATION SEDIMENT CONTROL
WORKS IN CHANNELS ...Channels, Erosion Control, Lining,
Open Channel, Scouring, -.5.0930

Seepage
SMALL RESERVOIR SEALING ...Linings-pavings, Sealant Materi-

als, -.8.0288
DRAINAGE DESIGNS AS INFLUENCED BY CONDITIONS IN

THE VICINITY OF THE DRAIN LINE ...Drainage Systems, Ero-
sion Control, Pipe, Tube, Pipes, Plastics - Gent, ran, 8.0010

USE OF LATEX AS A SOIL SEALANT TO CONTROL ACID
MINE WASTE DRAINAGE ...Acidity, Elastomers Rubber, Lin-
ing, Linings-pavings, Mine Drainage Control, Sealant Materials,
5.0996

DEVELOPING RESERVOIRS FOR SUPPLEMENTAL IRRIGA-
TION ...Leekage, Linings-pavings, Loss, Reservoirs, WatPr Loss
Control, ...3.0302

DESIGN OF OPEN CHANNELS TO PREVENT BANK FAILURE
...Piezometers, Subsurface Flow, ...4.0253

IMPROVEMENT OF WATER SUPPLY SOURCES AND
STORAGE FACILITIES IN THE CORN BELT ...Corn Belt,
Permeability, Ponds, Reservoirs, Water Loss Control, ...8.0274

Water Distribution Systems
ANALYSIS OF SMALL WATER MANAGEMENT STRUCTURES

...Administrative Structures, Hydraulic Structures, Management,
Water Control Works-general, Water Transfer, _4.0260

A MODEL FOR QUANTIFYING FLOW AUGMENTATION
BENEFITS ...Flood Control, Flow Augmentation, Model Studies,
Other Methods, River Basins, Systems Analysis, ...6.0152

INTERSTATE REGIONAL PLANNING FOR WATER SUPPLY
AND WASTE DISPOSAL ...Delaware River, Disposal-general, In-
terstate, Planning, Water Quality Control-general, Water Supply-
general, ...5.0748

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Systems Analy-
sis, Water Costs, Water Transfer, Water Utilization -general,
-.6.0055

MODEL STUDY OF CONTROL STRUCTURES FOR FOOTHILL
FEEDER TUNNELS ...Aqueducts, Control Gate, Urban Environ-
ments, Water Transfer, _8.0217

REVIEW OF ALGALCIDES ...Algacides -non-specific, Algal Pollu-
tant Sources, Public Utilities, Residential, Survey Studies,
_5.0358

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
...Automated Equipment, Irrigation Engineering, Moisture, Pipes,
Plastics - General, Subsurface Irrigation, 3.0024

INVESTIGATIONS OF ALGAE INHIBITING MATERIALS ...Ce-
ment, Concrete, Coatings-other, Fouling, Inhibitors, Liquids Or
Sprays, Organic Wastes, ...3.0106

INVESTIGATION EVALUATION AND DESIGN OF OPEN AND
CLOSED CONDUIT SYSTEMS AS IT RELATES CON-
VEYANCE AND DISTRIBUTION SYSTEMS ...Conduit, Hydrau-
lic Equipment, Irrigation Engineering, Irrigation-general, Remote
Sensing - other, Water Transfer, ...8.0169

FACILITIES, METHODS AND DESIGN CRITERIA TO PUMP,
CONVEY, CONTROL AND MEASURE WATER FOR
AGRICULTURAL PURPOSES IN THE NORTHERN PLAINS
Irrigation-general, Lining, Pumping, Runoff, Storage of Water,
Water Transfer, _3.0141

Waterproof
SEALING OF CANALS AND RESERVOIRS WITH COLORADO

CLAYS ...Clay, Colorado, Irriga`tion Engineering, Open Channel,
Particle Size, Permeability, Reservoirs, _8.0144

STRUCTURAL PROBLEMS ASSOCIATED WITH CONCRETE
PIPE ...Concrete-general, Design Criteria, Pipes, Pressure-general,
Soil - Buried Structures, ...8.0033

External Pressure on Structure
Control Gate

COLLECTION OF JUVENILE SALMON IN TURBINE INTAKES
...Columbia River, Electric Power Plants, Mortality Rates, Salmon
& Trout - Non-specific, Turbine-other, -.8.0299

FEEDBACK CONTROL OF CANAL CHECK GATES ..,Canals,
Channel Regulation-other, Economic Efficiency, Water Demand,
,..4.0023

SUBCRITICAL FLOW AT OPEN CHANNEL STRUCTURES
...Critical, Design Criteria, Measurement, Open Channel, Transi-
tion Sections, ...4.0261

DISPATCHING SYSTEM FOR CONTROL OF COMBINED
SEWER LOSSES ...Combined Sewer, Energy Losses-general.
Hydraulics-general, Ilydrology-general, Meteorological Studies-
general, _5.0609

MODEL STUDY OF CONTROL STRUCTURES FOR FOOTHILL
FEEDER TUNNELS ...Aqueducts, Urban Environments, Water
Distribution Systems, Water Transfer, -.8.0217

HYDRAULIC INVESTIGATION OF TAINTER GATES AS FLOW
MEASURING DEVICES ...Fluid Dynamics, Fluids, Measurement,
8.0167

GENERAL SPILLWAY TESTS ...Design Criteria, Energy Dissipa-
tors, Ext Pressure on Struct - other. Spillways, Weir, ...8.0242

DETROIT TEST CONDUIT ...Conduit, Erosion Control, Flume
Studies, Scouring, Transition Sections, _8.0282

GATES, VALVES, AND ORIFICES ...Design Criteria, Models, Ori-
fice, Seals, Valves, ...8.0037

DESIGN IMPROVEMENTS--GATES AND VALVES ...Channel
Regulation-other, Dam, Canal, Galvanic, Seals, Valves, ...8.0088

AUTOMATION OF CANAL SYSTEMS ...Canals, Channel Regula-
tion-other, Controls, Open Channel, Other Control Systems,
...8.0138

Dam
ARTIFICIAL FLOODS ...Computers-general, Dams-other, Floods,

Flow Characteristics -water, ...6.0076

Ext Pressure on Struct-general
WAVE FORCES ON BREAKWATERS ...Breakwaters , Shoreline

Structures, Wave Action, Waves, ...8.0232

Ext Pressure on Struct-other
GENERAL SPILLWAY TESTS ...Control Gate, Design Criteria,

Energy Dissipators, Spillways, Weir, ...8.0242

Fluid Flow
Channel Geometry

INVESTIGATION OF SCOUR AT BRIDGES IN ALASKA
...Alaska, Bridges & Culverts, Drainage, Erosion Control, Scour-
ing, Suspension, ...2.0285

SOIL EROSION STUDIES IN OKLAHOMA AND SOIL SEDI-
MENTATION STUDIES IN OKLAHOMA ..,Culvert, Drainage,
Erosion-general, Froude Number, Stabilization-general, _2.0877

STOCHASTIC TREATMENT OF RIVER GEOMETRY ...Mean-
ders, Morphology-general, Open Channel, Shape, Stochastic
Processes, _10443

HYDRAULIC RESISTANCE IN ALLUVIAL CHANNELS ...Alluvi-
al Deposits, Energy-dynamics, Flow Characteristics -water, Flow
of Dispersed Solids, Sediment Transport-general, _2.0448

THE FLOW OF WATER IN FLUMES AND CANALS ...Canals,
Flume, Open Channel, Open Channel Flow, Turbulent, ...8.0222

DISPERSION OF WATER POLLUTANTS IN CURVILINEAR
FLOWS ...Fluid Mixing, Open Channel, Pollutants - Path of ,

Stratified, Turbulent, ...5.0414
LABORATORY TESTING OF HYDRAULIC FORMULATIONS

FOR OPEN CHANNEL FLOW ...Channel Roughness, Open
Channel, Routing, Systems of Equations, Transition Sections,
Velocity, ...2.0573

EFFECT OF SURFACE IRRIGATION HYDRAULICS ON EFFI-
CIENT APPLICATION OF WATE ...Channel Roughness, Flow
Characteristics - water, Cpcn Channel, Surface Flow, Surface Ir-
rigation -general, 4.0239

OPEN-CHANNEL TRANSITIONS IN SUPERCRITICAL FLOW
...Critical, Cross-section, Hydraulics - general, Open Channel, Open
Channel Flow, ...8.0283

DETROIT TEST CHUTE ...Depth, Flow of Gas in Liquid, Flume
Studies, Spillways, Velocity, ...8.0281

CHANNELIZATION STUDIES ...Channels, Control and Protection,
New Mexico, Sedimentation, Silting, _8.0053

TRANSIENT FLOW IN OPEN CHANNELS ...Hydraulic Gradient,
Open Channel Flow, Pump-other, Siphon, Transient, ..8.0039
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DEVELOPMENT AND EVALUATION OF MEANS AND MEA-
SURES FOR CHANNEL STABILIZATION ...Channels, Design
Criteria, Flow Characteristics -water, Mechanics, General, Scour-
ing, Sediment Transport-general, ...5.1022

DEVELOPMENT OF STRUCTURAL MEASURES FOR SEDI-
MENT CONTROL AND FOR STREAM CHANNEL STA-
BILIZATION IN THE SOUTHERN BRANCH ...Agricultural
Watersheds, Engineering Structures-general, Open Channel, Sedi-
mentation, Shear-flow, Velocity, ...5.0622

Channel Roughness
USE OF LARGE ROUGHNESS ELEMENTS FOR HYDRAULIC

ENERGY DISSIPATION ...Culvert, Drainage, Energy Dissipators,
Models, Open Channel, ...8.0295

INCIPIENT MOTION OF ROUGHNESS ELEMENTS IN TURBU-
LENT OPEN CHANNEL FLOW ...Design Criteria, Drag, Lift,
Open Channel, Turbulent, ...2.1061

AN ANALYTICAL AND EXPERIMENTAL STUDY OF BED
FORMS UNDER WATER WAVES ...Friction, Geomorphology-
topography, Model Studies, Water Tunnels Tables, Wave Action,
Waves, ...2.0347

MEASUREMENT AND ANALYSIS OF NATURAL-TYPE SUR-
FACES AFFECTING FLUID FLOW Computers-general, Fluid
Flow-other, Frictional, Hydraulic Gradient, ..2.0247

DEPOSITION OF FINE SEDIMENTS IN TURBULENT FLOWS
...Open Channel, Secondary Flows, Sedimentation, Shear-flow,
Turbulent, 5.0764

HYDRAULICS OF SURFACE IRRIGATION Flow Characteristics
-water, Irrigation, Irrigation Engineering, Mathematical Analysis,
Soils -general, Surface Irrigation -general, ...2.0215

LABORATORY TESTING OF HYDRAULIC FORMULATIONS
FOR OPEN CHANNEL FLOW ...Channel Geometry, Open
Channel, Routing, Systems of Equations, Transition Sections,
Velocity, ...2.0573

EFFECT OF SURFACE IRRIGATION HYDRAULICS ON EFFI-
CIENT APPLICATION OF WATE ..,Channel Geometry, Flow
Characteristics -water, Open Channel, Surface Flow, Surface Ir-
rigation -general, ...4.0239

THE CHARACTERIZATION OF OVERLAND FLOW ON VERY
ROUGH SURFACES ..,Channels, Data Analysis Applications,
Flow Characteristics -water, Model Studies, Surface Flow,
8.0192

OPEN CHANNEL ROUGHNESS CHARACTERIZATION
...Discharge-general, Flume, Flume Studies, Open Channel, Open
Channel Flow, ...2.1073

MECHANICS OF FLUID RESISTANCE ...Close Channel, Friction,
Skin Friction, Turbulent, Viscosity, ...2.0362

STUDIES OF CANAL H t DRAULICS ...Canals, Energy Losses-
other, Hydraulics-general, Open Channel, Transition Sections,
8.0130

THE HYDRAULICS AND MEASUREMENT OF CHANNEL,
FLOOD PLAIN, AND OVERLAND FLOW IN THE
SOUTHERN PLAINS ...Channels, Floodplains, Measurement,
Open Channel, Unsteady, ...8.0276

Channel Type-other
STUDY OF TUNNEL LININGS AND REINFORCEMENT ...Data

Analysis - General, Lining, Linings-pavings, Reinforced, 8.0104

Conduit
UNSTEADY FLOW PARAMETERS IN HYDRAULIC DESIGN

...Incompressible, Pressure, Reservoirs, Transition Sections, Un-
steady, 8.0200

FLUID FRICTION IN THE PRESENCE ON NON-RIGID BOUN-
DARIES ...Friction, ...5.0479

TRANSPORT OF SOLID SUSPENSION IN CONDUITS ...Com-
bined Sewer, Design Criteria, Flow of Dispersed Solids, Measure-
ment, Transportation, 5.0988

MODEL STUDY OF SEWER DROPSHAFT ...Design-other,
Discharge-general, Flow Regulations, Runoff, Two-phase-other,
...8.0218

SIPHON TYPE TRICKLE TUBE FOR FARM PONDS AND
RESERVOIRS ...Design Criteria, Farm Pond, Reservoirs, Siphon,
Technique Development, Water Level Fluctuation, 8.0203

DEVELOPMENT OF HYDRAULIC DESIGN CRITERIA ...Design
Criteria, Models, Simulators, Spillways, Water Control Works-
other, ...8.0226

HYDRAULIC PROTOTYPE TESTS ...Channel Regulation-other,
Models, Simulators, Spillways, ...8.0228

DETROIT TEST CONDUIT ...Control Gate, Erosion Control,
Flume Studies, Scot ring, Transition Sections, ...8.0282

PIPELINE AND TUNNEL HYDRAULICS ...Friction, Hydraulics-
general, Pipelines, Pipes, Texas, 8.0042

INVESTIGAT: ._, VALUATION AND DESIGN OF OPEN AND
4.7.LOSED CONDUIT SYSTEMS AS IT RELATES CON-
VEYANCE AND DISTRIBUTION SYSTEMS ...Hydraulic Equip-
ment, Irrigation Engineering, Irrigation-general, Remote Sensing -
other, Water Distribution Systems, Water Transfer, 8.0169

Culvert
FLOOD FREQUENCY STUDY ...Bridges & Culverts, Floods, New

Mexico, Peak Flow, Rio Grande, ...2.0772
USE OF LARGE ROUGHNESS ELEMENTS FOR HYDRAULIC

ENERGY DISSIPATION Channel Roughness. Drainage, Energy
Dissipators, Models, Open Channel, ...8.0295

WATERSHED SHAPE - FACTOR .,.Design Criteria, Drainage, En-
gineering Structures-general, North Dakota, Peak Flow, ...2.0277

HYDRAULIC PERFORMANCE OF BRIDGES ...Bridges & Cul-
verts, Design Criteria, Dike, Drainage, Engineering Structures-
general, ...8.0158

HYDROLOGY STUDY ..,Bridges & Culverts, Engineering Struc-
tures-general, Floods, Flow Characteristics -water, Small
Watersheds, ...2.0292

INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL
DRAINAGE AREAS IN SOUTH CAROLINA ...Design Flow-
flood, Drainage, Floods, Small Watersheds, South Carolina,
...2.0301

INVESTIGATION AND ANALYSIS OF FLOOD HYDROGRAPHS
FROM SMALL DRAINAGE BASINS IN SOUTH DAKOTA
,..Bridges & Culverts, Drainage, Floods, Hydrographs, Rain-
general, Small Watersheds, .,.2.0294

ESTIMATING RUNOFF RATES FROM SMALL RURAL
WATERSHEDS ...Drainage, Forecasting-prediction, Runoff,
Small Watersheds, ...2.0240

SOIL EROSION STUDIES IN OKLAHOMA AND SOIL SEDI-
MENTATION STUDIES IN OKLAHOMA ...Channel Geometry,
Drainage, Erosion-general, Froude Number, Stabilization-general,
...2.0877

ENGINEERING INVESTIGATION PERTAINING TO FLOOD
PROTECTION OF BRIDGES AND CULVERTS ...Bridges &
Culverts, Design Criteria, Drag, Drainage, Erosion Control,
Floods, ...8.0145

PREVENTION AND CONTROL OF CULVERTS AND ROAD
ICINGS ...Heating, Snow and lee Removal, Standards & Criteria,
2.0025

PERFORMANCE OF CIRCULAR CULVERTS ON STEEP
GRADES ...Channels, Drainage, Engineering Structures- general,
Erosion Control, Flow Characteristics -water, 8.0289

SCOUR AT RELIEF BRIDGES ...Bridges & Culverts, Drainage,
Scouring, Sedimentation, Transition Sections, ...8.0005

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
STRUCTURAL PLATE PIPE AND PIPE-ARCH CULVERTS
USING RESISTANCE FACTORS FROM RECENT RESEARCH
...Drainage, Engineering Structures-general, Friction, Pipes,
8.0159

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
CONCRETE BOX CULVERTS WITH STANDARD, IM-
PROVED AND SIDE-TAPERED INLETS ...Drainage,
Economics-general, Engineering Structures-general, Structural,
Transition Sections, 2.0304

CONTROL AND PREVENTION OF CULVERT AND ROAD
ICINGS ...Drainage, Hydrology-general, Meteorological Studies-
genetal, Roadway-general, Snow and Ice Removal, ...2.0750

OPEN CHANNEL HYDRAULICS ...Irrigation, Open Channel,
Transition Sections, Weir, 8.0127

Energy Losses-general
DISPATCHING SYSTEM FOR CONTROL OF COMBINED

SEWER LOSSES ...Combined Sewer, Control Gate, Hydraulics-
general, Hydrology-general, Meteorological Studies-general,
_5.0609

DEVELOPMENT OF STANDARD DESIGNS FOR CANAL
STRUCTURES ...Canals, Construction, Design Criteria, Model
Studies, Open Channel, 8.0064

Energy Losses-other
LOSS COEFFICIENT IN A CHANNEL BEND WITH NATU-

RALLY DEFORMED BED ...Model Studies, Open Channel, Sur-
face Phenomena, Transition Sections, Velocity, 2.0934

OPEN CHANNEL TRANSITIONS ...Canals, Flow Characteristics -
water, Open Channel, Surface Phenomena, Transition Sections,
8.0004

INTAKES, ENTRANCES, AND TRANSITIONS ...Penstock, Pipes,
Power Development, Transition Sections, Vortex, 8.0099

STUDIES OF CANAL HYDRAULICS ...Canals, Channel
Roughness, Hydraulics-general, Open Channel, Transition Sec-
tions, ...8.0130
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Fluid Flow-general
HYDRAULIC STUDIES AND RESEARCH ON CALIFORNIA

WATER FACILITIES ...Flow Characteristics -water, Irrigation, Ir-
rigation-general, Model Studies, Synthetic Hydrology-general,
-.7.0010

Fluid Flow-other
MEASUREMENT AND ANALYSIS OF NATURAL-TYPE SUR-

FACES AFFECTING FLUID FLOW ..,Channel Roughness, Com-
puters-general, Frictional, Hydraulic Gradient, -2,0247

Flume
THE USE OF LIGHT-WEIGHT SPHERICAL PARTICLES FOR

DISCHARGE MEASUREMENT IN OPEN CHANNELS ...Mea-
surement, Models, Open Channel, Turbulent, Velocity, _7.0069

THE FLOW OF WATER IN FLUMES AND CANALS ...Canals,
Channel Geometry, Open Channel, Open Chann' I Flow, Tin bu-
lent, ...8.0222

NON - EQUILIBRIUN TRANSPORT OF SUSPENDED SEDIMENT
...Length, Open Channel, Scouring, Sedimentation, Suspension,
-2.0696

FLOW MEASUREMENT OF IRRIGATION WATER ...Canals,
Flow Characteristics -water, Fluids, Irrigation, Measurement,
...3.0I44

OPEN CHANNEL ROUGHNESS CHARACTERIZATION ...Char.,
nel Roughness, Discharge-general, Flume Studies, Open Channel,
Open Channel Flow, ...2.1073

EFFECTS OF SCALE AND OPERATING TECHNIQUE ON HAR-
BOR MODELS ...Harbors, Synthetic Hydrology-general, ...7.0065

SUBJECT INDEX

Friction
AN ANALYTICAL AND EXPERIMENTAL STUDY OF BED

FORMS UNDER WATER WAVES -Channel Roughness,
Geomorphology-topography, Model Studies, Water Tunnels Ta-
bles, Wave Action, Waves, -2.0347

METHODS TO REDUCE W, .TER POLLUTION CAUSED BY
STORM WATER SEWER LOADING BY USING FLUID FLOW
FRICTION REDUCERS ...Flow, Molecular Weight-other,
Polyclectrolytes, Storm Sewer Quantity-other, Storm Water,
-5.1185

FLUID FRICTION IN THE PRESENCE ON NON-RIGID BOUN-
DARIES ...Conduit, -5.0479

FLOW IN ECCENTRIC ANNULAR PIPES ...Configuration of
Body, Pipes, Shape, Turbulent, ...8.0182

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
STRUCTURAL PLATE PIPE AND PIPE-ARCH CULVERTS
USING RESISTANCE FACTORS FROM RECENT RESEARCH
...Culvert, Drainage, Engineering Structures-general, Pipes,
-8.0159

EFFECTS OF SCALE AND OPERATING TECHNIQUE ON HAR-
BOR MODELS ...Harbors, Synthetic Hydrology-general, -7.0065

MECHANICS OF FLUID RESISTANCE ...Channel Roughness,
Close Channel, Skin Friction, Turbulent, Viscosity, -2.0362

PIPELINE AND TUNNEL HYDRAULICS ...Conduit, Hydraulics-
general, Pipelines, Pipes, Texas, _8.0042

Hydraulic Gradient
MEASUREMENT AND ANALYSIS OF NATURAL-TYPE SUR-

FACES AFFECTING FLUID FLOW ...Channel Roughness, Com-
puters-general, Fluid Flow-other, Friction d, -2.0247

PERFORMANCE OF DRAINAGE SYSTEMS ...Drainage Systems,
Drawdown, Observation Wells, Permeability, Water Table Fluc-
tuation, _4.0174

FACTORS AFFECTING STABILITY OF ARTIFICIAL AND
NATURAL CHANNELS ...Channels, Cohesive Soil-general,
Open Channel, Soil Stability Analysis, Vane, -8.0034

DRAINAGE SYSTEMS - PIPE AND FILTERS ...Drainage En-
gineering, Drainage Systems, Filters, Pipelines, Pipes, -8.0018

TRANSIENT FLOW IN OPEN CHANNELS ...Channel Geometry,
Open Channel Flow, Pump-other, Siphon, Transient, -8.0039

Measurement
INVESTIGATION OF WATER RESOURCES IN ALASKA ...Gag-

ing, Hydrology-general, Open Channel, Streams, -2.0269
THE USE OF LIGHT-WEIGHT SPHERICAL PARTICLES FOR

DISCHARGE MEASUREMENT IN OPEN CHANNELS ..,Flume,
Models, Open Channel, Turbulent, Velocity, -7.0069

SUBCRITICAL FLOW AT OPEN CHANNEL STRUCTURES
...Control Gate, Critical, Design Criteria, Open Channel, Transi-
tion Sections, _4,0261

TRANSPORT OF SOLID SUSPENSION IN CONDUITS ...Com-
bined Sewer, Conduit, Design Criteria, Flow of Dispersed Solids,
Tra,,sportation, ...5.0988

HYDRAULICS OF SURFACE IRRIGATION ...Irrigation Engineer-
ing, Math Models, Porous Media - Flow Through, Surface Flow,
Surface Irrigation -general, -2.0047

FLOW MEASUREMENT OF IRRIGATION WATER ...Canals,
Flow Characteristics -water, Fluids, Flume, Irrigation, ..3.0144

HYDRAULIC INVESTIGATION OF TAINTER GATES AS FLOW
MEASURING DEVICES ...Control Gate, Fluid Dynamics, Fluids,
-8.0167

THE IMPACT OF SUBURBAN DEVELOPMENT ON THE
WATER RESOURCES OF NEW JERSEY. ..,Agricultural
Watersheds, Flow Characteristics -water, Gaging, Surburban
Areas, Water Balance-budget, Water Table Fluctuation, -6.0352

WATER MEASUREMENT Discharge-general, Dyes and Color-
ing, Fluids, Technique Development, Water Quantity-general,
-8.0128

THE HYDRAULICS AND MEASUREMENT OF CHANNEL,
FLOOD PLAIN, AND OVERLAND FLOW IN THE
SOUTHERN PLAINS ..,Channel Roughness, Channels, Flood-
plains, Open Channel, Unsteady, -8.0276

Open Channel
USE OF LARGE ROUGHNESS ELEMENTS FOR HYDRAULIC

ENERGY DISSIPATION -Channel Roughness, Culvert,
Drainage, Energy Dissipators, Models, ...8.0295

INVESTIGATION OF WATER RESOURCES IN ALASKA ...Gag-
ing, Hydrology-general, Measurement, Streams, -2.0269

PROGRAM FOR INVESTIGATION AND ANALYSIS OF
FLOODS FROM SMALL DRAINAGE AREAS IN DELAWARE
_Drainage, Floods, Flow Characteristics -water, Forecasting-pre-
diction, Small Watersheds, -2.0295

',INCIPIENT MOTION OF ROUGHNESS ELEMENTS IN TURBU-
LENT OPEN CHANNEL FLOW ...Channel Roughness, Design
Criteria, Drag, Lift, Turbulent, _2.1061

STOCHASTIC TREATMENT OF RIVER GEOMETRY ...Channel
Geometry, Meanders, Morphology-general, Shape, Stochastic
Processes, ...2.0,t43

MECHANICS OF FLOW IN OPEN CHANNEL SYSTEMS ...Nu-
merical Analysis-other, Shock Waves, Steady, Unsteady, Waves in
Liquids, ...2.0097

THE USE OF LIGHT-WEIGHT SPHERICAL PARTICLES FOR
DISCHARGE MEASUREMENT IN OPEN CHANNELS ...Flume,
Measurement, Models, Turbulent, Velocity, -7.0069

EXPERIMENTAL INVESTIGATION OF HYDRAULIC
TRANSIENTS IN RIVER-RESERVOIR SYSTEMS ...Hydraulics-
general, Model Studies, Reservoirs, Streams, Transition Sections,
..,2.0993

SUBCRITICAL FLOW AT OPEN CHANNEL STRUCTURES
..,Control Gate, Critical, Design Criteria, Measurement, Transi-
tion Sections, -4.0261

LOSS COEFFICIENT IN A CHANNEL BEND WITH NATU-
RALLY DEFORMED BED ...Energy Losses-other, Model Stu-
dies, Surface Phenomena, Transition Sections, Velocity, _2.0934

THE FLOW OF WATER IN FLUMES AND CANALS ...Canals,
Channel Geometry, Flume, Open Channel Flow, Turbulent,
...8.0222

CHANGES IN NATURAL CHANNELS RESULTING FROM
CONTROL DEVICES IN THE UrPER REACHES OF THE
BASINS ...Chnnels, Control Factors-general, Reservoirs, Sedi-
mentation, Structure Sites, -2.0685

NON-EQUILIBRIUN TRANSPORT OF SUSPENDED SEDIMENT
...Flume, Length, Scouring, Sedimentation, Suspension, -2.0696

DEPOSITION OF FINE SEDIMENTS IN TURBULENT FLOWS
...Channel Roughness, Secondary Flows, Sedimentation, Shear-
flow, Turbulent, _5.0764

DISPERSION OF WATER POLLUTANTS IN CURVILINEAR
FLOWS -Channel Geometry, Fluid Mixing, Pollutants - Path of ,
Stratified, Turbulent, _5.0414

MATHEMATICAL MODELS OF HYDROLOGIC SYSTEMS
Economics- general, Hydraulic Structures, Model Studies, Un-

steady, Unsteady Flow, Water Quality-general, -6.0382
OPTIMAL DESIGN OF SEWER AND DRAINAGE SYSTEMS

...Digital Computers, Process Design, Sewerage Systems-other,
Unsteady, -5.0530

LABORATORY TESTING OF HYDRAULIC FORMULATIONS
FOR OPEN CHANNEL FLOW ...Channel Geometiy, Channel
Roughness, Routing, Systems of Equations, Transition Sections,
Velocity, ...2.0573
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EFFECT OF SURFACE IRRIGATION HYDRAULICS ON EFFI-
CIENT APPLICATION OF WATE ,Channel Geometry, Channel
Roughress, Flow Characteristics -water, Surface Flow, Surface il-
rigation -general, -4.0239

OPEN CHANNEL TRANSITIONS ...Canals, Energy Losses-other,
Flow Characteristics -water, Surface Phenomena, Transition Sec-
tions, -8.0004

NUMERICAL ANALYSIS OF TIME-DEPENDENT FREE SUR-
FACE FLOWS ...Capillarity, Dimension-three, Finite Differences,
Partial, Unsteady, .2.0441

CALIFORNIA AQUEDUCT, NORTH SAN JOAQUIN DIVISION,
FISH PROTECTIVE FACILITY ...Engineering Structures-general,
Models, Pipes, Transition Sections, Velocity, -8.0009

THE MECHANICS OF OPEN-CHANNEL FLOW SYSTEMS
...Flow Characteristics -water, Steady, Transient, Transition Sec-
tions, Unsteady, ..8.0011

SEALING OF CANALS AND RESERVOIRS WITH COLORADO
CLAYS ...Clay, Colorado, Irrigation Engineering, Particle Size.
Permeability, Reservoirs, Waterproof, -8.0144

HYDRAULICS LABORATORY .,.Channels, Flow of Dispersed
Solids, Sedimentation, Streams, Suspension, Turbulent, -8.0146

CONCRETE DITCH LINING AND PIPE FOR IRRIGATION
SYSTEMS ...Irrigation, Lining, Linings-pavings, Pipes. Plain,
-8.0272

OPEN-CHANNEL TRANSITIONS IN SUPERCRITICAL FLOW
_Channel Geometry, Critical, Cross-section, Hydraulics-general,
Open Channel Flow, .8.0283

INCIPIENT MOTION OF LARGE ROUGHNESS ELEMENTS IN
TURBULENT OPEN CHANNEL FLOW ...Erosion Control, Flow
Characteristics -water, Open Channel Flow, Sediment Transport-
other, Turbulent Flow, _2.1062

OPEN CHANNEL ROUGHNESS CHARACTERIZATION ...Chan-
nel Roughness, Discharge-general, Flume, Flume Studies, Open
Channel Flow, -2.1073

COMMITTEE ON CHANNEL STABILIZATION -Alluvial
Deposits, Bedding Planes, Channels, Design Criteria, Stabilization-
other, Streams, Temperature, -2.0686

RIPRAP, REQUIREMENTS IN CHANNELS ...Drag, Lift, Lining,
Models, Velocity, _8.0246

MECHANICS OF FLOW STRUCTURE AND F. UID RE-
SISTANeE ..Sedimcnt Transport-general, Sedimentation, Turbu-
lent Flow. -.2.0236

DEVELOPMENT OF STANDARD DESIGNS FOR CANAL
STRUCTURES .,.Canals, Construction, Design Criteria, Energy
Losses-general, Model Studies, ...8.0064

OPEN CHANNEL HYDRAULICS ...Culvert, Irrigation, Transition
Sections, Weir, -8.0127

STUDIES OF EQUATIONS FOR SEEPAGE LOSS FRO'.;
CANALS ...Canals, Lining, Loss, Permeability, Soil Test - Insitu,
-8.0129

DESIGN CRITERIA FOR OPEN CHANNELS ...Design Criteria,
Hydraulics-general. Irrigation Engineering, Open Channel Flow,
Surface Irrigation -general, -8.0136

FACTORS AFFECTING STABILITY OF ARTIFICIAL AND
NATURAL CHANNELS ...Channels, Cohesive Soil-general,
Hydraulic Gradient, Soil Stability Analysis, Vane, _8.0034

STUDIES OF CANAL HYDRAULICS ...Canals, Channel
Roughness, Energy Losses-other, Hydraulics-general, Transition
Sections, -8.0130

STABILITY OF EARTH SLOPES ...Dams, Earthquakes, Pore
Water, Slopes, Soil Stability Analysis, -8.0071

AUTOMATION OF CANAL SYSTEMS ...Canals, Channel Regula-
tion-other, Control Gate, Controls, Other Control Systems,
-8.0138

EXPLOSIVE EXCAVATION IN THE DEVELOPMENT OF
WATER RESOURCES ...Earth & Rockfill Dams, Excavation,
Nuclear Power, Reservoirs, Water Resources Development,
-8.0041

MEMBRANE LININGS-OPEN AND CLOSED CONDUIT
RESEARCH PROGRAM Bituminous, Elastomers Rubber, Lin-
ing, Polyethylene, Polyvinyl Chloride, ..,8.0051

PREVENTING OR CONTROLLING ACCELERATED EROSION
OF UNSTABLE FOREST SOILS ...Erosion-general, Mountains-
alpine, Movement, Availability, Slopes, Soil Science -other, Soil
Stability Analysis, ...5.0316

EFFECTS OF VARIOUS FOREST TYPES AND STAND TREAT-
MENTS ON GROUNDWATER RECHARGE AND STREAM-
BANK EROSION IN AREAS OF DEEP GLACIAL DRIFT ...Ero-
sion Control, Erosion-general, Forest Watersheds, Natural
Recharge, Stream Banks, -5,0573

DEVELOPMENT OF STRUCTURAL MEASURES FOR SEDI-
MENT CONTROL AND FOR STREAM CHANNEL STA-
BILIZATION IN THE SOUTHERN BRANCH ...Agricultural
Watersheds, Channel Geometry, Engineering Structures-general,
Sedimentation, Shear-flow, Velocity, -5.0622

STREAM CHANNEL STABILIZATION SEDIMENT CONTROL
WORKS IN CHANNELS ...Channels, Erosion Control, Lining,
Scouring, Sedimentation, -5.0930

THE HYDRAULICS AND MEASUREMENT OF CHANNEL,
FLOOD PLAIN, AND OVERLAND FLOW IN THE
SOUTHERN PLAINS ..Channel Roughness, Channels, Flood-
plains, Measurement, Unsteady, -8.0276

Orifice
THE HYDRAULICS OF SPATIALLY VARIED STEADY FLOW

IN AN IRRIGATION DISTRIBUTION CHANNEL WITH FUR-
ROW OUTLETS ...Channels, Engineering Structures-general,
Flow Characteristics -water, Furrow Irrigation, Weir, .3.0398

SUBIRRIGATION ...Irrigation Engineering, Subsurface Irrigation,
Water Application Methods, .4.0121

GATES, VALVES, AND ORIFICES ...Control Gate, Design
Criteria, Models, Seals, Valves, -8.0037

Pipes
UNSTEADY FREE SURFACE FLOW IN LONG STORM DRAIN

-Drainage, Eigenvalues, Engineering Structures-general, Other
Methods, Steady, Transition Sections, Unsteady, ..,8.0142

TRANSIENT FLOW THROUGH CLOSED CONDUITS ...Acoustic
Effects, Eigenvalucs, Error Analysis, Interpolation, Transient,
Valves, -2.0634

PASSAGE OF ADULT SALMONIDS THROUGH PIPES ...Con-
struction Land Use Effects, Management -other, Salmon -
cotio,chinook,sockeye.., -8.0301

UNSTEADY FLOW OF DILUTE AQUEOUS HIGH POLYMER
SOLUTIONS IN PIPES ...Additives, Fluid Flow-other, Mathe-
matics Matching Code, Size, Unsteady, -8.0164

THEORETICAL AND EXPERIMENTAL STUDY OF SUPER-
CRITICAL FLOW IN CIRCULAR DRAINS AND OF THE FOR-
MATION OF HYDRAULIC JUMP IN THE SAME ...Critical,
Drainage Systems, Engineering Structures-general, Flow of Gas in
Liquid, Survey Studies, -2.0935

DRAINAGE DESIGNS AS INFLUENCED BY CONDITIONS IN
THE VICINITY OF THE DRAIN LINE ...Drainage Systems, Ero-
sion Control, Pipe, Tube, Plastics - General, Seepage, -8.0010

PIPELINE FLOW OF SOLIDS-LIQUID SUSPENSIONS ...Flow,
Flow of Dispersed Solids, Sludge-other, Transition Sections,
Viscosity, -5.0799

LABORATORY STUDIES OF CONSERVATION AND
DRAINAGE STRUCTURES ...Drainage, Erosion Control, Scour-
ing, Transition Sections, Velocity, -3.0217

FLOW IN ECCENTRIC ANNULAR PIPES ...Configuration of
Body, Friction, Shape, furbulent, -8.0181

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
...Automated Equipment, Irrigation Engineering. Moisture,
Plastics - General, Subsurface Irrigation, Water Distribution
Systems, -3.0024

CALIFORNIA AQUEDUCT, NORTH SAN JOAQUIN DIVISION,
FISH PROTECTIVE FACILITY ...Engineering Structures-general,
Models, Open Channel, Transition Sections, Velocity, -8.0009

DURABILITY OF CONCRETE DRAIN TILE AND IRRIGATION
PIPE ...Drainage, Plain, Specifications, Strength, Techniques,
-8.0221

CONCRETE DITCH LINING AND PIPE FOR IRRIGATION
SYSTEMS ,..Irrigation, Lining, Linings-pavings, Open Channel,
Plain, -.8.0272

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
STRUCTURAL PLATE PIPE AND PIPE -ARCH CULVERTS
USING RESISTANCE FACTORS FROM RECENT RESEARCH
...Culvert, Drainage, Engineering Structures-general, Friction,
-8.0159

DISTRIBUTION OF LIQUIDS IN POLAR CAMPS ...Flow, Main-
tenance, Permafrost-frozen, Polar, Sewage, -5.0134

INTAKES, ENTRANCES, AND TRANSITIONS ...Energy Losses-
other, Penstock, Power Development, Transition Sections, Vor-
tex, -8.0099

PIPELINE AND TUNNEL HYDRAULICS ...Conduit, Friction,
Hydraulics-general, Pipelines, Texas, -8.0042

SOIL PRESSURES ON FLEXIBLE STEEL PIPE -Model Studies,
Pressure-general, Soil-structure Interaction, Triaxial, -8.0072

DRAINAGE SYSTEMS - PIPE AND FILTERS ...Drainage En-
gineering, Drainage Systems, Filters, Hydraulic Gradient,
Pipelines, -.8.0018
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STRUCTURAL PROBLEMS ASSOCIATED WITH CONCRETE
PIPE ... Conerete- general, Design Criteria, Pressure-general, Soil -
Buried Structures, Waterproof, 8.0033

Siphon
SIPHON TYPE TRICKLE TUBE FOR FARM PONDS AND

RESERVOIRS Conduit, Design Criteria, Farm Pond, Reser-
voirs, Technique Development, Water Level Fluctuation,
8.0203

TRANSIENT FLOW IN OPEN CHANNELS ...Channel Geometry,
Hydraulic Gradient, Open Channel Flow, Pump-other, Transient,
_8.0039

Transition Sections
UNSTEADY FREE SURFACE FLOW IN LONG STORM DRAIN

.Drainage, Eigenvalues, Engineering Structures- general, Other
Methods, Pipes, Steady, Unsteady, 8.0142

UNSTEADY FLOW PARAMETERS IN HYDRAULIC DESIGN
Conduit, Incompressible, Pressure, Reservoirs, Unsteady,
.8.0200

EXPERIMENTAL INVESTIGATION OF HYDRAULIC
TRANSIENTS IN RIVER-RESERVOIR SYSTEMS ...Hydraulics-
general, Model Studies, Open Channel, Reservoirs, Streams,
.2.0993

SUBCRITICAL FLOW AT OPEN CHANNEL STRUCTURES
,..Control Gate, Critical, Design Criteria, Measurement, Open
Channel, 4.0261

LOSS COEFFICIENT IN A CHANNEL BEND WITH NATU-
RALLY DEFORMED BED ..,Energy Losses-other, Model Stu-
dies, Open Channel, Surface Phenomena, Velocity, 2.0934

PIPELINE FLOW OF SOLIDS-LIQUID SUSPENSIONS .,.Flow,
Flow of Dispersed Solids, Pipes, Sludge-other, Viscosity, ..5.0799

LABORATORY STUDIES OF CONSERVATION AND
DRAINAGE STRUCTURES ...Drainage, Erosion Control, Pipes,
Scouring, Velocity, ...3.0217

LABORATORY TESTING OF HYDRAULIC FORMULATIONS
FOR OPEN CHANNEL FLOW ,..Channel Geometry, Channel
Roughness, Open Channel. Routing, Systems of Equations,
Velocity, ...2.0573

OPEN CHANNEL TRANSITIONS ...Canals, Energy Losses-other,
Flow Characteristics -water, Open Channel, Surface Phenomena,

.8.0004
SCOUR AT RELIEF BRIDGES ...Bridges & Culverts, Culvert,

Drainage, Scouring, Sedimentation, 8.0005
CALIFORNIA AQUEDUCT, NORTH SAN JOAQUIN DIVISION,

FISH PROTECTIVE FACILITY .Engineering Structures-general,
Models, Open Channel, Pipes, Velocity, 8.0009

THE MECHANICS OF OPEN- CHANNEL FLOW SYSTEMS
...Flow Characteristics -water, Open Channel, Steady, Transient,
Unsteady, _8.001 I

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
CONCRETE BOX CULVERTS WITH STANDARD, IM-
PROVED AND SIDE - TAPERED INLETS ,..Culvert, Drainage,
Economies-general, Engineering Structures-general, Structural,
..2.0304

DETROIT TEST CONDUIT ...Conduit, Control Gate, Erosion Con-
trol, Flume Studies, Scouring, ..8.0282

INTAKES, ENTRANCES, AND TRANSITIONS ...Energy Losses-
other, Penstock, Pipes, Power Development, Vortex, 8.0099

OPEN CHANNEL HYDRAULICS ...Culvert, Irrigation, Open
Channel, Weir, 8.0127

STUDIES OF CANAL HYDRAULICS ...Canals, Channel
Roughness, Energy Losses-other, Hydraulics-general, Open Chan-
nel, _8.0130

Tunnel
MODEL STUDY OF UNDERGROUND OPENINGS ...Dams-

general, Foundations-general, Geology - Engineering, Model Stu-
dies, Rock Mechanics. Structural Analysis-general, 8.0067

Wave Action
LAKE ERIE DIKE ...Dike, Disposal-other, Lake Erie, Models,

Waves, 8.0219
WAVE FORCES ON SUBMERGED STRUCTURES ..Drag,

Hydraulic Structures, Lift, Shoreline Structures, Waves, _2.0629
AN ANALYTICAL AND EXPERIMENTAL STUDY OF BED

FORMS UNDER WATER WAVES ...Channel Roughness, Fric-
tion, Geomorphology-topography, Model Studies, Water Tunnels
Tables, Waves, ...2.0347

CIVIL ENGINEERING STRUCTURES IN THE OCEANS ...En-
gineeting Stuciies.other, Foundations,.general, Hydraulic Struc-
tures, Hydrodynamics, Mechanical Properties, Soil Dynamics,
.8.0165

SHORE-LINE ENGINEERING STUDIES ON GREAT SALT LAKE
.Great Salt Lake, Hydraulic Structures, Hydrographic, Shoreline
- Coastline, Shoreline Structures, ..8.0293

WAVE FORCES ON BREAKWATERS Breakwaters, Ext Pressure
on Struct-general, Shoreline Structures, Waves, ..8.0232

STABILITY OF RUBBLE-MOUND BREAKWATERS ...Break-
waters, Design Criteria, Engineering Structures- general,
Hydrodynamics, Shoreline Structures, Waves, 8.0230

EFFECTS OF SCALE AND OPERATING TECHNIQUE ON HAR-
BOR MODELS ...Harbors, Synthetic Hydrology-general, 7.0065

WAVE ACTION ON STRUCTURES ...Engineering Structures-
general, Hydrodynamic Structures, Models, Shoreline Structures,
Stability, ..8.9150

STRUCTURAL DESIGN OF SHORE STRUCTURES ...Coastal En-
gineering-generai, Engineering Structures-general, Hydrodynamic
Structures, Models, Shoreline Structures, 8.0151

STABILIZATION OF SHORES BY GROINS AND JETTIES
Development, Groin, Jetty, Models, Sedimentation, 2.0263

RUBBLE-MOUND PROTOTYPE STUDIES .,.Breakwaters, Jetty,
Shoreline Structures, Water Motion Recorders, Waves, _8.0156

DESIGN OF RUBBLE WAVE ABSORBERS ...Breakwaters, Energy
Dissipators, Waves, ..7.00166

SPECIAL STUDIES FOR CIVIL WORKS SOILS PROBLEMS
...Design Criteria, Earth & Rockfill Dams, Erosion Control, Field
Soils Compaction, Slopes,,...8.0255

EVALUATION OF ROCK RIPRAP AND DEVELOPMENT OF
SUBSTITUTES Aggregrates - Crushed Rock, Engineering Struc-
tures-general, Erosion Control, Petrography, Slopes, Soil Cement,
_8.0081

Weir
THE HYDRAULICS OF SPATIALLY VARIED STEADY FLOW

IN AN IRRIGATION DISTRIBUTION CHANNEL WITH FUR-
ROW OUTLETS -Channels, Engineering Structures-general,
Flow Characteristics -water, Furrow Irrigation, Orifice, _3.0398

OPEN CHANNEL HYDRAULICS ..,Culvert, Irrigation, Open
Channel, Transition Sections, ...8.0I27

Hydraulic Engineerhng-other
A GENERALIZED COMPUTER LANGUAGE, FOR HYDROLOG-

IC AND HYDRAULIC ANALYSIS ,..Data Analysis - General,
Digital Computers, Facilities, Problem Oriented Languages,
_8.0213

HYDRAULICS OF WELLS ...Aquifers-other, Drawdown, Model
Studies, Unsteady !Plow, Water Wells, ...7.0077

DEVELOPMENT OF HYDROLOGIC EQUIPMENT ..,Design In-
strumentation-other, Hydrology-general, Instrumental Services, In-
strumentation ent:rat, Other Telemetry, .,.7.0064

HYDROLOGY TRAINING AND METHODOLOGY ...Computers,,
general, Education and Training, Hydrology-general, Meetings,
9.0001

Internal Pressure on Structure
Penstock

INTAKES, ENTRANCES, AND TRANSITIONS ...Energy Losses-
other, Pipes, Power Development, Transition Sections, Vortex,
8.0099

Water Controll Works
Arch Dams

ARCH DAM ANALYSES BASED ON THE MATHEMATICAL
THEORY OF ELASTICITY ...Analysi Structural, Development
of Models, Elasticity, Engineering Structures-general, Founda-
tions-general, 8.0089

STUDY OF POLYCENTERED, PARABOLIC, AND OTHER
SHAPES FOR ARCH DAMS ...Analysis Structural, Design
Criteria, tvlodels, 8.0090

A UTMENT PADS FOR ARCH DAMS ...Concrete-other, En-
gineering Structures-general, Foundations-other, Joints, MathL-
matics Matching Code, ..8.0091

EFFECTS OF CRACKING IN ARCH DAMS ...Analysis Structural,
Computers - general, Engineering Structures-general, Fracture
Mechanics, Tensile, .8.0092

DESIGN OF DOUBLE-CURVATURE MULTIPLE-ARCH DAMS
FOR USE IN WIDE VALLEYS ...Analysis Structural, Engineer-
ing Structures-general, Power Development, Reinforced, Shells,
_8.0995

EARTHQUAKE THEORY AS APPLIED TO DAMS AND APPUR-
TENANT STRUCTURES ...California, Dynamic-other,
Earthquakes, Engineering Structures-general, 8.0096
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SUBJECT INDEX Hydraulic Engineering
Channel Regulation-general

MODEL STUDIES FOR DEVELOPMENT AND CALIBRATION
OF STREAMFLOW CONTROL DEVICES IN THE SOUTHERN
BRANCH ...Computers-general, Discharge-general, Gaging,
Models, Synthetic Hydrology-general, 10189

Channel Regulation-other
FEEDBACK CONTROL OF CANAL CHECK GATES ...Canals,

Control Gate, Economic Efficiency, Water Demand, _4.0023
OPERATIONS RESEARCH IN WATER QUALITY MANAGE-

MENT ...Control and Protection, Engineering Structures-general,
Management, Operations Research, Water Quality Control-
general, ...5.0526

DEVELOPMENT OF AN OPERATIONS CONTROL PLAN ,..Con-
trols, Engineering Studies-other, Pump-other, Reservoirs, 6.0072

HYDRAULIC PROTOTYPE TESTS ...Conduit, Models, Simulators,
Spillways, ...8,0228

DESIGN IMPROVEMENTS--GATES AND VALVES ...Control
Gate, Dam, Canal, Galvanic, Seals, Valves, 8.0088

AUTOMATION OF CANAL SYSTEMS ...Canals, Control Gate,
Controls, Open Channel, Other Control Systems, _8.0138

Dams-general
ENGINEERING GEOLOGY ...Core Analysis, Foundations-general,

Geology - Engineering, Highway Sites, Reservoirs, _8.0174
PROTOTYPE ANALYSES - STRUCTURAL BEHAVIOR

...Concrete-general, Construction, Distances, Instrumentation,
8.0014

MODEL STUDY OF UNDERGROUND OPENINGS ...Founda-
tions-general, Geology - Engineering, Model Studies, Rock
Mechanics, Structural Analysis-general, Tunnel, ...8.0067

Dams -other
STREAM RESTORATION AND CONTROLLED FLOWS ...Lake

Trout, Brook Trout, Logging, Transport, Equipment, Maine, Sal-
mon & Trout - Non-specific, Stream Rehabilitation, 4.0129

INVESTIGATION OF SOIL FREEZING ...Density, Frost and Per-
mafrost, Lining, Moisture Content, Void Ratio and Porosity,
,..8.0285

GROUTING RESEARCH - DAM FOUNDATIONS ...Foundations-
other, 8.0225

ARTIFICIAL FLOODS ...Computers-general, Dam, Floods, Flow
Characteristics -water, 6.0076

SITE TESTS TO DETERMINE STRUCTURAL PROPERTIES OF
ROCK FOUNDATIONS ...Engineering Structuresgeneral, Foun-
dations-general, Power Development, Rock Mechanics, Tunnels,
8.0019

EVALUATION OF CONCRETE PROPERTIES OF CORES FROM
OLD STRUCTURES ..Cement, Concrete, Engineering Struc-
tures-general, Mechanical Properties-general, Time, _8,0063

DETERMINATION OF IN SITU STRESSES BY STRAIN-RELIEF
METHOD ...Reinforced, Stress Recorders, ...8.0021

MASSIVE-HEAD BUTTRESS DAMS ...Foundations- gcncral, Gravi-
ty Dams, Stresses-general, Uplift, 8.0094

Design Criteria
WATERSHED SHAPE-FACTOR ...Culvert, Drainage, Engineering

Structures-general, North Dakota, Peak Flow, 2.0277
HYDRAULIC PERFORMANCE OF BRIDGES ...Bridges & Cul-

verts, Culvert, Dike, Drainage, Engineering Structures-general,
...8.0158

DESIGN TO CONTROL EROSION IN ROADSIDE DRAINAGE
CHANNELS ...Drainage, Erosion-general, t fining, Soil Erosion,
_2.0657

ENGINEERING INVESTIGATION PERTAINING TO FLOOD
PROTECTION OF BRIDGES AND CULVERTS ...Bridges &
Culverts, Culvert, Drag, Drainage, Erosion Control, Floods,
...8.0145

INCIPIENT MOTION OF ROUGHNESS ELEMENTS IN TURBU-
LENT OPEN CHANNEL FLOW ..Channel Roughness, Drag,
Lift, Open Channel, Turbulent, ...2.1061

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
..Arkansas, Automated Equipment, Irrigation Engineering,

Pipelines, Spray Devices, Subsurface Irrigation, ...3.0025
PILOT STUDY OF SMALL WATERSHED FLOOD HYDROLO-

GY IN HAWAII, PHASE 11 Discharge-general, Drainage
Systems, Floods, Hawaii, Urban Environments, 2.0381

SUBCRITICAL FLOW AT OPEN CHANNEL STRUCTURES
...Control Gate, Critical, Measurement, Opea Channel, Transition
Sections, 4.0261
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TRANSPORT OF SOLID SUSPENSION IN CONDUITS ...Com-
bined Sewer, Conduit, Flow of Dispersed Solids, Measurement,
Transportation, ...5.0988

TEMPORARY LININGS FOR WATERWAYS AND EMBANK-
MENTS ...Cover Crops, Embankments, Erosion Control, Florida,
Hydrology-general, Lining, _3.0178

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES _Drainage Systems, Flow Characteristics -water,
Model Studies, Other, Seepage, 4,00E1

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ...Drainage Systems, Filters, Other, Permeability,
Seepage, 4.0200

PREPARATION OF A HIGHWAY DRAINAGE POLICY STATE-
MENT AND PRACTIVE MANUAL FOR THE STATE OF IL-
LINOIS ...Drainage, Drainage Systems, Handbooks, Illinois, Roads
and Highways, Water Law-general, 6.0205

HYDRAULICS OF STORM SEWER JUNCTIONS ...Drainage,
Drainage Systems, Models, Storm Water, Urban Research,
5.0356

SIPHON TYPE TRICKLE TUBE FOR FARM PONDS AND
RESERVOIRS ...Conduit, Farm Pond, Reservoirs, Siphon,
Technique Development, Water Level Fluctuation, _8.0203

COMPILATION OF EARTH DAM CRITERIA FOR DESIGN USE
...Abstracts, Dams, Earth & Rockfill Dams, Engineering Struc-
tures-general, ...8,0254

GENERAL SPILLWAY TESTS ...Control Gate, Energy Dissipators,
Ext Pressure on Struct-other, Spillways, Weir, 8.0242

DEVELOPMENT OF HYDRAULIC DESIGN CRITERIA ...Con-
duit, Models, Simulators, Spillways, Water Control Works-other,
..,8.0226

STABILITY OF RUBBLE-MOUND BREAKWATERS ,..Break-
waters, Engineering Structures-general, Hydrodynamics, Shoreline
Structures, Wave Action, Waves, 8,0230

LOCK FILLING AND EMPTYING SYSTEM ...Locks, .7.'ater
Transportation, 8.0244

HARBOR DESIGN STUDIES ...Harbors, Navigation, Waves,
8.0231

R1PRAP-PROTECTION FOR HYDRAULIC STRUCTURES
...Dike, Engineering Structures-general, Sca Wall, Water Control
Works - other, ..8.0245

COMMITTEE ON CHANNEL STABILIZATION ...Alluvial
Deposits, Bedding Planes, Channels, Open Channel, Stabilization-
other, Streams, 'Tempciature, 2.0686

DEVELOPMENT OF CRITERIA FOR ARTIFICIAL BEACHES
...Beach, Beaches, Coastal Engineering- other, Shoreline Struc-
tures, Statistics-general, 8.0155

SPECIAL STUDIES FOR CIVIL WORKS SOILS PROBLEMS
...Earth & Rockfill Dams, Erosion Control, Field Soils Compac-
tion, Slopes, Wave Action, 8,0255

GATES, VALVES, AND ORIFICES .,.Control Gate, Models, Ori-
fice, Seals, Valves, 8.0037

DEVELOPMENT OF STANDARD DESIGNS FOR CANAL
STRUCTURES ...Canals, Construction, Energy Losses-general,
Model Studies, Open Channel, 8.0064

EARTH AND ROCKFILL DAM DESIGN PRACTICES ...Dams,
Earth & Rockfill Dams, Earthquakes, Engineering Structures-
general, Soil Stability Analysis, ...8.0137

DESIGN CRITERIA FOR OPEN CHANNELS ...Hydraulics- general,
Irrigation Engineering, Open Channel, Open Channel Flow, Sur-
face Irrigation -general, 8.0136

STUDY OF POLYCENTERED, PARABOLIC, AND OTHER
SHAPES FOR ARCH DAMS ..Analysis Structural, Arch Dams,
Models, ...8.0090

STRUCTURAL PROBLEMS ASSOCIATED WITH CONCRETE
PIPE ...Concrete - general, Pipes, Pressure-general, Soil Buried
Structures, Waterproof, 8.0033

DESIGN CRITERIA FOR LIVESTOCK FARMSTEAD WATER
SYSTEMS ...Automatic Data Aquisition, Storage of Water, Water
Demand, Water Transfer, Water Utilization -animal, ...6.0257

DEVELOPMENT AND EVALUATION OF MEANS AND MEA-
SURES FOR CHANNEL STABILIZATION ...Channel Geometry,
Channels, Flow Characteristics -water, Mechanics, General,
Scouring, Sediment Transport-general, ...5.1022

HYDRAULIC DESIGN OF STIV ICTURES FOR WATER USE
AND CONTROL IN THE CORN BELT ...Construction, Corn
Belt, Model Studies, Routing, Water Control Works-general,
...8.0216



Hydraulic Engineering SUBJECT INDEX

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Design Flow-flood, Hydraulic Structures, Models,
Water Loss Control, _8.0277

DRAINAGE FACILITIES, METHODS, AND DESIGN CRITERIA
FOR PROTECTION AND IMPROVEMENT OF AGRICUL-
TURAL CROPS AND SOILS IN THE NORTHERN PLAINS
,.Drainage, Drainage Systems, Flow Characteristics -water, Simu-
lation, 4.0064

RESERVOIR SEDIMENTATION STUDIES IN CORN BELT
STATES ...General Deposition, Reservoirs, Reservoirs and Im-
poundments, Sediment Yield, Sediments, ...2.0868

Dike
LAKE ERIE DIKE Disposal-other, Lake Erie, Models, Wave Ac-

tion, Waves, 8.0219
HYDRAULIC PERFORMANCE OF BRIDGES ...Bridges & Cul-

verts, Culvert, Design Criteria, Drainage, Engineering Structures-
general, 8.0158

RIPRAP-PROTECTION FOR HYDRAULIC STRUCTURES
...Design Criteria, Engineering Structures-general, Sea Wall,
Water Control Works-other, 8.0245

Drainage Systems
EROSION CONTROL CRITERIA FOR DRAINAGE STRUC-

TURES ...Drainage, Erosion-general, _2.0681
INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL

DRAINAGE AREAS IN OHIO ...Floods, Ohio, Small Watersheds,
2.0275

SMALL WATERSHED STUDY ...Design-other, Drainage, Hydrau-
lic Structures, 2.0297

PILOT STUDY OF SMALL WATERSHED FLOOD HYDROLO-
GY IN HAWAII, PHASE II ...Design Criteria, Discharge-general,
Floods, Hawaii, Urban Environments, _2.0381

PHYSICAL, CHEMICAL AND MICROBIOLOGICAL FACTORS
AFFECTING THE DISCHARGE OF WATER INTO DRAIN
'VILE ...Drainage, Drainage Engineering, Water Properties-
general, _2.0145

THEORETICAL AND EXPERIMENTAL STUDY OF SUPER-
CRITICAL FLOW IN CIRCULAR DRAINS AND OF THE FOR-
MATION OF HYDRAULIC JUMP IN THE SAME ...Critical, En-
gineering Structures-general, Flow of Gas in Liquid, Pipes, Survey
Studies, 2.035

FLOW OF WATER INTO TILE DRAINS ON STRATIFIED SOILS
...Laplace Transform, Percolation, Seepage, 2.0486

DRAINAGE DESIGNS AS INFLUENCED BY CONDITIONS IN
THE VICINITY OF THE DRAIN LINE _Erosion Control, Pipe,
Tube, Pipes, Plastics - General, Seepage, 8.0010

ENGINEERING PHASES OF SURFACE DRAINAGE ...Deltas,
Drainage, Drainage Engineering, ...4.0019

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES ...Capillarity, Grain Size and Distribution, Methods,
Model Studies, Seepage, ...2.0212

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ...Design Criteria, Flow Characteristics -water,
Model Studies, Other, Seepage, ...4.0088

PERFORMANCE OF DRAINAGE SYSTEMS ...Drawdown,
Hydraulic Gradient, Observation Wells, Permeability, Water
Table Fluctuation, ...4.0174

EVALUATION OF SOIL AND WATER CONSERVATION
DESIGN ...Conservation, Conservation & Management Eng, Con-
servation-general, Soil Preparation & Renovation, _2.0800

METHODS AND EQUIPMENT FOR SUBSURFACE DRAINAGE
...Drainage, Sedimentation, 4.0193

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ...Design Criteria, Filters, Other, Permeability,
Seepage, _4.0200

PREPARATION OF A HIGHWAY DRAINAGE POLICY STATE-
MENT AND PRACTIVE MANUAL FOR THE STATE OF IL-
LINOIS ...Design Criteria, Drainage, Handbooks, Illinois, Roads
and Highways, Water Law-general, 6.0205

HYDRAULICS OF STORM SEWER JUNCTIONS -Design
Criteria, Drainage, Models, Storm Water, Urban Research,
...5.0356

DRAINAGE OF STRATIFIED FOILS ...Drainage, Drainage En-
gineering, Soil-water-plant Relationships, ...5.0939

DRAINAGE SYSTEMS - PIPE AND FILTERS ...Drainage En-
gineering, Filters, Hydraulic Gradient, Pipelines, Pipes, 8.0018

IMPROVEMENT AND MODERNIZATION OF SURFACE AND
SUBSURFACE DRAINAGE PRACTICES AND FACILITIES IN
THE CORN BELT ...Corn Belt, Drainage, Pipe, Tube, Plastics -
General..4.0/91

DRAINAGE FACILITIES, METHODS, AND DESIGN CRITERIA
FOR PROTECTION AND IMPROVEMENT OF AGRICUL-
TURAL CROPS AND SOILS IN THE NORTHERN PLAINS
...Design Criteria, Drainage, Flow Characteristics -water, Simula-
tion, ...4.0064

DRAINAGE SYSTEMS FOR THE GREAT BASIN ...Artesian
Flow, Drainage, Great Basin, Groundwater Movement, Permea-
bility, 4.0164

Earth & Rockfill Dams
THE EFFECT OF HIGH CONFINING PRESSURE ON THE

DEFORMATION OF SOIL ...Dams, Deformation, Foundations-
general, Pressure-other, Shear Strength, ...8.0013

COMPILATION OF EARTH DAM CRITERIA FOR DESIGN USE
_Abstracts, Dams, Design Criteria, Engineering Structures-
general, ...8.0254

SHEAR STRENGTH OF ROCK FILL ...Consolidation, Engineering
Structures-general, Granular-general, Shear Strength, Triaxial,
...8.0016

TECHNICAL SUPPORT, INVESTIGATIONS OF ARCTIC CON-
STRUCTION _Arctic, Cold - Climates, Construction, Thermal
Properties-general, ...8.0266

SPECIAL STUDIES FOR CIVIL WORKS SOILS PROBLEMS
...Design Criteria, Erosion Control, Field Soils Compaction,
Slopes, Wave Action, ...8.0255

EARTH AND ROCKFILL DAM DESIGN PRACTICES _Dams,
Design Criteria, Earthquakes, Engineering Structures-general, Soil
Stability Analysis, ..8.0137

EXPLOSIVE EXCAVATION IN THE DEVELOPMENT OF
WATER RESOURCES ...Excavation, Nuclear Power, Open
Channel, Reservoirs, Water Resources Development, 8.0041

Gravity Dams
PROTOTYPE ANALYSIS-STRUCTURAL BEHAVIOR ...Mass,

Ohio River, Piezometers, Seepage, Uplift, ...8.0149
REINFORCEMENT OF OPENINGS IN MASSIVE CONCRETE

STRUCTURES ...Analysis Structural, Fracture Mechanics, Rein-
forced, Stress Concentration, Thermal, ...8.0093

MASSIVE-HEAD BUTTRESS DAMS ...Dams-other, Foundations-
general, Stresses-general, Uplift, ...8.0094

Groin
HYDRODYNAMIC CHARACTERISTICS OF FLOW CONCEN-

TRATION GROINS ...Aeration, Engineering Structures-general,
Floods, Flow Characteristics -water, Streams, 8.0268

COASTAL WORKS EVALUATION FOR CHECKING, IMPROV-
ING AND DEVELOPING DESIGN RELATIONSHIPS AND
CONSTRUCTION TECHNIQUE _Breakwaters, Construction,
Development, Jetty, Shoreline Structures, 8.0148

STABILIZATION OF SHORES BY GROINS AND JETTIES
...Development, Jetty, Models, Sedimentation, Wave Action,
...2.0263

Jetty
COASTAL WORKS EVALUATION FOR CHECKING, IMPROV-

ING AND DEVELOPING DESIGN RELATIONSHIPS AND
CONSTRUCTION TECHNIQUE .,.Breakwaters, Construction,
Development, Groin, Shoreline Structures, ...8.0148

STABILIZATION OF SHORES BY GROINS AND JETTIES
...Development, Groin, Models, Sedimentation, Wave Action,
...2.0263

RUBBLE-MOUND PROTOTYPE STUDIES ...Breakwaters,
Shoreline Structures, Water Motion Recorders, Wave Action,
Waves, ...8.0156

Locks
PROTOTYPE ANALYSES - LOCK BEHAVIOR INVESTIGATION

...Concrete-general, Deflection, Hydraulic Structures, Internal,
Pressure-general, 8.0256

LOCK FILLING AND EMPTYING SYSTEM ...Design Criteria,
Water Transportation, 8.0244

Reservoirs
RECREATIONAL IMPACT OF FEDERAL MULTI-PURPOSE

RESERVOIRS Highway Classification-other, Planning, Pro-
jected Demand, Recreation Sites, Reservoirs and Impoundments,
Touring, Transportation Needs, _6.02119

UNSTEADY FLOW PARAMETERS IN HYDRAULIC DESIGN
...Conduit, Incompressible, Pressure, Transition Sections, Un-
steady, 8.0200
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EXPERIMENTAL INVESTIGATION OF HYDRAULIC
TRANSIENTS IN RIVER-RESERVOIR SYSTEMS ...Hydraulics-
general, Model Studies, Open Channel, Streams, Transition Sec-
tions, 2.0993

CHANGES IN NATURAL CHANNELS RESULTING FROM
CONTROL DEVICES IN THE UPPER REACHES OF THE
BASINS ...Channels, Control Factors-general, Open Channel,
Sedimentation, Structure Sites, ...2.0685

EFFECTS OF LIMNOLOGICAL FACTORS ON WATER TREAT-
MENT Iowa, Other, Public Utilities, Reservoirs and Impound-
ments, Water Quality-general, ...5.0415

DEVELOPING RESERVOIRS FOR SUPPLEMENTAL IRRIGA-
TION ...Leekage, Linings-paving~, Loss, Seepage, Water Loss
Contrul, ...3.0302

DEVELOPMENT OF AN OPERATIONS CONTROL PLAN
...Channel Regulation-other, Controls, Engineering Studies-othci,
Pump-other, ...6.0072

SEALING OF CANALS AND RESERVOIRS WITH COLORADO
CLAYS ...Clay, Colorado, Irrigation Engineering, Open Channel,
Particle Size, Permeability, Waterproof, 8.0144

ENGINEERING GEOLOGY ...Core Analysis, Dams-general, Foun-
dations-general, Geology - Engineering, Highway Sites, 8.0174

SIPHON TYPE TRICKLE TUBE FOR FARM PONDS AND
RESERVOIRS ...Conduit, Design Criteria, Farm Pond, Siphon,
Technique Development, Water Level Fluctuation, ...8.0203

OPTIMIZATION TECHNIQUES FOR HYDROLOGIC EN-
GINEERING ...Floods, Hydrographs, Hydrology-general, Op-
timization, Reservoirs and Impoundments, Routing, ...6.0075

EXPLOSIVE EXCAVATION IN THE DEVELOPMENT OF
WATER RESOURCES ...Earth & Rockfill Dams, Excavation,
Nuclear Power, Open Channel, Water Resources Development,
...8.0041

IMPROVEMENT OF WATER SUPPLY SOURCES AND
STORAGE FACILITIES IN THE CORN BELT ...Corn Belt,
Permeability, Ponds, Seepage, Water Loss Control, ...8.0274

RESERVOIR SEDIMENTATION STUDIES IN CORN BELT
STATES Design Criteria, General Deposition, Reservoirs and
Impoundments, Sediment Yield, Sediments, 2.0868

Sea Wall
RIPRAP-PROTECTION FOR HYDRAULIC STRUCTURES

...Design Criteria, Dike, Engineering Structures-general, Water
Control Works-other, ...8.0245

Spillways
EVALUATION OF SELECTED COMPUTER PROGRAMS IN

HYDROLOGY ...Hydrology-general, Model Studies, Routing, Ru-
noff, Storm Water, ...2.0659

GENERAL SPILLWAY TESTS ...Control Gate, Design Criteria,
Energy Dissipators, Ext Pressure on Struct-other, Weir, 8.0242

DEVELOPMENT OF HYDRAULIC DESIGN CRITERIA ...Con-
duit, Design Criteria, Models, Simulators, Water Control Works-
other, ...8,0226

HYDRAULIC PROTOTYPE TESTS ...Channel Regulation-other,
Conduit, Models, Simulators, ...8.0228

DETROIT TEST CHUTE .,.Channel Geometry, Depth, Flow of Gas
in Liquid, Flume Studies, Velocity, 8.0281

VIBRATION OF LOW-CREST SPILLWAYS ...Hydrodynamic
Structures, Non-linear, 7.0068

HYDRAULIC AND STRUCTURAL DESIGN - SPILLWAYS AND
OUTLET WORKS ...Concrete-other, Hydraulic Structures,
Models, Ultimate, ...8.0139

Water Control Works-general
ANALYSIS OF SMALL WATER MANAGEMENT STRUCTURES

...Administrative Structures, Hydraulic Structures, Management,
Water Distribution Systems, Water Transfer, 4.0260

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE CORN BELT ...Construction, Corn
Belt, Design Criteria, Model Studies, Routing, ...8.0216

Water Control Works-other
ECONOMICS OF FLOOD CONTROL STRUCTURES IN THE

LOWER MINNESOTA RIVER WATERSHED DISTRICT
...Economics-general, Floodproofing, Floods, Minnesota, Water
Loss Control, ..6.0305

DEVELOPMENT OF HYDRAULIC DESIGN CRITERIA ...Con-
duit, Design Criteria, Models, Simulators, Spillways, ...8.0226

RIPRAP-PROTECTION FOR HYDRAULIC STRUCTURES
...Design Criteria, Dike, Engineering Structures-general, Sea Wall,
8.0245

Hydrocarbons

Weir
GENERAL SPILLWAY TESTS ...Control Gate, Design Criteria,

Energy Dissipators, Ext Pressure on Struct-other, Spillways,
..8.0242
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Hydraulics-general
TRANSPORT PROCESSES OF PARTICLES IN DILUTE SUSPEN-

SIONS IN TURBULENT WATER FLOW ...Coi:oidal
Phenomena, Flow Characteristics -water, Sedimentation, Trans-
port, Turbulent Flow, 5.0370

TIDAL EFFECTS ON GROUND WATER HYDRAULICS IN
HAWAII ...Analog Computers, Groundwater, Hawaii, Model Stu-
dies, Tides, ...2.0378

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
...Fluid Flow-other, Mass Transfer, Organic, Polymer Type-other,
Solution, Transport, 1.0027

HYDRAULIC GEOMETRY OF STREAMS ...Flow Characteristics -
water, Ions and Gases, Low Flow, Physiography-general, River
Basins, ...2.0444

EXPERIMENTAL INVESTIGATION OF HYDRAULIC
TRANSIENTS IN RIVER-RESERVOIR SYSTEMS ...Model Stu-
dies, Open Channel, Reservoirs, Streams, Transition Sections,
...2.0993

DEVELOPMENT OF A MATHEMATICAL MODEL FOR THE
SIMULATION OF FLAT-LAND WATERSHED HYDRAULICS
...Development of Models, Mathematical Analysis, Model Studies,
Technique Development, Wetlands, ...4.0102

A WATER QUALITY COMPUTER MODEL OF COOK INLET
(PHASE ONE - THE HYDRAULIC MODEL) ...Alaska, Compu-
ters-general, Estuaries, Model Studies, Water Quality-general,
7.0002

DYNAMIC MODEL STUDY OF LAKE ERIE Inflow, Lake Erie,
Model Studies, Synthetic Hydrology-general, 5.0766

STATUS OF THERMAL POLLUTION AND RESEARCH NEEDS
...Bibliography, Pollution - Effects of , Thermal Pollution, Water
Quality Control-general, ...5.1139

CENTER FOR RESEARCH AND TRAINING IN HYDRAULIC
AND HYDROLOGIC ASPECTS OF WATER POLLUTION
CONTROL ...Document & Literature Info, Training Grants, Fel-
lowships, Water Quality Control-general, _5.1137

DISPATCHING SYSTEM FOR CONTROL OF COMBINED
SEWER LOSSES ...Combined Sewer, Control Gate, Energy
Losses-general, Hydrology-general, Meteorological Studies-
general, ...5.0609

OPEN-CHANNEL TRANSITIONS IN SUPERCRITICAL FLOW
...Channel Geometry, Critical, Cross-section, Open Channel,
Open Channel Flow, ...8.0283

TIDAL FLOWS IN RIVERS AND HARBORS ...Committee-sup-
port, Harbors, Streams, Tides, 2.0688

REGIONAL HYDROLOGIC SYSTEM ANALYSES
(HYDRODYNAMICS) ...Groundwater Movement, Permeability,
Systems Analysis, ...2.1092

TRANSPORT PROPERTIES OF NATURAL CLAYS ...Clay, Clays,
Percolation, Permeability, Sampling, ...2.1102

GRAIN SIZE DISTRIBUTION AND BEDLOAD TRANSPORT
...Bed Load, Channels, Discharge-general, Flume Studies, Grain
Size, ...2.1101

FLOW SURFACE PROTECTION ...Aeration, Cavitation-other, En-
gineering Structure- general, 8.0038

PIPELINE AND TUNNEL HYDRAULICS ...Conduit, Friction,
Pipelines, Pipes, Texas, 8.0042

INSTRUMENTATION, DATA ACQUISITION, AND COMPUTER
TECHNIQUES ...Analog Computers, Automatic Data Aquisition,
Data Analysis Applications, Digital Computers, ...7.0019

DESIGN CRITERIA FOR OPEN CHANNELS ...Design Criteria, Ir-
rigation Engineering, Open Channel, Open Channel Flow, Surface
Irrigation -general, ...8.0136

STUDIES OF CANAL HYDRAULICS ...Canals, Channel
Roughness, Energy Losses-other, Open Channel, Transition Sec-
tions, 8.0130

STREAM FLOW REGIMES ON A SEMIARID RANGELAND
WATERSHED ...Agricultural Watersheds, Channels, Hydro-
graphs, Runoff, Storms - general, ..4.111178

Hydrocarbons
BIOCHEMICAL OXIDATION OF HYDROCARBONS IN NATU-

RAL WATERS ...Bacteria (non-specific), Chemostat, Degrada-
tion, Organic Matter, Seasonal, ...1.0110



Hydrology-general SUBJECT INDEX

Hydrology-general
INVESTIGATION OF WATER RESOURCES IN ALASKA ...Gag-

ing, Measurement, Open Channel, Streams, ..2.0269
HYDROLOGY RESEARCH PROJECT ...Data Acquisition-general,

Data Analysis - General, Drainage, Small Watersheds, Structural,
_2.0281

STATISTICAL, METEOROLOGICAL AND DEPTH-AREA
ANALYSIS OF RAINFALL ...Data Analysis Applications,
Forecasting, Middle-cast-general, Patterns, 2.0492

HYDROLOGY PROGRAM ADMINISTRATION AND SUPPORT
...Aerial, Aircraft, E M Radiation-general, Satellites, Water
Resources - General, ,6.0141

DOUBTFUL HYDROGRAPHIC DATA _Aircraft, Data Analysis -
General, Satellites, Technique Development, 6.0278

COORDINATION AND LIAISON AT MANNED SPACECRAFT
CENTER, HOUSTON ...Acromagnetie, Aircraft, Geography-
physical, Infrared Radiation, Ultra - Violet Radiation, _6.0146

NUCLEAR TECHNIQUES IN SOILS HYDROLOGY, SNOW
GAGING, AND RELATED APPLICATIONS ...Gaging, General,
Radioisotopes, Soil Environment, Soil-water-plant Relationships,
_1.0007

EXTREME HYDROLOGIC EVENTS & THEIR EFFECTS ON
NUCLEAR FACILITIES ...Floods, Natural Recharge, Radioac-
tivity-general, Runoff, Water Table Fluctuation, 2.0273

STOCHASTIC STRUCTURE OF HYDROLOGIC SERIES ...Pat-
terns, Runoff, Stochastic Processes, 6.0109

SUPPORT OF THE COMMITTEE ON WATER ...Committee-sup-
port, Management, Teaching and Research, 9.0003

PARTIAL SUPPORT OF THE U. 5, NATIONAL COMMITTEE
FOR THE INTERNATIONAL HYDROLOGICAL DECADE
...Committee- support, _9.0005

NORTH SIERRA OROGRAPHIC, CONVECTIVE CLOUD
STUDY - ATMOSPHERIC WATER RESOURCES PROGRAM
.Cloud Physics, Data Display Systems, Modification, Orographic
Effects, Precipitation Instruments, 2.0731

STRATTON SAGEBRUSH HYDROLOGY STUDY ...Cover Crops,
Range, Runoff, Sediment Yield, Soil Environment, ..2.0221

HYDROLOGIC INVESTIGATION OF WATERSHEDS IN OHIO
...Discharge - general, Ohio, Simulation, Small Watersheds,
.,.2.0861

INFLUENCE OF GEOHYDROLOGY ON LANDSCAPE AND
SOIL FORMATION ...Morphology-general, Physiography-general,
Soil Genesis, Weathering-general, 5.0409

GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-
SES ...Discharge-general, Forecasting-prediction, Inflow, Small
Watersheds, 2.0084

HYDROLOGICAL DATA ACQUISITION THROUGH REMOTE
RECONNAISSANCE SYSTEMS ...Aerial, Data Acquisition-
other, Infrared Radiation, Mapping, Moisture Content,
Reflectance, 7.0075

GEOPHYSICAL INVESTIGATIONS IN ALLUVIAL BASINS IN
SOUTHERN ARIZONA ...Arizona, Electric Logging, Gravity Sur-
veys, Seismic Refraction, 2.0062

HYDROLOGIC ASPECTS OF WATER LAWS IN MINNESOTA
...Administrative Structures, Water Cycle, Water Rights-general,
Water Transfer, ...6,0306

A METHOD OF DETERMINING AND MAPPING THE
HYDROLOGIC RESPONSE OF UNGAGED WATERSHEDS IN
THE SOUTHEAST ...Atlases-maps, Land Use, Morphology-
general, Small Watersheds, Southeast, 7.0025

APPLICATION OF AN ELECTRONIC ANALOG COMPUTER
TO THE SIMULATION OF THE TOTAL HYDROLOGIC-
ECONOMIC FLOW SYSTEM ...Analog Computers, Economics -
general, Model Studies, River Basins, ...6.0585

EVALUATION OF HYDROLOGIC EFFECTS OF URBANIZA-
TION ...Land Use, Regression Analysis, Runoff, Small
Watersheds, Storm Water, Urban Environments, ...4.0231

SYSTEMS APPROACH TO FLOW PREDICTION IN WATER
RESOURCE PLANNING ...Fourier Transform, Monte Carlo
Methods, Non-autonomous, Prediction Models, Regression Analy-
sis, Spectral Analysis, ...2.0915

COMPUTER SIMULATION OF THE HYDROLOGIC SYSTEM
OF A MOUNTAIN WATERSHED ...Digital Computers, Ground-
water, Model Studies, Mountains-alpine, Surface Water,
Watersheds-other, 2.0707

FEASiBILITY STUDY OF ELECTRICAL GEOPHYSICAL
METHODS IN THE DETERMINATION OF SUBSURFACE
HYDROGEOLOGIC ENVIRONMENTS IN SOUTH CAROLINA
...Electric Logging, Electronics - Applied, Induction, Piedmont
Province, Porosity-permeability, Water Table Fluctuation,
2.0950

2-236

THE INFLUENCE OF WETLANDS ON QUANTITY AND
QUALITY OF STREAM FLOW ...Available Water, Evapotrans-
piration, Low Flow, Streams, Wetlands, _4.0170

EFFICIENCY OF DATA COLLECTION SYSTEMS IN
HYDROLOGY AND WATER RESOURCES FOR PREDICTION
AND CONTROL ...Control and Protection, Economic Efficiency,
Hybrid Computers, Systems Analysis, 7.0004

WATER RESOURCES IN SOURDOUGH AND MIDDLE CREEK
WATERSHEDS - A COMPARATIVE STUDY OF QUALITY
AND HYDROLOGY ...Conservation-general, Land Use, Mon-
tana, Water Quality Control-general, Watersheds-general,
...5.0695

EVALUATION OF SELECTED COMPUTER PROGRAMS IN
HYDROLOGY ...Model Studies, Routing, Runoff, Spillways,
Storm Water, ...2.0659

GEOCHEMISTRY AND HYDROLOGY OF A SMALL BASIN IN
THE UPPER BUFFALO RIVER WATERSHED, TENNESSEE
Small Watersheds, Tennessee, Water Cycle, Water Properties-
general, Weathering Products, .2.0999

HYDROLOGIC AND PHOTOGEOLOGIC DETERMINATION OF
RAINFALL, RUNOFF, AND GROUNDWATER RELATION-
SHIPS IN A DOLOMITE AREA ...Amount, Dolomite, Ground-
water, Photogrammetry, Runoff, ...2.0702

SEQUENTIAL USE WITHIN A HYDROLOGIC COMPLEX
_Management, Model Studies, Other Data Analysis, Systems
Analysis, Water Quality - general, ..5.1189

DISPATCHING SYSTEM FOR CONTROL OF COMBINED
SEWER LOSSES ...Combined Sewer, Control Gate, Energy
Losses-general, Hydraulics-general, Meteorological Studies-
general.,5.0609

EFFECTS OF FIRE ON HYDROLOGY AND EROSION ...Erosion-
gencral, Fire Damage, Recovery, Forest Watersheds, Middle
Rocky Mts, ...2.0226

TEMPORARY LININGS FOR WATERWAYS AND EMBANK-
MENTS ...Cover Crops, Design Criteria, Embankmentit, Erosion
Control, Florida, Lining, ...3.0178

THE INTERRELATIONSHIP BETWEEN WATERSHED FAC-
TORS THAT AFFECT RUNOFF RATES AND VOLUME
YIELDS IN THE SOUTHERN COASTAL PLAINS ...Agricultural
Watersheds, Georgia, Morphology-general, Runoff, Water Yield,
...3.0193

HYDROLOGY OF SMALL AGRICULTURAL WATERSHEDS
...Missouri, Reservoirs and Impoundments, Runoff, Small
Watersheds, Water Loss-general, 4.0151

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS _Mathematical Analysis, Model Studies, Runoff,
Small Watersheds, Stochastic Models, ...4.0197

HYDROLOGY OF WATERSHEDS ON SHALE SOILS ...Fine-
grained Clastics, Moisture Content, Moisture Tension, Runoff,
Small Watersheds, Soil Properties - Other, ...4.0273

HYDROLOGIC ANALYSIS BY ANALOG COMPUTERS ...Analog
Computers, Groundwater, Hydrographs, Reservoirs and Impound-
ments, Routing, Surface Water, ...2.0429

HYDROLOGY AND WATER QUALITY OF SURFACE MINING
FOR COAL IN PIKE COUNTY, INDIANA ...Coal-general, Indi-
ana, Strip Mines, Water Quality-general, ...50384

ANALYSIS AND SYNTHESIS OF HYDROLOGIC SYSTEMS
...Computers-general, Flow Characteristics -water, Open Channel
Flow, Patterns, Technique Development, ...2.0615

HYDROLOGIC MEASUREMENT SYSTEMS ...Amount, Data Net-
works, Error Analysis, Gages, Instrumentation-general, Rain-
general, Technique Development, Urban Environments, ..7.0056

THE NANGARHAR CANAL PROJECT OF EASTERN
AFGHANISTAN ...Afghanistan, Canals, Electric Power Plants, Ir-
rigation-general, Water Resources Development, 4.0179

DEVELOPMENT OF GROUND WATER CONTROL METHODS
FOR THE HEAVY SOILS OF THE LAJAS VALLEY ..,Aquifers -
general, Groundwater, Piezometry, Puerto Rico, Soil Environ-
ment, ...4.0209

EXPERIMENTAL INVESTIGATION OF HYDROLOGICAL
PARAMETERS OF AQUIFERS THROUGH ELECTRICAL RE-
SISTIVITY MEASUREMENTS ...Aquifers-general, Borehole
Geophysics, Electric Logging, Other Models, Porosity-permeabili-
ty, 7.0028

GEOLOGY AND HYDROLOGY OF THE PRESIDIO BOLSON,
TEXAS AND ADJACENT MEXICO ...Bolsons, Groundwater,
Local Stratigraphy, Sedimentary Basins, Water Yield, ...2.1011

HYDROGEOLOGY OF SOLID WASTE DISPOSAL SITES
...Chemical A nalysis (water), Groundwater Movement, Illinois,
Sanitary Landfills, 5.0347

GEOLOGY OF VALLEY FILL DEPOSITS IN THE MIDDLE IL-
LINOIS RIVER VALLEY Clastic Aquifers, Deposits, Sedimen-
tary History, Valley, Buried, ...7.0036



SUBJECT INDEX Hysteresis

PERMEABILITY OF UNCONSOLIDATED AQUIFER MATERI-
ALS ...Aquifers-general, Data Analysis Applications, Permeability,
Unconsolidated Aquifers, Valleys and Canyons, 7.0038

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS Hydrographs, Mathematical
Analysis, Model Studies, Research - Development, Runoff,
Watersheds-general, ...2.0462

AQUIFER STUDIES IN MARYLAND - SEDIMENTARY ROCKS
IN THE COASTAL PLAIN ...Aquifers-general, Geologic Sec-
tions, Management, Specific Rock Unit, Subsurface, Water Allo-
cation, 2.0561

GEOLOGY AND GROUND WATER RESOURCES OF WARD
COUNTY ...Aquifers-general, Geology-general, Groundwater,
North Dakota, Water Quality-general, .2.0841

SIMULATION MODEL FOR THE STUDY OF THE HYDROLO-
GY OF THE WISCONSIN RIVER ...Flow Characteristics -water,
Reservoirs and Impoundments, River Basins, Simulation, Wiscon-
sin, 2.1155

NORTH FORK CITICO CREEK WATERSHED RESEARCH
...Construction, Forest Watersheds, Land Use, Multiple-purpose
Projects, 4.0229

DEVELOPMENT OF HYDROLOGIC ANALYSIS TECHNIQUES
...Computers-general, Data Analysis - General, Land Use, Model
Studies, Technique Development, ...2.0988

AUTOMATIC VHF RADIO HYDROLOGIC DATA REPORTING
SYSTEM Automatic Data Aquisition, Data Transmission
Systems, General Synoptic Observations, Radio, Very High
Frequency, 7.0096

DEVELOPMENT OF HYDROLOGIC EQUIPMENT ...Design In-
strumentation-other, Hydraulic Engineering-other, Instrumental
Services, Instrumentation-general, Other Telemetry, 7.0064

HYDROLOGY TRAINING AND METHODOLOGY ...Computers-
general, Education and Training, Hydraulic Engineering-other,
Meetings, ..9.0001

HYDROLOGIC SIMULATION - DAILY STREAMFLOW ...An-
tecedent Moisture, Design Flow-flood, Floods, Foieeasting-predic-
tion, Reservoirs and Impoundments, .,.6 .0073

OPTIMIZATION TECHNIQUES FOR HYDROLOGIC EN-
GINEERING ...Floods, Hydrographs Optimization, Reservoirs,
Reservoirs and Impoundments, Routing, ...6.0075

GENERALIZED HYDROLOGIC DESIGN CRITERIA ...Amount,
Reservoirs and Impoundments, Technique Development, Water
Resources Development, _6.0079

HYDROLOGIC RELATIONS IN HAWAII ...Amount, Data Net-
works, Floodproofing, Hawaii, Runoff, 2.0365

HYDROLOGIC STUDIES (STORM STUDIES) ...Flood Control,
Floodproofing, Patterns, Siormsteneral, Tables, Compilations,
Catalogs, 2.0549

CONTROL AND PREVENTION OF CULVERT AND ROAD
ICINGS ...Culvert, Drainage, Meteorological Studies-general,
Roadway-general, Snow and Ice Removal, 2.0750

FROZEN GROUND INVESTIGATIONS, BARROW, ALASKA
...Alaska, Frost and Permafrost, Ice Content, Permafrost-frozen,
Runoff. Small Watersheds, ...2.0748

HYDROLOGIC STUDY OF A SMALL ALASKAN WATERSHED
...Alaska, General, General Synoptic Observations, Small
Watersheds. Water Sampling, ...2.0749

HYDROLOGIC STUDIES (STORM STUDIES) HAWAIIAN
ISLANDS ...Hawaii, Storm Water, Storms-general, Weather
Charts-maps, .,.2.0366

SAFFORD VALLEY, ARIZONA GEOPHYSICAL STUDIES
,..Arizona, Geophysical Analysis, Groundwater, 2.0276

POTENTIAL APPLICATIONS OF NUCLEAR EXPLOSIVES IN
WATER RESOURCE DEVELOPMENT .,.Economies - general,
Nuclear Excavation, Nuclear Explosion, Water Law-general,
Water Resources Development, 3.0067

HYDROLOGIC STUDIES LEADING TO SITE UTILIZATION
...Adsorption Capacity, Groundwater, Nuclear Explosion, Pollu-
tants - Path of , Radioactivity-underground Test, Sediment Trans-
port-other, ..,3.0134

RESEARCH IN LIMNOLOGY - INTERRELATIONS OF
HYDROLOGY AND AQUATIC ECOLOGY ...Biological-general,
Chemical-general, Destratification, Organic Matter, Physical-
general, ...2.0128

HYDROLOGIC EFFECT OF VEGETATION MODIFICATION
...Model Studies, Modified Water Use, Water Development,
Water Movement, Velocity, Water Yield, 3.0009

HYDROLOGY OF THE COLUMBIA RIVER BASALT ...Columbia
Plateaus, Igneous Rocks, Infiltration, Runoff, Specific Rock Unit,
Tectonics-general, 2.0905
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SYSTEMS STUDY - MARYLAND PROJECT .Alternative
Planning, Management, Maryland, Planning, Water Resources
Development, ..6.0603

ANALYTICAL MODEL OF THE LAND PHASE OF THE
HYDROLOGIC CYCLE .Model Studies, Water Cycle, .2.0117

AERIAL MEASUREMENT OF HYDROLOGIC PHENOMENA
...Aerial, Data Acquisition-general, Geophysical Analysis, Humidi-
ty Instruments, Infrared Radiation, 7.0003

HYDROLOGY OF HUNGRY HORSE RESERVOIR, MONTANA
...Flow Characteristics -water, Forecasting-prediction, Multiple-
purpose Projects, Reservoirs and Impoundments, Total Volume,
...2.0705

HYDROLOGIC INFLUENCES OF STRIP MINING, BEAVER
CREEK, KENTUCKY ...Appalachia, Coal-general, Mining Activi-
ties, Pollution - Effects of , Strip Mines, 5.0890

HYDROLOGY OF THE CRYSTALLINE ROCK SYSTEM IN
SOUTHEASTERN STATES ,..Crystalline, Groundwater, Ground-
water Movement, Water Quality-general, Water Wells, Water
Yield, 2.0825

HYDROLOGY OF ARKANSAS RIVER VALLEY, CANON CITY
TO STATE LINE ...Arkansas River, Flow Characteristics -water,
Groundwater, Irrigation-general, Management, Water Transfer,
...2.0202

HYDROLOGY OF THE SAVANNAH RIVER PLANT, SOUTH
CAROLINA --BEDROCK WASTE STORAGE EXPLORATION -
HYDROLOGY OF COASTAL PLAIN SEDIMENTS (ABBREV)
...Clastic Aquifers, Coastal Plain, Crystalline Aquifers, Seepage,
Underground Waste Disposal, ...5.1108

WATER RESOURCES OF THE LOWER WISCONSIN RIVER
VALLEY, WISCONSIN ...Available Water, Projections and Esti-
mations, Water Quality-general, Water Supply-general, Wisconsin,
...2M49

HYDROLOGIC EFFECTS OF SMALL RESERVOIR ON NEDER-
1.0 CREEK, WISCONSIN ...Discharge-general, Reservoirs and
Impoundments, Runoff, Water Cycle, Wisconsin, _2.1148

WATER RESOURCES STUDY, DUVAL COUNTY, FLORIDA
...Carbonate Aquifers, Florida, Surface Water, Total Volume,
Water Quality-general, ...2.0330

HYDROLOGY OF UPPER OLD TAMPA BAY, FLORIDA ...Bays,
Groundwater Movement, Lake:, Permeability, Water Harvesting,
Water Quality-general, ...2.0331

INTENSIVE COOPERATIVE INVESTIGATIONS OF SELECTED
POTHOLES ON MISSOURI COTEAU IN DICKEY, WARD
AND STUTSMAN COUNTIES, NORTH DAKOTA ...Natural
Recharge, Potholes, Water Fowl, N.s. , Water Level Fluctuation,
Water Loss-general, 6.0419

ANALYTICAL HYDROGRAPHY IN WATERSHED ENGINEER-
ING ...Agricultural Watersheds, Conservation & Management
Eng, Conservation-general, Water Yield, ...4.0131

PRECIPITATION CHA RACTERISTICS INFLUENCING
HYDROLOGIC PERRVMANCE OF AGRICULTURAL
WATERSHEDS IN THE PACIFIC NORTHWEST Agricultural
Watersheds, Patterns, Runoff, Sediment Yield, Snow-other,
...2.0386

CLIMATE, SOIL AND VEGETATION INFLUENCES ON
HYDROLOGY OF RANGELANDS IN THE SOUTHWEST
...Floods, Runoff, Sediment Yield, Water Yield, ...4.0007

THE SIMULATION OF HYDROLOGIC EVENTS IN ARID RE-
GIONS ...Analog Computers, Arid and Desert, Management,
Model Studies, Surface Water, 2.1075

LABORATORY CATCHMENT INVESTIGATIONS RELATING
TO HYDROLOGIC SYSTEMS ANALYSIS ..,Gaging, Model Stu-
dies, Morphology-general, Systems Analysis, ..6.0574

Hydroxyl
MULTILAYER FILTRATION ...Filter-other, Flocculation, Other,

Sand, Waste Water Treatment-general, ...5.1187

Hysteresis
A SYSTEMATIC TREATMENT OF THE PROBLEM OF INFIL-

TRATION ...Infiltration, Model Studies, Moisture Content, Pat-
terns, Soil Profile, 2.0219

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Internal Water Movement, Permeability, Saturated-un-
saturated, Soil Environment, .,.2.0094

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Electrical Properties, Internal Water Movement,
Moisture Content, Nuclear Moisture Meters, Saturated-unsatu-
rated, Temperature, 2.1119



Ice Studies SUBJECT INDEX

Ice Studies
Alteration

APPLIED PHYSICS AND MECHANICS ...Mechanical, Movement,
Sca Ice, .8,0265

GREAT LAKES RESEARCH - ICE COVER DISTRIBUTION
.Aerial, Aerospatial, Great Lakes-general, Petrofabries, Sea Ice,
.2.0645

GREAT LAKES RESEARCH - GREAT LAKES DEICING
...Bibliography, Great Lakes-general, Ice Properties-general,
Origin, Sea Ice, ...2.0646

Ice Jam
FORM, PROCESSES AND DEPOSITS OF THE KNIK RIVER,

ALASKA ...Braided Stream, Deposition-other, Floods, Sediment
Transport-other, Sorting, 2.0782

MECHANICS OF ICE ...Mechanical, Snow and Ice Removal, St.
lawrence River, Waterways, ...8.0264

GREAT LAKES RESEARCH - RIVER ICE JAMS ...Great Lakes-
general, Streams, Survey Studies, Water Movement-general,
2.0636

Origin
GREAT LAKES RESEARCH - GREAT LAKES DEICING

...Bibliography, Great Lakes-general, Harbors, Navigation, Sca
Ice, ...2.0643

GREAT LAKES RESEARCH - ICE CHARACTERISTICS ...Aerial,
Lake Superior, Micrometeorology, Petrofabrics, Radiation-ter-
restrial, Sea Ice, 2.0644

GREAT LAKES RESEARCH GREAT LAKES DEICING .Al-
teration, Bibliography, Great Lakes-general, Ice Properties-
general, Sea Ice, 2.0646

Petrofabrics
COLD REGIONS PHYSICAL SCIENCE ...Arctic, Cloud Physics,

Electron, Ice Fog, 2.0757
GREAT LAKES RESEARCH - ICE CHARACTERISTICS ...Aerial,

Lake Superior, Micrometeorology, Origin, Radiation-terrestrial,
Sea Ice, 2.0644

GREAT LAKES RESEARCH - ICE COVER DISTRIBUTION
...Aerial, Acrospatial, Alteration, Great Lakes-general, Sca Ice,
2.0645

Properties
Ice Properties-general

A STUDY OF THE FREEZING CYCLE IN AN ALASKAN
STREAM ...Alaska, General, Sampling, Streams, 2.0018

GREAT LAKES RESEARCH - GREAT LAKES DEICING ...Al-
teration, Bibliography, Great Lakes-general, Origin, Sca Ice,
2.0646

Mechanical
APPLIED PHYSICS AND MECHANICS .

Sea Ice, 8.0265
MECHANICS OF ICE ...Ice Jam, Snow

lawrence River, Waterways, 8.0264

Thermal
APPLIED PHYSICS AND MECHANICS ..

Movement, Sea lee..8.0265

..Alteration, Movement,

and Ice Removal, St.

.Alteration, Mechanical,

Icebergs
RADAR DATA ACQUISITION OVER OCEANOGRAPHIC TEST

SITES ...Data Acquisition Systems, Electronics - Applied, Optical,
Radar, Surface Environments, Waves, ...6.0274

Iceland
STUDY OF GEOLOGIC STRUCTURAL CONTROL ON THE

FLOW AND DISCHARGE OF GEOTHERMAL WATERS ...At-
lases-maps, Groundwater, Groundwater Movement, Regional
Structure, Thermal Features-other, ,,,2..0794

Idaho
BEHAVIOR AND HABITAT INTERACTION OF BROOK TROUT

AND CUTTHROAT TROUT ...Behavioral Ecology, Cutthroat
Trout, Habitat Studies, Lake Trout, rook Trout, Regression
Analysis, 5.0324
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REYNOLDS CREEK WATERSHED STUDY ...Management and
Fertility, Runoff, Sediment Yield, Water Yield, Watersheds-
general, .2.0571

CHARACTERISTICS OF MAJOR FOREST AND RANGE
WATERSHED TYPES IN IDAHO ...Erosion-general, Forest
Watersheds, Land Use, Runoff, Water Yield, .,.6.0176

LIMNOLOGIC AL STUDIES OF LENTIC WATERS IN IDAHO
..,Alpine, Lakes, Phytoplankton, Primary Productivity, Productivi-
ty - Food Chain, Reservoirs and Impoundments, ..2,0398

BIOLOGICAL PRODUCTIVITY OF THE COEUR D'ALENE
RIVER AS RELATED TO WATER QUALITY ...Data Analysis -
General, Primary Productivity, Productivity - Food Chain,
Streams, Water Quality-general, 5.0326

EVALUATION OF CLIMATIC PATTERNS AFFECTING IDAHO
AGRICULTURE ...Agricultural Watersheds, Applied Climatolo-
gy, Data Analysis - General, Evaporation, Forecasting,
Meteorological Averages, Patterns, 2.0396

ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
STITUTIONS ...Administrative Structures, Economic Efficiency,
Water Law-general, Water Rights-general, Water Transfer,
...6.0178

DISTRIBUTION AND ECOLOGY OF AQUATIC INSECTS OF
IDAHO ...Aquatic Ecology, Bottom Sampling, Chemical-general,
Insects -non-specific, Physical-general, ,..2.0393

NORTHERN IDAHO ALFALFA PROBLEM .Alfalfa, Internal
Water Movement, Other Enviromental Conditions, Soil Condi-
tions, Soil-water-plant Relationships, 2.0397

GEOTHERMAL RESOURCES OF IDAHO ...Chemical-general,
Hot Springs, Survey Studies, Temperature, Water - Hot Water,
...3.0206

AN INVESTIGATION OF FACTORS INFLUENCING WATER
QUALITY IN SOUTH FORK, COEUR DALENE RIVER ...Pollu-
tants-general, Pollution Sources-general, Streams, Water Quality-
general, ...5.0328

EUTROPHICATION RESEARCH AMERICAN FALLS RESER-
VOIR STUDY ...Chemical Analysis (water), Eutrophication,
Nutrients, Reservoirs and Impoundments, Water Quality Control-
general, ...5.0317

RUNOFF AND SEDIMENT MOVEMENT ON UNIT SOURCE
WATERSHEDS OF THE PACIFIC INFLUENCED BY CLI-
MATE, SOILS, VEGETATION AND TOPOGRAPHY .Physiog-
raphy-general, Runoff, Sediment Yield, Water Yield, Watersheds-
general, _2,0387

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ...Channels, Floods, Forecasting-predic-
tion, Hydrographs, Peak Flow, Storage of Water, Water Yield,
Watersheds-general, 3.0202

SNOW ACCUMULATION AND MELT ON STUDY AREAS
...Energy-general, Mountains-alpine, Patterns, Photogrammetry,
Snowmclt, 2.0388

APPLICATIONS OF ANALOG COMPUTER SIMULATION
TECHNIQUES FOR RUNOFF PREDICTIONS WITHIN THE
REYNOLDS CREEK WATERSHED ...Analog Computers,
Forecasting-prediction, Model Studies, Runoff, Simulation
Theory, 7.0106

Illinois
DEVELOPMENT OF DRAINAGE ASSESSMENT PROCEDURES

BASED ON PHYSICAL FEATURES IN ILLINOIS ...Benefit-cost
Analysis, Drainage, Drainage Engineering, Mathematical Analysis,
Terrain Analysis, 6.0207

INTERGOVERNMENTAL RELATIONSHIPS IN THE ADMINIS-
TRATION OF WATER RESOURCES ...Administrative Struc-
tures, Water Law-general, Water Quality Control-general, Water
Resources Development, 6.0210

ECONOMIC ANALYSIS OF WATER USE IN ILLINOIS
AGRICULTURE ...Corn, Economics-general, Irrigation-general,
6.0213

WATER QUALITY CRITERIA FOR SELECTED RECREATION
USES _Mathematical Analysis, Pollution-water, Recreation Sites,
User Characteristics -other, Water Quality-general, 5.0381

ADVANCED METHODOLOGIES FOR WATER RESOURCES
PLANNING ...Mathematical Programming, Optimization
Technique, Planning, Stochastic Models, 6.0202

EFFECT OF CHLORINATION ON CILIATE PROTOZOA AND
THEIR ROLE AS A BARRIER TO STREAM POLLUTION
...Biological-general, Chlorination, Population Dynamics, Protozoa
-other, Streams, 5.0379

RELATION OF FLOODPLAIN POOLS TO THE BIOLOGICAL
PRODUCTION OF THE KASKASKIA RIVER AND ITS MAIN-



SUBJECT INDEX Indiana

STEM RESERVOIRS Food Supply, Habitat Studies, Productivi-
ty e Food Chain, Reservoirs and Impoundments, Streams,
2.0411

LAWRENCE AVENUE UNDERFLOW SYSTEM ...Combined
Sewer, Inlet, Outlet, Pump, Storage-retention-facilities, 4.0091

BIOLOGICAL SURVEY OF STREAMS OF COLES COUNTY, IL-
LINOIS ...Aquatic Ecology, Contamination - Water, Environmen-
tal Ecology, Fish -non-specific, Streams, ...5.0333

RUNOFF FROM SMALL AGRICULTURAL AREAS IN ILLINOIS
...Agricultural Watersheds, Conservation, Conservation &
Management Eng, Runoff, _3.0220

ECONOMICS AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Conflicts, Interstate, Legal Review, North Central, Water De-
mand, ...6.021 I

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ,..Aerial, Area, Mathematical Analysis, Slopes,
Small Watersheds, ...6.0206

INVESTIGATIONS OF THE REMOVAL OF IRON FROM
GROUNDWATER SUPPLIES IN ILLINOIS ...Demineralization,
Filtration, Groundwater, Iron, Precipitation, ...5.0375

CHLORINATION OF WASTE WATER EFFLUENTS ...Activated,
Bacteria, Chlorination, Effluent-standards, Sewage Bacteria,
...5.0367

PREPARATION OF A HIGHWAY DRAINAGE POLICY STATE-
MENT AND PRACTIVE MANUAL FOR THE STATE OF IL-
LINOIS ...Design Criteria, Drainage, Drainage Systems, Hand -
hooks, Roads and Highways, Water Law-general, 6.0205

SOUTHERN ILLINOIS REGIONAL ECONOMIC DATA SYSTEM
...Data Networks, Economics-general, Impact, Industrial-general,
Regional Areas, ...7.0030

A PARASITOLOGICAL STUDY OF FISHES FROM THE PINE
HILLS AREA ...Aquatic Ecology, Fish -non-specific, Helminths,
Low Temp. -hut Above 32f, Springs, 6,0180

COMPARATIVE STUDIES OF COMMUNITIES IN ILLINOIS
Administrative Structures, Local Government, Social Aspects,
Urban Environments, ,..6.0189

AN ECONOMIC ANALYSIS OF SOUTHERN ILLINOIS ..,Base
Studies, Economics-general, Finance, Trends,projections,
6.0179

DAILY HEAT BUDGETS IN ENVIRONMENTAL FLUIDS ...Heat
Budget, Heat Flow, Ohio, Temperature Or Heat Budgets,
2.0405

ILLINOIS AND ITS INTERSTATE COMPACTS ...Administrative
Structures, Control and Protection, Interstate, Legal Review,
Urban Environments, ..6.0185

ALGAE IN ILLINOIS WATERS ...Algae- General, Plant Taxono-
my. Water Sampling, 6.0184

HYDROMETEOROLOGICAL ANALYSIS OF SEVERE RAIN-
STORMS ...Meteorological Extremes, Patterns, Radar, Storms-
general, Weather Charts-maps, ...2.0414

AN ECONOMIC AND LEGAL APPRAISAL OF 17-4.:1 1.11!','E OF
WATER FOR IRRIGATION AND OTHER PURPOiTi ON IL-
LINOIS FARMS ...Agriculture, Irrigation-general, Legal Review,
Legislative Processes, Water Law-general, ...6M214

STATE GRAVITY SURVEY Gravity, Gravity Survey, Seismic
Reflection. Structural Analysis, Structure Location, ...7.0035

TOPOGRAPHIC EFFECTS ON PRECIPITATION ...Applied Cli-
matology. Precipitation Instruments, Topographic Influences,
2.0412

RADIOACTIVITY IN RAINFALL ...General Synoptic Observa-
tions, Radioactivity. Rain-general, ...2.0415

HY DROGEOLOGY OF SOLID WASTE DISPOSAL SITES
...Chemical Analysis (water), Groundwater Movement, Hydrolo-
gy-general, Sanitary Landfills, 5.0347

ELECTRICAL EARTH RESISTIVITY SURVEYS ...Clastic
Aquifers, Electric Logging, Electrodes, Geophysical Analysis,
Groundwater, ...7.0033

STATISTICAL ANALYSIS OF WATER CONSUMPTION ...Con-
sumptive Use, Data Analysis Applications, Urban Environments,
Water Sources -general, Water Utilization -general, 7.0037

ENVIRONMENTAL GEOLOGY OF MCHENRY COUNTY, IL-
LINOIS ...Aquifers-general, Land Use. Potential of Deposit, Sub-
surface, Terrain Analysis, ...6.0192

THEORETICAL ANALYSIS OF REGIONAL GROUND-WATER
FLOW IN THE HAVANA AREA ...Groundwater Movement,
Mathematical Analysis, Model Studies, Subsurface Flow, Water
Table Fluctuation, ...2.04110

ENVIRONMENTAL GEOLOGY OF THE SPRINGFIELD-
DECATUR AREA ...Appraisals - general, Geology-general,
Groundwater, Land Use, Urban Environments, 6.0193
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FISH POPULATION MANIPULATION AT RIDGE LAKE ,.,Con-
trol of Nuisance Species, Cepth,water Level, Fluctuation, Lakes,
Population Dynamics, Water Level Fluctuation, 6.004

CHEMICAL CONTROL OF AQUATIC VEGETAT' JN ...Evalua-
tion, Lakes, of Aquatic Plants, Pre-emergents (plants), 5.0349

DEPTH DISTRIBUTION OF FISH IN LAKE GLENDALE
,.,Bluegills, Bream, Food Supply, Lakes, Largemouth Bass, Verti-
cal Distribution, ...6.0197

ALGAL GROWTH POTENTIAL OF ILLINOIS WATERS ,..Algae-
General, Bioindicators, Growth (non-specific & Ot.), Growth and
Differentiation, Other, 6.0199

FLOOD INUNDATION MAPPING, NORTHEASTERN ILLINOIS
...Atlases-maps, Data Networks, Discharge-general, Floods, Gag-
ing, 4.0093

Illinois River
A STUDY OF A POLLUTED RIVER, THE ILLINOIS ...Aquatic

Ecology, Bioindicators, Contamination - Water, Fish -non-
specific, Mollusks -non-specific & Other, ...2.0408

PIT METHOD OF ARTIFICIAL GROUND-WATER RECHARGE
...Aquifers-general, Artificial Recharge, Induced Infiltration,
Permeability, Recharge Pits - Wells, ...4.0099

ILLINOIS RIVER STUDY ...Ions and Gases, Low Flow, Self-purifi-
cation, Streams & Rivers, Waste Water Treatment-general,
_5.0351

LIMNOLOGICAL STUDY OF PEORIA LAKE ...Biological-
general, Chemical-general, Turbidity, ...5.0354

Immunology Methods
APPLICATION OF IMMUNOCHEMICAL TECHNIQUES TO THE

DETECTION AND IDENTIFICATION OF CHEMICAL AND
BIOLOGICAL POLLUTANTS ...Biological Pollutants -general,
Chemical Identification, Mineralization, Technique Development,
_5.0260

India
STUDY OF LIQUEFACTION OF SATURATED SANDS

...Earthquakes, Sand, Saturated-unsaturated, Soil Dynamics, Soil
Liquefaction. 8.0184

LIQUEFACTION STUDIES OF TENUGHAT DAM SAND
...Earthquakes, Pore Water, Sand, Soil Dynamics, Soil Liquefac-
tion, Soil Settlements, 8.0185

LIQUEFACTION STUDIES OF UKAI DAM SAND ...Dams.
Earthquakes, Sand, Soil Dynamics, Soil Liquefaction, ...8.0186

Indiana
THE EFFECT OF URBANIZATION ON RUNOFF IN SMALL

WATERSHEDS ...Land Use, Model Studies, Runoff, Small
Watersheds, Urban Environments, 2.0458

WATER RESOURCES RESEARCH, MANPOWER AND TRAIN-
ING NEEDS FOR INDIANA ...Management, Personnel, Require-
ment and Resources, Tiaining Grants, Fellowships, ...9.0007

IMPROVED METHODS FOR ESTIMATING MANPOWER
NEEDS FOR WATER RESOURCES DEVELOPMENT
...Management, Personnel, Requirement and Resources, Water
Resources Development, 6.0218

ASSEMBLY AND ANALYSIS OF HYDROLOGIC AND
GEOMORPHOLOGIC DATA FOR SMALL WATERSHEDS IN
INDIANA ...Data Analysis - General, Geomorphology-general,
Hydrographs, Small Watersheds, Streams, 2.0459

DEVELOPMENT OF LAND USE EQUATIONS FOR THE SLOP-
ING SOILS OF INDIANA ...Development of Models, Erosion-
general, Land Use, Slopes, Tillage, Cropping Systems, ...2.0464

ESTIMATING SOIL MOISTURE FROM METEOROLOGICAL
MEASUREMENTS ...Cover Crops, Evapotrmspiration, General
Synoptic Observations, Moisture-other, Soil Types, ...2.0474

A STUDY OF THE QUALITY OF INDIANA SURFACE WATERS
...Ions and Gases, Lake Michigan, Ohio River, Surface Water,
Water Quality-general, ...5.0389

WATER POLLUTION STUDY OF THE WABASH RIVER ...Data
Acquisition-general, Low Flow, Model Studies, Oxygen, Water
Quality-general, ...5.0390

HYDROLOGY AND WATER QUALITY OF SURFACE MINING
FOR COAL IN PIKE COUNTY, INDIANA ...Coal-general,
Hydrology-general, Strip Mines, Water Quality-general, 5.0384

HYDROLOGY STUDY IN U. S. GYPSUM MINE, SHOALS, INDI-
ANA ...Artesian Flow, Carbonate Aquifers, Hydrated Acid and
Norm, Mine Drainage Control, Mine Hydrology, 5.0386



Indiana SUBJECT INDEX

MICROBIOLOGICAL ASPECTS OF ACID MINE-DRAINAGE
...Acidity, Autotrophic, Iron Bacteria, Mining Industry, Sulfur
Bacteria, 5.0385

THERMAL AND BIOLOGICAL CHARACTERISTICS OF LAKES
...Algae- General, Evaporation, Lakes, Stratification, Tempera-
ture, ...2.0452

EVAPORATION LOSSES FROM LAKES IN INDIANA Evapora-
tion, Lakes, Reservoirs and Impoundments, Water Balance -
budget, ..2.0454

CHANNEL MEANDER STUDIES ...Channels, Discharge-general,
Grain Size, Meanders, Suspension, 2.04'53

LOW FLOW CHARACTERISTICS OF INDIANA STREAMS
...Discharge-general, Flow Characteristics -water, Gaging, Low
Flow, ...2.0455

WATER RESOURCES, COLUMBUS, INDIANA AREA ...Alterna-
tive Planning, Clastic Aquifers, Groundwater, Model Studies,
Water Development, 2.0456

Induced Infiltration
USING SOIL FILTRATION TO REDUCE POLLUTION POTEN-

TIAL OF LAGOON EFFLUENT ENTERING GROUND
WATER SYSTEM Animal Wastes - Feed Lots, Filtration,
Lagoon, Soil, Soil Conditions, ...5.0402

PIT METHOD OF ARTIFICIAL GROUND-WATER RECHARGE
..,Aquifers - general, Artificial Recharge, Illinois River, Permeabili-
ty, Recharge Pits - Wells, ...4.0099

GEOHYDROLOGIC SYSTEM ANALYSIS WITH AN ELECTRIC
ANALOG COMPUTER ...Analog, Analog Computers, Aquifers-
general, Digital Computers, Groundwater, Network Synthesis,
Systems Analysis, ...2.0417

SPRINGFIELD AREA INFILTRATION STUDY, OHIO ...Artificial
Recharge, elastic Aquifers, Flow Characteristics -water, Ohio,
Water Yield, ...4.0196

Industrial Operation
Cost Analysis

STUDIES ON THE FREEZING PROCESS FOR DESALTING
SALINE WATERS ..,Freezing, Other, Porosity, Thermodynamic
Relation, Washing, ...3.0365

OPTIMAL DESALINATION BY GEOMETRIC PROGRAMMING
AND MATHEMATICAL DECOMPOSITION ...Decompositions,
Desalination, Mathematical Analysis, Optimal Statistics, Other
Programming, 3.0077

MEMBRANES FOR REVERSE OSMOSIS DESALINATION BY
DIRECT CASTING ON POROUS SUPPORTS ...Ccllulosics,
Film, Natural Occurring, Reverse Osmosis, Saline Conversion,
_3.0309

COUNTERWASHERS FOR FREEZE-DISTILLATION
DESALINATION ...Fluid Flow-other, Freezing, Packed Bed,
Screening, Washing, ...3.0279

DESIGN, CONSTRUCT AND EVALUATE A 1,000 GALLON
PER DAY REVERSE OSMOSIS UNIT OF RECTANGULAR
CONFIGURATION ...Desalination, Membranes-other, Other,
Reverse Osmosis, .,,3.0028

DEVELOPMENT OF A 50,000 GALLON PER DAY NELLEN
STACK ELECTRODIALYSIS MODULE ...Brackish Water,
Desalination, Electrodialysis, Membranes-other, Waste Treatment -
economics, ...3.0150

THE DESIGN, CONSTRUCTION AND TESTING OF A 10,000
GPD TRANSPORT DEPLETION DESALINATION PILOT
PLANT ...Desalination, Ion Selective, Other, Pilot Plant, ...3.0148

A STUDY OF HYDRODYNAMIC ASPECTS OF REVERSE OS-
MOSIS ekHYPERFILTRATION-Desalination, Fluid Flow-other,
Reverse Osmosis, Turbulent, Water Purification Plants, ...5.1144

EVALUATION OF BRINE DESULFATING PROCESS AS AP-
PLIED TO FEEDWATER FOR DESALINATION PLANTS
...Desalination, Economies-general, Pilot Plants, Sulfate, Sulfite,
3.0409

REVERSE OSMOSIS PERMEATORS - DESIGN STUDY ..Mem-
branes-other, Other, Pilot Plant, Reverse Osmosis, ...3.0367

RECOVERY OF METAL SALTS FROM CONCENTRATED
BRINES BY CHELATION CONTRACT NO. 14-01-0001-1692
...Chelating Agents, Ion Exchange-other, Material Recovery, Pota-
ble, Regeneration-other, ...5.0142

DESIGN, CONSTRUCTION AND OPERATION OF A SKID-
MOUNTED ION EXCHANGE PILOT PLANT ...Desalination,
Economics-general, on Exchange-other, Mobile, Pilot Plants,
3.0329
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CONTROLLED FLASH EVAPORATOR, ECONOMIC ANALYSIS
AND THE DESIGN OF A DEMONSTRATION PLANT
..,Desalination, Evaporation, Pilot Plant, ...3.0326

ENGINEERING ECONOMICS OF WATER DESALTING IN
COMBINATION WITH NITROGEN FIXATION FOR
AGRICULTURAL CHEMICALS MANUFACTURE ...Ammonia,
Desalination, Fixation, Nuclear, Statistical, ,..3.0347

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
_Desalination, Electrodialysis, Marketing, Membranes-other,
Water, 3.0210

OPERATION AND EVALUATION OF A 50,000 GALLONS PER
DAY REVERSE OSMOSIS PILOT PLANT ...Desalination,
Economic Efficiency, Pilot Plants, Reverse Osmosis, .,.3.0061

REVERSE OSMOSIS PILTO PLANT INVESTIGATIONS
,..Desalination, Membranes-other, Other, Pilot Plant, Reverse Os-
mosis, .3.0056

REVERSE OSMOSIS MEMBRANE REGENERATION ..Mem-
branes-other, Regeneration-other, Reverse Osmosis ..3.005 4

DEVELOPMENT OF A THIN-LIQUID FILM MEMBRANE
DEVICE FOR EFFICIENT DESALINATION BY REVERSE OS-
MOSIS _Desalination, Memb .es-other, Process Development-
other, Reverse Osmosis, ...3.015

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE REVERSE OSMOSIS PROCESS ,..Mar-
keting, Membranes-other, Pilot Plant, Reverse Osmosis, 3.0164

TEST OPERATION OF A 2,500 GPD TWO-STAGE SEA WATER
REVERSE OSMOSIS PILOT PLANT Brines, Ilesalination,
Membranes-other, Optimization, Pilot Plant, Reverse Osmosis,
_3.0079

CONCEPTUAL DESIGN STUDY - REVERSE OSMOSIS MEM-
BRANE ASSEMBLY MODULAR UNIT ...Fluid Flow-other,
Membranes-other, Other, Reverse Osmosis, ...3.0345

DESIGN AND CONSTRUCTION OF A LOW PRESSURE
HOUSEHOLD REVERSE OSMOSIS UNIT ...Brackish Water,
Desalination, Mobile, Potable Water, Reverse Osmosis, 3.0320

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIALYSIS PROCESS
...Desalination, Elcctrodialysis, Other, Survey Studies, 3.0101

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIALYSIS PROCESS
.,.Brackish Water, Desalination, Electrodialysis, Other, ...3.0270

IMPROVEMENT OF ECONOMICS OF ELECTRODIALYSIS
SYSTEMS BY SELECTIVE PRETREATMENT ...Brackish
Water, Desalination, Electrodialysis, Ion Selective, Other, Waste
Water Pre-treatment, 3.0407

PARAMETRIC ECONOMIC AND ENGINEERING STUDY OF
THR REVERSE OSMOSIS PROCESS ...Desalination, Mem-
branes-other, Other, Rate Determination, Reverse Osmosis, Water
Costs, ...3.0073

CONCEPTUAL DESIGN STUDY ON ELECTRODIALYSIS MEM-
BRANE ASSEMBLY MODULAR UNIT DESIGN ...Desalination,
Electrodialysis, Membranes-other, Pilot Plant, Potable, ...3.0228

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
Electrodialysis, Gasket Materials, Membranes-other, Polariza-

tion, Saline Conversion, ...3.0285
THE THERMOSORB PROCESS FOR DESALTING WATER ...Ad-

sorption-other, Carbon, Desalination, Ion Exchange-other, Ther-
mal Treatment, ...3.0103

A METHOD FOR SYSTEM EVALUATION AND COST-EFFEC-
TIVENESS OF LARGE MULTISTAGE FLASH DESALTING
PLANTS ...Computers-general, Desalination, Flash Distillation,
Research - Development, Systems Analysis, ...3.0166

APPLICATION OF IRON-ALUMINUM BASE ALLOYS TO
SALINE WATER CONVERSION ..Alloy & Systems, Desalina-
tion, Pipe, Tube, Stainless Steels-other, Water, 3.0099

COMBINED DESALINATION AND POWER-GENERATION
BASED ON COAL ENERGY ...Coal-general, Desalination, Flash
Distillation, Material Recovery, Reverse Osmosis, ...3.0325

PRACTICAL APPLICATION OF FOAM FRACTIONATION
TREATMENT OF LOW QUAITY WATER ...Color, Foam,
Groundwater, Iron, Pilot Plant, 5.0037

REMOVAL OF METAL IONS BY FLOTATION WITH SURFAC-
TANTS ..Demineralization, Flotation, Ions and Gases, Other,
Surfactants, Temperature, ...5.0692

PRODUCTION OF HIGHLY PALATABLE WATER FROM AIR
FOR HOUSEHOLD, LIVESTOCK, AND INDUSTRIAL USE
...Absorption-other, Potable Water, Process Development-other,
Solar Still, Water Development, ...3.0242

PRELIMINARY FEASIBILITY AND ECONOMICS OF DESALT-
ING BRACKISH WATERS IN CANDIATE AREAS OF WEST
TEXAS ,..Desalination, Electrodialysis, Flash Distillation, Freez-
ing, Reverse Osmosis, Water Costs, ...3.0443
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PROGRAM FOR FIELD EVALUATION OF REVERSE OSMOSIS
PILOT PLANTS ON BRACKISH WATERS ,Brackish Water,
Membranes-other, Other, Pilot Plant, Reverse Osmosis, ..3.0115

COMPARATIVE EVALUATION OF REVERSE OSMOSIS PILOT
PLANTS OF DIFFERENT DESIGN CONFIGURATIONS
_Desalination, Interface, Membranes-other, Polarization, Reverse
Osmosis, ...3.A17

Heat Recovery
DESIGN AND ECONOMIC STUDY OF A GAS TURBINE

POWERED VAPOR COMPRESSION PLANT FOR EVAPORA-
TION OF SEAWATER ...Compressors, Desalination, Evapora-
tion, Gas, Water Costs, ..3.0421

CONSTANT TOTAL PRESSURE EVAPORATION WITH HEART
REUSE BY A BULIT-IN ENGINE ...Additives, Boiling Point,
Condensation, Desalination, Saturated Hydrocarbons, 3.0135

Industrial Operation-other
ELECTROSORPTION AND DESORPTION PROCESS FOR

DEMINERALIZATION ...Adsorption-other, Demineralization,
Desalination, Electrochemistry-other, Membranes-other, 5.0014

Marketing
HIGH POWERED FLOATING NUCLEAR POWER PLANT CON-

CEPTUAL STUDY ...Desalination, Nuclear, Nuclear Power,
Other, 8.0296

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
...Cost Analysis, Desalination, Elcctrodialysis, Membranes-other,
Water, 3.0210

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE REVERSE OSMOSIS PROCESS ...Cost
Analysis, Membranes-other, Pilot Plant, Reverse Osmosis,
...3.0164

MARKETS TO 1980 FOR WASTE WATER TREATMENT AND
RENOVATION FACILITIES ...Economic Impact, Forecasting-
prediction, Industrial Wastes, Process Design, Waste Water Treat-
ment-other, 5.0116

DESALINIZATION AND INTERREGIONAL STUDIES ...Atomic
Plants, Benefit-cost Analysis, Desalination, Radioactive Isotope,
Water Costs, ...6.0099

Industrial Wastes
USE OF COAGULATION IN THE FLOTATION OF WASTE-

WATER _Biochemical Oxygen Demand, Coagulation, Flotation,
Oil - Technological Testing, Primary Treatment, 5.0338

MARKETS TO 1980 FOR WASTE WATER TREATMENT AND
RENOVATION FACILITIES ...Economic Impact, Forecasting-
prediction, Marketing, Process Design, Waste Water Treatment-
other, 5.0116

Acid Mine Wastes
CRUSHED LIMESTONE BARRIERS FOR NEUTRALIZATION

OF ACID STREAM ...Limestone - General, Neutralization,
...5.1036

MICROBIOLOGICAL REMOVAL OF IRON FROM MINE
DRAINAGE WATERS ...Iron, Microbial-bacterial, Oxidation-
other, Reduction-other, Sulfur Bacteria, ...5.0925

BIOLOGICAL TREATMENT OF ACID MINE WATER ...Acidity,
Anaerobic, Iron, Mining Activities, Model Studies, Process
Design, 5.0795

CONSTRUCTION OF MINE WATER TREATMENT PLANT AT
HOLLYWOOD, PENNSYLVANIA ...Disposal, Filtration,
Microbial-bacterial, Neutralization, Waste Treatment-economics,
5.0994

STUDY OF THE USE OF INERT GASES TO ELIMINATE ACID
POLLUTION FROM ABANDONED DEEP MINES ...Air-
general, Mine Atmosphere Conditions, Mine Hydrology, Pennsyl-
vania, Underground Workings, 4.0203

THE USE OF INERT GASES TO ELIMINATE POLLUTION
FROM ABANDONED MINES ...Air-general, Ammonia,
Chlorine, Mine Atmosphere Conditions, Nitrogen, ...4.0205

FEASIBILITY OF THE PURIFICATION OF ACID MINE WATER
BY A PARTIAL FREEZING PROCESS ...Freezing, Mining Ac-
tivities, Waste Treatment-economics, 5.0997

SULFIDE TREATMENT OF ACID MINE DRAINAGE ...Mining
Activities, Regeneration-other, Sludge-general, Sulfide, Waste
Treatment-economics, 5.1004

OPTIMIZATION AND DEVELOPMENT OF IMPROVED CHEMI-
CAL TECHNIQUES FOR THE TREATMENT OF COAL MINE
DRAINAGE ...Chemical Treatment, Drainage, Mining Activities,

5Optimization, Pilot Plant, Process Design, .0999

IN-SITU PRECIPITATION OF SLUDGE RESULTINU FROM
REACTION OF MINE WATER WITH LOW COST ADDITIVES
TO PREVENT MINE DRAINAGE POLLUTION ...Drainage,
Mining Activities, Neutralization, Precipitation, Treatment-other,
,5.1000

NEUTRALIZATION AND PRECOAT FILTRATION OF CON-
CEN ;RATION SLUDGES FROM MINE WATE ...Disposal, Fil-
tration, Neutralization, Pennsylvania, Waste Treatment-
economics, 5.1001

ESTIMATING ACID MINE DRAINAGE POTENTIAL FROM
COAL BEDS BY USE OF THE SOXHLET EXTRACTOR
...Acidity, Coal-general, Extraction, Iron, Subate, Sulfite, 5.0993

Canning Wastes
DISCHARGE OF INDUSTRIAL WASTES TO MUNICIPAL

SEWER SYSTEMS ...Disposal Wastes, Metal Pickling Wastes,
New York, Organic Wastes, Pulp and Paper Wastcs, ,..5.0768

POLLUTION PREVENTION BY AERATION OF FRUIT
PROCESSING WASTES ...Activated, Aeration, Aerobic, Drying-
dewatering, Lagoon, Solid Waste, 5.1272

TREATMENT OF ALKALINE WASTES FROM POTATO
PROCESSING ..,Activated, Concentration, Food Processing In-
dustry, Plant Waste Removal, Treatment, Streams & Rivers,
Waste Water Treatment- general, ..5.0465

USE OF FUNGI IMPERFECT! IN WASTE CONTROL ...Effluelas-
waste Water, Filtration, Food Processing Industry, Fungal Pollu-
tant Sources, Industrial Wastes, Organics, 5.0595

CONCENTRATION OF SUGAR BEET WASTES FOR
ECONOMIC TREATMENT WITH BIOLOGICAL SYSTEMS
...Aerobic, Anaerobic, Chemical Treatment, Precipitation, Waste
Treatment-economics, ...5.0192

AEROBIC SECONDARY TREATMENT OF POTATO
PROCESSING WASTES WITH MECHANICAL AERATION
.Aeration, Aerobic, Biological Treatment-other, Process Design,
Secondary Treatment, Waste Treatment-economics, 5.0329

CANNERY WASTE TREATMENT BY THE KEHR ACTIVATED
SLUDGE PROCESS ...Activated, Aeration, Aerobic, Sewage,
Waste Treatment- economics, ..5.0157

DEMONSTRATION OF A FULL SCALE WASTE TREATMENT
SYSTEM FOR A CANNERY ...Aeration, Biological Treatment-
general, Waste Treatment-economics, ...5.0922

LIME TREATMENT AND INPLANT REUSE OF AN AC-
TIVATED SLUDGE PLANT EFFLUENT IN THE CITRUS
PROCESSING INDUSTRY ...Activated, Drying-dewatering, Lime
Treatment, Plant Waste Removal, Treatment, Storage-retention-
facilities, Waste Treatment-economics, 5.0274

RECONDITIONING AND REUSE OF FOOD PROCESSING
BRINES ...Brines, Filtration, Lagoon, Waste Treatment-
economics, Water Reuse, ...5.0234

INTEGRATED TREATMENT OF LIQUID WASTES FROM
FOOD CANNING OPERATIONS ...Biochemical Oxygen De-
mand, Flocculation, Organics, Trickling, ...5.0235

CANNERY WASTE RESEARCH PROJECT ...Dynamic Pro-
gramming, in Plant Treatment Wastes, Process Design, Systems
Analysis, Waste Treatment-economics, 5.0099

CHEMICAL AND ENGINEERING ASPECTS OF POTATO
PROCESSING WASTES TREATMENT ...Dehydration, Drying-
dewatering, Material Recovery Wastes, Plant Waste Removal,
Treatment, Potatoes, Waste Treatment-economics, Waste Water
Treatment-general, ...5.0979

MICROBIOLOGICAL TREATMENT OF POTATO WAS TES
...Additives, Agricultural Microbiology, Indusfflal Wastes, Materi-
al Recovery Wastes, Microbial-bacterial, Plant Waste Removal,
Treatment, Trace Analyses-other, 5.0978

EXPLORATORY STUDIES ON SIMPLIFYING DISPOSAL OF
FOOD PROCESSING WASTES ...Activated Carbon, Electrodial-
ysis, Ion Exchange-other, Other, Regeneration-other, Reverse Os-
mosis, 5.0057

Chemical Manufacturing Wastes
DEMONSTRATION OF INDUSTRIAL WATER RENOVATION

PLANT AT ODESSA, TEXAS ...Petroleum Chemistry, Process
Design, Recycle, Waste Treatment-economics, Water Reuse,
...5.1181

WASTE TREATMENT FACILITIES FOR POLY VINYL
CHLORIDE MANUFACTURING PLANT ...Activated, Activated
Carbon, Effluent- standards, Organic, Pond, ...5.0866

REUSE OF PLANT EFFLUENT AND COOLING WATER BLOW-
DOWN AS PROCESS WATER ...Activated, Aeration, Digestion,
Pond, Water Reuse, 5.0814
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Industrial Wastes
Desalination Wastes

A STUDY OF THE DISPOSAL OF THE EFFLUENT FROM A
LARGE DESALINATION PLANT _Construction Sites, Copper,
Desalination, Effluents-waste Water, Handbooks, ...3.0295

DEEP WELL DISPOSAL OF DESALINATION BRINE WASTES
...Artificial Recharge, Brackish Water, Desalination, Economies-
general, Water Law-general, 3.0296

SEEDING OF BRACKISH WATER ...Evaporation, Material
Recovery Wastes, Nucleation, Scale Formation, ...5.1216

SURFACE FACILITIES FOR DISPOSAL OF DESALTING PLANT
EFFLUENTS .Disposal Wastes, Seepage, Waste Disposal-
general, Waste Treatment-economies, 3.0112

Diary Wastes
NITRIFICATION AND DENITRIFICATION OF WASTE WAFER

...Activated, Denitrification, Sewage, Sewage - Domestic, Waste
Water Treatment-general, 5.0598

IMPROVEMENT OF TREATMENT OF FOOD INDUSTRY
WASTE ...Chemical Treatment, Electrolytic, ...5.0777

THE ENGINEERING MANAGEMENT OF AGRICULTURAL
WASTES .Activated, Animal Waste Removal-treatment, Farm
Wastes, Lagoon, Solid Waste, 5.0084

LAGOONS FOR DAIRY FARMS ...Animal Waste Removal-treat-
ment, Microbial-bacterial, Process Design, Sewage Lagoons,
_5.1246

SUBJECT INDEX

Disposal Wastes
TREATMENT AND DISPOSAL OF CONDENSATE WASTES

FROM HIGH LEVEL WASTE SOLIDIFICATION PROCESSES
..,Crystallization-other, Fractionation, Material Recovery Wastes,
Nuclear, Precipitation, 5.1250

ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARES AGRI-BUSINESS INDUSTRY Business,
Food Processing Industry, Irrigation-general, Optimization, Pro-
jections and Estimations, Water Resources Development,
...6.0120

TREATMENT OF LIQUID WASTE FROM FOOD PROCESSING
PLANTS ...Food Processing Industry, Recycle, Salting Out, Waste
Water Treatment- general, Water Reuse, ...5.0497

DISCHARGE OF INDUSTRIAL WASTES TO MUNICIPAL
SEWER SYSTEMS ...Canning Wastes, Metal Pickling Wastes,
New York, Organic Wastes, Pulp and Paper Wastes, ...5.0768

VERIFICATION OF MODEL USED IN THE MANAGEMENT
AND CONTROL OF WATER QUALITY .,.Management, Model
Studies, Washington, Water Quality Control - general, ..5.1261

DISPOSAL OF PAPER MILL EFFLUENT THROUGH IRRIGA-
TION OF BOTTOMLAND HARDWOOD UNDER LOUISIANA
CONDiTIONS Irrigation-general, Louisiana, Pulp and Paper
Wastes, Pulp, Paper and Logging, Waste Disposal -underground,
-.6.0250

SHALLOW GROUND-WATER FLOW SYSTEMS IN RELATION
TO INDUSTRIAL AND MUNICIPAL WATER SUPPLY AND
WASTE DISPOSAL REQUIREMENTS ...Groundwater Move-
ment, Industrial Wastes, Sanitary Landfills, Wisconsin, ...5.1316

DIGESTION OF SLUDGES WITH SODIUM CHLORIDE AND
SULFATE Chloride, Digestion, Disposal, Sodium, Sulfate,
Sulfite, ...5.0299

A OEMONSTRATION PLANT EVALUATION OF FOUR
METHODS FOR PULP AND PAPER MILL SLUDGE UTILIZA-
TION AND DISPOSAL ...Disposal, Mulches -other, Pulp and
Paper Wastes, Pulp, Paper , and Logging, Pulp, Pulping & Com-
posite, ..5.0152

DISPOSAL OF LIQUID WASTES ...Connecticut, Plants - Systems -
general, ..5.0206

WASTE DISPOSAL FROM FOOD PROCESSING PLANTS IN
SOUTH CAROLINA ...Food Processing Industry, Percolation,
Self-purification, Soil Environment, _5.1104

SURFACE FACILITIES FOR DISPOSAL OF DESALTING PLANT
EFFLUENTS ...Desalination Wastes, Seepage, Waste Disposal-
general, Waste Treatment-economies, 3.0112

PULP AND PAPER WASTE CONTROL AND TREATMENT
,..Conservation-general, in Plant Treatment Wastes, Material
Recovery Wastes, Pulp and Paper Wastes, Water Reuse, ...5.0980

Dye Wastes
TREATMENT OF DYEING BATH WASTE STREAMS BY

FOAMING AND FLOTATION TECHNIQU ...Color, Complex-
ing, Flotation, Foam, Industrial Wastes, ...5.1212

DETERMINATION OF DEGRADED DYES AND AUXILIARY
CHEMICALS IN EFFLUENTS FROM TEXTILE DYEING
PROCESSES ...Chromatography - other, Lagoon, Spectroscopy-
other, Textile Wastes, Waste Water Treatment-general, 5.0297

COLOR REMOVAL FROM TEXTILE DYE WASTES BY
COAGULATION ...Biochemical Oxygen Demand, Coagulation,
Color, Sulfur, Textile Wastes, 5.0007

hi Plant Treatment Wastes
OPERATION OF PCTATO PROCESSING PLANTS TO REDUCE

WASTE AND STREAM POLLUTiON ..,Food Processing Indus-
try, Industrial Wastes, Streams, Waste Water Treatment-general,
...5.0058

CANNERY WASTE RESEARCH PROJECT ...Canning Wastes,
Dynamic Programming, Process Design, Systems Analysis, Waste
Treatment-economics, 5.0099

PULP AND PAPER WASTE CONTROL AND TREATMENT
...Conservation-general, Disposal Wastes, Material Recovery
Wastes, Pulp and Paper Wastes, Water Reuse, _5.0980

Industrial Processes-general
EFFICIENCY AND ECONOMY OF POLYMERIC SEWAGE

CLARIFICATION ...Polyelectrolytes, Sewage - Domestic, Waste
Treatment-economics, 5.0610

Industrial Processes-other
ENHANCEMENT OF WATER QUALITY USING FOREST

DERIVED COAGULATING SYSTEMS ...Alcohols, Aldehydes,
Coagulation, Condensation, Heterocyclics-other, Pulp, Paper ,

and Logging. 5.1255
EFFECTS OF SUGAR REFINING LAGOON EFFLUENTS ON

BIOLOGICAL, PHYSICAL, AND CHEMICAL PROPERTIES
OF FARGO CLAY ...Clay, Effluents-waste Water, Food
Processing Industry, North Dakota, Soil Contamination -other,
Soil Properties - Other, ..5.0834

EXPERIMENTAL CLOSED WATER SYSTEM TO ELIMINATE
WASTE WATER DISCHARGE FROM JOHNS MANVILLE
PLANT 03, DEFIANCE, OHIO ...Alcohols, Screening, Solubility,
Waste Water Treatment-general, ...5.0724

AEROBIC TREATMENT OF PACKINGHOUSE WASTES ...Aero-
bic, Food Processing Industry, Pilot Plant, Pilot Plants, Waste
Water Treatment-general, 5.0418

ANAEROBIC - AEROBIC SUGAR BEET WASTE TREATMENT
...Aerobic, Algae, Anaerobic, Food Processing Industry, Plant
Waste Removal, Treatment, Taste and Odor, _5.0193

AN INVESTIGATION OF TECHNIQUES FOR THE REMOVAL
OF CHROMIUM AND CYANIDES FROM ELECTROPLATING
WASTES ...Chromium, Electroplated, Extraction, Flotation,
Material Recovery Wastes, Recovery, Scrap and Wastes, ...5.0725

HIGH-PRESSURE VAPOR EXTRACTION OF SOLUBLE OR-
GANIC SOLUTES FROM AQUEOUS INDUSTRIAL WASTE
STREAMS ...Extraction, Flow of Gas in Liquid, Gaseous, High
Pressure - 1-1000 Atm, Two-phase-other, ..,5.0070

SORPTION ISOTHEMS OF PHENOL ON ION EXCHANGE
RESINS ...Alcohols, Industrial Wastes, Ion Exchange-other,
Isotherm, 2.0402

STUDY OF EFFECTS OF MILL WASTE WATER ON FISH LIFE
...Contamination - Water, Fish -non-specific, Industrial Wastes,
Pollution - Effects of , Pollution Effects, .,.5.1174

THE ECOLOGY OF THE MICROBIAL POPULATION OF AC-
TIVATED SLUDGE ...Activated, Degradation, Mechanisms,
Plant Succession, Toxic Substances -non-specific, 5.0168

IRON ORE FLOTATION Beneficiation, Flotation, Mining Indus-
try, Ores, Pollution Abatement, Recovery, Scrap and Wastes,
5.0616

RESEARCH NEEDS PERTAINING TO PETROLEUM WASTE
WATERS ...Mining Activities, Petroleum Chemistry, Petroleum
Industry, Water Quality Control-general, ...5.0914

Industrial Waste-other
MARINE OIL-WATER MONITORING INSTRUMENTATION

SYSTEM SUBGROUP V ...Detectors, Infrared, Infrared Radia-
tion, Instrumental Services, Oil, Oil - Technological Testing,
5.0336

MICROBIOLOGY OF SEWAGE LAGOONS - EFFECTS OF IN-
DUSTRIAL WASTES ON COLIFORM AND OTHER ENTERIC
ORGANISMS ...Bacteria, Biochemical Oxygen Demand, Food
Processing Industry, Lagoon, Sewage Bacteria, Sewage Lagoons,
...5.0837
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SUBJECT INDEX Industrial Wastes
REMOVAL OF TRACE METALS FROM WATER BY ION

FLOTATION .Concentration, Domestic, Flotation, Foam, Trace
Elements, 5,0878

STUDIES IN FOAM SEPARATION AND RELATED
TECHNIQUES ...Extraction, Foam, Separation-other, Surfactants,
,..5.0520

PRIMARY TREATMENT OF STORM WATER OVERFLOW
FROM COMBINED SEWERS BY HIGH RATE FINE MESH
SCREENS .Combined Sewer, Filtration, Primary Treatment,
Screening, Storm Water, 5.0931

REMOVAL OF ORGANIC AND EUTROPHYING POLLUTANTS
BY COMBINED CHEMICAL AND BIOLOGICAL TREAT-
MENT ...Biological Treatment-general, Chemical Treatment,
Denitrification, Eutrophication, Organics, ...5.0399

Laundry Wastes
(U) BIODEGRADABILITY OF DETERGENT COMPOUNDS

,..Activated, Biodegradation, Biological, Gas, Sulfonates (rso3na),
Surfactants, ...5.0534

Material Recovery Wastes
TREATMENT AND DISPOSAL OF CONDENSATE WASTES

FROM HIGH LEVEL WASTE SOLIDIFICATION PROCESSES
...Crystallization-other, Disposal Wastes, Fractionation, Nuclear,
Precipitation, 5.1250

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS ...Pollu-
tant-other, Recycle, Reverse Osmosis, Waste Treatment-
economics, Waste Water Pre-treatment, _3.0480

DEVELOPMENT OF A FROTH PROCESS FOR THE TREAT-
MENT OF SOUR WATER .Chemical Treatment, Demineraliza-
tion, Foam, Precipitation, Sulfur, ...5.0755

WATER UTILIZATION AND WASTE CONTROL IN THE TEX-
TILE INDUSTRY ...Alternative Planning, Recycle, Textile
Wastes, Waste Water Prl-treatment, ..,3.0377

INDUSTRIAL REUSE OF PROCESS WATER ...Biological Treat-
ment-general, Pond, Sewage Lagoons, Water Reuse, ...5.0480

RECOVERY & REUSE OF LIME AS A COAGULANT IN TERTI-
ARY TREAT & NITROGEN REMOVAL FROM TERTIARY
TREATED EFFLUENT ...Coagulation, Concentration, Denitrifi-
cation, Disposal, Tertiary Treatment, 5.0160

MODEL ADVANCED WASTE-TREATMENT PLANT ...Activated
Carbon, Lime Treatment, Pilot Plant, Process Design, Solid
Waste, ...5.0504

CHEMICAL SLUDGE DISPOSAL AND CHEMICAL RECOVERY
AT THE JOINT FWPCA DISTRICT OF COLUMBIA PILOT
PLANT Drying-dewatering, Filter-other, Sludge-other, Tertiary
Treatment, Waste Treatment-economics, _5.0243

IMPROVE POLLUTION CONTROL BY REUSE OF PAPER
MACHINE PROCESS WATERS ...Effluent-standards, Pulp and
Paper Wastes, Recycle, Waste Treatment-economics, Water
Reuse, ...5.0807

STEAM STRIPPING OF KRAFT PULP MILL EFFLUENT
STREAMS ...Effluent-standards, Effluents-waste Water, Organic
Matter, Pulp and Paper Wastes, Pulp, Paper , and Logging, Waste
Water Treatment-general, _5.1263

EFFECT OF SURFACE GROUPS ON ADSORPTION OF POLLU-
TANTS ...Activated Carbon, Adsorption, Area, Organics,
5.0987

HYDROLYSIS OF SLUDGE USING LOW PRESSURE STEAM
WITH SO2 AS A HYDROLYTIC ADJUNCT AND TO STUDY
THE UTILIZATION OF THE RESULTING HYDROLYSATE
...Chemical Treatment, Digestion, Feeds Or Feed Additives, Fer-
tilizers, Hydrolysis, Waste Treatment-economics, 5.0782

A STUDY OF A PROCESS FOR PHOSPHATE REMOVAL FROM
WATER SUPPLIES USING LANTHANUM PRECIPITATION

.Lanthanum, Phosphate, Phosphite, Process Design, Waste
Treatment-economics, Waste Water Treatment-other, 5.0074

TREATMENT RECOVERY, AND REUSE OF COPPER WIRE
MILL PICKLING WASTES ...Copper, Electrochemistry-other,
Electrolytic Processes, Metal Pickling Wastes, Regeneration-
other, ...5.0722

ULTIMATE DISPOSAL OF PHOSPHATE FROM WASTEWATER
BY RECOVERY AS FERTILIZER ...Activated, Ammonia,
Disposal, Fertilizers, Nutrients, Phosphate, Phosphite, 5.0342

STUDY OF UTILIZATION AND DISPOSAL OF LIME SLUDGES
CONTAINING PHOSPHATES ...Disposal, Lime Treatment,
Phosphate, Phosphite, Waste Treatment-economics, Waste Water
Treatment-general, 5.0892

ALUMINA COLUMNS FOR THE SELECTIVE REMOVAL OF
PHOSPHORUS FROM WASTEWATERS AND THE ULTI-

MATE DISPOSAL OF PHOSPHORUS AS CALCIUM
PHOSPHATE ,Aluminum, Phosphate, Phosphite, Process
Design, Regeneration-other, Selective-removal, 53243

AN INVESTIGATION OF TECHNIQUES FOR THE REMOVAL
OF CHROMIUM AND CYANIDES FROM ELECTROPLATING
WASTES ...Chromium, Electroplated, Extraction, Flotation, In-
dustrial Processes-other, Recovery, Scrap and Wastes, ..6.0725

UTILIZATION OF OIL FIELD BRINES AS A POSSIBLE FERTIL-
IZER SOURCE ...Atomic Absorption, Brines, Emission,
Geochemical Analysis, X-ray, 1.0056

SEEDING OF BRACKISH WATER _Desalination Wastes,
Evaporation, Nucleation, Scale Formation, 5.1216

USE OF COAL AS ADSORBENT FOR TREATING WASTE
WATER .Adsorption-absorption-other, Anaerobic, Coal-general,
Domestic, Secondary Treatment, ..5.1017

POLLUTANTS IN PRODUCT AND PROCESS WATERS FROM
01L-SHALE RETORTING OPERATIONS. AND METHODS
FOR THEIR REMOVAL ...Mining Industry, Oil Shale, Pollutants-
general, Technique Development, Waste Water Treatment-
general, 5.1324

LIME SLUDGE RECOVERY AND REUSE _Demineralization,
Lime Treatment, Phosphate, Phosphite, Silicate-general, Treat-
ment-other, 5.0858

PULP AND PAPER WASTE CONTROL AND TREATMENT
...Conservation-general, Disposal Wastes, in Plant Treatment
Wastes, Pulp and Paper Wastes, Water Reuse, 5.0980

CHEMICAL AND ENGINEERING ASPECTS OF POTATO
PROCESSING WASTES TREATMENT ...Canning Wastes,
Dehydration, Drying-dewatering, Plant Waste Removal, Treat-
ment, Potatoes, Waste Treatment-economics, Waste Water Treat-
ment-general, ...5.0979

MICROBIOLOGICAL TREATMENT OF POTATO WASTES
...Additives, Agricultural Microbiology, Canning Wastes, Industri-
al Wastes, Microbial-bacterial, Plant Waste Removal, Treatment,
Trace Analyses-other, 5.0978

Metal Pickling Wastes
EFFECT OF SURFACTANT MICELLES ON METAL ION

REMOVAL BY FLOTATION FROM METALLURGICAL
WASTEWATER ...Copper, Foam, Micelle, Surfactants, Ul-
trasonics, Zinc, 5.0691

DISCHARGE OF INDUSTRIAL WASTES TO MUNICIPAL
SEWER SYSTEMS ...Canning Wastes, Disposal Wastes, New
York, Organic Wastes, Pulp and Paper Wastes, 5.0768

TREATMENT RECOVERY, AND REUSE OF COPPER WIRE
MILL PICKLING WASTES ...Copper, Electrochemistry-other,
Electrolytic Processes, Material Recovery Wastes, Regeneration-
other, 5.0722

TREATMENT OF ACID RINSE WATERS ...Aeration, Coagula-
tion, Iron, Lime Treatment, Treatment-other, Water Standards,
...5.0899

Organic Wastes
DISCHARGE OF INDUSTRIAL WASTES TO MUNICIPAL

SEWER SYSTEMS ...Canning Wastes, Disposal Wastes, Metal
Pickling Wastes, New York, Pulp and Paper Wastes, 5.0;68

DEVELOPMENT OF INSTRUMENTAL TECHNIQUES FOR THE
ANALYSIS OF TRACE ORGANIC CONSTITUENTS IN
WATER ...Analyzing, Chromatography-other, Infrared, Odor, Or-
ganic, 5.0211

MR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ...Chemical Treatment, Kinetics-other, Mass Transfer,
Solution, Wet Oxidation, ...5.0215

METAL ION-CATALYZED OXIDATION OF PHENOLS AND
AROMATIC AMINES ...Alcohols, Catalytic, Metal Ion,
Radioisotopes, ,..5.1159

KINETICS OF BIOLOGICAL FILTERS ...Growth Rate, Microbial-
bacterial, Microorganisms (non-specific), Pollutant-other, Trick-
ling, ...5.1103

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
GRANULAR ACTIVATED CARBON ...Activated Carbon,
Chemical Oxygen Demand, Flow Regulations, Regeneration-
other, Waste Treatment-economics, 5.0133

REMOVAL OF COLLOIDAL MATTER FROM WASTE WATER
...Microbial-bacterial, Pollutant-other, Rate of Reaction, Sedi-
ments, Waste Water Treatment-general, 5.0599

REVERSE OSMOSIS TREATMENT OF WASTEWATERS ...Indus-
trial Wastes, Membranes-other, Polyelectrolytes, Process Design,
Reverse Osmosis, 5.0516

ORGANIC SUBSTANCES IN WATER ...Extraction, Gas, Infrared,
Pesticides, Vacuum Distillation, ...5.012e
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Industrial Wastes SUBJECT INDEX

INVESTIGATIONS OF ALGAE INHIBITING MATERIALS ...Ce-
ment, Concrete, Coatings - other, Fouling, Inhibitors, Liquids Or
Sprays, Water Distribution Systems, ..3.0106

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
TEXTILE WASTE EFFLUENTS ...Adsorption-other, Chromatog-
raphy-other, Extraction-other, Spectroscopy-other, Textile
Wastes, 5.0280

Pulp and Paper Wastes
WHITE WATER CLARIFICATION AND REUSE ...Electrokinetic-

other, Flocculation, Natural Occurring, Waste Treatment-
economics, Water Reuse, ...5.0334

DISCHARGE OF INDUSTRIAL WASTES TO MUNICIPAL
SEWER SYSTEMS Canning Wastes, Disposal Wastes, Metal
Pickling Wastes, New York, Organic Wastes, 5.0768

SURVEY OF WATER UTILIZATION AND WASTE CONTROL
IN THE PULP AND PAPER INDUSTRY ,.,Effluents -waste
Water, Pulp, Paper , and Logging, Waste Treatment-economies,
Waste Water Treatment-general, Water Utilization -general,
,..3.0376

DISPOSAL OF PAPER MILL EFFLUENT THROUGH IRRIGA-
TION OF BOTTOMLAND HARDWOOD UNDER LOUISIANA
CONDITIONS ,.,Disposal Wastes, Irrigation-general, Louisiana,
Pulp, Paper , and Logging, Waste Disposal -underground,
6.0250

PULP MILL EFFLUENT DISPOSAL ...Biointlicators, Contamina-
tion - Water, Dispersion -water, Industrial Wastes, ,,.5.0940

FOAM SEPARATION FLOTATION OF COLLOID ORGANIC
SYSTEMS ...Chromium, Colloidal Phenomena, Flotation, Foam,
Iron, Process Design, Sulfate, Sulfite, Surfactants, ..5.0445

COMPOSITION OF RESIDUES FROM PULP BLEACHING
TREATMENTS Chlorination, Extraction, Natural Occurring,
Quinones, ...5.0760

PEAT BOG WASTE STABILIZATION Characterization, Drying-
dewatering, Industrial Wastes, Minnesota, Waste Water Treat-
ment-general, 5.0611

TREATMENT OF KRAFT MILL EFFLUENT BY FOAM
SEPARATION ...Biochemical Oxygen Demand, Foam, Pollutant-
other, Process Design, Waste Treatment-economies, ..,5.0307

TREATMENT OF SELECTED INTERNAL KRAFT MILL
WASTES IN COOLING TOWERS ...Economic Efficiency, Pilot
Plant, Recycle, Thermal Pollution, Waste Treatment-economies,
_5.0308

HIGH RATE TRICKLING FILTERS AND AERATION DEVICES
FOR THE ADVANCED 1310LOGICAL TREATMENT OF IN-
TEGRATED KRAFT PULP AND PAPER MILL EFFLUENTS
_Activated, Aeration, Biological Treatment-other, Trickling,
Waste Treatment-economics, 5.0840

IMPROVE POLLUTION CONTROL BY REUSE OF PAPER
MACHINE PROCESS WATERS ...Effluent-standards, Material
Recovery Wastes, Recycle, Waste Treatment-economies, Water
Reuse, 5.0807

IN -PLANT TREATMENT OF DILUTE WASTES OF THE PULP-
ING INDUSTRY ...Biological Treatment-other, Pulp, Pulping &
Composite, Reverse Osmosis, Waste Water Pre-treatment, Water
Reuse, 5.1288

COMBINED INDUSTRIAL AND MUNICIPAL WASTE TREAT-
MENT ...Biological Treatment-other, Combined Sewer, Pilot
Plant, Process Design, Waste Water Treatment - general, ..5.1289

STEAM STRIPPING OF KRAFT PULP MILL EFFLUENT
STREAMS ...Effluent-standards, Effluents-waste Water, Material
Recovery Wastes, Organic Matter, Pulp, Paper , and Logging,
Waste Water Treatment-general, ...5,1263

A COLOR REMOVAL AND FIBROUS SLUDGE DISPOSAL
PROCESS FOR THE KRAFT PAPER INDUSTRY ...Color,
Disposal, Lime Treatment, Regeneration-other, Waste Treatment-
economies, ...5.0455

A DEMONSTRATION PLANT EVALUATION OF FOUR
METHODS FOR PULP AND PAPER MILL SLUDGE UTILIZA-
TION AND DISPOSAL Disposal, Disposal Wastes, Mulches -
other, Pulp, Paper , and Logging, Pulp, Pulping & Composite,
5.0152

EVALUATION AND DEMONSTRATION OF THE MASSIVE
LIME PROCESS FOR THE REMOVAL OF COLOR FROM
KRAFT PULP MILL WASTES ...Bk chemical Oxygen Demand,
Color, Lime Treatment, Pulp, Paper , and Logging, ...5.0783

ECONOMIC OPTIMIZATION OF SECONDARY TREATMENT
AND DETERMINATION OF LOAD TO CONTROL BIOLOGI-
CAL GROWTHS IN A STREAM ..,Aeration, Capsule and Slime
Layer, Lagoon, Optimization, Storage-retention-facilities,
5.1222

LIGNIN SULFONATES IN PULP MILL EFFLUENTS ...Column,
Natural Occurring, Organic, Sulfonates (rso3na), Ultraviolet,
5.0959

A STUDY OF LAND DISPOSAL OF SPENT SULFITE LIQUOR
AT BADGER PAPER MILLS, INC., PESHTIGO. WISCONSIN
Aquifers-general, Disposal, Limestone - General, Neutralization,
Pollutants - Path of , ,..5.1295

PULP AND PAPER WASTE CONTROL AND TREATMENT
Conservation-generai, Disposal Wastes, in Plant Treatment
Wastes, Material Recovery Wastes, Water Reuse, .5.0980

COASTAL DIFFUSION OF POLLUTANTS Currents-other,
Model Studies, Ocean, Oregon, Outlet, ...5.0973

SLIME CONTROL ASSOCIATED WITH PULP MILL EF-
FLUENTS ..,Bacterial Pollutant Sources, Industrial Wastes, Nutri-
tion, Sphaerotilus, ...5.0977

FLUOROMETRIC QUALITATION AND QUANITATION OF
LIGNIN SULFONATES IN WATER ...Fluorometry, Natural Oc-
curring, Pulp and Paper, Sulfate, Sulfite, Sulfonates (rso3na),
Type, .5.0286

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
PAPER MILL EASTE EFFLUENTS ...Chemical Analysis, Chemi-
cal Identification, Chemical Treatment, Distillation-other, Extrac-
tion, Organic, ...5.0284

Tannery Wastes
BIOLOGICAL TREATMENT OF SPENT VEGETABLE TANNINS

...Biological, Chemical Treatment, Dyes and Coloring, Industrial
Wastes, Waste Water Treatment-general, .5.1283

WASTEWATER TREATMENT PILOT PLANT INV,3STIGATION,
MIXED CHROME TANNERY WASTEWATER ...Disposal, Dry-
ing-dewatering, Pollutant-other, Waste Treatrra nt-economies,
Waste Water Pre-treatment, 5.0536

TREATMENT OF BEAN HOUSE WASTES FROM t".. VEGETA-
BLE TANNERY Aerobic, Anaerobic, Lime Treatment,
Neutralization, Waste Water Treatment-general, 5.0864

COMPLETE TREATMENT OF TANNERY INDUSTRIAL WASTE
FOR CHROME TANNING, ALUM TANNING AND VEGETA-
BLE TANNING ...Aerobic, Anaerobic, Neutralization, Process
Design, Waste Water Pre-treatment, ...5.0436

AEROBIC BIOLOGICAL TREATMENT, SLUDGE DEWATER-
ING AND DISPOSAL AND EFFLUENT REUSE FOR A SIDE
LEATHER TANNERY Aerobic, Disposal, Drying-dewatering,
Filtration, Lagoon, ...5.0608

Textile Wastes
TEXTILE WASTE TREATMENT PRACTICE ...Loading, Waste

Treatment-economics, Waste Water Treatment-general, Water
Costs, 5.0005

GAMMA RADIATION OF TEXTILE WASTE WATER TO
REDUCE POLLUTION Cobalt, Gamma, Industrial Wastes,
Other, Waste Water Treatment-general, ...5.0006

DETERMINATION OF DEGRADED DYES AND AUXILIARY
CHEMICALS IN EFFLUENTS FROM TEXTILE DYEING
PROCESSES ...Chromatography - other. Dye Wastes, Lagoon,
Spectroscopy-other, Waste Water Treatment-general, ...5.0297

COLOR REMOVAL FROM TEXTILE DYE WASTES BY
COAGULATION ...Biochemical Oxygen Demand, Coagulation,
Color, Dye Wastes, Sulfur, ...5.0007

WATER UTILIZATION AND WASTE CONTROL IN THE TEX-
TILE INDUSTRY ...Alternative Planning, Material Recovery
Wastes, Recycle, Waste Water Pre-treatment, ...3.0377

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
TEXTILE WASTE EFFLUENTS ...Adsorption-other, Chromatog-
raphy-other, Extraction-other, Organic Wastes, Spectroscopy-
other, 5.0280

Industries
Agriculture Industry

COOPERATIVE RESEARCH PROJECT IN WESTERN NORTH
CAROLINA ...Agricultural Watersheds, Cover Crops, Land Use,
Modified Water Use, North Carolina, 2.0830

THE VALUE OF WATER IN COMPLEMENTARY INDUSTRY
COMPLEXES ...Augmentation-general, Economic Impact, Social
Aspects, Utah, 6.0576

EVALUATION OF RESOURCE USE AND ECONOMIC EFFECTS
DUE TO IRRIGATION WATER AVAILABILITY IN TEXAS
...Economic Impact, Model Studies, Planning, Projections and
Estimations, Texas, 6.0558
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SUBJECT INDEX Industries
ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING

AND MANAGING WATER RESOURCES IN AGRICULTURE
.Administrative Structures, Benefit-cost Analysis, Water Allocu-
tion, Water Law-general, Water Quality Control-general, Water
Resources Development, ...6.0229

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
_Economic Impact, Economics - general, Kansas, Management,
Water Law - general, .,6.0233

USE OF GROUND WATER IN EXCESS OF RECHARGE .Ad-
ministrative Structures, Economic Efficiency, Water Alternative
Uses, Water Rights-general, Water Transfer, 3.0310

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Economies - general, Management, Water Costs, Water Law-
general, 6.0429

A SURVEY OF THE SEASONALLY-INUNDATED MARGINS OF
LAKE VOLTA (GHANA) ...Floods, Ghana, Soil Types, Topo-
graphical -other, 4.0084

GROUND WATER RESEARCH Artificial Recharge, California,
Dispersion -water, Groundwater, Groundwater Movement,
2.0135

CALIFORNIA-ARIZONA ECONOMIC INTERDEPENDENCE
AND THE COLORADO RIVER CONFLICT WITH PARTICU-
LAR REFTAIENCE TO AGRICULTURE ...Agriculture, Colorado
River, Economic Impact, Income, Input - Output Analysis, Water
Allocation, ...6.0050

IMPACTS OF DROUTH ON LOCAL ECONOMIES IN KANSAS
...Drought, Economic Impact, History, Kansas, ...2.0517

ECONOMICS OF AGRICULTURAL WATER USE NORTH OF
CANADIAN RIVER ...Application, Cost Analysis, Regression
Analysis, Texas, Water Costs, ..,6.0559

DRAINAGE FARM SERVICE ...Drainage Engineering, Land Use,
Research Facilities, Utah, _4.0254

ECONOMIC INVENTORY OF AGRICULTURAL WATER USE
IN THE UNITED STATES ...Economics - general, Survey Studies,
Water Demand, Water Resources Development, Water Utilization
-general, 6.0600

VALUE PRODUCTIVITY OF WATER IN AGRICULTURE
...Economic Efficiency, Irrigation-general, Minnesota, Technologi-
cal Development, Water Demand, _6.0308

ECONOMICS OF ALTERNATIVE ROUTINES FOR DELIVER-
ING IRRIGATION WATER Economic Efficiency, Irrigation-
general, Legal Review, Model Studies, Water - Alternative Uses,

Atomic Plants
SIMULATION MODELING OF THERMAL EFFECTS ON

SELECTED RIVER SYSTEMS ..Digital Computers, Forecasting-
prediction, Niodel Studies, Se:f-purification, Thermal Pollution,
4.0270

PROBABLE EFFECTS ON MARINE ENVIRONMENTS OF
DISPERSING BRINE EFFLUENTS FROM LARGE DESALINA-
TION PLANTS IN THE GULF OF CALIFORNIA ...Brines,
Desalination, Gulf of California, Marine Environments-general,
Pollution - Effects of , 3.0020

A COMPREHENSIVE ANALYSIS OF THE TULAROSA BASIN
SALINE WATER RESOURCES - THEIR AVAILABILITY AND
POTENTIAL ECONOMIC DEVELOPMENT ...Brines, Desalina-
tion, Electric Power Plants, Impact, New Mexico, ...7.0076

USE OF REACTOR COOLING WATER FROM NUCLEAR
POWER PLANTS FOR IRRIGATION OF AGRICULTURAL
CROPS ...High Temp. - 85f Or Above, Irrigation-general,
Photosynthesis. Respiration, Transpiration and Evap, 3.0400

TEMPERATURE PREDICTION STUDIES RELATING TO THE
DEVELOPMENT OF A POWER REACTOR SITE ON THE
LOWER COLUMBIA RIVER ...Columbia River, Construction
Sites, Data Networks, Dispersion -water, Thermal Pollution,
...8.0303

EFFECT OF REACTOR EFFLUENT ON QUALITY OF COLUM-
BIA RIVER WATER ...Columbia River, Digital Computers, Fil-
tration, Pollution - Effects of , Radioactivity-general, 5.1246

REDUCTION OF RADIOISOTOPES IN HANFORD REACTOR
EFFLUENTS Effluents-waste Water, Neutron Activation,
Nuclear Reactors, Radioactivity-general, .,.5.1253

RADIONUCLIDES IN THE SAVANNAH RIVER ESTUARY AND
ADJACENT COASTAL WATERS ...Estuaries, Pollutants - Path
of , Radioactivity, Radioactivity-general, Tracers, 5.1098

DESALINIZATION AND INTERREGIONAL STUDIES ...Benefit-
cost Analysis, Desalination, Marketing, Radioactive Isotope,
Water Costs, 6.0099

Construction
THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-

GY OF JONES BAY .,.Aquatic Ecology, Bays, Engineering Struc-
tures-general, Texas, Water Properties-general, .,.6.0543

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF MOSES LAKE ...Aquatic Ecology, Engineering Struc-
tures-general, Lakes, Texas, Water Properties-general, 6.0544

NORTH FORK CITICO CREEK WATERSHED RESEARCH
_Forest Watersheds, Hydrology-general, Land Use, Multiple-pur-
pose Projects, .4.0220

FLOOD FLOWS AND SEDIMENT YIELD OF COLMA CREEK
BASIN, CALIFORNIA .California, Floods, Projections and Esti-
mations, Sediment Yield, Urban Environments, Water Yield,
4.0038

Electric Power limits
THERMAL POLLUTION AND ITS IMPLICATIONS FOR THE

COAL INDUSTRY -A SURVEY OF THE STATE OF
KNOWLEDGE .Data Acquisition-general, Pollution - Effects of ,

Survey Studies, Thermal Pollution, ,..5,0208
FISHERIES-TURBINE RESEARCH COMPENDIUM COMPILA-

TION ...Fish -non-specific, Migration, Mortality Rates, Turbine-
other, 8.0310

COLLECTION OF JUVENILE SALMON IN TURBINE INTAKES
Columbia River, Control Gate, Mortality Rates, Salmon &
Trout - Non-specific, Turbine-other, ,..8.0299

REDUCTION OF RIVER HEAT POLLUTION BY TURBULENCE
STIMULATION ...Destratification, Engineering Structures-
general, Roughness, Stream Rehabilitation, Thermal Pollution,
Turbulent Flow, .,,5.0214

THE DISTRIBUTION OF TRACE ELEMENTS IN IMPOUND-
MENTS ...Arkansas, Reservoirs and Impoundments, Trace Ele-
ments, Water Quality Control - general, Water Sampling, 2.0068

A COMPREHENSIVE ANALYSIS OF THE TULAROSA BASIN
SALINE WATER RESOURCES - THEIR AVAILABILITY AND
POTENTIAL ECONOMIC DEVELOPMENT .,.Atomic Plants,
Brines, Desalination, Impact, New Mexico, ...7.0076

A THREE-DIMENSIONAL APPROACH TO THE EXCHANGE
OF HEAT AND WATER VAPOR BETWEEN A LARGE
WATER BODY AND THE ATMOSPHERE ...Boundary Layer
Studies, Diffusion, Evaporation, Heat Exchange, ...2.0793

THERMAL AND INDUSTRIAL POLLUTION - DELAWARE
RIVER -Automatic Data Aquisition, Delaware River, Industrial
Wastes, Physical Parameters, Pulp, Paper ,l!nd Logging, Thermal
Pollution, 5.0989

EFFECT OF HEATED WATER DISCHARGE FROM IPALCO'S
PETERSBURG PLANT ON THE WATERS OF WHITE RIVER,
INDIANA Biological-general, Chemical-general, Physical-
general, Pollution - Effects of , Thermal Pollution, White River,
...5.0383

THE NANGARHAR CANAL PROJECT OF EASTERN
AFGHANISTAN ...Afghanistan, Canals, Hydrology-general, Ir-
rigation-general, Water Resources Development, 4.0179

A UNIFIED APPROACH TO WATER, FOOD AND POWER IN A
COASTAL DESERT COMMUNITY ..,Arid and Desert, Desalina-
tion, Deserts, Diesel, Distilling Units, Greenhou Use of Im-
paired Water, _3.0015

THE PREDICTION OF WATER QUALITY ASPECTS OF THE
WENA'rCHEE RIVER ...Heat Flow, Recreation Sites, Streams,
Thermal Pollution, Washington, ...5.1234

ECONOMIC ANALYSIS OF THE SANTEE-COOPER PROJECT -
A RETROSPECTIVE STUDY UTILIZING CURRENT
EVALUATION STANDARDS ...Benefit-cost Analysis, Economic
Impac04t91, Project Post-evaluation, Reservoirs and Impoundments,6.

WATER DISPATCHING OPERATIONS BY ELECTRONIC COM-
PUTER ...Daily, Design Flow-flood, Dynamic Control System, In.
flow, Power Generation, Reservoirs and linpolindments, _2.0984

TURBINE RATING FRAME INTERFERENCE STUDY ...Gaging,
Inflow, Tennessee River, Turbine-other, 8.0287

TEMPERATURE DISTRIBUTION IN THE VICINITY OF WASTE
HEAT DISCHARGES ...Mathematical Analysis, Mixing, Stratifi-
cation, Temperature, Thermal Pollution, ...5.1'20

EFFECTS OF HEATED WATER IN A TIDAL ESTUARY ...Bays,
Chesapeake Bay, Pollution Effects, Thermal Pollution, Urban En-
vironments, Water Properties-general, ...4.0078

PRECAST CONCRETE FORMS ...Econcmics-general, Engineering
Structures-general, Hydraulic Structures, Pre-cast, 8.0141

DESIGN OF UNDERGROUND POWERPLANTS ...Borehole
Geophysics, Digital Computers, Mechanics of Structures-other,
Power Plant, Rock Mechanics, _8.00311
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Industries SUBJECT INDEX

UNDERGROUND TRANSMISSION AND EQUIPMENT DIELEC-
TRICS-rSOLID, LIQUID, AND INERT GAS ...Cables and Trans-
mission Lines, Evaluation Other, Field Testing, Insulators, Power
Transmission, ..8.0123

ELECTRICAL MACHINERY TEMPERATURE CONTROL ...Mo-
tors and Appliances, Other Control Systems, Power Regulator,
Temperature, ...8.0125

STRUCTURAL RESPONSE, DYNAMIC LOADS .Computcrs-
general, Dynamic-other, Earthquakes, Industrial Structures, Other
Computers, Rock Mechanics, 8.0032

ULTIMATE STRENGTH DESIGN ...Codes and Standards, Power
Cf,..velopment, Reinforced, Structural, 8.0030

POWER TRANSMISSION STRUCTURES, NEW TYPES .,.Electri-
cal Engineering-general, Power Transmission, Public Utilities,
Structural, Transmission Lines, 8.0120

CIRCUIT BREAKER RESEARCH ...Circuit Breaker, Electrical En-
gineering-general, Evaluation Other, Power Transmission,
Switching, ...8.0052

COORDINATION OF PLANT FREQUENCY, D-C-TRANSMIS-
SION AND SYSTEM CONTROL ...Ac-dc, Evaluation Other,
Othcr Generators, Power _,-'onditioner, Power Transmission,
8.0126

POWER PRODUCTION ...Nuclear Power, Power Development,
Reservoir Systems, Spray Devices, Thermal Pollution, 5.0983

Food Processing Industry
ECONOMIC AND ENGINEERING ASPECTS OF WATER IN

DELAWARES AGRI-BUSINESS INDUSTRY ...Agri Business,
isposal Wastes, Irrigation-general, Optimization, Projections and

Estimations, Water Resources Development, ...6.0120
TREATMENT OF LIQUID WASTE FROM FOOD PROCESSING

PLANTS ...Disposal Wastes, Recycle, Salting Out, Waste Water
Treatment-general, Water Reuse, 5.0497

MICROBIOLOGY OF SEWAGE LAGOONS - EFFECTS OF IN-
DUSTRIAL WASTES ON COLIFORM AND OTHER ENTERIC
ORGANISMS ...Bacteria, Biochemical Oxygen Demand, Industri-
al Waste-other, Lagoon, Sewage Bacteria, Sewage Lagoons,
5,0837

EFFECTS OF SUGAR REFINING LAGOON EFFLUENTS ON
BIOLOGICAL, PHYSICAL, AND CHEMICAL PROPERTIES
OF FARGO CLAY ..Clay, Effluents-waste Water, Industrial
Processes-other, North Dakota, Soil Contamination -other, Soil
Properties - Other, 5.0834

WATER UTILIZATION AND WASTE CONTROL IN THE
POULTRY PROCESSING INDUSTRY ...Animal Waste Removal-
treatment, Economics-general, Industrial Wastes, Poultry - N S,
Waste Water Treatment-general, Water Utilization -general,
5.0819

ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARE'S AGRI-BUSINESS INDUSTRY ...Industrial
Wastes, 6.0121

TREATMENT OF ALKALINE WASTES FROM POTATO
PROCESSING ...Activated, Canning Wastes, Concentration, Plant
Waste Removal, Treatment, Streams & Rivers, Waste Water
Treatment- general, 5.0465

AEROBIC TREATMENT OF PACKINGHOUSE WASTES ...Aero-
bic, Industrial Processes-other, Pilot Plant, Pilot Plants, Waste
Water Treatment-general, 5.0418

USE OF FUNGI IMPERFECT' IN WASTE CONTROL ...Canning
Wastes, Effluents-waste Water, Filtration, Fungal Pollutant
Sources, Industrial Wastes, Organics, 5.0595

REMOVAL OF ORGANICS AND NUTRIENTS FROM CITRUS
PROCESSING PLANT WASTES ...Activated, Aeration, Citrus,
Orga, es, Pond, Waste Water Treatment-general, 5.0266

ANAEROBIC - AEROBIC SUGAR BEET WASTE TREATMENT
...Aerobic, Algae, Anaerobic, Industrial Processes-other, Plant
Waste Removal, Treatment, Taste and Odor, 5.0193

OPERATION OF POTATO PROCESSING PLANTS TO REDUCE
WASTE AND STREAM POLLUTION ...in Plant Treatment
Wastes, Industrial Wastes, Streams, Waste Water Treatment-
general, 5.0058

PILOT PLANT DEVELOPMENT OF THE ION-EXCHANGE
PROCESS FOR RECOVERY OF AMINO COMPOUNDS FROM
POTATO STARCH FACTORY EFFLUENTS ...Agricultural
Chemicals-other, Air Pollution -other, Amino Acids -non-specific,
Plant Waste Removal, Treatment, Vegetables, 5.0990

WASTE DISPOSAL FROM FOOD PROCESSING PLANTS IN
SOUTH CAROLINA ...Disposal Wastes, Percolation, Self-purifi-
cation, Soil EnvirOnment, 5.1104

Industrial-general
COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY

(AREA DESCRIPTION) ...Atlases -maps, Estuaries, Gulf of Mex-
ico, Mississippi River, Water Properties-general, 7.0061

FLUSHING PATTERN OF CERTAIN TIDAL STREAMS IN
DELAWARE Aquatic Ecology, Circulation -water, Delaware,
Discharge-general, Tidal Streams, .2.0250

INPUT-OUTPUT ANALYSIS OF WATER USE FOR NEBRASKA
INDUSTRIES - WATER RESOURCE PLANNING - WATER
DEMAND ...Multiple-purpose Projects, Nebraska, Water De-
mand, 6.0336

A CONTINUATION OF THE STUDY TO DETERMINE THE
COSTS OF WATER IN INDUSTRIAL USES ...Benefit-cost Anal-
ysis, Computers-general, Model Studies, Water Costs, Water De-
mand, 6.0468

MULTISTRUCTURAL DEMAND MODELS FOR WATER
REQUIREMENT FORECASTING ...Model Studies, Projections
and Estimations, Social Aspects, Water Demand, 6.0442

AN ENGINEERING-ECONOMIC STUDY OF THE INDUSTRIAL
GROWTH POTENTIAL OF THE UPPER PASSAIC RIVER
BASIN ...Economic Impact, River Basins, Social Aspects, Water
Law-general, Water 3tandards, 6.0347

A DEMONSTRATION OF JOINT-MUNICIPAL-INDUSTRIAL
WASTE TREATMENT IN THE ONONDAGA LAKE
WATERSHED ...Chemical Treatment, Combined Sewer, Local
Government, Waste Water Treatment-general, Watersheds-
general, ...5.0792

SOUTHERN ILLINOIS REGIONAL ECONOMIC DATA SYSTEM
...Data Networks, Economics-general, Illinois, Impact, Regional
Areas, ...7.0030

THE RELOCATION OF INDUSTRY AND THE LOCATION OF
NEW INDUSTRY AS AFFECTED BY THE AVAILABILITY OF
WATER SITES ...Available Water, Mississippi River, ...4.0090

INVESTIGATION OF LINKAGES OF WATERFRONT MANU-
FACTURING ...Economic Impact, Input - Output Analysis,
Manufacturing, Tennessee River, ...6.0533

WATER RESOURCES OF THE BOWLING GREEN AREA, KEN-
TUCKY ...Aquifers-general, Groundwater Movement, Kentucky,
Streams, Water Quality-general, -.2.0528

SALT-WATER ENCROACHMENT IN NORTH CAROLINA
ESTUARIES ...Chemical-general, Estuaries, Flow Characteristics -
water, Saline Water Intrusion, Water Sampling, ...2.0826

Mineral Processing Industry
ECONOMIC EFFECTS OF WATER ALLOCATION AMONG AL-

TERNATIVE INDUSTRIAL (NON-AGRICULTURAL) USES
...Economic Impact, Industry, Model Studies, Water - Alternative
Uses, Water Allocation, ...6.0597

Mining Industry
SENSITIVITY OF SELECTED INSECT SPECIES TO DEPRESSED

LEVELS OF PH ...Acidity, Bioindicators, Caddis-flies, Mayflies,
Ph, Acidity -water, Stone Flies, Plecoptera, ...5.1034

THE BEHAVIOR OF SMALLMOUTH BASS AS RELATED TO
ARTIFICIAL COVER ...Acidity, Behavioral Ecology, Smallmouth
Bass, Soil (wildlife) Cover, Water Movement, Currents 5.1024
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ACID MINE DRAINAGE MICROBIOLOGICAL STUDIES ...Acidi-
ty, Bacterial Pollutant Sources, Identification, Mining Activities,
Sewage, ...5.1284

STRIP-MINING AND WATER QUALITY ...Ions and Gases, Ohio,
Storm Water, Strip Mines, Water Quality-general, 5.0888

COMPUTER SIMULATION OF OF COASTAL
PLAIN OF NORTH CAROLINA ...Carbonate Aquifers, Compu-
ters-general, North Carolina, Saline Water Intrusion, Water Table
Fluctuation, ...2.0821

RECOVERY FROM ACID POLLUTION IN FOUR STRIP-MINE
LAKES ,..Acidity, Iron, Lakes, Self-purification, Stratification,
5.0669

BIOLOGICAL EFFECTS OF HEAVY METAL POLLUTION
...Biological, Heavy Elements, Metals, Microbial-bacterial, Pollu-
tion - Effects of , ...5.0034

APPLICATION OF BACTERIOPHAGES TO ELIMINATE MINE
ACIDS ...Acidity, Bacterial Pollutant Sources, Bacteriophages
(non-spec & Ot), Isolation, 5.0995

A PILOT -SCALE STUDY OF ACID MINE DRAINAGE ...Acidity,
Data Acquisition-general, Pollution Abatement, Systems Analysis,
5.0881



SUBJECT INDEX Infiltration

CATAWISSA CREEK MINE DRAINAGE POLLUTION ABATE-
MENT PROJECT ...Acidity, Mine Hydrology, Pennsylvania, Pol-
lution Abatement, 5.0998

MICROBIOLOGICAL ASPECTS OF ACID MINE-DRAINAGE
...Acidity, Autotrophic, Indiana, Iron Bacteria, Sulfur Bacteria,
5.0385

COAL STRIP MINE WATERSHED DEMONSTRATION- -
JACKSON COUNTY, ALABAMA ...Alabama, Aquatic Ecology,
.Coal-general, Pollution - Effects of , Water Quality-general,
...5.1124

IRON ORE FLOTATION ...Beneficiation, Flotation, Industrial
Processes-other, Ores, Pollution Abatement, Recovery, Scrap and
Wastes, ...5.0616

POLLUTANTS IN PRODUCT AND PROCESS WATERS FROM
OIL-SHALE RETORTING OPERATIONS AND METHODS
FOR THEIR REMOVAL ...Material Recovery Wastes, Oil Shale,
Pollutants-general, Technique Development, Waste Water Treat-
ment-general, ...5.1324

REDUCTION IN DAMAGES TO FORESTS BY IMPROVING
MINING AND REHABILITATION PROCEDURES ...Coal-
general, Conservation & Management Eng, Forest Watersheds,
Site Index and Site Quality, Soils and Fertilizer, _4.0120

Petroleum Industry
THE DECOMPOSITION OF PETROLEUM PRODUCTS IN OUR

NATURAL WATERS ...Anaerobic, Aquatic Environments,
Chemical, Chemical Treatment-other, Industrial Wastes, ...5.0623

NORTH FORK ALLUVIAL DECONTAMINATION PROJECT
...Artificial Recharge, Brines, Seepage, Surface Water, Texas,
...5.1145

OIL CONTAMINATION OF OYSTERS FROM OIL WELL
DRILLING MUDS ...Industrial Wastes, Oil, Oysters, Pollution Ef-
fects, ...5.0449

REUSE OF WASTE IRRIGATION WATER TO RECOVER ADDI-
TIONAL PETROLEUM BY WATERFLOODING ...Chemical
Analysis (water), D.t.a. , Irrigation-other, Secondary Recovery,
Spectroscopy - general, Water Reuse, 5.0154

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
PETROCHEMICAL WASTES ...Groundwater, Mining Activities,
Other, Petroleum Chemistry, Pollution - Effects of , ...5,0908

RESEARCH NEEDS PERTAINING TO PETROLEUM WASTE
WATERS ...industrial Processes-other, Mining Activities, Petrole-
um Chemistry, Water Quality Control-general, ...5.0914

MINING-POLLUTION CONTROL TECHNOLOGY - OIL
PRODUCTION GROUND-WATER RECLAMATION BY
SELECTIVE PUMPING ...Brines, Groundwater, Mine Drainage
Control, Pumping, Saline Water Intrusion, Secondary Recovery,
5.0913

Pulp, Paper , and Logging
STUDIES ON APPLICATION OF RADIOISOTOPE TECHNIQUES

IN STREAM POLLUTION PROBLEMS IN THE PULP AND
PAPER INDUSTRY Iridium, Pollutants - Path of ,

Radioisotopes, 5.1233
MONITORING THE EFFECTS OF LAND USE ON SALMON

PRODUCTION ...Alaska, Construction Land Use Effects, Land
Use, Logging, Transport, Equipment, Water Sampling, ...5.0039

ECOLOGY OF SELECTED AQUATIC BACTERIA IN THE
SNAKE RIVER ...Bacterial Pollutant Sources, Pollution - Effects
of , Sewapi, Snake River, Water Bacteria, ...5.1236

EFFECTS OF PULP MILL EFFLUENTS ON THE GROWTH AND
PRODUCTION OF FISH ...Food Supply, Industrial Wastes, In-
dustry Land Use Effects, Pollution - Effects of Pollution Effects,
5.0961

ENVANCEMENT OF WATER QUALITY USING FOREST
DERIVED COAGULATING SYSTEMS ...Alcohols, Aldehydes,
Coagulation, Condensation, Heterocyclics-other, Industrial
Processes - other, ...5.1255

SURVEY OF WATER UTILIZATION AND WASTE CONTROL
IN THE PULP AND PAPER INDUSTRY ...Effluents-waste
Water, Pulp and Paper Wastes, Waste Treatment-economics,
Waste Water Treatment-general, Water Utilization -general,
...3.0376

DISPOSAL OF PAPER MILL EFFLUENT THROUGH IRRIGA-
TION OF BOTTOMLAND HARDWOOD UNDER LOUISIANA
CONDITIONS ...Disposal Wastes, Irrigation-general, Louisiana,
Pulp and Paper Wastes, Waste Disposal -underground, ..,6.0250

THERMAL AND INDUSTRIAL POLLUTION - DELAWARE
RIVER ...Automatic Data Aquisition, Delaware River, Electric
Power Plants, Industrial Wastes, Physical Parameters, Thermal
Pollution, ...5.0989

EFFECT OF PAPER FIBER WASTES ON FISH EGGS AND JU-
VENILES ...Fish -non-specific, Minnesota, Oxygen, Pollution - Ef-
fects of , Sphaerotilus, ...5.0614

FILTRATION OF KRAFT PULP LIQUOR THROUGH CHIPS
Effluents-waste Water, Filter-other, Pulp, Pulping & Composite,
Waste Water Treatment-general, 5.0824

STEAM STRIPPING OF KRAFT PULP MILL EFFLUENT
STREAMS Effluent-standards, Effluents-waste Water, Material
Recovery Wastes, Organic Matter, Pulp and Paper Wastes, Waste
Water Treatment-general, ...5.1263

INFLUENCE OF LOG RAFTING ON WATER QUALITY ...Bioin-
dicators, Estuaries, Forest Debris, Logging, Transport, Equipment,
Streams, ...5.0958

A DEMONSTRA1 !ON PLANT EVALUATION OF FOUR
METHODS FOR PULP AND PAPER MILL SLUDGE UTILIZA-
TION AND DISPOSAL ...Disposal, Disposal Wastes, Mulches -
other, Pulp and Paper Wastes, Pulp, Pulping & Composite,
...5.0152

EVALUATION AND DEMONSTRATION OF THE MASSIVE
LIME PROCESS FOR THE REMOVAL OF COLOR FROM
KRAFT PULP MILL WASTES ...Biochemical Oxygen Demand,
Color, Lime Treatment, Pulp and Paper Wastes, ...5.0783

EFFECTS OF CHEMICAL AND BIOLOGICALLY MODIFIED
PULPING EFFLUENTS ON THE PRODUCTION OF FISH ...Ef-
fluents -waste Water, Fish -non-specific, Industrial Wastes, Self-pu-
rification, Tox & Allergenic Effects, Willamette River, ...5.0936

EFFECTS OF KRAFT PULP MILL EFFLUENTS ON THE
GROWTH AND PRODUCTION OF FISH ...Industrial Wastes,
Pollution - Effects of , Pollution Effects, Salmon & Trout - Non-
specific, ...5.0966

PHYSIOLOGICAL EVALUATION OF TREATED TOXIC
WASTES ...Bioindicators, Blood Plasma and Serum, Contamina-
tion - Water, Pollution Effects, Tissues -biological, _5.0976

FLOOD AND SEDIMENT REDUCTION IN THE CONIFEROUS
TIMBER ZONE OF CALIFORNIA ...Creep, Floods, Land and
Rock Slides, Management, Sediment Yield, ...2.0078

Textile Industry
DETERMINATION, EVALUATION, AND ABATEMENT OF

COLOR IN TEXTILE PLANT EFFLUENTS ...Effluen(s-waste
Water, Pollution Abatement, Water Sampling, ...5.0296

THE USE OF TAXES, SUBSIDIES, AND REGULATIONS TO
CONTROL THE EFFLUENT OF THE TEXTILE INDUSTRY
...Economic Impact, Fiscal, South Carolina, Water Quality Con-
trol- general, ...5.1105

STUDY OF COSTS OF TREATING TEXTILE WASTES IN MU-
NICIPAL AND INDUSTRIAL SEWAGE PLANTS ...Economics-
general, Industrial Wastes, Process Design, South Carolina, Urban
Environments, 6.0489
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Infiltration
SAN ISIDRO WASH STUDY FLOW LOSSES IN AN

EPHEMERAL STREAM CHANNEL ...Ephemeral, Evapotrans-
piration, Gaging, Morphology-general, New Mexico, 2.0177

AN ANALYSIS OF THE VEGETATION AND SOIL CHARAC-
TERISTICS OF RANGE WATERSHEDS IN NEVADA ...Cover
Crops, Mapping, Runoff, Soil-water-plant Relationships, Species
and Species Evaluation, ...2.0740

REVIEW AND ANALYSIS OF PRECIPITATION AND RUNOFF
DATA FOR SELECTED WATERSHEDS IN MINNESOTA
...Floods, Hydrographs, Precipitation-general, Runoff,
Watersheds-general, ...4.0140

HYDROLOGY OF FROZEN GROUND FLOODS ...Floods, Hydro-
graphs, Moisture Content, Permafrost-frozen, Runoff, 2.0399

COMPARISON OF VARIOUS FORAGES FOR AGRICULTURAL
WASTE WATER DISPOSAL ...Organic Fertility -other, Sprinkler
Irrigation, Use of Impaired Water, Waste Disposal -underground,
...5.0494

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties, Electroosmosis, Soil Environment,
Streaming Potential, Unsaturated Flow, Zeta Potential, ..2.0467

STUDIES OF SAPROLITE AND ITS RELATION TO THE
MIGRATION AND OCCURRENCE OF GROUNDWATER IN
CRYSTALLINE ROCKS ...Chemical Sediments, Features,
Microstructure, Permeability, Texture, ...2.0350

FACTORS RESTRICTING INFILTRATION RATES ON DECOM-
POSED GRANITIC SOILS ,..Floods, Intrusives, Organic-general,
Sand, Sierra Nevada, 2.0732

QUANTIFICATION AND PREDICTION OF THE INFILTRATION
PHASE OF THE HYDROLOGIC CYCLE ...Hydrographs, inter-
nal Water Movement, Mathematical Analysis, Soil Environment,
...2.0468



Infiltration SUBJECT INDEX

DYNAMICS OF WATER INFILTRATION INTO SOIL AS
GOVERNED BY SURFACE CRUSTING AND SEALING
Moisture Tension, ,2.0469

CHARACTERIZATION OF SOIL NONWETTABILITY AND THE
DEVELOPMENT OF CRITERA FOR THE MOST ECONOMIC
TREATMENT OF THESE SOILS .,.Fire Damage, Recovery,
Moisture Tension, Soils and Fertilizer, Surfactants, 2,0140

GROUND WATER RECHARGE AS AFFECTED BY SURFACE
VEGETATION AND MANAGEMENT .Antitranspirants, Con-
servation-general, Groundwater, Natural Recharge, Soil-water-
plant Relationships, ,..4.0061

ENGINEERING INVESTIGATION OF STORM WATER INFIL-
TRATION INTO SANITARY SEWERS OF THE EAST BAY
MUNICIPAL UTILITY DISTRICT ...Benefit-cost Analysis, Com-
bined Sewer, Sim Francisco Bay, Storm Water, Water Quality
Control-general, .5.0123

EFFECT OF RANGE MANAGEMENT ON INFILTRATION, RU-
NOFF, AND EROSION .Cover Crops, Management and Fertili-
ty, Runoff, 2.0105

IRRIGATION MANAGEMENT FOR CROPS ...Irrigation-general,
Management, Soil Compaction Or Density, Soil Environment,
2.0090

THE PERSISTENCE IN AN ERODED SOIL OF TILTH IM-
PROVEMENT ENGENDER2D BY A SOD-BASED ROTATION
Physical Properties-general, Soil Environment, Soil Physical
Properties, Soil Tillage Methods -other, Tillage, Cropping
Systems, ...2.0343

EFFECTS OF SOIL MANAGEMENT TREATMENTS ON ERODI-
BILITY AND INFILTRATION CHARACTERISTICS .Manage-
ment Effects, Ohio, 2.0860

THE EFFECT OF HETEROGENEITIES OF THE SOIL UPON IN-
FILTRATION .,.Physical Properties -other, 2.1165

CROP, SOIL AND WATER USE EFFECTS OF LOW INTENSITY
SPRINKLER IRRIGATION ...Irrigation, 3.0233

RUNOFF INDUCEMENT IN ARID LANDS ...Arid and Desert,
Linings-pavings, Runoff, Stabilization-general, Storage of Water,
Synthetic Hydrology-general, .3.0238

INFILTRATION CAPACITIES UNDER VARIOUS VEGETATION
TYPES AS INFLUENCED BY WATERSHED MANAGEMENT
PRACTICES ...Cover Crops, Environment, Management, Water
Yield, Watersheds- general, 4.0013

FLOW THROUGH UNSATURATED POROUS MEDIA ...Ground-
water, Porous Media - Flow Through, Unsaturated Flow, ...2.0356

DISPOSAL OF SURFACE WATER ...Drainage, Right-of-way, Ru-
noff, Standards & Criteria, Surface Water, 2.0150

CHARACTERIZATION OF THE RATE OF WATER INFILTRA-
TION INTO SOIL ..,Moisture Content, Soil Morphology, Profiles,
2.0471

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties, Moisture Content, 2.0466

PREDICTING SOLUTE MOVEMENT AND DISTRIBUTION IN
SOILS ...Hydrolys,s, Salinity, Soil and Rock Leaching, Soil En-
vironment, Subsurface Flow, ...2.1043

INTERROW WATERSHEDS AS A MEANS OF INCREASING
RAINFALL EFFICIENCY ...Irrigation-general, Modified Water
Use, Plant Water Use-other, Texas, Water Transfer, 3.0450

DESIGN FACTORS IN SURFACE IRRIGATION ...Furrow Irriga-
tion, Irrigation Engineering, Water Application Methods, 3.0477

IMPACT OF RECREATIONISTS ON SELECTED SITES ...Irriga-
tion-general, Recreation Areas and Parks, Recreation Sites, Soil
Comparison, ...6.0591

INFLUENCE OF VEGETATION IN SOIL MOISTURE FLOW
...Cover Crops, Groundwater Movement, Soil Environment,
Tracers-general, ...2.0946

UNDERSTANDING OF THE INFILTRATION OF RAIN INTO
BURIED WASTE ...Groundwater Movement, Moisture Content,
Porosity, Radioactivity-other, Unsaturated Flow, ...2.0948

FOREST INFLUENCES STUDIES ...Erosion-g1 ieral, Forest
Watersheds, Land Use, Runoff, Stabilization-general, Water
Quality-general, ...2.0986

DENVER MULTIPHASE FLOW ...Analog Computers, Instrumental
Services, Internal Water Movement, Transducers, Unsaturated
Flow, ...2.0192

UNSATURATED FLOW STUDIES ...Artificial Recharge, Electrical
Properties, Exchange Capacity, Groundwater Movement, Unsatu-
rated Flow, 2.0286

HYDROLOGY OF THE COLUMBIA RIVER BASALT ...Columbia
Plateaus, Hydrology-general, Igneous Rocks, Runoff, Specific
Rock Unit, Tectonics-general, 2.0905

FLOW LOSSES IN AN EPHEMERAL STREAM CHANNEL
,Conservation-general, Energy Loss -water, Ephemeral,
Morphology-general, Open Channel Flow, Water Cycle, 2.0178

UNSATURATED FLOW THEORY APPLIED TO DRAINAGE
AND INFILTRATION .Drainage, Groundwater Movement, In-
ternal Water Movement, Runoff, Unsaturated Flow, 2.0125

BEHAVIOR OF POLLUTANTS IN WATER Aquatic Or Soil-
aquatic Cycles, Decomposition-general, Movement, Leaching,
Persistence in Soils, Pesticides -non-specific, Pollutants - Path of ,
,..5.0190

FILTER CRITERIA FOR DRAINS ANo WATER WELLS
...Drainage, Filters, Filtration, Linings-pavings, Water Wells,
_8.0083

A THEORETICAL STUDY OF INFILTRATION INTO RANGE
AND FOREST SOILS ...Amount, Runoff, _2.1066

SOIL WATER MOVEMENT IN RELATION TO THE CONSER-
VATION OF WATER SUPPLIES ,,,Computers - general, Conser-
vation-general, Evaporation, Groundwater Movement, Internal
Water Movement, Water Loss Control, _2.0033

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE
_Evapotranspiration, Irrigation-general, Model Studies, Water
Application Methods, Water Loss Control, 8.0003

FUNDAMENTAL ASPECTS OF WATER EROSION IN THE
PACIFIC NORTHWEST .Erosion-general, Permafrost-frozen,
Soil Erosion -non-specific, Southern, Synthetic Hydrology-general,
_2.0389

NATURAL RECHARGE OF GROUND WATER IN CENTRAL
AND SOUTHERN CALIFORNIA ...Natural Recharge, Rain-
general, Runoff, 3.0063

INFILTRATION AS ;NFLUENC ..`.) BY SOIL - VEGETATION
COMPLEXES _Semi - Arid, 'foil -water -plant Relationships,
_2.0385

Inflow
INFLOW HYDROGRAPH STUDY ..Floods, Hydrographs, Shape,

Small Watersheds, Wyoming, 2.0302
GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-

SES ,..Discharge-general, Forecasting-prediction, Hydrology-
general, Small Watersheds, _2.0084

INTERNAL CURRENTS RESULTING FROM INTERMEDIATE
DENSITY INFLOWS INTO STRATIFIED RESERVOIRS
...Model Studies, Reservoirs and Impoundments, Stratification,
Stratified Flow, Temperature, ...5.1264

DYNAMIC MODEL STUDY OF LAKE ERIE ...Hydraulics-general,
Lake Eric, Model Studies, Synthetic Hydrology-general, _5,0766

PERFORMANCE CHARACTERISTICS OF LARGE SCALE
HYDROMECHANICS LABORATORY EQUIPMENT .,.Flume
Studies, Sedimentation, Synthetic Hydrology-genera:, Turbulent
Flow, ...8.0195

MATHEMATICAL MODEL OF STORM AND SANITARY IN-
TERCEPTOR SYSTEM .,.Design-other, Model Studies, Peak
Flow, Rain Fall Intensity, Storm Water, 5.0597

WATER DISPATCHING OPERATIONS BY ELECTRONIC COM-
PUTER ..Daily, Design Flow-flood, Dynamic Control System,
Electric Power Plants, Power Generation, Reservoirs and Im-
poundments, ...2.0984

TURBINE RATING FRAME INTERFERENCE STUDY ...Electric
Power Plants, Gaging, Tennessee River, Turbine-other, ...8.0287

LAKE HYDROLOGY STUDIES ...Evaporation, Florida, Lakes,
Morphology-general, Water Level Fluctuation, 2.0328

FLOW AND SALINITY IN THE HUDSON ESTUARY, NEW
YORK ...Estuaries, Fresh Water, Management, Salinity, Tides,
...2.0781

HYDROLOGY OF HUNGRY HORSE RESERVOIR MONTANA
...Low Flow, Montana, Reservoirs and Impoundments, Water
Balance-budget, ...2.0124

Information Centers & Services
Current Research Projects Info

EVALUATION OF ESTUARINE DATA ...Data Analysis - General.
Estuaries, Gulf of Mexico, ...2.1047

Data & Statistics Info Storage
CONTINUATION OF WORLD DATA CENTER A - GLACIOLO-

GY ...Data and Statistics Centers, Document & Literature Info,
Glaciology-general, Periodicals, Research Facilities, 7.0083
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SUBJECT INDEX Insects

GENERAL STUDIES RELATED TO CODING GROUND-WATER
APPROPRIATIONS & BASIC DATA FOR INFORMATION,
STORAGE & PROCESSING SYSTEMS ...Data and Statistics
Centers, Digital Computers, General Design, Water Law-general,
7.0074

RESEARCH ON DATA AND ANALYTICAL SYSTEMS FOR
PREPARING NATIONAL WATER ASSESSMENTS ...Data
Acquisition-general, Model Studies, Statistics-general, Water
Quality-general, Water Quantity-general, ...6.0397

Document & Literature Info
CONTINUATION OF WORLD DATA CENTER A - GLACIOLO-

.1Y ...Data & Statistics Info Storage, Data and Statistics Centers,
Glaciology-general, Periodicals, Research Facilities, _7.0083

PESTICIDE RESIDUE DATA PROCESSING ...Chemical Ai alysis,
Data Analysi , - General, Information Retrieval Methods, Per -
sistance of Residues, Pesticides - non - specific, ...5.0147

A GROUNDWATER QUALITY SUMMARY FOR ALASKA
...Alaska, Atlases-maps, Groundwater, Water Quality-general,
...7.0001

CENTER FOR RESEARCH AND TRAINING IN HYDRAULIC
AND HYDROLOGIC ASPECTS OF WATER POLLUTION
CONTROL ,Hydraulics-general, Training Grants, Fellowships,
Water Quality Control-general, -.5.1137

General Information Services
DEVELOPMENT OF MULTIPLE-USE PRODUCTION/OUTPUT

INFORMATIOr' FOR OWNERS OF SMALL WOODLANDS IN
THE CENTRAL HARDWOOD REGION ...Control and Protec-
tion, Erosion-general, Forest Watersheds, Input - Output Analysis,
Multiple-purpose Projects, _7.0027

INFORMATION PROCEDURES IN ENVIRONMENTAL CON-
TAMINATION ...Atmospheric Contamination, Atmpopheric Pol-
lution-general, Pesticides -non-specific, -.7.0070

Library
ORGANICS CAUSING TASTE OR ODOR IN THE MISSOURI

RIVER ..Gas, Infrared, Missouri River, Organic Matter, Taste
and Odor, ...5.0683

Information Systems
Data and Statistics Centers

CONTINUATION OF WORLD DATA CENTER A - GLACIOLO-
GY ...Data & Statistics Info Storage, Document & Literature Info,
Glaciology-general, Periodicals, Research Facilities, _7.0083

GENERAL STUDIES RELATED TO CODING GROUND-WATER
APPROPRIATIONS & BASIC DATA FOR INFORMATION,
STORAGE & PROCESSING SYSTEMS ...Data & Statistics Info
Storage, Digital Computers, General Design, Water Law-general,
-.7.0074

Document and Literature Center
COLLECTION AND COLLATION OF AVAILABLE BIOLOGI-

CAL, PHYSICAL AND CHEMICAL DATA ON U. S. RESER-
VOIRS ...Fish -non-specific, Productivity - Food Chain, Reser-
voirs and Impoundments, River Basins, Survey Studies, ...6.0020

General Design
GENERAL STUDIES RELATED TO CODING GROUND-WATER

APPROPRIATIONS & BASIC DATA FOR INFORMATION,
STORAGE & PROCESSING SYSTEMS ...Data & Statistics Info
Storage, Data and Statistics Centers, Digital Computers, Water
Law-general, ...7.0074

Information Retrieval Methods
OPERATIONAL HYDROMETEOROLOGICAL DATA MANAGE-

MENT SYSTEM ...Data Processing Services, Economics-business-
management, Management-general, Other Data Analysis,
Southern, Streams, System Development, _7.0011

PESTICIDE RESIDUE DATA PROCESSING ...Chemical Analysis,
Data Analysis - General, Document & Literature Info, Persistance
of Residues, Pesticides -non-specific, -.5.0147

TO EVALUATE THE UTILITY OF EXISTING AUTOMATIC
CHEMICAL ANALYSIS EQUIPMENT FOR WATER QUALITY
SURVEILLANCE UNDER COMPUTER CONTROL ...Atomic
Absorption, Automatic Data Aquisition, Chemical Analysis
(water), Computers-general, Information Storage and File, System
Development, Water Properties-general, .7.0078

WEATHER IN RELATION TO KANSAS AGRICULTURE
...Agricultural Studies -general, Kansas, Plant Environment, Ns,
Weather Forecasting, -.2.0508

AUTOMATION OF GROUND-WATER RECORDS ...Automatic
Data Aquisition, Computers-general, Groundwater, Other Storage,
_7.0046

Information Storage and File
TO EVALUATE THE UTILITY OF EXISTING AUTOMATIC

CHEMICAL ANALYSIS EQUIPIVIENT FOR WATER QUALITY
SURVEILLANCE UNDER COMPUTER CONTROL ...Atomic
Absorption, Automatic Data Aquisition, Chemical Analysis
(water), Computers-general, Information Retrieval Methods,
System Development, Water Properties-general, -.7.0078

Social & Behavioral Sciences
Economics-business-management

OPERATIONAL HYDROMETEOROLOGICAL DATA MANAGE-
MENT SYSTEM ...Data Processing Services, Information
Retrieval Methods, Management-general, Other Data Analysis,
Southern, Streams, System Development, 7.0011

Storage
Other Storage

AUTOMATION OF GROUND-WATER RECORDS ...Automatic
Data Aquisition, Computers-general, Groundwater, Information
Retrieval Methods, ...7.0046

Infrared
THE BASIC NATURE OF LIQUIDS ...Absorption Spectra, Inter-

particle Forces, Self Consistent Fields, Spin-orbit Interaction,
...I.0117

EFFECT OF AMINES, ALCOHOLS AND PHENOLS ON THE
PHYSICO-CHEMICAL PROPERTIES OF WATER ...Hydrogen,
Liquid Solutions, Phy and Chem Properties, X-ray, 1.0106

Insects
Aedes Mosquitoes

THE EFFECT OF PREDATORS AND PARASITES ON THE
BREEDING POTENTIAL OF MOSQUITOES ,..Aquatic Ecology,
Disease, Predators, Diseases, Louisiana, Predators and Parasite,
2.0577

Bloodworms, Aquatic Midges
COMPARISON OF ENERGY FLOW PARAMETERS OF MIDGE

POPULATIONS IN BIOLOGICAL OXIDATION PONDS ...Ener-
gy Budgets, Oklahoma, Pollution Effects, Productivity - Food
Chain, Sewage Lagoons, _5.0929

MACRO-FAUNA IN WASTE STABILIZATION LAGOONS
...Biological, Habitat Studies, Lagoon, Organic Matter, Sewage
Lagoons, ...5.0946

CYTOTAXONOMY AND RELATED STUDIES OF HOLARCTIC
MIDGES .Animal Taxonomy, Arctic, Collections, Museum,
Nearctic, -.5.0756

BENTHOS IN LEWIS AND CLARK LAKE ...Aquatic Ecology,
Mayflies, Number Or Density, Reservoirs and Impoundments,
South Dakota, ...6.0514

Caddis-flies
SENSITIVITY OF SELECTED INSECT SPECIES TO DEPRESSED

LEVELS OF PH ...Acidity, Bioindicators, Mayflies, Mining Indus-
try, Ph, Acidity -water, Stone Flies, Plecoptera, -.5.1034

Culex Mosquitoes
INVESTICATIONS ON NEW INSECTICIDES AND TECHNIQUES

FOR THE CONTROL OF PEST AND VECTOR MOSQUITOES
...Larvicides, Screening Potential Pesticides, Wildlife, ...S.0141

Flies -horse,deer
THE BIOLOGY AND CONTROL OF TABANIDAE IN

MARSHLANDS ALONG THE EASTERN SHORE OF THE
GREAT SALT LAKE, UTAH ...Great Salt Lake, Habitat Studies,
Management, Survey Methods, Swamps-marshes, ...6.0596
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Insects

Flies -house,face,horn,stable
CONTROL OF INSECTS ASSOCIATED WITH SWINE PRODUC-

TION WITHOUT THE USE OF INSECTICIDES ...Animal Waste
Removal-treatment, Control -non-specific, Ectoparasitie, Farm
Wastes, Septic Tanks,

Insects -non-specific
THE SPECIES DIVERSITY OF AQUATIC INSECTS AS RE-

LATED TO MINE ACID POLLUTION ...Acidity, Contamination
- Water, Mining Activities, Ph, Acidity -water, 5.1033

DISPERSAL OF VIABLE ALGAE AND PROTOZOA BY
AQUATIC INSECTS ..,Algae- General, Aquatic Ecology, Inter-
biotic Relat.(non-specif), Invertebrates, Protozoa -other, 5.1170

SUBJECT INDEX

onomy, Insect Chemosterilants, N.s. , Number Or Density, Radia-
tion, Range Or Territorial Distr. , 6.0148

Stone Flies, Plecoptera
SENSITIVITY OF SELECTED INSECT SPECIES TO DEPRESSED

LEVELS OF PH ...Acidity, Bioindieators, Caddis-flies, Mayflies,
Mining Industry, Ph, Acidify -water, 5.1034

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
Bioindicators, Environmental Ecology, Number Or Density, Pol-
lution - Effects of , Pollution Effects, Streams, ...5.1057

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
. ,Bioindieutors, Contamination - Water, Ions and Gases, Rhode
fsland, Streams, ...5.1058

DISTRIBUTION AND ECOLOGY OF AQUATIC INSECTS OF
IDAHO ..,Aquatic Ecology, Bottom Sampling, Chemical-general,
Idaho, Physical-general, ...2.0393

INSECTS ASSOCIATED WITH AQUATIC WEED PESTS OF
FOREIGN ORIGIN IN LOUISIANA ...Animal Taxonomy, Loui-
siana, Survey Methods, Weeds, ...5.0490

ORGANISMS WHICH ATTACK THE AQUATIC PLANT, EURA-
SIAN WATERMILFOIL. IN PAKISTAN ...Animal Taxonomy,
Life History Studies, Other, Pakistan, Water Milfoil, Waterweed...
4.0202

SEARCH FOR AND IMPORTATION OF FOREIGN INSECT
ENEMIES OF WEEDS ,..Biocontrol, Collections, Vase. plant &
Arthropods Comp, Weeds, 2,0076

Mayflies
SENSITIVITY OF SELECTED INSECT SPECIES TO DEPRESSED

LEVELS OF PH ...Acidity, Bioindicators, Caddis-flies, Mining In-
dustry, Ph, Acidity -water, Stone Flies, Plecoptera, ...5.1034

AQUATIC ENVIRONMENT AND FOOD HABITS OF MAYFLIES
.Aquatic Ecology, Chemical-general, Environmental Ecology,

Nutrition and Metabolism, Physical-general, 5.0323
MAYFLY DISTRIBUTION AS A WATER QUALITY INDEX

...Bioindicators, Habitat Studies, Mississippi River, Population
Dynamics, Survey Methods, 5.0618

BENTHOS IN LEWIS AND CLARK LAKE ...Aquatic Ecology,
Bloodworms, Aquatic Midges, Number Or Density, Reservoirs
and Impoundments, South Dakota, 6.0514

CHARACTERIZATION AND COMPARISON OF ESTERASE(S)
PRESENT IN THE HEADS OF THE IMMATURE FORM OF
TWO SPECIES OF DAMSELFY ...Comparative Enzymology,
Esterase, Inhibitors, Reaction Rates, 5.0640

Midges
BIOLOGICAL FACTORS IN THE MANAGEMENT OF LAKE

FLIES ...Lakes, Piscicides -non-specific, Pollution - Effects of ,
Predation, Predators and Parasite, Wisconsin, 6.0644

Mosquitoes -non-specific
ALTERNATE METHODS OF MOSQUITO CONTROL TO

REDUCE CHEMICAL POLLUTION OF WATERS FOR
RECHARGE OF THE OGALALLA FORMATION ...Alternative
Planning, Aquifers-gencral, Chlorinated Hydrocarbons, Insecti-
cides -non-specific, Plays's, Pollution Abatement, 5.1180

PATHOGENS AS BIOLOGICAL CONTROL AGENTS FOR
MOSQUITO LARVAE ...Diseases, Growth, Moulting &

Mctamorph, Habitat Studies, Population Dynamics, Survey
Methods, ...5.0492

DISPERSAL. OF CONCENTRATED OR UNDILUTED INSECTI-
CIDES FOR IMPROVED MOSQUITO CONTROL ...Animal
Appl. -other, California, Insecticides -non-specific, Larvicides,
,..5.0493

EHAVIOR AND FOOD PREFERENCES OF INTRODUCED AN-
NUAL FISHES IN RELATION TO MOSQUITOES ...Aquatic
Ecology, Behavioral Ecology, Food Supply, Killifishs -

Cyprinodon, Predators and Parasite, ,,.2.0575
RELATIONSHIP OF WATER AND LAND MANAGEMENT TO

MOSQUITO BREEDING IN WATER IMPOUNDMENTS AND
IRRIGATED FARM AREAS ...Aquatic Ecology, Computer
Matching Code, Diseases, Management, Predators and Parasite,
Rearing, Water, 6.0255

BIOLOGY AND CONTROL OF SALT-MARSH AND RICE-FIELD
MOSQUITOES IN GULF COAST AREAS ...Aquatic Ecology,
Computer Matching Code, Louisiana, Predators and Parasite,
Swamps-marshes, 2.0576

DISTRIBUTION, ABUNDANCE, TAXONOMY, AND BIOLOGY
OF MOSQUITOES AFFECTING AGRICULTURE ...Animal Tax-
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Instrumental Services
MATHEMATICAL AND COMPUTER SERVICES FOR THE

ANALYSIS OF DATA AND DESIGN OF EXPERIMENTS FOR
CERTAIN FWPCA PROGRAMS ...Computers-general, Data
Analysis - General, Facilities, Oregon, ...5.0934

Instrumentation-general
COMPARISON OF EVAPORATION INSTRUMENTS ...Evapora-

tion, Tanks, Techniques, ...2.0450
TEST SITE INSTRUMENTATION _Electronics - Applied, Instru-

mental Services, Surface Environments, 6.0271
OXYGEN REGENERATION OF POLLUTED RIVERS ...Aeration,

Delaware River, Economic Efficieficy, Oxygen, Pollution Abate-
ment, Streams, ...5.0740

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN TENNESSEE ...Conservation & Management
Eng, Runoff, Small Watersheds, Soil Conditions, Water Harvest-
ing, Water Yield, ...4.0225

HYDROLOGIC MEASUREMENT SYSTEMS ...Amount, Data Net-
works, Error Analysis, Gages, Hydrology-general, Rain-general,
Technique Development, Urban Environments, 7.0056

PILOT-STUDY OF SMALL WATERSHED HYDROLOGY ...Data
Analysis - General, Floods, Mathematical Analysis, Rain-general,
Runoff, Small Watersheds, 2.0379

DEVELOPMENT OF HYDROLOGIC EQUIPMENT .,.Design In-
strumentation-other, Hydraulic Enginecring-other, Hydrology-
general, Instrumental Services, Other Telemetry, 7.0064

HYDRAULIC INSTRUMENTATION ...Model Studies, Technique
Development, Turbulent Flow, Water Level Fluctuation, 7.0063

GREAT LAKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS ...Automat:e Data Aquisition, Forecasting-
prediction, Geophysical Analysis, Great Lakes-general, Tempera-
ture, ...2.0649

RESEARCH IN SEDIMENT SAMPLING EQUIPMENT ...Bed
Load, Bottom Sampling, Suspension, Turbidity, Ultrasonics,
7.0059

INSTRUMENTATION DEVELOPMENT FOR HYDROLOGIC
DATA COLLECTION ...Electromechanical Design, Field Testing,
Instrumental Services, Technique Development, ...7.0089

EVAPOTRANSPIRATION THEORY AND MANAGEMENT
...Evapotranspiration, Heat Flow, Internal Water Movement, Soil
Environment, Thermal Properties-general, 2.0036

BOREHOLE GEOPHYSICS AS APPLIED TO GEOHYDROLOGY
...Aquifers-general, Borehole Geophysics, Geophysical Analysis,
Groundwater Movement, Technique Development, 7.0018

RADIOISOTOPE GROUND WATER MEASUREMENTS IN
SMALL DIAMETER DRILL HOLES ...Borehole Geophysics,
Drilling and Coring, Groundwater, Radioisotopes, Technique
Development, 8.0066

DEVELOPMENT OF AUTOMATED ANALYSES FOR THE SUP-
PORT OF ADVANCED WASTE TREATMENT RESEARCH
PROJECTS ...Automatic Data Aquisition, Chemical Analysis
(water), Waste Water Treatment-general, 5.0863

Instrumentation, Plant Equip.
ENCAPSULATION AND SOLIDIFICATION OF INTERMEDIATE

LEVEL RADIOACTIVE WASTES IN THERMOPLASTICS
...Accidental , Encapsulation, Fire Research-other, Polymer-other,
Radioisotopes, Recovery, Scrap and Wastes, ...5.1142

INVESTIGATION OF TESTING METHODS AND APPARATUS
...Atomic Absorption, Cement, Concrete, Infrared, Standards,
Specifications, Test Methods, Ultrasonic and Sonic, 8.0234



SUBJECT INDEX Iodine

Intergovern Relations
SCENIC RIVERS STUDY ...Federal Government, Recreation Sites,

Wild Rivers, ..,3.0170

Interior Plains
Great Plains Province

THE ECONOMIC EFFECTS OF DROUGHT ON AN AGRICUL-
TURAL ECONOMY Drought, Economic Impact, Meteorologi-
cal Extremes, Weather, 2.0510

RELATIONSHIPS BETWEEN PESTICIDAL APPLICATION AND
WATER CONTAMINATION UNDER IRRIGATION IN THE
GREAT PLAINS ...Irrigation-general, Kansas, Pesticides -non-
specific, Pollutants - Path of , Water Application, _5.0430

ECONOMIC ANALYSIS OF IRRIGATION SYSTEMS APPLICA-
BLE TO THE NORTHERN GREAT PLAINS Agriculture,
Economic Efficiency, Irrigation Engineering, Irrigation-general,
Systems Analysis, 6.0496

DEVELOPMENT OF A CHEMICAL FALLOW SYSTEM OF
FARMING ...Herbicides - non - specific, Moisture Retention, Rota-
tions, Runoff, Tillage, Cropping Systems, ..,4.0236

RECHARGE OF GROUND WATER IN RIVER VALLEYS OF
EASTERN AND CENTRAL KANSAS, AND THE HIGH
PLAINS ,Artificial Recharge, Augmentation-general, Ground-
water, Groundwater Mining, Natural Recharge, Water Table Fluc-
tuation, 4.0116

CONVECTIVE CLOUD SYSTEMS, NORTHERN GREAT
PLAINS, ATMOSPHERIC WATER RESOURCES ...Cloud Struc-
ture, Clouds-precipitation, Convection, Cumulus, Model Studies,
...2.0193

SEDIMENT PRODUCTION, MOVEMENT, AND DEPOSITION IN
WATERSHEDS IN THE SOUTHERN GREAT PLAINS
,Agricultural Watersheds, General Deposition, Location, Sedi-
ment Yield, Supply Rate, .2.0882

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM WA'I'ERSHEDS IN THE SOUTHERN PLAINS .,.Agricul-
tural Watersheds, Amount, Patterns, Runoff, Topographic In-
fluences, ...2.1054

RUNOFF PRODUCTION BY UNIT SOURCE AREAS IN THE
SOUTHERN PLAINS ...Land Use, Moisture Retention, Runoff,
..,2.0875

WATER AND WIND EROSION AND ITS CONTROL ON IR-
RIGATED AND NONIRRIGATED LANDS IN THE
NORTHERN PLAINS ...Erosion-general, Irrigation - general, Ru-
noff, Soil Tillage Methods -other, Wind Erosion, ...5.0195

MECHANICS AND PRINCIPLES OF WATER EROSION AND
THEIR APPLICATION FOR EROSION CONTROL IN THE
SOUTHERN PLAINS ...Erosion-general, Runoff, Soil Environ-
ment, Soil Erosion -non-specific, _5.0435

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
NORTH DAKOTA ..,Agricultural Watersheds, Economics-
general, Irrigation-general, Management, North Dakota, 4.0188

ECONOMIC ANALYSIS OF WATER USE IN IRRIGATION IN
THE NORTHERN PLAINS ...Benefit-cost Analysis, Costs, Irriga-
tion-general, Production & Processing, Rates Or Levels of Appli-
cation, Water - Alternative Uses, ...4.0077

Intermontane Plateaus
Columbia Plateaus

HYDROLOGY OF THE COLUMBIA RIVER BASALT Hydrolo-
gy-general, Igneous Rocks, Infiltration, Runoff', Specific Rock
Unit, Tectonics - general, .,.2.0905

Intermontane Plateaus-other
MATHEMATICAL METHODS OF EVALUATION OF RESULTS

OF ATMOSPHERIC WATER RESOURCES PROGRAMS Er-
ror Analysis, Mountains-alpine, Physiography-general, Reliability
Theory, Weather Modification-general. ...2.0189

Intertidal Areas
RADIOISOTOPIC TRACER STUDY TO INVESTIGATE THE

MECHANICS OF LITTORAL TRANSPORT AROUND POINT
CONCEPTION, CALIFORNIA ..,California, Distribution,
Radioisotopes, Sediment Transport-other, Tracers, 1.0031

ECOLOGICAL-PHYSIOLOGICAL INVESTIGATIONS OF LIT-
TORAL DIATOM COMMUNITIES OF THE YAQUINA RIVER
ESTUARY ...Algae- Diatoms, Environment, Oregon, Physiologi-
cal Ecology, ...5.0949
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COLONIZATION RATES OF BENTHIC INVERTEBRATES IN
AN OHIO RESERVOIR .Benthic Fauna, Ohio, Productivity -
Food Chain, Reservoirs and Impoundments, Water Level Fluctua-
tion, _6.0424

TRANSVERSAL DRIFTS IN BOTTOM PROFILE Bathymetry,
Benthonic-bottom, Ocean Waves - Currents, Waves, ..5.0254

THE BIOLOGY OF THE INFAUNA OF A TROPICAL SOFT
BOTTOM AREA ...Aquatic Ecology, Benthie Fauna, Estuaries,
Florida, Pollution - Effects of , ...5.0263

THE EFFECT OF SELECTED PESTICIDES ON INTERTIDAL
BIOTA ...Insecticides - non - specific, Pesticides -non-specific, Pol-
lutants-general, Pollution Effects, Productivity - Food Chain,
Swamps-marshes, ..,5.0522

Invertebrate Anatomy
THE NORMAL ANATOMY AND HISTOLOGY OF SOME

MARINE INVERTEBRATES ,..Clams, Histology and Cytology,
Pollution Effects, Water Quality-general, ...5.1095

Invertebrate Pathology
MASS MORTALITY OF OYSTERS ALONG THE OREGON

COAST ..,Bays, Mortality Rates, Oregon, Cysters, Pathology,
...5.0985

PACIFIC OYSTER MORTALITY STUDIES ...Invertebrates, Mor-
tality Rates, Oysters, Pathology, ...6.0266

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE INVERTEBRATES .,.Clams, Com-
puter Matching Code, Contamination - Water, Pollution - Effects
of , Pollution Effects, Pollution-other, 5.1081

BIOLOGICAL ACTIVITIES OF MARINE FUNGI Endopanisites -
other, Host-parasite Interactions, Marine Fungi (non-specific),
Oysters, Pathological Physiolog, Plant Developmental Biology.
5.0289

Invertebrates -non-specific
CHANGES IN STREAM COMMUNITIES ASSOCIATED WITH

EFFLUENT - INDUCED EUTROPHICATION ...Aquatic Plants
(non-specific), Eutrophication, Number Or Density, Pennsylvania,
Streams, ...5.1029

WILD RIVERS ECOLOGY STUDIES ...Acidity, Fish -non-specific,
Population Dynamics, Wild Rivers, Wisconsin, ...6.0638

THERMAL PREFERENCES OF MARINE FISHES AND INVER-
TEBRATES Behavior -animal, Fish -non-specific, Water Tem-
perature-non-specifie, 5.0720

SEASONAL CHANGES IN ESTERASE ACTIVITY IN FISH AND
INVERTEBRATES, INTERACTIONS BETWEEN PESTICIDES
ON FISH ENZYME SYSTEMS Biochemical Analysis, Bluegills,
Bream, Cholinesterase, Mode of Action -animal, Pesticides -non-
specific, ...5.0638

SCREENING AQUATIC INVERTEBRATES TO DETECT AN OR-
GANISM SUITABLE FOR USE IN A MONITORING PRO-
GRAM ...Bioassays, Bioindicators, Cholinesterase, Fish -non-
specific, Metabolism, Monitoring Systems, 5.0639

ACUTE TOXIC'. OF PESTICIDES TO FRESHWATER INVER-
TEBRATES - Dr VELOPMENT OF A LABORATORY STREAM
FOR REARING AND 'TESTING AQUATIC INVERTEBRATES
...Captive Rearing, Invertebrate Cultures, Laboratory, Laboratory
Animals, Pesticides -non-specific, ...6.0319

CONTINUOUS-FLOW INVERTEBRATE BIOASSAYS AND
PESTICIDES AT COLUMBIA, MO, - ACUTE TOXICITY OF
PESTICIDES TO FRESHWATER INVERTEBRATES ...Bioassay,

Herbicides -non-specific, Insecticides -non-specific, Laboratory
Animals, ...5.0665

UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-
TEBRATES ...Amino Acids, Amino Acids -non-specific,
Chemoreecptors, Marine Biology, Metabolism, Nutrition - Inver-
tebrate, Pulse-labelling, -.6.0058

Iodide
SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-

MINATION OF SELECTED ANION WATER CONTAMI-
NANTS Carbonate, Bicarbonate, Chemical Identification,
Fluorometry, Phosphate, Phosphite, Spectroscopy-general, Thio-
cyanate, ...5.0672

Iodine
DISINFECTION OF SMALL QUANTITIES OF DRINKING

WATER Chemical Treatment-general, Chlorine, Military
Aspects, Potable Water, Sterilants, 5.0374



Iodine SUBJECT INDEX

THE DETERMINATION OF PLANT ROOTING AND WATER
ABSORPTION PATTERNS WITH RADIOIODINE ...Absorption,
Fixation, Exchange, Montana, Requirements for Water, Root Ab-
sorption, Soil Moisture -non-specific, 2.0716

EFFECTIVENESS OF IODINE FOR DISINFECTION OF PUBLIC
WATER SUPPLIES & TO DETERMINE PHYSIOLOGICAL EF-
FECTS ON A HUMAN POPULATION (ABBREV) _Chemical
Treatment-other, Pollution-water, Side Effects, ...5.0249

STUDY OF SNOW CRYSTAL TYPES IN GREAT LAKES
SNOWSTORMS ...Activation Analysis, Great Lakes-general, Inor-
ganic, Storm Water, Structure, ...2.0784

EFFECT OF THE WARM CLOUD BASE UPON CLOUDSEED-
ING FROM THE GROUND ...Clouds-precipitation, Nucleation,
Nucleation Physics, Silver, Vapor, ...2.0156

DESTRUCTION OF INFECTIOUS VIRAL NUCLEIC ACID BY
IODINE ...Enteroviruses of Humans, Inactivation, RNA , 5.0843

Ion Exchange
Cation

THE TRANSPORT OF SALTS AND WATER ACROSS A CA-
TION EXCHANGER UNDER A GRADIENT OF HYDRO-
STATIC PRESSURE. ...Desalination, Membranes-other, Stream-
ing Potential, Thermodynamic Non Equilibrium, ...3.P467

REMOVAL OF STRONTIUM-90 FROM ORGANIC WASTES
...Aerobic, Anaerobic, Disposal, Flocculation, Strontium, ...5.0082

Ion Exchange-other
MULTICOMPONENT FIXED-BED ION EXCHANGE IN THE

TREATMENT OF SALINE WATER ...Desalination, Phase Rela-
tionship, Reaction-general, Regeneration-other, 3.0082

STRUCTURE IN SOLVENTS AND CONCENTRATED SOLU-
TIONS ...Hydrogen, Infrared, Nuclear Magnetic, Salt, Water,
1,0035

INORGANIC ION EXCHANGERS AND THE NUCLEATION OF
SCALE FORMING MATERIALS _Calorimetry, Desalination,
Equilibrium - Chemical, Structural Effect-other, Zirconium,
_3.0341

GEL SEPARATION PROCESSES FOR SALINE SOLUTIONS
...Crosslinked, Desalination, Gel Filtration, Other, 3.0066

STUDY OF A SPECIFIC INFLUENCE OF IONIC SPECIES ON
STRUCTURING IN WATER ...Configuration, Electrolytes, En-
tropy, Half Cell, Membranes-other, 1.0010

ELECTROLYTIC REGENERATION OF ION EXCHANGE
RESINS ...Brackish Water, Desalination, Pilot Plant, Regencra-
tion.other, ...3.0327

EVALUATION OF INORGANIC MEMBRANES FOR ELEC-
TRODIALYSIS OF BRACKISH WATERS ...Desalination, Elec-
trodialysis, Membranes-other, Stability, Surfactants, 3.0209

SEPARATION OF MAGNESIUM FROM CALCIUM IN THEIR
SALINE SOLUTIONS ...Calcium, Chelation, Desalination, Mag-
nesium, Separation-gGneral, ...5.0687

RECOVERY OF METAL SALTS FROM CONCENTRATED
I3RINES BY CHELATION CONTRACT NO. 14-01-0001-1692
Chelating Agents, Cost Analysis, Material Recovery, Potable,
Regeneration-other, ...5.0142

ELECTROCHEMICAL DEMINERALIZATION OF BRACKISH
WATER ...Demineralization, Desalination, Electrochemistry-
other, Electrode, Regeneration-other, 3.0039

FIELD EVALUATION OF THE SUL-BISUL ION EXCHANGE
PROCESS FOR DESALTING BRACKISH WATERS ...Brackish
Water, Desalination, Mobile, Salinity, 3.0214

DESIGN, CONSTRUCTION AND OPERATION OF A SKID-
MOUNTED ION EXCHANGE PILOT PLANT ...Cost Analysis,
Desalination, Economics-general, Mobile, Pilot Plants, ...3,0329

IMPROVEMENTS IN DESALINATION BY THE FLASH
EVAPORATION PROCESS ...Additives, Desalination, Evapora-
tion, Fluidized Bed, Scale Formation, ..3.0408

MODIFIED ION-EXCHANGE MEMBRANES FOR WATER PU-
RIFICATION BY REVERSE OSMOSIS ...Cellulose Acetate,
Desalination, High Pressure - 1-1000 Atm, Reverse Osmosis,
...3.0289

CONTINUOUS COUNTERCURRENT EXCHANGE SYSTEM
FOR REMOVAL OF CALCIUM, MAGNESIUM AND DIS-
SOLVED OXYGEN FROM FEED WATER Desalination,
Evaporation, Other, Precipitation, Regeneration- other, ..3.0437
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IMPROVED ION EXCHANGE POLYMERS AND MEMBRANES
FOR ELECTRODIALYSIS OF SALINE WATER ...Copolymers,
Electrodialysis, Membranes-other, Other, 3.0395

THE THERMOSORB PROCESS FOR DESALTIN, WATER ...Ad-
sorption-other, Carbon, Cost Analysis, Desaintation, Thermal
Treatmelii, 3.0103

CLOSED SYSTEMS FOR ANIMAL SEWAGE TREATMENT
...Aerobic, Digestion, Disinfection, Farm Wastes, Safety, 1.0060

CHEMICAL REMOVAL OF NITRATE FROM POTABLE
WATER SUPPLIES ...Nitrate, Nitrite, Potable, Potable Water,
Reduction-other, ...5.0423

FLUIDIZED EXCHANGE SYSTEMS FOR REMOVAL OF
NITROGEN AND PHOSPHOROUS FROM WASTEWATER
...Fluidized Bed, Nitrate, Nitrite, Nutrients, Phosphate, Phosphite,
Waste Water Treatment-general, ...5.0556

DETERMINATION OF THE FEASIBILITY OF REMOVAL OF
ALGAL NUTRIENTS IN LAKE WATERS BY ION-EXCHANGE
...Algae- General, Eutrophication, Lakes, Nutrients, Phosphate,
Phosphite, 2.0610

RADIOTRACER STUDIES ON RAPID SAND FILTRATION
...Other, Radioisotopes, IL:actors-other, Sand, ...5.0295

EFFECTS OF CHEMICAL IONS ON VIRUS INACTIVATION
..Animal Viruses (non-specific), Concentration, Inactivation,

Ionic Effect, Virus, 5.0475
AMMONIA REMOVAL FROM AGRICULTURAL RUNOFF 13Y

SELECTIVE ION EXCHANGE ...Ammonia, Ammonium, Process
Design, Runoff, Waste Water Treatment-general, Zeolite,
...5.1247

LIGAND EXCHANGE REAGENTS ...Colorimetric, Complexes,
Compound, Dyes and Coloring, Spectroscopy- other, ...5.0431

RECLAMATION OF BIOLOGICALLY, MECHANICALLY &
CHEMICALLY TREATED WASTEWATER FOR POTABLE
WATER SUPPLY USES (ABBREV) ...Activated Carbon,
Chlorination, Electrodialysis, Risk & Uncertainty, Waste Water
Pre-treatment, ...5.0159

BASIC SALINOGEN ION EXCHANGE RESINS FOR SELECTIVE
NI1RATE REMOVAL FROM POTABLE AND EFFLUENT
WATER Effluents-waste Water, Nitrate, Nitrite, Organic, Pota-
ble Water, Selective-removal, ...5.0537

SELECTIVE NITRATE AND PHOSPHATE REMOVAL
Denitrification, Ion Selective, Nitrate, Nitrite, Phosphate, Phos-
phite, Selective-removal, Waste Treatment - economics, ...5.0532

SUPPORT OF THE ADVANCED WASTE-TREATMENT PILOT
PLANT AT POMONA, CALIFORNIA ...Carbon, Denitrification,
Reverse Osmosis, Sand, Waste Treatment-economics, 5.0110

SORPTION ISGTHEMS OF PHENOL ON ION EXCHANGE
RESINS ...Alcohols, Industrial Processes-other, Industrial Wastes,
Isotherm, ...2.0402

AQUATIC TRANSPORT OF NUCLEAR DEBRIS ..Canals,
Chemical Reactions, Exchange Capacity, Pollutants - Path of ,
Radioactive Fallout, 1.0012

IMPROVED DETECTION TECHNIQUES TO DETERMINE
RADIONUCLIDES IN FRESH AND SEA WATER ...Cesium,
Fresh Water, Radioactivity-general, Sea Water-general, _5.1100

ION EXCHANGE UNIT, 3000 GPH ...Demineralization, Mobile,
Other, Potable Wati-r, Radioactivity-general, ...5.1215

NITRATE REMOVAL FROM THE AGRICULTURAL EF-
FLUENTS IN THE SAN LUIS DRAIN UTILIZING ION
EXCHANGE RESINS ...Chemical Treatment-other, Nitrate,
Nitrite, Resins, Runoff, Waste Treatment-economics, ...5.0182

EUTROPHICATION - REMOVAL OF NUTRIENTS - SHAGAWA
LAKE ...Activated Carbon, Coagulation, Eutrophication,
Nutrients, Sediments, Tertiary Treatment, Trickling, ...5.0594

DISSOLVED INORGANIC REMOVAL--SELECTIVE ION AND
ORGANIC REMOVAL BY ION EXCHANGE RESINS ...Ac-
tivated Carbon, Demineralization, Pollutant-other, Regeneration-
other, Waste Treatment-economics, ...5.0849

EUTROPHICATION SEDIMENT-WA'ER INTERCHANGE
STUDIES ... Eutrophication, Exchange Capacity, Lakes, Nutrients,
Sediments, 5.0982

REMOVAL OF SUSPENDED SOLIDS AND PHOSPHATE FROM
A SECONDARY EFFLUENT BY ALUM COAGULATION AND
DUAL MEDIA FILTRATION ...Electrodialysis, Filter-other,
Reverse Osmosis, Sedimentation, Waste Treatment-economics,
...5.0848

EXPLORATORY STUDIES ON SIMPLIFYING DISPOSAL OF
FOOD PROCESSING WASTES ...Activated Carbon, Canning
Wastes, Electrodialysis, Other, Regeneration-other, Reverse Os-
mosis, ...5.0057



SUBJECT INDEX Iron

SORPTION KINETICS IN FLOW THROUGH GRANULAR PAR-
TICLES ..,Adsorption- other, Groundwater, Porous Media - Flow
Through, Rate Determination, Tertiary Treatment, Water Quality
Control-general, ...5.1191

Ionization
ELECTRIC FIELDS IN THE CONDENSATION AND

COALESCENCE OF WATER ...Field Properties, Formation,
Laboratory Analysis, Nucleation Physics, ...3.0299

Iowa
DYNAMICS OF FISH POPULATIONS IN NATURAL LAKES

,.,Food Supply, Lakes, Life History Studies, Population Dynamics,
-6.0224

LIMNOLOGY OF DESOTO BEND LAKE, IOWA AND
NEBRASKA ...Benthic Organisms (non-speeif), Lakes, Nebraska,
Plankton (non-specific), Stratification, _7.0040

RECESSION CHARACTERISTICS OF IOWA STREAMS .,,Low
Flow, Mathematical Analysis, Streams, Variation in Time,
_5.0413

REOXYGENATION OF IOWA STREAMS ...Aeration,
Photosynthesis, Self-purification, Streams, -5.0417

AN ANALYSIS OF THE ECONOMIC IMPLICATIONS OF THE
PERMIT SYSTEM OF WATER ALLOCATION -Contracts-per-
mint, Economic Efficiency, Economic Impact, Water Allocation,
Water Law-general, -6.0226

EFFECTS OF LIMNOLOGICAL FACTORS ON WATER TREAT-
MENT ...Other, Public Utilities, Reservoirs, Reservoirs and Im-
poundments, Water Quality-general, -5.0415

INTERRELATIONSHIP OF SURFACE AND SUB-SURFACE
FLOW IN THE NISHNABOTNA DRAINAGE BASIN
,,,Discharge- other, Drift, Groundwater Movement, River Basins,
Valley, Buried, -2.0481

LIMNOLOGICAL FACTORS AFFECTING PESTICIDE
RESIDUES IN SURFACE. WATERS Chlorinated Hydrocar-
bons, )'ersistance of Residues, Phytoplankton, Reservoirs and Im-
poundments, Runoff, Surface Water, -5.0416

SIMULTANEOUS FLOW OF WATER AND HEAT IN WATER-
UNSATURATED IOWA SOILS DURING EVAPORATION
...Density, Layered System, Moisture Content, Seepage, Thermal
Properties-general, ,..2.0479

WATERFOWL POPULATIONS AND RECREATIONAL USE
PATTERNS IN THE PROPOSED SAYLORVILLE RESERVOIR
AREA AS RELATED TO PRE-IMPOUNDMENT CONDITIONS
-Access, Frequency of Use, Population Dynamics, Pre-impound-
ment Sites, User Patterns, Water Fowl, N.s. , -6.0227

USE OF INFRARED AND OTHER RADIATION TECHNIQUES
TO EVALUATE DROUGHT IN IOWA AND ADJACENT
AREAS ...Drought, Infrared Radiation, Photography-other, Spec-
tral Reflectance, -2.0483

DEVELOP AND DEMONSTRATE A METHOD FOR ASSESSING
THE EXTENT OF POLLUTION FROM STORM WATER RU-
NOFF IN AN URBAN AREA ..Alternative Planning, Combined
Sewer, Nutrients, Storm Water, Urban Environments, -5.0705

WEATHER INFORMATION FOR AGRICULTURE ...Applied Cli-
matology, General Synoptic Observations, Moisture Content,
Oats, Soil Environment, -2.0484

A LIMNOLOGICAL INVENTORY OF IOWA LAKES AND
STREAMS ...Aquatic Ecology, Aquatic Plants (non-specific),
Lakes, Streams, Survey Studies, Water Properties-general,
-7.0042

SOIL AND CLIMATE FACTORS AFFECTING THE EFFICIENT
USE OF WATER BY CROPS ,..Air - Water - Plant Relations,
Applied Climatology, Evaporation, Moisture Content, Moisture
Levels, Soil-water-plant Relationships, -2.0485

AORICULTURAL AND INDUSTRIAL DEVELOPMENT IN
RELATION TO IOWAS ECONOMIC GROWTH ...Agriculture,
Base Studies, Economics-general, Income, Model Studies,
Requirement and Resources, Water Resources Development,
-7.0043

IRRIGATION INVESTIGATION IN IOWA ,..Corn, Irrigation-
general, Yield, ..4.0105

IOWA ECONOMETRIC MODEL ...Economics-general, Model Stu-
dies, Planning, Projections and Estimations, River Basins,

..,6.0225
LOW-FLOW STUDIES OF IOWA STREAMS ...Available Water,

Low Flow, Water Law-general, Water Quality Control-general,
Water Standards, -2.0489

FLOOD PROFILES AND FLOOD-PLAIN INFORMATION,
CEDAR RAPIDS, IOWA ... Floodplains, Floods, Planning, Urban
Environments, Water Law-general, -2.0490
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WATER AVAILABILITY OF MUSCATINE ISLAND, IOWA
...Aquifers-general, Available Water, Chemical-general, Prediction
Models, Water Resources Development, -2.0488

FLOOD PROFILES AND FLOOD-PLAIN INFORMATION, LINN
COUNTY, IOWA ,,,Discharge - general, Floodplains, Floodproof-
ing, Floods, Low Flow, -2.0491

Iridium
STUDIES ON APPLICATION OF RADIOISOTOPE TECHNIQUES

IN STREAM POLLUTION PR( BLEMS IN THE PULP AND
PAPER INDUSTRY ...Pollutants - Path of , Radioisotopes,
-5.1233

Iron
CORROSION RESEARCH _Cathodic. Protection, Desalination,

Water, -3.0167
PROTEC'TIVE, FILMS FORMED BY PLASMA ANODIZATION

-Aluminum, Anodic, Brines, Desalination, Passivation, -3.0263
THE EFFECT OF ORGANIC INHIBITORS ON THE DISSOLU-

TION KINETICS OF IRON ...Corrosion General, Electrochemi-
cal-other, Electrode, Inhibitors, Kinetics-other, -3.0065

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING .,,Crack Initiation, Propagation, Desalination,
Magnesium, Stress Corrosion, -3.0255

GEOCHEMICAL BEHAVIOR OF IRON AND MANGANESE IN
A RESERVOIR (LAKE LYNN, WEST VIRGINIA) FED BY
STREAMS CONTAINING ACID MINE DRAINAGE ...Acidity,
Geochemical Analysis, Manganese, Mine Drainage Control, West
Virginia, -2.1139

PRECIPITATION OF PHOSPHATES FROM WATER WITH FER-
ROUS SALTS .Biochemical Oxygen Demand, Chemical Treat-
ment, Phosphate, Phosphite, Precipitation, Waste Water 1 reat-
ment-general, -5.0882

IRON AND MANGANESE REMOVAL FROM SMALL GOUND
WATER SUPPLIES -Demineralization, Filtration, Groundwater,
Manganese, Technique Development, -5.1053

PRACTICAL APPLICATION OF FOAM FRACTIONATION
TREATMENT OF LOW QUAITY WATER Color, Cost Analy-
sis, Foam, Groundwater, Pilot Plant, -5.0037

REMOVAL OF PHOSPHATE FROM WATER LW ALUMINUM
AND IRON ...Aluminum, Complexes, Mechanisms, Phosphate,
Phosphite, Waste Water Treatment-general, -5.0732

CHANGES IN WATER QUALITY PARAMETERS OF RESER-
VOIRS DURING REGULATED FLOW CONDITIONS
-Eutrophication, Manganese, Tennessee, Water Properties-
general, Water Quality-general, -5.1129

INTERACTIONS OF SILICA WITH IRON AND ALUMINUM
-Aluminum, Analysis and Detection, Coagulation, Complexing,
Water Treatment -- General, -5.0557

CORROSION AND TUBERCULATION IN DISTRIBUTION
SYSTEMS ...Casting of Materials, Coatings-general, Corrosion
Prevention - other, Water, -5.0373

RECOVERY FROM ACID POLLUTION IN FOUR STRIP-MINE
LAKES ...Acidity, Lakes, Mining Industry, Self-purification,
Stratification, -5.0669

FOAM SEPARATION FLOTATION OF COLLOID ORGANIC
SYSTEMS ...Chromium, Colloidal Phenomena, Flotation, Foam,
Process Design, Pulp and Paper Wastes, Sulfate, Sulfite, Surfac-
tants, -5.0445

MICROBIOLOGICAL REMOVAL OF IRON FROM MINE
DRAINAGE WATERS ...Acid Mine Wastes, Microbial-bacterial,
Oxidation-other, Reduction-other, Sulfur Bacteria, -5.0925

BIOLOGICAL TREATMENT OF ACID MINE WATER ...Acid
Mine Wastes, Acidity, Anaerobic, Mining Activities, Model Stu-
dies, Process Design, -5.0795

PARAMETRIC STUDY OF THE KINETICS OF PRECIPITATION
AND NATURE OF THE PRECIPITATE OBTAINED IN
PHOSPHATE REMOVAL USING IRON AND ALUMINUM
SALT -Aluminum. Phosphate, Phosphite, Precipitation, Solubili-
ty, Tertiary Treatment, -5.0075

TREATMENT OF ACID RINSE WATERS ..,Aeration, Coagula-
tion, Lime Treatment, Metal Pickling Wastes, Treatment-other,
Water Standards, -5.0899

INVESTIGATIONS OF THE REMOVAL OF IRON FROM
GROUNDWATER SUPPLIES IN ILLINOIS ...Demineralization,
Filtration, Groundwater, Illinois, Precipitation, -5.0375

CONTROL OF BIOLOGICAL GROWTHS IN RAPID SAND FIL-
TERS AS RELATED TO IRON REMOVAL ...Disinfection,
Nitrification, Nitrogen Bacteria, Repression, Sand, ...5.0377
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REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Aluminum, Chemical Treatment, Chemical Treat-
ment-general, Phosphate, Phosphite, Reaction-general, ...S.0738

ESTIMATING ACID MINE DRAINAGE POTENTIAL FROM
COAL BEDS BY USE OF THE SOX HLET EXTRACTOR ...Acid
Mine Wastes, Acidity, Coal-general, Extraction, Sulfate, Sulfite,
5.0993

CHEMISTRY OF HYDROSOLIC METALS IN NATURAL
WATER ...Aeration, Aluminum, Demineralizatien, Geochemical
Analysis, Manganese, Solution Chemistry, ...S.01I9

Irrigation
Border Irrigation

HYDRAULIC OPERATING CHARACTERISTICS OF LOW
GRADIENT BORDER SYSTEMS PHASE. II ...Infiltration, Irriga-
tion, Irrigation Engineering, Water Application Methods, 3.0139

SPRING IRRIGATION OF ALFALFA Alfalfa, Irrigation, Rhizo-
sphere, Temperature, _3.0313

IRRIGATION WATER USE EVALUATION ...Furrow Irrigation, Ir-
rigation Engineering, Management, Runoff, Water Table Fluctua-
tion, 3.0383

LOW GRADIENT BORDER CEECK IRRIGATION ...Irrigation,
Management, Slope - Degree of , _4.0063

Flood Irrigation
SPRINKLER IRRIGATION OF CITRUS UNDER

SOUTHWESTERN CONDITIONS ...Citrus, Irrigation, Southwest,
Sprinkler Irrigation, Trees, 2.0052

BIOLOGY AND CONSUMPTIVE WATER USE OF PERENNIAL
RANGE PLANTS UNDER DESERT CONDITIONS ...Arid and
Desert, Consumptive Use, Manag,ement and Fertility, Perennial,
Phenology, Soil-water-plant Relationships, ..3.0231

LEACHING REQUIREMENT AND SALINITY STUDIES WITH
BEARING ORANGE TREES ...Citrus, Leaching-other, Soil and
Rock Leaching, Trees, Water Salinity, 4,0041

IRRIGATED PASTURE AND MEADOW ESTABLISHMENT AND
MANAGEMENT ...Grasses -non-specific, Irrigation, Legume-
grass Mixtures, Legumes -other..mesquite... , Montana, North
Dakota, Oregon, ...3.0472

Furrow Irrigation
THE EFFECT OF IRRIGATION METHOD, AND MOISTURE

AND FERTILITY LEVELS UPON MAXIMIZING WATER USE
EFFICIENCY AND QUALITY COTTON FIBER PRODUCTION
...Cotton, New Mexico, Rates Or Levels of Application, Soil Fer-
tility, Subsurface Irrigation, Water Loss Control, ...3.0337

THE HYDRAULICS OF SPATIALLY VARIED STEADY FLOW
IN AN IRRIGATION DISTRIBUTION CHANNEL WITH FUR-
ROW OUTLETS ..,Channels, Engineering Structures-general,
Flow Characteristics -water, Orifice, Weir, 3.0398

LEMON PRODUCTION IMPROVEMENT ...Arizona, Citrus, Ir-
rigation, Sprinkler Irrigation, Trees, 2.0067

MICROMETEOROLOGY OF SOYBEANS Environmental-disease
Relation, Evapotranspiration, Irrigation, Micrometeorology,
Soybeans, 2.0070

SOIL PHYSICAL CONDITIONS IN RELATION TO IRRIGATION
Aggregates-other, Irrigation, Moisture Retention, Moisture Ten-
sion, Physical Properties-general, Sprinkler Irrigation, 2.0146

DISTRIBUTION, APPLICATION AND USE OF WATER ...Irriga-
tion Engineering, Model Studies, Moisture Content, Soil-water-
plant Relationships, Water Yield, 3.0304

IRRIGATION WATER USE EVALUATION ...Border Irrigation, Ir-
rigation Engineering, Management, Runoff, Water Table Fluctua-
tion, 3.0383

ROW CROP IRRIGATION IN NORTHWEST LOUISIANA - COT-
TON IRRIGATION ...Cotton, Evapotranspiration, Irrigation,
Louisiana, ...2.0533

ROW CROP IRRIGATION IN NORTHEAST LOUISIANA ...Corn,
Cotton, Evapotranspiration, Irrigation, Louisiana, ...2M534

LAND FORMING FOR DRAINAGE AND FURROW IRRIGA-
TION Data Analysis - General, Drainage, Irription, Irrigation
Engineering, Pumping, 5.1131

DESIGN FACTORS IN SURFACE IRRIGATION Infiltration, Ir-
rigation Engineering, Water Application Methods, 3.0477

IRRIGATION AND EVAPOTRANSPIRATION OF WATER FOR
CROPS IN IMPERIAL VALLEY ...Consumptive Use,
Evapotranspiration, Flow Characteristics -water, Internal Water
Movement, Irrigation, 3.0038

Irrigation-general
FOREST TREE NUTRITION AND FOREST FERTILIZATION

...Physiology, Plant Chemistry, Pines, Potassium, Soil Fertility,
Soils and Fertilizer, _2.0815

DOCTORAL DISSERTATION RESEARCH IN POLITICAL
SCIENCE ...Federal Government, Mexico, Policy Making, Power
Structure, Water Supply-general, ...3.0157

SOCIAL CONSEQUENCES OF VARIATION IN AGRICUL-
TURAL IRRIGATION ...Formosa - Taiwan, Management, Social
Aspects, Social Change, _6.0375

THE EFFECTS OF SALINE IRRIGATION WATER ON SODIUM
ACTIVITIES AND PHYSICAL PROPERTIES OF LATOSOLIC
SOILS ...Hawaii, Irrigation, Saline and Alkaline Soils, Salinity,
Soil Environment, ...3.0199

DRAINAGE INVESTIGATIONS OF PROPOSED IRRIGATED
SOILS IN ...Drainage, Permeability, Soil Environment, 2.0974

ECONOMIC SURVEY OF BEAVERHEAD COUNTY, MON-
TANA ...Economic Impact, Project Post-evaluation, Water
Utilization -general, 6.0331

.VALUATION OF POLYVINYL CHLORIDE (PVC) AND
VINYL CLAD ALUMINUM PIPE USED FOR CARRYING IR-
RIL;ATION WATER WHEN BURIED WITHIN THE FROST
ZONE ...Aluminum, Cladding, Joining, Bonding-general, Pipc,
Tube, Polyvinyls-other, Soils, _8.0271

REGION 2 - WEED CONTROL ...Contamination - Water,
Drainage, of Aquatic Plants, Plant Pollutants, _3.0093

EFFECTS OF EARLY WATER ON WATERFOWL PRODUC-
TION 13enefit-cast Analysis, Spawn Or Nesting Sites, Water
Fowl, N.s. , Water Supply-gcneral, Water Utilization -animal,
...2.0214

ON-FARM IRRIGATION WATER SUPPLIES AND COSTS IN
RELATION TO CROPPING SYSTEMS AND PRODUCTION
ADJUSTMENTS IN THE SACRAMENTO VALLEY ...Califor-
nia, Economic Efficiency, Water - Alternative Uses, Water Costs,
Water Quantity-general, ,6.0051

ECONOMIC ASPECTS OF SUPPLEMENTAL IRRIGATION IN
MISSOURI .,,Corn, Economics-general, Moisture - non - specific,
Sub - Humid, Temperature -non-specific, ...6M320

VALUE OF WATER FOR IRRIGATION IN THE KANSAS RIVER
VALLEY ...Benefit-cost Analysis, Consumptive Use, Projections
and Estimations, Water Costs, Water Demand, 6.0236

EFFECTS OF IRRIGATION DEVELOPMENT ON TRADE PAT-
TERNS AND INCOME GENERATION .,.Economic Impact,
Input - Output Analysis, Model Studies, Planning, 6.0412

ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARES AGRI-BUSINESS INDUSTRY ...Agri Business,
Disposal Wastes, Food Processing Industry, Optimization, Projec-
tions and Estimations, Water Resources Development, 6.0120

RELATIONSHIPS BETWEEN PESTICIDAL APPLICATION AND
WATER CONTAMINATION UNDER IRRIGATION IN THE
GREAT PLAINS ...Great Plains Province, Kansas, Pesticides -
non- specific, Pollutants - Path of , Water Application, 5.0430

ECOLOGY OF NEMATODES IN IRRIGATION WATER ...Animal
Wastes - Feed Lots, Bioindieators, Longevity, Nematode -other,
Pollution - Effects of , ,5.1232

METHODS FOR DETERMINING THE ECONOMIC PRODUC-
TIVITY OF IRRIGATION WATER FOR THE PRODUCTION
OF SUGAR IN HAWAII Hawaii, Management, Sugar Cane,
Yield, 6.0171

EFFECTS OF MARGINAL QUALITY IRRIGATION WATER ON
THE ACCUMULATION OF cALIS AND ALKALI IN SOUTH
DAKOTA SOILS ...Saline ar.? 1.0, aline Soils, Saline Soils, Soil pH
, South Dakota, Use of Irr, '.'cd I.titer, 3.0434

IDENTIFICATION OF !RI N RETURN WATER IN THE
SUBSURFACE Chemi, . Hawaii, Physical-general,
Springs, Tritium, 5.0314

ECONOMIC ANALYSIS OF WATER USE IN ILLINOIS
AGRICULTURE ...Corn, Economics-general, Illinois, _6.0213

THE ENGINEERING AND ECONOMIC ASPECTS OF USING
SEWAGE EFFLUENT FOR IRRIGATION ...Louisiana, Sewage,
Use of Impaired Water, Water Costs, .S.0463

MAXIMIZING PRODUCTIVITY OF WATER USED FOR IR-
RIGATION OF AGRICULTURAL LANDS ..Model Studies, 10p-
timization, Water - Alternative Uses, Water Allocation,

...Iti6.

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB-HUMID CLIMATE
...Agriculture, North Dakota, Production & Processing, Sub - Hu-
mid, 6,0415

ECONOMIC CONSEQUENCES OF INTERBASIN WATER
TRANSFERS ...Benefit-cost Analysis, Economic Impact, River
Basins, Water Transfer, 6.0451
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IRRIGABLE ACREAGE IN NEW MEXICO AND PROJECTED
DEMANDS FOR IRRIGATION WATER ...Economics-general,
Irrigation, New Mexico, Water Costs, Water Demand, ...6.0360

SALINITY ABOVE A WATER TABLE AS AFFECTED BY RAIN-
FALL AND IRRIGATION ...Groundwater Movement, Moisture
Tension, Permeability, Salinity, Soil and Rock Leaching, -2.0970

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION AND
POND WATERS ...Chlorinated Hydrocarbons, Emission, Gas,
Pollutants-general, Ponds, -5.0137

ECONOMIC EFFICIENCY IN THE ALLOCATION OF IRRIGA-
TION WATER OVER TIME -Aquifers-general, Economic Effi-
ciency, Water - Alternative Uses, Water Allocation, Water De-
mand, ..6.0444

INVEST IGATION OF SEEPAGE REDUCTION BY NATURAL
PROCESSES IN IRRIGATION CANALS ...Canals, Linings-
pavings, Seepage, Soil Environment, Tensiometer, -3.0207

EFFECT OF WATER AVAILABILITY ON PHOTOSYNTHESIS
OF PLANTS ...Available Water, Corn, Drought, Moisture Con-
tent -plants, Photosynthesis, Soybean, _2.0426

IRRIGABILITY CLASSIFICATION OF NEW MEXICO SOILS AS
A GUIDE FOR WATER IMPORTATION .. New Mexico, Soil
Environment, Soil Types, ...2.0773

DECISION MODELS FOR MINIMIZING COST OF INFORMA-
TION OR ERROR IN ESTIMATING BENEFIT-WATER RELA-
TIONSHIPS IN IRRIGATION. (ABBREV) ...Benefit-cost Analy-
sis, Mathematical Analysis, Model Studies, Reliability, Systems
Analysis, ..6.0359

MODEL STUDY TO PREDICT SALT DISTRIBUTION AND
CONCENTRATION OF WATER IN SOIL PROFILES ...Arid and
Desert, Model Studies, Moisture Content, Saline Properties, Soil
Chemical Properties, ...5.0750

UNDERSTANDING AND IMPROVING THE SOIL-PLANT EN-
VIRONMENT FOR MORE EFFICIENT UTILIZATION OF
WATER ...Energy Budgets, Evapotranspiration, Modified Water
Use, Requirements for Water, Soil-water-plant Relationships,
-2.0968

ECONOMIC ANALYSIS OF IRRIGATION SYSTEMS APPLICA-
BLE TO THE NORTHERN GREAT PLAINS ...Agriculture,
Economic Efficiency, Great Plains Province, Irrigation Engineer-
ing, Systems Analysis, -6.0496

EVALUATION AND FUNCTIONAL OPERATION OF IRRIGA-
TION SYSTEMS ...Irrigation Engineering, Management, South
Dakota. Yield, -3.0433

DISPOSAL OF PAPER MILL EFFLUENT THROUGH IRRIGA-
TION OF BOTTOMLAND HARDWOOD UNDER LOUISIANA
CONDITIONS ...Disposal Wastes, Louisiana, Pulp and Paper
Wastes, Pulp, Paper , and Logging, Waste Disposal -underground,
-6.0250

WATER REQUIREMENTS FOR SALINITY CONTROL IN UN-
SATURATED SOILS ...Saline Properties, Saturated-unsaturated,
Soil and Rock Leaching, Water Application Methods, ...5.0751

USE OF REACTOR COOLING WATER FROM NUCLEAR
POWER PLANTS FOR IRRIGATION OF AGRICULTURAL
CROPS ..Atomic Plants, High Temp. 85f Or Above,
Photosynthesis, Respiration, Transpiration and Evap, -3.0400

OCCURRENCE OF PESTICIDES IN AQUATIC ENVIRON-
MENTS ...Aquatic Or Soil-aquatic Cycles, Food Chains, Animal
And/or Man, Reservoirs and Impoundments, Runoff, ...5.1237

QUALITY OF IRRIGATION RETURN FLOW ...Internal Water
Movement, Irrigation, Saline and Alkaline Soils, Salinity, Water
Quality- general, ...5.1196

FACTORS AFFECTING PRODUCTION OF PECANS IN
ARIZONA ...Irrigation, Mineral Nutrition, Moisture Content,
Pecans, Hickory Nuts, Saline Properties, Saline Soils, -2.0046

GROUND WATER, RESOURCES AND RECHARGE - RICE ...Ar-
kansas, Artificial Recharge, Groundwater, Pollution - Effects of ,
Water Wells, -6.0026

RICE FARMS IN ARKANSAS ...Arkansas, Benefit-cost Analysis,
Costs, Management, Rice, ...3.0026

CHEMICAL AND MINERALOGICAL RELATIONSHIPS
BETWEEN SUBMERGED SOILS AND RICE CULTURE
...Aquatic Soils, Arkansas, Mineralogy, Rice, -4.0021

IMPURITIES OF IRRIGATION WATERS AFFECTING SOIL
PROPERTIES ...Saline and Alkaline Soils, Saline Soils, Soil En-
vironment, Use of Impaired Water, Water Quality-general,
-3.0043

IRRIGATION MANAGEMENT FOR CROPS ...Infiltration,
Management, Soil Compaction Or Density, Soil Environment,
...2.0090
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ANIMAL, FORAGE AND WATER RESOURCES FOR BEEF
PRODUCTION ...Management, Quality and Utilization, _5.0086

RELATION OF PHYSICAL CONDITIONS OF SOILS AND
I'ESULTS OBTAINED FROM IRRIGATION ...Internal Water
Movement, Irrigation, Soil Conditions, Soil Morphology, Profiles,
Soil-water-plant Relationships, -2.0344

IMPLICATIONS OF IRRIGATION TO THE MARKETING OF
SPECIALTY CROPS -Kansas, Production & Processing, Special-
ty Crops, -6.0237

CRITERIA FOR EVALUATION AND FUNCTIONAL DESIGN OF
IRRIGATION SYSTEMS ...Applied Climatology, Drought, Irriga-
tion, Moisture Levels, Moisture Tension, -2.0524

WATER REQUIREMENTS OF CROPS ...Climate-general, Irriga-
tion, Management, Moisture Content, Requirementx for Water,
Soil-water-plant Relationships, -2.0654

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture, Legal Review, Management, North Central, Op-
timization, -6.0323

SOIL-PLANT-WATER RELATIONSHIPS ...Soil - Crop Relation-
ships, Soil Environment, Soil Morphology, Profiles, Yield,
-2.0790

ECONOMIC EVALUATION OF IRRIGATION IN NORTH
DAKOTA ...Computers-general, Economics-general, North
Dakota, Optimization, ..3.0379

WATER YIELDS FROM SHALLOW GROUND AQUIFERS
...Aquifers-general, Permeability, Recharge -general, Water Yield,

THE DRAINAGE OF IRRIGATED LANDS ...Drainage, Permea-
bility, Steady, Subsurface Flow, Water Table Fluctuation,
_4.0251

COMBINED INFLUENCE OF ATMOSPHERIC DESICCATION
AND SOIL WATER POTENTIAL ON THE IRRIGATION NEED
AND WATER POTENTIAL OF PLANTS ...Energy-general,
Evapotranspiration, Moisture Tension, Osmotic and Turgor Pres-
sure, -2.1078

RESPONSE OF ALASKA'S ADAPTED CROPS TO SUPPLEMEN-
TAL WATER ...Alaska, Benefit-cost Analysis, Irrigation, Soil-
water-plant Relationships, Water Sources -general, -2.0030

RAINFALL CHARACTERISTICS, DROUGHT INCIDENCE AND
THE DEVELOPMENT OF A RAINFALL DEFICIENCY INDEX
FOR THE AGRICULTURAL REGIONS OF PUERTO RICO
...Drought, Meteorological Extremes, Patterns, Puerto Rico, Rain,
...2.0932

A FORECAST OF AGRICULTURAL DEVELOPMENT IN THI.;
IRRIGATED AREAS OF SPAIN ...Agriculture, Benefit-cost
Analysis, Irrigation, Production & Processing, Spain, -6.0532

METHODOLOGIES FOR PREDICTING CLIMATIC SUITABILI-
TY OF NEW AREAS FOR IRRIGATED AGRICULTURE ...AI-
pine, Applied Climatology, Arid and Desert, California, Cold -
Climates, Forecasting - prediction, ..2.0096

PROCEDURES FOR ESTIMATING CROP WATER REQUIRE-
MENTS FOR USE IN WATER ALLOCATIONS AND FOR IM-
PROVEMENT OF IRRIGATION EFFICIENCY ...Evapotrans-
piration, General Synoptic Observations, Lysimeters, Require-
ments for Water, Water Allocation, -3.0047

JORDANS EAST GHOR DEVELOPMENT PROJECT ...Agricul-
ture, Income, Jordan, Land, Land & Water Use -other, -4.0180

THE NANGARHAR CANAL PROJECT OF EASTERN
AFGHANISTAN ...Afghanistan, Canals, Electric Power Plants,
Hydrology-general, Water Resources Development, ...4.0179

SOIL-PLANT-ATMOSPHERE COMPONENTS IN IRRIGATION
STUDIES OF BLACK WALNUT TREES IN SOUTHERN IL-
LINOIS ...Air - Water - Plant Relations, Moisture Tension, Soil-
water-plant Relationships, Transpiration, Walnuts -black & En-
glish, -2.0401

A STUDY OF THE PHYSIOLOGIC AND CULTURAL FACTORS
WHICH INFLUENCE PRODUCTION OF TREE FRUITS
...Drought, Herbicides and Other Chem, Irrigation, Trees,
_2.0074

IRRIGATION STUDIES WITH APRICOTS AT WOLFSKILL EX-
PERIMENTAL ORCHARDS ...Apricot, Growth Rate, Irrigation,
Trees, Yield, -2.0099

SOIL-MOISTURE-PLANT RELATIONS OF AVOCADO TREES
...Lauraceac - Sassafras... , Moisture Content, Soil-water-plant
Relationships, Temperature, Trees, -2.0148

IRRIGATION STUDIES WITH VEGETABLES ...Aerial, California,
Root, Saline Soils, Soil-water-plant Relationships, Water Quality-
general, -2.0137

EFFECTS OF ON-FARM IRRIGATION WATER SUPPLIES AND
COSTS ON CROPPING SYSTEMS AND PRODUCTION AD-
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JUSTMENTS ...Agriculture, California, Production & Processing,
Water Costs, Water Demand, -6.0052

HYDRAULIC STUDIES AND RESEARCH ON CALIFORNIA
WATER FACILITIES .Flow Characteristics -water, Fluid Flow-
general, Irrigation, Model Studies, Synthetic Hydrology-general,
...7.0010

IRRIGATION IN RELATION TO CROPPING SYSTEMS ...Model
Studies, Water Allocation, Water Costs, Water Sources -general,
Water Yield, -6.0053

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION, LAKE,
AND POND WATERS ...Chemical Analysis, Chemical Analysis
(water), Chemical Treatment-general, Lakes, Pesticides -non-
specific, Ponds, ...5.0139

RELATIONSHIP BETWEEN IRRIGATION WATER COMPOSI-
TION AND SOIL PROPERTIES ...California, Clovers -red,al-
sike,ladino.. Movement, Availability, Saline and Alkaline Soils,
Salinity, ...3.0034

THE EFFECT OF VARIOUS COMMERCIAL FERTILIZER
PLACEMENTS AND IRRIGATION PRACTICES ON THE
YIELD AND QUALITY OF RUSSET BURBANK POTATOES
...Band Width, Irrigation, Potatoes, Soil Temp. -non-specific,
Yield, ...2.0228

IMPROVEMENT OF HIGH ALTITUDE (7600) VEGETABLE
CROPS ...Brassica -the Cabbage Group, EleVational Levels, Al-
titude, Irrigation, Lettuce, Quality -non-specific, -4.0055

WATER CONTROL FOR FOREST PRODUCTION ...Drainage,
Forests, Moisture Content, Palms, Water Table Fluctuation,
..,2.0314

SHALLOW WELLS AND IRRIGATION PITS FOR IRRIGATION
AND OTHER FARM WATER SUPPLY IN THE COASTAL
PLAINS ...Aquifers-general, Coastal Plain, Pumping, Terrain
Analysis, Water Wells, ..3.0194

EVALUATION OF THE SULFUR SUPPLYING CAPACITY OF
HAWAIIAN SOILS ...Hawaii, Movement, Availability, Rain-
other, Soil Chemical Properties, Sulfur, ...2,0373

SOIL-WATER RELATIONS OF HAWAIIAN SOILS ...Hawaii,
Mineralogy, Moisture Retention, Permeability, Soil Structure-
general, Soil Tests, ...2.0374

SALINITY TOLERANCES OF CERTAIN TROPICAL SOILS AND
RELATIONSHIPS BETWEEN SODIUM ION ACTIVITIES AND
SOIL PHYSICAL PROPERTIES ...Chemical Analysis - Soils,
Saline Properties, Semi - Arid, Sodium, Soil Chemical Properties,
Tropic, -3.0200

STUDY OF IRRIGATION SYSTEM DESIGN CRITERIA FOR
HAWAIIAN VEGETABLE CROPS ...Economics - general, Hawaii,
Irrigation, Soil-water-plant Relationships, Water Yield, -2.0380

IRRIGATION OF WINTER WHEAT IN SOUTHERN IDAHO ...Ir-
rigation, Moisture Content, Moisture Levels, Soil-water-plant
Relationships, Wheat, -3.0208

THE FEASIBILITY OF REUSE OF CHLORINATED SEWAGE
EFFLUENT FOR FERTILIZATION AND IRRIGATION IN
IDAHO (ABBREV ) ...Chlorination, Sewage, Stream Rehabilita-
tion, Use of Impaired Water, Water Reuse, -5.0327

AN ECONOMIC AND LEGAL APPRAISAL OF THE USE OF
WATER FOR IRRIGATION AND OTHER PURPOSES ON IL-
LINOIS FARMS -Agriculture, Illinois, Legal Review, Legislative
Processes, Water Law-general. -6.0214

IRRIGATION INVESTIGATION IN IOWA ...Corn, Iowa, Yield,
-4.0105

STUDY OF ENGINEERING PRACTICES OF IRRIGATION IN
KANSAS -Irrigation Engineering, Kansas, Slopes, Terrace-bench,
Tillage, Cropping Systems, Yield, -8.0201

IRRIGATION PROJECT ...Corn, Milo and Grain Sorghum,
-2.0512

ENGINEERING PHASES OF SOIL AND WATER MANAGE-
MENT ...Drainage Engineering, Erosion-general, Management,
Stabilization-general, -8.0220

PEACH NITROGEN. PRUNING AND IRRIGATION STUDY
...Moisture Content. Nitrogen, Peaches, Trees, -4.0185

WATER SUPPLY FROM AGRICULTURAL WATERSHEDS AND
UTILIZATION IN IRRIGATION ..Agricultural Watersheds,
Forecasting-prediction, Moisture Content, Patterns, Runoff,
Water Yield, -4.0187

IRRIGATION AND WATER CONSERVATION ..Irrigation,
Modified Water Use. Water Loss Control, ...2.0835

EFFECTS OF IRRIGATION DEVELOPMENT ON TRADE PAT-
TERNS AND INCOME GENERATION ...Economic Impact, In-
come, Projections and Estimations, -6.0411

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB-HUMID CLIMATE ...Ap-
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plied Climatology, Evapotranspiration, Model Studies, Sub - Hu-
mid, Water Balance-budget, -3.0384

THE EXTENT OF IRRIGATION DEVELOPMENT IN NORTH
DAKOTA AND ITS ECONOMIC IMPACT ...Economic Impact,
Impact, Model Studies, Production & Processing, Water - Alter-
native Uses, Water Resources Development, -3.0380

CULTURAL AND MANAGEMENT STUDIES FOR. GRAIN
SORGHUM ON THE HIGH PLAINS OF EASTERN NEW MEX-
ICO ...Irrigation, Management, Milo and Grain Sorghum, New
Mexico, Space Competition, -6.0358

FARM IRRIGATION EFFICIENCY AS INFLUENCED BY
DESIGN, CONSTRUCTION, AND OPERATION OF IRRIGA-
TION SYSTEMS IN SOUTHWESTERN NEW MEXICO ...Irriga-
tion, Irrigation Engineering, New Mexico, Rhizosphere, -2.0775

LAND AND WATER VALUES IN EASTERN NEW MEXICO
...Groundwater, Land, New Mexico, Price & Value, Water Costs,
-6.0361

WATER REQUIREMENTS FOR CROP PRODUCTION IN THE
ROSWELL UNDERGROUND WATER BASIN ...Groundwater
Basins, Irrigation, Requirements for Water, Tillage, Cropping
Systems, Water Costs, -10334

TREE NUTRITION AND FOREST FERTILIZATION ...Growth
Rate, New York, Site Index and Site Quality, Soils and Fertilizer,
...2.0788

IMPROVING IRRIGATION WATER SUPPLY FORECASTS AND
THEIR USE -Forecasting-predictior, Frost and Pcmafrost,
Moisture Content, Moisture Meters, Runoff, Water Yield,
...3.0401

VEGETABLE CROPS FERTILIZER, PLANT NUTRITION, AND
IRRIGATION PROBLEMS ...Aerial, Irrigation. Oregon, Root,
Soil 77ertility - non - specific, -2.0895

IRRIGA,TION FEASIBILITY ON THE DAYTON, AMITY, WOOD-
BURN, WILLAMETTE AND RELATED SOILS OF THE WIL-
LAMETTE VALLEY ...Benefit-cost Analysis. Modified Water
Use, Soil Environment, Tillage, Cropping Systems, Water Costs,
-2.0888

GENERAL SOIL MAPS OF REGIONS IN OREGON WITH
POTENTIAL FOR IRRIGATION ...Acrospatial, Mapping,
Oregon, Saline Properties, Soil Morphology, Profiles, -6.0463

WATER NEEDS FOR IRRIGATION IN OREGON _Agricultural
Watersheds, Requirements for Water, Soil Conditions, Water Ap-
plication Methods, Water Demand, -6.0462

LAND FORMING FOR IRRIGATION AND DRAINAGE IN SU-
GARCANE PRODUCTION UNDER PUERTO RICAN CONDI-
TIONS ...Drainage, Irrigation, Puerto Rico, Sugar Cane, Water
Harvesting, -3.0425

THE INFLUENCE OF WATER AND CLIMATE ON THE YIELD
AND SUCROSE CONTENT OF SUGARCANE ...Applied Cli-
matology, Microclimate-general, Puerto Rico, Sugar Cane, Yield,
-4.0211

FARM MANAGEMENT STUDY OF THE SUGARCANE FARMS
SERVED BY THE LAJAS VALLEY IRRIGATION DISTRICT
...Costs, Production & Processing, Puerto Rico, Sugar Cane,
Water Costs, ...3.0427

STUDIES ON VEGETABLE CULTURE ...Aerial, Drainage, it Hor-
ticulture, Irrigation, ...2.0949

IRRIGATION OF COTTON AND CORN. ...Corn, Cotton, Irriga-
tion, Rates Or Levels of Application, Yield, -2.0960

THE INVESTIGATION OF SOIL PROBLEMS IN RELATION TO
IRRIGATION DEVELOPMENT IN SUBHUMID AREAS -Ir-
rigation, Soil-water-plant Relationships, Sub - Humid, -2.0967

IRRIGATED GRASS INVESTIGATIONS ON THE BELLE:
FOURCHE PROJECT ...Alfalfa, Grasses -non-specific, Harvest
and Storage South Dakota, ...2.0977

IRRIGATION STUDIES FOR THE HIGH PLAINS ...Consumptive
Use, Moisture Levels, Requirements for Water, Texas, -2.1050

CITRUS FERTILIZER TEST ON SEVERAL PRINCIPAL CITRUS
SOIL TYPES IN THE LOWER RIO GRANDE VALLEY OF
TEXAS ...Citrus, Concentration Within Fertilize, Irrigation, Rates
Or Letels of Application, Soil Types, ...2.1034

FEASIBILITY OF THE ESTABLISHMENT OF PERMANENT
SALINE-TYPE AGRICULTURE ON ALLUVIAL SOILS OF
THE PECOS RIVER VALLEY OF TEXAS ...Irrigation, Saline
and Alkaline Soils, Soil Chemical Properties, Soil Conditions,
Soil-water-plant Relationships, Texas, ..3.0447

GROWTH AND YIELD OF COTTON AND TOMATOES UNDER
DIFFERENT MOISTURE LEVELS AND PLANT SPACING IN
THE LOWER RIO GRANDE VALLEY ...Activation Analysis, Ir-
rigation, Moisture Levels, Soil-water-plant Relationships, Space
Competition, -2.1026

IRRIGATION PRACTICES WITH RANGER PEACHES ...Fruit,
Peaches, Size, Yield, -2.1053
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VARIABLE ROW SPACING AS A MEANS FOR REDUCING
COSTS AND CONSERVING WATER IN IRRIGATED COT-
TON PRODUCTION ...Cotton, Irrigation, Modified Water Use,
Space Competition, Water Costs, ...3.0448

INTERROW WATERSHEDS AS A MEANS OF INCREASING
RAINFALL EFFICIENCY Infiltration, Modified Water Use,
Plant Water Use-other, Texas, Water Transfer, .3.0450

ECONOMIC ANALYSIS OF ALTERNATIVE WATER USE
TECHNIQUES IN PRODUCTION OF COTTON, GRAIN
SORGHUM & RELATED CROPS - SOUTHERN HIGH PLAINS
OF TEXAS ...Conjunctive Use, Conservation-general, Economic
Efficiency, Water - Alternative Uses, Water Costs, ...6.0571

MICROCLIMATE ANALYSIS ...Boundary Layer Studies, Irriga-
tion, Mieroclimate-general, Texas, Transpiration, ...2.1002

PROBABILITIES OF SEQUENCES OF DRY DAYS IN TEXAS
...Computers - general, Forecasting, Planning, Tables, Compila-
tions, Catalogs, Water Supply-general, ...3.0442

THE ECONOMICS OF IRRIGATED CROP PRODUCTION BY
LOW CAPACITY WELLS AND BY SPRINKLER SYSTEMS ON
TEXAS FARMS ...Economies - general, Management. Optimiza-
tion, Texas, Water Table Fluctuation, _3.0452

STORAGE AND CONVEYANCE OF IRRIGATION WATER
...Biological, Leekage, Linings-pavings, Porosity, Permeability,
Stability, Weathering, .,2.1071

FARM CONVEYANCE AND WATER APPLICATION
...Elastomeni Rubber, Irrigation Engineering, Ple.sties - General,
Water Transfer, ..3.0473

FARM ADJUSTMENT TO LIMITED IRRIGATION WATER
WITH REFERENCE TO CENTRAL UTAH PROJECT
_Economic Impact, Utah, Water Supply-gcneral, 6,0589

SOIL AND CLIMATE EFFECTS ON IRRIGATION WATER
REQUIREMENTS _Consumptive Use, Evapotranspiration. Per-
colation, Requirements for Water, 2.1080

IMPACT OF RECREATIONISTS ON 1,3ELF,CTED SITES ...Infiltra-
tion, Recreation Areas and Parks, Recreation Sites, Soil Com-
parison, .6.0591

NUTRIENT INPUT TO WASHINGTON SOILS FROM AT.
MOSPHERIC SOURCES. .,.Air - Water - Plant Relations, Irriga-
tion, Nutrients, Rain-general, Soil and Rock Leaching, 2.1124

BROCCOLI CULTURAL INVESTIGATIONS IN WESTERN
WASHINGTON ...Aerial, Brassicu -the Cabbage Group, Irriga-
tion, Space Competition, Washington, 2.1126

IRRIGATION REQUIREMENTS FOR WYOMING Evapotrans-
pjratiod, Irrigation Engineering, Requirements for Water, Soil
Types, Wyoming, .3.0492

FORAGE MANAGEMENT AND PRODUCTION IN THE TEN-
NESSEE VALLEY .Management, Tennessee, ...4.0219

HYDROLOGY OF ARKANSAS RIVER VALLEY, CANON CITY
TO STATE LINE Arkansas River, Flow Characteristics -water,
Groundwater, Hydrology-general, Management, Water Transfer,
2.0202

EFFECT OF IRRIGATION ON STREAMFLOW IN CENTRAL
SAND PLAINS OF WISCONSIN ...Drainage, Groundwater,
Morphology-general, Water Balance-budget, Wisconsin, ...4.0279

VALUE OF DESALTED WATER FOR IRRIGATION ...Augmenta-
tion - general, Benefit-cost Analysis, Desalination, Planning, Use of
Impaired Water, 3.0122

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ..,Con-
sumptive Use, Engineering Structures.general, Irrigation Engineer-
ing, Radiation-general, Systems Analysis, ...6.0094

IRRIGABLE LAND SUITABILITY STUDY ...Analog Computers,
Percolation, Saline and Alkaline Soils, Water Quality-general,
6.0092

FIELD INVESTIGATION OF THE SUBMERSED AQUATIC EN-
VIRONMENT ...Aquatic Ecology, Canals, Plant Pollutants,
Reservoirs and Impoundments. Submerged Plants, Weeds -
phenological Studies, ...3.0125

AQUIFERS AND DRAINAGE ...Aquifers - other, Brackish Water,
Drainage, Groundwater Movement, Model Studies, ...2.0166

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...Ir-
rigation Engineering, Planning, Water Utilization -general,
..,6.0175

INVESTIGATION EVALUATION AND DESIGN OF OPEN AND
CLOSED CONDUIT SYSTEMS AS IT RELATES CON-
VEYANCE AND DISTRIBUTION SYSTEMS ...Conduit, Hydrau-
lic Equipment, Irrigation Engineering, Remote Sensing -other,
Water Distribution Systems, Water Transfer, .,.8.0169

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...Data
Acquisition-general, Moisture Content, Rio Grande River, Water
Table Fluctuation, ...6.0538
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EFFECT OF COPPER SULFATE ON AQUATIC WEEDS Al-
kalinity, Canals, Copper, Copper Sulfate, of Aquatic Plants,
3.0108

HERBICIDE RESIDUES ...Persistance of Residues, Soil Contamina-
tion -other, 2,4-d, 2,4,5-t, .3,0109

CORRELATION OF ECONOMIC PHYSICAL FACTORS AF-
FECTING SELECTION OF LANDS FOR IRRIGATION
Economic Impact, Projections and Estimations, Risk & Uncer-

tainty, ,6.0091
IRRIGATION RETURN FLOW .Nutrients, Pollutants - Path of ,

Runoff, Salinity, Water Quality-general, ...5.0183
VALUE OF DESALTED WATER FOR IRRIGATION .Brackish

Water, Desalination, Eleetrodialysis, Saline Soils, Water Costs,
_3.0128

IMPROVEMENT IN CIGAR TOBACCOS BY DEVELOPMENT
OF MORE ADEQUATE CROPPING SYSTEMS, FERTILIZA-
TION, CULTURAL AND CURING PRACTICES ...Management.
Space Competition, Tillage, Cropping Systems, ..3.0261

EFFECTS OF FERTILIZER AND SOIL MANAGEMENT PRAC-
TICES, IRRIGATION, PLANT SPACING, AND OTHER CUL-
TURAL TREATMENTS ON BERRY PRODUCTION ...Envir.
responses (non-specific, Irrigation, Management, Mineral Nutri-
tion, Shrubs, Vines, ..3.0259

DEVELOPMENT OF WATER SUPPLIES FOR IRRIGATION IN
THE SOUTH -.Available Water, Carbonate Aquifers, Clastie
Aquifers, Irrigation Engineering, Water Resources Development,
Water Sources -general, .2.0332

FACILITIES, METHODS AND DESIGN CRITERIA TO PUMP,
CONVEY, CONTROL AND MEASURE WATER FOR
AGRICULTURAL PURPOSES IN THE NORTHERN PLAINS
_Lining, Pumping, Runoff, Storage of Water, Water Distribution
Systems, Water Transfer, ..3.0141

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE
...Evapotranspiration, infiltration, Model Studies, Water Applica-
tion Methods, Water Loss Control, ...8.0003

IRRIGATION PRACTICES AND FACTORS AFFECTING THE
WATER REQUIREMENT OF CROPS IN DIFFERENT LAND
RESOURCE ARE,AS OF THE NORTHEAST ...Consumptive Use,
Evapotranspiration, Northeast, Requirements for Water, Soil-
water-plant Relationships, ..3.0257

IRRIGATION WATER MANAGEMENT FOR EFFICIENT
WATER USE IN THIS SOUTHERN PLAINS ...Evapotranspira-
tion, Irrigation, Management, Soil - Crop Relationships, Tillage.
Cropping Systems, 3,0444

IRRIGATION REQUIREMENTS, PRINCIPLES AND PRACTICES
FOR EFFICIENT USE OF WATER IN THE PACIFIC
NORTHWEST ...Evapotranspiration, Irrigation, Management,
Physical Property Effects, Southera....3.0203

EFFECTS OF USING SALINE AND INDUSTRIAL WASTE
WATERS ON YIELD AND QUALITY OF PLANTS ...Brackish
Water, Industrial Wastes, Irrigation, Saline and Alkaline Soils,
Soil and Rock Leaching. Soil-water-plant Relationships, ..3.0258

SALINE AND SODIC SOILS AND IRRIGATION WATER QUALI-
TY PROBLEMS IN THE RIO GRANDE RIVER BASIN
...Management, Saline and Alkaline Soils, Saline Soils, Soil and
Rock Leaching, Water Quality-general, Yield, ...3.0466

SOIL AND WATER MANAGEMENT PRACTICES FOR THE
CONTROL OR ALLEVIATION OF SALINE AND SODIC SOIL
PROBLEMS IN THE PACIFIC NORTHWEST Management,
Permeability, Saline Properties, Soil and Rock Leaching,
Southern, ...3.0205

WATER AND WIND EROSION AND ITS CONTROL ON IR-
RIGATED AND NONIRRIGATED LANDS IN THE
NORTHERN PLAINS ..Erosion-general, Great Plains Province,
Runoff, Soil Tillage Methods -other, Wind Erosion, ...5.0195

WATER QUALITY, AND THE CHEMISTRY, MINERALOGY
AND BIOLOGY OF SALTAFFECTED SOILS Mineralogy, Soil
Conditions, Soil Environment, Water Quality-general, Water
Reuse, 3.0084

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST
Economies-general, Legal Review, Water Resour,:es Develop-
ment, Water Rights-geneml, Water Utilization -domestic,
6.0133

CLIMATOLOGICAL FACTORS AFFECTING WATER USE IN
AGRICULTURE ...Climate-general, Consumptive Use, Projec-
tions and Estimations, Requirements for Water, Water Demand,
,..6.0599

ECONOMICS OF IRRIGATION. DRAINAGE AND RELATED
PROBLEMS IN THE NORTHWEST ...Benefit-cost Analysis,
Drainage, Southern, Water Quality Control-general, Welfare
Economics, 6.0601



Irrigation SUBJECT INDEX

ECONOMIC ANALYSIS OF AGRICULTURAL WATER
MANAGEMENT IN THE SOUTHEAST ... Agriculture, Benefit-
cost Analysis, Economic Impact, Impact, Water Demand,
...6.0169

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
NORTH DAKOTA ...Agricultural Watersheds, Economics-
general, Great Plains Province, Management, North Dakota,
...4.0188

IRRIGATION AND OTHER PRODUCTION RELATIONS IN
FLORIDA CITRUS ENTERPRISES ...Benefit -cost Analysis,
Citrus, Florida, input - Output Analysis, Water Costs, Water De-
mand, ...6.0135

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
SOUTH DAKOTA ...Economic Impact, Impact, Input - Output
Analysis, Management, Optimization, Production & Processing,
South Dakota, Water Allocation, 6.0136

ECONOMIC ANALYSIS OF WATER USE IN IRRIGATION IN
THE NORTHERN PLAINS ...Benefit -cost Analysis, Costs, Great
Plains Province, Production & Processing, Rates Or Levels of Ap-
plication, Water - Alternative Uses, ...4.0077

ECONOMICS OF WESTERN STREAMFLOW ACCRETIONS
..,Benefit-cost Analysis, Missouri River, Water Allocation, Water
Rights-general, Water Transfer, 6.0100

VALUE PRODUCTIVITY OF WATER IN AGRICULTURE
...Agriculture Industry, Economic Efficiency, Minnesota,
Technological Development, Water Demand, 6.0308

IRRIGATION TRENDS AND POTENTIALS IN THE NORTH
CENTRAL, STATES ,..Economic Efficiency, Legal Review, North
Central, Water Demand, Water Rights-general, 6.0645

ECONOMICS OF ALTERNATIVE ROUTINES FOR DELIVER-
ING IRRIGATION WATER ...Agriculture Industry, Economic Ef-
ficiency, Legal Review, Model Studies, Water - Alternative Uses,
_6.0101

VALUE OF IRRIGATION WATER FOR THE PRODUCTION OF
SUGAR CANE ...Economic Feasibility, Irrigation, Sugar Cane,
Water Allocation, Water Costs, ...6.0174

Irrigation-other
RELATIONSHIP OF PUMPING LIFT TO ECONOMIC USE OF

GROUND WATER FOR IRRIGATION ...Groundwater, Op-
timization, Pumping, Water Allocation, Water Costs, ...6.0177

FERTILIZER AND IRRIGATION EFFECTS ON TREE
DEVELOPMENT ...Irrigation, Soils and Fertilizer, 'Timber Stand
Improvement, ...2.0989

SOLAR POWERED EQUIPMENT FOR OPERATING A SMALL
IRRIGATION PUMP. ...Irrigation, Irrigation Engineering, Pump-
other, Pumping,, Solar Power-general, 4.0201

REUSE OF WASTE IRRIGATION WATER TO RECOVER Ai)DI-
TIONAL PETROLEUM BY WATERFLOODING ...Chemical
Analysis (water) D.t.a. , Petroleum Industty, Secondary
Recovery, Spectroscopy-general, Water Reuse, _5.0154

Mist Irrigation
INFLUENCES OF MIST IRRIGATION ON MOISTURE STRESS,

GROWTH, YIELD, AND QUALITY OF POTATOES AND
OTHER VEGETABLE CROPS ...Drought, Irrigation, Moisture
Tension, Potatoes, 2.0668

BREEDING AND CULTURAL PRACTICES TO AID PRODUC-
TION OF VEGETABLES IN SOUTH DAKOTA ...Irrigation, Low
Temp. - But Above 32f, South Dakota, Yield, 3.0435

Sprinkler Irrigation
IRRIGATION EFFICIENCY ...Citrus, Evaporation, Florida, Trees,

Water Loss Control, 3.0177
COMPARISON OF VARIOUS FORAGES FOR AGRICULTURAL

WASTE WATER DISPOSAL ...Infiltration, Organic Fertility -
other, Use of Impaired Water, Waste Disposal -underground,
.5.0494

EVAPOTRANSPIRATION BY SUGAR. CANE ...Consumptive Use,
Evapotranspiration, Inti.;.nal Water Movement, Lysimeters,
3.0198

INFLUENCE OF TRANSPIRATION SUPPRESSANTS, SPRIN-
KLER IRRIGATION & MOISTURE LEVELS ON TRANSPIRA-
TION & EVAPOTRANSPIRATION ...Antitranspirants,
Dendroclimatology, Microclimate-general, Moisture Levels,
Transpiration, ...3.0464

SPRINKLER IRRIGATION OF CITRUS UNDER
SOUTHWESTERN CONDITIONS ...Citrus, Flood Irrigation, Ir-
rigation, Southwest, Trees, -.2.0052

LEMON PRODUCTION IMPROVEMENT ...Arizona, Citrus, Fur-
row Irrigation, Irrigation, Trees, 2.0067

SPRINKLER IRRIGATION OF COTTON WITH HIGH SALT-
CONTENT WATER ...Cotton, Salinity, 3.0011

SOIL PHYSICAL CONDITIONS IN RELATION TO IRRIGATION
...Aggregates-other, Furrow Irrigation, Irrigation, Moisture Reten-
tion, Moisture Tension, Physical Properties-general, ...2.0146

SPRING AND SUMMER HORTICULTURAL CROPS ...Aerial,
Beans (garden), Fruit, Nuts & Berries -other, Potatoes, Strawber-
ry, ...2.0338

EVALUATION OF EXTENSIVE IRRIGATION ...Automated
Equipment, Economic Efficiency, Irrigation Engineering, Runoff,
Tillage, Cropping Systems, ...3.0381

IRRIGATION REQUIREMENTS OF FIELD AND HORTICUL-
TURAL CROPS ...Evapotranspiration, Irrigation, Irrigation En-
gineering, Moisture Deficiency, Surface Irrigation -general,
2.0872

EFFECT OF WATER APPLICATIONS TO SOD AND MULCH
UPON QUALITY ATTRIBUTES OF APPLE FRUITS ...Apples,
Irrigation, Mulches -other, Quality -non-specific, Storage Changes,
Trees, 2.0853

FEED AND WASTE HANDLING IN THE DAIRY OPERATION
...Animal Waste Removal-treatment, Animal Wastes - Feed Lots,
Management, Pennsylvania, ...5.1023

FATE OF HERBICIDES IN WATER AND CROPS IRRIGATED
MTN WATER CONTAINING HERBICIDES ...Herbicides -non-
specific, Persistence of Residues, Pesticides, Plant -other,
Residues in Foods, 5.1327

PERFORMANCE AND SCIENTIFIC DESIGN OF SPRINKLERS
USED FOR IRRIGATION ...Fluid Dynamics, Irrigation Engineer-
ing, Spray Devices, ...3.0230

CROP, SOIL AND WATER USE EFFECTS OF LOW INTENSITY
SPRINKLER IRRIGATION ...Irrigation, 3.0233

IMPROVEMENT OF IRRIGATION MANAGEMENT AND
SALINITY CONTROL IN THE IMPERIAL VALLEY.
...Drainage, Drainage Engineering, Management, Saline and Al-
kaline Soils, Water Table Fluctuation, ..3.0048

TURF RESEARCH ...Irrigation, Management, Species and Variety
Evaluation, Water Costs, 4.0065

IRRIGATION EFFICIENCY ...Evaporation, Irrigation Engineering,
Pollution Behavior-general, Velocit! Wind Tunnels, ...3.0179

WATER RELATIONS WITH CITRUS ON THE FLATWOODS
AND MARSHES OF THE EAST COAST ...Citrus, Drainage,
Saline Soils, Swamps-marshes, Water Table Fluctuation, ...2.0310

ENVIRONMENT CONTROL FOR ORCHARDS AND FIELDS
...Citrus, Freezing & Below, High Temp. - 85f Or Above, Straw-
berry, Trees, ...8.0204

IRRIGATION ...Economics-general, Irrigation, Irrigation Engineer-
ing, Meteorological Extremes, Yield, ...2,0673

THE ADAPTATION OF SPRINKLER IRRIGATION TO SOILS OF
LOW INTAKE RATE ...Absorption, Fixation, Exchange, Irriga-
tion, Moisture Content, Water Application Methods, ...3.0402

PERFORMANCE CHARACTERISTICS OF SOLID COVERAGE
SPRINKLER IRRIGATION SYSTE ...Irrigation, Irrigation En-
gineering, Regression Analysis, Spray Devices, ...2.0897

SURFACE AND SPRINKLER IRRIGATION SYSTEM DESIGN
AND OPERATION FOR EFFICIENT WATER USE IN THE
PACIFIC NORTHWEST ...Evapotranspiration, Irrigation, Model
Studies, Surface Irrigation -general, Technique Development,
_3.0204

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE IN THE
GREAT BASIN ...Arid and Desert, Evapotranspiration, Great
Basin, Lysimeters, Water Balance-budget, -3.0314

Subsurface Irrigation
STUDIES OF TRANSPIRATION LOSSES ...Consumptive Use,

Evapotranspiration, Phreatophytes, Transpiration, -.2.0114
DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM

...Arkansas, Automated Equipment, Design Criteria, Irrigation En-
gineering, Pipelines, Spray Devices, 3.0025

THE EFFECT OF IRRIGATION METHOD, AND MOISTURE
AND FERTILITY LEVELS UPON MAXIMIZING WATER USE
EFFICIENCY AND QUALITY COTTON FIBER PRODUCTION
...Cotton, Furrow Irrigation, New Mexico, Rates Or Levels of Ap-
plication, Soil Fertility, Water Loss Control, 3.0337

WATER TABLE CONTROL AND SUBSURFACE IRRIGATION
IN MINERAL AND HIGH ORGANIC COASTAL PLAIN SOILS
...Groundwater Movement, Management, North Carolina, Water
Table Fluctuation, -.2.0828

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
.Automated Equipment, Irrigation Engineering, Moisture, Pipes,

Plastics - General, -Water Distribution Systems, -.3.0024
SUBIRRIGATION ...Irrigation Engineering, Orifice, Water Applica-

tion Methods, -.4.0121
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MAXIMUM PRODUCTION OF CROPS UNDER IRRIGATION IN
WESTERN NEBRASKA ...Chemical Analysis - Soils, Irrigation,
Moisture Ceitent, Nebraska, Yield, ...2.0727

EVALUATION OF SUBIRRIGATION FOR CROP PRODUCTION
...Irrigation, Irrigation Engineering, ..2.1036

SURFACE \ND SUBSURFACE IRRIGATION SYSTEMS FOR
COASTAL CALIFORNIA ...Agricultural Watersheds, Citrus,
Saline and Alkaline Soils, Salinity, Surface Irrigation -general,
_3.0091

Surface Irrigation -general
HYDRAULICS OF SURFACE IRRIGATION _Irrigation Engineer-

ing, Math Models, Measurement, Porous Media - Flow Through,
Surface Flow, 2.0047

HYDRAULICS OF SURFACE IRRIGATION ...Differential Equa-
tions, Digital Computers, Irrigation, Steady, Unsteady, _2.0098

HYDRAULICS OF SURFACE IRRIGATION ...Channel Roughness,
Flow Characteristics -water, Irrigation, Irrigation Engineering,
Mathematical Analysis, Soils -general, ...2.0215

HYDRAULICS OF SURFACE IRRIGATION ...Mathematical Anal-
ysis, Model Studies, Surface Flow, ...3.0307

IRRIGATION REQUIREMENTS OF FIELD AND HORTICUL-
TURAL CROPS _Evapotranspiration, Irrigation, Irrigation En-
gineering, Moisture Deficiency, Sprinkler Irrigation, ...2.0872

CONSERVATION AND RENOVATION OF WASTE WATER
...Conservation-general, Effluents-waste Water, Natural Recharge,
Pollution - Effects of , Soil Properties - General, Waste Water
Treatment-general, 5.1035

EFFECT OF SURFACE IRRIGATION HYDRAULICS ON EFFI-
CIENT APPLICATION OF WATE ...Channel Geometry. Channel
Roughness, Flow Characteristics -water, Open Channel, Surface
Flow, ...4.0239

HYDRAULICS OF SURFACE IRRIGATION Irrigation Engineer-
ing, Math Models, Model Studies, Surface Flow, Water Applica-
tion Methods, 4.0252

HYDRAULICS OF SURFACE IRRIGATION ...Mathematical Anal-
ysis, Model Studies, Other Models, Surface Flow, Unsteady Flow,
4.0268

WATER APPLICATION AND USE ON A RANGE WATER-
SPREADER Irrigation, Irrigation Engineering, Management and
Fertility, Soil Environment, Water Application Methods, ...4.0056

DESIGN CRITERIA FOR OPEN CHANNELS ...Design Criteria,
Hydraulics-general, Irrigation Engineering. Open Channel, Open
Channel Flow, _8.0136

IRRIGATION PRACTICES, REQUIREMENTS AND DESIGN
CRITERIA FOR EFFICIENT USE OF WATER AND
SUSTAINED CROP PRODUCTION IN THE NORTHERN
PLAINS _Irrigation, Irrigation Engineering, 3.0142

SURFACE AND SPRINKLER IRRIGATION SYSTEM DESIGN
AND OPERATION FOR EFFICIENT WATER USE IN THE
PACIFIC NORTHWEST ...Evapotranspiration, Irrigation, Model
Studies, Sprinkler Irrigation, Technique Development, ...3.0204

SURFACE AND SUBSURFACE IRRIGATION SYSTEMS FOR
COAS1 AL CALIFORNIA Agricultural Watersheds, Citrus,
Saline and Alkaline Soils, Salinity, Subsurface Irrigation, _3.0091

Israel
DETERMINATION OF EVAPOTRANSPIRATION FOR SHORT

INTERVALS ON A BENCHMARK BASIN ...Evapotranspiration,
Heat Budget, Karst Topography, Moisture Content, Water
Balance-budget.,2.0493

DIFFERENCE IN EFFECTS OF FOREST AND OTHER VEGETA-
TIVE COVERS ON WATER YIELD ...Cover Crops, Evapotrans-
piration, Moisture Tension, Precipitation -non-specific, Water
Yield, 3.0235

THE EFFECT OF BOLL MOISTURE STRESS ON DEVELOP-
MENT AND LINT QUALITY OF COTTON ...Climate-general,
Cotton, Floral, Growth, Soil Environment, _3.0236

Japan
A STUDY OF SUBSURFACE FLOW INTO MOUNTAIN

STREAMS AS RELATED TO TOPOGRAPHY AND PARTIAL
SOURCE AREAS ...Basellow, Georgia, Mountains - alpine, Relief,
.2.0340
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Jelly Fish
ENHANCEMENT OF RECREATIONAL USES OF ESTUARINE

WATERS THROUGH STUDY OF POTENTIAL CONTROL
METHODS FOR STINGING SEA NETTLES ...Biological Con-
trol, Chesapeake Bay, Estuaries, Recreation Sites, Water Quality-
general, 6.0256

SEA NETTLE STUDIES IN CHESAPEAKE BAY, LIFE HISTORY
AND ECOLOGY ...Aquatic Ecology, Bays, Biological Control,
Chesapeake Bay, Lill: History Studies, .,.6M127

Jordan
JORDANS EAST GHOR DEVELOPMENT PROJECT ...Agricul-

ture, Income, Irrigation-general, Land, Land & Water Use -other,
...4.0180

Kansas
ECOLOGICAL RELATIONSHIPS OF ORGANIC MATTER AND

I3ACTERIA IN TUTTLE CREEK RESERVOIR ..,Food Chains,
Freshwater Ecology, Organic Matter, Reservoirs and Impound-
ments, Water Bacteria, ..5.0428

RELATIONSHIPS BETWEEN PESTICIDAL APPLICATION AND
WATER CONTAMINATION UNDER IRRIGATION IN THE
GREAT PLAINS ,..Great Plains Province, Irrigation-general,
Pesticides -non-specific, Pollutants - Path of , Water Application,
_5.0430

NITRATE ACCUMULATION IN KANSAS GROUND WATER
...Fertilizers, Groundwater, Ions and Gases, Nitrate, Nitrite, Per-
colation, 5.0434

EVAPOTRANSPIRATION AND ITS CHEMICAL REDUCTION
...Agricultural Watersheds, Antitranspirants, Evapotranspiration,
Lysimeters, Meteorology, ...3.0244

LONGITUDINAL DISPERSION OF THE LOWER KANSAS
RIVER BASIN ...Dispersion -water, Dyes, River Basins, 2,0507

RECENT VARIATIONS IN COURSE AND REGIMEN, KANSAS
RIVER AND NEARBY REACHES OF MISSOURI RIVER
Floodplains, Geomorphology-general, Meanders, Sedimentolo-
gy-general, 2.0503

WATER UTILIZATION ASPECTS OF WEATHER MODIFICA-
TION AS APPLIED TO KANSAS ...Amount, Clouds-precipita-
tion, Development of Models, Model Studies, Water Harvesting,
_2.0505

ECOLOGICAL STUDIES OF GRASSLANDS, ETC, ...Grasslands,
Soil Environment, Soil Moisture - non - specific, ..2.0513

WEATHER IN RELATION TO KANSAS AGRICULTURE
...Agricultural Studies -general, Information Retrieval Methods,
Plant Environment, Ns, Weather Forecasting, 2.0508

FACTORS INFLUENCING INSECTICIDE RESIDUES ON OR IN
FOOD AND FORAGE CROPS ,Environmental Effects, Or-
ganophosphorous Cpds. , Persistence of Residues, Persistence in
Soils, Physical Degradation, Pollution Effects, 5.0429

IMPLICATIONS OF IRRIGATION TO THE MARKETING OF
SPECIALTY CROPS Irrigation-general, Production &
Processing, Specialty Crops, ...6.0237

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture Industry, Economic Impact, Economies-general,
Management, Water Law-general, 6.0233

ECONOMICS OF CLIMATE ...Applied Climatology, Economic Im-
pact, Risk & Uncertainty, Weather, Yield, _2.0511

STUDY OF ENGINEERING PRACTICES OF IRRIGATION IN
KANSAS ...Irrigation Engineering, Irrigation - general, Slopes, Ter-
race-bench, Tillage, Cropping Systems, Yield, ..8.0201

THE ECONOMICS OF LAND UTILIZATION ...Conservation,
Economics-general, Land, Land Use, 6.0235

ECONOMICS OF SOIL CONSERVATION PRACTICES WITHIN
WATERSHEDS ...Agricultural Watersheds, Conservation,
Economics-general, Tillage, Cropping Systems, ..3,0243

IMPACTS OF DROUTH ON LOCAL ECONOMIES IN KANSAS
...Agriculture Industry, Drought, Economic Impact, History,
...2.0517

EFFECT OF URBANIZATION ON WATER QUALITY ...Pollution
Sources - general, Runoff, Urban Environments, Water Quality-
general, ,.,5.0425

GRAVITY FLOW OF WATER IN SOILS AND AQUIFERS OF
WESTERN KANSAS ...Aquifers - general, Gravitational Movement
-water, Natural Recharge, Soil Environment, Storage of Water,
2.0502



Kentucky SUBJECT INDEX

Kentucky
DEVELOPMENT OF A PRACTICAL METHOD OF LOCATING

AND TRACING SEEPAGE WATER IN UNSTABLE SLOPES
...Electric Logging, Land and Rock Slides Loss, Seepage, Slopes,

_2.0519
A DETAILED STUDY OF THE ENERGY FLOW THROUGH

THE BIOTA OF DOE RUN, MEADE COUNTY, KENTUCKY
_Energy Budgets, Radioactivity-general, Radioccology, Streams,
.2.0529

FISH POPULATION STUDIES. (DEWEY RESERVOIR)
...Alewife,menhaden,shad,herring, Aquatic Ecology, Fertilizers -

aquatic, Population Dynamics, Reservoirs and Impoundments,
_5.0437

THE ECONOMIC IMPACT OF FLOOD CONTROL RESERVOIRS
...Benefit -cost Analysis, Economic Impact, Floodproofing, Project
Post-evaluation, Reservoirs and Impoundments, -6.0241

A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
-Pre-impoundment Sites, Reconnaissance, River Basins, Survey
Studies, -6.0242

A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Environmental Effects-geologic, Morphology-general, Pre-im-
poundment Sites, Water Quality-general, _6.0243

A PRELIMINARY ECOLOGICAL STUDY OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
.,,Economic Impact, Floodproofing, Ro voirs and Impound-
ments, Social Aspects, Urban Environments, ...6M244

ANTHROPOLOGICAL ANALYSIS OF SOCIAL AND CUL-
TURAL BENEFITS AND COSTS FROM STREAM-CONTROL
MEASURES ...Control and Protection, Demography, River

Basins, Social Aspects, ...6.0239
TAXONOMY AND PHYSIOLOGY OF PROTOZOA IN CAVE

STREAMS AND POOLS ...Animal Taxonomy, Caves, Environ-
mental Physiology, Protozoa -other, Streams, -6.0240

WATER RESOURCES OF THE BOWLING GREEN AREA, KEN-
TUCKY ..Acoifers-general, Groundwater Movement, Industrial-
general, Streams, Water Quality-general, -2.0528

HYDROLOGY OF BURIED PENNSYLVANIAN CHANNEL
SANDSTONE, KENTUCKY ...Clastic Aquifers, Observation
Wells, Pennsylvanian Period, Salinity, Valley, Buried, -2.0527

Kenya
DOMESTIC WATER USE IN EAST AFRICA ...Tanzania, Uganda,

Water Costs, Water Sources -general, Water Utilization -

domestic.,4.0092
INTER-DISCIPLINARY RESEARCH IN THE AREA OF THE

KANO PLAINS, WESTERN KENYA ..,Aquatic Ecology, Geog-
raphy-cultural, Geomorphology-general, -3.0246

Kidney and Urinary System
SOLUTE AND WATER TRANSPORT ACROSS BIOLOGIC

MEMBRANES -Active Transport, Blood Cells, Carbohydrates,
Ionic Effect, Natural Occuring, Sodium, -2.0706

PESPONSES OF FISH TO ENVIRONMENTAL STRESSES .,,Car-
diovascular System, Environmental Physiology, Fish -non-specific,
Stress, Water Environment - other, ..5,1269

Krypton
DEVELOPMENT OF METHODS FOR MEASURING PARTIAL

VAPOR PRESSURE OF SOIL WATER ...Moisture Tension,
Osmotic Pressure, Soil Environment, Soil-water-plant Relation-
ships, Technique Development, Vapor Pressure, -2,0495

Laboratory Analysis
ELECTRIC FIELDS IN THE CONDENSATION AND

COALESCENCE OF WATER ...Field Properties, Formation,
Ionization, Nucleation Physics, -3.0299

A LABORATORY STUDY OF THE SOLUBLE METALS IN
ROCKS, SAPROLITE, AND SOIL FROM THE BROAD
QUADRANGLE, GEORGIA ...Atomic Absorption, Lateritic,
Solubility, Solution Chemistry, Trace Element Analysis, ...1.0037

WATER -SOIL -PLANT RELATIONS ...Drought, Soil-water-plant

Relationships, -2.0088
EFFECT OF POLLUTION ON THE QUALITY OF SURFACE

AND GROUND WATER RESOURCES ...Pollution - Effects of ,
Soil Environment, Training Grants, Fellowships, Water Quality
Control-general, Water Reuse, -5.0703
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AIR INJECTION INTO AN AQUIFER ,..Aquifers - general, Permea-

bility, Porous Media Flow Through, Saline Water Intrusion,
-2.0358

TEST AND EVALUATION OF FLASH FLOOD ALARM
SYSTEM ...Evaluation Other. Field Studies, Field Testing, Flash
Floods, Warning-systems, _7.0110

DEVELOPMENT OF INSTRUMENTS FOR PROTOTYPE TEST-
ING ...Concrete-general, Model Studies, Strain-general, Stresses-
general, ...8M239

Lagoons
IMPACT OF LAGOONS AND SAND BLANKETS ON FISH,

AOUATIC LIFE AND WATER EQUALITY ...Aquatic Ecology,
Blankets, Lakes, Submergent, Water Quality-general, -6.0637

Lakes
HYDROLOGIC ANALYSIS OF LAKE SYSTEMS AND OF

GLACIERS ...Climate, Glaciology - general, Infrared Radiation,
Snowpack, Water Balance-budget, .6.0142

STUDY OF LIGHT ISOTOPES IN LACUSTRINE ENVIRON-
MENTS ...Gaseous Atmosphere, Oxygen, -2.0242

PATHWAYS OF TRACE ELEMENTS IN ARCTIC LAKE
ECOSYSTEMS ...Arctic, Gel Filtration, Organic-general, Pollu-
tants - Path of , Trace Element Analysis, -1.0004

DISSOLVED ORGANIC MATTER AND PHOTOSYNTHESIS IN
LAKES _Autotrophic, Nutrition, Secretions and Products, Sub-
merged P'ants, -5.0574

CRATER LAKE VERTICAL TEMPERATURE PROFILES ...Elec-

tronics - Applied, Oregon, Radioactive Fallout, Temperature,
Water Sampling, -2.0101

AQUATIC COMMUNITIES ...Aquatic Ecology, Environmental

Ecology, Productivity - Food Chain, Salinity, Water Salinity,
.,,6.0625

FERN LAKE MINERAL METABOLISM PROGRAM ...Fertilizers -
aquatic, Hardness-minerals, Mineral Content -water, Productivity

Food Chain, Washington, ...6.0624
ENVIRONMENTAL HISTORY OF THE GALAPAGOS ISLANDS

,Floral, Galapagos Islands, Plant Succession, Plant Taxonomy,
Productivity -food Chain, -2.0852

COMPETITION, PREDATION, AND BODY SIZE IN LAKE
ZOOPLANKTON ...Aquatic Ecology, Competition, Predation,
Size, Zooplankton, -6.0115

CHEMICAL STUDIES ON THE WATERS AND SOILS OF
LAKES AND WETLANDS, WITH SPECIAL REFERENCE TO
MINOR ELEMENTS ...Chemical, Chemical-general, Minnesota,
Trace Element Analysis, Wetlands, -2.0660

DIVERSITY AND ECOLOGICAL NICHES IN MULTI-SPECIES
ASSOCIATIONS OF CHYORID CLADOCERA (CRUSTACEA)
-Cladocera, Environmental Ecology, Habitat Studies, Interbiotic
Relat,(non-specif), Microfossils, -2.0911

FACTORS AFFECTING PRIMARY AND SECONDARY
PRODUCTION IN TEMPERATE LAKES -Minnesota, Produc-
tivity - Food Chain, Regression Analysis, Temperate, Zooplank-
ton, -2.0157

STUDIES OF NEAR-SURFACE SEDIMENTS IN LAKES, AND
RELATIONSHIPS BETWEEN SURFACE SEDIMENT POLLEN
SPECTRA AND VEGETATION ...Canada, New England

Province, Paleoecology, -2.0555
LOGISTIC SUPPORT AND MAINTENANCE OF FACILITIES

...Atlantic Ocean-north, Maine, Marine Biology, Research Facili-
ties, -9.0009

GEOLOGICAL STUDIES IN NORTHERN LAKE MICHIGAN
...Deposits-other, Lake Michigan, Rocks - Bedrock, Submergent,
Water Level Fluctuation, ...2M630

LIMNOLOGY OF ROSS ISLAND, ANTARCTICA ...Antarctica,
Benthic Organisms (non-specif), Chemical-general, Plankton
(non-specific), Pubilications -other, ...2.0087

DYNAMICS OF FISH POPULATIONS IN NATURAL LAKES
,..Food Supply, Iowa, Life History Studies, Population Dynamics,
-6.0224

ZOOPLANKTON STANDING CROPS IN A SOUTH DAKOTA
PRAIRIE LAKE ...Animal Pollutant Sources, Aquatic Ecology,
Population Dynamics, South Dakota, Zooplankton, -5.1110

FACTORS AFFECTING ZOOPLANKTON PRODUCTION IN
FOUR ARIZONA LAKES ...Environmental Ecology, Productivity
- Food Chain, Trace Element Analysis, Water Bacteria, Zooplank-
ton, -5.0047

LIMNOLOGY OF DESOTO BEND LAKE, IOWA AND
NEBRASKA ...Benthic Organisms (non-specif), Iowa, Nebraska,
Plankton (non-specific), Stratification, -7.0040



SUBJECT INDEX Lakes

EVALUATION OF METHODS DESIGNED TO PREVENT
WINTER-KILL ...Aeration, Chemical-general, Circulation -water,
Mortality Rates, North Dakota, ..5.0828

PLANKTON STUDIES ...Chemical-general, Number, Plankton
(non-specific), Water Level Fluctuation, -4.0125

BOTTOM FAUNA STUDIES ...Benthic Fauna, Bottom Sampling,
Depth,water Level, Fluctuation, Number Or Density, Water Level
Fluctuation, -4.0126

STUDY OF TURBIDITY - PRODUCTION FACTORS IN LAKE
KAMPESKA CODINGTON COUNTY, SOUTH DAKOTA ...Pri-
mary Productivity, Productivity - Food Chain, South Dakota, Tur-
bidity, Water - Light Qual. & Quant. , Water Properties-general,
_2.0978

CHEMICAL TREATMENT OF NEBISH LAKE ...Aquatic Ecology,
Chemical Treatment-general, Control of Nuisance Species, Data
Analysis - General, Stocking of Fish & Shellfish, -5.1293

WALLEYE FRY - ZOOPLANKTON RELATIONSHIPS IN
SOUTHEASTERN WISCONSIN LAKES ...Aquatic Ecology,
Food Supply, Plankton Sampling, Walleyes, Zooplankton,
-6.0640

STUDIES ON PLANTED BROOK TROUT IN RELATION TO
NUMBERS PLANTED, LIMNOLOGICAL CONDITIONS AND
FOOD SUPPLIES IN UNFISHED LAKES ...Food Supply, Lake
Trout, Brook Trout, Michigan, Population Dynamics, Stocking of
Fish & Shellfish, -6.0303

EFFECT OF LIMNOLOGICAL CHANGES ON SURVIVAL OF
YOUNG FISH IN ONEIDA LAKE ...Fish -non-specific, Food
Supply, New York, Urban Environments, Water Quality-general,
...6.0372

COMPILATION OF WATER QUALITY DATA ...Aquatic Ecology,
Basses -sea,white, White Perch, Data Acquisition - general, Data
Analysis - General, Water Quality-general, -5.0459

NEUTRALIZATION OF ACID STRIP-MINE LAKES ...Acidity,
Mine Drainage Coatrol, Mining Activities, Neutralization,
Stocking of Fish & Shellfish, -5.0626

AQUATIC VEGETATION STUDIES ...Mapping, Submerged
Plants, Water Level Fluctuation, -4.0127

FOOD HABITS STUDY ...Aquatic Ecology, Benthic Organisms
(non - specify, Food Supply, Mississippi, Plankton (non-specific),
..,6.0314

LAKE BASTROP NETTING STUDY ...Commercial Fishing, Ictalu-
ridac -other, Nets, Population Dynamics, Texas, -6.0570

FERTILIZATION OF WOODS CANYON LAKE ...Arizona, Fertil-
izers -aquatic, Rainbow Trout, Steelhead Trout, -5.0040

SMALL IMPOUNDMENT STOCKING ...Bullheads, Centrarchidac
-other, Colorado, Control of Nuisance Species, Stocking of Fish
& Shellfish, ..5.0201

AN EVALUATION OF THE LAMPREY IN LAKE CHAMPLAIN
...Lampreys, Maturity & Growth Stages, Predation, Spawn Or
Nesting Sites, Vermont, -6.0598

BIOPOTENTIAL OF NATURAL WATERS ...Acidity, Atomic Ab-
sorption, Phytoplankton, Primary Productivity, Visible, Wisconsin,
-7.0114

CHEMICAL AND PHYSICAL ANALYSES OF WATER AND
SOILS ...Bottom Sampling, Chemical-general, Physical-general,
Soil Chemical Properties, Water Level Fluctuation, ...2.0548

INVESTIGATION OF SPAWNING GROUND POTENTIALS AND
GROWTH AND SURVIVAL OF JUVENILE SOCKEYE SAL-
MON IN FRAZER LAKE SYSTEM ...Alaska, Censusing, Nets,
Salmon -coho,chinook,sockeye.., Spawn Or Nesting Sites, Tags,
-6.0009

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF MOSES LAKE ...Aquatic Ecology, Construction, En-
gineering Structures-general, Texas, Water Properties-general,
...6.0544

ATCHAFALAYA RIVER - CALLIOU LAKE SYSTEM ...Loui-
siana. Number Or Density, Physical-general, Plankton (non-
specific), Vertical Distribution, ...2.0545

DETERMINATION OF THE STAGES OF EUTROPHICATION OF
SOME OF NEW HAMPSHIRES LARGE LAKES PHASE II
...Eutrophication, New Hampshire, Phytoplankton, Primary
Productivity, Water Properties-general, Zooplankton, -2.0746

BOTTOM SEDIMENTS OF LAKE CHAMPLAIN ...Chemical,
Clays, General,, Size, Vermont, -2.1087

IMPACT OF WATER BASED RECREATION ...Benefit-cost Anal-
ysis, New York, Planning, Recreation Sites, Reservoirs and Im-
poundments, ,..6.0384

A LIMNOLOGICAL STUDY OF SPIRITWOOD, NORTH
DAKOTA WATER QUALITY AND SEASONAL CYCLES
...Biological-general, Chemical-general, North Dakota, Physical-
general, Recreation Sites, -2.0833

2-261

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ...Circulation ..water, Evaporation, Heat Flow,
Mixing, New York, ...2.0779

NATURAL WATER SYSTEMS IN WESTERN MONTANA
...Freshwater Ecology, Montana, Phytoplankton, Streams,
Zooplankton, -2.0719

A GEOLOGIC, GEOCHEMICAL AND MICROBIOLOGIC STUDY
OF FLATHEAD LAKE ...Charts, Chemical, Montana, Physical
Properties-general. Topographic. ...2.0718

FACTORS AFFECTING THE MOVEMENTS OF WATER AND
ORGANISMS WITHIN A REGULATED MULTIPURPOSE
LAKE _Bacterial Pollutant Sources, Boundary Layer Studies,
Currents -water, Sediments, Washington, ...2.1114

LIMNOLOGICAL STUDIES OF LENTIC WATERS IN IDAHO
...Alpine, Idaho, Phytoplankton, Primary Productivity, Productivi-
ty - Food Chain, Reservoirs and Impoundments, ...2.0398

DETERMINATION OF THE FEASIBILITY OF REMOVAL OF
ALGAL NUTRIENTS IN LAKE WATERS BY ION-EXCHANGE
...Algae- General, Eutrophication, Ion Exchange-other, Nutrients,
Phosphate, Phosphite, -.2.0610

RELATION OF PHOSPHORUS IN LAKE BOTTOM DEPOSITS
AND POLLUTIONAL HISTORY OF MINNESOTA LAKES
.,.Chemical, Core Analysis, Minnesota Phosphorus, _5.0602

PRIMARY PRODUCTIVITY OF MINNESOTA LAKES -Chemi-
cal-general, Plankton (non-specific), Primary Productivity, Trace
Element Analysis, Water Sampling, ...5.0607

THE EFFECTS OF LIMNOLOGICAL FACTORS ON THE UP-
TAKE OF CSI 37 BY FISH ...Atomic Absorption, Cesium, Emis-
sion, Michigan, Radioactive Fallout, -2.0653

INSECTICIDE ADSORPTION BY LAKE SEDIMENTS AS A FAC-
TOR CONTROLLING INSECTICIDE ACCUMULATION IN
LAKES ...Adsorption Capacity, Degradation, Deposits-other, In-
secticides - non - specific, Wisconsin, ...5.1300

CHEMICAL PHYSICAL, AND BIOLOGICAL DYNAMICS OF
NORTHERN PRAIRIE LAKES -Biological-general, Chemical-
general, Land Use, Physical-general, Water Quality-general,
,..5.1114

THE LIMNOBIOCHEMISTRY OF DEVILS LAKE, NORTH
DAKOTA ...Aquatic Ecology, Benthie Organisms (non-specif),
Biological-general, North Dakota, Salinity, -6.0417

A CLASSIFICATION OF THE LAKES OF THE STATE OF
OREGON ...Data Acquisition-general, Oregon, Survey Studies,
Water Properties-general, -2.0891

CONTROL OF BENTHIC DEPOSITS IN LAKES ...Benthonic-bot-
tom, Deposits-other, Eutrophication, Water Quality Control-
general, ...5.0513

THE ROLE OF AQUATIC VASCULAR PLANTS IN THE
EUTROPHICATION OF SELECTED LAKES IN WESTERN
MASSACHUSETTS ...Bioindicators, Eutrophication, Mas-
sachusetts, Nutrients, Water Properties-general, -2.0609

INVESTIGATION OF PHOSPHORUS AVAILABILITY IN
OLIGOTROPHIC LAKES ...Adsorption Capacity, Aquatic Ecolo-
gy, Chemical, Exchange Capacity, Phosphorus, -2.0807

A LIMNOLOGICAL STUDY OF LAKE PONTCHARTRAIN,
LOUISIANA, IN THE SUMMER OF 1968 ...Chemical-general,
Currents -water, Louisiana, Physical-general, Water Sampling,
,.,5.0457

ECOLOGY OF SCHISTOSOME DERMATITIS IN WESTERN
AND NORTHERN NEVADA WATERS ...Animal Pollutant
Sources, Contamination - Water, Nevada, -6.0338

ULTRAVIOLET ABSORPTION AND ITS POSSIBLE RELATION
TO EUTROPHICATION IN LARGE NEW HAMPSHIRE LAKES
.,.Eutrophication, Filtration, New Hampshire, Technique Develop-
ment, Ultraviolet, -5.0714

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ...Mixed Modes, Mixing, New York, Rotating
Fluids, Temperature, -2.0780

WATER QUALITY DEGRADATION BY SEPTIK TANK
DRAINAGE ...Degradation, Drainage, Nitrogen, Phosphorus,
Septic Tanks, -5.0468

PLANNING ANALYSIS FOR THE NON-MARKET VALUES OF
WATER RESOURCES WITH PARTICULAR EMPHASIS ON
RECREATION ...Model Studies, New York, Projected Demand,
Recreation Sites, -6.0391

PLANT-AVAILABLE PHOSPHORUS STATUS OF LAKES
...Phosphorus, -2.1153

SEDIMENTARY FACIES IN LAKE BUTTE DES MORTS,
WISCONSIN ...Eutrophication, General, Organic, Size, Wiscon-
sin, ...2.1169

CHANGES IN WATER ENVIRONMENT RESULTING FROM
AQUATIC PLANT CONTROL ...of Aquatic Plants, Physical
Control, Plant Pollutants, Recreation Sites, -5.1301



Lakes SUBJECT INDEX

BIOLOGICAL NITROGEN FIXATION IN LAKES ...Acetylene,
Ethylene, Gas, Mobile, Nitrogen, Nitrogen Fixation, -5.1299

EFFECTS OF ZOOPLANKTON ON PHOTOSYNTHESIS BY
ALGAE IN LAKES _Algae- General, Interhiotic Relat.(non-
specif), Migration, Photosynthesis, Zooplankton, -2.1103

DYNAMICS OF THE NITROGEN CYCLE IN LAKES _Denitrifi-
cation, Nitrogen, Nitrogen Fixation, Respiration, _5.0033

RECOVERY FROM ACID POLLUTION IN FOUR STRIP-MINE
LAKES ...Acidity, Iron, Mining Industry, Self-purification, Stratifi-
cation, ..5.0669

LIMNOLOGICAL EFFECTS OF ORGANIC WATERSHED
LITTER ...Flash Floods, Forest Debris, Southwest, Watersheds -
general, -5.0048

EUTROPHICATION FACTORS IN NORTH CENTRAL FLORIDA
LAKES ...Administrative Structures, Eutrophication, Florida,
Model Studies, Systems Analysis, -5.0258

EUTROPHICATION OF SURFACE WATERS - LAKE TAHOE
...California, Effluents-waste Water, Eutrophication, Runoff,
-5.0088

RENOVATION OF A DYSTROPHIC LAKE INTO A F.UTROPHIC
LAKE ...Aeration, Biological-general, Eutrophication, Nutrients,
Organic Matter, -5.0761

CHEMISTRY OF NITROGEN IN NATURAL WATERS ...Analysis
and Detection, Denitrifieation, Fixation, Nitrogen, Radioisotopes,
-5.0250

FLUSHING OF SMALL. SHALLOW LAKES ...Circulation -water,
Discharge-other, Mixing, Pollution Abatement, Self-purification,
_5.1242

WATER-QUALITY REGIMEN OF TAHOE-TRUCKEE SYSTEM
_California, Digital Computers, Model Studies, Nevada, Water
Quality-general, ...5.0706

NUTRIENT CONTROL PROJECT - DETROIT LAKES, MIN-
NESOTA -Eutrophication, Nutrients, of Aquatic Plants, Secon-
dary Treatment, Stream Rehabilitation, -5.0583

EUTROPHICATION OF NATURAL WATERS ...Data Acquisition-
general, Eutrophication, Forecasting-prediction, Plant Succession,
Water Quality Control-general, -5.1314

SYSTEM ANALYSIS OF EUTROPHICATION CONTROL BY
FLUSHING ...Eutrophication, Flow Augmentation, Systems Anal-
ysis, Water Quality eontrol-general, -5.1266

SEDIMENT- WATER- BACTERIA INTERACTIONS IN
EUTROPHICATION ...Deposits-other, Eutrophication, Nutrients,
Oregon, Water Bacteria. -5.0953

A COMBINED SEWERAGE COLLECTION AND TREATMENT
FACILITY ...Aeration, Combined Sewer, Sand, Storm Water,
,..5.0581

CONTROL OF UNDESIRABLE AQUATIC VEGETATION IN
LAKE TANEYCOMO, MISSOURI ...Herbicides -non-specific,
Missouri, of Aquatic Plants, -5.068_1

A STUDY '1.0 EVALUATE THE EFFECT OF SILT AND SILT
REMOVAL IN A NORTHERN PRAIRIE LAKE ...Domestic
Wastes-general, Eutrophication, Hardness-minerals, Silting,
...5.1116

PHOSPHORUS IN LAKE SEDIMENTS ...Aquatic Soils, Mineral
Equilibria, Phosphorus, Soil Environment, Temperature, -5.0210

LIMNOLOGICAL INVESTIGATION OF ONEIDA LAKE ...Food
Chains, New York, Phytoplankton, *.?rinaary Productivity,
Zooplankton, _5.0773

MAJOR FACTORS INFLUENCING PRODUCTION OF
PHYTOPLANKTON IN NEW ,YORK LAKES ...Energy, New
York, Nutrients, Phytoplankton, ...2.0796

MICROBIAL ECOLOGY OF LAKE CHAMPLAIN AS IN-
FLUENCED BY PESTICIDES ...Biodegradation, Freshwater
Ecology, Microorganisms (non-specific), Nitrogen Bacteria,

.5.1202
LIMNOLOGICAL STUDIES OF LAKE CHAMPLAIN ...Biological-

general, Chemical-general, Physical-general, Pollution - Effects of
, Temperature, Vermont, -5.1203

A STUDY OF GEORGIA RIVERS AND LAKES ...Georgia,
Streams, Travel Grants, Water Quality-general, _5.0300

THE ROLE OF TEMPERATURE AND ILLUMINATION IN THE
BIOLOGY OF OSCILLATORIA RUBESCENS ...Ohio, Optical
Properties, Temperature, Temporal Distribution, ...6.0435

TROPHIC TYPOLOGY OF OHIO LAKES ...Eutrophication, Fresh-
water Ecology, Nutrients, Ohio, Plant Succession, -5.0893

TECHNIQUES OF MODELING THERMAL STRATIFICATION IN
LAKES ...Evaporation, Heat Exchange, Stratification, Tempera-
ture, ...2.0617

ECOLOGY OF YEASTS IN LAKE CHAMPLAIN ...Millipore, New
York, Plant Taxonomy, Yeast N 5, -6.0395

FOOD INTAKE OF LARGEMOUTH BASS .,.Food Supply, Lar-
gemouth Bass, Malnutrition -other, Size, ..6.0182

OPTIMUM ESCAPEMENT STUDIES OF CHIGNIK SOCKEYE
SALMON ...Alaska, Aquatic Ecology, General Synoptic Observa-
tions, Salmon - coho,ehinook,soekeye.., Water Properties-general,
_6.0623

STUDY OF TEMPERATURE EFFECTS IN COOLING WATER
LAKE .. Aquatic Ecology, Pollution - Effects of , Temperature,
Thermal Pollution, Water Temperature- non - specific, ..6.0566

AN ECOLOGICAL STUDY OF LAKE ST. PETER, QUEBEC
..,Black Duck, Canada, Depth,water Level, Fluctuation, Inter-
biotic Relat.(non-specif), Water Level Fluctuation, -4.0050

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION, LAKE,
AND POND WATERS -Chemical Analysis, Chemical Analysis
(water), Chemical Treatment-general, Irrigation-general, Pesti-
cides -non-specific, Ponds, -5,0139

INVESTIGATION AND CONTROL OF ALGAE BLOOMS AND
NUISANCE GROWTHS OF WATER WEEDS -Eutrophication,
of Aquatic Plants, Phosphate, Phosphite, -6.0110

EVAPORATION RETARDATION, PONDS OR SMALL LAKES
_Evaporation, Farm Pond, Monolayers, Water Loss Control,
-4.0100

INTERRELATIONSHIP OF FACTORS AFFECTING QUALITY
OF IMPOUNDED WATERS -Biological-general, Chemical Anal-
ysis (water), Chemical-general, Physical-gencral, Water Quality-
general, _2.0413

FISH POPULATION MANIPULATION AT RIDGE LAKE ,..Con-
trol of Nuisance Species, Depth,water Level, Fluctuation, Illinois,
Population Dynamics, Water Level Fluctuation, ..6.0194

CHEMICAL CONTROL OF AQUATIC VEGETATION ...Evalua-
tion, Illinois, of Aquatic Plants, Pre-emergents (plants), ...5.0349

DEPTH DISTRIBUTION OF FISH I N LAKE GLENDALE
...Bluegills, Bream, Food Supply, Illinois, Largemouth Bass, Verti-
cal Distribution, -6.0197

BIOLOGICAL CONTROL OF AQUATIC VEGETATION
...Biocontrol, of Aquatic Plants, Ponds, Tilapia, Cichlids, -6.0196

A LIMNOLOGICAL INVENTORY OF IOWA LAKLS AND
STREAMS -Aquatic. Ecology, Aquatic Plants (non-specific),
Iowa, Streams, Survey Studies, Water Properties-general, -7.0042

WATER QUALITY ASPECTS OF RECREATIONAL LAKES
_Nitrogen, Phosphorus, Recreation Sites, Septic Tanks, Waste
Water Treatment-general, -5.0469

LIMNOLOGY OF NEBRASKA ...Life History Studies, Nebraska,
Phenology, Reservoirs and Impoundments, Water Properties-
general, -2.0720

AQUATIC BIOLOGY INVESTIGATIONS ...Cdcetidae -other,
Lake Trout, Brook Trout, New York, Streams, Water Fowl, N.s,
-2.0786

A COMPARATIVE STUDY OF THE MACROSCOPIC BENTHIC
FAUNA OF TWO CENTRAL ADIRONDACK LAKES ..,Animal
Taxonomy, Bentilic Fauna, Comparative Physiology, New York,
Productivity - Food Chain, -2.0814

RELATIONS OF NUISANCE ALGAE TO FISH IN KLAMATH
LAKE ...Algal Toxins, Bioassays, Cyanophyta (non-specific &
Ot), Fish -non-specific, Oregon, -5.0937

STUDY OF METHODS FOR CONTROLLING AQUATIC
GROWTH AT PYMATUNING RESERVOIR AND CONNEAUT
LAKE, PENNSYLVANIA ...of Aquatic Plants, Pennsylvania,
Plant Pollutants, Pollution Abatement, Reservoirs and Impound-
ments, ...6.0470

CHEMICAL BIOCIDES IN LAKES ...Pesticides -non-specific, Pol-
lution - Effects of , Pollution Effects, Productivity - Food Chain,
South Dakota, -5.1111

THIODAN AS A TOXICANT FOR ERADICATION OF FISHES
IN LAKE MANAGEMENT ...Control of Nuisance Species,
Evaluation. Management, Thiodan, -6.0567

RESULTS OF APPLICATIONS OF KARMEX Fors CONTROL OF
PLANTS IN PONDS AND LAK ...Aquatk. Plants (non-specific),
Diuron, Evaluation, of Aquatic Plants, u.'atcr Quality-general,
,..6.0568

DEVELOPING AGRICULTURAL LAND .'N RECREATIONAL
USES UNDER PRIVATE OWNERSHIP OPPORTUNITIES IN A
TEXAS ECONOMIC AREA ...Agricultural Watersheds, Mani:ge-
ment, Recreation Sites, Social Aspects, Texas, -6.0557

SIGNIFICANCE OF STOCKING SUB-ADULT FIN CLIPPED
CATFISH IN HUNTSVILLE STATE PARK LAKE ...Aquatic
Ecology, Channel Catfish, Other, Population Dynamics, Stocking
of Fish & Shellfish, -6.0569



SUBJECT INDEX

BIOLOGICAL FACTORS IN THE MANAGEMENT OF LAKE
FLIES ...Midges, Piscicidcs -non-specific, Pollution - F,ffeets of ,
Predation, Predators and Parasite, Wisconsin, 6.0644

MILWAUKEE RIVER WATERSHED LAKE VEGETATION SUR-
VEY ...Aquatic Plants (non - specific), Mapping, Range Or Terri-
torial Distr. , Survey Studies, Wisconsin, 2,1144

IMPACT OF LAGOONS AND SAND BLANKETS ON FISH,
AQUATIC LIFE AND WATER EQUALITY ...Aquatic; Ecology,
Blankets, Lagoons, Submergent, Water Quality-general, 6.4)637

EVAPORATION ...Atmosphere Radiation, Evaporation, Forecast-
ing- prediction, Radiation-general, Water Yield, _2.0603

RADIONUCLIDE CYCLING IN AQUATIC ECOSYSTEMS AND
THE USE OF ISOTOPES TO DELINEATE AND QUANTIFY
BASIC ECOLOGICAL PROCESSES ...Aquatic Ecology, Environ-
mental Ecology, Productivity Food Chain, Radioactive Pollution
-ns, Strontium, 2.1000

A COMPARATIVE STUDY OF TRACE ELEMENT CYCLES IN
SIX LAKES IN SOUTH CAROL! ...Chemical-general, Plankton
(non-specific), South Carolina, Trace Element Analysis, Water
Cycle, 2.0944

RELICT COPEPODS FROM LAKE TUBORG, ELLESMERE
ISLAND ...Brackish Water, Canada, Carbon-14, Copepods,
Plankton Sampling, ...2,0257

EVAPORATION FROM LAKES AND RESERVOIRS ...Evapora-
tion, Evapotranspiration, Heat Budget, Reservoirs and Impound-
ments, Water Balance-budget, 2.0187

THERMAL AND BIOLOGICAL CHARACTERISTICS OF LAKES
...Algae- General, Evaporation, Indiana, Stratification, Tempera-
ture, ...2.0452

HYDROLOGY AND GEOCHEMISTRY OF CLOSED BASIN
LAKES ...Basin Shape, Evaporation, Geochemical Analysis,
Meteorological Extremes, Salt, Solution, _2.1137

EVAPORATION LOSSES FROM LAKES IN INDIANA _Evapora-
tion, Indiana, Reservoirs and Impoundments, Water Balance-
budget, ...2.0454

LAKE HYDROLOGY STUDIES Evaporation, Florida, Inflow,
Morphology-general, Water Level Fluctuation, 2.0328

VERIFICATION OF MASS-TRANSFER AND PAN EVAPORA-
TION RELATIONSHIPS FOR LARGE LAKES AND RESER-
VOIRS (SALTON SEA, CALIFORNIA) .California, Conductivi-
ty, Evaporation, Forecasting-prediction, Vapor Pressure, ..2.0129

EFFECT OF LAKES MARION AND MOULTRIE AS SEDIMENT
TRAPS ,..Rate of Deposition, Sediment Yield, South Carolina,
Supply Rate, Suspension, ..2.0963

HYDROLOGY OF UPPER OLD TAMPA BAY, FLORIDA ...Bays,
Groundwater Movement, Hydrology-general, Permeability, Water
Harvesting, Water Quality-general, 2.0331

EVAPORATION REDUCTION INVESTIGATIONS STUDY OF
THE EFFECTS OF FATTY ALCOHOLS ON THE ECOLOGY
OF LAKE HEFNER ...Alcohols, Antitranspirants, Physiological
Ecology, Plankton (non-specific), Texas, 3.0130

AUKE LAKE STUDIES ...Biological-general, Chemical-general,
Gulf of Alaska, Physical-general, Spawn Or Nesting Sites,
6.0006

EUTROPHICATION - SEDIMENT-WATER INTERCHANGE
STUDIES ...Eutrophication, Exchange Capacity, Ion Exchange-
other, Nutrients, Sediments, ..5.0982

Lakesheres-inlets
USE OF THE COASTAL ZONE FOR THE U. S. COASTLINE OF

LAKE ERIE AND LAKE SUPERIOR ...Lake Eric, Lake Superi-
or, Land Use, Social Aspects, Welfare Economics, ..6.0125

GREAT LAKES RESEARCH - COASTAL AREA SEDIMENTA-
TION ...Beach, Development, General Transport Effects, Great
Lakes-general, Model Studies, 2.0651

Land Use
HYDROLOGIC MODELS FOR PREDICTING THE EFFECTS OF

URBANIZATION ...Groundwater Movement, Model Studies,
Moisture Content. Seepage, Surface Flow, Urban Environments,
2.0913

COOPERATIVE RESEARCH PROJECT IN WESTERN NORTH
CAROLINA ...Agricultural Watersheds, Agriculture Industry,
Cover Crops, Modified Water Use, North Carolina, 2.0830

USE OF THE COASTAL ZONE FOR THE U. S. COASTLINE OF
LAKE ERIE AND LAKE SUPERIOR ...Lake Erie, Lake Superi-
or, Lakeshores-inlets, Social Aspects, Welfare Economics,
6.0125

2-263

IMPORTANCE OF T PE l WETLAND COMMUNITIES TO
WATERFOWL PRODUCTION ...Censusing, Spawn Or Nesting
Sites, Water Fowl, N.s. , Water Utilization -animal, Wetlands,
4,0218

WATERFOWL STUDY-EVALUATION OF PHYSICAL
CHANGES IN MARSH PONDS ON THE WISNER AND
BILOXI DEVELOPMENT ...Management, Mississippi, Physical-
general, Survey Studies, Swamps-marshes, Water Fowl, N.s. ,
4.0128

EVALUATION OF CLEARED SEINING AREAS ...Nets, Pre-im-
poundment Sites, Reservoirs and Impoundments, Texas, 6.0540

MONITORING THE EFFECTS OF LAND USE ON SALMON
PRODUCTION ...Alaska, Construction Land Use Effects,
Logging, Transport, Equipment, Pulp, Paper , and Logging, Water
Sampling, 5.0039

NORTH DAKOTA STATE COMPREHENSIVE OUTDOOR
RECREATION PLAN ...North Dakota, Projected Demand,
Recreation Sites, Social Aspects, Water Resources Development,
6.044)9

RATE AND DIRECTION OF GROUND WATER CIRCULATION
IN CLOSE SPACED BEDROCK AND GRAVEL WELLS
UNDER THE INFLUCENCE OF NON-SYNCHRONOUS PUMP-
ING TIME ...Connecticut, Groundwater Movement, Pumping,
Subsurface Flow, 2.0244

THE HYDRAULICS AND GEOMORPHOLOGY OF MEANDER-
ING RIVERS WITH FLOOD PLAINS ...Floodplaim, Floods,
Flow Characteristics -water, Meanders, Routing, 2.0473

CHARACTERISTICS OF STREAM FLOW OF SMALL
WATERSHEDS IN PENNSYLVANIA AND INFLUENCING
FACTORS ...Climate, Flow Characteristics -water, Model Studies,
Morphology-general, Small Watersheds, Water Yield, 2.0929

CHARACTERISTICS OF MAJOR FOREST AND RANGE
WATERSHED TYPES IN IDAHO ...Erosion-general, Forest
Watersheds, Idaho, Runoff, Water Yield. ...6.4)176

PHYSICAL TECHNIQUES AND INSTITUTIONAL
MECHANISMS FOR INTEGRATED ADJUSTMENT IN THE
FLOOD PLAIN THROUGH SOIL SURVEYS ...Alternative
Planning, Floodplains, Floodproofing, Mapping, Soil Survey,
6.0647

THE EFFECT OF URBANIZATION ON RUNOFF IN SMALL
WATERSHEDS ...Indiana, Model Studies, Runoff, Small
Watersheds, Urban Environments, 2.0458

A METHOD OF DETERMINING AND MAPPING THE
HYDROLOGIC RESPONSE OF UNGAGED WATERSHEDS IN
THE SOUTHEAST ...Atlases-maps, Hydrology-general,
Morphology-general, Small Watersheds, Southeast, 7.0025

A PRELIMINARY STUDY OF THE ECOLOGY, PRESENT AND
ALTERNATIVE FUTURE LAND USE PATTERNS IN THE
DISMAL SWAMP AREA OF NORTH CAROLINA ...Agricul-
tural Land Use Effects, Economic Impact, Game Reserves &
Preserves, North Carolina, Wetlands, ..6.0404

METHODS OF ANALYSIS AND DETERMINATION OF EF-
FECTS OF ALTERNATIVE USES OF FORESTED LANDS ON
STREAMFLOW ...Alternative Planning, Forest Watersheds,
Other, River Basins, Washington, ...4.0272

CHEMICAL, PHYSICAL, AND BIOLOGICAL DYNAMICS OF
NORTHERN PRAIRIE LAKES ...Biological - general, Chemical-
general, Lakes, Physical-general, Water Quality- general, ..5.1114

BROOD PRODUCTION AND POND PREFERENCE OF DIVING
DUCKS IN THE TURTLE MOUNTAINS OF NORTH DAKOTA
...Aquatic Plants (non-specific), Chemical- general, Habitat Stu-
dies, Water Fowl, N.s. , Water Utilization -animal, 6.0410

EVALUATION OF HYDROLOGIC EFFECTS OF URBANIZA-
TION Hydrology-general, Regression Analysis, Runoff, Small
Watersheds, Storm Water, Urban Environments, ..4.0231

BEHAVIOR OF WATER IN AN SOUTHWEST IMPOUNDMENT
LAKE THUNDERBIRD ...Chemical-general, Climatography,
Physical-general, Reservoirs and Impoundments, Water Quality-
general, ...5.0918

WATER RESOURCES IN SOURDOUGH AND MIDDLE CREEK
WATERSHEDS - A COMPARATIVE STUDY OF QUALITY
AND HYDRO! OGY .,.Conservation-general, Hydrology-general,
Montana, Water Quality Control-general, Watersheds-general,
5.0695

A GEOGRAPHIC ANALYSIS OF THE HYDROLOGIC
RESPONSE IN THE SOUTHEASTERN UNITED STATES ...At-
lases-maps, Drainage, Patterns, Southeast, 2.0346

QUALITY OF STORM WATER DRAINAGE FROM URBAN
LAND AREAS IN NORTH CAROLINA ...North Carolina, Ru-
noff, Storm Water, Urban Environments, Water Quality-general,
5.0815
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A MODEL RELATING WATER QUALITY VEGETATIONAL
STRUCTURE AND URBANIZATION IN THE SAN JACINTO
RIVER BASIN Model Studies, River Basins, Texas, Urban En-
vironments, Water Quality-general, ...4.0242

ECONOMIC EVALUATION OF CHANGES IN LAND USE OF A
MUNICIPAL WATERSHED AS A GUIDE TO DECISION-MAK-
ING ...Discharge-general, North Carolina, Reservoirs and Im-
poundments, Urban Environments, Water Costs, 6.0408

MULTIPURPOSE RESERVOIRS AND URBAN DEVELOPMENT
.,.Model Studies, Reservoirs and Impoundments, Urban Environ-
ments, ...2.0823

A CASE STUDY OF WATER RESOURCES DEVELOPMENT
AN ANALYSIS OF A PROPOSED PROJECT ON THE MIS-
SOURI RIVER ...Alternative Planning, Benefit -cost Analysis,
Economic Impact, Missouri River, Social Aspects, Water
Resources Development, 6.0389

EVALUATION OF DISPERSED POLLUTIONAL LOAD ...Com-
bined Sewer, Pollutants-general, Pollution Sources-general, Ru-
noff, Sewage Treatment Plant, 5.0921

STREAM QUALITY PRESERVATION THROUGH URBAN
LAND USE ...Management, Pennsylvania, Urban Environments,
Water Quality Control-general, 5.1010

AN ENGINEERING INVESTIGATION OF STORM AND COM-
BINED SEWER PROBLEMS ...Combined Sewer, Non-structural
Alternative, Pollution Abatement, Runoff, Storm Water, ...5.0229

DEVELOPMENT OF LAND USE EQUATIONS FOR THE SLOP-
ING SOILS OF INDIANA ...Development of Models, Erosion-
general, Indiana, Slopes, Tillage, Cropping Systems, 2.0464

PHYSICAL AND ECONOMIC ANALYSIS OF WATERSHEDS AS
RELATED TO SOIL AND WATER CONSERVATION ...Benefit-
cost Analysis, Conservation-general, Lund, Linear & Non-linear
Program, Watersheds- general, ..6.0222

THE USE OF AERIAL PHOTOGRAPHS TO EVALUATE THE
RECREATIONAL RESOURCES OF A RIVER ...Connecticut
Rim. Methods, Photogrammetry, Recreation Sites, Streams,
6.0285

COMPUTER SIMULATION OF EFFECTS OF LAND MANAGE-
MENT AND WEATHER MODIFICATION ON WATERSHED
ECOSYSTEMS .Multivariate Analysis, Plant Ecosystems(non-
specific), Simulation Theory, Water Yield, Weather Modification-
general, ...C.0297

SMALL WATERSHED YIELDS ...Amount, Aquifers-general, Ru-
noff, Small Watersheds, Water Yield, ..4.0149

LAND SHAPING FOR WATER CONSERVATION ...Floods,
Moisture Content, Natural Recharge, Production & Processing,
Runoff, Water Harvesting, 3.0311

MULTIPLE PURPOSE WATER RESOURCE INVESTIGATIONS
Management, Multiple-purpose Projects, New York, Reservoirs
and Impoundments, Urban Environments, 6.0390

LAND AND WATER USE, CONSERVATION, AND DEVELOP-
MENT IN OKLAHOMA WATERSHEDS ...Administrative Struc-
tures, Agriculture, Eloodplains, Floodproofing, Land, Model Stu-
dies, .6.0443

RURAL LAND USAGE ...Agriculture, Land, Land Use -non-
specific, Rural Areas, Social Aspects, Types of Resources,
_6.0471

ECONOMIC IMPACT OF WATER RESOURCE DEVELOPMENT
ON LAND USE Economic Impact, Pennsylvania, Reservoirs
and Impoundments, Rural Areas, Water Resources Development,
6.047-2

AN ECONOMIC ANALYSIS OF THE DEMAND FOR LAND
AND/OR WATER-BASED OUTDOOR RECREATION IN
TEXAS ...Projected Demand, Recreation Sites, Texas, 6.0556

A REGIONAL STUDY OF THE CHANGING OCCUPANCY AND
DEVELOPMENT OF AN ALLUVIAL LOWLAND ...Alluvial
Deposits, Management, Mississippi, Model Studies, Regional
Areas, _7.0031

SEDIMENTATION IN LAKES AND RESERVOIRS ,Conserva-
tion-general, Rate of Deposition, Reservoirs and Impoundments,
Slopes, Soil 'Types-other, ...2.0422

GROUND-WATER STUDIES - PILOT DRAINAGE BASIN
STUDY ...Carbonate Aquifers, Groundwater Basins, Groundwater
Movement, Natural Recharge. Runoff, Water Cycle, 2.0418

ENVIRONMENTAL GFOLOGY OF MCHENRY COUNTY, IL-
LINOIS ...Aquifers-general, Illinois, Potential of Deposit, Subsur-
face, Terrain Analysis, 6.0192

ENVIRONMENTAL GEOLOGY OF THE SPRINGFIELD-
DECATUR AREA ...Appraisals-general, Geology-general,
Groundwater, Illinois, Urban Environments, 6.0193
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INVESTIGATIONS OF EROSION CONTROL AND WATER
CONSERVATION ...Amount, Conservation-general, Erosion,
Gullys - Arroyos, Runoff, Sediment Yield, Stabilization-general,
.3.0226

THE ECONOMICS OF LAND UTILIZATION ...Conservation,
Economics-general, Kansas, Lund, ...6.'0235

CLIMATOLOGICAL MEASUREMENTS RELATED TO
AGRICULTURE ...Amount, Fog-haze-mist, Physical Climatology,
Sunshine, Temperature, Water Utilization -general, ...2.0741

DRAINAGE STUDIES OF NEW YORK SOILS .Drainage, Land,
Production & Processing, Wetlands, 4.0182

SOCIO-ECONOMIC STUDY OF NARRAGANSETT BAY,
RHODE ISLAND Bays, Benefit-cost Analysis, Estuaries, Rhode
Island, Social Aspects, Water Quality Control-general, 6.0485

RUNOFF PRODUCTION BY UNIT SOURCE AREA ...Evapora-
tion, Forecasting-prediction, Moisture Content, Rain-general, Ru-
noff, ..2.1029

SEDIMENT PRODUCTION YIELD AND DELIVERY RATE IN
RELATIONS TO CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Conservation, Sediment Yield, Small Watersheds,
Texas, 2.1018

DRAINAGE FARM SERVICE ...Agriculture Industry, Drainage En-
gineering, Research Facilities, Utah, ...4,0254

STATE WATER PLAN INVESTIGATIONS ...Management, River
Basins, Utah, Water Supply-general, Water Utilization -general,
6.0579

WATER QUALITY MONITORING STUDIES .,.Aquatic Ecology,
Chemical-general, Dams, Monitoring Systems, Survey Studies,
Water Quality-general, ...6,0639

FOREST INFLUENCES STUDIES ...Erosion-general, Forest
Watersheds, Infiltration, Runoff, Stabilization- general, Water
Quality-general-2.0986

NORTH FORK CITICO CREEK WATERSHED RESEARCH
...Construction, Forest Watersheds, Hydrology-general, Multiple-
purpose Projects, _4.0220

PINE TREE BRANCH WATERSHED RESEARCH ...Cutting
Operations, Erosion-general, Forest Watersheds, Other, Sediment
Yield, Tennessee, _6.0536

BEECH RIVER WATERSHED PROJECT ...Design Flow-flood,
Forest Watersheds, Reservoirs and Impoundments, Sediment
Yield, Tennessee, ..4.0222

EFFECTS OF DEVELOPMENT ON WATER QUALITY
Coliforms (non-specific), Eutrophication, Nutrients, Soil Condi-
tions, Streams, .5.1118

DEVELOPMENT OF HYDROLOGIC ANALYSIS TECHNIQUES
Computers-general, Data Analysis - General, Hydrology- general,
Model Studies, Technique Development, .1.0988

INFLUENCE ON LAND VALUES OF IMPROVED UTILIZATION
THROUGH FLOOD PROTECTION ...Economic Impact, Flood-
proofing, Rural Areas, Urban Environments, Value, 6.0129

BASIC RESEARCH IN VEGETATION AND HYDROLOGY
Flooding, Groundwater, Low Flow, Mapping, Movement, Water
Quality-general, _2.1100

EFFECT OF CONSERVATION PRACTICES ON HYDROLOGY
AND SEDIMENTATION RATES ...Conservation, Pennsylvania,
Rate of Deposition, Small Watersheds, 4.0204

FLOOD INUNDATION MAPPING AND URBAN RUNOFF INV.,
DALLAS, TEXAS ...Floods, Mapping, Runoff, Texas, Urban En-
vironments, ..4.0232

SEDIMENTATION AND HYDROLOGY-ROCK CREEK AND
ANACOSTIA RIVER BASINS, MARYLAND ...Erosion-general,
Groundwater, Maryland, Sediment Yield, Urban Environments,
.,.4.0130

WATER YIELD IMPROVEMENT, EROSION CONTROL, AND
SEDIMENT REDUCTION IN FORESTS ...Erosion-general,
Forest Watersheds, Moisture Content, Radioisotopes, Stabiliza-
tion-other, Water Yield, 3.0486

SOIL STABILIZATION AND RUNOFF REGULATION IN
CONIFER WATERSHEDS ...Channels, Erosion-general, Forest
Watersheds, internal Water Movement, Runoff, Stabilization-
other, ...5.0967

MANAGEMENT FOR IMPROVEMENT OF WATER YIELD IN
THE CONIFER ZONE OF CALIFORNIA ...Evapotranspiration,
Forest Watersheds, Precipitation-general, Radioisotopes, Snow-
melt, Water Yield, 3.0032

HYDROLOGIC ANALYSIS METHODS ..,Floods, Forest
Watersheds, Reservoirs and Impoundments, Sediment Yield,
Snowmelt, _2.0077

WATERSHED PROTECTION & REHABILITATION TO REDUCE
WATER RUNOFF Erosion-general, Floods, Forest Watersheds,
Infiltration, Runoff, ...4.0250
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WATERSHED CORRELATION AND SYNTHESIS ...Eastern, Flow
Characteristics -water, Forest Watersheds, Management, Water
Yield, .3.0420

EFFECTS OF DIFFERENT FOREST TYPES AND CONDITIONS
ON STREAM REGIMEN AND WATER YIELDS ...Climatic Ef-
fects, Environment, Flow Characteristics -water, Forest
Watersheds, Radiation-general, Water Yield, .,5,0794

FLOOD REDUCTION AND IMPROVEMENT IN TIMING OF
WATER YIELD IN THE GZARKOUACHITA UPLANDS .Ero-
sion-general, Floods, Infiltration, Water Cycle, Water Yield,
5.0054

EFFECT OF FOREST TYPES AND CONDITIONS ON WATER
MOVEMENT AND GROUND WATER RECHARGE ...Forest
Watersheds, Groundwater Movement, Infiltration, Natural
Recharge, Runoff, Water Cycle, 3.0301

SEDIMENT SOURCES AND YIELDS IN AGRICULTURAL
WATERSHEDS IN CORN BELT STATES Agricultural
Watersheds, Corn Belt, Forecasting-prediction, Sediment Yield,
Streams, ,2.0864

RUNOFF PRODUCTION BY UNIT SOURCE AREA FOR
AGRICULTURAL WATERSHEDS IN THE SOUTH ,..Agricul-
tural Watersheds, Conservation, Precipitation -non-specific, Ru-
noff, Southern, 2.0335

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
...Agricultural Watersheds, Climate-general, Groundwater, Shape,
Water Yield, ..,3,0393

STORM RUNOFF AND FLOODS AS RELATED TO IN-
TEGRATED CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Climate, Floods, Morphology-general, Runoff,
Storm Water, 4.0071

RUrlOFF PRODUCTION BY UNIT SOURCE AREAS IN THE
SOUTHERN PLAINS .Great Plains Province, Moisture Reten-
tion, Runoff, .2.0875

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
_Agricultural Watersheds, Conservation-general, Flow Charac-
teristics -water, Physiography-general, Water Yield, 3.0462

DEVELOPMENT OF SUPPORTING PRACTICES, SYSTEMS,
TECHNIQUES AND DEVICES FOR RUNOFF AND EROSION
CONTROL IN THE SOUTH ...Conservation, Conservation &
Management En g, Erosion-general, Flow Characteristics -water,
Runoff, Tillage, Cropping Systems, 5.0275

SOIL MOISTURE REGIMES OF AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Internal Water Movement, Moisture
Levels, Recharge -general, Soil Physical Properties, 2.0869

FACTORS INFLUENCING THE STABILITY AND REGIME OF
CHANNELS IN AGRICULTURAL WATERSHEDS ..Agricul-
tural Watersheds, Channels, Climate, General Deposition,
Morphology-general, ...4.0072

SEDIMENT YIELD FROM RANGELAND WATERSHEDS IN
THE SOUTHWEST ...Agricultural Watersheds, Erosion, Sediment
Transport-other, Sediment Yield, Supply Rate, .2.0041

TECHNOLOGY AND ECONOMICS OF CONSERVATION .,,Al-
ternative Planning, Benefit-cost Analysis, Conservation-general,
Erosion-general, Sediments, ..4.0106

OPTIMUM PATTERNS OF DIVERSIFIED CROP PRODUCTION
ON THE MOLOKAI DIVERSION PROJECT ...Economic Feasi-
bility, Irrigation, Water Costs, Water Demand, Yield, 6.0173

CONTROL OF INSECT VECTORS ON WATERFOWL MARSHES
...Cultural Control, Great Salt Lake, Insecticides -non-specific,
Management, Swamps-marshes, .4.0263

Lanthanide Series-general
Element

HETEROGENEOUS OXIDATION OF POLLUTANTS IN WATER
.,.Chemical Treatment-other, Heterogeneous Catalysis, Organic
Matter, Oxidants, Regeneration-other, 5.0789

Lanthanum
A STUDY OF A PROCESS FOR PHOSPHATE REMOVAL FROM

WATER SUPPLIES USING LANTHANUM PRECIPITATION
...Material Recovery Wastes, Phosphate, Phosphite, Process
Design, Waste Treatment-economics, Waste Water Treatment-
other, ...5.0074

Lasers and Masers
DETECTION AND IDENTIFICATION OF MOLECULAR WATER

POLLUTANTS BY LASER RAMAN SPECTROSCOPY
..,Chemical Analysis, Detectors and Sensors, Industrial Wastes,
Pesticides -non-specific, Physical Parameters, Raman, Surfactants,
5.0441

DEVELOPMENT OF ATMOSPHERIC LASER RADAR Am-
plifiers, Humidity, Lasers, Radar, Ruby, 2.0194

Applications of Lasers-masers
THE APPLICATION OF LASER IONIZATION MASS SPEC-

TROMETRY TO THE IDENTIFICATION OF ORGANIC SALTS
IN POLLUTED WATER ...Organic Matter, Physical Parameters,
Spectroscopy, Sulfonates (rso3na), Surfactants, ...1.0108

Ruby
DEVELOPMENT OF ATMOSPHERIC LASER RADAR .,,Am-

plifiers, Humidity, Lasers, Lasers and Masers, Radar, 2.0194

Leaching-aerial
THE LOSS OF ORGANIC AND INORGANIC MATERIALS

FROM ABOVE-GROUND PLANT PARTS, WITH REFERENCE
TO DECONTAMINATION OF PARTS UTILIZED FOR FOOD
...Adsorption & Interface, Atomic Bomb, Radioactive, Fallout,
Root Absorption, 5.0776

Leaching-other
LEACHING REQUIREMENT AND SALINITY STUDIES WITH

BEARING ORANGE TREES ...Citrus, Flood Irrigation, Soil and
Rock Leaching, Trees, Water Salinity, 4.0041

Lead
A STUDY OF SUSPECTED LEAD POISONING OF SWANS AND

GEESE .,.Anserifoimes -other, Ponds, Rhode Island, ..5.1077
HEMATOLOGICAL CHANGES IN F. HETEROCLITUS UPON

EXPOSURE TO TOXIC METALS Blood Cells, Blood Plasma
and Serum, Cadmium, Killifishs - Cyprinodon, Mineral Origin,
.5.1092

LEAD ISOTOPIC CHEMISTRY FOR POLLUTION RESEARCH
.Analysis and Detection, Other, Pollutants - Path of ,

Radioisotopes, Transport, 5.0150

Learning and Retention
Escape and Avoidance

EFFECTS OF MALATHION ON LEARNING AND RETENTION
IN THE GOLDFISH ...Goldfish, Malathion, Mode of Action -
animal, Pesticides, Pollution - Effects of , 5.0667

Legal Aspects of Water
Law Enforcement

WATER RIGHTS & WATER LAW & THE EFFECTS OF THESE
ON THE DEVELOPMENT & UTILIZATION OF THE WATER
RESOURCES OF NY STATE (ABBREV) ...Administrative
Structures, New York, Riparian Rights, State Government, Water
Utilization -general, 6.0380

AN EVALUATION OF ALTERNATIVES FOR WATER
RESOURCES REGULATION IN MISSOURI ...Alternative
Planning, Legal Review, Missouri, State Government, .6.032I

ANALYSIS OF MANAGERIAL, FINANCIAL, AND REGULATO-
RY FUNCTIONS OF REGIONAL WATER RESOURCES
AUTHORITIES AND OTHER INSTITUTIONAL ARRANGE-
MENTS ...Administrative Structures, Finance, Management and
Administration, Survey Studies, ...6.0279

Legal Review
APPRAISAL OF WATER MANAGEMENT INSTITUTIONS-SUR-

VEY OF OREGON WATER LAW ...Administrative Structures,
Management, Water Rights-general, Water Standards, Water
Transfer, 6.0455

INTEGRATION OF CONNECTICUT WATER RIGHTS LAWS
AND POLLUTION CONTROL LAWS ...Connecticut, State
Goverment, Water Allocation, Water Quality Control-general,
Water Rights-general, 6.0116
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ECONOMIC IMPLICATIONS OF WATER POLICY IN ARIZONA
...Arizona, Economic Efficiency, Economic Impact, Model Stu-
dies, Water Resources Development, _6,0011

PHYSICAL, LEGAL AND ECONOMIC ASPECTS OF ASSESS-
MENT OF COSTS AMONG DRAINAGE DISTRICTS

Drainage, Floodproofing, Floods, Flow Characteristics -water,
Routing, 6,0228

MODEL WATER USE ACT FOR THE STATE OF FLORIDA
WITH COMMENTS ...Administrative Structures, Regional Areas,
Riparian Rights, State Government, Water Allocation, 6,0151

SYSTEMS APPROACH TO WATER RESOURCE MANAGE-
MENT ...Administrative Structures, Economics-general, Model
Studies, Social Aspects, Systems Analysis, Water Allocation,
_6,0080

AN EVALUATION OF ALTERNATIVES FOR WATER
RESOURCES REGULATION IN MISSOURI ...AI;ernative
Planning, Law Enforcement, Missouri. State Govt.rnment,
_6.0321

SOME LEGAL ASPECTS OF WATER RF.SOURCE USE WITH
RESPECT TO ECONOMIC DEVELOPMENT IN ALABAMA
_Economic Impact, Social Aspects, State Government, Water
Utilization -general, 6.0004

LAW AFFECTING INSTITUTIONAL DESIGN FOR WATER
QUALITY MANAGEMENT ...Administrative Structures, Pollu-
tion Abatement, Riparian Rights, State Government, Water Quali-
ty Control-general, _6,0642

ECONOMICS AND LEGAL FACTORS IN PROVIDING, USING
I. ND MANAGING WATER RESOURCES IN AGRICULTURE
Conflicts, Illinois, Interstate, North Central, Water Demand,
_6,0211

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture, Irrigation-general, Management, North Central,
Optimization, _6.0323

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Alternative
Planning, Economic Efficiency, Model Studies, Water Transfer,
Welfare Economies, A.0169

ECONOMICS OF WATER TRANSFF,R - APPRAISAL OF IN-
STITUTIONS _Administrative Structures, Economic Efficiency,
Water Allocation, Water Transfer, Welfare Economies, 4.0176

A STUDY OF SOUTH CAROLINAS STATE LEGISLATION,
POLICIES AND PROGRAMS PERTAINING TO WATER AND
RELATED I.AND RESOURCES ...Administrative Structures,
South Carolina, State Government, Water Law-general, 6.0490

THE EC'ONOMIC'S OF WATER TRANSFER Administrative
Structures, Economic Impact, Water Allocation, Water Rights-
general, Water Transfer, 6,0577

THE ECONOMICS OF WATER TRANSFER AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, State-local Government, Water Allocation, Water
Transfer, 4,0269

ILLINOIS AND ITS IN rERSTATE. COMPACTS ...Administrative
Structures, Control and Protection, Illinois, Interstate, Urban En-
vironments, ..6.0185

AN ECONOMIC AND LEGAL APPRAISAL OF THE USE OF
WATER FOR IRRIGATION AND OTHER PURPOSES ON IL-
LINOIS FARMS ...Agriculture, Illinois, Irrigation-general, Legisla-
tive Processes. Water Law-general, 6,0214

LEGAL IMPLICATIONS OF WEATHER MODIFICATION
...Clou&precipitation, Eog-mist Dissipation, Legal Studies-
general, Weather Modification-general, 2,0169

STANDARDS AND CRITERIA ...Legislation, TurbHity, Water
Standards, 5.0188

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST
Economies-general, Irrigation-general, Water Resources
Development, Water Rights-general, Water Utilization -domestic,
_6.0133

LEGAL ASPECTS OF WATER RIGHTS IN THE WEST Water
Rights-general, Water Sources -general, Western, 6.0040

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-
propriation, Eastern, International, Interstate, Water Rights-
general, 6.0130

IRRIGATION TRENDS AND POTENTIALS IN THE NORTH
CENTRAL STATES ...Economic! Efficiency, Irrigation-general,
North Central, Water Demand, Water Rights-general, 6,0645

ECONOMICS OF ALTERNATIVE ROUTINES FOR DELIVER-
ING IRRIGATION WATER Agriculture Industry, Economic Ef-
ficiency, Irrigation-general, Model Studies, Water - Alternative
Uses, 6.0101

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Adminis-
trative Structures, Contracts-permits, Eastern, Water Law - general,
Water Rights-general, 6,0131

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-
propriation, Contracts-permits, Eastern, Eminent Domain,
6.0132

Legislation
THE IMPACT OF FEDERAL WATER LEGISLATION AT THE

STA1 E. AND LOCAL LEVEL ...Economic Impact, Finance,
Local Government, State Government, Washington, 6,0608

LEGAL ASPECTS OF WATER USE AND CONTROL IN SOUTH
CAROLINA ...Control and Protection, South Carolina, Survey
Studies, Water Law-general, Water Utilization -general, ...6,0492

LEGAL RESEARCH, WRITING AND DRAFTING TOWARD IM-
PROVING MONTANA WATER LAWS ...Conservation-general,
Montana, State Government, Water Utilization -general, 6,0333

STANDARDS AND CRITERIA ...Legal Review, Turbidity, Water
Standards, ...5.0188

ANALYSIS OF RURAL ZONING ENABLING STATUTES AND
ORDINANCES ...Agriculture, Cme, Intergovernmental Relations,
6,0138

APPRAISAL OF LOCAL SOIL, WATER AND OTHER
RESOURCE ORGANIZATIONS .,.Administrative Structures,
Conservation-general, Economics-general, Other, Soils -general,
6.0134

Legislative Levels
International

A COMPARATIVE ANALYSIS OF AMERICAN AND CANADI-
AN GOVERNMENTAL DEVELOPMENT OF REGIONAL
WATER POLICY IN THE COLUMBIA RIVER BASIN ...Ad-
ministrative Structures, Columbia River, Intergovernmental Rela-
tions, Water Resources Development, 6,0632

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-
propriation, Eastern, Interstate, Legal Review Water Rights-
general, _6.0130

Interstate
INTERSTATE REGIONAL PLANNING FOR WATER SUPPLY

AND WASTE DISPOSAL ...Delaware River, Disposal-general,
Planning, Water Distribution Systems, Water Quality Control-
general, Water Supply-general, 5.0748

ECONOMICS AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
Conflicts, Illinois, Legal Review, North Central, Watch Demand,
6,0211

ILLINOIS AND ITS INTERSTATE COMPACTS .,.Administrative
Structures, Control and Protection, Illinois, Legal Review, Urban
Environments, ...6,0185

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-
propriation, Eastern, International, Legal Review, Water Rights-
general, 6.0130

Loral Government
AN EXPLORATION OF COMPONENTS AFFECTING AND

LIMITING POLICYMAKING OPTIONS IN LOCAL WATER
AGENCIES ...Administrative Structures, Alternative Planning,
Colorado, Economic Impact, State -Local Government, 6.0104

THE IMPACT OF FEDERAL WATER LEGISLATION AT THE
STATE AND LOCAL LEVEL _Economic Impact, Finance,
Legislation, State. Government, Washington, 6,0608

THE EFFECTIVENESS OF GOVERNMENTAL ACTION FOR
WATER POLLUTION CONTROL IN NEW JERSEY ..,Adminis-
trative Structures, New Jersey, Pollution Sources-general, Survey
Studies, Water Quality Control-general, 6.0349

A DEMONSTRATION OF JOINT-MUNICIPAL-INDUSTRIAL
WASTE TREATMENT IN THE ONONDAGA LAKE
WATERSHED ...Chemical Treatment, Combined Sewer, Industri-
al-general, Waste Water Treatment - general, Watersheds-general,
_5.0792

COMPARATIVE STUDIES OF COMMUNITIES IN ILLINOIS
,,.Administrative Structures, Illinois, Social Aspects, Urban En-
vironments, .,.6.0189

State Government
INTEGRATION OF CONNECTICUT WATER RIGHTS LAWS

AND POLLUTION CONTROL LAWS Connecticut, Legal
Review, Water Allocution, Water Quality Control- general, Water
Rights-general, 6,0116
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A LEGAL- ECONOMIC ANALYSIS OF ADMINISTRATIVE AND
MARKET PROCEDURES USED IN THE TRANSFER OF
WATER RIGHTS Administrative Structures, Economic Effi-
ciency, Model Studies, Production - Supply, Water Allocation,
Water Transfer, 2.0726

WATER RIGHTS & WATER LAW & THE EFFECTS OF THESE
ON THE DEVELOPMENT & UTILIZATION OF THE WATER
RESOURCES OF NY STATE (ABBREV) ...Administrative
Structures, Law Enforcement, New York, Riparian Rights, Water
Utilization -general, _6,0380

MODEL WATER USE ACT FOR THE STATE OF FLORIDA
WITH COMMENTS ...Administrative Structures, Legal Review,
Regional Areas, Riparian Rights, Water Allocation, 6.0151

THE IMPACT OF FEDERAL WATER LEGISLATION AT THE
STATE AND LOCAL LEVEL ...Economic Impact, Finance,
Legislation, Local Government, Washington, ..6.0608

AN EVALUATION OF ALTERNATIVES FOR WATER
RESOURCES REGULATION IN MISSOURI .,.Alternative
Planning, Law Enforcement, Legal Review, Missouri, _6.0321

SOME LEGAL ASPECTS OF WATER RESOURCE USE WITH
RESPECT TO ECONOMIC DEVELOPMENT IN ALABAMA
_Economic Impact, Legal Review, Social Aspects, Water Utiliza-
tion -general, 6.0004

WATER LAW OF SOUTHEASTERN ESTUARIES ...Conflicts,
Estuaries, Southeast, Water Law-general, 6.0163

LEGAL RESEARCH, WRITING AND DRAFTING TOWARD IM-
PROVING MONTANA WATER LAWS ...Conservation-general,
Legislation, Montana, Water Utilization -general, ...6.0333

THE ANALYSIS OF THE WATER RIGHTS REGISTRATION
ACT AND ASSOCIATED LEGISLATION OF THE 1967
WASHINGTON SESSION LAWS ...Conflicts, Contracts-permits,
Washington, Water Rights-general, 6.0626

LAW AFFECTING INSTITUTIONAL DESIGN FOR WATER
QUALITY MANAGEMENT ...Administrative Structures, Legal
Review, Pollution Abatement, Riparian Rights, Water Quality
Control-general, 6.0642

A STUDY OF SOUTH CAROLINAS STATE LEGISLATION,
POLICIES AND PROGRAMS PERTAINING TO WATER AND
RELATED LAND RESOURCES ,..Administrative Structures,
Legal Review, South Carolina, Water Law-general, 6.0490

Water Law-general
DEEP WELL DISPOSAL OF DESALINATION BRINE WASTES

...Artificial Recharge, Brackish Water, Desalination, Desalination
Wastes, Economics-general, 3.0296

GENERAL STUDIES RELATED TO CODING GROUND-WATER
APPROPRIATIONS & BASIC DATA FOR INFORMATION,
STORAGE & PROCESSING SYSTEMS ...Data & Statistics Info
Storage, Data and Statistics Centers, Digital Computers, General
Design, .7.0074

INTERGOVERNMENTAL RELATIONSHIPS IN THE ADMINIS-
TRATION OF WATER RESOURCES ...Administrative Struc-
tures, Illinois, Water Quality Control-general, Water Resources
Develor ment, 6.0210

AN ANALYSIS OF THE ECONOMIC IMPLICATIONS OF THE
PERMIT SYSTEM OF WATER ALLOCATION .,,Contracts-per -
mits, Economic Efficiency, Economic Impact, Iowa, Water Allo-
cation, .,6.0226

A HISTORY OF WATER UTILIZATION IN THE SOUTHWEST,
WITH PARTICULAR REFERENCE TO NEW MEXICO Ad-
ministrative Structures, Economics-general, History, New Mexico,
Water Utilization -domestic, 2.0774

INSTITUTIONAL DESIGN FOR WATER QUALITY MANAGE-
MENT - A CASE STUDY OF THE WISCONSIN RIVER BASIN
,.,Administrative Structures, Alternative Planning, Economics-
general, Regional Areas, Water Quality-general, 5.1306

SYSTEMATIC STUDY AND DEVELOPMENT OF LONG-
RANGE PROGRAMS OF URBAN WATER RESOURCES
RESEARCH ,,,Data Acquisition-general, Economics-general, Pro-
jections and Estimations, Social Aspects, Systems Analysis, Urban
Environments, 6.0392

AN ENGINEERING-ECONOMIC STUDY OF TEE INDUSTRIAL
GROWTH POTENTIAL OF THE UPPER PASSAIC RIVER
BASIN .Economic Impact, Industrial-general, River Basins, So-
cial Aspects, Water Standards, 6.0347

A COMPENDIUM OF WATER LAW AND ECONOMICS IN
NEW HAMPSHIRE ...Conjunctive Use, Economic Impact, New
Hampshire, Water Quality-general, Water Rights-general, Water
Utilization -domestic, ...6.0283

INSTITUTIONAL FACTORS INFLUENCING WATER
DEVELOPMENT IN TEXAS ...Administrative Structures,
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Economic Impact, Planning, Texas, Water Resources Develop-
ment, -.6.0562

ALLOCATIVE IMPACTS OF FEDERAL AND STATE WATER
DEVELOPMENT LAW ,..Conflicts, Economic Impact, Sacra-
mento River, Water Allocation, Water Resources Development,
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LEGAL ASPECTS OF WATER USE AND CONTROL IN SOUTI
CAROLINA ...Control and Protection, Legislation, South
Carolina, Survey Studies, Water Utilization -general, 6.0492

WATER LAW OF SOUTHEASTERN ESTUARIES ...Conflicts,
Estuaries, Southeast, State Government, ...6.0163

ENHANCEMENT OF ECOLOGIC AND AESTHETIC VALUES
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RESERVOIR PROJECT ...Benefit -cost Analysis, Louisiana, Multi-
ple-purpose Projects, Policy Making, Reservoirs and Impound-
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RESEARCH ON DECISION MAKING AND RELATED
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ment, Operations Research, 6.0381
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ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
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Idaho, Water Rights-general, Water Transfer, 6.0178

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Administrative Structures, Agriculture Industry, Benefit-cost
Analysis, Water Allocation, Water Quality Control-general, Water
Resources Development, 6.0229

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
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Kansas, Management, 6.0233

ECONOMIC PROBLEMS IN THE USE, ALLOCATION, REGU-
LATION AND PRICING OF WATER ...Conflicts, Minnesota,
Price & Value, Water Allocation, Water Demand, 6.0310

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
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Costs, 6.0429

A STUDY OF SOUTH CAROLINAS STATE LEGISLATION,
POLICIES AND PROGRANU- PERTAINING TO WATER AND
RELATED LAND RESOURCES ...Administrative Structures,
Legal Review, South Carolina, State Government, 6.0490

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, Water Demand, Water Rights-general, Water Transfer,
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PREPARATION OF A HIGHWAY DRAINAGE POLICY STATE-
MENT AND PRACTIVE MANUAL FOR THE STATE OF IL-
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books, Illinois, Roads and Highways, 6.0205

AN ECONOMIC AND LEGAL APPRAISAL OF THE USE OF
WATER FOR IRRIGATION AND OTHER PURPOSES ON IL-
LINOIS FARMS ,..Agriculture, Illinois, Irrigation-general, Legal
Review, Legislative Processes, ...6.0214

THE ECONOMICS OF WATER RESOURCE DEVELOPMENT
...Administrative Structures, Economic Efficiency, Water
Resources Development, Water Transfer, 6.0651

POTENTIAL APPLICATIONS OF NUCLEAR EXPLOSIVES IN
WATER RESOURCE DEVELOPMENT ...Economics-general,
Hydrology-general, Nuclear Excavation, Nuclear Explosion,
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LOW-FLOW STUDIES OF IOWA STREAMS ,,.Available Water,
Iowa, Low Flow, Water Quality Control-general, Water Stan-
dards, ,..2.0489

FLOOD PROFILES AND FLOOD-PLAIN INFORMATION,
CEDAR RAPIDS, IOWA ...Floodplains, Floods, Iowa, Planning,
Urban Environments, 2.0490

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ..,Adminis-
trative Structures, Contracts-permits, Eastern, Legal Review,
Water Rights-general, 6.0131
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Appropriation

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Eastern,
International, Interstate, Legal Review, Water Rights-general,
-6.0130

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Con-
tracts-permits, Eastern, Eminent Domain, Legal Review, -6.0132

SUBJECT INDEX

Conflicts
INSTITUTIONAL PATTERNS FOR EVOLVING REGIONAL

PROGRAMS FOR WATER RESOURCE MANAGEMENT ...Ad-
ministrative Structures, Planning, Regional Areas, Water
Resources Development, -6.0284

ALLOCATIVE IMPACTS OF FEDERAL AND STATE WATER
DEVELOPMENT LAW ...Economic Impact, Sacramento River,
Water Allocation, Water Law-general, Water Resources Develop-

ment, ...6.0067
WATER LAW OF SOUTHEASTERN ESTUARIES -Estuaries.

Southeast, State Government, Water Law-general, -6.0163
THE ANALYSIS OF THE WATER RIGHTS REGISTRATION

ACT AND ASSOCIATED LEGISLATION OF THE 1967
WASHINGTON SESSION LAWS -Contracts-permits, State

Government, Washington, Water Rights-general, -6.0626
STATE WATER LAW ORIENTATION TOWARD SCIENTIFIC

AND TECHNOLOGICAL BASES FOR EFFECTIVE
PLANNING AND MANAGF.MENT _Nevada, Water Allocation,
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ECONOMIC CONSIDERATIONS IN RESOURCES UTILIZATION

CONFLICTS WITH PARTICULAR REGARD TO THE COOK
!NIX T BASIN ...Alaska, Benefit-cost Analysis, Economic Effi-
ciency, Economies-general, Risk & Uncertainty, Survey Studies,
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WATER RIGHTS RELATED TO WATER QUALITY STORAGE
...Alternative Planning, Flow Augmentation, Reservoirs and Im-
poundments, Riparian Rights, Storage of Water, -6.0606

ECONOMICS AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Illinois, Interstate, Legal Review, North Central, Water De.
mind, -6.0211

ECONOMIC PROBLEMS IN THE USE, ALLOCATION, REGU-
LATION AND PRICING OF WATER .Minnesota, Price &
Value, Water Allocation, Water Demand, Water Law-general,
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Contracts-permits
AN ANALYSIS OF THE ECONOMIC IMPLICATIONS OF THE

PERMIT SYSTEM OF WATER ALLOCATION ...Economic Effi-
ciency, Economic Impact, Iowa. Water Allocation, Water Law-
general, -6.0226

THE ANALYSIS OF THE WATER RIGHTS REGISTRATION
ACT AND ASSOCIATED LEGISLATION OF THE 1967

WASHINGTON SESSION LAWS -Conflicts, State Govern. ant,
Washington, Water Rights-general, -6.0626

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Adminis-
trative Structures, Eastern, Legal Review, Water Law-general,
Water Rights-general, -6.0131

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-
propriation, Eastern, Eminent Domain, Legal ReviL.v, -6.0132

Eminent Domain
WATER RIGHTS AND WATER LAW _Alternative Planning,

Riparian Rights, Water Allocation, Water Resources Develop-
ment, Water Utilization -general, _6.0386

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-
propriation, Contracts-permits, Eastern, Legal Review, ..6.0132

Riparian Rights
WATER RIGHTS & WATER LAW & THE EFFECTS OF THESE

ON THE DEVELOPMENT & UTILIZATION OF THE WATER
RESOURCES OF NY STATE ( ABBREV ) ...Administrative
Structures, Law Enforcement, New York, State Government,
Water Utilization -general, -6.0380

MODEL WATER USE ACT FOR THE STATE OF FLORIDA
WITH COMMENTS ...Administrative Structures, Legal Review,
Regional Areas, State Government, Water Allocation, -6.0151

LAW AFFECTING INSTITUTIONAL DESIGN FOR WATER
QUALITY MANAGEMENT ...Administrative Structures, Legal
Review, Pollution Abatement, State Government, Water Quality
Control-general, -6.0642

WATER RIGHTS RELATED TO WATER QUALITY STORAGE
...Alternative Planning, Conflicts, Flow Augmentation, Reservoirs
and Impoundments, Storage of Water, ...6.0606

WATER RIGHTS AND WATER LAW ...Alternative Planning,
Eminent Domain, Water Allocation, Water Resources Dcvclop-
ment, Water Utilization -general, -6.0386
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APPRAISAL OF WATER MANAGEMENT INSTITUTIONS-SUR-

VEY OF OREGON WATER LAW .., Administrative Structures,
Legal Review, Management, Water Standards, Water Transfer,
-6.0455

INTEGRATION OF CONNECTICUT WATER RIGHTS LAWS
AND POLLUTION CONTROL LAWS ...Connecticut, Legal
Review, State Government, Witter Allocation, Water Quality Con-
trol-general, -6.0116

HYDROLOGIC ASPECTS OF WATER LAWS IN MINNESOTA
.Administrative Structures, Hydrology-general, Water Cycle,
Water Transfer, -6.0306

A COMPENDIUM OF WATER LAW AND ECONOMICS IN
NEW HAMPSHIRE ...Conjunctive Use, Economic Impact, New
Hampshire, Water Law-general, Water Quality-general, Water
Utilization -domestic, _6.0283

THE ANALYSIS OF THE WATER RIGHTS REGISTRATION
ACT AND ASSOCIATED LEGISLATION OF THE 1967
WASHINGTON SESSION LAWS -Conflicts, Contracts-permits,
State Government, Washington, -6.0626

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS _Administrative Structures, Economic Effi-
ciency, Water - Alternative Uses, Water Allocation, Water
Transfer, Welfare Economics, -6.0012

ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
STITUTIONS ...Administrative Structures, Economic Efficiency,
Idaho, Water Law-general, Water Transfer, -6.0178

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, Economics-general, Water Transfer, -6.0327

USE OF GROUND WATER IN EXCESS OF RECHARGE _Ad-
ministrative Structures, Agriculture Industry, Economic Efficien-
cy, Water - Alternative Uses, Water Transfer, .,.3.0310

THE ECONOMICS OF WATER TRANSFER ...Administrative
Structures, Economic Impact, Legal Review, Water Allocation,
Water Transfer, -6.0577

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Administrative Structures, Economic Impact, Impact, Model
Studies, Policy Making, Recreation Sites, Social Aspects, ...6.0646

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures. Economic Effi-
ciency, Water Demand, Water Law-general, Water Transfer,
-4.0282

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST
_Economia-general, Irrigation-general, Legal Review, Water
Resources Development, Water Utilization -domestic, ...6.0133

LEGAL ASPECTS OF WATER RIGHTS IN THE WEST ...Legal
Review, Water Sources -general, Western, -6.0040

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-
propriation, Eastern, International, Interstate, Legal Review,

-6.0130
ECONOMICS OF WESTERN STREAMFLOW ACCRETIONS

...Benefit-cost Analysis, Irrigation-veneral, Missouri River, Water
Allocation, Water Transfer, -6.0100

IRRIGATION TRENDS AND POTENTIALS IN THE NORTH
CENTRAL STATES ..,Economic Efficiency, Irrigation-general.
Legal Review, North Central, Water Demand, .6.0645

LEGAL ASPECTS OF WATEP. RIGHTS IN THE EAST -Adminis-
trative Structures, Contracts-permits, Eastern, Legal Review,
Water Law-general, -6.0131

Water Rights-other
AN APPRAISAL OF FLOOD REGULATIONS IN THE STATES

OF ILLINOIS, INDIANA, IOWA, MISSOURI AND OHIO ...Al-
ternative Planning, Central, FloodplainA, Floodproofing, Manage-

ment, -6,0209
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Legal Studies-general
LEGAL IMPLICATIONS OF WEATHER MODIFICATION

...Clouds-precipitation, Fog-mist Dissipation, Legal Review,
Weather Modification-general, -2.0169

Licheries
MINIMUM WATER CONCENTRATION OF ENVIRONMENTAL

WATER CAPABLE OF SUPPORTING LIFE ...Environment, Ex-
traterrestrial, Fungi .non- specific, Moisture, Water, ...6.0430
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Liquid Structure
Collision Effects

EFFECT OF CHARGE UPON COLLISIONS IN WASHOUT
...Charge on Droplets, Charged Particles, Droplet Formation,
Dust - Particulate Matter, Washout, 2.0155

Linings-pavings
SMALL RESERVOIR SEALING .,Sealant Materials, Seepage,

-.8,0288
THE EFFECT OF THE NATURAL SEALING OF POTHOLES

UPON WATER MOVEMENT AND GROUNDWATER
RESOURCES ...Groundwater, Internal Water Movement,
Permeability, Potholes, Subsurface Flow, ...2.0667

INVESTIGATION OF SEEPAGE REDUCTION BY NATURAL
PROCESSES IN IRRIGATION CANALS .Canals, Irrigation-
gencal, Seepage, Soil Environment, Tensiometer, ...3.0207

DEVELOPMENT AND DEMONSTRATION OF MATERIALS TO
REDUCE OR ELIMINATE WATER INFILTRATION INTO
SEWERAGE ...Groundwater Movement, Joining, Bonding-
gencrul, Ot' 2r, Pipe-other, Sealant Materials, 5,1186

GRAND VALLEY SALINITY CONTROL DEMONSTRATION
PROJECT .Brackish Water, Canals, Colorado River, Mineraliza-
tion, Natural Recharge, 5.6203

USE OF LATEX AS A SOIL SEALANT TO CONTROL ACID
MINE WASTE DRAINAGE, ...Acidity, Elastomers Rubber, Lin-
ing, Mine Drainage Control, Sealant Materials, Seepage, ..5.0996

DEVELOPING RESERVOIRS FOR SUPPLEMENTAL IRRIGA-
-HON ...1,eckage, Loss, Reservoirs, Seepage, Water Loss Control,
3,0302

POND SEALING ...Adsorption Capacity, Lining, Permeability,
Ponds, ...4.0223

RUNOFF INDUCEMENT IN ARID LANDS _Arid and Desert, In-
filtration, Runoff, Stabilization-general, Storage of Water,
Synthetic Hydrology-general, 3.0238

WATER TABLE CONTROL IN ORGANIC SOILS ...Drainage,
Moisture Retention, Soil-water-plant Relationships, Swamps-
marshes, Water Table Fluctuation, ...4,0079

CONCRETE DITCH LINING AND PIPE FOR IRRIGATION
SYSTEMS ...Irrigation, Lining, Open Channel, Pipes, Plain,
...8M272

STORAGE AND CONVEYANCE OF IRRIGATION WATER
...Biological, Irrigation-general, Leckage, Porosity, Permeability,
Stability, Weathering, ..2.1071

STUDY OF MECHANISMS IN SOIL RELATED TO FROST
HEAVE AND ITS CONTROL ...Aggregates, Extenders, Fillers,
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PROTEC'T'ION OF ERODIBLE CHANNELS AND SURFACES
WITH GRAVEL OR RIPRAP Canals, Channels, Energy Loss -
water, Engineering Structures-general, Flow Characteristics -
water, Groundwater, Scouring, Seepage, .,.8.0040

CHANGES IN PHYSICAL CHARACTERISTICS OF ASPHALT
MATERIAL ...Aging, Asphalt - Tar Sands, Bituminous, Cement,
Concrete, Test Methods, 8.0105

PROTECTIVE LININGS FOR WATER PASSAGE SURFACES OF
FERROUS METALWORK ...Erosion, Organic-general, Pipe,
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nel Type-other, Data Analysis - General, Lining, Reinforced,
...8.0104
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MEDIA ...Boundary-layer-other, Filter Materials, Porous Media -
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MECHANISM OF FROST HEAVING Frost Heaving, Hydrated
Acid and Norm, Particle Surface, Permafrost-frozen, Silicones,
Wax, Paraffin, 2.0802

Droplet Formation
EFFECT OF CHARGE UPON COLLISIONS IN WASHOUT

...Charge on Droplets, Charged Particles, Collision Effects, Dust -
Particulate Matter, Washout, 2.0155

Hypersonic Waves
A STUDY OF HYPERSONIC WAVES IN WATER AND IN

AQUEOUS SOLUTIONS ...Dissociation, Inorganic, Relaxation,
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Interparticle Forces
THE BASIC NATURE OF LIQUIDS ...Absorption Spectra, In-

trued, Self Consistent Fields, Spin-orbit Interaction, 1.0117
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Potential Functions, Solution-other, Statistical, 1.0016

Liquid Solutions
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PHYSICO-CHEMICAL PROPERTIES OF WATER ...Hydrogen,
Infrared, Phy and Clem Properties, X-ray, ...1,0106

Quantum Analysis
STATISTICAL MECHANICAL THEORIES OF FLUIDS ...Inter-

face, Solution, Statistical, Tension, Van Der Waals Forces,
1.0084

Velocity Measurement
APPLICATION OF MAGNETOHYDRODYNAMICS TO MEA-

SUREMENT OF LIQUID VELOCITY AND TURBULENCE
...Analog Computers, Analog Computers Math, Technique
Development, Turbulent, Turbulent Flow, Velocity, Velocity -
water..2.1166

Lithification
Authigenesis

OEOCHEMICAL STUDIES OF CONTINENTAL WATERS ,.,Lo-
cation, Pore Fluids, Radioisotopes, 11.00811

Cementation
Cementing Material

GRAVEL PERMEABILITY IN SALMONID SPAWNING BEDS
Permeability, Silting, Size, Spawn Or Nesting Sites, Streams,
_6.0619

Chemical Processes
Mineral Equilibria

PHOSPHORUS IN LAKE SEDIMENTS ...Aquatic Soils, Lakes,
Phosphorus, Soil Environment, Temperature, _5.0210 .

Mineral Reactions
CLAY MINERAL STABILITY AND WATER COMPOSITION

...Clay Minerals-general, Fine-grained Clastics, Interstitial - Con-
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lntrastra tal Solution
Pore Fluids

GEOCHEMICAL STUDIES OF CONTINENTAL WATERS
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EFFECTS OF CHRONIC SUBLETHAL DOSAGES OF DDT ON

THE SWIMMING PERFORMANCE OF ATLANTIC SALMON
PARR ...Atlantic Salmon, Sebago Salmon, DDT , Mode of Action
-animal, Stamina, Wildlife, 5.0472

FISH MOVEMENTS IN THE NORTH INLET OF WOLF LAKE,
HUNTINGTON FOREST ...Behavioral Ecology, Environmental
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Long Island Sound
CONSERVATION AND DEVELOPMENT PLANNING FOR THE

ESTUARINE ZONE (A CASE STUDY IN THE TOWN OF
SOUTHOLD, LONG ISLAND) ..,Administrative Structures,
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ment, ...6.0388
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MOISTURE RESPONSE OF SOILS Capillarity, Soil Environment,

Techniques & Instrumentation, ...2.0550
A STUDY OF STORM WATER INLET CAPACITIES ...Drainage,

Inlet, Model Studies, Storm Sewer Quantity-other, Storm Water,
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FLOOD FREQUENCY OF SMALL STREAMS IN LOUISIANA
...Drainage, Floods, 2.0541
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Forecasting-prediction, Peak Flow, Urban Environments, ...2.0551

REPOPUI,ATION OF EXPERIMENTALLY DECIMATED AREAS
BY STREAM FISHES ...Aquatic Ecology, Control of Nuisance
Species, Fish -ro 1-specific, Population Dynamics, Stream Reha-
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EFFECTS OF WATER QUALITY ON HATCHING SUCCESS
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Pollution - Effects of , Water Properties-general, ...5.0453

EFFECTS OF CHANGES IN WATER QUALITY ON FRY AND
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Perch, Chemical-general, Environmental Ecology, Water Quality-
general, _5.0454

OYSTER LEASE CONTROL MONUMENTS - BAY ADAM,
BASTIAN BAY AND SANDY POINT BAY AREAS ...Commer-
cial Fkhing, Gulf of Mexico, Oysters, Plane, Tides, ...6.0249

ECOLOGY OF LOUISIANAS ESTUARINE WATERS - MARINE
LABORATRY ...Aquatic Ecology, Estuaries, Marine Biology
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LAKEBORGNE- CHANDELEUR SOUND SYSTEM ...Aquatic
Ecology, Nets, Number Or Density, Plankton Sampling, Tides,
_2.0543

A'ICHAFALAYA RIVER - CALLIOU LAKE SYSTEM ...Lakes,
Number Or Density, Physical-general, Plankton (non-specific),
Vertical Distribution. ...2.0545

VERMILION - CALCASIEU - SABINE SYSTEM ...Aquatic Ecolo-
gy, Data Acquisition-general, Nets, Number Or Density, Plankton
SamOng, 2.0546
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Data Acquisition-general. Nets, Number Or Density, Plankton
Samplitig. ...2.0547

SEDIMENT TRANSPORTATION AND BOTTOM CONFIGURA-
TION, AMITE RIVER ...Bed Load, Forecasting-prediction,
General Deposition, Rate of Deposition, Scouring, ...5.0450

THE ENGINEERING AND ECONOMIC ASPECTS OF USING
SEWAGE EFFLUENT FOR IRRIGATION ...Irrigation-general,
Sewage, Use of Impaired Water, Water Costs, ...5.0463

A LIMNOLOGICAL STUDY OF LAKE PONTCHARTRAIN,
LOUISIANA. IN THE SUMMER OF 1968 ...Chemical-general,
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AN ECONOMIC EVALUATION OF THE TOLEDO BEND
RESERVOIR PROJECT ...Benefit-cost Analysis, Multiple-purpose
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Water Law-general, Welfare Economics, 6.0246

DISPOSAL OF PAPER MILL EFFLUENT THROUGH IRRIGA-
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LAGOONS FOR DISPOSAL OF BARN YARD WASTES ...Animal
Waste Removal-tNatment, Animal Wastes - Feed Lots, Climate,
Farm Wastes, Lagoon, Process Design, 5.0452

PESTICIDE CONTAMINATION OF THE ENVIRONMENT AND
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ROW CROP IRRIGATION IN NORTHWEST LOUISIANA - COT-
TON IRRIGATION ...Cotton, Evapotranspiration, Furrow Irriga,
tion, Irrigation, -.2.0533

ROW CROP IRRIGATION IN NORTHEAST LOUISIANA ...Corn,
Cotton, Evapotranspiration, Furrow Irrigation, Irrigation, 2.0334

AQUATIC PLANT CONTROL - EQUIPMENT FOR MECHANI-
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BAYOU LAFOURCHE SEDIMENTATION STUDY, LOUISIANA
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FLOODS IN NORTH LOUISIANA - RAINFALL-RUNOFF RELA-
TIONSHIPS ...Amount, Floods, Gaging, Runoff, Storms-general,
2.0537

UNIT HYDROGRAPHS FOR SOUTHWESTERN LOUISIANA
...Floods, Forecasting-prediction, Gaging, Hydrographs, _10539

UNIT HYDROGRAPHS FOR NORTHERN LOUISIANA ...Floods,
Forecasting-prediction, Gaging, Hydrographs, 2.0540

BIOLOGY AND CONTROL OF SALT-MARSH AND RICE-FIELD
MOSQUITOES IN GULF COAST AREAS ...Aquatic Ecology,
Computer Matching Code, Mosquitoes -non-specific, Predators
and Parasite, Swamps-marshes, 2.0576

THE EFFECT OF PREDATORS AND PARASITES ON THE
BREEDING POTENTIAL OF IVIOSQUff OES ...Aeries
Mosquitoes, Aquatic Ecology, Disease, Predators, Diseases,
Predators and Parasite, 2.0577

THE DISPOSITION OF PESTICIDES IN SOIL AND CLOSELY
RELATED WATER ...Farm Pond, Management, Pesticides -non-
specific, Pollutants - Path of , Soil and Rock Leaching, 5.0276

Lubricants and Fluids
Liquid Lubricants

INSULATING MINERAL OILS AND SYNTHETIC LIQUIDS AND
LUBRICATING OILS ...Electrical Materials, Lubricants and
Fluids - Other, Oxidation, Standards, Specifications, Test
Methods, ...8.0059

Lubricants and Fluids - Other
INSULATING MINERAL OILS AND SYNTHETIC LIQUIDS AND

LUBRICATING OILS ...Electrical Materials, Liquid Lubricants,
Oxidation, Standards, Specifications, Test Methods, ...8.0059
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Lycopsida
METHODS OF CONTROLLING CLUBMOSS (SELAGINELLA

DENSA RYDB) AND REDEVELOPING THE PRODUCTIVE
CAPACITY OF RANGES FOLLOWING CLUBMOSS CON-
TROL ...Applied Ecology, Management and Fertility, Weeds -
physiological Studies, ...4.0160

Lysimeters
MEASURING EVAPOTRANSPIRATION AND PHOTOSYNTHES-

IS OVER SHORT PERIODS OF TIME IN THE FIELD ...Alfalfa,
Evapotranspiration, Humidity, Photosynthesis, Wind Or Air
Movement, 2.0725

ENERGY SOLACES FOR EVAPOTRANSPIRATION IN THE
PLAINS REGION Antitranspirants, Evapotranspiration,
Nebraska, Radiation-general, Water Loss Control, ...2.0721

EVAPOTRANSPIRATION BY SUGAR CANE .,.Consumptive Use,
Evapotranspiration, Internal Water Movement, Sprinkler Irriga-
tion, 3.0198

EVAPOTRANSPIRATION AND ITS CHEMICAL REDUCTION
...Agricultural Watersheds, Antitranspirants, Evapotranspiration,
Kansas, Meteorology, -.3.0244

LYSIMETER INVESTIGATIONS OF GAINS AND LOSSES OF
MINERAL ELEMENTS ...Mineralogy. Soil and Rock Leaching,
2.0144

PROCEDURES FOR ESTIMATING CROP WATER REQUIRE-
MENTS FOR USE IN WATER ALLOCATIONS AND FOR IM-
PROVEMENT OF IRRIGATION EFFICIENCY ...Evapotrans-
piration, General Synoptic Observations, Irrigation-general,
Requirements for Water, Water Allocation, 3.0047

PILOT EVAPOTRANSPIRATION STUDY WITH LYS1METERS
OF WATER USE BY SUGAR CANE, PWc.APPLE AND TROP-
ICAL TRUCK CROPS ...Evapotranspira, Pineapple, Sugar-
cane, Tropic, Yield, ...2.0372
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THE LOSS OF FERTILIZERS BY LEACHING FROM THE SU-
GARCANE SOILS OF PUERTO RICO .,.Fertilizer Losses,
Methods of application, Other, Puerto Rico, Sugar Cane,
2,0938

HIGH ALTITUDE EVAPOTRANSPIRATION FROM NATIVE
MEADOWS ...Energy Budgets, Evapotranspiration, Harvest and
Storage, Mieroclimatc-general, Nuclear Moisture Meters,
...3,0493

INTERCEPTION AND WATER LOSSES FROM A FOREST
FLOOR-SHRUB LAYER .,.Ecology and Morphology, Intercep-
tion, New Jersey, Other Water Conditions, Water Loss Control,
2.0770

CONSUMPTIVE USE OF WATER BY SALT CEDARS ...Con-
sumptive Use, New Mexico, Other Water Conditions, Salteedar,
Tamarisk, Water Table - Depth of , ..,3.0113

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
IN COASTAL, REGIONS ...Climate, Energy-general, Evapotrans-
piration, Moisture Tension, Soil Environment, 8.0012

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE IN THE
GREAT BASIN .,.Arid and Desert, Evapotranspiration, Great
Basin, Sprinkler Irrigation, Witter Balance-budget, 3.0314

Lysosomes
THE PHYSIOLOGICAL BASIS OF THE TOLERANCE OF HOR-

TICULTURAL CROPS TO COLD, DROUGHT, AND WATER
.,.Cold Rosistance and Hardiness, Drought, 2.0500

Magnesium
RECOVERY OF SALTS FROM SALINE WATERS VIA SOL-

VENT EXTRACTION ...Brines, Desalination, Distribution Coeffi-
eient, Extraction, Material Recovery, ...5.0162

MINERAL. RECOVERY FROM CONCENTRATED BRINES
...Brines, Chloride, Desalination, Great Salt Lake, Potassium,
Regeneration-other, ...5.1198

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO
SION CRACKING ...Crack Initiation, Propagation, Desalination,
Iron, Stress Corrosion, 3.0255

SEPARATION OF MAGNESIUM FROM CALCIUM IN THEIR
SALINE SOLUTIONS _Calcium, Chclation, Desalination, Ion
Exchange-other, Separation-general, 5.0687

ION HYDRATION AND ION INTERACTION ...Assoc & Dissoc,
Attenuation, Calcium, Hydration, Salt, Ultrasonic, Ultrasonics,

1,0059

Maine
LOGISTIC SUPPORT AND MAINTENANCE OF FACILITIES

...Atlantic Ocean-north, Lakes, Marine Biology, Research Facili-
ties, ..9.0009

HYDROGRAPHY OF THE PENOBSCOT RIVER ESTUARY
...Dissolved Load, Environmental Changes, Estuaries, Pollution
Abatement, Salinity, Temperature, 5,0467

A BENTHIC COMMUNITY OF THE PENOBSCOT RIVER
ESTUARY _Aquatic Ecology, Benthic Organisms (non-specif),
Estuaries, Industrial Wastes, Productivity - Food Chain, _5.0473

STUDY OF STRIPED BASS POPULATIONS IN MAINE
COASTAL WATERS ...Aquatic Ecology, Basses -sca,white,
White Perch, Estuaries, Migration, 5.0470

STREAM RESTORATION AND CONTROLLED FLOWS ...Dams-
other, Lake Trout, Brook Trout. Logging, Transport, Equipment,
Salmon & Trout - Non-specific, Stream Rehabilitation, 4.0129

PHASE II-STUDY OF A RIVER SYS fEM AS A CHEMICAL
REACTOR Industrial Wastes, Other 0.r. , Reactors-other,
Systems Analysis, Water Quality Control-general, ...5,0466

WATER QUALITY - BENTHIC INVERTEBRATE RELATION-
SHIPS IN ESTUARIES _Benthic Fauna,. Benthonic-bottom,
Estuaries, Pollution - Effects of , Pollution Effects, 5.0478

EVOLUTION OF ALLOPATRIC POPULATIONS Captive Rear-
ing, Ecological, Lake Trout, Brook Trout, Population Dynamics,
...5.0464

EFFECTS OF COARSE SKELETON ON PHYSICAL PROPER-
TIES OF SOIL ...Physical Properties-general, Potatoes, Runoff,
Soil Compaction Or Density, ..,2.0553

CONTINUATION OF FIELD EXPOSURE STATIONS ...Cement,
Concrete, Florida, Research Facilities, Water, Weathering,
8.0241

Mammals
Cattle

THE EFFECT OF LIVEFTOCK UTILIZATION ON WATERFOWL
HABITAT AND PRODUCTION ...Habitat Studies, Utah, Vase.
plant & Vert. -other, Water Fowl, N.s. , Wetlands, ...6.0595

EFFECT OF GRAZING MANAGEMENT ON RANGE
LIVESTOCK NUTRITION AND ON '',11E RANGE RESOURCE
...Cutting &/or Grazing Effects, Diet Or Ration -other, Manage-
ment, Management and Fertility, Quality and Utilization, ...2.0971

Cervidae
Deer Ns

DEER FOODS ON WATERSHEDS TREATED FOR INCREASED
WATER YIELD ...Arizona, Food Supply, Forages, N. s. , Water
Yield, 4.0004

Odocoileus
EFFECT OF RANGE AND WATER ON MULE DEER POPULA-

TION ...New Mexico, Population Dynamics, Range Or Territorial
Distr. , Relations - Forage - Timber, Water Utilization -animal,
_3.0338

Cricetidae -other
AQUATIC BIOLOGY INVESTIGATIONS ...Lake Trout, Brook

Trout, Lakes, New York, Streams, Water Fowl, N.s. , ...2.0786

Livestock -non-specific
FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-

treatment, Galliformes - Fowl-other, Sewage Lagoons, Swine%
Waste Water Treatment - general, ..5.0407

Mammals -other
MUSQUODOBOIT - METERING BASINS NOVA scam,

CANADA ...Aquatic Ecology, Canada, Mapping, Water Fowl,
N.s. , Water Level Fluctuation, Wetlands, 4.0054

Ruminents -non-specific
SALINE WATERS AND LIVESTOCK PRODUCTION ,..Salinity,

Swine, Water, Water Utilization - animal. ,..5.0831

Swine
FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-

treatment, Galliformes - Fowl-other, Livestock -non-specific,
Sewage Lagoons, Waste Water Treatment-general, ...5 9407

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Chickens, Sewage Lagoons, Waste Disposal - general,
5.0835

SALINE WATERS AND LIVESTOCK PRODUCTION ,,,Ruminents
-non-specific, Salinity, Water, Water Utilization -animal, 5.0831
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SUPPORT OF THE COMMITTEE ON WATER ...Committee-sup-

port, Hydrology-general, Teaching and Research, 9.0003
SOCIAL CONSEGUENCES OF VARIATION IN AGRICUL-

TURAL IRRIGATION ...Formosa - Taiwan, Irrigation-general,
Social Aspects, Social Change, ...6.0375

EXTREME RAINFALL FOR TIM MEKONG RIVER BASIN
...Dam Sites, Floods, Meteorological Extremes, Southeast Asia,
Water Loss Control, ...2.0596

SAN LUIS WATERSHED STUDY ...Conservation-general, New
Mexico, Sediment Yield. Small Watersheds, Water Yield,
2,0234

AN ANALYSIS OF PHOSPHORUS AND NITROGEN COM-
POUNDS IN TIDAL MARSHLAND DRAINAGE - LABORATO-
RY PROCEDURES ...Calorimetric, Computers-general, Conduc-
trometry, Nitrogen, Phosphate, Phosphite, Swamps-marshes,
...1.0024 ,

SPRING POND ECOLOGY AND MANAGEMENT Fishing,
Habitat Studies, Ponds, Productivity (agricultural), Salmon &
Trout - Non-specific, _3.0488

FISH STOCKING EVALUATION ...Captive Rearing, Largemouth
Bass, Nets, Ponds, Stocking of Fish & Shellfish, ...6.0542

SYSTEMS ANALYSIS FOR GROUNDWATER MANAGEMENT
...Economic Efficiency, Groundwater Basins, Model Studies,
Saline Water Intrusion, Systems Analysis, 5.0071
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THE LOCAL WATER DISTRICT AS AN URBAN WATER-POL-
ICY DETERMINING ENTITY _California, Public Utilities,
State-local Government, Urban Environments, 6,0060

APPRAISAL OF WATER MANAGEMENT INSTITUTIONS-SUR-
VEY OF OREGON WATER LAW .Administrative Structures,
Legal Review, Water Rights-general, Water Standards, Water
Transfer, 6,0455

A COMPREHENSIVE WATER RESOURCES ANALYSIS OF A
TYPICAL OVERDRAWN BASIN IN AN IRRIGATED
SEMIARID AREA - PECOS RIVER BASIN, NEW MEXICO
Impact, Land, New Mexico, River Basins, Systems Analysis,

6.0366
VERTICAL MIGRATION OF MOISTURE IN THE SOIL IN-

DUCED BY WINTER THERMAL GRADIENTS AND ITS IN-
FLUENCE UPON SPRING WATER RESOURCES ...Internal
Water Movement, Moisture Content, Saturated-unsaturated, Tem-
perature, ..4.0141

OPERATIONS RESEARCH STUDY OF WATER RESOURCES
DEVELOPMENT AND MANAGEMENT IN THE TUCSON
AREA Arizona, Operations Research, Optimization Technique,
Research - Development, Simulation Theory, Water Resources
Development, 6,0015

METHODOLOGY FOR INTEGRATING WATER QUALITY
MANAGEMENT WITH THE MANAGEMENT OF THE TOTAL
WATER RESOURCES IN MINNESOTA ...Data Acquisition-
general, Minnesota, Technique Development, Water Quality Con-
trol-general, 5.0605

ANALYSIS OF LITERATURE ON THE RECREATIONAL
ASPECTS OF WATER RESOURCES RESEARCH Planning,
Recreation Sites, Survey Studies, ...6,0212

LIMNOLOGICAL INVESTIGATIONS OF TEXAS IMPOUND-
MENTS FOR WATER QUALITY MANAGEMENT PURPOSES
Chemical-general, Nutrients, Reservoirs and Impoundments,
Texas, Water Quality Control-general, ...5.1148

ANALYSIS OF SMALL WATER MANAGEMENT STRUCTURES
..,Administrative Structures, Hydraulic Structures, Water Control
Works - general, Water Distribution Systems, Water Transfer,
4.0260

POLLUTION TAXES AND THE COSTS OF WATER QUALITY
MANAGEMENT ...Benefit-cost Analysis, Economic Efficiency,
Self-purification, Water Costs, Water Quality Control-general,
6.0423

THE USE OF SYSTEMS ANALYSIS IN THE DEVELOTivIENT
OF WATER RESOURCES MANAGEMENT PLANS FOR NEW
YORK STATE Model Studies, New York, Planning, Systems
Analysis, ...6.0373

BENEFITS FROM INTEGRATED WATER MANAGEMENT IN
THE NEW YORK METROPOLITAN REGION ...Administrative
Structures, Model Studies, New York, Urban Environments,
Water Sources -general, 6.0393

UTILIZATION OF PHYSICAL AND MATHEMATICAL MODELS
IN ESTUARINE WATER RESOURCES RESEARCH AND
MANAGEMENT ...Computers-general, Estuaries, Model Studies,
Shoreline - Coastline, Tides, ...6.0607

STOCHASTIC MODELS FOR WATER RESOURCES MANAGE-
MENT ..Alternative Planning. Application, Runoff, Stochastic
Models, Streams. 6.0383

APPLICATION OF SIMULATION THEORY TO WATER
RESOURCES PLANNING AND MANAGEMENT ...Model Stu-
dies, Optimization, Planning, River Basins, 6.0340

DEVELOPEMNT AND IMPLEMENTATION OF A MANAGE-
MENT STRATEGY FOR WATER RESOURCES RESEARCH
...Operations Research, Planning, Projections and Estimations,
Systems Analysis, Water Resources Development, 6.0112

SEDIMENTATION AND CONTAMINANT CRITERIA FOR
WATER RESOURCES PLANNING AND MANAGEMENT
...Dispersion -water, Planning, Pollutants - Path of , Sediment
Yield, Sedimentology-generat, Watershcds-general, ...4.0066

EVALUATION OF GROUNDWATER RESOURCES, LIVER-
MORE VALLEY, CALIFORNIA ..,Data Acquisition-general,
Groundwater Basins, Model Studies, Subsurface Flow, Water
Yield, 4,0025

THE MANAGEMENT AND CONTROL OF WATER IN PUERTO
RICO Control and Protection, Data Analysis - General, Puerto
Rico, Types of Resources, Water Quality-general, Water Supply-
general, 6.0480

WATER RESOURCES RESEARCH, MANPOWER AND TRAIN-
ING NEEDS FOR INDIANA ..,Indiana, Personnel, Requirement
and Resources, Training Grants, Fellowships, 9.0007

HYDROLOGIC CHARACTERIZATION OF FORESTED
WATERSHEDS IN ARIZONA ...Dendrochronology, Forecasting-
prediction, Forest Watersheds, Runoff, Snowpack, Water Yield,
_2.0051
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A METHODOLOGY FOR PLANNING OPTIMAL REGIONAL
WASTE MANAGEMENT SYSTEMS Effluents-waste Water,
Model Studies, Optimization, Regional Areas, Waste Water Treat-
ment-general, 6.0280

ATTITUDES AND ATTITUDE CHANGE RELATING TO
WATER RESOURCES ...Attitudes & Attitude Change, Citizen's
Participation, Social Aspects, Survey Studies, ...6.0168

WATER TABLE CONTROL AND SUBSURFACE IRRIGATION
IN MINERAL AND HIGH ORGANIC COASTAL PLAIN SOILS
...Groundwater Movement, North Carolina, Subsurface Irrigation,
Water Table Fluctuation, ,..2,0828

NUMERICAL SIMULATION OF GROUNDWATER FLOW
SYSTEMS ...Computers-general, Groundwater Movement,
Research - Development, Simulation Theory, 2.0918

VERIFICATION OF MODELS USED IN THE MANAGEMENT
AND CONTROL OF WATER QUALITY ...Disposal Wastes,
Model Studies, Washington, Water Quality Control-general,
_5.1261

EVALUATION AND FUNCTIONAL OPERATION OF IRRIGA-
TION SYSTEMS ...Irrigation Engineering, Irrigation-general,
South Dakota, Yield, 3.0433

SELECTIVE WITHDRAWAL AT LAKE LIVINGSTON ...Flow
Augmentation, Reservoirs and Impoundments, Stratification,
Water Properties-general, 2.1009

IMPROVED METHODS FOR ESTIMATING MANPOWER
NEEDS FOR WATER RESOURCES DEVELOPMENT ...Indi-
ana, Personnel, Requirement and Resources, Water Resources
Development, ...6.0218

AN ECONOMIC ANALYSIS OF THE PUBLIC WATER SUPPLY
DISTRICT ...Economics - general, Social Aspects, State-local
Government, Water Supply-general, 6.0322

RESEARCH AND ANALYSIS TO PLAN, DEVELOP, AND
MANAGE A GROUND AND SURFACE WATER SUPPLY
...Nevada, Price & Value, Water Supply-general, 6.0339

SYSTEMATIC ANALYSIS OF MANAGEMENT EFFECTIVE-
NESS OF THE WATER QUALITY CONTROL BOARD
SYSTEM OF CALIFORNIA ...California, Model Studies, Opera-
tions Research, State-local Government, Water Quality Control-
general, 6.0035

MATHEMATICAL MANAGEMENT MODEL UNCONFINED
AQUIFER ...Carbonate Aquifers, Groundwater, Mathematical
Analysis, Model Studies, Water Movement-general, _4.0246

SYSTEMS SIMULATION FOR MANAGEMENT OF A TOTAL
WATER RESOURCE ...Conjunctive Use, Optimization, Planning,
River Basins, Water Transfer, 4.0230

CASE STUDY OF REMEDIAL FLOOD MANAGEMENT IN AN
URBAN AREA-PHASE I ...Alternative Planning, Floodplains,
Floods, Planning, Urban Environments, 6,0166

MODELING AND OPTIMIZATION OF WATER RESOURCES
SYSTEMS ...Mathematical Analysis, Model Studies, Multiple-pur-
pose Projects, Optimization, Reservoirs and Impoundments,

...6.0234
WATER QUALITY MANAGEMENT OF IMPOUNDMENTS

...Destratification, Eutrophicatiln, North Carolina, Reservoirs and
Impoundments, Water Quality Control-general, ...5.0813

AN APPRAISAL OF FLOOD REGULATIONS IN THE STATES
OF ILLINOIS, INDIANA, IOWA, MISSOURI AND OHIO ...Al-
ternative Planning, Central, Floodplains, Floodproofing, Water
Rights-other, ...6.0209

EXPLORATORY STUDY ON THE APPLICATION OF
NEUTRON ACTIVATION ANALYSIS TECHNIQUES TO
WATER RESOURCES RESEARCH AND MANAGEMENT
...Activation Analysis, Chemical Identification, 7,0086

RESEARCH ON DECISION MAKING AND RELATED
MANAGERIAL ASPECTS OF BRITISH WATER RESOURCES
PROGRAMS ...Administrative Structures, British Isles, Operations
Research, Water Law-general, 6.0381

OPERATIONS RESEARCH IN WATER QUALITY MANAGE-
MENT ...Channel Regulation-other, Control and Protection, En-
gineering Structures-general, Operations Research, Water Quality
Control-general, 5.0526

ECONOMIC EVALUATION OF WATER QUALITY Benefit-cost
Analysis, Computers-general, Model Studies, Systems Analysis,
Waste Water Treatment-general, ...6.0046

ELECTRONIC ANALOG SIMULATION OF THE SALINITY
FLOW SYSTEM WITHIN THE UPPER COLORADO RIVER
BASIN ...Analog Computers, Colorado River, Salinity, ...7.0105

SEQUENTIAL USE WITHIN A HYDROLOGIC COMPLEX
...Hydrology-general, Model Studies, Other Data Analysis,
Systems Analysis, Water Quality-general, _5.1189

STREAM QUALITY PRESERVATION THROUGH URBAN
LAND USE ...Land Use, Pennsylvania, Urban Environments,
Water Quality Control-general, 5.1010



SUBJECT INDEX Management

NATIONAL SYMPOSIUM ON THERMAL POLLUTION
...Meetings, Oregon, Pollution - Effects. of , Tennessee, Thermal
Pollution, 5.1138

MANAGEMENT OF INDUSTRIAL WASTE DISCHARGES IN
COMPLEX ESTUARINE SYSTEMS ...Estuaries, Industrial
Wastes, Model Studies, Texas, Water Standards, ,..5.I

ENGINEERING DESIGN CRITERIA FOR SOIL AND WATER
MANAGEMENT ...Conservation & Management Eng, Soil Ero-
sion -non-specific, Soil Preparation & Renovation, 6.0002

RICE FARMS IN ARKANSAS ...Arkansas. Benefit-cost Analysis,
Costs. irrigation-general, Rice, ...3.0026

IRRIGATION MANAGEMENT FOR CROPS ...Infiltration, Irriga-
tion- general, Soil Compacein Or Density, Soil Environment,
.2.0090

SOIL MOISTURE DRYING CURVES-MANAGEMENT RELA-
TIONS ...California, Moisture Content, Sequoia, Soil Environ-
ment, ...6.0036

ANIMAL, FORAGE AND WATER RESOURCES FOR BEEF
PRODUCTION ...Quality and Utilization, 5.0086

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture Industry, Economic Impact, Economies-general,
Kansas, Water Law - general, ..6.0233

SOIL WATER MOVEMENT ...Conservation-general, Groundwater
Movement, Moisture Meters, Moisture Tension, Movement,
Availability, 3.0245

THE BIOLOGY AND CONTROL OF TABANIDAE IN
MARSHLANDS ALONG THE EASTERN SHORE OF THE
GREAT SALT LAKE, UTAH ...Flies -horse,deer, Great Salt
Lake, Habitat Studies, Survey Methods, Swamps-marshes,
6,0596

FARM FISH POND MANAGEMENT ...Farm Pond, Fertilizers -
aquatic, Food Supply, Nutrients, Productivity - Food Chain,

WATER REQUIREMENTS OF CROPS ...Climate-general, irriga-
tion, Irrigation-general, Moisture Content, Requirements for
Water, Soil-water-plant Relationships, 2.0654

ECOLOGY AND MANAGEMENT OF BOUNDARY WATERS
CANOE AREA CAMPSITES ...Frequency of Use, Inventories,
Loss and Damages, Minnesota, Recreation Sites, 6.0309

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture, Irrigation-general, Legal Review, North Central,
Optimization, ,6.0323

FERTILIZER-WATER-CULTURAL PRACTICES ...Arid and
Desert, Nevada, Plant Water Use-other, Seed Production -non-
specific, ...6.0342

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Animal Wastes - Feed Lots, Manure, Pollution - Ef-
fects of , 5.0736

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Bensu-
fide, Groundwater Movement, Movement, Leaching, Soil Environ-
ment, 2,4-d, 5.0752

MULTIPLE PURPOSE WATER RESOURCE INVESTIGATIONS
...Land Use, Multiple-purpose Projects, New York, Reservoirs and
Impoundments, Urban Environments, 6.0390

IRRIGATION WATER USE EVALUATION ...Border Irrigation,
Furrow Irrigation, Irrigation Engineering, Runoff, Water Table
Fluctuation, 3.0383

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture Industry, Economics-general, Water Costs, Water
Law-general, ...6.0429

LIMNOLOGY AND MANAGEMENT OF OREGON FARM
PONDS AND SMALL IMPOUNDMENTS ...Aquaculture & Fish-
farming, Farm Pond, Productivity - Food Chain, Reservoirs and
Impoundments, Trifluralin, Wildlife, _6.0449

HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS ...Agricultural Watersheds. Cover Crops, General
Synoptic Observations, Groundwater, Piedmont Province, Soil-
water-plant Relationships, Water Yield, ...2.0958

CRITERIA FOR FUNCTIONAL ANALYSIS OF SOIL-PLANT-
WATER SYSTEMS ...Applied Ecology, Quality ,,non-specific,
Soil-water-plant Relationships, South Carolina, Yield, 2.0952

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Move-
ment, Leaching, Pollutants - Path of , Soil and Rock Leaching,
Soil Properties - Other, ...5.0312

MANAGEMENT OF SALINE WATER FOR CROP PRODUC-
TION ,..Arizona, Brackish Water, Saline and Alkaline Soils, Use
of Impaired Water, Water Quality-general....3.0014
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INFILTRATION CAPACITIES UNDER VARIOUS VEGETATION
TYPES AS INFLUENCED BY WATERSHED MANAGEMENT
PRACTICES ...Cover Crops, Environment, Infiltration, Water
Yield, Watersheds-general, 4,0013

STUDY OF THE HYDROLOGY FOR MODELS OF THE GREAT
LAKES ...Evaporation, Great Lakes-general, Precipitation-
general, Runoff, Systems Analysis, ...2.0435

AN EVALUATION OF SOME MARSH MANAGEMENT
TECHNIQUES ...Potholes, Spawn Or Nesting. Sites, Swamps-
marshes, Water Fowl, N.s. , Water Utilization -animal, 4.0107

A REGIONAL STUDY OF THE CHANGING OCCUPANCY AND
DEVELOPMENT OF AN ALLUVIAL LOWLAND ...Alluvial
Deposits, Land Use, Mississippi, Model Studies, Regional Areas,
7.0031

EFFICIENT SYSTEM OF WATER QUALITY MANAGEMENT
FOR THE MIAMI BASIN ...Alternative Planning, Economic Effi-
ciency, Ohio, River Basins, Water Quality Control-general,
5.1015

ECONOMICS OF WATER QUALITY IN A REGIONAL SYSTEM
...Alternative Planning, Benefit-cost Analysis, Delaware Bay,
Estuaries, Water Quality-general, 5.1011

AN EXPLORATION OF THE INFLUENCE OF ATTITUDES FOR
DECISION-MAKING IN WATER MANAGEMENT ...Attitudes
& Attitude Change, Decision Making, Floods, 6.0187

MARSH EVALUATION AND ACQUISITION MARITIMES
Habitat Studies, Management -other, Wetlands, ..4M052

MARSH EVALUATION AND ACQU1ST1ON - ONTARIO
...Canada, Habitat Studies, Management - other, Water Fowl, N.s.
, Wetlands, 4.001.6

LITERATURE REVIEW ON FLOODED GREEN TIMBER AREAS
Canada, Site Index and Site Quality, Survey Studies, Water
Fowl, N.s. , Wetland.;, 4.0045

SOIL PHYSICAL CHANGES DUE TO MANAGEMENT PRAC-
TICES ...Arizona, Management Effects, Tillage, Cropping
Systems, Yield, 2.0050

RESOURCE CONSERVATION ...Land, Other, Policy Making,
Water Alternative Uses, 3.0036

COOPERATIVE RESEARCH ON SOIL AND WATER MANAGE-
MENT OF DRY-FARM GRAINLAND AND RELATED LANDS
...Conservation, Dry Farming, Moisture Levels, Movement,
Availability, 3,0090

COOPERATIVE WATERSHED MANAGEMENT ON
BRUSHLANDS OF CALIFORNIA ...Amount, California,
Management and Fertility, Runoff, Sediment Yield, 4.0036

COOPERATIVE WATERSHED MANAGEMENT IN
SNOWLANDS AND LOWER CONIFER ZONES OF CALIFOR-
NIA ...California, Coniferous Forests, Forest Watersheds,
Moisture Tension, Snowmelt, 4.0022

IMPROVEMENT OF IRRIGATION MANAGEMENT AND
SALINITY CONTROL IN THE IMPERIAL VALLEY.
...Drainage, Drainage Engineering, Saline and Alkaline Soils,
Sprinkler Irrigation, Water Table Fluctuation, 3,0048

GROUND WATER RESOURCES ...Colorado, Groundwater, Model
Studies, Technique Development, Water Resources Development,
...4.0067

LOW GRADIENT BORDER CHECK IRRIGATION ...Border Ir-
rigation, Irrigation, Slope - Degree of , ...4.0063

ECOLOGICAL STUDIES OF WILDLIFE MANAGEMENT PRAC-
TICES ...Delaware, Depth,water Level, Fluctuation, Habitat Stu-
dies, Swamps-marshes, Wildlife -non-specific, 6.0119

LAKE MICHIGAN WATER QUALITY MODEL ...Discharge-
general, Hardness-minerals, Lake Michigan, Mathematical Analy-
sis, Water Quality-general, 6.0198

WATER QUALITY MODEL DERIVED FROM SYSTEM
ANALYSES ...Model Studies, Optimization, Systems Analysis,
Water Quality - general, ..6.0200

SOIL MANAGEMENT UNDER DRYLAND CONDITIONS ...Ero-
sion-general, Modified Water Use, Soil Conditions, Storage of
Water, Tillage, Cropping Systems, ...4.0113

SOIL MANAGEMENT INVESTIGATIONS ON IRRIGATED
LAND Irrigation, Rotations, Soil Analysis, Soil Comparison, Til-
lage, Cropping Systems, Water Application Methods, ..4.0114

THE MANAGEMENT OF SHALLOW-WATER IMPOUND-
MENTS FOR WATERFOWL ...Food Supply, Reservoirs and Im-
poundments, Salinity, Water Fowl, N.s. , Water Level Fluctuation,
...6.0247

AQUIFER STUDIES IN MARYLAND - SEDIMENTARY ROCKS
IN THE COASTAL PLAIN ...Aquifers-general, Geologic Sec-
tions, Hydrology-general, Specific Rock Unit, Subsurface, Water
Allocation, ...2.0561



Management SUBJECT INDEX

ENGINEERING PHASES OF SOIL AND WATER MANAGE-
MENT ...Drainage Engineering, Erosion-general, Irrigation-
general, Stabilization-general, -8.0220

IMPROVEMENT AND MANAGEMENT OF THE COMMUNITY
PASTURES OF THE PERSHING COUNTY WATER CONSER-
VATION DISTRICT NEAR BATTLE MOUNTAIN, NEVADA
...Evaluation, in Forages and Pasture, Nevada, Phreatophytcs,
Storage of' Water, -3.0316

HYDROGEOLOGY OF PUBLIC GROUND WATER SUPPLIES IN
PENNSYLVANIA ...Chemical-general, Groundwater, Pennsyl-
vania, Pollution Abatement, Water Yield, -2.0907

THE INVESTIGATION OF SOIL PROBLEMS IN RELATION TO
IRRIGATION DEVELOPMENT IN SUBHUMID AREAS -Ir-
rigation, Soil-water-plant Relationships, Sub - Humid, -2.0967

INSTITUTIONAL FACTORS AFFECTING WATER RESOURCE
DEVELOPMENT IN THE LOWER RIO GRANDE RIVER
BASIN ...Administrative Structures, Rio Grande River, Water
Resources Development, -6.0563

THIODAN AS A TOXICANT FOR ERADICATION OF FISHES
IN LAKE MANAGEMENT -Control of Nuisance Species,
Evaluation, Lakes, Thiodan, -6.0567

DEVELOPING AGRICULTURAL LAND IN RECREATIONAL
USES UNDER PRIVATE OWNERSHIP OPPORTUNITIES IN A
TEXAS ECONOMIC AREA ...Agricultural Watersheds, Lakes,
Recreation Sites, Social Aspects, Texas, -6.0557

THE ECONOMICS OF IRRIGATED CROP PRODUCTION BY
LOW CAPACITY WELLS AND BY SPRINKLER SYSTEMS ON
TEXAS FARMS .Economics-general, Irrigation-general, Op-
timization, Texas, Water Table Fluctuation, -3.0452

CROP AND SOIL MANAGEMENT OVER SHALLOW PLASTIC-
LINED MOLE DRAINS ...Mechanical Joining - Other, Plastics
General, Soil and Rock Leaching, -4.0262

STATE WATER PLAN INVESTIGATIONS ..,Land Use, River
Basins, Utah, Water Supply-general, Water Utilization -general,
-6.0579

ELECTRONIC ANALOG MODEL STUDIES OF RIVER BASINS
...Analog Computers, Groundwater, Model Studies, Precipitation-
general, River Basins, Runoff, Water cycle, Water Resources
Development, -2.1059

WATER QUALITY CONTROL ...Flow Characteristics -water,
Forecasting-prediction, Rest rvoirs and Impoundments, Tempera-
ture, Water Quality Control-general, -5.1123

EFFECTS OF IMPOUNDMENT ON WATER QUALITY ...Flow
Characteristics -water, Reservoirs and Impoundments, Water
Quality Control-general, Water Quality-general, Water Quantity-
general, -5.1122

RESERVOIR SYSTEM ANALYSIS FOR LOW-FLOW REGULA-
TION -Computers-general, Low Flow, Optimization, Reservoirs
and Impoundments, Systems Analysis, -2.0151

SYSTEMS STUDY - MARYLAND PROJECT ...Alternative
Planning, Hydrology - general, Maryland, Planning, Water
Resources Development, _6.0603

QUANTITATIVE WATER-BUDGET ANALYSIS OF WESTERN
LONG ISLAND, NEW YORK ...Alternative Planning, Ground-
water Basins, New York, Water Balance-budget, Water Resources
Development, -2.0809

HYDROLOGY OF ARKANSAS RIVER VALLEY, CANON CITY
TO STATE LINE ...Arkansas River, Flow Characteristics -water,
Groundwater, Hydrology-general, Irrigation-general, Water
Transfer, -2.0202

FLOW AND SALINITY IN THE HUDSON ESTUARY, NEW
YORK ...Estuaries, Fresh Water, Inflow, Salinity, Tides, -2.0781

RESERVOIR AND RIVER OPERATION PROCEDURES ...Availa-
ble Water, Model Studies, Optimization, Reservoirs and Impound-
ments, River Basins, -6.0095

ECOLOGICAL EFFECTS OF WEATHER MODIFICATION ...Cli-
mate-general, Modification, Water Properties-general, Weather
Modification-general, .. 2.0168

EFFECTS OF FERTILIZER AND SOIL MANAGEMENT PRAC-
TICES, IRRIGATION, PLANT SPACING, AND OTHER CUL-
TURAL TREATMENTS ON BERRY PRODUCTION ,..Envir.
responses (non-specific, Irrigation, Irrigation-general, Mineral
Nutrition, Shrubs, Vines, ...3.0259

RELATIONSHIP OF WATER AND LAND MANAGEMENT TO
MOSQUITO BREEDING IN WATER IMPOUNDMENTS AND
IRRIGATED FARM AREAS ...Aquatic Ecology, Computer
Matching Code, Diseases, Mosquitoes -non-specific, Predators
and Parasite, Rearing, Water, -6.0255

FLOOD AND SEDIMENT REDUCTION IN THE CONIFEROUS
TIMBER ZONE OF CALIFORNIA ...Creep, Floods, Land and
Rock Slides, Pulp, Paper , and Logging, Sediment Yield, -2.0078
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IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN RIVER BASINS ...Artemisia, Cover Crops, Erosion-
general, Forest Watersheds, Soil-water-plant Relationships, Water
Yield, ...3.0495

WATER YIELD IMPROVEMENT FROM RIPARIAN AND
UPLAND AREA OF RIVER BASINS ...Evapotranspiration,
Phreatophytes, Riparian Plants, River Basins, Sediment Yield,
Southwest, -4.0006

FLOOD RUNOFF REDUCTION AND WATER YIELD IM-
PROVEMENT ...Appalachian Highlands-other, Cutting Opera-
tions, Forest Watersheds, Runoff, Water Yield, -5.1287

WATERSHED CORRELATION AND SYNTHESIS ..,Eastern, Flow
Characteristics -water, Forest Watersheds, Lund Use, Water
Yield, -3.0420

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN THE BLACK HILLS ...Erosion-general, Flow Charac-
teristics -water, Forest Watersheds, Sedimentology-general, Sta-
bilization-other, Water Yield, ...3.0436

BOG AND SWAMP HYDROLOGY ,..Forest Watersheds, High Or-
static Soils, North Central, Soils and Fertilizer, Water Yield,
-3.0294

IRRIGATION REQUIREMENTS, PRACTICES AND METHODS
OF APPLICATION FOR EFFICIENT PRODUCTION OF
CROPS IN THE SOUTHEAST -Irrigation, Soil-water-plant Rela-
tionships, -3.0191

IRRIGATION WATER MANAGEMENT FOR EFFICIENT
WATER USE IN THE SOUTHERN PLAINS ...Evapotranspira-
tion, Irrigation, Irrigation-general, Soil - Crop Relationships, Til-
lage, Cropping Systems, -3.0444

IRRIGATION REQUIREMENTS, PRINCIPLES AND PRACTICES
FOR EFFICIENT USE OF WATER IN THE PACIFIC
NORTHWEST ...Evapotranspiration, Irrigation, Irrigation-general,
Physical Property Effects, Southern, -3.0203

SALINE AND SODIC SOILS AND IRRIGATION WATER QUALI-
TY PROBLEMS IN THE RIO GRANDE RIVER BASIN ...Irriga-
tion-general, Saline and Alkaline Soils, Saline Soils, Soil and Rock
Leaching, Water Quality-general, Yield, -3.0466

SOIL AND WATER MANAGEMENT PRACTICES FOR THE
CONTROL OR ALLEVIATION OF SALINE AND SODIC SOIL
PROBLEMS IN THE PACIFIC NORTHWEST -Irrigation-
general, Permeability, Saline Properties, Soil and Rock Leaching,
Southern, -3.0205

DETERMINATION AND EVALUATION OF FACTORS AFFECT-
ING WATER RUNOFF AND EROSION IN THE DIFFERENT
LAND RESOURCE AREAS OF THE NORTHEAST ...Conserva-
tion, Erosion-general, Northeast, Runoff, Seedbed Preparation,
-5.0489

THE DISPOSITION OF PESTICIDES IN SOIL AND CLOSELY
RELATED WATER ...Farm Pond, Louisiana, Pesticides -non-
specific, Pollutants - Path of , Soil and Rock Leaching, -5.0276

SPECTRAL RECONNAISSANCE FOR DIAGNOSIS OF SOIL
AND WATER MANAGEMENT PROBLEMS ...Field,
Reflectance, Remote Sensing, Soil Management -non-specific,
Soil-water-plant Relationships, Spectral Reflectance, -3.0465

METHODS FOR WATER QUALITY IMPROVEMENT AND ITS
STORAGE UNDERGROUND ...Computers-general, Denitrifica-
tion, Groundwater Basins, Natural 12,--,-harge, Percolation, Un-
derground Waste Disposal, Waste Water Treatment-general,
...4.0005

THE SIMULATION OF HYDROLOGIC EVENTS IN ARID RE-
GIONS ..,Analog Computers, Arid and Desert, Hydrology- general,
Model Studies, Surface Water, ...2.1075

MANAGEMENT PRACTICES FOR SALINE AND SODIC SOILS
IN IMPERIAL VALLEY ...California, Plant Residues, Humus,
Compost, Tillage, Cropping Systems, -3.0037

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
NORTH DAKOTA ...Agricultural Watersheds, Economics-
general, Great Plains Province, Irrigation-general, North Dakota,
.,.4.9188

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
SOUTH DAKOTA ...Economic Impact, Impact, Input - Output
Analysis, Irrigation-general, Optimization, Production &
Processing, South Dakota, Water Allocation, -6.0136

ORGANIC MATTER AND ITS ROLE IN WATER QUALITY
...Organic Matter, Public Works, Reservoirs and Impoundments,
Urban Environments, Waste Water Treatment-general, _5.0122

CONTROL OF INSECT VECTORS ON WATERFOWL MARSHES
...Cultural Control, Great Salt Lake, Insecticides - non - specific,
Land Use, Swamps-marshes, -4.0263

CONFERENCE ON SANITARY ENGINEERING EDUCATION
-Air Pollution Control, Atmpopheric Pollution-general, Educa-
tion and Training, Meetings, Water Quality-general, -5.1152



SUBJECT INDEX Maps

HYDROGEOLOGIC MAPPING OF PALEOCENE SEDIMENTS,
WESTERN TENNESSEE ...Clastic Aquifers, Specific Rock Unit,
Surficial Geology, Tennessee, Tertiary Period, ..2.0995

FLOODS IN THE WAIAHOLE-WAIKANE AREA, OAHU,
HAWAII Fl000proofing, Floods, Hawaii, Peak Flow, Regional
Areas, ...4.0085

FLOOD INUNDATION MAPPING AND URBAN RUNOFF INV.,
DALLAS, TEXAS ...Floods, Land Use, Runoff, Texas, Urban En-
vironments, ,4.0232

FLOOD INUNDATION STUDY, WISCONSIN ...Channels, Design
Flow-flood, Floodproofing, Floods, Wisconsin, ..4.0278

Manganese
GEOCHEMICAL BEHAVIOR OF IRON AND MANGANESE IN

A RESERVOIR (LAKE LYNN, WEST VIRGINIA) FED BY
STREAMS CONTAINING ACID MINE DRAINAGE ,Acidity,
Geochemical Analysis, Iron, Mine Drainage Control, West Vir-
ginia, 2.1139

IRON AND MANGANESE REMOVAL FROM SMALL GOUND
WATER SUPPLIES ,..Demineralization, Filtration, Groundwater,
Iron, Technique Development, ..5.1053

CHANGES IN WATER QUALITY PARAMETERS OF RESER-
VOIRS DURING REGULATED FLOW CONDITIONS
Eutrophication, Iron, Tennessee, Water Properties-general,
Water Quality-general, .5.1129

THE CHEMISTRY OF MAGANESE IN NATURAL WATERS
Analysis and Detection, Chcmical-general, Oxidation-other,

Water Chemistry, Water Treatment -- General, ...5.0129

CHEMISTRY OF HYDROSOLIC METALS IN NATURAL
WATER ,..Aeration, Aluminum, Demineralization, Geochemical
Analysis, Iron, Solution Chemistry, 5.0119

Manometers
COMPARISON OF METHODS USED TO MEASURE ESTERASE

ACTIVITY. INTERACTIONS BETWEEN PESTICIDE ON FISH
ENZYME SYSTEMS _Bluegills, Bream, Channel Catfish,

Cholinesterase, Cutthroat Trout, Pesticides -non-specific, Visible,
.5.0637

Mapping
SNOW DISTRIBUTION MAPPING FROM SATELLITE PHOTOG-

RAPHY Aerospatial, Maps-general, Mountains-alpine, Patterns,

8.0214
WATER EXPLORATION AND MAPPING .Geological Explora-

tion, Remote Sensing-general, Water Resources Development,
6.0144

COLORADO COMPREHENSIVE PLAN FOR OUTDOOR
RECREATION _Colorado, Economic Impact, Other, Planning,
Recreation Sites, ...6.0324

PHYSICAL TECHNIQUES AND INSTITUTIONAL
MECHANISMS FOR INTEGRATED ADJUSTMENT IN THE
FLOOD PLAIN THROUGH SOIL SURVEYS ...Alternative
Planning, Floodplains, Floodproofing, Land Use, Soil Survey,
6.0647

HYDROLOGICAL DATA ACQUISITION THROUGH REMOTE
RECONNAISSANCE SYSTEMS ...Aerial, Data Acquisition-
other. Hydrology-general, Infrared Radiation, Moisture Content,
Reflectance, ..7.0075

GLACIAL GEOLOGY OF THE CHAMPLAIN VALLEY ...Clays,
Glacial History, New York, Till, Vermont, 2.1089

OCCURRENCE AND CHARACTERISTICS OF FRACTURES IN
CRYSTALLINE ROCKS OF SOUTHEASTERN NEW
HAMPSHIRE AND THEIR RELATIONSHIP TO THE YIELD
OF DRIL ...Groundwater Mining, Joints-fractures, New
Hampshire, Water Wells, Water Yield, 2.0744

INDUCTIVE ELECTROMAGNETIC METHODS FOR MAPPING
AND EVALUATING AQUIFERS ...Aquifers-general, California,
Electric Logging, Geophysical Analysis, Groundwater, 2.0083

GROUND-WATER GEOLOGY OF DEKALB AND BOONE
COUNTIES, ILLINOIS ...Aerial, Clastic Aquifers, Deposits,
Geophysical Analysis, Groundwater, Local Stratigraphy, ...4.0096

GEO ..OGY AND GROUND WATER RESOURCES OF PEMBINA
COUNTY Aquifers-general, Deposits, Geology-general, Ground-
water, Permeability, Rocks - Bedrock, ..2.0844

GEOLOGY AND GROUND WATER RESOURCES OF NELSON
COUNTY ...Aquifers-general, Deposits, Geology-general, Ground-
water, Permeability, Rocks - Bedrock, ..,2.0845

GEOLOGY AND GROUND WATER RESOURCES OF WALSH
COUNTY ...Aquifers - general, Deposits, Geology-general, Ground-
water, Permeability, Rocks - Bedrock, 2.0846

GEOLOGY AND GROUND WATER RESOURCES OF CAVALI-
ER COUNTY ...Aquifers-general, Deposits, Geology-general,
Groundwater, Permeability, Rocks - Bedrock, ...2.0847

GENERAL SOIL MAPS OF REGIONS IN OREGON WITH
POTENTIAL FOR IRRIGATION ...Aerospatial, Irrigation-
general, Oregon, Saline Properties, Soil Morphology, Profiles,
_6.0463

DEVELOPMENT OF A MODEL RESOURCE ANALYSIS FOR
RANGE WATERSHEDS ...Model Studies, Quality and Utiliza-
tion, Species and Species Evaluation, 6.0460

FLOOD INUNDATION MAPPING - JEFFERSON COUNTY, MIS-
SOURI ...Design Flow-flood, Floodproofing, Floods, Flow Charac-
teristics -water, Missouri, 4.0157

Maps

Charts
A GEOLOGIC, GEOCHEMICAL AND MICROBIOLOGIC STUDY

OF FLATHEAD LAKE ...Chemical, Lakes, Montana, Physical
Properties-general, Topographic, ,2.0718

Geologic Maps
GLACIOLOGY AND METEOROLOGY OF ANVERS ISLAND,

ANTARCTICA ...Antarctica, Data Analysis - General, Intensity,
Movement, Thickness - Area, ..2.0856

TEXAS GEOLOGIC ATLAS PROJECT ...Atlases-maps, Compila-
tion, Texas, 7.0100

GEOLOGY OF THE LAJITAS AND REDFORD QUADRAN-
GLES, BREWSTER AND PRESIDIO COUNTIES, TEXAS ,..At-
lases -maps, Geology-general, Groundwater, Texas, 2.1014

GEOLOGY OF THE CAVE CREEK SCHOOL, MONUMENT
HILL, AND YEAGER CREEK QUADRANGLES, GILLESPIE,
BLANCO, AND HAYS COUNTIES, TEXAS ..,Atlases - map:,
Geology-general, Groundwater, Texas, Water Resources Develop-
ment, ...7 0101

GEOLOGIC STRUCTURE AND FRESH GROUND WATER IN

GULF COASTAL PLAIN Aquifers-general, Flow Charac-
teristics -water, Regional Structure, South Central, 2.0536

Geologic Sections
AQUIFER STUDIES IN MARYLAND - SEDIMENTARY ROCKS

IN THE COASTAL PLAIN Aquifers-general, Hydrology-
general, Management, Specific Rock Unit, Subsurface, Water

2.0561

Gravity
STATE GRAVITY SURVEY ...Gravity Surveys, Illinois, Seismic

Refte t: n, Structural Analysis, Structure Location, 7.0035

Isopach
EXTERNAL GEOMETRY OF SUPERPOSED ELONGATE SAND-

STONES, NORTH-CENTRAL TEXAS ...Channel Filling, Clastic
Aquifers, Geomorphology-general, Sandstones, Subsurface,
...2.1006

Reconnaissance
A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-

POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Kentucky, Pre-impoundment Sites, River Basins, Survey Studies,
.6.0242

Surficial Geology
GEOLOCY AND GROUND WATER RESOURCES OF TRAILL

COUNTY Aquifers-general, Chemical-general, Drilling and Cor-
ing, Groundwater, Permeability, 2.0837

GEOLOGY AND GROUND WATER RESOURCES OF WELLS
COUNTY ...Aquifers-general, Chemical-general, Drilling and Cor-
ing, Groundwater, Permeability, _2.0838

GEOLOGY AND GROUND WATER RESOURCES OF GRAND
FORKS COUNTY ...Aquifers -genes "hcmical-general, Drilling
and Coring, Groundwater, Perm, , 2.0839

GEOLOGY AND GROUND WA, tat RESOURCES OF WIL-
LIAMS COUNTY ...Aquifers-general, Chemical-general, Drilling
and Coring, Groundwater, Permeability, 2.0840

GEOLOGY AND GROUND WATER RESOURCES OF BURKE
COUNTY ...Aquifers-general, Chemical - general, Drilling and Cor-
ing, Groundwater, Permeability, _2.0842

HYDROGEOLOGIC MAPPING OF PALEOCENE SEDIMENTS,
WESTERN TENNESSEE ... Clastic Aquifers, Mapping, Specific
Rock Unit, Tennessee, Tertiary Period, _2.0995
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Maps

Topographic
CARTOGRAPHIC MAPPING ...Aerial, Aerospatial, Compilation,

Resource Inventories, Satellites, 6,0140
A GEOLOGIC, GEOCHEMICAL AND MICROBIOLOGIC STUDY

OF FLATHEAD LAKE ...Charts, Chemical, Lakes, Montana,
Physical Properties-general, 2.0718

HYDROLOGIC CHARACTERIZATION 01: SMALL
WATERSHEDS ...Flow Characteristics -water, Gaging, Mathe-
matical Analysis, Model Studies, Small Watersheds,

GEOMORPHOLOGY OF LOW-ORDER STREAMS ...Drainage
Density-texture, Gradient, Length, Rock Type, Streams-other,
2.0621

PHOTOMAPPING ,Aerospatial, Compilation, Reproduction,

7.0023

SUBJECT INDEX

Marinas
CRITERIA FOR THE DESIGN OF SMALL CRAFT HARBORS

-.Breakwaters, Coastal Engineering-other, Harbors, Seiches,

Waves, ...2.0133
BACTERIOLOGICAL AND ES'T'HETIC OF PLEASURE BOAT

WASTE DISCHARGE ON SMALL HARBORS ...Analysis and
Detection, Bacterial Pollutant Sources, Beautification, Boat

Discharges, Harbors, 5.1267

Marine Animals

THE ACCUMULATION OF FISSION PRODUCTS BY MARINE
FISH AND SHELLFISH Chlorideac -other, Contamination -
Water, Estuaries, Food Chains, Radioactivity-general, Radioccolo-
gy, 5.0805

ECOLOGICAL SIGNIFICANCE: OF ORGANIC RELEASE
PRODUCTS OF MARINE AND FRESHWATER ANIMALS
,.Aquatic Ecology, Biological Rhythms, Metabolism, Mucus,
Productivity - Food Chain, ...2.0342

SOME ASPECTS OF THE MARINE SPORT FISHERY OF MAS-
SACHUSETTS WITH SPECIAL EMPHASIS ON SURVEY
DESIGN AND BASIC ECONOMIC ATTRIBUTES ,Censusing,
Fishing, Massachusetts, Survey, 7.0054

DISTRIBUTION OF DEMERSAL FISHES IN INSHORE WATERS

.

Mortality
Ecology, Fish -non-specific, Marine Biology,

Mortality Rates, Nets, Vertical Distribution, 5.1260
DEMONSTRATION OF THE LIMITATIONS AND EFFECTS OF

WASTE DISPOSAL ON AN OCEAN SHELF Marine Plants,
Ocean, Outlet, Pollution - Effects of , Pollution Effects, Sewers,
...5.0248

DISTRIBUTION OF LIFE WITH DEPTH ...Contigental Shelf,

Marine Photography-television, North Carolina, Photography-
other, Vertical Distribution, ...5.0272

EFFECTS OF PESTICIDES ON MARINE ANIMALS ...Dicldrin,
Laboratory Animals. Metabolism, Mode of Action -animal,
Respiration, 5.0261

BIONOMICS OF FISHES AND SHELLFISHES ...Aquaculture &
Fish-farming. Bays, Economics-general, Environmental Ecology,
Oregon, Productivity - Food Chain, ...2,0896

RELATIONSHIP OF TUBE-AND REEF BUILDING MARINE AN-
NELIDS TO COASTAL ENGINEERING; AND CONSERVA-
TION PROBLEMS IN FLORIDA ...Coastal Engineering-other,
Environmental Ecology, Florida, Lugworms, Marine Segmented-
worm, Vertical Distribution, 3.0187

OREGON FISHES - THEIR CLASSIFICATIONS, DISTRIBUTIONS
AND LIFE HISTORIES

Vertical
Taxonomy, Fresh Water, Life

History Studies, Oregon, Vertical Distribution, ...6.0450

BIOLOGICAL AVAILABILITY OF NUCLEAR DEBRIS TO
AQUATIC ANIMALS Contamination - Water, Food, Produc-

tivity - Food Chain, Radioactivity-general, Radiologic Health,
5.0102

EFFECT OF EURASIAN WATERMILFOIL CONTROL
PROCEDURES ON WILDLIFE AND OTHER ORGANISMS IN
AQUATIC ENVIRONMENTS ...Aquatic Environments, Con-
tamination - Water, Diquat, Evaluation, Water Milfoil, Water-
weed... , 2,4-d, 5.0505

DISTRIBUTION OF YOUNG STAGES OF COASTAL FISHES
...Continental Estuaries, Fish -non-specific, Maturity &
Growth Stages, Number Or Density. Ships and Cruises, 6.0345

INFLUENCE OF THE PHYSICAL ENVIRONMENT ON DIS-
TRIBUTION OF YOUNG STAGES OF COASTAL GAME FISH
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...Continental Shelf, Environmental Ecology, Fish -non-specific,
Maturity & Growth Stages, Physical-general, Range Or Territorial
Distr. , 6.0346

TEMPERATURE TOLERANCE OF MARINE ANIMALS
THROUGH BEHAVORIAL RESPONSES ...Behavior -animal,
Environment Resistance, Mortality Rates, Thermal, Water Tem-
perature-non-specific, 6.0344

THERMAL PREFERENCES OF MARINE FISHES AND INVER-
TEBRATES ...Behavior -animal, Fish -non-specific, Invertebrates
-non-specific, Water Temperature-non-specific, ...5.0720

EFFECTS OF HOT WATER MASSES ON MARINE FISHES ...At-
lantic Ocean-north, Behavior -animal, Fish - non - specific, High
Temp. -851' Or Above, Thermal, 5.0721

SAN PABLO BAY S'TUD1 ...Bays, Benthic Fauna, Bottom
Sampling, Excavation, Spoil Banks, Water Sampling, 6.0038

ACCUMULATION OF RADIOACTIVITY BY INVERTEBRATES
.Contamination - Water, Metabolism, Pollution Effects, Produc-
tivity - Food Chain, Radioactivity - general, ..5.0804

MICROBIOLOGY OF MARINE AND ESTUARINE INVER-
TEBRATES _Estuaries, Marine Bacteria (non-specific),
Microbiological Analysis, Oysters, 2.0586

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE FISHES ...Computer Matching
Code, Contamination - Water, Killifishs Cyprinodon, Pollution -
Effects of , Pollution Effects, .5.1080

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND 'TISSUES OF MARINE INVERTEBRATES Clams, Com-
puter Matching Code, Contamination - Water, Invertebte
Pathology, Pollution - Effects of , Pollution Effects, Polluth.n-
other, 5.1081

REARING AND SENSITIVITY STUDIES OF VARIOUS LIFE
STAGES OF MARINE MACROINVERTEBRATES .,.Bioindica-
tors, Crabs, All, Shrimps - Common, Whole Body Culture &
Rearing, 5.1079

USE OF MARINE PLANKTONIC ORGANISMS FOR EVALUAT-
ING THE QUALITY OF MARINE AND ESTUARINE WATERS
...Bioassays, Estuaries, Phytoplankton, Pollution - Effects of , Pol-
lution Effects, Zooplankton, 5.1093

DEVELOPMENT OF CULTURE METHODS MR ECOLOGI-
CALLY IMPORTANT MARINE ZOOPLANKTON SPECIES
..Aquatic Ecology, Copepods, Environmental Physiology, Inver-
tebrate Cultures, Zooplankton, 5.1096

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT SPECIES OF MARINE
ZOOPLANKTON ...Copepods, Oxygen, Water Salinity, Water
Temperature-non-specific, Zooplankton, 5.1097

THE NORMAL ANATOMY AND HISTOLOGY OF SOME
MARINE INVERTEBRATES .,.Clams, Histology and Cytology,
Invertebrate Anatomy, Pollution Effects, Water Quality-general,
5.1095

UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-
TEBRATES ...Amino Acids, Amino Acids -non-specific,

Chemoreceptors, Invertebrates -non-specific, Marine Biology,
Metabolism, Nutrition - Inverterate, ...6.0058

EPIZOOTICS IN EXPERIMENTAL MARINE SHELLFISH POPU-
LATIONS ...Epizootic, Freshwater Mussels, Scallops, Mortality
Rates, Oysters, Pathology, 6.0631

MARINE TOXINS OF THE TROPICAL PACIFIC ...Algal
Metab.(non-specific &ot), Animal Origin, Fish -non-specific.
Other, Polynesia, Toxicology, 5.0315

TOXIC AND OTHER CHEMICALS IN MARINE BIOTA .Bioas-
say, Dibrom, Diquat, Mollusks -non-specific & Other, Puruquat,
,..5.1074

ACCUMULATION AND ELIMINATION OF VIRUSES BY
SHELLFISH ...Enteroviruses of Humans, Oysters, Pathology,
...5.1227

Marine Biology
LOGISTIC SUPPORT AND MAINTENANCE OF FACILITIES

...Atlantic Ocean-north, Likes, Maine, Research Facilities,

9.0009
DISTRIBUTION OF DEMERSAL FISHES IN INSHORE WATERS

...Environmental Ecology, Fish -non-specific, Mortality Rates,
Nets, Vertical Distribution, ..5.1260

BENTHIC COMMUNITIES ...Benthonic-bottom, Engineering Struc-
tures- general, Environmental Ecology, Estuaries, Productivity -
Food Chain, 6.0156

COASTAL AND INSHORE OCEANOGRAPHY ...Alaska, Estua-
ries, General, Other Sea Water Properties. Shoreline - Coastline,
2,0015



SUBJECT INDEX Marine Plants

ESTUAR:NE INVENTORY (FORMERLY CHEMICAL EN-
VIRONMENT) ...Estuaries, Florida, Gulf of Mexico, Physiog-
raphy-general, Sediment° logy-general, 2.0325

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT MARINE PHYTOPLANK-
TON SPECIES ...Axcnic Culture, Environment, Growth and Dif-
ferentiation, Marine Plants, Phytoplankton, 5.1094

UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-
TEBRATES ...Amino Acids, Amino Acids -non-specific,
Chemoreceptors, Invertebrates -non-specific, Metabolism, Nutri-
lion - Invertebrate, Pulse-labelling, ...6.0058

Marine Biology (non-specific)
HYDROSTATIC PRESSURE-TEMPERATURE, AS ENVIRON-

MENTAL PARAMETERS, ON GROWTH, BIOCHEMISTRY
AND PHYSIOLOGY OF MICROORGANISMS ...Growth (non-
specific & Ot.), Microorganisms (non-specific), Pressure & Mech
Stress, Temperature, 6.0459

OPTIMUM ECOLOGICAL DESIGNS FOR ESTUARINE
SYSTEMS OF NORTH CAROLINA ...Domestic Wastes-general,
Estuaries, .lorth Carolina, Pollution - Effects of , Pollution Ef-
fects. Productivity - Food Chain, ..2,0820

ECOLOGY OF LOUISIANAS ESTUARINE WATERS - MARINE
LABORATRY ...Aquatic Ecology, Estuaries, Louisiana, Shoreline
- Coastline, ...2.0542

PESTICIDE KINETICS ...Aquatic Or Soil-aquatic Cycles, Degrada-
tion -non-specific, Estuaries, Insecticides -non.,mecifie, Pollutants
- Path of , 5.0271

DEVELOPMENT OF METHODOLOGY FOR ISOLATION OF
VIRUSES FROM SEA WATER ...Animal Viruses (non-specific),
Concentration, Physical Parameters, Viral Pollutant Sources,
...5.1228

Marine Environments-general
PROBABLE EFFECTS ON MARINE ENVIRONMENTS OF

DISPERSING BRINE EFFLUENTS FROM LARGE DESALINA-
TION PLANTS IN THE GULF OF CALIFORNIA ...Atomic
Plants, Brines, Desalination, Gulf of California, Pollution - Effects
of , ...3.0020

MEASUREMENT OF RADIONUCLIDES IN ESTUARINE AND
MARINE ENVIRONIWiNTS (A COOPERATIVE AGREEMENT
WITH ATOMIC ENERGY COMMISSION) Estuaries, Pollution
- Effects of , Pollution Effects, Radioactivity-general, Reactor
Sites & Rad Waste, ...2.0819

Marine Geology

Marine Geology-general
SUBMARINE SPRINGS ...Bibliography, Discharge-general, Ocean

Environment, Sprinps, Subsurface Environments, ...2 0319

Sediments
Biology

FREQUENCY DISTRIBUTION OF BIOLOGICAL POLLUTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT
_Conforms (non-specific). Enteroviruses of Humans, Gulf of
Mexico, Oysters. Pollution-water, ...5.0016

Chemistry
MARINE HYDROLOGY AND GEOCHEMISTRY, ATLANTIC

CONTINENTAL SHELF AND SLOPE ...Continental Shelf, Dis-
tribution. Mixing, Ocean Environment, Saline Water Intrusion,
...2.0623

Distribution
RADIOISOTOPIC TRACER sun)), TO INVESTIGATE THE

MECHANIC OF LIWORAL TRANSPORT AROUND POINT
CONCEPTION, CALIFORNIA _California, Intertidal Areas,
Radioisotopes, Sediment Transport-otner, Tracers, _1.0031

FIELD MEASUREMENTS OF THE TEMPORAL AND SPATIAL
VARIATIONS IN CONCENTRATION AND PARTICLE SIZE
DISTRIBUTION OF SUSPENDED MATERIALS IN THE
UPPER ...Chesapeake Bay, Maryland, Mineralogy, Size, Turbidi-
ty, 2.0558

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- III SEDIMENTOLOGY ...Aquatic Ecology, Atlases-maps, En-
vironmental Ecology, Estuaries, Gulf of Mexico, 2.0671

MARINE HYDROLOGY AND GEOCHEMISTRY, ATLANTIC
CONTINENTAL SHELF AND SLOPE ...Chemistry, Continental

Shelf, Mixing, Ocean Environment, Saline Water Intrusion,
_2.0623

GEOCHEMISTRY OF SAN FRANCISCO BAY ...Bays, Clays,
Mineral Associations, San Francisco Bay, Trace Element Analysis,
...2.0121

ORGANIC GEOCHEMISTRY OF SAN FRANCISCO BAY
WATERS AND SEDIMENTS .Clays, Organics, Sedimentation,
_2.0123

Mechanical Properties
CIVIL EN(;INEERING STRUCTURES IN THE OCEANS ...En-

gineering Studies-other, Foundations-general, Hydraulic Struc-
tures, Hydrodynamics, Soil Dynamics, Wave Action, 8.0165

Mineralogy
FIELD MEASUREMENTS OF THE TEMPORAL AND SPATIAL

VARIATIONS IN CONCENTRATION AND PARTICLE SIZE
DISTRIBUTION OF SUSPENDED MATERIALS IN THE
UPPER ...Chesapeake Bay, Distribution, Maryland, Size, Turbidi-
ty, ...2.0558

Sedimentation
CLAY-INORGANIC AND ORGANIC-INORGANIC ASSOCIA-

TIONS IN AQUATIC ENVIRONMENTS ...Activation Analysis,
Chemical Reactions, Clays, Exchange Capacity, Organic, Suspen-
sion, _2.0019

EFFECTS OF POLLUTANTS ON SUBMARINE PLANT
SYNECOLOGY _Applied Ecology, Industrial Wastes, Nutrients,
Plant Prod. (non-specific), Plant Succession, Sediments, .,5.1221

ORGANIC GEOCHEMISTRY OF SAN FRANCISCO BAY
WATERS AND SEDIMENTS ...Clays, Distribution, Organics,
2.0123

QUANTITATIVE AND QUALITATIVE CHARACTERISTICS OF
MATERIALS CONTRiBUTING TO SEDIMENTATION IN
LAKE ERIE ...Lake Eric, Location, Organic, Organics, Rate of
Deposition, 2.0628

Structure-geomorphology
Coastlines-shorelines

GENERAL COASTAL INLET STUDIES ...Coastal Engineering-
other, Discharge-other, Model Studies, Synthetic Hydrology-
general, Tides, Velocity -water, 2.0689

Geomorphology-topography
AN ANALYTICAL AND EXPERIMENTAL STUDY OF BED

FORMS UNDER WATER WAVES ...Channel Roughness, Fric-
tion, Model Studies, Water Tunnels Tables, Wave Action, Waves,
...2.0347

MECHANICS OF WAVE ACTION IN DEEP AND SHALLOW
WATER ...Internal Waves, Longshore Currents, Sand Bars, Tsu-
nami, Waves, ...2.0258

Islands
ISLAND STUDY ...Conservation-general, Inventories, Planning,

Recreation Sites, Survey Studies, ...3.0171

2-277

Marine Mapping
DEVELOPMENT OF OFFSHORE SOURCES 01- SAND SUITA-

BLE FOR BEACH RESTORATION AND NOURISHMENT
...Beach, Ocean Coring and Dredging, Ocean Mining, Shoreline
Structures, Size, ...8.0154

Marine Photography-television
DEPTH CONTOURING BY COLOR SEPARATION ...Bathymetry,

Electronics - Applied, Optical, Photogrammetry, Satellites,
6.0276

DISTRIBUTION OF LIFE WITH DEPTH ...Continental Shelf,
North Carolina, Photography-other, Vertical Distribution,
_5.0272

Marine Plants
ULTRAVIOLEI ABSORPTION IN COASTAL WATERS ...Biologi-

cal, Physical Parameters, Plant Prod. (non-specific), Sewage,
Shoreline - Coastline, _5.0112

DEMONSTRATION OF THE LIMITATIONS AND EFFECTS OF
WASTE DISPOSAL ON AN OCEAN SHELF ...Ocean, Outlet,
Pollution - Effects of , Pollution Effects, Sewers, 5.0248

STSITIVITY OF BENTHIC MICROFLORA TO POLLUTION
GRADIENTS ...Benthic Flora, Bioindicators, Estuaries, Plant
Prod. (non-specific), Water Standards, 5.1059



Marine Plants SUBJECT INDEX

COLLECTION AND ESTABLISHMENT IN CULTURE OF SPE-
CIES AND STRAINS OF MARINE PHYTOPLANKTON OR-
GANISMS ...Algal Culture, Culture Collections, Phytoplankton,
Pollution - general, 5.1063

DETERMINATION OF SELECTED ENVIRONMENTAL,
REQUIREMENTS OF IMPORTANT MARINE PH YTOPLANK-
TON SPECIES ..,Axenic Culture, Environment, Growth and Dif-
ferentiation, Marine Biology, Phytoplankton, 5.1094

DEVELOPMENT OF A METHOD FOR CHRONIC TOXICITY
BIOASSAY USING MARINE PLANKTONIC ALGAE ...Algal
Culture, Bioassays, Microblok.gical Analysis, Monitoring (long
Term Studies), Phytoplankton, Technique Development, Tox-
icology, -.5.1088

STUDY OF NITROGEN METABOLISM IN MARINE ALGAE
Bioinclicators, Enzymes, Microbiological Analysis, Pollution -

Effects of , Quantitative & Qualitutive..5.1089

Marine Pollution
Industrial Wastes

EFFECTS OF POLLUTANTS ON SUBMARINE PLANT
SYNECOLOGY ...Applied Ecology, Nutrients, Plant Prod. (non-
specific), Plant Succession, Sedimentation, Sediments, ...5.1221

COMPARATIVE TOXICITIES OF METALS TO ESTUARINE
FISHES ...Bioassays, Estuaries, Killifishs Cyprinodon, Mineral
Origin, Solid Waste, 5.1084

Oil
MARINE OIL-WATER MONITORING INSTRUMENTATION

SYSTEM SUBGROUP V ...Detectors, Industrial Waste-other, In-
frared, Infrared Radiation, Instrumental Services, Oil Technolog-
ical Testing, ...5.0336

OIL SLICK ANALYSES ...Aircraft, Instrumental Services, Optical
Devices, Satellites, Transducers, _6.0275

THE SPREADING OF OIL FILMS ...Forecasting-prediction, Ocean
Currents, Pollution Abatement, Tides, Waves, ...5.0787

OIL CONTAMINATION OF OYSTERS FROM OIL WELL
DRILLING MUDS ...Industrial Wastes, Oysters, Petroleum Indus-
try, Pollution Effects, 5.0449

EFFECTS OF CRUDE OILS AND THEIR EMULSIONS TO
MARINE ORGANISMS ...Chclating Agents, Emulsion, Petroleum
Chemistry, Poisons-other, Removalorganics, 5.1082

EFFECTS OF PETROLEUM AND PETROLEUM WASTES UPON
IMPORTANT SPECIES OF ESTUARINE PHYTOPLANKTON
AND ZOOPLANKTON ...Contamination - Water, Contamination,
Pollution-water, Estuaries, Petroleum, Phytoplankton, Zooplank-
ton, _5.1086

Pollution-general
PHYSICAL FACTORS AFFECTING OREGON COASTAL POL-

LUTION ...Circulation General, Density, Shoreline - Coastline,
Tidewater Areas, Water Quality-general, -.5.0951

AIRPHOTO ANALYSIS OF OCEAN OUTFALL DISPERSION
...Diffusion, Longshore Currents, Ocean, Outlet, Photogrammctry,
...5.0941

COLLECTION AND ESTABLISHMENT IN CULTURE OF SPE-
CIES AND STRAINS OF MARINE PHYTOPLANKTON OR-
GANISMS ...Algal Culture, Culture Collections, Marine Plants,
Phytoplankton, ...5.1063

DISPERSION OF WATER AND SEDIMENTS IN THE SURF
ZONE ...Beaches, Pollutants - Path of , Shoreline - Coastline,
Size, Waves, _5.0151

FAUNAL PRODUCTION ...Estuaries, Pollution Effects, Productivi-
ty - Food Chain, Vertical Distribution, Water Environment -other,
...6.0154

LABORATORY BIOASSAYS ...Contamination - Water, Laborato-
ry, Laboratory Animals, Pollution - Effects of , Wildlife, ...5.0270

STUDY ON METHODOLOGY FOR VIRAL EXAMINATION OF
SEAWATER AND SHELLFISH ...Enteroviruses of Humans,
Food Spoilage Detection, Shellfish, N.s. , Viral Pollutant Sources,
5.1071

Pollution-other
HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS

AND TISSUES OF MARINE INVERTEBRATES ...Clams, Com-
puter Matching Code, Contamination - Water, Invertebrate
Pathology, Pollution - Effects of , Pollution Effects, 5.1081

Radioactivity
ECOLOGICAL STUDIES OF RADIOACTIVITY IN THE COLUM-

BIA RIVER ESTUARY AND ADJACENT PACIFIC OCEAN
...Columbia River, Contamination - Water, Organ Sampling
DeViCCH, Pacific Ocean-north, Pollutants - Path of , ...6.0452

TRITIUM AS A TRACER FOR MIXING PROCESSES ...Mixing,
Ocean Currents, Saiinity, Tracers, Tritium, -.5,0264

RADIONUCLIDES IN THE SAVANNAH RIVER ESTUARY AND
ADJACENT COASTAL WATERS ...Atomic Plants, Estuaries,
Pollutants - Path of , Radioactivity-general, Tracers, 5.1098

Sewage
MARINE WASTE DISPOSAL AND SEA URCHIN ECOLOGY

...California, Pollution Effects, Productivity Food Chain, Sea
Urchins & Other Echinoderm, 5.0130

ULTRAVIOLET ABSORPTION IN COASTAL WATERS ...Biologi-
eal, Marine Plants, Physical Parameters, Plant Prod. (non-
specific), Shoreline Coastline, ...5.0112

ECOLOGY & NITROGEN CYCLE IN A MARINE PLANT COM-
MUNITY ...13cring Sea, Nitrogen, Physiological Ecolo.gy,
Potamogcton, Ruppla, Zostera.., Primary Productivity, 5.0035

Ship Wastes
MARINE OIL-WATER SEPARATION SYSTEM SUBGROUP V

...Filtration, Petroleum Chemistry, Removal -- organics, ...5.0209

Maryland
HIGHWAY DRAINAGE STUDY ...Drainage, .2.0579
COLLECTION OF HYDROLOGIC DATA OF SMALL

DRAINAGE AREAS ...Data Acquisition-general, Drainage, Ru-
noff, Small Watersheds, Storm Water, -.2.0560

FIELD MEASUREMENTS OF THE TEMPORAL AND SPATIAL
VARIATIONS IN CONCENTRATION AND PARTICLE SIZE
DISTRIBUTION OF SUSPENDED MATERIALS IN THE
UPPER ...Chesapeake Bay, Distribution, Mineralogy Size, Tur-
bidity,

OF COMPUTER MDELS & METHODOLOGY
...2.0558

FOR FORECASTING & EVALUATING MUNICIPAL & IN-
DUSTRIAL WATER REQUIREMENTS ...Digital Computers,
Model Studies, Projections and Estimations, Urban Environments,
Water Demand, ...6.0252

DEMAND FOR AND AVAILABILITY OF LAND AND WATER
ORIENTED RECREATION FACILITIES IN MARYLAND -
ECONOMIC ANALYSIS ...Demand Analysis, Forecasting-predic-
tion, Production & Processing, Recreation Sites, Types of
Resources, 6.9259

TIME OF TRAVEL - PRINCIPAL MARYLAND STREAMS
...Dyes, Pollutants - Path of , Streams, Velocity - water, ..2.0565

EVALUATION OF MAGOTHY AQUIFER - ANNAPOLIS AREA
...Atlases-maps, Available Water, Clastic Aquifers, Model Studies,
Saline Water Intrusion, -.2.0564

EXPLORATION AND MAPPING OF THE SALISBURY
PALEOCHANNEL ...Atlases-maps, Borehole Geophysics, Chan-
nels, Geophysical Analysis, Valley, Buried, ...2.0566

FLOOD FREQUENCY AND LOW-FLOW ANALYSES ...Floods,
Flow Characteristics -water, Low Flow, Peak Flow, Statistical
Models, -.5.0481

EXTENT OF BRACKISH WATER IN TIDAL RIVERS ...Brackish
Water, Saline Water Intrusion, Salinity, Tidal Streams, Tides,
2.0562

POPULATION ECOLOGY OF FORAMINIFERA IN THE CHOP-
TANK RIVER ...Aquatic Ecology, Environmental Ecology,
Foraminifera, Population Dynamics, Water Properties-general,
6.0126

SYSTEMS STUDY - MARYLAND PROJECT ...Alternative
Planning, Hydrology-general, Management, Planning, Water
Resources Development, -.6.0603

SEDIMENTATION AND HYDPOLOGY-ROCK CREEK AND
ANACOSTIA RIVER BASINS, MARYLAND ...Erosion-general,
Groundwater, Land Use, Sediment Yield, Urban Environments,
4.0130

CULTURE OF SHELLFISH IN ARTIFICIAL AND NATURAL
SALT PONDS ...Captive Rearing, Commercial Fishing, Growth
Rate, Oysters, Ponds, ...6.0267

GROWTH, CONDITION, AND SURVIVAL OF SHELLFISH
...Adaptation, Environmental Physiology, Oysters, Water Quality-
general, Water Salinity, -.6.0269
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SUBJECT INDEX

Mass Transfer
DISPOSAL OF BRINE BY SOLAR EVAPORATION ...Desalina-

tion, Evaporation, Heat Transfer, Solar Still, Vapor Pressure,
.3.0333

MASS TRANSFER AND CHEMICAL REACTION IN TWO
PHASE FLOW ..,Closc Channel, Mathematical Analysis, Model
Studies, Phase Relationship, Waste. Water Treatment-general,
5.0225

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
..,Fluid Flow-other, Organic, Polymer Type-other, Solution,
Transport, 1,0027

AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ...Chemical Treatment, Kinetics-other, Organic
Wastes, Solution, Wet Oxidation, 5.0215

PIPELINE TRANSPORT OF SLUDGE ...Disposal, Mining Activi-
ties, Pump, Sewage Treatment Plant, West Virginia, 5.0869

AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ,..Aeration, Chemical Treatment, Continuous, Or-
ganics, Wet Oxidation, .1.0023

CONTROLLED FREEZING DESALINATION _Desalination,
Freezing, Heat Transfer, Other, .3.0216

FLOW FIELD IN A PACKED BED ...Fluid Flow-other, Packed
Bed, Porous Media - Flow Through, Surface-other, 1.0045

Mass Wasting
Classification

Creep
RAINWASH AND SOIL CREEP IN WESTERN NORTH DAKOTA

.Environmental Effects-geologic, Erosion - general, Morphology-
general, North Dakota, Slopes, 2.0848

FLOOD AND SEDIMENT REDUCTION IN THE CONIFEROUS
TIMBER ZONE OF CALIFORNIA ...Floods, Land and Rock
Slides, Management, Pulp, Paper , and Logging, Sediment Yield,
2.0078

Land and Rock Slides
DEVELOPMENT OF A PRACTICAL METHOD OF LOCATING

AND TRACING SEEPAGE WATER IN UNSTABLE SLOPES
...Electric Logging, Kentucky, Loss, Seepage, Slopes, _2.0519

FLUCTUATION OF RESERVOIR LEVELS AND THE RELATED
CAUSE OF LANDSLIDES (THE OHIO RIVER VALLEY)
...Force, Reservoirs and Impoundments, Slopes, Soil Stability
Analysis, Watet Lecel Fluctuation, 8.0191

FLOOD AND SEDIMENT REDUCTION IN THE CONIFEROUS
TIMBER ZONE OF CALIFORNIA ...Creep, Floods, Manage-
ment, Pulp, Paper , and Logging, Sediment Yield, .2.0078

Snowslide-avalanche
WATER YIELD IMPROVEMENT, AND SNOW AND

AVALANCHE PREDICTION AND PREVENTION, IN THE AL-
PINF REGIONS OF THE CENTRAL ROCKY MOUNTAINS
...Alpine, Colorado, Water Loss Control, Water Yield, 3.0146

Features
MATHEMATICAL GEOMORPHOLOGY ...Erosion, Geomorpholo-

gy-quantitative, Model Studies, Processes, Terrain Analysis,
-.2.0425

Massachusetts
ANALYSIS OF RUN-OFF FROM SMALL DRAINAGE AREAS

...Design Flow-flood, Drainage, Floods, Runoff, Small Watersheds,

...2.0612
DISTRIBUTION AND ABUDANCE OF JUVENILE AMERICAN

SHAD, ALOSA SAPIDISSIMA (WILSON), IN THE CONNEC-
TICUT RIVER ABOVE HOLYOKE DAM, MASSACHUSETTS
...Alewife,menhaden,shad,herring, Connecticut River, Engineering
Structures-general, Migration, Number Or Density, 3.0271

FOOD HABITS OF LARVAL AND JUVENILE SHAD IN THE
CONNECTICUT RIVER ...Alewife,menhaden,shad,herring,
Aquatic Ecology, Connecticut River, Food Supply, Recreation
Sites, ...3.0272

THE EFFECTS OF PESTICIDE RESIDUES ON LARVAL AND
JUVENILE WINTER FLOUNDER IN THE WEWEANTIC
RIVER ESTUARY, MASSACHUSETTS ...Estuaries, Pollution -
Effects of , Righteye Flounders, Wildlife, -.5.0509

SOME ASPECTS OF THE MARINE SPORT FISHERY OF MAS-
SACHUSETTS WITH SPECIAL EMPHASIS ON SURVEY
DESIGN AND BASIC ECONOMIC ATTRIBUTES ...Censusing,
Fishing, Survey, 7.0054

Material Parameters

INVESTIGATION OF RELATIONSHA0 OF CUNNER, TAU-
TOGOLABRUS ADSPERSUS -(WALBAUM), TO WEWEAN-
TIC RIVER ESTUARY, WAREHAM, MASSACHUSETTS
...Aquatic Ecology, Estuaries, Fish -other, Swamps-marshes,
Water Environment -other, _5.0511

THE ECOLOGY OF THE YOUNG FISHES OF THE WEWEAN-
TIC RIVER ESTUARY ...Aquatic Ecology, Estuaries, Pesticides -
non- specific, Pollution - Effects of , Population Dynamics,
2.0607

OPTIMUM UTILIZATION AND MANAGEMENT OF WATER IN
FORMATIONS HYDROLOGICALLY-CONNECTED TO A
STRETCH OF THE CONNECTICUT RIVER ...Aquifers-general,
Artificial Recharge, Baseflow, Connecticut River, Water Yield,
.4.0134

THE ROLE OF AQUATIC VASCULAR PLANTS IN THE
EUTROPHICATION OF SELECTED LAKES IN WESTERN
MASSACHUSETTS .13ioindicators, Eutrophication, Lakes,
Nutrients, Water Properties-general, .2.0609

WATERSHED RESPONSE TO HYDROLOGIC INFLUENCES
...Evaporation, Prediction Models, Reservoirs and Impoundments,
Stratification, 2.0608

MASSACHUSETTS PESTICIDE MONITORING STUDY ...Moni-
toring Systems, Pesticides -non-specific, Sampling, Watersheds-
general, ...5.0539

GROUND WATER CONDITIONS OF THE CENTRAL BOSTON
AREA, MASSACHUSETTS ...Aquifers-general, Observation
Wells, Structure Sites, Unconsolidated Deposits, Water Table
Fluctuation, 2.0613

GROUND-WATER CONTAMINATION FROM HIGHWAY SALT-
ING IN MASSACHUSETTS ...Groundwater, Groundwater Move-
ment, Salinity, Salt, Snow and Ice Removal, 5.0521

Material Parameters
Composition

Additives
INVESTIGATION OF CORROSION FUNDAMENTALS AS RE-

LATED TO ALLOYING ...Alloy & Systems, Aluminum, Copper,
Corrosion General, ...3.0415

EFFECT OF RETARDING ADMIXTURES ON PROPERTIES OF
CONCRETE ... Aggregates, Extenders, Fillers, Cement, Concrete,
Durability, Deterioration, Engineering Structures-general,
-.8.0046

Composition Parameters-other
INFLUENCES OF SALINE WATER ON CONCRETE ...Cement,

Concrete, Construction Materials-other, Desalination, Saline
Water Systems, Salinity, ...3.0221

WATER RESEARCH PROGRAM III CORROSION ...Brines.,
Nickel Alloys, Pitting, Titanium, 3.0438

IMPROVEMENTS IN MASS CONCRETE MIXTURE PROPOR-
TIONING ...Aggregates, Extenders, Fillers, Cement, Concrete,
Costs, Homogeneity, Quality Control-materials, 8.0260

EFFECT OF PROPERTIES OF FRESH CONCRETE ON FORM
PRESSURES ...Aggregates, Extenders, Fillers, Cement, Concrete,
Pressure, Temperature General, ...8.0107

FACTORS INFLUENCING THE RESISTANCE OF CONCRETE
TO SULFATE ATTACK _Aggregates, Extenders, Fillers, Ce-
ment, Concrete, Chemicals, Sulfate, Sulfite, ...8.0044

EVALUATION AND DEVELOPMENT OF SPECIFICATIONS
AND TEST METHODS FOR CEMENT AND POZZOLAN .Ce-
ment, Concrete, Compression, Quality Control-materials, Stan-
dards, Specifications, Test Methods, 8.0101

EFFECT OF AGGREGATE PROPERTIES AND CEMENT CON-
TENT ON THE TENSILE STRENGTH OF CONCRETE ...Ag-
gregates, Extenders, Fillers, Cement, Concrete, Tensile, Test
Methods, 8.0110

PERFORMANCE OF WATER-REDUCING SET - CONTROLLING
ADMIXTURES IN CONCRETE, MORTAR AND CEMENT
PASTE ...Cement, Concrete, Chemical Materials-other, Engineer-
ing Structures - general, Setting, Curing, 8.0049

Homogeneity
IMPROVEMENTS IN MASS CONCRETE MIXTURE PROPOR-

TIONING ...Aggregates, Extenders, Fillers, Cement, Concrete,
Composition Parameters-other, Costs, Quality Control-materials,
...8.0260

Moisture
IMPROVEMENTS IN CONCRETE CONSTRUCTION PRAC-

TICES ...Aggregates, Extenders, Fillers, Construction, Methods,
8.0259
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Material Parameters SUBJECT INDEX

Environment General
SEAWATER CORROSION CONTROL BY ENVIRONMENT

MODIFICATION ...Inhibitors, Low Alloy Steels, Other, Saline
Conversion, Water, ...3.0454

Orientation
STUDY OF ORIENTED CELLULOSE MEMBRANES FOR

REVERSE OSMOSIS AND THE RELA'T'IONSHIP BETWEEN
MORPHOLOGY AND SALT REJECTION ...Desalination, Film,
Membranes-other, Reverse Osmosis, Structure-materials-general,
..3.0248

DEVELOPMENT OF A LOW-COST IRON-BASE ALLOY TO RE-
SIST CORROSION IN HOT SEA-WATER ...Alloy & Systems,
Desalination, Polarization, Saline Conversion, Water, ...3.0418

Pressure
EFFECT OE PROPERTIES OF FRESH CONCRETE ON FORM

PRESSURES ...Aggregates Extenders, Fillers, Cement, Concrete,
Composition Parameters-other, 'Temperature General, ...8M1107

Temperature
High

CORROSION AND MASS TRANSFER FROM CYLINDERS OF
METALS ROTATING IN SEAWATER AT HIGH TEMPERA-
TURES AND PRESSURES ...Aluminum, Desalination, Water,
..,3.0247

THE ELECTROCHEMICAL BEHAVIOR OF ME'T'ALS AND AL-
LOYS IN SEA WATER AND THE EFFECT OF BIOLOGICAL
SLIMES ON THEIR RATES OF CORROSION ...Bacteria,
I3iological, Desalination, Metallic Alloys, Water, 3.0181

IMPROVEMENT OF THE CORROSION RESISTANCE OF ALU-
MINUM BRASS FOR USE IN SEA WATER CONVERSION
PLANTS ...Copper, Desalination, Films, Oxidizing Atmosphere,
Water, _3,0213

Temperature General
A STUDY OF 'THE STRESS-CORROSION SUSCEPTIBILITY OF

CUPRO-NICKEL AND TITANIUM UNDER DESALINATION
CONDITIONS ...Copper, Desalination, Stress Corrosion, Titani-
um, Water, ...3.0137

EFFECT OF PROPERTIES OF FRESH CONCRETE ON FORM
PRESSURES ...Aggregates, Extenders, Fillers, Cement, Concrete,
Composition Parameters-other, Pressure, 8.0107

Time
EVALUATION OF CONCRETE PROPERTIES OF CORES FROM

OLD STRUCTURES Cement, Concrete, Dams-other, Engineer-
ing Structures-general, Mechanical Properties-general, 8.0063

FIELD PERFORMANCE OF ASPHALTIC CONCRETE ...Asphalt,
Bituminous, Cement, Concrete, Highway Structures, Hydraulic
Structures, 8.0070

Materials - Auxiliary Chemical
Aggregates, Extenders, Fillers

STUDY OF MECHANISMS IN SOIL RELATED TO FROST
HEAVE AND ITS CONTROL ...Foam, Porous, Frost and Per-
mafrost, Linings-pavings, Plastics - General, ...8.0267

CEMENT - AGGREGATE REACTION ...Alkali Metals-general,
Cement, Concrete, Dimensions, Expansion, Reaction-general,
...8.0236

RESEARCH IN MASS CONCRETE ...Cement, Concrete, Stan-
dards, Specifications, 8.0250

IMPROVEMENTS IN CONCRETE CONSTRUCTION PRAC-
TICES ...Construction, Methods, Moisture, ...8.0259

CONCRETE AGGREGATE RESEARCH ...Cement, Concrete,
Chert, Non foliated Rocks, Sandstones, Standards, Specifications,
Test Methods, _8.0237

HANDBOOK FOR CONCRETE AND CEMENT ...Cement,
Concrete, Curing Agents, Handbooks, Sealant Materials, Water,
...8.0235

IMPROVEMENTS IN MASS CONCRETE MIXTURE PROPOR-
TIONING ...Cement, Concrete, Composition Parameters-other,
Costs, Homogeneity, Quality Control-mterials, 8.0260

BINDERS OF CONCRETE RESISTANT TO SALINE WATER AT
ELEVATED TEMPERATURES ...Binders, Brines, Cement,
Concrete, D.t.a. , X-ray, 8.0086

EFFECT OF PROPERTIES OF FRESH CONCRETE ON FORM
PRESSURES ...Cement, Concrete, Composition Parameters-other,
Pressure, Temperature General, _8.01107

FACTORS INFLUENCING THE RESISTANCE OF CONCRETE
TO SULFATE ATTACK _Cement, Concrete, Chemicals, Com-
position Parameters-other, Sulfate, Sulfite, ...B.0044

ANALYSIS OF LENGTH CHANGE OF CONCRETE ...Cement,
Concrete, Crack Initiation, Propagation, Drying, Failure Analysis,
Reliability, Shrinking, ...8.0103

COMPRESSIVE CREEP TESTS OF CONCRETE ...Cement,
Concrete, Compression, Creep, Engineering Structures-general,
8.0068

EFFECT OF AGGREGATE PROPERTIES AND CEMENT CON-
TENT ON THE TENSILE STRENGTH OF CONCRETE ...Ce-
ment, Concrete, Composition Parameters-other, Tensile, Test
Methods, ...8.01

ASPHALT BINDING OF COBBLES FOR RIPRAP Binders, Bitu-
minous, Conglomerates, Embankments, Erosion-general, Slopes,
...8.0106

PETROGRAPHIC INVESTIGATIONS ...Cement, Concrete, Con-
struction Materials-other, Petrography, Structure-materials-
general, 8.0119

EFFEC'T' OF RETARDING ADMIXTURES ON PROPERTIES OF
CONCRETE ...Additives, Cement, Concrete, Durability, Deteri-
oration, Engineering Structures-general, ...8.0046

Binders
BINDERS OF CONCRETE RESISTANT TO SALINE WATER AT

ELEVATED TEMPERATURES ...Aggregates, Extenders, Fillers,
Brines, Cement, Concrete, D.t.a. , X-ray, 8.0086

ASPHALT BINDING OF COBBLES FOR RIPRAP ...Aggregates,
Extenders, Fillers, Bituminous, Conglomerates, Embankments,
Erosion-general, Slopes, _8.0106

Chemical Materials-other
PERFORMANCE OF WATER-REDUCING SET-CONTROLLING

ADMIXTURES IN CONCRETE, MORTAR AND CEMENT
PASTE ...Cement, Concrete, Composition Parameters-other, En-
gincer;ng Structures-general, Setting, Curing, ..8.0049

Curing Agents
HANDBOOK FOR CONCRETE AND CEMENT ...Aggregates, Ex-

tenders, Fillers, Cement, Concrete, Handbooks, Sealant Materials,
Water, 8.0235

CONCRETE CURING COMPOUND INVESTIGATIONS ...Ce-
ment, Concrete, Dam, Canal, Organic-general, Weathering,
..8.0075

Materials Inspection & Control
Flaw Detection

Ultrasonic and Sonic
INVESTIGATION OF TESTING METHODS AND APPARATUS

...Atomic Absorption, Cement, Concrete, Infrared, Instrumenta-
tion, Plant Equip. , Standards, Specifications, Test Methods,

ULTRASONIC TESTING OF ROCK AND CONCRETE ...Attenua-
tion, Cement, Concrete, Consolidated Material, Structure Loca-
tion, Ultrasonics, _8.0116

Quality Control-materials
IMPROVEMENTS IN MASS CONCRETE MIXTURE PROPOR-

TIONING ...Aggregates, Extenders, Fillers, Cement, Concrete,
Composition Parameters-other, Costs, Homogeneity, 8.0260

EVALUATION AND DEVELOPMENT OF SPECIFICATIONS
AND TEST METHODS FOR CEMENT AND POZZOLAN ...Ce-
ment, Concrete, Composition Parameters-other, Compression,
Standards, Specifications, Test Methods, ...8.0100

EFFECT OF THE MAGNITUDE OF COMPRESSIVE STRENGTH
OF CONCRETE AT VARIOUS AGES ON THE STANDARD
DEVIATION AND COEFFICIENT OF VARIATION ...Cement,
Concrete, Compression, Engineering Structures-general, 8.0111

Test Methods
PREPARE AN OPERATIONAL PLAN, CONCEPTUAL DESIGN

AND PLANS AND SPECIFICATIONS FOR A SEAWATER
CORROSION TEST FACILITY Construction-general, Desalina-
tion, Manufacturing, Research Facilities, Water, 3.0297

EVALUATION OF CORROSION RATE TESTERS ...Corrosion
General, Low Temperature -, Medium Temperature - 300-1000k,
Water, 8,0176

STUDIES OF CORROSION SPECIMENS Galvanized, Pipe, Tube,
Water, Water Quality-general, ...8.0177

2-280



SUBJECT INDEX Mathematical Analysis

INVESTIGATION OF TESTING METHODS AND APPARATUS
...Atomic Absorption, Cement, Concrete, Infrared, Instrumenta-
tion, Plant Equip. , Standards, Specifications, Ultrasonic and
Sonic, ...8.0234

INVESTIGATION OF CONCRETING MATERIAL (OTHER
THAN AGGREGATE AND CEMENTITIOUS MATERIALS)
Cement, Concrete, Construction Materials-other, Standards,
Specifications, ...8.0247

CONCRETE AGGREGATE RESEARCH Aggregates, Extenders,
Fillers, Cement, Concrete, Chcrt, Non-foliated Rocks, Sandstones,
Standards, Specifications, _8.0237

RESEARCH ON PROPERTIES OF CEMENTITIOUS MATERIAL
...Cement, Concrete, Mechanical Properties-general, Physical Pro-
perties-general, Standards, Specifications, _8.0249

INVESTIGATION OF SHOTCRETE ...Cement, Concrete, Mechani-
cal Properties-general, Physical Properties-general, 8-0261

CHANGES IN PHYSICAL CHARACTERISTICS OF ASPHALT
MATERIAL .Aging, Asphalt - Tar Sands, Bituminous, Cement,
Concrete, Linings-pavings, ...8.0105

EVALUATION AND DEVELOPMENT OF SPECIFICATIONS
AND TEST METHODS FOR CEMENT AND POZZOLAN ...Ce-
ment, Concrete, Composition Parameters-other, Compression,
Quality Control-materials, Standards, Specifications, 8.0101

EFFECT OF AGGREGATE PROPERTIES AND CEMENT CON-
TENT ON THE TENSILE STRENGTH OF CONCRETE ...Ag-

gregates, Extenders, Fillers, Cement, Concrete, Composition
Parameters-other, Tensile, 8.0110

DEVELOPMENT AND EVALUATION OF TEST PROCEDURES
FOR DETERMINING REACTIVE EXPANSION, AIR AND
WATER PERMEABILITY, AND BONDING EFFICIENCY ...Ad-
hesives, Bonding - Other, Cement, Concrete, Porosity, Permeabili-
ty, Repairing, ..8.0112

POURBAIX DIAGRAM FOR CORROSION EVALUATION ...Soil
Chemical Properties, Soils, Water, 8.0022

SCREENING TESTS ON NEW ASPHALTIC, PLASTIC, AND
RUBBER PRODUCTS ...Bituminous, Elastomers Rubber, Stan-
dards, Specifications, 8.0079

INSULATING MINERAL OILS AND SYNTHETIC LIQUIDS AND
LUBRICATING OILS ...Electrical Materials, Liquid Lubricants,
Lubricants and Fluids - Other, Oxidation, Standards, Specifica-
tions, ...8.0059

ALLOY SELECTION FOR CAVITATION RESISTANCE ...Cavita-
tion, Cavitation-other, Metallic Alloys, Turbine-other, ...8.0025

Materials Joining & Assembling
Bonding

Bonding - Other
DEVELOPMENT AND EVALUATION OF TEST PROCEDURES

FOR DETERMINING REACTIVE EXPANSION, AIR AND
WATER PERMEABILITY, AND BONDING EFFICIENCY ...Ad-
hesives , Cement, Concrete, Porosity, Permeability, Repairing,
Test Methods, 80112

Joining, Bonding-general
EVALUATION OF POLYVINYL CHLORIDE (PVC) AND

VINYL CLAD ALUMINUM PIPE USED FOR CARRYING IR-
RIGATION WATER WHEN BURIED WITHIN THE FROST
ZONE ...Aluminum, Cladding, Irrigation-general, Pipe, Tube,
Polyvinyls-other, Soils, 8.0271

DEVELOPMENT AND DEMONSTRATION OF MATERIALS TO
REDUCE OR ELIMINATE WATER INFILTRATION INTO
SEWERAGE ...Groundwater Movement, Linings-pavings, Other,
Pipe-other, Sealant Materials, 5.1186

SHEAR EVALUATION OF WEAK ROCK FOUNDATIONS ...Ce-
ment, Concrete, Foundations. Ohio River, Shear Strength, Soil
Test - Insitu, 8.0273

Mechanical Joining, Assembling
Mechanical Joining - Other

CROP AND SOIL MANAGEMENT OVER SHALLOW PLASTIC-
LINED MOLE DRAINS ...Management , Plastics - General, Soil
and Rock Leaching, -.4.0262

Repairing
EPDXY RESINS FOR CIVIL WORKS PROJECTS ...Concrete-

other, Construction-other, Epoxies, Fracture Mechanics, Main-
tenance, ...8.0248

DEVELOPMENT AND EVALUATION OF TEST PROCEDURES
FOR DETERMINING REACTIVE EXPANSION, AIR AND

WATER PERMEABILITY, AND BONDING EFFICIENCY ...Ad-
hesives, Bonding - Other, Cement, Concrete, Porosity, Permeabili-
ty, Test Methods, 8.0112

Materials- Physical Properties
Adhesion

POLYMERIC COATINGS FOR PROTECTION ON CONCRETE
EXPOSED TO AQUEOUS SALINE ENVIRONMENTS .,.Ce-
ment, Concrete, Depolymerization, Organic-general, Plastics -

General, Salinity, Water, 3.0405

Dimensions, Expansion
PREPARATION OF SMALL TUBES AND THE DETERMINA-

TION OF THEIR PROPERTIES FOR REVERSE OSMOSIS
...Mechanical Properties-general, Permeability, Pipe, Tube,
Reverse Osmosis, Stretch Forming, Cryoform, 3.0387

RESEARCH AND DEVELOPMENT OF ULTRATHIN FILM
MEMBRANES FOR REVERSE OSMOSIS DESALINATION
...Brackish Water, Cellulosics, Desalination, Membranes-other,
Reverse Osmosis, 3.0298

CEMENT - AGGREGATE REACTION ...Aggregates, Extenders,
Fillers, Alkali Metals-general, Cement, Concrete, Reaction-
general, 8.0236

INVESTIGATION OF CREEP IN CONCRETE ...Cement,
Concrete, Creep, Water, 8.0240

Electromagnetic Radiation
Color

INFLUENCE OF WATER QUALITY IN MAINTAINING WHITE-
NESS WHEN LAUNDERING WHITE FABRICS ...Cleansing
Agents, Cotton, Hardness-minerals, Laundering, Pollution - Ef-
fects of , Strength, Cohesion, ...3.0382

Physical Properties.general
RESEARCH ON PROPERTIES OF CEMENTITIOUS MATERIAL

...Cement, Concrete, Mechanical Properties-general, Standards,
Specifications, Test Methods, ..8.0249

INVESTIGATION OF SHOTCRETE ...Cement, Concrete, Mechani-
cal Properties-general, Test Methods, ...8.0261

REVIBRATION OF CONCRETE AND MASONRY ...Cement,
Concrete, Concrete-other, Mechanical Vibrations-other, Stan-
dards, Specifications, Vibration, 8.0108

Porosity, Permeability
RESEARCH ON POROUS GLASS MEMBRANES FOR REVERSE

OSMOSIS ...Desalination, Finer, Filament, Whisker, Glass, Mem-
branes-other, Reverse Osmosis, Waste Water Treatment-other,
3.0068

STORAGE AND CONVEYANCE OF IRRIGATION WATER
...Biological, Irrigation-general, Leekagn, Linings-pavings, Stabili-
ty, Weathering, 2.1071

DEVELOPMENT AND EVALUATION OF TEST PROCEDURES
FOR DETERMINING REACTIVE EXPANSION, AIR AND
WATER PERMEABILITY, AND BONDING EFFICIENCY ...Ad-
hesives, Bonding - Other, Cement, Concrete, Repairing, Test
Methods, 8.0112

Stability
STORAGE AND CONVEYANCE OF IRRIGATION WATER

...Biological, Irrigation-general, Leekage, Linings-pavings, Porosi-
ty, Permeability, Weathering, 2.1071
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Mathematical Analysis
MODEL RIVER SYSTEM STUDIES ...Flume Studies, Model Stu-

dies, Radioactivity-general, Streams, Turbidity, 2.1010
MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA RIVER

ESTUARY .Columbia River, Estuaries, Pollutants - Path of ,
Radioactivity-general, Water Sampling, 5.0986

DYNAMIC GROUND-WATER STORAGE ...Groundwater Move-
ment, Storage of Water, Unsteady Flow, 2.0765

THE PREDICTION AND OPTIMIZATION OF STREAM
RESPONSES TO POLLUTANT WASTES ...Forecasting-predic-
tion, Model Studies, Physical Parameters, Pollution - Effects of ,
Streams, ...5.0743

MATHEMATICAL SIMULATION OF CYCLIC SEDIMENTA-
TION ...Deposition-other, Model Studies, Simulation Theory,
2.0131



Mathematical Analysis SUBJECT INDEX
STUDIES OF THE PHYSICAL CHEMISTRY OF ELECTROLYTE

...Conductivity, Desalination, Electrolytes, Model
Studies, Nuclear Magnetic, ...1.0085

OPTIMAL DESALINATION BY GEOMETRIC PROGRAMMING
AND MATHEMATICAL DECOMPOSITION ...Cost Analysis,
Decompositions, Desalination, Optimal Statistics, Other Pro-
ramming, ...3.0077

THE DEVELOPMENT OF AN ANALYTICAL MODEL OF A
FLASH STAGE Desalination, hash Distillation, Model Studies,
...3.0156

INFLUENCE OF TOPOGRAPHIC FEATURES ON RAINFALL IN
WEST V:RGINIA Forecasting, Patterns, Topographic In-
fluences, Weather Charts-maps, West Virginia, 2.1140

RECESSION CHARACTERISTICS OF IOWA STREAMS ,..Iowa,
Low Flow, Streams, Variation in Time, 5.0413

DEVELOPMENT OF DRAINAGE ASSESSMENT PROCEDURES
BASED ON PHYSICAL FEATURES IN ILLINOIS ...Benefit -cost
Analysis, Drainage, Drainage Engineering, Illinois, Terrain Analy-
sis, ..6.0207

EFFECTS OF AREAL AND TIME DISTRIBUTION OF RUNOFF
SUPPLY ON WATERSHED HYDROGRAPHS Hydrographs,
Model Studies, Other Model Modif, Runoff, Watersheds-general,
2.0666

SEDIMENTATION AND IN-PLACE FILTRATION DURING
FLOW THROUGH EARTH FRACTURES ...Analog Computers,
Filtration, Joints-fractures, Model Studies, Sedimentology-general,
...4.0018

SOLAR HEATING OF WATER TO VERY HIGH TEMPERA-
TURES ...Conductivity, Desalination, Medium Temperature -
300- 1000k, Sunshine, Water, ..3.0331

GROUND WATER BASIN DYNAMICS ...Dispersion -water,
Groundwater Basins, Model Studies, Natural Recharge, Ohio,2.0351

MASS TRANSFER AND CHEMICAL REACTION IN TWO
PHASE FLOW _Close Channel, Mass Transfer, Model Studies,
Phase Relationship, Waste Water Treatment-general, ...5.0225

DEVELOPMENT OF A MATHEMATICAL MODEL TO PRE-
DICT THE ROLE OF SURFACE RUNOFF AND GROUND
WATER FLOW IN OVERFERTILIZATION OF SURFACE
WATERS ...Eutrophication, Minnesota, Nutrients, Runoff, Sur-face Water, 5.0606

PHASE TWO - EXPERIMENTAL INVESTIGATION OF SMALL
WATERSHED FLOODS ...Floods, Model Studies, Rain-general,
Runoff, Small Watersheds, ...2.0233

UNSTEADY FLOW TOWARD PARTIALLY PENETRATING AR-
TESIAN WELLS ..,Artesian Flow, Groundwater Movement,
Seepage, Unsteady, Unsteady Flow, ...2.0522

PLANT SOIL MOISTURE ENVIRONMENT AND ITS EFFECT
ON WATER MOVEMENT INTO PLANT ROOTS ...Moisture
Levels, Moisture Tension, Soil Environment, Soil-water-plant
Relationships, 2.0521

WATER QUALITY CRITERIA FOR SELECTED RECREATION
USES ...Illinois, Pollution-water, Recreation Sites, User Charac-
teristics -other, Water Quality-general, ...5.0381

STOCHASTIC ANALYSIS OF HYDROLOGIC SYSTEMS ...Com-
puters-general, Model Studies, River Basins, Stochastic Models,
Systems Analysis, 6.0203

DECISION MODELS FOR MINIMIZING COST OF INFORMA-
TION OR ERROR IN ESTIMATING BENEFIT-WATER RELA-
TIONSHIPS IN IRRIGATION. (ABBREV) ...Benefit-cost Analy-
sis, Irrigation-general, Model Studies, Reliability, Systems Analy-
sis, ...6.0359

TIME DISTRIBUTION OF RAINFALL INTENSITIES ..,At-
mosphere Disturbance, Patterns, .,.2.0920

FLOW ANALYSIS OF HYDRAULIC CONNECTORS IN ARTIFI-
CIAL RECHARGE SYSTEMS ...Artificial Recharge, Flow
Characteristics -water, Model Studies, 2.0859

THE STORAGE COEFFICIENT AS A FUNCTION OF WATER
TABLE CELERITY ...Drainage, Permeability, Storage of Water,
Unsteady Flow, Water Table Fluctuation, ...2.1121

EFFECT OF PHYSICAL PROPERTIES OF POROUS MEDIA ON
WATER MOVEMENT Permeability, Porosity. Porous Media -
Flow Through, Size, Subsurface Flow, 2.0391

QUANTIFICATION AND PREDICTION OF THE INFILTRATIONPHASE OF THE HYDROLOGIC CYCLE ...Hydrographs, Infil-
tration, Internal Water Movement, Soil Environment, ...2.0468

DYNAMICS OF WATER INFILTRATION INTO SOIL AS
GOVERNED BY SURFACE CRUSTING AND SEALING _Infil-
tration, Moisture Tension, ..2.0469

DEVELOPMENT OF A MATHEMATICAL MODEL FOR THE
SIMULATION OF FLAT-LAND WATERSHED HYDRAULICS...Development of Models, Hydraulics-general, Model Studies,
Technique Development, Wetlands, ...4.0102
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MATHEMATICAL MANAGEMENT MODEL UNCONFINED
AQUIFER ...Carbonate Aquifers, Groundwater, Management,
Model Studies, Water Movement-general, 4.0246

HYDROLOGIC ANALYSIS OF GROUNDWATER BASINS BY
DIGITAL COMPUTER SIMULATION ...Aquifers-general, Digital
Comps ors, Groundwater Basins, Groundwater Movement, Model
Studies, ...4.0043

SYSTEM IDENTIFICATION AND MULTI-LEVEL OPTIMIZA-
TION OF INTEGRATED GROUND WATER SYSTEMS
Aquifers-general, Model Studies, Systems Analysis, ...6.0062

MODELING AND OPTIMIZATION OF WATER RESOURCES
SYSTEMS Management, Model Studies, Multiple-purpose Pro-
jects, Optimization, Reservoirs and Impoundments, .,6.0234

THE INTERFLOW PROCESS ON SLOPING WATERSHED
AREAS ...Forecasting-prediction, Groundwater Movement, Physi-
cal Properties-general, Rain-general, Tracers-general, _2.0961

DELAWARE ESTUARY AND BAY WATER QUALITY SAM-
PLING AND MATHEMATICAL MODELING PROJECT ...Data
Analysis - General, Delaware Bay, Model Studies, Pollution
Abatement, Technique Development, ..5.0749

USE OF NEW ANALYTICAL METHODS FOR WATER
RESOURCES DEVELOPMENT ...Optimization, Optimization
Technique, Planning, Reservoirs and Impoundments, Water
Resources Development, ...6.0545

A MATHEMATICAL MODEL FOR REGIONAL TREATMENT
OF WATER POLLUTION SYSTEMS ...Estuaries, Public Utili-
ties, Public Works, Regional Areas, Sewerage Systems-other,
Value Analysis, ...5.0114

THERMAL STRATIFICATION IN RESERVOIRS ...Forecasting-
prediction, Model Studies, Rese :voirs and Impoundments, Stratifi-
cation, Temperature, ...2.0616

INDUCED AIR MIXING OF LARGE BODIES OF POLLUTED
WATER ...Aeration, Injector, Mixing, Model Studies, OrganicMatter, 5.0477

FORMULATION OF A GENERAL MATHEMATICAL MODEL
FOR THE PREDICTION OF THERMAL ENERGY CHANGES
IN IMPOUNDMENTS ...Columbia River, Forecasting-prediction,
Model Studies, Reservoirs and Impoundments, Thermal Pollution,5.0163

MATHEMATICAL MODEL OF THE ELECTRODIALYSIS
PROCESS FOR ADVANCED WASTE TREATMENT ...Elec.
trodialysis, Process Design, Waste Water Treatment-general,
...5.0531

CHARACTERIZATION OF THE ACTIVATED SLUDGE
PROCESS AT THE HYPERION TREATMENT PLANT ...Ac-
tivated, California, Model Studies, Waste Water Treatment-
general, Water Purification Plants, ...5.0107

DEVELOPMENT OF MATHEMATICAL MODEL OF SEWAGE
SLUDGE FLUIDIZED BED INCINERATORS ...Computers-
general, Disposal, Fluidized Bed, Model Studies, ...5.0344

MECHANICS OF DISPERSION IN ESTUARY POLLUTION
Dispersion -water, Estuaries, Model Studies, Pollutants - Path of, Tides, 5.0528

AMMONIA STRIPPING MATHEMATICAL MODEL FOR
WASTE WATER TREATMENT ...Aeration, Ammonia, Finance,
Model Studies, Waste Treatment-economics, ...5.0337

SNOW HYDROLOGY ...Arizona, Energy Budgets, Forest
Watersheds, Snow, Snowmclt, ...2.0064

HYDRAULICS OF SURFACE IRRIGATION ...Channel Roughness,
Flow Characteristics -water, Irrigation, Irrigation Engineering,
Soils -general, Surface Irrigation -general, ..,2.0215

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS .,.Aerial, Area, Illinois, Slopes, Small
Watersheds, ...6.0206

MOVEMENT OF WATER AND GASES IN SOIL ...Density, Inter-
nal Water Movement, Physical Properties-general, Water Table
Fluctuation, ..2.0480

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Flow Characteristics -water, Gaging, Model
Studies, Small Watersheds, Topographic, ...4.0104

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Cold - Climates, Model Studies, Peak Flow,
Runoff, Small Watersheds, ...4.0143

HYDRAULICS OF SURFACE IRRIGATION ...Model Studies, Sur-
face Floe, Surface Irrigation -general, ...3.0307

BASE FLOW ANALYSIS OF SELECTED DRAINAGE BASINS.
...Bascflow, New Hampshire, Seasonal, Small Watersheds,

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Hydrology-general, Model Studies, Runoff,
Small Watersheds, Stochastic Models, ...4.0197



SUBJECT INDEX

HYDRAULICS OF SURFACE IRRIGATION ...Model Studies,

Other Models, Surface Flow, Surface Irrigation -general, Unsteady
Flow, .4.0268

HYDRAULICS OF FLOOD MOVEMENTS Analog Computers,
Floods, Open Channel Flow, Partial, Routing, Unsteady Flow,
.2.0348

STOCHASTIC ANALYSIS OF RAINFALL-RUNOFF RELATION-
SHIP ...Amount, North Carolina, Runoff, Stochastic Processes,
2.0428

SYSTEMS METHODOLOGY FOR WATER-RESOURCE
PLANNING IN A REGIONAL DEVELOPMENT CONTEXT
...Economics-general, Regional Areas, Social Aspects, Systems
Analysis, Water Resources Development, _6.0288

ESTUARINE ECOLOGY ...Aquatic Ecology, Contamination -

Water, Estuaries, Washington, Water Quality-general, _6.0620

FLOW IN HETEROGENEOUS POROUS MEDIA .Model Studies,
Porous Media - Flow Through, Statistical Models, Two-phase-
other, 8.0190

GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-
SES ...Rain-general, Sequences - Series, Small Watersheds, Water
Yield, _2.0085

MATHEMATICAL MODELING OF SMALL WATERSHED
FLOODS ...Floods, Model Studies, Rain-general, Runoff, Small
Watersheds, 4,0073

PILOT-STUDY OF SMALL WATERSHED HYDROLOGY ...Data
Analysis - General, Floods, Instrumentation-general, Rain-general,
Runoff, Small Watersheds, 2.0379

THEORETICAL ANALYSIS OF REGIONAL GROUND-WATER
FLOW IN THE HAVANA AREA .Groundwater Movement, Il-
linois, Model Studies, Subsurface Flow, Water Table Fluctuation,
_2.0410

LAKE MICHIGAN WATER QUALITY MODEL Discharge-
general, Hardness-minerals, Lake Michigan, Management, Water
Quality-general, 6.0198

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS ...Hydroaraphs, Hydrology-

generaL Model Studies, Research - Development, Runoff,

Watersheds-general, ...2.0462
HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN

THE NORTHERN APPALACHIAN REGION ...Clouds-precipita-
tion, Forecasting-prediction, Model Studies, Runoff, Valley and
Ridge Province, Watersheds -general, 2.0922

WATERSHED WATER BUDGET ...Agricultural Watersheds,
Evapotranspiration, Moisture Content, Runoff, Water Balance-
budget, 2.1157

SIMULATED OPEN CHANNEL HYDRAULICS Cumberland
River, Model Studies, Numerical Analysis-other, Open Channel
Flow, Tennessee, 2.0983

TEMPERATURE DISTRIBUTION IN THE VICINITY OF WASTE

HEAT DISCHARGES _Electric Power Plants, Mixing, Stratifica-
tion, Temperature, Thermal Pollution, 5.1120

TRANSPORT PROCESSES IN FLUID FLOWS ...Clastie Aquifers,
Dispersion -water, Dyes, Model Studies, °Porous Media - Flow
Through. 2.0368

A TEST OF CERTAIN EVALUATION DESIGNS FOR CLOUD-
SEEDING EXPERIMENTS ...Clouds-precipitation, Forecasting,
Model Studies, Oklahoma, Weather Charts-maps, 2.0180

DEVELOPMENT AND REFINEMENT OF METHODS FOR PRE-
DICTING FIELD RUNOFF AND SOIL LOSS ...0 Aservation,
Erosion-general, Forecasting-prediction, Runoff, Sediment Yield,
Soil Environment, Soil Erosion -non-specific, 2.0477

OPTIMUM UTILIZATION OF SURFACE AND SUBSURFACE
WATER FACILITIES ...Aquifers-general, Conjunctive Use,

Operations Research, Storage of Water, Survey Studies, 4.0110

Analytical Methods
Decompositions

OPTIMAL DESALINATION BY GEOMETRIC PROGRAMMING
AND MATHEMATICAL DECOMPOSITION Cog Analysis,
Desalination, Mathematical Analysis, Optimal Statistics, Other
Programming, 3.0077

Concept
Dynamic

WATER QUALITY MODELING AND PREDICTION ...Pollutants
- Path of , Prediction Models, Quality Control, Waste Water
Treatment-other, ,..5.0432

DYNAMIC SYSTEM MODELING AND SIMULATION OF A
RIVER BASIN Hybrid Computers, Michigan, Model Studies,
River Basins, Stu:Mastic Models, 6.0301

Mathematical Analysis

Non-autonomous
SYSTEMS APPROACH TO FLOW PREDICTION IN WATER

RESOURCE PLANNING _Fourier Transform, Hydrology-

general, Monte Carlo Methods, Prediction Models, Regression
Analysis, Spectral Analysis, _2.0915

THE FINITE ELEMENT METHOD IN FLUID MECHANICS

Movement,
Degradation, itul;"Finite

Flow,:
fere7e0si0F2luid Dynamics, Groundwater

Nonlinearity
WATER RESOURCE SYSTEM OPTIMIZATION BY GEOMET-

RIC PROGRAMMING ...Algorithms, Design of Experiments, Op-
timization, Optimization Technique, Research - Development,

6.0552

Differential Equations
Ordinary

SIMULATION OF MULTISTAGE FLASH TEST MODULI (9-
STAGE SAN DIEGO PLANT) ...Desalination, Development of
Models, Digital Computers, Flash Distillation, Hybrid Computers,

SYSTEM ANALYSIS OF RAINFALL-RUNOFF RELATIONSHIP
...Amount, Digital Computers, Digital Computers, Runoff,

Systems Analysis, .2.0427
TRANSPORT MECHANISMS IN WATER FILTRATION

...Development of Models, Filtration, Flow of Dispersed Solids,
Model Studies, Transport, ...5.0811

Partial
FREE-STREAMLINE FLOW OVER DISCONTINUITIES IN A

BOUNDARY LAYER Boundary-layer-other, Differential Equa-
tions, Rotating Fluids, Supercavitating Flow, ...2.0658

LAMINAR AND TURBULENT FLOW OF FLUIDS THROUGH
POROUS MEDIA Compressible Fluid, Incompressible Fluid,
Porous Media - Flow Through, Statistics-general, 2.0227

STUDY OF LOCAL WATER CONTAMINATION PROBLEMS
,,,Forecasting- prediction, Model Studies, Pollutants - Path of ,

Potable Water, Radioactivity-general, 5.0535
HYDRAULICS OF FLOOD MOVEMENTS ...Analog Computers,

Floods, Mathematical Analysis, Open Channel Flow, Routing, Un-
steady Flow, 2.0348

CONVECTIVE INSTABILITY IN TRANSIENT SYSTEMS ...Ap-
proximations, Stability, Transport-other, 1.0048

NUMERICAL ANALYSIS OF TIME-DEPENDENT FREE SUR-
FACE FLOWS ,..Capillarity, Dimension-three, Finite Differences,
Open Channel, Unsteady, _2.0441

SOIL MOISTURE FLOW PROBLEMS AND SOLUTIONS IN THE
CORN BELT REGION ,.,Corn Belt, Flow Characteristics -water,
Internal Water Movement, Management-gencral, 2.0440

Elasticity
ARCH DAM ANALYSES BASED ON THE MATHEMATICAL

THEORY OF ELASTICITY ...Analysis Structural, Arch Darns,
Development of Models, Engineering Structures-general, Founda-
tions-general, 8.0089

Integral Transforms
Fourier Transform

SYSTEMS APPROACH TO FLOW PREDICTION IN WATER
RESOURCE PLANNING ...Hydrology-general, Monte Carlo
Methods, Non-autonomous, Prediction Models, Regression Analy-
sis, Spectral Analysis, .2.0915

Laplace Transform
FLOW OF WATER INTO TILE DRAINS ON STRATIFIED SOILS

...Drainage Systems, Percolation, Seepage, 2.0486

Measure - Integration
Integrals

TURBULENT BOUNDARY LAYERS IN PP cSSURE
CRADIENTS ...Analysis-other, Laminar - Turbulen essure
Gradient, Separation, 8.0181

Sequences - Series
GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-

SES ,..Mathematical Analysis, Rain-general, Small Watersheds,
Water Yield, 2.0085
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Mathematical Biophysic

Mathematical Biophysic
Models of Biological Systems

Physic() - Chem Metab
OXYGEN TRANSFER IN CONCENTRATED MICROBIAL

SYSTEMS ...Degradation, Microbial-bacterial, Mixed Culture,
Model Studies, Oxygen, 5.0801

SUBJECT INDEX

Mathematical Models
Development of Models

SIMULATION OF MULTISTAGE FLASH TEST MODU1. (9-
STAGE SAN DIEGO PLANT) ...Desalination, Digital Computers,
Flash Distillation, Hybrid Computers, Ordinary, ...3.0328

EVAPORATION FROM SOIL SURFACES AS AFFECTED BY
SALT, STRUCTURE AND TEXTURE ...Boundary Process
(moisture), Computers-general, Evaporation, Saline Properties,

Morphology, Profiles, Water Movement-general, 2.0216
STUDY OF FACTORS AFFECTING THE CHANNEL PHASE OF

RUNOFF FROM SMALL WATERSHEDS BY MATHEMATI-
CAL MODELING ...Finite Differences, Flow Characteristics -
water, Runoff, Small Watersheds, Streams, ...2.0665

OPTIMIZATION OF STEP AERATION WASTE TREATMENT
PROCESSES ...Aeration, Dynamic Programming, Optimization,
Process Design, Systems Analysis, 5.0426

THE DETERMINATION OF ZONES OF INTENSE CONTRIBU-
TION TO STREAM FLOW AS RELATED TO THE CONCEPT
OF PARTIAL AREA CONTRIBUTIONS ...Digital Computers,
Model Studies, Runoff, Synthetic Hydrology-general, Watersheds-
general, ...2.0580

COMPUTER MODELS FOR WATER DISTRIBUTION SYSTEMS
...Algorithms, Lac:Altar Flow, Model Studies, Water Allocation,
Water Transfer, 8.0286

DEVELOPMENT OF A STATE WATER PLANNING MOUEL
...Application, Model Studies, Montana, Planning, River Basins,
...6.0325

THE DEVELOPMENT OF A SIMULATION MODEL FOR THE
BEAR RIVER BASIN ...Analog Computers, Model Studies,
Planning, River Basins, Utah, ...6.0586

EFFECTS OF FOREST COVER MANIPULATION ON WATER
YIELD AS STUDIED BY AN ELECTRIC ANALOG ...Analog
Computers, Forest Watersheds, Soils and Fertilizer, Washington,
Water Yield, 3.0484

DEVELOPMENT OF A MATHEMATICAL MODEL FOR THE
SIMULATION OF FLAT-LAND WATERSHED HYDRAULICS
...Hydraulics-general, Mathematical Analysis, Model Studies,
Technique Development, Wetlands, ...4.0192

DEVELOP A COMPUTERIZED METHODOLOGY FOR
EVALUATION OF MUNICIPAL WATER CONSERVATION
RESEARCH PROGRAMS ...Conservation-general, Cost Analysis,
Digital Computers, Urban Environments, ...3.0253

STOCHASTIC BASIS FOR COMPREHENSIVE RIVER BASIN
PLANNING ...Digital Computers, Monte Carlo Methods, New
York, Planning, Stochastic Processes, Systems Analysis, 6.0374

HYBRID COMPUTER SIMULA1 ION OF GROUND-WATER
BASINS ...Groundwater, Groundwater Basins, Hybrid Computers,
Model Studies, Water Quality Control-general, 2.0106

WATER UTILIZATION ASPECTS OF WEATHER MODIFICA-
TION AS APPLIED TO KANSAS ...Amount, Clouds-precipita-
tion, Kansas, Model Studies, Water Harvesting, ...2.0505

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ...Analog Computers, Carbonate
Aquifers, Digital Computers, Model Studies, North Carolina,
...2.0822

DEVELOPMENT OF LAND USE EQUATIONS FOR THE SLOP-
ING SOILS OF INDIANA ...Erosion - general, Indiana, Land Use,
Slopes, Tillage, Cropping Systems, ...2.0464

COMPUTER-ORIENTED MATHEMATICAL MODEL FOR CON-
TINUOUS STREAMFLOW PREDICTION ...Amount, Compu-
ters-general, Discharge - general, Prediction Models, ...2.0985

ARCH DAM ANALYSES BASED ON THE MATHEMATICAL
THEORY or ELASTICITY ...Analysis Structural, Arch Dams,
Elasticity, Engineering Structures-general, Foundations-general,
8,0089

HIGH-VOLTAGE A-C TRANSMISSION ...Analog Computers,
Digital Computers, Electrical Engineering-general, Power Trans-
mission, Switching, 8.0056

ENGINEERING ANALYSIS OF WASTE TREATMENT ...Ac-
tivated Carbon, Digital Computers, Elcctrodialysis, Optimization,
Sewerage Systems-other, ...5.0861

COMPUTERIZED DESIGN AND SYSTEMS ANALYSIS OF
WASTEWATER TREATMENT PLANTS Application; Digital
Computers, Forecasting-prediction, System , Analysis, Waste
Water Treatment- general, 6.0421

TRANSPORT MECHANISMS IN WATER FILTRATION ...Filtra-
tion, Flow of Dispersed Solids, Model Studies, Ordinary, Trans-
port, 5.081

Modification of Models
Applications

FLOW REGIMES IN POROUS MEDIA ...Flow Characteristics -
water, Model Studies, Porosity, Porous Media - Flow Through,
ViSCCUS....8.0189

NUMERICAL PREDICTION OF CLOUDINESS AND PRECIPITA-
TION ...Forecasting, Prediction Models, ...2.0266

Other Model Modif
EFFECTS OF AREAL AND TIME DISTRIBUTION OF RUNOFF

SUPPLY ON WATERSHED HYDROGRAPHS ...Hydrographs,
Mathematical Analysis, Model Studies, Runoff, Watersheds-
general, 2.0666

INTRODUCTION OF RISK AND UNCERTAINTY CONCEPTS
TO OPTIMIZATION OF WATER RESOURCE SYSTEM
DESIGN ...Application, Optimization, Optimization Technique,
Risk & Uncertainty, Water Resources Development, _6.0548

Other Models
ECONOMIC EVALUATION OF WATER - A DYNAMIC INTER-

REGIONAL IMPUT-OUTPUT PROGRAMMING MODEL OF
CALIFORNIA AND THE WESTERN STATES WATER
ECONOMY ...Available Water, California, Economics-general,
6.0044

SIMULATION OF THE HYDROLOGIC CYCLE ON SMALL
AGRICULTURAL WATERSHEDS BY DIGITAL TECHNIQUES
Agricultural Watersheds, Algorithms, Digital Computers, Vir-
ginia, Water Cycle, 2.1109

THE MODIFICATION OF A PREDICTIVE RIVER BASIN
MODEL ...Economic Impact, Missouri, River Basins, Systems
Analysis, 6.0493

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Electrical Properties, In-
ternal Water Movement, Unsaturated Flow, Water Movement-
general, 2.1076

HYDRAULICS OF SURFACE IRRIGATION ...Mathematical Anal-
ysis, Model Studies, Surface Flow, Surface irrigation -general, Un-
steady Flow, ...4.0268

EXPERIMENTAL INVESTIGATION OF HYDROLOGICAL
PARAMETERS OF AQUIFERS THROUGH ELECTRICAL RE-
SISTIVITY MEASUREMENTS ...Aquifers-general, Borehole
Geophysics, Electric Logging, Hydrology-general, Porosity-
permeability, ...7.0028

Prediction Models
SYSTEMS APPROACH TO FLOW PREDICTION IN WATER

RESOURCE PLANNING ...Fourier Transform, Hydrology-
general, Monte Carlo Methods, Non-autonomous, Regression
Analysis, Spectral Analysis, 2.0915

WATER QUALITY MODELING AND PREDICTION ...Dynamic,
Pollutants - Path of , Quality Control, Waste Water Treatment-
ether, ...5.0432

WATERSHED RESPONSE TO HYDROLOGIC INFLUENCES
...Evaporation, Massachusetts, Reservoirs and Impoundments,
Stratification, ...2.060g

TURBULENT FLOW THROUGH POROUS MEDIA ...Digital
Computers, Digital Computers, Finite Differences, Porous Media -
Flow Through, Turbulent, Turbulent Flow, 2.0354

NUMERICAL PREDICT/ON OF CLOUDINESS AND PRECIPITA-
TION ...Applications, Forecasting, 2.0266

COMPUTER-ORIENTED MATHEMATICAL MODEL FOR CON-
TINUOUS STREAMFLOW PREDICTION ...Amount, Compu-
ters- general, Development of Models, Discharge-general, _2.0985

WATER AVAILABILITY OF MUSCATINE ISLAND, IOWA
...Aquifers-general, Available Water, Chemical-general, Iowa,
Water Resources Development, 2.0488

HYDROGEOLOGY OF GLACIAL OUTWASH NEAR SIOUX
FALLS, SOUTH DAKOTA ...Analei; Computers, Available
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Water, Outwash Plains, Projections and Estimations, South

Dakota, 2.0975

Statistical Models
DISPERSION DURING FLOW IN HETEROGENEOUS POROUS

MEDIA .Differential Equations General, Dispersion -water,

Model Studies, Porous Media - Flow Through, Seepage, 5.0394

FLOW IN HETEROGENEOUS POROUS MEDIA ...Mathematical

Analysis, Model Studies, Porous Media - Flow Through, Two -

phase- other, ..8.6190
FLOOD FREQUENCY AND LOW-FLOW ANALYSES ...Floods,

Flow Characteristics -water, Low Flow, Marylaa, Peak Flow,

_5.0481
STATISTICAL INFERENCE AND MODELS ...Aquifers-general,

Dendrochronology, Distributions, Stochastic Processes, Water

Table Fluctuation, 7.0108

Stochastic Models
A STUDY OF SERIAL CORRELATION IN ANNUAL STREAM

RUNOFF ...Annual, Correhiiion, Runoff, Streams, ...2.1132

STOCHASTIC MODELS FOR WATER RESOURCES MANAGE.

MENT ...Alternative Planning, Application, Management, Runoff,

Streams, 6.0383
THE OPTIMUM RELEASE POLICY FOR A MULTIPURPOSE

RESERVOIR USING STOCHASTIC HYDROLOGY ...Flow Aug-

mentation, Multiple-purpose Projects, Reservoirs and Impound-

ments, Stochastic Processes, Synthetic Hydrology-general,

,6.0337
DYNAMIC SYSTEM MODELING AND SIMULATION OF A

RIVER BASIN ...Dynamic, Hybrid Computers, Michigan, Model

Studies, River Basins, 6.0301
ADVANCED METHODOLOGIES FOR WATER RESOURCES

PLANNING ...Illinois, Mathematical Programming, Optimization

"ruchnique, Planning, 6.0202
STOCHASTIC ANALYSIS OF HYDROLOGIC SYSTEMS ...Com-

puters-general, Mathematical Analysis, Model Studies, River

Basins, Systems Analysis, 6.0203
A COMPUTER PROGRAM FOR FORECASTING POLLUTION

AND DISSOLVED OXYGEN IN STREAMS ...Distributions,

Forecasting-prediction, Model Studies, Oxygen, Water Quality-

general, 5.1210
HYDROLOGIC CHARACTERIZATION OF SMALL

WATERSHEDS ...Hydrology-general, Mathematical Analysis,

Model Studies, Runoff, Small Watersheds, .A.0197

Testing of Modeis
MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS

ON UNGAGED WATERSHEDS ...Digital Computers, Hydro-

graphs, Runoff, Sensitivity Problems, Watersheds-general,

2.0461
INVESTIGATION OF A LINEAR MODEL TO DESCRIBE THE

HYDROLOGIC PHENOMENON OF DRAINAGE BASINS

...Amount, Hydrographs, Model Studies, Runoff, Small

Watersheds, 2.1041
DEVELOPMENT OF A REFINED PREDICTIVE SYSTEM FOR

USE IN FORECASTING MUNICIPAL WATER NEEDS ...Digital

Computers, Forecasting-prediction, Urban Environments, Water

Utilization - domestic, .,6.0253

Measurements - Metrology

Electrical
Dielectric Parameters

INTERNAL WATER STATUS OF PLANTS ...Instrumental Ser-

vices, Plant Water Use-other, Refractometry, Technique Develop-

nient, Translocation, 2.0722

Electromagnetic Attenuation
(U) RADAR MEAS REMENT OF RAINFALL ...Radar, ...2.0423

Non-electrical Measurements
KINETICS OF ADSORPTION VIA DOUBLE LAYER CAPACITY

MEASUREMENTS ...Aqueos, Electrode, Interface, Methodology,

1.0100
AIRBORNE RADIOMETRIC SNOW SURVEY ...Aircraft, Com-

position, Gamma Radiation, Radioisotopes, Snowmelt, ...7.0071

Mechanical Power

Compressors
DESIGN AND ECONOMIC STUDY OF A OAS TURBINE

POWERED VAPOR COMPRESSION PLANT FOR EVAPORA-

TION OF SEAWATER ...Desalination, Evaporation, Gas, Heat

Recovery, Water Costs, 3.0421
APPLICATION OF THE HIGH TEMPERATURE WATER JET

COMPRESSOR TO THREE MAJOR DESALINATION

PROCESSES ...Desalination, Distilling Units, Water Costs,

3.0346

Engines
Diesel

A UNIFIED APPROACH TO WATER, FOOD AND POWER IN A

COASTAL DESERT COMMUNITY ...Arid and Desert, Desalina-

tion, Deserts, Distilling Units, Electric Power Plants, Greenhouse,

Use of Impaired Water, .3.00115

Fluid Devices
Diffuser

TURBULENT MIXING IN SURFACE AERATION ...Aeration,

Dyes, Mixing, Synthetic Hydrology-general, Turbulent Flow,

.,.5.1061
DYNAMICS OF RESERVOIR DESTRA'TIFICATION ...Aeration,

Destratification, Oklahoma, Reservoirs and Impoundments, Rotat-
ing Fluids, ...5.0911

Fluid-device-other
COALESCING MARINE OIL-WATER SEPARATOR _Boat

Discharges, Technique Development, Two-phase-other, Waste

Water Treatment-general, 5.0747

Fuel Induction Devices
DRAFT TUBE SURGES ...Hydraulic, Hydraulic Equipment,

8.0026
Hydraulic Equipment

FLUID ELASTIC OPERATORS FOR UNDER-STREAMLINED
STRUCTURES ...Compressible Fluid, Deformations, Geometric

Configuration, ...2.0472
DRAFT TUBE SURGES .,.Fuel Induction Devices, Hydraulic,

_8.0026
INVESTIGATION EVALUATION AND DESIGN OF OPEN AND

CLOSED CONDUIT SYSTEMS AS IT RELATES CON-

VEYANCE AND DISTRIBUTION SYSTEMS Conduit, Irriga-

tion Engineering, Irrigation-general, Remote Sensing -other,

Water Distribution Systems, Water Transfer, 8.0169

Injector
INDUCED AIR MIXING OF LARGE BODIES OF POLLUTED

WATER ...Aeration, Mathematical Analysis, Mixing, Model Stu-

dies, Organic Matter, 5.0477

Nozzles
DYNAMIC SEPARATION OF SUSPENDED SOLIDS ...Flow

Characteristics -water, Sediments, Separation-flow-other, 5.0674

ATOMIZATION AND DROP SIZE OF NON-NEWTONIAN
FLUID ...Atomization, Distribution, Non - Newtonian, Solution,

Spray Devices, 5.0796
DETERMINATION OF HOWELL-BUNGER VALVE AERATION

EFFICIENCY ...Aeration, Reservoirs and Impoundments, Valves,

5.1141
Pneumatic-device

POLLUTION CONTROL OF BATHING BEACHES BY USE OF A

PNEUMATIC CURTAIN ...Close Channel, Jet Flow-other,

Shoreline - Coastline, Ventilated Cavities, Water Quality Control-

general. 5.0784

Spray Devices
DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM

...Arkansas, Automated Equipment, Design Criteria, Irrigation En-

gineering, Pipelines, Subsurface Irrigation, ...3.0025

ATOMIZATION AND DROP SIZE OF NON-NEWTONIAN
FLUID ...Atomization, Distribution, Non - Newtonian, Nozzles,

Solutior, ...5.0796
PERFORMANCE AND SCIENTIFIC DESIGN OF SPRINKLERS

USED FOR IRRIGATION ...Fluid Dynamics, Irrigation Engineer-

ing, Sprinkler Irrigation, 3.0230
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Mechanical Power SUBJECT INDEX

PERFORMANCE CHARACTERISTICS OF SOLID COVERAGE
SPRINKLER IRRIGATION SYSTE ...Irrigation, Irrigation En-
gineering, Regression Analysis, Sprinkler Irrigation, 2.0897

POWER PRODUCTION ...Electric Power Plants, Nuclear Power,
Power Development, Reservoir Systems, Thermal Pollution,
5.0983

Tanks
COMPARISON OF EVAPORATION INSTRUMENTS .Evapora-

tion, Instrumentation-general, Techniques, ...2.0450

A PILOT FACILITY TO DEMONSTRATE OFF-SHORE, UN-
DERWATER, TEMPORARY STORAGE OF STORM OVER-
FLOW FROM A COMBINED SEWER ...Combined Sewer,

Pumping Stations, Storage of Water, Storage-retention-facilities,
Storm Water, ...5.0838

DESIGN OF INSTRUCTIONAL EQUIPMENT FOR LABORATO-
RY DEMONSTRATIONS IN FLUID MECHANICS ...Model Stu-
dies, Water Tunnels Tables, Wind Tunnels, 8,0194

CONCRETE 1 EST VESSEL ...Cement, Concrete, Concrete-other,
Desalination, Pressure Ussel Materials, Water, 8.0113

Heat and Cooling Devices
Distilling UnitF

THE CONTROL OF SCALING ON HEAT TRANSFER SUR-
FACES BY DIRECT CONTACT WITH A FLUIDIZED BED OF
GRANULAR MATERIAL ...Desalination, Filtration, Fluidized
Bed, Heat-transfer-other, Seale Formation, 3.0370

SEPHTON FLASH TUBE (VORTEX TUBE) PROCESS
_Desalination, Distillation-other, Flexible, Vortex, .3.0081

AN INTERFEROMETRIC INVESTIGATION OF TRANSPORT
PHENOMENA IN PARTIAL PRESSURE DISTILLATION
...Demineralization, Evaporation, Films, Heat Transfer, Interface,

...3.0489
DISTILLATION PLANT AND COMPONENT STUDIES

Desalination, Distillation-other, Heat Transfer, Reverse Osmosis,

...3.0439
INVESTIGATION OF THE USE OF LOW-COST PLASTIC FILMS

FOR SOLAR STILL CONSTRUCTION ...Costs, Film, Glass,
Plastics - General, Structural, Weathering, ...3.0391

LIFE TEST OF NOVEL EVAPORATOR _Desalination, Heat
Trans Coefficient, Pilot Plants, Sea Water-general, ...3.0368

SCALE CONTROL WITH GRAPHITE HEAT-TRANSFER TUBES
OF CONTROLLED PERMEABILITY TO STEAM ,..Desalina-
tion, Distillation-other, Heat Exchangers, Heat Transfer, Sealing,
Encrusting, 3.0390

ENGINEERING FEASIBILITY STUDY OF THE HORIZONTAL
TUBE MULTIPLE EFFECT DISTILLATION PROCESS

...Desalination, Economic Efficiency, Heat Transfer, North
Carolina, Rate of Reaction. ...3.0352

APPLICATION OF THE HIGH TEMPERATURE WATER JET
COMPRESSOR TO THREE MAJOR DESALINATION
PROCESSES ...Compressors, Desalination, Water Costs, ...3.0346

ENGINEERING SERVICES - 50.150 MM GALLON PER DAY
MULTISTAGE, MULTIFLASH DESALINATION PROCESS

...Desalination, Flash Distillation, Fluid Flow-other, Gaseous,
Removalinorganics, 3.0064

A STUDY OF HEAT TRANSFER IN THE FLUTE', VERTICAL
TUBE EVAPORATOR _Desalination, Distillation-other, Heat
Transfer Coefficients, Heat-transfer-other, 3.0456

A UNIFIED APPROACH TO WATER, FOOD AND POWER IN A
COASTAL DESERT COMMUNITY ..,Arid and Desert, Desalina-
tion, Deserts, Diesel, Electric Power Plants, Greenhouse, Use of
Impaired Water, ...3.0015

LIGHTWEIGHT WATER PURIFICATION UNIT ...Brackish
Water, Density, Desalination, Distillation-other, Mobile, Plastic
Matrix, Technique Development, Waste Water Treatment-
general, ...3.0250

HYDRAULIC MODEL STUDIES OF A PUMP INLET
MANIFOLD ...Axial Flow, Critical, Desalination, Flash Distilla-
tion, High Pressure, Models, ...3.0120

Heat Exchangers
SCALE CONTROL WITH GRAPHITE HEAT-TRANSFER TUBES

OF CONTROLLED PERMEABILITY TO STEAM ...Desalina-
tion, Distillation-other, Distilling Units, Heat Transfer, Scaling,
Encrasting, ...30390

DEVELOPMENT OF PARYLENE COATING FOR DROPWISE
CONDENSATION OF WATER ON HEAT EXCHANGERS
...Condensation, Copper, Desalination, Organic-general, Plastics-

other, 3.0322

Mechanical Devices
Controls

DEVELOPMENT OF AN OPERATIONS CONTROL PLAN
,..Channel Regulation-other, Engineering Studies-other, Pump-
other, Reservoirs, ..6.0072

AUTOMATION OF CANAL SYSTEMS ...Canals, Channel Regula-
tion-other, Control Gate, Open Channel, Other Control Systems,
_8,0138

Energy Dissipators
USE OF LARGE ROUGHNESS ELEMENTS FOR HYDRAULIC

ENERGY DISSIPATION ...Channel Roughness, Culvert,
Drainage, Models, Open Channel, ...8.0295

MODEL STUDY OF DISSIPATING STRUCTURES ...Models,

Safety, Standards & Criteria, ...8.0008
GENERAL SPILLWAY TESTS ...Control Gate, Design Criteria,

Ext Pressure on Struct-other, Spillways, Weir, ...M.0242

DESIGN OF RUBBLE WAVE ABSORBERS ...Breakwaters, Wave

Action, Waves, ...7.0066
ENERGY DISSIPATORS ...Fluid Dynamics, Model Studies,

Technique Development, 8.0114

Machines
PERFORMANCE OF CONSTRUCTION PLANT AND EQUIP-

MENT ...Concrete-general, Construction, Equipment, 8.0251

RAPID SOILS EXCAVATION ...Construction, Excavation, Nuclear
Excavation, Technique Development, 8.0082

Seals
GATES, VALVES, AND ORIFICES ...Control Gate, Design

Criteria, Models, Orifice, Valves, ...8.0037

DESIGN IMPROVEMENTS--GATES AND VALVES ...Channel
Regulation-other, Control Gate, Dam, Canal, Galvanic, Valves,

8.0088

Valves
TRANSIENT FLOW THROUGH CLOSED CONDUITS ...Acoustic

Effects, Eigenvalues, Error Analysis, Interpolation, Pipes,

Transient, 2.0634
DUWAMISH RIVER - ELLIOTT BAY STORM WATER CONTROL

SYSTEM ...Combined Sewer, Interceptor-station, Loading,
Storage-retention-facilities, ...5.1254

DETERMINATION OF HOWELL-BUNGER VALVE AERATION
EFFICIENCY _Aeration, Nozzles, Reservoirs and Impound-
ments, ...5.1141

GATES, VALVES, AND ORIFICES ...Control Gate, Design

Criteria, Models, Orifice, Seals, 8.0037
DESIGN IMPROVEMENTS--GATES AND VALVES ...Channel

Regulation-other, Control Gate, Dam, Canal, Galvanic, Seals,
...8.0088

Nuclear Power
HIGH POWERED FLOATING NUCLEAR POWER PLANT CON-

CEPTUAL STUDY ...Desalination, Marketing, Nuclear, Other,
...8.0296

OCEANOGRAPHIC FACTORS IN THE FUNCTIONAL DESIGN
OF WASTE DISPOSAL SYSTEMS ...Jet Flow-other, Mixing,
Outlet, Process Design, Sewers, 5.0115

HYDROLOGY OF SUBSURFACE WASTE DISPOSAL NA-
TIONAL REACTOR TESTING STATION, IDAHO ...Geoehemi-

cal Analysis, Groundwater Movement, Radioactivity- general, Un-
derground Waste Disposal, Water Cycle, ...5,0319

EXPLOSIVE EXCAVATION IN THE DEVELOPMENT OF
WATER RESOURCES ...Earth & Rockfill Dams, Excavation,

Open Channel, Reservoirs, Water Resources Development,
8.0041

POWER PRODUCTION ...Electric Power Plants, Power Develop-

ment, Reservoir Systems, Spray Devices, Thermal Pollution,
5.0983

Power Cycle
EVALUATION OF EXISTING AND UNCONVENTIONAL

MEANS FOR PUMPING AND ENERGY RECOVERY IN A
REVERSE OSMOSIS DESALINATION PLANT ...Benefit -cost
Analysis, Desalination, Hydraulic, Pump-other, Reverse Osmosis,

3.0275
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Power Plant
DESIGN OF UNDERGROUND POWERPLANTS ...Borehole

Geophysics, Digital Computers, Electric Power Plants, Mechanics
of Structuresnother, Rock Mechanics, ..8.0031

Propulsion
Marine

EXPLORATORY DEVELOPMENT OF WATER PROPULSION
FOR COMBAT VEHICLES ...Amphibious Vehicles, Other,
Streams, Systems Analysis, ...8.0215

Other
EXPLORATORY DEVELOPMENT OF WATER PROPULSION

FOR COMBAT VEHICLES .Amphibious Vehicles, Marine,
Streams, Systems Analysis, ...8.0215

Pumps
Axial Flow

EVALUATION OF HIGH PRESSURE PUMPS FOR REVERSE
OSMOSIS PROCESS ...Brines, Pumping, Reverse Osmosis, Sea
Water-general, _3.0410

HYDRAULIC MODEL STUDIES OF A PUMP INLET
MANIFOLD ...Critical, Desalination, Distilling Units, Flash Distil-
lation, High Pressure, Models, _3.0120

Pump-other
RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-

HEAD TURBINES AND PUMPS ...Fluids, Open Channel Flow,
Radioisotopes, Technique Development, Turbine-other, 4.0057

EVALUATION OF EXISTING AND UNCONVENTIONAL
MEANS FOR PUMPING AND ENERGY RECOVERY IN A
REVERSE OSMOSIS DESALINATION PLANT ,,,Benefit -cost
Analysis, Desalination, Hydraulic, Power Cycle, Reverse Osmosis,
_3.0275

SPRAY DISPOSAL OF LIQUID COW MANURE ...Animal Waste
Removal-treatment, Animal Wastes - Feed Lots, Effluent-stan-
dards, Farm astes, Waste Disposal -underground, 5.0224

SOLAR POWERED EQUIPMENT FOR OPERATING A SMALL
IRRIGATION PUMP. ...Irrigation, Irrigation Engineering, irriga-
tion-other, Pumping, Solar Powergeneral, _4.0201

CLAY SLURRY FLOW CHARACTERISTICS ...Clay, Pipelines,
.1.0125

DEVELOPMENT OF AN OPERATIONS CONTROL PLAN
Channel Regulation-other, Controls, Engineering Studies-other,
Reservoirs, 6.0072

INDIVIDUAL WATER FILTRATION DEVICE ...Filtration, Porous
Media - Flow Through, Sediments, Technique Development,
Waste Water Treatment-general, 3.0252

TURBINE AND PUMP TESTING ,.,D=ischarge- general, Pumping,
Turbine-other, _8.0077

TRANSIENT FLOW IN OPEN CHANNELS ...Channel Geometry,
Hydraulic Gradient, Open Channel Flow, Siphon, Transient,
8.0039

Solar Power-general
SOLAR POWERED EQUIPMENT FOR OPERATING A SMALL

IRRIGATION PUMP. ...Irrigation, Irrigation Engineering, Irriga-
tion-other, Pump-other, Pumping, ...4.0201

Turbines
Gas

DESIGN AND ECONOMIC STUDY OF A GAS TURBINE
POWERED VAPOR COMPRESSION PLANT FOR EVAPORA-
TION OF SEAWATER ...Compressors, Desalination, Evapora-
tion, Heat Recovery, Water Costs, 3.0421

Hyiraulic
EVALUATION OF EXISTING AND UNCONVENTIONAL

MEANS FOR PUMPING AND ENERGY RECOVERY IN A
REVERSE OSMOSIS DESALINATION PLANT ...Benefit-cost
Analysis, Desalination, Power Cycle, Pump-other, Reverse Osmo-
sis, 3.0275

FISH PASSAGE THROUGH TURBINES ...Fish -non-specific,
Management -other, Mortality Rates, Power Development,
Stamina, ...8.0312

DRAFT TUBE SURGES ...Fuel Induction Devices, Hydraulic
Equipment, ...8.0026

Turbine-oilier
RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-

HEAD TURBINES h. D PUMPS ...Fluids, Open Channel Flow,
Pump-other, Radioisotopes, Technique Development, 4.0057

iISHERIES-TURBINE RESEARCH COMPENDIUM COMPILA-
TION ...Electric Power Plants, Fish -non-specific, Migration, Mor-
tality Rates, ...8.0310

COLLECTION OF JUVENILE SALMON IN TURBINE INTAKES
...Columbia River, Control Gate, Electric Power Plants, Mortality
Rates, Salmon & Trout - Non-specific, ...8.0299

TURBINE RATING FRAME INTERFERENCE STUDY ...Electric
Power Plants, Gaging, Inflow, Tennessee River, ...8,0287

TURBINE AND PUMP TESTING ...Discharge- general, Pump-other,
Pumping, 8.0077

ALLOY SELECTION FOR CAVITATION RESISTANCE ...Cavita-
tion, Cavitation-other, Metallic Alloys, Test Methods, ...8.0025

Mechanical Properties - Mtls.

Compression
COMPRESSIVE CREEP TESTS OF CONCRETE ...Aggregates, Ex-

tenders, Fillers, Cement, Concrete, Creep, Engineering Struc-
tures-general, ...8.0068

EVALUATION AND DEVELOPMENT OF SPECIFICATIONS
AND TEST METHODS FOR CEMENT AND POZZOLAN ...Ce-
ment, Concrete, Composition Parameters-other, Quality Control-
materials, Standards, Specifications, Test Methods, ...8.0101

EFFECT OF THE MAGNITUDE OF COMPRESSIVE STRENGTH
OF CONCRETE AT VARIOUS AGES ON THE STANDARD
DEVIATION AND COEFFICIENT OF VARIATION ...Cement,
Concrete, Engineering Structures-general, Quality Control-materi-
als, 8.0111

Creep
MECHANICAL PROPERTIES OF ULTkA-THIN LIPID MEM-

BRANE ...Elasticity - General, Fracture - General, Laminates,
Natural Occuring, Permeability, ..,3.0342

INVESTIGATION OF CREEP IN CONCRETE ...Cement,
Concrete. Dimensions, Expansion, Water, ...8.0240

COMPRESSIVE CREEP TESTS OF CONCRETE ...Aggregates, Ex-
tenders, Fillers, Cement, Concrete, Compression; Engineering
Structures-general, ...8.0068

Dynamic Properties
Vibration

REVIBRATION OF CONCRETE AND MASONRY ...Cement,
Concrete, Concrete-other, Mechanical Vibrations-other, Physical
Properties-general, Standards, Specifications, ..8.0108

Elastic
Elasticity - General

MECHANICAL PROPERTIES OF ULTRA-THIN LIPID MEM-
BRANE ...Creep, Fracture - General, Laminates, Natural Occur-
ing, Pertncability, 3,0342

INVESTIGATION IN THE DEVELOPMENT AND IMPROVE-
MENT OF SPECIAL CEMENTS ...Cement, Concrete, Durability,
Deterioration, Engineering Structures-general, Setting, Curing,
Strength, Cohesion, .,.8.0048

Photoelasticity
DEVELOPMENT OF THREE- DIMENSIONAL PHOTOELASTIC

TECHNIQUES ...Epoxies, Optical, ...8.0109

Fracture
Crack Initiation, Propagation

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING ...Desalination, Iron, Magnesium, Stress Corro-
sion, ...3.0255

TENSILE CRACK EXPOSURE TESTS ...Beams - Bars, Cement,
Concrete, Reinforcing Steel, Standards, Specifications, Weather-
ing, ..8.0252

ANALYSIS OF LENGTH CHANGE OF CONCRETE ...Aggregates,
Extenders, Fillers, Cement, Concrete, Drying, Failure Analysis,
Reliability, Shrinking, ...8.0103
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Mechanical Properties - Mt ls. SUBJECT INDEX

Failure Analysis, Reliability
ANALYSIS OF LENGTH CHANGE OF CONCRETE ...Aggregates,

Extenders, Fillers, Cement, Concrete, Crack Initiation, Propaga-
tion, Drying, Shrinking, _8.0103

Fracture - General
MECHANICAL PROPERTIES OF ULTRA-THIN LIPID MEM-

BRANE ...Creep, Elasticity - General, Laminates, Natural Occur-
ing, Permeability, 3.0342

Impact
PLASTICS TECHNOLOGY AND ENGINEERING APPLICA-

TIONS ..Folyamides, Polyethylene, Tensile, 8.0133

Mechanical Properties-general
PREPARATION OF SMALL TUBES AND THE DETERMINA-

TION OF THEIR PROPERTIES FOR REVERSE OSMOSIS
,Dimensions, Expansion, Permeability, Pipe, Tube, Reverse Os-
mosis, Stretch Forming, Cryoform, 3.0387

STRUCTURE AND MECHANICAL BEHAVIOR OF POLYMERIC
MEMBRANES ...Cellulose Acetate, Cellulosics, Morphology-
other, Reverse Osmosis, Structure-materials-general, .8.0269

RESEARCH ON PROPERTIES OF CEMENTITIOUS MATERIAL
Cement, Concrete, Physical Properties-general, Standards,
Specifications, Test Methods, 8.0249

INVESTIGATION OF SHOTCRETE Cement, Concrete, Physical
Properties-general, Test Methods, _8.0261

EVALUATION OF CONCRETE PROPERTIES OF CORES FROM
OLD STRUCTURES ...Cement, Concrete, Dams-other, Engineer-
ing Structures-general, Time, 8.0063

Plastic
Brittleness

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING ...Alloys and Systems, Austenitic, Copper,
Film, Stress Corrosion, Titanium, 3.0254

Plasticity
INVESTIGATIONS OF PLACEABILITY OF CONCRETE ...Ce-

ment, Concrete, Equipment, Methods, 8.0258

Strength, Cohesion
INFLUENCE OF WATER QUALITY IN MAINTAINING WHITE-

NESS WHEN LAUNDERING WHITE FABRICS ...Cleansing
Agents, Color, Cotton, Hardness-minerals, Laundering, Pollution -
Effects of , 3.0382

THE DEVELOPMENT OF CONCRETE-POLYMER MATERIALS
..Cement, Concrete, Ceramic Matrix, Durability, Deterioration,
In-situ, Plastics - General, Radiation Induced, 8.0045

INVESTIGATION IN THE DEVELOPMENT AND IMPROVE-
MENT OF SPECIAL CEMENTS ...Cement, Concrete, Durability,
Deterioration, Elasticity - General, Engineering Structures-
general, Setting, Curing, _8.0048

Stress, Strain
EVALUATION OF DESALINATION PROPERTIES OF CELLU-

LOSE ACETATE MEMBRANES IN FLAT, TUBULAR AND
SPIRAL WOUND CONFIGURATIONS ...Desalination, Film,

Membranes-other, Natural Occurring, Saline Conversion,
...3.0052

CORROSION OF METALS IN CONCRETE ...Cement, Concrete,
Chloride, Low Alloy Steels, Water, -.8.0023

Tensile
EFFECT OF AGGREGATE PROPERTIES AND CEMENT CON-

TENT ON THE TENSILE STRENGTH OF CONCRETE ...Ag-
gregates, Ex:enders, Fillers, Cement, Concrete, Composition
Parameters-other, Test Methods, 8.0110

PLASTICS TECHNOLOGY AND ENGINEERING APPLICA-
TIONS ...Impact, Polyamides, Polyethylene-8,0133

Wear, Friction
Erosion

ADHESIVE PROTECTION FOR CONCRETE ...California, Cavita-
tion, Cement, Concrete, Coatings-general, Epoxies, 8.0015

PROTECTIVE LININGS FOR WATER PASSAGE SURFACES OF
FERROUS METALWORK Linings-pavings, Organic-general,
Pipe, Tube, Water, 8.0087

Media
SURVEY OF CLOSTRIDIUM BOTULINUM TYPE E Clostridi-

um Botulinum, Growth (non-specific & Ot.), Microbiological
Analysis, Pathology, 5.1310

RECOVERY OF INDICATOR BACTERIA ON SELECTIVE
MEDIA DURING DECREASE OF VIABLE COUNTS ...Bacteria
(non-specific), Bioindieators, Tests of Cell Viability, Water Bac-
teria, 5.0587

SPORULATION AND GERMINATION OF CLOSTRIDIUM
BOTULINUM Bacterial Exotoxins, Cell. env.(non-specific &
Ot.), Clostridium Botulinum, Growth (non-specific & Ot.), Spore
Studies, 5.0568

Meetings
CITIZENS WORKSHOPS ON CLEAN WATER FOR AMERICA

...Citizen's Participation, State-local Government, Water Quality-
general, Water Standards, ...6.0191

NATIONAL SYMFOSIUM ON THERMAL POLLUTION
...Management, Oregon, Pollution - Effects of , Tennessee, Ther-
mal Pollution,

HYDROLOGY TRAINING AND METHODOLOGY ...Computers-
general, Education and Training, Hydraulic Engineering-other,
Hydrology-general, ...9.0001

GENERAL WATER QUALITY INVESTIGATIONS ...Control and
Protection, Pollutants-general, State-local Government, Technique
Development, Water Quality-general, 5.0180

CONFERENCE ON SANITARY ENGINEERING EDUCATION
...Air Pollution Control, Atmpopheric Pollution-general, Educa-
tion and Training, Management, Water Quality-general, ...5.1152

Membrane- Cellular
Mitochondrial Membranes

TRANSFER OF SALT AND WATER ACROSS MEMBRANES OF
PLANT MITOCHONDRIA ...Active Transport, Bioenergetics,
Desalination, Salt, Water Movement, 3.0218

Model Membranes
STUDIES OF NATURALLY OCCURRING ACIDIC LIPIDS -

IONIC, SURFACE AND MEMBRANE PROPERTIES
,Cephalin, Lecithin, Permeability, Sphingomyclin, Surface Pro-
perties -other, 3.0354

TEMPERATURE EFFECTS ON BIOLOGICALLY INTERESTING
MEMBRANE SYSTEMS ...Action- & Bioelectrical Pot. , Mem-
branes-other, Oils -fats, Permeability, Temperature, _3.0182

Plasma Membrane
STUDIES ON THE MOLECULAR STRUCTURE OF BIOLOGI-

CAL MEMBRANES ...Active Transport, Desalination, Mcm-
branes-other, Purif and !sot, Structure, 3.0388

SALINITY AND ION TRANSPORT MECHANISMS OF PLANT
CELL MEMBRANES ...Absorption (non-specific), Halophytic,
Ion Transport and Elect. pot. , Salinity, Salt, 3.0044
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Membranes
CHARACTERIZATION OF CELLULOSE ACETATE MEM-

BRANES AND ULTRATHIN FILMS FOR REVERSE OSMOSIS
...Desalination, Electrical Properties, Film, Membranes-other,
Natural Occurring, Reverse Osmosis, ...3.0362

Mercury
CURRENT FISH AND WILDLIFE PESTICIDE PROBLEMS

Azodrin, Endrin, Guthion, of Aquatic Plants, Seed Treatment,
Thiodan, Wildlife, 4.0042

Metabolic Inhibitors
A STUDY OF INHIBITORY COMPOUNDS PRODUCED BY

FRESH-WATER ALGAE ...Algal Pollutant Sources, Chemicals
(incl. algacides), Cialorophyceae (non-specif.&ot), Eutrophica-
tion, of Aquatic Plants, ...5.0446

Metabolism
ECOLOGICAL SIGNIFICANCE OF ORGANIC RELEASE

PRODUCTS OF MARINE AND FRESHWATER ANIMALS
...Aquatic Ecology, Biological Rhythms, Mucus, Productivity -
Food Chain, ...2.0342



SUBJECT INDEX Metallic Alloys

THE UPTAKE OF DIELDRIN IN THE THREE RIDGED NAIAD,
AMBLEMA PLICATA ... Bioindicators, Dieldrin Freshwater
Mussels, Scallops, Ohio River, Pollution Effects,

A FIELD AND LABORATORY STUDY OF FLUORIDE UPTAKE
BY OYSTERS ...Estuaries, Fluoride, Laboratory, Mining Activi-
ties, Oysters, Phosphate, Phosphite, ...6.0407

EFFECTS OF PESTICIDES ON MARINE ANIMALS ...Dieldrin,
Laboratory Animals, Mode of Action -animal, Respiration,
_5.0261

STUDY OF EXCRETORY PATTERNS IN CRAYFISHES ,Cray-
fish, All, Nitrogen, Osmoregulation, Stress, Urea, -6.0376

RADIONUCLIDE METABOL-,,,1 IN AQUATIC ANIMALS
.,.Clams, Contamination - Water, Fish -non-specific, Radiation Ef-
fects-non-vecific, Reactor Sites & Rad Waste, -5.0101

SCREENING AQUATIC INVERTEBRATES TO DETECT AN OR-
GANISM SUITABLE FOR USE IN A MONITORING PRO-
GRAM ...Bioassays, Bioindieators, Cholinesterase, Fish -non-

specific, Invertebrates -non-specific, Monitoring Systems,
_5.0639

INFLUENCE OF PROTOZOAN ACTIVITY ON HALOGENATED
HYDROCARBON RESIDUES - INTERACTION BETWEEN
MICROORGANISMS AND PESTICIDES ...Axenic Culture,
Mode of Action -animal, Petroleum Cpds, -non-specific, Protozoa
-other, ...5.0642

ACCUMULATION OF RADIOACTIVITY BY INVERTEBRATES
-0-itamination - Water, Pollution Effects, Productivity - Food
Chain, Radioactivity-general, ...5.0804

UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-
TEBRATES ...Amino Acids, Amino Acids -non-specific,

Chemoreceptors, Invertebrates -non-specific, Marine Biology,
Nutrition - Invertebrate, Pulse- Iahclling, ...6.0058

DEPURATION OF CHEMICAL POLLUTANTS IN SHELLFISH
...Chromium, Contamination - Water, Oysters, Pesticides -non-
specific, Shellfish Depuration, ...5.0020

Metabolism -animal
EFFECTS OF LIMNOLOGICAL FACTORS ON UPTAKE OF

CS137 BY FISH ...Cesium, -1.0068
SUBLETHAL INFLUENCE OF POLLUTANTS ON FISH

METABOLISM ,..Contamination - Water, Fish -non-specific,
Growth Rate, Pollution - Effects of , Pollution Effects, -5.0901

COMPARATIVE UPTAKE OF 10 CHLORINATED HYDROCAR-
BON PESTICIDES BY FISH ...Chlorinated Hydrocarbons, Fish -
non- specific, Residue Analysis -other, Wildlife, -5.0628

2,4-D UPTAKE AND METABOLISM - METABOLISM OF PESTI-
CIDES IN FISH ...Channel Catfish, GoldEsh, Laboratory Animals,
Rainbow Trout, Steelhead Trout, 2,4-d, -5.0659

DDT AND DIELDRIN METABOLISM AND STORAGE BY
CHINOOK SALMON UNDER LABORATORY CONDITIONS
...DDT , Dieldrin, Laboratory Animals, Salmon -coho,chin-
ook,sockeye.., ...5.0660

LITERATURE SURVEY OF PESTICIDE METABOLISM IN FISH
- METABOLISM OF PESTICIDES IN FISH .. Mode of Action -
animal, Pesticides -non-specific, Survey Studies, Wildlife,
-5.0661

INVESTIGATION OF STRESS-INDUCED MOBILIZATION OF
INSECTICIDE RESIDUES - CHRONIC TOXICITY OF PESTI-
CIDES TO FISH ...DDT , Dieldrin, Salmon - coho,chin-
ook,sockeyc.., Stress, Wildlife; ...5.0655

INTERACTION OF ENDRiN AND PROLACTING-INDUCED
FAT SYNTHESIS IN THE PLAINS KILLIFISH - PESTICIDE
EFFECTS ON FISH ENDOCRINE FUNCTIONS ...Adipose, En-
drin X Biocid, Killifishs - Cyprinodon, Photoperiod, -5.0657

PHYSIOLOGIC AND METABOLIC RESPONSE AS INDICATORS
OF STRESS ...Environmental Physiology, Gases, Dissolved -water,
Ions and Gases, Oxygen, Stress, ...5.0592

THE INVESTIGATION AND ANALYSIS OF BIOCHEMICAL
PROCESSES OF AQUATIC ORGANISMS UNDER STRESS
...Animal Origin, Aquatic Ecology, Fish -non-specific, Other,
Stress, -5.0585

Mineral
EFFECTS OF POSSIBLE POLLUTANTS ON ENERGY PRODUC-

TION BY BLUEGILL LIVER MITOCHONDRIA ..,Bluegills,
Bream, Metallic Ions, Mineral Origin, Respiration, .,.5.0348

MINERAL IMBALANCE IN BLUEGILLS EXPOSED TO
MALATHION PESTICIDE-INDUCED MINERAL IMBALANCE
IN FISH Bream, Malathion, Wildlife, -5.0658

CHRONIC EFFECTS OF HEAVY METALS ON FISH ..,Computer
Matching-code, Contamination - Water, Industrial Wastes,
Mineral Origin, Radioisotopes, ...5.0584

Respiration
EFFECTS OF WATER TEMPERATURE UPON RESPIRATORY

METABOLISM OF CUTTHROAT TROUT, SALMO CLARKI
_Cutthroat Trout, Environmental Physiology, Temperature, Utah,
Water Temperature-non-specific, -5.1192

EFFECTS OF PESTICIDES ON MARINE ANIMALS ...Dieldrin,
Laboratory Animals, Metabolism, Mode of Action -animal,
...5.0261

Water
SALINE WATERS AND LIVESTOCK PRODUCTION ...Ruminants

-non-specific, Salinity, Swine, Water Utilization -animal, -.5.01331

Metallic Alloys
THE EFFECTS OF VELOCITY ON THE PASSIVATION OF AL-

LOYS IN BRACKISH WATER ...Brackish Water, Desalination,
Electrolytes, Passivation, Velocity -water, -3.0136

CORROSION PROTECTION BY INHIBITOR CROSS-LINKING
AND SURFACE COATING GRAFTING ...Cement, Concrete,
Crosslinked, Inhibitors, Metals, Radiation Induced, ...3.0404

THE ELECTROCHEMICAL BEHAVIOR OF METALS AND AL-
LOYS IN SEA WATER AND THE EFFECT OF BIOLOGICAL
SLIMES ON THEIR RATES OF CORROSION ...Bacteria,
Biological, Desalination, High, Water, ..3.0181

ALLOY SELECTION FOR CAVITATION RESISTANCE ...Cavita-
tion, Cavitation-other, Test Methods, Turbine-other, -8.0025

Aluminum
CORROSION AND MASS TRANSFER FROM CYLINDERS OF

METALS ROTATING IN SEAWATER AT HIGH TEMPERA-
TURES AND PRESSURES ...Desalination, High, Water, -3.0247

INVESTIGATION OF CORROSION FUNDAMENTALS AS RE-
LATED TO ALLOYING ...Additives, Alloy & Systems, Copper,
Corrosion General, ...3.0415

Copper
A STUDY OF THE STRESS-CORROSION SUSCEPTIBILITY OF

CUPRO-NICKEL AND TITANIUM UNDER DESALINATION
CONDITIONS ...Desalination, Stress Corrosion, Temperature
General, Titanium, Water, -3.0137

DEVELOPMENT OF PARYLENE COATING FOR DROPWISE
CONDENSATION OF WATER ON HEAT EXCHANGERS
...Condensation, Desalination, Heat Exchangers, Organic-general,
Plastics-other, ...3.0322

DEVELOPMENT OF LOW-COST, CORROSION-RESISTANT AL-
LOYS AND ON ELECTRO-CHEMICAL TECHNIQUES FOR
THEIR PROTECTION IN DESALINATION SYSTEMS ...Corro-
sion Prevention-other, Desalination, Saline Conversion, Water,
Zinc, ...3.0290

INVESTIGATION OF CORROSION FUNDAMENTALS AS RE-
LATED TO ALLOYING ...Additives, Alloy & Systems, Alu-
minum, Corrosion General, ...3.0415

A STUDY OF PRESCALING DEPOSITION _Desalination,
Radioisotopes, Saline Conversion, Scaling, Encrusting, -1.0011

PRODUCTION OF 90-"' fi)PPER NICKEL TUBING FOR
DESALTING ,..Desalinan, Equipment Purchase Operation,
Pipe, Tube, ...3.0158

IMPROVEMENT OF THE CORROSION RESISTANCE OF ALU-
MINUM BRASS FOR USE IN SEA WATER CONVERSION
PLANTS ..Desalination, Films, High, Oxidizing Atmosphere,
Water, -3;0213

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING ...Alloys and Systems, Austenitic, Brittleness,
Film, Stress Corrosion, Titanium, -3.0254

Magnesium
Alloys and Systems

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING ...Austenitic, Brittleness, Copper, Film, Stress
Corrosion, Titanium, -3.0254

Titanium
THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-

SION CRACKING ...Alloys and Systems, Austenitic, Brittleness,
Copper, Film, Stress Corrosion, ...3.0254
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Zinc
DEVELOPMENT OF LOW-COST, CORROSION-RESISTANT AL-

LOYS AND ON ELECTRO-CHEMICAL TECHNIQUES FOR
THEIR PROTECTION IN DESALINATION SYSTEMS
...Copper, Corrosion Prevention-other, Desalination, Saline Con-
version, Water, 3,0290

SUBJECT INDEX

Metallic Deposits - Ores
Lead

THE IMPACT OF LEAD-ZINC MINING ON THE QUALITY
AND ECOLOGY OF SURFACE WATERS IN SOUTHEAST
MISSOURI ...Adsorption-other, Atomic Absorption, Missouri,
Truce Elements, Zinc, 5.0689

STREAM POLLUTION IN THE NEW LEAD BELT OF
SOUTHEAST MISSOURI ...Mining Activities, Missouri, Pollution
- Effects of , Streams, Water Quality-general, Zinc, 5.0693

Metallic Deposits-other
MINERAL RESOURCE STUDY--RESERVOIR SITES ...Appraisals-

general, Pre-impoundment Sites, Reservoirs and Impoundments,
Resource Inventories, Texas, 2.1008

Zinc
THE IMPACT OF LEAD-ZINC MINING ON THE QUALITY

AND ECOLOGY OF SURFACE WATERS IN SOUTHEAST
MISSOURI ...Adsorption - other, Atomic Absorption, Lead, Mis-
souri, Trace Elements, 5.0689

STREAM POLLUTION IN THE NEW LEAD BELT OF
SOUTHEAST MISSOURI _Lead, Mining Activities, Missouri,
Pollution - Effects of , Streams, Water Quality-general, 5.0693

Metallic Ions
EFFECTS OF POSSIBLE POLLUTANTS ON ENERGY PRODUC-

TION BY BLUEGILL LIVER MITOCHONDRIA ...Bluegills,
Bream, Mineral, Mineral Origin, Respiration, 5.0348

Metals
DEVICE FOR FIELD DETERMINATION OF HEAVY METALS

IN NATURAL WATERS Chemical Analysis (water), Electrode,
Heavy Elements, Ions and Gases, Polarography, 7.0032

BIOLOGICAL EFFECTS OF HEAVY METAL POLLUTION
...Biological, Heavy Elements, Microbial - bacterial, Mining Indus-
try, Pollution - Effects of .5.0034

Metals Ns
EFFECT OF METAL POISONING ON VARIOUS ENZYMES IN

FISH ...Atpase, Chemical Effect-other, Inhibitors, Killifishs -
Cyprinodon, Mineral Origin, 5.1091

PHARMACOLOGY OF METAL POISONING IN ESTUARINE
FISHES ...Contamination - Water, Estuaries, Killifishs
Cyprinodon, Stress, 5.1083

Meteorological Condensation
Condensation-general

CLOUD AND PRECIPITATION FORECAST MODEL ...Cloud
Cover. Forecasting, Latent Heats, Model Studies, Weather
Forecasting, ...2.0267

Dew
THE WATER ECONOMY OF TURFGRASS ...Management,

Moisture Content, Soil Types, Soil-water-plant Relationships, Spe-
cies and Variety Evaluation, 2.0941

SUBSYNOPTIC WEATHER SPECIFICATION ...Cloud Cover,
Data Analysis Applications, Micromocorology, Model Studios,
Temperature, Weather Forecasting, 2.0592

Fog-haze-mist
CLIMATOLOGICAL MEASUREMENTS RELATED TO

AGRICULTURE _Amount, Land Use, Physical Climatology,
Sunshine, Temperature, Water Utilization -general, 2.0741

Frost
SNOW AND ICE COVER INVESTIGATIONS ...Arctic, Sea Ice,

Snowmelt, Snowpack, Weather Forecasting, ...2.0747

Methodology
KINETICS OV,' ADSORPTION VIA DOUBLE LAYER CAPACITY

MEASUREMENTS ...Aqueos, Electrode, Interface, Non-electrical
Measurements, 1.0100

Mexico
SYSTEMATIC AND BIOGEOGRAPHIC STUDIES OF AQUATIC

AND SEMI-AQUATIC ORGANISMS IN NORTHERN MEXICO
...Animal Taxonomy, Aquatic Ecology, Habitat Studies, Plant
Taxonomy, _2.0038

DOCTORAL DISSERTATION RESEARCH IN POLITICAL
SCIENCE ...Federal Government, Irrigation-general, Policy Mak-
ing, Power Structure, Water Supply-general, 3.0157

PROBABLE MAXIMUM PRECIPITATION FOR THE LOWER
RIO GRANDE ...Amount, River Basins, 2.0598

Mhd
Flow

Turbulent
APPLICATION OF MAGNETOHYDRODYNAMICS TO MEA-

SUREMENT OF LIQUID VELOCITY AND TURBULENCE
...Analog Computers, Analog Computers Math, Technique
Developme,A, Tu,hulent Flow, Velocity, Velocity -water,
...2.1166

Velocity
APPLICATION OF MAGNETOHYDRODYNAMICS TO MEA-

SUREMENT OF LIQUID VELOCITY AND TURBULENCE
...Analog Computers, Analog Computers Math, Technique
Development, Turbulent, Turbulent Flow, Velocity -water,
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Michigan
PREDICTION OF THE MAGNITUDES AND FREQUENCIES OF

FLOODS IN MICHIGAN ...Drainage, Floods, Forecasting-predic-
tion, Morphology-general, Rain-general, ...2.0635

STUDIES ON PLANTED BROOK TROUT IN RELATION TO
NUMBERS PLANTED, LIMNOLOGICAL CONDITIONS AND
FOOD SUPPLIES IN UNFISHED LAKES ...Food Supply, Lake
Trout, Brook Trout, Lakes, Population Dynamics, Stocking of
Fish & Shellfish, 6.0303

THE RELATIONSHIP OF SEWAGE HANDLING PRACTICE TO
PESTICIDE RESIDUE LEVELS AND INVERTEBRATE
ECOLOGY ...Aquatic Ecology, Aquatic Soils, Insecticides -non-
specific, Pollutants - Path of , Pollution Effects, ...5.0572

THE EFFECTS OF LIMNOLOGICAL FACTORS ON THE UP..
TAKE OF CS137 BY FISH ..,Atomic Absorption, Cesium, Emis-
sion, Lakes, Radioactive Fallout, ...2.0653

GEOCHEMICAL INVESTIGATION OF THE GROUNDWATER
SYSTEM IN THE LANSING, MICHIGAN, AREA ...Aquifers..

Qgeneral, Chemical-general, Groundwater, Ions and Gases, Water
uality- general,

WATERSHED ANALYSIS RELATING TO EUTROPHICATION
OF LAKE MICHIGAN ...Data Analysis - General, Economics-
general, Eutrophication, Great Lakes-general, Social Aspects,
...6.0302

METAMORPHOSIS OF SNOWPACK PROFILES AND CHANGES
IN WATER STORAGE FOLLOWING STRIP CUTTING IN
PINE FORESTS IN MICHIGAN ...Cutting Operations, Natural
Recharge, Nuclear Moisture Meters, Snowmelt, Water Yield,
2.0655

DYNAMIC SYSTEM MODELING AND SIMULATION OF A
RIVER BASIN ...Dynamic, Hybrid Computers, Model Studies,
River Basins, Stochastic Models, 6.0301

ECOLOGY OF PESTICIDES IN AN AQUATIC ECOSYSTEM
...Food Chains, Animal And/or Man, Insecticides -non-specific,
Pollutants - Path of , Pollution - Effects of , Pollution Effects,
5.0563

HYDROLOGY OF RIVER-BASED RECREATION ...Glacial Fea-
tures-general, Morphology-general, Recreation Sites, Streams,
Water Quality-general, _6.0304

Microbiological Analysis
BIOLOGICAL PROPERTIES OF SEWAGE LAGOONS AT .

TUSKEGEE, ALABAMA ...Bioindieators, Biological Treatment-
general, Microorganisms (non-specific), Pollution - Effects of ,
Sewage Lagoons, 5.0024



SUBJECT INDEX Military Aspects

BACTERIOLOGICAL WATER QUALITY ANALYSES OF
METHODS FOR DETECTING FECAL POLLUTION ...Bacterial
Pollutant Sources, Bioindicators, Coliforms (non-specific), Sal-
monella (non-specific & Ot), Streptococcus Fecalis, 5.1113

INDICATOR-PATHOGEN DENSITY RELATIONSHIPS IN

TRIBUTARY STREAMS ...Bacterial Pollutant Sources, Bioin-
dicators, Coliformil (non-specific), Pollutants - Path of , Streams,

5.0562
SURVEY OF CLOSTRIDIUM BOTULINUM TYPE E ...Clostridi-

um Botulinum, Growth (non-specific & Ot.), Media, Pathology,
5.1310

MICROBIOLOGY OF MARINE AND ESTUARINE: INVER-
TEBRATES ...Estuaries, Marine Bacteria (non-specific), Oysters,
_2.0586

DEVELOPMENT OF A METHOD FOR CHRONIC TOXICITY
BIOASSAY USING MARINE PLANKTONIC ALGAE ...Algal
Culture, Bioassays, Marine Plants, Monitoring (long Term Stu-
dies), Phytoplankton, Technique Development, Toxicology,
5.1088

STUDY OF NITROGEN METABOLISM IN MARINE ALGAE
Bioindietitors, Enzymes, Marine Plants, Pollution Effects of ,
Quantitative & Qualitative, 5.1089

STUDY OF GROWING AREA STANDARD BY EXAMINING
ENTEROPATHOGENS AND INDICATOR ...Bioindicators, En-
teroviruses of Humans, Number, Salmonella (non-specific & Ot),
Sewage, ...5.1069

Microbiology -soil
MICROBIOL ADSORPTION IN SOILS ...Adsorption Capacity,

Biological Pollutants -general, Electrical Properties, Percolation,
Soil Environment, ...2.0213

CHEMICAL, PHYSICAL AND BIOLOGICAL. REACTIONS OF
PESTICIDES WITH SOILS AFFECTING SOIL PRODUCTIVITY
AND PESTICIDE STABILITY ...Movement, Leaching, Pesticides
-non-specific. Pollutants - Path of , Residue Analysis -other, Soil
Conditions, Soil Temp. -non-specific, ...5.0202

MEADOW SOD MAT ACCUMULATION AND DECOMPOSI-
TION ...Ecolog,!, - Soil, High Organic Soils, Maintenance, Soil
Depth, Soil Physical Properties, ..2.0238

Microbiology- Med & Veterinary

Detection
DETECTION AND ENUMERATION OF VIRUS IN NATURAL

WATERS ...Assay , Bioindicators. Enteroviruses of Animals,
Technique Development, Viral Pollutant Sources, ...5.0713

RELATION OF SWIMMING WATER QUALITY TO THE OC-
CURRENCE OF EAR INFECTIONS ...Conduction, Pollution-
water, 5.0588

QUANTITATIVE DETECTION AND ENUMERATION OF POL-
LUTION INDICATOR BACTERIA OF WASTE WATERS AND
SEWAGE TREA'TMEN'T PLANT EFFLUENTS ...Bacteria, Bac-
terial Pollutant Sources, Bioindicators, Membrane, Sewage Test-

ing, 5.0853
INCIDENCE OF PATHOGENIC ENTEROBACTERIACEAE AND

ENTEROVIRUSES IN ESTUARINE AREAS ...Entcroviruscs of
Humans, Estuaries, Intestinal Bacteria, Puget Sound, ...5.1226

Septicemia
Mem ia

FACTORS LIMITING WATERFOWL PRODUCTION ON THE
SPRING-FED SALT MARSHES WEST OF THE GREAT SALT
LAKE ...Mallard, Nutrition -other, Productivity (agricultural),
Swamps-marshes, Utah, ...5.1194

Microorganisms (non-specific)
HYDROSTATIC PRESSURE-TEMPERATURE, AS ENVIRON-

MENTAL PARAMETERS, ON GROWTH, BIOCHEMISTRY
AND PHYSIOLOGY OF MICROORGANISMS .,.Growth (non-
specific & Ot.), Marine Biology (non - specific), Pressure & Meek
Stress, Temperature, 6M459

DEVELOPMENT OF STORAGE TECHNIQUES FOR REVERSE
OSMOSIS MEMBRANES ...Cellulose Acetate, Other, Reverse
Osmosis, Storage, ..3.0058

BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE
SALT MARSH ENVIRONMENT --Aquatic Soils, Chemical,
Core Analysis, Salinity, Swamps-marshes, Tidewater Areas,

,..1.0026

PHOSPHATE UPTAKE, STORAGE, AND RELEASE BY
MICROORGANISMS IN WASTEWATER TREATMENT
Chemol.tat, Nutrition, Phosphate, Phosphite, Storage, Waste
Water Treatment-gencral'...5.1282

INFLUENCE OF SUSPENDED MICROSCOPIC SUBSTANCES
ON THE METABOLISM OF MICROORGANISMS RESPONSI-
BLE FOR BIOLOGICAL ENRICHMENT OF WATER ...Adsorp-
tion ',..7apacity. Chemical, Eutrophication, Pollution - Eff';:. of ,
Sejiments, ...5.0877

BIOLOGICAL PROPERTIES OF SEWAGE LAGOONS AT
TUSKEGLE, ALABAMA ...Bioindicators, Biological Treatment-
general, Microbiological Analysis, Pollution - Effects of , Sewage
Lagoons, ...5.0024

THE KINETICS OF MICROBIOLOGICAL MODIFICATION OF
ORGANIC SUBSTANCES OCCURRING IN NATURAL
WATERS ...Active Transport, Biological-general, Cell. env.(non-
specific & Ot.), Organic-general, 1.0006

MICROBIAL RELEASE OF SOLUBLE PHOSPHATE IN AN AC-
TIVATED SLUDGE ENVIRONMENT ....Cell. cnv.(non-specific
& 01.), Oxygen, Phosphate, Phosphite, ...5.1213

ADAPTATION BY MICROBIAL POPULATIONS ...Adaptation,
Biological Pollutants -general, Plant Succession, Waste Water
Treatment - general, 3.0770

KINETICS OF BIOLOGICAL FILTERS ...Growth Rate, Microbial-
bacterial, Organic Wastes, Pollutant-other, Trickling, 5.1103

BIOLOGICAL METHODS OF SLUDGE DEWATERING ...Ac-
tivated, Biological Treatment-other, Butyric Acid, Depolymerasc,
Drying-dewatering, 5.0089

RESEARCH AND FIELD ENGINEERING STUDIES FOR OP-
TIMIZING LIPID BIOSTABILIZATION PROCESSES .Anacro-
bic, Destratification, Fats -non-specific, Model Studies, Process
Design, ...5.0684

MICROBIAL ECOLOGY OF LAKE CHAMPLAIN AS IN-
FLUENCED BY PESTICIDES ...Biodegradation, Freshwater
Ecology, Lakes, Nitrogen Bacteria, 5.1202

MICROBIOLOGICAL INVESTIGATIONS ..Biological, Biological
Pollutants -general, Marine Fouling, Water Supply-general,
...3.0133

EFFECTS OF PESTICIDES ON PROTEIN, CARBOHYDRATE,
AND NUCLEIC ACID METABOLISM. INTERACTION
BETWEEN MICROORGANISMS AND PESTICIDES
Biosynthesis, Cell Injury and Autolysis, Mode of Action -animal,

'Mode of Action -plant, Pesticides - non - specific, Respiration.
5.0643

Microscopy

Electron
STUDIES OF FUNDAMENTAL MECHANISMS IN THE DEPOSI-

TION OF CALCIUM SULFATE SCALE ...rirines, Dilatometry,
Nucleation, Phase Relationship, Scale Formation, _3.0293

STRUCTURE AND MORPHOLOGY OF INORGANIC MEM-
BRANES ...Complexes, Gel, Membranes-other, Transport,
...3.0463

BACTERIOLOGY OF BIODEGRADABLE SURFACTANTS ...Cell

Injury and Autolysis, Gram-negative Bacteria, Gram-positive Bac-
teria, Repression, Surfactants, ...5.0106

COLD REGIONS PHYSICAL SCIENCE Arctic, Cloud Physics,
Ice Fog, Petrofitbrics, 2.0757

Microscopy-other
SALINE WATER BY FREEZING - A PROGRAM OF IN-

VESTIGATION ...Desalination, Evaporation, Freezing, Nuclea-
tion, Washing, ...3.0343
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Middle-east-general
STATISTICAL, METEOROLOGICAL AND DEPTH-AREA

ANALYSIS OF RAINFALL ...Data Analysis Applications,
Forecasting. Hydrology-general, Patterns, .,.2.0492

Military Aspects
FOAM SEPARATION FOR FIELD WATER TREATMENT

Aeration, Foam, Potable Water, Sterilants, Surfactants,
...5.0444

DISINFECTION OF SMALL QUANTITIES OF DRINKING
WATER ...Chemical Treatment-general, Chlorine, Iodine, Potable
Water, Sterilants, ...5.0374



Military Aspects SUBJECT INDEX

REVERSE OSMOSIS WATER PURIFICATION ...Cellulose
Acetate, Mobile, Other, Potable Water, Reverse Osmosis,
_3.0251

Military Tactics
Airborne-operation

FREE DROP WATER CONTAINER ...Equipment, Laminates, Lo-
gistics, Pipe, Tune, Urethanes, ...8.0209

Equipment
FREE DROP WATER CONTAINER ...Airborne-operation,

Laminates, Logistics, Pipe, Tube, Urethanes, 8.0209

Logistics
FREE DROP WATER CONTAINER ...Airborne-operation, Equip-

ment, Laminates, Pipe, Tube, Urethanes, 8.0209

Mineralization
Mineralized Rock

METHODS FOR IMPUNING ROCK PERMEABILITY ...Aug-
mentation-general, Permeability, Rock Fragmentation Methods,
Soil and Rock Leaching, 3.0018

Mineralogy
INFRARED IMAGER STUDIES ...Detectors, Geophysical Equip-

ment, Image Amp, Infrared Radiation, Instrumental Services,
_6.0299

ADSORPTION OF VIRUSES ON MINERAL SURFACES ...Ad-
sorptiln, Adsorption Capacity, Control of Viruses, Eseheriehia
Coli, Viral Pollutant Sources, ...5M474

MINERAL OGIC CONTROLS ON CHEMISTRY OF GROUND
WATER ...Carbon-14, Chemical-general, Clay, Groundwater,
Reverse Osmosis, ...2.1094

GEOHYDROLOGY OF THE POTOMAC-RARITAN-MAGOTHY
AQUIFER SYSTEM Aquifers-general, Calcite Group, Clay
Minerals-general, Groundwater, Solution Chemistry, ...2.0768

Minerals

Carbonates
Calcite Group

GEOHYDROLOGY OF THE POTOMAC-RARITAN-MAGOTHY
AQUIFER SYSTEM ...Aquifers-general, Clay Minerals-gene-11,
Groundwater, Mineralogy, Solution Chemistry, ...2.0768

Clay Minerals
Bentonite

CONTROL OF SEEPAGE FROM CNNALS AND STORAGE
PONDS IN NEVADA ...Canals, Linings-pavings, Seepage, Water
Loss Control, ...8.0263

Clay Minerals-general
THE EXTRACTION OF POTASSIUM FROM FRESH AND

SALINE WATERS BY CLAY MINERALS ...Adsorption Capaci-
ty, Analysis and Detection, Extraction, Potassium, ...2.0359

THE MINERALOGY AND CHEMISTRY OF SOILS AND SEDI-
MENTS OF HIGH PLAINS PLAYAS ...Evaporation, Mineralogy,
Permeability, Playas, Soil Chemical Properties, 3.0460

THE EFFECT OF CLAY MINERALS ON THE CHEMICAL COM-
POSITION OF FRESH AND SALINE WATERS ...Adsorption-
other, Chemical-general, Core Analysis, Exchange-other, Ground-
water, Interstitial - Connate Water, ...2.0360

DESIGN REQUIREMENTS FOR MUNICIPAL DIATOMITE FIL-
TERS ...Bacteria, Coagulation, Diatomite, Filtration, Waste Treat-
ment-economics, ...8.0197

CLAY MINERAL STABILITY AND WATER COMPOSITION
...Fine-grakied Clastics, Interstitial - Connate Water, Mineral
Reactions, Mineralogy, Moisture Content, ...5.1238

TRACE ELEMENTS IN RESIDUAL SOILS ...Lateritic, Mineralo-
gy, Soil Chemical Properties, Soil Chemistry, Trace Element
Analysis, 2.0931

INTERACTION OF ANIMAL VIRUSES WITH CLAY MINERALS
...Adsorption Capacity, Animal Viruses (non-specific), Filtration,
Viral Pollutant Sources, Waste Water Treatment - general,
_5,1051

THE PROPERTIES OF CI,AY-ADSORBED WATER ...Clay, Flow,
Moisture-other, ...1.0050

CLAY MINERAL STABILITY AND WATER COMPOSITION
...Clays, Interstitial - Connate Water, Mineralization, Moisture
Content, Stability Fields, ...1.0124

GEOHYDROLOGY OF THE POTOMAC-RARITAN-MAGOTHY
AQUIFER SYSTEM ...Aquifers-general, Calcite Group, Ground-
water, Mineralogy, Solution Chemistry, ...2.0768

INFLUENCES OF WATER-SEEPAGE CHARACTERISTICS ON
THE COMPOSITION OF EXCHANGEABLE PORE-WATER
SOLUTES ...Exchange Capacity, Groundwater, Moisture Content,
Seepage, Water Quality-general, ...2.0126

Kaolinite
ACCUMULATION AND MOVEMENT OF FISSION PRODUCTS

IN SOILS AND PLANTS ...Movement, Availability, Radioactive
Contamination, Strontium, ...5.0484

Mountmorillanite
PHOSPHATE MINING EFFLUENT IN ESTUARINE ECOLOGY

...Applied Ecology, Estuaries, Mining Activities, Phosphate, Phos-
yhite, Pollution - Effects of , ...50821

Multiple Oxides
Spinel Group

APPLICATIONS OF POWDERED MAGNETIC IRON OXIDE
FOR THE REMOVAL OF PATHOGENIC MICROORGANISMS
...Adsorption-absorption-other, Electric Field, Electrochemistry-
other, Magnetic, Virus, ...5.0400

Other
PHYLLOSILICATE WEATHERING IN UNCONSOLIDATED

MATERIAL OF WISCONSIN AGE IN A HUMID TEMPERA-
TURE ENVIRONMENT ...Glacial, Infiltration, Soil Genesis, Soil
Morphology, Profiles, ...2.0801

Silicate-general
LIME SLUDGE RECOVERY AND REUSE ...Demineralization,

Lime Treatment, Material Recovery Wastes, Phosphate, Phos-
phite, Treatment-other, ...5.0858

Sio2 Group
Quartz

WATER ADSORPTION AND ITS INTERACTIONS WITH CLAY
AND QUARTZ ...Adsorption Capacity, Bonding, Clay, Internal
Water Movement, Subsurface Flow, ...2.0663

CHARACTERISTICS OF THE SOIL MATRIX THAT AFFECT
WATER STORAGE AND MOVEMENT ...Clay, Soil Environ-
ment, Storage of Water, Water Movement-general, ...2.0664

TURBULENCE IN LIQUIDS ...Detectors and Sensors, Turbulence,
Turbulent, ...8.0187

Sulfates
Hydrated Acid and Norm

MECHANISM OF FROST HEAVING ...Frost Heaving, Liquid -
Solid Interactions, Particle Surface, Permafrost-frozen, Silicones,
Wax, Paraffin, ...2.0802

PREDICTING THE EFFECT OF WATER QUALITY AND GYP-
SUM ON THE CHEMICAL AND PHYSICAL PROPERTIES OF
SALINE AND ALKALI SOILS ...Calcium, Forecasting-predic-
tion, Model Studies, Pollution - Effects of , Soil Chemical Proper-
ties, ...3.0013

HYDROLOGY STUDY IN U. S. GYPSUM MINE, SHOALS, INDI-
ANA ...Artesian Flow, Carbonate Aquifers, Indiana, Mine
Drainage Control, Mine Hydrology, ...5.0386

Suit :des
Pyrite Group

CHEMICAL CHARACTERISTICS OF WATERS IN FLOODED
BITUMINOUS-COAL MINESHAFTS ...Acidity, Bituminous,
Geochemical Analysis, Mine Drainage Control, Mine Hydrology,
...5.1279

STUDY OF THE SULFIDE-TO-SULFATE REACTION
MECHANISM ...Adsorption-other, Biological Cycles, Oxidation-
general, Properties and Structure, Solution Chemistry, Sulfate,
Sulfite, Sulfide, ...5.0880

ACIDITY OF SPOIL BANKS ...Mineralogy, Spoil Banks, Strip
Mines, -.5.0447
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SUBJECT INDEX Minnesota

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART 1) ...Acidity, Groundwater
Movement, Iron Bacteria, Mine Drainage Control, Soil and Rock
Leaching, ...1.0107

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART 2) ..,Acidity, Baseflow,
Groundwater Movement, Mine Drainage Control, Stratified Flow,
-.5.1044

Uraninite Group
CARBON, OXYGEN AND SULFUR ISOTOPES AND THE

ORIGIN AND SOURCES OF URANIUM MINERALIZATION
...Mineral Genesis, Ore Deposits, Radiochemical Techniques,
Solution Chemistry, Thermophysical Properties, Transfer
Processes, 2.1083

Mining Studies
Mine Engineering

Mine Structures
STRENGTH OF ROCK MASSES ...Engineering Structuies-general,

Geology - Engineering, Joints, Joints-fractures, Rock Mechanics,
_8.0029

Mine Hydrology
CHEMICAL CHARACTERISTICS OF WATERS IN FLOODED

BITUMINOUS-COAL MINESHAFTS ...Acidity, Bituminous,
Geochemical Analysis, Mine Drainage Control, Pyrite Group,
...5.1279

STUDY OF THE USE OF INERT GASES TO ELIMINATE ACID
POLLUTION FROM ABANDONED DEEP MINES ...Acid Minc
Wastes, Air-general, Mine Atmosphere Conditions, Pennsylvania,
Underground Workings, 4.0203

CATAWISSA CREEK MINE DRAINAGE POLLUTION ABATE-
MENT PROJECT ...Acidity, Mining Industry, Pennsylvania, Pol-
lution Abatement, ...5.0998

HYDROLOGY STUDY IN U. S. GYPSUM MINE, SHOALS, INDI-
ANA ...Artesian Flow, Carbonate Aquifers, Hydrated Acid and
Norm, Indiana, Mine Drainage Control, ...5.0386

Mine Safety
Mine Atmosphere Conditions

STUDY OF THE USE OF INERT GASES TO ELIMINATE ACID
POLLUTION FROM ABANDONED DEEP MINES ...Acid Minc
Wastes, Air-general, Mine Hydrology, Pennsylvania, Underground
Wn-kings, ...4.0203

THE USE OF INERT GASES TO ELIMINATE POLLUTION
FROM ABANDONED MINES ...Acid Mine Wastes, Air-general,
Ammonia, Chlorine, Nitrogen, ...4.0205

Mine Types
Placer

THE EFFECTS OF EXTREME FLOODS AND PLACER MINING
ON THE BASIC PRODUCTIVITY Of SUBARCTIC STREAMS

Alaska, Bcnthic Fauna, Bottom Sampling, Floods, Meteorologi-
cal Extremes, Productivity - Food Chain, ...2.0022

Strip Mines
STRIP-MINING AND WATER QUALITY ...Ions and Gases, Min-

ing Industry, Ohio, Storm Water, Water Quality-general, -.5.0888

EENECTS OF IRRIGATION OF MUNCIPAL SEWAGE EF-
FLUENT ON SPOILS BANKS ...Irrigation, Mine Wastes, Sewage,
Spoil Banks, Waste Disposal -under-round, 5.1045

ACIDITY OF SPOIL BANKS ...Mineralogy, Pyrite Group, Spoil
Banks, .5.0447

HYDROLOGY AND WATER QUALITY OF SURFACE MINING
FOR COAL IN PIKE COUNTY, INDIANA ...Coal-general,
Hydrology-general, Indiana, Water Quality-general, 5.0334

COAL STRIP MINE WATERSHED STUDY ...Aquatic Ecology,
Coal-general, Mining Activities, Pollution - Effects of , Soil
Management -non-specific, Stream Rehabilitation, ...2.0980

HYDROLOGIC INFLUENCES OF STRIP MINING, BEAVER
CREEK, KENTUCKY ...Appalachia, Coal-general, Hydrology-
generl, Mining Activities, Pollution - Effects of , ...5.0890

Underground Workings
STUDY OF THE USE OF INERT GASES TO ELIMINATE ACID

POLLUTION FROM ABANDONED DEEP MINES ...Acid Mine
Wastes, Air-general, Mine Atmosphere Conditions, Mine
Hydrology, Pennsylvania, 4.0203

Mine Wastes
EFFECTS OF IRRIGATION OF MUNCIPAL SEWAGE EF-

FLUENT ON SPOILS BANKS ...Irrigation, Sewage, Spoil Banks,
Strip Mines, Waste Disposal -underground, 5.1045

LEACHING AND RECOVERY OF COPPER FROM ORES AND
WASTE DUMPS ...Copper, ...3.0478

Rock Fragmentation Methods
METHODS FOR IMPROVING ROCK PERMEABILITY ...Aug-

mentation-general, Mineralized Rock, Permeability, Soil and Rock
Leaching, 3.0018

2-293

Minnesota
CHEMICAL STUDIES ON THE WATERS AND SOILS OF

LAKES AND WETLANDS, WITH SPECIAL REFERENCE TO
MINOR ELEMENTS ...Chemical, Chemical-general, Lakes, Trace
Element Analysis, Wetlands, -.2.0660

FACTORS AFFECTING PRIMARY AND SECONDARY
PRODUCTION IN TEMPERATE LAKES ...Lakes, Productivity -
Food Chain, Regression Analysis, Temperate, Zooplankton,
...2.0157

DETERMINING CHANGES IN PHYTOPLANKTON POPUL-
TIONS IN CLOUDS OF FLUORESCENT DYE MOVING IN
THE MISSISSIPPI RIVER ...Dyes, Fluorometry, Mississippi River,
Phytoplankton, Standing Crops, ...5.0617

RELATION OF PHOSPHORUS IN LAKE BOTTOM DEPOSITS
AND POLLUTIONAL HISTORY OF MINNESOTA LAKES
...Chemical, Core Analysis, Lakes, Phosphorus, ...5.0602

METHODOLOGY FOR INTEGRATII4G WATER QUALITY
MANAGEMENT WITH THE MANAGEMENT OF THE TOTAL
WATER RESOURCES IN MINNESOTA ...Data Acquisition-
general, Management, Technique Development, Water Quality
Control-gencral, ...5.0605

ECONOMICS OF FLOOD CONTROL STRUCTURES IN THE
LOWER MINNESOTA RIVER WATERSHED DISTRICT
...Economics - general, Floodproofing, Floods, Water Control
Works-other, Water Loss Control, -.6.0305

DEVELOPMENT OF A MATHEMATICAL MODEL TO PRE-
DICT THE ROLE OF SURFACE RUNOFF AND GROUND
WATER FLOW IN OVERFERTILIZATION OF SURFACE
WATERS ...Eutrophication, Mathematical Analysis, Nutricnts,
Runoff, Surface Water, ...5.0606

ECONOMICS OF WATER QUALITY CONTROL IN THE UPPER
MISSISSIPPI RIVER (MINNESOTA) ...Mississippi River, Model
Studies, Optimization, Water Quality Control - general, Water
Standards, ...6.0311

EFFECT OF PAPER FIBER WASTES ON FISH EGGS AND JU-
VENILES ...Fish -non-sp..,cific, Oxygen, Pollution - Effects of ,
Pulp, Paper , and Logging, Sphacrotilus, ...5.0614

PEAT BOG WASTE STABILIZATION ...Characterization, Drying-
dewatering, Industrial Wastes, Pulp and Paper Wastes, Waste
Water Treatment-general, 5.0611

MODIFICATIONS TO PUMPING STATION AT SHAGOWA
LAKE, FIELD SITE, ELY, MINNESOTA ...Chemical Analysis,
Demineralization, Equipment Purchase Operation, Pumping,
...5.0932

ECONOMIC PROBLEMS IN THE USE, ALLOCATION, REGU-
LATION AND PRICING OF WATER ...Conflicts, Price & Value,
Water Allocation, Water Demand, Water Law-general, ...6.0310

ECOLOGY AND MANAGEMENT OF BOUNDARY WATERS
CANOE AREA CAMPSITES ...Frequency of Use, Inventories,
Loss and Damages, Management, Recreation Sites, 6.0309

THE IMPROVEMENT OF SOILS DEVELOPED UNDER FOREST
VEGETATION ...Forests, Mineralogy, Soil Morphology, Profiles,
Soils and Fertilizer, ...2.0662

ANALYSIS OF PUBLIC INVESTMENTS IN NATURAL
RESOURCES WITHIN MINNESOTA ...Economics-general, In-
ventories, -.2.0669

INFLUENCE OF WATER POLLUTANTS AND WATER QUALI-
TY ON EARLY LIFE HISTORY AND POPULATION DYNAM-
ICS OF MINNESOTA FISHES ...Fish -non-specific, Life History
Studics, Pollution - Effects of , Pollution Effects, Population
Dynamics, 5.06115



Minnesota SUBJECT INDEX

HYDROLOGIC PARAMETERS CONTROLLING RECREA-
TIONAL USE OF MINNESOTA RIVERS ...Morphology -general,
Projections and Estimations, Recreation Sites, Water Quality-
general, Wild Rivers, ...6.0307

VALUE PRODUCTIVITY OF WATER IN AGRICULTURE
...Agriculture Industry, Economic Efficiency, Irrigation-general,
Technological Development, Water Demand, -6.0308

Mississippi
FLOOD FREQUENCY FOR SMALL DRAINAGE AREAS

...Discharge - general, Drainage, Floods, Small Watersheds,
-2.0291

FOOD HABITS STUDY ...Aquatie Ecology, Benthic Organism
(non - specify, Food Supply, Lakes, Plankton (non-specific
-6.0314

WATERFOWL STUDY-EVALUATION OF PHYSIC
CHANGES IN MARSH PONDS ON THE WISNER
BILOXI DEVELOPMENT ...Land Use, Management, Ph
general, Survey Studies, Swamps-marshes, Water Fowl
-4.0128

FOREST SITE AMELIORATION IN THE COASTA
WOODS OF MISSISSIPPI - ECONOMIC AND BIO
CONSIDERATIONS ...Moisture Tension, Pines, Site
She Quality, Water Table - Depth of , Water Table
_2.0682

POLITICAL PROCESSES IN THE PROMOTION
RESOURCE DEVELOPMENT PROriRAMS
ment, Intergovernmental Relations, Managemen
tion, State-local Government, Water Resou
...6.0316

)9

AL
AND

ysieal-
N.s. ,

L FLAT-
LOGICAL
Index and

Fluctuation,

OF WATER
Federal Govern-

t and Administra-
ces Development,

AN ECOLOGICAL AND RECREATIONAL USE SURVEY OF A
SMALL MISSISSIPPI RIVER JUST BEFORE CHANNELIZA-
TION ...Channels, Frequency of Use, Recreation Sites, Streams,
_6.0315

COMMUNITY INVOLVEMENT OF
WATERSHED PLANNING ...Citizen
Social Aspects, Water Resources
general, -6.0318

INTERRELATION OF MOISTUR
LEVELS OF SELECTED MISSIS
TION TO THE SITE INDEX
Watersheds, Moisture Teriion,
Soils and Fertilizer, _2.0683

PARTICIPANTS IN
's Participation, Planning,

Development, Watersheds-

E REGIME & NUTRIENT
SIPPI SOILS & THEIR RELA-

OF LOBLOLLY PINE ...Forest
Pines, Site Index and Site Quality,

CITY OF JACKSON, WATER RESOURCES STUDY, MISSISSIPPI
...Control and Protection, Floods, Groundwater, Urban Environ-
ments, Water Supply-general, _4.0148

SUBSURFACE AND GROUND WATER ACCRETION, DEPLE-
TION, MOVEMENT AND CONTRIBUTION TO STREAM-
FLOW ...Agricultural Watersheds, Aquifers-general, Baseflow,
Groundwater Movement, Natural Recharge, -2.0336

Mis
OPERATION RIVE

Streams, Water T
STREAM BIOLO

TION
Distribution,

THE EFFECT
DUCK FO
RIVER ..
_5.0411

sissippi River
RPORTS ...Canals, Harbors, Missouri River,

ransportation, -6.0183
GY AND ITS RELATION TO FISH PRODUC-
Supply, Growth Rate, Shiners, Streams, Vertical

..6.0223
S OF DREDGING AND SILTATION ON DIVING

ODS AND FEEDING HABITS ON THE MISSISSIPPI
.Food Supply, Sediments, Silting, Water Fowl, N.s. ,

A STUDY OF COLIFORM BACTERIA AND ESCHERICHIA
COLI ON POLLUTED AND UNPOLLUTED OYSTER BOT-
TOMS OF MISSISSIPPI ...Conforms (non-specific), Identification,
Sewage, Vertical Distribution, Water Sampling, -5.0619

COO

E

PERATIVE GULF OF MEXICO INVENTORY AND STUDY
V BIOLOGY ...Aquatic Ecology, Atlases-maps, Environmental

cology, Estuaries, Gulf of Mexico, _2.0672
COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY

(AREA DESCRIPTION) ...Atlases-maps, Estuaries, Gulf of Mex-
ico, Industrial general, Water Properties - general, _7.0061

BRETON SOUND - MOUTH OF MISSISSIPPI RIVER SYSTEM
...Aquatic Ecology, Nets, Number Or Density, Plankton Sampling,
-2.0544

DETERMINING CHANGES IN PHYTOPLANKTON POPULA-
TIONS IN CLOUDS OF FLUORESCENT DYE MOVING IN
THE MISSISSIPPI RIVER ...Dyes, Fluorometry, Minnesota,
Phytoplankton, Standing Crops, -5.0617

ECONOMICS OF WATER QUALITY CONTROL IN THE UPPER
MISSISSIPPI RIVER (MINNESOTA) ...Minnesota, Model Stu-
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dies, Optimization, Water Quality Control-general, Water Stan-
dards, _6.0311

DIVERTING MISSISSIPPI RIVER WATER TO TEXAS - A
PRELIMINARY EVALUATION OF PLANS ...Control and Pro-
tection, Streams, Texas, Water Transfer, _8.0205

MAYFLY DISTRIBUTION AS A WATER QUALITY INDEX
...Bioindicators, Habitat Studies, Mayflies, Population Dynamics,
Survey Methods, ...5.0618

THE RELOCATION OF INDUSTRY AND THE LOCATION OF
NEW INDUSTRY AS AFFECTED BY THE AVAILABILITY OF
WATER SITES ...Available Water, Industrial-general, -4.0090

THE DEVELOPMENT OF COMMERCE IN THE UPPER MISSIS-
SIPPI BASIN IN THE PERIOD PRIOR TO THE CIVIL WAR
(ABBREV) -Economic Impact, History, _7.0029

REDUCTION OF FLOOD RUNOFF, SEDIMENTATION AND
STREAMFLOW IMPROVEMENT IN UNGLACIATED AREAS
...Erosion-general, Forest Watersheds, Runoff, Slope - Degree of ,
Stream Rehabilitation, Water Loss Control, ...4.0275

Missouri
RATF. OF EVAPOTRANSPIRATION ...Drought, Energy Budgets,

Evapotranspiration, Precipitation-general, Yield, _2.0692
THE IMPACT OF LEAD-ZINC MINING ON THE QUALITY

AND ECOLOGY OF SURFACE WATERS IN SOUTHEAST
MISSOURI ...Adsorption-other, Atomic Absorption, Lead, Trace
Elements, Zinc, .5.0689

THE MODIFICATION OF A PREDICTIVE RIVER BASIN
MODEL ...Economic Impact, Other Models, River Basins,
Systems Analysis, ...6.0493

AN EVALUATION OF ALTERNATIVES FOR WATER
RESOURCES REGULATION IN MISSOURI ...Alternatve
Planning, Law Enforcement, Legal Review, State Government,
...6.0321

SEASONAL SHALLOW STORAGE AND DEEP SEEPAGE COM-
PONENTS FOR THE HYDROLOGIC BUDGET OF A SMALL
FORESTED OZARK WATERSHED ...Amount, Forest
Watersheds, Groundwater Movement, Seismic Surveys, Storage of
Water, -2.0700

STREAM POLLUTION IN THE NEW LEAD BELT OF
SOUTHEAST MISSOURI -Lead, Mining Activities, Pollution -
Effects of , Streams, Water Quality-general, Zinc, -5.0693

CONTROL OF UNDESIRABLE AQUATIC VEGETATION IN
LAKE TANEYCOMO, MISSOURI ...Herbicides -non-specific,
Lakes, of Aquatic Plants, ...5.0682

FOREST COVER ...Cover Crops, Forest Watersheds, Forests, Inter-
ception, Soils and Fertilizer, ...4.0156

HYDROLOGY OF SMALL AGRICULTURAL WATERSHEDS
...Hydrology-general, Reservoirs and Impoundments, Runoff,
Small Watersheds, Water Loss-general, -4.0151

RELATION OF SOIL FERTILITY TO THE EXCHANGE COM-
PLEX ...Drainage, Fertilizer Losses, Mineral Nutrition, Soil En-
vironment, Soil pH , ...5.0678

FLOOD INUNDATION MAPPING - JEFFERSON COUNTY, MIS-
SOURI ...Design Flow-flood, Floodproofing, Floods, Flow Charac-
teristics -water, Mapping, -4.0157

HYDROLOGY OF STREAMS, ST. LOUIS METROPOLITAN
AREA ...Floods, Runoff, Streams, Urban Environments, -4.0158

CHRONIC EFFECTS OF METHOXYCHLOR ON BLUEG1LLS AT
COLUMBIA, MISSOURI ...Bluegills, Bream, Methoxychlor, Pol-
lution - Effects of , _5.0647

Missouri River
OPERATION RIVERPORTS ...Canals, Harbors, Mississippi River,

Streams, Water Transportation, -6.0183
SAUGER AND WALLEYE INVESTIGATIONS IN THE MISSOU-

RI RIVER ...Biological Rhythms, Population Dynamics, Sauger,
Walleyes, ...6.0334

INVESTIGATIONS OF THE RELATION BETWEEN THE USE
OF CHLORINATED HYDROCARBONS AND THEIR
RESIDUES IN CHANNEL CATFISH ...Channel Catfish,
Chlorinated Hydrocarbons, Environmental Effects, Nebraska, Wil-
dlife, ...5.0702

FLATHEAD CATFISH INVESTIGATIONS IN THE MISSOURI
RIVER ...Ictaluridae -other, Life History Studies, Number Or
Density, Population Dynamics, -6.0335

PROBLEMS AND OPPORTUNITIES OF WATER RESOURCE
UTILIZATION IN THE UPPER COLUMBIA AND MISSOURI
RIVER BASINS ...Columbia River, Economics-general, Water -
Alternative Uses, Water Resources Development, Water Utiliza-
tion -domestic, -6.0328



SUBJECT INDEX

A QUANTITATIVE STUDY OF TRACE ELEMENTS ON
ABIOTIC AND BIOTIC AGGREGATES IN THE MISSOURI
RIVER Bacterial Pollutant Sources, Food Pyramids, Silting,
Trace Elements, ..,5.0688

SCOUR AND FILL iN THE MISSOURI RIVER AS RELATED TO
THE WATER RESOURCES PLANNING ...Energy-dynamics,
Planning, Scouring, Sediment Yield, South Dakota, ..2.0966

A CASE STUDY OF WATER RESOURCES DEVELOPMENT -
AN ANALYSIS OF A PROPOSED PROJECT ON THE MIS-
SOURI RIVER ..,Alternative Planning, Benefit-cost Analysis,
Economic Impact, Land Use, Social Aspects, Water Resources
Development, .6.0389

ORGANICS CAUSING TASTE OR ODOR IN THE MISSOURI
RIVER ...Gas, Infrared, Library, Organic Matter, Taste and Odor,
_5,0683

EFFECT OF RECLAMATION PROJECTS UPON THE QUALITY
OF WATER OF THE MISSOURI RIVER ABOVE SIOUX CITY,
IOWA ...Data Acquisition-general, River Basins, Water Quality-
general, ...5.0191

ECONOMICS OF WESTERN STREAMFLOW ACCRETIONS
...Benefit -cost Analysis, Irrigation-general, Water Allocation,
Water Rights-general, Water Transfer, ...6.0100

Mixing
R,I,-MIXING PROCESSES iN ESTUARIES ..,Dispersion -water,

Estuaries, Flume Studies, Model Studies, Turbulent Flow,
..,5.0063

VOLUME CHANGES ON MIXING SOLUTIONS OF ELEC-
TROLYTES ...Binary Mixtures, Concentration, Dilatometry, Elec-
trolytes, ...1.0086

TURBULENT MIXING IN SUBMERGED FLUID JETS ...Fluid
Mixing, Pollutants - Path of , Thermal Pollution, Turbulent,
.5.1130

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ..,Circulation -water, Evaporation, Heat Flow,
Lakes, New York, ..2.0779

STORAGE OF FRESH WATER iN UNDERGROUND RESER-
VOIRS CONTAINING SALINE WATER ...Artificial Recharge,
Flow Characteristics -water, Model Studies, Recharge Pits - Wells,
Storage of Water, ...4.0115

RELATION OF PASS OPENINGS ON PHYSICAL EXCHANGE
AND SALINITY IN ESTUARIES ...Estuaries, Saline Water Intru-
sion, Salinity, Shoreline Structures, Texas, .2.1012

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ...Lakes, Mixed Modes, New York, Rotating
Fluids, Temperature, 2.0780

EDDY DIFFUSION AND BACTERIAL REDUCTION IN WASTE
FIELDS ...Bacterial Pollutant Sources, Diffusion, Dispersion -
water, Dyes, Pollutants - Path of , Sewers, 5.0111

MIXING AND DISPERSION OF CONTAMINANTS IN RESER-
VOIRS .Currents -water, Dispersion -water, Rc:servoirs and Im-
poundments, Tracers-general, Velocity -water, ..,5.1153

TURBULENT DIFFUSION AND REAERATION IN NATURAL
RIVERS ...Aeration, Flow of Gas in Liquid, Model Studies,
Tracers-general, Turbulent Flow, ...5.1136

FLUSHING OF SMALL SHALLOW LAKES ...Circulation -water,
Discharge-other, Lakes, Pollution Abatement, Self-purification,
5.1242

INDUCED AIR MIXING OF LARGE BODIES OF POLLUTED
WATER Aeration, Injector, Mathematical Analysis, Model Stu-

dies, Organic Matter, ...5.0477
MIXING PROCESSES IN SATURATED AND UNSATURATED

SOIL-WATER SYSTEMS IN RELATION TO POLLUTION
...Chemical-general, Internal Water Movement, Pollutants - Path
of , Saturated Flow, Unsaturated Flow, 2.0086

TURBULENT MIXING IN SURFACE AERATION ...Aeration, Dif-
fuser, Dyes, Synthetic Hydrology-general, Turbulent Flow,
...5.1061

ANALYSIS OF MIXING PHENOMENA ASSOCIATED WITH
THE RISE OF GASEOUS BUBBLES THRU A STRATIFIELD
LIQUID .Bubbles, Destratiiication, Model Studies, Salinity,
Stratification, ..1.0072

TEMPERATURE DISTRIBUTION IN THE VICINITY OF WASTE
HEAT DISCHARGES ...Electric Power Plants, Mathematical
Analysis, Stratification, Temperature, Thermal Pollution, ..,5.1120

SALINITY INTRUSION AND RELATED PHENOMENA ...Cur-
Tents -water, General Deposition, Open Channel Flow, Saline
Water Intrusion, Sediment Transport-general, 2.0687

MARINE HYDROLOGY AND GEOCHEMISTRY, ATLANTIC
CONTINENTAL SHELF AND SLOPE ...Chemist, Continental
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Model Studies

Shelf, Distribution, Ocean Environment, Saline Water Intrusion,
2.0623

Model Studies
A STUDY OF STORM WATER INLET CAPACITIES ...Drainage,

Inlet, Louisiana, Storm Sewer Quantity-other, Storm Water,
8M206

HYDROLOGIC FORECASTING AND EFFECTS OF FLOODS ON
MEANDERING ALLUVIAL RIVERS WITH LARGE FLOOD-
PLAINS ...Floodplains, Floods, Forecasting-prediction, Meanders,
Yugoslavia, 4.02E3

MELD EXPERIMENTS ON THE FLUX OF RADIONUCLIDES
THROUGH A SALT MARSH ECOSYSTEM, RENEWAL
Chlorideae -other, Georgia, Productivity - Food Chain, Swamps-
marshes, Water Cycle, ,2.0345

MODEL RIVER SYSTEM STUDIES ...Flume Studies, Mathemati-
cal Analysis, Radioactivity-general, Streams, Turbidity, 2.1010

THE HYDRAULICS OF GROUND WATER TESTS Aquifers-
general, Dispersion -water, Groundwater Movement, Tracers-
general, _2.0288

SIMULATION MODELING OF THERMAL EFFECTS ON
SELECTED RIVER SYSTEMS Atomic Plants, Digital Compu-
ters, Forecasting-prediction, Self-purification, Thermal Pollution,
_4.0270

HYDROLOGIC MODELS FOR PREDICTING THE EFFECTS OF
URBANIZATION ...Groundwater Movement, Land Use, Moisture
Content, Seepage, Surface Flow, Urban Environments, ...2.0913

NATURAL CONVECTION IN WATER-SATURATED POROUS
MEDIA Flow Types-other, Porous Media - Flow Through,
Velocity, 'Viscosity, ...2.0917

COMPUTER SIMULATION OF ESTUARINE DISPERSION
...Computers-general, Dispersion -water, Estuaries, Seasonal,
Tides, _5.0935

R.I.-MIXING PROCESSES IN ESTUARIES Dispersion -water,
Estuaries, Flume Studies, Mixing, Turbulent Flow, 5.0063

THE PREDICTION AND OPTIMIZATION OF STREAM
RESPONSES TO POLLUTANT WASTES ...Forecasting-predic-
tion, Mathematical Analysis, Physical Parameters, Pollution - Ef-
fects of , Streams, .,.5.0743

FLOW REGIMES IN POROUS MEDIA ...Applications, Flow
Characteristics -water, Porosity, Porous Media - Flow Through,
Viscous, .,.8.0189

MATHEMATICAL SIMULATION OF CYCLIC SEDlivIENTA-
TION ...Deposition-other, Mathematical Analysis, Simulation
Theory, ...2.0131

A STUDY OF THE HYDROLOGIC EFFECTS OF RAINFALL
AUGMENTATION ...Amount, Augmentation-general, Clouds.
precipitation, Digital Computers, Watersheds-general, 3.0076

DYNAMICS OF THE CIRCULATION IN THE GREAT LAKES

Michigan,
General, Hydrodynamics, Lake Huron, Lake

Michigan, Wind-water Interaction, ...2.0407
STUDY OF LOCAL WATER CONTAMINATION PROBLEMS

Forecasting-prediction, Partial, Pollutants - Path of , Potable
Water, Radioactivity-general, _5.0535

AN ANALYTICAL AND EXPERIMENTAL STUDY OF BED
FORMS UNDER WATER WAVES ...Channel Roughness, Fric-
tion, Geomorphology-topography, Water Tunnels Tables, Wave
Action, Waves, ...2.0347

STUDIES OF THE PHYSICAL CHEMISTRY OF ELECTROLYTE
SOLUTIONS ...Conductivity, Desalination, Electrolytes, Mathe-
matical Analysis, Nuclear Magnetic, 1.0085

AN EXPERIMENTAL STUDY OF VARIABLE PHYSICAL PRO-
PERTY AND NATURAL CONVECTION EFFECTS IN
POROUS MEDIA ...Dispersion -water, Flow of Dispersed Solids,
Porous Media - Flow Through, ...3.0358

THE DEVELOPMENT OF AN ANALYTICAL MODEL OF A
FLASH STAGE ...Desalination, Flash Distillation, Mathematical
Analysis, ...3.0156

OPTIMIZATION STUDY OF HIGH RECOVERY REVERSE OS-
MOSIS PLANTS Material Recovery, Optimization, Other,
Reverse Osmosis, ...3.0053

A STUDY OF THE DEMAND FOR OUTDOOR RECREATION
BASED ON THE ANALYSES OF THE NATIONAL RECREA-
TION SURVEYS OF 1960 AND 1965 ...Demand Analysis, Inven-
tories, Recreation Sites, Survey, ...6.0350

A STUDY JF THE BIOLOGICAL, CHEMICAL AND PHYSICAL
NATURE OF WATER QUALITY FACTORS UNDER UTAH
CONDITIONS ...Biological-general, Chemical-general, Mountains-
alpine, Physical-general, Pollutants - Path of , _5.1195



Model Studies SUBJECT INDEX

SYSTEMS ANALYSIS FOR GROUNDWATER MANAGEMENT
.Economic Efficiency, Groundwater Basins, Management, Saline
Water Intrusion, Systems Analysis, 5.0071

ECONOMICS OF GROUND WATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ...Alternative Planning,
Economic Impact, Economics, Groundwater Basins, Water
Resources Development, 6.0108

ECONOMIC EFFECTS OF WATER ALLOCATION AMONG AL-
TERNATIVE INDUSTRIAL (NON-AGRICULTURAL) USES
Economic Impact, Industry, Mineral Processing Industry, Water
- Alternative Uses, Water Allocation, .,6.0597

CHARACTERISTICS OF STREAM FLOW OF SMALL
WATERSHEDS IN PENNSYLVANIA AND INFLUENCING
FACTORS ...Climate, Flow Characteristics -water, Land Use,
Morphology-general, Small Watersheds, Water Yield, ...2.0929

A WATER SUPPLY-DEMAND ANALYSIS IN CLINTON COUN-
TY, PENNSYLVANIA - A STUDY IN ECONOMIC HYDROLO-
GY ..Available Water, Economic Impact, Water Demand, Water
Quality-general, Water Utilization -general, ...6.0477

EFFECTS OF IRRIGATION DEVELOPMENT ON TRADE PAT-
TERNS AND INCOME GENERATION ...Economic Impact,
Input - Output Analysis, Irrigation-general, Planning, ..,6.0412

THE GROUND-WATER FLOW SYSTEM IN THE DELMARVA
PENINSULA ...Aquifers-general, Delaware, Flow Characteristics -
water, Groundwater, Water BalancJ-budget, ...2.0254

A LEGAL-ECONOMIC ANALYSIS OF ADMINISTRATIVE AND
MARKET PROCEDURES USED IN THE TRANSFER OF
WATER RIGHTS ...Administrative Structures, Economic Effi-
ciency, Production - Supply, State Government, Water Allocation,
Water Transfer, 2.0726

THE EFFECT OF URBANIZATION ON RUNOFF IN SMALL
WATERSHEDS Indiana, Land Use, Runoff, Small Watersheds,
Urban Environments, ...2.0458

STORAGE OF FRESH WATER IN UNDERGROUND RESER-
VOIRS CONTAINING SALINE WATER ...Artificial Recharge,
Flow Characteristics -water, Mixing, Recharge Pits - Wells,
Storage of Water, _4.0115

APPLICATION OF RADIOISOTOPO TECHNIQUES TO A CRITI-
CAL WATER RESOURCES PROBLEM AREA (NUTRITIONAL
POLLUTION) ...Algae, Nutrients, Phosphorus, Radioisotopes,
5.0019

INVES IGATION OF THE CIRCULATION OF LAKE SUPERIOR
,..Circulation -water, Stratified Flow, Temperature, Velocity -

water, ...2.1161
EVALUATION OF RESOURCE USE AND ECONOMIC EFFECTS

DUE TO IRRIGATION WATER AVAILABILITY IN TEXAS
...Agriculture Industry, Economic Impact, Planning, Projections
and Estimations, Texas, ...6.0558

SIMULATION OF WATER RESOURCE REGIMES ...Analog Com-
puters, Estuaries, Groundwater, Surface Water, _7.0047

MATHEMATICAL SIMULATION OF RAINFALL RUNOFF
PROCESSES ...Computers-general, Hydrographs, Optimization,
Other Computers, Runoff, Storms-general, 2.1015

ECONOMIC IMPLICATIONS OF WATER POLICY IN ARIZONA
...Arizona, Economic Efficiency, Economic Impact, Legal Review,
Water Resources Development, 6.0011

EFFECTS OF AREAL AND TIME DISTRIBUTION OF RUNOFF
SUPPLY ON WATERSHED HYDROGRAPHS ...Hydrographs,
Mathematical Analysis, Other Model Modit, Runoff, Watersheds-
general, ...2.0666

EFFECT OF RAINDROP IMPACT AND SURFACE ROUGHNESS
ON SHEET FLOW ...Flow Characteristics -water, Rain-other,
Rainfall Simulators, Roughness, Sheetflow, ...2.0447

ECONOMIC ANALYSIS OF ALTERNATIVE WATER POLLU-
TION CONTROL MEASURES ...Alternative Planning,
Economics-general, Waste Water Treatment-general, Water
Quality Control-general, ...6.0231

SEDIMENTATION AND IN-PLACE FILTRATION DURING
FLOW THROUGH EARTH FRACTURES ...Analog Computers,
Filtration, Joints- fractures, Mathematical Analysis, Scdimentolo-
gy- general, 4.0018

PREDICTION MODEL FOR WATER USE BY POPULATION
STRUCTURE ...Florida, Forecasting-prediction, Other, Projec-
tions & Forecasting, Water Utilization -domestic, 6.0150

PREDICTION MODELS FOR WATER QUALITY PARAMETERS
...Oxygen, Projections and Estimations, Social Aspects, Systems
Analysis, Temperature, Water Standards, ...6.0164

INTERNAL CURRENTS RESULTING FROM INTERMEDIATE
DENSITY INFLOWS INTO STRATIFIED RESERVOIRS ...In-
flow, Reservoirs and Impoundments, Stratification, Stratified
Flow, Temperature, ...5.1264
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MAXIMIZING PRODUCTIVITY OF WATER USED FOR IR-
RiGATION OF AGRICULTURAL LANDS ...Irrigation-general,
Optimization, Water - Alternative Uses, Water Allocation,
6.0610

ECONOMIC IMPACT OF WATER IMPOUNDMENT - VALIDITY
TESTING OF A COMPARATIVE- PROJECTION MODEL
,..Economic Impact, Projections and Estimations, Recreation
Sites, Reservoirs and Impoundments, Texas, 6.0554

APPLICATION OF AN ELECTRONIC ANALOG COMPUTER
TO THE SIMULATION OF THE TOTAL HYDROLOGIC-
ECONOMIC FLOW SYSTEM ...Analog Computers, Economics-
general, Hydrology-general, River Basins, 6.0585

GROUND WATER BASIN DYNAMICS ...Dispersion -water,
Groundwater Basins, Mathematical Analysis, Natural Recharge,
Ohio, 2.0851

THE USE OF SYSTEMS ANALYSIS IN THE DEVELOPMENT
OF WATER RESOURCES MANAGEMENT PLANS FOR NEW
YORK STATE ...Management, New York, Planning, Systems
Analysis, 6.0373

A CONTINUATION OF THE STUDY TO DETERMINE THE
COSTS OF WATER IN INDUSTRIAL USES ...Benefit-cost Anal-
ysis, Computers-general, Industrial-general, Water Costs, Water
Demand, 6.0468

BENEFITS FROM INTEGRATED WATER MANAGEMENT IN
THE NEW YORK METROPOLITAN REGION ...Administrative
Structures, Management, New York, Urban Environments, Water
Sources -general, 6.0393

MULTISTRUCTURAL DEMAND MODELS FOR WATER
REQUIREMENT FORECASTING ...Industrial-general, Projec-
tions and Estimations, Social Aspects, Water Demand, 6.0442

DECISION MAKING UNDER UNCERTAINTY - ECONOMIC
EVALUATION OF STREAMFLOW FORECASTS ...Benefit-cost
Analysis, Flow Characteristics -water, Forecasting-prediction, Pro-
jections and Estimations, Water Supply-general, 6.0296

SYSTEMS APPROACH TO WATER RESOURCE MANAGE-
MENT ...Administrative Structures, Economics - general, Legal
'Review, Social Aspects, Systems Analysis, Water Allocation,
6.0080

DEVELOPMENT OF COMPUTER MODELS & METHODOLOGY
FOR FORECASTING & EVALUATING MUNICIPAL & IN-
DUSTRIAL WATER REQUIREMENTS ...Digital Computers,
Maryland, Projections and Estimations, Urban Environments,
Water Demand, 6.0252

URBAN WATER POLITICS AND DECISION MAKING IN THE
DETROIT METROPOLITAN REGION ...Decision Theory, Op-
timization Technique, Politics, Urban Environments, 6.0298

UTILIZATION OF PHYSICAL AND MATHEMATICAL MODELS
IN ESTUARINE WATER RESOURCES RESEARCH AND
MANAGEMENT ...Computers-general, Estuaries, Management,
Shoreline - Coastline, Tides, ...6.0607

ADAPTING THE WATER RESOURCE PLANNING PROCESS
TO PROBLEMS AND NEEDS OF METROPOLITAN AREAS
...Planning, River Basins, Systems Analysis, Urban Environments,
Water Resources Development, 6.0402

A THREE DIMENSIONAL STUDY OF PARAMETERS RE-
LATED TO THE CURRENT DISTRIBUTION IN LAKE
ROOSEVELT ...Currents -water, Reservoirs and Impoundments,
Stratification, Temperature, Water Quality-general, ...5.1245

HORIZONTAL DISPERSION IN SHALLOW ESTUARIES OF IR-
REGULAR SHAPE ...Circulation -water, Dispersion -water,
Estuaries, Gulf of Mexico, Water Quality-general, ...2.1013

APPLICATION OF SIMULATION THEORY TO WATER
RESOURCES PLANNING AND MANAGEMENT ...Manage-
ment, Optimization, Planning, River Basins, 6.0340

THEORETICAL AND EMPIRICAL STUDIES OF STOCHASTIC
MODELS FOR THE ANALYSIS OF FLOOD CONTROL AND
RELIEF POLICIES ...Alternative Planning, Floodproofing, Inter-
governmental Relations, Other, Policy Making, ...6.0047

EXPERIMENTAL AND THEORETICAL STUDY OF THE
HYDRODYNAMICS OF DISPERSION IN RIVERS AND
ESTUARIES ...Dispersion -water, Estuaries, Flow Characteristics
-water, Streams, Velocity -water, 2.0584

PROGRAMMED SELECTION OF OPTIMUM USES OF A
SMALL WATER RESOURCE SUBJECTED TO COMPLEX
SIMULTANEOUS DEMAND STRESSES ...Computers-general,
Optimization, Water - Alternative Uses, Water Demand, Water
Supply-general, 6.0281

PROCESS CONTROL MODEL FOR OXYGEN REGENERATION
OF POLLUTED RIVERS ...Aeration, Automatic, Chemical Ox-
ygen Demand, Detectors and Sensors, Oxygen, Streams, 5.0727

DYNAMIC BEHAVIOR OF SOILS ...Deformation, Shear Strength,
Soil Dynamics, Soil Environment, Soil Liquefaction, 8.0284



SUBJECT INDEX Model Studies

NUMERICAL MODELING OF GROUND WATER FLOW
...Aquifers-general, Artificial Recharge, Groundwater Movement,
Subsurface Flow, ...2.0506

SPATIAL BEHAVIOR OF ROUGHNESS IN LABORATORY
WATERSHED, PHASE II ...Energy Loss -water, Roughness, Ru-
noff, Structure-size, Surface Flow, Synthetic Hydrology-general,
_2.0703

COMPUTER SIMULATION OF THE HYDROLOGIC SYSTEM
OF A MOUNTAIN WATERSHED ...Digital Computers, Ground-
water, Hydrology-general, Mountains-alpine, Surface Water,
Watersheds-other, 2.0707

EVALUATION OF GROUNDWATER RESOURCES, LIVER-
MORE VALLEY, CALIFORNIA .Data Acquisition-general,
Groundwater Basins, Management, Subsurface Flow, Water Yield,
_4.0025

THE DETERMINATION OF ZONES OF INTENSE CONTRIBU-
TION TO STREAM FLOW AS RELATED TO THE CONCEPT
OF PARTIAL AREA CONTRIBUTIONS .,.Development of
Models, Digital Computers, Runoff, Synthetic Hydrology-general,
Watersheds-general, 2.0580

DEVELOPMENT AND EVALUATION OF HYDROLOGIC SIMU-
LATION MODELS ,..Runoff, South Carolina, Synthetic Hydrolo-
gy-general, Technique Development, Watersheds-general,
2.0954

COMPUTER MODELS FOR WATER DISTRIBUTION SYSTEMS
...Algorithms, Development of Models, Laminar Flow, Water Al-
location, Water Transfer, 8.0286

MASS TRANSFER AND CHEMICAL REACTION IN TWO
PHASE FLOW ...Close Channel, Mass Transfer, Mathematical
Analysis, Phase Relationship, Waste Water Treatment-general,
5.0225

PARAMETERIZATION OF THE OBSERVED HYDROGRAPH AS
A MEANS OF UNDERSTANDING RUNOFF PHENOMENA
FROM SMALL WATERSHEDS ...Forecasting-prediction, Hydro-
graphs, Runoff, Small Watersheds, Vermont, ...2.1085

INVESTIGATION OF A LINEAR MODEL TO DESCRIBE THE
HYDROLOGIC PHENOMENON OF DRAINAGE BASINS
Amount, Hydrographs, Runoff, Small Watersheds, Testing of
Models, ...2.1041

TIDAL EFFECTS ON GROUND WATER HYDRAULICS IN
HAWAII ...Analog Computers, Groundwater, Hawaii, Hydraulics-
general, Tides, ...2.0378

PHYSICAL, CHEMICAL AND MICROBIOLOGICAL FACTORS
AFFECTING THE DISCHARGE OF WATER INTO DRAIN
TILE ...Drainage, Drainage Engineering, Water Properties-
general, 2,0145

INVESTIGATION OF THE INFLUENCE OF VALENCE STATES
OF IRON AND MANGANESE UPON THE BIOTA OF THE
HYPOLIMNION ...Biological-general, Chemical-general, Electron
Spin, Ions and Gases, Reservoirs and Impoundments, ...5.0298

ECONOMICS OF WATER QUALIFY CONTROL IN THE UPPER
MISSISSIPPI RIVER (MINNESOTA) ...Minnesota, Mississippi
River, Optimization, Water Quality Control-general, Water Stan-
dards, 6.0311

DYNAMIC SYSTEM MODELING AND SIMULATION OF A
RIVER BASIN ...Dynamic, Hybrid Computers, Michigan, River
Basins, Stochastic Models, 6.0301

A SYSTEMATIC 'TREATMENT OF THE PROBLEM OF INFIL-
TRATION ...Hysteresis, Infiltration, Moisture Content, Patterns,
Soil Profile, 2.0219

PHASE TWO - EXPERIMENTAL INVESTIGATION OF SMALL
WATERSHED FLOODS ...Floods, Mathematical Analysis, Rain-
general, Rona', Small Watersheds, ..,2.0233

A METHODOLOGY FOR PLANNING OPTIMAL REGIONAL
WASTE MANAGEMENT SYSTEMS ...Effluents -waste Water,
Management, Optimization, Regional Areas, Waste Water freat-
ment-general-6.0280

STOCHASTIC ANALYSIS OF HYDROLOGIC SYSTEMS ,..Com-
puters-general, Mathematical Analysis, River Basins, Stochastic
Models, Systems Analysis, 6.0203

SIMULATION MODEL FOR EVALUATION OF INTERCEPTION
FROM FOREST TREES ...Digital Computers, Environment,
Forests, Interception, Snow-general, 2.0390

DECISION MODELS FOR MINIMIZING COST OF INFORMA-
TION OR ERROR IN ESTIMATING BENEFIT-WATER RELA-
TIONSHIPS IN IRRIGATION. (ABBREV) Benefit-cost Analy-
sis, Irrigation-general, Mathematical Analysis, Reliability, Systems
Analysis, .-6.0359

MODEL STUDY TO PREDICT SALT DISTRIBUTION AND
CONCENTRATION OF WATER IN SOIL PROFILES ...Arid and
Desert, Irrigation - general, Moisture Content, Saline Properties,
Soil Chemical Properties, 5.0750
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EVALUATION OF SELECTED COMPUTER PROGRAMS IN
HYDROLOGY ...Hydrology-general, Routing, Runoff, Spillways,
Storm Water, 2.0659

DEVELOPMENT OF A STATE WATER PLANNING MODEL
...Application, Development of Models, Montana, Planning, River
Basins, ...6.0325

FLOW ANALYSIS OF HYDRAULIC CONNECTORS IN ARTIFI-
CIAL RECHARGE SYSTEMS Artificial Recharge, Flow
Characteristics -water, Mathematical Analysis, 2.0859

EXPERIMENTAL INVESTIGATION OF HYDRAULIC
TRANSIENTS IN RIVER-RESERVOIR SYSTEMS ...Hydraulics-
general, Open Channel, Reservoirs, Streams, Transition Sections,
2.0993

VERIFICATION OF MODELS USED IN THE MANAGEMENT
AND CONTROL OF WATER QUALITY ...Disposal Wastes,
Management, Washington, Water Quality Control-general,
...5.1261

THE DEVELOPMENT OF A SIMULATION MODEL FOR THE
BEAR RIVER BASIN ...Analog Computers, Development or
Models, Planning, River Basins, Utah, ...6.0586

LOSS COEFFICIENT IN A CHANNEL BEND WITH NATU-
RALLY DEFORMED BED .,.Energy Losses-other, Open Chan-
nel, Surface Phenomena, Transition Sections, Velocity, _2.0934

PARTIAL AREA CONTRIBUTION TO STREAM FLOW ..,Digital
Computers, Flow Characteristics -water, Runoff, Water Yield,
Watersheds-general, 2.0581

EFFECT OF FORMATION DIP ON THE MOVEMENT OF
FRESH WATER STORED IN SALINE AQUIFERS ...Aquifers-
other, Artificial Recharge, Fresh Water, Local Structure, Storage
of Water, 4.0122

RELATIONSHIP OF ACTIVATED SLUDGE BULKING TO OR-
GANIC LOADING, OXYGEN AVAILABILITY, AND
HYDRAULIC CHARACTERISTICS OF THE AERATION
TANK Activated, Aeration, Organics, Process Design, 5.0879

SORPTION AND DESORPTION OF CHLORINATED
H YDRC CARBON PESTICIDES IN AQUATIC SEDIMENT
MINERALS ...Absorption, Fixation, Exchange, Adsorption
Capacity, Adsorption-desorption, Equilibrium-other, Pesticides,
5.0690

DEVELOPMENT OF A MATHEMATICAL MODEL FOR THE
SIMULATION OF FLAT-LAND WATERSHED HYDRAULICS
...Development of Models, Hydraulics- general, Mathematical
Analysis, Technique Development, Wetlands, 4.0102

SYSTEMATIC ANALYSIS OF MANAGEMENT EFFECTIVE-
NESS OF THE WATER QUALITY CONTROL BOARD
SYSTEM OF CALIFORNIA ...California, Management, Opera-
tions Research, State-local Government, Water Quality Control-
general, 6.0035

MATHEMATICAL MANAGEMENT MODEL UNCONFINED
AQUIFER ...Carbonate Aquifers, Groundwater, Management,
Mathematical Analysis, Water Movement-general, 4.0246

RESEARCH ON DATA AND ANALYTICAL SYSTEMS FOR
PREPARING NATIONAL WATER ASSESSMENTS ...Data &
Statistics Info Storage, Data Acquisition-general, Statistics-
general, Water Quality-general, Water Quantity-general, 6.0397

A GENERALIZED, PROBABILISTIC APPROACH TO RE-
GIONAL WATER SUPPLY ASSESSMENT ...Available Water,
Confidence Intervals, Patterns, Regional Areas, Runoff, 6.0059

HYDROLOGIC ANALYSIS OF GROUNDWATER BASINS BY
DIGITAL COMPUTER SIMULATION ...Aquifers-general, Digital
Computers, Groundwater Basins, Groundwater Movement,
Mathematical Analysis, _4.0043

ECONOMIC EVALUATION OF WATER, A DYNAMIC INTER-
REGIONAL INPUT-OUTPUT PROGRAMMING MODEL OF
CALIFORNIA AND THE WESTERN STATES WATER
ECONOMY _Economies, Economics-general, Input - Output
Analysis, Regional Areas, 6.0045

SYSTEM IDENTIFICATION AND MULTI-LEVEL OPTIMIZA-
TION OF INTEGRATED GROUND WATER SYSTEMS
Aquifers-general. Mathematical Analysis, Systems Analysis,
...6.0062

MODELING AND OPTIMIZATION OF WATER RESOURCES
SYSTEMS .,.Management, Mathematical Analysis, Multiple-pur-
pose Projects, Optimization, Reservoirs and Impoundments,
...6.0234

HYBRID COMPUTER SIMILATION OF GROUND-WATER
BASINS _Development of Models, Groundwater, Groundwater
Basins, Hybrid Computers, Water Quality Control-general,
...2.0106

WATER UTILIZATION ASPECTS OF WEATHER MODIFICA-
TION AS APPLIED TO KANSAS ...Amount, Clouds-precipita-
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tion, Development of Models, Kansas, Water Harvesting, ,.,2.0505

PLANNING ANALYSIS FOR THE NON-MARKET VALUES OF
WATER RESOURCES WITH PARTICULAR EMPHASIS ON
RECREATION ...Lakes, New York, Projected Demand, Recrea-tion Sites, .6.0391

RESERVOIR WATER QUALITY PREDICTION BASED ON LIM-
NOLOGICAL PARAMETERS ..,Nutrients, Primary Productivity,
Reservoirs and Impoundments, Water Properties-general,5.1102

A MODEL RELATING WATER QUALITY VEGETATIONAL
STRUCTURE AND URBANIZATION IN THE SAN JACINTO
RIVER BASIN .,.Land Use, River Basins, Texas, Urban Environ-
ments, Water Quality-general, .4.0242

A COMPUTER PROGRAM FOR FORECASTING POLLUTION
AND DISSOLVED OXYGEN IN STREAMS ...Distributions,
Forecasting-prediction, Oxygen, Stochastic Models, Water Quali-
ty-general, 5.1210

UNSTEADY FLOW OF GROUNDWATER--DISPERSION AND
SALT WATER INTRUSION IN NON-HOMOGENEOUS MEDIA
...Dispersion -water, Saline Water Intrusion, Unsteady, UnsteadyFlow, 2.1159

MULTIPURPOSE RESERVOIRS AND URBAN DEVELOPMENT
...Land Use, Reservoirs and Impoundments, Urban Environments,
...2.0823

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ...Analog Computers, Carbonate
Aquifers, Development of Models, Digital Computers, North
Carolina, 2.0822

ANALOG MODELING TO DETERMINE FRESH WATER
AVAILABILITY ON THE OUTER BANKS OF NORTH
CAROLINA .,.Analog Computers, Groundwater, Groundwater
Movement, North Carolina, Water Yield, ...3.0375

A WATER QUALITY COMPUTER MODEL OF COOK INLET
(PHASE ONE - THE HYDRAULIC MODEL) ...Alaska, Compu-
ters-general, Estuaries, Hydraulics-general, Water Quality-general,
...7.0002

EXPLORATORY STUDY OF SOCIOLOGICAL ASPECTS OF
WATER RESOURCES RESEARCH ...Methodology, Social
Aspects, Social Change, ...6.0405

THE ECONOMICS OF WATER SUPPLY AND QUALITY
,.Benefit-cost Analysis, Delaware River, Flow Augmentation, Pol-

lution Abatement, Urban Environments, Water Allocation,
...6.0286

OXYGEN TRANSFER IN CONCENTRATED MICROBIAL
SYSTEMS ...Degradation, Microbial-bacterial, Mixed Culture,
Oxygen, Physico - Chem - Metab, ...5.0801

DYNAMIC MODEL STUDY OF LAKE ERIE ...Hydraulics-general,
Inflow, Lake Erie, Synthetic Hydrology-general, 5.0766

ECONOMIC EVALUATION OF WATER QUALITY ...Benefit -cost
Analysis, Computers-general, Management, Systems Analysis,
Waste Water Treatment-general, ...6.0046

VERTICAL CURRENT STRUCTURE IN THE GREAT LAKES
...Buoys, Currents -water, Forecasting-prediction, Great Lakes-
general, Wind-water Interaction, .,.2.0632

A MODEL FOR QUANTIFYING FLOW AUGMENTATION
BENEFITS ..,Flood Control, Flow Augmentation, Other Methods,
River Basins, Systems Analysis, Water Distribution Systems,
...6.0152

DISPERSION DURING FLOW IN HETEROGENEOUS POROUS
MEDIA ..Differential Equations General, Dispersion -water,
Porous Media - Flow Through, Seepage, Statistical Models,
...&0394

TURBULENT DIFFUSION AND REAERATION IN NATURAL
RIVERS ...Aeration, Flow of Gas in Liquid, Mixing, Tracers-
general, Turbulent Flow, 5.1136

EUTROPHICATION FACTORS IN NORTH CENTRAL FLORIDA
LAKES ..,Administrative Structures, Eutrophication, Florida,
Lakes, Systems Analysis, 5.0258

EVALUATION OF AN OXIDATION-DITCH WASTEWATER
TREATMENT PLANT IN SUBARCTIC ALASKA ..Chemical
Oxygen Demand, Dilution-other, Sub - Polar, Waste Treatment-
economics, ...5.0038

DELAWARE ESTUARY AND BAY WATER QUALITY SAM-
PLING AND MATHEMATICAL MODELING PROJECT ...Data
Analysis - General, Delaware Bay, Mathematical Analysis, Pollu-
tion Abatement, Technique Development, ...5.0749

SEQUENTIAL USE WITHIN A HYDROLOGIC COMPLEX
.Hydrology-general, Management, Other Data Analysis, Systems

Analysis, Water Quality-general, 53189
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A STOCHASTIC MODEL FOR POLLUTION IN ESTUARIES
...Estuaries, Ions and Gases, Oxygen, Water Quality Control-
general, Water Quality-general, 5.1211

MINERAL-WATER CHEMISTRY, GREAT LAKES Chemical
Reactions, Great Lakes-general, Mineral Equilibra, Mineral Gene-
sis, Phase Relationships, Solution Chemistry, _5.0552

KINETICS OF ALGAL SYSTEMS IN WASTE 1 REATMENT ...Al-
gae, Biological, Nutrients, Pilot Plant, Process Design, _5.0069

THERMAL STRATIFICATION IN RESERVOIRS ...Forecasting-
prediction, Mathematical Analysis, Reservoirs and Impoundments,
Stratification, Temperature, 2.0616

WATER-QUALITY REGIMEN OF TAHOE-TRUCKEE SYSTEM
...California, Digital Computers, Lakes, Nevada, Water Quality-
general, 5.0706

BIOLOGICAL TREATMENT OF ACID MINE WATER .,Acid
Mine Wastes, Acidity, Anaerobic, Iron, Mining Activities, ProcessDesign, 5.0795

ENTERIC BACTERIAL DEGRADATION OF STREAM
DETRITUS .,.Bacterial Pollutant Sources, Intestinal Bacteria, Or-
ganic-general, Sanitation, Self-purification, 5.0291

INDUCED AIR MIXING OF LARGE BODIES OF POLLUTED
WATER ...Aeration, Injector, Mathematical Analysis, Mixing, Or-
ganic Matter, ...5.0477

COMPLEMENTARY - COMPETITIVE ASPECTS OF WATER
STORAGE ...Benefit-cost Analysis, Computers-general, Reser-
voirs and Impoundments, Storage of Water, Water - Alternative
Uses, ...5.0144

BIOLOGICAL MODELS OF FRESHWATER COMMUNITIES
.Aquatic Ecology, Fresh Water, Freshwater Ecology, Nutrients,
Urban Environments, 5.1270

MATHEMATICAL MODELS OF HYDROLOGIC SYSTEMS
...Economics-general, Hydraulic Structures, Open Channel, Un-
steady, Unsteady Flow, Water Quality-general, 6.0382

RENOVATION OF MUNICIPAL WASTEWATER BY REVERSE
OSMOSIS SYSTEMS ...Depolymerization, Membranes-other,
Process Design, Reverse Osmosis, Urban Environments, 5.0092

MANAGEMENT OF INDUSTRIAL WASTE DISCHARGES IN
COMPLEX ESTUARINE SYSTEMS ...Estuaries, Industrial
Wastes, Management, Texas, Water Standards, ...5.1156

INVESTIGATION FOR CONTROL OF WATER POLLUTION
FROM COMBINED SEWERS IN ROANOKE, VIRGINIA ...Al-
ternative Planning, Combined Sewer, Rain Fall Intensity, Runoff,
Sanitary Sewage Quantity-other, Storm Water, Water Quality
Control - general, ..5.1220

FORMULATION OF A GENERAL MATHEMATICAL MODEL
FOR THE PREDICTION OF THERMAL ENERGY CHANGES
IN IMPOUNDMENTS ,..Columbia River, Forecasting-prediction,
Mathematical Analysis, Reservoirs and Impoundments, Thermal
Pollution, ...5.0163

RESEARCH AND FIELD ENGINEERING STUDIES FOR OP-
TIMIZING LIPID BIOSTABILIZATION PROCESSES ,..Anaero-bic, Destratification, Fats -non-specific, Microorganisms (non-
specific), Process Design, ..,5.0684

CHARACTERIZATION OF THE ACTIVATED SLUDGE
PROCESS AT THE HYPERION TREATMENT PLANT ,.Ac-
tivated, California, Mathematical Analysis, Waste Water Treat-
ment- general, Water Purification Plants, 5.0107

DEVELOPMENT OF A MATHEMATICAL MODEL FOR
SEPARATION COAGULATION AND SEDIMENTATION
PROCESS USING ADDITION OF CHEMICALS ...Coagulation,
Lime Treatment, Process Design, Sedimentation, Waste Treat-
ment-economics, 5.0343

DEVELOPMENT OF MATHEMATICAL MODEL OF SEWAGE
SLUDGE FLUIDIZED BED INCINERATORS ...Computers-
general, Disposal, Fluidized Bed, Mathematical Analysis, ...5.0344

MECHANICS OF DISPERSION IN ESTUARY POLLUTION
...Dispersion -water, Estuaries, Mathematical Analysis, Pollutants -Path of , Tides, ...5.0528

AMMONIA STRIPPING MATHEMATICAL MODEL FOR
WASTE WATER TREATMENT ...Aeration, Ammonda, Finance,
Mathematical Analysis, Waste Treatment-economics, ..5.0337

PREDICTING THE EFFECT OF WATER QUALITY AND GYP-
SUM ON THE CHEMICAL AND PHYSICAL PROF ERTIES OF
SALINE AND ALKALI SOILS ...Calcium, Forecasting- predic-
tion, Hydrated Acid and Norm, Pollution - Effects of , Soil
Chemical Properties, ...3.0013

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES ...Capillarity, Drainage Systems, Grain Size and Dis-
tribution, Methods, Seepage, ..2.0212
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EFFECT OF EXTERNAL AIR PRESSURE ON LIQUID FLOW

THROUGH A POROUS MEDIUM ,..Canals, Permeability, Physi-
cal Properties -other, Pressure-density, Seepage, 2.0392

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ...Design Criteria, Drainage Systems, Flow Charac-
teristics -water, Other, Seepage, 4,0088

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS .,.Flow Characteristics -water, Gaging, Mathe-
matical Analysis, Small Watersheds, Topographic, 4.0104

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Cold - Climates, Mathematical Analysis, Peak
Flow, Runoff, Small Watersheds, 4.0143

DISTRIBUTION, APPLICATION AND USE OF WATER ..,Furrow
Irrigation, Irrigation Engineering, Moisture Content, Soil-water-
plant Relationships, Water Yield, 3.0304

HYDRAULICS OF SURFACE IRRIGATION ...Mathematical Anal-
ysis, Surface Flow, Surface Irrigation -general, 3.0307

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Alternative
Planning, Economic Efficiency, Legal Review, Water Transfer,
Welfare Economics, 4.0169

FLOW OF COLLOIDAL SUSPENSIONS IN POROUS MEDIA
Colloidal Phenomena, Porous Media - Flow Through,
Rad iokotopes, Suspension, 2.0871

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Hydrology-general, Mathematical Analysis, Ru-
noff, Small Watersheds, Stochastic Models, 4.0197

LAND AND WATER USE, CONSERVATION, AND DEVELOP-
MENT IN OKLAHOMA WATERSHEDS . ..Administrative Struc-
tures, Agriculture, Floodplains, Floodproofing, Land, Land Use,
,..6.0443

HYDRAULICS OF SURFACE IRRIGATION Irrigation Engineer-
ing, Math Models, Surface Flow, Surface Irrigation -general,
Water Application Methods, ...4.0252

HYDRAULICS OF SURFACE IRRIGATION .,.Mathematical Anal-
ysis, Other Models, Surface Flow, Surface Irrigation -general, Un-
steady Flow, 4.0268

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
.,.Administrative Structures, Economic Impact, Impact, Policy
Making, Recreation Sites, Social Aspects, Water Rights - genera,,
...6.0646

THE EFFECT OF HETEROGENEITIES OF THE SOIL UPON IN-
FILTRATION Infiltration, Physical Properties - other, ..2.1165

WATER IN RELATION TO ECONOMIC GROWTH IN AN ARID
ENVIRONMENT .,.Arid and Desert, Arizona, Economic Impact,
Groundwater, Water Costs, _6.0013

TREATING AN INADEQUACY OF THE UNIT HYDROGRAPH
HYPOTHESIS BY STORAGE ROUTING WITH VARIABLE
EMPIRICAL VALUES OF LAG AND STORAGE ...Amount,
Arizona, Hydrographs, Runoff, Storage of Water, _2.0063

DESIGN OF INSTRUCTIONAL EQUIPMENT FOR LABORATO-
RY DEMONSTRATIONS IN FLUID MECHANICS ...Tanks,
Water Tunnels Tables, Wind Tunnels, ..8.0194

FREE SURFACE FLOW AND WAVE PROPAGATION
THROUGH CHANNEL-FLOOD PLAIN GEOMETRIES ...Chan-
nels, Conduit Flow-other, Floodplains, Flow Characteristics -
water, Free Surface Waves, 8.0196

THE CHARACTERIZATION OF OVERLAND FLOW ON VERY
ROUGH SURFACES .,.Channel Roughness, Channels, Data
Analysis Applications, Flow Characteristics -water, Surface Flow,
8.0192

WATER POLLUTION STUDY OF THE WABASH RIVER .,.Data
Acquisition-general, Indiana, Low Flow, Oxygen, Water Quality-
general, 5.0390

SYSTEMATIC ANALYSIS OF THE MOISTURE-TEMPERATURE
INTERACTIONS ON CORN YIELD ...Corn, Moisture Content,
Yield, .1.0442

COMPUTER SIMULATION AND EVALUATION OF CLI-
MATOLOGICAL MODELS ...Computers-general, Patterns,
Statistics-general, 7.0044

A REGIONAL STUDY OF THE CHANGING OCCUPANCY AND
DEVELOPMENT OF AN ALLUVIAL LOWLAND ...Alluvial
Deposits, Land Use, Management, Mississippi, Regional Areas,7.0031

FEASIBILITY OF RATING CURRENT METERS IN A
VELOCITY FIELD ...Currents -water, Gaging, Mass, Velocity -
water, 7.0107

FLOW IN HETEROGENEOUS POROUS MEDIA ...Mathematical
Analysis, Porous Media - Flow Through, Statistical Models, Two-
phase-other, ...8.0190
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PROJECTING THE DEMAND FOR AND SUPPLY OF WATER
,..Projections and Estimations, Regional Areas, River Basins,
Water Demand, Water Quality Control-general, Water Supply -
general, ..6.0357

MATHEMATICAL MODEL OF STORM AND SANITARY IN-
TERCEPTOR SYSTEM ...Design-other, Inflow, Peak Flow, Rain
Fall Intensity, Storm Waiter, .,.5.0597

HYDRAULIC STUDIES AND RESEARCH ON CALIFORNIA
WATER FACILITIES ..Flow Characteristics -water, Fluid Flow-
general, Irrigation, irrigation-general, Synthetic Hydrology -
general, ..7.0010

SACRAMENTO-SAN JOAQUIN DELTA ANALOG MODEL STU-
DIES ...Analog Computers, Deltas, Electronics - Applied, Instru-
mental Services, Sacramento River, 7.0008

IRRIGATION IN RELATION TO CROPPING SYSTEMS ...Irriga-
tion-general, Water Allocation, Water Costs, Water Sources -
general, Water Yield, ..6.0053

A STUDY OF THE SOCIAL MECHANISM OF RURAL-URBAN
WATER TRANSFERS WITH SPECIAL REFERENCE TO EX-
TERNAL EFFECTS ,.,Administrative Structures, Agriculture,
Base Studies, Economic Efficiency, Fiscal, Social Aspects, Water
Allocation, Water Transfer, Welfare Economies, 6.0105

GROUND WATER RESOURCES ...Colorado, Groundwater,
Management, Technique Development, Water Resources
Development, ...4.0067

MATHEMATICAL MODELING OF SMALL WATERSHED
FLOODS ...Floods, Mathematical Analysis, Rein-general, Runoff,
Small Watersheds, ..4.0073

DEVELOPMENT OF COST CRITERIA FOR WATER SUPPLY
...Reservoirs and Impoundments, Water - Alternative Uses, Water
Costs, Water Supply-general, Water Transfer, Water Wells,4.0098

THEORETICAL ANALYSIS OF REGIONAL GROUND-WATER
FLOW IN THE HAVANA AREA ...Groundwater Movement, Il-
linois, Mathematical Analysis, Subsurface Flow, Water Table
Fluctuation, 2.0410

WATER RESOURCE DEVELOPMENT AND MANAGEMENT
MODEL ...Alternative Planning, Available Water, State-local
Government, Systems Analysis, Water Resources Development,
6.0201

WATER QUALITY MODEL DERIVED FROM SYSTEM
ANALYSES ...Management, Optimization, Systems Analysis,
Water Quality-general, 6.0200

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS Hydrographs, Hydrology-
general, Mathematical Analysis, Research - Development, Runoff,
Watersheds-general, _2.0462

AGRICULTURAL AND INDUSTRIAL DEVELOPMENT IN
RELATION TO IOWAS ECONOMIC GROWTH ...Agriculture,
Base Studies, Economics-general, Income, Iowa, Requirement and
Resources, Water Resources Development, ...7.0043

IOWA ECONOMETRIC MODEL ...Economics- general, Iowa,
Planning, Projections and Estimations, River Basins, ...6.0225

APPLICATION OF OPTIMIZATION TECHNIQUES TO
PROBLEMS TO AGRICULTURE ...Analog Computers, Animal
Waste Removal-treatment, Digital Computers, Optimization, Solid
Waste, Waste Water Treatment-general, 5.0427

EVALUATION OF MAGOTHY AQUIFER ANNAPOLIS AREA
...Atlases-maps, Available Water, Clastic Aquifers, Maryland,
Saline Water Intrusion, _2.0564

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB-HUMID CLIMATE ...Ap-
plied Climatology, Evapotranspiration, Irrigation-general, Sub -
Humid, Water Balance-budget, 3.0384

THE EXTENT OF IRRIGATION DEVELOPMENT IN NORTH
DAKOTA AND ITS ECONOMIC IMPACT ...Economic Impact,
Impact, Irrigation-general, Production & Processing, Water - Al-
ternative Uses, Water Resources Development, ...3.0380

HYDRAULICS OF WELLS ...Aquifers-other, Drawdown, Hydraulic
Engineering-other, Unsteady Flow, Water Wells, 7.0077

SUPPLY AND DEMAND FOR WATER ,..Projections and Estima-
tions, Water Costs, Water Demand, Water Supply-general, Water
Transfer, ...6.0385

AN ECONOMIC EVALUATION OF WATER POLLUTION CON-
TROL, YAQUINA BAY, ORE ...Alternative Planning, Bays,
Benefit-cost Analysis, Oregon, Systems Analysis, Water Quality
Control-general, 6.0454

SIMULATION AS A MEANS OF STUDYING RESOURCE ALLO-
CATIONS ...Alternative Planning, Economics-general, River
Basins, Simrlation Theory, Water Allocation, ..6.0456

DEVELOPMENT OF A MODEL RESOURCE ANALYSIS FOR
RANGE WATERSHEDS ...Mapping, Quality and Utilization, Spe-
cies and Species Evaluation, ..6.0460
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HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION ...Clouds-precipita-
tion, Forecasting-prediction, Mathematical Analysis, Runoff, Val -
Icy and Ridge Province, Watersheds-general, ...2.0922

METHODOLOGY FOR DETERMINING VALUATIONS OF
WATER FOR ALTERNATIVE USES ...Economic Efficiency,
Input - Output Analysis, Water - Alternative Uses, Water Alloca-
tion, Water Costs, -6.0592

ELECTRONIC ANALOG MODEL STUDIES OF RIVER BASINS
...Analog Computers, Groundwater, Management, Precipitation-
general, River Basins, Runoff, Water Cycle, Water Resources
Development, -2.1059

A STUDY OF THE INTEGRATION OF THE WATER
RESOURCES OF THE BEAR, WEBER, AND JORDAN RIVERS
IN NORTHERN UTAH ...Analog Computers, Analog Computers
Math, Planning, Utah, Water Transfer, ...6.0587

INVESTIGATION OF RAINFALL DISTRIBUTION ON URBAN
RUNOFF FOR IMPERVIOUS AREAS -Drainage, Hydrographs,
Patterns, Runoff, Urban Environments, -2.0306

HYDROLOGIC MODEL FOR STREAMFLOW FORECASTING
...Flow Characteristics -water, Forecasting-prediction, Hydro-
graphs, Peak Flow, Precipitation-general, Runoff, -2.0600

ANALYSIS OF MIXING PHENOMENA ASSOCIATED WITH
THE RISE OF GASEOUS BUBBLES THRU A STRATIFIELD
LIQUID ...Bubbles, Destratification, Mixing, Salinity, Stratifica-
tion, -1.0072

SIMULATED OPEN CHANNEL HYDRAULICS ...Cumberland
River, Mathematical Analysis, Numerical Analysis-other, Open
Channel Flow, Tennessee, _2.0983

DEVELOPMENT OF HYDROLOGIC ANALYSIS TECHNIQUES
-Computers-general, Data Analysis - General, Hydrology-general,
Land Use, Technique Development, _2.0988

EFFECTS OF TEMPERATURE ON AQUATIC LIFE ...Aquatic
Ecology, Fish -non-specific. Productivity - Food Chain, Tempera-
ture, Warm Water, -5.1121

GENERAL COASTAL INLET STUDIES ...Coastal Engineering-
other, Coastlines-shorelines, Discharge-other, Synthetic Hydrolo-
gy-general, Tides, Velocity -water, _2.0689

GREAT LAKES RESEARCH - COASTAL AREA SEDIMENTA-
TION ...Beach, Development, General Transport Effects, Great
Lakes-general, Lakeshores-inlets, ...2M65I

GREAT LAKES RESEARCH - WATER-LEVEL DISTURBANCES
..Lake Eric, Lake Michigan, Seiches, Tides, Water Level Fluctua-

tion, _2.0640
GREAT LAKES RESEARCH - HARBOR CURRENTS ...Currents -

water, Great Lakes-general, Harbors, Pressure-density, Water
Level Fluctuation, Wind-general, -2.0642

MECHANICS OF SAND MOVEMENT BY WAVES ...Ocean
Waves - Currents, Shoreline Structures, Size, Wave Motion in
Fluids-other, Waves, _2.0259

HYDRAULIC INSTRUMENTATION ...Instrumentation-general,
Technique Development, Turbulent Flow, Water Level Fluctua-
tion, _7.0063

HYDROLOGIC EFFECT OF VEGETATION MODIFICA-ION
...Hydrology-general, Modified Water Use, Water Development,
Water Movement. Velocity, Water Yield, -3.0009

TRANSPORT PROCESSES IN FLUID FLOWS ...Clastic Aquifers,
Dispersion -water, Dyes, Mathematical Analysis, Porous Media -
Flow Through, ...2.0368

SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTS IN
GROUND WATER ...Carbonates, Chemical-general, Ground-
water, Sedimentary Petrogenesis, Solution Chemistry, Statistical,
_1.0120

ANALYTICAL MODEL OF THE LAND PHASE OF THE
HYDROLOGIC CYCLE ...Hydrology-general, Water Cycle,
_2.0117

MATHEMATICAL GEOMORPHOLOGY ...Erosion, Features,
Geomorphology-quantitative, Processes, Terrain Analysis,
-2.0425

ELECTRICAL ANALOG MODELS OF HYDROLOGIC SYSTEMS
...Analog Computers, Flow Characteristics -water, Groundwater,
Groundwater Movement, Surface Water. -2.0037

UNSTEADY FLOW AND SALINE INTRUSION IN ESTUARIES
-Channels. Estuaries, Open Channel Flow, Saline Water Intru-
sion, Unsteady Flow, _2.1091

EVALUATION OF VARIABLES IN ALLUVIAL CHANNEL
FLOW ...Bed Load, Channels, Flow Characteristics -water,
Morphology-general, Velocity - water, ...2M237

MILL CREEK VALLEY ANALOG MODEL STUDY, OHIO
Analog Computers, Aquifers-general, Artificial Recharge, Ohio,

Recharge Pits - Wells, -4.0195
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WATER RESOURCES, COLUMBUS, INDIANA AREA ...Alterna-
tive Planning, Clastic Aquifers, Groundwatcr, Indiana, Water
Development, _2.0456

ELECTRICAL-ANALOG ANALYSIS OF HYDROLOGIC DATA,
ARVA VALLEY, ARIZ ...Analog Computers, Arizona, Ground-
water, Pumping, Water Table Fluctuation, _2.0044

NUMERICAL SIMULATION OF HYDRODYNAMIC
PHENOMENA BY DIGITAL COMPUTER ...Groundwatcr, Open
Channel Flow, Porous Media - Flow Throggh, Subsurface Flow,
Waves, _2.1096

RESERVOIR AND RIVER OPERATION PROCEDURES _Availa-
ble Water, Management, Optimization, Reservoirs and Impound-
ments, River Basins, ...6.0095

ENERGY DISSIPATORS ...Energy Dissipators, Fluid Dynamics,
Technique Development, _8.0114

DEVELOPMENT OF STANDARD DESIGNS FOR CANAL
STRUCTURES ...Canals, Construction, Design Criteria, Energy
Losses-general, Open Channel, ...8.0064

AQUIFERS AND DRAINAGE ...Aquifers -oher, Brackish Water,
Drainage, Groundwater Movement, Irrigation-general, _2.0166

MODEL STUDY OF UNDERGROUND OPENINGS ...Dams-
general. Foundations-general, Geology - Engineering, Rock
Mechanks, Structural Analysis-general, Tunnel, -8.0067

SOIL PRESSURES ON FLEXIBLE STEEL PIPE ...Pipes, Pressure-
general, Soil-structure Interaction, Triaxial, _8.0072

QUALITY OF WATER AS AFFECTED BY STRATIFIED FLOW
(RESERVOIRS) ...Ions and Gases, Reservoirs and Impoundments,
Stratification, Stratified Flow, Turbidity, ...5.0185

BEHAVIOR OF STRUCTURAL ELEMENTS OR MODELS
UNDER TEMPERATURE AND DYNAMIC LOADS ...Dynamic-
other, Earthquakes, Engineering Structures-general, Mechanical
Vibrations-other, Structures-other, -8.0100

SKYWATER--PARK RANGE FOREST HYDROLOGY ...Colorado,
Forest Watersheds, Mountains-alpine, Topographic Influences,
Weather Modification-general, ...2.0172

CONVECTIVE CLOUD SYSTEMS, NORTHERN GREAT
PLAINS, ATMOSPHERIC WATER RESOURCES ...Cloud Struc-
ture, Clouds-precipitation, Convection, Cumulus, Great Plains
Province, -2.0193

PRODUCTION AND DETECTION OF ARTIFICIAL ICE NUCLEI
...Cloud Physics, Formation, Modification, Nucleation Physics,
Precipitation Instruments, ...2.0173

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION ...Appalachian
Highlands-other, Clouds-precipitation, Flow Characteristics -
water, Modification, Watersheds-general, -2.0184

COASTAL DIFFUSION OF POLLUTANTS ...Currents- other,
Ocean, Oregon, Outlet, Pullp and Paper Wastes, ...5.0973

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE CORN BELT ...Construction, Corn
Belt, Design Criteria, Routing, Water Control Works-general,
-8.0216

PRINCIPLES, FACILITIES, AND SYSTEMS FOR WATER HAR-
VEST -Rainfall Simulators, Runoff, Stabilization-other, Storage
of Water, Water Harvesting, -3.0006

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE
...Evapotranspiration, Infiltration, Irrigation-general, Water Appli-
cation Methods, Water Loss Control, -8.0003

SURFACE AND SPRINKLER IRRIGATION SYSTEM DESIGN
AND OPERATION FOR EFFICIENT WATER USE IN THE
PACIFIC NORTHWEST ...Evapotranspiration, Irrigation, Sprin-
kler Irrigation, Surface Irrigation -general, Technique Develop-
ment, -3.0204

APPLICATIONS OF ANALOG COMPUTER SIMULATION
TECHNIQUES FOR RUNOFF PREDICTIONS WITHIN THE
REYNOLDS CREEK WATERSHED .,.Analog Computers.
Forecasting-prediction, Idaho, Runoff, Simulation Theory,
-7.0106

THE SIMULATION OF HYDROLOGIC EVENTS IN ARID RE-
GIONS ...Analog Computers, Arid and Desert, Hydrology-general,
Management, Surface Water, -2.1075

LABORATORY CATCHMENT INVESTIGATIONS RELATING
TO HYDROLOGIC SYSTEMS ANALYSIS ...Gaging, Hydrology -
general, Morphology-general, Systems Analysis, -6.0574

ECONOMICS OF ALTERNATIVE ROUTINES FOR DELIVER-
ING IRRIGATION WATER ,..Agriculture Industry, Economic Ef-
ficiency, Irrigation-general, Legal Review, Water - Alternative
Uses, -6.0101

THE ECONOMIC ANALYSIS OF WATER POLLUTION BY
PESTICIDES AND OTHER AGRICULTURAL WASTES
...Agricultural Watersheds, Benefit-cost Analysis, Economic Im-



SUBJECT INDEX Mollusks

pact, Pesticides -non-specific, Pollution, Pollution Abatement,
...5.0238

TRANSPORT MECHANISMS IN WATER FILTRATION
...Development of Models, Filtration, Flow of Dispersed Solids,
Ordinary, Transport, ..5.0811

Model Studies-general
SOIL CHARACTERISTICS AFFECTING SUBSURFACE

DRAINAGE Computers-general, Permeability, Void Ratio and
Porosity, _4.0194

PREDICTING NITRATE CONTENT OF AGRICULTURAL
DRAIN WATER ...Agricultural Watersheds, Computers-general,
Drainage, Moisture Content, Nitrate, Nitrite, Nitrogen, 5.0181

Rheological
SOIL STRUCTURE - TILLAGE INTERACTIONS ...Delbrmation

Mechanics, Other Water Conditions, Soil Environment, Soil-
water-plant Relationships, Stability, _2.0499

Models

Math Models
HYDRAULICS OF SURFACE IRRIGATION _Irrigation Engineer-

ing, Measurement, Porous Media - Flow Through, Surface Flow,
Surface Irrigation -general, ...2.0047

HYDRAULICS OF SURFACE IRRIGATION ...Irrigation Engineer-
ing, Model Studies, Surface Flow, Surface Irrigation -general,
Water Application Methods, _4.0252

Moisture Content -plants
WATER REQUIREMENTS BY SUGARCANE UNDER IRRIGA-

TION ...Consumptive Use, Irrigation, Requirements for Water,
Sugar Cane, 3.0424

MKT OF WATER AVAILABILITY ON PHOTOSYNTHESIS
OF PLANTS ...Available Water, Corn, Drought, Irrigation-
general, Photosynthesis, Soybean, 2.0426

WATER REQUIREMENT BY SUGARCANE UNDER IRRIGA-
TION ...Evapotranspiration, Irrigation, Percolation, Requirements
for Water, Sugarcane, 2.0933

Moisture Meters
DEVELOPMENT AND EVALUATION OF IMPROVED

TECHNIQUES TO MFASURF. WATER-CONTENT OF SNOW
...Composition, Instrr mental Services, Other Telemetry,
Technique Development, Transdneers, _7.0103

SOIL WATER MOVEMENT ...Conservation - general, Groundwater
Movement, Management, Moisture Tension, Movement, Availa-
bility, 3.0245

THE USE OF WATER IN THE PRODUCTION OF HORTICUL-
TURE CROPS ...Drought, Modified Water Use, Quality -non-
specific, Soil-water-plant Relationships, 2.0695

IMPROVING IRRIGATION WATER SUPPLY FORECASTS AND
THEIR USE Forecasting-prediction, Frost and Permafrost, Ir-
rigation-general, Moisture Content, Runoff', Water Yield,
...3,0401

INVESTIGATION OF BLOSSOM-END ROT OF PEAR TO-
MATOES Antitranspirants, Blossom End Rot, Modified Water
Use, Tomatoes, Water-borne, _2.1044

SOIL MOISTURE SURVEY FOR SOUTH PLAINS OF
NORTHWEST TEXAS ...Moisture Content, Moisture Tension,
Soil Depth. Texas, ...2.1051

Molecular Collisions
SCATTERING MEASUREMENTS ON ALKALI - WATER

SYSTEMS Alkali Metals-general, Atomic Collisions, Other,
Water, 1.0022

Mollusks
Clams

RADIONUCLIDE METABOLISM IN AQUATIC ANIMALS ...Con-
tamination - Water, Fish -non-specific, Metabolism, Radiation Ef-
fects-non-specific, Reactor Sites & Rad Waste, 5.0101

ECOLOGY AND DISTRIBUTION OF OYSTERS AND CLAMS
Chesapeake. Bay, Commercial Fishing, Food Supply, Food
Webs, Oysters, ..,6.0268

H1STOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE INVERTEBRATES ..,Computer
Matching Code, Contamination - Water, Invertebrate Pathology,
Pollution - Effects of , Pollution Effects, Pollution-other, 5.1081

THE NORMAL ANATOMY AND HISTOLOGY OF SOME
MARINE INVERTEBRATES ...Histology and Cytology, Inver-
tebrate Anatomy, Pollution Effects, Water Quality-general,
5.1095

THE DEVELOPMENT OF OPERATIONAL SHELLFISH DEPU-
RATION AND RELAYING SYSTEMS ...Bacterial Pollutant
Sources, Salmonella Typhimurium, Thermal Pollution, Trace Ele-
ments, _5.1068

PURIFICATION OF HARD CLAMS FROM POLLUTED
WATERS Animal Viruses (non-specific), Contamination -
Water, Estuaries, Intestinal Bacteria, New Jersey, ...5,0729

ORGANISMS RESPONSIBLE FOR TOXICITY OF ALASKAN
CLAMS ...Alaska, Biological Pollutants -general, Food Spoilage
Detection, Microbiological, Pollutants- general, ..5.0032

MICROBIOLOGY OF ESTUARINE AND SHELLFISH POLLU-
TION ...Bioindicators, Estuaries, Oysters, Pollution Effects, Shellf-
ish Depuration, Waste Water Treatment-general, 5.0719

BACTERIAL DEPURATION OF WEST COAST SHELLFISH
...Oysters, Pilot Plants, Salinity, Shellfish Depuration, Turbidity,
.5.1229

Freshwater Mussels, Scallops
THE UPTAKE OF DIELDRIN IN THE THREE RIDGED NAIAD,

AMBLEMA PLICATA ...Bioindicators, Dieldrin, Metabolism,
Ohio River, Pollution Effects, _5.0886

RELATIONSHIP OF THE SOURCE TO LEVELS OF TOXIC
CHEMICALS IN SHELLFISH ...Heavy Elements, industrial
Wastes, Legal Standards, Pollutants - Path of , Pollution - Effects
of , ...5.1073

EPIZOOTICS IN EXPERIMENTAL MARINE SHELLFISH POPU-
LATIONS ...Epizootic, Mortality Rats, Oysters, Pathology,
...6.0631

Gastropods -slugs,conch,snails
CORRELATION OF STRUCTURE VS. ACTIVITY OF POLLU-

TANTS OF FRESH WATER _Bioindicators , Molluseicides -
non- specific, Pesticide-other, Screening Potential Pelticides,
Thiocarbamate, N.s. , 5.1050

EFFECT OF WATER TEMPERATURE AND/OR DISSOLVED
OXYGEN REQUIREMENTS ON SELECTED MOLLUSKS ...En-
vironmental Physiology, Freezing & Below, Gases, Dissolved -
water, Oxygen, Warm Water, _5.0555

ECOLOGICAL STUDIES OF LARVAL TREMATODES AND
THEIR SNAIL-HOSTS IN THE LAKE CHAMPLAIN
WATERSHED ...Aquatic, Aquatic Ecology, Digenea -other, Ef-
fect of Parasite on Host, Survey Studies, ...6.0396

Mollusks -non-specific & Other
A STUDY OF A POLLUTED RIVER, THE ILLINOIS ...Aquatic

Ecology, Bioindicators, Contamination - Water, Fish -non-
specific, Illinois River, _2.0408

DISTRIBUTION AND ECOLOGY OF RIVER MOLLUSKS IN
CENTRAL AND WESTERN NORTH DAKOTA ...Aquatic
Ecology, North Dakota, Pollution - Effects of , Pollution Effects,
Streams, ...6.0416

ECOLOGY OF COLORADO MOLLUSKS ...Colorado, Pollution -
Effects of , Pollution -non-specific, Pollution Effects, Range Or
Territorial Distr. , 5.0178

THERMAL EFFECTS ON MARINE AND ESTUARINE SHELLF-
ISH ...Aquatic Ecology, Crustacca -non-specific, Environmental
Physiology, Pollution - Effects of , Water Temperaturc-non-
specific, 5.1251

VIBRIO PARAHAEMOLYTICUS IN THE ESTUARINE EN-
VIRONMENT Crustacca -non-specific, Estuaries, Isolation
From Nat. environ. , Temporal Distribution, Vihrio N 5, 2.1115
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TOXIC AND OTHER CHEMICALS IN MARINE BIOTA ...Bioas-
say, Dibrom, Diquat, Paraquat, _5.1074

INVESTIGATIONS ON CIGUATERA-LIKE BIOTOXINS IN
SHELLFISH ...Algal Culture, Algal Toxins, Bulk Culture -other,
Crustacca -non-specific, Gymnodinium, ...5.0018

COOPERATIVE STUDIES WITH FEDERAL AND STATE AGEN-
CIES ...Bioassays, Crustacca -non-specific, Public Health Ecology,
Survey Studies, Water Quality-general, 7.0111



Mollusks SUBJECT INDEX

GENERAL TECHNICAL ASSISTANCE ,Committee-support,
Crustacea -non-specific, Shellfish Depuration, Water Quality-
general, -5.1075

Oysters
COLUMBIA RIVER STUDIES .Columbia River, Contamination -

Water, Invertebrates, Pollution Effects, Radioactivity-general,
Reproductive System, -5.1268

MASS MORTALITY OF PACIFIC OYSTERS ALONG THE
WASHINGTON COAST _Bays, Environmental Ecology, Mortali-
ty Rates, Pathology, Puget Sound, ,5.1230

MASS MORTALITY OF OYSTERS ALONG THE OREGON
COAST ...Bays, Invertebrate Pathology, Mortality Rates, Oregon,
Pathology, _5.0985

CHARYING OF SUBTIDAL OYSTER BEDS AND EXPERIMEN-
TAL TRANSPLANTING OF SEED OYSTERS FROM POL-
LUTED SEED OYSTER BEDS .Captive Rearing, Commercial
Fishing, Estuaries, South Carolina, Stocking of Fish & Shellfish,
.5.1101

OYSTER LEASE CONTP01. MONUMENTS - BAY ADAM,
BASTIAN BAY AND SANDY POINT BAY AREAS .Commer-
cial Fishing, Gulf of Mexico, Louisiana, Plane, Tides, -6.0249

A FIELD AND LABORATORY STUDY OF FLUORIDE UPTAKE
BY OYSTERS ...Estuaries, Fluoride, Laboratory, Metabolism,
Mining Activities, Phosphate, Phosphite, -6.0407

ENTERIC BACTERIA AND NIIRUSES IN SEWAGE, WATER,
AND SHELLFISH .,,Bacterial Pollutant Sources, Coliforms (non-
specific), Pollution Effects, Sewage, Viral Pollutant Sources,
...5.0718

STUDIES IN OYSTER PATHOLOGY .Histology and Cytology,
Mortality Rates, Pathology, -6.0630

OIL CONTAMINATION OF OYSTERS FROM OIL WELL
DRILLING MUDS ...Industrial Wastes, Oil, Petroleum Industry,
Pollution Effects, -5.0449

ECOLOGICAL FACTORS AFFECTING REPRODUCTION OF
SHELLFISH (PHYSIOECOLOGY OF SHELLFISH PROGRAM)
.Connecticut, Environmental Ecology, Reproductive System,
Spawn Or Nesting Sites, Water Properties-general, .6.0114

CULTURE OF SHELLFISH IN ARTIFICIAL AND NATURAL
SALT PONDS ...Captive Rearirt;, '7.ornmercial Fishing, Growth
Rate, Marylund, Ponds, .6.0267

POTENTIAL OYSTER SETTING CAPACITY - LOCAL AREAS
...Chesapeake Bay, Commercial Fishing, Other, Spawn Or Nesting
Sites, Streams, -5.0507

ECOLOGY AND DISTRIBUTION OF OYSTERS AND CLAMS
.Chesapeake Bay, Clams, Commercial Fishing, Food Supply,
Food Webs, -6.0268

SHELLFISH MORTALITY - CHESAPEAKE BAY ...Chesapeake
Bay, Computer Matching Code, Mortality Rates, Pathology,
Protozoa, ...6.0264

PESTICIDE MONITORING PROGRAM -Bioindicators, Estuaries,
Gas, Monitoring Systems, -5.0268

MICROBIOLOGY OF MARINE AND ESTUARINE INVER-
TEBRATES ...Estuaries, Marine Bacteria (non-specific),
Microbiological Analysis, ...2.0586

PACIFIC OYSTER MORTALITY STUDIES ...Invertebrate Patholo-
gy, Invertebrates, Mortality Rates, Pathology, -6.0266

GROWTH, CONDITION, AND SURVIVAL OF SHELLFISH
...Adaptation, Environmental Physiology, Marylani, Water Quali-
ty-general, Water Salinity, -6.0269

FREQUENCY DISTRIBUTION OF BIOLOGICAL POLLUTANTS
IP! SHELLFISH AND THE MARINE ENVIRONMENT ...Biolo-
gy, Coliforms (non-specific), Enteroviruses of Humans. Gulf of
Mexico, Pollution-water, -5.0016

EPIZOOTICS IN EXPERIMENTAL MARINE SHELLFISH POPU-
LATIONS .,.Epizootic, Freshwater Mussels, Scallops, Mortality
Rates, Pathology, ..6.0631

EFFECT OF ANTIBIOTICS ON FUNGUS PARASITES IN
OYSTERS ...Antibiotics, Chemicals - Fungicides, Dermocystidi-
um, Fungal Culture, Host Specificity, -5.1171

BIOLOGICAL ACTIVITIES OF MARINE FUNGI ...Endoparasites -
other, Host-parasite Interactions, Invertebrate Pathology, Marine
Fungi (non-specific), Pathological Physiolog, Plant Developmental
Biology, -5.0289

CONTAMINATION OF OYSTERS BY PESTICIDES ..Dieldrin,
Endrin, Mode of Action -animal, Residues in Foods, ...5.0462

MIC1OBIOLOGY OF ESTUARINE AND SHELLFISH POLLU-
TION ...Bioindicators, Clams, Estuaries, Pollution Effects, Shellf-
ish Depuration, Waste Water Treatment-general, ...5.0719

DEPURATION OF CHEMICAL POLLUTANTS IN SHELLFISH
,Chromium, Contamination - Water, Metabolism, Pesticides -
non- specific, Shellfish Depuration, _5,0020

DEPURATION OF MICROBIAL POLLUTANTS IN SHELLFISH
,Microbiological, Shellfish Depuration, Ultra Violet, Viral Pollu-
tant Sources, _5.0019

OCEANOGRAPHIC DATA COLLECTION - MIDDLE PUGET
SOUND ...Data Acquisition, Puget Sound, Salinity, Temperature,
Trace Elements, -7.0112

ACCUMULATION AND ELIMINATION OF VIRUSES BY
SHELLFISH ,Enteroviruses of Humans, Pathology, -5.1227

BACTERIAL DEPURATION OF WEST COAST SHELLFISH
.Clams, Pilot Plants, Salinity, Shellfish Depuration, Turbidity,
.5.122:

Monitoring (long Term Studies)
LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM -Biologi-

cal , Biological-general, Chemical, Chemical-general, Deltas,
Eutrophication, Lake Erie, Meteorological Studies-general, Physi-
cal-general, Sedimentology.,,eneral, -2.0783

DEVELOPMENT OF A METHOD FOR CHRONIC TOXICITY
BIOASSAY USING MARINE PLANKTONIC ALOAE
Culture, Bioassays, Marine Plants, Microbiological Analysis,
Phytoplaakton, Technique Development, Toxicology, .5.1088

Monoeots
Asparagus

INFLUENCE OF SOIL MOISTURE AND SOIL FERTILITY
LEVELS ON t.SPARAGUS YIELD AND QUALITY ...Coastal
Plain, Moisture Content, Moisture Levels, Rates Or Levels of Ap-
plication, -2.0760

Elodea, Waterweed, Thalassia
THE ECOLOGY OF SELECTED SUBMERSED AQUATIC

WEEDS ...Mineral Nutrition, of Aquatic Plants, Potamogeton,
Ruppia, Zostera. Submerged Plants, Water Milfoil, Waterweed.
, ...2.0764

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...of Aquatic Plants. Potamogeton, Ruppia, Zostera.
Submerged Plants, Water Properties-general, -2.0805

Grasses
Bahia Grass, Dallisgross

ECONOMIC AND AGRONOMIC EVALUATION OF FERTIL.
IZER RESPONSE OF FORAGE CROPS ...Bermuda Grass,
Management, Moisture Levels, Soil Fertility, Yield, -3.0190

Barley
DROUGHT INJURY AND RESISTANCE IN PLANTS _Drought,

Moisture Deficiency, -2.0834
DROUGHT RESISTANCE IN BARLEY VARIETIES ...Drought,

Moisture Deficiency, Photoperiod -non-specific, ...2.0449

Bermuda Grass
ECONOMIC AND AGRONOMIC EVALUATION OF FERTIL-

IZER RESPONSE OF FORAGE CROPS ...Bahia Grass, Dallis-
grass, Management, Moisture Levels, Snil Fertility, Yield,
-3.0190

Chlorideae -other
THE ACCUMULATION OF FISSION PRODUCTS BY MARINE

FISH AND SHELLFISH ...Contamination - Water, Estuaries,
Food Chains, Radioactivity - general, Radioecology, -5.0805

FIELD EXPERIMENTS ON THE FLUX OF RADIONUCLIDES
THROUGH A SALT MARSH ECOSYSTEM, RENEWAL
...Georgia, Model Studies, Productivity - Food Chain, Swamps-
marshes, Water Cycle, ...2.0345

Corn
EFFECT OF WATER AVAILABILITY ON PHOTOSYNTHESIS

OF PLANTS ...Available Water, Drought, Irrigation-general,
Moisture Content -plants, Photosynthesis, Soybean, -2.0426

THE EFFECT OF WATER STRUCTURE ON BIOLOGICAL AC-
TIVITY ...Bacteria (non-specific), Molecular Interaction, Water,
Water Movement, -1.0047

FIELD INVESTIGATIONS OF SUBSURFACE AND SURFACE
DRAINAGE ..,Drainage, Soybean, -4.0103

INJURY AND RESISTANCE IN PLANTS ...Drought, Moisture
Deficiency, Soybean, Translocation, -2.0487
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SYSTEMATIC ANALYSIS OF THE MOISTURE-TEMPERATURE
INTERACTIONS ON CORN YIELD ...Model Studies, Moisture
Content, Yield, -2.0442

IRRIGATION OF COTTON AND CORN. .Cotton, Irrigation, Ir-
rigation- general, Rates Or Levels of Application, Yield, _2.0960

PHYSIOLOGY OF MINERAL ACCUMULATION IN PLANTS
-Adhesion, Calcium, Drought, Mineral Nutrition, Nutrition,
_2.0107

EFFECTS OF NUTRITION, CULTURAL PRACTICES AND
WEATHER ON THE GROWTH, DEVELOPMENT, YIELD
AND QUALITY OF CORN ...Cultivation Methods, Ns, Manage-
ment, Yield, -3.0260

Grasses -non-specific
MOISTURE CONTENT OF VARIOUSLY TREATED CHAPAR-

RAL SOILS IN RELATION TO SEEDLING ESTABLISHMENT
OF ADAPTED PERENNIAL GRASSES ...Adaptation, California,
Cover Crops, Moisture Tension, Soil-water-plant Relationships,
_2.0142

IRRIGATED GRASS INVESTIGATIONS ON THE BELLE
FOURCHE PROJECT ...Alfalfa, Harvest and Storage, Irrigation-
general, South Dakota, -2.0977

REMOVAL OF NUTRIENTS FROM ENRICHED FLOWS &

WASTE EFFLUENTS BY THE HYDROPONIC CULT OF
SUITABLE FORAGE PLANTS & GRASSES ...Hydroponic,
Management, Nutrients, Process Design, Waste Water Treatment-
general, -5.0910

IRRIGATED PASTURE AND MEADOW ESTABLISHMENT AND
MANAGEMENT ,..Flood Irrigation, Irrigation, Legume-grass
Mixtures, Legumes - other..mesquite... , Montana, North Dakota,
Oregon, -3.0472

Kentucky Bluegrass
CONTROL OF CANADA THISTLE AND WATER WEEDS

...Evaluation, Montana, of Aquatic Plants, Phenology, Reed Ca-
nary, ...3.0308

Oats
WEATHER INFORMATION FOR AGRICULTURE ...Applied Cli-

matology, General Synoptic Observations, Iowa, Moisture Con-
tent, Soil Environment, -2.0484

Panicum -other
SALT TOLERANCE IN BLUE PANICGRASS, PANICUM AN-

TIDOTALE ...Environment Effects on Genome, Halophytic,
Saline Soils, Selection & Breeding, -3.0023

Rice
PHOSPHATE TRANSFORMATION IN WATERLOGGED SOILS

...Phosphate, Phosphite, Soil-water-plant Relationships, -4.0124
PROPERTIES OF SUBMERGED SOILS ...Excessive Moisture,

Moisture Content, Soil Chemical Properties, Soil Saturation,
-2.0093

RICE CULTURE ...Concentration Within rcrtilize, Management,
Maturity & Growth Stages, Methods of Application, Other, Rates
Or L';vels of Application, Varietal Evaluation, Yield, -2.0570

Sugarcane
WATER REQUIREMENTS OF CROPS UNDER IRRIGATION IN

LAJAS VALLEY, PUERTO RICO ...Consumptive Uwe,
Evapotranspiration, Irrigation, Puerto Rico, ...4.0210

PILOT EVAPOTRANSPIRATION STUDY WITH LYSIMETERS
OF WATER USE BY SUGAR CANE, PINEAPPLE AND TROP-
ICAL TRUCK CROPS -Evapotranspiration, Lysimeters, Pineap-
ple, Tropic, Yield, -2.0372

WATER REQUIREMENT BY SUGARCANE UNDER IRRIGA-
TION _Evapotranspiration, Irrigation, Moisture Content -plants,
Percolation, Requirements for Water, -2.0933

Onion, Garlic, Shallot, Leeks
CULTURAL PRACTICES OF VEGETABLE CROPS irrigation,

Quality -non-specific, Umbelliferac, Yield, -2.1049

Palms
WATER CONTROL FOR FOREST PRODUCTION ...Available

Water, Cultural Control, Pines, Timber Stand Improvement,
Water Loss Control, -3.0175

WATER CONTROL FOR FOREST PRODUCTION .Drainage,
Forests, Irrigation-general, Moisture Content, Water Table Fluc-
tuation, ...2.0314

Pineapple
PILOT EVAPOTRANSPIRATION STUDY WITH LYSIMETERS

OF WATER USE BY SUGAR CANE, PINEAPPLE AND TROP-
ICAL TRUCK CROPS ...Evapotranspiration, Lysimeters, Sugar-
cane, Tropic, Yield, .2.0:312

Potamogeton, Ruppia, Zostera..
WATERFOWL UTILIZATION OF SAGO PONDWEED

(POTAMOOETON PECTINATUS) ON A SELECTED MARSH
IN NORTHERN UTAH ...Food Supply, Mallard, Storage,
Swamps-marshes, Utah, ...6.0588

ECOLOGY & NITROGEN C' CLE IN A MARINE PLANT COM-
MUNITY ...Bering Sea, Nitrogen, Physiological Ecology, Primary
Productivity, Sewage, -5.0035

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...Elodca, Waterweed, Thalassia, Mineral Nutrition, of
Aquatic Plants, Submerged Plants, Wata Milfoil, Watcrweed... ,
_2.0764

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...Elodua, Waterweed, Thalassia, of Aquatic Plants, Sub-
merged Plants, Water Properties - general, _2.01305

Montana
DRAINAGE AREA FLOW RESEARCH ..,Dixharge.general,

Drainage, Small Watersheds, -2.0270
CONTROL OF CANADA THISTLE AND WATER WEEDS

...Evaluation, Kentucky Bluegrass, of Aquatic Plants, Phonology,
Reed Canary, -3.0308

INFLUENCE OF SEDIMENTATION UPON THE PRODUCTION
OF GAME FISHES ...Fish -non-specific, Pollution - Effects of ,
Population Dynamics, Sediments, Streams, -4.0669

INTERAGENCY FRAIL LANDS STUDY - MONTANA IV.
WATER QUANTITY MANAGEMENT ...Conservation,
general, Runoff, Slopes, Soil Erosion -non-specific, ...4.0144

EFFECTS OF DEWATERING ON A TROUT POPULATION ...Du-
watering, Population Dynamics, Recreation Sites, Salmon ..7z Trout
- Non-specific, Streams, -6.0330

INVENTORY & EVALUATION OF THE GROUND-WATER
RESOURCES OF SUMMIT VALLEY & UPPER SILVER BOW
CREEK DRAINAGE AREA ...Groundwater, Survey Studies, Ta-
bles, Compilations, Catalogs, Urban Environments, Water Quali-
ty-general, -2.0711

THE AQUATIC PLANT RESOURCES OF WESTERN MONTANA
...Aquatic Plants (non-specific), Collections, Plant Taxonomy, Pu-
bilications -other, -2.0717

NATURAL WATER SYSTEMS IN WESTERN MONTANA
...Freshwater Ecolo2,--; Lakes, Phytoplankton, Streams, Zooplank-
ton, ...2.0719

A GEOLOGIC, GEOCHEMICAL AND MICROBIOLOGIC STUDY
OF FLATHEAD LAKE ...Charts, Chemical, Lakes, Physical Pro-
perties-general, Topographic, -2.0718

THE DETERMINATION OF PLANT ROOTING AND WATER
ABSORPTION PATTERNS W11;, RADIOIODINE .. Absorption,
Fixation, Exchange, Iodine, Requirements for Water, Root Ab-
sorption, Soil Moisture -non-specific, -2.0716

HYDROLOGIC ANALYSIS OF THE NORTH FORK OF ELK
CREEK ...Automatic Data Aquisition, Discharge-general, Obser-
vation Wells, Water 'k able Fluctuation, -2.0714

GRAVITY INVESTIGATION OF WATER-BEARING STRATA IN
SWAN VALLEY, MONTANA ...Density, Gravity Surveys, Local
Structure, Porosity, Valley, Buried,

WATER RESOURCES IN SOI TRDOUGH AND MIDDLE CREEK
WATERSHEDS - A COMPARATIVE STUDY OF QUALITY
AND HYDROLOGY ...Conservation-general, Hydrology-general,
Land Use, Water Quality Control-general, Watersheds-general,
-5.0695

A STUDY OF WATER RESOURCES RESEARCH NEEDS IN
MONTANA ...Operations Research, Projections and Estimations,
Water Resources Development, -6.0326

WATER AND RECREATION USE, BLACKFOOT RIVER
DRAINAGE, WESTERN MONTANA ...Frequency cf Use,
Recreation Sites, Residence, User Patterns, -6.0332

LEGAL RESEARCH, WRITING AND DRAFTING TOWARD IM-
PROVING MONTANA WATER LAWS -Conservation-general,
Legislation, State Government, Water Utilization -general,
_6.0333

COPPER TOXCITY ON ALGAE OF THE BIG BLACKFOOT
RIVER ...Contamination, Pollution-water, Copper, Environment,
Mining Activities, Pollution - Effects of , -5.0701
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WATER DATING TECHNIQJES AS APPLIED TO THE MIS-
SOULA GROUNDtWATER RESERVOIR, MONT. ...Carbon-14,
Geochemical Analysis, Groundwater Movement, Unconsolidated
Aquifers, -2.0715

DEVELOPMENT OF A STATE WATER PLANNING MODEL
...Application, Development of Models, Model Studies, Planning,
River Basins, ...6.0325

HYDROGEOCHEMICAL INVESTIGATION OF SELECTED
WATERSHEDS IN SOUTHWESTERN MONTANA ...Chemical -
general, Environmental Effects-geologic, Hydrogeochemical Pro-
perties, Rocks - Bedrock, Small Watersheds, -5.0698

MICROBIOLOGICAL STUDIES IN AN OPEN AND A CLOSED
WATERSHED ..Bacterial Pollutant Sources, Coliforms (non-
specific), Recreation Sites, Streptococcus Fecalis, Watersheds-
general, -5.0696

HYDROBIOLOGY OF THE MADISON RIVER AND ITS HEAD-
WATERS ...Aquatic Plants (non-specific), Organic-general,
Photosynthesis, Physiological Ecology, Respiration, -5.0697

EVALUATION OF HYDROLOGIC INSTRUMENTATION ON
MAYNARD CREEK WATERSHED ...Data Acquisition Systems,
Data Processing Services, Evaluation Other, ...7.0073

SK YW ATER ...Amount, Clouds-precipitation, Fronts, Storms-
general, Topographic Influences, ...2.0200

HYDROLOGY OF HUNGRY HORSE RESERVOIR MONTANA
_Inflow, Low Flow, Reservoirs and Impoundments, Water
Balance-budget, _2.0124

RESEARCH IN ATMOSPHERIC SCIENCES AS RELATED TO
INCREASING WATER SUPPLY -Modification, Nucleation
Physics, Snowmclt, Topographic Influences, ...2.0904

IRRIGATED PASTURE AND MEADOW ESTABLISHMENT AND
MANAGEMENT ...Flood Irrigation, Grasses -non-specific, Irriga-
tion, Legume-grass Mixtures, Legumes -other..mcsquitc... , North
Dakota, Oregon, -3.0472

Motors and Appliances
ELECTRICAL MACHINERY TEMPERATURE CONTROL ...Elec-

tric Power Plants, Other Control Systems, Power Regulator, Tem-
perature, -8.0125

Mountains-alpine
SNOW DISTRIBUTION MAPPING FROM SATELLITE PHOTOG-

RAPHY _Acrospatial, Mapping, Maps-general, Patterns,
-8.0214

STUDIES ON THE GEOSCIENCE VALUE OF RADAR
IMAGERY ...Bibliography, Mapping, Photogrammetry, Radar,
River Basins, -8.0199

TELEMETERING OF HYDROLOGIC DATA FROM REMOTE
AREAS -Automatic Data Aquisition, Data Transmission
Systems, Other Telemetry, Remote Areas, Technique Develop-
ment, -7.0026

MOUNTAIN MEADOW RESTORATION ...Agricultural Land Use
Effects, Conservation, Conservation-general, Management and
Fertility, Other Water Conditions, -4.0166

SURFACE WATER MANAGEMENT ...Channels, Forest
Watersheds, Hydrographs. Seepage, Soil-water-plant Relation-
ships, -4.0060

A STUDY OF THE BIOLOGICAL, CHEMICAL AND PHYSICAL
NATURE OF WATER QUALITY FACTORS UNDER UTAH
CONDITIONS ...Biological-general, Chemical-general, Model Stu-
dies, Physical-general, Pollutants - Path of , ...5.1195

COMPUTER SIMULATION OF THE HYDROLOGIC SYSTEM
OF A MOUNTAIN WATERSHED ...Digital Computers, Ground-
water, Hydrology-general, Model Studies, Surface Water,
Watersheds-other....2.0707

A SYSTEM FOR GEOLOGIC EVALUATION OF POLLUTION
POTENTIAL AT MOUNTAIN DWELLING SITES ...Joints-frac-
tures, Sewage, -5.0199

A STUDY OF SUBSURFACE FLOW INTO MOUNTAIN
STREAMS AS RELATED TO TOPOGRAPHY AND PARTIAL
SOURCE AREAS ...Basellow, Georgia, Japan, Relief, ..2.0340

EVAPOTRANSPIRATION PATTERNS OF FOREST AND BRUSH
VEGETATION ON THE EAST SLOPE OF THE SIERRA
NEVADA ...Evapotranspiration, Forest Watersheds, Moisture
Levels, Sierra Nevada, Slope - Direction of , -4.0167

RESEARCH ON GEOHYDROLOGY OF THE EASTERN SLOPE
OF WEST MAUI .,.Aquifers - general, Hawaii, Patterns, Projec-
tions and Estimations, Slopes, Water Yield, ...6.0170

OTTOM FAUNA IN THE NORTH ST. VRAIN CREEK,
COLORADO ...Aquatic Ecology, Bcnthic Fauna, Colorado,
Streams, Vertical Distribution, -2.01158
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LEVELS OF SECONDARY PRODUCTIVITY IN COLORADO
MOUNTAIN STREAMS ...Colorado, Productivity - Food Chain,
Secondary Productivity, Streams, -5.0179

HYDROMETEOROLOGY -Orographic Effects, Snowpaek, Topo-
graphic Influences, Turbulence-other, Velocity, ...2.0218

MOUNTAIN RESEARCH ...General, ...2.0753
SKYWATER-PARK RANGE FOREST HYDROLOGY ...Colorado,

Forest Watersheds, Model Studies, Topographic Influences,
Weather Modification-general, -2.0172

MATHEMATICAL METHODS OF EVALUATION OF RESULTS
OF A,TMOSPHERIC WATER RESOURCES PROGRAMS ...Er-
ror Analysis, Intermontane Plateaus-other, Physiography-general,
Reliability Theory, Weather Modification-general, -2.0189

PREVENTING OR CONTROLLING ACCELERATED EROSION
OF UNSTABLE FOREST SOILS ...Erosion-general, Movement,
Availability, Open Channel, Slopes, Soil Science -other, Soil Sta-
bility Analysis, _5.0316

WATER YIELD IMPROVEMENT IN THE SNOWPACK TIMBER
ZONE, RUNOFF FROM RANGELANDS ...Erosion-general,
Gully Or Channel Erosion, Radiation-general, Snowmelt, Water
Yield, -3.0143

SNOW ACCUMULATION AND MELT ON STUDY AREAS
...Energy-general, Idaho, Patterns, Photogrammetry, Snowmelt,
_2.0388

INFILTRATION AS INFLUENCED BY SOIL-VEGETATION
COMPLEXES ...Infiltration, Semi - Arid, Soil-water-plant Rela-
tionships, ...2.0385

FACILITIES AND SYSTEMS FOR WATER HARVEST IN THE
INTER-MOUNTAIN BASIN ...Durability, Deterioration, Film,
Storage of Water, Water Harvesting, Water Loss Control,
-8.0292

Mucus
ECOLOGICAL SIGNIFICANCE OF ORGANIC RELEASE

PRODUCTS OF MARINE AND FRESHWATER ANIMALS
...Aquatic Ecology, Biological Rhythms, Metabolism, Productivity
- Food Chain, ...2.0342

Multiple-purpose Projects
INPUT-OUTPUT ANALYSIS OF WATER USE FOR NEBRASKA

INDUSTRIES - WATER RESOURCE PLANNING - WATER
DEMAND -Industrial-general, Nebraska, Water Demand,

THE IMPACT OF IMPOSING A WATER QUALITY STANDARD
ON A LIVE STREAM ...Flow Augmentation, Low Flow, Pollu-
tion Abatement, Reservoirs and Impoundments, Water Standards,
-6.0494

THE OPTIMUM RELEASE POLICY FOR A MULTIPURPOSE
RESERVOIR USING STOCHASTIC HYDROLOGY ,..Flow Aug-
mentation, Reservoirs and Impoundments, Stochastic Models,
Stochastic Processes, Synthetic Hydrology-general, ...6.0337

THE POTOMAC RIVER BASIN DEMONSTRATION PROJECT
IN GEORGES CREEK ...Alternative Planning, Potomac River,
River Basins, State-local Government, -6.0261

AN ECONOMIC EVALUATION OF THE TOLEDO BEND
RESERVOIR PROJECT ...Benefit-cost Analysis, Louisiana, Policy
Making, Reservoirs and Impoundments, Texas, Water Law-
general, Welfare Economics, -6.0246

MODELING AND OPTIMIZATION OF WATER RESOURCES
SYSTEMS ...Management, Mathematical Analysis, Model Studies,
Optimization, Reservoirs and Impoundments, _6.0234

MULTIPLE PURPOSE WATER RESOURCE INVESTIGATIONS
...Land Use, Management, New York, Reservoirs and Impound-
ments, Urban Environments, -6.0390

DEVELOPMENT OF METHODS FOR PLANNING AND TIMING
OF WATER RESOURCES INVESTMENTS ...Finance, Opera-
tions Research, Planning, Risk & Uncertainty, Water Resources
Development, -6.0065

DEVELOPMENT OF MULTIPLE-USE PRODUCTION/OUTPUT
INFORMATION FOR OWNERS OF SMALL WOODLANDS IN
THE CENTRAL HARDWOOD REGION ...Control and Protec-
tion, Erosion-general, Forest Watersheds, General Information
Services, Input - Output Analysis, -7.0027

NATURAL RESOURCE MANAGEMENT AND CONSERVATION
IN THE SOVIET UNION ...Conservation - gencral, Russia, Survey
Studies, Water Allocation, Water Quality-general, _3.0485

REGIONAL COMPREHENSIVE MULTI- PURPOSE WATER
RESOURCES PLANNING STUDIES .,.Augmentation-general,
New York, Planning, Public Utilities, Water Resources Develop-
ment, -6.0370



SUBJECT INDEX New Hampshire

INDUSTRIAL WATER USE IN THE UNITED STATES
...Economics-general, Extractive Natural Resources, Industry,
Manufactering, Water Utilization -general, _5,0239

NORTH FORK CITICO CREEK WATERSHED RESEARCH
...Construction, Forest Watersheds, Hydrology-general, Land Use,
-.4.0220

THE DEVELOPMENT OF METHODS USED IN EVALUATING
RECREATIONAL BENEFITS OF MULTIPLE-PURPOSE
WATER RESOURCE PROJECTS ...Benefit-cost Analysis, Con-
sumption, Demand Analysis, Methods, Recreation Sites, Theory,
_6.0534

HYDROLOGY OF HUNGRY HORSE RESERVOIR, MONTANA
..Flow Characteristics -water, Forecasting-prediction, Hydrology-
general, Reservoirs and Impoundments, 1 otal Volume, 2.4E705

Musculoskeletal System
DEVELOPMENT OF MARKING METHODS FOR SMALL FISH

...Dyes, Largemouth Bass, Other, Tags, 7.0081

Museum
CYTOTAXONOMY AND RELATED STUDIES OF HOLARCTIC

MIDGES ...Animal Taxonomy, Arctic, Bloodworms, Aquatic
Midges, Collections, Nearctic, _5.0756

Nebraska
LIMNOLOGY OF DESOTO BEND LAKE, IOWA AND

NEBRASKA ...Benthic Organisms (non-specif), Iowa, Lakes,
Plankton (non-specific), Stratification, -.7.0040

INVESTIGATIONS OF THE RELATION BETWEEN THE USE
OF CHLORINATED HYDROCARBONS AND THEIR
RESIDUES IN CHANNEL CATFISH ...Channel Catfish,
Chlorinated Hydrocarbons, Environmental Effects, Missouri
River, Wildlife, -.5.0702

ENERGY SOURCES FOR EVAPOTRANSPIRATION IN THE
PLAINS REGION ...Antitranspirants, Evapotranspiration, Lysime-
ters, Radiation-general, Water Loss Control, _2.0721

INPUT-OUTPUT ANALYSIS OF WATER USE FOR NEBRASKA
INDUSTRIES - WATER RESOURCE PLANNING - WATER
DEMAND ...Industrial-general, Multiple-purpose Projects, Water
Demand, -.6.0336

ENGINEERING PHASES OF LAND SHAPING FOR SOIL AND
WATER CONSERVATION ...Available Water, Conservation &
Management Eng, Runoff, Soil Environment, Water Loss Control,
_3.0312

UTILIZATION OF THE STORAGE POTENTIAL OF RIVER
VALLEY AQUIFERS (ABBREV) ...Recharge -general, River
Basins, Storage of Water, Valley, Buried, Water Quality-general,
_4.0162

ENGINEERING AND AGRONOMIC STUDIES ASSOCIATED
WITH LAND SHAPING, ETC. ...Conservation & Management
Eng, Erosion-general, Tillage, Cropping Systems, Water Loss
Control, _4.0163
ETACHABILITY OF SOIL PARTICLES ...Cover Crops, Manage-
ment Effects, Rain, Soil Analysis, -.2.0723

AGROCLIMATIC PARAMETERS ...Agricultural Studies -general,
Applied Climatology, Climate-general, Phenology, Seasonal,
2.0724

MAXIMUM PRODUCTION OF CROPS UNDER IRRIGATION IN
WESTERN NEBRASKA ...Chemical Analysis - Soils, Irrigation,
Moisture Content, Subsurface Irrigation, Yield, ...2.0727

LIMNOLOGY OF NEBRASKA ...Lakes, Life History Studies,
Phenology, Reservoirs and Impoundments, Water Properties-
general, ...2.0720

p

Nematodes

Nematoda -other
WATER RESOURCES NEMATOLOGY ...Animal Pollutant

Sources, Aquatic Ecology. Environmental Ecology, Mans Activi-
ties, Productivity - Food Chain, -.5.0001

STUDIES ON THE INTERACTIONS OF BACTERIA AND
AQUATIC NEMATODES ...Animal Pollutant Sources, Aquatic
Ecology, Bacteria (non-specific), Bacterial Pollutant Sources, In-
terbiotic Relat.(non-specif), -.5.0013

ECOLOGY OF NEMATODES IN IRRIGATION WATER ...Animal
Wastes - Feed Lots, Bioindicators, Irrigation-general, Longevity,
Pollution - Effec of , -.5.1232

FACTORS INFLUENCING FREE-LIVING NEMATODES IN
WATER SUPPLIES ...Aquatic Ecology, Chemical Treatment-
general, Evaluation, Mode of Action -animal, Sand, 5.0368

NEMATODES ASSOCIATED WITH SEWAGE TREATMENT
AND THEIR SIGNIFICANCE ...Animal Taxonomy, Contamina-
tion - Water, Sewage, Streams, Waste Water Treatment-general,
-.5.0251

Rhabditoidea
ROOT-KNOT NEMATODE CONTROL (MELOIDOGYNE

NAASI-FRANKLIN ) ...Animal Pollutant Sources, Formula-
tion,rate,concentration, Nematocides -non-specific, Nematodes,
Population Dynamics, _3.0042
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Nevada
ECOLOGY OF SCHISTOSOME DERMATITIS IN WESTERN

AND NORTHERN NEVADA WATERS ...Animal Pollutant
Sources, Contamination - Water, Lakes, 6.0338

RESEARCH AND ANALYSIS TO PLAN, DEVELOP, AND
MANAGE A GROUND AND SURFACE WATER SUPPLY
...Management, Price & Value, Water Supply-general, ...6.0339

STATE WATER LAW ORIENTATION TOWARD SCIENTIFIC
AND TECHNOLOGICAL BASES FOR EFFECTIVE
PLANNING AND MANAGEMENT ...Conflicts, Water Alloca-
tion, 6.0341

WATER-QUALITY REGIMEN OF TAHOE-TRUCKEE SYSTEM
...California, Digital Computers, Lakes, Model Studies, Water
Quality-general, ...5.0706

CLIMATE AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ...Patterns, ...2.0730

WATER REQUIREMENTS OF MAJOR CROPS IN SOUTHERN
NEVADA ..Moisture Content, Requirements for Water,
Seasonal, Soil and Rock Leaching, 2.0728

PESTICIDAL RESIDUES OF AGRICULTURAL CHEMICALS
...Persistence in Soils, Pesticides -non-specific, Pollutants-general,
Residue Analysis -other, Soil Degradation -other, -.5.0707

FERTILIZER-WATER-CULTURAL PRACTICES ..Arid and
Desert, Management, Plant Water Use-other, Seed Production -
non- specific, ...6.0342

IMPROVEMENT AND MANAGEMENT OF THE COMMUNITY
PASTURES OF THE PERSHING COUNTY WATER CONSER-
VATION DISTRICT NEAR BATTLE MOUNTAIN, NEVADA
...Evaluation, in Forages and Pasture, Management,
Phreatophytes, Storage of Water, ...3.0316

VELOCITIES OF RADIONUCLIDES AT ARNAR GOSA SITE
...Groundwater, Pollutants - Path of , Radioactivity-underground
Test, Transport, ...2M174

LARGE IMPOUNDMENTS ...Arid and Desert, Eutrophication,
Reservoirs and Impoundments, Water Properties-general, Water
Quality-general, -.5.0184

New Hampshire
HYDROLOGIC-MINERAL CYCLE INTERACTION IN SMALL

UNDISTRUBED AND MANMANIPULATED ECOSYSTEMS
...Chemical Reactions, Environment, Mineral Associations, Small
Watersheds, Water Cycle, 2.0745

RESIDENT POPULATION DETERMINATION ...Effluents-waste
Water, Pollution - Effects of , Pollution Effects, Thermal Pollu-
tion, ...5.0709

DETERMINATION OF THE STAGES OF EUTROPHICATION OF
SOME OF NEW HAMPSHIRES LARGE LAKES PHASE H
...Eutrophication, Lakes, Phytoplankton, Primary Productivity,
Water Properties-general, Zooplankton, ...2.0746

A STUDY OF ALGAL POPULATIONS ASSOCIATED WITH DIF-
FERENT LEVELS OF WATER QUALITY IN NEW
HAMPSHIRE ,..Algal Pollutant Sources, Bioindicators, Eutrophi-
cation, Nutrition Studies, Water Quality-general, ...5.0712

A COMPENDIUM OF WATER LAW AND ECONOMICS IN
NEW HAMPSHIRE ...Conjunctive Use, Economic Impact, Water
Law-general, Water Quality-general, Water Rights-general, Water
Utilization -domestic, -.6.0283

OCCURRENCE AND CHARACTERISTICS OF FRACTURES IN
CRYSTALLINE ROCKS OF SOUTHEASTERN NEW
HAMPSHIRE AND THEIR RELATIONSHIP TO THE YIELD
OF DRIL ...Groundwater Mining, Joints-fractures, Mapping,
Water Wells, Water Yield, ...2.0744

ULTRAVIOLET ABSORPTION AND ITS POSSIBLE RELATION
TO EUTROPHICATION IN LARGE NEW HAMPSHIRE LAKES
...Eutrophication, Filtration, Lakes, Technique Development, Ul-
traviolet, ...5.0714



New Hampshire SUBJECT INDEX

BASE FLOW ANALYSIS OF SELECTED DRAINAGE BASINS,
...Baseflow, Mathematical Analysis, Seasonal, Small Watersheds,
2.0742

New Jersey
A STUDY OF THE ECOIstOMIC, IMPACT OF DROUGHT ON

WATER SUPPLY SYSTEMS IN THE PASSAIC RIVER BASIN,
NEW JERSEY _Economic Impact, Meteorological Extremes,
Public Utilities, River Basins, Water Quality-general, ...2.0761

HYDROLOGY OF SUBURAN AREAS ...Amount, Conservation-
general, Land, Runoff, Surhurhan Areas, _4.0173

USE OF WATER BY LOWLAND VEGATATION IN NEW JER-
SEY COASTAL PINE REGION _Consumptive Use, Evapotrans-
piration, Plant Water Use-other, Transpiration and Evap, Water
Yield, ...2.0759

THE EFFECTIVENESS OF GOVERNMENTAL ACTION FOR
WATER POLLUTION CONTROL IN NEW JERSEY ...Adminis-
trative Structures, Local Government, Pollution Sources-general,
Survey Studies, Water Quality Control-general, 6.0349

PHOTOSYNTHETIC REAERATION IN THE UPPER PASSAIC
RIVER ...Aeration, Chemical Oxygen Demand, Photosynthesis,
Self-purification, Streams, ...5.0733

EFFECT OF WATER QUALITY ON RESIDENTIAL LOCATION
DECISIONS ...Economic Impact, Location Choice, Pollution - Ef-
fects of , Water Costs, 6.0348

SOIL DRAINAGE ...Amount, Drainage, Soil Morphology, Profiles,
Water Table Fluctuation, -.4.0171

SOIL- PLANT - WATER RELATIONSHIPS ...Drought. Evaporation,
Growth Rate, Soil-water-plant Relationships, Water Loss Control,
2.0758

INTERCEPTION AND WATER LOSSES FROM A FOREST
FLOOR-SHRUB LAYER ...Ecology and Morphology, Intercep-
tion, Lysimeters, Other Water Conditions, Water Loss Control,
.2,0770

HYDROLOGY OF CONSOLIDATED ROCK AQUIFERS NEAR
PENNINGTON, NEW JERSEY .Aquifers-general, Circulation -
water, Permeability, Recharge -general, Reservoirs and Impound-
ments, 2.0767

PURIFICATION OF HARD CLAMS FROM POLLUTED
WATERS ...Animal Viruses (non-specific), Clams, Contamination
- Water. Estuaries, Intestinal Bacteria, -.5.0729

EFFECT OF THE EFFLUENT FROM AN ATOMIC POWER
PLANT ON THE ADJACENT PORTION OF BARNEGAT BAY,
NEW JERSEY ...Bays, Pollution Effects of Pollution Effects,
Reactor Sites & Rad Waste, Thermal Pollution, Water Tempera-
ture-non-specific 5.1076

New Mexico
FLOOD FREQUENCY STUDY .,.Bridges & Culverts, Culvert,

Floods. Peak Flow. Rio Grande, _2.0772
SAN LUIS WATERSHED STUDY Conservation-general,

Management, Sediment Yield, Small Watersheds, Water Yield,
_2,0234

SAN ISIDRO WASH STUDY FLOW LOSSES IN AN
EPHEMERAL STREAM CHANNEL ...Ephemeral, Evapotrans-
piration, Gaging, Infiltration, Morphology-general, ...2.0177

EVALUATION OF MARINE AND ALKALI TOLERANT SPE-
CIES INTRODUCTION IN THE LOWER PECOS RIVER ...Cen-
trarchidac -other. Drums. Fish -other, Migration, Stocking of Fish
& Shellfish, 6.0368

THE EFFECT OF IRRIGATION METHOD, AND MOISTURE
AND FERTILITY LEVELS UPON MAXIMIZING WATER USE
EFFICIENCY AND QUALITY COTTON FIBER PRODUCTION
...Cotton, Furrow Irrigation. Rates Or Levels of Application, Soil
Fertility, Subsurface Irrigation, Water Loss Control, 3.0337

A COMPREHENSIVE WATER RESOURCES ANALYSIS OF A
TYPICAL OVERDRAWN BASIN IN AN IRRIGATED
SEMIARID AREA - PECOS RIVER BASIN, NEW MEXICO
...Impact, Land, Management, River Basins. Systems Analysis,
-.6.0356

A HISTORY OF WATER UTILIZATION IN THE SOUTHWEST,
WITH PARTICULAR REFERENCE TO NEW MEXICO ...Ad-
ministrative Structures, Economics-general, History, Water Law-
general, Water Utilization -domestic, 2.0774

IRRIGABLE ACREAGE IN NEW MEXICO AND PROJECTED
DEMANDS FOR IRRIGATION WATER ...Economics - general,
Irrigation, Irrigation-general, Water Costs, Water Demand,
,..6.0360

IRRIGABILITY CLASSIFICATION OF NEW MEXICO SOILS AS
A GUIDE FOR WATER IMPORTATION Irrigation-general,
Soil Environment, Soil Types, ...2.0773
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A COMPREHENSIVE ANALYSIS OF THE TULAROSA BASIN
SALINE WATER RESOURCES - THEIR AVAILABILITY AND
POTENTIAL ECONOMIC DEVELOPMENT ...Atomic Plants,
Brines, Desalination, Electric Power Plants, Impact, ...7.0076

A COMPREHENSIVE WATER RESOURCES ANALYSIS OF A
TYPICAL OVERDRAWN BASIN IN AN IRRIGATED
SEMIARID AREA - PECOS RIVER BASIN, NEW MEXICO
...River Basins, Semi - Arid, Systems Analysis, -.6.0362

COMPARATIVE PRODUCTIVITIES OF SMALL BODIES OF
WATER IN DESERT AND MONTANE AREAS OF
SOUTHERN NEW MEXICO ...Phytoplankton, Plant Prod. (non-
specific), Ponds, Productivity Food Chain, Zooplankton,
...3.0336

EFFECT OF RANGE AND WATER ON MULE DEER POPULA-
TION ...0docoileus, Population Dynamics, Range Or Territorial
Distr. , Relations - Forage - Timber, Water Utilization -animal,
3.0338

CULTURAL AND MANAGEMENT STUDIES FOR GRAIN
SORGHUM ON THE HIGH PLAINS OF EASTERN NEW MEX-
ICO ..Irrigation, Irrigation-general, Management, Milo and Grain
Sorghum, Space Competition, -.6.0358

EVALUATION OF IRRIGATED PASTURE GRASSES ...Harvest
and Storage, Irrigation, Nitrogen, _6.0369

TURF:GRASS MANAGEMENT ...in Turf, Management, Nitrogen,
Phosphorus, Potassium, Species and Variety Evaluation, -.6.0367

FARM IRRIGATION EFFICIENCY AS INFLUENCED BY
DESIGN, CONSTRUCTION, AND OPERATION OF IRRIGA-
TION SYSTEMS IN SOUTHWESTERN NEW MEXICO ...Irriga-
tion, Irrigation Engineering, Irrigation-general, Rhizosphere,
..,2.0775

LAND AND WATER VALUES IN EASTERN NEW MEXICO
.Groundwater, Irrigation- general, Land, Price & Value, Water
Costs, _6.0361

CONSUMPTIVE USE OF WATER BY SALT CEDARS Con-
sumptive Use, Lysimeters, Other Water Conditions, Saltccdar,
'Tamarisk, Water Table - Depth of , _3.0113

WEED CONTROL AND REVEGETATION ...of Aquatic Plants, of
Trees and Shrubs, Rio Grande River, Riparian Land, 3.0118

CONTROL OF WOODY PLANTS .,.Aerial - Airplane, Herbicides -
non- specific, Rio Grande River, Weed Control -other, 3.0121

CHANNELIZATION STUDIES ...Channel Geometry, Channels,
Control and Protection, Sedimentation, Silting, -.8.0053

WEED CONTROL AND REVEGETATION ...Control and Protec-
tion, Plant Pollutants, Rio Grande River, Weed Control -other,
-.3.0111

ATMOSPHERIC WATER RESOURCES RESEARCH IN THE
STATE OF NEW MEXICO Clouds-general, Clouds-precipita-
tion, Precipitation Instruments, Rio Grande, Storms-general,
2.0175

PROJECT SKYWATER - NEW MEXICO ...Automatic Stations,
Gages, Instrumental Services, Other Telemetry, Snow-general,
Technique Development, ..2.0203

New York
ANALYSIS OF RECHARGE BASINS ...Artificial Recharge,

Drainage, Recharge Pits - Wells, Runoff, -.2.0777
EFFECT OF LIMNOLOGICAL CHANGES ON SURVIVAL OF

YOUNG FISH IN ONEIDA LAKE ...Fish -non-specific, Food
Supply, Lakes, Urban Environments, Water Quality-general,
_6.0372

WATER SUPPLY-DEMAND ,..Operations Research, Planning, Pro-
jections and Estimations, Water Demand, Water Supply-general,
_2.0795

IMPACT OF WATER BASED RECREATION .,.Benetit -cost Anal-
ysis, Lakes, Planning, Recreation Sites, Reservoirs and Impound-
ments, 6.0384

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ...Circulation -water, Evaporation, Heat Flow,
Lakes, Mixing, -.2.0779

WATER RIGHTS & WATER LAW & THE EFFECTS OF THESE
ON THE DEVELOPMENT & UTILIZATION OF THE WATER
RESOURCES OF NY STATE (ABBREV) ,.,Administrative
Structures, Law Enforcement, Riparian Rights, State Government,
Water Utilization -general, _6.0380

GLACIAL GEOLOGY OF THE CHAMPLAIN VALLEY ...Clays,
Glacial History, Mapping, Till, Vermont, _2.1089

THE USE OF SYSTEMS ANALYSIS IN THE DEVELOPMENT
OF WATER RESOURCES MANAGEMENT PLANS FOR NEW
YORK STATE ...Management, Model Studies, Planning, Systems
Analysis, _6.0373



SUBJECT INDEX

BENEFITS FROM INTEGRATED WATER MANAGEMENT IN
THE NEW YORK METROPOLITAN REGION .Administrative
Structures, Management, Model Studies, Urban Environments,
Water Sources - general, ..6.0393

DISCHARGE OF INDUSTRIAL WASTES TO MUNICIPAL
SEWER SYSTEMS Canning Wastes, Disposal Wastes, Metal
Pickling Wastes, Organic Wastes, Pulp and Paper Wastes,
.5.0768

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE Lakes, Mixed Modes, Mixing, Rotating Fluids,
Temperature, -.2.0780

DIATOM POPULATIONS CHANGES IN LAKE GEORGE ..,Al-
gae- Diatoms, Eutrophication, Plankton Sampling, Plant Succes-
sion, Recreation Sites, -.2.0816

STOCHASTIC BASIS FOR COMPREHENSIVE RIVER BASIN
PLANNING ...Development of Models, Digital Computers, Monte
Carlo Methods, Planning, Stochastic Processes, Systems Analysis,
_6.0374

A STUDY OF POTENTIAL INSTITUTIONAL ARRANGEMENTS
FOR WATER POLLUTION CONTROL IN THE HUDSON-
MOHAWK RIVER BASIN -.Administrative Structures, Govern-
ment -other, River Basins, Systems Analysis, Water Quality Con-
trol-general, -.6.0379

PLANNING ANALYSIS FOR THE NON-MARKET VALUES OF
WATER RESOURCES WITH PARTICULAR EMPHASIS ON
RECREATION ...Lakes, Model Studies, Projected Demand,
Recreation Sites, ...6.0391

SPRING CREEK AUXILIARY WATER POLLUTION CONTROL
PROJECT ...Bays, Combined Sewer, Effluents-waste Water, Over-
flow, ...5.0759

MULTIPLE PURPOSE WATER RESOURCE INVESTIGATIONS
...Land Use, Management, Multiple-purpose Projects, Reservoirs
and Impoundments, Urban Environments, -.6.0390

CLIMATE OF THE NORTHEAST - ANALYSIS AND RELA-
TIONSHIP TO PLANT RESPONSE ...Ash Trees, Flowering,
Phonology, Physical Climatology, _2.0791

LIMNOLOGICAL INVESTIGATION OF ONEIDA LAKE ...Food
Chains, Lakes, Phytoplankton, Primary Productivity, Zooplank-
ton, ...5.0773

MAJOR FACTORS INFLUENCING PRODUCTION OF
PHYTOPLANKTON IN NEW YORK LAKES ...Energy, Lakes,
Nutrients, Phytoplankton, -.2.0796

AN EVALUATION OF THE REJUVENATION OF THE BUF-
FALO RIVER ...Chemical-general, Flow Augmentation, Sedi-
ments, Streams, Turbidity, ...4.0181

FLORA OF THE GENESEE COUNTRY--AQUATIC VASCULAR
PLANTS CONESUS LAKE COMMUNITY STUDIES ...Aquatic
Plants (non - specific), Bacterial Pollutant Sources, Budgets -other,
Floras, Range Or Territorial Distr. , ...6.0378

SEASONAL VARIATIONS OF SOME LIMNOLOGICAL FAC-
TORS IN LITTLE SODUS BAY, NEW YORK ...Bays, Chemical-
general, Eutrophication, Lake Ontario, Productivity - Food Chain,
3.0355

ECOLOGY OF YEASTS IN LAKE CHAMPLAIN ...Lakes, Mil-
lipore, Plant Taxonomy, Yeast N S..6.0395

REGIONAL COMPREHENSIVE MULTI-PURPOSE WATER
RESOURCES PLANNING STUDIES ...Augmentation-general,
Multiple-purpose Projects, Planning, Public Utilities, Water
Resources Development, -.6.0370

TREE NUTRITION AND FOREST FERTILIZATION ...Growth
Rate, Irrigation-general, Site Index and Site Quality, Soils and
Fertilizer, ...2.0788

AQUATIC BIOLOGY INVESTIGATIONS ...Cricetidac -other,
Lake Trout, Brook Trout, Lakes, Streams, Water Fowl, N.s.
-.2.0786

A STUDY OF SNOW INTERCEPTED BY CONIFEROUS TREE
CROWNS AND ITS DISPOSITION UNDER THE CLIMATIC
CONDITIONS OF CENTRAL NEW YORK ..,Coniferous Forests,
Conifers - non - specific, Interception, Snow, Snow-other, -.2.0787

A COMPARATIVE STUDY OF THE MACROSCOPIC BENTHIC
FAUNA OF TWO CENTRAL ADIRONDACK LAKES ...Animal
Taxonomy, Benthic Fauna, Comparative Physiology, Lakes,
Productivity - Food Chain, -.2.0814

FISH MOVEMENTS IN THE NORTH INLET OF WOLF LAKE,
HUNTINGTON FOREST ...Behavioral Ecology, Environmental
Ecology, Lake Trout, Brook Trout, Locomotion -animal, Streams,
2.0813

GEOLOGIC ASPECTS OF SEA-WATER ENCROACHMENT -
RECOGNITION OF LATE GLACIAL SUBSTAGES IN NEW
YORK AND NEW ENGLAND ...Field Studies, Quaternary
Period, Saline Water Intrusion, Sea Level Variations, Shoreline -
Coastline, 2.0300
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Nitrogen

QUANTITATIVE WATER-BUDGET ANALYSIS OF WESTERN
LONG ISLAND, NEW YORK .Alternative Planning, Ground-
water Basins, Management, Water Balance-budget, Water
Resources Development, 2.0809

Nickel Alloys
WATER RESEARCH PROGRAM III CORROSION ...Brines, Com-

position Parameters-other, Pitting, Titanium, .3.0438

Nitrate, Nitrite
CHEMICAL REMOVAL OF NITRATE FROM POTABLE

WATER SUPPLIES Ion Exchange-other, Potable, Potable
Water, Reduction-other, ...5.0423

FLUIDIZED EXCHANGE SYSTEMS FOR REMOVAL OF
NITROGEN AND PHOSPHOROUS FROM WASTEWATER
...Fluidized Bed, on Exchange-other, Nutrients, Phosphate, Phos-
phite, Waste Water Treatment-general, -.5.0556

REAGENTS FOR DETERMINATIONS OF TRACE IMPURITIES
IN WATER ...Analysis and Detection, Cobalt, Inorganic, Nitroso
Compounds, Spectroscopy-general, 5.0330

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS Chemical Analysis (water), Chemical Identification,
Fluoride, Fluorometry, Spectroscopy- general, ..5.0671

NITRATE ACCUMULATION IN KANSAS GROUND WATER
...Fertilizers, Groundwater, Ions and Gases, Kansas, Percolation,
-.5.0434

AUTOMATED POTENTIOMETRIC TECHNIQUES FOR THE
ON-SITE MONITROING OF ANION CONCENTRATIONS IN
WATER ...Analysis and Detection, Automatic Systems, Electrode,
Potentiometry, Technique Development, ..5.0676

NITRATES IN WATER SUPPLIES ...Animal Wastes - Feed Lots.
Nitrogen, Physical Properties-general, Pollutants - Path of , Soil
Sampling, Waste Disposal -underground, ...5.0679

BOD, SOLIDS AND NUTRIENT REMOVAL FROM SECONDA-
RY EFFLUENT BY FOAM FRACTIONATION ...Denitrification,
Foam, Phosphate, Phosphite, Pilot Plant, ...5.0155

DILUTE SOLUTION REACTIONS OF NITRATE ION AS AP-
PLIED TO WATER RECLAMATION ...Decomposition-general,
Denitrification, Reduction-general, Survey Studies, ...5.0073

BASIC SALINOGEN ION EXCHANGE RESINS FOR SELECTIVE
NITRATE REMOVAL FROM POTABLE AND EFFLUENT
WATER Effluents-waste Water, Ion Exchange-other, Organic,
Potable Water, Selective-removal, 5.0537

SELECTIVE NITRATE AND PHOSPHATE REMOVAL
Denitrification, Ion Exchange-other, on Selective, Phosphate,
Phosphite, Selective-removal, Waste Treatment-economics,
.5.0532

NITRATES IN PLANTS ...Fertilizer Losses, Fertilizers, Manage-
ment, Pollution - Effects of , Survey Studies, _5.0680

NITROGEN TRANSFORMATIONS IN SOIL ...Agricultural
Watersheds, Fertilizers, Pollutants - Path of , Runoff, Soil-water-
plant Relationships, ..5.0045

NITRATE IN SURFACE WATERS IN ILLINOIS -Fertilizers,
Small Watersheds, Soil Types-other, Surface Water, ...8.0179

PREDICTING NITRATE CONTENT OF AGRICULTURAL
DRAIN WATER ...Agricultural Watersheds, Computers-general,
Drainage, Model Studies-general, Moisture Content, Nitrogen,
5.0181

NITRATE BEHAVIOR IN SOIL WATER UNDER FIELD CONDI-
TIONS ...Groundwater Movement, Infiltration, Movement,
Availability, Nitrogen, Permeability, -.5.0180

NITRATE REMOVAL FROM THE AGRICULTURAL EF-
FLUENTS IN THE SAN LUIS DRAIN UTILIZING ION
EXCHANGE RESINS ..Chemical Treatment-other, Ion
Exchange-other, Resins, Runoff, Waste Treatment-economics,
...5.0182

FATE OF POLLUTANTS IN GROUND WATER ...Aquifers-
general, Artificial Recharge, Chlorinated Hydrocarbons, Playas,
Pollutants - Path of 9.-5.0917

NITRATE DETERMINATION USING CHROMIUM (H) COM-
PLEXES ...Chromium, Complexes, Electroanalyses-other, Other,
Reduction-other, 1.0121

Nitrogen
POROSITY AND PERMEABILITY OF VIRGINIA AGGREGATES

...Aggregrates - Crushed Rock, Permeability, Porosity, Virginia,
2.1111

SEASONAL VARIATIONS IN THE PHYTOPLANKTON - BAC-
TERIA POPULATIONS AND THE NUTRIENT CONCENTRA-



Nitrogen SUBJECT INDEX

TION IN BEAVER RESERVOIR ...Phosphorus, Phytoplankton,
Reservoirs and Impoundments, Temporal Distribution, Water
Bacteria, 6.0027

AN ANALYSIS OF PHOSPHORUS AND NITROGEN COM-
POUNDS IN TIDAL MARSHLAND DRAINAGE - LABORATO-
RY PROCEDURES .Colorimetric, Computers-general, Conduc-
trometry, Management, Phosphate, Phosphite, Swamps-marshes,
...1.0024

AN INVESTIGATION OF THE EFFECT OF CONTROLLED
RELEASES ON THE PHYSICAL, CHEMICAL AND BAC-
TERIOLOGICAL CHARMJERISTICS OF FORT LOUDOUN
RESERVOIR .Phosphate, Phosphite, Stratified Flow, Suspension,
Temperature-other, Tennessee, _5.1128

BIOLOGICAL AND CHEMICAL STUDY OF VIRGINIAS ESTUA-
RIES _Estuaries, Phosphorus, Phytoplankton, Population Dynam-
ics, Primary Productivity, Virginia, 2.1112

BIOLOGICAL FIXATION AND TRANSFORMATION OF
NITROGEN IN SMALL IMPOUNDMENTS Ions and Gases,
Nitrogen Fixation, Radioisotopes, Reservoirs and Impoundments,
.2.0881

EUTROPHIC EVALUATION OF A SMALL MULTI-LAND USE
WATERSHED Eutrophication, Phosphorus, Small Watersheds,
Urban Environments, Wisconsin, 5.1319

WATER QUALITY DEGRADA'T'ION 13Y SEPTIK TANK
DRAINAGE ...Degradation, Drainage, Lakes, Phosphorus, Septic
Tanks, ..5.0468

BIOLOGICAL NITROGEN FIXATION IN LAKES ...Acetylene,
Ethylene, Gas, Lakes, Mobile, Nitrogen Fixation, ...5.1299

DETECTION OF LIMITING AND SURPLUS NUTIENTS IN
ALGAE ...Nutrients, Nutrition, Nutrition Studies, Repression,
5.1303

DYNAMICS OF THE NITROGEN CYCLE IN LAKES ...Denitrifi-
cation, Lakes, Nitrogen Fixation, Respiration, ...5.0033

ECOLOGY & NITROGEN CYCLE IN A MARINE PLANT COM-
MUNITY _Bering Sea, Physiological Ecology, Potamogeton,
Ruppia, Zostcra.., Primary Productivity, Sewage, .5.0035

CHEMISTRY OF NITROGEN IN NATURAL WATERS ...Analysis
and Detection, Denitrification, Fixation, Lakes, Radioisotopes,
5.0250

THE USE 01: INERT GASES TO ELIMINATE POLLUTION
FROM ABANDONED MINES ...Acid Mine Wastes, Air-general,
Ammonia, Chlorine, Mine Atmosphere Conditions, 4.0205

A STUDY OF THE REMOVAL OF CARBONACEOUS,
NITROGENOUS AND PHOSPHORUS MATERIALS FROM
CONCENTRATED PROCESS WASTE STREAMS ...Carbon,
Digestion, Phosphorus, Process Design, Streams, 5.0060

STUDY OF EXCRETORY PATTERNS IN CRAYFISHES ...Cray-
fish, All. Metabolism, Osmoregulation, Stress. Urea, 6.0376

STUDIES ON INORGANIC NUTRIENT ASSIMILATION RATES
IN ESTUARINE PONDS ...Estuaries, Mineral Content -water,
Nutrients, Phosphorus, Self-purification, _5.0621

DETERMINATION OF CRITICAL PHOSPHATE AND NITRATE
CONCENTRATIONS FOR ALGAL BLOOM CONDITIONS IN
LAKE ERIE ...Algal Pollutant Sources, Eutrophication, Growth
and Differentiation, Phosphorus, ...6.0086

WATER QUALITY ASPECTS OF RECREATIONAL LAKES
...Lakes. Phosphorus, Recreation Sites, Septic Tanks, Waste
Water Treatment-general, _5.0469

NITROGEN REQUIREMENT FOR SKIP -ROW COTTON ...Cot-
ton, Rates Or Levels of Application, Soil Tillage Methods -other,
3.6303

TURFGRASS MANAGEMENT ...in Turf, Management, New Mex-
ico, Phosphorus. Potassium, Species and Variety Evaluation,
...6.0367

EFFECT OF SUPERSATURATION OF DISSOLVED NITROGEN
ON MIGRATING SALMONIDS Gases. Dissolved -water. Mor-
tality Rates, Pathology. Salmon & Trout - Non-specific, 6.0614

REMOVAL OF NITROGEN COMPOUNDS FROM MUNICIPAL
WASTEWATER ...Aeration, Denitrifieation, Microbial-bacterial,
Urban Environments, 5.0855

DISSOLVED INORGANIC REMOVAL BIOASSAY OF ALGAL
GROWTH POTENTIAL Bioindicators, Denitrification,
Phosphorus, Waste Water Treatment-general, _5.0852

TRAVEL OF NITROGEN IN SOILS ...Animal Waste Removal-
treatment, Groundwater, Movement, Availability, Pollutants -

Path of Soil Tests, ...E.0070

Nitrogen Cycle

Denitrification
MICROBIOLOGY OF SLUDGE - DNA ANALYSES AND N2

REMOVAL .,.Activated, ..5.0694
METHODS FOR WATER QUALITY IMPROVEMENT AND ITS

STORAGE UNDERGROUND .Computers-general, Ground-
water Basins, Management, Natural Recharge, Percolation, Un-
derground Waste Disposal, Waste Water Treatment-general,
.4.0005

Nitrification
CONTROL OF BIOLOGICAL GROWTHS IN RAPID SAND FIL-

TERS AS RELATED TO IRON REMOVAL Disinfection, Iron,
Nitrogen Bacteria, Repression, Sand, ...5.0377

NITRIFICATION BY MARINE MICROORGANISMS ...Au-
totrophic, Bact. morphology (general), Bacterial Culture, Isola-
tion From Nat. environ. , Marine Bacteria (non-specific),
Nitrogen Bacteria, Range Or Territorial Distr. , 1.0066

Nitrogen Fixation
Symbiotic Nitrogen Fixation

AZOTOBACTER ECOLOGY .Azotobacter -non-specific, Bioin-
dicators, Effluents-waste Water, Streams, 5.0322

2-308

Non-structural Alternative
AN ENGINEERING INVESTIGATION OF STORM AND COM-

BINED SEWER PROBLEMS ...Combined Sewer, Land Use, Pol-
lution Abatement, Runoff, Storm Water, 5.0229

North Carolina
OPTIMUM ECOLOGICAL DESIGNS FOR ESTUARINE

SYSTEMS OF NORTH CAROLINA ...Domestic Wastes-general,
Estuaries, Marine Biology. (non-specific), Pollution - Effects of ,
Pollution Effects, Productivity - Food Chain, _2.0820

COOPERATIVE RESEARCH PROJECT IN WESTERN NORTH
CAROLINA ...Agricultural Watersheds, Agriculture Industry,
Cover Crops, Land Use, Modified Water Usc, ...2M830

DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-
PRESSION PROCESS FOR USE WITH BRACKISH WATERS
...Brackish Water, Desalination, Freezing, Mobile, Pilot Plants,
...3.0487

ENGINEERING FEASIBILITY STUDY OF THE HORIZONTAL
TUBE MULTIPLE EFFECT DISTILLATION PROCESS
...Desalination, Distilling Units, Economic Efficiency, Heat
Transfer, Rate of Reaction, _3.0352

ANALYSIS OF VEGETATIVE CHANGES RESULTING FROM
WATER LEVEL CONTROL ...Biomes (non-specific), Mapping,
Swamps-marshes. Water Level Fluctuation, _4.0184

QUANTITATIVE AND QUALITATIVE MEASUREMENT OF
AQUATIC VEGETATION-CURRITUCK SOUND ...Aquatic
Plants (non-specific), Mapping, Pollution - Effects of , Saline
Water Intrusion, Virginia, 5.0816

CHANGES DURING EUTROPHICATION OF AN ESTUARY
..Estuaries, Eutrophication, Plankton (non-specific), Pollution -

Effects of , 5.0820
A PRELIMINARY STUDY OF THE ECOLOGY, PRESENT AND

ALTERNATIVE FUTURE LAND USE PATTERNS IN THE
DISMAL SWAMP AREA OF NORTH CAROLINA ...Agricul-
tural Land Use Effects, Economic Impact, Game Reserves &
Preserves, Land Use, Wetlands, 6.0404

DESIGNING AND TESTING A WATER MONITORING SYSTEM
FOR PESTICIDES IN NORTH CAROLINA ...Agricultural
Watersheds, Chemical Identification, DDT , Endrin, Monitoring
Systems, Technique Development, ...7.0087

WATER RESOURCES OF NORTH CAROLINA - AN INVENTO-
RY OF INFORMATION AND DATA ...Atlases-maps, Indexes,
Tables, Compilations, Catalogs, Water Resources - General,
_7.0085

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ...Carbonate Aquifers, Compu-
ters-general, Mining Industry, Saline Water Intrusion, Water
Table Fluctuation, ...2.0821

QUALITY OF STORM WATER DRAINAGE FROM URBAN
LAND AREAS IN NORTH CAROLINA ...Land Use, Runoff,
Storm Water, Urban Environments, Water Quality-general,
_5.0815
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WATER TABLE CONTROL AND SUBSURFACE IRRIGATION
IN MINERAL AND HIGH ORGANIC COASTAL PLAIN SOILS
...Groundwater Movement, Management, Subsurface Irrigation,
Water Table Fluctuation, 2,0828

WATER CONTAMINATION BY FERTILIZER NITROGEN AND
PHOSPHORUS Agricultural Watersheds, Fertilizers, Nitrogen,
Phosphorus, Runoff, Subsurface Flow, _5.0823

WATER QUALITY MANAGEMENT OF IMPOUNDMENTS
Destratification, Eutrophication, Management, Reservoirs and
Impoundments, Water Quality Control-general, ...5.0813

ECONOMIC EVALUATION OF CHANGES IN LAND USE OF A
MUNICIPAL WATERSHED AS A GUIDE TO DECISION-MAK-
ING Discharge-general, Land Use, Reservoirs and Impound-
ments, Urban Environments, Water Costs, 6.0408

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ...Analog Computers, Carbonate
Aquifers, Development of Models, Digital Computers, Model Stu-
dies, ...2.0822

ANALOG MODELING TO DETERMINE FRESH WATER
AVAILABILITY ON THE OUTER BANKS OF NORTH
CAROLINA ...Analog Computers, Groundwater, Groundwater
Movement, Model Studies, Water Yield, ,..3.0375

DEVELOPMENT OF A SYSTEM OF DETERMINING THE
CAPACITY OF WATER RESOURCES TO SUPPORT VARI-
OUS TYPES AND COMBINATIONS OF RECREATION USE
,,,Forecasting- prediction, Recreation Sites, ..,6.0406

DISTRIBUTION OF LIFE WITH DEPTH ,..Continental Shelf,
Marine Photography-television, Photography-other, Vertical Dis-
tribution, ,..5.0272

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Adsorption
Capacity, Drainage, Movement, Leaching, Persistence in Soils,
_5.0826

STOCHASTIC ANALYSIS OF RAINFALL-RUNOFF RELATION-
SHIP _Amount, Mathematical Analysis, Runoff, Stochastic
Processes, 2.0428

EFFECT OF ENVIRONMENTAL CHANGES ON BLUE CRAB
ABUNDANCE _Crabs, All, Environmental Changes, Life History
Studies, Migration, Population Dynamics, 6.0400

North Dakota
WATERSHED SHAPE-FACTOR ...Culvert, Design Criteria,

Drainage, Engineering Structures-general, Peak Flow, ...2.0277
EVALUATION OF METHODS DESIGNED TO PREVENT

WINTER-KILL ...Aeration, Chemical-general, Circulation -water,
Lakes, Mortality Rates, 5.0828

LIFE HISTORY of T;;F, GOLDEYE (HIODON ALOSOIDES) IN
GARRISON RESERVOIR, NORTH DAKOTA ...Biological
Rhythms, Life History Studies, Nets, Reservoirs and Impound-
ments, Spawn Or Nesting Sins, ..5.0827

THE RELATIONSHIP BETWEEN TURBIDITY CURRENTS AND
FISH MOVEMENTS IN GARRISON RESERVOIR ,,.°1 rents -
water, Nets, Reservoirs and Impoundments, Turbki vbidity
& Suspended Matter, _5.0829

NORTH DAKOTA STATE COMPREHENSIVE OUTDOOR
RECREATION PLAN Land Use, Projected Demand, Recrea-
tion Sites, Social Aspects, Water Resources Development,
6,0409

EFFECTS OF GROUNDWATER SEEPAGE ON STREAM
REGIMEN Baseflow, Flume Studies, Groundwater, Seepage,
Suspension, 2.0832

A LIMNOLOGICAL STUDY OF SPIRITWOOD, NORTH
DAKOTA - WATER QUALITY AND SrASONAL CYCLES
,.,Biological - general, Chemieal-general, Lakes, Physical-general,
Recreation Sites, ...2M833

SECONDARY TREATMENT OF HOG WASTV, IN AN ANAERO-
BIC STABLIZATION POND ...Anaerobic, Animal Wastes - Feed
Lots, Secondary Treatment, Septic Tanks, Sewage Lagoons,
_5.0830

PRIMARY PRODUCTIVITY, AND STANDING CROPS IN RELA-
TION TO WATER QUALITY IN LAKE ASHTABULA RESER-
VOIR, NORTH DAKOTA ...Phytoplankton, Productivity - Food
Chain, Reservoirs and Impoundments, Water Quality-general,
Zooplankton, _6.0414

RAINWASH AND SOIL CREEP IN WESTERN NORTH DAKOTA
.,.Creep, Environmental Effects-geologic, Erosion-general,
Morphology-general, Slopes, _2.0848

DISTRIBUTION AND ECOLOGY OF RIVER MOLLUSKS IN
CENTRAL AND WESTERN NORTH DAKOTA ...Aquatic
Ecology, Mollusks -non-specific & Other, Pollution - Effects of ,
Pollution Effects, Streams, ...6M416

2-309

THE LIMNOBIOCHEMISTRY OF DEVILS LAKE, NORTH
DAKOTA ...Aquatic Ecology, Bcnthic Organisms (non-spccif),
Biological-general, Lakes, Salinity, ,,,6.0417

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB-HUMID CLIMATE
...Agriculture, Irrigation-general, Production & Processing, Sub -
Humid, 6.0415

EFFECTS OF SUGAR REFINING LAGOON EFFLUENTS ON
BIOLOGICAL, PHYSICAL, AND CHEMICAL PROPERTIES
OF FORGO CLAY ...Clay, Effluents-waste Water, Food
Processing Industry, Industrial Processes-other, Soil Contamina-
tion -other, Soil Properties - Other, ...5.0834

THE IMPORTANCE OF THE FOOD CHAIN IN BOTULISM IN-
TOXICATION AMONG WATERFOWL LAKES AND
SLOUGHS OF THE DEVILS LAKE REGION IN NORTH
DAKOTA Bioindicators, 6.0418

ECONOMIC EVALUATION OF IRRIGATION IN NORTH
DAKOTA ...Computers-general, Economies-general, Irrigation-
general, Optimization, 3.0379

WEATHER MODIFICATION IN NORTH DAKOTA ...Amount,
Clouds-precipitation, Hail, Modification, Weather, ..2,0831

GEOLOGY AND GROUND WATER RESOURCES OF WARD
COUNTY ...Aquifers-general, Geology-general, Groundwater,
Hydrology-general, Water Quality-general, ...2,0841

GEOLOGY AND GROUND WATER RESOURCES OF
RENVILLE COUNTY ,,,Aquifers- general, Geology-general,
Groundwater, Water Resources - General, Water Wells, ...2.0843

HYDROLOGY OF PRAIRIE POTHOLES ...Management -other,
Potholes, Seepage, Water Balance-budget, Water Fowl, N.s. ,

Water Utilization -animal, 2.0170
LIMNOLOGICAL INVESTIGATIONS OF PRAIRIE POTHOLES

Chemical-general, Habitat Studies, Potholes, Water Fowl, N.s. ,
_2.0850

DISTRIBUTION AND DENSITY OF BREEDING WATERFOWL
POPULATIONS AS RELATED TO QUANTITY AND QUALI-
TY OF WETLAND HABITAT IN NORTH DAKOTA ...Geog-
raphy-physical, Number Or Density, Spawn Or Nesting Sites,
Water Fowl, N.s Wetlands, 6.0420

IRRIGATED PASTURE AND MEADOW ESTABLISHMENT AND
MANAGEMENT ...Flood Irrigation, Grasses - non - specific, Irriga-
tion, Legume-grass Mixtures, Legumes -other-mesquite... , Mon-
tana, Oregon, 3.0472

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
NORTH DAKOTA ...Agricultural Watersheds, Economics-
general, Great Plains Province, Irrigation-general, Management,
4.41188

Nuclear Excavation
RESEARCH TO DETERMINE THE FEASIBILITY OF NUCLEAR

EXCAVATION _Excavation, Geology - Engineering, Nuclear
Explosion, ...2.0102

POTENTIAL APPLICATIONS OF NUCLEAR EXPLOSIVES IN
WATER RESOURCE DEVELOPMENT Economics-general,
Hydrology-general, Nuclear Explosion, Waiter Law-general, Water
Resources Development, ,..3.0067

RAPID SOILS EXCAVATION ...Construction, xeavation,
Machines, Technique Development, 8.0082

Nuclear Magnetic Resonance
NMR AND X-RAY STUDIES OF STRUCTURE. IN AQUEOUS

ELECTROLYTE SOLUTIONS ...Adsorption-other, Electrolytes,
Nuclear Magnetic, Reaction-general, Solution, X -ray, ,..1.0073

Nuclear Moisture Meters
INVESTIGATION OF NEW METHODS (NUCLEAR EQUIP-

MENT) FOR DETERMINING MOISTURE CONTENTS, AND
COMPACTION DENSITIES OF SOILS AND AGGREGATES
Aggregate, Compacted, Density, Moisture Content, Water Con-
tent, 2.0383

METAMORPHOSIS OF SNOWPACK PROFILES AND CHANGES
IN WATER STORAGE FOLLOWING STRIP CUTTING IN
PINE FORESTS IN MICHIGAN ...Cutting Operations, Michigan,
Natural Recharge, Snowmelt, Water Yield, 2.0655

ENERGY AND WATER BALANCE ...Evapotranspiration,
Moisture Tension, Soil Moisture -non-specific, Soil-water-plant
Relationships, Soils and Fertilizer, ...2.0691

SOIL - PLANT - WATER RELATIONSHIPS ,..Moisture Tension,
Soil Morphology, Profiles, Soil-water-plant Relationships, Water
Movement, Velocity, 2.0923
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MANIPULATION OF TREMBLING ASPEN AND GAMBEL OAK
FOR INCREASED WATER YIELD ...Cutting Operations, Oaks,
Poplars, Aspens, Cottonwoods, Snowmelt, Water Loss Control,
Water Yield, 4.0259

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS .,.Electrical Properties, Hysteresis, Internal Water Move-
ment, Moisture Content, Saturated-unsaturated, Temperature,
_2.1;119

HIGH ALTITUDE EVAPOTRANSPIRATION FROM NATIVE
MEADOWS ...Energy Budgets, Evapotranspiration, Harvest and
Storage, Lysimeters, Microclimate-general, 3.0493

Nuclear Reactors
REDUCTION OF RADIOISOTOPES IN HANFORD REACTOR

EFFLUENTS ...Atomic Plants, Effluents-waste Water, Neutron
Activation, Radioactivity - general, ..5.1253

Numerical Analysis

Computers
Facilities

A GENERALIZED COMPUTER LANGUAGE FOR HYDROLOG-
IC AND HYDRAULIC ANALYSIS ...Data Analysis - General,

Digital Computers, Hydraulic Engineering-other, Problem
Oriented Languages, 8.0213

MATHEMATICAL AND COMPUTER SERVICES FOR THE
ANALYSIS OF DATA AND DESIGN OF EXPERIMENTS FOR
CERTAIN FWPCA PROGRAMS Computers-general, Data
Analysis - General, Instrumental Services, Oregon, 5.0934

Research - Development
A METHOD FOR SYSTEM EVALUATION AND COST-EFFEC-

TIVENESS OF LARGE MULTISTAGE FLASH DESALTING
PLANTS Computers-general, Cost Analysis, Desalination, Flash
Distillation, Systems Analysis, _3.0166

OPERATIONS RESEARCH STUDY OF WATER RESOURCES
DEVELOPMENT AND MANAGEMENT IN THE TUCSON
AREA ...Arizona, Management, Operations Research, Optimiza-
tion Technique, Simulation Theory, Water Resources Develop-
ment, .6.0015

NUMERICAL SIMULATION OF GROUNDWATER FLOW
SYSTEMS ..Computers-general, Groundwater Movement,
Management, 'Simulation Theory, 2.0918

WATER RESOURCE SYSTEM OPTIMIZATION BY GEOMET-
RIC PROGRAMMING ...Algorithms, Design of Experiments,
Nonlinearity, Optimization, Optimization Technique, ..,6.0552

COMPUTER ANALYSIS OF WATERSHED CHARACTERISTICS
AFFECTING FLOOD HYDROLOGY ...Data Analysis - General,
Economic Efficiency, Floods, Small Watersheds, Water Loss Con-
trol, ...2.0523

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS .,.Hydrographs, Hydrology-
general, Mathematical Analysis, Model Studies, Runoff,
Watersheds-general, 2.0462

HYDROLOGIC SIMULATION - MONTHLY AND ANNUAL
STREAMFLOW ...Annual, Correlation, Forecasting-prediction,
Regression Analysis, Simulation, Water Supply-general, 6.0074

Simulation
HYDROLOGIC INVESTIGATION OF WATERSHEDS IN OHIO

...Discharge - general, Hydrology-general, Ohio, Small Watersheds,
2.0861

A EUTROPHICATION MODEL OF THE WHITE RIVER BASIN
ABOVE BEAVER RESERVOIR IN NORTHWEST ARKANSAS
..,Arkansas, Eutrophication, Forecasting-prediction, Nutrients,
Reservoirs and Impoundments, .,.5.0053

SIMULATION MODEL FOR THE STUDY OF THE HYDROLO-
GY OF THE WISCONSIN RIVER ...Flow Characteristics -water,
Hydrology-general, Reservoirs and Impoundments, River Basins,

Wisconsin, 2.1155
HYDROLOGIC SIMULATION - MONTHLY AND ANNUAL

STREAM FLOW ...Annual, Correlation, Forecasting-prediction,
Regression Analysis, Research - Development, Water Supply -
general, ..6.0074

DRAINAGE FACILITIES, METHODS, AND DESIGN CRITERIA
FOR PROTECTION AND IMPROVEMENT OF AGRICUL-
TURAL CROPS AND SOILS IN THE NORTHERN PLAINS
..,Design Criteria, Drainage, Drainage Systems, Flow Charac-
teristics -water, 4.0064

Numerical Analysis-other
MECHANICS OF FLOW IN OPEN CHANNEL SYSTEMS ...Open

Channel, Shtick Waves, Steady, Unsteady, Waves in Liquids,
_2.0097

SIMULATED OPEN CHANNEL HYDRAULICS ...Cumberland
River, Mathematical Analysis, Model Studies, Open Channel
Flow, Tennessee, _2.0983

Numerical Methods
Algorithms

SIMULATION OF THE HYDROLOGIC CYCLE ON SMALL
AGRICULTURAL WATERSHEDS BY DIGITAL TECHNIQUES
,Agricultural Watersheds, Digital Computers, Other Models, Vir-
ginia, Water Cycle, 2.1109

COMPUTER MODELS FOR WATER DISTRIBUTION SYSTEMS
...Development of Models, Lam.nar Flow, Model Studies, Water
Allocation, Water Transfer, _8.0286

WATER RESOURCE SYSTEM OPTIMIZATION BY GEOMET-
RIC PROGRAMMING ...Design of Experiments, Nonlinearity,
Optimization, Optimization Tee' nique, Research - Development,
...6.0552

PLANNING ALGORITHMS FOR REGIONAL WATER
RESOURCE SYSTEMS ...Digital Computers, Economic Efficien-
cy, Planning, Systems Analysis, Water Resources Development,
_7.0012

Approximations
GROUND WATER SEEPAGE PATTERNS TO WELLS FOR UN-

CONFINED FLOW ...Flow Characteristics -water, Groundwater,
Seepage, 2.0478

CONVECTIVE INSTABILITY IN TRANSIENT SYSTEMS ...Par-
tial, Stability, Transport-other, 1.0048

GROUND WATER DISPERSION DURING PUMPING AND
RECHARGE OPERATIONS ...Artificial Recharge, Dimension-
two, Dispersion -water, Finite Differences, Groundwater, Porous
Media - Flow Through, Steady, ...5.0529

Computation Techniques
RESEARCH INTO RECENT CLIMATIC CHANGES ...Climatolo-

gy- general, Correlation, Physical Climatology, ...2.0321

A SYNTHETIC COMPUTER LANGUAGE FOR SANITARY EN-
GINEERING ...Other Man-machine, Solid Waste-general,
_5.1014

Differential Equations
FREE-STREAMLINE FLOW OVER DISCONTINUITIES IN A

BOUNDARY LAYER ..Boundary-layer-other, Partial, Rotating
Fluids, Supereavitating Flow, ...2.0658

HYDRAULICS OF SURFACE IRRIGATION ...Digital Computers,
Irrigation, Steady, Surface Irrigation -general, Unsteady, 2.0098

Eigenvalues
UNSTEADY FREE SURFACE FLOW IN LONG STORM DRAIN

,..Drainage, Engineering Structures-general, Other Methods,
Pipes, Steady, Transition Sections, Unsteady, 8.0142

TRANSIENT FLOW THROUGH CLOSED CONDUITS ...Acoustic
Effects, Error Analysis, Interpolation, Pipes, Transient, Valves,

2.0634
Error Analysis

TRANSIENT FLOW THROUGH CLOSED CONDUITS ...Acoustic
Effects, Eigenvalaes, Interpolation, Pipes, Transient, Valves,
2.0634

OPTIMUM LINEAR SYNTHESIS IN URBAN HYDROLOGY
Hydrographs, Optimization Technique, Prediction, Runoff,
Urban Environments, ...6.3287

HYDROLOGIC MEASUREMENT SYSTEMS ...Amount, Data Net-
works, Gages, Hydrology-general, Instrumentation-general, Rain-
general, Technique Development, Urban Environments, 7.0056

Finite Differences
STUDY OF FACTORS AFFECTING THE CHANNEL PHASE OF

RUNOFF FROM SMALL WATERSHEDS BY MATHEMATI-
CAL MODELING ...Development of Models, Flow Charac-
teristics -water, Runoff, Small Watersheds, Streams, 2.0665

TURBULENT FLOW THROUGH POROUS MEDIA ...Digital
Computers, Digital Computers, Porous Media - Flow Through,
Prediction Models, Turbulent, Turbulent Flow, 2.0354

FLOW THROUGH ANISOTROPIC LAYERED MEDIA ...Matrix
Methods, Permeability, Porous Media - Flow Through, Recharge -
general, Seepage, 2.0355
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THE FINITE ELEMENT METHOD IN FLUID MECHANICS
...Degradation Fluid Dynamics, Groundwater Movement, Non-au-
tonomous, Sattaated Flow, _5.0302

NUMERICAL ANALYSIS OF TIME-DEPENDENT FREE SUR-
FACE FLOWS ...Capillarity, Dimension-three, Open Channel,
Partial, Unsteady, .2.044I

GROUND WATER DISPERSION DURING PUMPING AND
RECHARGE OPERATIONS ...Approximations. Artificial
Recharge, Dimension-two, Dispersion -water, Groundwater,
Porous Media - Flow Through, Steady, 5.0529

SWUCTURAL ANALYSIS ...Analysis Structural, Beams - Bars,
Concrete-other, Frame, Arch,truss, Other Computers. 8.0020

DESIGN OF UNDERGROUND POWERPLANTS ...Borehole
Geophysics, Digital Computers, Electric Power Plants, Mechanics
of Structures-other. Power Plant, Rock Mechanics, ...8.0031

Graphs and Matroids
ANALYSIS AND SYNTHESIS OF BEDLOAD FORMULAS ...Bed

Load, Reliability, Survey Studies, ...2.0916

Integration, Quadrature
DATA REDUCTION METHODS FOR STREAMFLOW FROM

SMALL. WILi.)1AND WATERSHEDs; ...Computers- general,
Data Analysis - general, Discharge-general, Gaging. Small
Watersheds, Utah, .; .1068

Interpolation
TRANSIENT FLOW THROUGH CLOSED CONDUITS ...Acoustic

Effects, Figenvalues, Error Analysis, Pipes. Transient, Valves,
_2.0634

Mathematical Programming
ADVANCED METHODOLOGIES FOR WATER RESOURCES

PLANNING Illinois. Optimization Technique, Planning,
Stochastic Models. ...6.0202

Matrix Methods
FLOW THROUGH ANISOTROPIC LAYERED MEDIA ...Finite

Differences, Permeability, Porous Media - Flow Through,
Recharge -general. Seepage, 2.0355

Monte Carlo Methods
SYSTEMS APPROACH TO FLOW PREDICTION IN WATER

RESOURCE PLANNING Fourier Transform, Hydrology-
general. Non-autonomous, Prediction Models. Regression Analy-
sis, Spectral Analysis, ..2.0915

STOCHASTIC BASIS FOR COMPREHENSIVE, RIVER BASIN
PLANNING ...Development of Models, Digital Computers, New
York, Planning, Stochastic Processes, Systems Analysis, 6.0374

COMPUTE SIMULATION OF DIFFUSION STUDIES ...Dispersion
-water, Simulation Theory, Turbulent Flow, Velocity -water,
5.0785

Optimization Technique
OPTIMIZATION OF WATER RESOURCES DEVELOPMENTII

Dynamic Programming, Optimization. Systems Analysis. Water
Resources Development...At/064

AN OPTIMAL WATER MANAGEMENT PLAN FOR THE
MIAMI VALLEY ...Alternative Planning, Artificial Recharge,
Augmentation-general, Conjunctive Use. Floodproofing, Systems
Analysis. _6.0467

Other Methods
UNSTEADY FREE SURFACE FLOW IN LONG STORM DRAIN

...Drainage, Eisenvalues, Engineering Structure'- general. Pipes.
Steady, Transition Sections. Unsteady, 8,0142

A MODEL. FOR QUANTIFYING FLOW AUGMENTATION
BENEFITS ...Flood Control, Flow Augmentation, Model Studies,
River Basins. Systems Analysis, Water Distribution Systems,
6.0152

Simulation Theory
MATHEMATICAL SIMULATION OF CYCLIC SEDIMENTA-

TION ...Deposition-other, Mathematical Analysis. Model Studies.
...2.013I

OPERATIONS RESEARCH STUDY OF WATER RESOURCES
DEVELOPMENT AND MANAGEMENT IN THE TUCSON
AREA ...Arizona, Management, Operations Research, Optimiza-
tion Technique, Research - Development. Water Resources
Development, 6.0015

RESIDENCE TIMES OF WATERS BEHIND BARRIER ISLANDS
...Bays, Circulation General, Tides. Wind-water Interaction,
5.0253

THE USE OF SYSTEMS ANALYSIS IN THE DEVELOPMENT
OF WATER RESOURCES MANAGEMENT PLANS FOR NEW
YORK STATE ...Management, Model Studies, New York,
Planning. Systems Analysis, 6.0373

THE ENGINEERING APPLICATIONS OF DISTRIBUTED AND
MULTIVARIABLE SYSTEM THEORY TO THE DYNAMICS
OF WATER POLLUTION CONTROL ...Optimization, Systems
Analysis, ...5.0728

NUMERICAL SIMULATION OF GROUNDWATER FLOW
SYSTEMS Computers-general, Groundwater Movement,
Management. Research - Development, .2.0918

COMPUTE SIMULATION OF DIFFUSION STUDIES ...Dispersion
- water. Monte Carlo Methods, Turbulent Flow. Velocity -water,
5.0785

COMPUTER SIMULATION OF EFFECTS OF LAND MANAGE-
MENT AND WEATHER MODIFICATION ON WATERSHED
ECOSYSTEMS Land Use, Multivariate Analysis, Plant
Ecosystems( non- specific), Water Yield, Weather Modification-
general, 6.0297

SIMULATION AS A MEANS OF STUDYING RESOURCE ALLO-
CATIONS ...Alternative Planning, Economics-general, Model Stu-
dies, River Basins, Water Allocation, _6.0456

NUMERICAL. PRECIPITATION MODEL ...Computers-general,
Forecasting, Model Studies. Western, ...2.0588

APPLICATIONS OF ANALOG COMPUTER SIMULATION
TECHNIQUES FOR RUNOFF PREDICTIONS WITHIN THE
REYNOLDS CREEK WATERSHED ...Analog Computers.
Forecasting-prediction, Idaho, Model Studies, Runoff, .7.0106

Nutrition - Invertebrate
ZOOPLANKTON NUTRITION IN LARGE RESERVOIRS ...Popu-

lation Dynamics, Productivity - Food Chain, Reservoirs and Im-
poundments, Water Bacteria, Zooplankton, .2.0515

FEEDING PATTERNS OF THE FRESHWATER ISOPOD LIR-
CEUS BRACHYURUS ...Aquatic Ecology. Behavioral Ecology,
Food Supply. Isopods, Pennsylvania, Streams, .7.0093

UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-
TEBRATES ...Amino Acids, Amino Acids -non-specific.
Chemoreceptors, Invertebrates -non-specific, Marine Biology,
Metabolism, Pulse-labelling, 6.0058

Nutrition - Medical

Regulation and Selection
MECHANISMS OF ENVIRONMENTAL EXPOSURE Columbia

River, Radioactive Isotopes, Radioactivity-general, Radiologie
Health, Toxicological and Allergy, 5.1244

Toxicological and Allergy
RADIOACTIVE FOOD-CHAINS IN THE SUBARCTIC ENVIRON-

MENT ...Productivity - Food Chain, Radioactive Fallout,
Radioactive Isotopes, Radiologic Health, Sub - Polar. 2.0308

MECHANISMS OF ENVIRONMENTAL EXPOSURE Columbia
River, Radioactive Isotopes, Radioactivity-general, Radiologic
Health, Regulation and Selection, ...5.1244

THERMAL DESTRUCTION OF TYPE E CLOSTRIDIUM BOTU-
LINUM ...Cell Injury and Autolysis, Clostridium Botulinum, Heat
Resistance, Microbiological, Spore Studies, ...5.0233

MULTIPLICATION OF ENTERIC VIRUSES IN SHELLFISH
...Clams, Enteroviruses of Humans, Microbiological, Oysters,
Sewage, ...5.1052

ORGANISMS RESPONSIBLE FOR TOXICITY OF ALASKAN
CLAMS ...Alaska. Biological Pollutants -general, Clams, Food
Spoilage Detection, Microbiological, Pollutants-general, 5.0032

FREQUENCY DISTRIBUTION OF CHEMICAL POLLUTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT ...Food,
Organophosphorous Cpds. , Oysters, Pollution - Effects of
Southern, ...5.0021

Nutrition - Vertebrates
Diet Or Ration Components

Diet Or Ration -other
EFFECT OF GRAZING MANAGEMENT ON RANGE

LIVESTOCK NUTRITION AND ON THE RANGE RESOURCE
...Cattle, Cutting &/or Grazing Effects, Management, Manage-
ment and Fertility, Quality and Utilization, ..,2.0971
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Nutrition - Vertebrates

Energy
TEMPERATURE REQUIR1 TENTS OF SALMONIDS IN RELA-

TION TO THEIR FEEDING, BIOENERGETICS, GROWTH
AND BEHAVIOR ...Behavior -animal, Growth Rate, Rainbow
Trout, Steclhead Trout, Salmon -coho,chinook,soekeye.., Water
Temperature,non-speeifie, 5.0942

FOOD AND FOOD ENERGY REQUIREMENTS OF WILD
DUCKLINGS ...Food Supply, Habitat Studies, Pintail, Anus Acu-
ta, Scaup, Lesser, Widgeon, American, 6.0583

Nutrition -other
FACTORS LIMITING WATERFOWL PRODUCTION ON THE

SPRING-FED SALT MARSHES WEST OF THE GREAT SALT
LAKE ...Mallard, Productivity (agricultural), Swamps-marshes,

Utah, Viremia, .5,1194

SUBJECT INDEX

States of General Malnut
Fasting - Starvation

THE ROLE OF FOOD IN THE MORTALITY OF LARGEMOUTH
BASS LARVAE ...Environmental Physiology, Food Supply, Lar-
gemouth Bass, Maturity & Growth Stages, Mortality Rates,

_7.0079

Malnutrition -other
FOOD INTAKE OF LARGEMOUTH BASS ...Food Supply, Lakes,

Largemouth Bass, Size, 6.0182

Tox & Allergenic Effects
EFFECTS OF CHEMICAL AND BIOLOGICALLY MODIFIED

PULPING EFFLUENTS ON THE PRODUCTION OF FISH ...Ef-
fluents -waste Water, Fish -non- specific, Industrial Wastes, Pulp,
Paper , and Logging, Self-purification, Willamette River, ...5M936

Observation Wells
DETERMINATION OF THE DISTRIBUTION OF

RADIONUCLIDES DISCHARGED TO THE GROUND AT THE
NRTS, IDAHO ..Artesian Flow, Discharge-general, Pollutants -
Path of , Radioactivity-general, Radioisotopes, .5.0318

DRILLED WELL INVESTIGATION OF DOLOMITE AQUIFER
CHARACTERISTICS ...Carbonate Aquifers, Dolomite, Ground-
water Movement, Permeability, Storage of Water, ...2.0704

HYDROLOGIC ANALYSIS OF THE NORTH FORK OF ELK
CREEK ...Automatic Data Aquisition, Discharge-general, Mon-
tana, Water Table Fluctuation, ...2.0714

AQUIFER PERFORMANCE TESTS UNDER TWO PHASE FLOW
CONDITIONS ...Aquifers-general, Subsurface Flow, Synthetic
Hydrology-general, 'Iwo-phase-other, 2.0008

PERFORMANCE OF DRAINAGE SYSTEMS ,..Drainage Systems,
Drawdown, Hydraulic Gradient, Permeability, Water Table Fluc-
tuation, ..4.0174

GROUND WATER TABLE FLUCTUATIONS ...Data Networks,
Other Data Analysis, Water Table Fluctuation, 4.0062

GROUND-WATER GEOLOGY OF OGLE COUNTY, ILLINOIS
...Aerial, Available Water, Groundwater, Joints-fractures, Uncon-
solidated Aquifers, ...7.0034

EFFECTS OF TUTTLE CREEK RESERVOIR ON GROUND
WATER LEVELS BELOW THE DAM ...Project Post-evaluation,
Pumpin.g Water Level Fluctuation, Water Table Fluctuation,
Water Wells, 4.0117

MEASUREMENT OF RUNOFF AND SOIL LOSS DIFFERENCES
BETWEEN ESTABLISHED PLOTS ...Artesian Flow, Erosion-
general, Runoff, Soil Environment, Water Table Fluctuation,
2.1019

GROUNDWATER RECHARGE ...Applied Climatology, Forecast-
ing- prediction, Groundwater, Natural Recharge, Water Table
Fluctuation, 3.0430

PERMEABILITY RESEARCH ...Groundwater Movement, Permea-
bility, Porous Media - Flow Through, Saturated Flow, Unsatu-
rated Flow, ...2.0183

HYDROLOGICAL STUDIES OF THE SAVANNAH RIVER
PLANT, SOUTH CAROLINA -GEOHYDROLOGY OF WASTE
TANK FARMS Internal Water Movement, Permeability, Pump-
ing, Soil Tests, South Carolina, 4.0216

SALT-WATER ENCROACHMENT IN THE BRUNSWICK AREA,
GEORGIA ...Aquifers-general, Georgia, Piczometry, Pumping,
Saline Water Intrusion, 5.0306

GEOHYDROLOGY OF SHALLOW AQUIFERS IN HENRY AND
WEAKLEY COUNTIES, TENNESSE ...Aquifers-general,

Groundwater, Pollution Sources-general, Pumping, Tennessee,

2.0998
WATER RESOURCES OF THE GREATER JUNEAU BOROUGH,

ALASKA ...Alaska, Unconsolidated Aquifers, Urban Environ-
ments, Water Resources Development, Water Table Fluctuation,
2,0014

HYDROLOGY OF BURIED PENNSYLVANIAN CHANNEL
SANDSTONE, KENTUCKY ...Clastic Aquifers, Kentucky,
Pennsylvanian Period, Salinity, Valley, Buried, ...2.0527

GROUND WATER CONDITIONS OF THE CENTRAL BOSTON
AREA, MASSACHUSETTS ...Aquifers-general, Massachusetts,

Structure Sites, Unconsolidated Deposits, Water Table Fluctua-
tion, ...2.0613

Ocean Coring and DredgPmg
ESTUARINE DREDGE HOLE INVESTIGATIONS ...Aquatic

Ecology, Estuaries, Fish -non-specific, Habitat Studies, 6.0354

DEVELOPMENT OF OFFSHORE SOURCES OF SAND SUITA-
BLE FOR BEACH RESTORATION AND NOURISHMENT
...Beach, Marine Mapping, Ocean Mining, Shoreline Structures,
Size, ...8.0154

Ocean Engineering Studies
Engineering Studies-general

CORROSION MITIGATION -CATHODIC PROTECTION OF
WATER-IMMERSED STEEL STRUCTURES ...Cathodic Protec-
tion, Coatings-general, Hydraulic Structures, Low Alloy Steels,
.8M172

Engineering Studies-other
CIVIL ENGINEERING STRUCTURES IN THE OCEANS ...Foun-

dations- general, Hydraulic Structures, Hydrodynamics, Mechani-
cal Properties, Soil Dynamics, Wave Action, 8.0165

Marine Fouling
CORROSION MITIGATION ...Corrosion Prevention-other, Deep,

Low Alloy Steels, Pre-stressed, Water, ,..8.0157

MICROBIOLOGICAL INVESTIGATIONS ...Biological, Biological
Pollutants -general, Microorganisms (non-specific), Water Supply-
general, ...3.0133

Navigation
ECONOMIC EVALUATION OF NAVIGATION IMPROVE-

MENTS Benefit-cost Analysis, Modes, Optimization, Price &
Value, Water Transportation, Welfare Economies, ...6.0190

GREAT LAKES RESEARCH - GREAT LAKES DEICING
,..Bibliography, Great Lakes-general, Harbors, Origin, Sea lee,
2.0643

HARBOR DESIGN STUDIES ...Harbors, Waves, 8.0231

Sewers
EDDY DIFFUSION AND BACTERIAL REDUCTION IN WASTE

FIELDS ...Bacterial Pollutant Sources, Diffusion, Dispersion -

water, Dyes, Mixing, Pollutants - Path of , ...5.0111

SALT WATER ENTRAINMENT FOR DILUTION IN SEWER
OUTFALLS ...Conduit Flow-other, Dispersion -water, Fluid Flow-
other, Fluid Mixing, Ocean, Outlet, Two-phase-other, ...5.1265

DEMONSTRATION OF THE LIMITATIONS AND EFFECTS OF
WASTE DISPOSAL ON AN OCEAN SHELF ...Marine Plants,
Ocean, Outlet, Pollution - Effects of , Pollution Effects, 5.0248

OCEANOGRAPHIC FACTORS IN THE FUNCTIONAL DESIGN
OF WASTE DISPOSAL SYSTEMS ...Jet Flow - other, Mixing,
Nuclear Power, Outlet, Process Design, 5.0115

Shoreline Structures
WAVE FORCES ON SUBMERGED STRUCTURES ...Drag,

Hydraulic Structures, Lift, Wave Action, Waves, 2.0629
RELATION OF PASS OPENINGS ON PHYSICAL EXCHANGE

AND SALINITY IN ESTUARIES ...Estuaries, Mixing, Saline
Water Intrusion, Salinity, Texas, ...2.1012

COASTAL ENGINEERING STUDIES RELATED TO FLORIDAS
SHORELINE AND BEACH EROSION PROBLEMS ...Beach, By-

passing, Erosion-general, General, Storms-general, Waves,
_8.0160

SHORE-LINE ENGINEERING STUDIES ON GREAT SALT LAKE
...Great Salt Lake, Hydraulic Structures, Hydrographic, Shoreline

- Coastline, Wave Action, 8.0293
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WAVE FORCES ON BREAKWATERS ...Breakwaters, Ext Pressure
on Struct-general, Wave Action, Waves, 8.0232

STABILITY OF RUBBLE-MOUND BREAKWATERS ..Break-
waters, Design Criteria, Engineering Structures-general,
Hydrodynamics, Wave Action, Waves, ...8.0230

WAVE ACTION ON STRUCTURES ...Engineering Structures-
general, Hydrodynamic Structures, Models, Stability, Wave Ac-
tion, 8.0150

MECHANICS OF SAND MOVEMENT BY WAVES ...Model Stu-
dies, Ocean Waves - Currents, Size, Wave Motion in Fluids-other,
Waves, 2.0259

CORRELATION OF BEACH PROPERTIES AND INCIDENT
WAVES Beach, Development, Engineering Structures-general,
Waves, ...2.0260

COASTAL WORKS EVALUATION FOR CHECKING, IMPROV-
ING AND DEVELOPING DESIGN RELATIONSHIPS AND
CONSTRUCTION TECHNIQUE ...Breakwaters, Construction.
Development, Groin, Jetty, .8.0148

DEVELOPMENT OF OFFSHORE SOURCES OF SAND SUITA-
BLE FOR I3EACH RESTORATION AND NOURISHMENT
...Beach, Marine Mapping, Ocean Coring and Dredging, Ocean
Mining, Size, ..830154

METHODS OF BYPASSING SAND PAST INLETS ...By-passing,
Coastal Engineering-other, Ocean Waves - Currents. Size,

...2.0264
STRUC'T'URAL DESIGN OF SHORE STRUCTURES ...Coastal En-

gineering- general, Engineering Structures-general, Hydrodynamic
Structures, Models, Wave Action, _8.0151

DEVELOPMENT OF CRI'T'ERIA FOR ARTIFICIAL BEACHES
...Beach, Beaches, Coastal Engineering- other, Design Criteria,
Statistics - general, 8.0155

RUBBLE-MOUND pRoToTypF, STUDIES 13reakwaters. Jetty,
Water Motion Recorders, Wave Action, Waves, _8.0156

Ocean Environment
COMPARATIVE STUDY OF '1HE BENTHIC' MICROBIAL

I3IOTA IN SOME COASTAL AREAS OF PUERTO RICO
,..I3enthic Flora, Bcnthonic-bottom, Pollution - Effects of , Puerto
Rico, Standing Crops, ...6.0478

SUBMARINE SPRINGS ...Bibliography, Discharge-general, Marine
Geology-general. Springs, Subsurface Environments, 2,0319

MARINE HYDROLOGY AND GEOCHEMISTRY, ATLANTIC
CONTINENTAL SHELF AND SLOPE _Chemistry, Continental
Shelf, Distribution, Mixing, Saline Water Intrusion, ...2.0623

Ocean Meteorological Studies
MARINE SURFACE FORECASTING TECHNIQUES _Forecast-

ingprediction, Lake Erie, Storms-general, Surface Environments,
Tides, ...2M599

GREAT LAKES RESEARCH - LAKE PRECIPITATION Amount,
Forecasting, Great Lakes-general, Lake Erie, Lake Michigan,
2.41638

GREAT LAKES RESEARCH - CHARACTERISTICS OF LAKE
WATER ,.Chemical- general, Currents -water. Great Lakes-
general, Physical-general, Water Quality-general, 2.0648

Ocean Mining
DEVELOPMENT OF OFFSHORE SOURCES OF SAND SUITA-

BLE FOR BEACH RESTORATION AND NOURISHMENT
...Beach, Marine Mapping, Ocean Coring and Dredging, Shoreline
Structures, Size, ...8M154

Ohio
INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL

DRAINAGE AREAS IN OHIO Drainage Systems. Floods. Small
Watersheds, 2.0275

A SOCIO-ENVIRONMENTAL STUDY OF A RIVER VALLEY
...Ecology, Mans Activities, River Basins, Social Aspects, ...6.0422

THE EFFECT OF DIELDRIN ON SURVIVAL AND DEVELOP-
MENT OF FISH EGGS ...Aldrin. Basic Embryology, Dieldrin,
Mode of Action -animal, Pollution - Effects of , 5.0885

COLONIZATION RATES OF BENTHIC INVERTEBRATES IN
AN OHIO RESERVOIR ...Benthic Fauna, Intertidal Areas,
Productivity - Food Chain, Reservoirs and Impoundments, Water
Level Fluctuation, .6.0424

STRIP-MINING AND WATER QUALITY Ions and Gases, Min-
ing Industry, Storm Water, Strip Mines, Water Quality- general,
.5.0888

2-313

HYDROLOGIC INVESTIGATION OF WATERSHEDS IN OHIO
...Discharge - general, Hydrology-general, Simulation, Small
Watersheds, ...2.0861

GROUND WATER BASIN DYNAMICS ...Dispersion -water,
Groundwater Basins, Mathematical Analysis, Model Studies,
Natural Recharge, _2.0851

A STUDY OF BIOLOGICAL SYSTEMS IN THE SCIOTO RIVER
AS INDICES TO WATER QUALITY _Bioindicators, Chemical-
general, Physical-general, Systems Analysis, Water Sampling,

RAPID-FLOW COMBUSTIBLE FILTER FOR TREATMENT OF
COMBINED SEWER OVERFLOW ...Combined Sewer, Com-
bustible, Rapid, Sewage Treatment Plant, Waste Treatment-
economics, ...5.41871

MODIFICATION OF WHITTIER STREET STORM STANDBY
TANKS ...Appurtenances, Combined Sewer, Pump. Runoff.
Storm Water....5,0873

EFFECTS OF S011. MANAGEMENT TREATMENTS ON E.ROD1-
1311.1TY AND INFILTRATION CHARACTERISTICS Infiltra-
tion, Management Effects, 2.0860

FLORISTIC AND FAUNISTIC SURVEY IN THE CUYAHOGA
RIVER WATERSHED ...Aquatic Ecology, Freshwater Ecology,
Physical-general, Pollution - Effects of , Survey Studies, 6.0436

A SURVEY OF PHYTOPLANKTON IN AND OLD AND A NEW
RESERVOIR _Algal Pollutant Sources. Phytoplankton, Reser-
voirs and Impoundments, 6.0434

THE ROLE OF TEMPERATURE AND ILLUMINATION IN THE
BIOLOGY OF OSCILLATORIA RUBESCENS ...Lakes, Optical
Properties, Temperature, Temporal Distribution. .6.0435

TROPHIC TYPOLOGY OF OHIO LAKES Eutrophication, Fresh-
water Ecology, Lakes, Nutrients, Plant Succession, ...5.0893

ECOLOGICAL SUCCESSION IN A NORTHEASTERN OHIO
RESERVOIR _Eutrophication, Nutrients, Plankton (non-
specific), Plant Succession, Reservoirs and Impoundments,

THE ALGAE AND ZOOPLANKTON OF PROTECTED AND EX-
PLOITED LENTIC HABITATS IN NORTHEASTERN OHIO
...Algae- General, Aquatic Ecology, Freshwater Ecology, Habitat
Studies, Zooplankton, .6.0431

DAILY HEAT BUDGETS IN ENVIRONMENTAL FLUIDS ...Heat
Budget, Heat Flow, Illinois, Temperature Or Heat Budgets,
.,.2.0405

EFFICIENT SYSTEM OF WATER QUALITY MANAGEMENT
FOR THE MIAMI BASIN _Alternative Planning, Economic Effi-
ciency, Management, River Basins, Water Quality Control-
general, 5.1015

ACCUMULATION OF CLIMATOLOGICAL DATA ...Ash Trecti,
Flowering, Soil Depth, Soil Temp. -non-specific, 7.0090

MILL. CREEK VALLEY ANALOG MODEL STUDY, OHIO
...Analog Computers, Aquifers-general, Artificial Recharge,
Model Studies, Recharge Pits Wells, 4.0195

SPRINGFIELD AREA INFILTRATION STUDY, OHIO Artificial
Recharge, Clastie Aquifers, Flow Characteristics -water, Induced
Infiltration, Water Yield, 4.0196

Ohio River
DOCTORAL DISSERTATION RESEARCH IN GEOGRAPHY

...Data Analysis - General, General Synoptic Observations, Geog-
raphy-physical, Humidity, Water Balance-budget, 3.0392

THE UPTAKE OF DIELDRIN IN THE THREE RIDGED NAIAD,
AMBLEMA PLICATA Bioindicators, Dieldrin, Freshwater
Mussels, Scallops, Metabolism, Pollution Effects, 5.0886

A STUDY OF THE QUALITY OF INDIANA SURFACE WATERS
...Indiana, Ions and Gases, Lake Michigan, Surface Water, Water
Quality-general, ...5.0389

SHEAR EVALUATION OF WEAK ROCK FOUNDATIONS .Ce-
ment, Concrete, Foundations, Joining, Bonding-general, Shear
Strength, Soil Test - Insitu, _8.0273

PROTOTYPE ANALYSIS-STRUCTURAL BEHAVIOR ...Gravity
Dams. Mass, Piezomctcrs, Seepage, Uplift, 8.0149

Oil - Technological Testing
MARINE OIL-WATER MONITORING INSTRUMENTATION

SYSTEM SUBGROUP V ...Detectors, Industrial Waste-other, In-
frared, Infrared Radiation, Instrumental Services, Oil, 5.0336

USE OF COAGULATION IN THE FLOTATION OF WASTE-
WATER ...Biochemical Oxygen Demand, Coagulation, Flotation,
Industrial Wastes, Primary Treatment, .5.0338

FILTRATION OF AQUEOUS EFFLUENTS CARRYING EMUL-
SIFIED OILS Coagulation. Effluents-waste Water, Emulsion,
Filter- other, ..11.0008



Oil and Natural Gas - Sulfur SUBJECT INDEX

Oil and Natural Gas - Sulfur
Drilling Operation

DRILL PERFORMANCE MONITOR ...Borehole Geophysics, Foun-
dations-general, Pressure, Soil Exploration, Temperature,
_8.0097

Fluid Properties
ANALYTICAL METHODS - OILFIELD WATER CHEMISTRY

...Brines, Chemical Analysis (water), General, Technique
Development, _2.0874

SOLUBILITIES OF THE SULFATES OF BARIUM AND STRON-
TIUM IN OILFIELD WATERS ...Barium, Brines, Radioisotopes,
Solution Chemistry, Strontium, Thermal Properties-other,
1.0097

Recovery - Production
General

ANALYTICAL METHODS - OILFIELD WATER CHEMISTRY
...Brines, Chemical Analysis (water), Fluid Properties, Technique
Development, _2.0874

Primary Recovery
CHEMISTRY OF SUBSURFACE OILFIELD BRINES ...Brines,

Chemical-general, Fresh Water, 2.0873

Secondary Recovery
REUSE OF WASTE IRRIGATION WATER TO RECOVER ADDI-

TIONAL PETROLEUM BY WATERFLOODING ...Chemical
Analysis (water), D.t.a. , Irrigation-other, Petroleum Industry,
Spectroscopy-general, Water Reuse, ...5.0154

MINING-POLLUTION CONTROL TECHNOLOGY - OIL
PRODUCTION GROUND-WATER RECLAMATION BY
SELECTIVE PUMPING ...Brines, Groundwater, Mine Drainage
Control, Petroleum Industry, Pumping, Saline Water Intrusion,
...5.0913

Oklahoma
INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL

WATERSHEDS IN OKLAHOMA ...Floods, Flow Characteristics
-water, Gaging, Peak Flow, Small Watersheds, ...2.0278

SUMMER RESEARCH AT THE UNIVERSITY OF OKLAHOMA
BIOLOGICAL STATION ...Personnel, Research Facilities, Train-
ing Grants, Fellowships, Water Resources - General, _9.0011

ASSESSMENT OF ENVIRONMENT FACTORS INFLUENCING
THE DISTRIBUTION OF BOTTOM FISHES IN RESERVOIRS
...Nets, Organic, Physical Properties-general, Reservoirs and Im-
poundments, Turbidity & Suspended Matter, ...5.0924

WATER RESOURCES PLANNING STUDIES - ARKANSAS AND
OKLAHOMA ...Arkansas, Daily, River Basins, Water Allocation,
Water Quality-general, 6.0028

COMPARISON OF ENERGY FLOW PARAMETERS OF MIDGE
POPULATIONS IN BIOLOGICAL OXIDATION PONDS
.Bloodworms, Aquatic Midges, Energy Budgets, Pollution Ef-

fects, Productivity - Food Chain, Sewage Lagoons, 5.0929
A PRELIMINARY ANALYSIS OF THE IMPACT OF THE AR-

KANSAS WATERWAY ON LAND TENURE AND VALUE IN
OKLAHOMA ...Economic Impact, Engineering Structures-
general, Land, _6.0446

STUDIES OF THE SOIL-MOISTURE-PLANT REGIME FOR THE
CONDITIONS OF WESTERN OKLAHOMA ...Analog Compu-
ters, Climate-general, Consumptive Use, Evapotranspiration, Soil-
water-plant Relationships, ...2.0880

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR ...Evaporation, Heat Budget, Humidity, Humidity
Instruments, Reservoirs and Impoundments, Transmission Charac-
teristics, Velocity, Water Loss Control, 3.0114

A TEST OF CERTAIN EVALUATION DESIGNS FOR CLOUD-
SEEDING EXPERIMENTS ...Clouds-precipitation, Forecasting,
Mathematical Analysis, Model Studies, Weather Charts-maps,
...2.0180

A STUDY OF NATURAL EVAPORATION FROM FREE WATER
SURFACES ...Boundary Layer Studies, Evaporation, Patterns,
Water Loss Control, Waves, 3.0129

EFFECT OF IMPOUNDMENTS ON WATER QUALITY ...Op-
timization, Pre-impoundment Sites, Reservoirs and Impound-
ments, Water Quality Control-general, Water Sampling, 5.0904

DYNAMICS OF RESERVOIR DESTRATIFICATION ...Aeration,
Destratification, Diffuser, Reservoirs and Impoundments, Rotating
Fluids, 5.0911

Operations Research
WATER SUPPLY-DEMAND ...New York, Planning, Projections

and Estimations, Water Demand, Water supply-general, ...2.0795
WATER RESOURCE OPERATIONS STUDY ...Conjunctive Use,

Planning, Water Cycle, Weather Modification-general, Wyoming,
6.0652

OPERATIONS RESEARCH STUDY OF WATER RESOURCES
DEVELOPMENT AND MANAGEMENT IN THE TUCSON
AREA ...Arizona, Management, Optimization Technique,
Research - Development, Simulation Theory, Water Resources
Development, 6.0015

DEVELOPEMNT AND IMPLEMENTATION OF A MANAGE-
MENT STRATEGY FOR WATER RESOURCES RESEARCH
Management, Planning, Projections and Estimations, Systems
Analysis, Water Resources Development, _6.0112

A STUDY OF WATER RESOURCES RESEARCH NEEDS IN
MONTANA ...Montana, Projections and Estimations, Water
Resources Development, 6.0326

APPLICATION OF OPERATIONS RESEARCH TECHNIQUES
FOR ALLOCATION OF COLORADO RIVER WATERS IN
UTAH ...Colorado River, Optimization, Utah, Wate7 Allocation,
6.0575

THE DECISION SEQUENCE IN WATER RESOURCE
PLANNING .. Decision Making, Decision Theory, Planning,
6.0069

SYSTEMATIC ANALYSIS OF MANAGEMENT EFFECTIVE-
NESS OF THE WATER QUALITY CONTROL BOARD
SYSTEM OF CALIFORNIA ...California, Management, Model
Studies, State - (.cal Government, Water Quality Control-general,
...6.0035

RESEARCH ON DECISION MAKING AND RELATED
MANAGERIAL ASPECTS OF BRITISH WATER RESOURCE"
PROGRAMS ...Administrative Structures, British Isles, Manage-
ment, Water Law-general, 6.0381

OPERATIONS RESEARCH IN WATER QUALITY MANAGE-
MENT ...Channel Regulation-other, Control and Protection, En-
gineering Structures-general, Management, Water Quality Con-
trol-general, ...5.0526

DATA COLLECTION ECONOMICS FOR WATER POLLUTION
STUDIES ...Data Acquisition-general, Economic Efficiency,
Water Quality Control-general, 7.0055

DEVELOPMENT OF METHODS FOR PLANNING AND TIMING
OF WATER RESOURCES INVESTMENTS ...Finance, Multiple-
purpose Projects, Planning, Risk & Uncertainty, Water Resources
Development, 6.0065

WATER RESOURCES SYSTEM ANALYSIS ...Water Resources
Development, ...6.0204

REGIONAL UTILITIES STUDY-WATER SUPPLY, SEWERAGE,
DRAINAGE AND REFUSE DISPOSAL ...Connecticut, Mu-
nicipal-waste-other, Planning, Sewage, Water Supply-general,
...5.0207

RESERVOIR WATER QUALITY INVESTIGATION ...Forecasting -
prediction, Planning, Reservoirs and Impoundments, Storage of
Water, Water Quality Control-general, ...5.0237

OPTIMUM UTILIZATION OF SURFACE AND SUBSURFACE
WATER FACILITIES ...Aquifers-general, Conjunctive Use,
Mathematical Analysis, Storage of Water, Survey Studies,
4.0110

Optical Devices
OIL SLICK ANALYSES ...Aircraft, Instrumental Services, Oil,

Satellites, Transducers, ...6.0275

Optical Techniques
Colorimetric

DEVELOPMENT OF FIELD TEST FOR FREE CHLORINE
...Bromine, Chlorine, Membranes-other, Sterilants, Technique
Development, ...5.0808

(U) DETERMINATION OF FREE BROMINE IN WATER (US 14)
...Amines, Analysis and Detection, Bromine, Chlorine, ...5.0372

AN ANALYSIS OF PHOSPHORUS AND NITROGEN COM-
POUNDS IN TIDAL MARSHLAND DRAINAGE - LABORATO-
RY PROCEDURES ...Computers-general, Conductrometry,
Management, Nitrogen, Phosphate, Phosphite, Swamps-marshes,
...1.0024

LIGAND EXCHANGE REAGENTS ...Complexes, Compound,
Dyes and Coloring, Ion Exchange-other, Spectroscopy-other,
5.0431
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SUBJECT INDEX Organic Fertility -sun
FIELD TECHNIQUES FOR CHEMICAL ANALYSIS OF WET-,

LAND CRITERIA ...Chemical Analysis (water), Chromatog-
raphy-other, Translation Grants, Wetlands, _1.0091

METHODS OF ANALYSIS FOR INSECT-CONTROL CHEMI-
CALS ...Chemical Analysis, Extraction-other, Gas, Reaction-
general, Spectroscopy - other, 5.0491

Light Scattering
THE MECHANISM FOR FORMATION OF A SKINNED TYPE

MEMBRANE Desalination. Evaporation, interface, Membranes-
other, Solvent-other, 3.0265

COMPARISON OF OPTICAL PROPERTIES WITH DIRECT
MEASUREMENTS OF CONCENTRATION AND SIZE DIS-
TRIBUTION OF SUSPENDED MATERIALS ...Chesapeake Bay,
Fluorometry, Optical Properties, Size, Turbidity, ...2.0559

Refractometry
SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER

SURFACES AS RELATED TO EVAPORATION SUPPRESSION
_Evaporation, Evaporation Control, Monolaycrs, Organics-
general, Water Loss Control, 2.1110

Optics
Instrumentation

Optical Systems
MEASUREMENT OF WATER VAPOR FLUX ABOVE A LAKE.

SURFACE BY MEANS OF OPTICAL. TECHNIQUES ...Absorp-
tion Spectra, Humidity Instruments, Infrared, Infrared Radiation,
Water. 2.0811

Oregon
CRATER LAKE VERTICAL TEMPERATURE PROFILES ...Elec-

tronics - Applied, Lakes, Radioactive Fallout, Temperature.
Water Sampling, 2.0101

ECOLOGICAL-PHYSIOLOGICAL INVESTIGATIONS LIT-
TORAL DIATOM COMMUNITIES OF THE YAQUINA RIVER
ESTUARY ...Algae- Diatoms, Environment, Intertidal Areas,
PhysiologiJal Ecology, 5,0949

INVESTIGATE THE FEASIBILITY OF INTRODUCING
SOCKEYE SALMON INTO RESERVOIRS ...Reservoirs and Im-
poundments, Salmon -colio,chinook,sockeye.., Stocking of Fish &
Shellfish, .6,0464

MASS MORTALITY OF OYSTERS ALONG THE OREGON
COAST ...Bays, Invertebrate Pathology, Mortality Rates, Oysters,
Pathology, 5.0985

A CLASSIFICATION OF THE LAKES OF THE STATE OF
OREGON ...Data Acquisition-general, Lakes, Survey Studies,
Water Properties-general, _2.0891

SOCIO-CULTURAL IMPACTS OF WATER RESOURCE
DEVELOPMENT IN THE SANTIAM ...Attitudes & Attitude
Change, Economic Impact, Reservoirs and Impoundments, Social
Aspects. Water Resources Development, ..6.0457

SEDIMENT-WATER-BACTERIA INTERACTIONS IN
EUTROPHICATION ...Deposits-other, Eutrophication, Lakes,
Nutrients, Water Bacteria, ...5.0953

NATIONAL SYMPOSIUM ON THERMAL POLLUTION
...Management, Meetings, Pollution - Effects of , Tennessee,
Thermal Pollution...5.1138

MATHEMATICAL AND COMPUTER SERVICES FOR THE
ANALYSIS OF DATA AND DESIGN OF EXPERIMENTS FOR
CERTAIN FWPCA PROGRAMS ...Computers-general, Data
Analysis - General. Facilities. Instrumental Services, ...5M934

BIONOMICS OF FISHES AND SHELLFISHES ...Aquaculture &
Fish-farming, Bays, Economies-general, Environmental Ecology,
Productivity - Food Chain...2.0896

EPIDEMIOLOGICAL RELATIONSHIPS OF PESTICIDE APPLI-
CATION TO PESTICIDE RESIDUES IN WILDLIFE TISSUES
AND HABITATS ...Aquatic Ecology, Habitat Studies, Terrestrial
-other. Wildlife -non-specific, 5,0960

EVALUATION OF UPSTREAM AND DOWNSTREAM
ANADROMOUS FISH PASSAGE AT RIVER MILL AND
FARADAY DAMS ON THE CLACKAMAS RIVER, OREGON
...Engineering Structures - general. Management -other, Migration,
Rainbow Trout, Steelhcad Trout, Reservoirs and Impoundments,
...8.0279

OREGON FISHES - THEIR CLASSIFICATIONS, DISTRIBUTIONS
AND LIFE HISTORIES Animal Taxonomy, Fresh Water, Life
History Studies, Vertical Distribution, ...6,0450

VEGETABLE CROPS FERTILIZER, PLANT NUTRITION, AND
IRRIGATION PROBLEMS ...Aerial, Irrigation, Irrigation-general,
Root, Soil Fertility -nor.- specific, 2.0895

AN ECONOMIC EVALUATION OF WATER POLLUTION CON-
TROL, YAQUINA BAY, ORE ...Alternative Planning, riays,
Benefit-cost Analysis, Model Studies, Systems Analysis, Water
Quality Control-general, 6,0454

ECOLOGY OF SPRING CHINOOK SALMON Aquatic Ecology,
Life History Studies, Productivity Food Chain, Salmon -
coho,chinook,sockeye.., Streams, 6.0447

RELATIONS OF NUISANCE ALGAE TO FISH IN KLAMATH
LAKE Algal Toxins, Bioassays, Cyanophyta (non-specific &
Ot), Fish -non-specific, Lakes, ...5.0937

FACTORS INFLUENCING THE FRESHWATER RESIDENCE OF
PJVENILE FALL CHINOOK SALMON ...Aquatic Ecology,
Fresh Water, Life History Studies, Salmon -coho.ehin-
ook,sockeyc... Streams, 6.0448

GENERAL. SOIL MAPS OF REGIONS IN OREGON WITH
POTENTIAL FOR IRRIGATION Acrospatial, Irrigation-
general, Mapping, Saline Properties, Soil Morphology, Profiles,
...6.0463

ECOLOGY OF RECREATIONALLY IMPORTANT ESTUARINE
FISHES IN OREGON ...Aquatic Ecology, Environmental Ecolo-
gy, Estuaries, Fishing, Migration, Population Dynamics, 6,0458

NUTRITIONAL AND SOIL MOISTURE REQUIREMENTS OF
PEAR ORCHARDS OF SOUTHERN OREGON Pears, Quality
-non-specific, Requirements for Water, Trees, Yield, _2,0899

EVALUATION OF ANADROMOUS FISH PASSAGE FACILITIES
AT FALL CREEK DAM, MG FALL CREEK, OREGON
Aquatic Ecology, Engineering Structures-general, Migration,
Rainbow Trout, Steelhcad Trout, Salmon & Trout - Non-specific,
...8.0280

ESTIMATION OF RECREATION WATER REQUIREMENTS
ULTIMATE NEEDS STUDY (OREGON) ...Consumptive Use,
Projected Demand, Recreation Sites, Water Demand, 6.0612

SEDIMENTATION IN SMALL FORESTED DRAINAGE BASINS
...Forest "/atersheds, Logging, Transport, Equipment. Runoff, Soil
Erosion -non-specific, _2.0901

COASTAL DIFFUSION OF POLLUTANTS Currents-other,
Model Studies, Ocean, Outlet, Pulp and Paper Wastes, 5.0973

ESTUARINE DIFFUSION OF POLLUTANTS ...Dilution-other.
Estuaries, Pollutants - Path of , Salinity, Stratification, 5.0974

IRRIGATED PASTURE AND MEADOW ESTABLISHMENT AND
MANAGEMENT ...Flood Irrigation, Grasses -non-speeifie, Irriga-
tion, Legume-grass Mixtures, Legumes -other.mesquite... Mon-
tana, North Dakota, 3,0472

Organ Sampling Devices
ECOLOGICAL STUDIES OF RADIOACTIVITY IN THE COLUM-

BIA RIVER ESTUARY AND ADJACENT PACIFIC OCEAN
Columbia River, Contamination - Water, Pacific Ocean-north.
Pollutants - Path of , Radioactivity, ...6.0452

Organic Evolution
Biochemical

PHYTOCHEMISTRY OF NARCOTIC PRINCIPLES IN CAULER-
PA _Biochemical Analysis, Caulerpa, Cyclopropane, Medicinal
Plants, Phaeophyta (non-specific & Ot), _6.0172

Ecological
EVOLUTION OF ALLOPATRIC POPULATIONS ...Captive Rear-

ing, Lake Trout, Brook Trout, Maine, Population Dynamics,
_5.0464

Organic Fertility -soil
Manure

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Animal Wastes - Feed Lots, Management, Pollution -
Effects of 5.0736

LIVESTOCK WASTE MANAGEMENT AND SANITATION
...Acrobic, Animal Waste Removal-treatment, Computer Methods
-other, General Sanitation Methods, 5.0360

Organic Fertility -other
COMPARISON OF VARIOUS FORAGES FOR AGRICULTURAL

WASTE WATER DISPOSAL Infiltration, Sprinkler Irrigation,
Use of Impaired Water, Waste Disposal -underground, 5.0494
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Organic Fertility -soil SUBJECT INDEX

APPLICATION OF SEWAGE SLUDGE TO FIELD CROPS
...Disposal, Fertilizing, Planting & Cult, Methods of Application,
Sewage, Source of Fertilizer, Waste Disposal -underground,
...5.0363

Plant Residues, Humus, Compost
SOIL SURFACE MANAGEMENT PROCEDURES FOR SOIL

AND WATER CONSERVATION ...Conservation , Conservation-
general, Tillage, Cropping Systems, Yield, ...2.0878

THE ROLE OF SOIL STRUCTURE IN CROP PRODUCTION
AND METHODS FOR IMPROVING SOIL PHYSICAL CONDI-
TIONS Groundwater Movement, Management Effects, Soil En-
vironment, Soil Structure, Texas, ...2.1055

MANAGEMENT PRACTICES FOR SALINE AND SODIC SOILS
IN IMPERIAL VALLEY _California, Management, Tillage,
Cropping Systems, ...3.0037

Organic Matter -soil
Characterization

PEAT BOG WASTE STABILIZATION ...Drying-dewatering, Indus-
trial Wastes, Minnesota, Pulp and Paper Wastes, Waste Water
Treatment-general, ...5.0611

Maintenance
MEADOW SOD MAT ACCUMULATION AND DECOMPOSI-

TION ...Ecology - Soil, High Organic Soils, Microbiology -soil,
Soil Depth, Soil Physical Properties, ..2.0238

Physical Property Effects
SOILS, PESTICIDES AND THE QUALITY OF WATER ...Move-

ment, Leaching, Organic Matter, Organophosphorous Cpds. , Soil
and Rock Leaching, Soil Environment, ...5.0325

CHARACTERISTICS OF FARM ANIMAL MANURES AFFECT-
ING DESIGN OF DISPOSAL FACILITIES ...Animal Waste
Removal-treatment, Farm Wastes, Waste Disposal -underground,
Waste Disposal-general, 3.0300

IRRIGATION REQUIREMENTS, PRINCIPLES AND PRACTICES
FOR EFFICIENT USE OF WATER IN THE PACIFIC
NORTHWEST ...Evapotranspiration, Irrigation, Irrigation-general,
Management, Southern, ...3.0203

Osmoregulation
STUDY OF BIOLOGICAL DESALINATION PHENOMENA AND

SALT TRANSPORT MECHNAISMS OF SELECTIVE AVIAN
SALT GLANDS ...Active Transport, Anseriformes -other, Chemi-
cal Analysis, Ion Selective, Transport, ...3.0479

STUDY OF EXCRETORY PATTERNS IN CRAYFISHES ...Cray-
fish, All, Metabolism, Nitrogen, Stress, Urea, ...6.0376

SURVIVAL REQUIREMENTS OF JUVENILE AND ADULT
BLUE CRABS ...Biological Rhythms, Crabs, All, Environmental
Physiology. Laboratory, Water Properties-general, ...6.0401

Other
SPORT FISHERY POTENTIAL IN RECLAIMED WASTEWATER

...Channel Catfish, Growth Rate, Salmon & Trout - Non-specific,
Stream Rehabilitation, Tilapia, Cichlids, 5.0050

THE EFFECT OF WATER STRUCTURE ON BIOLOGICAL AC-
TIVITY Bacteria (non - specific). Corn, Molecular Interaction,
Water, Water Movement, ...1.0047

EFFECTS OF POSSIBLE POLLUTANTS ON ENERGY PRODUC-
TION BY lm,UEGILL LIVER MITOCHONDRIA ..Bluegills,
Bream, Met,ilie Ions, Mineral, Mineral Origin, Respiration,
...5.0348

DEVELOPMENT OF NX BOREHOLE INSTRUMENT FOR
DEFORMATION MODULUS Borehole Geophysics, Deforma-
tion, Drilling and Coring, ...8.0047

PHYSIOLOGICAL STUDIES OF ALFALFA AS RELATED TO
COLD AND HEAT TOLERANCE, DROUGHT RESISTANCE,
AND FORAGE QUALITY AND YIELD ...Alfalfa, Blood Albu-
min, Cold Resistance and Hardiness, Drought, Rcspiration,
...2.0572

MARINE TOXINS OF THE TROPICAL PACIFIC ...Algal
Mctab.(non- spccific &ot), Animal Origin, Fish -non-specific,
Polynesia, Toxicology, 5.0315

Compound
LIGAND EXCHANGE REAGENTS ...Colorimctric, Complexes,

Dyes and Coloring, Ion Exchange-other, Spcctroscopy-other,
5.0431
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Overturn
CHEMISTRY OF THE HYPOLIMNION OF LAKE ERIE ...Chemi-

cal-general, Ions and Gases, Lake Erie, Oxygen, Stratification,
...2.0625

Oxygen
STUDY OF LIGHT ISOTOPES IN LACUSTRINE ENVIRON-

MENTS ...Gaseous Atmosphere, Lakes, ...2.0242
DEVELOPMENT OF A COULOMETRIC METHOD FOR THE

MEASUREMENT OF DISSOLVED OXYGEN IN SEA WATER
...Analysis and Detection, Coulomctry, Electrolytic, Gases,
Technique Development, _2.0914

STABLE CARBON AND OXYGEN ISOTOPE RATIO VARIA-
TIONS IN THE FLOW TO CARBON AND OXYGEN
THROUGH NORMAL AND POLLUTED AQUATIC SYSTEMS
...Analysis and Detection, Carbon, Element Ratios, Organic-
general, Pollutants - Path of , Sewerage Systems-other, ...5.1183

DETERMINATION OF OXYGEN IN SEA WATER ...Chemical
Analysis, Electroanalyses-other, Gases, Salt, ...1.0009

DEVELOPMENT OF A CALIBRATION MODULE FOR TRACE
OXYGEN ANALYZERS ..Analyzing, Calibration Devices,
Chemical Analysis (water), Inorganic, Technique Development,
...3.0055

ASSEMBLY AND EVALUATION OF AN IMPROVED PPB OX-
YGEN ANALYZER FOR SEA WATER ...Automatic, Calibration
Devices, Gases, Inorganic, Technique Development, 3.0453

EFFECTS OF DISSOLVED OXYGEN CONCENTRATION ON
SURVIVAL OF LARGEMOUTH BASS EMBRYOS ...Basic Emb-
ryology, Gases Dissolved -water, Largemouth Bass, Mortality
Rates, Water Movement, Currents Water Temperature-non-
specific, -.5.07;

EFFECTS OF SIMULTANEOUS VARIATION OF TEMPERA-
TURE AND DISSOLVED OXYGEN ON THE RESISTANCE OF
FISHES TO CONTROLLED POLLUTANTS ...Contamination -
Water, Gases, Dissolved -watcr, Pollution - Effects of , Tempera-
ture, Water Temperature-non-specifie, ...5.0220

THE EFFECT OF SURFACTANTS ON THE AQUEOUS SOLU-
BILITY OF OXYGEN AND HYDROGEN SULFIDE ...Micelle,
Solubility, Sulfide, Surfactants, Wettability, ...1.0001

DIFFLISION OF OXYGEN AND HYDROGEN SULFIDE IN
WATER AS EFFECTED BY DISSOLVED SURFACTANTS
...Diffusion-other, Sulfide, Surfactants, ...1.0002

PREDICTION MODELS FOR WATER QUALITY PARAMETERS
...Model Studies, Projections and Estimations, Social Aspects,
Systems Analysis, Temperature, Water Standards, ...6.0164

PROCESS CONTROL MODEL FOR OXYGEN REGENERATION
OF POLLUTED RIVERS ...Aeration, Automatic, Chemical Ox-
ygen Demand, Detectors and Sensors, Model Studies, Streams,
...5.0727

OXYGEN STATUS OF SOIL AIR AND SOIL WATER AS IN-
FLUENCED BY OXYGEN TRANSFER THROUGH THE SOIL
PROFILE ...Activation Analysis, Moisture-other, Polarography,
Soil Chemical Properties, Soil Environment, ...2.0248

PIGMENT INDICES OF ENVIRONMENTAL OXYGEN STRESS
...Environmental Physiology, Hemoglobin, Respiratory Or Blood,
...5.0810

DIFFUSIVITY OF OXYGEN AND SULFIDE SPECIES IN AQUE-
OUS SOLUTIONS ...Chemical Treatment, Gas/liquid, Solution,
Sulfide, Surfactants, ...1.0003

MICROBIAL RELEASE OF SOLUBLE PHOSPHATE IN AN AC-
TIVATED SLUDGE ENVIRONMENT ...Cell. cnv.(non- specific
& Ot.), Microorganisms (non-specific), Pho.;.-:!vie, Phosphite,
...5.1213

THE EFFECT OF DETERGENTS ON THE OXYGENATION OF
WATER ...Absorption-other, Activated, Isotherm, Surfactants,
...5.1207

A COMPUTER PROGRAM FOR FORECASTING POLLUTION
AND DISSOLVED OXYGEN IN STREAMS ..Distributions,
Forecasting-prediction, Model Studies, Stochastic Models, Water
Quality-general, 5.1210

DISSOLVED OXYGEN DETERMINATION IN NATURAL AND
WASTE WATERS ...Chemical Analysis (water), Ions and Gases,
Potcntiometry, Technique Development, Voltammctry, ...5.0553

OXYGEN TRANSFER IN CONCENTRATED MICROBIAL
SYSTEMS ...Degradation, Microbial-bacterial, Mixed Culture,
Model Studies, Physico - Chem - Metab, ...5.0801

DISSOLVED OXYGEN REQUIREMENTS OF FRESHWATER
FISH ...Aquatic Ecology, Environmental Ecology, Fish -non-
specific, Gases, Dissolved -water, Ions and Gases, ..5.0962



SUBJECT INDEX Particle Size Tests

BENTHONIC INVERTEBRATES AS AN INDEX OF WATER
QUALITY ...Benthic Fauna, Bioindicators, Gases, Dissolved -

water, Water Quality Control-general, ...5.0601
EFFECT OF PAPER FIBER WASTES ON FISH EGGS AND JU-

VENILES ...Fish -non-specific, Minnesota, Pollution - Effects of ,
Pulp, Paper , and Logging, Sphaerotilus, ...5.0614

OXYGEN RELATIONSHIPS IN SMALL STREAMS ...Aeration,
Ions and Gases, Self-purification, Stream, -.5.0357

OXYGEN REGENERATION OF POLLUTED RIVERS .,.Aeration,
Delaware River, Economic Efficiency, Instrumentation-general,
Pollution Abatement, Streams, ...5.0740

A STOCHASTIC MODEL FOR POLLUTION IN ESTUARIES
-Estuaries, Ions and Gases, Model Studies, Water Quality Con-

trol- general, Water Quality-general, ...5.1211
OXYGENATION KINETICS OF REDUCED SULFUR SPECIES

...Order, Other, Oxidation-general, 5.0496
WATER QUALITY REQUIREMENTS FOR AQUATIC INSECTS

...Growth Rate, ...5.0699
EFFECT OF WATER TEMPERATURE AND/OR DISSOLVED

OXYGEN REQUIREMENTS ON SELECTED MOLLUSKS ...En-
vironmental Physiology, Freezing & Below, Gases, Dissolved -

water, Gastropods - slugs,conch,snai!s, Warm Water, ...5.0555
OXYGENATION OF AQUEOUS BODIES USING LIQUID OX-

YGEN -Aeration, Diffusion-other, Solution, Waste Treatment-
economics, ...5.0685

DIFFUSION OF OXYGEN ACROSS THE MUD-WATER INTER-
FACE IN AQUATIC ENVIRONMENTS ...Aquatic Environments,
Diffusion-other, Eleetroanalyses-other, Ions and Gases, ...2.0797

WATER POLLUTION STUDY OF THE WABASH RIVER ...Data
Acquisition-general, Indiana, Low Flow, Model Studies, Water
Quality-general, 5.0390

OXYGEN TRANSFER '1'0 WATER DROPLETS ...Air-general,
Diffusion-other, Water, ...1.0038

STRUCTURE OF CARBON-OXYGEN COMPLEXES ...Adsorp-
tion-other, Carbon, Complexes, Infrared, Surface-other, ...1.0082

THE PHYSICAL AND CHEMICAL PROPERTIES OF WATER
AND SOILS AS RELATED TO THE SUCCESSFUL GROWTH
OF WATERFOWL FOOD AND COVER PLANTS ..Flooding,
Food Supply, Phytotoxic, Soil (wildlife) Cover, Soil Conditions,
Water Fowl, N.s. , ...2.0799

REAERATION IN OPEN CHANNEL FLOW ...Aeration, Degrada-
tion, Freshwater Ecology, Open Channel Flow, Oxygen Content -
water, ...2.0224

CHEMISTRY OF THE HYPOLlIvINION OF LAKE ERIE ,..Chemi-
cal- general, Ions and Gases, Lake Erie, Overturn, Stratification,
-.2.0625

OXYGEN DEMAND OF LAKE ERIE SEDIMENT ...Aquatic Soils,
Deposits-other, Transfer Processes, ...2.0627

STREAM REAERATION ...Aeration, Morphology-general, Or-
ganic-general, Photosynthesis, Streams, ...5.0905

PHYSIOLOGIC AND METABOLIC RESPONSE AS INDICATORS
OF STRESS ...Environmental Physiology, Gases, Dissolved -water,
Ions and Gases, Metabolism -animal, Stress, ...5.0592

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT SPECIES OF MARINE
ZOOPLANKTON -Copepods, Water Salinity, Water Tempera-
ture-non-specific., Zooplankton, ...5.1097

Pacific Mountain System
Cascade - Sierra Mountains

STATE OF WASHINGTON DEPARTMENT OF WATER
RESOURCES CASCADE ATMOSPHERIC WATER
RESOURCES PROGRAM ...Augmentation-general, Clouds-
precipitation, Nucleation Physics, Patterns, Washington, ...2.0195

Pacific Ocean-general
PACIFIC OCEAN INFLUENCE UPON CALIFORNIA RAINFALL

,..California, Forecasting, Patterns, Rain-other, Temperature,
2.0104

CLOSTRIDIUM OUTGROWTH AND TOXIN PRODUCTION
DURING STORAGE OF SHELLFISH ...Bacterial Pollutant
Sources, Clostr:_::um Botulinum, Microbiological, Oysters, Shelf
Life & Storage, ...5.1223

Pacific Ocean-north
ECOLOGICAL STUDIES OF RADIOACTIVITY IN THE COLUM-

BIA RIVER ESTUARY AND ADJACENT PACIFIC OCEAN

_Columbia River, Contamination - Water, Organ Sampling
Devices, Pollutants - Path of , Radioactivity, -.6.0452

Pakistan
ORGANISMS WHICH ATTACK THE AQUATIC PLANT, EURA-

SIAN WATERMILFOIL IN PAKISTAN ...Animal Taxonomy, In-
sects -non-specific, Life History Studies, Other, Water Milfoil,
Waterweed... 9 ...4.0202

Paleobotany
Phylum Thallophyta

Algae
ECOLOGY OF DIATOMS IN HARDWATER HABITATS ..,Algae-

Diatoms, Environmental Changes, Habitat Studies, Paleoccology,
Pollen, ...5.0406

Paleoenvironments
THE POST-PLEISTOCENE EPICYCLE SEQUENCE OF ALLU-

VIATION AND EROSION IN THE LOWER SAN JUAN
DRAINAGE ...Alluvial Deposits, Archeology, Gullys - Arroyos,
Palcohydrology, San Juan, ...2.1097

Paleohydrology
CARBON-14 CONTENT OF FRESH WATER CARBONATES

...Carbon-I4, Carbonates-general, Chemical, Paleoclimatology,
Playas, 2.6048

MOLLUSK Si UDIES ...Agricultural Watersheds, Forest
Watersheds, Mollusca - General Studies, Percolation, Strontium,
...1.0114

THE POST-PLEISTOCENE EPICYCLE SEQUENCE OF ALLU-
VIATION AND EROSION IN THE LOWER SAN JUAN
DRAINAGE ...Alluvial Deposits, Archeology, Gullys - Arroyos,
Paleoenvironments, San Juan, ...2.1097

Paleontology

Microfossils
DIVERSITY AND ECOLOGICAL NICHES IN MULTI-SPECIES

ASSOCIATIONS OF CHYORID CLADOCERA (CRUSTACEA)
...Cladocera, Environmental Ecology, Habitat Studies, Interbiotic
Relal(non-specif), Lakes, _2.0911

Paleoecology
STUDIES OF NEAR-SURFACE SEDIMENTS IN LAKES, AND

RELATIONSHIPS BETWEEN SURFACE SEDIMENT POLLEN
SPECTRA AND VEGETATION ...Canada, Lakes, New England
Province, ...2.0555

Pollen
STUDIES OF NEAR-SURFACE SEDIMENTS IN LAKES, AND

RELATIONSHIPS BETWEEN SURFACE SEDIMENT POLLEN
SPECTRA AND VEGETATION ...Canada, Lakes, New England
Province, Paleoccology..2.0555

ECOLOGY OF DIATOMS IN HARDWATER HABITATS ...Algae,
Algae- Diatoms, Environmental Changes, Habitat Studies,
Palcoccology, ...5.0406

Paleontology - Invertebrate
Mollusca - General Studies

MOLLUSK STUDIES ...Agricultural Watersheds, Forest
Watersheds, Palcohydrology, Percolation, Strontium, 1.0114

Particle Size Tests
Distribution

ATOMIZATION AND DROP SIZE OF NON-NEWTONIAN
FLUID ...Atomization, Non - Newtonian, Nozzles, Solution, Spray
Devices, ...5.0796

PREPARATION OF MONODISPERSE EMULSIONS ...Emulsion,
Kinetic-general, Nucleation, Precipitation, _5.0064

ACCESSIBILITY OF PORES IN POROUS MEDIA ...Porosity,
Porous Media - Flow Through, ...8.0017
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Pennsylvania
FEEDING PATTERNS OF THE FRESHWATER ISOPOD LIR-

CEUS BRACHYURUS -Aquatic Ecology, Behavioral Ecology,
Food Supply, Isopods, Nutrition - Invertebrate, Streams, -7.0093

THE DISTRIBUTION OF FISH IN PENNSYLVANIA AS RE-
LATED TO MINE ACID DRAINAGE ...Acidity, Contamination -
Water, Fish - non - specific, Mining Activities, Number Or Density,
-5.1026

CHANGES IN STREAM COMMUNITIES ASSOCIATED WITH
EFFLUENT - INDUCED EUTROPHICATION -Aquatic Plants
(non-specific), Eutrophication, Invertebrates -non-specific,
Number Or Density, Streams, -5.1029

THE HYDROLOGIC SIGNIFICANCE OF CHEMICALLY
DERIVED MEAN BASIN TEMPERATURES ,..Air Temperature
Instruments, Aldose and Ketose, Evaporation, Forecasting-predic-
tion, Heat Measurement, -2.0924

ANOMALOUS FLOOD RESPONSE IN REGIONS OF SIMILAR
GEOMORPHIC CHARACTERISTICS -Computers-general,
Floods, Flow Characteristics -water, Morphology-general,
-2.0927

CRITERIA FOR DETERMINING ECONOMIC PRIORITIES IN
AWARDING SEWAGE FACILITY CONSTRUCTION GRANTS
...Fiscal, Waste Treatment-economics, Water Quality Control-
general, Welfare Economics, -6.47475

STREAM QUALITY PRESERVATION THROUGH URBAN
LAND USE Land Use, Management, Urban Environments,
Water Quality Control-general, -5.1010

STUDY OF THE USE OE INERT GASES TO ELIMINATE ACID
POLLUTION FROM ABANDONED DEEP MINES ...Acid Mine
Wastes, Air-general, Mine Atmosphere Conditions, Mine
Hydrology, Underground Workings. _4.0203

CATAWISSA CREEK MINE DRAINAGE POLLUTION ABATE-
MENT PROJECT ...Acidity, Mine Hydrology, Mining Industry,
Pollution Abatement, ...5.0998

NEUTRALIZATION AND PRECOAT FILTRATION OF CON-
CENTRATION SLUDGES FROM MINE WATE ...Acid Mine
Wastes, Disposal, Filtration, Neutralization, Waste Treatment-
economics, -5.1001

EVALUATION 01: POLLUTION ABATEMENT PROCEDURES
IN THE MORAINE. STATE PARK, BULTER COUNTY,
PENNSYLVANIA ...Pollution Abatement, Systems Analysis,
Water Quality-general, Water Quantity-general, -5.1002

INFLUENCE OF FOREST COVER AND TIMBER HARVESTING
METHODS ON STRF.AMFLOW ...Canopy & Overstory, Forest
Watersheds, Logging, Transport, Equipment, Streams, -2.0930

ECONOMIC IMPACT OF WATER RESOURCE DEVELOPMENT
ON LAND USE ...Economic Impact, Land Use, Reservoirs and
Impoundments, Rural Areas, Water Resources Development,
-6.0472

FEED AND WASTE HANDLING IN THE DAIRY OPERATION
...Animal Waste Removal- treatment, Animal Wastes - Feed Lots,
Management, Sprinkler Irrigation, -5.1023

STUDY OF METHODS FOR CONTROLLING AQUATIC
GROWTH AT PYMATUNING RESERVOIR AND CONNEAUT
LAKE, PENNSYLVANIA _Lakes, of Aquatic Plants, Plant Pol-
lutants, Pollution Abatement, Reservoirs and Impoundments,
-6.0470

HYDROGEOLOGY OF PUBLIC GROUND WATER SUPPLIES IN
PENNSYLVANIA .,.Chemical-general, Groundwater, Manage-
ment, Pollution Abatement, Water Yield, ...2.0907

TREATMENT OF COAL MINE WATERS TO MEET CURRENT
COMMONWEALTH WATER DISCHARGE REQUIREMENTS
...Coal-general, Lagoon, Mining Activities, . Waste Treatment-
economies, Waste Water Treatment-general, -5.1038

RAINFALL FREQUENCY RELATIONS FOR PENNSYLVANIA
-Amount, Design Flow-flood, Gages, Hydrographic, Weather
Charts-maps, -2.0926

EFFECT OF CONSERVATION PRACTICES ON HYDROLOGY
AND SEDIMENTATION RATES -Conservation, Land Use,
Rate of Deposition, Small Watersheds, -4.0204

POLLUTION OF SUBSURFACE WATER BY SANITARY LAND-
FILL -Contamination, Forecasting-prediction, Landfill, Pollu-
tants - Path of , Subsurface Flow, -5.1009

Percolation
NITRATE ACCUMULATION IN KANSAS GROUND WATER

...Fertilizers, Groundwater, Ions and Gases, Kansas, Nitrate,
Nitrite, -5.0434

A SYSTEM FOR GEOLOGIC EVALUATION OF POLLUTION
POTENTIAL AT MOUNTAIN DWELLING SITES -Joints-frac-
tures, Sewage, -5.0199
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FLOW OF WATER INTO TILE DRAINS ON STRATIFIED SOILS
...Drainage Systems, Laplace Transform, Seepage, -2.0486

DEEP SEEPAGE ON PIEDMONT WATERSHEDS ...Physical Pro-
perties-general, Piedmont Province, Saturated Flow, Seepage, Un-
saturated Flow, Water Table Fluctuation, -2.0955

SPREADING TREATED SEWAGE FOR GROUNDWATER
RECHARGE ...Artificial Recharge, Groundwater, Loading, Pilot
Plant, Sewage, .3.0005

WATER QUALITY IN RELATION TO PHYSICAL AND CHEMI-
CAL PROPERTIES OF SOILS AND WASTE WATERS
THEREFROM ...Physical Properties-general, Salinity, Soil and
Rock Leaching, Soil Chemical Properties, Water Quality - general,
-5.0081

MICROB101. ADSORPTION IN SOILS ...Adsorption Capacity,
Biological Pollutants -general, Electrical Properties, Microbiology
-soil, Soil Environment, -2.0213

SUITABILITY FOR SEPTIC TANK DISPOSAL SYSTEMS AND
PRODUCTIVITY POTENTIALS OF PENNSYLVANIA SOILS
...Animal Wastes - Feed Lots, Septic Tanks, Soil, Waste Water
Treatment-general, Water Table Fluctuation, -5.1039

WATER REQUIREMENT BY SUGARCANE UNDER IRRIGA-
TION ...Evapotranspiration, Irrigation, Moisture Content -plants,
Requirements for Water, Sugarcane, ...2.0933

WASTE DISPOSAL FROM FOOD PROCESSING PLANTS IN
SOUTH CAROLINA ...Disposal Wastes, Food Processing Indus-
try, Self-purification, Soil Environment, -5.1104

SOIL AND CLIMATE EFFECTS ON IRRIGATION WATER
REQUIREMENTS ...Consumptive Use, Evapotranspiration, Irriga-
tion-general, Requirements for Water, -2.1080

MOLLUSK STUDIES ...Agri..-qural Watersheds, Forest
Watersheds, Moilusca General Paleohydrology, Stronti-
um-1.0114

TRANSPORT PROPERTIES OF NATURAL CLAYS ..,Clay, Clays,
Hydraulics-general, Permeability, Sampling, -11102

IRRIGABLE LAND SUITABILITY STUDY ..Analog Computers,
Irrigation-general, Saline and Alkaline Soils, Wuter Quality-
general, ...6.0092

GROUND WATER RECHARGE AND MANAGEMENT IN
CALIFORNIA ...Groundwater, Groundwater Basins, Recharge -
general, Soil Environment, Storage of Water, -4.0033

METHODS FOR WATER QUALITY IMPROVEMENT AND ITS
STORAGE UNDERGROUND .,.Computers- general, Denitrifica-
tion, Groundwater Basins, Management, Natural Recharge, Un-
derground Waste Disposal, Waste Water Treatment-general,
-4.0005

Periphyton
THE ECOLOGY OF STREAM BIOTA IN WASTE ASSIMILA-

TION _Degradation, Organic Matter, Self- purification, Streams,
Water Bacteria, ...5.0675

STUDIES ON EFFECTS OF WATERSHED PRACTICES ON
STREAMS ...Chemical-general, Discharge-general. Forest
Watersheds, Organic Matter, Physical-general, Primary Produc-
tivity, ...5.0948

PLANKTON-PERIPHYTON STUDIES IN THE COLUMBIA
RIVER ...Columbia River, Food Webs, Phytoplankton, Radioac-
tivity-general, Radioecology, _2.1127

Personnel
SUMMER RESEARCH AT THE UNIVERSITY OF OKLAHOMA

BIOLOGICAL STATION ...Oklahoma, Research Facilities, Train-
ing Grants, Fellowships, Water Resources - General, -9.0011

WATER RESOURCES RESEARCH, MANPOWER AND TRAIN-
ING NEEDS FOR INDIANA ...Indiana, Management, Require-
ment and Resources, Training Grants, Fellowships, -9.0007

AN INVESTIGATION OF MANPOWER RESOURCES FOR
WATER RESOURCES RESEARCH AND OTHER WATER-RE-
LATED ACTIVITIES ...Forecasting,-prediction, Optimization,
Requirement and Resources, Water Resources - Genersl,
_9.0008

IMPROVED METHODS FOR ESTIMATING MANPOWER
NEEDS FOR WATER RESOURCES DEVELOPMENT ..Indi-
ana, Management, Requirement and Resources, Water Resources
Development, -6.0218

SUPPLY OF AND DEMAND FOR TRAINED WATER
RESOURCES PERSONNEL - A PILOT STUDY ...Requirement
and Resources, Training Grants, Fellowships, Utilization, -9.0004

AIDS FOR WASTEWATER SYSTEM PERSONNEL SAFETY
AND ADVANCEMENT ...Consultants, Advisory Services, Safety,
Waste Water Treatment-general, -.9.0006
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Pesticidal Control Measures
Absorption and Trans location

Plant -other
FATE OF HERBICIDES IN WATER AND CROPS IRRIGATED

WITH WATER CONTAINING HERBICIDES ...Herbicides -non.
specific, Persistance of Residues, Pesticides, Residues in Foods,
Sprinkler Irrigation, ...5,1327

FATE OF PESTICIDES ...Absorption, Fixation, Exchange, Aldrin,
Biodegradation, DDT , 2,4-d, 5.0741

Root
PHREATOPHYTE CONTROL - LAHONTAN AND HUMBOLDT

BASINS ...Phonology, Phrcatophytcs, Reservoirs and Impound-
ments, Saltcedar, Vamarisk, Weed Control - other, ..3.0317

Anti-transpirants
PLANT-WATER-USE EFFICIENCY WITH GROWTH REGULA-

TORS AND TRANSPIRATION SUPPRESSANTS ...Antitrans-
pirants, Fruit-set, Growth Rate, Growth Regulators, Modified
Water Use, .3.0160

THE EFFECTS OF PLANT TRANSPIRATION RETARDANTS
ON TRANSPIRATION, LEAF TEMPERATURE, STOMATAL
BEHAVIOUS AND OSMOTIC PRESSURE .Modified Water
Use, Osmotic and Turgor Pressure, Temperature - Internal, Trans-
piration, Transpiration and Evap..2.0403

CONTROL OF EVAPORATION AND TRANSPIRATION
THROUGH SOIL, PLANT AND AIR - WATER INTERFACE
MODIFICATIONS _Evaporation, Modified Water Use, Trans-
piration, Transpiration and Evap, Water Loss Control, _2.1040

Aquatic Or Soil-aquatic Cycles
THE CYCLING OF C1-36 LABELED DDT IN NATURAL

ECOSYSTEMS ...DDT , Monitoring Systems, Persistance of
Residues, Pollution - Effects of , Radioisotopes, ..5.0876

OCCURRENCE OF PESTICIDES IN AQUATIC ENVIRON-
MENTS ...Food Chains, Animal And/or Man, Irrigation-general,
Reservoirs and Impoundments, Runoff, ...5.1237

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Hawaii,
Movemert, Leaching, Soil Environment, Triazines -non-specific,
Urea Cpds. -non-specific, _5.0044

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Absorp-
tion, Fixation, Exchange, Boundary Process (moisture), Ground-
water Movement, Movement, Leaching. Pesticides -non-specific,
5.0079

SOIL, PESTICIDES AND THE QUALITY OF WATER ...Atrazine,
Monuron, Movement, Leaching, Pesticides, Soil Environment,
_5.0196

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Atrazinc,
Groundwater Movement, Microbial Degradation, Movement,
Leaching, Rhizosphere, Trifluralin, _5.0290

RELATIONSHIPS BETWEEN PESTICIDES AND GEORGIA
FARM POND ECOSYSTEMS ...Clay, DDT , Endrin, Farm Pond,
Georgia, Pollution - Effects of , Soil Types, ...5.0288

DEGRADATION - DEPLETION OF HERBICIDES IN IRRIGA-
TION WATER AND ACCUMULATION OF HERBICIDE
RESIDUES IN CROPS FROM TREATED WATER ...Biodcgradii-
tion, Degradation, Persistanee of Residues, Persistence in Soils,
...5.1326

CHEMICAL BRUSH CONTROL - BIOCHEMISTRY AND TOXIC
HAZARD ...Environmental Effects, Herbicides -non-specific,
Other, Pesticides, Range, 5.0944

BEHAVIOR OF POLLUTANTS IN WATER ...Decomposition-
general, Infiltration, Movement, Leaching, Persistence in Soils,
Pesticides -non-specific, Pollutants - Path of , 5.0190

ESTUARINE ECOSYSTEMS ...Estuaries, Pesticides -non-specific,
Pollution - Effects of , Pollution Effects, Water Properties-
general, ...2.0324

PESTICIDE KINETICS ...Degradation -non-specific, Estuaries, In-
secticides -non-specific, Marine Biology (non-specific). Pollutants
- Path of , ...5.0271

DEGRADATION KINETICS OF VARIOUS ESTER FORMULA-
TIONS OF 2%2,4,5 TRICHLOROPHENOXYROPRIONIC ACID
%SILVEX..Biodegradation, Chemical Degradation, Degradation,
Physical Degradation, Silvex, 5.0285

PESTICIDE POLLUTION OF FARMSTEAD WATER SUPPLIES
Handling & Application, Pollutants - Path of , Residues in Pota-

ble Water, Water Utilization -domestic, _5.0485

Atmospheric Contamination
REDUCTION OF INSECTICIDAL HAZARDS Insecticides -non-

specific, Movement, Leaching, Persistence in Soils, Pest Control,
Pollution - Effects of , 5,0393

INFORMATION PROCEDURES IN ENVIRONMENTAL CON-
TAMINATION ...Atmpopherie Pollution-general, General Infor-
mation Services, Pesticides - non - specific, ..7.0070

Degradation
Biodegradation

KINETIC STUDIES OF THE OXIDATIVE DEGRADATION OF
DETERGENT, AND RELATED CHEMICAL SPECIES IN
AQUEOUS SOLUTION ...Biological, Chemical Degradation,
Kinetie-general, Physical Degradation, Surfactants, Waste Water
Treatment-general, _5.0495

ANALYTICAL METHODS FOR PESTICIDES AND PESTICIDE
DEGRADATION PRODUCTS ..J of Residues, Residue
Analysis -other, Soil Degradation other, Technique Development,
.5.1031

MICROBIAL ECOLOGY OF LAKE CHAMPLAIN AS IN-
FLUENCED BY PESTICIDES ...Freshwater Ecology, Lakes,
Microorganisms (non-speefic), Nitrogen Bacteria, .,.5.1202

DEGRADATION - DEPLETION OF HERBICIDES IN IRRIGA-
TION WATER AND ACCUMULATION OF HERBICIDE
RESIDUES IN CROPS FROM TREATED WATER ...Aquatic Or
Soil-aquatic Cycles, Degradation, Persistance of Residues, Per-
sistence in Soils, ...5.1326

PESTICIDES AND WILDLIFE ...Food Chains, Animal And/or
Man, Habitat Studies, Insecticides -non-specific, Preventative
Measures, Wildlife -non-specific, 5.0138

ROLE OF ENTERIC MICROORGANISMS IN DETOXIFICATION
- INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES Bacterial Culture, Fish -non-specific, Identification, In-
secticides -nein-specific, Intestinal Bacteria, 5.0641

BIOTRANSFORMATION OF ALDRIN AND DIELDRIN BY BAC-
TERIA - INTERACTION BETWEEN MICROORGANISMS AND
PESTICIDES ...Aldrin, Cell, env.(non-specific & Ot.), Dieldrin,
Other, Soil Bacteria, Water Bacteria, 5.0644

BIOTRANSFORMATION OF HEPTACHLOR BY BACTERIA -
INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ...Bacterial Pollutant Sources, Heptachlor, Other, Soil
Bacteria, Water Bacteria, _5,0645

SOURCE DISTRIBUTION AND FATE OF CI4 LABELED AND
CHLORINATION HYDROCARBON INSECTICIDE RESIDUES
IN FISH ...Carbon, Food Chains, Animal And/or Man, Per-
sistance of Residues, Wildlife, _5.0281

DEGRADATION KINETICS OF VARIOUS ESTER FORMULA-
TIONS OF 2%2,4,5 TRICHLOROPHENOXYROPRIONIC ACID
%SILVEX..Aquatic Or Soil-aquatic Cycles, Chemical Degrada-
tion, Degradation, Physical Degradation, Silvex, ...5.0285

DETERMINATION OF RESIDUES OF INSECT CONTROL
CHEMICALS IN PLANT AND ANIMAL PRODUCTS AND IN
SOILS ...Insecticides -non-specific, Persistance of Residues,
Residues in Foods, .,.5.0482

FATE OF PESTICIDES ...Absorption, Fixation, Exchange, Aldrin,
DDT , Plant -other, 2,4-d, ...5.0741

Chemical Degradation
BIOLOGICAL AND CHEMICAL OXIDATION OF SELECTED

ORGANIC PESTICIE:ES ...Biological, Chlorinated Hydrocarbons,
Chlorination, Degradation, Gas, Pesticides, 5.0010

KINETIC STUDIES OF THE OXIDATIVE DEGRADATION OF
DETERGENT, AND RELATED CHEMICAL SPECIES IN
AQUEOUS SOLUTION ...Biodegradation, Biological, Kinetic-
general, Physical Degradation, Surfactants, Waste Water Treat-
ment-general, 5.0495

DEGRADATION KINETICS OF VARIOUS ESTER FORMULA-
TIONS OF 2%2,4,5 TRICHLOROPHENOXYROPRIONIC ACID
%SILVEX..Aquatic Or Soil-aquatic Cycles, Biodegradation,
Degradation, Physical Degradation, Silvex, ...5.0285

Degradation -non-specific
PESTICIDE KINETICS ...Aquatic Or Soil-aquatic Cycles, Estuaries,

Insecticides -non-specific, Marine Biology (non-specific), Pollu-
tants - Path of , ...5.0271

Degradation -other
FATE AND PERSISTENCE OF PESTICIDES AND PHYSIOLOGI-

CALLY ACTIVE DEGRADATION PRODUCTS ...Chemical
Identification, Decomposition-other, Infrared, Persistance of
Residues, 5.1032
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Physical Degradation

KINETIC STUDIES OF THE OXIDATIVE DEGRADATION OF
DETERGENT, AND RELATED CHEMICAL SPECIES IN
AQUEOUS SOLUTION ,Biodegradation, Biological, Chemical
Degradation, Kinetic-general, Surfactants, Waste Water Treat-
ment-general, ,5.0495

FACTORS INFLUENCING INSECTICIDE RESIDUES ON OR IN
FOOD AND FORAGE CROPS ,Environmental Effects, Kansas,
Organophosphorous Cpds. , Persistence of Residues, Persistence
in Soils, Pollution Effects, 5.0429

DEGRADATION KINETICS OF VARIOUS ESTER FORMULA-
TIONS OF 2(h 2,4,5 TRICHLOROPHENOXYROPRIONIC ACID
r4SILVEX.,Aquatic Or Soil-aquatic Cycles, Biodegradation,
Chemical Degradation, Degradation, Silvex..5.0285

Economics of Chemical Control
ECONOMIC ANALYSIS OF RESOURCE POLLUTION BY

PESTICIDES AND OTHER WASTE MATERIALS Economic
Impact, Pesticides, Production & Processing, ..5.1204

Endogenous Biological Extracts
Endogenous Cpds -plants

AQUATIC PLANT CHEMISTRY-ITS APPLICATION TO ECOLO-
GY ...Aquatic Plants (non-specific), Bacterial Pollutant Sources,
Bactericides -non-specific, Water Quality Control-general,
...5.0793

BIOLOGICAL ALGICIDES .Algacides -non-specific, Algal Virus,
Cell Injury and Autolysis, Mixed Culture, .5.0226

Environmental Effects
iNvEsnomloNs OF THE RELATION BETWEEN THE USE

OF CHLORINA'T'ED HYDROCARBONS AND THEIR
RESIDUES IN CHANNEL CATFISH ...Channel Catfish,
Chlorinated Hydrocarbons, Missouri River, Nebraska, Wildlife,
5.0702

STATEWIDE FISHERIES RESEARCH ...Bioindicators, Blucgills,
Bream, Pollution - Effects of , Rotenone, Temperature, .5.0817

FACTORS INFLUENCING INSEC'TIC'IDE RESIDUES ON OR IN
FOOD AND FORAGE CROPS ...Kansas, Organophosphorous
Cpds. Persistanee of Residues, Persistence in Soils, Physical
Degradation, Pollution Effects, .5.0429

AN EVALUATION OF WIDELY USED HERBICIDES ON
AQUATIC PLANTS, FISH AND FISH-FOOD ORGANISMS
food Supply, Herbicides -non-specific, Wildlife, ...5.0570

INCREASING CHAPARRAL WATERSHED YIELD THROUGH
IMPROVED USE OF PHENOXY -TYPE HERBICIDES ...Herbi-
cides -non-specific, Moisture Tension, Temperature, Transloca-
tion, Water Yield, Watersheds-other, ...3.0089

CHEMICAL BRUSH CONTROL - BIOCHEMISTRY AND TOXIC
HAZARD ...Aquatic Or Soil-aquatic Cycles, Herbicides -non-
specific, Other, Pesticides, Range, .5.0944

LABORATORY STUDY OF AQUATIC ENVIRONMENTAL FAC-
TORS AND PLANT GROWTH STAGES ON AQUATIC WEED
GROWTH AND HERBICIDAL RESPONSE ...Herbicides -non-
specific, Light -other, Maturity & Growth Stages, of Aquatic
Plants, Water Temperature -other, .10127

INFLUENCE OF SALINITY AND TEMPERATURE ON TOXICI-
TY OF SOME PESTICIDES TO BRINE SHRIMP ...Salinity,
Shrimps - Brine Or Fairy, Temperature, ..5.0663

PRINCIPLES AND PRACTICES FOR THE CONTROL OF SUB-
MERSED, FLOATING, AND IMMERSED AQUATIC WEEDS
...Biocontrol, Canals, Evaluation, Herbicides -non-specific, of
Aquatic Plants, 5.1329

CONTROLLING UNDESIRABLE PHREATOPHYTES Evalua-
tion, Herbicides -non-specific, Integrated Physical Control,
Phreatophytes, 3.0496

Evaluation
METHODS FOR CONTROLLING ALL IGATORWEED AND

OTHER WEEDS IN CANALS, WATERWAYS, AND AD-
JACENT WATERS IN THE SOUTHEASTERN U. S. Canals,
Herbicides -non-specific, Integrated Biological Control, of
Aquatic Plants, Southeast, 8.0210

CONTROL OF CANADA THISTLE AND WATER WEEDS .Ken-
tucky Bluegrass, Montana, of Aquatic Plants, Phenology, Reed
Canary, 3.0308

CHEMICAL CONTROL OF CREOSOTEBUSH AND MESQUITE
Legumes - other..mesquite... Management Effects,
Phreatophytes, Range, Watersheds-general, Zygophyllaccae,
.4.0177

FISH TOXICANT STUDIES Ammonium, Control of Nuisance
Species, Fish -non-specific, Piseicides -non-specific, Screening
Potential Pesticides, 5.1147

FACTORS INFLUENCING FREE-LIVING NEMATODES IN
WATER SUPPLIES _Aquatic Ecology, Chemical Treatment-
g.,e5n.cor3a6L8 Mode of Action -animal, Nematode -other, Sand,

COOPERATIVE BIOLOGICAL PEST CONTROL RESEARCH
.Biological Pollutants -general, California, Canals, of Aquatic
Plants, Reservoirs and Impoundments, 5.0087

EVALUATION OF HERBICIDES FOR CONTROL OF AQUATIC
WEEDS ...Application Rates. Floating Plants, Herbicides -non-
specific, of Aquatic Plants, Submerged Plants, 5.0247

CHEMICAL CONTROL OF AQUATIC VEGETATION ...Illinois,
Lakes, of Aquatic Plants, Pre-cmergents (plants), _5.0349

IMPROVEMENT AND MANAGEMENT OF THE COMMUNITY
PASTURES OF THE PERSHING COUNTY WATER CONSER-
VATION DISTRICT NEAR I3ATTLE MOUNTAIN, NEVADA
...in Forages and Pastore, Management, Nevada, Phreatophytes,
Storage of Water, -.3.0316

THIODAN AS A TOXICANT FOR ERADICATION OF FISHES
IN LAKE MANAGEMENT ...Control of Nuisance Species,
Lakes, Management, Thiodan, 6.0567

RESULTS OF APPLICATIONS OF KARMEX FOR CONTROL OF
PLANTS IN PONDS AND LAK ...Aquatic Plants (non-specific),
Diuron, Lakes. of Aquatic Plants, Water Quality-general,
.6.0568

UNDESIRABLE SHRUB AND TREE CONTROL _Forest
Watersheds, in Forests, of Trees and Shrubs, Relations - Forage -
Timber, Utah, ..3.0475

AROMATIC SOLVENT AQUATIC HERBICIDES AND EMULSI-
FYING AGENT TESTING ...Aromatic Cpds, Chemical Analysis,
Herbicides -non-specific, of Aquatic Mints, Petroleum Cpds. -
non- specific, Plant Pollutants, 3.0107

EFFECT OF EURASIAN WATERMILFOIL. CONTROL
PROCEDURES ON WILDLIFE AND OTHER ORGANISMS IN
AQUATIC ENVIRONMENTS ...Aquatic Environments. Con-
tamination - Water, Diquat, Water Milfiil, Waterweed... , 2,4-d,

LAKE MICHIGAN CHEMICAL CONTROL OF SEA LAMPREY
_Animal Pollutant Sources, Control of Nuisance Species,
Lampreys, Larvicides, ..5.0576

BIOASSAY _Animal Pollutant Sources, Lampreys, Piscicidcs -non-
specific, Streams, Water Properties-general. ,,,5.0580

IMPROVED CULTURAL PRACTICES FOR PRODUCING SAF-
FLOWER UNDER IRRIGATED AND NON-IRRIGATED CON-
DITIONS ...Application Rates, Irrigation, Safflower, 3.0256

PRINCIPLES AND PRACTICES FOR THE CONTROL OF SUB-
MERSED, FLOATING, AND IMMERSED AQUATIC WEEDS
...Biocontrol, Canals, Environmental Effects, Herbicides -non-
specific, of Aquatic Plants, ...5.1329

CONTROLLING UNDESIRABLE PHREATOPHYTES ...Environ-
mental Effects, Herbicides -non-specific, Integrated Physical Con-
trol, Phreatophytes, ..3.0496

Food Chains, Animal And/or Man
TRANSPORT, STORAGE, AND TOXICITY OF INSECTICIDES

IN AQUATIC ENVIRONMENTS ...Farm Pond, Mode of Action -
animal, Pollutants - Path of , ...5.0575

INTERACTION OF PESTICIDE POLLUTANTS AND AQUATIC
FOOD-CHAIN ORGANISMS DDT , Persistanee of Residues,
Pollutants - Path of , Pollution - Effects of ..5.1107

OCCURRENCE OF PESTICIDES IN AQUATIC ENVIRON-
MENTS ...Aquatic Or Soil-aquatic Cycles, Irrigation-general,
Reservoirs and Impoundments, Runoff, ...5.1237

ECOLOGY OF PESTICIDES IN AN AQUATIC ECOSYSTEM
...Insecticides -non-specific, Michigan, Pollutants - Path of , Pollu-
tion - Effects of , Pollution Effects, ...5.0563

PHARMACOLOGICAL AND ECOLOGICAL EFFECTS OF
PESTICIDES ...Fresh Water, Pollution - Effects of , Productivity -
Food Chain, 5.0964

PESTICIDES AND WILDLIFE ...Biodegradation, Habitat Studies,
Insecticides -non-specific, Preventative Measures, Wildlife -non-
specific, 5.0138

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT
.Animal Tox. or Resit', -other, Mode of Action -animal, Per-
sistence in Soils, Pesticides -non-specific, 5.0943

THE EFFECT OF PESTICIDES ON AN ECOSYSTEM ...Environ-
ments-general, Persistance of Residues, Pesticides -non-specific,
Physical Properties-general, Pollution - Effects of , Soil Chemical
Properties, 5.1154
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MECHANISMS OF PESTICIDE ACCUMULATION IN AQUATIC
ORGANISMS -Chlorinated Hydrocarbons, Insecticides -non-
specific, Pollution Effects, Productivity - Food Chain, -5.0546

SOURCE DISTRIBUTION AND FATE OF C14 LABELED AND
CHLORINATION HYDROCARBON INSECTICIDE RESIDUES
IN FISH ...Biodegradation, Carbon, Persistance of Residues, Wil-
dlife, ...5.0281

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT -Air
Pollution -other, Contamination - Water, Pesticides -non-specific,
Pollution Effects, Soil Contamination -other, ...5.0945

RELATIONSHIP OF PESTICIDES IN SOIL, WATER ANI)
PLANTS -Bioindicators, Degradation, Pesticides, Soil-water-
plant Relationships, -5.0567

PESTICIDE RESISTANT FISH IN NATURAL ECOSYSTEMS
...Animal Resistance, Endrin, Pollution Effects, Tolerance Rates,
Wildlife, -5.0624

Formulation
Formulations -non-specific

HEW EVALUATION OF SO1L-APPLIED HERBICIDE FOR
TOTAL VF.OETATION CONTROL ...Herbicides -non-specific,
Soil Treatments -non-specific., Weed Control -other, _3.0126

Granules, Capsules
INSECTICIDE LEACHING TESTS ...Bioassay, Insecticides -non-

specific, Persistence in Soils, Soil and Rock Leaching. -2.8959

Liquids Or Sprays
CONSERVING SOIL MOISTURE BENEATH RED PINE BY

MEANS OF A FOLIAR SPRAY OF A STOMATA - CLOSING
CHEMICAL _Moisture Content, Pines, PMA , Soil Environment,
Soils and Fertilizer, Transpiration, -3.0151

INVESTIGATIONS OF ALGAE INHIBITING MATERIALS ...Ce-
ment, Concrete, Coatings-other, Fouling, Inhibitors, Organic
Wastes, Water Distribution Systems, -3.0106

Surfactants - Wetting Agents
SOIL WETTABILITY ANI) TREATMENT IN RELATION TO

WATER MOVEMENT IN SOILS -Absorption, Fixation,
Exchange, Internal Water Movement, Mineralogy, -2.1090

CONSERVATION OF WATER RESOURCES THROUGH
MODIFICATION OF THE PHYSICAL AND CHEMICAL PRO-
PERTIES OF SOIL -Conservation-general. Persistence in Soils,
Sand, Soil Environment, Storage of Water, _2.0312

SYNERGISM OF PESTICIDES AND DETERGENTS -Chlorinated
Hydrocarbons, Fish -non-specific, Mode of Action -animal, Other,
Synergism and Synergists, -5.0800

Growth Retardation of Plants
FOLIAR PENETRATION OF CHEMICALS WHICH INCREASE

DROUGHT AND SALT TOLERANCE ,..Drought Resistance,
Foliar Absorption, Modified Water Use, Saline Soils. Surface Pro-
perties -other, _3.0049

Integrated Biological Control
METHODS FOR CONTROLLING ALLIGATORWEED AND

OTHER WEEDS IN CANALS, WATERWAYS, AND AD-
JACENT WATERS IN THE SOUTHEASTERN U. S. ,,,Canals,
Evaluation. Herbicides -non-specific, of Aquatic Plants, Southeast,
-8.0210

Integrated Cultural Control
CONTROL OF UNDESIRABLE SHRUBS AND REVEGETATION

OF SOUTHERN ARIZONA RANGES ...Arid and Desert,
Arizona, Cultural Control, Maturity Or Growth Stage of , Range,
_4.0011

Integrated Physical Control
CONTROLLING UNDESIRABLE PHREATOPHYTES .Environ-

mental Effects, Evaluation, Herbicides -non-specific,
Phrcatophytes, -3.0496

Larvicides
DISPERSAL OF CONCENTRATED or UNDILUTED INSECTI-

CIDES FOR IMPROVED MOSQUITO CONTROL -Aninutl
Appl. -other. California, Insecticides -non-specific, Mosquitoes -
non- specific, -5.0493

INVESTICATIONS ON NEW INSECTICIDES AND TECHNIQUES
FOR THE CONTROL OF PEST AND VECTOR MOSQUITOES
...Culex Mosquitoes, Screening Potential Pesticides, Wildlife,
-5.0141

LAKE SUPERIOR CHEMICAL CONTROL OF SEA LAMPREY
...Control of Nuisance Species, Flow Characteristics -water, Lake
Superior, Lampreys, Streams, -5.0577

LAKE MICHIGAN CHEMICAL CONTROL OF SEA LAMPREY
-Animal Pollutant Sources, Control of Nuisance Species, Evalua-
tion, Lampreys, -5.0576

Methods of Appl & Placement
Aerial - Airplane

CONTROL OF WOODY PLANTS ...Herbicides -non-specific, New
Mexico, Rio Grande River, Weed Control - other, ...3.0121

Animal Appl. -other
DISPERSAL OF CONCENTRATED OR UNDILUTED INSECTI-

CIDES FOR IMPROVED MOSQUITO CONTROL ...California,
Insecticides -non-specific, Larvicides, Mosquitoes -non-specific,
-5.0493

Fumigation
SOU. ANI) WATER MANAGEMENT AS RELATED TO

FORAGE CROP PRODUCTION ...Irrigation, Lime. Management.
Soil-water-plant Relationships, Tillage, Cropping Systems,
_2.1104

Pre-emergents (plants)
CHEMICAL CONTROL OF AQUATIC VEGETATION -Evalua-

tion, Illinois, Lakes, of Aquatic Plants, _5.0349

Seed Treatment
CURRENT FISH AND WILDLIFE PESTICIDE PROBLEMS

-Azodrin, Endrin, Guthion, Mercury, of Aquatic Plants, Thiodan,
Wildlife. ,,,4.0042

Soil Treatments -non-specific
FIELD EVALUATION OF SOIL-APPLIED HERBICIDE FOR

'10TAL VEGETATION CONTROL ...Formulations -non-specific.
Herbicides -non-specific, Weed Control -other, -3.0126

Water Application
RELATIONSHIPS BETWEEN PESTICIDAL APPLE ATION AND

WATER CONTAMINATION UNDER IRRIGATION IN THE
GREAT PLAINS ...Great Plains Province, Irrigation-general, Kan-
sas, Pesticides -non-specific, Pollutants - Path of . -5.0430

Mode of Action -animal
THE EFFECT OF DIELDRIN ON SURVIVAL. ANI) DEVELOP-

MENT OF FISH EGGS _Aldrin, Basic Embryology, Dicldrin,
Ohio, Pollution - Effects of , _5.0885

ACUTE Tommy OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES -Insecticides -non-specific.
Maturity & Growth Stages, Pollution Effects of Pollution El
fects, Wildlife, -5.0649

EFFECTS OF CHRONIC SUBLETHAL DOSAGES OF DDT ON
THE SWIMMING PERFORMANCE OF ATLANTIC SALMON
PARR ...Atlantic Salmon, Sebago Salmon, DDT Locomotion -
animal, Stamina, Wildlife. _5.0472

THE EFFECTS OF DIELDRIN ON MALLARD DUCKLING
BEHAVIOR ...Behavior -animal, Dicldrin, Light Quality -non-
specific, Mallard, Visual, _6.0580

TRANSPORT, STORAGE, AND TOXICITY OF INSECTICIDES
IN AQUATIC ENVIRONMENTS ...Farm Pond, Food Chains,
Animal And/or Man, Pollutants - Path of , -5.0575

FACTORS INFLUENCING FREE-LIVING NEMATODES IN
WATER SUPPLIES ...Aquatic Ecology. Chemical Treatment-
general, Evaluation, Nernatoda -other, Sand, ...5.0368

EFFECTS OF PESTICIDES ON MARINE ANIMALS ...Dicldrin,
Laboratory Animals, Metabolism, Respiration, -5.0261

WATER QUALITY PROTECTION - SYNTHESIS OF POTEN-
TIAL MOLLUSCICIDES ,.,Animal Pollutant Sources, Mollusei-
eides -non-specific, Schistosoma, Screening Potential Pesticides,
...5.1066

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT
...Animal Tox. or Resid. -other, Food Chains, Animal And/or
Man, Persistence in Soils, Pesticides -non-specific, _5.0943

CHRONIC EFFECTS OF MALATHION ON BLUEGILLS
...Blue011s, Bream, Channel Catfish, Malathion, Pollution - Effects
of , Wildlife, -5.0646

BIOCHEMISTRY OF FISH SEMEN ...Cutthroat Trout, Endrin, Fer-
tility, Male Gametes, -5.0627

SEASONAL CHANGES IN ESTERASE ACTIVITY IN FISH AND
INVERTEBRATES. INTERACTIONS BETWEEN PESTICIDES
ON FISH ENZYME SYSTEMS ....Biochemical Analysis, Blucgills,
Bream, Cholinesterase, Invertebrates -non-specific, Pesticides -
non-specific. -5.0638
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METHOXYCHLOR-CAUSED EFFECTS ON CUTTHROAT
TROUT PHYSIOLOGY CHRONIC TOXICITY OF INSECTI-
CIDES TO COLD-WATER FISH ...Cutthroat Trout, Methox-
ychlor, Wildlife, Wyoming, 5.0666

EFFECTS OF MALATHION ON LEARNING AND RETENTION
IN THE GOLDFISH ...Escape and Avoidance, Goldfish,
Malathion, Pesticides, Pollution - Effects of , ...5,0667

INFLUENCE OF PROTOZOAN ACTIVITY ON HALOGENATED
HYDROCARBON RESIDUES - INTERACTION BETWEEN
MICROORGANISMS AND PESTICIDES ...Axenic Culture,
Metabolism, Petroleum Cpds, -non-specific, Protozoa -other,
_5.0642

EFFECTS OF PESTICIDES ON PROTEIN, CARBOHYDRATE,
AND NUCLEIC ACID METABOLISM. INTERACTION
BETWEEN MICROORGANISMS AND PESTICIDES
...Biosynthesis, Cell Injury and Autolysis, Microorganisms (non-
specific), Mode of Action -plant, Pesticides -non-specific,
Respiration, 5.0643

LITERATURE SURVEY OF PESTICIDE METABOLISM IN FISH
- METABOLISM OF PESTICIDES IN FISH Metabolism -
animal, Pesticides -non-specific, Survey Studies, Wildlife,
5.0661

SERUM ANALYSIS OF CUTTHROAT TROUT EXPOSED
CHRONICALLY TO METHOXYCHLOR PESTICIDE EFFECTS
ON FISH ENDOCRINE FUNCTIONS ...Blood Plasma and
Serum, Cutthroat Trout, Endocrine -other, Methoxychlor,
5.0629

THE CONSTITUENTS AND PHVS1CO-CHEMICAL PROPERTIES
OF SERUM FROM GOLD-FISH EXPOSED CHRONICALLY
TO MALATHION AND ENDRIN ...Blood Plasma and Serum,
Endocrine -other, Endrin, Goldfish, Malathion, ...5.0630

THYROID FUNCTION OF GOLDFISH AND RAINBOW TROUT
EXPOSED CHRONICALLY TO MALATHION AND ENDRIN -
PESTICIDE EFFECTS ON FISH ENDOCRINE FUNCTIONS
Endrin, Goldfish, Malathion, Rainbow Trout, Steelhead Trout,
Thyroid, 5.0631

BLOOD OXYGEN AND CO2 CARRYING CAPACITY OF 4 FISH
EXPOSED TO MALATHION AND ENDRIN - PESTICIDE EF-
FECTS ON FISH ENDOCRINE FUNCTIONS ...Blood Cells, En-
drin, Laboratory Animals, Malathion, Sevin, ...5.0632

EFFECTS OF MALATHION ON THE SEXUAL DEVELOPMENT
OF MALE RAINBOW TROUT - PESTICIDE EFFECTS ON
FISH ENDOCRINE FUNCTIONS ...Gonadotrophins,
Gonadotropins, Malathion, Pollution - Effects of , Rainbow Trout,
Steelhead Trout, 5.0633

EFFECTS OF ENDRIN & MALATHION ON GONADAL
HYDRATION RESPONSE OF MALE GOLDFISH & RAINBOW
TROUT. PESTICIDE EFFECTS ON FISH ENDOCRINE FUNC-
TION ,..Endrin, Goldfish, Malathion, Male Gametes, Pesticides,
Rainbow Trout, Steclhead Trout, 5.0634

REMOVAL OF PESTICIDES FROM FRESHWATER FISH
...Bioassay, Fish -non-specific, Fish Meals, Pesticides -non-
specific, Removal of Residues, _5.0543

SYNERGISM OF PESTICIDES AND DETERGENTS ...Chlorinated
Hydrocarbons, Fish -non-specific, Other, Surfactants - Wetting
Agents, Synergism and Synergists, 5.0800

CONTAMINATION OF OYSTERS BY PESTICIDES ...Dieldrin,
Endrin, Oysters, Residues in Foods, 5.0462

Mode of Action -plant
EFFECT OF HERBICIDES ON AN AQUATIC ENVIRONMENT

...Herbicides -non-specific, Persistance of Residues, Pollution - Ef-
fects of , Wildlife, 5.0003

INTERACTION OF TEMPERATURE WITH OTHER FACTORS
ON THE RESPONSE OF CANADA THISTLE TO HERBICIDES
...Herbicides -non-specific, Mineral Nutrition, Modified Water
Use, Soil Moisture -non-specific, Temperature Levels Or Ranges,
2.0395

MOVEMENT AND PERSISTENCE OF HERBICIDES IN THE
SOIL ...Herbicides -non-specific, Movement, Leaching, Per-
sistence in Soils, Soil Profile, 5.1125

EFFECTS OF PESTICIDES ON PROTEIN, CARBOHYDRATE,
AND NUCLEIC ACID METABOLISM. INTERACTION
BETWEEN MICROORGANISMS AND PESTICIDES
...Biosynthesis, Cell Injury and Autolysis, Microorganisms (non-
specific), Mode of Action -animal, Pesticides -non-specific,
Respiration, ...5.0643

Other
INTERACTION OF INORGANIC AND ORGANIC FERTILIZER

MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS Fertilizers, 5.0051

REDUCTION OF HAZARDS ASSOCIATED WITH THE
PRESENCE OF RESIDUES OF INSECTICIDAL CHEMICALS
IN THE ENVIRONMENT ...Chlorinated Hydrocarbons, Or-
ganophosphorous Cpds. , Persistence in Soils, Pesticides, Residues
in Foods, ...5.0404

INTERACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS _Absorption, Fixation, Exchange, Aldrin,
Chemical Degradation, Fertilizers, Pesticides, ...5.0052

CHEMICAL BRUSH CONTROL - BIOCHEMISTRY AND TOXIC
HAZARD ...Aquatic Or Soil-aquatic Cycles, Environmental Ef-
fects, Herbicides -non-specific, Pesticides, Range, ...5.0944

SYNERGISM OF PESTICIDES AND DETERGENTS ...Chlorinated
Hydrocarbons, Fish -non-specific, Mode of Action -animal, Sur-
factants - Wetting Agents, Synergism and Synergists, 5.0800

Persistance of Residues
THE CYCLING OF CI -36 LABELED DDT IN NATURAL

ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles, DDT , Monitor-
in .,ystems, Pollution - Effects of , Radioisotopes, 5.0876

PESTICIDE RESIDUE DATA PROCESSING ...Chemical Analysis,
Data Analysis - General, Document & Literature Info, Informa-
tion Retrieval Methods, Pesticides -non-specific, _5.0147

LIM NOLOGICAL FACTORS AFFECTING PESTICIDE
RESIDUES IN SURFACE WATERS Chlorinated Hydrocar-
bons, Iowa, Phytoplankton, Reservoirs and Impoundments, Ru-
noff, Surface Water, _5.0416

INTERACTION OF PESTICIDE POLLUTANTS AND AQUATIC
FOOD-CHAIN ORGANISMS ..,DDT , Food Chains, Animal
And/or Man, Pollutants - Path of , Pollution - Effects of ,
...5.1107

EFFECT OF HERBICIDES ON AN AQUATIC ENVIRONMENT
...Herbicides -non-specific, Mode of Action -plant, Pollution - Ef-
fects of , Wildlife, 5.0003

AN EVALUATION OF THE INSECTICIDE SEVIN AS A
WATERSHED POLLUTANT ...Forest Watersheds, Pollution -
Effects of , Sevin, 5.1206

FACTORS INFLUENCING INSECTICIDE RESIDUES ON OR IN
FOOD AND FORAGE CROPS _Environmental Effects, Kansas,
Organophosphorous Cpds. , Persistence in coils, Physical
Degradation, Pollution Effects, ...5.0429

PESTICIDE CONTAMINATION OF THE ENVIRONMENT AND
ITS SIGNIFICANCE ..,Carbamates -non-specific, Louisiana,
Monitoring Systems, Organophosphorous Cpds. , ...5.0451

THE MOVEMENT OF HERBICIDES OFF, INTO, AND
THROUGH SOILS ...Agricultural Watersheds, Herbicides -non-
specific, Movement, Leaching, Runoff, Soil Sampling, 5.0487

ANALYTICAL METHODS FOR PESTICIDES AND PESTICIDE
DEGRADATION PRODUCTS ...Biodegradation, Residue Analy-
sis -other, Soil Degradation -other, Technique Development,
...5.1031

FATE AND PERSISTENCE OF PESTICIDES AND PHYSIOLOGI-
CALLY ACTIVE DEGRADATION PRODUCTS ...Chemical
Identification, Decomposition-other, Degradation -other, infrared,
...5.1032

INSECTICIDE RESIDUES ON ALFALFA ...Insecticides -non.
specific, Persistence in Soils, Pest Control, Soil Chemical Proper-
ties, _5,1115

DEGRADATION - DEPLETION OF HERBICIDES IN IRRIGA-
TION WATER AND ACCUMULATION OF HERBICIDE
RESIDUES IN CROPS FROM TREATED WATER ...Aquatic Or
Soil-aquatic Cycles, Biodegradation, Degradation, Persistence in
Soils, ...5.1326

FATE OF HERBICIDES IN WATER AND CROPS IRRIGATED
WITH WATER CONTAINING HERBICIDES ...Herbicides -non-
specific, Pesticides, Plant -other, Residues in Foods, Sprinkler Ir-
rigation, ...5.1327

EFFECTS OF PESTICIDES ON ESTUARINE ORGANISMS
...Bioassay, Estuaries, Pollution - Effects of , Sevin, Swamps-
marshes, ...5.0950

THE EFFECT OF PESTICIDES ON AN ECOSYSTEM ...Environ-
ments-general, Food Chains, Animal And/or Man, Pesticides -
non- specific, Physical Properties-general, Pollution - Effects of ,

Soil Chemical Properties, ...5.1154
HERBICIDE RESIDUES ...Irrigation-general, Soil Contamination -

other, 2,4-d, 2,4,5-t, ...3.0109
SOURCE DISTRIBUTION AND FATE OF C14 LABELED AND

CHLORINATION HYDROCARBON INSECTICIDE RESIDUES
IN FISH ...Biodegradation, Carbon, Food Chains, Animal And/or
Man, Wildlife, 5.0281
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PERSISTENCE AND FATE OF HERBICIDES IN WATER AND
AQUATIC SOILS AND THE EFFECTS OF HERBICIDES IN IR-
RIGATION WATER ON CROP PLANTS _Canals, Herbicides -
non- specific, Irrigation, Persistence in Soils, Pollutants - Path of ,
_5,1330

DETERMINATION OF RESIDUES OF INSECT CONTROL
CHEMICALS IN PLANT AND ANIMAL PRODUCTS ANI) IN
SOILS ...Biodegradation, Insecticides -non-specific, Residues in
Foods, 5,0482

Phytotoxicity
GROWTH HABITS, SPREAD ANI) HERBICIDAL RESPONSES

OF TRUMPET CREEPER ...Moisture Content, Movement,
Leaching, Persistency in Soils, ...5.1162

CONTROLLING WEEDS ON DITCHBANKS ANI) OTHER NON-
CROP AREAS _lliocontrol, Persistence in Soils, Physical Con-
trol, Soil Excision -non-specific, 5,1328

Rates, Doses, Concentrations
Absorption Rates

MOVEMENT AND ADSORPTION OF PESTICIDES IN STERIL-
IZED SOIL COLUMNS ...Absorption, Fixation, Exchange,
Column Leaching & Diffusing, Internal Water Movement, Move-
ment, Leaching, Pesticides -non-specific, Soil Tests, .,.5,0256

Application Rates
EVALUATION OF HERBICIDES FOR CONTROL OF AQUATIC

WEEDS ...Evaluation, Floating Plants, Herbicides -non-specific,
of Aquatic Plants, Submerged Plants, ...5.0247

IMPROVED CULTURAL PRACTICES FOR PRODUCING SAF-
FLOWER UNDER IRRIGATED ANI) NON-IRRIGATED CON-
DITIONS ...Evaluation, Irrigation, Safflower, ...3.0256

Formulation,rate,concentratio
ROOT-KNOT NEMATODE CONTROL (MELOIDOGYNE

NAASI-FRANKLIN ) Animal Pollutont Sources, Nematocides -
non-spLeifie, Nematodes, Population Dynamics, Rhabditoidea,
3.0042

Tolerance Rates
PESTICIDn , i ANT FISH IN NATURAL ECOSYSTEMS

Animal Resistance, Endrin, Food Chains, Animal And/or Man,
Pollution F.lieets, Wildlife, ...5M624

Removal of Residues
TOXAPHENE FILTRATION PUBLICATION Carbon, Filtration,

Pubilications -other, Toxaphene, 5.1146
EVALUATION or EARTHY MATERIALS FOR USE IN DECON-

TAMINATION OE WATER ...Clay, Waste Water Treatment-
general, 5,0002

EFFECT OF PESTICIDE RESIDUES AND OTHER ORGANO-
TOXICANTS ON THE QUALITY OF SURFACE AND
GROUNDWATER RESOURCES ...Carbainntes -non-specific,
Groundwater, Movement, Leaching, Persistence in Soils, Water
Quality Control-general, 5.0396

INTERACTION OF HERBICIDES ANI) SOIL MICROORGAN-
ISMS ...Chlorinated Hydrocarbons. Degradation, Microbial
Degradation, Water Quality Control-other, 5.0802

DEMONSTRATION OF A FACILITYFOR THE BIOLOGICAL
TREATMENT OF COMPL EX CHLOROPHENOL.IC WASTE
...Aerobic, Alcohols, Orginics, Pesticides, Pond, 5.0055

REDUCTION OF HAZARDS ASSOCIATED WITH INSEC-
TICIDAL CHEMICALS IN THE ENVIRONMENT Insecticides
-non-specific, Persistence in Soils, Pollution - Effects of , Pollu-
tion Effects, Residues in Foods, 5.0359

IDENTIFICATION AND REMOVAL OF PESTICIDES FROM
RURAL WATER SUPPLIES ...Pesticides -non-specific, Residues
in Potable Water, Rural Areas, Waste Water Treatment-general,
Water Utilization -domestic, 5.0448

LITERATURE SEARCH FOR POSSIBLE PESTICIDE DETOXIFY-
ING AGENTS - CHEMICAL AND PHYSICAL STUDIES ON
REDUCTION OF PESTICIDE HAZARDS ...Survey Studies, Tox-
icology, 5.0635

SCREENING FOR PESTICIDE DETOXIFICATION AGENTS -
CHEMICAL AND PHYSICAL STUDIES ON REDUCTION OF
PESTICIDE HAZARDS ...Aldrin, DDT , Dicldrin, Screening
Potential Pesticides, 5,0636

REMOVAL OF r'ESTICIDES FROM FRESHWATER FISH
_Bioassay, Fish -non-specific, Fish Meals, Mode of Action -

animal, Pesticides -non- specific, .5.0543

Residue Analysis
Bioassay

THE BIOASSAY OF WATER POLLUTANTS WITH CULTURED
MAMMALIAN CELLS ...Bioassays, Herbicides -non-specific,
Toxicity Or Residues -other, 5,1055

EFFECTS OF PESTICIDES ON ESTUARINE ORGANISMS
Estuaries, Persistence of Residues, Pollution Effects of , Sevin,
Swamps-marshes, 5,0950

INSEC'TICIDE LEACHING TESTS ...Granules, Capsules, Insecti-
cides -non-specific, Persistence in Soils, Soil and Rock Leaching,
2,0959

ACUTE TOXICITY OF msficirEs TO FRESHWATER INVER-
TEI3RATES ...Age, Chemical Measurements -water, Chemical-
general, Laboratory Animals, Water Temperature-non-specific,
...5,0662

RELATIVE SUSCEPTIBILITIES OF FISH FAMILIES TO INSEC-
TICIDES - ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER FISH ANI) OTHER VERTEBRATES ...Bioassays, Car-
baniates -non-specific, Chlorinated Hydrocarbons, Or-
ganophosphorous Cpds. , Wildlife. 5.0653

CONTINUOUS-FLOW INVERTEBRATE BIOASSA YS AND
PESTICIDES AT COLUMBIA, MO. - ACUTE TOXICITY OF
PESTICIDES TO FRESHWATER INVERTEBRATES _Herbi-
cides -non-specific, Insecticides -non-specific, Invertebrates -non-
specific, Laboratory Animals, _5,0665

THE INFLUENCES OF ENVIRONMENTAL CONDITIONS ON
THE TOXICITY OF PESTICIDES ...Environmental Ecology, Fish
- non - specific, Pollution - Effects of , Wildlife, ..5.0656

REMOVAL OF PESTICIDES FROM FRESHWATER FISH ...Fish -
non- specific, Fish Meals, Mode of Action -animal, Pesticides -
non- specific, Removal of Residues, 5.0543

TOXIC AND OTHER CHEMICALS IN MARINE BIOTA
_Dibrom, Diquat, Mollusks -non-specific & Other, Paraquat,
_5,1074

Chemical Analysis
PESTICIDE RESIDUE DATA PROCESSING ...Data Analysis -

General, Document & Literature Info, Information Retrieval
Methods, Persistence of Residues, Pesticides - non - specific,
_5.0147

DETECTION AND IDENTIFICATION OF fs.',OLECULAR WATER
POLLUTANTS I3Y LASER RAMAN SPECTROSCOPY Detec-
tors and Sensors, Industrial Wastes, Lasers and .Masers, Pesticides
-non-specific, Physical Parameters, Raman, Surfactants, _5.0441

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION, LAKE,
ANI) POND WATERS ...Chemical Analysis (water), Chemical
Treatment-general, Irrigation-g, 'nem!, Lakes, Pestcides -non-
specific, Ponds, 5.0139

AROMATIC SOLVENT AQUATIC HERBICIDES AND EMULSI-
FYING AGENT 'TESTING ,..Aromatic Cpds, Evaluation, Herbi-
cides -non-specific, of Aquatic Plants, Petroleum Cpds. -non-
specific, Plant Pollutants, 3.0107

METHODS OF ANALYSIS FOR INSECT-CONTROL CHEMI-
CALS Colorimetrie, Extraction-other, Gas, Reaction-general,
Spectroscopy-other, _5,0491

Monitoring Systems
THE CYCLING OF CI-36 LABELED DDT IN NATURAL

ECOSYSTEMS ...Aquatic Or Soil-auuatic Cycles, DDT , Per-
sistanee of Residues, Pollution - Effects of , Radioisotopes,
,5.0876

PESTICIDE RESIDUE STUDY IN SPORT FISH WATERS
_Chemical Analysis (water), Filtration, Pesticides -non-specific,
Pollution - Effects of , _5.1231

DESIGNING AND TESTING A WATER MONITORING SYSTEM
FOR PESTICIDES IN NORTH CAROLINA ...Agricultural
Watersheds, Chemical Identification, DDT , Endrin, North
Carolina, Technique Development, ..7,0087

MASSACHUSETTS PESTICIDE MONITORING STUDY ,,,Mas-
sachusetts, Pesticides -non-specific, Sampling, Watersheds-
general, ...5,0539

PESTICIDE CONTAMINATION OF THE ENVIRONMENT AND
ITS SIGNIFICANCE ...Carbonates -non-specific, Louisiana, Or-
ganophosphovous Cpds. , Persistance of Residues, ...5.0451

WATER QUALITY MONITORING STUDIES Aquatic. Ecology,
Chemical-general, Dams, Land Use, Survey Studies, Water Quali-
ty-general, 6.0639

SCREENING AQUATIC INVERTEBRATES TO DETECT AN OR-
GANISM SUITABLE FOR USE IN A MONITORING PRO-
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GRAM Bioassays, Bioindicators. Cholinesterase, Fish -non-
vecific, Invertebrates -non-specific, Metabolism, ...5.0639

PESTICIDE MONITORING PROGRAM ...Bioindicators, Estuaries.
Gnu, Oysters, ...5.0268

MONITORING OF PESTICIDE LEVELS IN 'THE GREAT LAKES
...Great Lakes-general, Insecticides -non-specific, Pollutants-
genend, Water Sampling, ...5.0544

Residue Analysis -other
PESTICIDAL. RESIDUES OF AGRICULTURAL CHEMICALS

...Nevada, Persistence in Soils, Pesticides -non-specific. Pollutants-
general, Soil Degradation -other, ...5M707

ANALYTICAL METHODS FOR PESTICIDES AND PESTICIDE
DEGRADATION PRODUC'T'S ...13iodegradation, Persistence of
Residues, Soil Degradation -other, Technique Development,
...5.1031

PROJECT 2203 EFFECTS ON PHYSIOLOGY WORK UNIT 53
CHRONIC EFFECTS OF ENDRIN ON BLUEGILLS ...Alabama.
Bluegills, Bream. Computer Matching Code. Endrin. Wildlife,
5.0022

COMPARATIVE UPTAKE OF 10 CHLORINATED HYDROCAR-
BON PESTICIDES BY FISH ...Chlorinated Hydrocarbons, Fish -
non- specific. Metabolism - animal, Wildlife, ...5.0628

CHEMICAL, PHYSICAL AND BIOLOGICAL. REACTIONS OF
PESTICIDES WITH SOILS AFFECTING SOIL PRODUCTIVITY
AND PESTICIDE STABILITY Microbiology -soil. Movement,
Leaching. Pesticides -non-specific, Pollutants - Path of , Soil Con-
ditions, Soil Temp. -non-specific, 5.0202

Resistance & Tolerance
Animal Resistance

PESTICIDE RESIST'AN'T FISH IN NATURAL ECOSYSTEMS
...Endrin, Food Chains. Animal And/or Man, Pollution Effects,
Tolerance Rates, Wildlife, _5.0624

Plant Resistance
GROWTH SUPPRESSION AND REDUCTION IN REGROWTH

POTENTIAL OF AQUATIC WEEDS ...Acrolein, Biological Pol-
lutants -other, Maturity Or Growth Stage of of Aquatic Plants,
Submerged Plants, 3.0191

Safety Measures
Handling & Application

PESTICIDE POLLUTION OF FARMSTEAD WATER SUPPLIES
...Aquatic Or Soil-aquatic Cycles, Pollutants - Path of , Residues
in Potable Water, Water Utilization -domestic, ...5.0485

Preventative Measures
PESTICIDES AND WILDLIFE ...Biodegradation, Food Chains.

Animal And/or Man, Habitat Studies, Insecticides - non - specific,
Wildlife -non-specific, 5.0138

Screening Potential Pesticides
FISH TOXICANT STUDIES ...Ammonium , Control of Nuisance

Species, Evaluation. Fish -non-specific, Piscicides -non-specific,
...5.1147

CORRELATION OF STRUCTURE VS. ACTIVITY OF POLLU-
TANTS OF FRESH WATER ...Bioindicators, Gastropods -

slugs,coneh.snails, Molluseieides - non - specific. Pesticide-other,
Thmearbamate, N.s. 5.1050

WATER QUALITY PROTECTION - SYNTHESIS OF POTEN-
TIAL MOLLUSCICIDES ...Animal Pollutant Sources, Mode of
Action -animal, Molluscicides -non-specific, Schistosoma,
...5.I066

INVESTICATIONS ON NEW INSECTICIDES AND TECHNIQUES
FOR THE CONTROL OF PEST AND VECTOR MOSQUITOES
...Culex Mosquitoes, Larvicides, Wildlife, 5.0141

INVESTIGATION OF AQUATIC WEED PROBLEMS AND
MEANS OF CONTROL WITH EMPHASIS ON BRAZILIAN
WATERWEED ...Applied Ecology, Herbicides -non-specific, of
Aquatic Plants, Water Milfoil, Waterweed , 5.0938

EFFECTS OF VARIOUS PRE-HARVEST AND POST-HARVEST
TREATMENTS ON SWEET POTATOES ...Herbicides -non-
specific, Irrigation, Root, Swectpotatocs, ...6.0560

SCREENING FOR PESTICIDE DETOXIFICATION AGENTS -
CHEMICAL AND PHYSICAL STUDIES ON REDUCTION OF
PESTICIDE HAZARDS ...Aldrin, DDT , Dieldrin, Removal of
Residues, ..5.0636

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES ...Fish -non-specific, Pesticides -

non-specific. Temperature, Water Quality-general, Wildlife,
5.0652

Selectivity
LAKE HURON CHEMICAL. CONTROL .Bioindicators, Chemical-

general, Eetoparasites, Flow Characteristics -water, 5.0578

Soil Environment
Chemical Degradation

INTERACI'ION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS Absorption, Fixation, Exchange, Aldrin,
Fertilizers, Other, Pesticides. ...5.0052

Microbial Degradation
INTERACTION OF HERBICIDES AND SOIL MICROORGAN-

ISMS ...Chlorinated Hydrocarbons, Degradation, Removal of
Residues, Water Quality Control-other, ...5.0802

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Evaporation.
Movement, Leaching, Soil and Rock Leaching, Soil Environment,
_5.0004

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Aquatic Or
Soil-aquatic Cycles, Atrazine, Groundwater Movement, Move-
ment, Leaching. Rhizosphere, 1'rit7uralin, ...5.0290

Movement, Leaching
EFFECT OF PESTICIDE RESIDUES AND OTHER ORGANO-

TOXICANTS ON THE QUALITY OF SURFACE AND
GROUNDWATER RESOURCES ...Carbamatcs -non-specific,
Groundwater, Persistence in Soils, Removal of Residues, Water
Quality Control-general, ...5.0396

INTERACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS Fertilizers, ...5.0051

MOVEMENT AND ADSORPTION OF PESTICIDES IN STERIL-
IZED SOIL COLUMNS Absorption Riqes, Absorption, Fixa-
tion, Exchange, Column Leaching & Diffusing, Internal Water
Movement, Pesticides -non-specific. Soil Tests. 5.0256

SORPTION AND MOVEMENT OF POLLUTED WATER IN SOIL.
...Absorption, Fixation, Exchange, Internal Water Movement, Per-
sistence in Soils, Pollutants - Path of , Soil Environment. Soil-
water-plant Relationships, ...5.0078

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Evaporation,
Microbial Degradation, Soil and Rock Leaching, Soil Environ-
ment, ..5.0004

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Aquatic
Or Soil-aquatic Cycles, Hawaii. Soil Environment, Triazines -non-
specific, Urea Cpds. -non-specific, ...5.0044

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Absorp-
tion, Fixation. Exchange, Aquatic Or Soil- aquatic Cycles, Bounda-
ry Process (moisture), Groundwater Movement, Pesticides -non-
specific, 5.0079

SORPTION AND DESORPTION FACTORS INFLUENCING
TRANSPORT, PERSISTENCE, & ALTERATION OF PESTI-
CIDES IN VARIOUS AGRICULTURAL SOILS .,.Boundary
Process (moisture), Pesticides -non-specific:, Physical Properties-
general, Radioisotopes, Soil Chemical Properties, 5.0140

SOIL, PESTICIDES AND THE QUALITY OF WATER ...Aquatic
Or Soil-aquatic Cycles, Atrazinc, Monuron, Pesticides, Soil En-
vironment, ...5,0196

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Georgia,
Groundwater Movement, Persistence in Soils, Pesticides -non-
specific, Soil Environment, ...5.0287

THE DISPOSITION OF PESTICIDES IN THE SOIL Aquatic Or
Soil-aquatic Cycles, Groundwater Movement, Microbial
Degradation, PIlizosexc, rifluralin, ...5.0290

SOILS, PESTICIDES A!-41.) T-.-1E QUALITY OF WATER ...Organic
Matter. Organophe-Thortio Cpds. , Physical Property Effects,
Soil and Rock Leac).-T, Soil Environment, 5.0325

REDUCTION OF INSECTICIDAL HAZARDS _Atmospheric Con-
tamination, Insecticides -non-specific, Persistence in Soils, Pest
Control. Pollution - Effects of , ...5.0393

THE MOVEMENT OF HERBICIDES OFF, INTO, AND
THROUGH SOILS ...Agricultural Watersheds, Herbicides -non-
specific, Persistence of Residues, Runoff, Soil Sampling, ...5.0487

ALTERATIONS OF THE PERSISTENCE AND MOVEMENT OF
HERBICIDES IN SOIL, WATER, AND PLANTS ...Fungicides -
non- specific, Herbicides -non-specific, Pollutants - Path of , Soil
Degradation -other, -.5.0486

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Bensu-
lidc, Groundwater Movement, Management, Soil Environment,
2,4-d, ,..5.0752
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THE DISPOSITION OF PESTICIDES IN THE SOIL, ...Adsorption
Capacity, Drainage, North Carolina, Persistence in Soils, ...5.0826

MOVEMENT AND PERSISTENCE, OF HERBICIDES IN THE
SOIL ...Herbicides -non-specific, Mode of Action -plant, Per-
sistence in Soils, Soil Profile, _5.1125

GROWTH HABITS, SPREAD AND HERBICIDAL RESPONSES
OF TRUMPET CREEPER ...Moisture Content, Persistence in
Soils, Phytotoxicity, ...5.1162

THE DISPOSITION OF PESTICIDES IN THE SOIL
Water Movement, Mineralogy, Pollutants - Path of , Soil Chemi-
cal Properties, 5.1163

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Adsorp-
tion Capacity, internal Water Movement, Pollutants - Path of ,
Thermal Properties-other, 6.0590

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Mineralogy,
Persistence in Soils, Soil Chemical Properties, 5.IA8

SOILS, PESTICIDES AND THE CsUALITY OF WATER ...Ground-
water Movement, Infiltration, Pollutants - Path of , Rhizosphere,
...5.1239

SOILS, PESTICIDES, AND THE QUALITY OF WATER
.Management, Pollutants - Path of , Soil and Rock Leaching,
Soil Properties - Other, ...5.0312

BEHAVIOR OF POLLUTANTS IN WATER ...Aquatic Or Soil-
aquatic Cycles, Decomposition-general, Infiltration, Persistence in
Soils, Pesticides -non-specific, Pollutants - Path of .,5.0190

FATE AND EFFECTS OF PESTICIDES IN FOREST SOILS AND
WATER ...DDT , Forests, Groundwater Movement, Persistence in
Soils, Soils and Fertilizer, _5.0968

CHEMICAL, PHYSICAL AND BIOLOGICAL REACTIONS OF
PESTICIDES WITH SOILS AFFECTING SOIL PRODUCTIVITY
AND PESTICIDE STABILITY ...Microbiology -soil, Pesticides -
non- specific, Pollutants - Path of , Residue Analysis -other, Soil
Conditions, Soil Temp. -non-specific, _5.0202

Persistence in Soils
EFFECT OF PESTICIDE RESIDUES AND OTHER ORGANO-

TOXICANTS ON THE QUALITY OF SURFACE AND
GROUNDWATER RESOURCES .Carbamates -non-specific,
Groundwater, Movement, Leaching, Removal of Residues, Water
Quality Control-general, 5.0396

SORPTION AND MOVEMENT OF POLLUTED WATER IN SOIL
Absorption, Fixation, Exchange, Internal Water Movement,
Movement, Leaching, Pollutants - Path of , Soil Environment,
Soil-water-plant Relationships, 5.0078

THE BEHAVIOR AND FATE OF DDT AND ZECTRAN IN A
FOREST SOIL ...DDT , Soils and Fertilizer, Zectran, 5.1205

CONSERVATION OF WATER RESOURCES THROUGH
MODIFICATION OF THE PHYSICAL AND CHEMICAL PRO-
PERTIES OF SOIL ...Conservation-general, Sand, Soil Environ-
ment, Storage of Water, Surfactants - Wetting Agents, 2.0312

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Georgia,
Groundwater Movement, Movement, Leaching, Pesticides -non-
specific, Soil Environment, ..5.0287

REDUCTION OF HAZARDS ASSOCIATED WITH INSEC-
TICIDAL CHEMICALS IN THE ENVIRONMENT ...Insecticides
-non-specific, Pollution - Effects of , Pollution Effects, Removal
of Residues, Residues in Foods, 5.0359

REDUCTION OF INSECTICIDAL HAZARDS ...Atmospheric Con-
tamination, Insecticides -non-specific, Movement, Leaching, Pest
Control, Pollution - Effects of , ...5.0393

REDUCTION OF HAZARDS ASSOCIATED WITH THE
PRESENCE OF RESIDUES OF INSECTICIDAL CHEMICALS
IN THE ENVIRONMENT ...Chlorinated Hydrocarbons, Or-
ganophosphorous Cpds. , Other, Pesticides, Residues in Foods,
5,0404

FACTORS INFLUENCING INSECTICIDE RESIDUES ON OR IN
FOOD AND FORAGE CROPS ...Environmental Effects, Kansas,
Organophosphorous Cpds. , Persistanee of Residues, Physical
Degradation, Pollution Effects, 5.0429

THE PERSISTENCE, ACCUMULATION AND FATE OF PESTI-
CIDES IN CRANBERRY SOILS AND RESERVOIRS ...Blueber-
ries, Cranberries, Chlorinated Hydrocarbons, Organophosphorous
Cpds. , Reservoirs and Impoundments, Swamps-marshes, ...5.0533

PESTICIDAL RESIDUES OF AGRICULTURAL CHEMICALS
...Nevada, Pesticides -non-specific, Pollutants-general, Residue
Analysis -other, Soil Degradation -other, 5.0707

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Adsorption
Capacity, Drainage, Movement, Leaching, North Carolina,
5.0826

INSECTICIDE RESIDUES ON ALFALFA ...Insecticides -non-
specific, Persistance of Residues, Pest Control, Sail Chemical Pro-
perties, 5,1115

MOVEMENT AND PERSISTENCE OF HERBICIDES IN THE
SOIL ...Herbicides -non-specific, Mode of Action -plant, Move-
ment, Leaching, Soil Profile, 5,1125

GROWTH HABITS, SPREAD AND HERBICIDAL RESPONSES
OF TRUMPET CREEPER ...Moisture Content, Movement,
Leaching, Phytotoxieity, 5.1162

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Mineralogy,
Movement, Leaching, Soil Chemical Properties, . .5.1208

DEGRADATION - DEPLETION OF HERBICIDES IN IRRIGA-
TION WATER AND ACCUMULATION OF HERBICIDE
RESIDUES IN CROPS FROM TREATED WATER ...Aquatic Or
Soil-aquatic Cycles, Biodegradation, Degradation, Persistance of
Residues, ...5.1326

EFFEC1. OF PESTICIDE RESIDUES AND OTHER ORGANO-
TOXICANTS ON THE QUALITY OF SURFACE AND
GROUND WATER RESOURCES ...Groundwater, Pesticides -
non- specific, Pollution - Effects of , Surface Water, Water Quality
Control-general, _5.0392

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT
...Animal "fox. or Resid. -other, Food Chains, Animal And/or
Man, Mode of Action -animal, Pesticides -non-specific, 5.0943

INSECTICIDE LEACHING TESTS ...Bioassay, Granules, Capsules,
Insecticides -non-specific, Soil and Rock Leaching, ...2.0959

BEHAVIOR OF POLLUTANTS IN WATER ... Aquatie Or Soil-
aqutic Cycles, Decomposition-general, Infiltration, Movement,
Leaciiing, Pesticides -non-specific, Pollutants - Path of , 5.0190

CONTROLLING WEEDS ON DITCHBANKS AND OTHER NON-
CROP AREAS _Biocontrol, Physical Control, Phytotoxieity, Soil
Erosion - non - specific, _5.1328

PERSISTENCE AND FATE OF HERBICIDES IN WATER AND
AQUATIC SOILS AND THE EFFECTS OF HERBICIDES IN IR-
RIGATION WATER ON CROP PLANTS ...Canals, Herbicides -
non- specific, Irrigation, Persistanee of Residues, Pollutants - Path
of , ...5.1330

FATE AND EFFECTS OF PESTICIDES IN FOREST SOILS AND
WATER ...DDT , Forests, Groundwater Movement, Movement,
Leaching, Soils and Fertilizer, ...5.0968

Soil Degradation -other
ALTERATIONS OF THE PERSISTENCE AND MOVEMENT OF

HERBICIDES IN SOIL, WATER, AND PLANTS ...Fungicides -
non- specific, Herbicides -non-specific, Movement, Leaching, Pol-
lutants - Path of , ...5.0486

PESTICIDAL RESIDUES OF AGRICULTURAL CHEMICALS
...Nevada, Persistence in Soils, Pesticides -non-specific, Pollutants-
general, Residue Analysis -other, _5.0707

ANALYTICAL METHODS FOR PESTICIDES AND PESTICIDE
DEGRADATION PRODUCTS ...Biodegradation, Persistanee of
Residues, Residue Analysis -other, Technique Development,
...5.1031

Sterilization (chemical)
Soil Sterilants

WEED AND ALGAE CONTROL, SMALL IMPOUNDMENT IN-
VESTIGATIONS ...Georgia, of Aquatic Plants, Plant Pollutants,
Reservoirs and Impoundments, ...5.0304

Substances Or Chemicals
CHEMICAL ANALYSES ...Chlorinated Hydrocarbons, Estuaries,

...I.0034

Synergism and Synergists
SYNERGISM OF PESTICIDES AND DETERGENTS ...Chlorinated

Hydrocarbons, Fish -non-specific, Mode of Action -animal, Other,
Surfactants - Wetting Agents, ..,5.0800

Timing of Application
Maturity Or Growth Stage of

CONTROL OF UNDESIRABLE SHRUBS AND REVEGETATION
OF SOUTHERN ARIZONA RANGES ...Arid and Desert,
Arizona, Cultural Control, Integrated Cultural Control, Range,
4.0011

GROWTH SUPPRESSION AND REDUCTION IN REGROWTH
POTENTIAL OF AQUATIC WEEDS ...Acrolein, Biological Pol-
lutants -other, of Aquatic Plants, Plant Resistance, Submerged
Plants, ...2.0191
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Timing -non-specific
WEED CONTROL IN IRRIGATION AND DRAINAGE SYSTEMS

,. Amphibious Plants, Aquatic Soils, Herbicides -non-specific, of
Aquatic Plants, Plant Pollutants, Submerged Plants, .3.0094

Toxicity Or Residue in Animals
Animal Tox. or Resid. -other

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT ...Food
Chains, Animal And/or Man, Mode of Action -animal, Persistence
in Soils, Pesticides -non-specific, ...5,0943

Laboratory Animals
EFFECTS OF THE CHLORINATED HYDROCARBONS, ALDRIN

AND DIELDRIN, ON FRESHWATER SEED SHRIMP (OS-
TRACODA ) Aldrin, Contamination - Water, Dieldrin, Fresh
Water, Pollution - Effects of , Shrimps - Seed Or Mussel,
5.1117

EFFECTS OF PESTICIDES ON MARINE ANIMALS ...Dieldrin,
Metabolism, Mode of Action -animal, Respiration, 5.0261

EFFECTS OF PESTICIDES ON AQUATIC ANIMALS IN THE
ESTUARINE AND MARINE ENVIRONMENT (ABBREV)
Bioindicators, Estuaries, Pesticides -non-specific, Pollution - Ef-
Nets of , 5,0062

2,4-1) UPTAKE AND METABOLISM - METABOLISM OF PESTI-
CIDES IN FISH Channel Catfish, Goldfish, Metabolism -animal,
Rainbow Trout, Steclbead Trout, 2,4-d, ...5.0659

DDT AND DIELDRIN METABOLISM AND STORAGE BY
CHINOOK SALMON UNDER LABORATORY CONDITIONS
DI)T , Dieldrin, Metabolism -animal, f,almon -coho,chin-
ook,sockeye. .5.0660

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER INVF,R-
TEI3RATES Age, Bioassay, Chemical Measurements -water,
Chemical-general, Water Temperature-non-specific, 5.0662

ACUTE TOXICITY OF PESTICIDES To FRESHWATER INVER-
TEBRATES - DEVELOPMENT OF A LABORATORY STREAM
FOR REARING AND TESTING AQUATIC INVERTEBRATES
_Captive Rearing, Invertebrate Cultures, Invertebrates -non-
specific, Laboratory, Pesticides -non-specific, 6.0319

CONTINUOUS-FLOW INVERTEBRATE BIOASSAYS AND
PESTICIDES AT COLUMBIA, MO. - ACUTE TOXICITY OF
PESTICIDES TO FRESHWATER INVERTEBRATES ..,Bioassay,
Herbicides -non-specific, Insecticides -non-specific, Invertebrates -
non- specific, .5.0665

BLOOD OXYGEN AND CO2 CARRYING CAPACITY OF 4 FISH
EXPOSED TO MALATHION AND ENDRIN - PESTICIDE EF-
FECTS ON FISH ENDOCRINE FUNCTIONS ...Blood Cells, En-
drin, Malathion, Mode of Action -animal, Sevin, 5.0632

LABORATORY BIOASSAYS Contamination - Water, Laborato-
ry, Pollution - Effects of , Pollution-general, Wildlife, _5.0270

Wildlife
RELATIONSHIPS BETWEEN SUB-LETHAL PESTICIDES AND

REPRODUCTION AND BEHAVIOR OF FISHES ,..Behavior -
animal, DDT , Killifishs - Cyprinodon, Pesticides -non-specific,
Reproduction Studies (general), ...5.0292

THE EFFECTS OF PESTICIDE RESIDUES ON LARVAL AND
JUVENILE WINTER FLOUNDER iN THE WEWEANTIC
RIVER ESTUARY, MASSACHUSETTS Estuaries, Mas-
sachusetts, Pollution - Effects of , Rightcye Flounders, 5.0509

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES Insecticides -non-specific,
Maturity & Growth Stages, Mode of Action -animal, Pollution -
Effects of , Pollution Effects, _5.0649

EFFECTS OF CHRONIC SUBLETHAL DOSAGES OF DDT ON
THE SWIMMING PERFORMANCE OF ATLANTIC SALMON
PARR Atlantic Salmon, Sebago Salmon, DDT , Locomotion -
animal, Mode of Action -animal, Stamina, 5.0472

INVESTIGATIONS OF THE RELATION BETWEEN THE USE
OF CHLORINATED HYDROCARBONS AND THEIR

RESIDUES IN CHANNEL CATFISH ...Channel Catfish,

Chlorinated Hydrocarbons, Environmental Effects, Missouri
River, Nebraska, ...5.0702

CURRENT FISH AND WILDLIFE PESTICIDE PROBLEMS
Azodrin, Endrin, Guthion, Mercury, of Aquatic Plants, Seed
Treatment, Thiodan, 4,0042

EFFECT OF HERBICIDES ON AN AQUATIC ENVIRONMENT
...Herbicides -non-specific, Mode of Action -plant, Persistence of
Residues, Pollution - Effects of , 5.0003

CHEMICAL CONTROL OF WEEDS IN PONDS ...Algacides -non-
specific, Herbicides -non-specific, of Aquatic Plants, Plant Pollu-
tants, Ponds, 5.0009
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AN EVALUATION OF WIDELY USED HERBICIDES ON
AQUATIC PLANTS, FISH AND FISH-FOOD ORGANISMS
.Environmental Effects, Food Supply, Herbicides -non-specific,
.5.0570

LIMNOLOGY AND MANAGEMENT OF OREGON FARM
PONDS AND SMALL IMPOUNDMENTS ...Aquaculture & Fish-
farming, Farm Pond, Management, Productivity - Food Chain,
Reservoirs and Impoundments, Trifluralin, 6.0449

INVEST'ICATIONS ON NEW INSECTICIDES AND TECHNIQUES
FOR THE CONTROL OF PEST AND VECTOR MOSQUITOES
...Cuicx Mosquitoes, Larvicides, Screening Potential Pesticides,
,..5.0141

EFFECT OF PESTICIDES ON WILDLIFE,(SONGBIRDS, HER-
RING GULLS AND FISH) ...DDT , Pollution Effects, Wildlife -
non- specific, Wisconsin, ..5,1309

SURVEY OF DDT AND DIELDRIN RESIDUES IN FISHES IN

WISCONSIN WATERS ,..DDT , Dieldrin, Survey Studies,
Wisconsin, .5.1291

DDT RESIDUE ACCUMULATION IN WISCONSIN FISH AND
THE EFFECT ON REPRODUCTION ...DDT , Maturity &
Growth Stages, Reproduction Studies (general), Walleyes,
Wisconsin, 5,1292

AQUATIC PLANT CONTROL ...Environmental Ecology, Fish -
non- specific, Herbicides -non-specific, of Aquatic Plants 8,0168

CHRONIC EFFECTS OF MALATHION ON BLUEGILLS
.Bluegills, Bream, Channel Catfish, Malathion, Mode of Action -
animal, Pollution - Effects of , ...5.0646

PROJECT 2203 EFFECTS ON PHYSIOLOGY WORK UNIT 53
CHRONIC EFFECTS OF ENDRIN ON BLUEGILLS ...Alabama,
Bluegills, Bream, Computer Matching Code, Endrin, Residue
Analysis -other, 5.0022

COMPARATIVE UPTAKE OF 10 CHLORINATED HYDROCAR-
130N PESTICIDES BY FISH Chlorinated Hydrocarbons, Fish -
non- specific, Metabolism -animal, Residue Analysis -other,
5.0628

MINERAL IMBALANCE IN BLUEGILLS EXPOSED TO
MALATHION PESTICIDE-INDUCED MINERAL IMBALANCE
IN FISH ...Bluegills, Bream, Malathion, Mineral, ..5.0658

METHOXYCHLOR-CAUSED EFFECTS ON CUTTHROAT
TROUT PHYSIOLOGY CHRONIC TOXICITY OF INSECTI-
CIDES TO COLD-WATER FISH ,..Cutthroat Trout, Methox-
ychlor, Mode of Action -animal, Wyoming, ..5.0666

LITERATURE SURVEY OF PESTICIDE METABOLISM IN FISH
- METABOLISM OF PESTICIDES IN FISH ...Metabolism -

animal, Mode of Action -animal, Pesticides -non-specific, Survey
Studies, _5.0661

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES ...Pesticides -non-specific, Pollu-
tion - Effects of , Stamina, ,..5.0651

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES ...Fish -non-specific, Pesticides -
non- specific, Screening Potential Pesticides, Temperature, Water
Quality-general, ...5.0652

RELATIVE SUSCEPTIBILITIES OF FISH FAMILIES TO INSEC-
TICIDES - ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER FISH AND OTHER VERTEBRATES Bioassay, Bioas-
says, Carhamates -non-spccific, Chlorinated Hydrocarbons, Or-
ganophosphorous Cpds. .5.0653

EFFECTS OF CHRONIC EXPOSURE TO SUBLETHAL LEVELS
OF INSECTICIDES ON REPRODUCTION IN BROOK TROUT.
CHRONIC TOXICITY OF PESTICIDES TO FISH ...Carbamates
-non-specific, Chlorinated Hydrocarbons, Lake Trout, Brook
Trout, Organophosphorous Cpds. , Pollution - Effects of ,

Reproduction Studies (general), ..5.0654
INVESTIGATION OF STRESS-INDUCED MOBILIZATION OF

INSECTICIDE RESIDUES - CHRONIC TOXICITY OF PESTI-
CIDES TO FISH ...DDT , Dieldrin, Metabolism -animal, Salmon -
coho,chinook,sockeye. Stress, 5.0655

THE INFLUENCES OF ENVIRONMENTAL CONDITIONS ON
THE TOXICITY OF PESTICIDES ..,Bioassay, Environmental
Ecology, Fish -non-specific, Pollution - Effects of , ...5.0656

LABORATORY BIOASSAYS ...Contamination - Water, Laborato-
ry, Laboratory Animals, Pollution - Effects of , Pollution-general,
...5.0270

RATES OF PESTICIDE BUILDUP IN SALMONIDS RECENTLY
INTRODUCED iN THE GREAT LAKES Insecticides -non-
specific, Pollution Effects, _5.0545

SOURCE DISTRIBUTION AND FATE OF C14 LABELED AND
CHLORINATION HYDROCARBON INSECTICIDE RESIDUES
IN FISH Biodegradation, Carbon, Food Chains, Animal And/or
Man, Persistence of Residues, 5.0281
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PESTICIDE RESISTANT FISH IN NATURAL ECOSYSTEMS
...Animal Resistance, Endrin, Food Chains, Animal And/or Man,
Pollution Effects, Tolerance Rates, ...5.0624

Toxicity Or Residues -other
THE BIOASSAY OF WATER POLLUTANTS WITH CULTURED

MAMMALIAN CELLS ...Bioassay, Bioassays, Herbicides -non-
specific, 5.1055

oxicity Or Residues in Humans
Human Tox. or Residues -other

OCCUPATIONAL AND ENVIRONMENTAL HEALTH ...Food ,

Occupational Hazards, Pollution - Effects of , Pollution -at-
mosphere, Radiologic Health, 5.0518

Residues an Foods
REDUCTION OF HAZARDS ASSOCIATED WITH INSE'C-

TICIDAL CHEMICALS IN THE ENVIRONMENT ...Insecticides
- non - specific, Persistence in Soils, Pollution - Effects of , Pollu-
tion Effects, Removal of Residues, 5.0359

REDUCTION OF HAZARDS ASSOCIATED WITH THE
PRESENCE OF RESIDUES OF INSECTICIDAL CHEMICALS
IN THE ENVIRONMENT ...Chlorinated Hydrocarbons, Or-
ganophosphorous Cpds. , Other, Persistence in Soils. Pesticides,
-.5.0404

FATE OF HERBICIDES IN WATER AND CROPS IRRIGATED
WITH WATER CONTAINING HERBICIDES ...Herbicides -non-
specific, Persistance of Residues, Pesticides, Plant -other, Sprin-
kler Irrigation, ...5.1327

DETERMINATION OF RESIDUES OF INSECT CONTROL
CHEMICALS IN PLANT AND ANIMAL PRODUCTS AND IN
SOILS ...Biodegradation, Insecticides - non - specific, Persistance of
Residues, ..5,0482

CONTAMINATION OF OYSTERS BY PESTICIDES ...Dieldrin,
Endrin, Mode of Action -animal, Oysters, ...5.0462

Residues in Potable Water
IDENTIFICATION AND REMOVAL OF PESTICIDES FROM

RURAL WATER SUPPLIES ...Pesticides -non-specific, Removal
of Residues, Rural Areas, Waste Water Treatment- general, Water
Utilization -domestic, ,..5.0448

PESTICIDE POLLUTION OF FARMSTEAD WATER SUPPLIES
...Aquatic Or Soil-aquatic Cycles, Handling & Application, Pollu-
tants - Path of , Water Utilization -domestic, 5.0485

Pesticides

Aldrin
THE EFFECT OF DIELDRIN ON SURVIVAL AND DEVELOP-

MENT OF FISH EGGS ..,Basic Embryology, Dieldrin, Mode of
Action -animal, Ohio, Pollution - Effects of , 5.0885

EFFECTS OF THE CHLORINATED HYDROCARBONS, ALDRIN
AND DIELDRIN, ON FRESHWATER SEED SHRIMP (OS-
TRACODA ) ...Contamination - Water, Dieldrin, Fresh Water,
Laboratory Animals, Pollution - Effects of , Shrimps - Seed Or
Mussel, .5.1117

INTERACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS ...Absorption, Fixation, Exchange, Chemical
Degradation, Fertilizers, Other, Pesticides, ...5.0052

BIOTRANSFORMATION OF ALDRIN AND DIELDRIN BY BAC-
TERIA - INTERACTION BETWEEN MICROORGANISMS AND
PESTICIDES ...Biodegradation, Cell. env.(non-specific & Ot.),
Dieldrin, Other, Soil Bacteria, Water Bacteria, ...5.0644

SCREENING FOR PESTICIDE DETOXIFICATION AGENTS -
CHEMICAL AND PHYSICAL STUDIES ON REDUCTION OF
PESTICIDE HAZARDS ...DDT , Dieldrin, Removal of Residues,
Screening Potential Pesticides, ...5.0636

FATE OF PESTICIDES ...Absorption, Fixation, Exchange,
Biodegradation, DDT , Plant -other, 2,4-d, ...5.0741

Algacides
Algacides -non-specific

CHEMICAL CONTROL OF WEEDS IN PONDS ...Herbicides -
non-specific, of Aquatic Plants, Plant Pollutants, Ponds, Wildlife,
_5.0009

REVIEW OF ALGALCIDES ...Algal Pollutant Sources, Public Utili-
ties, Residential, Survey Studies, Water Distribution Systems,
...5.0358

BIOLOGICAL ALGICIDES ...Algal Virus, Cell Injury and Autoly-
sis, Endogenous Cpds -plants, Mixed Culture, -.5.0726

Copper Sulfate
EFFECT OF COPPER SULFATE ON AQUATIC WEEDS ...Al-

kalinity, Canals, Copper, Irrigation-general, of Aquatic Plants,
-.3.0108

Azodrin
CURRENT FISH AND WILDLIFE PESTICIDE PROBLEMS ,..En-

drin, Guthion, Mercury, of Aquatic Plants, Seed Treatment,
Thiodan, Wildlife, -.4.0042

Bactericides
Bactericides -non-specific

BACTERIDAL EFFECTS OF ALGAE ON ENTERIC ORGAN-
ISMS ...Algae- General, Algal Culture, Intestinal Bacteria, Sanita-
tion, Sewage, ...5.115I

AQUATIC PLANT CHEMISTRY-ITS APPLICATION TO ECOLO-
GY ...Aquatic Plants (non-specific), 13acterial Pollutant Sources,
Endogenous Cpds -plants, Water Quality Control-general,
5.0793

Carbamates -non-specific
EFFECT OF PESTICIDE RESIDUES AND OTHER °ROAN°.

TOXICANTS ON THE QUALITY OF SURFACE AND
GROUNDWATER RESOURCES ...Groundwater, Movement,
Leaching, Persistence in Soils, Removal of Residues, Water Quali-
ty Control-general, -.5.0396

PESTICIDE CONTAMINATION OF THE ENVIRONMENT AND
ITS SIGNIFICANCE ...Louisiana, Monitoring Systems, Or-
ganophosphorous Cpds. , Persistance of Residues, 5.0451

RELATIVE SUSCEPTIBILITIES OF FISH FAMILIES TO INSEC-
TICIDES - ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER FISH AND OTHER VERTEBRATES ...Bioassay, Bioas-
says, Chlorinated Hydrocarbons, Organophosphorous Cpds. ,

EFFECTS OF CHRONIC EXPOSURE TO SUBLETHAL LEVELS
OF INSECTICIDES ON REPRODUCTION IN BROOK TROUT.
CHRONIC TOXICITY OF PESTICIDES TO FISH ...Chlorinated
Hydrocarbons, Lake Trout, Brook Trout, Organophosphorous
Cpds, , Pollution - Effects of , Reproduction Studies (general),
Wildlife, ...5.0654

MEASUREMENT OF THE EFFECTS OF PESTICIDES ON IN-
VERTEBRATE RESPIRATION - ACUTE TOXICITY OF PESTI-
CIDES TO FRESHWATER INVERTEBRATES .,.Chlorinated
Hydrocarbons, Organophosphorous Cpds, Pollution - Effects of ,
Respiratory System, 5.0664

HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE
SPECTRA OF ORGANIC PESTICIDES ...Chlorinated Hydrocar-
bons, Concentration, Decomposition-general, Isotopic, Nuclear
Magnetic Resonance, Organophosphorous Cpds. , Temperature-
other, 5.0283

Chlorinated Hydrocarbons
INVESTIGATIONS OF THE RELATION BETWEEN THE USE

OF CHLORINATED HYDROCARBONS AND THEIR
RESIDUES IN CHANNEL CATFISH ...Channel Catfish, Environ-
mental Effects, Missouri River, Nebraska, Wildlife, 5.0702

BIOLOGICAL AND CHEMICAL OXIDATION OF SELECTED
ORGANIC PESTICIDES ...Biological, Chemical Degradation,
Chlorination, Degradation, Gas, Pesticides, 5.0010

ALTERNATE METHODS OF MOSQUITO CONTROL TO
REDUCE CHEMICAL POLLUTION OF WATERS FOR
RECHARGE OF THE OGALALLA FORMATION ...Alternative
Planning, Aquifers-general, Insecticides -non-specific, Mosquitoes
-non-specific, Playas, Pollution Abatement, -.5.1180

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION AND
POND WATERS ...Emission, Gas, Irrigation-general, Pollutants-
general, Ponds, ...5.0137

LIMNOLOGICAL FACTORS AFFECTING PESTICIDE
RESIDUES IN SURFACE WATERS Pcrsistance of
Residues, Phytoplankton, Reservoirs and Impoundments, Runoff,
Surface Water, ...5.0416

INTERACTION OF HERBICIDES AND SOIL MICROORGAN-
ISMS ...Degradation, Microbial Degradation, Removal of
Residues, Water Quality Control-other, 5.0802

REDUCTION OF HAZARDS ASSOCIATED WITH THE
PRESENCE OF RESIDUES OF INSECTICIDAL CHEMICALS
IN THE ENVIRONMENT ...Organophosphorous Cpds. , Other,
Persistence in Soils, Pesticides, Residues in Foods, -.5.0404

THE PERSISTENCE, ACCUMIJLATION AND FATE OF PESTI-
CIDES IN CRANBERRY SOILS AND RESERVOIRS ,..Blueber-
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ries, Cranberries, Organophosphorous Cpds. , Persistence in Soils,
Reservoirs and Impoundments, Swamps-marshes...5.0533

COMPARATIVE UPTAKE OF 10 CHLORINATED HYDROCAR-
BON PESTICIDES BY FISH .,.Fish -non-specific, Metabolism -
animal, ResidIAe Analysis -other, Wildlife, ..5.0628

RELATIVE SUSCEPTIBILITIES OF FISH FAMILIES TO INSEC-
TICIDES - ACUTE TOXICITY OF PESTICIDES 'TO FRESH-
WATER FISH AND OTHER VERTEBRATES ...Bioassay, Bioas-

says, Carhamates -non-specific, Organophosphorous Cpds, Wil-

dlife, ..5.0653
EFFECTS OF CHRONIC EXPOSURE TO SUBLETHAL LEVELS

OF INSECTICIDES ON REPRODUCTION IN BROOK TROUT.
CHRONIC TOXICITY OF PESTICIDES TO FISH .Carbamates
-non-specific, Luke Trout, Brook Trout, Organophosphorous

Cpds. Pollution Effects of , Reproduction Studies (general),
Wildlife, 5.0654

MEASUREMENT OF THE EFFECTS OF PESTICIDES ON IN-
VERTEBRATE RESPIRATION - ACUTE Tomerry OF Him-
cims TO FRESHWATER INVERTEBRATES Carbamates -
non- specific, Organophosphorous Cpds. Pollution - Effects of
Respiratory System, ,5.0664

CHEMICAL ANALYSES _Estuaries, Substances Or Chemicals,

MECHANISMS OF plisTiciDE ACCUMULATION IN AQUATIC
ORGANISMS ...Food Chains, Animal And/or Man, Insecticides -

non- specific, Pollution Effects. Productivity - Food Chain,
.5.0546

HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE
SPECTRA OF ORGANIC PESTICIDES ...Carbamatcs -non-
specific, Concentration, Decomposition-general. Isotopic. Nuclear
Magnetic Resonance, Organophosphorous Cpds. , Temperature-

other, 5.0283
FATE OF poutrrANTs IN GROUND WATER ...Aquifers -

general, Artificial Recharge. Nitrate, Nitrite, Playas, Pollutants -
Path of ....5.0917

INTERACTIONS OF PESTICIDES AND SEDIMENTED OILS
...Chemical 'Treatment-other, Other. Pesticides, Pollutants - Path

of. _5.05511
SYNERGISM OF PESTICIDES AND DETERGENTS _Fish -non-

specific, Mode of Action -animal, Other, Surfactants - Wetting
Agents, Synergism and Syncrgists, 5.0800

DDT
THE CYCLING OF CI-36 LABELED DDT IN NATURAL

ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles, Monitoring

Systems,. Persistence of Residues, Pollution - Effects of ,

Radioisotopes. _5.0876
RELATIONSHIPS BETWEEN SUB-LETHAL PES'TICIDES AND

REPRODUCTION AND BEHAVIOR OF FISHES ...Behavior -

animal. Killifishs - Cyprinodon. Pesticides -non-specific,
Reproduction Studies (general), Wildlife, _5.0292

EFFECTS OF CHRONIC SUBLETHAL. DOSAGES OF DDT ON

THE SWIMMING PERFORMANCE OF ATLANTIC SALMON
PARR Atlantic Salmon. Sebago Salmon, Locomotion -animal,
Mode of Action -animal. Stamina, Wildlife, 5.0472

DESIGNING AND TESTING A WATER MONITORING SYSTEM

FOR PES'TIC'IDES IN NORTH CAROLINA ...Agricultural
Watersheds. Chemical Identification, Endrin, Monitoring Systems,
North Carolina. Technique Development, 7.0087

INTERACTION OF PESTICIDE POLLUTANTS AND AQUATIC
FOOD-CHAIN ORGANISMS ...Food Chains, Animal And/or
Man. Persistence of Residues. Pollutants - Path of , Pollution - Ef-
fects of , 5.1107

THE BEHAVIOR AND FATE OF our AND ZECTRAN IN A.
FOREST SOIL ...Persistence in Soils, Soils and Fertilizer, Zec-
tran, ...5'.I205

RELATIONSHIPS BETWEEN PESTICIDES AND GEORGIA
FARM POND ECOSYSTEMS Aquatic Or Soil-aquatic Cycles,
Clay, Endrin, Farm Pond. Georgia, Pollution - Effects of , Soil

Types, 5.0288
EFFECT OF PESTICIDES ON WILDLIFE,(SONGBIRDS, HER-

RING GULLS AND FISH) Pollution Effects. Wildlife, Wildlife -
non- specific, Wisconsin, ...5.1309

SURVEY OF DDT AND DIELDRIN RESIDUES IN FISHES 1 N
WISCONSIN WATERS Dicldrin, Survey Studies, Wildlife,
Wisconsin, ..5.129I

DDT RESIDUE ACCUMULATION IN WISCONSIN FISH AND
THE EFFECT ON REPRODUCTION Maturity & Growth
Stages, Reproduction Studies (general), Walleyes,

Wisconsin, 5.1292

DDT AND DIELDRIN METABOLISM AND STORAGE BY
CHINOOK SALMON UNDER LABORATORY CONDITIONS
.Dieldrin, Laboratory Animals, Metabolism -animal, Salmon -
eoho,chinook,sockeye. 5.0660

SCREENING FOR PESTICIDE DETOXIFICATION AGENTS -
CHEMICAL AND PHYSICAL STUDIES ON REDUCTION OF
PESTICIDE HAZARDS _Aldrin, Dieldrin, Removal of Residues,
Screening Potential Pesticides, .5.0636

INVESTIGATION OF STRESS-INDUCED MOBILIZATION OF
INSECTICIDE RESIDUES - CHRONIC TOXICITY OF PESTI-
CIDES TO FISH Dieldrin, Metabolism -animal, Salmon -

coho,chinook.soekeye, Stress, Wildlife, 5.0655
FATE AND EFFECTS OF PESTICIDES IN FOREST SOILS AND

WATER _Forests, Groundwater Movement, Movement,
Leaching, Persistence in Soils, Soils and Fertilizer, 5.0968

FATE OF PESTICIDES .Absorption, Fixation, Exchange, Aldrin,
Biodegradation, Plant -other, 2,441, 5.0741

Dibrom
Toxic AND OTHER CHEMICALS IN MARINE BIOTA ...Bioas-

say, Diquat, Mollusks -non-specific & Other, Paraquat, ,..5.1074

Dieldrin
THE EFFECT OF DIELDRIN ON SURVIVAL AND DEVELOP-

MENT OF FISH EGGS .Aldrin, Basic Embryology, Mode of Ac-
tion -animal, Ohio, Pollution - Effects of , _5.0885

THE UPTAKE OF DIELDRIN IN THE THREE RIDGED NAIAD,
AMBLEMA PLICATA ...Bioindietttors, Freshwater Mussels, Scal-
lops, Metabolism, Ohio River, Pollution Effects, ..,5.0886

THE EFFECTS OF DIELDRIN ON MALLARD DUCKLING
BEHAVIOR ...Behavior -animal, Light Quality -non-specific, Mal-
lard, Mode of Action -animal, Visual, ...6.0580

EFFECTS OF THE CHLORINATED HYDROCARBONS, ALDRIN
AND DIELDRIN, ON FRESHWATER SEED SHRIMP (OS-
TRACODA) Aldrin, Contamination - Water, Fresh Water,
Laboratory Animals, Pollution - EfLcts of , Shrimps - Seed Or
Mussel, 5.1117

EFFECTS OF PESTICIDES ON MARINE ANIMALS Laboratory
Animals, Metabolism, Mode of Action -animal, Respiration,

...5.0261
SURVEY OF DDT AND DIELDRIN RESIDUES IN FISHES IN

WISCONSIN WATERS .DDT , Survey Studies, Wildlife,
Wisconsin, 5.1291

BIOTRANSFORMATION OF ALDRIN AND DIELDRIN BY BAC-
TERIA - INTERACTION BETWEEN MICROORGANISMS AND
PESTICIDES ...A/drin, Biodegradation, Cell. env.(non-specific &
Ot.), Other, Soil Bacteria, Water Bacteria, ..5,0644

DDT AND DIELDRIN METABOLISM AND STORAGE BY
CHINOOK SALMON UNDER LABORATORY CONDITIONS

...DDT , Laboratory Animals, Metabolism -animal, Salmon -

coho,chinook,sockeye, _5.0660
SCREENING FOR PESTICIDE DETOXIFICATION AGENTS -

CHEMICAL AND PHYSICAL STUDIES ON REDUCTION OF
PESTICIDE HAZARDS Aldrin, DDT , Removal of Residues,
Screening Potential Pesticides, 5.0636

INVESTIGATION OF STRESS-INDUCED MOBILIZATION OF
INSECTICIDE RESIDUES - CHRONIC TOXICITY OF PESTI-
CIDES TO FISH ,..DDT , Metabolism -animal, Salmon -

coho,chinook,sockeye.., Stress, Wildlife, 5.0655
CONTAMINATION OF OYSTERS BY PESTICIDES Endrin,

Mode of Action -animal, Oysters. Residues in Foods, _5.0462

Endrin
CURRENT FISH AND WILDLIFE PESTICIDE PROBLEMS

_Azodrin, Guthion, Mercury, of Aquatic Plants, Seed Treatment,
Thiodan, Wildlife, 4.0042

EVALUATION OF EARTHY MATERIALS FOR USE IN DECON-
TAMINATION OF WATER ...Clay, Removal of Residues, Waste
Water Treatment-general, 5.0002

DESIGNING AND TESTING A WATER MONITORING SYSTEM
FOR PESTICIDES IN NORTH CAROLINA ...Agricultural
Watersheds, Chemical Identification, DDT , Monitoring Systems,
North Carolina, Technique Development, .,.7.0087

LONG-TERM EFFECTS OF PESTICIDES ON AQUATIC INVER-
TEBRATES ,.,Malathion, Parathion, Pollution - Effects of , Pollu-
tion Effects, Sevin, 5.0548

RELATIONSHIPS BETWEEN PESTICIDES AND GEORGIA
FARM POND ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles,
Clay, DDT , Farm Pond, Georgia, Pollution - Effects of , Soil

Types, ..5.0288
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BIOCHEMISTRY OF FISH SEMEN ...Cutthroat Trout, Fertility,
Male Gametes, Mode of Action -animal, 5.0627

PROJECT 2203 EFFECTS ON PHYSIOLOGY WORK UNIT 53
CHRONIC EFFECTS OF ENDRIN ON BLUEGILLS ...Alabama,
Bluegills, Bream, Computer Matching Code, Residue Analysis -
other. Wildlife, ...5.0022

CHRONIC EFFECTS OF METYHL PARATHION AND ENDRIN
ON CHANNEL. CATFISH AND GOLDFISH IN PONDS. PESTI-
CIDE-INDUCED CHANGES IN POND ECOLOGY ...Channel
Catfish, Goldfish, Parathion, Ponds, ...5.0648

THE CONSTITUENTS AND PHVSICO-CHEMICAL PROPERTIES
OF SERUM FROM GOLD-FISH EXPOSED CHRONICALLY
TO MALATHION AND ENDRIN ...Blood Plasma and Scrum,
Endocrine -other, Goldfish, Malathion, Mode of Action -animal,
,..5.0630

THYROID FUNCTION OF GOLDFISH AND RAINBOW TROUT
EXPOSED CHRONICALLY TO MALATHION AND ENDRIN -
PESTICIDE EFFECTS ON FISH ENDOCRINE FUNCTIONS
...Goldfish, Malathion, Mode of Action -animal, Rainbow Trout,
Steelhcad Trout, Thyroid, ...5.0631

BLOOD OXYGEN AND CO2 CARRYING CAPACITY OF 4 FISH
EXPOSED TO MALATHION AND ENDRIN - PESTICIDE EF-
FECTS ON FISH ENDOCRINE FUNCTIONS ...Blood Cells,
Laboratory Animals, Malathion, Mode of Action -animal, Sevin,
5.0632

EFFECTS OF ENDRIN & MALATHION ON GONADAL
HYDRATION RESPONSE OF MALE GOLDFISH & RAINBOW
TROUT, PESTICIDE EFFECTS ON FISH ENDOCRINE FUNC-
TION ...Goldfish, Malathion, Male Gametes, Mode of Action -
animal, Pesticides, Rainbow Trout, Stcclhead Trout, ...5.0634

PESTICIDE RESISTANT FISH IN NATURAL. ECOSYSTEMS
,Animal Resistance, Food Chains, Animal And/or Man, Pollution
Effects, Tolerance Rates, Wildlife, 5.0624

CONTAMINATION OF OYSTERS BY PESTICIDES ...Dieldrin,
Mode of Action -animal, Oysters, Residues in Foods, ...5.0462

Fungicides
Fungicides -non-specific

ALTERATIONS OF THE PERSISTENCE AND MOVEMENT OF
HERBICIDES IN SOIL, WATER, AND PLANTS ...Herbicides -
non- specific, Movement, Leaching, Pollutants - Path of , Soil
Degradation -other, ...5M486

Guthion
CURRENT FISH AND WILDLIFE PESTICIDE PROBLEMS

Azodrin, Endrin, Mercury, of Aquatic Plants, Seed Treatment,
Thiodan, Wildlife, 4.0042

Heptachlor
BIOTRANSFORMATION OF HEPTACHLOR BY BACTERIA -

INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ...Bacterial Pollutant Sources, Biodegradation, Other, Soil
Bacteria, Water Bacteria, 5.0645

Herbicides
Acrolein

GRnWTH SUPPRESSION AND REDUCTION IN REGROWTH
;.OTENTIAL OF AQUATIC WEEDS ...Biological Pollutants -
other, Maturity Or Growth Stage of , of Aquatic Plants, Plant Re-
sistance, Submerged Plants, 2.0191

Amiben
EVALUATION OF EARTHY MATERIALS FOR USE IN DECON-

TAMINATION OF WATER ...Clay, Removal of Residues, Waste
Water Treatment-general, 5.0002

INTER ACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS Fertilizers, _5.005!

Atrazine
SOIL, PESTICIDES AND THE QUALITY OF WATER ...Aquatic

Or Soil-aquatic Cycles, Monuron, Movement, Leaching, Pesti-
cides, Soil Environment, 5.0196

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Aquatic Or
Soil-aquatic Cycles, Groundwater Movement, Microbial Degrada-
tion, Movement, Leaching, Rhizosphere, Trifluralin, ...5.0290

Bensulide
SOILS, PESTICIDES, AND THE QUALITY OF WATER

...Groundwater Movement, Management, Movement, Leaching,
Soil Environment, 2,4-d, ...5.0752

Diquat
EVALUATION OF EARTHY MATERIALS FOR USE IN DECON-

TAMINATION OF WATER ...Clay, Removal of Residues, Waste

Water Treatment-general, 5.0002
EFFECT OF EURASIAN WATER MILE:OIL CONTROL.

PROCEDURES ON WILDLIFE AND OTHER ORGANISMS IN
AQUATIC ENVIRONMENTS ...Aquatic Environments, Con-
tamination - Water, Evaluation, Water Milfoil, Waterweed , 2,4-
d, 5.0505

TOXIC AND OTHER CHEMICALS IN MARINE BIOTA ...Bioas-

su,, Mollusks -non-specific & Other, Paraquat, _5.1074

Diuron
RESULTS OF APPLICATIONS OF KARMEX FOR CONTROL OF

PLANTS IN PONDS AND LAK Aquatic Plants (non-specific),
Evaluation, Lakes, of Aquatic Plants, Water Quality-general,

...6.0568

Herbicides -non-specific
METHODS FOR CONTROLLING ALLIGATORWEED AND

OTHER WEEDS IN CANALS, WATERWAYS, AND AD-
JACENT WATERS IN THE SOUTHEASTERN U, S. ...Canals,

Evaluation, Integrated Biological Control, of Aquatic Plants,

Southeast, ,8.0210
BUOYANCY AND SINKING CHARACTERISTICS OF FRESH-

WATER PHYTOPLANKTON ...Algal Pollutant Sources, Fresh
Water, Phytoplankton, Primary Productivity, Vertical Distribu-
tion, ..5.1064

THE BIOASSAY OF WATER POLLUTANTS WITH CULTURED
MAMMALIAN CELLS ...Bioassay, Bioassays, Toxicity Or
Residues -other, ...5.1055

EFFECT OF HERBICIDES ON AN AQUATIC ENVIRONMENT
...Mode of Action -plant, Persistance of Residues, Pollution - Ef-
fects of , Wildlife, ..5.0003

CONTROL OF UNDESIRABLE AQUATIC VEGETATION IN
LAKE TANEYCOMO, MISSOURI ...Lakes, Missouri, of Aquatic
Plants, _5.0682

CHEMICAL CONTROL OF WEEDS IN PONDS ...Algacides -non-
specific, of Aquatic Plants, Plant Pollutants, Ponds, Wildlife,
_5.0009

INTERACTION OF TEMPERATURE WITH OTHER FACTORS
ON THE RESPONSE OF CANADA THISTLE TO HERBICIDES
...Mineral Nutrition, Mode of Action -plant, Modified Water Use,
Soil Moisture -non-specific, Temperature Levels Or Ranges,
.2.0395

THE MOVEMENT OF HERBICIDES OFF, INTO, AND
THROUGH SOILS ...Agricultural Watersheds, Movement,

Leaching, Persistance of Residues, Runoff, Soil Sampling,

_5.0487
ALTERATIONS OF THE PERSISTENCE AND MOVEMENT OF

HERBICIDES IN SOIL, WATER, AND PLANTS Fungicides -
non- specific, Movement, Leaching, Pollutants - Path of , Soil

Degradation -other, 5.0486
AN EVALUATION OF WIDELY USED HERBICIDES ON

AQUATIC PLANTS, FISH AND FISH-FOOD ORGANISMS
...Environmental Effects, Food Supply, Wildlife, ..5.0570

CONSERVATION OF GROUNDWATER THROUGH REPLACE-
MENT OF PHREATOPHYTES WITH FORAGES Conserva-
tion-general, Groundwater, in Forages and Pasture, Soil Environ-
ment, Water Table - Depth of , ...3.0318

AQUATIC WEEDS ...Aquatic Plants (non-specific), of Aquatic
Plants, Physical-i.;eneral, Plant Pollutants, Range Or Territorial
Distr. , 5.0735

MOVEMENT AND PERSISTENCE OF HERBICIDES IN THE
SOIL ...Mode of Action -plant, Movement, Leaching, Persistence
in Soils, Soil Profile, 5.1125

DEVELOPMENT OF A CHEMICAL FALLOW SYSTEM OF
FARMING ...Great Plains Province, Moisture Retention, Rota-
tions, Runoff, Tillage, Cropping Systems, ...4.0236

FATE OF HERBICIDES IN WATER AND CROPS IRRIGATED
WITH WATER CONTAINING HERBICIDES Persistance of
Residues, Pesticides, Plant -other, Residues in Foods, Sprinkler Ir-
rigation, ...5.1327

INCREASING CHAPARRAL WATERSHED YIELD THROUGH
IMPROVED USE OF PHENOXY-TYPE HERBICIDES ...En-
vironmental Effects, Moisture Tension, Temperature, Transloca-
tion, Water Yield, Watersheds-other, 3.0089

EVALUATION OF HERBICIDES FOR CONTROL OF AQUATIC
WEEDS ...Application Rates, Evaluation, Floating Plants, of
Aquatic Plants, Submerged Plants, ...5.0247

CHEMICAL BRUSH CONTROL - BIOCHEMISTRY AND TOXIC
HAZARD ...Aquatic Or Soil-aquatic Cycles, Environmental Ef-
fects, Other, Pesticides, Range, ...5.0944
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INVESTIGATION OF AQUATIC WEED PROBLEMS AND
MEANS OF CONTROL. WITH EMPHASIS ON BRAZILIAN
WATERWEED ...Applied Ecology, of Aquatic Plants, Screening
Potential Pesticides, Water Mini!, Waterweed_ , _5.0938

EFFECTS OF VARIOUS PRE-HARVEST AND POST-HARVEST
TREATMENTS ON SWEET POTATOES ...irrigation, Root,
Screening Potential Pesticides, Sweetpotatocs, 6.0560

AQUATIC PLANT CONTROL - EQUIPMENT FOR MECHANI-
CAL AND CHEMICAL. DES'TRUCTION _Louisiana, of Aquatic
Plants, Pest, Disease & Weed Control, ..8.0208

AQUATIC PLANT CONTROL Environmental Ecology, Fish -

non- specific, of Aquatic Plants, Wildlife, 8.0168
HERBICIDE EVALUATION FOR PHREATOPHYTE CONTROL

...Consumptive Use, Modified Water Use, Range, Salteedar,
Tamarisk, Water Loss Control, 3.0132

FIELD EVALUATION OF SOIL-APPLIED HERBICIDE FOR
TOTAL VEGETATION CONTROL _Formulations -non-specific,
Soil Treatments -non-speciU, Weed Control -other, 3.0126

ARomATK: SOLVENT AQUATIC HERBICIDES AND EMULSI-
FYING AGENT TESTING Aromatic Cpds, Chemical Analysis,
Evaluation, of Aquatic Plants, Petroleum Cpds. -non-specific,
Plant Pollutants, 3.0107

LABORATORY STUDY OF AQUATIC ENVIRONMENTAL. FAC'-
T'ORS AND PLANT GROWTH STAGES ON AQUATIC WEED
GROWTH AND HERBICIDAL RESPONSE ...Environental Ef-
fects, Light -other, Maturity & Growth Stages, of Aquatic Plants,
Water Temperature -other. .3.0127

CONTROL. OF WOODY PLANTS _Aerial - Airplane, New Mex-
ico, Rio Grande River, Weed Co, `, ,)1 -other, 3.0121

WEED CONTROL IN IRRIGATION AND DRAINAGE SYSTEMS
_Amphibious Plants, Aquatic Soils, of Aquatic Plants, Plant Pol-
lutants, Submerged Plants, Timing -non-specific, 3.0094

CONTINUOUS-FLOW INVERTEBRATE BIOASSAYS AND
PESTICIDES AT coLumlliA, MO. - ACUTE TOXIC'IT'Y OF
PESTICIDES TO FRESHWATER INVERTEBRATES Bioassay,
Insecticides -non-specific. Invertebrates -non-specific, Laboratory
Animals, 5.0665

PRINCIPLES AND PRACTICES FOR THE CONTROL OF SUB-
MERSED, FLOATING, AND IMMERSED AQUATIC WEEDS
...Biocontrol. Canals, Environmental Effects, Evaluation, of
Aquatic Plants, .,.5.1329

vERsisTF.NcF AND FATE OF HERBICIDES IN WATER AND
AQUATIC SOILS AND THE EFFECTS OF HERBICIDES IN IR-
RIGATION WATER ON CROP PLANTS Canals, Irrigation,
Persistence ()I' Residues, Persistence in Soils, Pollutants - Path of ,
5.1330

CONTROLLING UNDESIRABLE PHREATOPHYTES Environ-
mental Effects. Evaluation. Integrated Physical Control,
Phreatophytes, _3.0496

Monuron
SOIL. PESTICIDES AND THE QUALITY OF WATER Aquatic

Or Soil-aquatic Cycles, Atrazine, Movement, Leaching, Pesticides,
Soil Environment. _5.0196

I'araquat
TOXIC AND OTHER CHEMICALS IN MARINE 1310TA ,..Bioas-

say, Dibrom, Diquat, Mollusks -non-specific & Other, 5.1074

PM A
cONSERMG SOIL MOISTURE 13ENEATH RED PINE BY

MEANS OF A FOLIAR SPRAY OF A STOMATA - CLOSING
CHEMICAL ...Liquids Or Sprays, Moisture Content, Pines, Soil
Environment, Soils and Fertilizer. Transpiration, 3.0151

Prometryne
INTERACTION OF INORGANIC AND ORGANIC FERTILIZER

MATERIALS WFITI PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS Fertilizers, 5.0051

Siirrx
DEGRADATION KINETICS OF VARIOUS ESTER FORMULA-

TIONS OF 2(42.4,5 TRICHLOROPHENOXYROPRIONIC ACID
qSILVEN.,Aquatic Or Soil-aquatic Cycles, Biodegradation,
Chemical Degradation, Degradation, Physical Degradation,
5.0285

Trifluralin
INTERACTION OF INORGANIC AND ORGANIC FERTILIZER

MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS _Fertilizers, ...5M051

'THE DISPOSITION OF PESTICIDES IN THE SOIL ...Aquatic Or
Soil-aquatic Cycles, Atrazinc, Groundwater Movement, Microb
Degradation, Movement, Leaching, Rhizospbere, 5.0290

L.IMNOLOGY AND MANAGEMENT OF OREGON FARM
PONDS AND SMALL IMPOUNDMENTS ...Aquaculture & Fish-
farmimi, Farm Pond, Management, Productivity - Food Chain,
Reservoirs and Impoundments, Wildlife, 6.0449

Urea Cpds,, -non-specific
SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Aquatic

Or Soil-aquatic Cycles, Hawaii, Movement, Leaching, Soil En-
vironment, Triazines -non-specific, _5.0044

2,4-d
EXPANDED AQUATIC PLANT CONTROL PROJECT

.Amaranthaceac -alligatorwced, of Aquatic Plants, Submerged
Plants, Tninslocation, 6.0248

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Bensu-
fide, Groundwater Movement, Management, Movement,
Leaching, Soil Environment, _5.0752

HERBICIDE RESIDUES Irrigation-general, Persistence of
Residues, Soil Contamination -other, 2,4,5-t, .3.0109

EFFECT OF EURASIAN WATERMILE011, CONTROL
PROCEDURES ON WILDLIFE AND OTHER ORGANISMS IN
AQUATIC ENVIRONMENTS ...Aquatic Environments, Con-
taination - Water, Diquat, Evaluation, Water Water-
weed.. _5.0505

2,4-D UPTAKE AND METABOLISM - METABOLISM OF PESTI-
CIDES IN FISH ...Channel Catfish, Goldfish, Laboratory Animals,
Metabolism -animal, Rainbow Trout, Stec:Mead Trout, _5.0659

FATE OF PESTICIDES Absorption, Fixation, Exchange, Aldrin,
I3iodegradation, DDT , Plant -other, ...5.074I

2,4,54
HERBICIDE RESIINIES _Irrigation-gencral, Pcrsistance of

Residues, Soil Contamination -other, 2,4-d, 3.0109

Insect Chemosterilants
Insect Chemosterilants, N.s.

DISTRIBUTION, ABUNDANCE, TAXONOMY, AND BIOLOGY
OF MOSQUITOES AFFECTING AGRICULTURE ,..Animal Tax-
onomy, Mosquitoes -non-specific, Number Or Density, Radiation,
Range Or Territorial Distr. , 6.0148

Insecticides
Parathion

LONG-TERM EFFECTS OF PESTICIDES ON AQUATIC INVER-
TEBRATES _Endrin, Malathion, Pollution - Effects of , Pollution
Effects, Sevin, 5.0548

CHRONIC EFFECTS OF METYHI, PARATHION AND ENDRIN
ON CHANNEL. CATFISH AND GOLDFISH IN PONDS. PESTI-
CIDE-INDUCED CHANGES IN POND ECOLOGY ...Channel
Catfish, Endrin, Goldfish, Ponds, ...5.0648

Insecticides -non-specific
ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH

AND OTHER VERTEBRATES ...Maturity & Growth Stages,
Mode of Action -animal, Pollution - Effects of . Pollution Effects,
Wildlife, ,..5.0649

THE RELATIONSHIP OF SEWAGE HANDLING PRACTICE TO
PESTICIDE RESIDUE LEVELS AND INVERTEBRATE
ECOLOGY ...Aquatic Ecology, Aquatic Soils, Michigan, Pollu-
tants - Path of Pollution Effects, ...5.0572

ALTERNATE METHODS OF MOSQUITO CONTROL TO
REDUCE CHEMICAL POLLUTION OF WATERS FOR
RECHARGE OF THE OGALALLA FORMATION , .Aitcrnative
Planning, Aquifersleneral, Chlorinated Hydrocarbons,
Mosquitoes - non - specific, Playas, Pollution Abatement, 5.1180

INSECTICIDE ADSORPTION BY LAKE SEDIMENTS AS A FAC-
TOR CONTROLLING INSECTICIDE ACCUMULATION IN
LAKES Adsorption Capacity, Degradation, Deposits-other,
Lakes, Wisconsin, .5.1300

REDUCTION OF HAZARDS ASSOCIATED WITH INSEC-
TICIDAL CHEMICALS IN THE ENVIRONMENT ...Persistence
in Soils, Pollution - Effects of , Pollution Effects, Removal of
Residues, Residues in Foods, 5.0359

REDUCTION OF INSECTICIDAL HAZARDS Atmospheric Con-
tamination, Movement, Leaching, Persistence in Soils, Pest Con-
trol, Pollution - Effects of , 5.0393

DISPERSAL OF CONCENTRATED OR UNDILUTED INSECTI-
CIDES FOR IMPROVED MOSQUITO CONTROL ...Animal
Appl. -other, California, Larvicides, Mosquitoes -non-specific,
_5.0493
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ECOLOGY OF PESTICIDES IN AN AQUATIC ECOSYSTEM
...Food Chains, Anima: And/or Man, Michigan, Pollutants Path
of , Pollution - Effects of , Pollution Effects, ...5.0563

INSECTICIDE RESIDUES ON ALFALFA ,Persistance of
Residues, Persistence in Soils, Pest Control, Soil Chemical Pro-
perties, ...5,1115

PESTICIDES AND WILDLIFE ...Biodegradation, Food Chains,
Animal And/or Man, Habitat Studies, Preventative Measures, Wil-
dlife -non-specific, ...5.0138

INSECTICIDE LEACHING TESTS ...Bioassay, Granules, Capsules,
Persistence in Soils, Soil and Rock Leaching, ...2.0959

ROLE OF ENTERIC MICROORGANISMS IN DETOXIFICATION
- INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ...Bacterial Culture, Biodegradation, Fish - non - specific,

Identification, Intestilill Bacteria, 5.0641
CONTINUOUS-FLOW INVERTEBRATE BIOASSAYS AND

PESTICIDES AT COLUMBIA, MO. - ACUTE TOXICITY OF
PESTICIDES TO FRESHWATER INVERTEBRATES ...Bioassay,
Herbicides -non-specific, Invertebrates -non-specific, Laboratory
Animals, 5.0665

MONITORING OF PESTICIDE LEVELS IN THE GREAT LAKES
Great Lakes-general, Monitoring Systems, Pollutants-general,
Water Sampling, ...5.0544

RATES OF PESTICIDE BUILDUP IN SALMONIDS RECENTLY
INTRODUCED IN THE GREAT LAKES ...Pollution Effects,
Wildlife, .,,5.0545

MECHANISMS OF PESTICIDE ACCUMULATION IN AQUATIC
ORGANISMS Chlorinated Hydrocarbons, Food Chains, Animal
And/or Man, Pollution Effects, Productivity - Food Chain,
5.0546

PESTICIDE KINETICS ...Aquatic Or Soil-aquatic Cycles, Degrada-
tion - non- specific, Estuaries, Marine Biology (non-specific), Pollu-
tants - Path of , ...5.0271

DETERMINATION OF RESIDUES OF INSECT CONTROL
CHEMICALS IN PLANT AND ANIMAL PRODUCTS AND IN
SOILS ...Biodegradation, Persistance of Residues, Residues in
Foods, .,.5.0482

CONTROL OF INSECT VECTORS ON WATERFOWL MARSHES
...Cultural Control. Great Salt Lake, Land Use, Management,
Swamps-marshes, 4.0263

THE EFFECT OF SELECTED PESTICIDES ON INTERTIDAL
BIOTA Intertidal Areas, Pesticides -non-specific, Pollutants-
general, Pollution Effects, Productivity - Food Chain, Swamps-
marshes, 5.0522

Malathion
LONG-TERM EFFECTS OF PESTICIDES ON AQUATIC INVER-

TEBRATES Endrin, Parathion, Pollution - Effects of , Pollution
Effects, Sevin, 5.0548

CHRONIC EFFECTS OF MALATHION ON BLUEGILLS
Bluegills, Bream, Channel Catfish, Mode of Action -animal, Pol-
lution Effects of , Wildlife, 5.0646

MINERAL IMBALANCE IN BLUEGILLS EXPOSED TO
MALATHION PESTICIDE-INDUCED MINERAL IMBALANCE
IN FISH ...Bluegills, Bream, Mineral, Wildlife, ...5.0658

EFFECTS OF MALATHION ON LEARNING AND RETENTION
IN THE GOLDFISH ...Escape and Avoidance, Goldfish, Mode of
Action -animal, Pesticides, Pollution - Effects of , 5.0667

THE CONSTITUENTS AND PHVSICO-CHEMICAL PROPERTIES
OF SERUM FROM GOLD-FISH EXPOSED CHRONICALLY
TO MALATHION AND ENDRIN ...Blood Plasma and Serum,
Endocrine -other, Endrin, Goldfish, Mode of Action -animal,
_5.0630

THYROID FUNCTION OF GOLDFISH AND RAINBOW TROUT
EXPOSED CHRONICALLY TO MALATHION AND ENDRIN -
PESTICIDE EFFECTS ON FISH ENDOCRINE FUNCTIONS
...Endrin, Goldfish, Mode of Action -animal, Rainbow Trout,
Steelhcad Trout, Thyroid, 5.0631

BLOOD OXYGEN AND CO2 CARRYING CAPACITY OF 4 FISH
EXPOSED TO MALATHION AND ENDRIN - PESTICIDE EF-
FECTS ON FISH ENDOCRINE FUNCTIONS ...Blood Cells, En-
drin, Laboratory Animals, Mode of Action -animal, Sevin,

5.0632
EFFECTS OF MALATHION ON THE SEXUAL DEVELOPMENT

OF MALE RAINBOW TROUT - PESTICIDE EFFECTS ON
FISH ENDOCRINE FUNCTIONS ...Gonadotrophins,
Gonadotropins, Mode of Action -animal, Pollution - Effects of ,
Rainbow Trout, Steclhcad Trout, 5.0633

EFFECTS OF ENDRIN & MALATHION ON GONADAL
HYDRATION RESPONSE OF MALE GOLDFISH & RAINBOW
TROUT. PESTICIDE EFFECTS ON FISH ENDOCRINE FUNC-

Pesticides

TION ...Endrin, Goldfish, Male Gametes, Mode of Action -
animal, Pesticides, Rainbow Trout, Steelhead Trout, ..,5.0634

Metal Organics ..non-specific
AGRICULTURAL SIGNIFICANCE OF CERTAIN TRANSI-

TIONAL ELEMENTS FROM PESTICIDES AND OTHER
AGRICULTURAL CHEMICALS Chelating, Extraction-other,
Mineralogy, Movement, Avaitability, Soil Analysis, Soil Chemical
Properties, 5.0483

Methoxychlor
CHRONIC EFFECTS OF METHOXYCHLOR ON BLUEGILLS AT

COLUMBIA, MISSOURI Bream, Missouri, Pollution -
Effects of , .5.0647

METHOXYCHLOR-CAUSED EFFECTS ON CUTTHROAT
TROUT PHYSIOLOGY CHRONIC TOXICITY OF INSECTI-
CIDES TO COLD-WATER FISH ..Cutthroat Trout, Mode of Ac-
tion -animal, Wildlife, Wyoming, 5.0666

EFFECTS OF CHRONIC EXPOSURE TO METHOXYCHLOR ON
THE GROWTH AND REPRODUCTION OF GUPPIES -

CHRONIC TOXIEITY OF PESTICIDES TO FISH ...Growth
Rate, Killifishs Cyprinodon, Maturity & Growth Stages, _5.0650

SERUM ANALYSIS OF CUTTHROAT TROUT EXPOSED
CHRONICALLY TO METHOXYCHLOR PESTICIDE EFFECTS
ON FISH ENDOCRINE FUNCTIONS ...Blood Plasma and
Serum, Cutthroat Trout, Endocrine -other, Mode of Action -
animal, ...5.0629

Molluscicides
Molluscicides -non-specific

CORRELATION OF STRUCTURE VS. ACTIVITY OF POLLU-
TANTS OF FRESH WATER ...Bioindicators. Gastropods -

slugs,coneh,snails, Pesticide-other, Screening Potential Pesticides,
Thiocarhamate, N.s. , 5.1050

WATER QUALITY PROTECTION - SYNTHESIS OF POTEN-
TIAL MOLLUSCICIDES ...Animal Pollutant Sources, Mode of
Action -animal, Sehistosoma, Screening Potential Pesticides,
5.1066

Nematocides
Nematocides -non-specific

ROOT-KNOT NEMATODE CONTROL (MELOIDOGYNE
NAASI-FRANKLIN) ...Animal Pollutant Sources, Formula-
tion,rate,concentration, Nematodes, Population Dynamics, R hob-

ditoidea, 3.0042

Organophosphoroas Cpds.
SOILS, PESTICIDES AND THE QUALITY OF WATER ...Move-

ment, Leaching, Organic Matter, Physical Property Effects, Soil
and Rock Leaching, Soil Environment, 5.0325

REDUCTION OF HAZARDS ASSOCIATED WITH THE
PRESENCE OF RESIDUES OF INSECTICIDAL CHEMICALS
IN THE ENVIRONMENT ...Chlorinated Hydrocarbons, Other,
Persistence in Soils, Pesticides, Residues in Foods, ...5.0404

FACTORS INFLUENCING INSECTICIDE RESIDUES ON OR IN
FOOD AND FORAGE CROPS ...Environmental Effects, Kansas,
Persistance of Residues, Persistence in Soils, Physical Degrada-
tion, Pollution Effects, 5.0429

PESTICIDE CONTAMINATION OF THE ENVIRONMENT AND
ITS SIGNIFICANCE ...Carbamates -non-specific, Louisiana,
Monitoring Systems, Persistance of Residues, 5.0451

THE PERSISTENCE, ACCUMULATION AND FATE OF PESTI-
CIDES IN CRANBERRY SOILS AND RESERVOIRS ...Blueber-
ries, Cranberries, Chlorinated Hydrocarbons, Persistence in Soils,
Reservoirs and Impoundments, Swamps-marshes, 5.0533

RELATIVE SUSCEPTIBILITIES OF FISH FAMILIES TO INSEC-
TICIDES - ACUTE TOXICITY OF PESTICIDES TO FRESH-
WATER FISH AND OTHER VERTEBRATES ...Bioassay, Bioas-
says, Carbamates -non-specific, Chlorinated Hydrocarbons, Wil-
dlife, 5.0653

EFFECTS OF CHRONIC EXPOSURE TO SUBLETHAL LEVELS
OF INSECTICIDES ON REPRODUCTION IN BROOK TROUT.
CHRONIC TOXICITY OF PESTICIDES TO FISH ...Carbamates
-non-specific, Chlorinated Hydrocarbons, Lake Trout, Brook
Trout, Pollution - Effects of , Reproduction Studies (general),
Wildlife, ...5.0654

MEASUREMENT OF THE EFFECTS OF PESTICIDES ON IN-
VERTEBRATE RESPIRATION - ACUTE TOXICITY OF PESTI-
CIDES TO FRESHWATER INVERTEBRATES ... Carbamates -
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non-specific, Chlorinated Hydrocarbons, Pollution - Effects of ,

Respiratory System, 5.0664
HIGH RESOLUTION NUCLEAR MAGNETIC RESONANCE

SPECTRA OF ORGANIC PESTICIDES ...Carbamates -non-
specific, Chlorinated Hydrocarbons, Concentration, Decomposi-
tion-general, Isotopic, Nuclear Magnetic Resonance, Tempera-
ture-other, ...5,0283

FREQUENCY DISTRIBUTION OF CHEMICAL POLLUTANTS
IN SHELLFISH AND THF. MARINE [ENVIRONMENT ...Food,
Oysters, Pollution Effects of , Southern, Toxicological and Aller-
gy, ...5.0021

Pesticide -other
CORRELATION OF STRUCTURE VS, ACTIVITY OF POIA,U-

TANTS OF FRESH WATER ...13ioindicators, Gastropods -
slugs,conch,snails, Molluscicides -non-speeitie, Screening Potential
Pesticides, Thioearbamate, N.s. , 5.1050

Pesticides -non-specific
RELATIONSHIPS BETWEEN SUB - LETHAL. PESTICIDES AND

REPRODUCTION AND BEHAVIOR OF FISHES ...Behavior -
animal, DDT , Killifishs Cyprinodon, Reproduction Studies
(general), Wildlife, 5.0292

PESTICIDE RESIDUE DATA PROCESSING ...Chemical Analysis,
Data Analysis - General, Document & Literature Info, Informa-
tion Retrieval Methods, Persistance of Residue~, ...5,0147

PESTICIDE RESIDUE STUDY IN SPORT FISH WATERS
...Chemical Analysis (water), Filtration, Monitoring Systems, Pol-
lution - Effects of , 5,1231

THIS ECOLOGY OF THE YOUNG FISHES OF THE WEWEAN-
TIC RIVER ESTUARY ...Aquatic Ecology. Estuaries, Mas-
sachusetts, Pollution - Effects of , Population Dynamics, ...2,0607

RELATIONSHIPS BETWEEN PESTICIDAL APPLICATION AND
WATER CONTAMINATION UNDER IRRIGATION IN THE
GREAT PI,AINS ...Great Plains Province, Irrigation-general, Kan-
sas, Pollutants - Path of . Water Application, -.5,0430

ELECFROPHORETIC CLARIFICATION OF WATEls Bacterial
Pollutant Sources, Colloidal Phenomena, Desalination, Other,
Tertiary 1 reatment, Waste Water Treatment-general, _5.1157

MOVEMENT AND ADSORPTION OF PESTICIDES IN STERIL-
IZED SOIL COLUMNS ...Absorption Rates, Absorption, Fixa-
tion, "Exchange, Column Leaching & Diffusing, Internal Water
Movement, Movement, Leaching, Soil Tests, 5.0256

DETECTION AND IDENTIFICATION OF MOLECULAR WATER
POLLUTANTS BY I.ASER RAMAN SPECTROSCOPY
...Chemical Analysis, Detectors and Sensors, Industrial Wastes,
Lasers and Masers. Physical Parameters, !tannin, Surfactants,
.5.0441

MASSACHUSETTS PESTICIDE MONITORING STUDY ...Mas-
sachusetts, Monitoring Systems, Sampling, Watersheds-general,
-.5.0539

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Absorp-
tion, Fixation, Exchange, Aquatic Or Soil-aquatic Cycles, Bounda-
ry Process (moisture), Groundwater Movement, Movement,
Leaching, ...5,0079

SORPTION AND DESORPTION FACTORS INFLUENCING
TRANSPORT, PERSISTENCE, & ALTERATION OF PESTI-
CIDES IN VARIOUS AGRICULTURAL SOILS ...Boundary
Process (moisture), Movement, Leaching, Physical Properties-
general, Radioisotopes, Soil Chemical Properties, -.5.0140

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Georgia,
Groundwater Movement, Movement, Leaching. Persistence in
Soils. Soil Environment, 5.0287

IDENTIFICATION AND REMOVAL OF PESTICIDES FROM
RURAL WATER SUPPLIES ...Removal of Residues, Residues in
Potable Water. Rural Areas, Waste Water Treatment-general,
Water Utilization -domestic, ...5.0448

BIOCHEMICAL AND ECOLOGICAL RELATIONSHIPS OF
PESTICIDES AND THE BIOLOGICAL CONSTITUENTS OF
AQUATIC COMMUNITIES ...Applied Ecology, Bioenergetics,
Cell Injury and Autolysis, Mortality Rates, Sterility. ...5.0566

PESTICIDAL RESIDUES OF AGRICULTURAL CHEMICALS
...Nevada, Persistence in Soils, Pollutants-general, Residue Analy-
sis -other, Soil Degradation -other. ...5.0707

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CEDE CONTAMINANTS IN DOMESTIC IRRIGATION, LAKE,
AND POND WATERS Chemical Analysis, Chemical Analysis
(water), Chemical Treatment-general, Irrigation-general, Lakes,
Ponds, 5,0139

EFFECT OF PESTICIDE RESIDUES AND OTHER ORGANO-
TOXICANTS ON THE QUALITY OF SURFACE AND
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GROUND WATER RESOURCES ...Groundwater, Persistence in
Soils, Pollution - Effects of , Surface Water, Water Quality Con -
trol-general, _5,0392

'TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT
...Animal Tox. or Rcsid. -other, Food Chains, Animal And/or
Man, Mode of Action -animal, Persistence in Soils, -.5.0943

CHEMICAL BIOCIDES IN LAKES ...Lakes, Pollution - Effects of ,
Pollution Effects, Productivity Food Chain, South Dakota,,..5)

THE EFFEcT OF PESTICIDES ON AN ECOSYSTEM ...Environ-
ments- general, Food Chains, Animal And/or Man, Persistence of
Residues, Physical Properties-general, Pollution - Effects of , Soil
Chemical Properties, ...5.1154

I3EHAVIOR OF POLLUTANTS IN WATER -.Aquatic Or Soil-
aquatic Cycles, Decomposition-general, Infiltration, Movement,
Leaching. Persistence in Soils, Pollutants - Path of , 5,0190

EFFECTS OF PESTICIDES ON AQUATIC ANIMALS IN THE
ESTUARINE AND MARINE ENVIRONMENT (ABBREV)
...Bioindieators, Estuaries, Laboratory Animals, Pollution - Effects
of ....5.0062

COMPARISON OF METHODS USED TO MEASURE ESTERASE
ACTIVITY. INTERACTIONS BETWEEN PESTICIDE. ON FISH
ENZYME SYSTEMS ...Bluegills, Bream, Channel Catfish,
Cholinesterase, Cutthroat Trout, Manometers, Visible, _5,0637

SEASONAL CHANGES IN ESTERASE ACTIVITY IN FISH AND
INVERTEBRATES. INTERACTIONS BETWEEN PESTICIDES
ON FISH ENZYME SYSTEMS -.Biochemical Analysis, Bluegills,
Bream, Cholinesterase, Invertebrates - non - specific, Mode of Ac-
tion -animal, ...5.0638

EFFECTS OF PESTICIDES ON PROTEIN, CARBOHYDRATE,
AND NUCLEIC ACID METABOLISM. INTERACTION
BETWEEN MICROORGANISMS AND PESTICIDES
...Biosynthesis, Cell Injury and Autolysis, Microorganisms (11011-
specific), Mode of Action -animal, Mode of Action -plant,
Respiration, 5.0643

LITERATURE SURVEY OF PESTICIDE METABOLISM IN FISH
- METABOLISM OF PESTICIDES IN FISH Metabolism -
animal, Mode of Action - animal, Survey Studies, Wildlife,
...5,0661

ACUTE moan, OF PESTICIDES TO FRESHWATER INVER-
TEBRATES - DEVELOPMENT OF A LABORATORY STREAM
FOR REARING AND TESTING AQUATIC INVERTEBRATES
...Captive Rearing, Invertebrate Cultures, Invertebrates -non-
specific, Laboratory, Laboratory Animals, ...6.0319

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES _Pollution - Effects of Stamina.
Wildlife, 5,0651

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES ...Fish -non-specific, Screening
Potential Pesticides, Temperature, Water Quality-general. Wil-
dlife., ...5,0652

BEHAVIOR OF ESTUARINE ANIMALS ...Behavior -animal,
Estuaries, Pollution - Effects of , Pollution Effects, 2.0323

ESTUARINE ECOSYSTEMS ...Aquatic Or Soil- aquatic Cycles,
Estuaries, Pollution - Effects of , Pollution Effects, Water Proper-
ties-general, 2.0324

REMOVAL OF PESTICIDES FROM FRESHWATER FISH
...Bioassay, Fish -non-specific, Fish Meals, Mode of Action -
animal, Removal of Residues, -.5.0543

RURAL RUNOFF CONTROL ...Adsorption-desorption, Nutrients,
Runoff, Rural Areas, Thermal Properties-other, 5.0282

THE DISPOSITION OF PESTICIDES IN SOIL AND CLOSELY
RELATED WATER ...Farm Pond, Louisiana, Management, Pol-
lutants - Path of , Soil and Rock Leaching, -.5.0276

CHEMICAL, PHYSICAL AND BIOLOGICAL REACTIONS OF
PESTICIDES WITH SOILS AFFECTING SOIL PRODUCTIVITY
AND PESTICIDE STABILITY ...Microbiology -soil, Movement,
Leaching, Pollutants - Path of , Residue Analysis -other, Soil Con-
ditions, Soil Temp. -non-specific, 5.0202

l'IlE ECONOMIC ANALYSIS OF WATER POLLUTION BY
PESTICIDES AND OTHER AGRICULTURAL WASTES
...Agricultural Watersheds, Benefit-cost Analysis, Economic Im-
pact, Model Studies, Pollution, Pollution Abatement, 5.0238

TOXICOLOGY OF PESTICIDES IN THE ENVIRONMENT ,..Air
Pollution -other, Contamination - Water, Food Chains, Animal
And/or Man, Pollution Effects, Soil Contamination -other,
_5,0945

INFORMATION PROCEDURES IN ENVIRONMENTAL CON-
TAMINATION ...Atmospheric Contamination, Atmpopheric Pol-
lution-general, General Information Services, 7,0070



SUBJECT INDEX

THE EFFECT OF SELECTED PESTICIDES ON INTERTIDAL
BIOTA Insecticides -non-specific, Intertidal Areas, Pollutants-
general, Pollution Effects, Productivity Food Chain, Swamps-
marshes, 5.0572

DEPIJRATION OF CHEMICAL. POLLUTANTS IN SHELLFISH
...Chromium, Contamination - Water, Metabolism, Oysters, MOW-
ish Depuration..5.0020

Petroleum Cpds. -non-specific
AROMATIC SOLVENT AQUATIC HERBICIDES AND EMULSI-

FYING AGENT TESTING Aromatic Cpds, Chemical Analysis,
Evaluation, Herbicides -non-specific, of Aquatic Plants, Plant Pol-
lutants, ...3.0107

INFLUENCE OF PROTOZOAN ACTIVITY ON HALOGENATED
HYDROCARBON RESIDUES - INTERACTION BETWEEN
MICROORGANISMS ANI) PESTICIDES ...Axenie Culture,
Metabolism, Mode of Action -animal, Protozoa -other, ,5.0642

Piscicides
Piseicides -non-specific

FISH TOXICANT STUDIES ...Ammonium. Control of Nuisance
Species, Evaluation, Fish -non-specific% Screening Potential Pesti-

cides, .5.1147
BIOLOGICAL FACTORS IN THE MANAGEMENT OF LAKE

FLIES Lakes, Midges, Pollution Effects of , Predation, Preda-
tors and Parasite, Wisconsin, 6.0644

BIOASSAY Animal Pollutant Sources, Evaluation, Lampreys,
Streams, Water Properties-general, 5.0580

Rotenone
STATEWIDE FISHERIES RESEARCH _Bioindi(tors,

Bream, Environmental Effects. Pollution - Effects of , Tempera-
ture, 5.0817

Sevin
LONG-TERM EFFECTS OF PESTICIDES ON AQUATIC INVER-

TEBRicTES Malathion, Parathion, Pollution - Effects of
, Pollution Effects, ...5,0548

AN EVALUATION OF THE INSEC"TICIDE SEVIN AS A
WATERSHED POLLUTANT ...Forest Watersheds, Persistance of
Residues, Pollution - Effects of ..5.1206

EFFECTS OF PESTICIDES ON ESTUARINE ORGANISMS
_Bioassay, Estuaries, Persistanee of Residues, Pollution - Effects
of , Swamps-marshes, 5,0950

BLOOD OXYGEN AND CO2 CARRYING CAPACITY OF 4 FISH
EXPOSED '1'0 MALA'I'HION ANI) ENDRIN - PESTICIDE EF-
FECTS ON FISH ENDOCRINE FUNCTIONS ...Blood Cells. En-
drin, Laboratory Animals, Malathion, Mode of Action -animal,
5.0632

Thiocarbamate, N.s.
CORRELATION OF STRUCTURE VS, ACTIVITY OF POLLU-

TANTS 01: FRESH WATER ...Bioindicators, Gastropods -

slugs,conch.snails, Molluseieides -non-specific, Pesticide-other,
Screening Potential Pesticides, _5,1050

Thiodan
CURRENT FISH AND WILDLIFE PESTICIDE PROBLEMS

_Azodrin. Endrin. Guthion, Mercury, of Aquatic Plants, Seed
Treatment, Wildlife, 4.0042

THIODAN AS A TOXICANT FOR ERADICATION OF FISHES

IN LAKE MANAGEMENT ..,Control of Nuisance Species,
Evaluation. Lakes, Management, ..6.0567

Toxaphene
TOXAPHENE FILTRATION PUBLICATION ...Carbon, Filtration,

Pubilications -other, Removal of Residues, ...5.1146

Triazines -non-specific
SOILS, PESTICIDES, AND THE Q,,tALITY OF WATER ...Aquatic

Or Soil-aquatic Cycles, Hawaii, Movement, Leaching, Soil En-
vironment, Urea Cpds, -non-specific, ...5,0044

Zectran
THE BEHAVIOR AND FATE OF DDT AND ZECTRAN IN A

FOREST SOIL ...DDT , Persistence in Soils, Soils and Fertilizer,
5.1205

Petrology

Petrography
PERMEABILITY DISTRIBUTION AND SEDIMENTATIONAL

FEATURES ...Big Horn, Clastic Aquifers, Permeability, Sedimen-
tary Structures-other, Water Yield, _2.0271

EVALUATION OF ROCK RIPRAP AND DEVELOPMENT OF
SUBSTITUTES ...Aggregrates - ('rushed Rock, Engineering Struc-
tures- general. Erosion Control, Slopes, Soil Cement, Wave Ac-
tion, 8.0081

PETROGRAPHIC INVESTIGATIONS .Aggregates, Extenders;,Fil-
lers. Cement, Concrete, Construction Materials-other. Stmeture
materials-general, 8,0119

DEVELOPMENT OF SOIL TESTING PROCEDURES AND
ANAI.YSIS OF RESUL'IS _Compaction, Direct Shear and Plane
Shear, Soil Sampling. 'l'riaxial, Vane. 8.0084

Petroleum
EFFECI'S OF PETROLEUM AND PE'T'ROLEUM WASTES UPON

IMPORTANT SPECIES 01: ESTUARINE PHYTOPLANKTON
ANI) ZOOPI.ANK'I'ON ...Contamination - Water, Contamination.
Pollution-water, Estuaries. Oil, Phytoplankton, Zooplankton,
...5.1086

Petroleum Chemistry
MARINE OIL-WATER SEPARATION SYSIVM SUI3GROUP V

.,.Filtration, Removalorganics, Ship Wastes, ...5.0209

DEMONSTRATION OF INDUSTRIAL WATER RENOVATION
PLANT A'I' ODESSA, TEXAS ...Chemical Manufacturing
Wastes, Process Design, Recycle, Waste Treatment-economics,
Water Reuse, 5.1181

SOLUBILITIES OF SILICATES IN SALINE WATERS ...Silicate,
Solubility, ..1.0096

EFFECTS 01, CRUDE 011,S AND THEIR EMULSIONS '1'0
MARINE ORGANISMS .Chelating Agents. Emulsion, Oil,
Poisons-other, Removalorganics, _5.1082

THE CHARAC"I'ERISTICS ANI) POLi.UTIONAL PROBLEMS OF
PETROCHEMICAL. WASTES ...Groundwater, Mining Activities,
Other, Petroleum Industry, Pollution - Effects of , ...5.0998

RESEARCH NEEDS PERTAINING TO PETROLEUM WASTE
WATERS ...Industrial Processes-other, Mining Activities, Petrole-
um Industry, Water Quality Control-general. 5.0914

Petrology

General Petrology
BASIC ROCK PHYSICS ...Engineering Structures-general, Founda-

tions-general, Geology Engineering. Joints-fractures, Weather-
ing, 8.0118

Igneous Rocks
Crystalline

HYDROLOGY 01, 'THE CRYSTALLINE ROCK SYSTEM IN
SOUTHEASTERN STATES ...Groundwater, Groundwater Move-
ment, Hydrology-general, Water Quality-general, Water Wells,2Water Yield, .0825

lIntrusives
FACTORS RESTRICTING INFILTRATION RATES ON DECOM-

POSED GRANITIC' SOILS ...Floods, Infiltration, Organic-general,
Sand, Sierra Nevada, ...2,0732

Metamorphic Rocks
Non-foliated Rocks

CONCRETE. AGGREGATE RESEARCH Aggregates. Extenders,
Fillers, C'ement, Concrete, Chert, Sandstones, Standards, Specifi-
cations, Test Methods, 8.0237

Textures and Structure
Igneous Rocks

HYDROLOGY OF THE COLUMBIA RIVER BASALT ...Columbia
Plateaus, Hydrology-general, Infiltration, Runoff, Specific Rock
Unit, Tectonics-general, ...2.0905
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Pharmacology SUBJECT INDEX

Pharmacology

Side Effects
EFFECTIVENESS OF IODINE FOR DISINFECTION OF PUBLIC

WATER SUPPLIES & TO DETERMINE PHYSIOLOGICAL 'EF-
FECTS ON A HUMAN POPULATION (ABBREV) ...Chemical
Treatment-other, Iodine, Pollution-water, -5,0249

Toxicology
LITERATURE SEARCH FOR POSSIBLE PESTICIDE DETOXIFY-

ING AGENTS - CHEMICAL AND PHYSICAL STUDIES ON
REDUCTION OF PESTICIDE HAZARDS ...Removal of
Residues, Survey Studies, -5.0635

DEVELOPMENT OF A METHOD FOR CHRONIC TOXICITY
BIOASSAY USING MARINE PLANKTONIC ALGAE -Algal
Culture, Bioassays, Marine Plants, Microbiological Analysis,

Monitoring (long Term Studies), Phytoplankton, Technique
Development, _5.1088

MARINE TOXINS OF THE TROPICAL PACIFIC ,..Algal

Metab.( non-specific &ot), Animal Origin, Fish -non-specific,
Other, Polynesia, ..,5.0315

COMPARATIVE STUDIES OF DINOFLAGELLATE TOXINS
...Action- & Bioeleetrieal Pot. Algal Culture, Algal Toxins,
Dinophyceae (non-specific &ot ), .,.5.0716

Phosphate, Phosphite
PHOSPHATE TRANSFORMATION IN WATERLOGGED SOILS

-Rice, Soil-water-plant Relationships, -4.0124
AN ANALYSIS OF PHOSPHORUS AND NITROGEN COM-

POUNDS IN TIDAL MARSHLAND DRAINAGE - LABORATO-
RY PROCEDURES _Colorimetric, Computers-general, Conduc-
trometry, Management, Nitrogen, Swamps-marshes, -1.0024

AN INVESTIGATION OF THE EFFECT OF CONTROLLED
RELEASES ON THE PHYSICAL, CHEMICAL AND BAC-
TERIOLOGICAL CHARACTERISTICS OF FORT LOUDOUN
RESERVOIR ...Nitrogen, Stratified Flow, Suspension, Tempera-
ture-other, Tennessee, ...5.1128

FLUIDIZED EXCHANGE SYSTEMS FOR REMOVAL OF
NITROGEN AND PHOSPHOROUS FROM WASTEWATER
..Fluidized Bed, Ion Exchange-other, Nitrate, Nitrite, Nutrients,
Waste Water Treatment-general, ...5.0556

DETERMINATION OF THE FEASIBILITY OF REMOVAL OF
ALGAL NUTRIENTS IN LAKE WATERS BY ION-EXCHANGE
...Algae- General, Eutrophication, Ion Exchange-other, Lakes,
Nutrients, .2.0610

PHOSPHATE UPTAKE, STORAGE, AND RELEASE BY
MICROORGANISMS IN WASTEWATER TREATMENT
-Chemostat, Microorganisms (non-specific), Nutrition, Storage,
Waste Water Treatment-general, _5.1282

RELATIONSHIPS BETWEEN PHOSPHATE AND OTHER
CHEMICALS AT THE WATERSUBSTRATE INTERFACE IN
WESTERN LAKE ERIE Aquatic Soils, Chemical, Che.nical-
general, Sediments, -5.0874

PRECIPITATION OF PHOSPHATES FROM WATER WITH FER-
ROUS SALTS .,.Biochemical Oxygen Demand, Chemical Treat-
ment, iron, Precipitation, Waste Water Treatment-general,
-5.0882

MICROBIAL RELEASE OF SOLUBLE PHOSPHATE IN AN AC-
TIVATED SLUDGE ENVIRONMENT ...Cell, env.(non-speeific
& Ot.), Microorganisms (non-specific), Oxygen, ,..5.1213

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Aluminum, Comolexes, Iron, Mechanisms, Waste
Water Treatment-general, -5.0732

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS _Carbonate, Bicarbonate, Chemical Identification,
Fluorometry, Iodide, Spectroscopy-general, Thioeyanate, -5.0672

A FIELD AND LABORATORY STUDY OF FLUORIDE UPTAKE
BY OYSTERS .,.Estuaries, Fluoride, Laboratory, Metabolism,
Mining Activities, Oysters, -6.0407

BOD, SOLIDS AND NUTRIENT REMOVAL FROM SECONDA-
RY EFFLUENT BY FOAM FRACTIONATION ,..Dcnitrification,
Foam, Nitrate, Nitrite, Pilot Plant, -5.0155

PHOSPHATE REMOVAL BY BIOLOGICAL PROCESS -Ac-
tivated, Drying-dewatering, Process Design, -5.0582

PHOSPHATE EXCHANGE WITH SEDIMENTS ,..Chemical -
general, Eutrophication, Pollution - Effects of , Pollution Abate-
ment, Water Quality Control-general, -5.0525
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PHOSPHATE MINING EFFLUENT IN ESTUARINE ECOLOGY
...Applied Ecology, Estuaries, Mining Activities, Mountmorii-
lanite, Pollution - Effects of , -5.0821

UPTAKE AND RELEASE OF SOLUBLE ORTHOPHOSPHATE
BY ACTIVATED SLUDGE ...Activated, Aeration, Concentra-
tion, Effluents-waste Water, _5.0365

PHOSPHORUS REMOVAL BY ADDITION OF ALUMINUM TO
THE ACTIVATED SLUDGE PROCESS ...Activated, Aluminum,
Waste Treatment-economics, -5.0109

PHOSPHORUS REMOVAL AND DISPOSAL FROM MUNICIPAL
WASTEWATER _Biological Treatment-other, Chemical Treat-
ment, Domestic Wastes-general, Waste Disposal-general, Waste
Treatment-economics, -5.1172

PHOSPHORUS REMOVAL IN THE ACTIVATED SLUDGE
PLANT .,.Activated, Aeration, Aluminum, Precipitation, Sewage -
Domestic, _5.0788

PROCESS TO REMOVE CARBONACEOUS, AND
PHOSPHORUS-MATERIALS FROM ANAEROBIC DIGESTER
SUPERNATANT AND RELATED PROCESS STREAMS
...Anaerobic, Coagulation, Denitrification, Lime Treatment, Or-
ganics, -5.0156

AN ELECTROCHEMICAL METHOD FOR REMOVAL OF
PHOSPHATES FROM WASTEWATERS -Electrochemistry-
other, Electrode, Waste Treatment-economics, -5.0523

A STUDY OF A PROCESS FOR PHOSPHATE REMOVAL FROM
WATER SUPPLIES USING LANTHANUM PRECIPITATION
...Lanthanum, Material Recovery Wastes, Process Design, Waste
Treatment-economics, Waste Water Treatment -other, ..5.0074

PARAMETRIC STUDY OF THE KINETICS OF PRECIPITATION
AND NATURE OF THE PRECIPITATE OBTAINED IN
PHOSPHATE REMOVAL USING IRON AND ALUMINUM
SALT ...Aluminum, Iron, Precipitation, Solubility, Tertiary Treat-
ment, -5.0075

ULTIMATE DISPOSAL OF PHOSPHATE FROM WASTEWATER
BY RECOVERY AS FERTILIZER ...Activated, Ammonia,

Disposal, Fertilizers, Material Recovery Wastes, Nutrients,

-5.0342
SELECTIVE NITRATE AND PHOSPHATE REMOVAL

-Denitrification, Ion Exchange-other, Ion Selective, Nitrate,
Nitrite, Selective-removal, Waste Treatment-economies, -5.0532

STUDY OF UTILIZATION AND DISPOSAL OF LIME SLUDGES
CONTAINING PHOSPHATES ...Disposal, Lime Treatment,
Material Recovery Wastes, Waste Treatment-economics, Waste
Water Treatment-general, -5.0892

EXPERIMENTS TO DETERMINE THE EFFECTIVENESS OF
PHOSPHATE REMOVAL BY MEANS OF THE MOVING BED
FILTER ...Filtration, Flocculation, Process Design, Solid Waste,
Waste Treatment-economics, -5.0723

ALUMINA COLUMNS FOR THE SELECTIVE REMOVAL OF
PHOSPHORUS FROM WASTEWATERS AND THE ULTI-
MATE DISPOSAL OF PHOSPHORUS AS CALCIUM
PHOSPHATE ,..Aluminum, Material Recovery Wastes, Process
Design, Regeneration-other, Selective-removal, ...5.1243

STORM WATER TREATMENT FACILITIES ...Chemical Treat-
ment-general, Lime Treatment, Overflow, Sewage Treatment
Plant, Storm Water, -5.1164

INTERRELATIONSHIPS OF SOIL PHYSICAL PROPERTIES
AND SOIL WATER MOVEMENTS ...Adsorption Capacity,
Drawdown, Internal Water Movement, Moisture Tension,
Permeability, .,.2.0829

FIXATION AND AVAILABILITY OF ADDED PHOSPHORUS IN
SOILS ...Absorption, Fixation, Exchange, Fertilizer Technology -
other, Phosphorus, Soil Environment, -1.0053

SOLUBLE PHOSPHORUS REMOVAL IN THE ACTIVATED
SLUDGE PROCESS ...Activated, Aeration, Aluminum, Chemical
Treatment, Digestion, Filter-other, -5.1037

DETERMINATION OF THE PHOSPHATE CONTENT OF NATU-
RAL WATERS, AT THE NUTRIENT LEVEL, BY SOLVENT
EXTRACTION ...Automatic Systems, Extraction other, Fresh
Water, Nutrients, Trace Analyses - other, ..1.0015

INVESTIGATION AND CONTROL OF ALGAE BLOOMS AND
NUISANCE GROWTHS OF WATER WEEDS ,.. Eutrophication,
of Aquatic Plants, -6.0110

PEACE RIVER POLLUTION INVESTIGATIONS ...Fish -non-
specific, Florida, Industrial Wastes, Pollution - Effects of , Pollu-
tion Effects, Streams, -5.0273

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Aluminum, Chemical Treatment, Chemical Treat-
ment-general, Iron, Reaction-general, ...5,0738

LIME SLUDGE RECOVERY AND REUSE ...Demineralization,
Lime Treatment, Material Recovery Wastes, Silicate-general,
Treatment-other, -5.0858



SUBJECT INDEX Photography

PHOSPHATE REMOVAL BY ACTIVATED SLUDGE PROCESS
SPECIFICATION - PLANT SCALE RESEARCH ...Pilot Plant,
_5.0915

PHOSPHATE REMOVAL BY ACTIVATED SLUDGE PROCESS
APPLICATION - PLANT SCALE DEMONSTRATION ...Ac-
tivated, Location, Mechanisms, Pollutant-other, Sewage Treat-
ment Plant, .5.0912

STUDY OF MICROBIOLOGICAL-BIOCHEMICAL PHOSPHATE
SORPTION MECHANISM BY ACTIVATED SLUDGE ...Ab-
sorption-other, Activated, Mechanisms, Other, Sewage Bacteria,
_5.4)907

Phosphorus
IN SITU STUDY OF FACTORS CONTROLLING NUTRIENT

REGENERATIONS IN THE BoTrom SEDIMENTS ...Adiron-
dack Province, Aquatic Soils, Exchange Capacity, Mineral Con-
tent -water, Nutrients, Ponds, ...2.0806

SEASONAL VARIATIONS IN THE PH YTOPLANKTON - 13AC-
TERIA POPULATIONS ANI) THE NUTRIENT CONCENTRA-
TION IN TWA VER RESERVOIR ...Nitrogen, Phytoplankton,
Reservoirs and Impoundments, Temporal Distribution, Water
Bacteria, ...6.0027

PHOSPHORUS BUDGETS 01; LAKES SIDNEY, LANIER ANI)
HARTWELL ...Chemical-genend, Georgia, Nutrients, Pollutants -
Path of , Reservoirs and Impoundments, _5.0293

APPLICATION OF RADIOISOTOPO TECHNIQUES TO A CRITI-
CAI. WATER RESOURCES PROBLEM AREA (NUTRITIONAL
POLLUTION) ...Algae, Nutrients, Radioisotopes, ..5.0919

RELATION OF PHOSPHORUS IN LAKE 130'I"TOM DEPOSITS
AND POLLUTIONAL HISTORY OF MINNESOTA LAKES
_Chemical, Core Analysis, Lakes, Minnesota, _5.0602

BIOLOGICAL ANI) CHEMICAL STUDY OF VIRGINIAS ESTUA-
RIES _Estuaries, Nitrogen, Phytoplankton. Population Dynamics,
Primary Productivity, Virginia, 2.1112

STUDIES ON PHOSPHORUS TRANSFORMATIONS IN
EUTROPIIIC LAKES ...Bacterial Culture, Bacterial Pollutant
Sources, Budgets -other, Connecticut, Eutrophication, Nutrition.
_5.0216

INVESTIGATION OF PHOSPHORUS AVAILABILITY IN
OLIGOTROPHIC LAKES ...Adsorption Capacity, Aquatic Ecolo-
gy, Chemical, Exchange Capacity, Lakes, 2.0807

EUTROPHIC EVALUATION OF A SMALL MULTI-LAND USE
WATERSHED Eutrophication, Nitrogen, Small Watersheds,
Urban Environments, Wisconsin, 5.1319

LUXURY METABOLIC STORAGE 01; PHOSPHORUS IN THE
ACTIVATED SLUDGE FLOC ...Activated, Adsorption-absorp-
tion-other, Flocculation, Nutrients, Waste Water Treatment-
general, ...5.13I8

WATER QUALITY DEGRADATION BY SEPTIK TANK
DRAINAGE ...Degradation, Drainage, Lakes, Nitrogen, Septic
Tanks, 5.0468

MICROBIOLOGICAL CHARACTERIZATION 01; ACTIVATED
SLUDGE IN A WASTEWATER TREATMENT PLANT CHEMI-
CALLY MODIFIED FOR PHOSPHORUS REMOVAL ...Ac-
tivated, Aerobic, Cell. env.(non-specific & Ot.), Chemical Treat-
ment, Sewage Bacteria, 5.1046

NUTRIENT ASSIMILATION RATES - FIELD STUDIES ...Estua-
ries, Fertilizers -aquatic, Nutrients, Ponds, ...S.0620

SEWAGE PHOSPHORUS REMOVAL BY AN ACTIVATED
SLUDGE PLANT ...Activated, Aerobic, Digestive Tanks, Sewage
Testing, ...5.1321

ENZYMATIC TECHNIQUE FOR DETECTION OF SURPLUS
PHOSPHORUS UPTAKE BY ACTIVATED SLUDGE Ac-
tivated, I3iological Techniques, Nutrients, ...5.1149

A STUDY OF THE REMOVAL OF CARBONACEOUS,
NITROGENOUS AND PHOSPHORUS MATERIALS FROM
CONCENTRATED PROCESS WASTE STREAMS ...Carbon,
Digestion, Nitrogen, Process Design. Streams, _5.0060

PHOSPHORUS IN LAKE SEDIMENTS ...Aquatic Soils, Lakes,
Mineral Equilibria, Soil Environment, Temperature, 5.0210

STUDY OF ROOT DISTRIBUTION AND DENSITY OF VEGETA-
BLE CROPS ...Absorption, Fixation, Exchange, Root Absorption,
Soil Morphology, Profiles, Soil Types, Water Loss-other, 2.0583

FIXATION AND AVAILABILITY OF ADDED PHOSPHORUS IN
SOILS ...Absorption, Fixation, Exchange, Fertilizer Technology -
other, Soil Environment, 1.0053

STUDIES ON INORGANIC NUTRIENT ASSIMILATION RATES
IN ESTUARINE PONDS ...Estuaries, Mineral Content -water,
Nitrogen, Nutrients, Self-purification, ...5M621

DETERMINATION OF CRITICAL PHOSPHATE AND NITRATE
CONCENTRATIONS FOR ALGAL BLOOM CONDITIONS IN
LAKE ERIE ...Algal Pollutant Sources, Eutrophication, Growth
and Differentiation, Nitrogen, 6.0086

WATER QUALITY ASPECTS OF RECREATIONAL LAKES
.,.Lakes, Nitrogen, Recreation Sites, Septic Tanks, Waste Water
Treatment-general, .,.5.0469

TURF:GRASS MANAGEMENT .in Turf, Management, New Mex-
ico, Nitrogen, Potassium, Species and Variety Evaluation,
,.,6,0367

DISSOLVED INORGANIC REMOVAL BIOASSAY OF ALGAL
GROWTH POTENTIAL ...Bioindicators, Denitrifieation,
Nitrogen, Waste Water Treatment-general, ,..5.0852

Photogrammetry
STUDIES ON THE GEOSCIENCE VALUE OF RADAR

IMAGERY ...13ibliography, Mapping, Mountains-alpine, Radar,
River Basins, ...8.0199

SNOW ACCUMULATION AND MELT ON STUDY AREAS
...Energy - general, Idaho, Mountains-alpine, Patterns, Snowmen,
2.0388

Photography
THREE BASIC PROBLEMS IN FLUID MECHANICS EVAPORA-

TIVE CONVECTION, ELECTRO- OSMOSIS, INTERNAL
WAVES ...Electrochemistry-other, Flow Characteristics -water,
Fluid Dynamics, Internal Waves, Reverse Osmosis, Wave Motion
in Fluids-other, ...3.0074

Aerial
HYDROLOGY PROGRAM ADMINISTRATION AND SUPPORT

...Aircraft, E M Radiation-general, Hydrology-general, Satellites,
Water Resources - General, 6.0141

URBAN AND METROPOLITAN STUDIES ...Geography- physical,
Planning, Remote Sensing-general, Urban, Urban Environments,
..,6.0139

CARTOGRAPHIC MAPPING ...Acrospatial, Compilation, Resource
Inventories, Satellites, Topographic, 6.0140

HYDROLOGICAL DATA ACQUISITION THROUGH REMOTE
RECONNAISSANCE SYSTEMS Data Acquisition-other,
Hydrology-general, Infrared Radiation, Mapping, Moisture Con-
tent, Reflectance, 7.0075

APPLICATION OF AERIAL PHOTOGRAPHS FOR THE IN-
VESTIGATION OF THE DISCHARGE PROPERTIES OF
DRAINAGE BASINS ..,Data Acquisition-general, Discharge-
general, Photogrammetry, River Basins, Water Yield, 2.0792

HYDROLOGIC CHARACTERIZATION OF SMA1.1.
WATERSHEDS ...Area, Illinois, Mathematical Analysis, Slopes.
Small Watersheds, 6.0206

GROUND-WATER GEOLOGY OF DEKALB AND BOONE
COUNTIES, ILLINOIS ...Clastic Aquifers, Deposits, Geophysical
Analysis, Groundwater, Local Stratigraphy, Mapping, 4,0096

GROUND-WATER GEOLOGY OF OGLE COUNTY, ILLINOIS
_Available Water, Groundwater, Joints-fractures, Observation
Wells, Unconsolidated Aquifers, 7.0034

INVESTIGATIONS OF SHORE EROSION ALONG THE OHIO
SHORELINE OF LAKE ERIE ...Engineering Structures-general,
Erosion-general, Gaging, Lake Erie, Shoreline - Coastline,
_8.0275

GREAT LAKES RESEARCH - ICE CHARACTERISTICS ...Lake
Superior, Micrometeorology, Origin, Petrofahrics, Radiation-ter-
restrial, Sea Ice, .,.2.0644

GREAT LAKES RESEARCH - ICE COVER DISTRIBUTION
...Acrospatial, Alteration, Great Lakes-general, Petrolabries, Sea
Ice, 2.0645

AERIAL MEASUREMENT OF HYDROLOGIC PHENOMENA
Data Acquisition-general, Geophysical Analysis, Humidity In-
struments, Hydrology-general, Infrared Radiation, 7.0003

REMOTE SENSING OF ESTUARINE WATER AND VEGETA-
TION, MARYLAND ...Bioindicators, Chemical-general, Estua-
ries, Physical-general, Remote Sensing -other, 2.0268

COORDINATION OF ESTUARINE REMOTE SENSING IN AT-
LArt.... COAST REGION Atlantic Ocean-general, Estuaries,
Satellites, 2.0910

ENGINEERING GEOLOGIC PROPERTIES OF ROCK ...Borehole
Geophysics, Foundations-general, Geology - Engineering. Micros-
tructure. Technique Development, 8.0098

2-335



Photography
Laboratory

SUSPENDED SEDIMENTS IN THE UPPER CHESF,PECKE BAY -
EVALUATION OF METHODS FOR SIZE ANALYSIS OF
SUSPENDED MATERIALS ...Chesapeiti,e Bay, Sampling, Size,
Size Frequency Distribution, Turbidity, ,2.557

SUBJECT INDEX

Motion
Other

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
(AUDIO-VISUAL FILM) Estuaries, Gull' of Mexico, Survey
Studies, 7.0060

Photography-general
ASYMMETRIC 13U6131.F. COLLAPSE STUDIES 6310 ...I ubbles,

Cavity Flow, Coaxial, Pressure Gradient, 1.0067

Photography-other
USE OF INFRARED AND OTHER RADIATION TECHNIQUES

TO EVALUATE. DROUGHT IN IOWA AND ADJACENT
AREAS _Drought, Infrared Radiation, Iowa, Spectral
Reflectance, ...2.0483

DISTRIBUTION OF LIFE WITH DEPTH ...Continental Shell,
Marine Photography-television, North Carolina, Vertical Distribu-
tion, ...5.0272

DEVELOPMENT OF IDENTIFICATION KEYS TO LARVAL,
AND JUVENILE RESERVIOR FISHES ...Animal Taxonomy,
C,,,ive Rearing, Fish -non-specific, Maturity & Growth Stages,
Reservoirs and Impoundments, _6.0018

Photometric Techniques
ANALYTICAL METHODS - WATER CHEMISTRY ...Analysis and

Detection, Chemical Analysis (water), Chromatography-general,
Emission, Other, 2.0196

Phycobilins
THE INCORPORATION OF C14 BICARBONATE INTO PIG-

MENTS OF A NATURALLY OCCURRING BLUE-GREEN
ALGAE COMMUNITY WITH RESPONSE TO WAVELENGTH
.,Chlorophyll, Oseillatoria, Physiological Ecology, Pigments,

Vitamins, 6.0432
THE INCORPORATION OF C14-BICARBONATE INTO THE

PIGMENTS OF BLUE-GREEN ALGAE POPULATION
...Carotenoid Pigments, Chlorophyll. Nutrients, Oseillatoria, Pig-
ments, 6.0433

Physical Forces

Pressure & Mech Stress
HYDROSTATIC PRESSURE-TEMPERATURE, AS ENVIRON-

MENTAL PARAMETERS, ON GROWTH, BIOCHEMISTRY
AND PHYSIOLOGY OF MICROORGANISMS ...Growth (non-
specific & Ot.), Marine Biology (non-specific), Microorganisms
(non-specific), Temperature, 6.0459

THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF
THE MECHANISM OF FLOW OF WATER AND SOLUTES IN
PLANT ROOTS ...Ionic Effect, Osmotic and Turgor Pressure,
Thermodynamics, Ultrafilt.ation, Water Movement, 2.0497

Physics - Theoretical

Quantum Mechanics
Approximations

THEORY OF LIQUIDS Interparticle Forces, Perturbation
Methods, Potential Functions, Solution-other, Statistical, ...1.0016

Perturbation Methods
THEORY OF LIQUIDS ...Approximations, Interparticle

Potential Functions, Solution-other, Statistical, ...1.0016

Self Consistent Fields
THE BASIC NATURE OF LIQUIDS ...Absorption Spectra, In-

frared, Interparticle Forces, Spin-orbit Interaction, 1.0117

Forces,

Physiography

Erosion
SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT

IN A SMALL WATERSHED ...Energy-dynamics, Sediment
Transport-general, Slopes, Small Watersheds, 2.0567

PHYSIOGRAPHIC STUDY OF PART OF THE HENRY MOU-
TAINS REGION, UTAH ..,Henry Mountains, Physical Features-
general, Physiography-general, Processes, Utah, 2.0563

INVESTIGATIONS OF EROSION CONTROL AND WATER
CONSERVATION ...Amount, Conservation-general, Gully$ - Ar-
royos, Land Use, Runoff, Sediment Yield, Stabilization-general,
..,3.9226

MATHEMATICAL GEOMORPHOLOGY ...Features,
Geomorphology-quantitative, Model Studies, Processes, Terrain
Analysis, 2.0425

SEDIMENT YIELD FROM RANGELAND WATERSHEDS IN
THE SOUTHWEST ...Agricultural Watersheds, Land Use, Sedi-
ment Transport-other, Sediment Yield, Supply Rate, .2.0041

Physical Features
Physical Features-general

PHYSIOGRAPHIC STUDY OF PART OF THE HENRY MOU-
TAINS REGION, UTAH ..Erosion, Henry Mountains, Physiog-
raphy-general, Processes, Utah, ...2.0563

MISSOURI SPRINGFLOW CHARACTERISTICS ...Aquifers-
general, Chemical- genera!, Discharge-general, Springs, Water
Supply-general, ...2.0701

Physiography-general
PHYSIOGRAPHIC STUDY OF PART OF THE HENRY MOU-

TAINS REGION, UTAH ...Erosion, Henry Mountains, Physical
Features-general, Processes, Utah, 7.0563

INFLUENCE OF GEOHN DROLOGY ON LANDSCAPE AND
SOIL FORMATION ...Hydrology-general, Morphology-general,
Soil Genesis, Weathering-general, ...5.0409

HYDRAULIC GEOMETRY OF STREAMS ...Flow Characteristics -
water, Hydraulics-general, Ions and Gases, Low Flow, River
Basins, ..2.0444

DEVELOPING COMPUTER PROGRAMS FOR SOLUTION OF
HYDROLOGIC PROBLEMS RELATED TO SMALL
WATERSHEDS ...Climate - general, Forecasting-prediction,
Hydrographs, Small Watersheds, Water Yield, ...7.0102

MATHEMATICAL METHODS OF EVALUATION OF RESULTS
OF ATMOSPHERIC WATER RESOURCES PROGRAMS ...Er-
ror Analysis, Intermontanc Plateaus-other, Mountains-alpine, Re-
liability Theory, Weather Modification-general, 2.0189

ESTUARINE INVENTORY (FORMERLY CHEMICAL EN-
VIRONMENT) ...Estuaries, Florida, Gulf of Mexico, Marine
Biology, Sedimentology-general, ...2.0325

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
...Agricultural Watersheds, Conservation-general, Flow Charac-
teristics -water, Land Use, Water Yield, _3.0462

RUNOFF AND SEDIMENT MOVEMENT ON UNIT SOURCE
WATERSHEDS OF THE PACIFIC INFLUENCED BY CLI-
MATE, SOILS, VEGETATION AND TOPOGRAPHY ...Idaho,
Runoff, Sediment Yield, Water Yield, Watersheds-general,
2.0387

Terrain Analysis
GEOTHERMAL INVESTIGATIONS - YELLOWSTONE PARK

...Gravity Surveys, Hot Springs, Magnetic Surveys, Satellites,
Seismic Surveys, Yellowstone Plateau, ..,6.0147

DEVELOPMENT OF DRAINAGE ASSESSMENT PROCEDURES
BASED ON PHYSICAL FEATURES IN ILLINOIS ...Benefit-cost
Analysis, Drainage, Drainage Engineering, Illinois, Mathematical
Analysis, 6.0207

SHALLOW WELLS AND IRRIGATION PITS FOR IRRIGATION
AND OTHER FARM WATER SUPPLY IN THE COASTAL
PLAINS ...Aquifers-general, Coastal Plain, Irrigation-general,
Pumping, Water Wells, 3.0194

ENVIRONMENTAL GEOLOGY OF MCHENRY COUNTY, IL-
LINOIS ...Aquifers-general. Illinois, Land Usc, Potential of
Deposit, Subsurface, _6.0192

MATHEMATICAL GEOMORPHOLOGY ...Erosion, Features,
Geomorphology-quantitative, Model Studies, Processes, 2.0425
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SUBJECT INDEX Piezometers

Phytoplankton
BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-

LATIONS ...Buoys, Chlorophyll, Food Chains, Nutrients, Vertical
Distribution, Zooplankton, .6.0289

THE BIOLOGY AND CHEMISTRY OF TRACE ELEMENTS IN
MARINE AND ESTUARINE WATERS .Chesapeake Bay,
Estuaries, Productivity - Food Chain, Trace Element Analysis,
Zooplankton, ...2.0556

ENERGY SOURCES OF HETEROTROPHIC MICROORGANISMS
IN AN AQUATIC ENVIRONMENT ...Bioenergetics, Glycolic
Acid Cpds, Heterotrophic Bacteria, Photosynthesis, 2.0622

AMERICAN RIVER HYDROBIOLOGIC POTENTIAL STUDY
,,.Bioindicators, California, Lower Plants, Primary Productivity,
Water Quality-general, 5.0143

SEASONAL VARIATIONS IN THE PHYTOPLANKTON - BAC-
TERIA POPULATIONS AND THE NUTRIENT CONCENTRA-
TION IN BEAVER RESERVOIR ...Nitrogen, Phosphorus, Reser-
voirs and Impoundments, Temporal Distribution, Water Bacteria,
...6.0027

BIOPOTENTIAL OF NATURAL WATERS ...Acidity, Atomic Ab-
sorption, Lakes, Primary Productivity, Visible, Wisconsin,
7.0114

DETERMINATION OF THE STAGES OF EUTROPHICATION OF
SOME OF NEW HAMPSHIRES LARGE LAKES PHASE
.,,Eutrophication, Lakes, New Hampshire, Primary Productivity,
Water Properties-general, Zooplankton, 2.0746

LIMNOLOGY OF LAKE CHAMPLAIN ...Biological-general,
Chemical-general, Physical-general, Pollution - Effects of , Sedi-

ments, Zooplankton, 2.1088
NATURAL WATER SYSTEMS IN WESTERN MONTANA

Freshwater Ecology, Lakes, Montana, Streams, Zooplankton,
2.0719

LIMNOLOGICAL STUDIES OF LENTIC WATERS IN IDAHO
...Alpine, Idaho, Lakes, Primary Productivity, Productivity - Food
Chain, Reservoirs and Impoundments, ..2.0398

DETERMINING CHANGES IN PHYTOPLANKTON POPULA-
TIONS IN CLOUDS OF FLUORESCENT DYE MOVING IN
THE MISSISSIPPI RIVER ...Dyes, Fluoromctry, Minnesota, Mis-
sissippi River, Standing Crops, 5.0617

MICROBIAL INTERVENTION IN THE EUTROPHICATION
PROCESS ...Eutrophication, Food Chains, Nutrients, Organic,
Water Bacteria, 5.0515

BASIC RESEARCH IN THE AQUATIC ENVIRONMENT EF-
FECTS OF EUTROPHICATION ON PLANKTON ALGAE AND
BENTHIC PLANTS COMMUNITIES ...Eutrophication,
Nutrients, 2.0803

BIOLOGICAL AND CHEMICAL STUDY OF VIRGINIAS ESTUA-
RIES ...Estuaries, Nitrogen, Phosphorus, Population Dynamics,
Primary Productivity, Virginia, ...2.1112

PRIMARY PRODUCTIVITY, AND STANDING CROPS IN REI,A-
TION TO WATER QUALITY IN LAKE ASHTABULA RESER-
VOIR, NORTH DAKOTA ...North Dakota, Productivity - Food
Chain, Reservoirs and Impoundments, Water Quality-general,
Zooplankton, 6.0414

BUOYANCY AND SINKING CHARACTERISTICS OF FRESH-
WATER PHYTOPLANKTON ...Algal Pollutant Sources, Fresh
Water, Herbicides -non-specific, Primary Productivity, Vertical
Distribution, 5.1064

COMPARATIVE PRODUCTIVITIES OF SMALL BODIES OF
WATER IN DESERT AND MONTANE AREAS OF
SOUTHERN NEW MEXICO ...New Mexico, Plant Prod. (non-
specific), Ponds, Productivity - Food Chain, Zooplankton,
3.0336

NUTRITIONAL ECOLOGY AND COMMUNITY STRUCTURE
OF THE PHYTOPLANKTON OF GREEN BAY ...Bays, Mineral
Composition, Nutrition Studies, Physiological Ecology, Wisconsin,

5.1290
LIMNOLOGICAL FACTORS AFFECTING PESTICIDE

RESIDUES IN SURFACE WATERS ...Chlorinated Hydrocar-
bons, Iowa, Persistance of Residues, Reservoirs and Impound-
ments, Runoff, Surface Water, .5.0416

A STUDY OF PHYTOPLANKTON DYNAMICS IN LAKE
FAYETTEVILLE AS A MEANS OF ASSESSING WATER
QUALITY ...Algal Culture, Bioindicators, Eutrophication, Growth
Rate, Primary Productivity, ...6.0031

ANNUAL PHYTOPLANKTON PRODUCTION IN PUGET
SOUND WATERS ...Copepods, Invertebrate Cultures, Puget
Sound, Standing Crops, Tides, 5.1256

THE AUTECOLOGY OF SOME BLUE-GREEN PLANKTON
ALGAE ...Algal Culture, Cyanophyta (non-specific & 00.
Eutrophication, Mixed Culture, Nutrition Studies, .5.0955
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A DETAILED STUDY OF LAKE MICHIGAN PLANKTON
DIATOMS .Lake Michigan, Planktonic Floating, Plant Taxono-
my, Range Or Territorial Distr. , .5.0554

COLLECTION AND ESTABLISHMENT IN CULTURE OF SPE-

CIES AND STRAINS OF MARINE PHYTOPLANKTON OR-
GANISMS .Algal Culture, Culture Collections, Marine Plants,
Pollution-general, .5.1063

LIMNOLOGICAL INVESTIGATION OF ONEIDA LAKE ...Food
Chains, Lakes, Ncw York, Primary Productivity, Zooplankton,
,5.0773

MAJOR FACTORS INFLUENCING PRODUCTION OF
PHYTOPLANKTON IN NEW YORK LAKES .Energy, Lakes,
New York, Nutrients, ..2.0796

A SURVEY OF PHYTOPLANKTON IN AND OLD AND A NEW
RESERVOIR Algal Pollutant Sources, Ohio, Reservoirs and Im-
poundments, .6.0434

COMPARATIVE STUDY OF PHYTOPLANKTON IN NEW AND
RECLAIMED ACID MINE DRAINAGE PONDS ...Acidity, Min-
ing Activities, Nutrition Studies, Ponds, Waste Water Treatment-
general, 6.0437

BIOLOGICAL ASPECTS OF TERTIARY PONDS .Effluents-waste
Water, Pond, Protozoa - other, Sewage, Tertiary Treatment,
5.0352

PLANKTON-PERIPHYTON STUDIES IN THE COLUMBIA
RIVER ...Columbia River, Food Wcbs, Periphyton, Radioactivity-
general, Radioecology, .2.1127

FACTORS INFLUENCING THE PRODUCTION OF PLANK-
TONIC AND BENTHIC PLANTS Benthic Flora, Growth Rate,
Nutrition, Secretions and Products, Standing Crops, 5.1119

HYDROLOGY OF CACHUMA RESERVOIR ...Aeration,
Destratification, Reservoirs and Impoundments, Stratification,
.5.0118

GENERAL HYDROGRAPHIC FEATURES OF OAHE RESER-
VOIR AND LAKE SHARPE ...Chemical Analysis (water), South
Dakota, Temperature, Turbidity, Zooplankton, 6.0516

PRIMARY PRODUCTIVITY IN LAKE FRANCIS CASE ...Bays,
Benthic Fauna, Primary Productivity, Reservoirs and Impound-
ments, Standing Crops, ...6.0524

PRIMARY PRODUCTION IN LEWIS AND CLARK LAKE
...Photosynthesis, Primary Productivity, Reservoirs and Impound-
ments, South Dakota, ..6.0525

PLANKTON POPULATIONS IN LEWIS AND CLARK LAKE
AND LAKE FRANCIS CASE ...Plankton Sampling, Reservoirs
arid Impoundments, Zooplankton, ..6.0526

PLANKTON ECOLOGY ...Estuaries, Eutrophication, Gulf of Mex-
ico, Gymnodinium, Range Or Territorial Distr. , 6.0155

USE OF MARINE PLANKTONIC ORGANISMS FOR EVALUAT-
ING THE QUALITY OF MARINE AND ESTUARINE WATERS
,..Bioassays, Estuaries, Pollution - Effects of , Pollution Effects,
Zooplankton, ...5.1093

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT MARINE PHYTOPLANK-
TON SPECIES .Axenic Culture, Environment, Growth and Dif-
ferentiation, Marine Biology, Marine Plants, _5.1094

EFFECTS OF PETROLEUM AND PETROLEUM WASTES UPON
IMPORTANT SPECIES OF ESTUARINE PHYTOPLANKTON
AND ZOOPLANKTON ...Contamination - Water, Contamination,
Pollution-water, Estuaries, Oil, Petroleum, Zooplankton, _5.1086

INTEGRATED FIELD AND LABORATORY SYSTEM FOR AS-
SAYING THE EFFECTS OF POLLUTANTS AND TOXICANTS
UPON WATER QUALITY ...Algal Culture, Axenic Culture, En-
vironment, Pollution - Effects of , 5.1087

EFFECT OF NITRILOTRIACETIC ACID (NTA) UPON THE
TOXICITY OF METALS TO SELECTED SPECIES OF
ESTUARINE PHYTOPLANKTON ...Acids, Carbon, Chemicals
(incl. algacides), Estuaries, Radioisotopes, ...5.1085

DEVELOPMENT OF A METHOD FOR CHRONIC TOXICITY
BIOASSAY USING MARINE PLANKTONIC ALGAE ...Algal
Culture, Bioassays, Marine Plants, Microbiological Analysis,
Monitoring (long Term Studies), Technique Development, Tox-
icology, 5.1088

Piezometers
DESIGN OF OPEN CHANNELS TO PREVENT BANK FAILURE

...Seepage, Subsurface Flow, 4.0253
OBSERVATION AND EVALUATION OF INSTRUMENTATION

IN THE FOUNDATION AND EMBANKMENT OF MORAINE
STATE PARK DAM ...Embankments, Foundations-general, Soil
Settlements, Soil Stability Analysis, Uplift, ...8.0170



Piezometers SUBJECT INDEX

PROTOTYPE ANALYSIS-STRUCTURAL BEHAVIOR ,,.Gravity
Dams, Mass, Ohio River, Seepage, Uplift, -8,0149

DE', ELOPMENT AND EVALUATION OF SURFACE AND SUB-
SURFACE DRAINAGE PRACTICES ...Drainage, Interception,
Seepage, Subsurface Flow, Surface Flow, -4.0132

Piezometry
THE ARTESIAN SYSTEM IN GEORGIA STRATIGRAPHY AND

HYDROLOGY OF THE. OCALA ,..Artesian Flow, Carbonate
Aquifers, Georgia, Groundwater Movement, Natural Recharge,
-4.0082

DEVELOPMENT OF GROUND WATER CONTROL METHODS
FOR THE HEAVY SOILS OF THE LAJAS VALLEY ...Aquifers-
general, Groundwater, Hydrology-general, Puerto Rico, Soil En-
vironment, ...4.0209

RELATIONSHIP BETWEEN EXCESSIVE SOIL MOISTURE AND
crrRus ROOT DAMAGE ...Citrus, Drainage, Drainage En-
gineering, Excessive Moisture, Other Enviromcntal Conditions,
_2.03116

SALT-WATER ENCROACHMENT IN THE BRUNSWICK AREA,
GEORGIA ...Aquifers-general, Georgia, Observation Wells,
Pumping, Saline Water Intrusion, ...5.0306

Pigments -animal
Respiratory Or Blood

PIGMENT INDICES OF ENVIRONMENTAL OXYGEN STRESS
...Environmental Physiology, Hemoglobin, Oxygen, _5.0810

Pilot Plant
DEVELOPMENT OF PERMANENT SYSTEMS FOR DROPWISE

CONDENSATION ...Condensation, Distillation-other, Films, Heat
Transfer, Vapor, -3.0411

DEVELOPMENT OF ADVANCED TRANSPORT DEPLETION
PROCESSES ...Brackish Water, Desalination, Eleetrodialysis, Ion
Selective, ...3.0002

REVERSE OSMOSIS TUBULAR MODULE OPTIMIZATION
-Desalination, Digital Computers, Membranes-other, Reverse Os-
mosis, -3.0070

DESIGN AND CONSTRUCTION OF A REVERSE OSMOSIS
PILOT PLANT FOR THE DESALINATION OF SEA WATER
...Desalination, Membranes-other, Nitrogen, Reverse Osmosis, Sea
Water-general, ...3.0051

THE DESIGN, CONSTRUCTION AND TESTING OF A 10,000
GPD TRANSPORT DEPLETION DESALINATION PILOT
PLANT ...Cost Analysis, Desalination, on Selective, Other,
-3.0148

HYDRODYNAMIC STUDIES FOR ELECTRODIALYSIS ...Elee-
trodialysis, Membranes-other, ...5.0121

TRAINING, TECHNICAL SUPERVISION, AND ASSISI r-,NCE
REGARDING THE OPERATION OF A SKID-MOUNTED MSF
UNIT ...Aeration, Distillation-other, Foam, Mobile, Other,
_3.0491

AN EVAPORATIVE FREEZING PROCESS FOR DESALTING
WATER ...Batch, Desalination, Evaporation, Freezing, -3.0163

REVERSE OSMOSIS MEMBRANES CONTAINING GRAPHITIC
OXIDE ...Desalination, Graphite, Membranes-other, Reverse Os-
mosis, -3.0416

REVERSE OSMOSIS PERMEATORS - DESIGN STUDY ...Cost
Analysis, Membranes-other, Other, Reverse Osmosis, ...3.0367

ELECTROLYTIC REGENERATION OF ION EXCHANGE
RESINS ...Brackish Water, Desalination, Ion Exchange-other,
Regeneration-other, ...3.0327

CONTROLLED FLASH EVAPORATOR, ECONOMIC ANALYSIS
AND THE DESIGN OF A DEMONSTRATION PLANT ...Cost
Analysis, Desalination. Evaporation, -3.0326

CONSTRUCTION AND OPERATION OF 7-GPM PILOT PLANT
FOR SILICA REMOVAL ...Adsorption-other, Evaporation, Hard-
ness, Pollutant-other, Silicon. -3.0323

REVERSE OSMOSIS P!LTO PLANT INVESTIGATIONS ...Cost
Analysis, Desalination, Membranes-other, Other, Reverse Osmo-
sis, -3.0056

PROCESS AND CONFIGURATION DEVELOPMENT FOR TU-
BULAR REVERSE OSMOSIS UNITS ...Brackish Water,
Desalination, Other, Reverse Osmosis, -3.0057

CONCEPTUAL DESIGN STUDY ON REVERSE OSMOSIS MEM-
BRANE ASSEMBLY MODULAR UNIT ...Desalination, Mem-
branes-other, Process Development-other, Reverse Osmosis,
-3.0215
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BRACKISH WATER FIELD TEST EVALUATION OF MEM-
BRANE PROCESSES -Brackish Water, Desalination, Economic
Efficienci, Membranes- other, ..3.0072

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE REVERSE OSMOSIS PROCESS ...Cost
Analysis, Marketing, Membranes-other, Reverse Osmosis,
_3.0164

TEST OPERATION OF A 2,500 GPD TWO-STAGE SEA WATER
REVERSE OSMOSIS PILOT PLANT ...Brines, Cost Analysis,
Desalination, Membranes-other, Optimization, Reverse Osmosis,
..,3,0079

DEVELOPMENT OF A WATER DESALINATION SYSTEM
BASED ON HOLLOW FINE FIBER MEMBRANES
losies, Desalination, Fiber, Filament, Whisker, Membranes-other,
Reverse Osmosis, ..3.0274

OPERATION OF A 50,000 GPO PORTABLE PILOT PLANT
-Membranes-other, Mobile, Reverse Osmosis, Scale Formation,
Zeolite, -3.0029

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIALYSIS PROCESS
-Brackish Water, Cost Analysis, Desalination, Eleetrodialysis,
Other, -3.0270

CONCEPTUAL DESIGN STUDY ON ELECTRODIALYSIS MEM-
BRANE ASSEMBLY MODULAR UNIT DESIGN ...Cost Analy-
sis, Desalination, Eleetrodialysis, Membranes-other, Potable,
_3.0228

DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-
PRESSION PROCESS ...Desalination, Evaporation, Freezing,
High, Potable Water, -1.0128

SEWAGE TREATMENT, PILOT PLANT EVALUATION ...Ash-
coal, Coal, Coal-general, Industrial Wastes, Waste Treatment-
economics, -5.0870

AN EVALUATION OF RECENT APPROACHES FOR THE
DESIGN OF BIOLOGICAL WASTES TREATMENT ...Biological
Treatment-general, Data Analysis - General, Process Design,
Waste Water Treatment-general, -5.0928

PRACTICAL APPLICATION OF FOAM FRACTIONATION
TREATMENT OF LOW QUAITY WATER ...Color, Cost Analy-
sis, Foam, Groundwater, Iron, .,.5.0037

DEVELOPMENT OF PULSATING ADSORPTION FILTER FOR
TERTIARY TREATMENT OF WASTE WATERS -Adsorption-
other, Ash-coal, Biological, Sand, Tertiary Treatment, -5.0408

FLOC STRENGTH AND FILTERABILITY OF PRE-TREATED
WATER ...Coagulation, Filtration, Flocculation, Sand, Waste
Water Pre-treatment, _5.0061

BOD, SOLIDS AND NUTRIENT REMOVAL FROM SECONDA-
RY EFFLUENT BY FOAM FRACTIONATION -Denitrification,
Foam, Nitrate, Nitrite, Phosphate, Phosphite, -5.0155

TREATMENT OF SELECTED INTERNAL KRAFT MILL
WASTES IN COOLING TOWERS ...Economic Efficiency, Pulp
and Paper Wastes, Recycle, Thermal Pollution, Waste Treatment-
economics, -5.0308

AEROBIC TREATMENT OF PACKINGHOUSE WASTES ...Aero-
bic, Food Processing_ Industry, Industrial Processes-other, Pilot
Plants, Waste Water Treatment-general, -5.0418

USE OF MODIFIED ACTIVATED SLUDGE TREAT TO
ACHIEVE NUTRIENT REMOVAL & TO PROVIDE CON-
SISTENT FEED TO TERTIARY TREATMENT SYSTEM ...Ac-
tivated, Aeration, Pollutant-other, Tertiary Treatment, Waste
Treatment-economics, -5.0245

IMPROVEMENTS TO THE BOROUGH OF NEW PROVIDENCE
SEWAGE PUMPING STATION AND TREATMENT FACILI-
TIES ...Chlorination, Plastics - General, Polyelectrolytes, Pumping
Stations, Sedimentation, Trickling, -6.0353

SPREADING TREATED SEWAGE FOR GROUNDWATER
RECHARGE ...Artificial Recharge, Groundwater, Loading, Per-
colation, Sewage, -3.0005

TERTIARY TREATMENT OF COMBINED STORM WATER,
SANITARY RELIEF DISCHARGE AND SEWAGE TREAT-
MENT PLANT EFFLUENT ...Activated Carbon, Combined
Sewer, Filtration, Process Design, Sedimentation, Storm Water,
_5.0387

MODEL ADVANCED WASTE-TREATMENT PLANT ...Activated
Carbon, Lime Treatment, Material Recovery Wastes, Process
Design, Solid Waste, ...5.0504

PILOT-SCALE STUDY OF IMPROVED PHOSPHATE REMOVAI.
BY MODIFIED ACTIVATED SLUDGE PROCESS ...Activated,
Algal Pollutant Sources, Bacteria, Disposal, Waste Treatment-
economics, ...5.0560

DEMONSTRATION AND EVALUATION OF POLYMERIC AD-
DITIVES IN THE TREATMENT OF STORM SEWER OVER-
FLOW ...Combined Sewer, Polymer Type-other, -5.0579



SUBJECT INDEX Plankton (non-opecific)

COMBINED INDUSTRIAL AND MUNICIPAL WASTE TREAT-
MENT ...Biological Treatment-other. Combined Sewer, Process
Design, Pulp and Paper Wastes, Waste Water Treatment-general,
...S.1 289

KINETICS OF ALGAL SYSTEMS IN WASTE TREATMENT .AI-
gae, Biological, Model Studies, Nutrients, Process Design,
5.0069

IDENTIFICATION OF LIMITING FACTORS IN THE 13101,061-
CAL TREATMENT OF SEWAGE ...Activated, Biological Treat-
ment-other, Other, Sewage Bactedit, ...5M230

OPTIMIZATION AND DEVELOPMENT OF IMPROVED CHEMI-
CAL TECHNIQUES FOR THE TREATMENT OF COAL MINE
DRAINAGE Acid Mine Wastes, Chemical Treatment, Drainage,
Mining Activities, Optimization, Process Design. 5.0999

ALGAL BIOASSAY TO DETERMINE THE EXTENT OF
NUTRIENT REMOVAL BY AW'I' A"1"11-11: WASTE TREAT-
MENT PLANT AT ELY, MINNESOTA Algae, 13ioassays,
Denitrification, Nutrients, Waste Water Treatment-goneral,
5.1304

USE OF PURE STRAINS 01, ALGAE AND MIXED ALGAE-
PROTOZOA, AND ALGAE-I3ACTERIA CULTURES IN
SEWAGE TREATMENT ...Algae, Algal Culture. Microbial-bac-
terial. Waste Water Treatment-general, .-5.0382

SECONDARY EFFIAH POLLSHING I3Y RAPID SEND FIL-
TRATION ,..Activated. 13ioehemieal Oxygen Demand. Chemical
Oxygen Demand, Sand, Solid Waste, .5.0362

PROGRAM FOR FIELD EVALUATION OF REVERSE OSMOSIS
PILOT PLANTS ON 13RACKISH WATERS ...Brackish Water,
Cost Analysis, Membranes-other, Other. Reverse Osmosis,
3.0115

DEVELOPMENT 01, WASTE STABILIZATION LAGOONS FOR
APPLICATION IN ALASKA Alaska, Lagoon, Process Design,
Sewage Lagoons, Storage - retention- facilities, ..5.0026

COMPLETE MIX ACTIVATED SLUDGE UNIT PROCESS
ADAPTION To LOW TEMP ..,Activated, Loading, Low, Separa-
tion-other, Solid Waste, ...5.0028

PHOSPHATE REMOVAL 13Y ACTIVATED SLUDGE PROCESS
SPECIFICATION - PLANT SCALE RESEARCH ...Phosphate,
Phosphite, 5.0915

Pilot Plants
miviii.opmENT OF THE VACUUM FREEZING VAPOR COM-

PRESSION PROCESS FOR USE WITH BRACKISH WATERS
Brackish Water, Desalination, Freezing, Mobile, North Carolina,
.3.0487

EVALUATION OF BRINE DESULFATING PROCESS AS AP-
PLIED TO I:El:MATER FOR DESALINATION PLANTS
.Cost Analysis, Desalination, Economies-general, Sulfate, Sulfite,
3.0409

1,11:1,, TEST OF NOVEL EVAPORATOR ,,.Desalination,
Units, Heat Trans Coefficient, Sea Water - general, ,.3.0368

DESALINATION BY THE INVERSION ON THE ORDER OF
MELTING 13Y APPLIED PRESSURE. .Crystallization. Desalina-
tion, Freezing. Heat Transfer, .3.0240

JET-PUMP TOPPING-UNIT PILOT PLANT Desalination,
3.0276

DESIGN, CONSTRUCTION AND OPERATION 01, A SKID-
MOUNTED ION EXCHANGE PILOT PLANT ...Cost Analysis,
Desalination, Economies-general, Ion Exchange-other, Mobile,
3.0329

OPERATION AND EVALUATION OF A 50,000 GALLONS PER
DAY REVERSE OSMOSIS PILOT PLANT ...Cost Analysis,
Desalination, Economic Efficiency. Reverse Osmosis, 3M061

CONSTRUCTION AND DEVELOPMENT OF SPIRAL DESIGN
ELECTRODIALYSIS MODULE Desalination, Electrodialysis,
Membranes-other, 3.0154

NITRATE. REMOVAL FROM ACTIVATED SLUDGE SYSTEMS
...Activated, Denitrification, Process Design, Washington, Waste
Water Treatment- general, ..5.1257

AEROBIC 'TREATMENT OF PACKINGHOUSE WASTES .Acro-
hie, Food Processing Industry. Industrial Processes-other, Pilot
Plant, Waste Water Treatment-general, 5,0418

MICROSTRAINING PILOT TESTS OF STORM WATER OVER-
FLOWS FROM COMBINED STORM AND SANITARY SEWER
SYSTEMS ...Chlorination, Combined SOA.t.r, Ozonization, Screen-
ing, _5.1003

WATER TREATMENT BY REVERSE OSMOSIS METHOD
,..Fresh Water, Membranes-other, Reverse Osmosis, Waste Water
Treatment-general, 5.01164
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NUTRIENT REMOVAL FROM AGRICULTURAL WASTE
WATERS .California, Dcnitrification, Eutrophication, Nutrients,
San Francisco Bay, Waste Water Treatment-general, .4.0032

EUTROPHICATION - PILOT OPERATIONS ...Economies-general,
Eutrophieation, Systems Analysis, Water Quality Control-general,
.5.0981

13ACTFRIAL DEPURATION OF WEST COAST SHELLFISH
.Clams, Oysters. Salinity, Shellfish Depuration, Turbidity,
_5,1229

Pipe, Tube
PREPARATION OF SMALL TUBES AND THE DETERMINA-

TION OF THEIR PROPERTIES FOR REVERSE OSMOSIS
...Dimensions, Expansion, Mechanical Properties-general, Permea-
bility, Reverse Osmosk, Stretch Forming, Cryoform, .3.0387

PRODUCTION OF 90-10 COPPER NICKEL. 'TUBING FOR
DESALTING .Copper, Desalination, Equipment Purchase
Operation, 3.0158

APPLICATION OF IRON - ALUMINUM BASE ALLOYS TO
SALINE W, ,TER CONVERSION ...Alloy & Systems, Cost Anal-
ysis. Desalination, Stainless Steels-other, Water, .3.0099

EVALUATION OF POLYVINYL CHLORIDE (PVC) AND
VINYL CLAD ALUMINUM PIPE USED FOR CARRYING IR-
RIGATION WATER WHEN BURIED WITHIN THE FROST
ZONE ,Aluminum, Cladding, Irrigation-general, Joining, Bond-
ing-general, Polyvinyls-other, Soils, _8.0271

DRAINAGE DESIGNS AS INFLUENCED BY CONDITIONS IN
THE VICINITY OF THE DRAIN LINE ...Drainage Systems, Ero-
sion Control, Pipes, Plastics - General, Seepage, 8.0010

STUDIES OF CORROSION SPECIMENS _Galvanized, Test
Methods, Water, Water Quality-general, .8.0177

FREE DROP WATER CONTAINER ...Air1)orne-operation, Equip-
ment, Laminates, Logistics. Urethanes, ..8.0209

FACTORS INFLUENCING THE DURABILITY OF CONCRETE
...Cement, Concrete, Chemicals, Durability, Deterioration, Or-
glde-general, Sulfate, Sulfite, 8.0043

PROTECTIVE LININGS FOR WATER PASSAGE. SURFACES OF
FERROUS METALWORK .Erosion, Linings-pavings, Organic-
general, Water, ...8M087

PLASTIC PIPE AND TUBING Ceramic Matrix, Corrosion
General, Engineering Structures-general, Plastic Matrix, Plastics -
General, ,8.0132

GLASS FIBER REINFORCED PLASTIC MORTAR PIPE FOR
PRESSURE IRRIGA'T'ION DISTRIBUTION SYSTEM Fiber,
Filament, Whisker, Glass, Irrigation Engineering, Pipelines, Plastic
Matrix, ...8.0027

IMPROVEMENT AND MODERNIZATION 01: SURFACE AND
SUBSURFACE DRAINAGE PRACTICES AND FACILITIES IN
THE CORN BELT _Corn Belt, Drainage, Drainage Systems,
Plastics - General, 4.0191

Pipelines
DEVELOPMENT OF AUTOMATED SUI3IRRIGATION SYSTEM

.Arkansas, Automated Equipment. Design Criteria, Irrigation En-
gineering, Spray Devices, Subsurface Irrigation, ..3.0025

PHYSICAL, CHEMICAL AND MICROBIOLOGICAL FACTORS
AFFECTING THE DISCHARGE 01, WATER INTO DRAIN
TILE .Drainage. Drainage Engineering, Water Properties.
general, 2.0145

PIPELINE AND TUNNEL HYDRAULICS Conduit, Friction,
Hydraulics-general, Pipes. Texas, 8.0042

GLASS FIBER REINFORCED PLASTIC MORTAR PIPE FOR
PRESSURE IRRIGATION DISTRIBUTION SYSTEM ...Fiber,
Filament, Whisker. Glass, Irrigation Engineering, Pipe, Tube,
Plastic Matrix, ,,.8.0027

DRAINAGE SYSTEMS - PIPE AND FILTERS .Drainage En-
gineering, Drainage Systems, Filters, Hydraulic Gradient, Pipes,
_8.0018

Plankton (non-specific)
LIMNOLOGY OF ROSS ISLAND. ANTARCTICA Antarctica,

Benthic Organisms (non-specin, Chemical-general, Lakes, Pubili-
cations -Other, 2.0087

LIMNOLOGY OF DESOTO BEND LAKE, IOWA AND
NEBRASKA ...Benthic Organisms (non-specif). Iowa, Lakes,
Nebraska, Stratification, .7.0040

PLANKTON STUDIES .Chemical-general, Lakes, Number, Water
Level Fluctuation....4M125



Plankton (non-specific) SUBJECT INDEX

FOOD HABITS STUDY ...Aquatic Ecology, Benthic Organisms
(non - specify, Food Supply, Lakes, Mississippi, ...6.0314

ATCHAFALAYA RIVER - CALLIOU LAKE SYSTEM ...Lakes,
Louisiana, Number Or Density, Physical-general, Vertical Dis-
tribution, _2.0545

CHANGES DURING EUTROPHICATION OF AN ESTUARY
Estuaries, Eutrophication, North Carolina, Pollution - Effects of
, _5.0820

PRIMARY PRODUCTIVITY OF MINNESOTA LAKES ...Chemi-
cal-general, Lakes, Primary Productivity, Trace Element Analysis,
Water Sampling, ...5.0607

EFFECT OF INDUST WASTES OF MEMPHIS & SHELBY
COUNTY ON PRIMARY PLANKTONIC PRODUCERS ...Cell
Cloning, Drainage, Industrial Wastes, Primary Productivity, Ten-
nessee, ...5.1134

ECOLOGICAL SUCCESSION IN A NORTHEASTERN OHIO
RESERVOIR ... Eutrophication, Nutrients, Ohio, Plant Succession,
Reservoirs and Impoundments, ...5.0894

DIATOM REMOVAL BY FLOCCULATION ...Algae- Diatoms,
Algal Pollutant Sources, Flocculation, Sand, 5.0353

PRIMARY PRODUCTION ...Primary Productivity, Strontium,
...2.I001

A COMPARATIVE STUDY OF TRACE ELEMENT CYCLES IN
SIX LAKES IN SOUTH CAROL! ...Chemical - general, Lakes,
South Carolina, Trace Element Analysis, Water Cycle, ...2.0944

WATER QUALITY AND NUTRIENTS, SACRAMENTO-SAN
JOAQUIN RIVER SYSTEM ...Environmental Ecology, Eutrophi-
cation, Fish -non-specific, Nutrients, Water Quality-general,
2.0127

EVAPORATION REDUCTION INVESTIGATIONS STUDY OF
THE EFFECTS OF FATTY ALCOHOLS ON THE ECOLOGY
OF LAKE HEFNER ...Alcohols, Antitranspirants, Lakes,
Physiological Ecology, Texas, ...3.0130

Plankton Sampling
WALL EYE FRY - ZOOPLANKTON RELATIONSHIPS IN

SOUTHEASTERN WISCONSIN LAKES ...Aquatic Ecology,
Food Supply, Lakes, Walleyes, Zooplankton, 6.0640

DEVELOPMENT AND IMPROVEMENT OF INSTRUMENTA-
TION AND SAMPLING GEAR FOR USE IN LIMNOLOGY
AND FISHERY BIOLOGY ...Basses -sea,white, White Perch,
Nets, Salmon & Trout - Non - specific, Tags, Telemetry, ...7.0115

LAKEBO GNE-CHANDELEUR SOUND SYSTEM ...Aquatic
Ecology, Louisiana, Nets, Number Or Density, Tides, ...2.0543

BRETON SOUND - MOUTH OF MISSISSIPPI RIVER SYSTEM
.Aquatic Ecology, Mississippi River, Nets, Number Or Density,
..2.0544

VERMILION - CALCASIEU - SABINE SYSTEM ...Aquatic Ecolo-
gy, Data Acquisition-general, Louisiana, Nets, Number Or Densi-
ty, 2.0546

TIM BALIER - TERREBONNE BAYS SYSTEM ...Aquatic Ecology,
Data Acquisition-general, Louisiana, Nets, Number Or Density,
...2.0547

A STUDY OF THE OPEN WATER DISTRIBUTION AND
ABUNDANCE OF NET-PLANKTON AS AN INDEX OF
EUTROPHICATION IN LAKE SUPERIOR ,..Automatic Data
Aquisition, Bioindicators, Lake Superior, Water Quality-general,
Zooplankton, ...5.0600

DIATOM POPULATIONS CHANGES IN LAKE GEORGE
Diatoms, Eutrophication, New York, Plant Succession,

Recreation Sites, 2.0816
FARMINGTON RIVER SHAD STUDIES ...Alewife,men-

haden,shad,herring, Bottom Sampling, Migration, Water Proper-
ties-general, Water Sampling, _6.0117

RELICT COPEPODS FROM .AKE TUBORG, ELLESMERE
ISLAND ...Brackish Water, Canada, Carbon-14, Copepods,
Lakes, ...2.0257

PLANKTON POPULATIONS IN LEWIS AND CLARK LAKE
AND LAKE FRANCIS CASE Phytoplankton, Reservoirs and
Impoundments, Zothnlankton, ...6.0526

EARLY LIFE HISTORY STAGES OF OAHE AND BIG BEND
RESERVOIR FISHES ...Animal Taxonomy, Aquatic Ecology, Life
History Studies, Reservoirs and Impoundments, South Dakota,
_6.0522

PRODUCTIVITY OF ESTUARINE AND MARINE ECOSYSTEMS
(A COOPERATIVE AGREEMENT WITH THE ATOMIC
ENERGY COMMISSION) ...Estuaries, Ions and Gases, Produc-
tivity - Food Chain, Radioactivity, Radioactivity-general, _2.0818
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ROUTINE SAMPLING AT SEVEN INDEX STATIONS ...Bottom
Sampling, Data Acquisition-general, Fish -non-specific, Lake Erie,
Water Sampling, 6.0438

Planktonic - Floating
A DETAILED STUDY OF LAKE MICHIGAN PLANKTON

DIATOMS ...Lake Michigan, Phytoplankton, Plant Taxonomy,
Range Or Territorial Dist'. , . .5.0554

Planning
COLORADO COMPREHENSIVE PLAN FOR OUTDOOR

RECREATION ...Colorado, Economic Impact, Mapping, Other,
Recreation Sites, ...6.0324

CULTURAL, SOCIAL ORGANIZATIONAL, AND SOCIAL
PSYCHOLOGICAL FACTORS ASSOCIATED WITH
PROPOSED CHANGES IN WATER USE PATTERNS "River
Basins, Social Aspects, Water Resources Development, ...6.0572

WATER SUPPLY-DEMAND ...New York, Operations Research,
Projections and Estimations, Water Demand, Water Supply-
general, ...2.0795

WATER RESOURCE OPERATIONS STUDY ...Conjunctive Use,
Operations Research, Water Cycle, Weather Modification-
general, Wyoming, ...6.0652

THE DEVELOPMENT OF WATER RESOURCES IN CALIFOR-
NIA IN RELATIONSHIP TO PLANS AND PROGRAMS FOR
WESTERN REGIONAL WATER DEVELOPMENT ...California,
Regional Areas, Social Aspects, Water Resources Development,
Water Transfer, 6.0063

IMPACT OF WATER BASED RECREATION ...Benefit-cost Anal-
ysis, Lakes, New York, Recreation Sites, Reservoirs and Im-
poundments, ...6.0384

INTERREI.ATIONS BETWEEN RIVER BASIN DEVELOPMENTS
AND DEVELOPMENT OF METROPOLITAN AREAS
...Redevelopment of Land, River Basins, Urban Research, Water
Resources Development, ...6.0165

EFFECTS OF IRRIGATION DEVELOPMENT ON TRADE PAT-
TERNS AND INCOME GENERATION ...Economic Impact,
Input - Output Analysis, Irrigation-general, Model Studies,
...6.0412

WATER RESOURCES PLANNING STUDIES - OKLAHOMA
AND ARKANSAS ...Arkansas River, Data Acquisition-general,
Federal Government, State-local Government, Storage of Water,
...6.0445

EVALUATION OF RESOURCE USE AND ECONOMIC EFFECTS
DUE TO IRRIGATION WATER AVAILABILITY IN TEXAS
...Agriculture Industry, Economic Impact, Model Studies, Projec-
tions and Estimations, Texas, 6.0558

ANALYSIS OF LITERATURE ON THE RECREATIONAL
ASPECTS OF WATER RESOURCES RESEARCH ...Manage-
ment, Recreation Sites, Survey Studies, 6.0212

APPLICATION OF SPECIALIZED OPTIM TECH IN WATER
QUANTITY & QUALITY MANAGEMENT WITH RESPECT
TO PLANNING FOR THE TRINITY RIVER BASIN ...Optimiza-
tion, River Basins, Texas, Water Quality-g meral, Water Quantity-
general, _6.0551

COMMUNITY REACTIONS TO WATER RESOURCES
PROBLEMS IN RELATION TO PLANNING ...Floods, Pollution
- Effects of , Social Aspects, Urban Environments, ...6.0425

THE USE OF S1:3TEMS ANALYSIS IN THE DEVELOPMENT
OF WATER RESOURCES MANAGEMENT PLANS FOR NEW
YORK STATE ...Management, Model Studies, New York,
Systems Analysis, 6.0373

ADAPTING THE WATER RESOURCE PLANNING PROCESS
TO PROBLEMS AND NEEDS OF METROPOLITAN AREAS
...Model Studies, River Basins, Systems Analysis, Urban Environ-
ments, Water Resources Development, 6.0402

APPLICATION OF SIMULATION THEORY TO WATER
RESOURCES PLANNING AND MANAGEMENT ...Manage-
ment, Model Studies, Optimization, River Basins, 6.0340

DEVELOPEMNT AND IMPLEMENTATiON OF A MANAGE-
MENT STRATEGY FOR WATER RESOURCES RESEARCH
..Management, Operations Research, Projections and Estima-

tions, Systems Analysis, Water Resources Development, ...6.0112
INSTITUTIONAL PATTERNS FOR EVOLVING REGIONAL

PROGRAMS FOR WATER RESOURCE MANAGEMENT ...Ad-
ministrative Structures, Conflicts, Regional Areas, Water
Resources Development, 6.0284

INSTITUTIONAL FACTORS INFLUE r:ING WATER
DEVELOPMENT IN TEXAS ...Adminibirative Structures,
Economic Impact, Texas, Water Law-general, Water Resources
Development, 6.0562



SUBJECT INDEX Plant Characteristics

SEDIMENTATION AND CONTAMINANT CRITERIA FOR
WATER RESOURCES PLANNING AND MANAGEMENT
...Dispersion -water, Management, Pollutants - Path of , Sediment
Yield, Sedimentology-general, Watersheds-general, 4.0066

ADVANCED METHODOLOGIES FOR WATER RESOURCES
PLANNING .Illinois, Mathematical Programming, Optimization
Technique. Stochastic Models, ...6.0202

DEVELOPMENT OF A STATE WATER PLANNING MODEL
..,Application, Development of Models, Model Studies, Montana,
River Basins, ...6.0325

SCOUR AND FILL IN THE MISSOURI RIVER AS RELATED TO
THE WATER RESOURCES PLANNING ...Energy-d,namies,
Missouri River, Scouring, Sediment Yield, South Dakota,
...2.0966

THE DEVELOPMENT OF A SIMULATION MODEL FOR THE
BEAR RIVER BASIN ...Analog Computers, Development of
Models, Model Studies, River Basins, Utah, ..6.0586

AN ANALYSIS OF PRICING PRACTICES AND POLICIES OF
WATER SERVICE UTILITIES IN SMALL COMMUNITIES IN
MISSISSIPPI ...Finance, Price & Value, Urban Environments,
Water Costs, 6.0317

COMMUNITY INVOLVEMENT OF PARTICIPANTS IN
WATERSHED PLANNING ...Citizen's Participation, Mississippi,
Social Aspects, Water Resources Development, Watersheds-
general, ...6.0318

THE DECISION SEQUENCE IN WATER RESOURCE
PLANNING ...Decision Making, Decision Thec;y, Operations
Research, ...6.0069

STOCHASTIC BASIS FOR COMPREHENSIVE RIVER BASIN
PLANNING ...Development of Models, Digital Computers, Monte
Carlo Methods, New York, Stochastic Processes, Systems Analy-
sis, ...6.0374

SYSTEMS SIMULATION FOR MANAGEMENT OF A TOTAL
WATER RESOURCE ...Conjunctive Use, Management, Optimiza-
tion, River Basins, Water Transfer, ...4.0230

COMPREHENISVE PLANNING FOR WATER RESOURCES
MANAGEMENT IN METROPOLITAN ENVIRONMENTS ...Ad-
ministrative Structures, District of Columbia, Policy Making,
Public-works, Survey Studies, 6.0123

CONSERVATION AND DEVELOPMENT PLANNING FOR THE
ESTUARINE ZONE (A CASE STUDY IN THE TOWN OF
SOUTHOLD, LONG ISLAND) ...Administrative Structures,
Estuaries, Long Island Sound, Systems Analysis, Water Resources
Development, 6.0388

INTERSTATE REGIONAL PLANNING FOR WATER SUPPLY
AND WASTE DISPOSAL ...Delaware River, Disposal-general, In-
terstate, Water Distribution Systems. Water Quality Control-
general, Water Supply-general, ...5.0748

USE OF NEW ANALYTICAL METHODS FOR WATER
RESOURCES DEVELOPMENT ...Mathematical Analysis, Op-
timization, Optimization Technique, Reservoirs and Impound-
ments, Water Resources Development, ...6.0545

DEVELOPMENT OF METHODS FOR PLANNING AND TIMING
OF WATER RESOURCES INVESTMENTS ...Finance, Multiple-
purpose Projects, Operations Research, Risk & Uncertainty,
Water Resources Development, ...6.0065

PLANNING ALGORITHMS FOR REGIONAL, WATER
RESOURCE SYSTEMS ...Algorithms, Digital Computers,
Economic Efficiency, Systems Analysis, Water Resources
Development, ...7.0012

INTERNATIONAL RIVER PLANNING IN AFRICA ...Africa-
other, International Affairs, River Basins, Streams, Water
Resources Development, ...6.0188

REGIONAL UTILITIES STUDY-WATER SUPPLY, SEWERAGE,
DRAINAGE AND REFUSE DISPOSAL ...Connecticut, Mu-
nicipal-waste-other, Operations Research, Sewage, Water Supply-
general. 5.0207

IOWA ECONOMETRIC MODEL ...Economics-general, Iowa,
Model Studies, Projections and Estimations, River Basins,
...6.0225

REGIONAL COMPREHENSIVE MULTI-PURPOSE WATER
RESOURCES PLANNING STUDIES ...Augmentation-general,
Multiple-purpose Projects, New York, Public Utilities, Water
Resources Development, 6.0370

AN INTEGRATED RECREATION AND NATURAL AREA
PRESERVATION PLAN FOR OHIO AND MARSHALL COUN-
TIES, WEST VIRGINIA ...Camping, Fishing, Hunting, Invento-
ries, Recreation Sites, West Virginia, 6.0634

PROBABILITIES OF SEQUENCES OF DRY DAYS IN TEXAS
.Computers-general, Forecasting, Irrigation-general, Tables,

Compilations, Catalogs, Water Supply-general, ...3.0442

A STUDY OF THE INTEGRATION OF THE WATER
RESOURCES OF THE BEAR, WEBER, AND JORDAN RIVERS
ON NORTHERN UTAH ...Analog Computers, Analog Computers
Math, Model Studies, Utah, Water Transfer, ...6.0587

WETLANDS ECOLOGY LITERATURE REVIEW ...Bibliography,
Wetlands, Wisconsin, 7.0113

STATE WATER PLANNING FOR WYOMING ...Data Analysis -
General, State-local Government, Water Supply-general, Wyom-
ing, 6.0653

PLAN FORMULATION AND EVALUATION STUDIES
RECREATION DESIGN CRITERIA AND DEMAND ...Compu-
ters-general, Costs, Frequency of Use, Projected Demand, Survey,
6.0078

RESERVOIR WATER QUALITY INVESTIGATION ...Forecasting -
prediction, Operations Research, Reservoirs and Impoundments,
Storage (If Water, Water Quality Control-general, 5.0237

SYSTEMS STUDY - MARYLAND PROJECT ...Alternative
Planning, Hydrology-general, Management, Maryland, Water
Resources Development, ...6.0603

FLOOD PROFILES AND FLOOD-PLAIN INFORMATION,
CEDAR RAPIDS, IOWA ...Floodplains, Floods, Iowa, Urban En-
vironments, Water Law-general, ...2.0490

VALUE OF DESALTED WATER FOR IRRIGATION ...Augmenta-
tion-general, Benefit-cost Analysis, Desalination, Irrigation-
general, Use of Impaired Water, ...3.0122

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...Ir-
rigation En +(leering, Irrigation-general, Water Utilization -
general, ...6.0175

ISLAND STUDY ...Conservation-general, Inventories, Islands,
Recreation Sites, Survey Studies, ...3.0171

Plant Characteristics
Adaptation

ECOLOGY AND PHMOLOGY OF THERMORPHILIC BLUE-
GREEN ALGAE ...Cyanophyta (non-specific & Ot), Habitat Stu-
dies, High Temp. - 85f Or Above, Hot Springs, ...2.0898

SEEDING ARID RANGELANDS OF ARIZONA ...Management
and Fertility, Range, ...4.0012

ADAPTATION BY MICROBIAL POPULATIONS ...Biological Pol-
lutants -general, Microorganisms (non-specific), Plant Succession,
Waste Water Treatment-general, 5.0770

MOISTURE CONTENT OF VARIOUSLY TREATED CHAPAR-
RAL SOILS IN RELATION TO SEEDLING ESTABLISHMENT
OF ADAPTED PERENNIAL GRASSES ...California, Cover
Crops, Grasses -non-specific, Moisture Tension, Soil-water-plant
Relationships, 2.0142

Aesthetic
ROADSIDE DEVELOPMENT AND BEAUTIFICATION .,.Cover

Crops, Erosion-general, Plant Growth, Roads and Highways,
...2.0109

Flowering
CLIMATE OF THE NORTHEAST - ANALYSIS A 413 RELA-

TIONSHIP TO PLANT RESPONSE ...Ash Trees, New York,
Phenoiogy, Physical Climatology, 2.0791

ACCUMULATION OF CLIMATOLOGICAL DATA ...Ash Trees,
Ohio, Soil Depth, Soil Temp. -non-specific, ...7.0090

Fruit-set
PLANT-WATER-USE EFFICIENCY WITH GROWTH REGULA-

TORS AND TRANSPIRATION SUPPRESSANTS ...Anti-trans-
pirants, Antitranspirants, Growth Rate, Growth Regulators,
Modified Water Use, 3.0160

MACADAMIA CULTURE ...Hawaii, Irrigation, Macadamia, Trees,
2.0377

Growth Rate
VEGETATIVE SUCCESSION IN NEWLY CONTROLLED

MARSHES ...Environmental Ecology, Plant Succession, South
Carolina, Swamps-marshes, Water Level Fluctuation, ...4.0215

PLANT-WATER-USE EFFICIENCY WITH GROWTH REGULA-
TORS AND TRANSPIRATION SUPPRESSANTS ...Anti-trans-
pirants, Antitranspirants, Fruit-set, Growth Regulators, Modified
Water Use, 3.0160

INFLUENCE OF IRRIGATION PRACTICES ...Irrigation, Soil
Structure, ..2.0210
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Plant Characteristics SUBJECT INDEX

EFFECTS OF WATER APPLICATION ON CROP PLANTS

...Evaporation, Requirements fir Water, Water Application
Methods. Water Balance-budget, 2.0652

INFLUENCE. OF SPECIFIC IONS ON GROWTH PATTERN OF
PLANTS _Osmotic and Turgor Pressure. Requirements for
Water, Transpiration and Evap, 2.0708

WATE R-SOIL-PLANT RELATIONS Drought, Maturity &
Growth Stages. Osmotic and Turgor Pressure. Soil-water-plant
Relationships; Transpiration and Evap. _1.0075

SOIL-PLANT-WATER RELATIONSHIPS Drought, Evaporation.
New Jersey, Soil-water-plant Relationships. Water Loss Control,
,..2M758

DROUGHT INJURY AND RESISTANCE IN PLANTS ...Drought.
_2.0857

EFFEC"I' OF MOISTURE STRESS ON RATES OF
PHOTOSYNTHESIS ...Drought, Photosynthesis, Pines. Respira-
tion. 2.0956

IRRIGATION AND FERTILIZER ON UPLAND FOREST
...Drought, Ecology and Morphology, Irrigation. Measurement of
Trees & Stands, South Carolina. ...6.0488

DETERMINATION OF FACFORA AFFECTING THE COMPETI-
TIVE ABILITY OF wv.EDs IN SEM-ARID AREAS _Roots,
Semi - Arid. Vase. plant Competition -other, Weeds -physiological
Studies, 2.1016

MINERAL. NUTRITION AND PLANT GENETIC VARIA1311.ITY
...Moisture Levels. Requirements for Water. Transpiration, Trans-
piration and Evap. Variation, _2.1171

EFFE( "I' OF SOIL MOISTURE AND POTASSIUM FERTILIZA-
TION ON THE TRANSPIRATION RATE OF SOYBEANS
((H.YCINE MAX ) ...Moisture Levels. Potassium, Soybean. Trans-
piration, Transpiration and Evap....2M404

IRRIGATION STUDIES WITH APRICOTS AT WOLFSKILL EX-
PERIMENTAL ORCHARDS ...Apricot. Irrigation. Irrigation-
general, 'Flees, Yield. 2.0099

THE EFFECTS OF FLUORIDES IN AIR, WATER AND SOIL ON
GROWTH. QUALI fY AND YIELDS 01: TREE, FIELD AND
VEGETA BLE CROPS ...Contamination. Pollution-water.
Fluorine. Irrigation. Mineral Nutrition, Western, 3,0088

HORTICULTURAL. CROP RESPONSE TO IRRIGATION PRAC-
TICES ...Evaporation. Hawaii. Irrigation. Moisture Tension.
2.0382

Tit.:,AGE STUDIES .Groundwater Movement, Physical Properties
-other, Plowing. Soil Depth, Tillage, Cropping Systems, ...4M119

SOIL MOISTURE AND FRUIT GROWTH IN RELATION TO
WEATHER CHECKING OF MCINTOSH APPLES ...Apples.
Moisture Content. Moisture Loels, Weather Checking, 2.0789

TREE NUTRITION AND FOREST FERTILIZATION ...Irrigation -
general. New York, Site Index and Site Quality, Soils and Fertil-
izer, 2.0788

PHYSICAL AND CHEMICAL CHANGES IN WEATHERING
COAL SPOILS-EFFECT ON WATER SUPPLY AND PLANT
GROWTH ..,Coal - general. Regeneration & Seed Production, Ru-

noff. Soil and Rock Leaching. Spoil Banks. Spoil Banks, Strip
Mine Soils. -.5.0903

DIFFERENTIAL RESPONSE OF SORGHUMS TO DIFFERENCES
IN cut TURF AND ENVIRONMENT .Drought. Milo and
Grain Sorghum. Modified Water Ilse. Moisture Deficiency. Rates

Or Levels of Application. .2.0578
DRAINAGE REQUIREMENTS 01: CROPS IN THE SOUTH

_Drainage. Southern. Water Table - Depth of ....3.0197
IMPROVEMENT ANI) MANAGEMENT OF SALINE AND

SODIC SOILS 01."I'HE NORTHERN PLAINS ...Saline and Al-
kaline Soils. Saline Soils, Soil - Alkaline. Soil Amendments,
...3.0385

TOLERANCE ANI) PHYSIOLOGICAL REACTIONS OF PLANTS
TO SALINITY AND RELATED FAC'T'ORS ,..Modified Water
Use, Saline Soils, Salinity, 4.0040

Halophytic
STUDIES OF PH() IOSYNTHETIC HALOPHILES FROM OWENS

LAKE _California. Exobiology, Ionic Effect, Playas. Tempera-
ture, 6.0057

ION TRANSPORT IN SOME HALOPHILIC ORGANISMS ...Ac-
tive Transport, lons (inorganic). Thermodynamics. _3.0232

SALINITY AND ION TRANSPORT MECHANISMS OF PLANT
CELL MEMBRANES ...Absorption (non-specific). Ion Transport
and Elect. pot. , Plasma Membrane, Salinity. Salt, ...3.0044

A COMPARATIVE STUDY OF SODIUM TRANSLOCAT1ON IN
PLANTS Ion Transport and Elect. pot. , Sodium. Tobacco,
Translocation, _2.0010

SALT TOLERANCE IN BLUE PANICGRASS, PANICUM AN-
TIDOTALE ...Environment Effects on Gcnome, Panicum -other,
Saline Soils, Selection & Breeding. ...3.0023

Longevity
SURVIVAL OF INDICATOR ORGANISMS AND ENTERIC BAC-

TERIA IN WATER Bacterial Pollutant Sources, Bieindicators,
Dyes, Nutrients, Tennessee, ...5,1133

TESTS OF DOUGLAS-FIR PLANTING STOCK FOR SURVIVAL
UNDER DROUGHT STRESS ...Douglas Fir, Drought, Mycorr-
hiza, Physiology, Plant Chemistry. Site Index and Site Quality,
_2.0894

Maturity & Growth Stages
WATER-SOIL-PLANT RELATIONS ...Drought. Growth Rate.

Osmotic and Turgor Pressure, Soil-water-plant Relationships.
Transpiration and Evap, 1.0075

LABORATORY STUDY OF AQUATIC ENVIRONMENTAL. FAC-
TORS AND PLANT GROWTH STAGES ON AQUATIC' WEED
GROWTH AND HERBICIDAL RESPONSE ...Environmental Ef-
fects, Herbicides -non-specific, Light -other. of Aquatic Plants,
Water Thmperature -other, 3.0127

RICE CULTURE ...Concentration Within Fertilize, Management.
Methods of Application, Other, Rates Or Levels of Application.
Rice, Varietal Evaluation, Vicki. _2.0570

Mechanical Harvest
ORCHARD MANAGEMENT ...Evaporation. Irrigation, Trees.

...2.1118

Number
PLANKTON STUDIES _Chemical-general. Lakes, Plankton (non-

specific). Water Level Fluctuation, 4.0125
OCCURENCE OF P:',OSTHIECATE BACTERIA IN A

GRADIENT-POI LUTED RIVER ...I3act. morphology(other
Specify. Bacterial Pollutant Sources. Classification Or Taxonomy.
Freshwater Ecology, Streams, 5.0571

PLANT POPULATION EFFECTS ON THE EFFICIENT USE OF
WATER ...Energy Budgets, Evapotranspiration. Modified Water
Use, Requirements for Water, Soil-water-plant Relationships.
.3.0399

MICR01310LOGY OF SLUDGE - DNA ANALYSES AND N2
REMOVAL ...Activated, Denitrification. 5.0694

STUDY OF GROWING AREA STANDARD BY EXAMINING
EN Ii AND INDICATOR ...Bioindieators, En-
teroviruses of Humans. Microbiological Analysis. Salmonella
(non-specific & Ot). Sewage, ..,5.1069

Perennial
BIOLOGY AND CONSUMPTIVE WATER USE OF PERENNIAL

RANGE PLANTS UNDER DESERT CONDITIONS ...Arid and
Desert. Consumptive Use. Flood irrigation. Management and Fer-
tility. Phenology. Soil-water-plant Relationships, 3.0231

Quality -non-specific
THE USE OF WATER IN THE PRODUCTION OF HORTICUL-

TURE CROPS ...Drought. Modified Water Use. Moisture Meters,
Soil-water-plant Relationships. _2.0695

EFFECT OF WATER APPLICATIONS TO SOD AND MULCH
UPON QUALITY ATTRIBUTES OF APPLE FRUITS ...Apples.
Irrigation. Mulches -other, Sprinkler Irrigation. Storage Changes.
Trees. _2.0853

CRITERIA FOR FUNCTIONAL ANALYSIS OF SOIL-PLANT-
WATER SYSTEMS .,.Applied Ecology, Management. Soil-w atcr-
plant Relationships, South Carolina. Yield, ...2.0952

IRRIGATION OF FIELD AND TRUCK CROPS _Aerial, Irrigation,
Root, Yield, ...2.0091

IMPROVEMENT OF HIGH ALTITUDE (7600) VEGETABLE
CROPS _Brassica -the Cabbage Group, Elevational Levels, Al-
titude, In;gation, Irrigation-general, Lettuce, .,.4.0055

NUTRITIONAL. AND SOIL MOISTURE REQUIREMENTS OF
PEAR ORCHARDS OF SOUTHERN OREGON ...Oregon, Pears,
Requirements for Water, Trees, Yield, ...2.0899

FERTILIZER TREATMENTS AND CULTURAL PRACTICES ON
VEGETABLES ...Aerial, Rates Or Levels of Application, Root,
Texas, Yield, 6.0553

CULTURAL PRACTICES OF VEGETABLE CROPS _Irrigation,
Onion. Garlic, Shallot. Leeks, Umbelliferae. Yield, _2.1049
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SUBJECT INDEX Plant Characteristics

THE EFFECTS OF IRRIGATION AND FERTILIZATION UPON
A PONDEROSA PINE FOREST STAND ...Irrigation, Soil Fertili-
ty onon-specific, Soils and Fertilizer, Washington, 2,1125

Size
IRRIGATION PRACTICES WITH RANGER PEACHES .,.Fruit, Ir-

rigation-general, Peaches, Yield, ...2.1053

Variation
FOREST AND BOG OF SOUTH COASTAL ALASKA - INTRA-

TYPE VARIATION AND ASSOCIATED HABITAT FEATURES
...Alaska, Forests, Habitat Studies, Peat, Swamps- marshes.
...2.0023

MINERAL NUTRITION AND PLANT GENETIC VARIABILITY
...Growth Rate, Moisture Levels, Requirements for Water, Trans-
piration, Transpiration and Evap, _2.1171

Vigor
VEGETATION AND SOIL RESPONSE TO SOIL SURFACE

TREATMENTS ...Economic Efficiency, Erosion - general, Manage-
ment and Fertility, Tillage, Cropping Systems, Utah, ...3.0476

Yield
RATE OF EVAPOTRANSPIRATION ...Drought, Energy Budgets,

Evapotranspiration, Missouri, Precipitation-general, ...2.0692
METHODS FOR DETERMINING THE ECONOMIC PRODUC-

Twin, OF IRRIGATION WATER FOR THE PRODUCTION
OE SUGAR IN HAWAII ...Hawaii, Irrigation-general, Manage-
ment. Sugar Cane, ...6.0171

EVALUATION AND FUNCTIONAL OPERATION OF IRRIGA-
TION SYSTEMS ...Irrigation Engineering, Irrigation-general,
Management, South Dakota, ...3.0433

SOYBEAN YIELD AND QUALITY AS AFFECTED BY CLI-
MATIC, CULTURAL AND SOIL FACTORS ...Alabama,
Drought, Irrigation, Moisture Tension, Soybeans, 3.0001

SOIL AND WATER CONSERVATION MANAGEMENT ...Conser-
vation-general, Erosion-generad, Soil Erosion -non-specific, Til-
lage, Cropping Systems, ...4M150

EFFICIENT ESTABLISHMENT AND PRODUCTION OF
FORAGE CROPS ON IRRIGATED LANDS ...Irrigation,
Management, Saline and Alkaline Soils, Soil-water-plant Relation-
ships, Space Competition, ...2.0733

SOIL-PLANT-WATER RELATIONSHIPS Irrigation-general, Soil
- Crop Relationships, Soil Ervironment, Soil Morphology,
Profiles. 2.0790

THE EFFICIENCY OF WATER USE UNDER VARYLING CON-
DITIONS OF PLANT WATER STRESS ...Drought, Moisture
Deficiency, Soil -water -plant Relationships. 2.0836

SOIL SURFACE MANAGEMENT PROCEDURES FOR SOIL
AND WATER CONSERVATION ...Conservation, Conservation-
general, Plant Residues, Humus, Compost, Tillage, Cropping
Systems, ...2.0878

CRITERIA FOR FUNCTIONAL ANALYSIS OF SOIL-PLANT-
WATER SYSTEMS ...Applied Ecology, Management, Quality -
non-specitie, Soil-water-plant Relationships, South Carolina,
2.0952

MOISTURE USE CHARACTERISTICS OF CERTAIN CROP
PLANTS Climate-general. Moisture Levels, Plant Water Use-
other, Soil Fertility. Varietal Evaluation, 2.0991

AGRICULTURAL UTILIZATION OF SOILS AFFECTED BY
SALINITY ...Absorption, Fixation, Exchange, Brackish Water,
Mineral Nutrition, Movement. Availability, Saline Soils, ...3.0237

SYSTEMATIC ANALYSIS OF THE MOISTURE-TEMPERATURE
INTERACTIONS ON CORN YIELD _Corn. Model Studies,
Moisture Content. 2.0,142

ECONOMICS OF CLIMATE ...Applied Climatology. Economic Im-
pact, Kansas, Risk & Uncertainty, Weather, ...2.0511

SOIL PHYSICAL CHANGES DUE TO MANAGEMENT PRAC-
TICES ...Arizona, Management. Management Effects. Tillage,
Cropping Systems, ..2.0050

IRRIGATION STUDIES WITH APRICOTS AT WOLFSKILL EX-
PERIMENTAL ORCHARDS ...Apricot. Growth Rate, Irrigation.
Irrigation - general, Trees. ...2.0099

IRRIGATION OF FIELD AND TRUCK CROPS ...Aerial, Irrigation,
Quality -non-specific, Root. 2.0091

WATER AND SOIL TEMPERATURE IN RELATION TO PLANT
GROWTH Irrigation, Low Temp. - But Above 32f, Soil-water-
plant Relationships, Temperature, .,.2.0089
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THE EFFECT OF VARIOUS COMMERCIAL FERTILIZER
PLACEMENTS AND IRRIGATION PRACTICES ON THE
YIELD AND QUALITY OF RUSSET BURBANK POTATOES
.Band Width, Irrigation, Irrigation-general, Potatoes, Soil Temp,
-non-specific, ...2.0228

ECONOMIC AND AGRONOMIC EVALUATION OF FERTIL-
IZER RESPONSE OF FORAGE CROPS ...Bahia Grass, Dallis-
grass, Bermuda Grass, Management, Moisture Levels, Soil Fertili-
ty, 3.0190

THE RESPONSE OF PEANUTS TO SUPPLEMENTAL IRRIGA-
TION ...Excessive Moisture, Irrigation, Moisture Content, Peanut.
1.0364

PILOT EVAPOTRANSPIRATION STUDY WITH LYSIMETERS
OF WATER USE BY SUGAR CANE. PINEAPPLE AND TROP-
ICAL TRUCK CROPS ...Evapotranspiration, Lysimeters, Pineap-
ple. Sugarcane. Tropic, 2M372

IRRIGATION INVESTIGATION IN IOWA ...Corn, Iowa, Irriga-
tion- general, ..4.0105

STUDY OF ENGINEERING PRACTICES OF IRRIGATION IN
KANSAS Irrigation Engineering, Irrigation-general, Kansas.
Slopes, Terrace-bench, Tillage, Cropping Systems, 8.0201

IRRIGATION ..,Economics - general, Irrigation. Irrigation Engineer-
ing, Meteorological Extremes. Sprinkler Irrigation, ...2.0673

MAXIMUM PRODUCTION OF CROPS UNDER IRRIGATION IN
WESTERN NEBRASKA ..,Chemical Analysis Soils, Irrigation,
Moisture Content, Nebraska, Subsurface Irrigation. ...2.0727

IRRIGATION STUDIES WITH TOMATOES ...Irrigation, Moisture
Levels, Tomatoes, _2.0804

NUTRITIONAL AND SOIL MOISTURE REQUIREMENTS OF
PEAR ORCHARDS OF SOUTHERN OREGON ...Oregon. Pears,
Quality -non-specific, Requirements for Water. Trees, ...2.0899

STUDIES WITH BARBADOS OR WEST INDIAN CHERRY
(MALPIGHIA PUNICFOLIA, L) ...Malpighiaccate, Puerto Rico,
Shrubs, Vitamins, ...6.0482

DRAINAGE: OF SUGARCANE LANDS IN THE HUMID SEC%
TIONS OF PUERTO RICO ...Drainage, Humid, Puerto Rico,
Sugar Cane, Water Table - Depth of , Water Table Fluctuation,
2.0936

THE INFLUENCE OF WATER AND CLIMATE ON THE YIELD
AND SUCROSE CONTENT OF SUGARCANE ...Applied Cli-
matology, Irrigation general, Microelhnate-general, Puerto Rico,
Sugar Cane, ..4.0211

IRRIGATION OF COTTON AND CORN. ...Corn, Cotton, Irriga-
tion, Irrigation-general, Rates Or Levels of Application, 2.0900

BREEDING AND CULTURAL PRACTICES TO AID PRODUC-
TION OF VEGETABLES IN SOUTH DAKOTA ..Irrigation. Low
Temp. - But Above 32f, Mist Irrigation, South Daltota, ...3.043S

FERTILIZER TREATMENTS AND CULTURAL PRACTICES ON
VEGETABLES ...Aerial, Quality - non - specific, Rites Or Levels of
Application, Root, Texas, ...6.0553

THE EFFECT OF BENCH LEVELING AND CONTRIBUTING
WATERSHED AREAS ON SOIL MOISTURE STORAGE AND
CROP YIELDS IN THE ROLLING PLAINS ...Agricultural
Watersheds, Clay, Conservation & Management Fng, Soil
Management -other. Water Costs, 3.0449

CULTURAL PRACTICES OF VEGETABLE CROPS Irrigation,
Onion, Garlic, Shallot, Leeks, Quality -non-F9ecifie, Umbelliferae,
2.1049

IRRIGATION PRACTICES WITH RANGER PEACHES ...Fruit, Ir-
rigation-general, Peaches, Size, 2.1053

EFFECTS OF NUTRITION, CULTURAL PRACTICES AND
WEATHER ON THE GROWTH, DEVELOPMENT, YIELD
AND QUALITY OF CORN ...Corn, Cultivation Methods, Ns,
Management, 3.0260

RICE CULTURE ...Concentration Within Fertilize, Management,
Maturity & Growth Stages, Methods of Application, Other, Rates
Or Levels of Application, Rice, Varietal Evaluation, 2.0570

CULTURAL MANAGEMENT PRACTICES OF FORAGE CROPS
FOR PASTURES HAY OR SILAGE ...Formulation, Irrigation,
Quality and Utilization, Rates Or Levels of Application, ...3.0176

SALINE AND SODIC SOILS AND IRRIGATION WATER QUALI-
TY PROBLEMS IN THE RIO GRANDE RIVER BASIN ...Irriga-
tion-general, Management, Saline and Alkaline Soils, Saline Soils,
Soil and Rock Leaching, Water Quality-general, 3.0466

OPTIMUM PATTERNS OF DIVERSIFIED CROP PRODUCTION
ON THE MOLOKAI DIVERSION PROJECT ...Economic Feasi-
bility, Irrigation, Land Use, Water Costs, Water Demand,
_6.0173



Plant Developmental Biology 'JBJECT INDEX

Plant Developmental Biology
BIOLOGICAL ACTIVITIES OF MARINE FUNGI ...Endoparasites -

other, Hostiparasite Interactions, Invertebrate Pathology, Marine
Fungi (non-specific), Oysters, Pathological Physiolog, ..5.0289

Plant Diseases

Blossom Drop
SOIL AND WATER RELATIONSHIPS OF VEGETABLE CROPS

...Drought, Evaporation, Requirements for Water, Soil-water-plant
Relationships, Washington, ...2.11I6

Blossom End Rot
INVESTIGATION OF BLOSSOM-END ROT OF PEAR TO-

MATOES ...Antitranspirants, Modified Water Use, Moisture Me-
ters, Tomatoes, Water-borne, 2.1044

Internal Necrosis
PRUNE ORCHARD MANAGEMENT ...Nitrogen, Plums, Rates Or

Levels of Application, Trees, 690611

Weather Checking
SOIL MOISTURE AND FRUIT GROWTH IN RELATfON TO

WEATHER CHECKING OF MCINTOSH APPLES ...Apples,
Growth Rate, Moisture Content, Moisture Levels, -.2.0789

Plant Morphology Parameters
Epidermis

POTENTIAL USEFULNESS OF ANTITRANSPIRANTS FOR IN-
CREASING WATER USE EFFICIENCY OF PLANTS ...An-
titranspirants, Growth and Differentiation, Osmotic and Turgor
Pressure, Photosynthesis, Temperature - Internal, ...3.0045

EVAPORATION MECHANISMS ...Atmosphere Disturbance-
general, Boundary Process (moisture), Capillary Movement,
Evaporation, Transpiration, Transpiration and Evap, ...2.1164

INFLUENCE OF PLANT AND ENVIRONMENTAL FACTORS
ON PHOTOSYNTHESIS, STOMATAL APERTURE AND
TRANSPIRATION ...Diffusion, Gases:. Osmotic and Turgor Pres-
sure, Photosynthesis, Transpiration arid Evap, ...2.0501

Floral
ENVIRONMENTAL HISTORY OF THE GALAPAGOS ISLANDS

...Galapagos Islands, Lakes, Plant Succession, Plant Taxonomy,
Productivity - Food Chain, .2.0852

THE EFFECT OF BOLL MOISTURE STRESS ON DEVELOP-
MENT AND LINT QUALITY OF COTTON ...Climate-general,
Cotton, Growth, Israel, Soil Environment, 3,0236

Fruit
IRMATION PRACTICES WITH RANGER PEACHES ...Irriga-

tion-general, Peaches, Size, Yield, -.2.1053

Leaves
THE RELATION OF ENVIRONMENT CONDITIONS TO THE

WATER POTENTIAL OF PLANT LEAVES ...Evapotranspira-
tion, Soil-water-I-Aunt !Relationships, Translocation, Transpiration
and Evap, 2.1156

Roots
THE NATURE AND MAGNITUDE OF THE RESISTANCE TO

PLOW OF WATER IN ROOTS ...Exudates, Gases, Osmotic and
Turgor Pressure, Temperature, Transpiration and Evap, Water
Movement, 290245

DETERMINATION OF FACTORA AFFECTING THE COMPETI-
TIVE ABILITY OF WEEDS IN SEM-ARID AREAS ...Growth
Rate, Semi - Arid, Vase. plant Competition -other, Weeds -
physiological Studies, 2.1016

EFFECTS OF TREE ROOTS ON HYDRAULIC CONDUCTIVITY
AND POROSITY OF FOREST SOILS IN THE ALLEGHENY-
CUMBERLAND PLATEAU ...Forests, Soil Compaction Or Den-
sity, Soil Environment, Soils and Fertilizer, Subsurface Flow,
.2.0855

Stems
Storage

WATERFOWL UTILIZATION OF SAGO PONDWEED
(POTAMOGETON PECTINATUS) ON A SELECTED MARSH
IN NORTHERN UTAH ...Food Supply, Mallard, Potamugeton,
Ruppia, Zostera.., Swamps-marshes, Utah, 6.0588

Vascular
Xylem

INSTRUMENTATION FOR ENERGY BUDGET EVAPOTRANSP
STUDIES ...Energy Budgets, Evapotranspiration, Soil-water-plant
Relationships, Temperature - Internal, Translocation, ..7.0016

Plant Pathology
Environmental-disease Relation

MICROMETEOROLOGY OF SOYBEANS ...Evapotranspiration ,

Furrow Irrigation, Irrigation, Micrometeorology, Soybeans,
-.2.0070

Host-parasite Interactions
BIOLOGICAL ACTIVI I IES OF MARINE FUNGI ...Endoparasites -

other, Invertebrate Pathology, Marine Fungi (non-specific),
Oysters, Pathological Physiolog, Plant Developmental Biology,
5.0289

Method of Disease Transmission
Water-borne

INVESTIGATION OF BLOSSOM-END ROT OF PEAR TO-
MATOES ..Antitranspirants , Blossom End Rot, Modified Water
Use, Moisture Meters, Tomatoes, -.2.1044

Nematodes
ROOT-KNOT NEMATODE CONTROL (MELOIDOGY NE

NAASI-FRANKLIN) ...Animal Pollutant Sources, Formula-
tion,rate,concentration, Nematocides -non-specific, Population
Dynamics, Rhabditoidea..3.0042

Other Enviromental Conditions
MOISTURE REQ, JIREMENTS OF DECIDUOUS ORCHARDS

...Cracking, Moisture Tension, Peaches, Plums, Trees, ...4.0030
RELATIONSHIP BETWEEN EXCESSIVE SOIL MOISTURE AND

CITRUS ROOT DAMAGE ...Citrus, Drainage, Drainage En-
gineering, Excessive Moisture, Piezometry, 290316

NORTHERN IDAHO ALFALFA PROLLEM ...Alfalfa, Idaho, In-
ternal Water Movement, Soil Conditions, Soil-water-plant Rela-
tionships, ...2.0397

Plant Physiology
Absorption (incl. adsorption)

Absorption (non-specific)
SALINITY AND ION TRANSPORT MECHANISMS OF PLANT

CELL MEMBRANES ...Halophytic, Ion Transport and Elect. pot.
, Plasma Membrane, Salinity, Salt, ...3.0044

INTERRELATIONS BETWEEN fHE SUPPLY, UPTAKE, AND
USE OF INORGANIC NUTRIENTS AND WATER ...Mineral
Nutrition, Natural Variation of Water USE, Soil Conditions, Soil-
water-plant Relationships, 2.0143

Foliar Absorption
TRITIATED WATER STUDIES OF' THE SIGNIFICANCE OF

DEW AND VAPOR IN PLANT WATER ECONOMY ...Arid and
Desert, Dew, Humidity, Hydrogen, Osmotic and Turgor Pressure,
Thermodynamics, 2.0112

FOLIAR PENETRATION OF CHEMICALS WHICH INCREASE
DROUGHT AND SALT TOLERANCE ...Drought Resistance,
Growth Retardation of Plants, Modified Water Use, Saline Soils,
Surface Properties -other, 390049

Root Absorption
THE LOSS OF ORGANIC AND INORGANIC MATERIALS

FROM ABOVE-GROUND PLANT PARTS, WITH REFERENCE
TO DECONTAMINATION OF PARTS UTILIZED FOR FOOD
...Adsorption & Interface, Atomic Bomb, Leaching-aerial,
Radioactive, Fallout, 5.0776
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SUBJECT INDEX Plant Physiology
THE DETERMINATION OF PLANT ROOTING AND WATER

ABSORPTION PATTERNS WITH RADIOIODINE ...Absorption,
Fixation. Exchange, Iodine, Montana, Requirements tbr Water,
Soil Moisture -non-specific, ...2.0716

A WATER TRANSPORT IN THE SYSTEM, SOIL.- PLANT -AT-
MOSPHERE ...Air - Water - Plant Relations, Evaporation, Soil-
water-plant Relationships, Transpiration and Evap..2.0432

WATER-SOIL-PLANT RELATIONS ...Antitranspirants, Soil-water-
plant Relationships, Transloeation, Water Movement, ...2,0059

WATER-SOIL-PLANT RELATIONS .Drought, Soil-water-plant
Relationships, ..,2.0211

WATER ABSORPTION BY ASPARAGUS ...Modified Water Use,
Mulches -other, Soil-water-plant Relationships, Tillage, Cropping
Systems, ...2.0252

STUDY OF ROOT DISTRIBUTION AND DENSITY OF VEGETA-
BLE CROPS ...Absorption, Fixation, Exchange, Phosphorus Soil
Morphology, Profiles, Soil Types, Water Loss-other, _1,0583

WATER-SOIL-PLANT RELATIONS Antitranspirants, Drought,
Osmotic and Turgor Pressure, Rhizosphere, Soil-water-plant Rela-
tionships, 2.1077

ENVIRONMENTAL. RADIATION STUDIES - EVALUATION OF
FISSION PRODUCT DISTRIBUTION AND MOVEMENT IN
TERRESTRIAL ENVIRONMENTS .Absorption, Fixation,
Exchange, Plants, Radioactive Contamination, Radioactivity-
general, Soil Environment, ...1,0116

SOIL-MOISTURE-PLANT GROWTH RELATIONSHIPS
...Moisture Content, Moisture Retention, Moisture Tension,
Radioisotopes, Soil-water-plant Relationships, Translocation,
2.0438

UNDERSTANDING AND IMPROVING SOIL-PLANT-AT-
MOSPHERIC RELATIONSHIPS FOR MORE EFFICIENT
UTILIZATION OF WATER irrigation, Micrometeorology, Soil-
water-plant Relationships, 2.1057

MOVEMENT OF WATER AND AIR TO AND INTO PLANT
ROOTS IN SOILS OF THE GREAT BASIN ...Air - Water - Plant
Relations, Saline and Alkaline Soils, Soil Amendments, Soil Anal-
ysis, Soil-water-plant Relationships, 2.0729

Cold Resistance and Hardiness
THE PHYSIOLOGICAL BASIS OF THE TOLERANCE OF HOR-

TICULTURAL CROPS TO COLD, DROUGHT, AND WATER
...Drought, ..2.0500

PHYSIOLOGICAL STUDIES OF ALFALFA AS RELATED TO
COLD AND HEAT TOLERANCE, DROUGHT RESISTANCE,
AND FORAGE QUALITY AND YIELD _Alfalfa, Blood Albu-
min, Drought, Respiration, _2.0572

Dormancy (excl. respiration)
Plants

TOLERANCE OF CITRUS TO LOW TEMPERATURES ...Citrus,
Cold, Low Temp. - I3ut Above 321, Trees, 3.0184

Drought
EFFECT OF WATER AVAILABILITY ON PHOTOSYNTHESIS

OF PLANTS ...Available Water, Corn, Irrigation-general,
Moisture Content -plantr, Photosynthesis, Soybean, _2.0426

INFLUENCES OF MIST IRRIGATION ON MOISTURE STRESS,
CROWill, YIELD, AND QUALITY OF POTATOES AND
OTHER VEGETABLE CROPS ...Irrigation, Mist Irrigation,
Moisture Tension, Potatoes, 2.0668

USE OF INFRARED AND OTHER RADIATION TECHNIQUES
TO EVALUATE DROUGHT IN IOWA AND ADJACENT
AREAS ...Infrared Radiation, Iowa, Photography-other, Spectral
Reflectance, 2.0483

SOYBEAN YIELD AND QUALITY AS AFFECTED BY CLI-
MATIC, CULTURAL AND SOIL FACTORS ..,Alabama, Irriga-
tion, Moisture Tension, Soybeans, Yield, 3.0001

WATER-SOIL-PLANT RELATIONS ...Laboratory Analysis, Soil-
water-plant Relationships, ...2,0088

WATER-SOIL-PLANT RELATIONS ...Root Absorption, Soil-
water-plant Relationships, ..2.0211

SOILPLANT-WATER RELATIONSHIPS ...Evaporation, Growth
Rate, New Jersey, Soil-water-plant Relationships, Water Loss
Control, 2.0758

DROUGHT INJURY AND RESISTANCE IN PLANTS ...Moisture
Deficiency, ...2.0834

THE EFFICIENCY OF WATER USE UNDER VARYLING CON-
DITIONS OF PLANT WATER STRESS ...Moisture Deficiency,
Soil-water-plant Relationships, 2.0836

WATER-SOIL PLANT RELATIONS ...Moisture Content, Moisture
Tension, Soil-water-plant Relationships, Transpiration and Evap,
_2.0886

EFFECT OF MOISTURE STRESS ON RATES OF
PHOTOSYNTHESIS ...Growth Rate, Photosynthesis, Pines,
Respiration, 2.0956

WATER-SOIL-PLANT RELATIONS ...Antitranspirants, Osmotic
and Turgor Pressure, Rhizosphcrc, Root Absorption, Soil-water-
plant Relationships, ...2.1077

THE PHYSIOLOGICAL BASIS OF THE TOLERANCE OF HOR-
TICULTURAL CROPS TO COLD, DROUGHT, AND WATER
...Cold Resistance and Hardiness, ..2,0500

PHYSIOLOGICAL ADAPTATION OF PLANTS TO MOISTURE
AND OSMOTIC STRESSES WITH RESPECT TO SALT ACCU-
MULATION ...Bioenergeties, Ionic Effect, Mineral Nutrition,
Osmotic and Turgor Pressure, Respiration, ...3.0229

DROUGHT RESISTANCE IN BARLEY VARIETIES ...Moisture
Deficiency, Photoperiod -non-specific, _2.0449

TESTS OF DOUGLAS-FIR PLANTING STOCK FOR SURVIVA'
UNDER DROUGHT STRESS .Douglas Fir, Longevity, Myeorr.
him, Physiology, Plant Chemistry, Site Index and Site Quality,

SOIL. AND WATER RELATIONSHIPS OF VEGETABLE CROPS
...Blossom Drop, Evaporation, Requirements for Water, Soil-
water-plant Relationships, Washington, _2.1116

PHYSIOLOGY OF MINERAL ACCUMULATION IN PLANTS
.Adhesion. Calcium, Corn, Mineral Nutrition, Nutrition,
...2.0107

DIFFERENTIAL RESPONSE OF SORGHUMS TO DIFFERENCES
IN CULTURE AND ENVIRONMENT ...Growth Rate, Milo and
Grain Sorghum, Modified Water Use, Moisture Deficiency, Rates
Or Levels of Application, ...2.0578

PHYSIOLOGICAL STUDIES OF ALFALFA AS RELATED TO
COLD AND HEAT TOLERANCE, DROUGHT RESISTANCE,
AND FORAGE QUALITY AND YIELD ...Alfalfa, Blood Albu-
min, Cold Resistance and Hardiness, Respiration, ...2.0572

Envir. responses (non-specific
CLIMATE OF THE NORTHEAST - ANALYSES & RELATION-

SHIP 1'0 PLANT RESPONSE (NE-35 ...Aerial , Beans (garden),
Climate-general, Delaware, General Synoptic Observations,
_2,0251

SURFACE AND SUBSURFACE DRAINAGE FOR SLOWLY
PERMEABLE SOILS ...Drainage, Drainage Engineering, Soil
Moisture -non-specific. Soil-water-plant Relationships, ...4.0192

EFFECTS OF FERTILIZER AND SOIL MANAGEMENT PRAC-
TICES, IRRIGATION, PLANT SPACING, AND OTHER CUL-
TURAL TREATMENTS ON BERRY PRODUCTION ...Irriga-
tion, Irrigation-general, Management, Mineral Nutrition, Shrubs,
Vines, ...3.0259

Growth
LETTUCE PHYSIOLOGY ...Fertilizer Types -other, Irrigation,

Moisture Content, Moisture Levels, ...2.0032
GROWTH AND DEVELOPMENT OF NATIVE HARDWOODS

AND PINE ...Available Water, Pines, Soil Environment, Soil
Types, Soils and Fertilizer, ...2.0430

THE EFFECT OF BOLL MOISTURE STRESS ON DEVELOP-
MENT AND LINT QUALITY OF COTTON ...Climate-general,
Cotton, Floral, Israel, Soil Environment, ..,3.0236

Growth and Differentiation
POTENTIAL USEFULNESS OF ANTITRANSPIRANTS FOR IN-

CREASING WATER USE EFFICIENCY OF PLANTS .,.An-
titranspirants, Epidermis, Osmotic and Turgor Pressure,
Photosynthesis, Temperature - Inte _3.0045

Metabolism
Enzymes

THE PHYSIOLOGICAL BASIS OF 'THE TOLERANCE OF HOR-
TICULTURAL CROPS TO COLD, DROUGHT, AND WATER
...Cold Resistart.x and Hardiness, Drought, ...2.0500

Herbicides and Other Chem
A STUDY OF THE PHYSIOLOGIC AND CULTURAL FACTORS

WHICH INFLUENCE PRODUCTION OF TREE FRUITS
...Drought, Irrigation, irrigation- general, Trees, ..,2.0074
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Plant Physiology

Ion Transport and Elect. pot.
SALINITY AND ION TRANSPORT MECHANISMS OF PLANT

CELL MEMBRANES ...Absorption (non-specific), Halophytic,
Plasma Membrane, Salinity, Salt, ...3,0044

A COMPARATIVE STUDY OF SODIUM TRANSLOCATION IN
PLANTS ...Sodium, Tobacco, Translocation, 10110

TOXICITIES OF CATIONS VS. ANIONS ACCUMULATED
FROM SALINE SOILS ...Saline Properties, Saline Soils, Soil
Chemical Properties, 5.0136

RELATION OF SALINITY TO STATE AND TRANSPORT OF
WATER AND IONS IN SOIL AND PLANTS ...Internal Water
Movement, Natural Variation of Water USE, Salinity , Soil En-
vironment, Soil-water-plant Relationships, .3.0085

Mineral Composition
EC0( JICAL PI RIODICITIES OF NITROGEN AND

PHOSPHORUS IN SALT MARSH FLORA AND SURROUND-
ING WATERS ...Swamps-marshes, 6.0118

Mineral Nutrition
PHOSPHATE TRANSFORMATION IN WATERLOGGED SOILS

,Phosphate, Phosphite, Rice, Soil-water-plant Relationships,
4.0124

FACTORS AFFECTING THE QUALITY OF ARIZONA MELONS
Cantalope, Muskmelon, Honeydew, Irrigation, Moisture Levels,
Nitrogen, Vines, 2.0031

FACTORS AFFECTING PRODUCTION OF PECANS IN
ARIZONA Irrigation, Irrigation-general, Moisture Content,
Pecans, Hickory Nuts, Saline Properties. Saline Soils, .,2.0046

INTERACTION OF TEMPERATURE WITH OTHER FACTORS
ON THE RESPONSE OF-CANADA THISTLE TO HERBICIDES
...Herbicides -non-specific, Mode of Action -plant, Modified
Water Use. Soil Moisture -non-specific, Temperature Levels Or
Ranges, 2.0395

RELATION OF SOIL FERTILITY TO THE EXCHANGE COM-
PLEX Drainage, Fertilizer Losses. Missouri, Soil Environment,
Soil pH , 5.0678

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS _Elodca, Waterweed, Thalassia, of Aquatic Plants,
Potamogeton, Ruppia, Zostera.., Submerged Plants, Water Milfoil,
Waterweed... , 2.0764

AGRICULTURAL UTILIZATION OF SOILS AFFECTED BY
SALINITY ...Absorption, Fixation, Exchange, Brackish Water,
Movement, Availability, Saline Soils, Yield, 3.0237

PHYSIOLOGICAL ADAPTATION OF PLANTS TO MOISTURE
AND OSMOTIC STRESSES WITH RESPECT TO SALT ACCU-
MULATION Bioenergetics, Drought, Ionic Effect, Osmotic and
Turgor Pressure, Respiration, ..,3.0229

THE EFFECTS OF FLUORIDES IN AIR, WATER AND SOIL ON
GROWTH, QUALITY AND YIELDS OF TREE, FIELD AND
VEGETABLE CROPS ...Contamination. Pollution-water,
Fluorine, Growth Rate, Irrigation, Western, 3.0088

INTERRELATIONS BETWEEN THE SUPPLY, UPTAKE, AND
USE OF INORGANIC NUTRIENTS AND WATER ...Absorption
(non-specific), Natural Variation of Water USE, Soil Conditions,
Soil-water-plant Relationships, ...2.0143

PHYSIOLOGY OF MINERAL ACCUMULATION IN PLANTS
...Adhesion, Calcium, Corn, Drought, Nutrition, ...2.0107

NUTRITION OF WATER WEEDS ...of Aquatic Plants, Reservoirs
and Impoundments, Water Quality Control-general, 5.0023

EFFECTS OF NUTRITION, CULTURAL PRACTICES AND
WEATHER ON THE GROWTH, DEVELOPMENT, YIELD
AND QUALITY OF CORN ...Corn. Cultivation Methods. Ns,
Management, Yield, 3.0260

EFFECTS OF FERTILIZER AND SOIL MANAGEMENT PRAC-
TICES, IRRIGATION, PLANT SPACING, AND OTHER CUL-
TURAL TREATMENTS ON BERRY PRODUCTION ..Envir.
responses (non - specific, Irrigation, Irrigation-general, Manage-
ment, Shrubs, Vines, 3.0259

Nitrogen Fixation
BIOLOGICAL FIXATION AND TRANSFORMATION OF

NITROGEN IN SMALL IMPOUNDMENTS ...Ions and Gases,
Nitrogen, Radioisotopes, Reservoirs and Impoundments, 2.0881

BIOLOGICAL NITROGEN FIXATION IN LAKES ...Acetylene,
Ethylene, Gas, Lakes, Mobile, Nitrogen, ...5.1299

Osmotic and Turgor Pressure
THE NATURE AND MAGNITUDE OF THE RESISTANCE TO

FLOW OF WATER IN ROOTS Exudates, Gases, Roots, Tem-
perature, Transpiration and Evap, Water Movement, 2.0245

SUBJECT INDEX

POTENTIAL USEFULNESS OF ANTITRANSPIRANTS FOR IN-
CREASING WATER USE EFFICIENCY OF PLANTS ...An-
titranspirants, Epidermis, Growth and Differentiation,
Photosynthesis. Temperature Internal, ..3.0045

THE WATER RELATIONS OF DESERT PLANTS ,..Arid and
Desert, Phenology, Plant Water We-other, Seasonal, Xeric,
2.0737

WATER-SOIL-PLANT RELATIONS ...Drought, Root Absorption,
Soil-water-plant Relationships, ...2.0211

INFLUENCE OF SPECIFIC IONS ON GROWTH PATTERN OF
PLANTS ...Growth Rate, Requirements for Water, Transpiration
and Evan. 2.0708

WATER-SOIL-PLANT RELATIONS ...Drought, Growth Rate,
Maturity & Growth Stages, Soil-water-plant Relationships, Trans-
piration and Evap, _1.0075

DROUGHT INJURY AND RESISTANCE IN PLANTS Drought,
.2.0857

WATER-SOIL-PLANT RELATIONS Antitranspirants, Drought,
Rhizosphere, Root Absorption, Soil-water-plant Relationships,
2,1077

COMBINED INFLUENCE OF ATMOSPHERIC DESICCATION
AND SOIL WATER POTENTIAL ON THE IRRIGATION NEED
AND WATER POTENTIAL OF PLANTS .Energy-general,
Evapotranspiration, Irrigation-general, Moisture Tension, .2.1078

THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF
THE MECHANISM OF FLOW OF WATER AND SOLUTES IN
PLANT ROOTS Ionic Effect, Pressure & Mech Stress, Ther-
modynamics, Ultrafiltration, Water Movement, ...2.0497

INFLUENCE OF PLANT AND ENVIRONMENTAL FACTORS
ON PHOTOSYNTHESIS, STOMATAL APERTURE AND
TRANSPIRATION ...Diffusion, Epidermis, Gases. Photosynthesis,
Transpiration and Evap, 2.0501

PHYSIOLOGICAL ADAPTATION OF PLANTS TO MOISTURE
AND OSMOTIC STRESSES WITH RESPECT TO SAE T ACCU-
MULATION ...Bioenergetics, Drought. Ionic Effect. Mineral
Nutrition, Respiration, ...3.0229

TRITIATF.D WATER STUDIES OF THE SIGNIFICANCE OF
DEW AND VAPOR IN PLANT WATER ECONOMY ...Arid and
Desert, Dew. Foliar Absorption, Humidity, Hydrogen, Ther-
modynamics, 1.0112

THE EFFECTS OF PLANT TRANSPIRATION RETARDANTS
ON TRANSPIRATION, LEAF TEMPERATURE, STOMATAL
BEHAVIOUS AND OSMOTIC PRESSURE ...Anti-transpirants,
Modified Water Use. Temperature - Internal, Transpiration,
Transpiration and Evap, 2.0403

Photosynthesis
MEASURING EVAPOTRANSPIRATION Al4D PHOTOSYNTHES-

IS OVER SHORT PERIODS OF TIME IN THE FIELD ...Alfalfa,
Evapotranspiration, Humidity, Lysimeters, Wind Or Air Move-
ment, ...2.0725

PHOTOSYNTHETIC REAERATION IN THE UPPER PASSAIC
RIVER ...Aeration, Chemical Oxygen Demand, New Jersey, Self-
purification. Streams, 5.0733

POTENTIAL USEFULNESS OF ANTITRANSPIRANTS FOR IN-
CREASING WATER USE EFFICIENCY OF PLANTS .,.An-
titranspirants, Epidermis, Growth and Differentiation, Osmotic
and Turgor Pressure, Temperature - Internal, ...3.0045

EFFECT OF WATER AVAILABILITY ON PHOTOSYNTHESIS
OF PLANTS ...Available Water. Corn, Drought, Irrigation-
general. Moisture Content -plants. Soybean. 2.0426

USE OF REACTOR COOLING WATER FROM NUCLEAR
POWER PLANTS FOR IRRIGATION OF AGRICULTURAL
CROPS ...Atomic Plants, High Temp. - 85f Or Above, Irrigation-
general, Respiration, Transpiration and Evap, .3.0400

HYDROBIOLOGY OF THE MADISON RIVER AND ITS HEAD-
WATERS ...Aquatic Plants (non-specific), Montana, Organic-
general, Physiological Ecology, Respiration, 5.0697

EFFECT OF MOISTURE STRESS ON RATES OF
PHOTOSYNTHESIS ...Drought, Growth Rate, Pines, Respiration,
2.0956

INFLUENCE OF PLANT AND ENVIRONMENTAL FACTORS
ON PHOTOSYNTHESIS, STOMATAL APERTURE AND
TRANSPIRATION ...Diffusion, Epidermis, Gases, Osmotic and
Turgor Pressure. Transpiration and Evap, ...2.0501

STREAM REAERATION ...Aeration, Morphology-general, Or-
ganic-general, Oxygen, Streams, 5.0905

FACTORS INFLUENCING PLANT TRANSPIRATION IN THE
SOUTH ...Humidity, Light Quality -non-specific, Light Quantity -
non- specific, Temperature -non-specific, Transpiration, 2.0684
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SUBJECT INDEX Plant Process

Respiration
RESPIRATION OF AQUATIC MACROPHYTES IN EUTROPHIC

SYSTEMS ...Environmental Effects-geologic, Eutrophication,
Nutrients, of Aquatic Plants, Plant Pollutants, 5,1041

USE OF REACTOR COOLING WATER FROM NUCLEAR
POWER PLANTS FOR IRRIGATION OF AGRICULTURAL
CROPS ...Atomic Plants, High Temp. - 851. Or Above, Irrigation-
general, Photosynthesis, Transpiration and Evap, ..3.0400

HYDROBIOLOGY OF THE MADISON RIVER AND ITS HEAD-
WATERS Aquatic Plants (non-specific), Montana, Organic-
general, Photosynthesis, Physiological Ecology, 5.0697

EFFECT OF MOISTURE STRESS ON RATES OF
PHOTOSYNTHESIS ...Drought, Growth Rate, Photosynthesis,

Pines, 2.0956

Temperature - Internal
POTENTIAL USEFULNESS OF ANTITRANSPIRANTS FOR IN-

CREASING WATER USE EFFICIENCY OF PLANTS ...An-
titranspirants, Epidermis, Growth and Differentiation, Osmotic
and Turgor Pressure, Photosynthesis, ,3,0045

THE EFFECTS OF PLANT TRANSPIRATION RETARDANTS
ON TRANSPIRATION, LEAF TEMPERATURE, STOMATAL
BEHAVIOUS AND OSMOTIC PRESSURE ...Anti - transpirants,
Modified Water Use, Osmotic and Turgor Pressure, Transpiration,
Transpiration and Evap, ..2.0403

INSTRUMENTATION FOR ENERGY BUDGET EVAPOTRANSP
STUDIES ...Energy Budgets, Evapotranspiration, Soil-water-plant
Relationships, Translocation, Xylem, .7.00I6

Translocation
EXPANDED AQUATIC PLANT CONTROL PROJECT

,,.Amaranthaceae -alligatorweed.., of Aquatic Plants, Submerged

Plants, 2,4-d, _6.0248
A COMPARATIVE STUDY OF SODIUM TRANSLOCATION IN

PLANTS ...Ion Transport and Elect. pot. , Sodium, Tobacco,
2.0110

PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION ...Evapotranspiration,

Meteorological Studies-general, Soil-water-plant Relationships,
Water Balance-budget, Water Yield, .2.0951

INTERNAL WATER STATUS OF PLANTS ,..Dielectric Parame-
ters, Instrumental Services, Plant Water Use-other, Refrac-
tometry, Technique Development, ...2,0722

WATER-SOIL-PLANT RELATIONS Antitranspirants, Root Ab-
sorption, Soil-water-plant Relationships, Water Movement,
2.0059

WATER-SOIL-PLANT RELATIONS ...Drought, Laboratory Analy-
sis, Soil-water-plant Relationships, 2,0088

INJURY AND RESISTANCE IN PLANTS .Corn, Drought,
Moisture Deficiency, Soybean, ...2.0487

THE RELATION OF ENVIRONMENT CONDITIONS TO THE
WATER POTENTIAL OF PLANT LEAVES ...Evapotranspira-

tion, Leaves, Soil-water-plant Relationships, Transpiration and
Evap, 2.1156

INCREASING CHAPARRAL WATERSHED YIELD THROUGH
IMPROVED USE OF PHENOXY-TYPE HERBICIDES .En-
vironmental Effects, Herbicides -non-specific, Moisture Tension,
Temperature, Water Yield, Watersheds-other, 3.0089

INSTRUMENTATION FOR ENERGY BUDGET EVAPOTRANSP
STUDIES ...Energy Budgets, Evapotranspiration, Soil-water-plant
Relationships, Temperature - Internal, Xylem, ...7.0016

SOIL-MOISTURE-PLANT GROWTH RELATIONSHIPS
...Moisture Content, Moisture Retention, Moisture Tension,
Radioisotopes, Root Absorption, Soi; water-plant Relationships,
2.0438

Transpiration and Evap
HEAT BUDGET AND EVAPOTRANSPIRATION OF FRUIT

TREES ...Energy Budgets, Evapotranspiration. Temperature Or
Heat Budgets, Trees, Water Balance-budget, ...2,0311

THE NATURE AND MAGNITUDE OF THE RESISTANCE TO
FLOW OF WATER IN ROOTS ...Exudates, Gases, Osmotic and
Turgor Pressure, Roots, Temperature, Water Movement, ...2.0245

USE OF WATER BY LOWLAND VEGATATION IN NEW JER-
SEY COASTAL PINE REGION ...Consumptive Use, Evapotrans-
piration, New Jersey, Plant Water Use-other, Water Yield,
...2.0759

PHYSIOLOGICAL CHANGES IN PLANTS PRODUCED BY
SALINE SOLUTIONS ...Beans (garden), Brackish Water, Hu-
midity, Repression, Water Movement, ...2.0061

A WATER TRANSPORT IN THE SYSTEM, SOIL-PLANT-AT-
MOSPHERE ,..Air - Water - Plant Relations, Evaporation, Root
Absorption, Soil-water-plant Relationships, 2.0432

USE OF REACTOR COOLING WATER FROM NUCLEAR
POWER PLANTS FOR IRRIGATION OF AGRICULTURAL
CROPS ...Atomic Plants, High Temp. 851 Or Above, Irrigation-
general, Photosynthesis, Respiration, ..3.0400

INFLUENCE OF SPECIFIC IONS ON GROWTH PATTERN OF
PLANTS .Growth Rate, Osmotic and Turgor Pressure, Require-
ments for Water. 2.0708

WATER-SOIL-PLANT RELATIONS ...Drought, Growth Rate,

Maturity & Growth Stages, Osmotic and Turgor Pressure, Soil-
water-plant Relationships, ...I,0075

WATER-SOIL PLANT RELATIONS ...Drought, Moisture Content,
Moisture Tension, Soil-water-plant Relationships, ..2.0886

THE RELATION OF ENVIRONMENT CONDITIONS TO THE
WATER POTENTIAL OF PLANT LEAVES Evapotranspira-
tion, Leaves, Soil-water-plant Relationships. Translocation,
2.1156

EVAPORATION MECHANISMS ...Atmosphere Disturbance-
general, I3oundary Process (moisture), Capillary Movement,
Epidermis, Evaporation, Transpiration, 2.1164

CLIMATE RELATED TO PLANT RESPONSE IN THE
MATANUSKA VALLEY ...Alaska, Direction, Evaporation,
General Synoptic Observations, Sunshine, Velocity, ..,2.0029

INFLUENCE OF PLANT AND ENVIRONMENTAL FACTORS
ON PHOTOSYNTHESIS, STOMATAL APERTURE AND
TRANSPIRATION ...Diffusion, Epidermis, Gases, Osmotic and
Turgor Pressure, Photosynthesis, .2.0501

MINERAL NUTRITION AND PLANT GENETIC VARIABILITY
,,,Growth Rate, Moisture Levels, Requirement?. for Water, Trans-
piration, Variation, _2,1171

EFFECT OF SOIL MOISTURE AND POTASSIUM FERTILIZA-
TION ON THE TRANSPIRATION RATE OF SOYBEANS
(GLYCINE MAX) Growth Rate, Moisture Levels, Potassium,
Soybean, Transpiration, ...2.0404

THE EFFECTS OF PLANT TRANSPIRATION RETARDANTS
ON TRANSPIRATION, LEAF TEMPERATURE, STOMATAL
IWHAVIOUS AND OSMOTIC PRESSURE Anti-transpirants,
Modified Water Use, Osmotic and Turgor Pressure, Temperature
- Internal, Transpiration, ...2,0403

SEASONAL WATER USE BY FOREST VEGETATION ,,.Conser-
vation- general, Environment, Forest Watersheds, Seasonal, Water
Quality Control-general...2,0893

PHYSICAL, METEOROLOGICAL; AND HYDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION ...Biophysics & Molee,
biology, Evapotranspiration, Forest Watersheds, Southeast, Water
Yield, .2.0953

CONTROL Of' EVAPORATION AND TRANSPIRATION
THROUGH SOIL, PLANT AND AIR - WATER INTERFACE
MODIFICATIONS ..,Anti - transpirants, Evaporation, Modified
Water Use, Transpiration Water Loss Control, ...2.1040

THE ENERGY BUDGET AT THE EARTHS SURFACE ...Energy
Budgets, Heat Exchange, Humidity, Moisture Content, Water
Balance-budget, Wind Tunnels, ..2.0808

Plant Phys.(non-specific &
PHYSIOLOGICAL FACTORS IN WATER NEEDS AND USE OF

CROPS ...Irrigation , Moisture Content, Moisture Levels, Soil -
Crop Relationships, Soil-water-plant Relationships, ...2.0072

Reproductive Physiology
Angiosperms

ECESIS AND STABILIZATION OF PRICKYPEAR (OPUNTIA
SPP.) ON THE RIO GRANDE PLAINS ...Arid and Desert, Cacti,
Habitat Studies, of Specific Weeds, Range Or Territorial Distr
6.0564

Plant Process

Batch
AN EVAPORATI /E FREEZING PROCESS FOR DESALTING

WATER ...Desalination, Evaporation, Freezing, Pilot Plant,
...3.0163

Continuous
PURIFICATION OF LOW QUALITY WATERS BY FOAM

SEPARATION ...Bacteria, Color, Flotation, Foam, Turbidity,
6.0742
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Plant Process SUBJECT INDEX

AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ...Aeration, Chemical Treatment, Mass Transfer, Or-
ganics, Wet OxidationAA/023

Plant Resistance to ....

Cold
TOLERANCE OF CITRUS TO LOW TEMPERATURES ...Citrus,

Low Temp. But Above 321, Plants, Trees, 3,0184

Cracking
MOISTURE REQUIREMENTS OF DECIDUOUS ORCHARDS

...Moisture Tension, Other Enviromental Conditions, Peaches,
Plums, Trees, 4,0030

Drought Resistance
WATER USE EFFICIENCY OF FORAGE CROPS ...Breeding,

Drought, ...2.0055
DROUGHT RESISTANCE IN BARLEY VARIETIES ...Drought,

Moisture Deficiency, Photoperiod -non-specific, 2,0449
FOLIAR PENETRATION OF CHEMICALS WHICH INCREASE

DROUGHT AND SALT TOLERANCE ...Foliar Abmrption,
Growth Retardation of Plants, Modified Water Use, Saline Soils,
Surface Properties -other, 3.0049

Heat Resistance
THERMAL DESTRUCTION OF TYPE E CLOSTRIDIUM BOTU-

LINUM ...Cell Injury and Autolysis, Clostridium Botulinum,
Microbiological, Spore Studies, Toxicological and Allergy,
5,0233

Soils
TOLERANCE OF CITRUS TO SALINITY AND BORON IN THE

SOIL AND IRRIGATION WATER ...Boron, Citrus, Saline Soils,
...3.0186

Storage Changes
EFFECT OF WATER APPLICATIONS TO SOD AND MULCH

UPON QUALITY ATTRIBUTES OF APPLE FRUITS ...Apples,
Irrigation, Mulches -other, Quality -non-specific, Sprinkler Irriga-
tion, Trees, ...2,0853

Plant Taxonomy
ENVIRONMENTAL HISTORY OF THE GALAPAGOS ISLANDS

...Floral, Galapagos Islands, Lakes, Plant Succession, Productivity
- Food Chain, ...2,0852

SYSTEMATIC AND BIOGEOGRAPHIC STUDIES OF AQUATIC
AND SEMI-AQUATIC ORGANISMS IN NORTHERN MEXICO
...Animal Taxonomy, Aquatic Ecology, Habitat Studies, Mexico,
2,0038

THE AQUATIC PLANT RESOURCES OF WESTERN MONTANA
...Aquatic Plants (non-specific), Collections, Montana, Pubilica-
tions -other, 2,0717

INVASION OF THE AQUATIC HABITAT BY AMPHIBIOUS
SPECIES OF POLYGONUM ...Amphibious Plants, Clones,
Habitat Studies, of Aquatic Plants, Polygonaceac, 2,1105

TAXONOMY AND ECOLOGY OF INSHORE MARINE
MICROBIOTA ...Algae- General, Animal Taxonomy, Aquatic
Ecology, Protozoa -other. Range Or Territorial Distr. , ...7,0024

A DETAILED STUDY OF LAKE MICHIGAN PLANKTON
DIATOMS ...Lake Michigan, Phytoplankton, Planktonic - Float-
ing, Range Or Territorial Distr. , 5,0554

THE FRESHWATER ALGAE OF SOUTH CAROLINA -
FLORISTICS AND ECOLOGY ...Algae- General, Freshwater
Ecology, South Carolina, Streams, 60487

ECOLOGY OF YEASTS IN LAKE CHAMPLAIN ...Lakes, Mil-
lipore, New York, Yeast N 5, 6,0395

ALGAE IN ILLINOIS WATERS ...Algae- General, Illinois, Water
Sampling, 6,0184

COMPARATIVE BIOCHEMICAL AND MORPHOLOGICAL
CHARACTERISTICS OF MARINE FUNGI FROM SHELLFISH
...Endoparasites -other, Fungal Culture, Histoehemistry -
Cytochem, Histology and Cytology, Marine Fungi (non-specific),
...6,0265

ISOLATION AND TAXONOMY OF YEASTS IN LAKES AND
SEWAGE ...Bioindieators, Contamination, Pollution-water,
Streams, Yeast N S, 5,0339

Plastics
Cellulosics

MEMBRANES FOR REVERSE OSMOSIS DESALINATION BY
DIRECT CASTING ON POROUS SUPPORTS ...Cost Analysis,
Film, Natural Occurring, Reverse Osmosis, Saline Conversion,
3,0309

RESEARCH AND DEVELOPMENT OF ULTRATHIN FILM
MEMBRANES FOR REVERSE OSMOSIS DESALINATION
...Brackish Water, Desalination, Dimensions, Expansion, Mem-
branes-other, Reverse Osmosis, ...3,0298

PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
SURFACE MODIFICATION OF CELLULOSE AND RELATED
MATERIALS ...Desalination, Film, Membranes-other, Morpholo-
gy-other, Reverse Osmosis, 3,0212

RESEARCH ON IMPROVED REVERSE OSMOSIS MEMBRANES
...Crosslinked, Membranes-other, Polyvinyl Pyrrolidone, Porosity,
Reverse Osmosis, Saline Conversion, _3,0096

STUDY OF REJECTION OF VARIOUS SOLUTES BY REVERSE
OSMOSIS MEMBRANES ...Ion Selective, Removal -- inorganics,
Removal -- organics, Reverse Osmosis, Saline Conversion, 3,0097

DEVELOPMENT OF A WATER DESALINATION SYSTEM
BASED ON HOLLOW FINE FIBER MEMBRANES ...Desalina-
tion, Fiber, Filament, Whisker, Membranes-other, Pilot Plant,
Reverse Osmosis, ...3,0274

STRUCTURE AND MECHANICAL BEHAVIOR OF POLYMERIC
MEMBRANES ...Cellulose Acetate, Mechanical Properties-
general, Morphology- other, Reverse Osmosis, Structure- materials-
general, ..8.0269

Elastomers Rubber
DEMONSTRATION UNDERWATER FACILITY - STORM

OVERFLOW ...Combined Sewer, Polyamide,,, Pressure Ussel
Materials, Storage-retention-facilities, Storm Water, 5,0246

USE OF LATEX AS A SOIL SEALANT TO CONTROL ACID
MINE WASTE DRAINAGE ...Acidity, Lining, Linings-pavings,
Mine Drainage Control, Sealant Materials, Seepage, 5,0996

FARM CONVEYANCE AND WATER APPLICATION ...Irrigation
Engine ring, Irrigation-general, Plastics - General, Water
Transfer, ...3,0473

INVESTIGATION OF WATERSTOPS FOR CONSTRUCTION
JOINTS ...Cement, Concrete, Joints, Plastics - General, Sealing,
Water, 8.0229

NEW ROOFING SYSTEMS ...Domestic Structural, Roofs, Stan-
dards, Specifications, Weathering, 8,0078

SCREENING TESTS ON NEW ASPHALTIC, PLASTIC, AND
RUBBER PRODUCTS ...Bituminous, Standards, Specifications,
Test Methods, 8,0079

MEMBRANE LININGS-OPEN AND CLOSED CONDUIT
RESEARCH PROGRAM ...Bituminous, Lining, Open Channel,
Polyethylene, Polyvinyl Chloride. 8,0051

INVESTIGATION OF GROOVE AND CRACK SEALING
MATERIALS ...Bituminous, Canals, Cement, Concrete. Linings-
pavings, Polyethylene, Sealant Materials, ...8,0076

Epoxies
ADHESIVE PROTECTION FOR CONCRETE ...California, Cavita-

tion, Cement, Concrete, Coatings-general, Erosion, 8,0015
EPDXY RESINS FOR CIVIL WORKS PROJECTS ...Concrete-

other, Construction-other, Fracture Mechanics, Maintenance,
Repairing, 8,0248

PAINT TESTS ...Paint - General, Polyvinyls-other, Primers,
Urethanes, 8,0173

DEVELOPMENT OF THREE-DIMENSIONAL PHOTOELASTIC
TECHNIQUES ...Optical. Photoclasticity, 8,0109

Halocarbon Plastics
Fluoro Plastics

RESEARCH ON HIGH-EFFICIENCY COMBINED EVAPORA-
TIVE AND CONDENSATIVE HEAT TRANSFER SYSTEM
...Condensation, Heat Transfer, Heat Transfer Coefficients, Other,
Tension, Titanium, ...3,0266

Plastics - General
A STUDY OF THE BENEFITS OF PLASTIC MATERIALS IN

DESALINATION PLANTS ...Desalination, Distillation-other,
Electrodialysis, Freezing, Reverse Osmosis, _3.0153
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SUBJECT INDEX Polltil Ant Identification

INVESTIGATION OF THE USE OF LOW-COST PLASTIC FILMS
FOR SOLAR STILL CONSTRUCTION ...Costs, Distilling Units,
Film, Glass, Structural, Weathering, 3.0391

POLYMERIC COATINGS FOR PROTECTION ON CONCRETE
EXPOSED TO AQUEOUS SALINE ENVIRONMENTS ...Adhe-
sion, Cement, Concrete, Depolymerization, Organic-general,
Salinity, Water, ...3,0405

DEVELOPMENT OF DIRECT CONTACT CONDENSATION
MULTISTAGE FLASH (DCC-MSF) DISTILLATION PROCESS
.Brines, Condensation, Desalination, Film, Flash Distillation,
Heat Transfer, 3.0040

DRAINAGE DESIGNS AS INFLUENCED BY CONDITIONS IN
THE VICINITY OF THE DRAIN LINE Drainage Systems, Ero-
sion Control, Pipe, Tube, Pipes, Seepage, 8,0010

IMPROVEMENTS TO THE BOROUGH OF NEW PROVIDENCE
SEWAGE PUMPING STATION AND TREATMENT FACILI.
TIES .Chlorination, Pilot Plant, Polyclectrolytes, Pumping Sta-
tions, Sedimentation, Trickling, ..6,0353

DEVELOPMENT OF AUTOMATED SUBIRRIGATION SYSTEM
...Automated Equipment, Irrigation Engineering, Moisture, Pipes,
Subsurface Irrigation, Water Distribution Systems, .3,0024

FARM CONVEYANCE AND WATER APPLICATION
-.Elastomers Rubber, Irrigation Engineering, Irrigation-general,
Water Transfer, ..3,0473

CROP AND SOIL MANAGEMENT OVER SHALLOW PLASTIC-
LINED MOLE DRAINS Management, Mechanical Joining -
Other, Soil and Rock Leaching, ...4M262

STUDY OF MECHANISMS IN SOIL RELATED TO FROST
HEAVE AND ITS CONTROL ...Aggregates, Extenders, Fillers,
Foam, Porous, Frost and Permafrost, Lining,s-pavings, ,..8,0267

INVESTIGATION OF WATERSTOPS FOR CONSTRUCTION
JOINTS .,,Cement, Concrete, Elastomers Rubber, Joints, Sealing,
Water, 8,0229

PLASTIC PIPE AND TUBING -.Ceramic Matrix, Corrosion
General, Engineering Structures-general, Pipe, Tube, Plastic
Matrix, -.8,0132

THE DEVELOPMENT OF CONCRETE-POLYMER MATERIALS
...Cement, Concrete, Ceramic Matrix, Durability, Deterioration,
In-situ, Radiation Induced, Strength, Cohesion, ...8,0045

IMPROVEMENT AND MODERNIZATION OF SURFACE AND
SUBSURFACE DRAINAGE PRACTICES AND FACILITIES IN
THE CORN BELT ...Corn Belt, Drainage, Drainage Systems,
Pipe, Tube, 4,0191

Plastics-other
DEVELOPMENT OF PARYLENE COATING FOR DROPWISE

CONDENSATION OF WATER ON HEAT EXCHANGERS
-.Condensation, Copper, Desalination, Heat Exchangers, Organic-
general, 3.0322

Polyamides
DEMONSTRATION UNDERWATER FACILITY - STORM

OVERFLOW ...Combined Sewer, Elastomers Rubber, Pressure
Ussel Materials, Storage-retention-facilities, Storm Water,
-.5,0246

PLASTICS TECHNOLOGY AND ENGINEERING APPLICA-
TIONS ,.,Impact, Polyethylene, Tensile, ...8,0133

Polyethylene
PLASTICS TECHNOLOGY AND ENGINEERING APPLICA-

TIONS -.Impact, Polyamides, Tensile, 8,0133
MEMBRANE LININGS-OPEN AND CLOSED CONDUIT

RESEARCH PROGRAM Bituminous, Elastomers Rubber, Lin-
ing, Open Channel, Polyvinyl Chloride, -.8,0051

INVESTIGATION OF GROOVE AND CRACK SEALING
MATERIALS ...Bituminous, Canals, Cement, Concrete,
Elastomers Rubber, Linings-pavings, Sealant Materials, 8.0076

Silicones
MECHANISM OF FROST HEAVING ...Frost Heaving, Hydrated

Acid and Norm, Liquid - Solid Interactions, Particle Surface, Per-
mafrost-frozen, Wax, Paraffin, -.2,0802

Urethanes
FREE DROP WATER CONTAINER ...Airborne-operation, Equip..

ment, Laminates, Logistics, Pipe, Tube, 8,0209
PAINT TESTS ...Epoxies. Paint - General, Polyvinyls-other,

Primers, 8.0173

Vinyl Plastics
Polyvinyl Chloride

MEMBRANE LININGS-OPEN AND CLOSED CONDUIT
RESEARCH PROGRAM ...Bituminous, Elastomers Rubber, Lin-
ing, Open Channel, Polyethylene, -.8,0051

Polyvinyl Pyrrolidone
RESEARCH ON IMPROVED REVERSE OSMOSIS MEMBRANES

...Cellulosies, Crosslinked, Membranes-other, Porosity, Reverse
Osmosis, Saline Conversion, _3,0096

Polyvinyls-other
MODIFICATION OF PROTEIN FILMS FOR USE IN DESALINA-

TION _Desalination, Dialysis, Membrimes-other, Natural Occur-
ring, Reverse Osmosis, ...3,0269

F,VALUATION OF POLYVINYL CHLORIDE (PVC) AND
VINYL CLAD ALUMINUM PIPE USED FOR CARRYING IR-
RIGATION WATER WHEN BURIED WITHIN THE FROST
ZONE ,..Aluminum, Cladding, Irrigation-general, Joining, Bond-
ing-general, Pipe, Tube, Soils, 8.0271

PAINT TESTS ,.,Epoxies, Paint - General, Primers, Urethanes,
_8,0173

Platinum
NEW DEVELOPMENTS IN CATHODIC PROTECTION AND

CORROSION STUDIES Cathodic Protection, Coatings-general,
Dam, Canal, Titanium, ,..8,0024

Playas
STUDIES OF PHOTOSYNTHETIC HALOPHILES FROM OWENS

LAKE ...California, Exobiology, Halophytic, Ionic Effect, Tem-
perature, 6,0057

DISTRIBUTION OF DIATOMS IN DESERT WATERS -.Algae-
Diatoms, Ilranebiopoda -other, Deserts, Plant Prod. (non-
specific), Respiratory System, 2,0138

ALTERNATE METHODS OF MOSQUITO CONTROL TO
REDUCE CHEMICAL POLLUTION OF WATERS FOR
RECHARGE OF THE OGALALLA FORMATION .,.Alternative
Planning, Aquifers-general, Chlorinated Hydrocarbons, Insecti-
cides -non-specific, Mosquitoes -non-specific, Pollution Abate-
ment, 5.1180

THE MINERALOGY AND CHEMISTRY OF SOILS AND SEDI-
MENTS OF HIGH PLAINS PLAYAS Clay Minerals-general,
Evaporation, Mineralogy, Permeability, Soil Chemical Properties,
1,0460

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE. INTO THE OGALLALA FORMATION _Artificial
Recharge, Filtration, Ponds, Texas, Water Wells, 4,0243

CARBON-14 CONTENT OF FRESH WATER CARBONATES
...Carbon-14, Carbonates-general, Chemical, Paleoelimatology,
Paleohydrology, 2,004S

FATE OF POLLUTANTS IN GROUND WATER Aquifers-
general, Artificial Recharge, Chlorinated Hydrocarbons, Nitrate,
Nitrite, Pollutants - Path of , ...5.0917

FACILITIES AND PROCEDURES FOR CONSERVATION
MANAGEMENT OF RUNOFF WATER FROM AGRICUL-
TURAL LANDS IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Artificial Recharge, Groundwater, Runoff, Storage of
Water, 4,0237

Plutonium
PLUTONIUM REMOVAL IN WATER TREATMENT ...Carbon,

Chlorination, Coagulation, Flocculation, Sand, 5,1019

Poland
SEASONAL VARIABLITY OF SOIL MOISTURE AND LEVELS

OF GROUNDWATER TABLE ON LOWLAND AREAS
Moisture Levels, Seasonal, Soils and Fertilizer, Water Table
Fluctuation, Wetlands, _3,0422

Pollutant Identification
BioindicatOrs

ENZYMES FOR ANALYSIS AND PURIFICATION OF SALINE
WATER SYSTEMS ...Alcohols, Biodegradation, Degradation,
Fluorometry, Heavy Elements, Pesticides, 5.0456
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AMERICAN RIVER HYDR01310LOGIC POTENTIAL STUDY
California, Lower Plants, Phytoplankton, Primary Productivity,
Water Quality-general, 5.0143

SENSITIVITY OF SELECTED INSECT SPECIES TO DEPRESSED
LEVELS OF PH Acidity, Caddis-flies, Mayflies, Mining Indus-
try, Ph, Acidity -water, Stone Flies, Plecoptera, ...5.1034

ABUNDANCE AND DISTRIBUTION OF BF,NTHIC MACRO-IN-
VERTEBRATES IN A STREAM RECEIVING OILFIELD
WASTEWATERS Benthic Fauna, Contamination - Water, In-
dustrial Wastes, Number Or Density, Vertical Distribution,
5.1028

THE UPTAKE OF DIELDRIN IN THE THREE RIDGED NAIAD,
AMBLEMA PLICATA Dieldrin, Freshwater Mussels, Scallops.
Metabolism, Ohio River, Pollution Effects, ...5.0886

EFFECTS OF INCREASE IN SALTON SEA SALINITY ON THE
SURVIVAL OF ORANGEMOUTH CORVINA, SARGO, BAIR-
DIELLA, AND NEANTHES ...Captive Rearing, Fish -other, Pol-
lution Effects of , Salinity, Salton, Water Salinity, ...5.0146

A STUDY OF A POLLUTED RIVER, THE ILLINOIS ...Aquatic
Ecology, Contamination - Water, Fish -non-speeific, Illinois River,
Mollusks -non-specific & Other, .,.2,0408

STATEWIDE. FISHERIES RESEARCH ...Blucgills, Bream, Environ-
mental Effects, Pollution - Effects of , Rotenone, Temperature,
5.0817

EFFECT OF POLLUTING AGENTS ON SURVIVAL OF INDICA-
TOR ORGANISMS ...Intestinal Bacteria, Pollution-water, Sal-
monella (non-specific & Ot). Shigella (non-specific & Ot.),
Zooplankton, 5.1132

A STUDY OF THE OPEN WATER DISTRIBUTION AND
ABUNDANCE OF NET-PLANKTON AS AN INDEX OF
EUTROPHICATION IN LAKE SUPERIOR Automatic Data
Aquisition, Lake Superior, Plankton Sampling, Water Quality-
general, Zooplankton, 5.0600

EXCHANGE OF PHOSPHORUS SPECIES BETWEEN LIVING
AND NONLIVING SYSTEMS IN FRESH WATER ENVIRON-
MENTS Algae- General, Biological Treatment-general,
Nutrients, Waste Water Treatment-general, ...5.0812

ECOLOGY OF NEMATODES IN IRRIGATION WATER ...Animal
Wastes - Feed Lots, Irrigation-general, Longevity, Nematoda -
other, Pollution - Effects of , 5.1232

A STUDY OF ALGAL POPULATIONS ASSOCIATED WITH DIF-
FERENT LEVELS OF WATER QUALITY IN NEW
HAMPSHIRE ,..Algal Pollutant Sources, Eutrophication, New
Hampshire, Nutrition Studies, Water Quality-general, 5.0712

DETECTION AND ENUMERATION OF VIRUS IN NATURAL
WATERS Assay, Detection, Enteroviruses of Animals,
Technique Development, Viral Pollutant Sources, 5.0713

CLADOPHORA AS RELATED TO POLLUTION IN WESTERN
LAKE ERIE Algal Pollutant Sources, Chemical Analysis,
Cladophora, Lake Erie, Mapping, 5.0883

A STUDY OF BIOLOGICAL SYSTEMS IN THE SCIOTO RIVER
AS INDICES TO WATER QUALITY ...Chemical-general, Ohio,
Physical-general, Systems Analysis, Water Sampling, 5.0875

CORRELATION OF STRUCTURE VS. ACTIVITY OF POLLU-
TANTS OF FRESH WATER ...Gastropods -slugs,conch,snails,
Molluscicides -non-specific, Pesticide-other, Screening Potential
Pesticides, Thiocarbamate, N.s. , _5.1050

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
...Environmental Ecology, Number Or Density, Pollution - Effects
of , Pollution Effects, Stone Flies, Plecoptcra, Streams, 5.1057

VARIABILITY IN DIATOM MORPHOLOGY AND WATER POL-
LUTION ...Algae- Diatoms, Algal Culture, Environment, Pollu-
tion - Effects of , Water Quality-general, ...5.6217

BIOLOGICAL PROPERTIES OF SEWAGE LAGOONS AT
TUSKEGEE, ALABAMA ...Biological Treatment-general,
Microbiological Analysis, Microorganisms (non-specific), Pollu-
tion - Effects of , Sewage Lagoons, 5.0024

THE ROLE OF AQUATIC VASCULAR PLANTS IN THE
EUTROPHICATION OF SELECTED LAKES IN WESTERN
MASSACHUSETTS ...Eutrophication, Lakes, Massachusetts,
Nutrients, Water Properties-general, 2.0609

THE IMPORTANCE OF THE FOOD CHAIN IN BOTULISM IN-
TOXICATION AMONG WATERFOWL LAKES AND
SLOUGHS OF THE DEVILS LAKE REGION IN NORTH
DAKOTA ...North Dakota, ...6.0418

BACTERIOLOGICAL WATER QUALITY ANALYSES OF
METHODS FOR DETECTING FECAL POLLUTION ...Bacterial
Pollutant Sources, Coliforms (non-specific), Microbiological
Analysis, Salmonella (non-specific & Ot), Streptococcus Fecalis,
...S.1113
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SURVIVAL OF INDICATOR ORGANISMS AND ENTERIC BAC-
TERIA IN WATER .,.Bacterial Pollutant Sources, Dyes, Longevi-
ty, Nutrients, Tennessee, ..5.11133

ECOLOGICAL STUDIES OF THE SURFACE WATERS OF THE
WHITEWATER CREEK WATERSHED, WALWORTH, ROCK,
AND JEFFERSON COUNTIES, WISCONSIN ...Range Or Terri-
torial Distr. , Water Quality-general, Watersheds-general, Wiscon-
sin, ,..5.1323

A STUDY OF PHYTOPLANKTON DYNAMICS IN LAKE
FAYEITEVILLE AS A MEANS OF ASSESSING WATER
QUALITY ...Algal Culture, Eutrophication, Growth Rate,
Phytoplankton, Primary Productivity, 6.0031

STUDIES ON AQUATIC MYXOBACTERIA ..,Bacterial Pollutant
Sources, Degradation, Myxobacteria, Nutrition, Range Or Terri-
torial Distr. , Streams....5.0952

DETF,C'TION AND SIGNIFICANCE OF ENZOOTIC WATER
POLLUTION ...Animal Wastes - Feed Lots, Bacterial Pollutant
Sources, Enzootie, Protozoa -other, Sewage Bacteria, ...5.0700

BENTHONIC INVERTEBRATES AS AN INDEX OF WATER
QUALITY ...Benthic Fauna. Gases, Dissolved -water, Oxygen,
Water Quality Control-general, 5.0601

A COHERENT-AREA STUDY OF SOUTHERN LAKE
MICHIGAN ...Chemical Identification, Eutrophication, Lake
Michigan, Sedimentology-gencral, Weather Modification-other,
5.0547

PULP MILL EFFLUENT DISPOSAL Contamination - Water,
Dispersion -water, industrial Wastes, Pulp and Paper Wastes,
5.0940

SENSITIVITY OF BENTHIC MICROFLORA TO POLLUTION
GRADIENTS _Benthic Flora, Estuaries, Marine Plants, Plant
Prod. (con-specific), Water Standards, 5.1059

INDICATOR-PATHOGEN DENSITY RELATIONSHIPS IN
TRIBUTARY STREAMS ...Bacterial Pollutant Sources, Coliforms
(non-specific), Microbiological Analysis, Pollutants - Path of ,

Streams, ...5.0562
EFFECTS OF CHEMICAL VARIATIONS IN AQUATIC EN-

VIRONMENTS .. Chemical-general, Fish -non-specific, Mans Ac-
tivities, Water Environment -other, 6.0103

INFLUENCE OF LOG RAFTING ON WATER QUALITY ...Estua-
ries, Forest Debris, Logging, Transport, Equipment, Pulp, Paper ,
and Logging, Streams, _5,0958

MAYFLY DISTRIBUTION AS A WATER QUALITY INDEX
Habitat Studies, Mayflies, Mississippi River, Population Dynam-
ics, Survey Methods, _5.0618

TAXONOMY AND BIOLOGY OF SLUDGE WORMS ...Animal
Taxonomy, Brackish Water, Earthworms, Fresh Water, Pollution
Effects, 5.0167

AZOTOBACTER ECOLOGY Azotobacter -non-specific, Ef-
fluents-waste Water, Streams, Symbiotic Nitrogen Fixation,
5.0322

A STUDY OF A WATER TOXICITY PROBLEM ...Bioassays.
Growth Rate, Management, Potable Water, Toxins and Poisons -
other, 5.0197

ALGAL GROWTH POTENTIAL OF ILLINOIS WATERS ...Algae-
General, Growth (non-specific & Ot,), Growth and Differentia-
tion, Illinois, Other, 6.0199

TOE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
...Contamination - Water, Ions and Gases, Rhode Island, Stone
Flies, Plccoptera, Streams, 5.1058

A COMPARISON OF TOTAL COLIFORM AND FECAL
COLIFORM COUNTS IN STREAM POLLUTION SURVEYS
...Bacterial Pollutant Sources, Coliforms (non-specific), Surface
Water, Survey Studies, Water Standards, ...5.1296

REMOTE SENSING OF ESTUARINE WATER AND VEGETA-
TION, MARYLAND _Aerial, Chemical-general, Estuaries, Physi-
cal-general, Remote Sensing -other, 2.0268

EFFECTS OF PESTICIDES ON AQUATIC ANIMALS IN THE
ESTUARINE AND MARINE ENVIRONMENT (ABBREV)
...Estuaries, Laboratory Animals, Pesticides -non-specific, Pollu-
tion - Effects of , ...5.0062

SCREENING AQUATIC INVERTEBRATES TO DETECT AN OR-
GANISM SUITABLE FOR USE IN A MONITORING PRO-
GRAM ...Bioassays, Cholinesterase, Fish -non-specific, Inver-
tebrates -non-specific, Metabolism, Monitoring Systems, 5.0639

PESTICIDE MONITORING PROGRAM ...Estuaries, Gas, Monitor-
ing Systems, Oysters, 5.0268

LAKE HURON CHEMICAL CONTROL Chemical-general, Ec-
toparasitcs, Flow Characteristics -water, Selectivity, 5.0578

RECOVERY OF INDICATOR BACTERIA ON SELECTIVE
MEDIA DURING DECREASE OF VIABLE COUNTS ...Bacteria
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(non - specific), Media, Tests of Cell Viability, Water Bacteria,
-5.0587

DISSOLVED INORGANIC REMOVAL BIOASSAY OF ALGAL
GROWTH POTENTIAL ...Dcnitrification, Nitrogen, Phosphorus,
Waste Water Treatment-general, -5.0852

QUANTITATIVE DETECTION AND ENUMERATION OF POL-
LUTION INDICATOR BACTERIA OF WASTE WATERS AND
SEWAGE TREATMENT PLANT EFFLUENTS ...Bacteria, Bac-
terial Pollutant Sources, Detection, Membrane, Sewage Testing,
-5.0853

PHYSIOLOGICAL EVALUATION OF TREATED TOXIC
WASTES .,.Blood Plasma and Serum, Contamination - Water.
Pollution Effects, Pulp, Paper , and Logging, Tissues -biological.
_5.0976

REARING AND SENSITIVITY STUDIES OF VARIOUS LIFE
STAGES OF MARINE MACROINVERTEBRATES ...Crabs, All,
Shrimps - Common, Whole Body Culture & Rearing, -5.1079

STUDY OF NITROGEN METABOLISM IN MARINE ALGAE
...Enzymes, Marine Plants, Microbiological Analysis, Pollution -
Effects of , Quantitative & Qualitative, -5.1089

MEASUREMENT OF THE RATE OF CARBON DIOXICE (CI4)
FIXATION INTO SUBCELLULAR FRACTIONS OF ALGAE
...Algae- General, Algal Culture, Carbon, Carbon Dioxide Fixa-
tion, Growth Rate, Intracellular Localization, -5.1090

MARINE BIOTOXINS ...Animal Pollutant Sources, Contamination,
Pollution-water, Eutrophication, Gonyaulax, Venom, _5.1072

ISOLATION AND TAXONOMY OF YEASTS IN LAKES AND
SEWAGE ...Contamination, Pollution-water, Plant Taxonomy,
Streams, Yeast N 5, -5,0339

RELATIONSHIP OF PESTICIDES IN SOIL, WATER AND
PLANTS ...Degradation, Food Chains, Animal And/or Man,
Pesticides, Soil-water-plant Relationships, -5.0567

MICROBIOLOGY OF ESTUARINE AND SHELLFISH POLLU-
TION ...Clams, Estuaries, Oysters, Pollution Effects, Shellfish
Depuration, Waste Water Treatment- general, -5.0719

STUDY OF GROWING AREA STANDARD BY EXAMINING
ENTEROPATHOGENS AND INDICATOR ...Enteroviruses of
Humans, Microbiological Analysis, Number, Salmonella (non-
specific & Ot), Sewage, -5.1069

Chemical Identification
DESIGNING AND TESTING A WATER MONITORING SYSTEM

FOR PESTICIDES IN NORTH CAROLINA ...Agricultural
Watersheds, DDT , Endrin, Monitoring Systems, North Carolina,
Technique Development, -7.0087

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ...Chemical Analysis (water), Fluoride, Fluorometry,
Nitrate, Nitrite, Spectroscopy-general, ...5.0671

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ..,Carbonate, Bicarbonate, Fluorometry, Iodide,
Phosphate. Phosphite, Spectroscopy-general, Thiocyanate,
-5.0672

EXPLORATORY STUDY ON THE APPLICATION OF
NEUTRON ACTIVATION ANALYSIS TECHNIQUES TO
WATER RESOURCES RESEARCH AND MANAGEMENT
...Activatioo Analysis, Management, ...7.0086

A COHERENT-AREA STUDY OF SOUTHERN LAKE
MICHIGAN ...Bioindicators, Eutrophication, Lake Michigan,
Sedimentology-general, Weather Modification-other, -5,0547

STEROLS AND LIPIDS IN WATER POLLUTION -Effluents-
waste Water, Lipid Hydroperoxides, Pollutants - Path of , Scwagc,
Sterols, ...5.1173

APPLICATION CF IMMUNOCHEMICAL TECHNIQUES TO THE
DETECTION AND IDENTIFICATION OF CHEMICAL AND
BIOLOGICAL POLLUTANTS ...Biological Pollutants -general,
Immunology Methods, Mineralization, Technique Development,
...5.0260

FATE AND PERSISTENCE OF PESTICIDES AND PHYSIOLOGI-
CALLY ACTIVE DEGRADATION PRODUCTS ...Decomposi-
tion-other, Degradation -other, Infrared, Persistence of Residues,
-5.1032

THE DETERMINATION OF THE STRUCTURES OF ORGANIC
CONTAMINANTS IN WATER ...Analyzing, Chem Str Determ-
other, Chromatography-other, Distillation-other, Spectroscopy-
other, ...5.0278

TOTAL ORGANIC CARBON AS A POLLUTION CONTROL
PARAMETER IN SUB - ARCTIC WATE ...Alaska, Infrared, Or-
ganic Matter, Oxidation-general, Technique Development,
-5.0031

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
PAPER MILL EASTE EFFLUENTS ...Chemical Analysis, Chemi-
cal Treatment, Distillation-other, Extraction, Organic, Pulp and
Paper Wastes, _5.0284

BIOLOGICAL METHODS RESEARCH ...Crustacea -non-specific,
Enteroviruscs of Humans, Isolation,
Sources, -5.0017

Sewage, Viral Pollutant

Physical Parameters
THE PREDICTION AND OPTIMIZATION OF STREAM

RESPONSES TO POLLUTANT WASTES ...Forecasting-predic-
tion, Mathematical Analysis, Model Studies, Pollution - Effects of
, Streams, -5.0743

ADVANCE WARNING OF GROUND-WATER POLLUTION
HAZARDS, WITH SPECIAL REFERENCE TO AQUIFERS IN
GLACIAL OUTWASH ...Electrical, Electromagnetic Probing,
Groundwater, Outwash Plains, Unconsolidated Aquifers, ...5.1235

DETECTION AND IDENTIFICATION OF MOLECULAR WATER
POLLUTANTS BY LASER RAMAN SPECTROSCOPY
...Chemical Analysis, Detectors and Sensors, Industrial Wastes,
Lasers and Masers, Pesticides -non-specific, Raman, Surfactants,
-5.0441

THE APPLICATION OF LASER IONIZATION MASS SPEC-
TROMETRY TO THE IDENTIFICATION OF ORGANIC SALTS
IN POLLUTED WATER ...Applications of Lasers-masers, Or-
ganic Matter, Spectroscopy, Sulfonates (rso3na), Surfactants,
-1.0108

THERMAL AND INDUSTRIAL POLLUTION - DELAWARE
RIVER ...Automatic Data Aquisition, Delaware River, Electric
Power Plants, Industrial Wastes, Pulp, Paper , and Logging, Ther-
mal Pollution, -5.0989

ULTRAVIOLET ABSORPTION IN COASTAL WATERS ...Biologi-
cal, Marine Plants, Plant Prod. (non-specific), Sewage, Shoreline -
Coastline, -5.0112

SYSTEM MONITORING AND REMOTE CONTROL .. Automatic
Data Aquisition, Effluents-waste Water, Gages, Instrumental Ser-
vices, Other Telemetry, -5.0559

TECHNIQUES AND INSTRUMENTATION ...Chemical Analysis
(water), Mobile, Technique Development, Temperature, Water
Sampling, -5.0187

DEVELOPMENT OF METHODOLOGY FOR ISOLATION OF
VIRUSES FROM SEA WATER ...Animal Viruses (non-specific),
Concentration, Marine Biology (non-specific), Viral Pollutant
Sources, ...5.1228

Pollutants-general
WATER QUALITY, STUDIES AND AERIAL MEASUREMENTS

...Aircraft, Biological-general, Chemical-general, Lasers-masers,
Remote Sensing-general, -6.0145

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION AND
POND WATERS ...Chlorinated Hydrocarbons, Emission, Gas, Ir-
rigation-general, Ponds, ...5.0137

PLAQUING AND FLUORESCENT ANTIBODY METHODS FOR
DETECTION AND IDENTIFICATION OF ENTEROVIRUSES
..Assay, Cell Cloning, Detection & Diagnosis, Entcroviruscs of
Animals, Waste Water Trcatmcnt - other, -5.0046

EFFECTS OF RIVERS ON THE METABOLISM OF TEXAS
BAYS ...Bays, Nutrients, Primary Productivity, Streams, Texas,
Water Quality-general, -5.1182

UNDERGRADUATE TRAINING FOR CAREERS IN WATER
SUPPLY AND POLLUTION CONTROL ...Education and Train-
ing, Pollutant-other, Water Quality Control-general, Watel
Supply-general, -6.0312

EVALUATION OF DISPERSED POLLUTLONAL LOAD ...Com-
bined Sewer, Land Use, Pollution Sources-general, Runoff,
Scwagc Treatment Plant, -5.0921

PESTICIDAL RESIDUES OF AGRICULTURAL CHEMICALS
.Nevada, Persistence in Soils, Pesticides -non-specific, Residue

Analysis -other, Soil Degradation -other, -5.0707
MEASUREMENT OF MR AND WATER QUALITY ...Atmpophcr-

ic Pollution-general, Techniques-other, Water Quality-general,
...5.1178

AN INVESTIGATION OF FACTORS INFLUENCING WATER
QUALITY IN SOUTH FORK, COEUR DALENE RIVER
...Idaho, Pollution Sources-general, Streams, Water Quality-
general, -5.0328

RETENTION OF NUTRIENTS AND OTHER POLLUTANTS IN
SEWAGE BY SOILS ...Analysis and Detection, Moisture Reten-
tion, Nutrients, Sewage, Silt, -5.1312
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REMOTE SENSING OF DELAWARE ESTUARY .Aireiraft,
Delaware, Estuaries, ..2.0909

GENERAL WATER QUALITY INVESTIGATIONS Control and
Prowction, Meetings, State-local Government, Technique
Development, Water Quality-general, 5.0186

POLLUTANTS IN PRODUCT AND PROCESS WATERS FROM
OIL-SHALE RETORTING OPERATIONS AND METHODS
FOR THEIR REMOVAL ,Material Recovery Wastes, Mining In-
dustry, Oil Shale, Technique Development, Waste Water Treat -
mcnt-gcneral, .5.1324

MONITORING OF PESTICIDE LEVELS IN THE GREAT LAKES
,Great Lakes-general, Insecticides -non-specific, Monitoring
Systems, Water Sampling, ..,5.0544

MODEL FOR DETERMINING THE MOST UNFAVORABLE
CONDITIONS FOR AREA CLASSIFICATION Bays, Pollutants
- Path of , Rhode Island, Shellfish, N,s. , Water Standards,
.5.1067

EVALUATION OF ME'TFIODS FOR RECOVERY OF EN-
T EROBACTERIACEAE FROM MARINE SOURCES ...Bacterial
Pollutant Sources, Crustacea -non-specific, Estuaries, Intestinal
Bacteria, ,5.1225

TRACE AMOUNT SUBSTANCES IN ENVIRONMENTAL
HEALTH ...Chemical Analysis (water', Other, Trace Elements,
5.0677

TASTES AND ODORS IN WATER SUPPLIES ...Algal Pollutant
Sources, Pollution- water, Studies, Organoleptic, Taste and Odor,
Water for Cooking Or Drinking, 5.0066

THE EFFECT OF SELECTED PESTICIDES ON INTERTIDAL
BIOTA Insecticides -non-specific, Intertidal Areas, Pesticides -
non- specific, Pollution Effects, Productivity - Food Chain,
Swamps-marshes, 5.0522

ORGANISMS RESPONSIBLE FOR TOXICITY OF ALASKAN
CLAMS ...Alaska, Biological Pollutants -general, Clams, Food
Spoilage Detection, Microbiological, .5.0032

Pollutants - Path of
ECOLOGICAL STUDIES OF RADIOACTIVITY IN THE COLUM-

BIA RIVER ESTUARY AND ADJACENT PACIFIC OCEAN
...Columbia River, Contamination - Water, Organ Sampling
Devices, Pacific Ocean-north, Radioactivity, 6.0452

PATHWAYS OF TRACE ELEMENTS IN ARCTIC LAKE
ECOSYSTEMS ..,Arctic, Gel Filtration. Lakes, Organic-general,
Trace Element Analysis, .1.0004

STUDIES ON APPLICATION OF RADIOISOTOPE TECHNIQUES
IN STREAM POLLUTION PROBLEMS IN THE PULP AND
PAPER INDUSTRY Iridium, Radioisotopes, 5.1233

MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA RIVER
ESTUARY Columbia River, Estuaries, Mathematical Analysis,
Radioactivity-general, Water Sampling, ..5.0986

DETERMINATION OF THE DISTRIBUTION OF
RADIONUCLIDES DISCHARGED TO THE GROUND AT THE
NRTS, IDAHO ...Artesian Flow, Discharge-general, Observation
Wells, Radioactivity-general, Radioisotopes, ..5.0318

STABLE CARBON AND OXYGEN ISOTOPE RATIO VARIA-
TIONS IN THE FLOW TO CARBON AND OXYGEN
THROUGH NORMAL AND POLLUTED AQUATIC SYSTEMS
.,.Analysis and Detection, Carbon, Element Ratios, Organic-
general, Oxygen, Sewerage Systems-other, _5.1183

STUDY OF LOCAL WATER CONTAMINATION PROBLEMS
Forecasting-prediction, Model Studies, Partial, Potable Water,
Radioactivity-general, 5.0535

INVESTIGATIONS ON THE SUBSURFACE DISPOSAL OF
WASTE EFFLUENTS AT INLAND SITES ...Artificial Recharge,
Dyes, Groundwater Movement, Recharge Pits - Wells, Un-
derground Waste Disposal, 3.0022

TRANSPORT, STORAGE, AND TOXICITY OF INSECTICIDES
IN AQUATIC ENVIRONMENTS .,.Farm Pond, Food Chains,
Animal And/or Man, Mode of Action -animal, _5.0575

CHANGES IN THE PHYSICAL AND BIOLOGICAL CHARAC-
TERISTICS OF GROUND WATER RESERVOIRS AND AD-
JACENT SURFACE WATERS ...Bacteria, Bacterial Pollutant
Sources, Biological-general, Groundwater Movement, Physical-
general, 11.00117

A STUDY OF THE BIOLOGICAL, CHEMICAL AND PHYSICAL
NATURE OF WATER QUALITY FACTORS UNDER UTAH
CONDITIONS Biological-general, Chemical-general, Model Stu-
dies, Mountains-alpine, Physical-general, 5.1195

TURBULENT MIXING IN SUBMERGED FLUID JETS ...Fluid
Mixing, Mixing, Thermal Pollution, Turbulent, 5.11130
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THE EFFECT OF SALTS APPLIED TO HIGHWAYS ON THE IN-
FILTRATION AND PERCOLATION OF WATER THROUGH
THE SOILS BANDING HIGHWAYS ....Chloride, Infiltration,
Snow an,," Ice Removal, Sodium, Soil Chemical Properties,
.,.5.0471

CHEMICAL CONTAMINANTS FOUND IN SURFACE AND SUB-
SURFACE WATER AS RELATED TO SOIL AND CLIMATIC
CONDITIONS ,Agricultural Chemicals-general, Hardness-
minerals, Runoff, Soil and Reek Leaching, Soil Environment,
...5.0476

POLLUTION EFFECTS ON GROUND WATER RECHARGE IN
HAWAII Adsorption-absorption-other, Groundwater, Natural
Recharge, Pollution - Effects of , Soil Environment, ..,5.0313

PHOSPHORUS BUDGETS OF LAKES SIDNEY, LANIER AND
HARTWELL .Chemical-general, Georgia, Nutrients,
Phosphorus, Reservoirs and Impoundments, 5.0293

RELATIONSHIPS BETWEEN PESTICIDAL APPLICATION AND
WATER CONTAMINATION UNDER IRRIGATION IN THE
GREAT PLAINS ...Great Plains Province, irrigation-general, Kan-
sas, Pesticides -non-specific, Water Applicadon, 5.0430

THE RELATIONSHIP OF SEWAGE HANDLII'G PRACTICE TO
PESTICIDE RESIDUE LEVELS AND INVERTEBRATE
ECOLOGY ...Aquatic Ecology, Aquatic Soils, Insecticides -non-
specific, Michigan, Pollution Effects, 5.0572

THE PREDICTION OF UNSATURATED FLOW RATES FROM
PHYSICAL PROPERTIES OF THE POROUS MEDIUM
...Permeability, Porous Media - Flow Through, Unsaturated Flow,
Water Cycle, 2.0889

SEDIMENTATION AND CONTAMINANT CRITERIA FOR
WATER RESOURCES PLANNING AND tylANAGEMENT
_Dispersion -water, Management, Planning, Sediment Yield,
Sedimentology-general, Watersheds-general, 4.0066

WATER QUALITY MODELING AND PREDICTION ,,,Dynamic:,
Prediction Models, Quality Control, Waste Water Treatment-
other, ...5.0432

EXPERIMENTAL STUDIES OF AIR AND WATER INTERFA-
CIAL INTERACTION Turbulence-general, Waves, Wind Tun-
nels, Wind-water Interaction, 2.0246

INTERACTION OF PESTICIDE POLLUTANTS AND AQUATIC
FOOD-CHAIN ORGANISMS ...DDT , Food Chains, Animal
And/or Man, Persistance of Residues, Pollution - Effects of ,
5.1107

PHYSIOCHEMICAL RESPONSES OF RIVERS TO NATURAL
AND MANMADE ENVIRONMENTAL CHANGES .,.Environ-
mental Changes, Mans Activities, Nutrients, Streams, _5.1150

EDDY DIFFUSION AND BACTERIAL REDUCTION IN WASTE
FIELDS ...Bacterial Pollutant Sources, Diffusion, Dispersion -
water, Dyes, Mixing, Sewers, 5.0111.

NITRATES IN WATER SUPPLIES ...Animal Wastes - Feed Lots,
Nitrate, Nitrite, Nitrogen, Physical Properties-general, Soil
Sampling, Waste Disposal -underground, 5.0679

TRANSPORT AND FATE OF POLLUTANTS IN SOIL .Disposal,
Internal Water Movement, Porous Media - Flow Through, Soil,
Unsaturated Flow, 5.0517

STEROLS AND LIPIDS IN WATER POLLUTION ..,Chemical
Identification, Effluents-waste Water, Lipid Hydroperoxides,
Sewage, Sterols, 5.1173

BACTERIAL ADSORPTION ON SOILS ...Bacterial Pollutant
Sources, Recharge -general, Self-purification, Soil Chemical Pro-
perties, Temperature, ...5.1190

INDICATOR-PATHOGEN DENSITY RELATIONSHIPS IN
TRIBUTARY STREAMS _Bacterial Pollutant Sources, Bioin-
dicators, Coliforms (non-specific), Microbiological Analysis,
Streams, 5.0562

DISPERSION OF WATER POLLUTANTS IN CURVILINEAR
FLOWS ...Channel Geometry, Fluid Mixing, Open Channel,
Stratified, Turbulent, ...5.0414

SORPTION AND MOVEMENT OF POLLUTED WATER IN SOIL
...Absorption, Fixation, Exchange, Internal Water Movement,
Movement, Leaching, Persistence in Soils, Soil Environment, Soil-
water-plant Relationships, 5.0078

MECHANICS OF DISPERSION IN ESTUARY POLLUTION
...Dispersion -water, Estuaries, Mathematical Analysis, Model Stu-
dies, Tides, 5.0528

MIXING PROCESSES IN SATURATED AND UNSATURATED
SOIL-WATER SYSTEMS IN RELATION TO POLLUTION
...Chemical-general, Internal Water Movement, Mixing, Saturated
Flow, Unsaturated Flow, 2.0086

ALTERATIONS OF THE PERSISTENCE AND MOVEMENT OF
HERBICIDES IN SOIL, WATER, AND PLANTS ...Fungicides -
non- specific, Herbicides -non-specific, Movement, Leaching, Soil
Degradation ;other, 5.0486
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ECOLOGY OF PESTICIDES IN AN AQUATIC ECOSYSTEM
.,.Food Chains, Animal And/or Man, Insecticides -non-specific,
Michigan, Pollution - Effects of , Pollution Effects, ...5.0563

ISOTOPES IN THE BIOSPHERE ...Erosion-general, Managemt.N,
Radioactive Fallout, Runoff, Strontium, Washout, 5.0670

THE DISPOSITION OF PESTICIDES IN THE SOIL _Internal
Water Movement, Mineralogy, Movement, Leaching. Soil Chemi-
cal Properties, 5.1163

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Adsorp-
tion Capacity, Internal Water Movement, Movement, Leaching,
Thermal Properties-other, 6.0590

SOILS, PESTICIDES AND THE QUALITY OF WATER _Ground-
water Movement, Infiltration, Movement, Leaching. Rhizosphere,
...5.1239

SOILS, PESTICIDES, AND THE QUALITY OF WATER
Managemenf, Movement, Leaching, Soil and Rock Leaching,
Soil Properties - Other, 5.0312

CONTAMINATION OF GROUND WATER FROM RADIOAC-
TIVE PACKAGES IMPACTING ON LAN ,..Ground Water.
Groundwater, Groundwater Movement. Radioactivity-general,
...4.0240

NITROGEN TRANSFORMATIONS IN SOIL ...Agricultural
Watersheds, Fertilizers, Nitrate, Nitrite, Runoff, Sail-water-plant
Relationships, ...5.0045

DISPERSION OF WATER AND SEDIMENTS IN THE SURF
ZONE ...Beaches, Pollution-general, Shoreline - Coastline, Size,
Waves, ..,5.0151

TIME OF TRAVEL PRINCIPAL MARYLAND STREAMS
,..Dyes, Maryland, Streams, Velocity -water, 1,0565

A STUDY OF LAND DISPOSAL OF SPENT SULFITE LIQUOR
AT BADGER PAPER MILLS, INC., PESHTIGO, WISCONSIN
Aquifers-general, Disposal, Limestone - General, Neutralization,
Pulp and Paper Wastes, 5.1295

AQUATIC TRANSPORT OF NUCLEAR DEBRIS ...Canals,
Chemical Reactions, Exchange Capacity, Ion Exchange-other,
Radioactive Fallout, ...1.0012

COLUMBIA RIVER ECOLOGY ...Chromium, Columbia River,
Phosphorus, Radioisoopes, Zinc, 6.0613

RADIONUCLIDES IN THE SAVANNAH RIVER ESTUARY AND
ADJACENT COASTAL WATERS ...Atomic Plants, Estuaries,
Radioactivity, Radioactivity-general, Tracers, ...5.109Y.

RADIONUCLIDE, MOVEMENT IN GROUNDWATER ...Flow
Characteristics -water, Groundwater Movement, Radioactivity-
general, Radioisotopes, Seepage, 5.1099

HYDROLOGIC STUDIES LEADING TO SITE UTILIZATION
...Adsorption Capacity, Groundwater, Hydrology-general, Nuclear
Expsion, Radioactivity-underground Test, Sediment Transport-
other, 3.0134

VELOCITIES OF RADIONUCLIDES AT ARNAR GOSA SITE
...Groundwater, Nevada, Radioactivity 'underground Test, Trans-
port, ,..2.0174

MOVEMENT OF RADIONUCLIDES IN THE LOWER COLUM-
BIA RIVER ...Absorbed Load, Adsorption Capacity, Columbia
River, Radioactivity-general, 2.0902

THE MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA
RIVER ESTUARY _Absorbed Load, Columbia River, Estuaries,
Radioactivity - general, ..2.0903

BEHAVIOR OF POLLUTANTS IN WATER ...Aquatic Or Soil-
aquatic Cycles, Decomposition-general, Infiltration, Movement,
Leaching, Persistence in Soils, Pesticides -non-specific, 5.0190

QUALITY OF WATER OF THE TEXAS BAYS AND ESTUARIES
...Bays, Estuaries, Nutrients, Texas, Water Quality-general,
2.1003

IRRIGATION RETURN FLOW ...irrigation - general, Nutrients, Ru-
noff, Salinity, Water Quality-general, ...5A0183

PESTICIDE KINETICS Aquatic Or Soil-aquatic Cycles, Degrada-
tion -non-specific, Estuaries, Insecticides -non-specific, Marine
Biology (non-specific )..5.0271

ESTUARINE DIFFUSION OF POLLUTANTS ...Dilution-other,
Estuaries, Oregon, Salinity, Stratification, ...5.0974

FATE OF POLLUTANTS IN GROUND WATER ...Aquifers-
general, Artificial Recharge, Chlorinated Hydrocarbons, Nitrate,
Nitrite, Playas, 5.0917

MODEL FOR DETERMINING THE MOST UNFAVORABLE
CONDITIONS FOR AREA CLASSIFICATION ...Bays, Pollu-
tants-general, Rhode Island, Shellfish, N.s. , Water Standards,
5.1067

RELATIONSHIP OF THE SOURCE TO LEVELS OF TOXIC
CHEMICALS IN SHELLFISH ...Freshwater Mussels, Scallops,
Heavy Elements, Industrial Wastes, Legal Standards, Pollution -
Effecis of , 5.11073
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PESTICIDE POLLUTION OF FARMSTEAD WATER SUPPLIES

...Aquatic Or Soil-aquatic Cycles, Handling & Application,
Residues in Potable Water, Water Utilization -domestic, .,.5.0485

PERSISTENCE AND FATE OF HERBICIDES IN WATER AND
AQUATIC SOILS AND THE EFFECTS OF HERBICIDES IN IR-
RIGATION WATER ON CROP PLANTS ...Canals, Herbicides -
non- specific, Irrigation, Persistanee of Residues, Persistence in
Soils, ...5.1330

THE DISPOSITION OF PESTICIDES IN SOIL AND CLOSELY
RE,LATED WATER ...Farm Pond, Louisiana, Management, Pesti-
cides -non-specific, Soil and sock Leaching, ...5.0276

CHEMICAL, PHYSICAL AND BIOLOGICAL REACTIONS OF
PESTICIDES WITH SOILS AFFECTi,NG SOIL PRODUCTIVITY
AND PESTICIDE STABILITY ...Microbiology -soil, Movement,
Leaching, Pesticides -non-specific, Residue Analysis -other, Soil
Conditions, Soil Temp, -non-specific, 5,0202

INTERACTIONS OF PESTICIDES AND SEDIMENTED OILS
...Chemical Treatment-other. Chlorinated Hydrocarbons, Other,
Pesticides, ...5.0551

TRAVEL OF NITROGEN IN SOILS ...Animal Waste Removal-
treatment, Groundwater, Movement, Availability, Nitrogen. Soil
Tests, 1.0070

LEAD ISOTOPIC CHEMISTRY FOR POLLUTION RESEARCH
...Analysis and Detection, Lead, Other, Radioisotopes, Transport,
_5.0150

POLLUTION OF SUBSURFACE WATER BY SANITARY LAND-
FILL ...Contamination, Forecasting-prediction, Landfill, Pennsyl-
vania, Subsurface Flow, 5.1009

Pollution - Effects of
THERMAL POLLUTION AND ITS IMPLICATIONS FOR THE

COAL INDUSTRY-A SURVEY OF THE STATE OF
KNOWLEDGE ...Data Acquisition-general, Electric Power Plants,

Survey Studies, Thermal Pollution, _5.02.08
THE CYCLING OF CI-36 LABELED DDT IN NATURAL

ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles, DDT , Monitor-
ing Systems, Persistance of Residues, Radioisotopes, ..5.0876

THE PREDICTION AND OPTIMIZATION OF STREAM
RESPONSES TO POLLUTANT WASTES ...Forecasting-predic-
tion, Mathematical Analysis, Model Studies, Physical Parameters,
Streams, 5.0743

OPTIMUM ECOLOGICAL DESIGNS FOR ESTUARINE
SYSTEMS OF NORTH CAROLINA Domestic Wastes-general,
Estuaries, Marine Biology (non-specific), North Carolina, Pollu-
tion Effects, Productivity - Food Chain, 2.0820

SANITATION, WASTE DISPOSAL AND PEST AND VECTOR
CONTROL ...Nuclear Explosion, Radioactive Fallout, Radiologic
Warfare, Requirement, Sewage, Urban Environments, 5.0059

PROBABLE EFFECTS ON MARINE ENVIRONMENTS OF
DISPERSING BRINE EFFLUENTS FROM LARGE DESALINA-
TION PLANTS IN THE GULF OF CALIFORNIA ...Atomic
Plants, Brines, Desalination, Gulf of California, Marine Environ-
ments- general, ..3.0020

EFFECTS OF ORGANIC POLLUTION ON HATCHABILITY
AND SURVIVAL OF BROOK TROUT, SALVELINUS FON-
TINALIS, AND GROWTH OF BROWN TROUT, SALMO
TRUTTA ...Brown Trout, Lake Trout, Brook Trout, Nutrients,
Population Dynamics, Streams, 5.1027

INFLUENCE OF SEDIMENTATION UPON THE PRODUCTION
OF GAME FISHES ...Fish -non-specific, Montana, Population
Dynamics, Sediments, Streams, 4.0069

FISHES OF THE SOUTH PLATTE RIVER BASIN, COLORADO
...Animal Distr. (non-specific), Colorado, Environmental Changes,
Environmental Ecology, Fish -non-specific, River Basins, .,.5.0194

THE EFFECTS OF PESTICIDE RESIDUES ON LARVAL AND
JUVENILE WINTER FLOUNDER IN THE WEWEANTIC
RIVER ESTUARY, MASSACHUSETTS ...Estuaries, Mas-
sachusetts, Righteye Flounders, Wildlife, .5.0509

THE EFFECT OF DIELDRIN ON SURVIVAL AND DEVFI.OP-
MENT OF FISH EGGS ...Aldrin, Basic Embryology, irin,
Mode of Action -animal, Ohio, ..5.0885

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES ...Insecticides -non-specific,
Maturity & Growth Stages, Mode of Action -animal, Pollution Ef-
fects, Wildlife, 5.0649

DOCUMENT LOGGING DAMAGE ...Biological-general, Chemi-
cal-general, Fish -non-specific, Forest Debris, Logging, Transport,
Equipment, Physical-general, Population Dynamics, 5.0145

EFFECTS OF INCREASE IN SALTON SEA SALINITY ON THE
SURVIVAL OF ORANGEMOUTH CORVINA, SARGO, BAIR-
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DIELLA, AND NEANTHES ...Bioindicators, Cuptivo Rearing.
Fish anther, Salinity, Salton, Water Salinity, 5.0146

EFFECTS OF WATER QUALITY ON HATCHING SUCCESS
..,Basses -sea,white, White Perch, Captive Rearing, Hatchability,
Louisiana, Water Properties-general, 5.0453

PESTICIDE RESIDUE STUDY IN SPORT FISH WATERS
,Chemical Analysis (water), Filtration, Monitoring Systems,
Pesticides -non-specific, 5.1231

QUANTITATIVE AND QUALITATIVE MEASUREMENT OF
AQUATIC VEGETATION-CURRITUCK SOUND ...Aquatic
Plants (non-specific), Mapping, North Carolina, Saline Water In-
trusion, Virginia, 5.0816

RESIDENT POPULATION DETERMINATION Effluents-waste
Water, New Hampshire, Pollution Effects, Thermal Pollutio-,
5.0709

STATEWIDE FISHERIES RESEARCH ...Bioindicators, Bluegills,
Bream, Environmental Effects, Rotenone, Temperature, 5.0817

FISH ECOLOGY AND PHYSIOLOGY IN RELATION TO ACID
MINE DRAINAGE ..,Acidity, Aquatic Ecology, Fish -non-
spe 'fie, Mine Drainage Control, Pollution Effects, ...5.1277

EFFECTS OF SIMULTANEOUS VARIATION OF TEMPERA-
TURE AND DISSOLVED OXYGEN ON THE RESISTANCE OF
FISHES TO CONTROLLED POLLUTANTS ...Contamination -
Water, Gases, Dissolved -water, Oxygen, Temperature, Water
Temperature-non-sNcific, ...5.0220

DETERMINATION OF SAFE LEVELS OF POLLUTION IN
PUERTO RICO ...Bays, Contamination Water, Meteorological
Studies-general, Puerto Rico, Recreation Sites, Water Properties-
general, 2.0937

LIMNOLOGY OF LAKE CHAMPLAIN Biological-general,
Chemical-general, Physical-general, Phytoplankton, Sediments,
Zooplankton, 2.1088

EFFECTS OF HEATED WATER, ACID MINE DRAINAGE & AL-
KALINE ASH DRAINAGE ON WATER QUALITY & RESER-
VOIR COMMUNITY METABOLISM (ABI3REV) ...Mine
Drainage Control, Mining Activities, Pollution Effects, Reservoirs
and Impoundments, Thermal Pollution, ...5.0668

THE ECOLOGY OF THE YOUNG FISHES OF THE WEWEAN-
TIC RIVER ESTUARY ...Aquatic Ecology, Estuaries, Mas-
sachusetts, Pesticides -non-specific, Population Dynamics,
2.0607

INTERACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS ...Fertilizers; ...5.0051

A STUDY OF SELECTED CHEMICAL AND BIOLOGICAL CON-
DITIONS OF THE LOWER TRINITY RIVER AND THE UPPER
TRINITY BAY Commercial Fishing, Estuaries, Mans Activities,
Spawn Or Nesting Sites, Texas, ...6.0546

POLLUTION EFFECTS ON GROUND WATER RECHARGE IN
HAWAII ...Adsorption-absorption-other, Groundwater, Natural
Recharge, Pollutants Path of , Soil Environment, ...5.0313

CHANGES DURING EUTROPHICATION OF AN ESTUARY
...Estuaries, Eutrophication, North Carolina, Plankton (non-
specific), ..,5.0820

ECOLOGY OF NEMATODES IN IRRIGATION WATER ...Animal
Wastes - Feed Lots, Bioindicators, Irrigation-general, Longevity,
Nematoda -other, 5.1232

ECOLOGY OF SELECTED AQUATIC BACTERIA IN THE
SNAKE RIVER ...Bacterial Pollutant Sources, Pulp, Paper , and
Logging, Sewage, Snake River, Water Bacteria, ...5.1236

EFFECTS OF THERMAL POLLUTION ON PRODUCTIVITY
AND STABILITY OF ESTUARINE COMMUNITIES ...Aquatic
Ecology, Environmental Ecology, Estuaries, Plant Prod. (non-
specific), Thermal Pollution, _5.0490

EFFECTS OF PULP MILL EFFLUENTS ON THE GROWTH AND
PRODUCTION OF FISH ...Food Supply, Industrial Wastes, In-
dustry Land Use Effects, Pollution Effects, Pulp, Paper , and
Logging, 5.0961

ACTIVITY PATTERNS OF FISH EXPOSED TO TOXIC MATERI-
ALS ...Contamination - Water, Fish -non-specific, Industrial
Wastes, Pollution Effects, ...5.0421

WATER QUALITY - BENTHIC INVERTEBRATE RELATION-
SHIPS IN ESTUARIES ...Benthic Fauna, Benthonic-bottom,
Estuaries, Maine, Pollution Effects, 5.0478

EFFECTS OF THERMAL AND OTHER FORMS OF POLLUTION
ON SOME ANADROMOUS FISHES ...Alewife,men-
haden,shad,herring, Aquatic Ecology, Basses -sea,wiaite, White
Perch, Pollution Effects, Thermal Pollution, 5.0739

EFFECT OF WATER QUALITY ON FIRST-YEAR MORTALITY
OF LARGEMOUTH BASS ...Aquatic Ecology, Environmental
Ecology, Largemouth Bass, Mortality Rates, Water Properties-
general, 5.0772
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BASIC RESEARCH IN THE AQUATIC ENVIRONMENT EF-
FECTS OF EUTROPHICATION ON PLANKTON ALGAE AND
BENTH IC PLANTS COMMUNITIE S Eutrophication,
Nutrients, ...2.0803
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EFFECT OF UNLINED TREATED SEWAGE STORAGE PONDS
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DISTRIBUTION AND ECOLOGY OF RIVER MOLLUSKS IN

CENTRAL AND WESTERN NORTH DAKOTA ...Aquatic
Ecology, Mollusks - non - specific & Other, North Dakota, Pollution
Effects, Streams, 6.0416

INFLUENCE OF SUSPENDED MICROSCOPIC SUBSTANCES
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tion Capacity, Chemical, Eutrophication, Microorganisms (non-
specific), Sediments, ...5.0877
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PROBLEMS IN RELATION TO PLANNING ...Floods, Planning,
Social Aspects, Urban Environments, ...6.0425

THE ECOLOGIC IMPACT OF THE INTERACTIONS AMONG
MICROORGANISMS AND AQUATIC CONTAMINANTS IN
LAKE ERIE ...Environment, Lake Eric, Primary Productivity,
Sediments, Water Bacteria, ...6.0427

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER, QUALITY IN RHODE ISLAND
.Bioindicators, Environmental Ecology, Number Or Density, Pol-
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STREAM POLLUTION AND RECREATION ...Consumption,

Recreation Sites, Social Aspects, Water Standards, Welfare
Economies, 6.0473

DYNAMICS OF CHEMiCAL & PHYSICAL CHARACT OF
WATER, BOTTOM MUDS & AQUATIC LIFE IN A LARGE
IMPOUNDMENT ON A RIVER %PHASE 11..Alabama, Aquatic
Soils, Chemical-general, Physical-general, Pollution Effects,
Reservoirs and Impoundments, ..5.0008

VARIABILITY IN DIATOM MORPHOLOGY AND WATER POL-
LUTION Algae- Diatoms, Algal Culture, Bioindicators, Environ-
ment, Water Quality-general, ...5.0217

BIOLOGICAL PROPERTIES OF SEWAGE LAGOONS AT
TUSKEGEE, ALABAMA ...Bioindicators, Biological Treatment-
general, Microbiological Analysis, Microorganisms (non-specific),
Sewage Lagoons, ...5.0024

EFFECTS OF THE CHLORINATED HYDROCic P.BONS, ALDRIN
AND DIELDRIN, ON FRESHWATER SEED SHRIMP (OS-
TRACODA ) ...Aldrin, Contamination - Water, Dicldrin, Fresh
Water, Laboratory Animals, Shrimps - Seed Or Mussel, 5.1117

INFLUENCE OF WATER QUALITY IN MAINTAINING WHITE-
NESS WHEN LAUNDERING WHITE FABRICS ...Cleansing
Agents, Color, Cotton, Hardness-minerals, Laundering, Strength,
Cohesion, 3.0382

LONG-TERM EFFECTS OF PESTICIDES ON AQUATIC INVER-
TEBRATES ...Endrin, Malathion, Parathion, Pollution Effects,
Sevin, 5.0548

COPPER TOXCITY ON ALGAE OF THE BIG BLACKFOOT
RIVER ...Contamination, Pollution-water, Copper, Environment,
Mining Activities, Montana, 5.0701

A SYSTEMS ANALYSIS OF THE WESTERN BASIN OF LAKE
ERIE ...Aquatic Ecology, Economic Impact, Great Lakes-general,
Systems Analysis, Water Quality Control-general, _6.0426

COMPARATIVE STUDY OF THE BENTHIC MICROBIAL
BIOTA IN SOME COASTAL AREAS OF PUERTO RICO
...Benthic Flora, Benthonic-bottom, Ocean Environment, Puerto
Rico, Standing Crops, ...6.0478

STREAM POLLUTION IN THE NEW LEAD BELT OF
SOUTHEAST MISSOURI ...Lead, Mining Activities, Missouri,
Streams, Water Quality-general, Zinc, ...5.0693

INTERACTION OF PESTICIDE POLLUTANTS AND AQUATIC
FOOD -CHAIN ORGANISMS ...DDT , Food Chains, Animal
And/or Man, Persistance of Residues, Pollutants - Path of ,

5.1107
EFFECT OF WATER QUALITY ON RESIDENTIAL LOCATION

DECISIONS ...Economic Impact, Location Choice, New Jersey,
Water Costs, 6.0348

EFFECTS OF WATER POLLUTION ON ZOOPLANKTON
...Domestic Wastes-general, Industrial Wastes, ..,5.1127

THE BIOLOGY OF THE INFAUNA OF A TROPICAL SOFT
BOTTOM AREA ...Aquatic Ecology, Benthic Fauna, Estuaries,
Florida, Intertidal Areas, 5.020
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EFFECT OF HERBICIDES ON AN AQUATIC ENVIRONMENT
_Herbicicles -non-specific, Mode of Action -plant, Persistance of
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Bays, Economic Impact, Recreation Sites, San Francisco Bay,
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_5.0E25
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CHARACTERIZATION OF STREAM REAERATION CAPACITY
,..Aeration, Industrial Wastes, Tracers-other, Water Costs,
...5.0303

STUDIES OF THERMAL POLLUTION IN BISCAYNE BAY
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NATIONAL SYMPOSIUM ON THERMAL POLLUTION
...Management, Meetings, Oregon, Tennessee, Thermal Pollution,
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PHOSPHATE MINING EFFLUENT IN ESTUARINE ECOLOGY
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Properties, 3.0013

GROUND WATER, RESOURCES AND RECHARGE - RICE ...Ar-
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AN EVALUATION OF THE INSECTICIDE SEVIN AS A
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NITRATES IN PLANTS ...Fertilizer Losses, Fertilizers, Manage-
ment, Nitrate, Nitrite, Survey Studies, ...5.0680

EFFECT OF POLLUTION ON THE QUALITY OF SURFACE
AND GROUND WATER RESOURCES ...Laboratory Analysis,
Soil Environment, Training Grants, Fellowships, Water Quality
Control-general, Water Reuse, 5.0703

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Animal Wastes - Feed Lots, Management, Manure,
...5.0736
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PHARMACOLOGICAL AND ECOLOGICAL EFFECTS OF
PESTICIDES ...Food Chains, Animal And/or Man, Fresh Water,
Productivity - Food Chain, ...5.0964

CONSERVATION AND RENOVATION OF WASTE WATER
..,Conservation-general, Effluents-waste Water, Natural Recharge,
Soil Properties - General, Surface Irrigation -general, Waste
Water Treatment-general, ...5.1035

L1MNOLOGICAL STUDIES OF LAKE CHAMPLAIN ...Biological,.
general. Chemical-general, Lakes, Physical - general, Temperature,
Vermont, ...5.1203

THE MICROBIOLOGY OF FARM PONDS AND OTHER FRESH
WATER SYSTEMS ,..Bacterial Pollutant Sources, Domestic
Wastes-general, Farm Pond, ...5,1286

EFFECT OF HEATED WATER DISCHARGE FROM IPALCO'S
PEFERSI3URG PLANT ON THE WATERS OF WHITE RIVER,
INDIANA ...13iological-general, Chemical-general, ELctric Power
Plants, Physical - general, Thermal Pollution, White River,
...S.0383

FLORISTIC AND FAUNISTIC SURVEY IN THE CUYAHOGA
RIVER WATERSHED ...Aquatic Ecology, Freshwater Ecology,
Ohio, Physical-general, Survey Studies, 6.0436

ECOLOGY OF COLORADO MOLLUSKS ...Colorado, Mollusks -
non- specific & Other, Pollution -non-specific, Pollution Effects,
Range Or Territorial Distr. .5.0178

STUDY OF EFFECTS OF MILL WASTE WATER ON FISH LIFE
...Contamination - Water, Fish -non-specific, Industrial Processes-
other, Industrial Wastes, Pollution Effects, 5.1174

STUDY OF TEMPERATURE EFFECTS IN COOLING WATER
LAKE ...Aquatic Ecology, Lakes, Temperature, Thermal Pollu-
tion, Water Temperature-non-specific, 6.0566

THERMAL EFFECTS ON MARINE AND ESTUARINE SHELLF-
151-i ...Aquatic Ecology, Crustacca -non-specific, Environmental
Physiology, Mollusks -non-specific & Other, Water Temperature-
non-specific, ...5.1251

AQUATIC ECOSYSTEM ..,Acidity, Cladocera, Environment Re-
sistance. Ph, Acidity -water, Productivity - Food Chain, 6.0084

PEACE RIVER POLLUTION INVESTIGATIONS ...Fish -non-
specific. Florida, Industrial Wastes, Phosphate, Phosphite, Pollu-
tion Effects, Streams, _5.0273

EFFECT OF PESTICIDE RESIDUES AND OTHER ORGANO-
TOXICANTS ON THE QUALITY OF SURFACE AND
GROUND WATER RESOURCES ...Groundwater, Persistence in
Soils, Pesticides -non-specific, Surface Water, Water Quality Con-
trol-general, ...5.0392

INFLUENCE OF WATER POLLUTANTS AND WATER QUALI-
TY ON EARLY LIFE HISTORY AND POPULATION DYNAM-
ICS OF MINNESOTA FISHES ...Fish -non-specific, Life History
Studies, Minnesota, Pollution Effects, Population Dynamics,
5.0615

INFLUENCES OF WATER QUALITY AND OTHER ENVIRON-
MENTAL CHANGES ON FISH AND ASSOCIATED ORGAN-
ISMS IN INLAND- WATERS ...Aquatic Ecology, Environmental
Ecology, Fish -non-specific, Mans Activities, Social Aspects,
Water Quality-general, 5.0965

RELATIONSHIPS OF AQUATIC FLORA TO WATER QUALITY
AND POLLUTION ...Freshwater Ecology, Plant Pollutants, Pri-
mary Productivity, Streams, Water Quality-general, ...5.0956

EFFECTS OF PESTICIDES ON ESTUARINE ORGANISMS
...Bioassay, Estuaries, Persistanee of Residues, Sevin, Swamps -
marshes, ..5.0950

EFFECTS OF KRAFT PULP MILL EFFLUENTS ON THE
GROWTH AND PRODUCTION OF FISH Industrial Wastes,
Pollution Effects, Pulp, Paper , and Logging, Salmon & Trout -
Non- specific, 5.0966

CHEMICAL BIOCIDES IN LAKES ...Lakes, Pesticides -non-
specific, Pollution Effects, Productivity - Food Chain, South
Dakota, ...5.1111

THE EFFECT OF PESTICIDES ON AN ECOSYSTEM ...Environ-
mcnts-gcncral, Food Chains, Animal And/or Man, Persistanec of
Residues, Pesticides -non-specific, Physical Properties-general,
Soil Chemical Properties, ...5.1154

BIOLOGICAL FACTORS IN THE MANAGEMENT OF LAKE
FLIES ...Lakes, Midges, Piscicides -non-specific, Predation,
Predators and Parasite, Wisconsin, ..6.0644

EFFECT OF REACTOR EFFLUENT ON QUALITY OF COLUM-
BIA RIVER WATER ...Atomic Plants, Columbia River, Digital
Computers, Filtration, Radioactivity-general, ...5.1246

COAL STRIP MINE WATERSHED STUDY ...Aquatic Ecology,
Coal-general, Mining Activities, Soil Management -non-specific,
Stream Rehabilitation, Strip Mines, 2.0980

COAL STRIP MINE WATERSHED DEMONSTRATION
JACKSON COUNTY, ALABAMA ...Alabama, Aquatic Ecology,
Coal-general, Mining Industry, Water Quality-general, 5.1124
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GREAT LAKES RESEARCH - SPOIL DISPOSAL EFFECTS
..,Dispersion -water, Great Lakes-general, Sedimentation, Sedi-
ments, Spoil Banks, Water Properties-general, 5,0561

HYDROLOGIC INFLUENCES OF STRIP MINING, BEAVER
CREEK, KENTUCKY ...Appalachia, Coal-general, Hydrology-
general, Mining Activities, Strip Mines, ...5,0890

INFLUENCE OF INDUSTIZIAL AND MUNICIPAL WASTES ON
ESTUARINE AND OFF SHORE WATER QUALITY Domestic
Wastes-general, Estuaries, Industrial Wastes, Washington,
5.1271

CHRONIC EFFECTS OF MALATHION ON BLUEGILLS
...Bluegills, Bream. Channel Catfish, Malathion, Mode of Action -
animal, Wildlife, ...5M646

CHRONIC EFFECTS OF METHOXYCHLOR ON BLUEGILLS AT
COLUMBIA, MISSOURI .Bluegills, Bream, Methoxyehlor, Mis-
souri, ...5.0647

EFFECTS OF PESTICIDES ON AQUATIC ANIMALS IN THE
ESTUARINE AND MARINE ENVIRONMENT (ABBREV )
...Bioindicators, Estuaries, Laboratory Animals, Pesticides -non-
specific ..5.0062

EFFECTS OF MALATHION ON LEARNING AND RETENTION
IN THE GOLDFISH ...Escape and Avoidance, Goldfish,
Malathion, Mode of Action -animal, Pesticides, 5.0667

ACUTE 'T'OXICIT'Y OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES ...Pesticides -non-specific,
Stamina, Wildlife, ...5.0651

EFFECTS OF CHRONIC EXPOSURE TO SUBLETHAL LEVELS
OF INSECTICIDES ON REPRODUCTION IN BROOK TROUT.
CHRONIC TOXICITY OF PESTICIDES TO FISH ...Carbamates
- non - specific, Chlorinated Hydrocarbons, Lake Trout, Brook
Trout, Organophosphorous Cpds. , Reproduction Studies
(general). Wildlife, _5.0654

MEASUREMENT' OF THE EFFECTS OF PESTICIDES GNI IN-
VERTEBRATE RESPIRATION - ACUTE 'TOXICITY OF PESTI-
CIDES TO FRESHWATER INVERTEBRATES ...Carhamates
non-specific, Chlorinated Hydrocarbons, Organophosphorous
Cpds. Respiratory System, .,.5.0664

EFFECTS OF MALATHION ON THE SEXUAL DEVELOPMENT
OF MALE RAINBOW TROUT - PESTICIDE EFFECTS ON
FISH ENDOCRINE FUNCTIONS ...Gonadotrophins,
Gonadotropins, Malathion, Mode of Action -animal, Rainbow
Trout, Steelhead Trout, ...5.0633

THE INFLUENCES OF ENVIRONMENTAL, CONDITIONS ON
THE TOXICITY OF PESTICIDES ...Bioassay, Environmental
Ecology, Fish -non-specific, Wildlife, 5.0656

MEASUREMENT OF RADIONUCLIDES IN ESTUARINE AND
MARINE ENVIRONMENTS (A COOPERATIVE AGREEMENT
WITH ATOMIC ENERGY COMMISSION) ...Estuaries, Marine
Environments-general, Pollution Effects, Radioactivity-general,
Reactor Sites & Rad Waste, 2.0819

THE EFFECTS OF ENVIRONMENTAL CONDITIONS ON THE
SPAWNING AND SURVIVAL OF FRY OF THE WALLEYE
...Environmental Effects-geologic, Eutrophication, Temperature,
Walleyes, 5.0900

BEHAVIOR OF ESTUARINE ANIMALS ...Behavior -animal,
Estuaries, Pesticides -non-specific, Pollution Effects, ...2.0323

LABORATORY BIOASSAYS ...Contamination - Water, Laborato-
ry, Laboratory Animals, Pollution-general, Wildlife, ...5,0270

RELATION OF RIVER-RUN IMPOUNDMENTS TO SALMON
PRODUCTION ...Aquatic Ecology, Engineering Structures-
general, Environmental Changes, Environmental Ecology, Mans
Activities, Salmon & Trout - Non-specific, ...6.0616

ESTUARINE EcosYsTEms ..Aquatic Or Soil-aquatic Cycles,
Estuaries, Pesticides -non-specific, Pollution Effects, Water Pro-
pertius-gcneral, ...2.0324

EFFECTS OF INDUSTRIAL EXPANSION ON THE AQUATIC
ENVIRONMENT OF ESTUARINE AREAS ...Columbia River,
Estuaries, Salmon & Trout - Non-specific, 2.1131

ECOLOGY OF WESTERN GULF ES'TURIES ...Estuaries, Gulf of
Mexico, Habitat Studies, Plant Prod. (non-specific), Productivity -
Food Chair., 2.1048

EFFECTS OF D.O., TEMPERATURE AND POTENTIAL TOXI-
CANTS UPON SELECTED MACROINVERTEBRATES
(EMPHASIZING NON-ARTHROPODS) Contamination -

Water, Food Supply, Gases, Dissolved -water, Pollution Effects,
Water Temperature-non-specific, 5.0589

MARINE BIOLOGICAL ASSESSMENT OF POLLUTIONAL
FATE ...Contamination - Water, Crustacea -non-specific, Fish -
non- specific, Nets, 5.0975

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE FISHES ...Computer Matching
Code, Contamination - Water, Killifishs - Cyprinodon, Pollution
Effects, ...5.1080

HISTOPATHOLOGIC EFFECTS OF 'POLLUTANTS ON CELLS
AND TISSUES OF MARINE INVERTEBRATES .,.Clams, Com-
puter Matching Code, Contamination - Water, Invertebrate
Pathology, Pollution Effects, Pollution-other, _5.11081

USE OF MARINE PLANKTONIC ORGANISMS FOR EVALUAT-
ING THE QUALITY OF MARINE AND ESTUARINE WATERS

L ituaries, Phytoplankton, Pollution Effects,
Zooplankton, .5.1093

INTEGRATED FIELD AND LABORATORY SYSTEM FOR AS-
SAYING THE EFFECTS OF POLLUTANTS AND TOXICANTS
UPON WATER QUALITY ...Algal Culture, Axenic Culture, En-
vironment. Phytoplankton,

STUDY OF NITROGEN METABOLISM IN MARINE ALGAE
...Bioindicators, Enzymes, Marine Plants. Microbiological Analy-
sis, Quantitative & Qualitative, _5.1089

WATER QUALI'T'Y REQUIREMENTS FOR AQUATIC LIFE
...Contamination - Water, Fish -non-specific, Toxins and Poisons -
other, Water Quality-general, _5.0844

STUDY OF ASSIMILATIVE CAPACITY OF ARCTIC AND SUB-
ARCTIC STREAMS ...Environmental Effects-ge.ilogic, Polar,
Self-purification, Streams, _5.0029

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
PETROCHEMICAL WASTES _Groundwater, Mining Activities,
Other, Petroleum Chemistry, Petroleum Industry, ...5.0908

RELATIONSHIP OF THE SOURCE TO LEVELS OF TOXIC
CHEMICALS IN SHELLFISH ...Freshwater Mussels, Scallops,
Heavy Elements, Industrial Wastes, Legal Standards, Pollutants -
Path of , _5.1073

OCCUPATIONAL AND ENVIRONMENTAL HEALTH ...Food,
Human Tox. or Residues -other, Occupational Hazards, Pollution-
atmosphere, Radiologic Health, ...5.0518

ENVIRONMENT AND VIRUS-HOST INTERACTIONS IN FISHES
...Agricultural Chemicals-general, Environmental Ecology,
Pathology, Pollution Effects, Viral Pollutant Sources, 5.0786

FREQUENCY DISTRIBUTION OF CHEMICAL POLLUTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT ...Food,
Organophosphorous Cpds. , Oysters, Southern, Toxicological and
Allergy, _5.0021

EFFECT OF THE EFFLUENT FROM AN ATOMIC POWER
PLANT ON THE ADJACENT PORTION OF BARNEGAT BAY,
NEW JERSEY ...Bays, New Jersey, Pollution Effects, Reactor
Sites & Rad Waste, Thermal Pollution, Water Temperature-non-
specific, ...5.1076

Pollution Sources
Agricultural Chemicals-general

CHEMICAL CONTAMINANTS FOUND IN SURFACE AND SUB-
SURFACE WATER AS RELATED TO SOIL AND CLIMATIC
CONDITIONS ...Hardness - minerals , Pollutants - Path of , Ru-
noff, Soil and Rock Leaching, Soil Environment, ...5.0476

TRACE AND TRACER ELEMENTS IN GROUND WATER
...Arizona, Groundwater, Industrial Wastes, Trace Elements,
Tracers-general, 4.0010

GREENHOUSE AND OUTDOOR NURSERY CULTURE OF
SALTCEDAR PLANTS TO DE USED IN PHREATOPHYTE
CONTROL PROGRAM Greenhouse, Saltcedar, Tamarisk,
Shrubs & Vines, Mainly Fibrous, Trees, 3,0131

ENVIRONMENT AND VIRUS-HOST INTERACTIONS IN FISHES
Environmental Ecology, Pathology, Pollution - Effects of , Pol-
lution Effects, Viral Pollutant Sources, ...5.0786

Agricultural Chemicals-other
PILOT PLANT DEVELOPMENT OF THE ION-EXCHANGE

PROCESS FOR RECOVERY OF AMINO COMPOUNDS FROM
POTATO STARCH FACTORY EFFLUENTS ...Air Pollution -
other, Amino Acids - non - specific, Food Processing Industry, Plant
Waste Removal, Treatment, Vegetables, 5.0990

Algal Pollutant Sources
BLUE-GREEN ALGAE POISONING ...Algal Toxins, Arizona,

Cyanophyta (non-specific & Ot), Range Or Territorial Distr. ,

Vegetable Origin, 5.0041
A STUDY OF ALGAL POPULATIONS ASSOCIATED WITH DIF-

FERENT LEVELS OF WATER QUALITY IN NEW
HAMPSHIRE ...Bioindicators, Eutrophication, New Hampshire,
Nutrition Studies, Water Quality-general, ...5.0712

CL ADOPHORA AS RELATED TO POLLUTION IN WESTERN
LAKE ERIE Bioindicators, Chemical Analysis, Cladophora,
Lake Erie, Mapping, 5.0883
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BUOYANCY AND SINKING CHARACTERISTICS OF FRESH-
WATER PHYTOPLANKTON ...Fresh Water, Herbicides -non-
specific, Phytoplankton, Primary Productivity, Vertical Distribu-
tion, .,.5,1064

A STUDY OF INHIBITORY COMPOUNDS PRODUCED BY
FRESH-WATER ALGAE ...Chemicals (incl. algacides),
Chlorophyceae (non- spccif. &ot), Eutrophication, Metabolic In-
hibitors, of Aquatic Plants, ..,5.0446

ALGAL GROWTH AND DECOMPOSITION - EFFECTS ON
WATER QUALITY ...Algal Culture, Cell Injury and Autolysis,
Growth and Differentiation, Mineral Composition, Model
Systems, Water Quality-general, ...5.0443

ALGAE DEGRADATION IN WATERWAYS _Algal Culture, Cell
Injury and Autolysis, Mixed Culture, Water Properties-general.
-5.0126

PILOT-SCALE STUDY OF IMPROVED PHOSPHATE REMOVAL
BY MODIFIED ACTIVATED SLUDGE PROCESS ...Activated,
Bacteria, Disposal, Pilot Plant, Waste Treatment-economics,
_5.0560

POLLUTION AS A RESULT OF FISH CULTURAL ACTIVITIES
...Biological Pollutants -general, Captive Rearing, Management, -
other, Pollution - Effects of , Water Quality Control-general,

EFFECT OF PHOSPHORUS REMOVAL PROCESSES ON
ALGAL GROWTH ...Algae, Biological Treatment-other,
Denitriiication, Eutrophication, Nutrients, ...5.0097

REVIEW OF ALGALCIDES -Algacides -non-specific, Public Utili-
ties, Residential, Survey Studies, Water Distribution Systems,
_5.0358

A SURVEY OF PHYTOPLANKTON IN AND OLD AND A NEW
RESERVOIR ...Ohio, Phytoplankton, Reservoirs and Impound-
ments, ...6.0434

RHEOTAXIS IN ALGAL METABOLISM AND PHOTOSYNTHES-
IS -Cladophora, Lake Erie, Motility and Migration, Photosynthe-
sis, Respiration, -6.0377

DETERMINATION OF CRITICAL PHOSPHATE AND NITRATE
CONCENTRATIONS FOR ALGAL BLOOM CONDITIONS IN
LAKE ERIE -Eutrophication, Growth and Differentiation,
Nitrogen, Phosphorus, -6.0086

STUDY OF ;UTROPHICATION IN LAKES MAGOG & BROME
...Canada, Eutrophication, Freshwater Ecology, Growth and Dif-
ferentiation, Nutrition Studies, -5.0166

DIATOM REMOVAL BY FLOCCULATION ...Algae- Diatoms,
Flocculation, Plankton (non-specific), Sand, _5.0353

PHYCOViRUSES - THEIR NATURE, OCCURRENCE, AND AP-
PLICATION ...Algal Virus, Biocontrol. Eutrophication, isolation,
Pathological Physiology, _5.0859

TASTES AND ODORS IN WATER, SUPPLIES _Pollutants-
general, Pollution-water, Studies, Organoleptic, Taste and Odor,
Water for Cooking Or Drinking, -5.0066

EXTRACTION 01: ALGAE BY FLOCCULATIVE TECHNIQUES
...Additives, Extraction, Flocculation, Public Works, -5.0398

Animal Pollutant Sources
ROOT-KNOT NEMATODE CONTROL (MELOIDOGYNE

NAASI-FRANKLIN ) -Formulation,rate,concentration, Nemato-
eides -non - specific, Nematodes, Population Dynamics, Rhabdi-
toidea, _3.0042

ZOOPLANKTON STANDING CROPS IN A SOUTH DAKOTA
PRAIRIE LAKE -Aquatic Ecology, Lakes, Population Dynamics,
South Dakota, Zooplankton, -5.1110

WATER RESOURCES NEMATOLOGY ...Aquatic Ecology, En-
vironmental Ecology, Mans Activities, Nematoda -other, Produc-
tivity - Food Chain, -5.0001

STUDIES ON THE INTERACTIONS OF BACTERIA AND
AQUATIC NEMATODES ...Aquatic Ecology, Bacteria (non-
specific), Bacterial Pollutant Sources, Interbiotic Relat.(non-
specif), Nematoda -other, -5.0013

ECOLOGY OF SCHISTOSOME DERMATITIS IN WESTERN
AND NORTHERN NEVADA WATERS -Contamination -

Water, Lakes, Nevada, -6.0338
WATER QUALITY PROTECTION - SYNTHESIS OF POTEN-

TIAL MOLLUSCICIDES -Mode of Action -animal, Mollusci-
cides -non-specific, Schistosoma, Screening Potential Pesticides,
-5.1066

LAKE MICHIGAN CHEMICAL CONTROL OF SEA LAMPREY
...Control of Nuisance Species, Evaluation, Lampreys, Larvicides,
-5.0576

BIOASSAY ...Evaluation, Lampreys, Piscicides -non-specific,
Streams, Water Properties - general, ...5.0580

MARINE BIOTOXINS -Bioindicators, Contamination, Pollution-
water, Eutrophication, Gonyaulax, Venom, ..5.1072

Animal Wastes - reed Lots
POLLUTION FROM ANIMAL FEEDLOTS ...Filtration, Rainfall

Simulators, Runoff, Solid Waste, Waste Disposal -underground,
_4.0118

ECOLOGY OF NEMATODES IN IRRIGATION WATER -Bioin-
dieators, Irrigation-general, Longevity, Nematoda -other, Pollution
- Effects of , ...5.1232

DISPOSAL, OF WASTE FROM SWINE FEEDING FLOORS TO
MINIMIZE OR ELIMINATE STREAM POLLUTION ...Septic
Tanks, Underground Waste Disposal, _5.0499

SECONDARY TREATMENT OF HOG WASTE IN AN ANAERO-
BIC STABLIZATION POND -Anaerobic, North Dakota, Secon-
dary Treatment, Septic Tanks, Sewage Lagoons, -5.0830

BIOLOGICAL TREATMENT OF BEEF ANIMAL WASTES TO
REDUCE WATER POLLUTION ...Aeration, Anaerobic,
Biochemical Oxygen Demand, Chemical Oxygen Demand, Chemi-
cal Treatment, Farm Wastes, Livestock Equipment, ...5.0433

USING SOIL FILTRATION TO REDUCE POLLUTION POTEN-
TIAL OF LAGOON EFFLUENT ENTERING GROUND
WATER SYSTEM ...Filtration, Induced Infiltration, Lagoon, Soil,
Soil Conditions, _5.0402

(Fscr CATEGORY V D) MAGAGEMENT OF CATTLE
FEEDLOT WASTES ...Anaerobic, Animal Waste Removal-treat-
ment, Farr Wastes, Lagoon, Sewage Lagoons, ..,5.0412

DETECTION AND SIGNIFICANCE OF ENZOQTIC WATER
POLLUTION ...Bacterial Pollutant Sources, Bioindicators, En-
zootic, Protozoa -other, Sewage Bacteria, -5.0700

NITRATES IN WATER SUPPLIES _Nitrate, Nitrite, Nitrogen,
Physical Properties-general, Pollutants - Path of , Soil Sampling,
Waste Disposal -underground, -5.0679

CATTLE FEED LOT WASTE WATER TREATMENT ...Aerobic,
Anaerobic, Effluent-standards, Lagoon, Water Reuse, ,..5.0422

ROLE OF ANIMAL WASTES IN AGRICULTURAL LAND RU-
NOFF ...Agricultural Watersheds, Runoff, Small Watersheds,
-5.0822

DISPOSAL OF WASTES FROM SWINE FEEDING FLOORS TO
MINIMIZE STREAM POLLUTION -Animal Waste Removal-
treatment, Farm Wastes, Management, Process Design, Streams,
_5.0500

SPRAY DISPOSAL OF LIQUID COW MANURE ...Animal Waste
Removal-treatment, Effluent-standards, Farm Wastes, Pump-
other, Waste Disposal -underground, ...5M224

LAGOONS FOR DISPOSAL OF BARN YARD WASTES .,,Animal
Waste Removal-treatment, Climate, Farm Wastes, Lagoon, Loui-
siana. Process Design, _5.0452

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Management, Manure, Pollution - Effects of , ...5.0736

FEED AND WASTE HANDLING IN THE DAIRY OPERATION
...Animal Waste Removal-treatment, Management, Pennsylvania,
Sprinkler Irrigation, _5.1023

SUITABILITY FOR SEPTIC TANK DISPOSAL SYSTEMS AND
PRODUCTIVITY POTENTIALS OF PENNSYLVANIA SOILS
...Percolation, Septic Tanks, Soil, Waste Water Treatment-
general, Water Table Fluctuation, -5.1039

ULTIMATE DISPOSAL OF SLUDGES BY SURFACE SPREAD-
ING -Dewatering, Disposal, Transport, Waste Disposal -un-
derground, -5.0850

POLLUTION IMPLICATIONS OF ANIMAL WASTE _Animal
Waste Removl-treatment, Farm Wastes, Livestock Equipment,
Waste Water Treatment-general, -5.0916

Bacterial Pollutant Sources
BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE

SALT MARSH ENVIRONMENT --Identification, Laboratory,
Marine Bacteria (non-specific), Salinity, Swamps-marshes,
-11.0025

CHANGES IN THE PHYSICAL AND BIOLOGICAL CHARAC-
TERISTICS OF GROUND WATER RESERVOIRS AND AD-
JACENT SURFACE WATERS -Bacteria, Biological-general,
Groundwater Movement, Physical-general, Pollutants - Path of ,
_1.0017

ACID MINE DRAINAGE MICROBIOLOGICAL STUDIES ...Acidi-
ty, Identification, Mining Activities, Mining Industry, Sewage,
_5.1284

STUDIES ON THE INTERACTIONS OF BACTERIA AND
AQUATIC NEMATODES ...Animal Pollutant Sources, Aquatic
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Ecology, Bacteria (non-specific), interbiotic Relat.(non-speein,
Nematode bother, -5.0013

FACTORS AFFECTING THE MOVEMENTS OF WATER AND
ORGANISMS WITHIN A REGULATED MULTIPURPOSE
LAKE ...Boundary Layer Studies, Currents -water, Lakes, Sedi-
ments, Washington, ..,2.1114

ECOLOGY OF SELECTED AQUATIC BACTERIA IN THE
SNAKE RIVER ...Pollution - Effects of , Pulp, Paper , and
Logging, Sewage, Snake River, Water Bacteria, ...5.1236

BIOLOGICAL DEGRADATION OF WASTES UNDER
PSYCHROI'HILIC ENVIRONMENTS ...Biological, Low Temp. -
But Above 32f, Mixed Culture, Polar, Water 13aeteria, -.5.0036

A QUANTITATIVE STUDY OF TRACE ELEMENTS ON
ABIOTv: AND BIOTIC AGGREGATES IN THE MISSOURI
RIVER . Food Pyramids, Missouri River, Silting, Trace Elements.
.5.0688

BACTERIOLOGICAL AND ESTHETIC OF PLEASURE BOAT
WASTE DISCHARGE ON SMALL HARBORS ...Analysis and
Detection, Beautification, Boat Discharges, Harbors, Marinas,
...5.:267

WATER QUALITY CONTROL WITH SYNTHETIC- POLYMERIC
ELOCCULANTS ...Activated, Bacteria, Floeeuk;tion, Organic,
Water Quality Control-general, -5.0221

STUDIES ON PHOSPHORUS TRANSFORMATIONS IN
EU'fROPHIC LAKES ...Bacterial Culture, Budgets -other, Con-
necticut, Eutrophication, Nutrition, Phosphorus, ...S.0216

ELECTROPHORETIC CLARIFICATION OF WATER ...Colloidal
Phenomena, Desalination, Other, Pesticides -non-specific, 'n.rtiary
Treatment, Waste Water Treatment-general, -5.1157

OCCURENCE. OF PROSTHECATE BACTERIA IN A
GRADIENT-POLLUTED RIVER ,..Bact. morphology(other
Speen, Classification Or Taxonomy, Freshwater Ecology,
Number, Streams, -5.0571

WATER POLLUTION BY DAIRY FARM WASTES AS RE-
LATED TO METHOD OF WASTE DISPOSAL ...Alabama,
Animal Waste Removal-treatment, Chemical Oxygen Demand,
Farm Wastes, Management, Sewage Lagoons, Waste Disposal-
general, -.5.0011

METABOLIC ROLE OF SULFATES AND SULFIDES PRODUC-
ING BACTERIA IN THE POLLUTION OF WATERS ...Au-
totrophie, Budgets -other, Mine Drainage Control, Respiration,
Sulfur Bacteria, ...5.0438

BACTERIOLOGICAL WATER QUALITY ANALYSES OF
METHODS FOR DETECTING FECAL POLLUTION ...Bioin-
dicators, Coliforms (non-specific), Microbiological Analysis, Sal-
monella (non-specific & Ot), Streptococcus Fecalis, -5.1113

MICROBIOLOGICAL STUDIES IN AN OPEN AND A CLOSED
WATERSHED ...Coliforms (non-specific), Montana, Recreation
Sites, Streptococcus Fecalis, Watersheds-general, -.5.0696

SURVIVAL OF INDICATOR ORGANISMS AND ENTERIC BAC-
TERIA IN WATER ...Bioindicators, Dyes, Longevity, Nutrients,
Tennessee, -5,1133

STUDIES ON AQUATIC MYXOBACTERIA ...Bioindicators,
Degradation, Myxobacteria, Nutrition, Range Or Territorial Distr.
, Streams, -5.0952

EDDY DIFFUSION AND BACTERIAL REDUCTION IN WASTE
FIELDS ...Diffusion, Dispersion -water, Dyes, Mixing, Pollutants -
Path of , Sewers, -5.0111

DETECTION AND SIGNIFICANCE OF ENZOOTIC WATER
POLLUTION -.Animal Wastes - Feed Lots, Bioindicators, En-
zootic, Protozoa -other, Sewage Bacteria, -.5.0700

ENTERIC BACTERIA AND VIRUSES IN SEWAGE, WATER,
AND SHELLFISH ,.. Coliforms (non-specific), Oysters, Pollution
Effects, Sewage, Viral Pollutant Sources, -5.0718

A STUDY OF THE METABOLISM OF THE AQUATIC ACTINO-
MYCETES ...Actinomycetes -non-specific, Respiration, Taste and
Odor, ...5.1168
QUATIC PLANT CHEMISTRY-ITS APPLICATION TO ECOLO-
GY ...Aquatic Plants (non-specific), Bactericides -non-specific,
Endogenous .":pds -plants, Water Quality Control-general,
_5.0793

BACTERIAL ADSORPTION ON SOILS ...Pollutants - Path of ,
Recharge -general, Self-purification, Soil Chemical Properties,
Temperature, -5.1190

INDICATOR-PATHOGEN DENSITY RELATIONSHIPS IN
TRIBUTARY STREAMS ...Bioindicators, Coliforms (non-
specific), Microbiological Analysis, Pollutants - Path of , Streams,
-5.0562

ENTERIC BACTERIAL DEGRADATION OF STREAM
DETRITUS -.Intestinal Bacteria, Model Studies, Organic-general,
Sanitation, Self-purification, -5.0291

APPLICATION OF BACTERIOPHAGES TO ELIMINATE MINE
ACIDS ...Acidity, Bacteriophagei (non-spec & Ot), Isolation,
Mining Industry, -.5.0995

STUDY OF ESTUARINE POLLUTION IN THE STATE OF
HAWAII ,..Economics-general, Estuaries, Forecasting-prediction,
Hawaii, Sewage, -5.0311

WATER POLLUTION .Cell. env,(non-specific & Ot.), Identifica-
tion, Self-purification, Septic Tanks, Streams, ...5.0730

THE MICROBIOLOGY OF FARM PONDS AND OTHER FRESH
WATER SYSTEMS -Domestic Wastes - general, Farm Pond, Pol-
lution - Effects of , ...5.1286

FLORA OF THE GENESEE COUNTRY -- AQUATIC VASCULAR
PLANTS CONESUS LAKE COMMUNITY STUDIES ...Aquatic
Plants (non-specific), Budgets -other, Floras, New York, Range
Or Territorial Distr. , -.6.0378

STUDIES ON AQUATIC MYXOBACTERIA ...Applied Ecology,
Fresh Water, Myxobacteria, Pollution Abatement, Range Or Ter-
ritorial Distr. , -5.0954

ENTEROCOCCI, COLIFORM BACTERIA AND BAC-
TERIOPHAGES IN LAKE WATER ...Bacteriophages (non -spec
& Ot), Detection & Diagnosis, Streptococcus Fecalis, ...5.1315

BACTERIOLOGICAL ANALYSIS OF THE FLOCS OF AC-
TIVATED SLUDGE OF DOMESTIC SEWAGE ...Activated,
Disposal, Flocculation, Microbial-bacterial, Sewage, .,.5.1311

A COMPARISON OF TOTAL COLIFORM AND FECAL
COLIFORM COUNTS IN STREAM POLLUTION SURVEYS
...Bioindicators, Coliforms (non-specific), Surface Water, Survey
Studies, Water Standards, _5.1296

BIOTRANSFORMATION OF HEPTACHLOR BY BACTERIA -
INTERACTION BETWEEN MICROORGANISMS AND PESTI-
CIDES ...Biodegradation, Heptachlor, Other, Soil Bacteria, Water
Bacteria, -5.0645

QUANTITATIVE DETECTION AND ENUMERATION OF POL-
LUTION INDICATOR BACTERIA OF WASTE WATERS AND
SEWAGE TREATMENT PLANT EFFLUENTS ,..Bacteria,
Bioindicators, Detection, Membrane, Sewage Testing, ...5.0853

SLIME CONTROL ASSOCIATED WITH PULP MILL EF-
FLUENTS ...Industrial Wastes, Nutrition, Pulp and Paper Wastes,
Sphaerotilus, -5.0977

THE DEVELOPMENT OF OPERATIONAL SHELLFISH DEPU-
RATION AND RELAYING SYSTEMS ...Clams, Salmonella Ty-
phimurium, Thermal Pollution, Trace Elements, -.5.1068

CLOSTRIDIUM OUTGROWTH AND TOXIN PRODUCTION
DURING STORAGE OF SHELLFISH ...Clostridium Botulinum,
Microbiological, Oysters, Pacific Ocean-general, Shelf Life &
Storage, _5.1223

EVA' UATION OF METHODS FOR QUANTITATION OF
FECAL COLIFORM BACTERIA ...Estuaries, ...5.1224

EVALUATION OF METHODS FOR RECOVERY OF EN-
TEROBACTERIACEAE FROM MARINE SOURCES
-Crustacca -non-specific, Estuaries, Intestinal Bacteria, Pollu-
tants-general, -5.1225

THE ECOLOGY OF CLOSTRIDUM BOTULINUM IN THE TVA
LAKES AREA ...Bacterial Exotoxins, Clostridium Botulinum,
Food, Microbiological, Range Or Territorial Distr. , Tennessee,
...2.0990

Biological Pollutants -general
ADAPTATION BY MICROBIAL POPULATIONS ...Adaptation

Microorganisms (non-specific), Plant Succession, Waste Wat.,
Treatment-general, -5.0770

RAPID IDENTIFICATION OF MICROBIAL POPULATIONS ,N
WATER ...Fresh Water, Identification, Membrane, Water r)ac-
teria, ...5.1167

POLLUTION AS A RESULT OF FISH CULTURAL ACTIN ITIES
...Algal Pollutant Sources, Captive Rearing, Management - Alter,
Pollution - Effects of , Water Quality Control-general, -5.1119

APPLICATION OF IMMUNOCHEMICAL TECHNIQUES TO
DETECTION AND IDENTIFICATION OF CHEMICAL AND
BIOLOGICAL POLLUTANTS ...Chemical Identification, Immu-
nology Methods, Mineralization, Technique Developir-nt,
-5.0260

COOPERATIVE BIOLOGICAL PEST CONTROL RESEARCH
...California, Canals. Evaluation, of Aquatic Plants, Reservoirs
and Impoundments, -.5.0087

MICROBIOL ADSORPTIO' IN SOILS ...Adsorption Capacity,
Electrical Properties, Microbiology -soil, Percolation, Soil En-
vironment, -2.0213

DECONTAMINATION OF WATER CONTAINING CBR AND
OTHER MATERIALS -Chemical-general, Demineralization,
Other, Radioactivity-general, Reverse Osmosis, ...5.1217
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MICROBIOLOGICAL INVESTIGATIONS Marine
Fouling, Microorganisms (non-specific), Water Supply-general,
...3.0133

ORGANISMS RESPONSIBLE FOR TOXICITY OF ALASKAN
CLAMS ...Alaska, Clams, Food Spoilage Detection, Microbiologi-
cal, Pollutants-general, ...5.0032

Biological Pollutants -other
GROWTH SUPPRESSION AND REDUCTION IN REGROWTH

POTENTIAL OF AQUATIC WEEDS ...Aerofein, Maturity Or
Growth Stage of , of Aquatic slants, Plant Resistance, Submerged
Plants, -2.0191

Boat Discharges
COALESCING MARINE OIL-WATER SEPARATOR -Fluid-

devl ee-other, Technique Development, Two-phase-other, Waste
Water Treatment-general, -5.0747

BACTERIOLOGICAL AND ESTHETIC OF PLEASURE BOAT
WASTE DISCHARGE ON SMALL HARBORS ...Analysis and
Detection, Bacterial Pollutant Sources, Beautification, Harbors,
Marinas, -5.1267

Domestic Wastes-general
OPT niuM ECOLOGICAL DESIGNS FOR ESTUARINE

SYSTEMS OF NORTH CAROLINA ...Estuaries, Marine Biology
(non-specific), North Carolina, Pollution - Effects of . Pollution
Effects, Productivity - Food Chain, ...2.0820

EFFECTS OF WATER POLLIMON ON ZOOPLANKTON ...In-
dustrial Wastes, Pollution - Effects of , _5.1127

PHOSPHORUS REMOVAL AND DISPOSAL FROM MUNICIPAL
WASTEWATER ...Biological Treatment-other, Chemical Treat-
ment, Phosphate, Phosphite, Waste Disposal-general, Waste
Treatment-economies, -5.1172

INVESTIGATION OF A MPHIPATHIC WATER-SOLUBLE
POLYMERS AS FLOCCULANTS AND FLOTATION AIDS IN
DOMESTIC WASTEWATER TREATMENT ...Flocculation,
Flotation, Polyelectrolytes,. Sewage - Domestic, Waste Water
Treatment-general ..5.0222

A STUDY TO EVM,UATE THE EFFECT OF SILT AND SILT
REMOVAL IN A NORTHERN PRAIRIE LAKE ..,Eutrophica-
tion, Hardness-minerals, Lakes, Silting, -5.1116

THE MICROBIOLOGY OF FARM PONDS AND OTHER FRESH
WATER SYSTEMS -Bacterial Pollutant Sources, Farm Pond,
Pollution - Effects of , ...5.1286

INFLUENCE*OF INDUSTRIAL AND MUNICIPAL WASTES ON
ESTUARINE AND OFF SHORE WATER QUALITY ...Estuaries,
Industrial Wastes, Pollution - Effects of , Washington, ...5.1271

Effluents-waste Water
ESTUARIES AND SHORE STUDIES AND WATER SURFACE

INVESTIGATIONS ...Continental Shelf, Evaporation, Infrared
Radiation, Shoreline - Coastline, Thermal Pollution, Visibh Light,
_6.0143

A STUDY OF THE DISPOSAL OF THE EFFLUENT FROM A
LARGE DESALINATION PLANT ...Construction Sites, Copper,
Desalination, Desalination Wastes, Handbooks, -3.0295

RESIDENT POPULATION DETERMINATION ,..New Hampshire,
Pollution - Effects of , Pollution Effects, Thermal Pollution,
-5.0709

DETERMINATION, EVALUATION, AND ABATEMENT OF
COLOR IN TEXTILE PLANT EFFLUENTS ...Pollution Abate-
ment, Textile Industry, Water Sampling, -5.0296

EFFECT OF UNLINED TREATED SEWAGE STORAGE PONDS
ON WATER QUALITY 1W THE OGALLALA FORMATION
...Carbonate Aquifers, Pollution - Effects of , Ponds, Storage of
Water, Texas, ...4.0245

EFFECTS OF SUGAR REFINING LAGOON EFFLUENTS ON
BIOLOGICAL, PHYSICAL, AND CHEMICAL PROPERTIES
OF FARGO CLAY ,..Clay, Food Processing Industry, Industrial
Processes-other, North Dakota, Soil Contamination -other, Soil
Properties - Other, -5.0834

ANALYSIS OF THERMAL POLLUTION DISPERSION ...Aera-
tion, Dispersion -water, Stratified Flow, Temperature, Thermal
Pollution, -5.0726

A METHODOLOGY FOR PLANNING OPTIMAL REGIONAL
WASTE MANAGEMENT SYSTEMS ...Management, Model Stu-
dies, Optimization, Regional Areas, Waste Water Treatment-
general, -6.0280

SURVEY OF WATER UTILIZATION AND WASTE CONTROL
IN THE PULP AND PAPER INDUSTRY ...Pulp and Paper
Wastes, Pulp, Paper , and Logging, Waste Tr'tmeni.economics,

2-359

Waste Water Treatment-general, Water Utilization -general,
-3.0376

ESTUARINE HYDROGRAPHY AND ITS ROLE IN TRANSPORT
OF NATURALLY PRODUCED FOODS AND POLLUTANTS
...Estuaries, Georgia, Water Movement-general, Water Properties-
general, Water Quality-general, ...2.0352

STEROLS AND LIPIDS IN WATER POLLUTION ...Chemical
Identification, Lipid Hydroperoxides, Pollutants - Path of ,

Sewage, Sterols, ...5.1173
FILTRATION OF KRAFT PULP LIQUOR THROUGH CHIPS

...Filter-other, Pulp, Paper , and Logging, Pulp, Pulping & Com-
posite, Waste Water Treatment-general, ...5.0824

USE OF FUNGI IMPERFECT! IN WASTE CONTROL ...Canning
Wastes, Filtration, Food Processing Industry, Fungal Pollutant
Sources, Industrial Wastes, Organics, -5.0595

EUTROPHICATION OF SURFACE WATERS - LAKE TAHOE
-California, Eutrophication, Lakes, Runoff, -5.0088

STEAM STRIPPING OF KRAFT PULP MILL. EFFLUENT
STREAMS ,..Effluent- standards, Material Recovery Wastes, Or-
ganic Matter, Pulp and Paper Wastes, Pulp, Paper , and Logging,
Waste Water Treatment-general, -5.1263

UPTAKE, AND RELEASE OF SOLUBLE ORTHOPHOSPHATE
BY ACTIVATED SLUDGE -Activated, Aeration, Concentra-
tion, Phosphate, Phosphite, -5.0365

SPRING CREEK AUXILIARY WATER POLLUTION CONTROL
PROJECT' ...Bays, Combined Sewer, New York, Overflow,
.5.0759

SYSTEM MONITORING AND REMOTE CONTROL ...Automatic
Data Aquisition, Gages, Instrumental Services, Other Telemetry,
Physical Parameters, -5.0559

BASIC SALINOGEN ION EXCHANGE RESINS FOR SELECTIVE
NITRATE REMOVAL FROM POTABLE AND EFFLUENT
WATER Ion Exchange-other, Nitrate, Nitrite, Organic, Potable
Water, Selective-removal, -5.0537

A MATHEMATICAL MODEL FOR THE FINAL CLARIFIER OF
AN ACTIVATED SLUDGE PROCESS ...Activated, Computers-
general, Forecasting-prediction, Thickening, Zeta Potential,
-5.1322

WASTE DISPOSAL IN RURAL AREAS ...Aerobic, Animal Waste
Removal-treatment, Chemical Analysis (water), Farm Wastes,
Rural Areas, Septic Tanks, -5.0219

AZOTOBACTER ECOLOGY -Azotobacter -non-specific, Bioin-
dicators, Streams, Symbiotic Nitrogen Fixation, .,.5,0322

CONSERVATION AND RENOVATION OF WASTE WATER
...Conservation-general, Natural Recharge., Pollution - Effects of ,
Soil Properties - General, Surface Irrigation -general, Waste
Water Treatment-general, -5.1035

FILTRATION OF AQUEOUS EFFLUENTS CARRYING EMUL-
SIFIED OILS ...Coagulation, Emulsion, Filter-other, Oil -
Technological Testing, -1.0008

PRODUCTION AND DISPERSAL OF PATHOGENIC BACTERI-
AL AND VIRAL AEROSOLS BY AERATION OF CON-
TAMINATED WATERS ...Aeration, Aerosols, Biological Organ-
isms, Monitoring-general, Mycobacterium Tuhercul, Wind Tun-
nels, -5.0301

STUDIES TO DEVELOP PROCESS DESIGNS FOR EFFLUENT
QUALITY CONTROL ...Effluent-standards, Process Design,
Waste Water Treatment-r al, Water Quality Control-general,
-5.1175

WATER REUSE RESEARLet ...Plants - Systems-,general, Sewage
Treatment Plant, Urban Environments, Waste Water Treatment-
general, Water Reuse, -5.0176

ARABLE LAND DEGRADATION BY EFFLUENT POLLUTION
...Sanitation, Sewage Lagoons, Soil Chemical Properties, Soil
Contamination -other, .. 5.0171 .

BIOLOGICAL ASPECTS OF TERTIARY PONDS ...Phytoplankton,
Pond, Protozoa -other, Sewage, Tertiary Treatment, -5.052

EFFECTS OF CHEMICAL AND BIOLOGICALLY MODIFIED
PULPING EFFLUENTS ON TIIE PRODUCTION OF FISH
...Fish -non-specific, Industrial Wastes, Pulp, Paper , and Logging,
Self-purification, Tox & Allergenic Effects, Willamette River,
-5.0936

STUDY OF THE APPLICABILITY OF EFFLUENT CHARGES
TO WATER QUALITY MANAGEMENT IN THE STATE OF
WISCONSIN ...Economic Impact, Survey Studies, Water Costs,
Water Quality Control - general, Wisconsin, -5.1307

REDUCTION OF RADIOISOTOPES IN HANFORD REACTOR
EFFLUENTS ...Atomic Plants, Neutron Activation, Nuclear
Reactors, Radioactivity-general, -5.1253

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
IRRIGATION RETURN FLOWS ...Groundwater, Irrigation,
Streams, Surface Water, Water Quality-general, -5.0909
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PIGMENT ANALYSIS FOR THE DEFECTION OF EN-

RICHMENT Chemical Analysis (water), Eutrophication,
Nutrients, of Aquatic Plants, ,5.0906

Fertilizers
NITRATE ACCUMULATION IN KANSAS GROUND WATER

...Groundwater, Ions and Gases, Kansas, Nitrate, Nitrite, Perco la-
tion, 5.0434

WATER CONTAMINATION BY FERTILIZER NITROGEN AND
PHOSPHORUS _Agricultural Watersheds, Nitrogen, North
Carolina, Phosphorus, Runoff, Subsurface Flow, 5.0823

NITRATES IN PLAN'T'S ...Fertilizer Losses, Management, Nitrate,
Nitrite, Pollution Effects of , Survey Studies, ..5.0680

THE EFFECTS OF FERTILIZATION ON PRODUCTIVITY OF
FARM PONDS ...Farm Pond, Physical, Plant Prod. (non-
specific), Productivity - Food Chain, 6.0549

NITROGEN TRANSFORMATIONS IN SOIL ...Agricultural
Watersheds, Nitrate, Nitrite, Pollutants - Path of , Runoff, Soil-
water-plant Relationships, ...5.0045

INTERACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS ...Absorption, Fixation, Exchange, Aldrin,
Chemical Degradation, Other, Pesticides, ...5.0052

NITRATE IN SURFACE WATERS IN ILLINOIS ...Nitrate, Nitrite,
Small Watersheds, Soil Types-other, Surface Water, ..8.0179

THE LOSS OF FERTILIZERS BY LEACHING FROM THE SOILS
OF PUERTO RICO .Fertilizer Losses, Methods of Application,
Puerto Rico, Soil and Rock Leaching, ..3.0428

Forest Debris
DOCUMENT LOGGING DAMAGE Biological-general, Chemi-

cal-general, Fish -non-specific, Logging, Transport, Equipment,
Physical-general, Pollution - Effects of , Population Dynamics,
...5,0145

EFFECTS OF LOGGING ON SALMON POPULATIONS IN
COASTAL STREAMS ...Douglas Fir, Forest Watersheds,
1.ogging, Transport, Equipment, Population Dynamics, Salmon -
coho,chinook,sockeye, 5.0947

LIMNOLOGICAL EFFECTS OF ORGANIC WATERSHED
LITTER Flash Floods, Lakes, Southwest, Watersheds-general,
5.0048

INFLUENCE OF LOG RAF PING ON WATER QUALITY Bioin-
dicators, Estuaries, Logging, Transport, Equipment, Pulp, Paper ,
and Logging, Streams, ...5.0951;

Fungal Pollutant Sources
USE OF FUNGI IMPERFF,CTI IN WASTE CONTROL ...Canning

Wastes, Effluents-waste Water, Filtration, Food Processing Indus-
try, Industrial Wastes, Organics. 5.0595

Industrial Wastes
ABUNDANCE AND DIS'FR;UTIOl'il OF BENTHIC MACRO-IN-

VERTEBRATES IN A STREAM RECEIVING OILFIELD
WASTEWATERS ,Benthic Fauna, Bioindicators, Contamination
- Water, Number Or Density, Vert'eal Distribution, 5,1028

A BENTHIC COMMUNITY OF THE PENOBSCOT RIVER
ESTUARY ...Aquatic Ecology, Benthic Organisms (non-specif),
Estuaries, Maine, Productivity - Food Chain, ...5.0473

SEWAGE TREATMENT, PILOT PLANT EVALUATION ...Ash-
coal, Coal, Coal-general, Pilot Plant, Waste Treatment-economies,
,5.0870

WATER BALANCE IN SEWAGE STABILIZATION LAGOONS
..,Organic Matter, Seepage, Sewage Lagoons, Water Balance-
budget, Water Quality-general, ...5.0833

EFFECTS OF PULP MILL EFFLUENTS ON THE GROWTH AND
PRODUCTION OF FISH ...Food Supply, Industry Land Use Ef-
fects, Pollution Effects of Pollution Effects, Pulp, Paper , and
Logging, ..5.0961

TRACE AND TRACER ELEMENTS IN GROUND WATER
...Agricultural Chemicals-general, Arizona, Groundwater, Trace
Elements, Tracers-general, 4.0010

PHASE II-STUDY OF A RIVER SYSTEM AS A CHEMICAL
REACTOR _Maine, Other 0.r. , Reactors-other, Systems Analy-
sis, Water Quality Control - general, ..5.0466

ACTIVITY PATTERNS OF FISH EXPOSED TO TOXIC MATERI-
ALS Contamination - Water, Fish -non-specific, Pollution - Ef-
fects of , Pollution Effects, ...5.0421

TREATMENT OF DYEING BATH WASTE STREAMS BY
FOAMING AND FLOTATION TECHNIQU ...Color, Complex-
ing, Dye Wastes, Flotation, Foam, 5.1212
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EFFECT OF INDUST WASTES OF MEMPHIS & SHELBY
COUNTY ON PRIMARY PLANKTONIC PRODUCERS ,..Cell
Cloning, Drainage, Plankton (non-specific), Primary Productivity,
Tennessee, _5.1134

MICROBIAL DEGRADATION OF ORGANIC POLLUTANTS OF
INDUSTRIAL ORIGIN ...Chemical, Microbial-bacterial, Organic
Matter, Sewage Bacteria, Toxic Substances -non-specific,
...5.0514

EFFECT OF BORON IN BIOLOGICAL WASTE TREATMENT
Activated, Aerobic, Boron, Sewage - Domestic, Surfactants,
_5.0223

GAMMA RADIATION OF TEXTILE WASTE WATER TO
REDUCE POLLUTION _Cobalt, Gamma, Other, Textile Wastes,
Waste Water Treatment-general, .5.0006

DETECTION AND IDENTIFICATION OF MOLECULAR WATER
POLLUTANTS BY LASER RAMAN SPECTROSCOPY
.Chemical Analysis, Detectors and Sensors, Lasers and Masers,
Pesticides -non-specific, Physical Parameters, Raman, Surfactants,
5.0441

WATER UTILIZATION AND WASTE CONTROL IN THE
POULTRY PROCESSING INDUSTRY ...Animal Waste Removal-
treatment, Economics-general, Food Processing Industry, Poultry
- N S, Waste Water Treatment-general, Water Utilization -

general..5.0819
EFFECT OF AN ACID-WATER ENVIRONMENT UPON THE

SYNTHESIS OF GROWTH FACTORS BY BACTERIA
i:rBe g en at ht-egsei si;e lat; n tEefrf at

tersilitining5.1A2cigvities,
Waste Water

STUDY OF COSTS OF TREATING TEXTILE WASTES IN MU-
NICIPAL AND INDUSTRIAL SEWAGE PLANTS .Economics-
general, Process Design, South Carolina, Textile Industry, Urban
Environments, 6.0489

THE DECOMPOSITION OF PETROLEUM PRODUCTS IN OUR
NATURAL WATERS ...Anaerobic, Aquatic Environments,
Chemical, Chemical Treatment-other, Petroleum Industry,
5.0623

SHALLOW GROUND-WATER FLOW SYSTEMS IN RELATION
TO INDUSTRIAL AND MUNICIPAL WA'F'ER SUPPLY AND
WASTE DISPOSAL REQUIREMENTS _Disposal Wastes,
Groundwater Movement, Sanitary Landfills, Wisconsin, ..5.1316

BIOLOGICAL TREATMENT OF SPENT VEGETABLE TANNINS
...Biological, Chemical Treatment, Dyes and Coloring, Tannery
Wasto,N, Waste Water Treatment-general, ...5.1283

EFFECTS OF WATER POLLUTION ON ZOOPLANKTON
,Domestic Wastes-general, Pollution - Effects of , .5.1127

THERMkt. AND INDUSTRIAL POLLUTION - DELAWARE
RIVER ,..Automatic Data Aquisition, Delaware River, Electric
Power Plants, Physical Parameters, Pulp, Paper , and Logging,
Thermal Pollution..5.0989

PULP MILL EFFLUENT DISPOSAL Bioindicators, Contamina-
tion - Water, Dispersion -water, Pulp and Paper Wastes, ...5.0940

PEAT BOG WASTE STABILIZATION ...Characterization, Drying-
dewatering, Minnesota, Pulp and Paper Wastes, Waste Water
Treatment-general, _5.0611

USE OF FUNGI IMPERFECT! IN WASTE CONTROL ...Canning
Wastes, Effluents-waste Water, Filtration, Food Processing Indus-
try, Fungal Pollutant Sources, Organics, 5.0595

CHARACTERIZATION OF STREAM REAERATION CAPACITY
...Aeration, Pollution - Effects of , Tracers-other, Water Costs,
5.0303

REVERSE OSMOSIS TREATMENT OF WASTEWATERS ,..Mem-
branes- other, Organic Wastes, Polyclectrolytes, Process Design,
Reverse Osmods, ...5.0516

MANAGEMENT OF INDUSTRIAL WASTE DISCHARGES IN
COMPLEX ESTUARINE SYSTEMS ...Estuaries, Management,
Model Studies, Texas, Water Standards, ...5.1156

OPERATION OF POTATO PROCESSING PLANTS TO REDUCE
WASTE AND STREAM POLLUTION ..,Food Processing Indus-
try, in Plant Treatment Wastes, Streams, Waste Water Treatment-
general, ...5.0055

SORPTION ISOTHEMS OF PHENOL ON ION EXCHANGE
RESINS _Alcohols, industrial Processes-other, Ion Exchange-
other, Isotherm, 2.0402

STUDY OF EFFECTS OF MILL WASTE WATER ON FISH LIFE
...Contamination - Water, Fish -non-specific, Industrial Processes-
other, Pollution - Effects of , Pollution Effects, .5.1174

PEACE RIVER POLLUTION INVESTIGATIONS ...Fish -non-
specific, Florida, Phosphate, Phosphite, Pollution - Effects of ,
Pollution Effects, Streams, ...5.0273

OIL CONTAMINATION OF OYSTERS FROM OIL WELL
DRILLING MUDS Oysters, Petroleum Industry, Pollution
Effects, ...5.0449



SUBJECT INDEX

EFFECTS OF CHEMICAL AND BIOLOGICALLY MODIFIED
PULPING EFFLUENTS ON THE PRODUCTION OF FISH -Ef-
fluents-waste Water, Fish -non-specific, Pulp, Paper , and
Logging, Self-purification, Tox & Allergenic Effects, Willamette
River, ...5.0936

EFFECTS OF KRAFT PULP MILL EFFLUENTS ON THE
UROWTH AND PRODUCTION OF FISH ...Pollution - Effects of
, Pollution Effects, Pulp, Paper , and Logging, Salmon & Trout -
Non- specific, -.5.0966

INFLUENCE OF INDUSTRIAL AND MUNICIPAL WASTES ON
ESTUAPINE AND OFF SHORE WATER QUALITY ,.,Domestic
Wastes-general, Estuaries, Pollution - Effects of , Washington,
5.1271

EFFECTS OF INDUSTRIAL EXPANSION ON THE AQUATIC
ENVIRONMENT OF ESTUARINE AREAS ...Columbia River,
Estuaries, Salmon & Trout Non-specific, -.2.1131

CHRONIC EFFECTS OF HEAVY METALS ON FISH ...Computer
Matching-code, Contamination - Water, Mineral, Mineral Origin,
Radioisotopes, -.5.0584

SLIME CONTROL ASSOCIATED WITH PULP MILL EF-
FLUENTS ...Bacterial Pollutant Sources, Nutrition, Pulp and
Paper Wastes, Sphaerotilus..5.0977

MICROBIOLOGICAL TREATMENT OF POTATO WASTES
.,.Additives, Agricultural Microbiology, Canning Wastes, Material
Recovery Wastes, Microbial-bacterial, Plant Waste Removal,
Treatment, Trace Analyses-other, ...5.0978

RELATIONSHIP OF THE SOURCE TO LEVELS OF TOXIC
CHEMICALS IN SHELLFISH ...Freshwater Mussels, Scallops,
Heavy Elements, Legal Standards, Pollutants - Path of , Pollution
- Effects of , -.5.1073

EFFECTS OF USING SALINE AND INDUSTRIAL WASTE
WATERS ON YIELD AND QUALITY OF PLANTS ...Brackish
Water, Irrigation, Irrigation-general, Saline and Alkaline
Soil and Rock Leaching, Soil-water-plaint Relationships, ...3.0258

Mans Activities
A SOCIO-ENVIRONMENTAL STUDY OF A RIVER VALLEY

...Ecology, Ohio, River Basins, Social Aspects, -.6.0422
UPDATING AND REPUBLICATION OF FACTORS INFLUENC-

ING THE RESTORATION AND DEVELOPMENT OF OGDEN
BAY REFUGE ...Pubilications -other, Swamps-marshes, Water
Demand, Water Fowl, N.s. , Water Utilization - anima, 6.0594

WATER RESOURCES NEMATOLOGY ...Animal Pollutant
Sources, Aquatic Ecology, Environmental Ecology, Nematoda -
other, Productivity - Food Chain, ...5.0001

A STUDY OF SELECTED CHEMICAL AND BIOLOGICAL CON-
DITIONS OF THE LOWER TRINITY RIVER AND THE UPPER
TRINITY BAY ...Commercial Fishing, Estuaries, Pollution - Ef-
fects of , Spawn Or Nesting Sites, Texas, -.6.0546

PHYSIOCHEMICAL RESPONSES OF RIVERS TO NATURAL
AND MANMADE ENVIRONMENTAL CHANGES ...Environ-
mental Changes, Nutrients, Pollutants - Path of , Streams,
...5.1150

EFFECTS OF CHEMICAL "ARIATIONS IN AQUATIC EN-
VIRONMENTS ...Bioindicators, Chemical-general, Fish -non-
specific, Water Environment -other, -.6.0103

ST. JOHNS RIVER FISHERY PROJECT ...Environmental Ecology,
Florida, Pollution Effects, Population Dynamics, Streams,
..,3.0173

INFLUENCES OF WATER QUALITY AND OTHER ENVIRON-
MENTAL CHANGES ON FISH AND ASSOCIATED ORGAN-
ISMS IN INLAND WATERS ...Aquatic Ecology, Environmental
Ecology, Fish -non-specific, Pollution - Effects of , Social Aspects,
Water Quality-general, 5.0965

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - FOX
RIVER BASIN ...Available Water, Groundwater Movement, Pro-
jections and Estimations, Surface Water, Wisconsin, ...4.0277

RELATION OF RIVER-RUN IMPOUNDMENTS TO SALMON
PRODUCTION ...Aquatic Ecology, Engineering Structures-
general, Environmental Changes, Environmental Ecology, Pollu-
tion - Effects of , Salmon & Trout - Non-specific. -.6.0616

Mineralization
THE ACCEPTABILITY OF MINERAL TASTE IN DOMESTIr

WATER ...California, Pontble Water, Taste, Water Utilization -
domestic, ...5.0068

DISSOLVED CONSTITUENTS OF NATURAL WATERS - CON-
TRIBUTIONS FROM MINERALIZED AREAS ...Chemical Reac-
tions, Geochemical Analysis, Groundwater, Mineralogy-petrology,
Ore Minerals, ...2.0734

APPLICATION OF MODERN ELECTROANALYTICAL
TECHNIQUES TO THE ANALYSIS OF HEAVY METALS IN

Pollution Sources

WATER .Analysis and Detection, Chronopotentiometry, Heavy
Elements, Polarography, Trace Analyses-other, 1.0040

GRAND VALLEY SALINITY CONTROL DEMONSTRATION
PROJECT ...Brackish Water, Canals, Colorado River, Linings-
pavings, Natural Recharge, ...5.0203

APPLICATION OF IMMUNOCHEMICAL TECHNIQUES TO THE
DE'TEC'TION AND IDENTIFICATION OF CHEMICAL AND
BIOLOGICAL POLLUTANTS ...Biological Pollutants -T :rat.
ChPtaical Identification, Immunology Methods, Technique
Development, -.5.0260

INORGANIC ADDIT:DNS RESUL'TING FROM WATER USE
...Composition, Hardness-minerals, Public Utilities, Water Reuse,
-.5.0350

FABRICS AND WATER PROBLEMS Hardness-minerals, Laun-
dering, Wear, ...5.1112

CLAY MINERAL STABILITY AND WATER COMPOSITION
...Clay Minerals - general, Clays, Interstitial - Connate Water,
Moisture Content, Stability Fields, 1.0124

CORROSION AND ENCRUSTATION MECHANISMS IN WATER
SUPPLIES ...Biological, Chemicals, Corrosion Prevention-other,
Scaling, Encrusting, 2.0274

SELECTED FACTORS INFLUENCING TASTE OF DRINKING
WATER ...Hardness-minerals, Potable Water, Saliva, Studies, Or-
ganoleptic, Temperature Control, Water for Cooking Or Drink-
ing, -.5.0085

Mining Activities
THE SPECIES DIVERSITY OF .0UATIC INSECTS AS RE-

LATED TO MINE ACID POLLUTION ...Acidity, Contamination
- Water, Insects -non-specific, Ph, Acidity -water, -.5.1033

THE DISTRIBUTION OF FISH IN PENNSYLVANIA AS RE-
LATED TO MINE ACID DRAINAGE ...Acidity, Contamination -
Water, Fish -non-specific, Number Or Density, Pennsylvania,
_5.1026

AN ECOLOGICAL STUDY OF AN ALKALINE STREAM WITH
HEAVY IRON DEPOSITS ORIGINATING FROM TREAT-
MENT OF MINE ACID WATER ...Alkalinity, Lake Trout, Brook
Trout, Mineral Content -water, Productivity - Food Chain,
Susquehanna River, Water Alkalinity, ..5.1025

NEUTRALIZATION OE ACID STRIP-MINE LAKES ...Acidity,
Lakes, Mine Drainage Control, Neutralization, Stocking of Fish &
Shellfish, -.5.0626

ACID MINE DRAINAGE MICROBIOLOGICAL STUDIES ...Acidi-
ty, Bacterial Pollutant Sources, Identification, Mining Industry,
Sewage, ...5.1284

ALTERNATIVE ECONOMIC RESPONSES TO THE ACID MINE
DRAINAGE PROBLEM IN SOUTHEASTERN OHIO ...Acidity,
Alternative Planning, Benefit-cost Analysis, Drainage, Water
Treatment -- General, ...5.0887

EFFECTS OF HEATED WATER, ACID MINE DRAINAGE & AL-
KALINE ASH DRAINAGE ON WATER QUALITY & RESER-
VOIR COMMUNITY METABOLISM (ABBREV) ...Mint
Drainage Control, Pollution - Effects of , Pollution Effects, Reser-
voirs and Impoundments, Thermal Pollution, ...5.0668

TOLERANCE AND CYTOLOGICAL RESPONSE OF ALGAE TO
MINE WATER ...Environment, Histology and Cytology, pH , pH
-water, Pollution - Effects of , ...5.1276

COPPER TOXCITY ON ALGAE OF THE BIG BLACKFOOT
RIVER Contamination, PoLation-water, Copper, Environment,
Montana, Pollution - Effects of , -.5.0701

EFFECT OF AN ACID-WATER ENVIRONMENT UPON THE
SYNTHESIS OF GROWTH FACTORS BY BACTERIA
...Biosynthesis, Industrial Wastes, Ionic Effect, Waste Water
Treatment-general, Water Bacteria, 5.1285

THE EVALUATION OF ENVIRONMENTAL ALTERATION BY
THERMAL LOADING AND ACID POLLUTION IN THE
COOLING RESERVOIR OF A STEAM - ELECTRIC STATION
...Acidity, Growth Rate, Reservoirs and Impoundments, Thermal
Pollution, Warm Water, .5.0681

STREAM POLLUTION IN THE NEW LEAD BELT OF
SOUTHEAST MISSOURI ...Lead, Missouri, Pollution - Effects of
, Streams, Water Quality-general, Zinc, -.5.0693

A FIELD AND LABORATORY STUDY OF FLUORIDE UPTAKE
BY OYSTERS ...Estuaries, Fluoride, Laboratory, Metabolism,
Oysters, Phosphate, Phosphite, -.6.0407

PHYSIOLOGICAL EFFECTS OF SUBLETHAL LEVELS OF
ACID WATER ON FISH ...Acidity, Metabolic Efficiency, Ph,
Acidity - water, Water Quality-general, West Virginia, ...5.1281

GROWTH OF THE BROWN BULLHEAD, ICTALURUS NEBU-
LOSUS (LESUEUR), IN MINE ACID POLLUTED WATER
...Acidity, Bullheads, Contamination - Water, Growth Rate, Ph,
Acidity -water, Pollution Effects, ...5.1278

2-361



Pollution Sources SUBJECT INDEX

PIPELINE TRANSPORT OF SLUDGE ...Disposal, Mass Transfer,
Pump, Sewage Treatment Plant, West Virginia, -5.0869

BIOLOGICAL TREATMENT OF ACID MINE WATER ...Acid
Mine Wastes, Acidity, Anaerobic, Iron, Modell Studies, Process
Design, -5.079S

PHOSPHATE MINING EFFLUENT IN ESTUARINE ECOLOGY
...Applied Ecology, Estuaries, Mountmorillanite, Phosphate, Phos-
phite, Pollution - Effects of , ...5.d821

FEASIBILITY OF THE PURIFICATION OF ACID MINE WATER
BY A PARTIAL FREEZING PROCESS ...Acid Mine Wastes,
Freezing, Waste Treatment-economics, ...5.0997

SULFIDE TREt:TNIENT OF ACID MINE DRAINAGE ...Acid
Mine Wastes, Regeneratiotother, Sludge-general, Sulfide, Waste
Treatment-cconolles, ...5.1004

OPTIMIZATION AND DEVELOPMENT OF IMPROVED CHEMI-
CAL TECHNIQUES FOR THE TREATMENT OF COAL MINE
DRAINAGE ...Acid Mine Wastes, Chemical Treatment, Drainage,
Optimization, Pilot Plant, Process Design, ...5.0999

IN- SITU PRECIPITATION OF SLUDGE RESULTING FROM
REACTION OF MINE WATER WITH LOW COST ADDITIVES
l'O PREVENT MINE DRAINAGE POLLUTION ...Acid Mine
Wastes, Drainage, Neutralization, Precipitation, Treatment-other,
_5.1000

A FIVE YEAR LIMNOLOGICAL STUDY OF A NEWLY
CREATED ACID MINE WATER IMPOUNDMENT ...Acidity,
Alkalinity, Chemical An:Aysis (water), Chemical-general, Physi-
cal-general, _5.0895

COMPARATIVE STUDY OF PHYTOPLANKTON IN NEW AND
RECLAIMED ACID MINE DRAINAGE PONDS ...Acidity,
Nutrition Studies, Phytoplankton, Ponds, Waste Water Treatment-
general, ...6.0437

STRIP-MINING AND WATER QUALITY ...Chemical-general, Ero-
sion-general, Rainfall Simulators, Runoff, Spoil Banks, -5.0889

TREATMENT OF COAL MINE WATERS TO MEET CURRENT
COMMONWEALTH WATER DISCHARGE REQUIREMENTS
...Coal-general, Lagoon, Pennsylvania, Waste Treatment-
economies, Waste Water Treatment-general, -5.1038

COAL STRIP MINE WATERSHED STUDY ...Aquatic Ecology,
Coal-general, Pollution - Effects of , Soil Management -non-
specific, Stream Rehabilitation, Strip Mines, _2.0980

HYDROLOGIC INFLUENCES OF STRIP MINING, BEAVER
CREEK, KENTUCKY ...Appalachia, Coal-general, Hydrology-
general. Pollution - Effects of , Strip Mines, ...5.0890

WATER CONTROL - CONTROL TECHNIQUES FIELD TEST-
ING AND EVALUATION ...Acidity. Chemical Analysis (water),
Coal-gerrIral. Mine Drainage Control, Pollution Abatement,
_5.1018

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
PETROCHEMICAL WASTES ...Groundwater, Other, Petroleum
Chemistry, Petroleum Industry, Pollution - Effects of , _5.0908

RESEARCH NEEDS PERTAINING TO PETROLEUM WASTE
WATERS ..,Industrial Processes-other, Petroleum Chemistry,
Petroleum Industry, Water Quality Control-general, -5.0914

Nutrients
BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-

LATIONS ...Buoys, Chlorophyll, Food Chains, Phytoplankton,
Vertical Distribution. Zooplankton, _6.0289

IN SITU STUDY OF FACTORS CONTROLLING NUTRIENT
REGENERATIONS IN THE BOTTOM SEDIMENTS ...Adiron-
dack Province. Aquatic Soils, Exchange Capacity. Minual Con-
tent -water. Phosphorus, Ponds, -2.0806

EFFECTS OF ORGANIC' POLLUTION ON HATCHABILITY
AND SURVIVAL. OF BROOK TROUT, SALVELINUS FON-
TINALIS, AND GROWTH OF BROWN TROUT, SALMO
TR UTTA ...Brown Trout. Lake Trout, Brook Trout, Pollution -
Effects of , Population Dynamics, Streams. _5.1027

THE EFFECTS OF NUTRIENTS ADDITIONS AND STREAM
DYNAMICS ON STREAM EUTROPHICATION -Energy-
dynamics, Eutrophication. of Aquatic Plants, Productivity - Food
Chain, Streams, -5.1040

EXCHANGE OF PHOSPHORUS SPECIES BETWEEN LIVING
AND NONLIVING SYSTEMS IN FRESH WATER ENVIRON-
MENTS

Waste
General. Bioindieators, Biological Treatment-

general. Waste Water Treatment-general. _5.0812
PHOSPHORUS BUDGETS OF LAKES SIDNEY, LANIER AND

HARTWELL ,..Chemical-general, Georgia, Phosphorus, Pollu-
tants - Path of , Reservoirs and Impoundments, ...5.0293

FLUIDIZED EXCHANGE SYSTEMS FOR REMOVAL OF
NITROGEN AND PHOSPHOROUS FROM WASTEWATER
.Fluidized Bed, Ion Exchange-other, Nitrate, Nitrite, Phosphate,
Phosphite, Waste Water Treatment-general, -5.0556
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APPLICATION OF RADIOISOTOPO TECHNIQUES TO A CRITI-
CAL WATER RESOURCES PROBLEM AREA (NUTRITIONAL
POLLUTION) .Algae, Phosphorus, Radioisotopes, -5.0919

DETERMINATION OF THE FEASIBILITY OF REMOVAL OF
ALGAL NUTRIENTS IN LAKE WATERS BY ION-EXCHANGE
...Algae- General, Eutrophication, Ion Exchange-other, Lakes,
Phosphate, Phosphite, -2.0610

MICROBIAL INTERVENTION IN THE EUTROPHICATION
PROCESS ...Eutrophication, Food Chains, Organic, Phytoplank-
ton, Water Bacteria, -5.0515

BASIC RESEARCH IN THE AQUATIC ENVIRONMENT EF-
FECTS OF EUTROPHICATION ON PLANKTON ALGAE AND
BENTHIC PLANTS COMMUNITIES _Eutrophication, ...2.0803

LIMNOLOGICAL INVESTIGATIONS OF TEXAS IMPOUND-
MENTS FOR WATER QUALITY MANAGEMENT PURPOSES
,..Chemical - general, Management, Reservoirs and Impoundments,
Texas, Water Quality Control-general, ...5.1148

RESPIRATION OF AQUATIC MACROPHYTES IN EUTROPHIC
SYSTEMS ...Environmental Effects-geologic, Eutrophication, of
Aquatic Plants, Plant Pollutants, Respiration, ..5.1041

A EUTROPHICATION MODEL OF THE WHITE RIVER BASIN
ABOVE BEAVER RESERVOIR IN NORTHWEST ARKANSAS
...Arkansas, Eutrophication, Forecasting- prediction, Reservoirs
and Impoundments, Simulation, ...5.0053

THE ROLE OF AQUATIC VASCULAR PLANTS IN THE
EUTROPHICATION OF SELECTED LAKES IN WESTERN
MASSACHUSETTS ...Bioindicators, Eutrophication, Lakes, Mas-
sachusetts, Water Properties-general, _2.0609

DEVELOPMENT OF A MATHEMATICAL MODEL TO PRE-
DICT THE ROLE OF SURFACE RUNOFF AND GROUND
WATER FLOW IN OVERFERTILIZATION OF SURFACE
WATERS ...Eutrophication, Mathematical Analysis, Minnesota,
Runoff, Surface Water, ...5.0606

LUXURY METABOLIC STORAGE OF PHOSPHORUS IN THE
ACTIVATED SLUDGE FLOC ...Activated, Adsorption-absorp-
tion-other, Flocculation, Phosphorus, Waste Water Treatment-
general, ...5.1318

THE EFFECTS OF THERMAL LOADING AND WATER QUALI-
TY ON ESTUARINE PRIMARY PRODUCTION ...Acidity,
Estuaries, Primary Productivity, Standing Crops, Thermal Pollu-
tion, -6.0258

SURVIVAL OF INDICATOR ORGANISMS AND ENTERIC BAC-
TERIA IN WATER ...Bacterial Pollutant Sources, Bioindieators,
Dyes, Longevity, Tennessee, _5.1133

RESERVOIR WATER QUALITY PREDICTION BASED ON LIM-
NOLOGICAL PARAMETERS ..,Model Studies, Primary Produc-
tivity, Reservoirs and Impoundments, Water Properties-general,
-5.1102

PLANT-AVAILABLE PHOSPHORUS STATUS OF LAKES
...Phosphorus, ...2.1153

EXPERIMENTAL REVERSAL OF THE LAKE EUTROPHICA-
TION PROCESS -Biological-general, Circulation -water,
Eutrophication, Temperature, Wisconsin, _5.1308

PHYSIOCHEMICAL RESPONSES OF RIVERS TO NATURAL
AND MANMADE ENVIRONMENTAL CHANGES ...Environ-
mental Changes, Mans Activities, Pollutants - Path of , Streams,
_5.1150

INVESTIGATIONS OF ZOOGLOEAL FLOCS ...Adhesion, Classifi-
cation Or Taxonomy, Diffusion, Other, Zooglia, ...5.1313

EFFECTS OF RIVERS ON THE METABOLISM OF TEXAS
BAYS ...Bays, Pollutants-general, Primary Productivity, Streams,
Texas, Water Quality-general, ...5.1182

DETECTION OF LIMITING AND SURPLUS NUTIENTS IN
ALGAE ...Nitrogen, Nutrition, Nutrition Studies, Repression,
-5.1303

NUTRIENT ASSIMILATION RATES - FIELD STUDIES ...Estua-
ries, Fertilizers -aquatic, Phosphorus, Ponds, -5.0620

DEMONSTRATION OF THE CHANNEL AERATION PROCESS
IN TREATMENT OF SEWAGE ...Aeration, Applied Ecology,
Enteroviruses of Animals, Enteroviruscs of Humans, Salmonella
(non-specific & -5.0596

RENOVATION OF A DYSTROPHIC LAKE INTO A EUTROPHIC
LAKE ...Aeration, Biological-general, Eutrophication, Lakes, Or-
ganic Matter, -5.0761

DEMONSTRATING THE EFFECT OF NUTRIENTS IN OXIDA-
TION POND RECEIVING STREAM ...Algae, Bacteria,
Biochemical Oxygen Demand, Lagoon, Pond, _5.0920

TERTIARY ACTIVATED SLUDGE TREATMENT TO RECLAIM
WASTES FOR WATER SUPPLY FOR AGRICULTURAL AND
RECREATIONAL PURPOSES _...Activated, Denitrification,
Loading, Tertiary Treatment, Waste Treatment-economics,
-5.0077
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KINETICS OF ALGAL SYSTEMS IN WASTE TREATMENT ...Al-
gae, Biological, Model Studies, Pilot Plant, Process Design,
_5.0069

EFFECTS OF POLLUTANTS ON SUBMARINE PLANT
SYNECOLOGY ...Applied Ecology, Industrial Wastes, Plant
Prod, (non-specific), Plant Succession, Sedimentation, Sediments,
...5.1221

NUTRIENT CONTROL PROJECT - DErRorr LAKES, MIN-
NESOTA _Eutrophication, Lakes, or Aquatic Plants, Secondary
Treatment, Strum Rehabilitation, ...5M583

EFFECT OF PHOSPHORUS REMOVAL PROCESSES ON
ALGAL GROWTH ...Algae, Algal Pollutant Sources, Biological
Treatment-other, Ucnitritication, Eutrophication, 5.0097

SEDIMENT-WATER-BACTERIA INTERACTIONS IN
EUTROPHICATION ...Deposits - other, Eutrophication, Lakes,
Oregon, Water Bacteria, ...5.0953

ENZYMATIC TECHNIQUE FOR DE'TEC'TION OF SURPLUS
PHOSPHORUS UPTAKE .By ACTIVATED SLUDGE ...Ac-
tivated, Biological 'Techniques, Phosphorus, 5.1149

BIOLOGICAL MODELS OF FRESHWATER C'OMMUNI'TIES
...Aquatic Ecology, Fresh Water, Freshwater Ecology, Model Stu-
dies, Urban Environments, 5.1270

DEVELOP AND DEMONSTRATE A MISIdOD FOR ASSESSING
THE EX'TEN'T OF POLLUTION FROM STORM WA'T'ER RU-
NOFF IN AN URBAN AREA .Alternative Planning, Combined
Sewer, Iowa, Storm Water, Urban Environments-5.0705

ALGAL BIOASSAY TO DETERMINE THE EXTENT OF
NUTRIENT REMOVAL. BY AWT AT THE WASTE TREAT-
MENT PLANT AT ELY, MINNESOTA .,.Algae, Bioassays,
Ddnitrification, Pilot Plant, Waste Water Treatment-general.
_5.1304

ULTIMATE DISPOSAL OF PHOSPHATE FROM WASTEWATER
BY RECOVERY AS FFRTILIZER Activated, Ammonia,
Disposal, Fertilizers, Material Recovery Wastes, Phosphate, Phos-
phite, ...5 0342

THE EicoLoGY OF siiiiicrED SUBMERSED AQUATIC
WEEDS .,.Depth, Ions and Gases, of Aquatic Plants, Range Or
Territorial Distr. , Submerged Plants, _2.0620

FARM FISH POND MANAGEMENT _Farm Pond. Fertilizers -

aquatic, Food Supply, Management, Productivity - Food Chain,
_6.0300

EQUIPMENT To AorrATE POND SOILS FOR RELEASE OF
NUTRIENTS ,..Aquatic Soils, Limestone - General, Ponds, Soil
Environment, Technic' lie Development, 5.0774

MAJOR FACTORS INFLUENCING PRODUCTION OF
PHYTOPLANKTON IN NEW YORK LAKES .Energy, Lakes,
New York, Phytoplank ton, ...2.0796

THE PROCESSES AND CONDITIONS CONTI2113UTING TO THE
ACCUMULATION OF NUTRIENTS IN DRAINAGE WATER
FROM IRRIGATED AREA AND SOIL RECLAMATION
_Boron, Nitrogen, _4.0027

TROPH1("TYPOLOGY OF OHIO LAKES Eutrophication, Fresh-
water Ecology. Lakes, Ohio, Plant Succession, .5.0893

ECOLOGICAL SUCCESSION IN A NORTHEASTERN OHIO
RESERVOIR Eutrophication, Ohio, Plank ton ( non-specific ),
Plant Succession, Reservoirs and Impoundments, ..5.0894

THE. INCORPORATION OF C14-131CARBONATE INTO THE
PRIM ENTS OF BLUE-GREEN ALGAE POPULATION
...Carotenoid Pigments, Chlorophyll, Oseillatoria, Phyeobilins,
Pigments, 6.0433

STUDIES ON INORGANIC NUTRIENT ASSIMILATION RATES
IN ESTUARINE PONDS ..,Estuaries, Mineral Content -water,
Nitrogen, Phosphorus, Self-purification. _5.0621

DETERMINATION OF THE PHOSPHATE CONTENT OF NATU-
RAL WATERS, AT THIS NUTRIENT LEVEL. BY SOLVENT
EXTRACTION ...Automatic Systems. Extraction-other, Fresh
Water, Phosphate, Phosphite. Trace Analyses-other, ...1.0015

NUTRIENT REMOVAL FROM AGRICULTURAL WASTE
WATERS ...California, Denitrifieation. Futrophleation, Pilot
Plants, San Francisco Bay, Wygte Water Treatment-general,
4.0032

NUTRIENT REMOVAL IN A WATER TREATMENT PLANT
Biological Treatment-other, Coagulation, Denitrification, Hoe-
culation, Potable Water, Sand, _5.0355

NUTRIENT INPUT TO WASHINGTON SOILS FROM AT-
MOSPHERIC SOURCES, ,..Air - Water - Plant Relations, Irriga-
tion, Irrigation-general, Rain-general, Soil and Rock Leaching,
...2.1124

RETENTION OF NUTRIENTS AND OTHER POLLUTANTS IN
SEWAGE BY SOILS ...Analysis and Detection. Moisture Reten-
tion, Pollutants-general. Sewage, Silt, 5.1312

Pollution Sources

EFFECTS OF DEVELOPMENT ON WATER QUALITY
Caforms (non-specific), Eutrophication, Land Use, Soil Condi-
tions, Streams, 5.1118

WATER QUALITY AND NUTRIENTS. SACRAMENTO-SAN
JOAQUIN RIVER SYSTEM ...Environmental Ecology, Eutrophi-
cation. Fish -non-specific, Plankton (non-specific), Water Quality-
gencrai, 2.0127

QUALITY OF WATER OF THE TEXAS BAYS AND ESTUARIES
...13ays, Estuaries. Pollutants - Path of , Texas, Water Quality-
general, _2.1003

IRRIGATION RETURN FLOW Irrigation-general, Pollutants -
Path of , Runoff, Salinity, Water Quality-general, 5.0183

EUTROPHICATION RESEARCH AMERICAN FALLS RESER-
VOIR swim, Chemical Analysis (water), Eutrophication,
Idaho, Reservoirs and Impoundments. Water Quality Cor:;o1-
general, 5.0317

ENVIRONMENTAL CHANGES IN LAKE ERIE _Aquatic Ecolo-
gy, Environmental Changes, Environmental Ecology, Ions and
Gases, Lake Erie, ..5,0540

CHEMICAL CHARACTERISTICS OF THE GREAT LAKES
...Chemical Analysis (water), Great Lakes-general, Productivity -
Food Chain, Water Quality - general, .,5.0542

ECOLOGICAL ENGINEERING PROJECT Atmosphere Radia-
tion, Synthetic Hydroargy-general, Temperature, Tracers-general,
Velocity -water, 6.0159

EUTROPHICATION - REMOVAL OF NUTRIENTS - SHAGAWA
LAKE ...Activated Carbon, Coagulation, Eutrophication, Ion
Exchange-other, Sediments, Tertiary 'Treatment, Trickling,
,.,5.0594

EUTROPHICATION - EFFECT OF WEED HARVESTING
Eutrophication, of Aquatic Plants, Physical Control, Plant Suc-
cession, .,.5.0970

EirrRopHicAnoN - SEDIMENT-WATER INTERCHANGE
mows _Eutrophication, Exchange Capacity, Ion Exchange-
other, Lakes, Sediments. 5.0982

PROCESS DEVELOPMENT FOR REMOVAL OF NUTRIENT
MATERIALS FROM wAsTmATozs ..,Activated, Anaerobic.
Denitrilication, Loading, Nitration, Pollutant-other, ..,5.0841

RURAL RUNOFF CONTROL Adsorption-desorptior:, Pesticides -
non- specific. Runoff, Rural Areas, Thermal Properties-other,
..,5.0282

PIGMENT ANALYSIS FOR THE orramoN OF EN-
RICHMENT ...Chemical Analysis (water), Effluents-waste Water,
Eutrophication, of Aquatic Plants, .,.5.0906

REMOVAL OF NUTRIENTS FROM ENRICHED FLOWS &
WASTE EFFLUENTS BY THF HYDROPONIC avr OF
SUITABLE FORAGE PLANTS & GRASSES ...Grasses -non-
specific, Hydroponic, Management, Process Design, Waste Water

reatment-general, _5.0910
BIOLOGICAL (ENRICHMENT) CHAINS OF RADIONUCLIDES

IN FINNISH LAKES Cesium, Eutrophication, Finland, Radioac-
tive Fallout. Radioisotopes. .2.0309

Organic Matter
WATER BALANCE IN SEWAGE STABILIZATION LAGOONS

...Industrial Wastes, Ser. warg,u, Sewage Lagoons, Water Balance-
budget. Water Quality-general, ...5.0833

ECOLOGICAL RELATIONSHIPS OF ORGANIC MATTER AND
BACTERIA IN TUTTLE CREEK RESERVOIR .,.Food Chains,
Freshwater Ecology, Kansas, Reservoirs and Impoundments,
Water Bacteria, 5.0428

STRUCTURAL CHEMISTRY OF YELLOW ORGANIC MATTER
IN FRESH WATER Chemical Analysis (water),
Hydrogenolyses, Organic, Organic Content, Organiogeneral,
5.1054

THE ECOLOGY OF STREAM 1310TA IN WASTE ASSIMILA-
TION ,..Degradation, Pcriphyton, Self-purification, Streams,
Water Bacteria, 5.0675

THE ORGANIC CONCENTRATION GRADIENT IN AN AERA-
TION COLUMN ...Aeration, Bubbles, Foam, Surfactants, Waste
Water Treatment-general, 5.0734

MICROBIAL DEGRADATION OF ORGANIC POLLUTANTS OF
INDUSTRIAL ORIGIN .,.Chemical, Industrial Wastes, Microbial-
bacterial, Sewage Bacteria. Toxic Substances -non-specific,
_5.0514

ADSORPTION OF ORGANIC COMPOUNDS ONTO SOLIDS
FROM AQUEOUS SOLUTIONS ...Adsorption-general, Area, Or-
ganics-general, Solution, Surface Energy. Surface-other. ...1A1122

BIOCHEMICAL OXIDATION OF HYDROCARBONS IN NATU-
RAL WATERS ...Bacteria (non-specific), Chemostat, Degrada-
tion, Hydrocarbons, Seasonal, ...1.01110
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THE APPLICATION OF LASER IONIZATION MASS SPEC-
TROMETRY TO THE IDENTIFICATION OF ORGANIC SALTS
IN POLLUTED WATER ...Applications of Lasers-masers, Physi-
cal Parameters, Spectroscopy, Sulfonates (rso3na), Surfactants,
...1.0108

MACRO-FAUNA IN WASTE STABILIZATION LAGOONS
...Biological, Bloonworms, Aquatic Midge::, Habitat Studies,
Lagoon, Sewage Lagoons, 5.0946

ADSORPTION FROM AQUEOUS SOLUTION ...Adsorption, Ad-
sorption-absorption-other, Adsorption-other, Organics, 5.0558

RENOVATION OF A DYSTROPHIC LAKE INTO A EUTROPHIC
LAKE ...Aeration, Biological-general, Eutrophication, Lakes,
Nutrients, 5.0761

STEAM STRIPPING OF KRAFT PULP MILL EFFLUENT
STREAMS Effluent-standards, Effluents-waste Water, Material
Recovery Wastes, Pulp and Paper Wastes, Pulp, Paper , and
Logging, Waste Water Treatment-general, ...5.1263

INDUCED AIR MIXING OF LARGE BODIES OF POLLUTED
WATER ...Aeration, Injector, Mathematical Analysis, Mixing,
Model Studies, 5.0477

STUDIES ON EFFECTS OF WATERSHED PRACTICES ON
STREAMS ...Chemical-general, Discharge-general, Forest
Watersheds, Periphyton, Physical-general, Primary Productivity,
...5.0948

ORGANICS CAUSING TASTE OR ODOR IN THE MISSOURI
RIVER ...Gas, Infrared, Library, Missouri River, Taste and Odor,
5.0683

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Move-
ment, Leaching, Organophosphorous Cpds. , Physical Property
Effects, Soil and Rock Leaching, Soil Environment, ...5.0325

HETEROGENEOUS OXIDATION OF POLLUTANTS IN WATER
_Chemical Treatment-other, Element, Heterogeneous Catalysis,
Oxidants, Regeneration-other, _5.0789

ORGANIC DEBRIS ON CONNECTICUT BEACHES AND
SHORES ...Catabolism and Degradation, Connecticut, Identifica-
tion, Physical-general, Shoreline - Coastline, ...5.0204

RESEARCH IN LIM NOLOGY - INTERRELATIONS OF
HYDROLOGY AND AO/ 'ATIC ECOLOGY ...Biological-general,
Chemical-general, Destratificaiifm, Hydrology-general, Physical-
general, ...2.012S

TOTAL ORGANIC CARBON AS A POLLUTION CONTROL
PARAMETER IN SUB-ARCTIC. WATE ...Alaska, Chemical
Identification, Infrared, Oxidation-general, Technique Develop-
ment, 5.0031

ORGANIC MATTER AND ITS ROLE IN WATER QUALITY
...Management, Public Works, Reservoirs and Impoundments,
Urban Environments, Waste Water Treatment-general, ...5.0122

PARTICULATE-ORGANIC EFFECT - SENSORY QUALITY OF
WATER ...Adsorption-other, Coagulation, Colloidal Phenomena,
Potable Water, Taste and Odor, Waste Water Treatment-other,
...5.1013

Pesticides
BIOLOGICAL AND CHEMICAL OXIDATION OF SELECTED

ORGANIC PESTICIDES ...Biological, Chemical Degradation,
Chlorinated Hydrocarbons, Chlorination, Degradation, Gas,
5.0010

SOIL, PESTICIDES AND THE QUALITY OF WATER ...Aquatic
Or Soil-aquatie Cycles, Atrazine, Monuron, Movement, Leaching,
Soil Environment, 5.0196

REDUCTION OF HAZARDS ASSOCIATED WITH THE
PRESENCE OF RESIDUES OF INSECTICIDAL CHEMICALS
IN THE ENVIRONMENT ...Chlorinated Hydrocarbons, Or-
ganophosphorous Cpds. , Other, Persistence in Soils, Residues in
Foods, 5.0404

DEVELOPMENT OF TILLAGE-REPLACING HERBICIDE
SYSTEMS ...Contamination, Pollution-water, Runoff, Tillage,
Cropping Systems, 5.0884

FATE OF HERBICIDES IN WATER AND CROPS IRRIGATED
WITH WATER CONTAINING HERBICIDES ...Herbicides -non-
specific, Persistance of Residues, Plant -other, Residues in Foods,
Sprinkler Irrigation, 5,1327

INTERACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS ...Absorption, Fixation, Exchange, Aldrin,
Chemical Degradation, Fertilizers, Other, ...5.0052

CHEMICAL BRUSH CONTROL - BIOCHEMISTRY AND TOXIC
HAZARD ...Aquatic Or Soil-aquatic Cycles, Environmental Ef-
fects, Herbicides -non-specific, Other, Range, 5.0944

EFFECTS OF MALATHION ON LEARNING AND RETENTION
IN THE GOLDFISH ...Escape and Avoidance, Goldfish,
Malathion, Mode of Action -animal, Pollution - Effects of ,

5.0667

EFFECTS OF ENDRIN & MALATHION ON GONADAL
HYDRATION RESPONSE OF MALE GOLDFISH & RAINBOW
TROUT. PESTICIDE EFFECTS ON FISH ENDOCRINE FUNC-
TION ...Endrin, Goldfish, Malathion, Male Gametes, Mode of Ac-
tion -animal, Rainbow Trout, Steelhead Trout, 5.0634

ECONOMIC ANALYSIS OF RESOURCE POLLUTION BY
PESTICIDES AND OTHER WASTE MATERIALS ...Economic
Impact, Economics of Chemical Control, Production &
Processing, ...5.1204

RELATIONSHIP OF PESTICIDES IN SOIL, WATER AND
PLAN'I'S _Bioindicators, Degradation, Food Chains, Animal
And/or Man, Soil-water-plant Relationships, 5.0567

Pant Pollutants
REGION 2 - WEED CONTROL ...Contamination - Water,

Drainage, Irrigation-general, of Aquatic Plants, ...3.0093
WEED AND ALGAE CONTROL, SMALL IMPOUNDMENT IN-

VESTIGATIONS ...Georgia, of Aquatic Plants, Reservoirs and
Impoundments, Soil Sterilants, 5.0304

RESPIRATION OF AQUATIC MACROPHYTES IN EUTROPHIC
SYSTEMS -Environmental Effects-geologic, Eutrophication,
Nutrients, of Aquatic Plants, Respiration, ...5.1041

IMPROVING SURFACE WATER CONDITIONS THROUGH
CONTROL AND DISPOSAL OF AQUATIC VEGETATION
...Economic Efficiency, of Aquatic Plants, Plant Waste Removal,
Treatment, Water Quality Control-general, ...5.1298

CHANGES IN WATER ENVIRONMENT RESULTING FROM
AQUATIC PLANT CONTROL ...Lakes, of Aquatic Plants, Physi-
cal Control, Recreation Sites, 5.1301

AQUATIC PLANTS OF POLLUTED WATERS IN S. W. UNITED
STATES ...Aquatic Plants (non-specific), Habitat Studies, Pollu-
tion Sources-general, Southwest, Tables, Compilations, Catalogs,
..5.1184

CHEMICAL CONTROL OF WEEDS IN PONDS Algacides -non-
specific, Herbicides -non-specific, of Aquatic Plants, Ponds, Wil-
dlife, ...%0009

AQUATIC WEEDS ...Aquatic Plants (non-specific), Herbicides -
non- specific, of Aquatic Plants, Physical-general, Range Or Terri-
torial Distr. , ...5.0735

RELATIONSHIPS OF AQUATIC FLORA TO WATER QUALITY
AND POLLUTION ...Freshwater Ecology, Pollution - Effects of ,
Primary Productivity, Streams, Water Quality-generai, 5.0956

STUDY OF METHODS FOR CONTROLLING AQUATIC
GROWTH AT PYMATUNING RESERVOIR AND CONNEAUT
LAKE, PENNSYLVANIA ...Lakes, of Aquatic Plants, Pennsyl-
vania, Pollution Abatement, Reservoirs and Impoundments,
6.0470

FIELD INVESTIGATION OF THE SUBMERSED AQUATIC EN-
VIRONMENT ...Aquatic Ecology, Canals, Irrigation-general,
Reservoirs and Impoundments, Submerged Plants, Weeds -
phonological Studies, ...3.0125

AROMATIC SOLVENT AQUATIC HERBICIDES AND EMULSI-
FYING AGENT TESTING ...Aromatic Cpds, Chemical Analysis,
Evaluation, Herbicides -non-specific, of Aquatic Plants, Petroleum
Cpds. -non-specific, ...3.0107

WEED CONTROL AND REVEGETATION _Control and Protec-
tion, New Mexico, Rio Grande River, Weed Control -other,
...3.0111

WEED CONTROL AND REVEGETATION ...Control and Protec-
tion, Cover Crops, Rio Grande River, Weed Control -other,
3.0119

WEED CONTROL IN IRRIGATION AND DRAINAGE SYSTEMS
...Amphibious Plants, Aquatic Soils, Herbicides -non-specific, of
Aquatic Plants, Submerged Plants, Timing -non-specific, ...3.0094

Pollution Sources-general
THE EFFECTIVENESS OF GOVERNMENTAL ACTION FOR

WATER POLLUTION CONTROL IN NEW JERSEY ...Adminis-
trative Structures, Local Government, New Jersey, Survey Stu-
dim, Water Quality Control - general, _6.0349

GROUND WATER CONTAMINATION RESULTING FROM
WASTE DISPOSAL ...Disposal, Groundwater, Pond, Solid Waste,
South Dakota, 5.1109

AQUATIC PLANTS OF POLLUTED WATERS IN S. W. UNITED
STATES ...Aquatic Plants (non-specific), Habitat Studies, Plant
Pollutants, Southwest, Tables, Compilations, Catalogs, ...5.1184

EVALUATION OF DISPERSED POLLUTIONAL LOAD ...Com-
bined Sewer, Land Use, Pollutants-general, Runoff, Sewage Treat-
ment Plant, ...5.0921
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AN INVESTIGATION OF FACTORS INFLUENCING WATER

QUALITY IN SOUTH FORK, COEUR DALENE RIVER
...Idaho, Pollutuntsygeneral, Streams, Water Quality-general,
...5.0328

EFFECT OF URBANIZATION ON WATER QUALITY ..Kansas,
Runoff, Urban Environments, Water Quality-general, ...5.0425

GEOHYDROLOGY OF SHALLOW AQUIFERS IN HENRY AND
WEAKLEY COUNTIES, TENNESSE ...Aquifers-general,
Groundwater, Observation Wells, Pumping, Tennessee, ...2.0998

Radioactive Fallout
CRATER LAKE VERTICAL TEMPERATURE PROFILES ...Elec-

tronics - Applied, Lakes, Oregon, Temperature, Water Sampling,
_2.0101

SANITATION. WASTE DISPOSAL AND PEST AND VECTOR
CONTROL ...Nuclear Explosion, Pollution - Effects of , Radiolog-
ic Warfare, Requirement, Sewage, Urban Environments, _5.0059

THE EFFECTS OF LIMNOLOOICAL FACTORS ON THE UP-
TAKE OF CS137 BY FISH _Atomic Absorption, Cesium, Emis-
sion, Lakes, Michigan, ...2.0653

ISOTOPES IN THE BIOSPHERE ...Erosion - general, Management,
Pollutants - Path of , Runoff, Strontium, Washout, 5.0670

AQUATIC TRANSPORT OF NUCLEAR DEBRIS ...Canals,
Chemical Reactions, Exchange Capacity, Ion Exchange-other.
Pollutants - Path of , _1.0012

ACCUMULATION AND MOVEMENT OF FISSION PRODUCTS
IN SOILS AND PLANTS ...Movement, Availability, Radioactive
Contamination, Strontium, ...5.0484

BIOLOGICAL (ENRICHMENT) CHAINS OF RADIONUCLIDES
IN FINNISH LAKES ...Cesium, Eutrophication, Finland,
Nutrients, Radioisotopes, 2.0309

Radioactivity-general
THE ACCUMULATION OF FISSION PRODUCTS BY MARINE

FISH AND SHELLFISH ...Chlorideac -other, Contamination -
Water, Estuaries, Food Chains, Radioccology, 5.0805

A DETAILED STUDY OF THE ENERGY FLOW THROUGH
THE BIOTA OF DOE RUN, MEADE COUNTY, KENTUCKY
...Energy Budgets, Kentucky, Radioccology, Streams, ..2.0529

COLUMBIA RIVER STUDIES ...Columbia River, Contamination -
Water, Invertebrates, Oysters, Pollution Effects, Reproductive
System, ...5.1268

EFFECT'S OF LIMNOLOGICAL FACTORS ON UPTAKE OF
CS137 BY FISH ...Cesium, Metabolism -animal, _1.0068

MODEL RIVER SYSTEM STUDIES Film: Studies, Mathemati-
cal Analysis, Model Studies, Streams, Turbidity, 2.1010

MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA RIVER
ESTUARY ...Columbia River, Estuaries, Mathematical Analysis,
Pollutants - Path of , Water Sampling, ...5.0986

DETERMINATION OF THE DISTRIBUTION OF
RADIONUCLIDES DISCHARGED TO THE GROUND AT THE
NRTS, IDAHO ...Artesian How, Discharge-general, Observation
Wells, Pollutants - Path of , Radioisotopes, ...5.0318

COLUMBIA RIVER SEDIMENT STUDIES ...Columbia River,
Gcochemical Analysis, Radiochemical Techniques, Sediments,
Self-purification, _5.1249

EXTREME HYDROLOGIC EVENTS & THEIR EFFECTS ON
NUCLEAR FACILITIES ...Floods, Hydrology-general, Natural
Recharge, Runoff, Water Table Fluctuation, ...2.0273

THE EVALUATION OF APPLICATION OF C-14 DATING OF
GROUND WATER Aquifers-general, Carbon-I 4, Disposal
Methods-other, Groundwater, Underground Waste Disposal,
5.0241

STUDY OF LOCAL WATER CONTAMINATION PROBLEMS
...Forecastinglorediction, Model Studies, Partial, Pollutants - Path
of , Potable Water, ...5.0535

CONTAMINATION OF GROUND WATER FROM RADIOAC-
TIVE PACKAGES IMPACTING ON LAN ...Ground Water,
Groundwater, Groundwater Movement, Pollutants - Path of ,
...4.0240

DETAILED CHARACTERIZATION OF SOILS AND VEGETA-
TION AT SELECTED SITES TO SERVE AS BASIS FOR FU-
TURE EVALUATION OF RADIOACTIVE CONTAMINATION
...Absorption, Fixation, Exchange, Radioactive Pollution -ns,
Small Watersheds, Soil and Rock Leaching, Strontium, ...5.0902

PLANKTON-PERIPHYTON STUDIES IN THE COLUMBIA
RIVER ...Columbia River, Food Webs, Periphyton, Phytoplank-
ton, Radioecology, 2.1127

TRANSLOCATION OF RADIONUCLIDES BY FISH ...Columbia
River, Fish -non-specific, Migration, Phosphorus, Zinc, ...2.1130

ENVIRONMENTAL RADIATION STUDIES EVALUATION OF
FISSION PRODUCT DISTRIBUTION AND MOVEMENT IN
TERRESTRIAL ENVIRONMENTS _Absorption, Fixation,
Exchange, Plants, Radioactive Contamination, Root Absorption,
Soil Environment, ...1.0116

TRACE ELEMENT CYCLES IN A SOUTHEASTERN RESER-
VOIR LAKE ...Adsorption Capacity, Rate of Deposition, Reser-
voirs, Reservoirs and Impoundments, Trace Element Analysis,
Truce Elements, Water Cycle, 2.0945

BIOLOGICAL AVAILABILITY OF NUCLEAR DEBRIS TO
AQUATIC ANIMALS ...Contamination Water, Food, Produc-
tivity - Food Chain, Radiologie Health, 5.0102

RADIATION EFFECTS IN AQUATIC SYSTEMS Aquatic Ecolo-
gy, Chronic Radiation, Contamination - Water, Fish -non-specific,
Low Level Radiation, Radiation Effects-non-specific, Radiation
Treatment, ...5.1248

EFFECT OF REACTOR EFFLUENT ON QUALITY OF COLUM-
BIA RIVER WATER ...Atomic Plants, Columbia River, Digital
Computers. Filtration, Pollution - Effects of , _5.1246

MECHANISMS OF ENVIRONMENTAL EXPOSORE ...Columbia
River, Radioactive Isotopes, Radiologic Health, Regulation and
Selection, Toxicological and Allergy, _5.1244

REDUCTION OF RADIOISOTOPE.) IN HANFORD REACTOR
EFFLUENTS ...Atomic Plants, Effluents-waste Water, Neutron
Activation, Nuclear Reactors, 5.1253

RADIONUCLIDES IN THE SAVANNAH RIVER ESTUARY AND
ADJACENT. COASTAL WATERS ...Atomic Plants, Estuaries,
Pollutants - Path of , Radioactivity, Tracers, ...5.1098

RADIONUCLIDE MOVEMENT IN GROUNDWATER ..,Flow
Characteristics -water, Groundwater Movement, Pollutants - Path
of , Radioisotopes, Seepage, 5.1099

IMPROVED DETECTION TECHNIQUES TO DETERMINE
RADIONUCLIDES IN FRESH AND SEA WATER ...Cesium,
Fresh Water, Ion Exchange-other, Sea Water- general. ...5.1100

DECONTAMINATION OF WATER CONTAINING CBR AND
OTHER MATERIALS ...Biological Pollutants -general, Chemical-
general, Demineralization, Other, Reverse Osmosis, 5.1217

ION EXCHANGE UNIT, 3000 OPH _Demineralization, Ion
Exchange-other, Mobile, Other., Potable Water, ...5.12kI5

PHYSICAL CHEMISTRY OF RADIOCLEMENTS - RADIOMET-
RIC METHODS OF ANALYSIS ...Activation Analysis, Elec-
trodeposition, Extraction-other, Organic, Precipitation, 7.0020

MOVEMENT OF RADIONUCLIDES IN THE LOWER COLUM-
BIA RIVER ...Absorbed Load, Adsorption Capacity, Columbia
River, Pollutants - Path of , 2.0902

THE MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA
RIVER ESTUARY ...Absorbed Load, Columbia River, Estuaries,
Pollutants - Path of , 2.0903

HYDROLOGY OF SUBSURFACE WASTE DiSPOSAL - NA-
TIONAL REACTOR TESTING STATION, IDAHO ...Geochemi-
cal Analysis, Groundwater Movement, Nuclear Power, Un-
derground Waste Disposal, Water Cycle, 5,0319

PRODUCTIVITY OF ESTUARINE AND MARINE ECOSYSTEMS
(A COOPERATIVE AGREEMENT WITH THE ATOMIC
ENERGY COMMISSION) Estuaries, Ions and Gases, Plankton
Sampling, Productivity - Food Chain, Radioactivity, ...2,0818

MEASUREMENT OF RADIONUCLIDES IN ESTUARINE AND
MARINE ENVIRONMENTS (A COOPERATIVE AGREEMENT
WITH ATOMIC ENERGY COMMISSION) ...Estuaries, Marine
Environments-general, Pollution - Effects of , Pollution Effects,
Reactor Sites & Rad Waste, 2.0819

SEDIMENT MINERALOGY ...Adsorption Capacity, Contamination
- Water, Estuaries, Pollution Effects, Productivity - Food Chain,
5.0806

ACCUMULATION OF RADIOACTIVITY BY INVERTEBRATES
...Contamination - Water, Metabolism, Pollution Effects, Produc-
tivity - Food Chain, ...5.0804

ACCUMULATION OF RADIONUCLIDES BY VERTEBRATES
...Contamination - Water, Estuaries, Pollution Effects, Productivi-
ty - Food Chain, ...5.0803

Radioactivity-other
UNDERSTANDING OF THE INFILTRATION OF RAIN INTO

BURIED WASTE ...Groundwater Movement, Infiltration,
Moisture Content, Porosity, Unsaturated Flow, ...2.0948

Radioactivity-underground Test
HYDROLOGIC STUDIES LEADING TO SITE UTILIZATION

... Adsorption Capacity, Groundwater, Hydrology-general, Nuclear
Explosion, Pollutants - Path of , Sediment Transport-other,
.,.3.0134
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VELOCITIES OF RADIONUCLIDES AT ARNAR GOSA SITE
..Groundwater, Nevada, Pollutants - Path or , Transport,
-2.0174

Saline Water Intrusion
QUANTITATIVE AND QUALITATIVE MEASUREMENT OF

AQUATIC VEGETATION-CURRITUCK SOUND -Aquatic
Plants (non-specific), Mapping, North Carolina, Pollution - Ef-
fects of , Virginia, .5.0815

SYSTEMS ANALYSIS FOR GROUNDWATER MANAGEMENT
,..Economic Efficiency, Groundwater Basins, Management, Model
Studies, Systems Analysis, -5.0071

RELATION OF PASS OPENINGS ON PHYSICAL EXCHANGE
AND SALINITY IN ESTUARIES .Estuaries, Mixing, Salinity,
Shoreline Structures, Texas, -2.1012

COMPUTER SIMULATION ()I, AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA ...Carbonate Aquifers, Compu-
tcrs-general, Milling Industry, North Carolina. Water 'Fable Fluc-
tuation, -2.0821

UNSTEADY FLOW OF GROUNDWATER-DISPERSION AND
SALT WATER INTRUSION IN NON-HOMOGENEOUS MEDIA
.Dispersion -water, Model Studies, Unsteady, Unstet.,;y Flow,
,..2.1159

AIR INJECI'ION INTO AN AQUIFER -Aquifers-general, Labora-
tory Analysis, Permeability, Porous Media - Flow Through,
.2.0358

EVA LUATION MAGOTHY AQUIFER - ANNAPOLIS AREA
...Atlases-maps, Available Water, Clastic Aquifers, Maryland,
Model Studies, -2.0564

EXTENT 01' BRACKISH WATER' IN TiDAL RIVERS ...Brackish
Water, Maryland, Salinity, Tidal Streams, Tides, ,.2.0562

SALINITY INTRUSION AND RELATED PHENOMENA ...Cur-
rents -water, General Deposition, Mixing, Open Channel Flow,
Sediment Transport-general, -2.0687

PERMIAN BASIN - ORIGIN 01' SALINE WATER DISCHARGE
...Brines, Groundwater Movement, Permian Period, Subsurface
Flow, Texas, -2.1004

UNSTEADY FLOW AND SALINE INTRUSION IN ESTUARIES
...Channels, Estuaries, Model Studies, Open Channel Flow, Un-
steady How, -2,1091

GEOLOGIC' ASPECTS 01: SEA-WATER ENCROACHMENT -
RECOGNITION OF LATE GLACIAL SUBSTAGES IN NEW
YORK ANI) NEW ENGLAND ...Field Studies, New York,
Quaternary Period, Sea Level Variations, Shorelinc; - Coastline,
.2.0300

ARTIFICIAL RECHARGE 01, TREATED SEWAGE WAFER AT
BAY PARK. N.Y. Recharge, ..4.0183

MARINE HYDROLOGY ANI) GEOCHEMISTRY, ATLANTIC'
CONTINENTAL SHELF ANI) SLOPE .Chemistry, Continental
Shell', Distribution, Mixing. Ocean Environment, -2.0623

SALT-WATER ENCROACHMENT IN THE BRUNSWICK AREA,
GEORGIA ,.,Aquifers- general. Georgia, Observation Wells,
Pie/Am:try, Pumping, _5.0306

HYDROLOGY OF COASTAL AREA IN THE VICINITY OF
RICEBORO, GEORGIA -Artesian Flow, Dispersion -water,
Estuaries, Georgia, Water Quality-gral..5.0305

SAL-WATER ENCROACHMENT IN NORTH CAROLINA
ESTUARIES ...Chemical-general, Estuaries, Flow Characteristics -
water, Industrial-general, Water Sampling. -2.0826

'1'1-11'. EFFECT 01, OCEAN WATER iNTRusioN INTO I3ACK
BAY, VIRGINIA, ANI) C'URRITUCK SOUND, NORTH
CAROLINA. ON THE WATERFOWL ANI) FISH HA13ITAT
-Aquatic Ecology. Brackish Water, Fish -non-specific, Habitat
Studies, Water Fowl, N.s, , Water Salinity. -2.0585

MINING-POLLUTION CONTROL. TEC'HNOLOGY - OIL
PRODUCTION GROUND-WATER RECLAMATION BY
SELEC"I'IV PIMPING Groundwater, Mine Drainage
Control, Petroleum Industry, Pumping, Secondary Recovery,
_5.0913

Sanitary Landfills
SHALLOW GROUND-WATER FLOW SYSTEMS IN RELATION

TO INDUSTRIAL AND MUNICIPAL WATER SUPPLY AND
WASTE DISPOSAL REQUIREMEN'T'S ...Disposal Wastes,
Groundwater Movement, Industrial Wastes, Wisconsin, -5.1316

HYDROGEOLOGY OF SOLID wAsTF. DISPOSAL SITES
-Chemical Analysis (water). Groundwater Movement, Hydrolo-
gy-general. Illinois, -5.0347

SUBSURFACE WATER POLLUTION FROM SANITARY LAND-
FILLS IN CARBONATE ROCK TERRAIN ...Chemical Analysis

(water), Disposal, Dolomite, Groundwater, Soil and Rock
Leaching, ...5.1030

Sediments
COLUMBIA RIVER SEDIMENT STUDIES ...Columbia River,

Geochemical Analysis, Radioactivity-general, Radiochemical
Techniques, Self-purification, -5.1249

WIND EFFEC"I'S ON THE DISPERSION OF PARTICULATE
POLLUTANTS IN TURBULENT OPEN-CHANNEL FLOW
_Dispersion -water, Flow 01' Dispersed Solids, Open Channel
Flow, Turbulent Flow, Wind.other, .2.0220

INFLUENCE OF ACCUMULATED SEDIMENTS UPON WATER
VELOCITY OF MICROHAI3I'I'A'I'S OCCUPIED BY TROUTS
.Colorado, Habitat Studies, Rio Grande River, Salmon & Trout -
Non- specific, Velocity -water, -4.0068

INFLUENCE OF SEDIMENTATION UPON THE PRODUCTION
OF (IM,411. FISHES ..Fish -non-specific, Montana, Pollution - Ef-
fects or . Population Dynamics, Streams, ...4.0069

THE EFFEcrs 01: DREDGING AND SILTATION ON DIVING
DUCK FOODS AND FEEDING HA13ITS ON THE MISSISSIPPI
RIVER _Food Supply, Mississippi River, Silting, Water Fowl,
N.s. .5.0411

LIMNOLOGY OF 1.Ai(E CHAMPLAIN ...Biological - general,
Chemical-general, Physical-general, Phytoplankton, Pollution - Ef-
fects of , Zooplankton, _2.1088

FACTORS AFFECTING THE MOVEMENTS 01, WATER AND
ORGANISMS WITHIN A REGULATED MuunPuRPosF,
LAKE -13acterial Pollutant Sources, Boundary Layer Studies,
Currents -water, Lakes, Washington, -2.1114

INFLUENCE OF SUSPENDED MICROSCOPIC SUBSTANCE'S
ON THE mrrABousm OF MICROORGANISMS RESPONSI-
131.E FOR 13101.061CM. ENRICHMENT OF WATER -Adsorp-
tion C'apaeity, Chemical, Eutrophication, Microorganisms (non-
specific), Pollution - Effects ()I' , -5.0877

RELATIONSHIPS BETWEEN PHOSPHATE AND OTHER
CHEMICALS AT THE WATERSUI3STRATF, INTERFACE IN
WESTERN LAKE ERIE ...Aquatic Soils, Chemical, Chemical-
general, Phosphate, Phosphite, ...5.0874

THE ECOLOGIC IMPACT 01: 'T'I'E INTERACI'1ONS AMONG
MICROORGANISMS AND AQUATIC CONTAMINANTS IN
LAKE ERIE ...Environment, Lake Eric, Pollution - Effects of ,

Primaq Productivity, Water 13acteria, -6.0427
DISTRIBUTION OF DISSOLVED IONS IN ALASKAN WATERS

-Alaska, General Transport Effects, Glaciers, Ions and Gases,
Suspension, Water, ..2.0020

DYNAMIC SEPARATION OF SUSPENDED SOLIDS -Flow
Characteristics -water, Nonles, Separation-Bow-other, -5.0674

THE E1,1 OF INORGANIC SEDIMENT ON STREAM 1310TA
...Aquatic Ecology, Contamination - Water, Pollution - Effects of

Effects, Streams, -5.0388
REMOVAL. OF COLLOIDAL MATTER FROM WASTE WATER

-Microbial-bacterial, Organic Wastes, Pollutant-other, Rate of
Reaction, Waste Water Treatment-general, -5.0599

El:M(7S OF POLLUTANTS ON SUBMARINE PLANT
SYNECOLOGY ...Applied Ecology, Industrial Wastes, Nutrients,
Plant Prod. (non-specific), Plant Succession. Sedimentation,
-5.1221

ROCK CREEK PARK CLARIFICATION PROJECT ..,Chlorination,
Coagulation, District of Columbia, poiyelectrolytes, Streams,
-4,0044

REMOVAL 01: SUSPENDED MA'T'TER AND TURBIDITY FROM
WATER BY FLOCCULATION WITH POLY ELECTROLYTE
COAGULANTS AND COAGULATION ACIDS -Electrophore-
sis, Flocculation, Polyelectrolytes, Waste Water Treatment-
general, _4.0109

AN EVALUATION OF THE REJUVENATION OF THE UN-
PALO RIVER ...Chemical-general, Flow Augmentation, New
York, Streams, Turbidity, -4.0181

WATER POLLUTION FROM ERODED SEDIMENTS ...Flow
Characteristics -water, Other Transport Effects, Rain-general,
Suspension, Velocity -water, -2.1042

INDIVIDUAL WATER FILTRATION DEVICE ...Filtration, Porous
Media - Flow Through, Pump-other, Technique Development,
Waste Water Treatment-general, -3.0252

GREAT LAKES RESEARCH - SPOIL DISPOSAL EFFECTS
...Dispersion -water, Great Lakes-general. Pollution - Effects of ,

Sedimentation, Spoil Banks, Water Properties-general, -5.0561
TIDAL DISCHARGE RESEARCH, NEW JERSEY ,Data Acquisi-

tion-general, Discharge-general, Other Data Analysis, Tides,
Water Quality-general, -2.0769

2-366



SUBJECT INDEX Pollution Sources

EUTROPHICATION - REMOVAL OF NUTRIENTS - SHAGAWA
LAKE ...Activated Carbon, Coagulation, Eutrophication, Ion
Exchange-other, Nutrients, Tertiary Treatment, Trickling,
_5.0594

EUTROPHICATION SEDIMENT-WATER INTERCHANGE
STUDIES Eutrophication, Exchange Capacity, Ion Exchange-
other, Lakes, Nutrients, ...5.0982

RESERVOIR SEDIMENTATION STUDIES IN CORN BELT
STATES ...Design Criteria, General Deposition, Reservoirs,
Reservoirs and Impoundments., Sediment Yield, ..2.0868

TECHNOLOGY AND ECONOMICS OF CONSERVATION Al-
ternative Planning, Benefit-cost Analysis, Conservation-general,
Erosion-glineral, Land Use, ...4.0106

Sewage
A STUDY OF COLIFORM BACTERIA AND ESCHERICHIA

COLI ON POLLUTED AND UNPOLLUTED OYSTER 130T-
TOMS OF MISSISSIPPI ...Colifbrms (non-specifie), Identification,
Mississippi River, Vertical Distribution, Water Sampling, 5.0619

ACID MINE DRAINAGE MICROBIOLOGICAL STUDIES ...Acidi-
ty, Bacterial Pollutant Sources, Identification, Mining Activities,
Mining Industry, 5.1284

ECOLOGY OF SELECTED AQUATIC BAC"fERIA IN THE
SNAKE RIVER ...Bacterial Pollutant Sources, Pollution - Effects
of , Pulp, Paper and Logging, Snake River, Water Bacteria,
...5.1236

THE ENGINEERING AND ECONOMIC ASPECTS OF USING
SEWAGE EFFLUENT FOR IRRIGATION ...Irrigation-general,
Louisiana, Use or Impaired Water, Water Costs, 5.0463

A SYSTEM FOR GEOLOGIC EVALUATION OF POLLUTION
POTENTIAL AT MOUNTAIN DWELLING SITES ...Joints-frac-
tures, ...5.0199

AN ATTEMPT' 1.0 DETECT HIGHLY DILUTED VIRUSES IN
WATERS BY FLOCCULATION ...Assay, Biochemical Oxygen
Demand, Flocculation, Precipitation & Sedimentation, Viral Pol-
lutant Sources, 4.0139

WATER QUALITY CRITERIA TO PROTECT 'THE FISH POPU-
LATION DIRECTLY BELOW SEWAGE OUTFALLS Effluent-
standards, Fish -non-specific, Population Dynamics, Water Pro-
perties-general, Water Standards, _5.0501

EFFECTS OF IRRIGATION OF MUNCIPAL SEWAGE [EF-
FLUENT ON SPOILS BANKS ...Irrigation, Mine Wastes, Spoil
Banks, Strip Mines, Waste Disposal -underground, ...5.1045

ENTERIC BACHERIA AND VIRUSES IN SEWAGE, WATER,
AND SHELLFISH ...Bacterial Pollutant Sources, Conforms (non-
specific), Oysters, Pollution Effects, Viral Pollutant Sources,
5.0718

U. S. S. R. LITERATURE ON WATER SUPPLY AND POLLU-
TION CONTROL ...Discharge-general, Russia, Sewerage Systems-
general, Survey Studies, Waste Disposal-general, 5.0228

MARINE WASTE DISPOSAL AND SEA URCHIN ECOLOGY
...California, Pollution Effects, Productivity - Food Chain, Sea
Urchins & Other Echinoderm, 5.0130

STEROLS AND LIPIDS IN WATER POLLUTION ...Chemical
Identification, EMuents-waste Water, Lipid Hydroperoxides, Pol-
lutants - Path or , Sterols, ...5.1173

NITRIFICATION AND DENITRIFICATION OF WASTE WATER
...Activated, Denitrification, Diary Wastes, Sewage - Domestic,
Waste Water Treatment-general, 5.0598

SPREADING TREATED SEWAGE FOR GROUNDWATER
RECHARGE Artificial Recharge. Groundwater, Loading, Per-
colation, Pilot Plant, 3.0005

TREATMENT NEEDED BY SEWAGE BEFORE INJECTION -
WELL RECHARGE Artificial Recharge, Carbon. Injection-
wells, Sand, Tertiary Treatment, Trickling, 5.0758

INTEGRATED ACTIVATED SLUDGE-BIOLOGICAL FILTER
PROCESS ...Activated, Biological Treatment-other, Process
Design, Trickling, Waste Treatment-economics, 5.0161

CANNERY WASTE TREATMENT BY THE KEHR ACTIVATED
SLUDGE PROCESS ...Activated, Aeration, Aerobic, Canning
Wastes, Waste Treatment-economics, 5.0157

BACTERIDAL EFFECTS OF ALGAE ON ENTERIC ORGAN-
ISMS ...Algae- General, Algal Culture, Bactericides -mm-specific,
Intestinal Bacteria, Sanitation, ...5.1151

DISINFECTION OF SEWAGE EFFLUENTS .Bacteria, Bromine,
Chemical- general, Chlorination, Chlorine, Disinfection, 5.0380

DEGRADATION OF SEWAGE AND SOIL MICROORGANISMS
...Catabolism and Degradation, Degradation, E Coli, Micro-organ-
ism Enz, Soil Bacteria, 5.0524

STUDY OF ESTUARINE POLLUTION IN THE STATE OF
HAWAII ...Bacterial Pollutant Sources, Economics-general,
Estuaries, Forecasting-prediction, Hawaii, ...5.0311

THE EFFECTIVENESS OF WATERFOWL IN CARRYING
PATHOGENIC MICRO-ORGANISMS Swamps-marshes, Utah,
Vertebt ,tes, Water Fowl, N.s. -.5.1193

VACUUM FILTRATION OF SEWAGE SLUDGE Filter-other,
Filtration, Sludge-other, Vacuum, 5.0175

APPLICATION OF SEWAGE SLUDGE TO FIELD CROPS
_Disposal, Fertilizing, Planting & Cult, Methods of Application,
Organic Fertility -other, Source of Fertilizer, Waste Disposal -un-
derground, ...5.0363

NEMATODES ASSOCIATED WITH SEWAGE TREATMENT
AND THEIR SIGNIFICANCE _Animal Taxonomy, Contamina-
tion - Walter, Nematoda -other, Streams, Waste Water Treatment-
general, 5.0251

THE FEASIBILITY OF REUSE OF CHLORINATED SEWAGE
EFFLUENT FOR FERTILIZATION AND IRRIGATION IN
IDAHO (ABBREV) ...Chlorination, Irrigation.- general, Stream
Rehabilitation, Use of Impaired Water, Water Reuse, 5.0327

BIOLOGICAL, ASPECTS OF TERTIARY PONDS ...Effluents-waste
Water, Phytoplankton, Pond, Protozoa -other, Tertiary Treat-
ment, ...5.0352

BACTERIOLOGICAL ANALYSIS OF THE FLOCS OF AC-
T1VATED SLUDGE OF DOMESTIC SEWAGE ...Activated. Bac-
terial Pollutant Sources, Disposal, Flocculation, Microbial-bacteri-
al....5.1311

RETENTION OF NUTRIENTS AND OThER POLLUTANTS IN
SEWAGE BY SOILS ...Analysis and Detection, Moisture Reten-
tion, Nutrients, Pollatants-general, Silt, 5.1312

BIOLOGICAL METHODS RESEARCH ...Chemical Identification,
Crustacea -non-specific, Enteroviruses of Humans, Isolation, Viral
Pollutant Sources, ...5.0017

MULTIPLICATION OF ENTERIC VIRUSES IN SHELLFISH
_Clams, Enteroviruses of Humans, Microbiological, Oysters, Tox-
icological and Allergy, ...5.1052

STUDY OF GROWING AREA STANDARD BY EXAMINING
ENTERCiPATHOGENS AND INDICATOR Bioindicators, En-
teroviruses of Humans, Microbiological Analysis, Number, Sal-
monella (non-specific & Ot), ...5.1069

Surfactants
THERMODYNAMICS AND TRANSPORT PROPERTIES OF

MULTICOMPONENT INTERFACES ...Distillation-other, Extrac-
tion, Interface, Other, Viscosity, ...3.0483

DIFFUSION OF OXYGEN AND HYDROGEN SULFIDE IN
WATER AS EFFECTED BY. DISSOLVED SURFACTANTS
...Diffusion- other, Oxygen, Sulfide, ...1.0002

EFFECT OF BORON IN BIOLOGICAL WASTE TREATMENT
...Activated, Aerobic, Boron, Industrial Wastes, Sewage -
Domestic, 5.0223

ANALYSIS OF SOLUTIONS FOR SURFACE-ACTIVE CON-
STITUENTS ..Absorption-other, Detectors and Sensors, Nec-
trochemical-oiher, Electrode, Electrolytes, 5.0439

THE EFFECT OF DETERGENTS ON THE OXYGENATION OF
WATER ...Absorption-other, Activated, Isotherm, Oxygen,
5.1207

EFFECTS OF SURFACTANTS ON FIBROUS BED COALESCING
...Emulsion, Interface, Packed Bed, Solubility, Water Treatment --
General, 5.0340

THE SURFACE SHEAR VISCOSITY OF MONOMOLECULAR
FILMS ...Viscosity, 5.0791

BACTERIOLOGY OF BIODEGRADABLE SURFACTANTS ...Cell
Injury and Autolysis, Electron, Gram-negative Bacteria, Gram-
positive Bacteria, Repression, 5.0106

Thermal Pollution
THERMAL POLLUTION AND ITS IMPLICATIONS FOR THE

COAL INDUSTRY-A SURVEY OF THE STATE OF
KNOWLEDGE ...Data Acquisition-general, Electric Power Plants,
Pollution - Effects of , Survey Studies, 5.0208

ESTUARIES AND SHORE STUDIES AND WATER SURFACE
INVESTIGATIONS ...Continental Shelf, Effluents-waste Water,
Evaporation, Infrared Radiation, Shoreline - Coastline,. Visible
Light, 6.0143

SIMULATION MODELING OF THERMAL EFFECTS ON
SELECTED RIVER SYSTEMS ...Atomic Plants, Digital Compu-
ters, Forceasting-prediction, Model Studies, Self-purification,
_4.0'270
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Pollution Sources SUBJECT INDEX

RESEARCH AND BASIC DATA ON THERMAL POLLUTION
...Diffusion, Dissipation, Eddies, General Synoptic Observations,
Mixed Modes, Streams, 4,0058

A RECONNAISSANCE STUDY OF THE CHEAPEAKE BAY
...Chesapeake Bay, Erosion - general, Floods, Sedimentology-
general, Shoreline - Coastline, Survey Studies, ...6,0254

MIGRATORY RESPONSE OF ADULT SALMONIDS TO WATER
TEMPERATURE Management -other, Migration, Salmon -
coho,chinook,sockeye.., Temperature, Warm Water, 8.0300

RESIDENT POPULATION DETERMINATION Effluents-waste
Water, New Hampshire, Pollution - Effects of , Pollution Effects,
5.0709

TURBULENT MIXING IN SUBMERGED FLUID JETS ...Fluid
Mixing, Mixing, Pollutants - Path of , Turbulent, 5.1130

REDUCTION OF RIVER HEAT POLLUTION BY TURBULENCE
STIMULATION _Destratification, Electric Power Plants, En-
gineering Structures-general, Roughness, Stream Rehabilitation,
Turbulent Flow, ...5.0214

EFFECTS OF HEATED WATER, ACID MINE DRAINAGE & AL-
KALINE ASH DRAINAGE ON WATER QUALITY & RESER-
VOIR COMMUNITY METABOLISM (ABBREV) Mine
Drainage Control, Mining Activities, Pollution - Effects of , Pollu-
tion Effects, Reservoirs and Impoundments, 5.0668

EFFECTS OF THERMAL POLLUTION ON PRODUCTIVITY
AND STABILITY OF ESTUARINE COMMUNITIES Aquatic
Ecology, Environmental Ecology, Estuaries, Plant Prod. (non-
specific), Pollution - Effects of , _5.0498

EFFECTS OF THERMAL AND OTHER FORMS OF POLLUTION
ON SOME ANADROMOUS FISHES ...Alewife,trien-
haden,shad,herring, Aquatic Ecology, Basses -sca,white, White
Perch, Pollution - Effects of , Pollution Effects, ...5.0739

WATER TEMPERATURE AS A QUALITY FACTOR IN THE
USE OF STREAMS AND RESERVOI Habitat Studies, Reser.
voirs and Impoundments, Streams, Temperature, Water Fowl, N.s.
, 5.0200

ANALYSIS OF THERMAL POLLUTION DISPERSION ...Aera-
tion, Dispersion -water, Effluents-waste Water, Stratified Flow,
Temperature, 5.0726

THE EVALUATION OF ENVIRONMENTAL ALTERATION BY
THERMAL LOADING AND ACID POLLUTION IN THE
COOLING RESERVOIR OF A STEAM-ELECTRIC STATION
...Acidity, Growth Rate, Mining Activities, Reservoirs and Im-
poundments, Warm Water, ...5.0681

THE EFFECTS OF THERMAL LOADING AND WATER QUALI-
TY ON ESTUARINE' PRIMARY PRODUCTION ...Acidity,
Estuaries, Nutrients, Primary Productivity, Standing Crops,
...6.0258

TURBULENT MIXING IN SUBMERGED TWO-DIMENSIONAL
WALL JETS Diffusion, Flow of Dispersed Solids, Turbulent,
Velocity, ...2.0992

THERMAL AND INDUSTRIAL POLLUTION - DELAWARE
RIVER ...Automatic Data Aquisition, Delaware River, Electric
Power Plants, Industrial Wastes, Physical Parameters, Pulp, Paper
, and Logging, 5.0989

TREATMENT OF SELECTED INTERNAL KRAFT MILL
WASTES IN COOLING TOWERS ...Economic Efficiency, Pilot
Plant, Pulp and Paper Wastes, Recycle, Waste Treatment-
economics, ...5.0308

STATUS OF THERMAL POLLUTION AND RESEARCH NEEDS
.Bibliography, Hydraulics-general, Pollution - Effects of , Water
Quality Control-general, ...5.1139

STUDIES OF THERMAL POLLUTION IN BISCAYNE BAY
...Aquatic Ecology, Bays, Florida, Pollution - Effects of , Warm
Water, ...5.0265

NATIONAL SYMPOSIUM ON THERMAL POLLUTION
Management, Meetings, Oregon, Pollution - Effects of , Tennes-
see, _5.1138

FORMULATION OF A GENERAL MATHEMATICAL MODEL
FOR THE PREDICTION OF THERMAL ENERGY CHANGES
IN IMPOUNDMENTS ...Columbia River, Forecasting-prediction,
Mathematical Analysis, Model Studies, Reservoirs and Impound-
ments, ...5.0163

TEMPERATURE PREDICTION STUDIES RELATING TO THE
DEVELOPMENT OF A POWER REACTOR SITE ON THE
LOWER COLUMBIA RIVER ...Atomic Plants, Columbia River,
Construction Sites, Data Networks, Dispersion -water, 8.0303

EFFECT OF HEATED WATER DISCHARGE FROM IPALCO'S
PETERSBURG PLANT ON THE WATERS OF WHITE RIVER,
INDIANA Biological-general, Chemical-general, Electric Power
Plants, Physical - general, Pollution - Effects of , White River,
...5.0383

STUDY OF TEMPERATURE EFFECTS IN COOLING WATER
LAKE ...Aquatic Ecology, Lakes, Pollution - Effects of , Tem-
perature, Water Temperature-non-specific, 6.0566

THE PREDICTION OF WATER QUALITY ASPECTS OF THE
WENATCHEE RIVER ...Electric Power Plants, Heat Flow,
Recreation Sites, Streams, Washington, 5,11234

TEMPERATURE DISTRIBUTION IN THE VICINITY OF WASTE
HEAT DISCHARGES Electric Power Plants, Mathematical
Analysis, Mixing, Stratification, Temperature, ...5.1120

EI:FECTS OF HEA'T'ED WATER IN A TIDAL ESTUARY ...Bays,
Chesapeake Bay, Electric Power Plants, Pollution Effects, Urban
Environments, Water Properties-general, 4.0078

DISSIPATION AND DIFFUSION OF HEAT IN STREAMS AND
LAKES Stratification, Temperature, ...2M303

PREDICTION OF ENVIRONMENT ...Biological-general, Columbia
River, Environmental Ecology, Low Temp. -but Above 32f, Physi-
cal-general, Reservoirs and Impoundments, Salmon & Trout -
Non- specific, Snake River, Temperature, .6.0617

EFFECTS OF INDUSTRIAL EXPANSION ON THE AQUATIC
ENVIRONMENT OF ESTUARINE AREAS ...Columbia River,
Estuaries, Salmon & Trout - Non-specific, ...2.1131

FISH BEHAVIOR AND PHYSIOLOGY ...Behavior En-
gineering Structures-general, Environmental Physiology, Migra-
tion, Salmon & Trout - Non-specific, 6.0615

EFFECTS OF TEMPERATURE ON MATURATION, EMB-
RYONIC DEVELOPMENT AND CONDITION OF FRY IN
YELLOW PERCH - LAKE HERRING, SMELT AND WAL-
LEYE ,..Basic Embryology, Environmental Physiology, Maturity
& Growth Stages, Temperature, Water Temperature-non-specific,
Yellow Perch, Darters, ...5.0590

POWER PRODUCTION ...Electric Power Plants, Nuclear Power,
Power Development, Reservoir Systems, Spray Devices, ...5.0983

THE DEVELOPMENT OF OPERATIONAL SHELLFISH DEPU-
RATION AND RELAYING SYSTEMS Bacterial Pollutant
Sources, Clams, Salmonella Typhimurium, Trace Elements,
...5.1068

EFFECT OF THE EFFLUENT FROM AN ATOMIC POWER
PLANT ON THE ADJACENT PORTION OF BARNEGAT BAY,
NEW JERSEY Bays, New Jersey, Pollution - Effects of , Pollu-
tion Effects, Reactor Sites & Rad Waste, Water Temperature-
non-specific, 5.1076

Viral Pollutant Sources
VIRUS REMOVAL BY CHEMICAL FLOCCULATION ...Alu-

minum, Coagulation, Complexing, Flocculation, Virus, ...5.0364
DETECTION AND ENUMERATION OF VIRUS IN NATURAL

WATERS ...Assay, Bioindicators, Detection, Enteroviruses of
Animals, Technique Development, 5.'3713

AN ATTEMPT TO DETECT HIGHLY DILUTED VIRUSES IN
WATERS BY FLOCCULATION ,Assay, Biochemical Oxygen
Demand, Flocculation, Precipitation & Sedimentation, Sewage,
4.0139

THE GAUZE PAD METHOD FOR THE ISOLATION OF
VIRUSES FROM INLAND AND ESTUARINE WATERS ...As-
say, Isolation, Precipitation & Sedimentation, Shoreline - Coast-
line, _5.1060

ADSORPTION OF VIRUSES ON MINERAL SURFACES ...Ad-
sorption, Adsorption Capacity, Control of Viruses, Escherichia
Coli, Mineralogy, 5.0474

ENTERIC BACTERIA AND VIRUSES IN SEWAGE, WATER,
AND SHELLFISH ..Bacterial Pollutant Sources, Coliforms (non-
specific), Oysters, Pollution Effects, Sewage, 5.0718

INTERACTION OF ANIMAL VIRUSES WITH CLAY MINERALS
...Adsorption Capacity, Animal Viruses (non-specific), Clay
Minerals-general, Filtration, Waste Water Treatment-general,
5.1051

BIOLOGICAL METHODS RESEARCH Chemical Identification,
Crustacea -non-specific, Enteroviruses of Humans, Isolation,
Sewage, 5.0017
EVELOPMENT OF METHODOLOGY FOR ISOLATION OF
VIRUSES FROM SEA WATER ...Animal Viruses (non-specific),
Concentratkm, Marine Biology (non-specific), Physical Parame-
ters, ...5.1228

STUDY ON METHODOLOGY FOR VIRAL EXAMINATION OF
SEAWATER AND SHELLFISH Enteroviruses of Humans,
Food Spoilage Detection, Pollution-general, Shellfish, N.s. ,

...5.1071
ENVIRONMENT AND VIRUS-HOST INTERACTIONS IN FISHES

...Ageicultural Chemicals-general, Environmental Ecology,
Pathology, Pollution - Effects of , Pollution Effects, -.5.0786
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SUBJECT INDEX

DEPURATION OF MICROBIAL POLLUTANTS IN SHELLFISH
...Microbiological, Oystei.;, Shellfish Depuration, Ultra Violet,
...5.0019

Polynesia
MARINE TOXINS OF THE TROPICAL PACIFIC Algal

Metab,(non-specific &ot), Animal Origin, Fish -non-specific,
Other, Toxicology, ...5.0315

Ponds
IN SITU STUDY OF FACTORS CONTROLLING NUTRIENT

REGENERATIONS IN THE 130170M SEDIMENTS ...Adiron-
dack Province, Aquatic Soils, Exchange Capacity, Mineral Con-
tent -water, Nutrients, Phosphorus. 2.0806

STUDIES ON THE MECHANISMS OF COMMUNITY STRUC-
TURE AND SUCCESSION IN TEMPORARY PONDS ...Fresh-
water Ecology, Plant Competition -other, Plant Succession,
Productivity - Food Chain, Succession, _2.0100

FOOD HABITS OF LARGEMOUTH BASS LARVAE Aquatic
Ecology, Behavior -animal, Food Supply, Largemouth I3ass,
Zooplankton, 7.0082

SPRING POND ECOLOGY AND MANAGEMENT ..Fishing,
Habitat Studies, Management, Productivity (agricultural), Salmon
& Trout - Non-specific, 3.0488

PREDICTING AND PREVENTING FISH KILLS .,.Chemical Anal-
ysis (water), Mortality Rates, Stratification..5.0012

A STUDY OF SUSPECTED LEAD POISONING OF SWANS AND
GEESE Anseriformes -other, Lead, Rhode Island, _5.1077

FISH STOCKING EVALUATION ...Captive Rearing, Largemouth
Bass, Management, Nets, Stocking of Fish & Shellfish, _6.0542

TRACE ELEMENT CHEMISTRY OF A SMALL POND IN RELA-
TION TO PRODUCTIVITY ...Environmental Ecology,
Geochimica! Analysis, Population Dynamics, Trace Element
Analysis, Zooplankton, 6.0232

EFFECT OF UNLINED TREATED SEWAGE STORAGE PONDS
ON WATER QUALITY IN THE OGALLALA FORMATION
Carbonate Aquifers, Effluents-waste Water, Pollution - Effects
of , Storage of Water, Texas, ...4.0245

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION AND
POND WATERS ...Chlorinated Hydrocarbons, Emission, Gas, Ir.
rigation-general. Pollutants-general, 5.0137

COMPARATIVE PRODUCTIVITIES OF SMALL BODIES OF
WATER IN DESERT AND MONTANE AREAS OF
SOUTHERN NEW MEXICO ...New Mexico, Phytoplankton,
Plant Prod. (non-specific), Productivity - Food Chain, Zooplank-
ton, ...3.0336

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Artificial
Recharge. Filtration, Playas, Texas, Water Wells, .,A.0243

NUTRIENT ASSIMILATION RATES - FIELD STUDIES ...Estua-
ries, Fertilizers -aquatic, Nutrients, Phosphorus, _5.0620

CHEMICAL CONTROL, OF WEEDS IN PONDS ...Algacides -non-
specific, Herbicides -non-specific, of Aquatic Plants, Plant Pollu-
tants, Wildlife, _5.0009

EQUIPMEN'i* TO AGITATE POND SOILS FOR RELEASE OF
NUTRIENTS ...Aquatic Soils, Limestone - General, Nutrients,
Soil Environment, Technique Development, 5.0774

POND SEALING ...Adsorption Capacity, Lining, Linings-pavings,
Permeability, ...4.0223

COMPARATIVE STUDY OF PHYTOPLANKTON IN NEW AND
RECLAIMED ACID MINE DRAINAGE PONDS .Acidity. Min-
ing Activities, Nutrition Studies, Phytoplankton, Waste Water
Treatment-general, 6.0437

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMES'T'IC, IRRIGATION, LAKE,
AND POND WATERS ...Chemical Analysis, Chemical Analysis
(water), Chemical Treatment-general, Irrigation-general, Lakes,
Pesticides -non-specific, ...5.0139

HYBRID SUNFISH STUDIES _Centrarehidae -other, Laboratory,
Maturity & Growth Stages, Selection & Breeding, 6.0195

BIOLOGICAL CONTROL OF AQUATIC VEGETATION
.,.Biocontrol, Lakes, of Aquatic Plants, Tilapia, Cichlids..6.0196

THE EFFECTS OF LIGHT WAVE LENGTHS ON THE RATES
OF PHOTOSYNTHESIS AND ITS REALTION TO OXYGEN
LEVELS IN PONDS ...Autotrophic, Optical Properties, Oxygen
Content -water, Respiration, Water - Light Qual. & Quant. ,

...6.0033
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Potable Water
CHRONIC E i OF METYHL PARATHION AND ENDRIN

ON CHANNEL CATFISH AND GOLDFISH IN PONDS. PESTI-
CIDE-INDUCED CHANGES IN POND ECOLOGY _Channel
Catfish, Endrin, Goldfish, Parathion, ...5.0648

CULTURE OF SHELLFISH IN ARTIFICIAL AND NATURAL
SALT PONDS ,Captive Rearing, Commercial Fishing, Growth
Rate, Maryland, Oysters, ..6.0267

IMPROVEMENT OF WATER SUPPLY SOURCES AND
STORAGE FACILITIES IN THE CORN BELT Corn Belt,
Permeability, Reservoirs, Seepage, Water Loss Centro:, ...8.0274

EVAPOTRANSPIRATION UNDER NATURAL CONDITIONS
...Evaporation, Moisture Budgets, Moisture Tension, Semi - Arid,
2.0384

Potable Water
RESEARCH ON LIFE SUPPORT POROUS MEMBRANES FOR

REVERSE OSMOSIS ..Membranes- other, Porosity, Recycle,
Reverse Osmosis. Water Reuse, _3.0169

FOAM SEPARATION FOR FIELD WATER TREATMENT
.Aeration, Foam, Military Aspects, Sterilants, Surfactants,
_5.0444

DISINFECTION OF SMALL QUANTITIES OF DRINKING
WATER ...Chemical Treatment-general, Chlorine, Iodine, Milita-
ry Aspects, Sterilants, ...5.0374

STUDY OF LOCAL WATER CONTAMINATION PROBLEMS
Forecasting-prediction, Model Studies, Partial, Pollutants - Path
of , Radioactivity-general, ...5.0535

HIDDEN COSTS OF USING SUBSTANDARD QUALITY
WATER, AS EXPERIENCED BY WATER USERS IN
WEBSTER, SOUTH DAKOTA ...Brackish Water, Desalination,
Economic Impact, South Dakota, Water Costs, ...6.0495

DESIGN AND CONSTRUCTION OF A LOW PRESSURE
HOUSEHOLD REVERSE OSMOSIS UNIT ...Brackish Water,
Cost Analysis, Desalination, Mobile, Reverse Osmosis, 3.0320

DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-
PRESSION PROCESS ...Desalination, Evaporation, Freezing,
High, Pilot Plant, ..1.0128

CHEMICAL REMOVAL OF NITRATE FROM POTABLE
WATER SUPPLIES ...Ion Exchange-other, Nitrate, Nitrite, Pota-
ble, Reduction-other, ,..5.0423

THE ACCEPTABILITY OF MINERAL TASTE IN DOMESTIC
WATER ...California, Mineralization, Taste, Water Utilization -
domestic..5.0068

CHARACTERIZATION AND REMOVAL OF REFRACTORY
COLOR COLLOIDS FROM HAWAIIAN SURFACE WATERS
.Coagulation, Colloidal Phenomena, Color, Hawaii, Polyelee-
trolytes, Zeta Potential, _5.0310

WATER CONSERVATION BY WASTE WAT1,12 RECLAMA-
TION AND INJECTION OR RECHARGE ...Activated, Artificial
Recharge, Injection-wells, Tertiary Treatment, Water Standards,
5.0779

RENOVATION OF WASTE EFFLUENT FOR RECREATION
AND POTABLE WATER SUPPLY USE ...Activated Effluent-
standards, Filter-other, '.,:',9ste Water Treatment-general, _5.0158

A PROGRAM FOR DEMONSTRATING COMBINED SEWER
OVERFLOW CONTROL TECHNIQUE FOR WATER QUALI-
TY IMPROVEMENTS AND BEACH PROTECTION ...Chlorina-
tion, Combined Sewer, Disinfection, Lake Erie, Polyelectrolytes,
Shoreline - Coastline, ...5.0867

BASIC SALINOGEN ION EXCHANGE RESINS FOR SELECTIVE
NITRATE REMOVAL FROM POTABLE AND EFFLUENT
WATER Effluents-waste Water, Ion Exchange-other, Nitrate,
Nitrite, Organic, Selective-removal, ...5.0537

A STUDY OF A WATER TOXICITY PROBLEM Bioassays,
Bioindicators, Growth Rate, Management, Toxins and Poisons -
other, ...5.0197

NUTRIENT REMOVAL IN A WATER TREATMENT PLANT
...Biological Treatment-other, Coagulation, Denitrification,

Nutrients, Sand, ...5.0355
PRODUCTION OF HIGHLY PALATABLE WATER FROM AIR

FOR HOUSEHOLD, LIVESTOCK, AND INDUSTRIAL USE
...Absorption-other, Cost Analysis, Process Development-other,
Solar Still, Water Development, ...3.0242

CW-BW WATER DECONTAMINATION SET ...Chlorination,
Coagulation, Filtration-5.1214

DEVELOP DESIGN DATA FOR LIGHT WEIGHT WATER PU-
RIFICATION UNIT __,..Filtration, Mobile, Potable, Technique
Development, Waste Water Treatment-other, 8.0297

COAGULANT DOSAGE TEST' KIT ...Coagulation, Potable,
_5.1218



Potable Water SUBJECT INDEX

REVERSE OSMOSIS WATER PURIFICATION ...Cellulose
Acetate, Military Aspects, Mobile, Other, Reverse Osmosis,
...3.0251

ION EXCHANGE UNIT, 3000 GPH ...Demineralization
Exchange-other, Mobile, Other, Radioactivity-general

ARTIFICIAL RECHARGE OF TREATED SEW
BAY PARK, N.Y....Artificial Recital.,

BIBLIOGRAPHY ON FLUOR
SUPPLIES ...Abstracts

SELECTED FA C'
W ATE

on
_5.1215

AGE WA'T'ER AT
, 4.0183

DATION OF PUBLIC WATER
, Bibliography, Fluoridation, ...7.0088

roRs INFLUENCING TASTE OF DRINKING
...Hardness-minerals, Mineralization, Saliva, Studies, Or-

ganoleptic, Temperature Control, Water for Cooking Or Drink-
ing, ...5.0085

CONSUMER AT'T'I'T'UDES TOWARD MINERAL TASTE IN
DOMESTIC WATER ...Attitudes & Attitude Change, California,
Hardness-minerals, Taste and Odor, Water Standards, ...6.0039

PARTICULATE-ORGANIC EFFECT - SENSORY QUALITY OF
WATER ...Adsorption-other, Coagulation, Colloidal Phenomena,
Organic Matter, Tast4 and Odor, Waste Water Treatment-other,
5.1013

INVESTIGATION OF WATER SUPPLY PROBLEMS IN ARCTIC
AND SUB-ARCTIC AREAS ...Arctic, Groundwater, Storage of
Water, Surface Water, Water Supply-general, 3.0004

Potassium
MINERAL RECOVERY FROM CONCENTRATED BRINES

...Brines, Chloride, Desalination, Great Salt Lake, Magnesium,
Regeneration-other, 5.1198

THE EXTRACTION OF POTASSIUM FROM FRESH AND
SALINE WATERS BY CLAY MINERALS ...Adsorption Capaci-
ty, Analysis and Detection, Clay Minerals-general, Extraction,
2.0359

TURF:GRASS MANAGEMENT ...in Turf, Management, New Mex-
ico, Nitrogen, Phosphorus, Species and Variety Evaluation,
,..6.0367

Potholes
THE EFFECT OF 'THE NATURAL SEALING OF POTHOLES

UPON WATER MOVEMENT AND GROUNDWATER
RESOURCES ...Groundwater, Internal Water Movement, Linings-
pavings, Permeability, Subsurface Flow, 2.11667

THE EFFECT OF POTHOLE DRAINAGE UPON GROUND-
WATER RESOURCES ...Drainage, Groundwater, Radioisotopes,
Unsaturated Flow, ...4.0144

AN EVALUATION OF SOME MARSH MANAGEMENT
TECHNIQUES ...Management, Spawn Or Nesting Sites, Swamps-
marshes, Water cowl, N. , Water Utilization -animal, 4.0107

HYDROLOGY OF PRAIRIE POTHOLES ...Management -other,
North Dakota, Seepage, Water Balance-budget, Water Fowl, N.s.
, Water Utilization -animal, ...2.0170

INTENSIVE COOPERATIVE INVESTIGATIONS OF SELECTED
POTHOLES ON MISSOURI COTEAU IN DICKEY, WARD
AND STUTSMAN COUNTIES, NORTH DAKOTA ...Hydrology -
general, Natural Recharge, Water Fowl, N.s. , Water Level Fluc-
tuation, Water Loss - general, ..6.0419

LIMNOLOGICAL INVESTIGATIONS OF PRAIRIE POTHOLES
...Chemieal-general, Habitat Studies, North Dakota, Water Fowl,
N.s. , 2.0850

CHEMICAL CHARACTERIZATION OF WATERS OF PRAIRIE
AND FOREST WETLANDS ...Chemical-general, Habitat Studies,
Wetlands, 1.0092

Potomac River
THE POTOMAC RIVER BASIN DEMONSTRATION PROJECT

IN GEORGES CREEK Alto native Planning, Multiple-purpose
Projects, River Basins, State-local Government, ...6.0261

Poultry Husbandry
Management

A STUDY OF A WATER TOXICITY PROBLEM ...Bioassays,
Bioindieators, Growth Rate, Potable Water, Toxins and Poisons -
other, ...5.0197

Poultry- Other
POULTRY MANURE PROPERTIES, HANDLING AND

DISPOSAL ...Animal Waste Removal-treatment, Solid WaSte,

Waste
..5.0775

Disposal-general, Waste Water Treatment-general,

Power Conditioner
COORDINATION OF PLANT FREQUENCY, D-C-TRANSMIS-

SION AND SYSTEM CONTROL ...Ac-dc, Electric Power Plants,
Evaluation Other, Other Generators, Power Transmission,
...8.0126

Power Conversion Systems

Ac-dc
HIGH-VOLTAGE D-C TRANSMISSION INVESTIGATIONS _M-

ac, Digital Computers, Electrical Engineering-general, Power
Regulator, Power Transmission, Silicon-controlled-rectifiers,
.8.0054

COORDINATION OF PLANT FREQUENCY, D-C-TRANSMIS-
SION AND SYSTEM CONTROL ...Electric Power Plants,
Evaluation Other, Other Generators, Power Conditioner, Power
Transmission, ...8.0126

Dc-ac
HIGH-VOLTAGE D-C TRANSMISSION INVESTIGATIONS .,.Ac-

dc, Digital Computers, Electrical Engineering-gcneral, Power
Regulator, Power Transmission, Silicon - controlled- rectifiers,
_8.0054

Power Generation
WATER DISPATCHING OPERATIONS BY ELECTRONIC COM-

PUTER ...Daily, Design Flow-flood, Dynamic Control System,
Electric Power Plants, Inflow, Reservoirs and Impoundments,
2.0984

Power Regulator
HIGH-VOLTAGE D-C TRANSMISSION INVESTIGATIONS ...Ac-

de, Dc-ac, Digital Computers, Electrical Engineering-general,
Power Transmission, Silicon-controlled-rectifiers, 8.0054

ELECTRICAL MACHINERY TEMPERATURE CONTROL ...Elec-
tric Power Plants, Motors and Appliances, Other Control Systems,
Temperature, ...8.0125

Power Sources
Radioactive Isotope

DESALINIZATION AND INTERREGIONAL STUDIES ...Atomic
Plants, Benefit-cost Analysis, Desalination, Marketing, Water
Costs, 6.0099
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Power Transmission
REACTOR SWITCHING DUTY EVALUATION ...Electrical En-

gineering-general, Evaluation Other, Relay Circuits, Switching,
...8.0121

FIELD TESTS OF POWER TRANSMISSION EQUIPMENT
...Colorado River, Field Testing, Relay Circuits, Switching, Trans-
mission Lines, ...8.0036

RELAY, CONTROL, AND METERING CIRCUIT INVESTIGA-
TIONS ...Control, Evaluation Other, Relay Circuits, ...8.0122

UNDERGROUND TRANSMISSION AND EQUIPMENT DIELEC-
TRICS-- SOLID, LIQUID, AND INERT GAS ...Cables and Trans-
mission Lines, Electric Power Plants, Evaluation Other, Field
Testing, Insulators, 8.0123

HIGH-VOLTAGE D-C TRANSMISSION INVESTIGATIONS Ac-
de, Dc -ac, Digital Computers, Electrical Engineering-general,
Power Regulator, Silicon-controlled-rectifiers, 8.0054

POWER TRANSMISSION STRUCTURES, NEW TYPES ...Electric
Power Plants, Electrical Engincering-general, Public Utilities,
Structural, Transmission Lines, ...8.0120

HIGH-VOLTAGE A-C TRANSMISSION ...Analog Computers,
Development of Models, Digital Computers, Electrical Engineer-
ing-general. Switching, ...8.0056

CIRCUIT BREAKER RESEARCH ...Circuit Breaker, Electric
Power Plants, Electrical Engineering-general, Evaluation Other,
Switching, ...8.0052

COORDINATION OF PLANT FREQUENCY, D-C-TRANSMIS-
SION AND SYSTEM CONTROL ...Ac-dc, Electric Power Plants,
Evaluation Other, Other Generators, Power Conditioner, 8,0126
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Pre-impoundment Sites
EVALUATION OF CLEARED SEINING AREAS ,,,Land Use,

Nets, Reservoirs and Impoundments, Texas, -6.0540
SOME EFFECTS OF WATER IMPOUNDMENTS ON WATER-

FOWL POPULATIONS AND REPRODUCTION ON THE
SNAKE RIVER, WASHINGTON ...Other, Reservoirs and Im-
poundments, Snake River, Washington, Water Utilization -animal,
-6.0609

IMPOUNDMENT EFFECTS ON WATER QUALITY AS
REFLECTED IN PARASITISM OF RESERVOIR BASSES
...Copepods, Pathology, Reservoirs and Impoundments, Water
Level Fluctuation, Water Quality-general, -6.0024

A STUDY OF THE ECOLOGY OF THE NAVASOTA RIVER,
TEXAS ...Aquatic Ecology, Fish -non-speeific, Texas, Water Pro-
perties- general, Zooplankton, -6.0547

A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Kentucky, Reconnaissance, River Basins, Survey Studies,
...6.0242

A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
-Environmental Effects-geologic, Kentucky, Morphology-general,
Water Quality-general, _6.0243

WATERFOWL POPULATIONS AND RECREATIONAL USE
PATTERNS IN THE PROPOSED SAYLORVILLE RESERVOIR
AREA AS RELATED TO PRE-IMPOUNDMENT CONDITIONS
...Access, Frequency of Use, Iowa, Population Dynamics, User
Patterns, Water Fowl, N.s. , -6.0227

A SYSTEMATIC STUDY OF RESPONSES TO IMPENDING IN-
UNDATIONS AND THE DIRECTIONS 07 IMPELLED POPU-
LATION MOVEMENT ...Attitudes & Attinide Change, Mobility,
Social Aspects, _6.0238

MINERAL RESOURCE STUDY -- RESERVOIR SITES ..,Appraisals -
general, Metallic Deposits-other, Reservoirs and Impoundments,
Resource Inventories, Texas, -2.1008

EFFECT OF IMPOUNDMENTS ON WATER QUALITY
...Oklahoma, Optimization, Reservoirs and Impoundments, Water
Quality Control - general, Water Sampling, -5.0904

Precipitation
Hail and Sleet

Formation
PRODUCTION AND DETECTION OF ARTIFICIAL ICE NUCLEI

vrCeekipuidtalthoynsiicnst;trMumodeenItsStudies,.1,Irdification, Nucleation Physics,

Modification
METEOROLOGICAL ANALYSIS OF PRECIPITATION EFFECTS

OF SWISS HAIL SUPPRESSION EXPERIMENTS ...Clouds-
precipitation, Patterns, Pressure-density, Weather Charts-maps,
-2.0108

WEATHER MODIFICATION IN NORTH DAKOTA ...Amount,
Clouds-precipitation, Hail, North Dakota, Weather, -2.0831

CLIMATOLOGY OF HAIL ,..Applied Climatology, Patterns,
Radar, Storms-general, -4.0097

PRODUCTION .AND DETECTION OF ARTIFICIAL ICE NUCLEI
.,.Cloud Physics, Studies, Nucleation Physics,

Patterns
CLIMATOLOGY OF HAIL Applied Climatology, Modification,

Radar, Storms-general, -4.0097

Topographic Influences
TOPOGRAPHIC INFLUENCES ON PRECIPITATION ...Alaska,

Orographic Effects, Patterns, Runoff, -2.0028
SK YWATER-PARK RANGE FOREST HYDROLOGY ...Colorado,

Forest Watersheds, Model Studies, Mountains-alpine, Weather
Modification-general, -2,0172

Precipitation-general
Amount

(U) RADAR MEAS REMENT OF RAINFALL ...Radar, -2.0423
PROBABLE MAXIMUM PRECIPITATION FOR SOUTHWEST

STATES ...Design Flow-flood, Floods, Patterns, Snowmclt,
Southwest, Weather Forecasting, -2.0597

HYDROLOGIC RELATIONSHIPS IN A CONIFEROUS FOREST
-Evapotranspiration, Forest Watersheds, Groundwater, Storage
of Water, Water Balance-budget, -2.0552

Precipitation

SEASONAL SHALLOW STORAGE AND DEEP SEEPAGE COM-
PONENTS FOR THE HYDROLOGIC BUDGET OF A SMALL
FORESTED OZARK WATERSHED -Forest Watersheds,
Groundwater Movement, Missouri, Seismic Surveys, Storage of
Water, -2.0700

WATER UTILIZATION ASPECTS OF WEATHER MODIFICA-
TION AS APPLIED TO KANSAS ...Clouds-precipitation,
Development of Models, Kansas, Model Studies, Water Harvest-
ing, -2.0505

WEATHER MODIFICATION IN NORTH DAKOTA -Clouds-
precipitation, Hail, Modification, North Dakota, Weather,
-2.0831

INVESTIGATIONS OF EROSION CONTROL AND WATER
CONSERVATION -Conservation-general, Erosion, Gullys - Ar-
royos, Land Use, Runoff, Sediment Yield, Stabilization-general,
-3.0226

CLIMATOLOGICAL MEASUREMENTS RELATED TO
AGRICULTURE ...Fog-haze-mist, Land Use, Physical Climatolo-
gy, Sunshine, Temperature, Water Utilization -general, ...2.0741

RAINFALL FREQUENCY RELATIONS FOR PENNSYLVANIA
...Design Flow-flood, Gages, Hydrographic, Pennsylvania,
Weather Charts-maps, -2.0926

RELATION OF CLIMATIC AND WATERSHED CHARAC-
TERISTICS TO STORM RUNOFF IN THE EDWARDS
PLATEAU ...Runoff, Small Watersheds, Storm Water, Storms-
general, Texas, -2.1030

SCALE OF PRECIPITATION ...Clouds-precipitation, Modification,
Precipitation Instruments, -2.0605

PRECIPITATION ..,Forecasting -, prediction, Gages, Runoff, Snow-
pack, Water Yield, -2.0601

IMPROVE PRECIPITATION MEASURING EQUIPMENT - D-III
PRECIPITATION EQUIPMENT ...Automatic Data Aquisition,
Automatic Stations, Gages, Technique Development, -2.0591

PROBABLE MAXIMUM PRECIPITATION FOR THE LOWER
RIO GRANDE ...Mexico, River Basins, -2.0598

GREAT LAKES RESEARCH - LAKE PRECIPITATION
...Forecasting, Great Lakes-general, Lake Eric, Lake Michigan,
Ocean Meteorological Studies, -10638

FLOODING OF SMALL STREAMS IN NASHVILLE-DAVIDSON
CO. AREA, TENN. ...Discharge-general, Moods, Gaging, Tennes-
see, Urban Environments, -2.0994

Forecasting
EVALUATION OF CLIMATIC PATTERNS AFFECTING IDAHO

AGRICULTURE ...Agricultural Watersheds, Applied Climatolo-
gy, Data Analysis - General, Evaporation, Idaho, Meteorological
Averages, Patterns, -2.0396

CALCULATION OF TEMPERATURE AND PRECIPITATION
VALUES ...Air Temperature -non-specific, Distributions, Pat-
terns, Temperature, Utah, -2.1058

PROBABILITIES OF SEQUENCES OF DRY DAYS IN TEXAS
...Computers-general, Irrigation-general, Planning, Tables, Com-
pilations, Catalogs, Water Supply-general, -3.0442

GENERAL CIRCULATION - NUMERICAL. MODELING OF
PRECIPITATION ...Air Motion - general, Heat Exchange, Humidi-
ty, Model Studies, Weather Modification-general, -2.0265

NUMERICAL PREDICTION OF CLOUDINESS AND PRECIPITA-
TION ...Applications, Prediction Models, -2.0266

WEATHER RADAR - PRECIPITATION RELATIONSHIP ...Auto-
matic Stations, Computers-general, Patterns, Radar, _2.0876

CLOUD AND PRECIPITATION FORECAST MODEL ...Cloud
Cover, Condensation-general, Latent Heats, Model Studies,
Weather Forecasting, -2.0267

NATIONWIDE PRECIPITATION - NMC FORECAST
TECHNIQUES ...Clouds-general, Computers - general, Forecasting-
prediction, General Synoptic Observations, Regression Analysis,
...2.0589

NUMERICAL PRECIPITATION MODEL ...Computers- general,

2-371

Model Studies, Simulation Theory, Western, ...2.05 8
GREAT LAKES RESEARCH - LAKE PRECIPITATION ...Amount,

Great Lakes-general, Lake Erie, Lake Michigan, Ocean
Meteorological Studies, -2.0638

A TEST OF CERTAIN EVALUATION DESIGNS FOR CLOUD-
SEEDING EXPERIMENTS ...Clouds-precipitation, Mathematical
Analysis, Model Studies, Oklahoma, Weather Charts-maps,
-2.0180

THE DEVELOPMENT OF SNYOPTIC CLIMATOLOGY AND
STATISTICAL FORECASTING METHODS AND ORO-
GRAPHIC PRECIPITATION ...Patterns, ..2.0205

PRECIPITATION PATTERNS ON RANGELAND WATERSHEDS
IN THE SOUTHWEST -Climatography, Patterns, Runoff, Sedi-
ment Yield, Southwest, _2.0940
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Formation
ICE FORMATION BY CONTACT NUCLEATION Growth and

Preparation, Model Studies, Nucleation, Nucleation Physics, Tam-
peraturc, .3.0339

ROCKY MOUNTAIN OROGRAPHIC CLOUD PRECIPITATION
AND MODIFICATION ...Cloud Structure, Clouds-precipitation,
Colorado, Pattcrnr, Topographic Influences, -3.0140

ELECTRIC FIELDS IN THE CONDENSATION AND
COALESCENCE OF WATER ...Field Properties, Ionization,
Laboratory Analysis, Nucleation Physics, ..3.0299

NUMERICAL SIMULATION OF THE MACROPHYSICAL AND
MICROPHYSICAL PROCESSES OF MOIST CONVECTION
1.,Cloud Formation and Evolution, Clouds-precipitation, Convec-
tion, Model Studies, Thermodynamics, -2.0239

CASCADES ATMOSPHERIC WATER RESOURCES PROGRAM
,.,Au gTc n t t o n .

te1eG lsedeMountainCI
ds-precipita-

-C elakashingt(mt112r
Modification

NORTH SIERRA OROGRAPHIC, CON ECTIVE CLOUD
STUDY - ATMOSPHERIC WATER RESOURCES PROGRAM
.Cloud Physics, Data Display Systems, Hydrology-general, Oro-
graphic Effects, Precipitation Instruments, ...2.0731

METEOROLOGICAL ANALYSIS OF PRECIPITATION EFFECTS
OF SWISS HAIL SUPPRESSION EXPERIMENTS -Clouds-
precipitation, Patterns, Pressure-density, Weather Charts-maps,
_2.0108

DENSE RAINGAGE NETWORK PROJECTS ...Climatography,
Data Networks, Gages, Storms-general, Weather Modification-
general, -2.0424

RAINFALL EVALUATION STUDIES ,..Data Analysis Applica-
tions, Gages, General Synoptic Observations, Patterns, Storms-
general, -2.0416

SCALE OF PRECIPITATION .Amount, Clouds- precipitation,
Precipitation Instruments, ...2.0605

ATMOSPHERIC WATER RESOURCES PROGRAM -Augments.
tion-general, Clouds-precipitation, Reservoirs and Impoundments,
Technique Development, Water Quantity-general, -2.0163

ATMOSPHERIC WATER RESOURCES RESEARCH ..,Augmenta-
tion-general, California, Clouds-precipitation, Technique Develop-
ment, _2.0206

ECOLOGICAL EFFECTS OF WEATHER MODIFICATION ..,Cli-
mate - general, Management, Water Properties-general, Weather
Modification-general, -1.0168

EVALUATION OF PRECIPITATION MANAGEMENT PRO-
GRAMS BY PRECIPITATION RATE MEASUREMENTS
...Clouds-precipitation, Planning-support, ...2.0199

INVEST IGATION OF THE FEASIBILITY OF WARM-CLOUD
MANAGEMENT ...Cloud Temperature, Clouds-precipitation,
Model Studies, Other, _2.0165

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION ...Appalachian
Highlands - other, Clouds-precipitation, Flow Characteristics -
water, Model Studies, Watersheds-general, ...2.0184

Patterns
PRECIPITATION, STREAM FLOW AND SEDIMENT CON-

VEYANCE IN A SMALL ARID WATERSHED -Climate,
Deserts, Flash Floods, Flow Characteristics -water, Sediment
Transport-other, -2.0496

ROCKY MOUNTAIN OROGRAPHIC CLOUD PRECIPITATION
AND MODIFICATION ...Cloud Structure, Clouds-precipitation,
Colorado, Formation, Topographic Influences, -3.0140

PROBABLE MAXIMUM PRECIPITATION FOR SOUTHWEST
STATES ...Amount, Design Flow-flood, Floods, Snowmclt,
Southwest, Weather Forecasting, -2.0597

UTAH ATMOSPHERIC WATER RESOURCES (THE WASATCH
WEATHER MODIFICATION PROJECT) ...Automatic Stations,
Clouds-precipitation, Data Networks, Gages, Utah, -2.1074

A. GEOGRAPHIC ANALYSIS OF THE HYDROLOGIC
RESPONSE IN THE SOUTHEASTERN UNITED STATES ...At-
lases-maps, Drainage, Land Use, Southeast, -2.0346

A H YDROMETEOROLOGICAL STUDY RELATED TO THE
DISTRIBUTION OF PRECIPITATION AND RUNOFF OVER
SMALL DRAINAGE BASINS - URBAN VERSUS RURAL
AREAS ...Amount, Runoff, Small 'Watersheds, Texas, Urban En-
vironments, -2.1024

A GENERALIZED, PROBABILISTIC APPROACH TO RE-
GIONAL WATER SUPPLY ASSESSMENT -Available Water,
Confidence Intervals, Model Studies, Regional Areas, Runoff,
-6.0059

2-372

PRECIPITATION AND RUNOFF DISTRIBUTIONS - ANALYSIS
AND COMPARISONS ...Data Analysis - General, Discharge-
general, Forecasting. prediction, Other Probability, Runoff,
-10739

SOIL - WATER - VEGETATION RELATION'S IN THE DOUGLAS
FIR ZONE ...Flow Characteristics -water, Forest Watersheds,
Moisture Content, Runoff, Water Balance-budget, Water Cycle,
-3.0027

EVALUATION OF CLIMATIC PATTERNS AFFECTING IDAHO
AGRICULTURE ...Agricultural Watersheds, Applied Climatolo-
gy, Data Analysis - General, Evaporation, Forecasting, Idaho,
Meteorological Averages, -2.0396

CLIMATE AND PHENOLCOICAL PATTERNS FOR AGRICUL-
TUIE IN THE WESTERN REGION ...Nevada, -2.0730

CLIMATE AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ,.Applied Climatology,
Meteorological Averages, Other Water Conditions, Phonology,
Tables, Compilations, Catalogs, -3.0332

PREPARATION AND ANALYSIS OF CLIMATOLOGICAL
DATA IMPORTANT TO AGRICULTURE AND FORESTRY
-Applied Climatology, Atmpopheric Pollution-general, Precipita-
tion -non-specific, Stochastic Processes, Western, -4.0199

STATISTICAL ANALYSES OF THE VARIATIONS OF
PRECIPITATION-TEMPERATURE AND EVAPORATION IN
TEXAS ...Data Analysis Applications, Evaporation, Temperature,
Texas, -2.1027

CALCULATION OF 'TEMPERATURE AND PRECIPITATION
VALUES -Air Temperature -non-specific, Distributions,
Forecasting, Temperature, Utah, -2.1058

THEORY FOR THE DESIGN OF PRECIPITATION NETWORKS
FOR HYDROLOGIC ANALYSIS ...Gaps, Storms - general,
...7.000!?

COMPUTER SIMULATION AND EVALUATION OF CLI-
MATOLOGICAL MODELS -Computers-general, Model Studies,
Statistics-general .7.0044

ANALYSIS AND SYNTHESIS OF HYDROLOGIC SYSTEMS
-Computers-general, Flow Characteristics -water, Hydrology-
general, Open Channel Flow, Technique Development, -2.0615

CHAMPLAIN VALLEY PRECIPITATION STUDY ...Gages, Pulp
and Paper, Sulfur, `'alleys and Canyons, -2.0812

RAINFALL EVALUATION STUDIES ...Data Analysis Applica-
tions, Gages, General Synoptic Observations, Modification,
Storms-general, ...2.0416

DROUGHT FREQUENCY, INTENSITY & DURATION - ITS
CORRELATION TO SI REAMFLOW AND ITS IMPACT UPON
SYNTHETIC HYDROLOGY ...Climatography, Flow Charac-
teristics -water, Meteorological Extremes, Synthetic Hydrology-
general, Water Loss - general, ..2.0763

USE OF RADAR FOR HYDROLOGICAL STUDIES ...Cloud
Physics; Evaporation, Groundwater Movement, Radar, Structure-
size, -2.0776

WEATHER RADAR - PRECIPITATION RELATIONSHIP ...Auto-
matic Stations, Computers-general, Forecasting, Radar, ...2.0876

PRECIPITA TION-FREQUENCY MAPS FOR WESTERN UNITED
STATES ...Climate, Geomorphology, Weather Charts-maps,
Western, ...7.0052

TOPOGRAPHIC INFLUENCES ON PRECIPITATION ...Alaska,
Orographic Effects, Runoff, Topographic Influences, -2.0028

PARK RANGE ATMOSPHERIC WATER RESOURCES PRO-
GRAM -Clouds-precipnation, Colorado, Nucleation Physics,
Orographic Effects, Technique Development, -2.0164

LARGE SCALE DYNAMIC EFFECTS OF CLOUD SEEDING
...Clouds-precipitation, Statistics-general, -2.0171

STATE OF WASHINGTON DEPARTMENT OF WATER
RESOURCES CASCADE ATMOSPHERIC WATER
RESOURCES PROGRAM ...Augmentation-general, Cascade -

Sierra Mountains, Clouds-precipitation, Nucleation Physics,
Washington, ...2.0195

WATER YIELD IN RELATION TO CLIMATIC & WATERSHED
CHARACTERISTICS OF LAND ...Agricultural Watersheds, Cli-
mate, Morphology-general, Subsurface Flow, Water Yield,
-3.0419

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS ...Agricultural
Watersheds, Amount, Gages, Runoff, Topographic Influences,
-2.0334

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Physical Climatology, Runoff, Storms-
general, -2.0867
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WATER YIELD AS RELATED TO CLIMATIC WATERSHED
CHARACTERISTICS IN THE NORTHERN PLAINS ,..Agricul-
tural Watersheds, Climate, Groundwater Movement, Morphology-
general, Water Yield, -3.0145

PRECIPITATION CHARACTERISTICS INFLUENCING
HYDROLOGIC PERFORMANCE OF AGRICULTURAL
WATERSHEDS IN THE PACIFIC NORTHWEST ...Agricultural
Watersheds, Hydrology-general, Runoff, Sediment Yield, Snow-
other, -2.0386

PRECIPITATION PATTERNS ON RANGELAND WATERSHEDS
IN THE SOUTHWEST _Climatography, Forecasting, Runoff,
Sediment Yi4id, Southwest, -2.0040

PRECIPITATION PATTERNS ON UPSTREAM WATERSHEDS
IN CENTRAL AND SOUTHERN CALIFORNIA ...California,
Climatography, Runoff, Sediment Yield, Watersheds-general,
...2.0103

Precipitation-general
RATE OF EVAPOTRANSPIRATION .Drought, Energy Budgets,

Evapotranspiration, Missouri, Yield, -2.0692
RAIN SCAVENGING STUDIES - DATA ANALYSIS, SYNTHESIS

AND INTERPRETATION ...Clouds-precipitation, Dust - Particu-
late Matter, Storms-general, Tracers, Washout, -7.0057

REVIEW AND ANALYSIS OF PRECIPITATION AND RUNOFF
DATA FOR SELECTED WATERSHEDS IN MINNESOTA
..,Floods, Hydrographs, Infiltration, Runoff, Watersheds-general,
-4.0140

STUDY OF THE HYDROLOGY FOR MODELS OF THE GREAT
LAKES ..Evaporation, Great Lakes-general, Management, Ru-
noff, Systems Analysis, ...2.0435

DRAINAGE CORRELATION RESEARCH PROJECT ...Climatog-
raphy, Drainage, Floods, Peak Flow, Small Watersheds, -2.0710

ELECTRONIC ANALOG MODEL STUDIES OF RIVER BASINS
...Analog Computers, Groundwater, Management, Model Studies,
River Basins, Runoff, Water Cycle, Water Resources Develop-
ment, -2.1059

HYDROLOGIC MODEL FOR STREAMFLOW FORECASTING
-Flow Characteristics -water, Forecasting-prediction, Hydro-
graphs, Model Studies, Peak Flow Runoff, -2.0600

MISCELLANEOUS FIELD RESEARCH IN CLIMATOLOGY
...Amount. Physical Climatology, Water Resources Development,
Water Yield, Weather Modification-general, -2.0606

GREAT LAKES RESEARCH - LAKE EVAPORATION ...Evapora-
tion, Great Lakes-general, Heat Budget, Humidity, Velocity,
-2.0637

CHEMISTRY OF ATMOSPHERIC PRECIPITATION ...Chemical
Composition, Environmental Effects-geologic, Groundwater,
Streams, Water Quality-general, -2.0279

MANAGEMENT FOR IMPROVEMENT OF WATER YIELD IN
THE CONIFER ZONE OF CALIFORNIA ...Evapotranspiration,
Forest Watersheds, I and Use, Radioisotopes, Snowmeit, Water
Yield, ...3.0032

PRECIPITATION AND SNOW MELT CHARACTERISTICS IN-
FLUENCING RUNOFF FROM WATERSHEDS IN CORN BELT
...Agricultural Watersheds, Corn Belt, Permafrost-frozen, Runoff,
Snowmelt, -2.0865

WATER USE UNDER DRYLAND CONDITIONS IN COASTAL
VALLEYS OF CALIFORNIA ...Applied Climatology, California,
Modified Water Use, Moisture Content, Soil Environment,
.3.0092

Precipitation-other
PROBABILITY TABLES FOR PRECIPITATIO- ..,Moisture- other,

Other Probability, Requirements for Water, Tai.es, Compilations,
Catalogs, Weather Forecasting, ...2.0604

DEVELOP PROTOTYPE PRECIPITATION OCCURRENCE SEN-
SOR - DEVELOP AMOS III-70 (AUTOMATIC WEATHER
STATION) ...Automatic Data Aquisition, Automatic Stations,
Precipitation Instruments, Technique Development, _7.0053

Topographic Influences
ROCKY MOUNTAIN OROGRAPHIC CLOUD PRECIPITATION

AND MODIFICATION ...Cloud Structure, Clouds-precipitation,
Colorado, Formation; Patterns, _3.0140

HYDROMETEOROLOGY ...Mountains-alpine, Orographic Effects,
Snowpack, Turbulence-other, Velocity, ...20218

TOPOGRAPHIC EFFECTS ON PRECIPITATION ...Applied Cli-
matology, Illinois, Precipitation Instruments, -2.0412

AIRFLOW AND DIFFUSION PARAMETERS IN CONNECTION
WITH ATMOSPHERIC WATER RESOURCES PROGRAM
...Diffusion, Model Studies, Orographic Effects, Weather Modifi-
cation-other, Wind Tunnels, -2.0167

THE RELATION OF RAIN, SNOW, AND FROZEN SOILS TO
THE HYDROLOGY OF AGRICULTURAL WATERSHEDS
.,.Agricultural Watersheds, Northeast, Patterns, Permafrost-
frozen, -2.0919

Rain
Amount

A STUDY OF THE HYDROLOGIC EFFECTS OF RAINFALL
AUGMENTATION ..,Augmentation-general, Clouds-precipita-
tion, Digital Computers, Model Studies, Watersheds-general,
-3.0076

PROBABLE MAXIMUM PRECIPITATION FOR SMALL BASIN
IN THE TENNESSEE RIVER DRAINAGE SYSTEM ...Drainage,
Storms-genera;, Tennessee River, Topographic Influences,
Weather Forecasting, -2.0594

WATER LOSS ...Depth, Meteorological Studies-general, Require-
'rents for Water, Water Level Fluctuation, Water Loss-general,
-.4.0228

HYDROLOGY OF SUBURAN AREAS ...Conservation-general,
Lund, New Jersey, Runoff, Surburbun Areas, -4.0173

HYDROLOGY OF WATER YIELD PREDICTION ...Forecasting-
prediction, Forest Watersheds, Moisture Retention, Water
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HYDROLOGIC PHENOMENON OF DRAINAGE BAS
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AND WATERSHED CHARACTERISTICS ...Hydrographs, Ru-
noff, Washington, Watersheds-general, -2,1120
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vironments, ...2.1024
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DEVELOPMENT OF IMPROVED SNOW SURVEYING AND
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HYDROLOGIC INVESTIGATIONS OF URBAN AREAS -
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EVALUATION OF PRECIPITATION MANAGEMENT PRO-
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PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS ...Agricultural
Watersheds, Gages, Patterns, Runoff, Topographic Influences,
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PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM WATERSHEDS IN THE SOUTHERN PLAINS ...Agricul-
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FIELDS ...Gulf of Mexico, Pressure-density, Tropical Cyclones,
Velocity, ...2.0595

INFLUENCE OF TOPOGRAPHIC FEATURES ON RAINFALL IN

WEST VIRGINIA ...Mathematical Analysis, Patterns, Topo-
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PACIFIC OCEAN INFLUENCE UPON CALIFORNIA RAINFALL
...California, Pacific Ocean-general, Patterns, Rain-other, Tem-
perature, 2.0104

CLIMATIC PATTERNS IN WASHINGTON STATE ...Climate,
Data Analysis Applications, Data Networks, Evaporation, Pat-
terns, ...2.1122

Modification
RAINFALL EVALUATION STUDIES ...Data Analysis - General,

Gages, Patterns, Sampling-general, Weather Modification-general,
...3.0219

RAINFALL OVER MISSOURI ...Data Analysis - General, Gages,
Geography-physical, Patterns, Topographic Influences, 2.0694
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A SYSTEMATIC TREATMENT OF THE PROBLEM OF INFIL-
TRATION ...Hysteresis, :nfiltration, Model Studies, Moisture
Content, Soil Profile, ...2.0219
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RUNOFF FOR IMPERVIOUS AREAS ...Drainage, Hydrographs,
Model Studies, Runoff, Urban Environments, ...2.0306

HYDROLOGIC STUDIES (STORM STUDIES) ...Flood Control,
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GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-
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RUNOFF PRODUCTION BY UNIT SOURCE AREA ...Evapora-
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...2.1124

IMPROVE COMPONENTS OF THE DATA ACQUISITION
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_7.0050

NATURAL RECHARGE OF GROUND WATER IN CENTRAL
AND SOUTHERN CALIFORNIA ...Infiltration, Natural
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Rain-other
EFFECT OF RAINDROP IMPACT AND SURFACE ROUGHNESS
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PACIFIC OCEAN INFLUENCE UPON CALIFORNIA RAINFALL
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2.0406

(U) RADAR MEAS REMENT OF RAINFALL ...Radar, ...2.0423
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IN THE TENNESSEE RIVER DRAINAGE SYSTEM .,.Amount,
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_2.0594

INFLUENCE OF TOPOGRAPHIC FEATURES ON RAINFALL IN
WEST VIRGINIA Forecasting, Mathematical Analysis, Patterns,
Weather Charts-maps, West Virginia, ...2.1140
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Geography-physical, Modification, Patterns, _2.0694

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS ...Agricultural
Watersheds, Amount, Gages, Patterns, Runoff, 2.0334

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM WATERSHEDS IN THE SOUTHERN PLAINS Agricul-
tural Watersheds, Amount, Great Plains Province, Patterns, Ru-
noff, _2.1054

Snow
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DEVELOPMENT OF IMPROVED SNOW SURVEYING AND
STREAM-FLOW FORECASTING TECHNIQUES ...Antecedent
Moisture, Flow Characteristics -water, Forecasting-prediction,
Moisture Content, Temperature, ...2.1072

MISCELLANEOUS FIELD RESEARCH IN CLIMATOLOGY
...Physical Climatology, Precipitation-general, Water Resources
Development, Water Yield, Weather Modification-general,
...2.0606

TEST AND EVALUATION OF TELEMETERING STORAGE
PRECIPITATION GAGE ...Automatic Data Aquisition, Auto-
matic Stations, Gages, Technique Development, ...7M048

SKYWATER ...Clouds-precipitation, Fronts, Montana, Storms-
general, Topographic Influences, _2.0200

Formation
LAKE EFFECT STORM STUDY ...Lake Erie, Lake Ontario, Model

Studies, Sea of Japan, Weather Forecasting, ...2.0778

Modification
RESEARCH IN ATMOSPHERIC SCIENCES AS RELATED TO

INCREASING WATER SUPPLY ...Montana, Nucleation Physics,
Snowmelt, Topographic Influences, ...2.0904

Patterns
SNOW DISTRIBUTION MAPPING FROM SATELLITE PHOTOG-

RAPHY ...Acrospatial, Mapping, Maps-general, Mountains-alpine,
...8.0214

THE RELATION OF RAIN, SNOW, AND FROZEN SOILS TO
THE HYDROLOGY OF AGRICULTURAL WATERSHEDS
...Agricultural Watersheds, Northeast, Permafrost-frozen, Topo-
graphic Influences, ...2.0919

SNOW ACCUMULATION AND MELT ON STUDY AREAS
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Snow-general
CHEMICAL CHARACTERISTICS OF PRECIPITATION

FALLING IN CHAMPLAIN VALLEY Analysis,
Rain-general, Storms-general, Vermont, Water Quality-general,
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THE URBAN SNOW HAZARD ...Economic Impact, Social
Aspects, Urban Environments, Weather, Welfare Economics,
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Snow-other
A STUDY OF SNOW INTERCEPTED BY CONIFEROUS TREE
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CONDMONS OF CENTRAL NEW YORK ...Coniferous Forests,
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2-375



r

Precipitation SUBJECT INDEX

PRECIPITATION SCAVENGING ..,Dispersion - Transporation,
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SMALL AGRICULTURAL. WATERSHED HYDROLOGY
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FOR HYDROLOGIC ANALYSIS ...Patterns, Storms-general,
-7.0009
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IMPROVE PRECIPITATION MEASURING EQUIPMENT - PRES-
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RIFICATION BY REVERSE OSMOSIS ...Cellulose Acetate,
Desalination, Ion Exchange-other, Reverse Osmosis, -3.0289

HIGH-PRESSURE VAPOR EXTRACTION OF SOLUBLE OR-
GANIC SOLUTES FROM AQUEOUS INDUSTRIAL WASTE
STREAMS ...Extraction, Flow of Gas in Liquid, Gaseous, Indus-
trial Processes-other, Two-phase-other, _5.0070

Variational Pressure
AN INVESTIGATION OF ION MOBILITY IN AQUEOUS SOLU-

TIONS _Conductivity, Solution, State Variables - Pvt, Transport,
Variable Temperature, _1.0064
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Pressure Ussel Materials
DEMONSTRATION UNDERWATER FACILITY - STORM

OVERFLOW ...Combined Sewer, Elastomers Rubber, Polya-
mides, Storage-retention-facilities, Storm Water. .,,5.0246

CONCRETE TEST VESSEL ...Cement, Concrete, Concrete-other,
Desalination, Tanks, Water, _8.01113
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Preventive Medicine

Sanitation
BACTERIDAL EFFECTS OF ALGAE ON ENTERIC ORGAN-

ISMS ...Algae- General, Algal Culture, Bactericides -non-specific,
Intestinal Bacteria, Sewage, ...5.1151

ENTERIC BACTERIAL DEGRADATION OF STREAM
DETRITUS .Bacterial Pollutant Sources, Intestinal Bacteria,
Model Studies, Organie-general, Self-purification, 5.0291

ARABLE LAND DEGRADATION BY EFFLUENT POLLUTION
...Effluents -waste Water, Sewage Lagoons, Soil Chemical Proper-
ties, Soil Contamination -other, 5.0171

Probability and Statistics
Probability

Distributions
CALCULATION OF TEMPERATURE AND PRECIPITATION

VALUES ...Air Temperature -non-specific, Forecasting, Patterns,
Temperature, Utah, ...2.1058

Other Probability
PRECIPITATION AND RUNOFF DISTRIBUTIONS - ANALYSIS

AND COMPARISONS ...Data Analysis - General, Discharge-
general, Forecasting-prediction, Patterns, Runoff, ...2.0739

PROBABILITY TABLES FOR PRECIPITATION ...Moisture-other,
Precipitation-other, Requirements for Water, Tables, Compila-
tions, Catalogs, Weather Forecasting, ...2.0604

Stochastic Processes
STOCHASTIC TREATMENT OF RIVER GEOMETRY ...Channel

Geometry, Meanders, Morphology-general, Open Channel, Shape,
2.0443

STOCHASTIC STRUCTURE OF HYDROLOGIC SERIES
...Hydrology - general, Patterns, Runoff, ...6.0109

EFFICIENCY OF DATA COLLECTION SYSTEMS IN
HYDROLOGY AND WATER RESOURCES FOR PREDICTION
AND CONTROL ...Control and Protection, Economic Efficiency,
Hybrid Computers, Hydrology-general, Systems Analysis,
...7.0004

THE OPTIMUM RELEASE POLICY FOR A MULTIPURPOSE
RESERVOIR USING STOCHASTIC HYDROLOGY ...Flow Aug-
mentation, Multiple-purpose Projects, Reservoirs and Impound-
ments, Stochastic Models, Synthetic Hydrology-general, ...6.0337

STOCHASTIC BASIS FOR COMPREHENSIVE RIVER BASIN
PLANNING ...Development of Models, Digital Computers, Monte
Carlo Methods, New York, Planning, Systems Analysis, 6.0374

PREPARATION AND ANALYSIS OF CLIMATOLOGICAL
DATA IMPORTANT TO AGRICULTURE AND FORESTRY
...Applied Climatology, Atmpophcric Pollution-general, Patterns,
Precipitation -non-specific, Western, ...4.0199

STOCHASTIC ANALYSIS OF RAINFALL-RUNOFF RELATION-
SHIP ...Amount, Mathematical Analysis, North Carolina, Runoff,
...2.0428

STATISTICAL INFERENCE AND MODELS ...Aquifers-gencral,
Dendrochronology, Distributions, Statistical Models, Water Table
Fluctuation, 7.0108

Statistics
Confidence Intervals

A GENERALIZED, PROBABILISTIC APPROACH TO RE-
GIONAL WATER SUPPLY ASSESSMENT ...Available Water,
Model Studies, Patterns, Regional Areas, Runoff, 6.0059

Correlation
RESEARCH INTO RECENT CLIMATIC CHANGES ...Climatolo-

gy-general, Computation Techniques, Physical Climatology,
_2.0321

FACTORS AFFECTING WATER YIELD FROM SMALL
WATERSHEDS IN TENNESSEE ...Cover Crops, General Synop-
tic Observations, Small Watersheds, Tennessee, Water Yield,
4.0224

A STUDY OF SERIAL CORRELATION IN ANNUAL STREAM
RUNOFF ...Annual, Runoff, Stochastic Models, Streams,
...2.1132

THE EFFECT OF WATER RESOURCES ON ECONOMIC
GROWTH IN THE TENNESSEE VALEY ...Available Water,
Economic Impact, Location, Tennessee River, Water Resources
Development, 6.0537

HYDROLOGIC SIMULATION - MONTHLY AND ANNUAL
STREAMFLOW ...Annual, Forecasting-prediction, Regression
Analysis, Research - Development, Simulation, Water Supply-
general, 6.0074

Distributions
A COMPUTER PROGRAM FOR FORECASTING POLLUTION

AND DISSOLVED OXYGEN IN STREAMS ...Forecasting-pre -
diction, Model Studies, Oxygen, Stochastic Models, Water Quali-
ty-general, _5.1210

STATISTICAL INFERENCE AND MODELS ...Aquifers-general,
Dendroehronology, Statistical Models, Stochastic Processes,
Water Table Fluctuation, ...7.0108

Error Analysis
MATHEMATICAL METHODS OF EVALUATION OF RESULTS

OF ATMOSPHERIC WATER RESOURCES PROGRAMS In-
termontane Plateaus-other, Mountains-alpine, Physiography-
general, Relitibil;ty Theory, Weather Modification-general,
,2.0189

Multivariate Analysis
COMPUTER SIMULATION OF EFFECTS OF LAND MANAGE-

MENT AND WEATHER MODIFICATION ON WATERSHED
ECOSYSTEMS ...Land Use, Plant Eeosystems(non-specific),
Simulation Theory, Water Yield, Weather Modification-general,
_6.0297

Optimal Statistics
OPTIMAL DESALINATION BY GEOMETRIC PROGRAMMING

AND MATHEMATICAL DECOMPOSITION ...Cost Analysis,
Decompositions, Desalination, Mathematical Analysis, Other Pro-
gramming, ...3.0077

Prediction
OPTIMUM LINEAR SYNTHESIS IN URBAN HYDROLOGY ...Er-

ror Analysis, Hydrographs, Optimization Technique, Runoff,
Urban Environments, 6.0287

Regression Analysis
FACTORS AFFECTING PRIMARY AND SECONDARY

PRODUCTION IN TEMPERATE LAKES ...Lakes, Minnesota,
Productivity - Food Chain, Temperate, Zooplankton, ...2.0157

BEHAVIOR AND HABITAT INTERACTION OF BROOK TROUT
AND CUTTHROAT TROUT ...Behavioral Ecology, Cutthroat
Trout, Habitat Studies, Idaho, Lake Trout, Brook Trout, ..5.0324

EVALUATION OF HYDROLOGIC EFFECTS OF URBANIZA-
TION ...Hydrology-general, Land Use, Runoff, Small Watersheds,
Storm Water, Urban Environments, ...4.0231

SYSTEMS APPROACH TO FLOW PREDICTION IN WATER
RESOURCE PLANNING ...Fourier Transform, Hydrology-
general, Monte Carlo Methods, Non-autonomous, Prediction
Models, Spectral Analysis, 2.0915

PERFORMANCE CHARACTERISTICS OF SOLID COVERAGE
SPRINKLER IRRIGATION SYSTE ...Irrigation, Irrigation En-
gineering, Spray Devices, Sprinkler Irrigation, ...2.0897

ECONOMICS OF AGRICULTURAL WATER USE NORTH OF
CANADIAN RIVER ...Agriculture Industry, Application, Cost
Analysis, Texas, Water Costs, 6.0559

NATIONWIDE PRECIPITATION - NMC FORECAST
TECHNIQUES ...Clouds-general, Computers-general, Forecasting,
Forecasting-prediction, General Synoptic Observations, 2.0589

HYDROLOGIC SIMULATION - MONTHLY AND ANNUAL
STREAMFLOW ...Annual, Correlation, Forecasting-prediction,
Research - Development, Simulation, Water Supply-general,
6.9074

Reliability Theory
MATHEMATICAL METHODS OF EVALUATION OF RESULTS

OF ATMOSPHERIC WATER RESOURCES PROGRAMS ...Er-
ror Analysis, Intermontane Plateaus-other, Mountains-alpine,
Physiography-general, Weather Modification-general, 2.0189

Spectral Analysis
SYSTEMS APPROACH TO FLOW PREDICTION IN WATER

RESOURCE PLANNING ...Fourier Transform, Hydrology-
general, Monte Carlo Methods, Non-autonomous, Prediction
Models, Regression Analysis, _2.0915

Statistics-general
LAMINAR AND TURBULENT FLOW OF FLUIDS THROUGH

POROUS MEDIA ...Compressible Fluid, Incompressible Fluid,
Partial, Porous Media - Flow Through, 2.0227
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CHARACTERISTICS OF RIVER BANKS RELATED TO VEHI-
CLE PERFORMANCE WHEN ENTERING & EXITING
STREAMS ...Amphibious Vehicles, Stream Banks, Streams,
Synthetic Hydrology-general, Water Vessel, 7.0058

RESEARCH ON DATA AND ANALYTICAL SYSTEMS FOR
PREPARING NATIONAL WATER ASSESSMENTS ,..Data &
Statistics Info Storage, Data Acquisition-general, Model Studies,
Water Quality-general, Water Quantity-general, ...6.0397

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN GEORGIA ...13aseflow, Georgia, Runoff,
Small Watersheds, Water Yield, 4.0083

INVESTIGATION OF THE TURBULENT TRANSPORT
MECHANISMS FOR HEAT AND MOMENTUM TRANSFER IN
PIPE FLOW ...Digital Computers, Heat-transfer-other, Turbulent,
Velocity, ...5.0371

COMPUTER SIMULATION AND EVALUATION OF CLI-
MATOLOGICAL MODELS ...Computers-general, Model Studies,
Patterns..7.0044

EFFECT OF THE CLIMATE AND MICROCLIMATE ON
AGRICULTURE IN SOUTH DAKOTA ...Applied Climatology,
Automatic Stations, Digital Computers, Microclimate-general,
South Dakota, 2.0973

WAVE RECORDING AND ANALYSIS ...Lases::-r.,Asers, Pressure,
Radar, Sonar, System Development, Water Motion Recorders,
Waves, ...2.0262

DEVELOPMENT OF CRITERIA FOR ARTIFICIAL BEACHES
...Reach, Beaches, Coastal Engineering-other, Design Criteria,
Shomline Structures, _8.0155

LARGE SCALE DYNAMIC EFFECTS OF CLOUD SEEDING
...Clouds-precipitation, Patterns, 2.0171

EXPERIMENTAL DESIGN & STATISTICAL EVALUATION OF
WEATHER MODIFICATION EXPERIMENTS ...Computers-
general, Data Analysis - General, Data Analysis Applications,
Technique Development, Weather Modification-general, 2.0198

Time Series Analysis
STATISTICAL TREATMENT OF HYDROGEOLOGIC DATA -

PART II, WATER QUALITY ASPECTS ...Chemical Analysis
(water), ...2.0735

EFFICIENCY OF DATA COLLECTION SYSTEMS IN
HYDROLOGY AND WATER RESOURCES FOR PREDICTION
AND CONTROL ...Control and Protection, Economic Efficiency,
Hybrid Computers, Hydrology-general, Systems Analysis,
...7.0004

Process Development
Process Development-other

DEVELOPMENT AND TESTING OF LARGE, SPIRAL- WOUND,
MULTI-LEAF REVERSE OSMOSIS MODULES ...Desalination,
Economics-general, Reverse Osmosis, ...3.0095

ANALYSIS OF DESALTING PLANTS AS A SOURCE OF SUP-
PLEMENTAL SAFE YIELD ...Desalination, Digital Computers,
Optimization Technique, Other, 3.0469

DEVELOPMENT OF A THIN-LIQUID FILM MEMBRANE
DEVICE FOR EFFICIENT DESALINATION BY REVERSE OS-
MOSIS ...Cost Analysis, Desalination, Membranes-other, Reverse
Osmosis, ...3.0155

CONCEPTUAL DESIGN STUDY ON REVERSE OSMOSIS MEM-
BRANE ASSEMBLY MODULAR UNIT ...Desalination, Mem-
branes-other, Pilot Plant, Reverse Osmosis, 3.0215

TEST OPERATION OF A TUBULAR 4,300 GPD REVERSE OS-
MOSIS UNIT ON SEA WATER ...Desalination, Membranes-
other, Reverse Osmosis, Sea Water - genera!, 3.0098

PRODUCTION OF HIGHLY PALATABLE WATER FROM AIR
FOR HOUSEHOLD, LIVESTOCK, AND INDUSTRIAL USE
...Absorption-other, Cost Analysis, Potable Water, Solar Still,
Water Development, ...3.0242

Scale Formation
STUDIES OF FUNDAMENTAL MECHANISMS IN THE DEPOSI-

TION OF CALCIUM SULFATE SCALE ...Brines, Dilatometry,
Electron, Nucleation, Phase Relationship, 3.0293

THE CONTROL OF SCALING ON HEAT TRANSFER SUR-
FACES BY DIRECT CONTACT WITH A FLUIDIZED BED OF
GRANULAR MATERIAL ...Desalination, Distilling Units, Filtra-
tion, Fluidized Bed, Heat - transfer- other, ..3.0370

SEA WATER CORROSION TEST PROGRAM ...Desalination, In-
hibitors, Sea Water-general, Water, .,.3.0455
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BASIC STUDIES OF SCALE CONTROL ...Fluidized Bed,
Precipitation, Removal -- inorganics, 3.0284

A STUDY OF THE EFFECTS OF SURFACE POTENTIAL ON
SCALE FORMATION ...Crystal Growth, Desalination, Elec-
trochemistry-other, Metals, Nucleation, 3.0080

CORRELATION OF ANOMALOUS ULTRASONIC REFLECTIVI-
TY WITH EARLY SCALE FORMATION Desalination, Ul-
trasonic, ...3.0306

A STUDY OF PRESCALING DEPOSITION ...Copper, Desalina-
tion, Radioisotopes, Saline Conversion, Scaling, Encrusting,
1.0011

DEMONSTRATION OF ALUMINUM IN SEAWATER DESALT-
ING ...Aluminum, Desalination, Flash Distillation, Oxygen Con-
taining, Sulfate, Sulfite, 3.0481

IMPROVEMENTS IN DESALINATION BY THE FLASH
EVAPORATION PROCESS ...Additives, Desalination, Evapora-
tion, Fluidized Bed, Ion Exchange-other, 3.0408

OPERATION OF A 50,000 GPD PORTABLE PILOT PLANT
...Membranes-other, Mobile, Pilot Plant, Reverse Osmosis,
Zeolite, 3.0029

SMALL DESALINATION UNIT TO TEST SCALE REDUCTION
ADDITIVES ...Additives, Desalination, Distillation-other,
Economic Efficiency, 3.0429

COOLING TOWER TREATMENT ...Corrosion Prevention-other,
Other, Scaling, Encrusting, Water, Water Purification Plants,
...8.0175

SEEDING OF BRACKISH WATER ...Desalination Wastes,
Evaporation, Material Recovery Wastes, Nucleation, 5.1216

SOLUBILITIES OF SILICATES IN SALINE WATERS ...Analysis
and Detection, Brines, Desalination, Silicate, Solubility, 4,0198

Project Post-evaluation
ECONOMIC SURVEY OF BEAVERHEAD COUNTY, MON-

TANA ...Economic Impact, Irrigation-general, Water Utilization -
general, 6.0331

STREAM IMPROVEMENT STUDY ...Engineering Structures-
general, Physical-general, Population Dynamics, Salmon & Trout
- Non-specific, Streams, ...2.0962

THE ECONOMIC IMPACT OF FLOOD CONTROL RESERVOIRS
...Benefit-cost Analysis, Economic Impact, Floodproofing, Ken-
tucky, Reservoirs and Impoundments, ..6.0241

EFFECTS OF TUTTLE CREEK RESERVOIR ON GROUND
WATER LEVELS BELOW THE DAM ...Observation Wells,
Pumping, Water Level Fluctuation, Water Table Fluctuation,
Water Wells, 4.0117

ECONOMIC ANALYSIS OF THE SANTEE-COOPER PROJECT -
A RETROSPECTIVE STUDY UTILIZING CURRENT
EVALUATION STANDARDS ...Benefit-cost Analysis, Economic
Impact, Electric Power Plants, Reservoirs and Impoundments,
6.0491

Projections and Estimations
EFFECTS OF WEATHER ON CROPS ...Available Water,

Evapotranspiration, Meteorological Studies-general, Moisture
Tension, Soil Moisture -non-specific, 2.0482

WATER SUPPLY-DEMAND ...New York, Operations Research,
Planning, Water Demand, Water Supply-general, 2.0795

QUANTITATIVE ANALYSIS OF WATER USE PATTERNS IN
PUERTO RICO ...Consumptive Use, Public Utilities, Puerto Rico,
Water Utilization -general, 6.0484

VALUE OF WATER FOR IRRIGATION IN THE KANSAS RIVER
VALLEY ...Benefit-cost Analysis, Consumptive Use, Irrigation-
general, Water Costs, Water Demand, 6.0236

ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARES AGRI-BUSINESS INDUSTRY ...Agri Business,
Disposal Wastes, Food Processing Industry, Irrigation-general, Op-
timization, Water Resources Development, ..6.0120

EVALUATION OF RESOURCE USE AND ECONOMIC EFFECTS
DUE TO IRRIGATION WATER AVAILABILITY IN TEXAS
...Agriculture Industry, Economic Impact, Model Studies,
Planning, Texas, ..6.0558

PREDICTION MODELS FOR WATER QUALITY PARAMETERS
.,.Model Studies, Oxygen, Social Aspects, Systems Analysis, Tem-
perature, Water Standards, 6.0164

VALUE OF THE GAME AND FISH RESOURCES IN RELATION
TO THE FUTURE UTILIZATION OF THE WATER OF THE
GREEN RIVER DRAINAGE IN WYOMING ...Economics -
general, Survey Studies, Water Quality-general, Water Utilization
-general, ...6.0650
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ECONOMIC IMPACT OF WATER IMPOUNDMENT - VALIDITY
TESTING OF A COMPARATIVE- PROJECTION MODEL
...Economic Impact, Model Studies, Recreation Sites, Reservoirs
and Impoundments, Texas, 6.0554

MULTISTRUCTURAL DEMAND MODELS FOR WATER
REQUIREMENT FORECASTING .Industrial - general, Model
Studies, Social Aspects, Water Demand, ...6.0442

DECISION MAKING UNDER UNCERTAINTY ECONOMIC
EVALUATION OF STREAMFLOW FORECASTS ...Benefit-cost
Analysis, Flow Characteristics -water, Forecasting-predietion,
Model Studies, Water Supply-general, 6.0296

DEVELOPMENT OF COMPUTER MODELS & METHODOLOGY
FOR FORECASTING & EVALUATING MUNICIPAL & IN-
DUSTRIAL WATER REQUIREMENTS ...Digital Computers,
Maryland, Model Studies, Urban Environments, Water Demand,
_6.0252

DEVELOPF.MNT AND IMPLEMENTATION OF A MANAGE-
MENT STRATEGY FOR WATER RESOURCES RESEARCH
Management, Operations Research, Planning, Systems Analysis,
Water Resources Development, 6.0112

SYSTEMATIC STUDY AND DEVELOPMENT OF LONG-
RANGE PROGRAMS OF URBAN WATER RESOURCES
RESEARCH ...Data Acquisition-general, Economies-general, So-
cial Aspects, Systems Analysis, Urban Environments, Water Law-
general, 6.0392

A STUDY OF WATER RESOURCES RESEARCH NEEDS IN
MONTANA ...Montana, Operations Research, W iter Resources
Development, 6.0326

ECONOMICS OF WATER SUPPLY-PORTALES VALLEY, NEW
MEXICO ...Alternative Planning, Available Water, Economic Im-
pact, Water Costs, Water Transfer, 6.0363

RESEARCH ON GEOHYDROLOGY OF THE EASTERN SLOPE
OF WEST MAUI ...Aquifers-general, Hawaii, Mountains-alpine,
Patterns, Slopes, Water Yield, 6.0170

PROJECTING THE DEMAND FOR AND SUPPLY OF WATER
...Model Studies, Regional Areas, River Basins, Water Demand,
Water Quality Control-general, Water Supply-general, ...6.0357

WATER RESOURCES RESEARCH NEEDS & CORRESPONDING
INSTITUTE CAPABILITIES ...Survey Studies, Water Resources
Development, 6.0068

IOWA ECONOMETRIC MODEL Economies-general, Iowa,
Model Studies, Planning, River Basins, .,,6.0225

EFFECTS OF IRRIGATION DEVELOPMENT ON TRADE PAT-
TERNS AND INCOME GENERATION ...Economic Impact, In-
come, Irrigation-general, 6.0411

SUPPLY AND DEMAND FOR WATER ...Model Studies, Water
Costs, Water Demand, Water Supply-general, Water Transfer,
6.0385

SPECIFIC YIELD INVESTIGATION ...Aquifers-gcneral, California,
Groundwater Basins, Moisture Content, Water Yield, 2,0182

HYDROLOGIC PARAMETERS CONTROLLING Pt%CREA-
TIONAL USE OF MINNESOTA RIVERS ..,ii3frresota,
Morphology-general, Recreation Sites, Water QuOi!y.general,
Wild Rivers, 6.0307

FLOOD FLOWS AND SEDIMENT YIELD OF COLMA CREEK
BASIN, CALIFORNIA ...California, Construction, Fkods, Sedi-
ment Yield, Urban Environments, Water Yield, .,.4.0038

HYDROGEOLOGY OF GLACIAL OUTWASH NEAR SIOUX
FALLS, SOUTH DAKOTA ...Analog Computers, Available
Water, Outwash Plains, Prediction Models, South Dakota,
2,0975

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - FOX
RIVER BASIN ...Available Water, Groundwater Movement, Mans
Activities, Surface Water, Wisconsin, ...4.0277

WATER RESOURCES OF THE LOWER WISCONSIN RIVER
VALLEY, WISCONSIN Available Water, Hydrology-general,
Water Quality-general, Water Supply-general, Wisconsin,
2,1149

CORRELATION OF ECONOMIC PHYSICAL FACTORS AF-
FECTING SELL. "TiON OF LANDS FOR IRRIGATION
Economic Imp, Irrigation-general, Risk & Uncertainty,
_6,0091

HYDROGEOLOGIC INVESTIGATION TECHNIQUES .,.Leekage,
Reservoirs and Impoundments, Technique Development, Water
Demand, Water Loss Control, 8.0058

GROUND WATER IN RELATION TO USE AND MANAGE-
MENT OF RANGELAND WATERSHEDS IN THE
SOUTHWEST _Agricultural Watersheds, Groundwater, Natural
Recharge, Runoff, Southwest, 3.0007

CLIMATOLOGICAL FACTORS AFFECTING WATER USE IN
AGRICULTURE ...Climate-general, Consumptive Use, Irrigation-
general, Requirements for Water, Water Demand, 6.0599

Protactinium
ENVIRONMENTAL RADIATION STUDIES ...Core Analysis, Rate

of Deposition, Thorium, Uranium-1,0113

Protective Materials
Refractory

REFRACTORY ADSORPTION ON CHEMCOKE ...Activated Car-
bon, Adsorption-other, Carbon, Phy and Chem Properties,
...5M35

Proteins & Amino Acids
Amino Acids -non-specific

PLOT PLANT DEVELOPMENT OF THE. ION-EXCHANGE
PROCESS FOR RECOVERY OF AMINO COMPOUNDS FROM
POTATO STARCH FACTORY EFFLUENTS ...Agricultural
Chemicals-other, Air Pollution ..other, Food Processing Industry,
Plant Waste Removal, Treatment, Vegetables, 5.0990

UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-
TEBRATES ...Amino Acids, Chemoreceptors, Invertebrates -non-
specific, Marine Biology, Metabolism, Nutrition - Invertebrate,
Pulse-labelling, 6.0058

Blood Albumin
PHYSIOLOGICAL STUDIES OF ALFALFA AS RELATED TO

COLD AND HEAT TOLERANCE, DROUGHT RESISTANCE,
AND FORAGE QUALITY AND YIELD Alfalfa, Cold Re-
sistance and Hardiness, Drought, Respiration, ...2.0572

Blood Proteins -non-specific
FACTORS AFFECTING FISH PRODUCTION PONDS ...Bluegills,

Bream, Electrophoresis -other, Environmental Physiology,
Protein, Purif and Isol, 6.0221

Hemoglobin
PIGMENT INDICES OF ENVIRONMENTAL OXYGEN STRESS

...Environmental Physiology, Oxygen, Respiratory Or Blood,
0 5.0810

Microorganism Proteins
TREATMENT OF AQUEOUS AGRICULTURAL WASTES FOR

CLEAN WATER AND FOR M'CROBIAL PROTEIN PRODUC-
TION ...Aeration, Agricultural Microbiology, Animal Waste
Removal-treatment, Fermentation, Plant Waste Removal, Treat-
ment, ...5.0410

Protozoa
Foraminifera

POPULATION ECOLOGY OF FORAMINIFERA IN THE CHOP-
TANK RIVER ...Aquatic Ecology, Environmental Ecology, Mary-
land, Population Dynamics, Water Properties-general, 6.0126

Protozoa -other
EFFECT OF CHLORINATION ON CILIATE PROTOZOA AND

THEIR ROLE AS A BARRIER TO STREAM POLLUTION
...Biological - general, Chlorination, Illinois, Population Dynamics,
Streams, ...5.0379

DISPERSAL OF VIABLE ALGAE AND PROTOZOA BY
AQUATIC INSECTS ...Algae- General, Aquatic Ecology, Insects
-non-specific, Interbiotic Relat.(non-specify, Invertebrates,
_5.1170

DETECTION AND SIGNIFICANCE OF ENZOOTIC WATER
POLLUTION ...Animal Wastes - Feed Lots, Bacterial Pollutant
Sources, Bioindieators, Enzootic, Sewage Bacteria, ...5.0700

TAXONOMY AND ECOLOGY OF INSHORE MARINE
MICROBIOTA ...Algae- General, Animal Taxonomy, Aquatic
Ecology, Plant Taxonomy, Range Or Territorial Distr. , 7.0024

TAXONOMY AND PHYSIOLOGY OF PROTOZOA IN CAVE
STREAMS AND POOLS ...Animal Taxonomy, Caves, Environ-
mental Physiology, Kentucky, Streams, -.6.0240

BIOLOGICAL ASPECTS OF TERTIARY PONDS ...Efflwmts-wastc
Water, Phytoplankton, Pond, Sewage, Tertiary Treatment,
5.0352

INFLUENCE OF PROTOZOAN ACTIVITY ON HALOGENATED
HYDROCARBON RESIDUES - INTERACTION BETWEEN
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MICROORGANISMS AND PESTICIDES _Annie Culture,
Metabolism, Mode of Action -animal, Petroleum Cpds. -non-
specific, 5.0642

Publications

Abstracts
COMPILATION OF EARTH DAM CRITERIA FOR DESIGN USE

...Dams, Design Criteria, Earth & Roekfill Dams, Engineering
Structuresteneral, 8.0254

BIBLIOGRAPHY ON FLUORIDATION OF PUBLIC WATER
SUPPLIES ...Bibliography, Fluoridation, Potable Water, ...7M088

Bibliography
PROPOSAL FOR COMPILATION OF CUMULATIVE DROUGHT

BIBLIOGRAPHY Economies-general, Meteorological Extremes,
Social Aspects, Weather, 2.0611

STUDIES ON THE GEOSCIENCE VALUE OF RADAR
IMAGERY ...Mapping, Mountains-alpine, Photogrammetry,
Radar, River Basins, 8.0199

GREAT LAKES RESEARCH - GREAT LAKES DEICING ...Great
Lakes-general, Harbors, Navigation, Origin, Sea Ice, 2,0643

WATER RESOURCES SITUATION IN PUERTO RICO - A
BIBLIOGRAPHY OF PUBLISHED INFORMATION ...Puerto
Rico, Survey Studies, Water Resources - General, ...7,0095

STATUS OF THERMAL POLLUTION AND RESEARCH NEEDS
...Hydraulics- general, Pollution - Effects of , Thermal Pollution,
Water Quality Control - general, ..5.1139

WETLANDS ECOLOGY LITERATURE REVIEW ...Planning,
Wetlands, Wisconsin, 7,0113

GREAT LAKES RESEARCH - GREAT LAKES DEICING ...Al-
teration, Creat Lakes-general, lee Properties-general, Origin, Sea
ice, ...2,0646

SUBMARINE SPRINGS ...Discharge-general, Marine Geology-
general, Ocean Environment. Springs, Subsurface Environments,
...2.0319

BIBLIOGRAPHY ON FLUORIDATION OF PUBLIC WATER
SUPPLIES ...Abstracts, Fluoridation, Ntable Water, 7.0088

Handbooks
A STUDY OF THE DISPOSAL OF THE EFFLUENT FROM A

LARGE DESALINATION PLANT ...Construction Sites, Copper,
Desalination, Desalination Wastes, Effluents-waste Water,
...3M295

SCHOOLS FOR CITIZENS ON WATER USE FOR TOMORROWS
LIVING ...Citizen's Participation, Education and Training, Water
Quality Control-general, Water Utilization -domestic, ..6M124

PREPARATION OF A HIGHWAY DRAINAGE POLICY STATE-
MENT AND PRACTIVE MANUAL FOR THE STATE OF IL-
LINOIS ...Design Criteria, Drainage, Drainage Systems, Illinois,
Roads and Highways, Water Law-general, .6.0205

INSTRUMENTATION IN EMBANKMENTS AND FOUNDA-
TIONS ...Dams, Embankments, Foundations-general, Techniques
& Instrumentation, ...7,0062

SOIL SAMPLING MANUAL ...Disturbed/undisturbed, Soil Ex-
ploration, Soil Sampling, Soil Test - Insitu, Soil Testing-general,
8.0238

HANDBOOK FOR CONCRETE AND CEMENT ...Aggregates, Ex-

tenders, Fillers, Cement, Concrete, Curing Agents, Sealant
Materials, Water, ...8M235

Indexes
WATER RESOURCES OF NORTH CAROLINA - AN INVENTO-

RY OF INFORMATION AND DATA ...Atlases-maps, North
Carolina, Tables, Compilations, Catalogs, Water Resources -

General, 7.0085

Periodicals
CONTINUATION OF WORLD DATA CENTER A - GLACIOLO-

GY ...Data & Statistics Info Storage, Data and Statistics Centers,
Document & Literature Info, Glaciology-general, Research Facili-
ties, 7.0083

Pubilications -other
LIMNOLOGY OF ROSS ISLAND, ANTARCTICA _Antarctica,

Benthic Organisms (non-specif), Chemical-general, Lakes, Plank-
ton (non-specific), ...2.0087

TOXAPHENE FILTRATION PUBLICATION ...Carbon, Filtration,
Removal of Residues, Toxaphene, ...5.I146

UPDATING AND REPUBLICATION OF FACTORS INFLUENC-
ING THE RESTORATION AND DEVELOPMENT OF OGDEN
BAY REFUGE Mans Activities, Swamps-marshes, Water De-
mand, Water Fowl, N.s. , Water Utilization -animal, 6.0594

THE AQUATIC PLANT RESOURCES OF WESTERN MONTANA
...Aquatic Plants (non-specific), Collections, Montana, Plant Tax-
onomy, ...2.0717

Tables, Compilations, Catalogs
THERMOPHYSICAL PROPERTIES OF SEA WATER AND

AQUEOUS ELECTROLYTE SOLUTIONS CONTAINING
NACL, KCL, NA2SO', AND MGSO4 ...Boiling Point, Brines,
Conductivity, Density, Vapor Pressure, Viscosity, 3.0286

INVENTORY & EVALUATION OF THE GROUND-WATER
RESOURCES OF SUMMIT VALLEY & UPPER SILVER BOW
CREEK DRAINAGE AREA ...Groundwater, Montana, Survey
Studies, Urban Environments, Water Quality-general, 2.0711

WATER RESOURCES OF NORTH CAROLINA - AN INVENTO-
RY OF INFORMATION AND DATA ...Atlases-maps, Indexes,
North Carolina, Water Resources - General, ...7.0085

AQUATIC PLANTS OF POLL( 'ED WATERS IN S. W. UNITED
STATES ...Aquatic Plants (rif i-specific), Habitat Studies, Plant
Pollutants, Pollution Sources-general, Southwest, 5.1184

CLIMATE AND PFIENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ...Applied Climatology,
Meteorological Averages, Other Water Conditions, Patterns,
Phonology, .3.0332

PROBABILITIES OF SEQUENCES OF DRY DAYS IN TEXAS
.Computers-general, Forecasting. Irrigation-general, Planning,
Water Supply-general, 3.0442

PROBABILITY TABLES FOR PRECIPITATION ...Moisture - other,
Other Probability, Precipitation-other, Requirements for Water,
Weather Forecasting, ...2.0604

HYDROLOGIC STUDIES (STORM STUDIES) ...Flood Control,
Floodproofing, Hydrology-general, Patterns, Storms-general,
.2.0549
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Puerto Rico
DETERMINATION OF SAFE LEVELS OF POLLUTION IN

PUERTO RICO ...Bays, Cor ,nination - Water, Meteorological
Studies-general, Pollution - bects of , Recreation Sites, Water
Properties-general, 2.0937

QUANTITATIVE ANALYSIS OF WATER USE PATTERNS IN
PUERTO RICO ...Consumptive Use, Projections and Estimations,
Public Utilities, Water Utilization -general..6.0484

WATER RESOURCES SITUATION IN PUERTO RICO - A
BIBLIOGRAPHY OF PUBLISHED INFORMATION ...Bibliog-
raphy, Survey Studies, Water Resources - General, ..7.0095

RELEVANCE OF SELECTED ECOLOGICAL FACTORS RE-
LATED TO WATER RESOURCES & SOCIAL ORGANIZA-
'T'ION OF FISHEMEN VILLAGES IN PUERTO RICO ( AB-
BREV) ...Commercial Fishing, Fish, N,s. Social Aspects, Social
Structure, Water Resources - General, ..6.0479

HUMAN FACTORS INVOLVED IN THE DEVELOPMENT OF A
WATERSHED PROJECT IN YABUCOA, PUERTO RICO
...Economic Impact, Land, Social Aspects, Water Resources
Development, 6.0481

THE MANAGEMENT AND CONTROL OF WATER IN PUERTO
RICO ...Control and Protection, Data Analysis - General,
Management, Types of Resources, Water Quality-general, Water
Supply-general, _6.0480

THE DEMAND FOR WATER BASED RECREATION IN
SOUTHWEST PUERTO RICO ...Demand Analysis, Frequency of
Use, Recreation Sites, Survey, 6.0483

COMPARATIVE STUD? OF THE BENTHIC MICROBIAL
BIOTA IN SOME COASTAL AREAS OF PUERTO RICO
...Benthic Flora, Benthonic-bottom, Ocean Environment, Pollu-
tion - Effects of , Standing Crops, 6.0478

SOCIO-ECONOMIC FACTORS RELATED TO THE INCIDENCE
OF A WATER-BORNE DISEASE ...Economic Impact, Intestine,
Pollution-water, Social Aspects, Social Environment of The City,
.5.1048

WATER REQUIREMENTS OF CROPS UNDER IRRIGATION IN
LAJAS VALLEY, PUERTO RICO .,.Consumptive Use,
Evapotranspiration, Irrigation, Sugarcane, 4.0210

RECLAMATION OF SALTY LANDS IN PUERTO RICO ...Saline
and Alkaline Soils, Saline Properties, Sodium, Soil Amendments,
Soil and Rock Leaching, ...3.0426

RAINFALL CHARACTERISTICS, DROUGHT INCIDENCE AND
THE DEVELOPMENT OF A RAINFALL DEFICIENCY INDEX
FOR THE AGRICULTURAL REGIONS OF PUERTO RICO



SUBJECT INDEX

...Drought, Irrigation-general, Meteorological Extremes, Patterns,
Rain, 2.0932

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS At-
lases-maps, Moisture Content, Patterns, Runoff, Water Yield,
.4.0208

DEVELOPMENT OF GROUND WATER CONTROL METHODS
FOR THE HEAVY SOILS OF THE LAJAS VALLE'," ...Aquifers-
general, Groundwater, Hydrology-general, Piezometry, Soil En-
vironment, 4.0209

GUAVA VARIETIES. SELECTION & PROPAGATION OF
GUAVA VARIETIES & INVESTIG. OF COMMERCIAL & IN-
DUST. POSSIBILITIES OF THE FRUIT (A BBREV) ...Irrigation,
Myrtaceue, Selection & Breeding, Trees, Varietal Evaluation,
5.1047

STUDIES WITH BARBADOS OR WEST INDIAN CHERRY
(MALPIGHIA PUNICFOLIA, L) ...Malpighiaceae, Shrubs,
Vitamins, Yield, 6.0482

THE LOSS OF FERTILIZERS BY I.EACHING FROM THE SOILS
OF PUERTO RICO ...Fertilizer Losses, Fertilizers, Methods of
Application, Soil and Rock Leaching, 3.0428

LAND FORMING FOR IRRIGATION AND DRAINAGE IN SU-
GARCANE PRODUCTION UNDER PUERTO RICAN CONDI-
TIONS ...Drainage, Irrigation, Irrigation-general, Sugar Cane,
Water Harvesting, ...3.0425

THE LOSS OF FERTILIZERS BY LEACHING FROM THE SU-
GARCANE SOILS OF PUERTO RICO ...Fertilizer Losses,
Lysimeters, Methods of Application, Other, Sugar Cane, ...2.0938

DRAINAGE OF SUGARCANE LANDS IN THE HUMID SEC-
TIONS OF PUERTO RICO ...Drainage, Humid, Sugar Cane,
Water Table - Depth of , Water Table Fluctuation, Yield,
_2.0936

THE INFLUENCE OF WATER AND CLIMATE ON THE YIELD
AND SUCROSE CONTENT OF SUGARCANE ...Applied Cli-
matology, Irrigation-general, Microclimate- general, Sugar Cane,
Yield, 4.0211

FARM MANAGEMENT STUDY OF THE SUGARCANE FARMS
SERVED BY THE LAJAS VALLEY IRRIGATION DISTRICT
...Costs, Irrigation - general, Production & Processing, Sugar Cane,
Water Costs, 3.0427

DESIGN OF FACILITIES FOR ANIMAL WASTE DISPOSAL
_Anaerobic, Animal Waste Removal-treatment, Farm Wastes,
Waste Disposal-general, 5.1049

Puget Sound
MASS MORTALITY OF PACIFIC OYSTERS ALONG THE

WASHINGTON COAST ...Bays, Environmental Ecology, Mortali-
ty Rates, Oysters, Pathology, ...5.1230

ANNUAL PHYTOPLANKTON PRODUCTION IN PUGET
SOUND WATERS ...Copepods, Invertebrate Cultures,
Phytoplankton, Standing Crops, 'Tides, ...5.1256

INCIDENCE OF PATHOGENIC ENTEROBACTERIACEAE AND
ENTEROVIRUSES IN ESTUARINE AREAS ...Detection, En-
teroviruses of Humans, Estuaries, Intestinal Bacteria, 5.1226

OCEANOGRAPHIC DATA COLLECTION - MIDDLE PUGET
SOUND ...Data Acquisition, Oysters, Salinity, Temperature,
Trace Elements, 7.0112

Pulp and Paper
FLUOROMETRIC QUALITATION AND QUANITATION OF

LIGNIN SULFONATES IN WATER Fluorometry, Natural Oc-
curring, Pulp and Paper Wastes, Sulfate, Sulfite, Sulfonates (r-
so3na), Type, ...5.0286

Pulse-labelling
UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-

TEBRATES ...Amino Acids, Amino Acids -non-specific,
Chemoreeeptors, Invertebrates -non-specific, Marine Biology,
Metabolism, Nutrition - Invertebrate, ...6.0058

Pumping
EVALUATION OF HIGH PRESSURE PUMPS FOR REVERSE

OSMOSIS PROCESS Axial Flow, Brines, Reverse Osmosis, Sea
Water - general, 3.0410

RATE AND DIRECTION OF GROUND WATER CIRCULATION
IN CLOSE SPACED BEDROCK AND GRAVEL WELLS
UNDER THE INFLUCENCE OF NON-SYNCHRONOUS PUMP-
ING TIME ...Connecticut, Groundwater Movement, Land Use,
Subsurface Flow, ...2.0244
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Quantitative Chemistry

OPTIMIZATION OF WELLS AND RECHARGE FACILITIES IN
CONJUNCTIVE USE OF GROUNDWATER RESERVOIRS
...Conjunctive Use, Groundwater Basins, Optimization, Recharge
general, Water Wells, ...6.0054

RELATIONSHIP OF PUMPING LIFT TO ECONOMIC USE OF
GROUND WATER FOR IRRIGATION _Groundwater, Irriga-
tion-other, Optimization, Water Allocation, Water Costs, 6,0177

EVALUATION BY 'I'EST DRILLING OF GEOPHYSICAL
PROSPECTING FOR GROUND WATER IN THE PIEDMONT
AREA, ALABAMA ...Chemical Analysis (water), Drilling and
Coring, Geophysical Analysis, Groundwater, Water Development,
2.0006

REDUCTION OF GROUND WATER INFILTRATION INTO
SEWERS BY ZONE PUMPING ...Lining, Pump, Sewerage
Systems-general, Water Table Fluctuation, Water Wells, ...5,032e

MODIFICATIONS TO PUMPING STATION AT SHAGOWA
LAKE, FIELD SITE, ELY, MINNESOTA ...Chemical Analysis,
Demineralization, Equipment Purchase Operation, Minnesota,
5.0932

SOLAR POWERED EQUIPMENT FOR OPERATING A SMALL
IRRIGATION PUMP. ...Irrigation, Irrigation Engineering, Irriga-
tion-other, Pump-other, Solar Power-general, 4.0201

SHALLOW WELLS AND IRRIGATION PITS FOR IRRIGATION
AND OTHER FARM WATER SUPPLY IN THE COASTAL
PLAINS ...Aquifers-general, Coastal Plain, Irrigation-general, Ter-
rain Analysis, Water Wells, 3.0194

GROUND-WATER STUDIES - DEEP SANDSTONE AQUIFER IN
CHICAGO REGION ...Clastic Aquifers, Groundwater Movement,
PermeaMity, Sandstones, Water Table Fluctuation, ...2.0419

EFFECTS OF TUTTLE CREEK RESEkVOIR ON GROUND
WATER LEVELS BELOW THE DA M ...Observation Wells, Pro-
ject Post-evaluation, Water Level Fluctuation, Water Table Fluc-
tuation, Water Wells, 4.0117

LAND FORMING FOR DRAINAGE AND FURROW IRRIGA-
TION ...Data Analysis - General, Drainage, Furrow Irrigation, Ir-
rigation, Irrigation Engineering, 5.1131

HYDROLOGICAL STUDIES OF THE SAVANNAH RIVER
PLANT, SOUTH CAROLINA -GEOHYDROLOGY OF WASTE
TANK FARMS ...Internal Water Movement, Observation Welt.,,
Permeability, Soil Tests, South Carolina, 4.0216

SALT-WATER ENCROACHMENT IN THE BRUNSWICK AREA,
GEORGIA Aquifers-general, Georgia, Observation Wells,
Piezometry, Saline Water Intrusion, ...5.0306

GEOHYDROLOGY OF SHALLOW AQUIFERS IN HENRY AND
WEAKLEY COUNTIES, TENNESSE ...Aquifers-general,
Groundwater, Observation Wells, Pollution Sources-general, Ten-
nessee, ..."::.0998

ELECTRICAL-ANALOG ANALYSIS OF HYDROLOGIC DATA,
ARVA VALLEY, ARIZ ...Analog Computers, Arizona, Ground-
water, Model Studies, Water Table Fluctuation, _2.0044

TURBINE AND PUMP TESTING Dischargeteneral, Pump-other,
Turbine-other, 8.0077

MINING- POLLUTION CONTROL TECHNOLOGY - OIL
PRODUCTION GROUND-WATER RECLAMATION BY
SELECTIVE PUMPING ...Brines, Groundwater, Mine Drainage
Control, Petroleum Industry, Saline Water Intrusion, Secondary
Recovery, 5.0913

FACILITIES, METHODS AND DESIGN CRITERIA TO PUMP,
CONVEY, CONTROL AND MEASURE WATER FOR
AGRICULTURAL PURPOSES IN THE NORTHERN PLAINS
...Irrigation-general, Lining, Runoff, Storage of Water, Water Dis-
tribution Systems, Water Transfer, 3.0141

Purfication-general
IDENTIFICATION OF NATURAL AND SYNTHETIC ORGANIC

COMPOUNDS IN RAW AND TREATED MUNICIPAL
WASTES ...Chromatography-other, Filtration, Organics-general,
Separation-general, Tertiary Treatment, ...5.0847

Quantitative Chemistry
PLANT-AVAILABLE PHOSPHORUS STATUS OF LAKES

...Phosphorus, ...2.1153
USE OF TOTAL CARBON ANALYZER TO DEFINE

MICROBIOLOGICAL PROCESSES ,..Carbon, Microbial-bacteri-
al, 5.1176



Radiation SUBJECT INDEX

Radiation
Electromagnetic Radiation

Microwave
POWDERED CARBON TREATMENT OF WASTEWATER ..,Ac-

tivated, Chemical, Fluidized ri3ed, Polycleetrolytes, Waste Treat-
ment-economics, ,5,0857

Nuclear Radiation
Gamma

DETERMINATION OF BULK DENSITY & WATER CONTENT
OF SOIL THRU MEASUREMENT OF RADIATION AT-
TENUATION AT TWO DIFFERENT GAMMA ENERGIES
Moisture Content, Moisture Tension, Radiation Emission, Soil
Chemical Properties, 1.0123

GAMMA RADIATION OF TEXTILE WASTE WATER TO
REDUCE POLLUTION .Cobalt, Industrial Wastes, Other, Tex-
tile Wastes, Waste Water Treatment-general-5.0006

Radiation Effects
Chronic Radiation

RADIATION EFFECTS IN AQUATIC SYSTEMS ,Aquatie Ecolo-
gy, Contamination - Water, Fish -non-specific, Low Level Radia-
tion, Radiation Effects-non-specific, Radiation Treatment,
Radioactivity-general, _5.1248

Direct Effects
Invertebrates

COLUMBIA RIVER STUDIES .Columbia River, Contamination -
Water, Oysters, Pollution Effects, Radioactivity-general,
Reproductive System, ,,,5.1268

Plants
ENVIRONMENTAL RADIATION STUDIES - EVALUATION OF

FISSION PRODUCT DISTRIBUTION AND MOVEMENT IN
TERRESTRIAL ENVIRONMENTS Absorption, Fixation,
Exchange, Radioactive Contamination, Radioactivity-general,
Root Absorption, Soil Environment, .,1.0116

Dasimetry
SURVIVAL OF FOOD PATHOGENS IN RADIATION

PASTEURIZED SEAFOOD Fish, N,s, Food, Food Bacteria,
Microbiological, Radiation, ,,,5.0933

Low Level Radiation.
RADIATION EFFECTS IN AQUATIC SYSTEMS ...Aquatic Ecolo-

gy, Chronic Radiation, Contamination - Water, Fish -non-specific,
Radiation Effects-non-specific, Radiation Treatment, Radioactivi-
ty-general, ...5.1248

Radiation Effects-non-specific
RADIONUCLIDE METABOLISM IN AQUATIC ANIMALS

...Clams , Contamination - Water, Fish -non-specific, Metabolism,
Reactor Sites & Rad Waste, 5.0101

RADIATION EFFECTS IN AQUATIC SYSTEMS Aquatic Ecolo-
gy, Chronic Radiation, Contamination - Water, Fish -non-specific,
Low Level Radiation, Radiation Treatment, Radioactivity-general,
.5.1248

Radiation Usage
Diagnostic Procedures

Computer Matching-code
CHRONIC EFFECTS OF HEAVY METALS ON FISH ..,Con-

tamination - Water, Industrial Wastes, Mineral, Mineral Origin,
Radioisotopes, .5.0584

Radiations
Atomic Bomb

THE LOSS OF ORGANIC AND INORGANIC MATERIALS
FROM ABOVE-GROUND PLANT PARTS, WITH REFERENCE
TO DECONTAMINATION OF PARTS UTILIZED FOR FOOD
Adsorption & Interface, Leaching-aerial, Radioactive, Fallout,
Root Absorption, ...5.0776

Radioactive Isotopes

Carbon
MEASUREMENT OF THE RATE OF CARBON DIOXIDE (C14)

FIXATION INTO SUBCELLULAR FRACTIONS OF ALGAE
,Algae- General, Algal Culture, Bioindieators, Carbon Dioxide
Fixation, Growth Rate, Intracellular Localization, .5.1090

Cesium
EFFECTS OF LIMNOLOGICAL FACTORS ON UPTAKE OF

CSI37 BY FISH .Metabolism -animal, _1.0068

Chromium
COLUMBIA RIVER ECOLOGY ,Columbia River, Phosphorus,

Pollutants - Path of , Radioisotopes, Zinc, ..6.0613

Hydrogen
TRITIATED WATER STUDIES OF THE SIGNIFICANCE OF

DEW AND VAPOR IN PLANT WATER ECONOMY ..,Arid and
Desert, Dew, Foliar Absorption, Humidity, Osmotic and Turgor
Pressure, Thermodynamics, .2.0112

Phosphorus
TRANSLOCATION OF RADIONUCLIDES BY FISH ...Columbia

River, Fish -non-specific, Migration, Radioactivity-general, Zinc,
.2.1130

COLUMBIA RIVER ECOLOGY ...Chromium, Columbia River,
Pollutants - Path of , Radioisotopes, Zinc, .6.0613

Radioisotopes -non-specific
NUCLIDE UPTAKE BY ALGAE AND ZOOPLANKTON

Chlorclla, Cladoecra, Environment, Ionic Effect, Organic
Matter Content -water, ,6.0048

Strontium
PREDATION ON LARGEMOUTH BASS DURING THEIR FIRST

YEAR OF LIFE .,,Behavioral Ecology, Largemouth Bass, Maturi-
ty & Growth Stages, Predation, Tags, ..7.0080

PRIMARY PRODUCTION Plankton (non-specific), Primary
Productivity, 2.1001

ACCUMULATION AND MOVEMENT OF FISSION PRODUCTS
IN SOILS AND PLANTS ,,.Movement, Availability, Radioactive
Contamination, ...5.0484

Zinc
TRANSLOCATION OF RADIONUCLIDES BY FISH ...Columbia

River, Fish -non-specific, Migration, Phosphorus, Radioactivity -
general, ..2.1130

COLUMBIA RIVER ECOLOGY ,.,Chromium, Columbia River,
Phosphorus, Pollutants - Path of , Radioisotopes, 6.0613

Radioactive Waste
Disposal Methods

Disposal Methods-other
THE EVALUATION OF APPLICATION OF C-I4 DATING OF

GROUND WATER Aquifers-general, Carbon-14, Groundwater,
Radioactivity-general, Underground Waste Disposal, .5.0241

Radioactivity

Activation
Neutron Activation

REDUCTION OF RADIOISOTOPES IN HANFORD REACTOR
EFFLUENTS ,..Atomic Plants, Effluents-waste Water, Nuclear
Reactors, Radioactivity-general, 5.1253

Fallout Products
RAINOUT OF RADIOACTIVITY IN ILLINOIS ...Dispersion -

Transporation, Patterns, Storms-general, Washout, _2.0445

Radioisotopes
ENCAPSULATION AND SOLIDIFICATION OF INTERMEDIATE

LEVFL RADIOACTIVE WASTES IN THERMOPLASTICS
...Accidental, Encapsulation, Fire Research-other, Instrumenta-
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SUBJECT INDEX Recharge

lion, Plant Equip. , Polymer-other, Recovery, Scrap and Wastes,
_5.1142

RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-
HEAD TURBINES AND PUMPS ...Fluids, Open Channel Flow,
Water, 8.0065

Radioactivity Studies-geologic

Exploration Methods
Radioactivity Logging

PHYSICAL CHARACTERISTICS OF BASALT AQUIFERS ...Elec-
tric Logging, Flow Characteristics -water, Groundwater Move-
ment, Local Structure, Porosity, .2.1117

Radiochemical Techniques
DISSOLVED ORGANIC PHOSPHORUS IN NATURAL WATERS

...Analysis and Detection, Organic-general, Precipitation,
Removal--inorganics, Saturated Hydrocarbons, 1.0088

GEOCHEMICAL STUDIES WITH STABLE AND RADIOACTIVE
ISOTOPES ..,Atmosphere, Mineral Groups, Nuclear - General,
Sedimentary Rocks, Uranium, ...2.0134

CARBON, OXYGEN AND SULFUR ISOTOPES AND THE
ORIGIN AND SOURCES OF URANIUM MINERALIZATION
...Mineral Genesis, Ore Deposits, Solution Chemistry, Ther-
mophysical Properties, Transfer Processes, Uraninite Group,
_2.1083

COLUMBIA RIVER SEDIMENT STUDIES ...Columbia River,
Gcochemical Analysis, Radioactivity-general, Sediments, Self-pu-
rification, -.5.1249

DIFFERENTIAL ION MOBILITY AT COLLOIDAL SURFACES
.,.Colloidal Phenomena, Diffusion-other, Hydrophobic, Mem-
branes-other, Transport, ...2.,0053

Radiologic Warfare
SANITATION, WASTE DISPOSAL AND PEST AND VECTOR

CONTROL ...Nuelear Explosion, Pollution - Effects of , Radioac-
tive Fallout, Requirement, Sewage, Urban Environments,
5.0059

Rainfall Simulators
POLLUTION FROM ANIMAL FEEDLOTS ...Animal Wastes -

Feed Lots, Filtration, Runoff, Solid Waste, Waste Disposal -un-
derground, -.4.0118

EFFECT OF RAINDROP IMPACT AND SURFACE ROUGHNESS
ON SHEET FLOW ...Flow Characteristics -water, Model Studies,
Rain-other, Roughness, Shectflow, -.2.0447

OVERLAND FLOW ANALYSIS FOR A SIMULATED
VEGETATED SURFACE ...Flume Studies, Hydrographs, Runoff,
Streams, Unsteady Flow, -.2.0879

STRIP-MINING AND WATER QUALITY ...Chemical-general, Ero-
sion-general, Mining Activities, Runoff, Spoil Banks, -.5.0889

PRINCIPLES, FACILITIES, AND SYSTEMS FOR WATER HAR-
VEST ...Model Studies, Runoff, Stabilization-other, Storage of
Water, Water Harvesting, 3.0006

Range and Tracking Systems
Radio

REMOTE SENSING OF WATER VAPOR ...Electronics - Applied,
Humidity, Optics, Temperature, Turbulence-general, _7.0015

Reactors

Fluidized Bed
THE CONTROL OF SCALING ON HEAT TRANSFER SUR-

FACES BY DIRECT CONTACT WITH A FLUIDIZED BED OF
GRANULAR MATERIAL ...Desalination, Distilling Units, Filtra-
tion, Heat-transfer-other, Scale Formation, ...3.0370

BASIC STUDIES OF SCALE CONTROL ...Precipitation, Removal-
-inorganics, Scale Formation, ..3.0284

IMPROVEMENTS IN DESALINATION BY THE FLASH
EVAPORATION PROCESS ...Additives, Desalination, Evapora-
tion, Ion Exchange-other, Scale Formation, _3.0408

FLUIDIZED EXCHANGE SYSTEMS FOR REMOVAL OF
NITROGEN AND PHOSPHOROUS FROM WASTEWATER

...lion Exchange-other, Nitrate, Nitrite, Nutrients, Phosphate,
Phosphite, Waste Water Treatment-general, 5.0556

DEVELOPMENT OF MATHEMATICAL MODEL OF SEWAGE
SLUDGE FLUIDIZED BED INCINERATORS ...Computers-
general, Disposal, Mathematical Analysis, Model Studies,
_5.0344

POWDERED CARBON TREATMENT OF WASTEWATER ...Ac-
tivatud, Chemical, Microwave, Polyelectrolytes, Waste Treatment-
economics, -.5.0857

Nuclear
TREATMENT AND DISPOSAL OF CONDENSATE WASTES

FROM HIGH LEVEL WASTE SOLIDIFICATION PROCESSES
...Crystallization other, Disposal Wastes, Fractionation, Material
Recovery Wastes, Precipitation, ...5.1250

HIGH POWERED FLOATING NUCLEAR POWER PLANT CON-
CEPTUAL STUDY ...Desalination, Marketing, Nuclear Power,
Other, _8.0296

ENGINEERING ECONOMICS OF WATER DESALTING IN
COMBINATION WITH NITROGEN FIXATION FOR
AGRICULTURAL CHEMICALS MANUFACTURE ...Ammonia,
Cost Analysis, Desalination, Fixation, Statistical, ...3.0347

Packed Bed
COUNTER WASHERS FOR FREEZE-DISTILLATION

DESALINATION ...Cost Analysis, Fluid Flow-other, Freezing,
Screening, Washing, ...3.0279

EFFECTS OF SURFACTANTS ON FIBROUS BED COALESCING
...Emulsion, Interface, Solubility, Surfactants, Water Treatment --
General, 5.0340

BIOLOGICAL REMOVAL OF THE NITRATE ION ON BEDS OF
ACTIVATED CARBON OR SAN ...Activated Carbon, Denitrifi-
cation, Microbial-bacterial, Regeneration-other, Sand, -.5.0132

FLOW FIELD IN A PACKED BED ...Fluid Flow-other, Mass
Transfer, Porous Media - Flow Through, Surface-other, 1.0045

Reactors-other
PHASE II-STUDY OF A RIVER SYSTEM AS A CHEMICAL

REACTOR ...Industrial Wastes, Maine, Other 0.r. , Systems
Analysis, Water Quality Control-general, ...5.0466

RADIOTRACER STUDIES ON RAPID SAND FILTRATION ...Ion
Exchange-other, Other, Radioisotopes, Sand, -.5.0295

AUTOMATIC CONTROL OF A COMPLETELY MIXED AC-
TIVATED SLUDGE REACTOR ...Activated, Biochemical Ox-
ygen Demand, Effluent-standards, Sewage Treatment Plant,
...5.0213

Solar Still
DISPOSAL OF BRINE BY SOLAR EVAPORATION ...Desalina-

tion, Evaporation, Heat Transfer, Mass Transfer, Vapor Pressure,
-.3.0333

PRODUCTION OF HIGHLY PALATABLE WATER FROM AIR
FOR HOUSEHOLD, LIVESTOCK, AND INDUSTRIAL USE
...Absorption-other, Cost Analysis, Potable Water, Process
Development-other, Water Development, -.3.0242

Recharge
Artificial Recharge

ANALYSIS OF RECHARGE BASINS ...Drainage, New York,
Recharge Pits - Wells, Runoff, ...2.0777

INVESTIGATIONS ON THE SUBSURFACE DISPOSAL OF
WASTE EFFLUENTS AT INLAND SITES ...Dyes, Groundwater
Movement, Pollutants - Path of , Recharge Pits - Wells, Un-
derground Waste Disposal, ...3.0022

INDUCED ELECTRICAL POLARIZATION AND GROUND
WATER ...Electric Logging, Geophysical Analysis, Groundwater,
Groundwater Basins, Polarization, _7.0007

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Aquifers-
general, Filtration, Recharge Pits - Wells, Technique Develop-
ment, Turbidity, 4.0247

STORAGE OF FRESH WATER IN UNDERGROUND RESER-
VOIRS CONTAINING SALINE WATER ...Flow Characteristics -
water, Mixing, Model Studies, Recharge Pits - Wells, Storage of
Water, -.4.0115

AN OPTIMAL WATER MANAGEMENT PLAN FOR THE
MIAMI VALLEY ...Alternative Planning, Augmentation-general,
Conjunctive Use, Floodprooflng. Optimization Technique,
Systems Analysis, 6.0467
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Recharge SUBJECT INDEX

OPTIMUM UTILIZATION AND MANAGEMENT OF WATER IN
FORMATIONS HYDROLOGICALLY-CONNECTED TO A
STRETCH OF THE CONNECTICUT RIVER ...Aquifers-general,
Basef low, Connecticut River, Massachusetts, Water Yield,
4.0134

NUMERICAL MODELING OF GROUND WATER FLOW
...Aquifers-general, Groundwater Movement, Model Studies, Sub-
surface Flow, ...2.0506

GROUND WATER RECHARGE THROUGH PITS AND WELLS
...Aquifers-general, Drainage, Filtration, Glass, Recharge Pits -

Wells, 2.0514
FLOW ANALYSIS OF HYDRAULIC CONNECTORS IN ARTIFI-

CIAL RECHARGE SYSTEMS ...Flow Characteristics -water,
Mathematical Analysis, Model Studies, _2.0859

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Filtra-
tion, Playas, Ponds, Texas, Water Wells, 4.0243

GEOCHEMISTRY OF AQUIFERS AS AFFECTED, OR POTEN-
TIALLY AFFECTED BY OFFTAKE OR ARTIFICIAL
RECHARGE ...Aquifers-general, Chemical-general, Discharge-
general, Geochemistry-general, Louisiana, ...2.0530

EFFECT OF FORMATION DIP ON THE MOVEMENT OF
FRESH WATER STORED IN SALINE AQUIFERS Aquifers-
other, Fresh Water, Local Structure, Model Studies, Storage of
Water, ..A.0122

MOVEMENT AND MIXING OF WATER INJECTED INTO
AQUIFERS ...Aquifers-general, Dispersion -water, Exchange
Capacity, Flow Augmentation, Fluid Mixing, Groundwater Move-
ment, Water Wells, ...5.0527

WATER CONSERVATION BY WASTE WATER RECLAMA-
TION AND INJECTION OR RECHARGE ...Activated, Injection-
wells, Potable Water, Tertiary Treatment, Water Standards,
5.0779

TREATMENT NEEDED BY SEWAGE BEFORE INJECTION -
WELL RECHARGE ...Carbon, Injection-wells, Sand, Sewage,
Tertiary Treatment, Trickling, ...5.0758

REVERSE OSMOSIS TO REMOVE DISSOLVED SOLIDS FROM
RENOVATED WASTE WATER USED IN GROUND WATER
RECHARGE ...Augmentation-general, Effluent-standards,
Reverse Osmosis, Waste Water Treatment - general, Water Reuse,
5.0095

NORTH FORK ALLUVIAL DECONTAMINATION PROJECT
...Brines, Petroleum Industry, Seepage, Surface Water, Texas,
...5.1145

GROUND WATER, RESOURCES AND RECHARGE - RICE ...Ar-
kansas, Groundwater, Irrigation - general, Pollution - Effects of ,
Water Wells, 6.0026

GROUND WATER DISPERSION DURING PUMPING AND
RECHARGE OPERATIONS ...Approximations, Dimension-two,
Dispersion -water, Finite Differences, Groundwater, Porous Media
- Flow Through, Steady, 5.0529

GROUND WATER RESEARCH ...Agriculture Industry, California,
Dispersion -water, Groundwater, Groundwater Movement,
...2.0135

MT METHOD OF ARTIFiCIAL GROUND-WATER RECHARGE
..Aquifers- general, Illinois River, Induced Infiltration, Permeabili-

ty, Recharge Pits - Wells, ..A.0099
RECHARGE OF GROUND WATER IN RIVER VALLEYS OF

EASTERN AND CENTRAL KANSAS, AND THE HIGH
PLAINS ...Augmentation-general, Great Plains Province, Ground-
water, Groundwater Mining, Natural Recharge, Water Table Fluc-
tuation, ..A.0116

HYDROLOGY OF THE SUB-LAKE SEDIMENTS BENEATH
GREAT SALT LAKE ...Brines, Geology - Engineering, Great Salt
Lake, Interstitial - Connate Water, Permeability, _2.1082

UNSATURATED FLOW STUDIES ...Electrical Properties,
Exchange Capacity, Groundwater Movement, Infiltration, Unsatu-
rated Flow, 2.0286

MECHANICS OF GROUND-WATER FLOW ...Aquifers-general,
Earthquakes, Groundwater Basins, Groundwater Movement,
Water Table Fluctuation, 2.1093

WATER RESOURCES OF CENTRAL WISCONSIN, A WATER-
POOR AREA ...Augmentation-general, Deposits, Geophysical
Analysis, Valley, Buried, Wisconsin, ...2.1146

MILL CREEK VALLEY ANALOG MODEL STUDY, OHIO
Analog Computers, Aquifers-general, Model Studies, Ohio,
Recharge Pits - Wells, 4.0195

SPRINGFIELD AREA INFILTRATION STUDY, OHIO ...Clastic
Aquifers, Flow Characteristics -water, Induced Infiltration, Ohio,
Water Yield, ...4.0196

SAN GORGONIO PASS GROUND-WATER STUDIES, CALIFOR-
NIA ...California, Groundwater Basins, Groundwater Movement,
Storage of Water, Water Table Fluctuation, 4.0037

FATE OF POLLUTANTS IN GROUND WATER ...Aquifers.
general, Chlorinated Hydrocarbons, Nitrate, Nitrite, Playas, Pollu-
tants - Path of , 5.0917

FACILITIES AND PROCEDURES FOR CONSERVATION
MANAGEMENT OF RUNOFF WATER FROM AGRICUL-
TURAL LANDS IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Groundwater, Playas, Runoff, Storage of Water,
_4.0237

Natural Recharge
EXTREME HYDROLOGIC EVENTS & THEIR EFFECTS ON

NUCLEAR FACILITIES .Floods, Hydrology-general, Radloac.
tivity-general, Runoff, Water Table Fluctuation, 2.0273

THE ARTESIAN SYSTEM IN GEORGIA STRATIGRAPHY AND
HYDROLOGY OF THE OCALA ...Artesian Flow, Carbonate
Aquifers, Georgia, Groundwater Movement, Piezometry, ...4.0082
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POLLUTION EFFECTS ON GROUND WATER RECHARGE IN
HAWAII ...Adsorption-absorption-other, Groundwater, Pollutants
- Path of , Pollution - Effects of , Soil Environment, 5.0313

OPTIMIZING SALVAGEABLE WATER RESOURCES IN A
SEMI-ARID INLAND BASIN ...Optimization, Runoff, Semi -
Arid, Water Alternative Uses, Water Quality-general, Water
Reuse, ...3.0019

GROUND WATER BASIN DYNAMICS ...Dispersion -water,
Groundwater Basins, Mathematical Analysis, Model Studies,
Ohio, 2.0851

METAMORPHOSIS OF SNOWPACK PROFILES AND CHANGES
IN WATER STORAGE FOLLOWING STRIP CUTTING IN
PINE FORESTS IN MICHIGAN ...Cutting Operations, Michigan,
Nuclear Moisture Meters, Snowmelt, Water Yield, 2.0655

RECHARGE IN RIVER VALLEYS OF CENTRAL AND EAST-
ERN KANSAS - EFFECT OF TUTTLE CREEK RESERVOIR
ON GROUNDWATER LEVELS ...Aquifers-general, Chemical.
general, Geophysical Analysis, Reservoirs and Impoundments,
Water Table Fluctuation, .2.0509

GROUND WATER RECHARGE AS AFFECTED BY SURFACE
VEGETATION AND MANAGEMENT ...Antitranspirants, Con-
servation-general, Groundwater, Infiltration, Soil-water-plant
Relationships, 4.0061

GRAND VALLEY SALINITY CONTROL DEMONSTRATION
PROJECT ...Brackish Water, Canals, Colorado River, Linings-
pavings, Mineralization, 5.0203

LAND SHAPING FOR WATER CONSERVATION ...Floods, Land
Use, Moisture Content, Production & Processing, Runoff, Water
Harvesting, 3.0311

CONSERVATION AND RENOVATION OF WASTE WATER
...Conservation-general, Effluents-waste Water, Pollution - Effects
of , Soil Properties - General, Surface Irrigation -general, Waste
Water Treatment-general, ...5.1035

GROUNDWATER SUPPLIES ...Aquifers-general, Atlases-maps,
Groundwater, Total Volume, Water Table Fluctuation, ...2.0058

GROUND-WATER STUDIES - PILOT DRAINAGE BASIN
STUDY ...Carbonate Aquifers, Groundwater Basins, Groundwater
Movement, Land Use, Runoff, Water Cycle, 2.0418

RECHARGE OF GROUND WATER IN RIVER VALLEYS OF
EASTERN AND CENTRAL KANSAS, AND THE HIGH
PLAINS ...Artificial Recharge, Augmentation-general, Great
Plains Province, Groundwater, Groundwater Mining, Water Table
Fluctuation, ..A.0116

GROUNDWATER RECHARGE ..Applied Climatology, Forecast-
ing-prediction, Groundwater, Observation Wells, Water Table
Fluctuation, ...3.0430

GRAVITY FLOW OF WATER IN SOILS AND AQUIFERS OF
WESTERN KANSAS ...Aquifers-general, Gravitational Movement
-water, Kansas, Soil Environment, Storage of Water, 2.0502

INTENSIVE COOPERATIVE INVESTIGATIONS OF SELECTED
POTHOLES ON MISSOURI COTEAU IN DICKEY, WARD
AND STUTSMAN COUNTIES, NORTH DAKOTA ...Hydrology-
general, Potholes, Water Fowl, N.s. , Water Level Fluctuation,
Water Loss-general, 6.0419

EFFECT OF FOREST TYPES AND CONDITIONS ON WATER
MOVEMENT AND GROUND WATER RECHARGE ...Forest
Watersheds, Groundwater Movement, Infiltration, Land Use, Ru-
noff, Water Cycle, ...3.0301

EFFECTS OF VARIOUS FOREST TYPES AND STAND TREAT-
MENTS ON GROUNDWATER RECHARGE AND STREAM-
BANK EROSION IN AREAS OF DEEP GLACIAL DRIFT ...Ero-
sion Control, Erosion-general, Forest Watersheds, Open Channel,
Stream Banks, .,.5.0573

SUBSURFACE AND GROUND WATER ACCRETION, DEPLE-
TION, MOVEMENT AND CONTRIBUTION TO STREAM-
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FLOW ...Agricultural Watersheds, Aquifers - general, Baseflow,
Groundwater Movement, Mississippi, ...2.0336

AQUIFER AND SUBSURFACE RELATIONSHIPS IN THE
HYDROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS .Aquifers-general, Baseflow, Forevasting-predic-
tion, Groundwater Movement, Streams, Technique Development,
Water Yield, 3.0394

GROUND WATER IN RELATION TO USE AND MANAGE..
MENT OF RANGELAND WATERSHEDS IN 'ME
SOUTHWEST ...Agricultural Watersheds, Groundwater, Projw,.-
tions and Estimations, Runoff, Southwest, ...3.0007

NATURAL RECHARGE OF GROUND WA'T'ER IN CENTRAL
AND SOUTHERN CALIFORNIA Infiltration, Rain-general, Ru-
noff, 10063

METHODS FOR WATER QUALITY IMPROVEMENT AND ITS
STORAGE UNDERGROUND ...Computers - general, Denitrifica-
tion, Groundwater Basins, Management, Percolation, Un-
derground Waste Disposal, Waste Water Treatment-general,
_4.0005

Recharge -general
CORRELATION OF SOIL SURFACE AND RAINFALL-RUNOFF-

MOISTURE RELATIONSHIPS ON AGRICULTURAL
WATERSHEDS ON COASTAL PLAINS SOILS (ABBREV)
...Antecedent Moisture, Runoff, Small Watersheds, Soil Environ-
ment, Water Yield, ..2.0002

OPTIMIZATION OF WELLS AND RECHARGE FACILITIES IN
CONJUNCTIVE USE OF GROUNDWATER RESERVOIRS
,..Conjunctive Use, Groundwater Basins, Optimization, Pumping,
Water Wells, ..6.0054

UTILIZATION OF THE STORAGE POTENTIAL OF RIVER
VALLEY AQUIFERS (ABBREV) ...Nebraska, River Basins,
Storage of Water, Valley, Buried, Water Quality-general, ...4.0162

GROUNDWATER SURFACE WATER INTEGRATION STUDY
IN THE GRAND PRAIRIE REGION OF ARKANSAS ...Arkan-
sas, Available Water, Conjunctive Use, Groundwater, Water De-
mand, 4,0020

URANIUM AND HYDROGEN RADIONUCLIDES AS NATURAL
TRACERS IN THE FLORIDAN AQUIFER ...Aquifers - general,
Florida, Quaternary Period, Radioisotopes, Tritium, Uranium,
...2.P326

BACTERIAL ADSORPTION ON SOILS Bacterial Pollutant
Sources, Pollutants - Path of , Self-purification, Soil Chemical
Properties, Temperature, 5.1190

EVALUATION OF SOIL MOISTURE RECHARGE ...Drainage,
Evapotranspirinjon, Moisture Content, Water Table - Depth of ,
Water Table Fluctuation, 3.0344

WATER YIELDS FROM SHALLOW GROUND AQUIFERS
...Aquifers- general, Irrigation-general, Permeability, Water Yield,
...4.0214

FLOW THROUGH ANISOTROPIC LAYERED MEDIA ...Finite
Differences, Matrix Methods, Permeability, Porous Media - Flow
Through, Seepage, ...2.0355

RADIOCARBON AS A TRACER IN GROUND WATER
PROBLEMS ...Aquifers-general, Groundwater Movement,
Laminar Flow, Permeability, Radioisotopes, 2.0056

HYDROLOGY OF CONSOLIDATED ROCK AQUIFERS NEAR
PENNINGTON, NEW JERSEY ...Aquifers-general, Circulation -
watcr, New Jersey, Permeability, Reservoirs and Impoundments,
2.0767

AQUIFER-STREAMFLOW INTERRELATIONSHIPS IN UP-
STREAM AGRICULTURAL WATERSHEDS OF THE PACIFIC
NORTHWEST ...Agricultural Watersheds, Aquifers-general, Flow
Characteristics -water, Permeability, Structure, Subsurface Flow,
...3.0201

SOIL MOISTURE R 7:GIMES OF AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Internal Water Movement, Land Use,
Moisture Levels, Soil Physical Properties, 2.0869

GROUND WATER RECHARGE AND MANAGEMENT IN
CALIFORNIA -.Groundwater, Groundwater Basins, Percolation,
Soil Environment, Storage of Water, 4.0033

Recharge Pits - Wells
ANALYSIS OF RECHARGE BASINS ...Artificial Recharge,

Drainage, New York, Runoff, ...2.0777
INVESTIGATIONS ON THE SUBSURFACE DISPOSAL OF

WASTE EFFLUENTS AT INLAND SITES ...Artificial Recharge,
Dyes, Groundwater Movement, Pollutants - Path of , Un-
derground Waste Disposal, 3.0022
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DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Aquifers-
general, Artificial Recharge, Filtration, Technique Development,
Turbidity, .4.0247

STORAGE OF FRESH WATER IN UNDERGROUND RESER-
VOIRS CONTAINING SALINE WATER ...Artificial Recharge,
Flow Characteristics -water, Mixing, Model Studie, Storage of
Water, 4.0115

THE USE OF GRAVITY SHAFTS FOR GROUND WATER
RECHARGE, PHASE I OF A TWO PHASE STUDY Deposits,
Economic Efficiency, Turbidity, Unconsolidated Aquifers,
4.0189

(;ROUND WATER RECHARGE THROUGH PITS AND WELLS
Aquifers-general, Artificial Recharge, Drainage, Filtration,
Glass, ...2.0514

ADVANCED WASTE TREATMENT FOR WATER RECLAMA-
TION AND REUSES BY INJECTION Aquifers-general, Injec-
tion-wells, Secondary Treatment, Waste Water Treatment-general,
Water Reusi.:, 5.0778

PIT METHOD OF ARTIFICIAL GROUND-WATER RECHARGE
Aquifers-general, Artificial Recharge, Illinois River, Induced In-
filtration, Permeability, 4.099

INVESTIGATION OF PERMEABILITY OF FINE GRAINED
GLACIAL SEDIMF.NTS IN RELATION TO WASTE DISPOSAL
IN ILLINOIS ...Deposits, Disposal, Permeability, Till, 2.04C9

MILL CREEK VALLEY ANALOG MODEL STUDY, OHIO
..,Analog Computers, Aquifers-general, Artificial Recharge,
Model Studies, Ohio, 4.0195

Recreation Sites
RECREATIONAL IMPACT OF FEDERAL ,4ULTI-PURPOSE,

RESERVOIRS _Highway Classification-other, Naming, Pro-
jected Demand, Rchervoirs, Reservoirs and Impoundments, Tour-
mg, Transportation Needs, .6.0219

FOOD HABITS OF LARVAL AND JUVENILE SHAD IN THE
CONNECTICUT RIVER ...Alewife,menhaden,shad,herring,
Age Ecology, Connecticut River, Food Supply, Massachusetts,
_3.0272

EFFECTS OF DEWATERING ON A TROUT POPULATION ...De-
watering, Montana, Population Dynamics, Salmon & Trout - Non-
specific, Streams, 6.0330

NORTH DAKOTA STATE COMPREHENSIVE OUTDOOR
RECREATION PLAN ...Land Use, North Dakota, Projected De-
mand, Social Aspects, Water Resources Development, _6.0409

COLORADO COMPREHENSIVE PLAN FOR OUTDOOR
RECREATION .,.Colorado, Economic Impact, Mapping, Other,
Plenning, 6.0324

A STUDY OF THE DEMAND FOR OUTDOOR RECREATION
BASED ON THE ANALYSES OF THE NATIONAL RECREA-
TION SURVEYS OF 1960 AND 1965 ...Demand Analysis, Inven-
tories, Model Studies, Survey, ...6.0350

SCORP UNIVERSITY OUTDOOR RECREATION RESEARCH
STUDY SERVICE SPECIAL PROBLEMS ...Demand Analysis,
Georgia, Urban Environments, 6.0160

SOUTH PLATTE RIVER DEVELOPMENT PLAN ,. Colorado,
Fishing, Picnicking, Recreation Activities, Riding, 2.0160

DETERMINATION OF SAFE LEVELS OF POLLUTION IN
PUERTO RICO ...Bays, Contamination - Water, Meteorological
Studies-general, Pollution - Effects of , Puerto Rico, Water Pro-
perties-general, ,..2.0937

IMPACT OF WATER BASED RECREATION ...Benefit-cost Anal-
ysis, Lakes, Ncw York, Planning, Reservoirs and Impoundments,

.6.0384
A LIMNOLOGICAL STUDY OF SPIRITWOOD, NGRTH

DAKOTA - WATER QUALITY AND SEASONAL CYCLES
...Biological-general, Chemical-general, Lakes, North Dakota,
Physical-general, ...2.0833

AN INVESTIGATION OF FACTORS AFFECTING THE INTENSI-
TY OF USE OF WATER RECREATION FACILITIES
.Economics-general, Projected Demand, Residence, Types of

Resources, 6.0260
ENHANCEMENT OF RECREATIONAL USES OF ESTUARINE

WATERS THROUGH STUDY OF POTENTIAL CONTROL
METHODS FOR STINGING SEA NETTLES ...Biological Con-
trol, Chesapeake Bay, Estuaries, Jelly Fish, Water Quality-general,
6.0256

ANALYSIS OF LITERATURE ON THE RECREATIONAL
ASPECTS OF WATER RESOURCES RESEARCH ...Manage-
ment, Planning, Survey Studies, ...6.0212

ECONOMIC IMPACT OF WATER IMPOUNDMENT - VALIDITY
TESTING OF A COMPARATIVE- PROJECTION MODEL
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.,.Economic Impact, Model Studies, Projections and Estimations,
Reservoirs and Impoundments, Texas, 6.0554

RECREATION VALUE OF WATER FOR THE PRODUCTION
OF WATERFOWL ..Benefit-cost Analysis, Utah, Water Fowl,

N.s. , Wetlands,
PUBI.IC INVESTMENT CRITERIA FOR WATER-ORIENTED

RECREATION IN THE LAKE ERIE BASIN _Alternative
Planning, Costs, Finance, Fiscal, Pollution Abatement, Projected
Demand, ...6.0428

ESTIMATION OF RECREATIONAL BENEFITS AT SOME EX-
ISTING WATER DEVELOPMENT SITES IN CALIFORNIA
.California, Projected Demand, Recreation Types -non-specific,
Welfare Economics, _6.0081

STREAM POLLUTION AND RECREATION ..,Consumption, Pol-

lution - ErEcts of Social Aspects, Water Standards, Welfare

Economics. 6.0473
WATER QUALITY REQUIREMENTS IN ALASKA CAMP-

GROUNDS WITH PROJECTIONS OF RECREATION DE-
MANDS AND BENEFIT/COST ANALYSIS FOR SITE SELEC-
TION ...Alaska, Benefit-cost Analysis, Types of Resources, Water
Quality-general, ...6.0007

WATER QUALITY CRITERIA FOR SELECTED RECREATION
USES .,,Illinois, Mathematical Analysis, Pollution-water, User

Characteristics -other, Water Quality-general, ...5.0381

THE DEMAND FOR WATER BASED RECREATION IN
SOUTHWEST PUERTO RICO ...Demand Analysis, Frequency of
Use, Puerto Rico, Survey, 6.0483

WATER AND RECREATION USE, BLACKFOOT RIVER
DRAINAGE, WESTERN MONTANA ...Frequency of Use, Mon-
tana, Residence, User Patterns, 6.0332

AN ECOLOGICAL AND RECREATIONAL USE SURVEY OF A
SMALL MISSISSIPPI RIVER JUST BEFORE CHANNELIZA-
TION ...Channels, Frequency of Use, Mississippi, Streams,

...6.0315
DIATOM POPULATIONS CHANGES IN LAKE GEORGE ...Al-

gae- Diatoms, Eutrophication, New York, Plankton Sampling,

Plant Succession, _2.0816
SOCIAL CHANGE IN A WATER RESOURCE DEVELOPMENT

AREA - SOCIAL ASPECTS OF THE CONSTRUCTION PHASE
OF LIBBY DAM Attitudes & Attitude Change, Construction
Sites, Reservoirs and Impoundments, Social Aspects, Social

Change, User Patterns, ...6.0329

INTERACTIONS OF URBAN ACTIVITY AND THE
HYDROLOGICAL CYCLE ...Architecture and Design, Benefit-
cost Analysis, Land Use, Value, Land Planning, Pollution Abate-

ment, Urban Environments, ...4.0135
MICROBIOLOGICAL STUDIES IN AN OPEN AND A CLOSED

WATERSHED ...Bacterial Pollutant Sources, Coliforms (non-
specific), Montana, Streptococcus Fecalis, Watersheds-general,
_5.0696

PLANNING ANALYSIS FOR THE NON-MARKET VALUES OF
WATER RESOURCES WITH PARTICULAR EMPHASIS ON
RECREATION Lakes, Model Studies, New York, Projected De-

mand, ...6.0391
CHANGES IN WATER ENVIRONMENT RESULTING FROM

AQUATIC PLANT CONTROL ...Lakes, of Aquatic Plants, Physi-
cal Control, Plant Pollutants, ...5.1301

DEVELOPMENT OF A SYSTEM OF DETERMINING THE
CAPACITY OF WATER RESOURCES TO SUPPORT VARI-
OUS TYPES AND COMBINATIONS OF RECREATION USE
...Forecasting-prediction, North Carolina, ...6.0406

EFFECTS OF WATER POLLUTION IN SAN FRANCISCO BAY
...Bays, Economic Impact, Pollution - Effects of , San Francisco

Bay, Social Aspects, Water Utilization -domestic, Welfare

Economics, ...5.0125
AN ECONOMIC STUDY OF THE DEMAND FOR OUTDOOR

RECREATION ...Arid and Desert, Methods, Projected Demand,
Reservoirs and Impoundments, Standards, ...6.0014

THE USE OF AERIAL PHOTOGRAPHS TO EVALUATE THE
RECREATIONAL RESOURCES OF A RIVER ...Connecticut
River, Land Use, Methods, Photogrammetry, Streams, 6.0285

ECOLOGY AND MANAGEMENT OF BOUNDARY WATERS
CANOE AREA CAMPSITES ..Frequency of Use, Inventories,
Loss and Damages, Management, Minnesota, ...6.0309

WILDLAND RECREATIONAL MANAGEMENT ...Production &
Processing, Projected Demand, Wilderness, ...60474

AN ECONOMIC ANALYSIS OF THE DEMAND FOR LAND
AND/OR WATER-BASED OUTDOOR RECREATION IN

TEXAS ...Land Use, Projected Demand, Texas, ...6.0556

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE

...Administrative Structures, Economic Impact, Impact, Model
Studies, Policy Making, Social Aspects, Water Rights-general,
..6.0646

STUDY SOCIAL VALUE OF RECREATIONAL FACILITIES
RESULTING FROM IMPROVED WATER QUALITY
...Frequency of Use, Pollution Abatement, Projected Demand,
Survey, Types of Resources, 7.0092

TIRIE PREDICTION OF WATER QUALITY ASPECTS OF THE
WENATCHEE RIVER ...Electric Power Plants, Heat Flow,
Streams, Thermal Pollution, Washington, _5.1234

DEMAND FOR AND AVAILABILITY OF LAND AND WATER
ORIENTED RECREATION FACILITIES IN MARYLAND -
ECONOMIC ANALYSIS .Demand Analysis, Forecasting-predic-
tion, Maryland, Production & Processing, Types of Resources,

_6.0259
WATER QUALITY ASPECTS OF RECREATIONAL LAKES

,..Lakes, Nitrogen, Phosphorus, Septic Tanks, Waste Water Treat-
ment-general, ...5.0469

ESTIMATION OF RECREATION WATER REQUIREMENTS -
ULTIMATE NEEDS STUDY (OREGON) ...Consumptive Use,
Oregon, Projected Demand, Water Demand, 6.0612

SCHUYLKILL RIVER SURVEY ..Floodproofing, Streams, Survey
Studies, Water Development, Water Resources Development,

2.0906
ANALYSIS OF SOCIAL AND MOTIVATIONAL CHARAC-

TERISTICS ASSOCIATED WITH SELECTED OUTDOOR
RECREATIONAL ACTIVITIES IN RHODE ISLAND ...Methods,
Rhode Island, Social Psychology-other, User Characteristics-non-
spec, ...6.0486

AN INTEGRATED RECREATION AND NATURAL AREA
PRESERVATION PLAN FOR OHIO AND MARSHALL COUN-
TIES, WEST VIRGINIA ...Camping, Fishing, Hunting, Invento-
ries, Planning, West Virginia, ...6.0634

DEVELOPING AGRICULTURAL LAND IN RECREATIONAL
USES UNDER PRIVATE OWNERSHIP OPPORTUNITIES IN A

TEXAS ECONOMIC AREA ...Agricultural Watersheds, Lakes,
Management, Social Aspects, Texas, ...0,0557

IMPACT OF RECREATIONISTS ON SELECTED SITES ...Infiltra-
tion, Irrigation-general, Recreation Areas and Parks, Soil Com-
parison, _6.0591

ECONOMIC ANALYSIS OF RECREATIONAL USE OF RESER-
VOIRS CONSTRUCTED BY PRIVATE POWER COMPANIES
...Frequency of Use, Impact, Private Enterprise, Reservoirs and
Impoundments, User Characteristics -other, ...6.0604

THE DEVELOPMENT OF METHODS USED IN EVALUATING
RECREATIONAL BENEFITS OF MULTIPLE-PURPOSE
WATER RESOURCE PROJECTS ...Benefit-cost Analysis, Con-
sumption, Demand Analysis, Methods, Multiple-purpose Projects,
Theory, _6.0534

HYDROLOGIC PARAMETERS CONTROLLING RECREA-

TIONAL USE OF' MINNESOTA RIVERS ...Minnesota,
Morphology-general, Projections and Estimations, Water Quality-
general, Wild Rivers, 6.0307

HYDROLOGY OF RIVER-BASED RECREATION ...Glacial Fea-

tures-general, Michigan, Morphology-general, Streams, Water
Quality-general, ...6.0304

ECONOMIC ANALYSIS OF RESOURCE AREAS ...Colorado,
Economic Impact, Reservoirs and Impoundments, Social Aspects,

_6.0097
SCENIC RIVERS STUDY ...Federal Government, Intergovern Rela-

tions, Wild Rivers, 3.0170
ISLAND STUDY ...Conservation-general, Inventories, Islands,

Planning, Survey Studies, ...3.0171

THE CONNECTICUT RIVER STUDY Connecticut River, Pro-
jected Demand, Recreation Areas and Parks, Recreation Types -
non- specific, 'Types of Resources, ...3.0168

Recreation- Outdoor
Demand and Use

Demand Analysis
A STUDY OF THE DEMAND FOR OUTDOOR RECREATION

BASED ON THE ANALYSES OF THE NATIONAL RECREA-
TION SURVEYS OF 1960 AND 1965 ...Inventories, Model Stu-
dies, Recreation Sites, Survey, 6.0350

SCORP UNIVERSITY OUTDOOR RECREATION RESEARCH
STUDY SERVICE SPECIAL PROBLEMS ...Georgia, Recreation
Sites, Urban Environments, 6.0160

THE DEMAND FOR WATER BASED RECREATION IN
SOUTHWEST PUERTO RICO ...Frequency of Use, Puerto Rico,
Recreation Sites, Survey, 6.0483
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SUBJECT INDEX Recreation- Outdoor
DEMAND FOR AND AVAILABILITY OF LAND AND WATER

ORIENTED RECREATION FACILITIES IN MARYLAND -
ECONOMIC ANALYSIS Forecasting-prediction, Maryland,
Production & Processing, Recreation Sites, Types of Resources,
.6.0259

THE DEVELOPMENT OF METHODS USED IN EVALUATING
RECREATIONAL BENEFITS OF MULTIPLE-PURPOSE
WATER RESOURCE PROJECTS .Benefit-cost Analysis, Con-
sumption, Methods, Multiple-purpose Projects, Recreation Sites,
Theory, 6.0534

Frequency of Use
THE DEMAND FOR WATER BASED RECREATION IN

SOUTHWEST PUERTO RICO ...Demand Analysis, Puerto Rico,
Recreation Sites, Survey, _6.0483

WATER AND RECREATION USE, 131.ACKFOOT RIVER
DRAINAGE, WESTERN MONTANA .Montana, Recreation
Sites, Residence, User Patterns, _6.0332

AN ECOLOGICAL AND RECREATIONAL USE SURVEY OF A
SMALL MISSISSIPPI RIVER JUST BEFORE CHANNELIZA-
TION .Channels, Mississippi. Recreation Sites, Streams, ...6.0315

WATERFOWL POPULATIONS AND RECREATIONAL USE
PATTERNS IN THE PROPOSED SAYLORVILLE RESERVOIR
AREA AS RELATED TO PRE-IMPOUNDMENT CONDITIONS
...Access, Iowa, Population Dynamics. Pre-impoundment Sites,
User Patterns, Water Fowl, N.s. , .6.0227

ECOLOGY AND MANAGEMENT OF BOUNDARY WATERS
CANOE AREA CAMPSITES Inventories, Loss and Damages,
Management, Minnesota, Recreation Sites, _6.0309

VARIED RECREATIONAL. USES OF FOREST I.ANDS FOR
TIMBER PRODUCTION IN WESTERN WASHINGTON
...Forests, Land, Price & Value, Recreation Areas and Parks,
Washington, ..6.0621

STUDY SOCIAL. VALUE OF RECREATIONAL FACILITIES
RESULTING FROM IMPROVED WATER QUALITY Pollu-
tion Abatement, Projected Demand, Recreation Sites, Survey,
Types of Resources, ,..7.0092

ECONOMIC ANALYSIS OF RECREATIONAL USE OF RESER-
VOIRS CONSTRUCTED 13Y PRIVATE POWER COMPANIES
Impact, Private Enterprise, Recreation Sites, Reservoirs and Im-
poundments, User Characteristics -other, _6.0604

PLAN FORMULATION AND EVALUATION STUDIES -
RECREATION DESIGN CRITERIA AND DEMAND ...Compu-
ters-general. Costs, Planning, Projected Demand, Survey,
6.0078

Projected Demand
RECREATIONAL IMPACT OF FEDERAL MULTI-PURPOSE

RESERVOIRS .Highway Classification-other, Planning, Recrea-
tion Sites, Reservoirs. Reservoirs and Impoundments, Touring,
Transportation Needs, ...6.0219

NORTH DAKOTA STATE COMPREHENSIVE OUTDOOR
RECREATION PLAN ...Land Use, North Dakota, Recreation
Sites, Social Aspects. Water Resources Development, ...6.0409

AN INVESTIGATION OF FACTORS AFFECTING THE INTENSI-
TY OF USE OF WATER RECREATION FACILITIES
Economics-general, Recreation Sites, Residence, Types of
Resources, .6.0260

PUBLIC INVESTMENT' CRITERIA FOR WATER-ORIENTED
RECREATION IN THE LAKE ERIE BASIN ...Alternative
Planning, Costs, Finance, Fiscal, Pollution Abatement, Recreation
Sites, 6.0428

ESTIMATION OF RECREATIONAL BENEFITS AT SOME EX-
ISTING WATER DEVELOPMENT SITES IN CALIFORNIA
California, Recreation Sites, Recreation Types - non - specific.
Welfare Economics, _6.0081

PLANNING ANALYSIS FOP, THE NON-MARKET VALUES OF
WATER RESOURCES WITH PARTICULAR EMPHASIS ON
RECREATION ...Lakes. Model Studies, New York, Recreation
Sites, 6.0391

AN ECONOMIC STUDY OF THE DEMAND FOR OUTDOOR
RECREATION ...Arid and Desert, Methods, Recreation Sites,
Reservoirs and Impoundments, Standards, _6.0014

WILDLAND RECREATIONAL MANAGEMENT ...Production &
Processing, Recreation Sites, Wilderness, 6.0474

AN ECONOMIC ANALYSIS OF THE DEMAND FOR LAND
AND/OR WATER-BASED OUTDOOR RECREATION IN
TEXAS .Land Use, Recreation Sites, Texas, _6.0556

ECONOMIC EVALUATION OF PRIMARY BENEFITS FROM
FISHING AND HUNTING BASED ON THE NATIONAL SUR-
VEYS OF FISHING AND HUNTING Economies-other, Fish-
ing, Hunting, Survey, 4.0024

STUDY SOCIAL VALUE OF RECREATIONAL FACILITIES
RESULTING FROM IMPROVED WATER QUALITY
_Frequency of Use, Pollution Abatement, Recreation Sites, Sur-
vey, Types of Resources, _7.0092

ESTIMATION OF RECREATION WATER REQUIREMENTS -
ULTIMATE NEEDS STUDY (OREGON) ...Consumptive Use,
Oregon, Recreation Sites, Water Demand, 6.0612

PLAN FORMULATION AND EVALUATION STUDIES -
RECREATION DESIGN CRITERIA AND DEMAND ...Compu-
ters-general, Costs, Frequency of Use, Planning, Survey, 6.0078

THE CONNECTICUT RIVER STUDY ...Connecticut River,
Recreation Areas and Parks, Recreation Sites, Recreation Types -
non- specific, Types of Resources, 3.0168

Loss and Damages
ECOLOGY AND MANAGEMENT OF BOUNDARY WATERS

CANOE AREA CAMPSITES .Frequency of Use, Inventories,
Management, Minnesota, Recreation Sites, 6.0309

Methods
AN ECONOMIC STUDY OF THE DEMAND FOR OUTDOOR

RECREATION ...Arid and Desert, Projected Demand, Rec;cation
Sites, Reservoirs and Impoundments, Standards, 6.0014

THE USE OF AERIAL PHO1OGRAPHS TO EVALUATE THE
RECREATIONAL RESOURCES OF A RIVER _Connecticut
River, Land Use, Photogrammetry, Recreation Sites, Streams,
...6.0285

ANALYSIS OF SOCIAL AND MOTIVATIONAL CHARAC-
TERISTICS ASSOCIATED WITH SELECTED OUTDOOR
RECREATIONAL ACTIVITIES IN RHODE ISLAND ...Recrea-
tion Sites, Rhode Island, Social Psychology-other, User Charac-
teristics-non-spec, 6.0486

THE DEVELOPMENT OF METHODS USED IN EVALUATING
RECREATIONAL BENEFITS OF MULTIPLE-PURPOSE
WATER RESOURCE PROJECTS ...Benefit -cost Analysis, Con-
sumption, Demand Analysis, Multiple-purpose Projects, Recrea-
tion Sites, Theory, 6.0534

COLLECTION AND APPLICATION OF INFORMATION ON
THE USE OF FOREST RECREATION FACILITIES AND RE-
LATED RESOURCES ...Access, Recreation Areas and Parks,
Southeast, Standards, Types of Resources. ,,,6,0399

Recreation Activities
SOUTH PLATTE RIVER DEVELOPMENT PLAN ...Colorado,

Fishing, Picnicking, Recreation Sites, Riding, _2.0160

Camping
AN INTEGRATED RECREATION AND NATURAL AREA

PRESERVATION PLAN FOR OHIO AND MARSHALL COUN-
TIES, WEST VIRGINIA ...Fishing, Hunting, Inventories,
Planning, Recreation Sites, West Virginia, 6.0634

Fishing
SOME ASPECTS OF THE MARINE SPORT FISHERY OF MAS-

SACHUSETTS WITH SPECIAL EMPHASIS ON SURVEY
DESIGN AND BASIC ECONOMIC ATTRIBUTES ...Censuring,
Massachusetts, Survey, ...7.0054

SPRING POND ECOLOGY AND MANAGEMENT _Habitat Stu-
dies, Management, Ponds, Productivity (agricultural), Salmon &
Trout - Non-specific, ...3.0488

SOUTH PLATTE RIVER DEVELOPMENT PLAN ...Colorado,
Picnicking, Recreation Activities, Recreation Sites, Riding,
...2.0160

ECONOMIC EVALUATION OF PRIMARY BENEFITS FROM
FISHING AND HUNTING BASED ON THE NATIONAL SUR-
VEYS OF FISHING AND HUNTING ...Economics-other, Hunt-
ing, Projected Demand, Survey, .,.4.0024

ECOLOGY OF RECREATIONALLY IMPORTANT ESTUARINE
FISHES IN OREGON .Aquatic Ecology, Environmental Ecolo-
gy, Estuaries, Migration, Oregon, Population Dynamics, ..6.0458

AN INTEGRATED RECREATION AND NATURAL AREA
PRESERVATION PLAN FOR OHIO AND MARSHALL COUN-
TIES, WEST VIRGINIA ...Camping, Hunting, Inventories,
Planning, Recreation Sites, West Virginia, 6.0634

INVENTORY OF THE GULF ESTUARY SYSTEM ...Bays, Data
Acquisition-general, Estuaries, Gulf of Mexico, Sedimentology-
general, ...2.0322

COOPERATIVE AGREEMENT FOR BEAVER RESERVOIR
CREEL CENSUS STUDY ... Censuring, Fish -non-specific,
Number Or Density, Reservoirs and Impoundments, Weight,
4.0015
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Recreation- Outdoor

Hunting
ECONOMIC EVALUATION OF PRIMARY BENEFITS FROM

FISHING AND HUNTING BASED ON THE NATIONAL SUR-

VEYS OF FISHING AND HUNTING ...Economics - other, Fish-

ing, Projected Demand, Survey, ...4.0024

AN INTEGRATED RECREATION AND NATURAL AREA

PRESERVATION PLAN FOR OHIO AND MARSHALL COUN-

TIES, WEST VIRGINIA .Camping, Fishing, Inventories,

Planning, Recreation Sites, West Virginia, ..6.0634

Picnicking
SOUTH PLATTE RIVER DEVELOPMENT PLAN ...Colorado,

Fishing, Recreation Activities, Recreation Sites, Riding, ...2.0160

Riding
SOUTH PLATTE RIVER DEVELOPMENT PLAN .,.Colorado,

Fishing, Picnicking, Recreation Activities, Recreation Sites,

2.0160
Touring

RECREATIONAL IMPACT OF FEDERAL MULTI-PURPOSE
RESERVOIRS ...Highway Classification-other, Planning, Pro-

jected Demand, Recreation Sites, Reservoirs, Reservoirs and Im-

poundments, Transportation Needs, .6.0219

SUBJECT INDEX

Resources
Access

WATERFOWL POPULATIONS AND RECREATIONAL USE

PATTERNS IN THE PROPGSED SAYLORVILLE RESERVOIR
AREA AS RELATED TO PRE-IMPOUNDMENT CONDITIONS
Frequency of Use, Iowa, Population Dynamics, Pre-impound-
ment Sites, User Patterns, Water Fowl, N.s. , 6.0227

COLLECTION AND APPLICATION OF INFORMATION ON
THE USE OF FOREST RECREATION FACILITIES AND RE-

LATED RESOURCES Methods, Recreation Areas and Parks,
Southeast, Standards, Types of Resources, ...6.0399

Inventories
A STUDY OF THE DEMAND FOR OUTDOOR RECREATION

BASED ON THE ANALYSES OF THE NATIONAL RECREA-

TION SURVEYS OF 1960 AND 1965 ...Demand Analysis, Model

Studies, Recreation Sites, Survey, ...6.0350

ECOLOGY AND MANAGEMENT OF BOUNDARY WATERS
CANOE AREA CAMPSITES ...Frequency of Use, Loss and
Damages, Management, Minnesota, Recreation Sites, ...6.0309

ANALYSIS OF PUBLIC INVESTMENTS IN NATURAL
RESOURCES WITHIN MINNESOTA ...Economics-general, Min-

nesota, ..2.0669
AN INTEGRATED RECREATION AND NATURAL AREA

PRESERVATION PLAN FOR OHIO AND MARSHALL COUN-
TIES, WEST VIRGINIA Camping, Fishing, Hunting, Planning,

Recreation Sites, West Virginia, 6.0634
ISLAND STUDY ..Conservation- general, Islands, Planning, Recrea-

tion Sites, Survey Studies, 3.0171

Types of Resources
AN INVESTIGATION OF FACTORS AFFECTING THE INTENSI-

TY OF USE OF WATER RECREATION FACILITIES

Economies-general, Projected Demand, Recreation Sites, Re-

sidence, ...6.0260
WATER QUALITY REQUIREMENTS IN ALASKA CAMP-

GROUNDS WITH PROJECTIONS OF RECREATION DE-

MANDS AND BENEFIT/COST ANALYSIS FOR SITE SELEC-

TION ...Alaska, Benefit-cost Analysis, Recreation Sites, Water
Quality-general. ...6.0007

THE MANAGEMENT AND CONTROL OF WATER IN PUERTO

RICO ...Control and Protection, Data Analysis - General,

Management, Puerto Rico, Water Quality-general, Water Supply-

general, ...6.0480
RURAL LAND USAGE ...Agriculture, Land, Land Use, Land Use -

non- specific, Rural Areas, Social Aspects, 6.0471

ALTERNATIVE DEVELOPMENT PATTERNS, PLANS, CON-
'mots AND IMPACT ASSOCIATED WITH NEW RESER-

VOIRS ...Administrative Structures, Alternative Planning, Op-

timization, Reservoirs and Impoundments. Texas, 6.0561

STUDY SOCIAL VALUE OF RECREATIONAL FACILITIES

RESULTING FROM IMPROVED WATER QUALITY

...Frequency of Use, Pollution Abatement, Projected Demand,
Recreation Sites, Survey, 7,0092

DEMAND FOR AND AVAILABILITY OF LAND AND WATER

ORIENTED RECREATION FACILITIES IN MARYLAND -
ECONOMIC ANALYSIS .,.Demand Analysis, Foreeasting-predic-

tion, Maryland, Production & Processing, Recreation Sites,

.,.6.0259
'I'HE CONNECTICUT RIVER STUDY ...Connecticut River, Pro-

jected Demand, Recreation Areas and Parks, Recreation Sites,

Recreation Types -non-specific, ...3.0168

COLLECTION AND APPLICATION OF INFORMATION ON
THE USE OF FOREST RECREATION FACILITIES AND RE-

LATED RESOURCES ...Access, Methods, Recreation Areas and

Parks, Southeast, Standards, ...6.03()9

Standards
AN ECONOMIC STUDY OF THE DEMAND FOR OUTDOOR

RECREATION ...Arid and Desert, Methods, Projected Demand,
Recreation Sites, Reservoirs and Impoundments, _6.0014

COLLECTION AND APPLICATION OF INFORMATION ON
THE USE OF FOREST RECREATION FACILITIES AND RE-

LATED RESOURCES ...Access, Methods, Recreation Areas and

Parks, Southeast, Types of Resources, _6.0399

Survey
SOME ASPECTS OF THE MARINE SPORT FISHERY OF MAS-

SACHUSETTS WITH SPECIAL EMPHASIS ON SURVEY
DESIGN AND BASIC ECONOMIC ATTRIBUTES ...Censusing,
Fishing, Massachusetts, 7.0054

A STUDY OF THE DEMAND FOR OUTDOOR RECREATION

BASED ON THE ANALYSES OF THE NATIONAL RECREA-
'T'ION SURVEYS OF 1960 AND 1965 ...Demand Analysis, Inven-
tories, Model Studies, Recreation Sites, ...6.0350

THE DEMAND FOR WATER BASED RECREATION IN

SOUTHWEST PUERTO RICO ...Demand Analysis, Ficquency of
Use, Puerto Rico, Recreation Sit., _6.0483

ECONOMIC EVALUATION 01. PRIMARY BENEFITS FRONT
FISHING AND HUNTING BASED ON THE NATIONAL SUR-

VEYS OF FISHING AND HUNTING ...Economics-other, Fish-
ing, Hunting, Projected Demand, ...4.0024

STUDY SOCIAL VALUE OF RECREATIONAL FACILITIES
RESULTING FROM IMPROVED WATER QUALITY
...Frequency of Use, Pollution Abatement, Projected Demand,
Recreation Sites, Types of Resources, ...7.0092

PLAN FORMULATION AND 'EVALUATION STUDIES -

RECREATION DESIGN CRITERIA AND DEMAND ...Compu-
ters-general, Costs, Frequency of Use, Planning, Projected De-

mand, ...6.0078

Types of Recreation
Private Enterprise

ECONOMIC ANALYSIS OF RECREATIONAL USE OF RESER-

VOIRS CONSTRUCTED BY PRIVATE POWER COMPANIES
...Frequency of Use, Impact, Recreation Sites, Ralrvoirs and Im-
poundments, User Characteristics -other, ...6.0604

Recreation Types -non-specific
ESTIMATION OF RECREATIONAL BENEFITS AT SOME EX-

ISTING WATER DEVELOPMENT SITES IN CALIFORNIA
, Projected Demand, Recreation Sites, Welfare

Economies, ...6.0081
l'HE CONNECTICUT RIVER STUDY ...Connecticut River, Pro-

jected Demand, Recreation Areas and Parks, Recreation Sites,

Types of Resources, ...3.0168

Wilderness
WILDLAND RECREATIONAL MANAGEMENT Production &

Processing, Projected Demand, Recreation Sites, _6.0474

User Characteristics
Residence

AN INVESTIGATION OF FACTORS AFFECTING THE INTENSI-
TY OF USE OF WATER RECREATION FACILITIES
...Economics-general, Projected Demand, Recreation Sites, Types

of Resources, _6.0260
WATER AND RECREATION USE, BLACKFOOT RIVER

DRAINAGE, WESTERN MONTANA ...Frequency of Use, Mon-
tana, Recreation Sites, User Patterns, ..6.0332

User Characteristics -other
WATER QUALITY CRITERIA FOR SELECTED RECREATION

USES Illinois, Mathematical Analysis, Pollution-water, Recrea-
tion Sites, Water Quality-general, ..,5.0381

ECONOMIC ANALYSIS OF RECREATIONAL USE OF RESER-

VOIRS CONSTRUCTED BY PRIVATE POWER COMPANIES
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SUBJECT INDEX Regional Areas

...Frequency of Use, Impact, Private Enterprise, Recreation Sites,
Reservoirs and Impoundments, ...6.0604

User Characteristics-non-spec.
ANALYSIS OF SOCIAL AND MOTIVATIONAL CHARAC-

TERISTICS ASSOCIATED WITH SELECTED OUTDOOR
RECREATIONAL ACTIVITIES IN RHODE ISLAND ...Methods,
Recreation Sites, Rhode Island, Social Psychology-other, 6.0486

User Patterns
WATER AND RECREATION USE, BLACKFOOT RIVER

DRAINAGE, WESTERN MONTANA ...Frequency of Use, Mon-
tana, Recreation Sites, Residence, ...6.0332

SOCIAL CHANGE IN A WATER RESOURCE DEVELOPMENT
AREA - SOCIAL ASPECTS OF THE CONSTRUCTION PHASE
OF LIBBY DAM ...Attitudes & Attitude Change, Construction
Sites, Recreation Sites, Reservoirs and Impoundments, Social
Aspects, Social Change, 6.0329

WATERFOWL POPULATIONS AND RECREATIONAL USE
PATTERNS IN THE PROPOSED SAYLORVILLE RESERVOIR
AREA AS kELATED TO PRE-IMPOUNDMENT CONDITIONS
...Access, Frequency of Use, Iowa, Population Dynamics, Pre-im-
poundment Sites, Water Fowl, N.s. , 6.0227

Refractometry
INTERNAL WATER STATUS OF PLANTS -.Dielectric Parame-

ters, Instrumental Services, Plant Water Use-other, Technique
Development, Translocation, 2.0722

Regeneration
Chemical

POWDERED CARBON TREATMENT OF WASTEWATER -.Ac-
tivated, Fluidized Bed, Microwave, Polyelectrolytes, Waste Treat-
ment-economics, ...5.0857

Regeneration-other
MULTICOMPONENT FIXED-BED ION EXCHANGE IN THE

TREATMENT OF SALINE WATER ...Desalination, Ion
Exchange-other, Phase Relationship, Reaction-general, 3.0082

MINERAL RECOVERY FROM CONCENTRATED BRINES
-.Brines, Chloride, Desalination, Great Salt Lake, Magnesium,
Potassium, -.5.1198

ELECTROLYTIC REGENERATION OF ION EXCHANGE
RESINS -.Brackish Water, Desalination, Ion Exchange-other,
Pilot Plant, ...3.0327

RECOVERY OF METAL SALTS FROM CONCENTRATED
BRINES BY CHELATION CONTRACT NO. 14-01-0001-I692
Chelating Agents, Cost Analysis, Ion Exchange-other, Material
Recovery, Potable, ...5.0142

ELECTROCHEMICAL DEMINERALIZATION OF BRACKISH
WATER ...Demineralization, Desalination, Electrochemistry-
other, Electrode, Ion Exchange-other, 3.0039

HYDROFORMING REVERSE OSMOSIS MEMBRANES AND A
DESALTING MODULE BASED ON THE HYDROFORMING
PROCESS -.Desalination, Membranes-other, Natural Occurring,
Reverse Osmosis, ...3.0268

REVERSE OSMOSIS MEMBRANE REGENERATION ...Cog
Analysis, Membranes-other, Reverse Osmosis, 3.0054

AN EXPERIMENTAL INVESTIGATION OF CELLULOSE
ACETATE MEMBRANE REGENERATION ...Cellulose Acetate,
Fluid Flow-other, Other, Surface-other, ...3.0324

CONTINUOUS COUNTERCURRENT EXCHANGE SYSTEM
FOR REMOVAL OF CALCIUM, MAGNESIUM AND DIS-
SOLVED OXYGEN FROM FEED WATER -.Desalination,
Evaporation, Ion Exchange-other, Other, Precipitation, ...3.0437

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
GRANULAR ACTIVATED CARBON ...Activated Carbon,
Chemical Oxygen Demand, Flow Regulations, Organic Wastes,
Waste Treatment-economics, 5.0133

BIOLOGICAL REMOVAL OF THE NITRATE ION ON BEDS OF
ACTIVATED CARBON OR SAN ...Activated Carbon, Denitriti-
cation, Microbial-bacterial, Packed Bed, Sand, 5.0132

TREATMENT RECOVERY, AND REUSE 01 COPPER WIRE
MILL PICKLING WASTES ...Copper, Electrochemistry-other,
Electrolytic Processes, Material Recovery Wastes, Metal Pickling
Wastes, ...5.0722

A COLOR REMOVAL AND FIBROUS SLUDGE DISPOSAL
PROCESS FOR THE KRAFT PAPER INDUSTRY ...Color,

Disposal, Lime Treatment, Pulp and Paper Wastes, Waste Treat-
ment-economics, ...5.0455

SULFIDE TREATMENT OF ACID MINE DRAINAGE ...Acid
Mine Wastes, Mining Activities, Sludge-general, Sulfide, Waste
Treatment-economics, ...5.1004

ALUMINA COLUMNS FOR THE SELECTIVE REMOVAL OF
PHOSPHORUS FROM WASTEWATERS AND THE ULTI-
MATE DISPOSAL OF PHOSPHORUS AS CALCIUM
PHOSPHATE ...Aluminum, Material Recovery Wastes,
Phosphate, Phosphite, Process Design, Selective - removal,
...5.1243

HETEROGENEOUS OXIDATION OF POLLUTANTS IN WATER
...Chemical Treatment-other, Element, Heterogeneous Catalysis,
Organic Matter, Oxidants, ...5.0789

DISSOLVED INORGANIC REMOVAL--SELECTIVE ION AND
ORGANIC REMOVAL 13Y ION EXCHANGE RESINS ...Ac-
tivated Carbon, Demineralization, Ion Exchange-other, Pollutant-
other, Waste Treatment-economics, 5.0849

EXPLORATORY STUDIES Ora SIMPLIFYING DISPOSAL OF
FOOD PROCESSING WASTES ...Activated Carbon, Canning
Wastes, Electrodialysis, ion Exchange-other, Other, Reverse Os-
mosis, -.5.0057

Thermal
USE OF GRANULAR ACTIVATED CARBON IN TREATMENT

OF WASTE WATERS ...Activated Carbon, Carbon, Organics, Ul-
traviolet, ...5.0856
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Regional Areas
THE DEVELOPMENT OF WATER RESOURCES IN CALIFOR-

NIA IN RELATIONSHIP TO PLANS AND PROGRAMS FOR
WESTERN REGIONAL WATER DEVELOPMENT ...California,
Planning, Social Aspects, Water Resources Development. Water
Transfer, _6.0063

MODEL WATER USE ACT FOR THE STATE OF FLORIDA
WITH COMMENTS -Administrative Structures, Legal Review,
Riparian Rights, State 'Government, Water Allocation, ...6.0151

INSTITUTIONAL DESIGN FOR WATER QUALITY MANAGE-
MENT - A CASE STUDY OF THE WISCONSIN RIVER BASIN
...Administrative Structures, Alternative Planning, Economics-
general, Water Law-general, Water Quality-general, _5.1306

INSTITUTIONAL PATTERNS FOR EVOLVING REGIONAL
PROGRAMS FOR WATER RESOURCE MANAGEMENT ...Ad-
ministrative Structures, Conflicts, Planning, Water Resources
Development, ...6.0284

A METHODOLOGY FOR PLANNING OPTIMAL REGIONAL
WASTE MANAGEMENT SYSTEMS ...Effluents -waste Water.
Management, Model Studies, Optimization, Waste Water Treat-
ment-general, 6.0280

A GENERALIZED, PROBABILISTIC APPROACH TO RE-
GIONAL WATER SUPPLY ASSESSMENT ...Available Water,
Confidence Intervals, Model Studies, Patterns, Runoff', -.6.0059

ECONOMIC EVALUATION OF WATER, A DYNAMIC INTER-
REGIONAL INPUT-OUTPUT PROGRAMMING MODEL OF
CALIFORNIA AND THE WESTERN STATES WATER
ECONOMY ...Economics, Economics-general, Input - Output
Analysis, Model Studies, ...6.0045

ECONOMICS OF WATER QUALITY FOR A REGIONAL
SYSTEM ...Delaware River, Economic Efficiency, Estuaries,
Finance, Water Demand, Water Quality-general, ...6.0465

A MATHEMATICAL MODEL FOR REGIONAL TREATMENT
OF WATER POLLUTION SYSTEMS ...Estuaries, Mathematical
Analysis, Public Utilities, Public Works, Sewerage Systems-other,
Value Analysis, 5.0114

SYSTEMS METHODOLOGY FOR WATER-RESOURCE
PLANNING IN A REGIONAL DEVELOPMENT CONTEXT
...Economics-general, Mathematical Analysis, Social Aspects,
Systems Analysis, Water Resources Development, ..,6.0288

A REGIONAL STUDY OF THE CHANGING OCCUPANCY AND
DEVELOPMENT OF AN ALLUVIAL LOWLAND ..Alluvial
Deposits, Land Use, Management, Mississippi, Model Studies,
...7.0031

SOUTHERN ILLINOIS REGIONAL ECONOMIC DATA SYSTEM
...Data Networks, Economics-general, Illinois, Impact, Industrial-
general, ...7.0030

PROJECTING THE DEMAND FOR AND SUPPLY OF WATER
..Model Studies, Projections and Estimations, River Basins, Water

'Demand, Water Quality Control-general, Water Supply-general,
_6.0357



Regional Areas SUBJECT INDEX

FLOODS IN THE WAIAHOLE-WAIKANE AREA, OAHU,
HAWAII Floodproofing, Floods, Hawaii, Mapping, Peak Flow,

4.0085
ROLE OF WATER IN THE PATTERN OF REGIONAL

ECONOMIC DEVELOPMENT Economics-general, Income,

Location, New England Province, Water Resources Development,

6.0602

Regional United States

Appalachia
HYDROLOGIC INFLUENCES OF STRIP MINING, BEAVER

CREEK, KENTUCKY ...Coal-general, Hydrology-general, Mining
Activities, Pollution - Effects of , Strip Mines, 5.0890

QUANTITY, QUALITY, AND TIMING; OF WATER YIELDS iN
THE SOUTHERN APPALACHIANS-PIEDMONT ...Evapotrans-
piration, Forest Watersheds, Heat Budget, Piedmont Province,
Water Yield, ...3.0374

Central
AN APPRAISAL OF FLOOD REGULATIONS IN THE STATES

OF ILLINOIS, INDIANA, IOWA, MISSOURI AND OHIO ...Al-

ternative Planning, Floodplains, Floodproofing, Management,

Water Rights-other, ...6,0209

Eastern
FASIC RESEARCH IN GEOMORPHOLOGY AND HYDROLOGY

...Control Factors-general, Discharge-general, Meanders, Outwash
Plains, Wisconsin, ...2.0272

WATERSHED CORRELATION AND SYNTHESIS ...Row Charac-

teristics -water, Forest Watersheds, Land Use, Management,

Water Yield, 3.0420
LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-

propriation, International, Interstate, Legal' Review, Water Rights-

general, 6.0130
LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ..,Adminis-

trative Structures, Contracts-permits, Legal Review, Water Law-
general, Water Rights-general, 6.0131

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST ...Ap-
propriation, Contracts-permits, Eminent Domain, Legal Review,
_6,0132

CIRCULATION ON THE CONTINENTAL SHELF Atlantic
Ocean-north, Circulation General, Continental Shelf, Water Mo-
tion Recorders, ...2.0624

North Central
ECONOMICS AND LEGAL FACTORS IN PROVIDING, USING

AND MANAGING WATER RESOURCES IN AGRICULTURE
,..Conflicts, Illinois, Interstate, Legal Review, Water Demand,

...6.0211
ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING,

AND MANAGING WATER RESOURCES IN AGRICULTURE
...Agriculture, Irrigation-general, Legal Review, Management, Op-

timization, ...6.0323
HOG AND SWAMP HYDROLOGY ...Forest Watersheds, High Or-

ganic Soils, Management, Soils and Fertilizer, Water Yield,
...3.0294

IRRIGATION TRENDS AND POTENTIALS IN THE NORTH
CENTRAL STATES ...Economic Efficiency, Irrigation-general,
Legal Review, Water Demand, Water Rights-general, ...6.0645

Northeast
A STUDY OF TECHNOLOGIES FOR REDUCING WINTER

WEATHER COSTS ...Alaska, Benefit-cost Analysis, Forecasting-

prediction, Great Lakes-general, Meteorological Extremes,

APPLICATION OF CLIMATOLOGY TO NEW JERSEY
AGRICULTURE ...Agricultural Studies -general, Climate-general,
Phenology, ...2,0762

AGRICULTURAL CLIMATOLOGY OF WEST VIRGINIA ...Ap-
pP,d Climatology, Climate, Other Water Conditions, Phenology,
...2.1142

THE IMPACT OF THE NORTHEASTERN DROUGHT ON THE
PLANNING AND PROVISION OF MUNICIPAL WATER SUP-

PLIES ...Administrative Structures, Alternative Planning,

Economic Impact, Meteorological Extremes, Water Supply-
general, 4.0136

THE RELATION OF RAIN, SNOW, AND FROZEN SOILS TO
THE HYDROLOGY OF AGRICULTURAL WATERSHEDS

...Agricultural Watersheds, Patterns,
graphic Influences, 2,0919

IRRIGATION PRACTICES AND FACTORS AFFECTING THE
WATER REQUIREMENT OF CROPS IN DIFFERENT LAND
RESOURCE AREAS OF THE NORTHEAST ...Consumptive Use,
Evapotranspiration, Irrigation-general, Requirements for Water,
Soil-water-plant Relationships, ..3,0257

DETERMINATION AND EVALUATION OF FACTORS AFFECT-
ING WATER RUNOFF AND EROSION IN IE DIFFERENT
LAND RESOURCE AREAS OF THE NORTHEAST ...Conserva-

lion, Erosion-general, Management, Runoff, Seedbed Preparation,
5.0489

Permafrost-frozen, Topo-

South Central
BEDDING AND INFILTRATION STUDIES OF SANITARY

SEWERS IN ItiE GULF COAST AREA ...Appurtenances, Infil-
tration Percolation, Layered System, Pipe-laying, 5.0461

GEOLOGIC STRUCTURE AND FRESH GROUND WATER IN
GULF COASTAL PLAIN ...Aquifers-general, Flow Charac-
teristics -water, Geologic Maps, Regional Structure, 2.0536

Southeast
METHODS FOR CONTROLLING ALLIGATORWEED AND

OTHER WEEDS IN CANALS, WA'I'ERWAYS, AND AD-
JACENT WATERS IN THE SOUTHEASTERN U. S. ...Canals,
Evaluation, Herbicides -non-specific, Integrated I3iological Con-
trol, of Aquatic Plants, ...8.0210

A METHOD OF DETERMINING AND MAPPING THE
HYDROLOGIC RESPONSE OF UNGAGED WATERSHEDS IN

THE SOUTHEAST ...Atlases-maps, Hydrology-general, Land Use,
Morphology-general, Small Watersheds, _7.0025

WATER LAW OF SOUTHEASTERN ESTUARIES ...Conflicts,
Estuaries, State Government, Water Law-general, ...6.0163

A GEOGRAPHIC ANALYSIS OF THE HYDROLOGIC
RESPONSE IN THE SOUTHEASTERN UNITED STATES ...At-
lases-maps, Drainage, Land Use, Patterns, ...2.0346

SOD AND STUBBLE MULCH PLANTING - VEGETATION CON-
TROL ...Evaporation, Management, Runoff, Soil Erosion -non-
specific, Stubble Mulching, ..2.0827

PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC
ASPECT'S OF EVAPOTRANSPIRATION ...Biophysics & Molec,

biology, Evapotranspiration, Forest Watersheds, Transpiration and
Evap, Water Yield, ...2,0953

HYDROGEOLOGY OF ARTESIAN SYSTEMS AND LIMESTONE
TERRANES Artesian Flow, Carbonate Aquifers, Clastie

Aquifers, Coastal Plain, Water Supply-general, ...2.0287

COLLECTION AND APPLICATION OF INFORMATION ON
THE USE OF FOREST RECREATION FACILITIES AND RE-
LATED RESOURCES ...Access, Methods, Recreation Areas and
Parks, Standards, Types of Resources, 6.0399

Southern
OPERATIONAL HYDROMETEOROLOGICAL DATA MANAGE-

MENT SYSTEM ...Data Processing Services, Economics-business-

management, Information Retrieval Methods, Management-
general, Other Data Analysis, Streams, System Development,

.7.0011
INTER-BASIN DIVERSION OF WATER - A TEXAS CASE

STUDY ...Canada, Economic Impact, Fiscal, Price & Value,
Water Transfer, 4.0244

THE NATURE AND PROCESSES OF RESERVOIR SEDIMENTA-
TION IN THE SOUTHERN BRANCH AND AT THE USDA
SEDIMENTATION LABORATORY ...Agricultural Watersheds,

General Deposition, Reservoirs and Impoundments, Sediment
Yield, Silting, ...2.0676

RUNOFF PRODUCTION BY UNIT SOURCE AREA FOR
AGRICULTURAL WATERSHEDS IN THE SOUTH ...Agricul-
tural Watersheds, Conservation, Land Use, Precipitation -non-
specific, Runoff, ...2.0335

IRRIGATION REQUIREMENTS, PRINCIPLES AND PRACTICES
FOR EFFICIENT USE OF WATER IN THE PACIFIC
NORTHWEST ...Evapotranspiration, Irrigation, Irrigation-general,
Management, Physical Property Effects. ,..3.0203

DRAINAGE REQUIREMENTS OF CROPS IN THE SOUTH
...Drainage, Growth Rate, Water Table - Depth of , 3.0197

DESIGN, INSTALLATION, AND MAINTENANCE OF SURFACE
AND SUBSURFACE DRAINAGE SYSTEMS WITH OR
WITHOUT LANDFORMING AND CONDITIONING ...Drainage,
Drainage Engineering, Erosion -other, Runoff, Tillage, Cropping
Systems, ...4.0081
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THE EFFECT OF BRACKISH WATER ON PLANTS AND SOIL.
IN THE SOUTH ...Brackish Water, Irrigation, Saline and Alkaline
Soils, Soil-water-plant Relationships, 3,0192

SOIL AND WATER MANAGEMENT PRACTICES FOR THE
CONTROL OR ALLEVIATION OF SALINE AND SODIC SOIL
PROBLEMS IN THE PACIFIC NORTHWEST .Irrigation-
general, Management, Permeability, Saline Properties, Soil and
Rock Leaching, 3,0205

EROSION AND RUNOFF CONTROL PRACTICES AND
SYSTEMS TO CONSERVE SOIL AND WATER RESOURCES
IN THE PACIFIC NORTHWEST ..,Conservation, Conservation-
general, Design Flow-flood, Erosion-general, Runoff, 4,0087

FUNDAMENTAL ASPECTS OF WATER EROSION IN THE
PACIFIC NORTHWEST ...Erosion - general, Infiltration, Per-
mafrost-fronn, Soil Erosion -non-specific, Synthetic Hydrology-
general, 2.0389

ECONOMICS OF IRRIGATION, DRAINAGE AND RELATED
PROBLEMS IN THE NORTHWEST ...Benefit-cost Analysis,
Drainage, Irrigation-general, Water Quality Control-general, Wel-
fare Economics, 6.0601

FREQUENCY DISTRIBUTION OF CHEMICAL POLLUTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT Food,
Organophosphorous Cpds. , Oysters, Pollution - Effects of , Tox-
icological and Allergy, 5.0021

Southwest
PROBABLE MAXIMUM PRECIPITATION FOR SOUTHWEST

STATES ...Amount, Design Flow-flood, Floods, Patterns, Snow-
melt, Weather Forecasting, .2.0597

AQUATIC PLANTS OF POLLUTED WATERS IN S. W. UNITED
STATES .,,Aquatic Plants (non-specific), Habitat Studies, Plant
Pollutants, Pollution Sources-general, Tables, Compilations,
Catalogs, 5.1184

LIMNOLOGICAL EFFECTS OF ORGANIC WATUSHED
LITTER ...Flash Floods, Forest Debris, Lakes, Watersheds-
general, 5.0048

SPRINKLER IRRIGATION OF CITRUS UNDER
SOUTHWESTERN CONDITIONS ...Citrus, Flood Irrigation, Ir-
rigation, Sprinkler Irrigation, Trees, ,..2.0052

SEISMIC EVALUATION OF PERMEABILITY OF FRACTURE
ZONES IN ROCK ...Aquifers-general, Joints-fractures, Permea-
bility, Structure Location, Tunnels, Water Yield, ..3.0017

VEGETATION CHANGES IN SOUTHWESTERN NORTH AMER-
ICA .Arid and Desert, Climate, Deserts, Arid Lands, Other
Water Conditions, Soil-water-plant Relationships, 2.0045

FLOOD AND SEDIMENT REDUCTION IN STEEP UNSTABLE
BRUSHLANDS OF THE SOUTHWEST ...Erosion-general,
Floodproofing, Floods, Sediment Yield, 4.0034

WATER YIELD IMPROVEMENT IN THE BRUSHLANDS OF
THE SOUTHWEST ,..Consumptive Use, Internal Water Move-
ment, Soil-water-plant Relationships, Unsaturated Flow, Water
Yield, 3.0062

WATER YIELD IMPROVEMENT FROM RIPARIAN AND
UPLAND AREA OF RIVER BASINS ...Evapotranspiration,
Management, Phreatophytcs, Riparian Plants, River Basins, Sedi-
ment Yield, .4.0006

PRECIPITATION PATTERNS ON RANGELAND WATERSHEDS
IN THE SOUTHWEST .Climatography, Forecasting, Patterns,
Runoff, Sediment Yield, 2.0040

GROUND WATER IN RELATION TO USE AND MANAGE-
MENT OF RANGELAND WATERSHEDS IN THE
SOUTHWEST ...Agricultural Watersheds, Groundwater, Natural
Recharge, Projections and Estimations, Runoff, 3.0007

Western
PREPARATION AND ANALYSIS OF CLIMATOLOGICAL

DATA IMPORTANT To AGRICULTURE AND FORESTRY
...Applied Climatology, Atmpopheric Pollution-general, Patterns,
Precipitation -non-specific, Stochastic Processes, 4.0199

THE EFFECTS OF FLUORIDES IN AIR, WATER AND SOIL ON
GROWTH, QUALITY AND YIELDS OF TREE, FIELD AND
VEGETABLE CROPS ...Contamhiation, Pollution-water,
Fluorine, Growth Rate, Irrigation, Mineral Nutrition, ...3.0088

PRECIPITATION-FREQUENCY MAPS FOR WESTERN UNITED
STATES ...Climate, Geomorphology, Patterns, Weather Charts-
maps, ...7.0052

NUMERICAL PRECIPITATION MODEL ...Computers-general,
Forecasting, Model Studies, Simulation Theory, 2.0588

LEGAL ASPECTS OF WATER RIGHTS IN THE WEST ...Legal
Review, Water Rights-general, Water Sources -general, 6.0040

Remote Areas
TELEMETERING OF HYDROLOGIC DATA FROM REMOTE

AREAS ...Automatic Data Aquisition, Data Transmission
Systems, Mountains-alpine, Other Telemetry, Technique Develop-
ment, 7.0026

REMOTE SENSING, EVERGLADES AREA, FLORIDA ...Compu-
ters- general, Florida, Swamps-marshes, Visible Light, Water Pro-
perties- general, 2.0329

Remote Sensing
REMOTE ELECTRO-MAGNETIC SENSORS FOR DETECTING

TRANSPIRATIONAL WATER USE BY PLANTS SUBJECTED
TO VARIOUS FOLIAR CHEMICAL TREATMENTS ...An-
titranspirants, E M Radiation-general, Heat Flow, Moisture Ten-
sion, Transpiration, 2.1069

SPECTRAL RECONNAISSANCE FOR DIAGNOSIS OF SOIL
AND WATER MANAGEMENT PROBLEMS ...Field, Manage-
ment, Reflectance, Soil Management -non-specific, Soil-water-
plant Relationships, Spectral Reflectance, ..,3.0465

Aircraft
HYDROLOGY PROGRAM ADMINISTRATION AND SUPPORT

Aerial, E M Radiation-general, Hydrology-general, Satellites,
Water Resources - General, ...6.0141

WATER QUALITY, STUDIES AND AERIAL MEASUREMENTS
.,,Biological - general, Chemical-general, Lasers - masers, Pollutants-
general, Remote Sensing-general, 6.0145

SURFACE TEMPERATURE STUDIES USING RADIOMETRY
TECHNIQUES Heat and Radiation Transfer, Infrared Radia-
tion, Microwave Radiation, Surface Environments, Temperature,
_6.0270

OCEANOGRAPHIC USES OF RADAR _Electronics - Applied,
Radar, Surface Environments, Waves, Wind-water Interaction,
.,.6.0273

OIL SLICK ANALYSES ...Instrumental Services, Oil, Optical
Devices, Satellites, Transducers, ..6.0275

DOUBTFUL HYDROGRAPHIC DATA ,..Data Analysis - General,
Hydrology-general, Satellites, Technique Development, 6.0278

COORDINATION AND LIAISON AT MANNED SPACECRAFT
CENTER, HOUSTON ...Aeromagnetie, Geography-physical,
Hydrology-general, Infrared Radiation, Ultra - Violet Radiation,
,.,6.0146

AIRBORNE RADIOMETRIC SNOW SURVEY ...Composition,
Gamma Radiation, Non-electrical Measurements, Radioisotopes,
Snowmelt, ...7.0071

BASIC HYDROLOGIC RESEARCH IN SELECTED AREAS IN
SOUTH DAKOTA ,.Aquifers - general, Geophysical Analysis,
Reconnaissance, South Dakota, Water Sources -general, 2.0976

REMOTE SENSING, GULF COASTAL AREA, CENTRAL
FLORIDA .Aquifers-general, Fresh Water, Saline Water
Systems, Temperature, 1 ides, ..,2.0327

REMOTE SENSING OF DELAWARE ESTUARY ...Delaware,
Estuaries, Pollutants-general, 2.0909

Automatic Stations
DEVELOP PROTOTYPE PRECIPITATION OCCURRENCE SEN-

SOR - DEVELOP AMOS 111-70 (AUTOMATIC WEATHER
STATION) ...Automatic Data Aquisition, Precipitation Instru-
ments, Precipitation-other, Technique Development, ...7.0053

TEST AND EVALUATION OF TELEMETERING STORAGE
PRECIPITATION GAGE ...Amount, Automatic Data Aquisition,
Gages, Technique Development, 7.0048

IMPROVE PRECIPITATION MEASURING EQUIPMENT - D-ill
PRECIPITATION EQUIPMENT ...Amount, Automatic Data
Aquisition, Gages, Technique Development, 2.0591

E M Radiation-general
HYDROLOGY PROGRAM ADMINISTRATION AND SUPPORT

...Aerial, Aircraft, Hydrology-general, Satellites, Water Resources
- General, 6.0141

REMOTE ELECTRO-MAGNETIC SENSORS FOR DETECTING
TRANSPIRATIONAL WATER USE BY PLANTS SUBJECTED
TO VARIOUS FOLIAR CHEMICAL TREATMENTS ...An-
titranspirants, Heat Flow, Moisture Tension, Remote Sensing,
Transpiration, ...2.1069

Gamma Radiation
AIRBORNE RADIOMETRIC SNOW SURVEY ...Aircraft, Com-

position, Non-electrical Measurements, Radioisotopes, Snowmelt,
7.0071
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Infrared Radiation
MARINE OIL-WATER MONITORING INSTRUMENTATION

SYSTEM SUBGROUP V ...Detectors, Industrial Waste-other, In-
frared, Instrumental Services, Oil, Oil - Technological Testing.
5.0336

HYDROLOGIC ANALYSIS OF LAKE SYSTEMS AND OF
GLACIERS ..,Climate, Glaciology-general, Lakes, Snowpack,
Water Balance-budget, 6.0142

ESTUARIES AND SHORE STUDIES AND WATER SURFACE
INVESTIGATIO1s!S Continental Shelf, Effluents-waste Water,
Evaporation, Shoreline - Coastline, Thermal Pollution, Visible
Light, .6.0143

SURFACE TEMPERATURE STUDIES USING RADIOMETRY
TECHNIQUES ...Aircraft, Heat and Radiation Transfer.
Microwave Radiation, Surface Environments, Temperature,
6.0270

COORDINATION AND LIAISON AT MANNED SPACECRAFT
CENTER, HOUSTON ...Acromagnetie. Aircraft, Geography-
physical, Hydrology-general, Ultra - Violet Radiation, 6.0146

INFRARED IMAGER STUDIES ...Detectors, Geophysical Equip-
ment, Image Amp, Instrumental Services, Mineralogy, .6.0299

HYDROLOGICAL DATA ACQUISITION THROUGH REMOTE
RECONNAISSANCE SYSTEMS .Aerial, Data Acquisition-
other, Hydrology-general, Mapping, Moisture Content,
Reflectance, _7.0075

USE OF INFRARED AND OTHER RADIATION TECHNIQUES
TO EVALUATE DROUGHT IN IOWA AND ADJACENT
AREAS .Drought, Iowa, Photography-other, Spectral
Reflectance, ...2.0483

MEASUREMENT OF WATER VAPOR FLUX ABOVE LAKE
SURFACE BY MEANS OF OPTICAL TECHNIQUES ...Absorp-
tion Spectra, Humidity Instruments, Infrared, Optical Systems,
Water, 2.0811

AERIAL MEASUREMENT OF HYDROLOGIC PHENOMENA
,,,Aerial, Data Acquisition-general, Geophysical Analysis, Humidi-
ty Instruments, Hydrology - general, 7.0003

Lasers-masers
WATER QUALITY, STUDIES AND AERIAL MEASUREMENTS

...Aircraft, 13iological-general, Chemical-general, Pollutants-
general, Remote Sensing-general, 6.0145

THEORETICAL AND EXPERIMENTAL STUDIES OF TURBU-
LENCE AND MIXING NEAR ROUGH SURFACES ...Fluid Mix-
ing, Meters, Turbulent, .3.0459

WAVE RECORDING AND ANALYSIS ...Pressure, Radar, Sonar,
Statistics-general, System Development, Water Motion Recorders,
Waves, ..2.0262

SUBJECT INDEX

Microwave Radiation
SURFACE TEMPERATURE STUDIES USING RADIOMETRY

TECHNIQUES ...Aircraft, Heat and Radiation Transfer, Infrared
Radiation, Surface Environments, Temperature, 6.0270

Radar
OCEANOGRAPHIC USES OF RADAR ...Aircraft, Electronics -

Applied, Surface Environment ;, Waves, Wind-water Interaction,
6.0273

RADAR DATA ACQUISITION OVER OCEANOGRAPHIC TEST
SITES ...Data Acquisition Systems, Electronics - Applied,
Icebergs, Optical, Surface Environments, Waves, ...6.0274

STUDIES ON THE GEOSCIENCE VALUE OF RADAR
IMAGERY .,.Bibliography, Mapping, Mountains-alpine, Photo-
grammetry, River Basins, ...8.0199

WAVE RECORDING AND ANALYSIS ...Lasers-masers, Pressure,
Sonar, Statistics-general, System Development, Water Motion
Recorders, Waves, 2.0262

Remote Sensing -other
REMOTE SENSING OF ESTUARINE WATER AND VEGETA-

TION, MARYLAND ...Aerial, Bioindicators, Chemical-general,
Estuaries, Physical-general, 2.0268

INVESTIGATION EVALUATION AND DESIGN OF OPEN AND
CLOSED CONDUIT SYSTEMS AS IT RELATES CON-
VEYANCE AND DISTRIBUTION SYSTEMS ...Conduit, Hydrau-
lic Equipment, Irrigation Engineering, Irrigation-general, Water
Distribution Systems, Water Transfer, 8.0169

Remote Sensing-general
WATER QUALITY, STUDIES AND AERIAL MEASUREMENTS

...Aircraft, Biological-general, Chemical-general, Lasers-masers,
Pollutants-general, 6.0145

WATER EXPLORATION AND MAPPING ...Geological Explora-
tion, Mapping, Water Resources Devetwment, .6.0144

URBAN AND METROPOLITAN STUDIES _Aerial, Geography-
physical, Planning, Urban, Urban Environments, ..6.0139

Satellites
GEOTHERMAL INVESTIGATIONS - YELLOWSTONE PARK

_Gravity Surveys, Hot Springs, Magnetic Surveys, Seismic Sur-
veys, Terrain Analysis, Yellowstone Plateau, .6.0147

HYDROLOGY PROGRAM ADMINISTRATION AND SUPPORT
...Aerial, Aircraft, E M Radiation-general, Hydrology-general,
Water Resources - General, _6.0141

OIL SLICK ANALYSES ,.,Aircraft, Instrumental Services, Oil, Op-
tical Devices, Transducers, 6.0275

DEPTH CONTOURING BY COLOR SEPARATION .Bathymetry,
Electronics - Applied, Marine Photography-television, Optical,
Photogrammetry..6.0276

SATELLITE SEA ICE STUDIES ...Arctic, Sea lee, .6.0277
CARTOGRAPHIC MAPPING ...Aerial, Aerospatial, Compilation,

Resource Inventories, Topographic, _6.0140
DOUBTFUL HYDROORAPHIC DATA _Aircraft, Data Analysis -

General, Hydrology-general, Technique Development, _6.0278
COORDINATION OF ESTUARINE REMOTE SENSING IN AT-

LANTIC COAST REGION ...Aerial, Atlantic Ocean-general,
Estuaries, ..2.0910

Spectral Reflectance
USE OF INFRARED AND OTHER RADIATION TECHNIQUES

TO EVALUATE DROUGHT IN IOWA AND ADJACENT
AREAS .Drought, Infrared Radiation, Iowa, Photography-other,
.2.0483

SPECTRAL RECONNAISSANCE FOR DIAGNOSIS OF SOIL
AND WATER MANAGEMENT PROBLEMS .Field, Manage-
ment, Reflectance, Remote Sensing, Soil Management -non-
specific, Soil-water-plant Relationships, 3.0465

Ultra - Violet Radiation
COORDINATION AND LIAISON AT MANNED SPACECRAFT

CENTER, HOUSTON Aeromagnetic, Aircraft, Geography-
physical, Hydrology-general, Infrared Radiation, ..6.0146

Ultrasonics
RESEARCH IN SEDIMENT SAMPLING EQUIPMENT ...Bed

Load, Bottom Sampling, Instrumentation - general, Suspension 1

Turbidity, .7.0059

Visible Light
ESTUARIES AND SHORE STUDIES AND WATER SURFACE

INVESTIGATIONS ...Continental Shelf, Effluents-waste Water,
Evaporation, Infrared Radiation, Shoreline - Coastline, Thermal
Pollution, 6.0143

REMOTE SENSING, EVERGLADES AREA, FLORIDA ...Compu-
ters-general, Florida, Remote Areas, Swamps-marshes, Water Pro-
perties-general, ...2.0329

Reproduction
Gametes

Male Gametes
BIOCHEMISTRY OF FISH SEMEN ...Cutthroat Trout, Endrin, Fer-

tility, Mode of Action -animal, 5.0627
EFFECTS OF ENDRIN & MALATHION ON GONADAL

HYDRATION RESPONSE OF MALE GOLDFISH & RAINBOW
TROUT. PESTICIDE EFFECTS ON FISH ENDOCRINE FUNC-
TION ...Endrin, Goldfish, Malathion, Mode of Action -animal,
Pesticides, Rainbow Trout, Steelhead Trout, -.5.0634

Oviparous Reproduction
Incubation

EFFECT OF INCUBATION TEMPERATURE ON SURVIVAL OF
LARGEMOUTH BASS EMBRYOS ...Basic Embryology, Environ-
mental Physiology, Largemouth Bass, Temperature, Warm Water,
6.0387

STATEWIDE FISHERIES RESEARCH ...Basses -sea,white, White
Perch, Environmental Physiology, Low Temp. -but Above 32f,
Maturity & Growth Stages, Temperature, ...5.0818
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Reproduction Studies (general)
RELATIONSHTS BETWEEN SUB-LETHAL PESTICIDES AND

REPRODUCTION AND BEHAVIOR OF FISHES ...Behavior -
animal. DDT , Killifishs Cyprinodon, Pesticides -non- specific,
Wildlife. 5,0292

OBSERVATIONS ON RED SALMON IN THE KVICHAK RIVER
SYSTEM ...Alaska, Aquatic Ecology, Population Dynamics, Sal-
mon -coho,chinook,sockeye.., Streams, 6.0628

FLATHEAD CATFISH STUDY ...Aquatic Ecology, Behavior -

animal, Food Supply, Growth Rate, Ictaluridae -other, Texas,
.6.0539

DDT RESIDUE ACCUMULATION IN WISCONSIN FISH AND
THE EFFECT ON REPRODUCTION DDT , Maturity &
Growth Stages, Walleyes, Wildlife, Wisconsin. 5.1292

SPOTTED BASS REPRODUCTION IN BULL SHOALS ...Arkan-

sas, Biological Rhythms, Centrarchidac -other, Environmental
Ecology, Reservoirs and Impoundments, ...6.0023

EFFECTS OF CHRONIC EXPOSURE TO SUBLETHAL LEVELS
OF INSECTICIDES ON REPRODUCTION IN BROOK TROUT.
CHRONIC TOXICITY OF PESTICIDES TO FISH Carbamatcs
-non-specific, Chiorinated Hydrocarbons, Lake Trout, 13rook

Trout, Organophosphorous Cpds. , Pollution - Effects of wil-
dlife, 5.0654

Reproductive System Female
ovary

SPAWNING OF YELLOW PERCH ...13iological Rhythms, Reser-
voirs and Impoundments, South Dakota, Spawn Or Nesting Sites,
Yellow Perch, Darters, ...6M521

Reproductive System
COLUMBIA RIVER STUDIES ...Columbia River, Contamination -

Water, Invertebrates, Oysters, PO1110011 Effects, Radioactivity-
general, 5.1268

ECOLOGICAL. FACTORS AFFECTING REPRODUCTION OF
SHELLFISH (PHYSIOECOLOGY OF SHELLFISH PROGRAM)
Connecticut, Environmental Ecology, Oysters. Spawn Or Nest-
ing Sites, Water Properties-general, 6.0114

Other
SOME EFFECTS OF WATER IMPOUNDMENTS ON WATER-

FOWL POPULATIONS AND REPRODUCTION ON THE
SNAKE RIVER, WASHINGTON .Pre-impoundment Sites.

Reservoirs and Impoundments, Snake River, Washington, Water
Utilization -animal, ...6M609

Research Facilities
SUMMER RESEARCH AT 'I'HE'. uNivEgsrry OF OKLAHOMA

BIOLOGICAL STATION .Oklahoma, Personnel, Training
Grants, Fellowships, Water Resources - General. 9.0011

LOGISTIC SUPPORT AND MAINTENANCE OF vAnurms
...Atlantic Ocean-north, Lakes, Maine, Marine Biology, 9.0009

CONTINUATION OF WORLD DATA CENTER A GLACIOLO-
GY ..,Data & Statistics Info Storage, Data and Statistics Centers,
Document & Literature Info, Glaciology-general. Periodicals,

7.0083
PREPARE AN OPERATIONAL PLAN, CONCEPTUAL DESIGN

AND PLANS AND SPECIFICATIONS FOR A SEAWATER
CORROSION TEST FACILITY ,Construction-general, Desalina-
tion, Manufacturing, Test Methods, Water, ..3,0297

DRAINAGE FARM SERVICE ...Agriculture Industry, Drainage En-
gineering, Land Use, Utah..4.0254

CONTINUATION OF FIELD EXPOSURE. STATIONS ...Cemot,
Concrete, Florida, Maine, Water, Weathering, 8.0241

Reservoirs and Impoundments
RECREATIONAL IMPACT OF FF.DEItAl. MULTI-PURPOSE

RESERVOIRS .Highway Classification-other, Planning, Pro-

jected Demand, Recreation Sites, Reservoirs, 'louring, Transpor-
tation Needs, 6.0219

ZOOPLANKTON NUTRITION IN LARGE RESERVOIRS .Nutri-
don - Invertebrate, Population Dynamics. Productivity - Food
Chain, Water Bacteria, Zooplankton. _2.0515

PHREATOPHYTE CONTROL - I.AHONTAN AND HUMBOLDT
BASINS ...Phonology, Phreatophytes, Root. Saltcedar, Tamarisk,
Weed Control -other, _3.0317
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SEASONAL VARIATIONS IN THE PHYTOPLANKTON - BAC-
TERIA POPULATIONS AND THE NUTRIENT CONCENTRA-
TION IN BE.AVER RESERVOIR ...Nitrogen, Phosphorus,
Phytoplankton, Temporal Distribution, Water Bacteria, ..6.0027

DISTRIBUTION AND GROWTH PATTERNS OF THE GIZZARD
SHAD (DOROSOMA CEPEDIANU) AND THREADFIN SHAD
(DOROSOMA PETENENSE.) IN RESERVOIRS ...Alewife,men-
haden,shad,herring, Arkansas, Growth Rate, Number Or Density,
Temporal Distribution, 6.0029

THE FEAS11311.ITY OF COLD WATER FISHES FOR LAKE
SHARPE, SOUTH DAKOTA Bottom Sampling, Fish -non-
specific, Low Temp. -hut Above 321, South Dakota, Temperature.
.7.0041

COLONIZATION RATES OF I3ENTHIC INVERTEBRATES IN

AN OHIO RESERVOIR ...13enthie Fauna, Intertidal Areas, Ohio.
Productivity - Food Chitin, Water Level Fluctuation, ...6.0424

INVESTIGATE THIS FEASIBILITY OF INTRODUCING
SOCKEYE: SALMON INTO RESERVOIRS ...Oregon, Salmon
coho,chinook,soekeye... Stocking of Fish & Shellfish, .6.0464

A STUDY OF THE BENTHIC FAUNA OF MERLE COLLINS
RESERVOIR (VIRGINIA RANCH RESERVOIR) California,
Food Supply, Number Or Density, Productivity - Food Chain,
6.0071

ECOLOGY OF THE FISHES OF THE KASKAKIA RIVER Fish
-non-specific, Habitat Studies, Life History Studies, Population
Dynamics, Streams, _4.0094

DETERMINE ECOLOGICAL. CHANGES RESULTING FROM IM-
POUNDMENT ...Cover Crops. Flooding, Freshwater Ecology.
Mapping. Plant Succession, Water Level Fluctuation, 6,0355

WEED AND ALCIAE CONTROL, SMALL. IMPOUNDMENT IN-
VESTIGATIONS ...Georgia, of Aquatic Plants, Plant Pollutants,
Soil Sterilants, ...5.0304

ENALUATION OF CLEARED SEINING AREAS ...Land Use,
Nets, Pre-impoundment Sites. Texas, 6.0540

STABILIZATION STUDY OF FALCON RESERVOIR ,Biological-
general, Chemical-general, Fish -non-specific, Physical-gencral,
Population Dynamics, _4.0229

FISH POPULATION STUDIES. (DEWEY RESERVOIR )
_Alewife,menhaden,shad,herring. Aquatic Ecology, Fertilizers -

aquatic, Kentucky, Population Dynamics, _5,0437
ASSESSMENT OF ENVIRONMENT FACTORS INFLUENCING

THE DISTRII3UTION OF BOTTOM FISHES IN RESERVOIRS
...Nets, Oklahoma, Organic, Physical Properties-general, Turbidity
& Suspended Matter, 5.0924

LIFE HISTORY 01: THE GOLDEYE: (HIODON ALOSOIDES) IN
GARRISON RESERVOIR, NORTH DAKOTA _Iliolovical
Rhythms, Life History Studies, Nets, North Dakota, Spawn Or
Nesting Sites, ...5.0827

THE RELATIONSHIP I3F.TWEEN TURBIDITY CURRENTS AND
FISH MOVEMENTS IN GARRISON RESERVOIR .Currents
water, Nets, North Dakota, Turbidity & Suspended
Matter....5M829

SMALL RESERVOIR SEALING Linings-parings. Sealant Materi-
als, Seepage. ...8.0288

EFFEC'T'S OF HEATED WATER, ACID MINE DRAINAGE & Al..
KALINE ASH DRAINAGE ON WATER QUALITY & RESEP-
VOIR COMMUNITY METABOLISM (ABBREV) ..Mine
Drainage Control, Mining Activities, Pollution - Effects of . Pollu-
tion Effects, Thermal Pollution, 5.0668

THE ECONOMIC IMPACT OF FLOOD CONTROL RESERVOIRS
_Benefit-cost Analysis, Economic Impact, Floodproofing, Ken-
tucky, Project Post-evaluation, .6.0241

SOME EFFECTS OF WATER IMPOUNDMENTS ON VVATER-
FOWI. POPULATIONS AND REPRODUCTION ON THE
SNAKE RIVER, WASHINGTON Other, Pre-impoundment
Sites, Snake River, Washington, Water Utilization -animal,
.,,6.0609

IMPACT OF WATER BASED RECREATION Benefit-cost Anal-
ysis, Lakes, New York, Planning, Recreation Sites. 6.0384

PHOSPHORUS BUDGETS OF LAKES SIDNEY, LAMER AND
HARTWELL .Chemical-general, Georgia, Nutrients,
Phosphorus. Pollutants - Path of , _5.0293

ECOLOGICAL RELATIONSHIPS OF ORGANIC MATTER AND
BACTERIA IN TUTTLE: ('REEK RESERVOIR ...Food Chains.
Freshwater Ecology, Kansas, Organic Matter, Water Bacteria.
.5.0428

MANIPULATION OF RESERVOIR WATER FOR IMPROVED
QUALITY AND ASH POPULATION RESPONSE ..Environ-
mental Ecology, Eutrophication, Fish -non-specific, Flow Aug-
mentation, Freshwater Ecology, Population Dynamics, 5.1294
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LIMNOLOGICAL STUDIES OF LENTIC WATERS IN IDAHO
Alpine, Idaho, Lakes, Phytoplankton, Primary Productivity,
Productivity i Food Chain, .2.0398

BOUNDARY EFFECTS ON JET FLOW PATTERNS RELATED
TO WATER QUALITY AND POLLUTION PROBLEMS Flow
Characteristics -water, Jet Flow-other, Velocity, Velocity -water,
Water Quality Control-general, .8.0180

EFFECTS OF WATER DIVERSION ON BIOTA AND WATER
QUALITY IN THE STATE OF ARKANSAS Environmental
Ecology, Fish -non-specific, Population Dynamics, Temperature,
Water Quality- general, ..6.0030

IMPOUNDMENT EFFECTS ON WATER QUALITY AS
REFLECTED IN PARASITISM OF RESERVOIR BASSES
...Copepods, Pathology, Pre-impoundment Sites, Water Level
Fluctuation, Water Quality-general, 6.0024

THE DISTRIBUTION OF TRACE ELEMENTS IN IMPOUND-
MENTS Arkansas, Electric Power Plants, Trace Elements,
Water Quality Control-general, Water Sampling, 2.0068

INTERNAL CURRENTS RESULTING FROM INTERMEDIATE
DENSITY INFLOWS INTO STRATIFIED RESERVOIRS _In-
flow, Model Studies, Stratification, Stratified Flow, Temperature,
...S.I264

ECONOMIC IMPACT OF WATER IMPOUNDMENT - VALIDITY
TESTING OF A COMPARATIVE- PROJECTION MODEL
.Economic Impact, Model Studies, Projections and Estimations,
Recreation Sites, Texas, ..6.0554

L1MNOLOGICAL INVESTIGATIONS OF TEXAS IMPOUND-
MENTS FOR WATER QUALITY MANAGEMENT PURPOSES
Chemical-general, Management, Nutrients, Texas, Water Quali-

ty Control - general, 5./148
PRIMARY PRODUCTIVITY, AND STANDING CROPS IN RELA-

TION TO WA`FER QUALITY IN LAKE ASHTABULA RESER-
VOIR, NORTH DAKOTA ...North Dakota, Phytoplankton,
Productivity - Food Chain, Water Quality-general. Zooplankton,
6.0414

A THREE DIMENSIONAL STUDY OF PARAMETERS RE-
LATED TO 'I HE CURRENT DISTRIBUTION IN LAKE
ROOSEVELT_ Currents -water, Model Studies, Stratification,
Temperature, Water Quality-general, 5.1245

WATER RESERVOIR SYSTEMS Drainage, Runoff, Sewerage
Systems-other. Storage of Water, Storm Water, Urban Environ-
ments, 4.0031

THE IMPA( T OF IMPOSING A WATER QUALITY STANDARD
ON A LIVE STREAM Flow Augmentation, Low Flow, Multi-
ple-purpose Projects, Pollution Abatement, Water Standards,
6.0494

DYNAMICS OF CHEMICAL & PHYSICAL CHARACT OF
WATER, BOTTOM MUDS & AQUATIC LIFE IN A LARGE
IMPOUNDMENT ON A RIVER 'A PHASE II,.Alahama, Aquatic
Soils, Chemical- general, Physical-general, Pollution - Effects of ,
Pollution Effects, 5.0008

BIOLOGICAL FIXATION AND TRANSFORMATION OF
NITROGEN IN SMALL IMPOUNDMENTS Ions and Gases,
Nitrogen, Nitrogen Fixation, Radioisotopes, ,..2.0881

WATER TEMPERATURE AS A QUALITY FACTOR IN THE
USE OF STREAMS AND RESERVOI ...Habitat 'studies, Streams,
Temperature, Thermal Pollution, Water Fowl, N.s. 5.0200

BEHAVIOR OF WATER IN AN SOUTHWEST IMPOUNDMENT -
LAKE THUNDERBIRD Chemical-general, Climatography,
Land Use, Physical-general, Water Quality- general, ..5.0918

A EUTROPHICATION MODEL OF THE WHITE RIVER BASIN
ABOVE BEAVER RESERVOIR IN NORTHWEST ARKANSAS
...Arkansas. Eutrophication, Forecasting-prediction, Nutrients,
Simulation, 5.0053

INVESTIGATION OF THE INFLUENCE OF VALENCE STATES
OF IRON AND MANGANESE UPON THE BIOTA OF THE
HYPOLIMNION ...Biological-general, Chemical-general, Electron
Spin, Ions and Gases, Model Studies, 5.0298

THE OPTIMUM RELEASE POLICY FOR A MULTIPURPOSE
RESERVOIR USING STOCHASTIC HYDROLOGY Flow Aug-
mentation, Multiple-purpose Projects, Stochastic Models,
Stochastic Processes, Synthetic Hydrology-general, 6.0337

WATERSHED RESVINSE TO HYDROLOGIC INFLUENCES
...Evaporation, Massachusetts, Prediction Models, Stratification,

2.0608
A PRELIMINARY ECOLOGICAL. STUDY OF AREAS TO BE IM-

POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
,.Economic Impact, Floodprooting, Kentucky, Social Aspects,
Urban Environments, 6.0244

RELATIONSHIP BETWEEN THE ERODIBILITY OF SOILS AND
THE SEDIMENTATION RATE OF RESERVOIRS Erosion-
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general, Physical Properties-general, Rate of Deposition, Sediment
Yield, Soil Erosion - non - specific, ..2.0463

RELATION OF FLOODPLAIN POOLS TO THE BIOLOGICAL
PRODUCTION OF THE KASKASKIA RIVER AND ITS MAIN-
STEM RESERVOIRS ...Food Supply, Habitat Studies, Illinois,
Productivity Food Chain, Streams, 2.041.1

RECHARGE IN RIVER VALLEYS OF CENTRAL AND EAST-
ERN KANSAS - EFFECT OF TUITLE CREEK RESERVOIR
ON GROUNDWATER LEVELS ...Aquifers- general, Chemical-
general, Geophysical Analysis, Natural Recharge, Water Table
Fluctuation, .1.0509

INCREASING WATER SUPPLIES BY SUPPRESSION OF RESER-
VIOR EVAPORATION ...Evaporation, Membranes-other,
Monolayers, Organic, Water Loss Control, .3.0397

AN ECONOMIC EVALUATION OF THE TOLEDO BEND
RESERVOIR PROJECT .Benefit-cost Analysis, Louisiana, Multi -
plc- purpose Projects, Policy Making, Texas, Water Law-general,
Welfare Economies, 6.0246

THE IMPACT OF RESERVOIRS ON LAND VALUES - A CASE
STUDY ...Economic Impact, Lund, Price & Value, 6.0313

'ELECTIVE WITHDRAWAL AT LAKE LIVINGSTON ..,Flow
Augmentation, Management, Stratification, Water Properties-
geeieral, 2.1009

FLUCTUATION OF' RESERVOIR LEVELS AND THE RELATED
CAUSE OF LANDSLIDES (THE OHIO RIVER VALLEY)
,.,Force, Land and Rock Slides, Slopes, Soil Stability Analysis,
Water Level Fluctuation, 8.0191

EFFECTS OF LIMNOLOGICAL FACTORS ON WATER TREAT-
MENT Iowa, Other, Public Utilities, Reservoirs, Water Quality-
general, ...5.0415

LIMNOLOGICAL FACTORS AFFECTING PESTICIDE
RESIDUES IN SURFACE WATERS ...Chlorinated Hydrocar-
bons, Iowa, Persistance of Residues, Phytoplankton, Runoff, Sur-
face Water, ..,5.0416

THE EVALUATION OF ENVIRONMENTAL ALTERATION BY
THERMAL LOADING AND ACID POLLUTION IN THE
COOLING RESERVOIR OF A STEAM - ELECTRIC STATION
.Acidity, Growth Rate, Mining Activities, Thermal Pollution,
Warm Water, 5.0681

SOCIAL CHANGE IN A WATER RESOURCE DEVELOPMENT
AREA - SOCIAL ASPECTS OF THE CONSTRUCTION PHASE
OF LIBBY DAM ...Attitudes & Attitude Change, Construction
Sites, Recreation Sites, Social Aspects, Social Change, User Pat-
terns, ..6.0329

MODELING AND OPTIMIZATION OP WATER RESOURCES
SYSTEMS Management, Mathematical Analysis, Model Studies,
Multiple-purpose Projects, Optimization, ..6.0234

SOCIO-CULTURAL IMPACTS OF WATER RESOURCE
DEVELOPMENT IN THE SANTIAM ...Attitudes & Attitude
Change, Economic Impact, Oregon, Social Aspects, Water
Resources Development, 6.0457

RESERVOIR WATER QUALITY PREDICTION BASED ON LIM-
NOLOGICAL PARAMETERS Model Studies, Nutrients, Prima-
ry Productivity, Water Properties-general, 5.1102

WATER QUALITY MANAGEMENT OF IMPOUNDMENTS
Destratitication, Eutrophication, Management, North Carolina,
Water Quality Control-general, 5,0813

ECONOMIC EVALUATION OF CHANGES IN LAND USE OF A
MUNICIPAL WATERSHED AS A GUIDE '1'0 DECISION-MAK-
ING Discharge-general, Land Use, North Carolina, Urban En-
vironments, Water Costs, ...6.0408

MULTIPURPOSE RESERV017:', \ND URBAN DEVELOPMENT
...Land Use, Model Studies. Urbtil Environments, ,,,2.0823

SOCIOLOGICAL IMPAC. A FLOOD-CONTROL RESER-
VOIR .,,Attitudes & A Jitude Change, Floodproofing, Social
Aspects, Social Change,

MIXING AND DISPERSION OF CONTAMINANTS IN RESER-
VOIRS .Currents -water, Dispersion -water, Mixing, Tracers-
general, Velocity -water, 5.1153

LIMNOLOGY OF THE JOHN REDMOND RESERVOIR Chemi-
cal-general, Physical-general, Streams, 5.0419

WATER RIGHTS RELATED TO WATER QUALITY STORAGE
.Alternative Planning, Conflicts, Flow Augmentation, Riparian
Rights, Storage of Water, ...6M606

USE OF NEW ANALYTICAL METHODS FOR WATER
RESOURCES DEVELOPMENT ...Mathematical Analysis, Op-
timization, Optimization Technique, Planning, Water Resources
Development, 6,0545

THERMAL STRATIFICATION IN RESERVOIRS ...Forecasting-
prediction, Mathematical Analysis, Model Studies, Stratification,
Temperature, 2.0616



SUBJECT INDEX Reservoirs and Impoundments
COMPLEMENTARY - COMPETITIVE ASPECTS OF WATER

STORAGE .Benefitscost Analysis, Computers-general, Model
Studies, Storage of Water, Water - Alternative Uses, ...5.0144

OCCURRENCE OF PESTICIDES IN AQUATIC ENVIRON-
MENTS ...Aquatic Or Soil-aquatic Cycles, Food Chains, Animal
And/or Man, Irrigation-general, Runoff, ...5.1237

FIELD EVALUATION OF REAERATING SURFACE WATERS
...Aeration, Florida, ...5.0267

FORMULATION OF A GENERAL MATHEMATICAL MODEL
FOR THE PREDICTION OF THERMAL ENERGY CHANGES
IN IMPOUNDMENTS Columbia River, Forecasting-prediction,
Mathematical Analysis, Model Studies, Thermal Pollution,
5.0163

AN ECONOMIC STUDY OF THE DEMAND FOR OUTDOOR
RECREATION ...Arid and Desert, Methods, Projected Demand,
Recreation Sites, Standards, .6.0014

THE PERSISTENCE, ACCUMOLATION AND FATE OF PESTI-
CIDES IN CRANBERRY SOILS AND RESERVOIRS .Blueber-
ries, Cranberries, Chlorinated Hydrocarbons, Organophosphorous
Cpds Persistence in Soils, Swamps-marshes, ...5.0533

HYDROLOGY OF SMALL AGRICULTURAL WATERSHEDS
.Hydrology-general, Missouri, Runoff, Small Watersheds, Water
Loss-general, .4.0151

MULTIPLE PURPOSE WATER RESOURCE INVESTIGATIONS
...Land Use, Management, Multiple-purpose Projects, New York,
Urban Environments, 6.0390

LIMNOLOGY AND MANAGEMENT OF OREGON FARM
PONDS AND SMALL IMPOUNDMENTS ...Aquaculture & Fish-
farmirg, Farm Pond, Management, Productivity - Food Chain,
Trifluralin, Wildlife, .6.0449

ECONOMIC IMPACT OF WATER RESOURCE DEVELOPMENT
ON LAND USE ...Economic Impact, Lund Use, Pennsylvania,
Rural Areas, Water Resources Development, 6.0472

EVALUATION OF UPSTREAM AND DOWNSTREAM
ANADROMOUS FISH PASSAGE AT RIVER MILL AND
FARADAY DAMS ON THE CLACKAMAS RIVER, OREGON
.Engineering, Structures-general, Management -other, Migration,
Oregon, Rainbow Trout, Steelhead Trout, ...8.0279

HYDROLOGIC ANALYSIS BY ANALOG COMPUTERS ...Analog
Computers, Groundwater, Hydrographs, Hydrology-general, Rout-
ing, Surface Water, ...2.0429

A SURVEY OF PI-IYTOPLANKTON IN AND OLD AND A NEW
RESERVOIR ...Algal Pollutant Sources, Ohio, Phytoplankton,
6.0434

ECOLOGICAL SUCCESSION IN A NORTHEASTERN OHIO
RESERVOIR ..Eutrophication, Nutrients, Ohio, Plankton (non-
specific), Plant Succession, 5.0894

ALTERNATIVE DEVELOPMENT PATTERNS, PLANS, CON-
TROLS AND IMPACT ASSOCIATED WITH NEW RESER-
VOIRS Administrative Structures, Alternative Planning, Op-
timization, Texas, Types of Resources, _6.0561

MINERAL RESOURCE STUDY--RESERVOIR SITES ...Appraisals-
general, Metallic Deposits-other, Pre-impoundment Sites,
Resource Inventories, Texas, 2.1008

RESEARCH AND TRAINING PROGRAM DEALING WITH THE
PROBLEMS AND POTENTIALITIES OF THE FOUR MAJOR
RESERVOIR PROJECTS CURRENTLY UNDER WAY IN
AFRICA ...Africa-other, Economic Impact, Social Aspects, Water
Resources Development, .4.0076

COOPERATIVE BIOLOGICAL PEST CONTROL RESEARCH
...Biological Pollutants -general, California, Canals, Evaluation, of
Aquatic Plants, ...5.0087

SEDIMENTATION IN LAKES AND IESERVOIRS ...Conserva-
tion-general, Land Use, Rate of Deposition, Slopes, Soil Types-
other, ...2.0422

STREAMFLOW VARIABILITY ...Drainage, Floodplains, Low
Flow, Peak Flow, Water Supply-general, 2.0421

DEVELOPMENT OF COST CRITERIA FOR WATER SUPPLY
Model Studies, Water - Alternative Uses, Water Costs, Water
Supply-general, Water Transfer, Water Wells, 4.0098

THE MANAGEMENT OF SHALLOW-WATER IMPOUND-
MENTS FOR WATERFOWL Food Supply, Management,
Salinity, Water Fowl, N.s. , Water Level fluctuation, ..,6.0247

LIMNOLOGY OF NEBRASKA ...Lakes, Life History Studies,
Nebraska, Phonology, Water Properties-general, ...2.0720

STUDY OF METHODS FOR CONTROLLING AQUATIC
GROWTH AT PYMATUNING RESERVOIR AND CONNEAUT
LAKE, PENNSYLVANIA ...Lakes, of Aquatic Plants, Pennsyl-
vania, Plant Pollutants, Pollution Abatement, 6.0470

ECONOMIC ANALYSIS OF THE SANTEE-COOPER PROJECT -
A RETROSPECTIVE STUDY UTILIZING CURRENT
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EVALUATION STANDARDS ...Benefit-cost Analysis, Economic
Impact, Electric Power Plants, Project Pobt.evaluation, .6.0491

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN TPE EDWARDS
PLATEAU ,Floods, Runoff, Sediment Yield, Telas, Watersheds-
general, ...2.1020

ECONOMIC ANALYSIS OF RECREATIONAL USE OF RESER-
VOIRS CONSTRUCTED BY PRIVATE POWER COMPANIES
_Frequency of Use, Impact, Private Enterprise, Recreation Sites,
User Characteristics -other, .6.0604

ECOLOGICAL STUDIES OF CHUM AND COHO SALMON AT
BIG BEEF CREEK ...Aquatic Ecology, Chemical-general, Salmon
-coho,chinook,sockeye.., Streams, Washington, 6.0629

SIMULATION MODEL FOR THE STUDY OF THE HYDROLO-
GY OF THE WISCONSIN RIVER ,.,Flow Characteristics -water,
Hydrology-general, River Basins, Simulation, Wisconsin, 2.1155

TRACE ELEMENT CYCLES IN A SOUTHEASTERN RESER-
VOIR LAKE .Adsorption Capacity, Radioactivity-general, Rate
of Deposition, Reservoirs, Trace Element Analysis, Trace Ele-
ments, Water Cycle, .2.0945

WATER DISPATCHING OPERATIONS LW ELECTRONIC COM-
PUTER ...Daily, Design Flow-flood, Dynamic Control System,
Electric Power Plants, Inflow, Power Generation, _2.0984

BEECH RIVER WATERSHED PROJECT _Design Flow-flood,
Forest Watersheds, Land Use, Sediment Yield, Tennessee,
...4 0222

DETERMINATION OF HOWELL-BUNGER VALVE AERATION
EFFICIENCY ...Aeration, Nozzles, Valves, 5.1141

WATER QUALITY CONTROL Flow Characteristics -water,
Forecasting- prediction, Management, Temperature, Water Quality
Control-general, ...5.1123

NUTRITION OF WATER WEEDS ...Mineral Nutrition, of Aquatic
Plants, Water Quality Control-general, .5.0023

EFFECTS OF IMPOUNDMENT ON WATER QUALITY ...Flow
Characteristics -water, Management, Water Quality Control-
general, Water Quality-general, Water Quantity-general, 5.1122

HIGH ANALYSIS FERTILIZER INVESTIGATIONS FISHERIES
.Fertilizers -aquatic, Fish -non-specific, Productivity (agricul-

tural), Tennessee, ...6.0535
HYDROLOGIC SIMULATION - DAILY STREAMFLOW ...An-

tecedent Moisture, Design Flow-flood, Floods, Forceasting-predie-
Lion, Hydrology-general, 6.0073

RESERVOIR SYSTEM ANALYSIS FOR LOW-FLOW REGULA-
TION Computers-general, Low Flow, Management, Optimisa-
tion, Systems Analysis, .2.0151

OPTIMIZATION TECHNIQUES FOR HYDROLOGIC EN-
GINEERING ...Floods, Hydrographs, Hydrology-general, Op-
timization, Reservoirs, Routing, ...6.0075

GENERALIZED HYDROLOGIC DESIGN CRITERIA ...Amount,
Hydrology-general, Technique Development, Water Resources
Development, .6.0079

EVALUATION OF PHYSICAL AND ECONOMIC EFFECTS OF
IMPOUNDMENTS AND RELEASES ON UPSTREAM AND
DOWNSTREAM WATER QUALITY ...Benefit -cost Analysis,
Productivity - Food Chain, Storage of Water, Stratification, Water
Quality Control-general, 6.01214

RESERVOIR WATER QUALITY INVESTIGATION ...Forecasting-
prediction, Operations Research, Planning, Storage of Water,
Water Quality Control-general, 5.0237

RESERVOIR DESTRATIFICATION BY DIFFUSED AIR PUMP-
ING FOR WATER QUALITY IMPROVEMENT ...Aeration,
Dcstratification, Hardness-minerals, Ions and Gases, Stratification,
Temperature, ...5.0309

EVAPORATION FROM LAKES AND RESERVOIRS ...Evapora-
tion, Evapotranspiration, Heat Budget, Lakes, Water Balance-
budget, 2,0187

HYDROLOGY OF HUNGRY HORSE RESERVOIR, MONTANA
...Flow Characteristics -water. Forecasting-prediction, Hydrology-
general, Multiple-purpose Projects, Total Volume, 2.0705

SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT
IN A SMALL WATER SHED ...Floodplains, Sediment Yield,
Small Watersheds, Supply Rate, Transport Distance, ...2.0568

EVAPORATION LOSSES FROM LAKES IN INDIANA ...Evapora-
tion, Indiana, Lakes, Water Balance-budget, ...2.0454

HYDROLOGY OF CACHUMA RESERVOIR ...Aeration,
Dcstratification, Phytoplankton, Stratification, ...5.0118

CHANNEL CAPACITY IN STONY CREEK NEAR ORLAND,
CALIFORNIA ...California, Channels, Design Flow-flood, Peak
Flow, Water Transfer, 2.0122
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HYDROLOGY OF CONSOLIDATED ROCK AQUIFERS NEAR
PENNINGTON, NEW JERSEY ...Aquifers-general, Circulation
water, New Jersey, Permeability, Recharge -general, -2.0767

HYDROLOGIC EFFECTS OF SMALL RESERVOIR ON NEDER-
LO CREEK, WISCONSIN ...Discharge-general, Hydrology-
general, Runoff, Water Cycle, Wisconsin, ...2.1148

RESERVOIR AND RIVER OPERATION PROCEDURES ...Availa-
ble Water, Management, Model Studies, Optimization, River
Basins, -6.0095

FIELD INVESTIGATION OF THE SUBMERSED AQUATIC EN-
VIRONMENT ...Aquatic Ecology, Canals, Irrigation-general,
Plant Pollutants, Submerged Plants, Weeds -phenological Studies,
_3.0125

ATMOSPHERIC WATER RESOURCES PROGRAM ...Augmenta-
tion-general, Clouds-precipitation, Modification, Technique
Development, Water Quantity - general, -2.0163

TECHNIQUES FOR USE OF RADIOISOTOPES IN TRACING
RESERVOIR LEAKAGE ...Aquifers-general, Faults, Foundations-
general, Leekage, Radioisotopes, -7.0017

QUALITY OF WATER AS AFFECTED BY STRATIFIED FLOW
(RESERVOIRS) ...Ions and Gases, Model Studies, Stratification,
Stratified Flow, Turbidity, ...5.0185

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR ...Evaporation, Heat Budget, Humidity, Humidity
Instruments, Oklahoma, Transmission Characteristics, Velocity,
Water Loss Control, ...3.0114

LARGE IMPOUNDMENTS ...Arid and Desert, Eutrophication,
Nevada, Water Properties-general, Water Quality-general,
.5.0184

SMALL IMPOUNDMENTS ...Computers-general, Destratification,
Flow Augmentation, Water Quality-general, -5.0189

SEDIMENT PROCEDURES DEVELOPMENT AND RESERVOIR
SEDIMENTATION ...Channels, Engineering Structures-general,
Sediment Transport-other, Sediment Yield, Sedimentology-
general, -6.0089

HYDROGEOLOGIC INVESTIGATION TECHNIQUES ...Leekage,
Projections and Estimations, Technique Development, Water De-
mand, Water Loss Control, ..8.0058

ECONOMIC ANALYSIS OF RESOURCE AREAS ...Colorado,
Economic Impact, Recreation Sites, Social Aspects, -6.0097

EUTROPHICATION RESEARCH AMERICAN FALLS RESER-
VOIR STUDY ...Chemical Analysis (water), Eutrophication,
Idaho, Nutrients, Water Quality Control-general, -5.0317

COLLECTION AND COLLATION OF AVAILABLE BIOLOGI-
CAL, PHYSICAL AND CHEMICAL DATA ON U. S. RESER-
VOIRS ...Document and Literature Center, Fish -non-specific,
Productivity - Food Chain, River Basins, Survey Studies, -6.0020

FISH POPULATION OR ABUNDANCE STUDIES IN LEWIS
AND CLARK LAKE ...Aquatic Ecology, Fish -non-specific,
Habitat Studies, Population Dynamics, South Dakota, ...6.0529

RELATIVE ABUNDANCE OF ADULT FISH IN LAKE FRANCIS
CASE ...Maturity & Growth Stages, Number Or Density, South
Dakota, -6.0504

YOUNG-OF-THE-YEAR FISH IN LAKE FRANCIS CASE ...Age,
Fish -non-specific, Nets, South Dakota, Water Environment -
other, ...6.0505

DISTRIBUTION AND RELATIVE ABUNDANCE OR POPULA-
TION OF YOUNG FISHES IN LAKE SHARPE RESERVOIR
...Aquatic Ecology, Fish -non-specific, Population Dynamics,
South Dakota, Vertical Distribution, _6.0500

ABUNDANCE AND COMPOSITION OF ADULT FISH STOCK IN
LAKE SHARPE ...Aquatic Ecology, Fish -non-specific, Number
Or Density, Population Dynamics, South Dakota, -6.0501

VITAL STATISTICS OF NORTHERN PIKE IN LAKE SHARPE
...Growth Rate, Mortality Rates, Pikes, Pickerel, Muskellunge,
Population Dynamics, South Dakota, -6.0502

VITAL STATISTICS OF WALLEYE IN LAKE SHARPE ...Growth
Rate, Mortality Rates, Population Dynamics, South Dakota, Wal-
leyes, -6.0503

LIMNOLOGICAL FEATURES LAKE SHARPE IN RELATION TO
COLD-WATER FISHES ...Curreim -water, Fish -non-specific,
Low Temp. -hut Above 32f, South Dakota, Temperature,
.,.6.0517

GROWTH AND MORTALITY RATES OF YOUNG YELLOW
PERCH IN OAHE RESERVIOR -Aquatic Ecology, Growth
Rate, Mortality Rates, South Dakota, Yellow Perch, Darters,
_6.0498

ABUNDANCE OF YOUNG-OF-THE-YEAR FISHES IN OAHE
RESERVOIR _Age, Mit. atic Ecology, Fish -non-specific, Popula-
tion Dynamics, South Dakota, -6.0499
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EARLY LIFE HISTORY OF WALLEYE IN LAKE FRANCIS
CASE ...Aquatic Ecology, Life History Studies, Maturity &
Growth Stages, South Dakota, Walleyes, ...6.0506

SEXUAL MATURATION AND SPAWNING OF NORTHERN
PIKE ...Biological Rhythms, Maturity & Growth Stages, Pikes,
Pickerel, Muskellunge, South Dakota, Spawn Or Nesting Sites,
-6.0520

SPAWNING OF YELLOW PERCH ...Biological Rhythms, Ovary,
South Dakota, Spawn Or Nesting Sites, Yellow Perch, Darters,
_6.0521

ENVIRONMENTAL FACTORS AND YOUNG NORTHERN PIKE
SURVIVAL IN RESERVOIRS -Aquatic Ecology, Environmental
Physiology, Pikes, Pickerel, Muskellunge, Stocking of Fish &
Shellfish, Temperature, -6.0510

ENVIRONMENTAL FACTORS AND YOUNG YELLOW PERCH
SURVIVAL IN RESERVOIRS ...Aquatic Ecology, Environmental
Physiology, Stocking of Fish & Shellfish, Temperature, Yellow
Perch, Darters, -6.0511

ENVIRONMENTAL FACTORS AND YOUNG WHITE BASS
SURVIVAL IN RESERVOIRS ...Basic Embryology, Basses -
sea,whqe, White Perch, Captive Rearing, Environmental Physiolo-
gy, .6.0512

LIFE HISTORY OF CHANNEL CATFISH IN LEWIS AND
CLARK LAKE ...Channel Catfish, Environmental Ecolog,, Life
History Studies, Number Or Density, South Dakota, -6.0530

EFFECTS OF ENVIRONMENTAL FACTORS ON STANDING
CROP AND HARVEST OF FISHES IN U. S. RESERVOIRS
...Environmental Ecology, Environmental Effects-g-Jogic, Fish -
non- specific, -6.0021

PRIMARY PRODUCTIVITY IN LAKE FRANCIS CASE ...Bays,
Benthic Fauna, Phytoplankton, Primary Productivity, Standing
Crops, ...6.0524

BENTHOS IN LEWIS AND CLARK LAKE ...Aquatic Ecology,
Bloodworms, Aquatic Midges, Mayflies, Number Or Density,
South Dakota, ...6.0514

BENTHOS IN LAKE FRANCIS CASE ...Aquatic Ecology, Benthic
Fauna, South Dakota, -6.0515

PRIMARY PRODUCTION IN LEWIS AND CLARK LAKE
...Photosynthesis, Phytoplankton, Primary Productivity, South
Dakota, _6.0525

PLANKTON POPULATIONS IN LEWIS AND CLARK LAKE
AND LAKE FRANCIS CASE ...Phytoplankton, Plankton
Sampling, Zooplankton, -6.0526

EXPLORATORY SAMPLING PROGRAM FOR YOUNG-OF-THE-
YEAR FISH ...Age, Fish -non-specific, Nets, Population Dynam-
ics, ...6.0022

POPULATION ESTIMATES FROM MIDWATER TRAWL SAM-
PLING ...Alewife,menhaden,shad,herring, Aquatic Ecology, Ar-
kansas, Nets, Population Dynamics, -6.0019

MOVEMENTS OF SPORT FISHES IN BEAVER RESERVOIR
...Arkansas, Basses -sea,white, White Perch, Fishery Development
-other, Migration, Tags, -6.0017

DEVELOPMENT OF IDENTIFICATION KEYS TO LARVAL,
AND JUVENILE RESERVIOR FISHES ..Animal Taxonomy,
Captive Rearing, Fish -non-specific, Maturity & Growth Stages,
Photography- other, ..6.0018

SPOTTED BASS REPRODUCTION IN BULL SHOALS ...Arkan-
sas, Biological Rhythms, Centrarchidac -other, Environmental
Ecology, Reproduction Studies (general), -6.0023

LIFE HISTORY OF LONGEAR SUNFISH ...Arkansas, Behavioral
Ecology, Centrarchidae -other, Life History Studies, Scuba,
-6.0016

EARLY LIFE HISTORY STAGES OF OAHE AND BIG BEND
RESERVOIR FISHES ...Animal Taxonomy, Aquatic Ecology, Life
History Studies, Plankton Sampling, South Dakota, -6.0522

LIFE HISTORY OF RESERVOIR FISHES, SPAWNING OF OAHE
AND BIG BEND RESERVOIR FISHES ...Aquatic Ecology,
Biological Rhythms, Life History Studies, South Dakota, Spawn
Or Nesting Sites, -6.0523

COOPERATIVE AGREEMENT FOR BEAVER RESERVOIR
CREEL CENSUS STUDY ...Censusing, Fish -non-specific, Fish-
ing, Number Or Density, Weight, -4.0015

MORTALITY RATES AND RECRUITMENT ...Arkansas, Fish -
non- specific, Growth Rate, Mortality Rates, Population Dynamics,
...4.0014
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PROPOSED CHANGES IN WATER USE PA'rl'ERNS
_Planning. Social Aspects, Water Resources Development,
_6.0572

INTERRELATIONS BETWEEN RIVER I3ASIN DEVELOPMENTS
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VALLEY AQUIFERS (ABBREV) ...Nebraska, Recharge -

general, Storage of Water, Valley, Buried, Water Quality-general.
_4.0162

WATER RESOURCES PLANNING STUDIES - ARKANSAS AND
OKLAHOMA ...Arkansas, Daily, Oklahoma. Water Allocation,
Water Quality-gcneral. 6.0028

METHODS OF ANALYSIS AND DETERMINATION OF EF-
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A MODEL RELATING; WATER QUALITY VEGETATIONAL
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ciency, Management, Ohio, Water Quality Control-general.
_5.1615

PROJECTING THEE DEMAND FOR AND SUPPLY OF WATER
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DEVELOPMENT TO ROCK TYPE AND CLIMATE ...Climate,
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general, Water Supply-general, Water Table Fluctuation, _2.1152

RESERVOIR AND RIVER OPERATION PROCEDURES ...Availa-
ble Water, Management, Model Studies, Optimization, Reservoirs
and Impoundments, ..6.0095

EFFECT OF RECLAMATION PROJECTS UPON THE QUALITY
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,,,Deposits- other, Lake Michigan, Lakes, Submergent, Water
Level Fluctuation, 2.0630

RELATION OF BEDROCK FRACTURE SYSTEMS TO UN-
DERGROUND WATER IN STAFFORD SPRINGS, SOUTH
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Watersheds, Idaho, Land Use, Water Yield, ...6.0176
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HYDROLOGY OF SMALL DRAINAGE BASINS FOR DEVELOP-
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SPATIAL BEHAVIOR OF ROUGHNESS IN LABORATORY
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kler Irrigation, Tillage. Cropping Systems, .3.0381

IRRIGATION WATER USE EVALUATION ...Border Irrigation,
Furrow Irrigation, Irrigation Engineering, Management, Water
Table Fluctuation, .3.0383

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Hydrology-generid, Mathematical Analysis,
Model Studies. Small Watersheds, Stochastic Models, ..A.0197

DEVELOPMENT OF TILLAGE-REPLACING HERBICIDE
SYSTEMS ...Contamination, Pollution-water, Ptisticides, Tillage,
Cropping Systems, .5.0884

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN TENNESSEE .,.Conservation & Management
Eng, Instrumentation-general, Small Watersheds, Soil Conditions,
Water Harvesting, Water Yield, ..,4.0225

DEVELOPMENT OF A CHEMICAL FALLOW SYSTEM OF
FARMING ,..Great Plains Province, Herbicides -non-specific,
Moisture Retention, Rotations, Tillage, Cropping Systems,
4.0236

WATER YIELDS FROM SMALL WATERSHEDS _Climate,
Shape, Small Watersheds, Virginia, Water Yield, ..A.0265

HYDROLOGY OF WATERSHEDS ON SHALE SOILS ...Fine-
grained Clastics, Hydrology - general, Moisture Content, Moisture
Tension, Small Watersheds, Soil Properties - Other, 4.0273

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS
...Amount, Applied Climatology, Aquifers-general, Small
Watersheds, Soil Types-general, Water Yield, 4.0207

RUNOFF INDUCEMENT IN ARID LANDS ,.,Arid and Desert, In-
filtration, Linings-pavings, Stabilization-general, Storage of Water,
Synthetic Hydrology-general, 3.0238

MODEL STUDY OF SEWER DROPSHAFT ...Conduit, Design-
other, Discharge-general, Flow Regulations, Two-phase-other,
8.0218

TREATING AN INADEQUACY OF THE UNIT HYDROGRAPH
HYPOTHESIS BY STORAGE ROUTING WITH VARIABLE
EMPIRICAL VALUES OF LAG AND STORAGE ...Amount,
Arizona, Hydrographs, Model Studies, Storage of Water, _2.0063

SYSTEM ANALYSIS OF RAINFALL-RUNOFF RELATIONSHIP
..Amount, Digital Computers, Digital Computers, Ordinary,

Systems Analysis, ...2.0427
STOCHASTIC ANALYSIS OF RAINFALL-RUNOFF RELATION-

SHIP ...Amount, Mathematical Analysis, North Carolina,
Stochastic Processes, 2.0428

STUDY OF THE HYDROLOGY 1:0P. MODELS OF THE GREAT
LAKES ...Evaporation, Great Lakes-general, Management,
Precipitation-general, Systems Analysis. 2.0435

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS ...At-
/uses-maps, Moisture Content, Patterns, Puerto Rico, Water
Yield, 4.0208

REGIONAL CORRELATIONS IN HYDROLOGIC VARIABLES
..Annual, Correlation, Data Analysis - General, Evaporation, Pat-

terns, 7.0097

2.403

NITROGEN TRANSFORMATIONS IN SOIL ...Agricultural
Watersheds, Fertilizers, Nitrate, Nitrite, Pollutants - Path of , Soil-
water-plant Relationships, ..5.0045

COOPERATIVE WATERSHED MANAGEMENT ON
BRUSHLANDS OF CALIFORNIA .Amount, California,
Management, Management and Fertility, Sediment Yield,
4.0036

DISPOSAL OF SURFACE WATER Drainage, Infiltration, Right-
of-way, Standards & Criteria, Surface Water, ,2.0150

MATHEMATICAL MODELING OF SMALL WATERSHED
FLOODS ..,Floods, Mathematical Analysis, Model Studies, Rain-
general, Small Watersheds, .4.0073

EXPERIMENTAL INVESTIGATION OF SMALL WATERSHED
FLOODS ...Amount, Floods, Small Watersheds, Synthetic
Hydrology-general, ..,2.0232

INVESTIGATION OF SOIL AND WATER LOSSES THROUGH
CROPPING SYSTEMS AND SOIL MANAGEMENT PRAC-
TICES Crop Relationships, Soil Environment, Surface
Flow, Tillage, Cropping Systems, 3,0195

PILOT-STUDY OF SMALL WATERSHED HYDROLOGY Data
Analysis - General, Floods, Instrumentation-general, Mathematical
Analysis, Rain-general, Small Watersheds, 2.0379

GROUND-WATER STUDIES - PILOT DRAINAGE BASIN
STUDY .Carbonate Aquifers, Groundwater Basins, Groundwater
Movement, Land Use, Natural Recharge, Water Cycle, .2.0418

STREAMFLOW HYDROGRAPH SEPARATION Electrical,
Geophysical Analysis, Groundwater, Hardness-minerals, Hydro-
graphs, Surface Water, ..2.0420

TRACER STUDIES - URBAN RUNOFF .,.Dyes, Pcak Flow, Urban
Environments, Urban Research, Velocity - water, .4.0101

THE EFFECT OF SUBSOIL TREATMENT ON SOIL CONDI-
TIONS, CROP GROWTH, AND RUNOFF Modified Water
Use, Soil Conditions, Stubble Mulching, 3.0222

PREDICTING RUNOFF AND GROSS EROSION FROM FARM-
LAND AND DISTURBED AREAS ...Agricultural Watersheds,
Conservation, Conservation-general, Erosion-general, Forecasting-
prediction, ...3.0224

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS ...Hydrographs, Hydrology-
general, Mathematical Analysis, Model Studies, Research -
Development, Watersheds-general, _2.0462

INVESTIGATIONS OF EROSION CONTROL AND WATER
CONSERVATION ...Amount, Conservation-general, Erosion,
Gullys - Arroyos, Land Use, Sediment Yield. Stabilization-general,
...3.0226

MANAGEMENT OF SOILS IN DRYLAND REGIONS ...Tillage,
Cropping Systems, ..A.0112

EFFECT OF URBANIZATION ON WATER QUALITY Kansas,
Pollution Sources-general, Urban Environments, Water Quality-
general, ...5.0425

WATERSHED VALUES AS AFFECTED BY FOREST MANAGE-
MENT ,,.Cover Crops, Erosion-general, Forest Watersheds,
Forests, Moisture Content, Swamps-marshes, ...4.0142

WATER SUPPLY FROM AGRICULTURAL WATERSHEDS AND
UTILIZATION IN IRRIGATION ...Agricultural Watersheds,
Forecasting - prediction, Irrigation-general, Moisture Content, Pat-
terns, Water Yield, ..A.0187

SOD AND STUBBLE MULCH PLANTING - VEGETATION CON-
TROL ...Evaporation, Management, Soil Erosion -non-specific,
Southeast, Stubble Mulching, 2.0827

PHYSICAL AND CHEMICAL CHANGES IN WEATHERING
COAL SPOILS-EFFECT ON WATER SUPPLY AND PLANT
GROWTH ...Coal-general, Growth Rate, Regeneration & Seed
Production, Soil and Rock Leaching, Spoil Banks, Spoil Banks,
Strip Minc Soils, ., 5.0903

STRIP-MINING AND WATER QUALITY ...Chemical-general, Ero-
sion-general, Mining Activities, Rainfall Simulators, Spoil Banks,
5.0889

IMPROVING IRRIGATION WATER SUPPLY FORECASTS AND
THEIR USE ...Forecasting-prediction, Frost and Permafrost, Ir-
rigation-general, Moisture Content, Moisture Meters, Water
Yield, 3.0401

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION ...Clouds-precipita-
tion, Forecasting-prediction, Mathematical Analysis, Model Stu-
dies, Valley and Ridge Province, Watersheds-general, 2.0922

CONSERVATION AND UTILIZATION OF RAINFALL AND IR-
RIGATION WATER ...Conservation & Management Eng, Irriga-
tion, Slopes, Tillage, Cropping Systems, Water Harvesting,
3.0451

RUNOFF PRODUCTION FROM UNIT SOURCE WATERSHEDS
IN THE EDWARDS PLATEAU ...Amount, Forecasting-predic-
tion, Rocks - Bedrock, Small Watersheds, Texas, 2.1028



Runoff SUBJECT INDEX

RUNOFF PRODUCTION BY UNIT SOURCE A'tt.EA ...Evapora-
tion, Forecasting-prediction, Land Use, Moisture Content, Rain-
general, 2.1029

RELATION OF CLIMATIC AND WATERSHED CHARAC-
TERISTICS TO STORM RUNOFF IN THE EDWARDS
PLATEAU ...Amount, Small Watersheds, Storm Water, Storms-
general, Texas, 2.1030

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS IN THE
BLACKLANDS AND EDWARDS PLATEAU OF TEXAS
...Agricultural Watersheds, Amount, Drought, Gages, Texas,
2.1032

GRADED FURROWS FOR RUNOFF AND EROSION CONTROL
.Conservation, Costs, Erosion-general, Soil Preparation &
Renovation, 3.0445

MEASUREMENT OF RUNOFF AND SOIL LOSS DIFFERENCES
BETWEEN ESTABLISHED PLOTS ...Artesian Flow, Erosion-
general, Observation Wells, Soil Environment, Water Table Fluc-
tuation, -.2.1019

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE EDWARDS
PLATEAU ...Floods, Reservoirs and Impoundments, Sediment
Yield, Texas, Watersheds-general, ...2.1020

RUNOFF AND WATER YIELD AS AFFECTED BY CLIMATIC
AND WATERSHED CONDITIONS IN THE BLACKLANDS OF
TEXAS ...Agricultural Watersheds, Amount, Floods, Texas,
Water Yield, ...2.1021

ELECTRONIC ANALOG MODEL STUDIES OF RIVER BASINS
.Analog Computers, Groundwater, Management, Model Studies,
Precipitation-general, River Basins, Water Cycle, Water
Resources Development, ...2.1059

WATERSHED WATER BUDGET ...Agricultural Watersheds,
Evapotranspiration, Mathematical Analysis, Moisture Content,
Water Balance-budget, ...2.1157

INVESTIGATION OF RAINFALL DISTRIBUTION ON URBAN
RUNOFF FOR IMPERVIOUS AREAS ...Drainage, Hydrographs,
Model Studies, Patterns, Urban Environments, ...2.0306

HYDROLOGIC MODEL FOR STREAMFLOW FORECASTING
...Flow Characteristics -water, Forecasting-prediction, Hydro-
graphs, Model Studies, Peak Flow, Precipitation-general, ...2.0600

PRECIPITATION ...Amount, Forecasting-prediction, Gages, Snow-
puck, Water Yield, 2.0601

FOREST INFLUENCES STUDIES ...Erosion-general, Forest
Watersheds, Infiltration, Land Use, Stabilization-general, Water
Quality-general, -.20.436

HYDROLOGIC RELATIONS IN HAWAII ...Amount, Data Net-
works, Floodproofing, Hawaii, Hydrology-general, ...2.0365

GENERALIZED SOIL - MOISTURE RUNOFF-RELATIONS
...Amount, Forecasting-prediction, Moisture Content, River
Basins, -.2.0900

FROZEN GROUND INVESTIGATIONS, BARROW, ALASKA
...Alaska, Frost and Permafrost, Hydrology- general, Ice Content,
Permafrost-frozen, Small Watersheds, ...2.0748

HYDROLOGY OF THE COLUMBIA RIVER BASALT ...Columbia
Plateaus, Hydrology-general, Igneous Rocks, Infiltration, Specific
Rock Unit, Tectonics-general, -.2.0905

GEOMORPHIC ASPECTS (SISTERS AND WATTS BRANCHES,
MARYLAND) ...Energy-dynamics, Ephemeral, Groundwater
Movement, Patterns, Sediment Transport-general, Water Cycle,
2.0283

GENERAL EVALUATION OF SOIL AND MOISTURE CONSER-
VATION TREATMENT PRACTICES ...Conservation-general,
Engineering Structures-gerwral, Erosion-general, Sedimentology-
general, Soil Environment, 2.0185

GLACIOLOGICAL RESEARCH .,.Advance, Regimen, Thickness -
Area, Watersheds-other, ...2.1136

UNSATURATED FLOW THEORY APPLIED TO DRAINAGE
AND INFILTRATION ...Drainage, Groundwater Movement, Infil-
tration, Internal Water Movement, Unsaturated Flow, 2.0125

FLUVIAL SEDIMENTATION IN STONY BROOK WATERSHED
...Gaging, Peak Flow, Sedimentology-general, Small Watersheds,
TOW Volume, 2.0766

SEDIMENTATION IN SMALL FORESTED DRAINAGE BASINS
...V'orest Watersheds, Logging, Transport, Equipment, Oregon,
Soil Erosion -non-specific, ...2.0901

FLOODS IN NORTH LOUISIANA - RAINFALL-RUNOFF RELA-
TIONSHIPS ..Amount, Floods, Gaging, Louisiana, Storms-
general, ...2.0537

HYDROLOGY OF STREAMS, ST. LOUIS METROPOLITAN
AREA ...Floods, Missouri, Streams, Urban Environments,

2.404

WRAGG SWAMP CANAL INVESTIGATION, ALABAMA
...Alabama, Amount, Canals, Control Factors-general, Urban En-
vironments, 4.0001

VEGETATION MANIPULATION EFFECTS ON RUNOFF
SYCAMORE CREEK, ARIZ ...Conservation-general, Cover
Crops, Sediment Yield, Water Yield, Watersheds-general,
...3.0008

FLOOD INUNDATION MAPPING AND URBAN RUNOFF INV.,
DALLAS, TEXAS ...Floods, Land Use, Mapping, Texas, Urban
Environments, 4.0232

HYDROLOGIC EFFECTS OF SMALL RESERVOIR ON NEDER-
LO CREEK, WISCONSIN ...Discharge-general, Hydrology-
general, Reservoirs and Impoundments, Water Cycle, Wisconsin,
2.1148

WATER RESOURCES OF THE KENAI PENINSULA BOROUGH
AREA, ALASKA ...Alaska, Aquifers-general, Gaging, Ground-
water Basins, Water Resources Development, 2.0012

WATER RESOURCES OF BRANCH-BLACKSTONE RIVER
BASIN, RHODE ISLAND ...Ga?ing, Groundwater Basins,
Permeability, Rhode Island, Water Yield, 2.0614

EXTENT OF BRACKISH WATER IN TIDAL RIVERS, MARY-
LAND ...Brackish Water, Tides, Water Utilization -general,
...2.0569

FLOOD HYDROLOGY INVESTIGATIONS ...Storms-general,
6.0090

TOPOGRAPHIC INFLUENCES ON PRECIPITATION ...Alaska,
Orographic Effects, Patterns, Topographic Influences, ...2.0028

IRRIGATION RETURN PLOW ...Irrigation-general, Nutrients, Pol-
lutants - Path of , Salinity, Water Quality-general, ...5.0183

NITRATE REMOVAL FROM THE AGRICULTURAL EF-
FLUENTS IN THE SAN LUIS DRAIN UTILIZING ION
EXCHANGE RESINS ...Chemical Treatment-other, Ion
Exchange-other, Nitrate, Nitrite, Resins, Waste Treatment-
economics, ...5.0182

RURAL RUNOFF CONTROL ...Adsorption-desorption, Nutrients,
Pesticides -non-specific, Rural Areas, Thermal Properties-other,
5,0282

DEVELOPMENT OF CRITERIA FOR TILLAGE MACHINERY
THAT WILL REDUCE SOIL EROSION AND RUNOFF ...Con-
servation-general, Erosion-general, Moisture Retention,
Technique Development, Tillage, Cropping Systems, 2.0007

SOIL STABILIZATION AND RUNOFF REGULATION IN
CONIFER WATERSHEDS ...Channels, Erosion-general, Forest
Watersheds, Internal Water Movement, Land Use, Stabilization-
other, ...S.0967

WATERSHED PROTECTION & REHABILITATION TO REDUCE
WATER RUNOFF ...Erosion-general, Floods, Forest Watersheds,
Infiltration, Land Use, ...4.0250

MANAGEMENT OF STORM RUNOFF AND THE IMPROVE-
MENT OF WATER YIELD ON FOREST LAND ...Forest
Watersheds, Infiltration, Storm Water, Subsurface Flow, Water
Yield, 2.0863

FLOOD RUNOFF & WATER YIELD FROM GLACIATED
MOUNTAINS ...Floods, Forest Watersheds, Glacial Environment,
Heat Budget, Water Balance-budget, Water Yield, 3.0372

FLOOD RUNOFF REDUCTION AND WATER YIELD IM-
PROVEMENT ...Appalachian Highlands- other, Cutting Opera-
tions, Forest Watersheds, Management, Water Yield, ...5.1287

EFFECT OF FOREST TYPES AND CONDITIONS ON WATER
MOVEMENT AND GROUND WATER RECHARGE ..,Forest
Watersheds, Groundwater Movement, Infiltration, Land Use,
Natural Recharge, Water Cycle, ...3.030I

DEVELOPMENT OF SPECIAL REHABILITATION
TECHNIQUES AND FOREST MANAGEMENT PRACTICES
FOR USE ON SEVERELY ERODED OR HIGHLY EROSIVE
WATERSHEDS .,.Conservation, Cover Crops, Erosion- general,
Floods, Site Index and Site Quality, ...2.0674

REDUCTION OF FLOOD RUNOFF, SEDIMENTATION AND
STREAMFLOW IMPROVEMENT IN UNGLACIATED AREAS
...Erosion-general, Forest Watersheds, Mississippi River, Slope -
Degree of , Stream Rehabilitation, Water Loss Control, -.4.0275

A THEORETICAL STUDY OF INFILTRATION INTO RANGE
AND FOREST SOILS ...Amount, Infiltration, 2.1066

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS ...Agricultural
Watersheds, Amount, Gages, Patterns, Topographic Influences,
...2.0334

RUNOFF PRODUCTION BY UNIT SOURCE AREA FOR
AGRICULTURAL WATERSHEDS IN THE SOUTH ...Agricul-
tural Watersheds, Conservation, Land Use, Precipitation -non-
specific, Southern, 2.0335



SUBJECT INDEX Russia
PRECIPITATION AND SNOW MELT CHARACTERISTICS IN-

FLUENCING RUNOFF FROM WATERSHEDS IN CORN BELT
...Agricultural Watersheds, Corn Belt, Permafrost-frozen,
Precipitation-general, Snowmelt, 2.0865

RUNOFF PRODUCTION BY UNIT SOURCE AREA AGRICUL-
TURAL WATERSHEDS IN CORN BELT STATES ..Agricul-
tural Watersheds, Corn Belt, Forecasting-prediction, ...2.0866

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN CORN BELT STATES ..Agricultural
Watersheds, Corn Belt, Patterns, Physical Climatology, Storms-
general, ,2.0867

STORM RUNOFF AND FLOODS AS RELATED TO IN-
TEGRATED CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Climate, Floods, Land Use, Morphology-general,
Storm Water, 4.0071

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM WATERSHEDS IN THE SOUTHERN PLAINS ...Agricul-
tural Watersheds, Amount, Great Plains Province, Patterns, Topo-
graphic Influences, 2.1054

RUNOFF PRODUCTION BY UNIT SOURCE AREAS IN THE
SOUTHERN PLAINS ...Great Plains Province, Land Use,
Moisture Retention, 2.0875

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Conservation-general, Flow Characteristics -water,
Storms-general, ...4.0248

PRECIPITATION CHARACTERISTICS INFLUENCING
HYDROLOGIC PERFORMANCE OF AGRICULTURAL
WATERSHEDS IN THE PACIFIC NORTHWEST ...Agricultural
Watersheds, Hydrology-general, Patterns, Sediment Yield, Snow-
other, 2.0386

RUNOFF AND SEDIMENT MOVEMENT ON UNIT SOURCE
WATERSHEDS OF THE PACIFIC INFLUENCED BY CLI-
MATE, SOILS, VEGETATION AND TOPOGRAPHY ..,Idaho,
Physiography-general, Sediment Yield, Water Yield, Watersheds-
general, 2.0387

CLIMATE, SOIL AND VEGETATION INFLUENCES ON
HYDROLOGY OF RANGELANDS IN THE SOUTHWEST
...Floods, Hydrology-gencral, Sediment Yield, Water Yield,
4.0007

FACILITIES, METHODS AND DESIGN CRITERIA TO PUMP,
CONVEY, CONTROL AND MEASURE WATER FOR
AGRICULTURAL PURPOSES IN THE NORTHERN PLAINS
...Irrigation-general, Lining, Pumping, Storage of Water, Water
Distribution Systems, Water Transfer, 3.0141

PRINCIPLES, FACILITIES, AND SYSTEMS FOR WATER HAR-
VEST ...Model Studies, Rainfall Simulators, Stabilization-other,
Storage of Water, Water Harvesting, 3.0006

DESIGN, INSTALLATION, AND MAINTENANCE OF SURFACE
AND SUBSURFACE DRAINAGE SYSTEMS WITH OR
WITHOUT LANDFORMING AND CONDITIONING ...Drainage,
Drainage Engineering, Erosion other, Southern, Tillage, Cropping
Systems, 4.0081

DETERMINATION AND EVALUATION OF FACTORS AFFECT-
ING WATER RUNOFF AND EROSION IN THE DIFFERENT
LAND RESOURCE AREAS OF THE NORTHEAST ...Conserva-
tion, Erosion-general, Management, Northeast, Seedbed Prepara-
tion, 5.0489

EFFECTS OF SOIL, TOPOGRAPHY, CLIMATE, CROPPING
AND MANAGEMENT PROCEDURES ON RUNOFF AND
EROSION, AND ON THE PREDICTION OF SOIL LOSSES
...Conservation, Rain, Slope - Degree of , Tillage, Cropping
Systems, ..2.0337

DEVELOPMENT OF SUPPORTING PRACTICES, SYSTEMS,
TECHNIQUES AND DEVICES FOR RUNOFF AND EROSION
CONTROL IN THE SOUTH ...Conservation, Conservation &
Management Eng, Erosion-general, Flow Characteristics -water,
Land Use, Tillage, Crapping Systems, .5.0275

BASIC PRINCIPLES AND MECHANICS OF RAINFALL, RU-
NOFF, SOIL MOVEMENT AND LOSS IN THE CORN BELT
Engineering Properties-general, Erosion-general, Sediment
Transport-general, Slopes, Structure-size, Surface Flow, 2.0475

EVALUATION OF CLIMATIC, TOPOGRAPHIC, SOIL AND
CROP MANAGEMENT FACTORS IN RELATION TO WATER
MANAGEMENT AND EROSION CONTROL IN THE CORN
BELT ...Climate, Corn Belt, Erosion-general, Slopes, Wind Ero-
sion, 2.0476

DEVELOPMENT AND REFINEMENT OF METHODS FOR PRE-
DICTING FIELD RUNOFF AND SOIL LOSS ...Conservation,
Erosion-general, Forecasting-prediction, Mathematical Analysis,
Sediment Yield, Soil Environment, Soil Erosion -non-specific,
2.0477

2-405

DEVELOPMENT OF SUPPORTING RUNOFF AND EROSION
CONTROL PRACTICES AND SYSTEMS IN THE CORN BELT
Conservation & Management Eng, Corn Belt, Erosion Control,
Erosion-general, Stabilization - other, Terrace-bench, Wind,
3,0225

WATER AND WIND EROSION AND ITS CONTROL ON IR-
RIGATED AND NONIRRIGATED LANDS IN THE
NORTHERN PLAINS Erosion-general, Great Plains Province,
Irrigation-general, Soil Tillage Methods -other, Wind Erosion,
5.0195

MECHANICS AND PRINCIPLES OF WATER EROSION AND
THEIR APPLICATION FOR EROSION CONTROL IN THE
SOUTHERN PLAINS ...Erosion-general, Great Plains Province,
Soil Environment, Soil Erosion -non-specific, 5.0435

EROSION AND RUNOFF CONTROL PRACTICES AND
SYSTEMS TO CONSERVE SOIL AND WATER RESOURCES
IN THE PACIFIC NORTHWEST _Conservation, Conservation-
general, Design Flow-flood, Erosion-general, Southern, _4.0087

FACILITIES AND PROCEDURES FOR CONSERVATION
MANAGEMENT OF RUNOFF WATER FROM AGRICUL-
TURAL LANDS IN THE SOUTHERN PLAINS Agricultural
Watersheds, Artificial Recharge, Groundwater, Playas, Storage of
Water, 4.0237

PRECIPITATION PATTERNS ON RANGELAND WATERSHEDS
IN THE SOUTHWEST _Climatography, Forecasting, Patterns,
Sediment Yield, Southwest, _2.0040

PRECIPITATION PATTERNS ON UPSTREAM WATERSHEDS
IN CENTRAL AND SOUTHERN CALIFORNIA ...California,
Climatography. Patterns, Sediment Yield, Watersheds-general,
...2.0103

GROUND WATER IN RELATION TO USE AND MANAGE-
MENT OF RANGELAND WATERSHEDS IN THE
SOUTHWEST ...Agricultural Watersheds, Groundwater, Natural
Recharge, Projections and Estimations, Southwest, 3.0007

NATURAL RECHARGE OF GROUND WATER IN CENTRAL
AND SOUTHERN CALIFORNIA _Infiltration, Natural
Recharge, Rain-general, 3.0063

FLOOD WAVE MOVEMENT IN NATURAL EPHEMERAL
STREAM CHANNELS ...Channels, Ephemeral, Floods, Thun-
derstorms, Waves, ...4.0008

STREAM FLOW REGIMES OF SEMIARID RANGELAND
WATERSHEDS IN THE SOUTHWEST ...Channels, Flow
Characteristics -water, Semi - Arid, Storm Water, Storms-general,
4.0009

STREAM FLOW REGIMES ON A SEMIARID RANGELAND
WATERSHED ...Agricultural Watersheds, Channels, Hydraulics-
general, Hydrographs, Storms-general, 4.0178

APPLICATIONS OF ANALOG COMPUTER SIMULATION
TECHNIQUES FOR RUNOFF PREDICTIONS WITHIN THE
REYNOLDS CREEK WATERSHED ...Analog Computers,
Forecasting-prediction, Idaho, Model Studies, Simulation Theory,
.,.7.0106

Rural Areas
FLOODS FROM SMALL WATERSHEDS ..,Amount, Floods, Small

Watersheds, Synthetic Hydrology-general, Systems Analysis,
..,2.0231

WASTE DISPOSAL IN RURAL AREAS ...Aerobic, Animal Waste
Removal-treatment, Chemical Analysis (water), Effluents-waste
Water, Farm Wastes, Septic Tanks, 5.0219

IDENTIFICATION ANL. REMOVAL OF PESTICIDES FROM
RURAL WATER SUPPLIES ...Pesticides -non-specific, Removal
of Residues, Residues in Potable Water, Waste Water Treatment-
general, Water Utilization -domestic, ...5.0448

RURAL LAND USAGE ...Agriculture, Land, Land Use, Land Use -
non- specific, Social Aspects, Types of Resources, _6.0471

ECONOMIC IMPACT OF WATER RESOURCE DEVELOPMENT
ON LAND USE ...Economic Impact, Land Use, Pennsylvania,
Reservoirs and Impoundments, Water Resources Development,
...6.0472

INFLUENCE ON LAND VALUES OF IMPROVED UTILIZATION
THROUGH FLOOD PROTECTION ...Economic Impact, Flood-
proofing, Land Use, Urban Environments, Value, 6.0129

RURAL RUNOFF CONTROL ...Adsorption-desorption, Nutrients,
Pesticides -non-specific, Runoff, Thermal Properties-other,
.3.0282

Russia
TRANSLATION OF VOPROSY IKHTIOLOGII (PROBLEMS OF

ICHTHYOLOGY) ...Commercial Fishing, Translation Grants,
...6.0122



Russia SUBJECT INDEX

U. S. S. R. LITERATURE ON WATER SUPPLY AND POLLU-
TION CONTROL ...Discharge-general, Sewage, Sewerage
Systems-general, Survey Studies, Waste Disposal-general,
_5.0228

NATURAL RESOURCE MANAGEMENT AND CONSERVATION
IN THE SOVIET UNION ...Conservation-general, Multiple-pur-
pose Projects, Survey Studies, Water Allocation, Water Quality-
general, ...3.0485

Sacramento River
ALLOCATIVE IMPACTS OF FEDERAL AND STATE WATER

DEVELOPMENT LAW ...Conflicts, Economic Impact, Water Al-
location, Water Law-general, Water Resources Development,
6.0067

SACRAMENTO-SAN JOAQUIN DELTA ANALOG MOD, ;L STU-
DIES ...Analog Computers, Deltas, Electronics Applie( , Instru-
mental Services, Model Studies, ..7.0008

Safety
CLOSED SYSTEMS FOR ANIMAL SEWAGE TREATMENT

Aerobic, Digestion, Disinfection, Farm Wastes, Ion Exchange-
other, 1.0060

AIDS FOR WASTEWATER SYSTEM PERSONNEL SAFETY
AND ADVANCEMENT ...Consultants, Advisory Services, Per-
sonnel, Waste Water Treatment-general, 9.0006

Saline Conversion
Mi.::,:BRANES FOR REVERSE OSMOSIS DESALINATION BY

DIRECT CASTING ON POROUS SUPPORTS _Cellulosics, Cost
Analysis, Film, Natural Occurring, Reverse Osmosis, 3.0309

ELLIPSOMETIM STUDIES OF PASSIVATION, WITH SPECIAL
REFERENCE TO THE ESSENTIAL ANIONIC CONSTITUENTS
OF SALINE WATER ,..Desalination, Electrochemical-other, Ha-
lide, Passivation, Water, 3.0412

SEAWATER CORROSION CONTROL BY ENVIRONMENT
MODIFICATION ,..Environment General, Inhibitors, Low Alloy
Steels, Other, Water, 3.0454

DEVELOPMENT OF A LOW-COST IRON-BASE ALLOY TO RE-
SIST CORROSION IN HOT SEA-WATER ..,Alloy & Systems,
Desalination, Orientation, Polarization, Water, 3.0418

DEVELOPMENT OF LOW-COST, CORROSION-RESISTANT AL-
LOYS AND ON ELECTRO-CHEMICAL TECHNIQUES FOR
THEIR PROTECTION IN DESALINATION SYSTEMS
...Copper, Corrosion Prevention-other, Desalination, Water, Zinc,
_3.0290

A STUDY OF PRESCALING DEPOSITION ...Copper, Desalina-
tion, Radioisotopes. Scaling, Encrusting, 1.0011

EVALUATION OF DESALINATION PROPERTIES OF CELLU-
LOSE ACETATE MEMBRANES IN FLAT, TUBULAR AND
SPIRAL WOUND CONFIGURATIONS ,..Desalination, Film,
Membranes-other, Natural Occurring, Stress, Strain, ...3.0052

RESEARCH ON IMPROVED REVERSE OSMOSIS MEMBRANES
...Cellulosics, Crosslinked, Membranes-other, Polyvinyl Pyr-
rolidonc, Porosity, Reverse Osmosis, 3.0096

STUDY OF REJECTION OF VARIOUS SOLUTES BY REVERSE
OSMOSIS MEMBRANES ...Cellulosies, Ion Selective, Removal- -
inorganics, Removalorganics, Reverse Osmosis, 3.0097

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
...Cost Analysis, Electrodialysis, Gasket Materials, Membranes-
other, Polarization, 3.0285

14.01 - 0001 -1760 -- IN-SITU FORMATION OF REGENERATIVE
CELLULOSE ACETATE' MEMBRANES ON POROUS SUP-
PORTS .,.Casting of Materials, Cellulose Acetate, Ceramics -
General, Reverse Osmosis, Solutionizing, 3.0069

EVALUATION OF CONCRETE AND RELATED MATERIALS
FOR USE IN DESALINATION PLANTS ...Cement, Concrete,
Coatings-general, Corrosion General, Ferrous Alloys - Other, Sea-
lant Materials, 8.0062

Saliva
SELECTED FACTORS INFLUENCING TASTE OF DRINKING

WATER ...Hardness-minerals, Mineralization, Potable Water, Stu-
dies, Organoleptic, Temperature Control, Water for Cooking Or
Drinking, 5.0085

Salt
TRANSFER OF SALT AND WATER ACROSS MEMBRANES OF

PLANT MITOCHONDRIA ...Active Transport, Bioenergetics,
Desalination, Mitochondria' Membranes, Water Movement,
3.0218

SALINITY AND ION TRANSPORT MECHANISMS OF PLANT
CELL MEMBRANES .,.Absorption (non-specific), Halophytic,
Ion Transport and Elect. pot. , Plasma Membrane, Salinity,
.,3.0044

WATER BALANCE AND ALKALINE EXCHANGE RELATION-
SHIPS AS INFLUENCED BY WATER MANAGEMENT PRAC-
TICES IN RICE ...Arkansas, Microclimatc-general, Rice, Water
Balance-budget, Water Depth, Water Levels, ...2.0071

GROUND-WATER CONTAMINATION FROM HIGHWAY SALT-
ING IN MASSACHUSETTS ...Groundwater, Groundwater Move-
ment, Massachusetts, Salinity, Snow and Ice Removal, ...5.0521

Salts
THERMAL PROPERTIES OF SALT SOLUTIONS ...Conductivity,

Property Measurement, Solution, 1.0057
WATER RESEARCH PROGRAM - SECTION I, PROPERTIES OF

SOLUTIONS ...Colloidal Phenomena, Distribution Coefficient,
Membranes-other, Potentiometry, Transport, Vapor, ...1.0115

Sampling
SUSPENDED SEDIMENTS IN THE UPPER CHESEPECKE BAY -

EVALUATION OF METHODS FOR SIZE ANALYSIS OF
SUSPENDED MATERIALS Chesapeake Bay, Laboratory, Size,
Size Frequency Distribution, Turbidity, ...2.0557

A STUDY OF THE FREEZING CYCLE IN AN ALASKAN
STREAM ...Alaska, General, lee Properties-general, Streams,
2.0018

MASSACHUSETTS PESTICIDE MONITORING STUDY Mas-
sachusetts, Monitoring Systems, Pesticides -non-specific,
Watersheds-general, ...5.0539

TRANSPORT PROPERTIES OF NATURAL CLAYS ...Clay, Clays,
Hydraulics-general, Percolation, Permeability, ...2.1102

San Francisco Bay
SMALL-SCALE CIRCULATIONS OF THE SAN FRANCISCO

BAY AREA ...Air Motion-general, Inversion, Land-sea Breezes,
Model Studies, Orographic Effects, 2.0154

EFFECTS OF WATER POLLUTION IN SAN FRANCISCO BAY
Bays, Economic Impact, Pollution - Effects of , Recreation
Sites, Social Aspects, Water Utilization -domestic, Welfare
Economies, 5.0125

ENGINEERING INVESTIGATION OF STORM WATER INFIL-
TRATION INTO SANITARY SEWERS OF THE EAST BAY
MUNICIPAL UTILITY DISTRICT ...Benefit-cost Analysis, Com-
bined Sewer, Infiltration, Storm Water, Water Quality Control-
general, 5.0123

NUTRIENT REMOVAL FROM AGRICULTURAL WASTE
WATERS ...California, Denitrification, Eutrophication, Nutrients,
Pilot Plants, Waste Water Treatment-general, 4.0032

GEOCHEMISTRY OF SAN FRANCISCO BAY ...Bays, Clays, Dis-
tribution, Mineral Associations, Trace Element Analysis, 2.0121

Sanitation
General Sanitation Methods

LIVESTOCK WASTE MANAGEMENT AND SANITATION
Aerobic, Animal Waste Removal-treatment, Computer Methods
-other, Manure, 5.0360

Shellfish Depuration
MICROBIOLOGY OF ESTUARINE AND SHELLFISH POLLU-

TION ...Bioindicators, Clams, Estuaries, Oysters, Pollution Ef-
fects, Waste Water Treatment-general, 5.0719

DEPURATION OF CHEMICAL POLLUTANTS IN SHELLFISH
...Chromium, Contamination - Water, Metabolism, Oysters, Pesti-
cides -non-specific, 5.0020

DEPURATION OF MICROBIAL POLLUTANTS IN SHELLFISH
...Microbiological, Oysters, Ultra Violet, Viral Pollutant Sources,
5.0019

GENERAL TECHNICAL ASSISTANCE ...Committee-support,
Crustacea -non-specific, Mollusks -non-specific & Other, Water
Quality-general, ...5.1075

BACTERIAL DEPURATION OF WEST COAST SHELLFISH
...Clams, Oysters, Pilot Plants, Salinity, Turbidity, ...5.1229
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SUBJECT INDEX Sea Water Chemistry

Satellites & !Jeep Space Probes
IMPROVE COMPONENTS OF THE DATA ACQUISITION

SYSTEM - SATELLITE COMMUNICATIONS EQUIPMENT
...Automatic Data Aquisition, Data Acquisition Systems, Instru-
mental Services, Rain-general, Streams, 7.0050

Scanning

Scintillation
Other

ALGAL GROWTH POTENTIAL OF ILLINOIS WATERS ...Algae-
General, Bioindicators, Growth (non-specific & Ot.), Growth and
Differentiation, Illinois, _6.0199

Scouring
HYDRAULIC INVESTIGATION OF SOIL EROSION AND SEDI-

MENTATION IN HIGHWAY MEDIAN AND SIDE DITCHES
...Alabama, Drainage, Flow Characteristics -water, Sedimentation,
Silting, ...2.0004

REDUCTION OF SCOUR AROUND BRIDGE PIERS ...Bridges &
Culverts, Drainage, Erosion Control, ...20965

SEDIMENT TRANSPORTATION AND BOTTOM CONFIGURA-
TION, AMITE RIVER ...Bed Load, Forecasting-prediction,
General Deposition, Louisiana, Rate of Deposition, 5.0450

SCOUR AND FILL IN THE MISSOURI RIVER AS RELATED TO
THE WATER RESOURCES PLANNING ...Energy-dynamics,
Missouri River, Planning, Sediment Yield, South Dakota,
2,0966

NON-EQUILIBRIUN TRANSPORT OF SUSPENDED SEDIMENT
...Flume, Length, Open Channel, Sedimentation, Suspension,
_2.0696

LABORATORY STUDIES OF CONSERVATION AND
DRAINAGE STRUCTURES ...Drainage, Erosion Control, Pipes,
Transition Sections, Velocity, -.3.0217

SCOUR AT RELIEF BRIDGES ...Bridges & Culverts, Culvert,
Drainage, Sedimentation, Transition Sections, -.8.0005

SHOALING PROCESSES ...Channels, "and Bars, Sediment Trans-
port-other, Tidewater Areas, Turbulent Flow, ...2.0690

DETROIT TEST CONDUIT ...Conduit, Control Gate, Erosion Con-
trol, Flume Studies, Transition Sections, 8.0282

SCOUR AT BRIDGE CROSSINGS IN ALASKA ...Bridges & Cul-
verts, Discharge-other, Erosion Control, Suspension, ...2.0013

PROTECTION OF ERODIBLE CHANNELS AND SURFACES
WITH GRAVEL OR RIPRAP ...Canals, Channels, Energy Loss -
water, Engineering Structures-general, Flow Characteristics -
water, Groundwater, Linings-pavings, Seepage, .,,8.0040

SEDIMENTATION AND WATER SALVAGE STUDIES-SOIL
AND MOISTURE PROGRAM Channels, of Specific Weeds,
Phrcatophytcs, Transpiration, Water Loss Control, 8.0028

STREAM CHANNEL STABILIZATION SEDIMENT CONTROL
WORKS IN CHANNELS ...Channels, Erosion Control, Lining,
Open Channel, Sedimentation, -.5.0930

Scuba
LIFE HISTORY OF LONGEAR SUNFISH ...Arkansas, Behavioral

Ecology, Ccntrarchidac -other, Life History Studies, Reservoirs
and Impoundments, ...6.0016

Sea Ice
SATELLITE SEA ICE STUDIES ...Arctic, Satellites, ...6.0277
WINTER TEMPERATURE STRUCTURE OF THE GREAT

LAKES ...Circulation -water, Lake Michigan, Temperature, Ther-
modynamics, ...2.0631

GREAT LAKES RESEARCH - GREAT LAKES DEICING
...Bibliography, Great Lakes-general, Harbors, Navigation, Origin,
-.2.0643

APPLIED PHYSICS AND MECHANICS ...Alteration, Mechanical,
Movement, 8.0265

GREAT LAKES RESEARCH - ICE CHARACTERISTICS ...Aerial,
Lake Superior, Micromcteorology, Origin, Petrofabrics, Radia-
tion-terrestrial, ...2.0644

GREAT LAKES RESEARCH - ICE COVER DISTRIBUTION
...Aerial, Acrospatial, Alteration, Great Lakes-general,
Petrofabrics, ...2.0645

SNOW AND ICE COVER INVESTIGATIONS ...Arctic, Frost,
Snowmelt, Snowpack, Weather Forecasting, ...2.0747

GREAT LAKES RESEARCH GREAT LAKES DEICING ...Al-
teration, Bibliography, Great Lakes-general, Ice Properties-
general, Origin, 2.0646

Sea of Japan
LAKE EFFECT STORM STUDY ...Formation, Lakc Erie, Lakc

Ontario, Model Studies, Weather Forecasting, 2.0778

Sea Urchins & Other Echinoderm
MARINE WASTE DISPOSAL AND SEA URCHIN ECOLOGY

California , Pollution Effects, Productivity - Food Chain,
Sewage, -.5.0130

Sea Water Chemistry
Chemical Reactions

MINERAL-WATER CHEMISTRY, GREAT LAKES ...Great Lakes-
general, Mineral Equilibra, Mineral Genesis, Model Studies, Phase
Relationships, Solution Chemistry, _5.0552

Radioactivity
PRODUCTIVITY OF ESTUARINE AND MARINE ECOSYSTEMS

(A COOPERATIVE AGREEMENT WITH THE ATOMIC
ENERGY COMMISSION) ...Estuaries, Ions and Gases, Plankton
Sampling, Productivity - Food Chain, Radioactivity-general,
2.0818

Saline Water Systems
THE USE OF AMALGAM ELECTRODES TO MEASURE AC-

TIVITY COEFFICIENTS OF METAL SALTS IN MULTICOM-
PONENT SALT SOLUTIONS ...Activity Coefficient, Electrode,
Equilibrium-other, 1,0065

INFLUENCES OF SALINE WATER ON CONCRETE ...Cement,
Concrete, Composition Parameters-other, Construction Materials-
other, Desalination, Salinity, 3.0221

REMOTE SENSING, GULF COASTAL AREA, CENTRAL
FLORIDA ...Aircraft, Aquifers-general, Fresh Water, Tempera-
ture, Tides, -.2.0327

Salinity
TRITIUM AS A TRACER FOR MIXING PROCESSES ...Mixing,

Ocean Currents, Radioactivity, Tracers, Tritium, ...5.0264
CHEMICAL RESPONSES BY MARINE ORGANISMS TO STRESS

...Environmental Changes, Environmental Ecology, Environmental
Physiology, Protein, Thermal, ...5.1056

ESTUARINE DIFFUSION OF POLLUTANTS ...Dilution-other,
Estuaries, Oregon, Pollutants - path of , Stratification, ...5.0974

OCEANOGRAPHIC DATA COLLECTION - MIDDLE PUGET
SOUND ...Data Acquisition, Oysters, Puget Sound, Temperature,
Trace Elements, ...7.0112

Water Analysis
Gases

DEVELOPMENT OF A COULOMETRIC METHOD FOR THE
MEASUREMENT OF DISSOLVED OXYGEN IN SEA WATER
...Analysis and Detection, Coulometry, Electrolytic, Oxygen,
Technique Development, 2.0914

DETERMINATION OF OXYGEN IN SEA WATER ...Chemical
Analysis, Electroanalyses-other, Oxygen, Salt, 1.0009

ASSEMBLY AND EVALUATION OF AN IMPROVED PPB OX-
YGEN ANALYZER FOR SEA WATER ...Automatic, Calibration
Devices, Inorganic, Oxygen, Technique Development, 3.0453

General
COASTAL AND INSHORE OCEANOGRAPHY ...Alaska, Estua-

ries, Marine Biology, Other Sea Water Properties, Shoreline -
Coastline, ...2.0015

Organics
ORGANIC GEOCHEMISTRY OF SAN FRANCISCO BAY

WATERS AND SEDIMENTS ...Clays, Distribution, Sedimenta-
tion, ...2.0123

QUANTITATIVE AND QUALITATIVE CHARACTERISTICS OF
MATERIALS CONTRIBUTING TO SEDIMENTATION IN
LAKE ERIE ...Lake Erie, Location, Organic, Rate of Deposition,
Sedimentation, ...2.0628

PHYTOPLANKTON, SUSPENDED MATERIALS, AND TURBIDI-
TY ,..Estuaries, Organic-general, Shoreline - Coastline, Turbidity,
6.0082
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Sea Water Chemistry

Trace Elements
OCEANOGRAPHIC DATA COLLECT!

3OUND ,..Data Acquisition, Oysters, P
mature, -.7.0112

Sea Water Mo
Circulation General

STUDY OF INFLUENCE OF STRA
STRUCTURE ...Currents-other, H
2.0810

SUBJECT INDEX

ON - MIDDLE PUGET
get Sound, Salinity, Tem-

tion

TIFICATION ON CURRENT
ydrodynamics, Lake Michigan,

DYNAMICS OF THE CIRCULATION IN THE GREAT LAKES
...Hydrodynamics, Lake Huron, Luke Michigan, Model Studies,
Wind-water Interaction, _2.0407

RESIDENCE TIMES OF WATE
..,Bays, Simulation Theory,
...5.0253

RS BEHIND BARRIER ISLANDS
Tides, Wind-water Interaction,

PHYSICAL FACTORS AFFECTING OREGON COASTAL POL-
LUTION ...Density, Pollution - general, Shoreline - Coastline, Tide-
water Areas, Water Quality-general, ...5.0951

CIRCULATION ON THE
Ocean-north, Continental
tiers, ...2.0624

Convection
RESEARCH IN OCEAN

ing, Thermodynamics,
Interaction, 2.0619

Currents-other
STUDY OF INFLU

STRUCTURE ...
Michigan, 2.081

COASTAL DIFFU
Ocean, Oregon,

Hydrodynamics
STUDY OF IN

STRUCTUR
Michigan,

CONTINENTAL SHELF ...Atlantic
Shelf, Eastern, Water Motion Recor-

IC PHYSICS ...Atlantic Ocean-south, Mix-
Water Mass & Ocean Fronts, Wind-water

NCE OF STRATIFICATION ON CURRENT
Circulation General. Hydrodynamics, Lake
0

SION OF POLLUTANTS ...Model Studies,
Outlet, Pulp and Paper Wastes, _5.0973

FLUENCE OF STRATIFICATION ON CURRENT
_Circulation General, Currents-other, Lake

2.0810
DYNAMICS OF THE CIRCULATION IN THE GREAT LAKES

...Circulation General, Lake Huron, Laki.: Michigan, Model Stu-
dies, Wind-water Interaction, .2.0407

CIVIL ENGINEERING STRUCTURES IN THE OCEANS ...En-
gineering Studies-other, Foundations-general, Hydraulic Struc-
tures, Mechanical Properties, Soil Dynamics, Wave Action,
...8.0165

STABILITY OF RUBBLE-MOUND BREAKWATERS ...Break-
waters, Design Criteria, Engineering Structures-general, Si reline
Structures, Wave Action, Waves, _8.0230

Internal

Lo

THR
TI

F

Waves
EE BASIC PROBLEMS IN FLUID MECHANICS EVAPORA-
VE CONVECTION, ELECTRO-OSMOSIS, INTERNAL
A V ES ...Electrochemistry-other, Flow Chara..leristics -water,

luid Dynamics, Photography, Reverse Osmosis, Wave Motion in
luids-other, 3.0074

ECHANICS OF WAVE ACTION IN DEEP AND SHALLOW
WATER ...Geomorphology-topography, Longshorc Currents,
Sand Bars, Tsunami, Waves, _2.0258

ngshore Currents
AIRPHOTO ANALYSIS OF OCEAN OUTFALL DISPERSION

...Diffusion, Ocean, Outlet, Photogrammetry, Pollution-general,
5.0941

SAND TRACING Al' SPECIFIC INLETS AND AREAS ON THE
LOWER EAST COAST OF FLORIDA ...Bays, By-passing,
Florida, Shoreline - Coastline, Tracers, 8.0161

MECHANICS OF WAVE ACTION IN DEEP AND SHALLOW
WATER Geomorphology-topography, Internal Waves, Sand
Bars, Tsunami, Waves, ...2.0258

Mixing
TRITIUM AS A TRACER FCR MIXING PROCESSES ...Ocean

Currents, Radioactivity, Salinity, Tracers, Tritium, ...5.0264
RESEARCH IN OCEANIC PHYSICS ...Atlantic Ocean-south, Con-

vection, Thermodynamics, Water Mass & Ocean Fronts, Wind-
y/Met Interaction, _2.0619

OCEANOGRAPHIC FACTORS IN THE FUNCTIONAL DESIGN
OF WASTE DISPOSAL SYSTEMS ...Jet Flow-other, Nuclear
Power, Outlet, Process Design, Sewers, 5.0115

Ocean Currents
TRITIUM AS A TRACER FOR MIXING PROCESSES ...Mixing,

Radioactivity, Salinity, Tracers, Tritium, 5.0264
THE SPREADING OF OIL FILMS ...Forecasting- prediction, Oil,

Pollution Abatement, Tides, Waves, _5.087

Sea Level Variations
ATLANTIC COASTAL PLAIN PERMEABILITY DISTRIBU-

TION STUDY .Coastal Plain, Permeability, Structural Source,
Transport Direction, Wedges, 2.0824

GEOLOGIC ASPECTS OF SEA-WATER ENCROACHMENT -
RECOGNITION OF LATE GLACIAL SUBSTAGES IN NEW
YORK AND NEW ENGLAND ...Field Studies, New York,
Quaternary Period, Saline Water Intrusion, Shoreline - Coastline,2.0300

Tides
OYSTER LEASE CONTROL MONUMENTS - BAY ADAM,

BASTIAN BAY AND SANDY POINT BAY AREAS ,..Commer-
cial Fishing, Gulf of Mexico, Louisiana, Oysters, Plane, 6.0249

RESIDENCE TIMES OF WATERS BEHIND BARRIER ISLANDS
Bays, Circulation General, Simulation Theory, Wind-water In-
teraction, ...5.0253

THE SPREADING OF OIL FILMS ...Forecasting-prediction, Ocean
Currents, Oil, Pollution Abatement, Waves, ...5A787

MARINE SURFACE FORECASTING TECHNIQUES Forecast-
ing-prediction, Lake Eric, Ocean Meteorological Studies, Storms-
general, Surface Environments, ...2.0599

GENERAL COASTAL INLET STUDIES ...Coastal Engineering-
other, Coastlines-shorelines, Discharge-other, Model Studies,
Synthetic Hydrology-general, Velocity -water, 2.0689

REMOTE SENSING, GULF COASTAL AREA, CENTRAL
FLORIDA ...Aircraft, Aquifers-general, Fresh Water, Saline
Water Systems, Temperature, 2.0327

Tsunami
MECHANICS OF WAVE ACTION IN DEEP AND SHALLOW

WATER ...Geomorphology-topography, Internal Waves,
Longshore Currents, Sand Bars, Waves, 2.0258

Water Mass & Ocean Fronts
RESEARCH IN OCEANIC PHYSICS Atlantic Ocean-south, Con-

vection, Mixing, Thermodymmics, Wind-water Interaction,_2.0619
BRISTOL BAY ESTUARINE ECOLOGY ...Alaska, Estuaries, Fish-

ing Gear, Life History Studies, Migration, Salmon -coho,chin-
ook,sockeye.., ...2.0016

Waves
OCEANOGRAPHIC USES OF RADAR ...Aircraft, Electronics -

Applied, Radar, Surface Environments, Wind-water Interaction,
...6.0273

RADAR DATA ACQUISITION OVER OCEANOGRAPHIC TEST
SITES ...Data Acquisition Systems, Electronics - Applied,
Icebergs, Optical, Radar, Surface Environments, ...6.0274

CRITERIA FOR THE DESIGN OF SMALL CRAFT HAREORS
..,Breakwaters, Coastal Engineering-other, Harbors, Marinas,
Seichcs, ...2.0133

AN ANALYTICAL AND EXPERIMENTAL STUDY OF BED
FORMS UNDER WATER WAVES ...Channel Roughness, Fric-
tion, Geomorphology-topography, Model Studies, Water Tunnels
Tables, Wave Action, 2.0347

TRANSVERSAL DRIFTS IN BOTTOM PROFILE Bathymetry,
Benthonic-bottom, Intertidal Areas, Ocean Waves - Currents,
_5.0254

THE SPREADING OF OIL FILMS ...Forecasting-prediction, Ocean
Currents, 0;1, Pollution Abatement, Tides, -.5.0787

DISPERSION OF WATER AND SEDIMENTS IN THE SURFZONE Beaches, Pollutants - Path of , Pollution - general,
Shoreline - Coastline, Size, 5.0151

COASTAL ENGINEERING STUDIES RELATED TO FLORIDAS
SHORELINE AND BEACH EROSION PROBLEMS ...Beach, By-
passing, Erosion-general, General, Shoreline Structures, Storms -
general, ..8.0160

WAVE FORCES ON BREAKWATERS ...Breakwaters, Ext Pressure
on Struet-general, Shoreline Structures, Wave Action, ...8.0232
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SUBJECT INDEX Sediment Deposition

STABILITY OF RUBBLE-MOUND BREAKWATERS ...Break-
waters, Design Criteria, Engineering Structures-general,
Hydrodynamics, Shoreline Structures, Wave Action, _8.0230

HARBOR DESIGN STUDIES ...Harbors, Navigation, _8.0231
GREAT LAKES RESEARCH - LAKE WAVES .Great Lakes-

general, ...2.0641
MECHANICS OF WAVE ACTION IN DEEP AND SHALLOW

WATER ...Geomorphology-topography. !nternal Waves,
Longshore Currents, Sand Bars, Tsunami, 2.0258

MECHANICS OF SAND MOVEMENT BY WAVES ...Model Stu-
dies, Ocean Waves - Currents, Shoreline Structures, Size, Wave
Motion in Fluids- other, ..2.0259

CORRELAT ION OF BEACH PROPERTIES AND INCIDENT
WAVES ...Beach, Development, Engineering Structures-general,
,2,0260

WAVE RECORDING AND ANALYSIS ...Lasers-masers, Pressure,
Radar, Sonar, Statistics-general, System Development, Water Mo-
tion Recorders, ..,2.0262

RUBBLE-MOUND PROTOTYPE STUDIES .Breakwaters, Jetty,
Shoreline Structures, Water Motion Recorders, Wave Action,
8.0156

Sea Water Properties
Density

PHYSICAL FACTORS AFFECTING OREGON COASTAL POL-
LUTION ...Circulation General, Pollution-general, Shoreline -
Coastline, Tidewater Areas, Water Quality-general, .5.0951

Optical
RADAR DATA ACQUISITION OVER OCEANOGRAPHIC TEST

SITES ...Data Acquisition Systems, Electronics - Applied,
Icebergs, Radar, Surface Environments, Waves, ...6.0274

DEPTH CONTOURING BY COLOR SEPARATION ...Bathymetry,
Electronics - Applied, Marine Photography-television, Photogram-
metry, Satellites, .6.0276

Other Sea Water Properties
APPLICATIONS STUDIES RELATED TO SEA SURFACE TEM-

PERATURE ...Electronics - Applied, ...6.0272
COASTAL AND INSHORE OCEANOGRAPHY ...Alaska, Estua-

ries, General, Marine Biology, Shoreline - Coastline, ...2.0015

Pressure
WAVE RECORDING AND ANALYSIS ...Lasers-masers, Radar,

Sonar, Statistics-general, System Development, Water Motion
Recorders, Waves, ...2.0262

Temperature
SURFACE TEMPERATURE STUDIES USING RADIOMETRY

TECHNIQUES ...Aircraft, Heat and Radiation Transfer, Infrared
Radiation, Microwave Radiation, Surface Environments, ...6.0270

PACIFIC OCEAN INFLUENCE UPON CALIFORNIA RAINFALL
...California, Forecasting, Pacific Ocean-general, Patterns, Rain-
other, 2.0104

REMOTE SENSING, GULF COASTAL AREA, CENTRAL
FLORIDA ...Aircraft, Aquifers-general, Fresh Water, Saline
Water Systems, Tides, ...2.0327

OCEANOGRAPHIC DATA COLLECTION MIDDLE PUGET
SOUND ...Data Acquisition, Oysters, Puget Sound, Salinity, Trace
Elements, 7.0112

Thermal
CHEMICAL RESPONSES BY MARINE ORGANISMS TO STRESS

...Environmental Changes. Environmental Ecology, Environmental
Physiology, Protein, Salinity, 5.1056

TEMPERATURE TOLERANCE OF MARINE ANIMALS
THROUGH BEHAVORIAL RESPONSES ...Behavior -animal,
Environment Resistance, Mortality Rates, Water Temperature-
non-specific, ...6.0344

EFFECTS OF HOT WATER MASSES ON MARINE FISHES ...At-
lantic Ocean-north, Behavior -animal, Fish -non-specific, High
Temp. -85f Or Above, ...5.0721

Thermodynamics
WINTER TEMPERATURE STRUCTURE OF THE GREAT

LAKES ...Circulation -water, Lake Michigan, Sea Ice, Tempera-
ture, ...2.0631

RESEARCH IN OCEANIC PHYSICS ...Atlantic Ocean-south, Con-
vection, Mixing, Water Mass & Ocean Fronts, Wind-water In-
teraction, 2.0619

Sea Water-general
SEA WATER CORROSION TEST PROGRAM ...Desalination, In-

hibitors, Scale Formation, Water, .3.0455
DESIGN AND CONSTRUCTION OF A REVERSE OSMOSIS

PILOT PLANT FOR THE DESALINATION OF SEA WATER
...Desalination, Membranes-other, Nitrogen, Pilot Plant, Reverse
Osmosis, .3.0051

LIFE TEST OF NOVEL EVAPORATOR ...Desalination, Distilling
Units, Heat Trans Coefficient, Pilot Plants, 3.0368

STUDIES IN THE THERMOECONOMICS OF SEA AND
BRACKISH WATER K)EMINERALiZATION ...Brackish Water,
Demineralization, Desalination, Optimization, ...3.0319

PRELIMINARY EVALUATION OF HIGH RETENTION MEM-
BRANES ...Desalination, Membranes-other, Other, Reverse Os-
mosis, .3.0rZ9

EVALUATION OF HIGH PRESSURE PUMPS FOR REVERSE
OSMOSIS PROCESS .,.Axial Flow, Brines, Pumping, Reverse Os-
mosis, 3.0410

TEST OPERATION OF A TUBULAR 4,300 GPD REVERSE OS-
MOSIS UNIT ON SEA WATER .Desalination, Membranes-
other, Process Development-other, Reverse Osmosis, ...3.0098

IMPROVED DETECTION TECHNIQUES TO DETERMINE
RADIONUCLIDES IN FRESH AND SEA WATER ...Cesium,
Fresh Water, Ion Exchange-other, Radioactivity-general, 5.1100

Sealant Materials
SMALL RESERVOIR SEALING _Li-sings-pavings, Seepage,

...8.0288
DEVELOPMENT AND DEMONSTRATION OF MATERIALS TO

REDUCE OR ELIMINATE WATER INFILTRATION INTO
SEWERAGE ...Groundwater Movement, Joining, Bonding-
general, Linings-pavings, Other, Pipe-other, ...5.1186

USE OF LATEX AS A SOIL SEALANT TO CONTROL ACID
MINE WASTE DRAINAGE ...Acidity, Elastomers Rubber, Lin-
ing, Linings-pavings, Mine Drainage Control, Seepage, 5.0996

HANDBOOK FOR CONCRETE AND CEMENT ...Aggregates, Ex-
tenders, Filters, Cement, Concrete, Curing Agents, Handbooks,
Water, ...8.0235

EVALUATION OF CONCRETE AND RELATED MATERIALS
FOR USE IN DESALINATION PLANTS ...Cement, Concrete,
Coatings-general, Corrosion General, Ferrous Alloys - Other,
Saline Conversion, ...8.0062

COATING TECHNOLOGY ...Coatings-general, Humid, Paint -
General, Standards, Specifications, Surface Cleaning, Finishing,
...8.0131

HARD SURFACE LININGS- -LOWER COST CANAL LINING
PROGRAM ...Bituminous, Canals, Cement, Concrete, Gel,
Linings-pavings, 8.0050

EVALUATION OF CANAL SEALANTS -OPEN AND CLOSED
CONDUCT RESEARCH PROGRAM ...Canals, Dam, Canal,
Flume Studies, Seepage, Soil Environment, 8.0085

INVESTIGATION OF GROOVE AND CRACK SEALING
MATERIALS ...Bituminous, Canals, Cement, Concrete,
Elastomers Rubber, Linings-pavings, Polyethylene, 8.0076

Sediment Deposition
Deposition-other

MATHEMATICAL SIMULATION OF CYCLIC SEDIMENTA-
TION ...Mathematical Analysis, Model Studies, Simulation
Theory, ...2.0131

FORM, PROCESSES AND DEPOSITS OF THE KNIK RIVER,
ALASKA ...Braided Stream, Floods, Ice Jam, Sediment Trans-
port-other, Sorting, ...2.0782

Deposits
Alluvial Deposits

STABLE ALLUVIAL CHANNELS ...Boundary Layer-general,
Channels, Control Factors-general, Cross-section, Flow Charac-
teristics -water, ...2.0225

HYDRAULIC RESISTANCE IN ALLUVIAL CHANNELS ...Chan-
nel Geometry, Energy-dynamics, Flow Characteristics -water,
Flow of Dispersed Solids, Sediment Transport-general, ...2.0448
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CORRELATION OF GROUND SUBSIDENCE FEATURES,
FOUNDATION FAILURES AND EARTH CRACKS WITH
WATER TABLE DRAWDOWN IN ALLUVIAL BASINS
Drawdown, Foundations-general, Joints-fractures, Soil Explora-
tion, Soil Settlements, Subsidence, ...3.0016

A REGIONAL STUDY OF THE CHANGING OCCUPANCY AND
DEVELOPMENT OF AN ALLUVIAL LOWLAND ...Land Use,

Management, Mississippi, Model Studies, Regional Areas,

.7.0031
COMMITTEE ON CHANNEL STABILIZATION .Bedding Planes,

Channels, Design Criteria, Open Channel, Stabilization-other,
Streams, Temperature, _2.0636

THE POST-PLEISTOCENE EPICYCLE SEQUENCE OF ALLU-
VIATION AND EROSION IN THE LOWER SAN JUAN
DRAINAGE ...Archeology, Gullys - Arroyos, Palcoenvironments,
Palcohydro/ogy, San Juan, ..2.1097

INVESTIGATIONS OF STREAM CHANNEL MORPHOLOGY IN
THE SOUTHERN BRANCH AND AT THE USDA SEDIMEN-
TATION LABORATORY ...Flow Characteristics -water, Mean-

ders, Morphology-general, Roughness, Scouring, Shear-flow,

_2.0678

Deposits-other
GEOLOGICAL STUDIES iN NORTHERN LAKE MICHIGAN

...Lake Michigan, Lakes, Rocks - Bedrock, Submergent, Water
Level Fluctuation, ...2.0630

INSECTICIDE ADSORPTION BY LAKE SEDIMENTS AS A FAC-
TOR CONTROLLING INSECTICIDE ACCUMULATION IN
LAKES ...Adsorption Capacity, Degradation, Insecticides -non-
specific, Lakes, Wisconsin, ...5.1300

CONTROL OF BENTHIC DEPOSITS IN LAKES ...Benthonie-hot-
tom, Eutrophication, Lakes, Water Quality Control-general,

.5.0513
SEDIMENT-WATER-BACTERIA INTERACTIONS IN

EUTROPHICATION Eutrophieation, Lakes, Nutrients, Oregon,
Water Bacteria, 5.095.7

OXYGEN DEMAND OF LAKE ERIE SEDIMENT ...Aquatic Soils,
Oxygen, Transfer Processes, .,.2.0627

Sand Bars
SHOALING PROCESSES ...Channels, Scouring, Sediment Trans-

port-other, Tidewater Areas, Turbulent Flow, 2.0690
MECHANICS OF WAVE ACTION IN DEEP AND SHALLOW

WATER ...Geomorphology-topography, Internal Waves,

Longshore Currents, Tsunami, Waves, ...2.0258

DELAWARE ESTUARY SEDIMENTATION STUDY ...Delaware
River, Rate of Deposition, Sediment Transport-general, Sediment
Yield, Turbulent Flow, ...2.0908

Unconsolidated Deposits
GROUND WATER CONDITIONS OF THE CENTRAL BOSTON

AREA, MASSACHUSETTS ...Aquifers-general, Massachusetts,
Observation Wells, Structure Sites, Water Table Fluctuation,
.2.0613

General Deposition
SEDIMENT TRANSPORTATION AND BOTTOM CONFIGURA-

TION, AMITE RIVER .,.Bed Load, Forecasting-prediction, Loui-
siana, Rate of Deposition, Scouring, ..,5.0450

SALINITY INTRUSION AND RELATED PHENOMENA ...Cur-
rents -water, Mixing, Open Channel Flow, Saline Water Intrusion,
Sediment Transport-general, 2.0687

WATERSHED REHABILITATION TO CONTROL EROSION
AND SEDIMENTATION IN THE SOUTHWEST -Erosion-

general, Sediment Yield, Stabilization-general, Watersheds-

general, ...4.0175
THE NATURE AND PROCESSES OF RESERVOIR SEDIMENTA-

TION IN THE SOUTHERN BEANCH AND AT THE USDA
SEDIMENTATION LABORATORY ...Agricultural Watersheds,

Reservoirs and Impoundments, Sediment Yield, Silting, Southern,
2.0676

SEDIMENT PRODUCTION, MOVEMENT, AND DEPOSITION IN
WATERSHEDS IN THE SOUTHERN GREAT PLAINS
...Agricultural Watersheds, Great Plains Province, Location, Sedi-
ment Yield, Supply Rate, ...2.0882

FACTORS INFLUENCING THE STABILITY AND REGIME OF
CHANNELS IN AGRICULTURAL WATERSHEDS ,..Agricul-
tural Wa. ersheds, Channels, Climate, Land Use, Morphology-
general, ...4.0072

RESERVOIR SEDIMENTATION STUDIES IN CORN BELT
STATES Design Criteria, Reservoirs, Reservoirs and Impound-
ments, Sediment Yield, Sediments, 2.0868

Rate of Deposition
SEDIMENT TRANSPORTATION AND BOTTOM CONFIGURA-

TION, AMITE RIVER, ...Bed Load, Forecasting-prediction,
General Deposition, Louisiana, Scouring, ..5.0450

RELATIONSHIP BETWEEN THE ERODIBILITY OF SOILS AND
THE SEDIMENTATION RATE OF RESERVOIRS .,.Erosion -

general, Physical Properties-general, Reservoirs and Impound-
ments, Sediment Yield, Soil Erosion -non-specific, ...2.0463

TIDAL, SALINITY AND SEDIMENTATION PROBLEMS IN
LAKE MARACAIBO CHANNEL, VENEZUELA .,.Bed Load,
Erosion-general, Salinity, TEles, Venezuela, ...2.0618

SEDIMENTATION IN LAKES AND RESERVOIRS ...Conserva-
tion-general, Land Use, Reservoirs and Impoundments, Slopes,
Soil Types- other, ..2.0422

SEDIMENTATION METER ...Automatic Data Aquisition, Gaging,

...7.0104
ENVIRONMENTAL RADIATION STUDIES ...Core Analysis, Pro-

tactinium, Thorium, Uranium, ...1.0113
TRACE ELEMENT CYCLES IN A SOUTHEASTERN RESER-

VOIR LAKE ...Adsorption Capacity, Radioactivity-general, Reser-
voirs, Reservoirs and Impoundments, Trace Element Analysis,
Trace Elements, Water Cycle, 2.0945

DELAWARE ESTUARY SEDIMENTATION STUDY ...Delaware
River, Sand Bars, Sediment Transport-general, Sediment Yield,
Turbulent Flow, ...2.0908

EFFECT OF CONSERVATION PRACTICES ON HYDROLOGY
AND SEDIMENTATION RATES ,,.Conservation, Land Use,
Pennsylvania, Small Watersheds, 4.0204

BAYOU LAFOURCHE SEDIMENTATION STUDY, LOUISIANA
..Bayous, Channels, Louisiana, Morphology-general, Sediment

Yield, ...2.0535
EFFECT OF LAKES MARION AND MOULTRIE AS SEDIMENT

TRAPS ...Lakes, Sediment Yield, South Carolina, Supply Rate,
Suspension, ...2.0963

QUANTITATIVE AND QUALITATIVE CHARACTERISTICS OF
MATERIALS CONTRIBUTING TO SEDIMENTATION IN
LAKE ERIE ...Lake Erie, Location, Organic, Organics, Sedimen-
tation, ...2.0628

Sediment Properties

Composition
Carbonates

SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTS IN
GROUND WATER ...Chemical-general, Groundwater, Model
Studies, Sedimentary Petrogenesis, Solution Chemistry, Statistical,
...1.0120

DETECTION OF SUBSURFACE CAVITIES OR CONDUITS IN
FOUNDATIONS OF PROPOSED RESERVOIRS AND EN-
GINEERING STRUCTURES ...Cave Studies, Engineering Struc-

tures-general, Geology Engineering, Geothermal Gradient, Triti-
um, _8.0073

Chemical
CHEMICAL STUDIES ON THE WATERS AND SOILS OF

LAKES AND WETLANDS, WITH SPECIAL REFERENCE TO
MINOR ELEMENTS ...Chemical-general, Lakes, Minnesota,
Trace Element Airlysis, Wetlands, 2.0660

BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE
SALT MARSH ENVIRONMENT -...Aquatic Soils, Core Analysis,
MicroorgLaisms (non-specific), Salinity, Swamps-marst.es, Tide-
water Areas, 1.0026

BOTTOM SEDIMENTS OF LAKE CHAMPLAIN ...Clays, General,
Lakes, Size, Vermont. ...2.1087

STRONTIUM ISOTOPE COMPOSITION AND TRACE ELEMENT
CONCENTRATIONS IN LAKE HURON AND ITS PRINCIPAL
TRIBUTARIES ...Ions and Gases, Lake Huron, Rocks - Bedrock,
Strontium, Trace Element Analysis, ...2.0854

A GEOLOGIC, GEOCHEMICAL AND MICROBIOLOGIC STUDY
OF FLATHEAD LAKE ...Charts, Lakes, Montana, Physical Pro-
perties-general, Topographic, _2.0718

RELATION OF PHOSPHORUS IN LAKE BOTTOM DEPOSITS
AND POLLUTIONAL HISTORY OF MINNESOTA LAKES
...Core Analysis, Lakes, Minnesota, Phosphorus, ...5.0602

INFLUENCE OF SUSPENDED MICROSCOPIC SUBSTANCES

ON THE METABOLISM OF MICROORGANISMS RESPONSI-
BLE FOR BIOLOGICAL ENRICHMENT OF ;ATER ...Adsorp-
tion Capacity, Eutrophication, Microorganisms (non- specific),
Pollution - Effocts of , Sediments, 5.0877
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RELATIONSHIPS BETWEEN PHOSPHATE AND OTHER
CHEMICALS AT THE WATERSUBSTRATE INTERFACE IN
WESTERN LAKE ERIE ...Aquatic Soils, Chemical-general,
Phosphate, Phosphite, Sediments, 5.0874

INVESTIGATION OF PHOSPHORUS AVAILABILITY IN
OLIGOTROPHIC LAKES ...Adsorption Capacity, Aquatic Ecolo-
gy, Exchange Capacity, Lakes, Phosphorus, 2.0807

CARBON -14 CONTENT OF FRESH WATER CARBONATES
...Carbon-14, Carbonates-general, Paleoclimatology,
Palcohydrology, Playas, 2.0048

Clays
CLAY-INORGANIC NND ORGANIC-INORGANIC ASSOCIA-

TIONS IN AQUATIC ENVIRONMENTS ...Activation Analysis,
Chemical Reactions, Exchange Capacity, Organic, Sedimentation,
Suspension, ...2.0019

BOTTOM SEDIMENTS OF LAKE CHAMPLAIN ...Chemical,
General, 1 ekes, Size, Vermont, ...2.1087

GLACIAL GEOLOGY OF THE CHAMPLAIN VALLEY ...Glacial
History, Mapping, New York, Till, Vermont, 2.1089

CLAY MINERAL STABILITY AND WATER COMPOSITION
...Clay Minerals-general, Interstitial Connate Water, Mineraliza-
tion, Moisture Content, Stability Fields, 1.0124

TRANSPORT PROPERTIES OF NATURAL CLAYS ...Clay,
Hydraulics-general, Percolation, Permeability, Sampling, 2.1102

GEOCHEMISTRY OF SAN FRANCISCO BAY ...Bays, Distribu-
tion, Mineral Associations, San Francisco Bay, Trace Element
Analysis, ...2.0121

ORGANIC GEOCHEMISTRY OF SAN FRANCISCO BAY
WATERS AND SEDIMENTS ...Distribution, Organics, Sedimen-
tation, 2.0123

General
BOTTOM SEDIMENTS OF LAKE CHAMPLAIN ...Chemical,

Clays, Lakes, Size, Vermont....2.1087
SEDIMENTARY FACIES IN LAKE BUTTE DES MORTS,

WISCONSIN ...Eutrophication, Lakes, Organic, Size, Wisconsin,
...2.1169

Heavy Minerals
QUATERNARY SEDIMENTATION AT MARINE-FLUVIAL IN-

TERFACE, SW OREGON ...Bed Load, Geological Exploration,
Mineralogy-petrology, Quaternary Period, Size, 2.0120

Interstitial - Connate Water
CLASSIFICATION OF DEEP SUBSURFACE WATERS BY

CHEMICAL COMPOSITION AND GEOLOGY ...Chemical Anal-
ysis (water), Geochemical Analysis, Groundwater, High Pressure
Research, Salinity, 2.0883

SHALES AS FILTERS IN NATURAL WATERS ...Chemical-
general, Dewatering, Filtration, Fine-grained Clastics, Ground-
water, ...2.0079

SOLUBILITY OF NATURAL GASES IN CONNATE WATER
AND OF WATER IN NATURAL GASES ,..Brines, High Pressure
- 1-1000 Atm, Ions and Gases, Natural Gas, Solubility, Solution
Chemistry, ...1.0080

THE EFFECT OF CLAY MINERALS ON THE CHEMICAL COM-
POSITION OF FRESH AND SALINE WATERS ...Adsorption-
other, Chemical-general, Clay Minerals-general, Core Analysis,
Exchange-other, Groundwater, 2.0360

CLAY MINERAL STABILITY AND WATER COMPOSITION

Mineralogy,
Minerals-general, Fine-grained Clastics, Mineral Reactions,

Mineralogy, Moisture Content, ...5.1238
HYDROLOGY OF THE SUB-LAKE SEDIMENTS BENEATH

GREAT SALT LAKE ...Artificial Recharge, Brines, Geology -
Engineering, Great Salt Lake, Permeability, 2.1082

CLAY MINERAL STABILITY AND WATER COMPOSITION
...Clay Minerals-general, Cla5s, Mineralization, Moisture Content,
Stability Fields, 1.0124

Ore Minerals
DOS:, LVED CONSTITUENTS OF NATURAL WATERS - CON-

TRIBUTIONS FROM MINERALIZED AREAS ...Chemical Reac-
tions, Geochemical Analysis, Groundwater, Mineralization,
Mineralogy-petrology, ...2.0734

Organic
CLAY-INORGANIC AND ORGANIC-INORGANIC ASSOCIA-

TIONS IN AQUATIC ENVIRONMENTS ...Activation Analysis,
Chemical Reactions, Clays, Exchange Capacity, Sedimentation,
Suspension, 2.0019

ASSESSMENT OF ENVIRONMENT FACTORS INFLUENCING
THE DISTRIBUTION OF BOTTOM FISHES IN RESERVOIRS
,..Nets, Oklahoma, Physical Properties-general, Reservoirs and
Impoundments, Turbidity & Suspended Matter, 5.0924

MICROBIAL INTERVENTION IN THE EUTROPHICATION
PROCESS

'B Bacteria,
Food Chains, Nutrients, Phytoplank-

ton, Water acteria, 5.0515
SEDIMENTARY FACIES IN LAKE BUTTE DES MORTS,

WISCONSIN ...Eutrophication, General, Lakes, Size, Wisconsin,
...2.1169

QUANTITATIVE AND QUALITATIVE CHARACTERISTICS OF
MATERIALS CONTRIBUTING TO SEDIMENTATION IN
LAKE ERIE ...Lake Eric, Location, Organics, Rate of Deposition,
Sedimentation, ...2.0628

Physical Properties
Adsorption Capacity

THE EXTRACTION OF POTASSIUM FROM FRESH AND
SALINE WATERS BY CLAY MINERALS ...Analysis and Detec-
tion, Clay Minerals-general, Extraction, Potassium, ...2.03S9

ADSORPTION OF IONS IN TRACE CONCENTRATIONS ON
SOIL AND SILT PARTICLES ...Adsorption-other, Radioisotopes,
Size, Soil Environment, Transfer Processes, 2.0349

WATER ADSORPTION AND ITS INTERACTIONS WITH CLAY
AND QUARTZ ...Bonding, Clay, Internal Water Movement,
Quartz, Subsurface Flow, ...2.0663

IMPROVEMENT OF QUALITY OF WATER RESOURCES BY A
THREE-FOLD ATTACK - ADSORPTION, SEDIMENTATION
AND MIXING ...Adsorption, Aquatic Ecology, Flocculation, Pol-
lution Abatement, Sedimentation, ...5.0502

INSECTICIDE ADSORPTION BY LAKE SEDIMENTS AS A FAC-
TOR CONTROLLING INSECTICIDE ACCUMULATION IN
LAKES ...Degradation, Deposits-other, Insecticides -non-specific,
Lakes, Wisconsin, 5.1300

INFLUENCE OF SUSPENDED MICROSCOPIC SUBSTANCES
ON THE METABOLISM OF MICROORGANISMS RESPONSI-
BLE FOR BIOLOGICAL ENRICHMENT OF WATER ...Chen'; -
cal, Eutrophication, Microorganisms (non-specific), Pollution -

Effects of , Sediments, 5.0877
INVESTIGATION OF PHOSPHORUS AVAILABILITY IN

OLIGOTROPHIC LAKES ...Aquatic Ecology, Chemical,
Exchange Capacity, Lakes, Phosphorus, 2.0807

ADSORPTION OF VIRUSES ON MINERAL SURFACES ...Ad-
sorption, Control of Viruses, Escherichia Coli, Mineralogy, Viral
Pollutant Sources, 5.0474

SORPTION AND DESORPTION OF CHLORINATED
HYDROCARBON PESTICIDES IN AQUATIC SEDIMENT
MINERALS ...Absorption, Fixation, Exchange, Adsorption-
desorption, Equilibrium-other, Model Studies, Pesticides, 5.0690
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PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Flow Characteristics -water, Internal Water Movement,
Soil Environment, Soil Physical Properties, Unsaturated Flow,
2.0049

CLAY-WATER-ION INTERACTIONS ...Clay, Flow Characteristics
-water, Moisture Tension, Soil Temp. -non-specific, Temperature,
2.0436

INTERRELATIONSHIPS OF SOIL PHYSICAL PROPERTIES
AND SOIL WATER MOVEMENTS ...Drawdown, Internal Water
Movement, Moisture Tension, Permeability, Phosphate, Phos-
phite, 2.0829

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Drainage,
Movement, Leaching, North Carolina, Persistence in Soils,
5.0826

POND SEALING ...Lining, Linings-pavings, Permeability, Ponds,
4.0223

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Internal
Water Movement, Movement, Leaching, Pollutants - Path of ,
Thermal Properties-other, 6.0590

INTERACTION OF ANIMAL VIRUSES WITH CLAY MINERALS
Animal Viruses (non-specific), Clay Minerals-general, Filtration,
Viral Pollutant Sources, Waste Water Treatment-general,
,.5.1051

THE ROLE OF SOIL WETTABILITY AND TREATMENT WITH
WETTING AGENTS ON WATER MOVEMENT AND SOIL
PHYSICAL PROPERTIES. ...Formation Principles, Internal
Water Movement, Moisture Content, Organic Content, Subsur-
face Flow, Texture, 2.0141

MICROBIOL ADSORPTION IN SOILS ...Biological Pollutants -
general, Electrical Properties, Microbiology -soil, Percolation, Soil
Environment, 2.0213
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TRACE ELEMENT CYCLES IN A SOUTHEASTERN RESER-
VOIR LAKE -Radioactivity-general, Rate of Deposition, Reser-
voirs, Reservoirs and Impoundments, Trace Element Analysis,
Trace Elements, Water Cycle, -2.0945

HYDROLOGIC STUDIES LEADING TO SITE UTILIZATION
,..Groundwater, Hydrology-general, Nuclear Explosion, Pollutants
- Path of , Radioactivity-underground Test, Sediment Transport-
other, ...3.0134

DISTRIBUTION OF ELEMENTS IN FLUVIAL AND BRACKISH
ENVIRONMENTS -Adsorption-general, Brackish Water, Chemi-
cal Reactions, Element Ratios, Exchange Capacity, Solution,
...2.0282

MOVEMENT OF RADIONUCLIDES IN THE LOWER COLUM-
BIA RIVER ...Absorbed Load, Columbia River, Pollutants - Path

of , Radioactivity- general, ..2.0902
SEDIMENT MINERALOGY ...Contamination - Water, Estuaries,

Pollution Effects, Productivity - Food Chain, Radioactivity -
general, ..5.0806

Density
GRAVITY INVESTIGATION OF WATER-BEARING STRATA IN

SWAN VALLEY, MONTANA -Gravity Surveys, Local Struc-
ture, Montana, Porosity, Valley, Buried, -2.0713

Exchange Capacity
CLAY-1NORGANE'C AND ORGANIC-INORGANIC ASSOCIA-

TIONS IN AQUATIC ENVIRONMENTS ...Activation Analysis,
Chemical Reactions, Clays, Organic, Sedimentation, Suspension,
-2.0019

IN SITU STUDY OF FACTORS CONTROLLING NUTRIENT
REGENERATIONS IN THE BOTTOM SEDIMENTS ...Adiron-
dack Province, Aquatic Soils, Mineral Content -water, Nutrients,
Phosphorus, Ponds, -2.0806

INVESTIGATION OF PHOSPHORUS AVAILABILITY IN
OLIGOTROPHIC LAKES ...Adsorption Capacity, Aquatic Ecolo-
gy, Chemical, Lakes, Phosphorus, ...2.0807

MOVEMENT AND MIXING OF WATER INJECTED INTO
AQUIFERS ...Aquifers-general, Artificial Recharge, Dispersion -
water, Flow Augmentation, Fluid Mixing, Groundwater Move-
ment, Water Wells, -5.0527

AQUATIC TRANSPORT OF NUCLEAR DEBRIS ...Canals,
Chemical Reactions, Ion Exchange-other, Pollutants - Path of ,
Radioactive Fallout, -1.0012

DISTRIBUTION OF ELEMENTS IN FLUVIAL AND BRACKISH
ENVIRONMENTS ...Adsorption Capacity, Adsorption - general,
Brackish Water, Chemical Reactions, Element Ratios, Solution,
-2.0282

UNSATURATED FLOW STUDIES ...Artificial Recharge, Electrical
Properties, Groundwater Movement, Infiltration, Unsaturated
Flow, -2.0286

INFLUENCES OF WATER-SEEPAGE CHARACTERISTICS ON
THE COMPOSITION OF EXCHANGEABLE PORE-WATER
SOLUTES ...Clay Minerals-general, Groundwater, Moisture Con-
tent, Seepage, Water Quality-general, -2.0126

EUTROPHICATION SEDIMENT-WATER INTERCHANGE
STUDIES -Eutrophication, Ion Exchange-other, Lakes,
Nutrients, Sediments, -5.0982

Permeability
POROSITY AND PERMEABILITY OF VIRGINIA AGGREGATES

-Aggrcgrates - Crushed Rock, Nitrogen, Porosity, Virginia,
...2.1111

STUDY OF TRANSPORT, DEPOSITION AND SCOUR OF FINE
PARTICLES THROUGH A POROUS MEDIUM ...Flow Charac-
teristics -water, Porosity, Porous Media - Flow Through, Sedimen-
tation, Silting, -2.0081

GRAVEL PERMEABILITY IN SALMONID SPAWNING BEDS
...Cementing Material, Silting, Size, Spawn Or Nesting Sites,

Streams, ...6.0619
THE EFFECT OF THE NATURAL SEALING OF POTHOLES

UPON WATER MOVEMENT AND GROUNDWATER
RESOURCES ...Groundwater, Internal Water Movement, Linings-
pavings, Potholes, Subsurface Flow, -2.0667

GEOCHEMISTRY AND ORIGIN OF SULFO-SALINE GROUND
WATER, SALINE COUNTY, MISSOURI ...Atlases-maps, Chemi-
cal-general, Geochemical Analysis, Groundwater, Salinity, Sulfide,
-4.0152

DRILLED WELL INVESTIGATION OF DOLOMITE AQUIFER
CHARACTERISTICS ...Carbonate Aquifers, Dolomite, Ground-
water Movement, Observation Wells, Storage of Water, -2.0704

THE PREDICTION OF UNSATURATED FLOW RATES FROM
PHYSICAL PROPERTIES OF THE POROUS MEDIUM ...Pollu-
tants - Path of , Porous Media - Flow Through, Unsaturated Flow,
Water Cycle, -2.0889

2412

THE EFFECT OF A PERMEABLE BED ON SEDIMENT MO-
TION ...Channels, Sediment Transport-general, Seepage, Slopes,
.2.0353

STUDIES OF SAPROLITE AND ITS RELATION TO THE
MIGRATION AND OCCURRENCE OF GROUNDWATER IN
CRYSTALLINE ROCKS ...Chemical Sediments, Features, Infil-
tration, Microstructure, Texture, -2.0350

MORPHOLOGY AND HYDROLOGY OF PLEISTOCENE
DEPOSITS, DELAWARE ...Geophysical Analysis. Groundwater
Movement, Morphology-general, Quaternary Period, Uncon-
solidated Aquifers, Water Yield, ...2.0253

CONSERVATION OF FRESH-WATER RESOURCES BY DEEP-
WELL DISPOSAL OF LIQUID WASTES ...Borehole Geophysics,
Core Analysis, Lithology, Pollution Abatement, Underground
Waste Disposal ..5.0025

THE STORAGE COEFFICIENT AS A FUNCTION OF WATER
TABLE CELERITY _Drainage, Mathematical Analysis, Storage
of Water, Unsteady Flow, Water Table Fluctuation, .. 2.1121

EFFECT OF PHYSICAL PROPERTIES OF POROUS MEDIA ON
WATER MOVEMENT ...Mathematical Analysis, Porosity, Porous
Media - Flow Through, Size, Subsurface Flow, -2.0391

EFFECT OF EXTERNAL AIR PRESSURE ON LIQUID FLOW
THROUGH A POROUS MEDIUM ...Canals, Model Studies,
Physical Properties -other, Pressure-density, Seepage, _2.0392

SEISMIC EVALUATION OF PERMEABILITY OF FRACTURE
ZONES IN ROCK ...Aquifers-general, Joints-fractures, Southwest,
Structure Location, Tunnels, Water Yield, -3.0017

METHODS FOR IMPROVING ROCK PERMEABILITY -Aug-
mentation-general, Mineralized Rock, Rock Fragmentation
Methods, Soil and Rock Leaching, -3.0018

FLOW THROUGH ANISOTROPIC LAYERED MEDIA ,..Finite
Differences, Matrix Methods, Porous Media - Flow Through,
Recharge -general, Seepage, ...2.0355

MR INJECTION INTO AN AQUIFER ...Aquifers-general, Labora-
tory Analysis, Porous Media - Flow Through, Saline Water Intru-
sion, ...2.0358

ACCESSIBILITY OF PORES IN POROUS MEDIA _Porosity,
Porous Media - Flow Through, -8.0017

RADIOCARBON AS A TRACER !N GROUND WATER
PROBLEMS ...Aquifers-general, Groundwater Movement,
Laminar Flow, Radioisotopes, Recharge -general, _2.0056

SPECIFIC YIELD RESEARCH AND PERMEABILITY
RESEARCH ...Aquifers-general, California, Storage of Water,
Velocity -water, Water Yield, -7.0013

GROUND-WATER STUDIES - DEEP SANDSTONE AQUIFER IN
CHICAGO REGION ...Clastic Aquifers, Groundwater Movement.
Pumping, Sandstones, Water Table Fluctuation, -2.0419

PERMEABILITY OF UNCONSOLIDATED AQUIFER MATERI-
ALS ...Aquifers-general, Data Analysis Applications, Hydrology-
general, Unconsolidated Aquifers, Valleys and Canyons, ...7.0038

INVESTIGATION OF PERMEABILITY OF FINE GRAINED
GLACIAL SEDIMENTS IN RELATION TO WASTE DISPOSAL
IN ILLINOIS ,..Deposits, Disposal, Recharge Pits - Wells, Till,
_2.0409

GEOLOGY AND GROUND WATER RESOURCES OF TRAIL!,
COUNTY ...Aquifers-general, Chemical-general, Drilling and Cor-
ing, Groundwater, Surficial Geology, -2.0837

GEOLOGY AND GROUND WATER RESOURCES OF WELLS
COUNTY ...Aquifers-general, Chemical-general, Drilling and Cor-
ing, Groundwater, Surficial Geology, ...2.0838

GEOLOGY AND GROUND WATER RESOURCES OF GRAND
FORKS COUNTY ...Aquifers-seneral, Chemical-general, Drilling
and Coring, Groundwater, Surficial Geology, ...2.0839

GEOLOGY AND GROUND WATER RESOURCES OF WIL-
LIAMS COUNTY ...Aquifers-general, Chemical-general, Drilling
and Coring, Groundwater, Surficial Geology, -2.0840

GEOLOGY AND GROUND WATER RESOURCES OF BURKE
COUNTY ...Aquifers - general, Chemical-general, Drilling and Cor-
ing, Groundwater, Surficial Geology, -2.0842

GEOLOGY AND GROUND WATER RESOURCES OF PEMBINA
COUNTY ...Aquifers-general, Deposits, Geology-general, Ground-
water, Mapping, Rocks - Bedrock, -2.0844

GEOLOGY AND GROUND WATER RESOURCES OF NELSON
COUNTY ...Aquifers-general, Deposits, Geology-general, Ground-
water, Mapping, Rocks - Bedrock, -2.0845

GEOLOGY AND GROUND WATER RESOURCES OF WALSH
COUNTY ...Aquifers-general, Deposits, Geology-general, Ground-
water, Mapping, Rocks - Bedrock, -2.0846

GEOLOGY AND GROUND WATER RESOURCES OF CAVALI-
ER COUNTY ...Aquifers-general, Deposits, Geology-general,
Groundwater, Mapping, Rocks - Bedrock, -2.0847
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VARIATION OF SATURATED HYDRAULIC CONDUCTIVITY
OF HOUSTON BLACK CLAY WITH SOIL DEPTH AND WITH
DIAMETER OF SOIL COVES .,.Clay, Density, Texas, 2.1022

HYDROLOGY OF THE SUB-LAKE SEDIMENTS BENEATH
GREAT SALT LAKE Artificial Recharge, Brines, Geology -
Engineering, Great Salt Lake, Inte...titial - Connate Water,
.2.1082

GROUNDWATER FLOW ,..Flow Characteristics -water, Ground-
water Movement, Radioisotopes, Tritium, Velocity -water,
...2.0947

HYDROLOGY OF LIMESTONE AND RELATED ROCKS
...Faults, Folds, Groundwater Movement, Limestone General,
Porosity, .2.0201

PERMEABILITY DISTRIBUTION AND SEDIMENTATIONAL
FEATURES ...Big Horn, Clastic Aquifers, Petrography, Sedimen-
tary Structures-other, Water Yield, 2.0271

REGIONAL HYDROLOGIC SYSTEM ANALYSES
(HYDRODYNAMICS) .,.Groundwater Movement, Hydraulics-
general, Systems Analysis, 2.1092

GEOHYDROLOGIC ENVIRONMENTAL STUDIES ...Clastic
Aquifers, Facies, Flow Characteristics -water, Specific Rock Unit,
Tertiary Period, 2.0538

PERMEABILITY RESEARCH ...Groundwater Movement, Observa-
tion Wells, Porous Media - Flow Through, Saturated Flow, Un-
saturated Flow, 2.0183

ATLANTIC COASTAL PLAIN - PERMEABILITY DISTRIBU-
TION STUDY ...Coastal Plain, Sea Level Variations, Structural
Source, Transport Direction, Wedges, 2.0824

THERMAL CHARACTERISTICS OF AQUIFER SYSTEMS ...Car-
bonate Aquifers, Clastic Aquifers, Flow Characteristics -water,
Subsurface Flow, Temperature, 2.1099

TRANSPORT PROPERTIES OF NATURAL CLAYS ...Clay, Clays,
Hydraulics-general, Percolation, Sampling, 2.1102

THERMAL GRADIENTS IN SOUTH CAROLINA ...Geothermal
Gradient, Groundwater Movement, Heat Flows, South Carolina,
Temperature, -.2.0964

HYDROLOGY OF CONSOLIDATED ROCK AQUIFERS NEAR
PENNINGTON, NEW JERSEY ...Aquifers-general, Circulation -
water, New Jersey, Recharge -general, Reservoirs and Impound-
ments, ...2.0767

WATER RESOURCES OF BRANCH-BLACKSTONE RIVER
BASIN, RHODE ISLAND ...Gaging, Groundwater Basins, Rhode
Island, Runoff, Water Yield, ...2.0614

HYDROLOGY OF UPPER OLD TAMPA BAY, FLORIDA ...Bays,
Groundwater Movement, Hydrology-general, Lakes, Water Har-
vesting, Water Quality-general, ...2.0331

AQUIFER-STREAMFLOW INTERRELATIONSHIPS IN UP-
STREAM AGRICULTURAL WATERSHEDS OF THE PACIFIC
NORTHWEST ...Agricultural Watersheds, Aquifers-general, Flow
Characteristics -water, Recharge -general, Structure, Subsurface
Flow, _3.0201

DRAINAGE SYSTEMS FOR THE GREAT BASIN ...Artesian
Flow, Drainage, Drainage Systems, Great Basin, Groundwater
Movement, ...4.0164

Physical Properties-general
ASSESSMENT OF ENVIRONMENT FACTORS INFLUENCING

THE DISTRIBUTION OF BOTTOM FISHES IN RESERVOIRS
...Nets, Oklahoma, Organic, Reservoirs and Impoundments, Tur-
bidity & Suspended Matter, ...5.0924

A GEOLOGIC, GEOCHEMICAL AND MICROBIOLOGIC STUDY
OF FLATHEAD LAKE ...Charts, Chemical, Lakes, Montana,
Topographic, ...2.0718

PHYSICAL, CHEMICAL, AND BIOLOGICAL LIMNOLOGY OF
OAHE RESERVOIR ...Fish -non-specific, Population Dynamics,
Reservoirs and Impoundments, South Dakota, Water Properties-
general, _6.0497

Porosity
POROSITY AND PERMEABILITY OF VIRGINIA AGGREGATES

Aggregrates - Crushed Rock, Nitrogen, Permeability, Virginia,
...2.1111

STUDY OF TRANSPORT, DEPOSITION AND SCOUR OF FINE
PARTICLES THROUGH A POROUS MEDIUM ...Flow Charac-
teristics -water, Permeability, Porous Media - Flow Through, Sedi-
mentation, Silting, 2.0081

FLOW REGIMES IN POROUS MEDIA ...Applications, Flow
Characteristics -water, Model Studies, Porous Media - Flow
Through, Viscous, ...8.0189

PHYSICAL CHARACTERISTICS OF BASALT AQUIFERS ...Elec-
tric Logging, Flow Characteristics -water, Groundwater Move-
ment, Local Structure, Radioactivity Logging, ...2.1117

Sediment Provenance Studies

GRAVITY INVESTIGATION OF WATER-BEARING STRATA IN
SWAN VALLEY, MONTANA ,..Density, Gravity Surveys, Local
Structure, Montana, Valley, Buried, ..,2.0713

EFFECT OF PHYSICAL PROPERTIES OF POROUS MEDIA ON
WATER MOVEMENT .Mathematical Analysis, Permeability,
Porous Media - Flow Through, Size, Subsurface Flow, ,2.0391

GROUND WATER RESERVOIR RESPONSE TO EARTH TIDES
.Aquifers-general, Earth Tides, Geophysical Analysis, Storage of
Water, Water Table Fluctuation, .2,1108

ACCESSIBILITY OF PORES IN POROUS MEDIA ,..Porous Media
- Flow Through, ,8.0017

UNDERSTANDING OF THE INFILTRATION OF RAIN INTO
BURIED WASTE ,..Groundwater Movement, Infiltration,
Moisture Content, Radioactivity-other, Unsaturated Flow,
_2.0948

HYDROLOGY OF LIMESTONE AND RELATED ROCKS
...Faults, Folds, Groundwater Movement, Limestone - General,
Permeability, _2.0201

Size
GRAVEL PERMEABILITY IN SALMONID SPAWNING BEDS

...Cementing Material, Permeability, Silting, Spawn Or Nesting
Sites, Streams, 6.0619

SUSPENDED SEDIMENTS IN THE UPPER CHESEPECKE BAY -
EVALUATION OF METHODS FOR SIZE ANALYSIS OF
SUSPENDED MATERIALS .,.Chesapeake Bay, Laboratory,
Sampling, Size Frequency Distribution, Turbidity, ...2.0557

FIELD MEASUREMENTS OF THE TEMPORAL AND SPATIAL
VARIATIONS IN CONCENTRATION AND PARTICLE SIZE
DISTRIBUTION OF SUSPENDED MATERIALS IN THE
UPPER ...Chesapeake Bay, Distribution, Maryland, Mineralogy,
Turbidity, ...2.0558

COMPARISON OF OPTICAL PROPERTIES WITH DIRECT
MEASUREMENTS OF CONCENTRATION AND SIZE DIS-
TRIBUTION OF SUSPENDED MATERIALS ...Chesapeake Bay,
Fluorometry, Light Scattering, Optical Properties, Turbidity,
2.0559

BOTTOM SEDIMENTS OF LAKE CHAMPLAIN ...Chemical,
Clays, General, Lakes, Vermont, ...2.1087

ADSORPTION OF IONS IN TRACE CONCENTRATIONS ON
SOIL AND SILT PARTICLES ...Adsorption Capacity, Adsorp-
tion-other, Radioisotopes, Soil Environment, Transfer Processes,
2.0349

EFFECT OF PHYSICAL PROPERTIES OF POROUS MEDIA ON
WATER MOVEMENT ...Mathematical Analysis, Permeability,
Porosity, Porous Media - Flow Through, Subsurface Flow,
_2.0391

SEDIMENTARY FACIES IN LAKE BUTTE DES MORTS,
WISCONSIN ...Eutrophication, General, Lakes, Organic, Wiscon-
sin, ...2.1169

DISPERSION OF WATER AND SEDIMENTS IN THE SURF
ZONE ...Beaches, Pollutants - Path of , Pollution-general,
Shoreline - Coastline, Waves, 5.0151

MECHANICS OF SAND MOVEMENT BY WAVES ...Model Stu-
dies, Ocean Waves - Currents, Shoreline Structutes, Wave Motion
in Fluids-other, Waves, 2.0259

DEVELOPMENT OF OFFSHORE SOURCES OF SAND SUITA-
BLE FOR BEACH RESTORATION AND NOURISHMENT
...Beach, Marine Mapping, Ocean Coring and Dredging, Ocean
Mining, Shoreline Structures, 8.0154

METHODS OF BYPASSING SAND PAST INLETS ...By-passing,
Coastal Engineering-other, Ocean Waves - Currents, Shoreline
Structures, 2.0264

QUATERNARY SEDIMENTATION AT MARINE-FLUVIAL IN-
TERFACE, SW OREGON ...Bed Load, Geological Exploration,
Heavy Minerals, Mineralogy-petrology, Quaternary Period,
_2.0120

Texture
STUDIES OF SAPROLITE AND ITS RELATION TO THE

MIGRATION AND OCCURRENCE OF GROUNDWATER IN
CRYSTALLINE ROCKS ...Chemical Sediments, Features, Infil-
tration, Microstructure, Permeability, 2.0350

Sediment Provenance Studies
Location

GEOCHEMICAL STUDIES OF CONTINENTAL WATERS
...Authigenesis, Porc Fluids, Radioisotopes, 1.0081

QUANTITATIVE AND QUALITATIVE CHARACTERISTICS OF
MATERIALS CONTRIBUTING TO SEDIMENTATION IN
LAKE ERIE ...Lake Erie, Organic, Organics, Rate of Deposition,
Sedimentation, ...2.0628
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SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE SOUTHERN
BRANCH ...Agricultural Watersheds, Climate, Radioisotopes,
Sediment Transport-general, Sediment Yield, 2,0675

SEDIMENT PRODUCTION, YIELD, & DELIVERY RATIO IN
RELATION TO CLIMATIC, GEOLOGIC, & WATERSHED
CHARACTERISTICS OF THE NORTHERN PLAINS ...Agricul-
tural Watersheds, Climate, Radioisotopes, Sediment Transport-
general, Sediment Yield, -.2.0230

SEDIMENT PRODUCTION, MOVEMENT, AND DEPOSITION IN

WATERSHEDS IN THE SOUTHERN GREAT PLAINS
...Agricultural Watersheds, General Deposition, Great Plains
Province, Sediment Yield, Supply Rate, -.2.0882

Mineralogy-petrology
DISSOLVED CONSTITUENTS OF NATURAL WATERS - CON-

TRIBUTIONS FROM MINERALIZED AREAS ...Chemical Reac-
tions, Geochemical Analysis, Groundwater, Mineralization, Or,
Minerals, ...2.0734

QUATERNARY SEDIMENTATION AT MARINE-FLUVIAL IN-
TERFACE, SW OREGON ...Bed Load, Geological Exploration,
Heavy Minerals, Quaternary Period, Size, -.2.0120

Sediment Relationship
GEOMORPHIC STUDIES IN THE SIERRA NEVADA, CALIFOR-

NIA ...Glaciers, Morphology-general, Regimen, Sierra Nevada,
Streams, -.2.0119

Structural Source
ATLANTIC COASTAL PLAIN - PERMEABILITY DISTRIBU-

TION STUDY ...Coastal Plain, Permeability, Sea Level Varia-
tions, Transport Direction, Wedges, 2.0824

Supply Rate
SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT

IN A SMALL WATER SHED ...Floodplains, Reservoirs and Im-
poundments, Sediment Yield, Small Watersheds, Transport
Distance, _2.0568

EFFECT OF LAKES MARION AND MOULTRIE AS SEDIMENT
TRAPS ...Lakes, Rate of Deposition, Sediment Yield, South
Carolina, Suspension, -.2.0963

SEDIMENT PRODUCTION, MOVEMENT, AND DEPOSITION IN
WATERSHEDS IN THE SOUTHERN GREAT PLAINS
...Agricultural Watersheds, General Deposition, Great Plains
Province, Location, Sediment Yield, ...2.0882

SEDIMENT YIELD FROM RANGELAND WATERSHEDS IN
THE SOUTHWEST ...Agricultural Watersheds, Erosion, Land
Use, Sediment Transport-other, Sediment Yield, -.2.0041

Weathering
BASIC ROCK PHYSICS ...Engineering Structures-general, Founda-

tions-general, General Petrology, Geology - Engineering, Joints-
fractures, -.8.0118

Sediment Transportation
Agents

Glaciers
DISTRIBUTION OF DISSOLVED IONS IN ALASKAN WATERS

...Alaska, General Transport Effects, Ions and Gases, Sediments,
Suspension, Water, -.2.0020

Ground Water
CONTAMINATION OF GROUND WATER FROM RADIOAC-

TIVE PACKAGES IMPACTING ON LAN ...Groundwater,
Groundwater Movement, Pollutants - Path of , Radioactivity-
general, -.4.0240

Ocean Waves - Currents
TRANSVERSAL DRIFTS IN POT TOM PROFILE ...Bathymetry,

Benthonic-bottom, Intertidal Areas, Waves, ...S.0254
MECHANICS OF SAND MOVEMENT BY WAVES ...Model Stu-

dies, Shoreline Structures, Size, Wave Motion in Fluids-other,
Waves, ..2.0259

METHODS OF BYPASSING SAND PAST INLETS ...By-passing,
Coastal Engineering-other, Shoreline Structures, Size, ...2.0264

Streams
HYDRAULICS LABORATORY ...Channels, Flow of Dispersed

Solids, Open Channel, Sedimentation, Suspension, Turbulent,
8.0146

WATER TEMPERATURE EFFECTS ON BED FORMS ..Bedding
Planes, Morphology-general, Other Transport Effects, Tempera-
ture, 5.0625

Wind
DEVELOPMENT OF SUPPORTING RUNOFF AND EROSION

CONTROL PRACTICES AND SYSTEMS IN THE CORN BELT
...Conservation & Management Eng, Corn Belt, Erosion Control,
Erosion-general, Runoff, Stabilization-other, Terrace-bench,
...3.0225

Effects
By-passing

SAND TRACING AT SPECIFIC INLETS AND AREAS ON THE
LOWER EAST COAST OF FLORIDA ...Bays, Florida,
Loigshorc Currents, Shoreline - Coastline, Tracers, -.8.0161

COASTAL ENGINEERING STUDIES RELATED TO FLORIDAS
SHORELINE AND BEACH EROSION PROBLEMS ...Beach,
Erosion-general, General, Shoreline Structures, Storms-general,
Waves, _8.0160

METHODS OF BYPASSING SAND PAST INLETS ...Coastal En-
gineering-other, Ocean Waves - Currents, Shoreline Structures,
Size, -.2,0264

Chemical Reactions
CLAY-INORGANIC AND ORGANIC-INORGANIC ASSOCIA-

TIONS IN AQUATIC ENVIRONMENTS ...Activation Analysis,
Clays, Exchange Capacity, Organic, Sedimentation, Suspension,
2.0019

HYDROLOGIC-MINERAL CYCLE INTERACTION IN SMALL
UNDISTRUBED AND MANMANIPULATED ECOSYSTEMS
...Environment, Mineral Associations, New Hampshire, Small
Watersheds, Water Cycle, 2.0745

DISSOLVED CONSTITUENTS OF NATURAL WATERS - CON-
TRIBUTIONS FROM MINERALIZED AREAS ...Geochemical
Analysis, Groundwater, Mineralization, Mineralogy-petrology, Ore
Minerals, -.2.0734

THE ANALYSIS AND GEOCHEMISTRY OF TRACE ELE-
MENTS IN THE HYDROSPHERE .,.Activation Analysis, Bays,
Chemical Analysis (water), Gamma, Trace Element Analysis,
_1.0109

AQUATIC TRANSPORT OF NUCLEAR DEBRIS ...Canals,
Exchange Capacity, Ion Exchange-other, Pollutants - Path of ,
Radioactive Fallout, ...1.0012

DISTRIBUTION OF ELEMENTS IN FLUVIAL AND BRACKISH
ENVIRONMENTS ...Adsorption Capacity, Adsorption-general,
Brackish Water, Element Ratios, Exchange Capacity, Solution,
...2.0282

General Transport Effects
DISTRIBUTION OF DISSOLVED IONS IN ALASKAN WATERS

...Alaska, Glaciers, Ions and Gases, Sediments, Suspension, Water,
2.0020

GREAT LAKES RESEARCH - COASTAL AREA SEDIMENTA-
TION ...Beach, Development, Great Lakes-general, Lakeshores-
inlets, Model Studies, 2.0651

CORRELATION OF BEACH PROPERTIES AND INCIDENT
WAVES ...Beach, Development, Engineering Structures-general,
Waves, .2.0260

Grain Size
GRAIN SIZE DISTRIBUTION AND IMDLOAD TRANSPORT

...Bed Load, Channels, Discharge-general, Flume Studies Hydrau-
lics-general, 2.1101

CHANNEL MEANDER STUDIES ...Channels, Discharge-general,
Indiana, Meanders, Suspension, 2.0453

Other Transport Effects
WATER POLLUTION FROM ERODED SEDIMENTS ...Flow

Characteristics -water, Rain-general, Sediments, Suspension,
Velocity -water, 2.1042

WATER TEMPERATURE EFFECTS ON BED FORMS ...Bedding
Planes, Morphology-general, Streams, Temperature, ...5.0625

Sorting
FORM, PROCESSES AND DEPOSITS OF THE KNIK RIVER,

ALASKA ...Braided Stream, Deposition-other, Floods, Ice Jam,
Sediment Transport-other, ...2.0782

Methods
Absorbed Lead

MOVEMENT OF RADIONUCLIDES IN THE LOWER COLUM-
BIA RIVER ...Adsorption Capacity, Columbia River, Pollutants -
Path al. , Radioactivity-general, ...2.0902
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THE MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA

RIVER ESTUARY ...0 imbia River, Estuaries, Pollutants - Path
of , Radioactivity-gcner. -2.0903

Bed Load
SEDIMENT TRANSPOR'TA'TION AND BOTTOM CONFIGURA

TION, AMITE RIVER ...Forecasting-prediction, General Deposi-
tion, Louisiana, Rate of Deposition, Scouring, _5.0450

ANALYSIS AND SYNTHESIS OF BEDLOAD FORMULAS
...Graphs and Matroids, Reliability, Survey Studies, -2.0916

TIDAL, SALINITY AND SEDIMENTATION PROBLEMS IN
LAKE MARACAIBO CHANNEL, VENEZUELA ...Erosion-
general, Rate of Deposition, Salinity, Tides, Venezuela, -2.0618

GREAT LAKES RESEARCH - EFFECTS OF STRUCTURES ON
COASTAL SEDIMENTATION ...Beach, Coastal Engineering-
other, Energy-dynamics, Engineering Structures-general, Great
Lakes-general, Velocity -water, -2.0650

RESEARCH IN SEDIMENT SAMPLING EQUIPMENT ...Bottom
Sampling, Instrumentation-general, Suspension, Turbidity, Ul-
trasonics, -7.0059

EVALUATION OF VARIABLES IN ALLUVIAL CHANNEL
FLOW ...Channels, Flow Characteristics -water, Model Studies,
Morphology-general, Velocity -water, ...2.0237

GRAIN SIZE DISTRIBUTION AND BEDLOAD TRANSPORT
,,.Channels, Discharge-general, Flume Studies, Grain Size,
Hydraulics-general, -2.1101

QUATERNARY SEDIMENTATION AT MARINE-FLUVIAL IN-
TERFACE, SW OREGON ...Geological Exploration, Heavy
Minerals, Mineralogy-Petrology, Quaternary Period, Sizc,
_2,0120

Dissolved Load
HYDROGRAPHY OF 'CHF. PENOBSCOT RIVER ESTUARY ,..En-

vironmental Changes, Estuaries, Maine, Pollution Abatement,
Salinity, Temperature, -5.0467

Solution
MINERAL-WATER INTERACTION IN SA LINE ENVIRON-

MENTS ,..Analysis and Detection, California, Evaporation, Inter-
facial, Solution Chemistry, ...2.1095

DISTRIBUTION OF ELEMENTS IN FLUVIAL AND BRACKISH
ENVIRONMENTS ...Adsorption Capacity, Adsorption-general,
Brackish Water, Chemical Reactions, Element Ratios, Exchange
Capacity, -2.0282

HYDROLOGY AND GEOCHEMISTRY OF CLOSED BASIN
LAKES ...Basin Shape, Evaporation, Geochemical Analysis,
Lakes, Meteorological Extremes, Salt, _2.1137

Suspension
INVESTIGATION OF SCOUR AT BRIDGES IN ALASKA

...Alaska, Bridges & Culverts, Channel Geometry, Drainage, Ero-
sion Control, Scouring, ...2.0285

CLAY-INORGANIC AND ORGANIC-INORGANIC ASSOCIA-
TIONS IN AQUATIC ENVIRONMENTS ...Activation Analysis,
Chemical Reactions, Clays, Exchange Capacity, Organic, Sedi-
mentation, -2.0019

EFFECTS OF GROUNDWATER SEEPAGE ON STREAM
REGIMEN ...Baseflow, Flume Studies, Groundwater, North
Dakota, Seepage, -2.0832

MICROSCOPIC INVESTIGATION OF TRACTIVE FORCE DIS-
TRIBUTION IN OPEN CHANNEL ...Open Channel Flow, Trac-
.ion, Turbulent, Turbulent Flow, Velocity -water, -8.0183

DISTRIBUTION OF DISSOLVED IONS IN ALASKAN WATERS
...Alaska, General Transport Effects, Glaciers, Ions and Gases,
Sediments, Water, -2.0020

NON-EQUILIBRIUN TRANSPORT OF SUSPENDED SEDIMENT
-Flume, Length, Open Channel, Scouring, Sedimentation,
-2.0696

SAND FILTRATION OF DISCRETE SUSPENSIONS ...Filtration,
Flow Characteristics -water, Sand, Synthetic Hydrology-general,
-5.0549

FLOW OF COLLOIDAL SUSPENSIONS IN POROUS MEDIA
...Colloidal Phenomena, Model Studies, Porous Media - Flow
Through, Radioisotopes, _2.0871

HYDRAULICS LABORATORY ...Channels, Flow of Dispersed
Solids, Open Channel, Sedimentation, Streams, Turbulent,
-8.0146

WATER POLLUTION FROM ERODED SEDIMENTS ...Flow
Characteristics -water, Other Transport Effects, Rain-general,
Sediments, Velocity -water, -2.1042

RESEARCH IN SEDIMENT SAMPLING EQUIPMENT ...Bed
Load, Bottom Sampling, Instrumentation-general, Turbidity, Ul-
trasonics, -7.0059

SCOUR AT BRIDGE CROSSINGS IN ALASKA ...Bridges & Cul-
verts, Discharge-other, Erosion Control, Scouring, ...2.0013

EFFECT OF LAKES MARION AND MOULTRIE AS SEDIMENT
TRAPS ...Lakes, Rate of Deposition, Sediment Yield, South
Carolina, Supply Rate, _2.0963

CHANNEL MEANDER STUDIES .,.Channels Discharge-general,
Grain Size, Indiana, Meanders, -2.0453

Traction
MICROSCOPIC INVESTIGATION OF TRACTIVE FORCE DIS-

TRIBUTION IN OPEN CHANNEL ...Open Channel Flow,
Suspension, Turbulent, Turbulent Flow, Velocity -water, ,..8.0183

INVESTIGATION OF EROSION AND TRACTIVE FORCES ON
CANALS OPEN AND CLOSED CONDUIT RESEARCH PRO-
GRAM ...Canals, Erosion-general, Lining, Linings-pavings, Soil
Environment, -8.0035

Sediment Transport-general
SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIME

IN A SMALL WATERSHED ...Energy-dynamics, Erosion, Slob's,
Small Watersheds, -2.0567

THE EFFECT OF A PERMEABLE BED ON SEDIMENT MO-
TION ...Channels, Permeability, Seepage, Slopes, _2.0353

HYDRAULIC RESISTANCE IN ALLUVIAL CHANNELS ...Alluvi-
al Deposits, Channel Geometry, Energy- dynamics, Flow Charac-
teristics -water, Flow of Disperscd Solids, _2.0448

SALINITY INTRUSION AND RELATED PHENOMENA ...Cur-
rents -water, General Deposition, Mixing, Open Channel Flow,
Saline Water Intrusion, _2.0687

GEOMORPHIC ASPECTS (SISTERS AND WATTS BRANCHES,
MARYLAND) ...Energy-dynamics, Ephemeral, Groundwater
Movement, Patterns, Runoff, Water Cycle, -2.0283

MECHANICS OF FLOW STRUCTURE AND FLUID RE-
SISTANCE ...Open Channel, Sedimentation, Turbulent Flow,
_2.0236

DELAWARE ESTUARY SEDIMENTATION STUDY ...Delaware
River, Rate of Deposition, Sand Bars, Sediment Yield, Turbulent
Flow, -2.0908

DEVELOPMENT AND EVALUATION OF MEANS AND MEA-
SURES FOR CHANNEL STABILIZATION ...Channel Geometry,
Channels, Design Criteria, Flow Characteristics -water,
Mechanics, General, Scouring, -S.1022

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE SOUTHERN
BRANCH ...Agricultural Watersheds, Climate, Location,
Radioisotopes, Sediment Yield, ...2.0675

MECHANICS OF SEDIMENT ENTRAINMENT, TRANSPORTA-
TION AND DEPOSITION IN CHANNELS OF THE SOUTHERN
BRANCH AND AT THE USDA SEDIMENTATION
LABORATO ...Channels, Flume Studies, Sedimentation, Velocity
-water, Waves, -2.0677

SEDIMENT PRODUCTION, YIELD, & DELIVERY RATIO IN
RELATION TO CLIMATIC, GEOLOGIC, & WATERSHED
CHARACTERISTICS OF THE NORTHERN PLAINS .,.Agricul-
tural Watersheds, Climate, Location, Radioisotopes, Sediment
Yield, ...2.0230

BASIC PRINCIPLES AND MECHANICS OF RAINFALL, RU-
NOFF, SOIL MOVEMENT AND LOSS IN THE CORN BELT
...Engineering Properties-general, Erosion-general, Runoff, Slopes,
Structure-size, Surface Flow, -2.0475

Sediment Transport-other
PRECIPITATION, STREAMFLOW AND SEDIMENT CON-

VEYANCE IN A SMALL ARID WATERSHED -Climate,
Deserts, Flash Floods, Flow Characteristics -water, Patterns,
-2.0496

RADIOISOTOPIC TRACER STUB' TO INVESTIGATE THE
MECHANICS OF LITTORAL SPORT AROUND POINT
CONCEPTION, CALIFORN, :alifornia, Distribution, Inter-
tidal Areas, Radioisotopes, Tracers, -1.0031

FORM, PROCESSES AND DEPOSITS OF THE KNIK RIVER,
ALASKA ...Braided Stream, Deposition-other, Floods, Ice Jam,
Sorting, -2.0782

INCIPIENT MOTION OF LARGE ROUGHNESS ELEMENTS IN
TURBULENT OPEN CHANNEL FLOW ...Erosion Control, Flow
Characteristics -water, Open Channel, Open Channel Flow, Tur-
bulent Flow, ...2.1062

SHOALING PROCESSES ...Channels, Sand Bars, Scouring, Tide-
water Areas, Turbulent Flow, _2.0690
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HYDROLOGIC STUDIES LEADING TO SITE UTILIZATION

_Adsorption Capacity, Groundwater, Hydrology-general, Nuclear
Explosion, Pollutants - Path of , Radioactivity-underground Test,
10134

FLOW AND SEDIMENT TRANSPORT, RIO GRANDE CON-
VEYANCE CHANNEL Channels, Flume Studies, Morphology-
general, Rio Grande River, Streams, ...2.0771

SEDIMENT PROCEDURES DEVELOPMENT AND RESERVOIR
SEDIMENTATION .Channels, Engineering Structures-general,
Reservoirs and Impoundments, Sediment Yield, Sedimentology-
general, 6.0089

SEDIMENT YIELD FROM RANGELAND WATERSHEDS IN
THE SOUTHWEST ...Agricultural Watersheds, Erosion, Land
Use, Sediment Yield, Supply Rate, .,.2.0041

Transport Direction
ATLANTIC COASTAL PLAIN PERMEABILITY DISTRIBU-

TION STUDY .Coastal Plain, Permeability, Sea Level Varia-
tions, Structural Source, Wedges, 2.0824

Transport Distance
SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT

IN A SMALL WATER SHED Floodplains, Reservoirs and Im-
poundments, Sediment Yield, Small Watersheds, Supply Rate,
.2.0568

Sediment Yield
REYNOLDS CREEK WATERSHED STUDY ...Idaho, Management

and Fertility, Runoff, Water Yield, Watersheds-general, 2.0571
BADGER WASH COOPERATIVE STUDY _Cover Crops, Ero-

sion-general, Forest Grazing, Runoff, Water Cycle, 2.0176
SAN LUIS WATERSHED STUDY ...Conservation-general,

Management, New Mexico, Small Watersheds, Water Yield,
2.0234

CULTURAL PRACTICES ON EASTGATE BASIN ..,Cultivated
Soils, Moisture Content, Sheetflow, Surface Flow, Tillage,
Cropping Systems, .4.0168

STRATTON SAGEBRUSH HYDROLOGY STUDY .,.Cover Crops,
Hydrology-general, Range, Runoff, Soil Environment, _2.0221

FRAIL LANDS STUDIES NEAR CISCO, UTAH (ABBREV)
..,Erosion-general, rand, Soil Environment, Tillage, Cropping
Systems, Utah, ,..4.0255

SEDIMENTATION AND CONTAMINANT CRITERIA FOR
WATER RESOURCES PLANNING AND MANAGEMENT
Dispersion -water, Management, Planning, Pollutants , Path of ,
Seclmentology-general, Watersheds-general, 4.0066

RELATIONSHIP BETWEEN THE ERODIBILITY OF SOILS AND
THE SEDIMENTATION RATE OF RESERVOIRS Erosion-
genera' Physical Properties-general, Rate of Deposition, Reser-
voirs .4nd Impoundments, Soil Erosion -non-specific, 2.0463

SCOUR AND FILL IN THE MISSOURI RIVER AS RELATED TO
THE WATER RESOURCES PLANNING ...Energy- dynamics,
Missouri River, Planning, Scouring, South Dakota, 2.0966

MANAGEMENT ALTERNATIVES ON OZARK FOREST ...Ar-
kansas, Erosion-general, Policy - Business Methods, Small
Watersheds, Soils and Fertilizer, 2.0073

SMALL AGRICULTURAL WATERSHED HYDROLOGY
...Agricultural Watersheds, Floods, Gages, Patterns, Runoff,
4.0138

COOPERATIVE WATERSHED MANAGEMENT ON
BRUSHLANDS OF CALIFORNIA ...Amount, California,
Management, Management and Fertility, Runoff, .4.0036

TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS .Baseflow, Flow
Characteristics -water, Forest Watersheds, Georgia, Physical Pro-
perties -other, .2.0341

INVESTIGATIONS OF EROSION CONTROL AND WATER
CONSERVATION ...Amount, Conservation-general, Erosion,
Gullys Arroyos, Land Use, Runoff, Stabilization-general,
3.022(i

SEDIMENT PRODUCTION YIELD AND DELIVERY RATE IN
RELATIONS TO CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Conservation, Land Use, Small Watersheds, Texas,
...2.1018

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE EDWARDS
PLATEAU Floods, Reservoirs and Impoundments, Runoff, Tea-
as, Watersheds-general, 2.1020

SOIL EROSION PROBLEMS IN WISCONSIN Cultivation
Methods, Ns, Erosion-general, Stabilization-general, 2.1160
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WHITE HOLLOW WATERSHED RESEARCH .Forest
Watersheds, Other, Seasonal, Tennessee, Water Yield, 4.0221

PINE TREE BRANCH WATERSHED RESEARCH ...Cutting
Operations, Erosion-general, Forest Watersheds, Land Use, Other,
Tennessee, .6.0536

BEECH RIVER WATERSHED PROJECT ...Design Flow-flood,
Forest Watersheds, Land Use, Reservoirs and Impoundments,
Tennessee, .4.0222

SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT
IN A SMALL WATER SHED ...Floodplains, Reservoirs and Im-
poundments, Small Watersheds, Supply Rate, Transport Distance,
.2.0568

DELAWARE ESTUARY SEDIMENTATION STUDY Delaware
River, Rate of Deposition, Sand Bars, Sediment Transport-
general, Turbulent Flow, ...2.0908

BAYOU LAFOURCHE SEDIMENTATION STUDY, LOUISIANA
Bayous, Channels, Louisiana, Morphology-general, Rate of
Deposition, .2.0535

EFFECT OF LAKES MARION AND MOULTRIE AS SEDIMENT
TRAPS ...Lakes, Rate of Deposition, South Carolina, Supply
Rate, Suspension, .2.0963

VEGETATION MANIPULATION EFFECTS ON RUNOFF -
SYCAMORE CREEK, ARIZ ...Conservation-general, Cover
Crops, Runoff, Water Yield, Watersheds-general, 3.0008

FLOOD FLOWS AND SEDIMENT YIELD OF COLMA CREF"
BASIN, CALIFORNIA ...California, Construction, Floods, Proje..
tions and Estimations, Urban Environments, Water Yield,
4.0038

SEDIMENTATION AND HYDROLOGY-ROCK CREEK AND
ANACOSTIA RIVER BASINS, MARYLAND ...Erosion- general,
Groundwater, Land Use, Maryland, Urban Environments,
4.0130

SEDIMENT PROCEDURES DEVELOPMENT AND RESERVOIR
SEDIMENTATION ...Channels, Engineering Structures-general,
Reservoirs and Impoundments, Sediment Transport-other, Sedi-
mentology- general, 6.0089

CONTROL OF EROSION AND SEDIMENTATION ASSOCIATED
BUILDING AND LOGGING Conservation, Erosion-general,
Forest Watersheds, Logging, Transport, Equipment, Streams,
2.0027

HYDROLOGIC ANALYSIS METHODS _Floods, Forest
Watersheds, Land Use, Reservoirs and Impoundments, Snowmclt,
.2.0077

FLOOD AND SEDIMENT REDUCTION IN THE CONIFEROUS
TIMBER ZONE OF CALIFORNIA ...Creep, Floods, Land and
Rock Slides, Management, Pulp, Paper , rid Logging, _2.0078

FLOOD AND SEDIMENT REDUCTION IN STEEP UNSTABLE
BRUSHLANDS OF THE SOUTHWEST ...Erosion - general,
Floodproofing, Floods, Southwest, 4,0034

WATERSHED REHABILITATION TO CONTROL EROSION
AND SEDIMENTATION IN THE SOUTHWEST .. Erosion -
general, General Deposition, Stabilization-general, Watersheds-
general, ...4.0175

WATER YIELD IMPROVEMENT FROM RIPARIAN AND
UPLAND AREA OF RIVER BASINS ...Evapotranspiration,
Management, Phreatophytes, Riparian Plants, River Basins,
Southwest, 4.0006

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE SOUTHERN
BRANCH ...Agricultural Watersheds, Climate, Location,
Radioisotopes, Sediment Transport-general, 2.0675

THE NATURE AND PROCESSES OF RESERVOIR SEDIMENTA-
TION IN THE SOUTHERN BRANCH AND AT THE USDA
SEDIMENTATION LABORATORY ...Agricultural Watersheds,
General Deposition, Reservoirs and Impoundments, Silting,
Southern, .2.0676

SEDIMENT SOURCES AND YIELDS IN AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Forecasting-prediction, Land Usc,
Streams, 2.0864

SEDIMENT PRODUCTION, YIELD, & DELIVERY RATIO IN
RELATION TO CLIMATIC, GEOLOGIC, & WATERSHED
CHARACTERISTICS OF THE NORTHERN PLAINS _Agricul-
tural Watersheds, Climate, Location, Radioisotopes, Sediment
Transport-general, .2.0230

SEDIMENT PRODUCTION, MOVEMENT, AND DEPOSITION IN
WATERSHEDS IN THE SOUTHERN GREAT PLAINS
...Agricultural Watersheds, General Deposition, Great Plains
Province, Location, Supply Rate, 2.0882

PRECIPITATION CHARACTERISTICS INFLUENCING
HYDROLOGIC PERFORMANCE OF AGRICULTURAL
WATERSHEDS IN THE PACIFIC NORTHWEST ...Agricultural
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Watersheds, Hydrology-general, Patter. Runoff, Snew-other,
,..2.0386

RUNOFF AND SEDIMENT MOVEMENT ON 'NIT SOURCE
WATERSHEDS OF THE PACIFIC INFLUENCFD BY CLI-
MATE, SOILS, VEGETATION AND TOPOGRAPFY
Physiograph,-general, Runoff, Water Yield, Watersheds-general,
2,0387

CLIMATE, SOIL AND VEGETATION INFLUENCES ON
HYDROLOGY OF RANGELANDS IN THE SOUTHWEST
...Floods, Hydrology-general, Runoff, Water Yield, 4.0007

DEVELOPMENT AND REFINEMENT OF METHODS FOR PRE-
DICTING FIELD RUNOFF AND SOIL LOSS ...Conservation,
Erosion-general, Forecasting-prediction, Mathematical Analysis,
Runoff, Soil Environment, Soil Erosion -non-specific, 2.0477

RESERVOIR SEDIMENTATION STUDIES IN CORN BELT
STATES ...Design Criteria, General Deposition, Reservoirs,
Reservoirs and Impoundments, Sediments, 2.0868

PRECIPITATION PATTERNS ON RANGELAND WATERSHEDS
IN THE SOUTHWEST ...Climatography, Forecasting, Patterns,
Runoff, Southwest, 2.0040

PRECIPITATiN PATTERNS ON UPSTREAM WATERSHEDS
IN CEN'T'RAL AND SOUTHERN CALIFORNIA ...California,
Climatography, Patterns, Runoff, Watersheds-general, 2.0103

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHWESTERN SEMIARID RANGELAND WATERSHEDS
...Channel Filling, Channels, Cross-section, Gullys - Arroyos,
Stream Banks, ...5.0757

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHERN CALIFORNIA ...Channel Filling, Channels, Cross-
section, Gullys - Arroyos, Stream Banks, 5.0103

SEDIMENT YIELD FROM RANGELAND WATERSHEDS IN
THE SOUTHWEST ...Agricultural Watersheds, Erosion, Land
Use, Sediment Transport-other, Supply Rate, 2.0041

Sedimentary Petrogenesis
SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTS IN

GROUND WATER ...Carbonates, Chemical-general, Ground-
water, Model Studies, Solution Chemistry, Statistical, ..,I.0120

Sedimentary Rocks
Carbonates

Carbonates-general
CARBON-14 CONTENT OF FRESH WATER CARBONATES

Carbon-14, Chemical, Palcoclimatology, Puleohydrology,
Playas, 2.0048

Carbonates-other
STUDY OF LIGHT ISOTOPES IN LACUSTRINE ENVIRON-

MENTS ...Gaseous Atmosphere, Lakes, Oxygen, 2.0242

Dolomite
DRILLED WELL INVESTIGATION OF DOLOMITE AQUIFER

CHARACTERISTICS .,.Carbonate Aquifers, Groundwater Move-
ment, Observation Wells, Permeability, Storage of Water,
2.0704

HYDROLOGIC AND PHOTOGEOLOGIC DETERMINATION OF
RAINFALL, RUNOFF, AND GROUNDWATER RELATION-
SHIPS IN A DOLOMITE AREA ...Amount, woundwater,
Hydrology-general, Photogrammetry, Runoff, 2.0702

SUBSURFACE WATER POLLUTION FROM SANITARY LAND-
FILLS IN CARBONATE ROCK TERRAIN ...Chemical Analysis
(water), Disposal, Groundwater, Sanitary Landfills, Soil and Rock
Leaching, ...5.1030

Limestone - General
LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER 3 -

ECONOMIC EVALUATION ...Acidity, Benefit-cost Analysis,
Biological-general, Chemical-general, ...5.I274

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER I -

LIMNOLOGICAL STUDY ...Acidity, Aquatc Ecology, Biologi-
cal-general, Chemical-general, Stream Rehabilitation, ...5.1275

LIMESTONE DRUM PRODUCTIVITY STUDY ...Aquatic Ecolo-
gy, Chemical-general, Ph, Acidity -water, Population Dynamics,
Productivity (agricultural), ...5.I273

CRUSHED LIMESTONE BARRIERS FOR NEUTRALIZATION
OF ACID STREAM Acid Mine Wastes, Neutralization,
.5.1036

THICKNESS OF SOIL SOLUM AS A PARAMETER OF PLANT-
AVAILABLE WATER STORAGE CAPACITY ON SOILS UN-

DERLAIN BY CARBONATE ROCKS ...Chert, Interception,
Seismographs, Sail Environment, Storage of Water, 2.0699

EQUIPMENT TO AGITATE POND SOILS FOR RELEASE OF
NUTRIENTS ...Aquatic Soils, Nvtrients, Ponds, Soil Environ-
ment, Technique Development, 5,0774

A STUDY OF LAND DISPOSAL OF SPENT SULFITE LIQUOR
AT BADGER PAPER MILLS, INC PESHTIGO, WISCONSIN
...Aquifers-general, Disposal, Neutralization, Pollutants - Path of ,
Pulp and Paper Wastes, 5.1295

STRENGTH OF JOINTED ROCKS ...Breccia-general, Fine-grained
Clastics, Geology - Engineering, Joints-fractures, Rock
Mechanics, 8.0262

HYDROLOGY OF LIMES'T'ONE AND RELATED ROCKS
...Faults, Folds, Groundwater Movement, Permeability, Porosity,
2.0201

ENGINEERING GEOLOGIC BEHAVIOR OF FOUNDATIONS IN
RESERVOIRS IN GYPSUM-LIMESTONE TERRAIN ...Engineer-
ing Structures-general, Foundations-general, Geology - Engineer-
ing, Gypsum, Solution Chemistry, 8.0074

Chemical Sediments
STUDIES OF SAPROLITE AND ITS RELATION TO THE

MIGRATION AND OCCURRENCE OF GROUNDWATER IN
CRYSTALLINE ROCKS ...Features, Infiltration, Microstructure,
Permeability, Texture, ...2,0350

Evaporites
Gypsum

ENGINEERING GEOLOGIC BEHAVIOR OF FOUNDATIONS IN
RESERVOIRS IN GYPSUM-LIMESTONE TERRAIN ...Engineer-
ing Structures-general, Foundations-general, Geology - Engineer-
ing, Limestone - General, Solution Chemistry, 8.0074

Salt
CHEMICAL QUALITY OF BRINES ASSOCIATED WITH DEEP

SEDIMENTS BENEATH GREAT SALT LAKE ...Brines, Chemi-
cal Analysis (water), Great Salt Lake, Water Sampling, Water
Wells, 5.1200

SALT DISTRIBUTION ALONG LAKE BOTTOM AND WITHIN
DEEP SEDIMENTS BENEATH GREAT SALT LAKE
...Chlorine, Great Salt Lakc, Quaternary Period, Sodium,
5.1201

HYDROLOGY AND GEOCHEMISTRY OF CLOSED BASIN
LAKES ...Basin Shape, Evaporation, Geochemical Analysis,
Lakes, Meteorological Extremes, Solution, 2.1137

Glacial Clastics
Till

GLACIAL GEOLOGY OF THE CHAMPLAIN VALLEY .,.Clays,
Glacial History, Mapping, New York, Vermont, _2.1089

INVESTIGATION OF PERMEABILITY OF FINE GRAINED
GLACIAL SEDIMENTS IN RELATION TO WASTE DISPOSAL
IN ILLINOIS ...Deposits, Disposal, Permeability, Recharge Pits -
Wells, ...2.0409

Organic Deposits
Peat

FOREST AND BOG OF SOUTH COASTAL ALASKA - INTRA-
TYPE VARIATION AND ASSOCIATED HABITAT FEATURES
...Alaska, Forests, Habitat Studies, Swamps - marshes, Variation,
2.0023

Siliceous Sediments
Chert

THICKNESS OF SOIL SOLUM AS A PARAMETER OF PLANT-
AVAILABLE WATER STORAGE CAPACITY IN SOILS UN-
DERLAIN BY ('ARBONATE ROCKS ...Interception, Limestone
- General, Seismographs, Soil Environment, Storage of Water,
2.061;9

CONCRETE AGGREGATE RESEARCH ...Aggregates, Extenders,
Fillers, Cement, Concrete, Non-foliated Rocks, Sandstones, Stan-
dards, Specifications, Test Methods, ...8.0237

Diatotriite
DESIGN REQUIREMENTS FOR MUNICIPAL DIATOMITE FIL-

TERS ...Bacteria, Clay Minerals-general, Coagulation, Filtration,
Waste Treatment-economics, ...8.0197
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Tectogenic Clastics
Breccia- general

STRENGTH OF JOINTED ROCKS ...Fine - grained Clastics, Geolo-
gy - Engineering, Joints-fractures, Limestone - General, Rock
Mechanics, 8.0262

Waiter Deposited Clastics
Conglomerates

ASPHALT BINDING OF COBBLES FOR RIPRAP ...Aggregates,
Extenders, Fillers, Binders, Bituminous, Embankments, Erosion-
general, Slopes, _8.0106

Fine-grained Clastics
SHALES AS FILTERS IN NA'''CRAL WATERS ,..Chemical -

general, Dewatering, Filtration, Gioundwater, Interstitial - Con-
nate Water, ...2.0079

CLAY MINERAL STABILITY AND WATER COMPOSITION
...Clay Minerals-general, Interstitial - Connate Water, Mineral
Reactions, Mineralogy, Moistur: Content, 5.1238

HYDROLOGY OF WATE,RSIIEDS ON SHALE SOILS Hydrolo-
gy-general, Moisture Ccntent, Moisture Tension, Runoff, Small
Watersheds, Soil Properties - Other, ...4.4V3

STRENGTH OF ;OINTED ROCKS ...Breccia-general, Geology -
Engineering, Joints-fractures, Limestone - General, Rock
Mechanics, ...8M262

Sandstones
EXTERNAL GEOMETRY OF SUPERPOSED ELONGATE SAND-

STONES, NORTH-CENTRAL TEXAS ...Channel Filling, Clastic
Aquifers, Geomorphology-general, Isopttch, Subsurface, ...2.1006

GROUND-WATER STUDIES - DEEP SANDSTONE AQUIFER IN
CHICAGO REGION ...Clastic Aquifenr, Groundwater Movement,
Permeability, Pumping, Water Table Fluctuation, 2.0419

CONCRETE AGGREGATE RESEARCH ...Aggregates, Extenders,
Fillers, Cement, Concrete, Chen, ISk.A-foliated Rocks, Standards,
Specifications, Test Methods, 8.0237

SUBJECT INDEX

Sedimentary Structures
External

Blankets
IMPACT OF LAGOONS AND SAND BLANKETS ON FISH,

AQUATIC LIFE AND WATER EQUALITY ...Aquatic Ecology,
Lagoons, Lakes, Submergent, Water Quality-general, ...6.0637

Wedges
ATLANTIC COASTAL PLAIN - PERMEABILITY DISTRIBU-

TION STUDY ...Coastal Plain, Permeability, Sea Level Varia-
tions, Structural Source, Transport Direction, ...2.0824

Internal
Bedding Planes

WATER TEMPERATURE EFFECTS ON BED FORMS
...Morphology-general, Other Transport Effects, Streams, Tem-
perature, ...5.0625

COMMITTEE ON CHANNEL STABILIZATION ...Alluvial
Deposits, Channels, Design Criteria, Open Channel, Stabilization-
other, Streams, Temperature, ...2.0686

Sedimentary Structures-other
PERMEABILITY DISTRIBUTION AND SEDIMENTATIONAL

FEATURES ...Big Horn, Clastic Aquifers, Permeability, Petrog-
raphy, Water Yield, _2.0271

Sedimentology-general
A RECONNAISSANCE STUDY OF THE CHEAPEAKE BAY

iti.CrvhesysaEteuadkicesBT/h,eErniroaslaprnotertrornal,,T0002d5s4 Shoreline - Coastline,

SEDIMENTATION AND IN-PLACE FILTRATION DURING
FLOW THROUGH EARTH FRACTURES ...Analog Computers,
Filtration, Joints-fractures, Mathematical Analysis, Model Studies,
-.4.0018

SEDIMENTATION AND CONTAMINANT CRITERIA FOR
WATER RESOURCES PLANNING AND MANAGEMENT
..Dispersions i - va , Management, Planning, Pollutants - Path of ,gent drat
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RECENT VARIATIONS IN COURSE AND REGIMEN, KANSAS
RIVER AND NEARBY REACHES OF MISSOURI RIVER
Floodplains, Geomorphology-general, Kansas, Meanders,
2.0503

A COHERENT-AREA STUDY OF SOUTHERN LAKE
MICHIGAN ...Bioindicators, Chemical Identification, Eutrophica-
tion, Lake Michigan, Weather Modification-other, 5.0547

LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ...Biologi-
cal, Biological-general, Chemical, Chemical-general, Deltas,
Eutrophication, Lake Erie, Meteorological Studies-general, Moni-
toring (long Term Studies), Physical-general, 2.0783

HYDRAULICS AND DYNAMICS OF ESTUARIES ...Erosion-
general, Estuaries, Flow Characteristics -water, Water Level Fluc-
tuation, Waves, ...2.0261

GENERAL EVALUATION OF SOIL AND MOISTURE CONSER-
VATION TREATMENT PRACTICES ,..Conservation- general,
Engineering Structures-general, Erosion-general, Runoff, Soil En-
vironment, 2.0185

FLUVIAL SEDIMENTATION IN STONY BROOK WATERSHED
_Gaging, Peak Flow, Runoff, Small Watersheds, Total Volume,
2.0766

SEDIMENT PROCEDURES DEVELOPMENT AND RESERVOIR
SEDIMENTATION ...Channels, Engineering Structures-general,
Reservoirs and Impoundments, Sediment Transport-other, Sedi-
ment Yield, 6.0089

INVENTORY OF THE GULF ESTUARY SYSTEM Bays, Data
Acquisition-general, Estuaries, Fishing, Gulf of Mexico, _2.0322

ESTUARINE INVENTORY (FORMERLY CHEMICAL EN-
VIRONMENT) ...Estuaries, Florida, Gulf of Mexico, Marine
Biology, Physiography-general, 2.0325

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN THE BLACK HILLS ...Erosion-general, Flow Charac-
teristics -water, Forest Watersheds, Management, Stabilization-
other, Water Yield, 3.0436

Seepage
DEVELOPMENT OF A PRACTICAL METHOD OF LOCATING

AND TRACING SEEPAGE WATER IN UNSTABLE SLOPES
...Electric Lagging, Kentucky, Land and Rock Slides, Loss,
Slopes, 2.0619

STORM WATER INFLOW ...District of Columbia, Drainage,
Forecasting-prediction, Storm Water, ...2.0307

HYDROLOGIC MODELS FOR PREDICTING THE EFFECTS OF
URBANIZATION ...Groundwater Movement, Land Use, Model
Studies, Moisture Content, Surface Flow, Urban Environments,
...2.0913

HYDRODYNAMIC FORCES ON NON-COHESIVE BED PARTI-
CLES INCLUDING SEEPAGE ...Drag. ...2.1079

SURFACE WATER MANAGEMENT ...Channels, Forest
Watersheds, Hydrographs, Mountains-alpine, Soil-water-plant
Relationships, ...4.0060

SMALL RESERVOIR SEALING ...Linings - pavings, Sealant Materi-
als, ...8.0288

WELL DRAWDOWN IN UNCONFINED AQUIFERS UNDER
NON-STEADY CONDITIONS ...Aquifers-other, Drawdown, Flow
Characteristics -water, Unsteady Flow, Water Wells, 2.0862

EFFECTS OF GROUNDWATER SEEPAGE ON STREAM
REGIMEN ...Baseflow, Flume Studies, Groundwater, North
Dakota, Suspension, 2.0832

WATER BALANCE IN SEWAGE STABILIZATION LAGOONS
...Industrial Wastes, Organic Matter, Sewage Lagoons, Water
Balance-budget, Water Quality-general, ...S.0833

GROUND WATER SEEPAGE PATTERNS TO WELLS FOR UN-
CONFINED FLOW ...Approximations, Flow Characteristics -
water, Groundwater, 2.04178

THE EFFECT OF A PERMEABLE BED ON SEDIMENT MO-
TION ...Channels, Permeability, Sediment Transport-general,
Slopes, ...2.0353

EFFECTS OF BANK SEEPAGE ON FLOOD HYDROGRAPHS
...Floods, Hydrographs, Leekage, Storage of Water, Stream
Banks, _2.0504

INVESTIGATION OF SEEPAGE REDUCTION BY NATURAL
PROCESSES IN IRRIGATION CANALS ...Canals, Irrigation-
general, Linings-pavings, Soil Environment, Tensiometer,
...3.0207

UNSTEADY FLOW TOWARD PARTIALLY PENETRATING AR-
TESIAN WELLS ...Artesian Flow, Groundwater Movement,
Mathematical Analysis, Unsteady, Unsteady Flow, 2.0522

FLOW OF WATER INTO TILE DRAINS ON STRATIFIED SOILS
...Drainage Systems, Laplace Transform, Percolation, _2.0486
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SIMULTANEOUS FLOW OF WATER AND HEAT IN WATER-
UNSATURATED IOWA SOILS DURING EVAPORATION
...Density, Iowa, Layered System, Moisture Content, Thermal Pro-
perties-general, 2.0479

DEEP SEEPAGE ON PIEDMONT WATERSHEDS ...Percolation,
Physical Properties-gencral, Piedmont Province, Saturated Flow,
Unsaturated Flow, Water Table Fluctuation, ...2.0955

DISPERSION DURING FLOW IN HETEROGENEOUS POROUS
MEDIA ...Differential Equations General, Dispersion -water,
Model Studies, Porous Media - Flow Through, Statistical Models,
..,5.0394

NORTH FORK ALLUVIAL DECONTAMINATION PROJECT
...Artificial Recharge, Brines, Petroleum Industry, Surface Water,
Texas, ...5.1145

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES ...Capillarity, Drainage Systems, Grain Size and Dis-
tribution, Methods, Model Studies, 2.0212

EFFECT OF EXTERNAL AIR PRESSURE ON LIQUID FLOW
THROUGH A POROUS MEDIUM .Canals, Model Studies,
Permeability, Physical Properties -other, Pressure-density,
2.0392

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ,Design Criteria, Drainage Systems, Flow Charac-
teristics -water, Model Studies, Other, ..4.0088

INVESTIGATION OF WATER STORAGE AND MOVEMENT IN
SOILS .Moisture Content, Permeability, Porous Media - Flow
Through, Saturated-unsaturated, Storage of Water, .2.0433

DRAINAGE DESIGN FOR IRRIGATION AGRICULTURE
Aquifers-general, Artesian Flow, Conjunctive Usc, Groundwater
Movement, Water Welk, ,4.0165

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ,Design Criteria, Drainage Systems, Filters, Other,
Permeability, 4.0200

DESIGN OF OPEN CHANNELS TO PREVENT BANK FAILURE
...Piezometers, Subsurface Flow, .4.0253

FLOW THROUGH ANISOTROPIC LAYERED MEDIA ,Finite
Differences, Matrix Methods, Permeability, Porous Media - Flow
Through, Recharge - general, ..2.0355

SURFACE WATER STORAGE AND SUPPLY ON FARMS IN
THE COASTAL PLAINS ...Evaporation, Farm Pond, Leekage,
Storage of Water, Surface Water, Water Loss Control, 3.0196

RADIONUCLIDE MOVEMENT IN GROUNDWATER ...Flow
Characteristics -water, Groundwater Movement, Pollutants - Path
of , Radioactivity-gencral, Radioisotopes, ...5.1099

PROTOTYPE ANALYSIS-STRUCTURAL BEHAVIOR ...Gravity
Dams, Mass, Ohio River, Piezometers, Uplift, 8.0149

HYDROLOGY OF PRAIRIE POTHOLES ...Management -other,
North Dakota, Potholes, Water Balance-budget, Water Fowl, N.s.
, Water Utilization -animal, ...2.0170

HYDROLOGY OF THE SAVANNAH RIVER PLANT, SOUTH
CAROLINA --BEDROCK WASTE STORAGE EXPLORATION -
HYDROLOGY OF COASTAL PLAIN SEDIMENTS (ABBREV)
..,Clastic Aquifers, Coastal Plain, Crystalline Aquifers, Hydrology-
general, Underground Waste Disposal, ...S.1108

INFLUENCES OF WATER-SEEPAGE CHARACTERISTICS ON
THE COMPOSITION OF EXCHANGEABLE PORE-WATER
SOLUTES ...Clay Minerals-general, Exchange Capacity, Ground-
water, Moisture Content, Water Quality-general, 2.0126

SURFACE FACILITIES FOR DISPOSAL OF DESALTING PLANT
EFFLUENTS ...Desalination Wastes, Disposal Wastes, Waste
Disposal-gencral, Waste Treatment-economics, 3.0112

PROTECTION OF ERODIBLE CHANNELS AND SURFACES
WITH GRAVEL OR RIPRAP ...Canals, Channels, Energy Loss -
water, Engineering Structures-general, Flow Characteristics -
water, Groundwater, Linings- pavings, Scouring, 8.0040

EVALUATION OF CANAL SEALANTS -OPEN AND CLOSED
CONDUCT RESEARCH PROGRAM ...Canals, Dam, Canal,
Flume Studies, Sealant Materials, Soil Environment, 8.0085

EVALUATION AND CONTROL OF SEEPAGE FROM WATER
STORAGE AND CONVEYANCE STRUCTURES ...Lining,
Models, Preventive Measures, Storage of Water, Water Loss Con-
trol, 8.0002

DEVELOPMENT AND EVALUATION OF SURFACE AND SUB-
SURFACE DRAINAGE PRACTICES ,.,Drainage, Interception,
Piezometers, Subsurface Flow, Surface Flow, 4.0132

CONTROL. OF SEEPAGE FROM WATER CONVEYANCE AND
STORAGE STRUCTURES IN THE INTER-MOUNTAIN AREA
...Film, Linings-pavings, Storage of Water, Water Loss Control,
Water Transfer, 8.0291

CONTROL OF SEEPAGE FROM CNNALS AND STORAGE
PONDS IN NEVADA Bentonite, Canals, Linings-pavings,
Water Loss Control, 8.0263

Force
FLUCTUATION OF RESERVOIR LEVELS AND THE RELATED

CAUSE OF LANDSLIDES (THE OHIO RIVER VALLEY)
.,.Land and Rock Slidbs, Reservoirs and Impoundments, Slopes,
Soil Stability Analysis, Water Level Fluctuation, ..8.0191

FLOW LAWS FOR THE MOVEMENT OF WATER IN SOILS
.Non Newtonian, Porous Media - Flow Through, .,2.0470

Infiltration
THE EFFECT OF SALTS APPLIED TO HIGHWAYS ON THE IN-

FILTRATION AND PERCOLATION OF WATER THROUGH
THE SOILS BANDING HIGHWAYS ,Chloride, Pollutants -
Path of , Snow and Ice Removal, Sodium, Soil Chemical Proper-
ties, .5.0471

Loss
DEVELOPMENT OF A PRACTICAL. METHOD OF LOCATING

AND TRACING SEEPAGE WATER IN UNSTABLE SLOPES
...Electric Logging, Kentucky, Land and Rock Slides, Seepage,
Slopes, ...2.0519

DEVELOPING RESERVOIRS FOR SUPPLEMENTAL IRRIGA-
TION .,.Leekage, Linings-pavings, Reservoirs, Seepage, Water
Loss Control, .3.0302

STUDIES OF EQUATIONS FOR SEEPAGE LOSS FROM
CANALS ...Canals, Lining, Open Channel, Permeability, Soil Test
- Insitu, .,.8.0129

Preventive Measures
EVALUATION AND CONTROL OF SEEPAGE FROM WATER

STORAGE AND CONVEYANCE STRUCTURES ..,Lining,
Models, Seepage, Storage of Water, Water Loss Control, 8.0002

Seiches
CRITERIA FOR THE DESIGN OF SMALL CRAFT HARBORS

...Breakwaters, Coastal Engineering-other, Harbors, Marinas,
Waves, ...2.0133

GREAT LAKES RESEARCH - WATER-LEVEL DISTURBANCES
.Lake Eric, Lake Michigan, Model Studies, Tides, Water Level
Fluctuation, .,.2.0640

Seismic

Seismographs
THICKNESS OF SOIL SOLUM AS A PARAMETER OF PLANT-

AVAILABLE WATER STORAGE CAPACITY IN SOILS UN-
DERLAIN BY CARBONATE ROCKS Chen, Interception,
Limestone - General, Soil Environment, Storage of Water,
2.0699

SEISMICITY OF FAULTS - ENGINEERING GEOLOGIC
EVALUATION ...Earthquakes, Engineering Structures-general,
Faults, Geology - Engineering, Microseisms - Background,
.,.8.0057

Seismology

Application
Nuclear Explosion

SANITATION, WASTE DISPOSAL AND PEST AND VECTOR
CONTROL ...Pollution - Effects of , Radioactive Fallout,
Radiologic Warfare, Requirement, Sewage, Urban Environments,
...5.0059

RESEARCH TO DETERMINE THE FEASIBILITY OF NUCLEAR
EXCAVATION ...Excavation, Geology - Engineering, Nuclear
Excavation, ...2.0102

POTENTIAL APPLICATIONS OF NUCLEAR EXPLOSIVES IN
WATER RESOURCE DEVELOPMENT ...Economics-general,
Hydrology-general, Nuclear Excavation, Water Law-general,
Water Resources Development, ...3.0067

HYDROLOGIC STUDIES LEADING TO SITE UTILIZATION
...Adsorption Capacity, Groundwater, Hydrology-general, Pollu-
tants - Path of , Radioactivity-underground Test, Sediment Trans-
port-other, 3.0134
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Seismology

Structure Location
SEISMIC EVALUATION OF PERMEABILITY OF FRACTURE

ZONES IN ROCK ...Aquifers-general, Joints-fractures, Permea-
bility, Southwest, Tunnels, Water Yield, ...3.0017

STATE GRAVITY SURVEY ...Gravity, Gravity Surveys, Illinois,
Seismic Reflection, Structural Analysis, 7.0035

ULTRASONIC TESTING OF ROCK AND CONCRETE ...Attenua-
tion, Cement, Concrete, Consolidated Material, Ultrasonic and
Sonic. Ultrasonics, 8.0116

Exploration Methods
Seismic Reflection

STATE GRAVITY SURVEY ...Gravity, Gravity Surveys, Illinois,
Structural Analysis, Structure Location, ...7.0035

Seismic Refraction
GEOPHYSICAL INVESTIGATIONS IN ALLUVIAL BASINS IN

SOUTHERN ARIZONA ...Arizona, Electric Logging, Gravity Sur-
veys, Hydrology-general, 2.0062

Seismic Surveys
GEOTHERMAL INVESTIGATIONS - YELLOWSTONE PARK

...Gravity Surveys, Hot Springs, Magnetic Surveys, Satellites, Ter-
rain Analysis, Yellowstone Plateau, 6.0147

GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE II ...Electric Logging, Electromagnetic Prob-
ing, Geophysical Analysis, Groundwater, Hawaii, 2,0371

GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE III ...Electric Logging, Geophysical Analysis,
Groundwater, Hawaii, Volcanoes, 2.0369

SEASONAL SHALLOW STORAGE AND DEEP SEEPAGE COM-
PONENTS FOR THE HYDROLOGIC BUDGET OF A SMALL
FORESTED OZARK WATERSHED ...Amount, Forest
Watersheds, Groundwater Movement, Missouri, Storage of Water,
2.0700

SUBJECT INDEX

Generation Mechanisms
Earthquakes

RESTORATION AND REHABILITATION OF EARTHQUAKE
DAMAGED PINK AND CHUM SALMON STUDIES IN
PRINCE WILLIAM SOUND ...Alaska, Aquatic Ecology. Data
Acquisition-general, Flow Characteristics -water, Salmon -
coho,chinook,sockeye.., Spawn Or Nesting Sites, Stream Reha-
bilitation, Tectonics-general, 2.0026

STUDY OF LIQUEFACTION OF SATURATED SANDS ...India,
Sand, Saturated-unsaturated, Soil Dynamics, Soil Liquefaction,
8.0184

LIQUEFACTION STUDIES OF TENUGHAT DAM SAND ,..India,
Pore Water, Sand, Soil Dynamics, Soil Liquefaction, Soil Settle-
ments, ...8.0185

LIQUEFACTION STUDIES OF UKAI DAM SAND ,..Dams, India,
Sand, soil Dynamics, Soil Liquefaction, 8.0186

MECHANICS OF GROUND-WATER FLOW ...Aquifers-general,
Artificial Recharge, Groundwater Basins, Groundwater Move-
ment, Water Table Fluctuation, 2.1093

EARTH AND ROCKFILL DAM DESIGN PRACTICES ...Dams,
Design Criteria, Earth & Rockfill Dams, Engineering Structures-
general, Soil Stability Analysis, 8.0137

STRUCTURAL RESPONSE, DYNAMIC LOADS ...Computers-
general, Dynamic - other, Electric Power Plants, Industrial Struc-
tures, Other Computers, Rock Mechanics, 8.0032

BEHAVIOR OF STRUCTURAL ELEMENTS OR MODELS
UNDER TEMPERATURE AND DYNAMIC LOADS ...Dynamic-
other, Engineering Structures-general, Mechanical Vibrations.
other, Model Studies, Structures-other, 8.0100

STABILITY OF EARTH SLOPES ...Dams, Open Channel, Pore
Water, Slopes, Soil Stability Analysis, 8.0071

SEISMICITY OF FAULTS - ENGINEERING GEOLOGIC
EVALUATION ...Engineering Structures-general, Faults, Geology
- Engineering, Microseisms - Background, Seismographs, 8,0057

EFFECTS OF EARTHQUAKES ON SOIL PERFORMANCE
...Foundations-general, Pore Water, Soil Dynamics, Soil Liquefac-
tion, Triaxial, 8.0061

EARTHQUAKE THEORY AS APPLIED TO DAMS AND APPUR-
TENANT STRUCTURES ...Arch Dams, California, Dynamic-
other, Engineering Structures-general, 8.0096

Ultrasonics
ULTRASONIC TESTING OF ROCK AND CONCRETE ...Attenua-

tion, Cement, Concrete, Consolidated Material, Structure Loca-
tion, Ultrasonic and Sonic, 8.0116

Stress-strain Relation
Earth Tides

GROUND WATER RESERVOIR RESPONSE TO EARTH TIDES
..i.vAElieurifeksa-gern,vall)i,e V.icuosulItsilocnal Analysis, Porosity, Storage of

Microseisms Background
SEISMICITY OF FAULTS - ENGINEERING GEOLOGIC

EVALUATION ...Earthquakes, Engineering Structures-general,
Faults, Geology - Engineering, Seismographs, 8,0057

Wave Characteristics
Attenuation

ULTRASONIC TESTING OF ROCK AND CONCRETE ...Cement,
Concrete, Consolidated Material, Structure Location, Ultrasonic
and Sonic, Ultrasonics, _8.0116

Velocity
APPLICATION OF SEISMIC SHEAR WAVE STUDIES TO THE

INVESTIGATION OF AQUIFERS ,..Aquifers-general, Geophysi-
cal Analysis, Lithology, Shear, Technique Development, ..A.0137

Wave Propagation Media
Consolidated Material

ULTRASONIC TESTING OF ROCK AND CONCRETE ...Attenua-
tion, Cement, Concrete, Structure Location, Ultrasonic and
Sonic, Ultrasonics, 8.0116

Wave Types
Shear

APPLICATION OF SEISMIC SHEAR WAVE STUDIES TO THE
INVESTIGATION OF AQUIFERS ...Aquifers-general, Geophysi-
cal Analysis, Lithology, Technique Development, Velocity,
4.0137

Sensory Organs
Chemoreceptors

UPTAKE OF ORGANIC COMPOUNDS BY MARINE INVER-
TEBRATES ...Amino Acids, Amino Adds -non-specific, Inver-
tebrates -non-specific, Marine Biology, Metabolism, Nutrition -
Invertebrate, Pulse-labelling, 6,0058

Deafness and Hearing Loss
Conduction

RELATION OF SWIMMING WATER QUALITY TO THE OC-
CURRENCE OF EAR INFECTIONS ...Detection, Pollution-
water, 5.0588

Taste
THE ACCEPTABILITY OF MINERAL TASTE IN DOMESTIC

WATER ...California, Mineralization, Potable Water, Water
Utilization -domestic, 5.0068

Visual
THE EFFECTS OF DIELDRIN ON MALLARD DUCKLING

BEHAVIOR ...Behavior -animal, Dieldrin, Light Quality -non-
specific, Mallard, Mode of Action -animal, 6.0580

Separation
Centrifugation

BIOLOGICAL TREATMENT PILOT PLANT AND SLUDGE
DISPOSAL FACILITY ...Biological Treatment-other, Disposal,
Drying-dcwatering, Filter-other, Thickening, Waste Treatment-
economics, 5.1006

Coagulation
CHARACTERIZATION AND REMOVAL OF REFRACTORY

COLOR COLLOIDS FROM HAWAIIAN SURFACE WATERS
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SUBJECT INDEX Separation

,Colloidal Phenomena, Color, Hawaii, Polyelectrolytcs, Potable
Water, Zeta Potential, -5.0310

VIRUS REMOVAL BY CHEMICAL FLOCCULATION .Alu-
minum, Complexing, Flocculation, Viral Pollutant Sources, Virus,
_5.0364

ENHANCEMENT OF WATER QUALITY USING FOREST
DERIVED COAGULATING SYSTEMS ...Alcohols, Aldehydes,
Condensation, Heterocyclics-other, Industrial Processes-other,
Pulp, Paper , and Logging, ...5.1255

COLOR REMOVAL FROM TEXTILE DYE WASTES BY
COAGULATION ...Biochemical Oxygen Demand, Color, Dye
Wastes, Sulfur, Textile Wastes, -5.0007

FLOCCULATION OF COLLOIDS WITH POLY ELECTROLYTES
IN AQUEOUS SALT SOLUTIONS ...Adsorption-general, Col-
loidal Phenomena, Flocculation, Polyelectrolytes, Salinity,
-5.1065

THE REMOVAL OF IMPURITIES IN TRICKLING ALTER EF-
FLUENTS ...Colloidal Phenomena, Other, Secondary Treatment,
Tertiary Treatment, Trickling, -5.1106

INTERACTIONS OF SILICA WITH IRON AND ALUMINUM
...Aluminum, Analysis and Detection, Complexing, Iron, Vut.ter
Treatment General, -5.0557

DESIGN REQUIREMENTS FOR MUNICIPAL DIATOMITE FIL-
TERS ...Bacteria, Clay Minerals-general, Diatomite, Filtration,
Waste Treatment-economies, -8,0197

FLOC STRENGTH AND FILTERABILITY OF PRE-TREATED
WATER ,..Filtration, Flocculation, Pilot Plant, Sand, Waste
Water Pre-treatment, -5.0061

CHEMICAL CHARACTERISTICS OF ORGANIC COLOR IN
WATER ...Chemical Analysis, Depolymerization, Dyes and Color-
ing, Hydrolysis, Other, ...5.1259

THE USE OF ORGANIC POLYELECTROLYTES FOR OPERA-
TIONAL IMPROVEMENT OF WASTE TREATMENT
PROCESSES ..,Activated, Polyelectrolytes, Waste Treatment-
economics, _5.0868

RECOVERY & REUSE OF LIME AS A COAGULANT IN TERTI-
ARY TREAT & NITROGEN REMOVAL FROM TERTIARY
TREATED EFFLUENT ...Concentration, Denitrification,
Disposal, Material Recovery Wastes, Tertiary Treatment,
-5.0160

TERTIARY TREATMENT BY FLOCCULATION AND RAPID
SAND FILTRATION ...Flocculation, Rapid, Sand, Tertiary Treat-
ment, Trickling, -5.0891

A COMPLETE RECYCLE WASTE WATER TREATMENT
PLANT -Activated, Biological Treatment-other, Sedimentation,
Trickling, Water Reuse, -5.1165

STORM SEWER TREATMENT BY A SELF - CLEANING
STRAINER, FILTER CONCEPT ..,Adsorption-absorption-
general, Combined Sewer, Filter-other, -5,1078

USE OF COAGULATION IN THE FLOTATION OF WASTE-
WATER -Biochemical Oxygen Demand, Flotation, Industrial
Wastes, Oil - Technological Testing, Primary Treatment, -5.0338

ROCK CREEK PARK CLARIFICATION PROJECT ...Chlorination,
District of Columbia, Polyeleetrolytes, Sediments, Streams,
-4.0044

PROCESS TO REMOVE CARBONACEOUS, AND
PHOSPHORUS-MATERIALS FROM ANAEROBIC DIGESTER
SUPERNATANT AND RELATED PROCESS STREAMS
-Anaerobic, Denitrification, Lime Treatment, Organics,
Phosphate, Phosphite, -5.0156

TREATMENT OF WASTE WATER - WASTE OIL MIXTURE
-Disposal, Emulsion, Flocculation, Flotation, Process Design,
_5.0898

TREATMENT OF ACID RINSE WATERS ...Aeration, Iron, Lime
Treatment, Metal Pickling Wastes, Treatment-other, Water Stan-
dards, ..5.0899

ADVANCED WASTEWATER TREATMENT USING POW-
DERED ACTIVATED CARBON IN RECIRCULATING SLUR-
RY CONTACTOR-CLARIFIERS ...Activated, Activated Carbon,
Selective-removal, -5.0042

DEVELOPMENT OF A MATHEMATICAL MODEL FOR
SEPARATION COAGULATION AND SEDIMENTATION
PROCESS USING ADDITION OF CHEMICALS ...Lime Treat-
ment, Model Studies, Plocess Design, Sedimentation, Waste
Treatment-economics, .5.0343

TREATMENT OF WATER FROM SMALL RESERVOIRS FOR
DOMESTIC CONSUMPTION ...Filter-other, Streaming Potential,
Water Utilization - domestic, -5.0397

FILTRATION OF AQUEOUS EFFLUENTS CARRYING EMUL-
SIFIED OILS -Effluents-waste Water, Emulsion, Filter-other, Oil
- Technological Testing, -1.0008

HIGH-RATE, MULTIPLE MEDIUM FILTRATION FOR SECON-
DARY TREATMENT OF MUNICIPAL WASTE WATER
...Digestion, Effluent-standards, Filtration, Secondary Treatment,
Waste Treatment-economics, -5.1042

NUTRIENT REMOVAL IN A WATER TREATMENT PLANT
.,.Biological Treatment-other, Denit:ification, Flocculation,
Nutrients, Potable Water, Sand, ...5.0355

CW-BW WATER DECONTAMINATION SET ...Chlorination, File
tration, Potable Water, -5.1214

COAGULANT DOSAGE TEST KIT ...Potable, Potable Water,
...5.1218

EUTROPHICATION - REMOVAL OF NUTRIENTS - SHAGAWA
LAKE ...Activated Carbon, Eutrophication, Ion Exchange-other,
Nutrients, Sediments, Tertiary Treatment, Trickling, -5,0594

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL -- SOLIDS
SEPARATION BY CHEMICAL TREATMENT AND FILTRA-
TION ...Colloidal Phenomena, Emulsion, Filter-other, Mem-
Oranes-other, Separation-general, -5.0854

DISSOLVED REFRACTORY ORGANIC REMOVAL -- CARBON
AS AN ADSORBENT AND FILTER MEDIUM ...Activated Car-
bon, Filter-other, Loading, Organic-general, Organics, .,.5.0860

PLUTONIUM REMOVAL IN WATER TREATMENT ...Carbon,
Chlorination, Flocculation, Plutonium, Sand, .3.1019

PARTICULATEORGANIC EFFECT - SENSORY QUALITY OF
WATER ...Adsorption-other, Colloidal Phenomena, Organic
Matter, Potable Water, Taste and Odor, Waste Water Treatment-
other, -5.1013

Dialysis
RESEARCH ON PIEZODIALYSIS ...Desalination, High, Mosaic,

-3.0291
MODIFICATION OF PROTEIN FILMS FOR USE IN DESALINA-

TION ...Desalination, Membranes-other, Natural Occurring,
Polyvinyls-other, Reverse Osmosis, -3.0269

Filtration
MARINE OIL-WATER SEPARATION SYSTEM SUBGROUP V

...Petroleum Chemistry, Removal--organics, Ship Wastes, -5.0209

THE CONTROL OF SCALING ON HEAT TRANSFER SUR-
FACES BY DIRECT CONTACT WITH A FLUIDIZED BED OF
GRANULAR MATERIAL ...Desalination, Distilling Units,
Fluidized Bed, Heat-transfer-other, Settle Formation, .3.0370

STRUCTURE OD SEMIPERMEABLE POLYMER FILMS AND
ITS EFFECT ON SALT REJECTION ...Additives, Desalination,
Membranes-other, Molecular Weight Distribution, Morphilogy-
other, -3.0414

FLOC STRENGTH AND FILTERABILITY OF PRE-TREATED
WATER ...Coagulation, Flocculation, Pilot Plant, Sand, Waste
Water Pre-treatment, -5.0061

VACUUM FILTRATION OF SEWAGE SLUDGE -Filter-other,
Sludge- other, Vacuum. -5.0175

DEVELOP DESIGN DATA FOR LIGHT WEIGHT WATER PU-
RIFICATION UNIT ...Mobile, Potable, Potable Water, Technique
Development, Waste Water Treatment-other, ..,8.0297

QUANTITATIVE DETECTION OF SMALL AMOUNTS OF
VIRUSES IN LARCE VOLUMES OF WATER ...Analysis and
Detection, Concentration, Detectors and Sensors, Membranes-
other, Virus, ...5.0842

IDENTIFICATION OF NATURAL AND SYNTHETIC ORGANIC
COMPOUNDS IN RAW AND TREATED MUNICIPAL
WASTES -Chromatography-other, Organics - general, Purfication-
general, Separation-general, Tertiary Treatment, -5.0847

Flocculation
WHITE WATER CLARIFICATION AND REUSE ...Elcetrokinetie-

other, Natural Occurring, Pulp and Paper Wastes, Waste Treat-
ment- economics, Water Reuse, -5.0334

MICROFLOTATION AND FLOCCULATION OF NATURAL.
COLLOIDAL SYSTEMS -Adsorption, Colloidal Phenomena,
Electrochemistry-other, flotation. Microbial-bacterial, -5.0790

IMPROVEMENT OF QUALITY OF WATER RESOURCES BY A
THREE-FOLD ATTACK - ADSORPTION, SEDIMENTATION
AND MIXING ..Adsorption, Adsorption Capacity, Aquatic
Ecology, Pollution Abatement, Sedimentation, -5.0502

VIRUS REMOVAL BY CHEMICAL FLOCCULATION ...Alu-
minum, Coagulation, Complexing, Viral Pollutant Sources, Virus,

.5.0364
WATER QUALITY CONTROL WITH SYNTHETIC POLYMERIC

FLOCCULANTS ...Activated, Bacteria, Bacterial Pollutant
Sources, Organic, Water Quality Control-general, -5.0221
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Separation SUBJECT INDEX

AN ATTEMPT TO DETECT HIGHLY DILUTED VIRUSES IN
WATERS BY FLOCCULATION ...Assay, Biochemical Oxygen
Demand, Precipitation & Sedimentation, Sewage, Viral Pollutant
Sources, ..4.0139

FLOCCULATION OF COLLOIDS WITH POLYELECTROLYTES
IN AQUEOUS SALT SOLUTIONS Adsorption-general, Coagu-
lation, Colloidal Phenomena, Polyelectrolytes, Salinity, _5.1065

LUXURY METABOLIC STORAGE OF PHOSPHORUS IN THE
ACTIVATED SLUDGE FLOC ...Activated, Adsorption-absorp-
tion-other, Nutrients, Phosphorus, Waste Water Treatment-
general, 5.1318

THE EFFECTIVENESS OF CONTACT FILTER FOR THE
REMOVAL OF IRON FROM GROUND WATER ...Filtration,
Groundwater, Oxidation-other, Sand, 2.0021

ORTHOKINETIC FLOCCULATION OF HETERODISPERSED
SYSTEMS ...Digestive Tanks, Mechanical Device Treatment,
Precipitation, Turbulent, 5.0067

FLOC STRENGTH AND FILTERABILITY OF PRE-TREATED
WATER ...Coagulation, Filtration, Pilot Plant, Sand, Waste Water
Pre-treatment, 5.0061

OXYGEN CONSUMPTION IN CONTINUOUS BIOLOGICAL
CULTURE ...Activated, Aeration, Bacteria, Nutrition, 5.0424

DEMONSTRATION PROJECT OF A PROTOTYPE TREATMENT
PLANT DESIGNED TREAT WASTES FOUND AT A COM-
BINED SEWER OVERFLOW ...Combined Sewer, Flotation,
Process Design, Screening, ...5.0923

ANTELOPE VALLEY WASTE WATER RECLAMATION
FACILITY ...Chemical Treatment, Effluent-standards, Filter-
other, Pond, Use of Impaired Water, 5.0108

FULL SCALE RAW WASTE WATER FLOCCULATION Pollu-
tant Removal-general, Polyeleetrolytes, Sedimentation, Sewage
Treatment Plant, ...5.0244

TERTIARY TREATMENT BY FLOCCULATION AND RAPID
SAND FILTRATION ...Coagulation, Rapid, Sand, Tertiary Treat-
ment, Trickling, ...5.0891

TERTIARY TREATMENT IN THE PURIFICATION OF WASTE
WATER ...Activated, Denitrification, Soil, Tertiary Treatment,
Trickling, ...5.0113

MULTILAYER FILTRATION ...Filter-other, Hydroxyl, Other,
Sand, Waste Water Treatment-general, 5.1187

PROPOSAL TO DEVELOP A HIGH-PRESSURE-FOAM WASTE
WATER TREATMENT PROCESS ...Foam, High, Organics,
Waste Water Treatment-general, 5.0100

TREATMENT OF WASTE WATER - WASTE OIL MIXTURE
...Coagulation, Disposal, Emulsion, Flotation, Process Design,
5.0898

INVESTIGATION OF AMPHIPATHIC WATER-SOLUBLE
POLYMERS AS FLOCCULANTS AND FLOTATION AIDS IN
DOMESTIC WASTEWATER TREATMENT ...Domestic Wastes-
general, Flotation, Polyelectrolytes, Sewage - Domestic, Waste
Water Treatment-general, ...2.0222

EXPERIMENTS TO DETERMINE THE EFFECTIVENESS OF
PHOSPHATE REMOVAL BY MEANS OF THE MOVING BED
FILTER__ Phosphate, Phosphite, Process Design, Solid
Waste, Waste Treatment - economics, ..5.0723

INTEGRATED TREATMENT OF LIQUID WASTES FROM
FOOD CANNING OPERATIONS ...Biochemical Oxygen De-
mand, Canning Wastes, Organics, Trickling, ...5.0235

REMOVAL OF SUSPENDED MATTER AND TURBIDITY FROM
WATER BY FLOCCULATION WITH POLYELECTROLYTE
COAGULANTS AND COAGULATION ACIDS ...Electrophore-
sis, Polyclectrolytes, Sediments, Waste Water Treatment-general,
4.0109

DIATOM REMOVAL BY FLOCCULATION ...Algae- Diatoms,
Algal Pollutant Sources, Plankton (non-specific), Sand, ...5.0353

NUTRIENT REMOVAL IN A WATER TREATMENT PLANT
...Biological Treatment - other, Coagulation, Denitrification,
Nutrients, Potable Water, Sand, ...5.035S
ACTERIOLOGICAL ANALYSIS OF THE FLOCS OF AC-
TIVATED SLUDGE OF DOMESTIC SEWAGE ...Activated, Bac-
terial Pollutant Sources, Disposal, Microbial-bacterial, Sewage,
...5.1311

REMOVAL OF STRONTIUM-90 FROM ORGANIC WASTES
...Aerobic, Anaerobic, Cation, Disposal, Strontium, 5.0082

PLUTONIUM REMOVAL IN WATER TREATMENT ...Carbon,
Chlorination, Coagulation, Plutonium, Sand, ...5.1019

EXTRACTION OF ALGAE BY FLOCCULATIVE TECHNIQUES
.,.Additives, Algal Pollutant Sources, Extraction, Public Works,
_5.0398

Flotation
FOAM FRACTIONATION ...Complexing, Extraction, Foam,

Material Recovery, Removal -- inorganics, 3.0389
MICROFLOTATION AND FLOCCULATION OF NATURAL

COLLOIDAL SYSTEMS ...Adsorption, Colloidal Phenomena,
Electrochemistry-other, Flocculation, Microbial-bacterial,
.5.0790

TREATMENT OF DYEING BATH WASTE STREAMS BY
FOAMING AND FLOTATION TECHNIQU ...Color, Complex-
ing, Dye Wastes, Foam, Industria: Wastes, ...5.1212

PURIFICATION OF LOW QUALITY WATERS BY FOAM
SEPARATION ...Bacteria, Color, Continuous, Foam, Turbidity,
_5.0742

REMOVAL OF TRACE METALS FROM WATER BY ION
FLOTATION ,..Concentration, Domestic, Foam, Industrial
Waste- other, Trace Elements, _5.0878

EOM. SEPARATION FLOTATION OF COLLOID ORGANIC
SYSTEMS ...Chromium, Colloidal Phenomena, Foam, Iron,
Process Design, Pulp and Paper Wastes, Sulfate, Sulfite, Surfac-
tants, 5.0445

DEMONSTRATION PROJECT OF A PROTOTYPE TREATMENT
PLANT DESIGNED TREAT WASTES FOUND AT A COM-
BINED SEWER OVERFLOW ...Combined Sewer, Flocculation,
Process Design, Screening, 5.0923

USE OF COAGULATION IN THE FLOTATION OF WASTE-
WATER ...Biochemical Oxygen Demand, Coagulation, Industrial
Wastes, Oil - Technological Testing, Primary Treatment, .5.0338

REMOVAL OF METAL IONS BY FLOTATION WITH SURFAC-
TANTS ...Cost Analysis, Demineralization, Ions and Gases, Other,
Surfactants, Temperature, 5.0692

TREATMENT OF COMBINED SEWER OVERFLOWS BY THE
DISSOLVED AIR FLOTATION PROCESS ...California,
Chlorination, Combined Sewer, Overflow, 5.0153

TREATMENT OF WASTE WATER - WASTE OIL MIXTURE
...Coagulation, Disposal, Emulsion, Flocculation, Process Design,
5.0898

INVESTIGATION OF AMPHIPATHIC WATER-SOLUBLE
POLYMERS AS FLOCCULANTS AND FLOTATION AIDS IN
DOMESTIC WASTEWATER TREATMENT ...Domestic Wastes-
general, Flocculation, Polyelectrolytes, Sewage - Domestic, Waste
Water Treatment-general, 5.0222

AN INVESTIGATION OF TECHNIQUES FOR THE REMOVAL
OF CHROMIUM AND CYANIDES FROM ELECTROPLATING
WASTES ...Chromium, Electroplated, Extraction, Industrial
Proresses-other, Material Recovery Wastes, Recovery, Scrap and
Wa 5.0725

IRON ORE FLOTATION Beneficiation, Industrial Processes-
other, Mining Industry, Ores, Pollution Abatement, Recovery,
Scrap and Wastes, 5.0616

Foam
FOAM SEPARATION FOR FIELD WATER TREATMENT

...Aeration, Military Aspects, Potable Water, Sterilants, Surfac-
tants, 5.0444

FOAM FRACTIONATION ...Complexing, Extraction, Flotation,
Material Recovery, Removal--inorganics, ...3.0389

TRAINING, TECHNICAL SUPERVISION, AND ASSISTANCE
REGARDING THE OPERATION OF A SKID-MOUNTED MSF
UNIT ...Aeration, Distillation-other, Mobile, Other, Pilot Plant,
...3.0491

TREATMENT OF DYEING BATH WASTE STREAMS BY
FOAMING AND FLOTATION TECHNIQU ...Color, Complex-
ing, Dye Wastes, Flotation, Industrial Wastes, 5.1212

THE ORGANIC CONCENTRATION GRADIENT IN AN AERA-
TION COLUMN .,.Aeration, Bubbles, Organic Matter, Surfac-
tants, Waste Water Treatment-general, 5.0734

EFFECT OF SURFACTANT MICELLES ON METAL ION
REMOVAL BY FLOTATION FROM METALLURGICAL
WASTEWATER ,..Copper, Metal Pickling Wastes, Micelle, Sur-
factants, Ultrasonics, Zinc, ...5.0691

PRACTICAL APPLICATION OF FOAM FRACTIONATION
TREATMENT OF LOW QUAITY WATER ...Color, Cost Analy-
sis, Groundwater, Iron, Pilot Plant, 5.0037

DEVELOPMENT OF A FROTH PROCESS FOR THE TREAT-
MENT OF SOUR WATER ...Chemical Treatment, Demineraliza-
tion, Material Recovery Wastes, Precipitation, Sulfur, 5.0755

PURIFICATION OF LOW QUALITY WATERS BY FOAM
SEPARATION ...Bacteria, Color, Continuous, Flotation, Turbidi-
ty, 5.0742
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SUBJECT INDEX Separation

REMOVAL OF TRACE METALS FROM WATER BY ION
FLOTATION ...Concentration, Domestic, Flotation, Industrial
Waste-other, Trace Elements, ...5.0878

FOAM SEPARATION FLOTATION OF COLLOID ORGANIC
SYSTEMS ...Chromium, Colloidal Phenomena, Flotation, Iron,
Process Design, Pulp and Paper Wastes, Sulfate, Sulfite, Surfac-
tants, ...5.0445

STUDIES IN FOAM SEPARATION AND RELATED
TECHNIQUES ...Extraction, Industrial Waste-other, Separation-
other, Surfactants, ...5.0520

BOD, SOLIDS AND NUTRIENT REMOVAL FROM SECONDA-
RY EFFLUENT BY FOAM FRACTIONATION ...Denitrification,
Nitrate, Nitrite, Phosphate, Phosphite, Pilot Plant, ...5.0155

TREATMENT OF KRAFT MILL EFFLUENT BY FOAM
SEPARATION Biochemical Oxygen Demand, Pollutant-other,
Process Design, Pulp and Paper Wastes, Waste Treatment-
economics, ...5.0307

PROPOSAL TO DEVELOP A I-NGH-PRESSURE-FOAM WASTE
WATER TREATMENT PROCESS -.Flocculation, High, Or-
ganics, Waste Water Treatmert-general, ...5M100

Freezing
FUNDAMENTAL STUDIES OF DESALINATION BY FREEZING

...Brines, Desalination, FleM Transfer, Removal--organics,
-.3.0281

STUDIES ON THE FREEZING PROCESS FOR DESALTING
SALINE WATERS ...Cost Analysis, Other, Porosity, Ther-
modynamic Relation, Washing, ...3.0365

SOLIDIFICATION AND SEPARATION OF ICE FROM SALINE
WATER ...Convection, Desalination, Magnetic Field, Surface
Energy, ...3.0277

DEVELOPM 7.NT OF THE VACUUM FREEZING VAPOR COM-
PRESSIO? PROCESS FOR USE WITH BRACKISH WATERS
-.Brackish Water, Desalination, Mobile, North Carolina, Pilot
Plants, ...3.0487

A STUDY OF THE NUCLEATION AND GROWTH CHARAC-
TERISTICS OF SLURRIES OF ICE CRYSTALS ...Crystal
Growth, Desalination, Fluid Dynamics, Nucleation Shear-flow,
_3.0356

SALINE WATER BY FREEZING - A PROGRAM OF IN-
VESTIGATION ...Desalination, Evaporation, Microscopy-other,
Nucleation, Washing, ...3.0343

COUNTERWASHERS FOR FREEZE-DISTILLATION
DESALINATION ...Cost Analysis, Fluid Flow-other, Packed Bed,
Screening, Washing, ...3.0279

A STUDY OF THE BENEFITS OF PLASTIC MATERIALS IN
DESALINATION PLANTS ...Desalination, Distillation-other,
Electrodialysis, Plastics - General, Reverse Osmosis, -.3.10.53

AN EVAPORATIVE FREEZING PROCESS FOR DESALTING
WATER -.Batch, Desalination, Evaporation, Pilot Plant, ...3.0163

INVESTIGATION OF DESALINATION BY FREEZING ...Bond
Type-other, Desalination, Free Energy, Impurity, Interface,
...3.0417

DESALINATION BY THE INVERSION ON THE ORDER OF
MELTING BY APPLIED PRESSURE ...Crystallization, Desalina-
tion, Heat Transfer, Pilo & Planta, -.3.0240

FREEZING POTENTIAL STUDY ...Desalination, Electro!ytes,
Polarization, Relaxation, Solution, -.3.0183

NUCLEATION AND GROWTH OF ICE CIR YSTALS ...Brines,
Crystal Growth, Desalination, Hydration, Nucleation, -.3.0041

DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-
PRESSION PROCESS ...Desalination, Evaporation, High, Pilot
Plant, Potable Water, ...1.0128

NATURALLY OCCURRING TASTES AND ODORS IN WATER
SUPPLIES ...Gas, Mass, Nuclear Magnetic, Studies, Organolcptic,
Taste and Odor, ...5.1I69

FEASIBILITY OF THE PURIFICATION OF ACID MINE WATER
BY A PARTIAL FREEZING PROCESS ...Acid Mine Wastes,
Mining Activities, Waste Treatment-economics, -.5.0997

CONTROLLED FREEZING DESALINATION ...Desalination, Heat
Transfer, Mass Transfer, Other, -.3.0216

PRELIMINARY FEASIBILITY AND ECONOMICS OF DESALT-
ING BRACKISH WATERS IN CANDIATE AREAS OF WEST
TEXAS ...Cost Analysis, Desalination, Electrodialysis, Flash
Distillation, Reverse Osmosis, Water Costs, _3.0443

Gel Filtration
PATHWAYS OF TRACE ELEMENTS IN ARCTIC LAKE

ECOSYSTEMS ...Arctic, Lakes, Organic-general, Pollutants -
Path of , Trace Element Analysis, ...L0004

GEL SEPARATION PROCESSES FOR SALINE SOLUTIONS
...Crosslinked, Desalination, Ion Exchange-other, Other, 3.0066

Isotope
GEOCHEMICAL STUDIES OF CONTINENTAL WATERS

...Authigenesis, Location, Pore Fluids, Radioisotopes, _1.0081

Magnetic
APPLICATIONS OF POWDERED MAGNETIC IRON OXIDE

FOR THE REMOVAL OF PATHOGENIC MICROORGANISMS
...Adsorption-absorption-other, Electric Field, Electrochemistry-
other, Spinel Group, Virus, -.5.0400

Precipitation
DISSOLVED ORGANIC PHOSPHORUS IN NATURAL WATERS

...Analysis and Detection, Organic-general, Radiochemical
Techniques, Removalinorganics, Saturated Hydrocarbons,
...L0088

TREATMENT AND DISPOSAL OF CONDENSATE WASTES
FROM HIGH LEVEL WASTE SOLIDIFICATION PROCESSES
...Crystallization-other, Disposal Wastes, Fractionation, Material
Recovery Wastes, Nuclear, -.5.1250

BASIC STUDIES OF SCALE CONTROL ...Fluidized Bed,
Removal--inorganics, Scale Formation, ...3.0284

LIME MAGNESIUM CARBONATE PROCESS SEA WATER
SOFTENING PLANT ...Brines, Evaporation, High Temperature -
1000 -3000 , Removalinorganics , Waste Water Pre-treatment,
...3.0105

CONTINUOUS COUNTERCURRENT EXCHANGE SYSTEM
FOR REMOVAL OF CALCIUM, MAGNESIUM AND DIS-
SOLVED OXYGEN FROM FEED WATER ...Desalination,
Evaporation, Ion Exchange-other, Other, Regeneration-other,
...3.0437

PRECIPITATION OF PHOSPHATES FROM WATER WITH FER-
ROUS SALTS ...Biochemical Oxygen Demand, Chemical Treat-
ment, Iron, Phosphate, Phosphite, Waste Water Treatment-
general, ...5.0882

REMOVAL OF INORGANIC MATERIAL FROM SALINE
WATER BY PRECIPITATION PROCESSES ...Brines, Crystal
Growth, Demineralization, Nucleation, Removal -- inorganics,
-.5.0420

DEVELOPMENT OF A FROTH PROCESS FOR THE TREAT-
MENT OF SOUR WATER ...Chemical Treatment, Demineraliza-
tion, Foam, Material Recovery Wastes, Sulfur, ...5.0755

ORTHOKINETIC FLOCCULATION OF HETERODISPERSED
SYSTEMS ...Digestive Tanks, Flocculation, Mechanical Device
Treatment, Turbulent, 5.0067

PREPARATION OF MONODISPERSE EMULSIONS ...Distribu-
tion, Emulsion, Kinetic-general, Nucleation, ...5.0064

CONCENTRATION OF SUGAR BEET WASTES FOR
ECONOMIC TREATMENT WITH BIOLOGICAL SYSTEMS
...Aerobic, Anaerobic, Canning Wastes, Chemical Treatment,
Waste Treatment-economics, -.5.0192

PHOSPHORUS REMOVAL IN THE ACTIVATED SLUDGE
PLANT ...Activated, Aeration, Aluminum, Phosphate, Phosphite,
Sewage - Domestic, ...5.0788

PARAMETRIC STUDY OF THE KINETICS OF PRECIPITATION
AND NATURE OF THE PRECIPITATE OBTAINED IN
PHOSPHATE REMOVAL USING IRON AND ALUMINUM
SALT ...Aluminum, Iron, Phosphate, Phosphite, Solubility, Tertia-
ry Treatment, ...5.0075

1N-SITU PRECIPITATION OF SLUDGE RESULTING FROM
REACTION OF MINE WATER WITH LOW COST ADDITIVES
TO PREVENT MINE DRAINAGE POLLUTION ...Acid Mine
Wastes, Drainage, Mining Activities, Neutralization, Treatment-
other, ...5.1000

INVESTIGATIONS OF THE REMOVAL OF IRON FROM
GROUNDWATER SUPPLIES IN ILLINOIS ...Demineralization,
Filtration, Groundwater, Illinois, Iron, ...5.0375

PHYSICAL CHEMISTRY OF RADIOCLE? "'TS - RADIOMET-
RIC METHODS OF ANALYSIS ...Ac' .,,on Analysis, Elec-
trodeposition, Extraction-other, Organic., Radioactivity-general,
...7.0020

SINGLE STAGE LIME TREATMENT WASTEWATER ...Concen-
tration, Demineralization, Electrodialysis, Filter-other, Sedimenta-
tion, ...5.0897

Salting Out
TREATMENT OF LIQUID WASTE FROM FOOD PROCESSING

PLANTS ...Disposal Wastes, Food Processing Industry, Recycle,
Waste Water Treatment-general, Water Reuse, ...5.0497
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Separation

Screening
DEMINERALIZATION BY FORCED-FLOW ELECTRO-

DESALINATION ...Demineralization, Desalination, Electrodialy-
sis, Fluid Flow-other, Ion Selective, Porosity, 3.0003

COUNTERWASHERS FOR FREEZE-DISTILLATION
DESALINATION ...Cost Analysis, Fluid Flow-other, Freezing,
Packed Bed, Washing, ...3.0279

Sedimentation
IMPROVEMENT OF QUALITY OF WATER RESOURCES BY A

THREE-FOLD ATTACK ADSORPTION, SEDIMENTATION
AND MIXING ...Adsorption, Adsorption Capacity, Aquatic
Ecology, Flocculation, Pollution Abatement, ...5.0502

TRANSPORT PROCESSES OF PARTICLES IN DILUTE SUSPEN-
SIONS IN TURBULENT WATER FLOW ...Colloidal
Phenomena, Flow Characteristics -water, Hydraulics-general,
Transport, Turbulent Flow, ..5.0370

TRANSIENT LOADING EFFECTS IN THE ACTIVATED
SLUDGE PROCESS ...Activated, Biological, Loading, Sludge-
general, ...5.0065

FULL SCALE RAW WASTE WATER FLOCCULATION ...Floccu-
lation, Pollutant Removal-general, Polycleetrolytes, Sewage Treat-
ment Plant, ...5.0244

IMPROVEMENTS TO THE BOROUGH OF NEW PROVIDENCE
SEWAGE PUMPING STATION AND TREATMENT FACILI-
TIES ...Chlorination, Pilot Plant, Plastics - General, Polyelec-
trolytes, Pumping Stations, Trickling, .6.0353

TERTIARY TREATMENT OF COMBINED STORM WATER,
SANITARY RELIEF DISCHARGE AND SEWAGE TREAT-
MENT PLANT EFFLUENT ...Activated Carbon, Combined
Sewer, Filtration, Pilot Plant, Process Design, Storm Water,
5.0387

A COMPLETE RECYCLE WASTE WATER TREATMENT
PLANT ...Activated, Biological Treatment-other, Coagulation,
Trickling, Water Reuse, ...5.1165

REMOVAL OF 130D AND NUTRIENTS BY BIOLOGICAL
SLIMES ...Aeration, Biochemical Oxygen Demand, Biological
Treatment-other, Denitrifieation, ...5.0737

DEVELOPMENT OF A MATHEMATICAL MODEL FOR
SEPARATION COAGULATION AND SEDIMENTATION
PROCESS USING ADDITION OF CHEMICALS ...Coagulation,
Lime Treatment, Model Studies, Process Design, Waste Treat-
ment-economics, ...5.0343

REMOVAL OF SUSPENDED SOLIDS AND PHOSPHATE FROM
A SECONDARY EFFLUENT BY ALUM COAGULATION AND
DUAL MEDIA FILTRATION ...Electrodialysis, Filter-other, Ion
Exchange-other, Reverse Osmosis, Waste Treatment - economics,
5.0801

SINGLE STAGE LIME TREATMENT WASTEWATER ...Concen-
tration, Demineralization, Electrodialysis, Filter-other, Precipita-
tion, 5.0897

SUBJECT INDEX

Separation-general
SEPARATION OF MAGNESIUM FROM CALCIUM IN THEIR

SALINE SOLUTIONS ...Calcium, Chelation, Desalination, Ion
Exchange-other, Magnesium, ...5.0687

REACTIONS AND TRANSPORT PHENOMENA AT SURFACES
...Analysis and Detection, Brines, Electrode, Pitting, Transport,
...3.0440

WATER RESEARCH PROGRAM - SECTION 1V. SEPARATIONS
PROCESS ...Additives, Chemical Effect-other, Interface, Mem-
branes-other, Other, Permeability, Porosity, Reverse Osmosis,

.3.0441
SUSPENDED AND COLLOIDAL SOLIDS REMOVAL--FLOCCU-

LATION BY ORGANIC POLYMERS ...Biological Treatment..
other, Chemical Treatment, Colloidal Phenomena, Filter-other,
Organic, ...5.0851

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL--SOLIDS
SEPARATION BY CHEMICAL TREATMENT AND FILTRA-
TION ...Coagulation, Colloidal Phenomena, Emulsion, Filter-
other, Membranes-other, ...5.0854

IDENTIFICATION OF NATURAL AND SYNTHETIC ORGANIC
COMPOUNDS IN RAW AND TREATED MUNICIPAL
WASTES ,..Chromatography-other, Filtration, Organics-general,
Purfication-general, Tertiary Treatment, 5.0847

Separation-other
STUDIES IN FOAM SEPARATION AND RELATED

TECHNIQUES ...Extraction, Foam, Industrial Waste-other, Sur-
factants, 5.0520
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COMPLETE MIX ACTIVATED SLUDGE UNIT PROCESS
ADAPTION 10 LOW TEMP ...Activated, Loading, Low, Pilot
Plant, Solid Waste, _5.0028

Sewage - Domestic
EFFECT OF BORON IN BIOLOGICAL WASTE TREATMENT

..,Activated, Aerobic, Boron, Industrial Wastes, Surfactants,
5.0223

NITRIFICATION AND DENITRIFICATION OF WASTE WATER
...Activated, Denitrification, Diary Wastes, Sewage, Waste Water
Treatment-general, 5.0598

EFFICIENCY AND ECONOMY OF POLYMERIC SEWAGE
CLARIFICATION industrial Processes-general, Polyclectrolytes,
Waste Treatment-economics, ...5.0610

PHOSPHORUS REMOVAL IN THE ACTIVATED SLUDGE
PLANT ...Activated, Aeration, Aluminum, Phosphate, Phosphite,
Precipitation, ..5,0788

INVESTIGATION OF A MPHIPATHIC WATER-SOLUBLE
POLYMERS AS FLOCCULANTS AND FLOTATION AIDS IN
DOMESTIC WASTEWATER TREATMENT ...Domestic Wastes-
general, Flocculation, Flotation, Polyclectrolytes, Waste Water
Treatment-general, ...5.0222

STUDY FOR FLOW REDUCTING AND TREATMENT OF
WASTE WATER FROM HOUSEHOLDS _Survey Studies,
Waste Treatment-economics, Waste Water Treatment-general,
Water Utilization -domestic, 5.0205

ANTI-POLLUTION AND SEWAGE DISPOSAL FOR FLORIDA
COMMUNITIES Lagoon, Organics, Pollution Abatement, Sand,
Sub - Tropic, ..5.0255

Sewage Lagoons
WATER BALANCE IN SEWAGE STABILIZATION LAGOONS

...Industrial Wastes, Organic Matter, Seepage, Water Balance-
budget, Water Quality-general, 5.0833

FEASABILITY OF FISH PRODUCTION IN TERTIARY WASTE
TREATMENT PONDS ...Aquaculture & Fish-farming, Tertiary
Treatment, Waste Water Treatment-general, 5.0401

SECONDARY TREATMENT OF HOG WASTE IN AN ANAERO-
BIC STABLIZATION POND ...Anaerobic, Animal Wastes - Feed
Lots, North Dakota, Secondary Treatment, Scptie Tanks,
5.0830

MICROBIOLOGY OF SEWAGE LAGOONS - EFFECTS OF IN-
DUSTRIAL WASTES ON COLIFORM AND OTHER ENTERIC
ORGANISMS ...Bacteria, Biochemical Oxygen Demand, Food
Processing Industry, Industrial Waste-other, Lagoon, Sewage Bac-
teria, ...5.0837

BIOLOGICAL PROPERTIES OF SEWAGE LAGOONS AT
TUSKEGEE, ALABAMA..Bioindicators, Biological Treatment-
general, Microbiological Analysis, Microorganisms (non - specific),
Pollution - Effects of , 5.0024

WATER POLLUTION BY DAIRY FARM WASTES AS RE-
LATED TO METHOD OF WASTE DISPOSAL ...Alabama,
Animal Waste Removal-treatment, Bacterial Pollutant Sources,
Chemical Oxygen Demand, Farm Wastes, Management, Waste
Disposal-general, ...5.0011

COMPARISON OF ENERGY FLOW PARAMETERS OF MIDGE
POPULATIONS IN BIOLOGICAL OXIDATION PONDS
..Bloodworms, Aquatic Midges, Energy Budgets, Oklahoma, Pol-

lution Effects, Productivity - Food Chain, ...5.0929
(FSCT CATEGORY V D) MAGAGEMENT OF CATTLE

FEEDLOT WASTES ...Anaerobic, Animal Waste Removal-treat-
ment, Animal Wastes - Feed Lots, Farm Wastes, Lagoon,
5.0412

MACRO-FAUNA IN WASTE STABILIZATION LAGOONS
...Biological, Bloodworms, Aquatic Midges, Habitat Studies,
Lagoon, Organic Matter, 5.0946

INDUSTRIAL REUSE OF PROCESS WATER ...Biological Treat-
ment-general, Material Recovery Wastes, Pond, Water Reuse,
5.0480

SOURCE CONTROL OF WATER TREATMENT WASTE SOLIDS
...Disposal, Drying- dewatering, Filtration, Sludge-general, Solid
Waste, 5.0508

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Galliformes - Fowl-other, Livestock -non-specific,
Swine, Waste Water Treatment-general, 5.0407

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Chickens, Swine, Waste Disposal-general, 5.0835

ARABLE LAND DEGRADATION BY EFFLUENT POLLUTION
Effluents-waste Water, Sanitation, Soil Chemical Properties, Soil
Contaminatioi. -other, ...5.0171



SUBJECT INDEX Sewerage Systems

AERATED LAGOONS & ANAEROBIC REACTORS - A FIELD &
LAB STUDY OF THEIR EFFICIENCIES & DESIGN PRINCI-
PLES IN SEWAGE TREATMENT Aerobic, Anaerobic,
Canada, Process Design, 5.0165

AERATED SEWAGE LAGOON INVESTIGATION - BOISSEVAIN
.Aeration, Canada, Economic Efficiency, Technique Develop-
ment, 5.0170

EVALUATION OF AERATED LAGOONS AS A SEWAGE
TREATMENT FACILITY IN THE PRAIRIE PROVINCES ,..Ac-
tivated, Aeration, Canada, Economic Efficiency, Waste Treat
ment-economics, 5.0173

LAGOONS FOR DAIRY FARMS ...Animal Waste Removal-truat-
ment, Diary Wa-:tes, Microbial-bacterial, Process Design, 5.1240

DEVELOPMENT OF WASTE STABILIZATION LAGOONS FOR
APPLICATION IN ALASKA ,..Alaska, Lagoon, Pilot Plant,
Process Design, Storage-retention-facilities, 5.0026

FARM ANIMAL MANURE DISPOSAL LAGOONS ,..Animal
Waste Removal-treatment, Farm Wastes, Lagoon, Process Design,
Waste Disposal-general, 5.0613

Sewerage Systems

Appurtenances
BEDDING AND INFILTRATION STUDIES OF SANITARY

SEWERS IN THE GULF COAST AREA Infiltration - Percola-
tion, Layered System, Pipe-laying, South Central, 5.0461

MODIFICATION OF WHITTIER STREET STORM STANDBY
TANKS ...Combined Sewer, Ohio, Pump, Runoff, Storm Water,
...5.0873

EMuent-standards
DESIGN OF WASTEWATER TREATMENT SYSTEMS TO

SA .I ISFY EFFLUENT QUALITY REQUIREMENTS BASED ON
INTENDED USE ,..Process Design, Use of Impaired Water,
Waste Water Treatment-general, Water Quality Control-general,
Water Reuse, 5.0769

WATER QUALITY CRITERIA TO PROTECT THE FISH POPU-
LATION DIRECTLY BELOW SEWAGE OUTFALLS ...Fish -

non- specific, Population Dynamics, Sewage, Water Properties-
general, Water Standards, 5.0501

AUTOMATIC CONTROL OF A COMPLETELY MIXED AC-
TIVATED SLUDGE REACTOR ...Activated, Biochemical Ox-
ygen Demand, Reactors-other, Sewage Treatment Plant, 5.0213

AUTOMATIC RECORDING OF SHORT TERM B.O.D. ...Auto-
matic Systems, Biochemical Oxygen Demand, Sewage Testing,
Technique Development, ..7.0039

CATTLE FEED LOT WASTE WATER TREATMENT -Aerobic,
Anaerobic, %,nimal Wastes - Feed Lots, Lagoon, Water Reuse,
_5.0422

ANTELOPE VALLEY WASTE WATER RECLAMATION
FACILITY ...Chemical Treatment, Filter-other, Flocculation,
Pond, Use of Impaired Water, _560108

EAST CHICAGO TREATMENT LAGOON ...Aerobic, Anaerobic,
Chlorination, Combined Sewer, Waste Water Treatment-general,
..,6.0215

IMPROVE POLLUTION CONTROL BY REUSE OF PAPER
MACHINE PROCESS WATERS _Material Recovery Wastes,
Pulp and Paper Wastes, Recycle, Waste Treatment-economics,
Water Reuse, 5.0807

RENOVATION OF WASTE EFFLUENT FOR RECREATION
AND POTABLE WATER SUPPLY USE ,..Activated, Filter-
other, Potable Water, Waste Water Treatment-general, 5.0158

REVERSE OSMOSIS TO REMOVE DISSOLVED SOLIDS FROM
RENOVATED WASTE WATER USED IN GROUND WATER
RECHARGE ...Artificial Recharge, Augmentation-general,
Reverse Osmosis, Waste Water Treatment-general, Water Reuse,
...5.0095

STEAM STRIPPING OF KRAFT PULP MILL EFFLUENT
STREAMS ...Effluents-waste Water, Material Recovery Wastes,
Organic Matter, Pulp and Paper Wastes, Pulp, Paper , and
Logging, Waste Water Treatment-general, ...5.1263

THE CONSTRUCTION OF THE STORM DETENTION AND
CHLORINATION STATION ...Chlorination, Combustible, Ru-
noff, Storage-retention-facilities, Water Purification Plants,
..,5.0519

APPLICABILITY OF ARDOX CATALYSTS TO THE OXIDA-
TION OF MUNICIPAL SEWAGE EFFLUENTS AND OF
WASTES PRODUCED DURING MANNED SPACE FLIGHT
...Catalyst-other, Catalytic, Manned Satelite, Municipal-waste-
other, Sewage, 5.0745

WASTE TREATMENT FACILITIES FOR POLY VINYL
CHLORIDE MANUFACTURING PLANT _Activated, Activated
Carbon, Chemical Manufacturing Wastes, Organic, Pond,
..,5.0866

COME'INED SEWER STUDY FOR WASHINGTON, D.C. ...Com-
bined Sower, District of Columbia, Filtration, Storage-retention-
facilities, Water Quality-general, 5.1005

SPRAY DISPOSAL OF LIQUID COW MANURE ,..Animal Waste
Removal-treatment, Animal Wastes - Feed Lots, Farm Wastes,
Pump-other, Waste Disposal -underground, ...5.0224

CHLORINATION OF WAS It Wt.TER EFFLUENTS ...Activated,
Bacteria, Chlorination, Illinois, Sewage Bacteria, 5.0367

HIGH-RATE, MULTIPLE MEDIUM FILTRATION FOR SECON-
DARY TREATMENT OF MUNICIPAL WASTE WATER
...Coagulation, Digestion, Filtration, Secondary Treatment, Waste
Treatment-economics, 5.1042

PULVERIZED ANTHRACITE COAL AS A MEDIUM FOR
PRECOAT FILTERS ...Ash-coal, Filtration, 5.1043

STUDIES TO DEVELOP PROCESS DESIGNS FOR EFFLUENT
QUALITY CONTROL ...Effluents-waste Water, Process Design,
Waste Water Treatment-general, Water Quality Control-general,
...5.1175

DISINFECTION OF RENOVATED WASTEWATER ...Chlorina-
tion, Disinfection, Ozonization, Waste Treatment-economics,
5.0846

SUBARC AEKAT LAG INVES BIOKIN REQUIR SEASON &
DIURN EFF ON NUT SAL ...Aeration, Lagoon, Process Design,
Sub - Polar, Waste Treatme it-economics, 5.0027

Flow Regulations
PONSAR REGULATING SIPHON ...Combined Sewer, 6.0394
TREATMENT OF MUNICIPAL SELONDARY EFFLUENT BY

GRANULAR ACTIVATED CARBON ...Acti-! *.ed Carbon,
Chemical Oxygen Demand, Organic Wastes, Rek,,,,ieration-other,
Waste Treatment-economies, 5.0133

MODEL STUDY OF SEWER DROPSHAFT ...Conduit, Design-
other, Discharge-general, Runoff, Two-phase-other, 8.0218

A STUDY OF THE KINETICS OF THE ACTIVATED SLUDGE
PROCESS ...Activated, Aeration, Kinetics-other, Pump, Storage -
retention- facilities, ..5.0862

Flushing Devices
DEVELOPMENT PROGRAM FOR TREATMENT OF WASTE-

WATER BY AERATION ...Aeration, Methods, Pipe-other,
Process Design, 5.0076

WASTE TREATMENT FOR AN INDIVIDUAL HOME WITH
REUSE OF THE WATER ...Aeration, Carbon, Filtration, Recy-
cle, Septic Tanks, 5.0391

MINIMUM WATER SANITARY SYSTEM ...Equipment, Incinera-
tion, Polar, Waste Treatment- economics, 3.0078

A STUDY OF STORM WATER INLET CAPACITIES ...Drainage,
Louisiana, Model Studies, Storm Sewer Quantity-other, Storm
Water, 8.0206

LAWRENCE AVENUE UNDERFLOW SYSTEM ...Combined
Sewer, Illinois, Outlet, Pump, Storage-retention-facilities, 4.0091

Outlet
SALT WATER ENTRAINMENT FOR DILUTION IN SEWER

OUTFALLS ...Conduit Flow-other, Dispersion -water, Fluid Flow-
other, Fluid Mixing, Ocean, Sewers, Two-phase-other, ...5.1265

LAWRENCE AVENUE UNDERFLOW SYSTEM ...Combined
Sewer, Illinois, Inlet, Pump, Storage- retention - facilities, ..A.0091

DEMONSTRATION OF THE LIMITATIONS AND EFFECTS OF
WASTE DISPOSAL ON AN OCEAN SHELF ...Marine Plants,
Ocean, Pollution - Effects of , Pollution Effects, Sewers, .5.0248

AIRPHOTO ANALYSIS OF OCEAN OUTFALL DISPERSION
.,.Diffusion, Longshore Currents, Ocean, Photogrammetry, Pollu-
tion-general, ...5.094I

OCEANOGRAPHIC FACTORS IN THE FUNCTIONAL DESIGN
OF WASTE DISPOSAL SYSTEMS ...Jet Flow-other, Mixing,
Nuclear Power, Process Design, Sewers, ..5.0115

COASTAL DIFFUSION OF POLLUTANTS ,..Currents- other,
Model Studies, Ocean, Oregon, Pulp and Paper Wastes, 5.0973

Pump
REDUCTION OF GROUND WATER INFILTRATION INTO

SEWERS BY ZONE PUMPING ...Lining, Pumping, Sewerage
Systems-general, Water Table Fluctuation, Water Wells, 5.0320

LAWRENCE AVENUE UNDERFLOW SYSTEM ...Combined
Sewer, Illinois, Inlet, Outlet, Storage-retention-facilities, ...4.0091
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Sewerage Systems SUBJECT INDEX

PIPELINE TRANSPORT OF SLUDGE ...Disposal, Mass Transfer,
Mining Activities, Sewage Treatment Plant, West Virginia,
5.0869

MODIFICATION OF WHITTIER STREET STORM STANDBY
TANKS ...Appurtenances, Combined Sewer, Ohio, Runoff, Storm
Water, 5.0873

A STUDY OF THE KINETICS OF THE ACTIVATED SLUDGE
PROCESS ...Activated, Aeration, Flow Regulations, Kinetics.
other, Storage-retention-facilities, 5.0862

Combined Sewer
DEMONSTRATION PROJECT OF A PROTOTYPE TREATMENT

PLANT DESIGNED TREAT WASTES FOUND AT A COM-
BINED SEWER OVERFLOW ...Flocculation, Flotation, Process
Design, Screening, 5.0923

RAPID-FLOW COMBUSTIBLE FILTER FOR TREATMENT OF
COMBINED SEWER OVERFLOW ...Combustible, Ohio, Rapid,
Sewage Treatment Plant, Waste Treatment-economics, ...5.0871

PONSAR REGULATING SIPHON ...Flow Regulations, 6.0394
ALTERNATE TO STORM WATER SEPARATION ...Chlorination,

Pond, Storm Water, 4.0274
HUMBOLDT AVENUE POLLUTION ABATEMENT PROJECT

...Economic Efficiency, Runoff, Urban Environments, Waste
Treatment-economics, Wisconsin, ...4.0280

LAWRENCE AVENUE UNDERFLOW SYSTEM ...Illinois, Inlet,
Outlet, Pump, Storage-retention-facilities, 4.0091

EAST CHICAGO TREATMENT LAGOON ...Aerobic, Anaerobic,
Chlorination, Effluent-standards, Waste Water Treatment-general,
_6.0215

TERTIARY TREATMENT OF COMBINED STORM WATER,
SANITARY RELIEF DISCHARGE AND SEWAGE TREAT-
MENT PLANT EFFLUENT ...Activated Carbon, Filtration, Pilot
Plant, Process Design, Sedimentation, Storm Water, ...5.0387

A DEMONSTRATION OF JOINT-MUNICIPAL-INDUSTRIAL
WASTE TREATMENT IN THE ONONDAGA LAKE
WATERSHED ...Chemical Treatment, Industrial-general, Local
Government, Waste Water Treatment-general, Watersheds-
general, 5.0792

EVALUATION OF DISPERSED POLLUTIONAL LOAD ...Land
Use, Pollutants-general, Pollution Sources-general, Runoff,
Sewage Treatment Plant, 5.0921

SELF-ADJUSTING AND SELF-CLEANING FILTER FEASIBILI-
TY STUDY ...Chlorination, Filament Winding, Filter-other, Pollu-
tant-other, Pressure-other, ...5.0227

OPERATION AND EVALUATION OF A DEMONSTRATION
ROTATING BIOLOGICAL CONTACTOR ...Aeration, Biologi-
cal, Biological Treatment-other, Microbial-bacterial, Wisconsin,
_5.1317

DEMONSTRATION AND EVALUATION OF POLYMERIC AD-
DITIVES IN THE TREATMENT OF STORM SEWER OVER-
FLOW ...Pilot Plant, Polymer Type-other, 5.0579

COMBINED INDUSTRIAL AND MUNICIPAL WASTE TREAT-
MENT Biological Treatment-other, Pilot Plant, Process Design,
Pulp and Paper Wastes, W Jte Water Treatment-general,
5.1289

STORM SEWER TREATMENT BY A SELF-CLEANING
STRAINER, FILTER CONCEPT ...Adsorption-absorption-
general, Coagulation, Filter-other, ...5.1078

MICROSTRAINING PILOT TESTS OF STORM WATER OVER-
FLOWS FROM COMBINED STORM AND SANITARY SEWER
SYSTEMS ...Chlorination, Ozonization, Pilot Plants, Screening,
5.1003

TRANSPORT OF SOLID SUSPENSION IN CONDUITS ...Conduit,
Design Criteria, Flow of Dispersed Solids, Measurement, Trans-
portation, ...5.0988

SEPARATION OF SANITARY SEWAGE FROM COMBINED
SYSTEMS OF SEWERAGE ...Design-other, Sewage, Storm
Water, Waste Treatment-economics, 5.0781

AN ENGINEERING INVESTIGATION OF STORM AND COM-
BINED SEWER PROBLEMS ...Land Use, Non-structural Alter-
native, Pollution Abatement, Runoff, Storm Water, 5.0229

A METHOD FOR ASSESSING THE EXTENT OF POLLUTION
FROM STORMWATER RUNOFF FROM AN URBAN AREA
...Construction-other, Runoff, Storm Water, Urban Environments,
Urban Research, Waste Treatment-economics, 5.0090

ROLE OF SOLIDS IN COMBINED SEWAGE POLLUTION
...Chemical Analysis, Disinfection, Screening, Solid Waste,
5.0091

DEVELOP AND DEMONSTRATE A METHOD FOR ASSESSING
THE EXTENT OF POLLUTION FROM STORM WATER RU-
NOFF IN AN URBAN AREA ...Alternative Planning, Iowa,
Nutrients, Storm Water, Urban Environments, ...5.0705

A PILOT FACILITY TO DEMONSTRATE OFF-SHORE, UN-
DERWATER, TEMPORARY STORAGE OF STORM OVER-
FLOW FROM A COMBINED SEWER ...Pumping Stations,
Storage of Water, Storage-retention-facilities, Storm Water,
Tanks, ...5.0838

PRIMARY TREATMENT OF STORM WATER OVERFLOW
FROM COMBINED SEWERS BY HIGH RATE FINE MESH
SCREENS ...Filtration, Industrial Waste-other, Primary Treat-
ment, Screening, Storm Water, 5.0931

ENGINEERING INVESTIGATION OF STORM WATER INFIL-
TRATION INTO SANITARY SEWERS OF THE EAST BAY
MUNICIPAL UTILITY DISTRICT ...Benefit-cost Analysis, Infil-
tration, San Francisco Bay, Storm Water, Water Quality Control-
general, 5.0123

DEMONSTRATION UNDERWATER FACILITY - STORM
OVERFLOW ...Elastomers Rubber, Polyamides, Pressure Ussel
Materials, Storage-retention-facilities, Storm Water, 5.0246

FABRICATION AND EVALUATION OF AN ULTRASONIC FIL-
TRATION SYSTEM FOR TREATING COMBINED SEWER
OVERFLOWS ...Biochemical Oxygen Demand, Filter-other,
Overflow, Ultrasonics, Waste Treatment - economics, ..5.0105

TREATMENT OF COMBINED SEWER OVERFLOWS BY THE
DISSOLVED AIR FLOTATION PROCESS ...California,
Chlorination, Flotation, Overflow, 5.0153

DUWAMISH RIVER - ELLIOTT BAY STORM WATER CONTROL
SYSTEM ...Interceptor-station, Loading, Storage-retention-facili-
ties, Valves, ...5.1254

MODIFICATION OF WHITTIER STREET STORM STANDBY
TANKS ...Appurtenances, Ohio, Pump, Runoff, Storm Water,
5.0873

SPRING CREEK AUXILIARY WATER POLLUTION CONTROL
PROJECT ...Bays, Effluents-wacte Water, New York, Overflow,
5.0759

STORM WATER DEMONSTRATION PROJECT - CITY OF
SOMERSWORTH, NEW HAMPSHIRE ...Additives, Chlorination,
Polymer Type-other, Storm Water, 5.0710

A COMBINED SEWERAGE COLLECTION AND TREATMENT
FACILITY Aeration, Lakes, Sand, Storm Water, 5.0581

A PROGRAM FOR DEMONSTRATING COMBINED SEWER
OVERFLOW CONTROL TECHNIQUE FOR WATER QUALI-
TY IMPROVEMENTS AND BEACH PROTECTION ...Chlorina-
tion, Disinfection, Lake Erie, Polyelectrolytes, Potable Water,
Shoreline - Coastline, ...5.0867

DISPATCHING SYSTEM FOR CONTROL OF COMBINED
SEWER LOSSES ...Control Gate, Energy Losses-general, Hydrau-
lics-general, Hydrology-general, Meteorological Studies-general,
5.0609

INVESTIGATION FOR CONTROL OF WATER POLLUTION
FROM COMBINED SEWERS IN ROANOKE, VIRGINIA ...Al-
ternative Planning, Model Studies, Rain Fall Intensity, Runoff,
Sanitary Sewage Ouantity-other, Storm Water, Water Quality
Control-general, ...5.1220

COMBINED SEWER STUDY FOR WASHINGTON, D.C. ...Dis-
trict of Columbia, Effluent-standards, Filtration, Storage-reten-
tion-facilities, Water Quality-general, ...5.1005

Contruction
Construction-other

A METHOD FOR ASSESSING THE EXTENT OF POLLUTION
FROM STORMWATER RUNOFF FROM AN URBAN AREA
...Combined Sewer, Runoff, Storm Water, Urban Environments,
Urban Research, Waste Treatment-economics, ...5.0090

Pipe-laying
BEDDING AND INFILTRATION STUDIES OF SANITARY

SEWERS IN THE GULF COAST AREA ...Appurtenances, Infil-
tration Percolation, Layered System, South Central, 5.0461

Design-other
SEPARATION OF SANITARY SEWAGE FROM COMBINED

SYSTEMS OF SEWERAGE ...Combined Sewer, Sewage, Storm
Water, Waste Treatment-economics, 5.0781

MODEL STUDY OF SEWER DROPSHAFT ...Conduit, Discharge-
general, Flow Regulations, Runoff, Two-phase-other, 8.0218

MATHEMATICAL MODEL OF STORM AND SANITARY IN-
TERCEPTOR SYSTEM ...Inflow, Model Studies, Peak Flow, Rain
Fall Intensity, Storm Water, ...5.0597

Interceptor-station
DUWAMISH RIVER-ELLIOTT BAY STORM WATER CONTROL

SYSTEM ...Combined Sewer, Loading, Storage-retention-facili-
ties, Valves, ...5.1254
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SUBJECT INDEX Sewerage Systems

Septic Tanks
INDIVIDUAL WASTE DISPOSAL SYSTEMS ...Inspection, Waste

Disposal-general, .5.0218
DISPrc:AL OF WASTE FROM SWINE FEEDING FLOORS TO

MIN,41ZE OR ELIMINATE STREAM POLLUTION ...Animal
Wastes - Feed Lots, Underground Wane Disposal, 5.0499

SLCONDARY TREATMENT OF HOG WASTE IN AN ANAERO-
BIC STABLIZATION POND ...Anaerobic, Animal Wastes - Feed
Lots, North Dakota, Secondary Treatment, Sewage Lagoons,
...5.0830

WATER QUALITY DEGRADATION BY SEPTIK TANK
DRAINAGE ...P gradation, Drainage, Lakes, Nitrogen,
Phosphorus, ...5.0468

WASTE DISPOSAL IN RURAL AREAS ...Aerobie, Animal Waste
Removal- treatment, Chemical Analysis (water), Effluents-waste
Water, Farm Wastes, Rural Areas, ...5.0219

CONTROL OF INSECTS ASSOCIATED WITH SWINE PP JDUC-
TION WITHOUT THE USE OF INSECTICIDES .Animal Waste
Remov..1-treatment, Control -non-specific, Ectoparasitic, Farm
Wastes, Flies -house,face,horn,stable, 5.0488

WATER POLLUTION ...Bacterial Pollutant Sources, Cell.
cnv.(non- speeifie & Ot.), Identification, Self-purification, Streams,
5,0730

WASTE TREATMENT FOR AN INDIVIDUAL HOME WITH
REUSE OF THE WATER ...Aeration, Carbon, Filtration, Flush-
ing Devices, Recycle, 5.0391

`WATER QUALITY ASPECTS OF RECREATIONAL LAKES
...Lakes, Nitrogen, Phosphorus, Recreation Sites, Waste Water
Treatment-general, 5.0469

SUITABILITY FOR SEPTIC TANK DISPOSAL SYSTEMS AND
PRODUCTIVITY POTENTIALS OF PENNSYLVANIA SOILS
...Animal Wastes - Feed Lots, Percolation, Soil, Waste 'Water
Treatment - general, Water Table Fluctuation, 5.1039

BIODEGRADABLE DETERGENTS FROM ANIMAL FATS
...Biodegradation, Esters, Sulfonates (rso3na), Surfactants.
5.0992

Location
PHOSPHATE REMOVAL BY ACTIVATED SLUDGE PROCESS

APPLICATION - PLANT SCALE DEMONSTRATION ...Ac-
tivated, Mechanisms, Phosphate, Phosphite, Pollutant-other,
Sewage Treatment Plant, .5.0912

Maintenance
Equipment

MINIMUM WATER SANITARY SYSTEM ...Flushing Devices, In-
ciriuration, Polar, Waste 'freatment-cconomies, ...3.0078

Inspection
INDIVIDUAL WASTE DISPOSAL SYSTEMS ...Septic Tanks,

Waste Disposal-general, 5.0218

Methods
DEVELOPMENT PROGRAM FOR TREATMENT OF WASTE-

WATER BY AERATION ...Aeration, Flushing Devices, Pipe-
other, Process Design, 5.0076

Pipe
Flow

METHODS TO REDUCE WATER POLLUTION CAUSED BY
STORM WATER SEWER LOADING BY USING FLUID FLOW
FRICTION REDUCERS ...Friction, Molecular Weight-other,
Polyelectrolytes, Storm Sewer Quantity-other, Storm Water,
...5.1185

PIPELINE FLOW OF SOLIDS-LIQUID SUSPENSIONS ...Flow of
Dispersed Solids, Pipes, Sludge-other, Transition Sections,
Viscosity, 5.0799

DISTRIBUTION OF LIQUIDS IN POLAR CAMPS Maintenance,
Permafrost-frozen, Pipes, Polar, Sewage, _5.0134

Pipe-other
DEVELOPMENT AND DEMONSTRATION OF MATERIALS TO

REDUCE OR ELIMINATE WATER INFILTRATION INTO
SEWERAGE ...Groundwater Movement, Joining, Bonding-
general, Linings-pavings, Other, Sealant Materials, 5.1186

DEVELOPMENT PROGRAM FOR TREATMENT OF WASTE-
WATER BY AERATION ...Aeration, Flushing Devices, Methods,
Process Design, 5.0076

Shape
FLOW IN ECCENTRIC ANNULAR PIPES Configuration of

Body, Friction, Pipes, Turbviont, 8.0182

Pumping Stations
IMPROVEMENTS 10 THE BOROUGH OF NEW PROVIDENCE

SEWAGE PUMPING STATION AND TREATMENT FACILI-
TIES ...Chlorination, Pilot Plant, Plastics - General, Polyelec-
trolytes, Sedimentation, Trickling, ...6.0353

A PILOT FACILITY TO DEMONSTRATE OFF-SHORE, UN-
DERWATER, TEMPORARY STORAGE OF STORM OVER-
FLOW FROM A COMBINED SEWER ...Combined Sewer,
Storage of Water, Storage-retention-facilities, Storm Water,
Tanks, ...5.0838

Sanitary Sewage Quantity
Domestic

REMOVAL OF TRACE METALS FROM WATER BY ION
FLOTATION ...Concentration, Flotation, Foam, Industrial Waste-
other, Trace Elements, 5.0878

MYCOLOGICAL PHENOMENA IN SEWAGE SPREADING
BASINS ...Activated, Biological, 5.0128

USE OF COAL AS ADSORBENT FOR TREATINn WASTE
WATER ...Adsorption- absorption - other, Anaerobic, Coal-general,
Material Recovery Wastes, Secondary Treatment, _5.1017

Sanitary Sewage Quantity-other
INVESTIGAT2ON FOR CONTROL OF WATER POLLUTION

FROM COMBINED SEWERS IN ROANOKE, VIRGINIA ...Al-
ternative Planning, Combined Sewer, Model Studies, Rain Fall In-
tensity, Runoff, Storm Water, Water Quality Control-general,
5.1220

Separated-sewers
COOK STREET STORM WATER OXIDATION POND ...Pond,

Storage-retention-facilities, Storm Water, Urban Environments,
5.0346

Sewage
SANITATION. WASTE DISPOSAL Ai!'' PEST AND VECTOR

CONTROL _Nuclenr Explosion, Pollution - Effects of , Radioae-
tive Fallout, Radiologic Warfare, Requirement, Urban Environ-
ments, ..,5.0059

A SYSTEM FOR GEOLOGIC EVALUATION OF POLLUTION
POTENTIAL AT MOUNTAIN DWELLING SITES .,.Joints -frac-
tures, ,..5.0199

SEPARATION OF SANITARY SEWAGE FROM COMBINED
SYSTEMS OF SEWERAGE ...Combined Sewer, Design-other,
Storm Water, Waste Treatment-economics, ...5.0781

APPLICABILITY OF ARDOX CATALYSTS TO THE OXIDA-
TION OF MUNICIPAL SEWAGE EFFLUENTS AND OF
WASTES PRODUCED DURING MANNED SPACE FLIGHT
Catalyst-other, Catalytic, Effluent-standards, Manned Satelite,
Municipal-waste-other, 5.0745

REGIONAL UTILITIES STUDY-WATER SUPPLY, SEWERAGE,
DRAINAGE AND REFUSE DISPOSAL ...Connecticut, Mu-
nicipal-waste-other, Operations Research, Planning, Water
Supply-general, ...5.0207

DISTRIBUTION OF LIQUIDS IN POLAR CAMPS ...Flow, Main-
tenance, Permafrost-frozen, Pipes, Polar, 5.0134

Sewerage Systems-general
U. S. S. R. LITERATURE ON WATER SUPPLY AND POLLU-

TION CONTROL ...Discharge-general, Russia, Sewage, Survey
Studies, Waste Disposal-general, ...5.0228

REDUCTION OF GROUND WATER INFILTRATION INTO
SEWERS BY ZONE PUMPING ...Lining, Pump, Pumping, Water
Table Fluctuation, Water Wells, ...5.0320

Sewerage Systems-other
STABLE CARBON AND OXYGEN ISOTOPE RATIO VARIA-

TIONS IN THE FLOW TO CARBON AND OXYGEN
THROUGH NORMAL AND POLLUTED AQUATIC SYSTEMS
...Analysis and Detection, Carbon, Element Ratim, Organic-
general, Oxygen, Pollutants - Path of , 5,1183

WATER RESERVOIR SYSTEMS ..,Drainage, Reservoirs and Im-
poundments, Runoff, Storage of Water, Storm Water, Urban En-
vironments, 4.0031

A MATHEMATICAL MODEL FOR REGIONAL TREATMENT
OF WATER POLLUTION SYSTEMS ...Estuaries, Mathematical
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Sewerage Systems SUBJECT INDEX

Analysis, Public Utilities, Public Works, Regional Areas, Value
Analysis, 5.0114

OPTIMAL DESIGN OF SEWER AND DRAINAGE SYSTEMS
.Digital Computers, Open Channel, Process Design, Unsteady,
5.0530

ENGINEERING ANALYSIS OF WASTE TREATMENT ...Ac-
tivated Carbon, Development of Models, Digital Computers, Elee-
trodialysis, Optimization, 5.080

Storm Sewer Quantity
Rain Fall Intensity

INVESTIGATION FOR CONTROL OF WATER POLLUTION
FROM COMBINED SEWERS IN ROANOKE. VIRGINIA Al-
ternative Planning, Combined Sewer, Model Studies, Runoff,
Sanitary Sewage Quantity-other, Storm Water, Water Quality
Control-general, ...5.1220

MATHEMATICAL MODEL OF STORM AND SANITARY IN-
TERCEPTOR SYSTEM ...Design-other, Inflow, Model Studies,
Peak Flow, Storm Water, .5.0597

Runoff
HUMBOLDT AVENUE POLLUTION ABATEMENT PROJECT

...Combined Sewer, Economic Efficiency, Urban Environments,
Waste Treatment-economics, Wisconsin, 4.0280

AN ENGINEERING INVESTIGATION OF STORM AND COM-
BINED SEWER PROBLEMS ...Combined Sewer, Land Use, Non-
structural Alternative, Pollution Abatement, Storm Water,
...5,0229

A METHOD FOR ASSESSING THE EXTENT OF POLLUTION
FROM STORMWATER RUNOFF FROM AN URBAN AREA
...Combined Sewer, Construction-other, Storm Water, Urban En-
vironments, Urban Research, Waste Treatment-economics,
_5.0090

MODIFICATION OF WHITTIER STREET STORM STANDBY
TANKS Appurtenances, Combined Sewer, Ohio, Pump, Storm
Water, ..5.0873

THE CONSTRUCTION OF THE STORM DETENTION AND
CHLORINATION STATION ...Chlorination, Combustible, Ef-
fluent-standards, Storage-retention-facilities, Water Purification
Plants, 5.0519

INVESTIGATION FOR CONTROL OF WATER POLLUTION
FROM COMBINED SEWERS IN ROANOKE, VIRGINIA ...Al-
ternative Planning, Combined Sewer, Model Studies, Rain Fell In-
tensity, Sanitary Sewage Quantity-other, Storm Water, Water
Quality Control-general, ...5.1220

URBAN HYDROLOGY STUDY - SAN ANTONIO, TEXAS
...Discharge-other, Floods, Texas, Urban Environments, 4.0234

Storm Sewer Quantity-other
A STUDY OF STORM WATER INLET CAPACITIES ...Drainage,

Inlet, Louisiana, Model Studies, Storm Water, 8.0206
METHODS TO REDUCE WATER POLLUTION CAUSED BY

STORM WATER SEWER LOADING BY USING FLUID FLOW
FRICTION REDUCERS ...Flow, Friction, Molecular Weight-
other, Polyelectrolytes, Storm Water, ...5.1185

CHLORINATION AND HYPOCHLORINATION OF POLLUTED
STORM WATER PUMPAGE ...Bacteria, Chlorination,
Chlorites,hypochlorites, Disinfection, Water Purification Plants,
5.0458

Ships and Cruises
DISTRIBUTION OF YOUNG STAGES OF COASTAL FISHES

.,.Continental Shelf, Estuaries, Fish -nea-specific, Maturity &
Growth Stages, Number Or Density, 6.0345

Shoreline - Coastline
ESTUARIES AND SHORE STUDIES AND WATER SURFACE

INVESTIGATIONS ...Continental Shelf, Effluents-waste Water,
Evaporation, Infrared Radiation, Thermal Pelution, Visible Light,

5.0143
A RECONNAISSANCE STUDY OF THE CHEAPEAKE BAY

...Chesapeake Bay, Erosion general, Floods, Sedimentology-
general, Survey Studies, Thermal Pollution, ...6.0254

ECOLOGY OF LOIJISIANAS ESTUARINE WATERS - MARINE
LABORATRY .,.Aquatic Ecology, Estuaries, Louisiana, Marine
Biology (non-specific), 2.0542

UTILIZATION OF PHYSICAL AND MATHEMATICAL MODELS
IN ESTUARINE WATER RESOURCES RESEARCH AND
MANAGEMENT ...Computers-general, Estuaries, Management,
Model Studies, Tides, _6.0607

THE GAUZE PAD METHOD FOR THE ISOLATION OF
VIRUSES FROM INLAND AND ESTUARINE WATERS ...As-
say, Isolation, Precipitation & Sedimentathn, Viral Pollutant
Sources, ...5.1060

ULTRAVIOLET ABSORPTION IN COASTAL WATERS ...Biologi-
cal, Marine Plants, Physical Parameters, Plant Prod. (non-
specific), Sewage, ...5.0112

PHYSICAL FACTORS AFFECTING OREGON COASTAL POL-
LUTION ...Circulation General, Density, Pollution-general, Tide-
water Areas, Water Quality-general, 5.0951

A PROGRAM FOR DEMONSTRATING COMBINED SEWER
OVERFLOW CONTROL TECHNIQUE FOR WATER QUALI-
TY IMPROVEMENTS AND BEACH PROTECTION ...Chlorina-
tion. Combined Sewer, Disinfection, Lake Eric, Polyelectrolytes,
Potabli; Water, .5.0867

POLLUTION CONTROL OF BATHING BEACHES BY USE OF A
PNEUMATIC CURTAIN Close Channel, Jet Flow-other, Pneu-
matic-device, Ventilated Cavities, Water Quality Control-general,
...5.0784

DISPERSION OF WATER AND SEDIMENTS IN THE SURF
ZONE ...Beaches, Pollutants - Path of , Pollution-general, Size,
Waves, 5.0151

ORGANIC DEBRIS ON CONNECTICUT BEACHES AND
SHORES ...Catabolism and Degradation, Connecticut, Identifica-
tion, Organic Matter, Physical-general, ...5.0204

SAND TRACING AT SPECIFIC INLETS AND AREAS ON THE
LOWER EAST COAST OF FLORIDA ...Bays, By-passing,
Florida, Longshore Currents, Tracers, 8.0161

INVESTIGATIONS OF SHORE EROSION ALONG THE OHIn
SHORELINE OF LAKE ERIE ...Aerial, Engineering Structures-
general, Erosion-gcneral, Gaging, Lake Eric, 8.0275

SHORE-LINE ENGINEERING STUDIES ON GREAT SALT LAKE
.Great Salt Lake, Hydraulic Structures, Hydrogra..,ic, Shoreline
Structures, Wave Action, 8.0293

GEOLOGIC ASPECTS OF SEA-WATER ENCROACHMENT -
RECOGNITION OF LATE GLACIAL SUBSTAGES IN NEW
YORK AND NEW ENGLAND ...Field Studies, New York,
Quaternary Period, Saline Water Intrusion, Sea Level Variations,
2.0300

COASTAL AND INSHORE OCEANOGRAPHY ...Alaska, Estua-
ries, General, Marine Biology, Other Sea Water Properties,
,..2.0015

PHYTOPLANKTON, SUSPENDED MATERIALS, AND TURBIDI-
TY .Estuaries, Organic-general, Organics, Turbiditj, 6.0082

Shorelines-geomorphic Stejlics
Classification

Submergent
GEOLOGICAL STUDIES IN NORTHERN LAKE MICHIGAN

.Deposits-other, Lake Michigan, Lakes, Rocks - Bedrock, Water
Level Fluctuation, 2.0630

IMPACT OF LAGOONS AND SAND BLANKETS ON FISH,
AQUATIC LIFE AND WATER EQUALITY ...Aquatic Ecology,
Blankets, Lagoons, Lakes, Water Quality-general, 6.0637

Depositional Features
Beach

COASTAL ENGINEERING STUDIES RELATED TO FLORIDAS
SHORELINE AND BEACH EROSION PROBLEMS ...By-passing,
Erosion-general, General, Shoreline Structures, Storms-general,
Waves, -.8.0160

GREAT LAKES RESEARCH - EFFECTS OF STRUCTURES ON
COASTAL SEDIMENTATION ...Bed Load, Coastal Engineering-
other, Energy-dynamics, Engineering Structures-general, Great
Lakes-general, Velocity -water, 2.0650

GREAT LAKES RESEARCH - COASTAL AREA SEDIMENTA-
TION ...Development, General Transport Effects, Great Lakes-
genera!, Lakeshores-inlets, Model Studies, 2.0651

CORRELATION OF BEACH PROPERTIES AND INCIDENT
WAVES ...Development, Engineering Structures-general, Waves,
-.2.0260

DEVELOPMENT OF OFFSHORE SOURCES OF SAND SUITA-
BLE FOR BEACH RESTORATION AND NOURISHMENT
...Marine Mrloping, Ocean Coring and Dredging, Ocean Mining,
Shoreline Structures, Size, .8.0154

DEVELOMENT OF CRITERIA FOR ARTIFICIAL BEACHES
...Beaches, Coastal Engineering-other, Design Criteria, Shoreline
Structures, Statistics-general, 8.0155
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SUBJECT INDEX Snow Studies

Wave-built Terrace
GENESIS AND MORPHOLOGY OF PYGMY FOREST-

BLACICLOCK SOIL ECOSYSTEM ...California, Dcuglas Fir,
Sequoia, Soil Ecology, Water Table Fluctuation, _6.0041

Development
GREAT LAKES RESEARCH - COASTAL AREA SEDIMENTA-

TION ...Beach, General Transport Effects, Great Lakes-general,
Lakeshores-inlets, Iv!)del Studies, -.2.0651

CORRELATION OF BEACH PROPERTIES AND INCIDENT
WAVES ...Beach, Engineering Structures-general, Waves,
...2.0260

COASTAL WORKS EVALUATION FOR CHECKING, IMPROV-
ING AND DEVELOPING DESIGN RELATIONSHIPS AND
CONSTRUCTION TECHNIQUE ...Breakwaters, Construction,
Groin, Jetty, Shoreline Structures, -.8.0148

STABILIZATION OF SHORES BY GROINS AND JETTIES
...Groin, Jetty, Models, Sedimentation, Wave Action, -.2.0263

Erosional Features
General

COASTAL ENGINEERING STUDIES RELATED TO FLORIDAS
SHORELINE AND BEACH EROSION PROBLEMS ...Beach, By-
passing, Erosion-general, Shoreline Structures, Storms-general,
Waves, -.8.0160

Silicate
SOLUBILITIES OF SILICATES IN SALINE WATERS ...Analysis

and Detection, Brines, Desalination, Scale Formation, Solubility,
4.0198

SOLUBILITIES OF SILICATES IN SALINE WATERS ...Petroleum
Chemistry, Solubility, 1.0096

Silicon
CONSTRUCTION AND OPERATION OF 7-GPM PLOT PLANT

FOR SILICA REMOVAL ...Adsorption-other, Evaporation, Hard-
ness, Pilot Plant, Pollutant-other, -.3.0323

Silting
HYDRAULIC INVESTIGATION OF SOIL EROSION AND SEDI-

MENTATION IN HIGHWAY MEDIAN AND SIDE DITCHES
...Alabama, Drainage, Flow Characteristics -water, Scouring, Sedi-
mentation, -.2.0004

STUDY OF TRANSPOR'd., DEPOSITION AND SCOUR OF FINE
PARTICLES THROUGH A POROUS MEDIUM ...Flow Charac-
teristics -water, Permeability, Porosity, ',orous Media - Flow
Through, Sedimentation, -1.6081

GRAVEL PERMEABILITY IN SALMONtD SPAWNING BEDS
...Cementing Material, Permeability, Size, Spawn Or Nesting Sites,
Streams, ...6.0619

THE EFFECTS OF DREDGING AND SILTATION ON DIVING
DUCK FOODS AND FEEDING HABITS ON THE MISSISSIPPI
RIVER ...Food Supply, Missisippi River, Sediments, Water Fowl,
N.s. , ...5.0411

A QUANTITATIVE STUDY OF TRACE ELEMENTS ON
ABIOTIC AND BIOTIC AGGREGATES IN THE MISSOURI
RIVER ...Bacterial Pollutant Sources, Food Pyramids, Missouri
River, Trace Elements, -.5.0688

A STUDY TO EVALUATE THE EFFECT OF SILT AND SILT
REMOVAL IN A NORTHERN PRAIRIE LAKE ..Domestic
Wastes-general, Eutrophication, Hardness-minerals, Lakes,
...5.1116

CHANNELIZATION STUDIES ...Channel Geornetry, Channels,
Control and Protection, New Mexico, Sedimentation, ...8.i1053

THE NATURE AND PROCESSES OF RESERVOIR SEDIMENTA-
TION IN THE SOUTHERN BRANCH AND AT THE USDA
SEDIMENTATION LABORATORY ...Agricultural Watersheds,
General Deposition, Reservoirs and Impoundments, Sediment
Yield, Southern, -.2.0676

Silver
EFFECT OF THE WARM CLOUD BASE UPON CLOUDSEED-

!NG FROM THE GROUND ...Clouds-precipitation, Iodine,
Nucleation, Nucleation Physics, Vapor, _2.0156

Size Frequency Distribution
SUSPENDED SEDIMENTS IN THE UPPER CHESEPECKE BAY -

EVALUATION OF METHODS FOR SIZE ANALYSIS OF
SUSPENDED MATERIALS ...Chesapeake Bay, Laboratory,
Sampling, Size, Turbidity, 2.0557

Size Reduction
Atomization

ATOMIZATION AND DROP SIZE OF NON - NEWTONIAN
FLUID ...Distribution, Non - Newtonian, Nozzles, Solution, Spray
Devices, -.5.0796

Snake River
DETERMINATION OF THE MAGNITUDE AND AGE COMPOSI-

TION OF THE HARVEST, HABITAT PREFERENCES AND
FOOD HABITS ...Aquatic Ecology, Cutthroat Trout, Number Or
Density, Wyoming, 6.0649

SOME EFFECTS OF WATER IMPOUNDMENTS ON WATER-
FOWL POPULATIONS AND REPRODUCTION ON THE
SNAKE RIVER, WASHINGTON ...Other, Pre-impoundment
Sites, Reservoirs and Impoundments, Washington, Water Utiliza-
tion -animal, -.6.0609

JUVENILE MIGRATION RATES ...Columbia River, Migration,
Other, Salmon & Trout - Non-specific, Water Environment -
other, 8.0308

PREDICTION OF ENVIRONMENT ...Biological-general, Columbia
River, Environmental Ecology, Low Temp. -but Above 32f, Physi-
cal-general, Reservoirs and Impoundments, Salmon & Trout -
Non- specific, Temperature, Thermal Pollution, ...6.0617

PROTECTION OF FINGERLING SALMON IN TURBINES ...Con-
struction Land Use Effects, Engineering Structures-general,
Migration, Mortality Rates, Salmon & Trout - Non-specific,
8.0306

Snow Studies
Climatic Effects

EVAPORATION AND CLIMATIC STUDIES ...Climate, Evapora-
tion, Evapotranspiration, Snowmelt, Water Quality-general,
...2.1064

EFFECTS OF DIFFERENT FOREST TYPES AND CONDITIONS
ON STREAM REGIMEN AND WATER YIELDS ...Environment,
Flow Characteristics -water, Forest Watersheds, Land Use, Radia-
tion-general, Water Yield, -.5.0794

Composition
AIRBORNE RADIOMETRIC SNOW SURVEY ...Aircraft, Gamma

Radiation, Non-electrical Measurements, Radioisotopes, Snow-
melt, -.7.0071

DEVELOPMENT AND EVALUATION OF IMPROVED
TECHNIQUES TO MEASURE WATER-CONTENT OF SNOW
...Instrumental Services, Moisture Meters, Other Telemetry,
Technique Development, Transduners, -.7.0103

Properties
General

NUCLEAR TECHNIQUES IN SOILS HYDROLOGY, SNOW
GAGING, AND RELATED APPLICATION ; ...Gaging, Hydrolo-
gy-general, Radioisotopes, Soil Environment, Soil-water-plant
Relationships, 1.097

A STUDY Gr: THE FREEZING CYCLE IN AN ALASKAN
STREAM ...Alaska, Ice Properties-general, Sampling, Streams,
...2.0018

MOUNTAIN RESEARCH ...Mountains-alpine, -.2.0753
HYDROLOGIC STUDY OF A SMALL ALASKAN WATERSHED

...Alaska, General Synoptic Observations, Hydrology.general,
Small Watersheds, Water Sampling, ...2.0749

Mechanical
APPLIED PHYSICS AND MECHANICS ...Alteration, Movement,

Sea Ice, -.8.0265

Thermal
MOUNTAIN PRECIPITATION AND DISTRIBUTION ...Snowpack,

2.0709
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Snow Studies

Snow-general
SIMULATION MODEL FOR EVALUATION OF INTERCEPTION

FROM FOREST TREES ...Digital Computers, Environment,
Forests, Interception, Model Studies, -2.0390

PROJECT SKYWATER - NEW MEXICO -Automatic Stations,
Gages, Instrumental Services, New Mexico, Other Telemetry,
Technique Development, -2.0203

PROJECT SKYWATER - COLORADO - STEAMBOAT SPRINGS
.,.Automatic Stations, Colorado, Gages, Instrumental Services,
Other Telemetry, -2.0204

SUBJECT INDEX

Snowmelt
PROBABLE MAXIMUM PRECIPITATION FOR SOUTHWEST

STATES ...Amount, Design Flow - flood, Floods, Patterns,
Southwest, Weather Forecasting, -2.0597

WATERSHED IMPROVEMENT--SOIL AND MOISTURE CON-
SERVATION PROGRAM ...Gaging, Modified Water Use,
Moisture Content, Water Yield, Watersheds-general, _8.0143

AIRBORNE RADIOMETRIC SNOW SURVEY -Aircraft, Corn-
position, Gamma Radiation, Non-electrical Measurements,
Radioisotopes, -7.0071

ATMOSPHERIC WATER ...Cirques, Colorado River, Evaporation,
Snowpack, Water Loss Control, ...2.0223

METAMORPHOSIS OF SNOWPACK PROFILES AND CHANGES
IN WATER STORAGE FOLLOWING STRIP CUTTING IN
PINE FORESTS IN MICHIGAN ...Cutting Operations, Michigan,
Natural Recharge, Nuclear Moisture Meters, Water Yield,
-2.0655

SNOW HYDROLOGY ...Arizona, Energy Budgets, Forest
Watersheds, Mathematical Analysis, Snow, -2.0064

MANIPULATION OF TREMBLING ASPEN AND GAMBEL OAK
FOR INCREASED WATER YIELD ...Cutting Operations,
Nuclear Moisture Meters, Oaks, Poplars, Aspens, Cottonwoods,
Water Loss Control, Water Yield, -4.0259

NEUTRON ACTIVATION ANALYSIS OF IMPURITIES IN RAIN
AND SNOW ...Activation Analysis, Calcium, Lake Erie, Rain-
general, Storms-general, Sulfur, -5.0767

COOPERATIVE WATERSHED MANAGEMENT IN
SNOWLANDS AND LOWER CONIFER ZONES OF CALIFOR-
NIA -California, Coniferous Forests, Forest Watersheds,
Management, Moisture Tension, -4.0022

EVAPORATION AND CLIMATIC STUDIES ...Climate, Climatic
Effects, Evaporation, Evapotranspiration, Water Quality-general,
-2.1064

SNOW COVER COMPACTION AND SOIL MOISTURE
...Moistur,e Content, Snowpack, Soil-water-plant Relationships,
-2.1065

SNOW METAMORPHOSIS AND SNOWMELT ...Forecasting-pre-
diction, Snowpack, Streams, Technique Development, Water
Yield, -2.0692

SNOW AND ICE COVER INVESTIGATIONS ...Arctic, Frost, Sea
Ice, Snowpack, Weather Forecasting, ...2.0747

RESEARCH IN ATMOSPHERIC SCIENCES AS RELATED TO
INCREASING WATER SUPPLY -Modification, Montana,
Nucleation Physics, Topographic Influences, -2.0904

MANAGEMENT FOR IMPROVEMENT OF WATER YIELD IN
THE CONIFER ZONE OF CALIFORNIA -Evapotranspiration,
Forest Watersheds, Land Use, Precipitation-general,
Radioisotopes, Water Yield, _3.0032

HYDROLOGIC ANALYSIS METHODS .,.Floods, Forest
Watersheds, Land Use, Reservoirs and Impoundments, Sediment
Yield, -2.0077

STREAMFLOW REGULATION AND SEDIMENT CONTROL IN
NORTHERN ROCKY MOUNTAIN FORESTS ...Flow Charac-
teristics -water, Forest Watersheds, Infiltration, Peak Flow, Water
Yield, -5.0321

WATER YIELD IMPROVEMENT IN THE SNOWPACK TIMBER
ZONE, RUNOFF FROM RANGELANDS ...Erosion-general,
Gully Or Channel Erosion, Mountains-alpine, Radiation-general,
Water Yield, -10143

IMPROVEMENT OF WATER YIELDS BY MODIFICATION OF
RADIANT ENERGY OVER LAND SURFACES (ABBREV)
...Energy Budgets, Evapotranspiration, Interception, Radiation-
general, Water Yield, ...2.0235

PRECIPITATION AND SNOW MELT CHARACTERISTICS IN-
FLUENCING RUNOFF FROM WATERSHEDS IN CORN BELT
,..Agricultural Watersheds, Corn Belt, Permafrost-frozen,
Precipitation-general, Runoff, -2.0865
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SNOW ACCUMULATION AND MELT ON STUDY AREAS
Energy-general, Idaho, Mountains-alpine, Patterns, Photogram-

metry, -2.0388

Snom pack
HYDROLOGIC ANALYSIS OF LAKE SYSTEMS AND OF

GLACIERS ...Climate, Glaciology-general, Infrared Radiation,
Lakes, Water BaInnee-budget, _6.0142

ATMOSPHERIC WATER ...Cirques, Colorado River, Evaporation,
Snowmelt, Water Loss Control, -2.0223

MOUNTAIN PRECIPITATION AND DISTRIBUTION ...Thermal,
_2,0709

HYDROLOGIC CHARACTERIZATION OF FORESTED
WATERSHEDS IN ARIZONA ...Dendrochronology, Forecasting-
prediction, Forest Watersheds, Management, Runoff, Water
Yeld, _2.0051

HYDROMETEOROLOGY ...Mountains-alpine, Orographic Effects,
Topographic Influences, Turbulence-other, Velocity, ..,2,0218

SNOW COVER COMPACTION AND SOIL MOISTURE
...Moisture Content, Snowmelt, Soil-water-plant Relationships,
-2.1065

PRECIPITATION ...Amount, Forecusting-prediction, Gages, Runoff,
Water Yield, ...2.0601

SNOW METAMORPHOSIS AND SNOWMELT -Forecasting-pre-
diction, Snowmelt, Streams, Technique Development, Water
YLId..2.0602

MOUNTAIN RESEARCH -General, Mountains-alpine, -2.0753
SNOW AND ICE COVER INVESTIGATIONS ...Arctic, Frost, Sea

Ice, Snowmelt, Weather Forecasting, -2.0747
ATMOSPHERIC WATER RESOURCES RESEARCH UNIVERSI-

TY OF WYOMING ..,Cloud Formation and Evolution, Cloud
Physics, Nucleation Physics, Orographic Effects, Wyoming,
...2.0162

Social Aspects
PROPOSAL FOR COMPILATION OF CUMULATIVE DROUGHT

BIBLIOGRAPHY ...Bibliography, Economics-general,
Meteorological Extremes, Weather, -2,0611

A SOCIO-ENVIRONMENTAL STUDY OF A RIVER VALLEY
...Ecology, Mans Activities, Ohio, River Basins, -6,0422

SOCIAL CONSEQUENCES OF VARIATION IN AGRICUL-
TURAL IRRIGATION -Formosa - Taiwan, Irrigation-general,
Management, Social Change, ..6.0375

USE OF THE COASTAL ZONE FOR THE U, S. COASTLINE OF
LAKE ERIE AND LAKE SUPERIOR ...Lake Erie, Lake Superi-
or, Lakeshores-inlets, Land Use, Welfare Economics, ...6.0125

NORTH DAKOTA STATE COMPREHENSIVE OUTDOOR
RECREATION PLAN ...Land Use, North Dakota, Projected De-
mand, Recreation Sites, Water Resources Development, -6.0409

CULTURAL, SOCIAL ORGANIZATIONAL, AND SOCIAL
PSYCHOLOGICAL FACTORS ASSOCIATED WITH
PROPOSED CHANGES IN WATER USE PATTERNS
...Planning, River Basins, Water Resources Development,
-6.0572

THE VALUE OF WATER IN COMPLEMENTARY INDUSTRY
COMPLEXES ...Agriculture Industry, Augmentation-general,
Economic Impact, Utah, -6.0576

THE DEVELOPMENT OF WATER RESOURCES IN CALIFOR-
NIA IN RELATIONSHIP TO PLANS AND PROGRAMS FOR
WESTERN REGIONAL WATER DEVELOPMENT ...California,
Planning, Regional Areas, Water Resources Development, Water
Transfer, -6.0063

MEASUREMENT OF COMMUNITY OPINION RELATING TO
PUBLIC WATER SUPPLIES ...Attitudes & Attitude Change,
Citizen's Participation, Mass Communication, Water Quality-
general, Water Supply-general, Water Utilization -domestic,
...6.0167

PREDICTION MODELS FOR WATER QUALITY PARAMETERS
-Model Studies, Oxygen, Projections and Estimations, Systems
Analysis, Temperature, Water Standards, _6.0164

COMMUNITY REACTIONS TO WATER RESOURCES
PROBLEMS IN RELATION TO PLANNING -Floods, Planning,
Pollution - Effects of , Urban Environments, -6.0425

MULTISTRUCTURAL DEMAND MODELS FOR WATER
REQUIREMENT FORECASTING ...Industrial-general, Model
Studies, Projections and Estimations, Water Demand, _6.0442

SYSTEMS APPROACH TO WATER RESOURCE MANAGE-
MENT ...Administrative Structures, Economics-general, Legal
Review, Model Studies, Systems Analysis, Water Allocation,
_4.0080



SUBJECT INDEX

SYSTEMATIC STUDY AND DEVELOPMENT OF LONG-
RANGE PROGRAMS OF URBAN WATER RESOURCES
RESEARCH ...Data Acquisition - general, Economics-general, Pro-
jections and Estimations, Systems Analysis, Urban Environments,
Water Law-general, 6.0392

AN ENGINEERING-ECONOMIC STUDY OF THE INDUSTRIAL
GROWTH POTENTIAL OF THE UPPER PASSAIC RIVER
BASIN ...Economic Impact, Industrial-general, River Basins,
Water Law-general, Water Standards, 6,0347

STREAM POLLUTION AND RECREATION Consumption, Pol-
lution - Effects of , Recreation Sites, Water Standards, Welfare
Economics, 6,0473

SOME LEGAL ASPECTS OF WATER RESOURCE USE WITH
RESPECT TO ECONOMIC DEVELOPMENT IN ALABAMA
...Economic impact, Legal Review, State Government, Water
Utilization -general, 6.0004

RELEVANCE OF SELECTED ECOLOGICAL FACTORS RE-
LATED TO WATER RESOURCES & SOCIAL ORGANIZA-
TION OF FISHEMEN VILLAGES IN PUERTO RICO (AB-
BREV ) ,..Commercial Fishing, Fish, N,s, , Puerto Rico, Social
Structure, Water Resources - General, 6.0479

HUMAN FACTORS INVOLVED IN THE DEVELOPMENT OF A
WATERSHED PROJECT IN YABUCOA, PUERTO RICO

,momic Impact, Land, Puerto Rico, Water Resources
Development, ...60481

WATERSHED ANALYSIS RELATING TO EUTROPHICATION
OF LAKE MICHIGAN ...Data Analysis - General., Economics-
general, Eutrophication, Great Lakes-general, Michigan, ,.,6.0302

AN EXPLORATION OF COMPONENTS AFFECTING AND
LIMITING POLICYMAKING OPTIONS IN LOCAL WATER
AGENCIES PHASE II ...Administrative Structures, Citizen's
Participation, Policy Making, State-local Government, 6.0106

A PRELIMINARY ECOLOGICAL STUDY OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Economic Impact, Floodproofing, Kentucky, Reservoirs and Im-
poundments, Urban Environments, _6.0244

ATTITUDES AND ATTITUDE CHANGE RELATING TO
WATER RESOURCES ...Attitudes & Attitude Change, Citizen's
Participation, Management, Survey Studies, 6.0168

THE URBAN SNOW HAZARD ...Economic Impact, Snow-general,
Urban Environments, Weather, Welfare Economics, ..6.0186

PATTERNS OF POLICY MAKING IN WATER RESOURCES
DEVELOPMENT ...Arid and Desert, Policy Making, 6.0356

COMMUNITY INVOLVEMENT OF PARTICIPANTS IN
WATERSHED PLANNING ...Citizen's Participation, Mississippi,
Planning, Water Resources Development, Watersheds-general,
,..6.0318

AN ECONOMIC ANALYSIS OF THE PUBLIC WATER SUPPLY
DISTRICT ...Economics-general, Management, State-local
Government, Water Supply-general, 6,0322

SOCIAL CHANGE IN A WATER RESOURCE DEVELOPMENT
AREA - SOCIAL ASPECTS OF THE CONSTRUCTION PHASE
OF LIBBY DAM ...Attitudes & Attitude Change, Construction
Sites, Recreation Sites, Reservoirs and Impoundments, Social
Change, User Patterns, 6.0329

THE MUNICIPALITY AS A WATER POLICY DETERMINING
ENTITY ...Politics, State-local Government, Urban Environments,
Water Supply. general, 6.0061

SOCIO-CULTURAL IMPACTS OF WATER RESOURCE
DEVELOPMENT IN THE SANTIAM ...Attitudes & Attitude
Change, Economic Impact, Oregon, Reservoirs and Impound-
ments, Water Resources Development, 6.0457

A SYSTEMATIC STUDY OF RESPONSES TO IMPENDING IN-
UNDATIONS AND THE DIRECTIONS OF IMPELLED POPU-
LATION MOVEMENT ...Attitudes & Attitude Chmige, Mobility,
Pre-impoundment Sites, 6.0238

EXPLORATORY STUDY OF SOCIOLOGICAL ASPECTS OF
WATER RESOURCES RESEARCH ...Methodology, Model Stu-
dies, Social Change, 6.0405

ANTHROPOLOGICAL ANALYSIS OF SOCIAL AND CUL-
TURAL BENEFITS AND COSTS FROM STREAM-CONTROL
MEASURES ...Control and Protection, Demography, Kentucky,
River Basins, ..6.0239

PERCEPTION OF WATER RESOURCE PROBLEMS A PILOT
STUDY ...Attitudes & Attitude Change, Survey Stmclies,

SOCIOLOGICAL IMPACT OF A FLOOD-CONTROL RESER-
VOIR .../t.ttitudes & Attitude Change, Floodproofing, Reservoirs
and Impoundments, Social Change, -.6.0476

SOCIO-ECONOMIC FACTORS RELATED TO THE INCIDENCE
OF A WATER-BORNE DISEASE ...Economic Impact, Intestine,
Pollution-water, Puerto Rico, Social Environment of The City,
...5.1048

Social Psychology

A CASE STUDY OF WATER RESOURCES DEVELOPMENT -
AN ANALYSIS OF A PROPOSED PROJECT ON THE MIS-
SOURI RIVER ...Alternative Planning, Benefit -cost Analysis,
Economic Impact, Land Use, Missouri River, Water Resources
Development, 6.0389

EFFECTS OF WATER POLLUTION IN SAN FRANCISCO BAY
...Bays, Economic Impact, Pollution Effects of , Recreation
Sites, San Francisco Bay, Water Utilization .domestic, Welfare
Economics, 5.0125

RURAL LAND USAGE ...Agriculture, Land, I.:41u ,Jse, Land Use -
non- specific, Rural Areas, Types of Resources, _6.0471

ECONOMIr. AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
Administrative Structures, Economic Impact, Impact, Model
Studies, Policy Making, Recreation Sites, Water Rights - general,
6.0646

SYSTEMS METHODOLOGY FOR WATER-RESOURCE
PLANNING IN A REGIONAL DEVELOPMENT CONTEXT
Economics-general, Mathematical Analysis, Regional Areas,
Systems Analysis, Water Resources Development, _6.0288

COMPARATIVE STUDIES OF COMMUNITIES IN ILLINOIS
...Administrative Structures, Illinois, Local Government, Urban
Environments, ...6.0189

DEMAND FOR WATER UNDER DYNAMIC CONDITIONS
...Colorado, Public Utilities, Water Costs, Water Demand,
_6.0087

RESEARCH AND TRAINING PROGRAM DEALING WITH THE
PROBLEMS AND POTENTIALITIES OF THE FOUR MAJOR
RESERVOIR PROJECTS CURRENTLY UNDER WAY IN
AFRICA ...Africa-other, Economic Impact, Reservoirs and Im-
poundments, Water Resources Development, _4,0076

A STUDY OF THE SOCIAL MECHANISM OF RURAL-URBAN
WATER TRANSFERS WITH SPECIAL REFERENCE TO EX-
TERNAL EFFECTS ...Administrative Structures, Agriculture,
Base Studies, Economic Efficiency, Fiscal, Model Studies, Water
Allocution, Water Transfer, Welfare Economics, ..6.0105

INFLUENCES OF WATER QUALITY AND OTHER ENVIRON-
MENTAL CHANGES ON FISH AND ASSOCIATED ORGAN-
ISMS 'IN INLAND WATERS ...Aquatic Ecology, Environmental
Ecology;', Fish -non-specific, Mans Activities, Pollution - Effects of
, Water Quality-general, ...5.0965

SOCIO-ECONOMIC STUDY OF NARRAGANSETT BAY,
RHODE ISLAND ...Bays, Benefit-cost Analysis, Estuaries, Land
Use, Rhode Island, Water Quality Control-general, 6.0485

DEVELOPING AGRICULTURAL LAND IN RECREATIONAL
USES UNDER PRIVATE OWNERSHIP OPPORTUNITIES IN A
TEXAS ECONOMIC AREA ...Agricultural Watersheds, Lakes,
Management, Recreation Sites, Texas, ..,6.0557

THE HISTORY AND ECONOMICS OF RECLAMATION PRO-
JECTS IN UTAH ..,Economic Impact, History, Impact, Water
Resources Development, 6.0573

ECONOMIC ANALYSIS OF RESOURCE AREAS ...Economics -
general, Federal Government, History, 'Water Resources Develop-
ment, _6.0098

ECONOMIC ANALYSIS OF RESOURCE AREAS ...Colorado,
Economic Impact, Recreation Sites, Reservoirs and Impound-
ments, ...6.0097

Social Psychology
Attitudes & Attitude Change

MEASUREMENT OF COMMUNITY OPINION RELATING TO
PUBLIC WATER SUPPLIES ...Citizen's Participation, Mass
Communication, Social Aspects, Water Quality-general, Water
Supply-general, Water Utilization -domestic, ...6.0167

ATTITUDES AND ATTITUDE CHANGE RELATING TO
WATER RESOURCES ...Citizen's Participation, Management,
Social Aspects, Survey Studies, ..6.0168

SOCIAL CHANGE IN A WATER RESOURCE DEVELOPMENT
AREA SOCIAL ASPECTS OF THE CONSTRUCTION PHASE
OF LIBBY DAM ...Construction Sites, Recreation Sites, Reser-
voirs and Impoundments, Social Aspects, Social Change, User
Patterns, ...6.0329

PUBLIC ATTITUDES TOWARD REUSE OF RECLAIMED
WATER .,.California, Water Reuse, ..6.0042

SOCIO-CULTURAL IMPACTS OF WATER RESOURCE
DEVELOPMENT IN THE SANTIAM ...Economic Impact,
Oregon, Reservoirs and Impoundments, Social Aspezts, Water
Resources Development, ...6.0457

A SYSTEMATIC STUDY OF RESPONSES TO IMPENDING IN-
UNDATIONS AND THE DIRECTIONS OF IMPELLED POPU-
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Infiltration, Irrigation Engineering, Water Application metnoos,
-3.0139

QUALITY OF IRRIGATION RETURN FLOW ...Internal Water
Movement, Irrigation-general, Saline and Alkaline Soils, Salinity,
Water Quality-general, _5.1196

LYSIMETER INVESTIGATIONS OF GAINS AND LOSSES OF
MINERAL ELEMENTS ...Lysimeters, Mineralogy, Soil and Rock
Leaching, -2.0144

SOIL PHYSICAL CONDITIONS IN RELATION TO IRRIGATION
...Aggregates-other, Furrow Irrigation, Moisture Retention,
Moisture Tension, Physical Properties-general, Sprinkler Irriga-
tion, -2.0146

INFLUENCE OF IRRIGATION PRACTICES _Soil Structure,
-2.0210

WATER REQUIREMENTS OF CROPS ...Climate-general, Irriga-
tion-general, Management, Moisture Content, Requirements for
Water, Soil-water-plant Relationships, .2.0654

DRAINAGE OF PROPOSED IRRIGATED SOILS IN OAHE UNIT
...Drainage Engineering, Soil-water-plant Relationships, .4.0',17

LOW GRADIENT BORDER CHECK IRRIGATION ...Border Ir-
rigation, Management, Slope - Degree of , -4.0063

SOIL MANAGEMENT INVESTIGATIONS ON IRRIGATED
LAND ...Management, Rotations, Soil Analysis, Soil Comparison,
Tillage, Cropping Systems, Water Application Methods, _4.0114

FARM IRRIGATION EFFICIENCY AS INFLUENCED BY
DESIGN, CONSTRUCTION, AND OPERATION OF IRRIGA-
TION SYSTEMS IN SOUTHWESTERN NEW MEXICO ...Irriga-
tion Engineering, Irrigation-general, New Mexico, Rhizosphere,
...2.0775

THE ADAPTATION OF SPRINKLER IRRIGATION TO SOILS OF
LOW INTAKE RATE ...Absorption, Fixation, Exchange,
Moisture Content, Sprinkler Irrigation, Water Application
Methods, _3.0402

THE INVESTIGATION OF SOIL PROBLEMS IN RELATION TO
IRRIGATION DEVELOPMENT IN SUBHUMID AREAS ...Soil-
water-plant Relationships, Sub - Humid, -2.0967

EVALUATION OF SUBIRRIGATION FOR CROP PRODUCTION
,..Irrigation Engineering, ...2.1036

THE EFFECTS OF SWEETCLOVER, NITROGEN, SUPPLEMEN-
TAL IRRIGATION, AND PLANT POPULATION ON GRAIN
SORGHUM YIELDS OF BLACKLAND SOILS ...Milo and Grain
Sorghum, Sweet Clover, -2.1025

EFFECT OF VARIOUS IRRIGATION TECHNIQUES ON SOIL
AERATION, SOIL STRUCTURE, AND CROP RESPONSE
...Soil Aeration, Soil Structure, .2.1070

'T'HE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
IRRIGATION RETURN FLOWS ...Effluents-waste Water,
Groundwater, Streams, Surface Water, Water Quality-general,
_5.0909

IRRIGATION REQUIREMENTS, PRACTICES AND METHODS
OF APPLICATION FOR EFFICIENT PRODUCTION OF
CROPS IN THE SOUTHEAST ...Soil-water-plant Relationships,
-3.0191

IRRIGATION PRACTICES, REQUIREMENTS AND DESIGN
CRITERIA FOR EFFICIENT USE OF WATER AND
SUSTAINED CROP PRODUCTION IN THE NORTHERN
PLAINS ...Irrigation Engineering, -3.0142

IRRIGATION REQUIREMENTS, PRINCIPLES AND PRACTICES
FOR EFFICIENT USE OF WATER IN THE PACIFIC
NORTHWEST ...Evapotranspiration, Irrigation-general, Manage-
ment, Physical Property Effects, Southern, -3.0203

UNDERSTANDING AND IMPROVING SOIL-PLANT-AT-
MOSPHERIC RELATIONSHIPS FOR MORE EFFICIENT
UTILIZATION OF WATER ...Micrometeorology, Root Absorp-
tion, Soil-water-plant Relationships, -2.1057

Mulches
Mulches -other

A DEMONSTRATION PLANT EVALUATION OF FOUR
METHODS FOR PULP AND PAPER MILL SLUDGE UTILIZA-
TION AND DISPOSAL ...Disposal, Disposal Wastes, Pulp and
Paper Wastes, Pulp, Paper , and Logging, Pulp, Pulping & Com-
posite, -5.0152

WATER ABSORPTION BY ASPARAGUS ...Modified Water Usc,
Root Absorption, Soil-water-plant Relationships, Tillage,
Cropping Systems, ...2.0252

THE EFFECT OF TILLAGE AND ORGANIC MULCHES UPON
SOIL MOISTURE MOVEMENT AND SOIL TEMPERATURES
IN THE LOWER RIO GRANDE ...Evaporation, High Temp. -
85f Or Above, Modified War Use, Soil Environment, Tempera-
ture, -2.1056

Roads and Highways
ROADSIDE DEVELOPMENT iaND BEAUTIFICATION

.,.Aesthetic, Cover Crops, Erosion-general, Plant Growth,
-2.0109

PREPARATION OF A HIGHWAY DRAINAGE POLICY STATE-
MENT AND PRACTIVE MANUAL FOR THE STATE OF IL-
LINOIS _Design Criteria, Drainage, Drainage Systems, Hand-
books, Illinois, Water Law-general, _6.0205

ESTABLISHMENT AND MAINTENANCE OF VEGETATION ON
HIGHWAY RIGHTS-OF-WAY ...Cover Crops, Erosion Control,
Highway Sites, Plant Growth, Right-of-way, -2.1035

Saline and Alkaline Soils
THE EFFECTS OF SALINE IRRIGATION WATER ON SODIUM

ACTIVITIES AND PHYSICAL PROPERTIES OF LATOSOLIC
SOILS .,.Hawaii, Irrigation, Irrigation-general, Salinity, Soil En-
vironment, ..3.0199

RECLAMATION AND MANAGEMENT OF SOILS ON IRRIGA-
BLE LAND (MONTANA -Internal Water Movement, Irriga-
tion, Management, Saline Soils, Velocity -water, _4.0159

STUDIES IN SOILS AND AGRONOMIC PRACTICES -

SHOSHONE PROJECT, WYOMING ...Air - Water - Plant Rela-
tions, Big Horn, Management, Physical Properties-general, Rates
Or Levels of Application, _3.0494

EFFECTS OF MARGINAL QUALITY IRRIGATION WATER ON
THE ACCUMULATION OF SALTS AND ALKALI IN SOUTH
DAKOTA SOILS ..,ILtigation-general, Saline Soils, Soil pH ,

South Dakota, Use of Impaired Water, -3.0434
QUALITY OF IRRIGATION RETURN FLOW ...Inteinal Water

Movement, Irrigation, Irrigation-general, Salinity, Water Quality-
general, ...5.1196

SOILS AND NUTRIENT CULTURE EXPERIMENTS TO DETER-
MINE THE EFFECTS OF VARIABLE SALINITY CONDITIONS
ON CITRUS BEHAVIOR ...Citrus, Irrigation, Saline Soils, Salini-
ty, Trees, -3.0086

IMPURITIES OF IRRIGATION WATERS AFFECTING SOIL
PROPERTIES ...Irrigation-general, Saline Soils, Soil Environment,
Use of Impaired Water, Water Quality-general, -3.0043

EFFICIENT ESTABLISHMENT AND PRODUCTION OF
FORAGE CROPS ON IRRIGATED LANDS ...Irrigation,
Management, Soil-water-plant Relationships, Space Competition,
Yield, ...2.0733

RECLAMATION OF SALTY LANDS IN PUERTO RICO ...Puerto
Rico, Saline Properties, Sodium, Soil Amendments, Soil and Rock
Leaching, -3.0426

MANAGEMENT OF SALINE WATER FOR CROP PRODUC-
TION -Arizona, Brackish Water, Management, Use of Impaired
Water, Water Quality-general, ...3.0014

DRAINAGE DESIGN IN RELATION TO SOIL SALINITY
,..California, Drainage, Drainage Engineering, Movement, Availa-
bility, Soil and Rock Leaching, -3,0046

IMPROVEMENT OF IRRIGATION MANAGEMENT AND
SALINITY CONTROL IN THE IMPERIAL VALLEY.
...Drainage, Drainage Er.;:necring, Management, Sprinkler Irriga-
tion, Water Table Fluctuation, -3.0068

RELATIONSHIP BETWEEN IRRIGATION WATER COMPOSI-
TION AND SOIL PROPERTIES ...California, Clovers -red,a1-
silieJadino... , Irrigation-general, Movement, Availability, Salinity,
-3.0034

FEASIBILITY OF THE ESTABLISHMENT OF PERMANENT
SALINE-TYPE AGRICULTURE ON ALLUVIAL SOILS OF
THE PECOS RIVER VALLEY OF TEXAS ...Irrigation, Irriga.
tion- general, Soil Chemical Properties, Soil Conditions, Soil-
water-plant Relationships, Texas, _3.0447
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SODIC SOILS OF THE NORTHERN PLAINS ...Growth Rate,
Saline Soils, Soil - Alkaline, Soil Amendments, ...3.0385
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TY PROBLEMS IN THE RIO GRANDE RIVER BASIN ...Irriga-
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MOVEMENT OF WATER AND AIR TO AND INTO PLANT
ROOTS IN SOILS OF THE GREAT BASIN ..,Air - Water - Plant
Relations, Root Absorption, Soil Amendments, Soil Analysis, Soil-
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Soil Management -non-specific
CHEMISTRY OF BORON IN CALIFORNIA SOILS ...Absorption,

Fixation, Exchange, Boron, Phytotoxic, Soil Amendments, Soil
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BORON CHARACTERISTICS AND RECLAMATION NEEDS OF
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Costs, Yield, 3.0449

WATER YIELD IMPROVEMENT FROM SOIL TREATMENTS
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Use, Runoff, Soil Conditions, ...3.0222

Tillage, Cropping Systems
CULTURAL PRACTICES ON EASTGATE BASIN ..,Cultivated

Soils, Moisture Content, Sediment Yield, Sheetflow, Surface
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FRAIL LANDS STUDIES NEAR CISCO, UTAH (ABBREV)
...Erosion-general, Land, Sediment Yield, Soil Environment, Utah,
...4.0255

WATER MOVEMENT CONTROL AND CULTURAL PRAC-
TICES IN COTTON PRODUCTION ...Conservation & Manage-
ment Eng, Cotton, Management, Soil Tillage Methods -other, Sub
- Humid, Water Yield, 2.0003

DRYLAND SOIL MANAGEMENT ...Colorado, Evapotranspira-
tion, Management Effects, Modified Water Use, Soil-water-plant
Relationships, Wind Erosion, 2.0208

WATER ABSORPTION BY ASPARAGUS Modified Water Use,
Mulches -other, Root Absorption, Soil-water-plant Relationships,
2.0252

MANAGEMENT OF FLATWOOD SOILS ...tdepth, Sand, Water
Table - Depth of , Water Table Fluctuation, ...6.0153
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PROVEMENT ENGENDERED BY A SOD-BASED ROTATION
..Infiltration, Physical Properties-general, Soil Environment, Soil
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DEVELOPMENT OF LAND USE EQUATIONS FOR THE SLOP-

ING SOILS OF INDIANA ...Development of Models, Erosion-
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EFFECT OF SOIL DISTURBANCE ON THE PRESSURE HEAD
OF SOIL WATER ...Disturbed/undisturbed, Moisture Tension,
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cohols, Antitranspirants, Evaporation, Organomctallic, Soil En-
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DEVELOPMENT OF A CHEMICAL FALLOW S l'STEM OF
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Moisture Retention, Rotations, Runoff, _4.0236

SOIL PHYSICAL CHANGES DUE TO MANAGEMENT PRAC-
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2.0050

INVESTIGATION OF SOIL AND WATER LOSSES THROUGH
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SOIL MANAGEMENT UNDER DRYLAND CONDITIONS ...Ero-
sion-general, Management, Modified Water Use, Soil Conditions,
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Modified Water Use, Soil Environment, Water Costs, 2.0888

THE INVESTIGATION OF SOIL PROBLEMS IN RELATION TO
IRRIGATION DEVELOPMENT IN SUBHUMID AREAS Ir-
rigation, Soil-water-plant Relationships, Sub - Humid, 2.0967

FERTILIZER REQUIREMENTS OF CROPS GROWN IN DIF-
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AN ECONOMIC STUDY OF CROP PRODUCTION PRACTICES
AND THE USE OF FARM EQUIPMENT ON THE HIGH
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CONSERVATION AND UTILIZATION OF RAINFALL AND IR-
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SOIL AND WATER MANAGEMENT AS RELATED TO
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STUDY ...Social Aspects, Survey Studies, 6.0605
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TERISTICS ASSOCIATED WITH SELECTED OUTDOOR
RECREATIONAL ACTIVITIES IN RHODE ISLAND ...Methods,
Recreation Sites, Rhode Island, User Characteristics-non-spec,
...6.0486

Social Sciences

Anthropology
Archeology

THE POST-PLEISTOCENE EPICYCLE SEQUENCE OF ALLU-
VIATION AND EROSION IN THE LOWER SAN JUAN
DRAINAGE ..,Alluvial Deposits, Gullys - Arroyos, Paleenviron-
ments, Palcohydrology, San Juan, ...2.11097

Community
Citizen's Participation

MEASUREMENT OF COMMUNITY OPINION RELATING TO
PUBLIC WATER SUPPLIES ...Attitudes & Attitude Change,
Mass Communication, Social Aspects, Water Quality-general,
Water Supply-general, Water Utilization -domestic, ...6.0167

AN EXPLORATION OF COMPONENTS AFFECTING AND
LIMITING POLICYMAKING OPTIONS IN LOCAL WATER
AGENCIES - PHASE II ...Administrative Structures, Policy Mak-
ing, Social Aspects, State-local Government, ...6.0106

ATTITUDES. AND ATTITUDE CHANGE RELATING TO
WATER RESOURCES ...Attitudes & Attitude Change, Manage-
ment, Social Aspects, Survey Studies, 6.0168

COMMUNITY INVOLVEMENT OF PARTICIPANTS IN
WATERSHED PLANNING ...Mississippi, Planning, Social

Aspects, Water Resources Development, Watersheds-general,
_6.0318

CITIZENS WORKSHOPS ON CLEAN WATER FOR AMERICA
...Meetings, State-local Government, Water (Malay-general,
Water Standards, ...6.0191

SCHOOLS FOR CITIZENS ON WATER USE FOR TOMORROWS
LIVING ...Education and Training, Handbooks, Water Quality
Control-general, Water Utilization -domestic, 6.0124

Power Structure
DOCTORAL DISSERTATION RESEARCH IN POLITICAL

SCIENCE ...Federal Government, Irrigation-general, Mexico, Pol-
icy Making, Water Supply-general, ...3.0157

Demography
ANTHROPOLOGICAL ANALYSIS OF SOCIAL AND CUL-

TURAL BENEFITS AND COSTS FROM STREAM-CONTROL
MEASURES ...Control and Protection, Kentucky, River Basins,
Social Aspects, ...6.0239

Other
COLORADO COMPREHENSIVE PLAN FOR OUTDOOR

RECREATION ...Colorado, Economic Impact, Mapping,
Planning, Recreation Sites; .6.0324

THE DEMAND FOR MUNICIPAL WATER IN CENWAL
ARIZONA ...Consumption, Income, Price & Value, Water Costs,
Water Demand, Water Sources -general, 6.0010

PREDICTION MODEL FOR WATER USE BY POPULATION
STRUCTURE ...Florida, Forecasting-prediction, Model Studies,
Pojections & Forecasting, Water Utilization -domestic, ...6.0150

Ecology
A SOCIO-ENVIRONMENTAL STUDY OF A RIVER VALLEY

...Mans Activities, Ohio, River Basins, Social Aspects, ...6.0422

Government
Government -other

A STUDY OF POTENTIAL INSTITUTIONAL ARRANGEMENTS
FOR W,L.TER POLLUTION CONTROL IN THE HUDSON-
MOHAWK RIVER BASIN ...Administrative Structures, New
York, River Basins, Systems Analysis, Water Quality Control-
general, ...6.0379

Intergovernmental Relations
THEORETICAL AND EMPIRICAL STUDIES OF STOCHASTIC

MODELS FOR THE ANALYSIS OF FLOOD CONTROL AND
RELIEF POLICIES ...Alternative Planning, Floodproofing, Model
Studies, Other, Policy Making, _6.0047

A COMPARATIVE ANALYSIS OF AMERICAN AND CANADI-
AN GOVERNMENTAL DEVELOPMENT OF REGIONAL
WATER POLICY IN THE COLUMBIA RIVER BASIN ...Ad-
ministrative St; uctures, Columbia River, International, Water
Resources Development, 6.6632

POLITICAL PROCESSES IN THE PROMOTION OF WATER
RESOURCE DEVELOPMENT PROGRAMS ...Federal Govern-
ment, Management and Administration, Mississippi, State-local
Government, Water Resources Development, _6.0316

ANALYSIS OF RURAL ZONING ENABLING STATUTES AND
ORDINANCES ...Agriculture, Cmc, Legislation, 6.0138

Legislative Processes
AN ECONOMIC AND LEGAL APPRAISAL OF THE USE OF

WATER FOR IRRIGATION AND OTHER PURPOSES ON IL-
LINOIS FARMS ...Agriculture, Illinois, Irrigation-general, Legal
Review, Water Law-general, 6.0214

Policy Making
DOCTORAL DISSERTATION RESEARCH IN POLITICAL

SCIENCE ...Federal Government, Irrigation-general, Mexico,
Power Structure, Water Supply-general, ...3.0157

THEORETICAL AND EMPIRICAL STUDIES OF STOCHASTIC
MODELS FOR THE ANALYSIS OF FLOOD CONTROL AND
RELIEF POLICIES ...Alternative Planning, Floodproofing, Inter-
governmental Relations, Model Studies, Other, 6.0047

AN EXPLORATION OF COMPONENTS AFFECTING AND
LIMITING POLICYMAKING OPTIONS IN LOCAL WATER
AGENCIES - PHASE II ...Administrative Structures, Citizen's
Participation, Social Aspects, State-local Government, _6.0106

PATTERNS OF POLICY MAKING IN WATER RESOURCES
DEVELOPMENT ...Arid and Desert, Social Aspects, 6.0356

AN ECONOMIC EVALUATION OF THE TOLEDO BEND
RESERVOIR PROJECT ...Benefit-cost Analysis, Louisiana, Multi-
ple-purpose Projects, Reservoirs and Impoundments, Texas,
Water Law-general, Welfare Economics, 6.0246

THE ECOMONIC IMPLICATIONS OF THE INTERCONNEC-
TION OF URBAN WATER SYSTEMS ...Production &
Processing, Public-works, Risk & Uncertainty, Urban Environ-
ments, Water Demand, Water Transfer, 6.0466

COMPREHENISVE PLANNING FOR WATER RESOURCES
MANAGEMENT IN METROPOLITAN ENVIRONMENTS ...Ad-
ministrative Structures, District of Columbia, Planning, Public-
works, Survey Studies, _6.0123

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Administrative Structures, Economic Impact, Impact, Model
Studies, Recreation Sites, Social Aspects, Water Rights-general,
6.0646

RESOURCE CONSERVATION ...Land, Management, Other, Water
- Alternative Uses, 3.0036

International Affairs
INTERNATIONAL RIVER PLANNING IN AFRICA ...Africa-

other, Planning, River Basins, Streams, Water Resources Develop-
ment, 6.0188

Law and Legal Procedures
Cmc

ANALYSIS OF RURAL ZONING ENABLING STATUTES AND
ORDINANCES ...Agriculture, Intergovernmental Relations,
Legislation, 6.0138

Management and Administration
POLITICAL PROCESSES IN THE PROMOTION OF WATER

RESOURCE DEVELOPMENT PROGRAMS ...Federal Govern-
ment, Intergovernmental Relations, Mississippi, State-local
Government, Water Resources Development, _6.0316
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ANALYSIS OF MANAGERIAL, FINANCIAL, AND REGULATO-
RY FUNCTIONS OF REGIONAL WATER RESOURCES
AUTHORITIES AND OTHER INSTITUTIONAL ARRANGE-
MENTS ...Administrative Structures, Finance, Law Enforcement,
Survey Studies, ...6.0279

Manpower
Requirement and Resources

WATER RESOURCES RESEARCH, MANPOWER AND TRAIN-
ING NEEDS FOR INDIANA ...Indiana, Management, Personnel,
Training Grants, Fellowships, ...9.0007

AN INVESTIGATION OF MANPOWER RESOURCES FOR
WATER RESOURCES RESEARCH AND OTHER WATER-RE-
LATED ACTIVITIES ...Forecasting- prediction, Optimi;
Personnel, Water Resources - General, ...9.0008

IMPROVED METHODS FOR ESTIMATING MANPOWER
NEEDS FOR WATER RESOURCES DEVELOPMENT ...Indi-
ana, Management, Personnel, Water Resources Development,
_6.0218

SUPPLY OF AND DEMAND FOR TRAINED WATER
RESOURCES PERSONNEL - A PILOT STUDY ...Personnel,
Training Grants, Fellowships, Utilization, ...9.0004

AGRICULTURAL AND INDUSTRIAL DEVELOPMENT IN
RELATION TO IOWAS ECONOMIC GROWTH ...Agriculture,
Base Studies, Economics-general, Income, Iowa, Model Studies,
Water Resources Development, ...7.0043

Utilization
SUPPLY OF AND DEMAND FOR TRAINED WATER

RESOURCES PERSONNEL - A PILOT STUDY ...Personnel,
Requirement and Resources, Training Grants, Fellowships,
_9.0004

Methodology
EXPLORATORY STUDY OF SOCIOLOGICAL ASPECTS OF

WATER RESOURCES RESEARCH ...Model Studies, Social
Aspects, Social Change, ...6.0405

Projections & Forecasting
PREDICTION MODEL FOR WATER USE BY POPULATION

STRUCTURE ..Florida, Forecasting-prediction, Model Studies,
Other, Water Utilization -domestic, 6.0150

FORECASTING WATER DEMAND - AN INTER- AND INTRA-
COMMUNITY STUDY ...Forecasting-prediction, Trends,projee-
tions, Urban Environments, Water Demand, Water Utilization -
domestic, ...6.0633

Mobility
A SYSTEMATIC STUDY OF RESPONSES TO IMPENDING IN-

UNDATIONS AND THE DIRECTIONS OF IMPELLED POPU-
LATION MOVEMENT ...Attitudes & Attitude Change, Pre-im-
poundment Sites, Social Aspects, ...6,0238

Social Change
SOCIAL CONSEQUENCES OF VARIATION IN AGRICUL-

TURAL IRRIGATION ...Formosa - Taiwan, Irrigation-general,
Management, Social Aspects, ...6.0375

SOCIAL CHANGE IN A WATER RESOURCE DEVELOPMENT
AREA - SOCIAL ASPECTS OF THE CONSTRUCTION PHASE
OF LIBBY DAM ... Attitudes & Attitude Change, Construction
Sites, Recreation Sites, Reservoirs and Impoundments, Social
Aspects, User Patterns, ...6.0329

EXPLORATORY STUDY OF SOCIOLOGICAL ASPECTS OF
WATER RESOURCES RESEARCH ...Methodology, Model Stu-
dies, Social Aspects, ...6.0405

SOCIOLOGICAL IMPACT OF A FLOOD-CONTROL RESER-
VOIR ...Attitudes & Attitude Change, Floodproofing, Reservoirs
and Impoundments, Social Aspects, 6.0476

Social Structure
RELEVANCE OF SELECTED ECOLOGICAL FACTORS RE-

LATED TO WATER RESOURCES & SOCIAL ORGANIZA-
TION OF FISHEMEN VILLAGES IN PUERTO RICO (AB-
BREV ) ...Commercial Fishing, Fish, N.s. , Puerto Rico, Social
Aspects, Water Resources - General, ...6.0479

Sodium
SOLUTE AND WATER TRANSPORT ACROSS BIOLOGIC

MEMBRANES ...Active Transport, Blood Cells, Carbohydrates,
Ionic Effect, Kidney and Urinary System, Natural Occuring,
..,2.0706

A COMPARATIVE STUDY OF SODIUM TRANSLOCATION IN
PLANTS ...Ion Transport and Elect. pot. , Tobacco, Transloca-
tion, 2.0110

THE EFFECT OF SALTS APPLIED TO HIGHWAYS ON THE IN-
FILTRATION AND PERCOLATION OF WATER THROUGH
THE SOILS BANDING HIGHWAYS ...Chloride, Infiltration, Pol-
lutants - Path of , Snow and Ice Removal, Soil Chemical Proper-
ties, ...5.0471

DIGESTION OF SLUDGES WITH SODIUM CHLORIDE AND
SULFATE ...Chloride, Digestion, Disposal, Disposal Wastes,
Sulfate, Sulfite, ..,5.0299

SALT DISTRIBUTION ALONG LAKE BOTTOM AND WITHIN
DEEP SEDIMENTS BENEATH GREAT SALT LAKE
..,Chlorine, Great Salt Lake, Quaternary Period, Salt, ...5.1201

Soil - Bearing Capacity
ENGINEERING CHARACTERISTICS OF THE BOTTOM SEDI-

MENTS OF GREAT SALT LAKE ...Engineering Structures-
general, Great Salt Lake, Soil Exploration, Soil Test - Insitu,
Vane, ...8.0294

Soil - Buried Structures
STRUCTURAL PROBLEMS ASSOCIATED WITH CONCRETE

PIPE ...Concrete-general, Design Criteria, Pipes, Pressure-general,
Waterproof, 8.0033

Soil - Crop Relationships
PHYSIOLOGICAL FACTORS IN WATER NEEDS AND USE OF

CROPS ...Irrigation, Moisture Content, Moisture Levels, Plant
Phys.(non-specific & Ot), Soil-water-plant Relationships, 2.0072

LYSIMETER INVESTIGATIONS OF GAINS AND LOSSES OF
MINERAL ELEMENTS ...Lysimeters, Mineralogy, Soil and Rock
Leaching, ...2.0144

TRACE ELEMENT STUDY OF SOIL-PLANT-WATER SYSTEMS
...Groundwater, Soil-water-plant Relationships, Trace Elements,
Water Movement, Velocity, _1.0013

SOIL-PLANT-WATER RELATIONSHIPS ...Irrigation-general, Soil
Environment, Soil Morphology, Profiles, Yield, ...2.0790

INVESTIGATION OF SOIL AND WATER LOSSES THROUGH
CROPPING SYSTEMS AND SOIL MANAGEMENT PRAC-
TICES ...Runoff, Soil Environment, Surface Flow, Tillage,
Cropping Sys*.ems, ...3.0195

IRRIGATION WATER MANAGEMENT FOR EFFICIENT
WATER USE IN THE SOUTHERN PLAINS ...Evapotranspira-
tion, Irrigation, Irrigation-general, Management, Tillage, Cropping
Systems, ...3.0444

Soil - Vehicle Mechanics
Trafficability

CHARACTERIZATION OF WATER TABLES IN OREGON
SOILS WITH REFERENCE TO TRAFFICABILITY ...Dynamic,
Moisture Content, Rain-general, Static Load-general, Water Table
Fluctuation, ...2.0887
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Soil and Rock Leaching
UREA TRANSFORMATIONS AND RETENTION IN FLOODED

SOILS ..,Drainage, Fertilizer Losses, Nitrogen, Soil Environment,
...4.0123

CHEMICAL CONTAMINANTS FOUND IN SURFACE AND SUB-
SURFACE WATER AS RELATED TO SOIL AND CLIMATIC
CONDITIONS ...Agricultural Chemicals-general, Hardness-
minerals, Pollutants - Path of , Runoff, Soil Environment,
5.0476

SALINITY ABOVE A WATER TABLE AS AFFECTED BY RAIN-
FALL AND IRRIGATION ...Groundwater Movement, Irrigation-
general, Moisture Tension, Permeability, Salinity, ...2.0970

WATER REQUIREMENTS FOR SALINITY CONTROL IN UN-
SATURATED SOILS ...Irrigation-general, Saline Properties, Satu-
rated-unsaturated, Water Application Methods, ...5.0751

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Evaporation,
Microbial Degradation, Movement, Leaching, Soil Environment,
...5.0004

LYSIMETER INVESTIGATIONS OF GAINS AND LOSSES OF
MINERAL ELEMENTS ...Lysimeters, Mineralogy, 2.0144

SOILS, PESTICIDES AND THE QUALITY OF WATER ,..Move-
ment, Leaching, Organic Matter, Organophosphorous Cpds. ,

Physical Property Effects, Soil Environment, .5.0325



Soil and Rock Leaching SUBJECT INDEX

WATER REQUIREMENTS OF MAJOR CROPS IN SOUTHERN
NEVADA ...Moisture Content, Nevada, Requirements for Water,
Seasonal, _2.0728

BEHAVIOR OF NITROGEN IN THE SOIL ..,Fertilizer Losses,
Nitrogen, Soils and Fertilizer, 5.0715

SOILS, PESTICIDES, AND THE QUALITY OF WATER
,..Management, Movement, Leaching, Pollutants - Path of , Soil
Properties - Other, 5.0312

RECLAMATION OF SALTY LANDS IN PUERTO RICO ...Puerto
Rico, Saline and Alkaline Soils, Saline Properties, Sodium, Soil
Amendments, ...3.0426

MOVEMENT OF IONS AND SALTS IN SOILS ...Clay, 2.0494
METHODS FOR IMPROVING ROCK PERMEABILITY ...Aug-

mentation-general, Mineralized Rock, Permeability, Rock Frag-
mentation Methods, 3.0018

DRAINAGE DESIGN IN RELATION TO SOIL SALINITY
_California, Drainage, Drainage Engineering, Movement, Availa-
bility, Saline and Alkaline Sails, ...3.0046

LEACHING REQUIREMENT AND SALINITY STUDIES WITH
BEARING ORANGE TREES ...Citrus, Flood Irrigation,
Leaching-other, Trees, Water Salinity, 4.0041

THE PROCESSES AND CONDITIONS CONTRIBUTING TO THE
ACCUMULATION OF NUTRIENTS IN DRAINAGE WATER
FROM IRRIGATED AREA AND SOIL RECLAMATION
...Boron, Nitrogen, ...4.0027

WATER QUALITY IN RELATION TO PHYSICAL AND CHEMI-
CAL PROPERTIES OF SOILS AND WASTE WATERS
THEREFROM ...Percolation, Physical Properties-general, Salinity,
Soil Chemical Properties, Water Quality-general, 5.0081

CHEMISTRY OF BORON IN CALIFORNIA SOILS ...Absorption,
Fixation, Exchange, Boron, Phytotoxic, Soil Amendments, Soil
Management -non-specific, Soil Morphology, Profiles, ...5.0080

DETAILED CHARACTERIZATION OF SOILS AND VEGETA-
TION AT SELECTED SITES TO SERVE AS BASIS FOR FU-
TURE EVALUATION OF RADIOACTIVE CONTAMINATION
...Absorption, Fixation, Exchange, Radioactive Pollution -ns,
Radioactivity-general, Small Watersheds, Strontium, ...5.0902

PHYSICAL AND CHEMICAL CHANGES IN WEATHERING
COAL SPOILS-EFFECT ON WATER SUPPLY AND PLANT
GROWTH ...Coal-general, Growth Rate, Regeneration & Seed
Production, Runoff, Spoil Banks, Spoil Banks, Strip Mine Soils,
...5.0903

SUBSURFACE WATER POLLUTION FROM SANITARY LAND-
FILLS IN CARBONATE ROCK TERRAIN ...Chemical Analysis
(water), Disposal, Dolomite, Groundwater, Sanitary Landfills,
5.1030

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART I) ...Acidity, Groundwater
Movement, Iron Bacteria, Mine Drainage Control, Pyrite Group,
...1.0107

THE LOSS OF FERTILIZERS BY LEACHING FROM THE SOILS
OF PUERTO RICO ...Fertilizer Losses, Fertilizers, Methods of
Application, Puerto Rico, ..3.0428

INSECTICIDE LEACHING TESTS ...Bioassay, Granules, Capsules,
Insecticides -non-specific, Persistence in Soils, ...2.0959

PREDICTING SOLUTE MOVEMENT AND DISTRIBUTION IN
SOILS ...Hydrolysis, Infiltration, Salinity, Soil Environment, Sub-
surface Flow, _2.1043

CROP AND SOIL MANAGEMENT OVER SHALLOW PLASTIC-
LINED MOLE DRAINS ...Management, Mechanical Joining -
Other, Plastics - General, ...4.0262

NUTRIENT INPUT TO WASHINGTON SOILS FROM AT-
MOSPHERIC SOURCES. ...Air - Water - Plant Relations, Irriga-
tion, Irrigation-general, Nutrients, Rain-general, ...2.1124

LEACHING AND RECOVERY OF COPPER FROM ORES AND
WASTE DUMPS ...Copper, ...3.0478

EFFECTS OF USING SALINE AND INDUSTRIAL WASTE
WATERS ON YIELD AND QUALITY OF PLANTS ...Brackish
Water, Industrial Wastes, Irrigation, Irrigation-general, Saline and
Alkaline Soils, Soil-water-plant Relationships, 3.0258

SALINE AND SODIC SOILS AND IRRIGATION WATER QUALI-
TY PROBLEMS IN THE RIO GRANDE RIVER BASIN ...Irriga-
tion-general, Management, Saline and Alkaline Soils, Saline Soils,
Water Quality-general. Yield, ...3.0466

SOIL AND WATER MANAGEMENT PRACTICES FOR THE
CONTROL OR ALLEVIATION OF SALINE AND SODIC SOIL
PROBLEMS IN THE PACIFIC NORTHWEST ...Irrigation-
general, Management, Permeability, Saline Properties, Southern,
_3.0205

THE DISPOSITION OF PESTICIDES IN SOIL AND CLOSELY
RELATED WATER ...Farm Pond, Louisiana, Management, Pesti-
cides -non-specific, Pollutants - Path of , 5.0276
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PRINCIPLES AND PRACTICES FOR SALINITY CONTROL IN
THE SOIL-WATER-PLANT SYSTEM ...Drainage, Irrigation,
Salinity, Soil Environment, Soil-water-plant Relationships,
..,3.0083

Soil Chemical Properties
DETERMINATION OF BULK DENSITY & WATER CONTENT

OF SOIL THRU MEASUREMENT OF RADIATION AT-
TENUATION AT TWO DIFFERENT GAMMA ENERGIES
...Gamma, Moisture Content, Moisture Tension, Radiation Emis-
sion, ...1.0123

CHEMICAL AND PHYSICAL ANALYSES OF WATER AND
SOILS ...Bottom Sampling, Chemical-general, Lakes, Physical-
general, Water Level Fluctuation, _2.0548

THE EFFECT OF SALTS APPLIED TO HIGHWAYS ON THE IN-
FILTRATION AND PERCOLATION OF WATER THROUGH
THE SOILS BANDING HIGHWAYS ...Chloride, Infiltration, Pol-
lutants - Path of , Snow and Ice Removal, Sodium, 5.0471

THE MINERALOGY AND CHEMISTRN OF SOILS AND SEDI-
MENTS OF HIGH PLAINS PLAYAS ...Clay Minerals-general,
Evaporation, Mineralogy, Permeability, Playas, 3.0460

OXYGEN STATUS OF SOIL AIR AND SOIL WATER AS IN-
FLUENCED BY OXYGEN TRANSFER THROUGH THE SOIL
PROFILE ...Activation Analysis, Moisture-other, Oxygen,
Polarography, Soil Environment, 2.0248

MODEL STUDY TO PREDICT SALT DISTRIBUTION AND
CONCENTRATION OF WATER IN SOIL PROFILES ...Arid and
Desert, Irrigation-general, Model Studies, Moisture Content,
Saline Properties, ...5.0750

BACTERIAL ADSORPTION ON SOILS ...Bacterial Pollutant
Sources, Pollutants - Path of , Recharge -general, Self-purifica-
tion, Temperature, 5.1190

PREDICTING THE EFFECT OF WATER QUALITY AND GYP-
SUM ON THE CHEMICAL AND PHYSICAL PROPERTIES OF
SALINE AND ALKALI SOILS ...Calcium, Forecasting-predic-
tion, Hydrated Acid and Norm, Model Studies, Pollution - Effects
of , 3.0013

SORPTION AND DESORPTION FACTORS INFLUENCING
TRANSPORT, PERSISTENCE, & ALTERATION OF PESTI-
CIDES IN VARIOUS AGRICULTURAL SOILS ...Boundary
Process (moisture), Movement, Leaching, Pesticides -non-
specific, Physical Properties-general, Radioisotopes, ...5.0140

DIFFUSION OF WATER AND IONS IN SOIL ...Mineralogy, Physi-
cal Properties-other, 2.0526

INSECTICIDE RESIDUES ON ALFALFA ...Insecticides -non-
specific, Persistance of Residues, Persistence in Soils, Pest Con-
trol, ...5.1115

THE DISPOSITION OF PESTICIDES IN THE SOIL Internal
Water Movement, Mineralogy, Movement, Leaching, Pollutants -
Path of , ...5.1163

SOIL-WATER-PLANT RELATION TO ARTIFICIAL DRAINAGE
...Drainage, Moisture Content, Physical Properties-general, Soil-
water-plant Relationships, 4.0264

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Mineralogy,
Movement, Leaching, Persistence in Soils, 5.1208

REACTIONS BETWEEN MINERAL AND ORGANIC COM-
PONENTS IN SOIL. ...Mineralogy, Moisture Retention, Organic
Content, Soil Environment, Stability, 3.0423

TRACE ELEMENTS IN RESIDUAL SOILS ...Clay Minerals-
general, Lateritic, Mineralogy, Soil Chemistry, Trace Element
Analysis, ...2.0931

WATER QUALITY IN RELATION TO PHYSICAL AND CHEMI-
CAL PROPERTIES OF SOILS AND WASTE WATERS
THEREFROM ...Percolation, Physical Properties-general, Salinity,
Soil and Rock Leaching, Water Quality-general, 5.0081

ARABLE LAND DEGRADATION BY EFFLUENT POLLUTION
..Effluents -waste Water, Sanitation, Sewage Lagoons, Soil Con-

tamination -other, ...5.0171
TOXICITIES OF CATIONS VS. ANIONS ACCUMULATED

FROM SALINE SOILS ...Ion Transport and Elect. pot. , Saline
Properties, Saline Soils, 5.0136

PROPERTIES OF SUBMERGED SOILS ...Excessive Moisture,
Moisture Content, Rice, Soil Saturation, 2.0093

BORON CHARACTERISTICS AND RECLAMATION NEEDS OF
SOILS IN WESTERN KERN COUNTY ...Boron, 3.0087

EVALUATION OF THE SULFUR SUPPLYING CAPACITY OF
HAWAIIAN SOILS ...Hawaii, Irrigation-general, Movement,
Availability, Rain-other, Sulfur, 2.0373

SALINITY TOLERANCES OF CERTAIN TROPICAL SOILS AND
RELATIONSHIPS BETWEEN SODIUM ION ACTIVITIES AND
SOIL PHYSICAL PROPERTIES ...Chemical Analysis - Soils, 1r-
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rigation-general, Saline Properties, Scmi - Arid, Sodium, Tropic,
3.0200

FEASIBILITY OF THE ESTABLISHMENT OF PERMANF,NT
SALINE -TYPE AGRICULTURE ON ALLUVIAL SOILS OF
THE PECOS RIVER VALLEY OF TEXAS ,..Irrigation, Irriga-
tion-general, Saline and Alkaline Soils, Soil Conditions, Soil-
water-plant Relationships, Texas, 3.0447

EFFECTS OF CULTURAL PRACTICES, SOIL MOISTURE
LEVELS, AND FERTILITY LEVELS ON CITRUS TREE
REACTION, AND ON SOIL PROPERTIES Citrus, Consump-
tive Use, Moisture Levels, Requirements for Water, Trees,
2.1033

THE EFFECT OF PESTICIDES ON AN ECOSYSTEM ...Environ-
ments-general, Food Chains, Animal And/or Man, Persistance of
Residues, Pesticides -non-specific, Physical Properties-general,
Pollution - Effects of , .5.1154

CORROSION OF UNDERGROUND STEEL PILING ...Corrosion
Prevention-other, Deep, Low Alloy Steels, Soil Electrical Proper-
ties:, Soils, ...8.0223

ION DISTRIBUTION AND WATER MOVEMENT IN SOILS ...In-
filtration, Internal Water Movement, Movement, Availability, Soil
Environment, Water Movement-general, 2.0188

POURBAIX DIAGRAM FOR CORROSION EVALUATION
.Soils, Test Methods, Water, ...8.0022

AGRICULTURAL SIGNIFICANCE OF CERTAIN TRANSI-
TIONAL ELEMENTS FROM PESTICIDES AND OTHER
AGRICULTURAL CHEMICALS Chelating, Extraction-other,
Metal Organics -non-specific, Mineralogy, Movement, Availabili-
tit, Soil Analysis, _5.0483

Absorption, Fixation, Exchange
THE DETERMINATION OF PLANT ROOTING AND WATER

ABSORPTION PATTERNS WITH RADIOIODINE ...Iodine ,

Montana, Requirements; for Water, Root Absorption, Soil
Moisture -non-specific, 2.0716

MOVEMENT AND ADSORPTION CF PESTICIDES IN STERIL
IZED SOIL COLUMNS ...Absorption Rates, Column Leaching &
Diffusing, Internal Water Movement, Movement, Leaching, Pesti-
cides; -non-specific, Soil Tests, 5.0256

SORPTION AND DESORPTION OF CHLORINATED
HYDROCARBON PESTICIDES IN AQUATIC SEDIMENT
MINERALS ...Adsorption Capacity, Adsorption-desorption,
Equilibrium-other, Model Studies, Pesticides, 5.0690

SORPTION AND MOVEMENT OF POLLUTED WATER IN SOIL
Internal Water Movement, Movement, Leaching, Persistence in
Soils, Pollutants - Path of , Soil Environment, Soil-water-plant
Relationships, 5.0078

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Aquatic
Or Soil-aquatic Cycies, Boundary Process (moisture), Ground-
water Movement, Movement, Leaching, Pesticides -non-specific,
5.0079

SOIL WETTABILITY AND TREATMENT IN RELATION TO
WATER MOVEMENT IN SOILS ...Internal Water Movement,
Mineralogy, Surfactants; - Wetting Agents, 2.1090

STUDY OF ROOT DISTRIBUTION AND DENSITY OF VEGETA-
BLE CROPS ...Phosphorus, Root Absorption, Soil Morphology,
Profiles, Soil Types, Water Loss-other, ...2.0583

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Internal Water Movement, Moisture Tension, Subsurface
Flow, Unsaturated Flow, 2.0376

AGRICULTURAL UTILIZATION OF SOILS AFFECTED BY
SALINITY ...Brackish Water, Mineral Nutrition, Movement,
Availability, Saline Soils, Yield, ...3.0237

FIXATION AND AVAILABILITY OF ADDED PHOSPHORUS IN
SOILS ...Fertilizer Technology - other, Phosphorus, Soil Environ-
ment, ...1.0053

CHEMISTRY OF BORON IN CALIFORNIA SOILS ...Boron,
Phytotoxic, Soil Amendments, Soil and Rock Leaching, Soil
Management -non-specific, Soil Morphology, Profiles, ...5.0080

INTERACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS ,..Aldrin, Chemical Degradation, Fertilizers,
Other, Pesticides, ...5.0052

DETAILED CHARACTERIZATION OF SOILS AND VEGETA-
TION AT SELECTED SITES TO SERVE AS BASIS FOR FU-
TURE EVALUATION OF RADIOACTIVE CONTAMINATION
...Radioactive Pollution -ns, Radioactivity-general, Small
Watersheds, Soil and Rock Leaching, Strontium, ...5.0902

THE ADAPTATION OF SPRINKLE, IRRIGATION TO SOILS OF
LOW INTAKE RATE ...Irrigation, Moisture Content, Sprinkler
Irrigation, Water Application Methods, 3.0402

ENVIRONMENTAL RADIATION STUDIES - EVALUATION OF
FISSION PRODUCT DISTRIBUTION AND MOVEMENT IN
TERRESTRIAL ENVIRONMENTS ...Plants, Radioactive Con-
tamination, Radioactivity-general, Root Absorption, Soil Environ-
ment, 1.0116

PHYSICAL-CHEMICAL PHENOMENA ASSOCIATED WITH OR-
GANO-COLLOIDAL SURFACE INTERACTIONS ...Bond Type-
general, Colloidal Phenomena, Decomposition-other, Isotherm, X-
ray, _5.0277

FATE OF PESTICIDES ,Aldrin, Biodegradation, DDT , Plant -
other, 2,4-d, 5.0741

Mineralogy
CHEMICAL AND MINERALOGICAL RELATIONSHIPS

BETWEEN SUBMERGED SOILS AND RICE CULTURE
_Aquatic Soils, Arkansas, Irrigation-general, Rice, .,.4.0021

LYSIMETER INVESTIGATIONS OF GAINS AND LOSSES OF
MINERAL ELEMENTS ...Lysimeters, Soil and Rock Leaching,
.2.0144

SOIL WETTABILITY AND TREATMENT IN RELATION TO
WATER MOVEMENT IN SOILS ...Absorption, Fixation,
Exchange, Internal Water Movement, Surfactants - Wetting
Agents, ...2.1090

ACIDITY OF SPOIL BANKS ...Pyrite Group, Spoil Banks, Strip
Mines, ...5.0447

DIFFUSION OF WATER AND IONS IN SOIL ...Physical Proper-
ties-other, ...2.0526

MODE OF OCCURRENCE OF MINOR ELEMENTS IN SEDI-
MENTS AND SOILS ...Chemical Analysis - Soils, Groundwater,
Heavy Mineral Analysis, Trace Element Analysis, Weathering
Products, ...1.0054

THE IMPROVEMENT OF SOILS DEVELOPED UNDER FOREST
VEGETATION ...Forests, Minnesota, Soil Morphology, Profiles,
Soils and Fertilizer, 2.0662

AGRICULTURAL SIGNIFICANCE OF CERTAIN TRANSI-
TIONAL ELEMENTS FROM PESTICIDES AND OTHER
AGRICULTURAL CHEMICALS ...Chelating, Extraction-other,
Metal Organics -non-specific, Movement, Availability, Soil Analy-
sis, Soil Chemical Properties, 5.0483

Movement, Availability
HYDROLOGIC, THERMAL AND TEXTURAL PROPERTIES OF

SOILS .Heat Flow, Moisture Tension, Moisture-other, Texture,
6.0216

SOIL WATER MOVEMENT ...Conservation-general, Groundwater
Movement, Management, Moisture Meters, Moisture Tension,
3.0245

DIFFUSION OF WATER AND IONS IN SOIL ...Mineralogy, Physi-
ca't Properties-other, 2.0526

AGFICULTURAL UTILIZATION OF SOILS AFFECTED BY
SALINITY ...Absorption, Fixation, Exchange, Brae..ish Water,
Mineral Nutrition, Saline Soils, Yield, _3.0237

DRAINAGE DESIGN IN RELATION TO SOIL SALINITY
...California, Drainage, Drainage Engineering, Saline and Alkaline
Soils, Soil and Rock Leaching, 3.0046

COOPERATIVE RESEARCH ON SOIL AND WATER MANAGE-
MENT OF DRY-FARM GRAINLAND AND RELATED LANDS
...Conservation, Dry Farming, Management, Moisture Levels,
3.0090

SOIL SOLUTION DISTRIBUTIONS AND CROP RESPONSES RE-
LATED TO IRRIGATION PRACTICES ...Internal Water Move-
ment, Irrigation, Rhizosphcre, Saline Properties, Saline Soils,
...4.0028

RELATIONSHIP BETWEEN IRRIGATION WATER COMPOSI-
TION AND SOIL PROPERTIES ...California, Clovers -red,al-
sike,ladino... , Irrigation-general, Saline and Alkaline Soils, Salini-
ty, 3.0034

EVALUATION OF THE SULFUR SUPPLYING CAPACITY OF
HAWAIIAN SOILS ...Hawaii, Irrigation-general, Rain-other, Soil
Chemical Properties, Sulfur, 10373

CHEMICAL CHARACTER OF GROUND AND SURFACE
WATERS IN RELATION TO SOIL WEATHERING
PROCESSES ...Chemical-general, Groundwater, Soil Weathering,
Surface Water, 2.0743

ION DISTRIBUTION AND WATER MOVEMENT IN SOILS .,.In-
filtration, Internal Water Movement, Soil Chemical Properties,
Soil Environment, Water Movement-general, 10188

NITRATE BEHAVIOR IN SOIL WATER UNDER FIELD CONDI-
TIONS ...Groundwater Movement, Infiltration, Nitrate, Nitrite,
Nitrogen, Permeability, 5.0180
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Soil Chemical Properties SUBJECT INDEX

THE ROLE OF AQUATIC SOILS IN THE NUTRIENT DYNAM-
ICS OF AQUATIC ECOSYSTEMS ...Aquatic Plants (non-
specific), Floating Plants, Soil-water-plant Relationships, 6.0158

PREVENTING OR CONTROLLING ACCELERATED EROSION
OF UNSTABLE FOREST SOILS ...Erosion-general, Mountains-
alpine, Open Channel, Slopes, Soil Science -other, Soil Stability
Analysis, 5.0316

AGRICULTURAL SIGNIFICANCE OF CERTAIN TRANSI-
TIONAL ELEMENTS FROM PESTICIDES AND OTHER
AGRICULTURAL CHEMICALS ...Chelating, Extraction-other,
Metal Organics -non-specific, Mineralogy, Soil Analysis, Soil
Chemical Properties, 5.0483

ACCUMULATION AND MOVEMENT OF FISSION PRODUCTS
IN SOILS AND PLANTS ...Radioactive Contamination, Stronti-
um, 5.0484

TRAVEL OF NITROGEN IN SOILS _Animal Waste Removal-
treatment, Groundwater, Nitrogen, Pollutants Path of , Soil
Tests, 1.0070

Soil Analysis
DETACHABILITY OF SOIL PARTICLES ...Cover Crops, Manage-

ment Effects, Nebraska, Rain, ...2.0723
SOIL MANAGEMENT INVESTIGATIONS ON IRRIGATED

LAND ...Irrigation, Management, Rotations, Soil Comparison, Til-
lage, Cro?ping Systems, Water Application Methods, ...4.0114

EFFECTS OF LARGE SCALE FOREST FIRES ON WATER
QUALITY IN THE INT. AK ...Alaska, Fire Damage, Recovery,
Forest Watersheds, Soils and Fertilizer, Water Quality-general,
...5.0030

AGRICULTURAL SIGNIFICANCE OF CERTAIN TRANSI-
TIONAL ELEMENTS FROM PESTICIDES AND OTHER
AGRICULTURAL CHEMICALS ...Chelating, Extraction-other,
Metal Organics -non-specific, Mineralogy, Movement, Availabili-
ty, Soil Chemical Properties, 5.0483

MOVEMENT OF WATER AND AIR TO AND INTO PLANT
ROOTS IN SOILS OF THE GREAT BASIN ...Air - Water - Plant
Relations, Root Absorption, Saline and Alkaline Soils, Soil
Amendments, Soil-water-plant Relationships, 2.0729

Soil Consolidation
TEST OF EFFECTIVE SOILS PROPERTIES IN THE ANNUAL

FROST ZONE ...Disturbed/undisturbed, Frost and Permafrost,
Moisture Content. Permeability, Thermal Properties-general,
...2.0755

Soil Dynamics
R.I.-LIQUEFACTION OF SAND DUE TO LONG TERM, SMALL

AMPLITUDE VIBRATIONS ...Linear, Sand, Saturated-unsatu-
rated, Shearing, Soil Liquefaction, ...7.0045

DYNAMIC BEHAVIOR OF SOILS ...Deformation, Model Studies,
Shear Strength, Soil Environment, Soil Liquefaction, 8.0284

CIVIL ENGINEERING STRUCTURES IN THE OCEANS ...En-
gineering Studies-other, Foundations-general, Hydraulic Struc-
tures, Hydrodynamics, Mechanical Properties, Wave Action,
8.0165

STUDY OF LIQUEFACTION OF SATURATED SANDS
...Earthquakes, India, Sand, Saturated-unsaturated, Soil Liquefac-
tion, ...8.0184

LIQUEFACTION STUDIES OF TENUGHAT DAM SAND
...Earthquakes, India, Pore Water, Sand, Soil Liquefaction, Soil
Settlements, 8.9185

LIQUEFACTION STUDIES OF UKAI DAM SAND ...Dams,
Earthquakes, India, Sand, Soil Liquefaction, 8.0186

RHEOLOGY OF SOIL -WATER SYSTEMS ...Compressibility,
Creep and Rheology, Moisture Content, Shearing, Viscoelasticity,
...2.0082

DYNAMIC PROPERTIES OF GRANULAR BASE MATERIALS
IN SATURATED AND PARTIALLY SATURATED CONDI-
TIONS ...Granular-general, Moisture Content, Moving, Pavement,
Soil Mechanical Properties, 2.0305

EFFECTS OF EARTHQUAKES ON SOIL PERFORMANCE
...Earthquakes, Foundations-general, Pore Water, Soil Liquefac-
tion, Triaxial, 8.0061

VIBRATORY COMPACTION OF COHESIVE SOILS ...Cohesive
Soilleneral, Compaction, Dams, Embankments, Field Soils Com-
paction, ...8 35

Soil Electrical Properties
CORROSION OF UNDERGROUND STEEL PILING ...Corrosion

Prevention-other, Deep, Low Alloy Steels, Soil Chemical Proper-
ties, Soils, 8.0223

Soil Engineering Investigation
Deformation Mechanics

PROPERTIES OF SOILS RELATED TO APPLIED STRESSES
...Moisture Tension, Soil Compaction Or Density, Soil Environ-
ment, Soil Tests, 2.0080

SOIL STRUCTURE - TILLAGE INTERACTIONS Other Water
Conditions, Rheological, Soil Environment, Soil-water-plant Rela-
tionships, Stability, ...2.0499

Engineering Properties
EMBANKMENT AND FOUNDATION MOVEMENTS ON THE

INSTRUMENTED SECTIONS OF THE EAST ATCHAFALAYA
BASIN PROTECTION LEVEE, ST. MARTIN PARISH, LOUI-
SIANA ...Embankments, Soil Settlements, Soil Stability Analysis,
Soil Tests, 8.0212

FLOOD PREDICTION METHODS FOR PENNSYLVANIA
HIGHWAY CROSSINGS ...Floods, Forecasting-prediction,
Highway Sites, Small Watersheds, Systems Analysis, 2.0928

Soil Comparison
SOIL MANAGEMENT INVESTIGATIONS ON IRRIGATED

LAND ...Irrigation, Management, Rotations, Soil Analysis, Til-
lage, Cropping Systems, Water Application Methods, 4.0114

IMPACT OF RECREATIONISTS ON SELECTED SITES ...Infiltra-
tion, Irrigation-general, Recreation Areas and Parks, Recreation
Sites, 6.1E91

Soil Conditions
USING SOIL FILTRATION TO REDUCE POLLUTION POTEN-

TIAL OF LAGOON EFFLUENT ENTERING GROUND
WATER SYSTEM ...Animal Wastes - Feed Lots, Filtration, In-
duced Infiltration, Lagoon, Soil, _5.0402

RELATION OF PHYSICAL CONDITIONS OF SOILS AND
RESULTS OBTAINED FROM IRRIGATION ...Internal Water
Movement, Irrigation, Irrigation-general, Soil Morphology,
Profiles, Soil-water-plant Relationships, 2.0344

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN TENNESSEE ...Conservation & Management
Eng, Instrumentation-general, Runoff, Small Watersheds, Water
Harvesting, Water Yield, ..4.0225

SOIL WATER EVAPORATION AND MEANS OF MINIMIZING
IT ...Boundary Process (moisture), Evaporation, Heat Flow,
Moisture Retention, Saturated-unsaturated, Soil Morphology,
Profiles, ...2.0498

INTERRELATIONS BETWEEN THE SUPPLY, UPTAKE, AND
USE OF INORGANIC NUTRIENTS AND WATER ...Absorption
(non-specific), Mineral Nutrition, Natural Variation of Water
USE, Soil-water-plant Relationships, 2.0143

NORTHERN IDAHO ALFALFA PROBLEM ...Alfalfa, Idaho, In-
ternal Water Movement, Other Enviromental Conditions, Soil-
water-plant Relationships, ...2.0397

THE EFFECT OF SUBSOIL TREATMENT ON SOIL CONDI-
TIONS, CROP GROWTH, AND RUNOFF ...Modified Water
Use, Rune', Stubble Mulching, ...3.0222

SOIL MANAGEMENT UNDER DRYLAND CONDITIONS ...Ero-
sion-general, Management, Modified Water Use, Storage of
Water, Tillage, Cropping Systems, ...400113

THE PHYSICAL AND CHEMICAL PROPERTIES OF WATER
AND SOILS AS RELATED TO THE SUCCESSFUL GROW-rtf
OF WATERFOWL FOOD AND COVER PLANTS ...Flooding,
Food Supply, Oxygen, Phytotoxic, Soil (wildlife) Cover, Water
Fowl, N.s. , 2.0799

WATER NEEDS FOR IRRIGATION IN OREGON ...Agricultural
Watersheds, Irrigation-general, Requirements for Water, Water
Application Methods, Water Demand, ...6.0462

FEASIBILITY OF THE ESTABLISHMENT OF PERMANENT
SALINE-TYPE AGRICULTURE ON ALLUVIAL SOILS OF
THE PECOS RIVER VALLEY OF TEXAS ...Irrigation, Irriga-
tion-general, Saline and Alkaline Soils, Soil Chemical Properties,
Soil-water-plant Relationships, Texas, ...3.0447

THE EFFECTS OF SWEETCLOVER, NITROGEN, SUPPLEMEN-
TAL IRRIGATION, AND PLANT POPULATION ON GRAIN
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SORGHUM YIELDS OF BLACKLAND SOILS ...Irrigation, Milo
and Grain Sorghum, Sweet Clover, 2.1025

RELATION OF SILVICULTURAL CUTTINGS TO SOILS
...Cutting Operations, Soil-water-plant Relationships, Soils and
Fertilizer, ...2.1167

EFFECTS OF DEVELOPMENT ON WATER QUALITY
...Coliforms (non-specific), Eutrophication, Land Use, Nutrients,
Streams, ...5.1I18

CHARACTERIZATION OF DYNAMIC PROPERTIES AND
PHYSICAL CONDITIONS OF SOIL IN RELATION TO TIL-
LAGE AND TRACTION .Dynamic, Load Behavior, Manage-
ment Effects, Soil Preparation & Renovation, Tillage, Cropping
Systems, 2.0001

CHEMICAL, PHYSICAL AND BIOLOGICAL REACTIONS OF
PESTICIDES WITH SOILS AFFECTING SOIL PRODUCTIVITY
AND PESTICIDE STABILITY ...Microbiology -soil, Movement,
Leaching, Pesticides -non-specific, Pollutants - Path of , Residue
Analysis -other, Soil Temp. -non-specific, 5.0202

WATER QUALITY, AND THE CHEMISTRY, MINERALOGY
AND BIOLOGY OF SALTAFFECTED SOILS ...Irrigation-
general, Mineralogy, Soil Environment, Water Quality-general,
Water Reuse, 3.0084

Soil Genesis
INFLUENCE OF GEOHYDROLOGY ON LANDSCAPE AND

SOIL FORMATION ...Hydrology-general, Morphology-general,
Physiography-general, Weathering-general, ...5.0409

PH YLLOSILICATE WEATHERING IN UNCONSOLIDATED
MATERIAL OF WISCONSIN AGE IN A HUMID TEMPERA.
TURE ENVIRONMENT ...Glacial, Infiltration, Other, Soil
Morphology, Profiles, 2.0801

CHARACTERIZATION OF THE PHYSICAL PROPERTIES OF
THE SOILS OF VIRGINIA ...Moisture Content, Permeability,
Soil Environment, Underground Waste Disposal, Water Table
Fluctuation, ...2.1106

Soil Weathering
CHEMICAL CHARACTER OF GROUND AND SURFACE

WATERS IN RELATION TO SOIL WEATHERING
PROCESSES ...Chemical-general, Groundwater, Movement,
Availability, Surface Water 2.0743

Soil Engineering Properties
Compressibility

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES ...Internal Water Movement, Radioisotopes, Subsur-
face Flow, 2.0147

Engineering Properties-general
PHYSICAL PROPERTIES OF IMPORTANT SOIL TYPES OF

VIRGINIA AS THEY RELATE TO WATER AND AIR
BEHAVIOR AND TILLAGE ...Moisture Content, Soil Structure,
Soil Tests, Soil Types, Storage of Water, Tillage, Cropping
Systems, ...2.1107

BASIC PRINCIPLES AND MECHANICS OF RAINFALL, RU-
NOFF, SOIL MOVEMENT AND LOSS IN THE CORN BELT
...Erosion-general, Runoff, Sediment Transport-general, Slopes,
Structure-size, Surface Flow, 2,0475

Flow
THE PROPERTIES OF CLAY-ADSORBED WATER ...Clay, Clay

Minerals-general, Moisture-other, 1.0050

Load Behavior
CHARACTERIZATION OF DYNAMIC PROPERTIES AND

PHYSICAL CONDITIONS OF SOIL IN RELATION TO TIL-
LAGE AND TRACTION ...Dynamic, Management Effects, Soil
Conditions, Soil Preparation & Renovation, Tillage, Cropping
Systems, ...2.0001

Stability
STORAGE AND MOVEMENT OF WATER IN SOILS AS RE-

LATED TO SPACIAL AND TIME CHANGES IN THE CLAY-
QUARTZ MATRIX ...Bonding, Chemical, Clay, Internal Water
Movement, Moisture Content, Soil Environment, 5.0612

MECHANICS OF SOIL EROSION BY WATER ...Erosion Control,
Erosion-general, Particle Surface, Rain-general, Thermal Proper-
ties-general, ...2.0457
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SOIL STRUCTURE - TILLAGE INTERACTIONS ...Deformation
Mechanics, Other Water Conditions, Rheological, Soil Environ-
ment, Soil-water-plant Relationships, ..2.0499

REACTIONS BETWEEN MINERAL AND ORGANIC COM-
PONENTS IN SOIL. ...Mineralogy, Moisture Retention, Organic
Content, Soil Chemical Properties, Soil Environment, -.3.0423

Soil Environment
MOISTURE RESPONSE OF SOILS Capillarity, Louisiana,

Techniques & Instrumentation, ...2.0550
ESTIMATE OF ACTUAL DAILY EVAPOTRANSPIRATION AS

A FUNCTION OF SOIL WATERFLOW, PLANT CANOPY
AND POTENTIAL EVAPOTRANSPIRATION ...Evapotranspira-
tion, Groundwater Movement, Internal Water Movement,
...2.1163

NUCLEAR TECHNIQUES IN SOILS HYDROLOGY, SNOW
GAGING, AND RELATED APPLICATIONS ...Gaging, General,
Hydrology-general, Radioisotopes, Soil-water-plant Relationships,
1.0007

UREA TRANSFORMATIONS AND RETENTION IN FLOODED
SOILS ...Drainage, Fertilizer Losses, Nitrogen, Soil and Rock
Leaching, ...4.0123

THE EFFECTS OF SALINE IRRIGATION WATER ON SODIUM
ACTIVITIES AND PHYSICAL PROPERTIES OF LATOSOLIC
SOILS ...Hawaii, Irrigation, Irrigation-general, Saline and Alkaline
Soils, Salinity, ..3.0199

DRAINAGE INVESTIGATIONS OF PROPOSED IRRIGATED
SOILS IN ...Drainage, Irrigation-general, Permeability, 2.0974

CHARACTERISTICS OF SOILS UNDER SUSTAINED STRESS
...Clay, Creep and Rheology, Pore Water, Shear Strength, Soil
Testing-other, ...8.0007

STRATTON SAGEBRUSH HYDROLOGY STUDY ...Cover Crops,
Hydrology-general, Range, Runoff, Sediment Yield, ...2.0221

FRAIL LANDS STUDIES NEAR CISCO, UTAH (ABBREV)
...Erosion-general, Land, Sediment Yield, Tillage, Cropping
Systems, Utah, .4.0255

CORRELATION OF SOIL SURFACE AND RAINFALL-RUNOFF-
MOISTURE RELATIONSHIPS ON AGRICULTURAL
WATERSHEDS ON COASTAL PLAINS SOILS (ABBREV)
...Antecedent Moisture, Recharge -general, Runoff, Small
Watersheds, Water Yield, ...20002

ADSORPTION OF IONS IN TRACE, CONCENTRATIONS ON
SOIL AND SILT PARTICLES ...Adsorption Capacity, Adsorp-
tion-other, Radioisotopes, Size, Transfer Processes, 10349

INTERACTION OF INORGANIC AND ORGANIC FERTILIZER
MATERIALS WITH PESTICIDES AS RELATED TO WATER
QUALITY IN SOILS ...Fertilizers, 5.0051

CHEMICAL CONTAMINANTS FOUND IN SURFACE AND SUB-
SURFACE WATER AS RELATED To SOIL AND CLIMATIC
CONDITIONS ...Agricultural Chemicals-general, Hardness-
minerals, Pollutants - Path of , Runoff, Soil anti Rock Leaching,
5.0476

POLLUTION EFFECTS ON GROUND WATER RECHARGE IN
HAWAII ...Adsorption-absorption-other, Groundwater, Natural
Recharge, Pollutants - Path of , Pollution - Effects of , ...5.0313

STORAGE AND MOVEMENT OF WATER IN f )ILS AS RE-
LATED TO SPACIAL AND TIME CHANGES I 4 THE CLAY-
QUARTZ MATRIX ...Bonding, Chemical, Clay, Internal Water
Movement, Moisture Content, Stability, 5.0612

ENGINEERING PHASES OF LAND SHAPING FOR SOIL AND
WATER CONSERVATION ...Available Water, Conservation &
Management Eng, Nebraska, Runoff, Water Loss Control,
...3.0312

THE EFFECT OF TEMPERATURE ON WATER FLOW IN SOILS
..Boundary Process (moisture), Flow Characteristics -water, In-

ternal Water Movement, Subsurface Flow, Temperature, ...2.0679

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties, Electroosmosis, Infiltration,
Streaming Potential, Unsaturated Flow, Zeta Potential, ...2.0467

A STUDY OF THE MECHANISMS AND SUPPRESSION OF
EVAPORATION OF WATER FROM SOILS ...Evaporation, Soil
Physical Properties, Water Loss Control, 2.1039

DYNAMIC BEHAVIOR OF SOILS ...Deformation, Model Studies,
Shear Strength, Soil Dynamics, Soil Liquefaction, ...8.0284

OXYGEN STATUS OF SOIL AIR AND SOIL WATER AS IN-
FLUENCED BY OXYGEN TRANSFER THROUGH THE SOIL
PROFILE ...Activation Analysis, Moisture-other, Oxygen,
Polarography, Soil Chemical Properties, 2.0248

SOIL TEMPERATURE AS A CRITERION FOR ALLOCATING
WATER SUPPLY FOR CROP USE Arid and Desert, Moisture
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Content, Soil Moisture -non-specific, Temperature, Water Alloca-
tion, ..,2.0111

INVESTIGATION OF SEEPAGE REDUCTION BY NATURAL
PROCESSES IN IRRIGATION CANALS ,Canals, Irrigation-
general, Linings-pavings, Seepage, Tensiometer, .3.0207

THICKNESS OF SOIL SOLUM AS A PARAMETER OF PLANT-
AVAILABLE WATER STORAGE CAPACITY IN SOILS UN-
DERLAIN BY CARBONATE ROCKS .Chert, Interception,
Limestone - General, Seismographs, Storage of Water, -2.0699

CHARACTERISTICS OF THE SOIL MATRIX THAT AFFECT
WATER STORAGE AND MOVF.MENT -Clay, Quartz, Storage
of Water, Water Movement-general. 2.0664

PLANT SOIL MOISTURE ENVIRONMENT AND ITS EFFECT
ON WATER MOVEMENT INTO PLANT ROOTS ...Mathemati-
cal Analysis, Moisture Levels, Moisture Tension, Soil-water-plant
Relationships, -2.0521

IRRIGABILITY CLASSIFICATION OF NEW MEXICO SOILS AS
A GUIDE FOR WATER IMPORTATION ...Irrigation-general,
New Mexico, Soil Types, ...2.0773

QUANTIFICATION AND PREDICTION OF THE INFILTRATION
PHASE OF THE HYDROLOGIC CYCLE ...Hydrographs, Infil-
tration, Internal Water Movement, Mathematical Analysis,
-2.0468

MOISTURE USE ESTIMATION AND RELATIONSHIP
BETWEEN MOISTURE USE AND NITROGEN RESPONSE IN
W INTER WHEAT ...Economic Efficiency, Management,
Nitrogen, Wheat, -2.0518

DYNAMICS OF WATER INFILTRATION INTO SOIL AS
GOVERNED BY SURFACE CRUSTING AND SEALING -Infil-
tration, Moisture Tension, -2.0469

SORPTION AND MOVEMENT OF POLLUTED WATER IN SOIL
-Absorption, Fixation, Exchange, Internal Vater Movement,
Movement, Leaching, Persistence in Soils, Pollutants - Path of ,
Soil-water-plant Relationships, ..,5.0078

THE DISPOSITION OF PESTICIDES IN THE SOIL .,.Evaporation,
Microbial Degradation, Movement, Leaching, Soil and Rock
Leaching, -5.0004

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ,..Adsorption Capacity, Flow Characteristics -water, Inter-
nal Water Movement, Soil Physical Properties, Unsaturated Flow,
...2.0049

SOILS, PESTICIDES, AND THE QUALITY OF WATER .Aquatic
Or Soil-aquatic Cycles, Hawaii, Movement, Leaching, Triazines -
non-specific, Urea Cpds. -non-specific, -5.0044

IMPURITIES OF IRRIGATION WATERS AFFECTING SOIL
PROPERTIES ...Irrigation - general, Saline and Alkaline Soils,
Saline Soils, Use of Impaired Water, Water Quality-general,
-3.0043

IRRIGATION MANAGEMENT FOR CROPS ...Infiltration, Irriga-
tion-general, Management, Soil Compaction Or Density, -2.0090

PROPERTIES OF SOILS RELATED TO APPLIED STRESSES
...Moisture Tension, Soil Compaction Or Density, Soil Tests,
-2.0080

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Hysteresis, Internal Water Movement, Permeability,
Saturated-unsaturated, ...2.0094

SOIL MOISTURE DRYING CURVES-MANAGEMENT RELA-
TIONS ...California, Management, Moisture Content, Sequoia,
-6.0036

SOIL, PESTICIDES AND THE QUALITY OF WATER ...Aquatic
Or Soil-aquatic Cycles, Atrazine, Monuron, Movement, Leaching,
Pesticides, _5.0196

SOIL-PLANT-WATER RELATIONSHIPS ...Soil - water - plant Rela-
tionships, ..2.0241

CONSERVING SOIL MOISTURE BENEATH RED PINE BY
MEANS OF A FOLIAR SPRAY OF A STOMATA - CLOSING
CHEMICAL ...Liquids Or Sprays, Moisture Content, Pines, PMA
, Soils and Fertilizer, Transpiration. ...3.0153

PHOSPHORUS IN LAKE SEDIMENTS ...Aquatic Soils, Lakes,
Mineral Equilibria, Phosphorus, Temperature, -5.0210

CONSERVATION OF WATER RESOURCES THROUGH
MODIFICATION OF THE PHYSICAL AND CHEMICAL PRO-
PERTIES OF SOIL -Conservation-general, Persistence in Soils,
Sand, Storage of Water, Surfactants - Wetting Agents, ...2.0312

THE PERSISTENCE IN AN ERODED SOIL OF TILTH IM-
PROVEMENT ENGENDERED BY A SOD-BASED ROTATION
-Infiltration, Physical Properties-general, Soil Physical Properties,
Soil Tillage Methods - other, Tillage. Cropping Systems, ...2.0343

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Georgia,
Groundwater Movement, Movement. Leaching, Persistence in
Soils, Pesticides -non-specific, ..,5.0287
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SOILS, PESTICIDES AND THE QUALITY OF WATER ...Move-
ment, Leaching, Organic Matter, Organophosphorous Cpds. ,

Physical Property Effects, Soil and Rock Leaching, ...5.0325
GROWTH AND DEVELOPMENT OF NATIVE HARDWOODS

AND PINE .. Available Water, Growth, Pines, Soil Types, Soils
and Fertilizer, ..2.0430

EFFECTS OF SOIL MOISTURE STRESS ...Drought, Moisture
Deficiemy, Moisture Tension, Physiology, Plant Chemistry, Pines,
_2.0431

WEATHER INFORMATION FOR AGRICULTURE ...Applied Cli-
matology, General Synoptic Observations, Iowa, Moisture Con-
tent, Oats, ,2.0484

ECOLOGICAL STUDIES OF GRASSLANDS, ETC, ...Grasslands,
Kansas, Soil Moisture -non-specific, -2.0513

RELATION OF SOIL FERTILITY TO THE EXCHANGE COM-
PLEX ...Drainage, Fertilizer Losses, Mineral Nutrition, Missouri,
Soil pH , -5.0678

EFFECT OF POLLUTION ON THE QUALITY OF SURFACE
AND GROUND WATER RESOURCES ..Laboratory Analysis,
Pollution - Effects of , Training Grants, Fellowships, Water Quali-
ty Control-general, Water Reuse, -5.0703

CONSERVATION OF GROUNDWATER THROUGH REPLACE-
MENT OF PHREATOPHYTES WITH FORAGES .Conserva-
tion-general, Groundwater, Herbicides -non-specific, in Forages
and Pasture, Water Table - Depth of , -3.0318

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Bensu-
lide, Groundwater Me.iement, Management, Movement,
Leaching, 2,4-d, -5.0752

SOIL-PLANT-WATER RELATIONSHIPS -Irrigation-general, Soil
- Crop Relationships, Soil Morphology, Profiles, Yield, -2.0790

EQUIPMENT TO AGITATE POND SOILS FOR RELEASE OF
NUTRIENTS ...Aquatic Soils, Limestone - General, Nutrients,
Ponds, Technique Development, -5.0774

EVAPOTRANSPIRATION LOSSES AS RELATED TO SITE AND
VEGETATION DIFFERENCES ...Cover Crops, Evapotranspira-
tion, Forest Watersheds, Interception, Rhode Island, ...2.0939

SOIL, PLANT, AND METEOROLOGICAL FACTORS IN
DRAINAGE EVALUATION AND DESIG ...Applied Climatolo-
gy, Drainage, Drainage Engineering, Soil-water-plant Relation-
ships, ..,4.0213

SOIL MOISTURE EVAPORATION AND ITS CONTROL ...Al-
cohols, Antitranspirants, Evaporation, Organometallic, Soil Physi-
cal Properties, Tillage, Cropping Systems, Water Loss Control,
-2.0969

THE EFFECT OF BOLL MOISTURE STRESS ON DEVELOP-
MENT AND LINT QUALITY OF COTTON ...Climate-general,
Cotton, Floral, Growth, Israel, -3.0236

DEVELOPMENT OF METHODS FOR MEASURING PARTIAL
VAPOR PRESSURE OF SOIL WATER ...Krypton, Moisture Ten-
sion, Osmotic Pressure, Soil- water -plant Relationships, Technique
Development, Vapor Pressure, ..2.0495

FIXATION AND AVAILABILITY OF ADDED PHOSPHORUS IN
SOILS ...Absorption, Fixation, Exchange, Fertilizer Technology -
other, Phosphorus, -1.0053

SOIL STRUCTURE - TILLAGE INTERACTIONS ...Deformation
Mechanics, Other Water Conditions, Rheological, Soil-water-plant
Relationships, Stability, -2.0499

REACTIONS BETWEEN MINERAL AND ORGANIC COM-
PONENTS IN SOIL. ...Mineralogy, Moisture Retention, Organic
Content, Soil Chemical Properties, Stability, -3.0423

THE MANAGEMENT OF PONDEROSA PINE - NEW METHODS
OF THINNING DENSE STAGNATING SECOND GROWTH
STANDS -Fire Use for Silviculture, Pines, Soils and Fertilizer,
Timber Stand Improvement, _2.0065

DEVELOPMENT OF GROUND WATER CONTROL METHODS
FOR THE HEAVY SOILS OF THE LAJAS VALLEY ...Aquifers-
general, Groundwater, Hydrology-g-meral, Piczometry, Puerto
Rico, ...4.0209

SOIL MOISTURE DISTRIBUTION PATTERNS UNDER MI) "D
OAK FOREST ...Canopy & Overstory, Interception, MoisLare
Content, Oaks, Rhode Island, _2.0940

MICROBIOL ADSORPTION IN SOILS ...Adsorption Capacity,
Biological Pollutants -general, Electrical Properties, Microbiology
-soil, Percolation, ...2.0213

INVESTIGATION OF SOIL AND WATER LOSSES THROUGH
CROPPING SYSTEMS AND SOIL MANAGEMENT PRAC-
TICES ...Runoff, Soil - Crop Relationships. Surface Flow, Tillage,
Cropping Systems, -3.0195

EFFECTS OF TREE ROOTS ON HYDRAULIC CONDUCTIVITY
AND POROSITY OF FOREST SOILS IN THE ALLEGHENY-
CUMBERLAND PLATEAU ...Forests, Roots, Soil Compaction
Or Density, Soils and Fertilizer, Subsurface Flow, -2.0855



SUBJECT INDE Soil Loads

IRRIGATION FEASIBILITY ON THE DAYTON, AMITY, WOOD-
BURN, WILLAMETTE AND RELATED SOILS OF THE WIL-
LAMETTE VALLEY Benefit-cost Analysis, Irrigation-general,
Modified Water Use, Tillage, Cropping Systems, Water Costs,
...2.0888

WASTE DISPOSAL FROM FOOD PROCESSING PLANTS IN
SOUTH CAROLINA .,.Disposal Wastes, Food Processing Indus-
try, Percolation, Self-purification, .,.5.1104

SOIL MOISTURE STORAGE AND UTILIZATION. ...Available
Water, Modified Water Use, Moisture Levels, Soil-water-plant
Relationships, Storage of Water, 2.1037

THE ROLE OF SOIL STRUCTURE IN CROP PRODUCTION
AND METHODS FOR IMPROVING SOIL PHYSICAL CONDI-
TIONS ...Groundwater Movement, Management Effects, Plant
Residues, Humus, Compost, Soil Structure, Texas, 2.1055

PREDICTING SOLUTE MOVEMENT AND DISTRIBUTION IN
SOILS ...Hydrolysis, Infiltration, Salinity, Soil and Rock Leaching,
Subsurface Flow, 2.1043

THE EFFECT OF TILLAGE AND ORGANIC MULCHES UPON
SOIL MOISTURE MOVEMENT AND SOIL TEMPERATURES
IN THE LOWER RIO GRANDE ...Evaporation, High Temp. -
85f Or Above, Modified Water Use, Mulches -other, Tempera-
ture, 2.1056

MEASUREMENT OF RUNOFF AND SOIL LOSS DIFFERENCES
BETWEEN ESTABLISHED PLOTS ...Artesian Flow, Erosion-
general, Observation Wells, Runoff, Water Table Fluctuation,
_2.1019

CHARACTERIZATION OF THE PHYSICAL PROPERTIES OF
THE SOILS OF VIRGINIA ...Moisture Content, Permeability,
Soil Genesis, Underground Waste Disposal, Water Table Fluctua-
tion, 2.1106

PARTIAL CUTTINGS OF FOREST PLANTATIONS, INCLUDING
EFFECT OF GROUND VEGETATION ON SUPPLY OF SOIL
MOISTURE ...Consumptive Use, Cover Crops, Forests, Moisture
Competition, Soil-water-plant Relationships, 2.1168

ENVIRONMENTAL RADIATION STUDIES - EVALUATION OF
FISSION PRODUCT DISTRIBUTION AND MOVEMENT IN
TERRESTRIAL ENVIRONMENTS ,..Absorption, Fixation,
Exchange, Plants, Radioactive Contamination, Radioactivity-
general, Root Absorption, 1.0116

INFLUENCE OF VEGETATION IN SOIL MOISTURE FLOW
...Cover Crops, Groundwater Movement, Infiltratio.i, Tracers-
general, 2.0946

FROST SUSCEPTIBILITY CRITERIA Frost and Permafrost, Soil
Testing-other, ...2.0751

ION DISTRIBUTION AND WATER MOVEMENT IN SOILS ...In-
filtration, Internal Water Movement, Movement, Availability, Soil
Chemical Properties, Water Movement-general, 2.0188

WATER APPLICATION AND USE ON A RANGE WATER-
SPREADER ...Irrigation, Irrigation Engineering, Management and
Fertility, Surface Irrigation -general, Water Application Methods,
4.0056

GENERAL EVALUATION OF SOIL AND MOISTURE CONSER-
VATION TREATMENT PRACTICES ...Conservation-general,
Engineering structures-general, Erosion-general, Runoff, Sedi-
mentology-general, ...2.0185

EVAPOTRANSPIRATION THEORY AND MANAGEMENT
...Evapotranspiration, Heat Flow, Instrumentation-general, Inter-
nal Water Movement, Thermal Properties-general, 2.0036

GRAVITY FLOW OF WATER IN SOILS AND AQUIFERS OF
WESTERN KANSAS ...Aquifers-general, Gravitational Movement
-water, Kansas, Natural Recharge, Storage of Water, ...2.0502

INVESTIGATION OF EROSION AND TRACTIVE FORCES ON
CANALS OPEN AND CLOSED CONDUIT RESEARCH PRO-
GRAM ...Canals, Erosion-general, Lining, Linings-pavings, Trac-
tion, -.8.0035

EVALUATION OF CANAL SEALANTS -OPEN AND CLOSED
CONDUCT RESEARCH PROGRAM ...Canals, Dam, Canal,
Flume Studies, Sealant Materials, Seepage, 8.0085

DEVELOPMENT AND REFINEMENT OF METHODS FOP. PRE-
DICTING FIELD RUNOFF AND SOIL LOSS ...Conservation,
Erosion-general, Forecasting-prediction, Mathematical Analysis,
Runoff, Sediment Yield, Soil Erosion -non-specific; ...2.0477

MECHANICS AND PRINCIPLES OF WATER EROSION AND
THEIR A PPLICATION FOR EROSION CONTROL IN THE
SOUTriE,RN PLAINS ...Erosion-general, Great Plains Province,
Runoff, Soil Erosion -non-specific, 5.0435

GROUND WATER RECHARGE AND MANAGEMENT IN
CALIFORNIA ...Groundwater, Groundwater Basins, Percolation,
Recharge -general, Storage of Water, 4.0033

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
IN COASTAL REGIONS ...Climate, Energy-general, Evapotrans-
piration, Lysimeters, Moisture Tension, ...8.0012

PRINCIPLES AND PRACTICES FOR SALINITY CONTROL IN
THE SOIL-WATER-PLANT SYSTEM ...Drainage, Irrigation,
Salinity, Soil and Rock Leaching, Soil-water-plant Relationships,
...3,0083

WATER QUALITY, AND THE CHEMISTRY, MINERALOGY
AND BIOLOGY OF SALTAFFECTED SOILS ...Irrigation -
general, Mineralogy, Soil Conditions, Water Quality-general,
Water Reuse, 3.0084

WATER USE UNDER DRYLAND CONDITIONS IN COASTAL
VALLEYS OF CALIFORNIA Applied Climatology, California,
Modified Water Use, Moisture Content, Precipitation-general,
...3.0092

RELATION OF SALINITY TO STATE AND TRANSPORT OF
WATER AND IONS IN SOIL AND PLANTS ...Internal Water
Movement, Ion Transport and Elect. pot. , Natural Variation of
Water USE, Salinity , Soil-water-plant Relationships, .,.3.0085

Soil Erosion
DESIGN TO CONTROL EROSION IN ROADSIDE DRAINAGE

CHANNELS ...Design nit ;ria, Drainage, Erosion-general, Lining,
...2.0657

Soil Exploration
CORRELATION OF GROUND SUBSIDENCE FEATURES,

FOUNDATION FAILURES AND EARTH CRACKS WITH
WATER TABLE DRAWDOWN IN ALLUVIAL BASINS ...Allu-
vial Deposits, Drawdown, Foundations-general, Joints-fractures,
Soil Settlements, Subsidence, 3.0016

ENGINEERING CHARACTERISTICS OF THE BOTTOM SEDI-
MENTS OF GREAT SALT LAKE ...Engineering Structures-
general, Great Salt Lake, Soil - Bearing Capacity, Soil Test -
Insitu, Vane, 8.0294

SOIL SAMPLING MANUAL ...Disturbed/undisturbed, Handbooks,
Soil Sampling, Soil Test - Insitu, Soil Testing-general, ...8.0238

DRILL PERFORMANCE MONITOR ...Borehole Geophysics,
Drilling Operation, Foundations-general, Pressure, Temperature,
...8.0097

DEVELOPMENT OF NX BOREHOLE INSTRUMENT FOR
DEFORMATION MODULUS ...Borehole Geophysics, Deforma-
tion, Drilling and Coring, ...8.0047

Soil Fertility -non-specific
VEGETABLE CROPS FERTILIZER, PLANT NUTRITION, AND

IRRIGATION PROBLEMS ...Aerial, Irrigation, Irrigation-general,
Oregon, Root, ...2.0895

FERTILIZER REQUIREMENTS OF CROPS GROWN IN DIF-
FERENT CROPPING SYSTEMS ...Alfalfa, Corn, Cotton, Irriga-
tion, Tillage, Cropping Systems, 2.1045

THE EFFECTS OF IRRIGATION AND FERTILIZATION UPON
A PONDEROSA PINE FOREST STAND ...Irrigation, Quality -
non- specific, Soils and Fertilizer, Washington, ...2.1125

Soil Liquefaction
R.I.-LIQUEFACTION OF SAND DUE TO LONG TERM, SMALL

AMPLITUDE VIBRATIONS ...Linear, Sand, Saturated-unsatu-
rated, Shearing, Soil Dynamics, ...7.0045

DYNAMIC BEHAVIOR OF SOILS ...Deformation, Model Studies',
Shear Strength, Soil Dynamics, Soil Environment, 8.0284

STUDY OF LIQUEFACTION OF SATURATED SANDS
...Earthquakes, India, Sand, Saturated-unsaturated, Soil Dynamics,
...8.0184

LIQUEFACTION STUDIES OF TENUGHAT DAM SAND
...Earthquakes, India, Pore Water, Sand, Soil Dynamics, Soil Set-
tlements, ...8.0185

LIQUEFACTION STUDIES OF UKAI DAM SAND ...Dams,
Earthquakes, India, Sand, Soil Dynamics, ...8.0186

EFFECTS OF EARTHQUAKES ON SOIL PERFORMANCE
...Earthquakes, Foundations-general, Pore Water, Soil Dynamics,
Triaxial, 8.0061

Soil Loads

Dynamic
CHARACTERIZATION OF WATER TABLES IN OREGON

SOILS WITH REFERENCE TO TRAFFICABILITY ...Moisture
Content, Rain-general, Static Load-general, Trafficability, Water
Table Fluctuation, 2.0887
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Soil Loads SUBJECT INDEX

CHARACTERIZATION OF DYNAMIC PROPERTIES AND
PHYSICAL CONDITIONS OF SOIL IN RELATION TO TIL-
LAGE AND TRACTION Load Behavior, Management Effects,
Soil Conditions, Soil Preparation & Renovation, Tillage, Cropping
Systems, 2.0001

Static
Static Load-general

CHARACTERIZATION OF WATER TABLES IN OREGON
SOILS WITH REFERENCE TO TRAFFICABILITY ...Dynamic,
Moisture Content, Rain-general, Trafficahility, Water Table Flue-
tuation, 2.0887

Soil Management & Reclamation
Conservation

MOUNTAIN MEADOW RESTORATION ...Agricultural Land Use
Effects, Conservation-general, Management and Fertility, Moun-
tains-alpine, Other Water Conditions, 4.0166

INTERAGENCY FRAIL LANDS STUDY - MONTANA IV,
WATER QUANTITY MANAGEMENT ...Erosion-general, Mon-
tana, Runoff, Slopes, Soil Erosion -non-specific, 4.0161

RUNOFF FROM SMALL AGRICULTURAL AREAS IN ILLINOIS
..Agricultural Watersheds, Conservation & Management Eng, Il-

linois, Runoff, 3.0220
EVALUATION OF SOIL AND WATER CONSERVATION

DESIGN ...Conservation & Management Eng, Conservation-
general, Drainage Systems, Soil Preparation & Renovation,
_2.0800

SOIL SURFACE MANAGEMENT PROCEDURES FOR SOIL
AND WATER CONSERVATION Conservation-general, Plant
Residues, Humus, Compost, Tillage, Cropping Systems, Yield,
...2.0878

SOIL CONSERVATION AND FERTILITY OF RED CLAY AND
PRAIRIE SOILS OF WISCONS ...Clay, Water Loss-other,
3.0490

COOPERATIVE RESEARCH ON SOIL AND WATER MANAGE-
MENT OF DRY-FARM (MAINLAND AND RELATED LANDS
...Dry Farming, Management, Moisture Levels, Movement,3Availability, .0090

PREDICTING RUNOFF AND GROSS EROSION FROM FARM-
LAND AND DISTURBED AREAS ...Agricultural Watersheds,
Conservation - general, Erosion-general, Forecasting - prediction,
Runoff, ...3.0224

THE ECONOMICS OF LAND UTILIZATION .Economics-
general, Kansas, Land, Land Use, ...6.0235

GRADED FURROWS FOR RUNOFF AND EROSION CONTROL
...Costs, Erosion-general, Runoff, Soil Preparation & Renovation,
3.0445

SEDIMENT PRODUCTION YIELD AND DELIVERY RATE IN
RELATIONS TO CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Land Use, Sediment Yield, Small Watersheds, Tex-
as, 2.1018

EFFECT OF CONSERVATION PRACTICES ON HYDROLOGY
AND SEDIMENTATION RATES ...Land Use, Pennsylvania, Rate
of Deposition, Small Watersheds, ...4.0204

CONTROL OF EROSION AND SEDIMENTATION ASSOCIATED
BUILDING AND LOGGING ...Erosion-general, Forest
Watersheds, Logging, Transport, Equipment, Sediment Yield,
Streams, ...2 .0027

DEVELOPMENT OF SPECIAL REHABILITATION
TECHNIQUES AND FOREST MANAGEMENT PRACTICES
FOR USE ON SEVERELY ERODED OR HIGHLY EROSIVE
'WATERSHED'S ...Cover Crops, Erosion-general, Floods, Runoff,
Site Index and Site Quality, ...2.0674

RUNOFF PRODUCTION BY UNIT SOURCE AREA FOR
AGRICULTURAL WATERSHEDS IN THE SOUTH Agricul-
tural Watersheds, Land Use, Precipitation -non-specific, Runoff,
Southern, ...2.0335

DETERMINATION AND EVALUATION OF FACTORS AFFECT-
ING WATER RUNOFF AND EROSION IN THE DIFFERENT
LAND RESOURCE AREAS OF THE NORTHEAST ...Erosion-
general, Management, Northeast, Runoff, Seedbed Preparation,
5.0489

EFFECTS OF SOIL, TOPOGRAPHY, CLIMATE, CROPPING
AND MANAGEMENT PROCEDURES ON RUNOFF AND
EROSION, AND ON THE PREDICTION OF SOIL LOSSES
...Rain, Runoff, Slope - Degree of , Tillage, Cropping Systems,
_2.0337

DEVELOPMENT OF SUPPORTING PRACTICES, SYSTEMS,
TECHNIQUES AND DEVICES FOR RUNOFF AND EROSION
CONTROL IN THE SOUTH ..,Conservation & Management Eng,
Erosion-general, Flow Characteristics -water. Land Use, Runoff,
Tillage, Cropping Systems, 5.0275

DEVELOPMENT AND REFINEMENT OF METHODS FOR PRE-
DICTING FIELD RUNOFF AND SOIL LOSS Erosion-general,
Forecasting-prediction, Mathematical Analysis, Runoff, Sediment
Yield, Soil Environment, Soil Erosion -non-specific, 2.0477

EROSION AND RUNOFF CONTROL PRACTICES AND
SYSTEMS TO CONSERVE SOIL AND WATER RESOURCES
IN THE PACIFIC NORTHWEST ...Conservation-general, Design
Flow-flood, Erosion-general, Runoff, Southern, 4.0087

Cover Crops
EROSION CONTROL STUDY ...Drainage, Erosion Control, Soil

Erosion - non - specific, _2,0532

ROADSIDE DEVELOPMENT AND BEAUTIFICATION
Aesthetic, Erosion-general, Plant Growth, Roads and Highways,
_2.0109

COOPERATIVE RESEARCH PROJECT IN WESTERN NORTH
CAROLINA ...Agricultural Watersheds, Agriculture Industry,
Land Use, Modified Water Use, North Carolina, 2.0830

BADGEk WASH COOPERATIVE STUDY Erosion-general,
Forest Grazing, Runoff, ;,pediment Yield, Water Cycle, 2.0176

AN ANALYSIS OF THE VEGETATION AND SOIL CHARAC-
TERISTICS OF RANGE WATERSHEDS IN NEVADA ...Infiltra-
tion, Mapping, Runoff, Soil-water-plant Relationships, Species and
Species Evaluation, 2.0740

EFFECTS OF PINYON-JUNIPER CONVERSION ON
WATERSHED VALUES IN UTAH ...Forest Watersheds, Ju-
niperus, Moisture Budgets, Pines, Water Balance-budget, 2.1067

STRATTON SAGEBRUSH HYDROLOGY STUDY ...Hydrology-
general, Range, Runoff, Sediment Yield, Soil Environment,
_2.0221

DETERMINE ECOLOGICAL CHANGES RESULTING FROM IM-
r..ANDMENT ...Flooding, Freshwater Ecology, Mapping, Plant
Succession, Reservoirs and Impoundments, Water Level Fluctua-
tion, 6.0355

EFFECTS OF WATERSHED MANIPULATION ON DEER AND
ELK USE .Habitat Studies, Management, Population Dynamics,
Water Yield, Watersheds-general, ...4.0003

FACTORS AFFECTING WATER YIELD FROM SMALL
WATERSHEDS IN TENNESSEE ...Correlation, General Synoptic
Observations, Small Watersheds, Tennessee, Water Yield,
_4.0224

DEVELOPMENT OF ECONOMIC WATER HARVEST SYSTEMS
FOR INCREASING WATER SUPPL ...Arizona, Economic Effi-
ciency, Erosion-general, Saline Soils, Water Harvesting, ..3.0012

EFFECT OF RANGE MANAGEMENT ON INFILTRATION, RU-
NOFF, AND EROSION ...Infiltration, Management and Fertility,
Runoff, 2.0105

TEMPORARY LININGS FOR WATERWAYS AND EMBANK-
MENTS ...Design Criteria, Embankments, Erosion Control,
Florida, Hydrology-general, Lining, -.3.0178

ESTIMATING SOIL MOISTURE FROM METEOROLOGICAL
MEASUREMENTS ...Evapotranspiration, General Synoptic Ob-
servations, Indiana, Moisture-other, Soil Types, ...2.0474

FOREST COVER ...Forest Watersheds, Forests, Interception, Mis-
souri, Soils and Fertilizer, 4.0156

DETACHABILITY OF SOIL PARTICLES ...Management Effects,
Nebraska, Rain, Soil Analysis, ..,2.0723

EVAPOTRANSPIRATION LOSSES AS RELATED TO SITE AND
VEGETATION DIFFERENCES ...Evapotranspiration, Forest
Watersheds, Interception, Rhode Island, Soil Environment,
,2.0939

HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS ...Agricultural Watersheds, General Synoptic Ob-
servations, Groundwater, Management, Piedmont Province, Soil-
water-plant Relationships, Water Yield, 2.0958

DIFFERENCE IN EFFECTS OF FOREST AND OTHER VEGETA-
TIVE COyERS ON WATER YIELD ...Evapotranspiration, Israel,
Moisture Tension, Precipitation -non-specific, Water Yield,
...3.0235

INFILTRATION CAPACITIES UNDER VARIOUS VEGETATION
TYPES AS INFLUENCED BY WATERSHED MANAGEMENT
PRACTICES ...Environment, Infiltration, Management, Water
Yield, Watersheds-general, 4.0013
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SUBJECT INDEX Soil Management & Reclamation
MOISTURE CONTENT OF VARIOUSLY TREATED CHAPAR-

RAL SOILS IN RELATION TO SEEDLING ESTABLISHMENT
OF ADAPTED PERENNIAL GRASSES ,..Adaptation, California,
Grasses -non-specific, Moisture Tension, Soil-water-plant Relit-
ionships,, 2.0142

WATERSHED VALUES AS AFFECTED BY FOREST MANAGE..
MENT ...Erosion - genera!, Forest Watersheds, Forests, Moisture
Content, Runoff, Swamps - marshes, ..4.0142

ESTABLISHMENT AND MAINTENANCE OF VEGETATION ON
HIGHWAY RIGHTS-OF-WAY ...Erosion Control, Highway Sites,
Plant Growth, Right-of-way, Roads and Highways, .2.1035

THE ROLE OF VEGETATION AND SOIL IN WATERSHED
YIELD ...Dendroclimatology, Soil Properties - General, Soil-
water-plant Relationships, Water Balance-budget, Water Yield,
Watersheds-general, 4.0256

PARTIAL CUTTINGS OF FOREST PLANTATIONS, INCLUDING
EFFECT OF GROUND VEGETATION ON SUPPLY OF SOIL
MOISTURE ...Consumptive Use, Forests, Moisture Competition,
Soil Environment, Soil-water-plant Relationships, ..,2.1168

INFLUENCE OF VEGETATION IN SOIL MOISTURE FLOW
.Groundwater Movement, Infiltration, Soil Environment,
Tracers-general, 2.0946

UPPER BEAR CREEK EXPERIMENTAL PROJECT ...Alabama,
Discharge-general, Forecasting-prediction, Small Watersheds.
Technique Development, ..2.0987

VEGETATION MANIPULATION EFFECTS ON RUNOFF -
SYCAMORE CREEK, ARIZ ..Conservation - general, Runoff,
Sediment Yield, Water Yield, Watersheds-general, 3.0008

WEED CONTROL AND REVEGETATION ...Control and Protec-
tion, Plant Pollutants, Rio Grande River, Weed Control -other,
3.0119

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN RIVER BASINS ..,Artcmisia, Erosion-general, Forest
Watersheds, Management, Soil-water-plant Relationships, Water
Yield, 3.0495

DEVELOPMENT OF SPECIAL REHABILITATION
TECHNIQUES AND FOREST MANAGEMENT PRACTICES
FOR USE ON SEVERELY ERODED OR HIGHLY EROSIVE
WATERSHEDS Conservation, Erosion-general, Floods, Runoff,
Site Index and Site Quality, .2.0674

WATER YIELD IMPROVEMENT FROM SOIL TREATMENTS
AND PLANT-COVER ALTERATIONS (ABBREV) Precipita-
tior -non-specific, Soil Management -other, Soil-water-plant Rela-
tionships, Water Yield, Watersheds-general, ...4.0249

Drainage
UREA TRANSFORMATIONS AND RETENTION IN FLOODED

SOILS ...Fertilizer Losses, Nitrogen, Soil and Rock Leaching, Soil
Environment, 4.0123

PHYSICAL, CHEMICAL AND MICROBIOLOGICAL FACTORS
AFFECTING THE DISCHARGE OF WA -I ER INTO DRAIN
TILE ...Drainage Engineering, Water Proraties-general, ..,2.0145

SOIL DRAINAGE ...Amount, Ncw Jersey, Soil Morphology,
Profiles, Water Table Fluctuation, 4.0171

DRAINAGE DESIGN IN RELATION TO SOIL SALINITY
.California, Drainage Engineering, Movement, Availability,
Saline And Alkaline Soils, Soil and Rock Leaching, 3.0046

THE PROCESSES AND CONDITIONS CONTRIBUTING TO THE
ACCUMULATION OF NUTRIENTS IN DRAINAGE WATER
FROM IRRIGATED AREA AND SOIL RECLAMATION
Boron, Nitrogen, ...4.0027

DRAINAGE REQUIREMENTS AND PRACTICES FOR CROP
PRODUCTION ...Virginia, 4.0266

DRAINAGE SYSTEMS FOR THE IMPERIAL VALLEY ...Analog
Computers, Digital Computers, Groundwater Movement, 4.0026

Erosion Control
Erosion -other

DESIGN, INSTALLATION, AND MAINTENANCE OF SURFACE
AND SUBSURFACE DRAINAGE SYSTEMS WITH OR
WITHOUT LANDFORMING AND CONDITIONING ...Drainage,
Drainage Engineering, Runoff, Southern, Tillage, Cropping
Systems, ...4,0081

Gully Or Channel Erosion
WATER YIELD IMPROVEMENT IN THE SNOWPACK TIMBER

ZONE, RUNOFF FROM RANGELANDS ...Erosion-general,
Mountains-alpine, Radiation-general, Snowmelt, Water Yield,
...3.0143

Soil Erosion -non-specific
EROSION CONTROL STUDY ...Cover Crops, Drainage, Erosion

Control, ...2.0532
INTERAGENCY FRAIL LANDS STUDY - MONTANA IV.

WATER QUANTITY MANAGEMENT ...Conservation, Erosion-
general, Montana, Runoff, Slopes, .4.0161

RELATIONSHIP BETWEEN THE ERODIBILITY OF SOILS AND
THE SEDIMENTATION RATE OF RESERVOIRS ,..Erosion-
general, Physical Properties-gencrai, Rate of Deposition, Reser-
voirs and Impoundments, Sediment Yield, 2,0463

ENGINEERING DESIGN CkITERIA FOR SOIL AND WATER
MANAGEMENT .Conservation & Management Eng, Manage-
ment, Soil Preparation & Renovation, 6,0002

SOIL AND WATER CONSERVATION MA NGEMENT ...Conser-
vation-general, Erosion-general, Tillage, Cropping Systems, Yield,
4.0150

SOD AND STUBBLE MULCH PLANTING - VEGETATION CON-
TROL ...Evaporation, Management, Runoff, Southeast, Stubble
Mulching, ...2,0827

LONG TERM CHANNEL CHANGES ...Channels, Cross-section,
Gaging, Morphology-general, 2.0284

SEDIMENTATION IN SMALL FORESTED DRAINAGE BASINS
.Forest Watersheds, Logging, Transport, Equipment, Oregon,

Runoff, ...2.090I
CONTROLLING WEEDS ON DITCHBANKS AND OTHER NON-

CROP AREAS ...Biocontrol, Persistence in Soils, Physical Con-
trol, Phytotoxicity, ...5.1328

DEVELOPMENT AND REFINEMENT OF METHODS FOR PRE-
DICTING FIELD RUNOFF AND SOIL LOSS ...Conservation,
Erosion-general, Forecasting-prediction, Mathematical Analysis,
Runoff, Sediment Yield, Soil Environment, ...2.0477

MECHANICS AND PRINCIPLES OF WATER EROSION AND
THEIR APPLICATION FOR EROSION CONTROL IN THE
SOUTHERN PLAINS .,.Erosion-general, Great Plains Province,
Runoff, Soil Environment, 5.0435

FUNDAMENTAL ASPECTS OF WATER EROSION IN THE
PACIFIC NORTHWEST ...Erosion-general, Infiltration, Per-
mafrost-frozen, Southern, Synthetic Hydrology-general, 2.0389

Wind Erosion
DRYLAND SOIL MANAGEMENT ...Colorado, Evapotranspira-

tion, Management Effects, Modified Water Usc, Soil-water-plant
Relationships, Tillage, Cropping Systems, ...2.0208

DRYLAND SOIL MANAGEMENT ...Conservation & Management
Eng, Erosion-gerwal, Soil Preparation & Renovation, 4.0111

EVALUATION OF CLIMATIC, TOPOGRAPHIC, SOIL AND
CROP MANAGEMENT FACTORS IN RELATION TO WATER
MANAGEMENT AND EROSION CONTROL IN THE CORN
BELT ...Climate, Corn Belt, Erosion-general, Runoff, Slopes,
...2.0476

WATER AND WIND EROSION AND ITS CONTROL ON IR-
RIGATED AND NONIRRIGATED LANDS IN THE
NORTHERN PLAINS ...Erosion-general, Great Plains Province,
Irrigation-general, Runoff, Soil Tillage Methods -other, ...5.0195

Forests
FOREST COVER ..,Cover Crops, Forest Watersheds, Interception,

Missouri, Soils and Fertilizer, 4.0156
WATER CONTROL FOR FOREST PRODUCTION ...Drainage, Ir-

rigation- general, Moisture Content, Palms, Water Table Fluctua-
tion, 2.0314

WATERSHED VALUES AS AFFECTED BY FOREST MANAGE-
MENT ...Cover Crops, Erosion-general, Forest Watersheds,
Moisture Content, Runoff, Swamps-marshes, _4,0142

THE IMPROVEMENT OF SOILS DEVELOPED UNDER FOREST
VEGETATION ...Mineralogy, Minnesota, Soil Morphology,
Profiles, Soils and Fertilizer, 10662

EFFECTS OF TREE ROOTS ON HYDRAULIC CONDUCTIVITY
AND POROSITY OF FOREST SOILS IN THE ALLEGHENY-
CUMBERLAND PLATEAU ...Roots, Soil Compaction Or Densi-
ty, Soil Environment, Soils and Fertilizer, Subsurface Flow,
2.0855

PARTIAL CUTTINGS OF FOREST PLANTATIONS, INCLUDING
EFFECT OF GROUND VEGETATION ON SUPPLY OF SOIL
MOISTURE ...Consumptive Use, Cover Crops, Moisture Com-
petition, Soil Environment, Soil-water-plant Relationships,
...2.1168

HYDROLOGY AND MANAGEMENT OF WETLAND FORESTS
...Soils and Fertilizer, -.3.0431
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Irrigation
HYDRAULIC OPERATING CHARACTERISTICS OF LOW

GRADIENT BORDER SYSTEMS PHASE II ...Border Irrigation,
Infiltration, Irrigation Engineering, Water Application Methods,
...3.0139

QUALITY OF IRRIGATION RETURN FLOW Internal Water
Movement, Irrigation-general, Saline and Alkaline Soils, Salinity,
Water Quality-general, ...5.I 196

LYSIMETER INVESTIGATIONS OF GAINS AND LOSSES OF
MINERAL ELEMENTS ...Lysimeters, Mineralogy, Soil and Rock
Leaching, 2.0144

SOIL PHYSICAL CONDITIONS IN RELATION '1'0 IRRIGATION
...Aggregates-other, Furrow Irrigation, Moisture Retention,
Moisture Tension, Physical Properties-general, Sprinkler Irriga-
tion, 2.0146

INFLUENCE OF IRRIGATION PRACTICES ...Soil Structure,
2.0210

WATER REQUIREMENTS OF CROPS ...Climate-general, Irriga-
tion-general, Management, Moisture Content, Requirements for
Water, Soil-water-plant Relationships, 2.0654

DRAINAGE OF PROPOSED IRRIGATED SOILS IN OAHE UNIT
,..Drainage Engineering, Soil-water-plant Relationships, ...4.0217

LOW GRADIENT BORDER CHECK IRRIGATION ...Border Ir-
rigation, Management, Slope - Degree of , ...4.0063

SOIL MANAGEMENT INVESTIGATIONS ON IRRIGATED
LAND ,..Management, Rotations, Soil Analysis, Soil Comparison,
Tillage, Cropping Systems, Water Appftation Methods, ...4.0114

FARM IRRIGATION EFFICIENCY AS INFLUENCED BY
DESIGN, CONSTRUCTION, AND OPERATION OF IRRIGA-
TION SYSTEMS IN SOUTHWESTERN NEW MEXICO ...Irriga-
tion Engineering, Irrigation-general, New Mexico, Rhizosphere,
2.0775

THE ADAPTATION OF SPRINKLER IRRIGATION TO SOILS OF
LOW INTAKE RATE ...Absorption, Fixation, Exchange,
Moisture Content, Sprinkler Irrigation, Water Application
Methods, ...3.0402

THE INVESTIGATION OF SOIL PROBLEMS IN RELATION TO
IRRIGATION DEVELOPMENT IN SUBHUMID AREAS ...Soil-
water-plant Relationships, Sub - Humid, ...2.0967

EVAI.,UATION OF SUBIRRIGATION FOR CROP PRODUCTION
...Irrigation Engineering, ...2.1036

THE EFFECTS OF SWEETCLOVER, NITROGEN, SUPPLEMFN-
TAL IRRIGATION, AND PLANT POPULATION ON GRAIN
SORGHUM YIELDS OF BLACKLAND SOILS ...Milo and Grain
Sorghum, Sweet Clover, ...2.102S

EFFECT OF VARIOUS IRRIGATION TECHNIQUES ON SOIL
AERATION, SOIL STRUCTURE, AND CROP RESPONSE
...Soil Aeration, Soil Structure, ...2.1070

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
IRRIGATION RETURN FLOWS Effluents-waste Water,
Groundwater, Streams, Surfaec Vt'atez, Water Quality-general,
_5.0909

IRRIGATION REQUIREMENTS, PRACTICES AND METHODS
OF APPLICATION FOR EFFICIENT PRODUCTION OF
CROPS IN THE SOUTHEAST ...Foil -water -plant Relationships,
3.0191

IRRIGATION PRACTICES, REQUIREMENTS AND DESIGN
CRITERIA FOR EFFICIENT USE OF WATER AND
SUSTAINED CROP PRODUCTION IN THE NORTHERN
PLAINS ...Irrigation Engineering, ...3.0142

IRRIGATION REQUIREMENTS, PRINCIPLES AND PRACTICES
FOR EFFICIENT USE OF WATER IN THE PACIFIC
NORTHWEST ...Evapotranspiration, Irrigation- general, Manage-
ment, Physical Property Effects, Southern, 3.0203

UNDERSTANDING AND IMPROVING SOIL-PLANT-AT-
MOSPHERIC RELATIONSHIPS FOR MORE EFFICIENT
UTILIZATION OF WATER ...MN:rometeorology, Root Absorp-
tion, Soil-water-plant Relationships, 2.0057

Mulches
Mulches -other

A DEMONSTRATION PLANT EVALUATION OF FOUR
METHODS FOR PULP AND PAPER MILL SLUDGE UTILIZA-
TION AND DISPOSAL ...Disposal, Disposal Wastes, Pulp and
Paper Wastes, Pulp, Paper , and Logging, Pulp, Pulping & Com-
posite, 5.0152

WATER ABSORPTION BY ASPARAGUS ...Modified Water Use,
Root Absorption, Soil-water-plant Relationships, Tillage,
Cropping Systems, 2.0252

EFFECT OF WATER APPLICATIONS TO SOD AND MULCH
UPON QUALITY ATTRIBUTES OF APPLE FRUITS ...Apples,
Irrigation, Quality -non-specific, Sprinkler Irrigation, Storage
Changes, Trees, _2.0853

THE EFFECT OF TILLAGE AND ORGANIC MULCHES UPON
SOIL MOISTURE MOVEMENT AND SOIL TEMPERATURES
IN THE LOWER RIO GRANDE ...Evaporation, High Temp. -
85f Or Above, Modified Water Use, Soil Environment, Tempera-
ture, 2.1056

Roads and Highways
ROADS;DE DEVELOPMENT AND BEAUTIFICATION

...Aesthetic, Cover Crops, Erosion-general, Plant Growth,
_2.0109

PREPARATION OF A HIGHWAY DRAINAGE POLICY STATE-
MENT AND PRACTIVE MANUAL FOR THE STATE OF IL-
LINOIS ...Design Criteria, Drainage, Drainage Systems, Hand-
books, Illinois, Water Law-general, ...6 .020J

ESTABLISHMENT AND MAINTENANCE OF VEGETATION ON
HIGHWAY RIGHTS-OF-WAY ...Cover Crops, Erosion Control,
Highway Sites, Plant Growth, Right-of-way, 2.1035

Saline and Alkaline Soil
'fliE EFFECTS OF SALINE IRRIGATION WATER ON SODIUM

ACTIVITIES AND PHYSICAL PROPERTIES OF LATOSOLIC
SOILS ...Hawaii, Irrigation, Irrigation-general, Salinity, Soil En-
vironment, ...3.0I99

RECLAMA noN AND MANAGEt4ENT OF SOILS ON IRRIGA-
BLE LAND (MONTANA) Internal Water Movement, Irriga-
tion, Management, Saline Soils, Velocity -water, ..A.0159

STUDIES IN SOILS AND AGRONOMIC PRACTICES -
SHOSHONE PROJECT, WYOMING ...Air - Water - Plant Rela-
tions, Big Horn, Management, Physical Properties-general, Rates
Or Levels of Application, ...3.0494

EFFECTS OF MARGINAL QUALITY IRRIGATION WATER ON
THE ACCUMULATION OF SALTS AND ALKALI IN SOUTH
DAKOTA SOILS Irrigation-general, Saline Soils, Soil pH ,

South Dakota, Use of Impaired Water, _3.0434
QUALITY OF IRRIGATION RETURN FLOW ...Internal Water

Movement, Irrigation, Irrigation-general, Salinity, Water Quality-
general, ...5.1196

SOILS AND NUTRIENT CULTURE EXPERIMENTS TO DETER-
MINE THE EFFECTS OF VARIABLE SALINITY CONDITIONS
ON CITRUS BEHAVIOR ...Citrus, Irrigation, Saline Soils, Salini-
ty, Trees, 3.0086

IMPURITIES OF IRRIGATION WATERS AFFECTING SOIL
PROPERTIES Irrigation-general, Saline Soils, Soil Environment,
Use of Impaired Water, Water Quality-general, ...3.0043

EFFICIENT ESTABLISHMENT AND PRODUCTION OF
FORAGE CROPS ON IRRIGATED LANDS ...Irrigation,
Management, Soil-water-plant Relationships, Space Competition,
Yield, ..2.0733

RECLAMATION OF SALTY LANDS IN PUERTO RICO ...Puerto
Rico, Saline Properties, Sodium, Soil Amendments, Soil and Rock
Leaching, ...3.0426

MANAGEMENT OF SALINE WATER FOR CROP PRODUC-
TION ...Arizona, Brackish Water, Management, Use of Impaired
Water, Water Quality-general, 3,0014

DRAINAGE DESIGN IN RELATION TO SOIL SALINITY
...California, Drainage, Drainage Engineering, Movement, Availa-
bility, Soil and Rock. Leaching, 3.0046

IMPROVEMENT OF IRRIGATION MANAGEMENT AND
SALINITY CONTROL IN THE IMPERIAL VALLEY.
...Drainage, Drainage Engineering, Management, Sprinkler Irriga-
tion, Water Table Fluctuation, 3.0048

RELATIONSHIP BETWEEN IRRIGATION WATER COMPOSI-
TION AND SOIL PROPERTIES ...California, Clovers -red,al-
sike,ladino... , Irrigation-general, Movement, Availability, Salinity,
3.0034

FEASIBILITY OF THE ESTABLISHMENT OF PERMANENT
SALINE -TYPE AGRICULTURE ON ALLUVIAL SOILS OF
THE PECOS RIVER VAL!. EY OF TEXAS ...Irrigation, Irriga-
tion- general, Soil Chemical Properties, Soil Conditions, Soil-
water-plant Relationships, Texas, 3.0447

THE IMPROVED USE OF WET AND SALTED SOILS FOR
FORAGE PRODUCTION ...Cultivation Methods, Ns, Excessive
Moisture, Management, Saline Soils, Utah, ...3.0474

IRRIGABLE LAND SUITABILITY STUDY ...Analog Computers,
Irrigatian-general, Percolation, Water Quality-general, ...6.0092

EFFECTS OF USING SALINE AND INDUSTRIAL WASTE
WATERS ON YIELD AND QUALITY OF PLANTS ...Brackish
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Water, Industrial Wastes, Irrigation, Irrigation-general, Soil and
Rock Leachinzt, Soil-water-plant Relationships, -3.0258

THE EFFECT OF BRACKISH WATER ON PLANTS AND SOIL
IN THE SOUTH ...Brackish Water, Irrigation, Soil-water-plant
Relationships, Southern, -3.0192

IMPROVEMENT AND MANAGEMENT OF SALINE AND
SODIC SOILS OF THE NORTHERN PLAINS Growth Rate,
Saline Soils, Soil - Alkaline, Soil Amendments, -3.0385

SALINE AND SODIC SOILS AND IRRIGATION WATER CUALI-
TY PROBLEMS IN THE RIO GRANDE RIVER BASIN ...Irriga-
tion-general, Management, Saline Soils, Soil and Rock Leaching,
Water Quality-general, Yield, -3.0466

SURFACE AND SUBSURFACE IRRIGATION SYSTEMS FOR
COASTAL CALIFORNIA ...Agricultural Watersheds, Citrus,
Salinity, Subsurface Irrigation, Surface Irrigation -general,
-3.0091

MOVEMENT OF WATER AND AIR TO AND INTO PLANT
ROOTS IN SOILS OF THE GREAT BASIN ...Air - Watcr - Plant
Relations, Root Absorption, Soil Amendments, Soil Analysis, Soil -
water -plant Relationships, -2.0729

Soil Management -non-specific
CHEMISTRY OF BORON IN CALIFORNIA SOILS ...Absorption,

Fixation, Exchange, Boron, Phytotoxic, Soil Amendments, Soil
and Rock Leaching, Soil Morphology, Profiles, -5.0080

BORON CHARACTERISTICS AND RECLAMATION NEEDS OF
SOILS IN WESTERN KERN COUNTY -Boron, ...3.0087

COAL STRIP MINE WATERSHED STUDY ...Aquatic Ecology,
Coal-general, Mining Activities, Pollution - Effects of , Stream
Rehabilitation, Strip Mines, -2.0980

SPECTRAL RECONNAISSANCE FOR DIAGNOSIS OF SOIL
AND WATER MANAGEMENT PROBLEMS ...Field, Manage-
ment, Reflectance, Remote Sensing, Soil-water-plant Relation-
ships, Spectral Reflectance, -3.0465

Soil Management -other
THE EFFECT OF BENCH LEVELING AND CONTRIBUTING

WATERSHED AREAS ON SOIL MOISTURE STORAGE AND
CROP YIELDS IN THE ROLLING PLAINS ...Agricultural
Watersheds, Clay, Conservation & Management Eng, Water
Costs, Yield, -3.0449

WATER YIELD IMPROVEMENT FROM SOIL TREATMENTS
AND PLANT-COVER ALTERATIONS (ABBREV) ...Cover
Crops, Precipitation -non-specific, Soilwater-plant Relationships,
Water Yield, Watersheds-general, -4.0249

Stubble Mulching
THE EFFECT OF SUBSOIL TREATMENT ON SOIL CONDI-

'T'IONS, CROP GROWTH, AND RUNOFF ...Modified Water
Use, Runoff, Soil Conditions, ...3.0222

Tillage, Cropping Systems
CULTURAL PRACTICES ON EASTGATE BASIN ...Cultivated

Soils, Moisture Content, Sediment Yield, Sheetfiow, Surface
Flow, ...4.0168

FRAIL LANDS STUDIES NEAR CISCO, UTAH (ABBREV)
...Erosion-general, Land, Sediment Yield, Soil Environment, Utah,
-4.0255

WATER MOVEMENT CONTROL AND CULTURAL PRAC-
TICES IN COTTON PRODUCTION ...Conservation & Manage-
ment Eng, Cotton, Management, Soil Tillage Methods -other, Sub
- Humid, Water Yield, -2.0003

DRYLAND SOIL MANAGEMENT ...Colorado, Evapotranspira-
tion, Management Effects, Mr Vied Water Use, Soil-water-plant
Relationships, Wind Erosion, 0208

WATER ABSORPTION BY ASPARAGUS ...Modified Water Use,
Mulches -other, Root Absorption, Soil-water-plant Relationships,
_2.0252

MANAGEMENT OF FLATWOOD SOILS ...Depth, Sand, Water
Table - Depth of , Water Table Fluctuation, -6.0153

THE PERSISTENCE IN AN ERODED SOIL OF TILTH IM-
PROVEMENT ENGENDERED BY A SOD-BASED ROTATION
...Infiltration, Physical Properties-general, Soil Environment, Soil
Physical Properties, Soil Tillage Methods -other, -2.0343

DEVELOPMENT OF LAND USE EQUATIONS FOR THE SLOP-
ING SOILS OF INDIANA ..Development of Models, Erosion-
general, Indiana, Land Use, Slopes, -2.0464

EFFECT OF SOIL DISTURBANCE ON THE PRESSURE HEAD
OF SOIL WATER ...Disturbed/undisturbed, Moisture Tension,
-2.0680
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SOIL AND WATER CONSERVATION MANAGEMENT .Conser-
vation-general, Erosion-general, Soli Erosion -non-specific, Yield,
-4.0150

FERTILITY RUNOFF ...Erosion-general, Irrigation, Runoff,
-4.0154

ENGINEERING AND AGRONOMIC STUDIES ASSOCIATED
WITH LAND SHAPING, ETC. ...Conservation & Management
Eng, Erosion-general, Nebraska, Water Loss Control, ...4.0163

EVALUATION OF EXTENSIVE IRRIGATION ...Automated
Equipment, Economic Efficiency, Irrigation Engineering, Runoff,
Sprinkler Irrigation, -3.0;391

DEVELOPMENT OF TILLAGE- REPLACING HERBICIDE
SYSTEMS ...Contamination, Pollution-water, Pesticides, Runoff,
-5.0884

SOIL SURFACE MANAGEMEN" PROCEDURES FOR SOIL
AND WATER CONSERVATION ...Conservation, Conservation..
general, Plant Residues, Humus, Compost, Yield, -2.0378

SOIL MOISTURE EVAPORATION AND ITS CONTROL -Al-
cohols, Antitranspirants, Evaporation, Organometallic, Soil En-
vironment, Soil Physical Properties, Water Loss Control, -2.0969

DEVELOPMENT OF A CHEMICAL FALLOW SYSTEM OF
FARMINq ...Great Plains Province, Herbicides -non-specific,
Moisture Retention, Rotations, Runoff, -4.0236

SOIL PHYSICAL CHANGES DUE TO MANAGEMENT PRAC-
TICES Arizona, Management, Management Effects, Yield,
-2.0050

INVESTIGATION OF SOIL AND WATER LOSSES THROUGH
CROPPING SYSTEMS AND SOIL MANAGEMENT PRAC-
TICES Runoff, Soil - Crop Relationships, Soil Environment,
Surface Flow, -3.0195

MANAGEMENT OF SOILS IN DRYLAND REGIONS ...Runk.ff,
-4.0112

SOIL MANAGEMENT UNDER DRYLAND CONDITIONS ...Ero-
sion- general, Management, Modified Water Use, Soil Conditions,
Storage of Water, -4.0113

SOIL MANAGEMENT INVESTIGATIONS ON IRRIGATED
LAND ...Irrigation, Management, Rotationb, Soil Analysis, Soil
Comparison, Water Application Methods, -4.0114

TILLAGE STUDIES ...Groundwater Movement, Growth Rate,
Physical Properties -other, Flowing, Soil Depth, -4.0119

STUDY OF ENGINEERING PRACTICES OF IRRIGATION IN
KANSAS ...Irrigation Engineering, Irrigation-general, Kansas,
Slopes, Terrace-bench, Yield, -8.0201

ECONOMICS OF SOIL CONSERVATION PRACTICES WITHIN
WATERSHEDS ...Agricultural Watersheds, Conservation,
Economies-general, Kansas, -3.0243

WATER REQUIREMENTS FOR CROP PRODUCTION IN THE
ROSWELL UNDERGROUND WATER BASIN ...Groundwater
Basins, Irrigation, Irrigation-general, Requirements for Water,
Water Costs, -3.0334

IRRIGATION FEASIBILITY ON THE DAYTON, AMITY, WOOD-
BURN, WILLAMETTE AND RELATED SOILS OF THE WIL-
LAMETTE VALLEY ...Benefit-cost Analysis, Irrigation-general,
Modified Water Use, Soil Environment, Water Costs, ..,2.0888

THE INVESTIGATION OF SOIL PROBLEMS IN RELATION TO
IRRIGATION DEVELOPMENT IN SUBHUMID AREAS ...Ir-
rigation, Soil-water-plant Relationships, Sub - World, ...2.0q67

FERTILIZER REQUIREMENTS OF CROPS GRCWN IN DIF-
FERENT CROPPING SYSTEMS ...Alfalfa, Corn, Cotton, Irriga-
tion, Soil Fertility -non-specific, -2.1045

AN ECONOMIC STUDY OF CROP PRODUCTION PRACTICES
AND THE USE OF FARM EQUIPMENT ON THE HIGH
PLAINS OF TEXAS ...Benefit-cost Analysis, Costs, Soil Prepara-
tion & Renovation, Special Purpose Machines, Texas, ...6.0555

CONSERVATION AND UTILIZATION OF RAINFALL AND IR-
RIGATION WATER ...Conservation & Management Eng, Irriga-
tion, Runoff, Slopes, Water Harvesting, ...3.0451

VEGETATION AND SOIL RESPONSE TO SOIL SURFACE
TREATMENTS ...Economic Efficiency, Erosion-general, Manage-
ment and Fertility, Utah, Vigor, -3.0476

SOIL AND WATER MANAGEMENT AS RELATED TO
FORAGE CROP PRODUCTION ...Fumigation, Irrigation, Lime,
Management, Soil-water-plant Relationships, ..2.1104

PHYSICAL PROPERTIES OF IMPORTANT SOIL TYPES OF
VIRGINIA AS THEY RELATE TO WATER AND AIR
BEHAVIOR AND TILLAGE ...Engineering Propertiesgeneral,
Moisture Content, Soil Structure, Soil Tests, Soil Types, Storage
of Water, ...2.1107

CHARACTERIZATION OF DYNAMIC PROPERTIES AND
PHYSICAL CONDITIONS OF SOIL IN RELATION TO 'TIL-
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LAGE AND TRACTION ...Dynamic, Load Behavior, Manage-
ment Effects, Soil Conditions, Soil Preparation & Renovation,
...2.0001

DEVELOPMENT OF CRITERIA FOR TILLAGE MACHINERY
THAT WILL REDUCE SOIL EROSION AND RUNOFF .,.Con-
servation- general, Erosion-generals Moisture Retention, Runoff,
Technique Development, ...2.(KG7

IMPROVEMENT IN CIGAR TOBACCOS BY DEVELOPMENT
OF MORE ADEQUATE CROPPING SYSTEMS, FERTILIZA-
TION, CULTURAL AND CURING PRACTICES ...Irrigation-
general, Management, Space Competition, ...3.0261

IRRIGATION WATER MANAGEMENT FOR EFFICIENT
WATER USE IN THE SOUTHERN PLAINS ,..Evapotranspira-
tion, Irrigation, Irrigation-general, Management, Soil - Crop Rela-
tionships, 3.0444

DESIGN, INSTALLATION, AND MAINTENANCE OF SURFACE
AND SUBSURFACE DRAINAGE SYSTEMS WITH OR
WITHOUT LANDFORMING AND CONDITIONING ...Drainage,
Drainage Engineering, Erosion -other, Runoff, Southern, ...4.0081

EFFECTS OF SOIL, TOPOGRAPHY, CLIMATE, CROPPING
AND MANAGEMENT PROCEDURES ON RUNOFF AND
EROSION, AND ON THE PREDICTION OF SOIL LOSSES
...Conservation, Rain, Runoff, Slope - Degree of , ...2.0337

DEVELOPMENT OF SUPPORTING PRACTICES, SYSTEMS,
TECHNIQUES AND DEVICES FOR RUNOFF AND EROSION
CONTROL IN THE SOUTH ...Conservation, Conservation &
Management Eng, Erosion-general, Flow Characteristics -water,
Land Use, Runoff, .,.5.0275

MANAGEMENT PRACTICES FOR SALINE AND SODIC SOILS
IN IMPERIAL VALLEY ...California, Management, Plant
Residues, Humus, Compost, .,.3.0037

Soil Mechanical Properties
DYNAMIC PROPERTIES OF GRANULAR BASE MATERIALS

IN SATURATED AND PARTIALLY SATURATED CONDI-
TIONS ... Granular- general, Moisture Content, Moving, Pavement,
Soil Dynamics, ...2.0305

Compressibility
RHEOLOGY OF SOIL-WATER SYSTEMS ...Creep and Rhcology,

Moisture Content, Shearing, Soil Dynamics, Viscoclasticity,
...2.0082

Creep and Rheology
CHARACTERISTICS OF SOILS UNDER SUSTAINED STRESS

...Clay, Pore Water, Shear Strength, Soil Environment, Soil Test-
ing- other, ..8.0007

RHEOLOGY OF SOIL-WATER SYSTEMS ...Compressibility,
Moisture Content, Shearing, Soil Dynamics, Viscoclasticity,
...2.0082

Deformation
THE EFFECT OF HIGH CONFINING PRESSURE ON THE

DEFORMATION OF SOIL ...Dams, Earth & Rockfill Dams,
Foundations-general, Pressure-other, Shear Strength, ...8.0013

SHEAR CHARACTERISTICS OF UNDISTURBED WEAK CLAY
...Clay, Disturbed/undisturbed, Embankments, Pore Water, Shear
Strength, ...8.0006

DYNAMIC BEHAVIOR OF SOILS ...Model Studies, Shear
Strength, Soil Dynamics, Soil Environment, Soil Liquefaction,
8,0284

INVESTIGATION OF PLANE STRAIN .Granular-general, Shear
Strength, Soil Stresses, Soil Testing-other, Triaxial, 8.0233

DEVELOPMENT OF NX BOREHOLE INSTRUMENT FOR
DEFORMATION MODULUS ...Borehole Geophysics, Drilling
and Coring, ...8.0047

Plasticity
RESEARCH INITIATION-ADSORBED WATER AND SOIL

PLASTICITY ..Atterberg Limits, Mineralogy, Moisture Content,
Water Content, ..2.0912

Shear Strength
THE EFFECT OF HIGH CONFINING PRESSURE ON THE

DEFORMATION OF SOIL ...Dams, Deformation, Earth &
Rockfill Dams, Foundations-general, Pressure-other, ...8.0013

SHEAR CHARACTERISTICS OF UNDISTURBED WEAK CLAY
...Clay, Deformation, Disturbed/undisturbed, Embankments, Pore
Water, ...8.0006

USE OF ATTERBERG LIMITS IN APPLIED SOIL MECHANICS
...Atterberg Limits, Clay, Cohesive Soil-general, Over Con-
solidated, Shale, 8.0211

CHARACTERISTICS OF SOILS UNDER SUSTAINED STRESS
...Clay, Creep and Rhcology, Pore Water, Soil Environment, Soil
Testing-other, ...8.0007

DYNAMIC BEHAVIOR OF SOILS ...Deformation, Model Studies,
Soil Dynamics, Soil Environment, Soil Liquefaction, ...8.0284

SHEAR EVALUATION OF WEAK ROCK FOUNDATIONS ...Ce-
ment, Concrete, Foundations, Joining, Bonding-general, Ohio
River, Soil Test - Insitu, 8.0273

INVESTIGATION OF PLANE STRAIN ...Deformation, Granular-
general, Soil Stresses, Soil Testing-other, Triaxial, .,.8.0233

SHEAR STRENGTH OF ROCK FILL ...Consolidation, Earth &
Rockfill Dams, Engineering Structures-general, Granular-general,
Triaxial, 8.0016

APPLICATIONS OF RESEARCH TO VARIATIONS IN SHEAR
AND CONSOLIDATION TESTING ...Capillarity, Consolidation,
Density, Pore Water, Triaxial, ...8.0060

Viscoelasticity
RHEOLOGY OF SOIL-WATER SYSTEMS ..,Compressibility,

Creep and Rhcology, Moisture Content, Shearing, Soil Dynamics,
...2.0082

Soil Morphology, Profiles
EVAPORATION FROM SOIL SURFACES AS AFFECTED BY

SALT, STRUCTURE AND TEXTURE ...Boundary Process
(moisture), Computers-general, Development of Models,
Evaporation, Saline Properties, Water Movement-general,
..,2.0216

RELATION OF PHYSICAL CONDITIONS OF SOILS AND
RESULTS OBTAINED FROM IRRIGATION _Internal Water
Movement, Irrigation, Irrigation-general, Soil Conditions, Soil-
water-plant Relationships, ...2.0344

THE USE OF NUCLEAR METHODS FOR DETERMINING
FOREST SOIL SITE INDEX ...Geophysical Analysis, Runoff, Site
Index and Site Quality, Soil Depth, Soil Profile, 3.0249

SOIL - PLANT - WATER RELATIONSHIPS ...Irrigation, Natural
Variation of Water USE, Soil-water-plant Relationships, 2.0582

STUDY OF ROOT DISTRIBUTION AND DENSITY OF VEGETA-
BLE CROPS .,.Absorption, Fixation, Exchange, Phospho-,s, Root
Absorption, Soil Types, Water Loss-other, 2.0583

SOIL DRAINAGE ...Amount, Drainage, New Jersey, Water Table
Fluctuation, ...4.0171

SOIL-PLANT-WATER RELATIONSHIPS ...Irrigation-general, Soil
- Crop Relationships, Soil Environment, Yield, ...2.0790

PHYLLOSILICATE WEATHERING IN UNCONSOLIDATED
MATERIAL OF WISCONSIN AGE IN A HUMID TEMPERA-
TURE ENVIRONMENT ...Glacial, Infiltration, Other, Soil Gene-
sis, ...2.0801

SOIL - PLANT - WATER RELATIONSHIPS ...Moisture Tension,
Nuclear Moisture Meters, Soil-water-plant Relationships, Water
Movement, Velocity, ...2.0923

SOIL WATER EVAPORATION AND MEANS OF MINIMIZING
IT ...Boundary Process (moisture), Evaporation, Heat Flow,
Moisture Retention, Saturated-unsaturated, Soil Conditions,
...2.0498

CHEMISTRY OF BORON IN CALIFORNIA SOILS ...Absorption,
Fixation, Exchange, Boron, Phytotoxic, Soil Amendments, Soil
and Rock Leaching, Soil Management -non-specific, ...5.0080

CHARACTERIZATION OF THE RATE OF WATER INFILTRA-
TION INTO SOIL ...Infiltration, Moisture Content, ...2.0471

THE IMPROVEMENT OF SOILS DEVELOPED UNDER FOREST
VEGETATION ...Forests, Mineralogy, Minnesota, Soils and Fer-
tilizer, ...2.0662

GENERAL SOIL MAPS OF REGIONS IN OREGON WITH
POTENTIAL FOR IRRIGATION ...Acrospatial, Irrigation-
general, Mapping, Oregon, Saline Properties, ...6.0463

Soil Nutrients
Boron

THE PROCESSES AND CONDITIONS CONTRIBUTING TO THE
ACCUMULATION OF NUTRIENTS IN DRAINAGE WATER
FROM IRRIGATED AREA AND SOIL RECLAMATION
...Nitrogen, ...4.0027

TOLERANCE OF CITRUS TO SALINITY AND BORON IN THE
SOIL AND IRRIGATION WATER ...Citrus, Saline Soils,
3.0186
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Lime
SOIL AND WATER MANAGEMENT AS RELATED TO

FORAGE CROP PRODUCTION ...Fumigation, Irrigation,
Management, Soil-water-plant Relationships, Tillage, Cropping
Systems, ...2.1104

Nitrogen
UREA TRANSFORMATIONS AND RETENTION IN FLOODED

SOILS ,..Drainage, Fertilizer Losses, Soil and Rock Leaching, Soil
Environment, ...4.0123

MOISTURE USE ESTIMATION AND RELATIONSHIP
BETWEEN MOISTURE USE AND NITROGEN RESPONSE IN
WINTER WHEAT ...Economic Efficiency, Management, Soil En-
vironment, Wheat, ...2.0518

WATER CONTAMINATION BY FERTILIZER NITROGEN AND
PHOSPHORUS ...Agricultural Watersheds, Fertilizers, North
Carolina, Phosphorus, Runoff, Subsurface Flow, 5.0823

NITRATES IN WATER SUPPLIES ...Animal Wastes - Feed Lots,
Nitrate, Nitrite, Physical Properties-general, Pollutants - Path of ,
Soil Sampling, Waste Disposal -underground, 5.0679

FACTORS AFFECTING THE QUALITY OF ARIZONA MELONS
...Cantalope, Muskmelon, Honeydew, Irrigation, Mineral Nutri-
tion, Moisture Levels, Vines, 2.0031

THE EFFECT OF VARYING SOIL MOISTURE REGIMES ON
THE YIELD AND LEAF NITROGEN COMPOSITION OF
CORN ...Corn, Fertility Competition - Soil, Management, Rates
Or Levels of Application, Soil-water-plant Relationships, ...2.0446

BEHAVIOR OF NITROGEN IN THE SOIL ...Fertilizer Losses, Soil
and Rock Leaching, Soils and Fertilizer, ...5.0715

THE PROCESSES AND CONDITIONS CONTRIBUTING TO THE
ACCUMULATION OF NUTRIENTS IN DRAINAGE WATER
FROM IRRIGATED AREA AND SOIL RECLAMATION
...Boron, ...4.0027

IRRIGATION AND FERTILITY PRACTICES FOR FLUE
CURED-TOBACCO ...Excessive Moisture, Irrigation, Tobacco,
...2.0363

NITROGEN REQUIREMENT FOR SKIP-ROW COTTON ...Cot-
ton, Rates Or Levels of Application, Soil Tillage Methods -other,
...3.0303

IRRIGATION OF ROW CROPS ...Corn, Cotton, Irrigation,
_4.0146

PEACH NITROGEN, PRUNING AND IRRIGATION STUDY ...Ir-
rigation- general, Moisture Content, Peaches, Trees, ...4.0185

EVALUATION OF IRRIGATED PASTURE GRASSES ...Harvest
and Storage, Irrigation, New Mexico, ...6.0369

NITROGEN FERTILIZATION AND IRRIGATION OF TOBACCO
_Irrigation, Management, Moisture Deficiency, Rates Or Levels
of Application, ...2.0870

PRUNE ORCHARD MANAGEMENT ...Internal Necrosis, Plums,
Rates Or Levels of Application, Trees, 6.0611

PREDICTING NITRATE CONTENT OF AGRICULTURAL
DRAIN WATER ...Agricultural Watersheds, Computers-general,
Drainage, Model Studies-general, Moisture Content, Nitrate,
Nitrite, 5.0181

NITRATE BEHAVIOR IN SOIL WATER UNDER FIELD CONDI-
TIONS ...Groundwater Movement, Infiltration, Movement,
Availability, Nitrate, Nitrite, Permeability, 5.0180

Phosphorus
WATER CONTAMINATION BY FERTILIZER NITROGEN AND

PHOSPHORUS ...Agricultural Watersheds, Fertilizers, Nitrogen,
North Carolina, Runoff, Subsurface Flow, 5.0823

FIXATION AND AVAILABILITY OF ADDED PHOSPHORUS IN
SOILS _Absorption, Fixation, Exchange, Fertilizer Technology -
other, Soil Environment, 1.0053

Potassium
FOREST TREE NUTRITION AND FOREST FERTILIZATION

...Irrigation-general, Physiology, Plant Chemistry, Pines, Soil Fer-
tility, Soils and Fertilizer, ...2.0815

EFFECT OF SOIL MOISTURE AND POTASSIUM FERTILIZA-
TION ON THE TRANSPIRATION RATE OF SOYBEANS
(GLYCINE MAX) ...Growth Rate, Moisture Levels, Soybean,
Transpiration, Transpiration and Evap, ...2.0404

Sodium
RECLAMATION OF SALTY LANDS IN PUERTO RICO ...Puerto

Rico, Saline and Alkaline Soils, Saline Properties, Soil Amend-
ments, Soil and Rock Leaching, ...3.0426

Soil Physical Properties

SALINITY TOLERANCES OF CERTAIN TROPICAL SOILS AND
RELATIONSHIPS BETWEEN SODIUM ION ACTIVITIES AND
SOIL PHYSICAL PROPERTIES ,..Chemical Analysis - Soils, Ir-
rigation-general, Saline Properties, Semi - Arid, Soil Chemical
Properties, Tropic, _3.0200

Sulfur
EVALUATION OF THE SULFUR SUPPLYING CAPACITY OF

HAWAIIAN SOILS ...Hawaii, Irrigation-general, Movement,
Availability. Rain-other, Soil Chemical Properties, 2.0373

Soil Physical Properties
A STUDY OF THE MECHANISMS AND SUPPRESSION OF

EVAPORATION OF WATER FROM SOILS ...Evaporation, Soil
Environment, Water Loss Control, ...2.1039

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Adsorption Capacity, Flow Characteristics -water, Inter-
nal Water Movement, Soil Environment, Unsaturated Flow,
2.0049

THE PERSISTENCE IN AN ERODED SOIL OF TILTH IM-
PROVEMENT ENGENDERED BY A SOD-BASED ROTATION
,,,Infiltration, Physical Properties-general, Soil Environment, Soil
Tillage Methods -other, Tillage, Cropping Systems, ...2.0343

WEATHER INFORMATION FOR AGRICULTURE ...Climate-
general, Data Analysis - General, Evapotranspiration, General
Synoptic Observations, ...4.0190

SOIL MOISTURE EVAPORATION AND ITS CONTROL ...Al-
cohols, Antitranspirants, Evaporation, Organometallic, Soil En-
vironment, Tillage, Cropping Systems, Water Loss Control,
...2.0969

SOIL MOISTURE REGIMES OF AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Internal Water Movement, Land Use,
Moisture Levels, Recharge -general, ...2.0869

MEADOW SOD MAT ACCUMULATION AND DECOMPOSI-
TION ...Ecology - Soil, High Organic Soils, Maintenance,
Microbiology -soil, Soil Depth, ...2.0238

Atterberg Limits
RESEARCH INITIATION-ADSORBED WATER AND SOIL

PLASTICITY ...Mineralogy, Moisture Content, Plasticity, Water
Content, ...2.0912

USE OF ATTERBERG LIMITS IN APPLIED SOIL MECHANICS
...Clay, Cohesive Soil-general, Over Consolidated, Shalt., Shear
Strength, 8.0211

Boundary Process (moistPire)
EVAPORATION FROM SOIL SURFACES AS AFFECTED BY

SALT, STRUCTURE AND TEXTURE ...Computers-general,
Development of Models, Evaporation. Saline Properties, Soil
Morphology, Profiles, Water Movement-general, ..,2.0216

THE EFFECT OF TEMPERATURE ON WATER FLOW IN SOILS
...Flow Characteristics -water, Internal Water Movement, Soil En-
vironment, Subsurface Flow, Temperature, ...2.0679

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Absorp-
tion, Fixation, Exchange, Aquatic Or Soil-aquatic Cycles, Ground-
water Movement, Movement, Leaching, Pesticides -non-specific,
...5.0079

SORPTION AND DESORPTION FACTORS INFLUENCING
TRANSPORT, PERSISTENCE, & ALTERATION OF PESTI-
CIDES IN VARIOUS AGRICULTURAL SOILS ...Movement,
Leaching, Pesticides -non-specific, Physical Properties-general,
Radioisotopes, Soil Chemical Properties, ...5.0140

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Permeability, Saturated-unsaturated, Soil Temp. -non-
specific, Temperature, Texture, Water Movement, Velocity,
...2.0885

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Electrical Properties, Internal Water Movement, Other
Models, Unsaturated Flow, Water Movement-general, ...2.1076

EVAPORATION MECHANISMS ...Atmosphere Disturbance-
general, Capillary Movement, Epidermis, Evaporation, Transpira-
tion, Transpiration and Evap, 2.1164

SOIL WATER EVAPORATION AND MEANS OF MINIMIZING
IT ...Evaporation, Heat Flow, Moisture Retention, Saturated-un-
saturated, Soi/ Conditions, Soil Morphology, Profiles, ...2.0498

STUDY OF MECHANISMS IN SOIL RELATED TO FROST
HEAVE AND ITS CONTROL ...Aggregates, Extenders, Fillers,
Foam, Porous, Frost and Permafrost, Linings-pavings, Plastics -
General, 8.0147
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PHYSICS AND CHEMISTRY OF SOIL WATER AND INTERFA-
CIAL PHENOMENA ...Adsorption-other, Frost and Permafrost,
Moisture Retention, Permafrost-frozen, Thermal Properties-
general, 1.0076

UNDERSTANDING AND IMPROVING SOIL-PLANT-AT-
MOSPHERIC RELATIONSHIPS FOR MORE EFFICIENT
UTILIZATION OF WATER ...Irrigation, Micrometeorology, Root
Absorption, Soil-water-plant Relationships, -.2.1057

Capillarity
MOISTURE RESPONSE OF SOILS ...Louisiana, Soil Environment,

Techniques & Instrumentation, ...2.0550
CAPILLARY-DIFFUSION AND SELF-DIFFUSION OF LIQUID

WATER IN UNSATURATED SOIL ...Clay, Evapotranspiration,
Forecasting-prediction, Moisture Content, Saturated-unsaturated,
2.0525

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES ...Drainage Systems, Grain Size and Distribution,
Methods, Model Studies, Seepage, -.2.0212

NUMERICAL ANALYSIS OF TIME-DEPENDENT FREE SUR-
FACE FLOWS .Dimension-three, Finite Differences, Open
Channel, Partial, Unsteady, ...2.0441

PORE-PRESSURE MEASURING REFINEMENTS IN SOILS FOR
SHEAR AND CONSOLIDATION ...Cohesive Soil-general, Pore
Water, Pressure, Technique Development, Triaxial, -.8.0080

APPLICATIONS OF RESEARCH TO VARIATIONS IN SHEAR
AND CONSOLIDATION TESTING ...Consolidation, Density,
Pore Water, Shear Strength, Triaxial, ...8.0060

Density
INVESTIGATION OF NEW METHODS (NUCLEAR EQUIP-

MENT) FOR DETERMINING MOISTURE CONTENTS, AND
COMPACTION DENSITIES OF SOILS AND AGGREGATES
.1,;1AegegrrslracierC&mipteanctted,212gure Content, Nuclear Moisture

INVESTIGATION OF SOIL FREEZING ...Dams-other, Frost and
Permafrost, Lining, Moisture Content, Void Ratio and Porosity,
-.8.0285

SIMULTANEOUS PLOW OF WATER AND HEAT IN WATER-
UNSATURATED IOWA SOILS DURING EVAPORATION
...Iowa, Layered System, Moisture Content, Seepage, Thermal
Properties-general, -.2.0479

MOVEMENT OF WATER AND GASES IN SOIL internal Water
Movement, Mathematical Analysis, Physical Properties-general,
Water Table Fluctuation, 2.0480

LABORATORY AND FIELD STUDIES OF FROST HEAVING
...Freezing & Below, Frost Heaving, Internal Water Movement,
Mineralogy, Moisture Content, ...2.1143

VARIATION OF SATURATED HYDRAULIC CONDUCTIVITY
OF HOUSTON BLACK CLAY WITH SOIL DEPTH AND WITH
DIAMETER OF SOIL COVES ...Clay, Permeability, Texas,
...2.1022

FACTORS AFFECTING WATER CONSERVATION FOR PLANT
GROWTH IN THE LOW RAINFALL AREA OF EASTERN
WASHINGTON ...Moisture Content, Moisture Levels, Rain,
Washington, ...3.0482

APPLICATIONS OF RESEARCH TO VARIATIONS IN SHEAR
AND CONSOLIDATION TESTING ...Capillarity, Consolidation,
Pore Water, Shear Strength, Triaxial, -.8.0060

Electrical Properties
ELECTRICAL EFFECTS ON WATER INFILTRATION INTO

SOILS Electroosmosis, Infiltration, Soil Environment, Streaming
Potential, Unsaturated How, Zeta Potential, -.2.0467

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Clay, Heat Flow, Internal Water Movement. Saturated-
unsaturated, Unsaturated Flow, ...2.0217

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Internal Water Movement,
Other Models, Unsaturated Flow, Water Movement-general,
_2.1076

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Hysteresis, Internal Water Movement, Moisture Content,
Nuclear Moisture Meters, Saturated-unsaturated, Temperature,
...2.1119

M1CROBIOL ADSORPTION IN SOILS ...Adsorption Capacity,
Biological Pollutants -general, Microbiology -soil, Percolation,
Soil Environment, ...2.0213

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS Infiltration, Moisture Content, ..,2.0466

UNSATURATED FLOW STUDIES ...Artificial Recharge, Exchange
Capacity, Groundwater Movement, Infiltration, Unsaturated Flow,
...2.0286

Grain Size and Distribution
FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN

THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES ...Capillarity, Drainage Systems, Methods, Model
Studies, Seepage, -.2.0212

Heat Flow
REMOTE ELECTRO-MAGNETIC SENSORS FOR DETECTING

TRANSPIRATIONAL WATER USE BY PLANTS SUBJECTED
TO VARIOUS FOLIAR CHEMICAL TREATMENTS ...An-
titranspirants, E M Radiation-general, Moisture Tension, Remote
Sensing, Transpiration, -.2.1069

MICROMETEOROLOGICAL INVESTIGATIONS OF THE ENER-
GY BUDGET - EFFECT OF SUMMER WINDS ...Evapotrans-
piration, Heat Budget, Micrometcorology, Semi - Arid, Wind-
general, ...2.0516

PREDICTING THE EFFECTS OF CHANGES IN IRRIGATION
WATER TEMPERATURE CAUSED BY WATER PROJECTS
...Irrigation, Low Temp. - But Above 32f, Temperature, ...5.0083

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Clay, Electrical Properties, Internal Water Movement,
Saturated-unsaturated, Unsaturated Flow, -.2.0217

HYDROLOGIC, THERMAL AND TEXTURAL PROPERTIES OF
SOILS ...Moisture Tension, Moisture-other, Movement, Availabili-
ty, Texture, 6.0216

INFLUENCE OF ENERGY BUDGET ON AGRICULTURAL
PRODUCTION ...Energy Budgets, Evapotranspiration, Modified
Water Use, Soil-water-plant Relationships, Water Balance-budget,
...2.0693

SOIL WATER EVAPORATION AND MEANS OF MINIMIZING
IT ...Boundary Process (moisture), Evaporation, Moisture Reten-
tion, Saturated-unsaturated, Soil Conditions, Soil Morphology,
Profiles, -.2.0498

EVAPOTRANSPIRATION THEORY AND MANAGEMENT
...Evapotranspiration, Instrumentation-general, Internal Water
Movement, Soil Environment, Thermal Properties-general,
...2.0036

SOIL HEAT TRANSFER - PERMAFROST AND FROST
PENETRATION Computers-general, Math. model, Permafrost-
frozen, Thermal Properties-other, -.2.0024

Ice Content
FROZEN GROUND INVESTIGATIONS, BARROW, ALASKA

...Alaska, Frost and Permafrost, Hydrology-general, Permafrost-
frozen, Runoff, Small Watersheds, -.2.0748

Infiltration
HYDRAULIC OPERATING CHARACTERISTICS OF LOW

GRADIENT BORDER SYSTEMS PHASE 11 ..,Border Irrigation,
Irrigation, Irrigation Engineering, Water Application Methods,
...3.0139

A SYSTEMATIC TREATMENT OF THE PROBLEM OF INFIL-
TRATION ...Hysteresis, Model Studies, Moisture Content, Pat-
terns, Soil Profile, ...2.0219

DYNAMICS OF WATER INFILTRATION INTO SOIL AS
GOVERNED BY SURFACE CRUSTING AND SEALING
...Moisture Tension, -.2.0469

CHARACTERIZATION OF SOIL NONWE1TABILITY AND THE
DEVELOPMENT OF CRITERA FOR THE MOST ECONOMIC
TREATMENT OF THESE SOILS ...Fire Damage, Recovery,
Moisture Tension, Soils and Fertilizer, Surfactants, 2.0140

FURTHER STUDIES OF INFILTRATION ...Porous Media - Flow
Through, Subsurface Flow, Unsaturated Flow, Unsteady Flow,
...5.0124

EFFECT OF RANGE MANAGEMENT ON INFILTRATION, RU-
NOFF, AND EROSION ...Cover Crops, Management and Fertili-
ty, Runoff, -.2.0105

PHYLLOSILICATE WEATHERING IN UNCONSOLIDATED
MATERIAL OF WISCONSIN AGE IN A HUMID TEMPERA-
TURE ENVIRONMENT ...Glacial, Other, Soil Genesis, Soil
Morphology, Profiles, ...2.0801

EFFECTS OF SOIL MANAGEMENT TREATMENTS ON ERODI-
BILITY AND INFILTRATION CHARACTERISTICS ...Manage-
ment Effects, Ohio, -.2.0860

SOILS, PESTICIDES AND THE QUALITY OF WATER ...Ground-
ater Movement, Movement, Leaching, Pollutants - Path of ,

Rhizosphere, ...5.1239
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THE EFFECT OF HETEROGENEITIES OF THE SOIL UPON IN-
FILTRATION ...Physical Properties -other, _2.1165

CHARACTERIZATION OF THE RATE OF WATER INFILTRA-
TION INTO SOIL ...Moisture Content, Soil Morphology, Profiles,
2.0471

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties, Moisture Content....2.0466

ION DISTRIBUTION AND WATER MOVEMENT IN SOILS ...In-
ternal Water Movement, Movement, Availability, Soil Chemical
Properties, Soil Environment, Water Movement-general, ...2.0188

NITRATE BEHAVIOR IN SOIL WATER UNDER FIELD CONDI-
TIONS ...Groundwater Movement, Movement, Availability,
Nitrate, Nitrite, Nitrogen, Permeability, ...5.0180

STREAMFLOW REGULATION AND SEDIMENT CONTROL IN
NORTHERN ROCKY MOUNTAIN FORESTS ...Flow Charac-
teristics -water, Forest Watersheds, Peak Flow, Snowmclt, Water
Yield, ...5.0321

WATERSHED PROTECTION & REHABILITATION TO REDUCE
WATER RUNOFF ...Erosion-general, Floods, Forest Watersheds,
Land Use, Runoff, ...4.0250

MANAGEMENT OF STORM RUNOFF AND THE IMPROVE-
MENT OF WATER YIELD ON FOREST LAND ...Forest
Watersheds, Runoff, Storm Water, Subsurface Flow, Water Yield,
...2.0863

FLOOD REDUCTION AND IMPROVEMENT IN TIMING OF
WATER YIELD IN THE OZARKOUACHITA UPLANDS ...Ero-
sion-general, Floods, Land Use, Water Cycle, Water Yield,
...5.0054

EFFECT OF FOREST TYPES AND CONDITIONS ON WATER
MOVEMENT AND GROUND WATER RECHARGE ...Forest
Watersheds, Groundwater Movement, Land Use, Natural
Recharge, Runoff, Waiter Cycle, ...3.0301

A THEORETICAL STUDY OF INFILTRATION INTO RANGE
AND FOREST SOILS ...Amount, Runoff, ...2.1066

NATURAL RECHARGE OF GROUND WATER IN CENTRAL
AND SOUTHERN CALIFORNIA ...Natural Recharge, Rain-
general, Runoff, 3.0063

INFILTRATION AS INFLUENCED BY SOIL-VEGETATION
COMPLEXES Semi - Arid, Soil-water-plant Relationships,
2.0385

Internal Water Movement
ESTIMATE OF ACTUAL DAILY EVAPOTRANSPIRATION AS

A FUNCTION OF SOIL WATERFLOW, PLANT CANOPY
AND POTENTIAL EVAPOTRANSPIRATION ...Evapotranspira-
tion, Groundwater Movement, Soil Environment, ...2.1163

RECLAMATION AND MANAGEMENT OF SOILS ON IRRIGA-
BLE LAND (MONTANA) ...Irrigation, Management, Saline and
Alkaline Soils, Saline Soils, Velocity -water, ...4.0159

THE EFFECT OF THE NATURAL SEALING OF POTHOLES
UPON WATER MOVEMENT AND GROUNDWATER
RESOURCES ...Groundwater, Linings-pavings, Permeability.
Potholes, Subsurface Flow, ...2.0667

WATER ADSORPTION AND ITS INTERACTIONS WITH CLAY
AND QUARTZ ...Adsorption Capacity, Bonding, Clay, Quartz,
Subsurface Flow, ...2.0663

STORAGE AND MOVEMENT OF WATER IN SOILS AS RE-
LATED TO SPACIAL AND TIME CHANGES IN THE CLAY-
QUARTZ MATRIX ...Bonding, Chemical, Clay, Moisture Con-
tent, Soil Environment, Stability, 5.0612

THE EFFECT OF TEMPERATURE ON WATER FLOW IN SOILS
...Boundary Process (moisture), Flow Characteristics -water, Soil
Environment, Subsurface Flow, Temperature, 2.0679

VERTICAL MIGRATION OF MOISTURE IN THE SOIL IN-
DUCED BY WINTER THERMAL GRADIENTS AND ITS IN-
FLUENCE UPON SPRING WA'I'ER RESOURCES ...Manage-
ment, Moisture Content, Saturated-unsaturated, Temperature,
...4.0141

EVAPOTRANSPIRATION BY SUGAR CANE ...Consumptive Use,
Evapotranspiration, Lysimeters, Sprinkler Irrigation, 3.0198

MOVEMENT AND ADSORPTION OF PESTICIDES IN STERIL-
IZED SOIL COLUMNS ...Absorption Rates, Absorption, Fixa-
tion, Exchange, Column Leaching & Diffusing, Movement,
Leaching, Pesticides -non-specific, Soil Tests, 5.0256

QUANTIFICATION AND PREDICTION OF THE INFILTRATION
PHASE OF THE HYDROLOGIC CYCLE ...Hydrographs, Infil-
tration, Mathematical Analysis, Soil Environment, 2.0468

TRANSPORT AND FATE OF POLLUTANTS IN SOIL ...Disposal,
Pollutants - Path of , Porous Media - Flow Through, Soil, Unsatu-
rated Flow, 5.0517
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SORPTION AND MOVEMENT OF POLLUTED WATER IN SOIL
...Absorption, Fixation, Exchange, Movement, Leaching, Per-
sistence in Soils, Pollutants - Path of , Soil Environment, Soil-
water-plant Relationships, 5.0078

QUALITY OF IRRIGATION RETURN FLOW ...Irrigation, Irriga-
tion-general, Saline and Alkaline Soils, Salinity, Water Quality-
general, ...5.1196

RESPONSE OF CITRUS TREES TO SOIL MOISTURE Citrus,
Moisture Levels, Rhizosphere, 2.0039

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Adsorption Capacity, Flow Characteristics -water, Soil
Environment, Soil Physical Properties, Unsaturated Flow,
_2.0049

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Hysteresis, Permeability, Saturated-unsaturated, Soil En-
vironment, ...2.0094

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE,
FACILITIES ...Compressibility, Radioisotopes, Subsurface Flow,
2.0147

MIXING PROCESSES IN SATURATED AND UNSATURATED
SOIL-WATER SYSTEMS IN RELATION TO POLLUTION
...Chemical - general, Mixing, Pollutants - Path of , Saturated Flow,
Unsaturated Flow, ...2.0086

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Clay, Electrical Properties, Heat Flow, Saturated-unsatu-
rate], Unsaturated Flow, 2.0217

SOIL WETTABILITY AND TREATMENT IN RELATION TO
WATER MOVEMENT IN SOILS ...Absorption, Fixation,
Exchange, Mineralogy, Surfactants - Wetting Agents, ...2.1090

RELATION OF PHYSICAL CONDITIONS OF SOILS AND
RESULTS OBTAINED FROM IRRIGATION Irrigation, Irriga-
tion-general, Soil Conditions, Soil Morphology, Profiles, Soil-
water-plant Relationships, ...2.0344

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Drainage, Gravitational Movement -water,
Moisture Content, Slopes, Small Watersheds, ...2.0434

MOVEMENT OF WATER AND GASES IN SOIL ...Density,
Mathematical Analysis, Physical Properties-general, Water Table
Fluctuation ...2.0480

INTERRELATIONSHIPS OF SOIL PHYSICAL PROPERTIES
AND SOIL WATER MOVEMENTS ...Adsorption Capacity,
Drawdown, Moisture Tension, Permeability, Phosphate, Phos-
phite, ...2.0829

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Mineralogy,
Movement, Leaching, Pollutants - Path of , Soil Chemical Proper-
ties, ...5.1163

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Electrical Properties,
Other Models, Unsaturated Flow, Water Movement-general,
...2.1076

SOILS, PESTICIDES, AND THE QUALITY OF WATER ...Adsorp-
tion Capacity, Movement, Leaching, Pollutants - Path of , Ther-
mal Properties-other, ...6.0590

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Electrical Properties, Hysteresis, Moisture Content,
Nuclear Moisture Meters, Saturated-unsaturated, Temperature,
...2.1119

LABORATORY AND FIELD STUDIES OF FROST HEAVING
...Density, Freezing & Below, Frost Heaving, Mineralogy,
Moisture Content, ...2.1143

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Absorption, Fixation, Exchange, Moisture Tension, Sub-
surface Flow, Unsaturated Flow, ...2.0376

SOIL SOLUTION DISTRIBUTIONS AND CROP RESPONSES RE-
LATED TO IRRIGATION PRACTICES Irrigation, Movement,

Rhizosphere, Saline Properties, Saline Soils, 4.0028

THE ROLE OF SOIL WETTABILITY AND TREATMENT WITH
WETTING AGENTS ON WATER MOVEMENT AND SOIL
PHYSICAL PROPERTIES. ...Adsorption Capacity, Formation
Principles, Moisture Content, Organic Content, Subsurface Flow,
Texture, ...2.0141

BORON CHARACTERISTICS AND RECLAMATION NEEDS OF
SOILS IN WESTERN KERN COUNTY ...Boron, ...3.0087

MOISTURE RETENTION, MOVEMENT, MEASUREMENT, AND
AVAILABILITY TO PLANTS IN FLORIDA SOILS ...Available
Water, Moisture Content, Moisture Retention, Natural Variation
of Water USE, Soil Tests, Soil-water-plant Relationships, ...2.0313

NORTHERN IDAHO ALFALFA PROBLEM Alfalfa, Idaho,
Other Enviromental Conditions, Soil Conditions, Soil-water-plant
Relationships, ...2.0397
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UNSATURATED FLOW RATES ...Forecasting-prediction, Permea-

bility, Porous Media - Flow Through, Unsaturated Flow, Void
Ratio and Porosity, ...2.0890

STUDY OF MECHANISMS IN SOIL RELATED TO FROST
HEAVE AND ITS CONTROL ...Aggregates, Extenders, Fillers,
Foam, Porous, Frost and Permafrost, Linings-pavings, Plastics -
General, -8.0267

DENVER MULTIPHASE FLOW ...Analog Computers, Infiltration,
Instrumental Services, Transducers, Unsaturated Flow, -2.0192

ION DISTRIBUTION AND WATER MOVEMENT IN SOILS ...In-
filtration, Movement, Availability, Soil Chemical Properties, Soil
Environment, Water Movement - general, ..2.0188

EVAPOTRANSPIRATION THEORY AND MANAGEMENT
-Evapotranspiration, Heat Flow, Instrumentation-general, Soil
Environment, Thermal Properties-general, -2.0036

UNSATURATED FLOW THEORY APPLIED TO DRAINAGE
AND INFILTRATION ...Drainage, Groundwater Movement, Infil-
tration, Runoff, Unsaturated Flow, -2.0125

HYDROLOGICAL STUDIES OF THE SAVANNAH RIVER
PLANT, SOUTH CAROLINA -GEOHYDROLOGY OF WASTE
TANK FARMS ..,Observation Wells, Permeability, Pumping, Soil
Tests, South Carolina, .A.0216

SOIL STABILIZATION AND RUNOFF REGULATION IN
CONIFER WATERSHEDS ...Channels, Erosion-general, Forest
Watersheds, Land Use, Runoff, Stabilization-other, -5.0967

WATER YIELD IMPROVEMENT IN THE BRUSHLANDS OF
THE SOUTHWEST .Consumptive Use, Soil- water -pliant Rela-
tionships, Southwest, Unsaturated Flow, Watel Yield, -3.0062

SOIL WATER MOVEMENT IN RELA1 ION TO THE CONSER-
VATION OF WATER SUPPLIES ...Computers-general, Conser-
vation- general, Evaporation, Groundwater Movement, Infiltration,
Water Loss Control, -2.0033

SOIL MOISTURE FLOW PROBLEMS AND SOLUTIONS IN THE
CORN BELT REGION .Corn Belt, Flow Characteristics -water,
Management-general, Partial, -2.0440

SOIL MOISTURE REGIMES OF AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Land Use, Moisture Levels, Recharge
general, Soil Physical Properties, -2.0869

IRRIGATION AND EVAPOTRANSPIRATION OF WATER FOR
CROPS IN IMPERIAL VALLEY ...Consumptive Use,
Evapotranspiration, Flow Characteristics -water, Furrow Irriga-
tion, Irrigation, -3.0038

RELATION OF SALINITY TO STATE AND TRANSPORT OF
WATER AND IONS IN SOIL AND PLANTS ,,,Ion Transport
and Elect, pot. , Natural Variation of Water USE, Salinity , Soil
Environment, Soil-water-plant Relationships, -3.0085

DRAINAGE SYSTEMS FOR THE IMPERIAL VALLEY ...Analog
Computers, Digital Computers, Drainage, Groundwater Move-
,nent, -4.0026

Mineralogy
RESEARCH INITIATION-ADSORBED WATER AND SOIL

PLASTICITY ...Atterberg Limits, Moisture Content, Plasticity,
Water Content, ...2.0912

THE MINERALOGY AND CHEMISTRY OF SOILS AND SEDI-
MENTS OF HIGH PLAINS PLAYAS ...Clay Minerals-general,
Evaporation, Permeability, Playas, Soil Chemical Properties,
...3.0460

CLAY MINERAL STABILITY AND WATER COMPOSITION
...Clay Minerals-general, Fine-grained Classics, Interstitial - Con-
nate Water, Mineral Reactions, Moisture Content, -5.1238

LYSIMETER INVESTIGATIONS OF GAINS AND LOSSES OF
MINERAL ELEMENTS ...Lysimeters, Soil and Rock Leaching,
...2,0144

DIFFUSION OF WATER AND IONS IN SOIL ...Physical Proper-
ties-other, -2.0526

THE DISPOSITION OF PESTICIDES IN THE SOIL -Internal
Water Movement, Movement, Leaching, Pollutants - Path of ,
Soil Chemical Properties, -5.1163

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Movement,
Leaching, Persistence in Soils. Soil Chemical Properties, -5.1208

LABORATORY AND FIELD STUDIES OF FROST HEAVING
...Density, Freezing & Below, Frost Heaving, Internal Water
Movement, Moisture Content, ..2.1143

TRACE ELEMENTS IN RESIDUAL SOILS _Clay Minerals-
general, Lateritic, Soil Chemical Properties, Soil Chemistry, Trace
Element Analysis, -2.0931

BORON CHARACTERISTICS AND RECLAMATION NEEDS OF
SOILS IN WESTERN KERN COUNTY ...Boron, -3.0087

SOIL-WATER RELATIONS OF HAWAIIAN SOILS ...Hawaii, Ir-
rigation-general, Moisture Retention, Permeability, Soil Structure-
general, Soil Tests, 2.0374

WATER QUALITY, AND 'fHE CHEMISTRY, MINERALOGY
AND BIOLOGY OF SALTAFFECTED SOILS ,,.Irrigation -
general, Soil Conditions, Soil Environment, Water Quality-
general, Water Reuse, ..3.0084

Moisture Content
INVESTIGATION OF NEW METHODS (NUCLEAR EQUIP-

MENT) FOR DETERMINING MOISTURE CONTENTS, AND
COMPACTION DENSITIES OF SOILS AND AGGREGATES
,..Aggregate, Compacted, Density, Nuclear Moisture Meters,
Water Content, -2.0383

DETERMINATION OF EVAPOTRANSPIRATION FOR SHORT
INTERVALS ON A BENCHMARK BASIN .Evapotranspiration,
Heat Budget, Israel, Karst Topography, Water Balance-budget,
-2.0493

DETERMINATION OF BULK DENSITY & WATER CONTENT
OF SOIL THRU MEASUREMENT OF RADIATION AT-
TENUATION AT TWO DIFFERENT GAMMA ENERGIES
,..Gamma, Muisture Tension, Radiation Emission, Soil Chemical
Properties, -1.0123

HYDROLOGIC MODELS FOR PREDICTING THE EFFECTS OF
URBANIZATION ...Groundwater Movement, Land Use, Model
Studies, Seepage, Surface Flow, Urban Environments, .2.0913

RESEARCH INITIATION-ADSORBED WATER AND SOIL
PLASTICITY ...Atterberg Limits, Mineralogy, Plasticity, Water
Content, .2.0912

WATERSHED IMPROVEMENT--SOIL AND MOISTURE CON-
SERVATION PROGRAM ...Gaging, Modified Water Use, Snow-
melt, Water Yield, Watersheds-general, -8.0143

CULTURAL PRACTICES ON EASTGATE BASIN ...Cultivated
Soils, Sediment Yield, Shectflow, Surface Flow, Tillage, Cropping
Systems, .A.0168

ARID LAND ECOLOGY AND ENVIRONMENT STUDIES IV.
WATER QUANTITY MANAGEMENT ...Arid and Desert, Big
Horn, Deserts, Deserts, Arid Lands, Wyoming, -4.0281

HYDROLOGY OF FROZEN GROUND FLOODS -Floods, Hydro-
graphs, Infiltration, Permafrost-frozen, Runoff, -2.0399

HYDROLOGICAL DATA ACQUISITION THROUGH REMOTE
RECONNAISSANCE SYSTEMS ...Aerial, Data Acquisition-
other, Hydrology-general, Infrared Radiation, Mapping,
Reflectance, -7.0075

STORAGE AND MOVEMENT OF WATER IN SOILS AS RE-
LATED TO SPACIAL AND TIME CHANGES IN THE CLAY-
QUARTZ MATRIX ...Bonding, Chemical, Clay, Internal Water
Movement, Soil Environment, Stability, -5.0612

VERTICAL MIGRATION OF MOISTURE IN THE SOIL IN-
DUCED BY WINTER THERMAL GRADIENTS AND ITS IN-
FLUENCE UPON SPRING WATER RESOURCES -Internal
Water Movement, Management, Saturated-unsaturated, Tempera-
ture, ..4.0141

WATER TRANSFER FROM SOIL TO THE ATMOSPHERE AS
RELATED TO CLIMATE AND SOIL PROPERTIES ...Evapora-
tion, Humidity, Physical Climatology, Radiation-general, Water
Balance-budget, Water Transfer, -2.1046

CAPILLARY-DIFFUSION AND SELF-DIFFUSION OF LIQUID
WATER IN UNSATURATED SOIL -Capillarity, Clay,
Evapotranspiration, Forecasting-prediction, Saturated-unsaturated,

9 0525
INVIESTIGATION OF SOIL FREEZING ...Dams-other, Density,

Frost and Permafrost, Lining, Void Ratio and Porosity, -8.0285
SOIL TEMPERATURE AS A CRITERION FOR ALLOCATING

WATER SUPPLY FOR CROP USE ...Arid and Desert, Soil En-
vironment, Soil Moisture -non-specific, Temperature, Water Allo-
cation, -2.0111

A SYSTEMATIC TREATMENT OF THE PROBLEM OF INFIL-
TRATION ...Hysteresis, Infiltration, Model Studies, Patterns, Soil
Profile, -2.0219

MODEL STUDY TO PREDICT SALT DISTRIBUTION AND
CONCENTRATION OF WATER IN SOIL PROFILES ...Arid and
Desert, Irrigation-general, Model Studies, Saline Properties, Soil
Chemical Properties, -5.0750

SIMULTANEOUS FLOW OF WATER AND HEAT IN WATER-
UNSATURATED IOWA SOILS DURING EVAPORATION
...Density, Iowa, Layered System, Seepage, Thermal Properties-
general, ...2.0479

CLAY MINERAL STABILITY AND WATER COMPOSITION
...Clay Minerals-general, Fine-grained Clastics, Interstitial - Con-
nate Water, Mineral Reactions, Mineralogy, ...5.1238
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SUBJECT INDEX Soil Physical Properties
LETTUCE PHYSIOLOGY ...Fertilizer Types -other, Growth, Irriga-

tion, Moisture Levels, -2.0032
FACTORS AFFECTING PRODUCTION OF PECANS IN

ARIZONA ...Irrigation, Irrigation- general, Mineral Nutrition,
Pecans, Hickory Nuts, Saline Propertics, Saline Soils, -2.0046

PHYSIOLOGICAL FACTORS IN WATER NEEDS AND USE OF
CROPS ...Irrigation, Moisture Levels, 1-1;trit Phys.(non-specific &
Ot), Soil - Crop Relationt,hips, Soil-water-plant Relationships,
_2.0072

PROPERTIES OF SOILS RELATED To APPLIED STRESSES
_Moisture Tension, Soil Compaction Or Density, Soil Environ-
ment, Soil Tests, _2.0080

SOIL-WATER-VEGETATION RELATIONS IN THE DOUGLAS
FIR ZONE ...Flow Characteristics -water, Forest Watersheds, Pat-
terns, Runoff, Water Balance-budget, Water Cycle, ..3.0027

SOIL MOISTURE DRYING CURVES-MANAGEMENT RELA-
TIONS .California, Management, Sequoia, Soil Environment,
-6.0036

CONSERVING SOIL MOISTURE BENEATH RED PINE BY
MEANS OF A FOLIAR SPRAY OF A STOMATA - CLOSING
CHEMICAL ...Liquids Or Sprays, Pines, PMA , Soil Environ-
ment, Soils and Fertilizer, 'Transpiration, -3.0151

INVESTIGATION OF WATER STORAGE AND MOVEMENT IN
SOILS ...Permeability, Porous Media - Flow Through, Saturated-
unsaturated, Seepage, Storage of Water, -2.0433

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Drainage, Gravitational Movement -water, In-
ternal Water Movement, Slopes, Small Watersheds, -2.0434

WEATHER INFORMATION FOR AGRICULTURE ...Applied Cli-
matology, General Synoptic Observations, Iowa, Oats, Soil En-
vironment, -2.0484

WATER REQUIREMENTS OF CROPS ...Climate-general, Irriga-
tion, Irrigation - general, Management, Requirements for Water,
Soil-water-plant Relationships, -2.0654

EFFECT OF SOIL DISTURBANCE ON THE PRESSURE HEAD
OF SOIL WATER .Disturbed/undisturbed, Moisture Tension,
Tillage, Cropping Systems, -2.0680

DISTRIBUTION, APPLICATION AND USE OF WATER ...Furrow
Irrigation, Irrigation Engineering, Model Studies, Soil-water-plant
Relationships, Water Yield, -3.0304

LAND SHAPING FOR WATER CONSERVATION .,.Floods, Land
Use, Natural Re:Earge, Production & Processing, Runoff, Water
Harvesting, -3.0311

WATER REQUIREMENTS OF MAJOR CROPS IN SOUTHERN
NEVADA -Nevada, Requirements for Water, Seasonal,. Soil and
Rock Leaching, ,.2.0728

EVALUATION OF SOIL MOISTURE RECHARGE ...Drainage,
Evapotranspiration, Recharge -general, Water Table - Depth of ,
Water Table Fluctuation, -3.0344

WATER-SOIL PLANT RELATIONS _Droupeit, Moisture Tension,
Soil-water-plant Relationships, Transj t tarp and Evap, -2.0886

GROWTH HABITS, SPREAD AND HERBICIDAL RESPONSES
OF TRUMPET CREEPER ...Movement, Leaching, Persistence in
Soils, Phytotoxicity, _5.1162

DEVELOPMENT OF IMPROVED SNOW SURVEYING AND
STREAM-FLOW FORECASTING TECHNIQUES ...Amount, An-
tecedent Moisture, Flow Characteristics -water, Forecasting-pre-
diction, Temperature, ...2.1072

EFFECTS OF RANGE PLANT FOLLIAGE REMOVAL ON SOIL
MOISTURE REGIME ...Grazing, Management and Fertility,
Modified Water Use, Seasonal, .,2.1063

SOIL-WATER-PLANT RELATION TO ARTIFICIAL DRAINAGE
...Drainage, Physical Properties-general, Soil Chemical Properties,
Soil-water-plant Relationships, -4.0264

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Electrical Properties, Hysteresis, Internal Water Move-
ment, Nuclear Moisture Meters, Saturated-unsaturated, Tempera-
ture, _11119

HYDROLOGY OF WATERSHEDS ON SHALE SOILS ...Fine-
grained Clastics, Hydrology-general, Moisture Tension, Runoff,
Small Watersheds, Soil Properties - Other, ...4.0273

LABORATORY AND FIELD STUDIES OF FROST HEAVING
...Density, Freezing & Below, Frost Heaving, Internal Water
Movement, Mineralogy, ...2.1143

SYSTEMATIC ANALYSIS OF THE MOISTURE-TEMPERATURE
INTERACTIONS ON CORN YIELD ...Corn, Model Studies,
Yield, ...2.0442

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS ...At-
lases-maps, Patterns, Puerto Rico, Runoff, Water Yield, ..A.0208
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SOIL MOISTURE DISTRIBUTION PATTERNS UNDER MIXED
OAK FOREST ...Canopy & Overstory, Interception, Oaks, Rhode
Island, Soil Environment, -2.0940

SOIL-MC/STURE-PLANT RELATIONS OF AVOCADO TREES
-Irrigation-general, Lauraceae - Sassafras... , Soil-water-plant
Relationships, 'Temperature, Trees, -2.0/48

RHEOLOGY OF SOIL-WATER SYSTEMS ...Compressibility,
Creep and Rheology, Shearing, Soil Dynamics, Viscoelasticity,
_2.0082

THE ROLE OF SOIL WETTABILITY AND TREATMENT WITH
WETTING AGENTS ON WATER MOVEMENT AND SOIL
PHYSICAL PROPERTIES. ...Adsorption Capacity, Formation
Principles, Internal Water Movement, Organic Content, Subsur-
face Flow, Texture, -2.0141

PROPERTIES OF SUBMERGED SOILS ...Excessive Moisture,
Rice, Soil Chemical Properties, Soil Saturation, -2.0093

EVAPOTRANSPIRATION AND SOIL MOISTURE DETERMINA-
TION AS GUIDES TO CITRUS IRRIGATION ...Citrus,
Evapotranspiration, Irrigation, Moisture Levels, -2.0315

MOISTURE RETENTION, MOVEMENT, MEASUREMENT, AND
AVAILABILITY TO PLANTS IN FLORIDA SOILS -Available
Water, Internal Water Movement, Moisture Retention, Natural
Variation of Water USE, Soil 'Tests, Soil-water-plant Relation-
ships, -2.0313

WATER CONTROL FOR FOREST PRODUCTION ...Drainage,
Forests, Irrigation-general, Palms, Water Table Fluctuation,
-2.0314

THE RESPONSE OF PEANUTS TO SUPPLEMENTAL IRRIGA-
TION ...Excessive Moisture, Irrigation, Peanut, Yield, ...2.0364

IRRIGATION OF WINTER WHEAT IN SOUTHERN IDAHO ...Ir-
rigation, Irrigation-general, Moisture Levels, Soil-water-plant
Relationships, Wheat, ...3.0208

CHARACTERIZATION OF THE RATE OF WATER INFILTRA-
TION INTO SOIL -Infiltration, Soil Morphology, Profiles,
,..2.0471

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties, Infiltration, -2.0466

SOIL AND CLIMATE FACTORS AFFECTING THE EFFICIENT
USE OF WATER BY CROPS .Air - Water - Plant Relations,
Applied Climatology, Evaporation, Iowa, Moisture Levels, Soil-
water-plant Relationships, -2.0485

WATERSHED VALUES AS AFFECTED BY FOREST MANAGE-
MENT ...Cover Crops, Erosion - general, Forest Watersheds,
Forests, Runoff, Swamps-marshes, -4.0142

PEACH NITROGEN, PRUNING AND IRRIGATION STUDY -Ir-
rigation-general, Nitrogen, Peaches, Trees, ...4.0185

WATER SUPPLY FROM AGRICULTURAL WATERSHEDS AND
UTILIZATION IN IRRIGATION ...Agricultural Watersheds,
Forecasting-prediction, Irrigation-general, Patterns, Runoff, Water
Yield, ...4.0187

MAXIMUM PRODUCTION OF CROPS UNDER IRRIGATION IN
WESTERN NEBRASKA ...Chemical Analysis - Soils, Irrigation,
Nebraska, Subsurface Irrigation, Yield, ..2.0727

INFLUENCE OF SOIL MOISTURE AND SOIL FERTILITY
LEVELS ON ASPARAGUS YIELD AND QUALITY
...Asparagus, Coastal Plain, Moisture Levels, Rates Or Levels of
Application, -2.0760

SOIL MOISTURE AND FRUIT GROWTH IN RELATION TO
WEATHER CHECKING OF MCINTOSH APPLES ...Apples,
Growth Rate, Moisture Levels, Weather Checking, -2.0789

IMPROVING IRRIGATION WATER SUPPLY FORECASTS AND
THEIR USE _Forecasting- prediction, Frost and Permafrost, Ir-
rigation-general, Moisture Meters, Runoff, Water Yield, -3.0401

CHARACTERIZATION OF WATER TABLES IN OREGON
SOILS WITH REFERENCE TO TRAFFICABILITY ...Dynamic,
Rain-general, Static Load-general, Trafficability, Water Table
Fluctuation, ...2.0887

THE ADAPTATION OF SPRINKLER IRRIGATION TO SOILS OF
LOW INTAKE RATE ...Absorption, Fixation, Exchange, Irriga-
tion, Sprinkler Irrigation, Water Application Methods, -3.0402

WEATHER RECORDS ...General Synoptic Observations, Tempera-
ture, -2.0942

THE WATER ECONOMY OF TURFGRASS ...Dew, Management,
Soil Types, Soil-water-plant Relationships, Species and Variety
Evaluation, -2.0941

SOIL MOISTURE SURVEY FOR SOUTH PLAINS OF
NORTHWEST TEXAS ...Moisture Meters, Moisture Tension, Soil
Depth, Texas, -2.1051

RUNOFF PRODUCTION BY UNIT SOURCE AREA ..Evapora-
tion, Forecasting-prediction, Land Use, Rain-general, Runoff,
-2.1029



Soil Physical Properties SUBJECT INDEX
EFFECT OF VARIOUS IRRIGATION 'TECHNIQUES ON SOIL

AERATION, SOIL STRUCTURE, AND CROP RESPONSE ,,.Ir-
rigation, Soil Aeration, Soil Structure, 11070

SNOW COVER COMPACTION AND SOIL MOISTURE ..,Snow-
melt, Snowpack, Soil-water-plant Relationships, ..2.1065

PHYSICAL PROPERTIES OF IMPORTANT SOIL TYPES OF
VIRGINIA AS THEY RELATE TO WATER AND AIR
BEHAVIOR AND TILLAGE ,Engineering Properties-general,
Soil Structure, Soil Tests, Soil Types, Storage of Water, Tillage,
Cropping Systems, 2.1107

CHARACTERIZATION OF THE PHYSICAL PROPERTIES OF
THE SOILS OF VIRGINIA ,..Permeability, Soil Environment, Soil
Genesis, Underground Waste Disposal, Water Table Fluctuation,
2.1106

FACTORS AFFECTING WA'T'ER CONSERVATION FOR PLANT
GROWTH IN THE LOW RAINFALL AREA OF EASTERN
WASHINGTON .,,Density, Moisture Levels, Rain, Washington,
3,0482

CLAY MINERAL STABILITY AND WATER COMPOSITION
.,.Clay Minerals- general, Clays, Interstitial - Connate Water,
Mineralization, Stability Fields, ..1.0124

WATERSHED WATER BUDGET Agricultural Watersheds,
Evapotranspiration, Mathematical Analysis, RunotT, Water
Balance- budget, 2.1157

DYNAMIC PROPERTIES OF GRANULAR BASE MATERIALS
IN SATURATED AND PARTIALLY SATURATED CONDI-
TIONS ...Granular-general, Moving, Pavement, Soil Dynamics,
Soil Mechanical Properties, ..2.0305

UNDERSTANDING OF THE INFILTRATION OF RAIN INTO
BURIED WASTE ,..Groundwater Movement, Infiltration, Porosi-
ty, Radioactivity-other, Unsaturated Flow, _2.0948

GENERALIZED SOIL - MOISTURE RUNOFF-RELATIONS
...Amount, Forecasting-prediction, River Basins, Runoff, 2.0900

TEST OF EFFECTIVE SOILS PROPERTIES IN THE ANNUAL
FROST ZONE ...Disturbed/undisturbed, Frost and Permafrost,
Permeability, Soil Consolidation, Thermal Properties-general,
.2.0755

GROUND WATER PREDICTION STUDIES Forecasting-predic-
tion, Frost Heaving, Permafrost-frozen, 'Technique Development,
2.0752

SPECIFIC YIELD INVESTIGATION Aquifers-general, California,
Groundwater Basins, Projections and Estimations, Water Yield,
2.0182

INFLUENCES OF WATER-SEEPAGE CHARACTERISTICS ON
THE COMPOSITION OF EXCHANGEABLE PORE-WATER
SOLUTES ...Clay Minerals-general, Exchange Capacity, Ground-
water. Seepage, Water Quality - general, ..2.0126

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ..,Data
Acquisition-general, Irrigation-general, Rio Grande River, Water
Table Fluctuation, 6.0538

ADMINISTRATION, GENERAL, AND OTHER EXPENSES--SOIL
AND MOISTURE CONSERVATION PROGRAM ...Administra-
tive Structures. Conservation-general, Economics-general,
8.0140

PREDICTING NITRATE CONTENT OF AGRICULTURAL
DRAIN WATER ...AgricuIturai Watersheds, Computers-general,
Drainage, Model Studies-general, Nitrate, Nitrite, Nitrogen,
5.0181

WATER YIELD IMPROVEMENT, EROSION CONTROL, AND
SEDIMENT REDUCTION IN FORESTS ...Erosion-general,
Forest Watersheds, Land Use, Radioisotopes, Stabilization-other,
Water Yield, 3.0486

IRRIGATION REQUIREMENTS, PRACTICES AND METHODS
OF APPLICATION FOR EFFICIENT PRODUCTION OF
CROPS IN THE SOUTHEAST ...Irrigation, Soil-water-plant Rela-
tionships, _3.0191

IRRIGATION PRACTICES, REQUIREMENTS AND DESIGN
CRITERIA FOR EFFICIENT USE OF WATER AND
SUSTAINED CROP PRODUCTION IN THE NORTHERN
PLAINS ...Irrigation, Irrigation Engineering, 3.0142

SOIL-MOISTURE-PLANT GROWTH RELATIONSHIPS
...Moisture Retention, Moisture Tension, Radioisotopes, Root Ab-
sorption, Soil-water-plant Relationships, Translocation, 2.0438

THE ENERGY BUDGET AT THE EARTHS SURFACE ...Energy
Budgets, Hcat Exchange, Humidity, Transpiration and Evap,
Water Balance-budget, Wind Tunnels, 2.0808

WATER USE UNDER DRYLAND CONDITIONS IN COASTAL
VALLEYS OF CALIFORNIA ...Applied Chat, alogy, California,
Modified Water Usc, Precipitation -general, Soil Environment,
...3.0092

Moisture Retention
HYDROLOGY OF WATER YIELD PREDICTION ...Amount,

Forecasting - prediction, Forest Watersheds, Water Balance-budget,
Water Yield, .2.0892

SOIL PHYSICAL CONDITIONS IN RELATION TO IRRIGATION
.Aggregates-other, Furrow Irrigation, Irrigatiun, Moisture Ten-
sion, Physical Properties-general, Sprinkler Irrigation, .2.0146

RUNOFF OF SMALL WATERSHEDS ...Agricultural Watersheds,
Gaging, General Synoptic Observations, Runoffs Soil Types-
general..2.0531

DEVELOPMENT OF A CHEMICAL FALLOW SYSTEM OF
FARMING ,..Great Plains Province, Herbicides -non-specific,
Rotations, Runoff, Tillage, Cropping Systems, 4.0236

SOIL WATER EVAPORATION AND MEANS OF MINIMIZING
IT ...Boundary Process (moisture), Evaporation, Heat Flow, Satu-
rated-unsaturated, Soil Conditions, Soil Morphology, Profiles,
...2.0498

REACTIONS I3ETWEEN MINERAL AND ORGANIC COM-
PONENTS IN SOIL, ,Mineralogy, Organic Content, Soil Chemi-
cal Properties, Soil Environment, Stability, .3.0423

MOISTURE RETENTION, MOVEMENT, MEASUREMENT, AND
AVAILABILITY TO PLANTS IN FLORIDA SOILS ...Available
Water, Internal Water Movement, Moisture Content, Natural
Variation of Water USE, Soil Tests, Soil-water-plant Relation-
ships, ..2.0313

EVALUATION OF CONSUMPTIVE WATER USE, SOIL-WATER
STORAGE, AND THE INTERRELATION OF THREE COM-
PONENTS OF THE WATER BUDGET .Agricultural
Watersheds, Climate, Consumptive Usc, Evapotranspiration,
Groundwater, Water Balance-budget, 4.0080

WATER TABLE CONTROL IN DRGANIC SOILS ...Drainage,
Linings-pavings, Soil-water-plant Relationships, Swamps-marshes,
Water Table Fluctuation, 4.0079

SOIL-WATER RELATIONS OF HAWAIIAN SOILS ...Hawaii, Ir-
rigation- general, Mineralogy, Permeability, Soil Structure-general,
Soil Tests, ,,,2.0374

RETENTION OF NUTRIENTS AND OTHER POLLUTANTS IN
SEWAGE BY SOILF Analysis and Detection, Nutrients, Pollu-
tants-general, Sewage, silt, 5.1312

PHYSICS AND CHEMISTRY OF SOIL WATER AND INTERFA-
CIAL PHENOMENA Adsorption-other, Boundary Process
(moisture), Frost and Permafrost, Permafrost-frozen, Thermal
Properties-general, 1.0076

DEVELOPMENT OF CRITERIA FOR TILLAGE MACHINERY
THAT WILL REDUCE SOIL EROSION AND RUNOFF Con-
servation-general, Erosion-general, Runoff, Technique Develop-
ment, Tillage, Cropping Systems, 2.0007

RUNOFF PRODUCTION BY UNIT SOURCE AREAS IN THE
SOUTHERN PLAINS ..,Great Plains Province, Land Use, Runoff,
2.0875

SOIL-MOISTURE-PLANT GROWTH RELATIONSHIPS
,..Moisture Content, Moisture Tension, Radioisotopes, Root Ab-
sorption, Soil- water- plai.1 -telationships, 'Translocation, ..,2.0438

Moisture Tension
EFFECTS OF WEATHER ON CROPS Available Water,

Evapotranspiration, Meteorological Studies-general, Projections
and Estimations, Soil Moisture -non-specific, _2.0482

DETERMINATION OF BULK DENSITY & WATER CONTENT
OF SOIL 'THRU MEASUREMENT OF RADIATION AT-
TENUATION AT TWO DIFFERENT GAMMA ENERGIES
...Gamma, Moisture Content, Radiation Emission, Soil Chemical
Properties, 1.0123

REMOTE ELECTRO-MAGNETIC SENSORS FOR DETECTING
'TRANSPIRATIONAL WATER USE BY PLANTS SUBJECTED
TO VARIOUS FOLIAR CHEMICAL TREATMENTS ...An-
titranspirants, E M Radiation-general, Heat Flow, Remote
Sensing, Transpiration, 11069

FOREST SITE AMELIORATION IN THE COASTAL FLAT-
WOODS OF MISSISSIPPI - ECONOMIC AND BIOLOGICAL
CONSIDERATIONS ...Mississippi, Pines, Site Index and Site
Quality, Water Table - Depth of , Water Table Fluctuation,
2.0682

SALINITY ABOVE A WATER TABLE AS AFFECTED BY RAII-4-
FALL AND IRRIGATION ...Groundwater Movement, Irrigation-
general, Permeability, Salinity, Soil and Rock Leaching, 2.0970

EVAPORATION OF WATER AS RELATED TO WIND BAR-
RIERS ...Evaporation, Hcat Exchange, Modified Water Use,
Water Loss Control, Wind-general, _3.0138
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SUBJECT INDEX Soil Physical Properties
PLANT SOIL MOISTURE ENVIRONMENT AND ITS EFFECT

ON WATER MOVEMENT INTO PLANT ROOTS ...Mathemati-
cal Analysis, Moisture Levels, Soil Environment, Soil-water-plant
Relationships, ,..2.0521

INFLUENCES OF MIST IRRIGATION ON MOISTURE STRESS,
GROWTH, YIELD, AND QUALITY OF POTATOES AND
OTHER VEGETABLE CROPS ...Drought, Irrigation, Mist Irriga-
tion, Potatoes, -2.0668

DYNAMICS OF WATER INFILTRATION INTO SOIL AS
GOVERNED BY SURFACE CRUSTING AND SEALING ...Infil-
tration, -2.0469

CHARACTERIZATION OF SOIL NONWETTABILITY AND THE
DEVELOPMENT OF CRITERA FOR THE MOST ECONOMIC
TREATMENT OF THESE SOILS ...Fire Damage, Recovery, Infil-
tration, Soils and Fertilizer, Surfactants, -2.0140

EVAPORATION AND EVAPOTRANSPIRATION IN RELATION
TO SOIL PROPERTIES AND MOISTURE STRESS ...Evapora-
tion, Evapotranspiration, Moisture Deficiency, Physical Properties
-other, Transpiration, -2.0957

SOYBEAN YIELD AND QUALITY AS AFFECTED BY CLI-
MATIC, CULTURAL AND SOIL FACTORS ...Alabama,
Drought, Irrigation, Soybeans, Yieid, . 3.0001

SOIL PHYSICAL CONDITIONS IN RELATION TO IRRIGATION
...Aggregates-other, Furrow Irrigation, Irrigation, Moisture Reten-
tion, Physical Properties-general, Sprinkler Irrigation, -2.0146

PROPERTIES OF SOILS RELATED TO APPLIED STRESSES
...Soil Compaction Or Density, Soil Environment, Soil Tests,
_2.0080

MOISTURE CONTROL AND ITS RELATION TO CULTURAL
PRACTICES FOR CITRUS, TREE, AND VINE CROPS
...California, Irrigation, Soil-water-plant Relationships, 'frees,
Vines, -2.0139

WATER-SOIL-PLANT RELATIONS ...Drought, Root Absorption,
Soil-water-plant Relationships, -2.0211

EFFECTS OF SOIL MOISTURE STRESS ...Drought, Moisture
Deficiency, Physiology, Plant Chemistry, Pines, Soil Environment,
.,.2.0431

CLAY-WATER-10N INTERACTIONS ...Adsorption Capacity,
Clay, Flow Characteristics -water, Soil Temp. -non-specific, Tem-
perature, ...2.0436

HYDROLOGIC, THERMAL AND TEXTURAL PROPERTIES OF
SOILS ...Heat Flow, Moisture-other, Movement, Availability, Tex-
ture, -6.0216

SOIL WATER MOVEMENT -Conservation-general, Groundwater
Movement, Management, Moisture Meters, Movement, Availabili-
ty, -3.0245

CRITERIA FOR EVALUATION AND FUNCTIONAL DESIGN OF
IRRIGATION SYSTEMS ...Applied Climatology, Drought, Irriga-
tion, Irrigation-general, Moisture Levels, ...2.0524

EFFECT OF SOIL DISTURBANCE ON THE PRESSURE HEAD
OF SOIL WATER -Disturbed/undisturbed, Tillage, Cropping
Systems, -2.0680

ENERGY AND WATER BALANCE ...Evapotranspiration, Nuclear
Moisture Meters, Soil Moisture -non-specific, Soil-water-plant
Relationships, Soils and Fertilizer, -2.0691

INTERRELATIONSHIPS OF SOIL PHYSICAL PROPERTIES
AND SOIL WATER MOVEMENTS ...Adsorption Capacity,
Drawdown, Internal 'Water Movement, Permeability, Phosphate,
Phosphite, ...2.0829

WATERISOIL PLANT RELATIONS ...Drought, Moisture Content,
Soil-water-plant Relationships, Transpiration and Evap, -2.0886

SOIL - PLANT - WATER RELATIONSHIPS ...Nuclear Moisture
Meters, Soil Morphology, Profiles, Soil-water-plant Relationships,
Water Movement, Velocity, ..2.0923

COMBINED INFLUENCE OF ATMOSPHERIC DESICCATION
AND SOIL WATER POTENTIAL ON THE IRRIGATION NEED
AND WATER POTENTIAL OF PLANTS ...Energy-general,
Evapotranspiration, Irrigation-general, Osmotic and Turgor Pres-
sure, -2.1078

HYDROLOGY OF WATERSHEDS ON SHALE SOILS ...Fine-
grained Clastics, Hydrology-general, Moisture Content, Runoff.
Small Watersheds, Soil Properties - Other, -4.0273

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Absorption, Fixation, Exchange, Internal Water Move-
ment, Subsurface Flow, Unsaturated Flow, ...2.0376

DIFFERENCE IN EFFECTS OF FOREST AND OTHER VEGETA-
TIVE COVERS ON WATER YIELD ...Cover Crops, Evapotrans-
piration, Israel, Precipitation -non-specific, Water Yield, ...3.0235

DEVELOPMENT OF METHODS FOR MEASURING PARTIAL
VAPOR PRESSURE OF SOIL WATER ...Krypton, Osmotic Pres-

sure, Soil Environment, Soil-water-plant Relationships, Technique
Development, Vapor Pressure, -2.0495

INCREASING CHAPARRAL WATERSHED YIELD THROUGH
IMPROVED USE OF PHENOXY-TYPE HERBICIDES ...En-
vironmental Effects, Herbicides -non-specific, Temperature,
Translocatif. n, Water Yield, Watersheds-other, -3.0089

SOIL-PLANT-ATMOSPHERE COMPONENTS IN IRRIGATION
STUDIES OF BLACK WALNUT TREES IN SOUTHERN IL-
LINOIS ...Air - Water - Plant Relations, Irrigation-general, Soil-
water-plant Relationships, Transpiration, Walnuts -black & En-
glish, -2,0401

TVIOISTURF. REQUIREMENTS OF DECIDUOUS ORCHARDS
...Cracking, Other Enviromental Conditions, Peaches, Plums,
Trees, -4.0030

MOISTURE CONTENT OF VARIOUSLY TREATED CHAPAR-
RAL SOILS IN RELATION TO SEEDLING ESTABLISHMENT
OF ADAPTED PERENNIAL GRASSES ...Adaptation, California,
Cover Crops, Grasses -non-specific, Soil-water-plant Relation-
ships, -2.0142

COOPERATIVE WATERSHED MANAGEMENT IN
SNOWLANDS AND LOWER CONIFER ZONES OF CALIFOR-
NIA ...California, Coniferous Forests, Forest Watersheds,
Management, Snowmelt, _4.0022

HORTICULTURAL CROP RESPONSE TO IRRIGATION PRAC-
TICES ...Evaporation, Growth Rate, Hawaii, Irrigation, .,.2.0382

INTERRELATION OF MOISTURE REGIME & NUTRIENT
LEVELS OF SELECTED MISSISSIPPI SOILS & THEIR RELA-
TION TO THE SITE INDEX OF LOBLOLLY PINE -Forest
Watersheds, Mississippi, Pines, Sit Index and Site Quality, Soils
and Fertilizer, -2.0683

A STUDY OF TECHNIQUES FOR INCREASING EFFICIENCY
OF IRRIGATION WATER APPLIED TO POTATOES ...Irriga-
tion, Potatoes, Water Application Methods, ...Z0798

SOIL MOISTURE SURVEY FOR SOUTH PLAINS OF
NORTHWEST TEXAS ...Moisture Content, Moisture Meters,
Soil Depth, Texas, -2.1051

SOIL-MOISTURE-PLANT GROWTH RELATIONSHIPS
...Moisture Content, Moisture Retention, Radioisotopes, Root Ab-
sorption, Soil-water-plant Relationships, Translocation, -2.0438

EVAPOTRANSPIRATION UNDER NATURAL CONDITIONS
..,Evaporation, Moisture Budgets, Ponds, Semi - Arid, ...2.0384

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
IN COASTAL REGIONS ...Climate, Energy-general, Evapotrans-
piration, Lysimeters, Soil Environment, -8.0012

Moisture-other
OXYGEN STATUS OF SOIL AIR AND SOIL WATER AS IN-

FLUENCED BY OXYGEN TRANSFER THROUGH THE SOIL
PROFILE ...Activation Analysis, Oxygen, Polarography, Soil
Chemical Properties, Soil Environment, -2.0248

TEMPORAL, HORIZONTAL AND VERTICAL VARIABILITY
OF WATER CHEMISTRY IN THE UNSATURATED ZONE OF
FINE-GRAINED SOILS ...Chemical-general, Groundwater, Satu-
rated-unsaturated, Water Quality-general, Water Sampling,
-2.0400

ESTIMATING SOIL MOISTURE FROM METEOROLOGICAL
MEASUREMENTS ...Cover Crops, Evapotranspiration, General
Synoptic Observations, Indiana, Soil Types, -2.0474

HYDROLOGIC, THERMAL AND TEXTURAL PROPERTIES OF
SOILS -Heat Flow, Moisture Tension, Movement, Availability,
Texture, -6.0216

THE PROPERTIES OF CLAY-ADSORBED WATER ...Clay, Clay
Minerals-general, Flow, -1.0050

PROBABILITY TABLES FOR PRECIPITATION ...Other Probabili-
ty, Precipitation-other, Requirements for Water, Tables, Compila-
tions, Catalogs, Weather Forecasting, -2.0604

Organic Content
STRUCTURAL CHEMISTRY OF YELLOW ORGANIC MATTER

IN FRESH WATER ...Chemical Analysis (water),
Hydrogenolyses, Organic, Organic Matter, Organic-general,
-5.1054

REACTIONS BETWEEN MINERAL AND ORGANIC COM-
PONENTS IN SOIL. ...Mineralogy, Moisture Retention, Soil
Chemical Properties, Soil Environment, Stability, -3.0423

THE ROLE OF SOIL WErfABILITY AND TREATMENT WITH
WETTING AGENTS ON WATER MOVEMENT AND SOIL
PHYSICAL PROPERTIES. ...Adsorption Capacity, Formation
Principles, Internal Water Movement, Moisture Content, Subsur-
face Flow, Texture, -2.0141
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Soil Physical Properties SUBJECT INDEX

Particle Size
SEALING OF CANALS AND RESERVOIRS WITH COLORADO

CLAYS ...Clay, Colorado, Irrigation Engineering, Open Channel,
Permca., ity, Reservoirs, Waterproof, 8.0144

Particle Surface
MECHANISM OF FROST HEAVING _Frost Heaving, Hydrated

Acid and Norm, Liquid - Solid Interactions, Permafrost-frozen,
Silicones, Wax, Paraffin, ...1.0802

MECHANICS OF SOIL EROSION BY WATER ...Erosion Control,
Erosion-general, Rain-general, Stability, Thermal Properties-
general, 2.0457

Permeability
DRAINAGE INVESTIGATIONS OF PROPOSED IRRIGATED

SOILS IN Drainage, Irrigation. general, Soil Environment,
,..2.0974

THE MINERALOGY AND CHEMISTRY OF SOILS AND SEDI-
MENTS OF HIGH PLAINS PLAYAS ...Clay Minerals-general,
Evaporation, Mineralogy, Playas, Soil Chemical Properties,
3.0460

SALINITY ABOVE A WATER TABLE AS AFFECTED BY RAIN-
FALL AND IRRIGATION ...Groundwater Movement, Irrigation-
general, Moisture Tension, Salinity, Soil and Rock Leaching,
2.0970

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Hysteresis, Internal Water Movement, Saturated- unsatu-
rated, Soil Environment, ...2.0094

INVESTIGATION OF WATER STORAGE AND MOVEMENT IN
SOILS ,..Moisture Content, Porous Media - Flow Through, Satu-
rated-unsaturated, Seepage, Storage of Water, 2.0433

PERFORMANCE, OF DRAINAGE SYSTEMS ...Drainage Systems,
Drawdown, Hydraulic Gradient, ObNervation Wells, Water Table
Fluctuation, ...4.0174

INTERRELATIONSHIPS OF SOIL PHYSICAL PROPERTIES
AND SOIL WATER MOVEMENTS Adsorption Capacity,
Drawdown, Internal Water Movement, Moisture Tension,
Phosphate, Phosphite, 2.0829

SOIL CHARACTERISTICS AFFECTING SUBSURFACE
DRAINAGE ...Computers-general, Model Studies-gcncral, Void
Ratio wind Porosity, 4.0194

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Saturated-unsaturated,
Soil Temp, -non-specific, Temperature, Texture, Water Move-
ment, Velocity, ..2.0885

WATER YIELDS FROM SHALLOW GROUND AQUIFERS
Aquifers-general, Irrigation-general, Recharge -general, Water
Yield, 4.0214

POND SEALING ...Adsorption Capacity, Lining, Linings-pavings,
Ponds, 4.0223

THE DRAINAGE OF IRRIGATED LANDS ...Drainage, Irrigation-
general, Steady, Subsurface Flow, Water Table Fluctuation,
...4.0251

SEALING OF CANALS AND RESERVOIRS WITH COLORADO
CLAYS ...Clay, Colorado, irrigation Engineering, Open Channel,

' Particle Size, Reservoirs, Waterproof, ..,8.0144
SOIL-WATER RELATIONS OF HAWAIIAN SOILS ...Hawaii, Ir-

rigation-general, Mineralogy, Moisture Retention, Soil Structure-
general, Soil Tests, ...2.0374

PIT METHOD OF ARTIFICIAL GROUND-WATER RECHARGE
...Aquifers-gcneral, Artificial Recharge, Illinois River, Induced In-
filtration, Recharge Pits - Wells, 4,0099

UNSATURATED FLOW RATES ...Forecasting-prediction, Internal
Water Movement, Porous Media - Flow Through, Unsaturated
Flow, Void Ratio and Porosity, ...2.0890

CHARACTERIZATION OF THE PHYSICAL PROPERTIES OF
THE SOILS OF VIRGINIA ...Moisture Content, Soil Environ-
ment, Soil Genesis, Underground Waste Disposal, Water Table
Fluctuation, ..2.1106

TEST OF EFFECTIVE SOILS PROPERTIES IN THE ANNUAL
FROST ZONE ...Disturbed/undisturbed, Frost and Permafrost,
Moisture Content, Soil Consolidation, Thermal Properties - general,
...2.0755

HYDROLOGICAL STUDIES OF THE SAVANNAH RIVER
PLANT, SOUTH CAROLINA -GEOHYDROLOGY OF WASTE
TANK FARMS ...Internal Water Movement, Observation Wells,
Pumping, Soil Tests, South Carolina, 4.0216

STUDIES OF EQUATIONS FOR SEEPAGE LOSS FROM
CANALS ...Canals, Lining, Loss, Open Channel, Soil Test -
Insitu, 8.0129

NITRATE BEHAVIOR IN SOIL WATER UNDER FIELD CONDI-
TIONS ...Groundwater Movement, Infiltration, Movement,
Availability, Nitrate, Nitrite, Nitrogen, _5.0180

IMPROVEMENT OF WATER SUPPLY SOURCES AND
STORAGE FACILITIES IN THE CORN BELT ...Corn Belt,
Ponds, Reservoirs, Sccpage, Water Loss Control, 8.0274

SOIL AND WATER MANAGEMENT PRACTICES FOR THE
CONTROL OR ALLEVIATION OF SALINE AND SODIC SOIL
PROBLEMS IN THE PACIFIC NORTHWEST ...Irrigation -
general, Management, Saline Propertics, Soil and Rock Leaching,
Southern, 3.0205

Physical Properties -other
EVAPORATION AND EVAPOTRANSPIRATION IN RELATION

To SOIL PROPERTIES AND MOISTURE STRESS ...Evapora-
tion, Evapotranspiration, Moisture Deficiency, Moisture Tension,
Transpiration, ...2.0957

INFLUENCE OF IRRIGATION PRACTICES _Irrigation, Soil
Structure, 2.0210

EFFECT OF EXTERNAL AIR PRESSURE ON LIQUID FLOW
THROUGH A POROUS MEDIUM ...Canals, Model Studies,
Permeability, Pressure-density, Sccpage, _2.0392

DIFFUSION OF WATER AND IONS IN SOIL ...Mineralogy, Physi-
cal Propertics -othcr, 2.0526

THE EFFECT OF HETEROGENEITIES OF THE SOIL UPON IN-
FILTRATION infiltration, ...2.1165

TRACING STORM AND BASE FLOW To VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS ...Baseflow, Flow
Characteristics -water, Forest Watersheds, Georgia, Sediment
Yield, _2.0341

TILLAGE STUDIES ...Groundwater Movement, Growth Rate,
Plowing, Soil Depth, Tillage, Cropping Systems, ...4.0119

Physical Properties-general
STUDIES IN SOILS AND AGRONOMIC PRACTICES -

SHOSHONE PROJECT, WYOMING ...Air - Water - Plant Rcla-
tions, Big Horn, Management, Rates Or Levels' of Application,
Saline and Alkaline Soils, .,3,0494

RELATIONSHIP BETWEEN THE ERODIBILITY OF SOILS AND
THE SEDIMENTATION RATE OF RESERVOIRS ...Erosion-
general, Rate of Deposition, Rcscivoirs and Impoundments, Sedi-
ment Yield, Soil Erosion -non-specific, 2.0463

DEEP SEEPAGE ON PIEDMONT WATERSHEDS ...Percolation,
Piedmont Province, Saturated Flow, Sccpage, Umaturatcd Flow,
Water Table Fluctuation, ..2.0955

rFUE INTERFLOW PROCESS ON SLOPING WATERSHED
AREAS ...Forecasting - prediction, Groundwater Movement,
Mathematical Analysis. Rain-general, Tracers-rncral, 2.0961

NITRATES IN WATER SUPPLIES ...Animal Wastes - Feed Lots,
Nitrate, Nitrite, Nitrogen, Pollutants - Path of , Soil Sampling,
Waste Disposal -underground, 5.0679

SOIL PHYSICAL CONDITIONS IN REI ATION TO IRRIGATION
...Aggregates-other, Furrow Irrigatior, Irrigation, Moisture Reten-
tion, Moisture Tension, Sprinkler Irtigation, 2.0146

SORPTION AND DESORPTION FACTORS INFLUENCING
TRANSPORT, PERSISTENCE, & ALTERATION OF PESTI-
CIDES IN VARIOUS AGRICULTURAL SOILS ...Boundary
Process (moisture), Movement, Leaching, Pesticides -non-
specific, Radioisotopes, Soil Chemical Propertics, 5.0140

THE PERSISTENCE IN AN ERODED SOIL OF TILTH IM-
PROVEMENT ENGENDERED BY A SOD-BASED ROTATION
.Infiltration, Soil Environment, Soil Physical Propertics, Soil Til-

lage Methods -other, Tillage, Cropping Systems, ...2.0343
MOVEMENT OF WATER AND GASES IN SOIL ...Density, Inter-

nal Water Movement, Mathematical Analysis, Water Table Fluc-
tuation, 2.0480

EFFECTS OF COARSE SKELETON ON PHYSICAL PROPER-
TIES OF SOIL ...Maine, Potatoes, Runoff, Soil Compaction Or
Density, 2.0553

SOIL-WC TER-PLANT RELATION TO ARTIFICIAL DRAINAGE
...Drainage, Moisture Content, Soil Chemical Properties, Soil-
watcr-plant Relationships, 4.0264

WATER QUALITY IN RELATION TO PHYSICAL AND CHEMI-
CAL PROPERTIES OF SOILS AND WASTE WATERS
THEREFROM ...Percolation, Salinity, Soil and Rock Leaching,
Soil Chemical Properties, Water Quality-gencral, 5.0081

THE EFFECTS OF SWEETCLOVER, NITROGEN, SUPPLEMEN-
TAL IRRIGATION, AND PLANT POPULATION ON GRAIN
SORGHUM YIELDS OF BLACKLAND SOILS ...Irrigation, Milo
and Grain Sorghum, Sweet Clover, 2.11025
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SUBJECT INDEX Soil Physical Properties

THE EFFECT OF PESTICIDES ON AN ECOSYSTEM ...Environ-
ments- general, Food Chains, Animal And/or Man, Persistance of
Residues, Pesticides -non-specific, Pollution - Effects of , Soil
Chemical Properties, ..5.1154

Physical Properties-other
DIFFUSION OF WATER AND IONS IN SOIL ...Mineralogy,

...2.0526

Radiation Emission
STUDY OF THE ENERGY BUDGET ON THE HAWAIIAN

ISLANDS ...Evapotranspiration, Hawaii, Radiation-terrestrial,
Reflectance, ...2.0370

DETERMINATION OF BULK DENSITY & WATER CONTENT
OF SOIL THRU MEASUREMENT OF RADIATION AT-
TENUATION AT TWO DIFFERENT GAMMA ENERGIES

Gamma, Moisture Content, Moisture Tension, Soil Chemical
Properties, ...I.0123

Reflectance
STUDY OF THE ENERGY BUDGET ON THE HAWAIIAN

ISLANDS ...Evapotranspiration, Hawaii, Radiation Emission,
Radiation-terrestrial, ...2.0371)

HYDROLOGICAL DATA ACQUISITION THROUGH REMOTE
RECONNAISSANCE SYSTEMS ...Aerial, Data Acquisition-
other, Hydrology-general, Infrared Radiation, Mapping, Moisture
Content, ...7.0075

SPECTRAL RECONNAISSANCE FOR DIAGNOSIS OF SOIL
AND WATER MANAGEMENT PROBLEMS ...Field, Manage-
ment, Remote Sensing, Soil Management -non-specific, Soil-
water-plant Relationships, Spectral Reflectance, 3.0465

Saline Properties
EVAPORATION FROM SOIL SURFACES AS AFFECTED BY

SALT, STRUCTURE AND TEXTURE ...Boundary Process
(moisture), Computers-general, Development of Models,
Evaporation, Soil Morphology, Profiles, Water Movement-general,
_2.0216

MODEL STUDY TO PREDICT SALT DISTRIBUTION AND
CONCENTRATION OF WATER IN SOIL PROFILES ...Arid and
Desert, Irrigation-general, Model Studies, Moisture Content, Soil
Chemical Properties, ...5.0750

WATER REQUIREMENTS FOR SALINITY CONTROL IN UN-
SATURATED SOILS ...Irrigation-general, Saturated-unsaturated,
Soil and Rock Leaching, Water Application Methods, ...5.0751

FACTORS AFFECTING PRODUCTION OF PECANS IN

ARIZONA Irrigation, Irrigation-general, Mineral Nutrition,
Moisture Content, Pecans, Hickory Nuts, Saline Soils, ...2.0046

RECLAMATION OF SALTY LANDS IN PUERTO RICO ...Puerto
Rico, Saline and Alkaline Soils, Sodium, Soil Amendments, Soil
and Rock Leaching, ...3.0426

TOXICITIES OF CATIONS VS. ANIONS ACCUMULATED
FROM SALINE SOILS ...Ion Transport and Elect. pot. , Saline
Soils, Soil Chemical Properties, 5.0136

SOIL SOLUTION DISTRIBUTIONS AND CROP RESPONSES RE-
LATED TO IRRIGATION PRACTICES ...Internal Water Move-
ment, Irrigation, Movement, Availability, Rhizosphere, Saline
Soils, ..A.0028

SALINITY TOLERANCES OF CERTAIN TROPICAL SOILS AND
RELATIONSHIPS BETWEEN SODIUM ION ACTIVITIES AND
SOIL PHYSICAL PROPERTIES ...Chemical Analysis - Sails, Ir-
rigation-general, Semi - Arid, Sodium, Soil Chemical Properties,
Tropic, ...3.0200

GENERAL SOIL MAPS OF REGIONS IN OREGON WITH
POTENTIAL FOR IRRIGATION ...Acrospatial, Irrigation-
general, Mapping, Oregon, Soil Morphology, Profiles, ...6.0463

SOIL AND WATER MANAGEMENT PRACTICES FOR THE
CONTROL OR ALLEVIATION OF SALINE AND SODIC SOIL
PROBLEMS IN THE PACIFIC NORTHWEST ...Irrigation-
general, Management, Permeability, Soil and Rock Leaching,
Southern, _3.0205

Soil Amendments
RECLAMATION OF SALTY LANDS IN PUERTO RICO ...Puerto

Rico, Saline and Alkaline Soils, Saline Properties, Sodium, Soil
and Rock Leaching, ...3.0426

CHEMISTRY OF BORON IN CALIFORNIA SOILS ...Absorption,
Fixation, Exchange, Boron, Phytotoxic, Soil arid Rock Leaching,
Soil Management -non-specific, Soil Morphology, Profiles,
_5.0080

IMPROVEMENT AND MANAGEMENT OF SALINE AND
SODIC SOILS OF THE NORTHERN PLAINS ...Growth Rate,
Saline and Alkaline Soils, Saline Soils, Soil - Alkaline, ...3.0385

MOVEMENT OF WATER AND AIR TO AND INTO PLANT
ROOTS IN SOILS OF THE GREAT BASIN ..,Air - Water - Plant
Relations, Root Absorption, Saline and Alkaline Soils, Soil Analy-
sis, Soil-water-plant Relationships, ...2.0729

Soil Structure
Air - Water - Plant Relations

STUDIES IN SOILS AND AGRONOMIC PRACTICES -
SHOSHONE PROJECT, WYOMING .,.Big Horn, Management,
Physical Properties-general, Rates Or Levels of Application,
Saline and Alkaline Soils, _3.0494

A WATER TRANSPORT IN THE SYSTEM, SOIL-PLANT-AT-
MOSPHERE ...Evaporation, Root Absorption, Soil-water-plant
Relationships, Transpiration and Evap, _2.0432

SOIL-PLANT-ATMOSPHERE COMPONENTS IN IRRIGATION
STUDIES OF BLACK WALNUT TREES IN SOUTHERN IL-
LINOIS ...Irrigation-general, Moisture Tension, Soil-water-plant
Relationships, Transpiration, Walnuts -black & English, ...2.0401

PREDICTIONS OF WATER REQUIREMENTS OF CROPS FROM
MICROCLIMATIC PARAMETERS ..Energy Budgets,
Evapotranspiration, Microclimate-general, Miniature Or Microen-
vironment, Requirements for Water, .4.0029

SOIL AND CLIMATE FACTORS AFFECTING THE EFFICIENT
USE OF WATER BY CROPS ...Applied Climatology, Evapora-
tion, Iowa, Moisture Content, Moisture Levels, Soil-water-plant
Relationships, ...2.0485

NUTRIENT INPUT TO WASHINGTON SOILS FROM AT-
MOSPHERIC SOURCES. ...Irrigation, Irrigation-general,
Nutrients, Rain-general, Soil and Rock Leaching, ...2.1124

UNDERSTANDING AND IMPROVING SOIL-PLANT-AT-
MOSPHERIC RELATIONSHIPS FOR MORE EFFICIENT
UTILIZATION OF WATER ...Irrigation, Micrometeorology, Root
Absorption, Soil-water-plant Relationships, 2.1057

MOISTURE CONSERVATION PRINCIPLES AND PRACTICES
IN THE PACIFIC NORTHWEST ...Climate-general, Evapotrans-
piration, Management Effects, Modified Water Use, Soil-water-
plant Relationships, 4.0267

MOVEMENT OF WATER AND AIR TO AND INTO PLANT
ROOTS IN SOILS OF THE GREAT BASIN ,..Root Absorption,
Saline and Alkaline Soils, Soil Amendments, Soil Analysis, Soil-
water-plant Relationships, ...2.0729

Formation Principles
THE ROLE OF SOIL WETTABILITY AND TREATMENT WITH

WETTING AGENTS ON WATER MOVEMENT AND SOIL
PHYSICAL PROPERTIES. .,.Adsorption Capacity, Internal
Water Movement, Moisture Content, Organic Content, Subsur-
face Flow, Texture, 2.0141

Management Effects
CHEMICAL CONTROL OF CREOSOTEBUSH AND MESQUITE

...Evaluation, Legumes -other..mesquite... , Phreatophytes, Range,
Watersheds-general, Zygophyllaccae, ..,4.0177

DRYLAND SOIL MANAGEMENT ...Colorado, Evapotranspira-
tion, Modified Water Use, Soil-water-plant Relationships, Tillage,
Cropping Systems, Wind Erosion, 2.0208

DETACHABILITY OF SOIL PARTICLES ,..Cover Crops,
Nebraska, Rain, Soil Analysis, ..2.0723

EFFECTS OF SOIL MANAGEMENT TREATMENTS ON ERODI-
BILI'I'Y AND INFILTRATION CHARACTERISTICS Infiltra-
tion, Ohio, 2.0860

SOIL PHYSICAL CHANGES DUE TO MANAGEMENT PRAC-
TICES ...Arizona, Management, Tillage, Cropping Systems, Yield,
2.0050

THE ROLE OF SOIL STRUCTURE IN CROP PRODUCTION
AND METHODS FOR IMPROVING SOIL PHYSICAL CONDI-
TIONS ...Groundwater Movement, Plant Residues, Humus, Com-
post, Soil Environment, Soil Structure, Texas, 2.1055

THE EFFECTS OF SWEETCLOVER, NITROGEN, SUPPLEMEN-
TAL IRRIGATION, AND PLANT POPULATION ON GRAIN
SORGHUM YIELDS OF BLACKLAND SOILS ...Irrigation, Milo
and Grain Sorghum, Sweet Clover, ...2.1025

CHARACTERIZATION OF DYNAMIC PROPERTIES AND
PHYSICAL CONDITIONS OF SOIL IN RELATION TO TIL-
LAGE AND TRACTION ...Dynamic, Load Behavior, Soil Condi-
tions, Soil Preparation & Renovation, Tillage, Cropping Systems,
_2.0001
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MOISTURE CONSERVATION PRINCIPLES AND PRACTICES
IN THE PACIFIC NORTHWEST ..,Air - Water - Plant Relations,
Climate-general, Evapotranspiration, Modified Water Use, Soil-
water-plant Relationships, ..4.0267

Soil Structure -other
SOIL AND WATER REQUIREMENTS FOR BLACK WALNUT

AND OTHER HARDWOODS ...Requirements for Water, Site
Index and Site Quality, Soil Structure, Soils and Fertilizer, Wal-
nuts -black & English, .4.0089

Temperature
THE EFFECT OF TEMPERATURE ON WATER FLOW IN SOILS

...Boundary Process (moisture), Flow Characteristics -water, In-
ternal Water Movement, Soil Environment, Subsurface Flow,
...2.0679

VERTICAL MIGRATION OF MOISTURE IN THE SOIL IN-
DUCED BY WINTER THERMAL GRADIENTS AND ITS IN-
FLUENCE UPON SPRING WATER RESOURCES _Internal
Water Movement. Management, Moisture Content, Saturated-un-
saturated, ...4.0141

SOIL TEMPERATURE AS A CRITERION FOR ALLOCATING
WATER SUPPLY FOR CROP USE ...Arid and Desert, Moisture
Content, Soil Environment, Soil Moisture -non-specific, Water Al-
location, ...2.0I 1 1

PREDICTING THE EFFECTS OF CHANGES IN IRRIGATION
WATER TEMPERATURE CAUSED BY WATER PROJECTS
...Heat Flow, Irrigation, Low Temp. - But Above 32f, 5.0083

BACTERIAL ADSORPTION ON SOILS ...Bacterial Pollutant
Sources, Pollutants - Path of , Recharge -general, Self-purifica-
tion, Soil Chemical Properties, 5.1190

SPRING IRRIGATION OF ALFALFA ...Alfalfa, Irrigation, Rhizo-
sphere, ...3.0313

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Permeability, Saturated-
unsaturated, Soil Temp. -non-specific, Texture, Water Movement,
Velocity, 2.0885

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Electrical Properties, Hysteresis, Internal Water Move-
ment, Moisture Content, Nuclear Moisture Meters, Saturated -un-
saturated, ..2.1119

INCREASING CHAPARRAL WATERSHED YIELD THROUGH
IMPROVED USE OF PHENOXY-TYPE HERBICIDES ...En-
vironmental Effects, Herbicides -non-specific, Moisture Tension,
Translocation, Water Yield, Watersheds-other, 3.0089

WATER AND SOIL TEMPERATURE IN RELATION TO PLANT
GROWTH ...Irrigation, Low Temp. - But Above 32f, Soil-water-
plant Relationships, Yield, 2.0089

TEMPERATURE PROSPECTING FOR SHALLOW GLACIAL
AND ALLUVIAL AQUIFERS ...Deposits, Geothermal, Tempera-
ture Profiles, Unconsolidated Aquifers, ...4.0095

WEATHER RECORDS ...General Synoptic Observations, Moisture
Content, 2.0942

THE EFFECT OF TILLAGE AND ORGANIC MULCHES UPON
SOIL MOISTURE MOVEMENT AND SOIL TEMPERATURES
IN THE LOWER RIO GRANDE ...Evaporation, High Temp. -
85f Or Above, Modified Water Use, Mulches -other, Soil En-
vironment, 2.1056

Texture
HYDROLOGIC, THERMAL AND TEXTURAL PROPERTIES OF

SOILS ...Heat Flow, Moisture Tension, Moisture-other, Move-
ment, Availability, 6.0216

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Permeability, Saturated-
unsaturated, Soil Temp. -non-specific, Temperature, Water Move-
ment, Velocity, ..,2.0885

THE ROLE OF SOIL WETTABILITY AND TREATMENT WITH
WETTING AGENTS ON WATER MOVEMENT AND SOIL
PHYSICAL PROPERTIES. ...Adsorption Capacity, Formation
Principles, Internal Water Movement, Moisture Content, Organic
Content, Subsurface Flow, 2.0141

Thermal Properties-general
MOISTURE RESPONSE OF SOILS ...Capillarity, Louisiana, Soil

Environment, Techniques & Instrumentation, ...2.0550
SIMULTANEOUS FLOW OF WATER AND HEAT IN WATER-

UNSATURATED IOWA SOILS DURING EVAPORATION
...Density, Iowa, Layered System, Moisture Content, Seepage,
2.0479

MECHANICS OF SOIL EROSION BY WATER Erosion Control,
Erosion-gneraL Particle Surface, Rain-general, Stability, 2.0457

PHYSICS AND CHEMISTRY OF SOIL WATER AND INTERFA-
CIAL PHENOMENA ...Adsorption-other, Boundary Process

(moisture), Frost and Permafrost, Moisture Retention, Per-
mafrost-frozen, 1.0076

TECHNICAL SUPPORT, INVESTIGATIONS OF ARCTIC CON-
STRUCTION Arctic, Cold Climates, Construction, Earth &
Rockfill Dams, 8.0266

TEST OF EFFECTIVE SOILS PROPERTIES IN THE ANNUAL
FROST ZONE ..,Disturbed/undisturbed, Frost and Permafrost,
Moisture Content, Permeability, Soil Consolidation, ..2.0755

EVAPOTRANSPIRATION THEORY AND MANAGEMENT
Evapotranspiration, Heat Flow, Instrumentation-general, Inter-
nal Water Movement, Soil Environment, 2.0036

Thermal Properties-other
SOILS, PESTICIDES, AND THE QUALITY OF WATER Adsorp-

lion Capacity, Internal Water Movement, Movement, Leaching,
Pollutants - Path of , 6.0590

SOIL HEAT TRANSFER PERMAFROST AND FROST
PENETRATION ...Computers-general, Heat Flow, Math. model,
Permafrost-frozen, 2.0024

Void Ratio and Porosity
INVESTIGATION OF SOIL FREEZING ...Dams-other, Density,

Frost and Permafrost, Lining, Moisture Content, 8.0285
SOIL CHARACTERISTICS AFFECTING SUBSU RFACE

DRAINAGE ...Computers-general, Model Studies-general,
Permeability, ...4.0194

UNSATURATED FLOW RATES ...Forecasting-prediction, Internal
Water Movement, Permeability, Porous Media - Flow Through,
Unsaturated Flow, 2.0890

Soil Pressure
Pore Water

SHEAR CHARACTERISTICS OF UNDISTURBED WEAK CLAY

Strength,
Clay, giDefalon, Disturbed/undisturbed, Embankments, Shear

CHARACTERISTICS OF SOILS UNDER SUSTAINED STRESS
go,cillaire,sCnrgeepthaenrd..R8VIgy, Shear Strength, Soil Environment,

LIQUEFACTION STUDIES OF TENUGHAT DAM SAND
.Earthquakes, India, Sand, Soil Dynamics, Soil Liquefaction, Soil

Settlements, 8.0185
EVALUATION OF SOIL MECHANICS LABORATORY EQUIP-

MENT AND RESTING PROCEDURES ...Cohesive Soil-general,
Consolidation, Direct Shear and Plane Shear, Soil Sampling,
Triaxial, 7.0067

PORE-PRESSURE MEASURING REFINEMENTS IN SOILS FOR
SHEAR AND CONSOLIDATION ...Capillarity, Cohesive Soil-
general, Pressure, Technique Development, Triaxial, 8.0080

STABILITY OF EARTH SLOPES ...Dams, Earthquakes, Open
Channel, Slopes, Soil Stability Analysis, ...8.0071

APPLICATIONS OF RESEARCH TO VARIATIONS IN SHEAR
AND CONSOLIDATION TESTING .,,Capillarity, Consolidation,
Density, Shear Strength, Triaxial, 8.0060

EFFECTS OF EARTHQUAKES ON SOIL PERFORMANCE
.Earthquakes, Foundations-general, Soil Dynamics, Soil

Liquefaction, Triaxial, ...8.0061

Pressure-general
PROTOTYPE ANALYSES - LOCK BEHAVIOR INVESTIGATION

...Concrete-general, Deflection, Hydraulic Structures, Internal,
Locks, ...8.0256

SOIL PRESSURES ON FLEXIBLE STEEL PIPE ...Model Studies,
Pipes, Soil-structure Interaction, Triaxial, 8.0072

STRUCTURAL PROBLEMS ASSOCIATED WITH CONCRETE
PIPE ...Concrete-general, Design Criteria, Pipes, Soil - Buried
Structures, Waterproof, 8.0033

Pressure-other
THE EFFECT OF HIGH CONFINING PRESSURE ON THE

DEFORMATION OF SOIL ...Dams, Deformation, Earth &
Rockfill Dams, Foundations-general, Shear Strength, 8.0013
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SUBJECT INDEX Soil Stabilization

Uplift
OESERVATION AND EVALUATION OF INSTRUMENTATION

IN THE FOUNDATION AND EMBANKMENT OF MORAINE
STATE PARK DAM ...Embankments, Foundations- general,
Piezometers, Soil Settlements, Soil Stability Analysis, -8.0170

PROTOTYPE ANALYSIS-STRUCTURAL BEHAVIOR ...Gravity
Dams, Mass, Ohio River, Piezometers, Seepage, -8,0149

MASSIVE-HEAD BUTTRESS DAMS ...Dams-other, Foundations-
general, Gravity Dams, Stresses-general, -8.0094

Soil Profile
A SYSTEMATIC TREATMENT OF THE PROBLEM OF INFIL-

TRATION ...Hysteresis, Infiltration, Model Studies, Moisture
Content, Patterns, _2.0219

THE USE OF NUCLEAR METHODS FOR DETERMINING
FOREST SOIL SITE INDEX ...Geophysical Analysis, Runoff, Site
Index and Site Quality, Soil Depth, Soil Morphology, Profiles,
-3.0249

MOVEMENT AND PERSISTENCE OF HERBICIDES IN THE
SOIL ...Herbicides -non-specific, Mode of Action -plant, Move-
ment, Leaching, Persistence in Soils, -5.1125

CHARACTERIZATION OF THE RATE OF WATER INFILTRA-
TION INTO SOIL ...Infiltration, Moisture Content, Soil
Morphology, Profiles, -2.0471

Soil Properties - General
CONSERVATION AND RENOVATION OF WASTE WATER

-Conservation-general, EffluciAs-waste Water, Natural Recharge,
Pollution - Effects of , Surface Irrigation -general, Waste Water
Treatment- general, ...5.1035

THE ROLE OF VEGETATION AND SOIL IN WATERSHED
YIELD ...Cover Crops, Dendroclimatology, Soil. water-plant Rela-
tionships, Water Balance-budget, Water p'.?Ii.1, Watersheds-
general, -4.0256

Soil Properties - Other
EFFECTS OF SUGAR REFINING LAGOON EFFLUENTS ON

BIOLOGICAL, PHYSICAL, AND CHEMICAL PROPERTIES
OF FARGO CLAY ...Clay, Effluents-waste Water, Food
Processing Industry, Industrial Processes-other, North Dakota,
Soil Contamination -other, -5.0834

HYDROLOGY OF WATERSHEDS ON SHALE SOILS ...Fine-
grained Clastics, Hydrology-general, Moisture Content, Moisture
Tension, Runoff, Small Watersheds, -4.0273

SOILS, PESTICIDES, AND THE QUALITY OF WATER
...Management, Movement, Leaching, Pollutants - Path of , Soil
and Rock Leaching, -5.0312

Soil Sampling
NITRATES IN WATER SUPPLIES ...Animal Wastes - Feed Lois,

Nitrate, Nitrite, Nitrogen, Physical Properties-general, Pollutants -
Path of , Waste Disposal -underground, -5.0679

THE MOVEMENT OF HERBICIDES OFF, INTO, AND
THROUGH SOILS ...Agricultural Watersheds, Herhiciacs -non-
specific, Movement, Leaching, Persistence of Residues, Runoff,
-5.0487

EVALUATION OF SOIL MECHANICS LABORATORY EQUIP-
MENT AND RESTING PROCEDURES ...Cohesive Soil - general,
Consolidation, Direct Shear and Plane Shear, Pore Water, 'Maxi-
al, -7.0067

SOIL SAMPLING MANUAL ...Disturbed/undisturbed, Handbooks,
Soil Exploration, Soil Test - Insitu, Soil Testing-general, ..,8.0238

DEVELOPMENT OF SOIL TESTING PROCEDURES AND
ANALYSIS 01 RESULTS ...Compaction, Direct Shear and Plane
Shear, Petrography, Triaxial, Vane, -8.0084

Soil Science -other
PREVENTING OR CONTROLLING ACCELERATED EROSION

or UNSTABLE FOREST SOILS ...Erosion-general, Mountains-
alpine, Movement, Availability, Open Channel, Slopes, Soil Sta-
bility Analysis, ...5.0316

Soil Settlemer."3
EMBANKMENT AND FOUNDATION MOVEMENTS ON THE

INSTRUMENTED SECTIONS OF THE EAST ATCHAFALAYA
BASIN PROTECTION LEVEE, ST. MARTIN PARISH. LOUI-

SIANA ...Embankments, Engineering Properties, Soil Stability
Analysis, Soil Tests, -8.0212

CORRELATION OF GROUND SUBSIDENCE FEATURES,
FOUNDATION FAILURES AND EARTH CRACKS WITH
WATER 'TABLE DRAWDOWN IN ALLUVIAL BASINS .,.Allu-
vial Deposits, Drawdown, Foundations-general, Joints-fractures,
Soil Exploration, Subsidence, -3.0016

LIQUEFACTION STUDIES OF TENUGHAT DAM SAND
...Earthquakes, India, Pore Water, Sand, Soil Dynamics, Soil
Liquefaction, -8.0185

OBSERVATION AND EVALUATION OF INSTRUMENTATION
IN THE FOUNDATION AND EMBANKMENT OF MORAINE
STATE PARK DAM ...Embankments, Foundations-general,
Piczometers, Soil Stability Analysis, Uplift, -8.0170

Soil Stability Analysis
EMBANKMENT AND FOUNDATION MOVEMENTS ON THE

INSTRUMENTED SECTIONS OF THE EAST ATCHAFALAYA
BASIN PROTECTION LEVEE, ST. MARTIN PARISH, LOUI-
SIANA ...Embankments, Engineering Properties, Soil Settlements,
Soil Tests, -8.0212

FLUCTUATION OF RESERVOIR t EVELS AND THE RELATED
CAUSE OF LANDSLIDES (THE OHIO RIVER VALLEY)
...Force, Land and Rock Slides, Reservoirs and Impoundments,
Slopes, Water Level Fluctuation, -8.0191

OBSERVATION AND EVALUATION OF INSTRUMENTATION
ON THE FOUNDATION AND EMBANKMENT OF MORAINE
STATE PARK DAM ...Embankments, Foundations-general,
Piezometers, Soil Settlements, Uplift, -8.0170

EARTH AND ROCKFILL DAM DESIGN PRACTICES ...Dams,
Design Criteria, Earth & Rockfill Dams, Earthquakes, Engineer-
ing Structures-gencral, -8.0137

FACTORS AFFECTING STABILITY OF ARTIFICIAL AND
NATURAL CHANNELS ...Channels, Cohesive Soil-general,
Hydraulic Gradient, Open Channel, Vane, -8.0034

STABILITY OF EARTH SLOPES -Dams, Earthquakes, Open
Channel, Pore Water, Slopes, -8.0071

PREVENTING OR CONTROLLING ACCELERATED EROSION
OF UNSTABI E FOREST SOILS ...Erosion-general, Mountains-
alpine, Movement, Availability, Open Channel, Slopes, Soil
Science -other, -5.0316

Soil Stabilization
STABILIZATION OF SLOPES ...Bituminous, Clay, Cuts, Embank-

ments, Slopes, -8.0069

Chemical
STORAGE AND MOVEMENT OF WATER IN SOILS AS RE-

LATED 'FO SPACIAL AND TIME CHANGES IN THE CLAY-
QUARTZ MATRIX ...Bonding, Clay, Internal Water Movement,
Moisture Content, Soil Environment, Stability, -5.0612

Stabilization-general
SOIL EROSION STUDIES IN OKLAHOMA AND SOIL SEDI-

MENTATION STUDIES IN OKLAHOMA ...Channel Geometry,
Culvert, Drainage, Erosion-general, Froude Number, -2.0877

RUNOFF INDUCEMENT IN ARID LANDS ...Arid and Desert. In-
filtration, Linings-pavings, Runoff, Storage of Water, Synthetic
Hydrology-general, ...3.0238

INVESTIGATIONS OF EROSION CONTROL AND WATER
CONSERVATION ,..Amount, Conservation-general, Erosion,
Gullys - Arroyos, Land Use, Runoff, Sediment Yield, -3.0226

ENGINEERING PHASES OF SOIL AND WATER MANAGE-
MENT ...Drainage Engineering, Erosion-general, Irrigation-
general, Management, -8.0220

SOIL EROSION PROBLEMS IN WISCONSIN ...Cultivation
Methods, Ns, Erosion-general, Sediment Yield, -2.1160

FOREST INFLUENCES STUDIES ...Erosion - general, Forest
Watersheds, Infiltration, Land Use, Runoff, Water Quality-
general, -2.0986

WATERSHED REHABILITATION TO CONTROL EROSION
AND SEDIMENTATION IN THE SOUTHWEST ...Erosion-
general, General Deposition, Sediment Yield, Watersheds-general,
...4.0175

Stabilization-other
COMMITTEE ON CHANNEL STABILIZATION ...Alluvial

Deposits, Bedding Planes, Channels, Design Criteria, Open Chan-
nel, Streams, Temperature, -2.0686
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Soil Stabilization SUBJECT INDEX

WATER YIELD iMPROVEMENT, EROSION CONTROL, AND
SEDIMENT REDUCTION IN FORESTS ...Erosion-general,
Forest Watersheds, hand Use, Moisture Content, Radioisotopes,
Water Yield, ...3.0486

SOIL STABILIZATION AND RUNOFF REGULATION IN
CONIFER WATERSHEDS ...Channels. Erosion-general, Forest
Watersheds, Internal Water Movement, Land Use, Runoff,
_5.0967

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN THE BLACK HILLS ...Erosion-general, Flow Charac-
teristics -water, Forest Watersheds, Management, Sedimentology-
general, Water Yield, ...3.0436

PRINCIPLES, FACILITIES, AND SYSTEMS FOR WATER HAR-
VEST ..Model Studies, Rainfall Simulators, Runoff, Storage of
Water, Water Harvesting, ...3.0006

DEVELOPMENT OF SUPPORTING RUNOFF AND EROSION
CONTROL PRACTICES ANT) SYSTEMS IN THE CORN BELT
...Conservation & Management Eng, Corn Belt, Erosion Control,
Erosion-general, Runoff, Terrace-bench, Wind, 3.0225

Soil Stresses
INVESTIGATION OF PLANE STRAIN ...Deformation, Granular-

general, Shear Strength, Soil Testing-other, Triaxial, ...8.0233

Soil Structure
Aggregates-other

SOIL PHYSICAL CONDITIONS IN RELATION TO IRRIGATION
...Furrow Irrigation, Irrigation, Moisture Retention, Moisture Ten-
sion, Physical Properties-gencral, Sprinkler Irrigation, _2.0146

Bonding
WATER ADSORPTION AND ITS INTERACTIONS WITH CLAY

AND QUARTZ ...Adsorption Capacity, Clay, Internal Water
Movement, Quartz, Subsurface Flow, ...2.0663

STORAGE AND MOVEMENT OF WATER IN SOILS AS RE-
LATED TO SPACIAL AND TIME CHANGES IN THE CLAY-
QUARTZ MATRIX ...Chemical, Clay, Internal Water Movement,
Moisture Content, Soil Environment, Stability, ...5.0612

Frost Heaving
MECHANISM OF FROST HEAVING ...Hydrated Acid and Norm,

Liquid - Solid Interactions, Particle Surface, Permafrost-frozen,
Silicones, Wax, Paraffin, ...2.0802

LABORATORY AND FIELD STUDIES OF FROST HEAVING
...Density, Freezing & Below, Internal Water Movement,
Mineralogy, Moisture Content, ...2.1143

STUDY OF MECHANISMS IN SOIL RELATED TO FROST
HEAVE AND ITS CONTROL Aggregates, Extenders, Fillers,
Foam, Porous, Frost and Permafrost, Linings-pavings, Plastics -
General, ...8.0267

GROUND WATER PREDICTION STUDIES ...Forecasting- predic-
tion, Moisture Content, Permafrost-frozen, Technique Develop-
ment, ...2.0752

Mineralogy
REACTIONS BETWEEN MINERAL AND ORGANIC COM-

PONENTS IN SOIL. ...Moisture Retention, Organic Content, Soil
Chemical Properties, Soil Environment, Stability, ...3.0423

Soil Crusts
DYNAMICS OF WATER INFILTRATION INTO SOIL AS

GOVERNED BY SURFACE CRUSTING AND SEALING ...Infil-
tration, Moisture Tension, 2.0469

Soil Structure-general
SOIL-WATER RELATIONS OF HAWAIIAN SOILS ...Hawaii, Ir-

rigation-general, Mineralogy, Moisture Retention, Permeability,
Soil Tests, ...2.0374

Soil Survey
PHYSICAL TECHNIQUES AND INSTITUTIONAL

MECHANISMS FOR INTEGRATED ADJUSTMENT IN THE
FLOOD PLAIN THROUGH SOIL SURVEYS ...Alternative
Planning, Floodplains, Floodproofing, Land Use, Mapping,
_6.0647

Soil Test - Insitu
ENGINEERING CHARACTERISTICS OF THE BOTTOM SEDI-

MENTS OF GREAT SALT LAKE ...Engineering Structures-
general, Great Salt Lake, Soil - Bearing Capacity, Soil Explora-
tion, Vane, ...8.0294

SOIL SAMPLING MANUAL ...Disturbed/undisturbed, Handbooks,
Soil Exploration, Soil Sampling, Sail Testing-general, ..,8.0238

SHEAR EVALUATION OF WEAK ROCK FOUNDATIONS _Ce-
ment, Concrete, Foundations, Joining, Bonding-general, Ohio
River, Shear Strength, .8.0273

STUDIES OF EQUATIONS FOR SEEPAGE LOSS FROM
CANALS ...Canals, Lining, Loss, Open Channel, Permeability,
8.0129

Soil Testing

Compaction
DEVELOPMENT OF SOIL TESTING PROCEDURES AND

ANALYSIS OF RESULTS ..,Direct Shear and Plane Shear,
Petrography, Soil Sampling, Triaxial, Vane, .,.8.0084

VIBRATORY COMPACTION OF COHESIVE SOILS _Cohesive
Soil-general, Dams, Embankments, Field Soils Compaction, Soil
Dynamics, ...8.0135

Consolidation
EVALUATION OF SOIL MECHANICS LABORATORY EQUIP-

MENT AND RESTING PROCEDURES ...Cohesive Soil-general,
Direct Shear and Plane Shear, Pore Water, Soil Sampling, Tri.nci-
al, ...7.0067

SHEAR STRENGTH OF ROCK FILL ..,Earth & Rockfill Dams,
Engineering Structures-general, Granular-general, Shear Strength,
'Triaxial, 8.0016

APPLICATIONS OF RESEARCH TO VARIATIONS IN SHEAR
AND CONSOLIDATION TESTING ...Capillarity, Density, Pore
Water, Shear Strength, Triaxial, 8.0060

Direct Shear and Plane Shear
EVALUATION OF SOIL MECHANICS LABORATORY EQUIP-

MENT AND RESTING PROCEDURES ...Cohesive Soil-general,
Consolidation, Pore Water, Soil Sampling, Triaxial, .,.7.0067

DEVELOPMENT OF SOIL TESTING PROCEDURES AND
ANALYSIS OF RESULTS ...Compaction, Petrography, Soil
Sampling, Triaxial, Vane, ,.,8.0084

Permeability
DRAINAGE INVESTIGATIONS OF PROPOSED IRRIGATED

SOILS IN ...Drainage, Irrigation-general, Soil Environment,
2.0974

SMALL RESERVOIR SEALING ...Linings-pavings, Sealant Materi-
als, Seepage, ...8.0288

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ...Design Criteria, Drainage Systems, Filters, Other,
Seepage, 4.0200

VARIATION OF SATURATED HYDRAULIC CONDUCTIVITY
OF HOUSTON BLACK CLAY WITH SOIL DEPTH AND WITH
DIAMETER OF SOIL COVES ...Clay, Density, Texas, .,.2.1022

Soil Testing-general
SOIL SAMPLING MANUAL ...Disturbed/undisturbed, Handbooks,

Soil Exploration, Soil Sampling, Soil Test - Insitu, ...8.0238

Soil Testing-other
CHARACTERISTICS OF SOILS UNDER SUSTAINED STRESS

...Clay, Creep and Rheology, Pore Water, Shear Strength, Soil
Environment, ...8.0007

INVESTIGATION OF PLANE STRAIN ...Deformation, Granular-
general, Shear Strength, Soil Stresses, Triaxial, ...8.0233

FROST SUSCEPTIBILITY CRITERIA ...Frost and Permafrost, Soil
Environment, ...2.0751

Triaxial
EVALUATION OF SOIL MECHANICS LABORATORY EQUIP-

MENT AND RESTING PROCEDURES ...Cohesive Soil-general,
Consolidation, Direct Shear and Plane Shear, Pore Water, Soil
Sampling, 7.0067
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INVESTIGATION OF PLANE STRAIN _Deformation, Granular-
general, Shear Strength, Soil Stresses, Soil Testing- other, ..8.0233

SHEAR STRENGTH OF ROCK FILL Consolidation, Earth &
Rockfill Darns, Engineering Structures-general, Granular-general,
Shear Strength, .8.0016

PORE-PRESSURE MEASURING REFINEMENTS IN SOILS FOR
SHEAR AND CONSOLIDATION _Capillarity, Cohesive Soil-
general, Porc Water, Pressure, Technique Development, ...8.0080

SOIL PRESSURES ON FLEXIBLE STEEL PIPE ...Model Studies,
Pipes, Pressure-general, Soil-structure Interaction, .8.0072

DEVELOPMENT OF SOIL TESTING PROCEDURES AND
ANALYSIS OF RESULTS ,..Compaction, Direct Shear and Plane
Shear, Petrography, Soil Sampling, Vane, 8.0084

APPLICATIONS OF RESEARCH TO VARIATIONS IN SHEAR
AND CONSOLIDATION TESTING ...Capillarity, Consolidation,
Density, Pore Water, Shear Purength, 8.0060

EFFECTS OF EARTHQUAKES ON SOIL PERFORMANCE
Earthquakes, Foundations-general, Pore Water, Soil Dynamics,
Soil Liquefaction, 8.0061

Vane
ENGINEERING CHARACTERISTICS OF THE BOTTOM SEDI-

MENTS OF GREAT SALT LAKE ...Engineering Structures-
general, Great Salt Lake, Soil - Bearing Capacity, Soil Explora-
tion, Soil Test - Insitu, ...8.0294

FACTORS AFFECTING STABILITY OF ARTIFICIAL AND
NATURAL CHANNELS ...Channels, Cohesive Soil-general,
Hydraulic Gradient, Open Channel, Soil Stability Analysis,
8.0034

DEVELOPMENT OF SOIL TESTING PROCEDURES AND
ANALYSIS OF RESULTS Compaction, Direct Shear and Plane
Shear, Petrography, Soil Sampling, Triaxial, 8.0084

Water Content
INVESTIGATION OF NEW METHODS (NUCLEAR EQUIP-

MENT) FOR DETERMINING MOISTURE CONTENTS, AND
COMPACTION DENSITIES OF SOILS AND AGGREGATES
.riAoigsfunisgal,teCrsomfrot2;11,,; Density, Moisture Content, Nuclear

RESEARCH INITIATION-ADSORBED WATER AND SOIL
PLASTICITY ...Atterberg Limits, Mineralogy, Moisture Content,
Plasticity, 2.0912

Soil Tests
EMBANKMENT AND FOUNDATION MOVEMENTS ON THE

INSTRUMENTED SECTIONS OF THE EAST ATCHAFALAYA
BASIN PROTECTION LEVEE, ST. MARTIN PARISH, LOUI-
SIANA ...Embtn;i-itcnts, Engineering Properties, Soil Settlements,
Soil Stability Analysis, 8.0212

MOVEMENT AND ADSORPTION OF PESTICIDES IN STERIL-
IZED SOIL COLUMNS ...Absorption Rates, Absorption, Fixa-
tion, Exchange, Column Leaching & Diffusing, Internal Water
Movement, Movement, Leaching, Pesticides -non-specific,
...S.0256

PROPERTIES OF SOILS RELATED TO APPLIED STRESSES
...Moisture Tension, Soil Compaction Or Density, Soil Environ-
ment, 2.0080

MOISTURE RETENTION, MOVEMENT, MEASUREMENT, AND
AVAILABILITY '1'0 PLANTS IN FLORIDA SOILS ...Available
WI:ter, Internal Water Movement, Moisture Content, Moisture
Retention, Natural Variation of Water USE, Soil-water-plant
Relationships, 2.0313

SOIL-WATER RELATIONS OF HAWAIIAN SOILS Hawaii, Ir-
rigation-general, Mineralogy, Moisture Retention, Permeability,
Soil Structure-general, 2.0374

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS ...Electrical Properties, Infiltration, Moisture Content,
2.0466

PHYSICAL PROPERTIES OF IMPORTANT SOIL TYPES OF
VIRGINIA AS THEY RELATE TO WATER AND AIR
BEHAVIOR AND TILLAGE Engineering Properties-general,
Moisture Content, Soil Structure, Soil Types, Storage of Water,
Tillage, Cropping Systems, 2.1107

HYDROLOGICAL STUDIES OF THE SAVANNAH RIVER
PLANT, SOUTH CAROLINA -GEOHYDROLOGY OF WASTE
TANK FARMS _Internal Water Movement, Observation Wells,
Permeability, Pumping, South Carolina, ..4.0216

TRAVEL OF NITROGEN IN SOILS ...Animal Waste Removal-
treatment, Groundwater, Movement, Availability, Nitrogen, Pollu-
tants - Path of , 1.0070

Soil Tillage
Cultivation Methods, Ns

IRRIGATION INVESTIGATIONS WITH AGRONOMIC CROPS
...Cotton, Irrigation, Moisture Levels, Natural Variation of Water
USE, Soybeans , ...2.0075

THE IMPROVED USE OF WET AND SALTED SOILS FOR
FORAGE PRODUCTION ...Excessive Moisture, Management,
Saline and Alkaline Soils, Saline Soils, Utah, ...3.0474

SOIL EROSION PROBLEMS IN WISCONSIN ,..Erosion-general,
Sediment Yield, Stabilization-general, 2.1160

EFFECTS OF NUTRITION, CULTURAL PRACTICES AND
WEATHER ON THE GROWTH, DEVELOPMENT, YIELD
AND QUALITY OF CORN Corn, Management, Yield,
...3.0260

Dry Farming
COOPERATIVE RESEARCH ON SOIL AND WATER MANAGE-

MENT OF DRY-FARM GRAINLAND AND RELATED LANDS
., Conservation, Management, Moisture Levels, Movement,
Availability, 3.0090

Plowing
PILLAGE STUDIES ...Groundwater Movement, Growth Rate,

Physical Properties - other, Soil Depth, Tillage, Cropping Systems,
4.0119

Seedbed Preparation
DETERMINATION AND EVALUATION OF FACTORS AFFECT-

ING WATER RUNOFF AND EROSION IN THE DIFFERENT
LAND RESOURCE AREAS OF THE NORTHEAST ...Conserva-
tion, Erosion-general, Management, Northeast, Runoff, 5.0489

Soil Tillage Methods -other
WATER MOVEMENT CONTROL AND CULTURAL PRAC-

TICES IN COTTON PRODUCTION ...Conservation & Manage-
ment Eng, Cotton, Management, Sub - Humid, Tillage, Cropping
Systems, Water Yield, 2.0003

THE PERSISTENCE IN AN ERODED SOIL OF TILTH IM-
PROVEMENT ENGENDERED BY A SOD-BASED ROTATION
...Infiltration, Physical Properties-general, Soil Environment, Soil
Physical Properties, Tillage, Cropping Systems, ...2.0343

NITROGEN REQUIREMENT FOR SKIP-ROW COTTON ...Cot-
ton, Nitrogen, Rates Or Levels of Application, ...3.0303

WATER AND WIND EROSION AND ITS CONTROL ON IR-
RIGATED AND NONIRRIGATED LANDS IN THE
NORTHERN PLAINS Erosion-general, Great Plains Province.
Irrigation-general, Runoff, Wind Erosion, _5.0195

Stubble Mulching
SOD AND STUBBLE MULCH PLANTING - VEGETATION CON-

TROL Evaporation. Management, Runoff, Soil Erosion -non-
specific, Southeast, 2.0827

2-457

Soil Types
IRRIGABILITY CLASSIFICATION OF NEW MEXICO SOILS AS

A GUIDE FOR WATER IMPORTATION Irrigation-general,
New Mexico, Soil Environment, ...2.0773

RELATIONSHIPS BETWEEN PESTICIDES AND GEORGIA
FARM POND ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles,
Clay, DDT , Endrin, Farm Pond, Georgia, Pollution - Effects of ,

5.0288
GROWTH AND DEVELOPMENT OF NATIVE HARDWOODS

AND PINE ...Available Water, Growth, Pines, Soil Environment,
Soils and Fertilizer, ...2.0430

ESTIMATING SOIL MOISTURE FROM METEOROLOGICAL
MEASUREMENTS ...Cover Crops, Evapotranspiration, General
Synoptic Observations, Indiana, Moisture-other, ...2.0474

A SURVEY OF THE SEASONALLY-INUNDATED MARGINS OF
LAKE VOLTA (GHANA) ...Agriculture Industry, Floods, Ghana,
Topographical -other, 4.0084

CITRUS FERTILIZER TEST ON Sr ERAL PRINCIPAL CITRUS
SOIL TYPES IN THE LOWER RIO GRANDE VALLEY OF
TEXAS ...Citrus, Concentration Within Fertilize, Irrigation, Irriga-
tion-general, Rates Or Levels of Application, .2.11034



Soil Types SUBJECT INDEX

PHYSICAL PROPERTIES OF IMPORTANT SOIL TYPES OF

VIRGINIA AS THEN RELATE To WATER AND AIR
BEHAVIOR AND TILLAGE ...Engineering Properties-general,
Moisture Content, Soil Structure, Soil Tests, Storage of Water,

Tillage, Cropping Systems, 2.1107
IRRIGATION REQUIREMENTS FOR WYOMING ...Evapotrans-

piration, Irrigation Engineering, Irrigation-general, Requirements
for Water, Wyoming, _3.0492

Aggregate
INVESTIGATION OF NEW METHODS (NUCLEAR EQUIP-

MENT) FOR DETERMINING MOISTURE CONTENTS, AND
COMPACTION DENSITIES OF SOILS AND AGGREGATES
...Compacted, Density, Moisture Content, Nuclear Moisture Me-
ters, Water Content, ...2.0383

Clay
SILVEX PERSISTENCE IN WATER AND HYDROSOIL ...Al-

cohols, Chemical Analysis (water), Esters, Sand, 8.0162

SHEAR CHARACTERISTICS OF UNDISTURBED WEAK CLAY

...Deformation, Disturbed/undisturbed, Emhankments, Pore

Water, Shear Strength, 8.0006
USE OF ATTERBERG LIMITS IN APPLIED SOIL. MECHANICS

...Atterherg Limits, Cohesive Soil-general, Over Consolidated,
Shale, Shear Strength, 8.0211

CHARACTERISTICS OF SOILS UNDER SUSTAINED STRESS
...Creep and Rheology, Pore Water, Shear Strength, Soil Environ-
ment, Soil Testing-other, ...8.0007

EVALUATION OF EARTHY MATERIALS FOR USE IN DECON-
TAMINATION OF WATER ...Removal of Residues, Waste
Water Treatment-general, 5.0002

WATER ADSORPTION AND ITS INTERACTIONS WITH CLAY

AND QUARTZ ...Adsorption Capacity, Bonding, Internal Water
Movement, Quartz, Subsurface Flow, 2.0663

STORAGE AND MOVEMENT CF WATER IN SOILS AS RE-
LATED TO SPACIAL AND TIME CHANGES IN THE CLAY-
QUARTZ MATRIX ...Bonding, Chemical, Internal Water Move-
ment, Moisture Content, Soil Environment, Stability, ..5.0612

CAPILLARY-DIFFUSION AND F.ELF-DIFFUSION OF LIQUID
WATER IN UNSATURATED SOIL ...Capillarity, Evapotrans-
piration, Forecasting-prediction, Moisture Content, Saturated-un-
saturated, ...2.0525

EFFECTS OF SUGAR REFINING LAGOON EFFLUENTS ON
BIOLOGICAL, PHYSICAL, AND CHEMICAL PROPERTIES
OF FARGO CLAY ...Effluents-waste Water, Food Processing In-
dustry, Industrial Processes-other, North Dakota, Soil Contamina-
tion -other, Soil Properties - Other, ...5.0834

CHARACTERISTICS OF THE SOIL MATRIX THAT AFFECT
WATER STORAGE AND MOVEMENT ...Quartz, Soil Environ-
ment, Storage of Water, Water Movement-general, 2.0664

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Electrical Properties, Heat Flow, Internal Water Move-
ment, Saturated-unsaturated, Unsaturated Flow, 2.0217

SOIL CONSERVATION AND FERTILITY OF RED CLAY AND

PRAIRIE SOILS OF WISCONS ...Conservation, Water Loss-
other, ...3.0490

CLAY SLURRY FLOW CHARACTERISTICS ...Pipelines, Pump-
other, 1.0125

SEALING OF CANALS AND RESERVOIRS WITH COLORADO
CLAYS ...Colorado, Irrigation Engineering, Open Channel, Parti-
cle Size, Permeability, Reservoirs, Waterproof, 8.0144

THE PROPERTIES OF CLAY-ADSORBED WATER ...Clay
Minerals-general, Flow, Moisture-other, _1.0050

THE EFFECT OF BENCH LEVELING AND CONTRIBUTING
WATERSHED AREAS ON SOIL MOISTURE STORAGE AND
CROP YIELDS IN THE ROLLING PLAINS ...Agricultural
Watersheds, Conservation & Management Eng, Soil Management
-other, Water Costs, Yield, 3.0449

VARIATION OF SATURATED HYDRAULIC CONDUCTIVITY
OF HOUSTON BLACK CLAY WITH SOIL DEPTH AND WITH
DIAMETER OF SOIL COVES ...Density, Permeability, Texas,
...2.1022

MINERALOGIC CONTROLS ON CHEMISTRY OF GROUND
WATER .,.Carbon-I4, Chemical-general, Groundwater, Mineralo-
gy, Reverse Osmosis, ...2.1094

TRANSPORT PROPERTIES OF NATURAL CLAYS ...Clays,
Hydraulics-general, Percolation, Permeability, Sampling, 2.1102

STABILIZATION OF SLOPES ...Bituminous, Cuts, Embankments,
Slopes, Soil Stabilization, 8.0069

Cohesive Soil-general
USE OF ATTERBERG LIMITS IN APPLIED SOIL MECHANICS

.Atterberg Limits, Clay, Over Consolidated, Shale, Shear

Strength, 8.02:1
EVALUATION OF SOIL MECHANICS LABORATORY EQUIP-

MENT AND RESTING PROCEDURES ...Consolidation, Direct
Shear and Plane Shear, Pore Water, Soil Sampling, Triaxial,
...7.0067

PORE-PRESSURE MEASURING REFINEMENTS IN SOILS FOR

SHEAR AND CONSOLIDATION ...Capillarity, Pore Water, Pres-

sure, Technique Development, Triaxial, 8.0080
FACTORS AFFECTING STABILITY OF ARTIFICIAL AND

NATURAL CHANNELS ...Channels, Hydraulic Gradient, Open
Channel, Soil Stability Analysis, Vane, ...8.0034

VIBRATORY COMPACTION OF COHESIVE SOILS ...Compac-
tion, Dams, Emhankments, Field Soils Compaction, Soil Dynam-
ics, ...8.0I35

Compacted
INVESTIGATION OF NEW METHODS (NUCLEAR EQUIP-

MENT', FOR DETERMINING MOISTURE CONTENTS, AND
COMPACTION DENSITIES OF SOILS AND AGGREGATES
...Aggregate, Density, Moisture Content, Nuclear Moisture Me-
ters, Water Content, ...2.0383

Disturbed/undisturbed
SHEAR CHARACTERISTICS OF UNDISTURBED WEAK CLAY

...Clay, Deformation, Embankments, Pore Water, Shear Strength,

...8.0006
EFFECT OF SOIL DI URBANCE ON THE PRESSURE HEAD

OF SOIL WATER ...Moisture Tension, Tillage, Cropping

Systems, 2.0680
SOIL SAMPLING MANUAL ...Handbooks, Soil Exploration, Soil

Sampling, Soil Test - Insitu, Soil Testing-general, 8.0238

TEST OF EFFECTIVE SOILS PROPERTIES IN THE ANNUAL
FROST ZONE ...Frost and Permafrost, Moisture Content,
Permeability, Soil Consolidation, Thermal Properties-general,

...2.0755

Glacial
PH YLLOSILICATE WEATHERING IN UNCONSOLIDATED

MATERIAL OF WISCONSIN AGE IN A HUMID TEMPERA-
TURE ENVIRONMENT ...Infiltration, Other, Soil Genesis, Soil
Morphology, Profiles, 2.0801

Granular-general
HYDRODYNAMIC FORCES ON NON-COHESIVE BED PART!.

CLES INCLUDING SEEPAGE ...Drag, Seepage, 2.1079

DYNAMIC PROPERTIES OF GRANULAR BASE MATERIALS
IN SATURATED AND PARTIALLY SATURATED CONDI-
TIONS ...Moisture Content, Moving, Pavement, Soil Dynamics,
Soil Mechanical Properties, ...2.0305

INVESTIGATION OF PLANE STRAIN ...Deformation, Shear
Strength, Soil Stresses, Soil Testing-other, Triaxial, ...8.0233

SHEAR STRENGTH OF ROCK. FILL ...Consolidation, Earth &
Rockfill Dams, Engineering Structures-general, Shear Strength,
Triaxial, ...8,0016

Lateritic
A LABORATORY STUDY OF THE SOLUBLE METALS IN

ROCKS, SAPROLITE, AND SOIL FROM THE BROAD
QUADRANGLE, GEORGIA ...Atomic Absorption, Laboratory
Analysis, Solubility, Solution Chemistry, Trace Element Analysis,

.1.0037
TRACE ELEMENTS IN RESIDUAL SOILS ...Clay Minerals-

general, Mineralogy, Soil Chemical Properties, Soil Chemistry,
Trace Element Analysis, ...2.0931

Layered System
SIMULT.ANEOUS FLOW 01, WATER AND HEAT IN WATER-

UNSATURATED IOWA SOILS DURING EVAPORATION
...Density, Iowa, Moisture Content, Seepage, Thermal Properties -
general, ...2.0479

Over Consolidated
USE OF ATTERBERG LIMITS IN APPLIED SOIL MECHANICS

...Atterberg Limits, Clay, Cohesive Soil-general, Shale, Shear
Strength, ...8.0211
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SUBJECT INDEX Soils -general

Permafrost-frozen
MECHANISM OF FROST HEAVING ..,Frost Heaving, Hydrated

Acid and Norm, Liquid - Solid Interactions, Particle Surface, Sil-
icones, Wax, Paraffin, 2.0802

HYDROLOGY OF FROZEN GROUND FLOODS .Floods, Hydro-
graphs, Infiltration, Moisture Content, Runoff, 2.0399

ORGANIC COMPOUNDS IN ALASKA PERMAFROST
GROUNDWATER ...Alaska, Gas, Organic, Spectroscopy-general,
Thin Layer, .,.I.0005

DISTRIBUTION OF LIQUIDS IN POLAR CAMPS ...Flow, Main-
tenance, Pipes, Polar, Sewage, ,..5.0134

PHYSICS AND CHEMISTRY OF SOIL WATER AND INTERFA-
CIAL PHENOMENA ...Adsorption-other, Boundary Process
(moisture), Frost and Permafrost, Moisture Retention, Thermal
Properties-general, _1.0076

FROZEN GRCUND INVESTIGATIONS, BARROW, ALASKA
.Alaska, Frost and Permafrost, Hydrology-general, lee Content,
Runoff, Small Watersheds, 4.0748

UTILITIES IN PERMAFROST AREAS ...Codes and Standards,
Cold - Climates, Public Utilities, Sewage Treatment Plant,
_2.0756

GROUND WATER PREDICTION STUDIES ;;orecasting-predie-
tion, Frost Heaving, Moisture Content, Technique Development,
...2.0752

THE RELATION OF RAIN, SNOW, AND FROZEN SOILS TO
THE HYDROLOGY OF AGRICULTURAL WATERSHEDS
...Agricultural Watersheds, Northeast, Patterns, Topographic In-
fluences, ...2.0919

PRECIPITATION AND SNOW MELT CHARACTERISTICS IN-
FLUENCING RUNOFF FROM vATERSHEDS IN CORN BELT
...Agricultural Watersheds, Corn I3elt, Precipitation-general, Ru-
noff, Snowmelt, ...2M865

FUNDAMENTAL ASPECTS OF WATER EROSION IN THE
PACIFIC NORTHWEST ...Erosion-general, Infiltration, Soil Ero-
sitm -non-specific, Southern, Synthetic Hydrology-general,
_2.0389

SOIL HEAT TRANSFER - PERMAFROST AND FROST
PENETRATION ..,Computers-general, Heat Flow, Math, model,
Thermal Properties-other, _2.0024

Sand
R.I.-LIQUEFACTION OF SAND DUE TO LONG TERM, SMALL

AMPLITUDE VIBRATIONS ...Linear, Saturated-unsaturated,
Shearing, Soil Dynamics, Soil Liquefaction, 7.0045

SILVEX PERSISTENCE IN WATER AND HYDROSOIL ...Al-
cohols, Chemical Analysis (water), Clay, Esters, ..8.0162

FACTORS RESTRICTING INFILTRATION RATES ON DECOM-
POSED GRANITIC SOILS ...Floods, Infiltration, Intrusives, Or-
ganic-general, Sierra Nevada, 2.0732

STUDY OF LIQUEFACTION OF SATURATED SANDS
...Earthquakes, India, Saturated-unsaturated, Soil Dynamics, Soil
Liquefaction, ..8.0184

LIQUEFACTION STUDIES OF TENUGHAT DAM SAND
_Earthquakes, India, Pore Water, Soil Dynamics, Soil Liquefac-
tion, Soil Settlements, 8.0185

LIQUEFACTION STUDIES OF UKAI DAM SAND ..Dams,
Earthquakes, India, Soil Dynamics, Soil Liquefaction, 8.0186

Saturated-unsaturated
R.I.-LIQUEFACTION OF SAND DUE TO LONG TERM, SMALL

AMPLITUDE VIBRATIONS ...Linear, Sand, Shearing, Soil
Dynamics, Soil Liquefaction, 7.0045

VERTICAL MIGRATION OF MOISTURE IN THE SOIL IN-
DUCED BY WINTER THERMAL GRADIENTS AND ITS IN-
FLUENCE UPON SPRING WATER RESOURCES Internal
Water Movement, Management, Moisture Content, Temperature,
4.0141

CAPILLARY-DIFFUSION AND SELF - DIFFUSION OF LIQUID
WATER IN UNSATURATED SOIL ...Capillarity, Clay,
Evapotranspiration, Forecasting-prediction, Moisture Content,
_2.0525

TEMPORAL, HORIZONTAL AND VERTICAL VARIABILITY
OF WATER CHEMISTRY IN THE UNSATURATED ZONE OF
FINE-GRAINED SOILS Chemical-general, Groundwater,
Moisture-other, Water Quality-general, Water Sampling, ...2.0400

WATER REQUIREMENTS FOR SALINITY CONTROL IN UN-
SATURATED SOILS ...Irrigation-general, Saline Properties, Soil
and Rock Leaching, Water Application Methods, 5.0751

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Hysteresis, Internal Water Movement, Permeability, Soil
Environment, 2.0094

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Clay, Electrical Properties, Heat Flow, Internal Water
Movement, Unsaturated Flow, 2.0217

INVESTIGATION OF WATER STORAGE AND MOVEMENT IN
SOILS ...Moist. :4; Content, Permeability, Porous Media - Flow
Through, Seepage, Storage of Water, .2.0433

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Permeability, Soil Temp, -
non- specific, Temperature, Texture, Water Movement, Velocity,
_2.0885

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Electrical Properties, Hysteresis, /nternal Water Move-
ment, Moisture Content, Nuclear Moisture Meters, Temperature,
,.,2.1119

SOIL WATER EVAPORATION AND MEANS OF MINIMIZING
IT ...13ounditry Process (moisture), Evaporation, Heat Flow,
'Moisture Retention, Soil Conditions, Soil Morphology, Profiles,
.2.0498

STUDY OF LIQUEFACTION OF SATURATED SANDS
_Earthquakes, India, Sand, Soil Dynamics, Soil Liquefaction,
8.0184

ELECTRICAL EFFECTS ON WATER INFILTRATION INTO
SOILS Electrical Properties, Infiltration, Moisture Content,
.2.0466

Shale
USE OF ATTERBERG Limns IN APPLIED SOIL MECHANICS

...Atterbere Limits, Clay, Cohesive Soil-general, Over Con-
solidated, Shear Strength, 8.0211

Silt
DRAINAGE INVESTIGATIONS OF PROPOSED IRRIGATED

SOILS IN ...Drainage, Irrigation-general, Permeability, Soil En-
vironment, 2.0974

RETENTION OF NUTRIENTS AND OTHER POLLUTANTS IN
SEWAGE BY SOILS ...Analysis and Detection, Moisture Reten-
tion, Nutrients, Pollutants-general, Sewage, ..5.1312

Soil Cement
EVALUATION OF ROCK RIPRAP AND DEVELOPMENT OF

SUBSTITUTES Aggregrates - Crushed Rock, Engineering Struc-
tures-general, Erosion Control, Petrography, Slopes, Wave Ac-
tion, ..8.0081

Soil Types-general
RUNOFF OF SMALL WATERSHEDS ...Agricultural Watersheds,

Gaging, General Synoptic Obscrvat:ons, Moisture Retention, Ru-
noff, ...2.0531

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS
...Amount, Applied Climatology, Aquifers-general, Runoff, Small
Watersheds, Water Yield, 4.0207

EFFECT OF VARIOUS IRRIGATION TECHNIQUES ON SOIL
AERATION, SOIL STRUCTURE, AND CROP RESPONSE ,..ir-
rigation, Soil Aeration, Soil Structure, 2.1070

Soil Types-other
SEDIMENTATION IN LAKES AND RESERVOIRS .Conserva-

tion-general, Land Use, Rate of Deposition, Reservoirs and Im-
poundments, Slopes, 2.0422

NITRATE IN SURFACE WATERS IN ILLINOIS ...Fertilizers,
Nitrate, Nitrite, Small Watersheds, Surface Water, 8.0179
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Soil-structure Interaction
SOIL PRESSURES ON FLEXIBLE STEEL PIPE ...Model Studies,

Pipes, Pressure-general, Triaxial, 8.0072

Soils -genera!
HYDRAULICS OF SURFACE IRRIGATION ...Channel Roughness,

Flow Characteristics -water, Irrigation, Irrigation Engineering,
Mathematical Analysis, Surface Irrigation -general, ...2.0215

APPRAISAL OF LOCAL SOIL, WATER AND OTHER
RESOURCE ORGANIZATIONS ...Administrative Structures,
Conservation-general, Economics-general, Legislation, Other,
6.6434



Solid Waste SUBJECT INDEX

Solid Waste
POLLUTION FROM ANIMAL FEEDLOTS ...Animal Wastes -

Feed Lots, Filtration, Rainfall Simulators, Runoff, Waste Disposal
-underground, 4.0118

GROUND WATER CONTAMINATION RESULTING FROM
WASTE DISPOSAL ...Disposal, Groundwater, Pollution Sources-
general, Pond, South Dakota, ...5.1109

POLLUTION PREVENTION BY AERATION OF FRUIT
PROCESSING WASTES .,.Activated, Aeration, Aerobic, Canning
Wastes, Drying-dewatering, Lagoon, ...5.1272

MODEL ADVANCED WASTE-TREATMENT PLANT ...Activated
Carbon, Lime Treatment, Material Recovery Wastes, Pilot Plant,
Process Design, 5.0504

SOURCE CONTROL OF WATER TREATMENT WASTE SOLIDS
Disposal, Drying-dewatering, Filtration, Sewage Lagoons,

Sludge-general, ...5.0508
ROLE OF SOLIDS IN COMBINED SEWAGE POLLUTION

...Chemical Analysis, Combined Sewer, Disinfection, 't creening,
5.0091

HEAT TRANSFER STUDIES ON SLUDGE SUSPENSION
...Digestion, Disposal, Heat Transfer, Pipelines, 5.0872

EXPERIMENTS TO DETERMINE THE EFFECTIVENESS OF
PHOSPHATE REMOVAL BY MEANS OF THE MOVING BED
FILTER ,..Filtration, Flocculation, Phosphate, Phosphite, Process
Design, Waste Treatment-economics, ...5.0723

WASTE TREATMENT ,..Activated, Biological, Surfactants, Waste
Treatment-economics, Waste Water Treatment-general, ...5.0731

POULTRY MANURE PROPERTIES, HANDLING AND
DISPOSAL ...Animal Waste Removal-treatment, Poultry- Other,
Waste Disposal-general, Waste Water Treatment-general,
5.0775

SECONDARY EFFLUENT POLLSHING BY RAPID SEND FIL-
TRATION ...Activated, Biochemical Oxygen Demand, Chemical
Oxygen Demand, Pilot Plant, Sand, ...5.0362

THE ENGINEERING MANAGEMENT OF AGRICULTURAL
WASTES ...Activated, Animal Waste Removal-treatment, Diary
Wastes, Farm Wastes, Lagoon, 5.0084

APPLICATION OF OPTIMIZATION TECHNIQUES TO
PROBLEMS TO AGRICULTURE ...Analog Computers, Animal
Waste Removal-treatment, Digital Computers, Model Studies, Op-
timization, Waste Water Treatment-general, ...5.0427

A FEASIBILITY STUDY OF A LIVESTOCK WASTE DISPOSAL
INVOLVING REUSE OF WATER ...Animal Waste Removal-
treatment, Farm Wastes, Sewage Treatment Plant, Waste Water
Treatment-general, Water Reuse, 5.0836

CONTROL OF MINERAL CONSTITUENTS IN WASTE WATER
BY ELECTRODIALYSIS ...Activated Carbon, Electrodialysis,
Membranes-other, Organics, Waste Treatment-economics,
5.0845

COMPARATIVE TOXICITIES OF METALS TO ESTUARINE
FISHES ...Bioassays, Estuaries, Industrial Wastes, Killifishs -

Cyprinodon, Mineral Origin, 5.1084
COMPLETE MIX ACTIVATED SLUDGE UNIT PROCESS

ADAPTION TO LOW TEMP ...Activated, Loading, Low, Pilot
Plant, Separation-other, 5.0028

Disposa:
Contamination

POLLUTION OF SUBSURFACE WATER BY SANITARY LAND-
FILL ...Forecasting-prediction, Landfill, Pennsylvania, Pollutants -
Path of , Subsurface Flow, 5.1009

Disposal-general
INTERSTATE REGIONAL PLANNING FOR WATER SUPPLY

AND WASTE DISPOSAL ...Delaware River, interstate, Planning,
Water Distribution Systems, Water Quality Control-general,
Water Supply-general, 5.0748

Disposal-other
LAKE ERIE DIKE ...Dike, Lake Erie, Models, Wave Action,

Waves, ...8.0219

Incineration
MINIMUM WATER SANITARY SYSTEM ...Equipment, Flushing

Devices, Polar, Waste Treatment-economics, _3.0078

Landfili
POLLUTION OF SUBSURFACE WATER BY SANITARY LAND-

FILL ...Contamination, Forecasting-prediction, Pennsylvania, Pol-
lutants - Path of , Subsurface Flow, ...5.1009

Transportation
TRANSPORT OF SOLID SUSPENSION IN CONDUITS ...Com-

bined Sewer, Conduit, Design Criteria, Flow of Dispersed Solids,
Measurement, .5.0988

Municipal-waste-other
APPLICABILITY OF ARDOX CATALYSTS TO THE OXIDA-

TION OF MUNICIPAL SEWAGE EFFLUENTS AND OF
WASTES PRODUCED DURING MANNED SPACE FLIGHT
...Catalyst - other, Catalytic, Effluent-standards, Manned Satelite,
Sewage, ..,5.0745

REGIONAL UTILITIES STUDY-WATER SUPPLY, SEWERAGE,
DRAINAGE AND REFUSE DISPOSAL ...Connecticut, Opera-
tions Research, Planning, Sewage, Water Supply-general, ...5.0207

Solid Waste-general
A SYNTHETIC COMPUTER LANGUAGE FOR SANITARY EN-

GINEERING ...Computation Techniques, Other Man-machine,
5.1014
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Sonar
WAVE RECORDING AND ANALYSIS ...Lasers-masers, Pressure,

Radar, Statistics-general, System Development, Water Motion
Recorders, Waves, ..2.0262

South Carolina
INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL

DRAINAGE AREAS IN SOUTH CAROLINA ...Culvert, Design
Flow-flood, Drainage, Floods, Small Watersheds, 2.0301

VEGETATIVE SUCCESSION IN NEWLY CONTROLLED
MARSHES ...Environmental Ecology, Growth Rate, Plant Succes-
sion, Swamps-marshes, Water Level Fluctuation, _4.0215

CHARTING OF SUBTIDAL OYSTER BEDS AND EXPERIMEN-
TAL TRANSPLANTING OF SEED OYSTERS FROM POL-
LUTED SEED OYSTER BEDS ...Captive Rearing, Commercial
Fishing, Estuaries, Oysters, Stocking of Fish et Shellfish, .5.1101

THE USE or TAXES, SUBSIDIES, AND REGULATIONS TO
CONTROL THE EFFLUENT OF THE TEXTILE INDUSTRY
...Economic Impact, Fiscal, Textile Industry, Water Quality Con-
trol-general, .,.5.1105

LEGAL ASPECTS OF WATER USE AND CONTROL IN SOUTH
CAROLINA ...Control and Protection, Legislation, Survey Stu-
dies, Water Law-general, Water Utilization -general, 6.0492

DEVELOPMENT AND EVALUATION OF HYDROLOGIC SIMU-
LATION MODELS Model Studies, Runoff, Synthetic Hydrolo-
gy-general, Technique Development, Watersheds-general,
2.0954

STUDY OF COSTS OF TREATING TEXTILE WASTES IN MU-
NICIPAL AND INDUSTRIAL SEWAGE PLANTS ...Economics-
general, Industrial Wastes, Process Design, Textile Industry,
Urban Environments, 6.0489

CRITERIA FOR FUNCTIONAL ANALYSIS OF SOIL-PLANT-
WATER SYSTEMS ...Applied Ecology, Management, Quality -
non-specific, Soil-water-plant Relationships, Yield, ...2.0952

THE FRESHWATER ALGAE OF SOUTH CAROLINA -
FLORISTICS AND ECOLOGY ...Algae- General, Freshwater
Ecology, Plant Taxonomy, Streams, ...6.0487

IRRIGATION AND FERTILIZER ON UPLAND FOREST
...Drought, Ecology and Morphology, Growth Rate, Irrigation,
Measurement of Trees & Stands, _6.0488

A STUDY OF SOUTH CAROLINAS STATE LEGISLATION,
POLICIES AND PROGRAMS PERTAINING TO WATER AND
RELATED LAND RESOURCES ...Administrative Structures,
Legal Review, State Government, Water Law-general, ...6.0490

A COMPARATIVE STUDY OF TRACE ELEMENT CYCLES IN
SIX LAKES IN SOUTH CAROL! ...Chemical-general, Lakes,
Plankton (non-specific), Trace Element Analysis, Water Cycle,
...2.0944

THERMAL GRADIENTS IN SOUTH CAROLINA ...Geothermal
Gradient, Groundwater Movement, Heat Flows, Permeability,
Temperature, -.2.0964

HYDROLOGICAL STUDIES OF THE SAVANNAH RIVER
PLANT, SOUTH CAROLINA -GEOHYDROLOGY OF WASTE
TANK FARMS ...Internal Water Movement, Observation Wells,
Permeability, Pumping, Soil Tests, ...4.0216

EFFECT OF LAKES MARION AND MOULTRIE AS SEDIMENT
TRAPS ...Lakes, Rate of Deposition, Sediment Yield, Supply
Rate, Suspension, ...2.0963



SUBJECT INDEX South Dakota

South Dakota
HIDDEN COSTS OF USING SUBSTANDARD QUALITY

WATER, AS EXPERIENCED BY WATER USERS IN
WEBSTER, SOUTH DAKOTA ..,Brackish Water, Desalination,
Economic Impact, Potable Water, Water Costs, ...6.0495

ZOOPLANKTON STANDING CROPS IN A SOUTH DAKOTA
PRAIRIE LAKE .Animal Pollutant Sources, Aquatic Ecology,
Lakes, Population Dynamics, Zooplankton, .5.1110

THE FEASIBILITY OF COLD WATER FISHES FOR LAKE
SHARPE, SOUTH DAKOTA ...Bottom Sampling, Fish -non-
specific, Low Temp. -but Above 321, Reservoirs and Impound-
ments, Temperature, 7.0041

STUDY OF TURBIDITY - PRODUCTION FACTORS IN LAKE
KAMPESKA CODINGTON COUNTY, SOUTH DAKOTA
...Lakes, Primary Productivity, Productivity - Food Chain, Tur-
bidity, Water - Light Qual. & Quunt. , Water Properties-general,
.2.0978

INVESTIGATION OF WATER LOSSES TO SINKHOLES IN THE
PAHASAPA LIMESTONE, AND THEIR RELATION TO RE-
SURGENT SPRINGS BLACK HILLS, SOUTH DAKOTA
...Groundwater, Karst Topography, Leckage, Springs, Tracers-
general, .2.0979

EFFECTS OF MARGINAL QUALITY IRRIGATION WATER ON
THE ACCUMULATION OF SALTS AND ALKALI IN SOUTH
DAKOTA SOILS Irrigation-general, Saline and Alkaline Soils,
Saline Soils, Soil pH , Use of Impaired Water, 3.0434

HYDROLOGY OF SMALL DRAINAGE BASINS FOR DEVELOP-
ING HYDRAULIC DESIGN ...Amount, Flow Characteristics -
watcr, Hydrographs, Runoff, Small Watersheds, ...2.0972

SCOUR AND FILL IN THE MISSOURI RIVER AS RELATED TO
THE WATER RESOURCES PLANNING Energy-dynamics,
Missouri River, Planning, Scouring, Sediment Yield, ,2.0966

GROUND WATER CONTAMINATION RESULTING FROM
WASTE DISPOSAL ...Disposal, Groundwater, Pollution Sources-
general, Pond, Solid Waste, ...5.:109

EVALUATION AND FUNCTIONAL OPERATION OF IRRIGA-
TION SYSTEMS ...Irrigation Engineering, Irrigation-general,
Management, Yield, .3.0433

EFFECT OF THE CLIMATE AND MICROCLIMATE ON
AGRICULTURE IN SOUTH DAKOTA ...Applied Climatology,
Automatic Stations, Digital Computers, Microclimate- general,
Statistics-general, ...2.0973

IRRIGATED GRASS INVESTIGATIONS ON THE BELLE
FOURCHE PROJECT ...Alfalfa, Grasses -non-specific, Harvest
and Storage, Irrigation-general, ,..2.0977

CHEMICAL BIOCIDES IN LAKES ...Lakes, Pesticides -non-
specific, Pollution - Effects of , Pollution Effc..Its, Productivity -
Food Chain, 5.1111

BREEDING AND CULTURAL PRACTICES TO AID PRODUC-
TION OF VEGETABLES IN SOUTH DAKOTA ...Irrigation, Low
Temp. - But Above 32f, Mist Irrigation, Yield, 3.0435

HYDROGEOLOGY OF GLACIAL OUTWASH NEAR SIOUX
FALLS, SOUTH DAKOTA ...Analog Computers, Available
Water, Outwash Plains, Prediction Models, Projections and Esti-
mations, 2,0975

BASIC HYDROLOGIC RESEARCH IN SELECTED AREAS IN
SOUTH DAKOTA ,..Aircraft, Aquifers-general, Geophysical
Analysis, Reconnaissance, Water Sources -general, 2.0976

FISH POPULATION OR ABUNDANCE STUDIES IN LEWIS
AND CLARK LAKE ...Aquatic Ecology, Fish -non-specific,
Habitat Studies, Population Dynamics, Reservoirs and Impound-
ments, 6.0529

GENERAL HYDROGRAPHIC FEATURES OF OAHE RESER-
VOIR AND LAKE SHARPE ...Chemical Analysis (water),
Phytoplankton, Temperature, Turbidity, Zooplankton, ...6.0516

RELATIVE ABUNDANCE OF ADULT FISH IN LAKE FRANCIS
CASE ...Maturity & Growth Stages, Number Or Density, Reser-
voirs and Impoundments, 6.0504

YOUNG-OF-THE-YEAR FISH IN LAKE FRANCIS CASE ...Age,
Fish -non-specific, Nets, Reservoirs and Impoundments, Water
Environment -other, ...6.0505

DISTRIBUTION AND RELATIVE ABUNDANCE OR POPULA-
TION OF YOUNG FISHES IN LAKE SHARPE RESERVOIR
...Aquatic Ecology, Fish -non-specific, Population Dynamics,
Reservoirs and Impoundments, Vertical Distribution, ...6.0500

EFFECTS OF TEMPERATURE AND SILT ON NORTHERN PIKE
DEVELOPMENTS IN THE LABORATORY ...Basic Embryology,
Laboratory, Pikes, Pickeral, Muskellunge, Turbidity & Suspended
Matter, Water Temperature-non-specific, 6.0507

EFFECTS OF TEMPERATURE AND SILT ON YELLOW PERCH
DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
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Laboratory, Turbidity & Suspended Matter, Water Temperature-
non-specific, Yellow Perch, Darters, .6.0508

ABUNDANCE AND COMPOSITION OF ADULT FISH STOCK IN
LAKE SHARPE ...Aquatic Ecology, Fish -non-specific, Number
Or Density, Population Dynamics, Reservoirs and Impoundments,
...6.0501

VITAL STATISTICS OF NORTHERN PIKE IN LAKE SHARPE
_Growth Rate, Mortality Rates, Pikes, Pickeral, Muskellunge,
Population Dynamics, Reservoirs and Impoundments, ...6.0502

VITAL STATISTICS OF WALLEYE IN LAKE SHARPE ...Growth
Rate, Mortality Rates, Population Dynamics, Reservoirs and Im-
poundments, Walleyes, .6.0503

LIMNOLOGICAL FEATURES LAKE SHARPE IN RELATION TO
COLD-WATER FISHES ...Currents -water, Fish -non-specific,
Low Temp. -hut Above 32f, Reservoirs and Impoundments, Tem-
perature, ...6.0517

GROWTH AND MORTALITY RATES OF YOUNG YELLOW
PERCH IN OAHE RESERVIOR ...Aquatic Ecology, Growth
Rate, Mortality Rates, Reservoirs and Impoundments, Yellow
Perch, Darters, ...6.0498

ABUNDANCE OF YOUNG-OF-THE-YEAR FISHES IN OAHE
RESERVOIR .Age, Aquatic Ecology, Fish -non-specific, Popula-
tion Dynamics, Reservoirs and Impoundments, 6.0499

EARLY LIFE HISTORY OF WALLEYE IN LAKE FRANCIS
CASE ...Aquatic Ecology, Life History Studies, Maturity &
Growth Stages, Reservoirs and Impoundments, 1v alleyes, .6.0506

VARIATIONS IN SPAWNING OF FISHES IN RELATION TO
TEMPERATURE ...Biological Rhyth1ns, Fish -non-specific, Matu-
rity & Growth Stages, Temperature, Water Temperature-non-
specific .6.0518

COMPOSITION OF THE SPAWNING STOCKS IN OAHE RESER-
VOIR AND LAKE SHARPE ...Age, Fertility, Fish -non-specific,
Size, Spawn Or Nesting Sites, .6.0519

SEXUAL MATURATION AND SPAWNING OF NORTHERN
PIKE ...Biological Rhythms, Maturity & Growth Stages, Pikes,
Pickeral, Muskellunge, Reservoirs and Impoundments, Spawn Or
Nesting Sites, 6.0520

SPAWNING OF YELLOW PERCH ...Biological Rhythms, Ovary,
Reservoirs and Impoundments, Spawn Or Nesting Sites, Yellow
Perch, Darters, ...6.0521

LIFE HISTORY OF CHANNEL CATFISH IN LEWIS AND
CLARK LAKE ...Channel Catfish, Environmental Ecology, Life
History Studies, Number Or Density, Reservoirs and Impound-
ments, 6.0530

EFFECTS OF PLANTING TERRESTRIAL VEGETAL ION ON
EXPOSED RESERVOIR BOTTOM ON AQUATIC BIOTA
...Drawdown, Management, .6.0513

BENTHOS IN LEWIS AND CLARK LAKE ...Aquatic Ecology,
Bloodworms, Aquatic Midges, Mayflies, Number Or Density,
Reservoirs and Impoundments, _6.0514

BENTHOS IN LAKE FRANCIS CASE ...Aquatic Ecology, Benthic
Fauna, Reservoirs and Impoundments, 6.0515

PRIMARY PRODUCTION IN LEWIS AND CLARK LAKE
...Photosynthesis, Phytoplankton, Primary Productivity, Reservoirs
and Impoundments, ...6.0525

EARLY LIFE HISTORY STAGES OF OAHE AND BIG BEND
RESERVOIR FISHES ...Animal Taxonomy, Aquatic Ecology, Life
History Studies, Plankton Sampling, Reservoirs and Impound-
mente., ...6.0522

LIFE HISTORY OF RESERVOIR FISHES, SPAWNING OF OAHE
AND BIG BEND RESERVOIR FISHES ...Aquatic Ecology,
Biological Rhythms, Life History Studies, Reservoirs and Im-
poundments, Spawn Or Nesting Sites, ...6.0523

LIFE HISTORY OF WHITE BASS IN LEWIS AND CLARK LAKE
...Aquatic Ecology, Basses -sea,white, White Perch, Life History
Studies, Reservoirs and Impoundments, .. 6.0528

LIFE HISTORY OF CYCLOPS BICUSPIDATUS ...Aquatic Ecolo-
gy, Copepods, Life History Studies, Number Or Density, Reser-
voirs and Impoundments, 6.0527

FISH POPULATION IN TAILWATER OF LEWIS AND CLARK
LAKE ...Aquatic Ecology, Fish -non-specific, Population Dynam-
ics, Reservoirs and Impoundments, 6.0531

PHYSICAL, CHEMICAL, AND BIOLOGICAL LIMNOLOGY OF
OAHE RESERVOIR ..Fish -non-specific, Physical Properties-
general, Population Dynamics, Reservoirs and Impoundments,
Water Properties-general, _6.0497

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
SOUTH DAKOTA ...Economic Impact, Impact, Input - Output
Analysis, Irrigation-general, Management, Optimization, Produc-
tion & Processing, Water Allocation, ...6.0136



Southeast Asia SUBJECT INDEX

Southeast Asia
EXTREME RAINFALL FOR THE MEKONG RIVER BASIN

...Dam Sites, Floods, Management, Meteorological Extremes,
Water Loss Control, ..2.0596

Space Crafts
Manned Sate lite

APPLICABILITY OF ARDOX CATALYST TO OXIDATION IN
SPACE WASTE MANAGEMENT ...Activated, Microbial-bacteri-
al, Other, Oxidation-other, Waste - disposal- recovery, ..5.0240

APPLICABILITY OF ARDOX CATALYSTS TO THE OX1DA-
nor,' OF MUNICIPAL SEWAGE EFFLUENTS AND OF
WASTES PRODUCED DURING MANNED SPACE FLIGHT
Catalyst-other, Catalytic, Effluent-standards, Municipal-waste-
other, Sewage, .,5.0745

Space Medicine
Exobiology

STUDIES OF PHOTOSYNTHETIC HALOPHILES FROM OWENS
LAKE ...California, Halophytic, Ionic Effect, Playas, Tempera-
ture, 6.0057

EFFECTS OF POLAR ORGANIC SOLVENTS ON ENZYME AC-
noN ...Dipole and Dielectric, Enzymatic, Kinetics -other, Tem-
perature, Water, .1.0063

Spain
A FORECAST OF AGRICULTURAL DEVELOPMENT IN THE

IRRIGATED AREAS OF SPAIN ...Agriculture, 13enefit-cast
Analysis, Irrigation, Irrigation - general, Production & Processing,
6.0532

Spectral Techniques
Atomic Absorption

BIOPOTENTIAL OF NATURAL WATERS ...Acidity, Lakes,
Phytoplankton, Primary Productivity, Visible, Wisconsin, 7,0114

Infra Red
SURVEY OF CLOSTRIDIUN. BOTULINUM TYPE E ...Bacterial

Exotoxins, Clostridium Botulinum, Identification, Mutagens,
5.0957

Ultra Violet
DEPURATION OF MICROBIAL POLLUTANTS IN SHELLFISH

...Microbiological, Oysters, Shellfish Depuration, Viral Pollutant
Sources, .5.0019

Visible
BIOPOTENTIAL OF NATURAL WA'I'ERS ...Acidity, Atomic Ab-

sorption, Lakes, Phytoplankton, Primary Productivity, Wisconsin,
,7.01i4

COMPARISON OF METHODS USED TO MEASURE ESTERASE
ACTIVITY. INTERACTIONS BETWEEN PESTICIDE ON FISH
ENZYME SYSTEMS Bluegills, Bream, Channel Catfish,
Cholinesterase, Cutthroat Trout, Manometers, Pesticides -non-
specific, 5.0637

Spectroscopy
THE APPLICATION OF LASER IONIZATION MASS SPEC-

TROMETRY TO THE IDENTIFICATION OF ORGANIC SALTS
IN POLLUTED WATER ...Applications of Lasers-masers, Or-
ganic Matter, Physical Parameters, Sulfonates (rso3na), Surfac-
tants, 1.0108

Atomic Absorption
THE EFFECTS OF LIMNOLOGICAL FACTORS ON THE UP-

TAKE OF CSI37 BY FISH ...Cesium, Emission, Lakes, Michigan,
Radioactive Fallout, 2.0653

THE IMPACT OF LEAD-ZINC MINING ON THE QUALITY
AND ECOLOGY OF SURFACE WATERS IN SOUTHEAST
MISSOURI ...Adsorption-other, Lead, Missouri, Trace Elements,
Zinc, ...5.0689

PROCEDURES FOR TRACE ANALYSIS OF DISSOLVED INOR-
GANIC AND ORGANIC CONSTITUENTS IN WATER ...Cou-
lometry, Extraction, Titrimetry-other, Trace Analyses-other,
.5.0442

A LABORATORY STUDY OF THE SOLUBLE METALS IN
ROCKS, SAPROLITE, AND SOIL FROM THE BROAD
QUADRANGLE, GEORGIA ...Laboratory Analysis, Lateritic,
Solubility, Solution Chemistry, Trace Element Analysis, 1.0037

TO EVALUATE THE UTILITY OF EXISTING AUTOMATIC
CHEMICAL ANALYSIS EQUIPMENT FOR WATER QUALITY
SURVEILLANCE UNDER COMPUTER CONTROL ...Auto-
matic Data Aquisition, Chemical Analysis (water), Computers-
general, Information Retrieval Methods, Information Storage and
File, System Development, Water Properties-general, ...7.0078

TRACE ELEMENT CHEMISTRY OF STREAMS OF THE
LOWER KANSAS RIVER BASIN ...Analysis and Detection,
Chemical Analysis (water), Trace Analyses-other, Trace Element
Analysis, 1.0055

UTILIZATION OF OIL FIELD BRINES AS A POSSIBLE FERTIL-
IZER SOURCE ...Brines, Emission, Geochemical Analysis,
Material Recovery Wastes, X -ray, .1.0056

INVESTIGATION OF TESTING METHODS AND APPARATUS
Cement, Concrete, Infrared, Instrumentation, Plant Equip.
Stamiards, Specifications, Test Methods, Ultrasonic and Sonic,
,..f3.0234

Emission
THE EFFECTS OF LIMNOLOGICAL FACTORS ON THE UP-

TAKE OF CS137 BY FISH ...Atomic Absorption, Cesium, Lakes,
Michigan, Radioactive Fallout, 2.0653

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION AND
POND WATERS .Chlorinated Hydrocarbons, Gas, Irrigation-
general, Pollutants-general, Ponds, 5.0137

UTILIZATION OF OIL FIELD BRINES AS A POSSIBLE FERTIL-
IZER SOURCE ...Atomic Absorption, Brines, Geochemical Anal-
ysis, Material Recovery Wastes, X-ray, 1.0056

ANALYTICAL METHODS - WATER CHEMISTRY ...Analysis and
Detection, Chemical Analysis (water), Chromatography-general,
Other, Photometric Techniques, 2.0196

Fluorometry
ENZYMES FOR ANALYSIS AND PURIFICATION OF SALINE

WATER SYSTEMS ...Alcohols, Biodegradation, Bioindicators,
Degradation, Heavy Elements, Pesticides, ...5.0456

COMPARISON OF OPTICAL PROPERTIES WITH DIRECT
MEASUREMENTS OF CONCENTRATION AND SIZE DIS-
TRIBUTION OF SUSPENDED MATERIALS ...Chesapeake ' v,
Light Scattering, Optical Properties, Size, Turbidity, ...2.055'

DETERMINING CHANGES IN PHYTOPLANKTON PON
TIONS IN CLOUDS OF FLUORESCENT DYE MOVING IN
THE MISSISSIPPI RIVER ...Dyes, Minnesota, Mississippi River,
Phytoplankton, Standing Crops, ..5.0617

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ...Chemical Analysis (water), Chemical Identification,
Fluoride, Nitrate, Nitrite, Spectroscopy-general, 5.0671

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ...Carbonate, Bicarbonate, Chemical Identification,
Iodide, Phosphate, Phosphite, Spectroscopy-general, Thiocyanate,
_5.0672

UTILIZATION OF RADIOACTIVE TRACERS IN BEACH STU-
DIES ...Radioisotopes, Tracers, ...8.0153

FLUOROMETRIC QUALITATION AND QUANITATION OF
LIGNIN SULFONATES IN WATER ...Natural Occurring, Pulp
any' Paper, Pulp and Paper Wastes, Sulfate, Sulfite, Sulfonates (r-
so3na), Type, ...5.0286

Gamma
THE ACTIVATION-CHROMATOGRAPHIC ELEMENTAL AND

STRUCTURAL ANALYSIS OF FRESH WATER SOURCES
...Activation Analysis, Analysis and Detection, Chromatography-
other, Fresh Water, Inorganic, Organic, 5.0252

THE ANALYSIS AND GEOCHEMISTRY OF TRACE ELE-
MENTS IN THE HYDROSPHERE ...Activation Analysis. Bays,
Chemical Analysis (water), Chemical Reactions, Trace Element
Analysis, ...1.0109
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SUBJECT INDEX Spoil Banks

Infrared
MARINE OIL-WATER MONITORING INSTRUMENTATION

SYSTEM SUBGROUP V ...Detectors, Industrial Waste-other, In-
frarcd Radiation, Instrumental Services, Oil, Oil - Technological
Testing, ...5.0336

STUDIES OF CONCENTRATED AQUEOUS ELECTROLYTES
AND OF MOLTEN ELECTROLYTES BY INFRARED SPEC-
TROSCOPY ...Electrolytes, Raman, Solid State, Solution, Varia-
ble Temperature, _1.0118

STRUCTURE IN SOLVENTS AND CONCENTRATED SOLU-
TIONS ...Hydrogen, Ion Exchange-other, Nuclear Magnetic, Salt,
Water, ...1.0035

DEVELOPMENT OF INSTRUMENTAL TECHNIQUES FOR THE
ANALYSIS OF TRACE ORGANIC CONSTITUENTS IN
WATER ...Analyzing, Chromatography-other, Odor, Organic, Or-
ganic Wastes, 5.0211

ORGANICS CAUSING TASTE OR ODOR IN THE MISSOURI
RIVER ...Gas, Library, Missouri River, Organic Matter, Taste and
Odor, -.5.0683

FATE AND PERSISTENCE OF PESTICIDES AND PHYSIOLOGI-
CALLY ACTIVE DEGRADATION PRODUCTS ...Chemical
Identification, Decomposition-other, Degradation -other, Per -
sistance of Residues, 5.1032

STRUCTURE OF CARBON-OXYGEN COMPLEXES ...Adsorp-
tion-othcr, Carbon, Complexes, Oxygen, Surface-other, 1.0082

INVESTIGATION OF TESTING METHODS AND APPARATUS
...Atomic Absorption, Cement, Concrete, Instrumentation, Plant
Equip. , Standards, Specifications, Test Methods, Ultrasonic and
Sonic, -.8.0234

ORGANIC SUBSTANCES IN WATER ...Extraction, Gas, Organic
Wastes, Pesticides, Vacuum Distillation, -.5.0120

TOTAL ORGANIC CARBON AS A POLLUTION CONTROL
PARAMETER IN SUB-ARCTIC WATE Chemical
Identification, Organic Matter, Oxidation-general, Technique
Development, -.5.0031

Mass
AN EXPERIMENTAL STUDY OF THE STRUCTURE, THER-

MODYNAMICS, AND KINETIC BEHAVIOR OF WATER
...Formation, Free Energy, Temperature, Water, ,..3.0305

NATURALLY OCCURRING TASTES AND ODORS IN WATER
SUPPLIES ...Freezing, Gas, Nuclear Magnetic, Studies, Or-
ganolcptic, Taste and Odor, ...5.1169

A STUDY OF MICROORGANISMS INDUCING TASTES AND
ODORS IN WATER ...Actinomycetes -non-specific, Algae-
General, Gas, Taste and Odor, 5.0212

STRUCTURE OF THE BLUE-GREEN ALGA TOXIN
...Cyanophyta (non-specific & Ot), Gas, Glucagon X Hor, Natural
Occurring, Organic, ...S.0127

Raman
INVESTIGATIONS OF AQUEOUS SALT SOLUTIONS BY

RAMAN SPECTROSCOPY ...Complexes, Complexing, Solution,
Solvent-other, Thermal Relation-other, 1.0079

STUDIES OF CONCENTRATED AQUEOUS ELECTROLYTES
AND OF MOLTEN ELECTROLYTES BY INFRARED SPEC-
TROSCOPY ...Electrolytes, Infrared, Solid State, Solution, Varia-
ble Temperature, 1.0118

IONIC SOLVATION ...Assoc & Dissoc, Covalent, Ionic, Nuclear
Magnetic Resonance, Solvation-other, 1.0101

DETECTION AND IDENTIFICATION OF MOLECULAR WATER
POLLUTANTS BY LASER RAMAN SPECTROSCOPY
...Chemical Analysis, Detectors and Sensors, Industrial Wastes,
Lasers and Masers, Pesticides -non-specific, Physical Parameters,
Surfactants, ...5.0441

Spectroscopy-general
REAGENTS FOR DETERMINATIONS OF TRACE IMPURITIES

IN WATER ...Analysis and Detection, Cobalt, Inorganic, Nitrate,
Nitrite, Nitroso Compounds, 5.0330

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ...Chemical Analysis (water), Chemical Identification,
Fluoride, Fluorometry, Nitrate, Nitrite, ...5.0671

SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-
MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ...Carbonate, Bicarbonate, Chemical Identification,
Fluorometry, Iodide, Phosphate, Phosphite, Thiocyanate, ...5.0672

ORGANIC COMPOUNDS IN ALASKA PERMAFROST
GROUNDWATER ... Alaska, Gas, Organic, Permafrost-frozen,
Thin Layer, ..1.0005

REUSE OF WASTE IRRIGATION WATER TO RECOVER ADDI-
TIONAL PETROLEUM BY WATERFLOODING ...Chemical
Analysis (water), D.t.a. , Irrigation-other, Petroleum Industry,
Secondary Recovery, Water Reuse, .5.0154

Spectroscopy-other
THE KINETICS OF COMPRESSIBILITY EFFECTS IN TWO

PHASE SINGLE COMPONENT FLOW ...Bubble, Kinetic-
general, Rate Determination, Two-phase-other, -.3.0292

THE ANALYSIS OF AROMATIC CONSTITUENTS IN WATER
USING FLUORESCENCE AND PHOSPHORESCENCE ...Analy-
sis and Detection, Chromatography- other, Extraction-other, Non-
condensed Aromatics-other, Taste and Odor, 5.0711

ANALYSIS OF TRACE ELEMENTS IN WATER ...Activation
Analysis, Chemical Analysis (water), Inorganic, Other, -.5.1062

DETERMINATION OF DEGRADED DYES AND AUXILIARY
CHEMICALS IN EFFLUENTS FROM TEXTILE DYEING
PROCESSES ...Chromatography-other, Dyc Wastes, Lagoon, Tex-
tile Wastes, Waste Water Treatment-general, -.5.0297

LIGAND EXCHANGE REAGENTS ...Colorimctric, Complexes,
Compound, Dyes and Coloring, !on Exchange-other, 5.0431

THE DETERMINATION OF THE STRUCTURES OF ORGANIC
CONTAMINANTS IN WATER ...Analyzing, Chem Str Dcterm-
other, Chemical Identification, Chromatography-other, Distilla-
tion-other, ...5.0278

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
TEXTILE WASTE EFFLUENTS ...Adsorption-other, Chromatog-
raphy-other, Extraction-other, Organic Wastcs, Textile Wastcs,
...5.0280

METHODS OF ANALYSIS FO)' INSECT-CONTROL CHEMI-
CALS ...Chemical Analysis, Colorimctric, Extraction-other, Gas,
Reaction-general, ...S.0491

Ultrasonic
ION-SOLVENT AND ION-ION INTERACTIONS IN AQUEOUS

ELECTROLYTES ...Activity, Assoc & Dissoc, Electrolytes,
Relaxation, Temperature Jump Method, 1.0095

Ultraviolet
QUALITY IMPROVEMENT OF SWIMMING POOL WATERS -

KINETICS AND MECHANISMS OF THE CHLORINATION-
DEGRADATION OF UREA AND URIC ACID ...Chlorination,
Decomposition-general, Potable, Sterilants, Titrimetry-other,
5.0832

METHOD FOR QUANTITATIVE ANALYSIS OF PHENOLS IN
FUEL CELL PRODUCT WATER ...Alcohols, Fuel Cell-other,
Quinones, Steam Distillation, Water, _1.0041

LIGNIN SULFONATES IN PULP MILL EFFLUENTS ...Column,
Natural Occurring, Organic, Pulp and Paper Wastes, Sulfonates
(rso3na), ...5.0959

USE OF GRANULAR ACTIVATED CARBON IN TREATMENT
OF WASTE WATERS ...Activated Carbon, Carbon, Organics,
Thermal, ...5.0856

X-ray
Other

ANALYSIS OF TRACE ELEMENTS IN WATER ...Activation
Analysis, Chemical Analysis (water), Inorganic, Spectroscopy-
other, 5.1062

ANALYTICAL METHODS - WATER CHEMISTRY ...Analysis and
Detection, Chemical Analysis (water), Chromatography-general,
Emission, Photometric Techniques, ...2.0196
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Spoil Banks
EFFECTS OF IRRIGATION OF MUNCIPAL SEWAGE EF-

FLUENT ON SPOILS BANKS ...Irrigation, Mine Wastes, Sewage,
Strip Mines, Waste Disposal -underground, ...5.1045

ACIDITY OF SPOIL BANKS ...Mineralogy, Pyrite Group, Strip
Mines, ...5.0447

PHYSICAL AND CHEMICAL CHANGES IN WEATHERING
COAL SPOILS-EFFECT ON WATER SUPPLY AND PLANT
GROWTH ...Coal-general, Growth Rate, Regeneration & Seed
Production, Runoff, Soil and Rock Leaching, Spoil Banks, Strip
Mine Soils, ...5.0903

STRIP - MINING AND WATER QUALITY ...Chemical-general, Ero-
sion-general, Mining Activities, Rainfall Simulators, Runoff,
5.01189



Spoil Banks SUBJECT INDEX

GREAT LAKES RESEARCH - SPOIL DISPOSAL EFFECTS
...Dispersion -water, Great Lakcs-general, Pollution - Effects of ,

Sedimentation, Sediments, Water Properties - general. ...5.05611
SAN PABLO BAY STUDY Bays, Benthic Fauna, Bottom

Sampling, Excavation, Water Sampling, ...6.0038

Springs
INVESTIGATION OF WATER LOSSES TO SINKHOLES IN THE

PAHASAPA LIMESTONE, AND THEIR RELATION TO RE-
SURGENT SPRINGS BLACK HILLS, SOUTH DAKOTA
...Groundwater, Karst Topography, Leekage, South Dakota,
Tracers-general, ...2.0979

IDENTIFICATION OF IRRIGATION RETURN WATER IN THE
SUBSURFACE ,..Chemical-general, Hawaii, Irrigation-general,
Physical-general, Tritium, 5.0314

CHEMICAL AND FLOW REGIMES OF GREAT BASIN SPRINGS
...Chemical-general, How Characteristics -water, Great Basin,
Groundwater Movement, _2.0736

STRUCTURAL CONTROL OF SPRINGS FROM THE MUAV
AQUIFER IN WESTERN GRAND CANYON NATIONAL
PARK, ARIZONA ...Carbonate Aquifers, Groundwater Mt .,e-
ment, Seasonal, Specific Rock Unit, Tectonics-general, ...2.0054

A PARASITOLOGICAL STUDY OF FISHES FROM THE PINE
HILLS AREA ...Aquatic Ecology, Fish -non-specific, Helminths,
Illinois, Low Temp. -hut Above 321, 6.0180

MISSOURI SPRINGFLOW CHARACTERISTICS ..,Aquifers -
general, Chemical-general, Discharge-general, Physical Features-
general, Water Supply-general, ...2M701

SPRINGS OF UTAH ...Chemical-general, Potential of Deposit,
Utah, Variation in Time, Water Properties-general, 2.1081

SUBMARINE SPRINGS ...Bibliography, Discharge-general, Marine
Geology-general, Ocean Environment, Subsurface Environments,
...2.03I9

St. lawrence River
STUDY OF THE DISTRII3UTION OF FOUR ASSOCIATIONS OF

AQUATIC PLANTS IN THE VICINITY OF MONTREAL ...Am-
phibious Plants, Canada, Depth, Freshwater Ecology, Range Or
Territorial Distr. , 4.0047

AN ECOLOGICAL STUDY OF ILES-DE-LA-PAIX, LAKE ST.
LOUIS, QUEBEC ...Canada, Interbiotic Relat.(non- speeif),
Islands, Water Fowl, N.s. 4.0048

MECHANICS OF ICE _Ice Jam, Mechanical, Snow and Ice
Removal, Waterways, ...8.0264

Standards, Specifications
WMO EVAPORATION PAN DATA ...Air Temperature Instru-

ments, Atmosphere Radiation, Evaporation, ...2.11I3
INVESTIGATION OF TEsTa,C, METHODS AND APPARATUS

...Atomic Absorption, Cement, Concrete, Infrared, Instrumenta-
tion, Plant Equip. , Test Methods, Ultrasonic and Sonic, 8.0234

INVESTIGATION OF CONCRETING MATERIAL (OTHER
THAN AGGREGATE AND CEMENTITIOUS MATERIALS)
...Cement, Concrete, Construction Materials-other, Test Methods,
...8.0247

RESEARCH IN MASS CONCRETE ...Aggregates, Extenders, Fil-
lers, Cement, Concrete, ...8.0250

TENSILE CRACK EXPOSURE TESTS ...beams - Bars, Cement,
Concrete, Crack Initiation, Propagation, Reinforcing Steel,
Weathering, 8.0252

CONCRETE AGGREGATE RESEARCH ...Aggregates, Extenders,
Fillers, Cement, Concrete, Cheri, Non-foliated Rocks, Sandstones,
Test Methods, 8.0237

RESEARCH ON PROPERTIES OF CEMENTITIOUS MATERIAL
,..Cement, Concrete, Mechanical Properties-general, Physical Pro-
perties-general, Test Methods, 8.0249

EVALUATION AND DEVELOPMENT OF SPECIFICATIONS
AND TEST METHODS FOR CEMENT AND POZZOLAN ..,Ce-
ment, Concrete, Composition Parameters-other, Compression,
Quality Control-materials, Test Methods, 8.0101

COATING TECKNOLOGY ...Coatings-general, Humid, Paint -
General, Sealant Materials, Surface Cleaning, Finishing, 8.0131

NEW ROOFING SYSTEMS ...Domestic Structural, Elastomers
Rubber, Roofs, Weathering, 8.0078

SCREENING TESTS ON NEW ASPHALTIC, PLASTIC, AND
RUBBER PRODUCTS ...Bituminous, Elastomers Rubber, Test
Methods, 8.0079

INSULATING MINERAL OILS AND SYNTHETIC LIQUIDS AND
LUBRICATING OILS ...Electrical Materials, Liquid Lubricants,

Lubricants and Fluids - Other, Oxidation, Test Methods, 8,0059

REVIBRATION OF CONCRETE AND MASONRY ...Cement,
Concrete, Concrete - other, Mechanical Vibrations-other, Physical
Properties - general, Vibration, 8.0108

State-local Government
THE LOCAL WATER DISTRICT AS AN URBAN WATER-POL-

ICY DETERMINING ENTITY ...California, Management, Public
Utilities, Urban Environments, 6.0060

AN EXPLORATION OF COMPONENTS AFFECTING AND
LIMITING POLICYMAKING OPTIONS IN LOCAL WATER
AGENCIES ...Admirt!strative Structures, Alternative Planning,
Colorado, Economic Impact, Local Government, ..6,1104

WATER RESOURCES PLANNING STUDIES OKLAHOMA
AND ARKANSAS ...Arkansas River, Data Acquisition-general,
Federal Government, Planning, Storage of Water, 6.0445

AN EXPLORATION OF COMPONENTS AFFECTING AND
LIMITING POLICYMAKING OPTIONS IN LOCAL WATER
AGENCIES - PHASE II ...Administrative Structures, Citizen's
Participation, Policy Making, Social Aspects, _6.0106

THE POTOMAC RIVER BASIN DEMONSTRATION PROJECT
IN GEORGES CREEK ...Alternative Planning, Multiple-purpose
Projects, Potomac River, River Basins, 6.0261

POLITICAL PROCESSES IN THE PROMOTION OF WATER
RESOURCE DEVELOPMENT PROGRAMS ...Federal Govern-
ment, Intergovernmental Relations, Management and Administra-
tion, Mississippi, Water Resources Development, 6.0316

AN ECONOMIC ANALYSIS OF THE PUBLIC WATER SUPPLY
DISTRICT ...Economics - general, Management, Social Aspects,
Water Supply-general, 6.0322

SYSTEMATIC ANALYSIS OF MANAGEMENT EFFECTIVE-
NESS OF THE WATER QUALITY CONTROL BOARD
SYSTEM OF CALIFORNIA ...California, Management, Model
Studies, Operations Research, Water Quality Control-general,
6.0035

THE MUNICIPALITY AS A WATER POLICY DETERMINING
ENTITY ...Polities, Social Aspects, Urban Environments, Water
Supply-general, 6.0061

CITIZENS WORKSHOPS ON CLEAN WATER FOR AMERICA
...Citizen's Participation, Meetings, Water Quality-general, Water
Standards, _6.0191

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Ern-
cierray, Legal Review, Water Allocation, Water Transfer,

.4.0269
WATER RESOURCE DEVELOPMENT AND MANAGEMENT

MODEL ...Alternative Planning, Available Water, Model Studies,
Systems Analysis, Water Resources Development, ...6.0201

STATE WATER PLANNING FOR WYOMING ...Data Analysis -
General, Planning, Water Supply-general, Wyoming, ...6.0653

GENERAL WATER QUALITY INVESTIGATIONS .,,Control and
Protection, Meetings, Pollutants-general, Technique Development,
Water Quality - general, ..5.0186

Sterilization
Chemical

Disinfectants
EFFECTS OF V', :ttvlICAL IMPURITIES IN WATER DISINFEC-

TION BY H ory IS ...Chemical and Spices, Chlorination,
Chlorine, Tas ant? Odor, Water for Cooking Or Drinking,
...5.0512

TERTIARY TREATMENT RESEARCH AT THE JOINT FWPCA
DISTRICT OF COLUMBIA PILOT PLANT ,..Chemical Treat-
ment, Chlorination, Denitrification, Filter-other, Lime. Treatment,
Tertiary Treatment, ...5.0242

Sterilants
FOAM SEPARATION FOR FIELD WATER TREATMENT

Aeration, Foam, Military Aspects, Potable Water, Surfactants,
5.0444

DEVELOPMENT OF FIELD TEST FOR FREE CHLORINE
...Bromine, Chlorine, Colorimetric, Membranes-other, Technique
Development, ...5.0808

DISINFECTION OF SMALL QUANTITIES OF DRINKING
WATER .,.Chemical Treatment-general, Chlorine, Iodine, Milita-
ry Aspects, Potable Water, 5.0374
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SUBJECT INDEX Storage of Water
QUALITY IMPROVEMENT OF SWIMMING POOL WATERS -

KINETICS AND MECHANISMS OF THE CHLORINATION-
DEGRADATION OF UREA AND URIC ACID ...Chlorination,
Decomposition-general, Potable, 'Fitrimetry-other, Ultraviolet,
5.0832

Steroids
Sterols

STEROLS AND LIPIDS IN WATER POLLUTION ...Chemical
Identification, Effluents-waste Water, Lipid Hydroperoxides, Pol-
lutants Path or Sewage, ,,,5.1173

Storage
DEVELOPMENT OF STORAGE TECHNIQUES FOR REVERSE

OSMOSIS MEMBRANES ...Cellulose Acetate, Microorganisms
(non-specific), Other, Reverse Osmosis, 3.0058

PHOSPHATE UPTAKE, STORAGE, AND RELEASE BY
MICROORGANISMS IN WASTEWATER TREATMENT
...Chmostat, Microorganisms (non-specific), Nutrition,
Phosphate, Phosphite, Waste Water Treatment-general, 5.1282

Storage of Water
DYNAMIC GROUND-WATER STORAGE. Groundwater Move-

ment, Mathematical Analysis, Unsteady Flow, .2.0765
DRILLED WELL INVESTIGATION OF DOLOMITE AQUIFER

CHARACTERISTICS .Carbonate Aquifers, Dolomite, Gm .nd-
water Movement, Observation Wells, Permeability, 2.0704

STORAGE OF FRESH WATER IN UNDERGROUND RESER-
VOIRS CONTAINING SALINE WATER ...Artificial Recharge,
Flow Characteristics -water, Mixing, Model Studies, Recharge Pits

Wells, _4.0115
UTILIZATION OF THE STORAGE POTENTIAL OF RIVER

VALLEY AQUIFERS (ABBREV ) ...Nebraska, Recharge -
general, River Basins, Valley, Buried, Water Quality-general,
...4.0162

WATER RESOURCES PLANNING STUDIES - OKLAHOMA
AND ARKANSAS _Arkansas River, Data Acquisition-general,
Federal Government, Planning, State-local Government, _6.0445

EFFECT OF UNLINED TREATED SEWAGE STORAGE PONDS
ON WATER QUALITY IN THE OGALLALA FORMATION
...Carbonate Aquifers, Effluents-waste Water, Pollution - Effects
of , Ponds, Texas, _4.0245

WATER RESERVOIR SYSTEMS ...Drainage, Reservoirs and Im-
poundments, Runoff, Sewerage Systems-other, Storm Water,
Urban Environments, 4.0031

EFFECTS OF BANK SEEPAGE ON FLOOD HYDROGRAPHS
...Floods, Hydrographs, Leekage, Seepage, Stream Banks,
2.0504

THICKNESS OF SOIL SOLUM AS A PARAMETER OF PLANT-
AVAILABLE WATER STORAGE CAPACITY IN SOILS UN-
DERLAIN BY CARBONATE ROCKS Cheri, Interception,
Limestone - General, Seismographs, Soil Environment, _2.0699

CHARACTERISTICS OF THE SOIL MATRIX THAT AFFECT
WATER STORAGE AND MOVEMENT ...Clay, Quartz, Soil En-
vironment, Water Movement-general, 2.0664

THE STORAGE COEFFICIENT AS A FUNCTION OF WATER
TABLE CELERITY _Drainage, Mathematical Analysis, Permea-
bility, Unsteady Flow, Water Table Fluctuation, ...2.1121

HYDROLOGIC RELATIONSHIPS IN A CONIFEROUS FOREST
...Amount, Evapotranspiration, Forest Watersheds, Groundwater,
Water Balance-budget, ...2.0552

EFFECT OF FORMATION DIP ON THE MOVEMENT OF
FRESH WATER STORED IN SALINE AQUIFERS ...Aquifers-
other, Artificial Recharge, Fresh Water, Local Structure, Model
Studies, 4.0122

SEASONAL SHALLOW STORAGE AND DEEP SEEPAGE COM-
PONENTS FOR THE HYDROLOGIC BUDGET OF A SMALL
FORESTED OZARK WATERSHED ...Amount, Forest
Watersheds, Groundwater Movement, Missouri, Seismic Surveys,
2.0700

GROUND WATER RESERVOIR RESPONSE TO EARTH TIDES
...Aquifers-general, Earth Tides, Geophysical Analysis, Porosity,

Water Table Fluctuation, 2.1108
WATER RIGHTS RELATED TO WATER QUALITY STORAGE

...Alternative Planning, Conflicts, Flow Augmentation, Reservoirs
and Impoundments, Riparian Rights, 6.0606

COMPLEMENTARY - COMPETITIVE ASPECTS OF WATER
STORAGE ...Benefit-cost Analysis, Computers-general, Model

2-465

Studies, Reservoirs and Impoundments, Water - Alternative Uses,

A PILOT FACILITY To DEMONSTRATE OFF-SHORE, UN-
DERWATER, TEMPORARY STORAGE OF STORM OVER-
FLOW FROM A COMBINED SEWER ...Combined Sewer,
Pumping Station:;, Storage-retention-facilities, Storm Water,
'Tanks, ..5.0838

SYSTEM STUDY, DESIGN, AND EVALUATION OF THE
LOCAL STORAGE, TREATMENT, AND REUSE OF STORM
WATER - DEPARTMENT OF INTERIOR ,..Pollution Abate-
ment, Storm Water, Urban Environments, Water Quality Control-
general, Water Reuse, 5.0503

CONSERVATION OF WATER RESOURCES THROUGH
MODIFICATION OF THE PHYSICAL AND CHEMICAL PRO-
PERTIES OF SOIL ...Conservation-general, Persistence in Soil's,
Sand, Sail Environment, Surfactants Wetting Agents, 2.0312

INVESTIGATION OF WATER STORAGE AND MOVEMENT IN
SOILS ...Moisture Content, Permeability, Porous Media - Flow
Through, Saturated-unsaturated, Seepage, 2.0433

RUNOFF INDUCEMENT IN ARID LANDS ..,Arid and Desert, In-
filtration, Lining3-paving5, Runoff, Stabilization-general, Synth..iic
Hydrology-general, 3.0230

TREATING AN INADEQUACY OF THE UNIT YDROGRAPH
HYPOTHESIS BY STORAGE ROUTING WITH VARIABLE
EMPIRICAL VALUES OF LAG AND STORAGE ...Amount,
Arizona, Hydrographs, Model Studies, Runoff, _2.0053

SPECIFIC YIELD RESEARCH AND PERMEABILITY
RESEARCH ...Aquifers-general, California, Permeability,
Velocity -water, Water Yield, 7-0013

SURFACE WATER STORAGE AND SUPPLY ON FARMS IN
THE COASTAL PLAINS ,Evaporation, Farm Pond, Leekage,
Seepage, Surface Water, Water Loss Control, ..3.0196

SOIL MANAGEMENT UNDER DRYLAND CONDITIONS Ero-
sion-general, Management, Modified Water Use, Soil Conditions,
Tillage, Cropping Systems, ...4.0113

IMPROVEMENT AND MANAGEMENT OF THE COMMUNITY
PASTURES OF THE PERSHING COUNTY WATER CONSER-
VATION DISTRICT NEAR BATTLE MOUNTAIN, NEVADA
.Evaluation, in Forages and Pasture, Management, Nevada,
Phreatophytes, ...3.0316

SOIL MOISTURE STORAGE AND UTILIZATION. ...Available
Water, Modified Water Use, Moisture Levels, Soil Environment,
Soil-water-plant Relationships, 2.1037

PHYSICAL PROPERTIES OF IMPORTANT SOIL TYPES OF
VIRGINIA AS THEY RELATE TO WATER AND AIR
BEHAVIOR AND TILLAGE ...Engineering Properties-general,
Moisture Content, Soil Structure, Soil Tests, Soil 'Fypu, Tillage,
Cropping Systems, 2.1107

EVALUATION OF PHYSICAL AND ECONOMIC EFFECTS OF
IMPOUNDMENTS AND RELEASES ON UPSTREAM AND
DOWNSTREAM WATER QUALITY .,,Benefit -cost Analysis,
Productivity - Food Chain, Reservoirs and Impoundments,
Stratification, Water Quality Control-general, _6.0128

RESERVOIR WA'I'ER QUALITY INVESTIGATION ...Forecasting-
prediction, Operations Research, Planning, Reservoirs and Im-
poundments, Water Quality Control-general, 5.0237

MECHANICS OF AQUIFER SYSTEMS ...Subsidence, Uncon-
solidated Aquifers, .2.0153

GRAVITY FLOW OF WATER IN SOILS AND AQUIFERS OF
WESTERN KANSAS ...Aquifers-general, Gravitational Movement
-water, Kansas, Natural Recharge, Soil Environment, _2.0502

WATER RESOURCES APPRAISAL OF THE TUCSON BASIN,
ARIZONA ...Arizona, Groundwater Movement, River Basins, Sur-
face Water, Water Table Fluctuation, ..2.0043

SAN GORGONIO PASS GROUND-WATER STUDIES, CALIFOR-
NIA ...Artificial Recharge, California, Groundwater Basins,
Groundwater Movement, Water Table Fluctuation, ...4.0037

DESIGN CRITERIA FOR LIVESTOCK FARMSTEAD WATER
SYSTEMS ...Automatic Data Acquisition, Design Criteria, Water
Demand, Water Transfer, Water Utilization -animal, _6.0257

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ...Channels, Floods, Forecasting-predic-
tion, Hydrographs, Idaho, Peak Flow, Water Yield, Watersheds-
general, _3.0202

FACILITIES, METHODS AND DESIGN CRITERIA TO PUMP,
CONVEY, CONTROL AND MEASURE WATER FOR
AGRICULTURAL PURPOSES IN THE NORTHERN PLAINS
...Irrigation-general, Lining, Pumping, Runoff, Water Distribution
Systems, Water Transfer, _3.0141



Storage of Water SUBJECT INDEX

EVALUATION AND CONTROL OF SEEPAGE FROM WATER
STORAGE AND CONVEYANCE STRUCTURES ...Lining,
Models, Preventive Measures, Seepage, Water Loss Control,
.8.0002

PRINCIPLES, FACILITIES, AND SYSTEMS FOR WATER HAR-
VEST ...Model Studies, Rainfall Simulators, Runoff, Stabilization-
other, Water Harvesting, _3.0006

SUPPRESSION OF EVAPORATION FROM WATER SURFACES
...Energy, Evaporation, Temperature, Velocity, Water Loss Con-
trol, 2.0034

FACILITIES AND PROCEDURES FOR CONSERVATION
MANAGEMENT OF RUNOFF WATER FROM AGRICUL-
TURAL LANDS IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Artificial Recharge, Groundwater, Playas, Runoff,
4.0237

GROUND WATER RECHARGE AND MANAGEMENT IN
CALIFORNIA _Groundwater, Groundwater Basins, Percolation,
Recharge -general, Soil Environment, 4.0033

CONTROL OF SEEPAGE FROM WATER CONVEYANCE AND
STORAGE STRUCTURES IN THE INTER-MOUNTAIN AREA
...Film, Linings-pavings, Seepage, Water Loss Control, Water
Transfer, ..8.0291

FACILITIES AND SYSTEMS FOR WATER HARVEST IN THE
INTER-MOUNTAIN BASIN ...Durability, Deterioration, Film,
Mountains-alpine, Water Harvesting, Water Lost Control,
8.0292

OPTIMUM UTILIZATION OF SURFACE AND SUBSURFACE
WATER FACILITIES ...Aquifers-general, Conjunctive Use,
Mathematical Analysis, Operations Research, Survey Stu( lies,

INVESTIGATION OF WATER SUPPLY PROBLEMS IN ARCTIC
AND SUB-ARCTIC AREAS .,.Arctic, Groundwater, Potable
Water, Surface Water, Water Supply-general, 3.0004

Storm Water
A STUDY OF STORM WATER INLET CAPACITIES ...Drainage,

Inlet, Louisiana, Model Studies, Storm Sewer Quantity-other,
8.0206

STORM WATER INFLOW ...District of Columbia, Drainage,
Forecasting-prediction, Seepage, ...2.0307

COLLECTION OF HYDROLOGIC DATA OF SMALL
DRAINAGE AREAS ...Data Acquisition-general, Drainage, Mary-
land, Runoff, Small Watersheds, 2.0560

STRIP-MINING AND WATER QUALITY ...Ions and Gases, Min-
ing Industry, Ohio, Strip Mines, Water Quality-general, 5,0888

EVALUATION OF HYDROLOGIC EFFECTS OF URBANIZA-
TION ...Hydrology-general, Land Use, Regression Analysis, Ru-
noff, Small Watersheds, Urban Environments, 4.0231

WATER RESERVOIR SYSTEMS ...Drainage, Reservoirs and Im-
poundments, Runoff, Sewerage Systems-other, Storage of Water,
Urban Environments, 4.0031

EVALUATION OF SELECTED COMPUTER PROGRAMS IN
HYDROLOGY ...Hydrology-general, Model Studies, Routing, Ru-
noff, Spillways, ...2.0659

QUALITY OF STORM WATER DRAINAGE FROM URBAN
LAND AREAS IN NORTH CAROLINA ...Land Use, North
Carolina, Runoff, I.Irbati Environments, Water Quality- general,
_5.0815

METHODS TO REDUCE WATER POLLUTION CAUSED BY
STORM WATER SEWER LOADING BY USING FLUID FLOW
FRICTION REDUCERS ...Flow, Friction, Molecular Weight-
other, Polyclectrolytes, Storm Scwcr Quantity-other, 5.1185

ALTERNATE TO STORM WATER SEPARATION ...Chlorination,
Combined Sewer, Pond, 4.0274

TERTIARY TREATMENT OF COMBINED STORM WATER,
SANITARY RELIEF DISCHARGE AND SEWAGE TREAT-
MENT PLANT EFFLUENT ...Activated Carbon, Combined
Sewer, Filtration, Pilot Plant, Process Design, Sedimentation,
5.0387

SEPARATION OF SANITARY SEWAGE FROM COMBINED
SYSTEMS OF SEWERAGE ...Combined Sewer, Design-other,
Sewage, Waste Treatment-economics, ...5.0781

AN ENGINEERING INVESTIGATION OF STORM AND COM-
BINED SEWER PROBLEMS ...Combined Sewer, Land Use, Non-
structural Alternative, Pollution Abatement, Rur,,i,T, 5.0229

A METHOD FOR ASSESSING THE EXTENT OF POLLUTION
FROM STORMWATER RUNOFF FROM AN URBAN AREA
...Combined Sewer, Construction-other, Runoff, Urban Environ-
ments, Urban Research, Waste Treatment-economics, ...5.0090

DEVELOP AND DEMONSTRATE A METHOD FOR ASSESSING
THE EXTENT OF POLLUTION FROM STORM WATER RU-
NOFF IN AN URBAN AREA ...Alternative Planning, Combined
Sewer, Iowa, Nutrients, Urban Environments, ...5.0705

A PILOT FACILITY TO DEMONSTRATE OFF-SHORE, UN-
DERWATER, TEMPORARY STORAGE OF STORM OVER-
FLOW FROM A COMBINED SEWER ,Combined Sewer,
Pumping Stations, Storage of Water, Storage-retention-facilities,
Tanks, ...5.0838

PRIMARY TREATMENT OF STORM WATER OVERFLOW
FROM COMBINED SEWERS BY HIGH RATE FINE MESH
SCREENS Combined Sewer, Filtration, Industrial Waste-other,
Primary Treatment, Screening, 5.0931

SYSTEM STUDY, DESIGN, AND EVALUATION OF THE
LOCAL STORAGE, TREATMENT, AND REUSE OF STORM
WATER - DEPARTMENT OF INTERIOR ...Pollution Abatc-
mcnt, Storage of Water, Urban Environments, Water Quality
Control-general, Water Reuse, 5.0503

ENGINEERING INVESTIGATION OF STORM WATER INFIL-
TRATION INTO SANITARY SEWERS OF THE EAST BAY
MUNICIPAL UTILITY DISTRICT ...Benefit -cost Analysis, Com-
bined Sewer, Infiltration, San Francisco Bay, Water Quality Con-
trol-general, 5.0123

DEMONSTRATION UNDERWATER FACILITY - STORM
OVERFLOW .Combined Sewer, Elastomers Rubber, Polya-

mides, Pressure Ussel Materials, Storage-retention-facilities,
5.0246

MOIXFICATION OF WHITTIER STREET STORM STANDBY
TANKS ...Appurtenances, Combined Sewer, Ohio, Pump, Runoff,
5.0373

STORM WATER FEMONSTRATION PROJECT - CITY OF
SOMERSWORTH, NEW HAMPSHIRE ...Additives, Chlorination,
Combined Scwcr, Polymer Type-other, ...5.0710

A COMBINED SEWERAGE COLLECTION AND TREATMENT
FACILITY ...Aeration, Combined Sewer, Lakes, Sand, ...5.0581

INVESTIGATION FOR CONTROL OF WATER POLLUTION
FROM COMBINED SEWERS IN ROANOKE, VIRGINIA Al-
ternative Planning, Combined Sewer, Model Studies, Rain Fall In-
tensity, Runoff, Sanitary Sewage Quantity-other, Water Quality
Control-general, 5.1220

STORM WATER TREATMENT FACILITIES ...Chemical Treat-
ment-general, Lime Treatment, Overflow, Phosphate, Phosphite,
Sewage Treatment Plant, ...5.1164

COOK STREET STORM WATER OXIDATION POND ...Pond,
Separated-sewers, Storage-retention-facilities, Urban Environ-
ments, ...5,0346

STUDY OF SNOW CRYSTAL TYPES IN GREAT LAKES
SNOWSTORMS ...Activation Analysis, Great Lakes-general, !nor,
ganic, Iodine, Structure, 2.0784

MATHEMATICAL MODEL OF STORM AND SANITARY IN-
TERCEPTOR SYSTEM ...Design-other, Inflow, Model Studies,
Peak Flow, Rain Fall Intensity, _5.0597

HYDRAULICS OF STORM SEWER JUNCTIONS ...Desian
Criteria, Drainage, Drainage Systems, Models, Urban Research,
5.0356

RELATION OF CLIMATIC AND WATERSHED CHARAC-
TERISTICS TO STORM RUNOFF IN THE EDWARDS
PLATEAU Amount, Runoff, Small Watersheds, Storms-general,
Texas, 2.1030

HYDROLOGIC STUDIES (STORM STUDIES) HAWAIIAN
ISLANDS .,.Hawaii, Hydrology-general, Storms-general, Weather
Charts-maps, ...2.0366

MANAGEMENT OF STORM RUNOFF AND THE IMPROVE-
MENT OF WATER YIELD ON FOREST LAND ...Forest
Watersheds, Infiltration, Runoff, Subsurface Flow, Water Yield,
2.0863

STORM RUNOFF AND FLOODS AS RELATED TO IN-
TEGRATED CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Climate, Floods, Land Use, Morphology-general,
Runoff, _4.0071

STREAM FLOW REGIMES OF SEMIARID RANGELAND
WATERSHEDS IN THE SOUTHWEST ...Channels, Flow
Characteristics -water, Runoff, Semi - Arid, Storms-general,
4.0009

Correlation

2-466

Stratigraphic Studies

REGIONAL CORRELATIONS IN HYDROLOGIC VARIABLES
...Annual, Data Analysis - General, Evaporation, Patterns, Runoff,
7.1)097



SUBJECT INDEX Streams

Facies
GEOHYDROLOGIC ENVIRONMENTAL STUDIES Clastic

Aquifers, Flow Characteristics -water, Permeability, Specific Rock
Unit, Tertiary Period, 2.0538

Lithology
APPLICATION OF SEISMIC SHEAR WAVE STUDIES TO THE

INVESTIGATION OF AQUIFERS _Aquifers-general, Geophysi-
cal Analysis, Shear, Technique Development, Velocity, ,..4.0I17

CONSERVATION OF FRESH-WATER RESOURCES BY DEEP-
WELL DISPOSAL OF LIQUID WASTES ...Borehole Gqophysics,
Core Analysis, Permeability, Pollution Abatement, Undrground
Waste Disposal, 5.0025

Local Stratigraphy
THE WILCOX GROUP IN TEXAS ...Clastic Aquifers, Ground-

water, Sedimentary History, Specific Rock Unit, Texas, ..,2.1007
GEOLOGY AND HYDROLOGY OF THE PRESIDIO BOLSON,

TEXAS AND ADJACENT MEXICO ...Bolsons, Groundwater,
Hydrology-general, Sedimentary Basins, Water Yield, ...2.10I 1

GROUND-WATER GEOLOGY OF DEKALB AND BOONE
COUNTIES, ILLINOIS .,,Aerial, Clastic Aquifers, Deposits,
Geophysical Analysis, Groundwater, Mapping, ..4.0096

Specific Rock Unit
STRUCTURAL CONTROL OF SPRINGS FROM THE MUAV

AQUIFER IN WESTERN GRAND CANYON NATIONAL
PARK, ARIZONA ...Carbonate Aquifers, Groundwater Move-
ment, Seasonal, Springs, Tectonics-general, 2.0054

THE WILCOX GROUP IN TEXAS Clastic Aquifers, Ground-
water, Local Stratigraphy, Sedimentary History, Texas, 2.1007

AQUIFER STUDIES IN MARYLAND - SEDIMENTARY ROCKS
IN THE COASTAL PLAIN Aquifers-general, Geologic Sec-
tions, Hydrology-general, Management, Subsurface, Water Alloca-
tion, 10561

HYDROLOGY OF THIS COLUMBIA RIVER BASALT _Columbia
Plateaus, Hydrology-general, igneous Rocks, Infiltration, Runoff,
Tectonics-general, ...2.090

GEOHYDROLOGIC ENVIRONMENTAL STUDIES ...Clastie
Aquifers, Facies, Flow Characteristics -water, Permeablity, Terti-
ary Period, 2.0538

HYDROGEOLOGIC MAPPING OF PALEOCENE SEDIMENTS,
WESTERN TENNESSEE Clastie Aquifers, Mapping, Surficial
Geology, Tennessee, Tertiary Period, 2.0995

Stratigraphy.general
WATER REOURCES OF SOUTHEASTERN WISCONSIN -

RACINE AND Ke:NOSHA COUNTIES ...Groundwater, Hydro-
graphs, Water Quality-general, Water Supply-general, Wisconsin,
...2.115I

Subsurface
EXTERNAL GEOMETRY OF SUPERPOSED ELONGATE SAND-

STONES, NORTH-CENTRAL TEXAS ...Channel Filling, Clastie
Aquifers, Geomorphology-general, Isopach, Sandstones, 2.1006

ENVIRONMENTAL GEOLOGY OF MCHENRY COUNTY, IL-
LINOIS ,,,Aquifers - general, Illinois, Land Use, Potential of
Deposit, Terrain Analysis, 6.0192

AQUIFER STUDIES IN MARYLAND - SEDIMENTARY ROCKS
IN THE COASTAL PLAIN Aquifers-general, Geologic Sec-
tions, Hydrology-general, Management, Specific Rock Unit,
Water Allocation, 2.0561

Unconformities
GEOHYDRAULICS AT THE UNCONFORMITY BETWEEN

BEDROCK AND ALLUVIAL AQUIFERS .,.Flow Characteristics
-water, Groundwater Basins, Rocks - Bedrock, Unconsolidated
Aquifers, Water Transfer, 2.0229

Stream Banks
CHARACTERISTICS OF RIVER BANKS RELATED TO VEHI-

CLE PERFORMANCE WHEN ENTERING St EXITING
STREAMS ...Amphibious Vehicles. Statistics-general, Streams,
Synthetic Hydrology-general, Water Vessel, ...7.0058

EFFECTS OF BANK SEEPAGE ON FLOOD HYDROGRAPHS
,..Floods, Hydrographs, Leekage, Seepage, Storage of Water,
2.0504

EFFECTS OF VARIOUS FOREST TYPES AND STAND TREAT-
MENTS ON GROUNDWATER RECHARGE AND STREAM-

2-467

BANK EROSION IN AREAS OF DEEP GLACIAL DRIFT ,..Ero-
sion Control, Erosion-general, Forest Watersheds, Natural
Recharge, Open Channel, _5.0573

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHWESTERN SEMIARID RANGELAND WATERSHEDS
...Channel Filling, Channels, Cross-section, Gullys Arroyos, Sedi-
ment Yield, 5.0757

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHERN CALIFORNIA ...Channel Filling, Channels, Cross-
section, Gullys - Arroyos, Sediment Yield, 5.0103

Streams
INVESTIGATION OF WATER RESOURCES IN ALASKA ...Gag-

ing, Hydrology-general, Measurement, Open Channel, 2.0269
OPERATION RIVF,RPORTS Canals, Harbors, Mississippi River,

Missouri River, Water Transportation, 6.0183
A DETAILED STUDY OF THE ENERGY FLOW THROUGH

THE BIOTA OF DOE RUN, MEADE COUNTY, KENTUCKY
...Energy Budgets, Kentucky, Radioactivity-general, Radioccology,
2.0529

MODEL RIVER SYSTEM STUDIES ...Flume Studies, Mathemati-
cal Analysis, Model Studies, Radioactivity-general, Turbidity,
2.1010

RESEARCH AND BASIC DATA ON THERMAL POLLUTION
_Diffusion, Dissipation, Eddies, General Synoptic Observations,
Mixed Modes, Thermal Pollution, .4.0058

REPOPULATION OF EXPERIMENTALLY DECIMATED AREAS
I3Y STREAM FISHES .Aquatic Ecology, Control of Nuisance
Species, Fish -non-specific, Louisiana, Population Dynamics,
Stream Rehabilitation, 5.0460

THE PREDICTION AND OPTIMIZATION OF STREAM
RESPONSES TO POLLUTANT WASTES ...Forecasting-predic-
tion, Mathematical Analysis, Model Studies, Physical Parameters,
Pollution - Effects of , 5.0743

REGIMEN OF THE MARTIN RIVER AND SIOUX GLACIERS,
ALASKA _Alaska, 2.0849

CHARACTERISTICS OF RIVER I3ANKS RELATED TO VEHI-
CLE PERFORMANCE WHEN ENTERING & EXITING
STREAMS Amphibious Vehicles, Statistics-general, Stream
Banks, Synthetic Hydrology-general, Water Vessel, 7.0058

FEEDING PATTERNS OF THE FRESHWATER ISOPOD LIR-
CEUS BRACHYURUS ...Aquatic Ecology, Behavioral Ecology,
Food Supply, Isopods, Nutrition - Invertebrate, Pennsylvania,
7.0093

RELATIONSHIPS BETWEEN DRIFT DENSITY AND PRODUC-
TION, GROWTH, CROPPING EFFICIENCY AND CONSUMP-
TION IN A NATURAL BROOK TROUT POPULATION

.Growth Rate, Lake Trout, Brook Trout, Number Or Density,
Predation, Productivity (agricultural), 7.0094

EFFECTS OF ORGANIC POLLUTION ON HATCHABILITY
AND SURVIVAL OF BROOK TROUT, SALVELINUS FON-
TINALIS, AND GROWTH OF BROWN TROUT, SALMO
TRUTTA Brown Trout, Lake Trout, Brook Trout, Nutrients,
Pollution - Effects of , Population Dynamics, 5.1027

CHANGES IN STREAM COMMUNITIES ASSOCIATED WITH
EFFLUENT - INDUCED EUTROPHICATION ...Aquatic Plants
(non-specific), Eutrophication, Invertebrates -non-specific,
Number Or Density, Pennsylvania, ...5.1029

STREAM BIOLOGY AND ITS RELATION TO FISH PRODUC-
TION ...Food Supply, Growth Rate, Mississippi River, Shiners,
Vertical Distribution, 6.023

INFLUENCE OF SEDIMENTATION UPON THE PRODUCTION
OF GAME FISHES ,..Fish -non-specific, Montana, Pollution - Ef-
fects of , Population Dynamics, Sediments, 4.0069

COVER AS A LIMITING FACTOR IN TROUT PRODUCTION
Colorado, Environmental Ecology, Number Or Density, Salmon
& Trout - Non-specific, Soil (wildlife) Cover, ...4.0070

GRAVEL PERMEABILITY IN SALMONID SPAWNING BEDS
...Cementing Material, Permeability, Sifting, Size, Spawn Or Nest-
ing Sites, 6.060

OBSERVATIONS ON RED SALMON IN THE KVICHAK RIVER
SYSTEM ...Alaska, Aquatic Ecology, Population Dynamics,
Reproduction Studies (general), Salmon -coho,chinook,sockeye..,
6.0628

OPERATIONAL HYDROMETEOROLOGICAL DATA MANAGE-
MENT SYSTEM ...Data Processing Services, Economics-business-
management, Information Retrieval Methods, Management-
general Other L,ata Analysis, Southern, System Development,
...7.0011
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EFFECTS OF DEWATERING ON A TROUT POPULATION ...Dc-
watering, Montana, Population Dynamics, Recreation Sites, Sal-
mon & Trout - Non-specific, ...6.0330

ECOLOGY OF THE FISHES OF THE KASKASKIA RIVER ...Fish
-non-specific, Habitat Studies, Life History Studies, Population
Dynamics, Reservoirs and Impoundments, 4.0094

STREAM IMPROVEMENT STUDY ...Engineering Structures-
general, Physical-general, Population Dynamics, Project Post-
evaluation, Salmon & Trout - Non-specific, 2.0962

WATERSHED EVALUATION ...Chemical Analysis (water), Popu-
lation Dynamics, Stream Rehabilitation, Temperature,
Watersheds-general, ...4.0226

RECESSION CHARACTERISTICS OF IOWA STREAMS ...Iowa,
Low Flow, Mathematical Analysis, Variation in Time, ...5.0413

THE EFFECTS OF NUTRIENTS ADDITIONS AND STREAM
DYNAMICS ON STREAM EUTROPHICATION ...Energy-
dynamics, Eutrophication, Nutrients, of Aquatic Plants, Produc-
tivity - Food Chain, ...5.1040

REOXVGENATION OF IOWA STREAMS ...Aeration, Iowa,
Photosynthesis, Self-purification, ...5.0417

NATURAL WATER SYSTEMS IN WESTERN MONTANA
...Freshwater Ecology, Lakes, Montana, Phytoplankton,
Zooplankton, ...2.0719

STUDY OF FACTORS AFFECTING THE CHANNEL PHASE OF
RUNOFF FROM SMALL WATERSHEDS BY MATHEMATI-
CAL MODELING ...Development of Models, Finite Differences,
Flow Characteristics -water, Runoff, Small Watersheds, 2.0665

AN INTEGRATED SYSTEM OF STREAM CLASSIFICATION
...Classifications, Morphology - general, Rock Type, Roughness,
Structually Controlled Feature, ...2.0465

THE ECOLOGY OF STREAM BIOTA IN WASTE ASSIMILA-
TION ...Degradation, Organic Matter, Periphyton, Self-purifica-
tion, Water Bacteria, 5.0675

A STUDY OF SERIAL CORRELATION IN ANNUAL STrtEAM
RUNOFF ...Annual, Correlation, Runoff, Stochastic Models,
...2.1132

DISTRIBUTION AND ECOLOGY OF RIVER MOLLUSKS IN
CENTRAL AND WESTERN NORTH DAKOTA ...Aquatic
Ecology, Mollusks -non-specific & Other, North Dakota, Pollution
- Effects of , Pollution Effects, ...6.0416

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
... Bioindicators, Environmental Ecology, Number Or Density, Pol-

lution - Effects of , Pollution Effects, Stone Flies, Plecopteran
-.5.1057

STOCHASTIC MODELS FOR WATER RESOURCES MANAGE-
MENT ...Alternative Planning, Application, Management, Runoff,
Stochastic Models, 6.0383

EXPERIMENTAL AND THEORETICAL STUDY OF THE
HYDRODYNAMICS OF DISPERSPN IN RIVERS AND
ESTUARIES ...Dispersion -water, Estuaries, Flow Characteristics
-water, Model Studies, Velocity -water, ...2.0584

PHOTOSYNTHETIC REAERATION IN THE UPPER PASSAIC
RIVER ...Aeration, Chemical Oxygen Demand, New Jersey,
Photosynthesis, Self-purification, 5.0733

PROCESS CONTROL MODEL FOR OXYGEN REGENERATION
OF POLLUTED RIVERS ...Aeration, Automatic, Chemical Ox-
ygen Demand, Detectors and Sensors, Model Studies, Oxygen,
...5.0727

WATER TEMPERATURE AS A QUALITY FACTOR IN THE
USE OF STREAMS AND RESERVOI ...Habitat Studies, Reser-
voirs and Impoundments, Temperature, Thermal Pollution, Water
Fowl, N.s. , 5.0200

THE INFLUENCE OF WETLANDS ON QUANTITY AND
QUALITY OF STREAM FLOW ...Available Water, Evapotrans-
piration, Hydrology-general, Low Flow, Wetlands, ...4.0170

OCCURENCE OF PROSTHECATE BACTERIA IN A

GRADIENT- POLLUTED RIVER ...Bact. morphology(other
Specie., Bacterial Pollutant Sources, Classification Or Taxonomy,
Freshwater Ecology, Number, ...5.0571

INTERRELATIONS OF SEVERAL ABIOTIC FACTORS AND
THE HIGHER AQUATIC PLANTS OF A STREAM

ECOSYSTEM ...Aquatic Plants (non-specific), Plant
Ecosystems(non-specific), ...2.0656

EFFECT OF CHLORINATION ON CILIATE PROTOZOA AND
IHE1111 ROLE AS A BARRIER TO STREAM POLLUTION
Biological-general, Chlorination, Illinois, Population Dynamics,
Protozoa -other, 5.0379

RELATION OF FLOODPLAIN POOLS TO THE BIOLOGICAL
PRODUCTION OF THE KASKASKIA RIVER AND ITS MAIN-
STEM RESERVOIRS ...Food Supply, Habitat Studies, Illinois,
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Productivity - Food Chain, Reservoirs and Impoundments,
...2.0411

OVERLAND FLOW ANALYSIS FOR A SIMULATED
VEGETATED SURFACE Flume Studies, Hydrographs, Rainfall
Simulators, Runoff, Unsteady Flow, 2.0879

EXPERIMENTAL INVESTIGATION OF HYDRAULIC
TRANSIENTS IN RIVER-RESERVOIR SYSTEMS ...Hydraulics-
general, Model Studies, Open Channel, Reservoirs, Transition
Sections, ...2.0993

AN ECOLOGICAL AND RECREATIONAL USE SURVEY OF A
SMALL MISSISSIPPI RIVER JUST BEFORE CHANNELIZA-
TION ...Channels, Frequency of Use, Mississippi, Recreation
Sites, ...6.0315

BIOLOGICAL PRODUCTIVITY OF THE COEUR D'ALENE
RIVER AS RELATED TO WATER QUALITY ...Data Analysis -
General, Idaho, Primary Productivity, Productivity - Food Chain,
Water Quality-general, 5.0326

STREAM POLLUTION IN THE NEW LEAD BELT OF
SOUTHEAST MISSOURI ...Lead, Mining Activities, Missouri,
Pollution - Effects of , Water Quality-general, Zinc, 5.0693

ASSEMBLY AND ANALYSIS OF HYDROLOGIC AND
GEOMORPHOLOGIC DATA FOR SMALL WATERSHEDS IN
INDIANA ...Data Analysis - General, Geomorphology-general,
Hydrographs, Indiana, Small Watersheds, ...2.0459

EVALUATION OF NATURAL RIVER ENVIRONMENTS
.,.Productivity - Food Chain, Regimen, Succession, Water Quality-
general, Wild Rivers, 6.0441

PHYSIOCHEMICAL RESPONSES OF RIVERS TO NATURAL
AND MANMADE ENVIRONMENTAL CHANGES ...Environ-
mental Changes, Mans Activities, Nutrients, Pollutants - Path of ,
...5.1150

A STUDY OF THE FREEZING CYCLE IN AN ALASKAN
STREAM ...Alaska, General, Ice Properties-general, Sampling,
...2.0018

HYDRODYNAMIC CHARACTERISTICS OF FLOW CONCEN-
TRATION GROINS ...Aeration, Engineering Structures - general,
Floods, Flow Characteristics -water, Groin, ...8.0268

DIVERTING MISSISSIPPI RIVER WATER TO TEXAS - A
PRELIMINARY EVALUATION OF PLANS ...Control and Pro-
tection, Mississippi River, Texas, Water Transfer, 8.0205

STUDIES ON AQUATIC MYXOBACTERIA ...Bacterial Pollutant
Sources, Bioindicators, Degradation, Myxobacteria, Nutrition,
Range Or Territorial Distr. , 5.0952

EFFECTS OF RIVERS ON THE METABOLISM OF TEXAS
BAYS ...Bays, Nutrients, Pollutants-general, Primary Productivity,
Texas, Water Quality-general, 5.1182

THE MICRODISTRIBUTION OF STREAM BENTHOS ...Aquatic
Ecology, Benthic Fauna, Organic-general, Productivity - Food
Chain, Vertical Distribution, ...5.1020

ECOLOGICAL STUDIES OF AN EXPERIMENTAL STREAM
...Aquatic Ecology, Contamination - Water, Energy Budgets,
Freshwater Ecology, ...5.0963

LIMNOLOGY OF THE JOHN REDMOND RESERVOIR ...Chemi-
cal-general, Physical-general, Reservoirs and Impoundments,
5.0419

OXYGEN RELATIONSHIPS IN SMALL STREAMS ...Aeration,
Ions and Gases, Oxygen, Self-purification, 5.0357

THE EFFECT OF INORGANIC SEDIMENT ON STREAivi BIOTA
...Aquatic Ecology, Contamination Water, Pollution - Effects of
, Pollution Effects, Sediments, 5.0388

OXYGEN REGENERATION OF POLLUTED RIVERS ...Aeration,
Delaware River, Economic Efficiency, Instrumentation-general,
Oxygen, Pollution Abatement, 5.0740

BIOLOGICAL SURVEY OF STREAMS OF COLES COUNTY, IL-
LINOIS ...Aquatic Ecology, Contamination - Water, Environmen-
tal Ecology, Fish -non-specific, Illinois, 5.0333

INDICATOR-PATHOGEN DENSITY RELATIONSHIPS IN
TRIBUTARY STREAMS ...Bacterial Pollutant Sources, Bloin-
dicators, Coliforms (non-specific), Microbiological Analysis, Pol-
lutants - Path of , 5.0562

CYTOPATHOLOGICAL CHANGES IN NATIVE FISH SPECIES
EXPOSED TO STREAM POLLUTANTS ...Contamination -

Water, Fish -non-specific, Histology and Cytology, Pollution - Ef-
fects of , Pollution Effects, 5.10211

INFLUENCE OF LOG RAFTING ON WATER QUALITY ...Bioin-
dicators, Estuaries, Forest Debris, Logging, Transport, Equipment,
Pulp, Paper , and Logging, 5.0958

ROCK CREEK PARK CLARIFICATION PROJECT ...Chlorination,
Coagulation, District of Columbia, Polyelectrolytes, Sediments,
..A.0044



SUBJECT INDEX Streams

DISPOSAL OF WASTES FROM SWINE FEEDING FLOORS TO
MINIMIZE STREAM POLLUTION ...Animal Waste Removal-
treatment, Animal Wastes - Feed Lots, Farm Wastes, Manage-
ment, Process Design, ...5.0500

A STUDY OF THE REMOVAL OF CARBONACEOUS,
NITROGENOUS AND PHOSPHORUS MATERIALS FROM
CONCENTRATED PROCESS WASTE STREAMS ...Carbon,
Digestion, Nitrogen, Phosphorus, Process Design, ..5.0060

OPERATION OF POTATO PROCESSING PLANTS TO REDUCE
WASTE AND STREAM POLLUTION ...Food Processing Indus-
try, in Plant Treatment Wastes, Industrial Wastes, Waste Water
Treatment-general, ...5.0058

AZOTOBACTER ECOLOGY ...Azotobacter -non-specific, Bioin-
dicators, Effluents-waste Water, Symbiotic Nitrogen Fixation,
...5.0322

THE USE OF AERIAL PHOTOGRAPHS TO EVALUATE THE
RECREATIONAL RESOURCES OF A RIVER ...Connecticut
River, Land Use, Methods, Photogrammetry, Recreation Sites,
_6.0285

MECHANISMS OF BIOLOGICAL PRODUCTION IN STREAMS
Freshwater Ecology, Primary Productivity, Productivity - Food
Chain, Secondary Productivity, 4.0145

WATER POLLUTION ...Bacterial Pollutant Sources, Cell.
env.(non-specific & Ot.), Identification, Self-purification, Septic
Tanks, ...5.0730

INFLUENCE OF FOREST COVER AND TIMBER HARVESTING
METHODS ON STREAMFLOW ...Canopy & Overstory, Forest
Watersheds, Logging, Transport, Equipment, Pennsylvania,
2.0930

THE FRESHWATER ALGAE OF SOUTH CAROLINA -
FLORISTICS AND ECOLOGY ...Algae- General, Freshwater
Ecology, Plant Taxonomy, South Carolina, 6.0487

AN EVALUATION OF THE REJUVENATION OF THE BUF-
FALO RIVER ...Chemical-general, Flow Augmentation, New
York, Sediments, Turbidity, ...4.0181

A STUDY OF GEORGIA RIVERS AND LAKES ...Georgia, Lakes,
Travel Grants, Water Quality-general, 5.0300

TAXONOMY AND PHYSIOLOGY OF PROTOZOA IN CAVE
STREAMS AND POOLS ..Animal Taxonomy, Caves, Environ-
mental Physiology, Kentucky, Protozoa -other, 6.0240

BOTTOM FAUNA IN THE NORTH ST. VRAIN CREEK,
COLORADO ...Aquatic Ecology, Benthic Fauna, Colorado,
Mountains-alpine, Vertical Distribution, _2.0158

LEVELS OF SECONDARY PRODUCTIVITY IN COLORADO
MOUNTAIN STREAMS ...Colorado, Mountains-alpine, Produc-
tivity - Food Chain, Secondary Productivity, 5.0179

INTERNATIONAL RIVER PLANNING IN AFRICA ...Africa-
other, International Affairs, Planning, River Basins, Water
Resources Development, 6.0188

THE PREDICTION OF WATER QUALITY ASPECTS OF THE
WENATCHEE RIVER ...Electric Power Plants, Heat Flow,
Recreation Sites, Thermal Pollution, Washington, 5.1234

ST. JOHNS RIVER FISHERY PROJECT ...Environmental Ecology,
Florida, Mans Activities, Pollution Effects, Population Dynamics,
3.0173

NEMATODES ASSOCIATED WITH SEWAGE TREATMENT
AND THEIR SIGNIFICANCE ...Animal Taxonomy, Contamina-
tion - Water, Nematoda -other, Sewage, Waste Water Treatment-
general, _5.0251

PEACE RIVER POLLUTION INVESTIGATIONS ...Fish -non-
specific, Florida, Industrial Wastes, Phosphate, Phosphite, Pollu-
tion - Effects of , Pollution Effects, 5.0273

AN INVESTIGATION OF FACTORS INFLUENCING WATER
QUALITY IN SOUTH FORK, COEUR DALENE RIVER
...Idaho, Pollutants-general, Pollution Sources-general, Water
Quality-general, 5.0328

A LIMNOLOGICAL INVENTORY OF IOWA LAKES AND
STREAMS ...Aquatic Ecology, Aquatic Plants (non-specific),
Iowa, Lakes, Survey Studies, Water Properties-general, 7.0042

TIME OF TRAVEL - PRINCIPAL MARYLAND STREAMS
...Dyes, Maryland, Pollutants - Path of , Velocity -water, ...2.0565

AQUATIC BIOLOGY INVESTIGATIONS ...Cricetidae -other,
Lake Trout, Brook Trout, Lakes, New York, Water Fowl, N.s. ,
...2.0786

FISH MOVEMENTS IN THE NORTH INLET OF WOLF LAKE,
HUNTINGTON FOREST ...Behavioral Ecology, Environmental
Ecology, Lake Trout, Brook Trout, Locomotion -animal, New
York, ...2.0813

RELATIONSHIPS OF AQUATIC FLORA TO WATER QUALITY
AND POLLUTION ...Freshwater Ecology, Plant Pollutants, Pollu-
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Lion - Effects of , Primary Productivity, Water Quality-general,
_5.0956

ECOLOGY OF SPRING CHINOOK SALMON ...Aquatic Ecology,
Life History Studies, Oregon, Productivity - Food Chain, Salmon -
coho,chinook,sockeye.., 6.0447

A RUN TIMING STUDY IN THE LOWER COLUMBIA RIVER
BY MEANS OF A TESTFISHING PROGRAM ...Columbia River,
Migration, Nets, Number Or Density, Salmon -coho,ciin-
Jok,sockeye.., ...2.0884

FACTORS INFLUENCING THE FRESHWATER RESIDENCZ OF
JUVENILE FALL CHINOOK SALMON ...Aquatic Ecology,
Fresh Water, Life History Studies, Oregon, Salmon -coho,chin-
ook,sockeve.., 6.0448

SCHUYLKWL RIVER SURVEY ...Floodproofing, Recreation Sites,
Survey Studies, Water Development, Water Resources Develop-
ment, 2.0906

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
...Bioindicators, Contamination - Water, Ions and Gases, Rhode
Island, Stone Flies, Plecoptera, 5.1058

CHARACTERISTICS OF UTAH STREAMS ...Discharge-general,
Flow Characteristics -water, Gaging, Utah, 2.1060

ECOLOGICAL STUDIES OF CHUM AND COHO SALMON AT
BIG BEEF CREEK Aquatic Ecology, Chemical-general, Reser-
voirs and Impoundments, Salmon -coho,chinook,sockeye..,
Washington, ...6.0629

IMPROVE COMPONENTS OF THE DATA ACQUISITION
SYSTEM - SATELLITE COMMUNICATIONS EQUIPMENT
...Automatic Data Aquisition, Data Acquisition Systems, Instru-
mental Services, Rain-general, Satellites & Deep Space Probes,
7.0050

SNOW METAMORPHOSIS AND SNOWMELT ...Forecasting-pre-
diction, Snowmelt, Snowpack, Technique Development, Water
Yield, ...2.0602

EFFECTS OF DEVELOPMENT ON WATER QUALITY
...Coliforms (non-specific), Eutrophication, Land Use, Nutrients,
Soil Conditions, ...5.1118

TIDAL FLOWS IN RIVERS AND HARBORS ...Committee-sup-
port, Harbors, Hydraulics-general, Tides, 2.0688

COMMITTEE ON CHANNEL STABILIZATION ...Alluvial
Deposits, Bedding Planes, Channels, Design Criteria, Open Chan-
nel, Stabilization-other, Temperature, ...2.0686

EXPLORATORY DEVELOPMENT OF WATER PROPULSION
FOR COMBAT VEHICLES ...Amphibious Vehicles, Marine,
Other, Systems Analysis, ...8.0215

GREAT LAKES RESEARCH - RIVER ICE JAMS ...Great Lakes-
general, Ice Jam, Survey Studies, Water Movement-general,
2.0636

CHEMISTRY OF ATMOSPHERIC PRECIPITATION ...Chemical
Composition, Environmental Effects-geologic, Groundwater,
Precipitation-general, Water Quality-general, 2.0279

FLOW AND SEDIMENT TRANSPORT, RIO GRANDE CON-
VEYANCE CHANNEL ...Channels, Flume Studies, Morphology-
general, Rio Grande River, Sediment Transport-other, ...2.0771

GEOMORPHIC STUDIES IN THE SIERRA NEVADA, CALIFOR-
NIA ...Glaciers, Morphology-general, Regimen, Sedir ,nt Rela-
tionship, Sierra Nevada, ...2.0119

HYDROLOGY OF RIVER-BASED RECREATION Fea-
tures-general, Michigan, Morphology-general, Recreation Sites,
Water Quality-general, ...6.0304

HYDROLOGY OF STREAMS, ST. LOUIS METROPOLITAN
AREA ...Floods, Missouri, Runoff, Urban Environments, .,.4.0158

WATER RESOURCES OF THE BOWLING GREEN AREA, KEN-
TUCKY ...Aquifers-general, Groundwater Movement, Industrial-
general, Kentucky, Water Quality-general, ...2.0528

STREAMFLOW TEMPERATURE INVESTIGATION, TEXAS
...Flow Characteristics -water, Gaging, Temperature, Texas,
7.0099

DISPERSION PROCESSES IN ESTUARIES AND RIVERS
...Dispersion -water, Dyes, Estuaries, Synthetic Hydrology-general,
...2.0118

SKYWATER ...Colorado, Data Acquisition- general, Gaging,
...2.0190

POTENTIAL OYSTER SETTING CAPACITY - LOCAL AREAS
...Chesapeake Bay, Commercial Fishing, Other, Oysters, Spawn
Or Nesting Sites, ...5.0507

COLLECTION OF JUVENILE MIGRANTS FROM RIVERS AND
STREAMS ...Engineering Structures-general, Fish -non-specific,
Management -other, Migration, 4.0271
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LAKE SUPERIOR CHEMICAL CONTROL OF SEA LAMPREY
...Control of Nuisance Species, Flow Characteristics -water, Lake
Superior, Lampreys, Larvicides, ...5.0577

BIOASSAY ...Animal Pollutant Sources, Evaluation, Lampreys,
Piscicides -non-specific, Water Properties-general, ...5.0580

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
...Alaska, Aquatic Ecology, Salmon -coho,chinook,sockeye..,
Spawn Or Nesting Sites, Water Properties-general, ...6.0005

FISH TRANSPORTATION ...Aquatic Ecology, Management -other,
Migration, Salmon & Trout - Non-specific, Tags, ...8.0304

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
IRRIGATION RETURN FLOWS ...Effluents-waste Water,
Groundwater, Irrigation, Surface Water, Water Quality-general,
...5.0909

STREAM REAERATION ...Aeration, Morphology - general, Or-
ganic-general, Oxygen, Photosynthesis, ...5.0905

STUDY OF ASSIMILATIVE CAPACITY OF ARCTIC AND SUB-
ARCTIC STREAMS ...Environmental Effects-geologic, Polar, Pol-
lution - Effects of , Self-purification, ...5.0029

TIMBER AND WATERSHED RESOURCES DEVELOPMENT
RESEARCH IN HAWAII ...Erosion-general, Evapotranspiration,
Legumes - other..mesquite... , Rain, Soils and Fertilizer, ...2.0367

CONTROL OF EROSION AND SEDIMENTATION ASSOCIATED
BUILDING AND LOGGING ...Conservation, Erosion-general,
Forest Watersheds, Logging, Transport, Equipment, Sediment
Yield, ..2.0027

MANAGEMENT OF FOREST GAME RANGES IN THE CEN-
TRAL ROCKY MOUNTAINS, AND IMPROVEMENT OF FISH
HABITAT BY MANIPULATION OF STREAMSIDE VEGETA-
TION ...Habitat Studies, Land Use -non-specific, Management,
Soil (wildlife) Cover, Wildlife -non-specific, ...4.0074

SEDIMENT SOURCES AND YIELDS IN AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Agricultural
Watersheds, Corn Belt, Forecasting-prediction, Land Use, Sedi-
ment Yield, ...2.0864

AQUIFER AND SUBSURFACE RELATIONSHIPS IN THE
HYDROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS ...Aquifers-general, Bast:flow, Forecasting-predic-
tion, Groundwater Movement, Natural Recharge, Technique
Development, Water Yield, ...3.0394

ISOLATION AND TAXONOMY OF YEASTS IN LAKES AND
SEWAGE ...Bioindicators, Contamination, Pollution-water, Plant
Taxonomy, Yeast N 5, ...5.0339

Boundary Layer Effects
Boundary Layer-general

STABLE ALLUVIAL CHANNELS ...Alluvial Deposits, Channels,
Control Factors-general, Cross-section, Flow Characteristics -
water, ...2.0225

Cavitation
CAVIATION ...Cavitation-general, Hydraulic Structures, Model Ap-

paratus- general, Structure Sites, 8.0243

Roughness
FLOW OF A ROTATING FLUID OVER IRREGULAR SURFACE

TOPOGRAPHIES ...Channels, Flow Characteristics -water, Rotat-
ing Fluids, 2.0249

REDUCTION OF RIVER HEAT POLLUTION BY TURBULENCE
STIMULATION Destratification, Electric Power Plants, En-
gineering Structures-general, Stream Rehabilitation, Thermal Pol-
lution, Turbulent Flow, 5.0214

EFFECT OF RAINDROP IMPACT AND SURFACE ROUGHNESS
ON SHEET FLOW ...Flow Characteristics -water, Model Studies,
Rain-other, Rainfall Simulators, Sheetflow..2.0447

AN INTEGRATED SYSTEM OF STREAM CLASSIFICATION
...Classifications, Morphology-general, Rock Type, Streams, Struc-
tually Controlled Feature, .,.2.0465

SPATIAL BEHAVIOR OF ROUGHNESS IN LABORATORY
WATERSHED, PHASE II ...Energy Loss -water, Model Studies,
Runoff, Structure-size, Surface Flow, Synthetic Hydrology-
general, ...2.0703

EFFECTS OF RIVER CURVATURE ON RESISTANCE TO FLOW
...Channels, Flow Characteristics -water, Flume Studies, Unsteady
Flow, Velocity -water, 8.0198

INVESTIGATIONS OF STREAM CHANNEL MORPHOLOGY IN
THE SOUTHERN BRANCH AND AT THE USDA SEDIMEN-
TATION LABORATORY ...Alluvial Deposits, Flow Charac-
teristics -water, Meanders, Morphology-general, Scouring, Shear-
flow, 2.0678

Scouring
INVESTIGATION OF SCOUR AT BRIDGES IN ALASKA

...Alaska, Bridges & Culverts, Channel Geometry, Drainage, Ero-
sion Control, Suspension, ...2.0285

SCOUR AT BRIDGE CROSSINGS IN ALASKA ...Bridges & Cul-
verts, Discharge-other, Posion Control, Suspension, ...2.0013

DEVELOPMENT AND EVALUATION OF MEANS AND MEA-
SURES FOR CHANNEL STABILIZATION ...Channel Geometry,
Channels, Design Criteria, Flow Characteristics -water,
Mechanics, General, Sediment Transport-general, 5.2022

INVESTIGATIONS OF STREAM CHANNEL MORPHOLOGY IN
THE SOUTHERN BRANCH AND AT THE USDA SEDIMEN-
TATION LABORATORY ...Alluvial Deposits, Flow Charac-
teristics -water, Meanders, Morphology-general, Roughness,
Shear-flow, ...2.0678

Control Factors
Climate

PRECIPITATION, STREAMFLOW AND SEDIMENT CON-
VEYANCE IN A SMALL ARID WATERSHED ...Deserts, Flash
Floods, Flow Characteristics -water, Patterns, Sediment Trans-
port-other, ...2.0496

THE RELATION OF DRAINAGE NETWORKS AND BASIN
DEVELOPMENT TO ROCK TYPE AND CLIMATE ...Drainage
Density-texture, Relief, River Basins, Rock Type, Slopes, ...2.0179

Control Factors-general
STABLE ALLUVIAL CHANNELS ,..Alluvial Deposits, Boundary

Layer-general, Channels, Cross-section, Flow Characteristics -
water, _2.0225

CHANGES IN NATURAL CHANNELS RESULTING FROM
CONTROL DEVICES IN THE UPPER REACHES OF THE
BASINS ...Channels, Open Channel, Reservoirs, Sedimentation,
Structure Sites, ...2.0685

BASIC RESEARCH IN GEOMORPHOLOGY AND HYDROLOGY
...Discharge-general, Eastern, Meanders, Outwash Plains, Wiscon-
sin, ...2.0272

WRAGG SWAMP CANAL INVESTIGATION, ALABAMA
...Alabama, Amount, Canals, Runoff, Urban Environments,
,..4.0001

Regimen
EVALUATION OF NATURAL RIVER ENVIRONMENTS

...Productivity - Food Chain, Streams, Succession, Water Quality-
general, Wild Rivers, ...6.0441

Rock Type
AN INTEGRATED SYSTEM OF STREAM CLASSIFICATION

...Classifications, Morphology-general, Roughness, Streams, Struc-
tually Controlled Feature, ...2.0465

GEOMORPHOLOGY OF LOW-ORDER STREAMS ...Drainage
Density-texture, Gradient, Length, Streams-other, Topographic,
...2.0621

THE RELATION OF DRAINAGE NETWORKS AND BASIN
DEVELOPMENT TO ROCK TYPE AND CLIMATE ...Climate,
Drainage Density-texture, Relief, River Basins, Slopes, ...2.0179

Structure
AQUIFER-STREAMFLOW INTERRELATIONSHIPS IN UP-

STREAM AGRICULTURAL WATERSHEDS OF THE PACIFIC
NORTHWEST ...Agricultural Watersheds, Aquifers-general, Flow
Characteristics -water, Permeability, Recharge -general, Subsur-
face Flow, ..3.0201

Deposition Features
Braided Stream

FORM, PROCESSES AND DEPOSITS OF THE KNIK RIVER,
ALASKA ...Deposition-other, Floods, Ice Jam, Sediment Trans-
port-other, Sorting, _2.0782

Channel Filling
EXTERNAL GEOMETRY OF SUPERPOSED ELONGATE SAND-

STONES, NORTH-CENTRAL TEXAS ...Clastic Aquifers,
Geomorphology-general, Isopach, Sandstones, Subsurface,
2.1006

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHWESTERN SEMIARID RANGELAND WATERSHEDS
...Channels, Cross-section, Gullys - Arroyos, Sediment Yield,
Stream Banks, 5.0757



SUBJECT INDEX Streams

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHERN CALIFORNIA Channels, Cross-section, Gullys -
Arroyos, Sediment Yield, Stream Banks, ...5.0103

Meanders
HYDROLOGIC FORECASTING AND EFFECTS OF FLOODS ON

MEANDERING ALLUVIAL RIVERS WITH LARGE FLOOD-
PLAINS ...Floodplains, Floods, Forecasting-prediction, Model
Studies, Yugoslavia, _4.0283

STOCHASTIC TREATMENT OF RIVER GEOMETRY ...Channel
Geometry, Morphology-general, Open Channel, Shape, Stochastic
Processes, ..2.0443

THE HYDRAULICS AND GEOMORPHOLOGY OF MEANDER-
ING RIVERS WITH FLOOD PLAINS Floodplains, Floods,
Flow Characteristics -water, Land Use, Routing, ..2.0473

RECENT VARIATIONS IN COURSE AND REGIMEN, KANSAS
RIVER AND NEARBY REACHES OF MISSOURI RIVER
...Floodplains, Geomorphology-general, Kansas, Sedimentology-
general, ...2.0503

BASIC RESEARCH IN GEOMORPHOLOGY AND HYDROLOGY
,..Control Factors-gencral, Discharge-general, Eastern, Outwash
Plains, Wisconsin, 2.0272

CHANNEL MEANDER STUDIES ...Channels, Discharge-general,
Grain Size, Indiana, Suspension, 2.0453

INVESTIGATIONS OF STREAM CHANNEL MORPHOLOGY IN
THE SOUTHERN BRANCH AND AT THE USDA SEDIMEN-
TATION LABORATORY ...Alluvial Deposits, Flow Charac-
teristics -water, Morphology-general, Roughness, Scouring, Shear-
flow, ...2.0678

Energy-dynamics
SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT

IN A SMALL WATERSHED ...Erosion, Sediment Transport-
general, Slopes, Small Watersheds, ..2.0567

THE EFFECTS OF NUTRIENTS ADDITIONS AND STREAM
DYNAMICS ON STREAM EUTROPHICATION ...Eutrophica-
tion, Nutrients, of Aquatic Plants, Productivity - Food Chain,
Streams, 5.104

HYDRAULIC RESISTANCE IN ALLUVIAL CHANNELS ...Alluvi-
al Deposits, Channel Geometry, Flow Characteristics -water, Flow
of Dispersed Solids, Sediment Transport - general, ..2.0448

SCOUR AND FILL IN THE MISSOURI RIVER AS RELATED TO
THE WATER RESOURCES PLANNING ...Missouri River,
Planning, Scouring, Sediment Yield, South Dakota, 2.0966

GREAT LAKES RESEARCH - EFFECTS OF STRUCTURES ON
COASTAL SEDIMENTATION ...Beach, Bed Load, Coastal En-
gineering-other, Engineering Structures-general, Great Lakes-
general, Velocity -water, 2.0650

GEOMORPHIC ASPECTS (SISTERS AND WATTS BRANCHES,
MARYLAND) ...Ephemeral, Groundwater Movement, Patterns,
Runoff, Sediment Transport-general, Water Cycle, 2.0283

Erosional Features
Gullys - Arroyos

INVESTIGATIONS OF EROSION CONTROL AND WATER
CONSERVATION ...Amount, Conservation-general, Erosion,
Land Use, Runoff, Sediment Yield, Stabilization-general, ...3.0226

THE POST-PLEISTOCENE EPICYCLE SEQUENCE OF ALLU-
VIATION AND EROSION IN THE LOWER SAN JUAN
DRAINAGE ...Alluvial Deposits, Archeology, Paleoenvironments,
Puleohydrology, San Juan, ..,2.1097

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHWESTERN SEMIARID RANGELAND WATERSHEDS
...Channel Filling, Channels, Cross-section, Sediment Yield,
Stream Banks, 5.0757

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHERN CALIFORNIA ...Channel Filling, Channels, Cross-
section, Sediment Yield, Stream Banks, ...5.0103

Terrace-bench
STUDY OF ENGINEERING PRACTICES OF IRRIGATION IN

KANSAS ...Irrigation Engineering, Irrigation-general, Kansas,
Slopes, Tillage, Cropping Systems, Yield, 8.0201

DEVELOPMENT OF SUPPORTING RUNOFF AND EROSION
CONTROL PRACTICES AND SYSTEMS IN THE CORN BELT
...Conservation & Management Eng, Corn Belt, Erosion Control,
Erosion-general, Runoff, Stabilization-other, Wind, 3.0225

Valleys and Canyons
STREAM VALLEY ASYMMETRY IN AN ARCTIC ENVIRON-

MENT-CONDITIONS GOVERNING GEOMORPHIC
PROCESSES 7360 ,..Arctic, Environmental Effects-geologic,
Microclimate- general, Shape, Slopes, 2.0255

CHAMPLAIN VALLEY PRECIPITATION STUDY ...Gages, Pat-
terns, Pulp and Paper, Sulfur, 2.0812

PERMEABILITY OF UNCONSOLIDATED AQUIFER MATERI-
ALS ...Aquifers-general, Data Analysis Applications, Hydrology..
general, Permeability, Unconsolidated Aquifers, 7.0038

Mechanics, General
DEVELOPMENT AND EVALUATION OF MEANS AND MEA-

SURES FOR CHANNEL STABILIZATION ...Channel Geometry,
Channels, Design Criteria, Flow Characteristics -water, Scouring,
Sediment Transport-general, 5.1022

Morphology
Cross-section

STABLE ALLUVIAL CHANNELS ...Alluvial Deposits, Boundary
Layer-general, Channels, Control Factors-general, Flow Charac-
teristics - water, ..2.0225

OPEN-CHANNEL TRANSITIONS IN SUPERCRITICAL FLOW
...Channel Geometry, Critical, Hydraulics-general, Open Channel,
Open Channel Flow, ...8.0283

LONG TERM CHANNEL CHANGES ...Channels, Gaging,
Morphology-general, Soil Erosion -non-specific, 2.0284

DETERMINATION OF CHANNEL CAPACITY OF THE
MERCED RIVER, CALIFORNIA California, Channels,
Discharge-general, Hydrographic, Peak Flow..2.0116

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHWESTERN SEMIARID RANGELAND WATERSHEDS
...Channel Filling, Channels, Gullys - Arroyos, Sediment Yield,
Stream Banks, 5.0757

MORPHOLOGY AND STABILITY OF STREAM CHANNELS IN
SOUTHERN CALIFORNIA ...Channel Filling, Channels, Gullys -
Arroyos, Sediment Yield, Stream Banks, 5.0103

Drainage Density-texture
GEOMORPHOLOGY OF LOW-ORDER STREAMS ...Gradient,

Length, Rock Type, Streams-other, Topographic, 2.0621
THE RELATION OF DRAINAGE NETWORKS AND BASIN

DEVELOPMENT TO ROCK TYPE AND CLIMATE ...Climate,
Relief, River Basins, Rock Type, Slopes, 2.0179

Gradient
GEOMORPHOLOGY OF LOW-ORDER STREAMS ...Drainage

Density-texture, Length, Rock Type, Streanic-other, Topographic,
_2.0621

Length
NON-EQUILIBRIUN TRANSPORT OF SUSPENDED SEDIMENT

...Flume, Open Channel, Scouring, Sedimentation, Suspension,

...2.0696
GEOMORPHOLOGY OF LOW-ORDER STREAMS ...Drainage

Density-texture, Gradient, Rock Type, Streams-other, Topo-
graphic, ...2.0621

Morphology-general
STOCHASTIC TREATMENT OF RIVER GEOMETRY ...Channel

Geometry, Meanders, Open Channel, Shape, Stochastic Processes,
...2.0443

AN INTEGRATED SYSTEM OF STREAM CLASSIFICATION
...Classifications, Rock Type, Roughness, Streams, Structually
Controlled Feature, 2.0465

MORPHOLOGY AND HYDROLOGY OF PLEISTOCENE
DEPOSITS, DELAWARE ...Geophysical Analysis, Groundwater
Movement, Permeability, Quaternary Period, Unconsolidated
Aquifers, Water Yield, 2.0253

A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Environmental Effects-geologic, Kentucky, Pre-impoundment
Sites, Water Quality-general, ...6.0243

WATER TEMPERATURE EFFECTS ON BED FORMS ...Bedding
Planes, Other Transport Effects, Streams, Temperature, 5.0625

FLOW LOSSES IN AN EPHEMERAL STREAM CHANNEL
...Conservation-general, Energy Loss -water, Ephemeral, Infiltra-
tion, Open Channel Flow, Water Cycle, 2.0178

FLOW AND SEDIMENT TRANSPORT, RIO GRANDE CON-
VEYANCE CHANNEL ...Channels, Flume Studies, Rio Grande
River, Sediment Transport-other, Streams, ...2.0771
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Streams SUBJECT INDEX

EVALUATION OF VARIABLES IN ALLUVIAL CHANNEL
FLOW ...Bed Load, Channels, Flow Characteristics -water, Model
Studies, Velocity -water, 2.0237

HYDROLOGIC PARAMETERS CONTROLLING RECREA-
TIONAL USE OF MINNESOTA RIVERS ...Minnesota, Projec-
tions and Estimations, Recreation Sites, Water Quality-general,
Wild Rivers, 6.0307

HYDROLOGY OF RIVER-BASED RECREATION ...Glacial Fea-
tures-general, Michigan, Recreation Sites, Streams, Water Quali-
ty-general, ...6.0304

BAYOU LAFOURCHE SEDIMENTATION STUDY, LOUISIANA
...Bayous, Channels, Louisiana, Rate of Deposition, Sediment
Yield, 2.0535

STREAM REAERATION ...Aeration, Organic-general, Oxygen,
Photosynthesis, Streams, ...S.0905

INVESTIGATIONS OF STREAM CHANNEL MORPHOLOGY IN
THE SOUTHERN BRANCH AND A' t HE USDA SEDIMEN-
TATION LABORATORY ...Alluvial Deposits, Flo% Charac-
teristics -water, Meanders, Roughness, Scouring, Shear-flow,
_2.0678

FACTORS INFLUENCING THE STABILITY AND REGIME OF
CHANNELS IN AGRICULTURAL WATERSHEDS ...Agricul-
tural Watersheds, Channels, Climate, General Deposition, Lund
Use..4.0072

Stream Types
Ephemeral

SAN ISIDRO WASH STUDY FLOW LOSSES IN AN
EPHEMERAL STREAM CHANNEL _Evapotranspiration, Gag-
ing, Infiltration, Morphology-general, New Mexico, 2.0177

GEOMORPHIC ASPECTS (SISTERS AND WATTS BRANCHES,
MARYLAND) ...Energy-dynamics, Groundwater Movement, Pat-
terns, Runoff, Sediment Transport-general, Water Cycle, ..2.0283

FLOW LOSSES IN AN EPHEMERAL STREAM CHANNEL
...Conservation-general, Energy Loss -water, Infiltration,
Morphology-general, Open Channel Flow, Water Cycle, 2.0178

FLOOD WAVE MOVEMENT IN NATURAL EPHEMERAL
STREAM CHANNELS ...Channels, Floods, Runoff, Thun-
derstorms, Waves, ...4.0008

Streams-other
GEOMORPHOLOGY OF LOW-ORDER STREAMS Drainage

Density-texture, Gradient, Length, Rock Type, Topographic,
...2.0621

Strontium
STRONTIUM ISOTOPE COMPOSITION AND TRACE ELEMENT

CONCENTRATIONS IN LAKE HURON AND ITS PRINCIPAL
TRIBUTARIES ...Chemical, Ions and Gases, Lake Huron, Rocks -
Bedrock, Trace Element Analysis, ...2.0854

ISOTOPES IN THE BIOSPHERE ...Erosion-general, Management,
Pollutants - Path of , Radioactive Fallout, Runoff, Washout,
5.0670

DETAILED CHARACTERIZATION OF SOILS AND VEGETA-
TION AT SELECTED SITES TO SERVE AS BASIS FOR FU-
TURE EVALUATION OF RADIOACTIVE CONTAMINATION
...Absorption, Fixation, Exchange, Radioactive Pollution -ns,
Radioactivity-general, Small Watersheds, Soil and Rock Leaching,
5.0902

PRIMARY PRODUCTION ...Plankton (non-specitic), Primary
Productivity, 2.1001

MOLLUSK STUDIES ...Agricultural Watersheds, Forest
Watersheds, Mollusca - General Studies, Paleohydrology, Percola-
tion, _1.0114

RADIONUCLIDE CYCLING IN AQUATIC ECOSYSTEMS AND
THE USE OF ISOTOPES TO DELINEATE AND QUANTIFY
BASIC ECOLOGICAL PROCESSES ...Aquatic Ecology, Environ-
mental Ecology, Lakes, Productivity - Food Chain, Radioactive
Pollution -ns, 2.1000

REMOVAL OF STRONTIUM-90 FROM ORGANIC WASTES
.Aerobic, Anaerobic, Cation, Disposal, Flocculation, 5.0082

SOLUBILITIES OF THE SULFATES OF BARIUM AND STRON-
TIUM IN OILFIELD WATERS ...Barium, Brines, Fluid Proper-
ties, Radioisotopes, Solution Chemistry, Thermal Properties-other,
1.0097

ACCUMULATION AND MOVEMENT OF FISSION PRODUCTS
IN SOILS AND PLANTS ...Movement, Availability, Radioactive
Contamination, ..5.0484

Structually Controlled Feature
AN INTEGRATED SYSTEM OF STREAM CLASSIFICATION

...Classifications , Morphology-general, Rock Type, Roughness,
Streams, 2.0465

Structural Geology
Faults

HYDROLOGY OF LIMESTONE AND RELATED ROCKS ...Folds,
Groundwater Movement, Limestone - General, Permeability,
Porosity, ...2.0201

TECHNIQUES FOR USE OF RADIOISOTOPES IN TRACING
RESERVOIR LEAKAGE Aquifers-general, Foundations-
general, Leekage, Radioisotopes, Reservoirs and Impoundments.
...7.0017

SEISMICITY OF FAULTS - ENGINEERING GEOLOGIC
EVALUATION ...Earthquakes, Engineering Structures-general,
Geology - Engineering, Microseisms - Background, Seismographs,
...8.0057

Folds
HYDROLOGY OF LIMESTONE AND RELATED ROCKS

...Faults, Groundwater Movement, Limestone - General, Permea-
bility, Porosity, _2.0201

Joints-fractures
RELATION OF BEDROCK FRACTURE SYSTEMS TO UN-

DERGROUND WATER IN STAFFORD SPRINGS, SOUTH
COVENTRY, SPRING HILL & WESTFORD QUADS ...Ground-
water Movement, Local Structure, Rocks - Bedrock, Subsurface
Flow, Water Quantity-general, ...2.0243

SEDIMENTATION AND IN-PLACE FILTRATION DURING
FLOW THROUGH EARTH FRACTURES Analog Computers,
Filtration, Mathematical Analysis, Model Studies, Sedimentology-
general, ...4.0018

A SYSTEM FOR GEOLOGIC EVALUATION OF POLLUTION
POTENTIAL AT MOUNTAIN DWELLING SITES ...Sewage,
...5.0199

OCCURRENCE AND CHARACTERISTICS OF FRACTURES IN
CRYSTALLINE ROCKS OF SOUTHEASTERN NEW
HAMPSHIRE AND THEIR RELATIONSHIP TO THE YIELD
OF DRIL ...Groundwater Mining, Mapping, New Hampshire,
Water Welk, Water Yield, ...2.0744

CORRELATION OF GROUND SUBSIDENCE FEATURES,
FOUNDATION FAILURES AND EARTH CRACKS WITH
WATER TABLE DRAWDOWN IN ALLUVIAL BASINS ...Allu-
vial Deposits, Drawdown, Foundations-general, Soil Exploration,
Soil Settlements, Subsidence, 3.0016

SEISMIC EVALUATION OF PERMEABILITY OF FRACTURE
ZONES IN ROCK ...Aquifers - general, Permeability, Southwest,
Structure Location, Tunnels, Water Yield, ...3.0017

GROUND-WATER GEOLOGY OF OGLE COUNTY, ILLINOIS
...Aerial, Available Water, Groundwater, Observation Wells, Un-
consolidated Aquifers, .,.7.0034

GEOLOGIC AND ENGINEERING SIGNIFICANCE OF FRAC-
TURED ROCK ...Geology - Engineering, Rock Mechanics,
8.0224

STRENGTH OF JOINTED ROCKS Breccia-general, Fine-grained
Clastics, Geology - Engineering, Limestone - General, Rock
Mechanics, ...8.0262

CORRELATION OF JOINT DENSITY AND ROCK LOADSIN-
STALLATION OF TUNNEL SET LOAD CELLS IN DIVIDE
TUNNEL, COLORADO ...Colorado, Engineering Structures-
general, Geology - Engineering, Tunnels, ...8.0134

BASIC ROCK PHYSICS ...Engineering Structures-general, Founda-
tions-general, General Petrology, Geology - Engineering,
Weathering, 8.0118

STRENGTH OF ROCK MASSES ...Engineering Structures-general,
Geology - Engineering, Joints, Mine Structures, Rock Mechanics,
8.0029

Rock Mechanics
GEOLOGIC AND ENGINEERING SIGNIFV:ANCE OF FRAC-

TURED ROCK ...Geology - Engineering, Joints-fractures,
...8.0224

STRENGTH OF JOINTED ROCKS ...Breccia-general, Fine-grained
Clastics, Geology - Engineering, ,points- fractures, limestone -
General, ...8.0262
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SUBJECT INDEX Structural Mechanics

MODEL STUDY OF UNDERGROUND OPENINGS ...Dams-
general, Foundationskgencral, Geology - Engineering, Model Stu-
dies, Structural Analysis-general, Tunnel, -8.0067

SITE TESTS TO DETERMINE STRUCTURAL PROPERTIES OF
ROCK FOUNDATIONS ,..Dams-other, Engineering Structures-
general, Foundations-general, Power Development, Tunnels,
-8.0019

DESIGN OF UNDERGROUND POWERPLANTS ...Borehole
Geophysics, Digital Computers, Electric Power Plants, Mechanics
of Structures-other, Power Plant, -8.0031

STRUCTURAL RESPONSE, DYNAMIC LOADS ...Computers-
general, Dynamic-other, Earthquakes, Electric Power Plants, In-
dustrial Structures, Other Computers, -8.0032

GENERAL ROCK MECHANICS INVESTIGATIONS -Dams,
Deep, _8.0102

STRENGTH OF ROCK MASSES ...Engineering Structures-general,
Geology - Engineering, Joints, Joints-fractures, Mine Structures,
-8.0029

Structural Analysis
Local Structure

RELATION OF BEDROCK FRACTURE SYST! MS TO UN-
DERGROUND WATER IN STAFFORD c5"7-!"..;%-35, SOUTH
COVENTRY, SPRING HILL & WESTFORD QUADS ...Ground-
water Movement, Joints-fractures, Rocks - Bedrock, Subsurface
Flow, Water Quantity-general, -2.0243

PHYSICAL CHARACTERISTICS OF I3ASALT AQUIFERS .Elec-
tric Logging, Flow Characteristics -water, Groundwater Move-
ment, Porosity, Radioactivity Logging, -2.1117

GRAVITY INVESTIGATION OF WATER-BEARING STRATA IN
SWAN VALLEY, MONTANA ...Density, Gravity Surveys, Mon-
tana, Porosity, Valley, Buried, ...2.07I3

EFFECT OF FORMATION DIP ON THE MOVEMENT OF
FRESH WATER STORED IN SALINE AQUIFERS -Aquifers-
other, Artificial Recharge, Fresh Water, Model Studies, Storage
of Water, -4.0122

Microstructure
STUDIES OF SAPROLITE AND ITS RELATION TO THE

MIGRATION AND OCCURRENCE OF GROUNDWATER IN
CRYSTALLINE ROCKS ...Chemical Sediments, Features, Infil-
tration, Perleability, Texture. -2.0350

ENGINEERING GEOLOGIC PROPERTIES OF ROCK ...Aerial,
Borehole Geophysics, Foundations-general, Geology - Engineer-
ing, Technique Development, -8.0098

Regional Structure
STUDY OF GEOLOGIC STRUCTURAL (7.0NTROL ON THE

FLOW AND DISCHARGE OF GEOTHERMAL WATERS -At-
lases-maps, Groundwater, Groundwater Movement, Iceland, Ther-
mal Features-other, ...2.0794

GEOLOGIC STRUCTURE AND FRESH GROUND WATER IN
GULF COASTAL PLAIN ...Aquifers-general, Flow Charac-
teristics -water, Geologic Maps, South Central, -2.0536

Structural Analysis-general
MODEL STUDY OF UNDERGROUND OPENINGS ...Dams-

general, Foundations-general, Geology - Engineering, Model Stu-
dies, Rock Mcchanic, Tunnel, -8.0067

Tectonic Classes
Volcanoes

GEOPHYSICAL EXPLORATION FOR HAWAIIAN GROUND
WATER - PHASE III ...Electric Logging, Geophysical Analysis,
Groundwater, Hawaii, Seismic Surveys, -2.0369

Tectonics
Deformation

DEVELOPMENT OF NX BOREHOLE INSTRUMENT FOR
DEFORMATION MODULUS ...Borehole Geophysics, Drilling
and Coring. -8.0047

Subsidence
CORRELATION OF GROUND SUBSIDENCE FEATURES,

FOUNDATION FAILURES AND EARTH CRACKS WITH
WATER TABLE DRAWDOWN IN ALLUVIAL BASINS ...Allu-
vial Deposits, Drawdown, Foundations-general, Joints-fractures,
Soil Exploration, Soil Settlements, -3.0016

LAND SUBSIDENCE STUDIES IN THE SAN JOAQUIN VALLEY
...California, San Joaquin, -2.0152

MECHA. JICS OF AQUIFER SYSTEMS ...Storage of Water, Un-
consolidated Aquifers, ...2.0153

Tectonics-general
RESTORATION AND REHABILITATION OF EARTHQUAKE

DAMAGED PINK AND CHUM SALMON STUDIES IN
PRINCE WILLIAM SOUND .,.Alaska, Aquatic Ecology, Data
Acquisition- general, Earthquakes, Flow Characteristics -water,
Salmon -coho,chinook,sockeye, Spawn Or Nesting Sites, Stream
Rehabilitation, ..2.0026

STRUCTURAL CONTROL OF SPRINGS FROM THE MUAV
AQUIFER IN WESTERN GRAND CANYON NATIONAL
PARK, ARIZONA -Carbonate Aquifers, Groundwater Move-
ment, Seasonal, Specific Rock Unit, Springs, -2.0054

HYDROLOGY OF THE COLUMBIA RIVER BASALT ...Coluii,bia
Plateaus, Hydrology-general, Igneous Rocks, Infiltration, Runoff,
Specific Rock Unit, ...2.0905

Structural Mechanics
Analysis Structural

STRUCTURAL ANALYSIS ...Beams - Bars, Concrete-other, Finite
Differences, Frame, Arch,truss, Other Computers, -8.0020

ARCH DAM ANALYSES BASED ON THE MATHEMATICAL
THEORY OF ELASTICITY ...Arch Dams, Development of
Models, Elasticity, Engineering Structures - general, Foundations-
general, -8.0089

STUDY OF POLYCENTERED, PARABOLIC, AND OTHER
SHAPES FOR ARCH DAMS ...Arch Dams, Design Criteria,
Models, ..8.0090

EFFECTS OF CRACKING IN ARCH DAMS ...Arch Dams, Com-
puters- general, Engineering Structures-general, Fracture
Mechanics, Tensile, -8.0092

REINFORCEMENT OF OPENINGS IN MASSIVE CONCRETE
STRUCTURES ...Fracture Mechanics, Gravity Darns, Reinforced,
Stress Concentration, Thermal, -8.0093

DESIGN OF DOUBLE-CURVATURE MULTIPLE-ARCH DAMS
FOR USE IN WIDE VALLEYS ...Arch Dams, Engineering Struc-
tures-general, Power Development, Reinforced, Shells, -8.0095

Beams Bars
TENSILE CRACK EXPOSURE TESTS ...Cement, Concrete, Crack

Initiation, Propagation, Reinforcing Steel, Standards, Specifica-
tions, Weathering, ...8.0252

DURABILITY AND BEHAVIOR OF PRESTRESSED CONCRETE
BEAMS ...Construction Materials-other, Methods, Pre-stressed,
Weathering, -8.0253

EFFECTIVENESS OF WEB REINFORCEMENT IN REIN-
FORCED CONCRETE BEAMS SUBJECT TO AXIAL FORCES
...Axial, Moments, Reinforced, Shearing, Strength, -8.0152

STRUCTURAL ANALYSIS ...Analysis Structural, Concrete-other,
Finite Differences, Frame, Arch,truss, Other Computers, -8.0020

SLAB ANALYSIS ...Digital Computers, Engineering Structures-
general, -8.0117

Concrete
Asphalt

FIELD PERFORMANCE OF ASPHALTIC CONCRETE ...Bitu-
minous, Cement, Concrete, Highway Structures, Hydraulic Struc-
tures, Time, ...8.0070

Concrete-general
PROTOTYPE ANALYSES - LOCK BEHAVIOR INVESTIGATION

...Deflection, Hydraulic Structures, Internal, Locks, Pressure-
general, ...8.0256

DEVELOPMENT OF INSTRUMENTS FOR PROTOTYPE TEST-
ING ...Laboratory Analysis, Model Studies, Strain-general,
Stresses-general, ...8.0239

PERFORMANCE OF CONSTRUCTION PLANT AND EQUIP-
MENT ...Construction, Equipment, Machines, -8.0251

PROTOTYPE ANALYSES - STRUCTURAL BEHAVIOR ...Con-
struction, Dams-general, Distances, Instrumentation, -8.0014

STRUCTURAL PROBLEMS ASSOCIATED WITH CONCRETE
PIPE ...Design Criteria, Pipes, Pressure-general, Soil - Buried
Structures, Waterproof, -8.0033

Concrete-other
EPDXY RESINS FOR CIVIL WORKS PROJECTS ...Construction-

other, Epoxies, Fracture Mechanics, Maintenance, Repairing,
-8.0248
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Structural Mechanics SUBJECT INDEX

CONCRETE TEST VESSEL ...Cement, Concrete, Desalination,
Pressure Ussel Materials, Tanks, Water, 8.0113

STRUCTURAL ANALYSIS ...Analysis Structural, Beams - Bars,
Finite Differences, Frame, Arch,truss, Other Computers, 8.0020

ABUTMENT PADS FOR ARCH DAMS ...Arch Dams, Engineering
Structures-general, Foundations-other, Joints, Mathematics
Matching Code, ...8,0091

HYDRAULIC AND STRUCTURAL DESIGN - SPILLWAYS AND
OUTLET WORKS ...Hydraulic Structures, Models, Spillways, Ul-
timate, ...8.0139

REVIBRATION OF ,7.0NCRETE AND MASONRY ...Cement,
Concrete, Mechanical Vibrations-other, Physical Properties-
general, Standards, Specifications, Vibration, 8.0108

Mass
PROTOTYPE ANALYSIS STRUCTURAL BEHAVIOR ...Gravity

Dams, Chit) River, Piezometers, Seepage, Uplift, 8.0149
MODEL STUDIES OF MASS CONCRETE STRUCTURES ...Ce-

ment, Concrete, Dimension-three, Model Studies, Stress Recor-
ders, Technique Development, 8.0227

Plain
DURABILITY OF CONCRETE DRAIN TILE AND IRRIGATION

PIPE ...Drainage, Pipes, Specifications, Strength, Techniques,
8.0221

CONCRETE DITCH LINING AND PIPE FOR IRRIGATION
SYSTEMS ...Irrigation, Lining, Linings-pavings, Open Channel,
Pipes, 8.0272

Pre-cast
PRECAST CONCRETE FORMS Economics-general, Electric

Power Plants, Engineering Structures - general, Hydraulic `.;:ruc-
tures, 8.0141

Pre-stressed
DURABILITY AND BEHAVIOR OF PRESTRESSED CONCRETE

BEAMS ...Beams - Bars, Construction Materials-other, Methods,
Weathering, 8,0253

CORROSION MITIGATION ...Corrosion Prevention-other, Deep,
Low Alloy Steels, Marine Fouling, Water, .,,8.0157

Reinforced
EFFECTIVENESS OF WEB REINFORCEMENT IN REIN-

FORCED CONCRETE BEAMS SUBJECT TO AXIAL FORCES
...Axial, Beams Bars, Moments, Shearing, Strength, 8.0152

STUDY OF TUNNEL LININGS AND REINFORCEMENT ...Chan-
nel Type-other, Data Analysis - General, Lining, Linings-pavings,
8.0104

ULTIMATE STRENGTH DESIGN ...Codes and Standards, Electric
Power Plants, Power Development, Structural, 8.0030

DETERMINATION OF IN SITU STRESSES BY STRAIN-RELIEF
METHOD ...Dams-other, Stress Recorders, 8.0021

REINFORCEMENT OF OPENINGS IN MASSIVE CONCRETE
STRUCTURES ...Analyds Structural, Fracture Mechanics, Gravi-
ty Dams, Stress Concentration, Thvilnal, -.8.0093

DESIGN OF DOUBLE-CURVATURE MULTIPLE-ARCH DAMS
FOR USE IN WIDE VALLEYS ...Analysis Structural, Arch
Dams, Engineering Structures-general, Power Development,
Shells, 8.0095

Frame, Arch,truss
STRUCTURAL ANALYSIS ...Analysis Structural, Beams - Bars,

Concrete-other, Finite Differences, Other Computers, 8.0020

Joints
INVESTIGATION OF WATERSTOPS FOR CONSTRUCTION

JOINTS ...Cement, Concrete, F.lastorners Rubber, Plastics -
General, Scaling, Water, ...8.0229

ABUTMENT PADS FOR ARCH DAMS ...Arch Dams, Concrete-
other, Engineering Structures-general, Foundations-other, Mathe-
matics Matching Code, ...8.0091

STRENGTH OF ROCK MASSES ...Engineering Structures-general,
Geology - Engineering, Joints-fractures, Mine Structures, Rock
Mechanics, ...8.0029

Mechanics of Structures-other
DESIGN OF UNDERGROUND POWERPLANTS ...Borehole

Geophysics, Digital Computers, Electric Power Plants, Power
Plant, Rock Mechanics, 8.0031

Model Studies
DEVELOPMENT OF INSTRUMENTS FOR PROTOTYPE TEST-

ING ...Concrete-general, Laboratory Analysis, Strain-general,
Stresses-general, 8.0239

MODEL STUDIES, OF MASS CONCRETE STRUCTURES ...Ce-
ment, Concrete, Dimension-three, Mass, Stress Recorders,
Technique Development, 8.0227

Plates and Shells
Geometric Configuration

FLUID ELASTIC OPERATORS FOR UNDER-STREAMLINED
STRUCTURES Compressible Fluid, Deformations, Hydraulic
Equipment, _2.0472

Shells
DESIGN OF DOUBLE-CURVATURE MULTIPLE-ARCH DAMS

FOR USE IN WIDE VALLEYS ...Analysis Structural, Arch
Dams, Engineering Structures-general, Power Development, Rein-
forced, 8.0095

Structures
Highway Structures

FIELD PERFORMANCE OF ASPHALTIC CONCRETE .Asphalt,
Bituminous, Cement, Concrete, Hydraulic Structures, Time,
8.0070

Hydraulic Structures
PROGRAM FOR HYDROLOGIC INVESTIGATION OF SMALL

DRAINAGE AREAS IN TEXAS ...Design Flow-flood, Drainage,
Floods, Small Watersheds, Texas, 2.0296

SMALL WATERSHED STUDY ...Design-other, Drainage, Drainage
Systems, 2.0297

WAVE FORCES ON SUBMERGED STRUCTURES ...Drag, Lift,
Shoreline Structures, Wave Action, Waves, ..2.0629

TRACING STORM AND BASE FLOW TO VARI ABLE SOURCE
AREAS ON FORESTED HEADWATERS .,.Baseflow, Floods,
Forest Watersheds, Georgia, Runoff, Subsurface Flow, ...2.0339

ANALYSIS OF SMALL WATER MANAGEMENT STRUCTURES
...Administrative Structures, Management, Water Control Works-
general, Water Distribution Systems, Water Transfer, 4.0260

MATHEMATICAL MODELS OF HYDROLOGIC SYSTEMS
...Economics-general, Model Studies, Open Channel, Unsteady,
Unsteady Flow, Water Quality-general, .6.0382

CIVIL ENGINEERING STRUCTURES IN THE OCEANS ...En-
gineering Studies-other, Foundations-general, Hydrodynamics,
Mechanical Properties, Soil Dynamics, Wylie Action, ...8.0165

SHORE-LINE ENGINEERING STUDIES ON GREAT SALT LAKE
,..Great Salt Lake, Hydrographic, Shoreline - Coastline, Shoreline
Structures, Wave Action, ...8.0293

PROTOTYPE ANALYSES - LOCK BEHAVIOR INVESTIGATION
...Concrete-general, Deflection, Internal, Locks, Pressure-general,
8.0256

CAVIATION ...Cavitation, Cavitation-general, Model Apparatus-
general, Structure Sites, 8.0243

CORROSION MITIGATION -CATHODIC PROTECTION OF
WATER-IMMERSED STEEL STRUCTURES ...Cathodic Protec-
tion, Coatings-general, Engineering Studies-general, Low Alloy
Steels, 8.0172

PRECAST CONCRETE FORMS Economics-general, Electric
Power Plants, Engineering Structures-general, Pre -cast, ..8.0141

FIELD PERFORMANCE OF ASPHALTIC CONCRETE ...Asphalt,
Bituminous, Cement, Concrete, Highway Structures, Time,
8.0070

HYDRAULIC AND STRUCTURAL DESIGN - SPILLWAYS AND
OUTLET WORKS ...Concrete-other, Models, Spillways, Ultimate,
8.0139

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE SOUTHERN PLAINS ..,Agricultural
Watersheds, Design Criteria, Design Flow-flood, Models, Water
Loss Control, ...8.0277

Hydrodynamic Structures
WAVE ACTION ON STRUCTURES ...Engineering Structures-

general, Models, Shoreline Structures, Stability, Wave Action,
8.0150

STRUCTURAL DESIGN OF SHORE STRUCTURES ...Coastal En-
gineering- general, Engineering Structures-general, Models,
Shoreline Structures, Wave Action, 8.0151
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SUBJECT INDEX Surface Cleaning, Finishing

VIBRATION OF LOW-CREST SPILLWAYS ...Non-linear, Spill-
ways, 7.0068

Industrial Structures
STRUCTURAL RESPONSE, DYNAMIC LOADS Computers-

general, Dynamic-other, Earthquakes, Electric Power Plants,
Other Computers, Rock Mechanics, 8.0032

Structures-other
BEHAVIOR OF STRUCTURAL ELEMENTS OR MODELS

UNDER 'TEMPERATURE AND DYNAMIC LOADS Dynamic-
other, Earthquakes, Engineering Structures-general, Mechanical
Vibrations-other, Model Studies, 8.0100

Structure Sites
CHANGES IN NATURAL CHANNELS RESULTING FROM

CONTROL DEVICES IN THE UPPER REACHES OF THE
BASINS .,.Channels, Control Factors-general, Open Channel,
Reservoirs, Sedimentation, 2.0685

CAVIATION ...Cavitation, Cavitation-general, Hydraulic Structures,
Model Apparatus-general, 8.0243

GROUND WATER CONDITIONS OF THE CENTRAL BOSTON
AREA, MASSACHUSETTS ...Aquifers - general, Massachusetts,
Observation Wells, Unconsolidated Deposits, Water Table Fluc-
tuation, ...2.0613

Structure-materials-general
STUDY OF ORIENTED CELLULOSE MEMBRANES FOR

REVERSE OSMOSIS AND THE RELATIONSHIP BETWEEN
MORPHOLOGY AND SALT REJECTION ...Desalination, Film,
Membranes-other, Orientation, Reverse Osmosis, -.3.0248

STRUCTURE AND MECHANICAL BEHAVIOR OF POLYMERIC
MEMBRANES ...Cellulose Acetate, Cellulosics, Mechanical Pro-
perties-general, Morphology-other, Reverse Osmosis, 8.0269

PETROGRAPHIC INVESTIGATIONS ...Aggregates, Extenders, Fil-
lers, Cement, Concrete, Construction Materials-other, Petrog-
raphy, 8.0119

Sub- Surface Drainage
Methods

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES ...Capillarity, Drainage Systems, Grain Size and Dis-
tribution, Model Studies, Seepage, ..,2.0212

Other
DEVELOPMENT AND DEMONSTRATION OF MATERIALS TO

REDUCE OR ELIMINATE WATER INFILTRATION INTO
SEWERAGE ...Groundwater Movement, Joining, Bonding-
general, Linings-pavings, Pipe-other, Sealant Materials, ...5.1186

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ..Design Criteria, Drainage Systems, Flow Charac-
teristics -water, Model Studies, Seepage, 4.0088

PHYLLOSILICATE WEATHERING IN UNCONSOLIDATED
MATERIAL OF WISCONSIN AGE IN A HUMID TEMPERA-
TURE ENVIRONMENT ...Glacial, Infiltration, Soil Genesis, Soil
Morphology, Profiles, 2.0801

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF AND INTO DRAINAGE
FACILITIES ...Design Criteria, Drainage Systems, Filters,
Permeability, Seepage, 4.0200

Subsurface Environments
SUBMARINE SPRINGS ...Bibliography, Discharge-general, Marine

Geology-general, Ocean Environment, Springs, 2.0319

Sulfate, Sulfite
EVALUATION OF BRINE DESULFATING PROCESS AS AP-

PLIED TO FEEDWATER FOR DESALINATION PLANTS
...Cost Analysis, Desalination, Economics-general, Pilot Plants,
3.0409

DEMONSTRATION OF ALUMINUM IN SEAWATER DESALT-
ING ...Aluminum, Desalination, Flash Distillation, Oxygen Con-
taining, Scale Formation, 3.0481

FOAM SEPARATION FLOTATION OF COLLOID ORGANIC
SYSTEMS ...Chromium, Colloidal Phenomena, Flotation, Foam,
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Iron, Process Design, Pulp and Paper Wastes, Surfactants,
_5.0445

DIGESTION OF SLUDGES WITH SODIUM CHLORIDE AND
SULFATE ...Chloride, Digestion, Disposal, Disposal Wastes, Sodi-
um, 5.0299

STUDY OF THE SULFIDE-TO-SULFATE REACTION
MECHANISM ...Adsorption- other, Biological Cycles, Oxidation-
general, Properties and Structure, Pyrite Group, Solution Chemis-
try, Sulfide, 5.0880

ESTIMATING ACID MINE DRAINAGE POTENTIAL FROM
COAL BEDS BY USE OF THE SOXHLET EXTRACTOR Acid
Mine Wastes, Acidity, Coal-general, Extraction, Iron, ..5.0993

FACTORS INFLUENCING THE RESISTANCE OF CONCRETE
TO SULFATE ATTACK ...Aggregates, Extenders, Fillers, Ce-
ment, Concrete, Chemicals, Composition Parameters-other,
_8.0044

FACTORS INFLUENCING THE DURABILITY OF CONCRETE
..,Cement, Concrete, Chemicals, Durability, Deterioration, Or-
ganic-general, Pipe, Tube, 8.0043

RESISTANCE OF CONCRETE TO SULPHATE WATERS ...Al-
kalinity, Cement, Concrete, Chemicals, Dam, Canal, Irrigation,
8.0298

FLUOROMETRIC QUALITATION AND QUANITATION OF
LIGNIN SULFONATES IN WATER ...Fluorometry, Natural Oc-
curring, Pulp and Paper, Pulp and Paper Wastes, Sulfonates (r-
so3na), Type, ..5.0286

Sulfide
GEOCHEMISTRY AND ORIGIN OF SULFO-SALINE GROUND

WATER, SALINE COUNTY, MISSOURI ...Atlases-maps, Chemi-
cal-general, Geochemical Analysis, Groundwater, Permeability,
Salinity, ...4.0152

THE EFFECT OF SURFACTANTS ON THE AQUEOUS SOLU-
BILITY OF OXYGEN AND HYDROGEN SULFIDE ...Micelle,
Oxygen, Solubility, Surfactants, Wettability..1.0001

DIFFUSION OF OXYGEN AND HYDROGEN SULFIDE IN
WATER AS EFFECTED BY DISSOLVED SURFACTANTS
...Diffusion-other, Oxygen, Surfactants, 1.0002

DIFFUSIVITY OF OXYGEN AND SULFIDE SPECIES IN AQUE-
OUS SOLUTIONS ...Chemical Treatment, Gas/liquid, Oxygen,
Solution, Surfactants, 1.0003

STUDY OF THE SULFIDE-TO-SULFATE REACTION
MECHANISM ...A.Isorption-other, Biological Cycles, Oxidation-
general, Properties and Structure, Pyrite Group, Solution Chemis-
try, Sulfate, Sulfite, 5.0880

SULFIDE TREATMENT OF ACID MINE DRAINAGE ...Acid
Mine Wastes, Mining Activities, Regeneration-other, Sludge-
general, Waste Treatment-economics, 5.1004

Sulfur
COLOR REMOVAL FROM TEXTILE DYE WASTES BY

COAGULATION ...Biochemical Oxygen Demand, Coagulation,
Color, Dye Wastes, Textile Wastes, 5.0007

DEVELOPMENT OF A FROTH PROCESS FOR THE TREAT-
MENT OF SOUR WATER ...Chemical Treatment, Demineraliza-
tion, Foam, Material Recovery Wastes, Precipitation, ...5.0755

NEUTRON ACTIVATION ANALYSIS OF IMPURITIES IN RAIN
AND SNOW ...Activation Analysis, Calcium, Lake Erie, Rain-
general, Snowmeit, Storms - general, ..5.0767

CHAMPLAIN VALLEY PRECIPITATION STUDY ...Gages, Pat-
terns, Pulp and Paper, Valleys and Canyons, 2.0812

Surburban Areas
HYDROLOGY OF SUBURAN AREAS ...Amount, Conservation-

general, Land, New Jersey, Runoff, 4.0173
THE IMPACT OF SUBURBAN DEVELOPMENT ON THE

WATER RESOURCES OF NEW JERSEY. ...Agricultural
Watersheds, Flow Characteristics -water, Gaging, Measurement,
Water Balance-budget, Water Table Fluctuation, ...6.0352

Surface Cleaning, Finishing
FORMING, FINISHING, AND CURING CONCRETE ...Casting of

Materials, Cement, Concrete, Setting, Curing, Surface, 8.0257
COATING TECHNOLOGY ...Coatings-general, Humid, Paint -

General, Sealant Materials, Standards, Specifications, 8.0131



Surface Environments
Surface Environments

TEST SITE INSTRUMENTATION .Electronics - Applied, Instru-
mental Services, Instrumentation - general, ,.6.0271

SURFACE TEMPERATURE STUDIES USING RADIOMETRY
TECHNIQUES ...Aircraft, Heat and Radiation Transfer, Infrared
Radiation, Microwave Radiation, Temperature, .,.6.0270

OCEANOGRAPHIC USES OF RADAR ...Aircraft, Electronics -
Applied, Radar, Waves, Wind-water Interaction, .6.0273

RADAR DATA ACQUISITION OVER OCEANOGRAPHIC TEST
SITES ..,Data Acquisition Systems, Electronics - Applied,
Icebergs, Optical, Radar, Waves, 6.0274

MARINE SURFACE FORECASTING TECHNIQUES ...Forecast-
ing-prediction, Lake Erie, Ocean Meteorological Studies, Storms-
general, Tides, 2.0599

SUBJECT INDEX

Surface Water
HIGHWAY DRAINAGE STUDY ...Drainage, Maryland, 2.0579
RUNOFF STUDIES ON SMALL WATERSHEDS ...Hydrographs,

Runoff, Small Watersheds, Subsurface Flow, Water Yield,
...2.1138

SIMULATION OF WATER RESOURCE REGIMES ...Analog Com-
puters, Estuaries, Groundwater, Model Studies, ..,7.0047

COMPUTER SIMULATION OF THE HYDROLOGIC SYSTEM
OF A MOUNTAIN WATERSHED ...Digital Computers, Ground-
water, Hydrology-general, Model Studies, Mountains-alpine,
Watersheds-other, .10707

WATER TRACING AND DATING IN HAWAII HYDROLOGIC
CYCLE ...Carbon-I4, Groundwater Movement, Hawaii,
Radioisotopes, Tritium, Water Cycle, ...2.0375

DEVELOPMENT OF A MATHEMATICAL MODEL TO PRE-
DICT THE ROLE OF SURFACE RUNOFF AND GROUND
WATER FLOW IN OVERFERTILIZATION OF SURFACE
WATERS Eutrophication, Mathematical Analysis, Minnesota,
Nutrients, Runoff, .5.0606

LIMNOLOGICAL FACTORS AFFECTING PESTICIDE
RESIDUES IN SURFACE WATERS ...Chlorinated Hydrocar-
bons, Iowa, Persistance of Residues, Phytoplankton, Reservoirs
and Impoundments, Runoff, 5.0416

NORTH FORK ALLUVIAL DECONTAMINATION PROJECT
...Artificial Recharge, Brines, Petroleum Industry, Seepage, Texas,
5.1145

A STUDY OF THE QUALITY OF INDIANA SURFACE WATERS
,.,Indiana, Ions and Gases, Lake Michigan, Ohio River, Water
Quality-general, 5.0389

HYDROLOGIC ANALYSIS BY ANALOG COMPUTERS ...Analog
Computers, Groundwater, Hydrographs, Hydrology-general,
Reservoirs and Impoundments, Routing, 2.0429

DISPOSAL OF SURFACE WATER ...Drainage, Infiltration, Right-
of-way, Runoff, Standards & Criteria, ...2.0150

SURFACE WATER STORAGE AND SUPPLY ON FARMS IN
THE COASTAL PLAINS ...Evaporation, Farm Pond, Lcckagc,
Seepage, Storage of Water, Water Loss Control, 3.0196

STREAMFLOW HYDROGRAPH SEPARATION ...Electrical,
Geophysical Analysis, Groundwater, Hardness-minerals, Hydro-
graphs, Runoff, 2.0420

NITRATE IN SURFACE WATERS IN ILLINOIS ...Fertilizers,
Nitrate, Nitrite, Small Watersheds, Soil Types-other, ...8.0179

EFFECT OF PESTICIDE RESIDUES AND OTHER ORGANO-
TOXICANTS ON THE QUALITY OF SURFACE AND
GROUND WATER RESOURCES ...Groundwater, Persistence in
Soils, Pesticides -non-specific, Pollution - Effects of , Water
Quality Control-general, ...5.0392

WATER RESOURCES OF COPIAH COUNTY ...Aquifers-general,
Available Water, Chemical Analysis (water), Groundwater, Water
Quality-general, 4.0147

CHEMICAL CHARACTER OF GROUND AND SURFACE
WATERS IN RELATION TO SOIL WEATHERING
PROCESSES ...Chemieal-gencral, Groundwater, Movement,
Availability, Soil Weathering, 2.0743

A COMPARISON OF TOTAL COLIFORM AND FECAL
COLIFORM COUNTS IN STREAM POLLUTION SURVEYS
...Bacterial Pollutant Sources, Lioindieators, Coliforms (non-
specific), Survey Studies, Water Standards, ...5.1296

ELECTRICAL ANALOG MODELS OF HYDROLOGIC SYSTEMS
...Analog Computers, Flow Characteristics -water, Groundwater,
Groundwater Movement, Model Studies, 2.0037

HYDROLOGY OF UPPER BUFFALO RIVER BASIN ...Discharge -
general, Groundwater, River Basins, Tennest,ee, Water Table
Fluctuation, ...2.0996
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GEOHYDROLOGY OF THE ANCHORAGE AREA, ALASKA
.Alaska, Groundwater, Urban Environments, Water Quantity-
general, Water Resources Development, 2.0011

WATER RESOURCES APPRAISAL OF THE TUCSON BASIN,
ARIZONA ..,Arizona, Groundwater Movement, River Basins,
Storage of Water, Water Table Fluctuation, ...2.0043

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - FOX
RIVER BASIN ...Available Water, Groundwater Movement, Mans
Activities, Projections and Estimations, Wisconsin, ..4.0277

WATER RESOURCES STUDY, DUVAL COUNTY, FLORIDA
.Carbonate Aquifers, Florida, Hydrology-general, Total Volume,

Water Quality-general, 2.0330
THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF

IRRIGATION RETURN FLOWS ...Effluents -waste Water,
Groundwater, Irrigation, Streams, Water Quality-general,
5.0909

THE SIMULATION OF HYDROLOGIC EVENTS IN ARID RE-
GIONS ...Analog Computers, Arid and Desert, Hydrology-general,
Management, Model Studies, 2.1075

INVESTIGATION OF WATER SUPPLY PROBLEMS IN ARCTIC
AND SUB-ARCTIC AREAS ,..Arctic, Groundwater, Potable
Water, Storage of Water, Water Supply-general, _3.0004

Surfactants
DETECTION AND IDENTIFICATION OF MOLECULAR WATER

POLLUTANTS BY LASER RAMAN SPECTROSCOPY
.Chemical Analysis, Detectors and Sensors, Industrial Wastes,
Lasers and Masers, Pesticides -non-specific, Physical Parameters,
Raman, 5.0441

CHARACTERIZATION OF SOIL NONWETTABILITY AND THE
DEVELOPMENT OF CRITERA FOR THE MOST ECONOMIC
TREATMENT OF THESE SOILS ...Fire Damage, Recovery, Infil-
tration, Moisture Tension, Soils and Fertilizer, 2.0140

BACTERIOLOGY OF BIODEGRADABLE SURFACTANTS ...Cell
Injury and Autolysis, Electron, Gram-negative Bacteria, Gram-
positive Bacteria, Repression, 5.0106

Survey Studies
THERMAL POLLUTION AND ITS IMPLICATIONS FOR THE

COAL INDUSTRY-A SURVEY OF THE STATE OF
KNOWLEDGE .,.Data Acquisition-general, Electric Power Plants,
Pollution - Effects of , Thermal Pollution, _5.0208

A RECONNAISSANCE STUDY OF 'THE CHEAPEAKE BAY
Chesapeake Bay, Erosion-general, Floods, Sedimentology-
general, Shoreline - Coastline, Thermal Pollution, 6.0254

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIALYSIS PROCESS ...Cost
Analysis, Desalination, Electrodialysis, Other, _3.0101

FISHES OF THE ARKANSAS RIVER BASIN, COLORADO ...Ar-
kansas River, Colorado, Environmental Changes, Fish -non-
specific, Water Environment -other, 6.0102

WATERFOWL STUDY-EVALUATION OF PHYSICAL
CHANGES IN MARSH PONDS ON THE WISNER AND
BILOXI DEVELOPMENT ...Land Use, Management, Mississippi,
Physical-general, Swamps-marshes, Water Fowl, N.s. , ...4.0128

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
(AUDIO- VISUAL FILM) ...Estuaries, Gulf of Mexico, Other,
...7.0060

INVENTORY & EVALUATION OF THE GROUND-WATER
RESOURCES OF SUMMIT VALLEY & UPPER ZILVER BOW
CREEK DRAINAGE AREA ...Groundwater, Mornana, Tables,
Compilations, Catalogs, Urban Environments, Water Quality -
general, ...2.0711

ANALYSIS OF LITERATURE ON THE RECREATIONAL
ASPECTS OF WATER RESOURCES RESEARCH ...Manage-
ment, Planning, Recreation Sites, 6.0212

VALUE OF THE GAME AND FISH RESOURCES IN RELATION
TO THE FUTURE UTILIZATION OF THE WATER OF THE
GREEN RIVER DRAINAGE IN WYOMING ...Economics-
general, Projections and Estimations, Water Quality-general,
Water Utilization -general, 6.0650

A CLASSIFICATION OF THE LAKES OF THE STATE OF
OREGON ...Data Acquisitior,eneral, Lakes, Oregon, Water Pro-
perties-general, 2.0891

THE EFFECTIVENESS OF GOVERNMENTAL ACTION FOR
WATER POLLUTION CONTROL IN NEW JERSEY Adminis-
trative Structures, Local Government, New Jersey, Pollution
Sources-general, Water Quality Control-general, 6.0349

LEGAL ASPECTS OF WATER USE AND CONTROL IN SOUTH
CAROLINA ...Control and Protection, Legislation, South



SUBJECT INDEX Surveying

Carolina, Water law-general, Water Utilization - general, ..6.0492

EVALUATION OF NEW TECHNIQUES IN ELECTRICAL RE-
SISTIVITY SURVEYING IN THE PIEDMONT AREA,
ALABAMA ...Alabama, Electric Logging, Groundwater, Pied-
mont Province, 2.0005

WATER RESOURCES SITUATION IN PUERTO RICO A
BIBLIOGRAPHY OF PUBLISHED INFORMATION Bibliog-
raphy, Puerto Rico, Water Resources - General, 7.0095

A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Kentucky, Pre-impoundment Sites, Reconnaissance, River
Basins, .6.0242

ATTITUDES AND ATTITUDE CHANGE RELATING TO
WATER RESOURCES ...Attitudes & Attitude Change, Citizen's
Participation, Management, Social Aspects, 6.0168

THEORETICAL AND EXPERIMENTAL STUDY OF SUPER-
CRITICAL FLOW IN CIRCULAR DRAINS AND OF THE FOR-
MATION OF HYDRAULIC JUMP IN THE SAME ...Critical,
Drainage Systems, Engineering Structures-general, Flow of Gas in
Liquid, Pipes, 2.0935

ANALYSIS OF MANAGERIAL, FINANCIAL, AND REGULATO-
RY FUNCTIONS OF REGIONAL WATER RESOURCES
AUTHORITIES AND OTHER INSTITUTIONAL ARRANGE-
MENTS ...Administrative Structures, Finance, Law Enforcement,
Management and Administration, ...6.0279

COMPREHENISVE PLANNING FOR WATER RESOURCES
MANAGEMENT IN METROPOLITAN ENVIRONMENTS _Ad-
ministrative Structures, District of Columbia, Planning, Policy
Making, Public-works, 6.0123

PERCEPTION OF WATER RESOURCE PROBLEMS - A PILOT
STUDY ...Attitudes & Attitude Change, Social Aspects, 6.0605

ECONOMIC CONSIDERATIONS IN RESOURCES UTILIZATION
CONFLICTS WITH PARTICULAR REGARD TO THE COOK
INLET BASIN ...Alaska, Benefit-cost Analysis, Conflicts,
Economic Efficiency, Economics-general, Risk & Uncertainty,
Water Resources Development, 6.0008

U. S. S. R. LITERATURE ON WATER SUPPLY AND POLLU-
TION CONTROL ...Discharge-general, Russia, Sewage, Sewerage
Systems-general, Waste Disposal-general, 5.0228

DILUTE SOLUTION REACTIONS OF NITRATE ION AS AP-
PLIED To WATER RECLAMATION ...Decomposition-general,
Denitrification, Nitrate, Nitrite, Reduction - general, ...5.0073

STUDY FOR FLOW REDUCTING AND TREATMENT OF
WASTE WATER FROM HOUSEHOLDS ...Sewage - Domestic,
Waste Treatment-cconomics, Waste Water Treatment-general,
Water Utilization - domestic, ..5.0205

ANALYSIS AND SYNTHESIS OF BEDLOAD FORMULAS ...Bed
Load, Graphs and Matroids, Reliability, 2.0916

NITRATES IN PLANTS ,..Fertilizer Losses, Fertilizers, Manage-
ment, Nitrate, Nitrite, Pollution - Effects of , 5.0680

REVIEW OF ALGALCIDES ...Algacides -non-specific, Algal Pollu-
tant Sources, Public Utilities, Residential, Water Distribution
Systems, 5.0358

FLORISTIC AND FAUNISTIC SURVEY IN THE CUYAHOGA
RIVER WATERSHED ...Aquatic Ecology, Freshwater Ecology,
Ohio, Physical-general, Pollution - Effects of , ...6.0436

ECOLOGICAL STUDIES OF LARVAL TREMATODES AND
THEIR SNAIL-HOSTS IN THE LAKE CHAMPLAIN
WATERSHED ...Aquatic, Aquatic Ecology, Digenea -other, Ef-
fect of Parasite on Host, Gastropods -slugs,conch,snails, 6.0396

AN HISTORICAL APPRAISAL OF THE TENNESSEE VALLEY
AUTHORITY'S FLOOD CONTROL PROJECT AND PRO-
GRAM ...Administrative Structures, Benefit-cost Analysis, Con-
trol and Protection, Tennessee River, 4.0227

WATER RESOURCES RESEARCH NEEDS & CORRESPONDING
INSTITUTE CAPABILITIES ...Water Resources Development,
6.0068

NATURAL RESOURCE MANAGEMENT AND CONSERVATION
IN THE SOVIET UN1OA ...Conservation-general, Multiple-pur-
pose Projects, Russia, Water Allocation, Water Quality-general,
3.0485

LITERATURE REVIEW ON FLOODED GREEN TIMBER AREAS
...Canada, Management, Site Index and Site Quality, Water Fowl,
N.s. , Wetlands, 4.0045

A LIMNOLOG1CAL INVENTORY OF IOWA LAKES AND
STREAMS ...Aquatic Ecology, Aquatic Plants (non-specific),
Iowa, Lakes, Streams, Water Properties-general, 7.0042

SCHUYLKILL RIVER SURVEY Floodproofing, Recreation Sites,
Streams, Water Development, Water Resources Development,
...2.0906

SURVEY OF DDT AND DIELDRIN RESIDUES IN FISHES IN
WISCONSIN WATERS ...DDT , Dieldrin, Wildlife, Wisconsin,
...5.1291

MILWAUKEE RIVER WATERSHED LAKE VEGETATION SUR-
VEY ..,Aquatic Plants (non-specific), Lakes, Mapping, Range Or
Territorial Distr. , Wisconsin, 2.1144

WATER QUALITY MONITORING STUDIES Aquatic Ecology,
Chemical-general, Dams, Land Use, Monitoring Systems, Water
Quality-general, ...6.0639

A COMPARISON OF TOTAL COLIFORM AND FECAL
COLIFORM COUNTS IN STREAM POLLUTION SURVEYS
...Bacterial Pollutant Sources, Bioindicators, Coliforms (non-
specific), Surface Water, Water Standards, 5.1296

STUDY OF THE APPLICABILITY OF EFFLUENT CHARGES
TO WATER QUALITY MANAGEMENT IN THE STATE OF
WISCONSIN Economic Impact, Effluents-waste Water, Water
Costs, Water Quality Control-general, Wisconsin, 5.1307

GREAT LAKES RESEARCH - RIVER ICE JAMS .Great Lakes-
general, Ice Jam, Streams, Water Movement-gencral, ,,.2.0636

COLLECTION AND COLLATION OF AVAILABLE BIOLOGI-
CAL, PHYSICAL AND CHEMICAL DATA ON U. S. RESER-
VOIRS ...Document and Literature Center, Fish -non-specific,
Productivity - Food Chain, Reservoirs and Impoundments, River
Basins, ...6.0020

LITERATURE SEARCH FOR POSSIBLE PESTICIDE DETOXIFY-
ING AGENTS - CHEMICAL AND PHYSICAL STUDIES ON
REDUCTION OF PESTICIDE HAZARDS ...Removal of
Residues, Toxicology, 5.0635

LITERATURE SURVEY OF PESTICIDE METABOLISM IN FISH
- METABOLISM OF PESTICIDES IN FISH ...Metabolism -
animal, Mode of Action -animal, Pesticides -non-specific, Wil-
dlife, ...5.0661

ISLAND STUDY ...Conservation-general, Inventories, Islands,
Planning, Recreation Sites, 3.0171

EUTROPHICATION - BIOLOGICAL CONTROL USING
GRAZERS Biocontrol, Eutrophication, of Aquatic Plants,
Wisconsin, .5.0971

OPTIMUM UTILIZATION OF SiJRFAXE AND SUBSURFACE
WATER FACILITIES ...Aquifers-general, Conjunctive Use,
Mathematical Analysis, Operations Research, Storage of Water,
-.4.0110

ECONOMIC INVENTORY OF AGRICULTURAL WATER USE
IN THE UNITED STATES ...Agriculture Industry, Economics-
general, Water Demand, Water Resources Development, Water
Utilization -general, _6.0600

COOPERATIVE STUDIES WITH FEDERAL AND STATE AGEN-
CIES ...Bioassays, Crustacea - non - specific, Mollusks -non-specific
& Other, Public Health Ecology, Water Quality-general, 7.0111

Surveying
Control Networks

Plane
OYSTER LEASE CONTROL MONUMENTS - BAY ADAM,

BASTIAN BAY AND SANDY POINT BAY AREAS ...Commer-
cial Fishing, Gulf of Mexico, Louisiana, Oysters, Tides, ...6.0249

Maps
Compilation

CARTOGRAPHIC MAPPING ...Aerial, Aerospatial, Resource In-
ventories, Satellites, Topographic, 6.0140

TEXAS GEOLOGIC ATLAS PROJECT ...Atlases-maps, Geologic
Maps, Texas, 7.0100

PHOTOMAPPING ... Aerospatial, Reproduction, Topographic,
...7.0023

Maps-general
SNOW DISTRIBUTION MAPPING FROM SATELLITE PHOTOG-

RAPHY ... Aerospatial, Mapping, Mountains-alpine, Patterns,
8.0214

Photogrammetry
DEPTH CONTOURING BY COLOR SEPARATION ...Bathymetry,

Electronics - Applied, Marine Photography-television, Optical,
Satellites, 6.0276

APPLICATION OF AERIAL PHOTOGRAPHS FOR THE IN-
VESTIGATION OF THE DISCHARGE PROPERTIES OF
DRAINAGE BASINS ...Aerial, Data Acquisition-general,
Discharge-general, River Basins, Water Yield, 2.0792
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Surveying SUBJECT INDEX

HYDROLOGIC AND PHOTOGEOLOGIC DETERMINATION OF
RAINFALL, RUNOFF, AND GROUNDWATER RELATION.
SHIPS IN A DOLOMITE AREA ...Amount, Dolomite, Ground-
water, Hydrology-general, Runoff, 2.0702

AIRPHOTO ANALYSIS OF OCEAN OUTFALL DISPERSION
...Diffusion, Longshore Currents, Ocean, Outlet, Pollution-
general, ...5.0941

THE USE OF AERIAL PHOTOGRAPHS TO EVALUATE THE
RECREATIONAL RESOURCES OF A RIVER ...Connecticut
River, Land Use, Methods, Recreation Sites, Streams, _6.0285

Reproduction
PHOTOMAPPING ...Acrospatial, Compilation, Topographic,

7.0023

Measurements
Distances

PROTOTYPE ANALYSES - STRUCTURAL BEHAVIOR
...Concrete-general, Construction, Dams-general, Instrumentation,
-.8.0014

Instrumentation
PROTOTYPE ANALYSES - STRUCTURAL BEHAVIOR

....Concrete-general, Construction, Dams-gencral, Distances,
-.8.0014

Methods
Aerospatial

SNOW DISTRIBUTION MAPPING FROM SATELLITE PHOTOG-
RAPHY ...Mapping, Maps-general, Mountains-alpine, Patterns,
8.0214

CARTOGRAPHIC MAPPING ...Aerial, Compilation, Resource In-
ventories, Satellites, Topographic, 6.0140

GENERAL SOIL MAPS OF REGIONS IN OREGON WITH
POTENTIAL FOR IRRIGNI ION ...Irrigation-general, Mapping,
Oregon, Saline Properties, Soil Morphology, Profiles, _6.0463

GREAT LAKES RESEARCH - ICE COVER DISTRIBUTION
...Aerial, Alteration, Great Lakes-general, Petrofabrics, Sea Ice,
-.2.0645

PHOTOMAPPING ...Compilation, Reproduction, Topographic,
...7.0023

Survey Types
Hydrographic

RAINFALL FREQUENCY RELATIONS FOR PENNSYLVANIA
...Amount, Design Flow-flood, Gages, Pennsylvania, Weather
Charts-maps, ...2.0926

SHORE-LINE ENGINEERING STUDIES ON GREAT SALT LAKE
...Great Salt Lake, Hydraulic Structures, Shoreline - Coastline,
Shoreline Structures, Wave Action, 8.0293

DETERMINATION OF CHANNEL CAPACITY OF THE
MERCED RIVER, CALIFORNIA ...0alifornia, Channels, Cross-
section, Discharge-general, Peak Flow, -.2.0116

Recoanaissance
BASIC HYDROLOGIC RESEARCH IN SELECTED AREAS IN

SOUTH DAKOTA ...Aircraft, Aquifers-general, Geophysical
Analysis, South Dakota, Water Sources -general, -.2.0976

Susquehanna River
AN ECOLOGICAL STUDY OF AN ALKALINE STREAM WITH

HEAVY IRON DEPOSITS ORIGINATING FROM TREAT-
MENT OF MINE ACID WATER ...Alkalinity, Lake Trout, Brook
Trout, Mineral Content -water, Mining Activities, Productivity -
Food Chain, Water Alkalinity, 5.1025

Swamps-marshes
FIELD EXPERIMENTS ON THE FLUX OF RADIONUCLIDES

THROUGH A SALT MARSH ECOSYSTEM, RENEWAL
...Chlorideae -other, Georgia, Model Studies, Productivity - Food
Chain, Water Cycle, ...2.0345

FOREST AND BOG OF SOUTH COASTAL ALASKA - INTRA-
TYPE VARIATION AND ASSOCIATED HABITAT FEATURES
...Alaska, Forests, Habitat Studies, Peat, Variation, ...2.0023

INVESTIGATION OF RELATIONSHIP OF CUNNER, TAU-
TOGOLABRUS ADSPERSUS -(WALBAUM), TO WEWEAN-
TIC RIVER ESTUARY, WAREHAM, MASSACHUSETTS
...Aquatic Ecology, Estuaries, Fish -other, Massachusetts, Water
Environment -other, 5.0511
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WATERFOWL UTILIZATION OF SAGO PONDWEED
(POTAMOGETON PECTINATUS) ON A SELECTED MARSH
IN NORTHERN UTAH ...Food Supply, Mallard, Potamogeton,
Ruppia, Zostera.., Storage, Utah, ...6.0588

EFFECTS OF RESTORATION AND MANAGEMENT OF THE
SAN SIMON MARSH ON ITS UTILIZATION BY MEXICAN
DUCKS ...Food Supply, Management, Mexican Duck, Spawn Or
Nesting Sites, Water Utilization -animal, . .6.0364

AN ANALYSIS OF PHOSPHORUS AND NITROGEN COM-
POUNDS IN TIDAL MARSHLAND DRAINAGE - LABORATO-
RY PROCEDURES ...Colorimetric, Computers-general, Conduc,
trometry, Management, Nitrogen, Phosphate, Phosphite, 1.0024

SPECIES AND SUCCESSIONAL CONTROL OF UNDESIRABLE
VEGETATION ...Control By Burning, Cultural Control, in Wet-
lands, Physical Control, Plant Succession, ..6.0403

ANALYSIS OF VEGETATIVE CHANGES RESULTING FROM
WATER LEVEL CONTROL ...Biomes (non-specific), Mapping,
North Carolina, Water Level Fluctuation, ...4.0184

BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE
SALT MARSH ENVIRONMENT -...Bacterial Pollutant Sources,
Identification, Laboratory, Marine Bacteria (non-specific), Salini-
ty, .1.0025

BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE
SALT MARSH ENVIRONMENT -...Aquatic Soils, Chemical,
Core Analysis, Microorganisms (non-specific), Salinity, Tidewater
Areas, ...1.0026

MARSH HABITAT STUDY ...Centrarchidae -other, Chemical-
general, Florida, Habitat Studies, Life History Studies, -.6.0157

VEGETATIVE SUCCESSION IN NEWLY CONTROLLED
MARSHES ...Environmental Ecology, Growth Rate, Plant Succes-
sion, South Carolina, Water Level Fiactuation, -.4.0215

WATERFOWL STUDY-EVALUATION OF PHYSICAL
CHANGES IN MARSH PONDS ON THE WISNER AND
BILOXI DEVELOPMENT ...Land Use, Management, Mississippi,
Physical-general, Survey Studies, Water Fowl, N.s. , ...4.0128

UPDATING AND REPUBLICATION OF FACTORS INFLUENC-
ING THE RESTORATION AND DEVELOPMENT OF OGDEN
BAY REFUGE ...Mans Activities, Pubilications -other, Water De-
mand, Water Fowl, N.s. , Water Utilization -animal, ...6.0594

ECOLOGICAL PER1ODICITIES OF NITROGEN AND
PHOSPHORUS IN SALT MARSH FLORA AND SURROUND-
ING WATERS ...Mineral Composition, -.6.0118

THE BIOLOGY AND CONTROL OF TABANIDAE IN
MARSHLANDS ALONG THE EASTERN SHORE OF THE
GREAT SALT LAKE, UTAH ...Flies -horse,deer, Great Salt
Lake, Habitat Studies, Management, Survey Methods, -.6.0596

THE PERSISTENCE, ACCUMULATION AND FATE OF PESTI-
CIDES IN CRANBERRY SOILS AND RESERVOIRS ...Blueber-
ries, Cranberries, Chlorinated Hydrocarbons, Organophosphorous
Cpds. , Persistence in Soils, Reservoirs and Impoundments,
-.5.0533

AN EVALUATION OF SOME MARSH MANAGEMENT
TECHNIQUES ...Management, Potholes, Spawn Or Nesting Sites,
Water Fowl, N.s. Water Utilization -animal, -.4.0107

WATER QUANTITY AND QUALITY REQUIREMENTS ON
WESTERN SALINE MARSHLANDS ...Habitat Studies, Utah,
Water Allocation, Water Fowl, N.s. , Water Quality-general,
...6.0582

ECOLOGICAL STUDIES OF MANIPULATED MARSHES AT
DELTA, MANITOBA, CANADA ...Amphibious Plants, Canada,
Submerged Plants, Water Depth, Water Levels, Water Fowl, N.s.
, -.4.0257

THE EFFECTIVENESS OF WATERFOWL IN CARRYING
PATHOGENIC MICRO-ORGANISMS ...Sewage, Utah, Ver-
tebrates, Water Fowl, N.s. , ...5.1193

FACTORS LIMITING WATERFOWL PRODUCTION ON THE
SPRING -FED SALT MARSHES WEST OF THE GREAT SALT
LAKE ...Mallard, Nutrition -other, Productivity (agricultural),
Utah, Viremia, ...5.1194

REHABILITATION, SCOTSBURN MARSH, NOVA SCOTIA,
CANADA ...Canada, Engineering Structures-general, Habitat Stu-
dies, Water Level Fluctuation, ...4.0053

ECOLOGICAL STUDIES OF WILDLIFE MANAGEMENT PRAC-
TICES ...Delaware, Depth,water Level, Fluctuation, Habitat Stu-
dies, Management, Wildlife -non-specific, ...6.0119

WATER TABLE CONTROL IN ORGANIC SOILS ...Drainage,
Linings-pavings, Moisture Retention, Soil-water-plant Relation-
ships, Water Table Fluctuation, ...4.0079

WATER RELATIONS WITH CITRUS ON THE FLATWOODS
AND MARSHES OF THE EAST COAST ...Citrus, Drainage,
Saline Soils, Sprinkler Irrigation, Water Table Fluctuation,
...2.0310



SUBJECT INDEX

WATERSHED VALUES AS AFFECTED BY FOREST MANAGE-
MENT ...Cover Crops, Erosion-general, Forest Watersheds,
Forests, Moisture Content, Runoff, 4.0142

EFFECTS OF PESTICIDES ON ESTUARINE ORGANISMS
...Bioassay, Estuaries, Persistance of Residues, Pollution - Effects
of , Sevin, ...5,0950

EFFECTS OF REGULATED GRAZING ON WATERFOWL
PRODUCTION ...0 utting &/or Grazing Effects, Productivity
Food Chain, Soil (wildlifo) Cover, Water Fowl, N.s -.6.0584

BIOLOGICAL PRODUCTIVITY RELATED TO HYDROLOGIC
CONDITIONS ...Aquatic Ecology, Plant Prod. (non-specific),
Productivity - Food Chain, Water Level Fluctuation, Water Quali-
ty-general, 2.0317

REMOTE SENSING, EVERGLADES AREA, FLORIDA ...Compu-
ters-genetl, Florida, Remote Areas, Visible Light, Water Proper -
ties - general, ..2.0329

BIOLOGY AND CONTROL OF SALT-MARSH AND RICE -FIELD
MOSQUITOES IN GULF COAST AREAS ...Aquatic Ecology,
Computer Matching Code, Louisiana, Mosquitoes - non - specific,
Predators and Parasite, _2.0576

CONTROL OF INSECT VECTORS ON WATERFOWL MARSHES
...Cultural Contro!, Great Salt Lake, Insecticides -non-specific,
Land Use, Management, 4.0263

THE EFFECT OF SELECTED PESTICIDES ON INTERTIDAL
BIOTA ...Insecticides -non-specific, Intertidal Areas, Pesticides
non-specific, Pollutants-general, Pollution Effects, Productivity -
Food Chain, ...5.0522

Swimming Pools
TREATMENT AND CONDITIONING OF WADING AND SWIM-

POOL WATERS ...Chlorination, Economic Efficiency, Filtration,
...5.0172

Swine Husbandry
Management

DISPOSAL OF WASTES FROM SWINE FEEDING FLOORS TO
MINIMIZE STREAM POLL,JTION ...Animal Waste Removal-
treatment, Animal Wastes - Feed Lots, Farm Wastes, Proem
Design, Streams, ...5.0500

Synthetic Hydrology
Design Flow-flood

ANALYSIS OF RUN-OFF FROM SMALL DRAINAGE AREAS
...Drainage, Floods, Massachusetts, Runoff, Small Watersheds,
...2.0612

INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL
DRAINAGE AREAS IN SOUTH CAROLINA ...Culvert,
Drainage, Floods, Small Watersheds, South Carolina, -.2.0301

PROGRAM FOR HYDROLOGIC INVESTIGATION OF SMALL
DRAINAGE AREAS IN TEXAS ...Drainage, Floods, Hydraulic
Structures, Small Watersheds, Texas, -.2.0296

PROBABLE MAXIMUM PRECIPITATION FOR SOUTHWEST
STATES ...Amount, Floods, Patterns, Snowmelt, Southwest,
Weather Forecasting, 2,0597

RAINFALL FREQUENCY RELATIONS FOR PENNSYLVANIA
..Amount, Gages, Hydrographic, Pennsylvania, Weather Charts-
maps, -.2.0926

FLOOD FREQUENCY STUDIES ...Floods, Tennessee, -.2.0982
WATER DISPATCHING OPERATIONS BY ELECTRONIC COM-

PUTER ...Daily, Dynamic Control System, Electric Power Plants,
Inflow, Power Generation, Reservoirs and Impoundments,
2.0984

BEECH RIVER WATERSHED PROJECT ...Forest Watersheds,
Land Use, Reservoirs and Impoundments, Sediment Yield, Ten-
nessee, 4,0222

HYDROLOGIC SIMULATION - DAILY STREAMFLOW ...An-
tecedent Moisture, Floods, Forecasting-prediction, Hydrology-
general, Reservoirs and Impoundments, -.6.0073

FLOOD INUNDATION MAPPING - JEFFERSON COUNTY, MIS-
SOURI Floodprooling, Floods, Flow Characteristics -water,
Mapping, Missouri, ...4.0157

CHANNEL CAPACITY IN STONY CREEK NEAR ORLAND,
CALIFORNIA ...California, Channels, Peak Flow, Reservoirs and
Impoundments, Water Transfer, ...2.0122

FLOOD INUNDATION STUDY, WISCONSIN ...Channels, Flood-
proofing, Floods, Mapping, Wisconsin, 4.0278

Synthetic Hydrology

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Design Criteria, Hydraulic Structures, Models, Water
Loss Control, -.8.0277

EROSION AND RUNOFF CONTROL PRACTICES AND
SYSTEMS TO CONSERVE SOIL AND WATER RESOURCES
IN THE PACIFIC NORTHWEST ...Conservation, Conservation-
general, Erosion-general, Runoff, Southern, _4.0087

Hydrographs
FLOOD FREQUENCY OF SMALL STREAMS IN LOUISIANA

...Drainage, Floods, Louisiana, ...2,0541
INFLOW HYDROGRAPH STUDY ...Floods, Inflow, Shape, Small

Watersheds, Wyoming, ..2.0302
SMALL STREAMS INVESTIGATIONS IN OREGON ...Data Anal-

ysis - General, Discharge-general, Floods, Gaging, Peak Flow,
2.0293

INVESTIGATION AND ANALYSIS OF FLOOD HYDROGRAPHS
FROM SMALL DRAINAGE BASINS IN SOUTH DAKOTA
...Bridges & Culverts, Culvert, Drainage, Floods, Rain-general,
Small Watersheds, -.2.0294

SURFACE WATER MANAGEMENT ...Channels, Forest
Watersheds, Mountains-alpine, Seepage, Soil-water-plant Rela-
tionships, -.4.0060

RUNOFF STUDIES ON SMALL WATERSHEDS ...Runoff, Small
Watersheds, Subsurface Flow, Surface Water, Water Yield,
...2.1138

REVIEW AND ANALYSIS OF PRECIPITATION riND RUNOFF
DATA FOR SELECTED WATERSHEDS IN MINNESOTA
...Floods, Infiltration, Precipitation-general, Runoff, Watersheds-
general, ...4.0140

HYDROLOGY OF FROZEN GROUND FLOODS ,..Floods, Infil-
tration, Moisture Content, Permafrost-frozen, Runoff, 2.0399

URBAN HYDROLOGIC RELATIONSHIPS ...Drainage, Forecast-
ing-prediction, Runoff, Urban Environments, Variation in Time,
-.2.0554

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS ...Digital Computers, Runoff,
Sensitivity Problems, Testing of Models, Watersheds-general,
...2.0461

HYDROLOGY OF SMALL DRAINAGE BASINS FOR DEVELOP-
ING HYDRAULIC DESIGN ...Amount, Flow Characteristics -
water, Runoff, Small Watersheds, South Dakota, ...2.0972

MATHEMATICAL SIMULATION OF RAINFALL RUNOFF
PROCESSES ...Computers-general, Model Studies, Optimization,
Other Computers, Runoff, Storms-general, .,.2.1015

EFFECTS OF AREAL AND TIME DISTRIBUTION OF RUNOFF
SUPPLY ON WATERSHED HYDROGRAPHS ...Mathematical
Analysis, Model Studies, Other Model Modif, Runoff,
Watersheds-general, 2.0666

OPTIMUM LINEAR SYNTHESIS IN URBAN HYDROLOGY ...Er-
ror Analysis, Optimization Technique, Prediction, Runoff, Urban
Environments, 6,0287

EFFECTS OF BANK SEEPAGE ON FLOOD HYDROGRAPHS
...Floods, Leckage, Seepage, Storage of Water, Stream Banks,
...2.0504

PARAMETERIZATION OF THE OBSERVED HYDROGRAPH AS
A MEANS OF UNDERSTANDING RUNOFF PHENOMENA
FROM SMALL WATERSHEDS ...Forecasting-prediction, Model
Studies, Runoff, Small Watersheds, Vermont, 2.1085

INVESTIGATION OF A LINEAR MODEL TO DESCRIBE THE
HYDROLOGIC PHENOMENON OP DRAINAGE BASINS
...Amount, Model Studies, Runoff, Small Watersheds, Testing of
Models, -.2.1041

OVERLANI... FLOW ANALYSIS FOR A SIMULATED
VEGETATED SURFACE ...Flume Studies, Rainfall Simulators,
Runoff, Streams, Unsteady Flow, 2,0879

RUNOFF GENERATION AS A FUNCTION OF PRECIPITATION
AND WATERSHED CHARACTERISTICS ...Amount, Runoff,
Washington, Watersheds-general, -.2.1120

COMPUTER SIMULATION OF URBAN HYDROLOGIC
SYSTEMS ...Analog Computers, Runoff, Texas, Urban Environ-
ments, Watersheds-other, -.4.0258

QUANTIFICATION AND PREDICTION OF THE INFILTRATION
PHASE OF THE HYDROLOGIC CYCLE ...Infiltration, Internal
Water Movement, Mathematical Analysis, Soil Environment,
2.0468

ASSEMBLY AND ANALYSIS OF HYDROLOGIC AND
GEOMORPHOLOGIC DATA FOR SMALL WATERSHEDS IN
INDIANA ...Data Analysis - General, Geomorphology-general, In-
diana, Small Watersheds, Streams, 2.0459
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Synthetic Hydrology SUBJECT INDEX

DEVELOPING COMPUTER PROGRAMS FOR SOLUTION OF
HYDRI )LOGIC PROBLEMS RELATED TO SMALL
WATERSHEDS ...Climate-general, Forecasting-prediction,
Physiography-general, Small Watersheds, Water Yield, 7.0102

TREATING AN INADEQUACY OF THE UNIT HYDROGRAPH
HYPOTHESIS BY STORAGE ROUTING WITH VARIABLE
EMPIRICAL VALUES OF LAG AND STORAGE ...Amount,
Arizona, Model Studies, Runoff, Storage of Water, ...2.0063

HYDROLOGIC ANALYSIS BY ANALOG COMPUTERS ...Analog
Computers, Groundwater, Hydrology-general, Reservoirs and Im-
poundments, Routing, Surface Water, ...2.0429

FLOODS FROM SMALL DRAINAGE AREAS ...California,
Floods, Gaging, Small Watersheds, ...4.0039

STREAMFLOW HYDROGRAPH SEPARATION ..Electrical,
Geophysical Analysis, Groundwater, Hardness-minerals, Runoff,
Surface Water, 2.0420

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS ...Hydrology-general, Mathe-
matical Analysis, Model Studies, Research - Development, Ru-
noff, Watersheds-general, 2.0462

INVESTIGATION OF RAINFALL DISTRIBUTION ON URBAN
RU'!OFF FOR IMPERVIOUS AREAS ...Drainage, Model Stu-
dies, Patterns, Runoff, Urban Environments, 2.0306

HYDROLOGIC MODEL FOR STREAMFLOW FORECASTING
...Flow Characteristics -water, Forecasting-prediction, Model Stu-
dies, Peak Flow, Precipitation-general, Runoff, ...2.0600

FLOOD HYDROGRAPH SYNTHESIS - UNGAGED
WATERSHEDS ...Floods, Small Watersheds, Tennessee, 20981

OPTIMIZATION TECHNIQUES FOR HYDROLOGIC EN-
GINEERING ...Floods, Hydrology-general, Optimization, Reser-
voirs, Reservoirs and Impoundments, Routing, 6.0075

LOW-FLOW ANALYSIS, WASHINGTON STREAMS ...Baseflow,
Discharge-general, Gaging, Low Flow, Washington, ...2.1134

UNIT HYDROGRAPHS FOR SOUTHWESTERN LOUISIANA
...Flo ,,'s, Forecasting-prediction, Gaging, Louisiana, 2.0539

UNIT HYDROGRAPHS FOR NORTHERN LOUISIANA ...Floods,
Forecasting-prediction, Gaging, Louisiana, 2.0540

WATER REOURCES OF SOUTHEASTERN WISCONSIN -
RACINE AND KENOSHA COUNTIES ...Groundwater, Stratig-
raphy-general, Water Quality-general, Water Supply-general,
Wisconsin, ...2.1151

STORM RUNOFF AND FLOOD FLOWS IN RELATION TO CLI-
MATIC AND WATERSHED CHARACTERISTICS ...Channels,
Water Yield, Watersheds-general, 4.0206

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ...Channels, Floods, Forecasting-predic-
tion, Idaho, Peak Flow, Storage of Water, Water Yield,
Watersheds-general, 3.0202

STREAM FLOW REGIMES ON A SEMIARID RANGELAND
WATERSHED ...Agricultural Watersheds, Channels, Hydraulics-
gent ral, Runoff, Storms-general, 4.0178

Routing
THE HYDRAULICS AND GEOMORPHOLOGY OF MEANDER-

ING RIVERS WITH FLOOD PLAINS ...Floodplains, Floods,
Flow Characteristics -water, Land Use, Meanders, ...2.0473

PHYSICAL, LEGAL AND ECONOMIC ASPECTS OF ASSESS-
MENT OF COSTS AMONG DRAINAGE DISTRICTS
...Drainage, Floodproofing, Floor's, Flow Characteristics -water,
Legal Review, ...6.0228

EVALUATION OF SELECTED COMPUTER PROGRAMS IN
HYDROLOGY ...Hydrology-general, Model Studies, Runoff,
Spillways, Storm Water, ...2.0659

LABORATORY TESTING OF HYDRAULIC FORMULATIONS
FOR OPEN CHANNEL FLOW ...Channel Geometry, Channel
Roughness, Open Channel, Systems of Equations, Transition Sec-
tions, Velocity, ...2.0573

HYDRAULICS OF FLOOD MOVEMENTS ...Analog Computers,
Floods, Mathematical Analysis, Open Channel Flow, Partial, Un-
steady Flow, ...2.0348

HYDROLOGIC ANALYSIS BY ANALOG COMPUTERS ...Analog
Computers, Groundwater, Hydrographs, Hydrology-general,
Reservoirs and Impoundments, Surface Water, 2.0429

OPTIMIZATIOII TECHNIQUES FOR HYDROLOGIC EN-
GINEERING Floods, Hydrographs, Hydrology-general, Op-
timization, Reservoirs, Reservoirs and Impoundments, ...6.0075

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE CORN BELT ,..Construction, Corn
Belt, Design Criteria, Model Studies, Water Control Works-
general, .8.0216

Synthetic Hydrology-general
CHARACTERISTICS OF RIVER BANKS RELATED TO VEHI-

CLE PERFORMANCE WHEN ENTERING & EXITING
STREAMS ...Amphibious Vehicles, Statistics-general, Stream
Banks, Streams, Water Vessel, ..7.0058

FLOODS FROM SMALL WATERSHEDS ...Amount, Floods, Rural
Areas, Small Watersheds, System; Analysis, ...2.0231

SPATIAL BEHAVIOR OF ROUGHNESS IN LABORATORY
WATERSHED, PHASE II ...Energy Loss -water, Model Studies,
Roughness, Runoff, Structure-size, Surface Flow, 2.0703

THE DETERMINATION OF ZONES OF INTENSE CONTRIBU-
TION TO STREAM FLOW AS RELATED TO THE CONCEPT
OF PARTIAL AREA CONTRIBUTIONS ...Development of
Models, Digital Computers, Model Studies, Runoff, Watersheds-
general, 2.0580

DEVELOPMENT AND EVALUATION OF HYDROLOGIC SIMU-
LATION MODELS ...Model Studies, Runoff, South Carolina,
Technique Development, Watersheds-general, 2.0954

THE OPTIMUM RELEASE POLICY FOR A MULTIPURPOSE
RESERVOIR USING STOCHASTIC HYDROLOGY ...Flow Aug-
mentation, Multiple-purpose Projects, Reservoirs and Impound-
ments, Stochastic Models, Stochastic Processes, ...6.0337

AQUIFER PERFORMANCE TESTS UNDER TWO PHASE FLOW
CONDITIONS ...Aquifers-general, Observation Wells, Subsurface
Flow, Two-phase-other, ...2.0008

DYNAMIC MODEL STUDY OF LAKE ERIE ...Hydraulics-general,
Inflow, Lake Eric, Model Studies, 5.0766

SAND FILTRATION or DISCRETE SUSPENSIONS ...Filtration,
Flow Characteristics water, Sand, Suspension, ...5.0549

MODEL STUDIES FOR DEVELOPMENT AND CALIBRATION
OF STREAMFLOW CONTROL DEVICES IN THE SOUTHERN
BRANCH ...Channel Regulation-general, Computers-general,
Discharge-general, Gaging, Models, 3.0189

RUNOFF INDUCEMENT IN ARID LANDS ...Arid and Desert, In-
filtration, Linings-pavings, Runoff, Stabilization-general, Storage
of Water, 3.0238

PERFORMANCE CHARACTERISTICS OF LARGE SCALE
HYDROMECHANICS LABORATORY EQUIPMENT ...Flume
Studies, Inflow, Sedimentation, Turbulent Flow, ...8.0195

TURBULENT MIXING IN SURFACE AERATION ...Aeration, Dif-
fuser, Dyes, Mixing, Turbulent Flow, -.5.1061

HYDRAULIC STUDIES AND RESEARCH ON CALIFORNIA
WATER FACILITIES ...Flow Characteristics -water, Fluid Flow-
general, Irrigation, Irrigation-general, Model Studies, -.7.0010

EXPERIMENTAL INVESTIGATION or SMALL WATERSHED
FLOODS ...Amount, Hoods, Runoff, Small Watersheds, ..,2.0232

DROUGHT FREQUENCY, INTENSITY & DURATION - ITS
CORRELATION TO STREAMFLOW AND ITS IMPACT UPON
SYNTHETIC HYDROLOGY Chmatography, Flow Charac-
teristics -water, Meteorological Extremes, Patterns, Water Loss -
general, ..2.0763

EFFECTS OF SCALE AND OPERATING TECHNIQUE ON HAR-
BOR MODELS ...Harbors, -.7.0065

GENERAL COASTAL IN LET STUDIES ...Coastal Engineering-
other, Coastlines-shorelines, Discharge-other, Model Studies,
Tides, Velocity -water, -.2.0689

DISPERSION PROCESSES IN ESTUARIES AND RIVERS
...Dispersion -water, Dyes, Estuaries, Streams, ...2.0118

ECOLOGICAL ENGINEERING PROJECT ...Atmosphere Radia-
tion, Nutrients, Temperature, Tracers-general, Velocity -water,
...6.0159

FUNDAMENTAL ASPECTS OF WATER EROSION IN THE
PACIFIC NORTHWEST ...Erosion-general, Infiltration, Per-
mafrost-frozen, Soil Erosion -non-specific, Southern, ...2.0389

2-480

Systems Analysis
SYSTEMS ANALYSIS FOR GROUNDWATER MANAGEMENT

...Economic Efficiency, Groundwater Basins, Management, Model
Studies, Saline Water intrusion, ...5.0071

FLOODS FROM SMALL WATERSHEDS ...Amount, Floods, Rural
Areas, Small Watersheds, Synthetic Hydrology .general, 2.0231

A COMPREHENSIVE WATER RESOURCES ANALYSIS OF A
TYPICAL OVERDRAWN BASIN IN AN IRRIGATED
SEMIARID AREA - PECOS RIVER BASIN, NEW MEXICO
impact, Land, Management, New Mexico, River Basins,
6.0366

PREDICTION MODELS FOR A:TER QUALITY PARAMETERS
...Model Studies, Oxygen, Projections and Estimations, Social
Aspects, Temperature, Water Standards, 6.0164



SUBJECT INDEX Technique Development

A STUDY OF BIOLOGICAL SYSTEMS IN THE SCIOTO RIVER
AS INDICES TO WATER QUALITY Bioindicators, Chemical-
general, Ohio, Physical-general, Water Sampling, ...5.0875

THE USE OF SYSTEMS ANALYSIS IN THE DEVELOPMENT
OF WATER RESOURCES MANAGEMENT PLANS FOR NEW
YORK STATE ...Management, Model Studies, New York,
Planning, ...6.0373

SYSTEMS APPROACH TO WATER RESOURCE MANAGE-
MENT ,Administrative Structures, Economics-general, Legal
Review, Model Studies, Social Aspects, Water Allocation,

AN OPTIMAL WATER MANAGEMENT PLAN FOR THE
MIAMI VALLEY _Alternative Panning, Artificial Recharge,
Aqmentation-general, Conjunctive Use, Aoodproofing, Op-
timization Technique, .6.0467

ADAPTING THE WATER RESOURCE PLANNING PROCESS
TO PROLLEMS AND NEEDS OF METROPOLITAN AREAS
...Model Studies, Planning, Rivet Basins, Urban Environments,
Water Resources Development, -.6.0402

DEVELOPEMNT AND IMPLEMENTATION OF A MANAGE-
MENT STRATEGY FOR WATER RESOURCES RESEARCH
.Management, Operations Research, Planning, Projections and
Estimations, Water Resources Development, ,..6.0112

A SYSTEM APPROACH FOR INTEGRATING GROUNDWATER
AND SURFACE-WATER USE ...California, Conjunctive Use,
Groundwater, Water Quality Control-general, Water Utilization -
general, ...6.0037

SYSTEMATIC STUDY AND DEVELOPMENT OF LONG-
RANGE PROGRAMS OF URBAN WATER RESOURCES
RESEARCH ...Data Acquisition-general, Economics-general, Pro-
jections and Estimations, Social Aspects, Urban Environments,
Water Law-general, ...6.0392

OPTIMIZATION OF STEP AERATION WASTE TREATMENT
PROCESSES ...Aeration, Development of Models, Dynamic Pro-
gramming, Optimization, Process Design, 5.0426

SURFACE AND GROUND WATER POTENTIALITIES OF THE
MULLICA RIVER BASIN ...Aqueducts, Conjunctive Use,
Economic Impact, Water Quality-general, Water Transfer,
-.4.0172

THE ENGINEERING APPLICATIONS OF DISTRIBUTED AND
MULTIVARIABLE SYSTEM THEORY TO THE DYNAMICS
OF WATER POLLUTION CONTROL ...Optimization, ...5.0728

STOCHASTIC ANALYSIS OF HYDROLOGIC SYSTEMS ...Com-
puters-general, Mathematical Analysis, Model Studies, River
Basins, Stochastic Models, 6.0203

A COMPREHENSIVE WATER RESOURCES ANALYSIS OF A
TYPICAL OVERDRAWN BASIN IN AN IRRIGATED
SEMIARID AREA - PECOS RIVER BASIN, NEW MEXICO
...New Mexico, River Basins, Semi - Arid, ...6.0362

DECISION MODELS FOR MINIMIZING COST OF INFORMA-
TION OR ERROR IN ESTIMATING BENEFIT -WATER RELA-
TIONSHIPS IN IRRIGATION. (ABBREV ) ...Benefit-cost Analy-
sis, Irrigation-general, Mathematical Analysis, Model Studies, Re-
liability, ...6.0359

A SYSTEMS ANALYSIS OF THE WESTERN BASIN OF LAKE
ERIE ...Aquatic Ecology, Economic Impact, Great Lakes-general,
Pollution - Effects of , Water Quality Control-general, 6.0426

ECONOMIC ANALYSIS OF IRRIGATION SYSTEMS APPLICA-
BLE TO THE NORTHERN GREAT PLAINS ...Agriculture,
Economic Efficiency, Great Plains Province, Irrigation Engineer-
ing, Irrigation-general, -.6.0496

SYSTEM IDENTIFICATION AND MULTI-LEVEL OPTIMIZA-
TION OF INTEGRATED GROUND WATER SYSTEMS
Aquifers-general, Mathematical Analysis, Model Studies,
6.0062

A STUDY OF POTENTIAL INSTITUTIONAL ARRANGEMENTS
FOR WATER POLLUTION CONTROL IN THE HUDSON-
MOHAWK RIVER BASIN ...Administrative Structures, Govern-
ment -other, New York, River Basins, Water Quality Control-
general, 6.0379

CONSERVATION AND DEVELOPMENT PLANNING FOR THE
ESTUARINE ZONE (A CASE STUDY IN THE TOWN OF
SOUTHOLD, LONG ISLAND) .,.Administrative Structures.
Estuaries, Long Island Sound, Planning, Water Resources
Development, 6.0388

ECONOMIC EVALUATION OF WATER QUALITY ...Benefit-cost
Analysis, Computers-general, Management, Model Studies, Waste
Water Treatment-general, -.6.0046

A MODEL FOR QUANTIFYIN' FLOW AUGMENTATION
BENEFITS ...Flood Control, Flow Augmentation, Model Studies,
Other Methods, River Basins, Water Distribution Systems,
...6.0152

2-481

EUTROPHICATION FACTORS IN NORTH CENTRAL FLORIDA
LAKES .Administrative Structures, Eutrophication, Florida,
Lakes, Model Studies, ...5.0258

SEQUENTIAL USE WITHIN A HYDROLOGIC COMPLEX
.,.Hydrology-general, Management, Model Studies, Other Data
Analysis, Water Quality-general, .5.1189

SYSTEM ANALYSIS OF EUTROPHICATION CONTROL BY
FLUSHING ... Eutrophication, Flow Augmentation, Lakes, Water
Quality Control-general, ...5.1266

A PILOT-SCALE STUDY OF ACID MINE DRAINAGE ...Acidity,
Data Acquisition-general, Mining Industry, Pollution Abatement,
-.5.0881

EVALUATION OF POLLUTION ABATEMENT PROCEDURES
IN THE MORAINE STATE PARK, BULTER COUNTY,
PENNSYLVANIA ...Pennsylvania, Pollution Abatement, Water
Quality-general, Water Quantity-general, ...5.1002

SYSTEM ANALYSIS OF RAINFALL-RUNOFF RELATIONSHIP
..,Amount, Digital Computers, Digital Computers, Ordinary, Ru-
noff, -.2.0427

STUDY OF THE HYDROLOGY FOR MODELS OF THE GREAT
LAKES ...Evaporation, Great Lakes-general, Management,
Precipitation- general, Runoff, _2.0435

SYSTEMS METHODOLOGY FOR WATER-RESOURCE
PLANNING IN A REGIONAL DEVELOPMENT CONTEXT
...Economics-general, Mathematical Analysis, Regional Areas, So-
cial Aspects, Water Resources Development, 6.0288

PLANNING ALGORITHMS FOR REGIONAL WATER
RESOURCE SYSTEMS ...Algorithms, Digital Computers,
Economic Efficiency, Planning, Water Resources Development,
...7.0012

A SALT BALANCE INVESTIGATION ON THE SANTA ANA
RIVER BASIN ABOVE PRADO DA ...California, Forecasting-
prediction, Groundwater Basins, Salinity, Water Quality Control-
general, ...5.0098

WATER RESOURCE DEVELOPMENT AND MANAGEMENT
MODEL ..Alternative Planning, Available Water, Model Studies,
State-local Government, Water Resources Development, -.6.0201

WATER QUALITY MODEL DERIVED FROM SYSTEM
ANALYSES ...Management, Model Studies, Cptimization, Water
Quality-general, _6.0200

FLOOD PREDICTION METHODS FOR PENNSYLVANIA
HIGHWAY CROSSINGS ...Engineering Properties, Floods,
Forecasting-prediction, Highway Sites, Small Watersheds,
.2.0928

RESERVOIR SYSTEM ANALYSIS FOR LOW-FLOW REGULA-
TION Computers-general, Low Flow, Management, Optimiza-
tion, Reservoirs and Impoundments, 2.0151

EXPLORATORY DEVELOPMENT OF WATER PROPULSION
FOR COMBAT VEHICLES ...Amphibious Vehicles, Marine,
Other, Streams, ...8.0215

REGIONAL HYDROLOGIC SYSTEM ANALYSES
(HYDRODYNAMICS) Groundwater Movement, Hydraulics-
general, Permeability, ...2.1092

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...Con-
sumptive Use, Engineering Structures-general, Irrigation Engineer-
ing, Irrigation-general, Radiation-general, -.6.0094

COMPUTERIZED DESIGN AND SYSTEMS ANALYSIS OF
WASTEWATER TREATMENT PLANTS ...Application,
Development of Models, Digital Computers, Forecasting-predic-
tion, Waste Water Treatment- general, _6.0421

EUTROPHICATION - PILOT OPERATIONS ...Economics-general,
Eutroi.nication, Pilot Plants, Water Quality Contrqbgeneral,
...5.0981

LABORATORY CATCHMENT INVESTIGATIONS RELATING
TO HYDROLOGIC SYSTEMS ANALYSIS ...Gaging, Hydrology-
general, Model Studies, Morphology-general, ...( 0574

Tanzania
DOMESTIC WATER USE IN EAST AFRICA ...Kenya, Uganda,

Water Costs, Water Sources -general, Water Utilization -

domestic, ...4.0092

Teaching and Research
SUPPORT OF THE COMMITTEE ON WATER ...Committee-sup-

port, Hydrology-general, Management, 9.0003

Technique Development
COALESCING MARINE OIL-WATER SEPARATOR ...Boat

Discharges, Fluid-device-other, Two-phase-other, Waste Water
Treatment-general, ...5.0747



Technique Development SUBJECT INDEX

DOUBTFUL HYDROGRAPHIC DATA ...Aircraft, Data Analysis -
General, Hydrology-general, Satellites, -6.0278

RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-
HEAD TURBINES AND PUMPS ...Fluids, Open Channel Flow,
Pump-other, Radioisotopes, Turbine-other, -4.0057

DEVELOPMENT OF FIELD TEST FOR FREE CHLORINE
-Bromine, Chlorine, Colorimetrie, Membranes-other, Sterilants,
-5.0808

DEVELOPMENT OF A COULOMETRIC METHOD FOR THE
MEASUREMENT OF DISSOLVED OXYGEN IN SEA WATER
.,.Analysis and Detection, Coulometry, Electrolytic, Gases, Ox-
ygen, ,2,0914

NEW SYNTHETIC MEMBRANES FOR REVERSE OSMOSIS
DESALINATION .Copolymers, Desalination, Membranes-other,
Reverse Osmosis, ...3.0468

DEVELOPMENT OF REVERSE OSMOSIS MEMBRANES
,Acids, Casting of Materials, Cellulose Acetate, Desalination,
Nitrogen, -3.0050

ION SELECTIVE ELECTROCHEMICAL SENSORS .,Brackish
Water, Brines, D eteetors and Sensors, Eleetroanalyses- other,
Electrode, ...5.1166

DEVELOPMENT OF HOLLOW FILAMENT TECHNOLOGY
FOR REVERSE OSMOSIS DESALINATION SYSTEMS
...Desalination, Membranes-other, Morphology-other, Reverse Os-
mosis, -3.0165

DEVELOPMENT OF A CALIBRATION MODULE FOR TRACE
OXYGEN ANALYZERS ...Analyzing, Calibration Devices,
Chemical Analysis (water), Inorganic, Oxygen. .,.3.0055

ASSEMBLY AND EVALUATION OF AN IMPROVED PPB OX-
YGEN ANALYZER FOR SEA WATER ...Automatic, Calibration
Devices, Gases, Inorganic, Oxygen, ...3.0453

TELEMETERING OF HYDROLOGIC DATA FROM REMOTE
AREAS __Automatic Data Aquisition, Data Transmission
Systems, Mountains-alpine, Other Telemetry, Remote Areas,
-7.0026

DEVELOPMENT AND EVALUATION OF IMPROVED
TECHNIQUES '1'0 MEASURE WATER-CONTENT OF SNOW
.Composition, Instrumental Services, Moisture Meters, Other
Telemetry, Transducers, ..7.0103

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION -Aquifers-
general, Artificial Recharge, Filtration, Recharge Pits - Wells,
Turbidity, -4.0247

INTERNAL WATER STATUS OF PLANTS ...Dielectric Parame-
ters. Instrumental Services, Plant Water Use-other, Refrac-
tometry, Translocation..2.0722

APPLICATION OF MAGNETOHYDRODYNAMICS TO MEA-
SUREMENT OF LIQUID VELOCITY AND TURBULENCE
...Analog Computers, Analog Computers Math, Turbulent, Turbu-
lent Flow, Velocity, Velocity -water, -2.1166

METHODOLOGY FOR INTEGRATING WATER QUALITY
MANAGEMENT WITH THE MANAGEMENT OF THE TOTAL
WATER RESOURCES IN MINNESOTA ...Data Acquisition-
general, Management, Minnesota, Water Quality Control-general,
_5.0605

DIGITAL SYSTEMS FOR ON-SITE DATA COLLECTION FOR
WATER QUALITY ANALYSIS ...Automatic Data Aquisition,
Data Networks, Digital Computers, Water Quality-general,
_7,0005

DETECTION AND ENUMERATION OF VIRUS IN NATURAL
WATERS ...Assay, Bioindicators, Detection, Enteroviruses of
Animals, Viral Pollutant Sources, -5.0713

DESIGNING AND TESTING A WATER MONITORING SYSTEM
FOR PESTICIDES IN NORTH CAROLINA -Agricultural
Watersheds, Chemical Identification, DDT , Endrin, Monitoring
Systems, North Carolina, -7.0087

APPLICATION OF SEISMIC SHEAR WAVE STUDIES TO THE
INVESTIGATION OF AQUIFERS ...Aquifers-general, Geophysi-
cal Analysis, Lithology, Shear, Velocity, -4.0137

IRON AND MANGANESE REMOVAL FROM SMALL GOUND
WATER SUPPLIES ...Demineralization, Filtration, Groundwater,
Iron, Manganese, -5.1053

DEVELOPMENT AND EVALUATION OF HYDROLOGIC SIMU-
LATION MODELS -Model Studies, Runoff, South Carolina,
Synthetic Hydrology-general, Watersheds-general, -2.0954

AUTOMATED POTENTIOMETRIC TECHNIQUES FOR THE
ON-SITE MONITROING OF ANION CONCENTRATIONS IN
WATER ...Analysis and Detection, Automatic Systems, Electrode,
Nitrate, Nitrite, Potentiometry, -5.0676

ULTRAVIOLET ABSORPTION AND ITS POSSIBLE RELATION
TO EUTROPHICATION IN LARGE NEW HAMPSHIRE LAKES
...Eutrophication, Filtration, Lakes, New Hampshire, Ultraviolet,
-5.07114

2-482

DEVELOPMENT OF A MATHEMATICAL MODEL FOR THE
SIMULATION OF FLAT-LAND WATERSHED HYDRAULICS
..,Development of Models, Hydraulics-general, Mathematical
Analysis, Model Studies, Wetlands, -4,0102

DISSOLVED OXYGEN DETERMINATION IN NATURAL AND
WASTE WATERS -Chemical Analysis (water), Ions and Gases,
Oxygen, Potentiometry, Voltammetry, -5,0553

AUTOMATIC RECORDING OF SHORT TERM B.O.D. ,Auto-
matic Systems, Biochemical Oxygen Demand, Effluent-standards,
Sewage Testing, ..,7.0039

DELAWARE ESTUARY AND BAY WATER QUALITY SAM-
PLING AND MATHEMATICAL MODELING PROJECT .,.Data
Analysis - General, Delaware Bay, Mathematical Analysis, Model
Studies, Pollution Abatement, ..,5.0749

APPLICATION OF IMMUNOCHEMICAL TECHNIQUES TO THE
DETECTION AND IDENTIFICATION OF CHEMICAL AND
BIOLOGICAL. POLLUTANTS ...Biological Pollutants -general,
Chemical Identification, Immunology Methods, Mineralization,
-5.0260

EFFECT OF RANGE MANAGEMENT ON INFILTRATION, RU-
NOFF, AND EROSION ...Cover Crops, Infiltration, Management
and Fertility, Runoff, ..2.0105

EQUIPMENT TO AGITATE POND SOILS FOR RELEASE OF
NUTRIENTS ...Aquatic Soils, Limestone - General, Nutrients,
Ponds, Soil Environment, -5.0774

ANALYTICAL METHODS FOR PESTICIDES AND PESTICIDE
DEGRADATION PRODUCTS ...Biodegradation, Persistance of
Residues, Residue Analysis -other, Soil Degradation other,
-5.1031

DEVELOPMENT OF METHODS FOR MEASURING PARTIAL
VAPOR PRESSURE OF SOIL WATER ...Krypton, Moisture Ten-
sion, Osmotic Pressure, Soil Environment, Soil-water-plant Rela-
tionships, Vapor Pressure, -2,0495

ANALYSIS AND SYNTHESIS OF HYDROLOGIC SYSTEMS
...Computers-general, Flow Characteristics -water, Hydrology-
general, Open Channel Flow, Patterns, -2.0615

HYDROLOGIC MEASUREMENT SYSTEMS ,..Amount, Data Net-
works, Error Analysis, Gages, Hydrology-general, Instrumenta-
tion-general, Rain-general, Urban Environments, -7.0056

LOW ENERGY MECHANICAL OXYGENATION OF WATER
...Aeration, Chemical Treatment, Water, ...5.0331

AERATED SEWAGE LAGOON INVESTIGATION - BOISSEVA1N
,..Aeration, Canada, Economic Efficiency, Sewage Lagoons,
-5.0170

GROUND WATER RESOURCES ...Colorado, Groundwater,
Management, Model Studies, Water Resources Development,
-4.0067

SIPHON TYPE TRICKLE TUBE FOR FARM PONDS AND
RESERVOIRS ...Conduit, Design Criteria, Farm Pond, Reser-
voirs, Siphon, Water Level Fluctuation, ...8.0203

METEOROLOGICAL DROUGHT .Meteorological Extremes,
Weather Forecasting, -2.0593

FIRE WEATHER FORECAST TECHNIQUES ...Fire Behavior -
Identification, Fire Prevention, Regulation of Weather & Veg-,
Thunderstorms, Weather Forecasting, _2.0587

SNOW METAMORPHOSIS AND SNOWMELT ...Forecasting-pre-
diction, Snowmelt, Snowpack, Streams, Water Yield, -2.0602

DEVELOP PROTOTYPE PRECIPITATION OCCURRENCE SEN-
SOR - DEVELOP AMOS 111-70 (AUTOMATIC WEATHER
STATION) ...Automatic Data Aquisition, Automatic Stations,
Precipitation Instruments, Precipitation-other, _7.0053

TEST AND EVALUATION OF TELEMETERING STORAGE
PRECIPITATION GAGE ,..Amount, Automatic Data Aquisition,
Automatic Stations, Gages, -7.0048

IMPROVE PRECIPITATION MEASURING EQUIPMENT -

HYDROLOGIC EQUIPMENT IMPROVEMENT ...Atmospheric
Pressure, Data Acquisition Systems, Gages, Instrumental Services,
Transducers, -7.0051

IMPROVE PRECIPITATION MEASURING EQUIPMENT - D-111
PRECIPITATION EQUIPMENT ...Amount, Automatic Data
Aquisition, Automatic Stations, Gages, -2.0591

FISHER AND PORTER INSTALLATION METHODS ...Evapora-
tion, Gages, Testing Devices, -7.0049

DEVELOP DESIGN DATA FOR LIGHT WEIGHT WATER PU-
RIFICATION UNIT ...Filtration, Mobile, Potable, Potable Water,
Waste Water Treatment-other, -8.0297

LIGHTWEIGHT WATER PURIFICATION UNIT ,.,Brackish
Water, Density, Desalination, Distillation-other, Distilling Units,
Mobile, Plastic Matrix, Waste Water Treatment-general, ...3.0250



SUBJECT INDEX Temperature Effects

INDIVIDUAL WATER FILTRATION DEVICE ...Filtration, Porous
Media - Flow Through, Pump-other, Sediments, Waste Water
Treatment-general, 3.0252

UPPER BEAR CREEK EXPERIMENTAL PROJECT ...Alabama,
Cover Crops, Discharge-general, Forecasting-prediction, Small
Watersheds, 2.0987

DEVELOPMENT OF HYDROLOGIC ANALYSIS TECHNIQUES
Computers-general, Data Analysis - General, Hydrology-general,
Land Use, Model Studies, ...2.0988

GENERALIZED HYDROLOGIC DESIGN CRITERIA ...Amount,

Hydrology-general, Reservoirs and Impoundments, Water
Resources Development, 6.0079

MODEL STUDIES OF MASS CONCRETE STRUCTURES _Ce-
'bent, Concrete, Dimension-three, Mass, Model Studies, Stress
Recorders, 8.0227

HYDRAULIC INSTRUMENTATION ...Instrumentation - general,

Model Studies, Turbulent Flow, Water Level Fluctuation,

7.0063
GROUND WATER PREDICTION STUDIES ...Forecasting-predic-

tion, Frost Heaving, Moisture Content, Permafrost-frozen,
...2.0752

INSTRUMENTATION DEVELOPMENT FOR HYDROLOGIC
DATA COLLECTION ...Electromechanical Design, Field Testing,
Instrumental Services, Instrumentation-general, 7.0089

ELECTRONIC EQUIPMENT DEVELOPMENT ...Geophysical

Analysis, Groundwater Movement, Switches, Transducers,

...7.0021
BOREHOLE GEOPHYSICS AS APPLIED TO GEOHYDROLOGY

...Aquifers-general, Borehole Geophysics, Geophysical Analysis,
Groundwater Movement, Instrumentation-general, 7.0018

ENERGY DISSIPATORS _Energy Dissipators, Fluid Dynamics,
Model Studies, 8.0114

WATER MEASUREMENT ...Discharge-general, Dyes and Color-
ing, Fluids, Measurement, Water Quantity-general, 8.0128

PORE-PRESSURE MEASURING REFINEMENTS IN SOILS FOR
SHEAR AND CONSOLIDATION ...Capillarity, Cohesive Soil-
general, Pore Water, Pressure, Triaxial, _8.0080

ATMOSPHERIC WATER RESOURCES PROGRAM ...Augmenta-
tion-general, Clouds-precipitation, Modification, Reservoirs and
Impoundments, Water Quantity-gencrai, 2.0163

ENGINEERING GEOLOGIC PROPERTIES OF ROCK ...Aerial,
Borehole Geophysics, Foundations-general, Geology - Engineer-
ing, Microstructure, 8.0098

PARK RANGE ATMOSPHERIC WATER RESOURCES PRO-
GRAM ...Clouds-preeipitation, Colorado, Nucleation Physics,

Orographic Effects, Patterns, 2.0164
ATMOSPHERIC WATER RESOURCES RESEARCH ...Augmenta-

tion-general, California, Clouds-precipitation, Modification,
2.0206

EXPERIMENTAL DESIGN & STATISTICAL EVALUATION OF
WEATHER MODIFICATION EXPERIMENTS ...Computers-
general, Data Analysis - General, Data Analysis Applications,
Statistics-general, Weather Modification-general, 2.0198

GENERAL WATER QUALITY INVESTIGATIONS ...Control and
Protection, Meetings, Pollutants-general, State-local Government,
Water Quality-general, 5.0186

PROJECT SKYWATER - NEW MEXICO ...Automatic Stations,
Gages, Instrumental Services, New Mexico, Other Telemetry,
Snow-general, _2.0203

TECHNIQUES AND INSTRUMENTATION ...Chemical Analysis

(water), Mobile, Physical Parameters, Temperature, Water

Sampling, 5.9187
RAPID SOILS EXCAVATION ...Construction, Excavation,

Machines, Nuclear Excavation, _8.0082
ENGINEERING DEVELOPMENT OF ICE NUCLEI DISPERSION

SYSTEMS ...Flow of Dispersed Solids, Nucleation Physics,

...2.0197
HYDROGEOLOGIC INVESTIGATION TECHNIQUES ...Leekage

Projections and Estimations, Reservoirs and Impoundments,
Water Demand, Water Loss Control, 8.0058

RADIOISOTOPE GROUND WATER MEASUREMENTS IN
SMALL DIAMETER DRILL HOLES ...Borehole Geophysics,
Drilling and Coring, Groundwater, Instrumentation-general,
Radioisotopes, 8.0066

POLLUTANTS IN PRODUCT AND PROCESS WATERS FROM
OIL-SHALE RETORTING OPERATIONS AND METHODS
FOR THEIR REMOVAL ..,Material Recovery Wastes, Mining In-
dustry, Oil Shale, Pollutants-general, Waste Water Treatment-
general, ...5.1324

ANALYTICAL METHODS - OILFIELD WATER CHEMISTRY
.,.Brines, Chemical Analysis (water), Fluid Properties, General,
2.0874

EARLY LIFE HISTORY OF COREGONIDS ...Cisco, Lake Herring,
Environmental Ecology, Life History Studies, Maturity & Growth
Stages, Water Environment 6,0295

DEVELOPMENT OF A METHOD FOR CHRONIC TOXICITY
BIOASSAY USING MARINE PLANKTONIC ALGAE ...Algal
Culture, Bioassay:,., Marine Plants, Microbiological Analysis,
Monitoring (long Term Studies), Phytoplankton, Toxicology,

5,1088
TOTAL ORGANIC CARBON AS A POLLUTION CONTROL

PARAMETER IN SUB-ARCTIC WATE ...Alaska, Chemical

Identification, Infrared, Organic Matter, Oxidation-general,
_5.0031

DEVELOPMENT OF CRITERIA FOR TILLAGE MACHINERY
THAT WILL REDUCE 5."1..)1L EROSION AND RUNOFF ...Con-
servation-general, Erosion-general, Moisture Retention, Runoff,
Tillage, Cropping Systems, ...2.0007

AQUIFER AND SUBSURFACE RELATIONSHIPS IN THE
HYDROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS .,.Aquifers- general, Baseflow, Forecasting-predic-
tion, Groundwater Movement, Natural Recharge, Streams, Water
Yield, 3.0394

SURFACE AND SPRINKLER IRRIGATION SYSTEM DESIGN
AND OPERATION FOR EFFICIENT WATER USE IN THE
PACIFIC NORTHWEST ...Evapotranspiration, Irrigation, Model
Studies, Sprinkler Irrigation, Surface Irrigation -general, 3.0204

Techniques & Instrumentation
MOISTURE RESPONSE OF SOILS ...Capillarity, Louisiana, Soil

Environment, ...2.0550
INSTRUMENTATION IN EMBANKMENTS AND FOUNDA-

TIONS ...Dams, Embankments, Foundations-general, Handbooks,
.7.0062

Telemetry

Other Telemetry
TELEMETERING OF HYDROLOGIC DATA FROM REMOTE

AREAS ...Automatic Data Aquisition, Data Transmission
Systems, Mountains-alpine, Remote Areas, Technique Develop-
ment, 7.0026

DEVELOPMENT AND EVALUATION OF IMPROVED
TECHNIQUES TO MEASURE WATER-CONTENT OF SNOW
...Composition, Instrumental Services, Moisture Meters,
Technique Development, Transducers, 7.0103

DIGITAL INSTRUMENTATION AND TELEMETRY FOR
WATER RESOURCES RESEARCH ...Automatic Data Aquisi-
tion, Digital Computers, Electronics - Applied, 7.0072

WATER QUALITY TELEMETRY ...Automatic! Data Aquisition,
Benefit-cost Analysis, Instrumental Services, Water Quality-
genera:, ...5.1197

SYSTEM MONITORING AND REMOTE CONTROL ...Automatic
Data Aquisition, Effluents-waste Water, Gages, Instrumental Ser-
vices, Physical Parameters, ...5.0559

DEVELOPMENT OF HYDROLOGIC EQUIPMENT ...Design In-

strumentation-other, Hydraulic Engineering-other, Hydrology-
general, Instrumental Services, Instrumentation-general, 7.0064

PROJECT SKYWATER - NEW MEXICO ...Automatic Stations,
Gages, Instrumental Services, New Mexico, Snow-general,
Technique Development, 2.0203

PROJECT SKYWATER - COLORADO - STEAMBOAT SPRINGS
...Automatic Stations, Colorado, Gages, Instrumental Services,
Snow-general, ...2.0204

Transmitters
VHF PROPAGATION THROUGH FRESH WATER AND

ACROSS EHE AIR-WATER INTERFACE ...Fish -non-specific,
Microwave. Telemetry, Very High Frequency, Water Properties-
other, ...1.0129

Temperature Effects
High Temperature - 1000-3000

LIME MAGNESIUM CARBONATE PROCESS - SEA WATER
SOFTENING PLANT ...Brines . Evaporation, Precipitation,
Removal--inorganics, Waste Water Pre-treatment, -.3.0105
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Temperature Effects

Low Temperature -
EVALUATION OF CORROSION RATE TESTERS ...Corrosion

General, Medium Temperature - 300-1000k, Test Methods,

Water, 8.0176

Medium Temperature - 300.1000k
SOLAR HEATING OF WATER TO VERY HIGH TEMPERA-

TURE;' Conductivity , Desalination, Mathematical Analysis,

Sunshine, Water, ...3,0331
EVALUATION OF CORROSION RATE TESTERS .Corrosion

General, Low Temperature -, Test Methods, Water, 8.0176

Variable Temperature
AN INVESTIGATION OF ION MOBILITY IN AQUEOUS SOLU-

TioNs ...Conductivity, Solution, State Variables Pvt, Tiansport,

Variational Pressure. 1.0064
STUDIES OF CONCENTRATED AQUEOUS ELECTROLYTES

AND OF MOLTEN ELECTROLYTES BY INFRARED SPEC-

TROSCOPY ...Electrolytes, Infrared, Raman, Solid State, Solu-

tion, 1.01 IS

SUBJECT INDEX

Tennessee
INVESTIGATION OF WATER RESOURCES. FLOODS IN

SMALL STREAMS IN TENNESSEE ...Drainage, Floods,

...2.0298
AN INVESTIGATION OF THE EFFECT OF CONTROLLED

RELEASES ON THE PHYSICAL, CHEMICAL AND BAC-
TERIOLOGICAL CHARACTERISTICS OF FORT LOUDOUN
RESERVOIR ...Nitrogen, Phosphate, Phosphite, Stratified Flow,

Suspension, Temperature-other, ...5.1I28

FACTORS AFFECTING WATER YIELD FROM SMALL
WATERSHEDS IN TENNESSEE ...Correlation, Cover Crops,

General Synoptic Observations, Small Watersheds, Water Yield,

_4.0224
EFFECT OF INDUST WASTES OF MEMPHIS & SHELBY

COUNTY ON PRIMARY PLANKTONIC PRODUCERS ...Cell

Cloning, Drainage, Industrial Wastes, Plankton (non-specific),
Primary Productivity, ..5.1134

GEOCHEMISTRY AND HYDROLOGY OF A SMALL BASIN IN
THE UPPER BUFFALO RIVER WATERSHED, TENNESSEE
...Hydrology-general, Small Watersheds, Water Cycle, Water Pro-
perties-general, Weathering Products, 2.0999

CHANGES IN WATER QUALITY PARAMETERS OF RESER-

VOIRS DURING REGULATED FLOW CONDITIONS

...Eutrophication, Iron, Manganese, Water Properties-general,

Water Quality-general, 5.1129
SURVIVAL OF INDICATOR ORGANISMS AND ENTERIC BAC-

TERIA IN WATER ...Bacterial Pollutant Sources, Bioindicators,
Dyes, I.ongevity, Nutrients, ..5.1133

NATIONAL SYMPOSIUM ON THERMAL POLLUTION
...Management, Meetings, Oregon, Pollution - Effects of , Ther-

mal Pollution, ,5.1I38
PRIMARY PRODUCTION ...Plankton (non-specific), Primary

Productivity. Strontium, ..2.1001

FLOOD HYDROGRAPH SYNTHESIS UNGAGED

WATERSHEDS _Floods, Hydrographs, Small Watersheds,

...2.0981
FLOOD FREQUENCY STUDIES ...Design How-flood, Floods,

...2.0982
WHITE HOLLOW WATERSHED RESEARCH ...Forest

Watersheds. Other, Seasonal, Sediment Yield, Water Yield,
...4.0221

PINE TREE BRANCH WATERSHED RESEARCH ...Cutting

Operations, Erositm-general, Forest Watersheds, Land Use, Other,

Sediment Yield, 6.0536
SIMULATED OPEN CHANNEL HYDRAULICS ...Cumberland

River, Mathematical Analysis, Model Studies, Numerical Analysis-

other, Open Channel Flow, 2.0983
FORAGE MANAGEMENT AND PRODUCTION IN THE TEN-

NESSEE VALLEY ...Irrigation-general, Management. ...4.0219

BEECH RIVER WATERSHED PROJECT ...Design Flow-flood,
Forest Watersheds, Land Use, Reservoirs and Impoundments,
Sediment Yield. ,,.4.0222

HIGH ANALYSIS FERTILIZER INVESTIGATIONS - FISHERIES
...Fertilizers -aquatic, Fish -ru,i-speeific, Productivity (agricul-
tural), Reservoirs and Impoundments, ...6.0535

HYDROLOGY OF UPPER BUFFALO RIVER BASIN ...Discharge-
general, Groundwater, River Basins. Surface Water, Water Table

Fluctuation, 2.0996
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HYDROGEOLOGIC MAPPING OF PALEOCENE SEDIMENTS,
WESTERN TENNESSEE Clastic Aquifers, Ma s ing, Specific
Rock Unit, Surficial Geology, Tertiary Period, 5

LOW FLOW CHARACTERISTICS OF TENNESSEE STREAMS
...Annual, Gaging, Low Flow, Variation in Time, ..2.0997

GEOHYDROLOGY OF SHALLOW AQUIFERS IN HENRY AND

WEAKLEY COUNTIES, TENNESSE ...Aquifers-general,

Groundwater, Observation Wells, Pollution Sources-general,

Pumping, ...2.0998
FLOODING OF SMALL STREAMS IN NASHVILLE-DAVIDSON

CO. AREA, TENN..Amoont, Discharge-general, Floods, Gag-

ing, Urban Environments, 2.0994
THE ECOLOGY OF CLOSTRIDUM BOTULINUM IN THE TVA

LAKES AREA ...Bacterial Exotoxins, Bacterial Pollutant Sources,
Clostridium Bottdinum, Food, Microbiological, Range Or Terri-
torial Distr. , 2.0990

Tennessee River
PROBABLE MAXIMUM PRECIPITATION FOR SMALL BASIN

IN THE TENNESSEE RIVER DRAINAGE SYSTEM ...Amount,

Drainage, Storms-general, Topographic Influences, Weather

Forecasting, ...2.0594
THE EFFECT OF WATER RESOURCES ON ECONOMIC

GROWTH IN THE TENNESSEE 'VALE? Water,

Correlation, Economic Impact, Location, Water Resources

Development, 6.0537
AN HISTORICAL APPRAISAL OF THE TENNESSEE VALLEY

AUTHORITY'S FLOOD CONTROL PROJECT AND PRO-
GRAM ...Administrative Structures, Benefit-cost Analysis, Con-
trol and Protection, Survey Studies, ..4.0227

TURBINE RATING FRAME INTERFERENCE STUDY .,.Electric
Power Plants, Gaging, Inflow, Turbine-other, 8.0287

INVESTIGATION OF LINKAGES OF WATERFRONT MANU-
FACTURING ...Economic Impact, Industrial-general, Input - Out-

put Analysis, Manufacturing, 6.0533

Tensiometer
INVESTIGATION OF SEEPAGE REDUCTION BY NATURAL

PROCESSES IN IRRIGATION CANALS ...Canals, Irrigation-
general, Linings-pavings, Seepage, Soil Environment, _3.0207

Texas
PROGRAM FOR HYDROLOGIC INVESTIGATION OF SMALL

DRAINAGE AREAS IN TEXAS ...Design Flow-flood, Drainage,
Floods, Hydraulic Structures, Small Watersheds, 2.0296

THE ECONOMICS OF A REGIONAL MUNICIPAL DESALTING
SYSTEM IN THE LOWER RIO GRANDE VALLEY OF TEXAS

,..Desalination, Economic Efficiency, Urban Environments,

3.0461
EVALUATION OF CLEARED SEINING AREAS ...Land Use.

Nets, Pre-impoundment Sites, Reservoirs and Impoundments,
,.,6.0540

WALLEYE AND NORTHERN PIKE STUDY ...Aquatic Ecology,
Life History Studies, Pikes, Piekeral, Muskellunge, Spawn Or
Nesting Sites, Walleyes, 6.0541

LAKE BASTROP NETTING STUDY ...Commercial Fishing, Ictalu-

ridae -other, Lakes, Nets, Population Dynamics, 6.0570

FLATHEAD CATFISH STUDY ...Aquatic Ecology, Behavior -

animal, Food Supply, Growth Rate, letaluridae -other, Reproduc-
tion Studies (general), 6.0539

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-

GY OF JONES BAY ...Aquatic Ecology, Bays, Construction, En-
gineering Structures-general, Water Properties-general, 6.0543

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-

GY OF MOSES LAKE .,.Aquatic Ecology, Construction, En-
gineering Structures-general, Lakes, Water Properties-general,
_6.0544

A STUDY OF SELECTED CHEMICAL AND BiOLOGICAL CON-
DITIONS OF THE LOWER TRINITY RIVER AND THE UPPER
TRINITY BAY ...Commercial Fishing, Estuaries, Mans Activities,
Pollution - Effects of , Spawn Or Nesting Sites, ..6.0546

EVALUATION OF RESOURCE USE AND ECONOMIC EFFECTS
DUE TO IRRIGATION WATER AVAILABIUTY IN TEXAS
...Agriculture Industry, Economic Impact, Model Studies,

Planning, Projections and Estimations, ..6.0558

A STUDY OF THE ECOLOGY OF THE NAVASOTA RIVER,
TEXAS ...Aquatic Ecology, Fish -non-specific, Pre-impoundment
Sites, Water Properties-general, Zooplankton, .4.0547



SUBJECT INDEX Texas

ECONOMIC IMPACT OF WATER IMPOUNDMENT - VALIDITY
TESTING OF A COMPARATIVE- PROJECTION MODEL
...Economic Impact, Model Studies, Projections and Estimations,
Recreation Sites, Reservoirs and Impoundments, 6.0554

LIMNOLOGICAL INVESTIGATIONS OF TEXAS IMPOUND-
MENTS FOR WATER QUALITY MANAGEMENT PURPOSES
...Chemical - general, Management, Nutrients, Reservoirs and Im-
poundments, Water Quality Control-general, 5.1148

EFFECT OF UNLINED TREATED SEWAGE STORAGE PONDS
ON WATER QUALITY IN THE OGALLALA FORMATION
...Carbonate Aquifers, Effluents-waste Water, Pollution - Effects
of , Ponds, Storage of Water, 4.0246

RELATION OF PASS OPENINGS ON PHYSICAL EXCHANGE
AND SALINITY IN ESTUARIES ...Estuaries, Mixing, Saline
Water Intrusion, Salinity, Shoreline Structures, 2.1012

APPLICATION OF SPECIALIZED OPTIM TECH IN WATER
QUANTITY & QUALITY MANAGEMENT WITH RESPECT
TO PLANNING FOR THE TRINITY RIVER BASIN ...Optimiza-
tion, Planning, River Basins, Water Quality-general, Water Quan-
tity-general, ...6,0551

INSTITUTIONAL FACTORS INFLUENCING WATER
DEVELOPMENT IN TEXAS ...Administrative Structures,
Economic Impact, Planning, Water Law-general, Water Resources
Development, 6.0562

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Artificial
Recharge, Filtration, Playas, Ponds, Water Wells, ...4.0243

COMPUTER SIMULATION OF URBAN HYDROLOGIC
SYSTEMS ...Analog Computers, Hydrogruphs, Runoff, Urban En-
vironments, Watersheds-other, 4,0258

A HYDROMETEOROLOGICAL STUDY RELATED TO THE
DISTRIBUTION OF PRECIPITATION AND RUNOFF OVER
SMALL DRAINAGE BASINS - URBAN VERSUS RURAL
AREAS ...Amount, Patterns, Runoff, Small Watersheds, Urban
Environments, 2.1024

AN ECONOMIC EVALUATION OF THE TOLEDO BEND
RESERVOIR PROJECT Benefit-cost Analysis, Louisiana, Multi-
ple-purpose Projects, Policy Making, Reservoirs and Impound-
ments, Water Law-general, Welfare Economics, 6.0246

A MODEL RELATING WATER QUALITY VEGETATIONAL
STRUCTURE AND URBANIZATION IN THE SAN JACINTO
RIVER BASIN Land Use, Model Studies, River Basins, Urban
Environments, Water Quality-general, 4.0242

DIVERTING MISSISSIPPI RIVER WATER To TEXAS - A
PRELIMINARY EVALUATION OF PLANS ...Control and Pro-
tection, Mississippi River, Streams, Water Transfer, ...8.0205

EFFECTS OF RIVERS ON THE METABOLISM OF TEXAS
BAYS ...Bays. Nutrients, Pollutants-general, Primary Productivity,
Streams, Water Quality-general, 5.1182

NORTH FORK ALLUVIAL DECONTAMINATION PROJECT
...Artificial Recharge, Brines, Petroleum Industry, Seepage, Sur-
face Water, 5.1145

MANAGEMENT OF INDUSTRIAL WASTE DISCHARGES IN
COMPLEX ESTUARINE SYSTEMS ...Estuaries, Industrial
Wastes, Management, Model Studies, Water Standards, _5.1156

AN ECONOMIC ANALYSIS OF THE DEMAND FOR LAND
AND/OR WATER-BASED OUTDOOR RECREATION IN
TEXAS ...Land Use, Projected Demand, Recreation Sites,
6.0556

ECONOMIC ANALYSIS OF SMALL WATERSHED DEVELOP-
MENT IN TEXAS. ...Alternative Planning, Benefit -cost Analysis,
Economic Impact, Small Watersheds, Water Resources Develop-
ment, 4.0241

STATISTICAL ANALYSES OF THE VARIATIONS OF
PRECIPITATION-TEMPERATURE AND EVAPORATION IN
TEXAS ...Data Analysis Applications, Evaporation, Patterns,
Temperature, 2.1027

ALTERNATIVE DEVELOPMENT PATTERNS, PLANS, CON-
TROLS AND IMPACT ASSOCIATED WITH NEW RESER-
VOIRS ...Administrative Structures, Alternative Planning, Op-
timization, Reservoirs and Impoundments, Types of Resources,
...6.0561

RESEARCH ON CHARACTERISTICS OF CONVECTIVE
CLOUDS IN TEXAS ...Aircraft, Cloud Physics, Cumulus, Data
Analysis - General, Model Studies, 2.1023

TEXAS GEOLOGIC ATLAS PROJECT ...Atlases-maps, Compila-
tion, Geologic Maps, 7.0100

THE WILCOX GROUP IN TEXAS ...Cask Aquifers, Ground-
water, Local Stratigraphy, Sedimentary History, Specific Rock
Unit, ...2.1007
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GEOLOGY OF THE LAJITAS AND REDFORD QUADRAN-
GLES, BREWSTER AND PRESIDIO COUNTIES, TEXAS ...At-
lases-maps, Geologic Maps, Geology-general, Groundwater,
...2,1014

MINERAL RESOURCE STUDY -- RESERVOIR SITES Appraisals-
general, Metallic Deposits-other, Pre-impoundment Sites, Reser-
voirs and Impoundments, Resource Inventories, 2,1008

ENVIRONMENTAL GEOLOGY STUDY OF DALLAS-FT,
WORTH METROPOLITAN REGION ...Data Acquisition-general,
Geology - Engineering, Groundwater, Shallow, Urban Environ-
ments, 7.0098

GEOLOGY OF THE CAVE CREEK SCHOOL, MONUMENT
HILL, AND YEAGER CREEK QUADRANGLES, GILLESPIE,
BLANCO, AND HAYS COUNTIES, TEXAS ...Atlases -maps,
Geologic Maps, Geology-general, Groundwater, Water Resources
Development, 7.0101

GEOLOGY OF THE PAk.UXY AND BRAZOS VALLEYS IN
HOOD, SOMERVELL, AND ERATH COUNTIES, TEXAS
...Clastic Aquifers, Groundwater, Water Table Fit Illation, Water
Utilization -general, Water Yield, ...4.0235

FERTILIZER TREATMENTS AND CULTURAL PRACTICES ON
VEGETABLES ...Aerial, Quality -non-specific, Rates Or Levels of
Application, Root, Yield, 6.0553

IRRIGATION STUDIES FOR THE HIGH PLAINS ...Consumptive
Use, Irrigation-general, Moisture Levels, Requirements for Water,
_2.1050

AN ECONOMIC STUDY OF CROP PRODUCTION PRACTICES
AND THE USE OF FARM EQUIPMENT ON THE HIGH
PLAINS OF TEXAS ...Benefit-cost Analysis, Costs, Soil Prepara-
tion & Renovation, Special Purpose Machines, Tillage, Cropping
Systems, 6.0555

THE EVALUATION, BREEDING AND IMPROVEMENT OF
LETTUCE VARIETIES FOR TEXAS ...Aerial, Irrigation, Let-
tuce, Space Competition, 6.0550

FEASIBILITY OF THE ESTABLISHMENT OF PERMANENT
SALINE-TYPE AGRICULTURE ON AI.LUVIAL SOILS OF
THE PECOS RIVER VALLEY OF TEXAS ...Irrigation, Irriga-
tion-general, Saline and Alkaline Soils. Soil Chemical Properties,
Soil Conditions, Soil-water-plant Relationships, ..3.0447

ECONOMICS OF AGRICULTURAL WATER USE NORTH OF
CANADIAN RIVER ...Agriculture Industry, Application, Cost
Analysis, Regression Analysis, Water Costs, _6.0559

THE ROLE OF SOIL STRUCTURE IN CROP PRODUCTION
AND METHODS FOR IMPROVING SOIL PHYSICAL CONDI-
TIONS _Groundwater Movement, Management Effects, Plant
Residues, Humus, Compost, Soil Environment, Soil Structure,
,.,2.1055

INTERROW WATERSHEDS AS A MEANS OF INCREASING
RAINFALL EFFICIENCY ...Infiltration, Irrigation-general.
Modified Water Use, Plant Water Use-other, Water Transfer.
3.0450

MICROCLIMATE ANALYSIS ...Boundary Layer Studies, Irriga-
tion, Irrigation-general, Microclimate-genera!, Transpiration,
...2.1002

SOIL MOISTURE SURVEY FOR SOUTH PLAINS OF
NORTHWEST TEXAS ...Moisture Content, Moisture Meters,
Moisture Tension, Soil Depth, 2.1051

VARIATION OF SATURATED HYDRAULIC CONDUCTIVITY
OF HOUSTON BLACK CLAY WITH SOIL DEPTH AND WITH
DIAMETER OF SOIL COVES ...Clay, Density, Permeability,
2.1022

CROP RESPONSE TO STATIC AND FLUCTUATING WATER
TABLES _Saline Soils, Soil Aeration, Soil-water-plant Relation-
ships, Water Table - Depth of , Water Table Fluctuation,
_3.0446

RUNOFF PRODUCTION FROM UNIT SOURCE WATERSHEDS
IN THE EDWARDS PLATEAU ...Amount, Forecasting-predic-
tion, Rocks Bedrock, Runoff, Small Watersheds. 2.1028

RELATION OF CLIMATIC AND WATERSHED CHARM:-
TERISTICS TO STORM RUNOFF IN THE EDWARDS
PLATEAU ...Amount, Runoff, Small Watersheds, Storm Water,
Storms-general, 2.1030

WATER YIELD AND GROUNDWATER MOVEMENT IN THE
EDWARDS PLATEAU AS AFFECTED BY GEOLOGY, CHAN-
NEL AND VALLEY MATERIALS, AND FLOOD STRUC-
TURES ...Engineering Structures-general, Groundwater Move-
ment, Karst Topography, Rain, Wal,,.; Table Fluctuation, Water
Yield, ...2.1031

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS IN THE
BLACKLANDS AND EDWARDS PLATEAU OF TEXAS
...Agricultural Watersheds, Amount, Drought, Gages, Runoff,
2.1032



Texas SUBJECT INDEX

DEVELOPING AGRICULTURAL LAND IN RECREATIONAL
USES UNDER PRIVATE OWNERSHIP OPPORTUNITIES IN A
TEXAS ECONOMIC AREA ...Agricultural Watersheds, Lakes,
Management, Recreation Sites, Social Aspects, 6.0557

THE ECONOMICS OF IRRIGATED CROP PRODUCTION BY
LOW CAP kCITY WELLS AND BY SPRINKLER SYSTEMS ON

TEXAS FA RMS -Economics-general, Irrigation-general,
Management, Optimization, Water Table Fluctuation, ..,3.0452

SEDIMENT PRODUCTION YIELD AND DELIVERY RATE IN
RELATIONS TO CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Conservation, Land Use, Sediment Yield. Small
Watersheds, ...2.1018

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE EDWARDS
PLATEAU ...Floods, Reservoirs and Impoundments, Runoff,
Sediment Yield, Watersheds-general, 2.1020

RUNOFF AND WATER YIELD AS AFFECTED BY CLIMATIC
AND WATERSHED CONDITIONS IN THE BLACKLANDS OF
TEXAS Agricultural Watersheds, Amount, Floods, Runoff,
Water Yield, 2.1021

DEVELOPMENT OF A WATER QUALITY CONTROL PRO-
GRAM FOR THE SAN JACINTO RIVER BASIN ...River Basins,
Water Quality Control-general, 5.1177

PliRMIAN BASIN ORIGIN OF SALINE WATER DISCHARGE
...Brines, Groundwater Movement, Permian Period, Saline Water
Intrusion, Subsurface Flow, _2.1004

FLOOD INUNDATION MAPPING AND URBAN RUNOFF INV.,
DALLAS, TEXAS ..Floods, Land Use, Mapping, Runoff, Urban
Environments, 4.0232

HYDROLOGIC INVESTIGATIONS OF URBAN AREAS -

HOUSTON, TEXAS Amount, Discharge- general, Floods, Gag-
ing, Urban Environments, .4.0233

URBAN HYDROLOGY STUDY - SAN ANTONIO, TEXAS
...Discharge - other, Floods, Runoff, Urban Environments, ...4.0234

STREAMFLOW TEMPERATURE INVESTIGATION, TEXAS
...Flow Characteristics - water, Gaging, Streams, Temperature,
7.0099

QUALITY OF WATER OF THE TEXAS BAYS AND ESTUARIES
...Bays, Estuaries, Nutrients, Pollutants - Path of , Water Quality-
general. 2.1003

PIPELINE AND TUNNEL HYDRAULICS ...Conduit, Friction,
Hydraulics-general, Pipelines, Pipes, ...8.0042

EVAPORATION REDUCTION INVESTIGATIONS STUDY OF
THE EFFECTS OF FATTY ALCOHOLS ON THE ECOLOGY
OF LAKE HEFNER ...Alcohols, Antitranspirants, Lakes,
Physiological Ecology, Plankton (non-specific), ...3.0130

ECONOMICS OF WATER MANAGEMENT ON THE TEXAS
HIGH PLAINS ...Aquifers-general, Economic Impact, Oround-
w44er. Production & Processing, Water Allocation, Water Yield,
Welfare Economics, ...6.0137

Textile Deterioration

I,aundering
INFLUENCE OF WATER QUALITY IN MAINTAINING WHITE-

NESS WHEN LAUNDERING WHITE FABRICS ...Cleansing
Agents. Color, Cotton, Hardness-minerals, Pollution - Effects of ,
Strength, Cohesion, ...3.0382

FABRICS AND dATER PROBLEMS Hardness-minerals,
Mineralization, Wear, 5.1112

Wear
FABRICS AND WATER PROBLEMS Hardness-minerals, Laun-

dering, Mineralization, ...5.1112

Thermal Analysis

D.t.a.
BINDERS OF CONCRETE RESISTANT TO SALINE WATER AT

ELEVATED TEMPERATURES ...Aggregates, Extenders, Fillers,
Binders, Brines, Cement, Concrete, X-ray, 8.0686

REUSE OF WASTE IRRIGATION WATER TO RECOVER ADDI-
TiONAL PETROLEUM BY WATERFLOODING Chemical
Analysis (water), Irrigation-other, Petroleum Industry, Secondary
Recovery, Spectroscopy - general, Water Reuse, 5.0154

Temperature Jump Method
ION-SOLVENT AND ION-ION INTERACTIONS IN AQUEOUS

ELECTROLYTES ...Activity, Assoc & Dissoc, Electrolytes,
Relaxation, Ultrasonic, 1.005

Thermal Properties
Boiling Point

THERMOPHYSICAL PROPERTIES OF SEA WATER AND
AQUEOUS ELECTROLYTE SOLUTIONS CONTAINING
NACL, KCL, NA2SO4, AND MGSO4 ...Brines, Conductivity.
Density, Tables, Compilations, Catalogs, Vapor Pressure, Viscosi-
ty, 3.0286

CONSTANT TOTAL PRESSURE EVAPORATION WITH HEART
REUSE BY A I3ULIT -IN ENGINE ...Additives, Condensation,
Desalination, Heat Recovery, Saturated Hydrocarbons, ...3.0135

Diffusion
DIFFUSION IN TERNARY AQUEOUS SALINE SOLUTIONS

...Brines, Thermodynamic Non Equilibrium, ...i.0042

Heat Capacity
Heat Capacity-other

THE EFFECTS OF NONELECTROLYTES AND SELECTED
SALTS ON STRUCTURING IN WATER ...Brines, Solubility,
Thermal Relation-other, Water, 1.0104

THERMODYNAMICS OF WATER AND WATER SOLUTIONS
...Entropy, Solution, Water, .1.01143

Specific Heat
THE DETERMINATION OF THE ENGINEERING THERMO-

PHYSICAL PROPERTIES OF SOLUTIONS CONTAINING DIS-
SOLVED SOLIDS ...Calorimetry, Conductivity, Desalination,
Enthalpy, 1.0019

Stability
EVALUATION OF INORGANIC MEMBRANES FOR ELEC-

TRODIALYSIS OF BRACKISH WATERS ...Desalination, Elec.
trodialysis, Ion Exchange-other, Membranes-other, Surfactants,
,..3.0209

INVESTIGATION OF SOAP-DETERGENT COMB/NATIONS
BASED ON INEDIBLE ANIMAL FA ..,Acids, Biodegradation,
Hydrolysis, Organic, Surfactants, 5.0991

Thermal Properties-other
DISSOLVED GASES AND WATER CLUSTERING IN AQUEOUS

SOLUTION ...Chlorine, Dioxide, Ions and Gases, Salt, Solution,
Water, ..,1.0052

TRANSPORT PHENOMENA IN FUSED ORGANIC SALTS
...Desalination, Diffusion-other, Reverse Osmosis, Salt, Viscosity,
3.0075

MEASUREMENT OF THERMODYNAMIC PROPERTIES OF
SALINE SOLUTIONS ...Analysis and Detection, Salinity, State
Variables - Pvt, Temperature, Vaporization, 1.0099

INTERFACIAL WATER STRUCTURE AND PROPERTIES
...Hydration, Inorganic, Interface, Tension, Water, 1.0044

SOLUBILITIES OF THE SULFATES OF BARIUM AND STRON-
TIUM IN OILFIELD WATERS ...Barium, Brines, Fluid Proper-
ties, Radioisotopes, Solution Chemistry, Strontium, ...1.0097

RURAL RUNOFF CONTROL ...Adsorption-desorption, Nutrients,
Pesticides -non-specific, Runoff, Rural Areas, _5.0282

Thermochemical Heat
Crystallization

DESALINATION BY THE INVERSION ON THE ORDER OF
MELTING BY APPLIED PRESSURE ...Desalination, Freezing,
Heat Transfer, Pilot Plants, 3.0240

Formation
AN EXPERIMENTAL STUDY OF THE STRUCTURE, THER-

MODYNAMICS, AND KINETIC BEHAVIOR OF WATER
...Free Emmy, Mass, Temperature, Water, 3.0305

Soluion
THERMODYNAMICS OF MIXING OF SALT SOLUTIONS ...Al-

kali Metals-general, Salt, 1.0090
THE HEATS OF MIXING OF STRONG ELECTROLYTES Al-

kaline Earth-general, Electrolytes, Salt, Water, 1.0029
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SUBJECT INDEX Thermodynamic Relation

PROPERTIES OF SEA WATER AND ITS CONCENTRATES AT
TEMPERATURES UP TO 400 DEGREES FAHRENHEIT
...Desalination, Enthalpy, Temperature, ..1.0014

THERMODYNAMICS OF WATER AND WATER SOLUTIONS
...Entropy, Water, ...1.0043

Vaporization
THE MEASUREMENT OF EVAPORATION AND CONDENSA-

TION COEFFICIENTS OF WATER UNDER EQUILIBRIUM
CONDITIONS ...Desalination, Equilibrium - Chemical, Phase
Relationship, Tritium, 3.0403

MEASUREMENT OF THERMODYNAMIC PROPERTIES OF
SALINE SOLUTIONS ...Analysis and Detection, Salinity, State
Variables Pvt, Temperature, Thermal Properties-other, 1.0099

Thermal Treatment
THE THERMOSORB PROCESS FOR DESALTING WATER ...Ad-

sorption-other, Carbon, Cost Analysis, Desalination, on
Exchange-other, 3.0103

Thermodynamic Methods

Calorimetry
INORGANIC ION EXCHANGERS AND THE NUCLEATION OF

SCALE FORMING MATERIALS .Desalination, Equilibrium -
Chemical, Ion Exchange-other, Structural Effect-other, Zirconi-
um, ..3.0341

THE DETERMINATION OF THE ENGINEERING THERMO-
PHYSICAL PROPERTIES OF SOLUTIONS CONTAINING DIS-
SOLVED SOLIDS ...Conductivity, Desalination, Enthalpy,
Specific Heat, 1.0019

Heat Measurement
THE HYDROLOGIC SIGNIFICANCE OF CHEMICALLY

DERIVED MEAN BASIN TEMPERATURES ...Air Temperature
Instruments, Aldose and Ketose, Evaporation, Forecasting-predic-
tion, Pennsylvania, 2.0924

Thermodynamic Non Equilibrium
THE TRANSPORT OF SALTS AND WATER ACROSS A CA-

TION EXCHANGER UNDER A GRADIENT OF HYDRO-
STATIC PRESSURE. ...Cation, Desalination, Membranes-other,
Streaming Potential, ...3.0467

DIFFUSION IN TERNARY AQUEOUS SALINE SOLUTIONS
...Brines, Diffusion, ...1.0042

Thermodynamic Relation
STUDIES ON THE FREEZING PROCESS FOR DESALTING

SALINE WATERS ...Cost Analysis, Freezing, Other, Porosity,
Washing, 3.0365

THE STRUCTURE AND PROPERTIES OF WATER SOLUTIONS
...Aqueos, Inorganic, Solubility, Water, 1.0039

Activity
STUDIES BEARING ON THE RELATION OF STRUCTURE TO

PROPERTIES IN LIQUID SOLUTIONS ...Electrolytes, Solution,
Water, 1.0105

ION-SOLVENT AND ION-ION INTERACTIONS IN AQUEOUS
ELECTROLYTES ...Assoc & Dissoc, Electrolytes, Relaxation,
Temperature Jump Method, Ultrasonic, 1.0095

ION - ION AND ION - MOLECULE INTERACTIONS IN AQUE-
OUS SALT SOLUTIONS ...Conductivity, Ionic, Osmotic Pres-
sure, Polarization, Solution, 1.0020

ISOTOPE EFFECT ON THE THERMODYNAMIC ACTIVITY OF
WATER ...Chemical-general, Deuterium, Solution, Vapor Pres-
sure, Water, 1.0112

HYDROSTATIC HIGH PRESSURE EFFECTS ...Enthalpy, Entropy,
High, Water, ...1.0126

Activity Coefficient
THE USE OF AMALGAM ELECTRODES TO MEASURE AC-

TIVITY COEFFICIENTS OF METAL SALTS IN MULTICOM-
PONENT SALT SOLUTIONS ...Electrode, Equilibrium-other,
Saline Water Systems, ...L0065

Compressibility--gas-liq
DIFFUSION OF ENTRAPPED GASES IN POROUS MEDIA

...Aquifers-general, Cavitation-other, Diffusion, Groundwater, Ions
and Gases, Porous Media - Flow Through, -.2.0209

TRANSPORT AND DIELECTRIC PROPERTIES OF SALINE
SOLUTIONS ...Analysis and Detection, Dielectric Properties, Ex-
treme High Pressure - K Bar, Transference, Water, _1.0103

Energy
Free Energy

INVESTIGATION OF DESALINATION BY FREEZING ...Bond
Type-other, Desalination, Freezing, Impurity, Interface, .3.0417

AN EXPERIMENTAL STUDY OF, THE STRUCTURE, THER-
MODYNAMICS, AND KINETIC BEHAVIOR OF WATER
...Formation, Mass, Temperature, Water, 3.0305

Enthalpy
PROPERTIES OF SEA WATER AND ITS CONCENTRATES AT

TEMPERATURES UP TO 400 DEGREES FAHRENHEIT
...Desalination, Solution, Temperature, 1.0014

THE DETERMINATION OF THE ENGINEERING THERMO-
PHYSICAL PROPERTIES OF SOLUTIONS CONTAINING DIS-
SOLVED SOLIDS ...Calorimetry, Conductivity, Desalination,
Specific Heat, 1.0019

HYDROSTATIC HIGH PRESSURE EFFECTS ...Activity, Entropy,
High, Water, 1.0126

Entropy
TRANSPORT PROPERTIES OF AQUEOUS ELECTROLYTE

SOLUTIONS - AN APPROACH FROM THE HIGH CONCEN-
TRATION LIMIT ...Concentration, Desalination, Glassy, Trans-
port, Viscosity, ..1.0049

STUDY OF A SPECIFIC INFLUENCE OF IONIC SPECIES ON
STRUCTURING IN WATER _Configuration, Electrolytes, Half
Cell, Ion Exchange-other, Membranes-other, 1.0010

THERMODYNAMICS OF WATER AND WATER SOLUTIONS
...Solution, Water, ...1.0043

HYDROSTATIC HIGH PRESSURE EFFECTS ...Activity, Enthalpy,
High, Water, ...1.0126

Equilibrium - Chemical
THE MEASUREMENT OF EVAPORATION AND CONDENSA-

TION COEFFICIENTS OF WATER UNDER EQUILIBRIUM
CONDITIONS ...Desalination, Phase Relationship, Tritium,
Vaporization, ...3.0403

INORGANIC ION EXCHANGERS AND THE NUCLEATION OF
SCALE FORMING MATERIALS Calorimetry, Desalination,
Ion Exchange-other, Structural Effect-other, Zirconium, 3.0341

State Variables - Pvt
AN INVESTIGATION OF ION MOBILITY IN AQUEOUS SOLU-

TIONS ...Conductivity, Solution, Transport, Variable Tempera-
ture, Variational Pressure, 1.0064

MEASUREMENT OF THERMODYNAMIC PROPERTIES OF
SALINE SOLUTIONS ...Analysis and Detection, Salinity, Tem-
perature, Thermal Properties-other, Vaporization, _1.0099

Statistical
THEORY OF LIOUIDS ...Approximations, Interparticle Forces,

Perturbation Methods, Potential Functions, Solution-other,
1.0016

STATISTICAL MECHANICAL THEORIES OF FLUIDS ...Inter-
face, Quantum Analysis, Solution, Tension, Van Der Weals
Forces, ...1.0084

ENGINEERING ECONOMICS OF WATER DESALTING IN
COMBINATION WITH NITROGEN FIXATION FOR
AGRICULTURAL CHEMICALS MANUFACTURE ...Ammonia,
Cost Analysis, Desalination, Fixation, Nuclear, ...3.0347

SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTS IN
GROUND WATER ...Carbonates, Chemical-general, Ground-
w4ter, Model Studies, Sedimentary Petrogenesis, Solution Chemis-
try, _1.0120

Thermal Relation-other
INVESTIGATIONS OF AQUEOUS SALT SOLUTIONS BY

RAMAN SPECTROSCOPY ...Complexes, Complexing, Raman,
Solution, Solvent-other, 1.0079
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DIELECTRIC PROPERTIES OF HYDROGEN-BONDED LIQUIDS
...Alcohols, Desalination, Dielectric Properties, Hydrogen, Isomer-
ism, ...1.0078

THE EFFECTS OF NONELECTROLYTES AND SELECTED
SALTS ON STRUCTURING IN WATER ...Brines, Heat Capaci-
ty-other, Solubility, Water, 1.0104

Thiocyanate
SPECTROPHOTOMETRIC AND FLUOROMETRIC DETER-

MINATION OF SELECTED ANION WATER CONTAMI-
NANTS ...Carbonate, Bicarbonate, Chemical Identification,
Fluororactry, Iodide, Phosphate, Phosphite, Spectroscopy-general,
_5.0672

Thorium
ENVIRONMENTAL RADIATION STUDIES ...Core Analysis, Pro-

tactinium, Rate of Deposition, Uranium, ...1.0113

Tidal Streams
FLUSHING PATTERN OF CERTAIN TIDAL STREAMS IN

DELAWARE ...Aquatic Ecology, Circulation -water, Delaware,
Discharge-general, Industrial-general, 2.0250

EXTENT OF BRACKISH WATER IN TIDAL RIVERS ...Brackish
Water, Maryland, Saline Water Intrusion, Salinity, Tides, ...2.0562

Tides
COMPUTER SIMULATION OF ESTUARINE DISPERSION

...Computers-general, Dispersion -water, Estuaries, Model Studies,
Seasonal, ...5.0935

LAKEBORGNE-CHANDELEUR SOUND SYSTEM ...Aquatic
Ecology, Louisiana, Nets, Number Or Density, Plankton
Sampling, ...2.0543

UTILIZATION OF PHYSICAL AND MATHEMATICAL MODELS
q.N ESTUARINE WATER RESOURCES RESEARCH AND
'MANAGEMENT ...Computers-general, Estuaries, Management,
Model Studies, Shoreline - Coastline, 6.0607

TIDAL EFFECTS ON GROUND WATER HYDRAULICS IN
HAWAII ...Analog Computers, Groundwater, Hawaii, Hydraulics-
general, Model Studies, 2.0378

ANNUAL PHYTOPLANKTON PRODUCTION IN PUGET
5.7Y,ND WATERS ...Copepods, Invertebrate Cultures,
PVtoplankton, Puget Sound, Standing Crops, ...5.1256

APECHANICS OF DISPERSION IN ESTUARY POLLUTION
/..Dispersion -water, Estuaries, Mathematical Analysis, Model Stu-
dies Pollutants - Path of ...5.0528

TIDAL, SALIN! I'Y AND SEDIMENTATION PROBLEMS IN
LAKE MARACAIBO CHANNEL, VENEZUELA ...Bed Load,
Erosion-general, Rate of Deposition, Salinity, Venezuela, 2.0618

EXTENT OF BRACKISH WATER IN TIDAL RIVERS ...Brackish
I Water, Maryland, Saline Water Intrusion, Salinity, Tidal Streams,

...2.0562
'TIDAL FLOWS IN RIVERS AND HARBORS ...Committee-sup-

port, Harbors, Hydraulics-general, Streams, 2.0688
GREAT LAKES RESEARCH - WATER-LEVEL DISTURBANCES

...Lake Eric, Lake Michigan, Model Studies, Seiches, Water Level
Fluctuation, 2.0640

FLOW AND SALINITY IN THE HUDSON ESTUARY, NEW
YORK ...Estuaries, Fresh Water, Inflow, Management, Salinity,
...2.0781

EXTENT OF BRACKISH WATER IN TIDAL RIVERS, MARY-
LAND ...Brackish Water, Runoff, Water Utilization -general,
2.0569

TIDAL DISCHARGE RESEARCH, NEW JERSEY ...Data Acquisi-
tion-general, Discharge-general, Other Data Analysis, Sediments,
Water Quality-general, ...2.0769

Tidewater Areas
BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE

SALT MARSH ENVIRONMENT -...Aquatic Soils, Chemical,
Core Analysis, Microorganisms (non-specific), Salinity, Swamps-
marshes, ...1.0026

PHYSICAL FACTORS AFFECTING OREGON COASTAL POL-
LUTION Circulation General, Density, Pollution-general,
Shoreline - Coastline, Water Quality-general, 5.0951

SHOALING PROCESSES ...Channels, Sand Bars, Scouring, Sedi-
ment Transport-other, Turbulent Flow, 2.0690

Tissues -biological
PHYSIOLOGICAL EVALUATION OF TREATED TOXIC

WASTES ...Bioindicators, Blood Plasma and Scrum, Contamina-
tion - Water, Pollution Effects, Pulp, Paper , and Logging,
...5.0976

Adipose
INTERACTION OF ENDRIN AND PROLACTING-INDUCED

FAT SYNTHESIS IN THE PLAINS KILLIFISH - PESTICIDE
EFFECTS ON FISH ENDOCRINE FUNCTIONS ,Endrin X
Biocid, Killifishs - Cyprinodon, Metabolism -animal, Photoperiod,
...5.0657

Composition
Chemical Analysis

CLADOPHORA AS RELATED TO POLLUTION IN WESTERN
LAKE ERIE ...Algal Pollutant Sources, Bioindicators,
Cladophora, Lake Eric, Mapping, 5.0883

Histochemistry - Cytochem
COMPARATIVE BIOCHEMICAL AND MORPHOLOGICAL

CHARACTERISTICS OF MARINE FUNGI FROM SHELLFISH
...Endoparasites -other, Fungal Culture, Histology and Cytology,
Marinc Fungi (non-specific), Plant Taxonomy, .,.6.0265

Histology and Cytology
BIOLOGIC AND ENVIRONMENTAL CONTROL OF EURASIAN

MILFOIL (MYRIOPHYLLUM SPICATUM L.) IN CHES-
APEAKE BAY ...Biocontrol, Chesapeake Bay, Range Or Terri-
torial Distr. , Water Milfoil, Waterweed.. ...6.0251

TOLERANCE AND CYTOLOGICAL RESPONSE OF ALGAE TO
MINE WATER ...Environment, Mining Activities, pH , pH -
water, Pollution - Effects of , ...5.1276

CYTOPATHOLOGICAL CHANGES IN NATIVE FISH SPECIES
EXPOSED TO STREAM POLLUTANTS ...Contamination -
Water, Fish -non-specific, Pollution - Effects of , Pollution Ef-
fects, Streams, 5.1021

STUDIES IN OYSTER PATHOLOGY ...Mortality Rates, Oysters,
Pathology, ...6.0630

COMPARATIVE BIOCHEMICAL AND MORPHOLOGICAL
CHARACTERISTICS OF MARINE FUNGI FROM SHELLFISH
...Endoparasites -other, Fungal Culture, Histochemistry -
Cytochem, Marine Fungi (non-specific), Plant Taxonomy,
...6.0265

THE NORMAL ANATOMY AND HISTOLOGY OF SOME
MARINE INVERTEBRATES ...Clams, Invertebrate Anatomy,
Pollution Effects, Water Quality-general, 5.1095

Pathology
Computer Matching Code

PROJECT 2203 EFFECTS ON PHYSIOLOGY WORK UNIT 53
CHRONIC EFFECTS OF ENDRIN ON BLUEGILLS ...Alabama,
Bluegills, Bream, Endrin, Residue Analysis -other, Wildlife,
_5.0022

SHELLFISH MORTALITY - CHESAPEAKE BAY ...Chesapeake
Bay, Mortality Rates, Oysters, Pathology, Protozoa, 6.0264

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE FISHES ...Contamination - Water,
Killifishs - Cyprinodon, Pollution - Effects of , Pollution Effects,
...5.1080

HISTOPATHOLOGIC EFFECTS OF POLLUTANTS ON CELLS
AND TISSUES OF MARINE INVERTEBRATES ...Clams, Con-
tamination - Water, Invertebrate Pathology, Pollution - Effects of
, Pollution Effects, Pollution-other, 5.1081
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Titanium
RESEARCH ON HIGH-EFFICIENCY COMBINED EVAPORA-

TIVE AND CONDENSATIVE HEAT TRANSFER SYSTEM
...Condensation, Fluoro Plastics, Heat Transfer, Heat Transfer
Coefficients, Other, Tension, ...3.0266

A STUDY OF THE STRESS - CORROSION SUSCEPTIBILITY OF
CUPRO-NICKEL AND TITANIUM UNDER DESALINATION
CONDITIONS ...Copper, Desalination, Stress Corrosion, Tem-
perature General, Water, 3.0137

WATER RESEARCH PROGRAM III CORROSION ...Brines, Com-
position Parameters-other, Nickel Alloys, Pitting, ...3.0438

NEW DEVELOPMENTS IN CATHODIC PROTECTION AND
CORROSION STUDIES ...Cathodic Protection, Coatings-general,
Dam, Canal, Platinum, ..1.0024
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Titrimetry
Chelating

AGRICULTURAL SIGNIFICANCE OF CERTAIN TRANSI-
TIONAL ELEMENTS FROM PESTICIDES AND OTHER
AGRICULTURAL CHEMICALS Extraction-other, Metal Or-
ganics -non-specific, Mineralogy, Movement, Availability, Soil
Analysis, Soil Chemical Properties, 5.0483

Titrimetry-other
QUALITY IMPROVEMENT OF SWIMMING POOL WATERS -

KINETICS AND MECHANISMS OF THE CHLORINATION-
DEGRADATION OF UREA AND URIC ACID ...Chlorination,
Decomposition-general, Potable, Stcrilants, Ultraviolet, _5,0832

PROCEDURES FOR TRACE ANALYSIS OF DISSOLVED INOR-
GANIC AND ORGANIC CONSTITUENTS IN WATER
...Atomic Absorption, Coulometry, Extraction, Trace Analyses-
other, 5.0442

Toxic Substances
Algal Toxins

BLUE-GREEN ALGAE POISONING ...Algal Pollutant Sources,
Arizona, Cyanophyta (non-specific & Ot), Range Or Territorial
Distr. , Vegetable Origin, ...5.0041

AN INVESTIGATION OF APHANIZOMENON FLOS- AQUAE, A
TOXIC BY-PRODUCT OF EUTROPHICATION ...Algal
Metab.(non-specific &ot), Eutrophication, ...5.0717

RELATIONS OF NUISANCE ALGAE '10 FISH IN KLAMATH
LAKE ..Bioassays, Cyanophyta (non-specific & Ot), Fish -non-
specific, Lakes, Oregon, ...5.0937

LABORATORY STUDIES OF TOXIC DINOFLAGELLATES ...Al-
gal Culture, Gonyaulax, Gulf of Mexico, Gymnodinium, Vegeta-
ble Origin, ...5.1161

STUDY OF TOXIN SYNTHESIS IN SYNCHRONIZED PRYM-
NESIUM ...Biosynthesis, Cell Cycle, Hcmolysins -non-specific,
Prymnesium, Synchronization, 1.0089

COMPARATIVE STUDIES OF DINOFLAGELLATE TOXINS
..,Action- & Bioelectrical Pot. , Algal Culture, Dinophyccac (non-
specific &ot), Toxicology, ...5.0716

INVESTIGATIONS ON CIGUATERA-LIKE BIOTOXINS IN
SHELLFISH ...Algal Culture, Bulk Culture -other, Crustacca
non-specific, Gymaodinium, Mollusks -non-specific & Other,
...5.0018

Bacterial Exotoxins
SURVEY OF CLOSTRIDIUM BOTULINUM TYPE E ...Clostridi-

um Botulinum, Identification, Infra Rcd, Mutagcns, ...5.0957
THE ECOLOGY OF CLOSTRIDUM BOTULINUM IN THE TVA

LAKES AREA ...Bacterial Pollutant Sources, Clostridium Botu-
linum, Food, Microbiological, Range Or Territorial Distr. , Ten-
nessee, ...2.0990

SPORULATION AND GERMINATION OF CLOSTRIDIUM
BOTULINUM ...Cell. env.(non-specific & Ot.), Clostridium Botu-
linum, Growth (non-specific & Ot.), Media, Sparc Studies,
...5.0568

THE ECOLOGY OF CLOSTRIDIUM BOTULINUM TYPE E
Classification Or Taxonomy, Clostridium Botulinum, Ecology,
Estuaries, Serology, ...5.1070

Toxic Substances -non-specific
MICROBIAL DEGRADATION OF ORGANIC POLLUTANTS OF

INDUSTRIAL ORIGIN Chemical , Industrial Wastes, Microbial-
bacterial, Organic Matter, Scwagc Bacteria, 5.0514

THE ECOLOGY OF THE MICROBIAL POPULATION OF AC-
TIVATED SLUDGE Activated, Degradation, Industrial
Processes-other, Mechanisms, Plant Succession, 5.0168

Trace Analysis
Inorganic

DEVELOPMENT OF A CALIBRATION MODULE FOR TRACE
OXYGEN ANALYZERS ...Analyzing, Calibration Devices,
Chemical Analysis (water), Oxygen, Technique Dcvelopmcnt,
3.0055

ASSEMBLY AND EVALUATION OF AN IMPROVED PPB OY-
YGEN ANALYZER FOR SEA WATER ...Automatic, Calibration
Devices, Gases, Oxygen, Technique Development, 3.0453

Trace Elements

REAGENTS FOR DETERMINATIONS OF TRACE IMPURITIES
IN WATER ...Analysis and Detection, Cobalt, Nitrate, Nitrite,
Nitroso Compounds, Spectroscopy-general, 5.0330

ANALYSIS OF TRACE ELEMENTS IN WATER ...Activation
Analysis, Chemical Analysis (water), Other, Spectroscopy-other,
5.1062

THE ACTIVATION-CHROMATOGRAPHIC ELEMENTAL AND
STRUCTURAL ANALYSIS OF FRESH WATER SOURCES
Activation Analysis, Analysis and Detection, Chromatography-
other, Fresh Water, Gamma, Organic, 5,0252

Organic
REMOVAL OF TRA'7E ORGANICS FROM WATER BY AD-

SORPTION ON COAL Activated Carbon, Adsorption, Coal-
general, Isotherm, Waste Water Treatment-general, _5.1209

THE ACTIVATION-CHROMATOGRAPHIC ELEMENTAL AND
STRUCTURAL ANALYSIS OF FRESH WATER SOURCES
...Activation Analysis, Analysis and Detection, Chromatography-
other, Fresh Water, Gamma, Inorganic, ...5.0252

DEVELOPMENT OF INSTRUMENTAL TECHNIQUES FOR THE
ANALYSIS OF TRACE ORGANIC CONSTITUENTS IN
WATER ...Analyzing, Chromatography-other, Infrared, Odor, Or-
ganic Wastes, 5.0211

ORGANIC COMPOUNDS IN ALASKA PERMAFROST
GROUNDWATER ...Alaska, Gas, Permafrost- frozen, Spectrosco-
py-general, Thin Layer, 1.0005

PHYSICAL CHEMISTRY OF RADIOCLEMENTS - RADIOMET-
RIC METHODS OF ANALYSIS Activation Analysis, Elec-
trodeposition, Extraction-other, Precipitation, Radioactivity-
general, 7.0020

Trace Analyses-other
APPLICATION OF MODERN ELECTROANALYTICAL

TECHNIQUES TO THE ANALYSIS OF HEAVY METALS IN
WATER .,.Analysis and Detection, Chronopotentiometry, Heavy
Elements, Mineralization, Polarography, ...1.0040

PROCEDURES FOR TRACE ANALYSIS OF DISSOLVED INOR-
GANIC AND ORGANIC CONSTITUENTS IN WATER
...Atomic Absorption, Coulometry, Extraction, Titrimetry-other,
...5.0442

DETERMINATION OF THE PHOSPHATE CONTENT OF NATU-
RAL WATERS, AT THE NUTRIENT LEVEL, BY SOLVENT
EXTRACTION ...Automatic Systems, Extraction-other, Fresh
Water, Nutrients, Phosphate, Phosphite, 1.0015

TRACE ELEMENT CHEMISTRY OF STREAMS OF THE
LOWER KANSAS RIVER BASIN ...Analysis and Detection,
Atomic Absorption, Chemical Analysis (water), Trace Element
Analysis, ...1.0055

MICROBIOLOGICAL TREATMENT OF POTATO WASTES
...Additives, Agricultural Microbiology, Canning Wastes, Industri-
al Wastes, Material Recovery Wastes, Microbial-bacterial, Plant
Waste Removal, Treatment, ...5.0978
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Trace Elements
TRACE AND TRACER ELEMENTS IN GROUND WATER

...Agricultural Chemicals-general, Arizona, Groundwater, Industri-
al Wastes, Tracers - general, ...4.0010

THE DISTRIBUTION OF TRACE ELEMENTS IN IMPOUND-
MENTS Arkansas, Electric Power Plants, Reservoirs and Im-
poundments, Water Quality Control-general, Water Sampling,
...2.0068

A QUANTITATIVE STUDY OF TRACE ELEMENTS ON
ABIOTIC AND BIOTIC AGGREGATES IN THE MISSOURI
RIVER ...Bacterial Pollutant Sources, Food Pyramids, Missouri
River, Silting, 5.0688

THE IMPACT OF LEAD-ZINC MINING ON THE QUALITY
AND ECOLOGY OF SURFACE WATERS IN SOUTHEAST
MISSOURI ...Adsorption-other, Atomic Absorption, Lead, Mis-
souri, Zinc, 5.0689

REMOVAL OF TRACE METALS FROM WATER BY ION
FLOTATION ...Concentration, Domestic, Flotation, Foam, Indus-
trial Waste- other, ...5.0878

TRACE ELEMENT STUDY OF SOIL-PLANT-WATER SYSTEMS
Groundwater, Soil - Crop Relationships, Soil-water-plant Rela-
tionships, Water Movement, Velocity, 1.0013

BEHAVIOR OF TRACE ELEMENTS IN WATER RECLAMA-
TION TREATMENT PROCESSES ...Chemical Treatment-
general, Pollutant-other, Radioisotopes, 5.0177

TRACE ELEMENT CYCLES IN A SOUTHEASTERN RESER-
VOIR LAKE ...Adsorption Capacity, Radioactivity-general, Rate



Trace Elements SUBJECT INDEX

of Deposition, Reservoirs, Reservoirs and Impoundments, Trace
Element Analysis, Water Cycle, ...2.0945

THE DEVELOPMENT OF OPERATIONAL SHELLFISH DEPU-
RATION AND RELAYING SYSTEMS ..,Bacterial Pollutant
Sources, Clams, Salmonella Typhimurium, Thermal Pollution,
5.1068

TRACE AMOUNT SUBSTANCES IN ENVIRONMENTAL
HEALTH ...Chemical Analysis (water), Other, Pollutants-general,
-.5.0677

Tracers
RADIOISOTOPIC TRACER STUDY TO INVESTIGATE THE

MECHANICS OF LITTORAL TRANSPORT AROUND POINT
CONCEPTION, CALIFORNIA ...California, Distribution, Inter-
tidal Areas, Radioisotopes, Sediment Transport-other, _1.0031

TRITIUM AS A TRACER FOR MIXING PROCESSES ...Mixing,
Ocean Currents, Radioactivity, Salinity, Tritium, ...5.0264

SAND TRACING AT SPECIFIC INLETS AND AREAS ON THE
LOWER EAST COAST OF FLORIDA ...Bays, By-passing,
Florida, Longshore Currents, Shoreline - Coastline, 8.0161

RADIONUCLIDES IN THE SAVANNAH RIVER ESTUARY AND
ADJACENT COASTAL WATERS ...Atomic Plants, Estuaries,
Pollutants - Path of , Radioactivity, Radioactivity-general,
_5.1098

UTILIZATION OF RADIOACTIVE TRACERS IN BEACH STU-
DIES ...Fluorometry, Radioisotopes, 8.0153

Dyes
INVESTIGATIONS ON THE SUBSURFACE DISPOSAL OF

WASTE EFFLUENTS AT INLAND SITES ...Artificial Recharge,
Groundwater Movement, Pollutants - Path of , Recharge Pits -
Wells, Underground Waste Disposal, -3.0022

DETERMINING CHANGES IN PHYTOPLANKTON POPULA-
TIONS IN CLOUDS OF FLUORESCENT DYE MOVING IN
THE MISSISSIPPI RIVER ...Fluorometry, Minnesota, Mississippi
River, Phytoplankton, Standing Crops, 5.0617

LONGITUDINAL DISPERSION OF THE LOWER KANSAS
RIVER BASIN ...Dispersion -water, Kansas, River Basins,
_2.0507

SURVIVAL OF INDICATOR ORGANISMS AND ENTERIC BAC-
TERIA IN WATER ...Bacterial Pollutant Sources, Bioindicators,
Longevity, Nutrients, Tennessee, ,..5.1133

EDDY DIFFUSION AND BACTERIAL REDUCTION IN WASTE
FIELDS ...Bacterial Pollutant Sources, Diffusion, Dispersion -
water, Mixing, Pollutants Path of , Sewers, 5.0111

TURBULENT MIXING IN SURFACE AERATION ...Aeration, Dif-
fuser, Mixing, Synthetic Hydrology-general, Turbulent Flow,
5.1061

TRACER STUDIES - URBAN RUNOFF ...Peak Flow, Runoff,
Urban Environments, Urban Research, Velocity -water, 4.0101

TIME OF TRAVEL - PRINCIPAL MARYLAND STREAMS ...Ma-
ryland, Pollutants - Path of , Streams, Velocity -water, ...2.0565

TRANSPORT PROCESSES IN FLUID FLOWS ...Clastic Aquifers,
Dispersion -water, Mathematical Analysis, Model Studies, Porous
Media - Flow Through, 2.0368

DISPERSION PROCESSES IN ESTUARIES AND RIVERS
...Dispersion -water, Estuaries, Streams, Synthetic Hydrology-
general, 2.0118

Radioisotopes
THE CYCLING OF CI-36 LABELED DDT IN NATURAL

ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles, DDT , Monitor-
ing Systems, Persistance of Residues, Pollution - Effects of ,

.5.0876
GEOCHEMICAL STUDIES OF CONTINENTAL WATERS

Authigenesis, Location, Pore Fluids, 1.0081
STUDIES ON APPLICATION OF RADIOISOTOPE TECHNIQUES

IN STREAM POLLUTION PROBLEMS IN THE PULP AND
PAPER INDUSTRY ...Iridium, Pollutants - Path of , ...5.1233

RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-
HEAD TURBINES AND PUMPS ...Fluids, Open Channel Flow,
Pump-other, Technique Development, Turbine-other, ...4.0057

NUCLEAR TECHNIQUES IN SOILS HYDROLOGY, SNOW
GAGING, AND RELATED APPLICATIONS ...Gaging, General,
Hydrology-general, Soil Environment, Soil-water-plant Relation-
ships, 1.0007

RADIOISOTOPIC TRACER STUDY TO INVESTIGATE THE
MECHANICS OF LITTORAL TRANSPORT AROUND POINT
CONCEPTION, CALIFORNIA ...California, Distribution, Inter-
tidal Areas, Sediment Transport-other, Tracers, 1.0031
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DETERMINATION OF THE DISTRIBUTION OF
RADIONUCLIDES DISCHARGED TO THE GROUND AT THE
NR'1..;, IDAHO ...Artesian Flow, Discharge-general, Observation
Wells, Pollutants - Path of , Radioactivity-general, 5.0318

WATER TRANSPORT THROUGH HYPERFILTRATION MEM-
BRANES ...Cellulose Acetate, Desalination, Rate Determination,
Reverse Osmosis, 3.0239

A STUDY OF PRESCALING DEPOSITION ...Copper, Desalina-
tion, Saline Conversion, Scaling, Encrusting, 1,0011

AIRBORNE RADIOMETRIC SNOW SURVEY ,..Aircraft, Com-
position, Gamma Radiation, Non-electrical Measurements, Snow -
melt, ...7.0071

ADSORPTION OF IONS IN TRACE CONCENTRATIONS ON
SOIL AND SILT PARTICLES ...Adsorption Capacity, Adsorp-
tion-other, Size, Soil Environment, Transfer Processes, 2.0349

THE EFFECT OF POTHOLE DRAINAGE UPON GROUND -
WATEF. RESOURCES ...Drainage, Groundwater, Potholes, Un-
saturated Flow, ...4.0144

APPLICATION OF RADIOISOTOPO TECHNIQUES TO A CRITI-
CAL WATER RESOURCES PROBLEM AREA (NUTRITIONAL
POLLUTION) ...Algae, Nutrients, Phosphorus, ...5.0919

RADIOTRACER STUDIES ON RAPID SAND FILTRATION ...Ion
Exchange-other, Other, Reactors-other, Sand, ...5.0295

BIOLOGICAL FIXATION AND TRANSFORMATION OF
NITROGEN IN SMALL IMPOUNDMENTS ...Ions and Gases,
Nitrogen, Nitrogen Fixation, Reservoirs and Impoundments,
_2.0881

WATER TRACING AND DATING IN HAWAII HYDROLOGIC
CYCLE ...Carbon-14, Groundwater Movement, Hawaii, Surface
Water, Tritium, Water Cycle, 2.0375

URANIUM AND HYDROGEN RADIONUCLIDES AS NATURAL
TRACERS IN THE FLORIDAN AQUIFER ...Aquifers- general,
Florida, Quaternary Period, Recharge -general, Tritium, Uranium,
...2.0326

METAL ION-CATALYZED OXIDATION OF PHENOLS AND
AROMATIC AMINES ...Alcohols, Catalytic, Metal Ion, Organic
Wastes, ...5.1159

CHEMISTRY OF NITROGEN IN NATURAL WATERS ...Analysis
and Detection, Denitrification, Fixation, Lakes, Nitrogen,
_5.0250

SORPTION AND DESORPTION FACTORS INFLUENCING
TRANSPORT, PERSISTENCE, & ALTERATION OF PESTI-
CIDES IN VARIOUS AGRICULTURAL SOILS ...Boundary
Process (moisture), Movement, Leaching, Pesticides -non-
specific, Physical Properties-general, Soil Chemical Properties,
...5.0140

FACTORS INFLUENCING THE FLOW OF SUBSOIL WATER IN
THE IMMEDIATE PROXIMITY OF, AND INTO DRAINAGE
FACILITIES ...Compressibility, Internal Water Movement, Sub-
surface Flow, ...2.0147

FLOW OF COLLOIDAL SUSPENSIONS IN POROUS MEDIA
...Colloidal Phenomena, Model Studies, Porous Media - Flow
Through, Suspension, 2.0871

BEHAVIOR OF TRACE ELEMENTS IN WATER RECLAMA-
TION TREATMENT PROCESSES ...Chemical Treatment-
general, Pollutant-other, Trace Elements, 5.0177

RADIOCARBON AS A TRACER IN GROUND WATER
PROBLEMS ...Aquifers-general, Groundwater Movement,
Laminar Flow, Permeability, Recharge -general, 2.0056

COLUMBIA RIVER ECOLOGY ...Chromium, Columbia River,
Phosphorus, Pollutants - Path of , Zinc, ...6.0613

RADIONUCLIDE MOVEMENT IN GROUNDWATER ...Flow
Characteristics -water, Groundwater Movement, Pollutants - Path
of , Radioactivity-general, Seepage, 5.1099

GROUNDWATER FLOW ...Flow Characteristics -water, Ground-
water Movement, Permeability, Tritium, Velocity -water, ...2.0947

UTILIZATION OF RADIOACTIVE TRACERS IN BEACH STU-
DIES ...Fluorometry, Tracers, 8.0153

INVESTIGATIONS IN ISOTOPIC HYDROLOGY ...Dispersion -
water, Georgia, Tritium, Water Cycle, Water Movement-general,
1.0032

TECHNIQUES FOR USE OF RADIOISOTOPES IN TRACING
RESERVOIR LEAKAGE ...Aquifers-general, Faults, Foundations-
general, Leekage, Reservoirs and Impoundments, 7.0017

RADIOISOTOPE GROUND WATER MEASUREMENTS IN
SMALL DIAMETER DRILL HOLES ...Borehole Geophysics,
Drilling and Coring, Groundwater, Instrumentation-general,
Technique Development, 8.0066

SOLUBILITIES OF THE SULFATES OF BARIUM AND STRON-
TIUM IN OILFIELD WATERS Barium, Brines, Fluid Proper-
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ties, Solution Chemistry, Strontium Thermal Properties-other,
-1.0097

CHRONIC EFFECTS OF HEAVY METALS ON FISH ...Computer
Matching-code, Contamination - Water, Industrial Wastes,
Mineral, Mineral Origin, -5.0584

EFFECT OF NITRILOTRIACETIC ACID (NTA) UPON THE
TOXICITY OF METALS TO SELECTED SPECIES OF
ESTUARINE PHYTOPLANKTON -Acids, Carbon, Chemicals
(loci, algacides), Estuaries, Phytoplankton, -5.1085

WATER YIELD IMPROVEMENT, EROSION CONTROL, AND
SEDIMENT REDUCTION IN FORESTS -Erosion-general,
Forest 'Watersheds, Land Use, Moisture Content, Stabilization-
other, Water Yield, -3.0486

MANAGEMENT FOR IMPROVEMENT OF WATER YIELD IN
THE CONIFER ZONE OF CALIFORNIA ...Evapotranspiration,
Forest Watersheds, Land Use, Precipitation-general, Snowmclt,
Water Yield, -3.0032

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE SOUTHERN
BRANCH -Agricultural Watersheds, Climate, Location, Sedi-
ment Transport-general, Sediment Yield, .2.0675

SEDIMENT PRODUCTION, YIELD, & DELIVERY RATIO IN
RELATION TO CLIMATIC, GEOLOGIC, & WATERSHED
CHARACTERISTICS OF THE NORTHERN PLAINS ...Agricul-
tural Watersheds, Climate, Location, Sediment Transport-general,
Sediment Yield, -2.0230

SOIL-MOISTURE-PLANT GROWTH RELATIONSHIPS
...Moisture Content, Moisture Retention, Moisture Tension, Root
Absorption, Soil-water-plant Relationships, Translocation,
-2.0438

BIOLOGICAL (ENRICHMENT) CHAINS OF RADIONUCLIDES
IN FINNISH LAKES ...Cesium, Eutrophication, Finland,
Nutrients, Radioactive Fallout, -2.0309

LEAD ISOTOPIC CHEMISTRY FOR POLLUTION RESEARCH
...Analysis and Detection, Lead, Other, Pollutants - Path of ,
Transport, ..,5,0150

Tracers-general
THE HYDRAULICS OF GROUND WATER TESTS -Aquifers-

general, Dispersion -water, Groundwater Movement, Model Stu-
dies, -2.0288

INVESTIGATION OF WATER LOSSES To SINKHOLES IN THE
PAHASAPA LIMESTONE, AND THEIR RELATION TO RE-
SURGENT SPRINGS BLACK HILLS, SOUTH DAKOTA
-Groundwater, Karst Topography, Lcekage, South Dakota,
Springs, -2,0979

TRACE AND TRACER ELEMENTS IN GROUND WATER
...Agricultural Chemicals-general, Arizona, Groundwater, Industri-
al Wastes, Trace Elements, -4,0010

THE INTERFLOW PROCESS ON SLOPING WATERSHED
AREAS -Forecasting-prediction, Groundwater Movement,
Mathematical Analysis, Physical Properties-general, Rain-general,
...2.0961

MIXING AND DISPERSION OF CONTAMINANTS IN RESER-
VOIRS ...Currents -water. Dispersion . water, Mixing, Reservoirs
and Impoundments, Velocity -water, -5.1153

TURBULENT DIFFUSION AND REAERATION IN NATURAL
RIVERS -Aeration, Flow of Gas in Liquid, Mixing, Model Stu-
dies, Turbulent Flow, -5.1136

INFLUENCE OF VEGETATION IN SOIL MOISTURE FLOW
...Cover Crops, Groundwater Movement, Infiltration, Soil En-
vironment, -2.0946

ECOLOGICAL ENGINEERING PROJECT ...Atmosphere Radia-
tion, Nutrients, Synthetic Hydrology-general, Temperature,
Velocity -water, ...6.0159

Tracers-other
CHARACTERIZATION OF STREAM REAERATION CAPACITY

...Aeration, Industrial Wastes, Pollution - Effects of , Water Costs,
-5.0303

Training Grants, Fellowships
SUMMER RESEARCH AT THE UNIVERSITY OF OKLAHOMA

BIOLOGICAL STATION ...Oklahoma, Personnel, Research
Facilities, Water Resources - General, ...9.0011

WATER RESOURCES RESEARCH, MANPOWER AND TRAIN-
ING NEEDS FOR INDIANA ,..Indiana, Management. Personnel,
Requirement and Resources, -9.0607

SUPPLY OF AND DEMAND FOR TRAINED WATER
RESOURCES PERSONNEL - A PILOT STUDY ...Personnel,
Requirement and Resources, Utilization, -9.0004

CENTER FOR RESEARCH AND TRAINING IN HYDRAULIC
AND HYDROLOGIC ASPECTS OF WATER POLLUTION
CONTROL ...Document & Literature Info, Hydraulics-general,
Water Quality Control-general, -5.1137

EFFECT OF POLLUTION ON THE QUALITY OF SURFACE
AND GROUND WATER RESOURCES ...Laboratory Analysis,
Pollution - Effects of , Sol Environment, Water Quality Control-
general, Water Reuse, _5.0703

Transition Metal-general
A STUDY OF THE INTERACTIONS PRESENT IN AQUEOUS

SALT SOLUTIONS BY NUCLEAR MAGNETIC RESONANCE
SPECTROSCOPY ...Conservation-general, Ionic. Nuclear Mag-
netic, Solution, Water Resources Development, -1.0074

Translation Grants
TRANSLATION OF VOPROSY IKHTIOLOGII (PROBLEMS OF

ICHTHYOLOGY) -Commercial Fishing, Russia, -6.0122
FIELD TECHNIQUES FOR CHEMICAL ANALYSIS OF WET-

LAND CRITERIA ...Chemical Analysis (water), Chromatog-
raphy-other, Colorimetric, Wetlands, -1.0091

Transportation Engineering
Bridges & Culverts

FLOOD FREQUENCY STUDY ...Culvert, Floods, r.:,w Mexico,
Peak Flow, Rio Grande, ..2.0772

VERIFICATION OF HYDRAULIC COMPUTATION METHODS
FOR BRIDGE SITES _Construction Sites, Discharge-general, Lo-
cation, .8.0207

HYDRAULIC PERFORMANCE OF BRIDGES ...Culvert, Design
Criteria, Dike, Drainage, Engineering Structures-general, -8.0158

INVESTIGATION OF SCOUR AT BRIDGES IN ALASKA
...Alaska, Channel Geometry, Drainage, Erosion Control, Scour-
ing, Suspension, -2.0285

HYDROLOGY STUDY ...Culvert, Engineering Structures-general,
Floods, Flow Characteristics -water, Small Watersheds, -2.0292

INVESTIGATION AND ANALYSIS OF FLOOD HYDROGRAPHS
FROM SMALL DRAINAGE BASINS IN SOUTH DAKOTA
...Culvert, Drainage, Floods, Hydrographs, Rain-general, Small
Watersheds, -2.0294

REDUCTION OF SCOUR AROUND BRIDGE PIERS -Drainage,
Erosion Control, Scouring, -2,0965

ENGINEERING INVESTIGATION PERTAINING TO FLOOD
PROTECTION OF BRIDGES AND CULVERTS ..,Culvert,
Design Criteria. Drag, Drainage, Erosion Control, Floods,
-8.0145

VERIFICATION OF HYDRAULIC DESIGN OF BRIDGES IN
ALABAMA ...Alabama, Data Acquisition-general, Drainage, En-
gineering Structures-general, Floods, -8.0001

SCOUR AT RELIEF BRIDGES ...Culvert, Drainage, Scouring, Sedi-
mentation, Transition Sections, _8.0005

SCOUR AT BRIDGE CROSSINGS IN ALASKA ...Discharge-other,
Erosion Control, Scouring, Suspension, ..2,0013

Construction
PERFORMANCE OF CONSTRUCTION PLANT AND EQUIP-

MENT -Concrete-general, Equipment, Machines, -8.0251
RAPID SOILS EXCAVATION ...Excavation, Machines, Nuclear

Excavation, Technique Development, -8.0082

Design
Design-other

SMALL WATERSHED STUDY ...Drainage, Drainage Systems,
Hydraulic Structures, -2.0297

Location
VERIFICATION OF HYDRAULIC COMPUTATION METHODS

FOR BRIDGE SITES ...Bridges & Culverts, Construction Sites,
Discharge-general, -8.0207

Standards & Criteria
PREVENTION AND CONTROL OF CULVERTS AND ROAD

ICINGS ...Culvert, Heating, Snow and Ice Removal, -2.0025
MODEL STUDY OF DISSIPATING STRUCTURES ...Energy Dis-

sipators, Models, Safety, -8.0008
DISPOSAL OF SURFACE WATER -Drainage, Infiltration, Right-

of-way, Runoff, Surface Water, -2.0150
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Structural
HYDROLOGY RESEARCH PROJECT ...Data Acquisition-general,

Data Analysis General, Drainage, Hydrology-general, Small
Watersheds. _2.0281

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
CONCRETE BOX CULVERTS WITH STANDARD, IM-
PROVED AND SIDE-TAPERED INLETS ...Culvert, Drainage,

Economics-general, Engineering Structures-general, Transition
Sections, 2.0304

Drainage
HYDROLOGICAL STUDY ,..Discharge- general, Gaging, Peak

Flow, Rhode Island, Small Watersheds, _2.0943
EROSION CONTROL CRITERIA FOR DRAINAGE STRUC-

TURES ...Drainage Systems, Erosion-general, 2.0681
USE OF LARGE ROUGHNESS ELEMENTS FOR HYDRAULIC

ENERGY DISSIPATION ...Channel Roughness, Culvert, Energy
Dissipators, Models, Open Channel, 8.0295

STUDY OF RUNOFF FROM SMALL DRAINAGE AREAS ...Ru-
noff, 2.0520

HYDRAULIC INVESTIGATION OF SOIL EROSION AND SEDI-
MENTATION IN HIGHWAY MEDIAN AND SIDE IXTCHES
...Alabama, Fiow Characteristics -water, Scouring, Sedimentation,
Silting, 2.0004

A STUDY OF STORM WATER INLET CAPACITIES ...Inlet,
Louisiana, Model Studies, Storm Sewer Quantity-other, Storm
Water, 8.0206

FLOOD FREQUENCY OF SMALL STREAMS IN LOUISIANA
...Floods, Louisiana, 2.0541

HIGHWAY DRAINAGE STUDY ...Maryland, ...2.0579
DRAINAGE AREA FLOW RESEARCH ...Discharge-general, Mon-

tana, Small Watersheds, 2.0270
WATERSHED SHAPE-FACTOR .,Culvert, Design Criteria, En-

gineering Structures-general, North Dakota, Peak Flow, ...2.0277

STORM WATER INFLOW ...District of Columbia, Forecasting-pre-
diction, Seepage, Storm Water, 2.0307

FLOOD FREQUENCY SYNTHESIS FOR SMALL STREAMS IN
ALABAMA ...Alabama, Forecasting-prediction, Gaging, Peak

Flow, Runoff, Small Watersheds, ...3.0172
SMALL DRAINAGE AREA STUDY ...Arizona, Floods, Gaging,

Peak Flow, Small Watersheds, 2.0239
HYDRAULIC PERFORMANCE OF BRIDGES ...Bridges & Cul-

verts, Culvert, Design Criteria, Dike, Engineering Structures -
general, 8.0158

ANALYSIS OF RUN-OFF FROM SMALL DRAINAGE AREAS
...Design Flow-flood, Floods, Massachusetts, Runoff, Small

Watersheds, ...2.0612
INVESTIGATION OF SCOUR AT BRIDGES IN ALASKA

-Alaska, Bridges & Culverts, Channel Geometry, Erosion Con-
trol, Scouring, Suspension, 2.0285

FLOOD FREQUENCY FOR SMALL DRAINAGE AREAS
...Discharge-general, Floods, Mississippi, Small Watersheds,
...2.0291

HYDROLOGY RESEARCH PROJECT Data Acquisition-general,
Data Analysis - General, Hydrology, euneral, Small Watersheds,
Structural, ...2.0281

INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL
DRAINAGE AREAS IN SOUTH CAROLINA ...Culvert, Design
Flow-flood, Floods, Small Watersheds, South Carolina, 2.0301

EROSION CONTROL STUDY ...Cover Crops, Erosion Control,
Soil Erosion -non-specific, ...2.0532

UNSTEADY FREE SURFACE FLOW IN LONG STORM DRAIN
...Eigenvalues, Engineering Structures-general, Other Methods,
Pipes, Steady, Transition Sections, Unsteady, ...8.0142

COLLECTION OF HYDROLOGIC DATA OF SMALL
DRAINAGE AREAS ...Data Acquisition-general, Maryland, Ru-
noff, Small Watersheds, Storm Water, ...2.0560

INVESTIGATION AND ANALYSIS OF FLOOD HYDROGRAPUS
FROM SMALL DRAINAGE BASINS IN SOUTH DAKOTA
...Bridges & Culverts, Culvert, Floods, Hydrographs, Rain-g aural,
Small Watersheds, ...2.0294

ANALYSIS OF RECHARGE BASINS ...Artificial Recharge, New
York, Recharge Pits - Wells, Runoff, ...2.0777

PROGRAM FOR INVESTIGATION AND ANALYSIS OF
FLOODS FROM SMALL DRAINAGE AREAS IN DELAWARE
...Floods, Flow Characteristics -water, Forecasting-prediction,
Open Channel, Small Watersheds, 2.0295

SMALL WATERSHED STUDY ...Design-other, Drainage Systems,
Hydraulic Structures, 2.0297

REDUCTION OF SCOUR AROUND BRIDGE PIERS ...Bridges &
Culverts, Erosion Control, Scouring, 2.0965

DESIGN TO CONTROL EROSION IN ROADSIDE DRAINAGE
CHANNELS ...Design Criteria, Erosion-general, Lining, Soil Ero-
sion, 2.0657

ESTIMATING RUNOFF RATES FROM SMALL RURAL
WATERSHEDS ...Culvert, Forecasting-prediction, Runoff, Small
Watersheds, 2.0240

SOIL EROSION STUDIES IN OKLAHOMA AND SOIL SEDI-
MENTATION STUDIES IN OKLAHOMA ...Channel Geometry,
Culvert, Erosion-general, Fronde Numbe ?, Stabilization-general,
.,. 2.0877

ENGINEERING INVESTIGATION PERTAINING TO FLOOD
PROTECTION OF BRIDGES AND CULVERTS ...Bridges &
Culverts, Culvert, Design Criteria, Drag, Erosion Control, Floods,
_8.0145

PREDICTION OF THE MAGNITUDES AND FREQUENCIES OF

FLOODS IN MR '41GAN -Floods, Forecasting-prediction,
Michigan, Morphology-general, Rain-general, ...2.0635

INVESTIGATION OF WATER RESOURCES. FLOODS IN
SMALL STREAMS IN TENNESSEE Floods, Tennessee,
...2.0298

PERFORMANCE OF CIRCULAR CULVERTS ON STEEP
GRADES ...Channels, Culvert, Engineering Structures-general,
Erosion Control, Flow Characteristics -water, 8.0289

VERIFICATION OF HYDRAULIC DESIGN OF BRIDGES IN
ALABAMA ...Alabama, Bridges & Culverts, Data Acquisition-
general, Engineering Structures- general, Floods, _8.0001

SCOUR AT RELIEF BRIDGES ...Bridges & Culverts, Culvert,
Scouring, Sedimentation, Transition Sections, .. 8.0005

PREPARATION OF A HIGHWAY DRAINAGE POLICY STATE-
MENT AND PRACTIVE MANUAL FOR THE STATE OF IL-
LINOIS ...Design Criteria, Drainage Systems, Handbooks, Illinois,
Roads and Highways, Water Law-general, _6.0205

DISPOSAL OF SURFACE WATER Infiltration, Right-of-way, Ru-

noff, Standards & Criteria, Surface Water, 2.0150
INVESTIGATION OF RAINFALL DISTRIBUTION ON URBAN

RUNOFF FOR IMPERVIOUS AREAS ,..Hydrographs, Model
Studies, Patterns, Runoff, Urban Environments, 2.0306

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
STRUCTURAL PLATE PIPE AND PIPE-ARCH CULVERTS
USING RESISTANCE FACTORS FROM RECENT RESEARCH
...Culvert, Engineering Structures-general, Friction, Pipes,
...8.0159

DEVELOPMENT OF HYDRAULIC DESIGN PROCEDURES FOR
CONCRETE BOX CULVERTS WITH STANDARD, IM-
PROVED AND SI' :E-TAPERED INLETS ...Culvert, Economics-
general, Engineers. .g Structures-general, Structural, Transition
Sections, ...2.0304

CONTROL AND PREVENTION OF CULVERT AND ROAD
ICINGS ...Culvert, Hydrology-general, Meteorological Studies-
general, Roadway-general, Snow and Ice Removal, 2.0750

General Studies
Models

MODEL STUDY OF DISSIPATING STRUCTURES ...Energy Dis-
sipators, Safety, Standards & Criteria, ...8.0008

Modes
ECONOMIC EVALUATION OF NAVIGATION IMPROVE-

MENTS ...Benefit-cost Analysis, Navigation, Optimization, Price
& Value, Water Transportation, Welfare Economics, ...6.0190

Transportation Needs
RECREATIONAL IMPACT OF FEDERAL MULTI-PURPOSE

RESERVOIRS ...Highway Classification-other, Planning, Pro-
jected Demand, Recreation Sites, Reservoirs, Reservoirs and Im-
poundments, Touring, 6.0219

Highway Classification
Highway Classification-other

RECREATIONAL IMPACT OF FEDERAL MULTI-PURPOSE
RESERVOIRS ...Planning, Projected Demand, Recreation Sites,
Reservoirs, Reservoirs and Impoundments, Touring, Transporta-
tion Needs, ...6.0219

Interstate
ENHANCEMENT OF ECOLOGIC AND AESTHETIC VALUES

OF WETLANDS ASSOCIATED WITH INTERSTATE
HIGHWAYS ...Administrative Structures, Beautification, New En-
gland Province, Water Law-general, Wetlands, ...6.0282

2-492



SUBJECT INDEX Tritium
Urban

URBAN AND METROPOLITAN STUDIES ...Aerial, Geography-
physical, Planning, Remote Sensing-general, Urban Environments,
6.0139

Information Analysis
GREAT LAKES, PORTS AND SHIPPING SYSTEM ,..Economics-

general, Great Lakes-general, Ports & Harbors, Water Transpor-
tation, 8.0171

Maintenance
Heating

PREVENTION AND CONTROL OF CULVERTS AND ROAD
ICINGS .,.Culvert, Snow and Ice Removal, Standards & Criteria,
,..2.0025

Snow and Ice Removal
PREVENTION AND CONTROL OF CULVERTS AND ROAD

ICINGS ...Culvert, Heating, Standards & Criteria, ...2,0025
THE EFFECT OF SALTS APPLIED TO HIGHWAYS ON THE IN-

FILTRATION AND PERCOLATION OF WATER THROUGH
THE SOILS BANDING HIGHWAYS ...Chloride, Infiltration, Pol-
lutants - Path of , Sodium, Soil Chemical Properties, _5.0471

CONTROL AND PREVENTION OF CULVERT AND ROAD
ICINGS ...Culvert, Drainage, Hydrology-general, Meteorological
Studies-general, Roadway-general, 2.0750

MECHANICS OF ICE Ice Jam, Mechanical, St. lawrence River,
Waterways, ...8.0264

GROUND-WATER CONTAMINATION FROM HIGHWAY SALT-
ING IN MASSACHUSETTS ...Groundwater, Groundwater Move-
ment, Massachusetts, Salinity, Salt, 5.0521

Pipelines
HEAT TRANSFER STUDIES ON SLUDGE SUSPENSION

...Digestion, Disposal, Heat Transfer, Solid Waste, ...5.0872
CLAY SLURRY FLOW CHARACTERISTICS ...Clay, Pump-other,

...1.0125

Planning
RECREATIONAL IMPACT OF FEDERAL MULTI-PURPOSE

RESERVOIRS ...Highway Classification-other, Projected Demand,
Recreation Sites, Reservoirs, Reservoirs and Impoundments,
Touring, Transportation Needs, ...6.0219

Right-of-way
EROSION CONTROL CRITERIA FOR DRAINAGE STRUC-

TURES ...Drainage, Drainage Systems, Erosion-general, ...2.0681
DISPOSAL OF SURFACE WATER ...Drainage, Infiltration, Runoff,

Standards & Criteria, Surface Water, ...2.0150
ESTABLISHMENT AND MAINTENANCE OF VEGETATION ON

HIGHWAY RIGHTS-OF-WAY ...Cover Crops, Erosion Control,
Highway Sites, Plant Crowth, Roads and Highways, _2.1035

Roadside Development
Beautification

ENHANCEMENT OF ECOLOGIC AND AESTHETIC VALUES
OF WETLANDS ASSOCIATED WITH INTERSTATE
HIGHWAYS ...Administrative Structures, Interstate, New En-
gland Province, Water Law-general, Wetlands, 6.0282

Plant Growth
EROSION CONTROL STUDY ...Cover Crops, Drainage, Erosion

Control, Soil Erosion -non-specific, .,.2.0532
ROADSIDE DEVELOPMENT AND BEAUTIFICATION

...Aesthetic, Cover Crops, Erosion-general, Roads and Highways,

...2.0109
ESTABLISHMENT AND MAINTENANCE OF VEGETATION ON

HIGHWAY RIGHTS-OF-WAY ...Cover Crops, Erosion Control,
Highway Sites, Right-of-way. Roads and Highways, ...2.1035

Roadway
Pavement

DYNAMIC PROPERTIES OF GRANULAR BASE MATERIALS
IN SATURATED AND PARTIALLY SATURATED CONDI-
TIONS ..,Granular-general, Moisture Content, Moving, Soil
Dynamics, Soil Mechanical Properties, ...2.0305

Roadway-general
CONTROL AND PREVENTION OF CULVERT AND ROAD

ICINGS ...Culvert, Drainage, Hydrology-general, Meteorological
Studies-general, Snow and Ice Removal, 2.0750

Waterways
MECHANICS OF ICE Ice Jam, Mechanical, Snow and Ice

Removal, St. lawrence River, 8,0264

Terminals
Ports & Harbors

GREAT LAKES, PORTS AND SHIPPING SYSTEM ...Economies -
general, Great Lakes-general, Information Analysis, Water Trans-
portation, 8.0171

Traffic Engineering
Safety

MODEL STUDY OF DISSIPATING STRUCTURES ...Energy Dis-
sipators, Models, Standards & Criteria, _8.0008

Tunnels
SEISMIC EVALUATION OF PERMEABILITY OF FRACTURE

ZONES IN ROCK ...Aquifers-general, Joints-fractures, Permea-
bility, Southwest, Structure Location, Water Yield, 3.0017

SITE TESTS TO DETERMINE STRUCTURAL PROPERTIES OF
ROCK FOUNDATIONS ...Dams-other, Engineering Structures-
general, Foundations-general, Power Development, Rock
Mechanics, ...8.0019

CORRELATION OF JOINT DENSITY AND ROCK LOADS--IN-
STALLATION OF TUNNEL SET LOAD CELLS IN DIVIDE
TUNNEL, COLORADO ...Colorado, Engineering Structures-
general, Geology - Engineering, Joints-fractures, _8.0134

Vehicles
Water Vessel

CHARACTERISTICS OF RIVER BANKS RELATED TO VEHI-
CLE PERFORMANCE WHEN ENTERING & EXITING
STREAMS ...Amphibious Vehicles, Statistics-general, Stream
Banks, Streams, Synthetic Hydrology-general, 7.0058

Water Transportation
OPERATION RIVERPORTS ...Canals, Harbors, Mississippi River,

Missouri River, Streams, ...6.0183
GREAT LAKES, PORTS AND SHIPPING SYSTEM ...Economics-

general, Great Lakes-general, Information Analysis, Ports & Har-
bors, 8.0171

ECONOMIC EVALUATION OF NAVIGATION IMPROVE-
MENTS Benefit-cost Analysis, Modes, Navigation, Optimiza-
tion, Price & Value, Welfare Economics, .,.6.0190

LC$7.1( FILLING AND EMPTtYING SYSTEM ...Design Criteria,
Locks, ...8.0244

Travel Grants
A STUDY OF GEORGIA RIVERS AND LAKES ...Georgia, Lakes,

Streams, Water Quality-general, _5.0300

Trematodes
Digenea

Digenea -other
ECOLOGICAL STUDIES OF LARVAL TREMATODES AND

THEIR SNAIL-HOSTS IN THE LAKE CHAMPLAIN
WATERSHED ...Aquatic, Aquatic Ecology, Effect of Parasite on
Host, Gastropods - slugs,conch,snails, Survey Studies, ...6.0396

Schistosoma
WATER QUALITY PROTECTION - SYNTHESIS OF Pr

TIAL MOLLUSCICIDES ...Animal Pollutant Sources, IV of
Action -animal, MolluscHdes -non-specific, Screening Ustential
Pesticides, 5.1066
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Tritium
TRITIUM AS A TRACER FOR MIXING PROCESSES ...Mixing,

Ocean Currents, Radioactivity, Salinity, Tracers, 5.0264
THE MEASUREMENT OF EVAPORATION AND CONDENSA-

TION COEFFICIENTS OF WATER UNDER EQUILIBRIUM
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CONDITIONS Desalination, Equilibrium - Chemical, Phase
Relationship, Vaporization, .10403

WATER TRACING AND DATING IN HAWAII HYDROLOGIC
CYCLE ...Carbon-14, Groundwater Movement, Hawaii,
Radioisotopes, Surface Water, Water Cycle, ..2.0375

URANIUM AND HYDROGEN RADIONUCLIDES AS NATURAL
TRACERS IN THE FLORIDAN AQUIFER Aquifers-general,
Florida, Quaternary Period, Radioisotopes, Recharge -general,
Uranium, ...2.0326

GROUNDWATER FLOW ...Flow Characteristics -water, Ground-
water Movement, Perincability, Radioisotopes, Velocity -water,
.2.0947

INVESTIGATIONS IN ISOTOPIC HYDROLOGY Dispersior -

water, Georgia, Radioisotopes, Watei Cycle, Water Movement-
general, 1.0032

Uganda
DOIVS,STIC WATER USE IN EAST AFRICA ...Kenya, Tanzania,

Water Costs, Water Sources -general Water Utilization -

domestic, 4.0092

Ultrafiltration
THEORETICAL AND EXPERIMENTAL INVESTIGATIONS OF

THE MECHANISM OF FLOW OF WATER AND SOLUTES IN
PLANT ROOTS ...Ionic Effect, Osmotic and Turgor Pressure,
Pressure & Mech Stress, Thermodynamics, Water Movement,
...2.0497

Underground Waste Disposal
THE EVALUATION OF APPLICATION OF C-14 DATING OF

GROUND WATER ...Aquifers-general, Carbon -14, Disposal
Methods-other, Groundwater, Radioactivity-general, 5.0241

INVESTIGATIONS ON THE SUBSURFACE DISPOSAL OF
WASTE EFFLUENTS AT INLAND SITES ...Artificial Recharge,
Dyes, Groundwater Movement, Pollutants - Path of , Recharge
Pits - Wells, 3.0022

DISPOSAL OF WASTE FROM SWINE FEEDING FLOORS TO
MINIMIZE OR ELIMINATE STREAM POLLUTION ...Animal
Wastes Feed Lots, Septic Tanks, 5.0499

CONSERVATION OF FRESH-WATER RESOURCES BY DEEP-
WELL DISPOSAL OF LIQUID WASTES ...Borehole Geophysics,
Core Analysis, Lithology, Permeability, Pollution Abatement,
5.0025

CHARACTERIZATION OF THE PHYSICAL PROPERTIES OF
THE SOILS OF VIRGINIA ..,Moisture Content, Permeability,
Soil Environment, Soil Genesis, Water Table Fluctuation,
2,1106

HYDROLOGY ()F SUBSURFACE WASTE DISPOSAL - NA-
TIONAL REACTOR TESTING STATION, IDAHO ...Geochemi-
cal Analysis, '3roundwater Movement, Nuclear Power, Radioac-
tivity-general,,V/ater Cycle, _5.0319

HYDROLOGY OF THE SAVANNAH RIVER PLANT, SOUTH
CAROLINA --BEDROCK WASTE STORAGE EXPLORATION -
HYDROLOGY OF COASTAL PLAIN SEDIMENTS (ABBREV)
...Clastie Aquifers, Coastal Plain, Crystalline Aquifers, Hydrology-
general, Scepag:, 5.1108

METHODS FOR WATER QUALITY IMPROVEMENT AND ITS
STORAGE UNDERGROUND Computers-gencral, Denitrifica-
don, Groundwater Basins, Management, Natural Recharge, Per-
colation, Waste Water Treatment-general, 4.0005

Upper Atmosphere Physics

Radiation
Infrared

MEASUREMENT OF WATER VAPOR FLUX ABOVE A LAKE
SURFACE BY MEANS OF OPTICAL TECHNIQUES ...Absorp-
tion Spectra, Humidity Instruments, Infrared Radiation, Optical
Systems, Water, 2.0811

Radio Propagation
Transmission Characteristics

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR ...Evaporation, Heat Budget, Humidity, Humidity
Instruments, Oklahoma, Reservoirs and Impoundments, Velocity,
Water Loss Control, 3.0114
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Uranium
GEOCHEMICAL STUDIES WITH STABLE AND RADIOACTIVE

ISOTOPES .Atmosphere, Mineral Groups, Nuclear - General,
Radiochemical Techniques, Sedimentary Rocks, ...2.0134

URANIUM AND HYDROGEN RADIONUCLIDES AS NATURAL
TRACERS IN THE FLORIDAN AQUIFER ...Aquifers-genera!,
Florida, Quaternary Period, Radioisotopes, Recharge -general,
Tritium, 2.0326

Urban Environments
URBAN HYDROLOGIC STUDIES ...Digital Computers, Drainage,

Forecasting-prediction, Louisiana, Pcak Flow, ..2.0551

URBAN AND METROPOLITAN STUDIES Aerial, Geography-
physical, Planning, Remote Sensing-general, Urban, 6.0239

HYDROLOGIC MODELS FOR PREDICTING THE EFFECTS OF
URBANIZATION ...Groundwater Movement, Land Use, Model
Studies, Moisture Content, Seepage, Surface Flow, 2.0913

SANITATION, WASTE DISPOSAL AND PEST AND VECTOR
CONTROL ...Nuclear Explosion, Pollution - Effects of , Radioac-
tive Fallout, Radiologic Warfare, Requirement, Sewage, ...5.0059

THE ECONOMICS OF A REGIONAL MUNICIPAL DESALTING
SYSTEM IN THE LOWER RIO GRANDE VALLEY OF TEXAS
...Desalination, Economic Efficiency, Texas, ...3.0461

EFFECT OF LIMNOLOGICAL CHANGES ON SURVIVAL OF
YOUNG FISH IN ONEIDA LAKE ...Fish -non-specific, Food
Supply, Lakes, New York, Water Quality-general, 6.0372

SCORP UNIVERSITY OUTDOOR RECREATION RESEARCH
STUDY SERVICE SPECIAL PROBLEMS ...Demand Analysis,
Georgia, Recreation Sites, 6.0160

THE LOCAL WATER DISTRICT AS AN URBAN WATER-POL-
ICY DETERMINING ENTITY ...California, Management, Public
Utilities, State-local Government, _6.0060

URBAN HYDROLOGIC RELATIONSHIPS ...Drainage, Forecast-
ing-prediction, Hydrographs, Runoff, Variation in Time, 10554

INVENTORY & EVALUATION OF THE GROUND-WATER
RESOURCES OF SUMMIT VALLEY & UPPER SILVER BOW
CREEK DRAINAGE AREA ...Groundwater, Montana, Survey
Studies, Tables, Compilations, Catalogs, Water Quality-general,
2.0711

THE EFFEC1 OF URBANIZATION ON RUNOFF IN SMALL
WATERSHEDS ..,Indiana, Land Usc, Model Studies, Runoff,
Small Watersheds, ...2.0458

PILOT STUDY OF SMALL WATERSHED FROOD HYDROLO-
GY IN HAWAII, PHASE II ...Design Criteria, Discharge-general,
Drainage Systems, Floods, Hawaii, 2.0381

COMMUNITY REACTIONS TO WATER RESOURCES
PROBLEMS IN RELATION TO PLANNING ...Floods, Planning,
Pollution - Effects of , Social Aspects, ..6.0425

BENEFITS FROM INTEGRATED WATER MANAGEMENT IN
THE NEW YORK METROPOLITAN REGION ...Administrative
Structures, Management, Model Studies, New York, Water
Sources -general, 6.0393

DEVELOPMENT OF COMPUTER MODELS & METHODOLOGY
FOR FORECASTING & EVALUATING MUNICIPAL & IN-
DUSTRIAL WATER REQUIREMENTS ...Digital Computers,
Maryland, Model Studies, Projections and Estimations, Water De-
mand, 6.0252

OPTIMUM LINEAR SYNTHESIF 'N URBAN HYDROLOGY ..,Er-
ror Analysis, Hydrographs, Optimization Technique, Prediction,
Runoff, 6.0287

EVALUATION OF HYDROLOGIC EFFECTS OF URBANIZA-
TION ...Hydrology-general, Land Use, Regression Analysis, Ru-
noff, Small Watersheds, Storm Water, ..A.0231

URBAN WATER POLITICS AND DECISION MAKING IN THE
DETROIT METROPOLITAN REGION ...Decision Theory,
Model Studies, Optimization Technique, Politics, ..6.0298

ADAPTING THE WATER RESOURCE PLANNING PROCESS
TO PROBLEMS AND NEEDS OF METROPOLITAN AREAS
...Model Studies, Planning, River Basins, Systems Analysis, Water
Resources Development, 6.0402

WATER RESERVOIR SYSTEMS ...Drainage, Reservoirs and Im-
poundments, Runoff, Sewerage Systems-other, Storage of Water,
Storm Water, ...4.0031

SYSTEMATIC STUDY AND DEVELOPMENT OF LONG-
RANGE PROGRAMS OF URBAN WATER RESOURCES
RESEARCH ...Data Acquisition-general, Economics-general, Pro-
jections and Estimations, Socivl Aspects, Systems Analysis, Water
Law-general, ...6.0392
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FORECASTING WATER DEMAND - AN INTER- AND INTRA-
COMMUNITY STUDY ...Forecasting-prediction, Projections &
Forecasting, Trends,projections, Water Demand, Water Utiliza-
tion -domestic, 6.0633

A PRELIMINARY ECOLOGICAL STUDY OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Economic Impact, Floodproofing, Kentucky, Reservoirs and Im-
poundments, Social Aspects, ...6.0244

THE URBAN SNOW HAZARD ...Economic Impact, 'Zt,ow-general,
Social Aspects, Weather, Welfare Economics, _6.0186

QUALITY OF STORM WATER DRAINAGE FROM URBAN
LAND AREAS IN NORTH CAROLINA Land Use, North
Carolina, Runoff, Storm Water, Water Quality-general, ...5.0815

EUTROPHIC EVALUATION OF A SMALL MULTI-LAND USE
WATERSHED Eutrophication, Nitrogen, Phosphorus, Small
Watersheds, Wisconsin, ...5.1319

COMPUTER SIMULATION OF URBAN HYDROLOGIC
SYSTEMS ...Analog Computers, Hydrographs, Runoff, Texas,
Watersheds-other, 4.0258

A HYDROMETEOROLOGICAL STUDY RELATED TO THE
DISTRIBUTION OF PRECIPITATION AND RUNOFF OVER
SMALL DRAINAGE BASINS - URBAN VERSUS RURAL
AREAS ...Amount, Patterns, Runoff, Small Watersheds, Texas,
2.1024

STUDY OF COSTS OF TREATING TEXTILE WASTES IN MU-
NICIPAL AND INDUSTRIAL SEWAGE PLANTS ...Economics -
general, Industrial Wastes, Process Design, South Carolina, Tex-
tile Industry, 6.0489

AN ANALYSIS OF PRICING PRACTICES AND POLICIES OF
WATER SERVICE UTILITIES IN SMALL COMMUNITIES IN
MISSISSIPPI ...Finance, Planning, Price & Value, Water Costs,
...6.0317

DEVELOPMENT OF A REFINED PREDICTIVE SYSTEM FOR
USE IN FORECASTING MUNICIPAL WATER NEEDS ...Digital
Computers, Forecasting-prediction, Testing of Models, Water
Utilization -domestic, ...6.0253

DEVELOP A COMPUTERIZED METHODOLOGY FOR
EVALUATION OF MUNICIPAL WATER CONSERVATION
RESEARCH PROGRAMS ...Conservation-general, Cost Analysis,
Development of Models, Digital Computers, ...3.0253

INTERACTIONS OF URBAN ACTIVITY AND THE
HYDROLOGICAL CYCLE ...Architecture and Design, Benefit-
cost Analysis, Land Use, Value, Land Planning, Pollution Abate-
ment, Recreation Sites, 4.0135

THE ECOMONIC IMPLICATIONS OF THE INTERCONNEC-
TION OF URBAN WATER SYSTEMS ...Policy Making, Produc-
tion & Processing, Public-a irks, Risk & Uncertainty, Wate, De-
mand, Water Transfer, ...6.0466

CASE STUDY OF REMEDIAL FLOOD MANAGEMENT IN AN
URBAN AREA-PHASE I ...Alternative Planning, Floodplains,
Floods, Management, Planning, ...6.0166

THE MUNICIPALITY AS A WATER POLICY DETERMINING
ENTITY ...Politics, Social Aspects, State-local Government,
Water Supply-general, ...6.0061

A MODEL RELATING WATER QUALITY VEGETATIONAL
STRUCTURE AND URBANIZATION IN THE SAN JACINTO
RIVER BASIN ...Land Use, Model Studies, River Basins, Texas,
Water QPAlity-general, 4.0242

ECONOMIC EVALUATION OF CHANGES IN LAND USE OF A
1!1.INICIPAL WATERSHED AS A GUIDE TO m2CISION-MAK-
MG ...Discharge-general, Land Use, North Carolina, Reservoirs
and Impoundments, Water Costs, ...6.0408

MULTIPURPOSE RESERVOIRS AND URBAN DEVELOPMENT
...Land Use, Model Studies, Reservoirs and Impoundments,
...2.0823

THE ECONOMICS OF WATER SUPPLY AND QUALITY
...Benefit-cost Analysis, Delaware River, Flow Augmentation,
Model Studies, Pollution Abatement, Water Allocation, 6.0286

HUMBOLDT AVENUE POLLUTION ABATEMENT PROJECT
,..Combined Sewer, Economic EfTleiency, Runoff, Waste Treat-
ment-economics, Wisconsin, ...4.0280

STREAM QUALITY PRESERVATION THROUGH URBAN
LAND USE ...Land Use, Management, Pennsylvania, Water
Quality Control-general, ...5.1010

BIOLOGICAL MODELS OF FRESHWATER COMMUNITIES
...Aquatic Ecology, Fresh Water, Freshwater Ecology, Model Stu-
dies, Nutrients, 5.1270

A METHOD FOR ASSESSING THE EXTENT OF POLLUTION
FROM STORMWATER RUNOFF FROM AN URBAN AREA
...Combined Sewer, Construction-other, Runoff, Storm Water,
Urban Research, Waste Treatment-economics, ...5.0090
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DEVELOP AND DEMONSTRATE A METHOD FOR ASSESSING
THE EXTENT OF POLLUTION FROM STORM WATER RU-
NOFF IN AN URBAN AREA ...Alternative Planning, Combined
Sewer, Iowa, Nutrients, Storm Water, ...5.0705

SYSTEM STUDY, DESIGN, AND EVALUATION OF THE
LOCAL STORAGE, TREATMENT. AND REUSE OF STORM
WATER - DEPARTMENT OF INTERIOR ...Pollution Abate-
ment, Storage of Water, Storm Water, Water Quality Control-
general, Water Reuse, ...5.0503

RENOVATION OF MUNICIPAL WASTEWATER BY REVERSE
OSMOSIS SYSTEMS ...Depolymerization, Membranes -other,
Model Studies, Process Design, Reverse Osmosis, 5.0092

COOK STREET STORM WATER OXIDATION POND ...Pond,
Separated-sewers, Storage-retention-facilities, Storm Water,
5.0346

MULTIPLE PURPOSE WATER RESOURCE INVESTIGATIONS
...Land Use, Management, Multinle-purpose Projects, New York,
Reservoirs and Impoundments, ..:6.0390

MODEL STUDY OF CONTROL STRUCTURES FOR FOOTHILL
FEEDER TUNNELS -Aqueducts, Control Gate, Water Distribu-
tion Systems, Water Transfer, ...8.0217

HYDROLOGIC MEASUREMENT SYSTEMS ...Amount, Data Net-
works, Error Analysis, Gages, Hydrology-general, Instrumenta-
tion-general, Rain-general, Technique Development, 7.0056

COMPARATIVE STUDIES OF COMMUNITIES IN ILLINOIS
...Administrative Structures, Illinois, Local Government, Social
Aspects, ...6.1189

ILLINOIS AND ITS INTERSTATE COMPACTS A Jministrative
Structures, Control and Protection, Illinois, Interstate, Legal
Review, ...6.0185

ENVIRONMENTAL GEOLOGY STUDY OF DALLAS-FT.
WORTH METROPOLITAN REGION ...Data Acquisition-general,
Geology - Engineering, Groundwater, Shallow, Texas, -.7.0098

WATER REUSE RESEARCH Effluents-waste Water, Plants -
Systems - general, Sewage Treatment Plant, Waste Water Treat-
ment-general, Water Reuse, ...5.0176

STATISTICAL ANALYSIS OF WATER CONSUMPTION ...Con-
sumptive Use, Data Analysis Applications, Illinois, Water Sources
-general, Water Utilization -general, -.7.0037

ENVIRONMENTAL GEOLOGY OF THE SPRINGFIELD-
DECATUR AREA ...Appraisals-general, Geology-general,
Groundwater, IllinoY,, Land Use, -.6.0193

TRACER STUDIES - URBAN RUNOFF ...Dyes, Peak Flow, Ru-
noff, Urban Research, Velocity -water, -.4.0101

EFFECT OF URBANIZATION ON WATER QUALITY ...Kansas,
Pollution Sources-general, Runoff, Water Quality-general,

.5.0425
OPTIMIZATION IN THE USE OF VARIABLE QUALITY

DESALTED WATER AND AN ARTIFICAL UNDERGROUND
RESERVOIR TO SUPPLY PEAK MUNICIPAL WATER DE-
MANDS ...Computers- general, Conjunctive Use, Desalination,
Optimization, Other Computers, Use of Impaired Water, 3.0470

INVESTIGATION OF RAINFALL DISTRIBUTION ON URBAN
RUNOFF FOR IMPERVIOUS AREAS ...Drainage, Hydrographs,
Model Studies, Patterns, Runoff, ...2,0306

INFLUENCE ON LAND VALUES OF IMPROVED UTILIZATION
THROUGH FLOOD PROTECTION ...Economic Impact, Flood-
proofing, Land Use, Rural Areas, Value, -.6,0129

EFFECTS OF HEATED WATER IN A TIDAL ESTUARY ...Bays,
Chesapeake Bay, Electric Power Plants, Pollution Effects, Ther-
mal Pollution, Water Properties-general, ...4.0078

HYDROLOGY OF STREAMS, ST. LOUIS METROPOLITAN
AREA ...Floods, Missouri, Runoff, Streams, -.4.0158

WRAGO SWAMP CANAL INVESTIGATION, ALABAMA
...Alabama, Amount, Canals, Control Factors-general, Runoff,
...4.0001

GEOHYDROLOGY OF THE ANCHORAGE AREA, ALASKA
.Alaska, Groundwater, Surface Water, Water Quantity-general,

Water Resources Development, 2.0011
WATER RESOURCES OF THE GREATER JUNEAU BOROUGH,

ALASKA ...Alaska, Observation Wells, Unconsolidated Aquifers,
Water Resources Development, Water Table Fluctuation,
...2.0014

FLOOD FLOWS AND SEDIMENT YIELD OF COLMA CREEK
BASIN, CALIFORNIA ...California, Construction, Floods, Projec-
tions and Estimations, Sediment Yield, Water Yield, ...4.0038

FLOOD PROFILES AND FLOOD-PLAIN INFORMATION,
CEDAR RAPIDS, IOWA _Floodplains, Floods, Iowa, Planning,
Water Law-general, ...2.0490
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CITY OF JACKSON, WATER RESOURCES STUDY, MISSISSIPPI
Control and Protection, Floods, Groundwater, Mississippi,
Water Supply-general, ..4.0148

FLOODING OF SMALL STREAMS IN NASHVILLE-DAVIDSON
CO. AREA, TENN. ..Amount, Discharge-general, Floods, Gag-
ing, Tennessee, ...;..09.94

FLOOD INUNDATION MAPPING AND URBAN RUNOFF INV.,
DALLAS, TEXAS ...Floods, Land Use, Mapping, Runoff, Texas,
_4.0232

HYDROLOGIC INVESTIGATIONS OF URBAN AREAS -

HOUSTON, TEXAS ...Amount, Discharge-general, Floods, Gag-
ing, Texas, ...4.0233

URBAN HYDROLOGY STUDY - SAN ANTONIO, TEXAS
...Discharge-other, Floods, Runoff, Texas, ..A.0234

SEDIMENTATION AND HYDROLOGY-ROCK CREEK AND
ANACOSTIA RIVER BASINS, MARYLAND ...Erosion -general,
Groundwater, Land Use, Maryland, Sediment Yield, 4.0130

REMOVAL OF NITROGEN COMPOUNDS FROM MUNICIPAL
WASTEWATER ...Aeration, Denitrification, Microbial-bacterial,
Nitrogen, ..,5.0855

pMPIR1CAL PREDICTION OF SAND FILTER PERFORMANCE
...Public Utilities, Public Works, Sand, Waste Water Treatment-
general, ...5.0403

ORGANIC MATTER AND ITS ROLE IN WATER QUALITY
...Management, Organic Matter, Public Works, Reservoirs and
Impoundments, Waste Water Treatment-general, 5.0122

Urban Research
INTERRELATIONS BETWEEN RIVER BASIN DEVELOPMENTS

AND DEVELOPMENT OF METROPOLITAN AREAS

...Planning, Redevelopment of Land, River Basins, Water
Resources Development, 6.0165

A METHOD FOR ASSESSING THE EXTENT OF POLLUTION
FROM STORMWATER RUNOFF FROM AN URBAN AREA
...Combined Sewer, Construction-other, Runoff, Storm Water,
Urban Environments, Waste Treatment-economics, ...5.0090

HYDRAULICS OF STORM SEWER JUNCTIONS ...Design
Criteria, Drainage, Drainage Systems, Models, Storm Water,
5.0356

TRACER STUDIES - URBAN RUNOFF ...Dyes, Peak Flow, Ru-
noff, Urban Environments, Velocity -water, 4.0101

Architecture and Design
INTERACTIONS OF URBAN ACTIVITY AND THE

HYDROLOGICAL CYCLE ...Benefit-cost Analysis, Land Use,

Value, Land Planning, Pollution Abatement, Recreation Sites,
Urban Environments, 4.0135

Beautification
BACTERIOLOGICAL AND ESTHETIC OF PI 9ASURE BOAT

WASTE DISCHARGE ON SMALL HARBORS ...Analysis and
Detection, Bacterial Pollutant Sources, Boat Discharges, Harbors,
Marinas, ...5.1267

Demography
URBANIZATION AND ITS EFFECT ON WATER RESOURCES

industry and Industrializttion, Land Use, Value, Land Planning,
River Bat:ins, Urbanization, Water Resources Development, Water
Utilization -domestic, 6.0351

Housing
Location Choice

EFFECT OF WATER QUALITY ON RESIDENTIAL LOCATION
DECISIONS ...Economic Impact, New Jersey, Pollution - Effects
of , Water Costs, 6.0348

Industry and Industrialization
URBANIZATION AND ITS EFFECT ON WATER RESOURCES

...Demography , Land Use, Value, Land Planning, River Basins,
Urbanization, Water Resources Development, Water Utilization -
domestic, 6.0351

Land Use, Value, Land Planning
URBANIZATION AND ITS EFFECT ON WATER RESOURCES

...Demography , Industry and Industrialization, River Basins, Ur-
banization, Water Resources Development, Water Utilization -

domestic, 6,0351

INTERACTIONS OF URPAN ACTIVITY AND THE
HYDROLOGICAL CYCLE Architecture and Design, Benefit-
cost Analysis, Pollution Abatement, Recreation Sites, Urban En-
vironments, 4.0135

Planning
CASE STUDY OF REMEDIAL FLOOD MANAGEMENT IN AN

URBAN AREA-PHASE I _Alternative Planning, Floodplains,
Floods, Management, Urban Environments, 6,0166

Politics
URBAN WATER POLITICS AND DECISION MAKING IN THE

DETROIT METROPOLITAN REGION ...Decision Theory,
Model Studies, Optimization Technique, Urban Environments,
_6,0298

THE MUNICIPALITY AS A WATER POLICY DETERMINING
ENTITY ...Social Aspects, State-local Government, Urban En-
vironments, Water Supply-general, 6.0061

Public-works
THE ECOMONIC IMPLICATIONS OF THE INTERCONNEC-

TION OF URBAN WATER SYSTEMS ...Policy Making, Produc-
tion & Processing, Risk & Uncertainty, Urban Environments,
Water Demand, Water Transfer, 6.0466

COMPREHENISVE PLANNING FOR WATER RESOURCES
MANAGEMENT IN METROPOLITAN ENVIRONMENTS _Ad-
ministrative Structures, District of Columbia, Planning, Policy
Making, Survey Studies, ...6.0123

Services
Recreation

SCORP UNIVERSITY OUTDOQR RECREATION RESEARCH
STUDY SERVICE SPECIAL PROBLEMS ...Demand Analysis,
Georgia, Recreation Sites, Urban Environments, 6.0160

Social Environment of The City
SOCIO-ECONOMIC FACTORS RELATED TO THE INCIDENCE

OF A WATER-BORNE DISEASE ...Economic Impact, Intestine,
Pollution-water, Puerto Rico, Social Aspects, 5.1048

Urbanization
URBANIZATION AND ITS EFFECT ON WATER RESOURCES

...Demography, Industry and Industrialization, Land Use, Value,
Land Planning, River Basins, Water Resources Development,
Water Utilization -domestic, 6.0351
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Urea
STUDY OF EXCRETORY PATTERNS IN CRAYFISHES ...Cray-

fish, All, Metabolism, Nitrogen, Osmoregulation, Stress, 6.0376

Use of Impaired Water
A COST-EFFECTIVENESS STUDY OF PRETREATMENT

METHODS SUITABLE FOR INTEGRATION TO MEMBRANE
DESALTING PLANTS ...Brackish Water, Desalination,
Economic ETieiency, Waste Treatment-economies, Waste Water
Pre-treatment, ...5.0746

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS ...Boron,
Desalination, Reverse Osmosis, Waste Treatment - economies,
Waste Water Pre-treatment, ...5.0093

COMPARISON OF VARIOUS FORAGES FOR AGRICULTURAL
WASTE WATER DISPOSAL ...Infiltration, Organic Fertility -
other, Sprinkler Irrigation, Waste Disposal -underground,
5.0494

EFFECTS OF MARGINAL QUALITY IRRIGATION WAT,git ON
THE ACCUMULATION OF SALTS AND ALKALI IN SOUTH
DAKOTA SOILS ...Irrigation-general, Saline and Alkaline. Soils,
Saline Soils, Soil pH , South Dakota, 3.0434

THE ENGINEERING AND ECONOMIC ASPECTS OF USING
SEWAGE EFFLUENT FOR IRRIGATION ...Irrigation - general,
Louisiana, Sewage, Water Costs, ...5.0463

DESIGN OF WASTEWATER TREATMENT SYSTEMS TO
SATISFY EFFLUENT QUALITY REQUIREMENTS BASED ON
INTENDED USE ...Effluent-standards, Process Design, Waste
Water Treatment-general, Water Quality Control-general, Water
Reuse, 5.0769

ANTELOPE VALLEY WASTE WATER RECLAMATION
FACILITY ...Chemical Treatment, Effluent-standards, Filter-
other, Flocculation, Pond, 5.0108
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IMPURITIES OF IRRIGATION WATERS AFFECTING SOIL
PROPERTIES ...Irrigation-general, Saline and Alkaline Soils,
Saline Soils, Soil Environment, Water Quality - general, ..3.0043

MANAGEMENT OF SALINE WATER FOR CROP PRODUC-
TION .,.Arizona, Brackish Water, Management, Saline and Al-
kaline Soils, Water Quality - general, ..3.0014

A UNIFIED APPROACH TO WATER, FOOD AND POWER IN A
COASTAL DESERT COMMUNITY .Arid and Desert, Desalina-
tion, Deserts, Diesel, Distilling Units, Electric Power Plants,
Greenhouse, .3.0015

THE FEASIBILITY CF REUSE OF CHLORINATED SEWAGE
EFFLUENT FOR FERTILIZATION AND IRRIGATION IN
IDAHO (ARBREV) Chlorination, Irrigation-general, Sewage,
Stream Rehabilitation, Water Reuse, 5.0327

OPTIMIZATION IN THE USE OF VARIABLE QUALITY
DESALTED WATER AND AN ARTIFICAL UNDERGROUND
RESERVOIR TO SUPPLY PEAK MUNICIPAL WATER DE-
MANDS .,.Computers- general, Conjunctive Use, Desalination,
Optimization, Other Computers, Urban Environments, 3.0470

VALUE OF DESALTED WATER FOR IRRIGATION ...Augmenta-
tion-general, Benefit-cost Analysis, Desalination, Irrigation-
general, Planning, 3.0122

Utah
PHYSIOGRAPHIC STUDY OF PART OF THE HENRY MOU-

TAINS REGION, UTAH ...Erosion, Henry Mountains, Physical
Features-general, Physiography-general, Processes, .2,0563

UTAH ATMOSPHERIC WATER RESOURCES (THE WASATCH
WEATHER MODIFICATION PROJECT) .Automatic Stations,
Clouds-precipitation, Data Networks, Gages, Patterns, 2.1074

EFFECTS OF WATER TEMPERATURE UPON RESPIRATORY
METABOLISM OF CUTTHROAT TROUT, SALMO CLARKI
...Cutthroat Trout, Environmental Physiology, Respiration, Tem-
perature, Water Temperature-non-specific, ...5.1192

EVALUATION OF FIVE METHODS FOR SAMPLING DESERT
AND WETLAND VEGETATION .Arid and Desert, Colorado,
Deserts, Plant Ecology (non-specific), Wetlands, 3.0471

WATERFOWL UTILIZATION OF SAGO PONDWEED
(POTAMOGETON PECTINATUS) ON A SELECTED MARSH
IN NORTHERN UTAH ...Food Supply, Mallard, Potamogeton,
Ruppia, Zostera Storage, Swamps-marshes, 6.0588

FRAIL LANDS STUDIES NEAR CISCO. UTAH (ABBREV )
...Erosion-general, Land, Sediment Yield, Soil Environment, Til-
lage, Cropping Systems, ...4.0255

THE EFFECT OF LIVESTOCK UTILIZATION ON WATERFOWL
HABITAT AND PRODUCTION ..Cattle, Habitat Studies, Vasc.
plant & Vert. -other, Water Fowl, , Wetlands, ...6.0595

THE VALUE OF WATER IN COMPLEMENTARY INDUSTRY
COMPLEXES ...Agriculture Industry, Augmentation-general,
Economic Impact, Social Aspects, ...6.0576

EUTROPHICATION OF SHELTERED BAYS IN A LARGE LAKE
...Bays, Chemical-general, Currents -water, Eutrophication, Fresh-
water Ecology, ...5.11f/8

RECREATION VALUE OF WATER FOR THE PRODUCTION
OF WATERFOWL ...Benefit-cost Analysis, Recreation Sites,
Water Fowl, N.s. , Wetlands, .,.6.0593

THE DEVELOPMENT OF A SIMULATION MODEL FOR THE
BEAR RIVER BASIN ...Analog Computers, Development of
Models, Model Studies, Planning, River Basins, 6.0586

APPLICATION OF OPERATIONS RESEARCH TECHNIQUES
FOR ALLOCATION OF COLORADO RIVER WATERS IN
UTAH ...Colorado River, Operations Research, Optimization,
Water Allocation, 6.0575

CALCULATION OF TEMPERATURE AND PRECIPITATION
VALUES ...Air Temperature -non-specific, Distributions,
Forecasting, Patterns, Temperature, 2.1058

DATA REDUCTION METHODS FOR STREAMFLOW FROM
SMALL, WILDLAND WATERSHEDS ...Computers-general,
Data Analysis - General, Discharge-general, Gaging, Integration,
Quadrature, Small Watersheds, ...2.1068

WATER QUANTITY AND QUALITY REQUIREMENTS ON
WESTERN SALINE MARSHLANDS ...Habitat Studies, Swamps-
marshes, Water Allocation, Water Fowl, N.s. , Water Quality-
general, .6.0582

THE EFFECTIVENESS OF WATERFOWL IN CARRYING
PATHOGENIC MICRO-ORGANISMS ...Sewage, Swamps-
marshes, Vertebrates, Water Fowl, N.s. 5.1193

FACTORS LIMITING WATERFOWL PRODUCTION ON THE
SPRING-FED SALT MARSHES WEST OF THE GREAT SALT
LAKE ...Mallard, Nutrition -other, Productivity (agricultural),
Swamps-marshes, Viremia, 5.1194
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Velocity -water

THE IMPROVED USE OF WET AND SALTED SOILS FOR
FORAGE PRODUCTION ...Cultivation Methods, Ns, Excessive
Moisture, Management, Saline and Alkaline Soils, Saline Soi!s,
3.0474

FARM ADJUSTMENT TO LIMITED IRRIGATION WATER
WITH REFERENCE TO CENTRAL UTAH PROJECT
.Economic Impact, Irrigation-general, Water Supply-general,
.6.0589

nr, POTENTIAL DEMAND FOR WATER AND LAND IN
SELECTED AREAS OF UTAH ...Agriculture, Economic Impact,
Income, Industry, Water Demand, 6.0578

DRAINAGE FARM SERVICE ...Agriculture Industry, Drainage En-
gineering, Land Use, Research Facilities, 4.0254

STATE WATER PLAN INVESTIGATIONS ...Land Use, Manage-
ment, River Basins, Water Supply-general, Water Utilization -
general, .6.0579

UNDESIRABLE SHRUB AND TREE CONTROL ...Evaluation,
Forest Watersheds, in Forests, of Trees and Shrubs, Relations -
Forage Timber, 3.0475

VEGETATION AND SO! ", RESPONSE TO SOIL SURFACE
TREATMENTS ,..Economic Efficiency, Erosion-general, Manage-
ment and Fertility, Tillage, Cropping Systems, Vigor, .3.87476

CHARACTERISTICS OF UTAH STREAMS ...Discharge-general,
Flow Characteristics -water, Gaging, Streams, ...2.1060

A STUDY OF THE INTEGRATION OF THE WATER
RESOURCES OF THE BEAR, WEBER, AND JORDAN RIVERS
IN NORTHERN UTAH ...Analog Computers, Analog Computers
Math, Model Studies, Planning, Water Transfer, 6.0587

SPRINGS OF UTAH ...Chemical-general, Potential of Deposit,
Springs, Variation in Time, Water Properties-general, 11081

Vacuum
VACUUM FILTRATION OF SEWAGE SLUDGE .,.Filter- other,

Filtration, Sludge-other, 5.0175

Varietal Evaluation
MOISTURE USE CHARACTERISTICS OF CERTAIN CROP

PLANTS ,..Climate-general, Moisture Levels, Plant Water Use-
other, Soil Fertility, Yield, .1.0991

GUAVA VARIETIES. SELECTION & PROPAGATION OF
GUAVA VARIETIES & INVESTIG. OF COMMERCIAL & IN-
DUST. POSSIBILITIES OF THE FRUIT (ABBREV ) Irrigation,
Myrtaceae, Puerto Rico, Selection & Breeding, Trees, ..5.1047

RICE CULTURE ...Concentration Within Fertilize, Management,
Maturity & Growth Stages, Methods of Application, Other, Rates
Or Levels of Application, Rice, Yield, 2.0570

VARIETAL EVALUATIONS AND IMPROVED AGRONOMIC
PRACTICES FOR SUGARBEETS ...Breeding and Genetics, Ir-
rigation, Management, Sugar Beets, .3.0262

Velocity -water
GUIDING JUVENILE AND ADULT MIGRANT SALMONIDS BY

NON-ELECTRICAL MEANS ...Behavioral Ecology, Migration,
Salmon & Trout - Non-specific, Water Light Quality & Quantity,
...8.0311

THE EFFECTS OF VELOCITY ON THE PASSIVATION OF AL-
LOYS IN BRACKISH WATER ...Brackish Water, Desalination,
Electrolytes, Metallic Alloys, Passivation, ...3.0136

RECLAMATION AND MANAGEMENT OF SOILS ON IRRIGA-
BLE LAND (MONTANA) Internal Water Movement, Irriga-
tion, Management, Saline and Alkaline Soils, Saline Soils,
4.0159,

INFLUENCE OF ACCUMULATED SEDIMENTS UPON WATER
VELOCITY OF MICROHABITATS OCCUPIED BY TROUTS
...Colorado, Habitat Studies, Rio Grande River, Salmon & Trout -
Non- specific, Sediments, 4.0068

WATER VELOCITY AND SPATIAL CO-ACTIONS OF
HATCHERY TROUT AND WILD BROWN TROUT
...Behavioral Ecology, Brown Trout, Colorado, Flume Studies,
Rainbow Trout, Steelhead Trout, ..5.0198

INVESTIGATION OF THE CIRCULATION OF LAKE SUPERIOR
Circulation -water, Model Studies, Stratified Flow, Tempera-
ture, 2.1161

APPLICATION OF MAGNETOHYDRODYNAMICS TO MEA-
SUREMENT OF LIQUID VELOCITY AND TURBULENCE
...Analog Computers, Analog Computers Math, Technique
Development, Turbulent, Turbulent Flow, Velocity, 2.1166

MICROSCOPIC INVESTIGATION OF TRACTIVE FORCE DIS-
TRIBUTION IN OPEN CHANNEL ...Open Channel Flow,
Suspension, Traction, Turbulent, Turbulent Flow, 8.0183
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BOUNDARY EFFECTS ON JET FLOW PATTERNS RELATED
TO WATER QUALITY AND POLLUTION PROBLEMS .Flow
Characteristics -water, Jet Flow-other, Reservoirs and Impound-
ments, Velocity, Water Quality Control-general, 8.0180

EXPERIMENTAL AND THEORETICAL STUDY OF THE
HYDRODYNAMICS OF DISPERSION IN RIVERS AND
ESTUARIES .Dispersion -water, Estuaries, Flow Characteristics
-water, Model Studies, Streams, ...2.0584

EFFECTS OF RIVER CURVATURE ON RESISTANCE TO FLOW
...Channels, Flow Characteristics -water, Fiume Studies,
Roughness, Unsteady Flow, 8.0198

MIXING AND DISPERSION OF CONTAMINANTS IN RESER-
VOr'S _Currents -water, Dispersion -water, Mixir.g, Reservoirs
and ...poundments, Tracers-general, 5.1153

COMPUTE SIMULATION OF DIFFUSION STUDIES ...Dispersion
-water, Monte Carlo Methods, Simulation Theory, Turbulent
Flow, 5.0785

FEASIBILITY OF RATING CURRENT METERS IN A
VELOCITY FIELD ...Currents -water, Gaging, Mass, Model Stu-
dies, 7.0107

SPECIFIC YIELD RESEARCH AND PERMEABILITY
RESEARCH Aquifers-general, California, Permeability, Storage
of Water, Water Yield, 7.0013

TRACER STUDIES - URBAN RUNOFF ...Dyes, Peak Flow, Ru-
noff, Urban Environments, Urban Research, 4.0101

TIME OF TRAVEL - PRINCIPAL MARYLAND STREAMS
...Dyes, Maryland, Pollutants - Path of , Streams, ..2.0565

WATER POLLUTION FROM ERODED SEDIMENTS Flow
Characteristics -water, Other Transport Effects, Rain-general,
Sediments, Suspension, 2.1042

GROUNDWATER FLOW ...Flow Characteristics -water, Ground-
water Movement, Permeability, Radioisotopes, Tritium, 2.0947

GENERAL COASTAL INLET STUDIES ...Coastal Engineering-
other, Coastlines-shorelines, Discharge-other, Model Studies,
Synthetic Hydrology-general, Tides, ...2.0689

GREAT LAKES RESEARCH EFFECTS OF STRUCTURES ON
COASTAL SEDIMENTATION ...Beach, Bed Load, Coastal En-
ginek,ring-other, Energy-dynamics, Engineering Structures-general,
Great Lakes-general, .2.8650

EVALUATION OF VARIABLES IN ALLUVIAL CHANNEL
FLOW

'.13ed
Load, Channels, Flow Characteristics -water, Model

Studies, Morphology-general, 2.0237
ECOLOGICAL ENGINEERING PROJECT Atmosphere Radia-

tion, Nutrilmts, Synthetic Hydrology-general, Temperature,
Tracers-general, ..6.0159

MECHANICS OF SEDIMENT ENTRAINMENT, TRANSPORTA-
TION AND DEPOSITION IN CHANNELS OF THE SOUTHERN
BRANCH AND AT THE USDA SEDIMENTATION
LABORATO ...Channels, Flume Studies, Sediment Transport-
general, Sedimentation, Waves, ...2.0677

Venezuela
TIDAL, SALINITY AND SEDIMENTATION PROBLEMS IN

LAKE MARACAIBO CHANNEL, VENEZUELA ...Bed Load,
Erosion-general, Rate of Deposition, Salinity, Tides, 2.0618

Venom
MARINE BIOTOXINS ...Animal Pollutant Sources, Bioindicators,

Contamination, Pollution-water, Eutrophication, Gonyaulax,
,..5.1072

Vermont
AN EVALUATION OF THE LAMPREY IN LAKE CHAMPLAIN

...Lakes, Lampreys, Maturity & Growth Stages, Predation, Spawn
Or Nesting Sites, 6.0598

BOTTOM SEDIMENTS OF LAKE CHAMPLAIN ...Chemical,
Clays, GeaeraI, Lakes, Size, _2.1087

GLACIAL GEOLOGY OF THE CHAMPLAIN VALLEY ...Clays,
Glacial History, Mapping, New York, Till, ...2.1089

CHEMICAL CHARACTERISTICS OF PRECIPITATION
FALLING IN CHAMPLAIN VALLEY ...Chemical Analysis,
Rain-general, Snow-general, Storms-general, Wale,r Quality-
general, 2.1086

PARAMETERIZATION OF THE OBSERVED HYDROGRAPH AS
A MEANS OF UNDERSTANDING RUNOFF PHENOMENA
FROM SMALL WATERSHEDS ...Forecasting-prediction, Hydro-
graphs, Model Studies, Runoff, Small Watersheds, ...2.I085

AUTECOLOG1CAL STUDIES ON SOME DOMINANT
PHYTOPLANKTON SPECIES OF LAKE CHAMPLAIN Algae-

Diatoms, Aphanizomenon, Cyanophyta (non-specific &
Eutrophication, Freshwater Ecology, 2.1084

LIMNOLOGICAL STUDIES OF LAKE CHAMPLAIN ...Biological-
general, Chemical-general, Lakes, Ph),:cal-general, Pollution - Ef-
fects of , Temperature, 5.1203

Vertebrate Toxins & Poisons
Animal Origin

THE INVESTIGATION AND ANALYSIS OF BIOCHEMICAL
PROCESSES OF AQUATIC ORGANISMS UNDER STRESS
,,.Aquatic Ecology, Fish -non-specific, Metabolism -animal, Other,
Stress, 5.0585

MARINE TOXINS OF THE TROPICAL PACIFIC ...Algal
Metab,(non-specific &ot), Fish -non-specific, Other, Polynesia,
Toxicology, 5.0315

Mineral Origin
TOXIC ACTION OF WATER SOLUBLE POLLUTANTS ON

FRESHWATER FISH ...Contamination Water, Pollution Effects,
Rainbow Trout, Steelhead Trout, Stress, 5.0565

EFFECTS OF POSSIBLE POLLUTANTS ON ENERGY PRODUC-
TION BY BLUEGILL LIVER MITOCHONDRIA ...Bluegills,
Bream, Metallic Ions, Mineral, Respiration, 5.0348

CHRONIC EFFECTS OF HEAVY METALS ON FISH ...Computer
Matching-code, Contamination - Water, Industrial Wastes,
Mineral, Radioisotopes, ...5.0584

EFFECT OF METAL POISONING ON VARIOUS ENZYMES IN
FISH ...Atpase, Chemical Effect-other, Inhibitors, Killifis.s -
Cyprinodon, Metals Ns, 5.1091

HEMATOLOGICAL CHANGES IN F, HETEROCLITUS UPON
EXPOSURE TO TOXIC METALS ...Blood Cells, Blood Plasma
and Serum, Cadmium, Killifishs Cyprinodon, Lead, .5.1092

COMPARATIVE TOXICITIES OF METALS TO ESTUARINE
FISHES ...Bioassays, Estuaries, Industrial Wastes, Killifishs -

Cyprinodon, Solid Waste, 5.1084

Toxins and Poisons -other
A STUDY OF A WATER TOXICITY PROBLEM ...Bioas-ays,

Bioindicators, Growth Rate, Management, Potable Water,
...5.0I97

WATER QUALITY REQUIREMENTS FOR AQUATIC LIFE
.,.Contamination - Water, Fish -non-specific, Pollution - Effects of
, Water Quality-general, _5.0844

Vegetable Origin
BLUE-GREEN ALGAE POISONING ...Algal Pollutant Sources,

Algal Toxins, Arizona, Cyanophyta (nun-specific & Ot), Range
Or Territorial Distr. , 5.0041

LABORATORY STUDIES OF TOXIC DINOFLAGELLATES _Al-
gal Culture, Algal Toxins, Gonyaulax, Gulf of Mexico, Gym-
nodinium, ...5.1I61

Viral Studies

Assay
DETECTION AND ENUMERATION OF VIRUS IN NATURAL

WATERS ...Bioindicators, Detection, Enteroviruses of Animals,
Technique Development, Viral Pollutant Sources, ...5.0713

PLAQUING AND FLUORESCENT ANTIBODY METHODS FOR
DETECTION AND IDENTIFICATION OF ENTEROVIRUSES
...Cell Cloning, Detection & Diagnosis, Enteroviruses of Animals,
Pollutants-general, Waste Water Treatment-other, ...5.0046

AN ATTEMPT TO DETECT HIGHLY DILUTED VIRUSES IN
WATERS BY FLOCCULATION ...Biochemical Oxygen Demand,
Flocculation, Precipitation & Sedimentation, Sewage, Viral Pollu-
tant Sources, 4,0139

THE GAUZE PAD METHOD FOR THE ISOLATION OF
VIRUSES FROM INLAND AND ESTUARINE WATERS ...Isola-
tion, Precipitation & Sedimentation, Shoreline - Coastline, Viral
Pollutant Sources,

Concentration
DEVELOPMENT OF METHODOLOGY FOR ISOLATION OF

VIRUSES FROM SEA WATER ...Animal Viruses (non-specific),
Marine Biology (non-specific), Physical Parameters, Viral Pollu-
tant Sources, ...5.1228
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Precipitation & Sedimentation
AN ATTEMPT TO DETECT HIGHLY DILUTED VIRUSES IN

WATERS BY FLOCCULATION ...Assay, Biochemical Oxygen
Demand, Flocculation, Sewage, Viral Pollutant Sources, ...4.0139

THE GAUZE PAD METHOD FOR THE ISOLATION OF
VIRUSES FROM INLAND AND ESTUARINE WATERS ...As-
say, Isolation, Shoreline - Coastline, Viral Pollutant Sources,
5.1060

Control of Viruses
ADSORPTION OF VIRUSES ON MINERAL SURFACES ...Ad-

sorption, Adsorption Capacity, Escherichia Coli, Mineralogy,
Viral Pollotant Sources, 5.0474

Inactivation
EFFECTS OF CHEMICAL IONS ON VIRUS INACTIVATION

...Animal Viruses (non-specific), Concentration, Ion Exchange.
other, Ionic Effect, Virus, 5.0475

DESTRUCTION OF INFECTIOUS VIRAL NUCLEIC ACID BY
IODINE _Enteroviruses of Humans, Iodine, RNA , 5.0843

ISOLATION OF VIRUS FROM SEWAGE & DRINKINC, WATER
..,Activated, Chlorination, Enteroviruses of Humans, Hepatitis,
N.s. , Isolation, Potable, 5.0569

Detection & Diagnosis
PLAQUING AND FLUORESCENT ANTIBODY METHODS FOR

DETECTION AND IDENTIFICATION OF ENTEROVIRUSES
...Assay, Cell Cloning, Enteroviruses of Animals, Pollutants-
general, Waste Water Treatment-other, 5.0046

ENTEROCOCCI, COLIFORM BACTERIA AND BAC-

TERIOPHAGES IN LAKE WATER ...Bacterial Pollutant
Sources, Bacteriophages (non-spec & Ot), Streptococcus Fecalis,
5.1315

Isolation
THE GAUZE PAD METHOD FOR THE ISOLATION OF

VIRUSES FROM INLAND AND ESTUARINE WATERS ...As-

say, Precipitation & Sedimentation, Shoreline - Coastline, Viral
Pollutant Sources, 5.1060

APPLICATION OF BAC'TERIOPHAGES TO ELIMINATE MINE
ACIDS ...Acidity, Bacterial Pollutant Sources, Bacteriophages
(non-spec & Ot), Mining Industry, 5.0995

PHYCOVIRUSES - THEIR NATURE, OCCURRENCE, AND AP-
PLICATION ...Algal Pollutant Sources, Algal Virus, Biocontrol,
Eutrophieation, Pathological Physiology, _5.0859

BIOLOGICAL METHODS RESEARCH ...Chemical Identification,
Crustacea -non-specific, Enteroviruses of Humans, Sewage, Viral
Pollutant Sources, 5.0017

ISOLATION OF VIRUS FROM SEWAGE & DRINKING WATER
...Activated, Chlorination, Entewoviruses of Humans, Hepatitis,
N.s Inactivation, Potable, 5.0569

Virginia
POROSITY AND PERMEABILITY OF VIRGINIA AGGREGATES

,..Aggregrates - Crushed Rock, Nitrogen, Permeability, Porosity,
...2.1111

HYDROLOGIC STUDIES ...Data Acquisition-general, Floods,

Small Watersheds, 2.0299
QUANTITATIVE AND QUALITATIVE MEASUREMENT OF

AQUATIC VEGETATION-CURRITUCK SOUND ...Aquatic
Plants (non-specific), Mapping, North Carolina, Pollution - Ef-
fects of , Saline Water Intrusion, 5.0816

SIMULATION OF THE HYDROLOGIC CYCLE ON SMALL
AGRICULTURAL WATERSHEDS BY DIGITAL TECHNIQUES
...Agricultural Watersheds, Algorithms, Digital Computers, Other
Models, Water Cycle, 2.1109

BIOLOGICAL AND CHEMICAL STUDY OF VIRGINIAS ESTUA-

RIES ...Estuaries, Nitrogen, Phosphorus, Phytoplankton, Popula-
tion Dynamics, Primary Productivity, 2.1112

WATER YIELDS FROM SMALL WATERSHEDS ...Climate, Ru-
noff, Shape, Small Watersheds, Watcr Yield, ...4.0265

DRAINAGE REQUIREMENTS AND PRACTICES FOR CROP

PRODUCTION ...Drainage, 4.0266

Viruses (plaint)

Viruses (animal)
Animal Viruses (non-specific)

EFFECTS OF CHEMICAL IONS ON VIRUS INACTIVATION
...Concentration, Inactivation, Ion Exchange-other, Ionic Effect,
Virus, 5.0475

INTERACTION or ANIMAL VIRUSES WITH CLAY MINERALS
...Adsorption Capacity, Clay Minerals-general, Filtration, Viral
Pollutant Sources, Waste Water Treatment-general, _5,1051

DEVELOPMENT OF METHODOLOGY FOR ISOLATION OF
VIRUSES FROM SEA WATER '...Concentration, Marine Biology
(non-specific), Physical Parameters, Viral Pollutant Sources,
...5.1228

PURIFICATION OF HARD CLAMS FROM POLLUTED
WATERS ..Clams, Contamination - Water, Estuaries, Intestinal
Bacteria, New Jersey, _5.0729

2icornaviruses
Enteroviruses of Animals

DETECTION AND ENUMERATION OF VIRUS IN NATURAL
WATERS ...Assay, Bioindicators, Detection, Technique Develop-
ment, Viral Pollutant Sources, ,..5.0713

PLAGUING AND FLUORESCENT ANTIBODY METHODS FOR
DETECTION AND IDENTIFICATION OF ENTEROVIRUSES
...Assay, Cell Cloning, Detection & Diagnosis, Pollutants-general,
Waste Water Treatment.other, 5.0046

DEMONSTRATION OF THE CHANNEL AERATION PROCESS
IN TREATMENT OF SEWAGE ...Aeration, Applied Ecology,
Enteroviruses of Humans, Nutrients, Salmonella (non - specific &
Ot), ...5.0596

Enteroviruses of Humans
DEMONSTRATION OF THE CHANNEL AERATION PROCESS

IN TREATMENT OF SEWAGE ...Aeration, Applied Ecology,
Enterovirtses of Animals, Nutrients, Salmonella (non-specific &
Ot), 5.0696

DESTRUCTION OF INFECTIOUS VIRAL NUCLEIC ACID BY
IODINE ...Inactivation, Iodine, RNA , 5.0843

FREQUENCY DISTRIBUTION OF BIOLOGICAL POLL UTANTS
IN SHELLFISH AND THE MARINE ENVIRONMENT ...Eiolo-
gy, Coliforros (non-specific), Gulf of Mexico, Oysters, Pollution-
water, 5.00;6

BIOLOGICAL METHODS RESEARCH Chemical Identification,
Crustacea -non-specific, Isolation, Sewage, Viral Pollutant
Sources, 5.39,47

STUDY ON METHODOLOGY FOR VIRAL EXAMINATION OF
SEAWATER AND SHELLFISH ...Food Spoilage Detection, Pol-
lution-general, Shellfish, N.s. , Viral Pollutant Sources, 5.1071

MULTIPLICATION OF ENTERIC VIRUSES IN SHELLFISH
...Clams, Microbiological, Oysters, Sewage, Toxicological and Al-
lergy, 5.1052

ISOLATION OF VIRUS FROM SEWAGE & DRINKING WATER
.,,Activated, Chlorination, Hepatitis, N.s. , Inactivation, Isolation,
Potable, ...50569

STUDY OF GROWING AREA. STANDARD BY EXAMINING
ENTEROPATHOGENS "wl, INDICATOR ...Bioindicators,
Microbiological Analysis, N'.;iber, Salmonella (non-specific &
Ot), Sewage, 5.1069

INCIDENCE OF PATHOGENIC ENTEROBACTERIACEAE AND
ENTEROVIRUSES IN ESTUARINE AREAS ...Detectioi., Estua-
ries, Intestinal Bacteria, Puget Sound, .05.1226

ACCUMULATION AND ELIMINATION OF VIRUSES BY
SHELLFISH ...Oysters, Pathology, 5.1227

Unclassified Viruses of Man
Hepatitis, N.s.

ISOLATION OF VIR"S FROM SEWAGE & DRINKING WATER
...Activated, Chlorination, Enteroviruses of Humans, Inactivation,
Isolation, Potable, 5.0569

Viruses (plant)
Algal Virus

PHYCOVIRUSES - THEIR NATURE, OCCURRENCE, AND AP-
PLICATION ...Algal Pollutant Sources, Biocontrol, Eutrophica-
tion, Isolation, Pathological Physiology, 5.0859

BIOLOGICAL ALGICIDES ...Algacides -non-specific, Cell Injury
and Autolysis, Endogenous Cpds -plants, Mixed Culture, 5.0226
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Vitamins
THE INCORPORATION OF C14 BICARBONATE INTO PIG-

MENTS OF A NATURALLY OCCURRING BLUE-GREEN
ALGAE COMMUNITY WITH RESPONSE TO WAVELENGTH
..,Chlorophyll, Oscillatoria, Phycobilins, Physiological Ecology,
Pigments, ...6.0432

STUDIES WITH BARBADOS OR WEST INDIAN CHERRY
(MALPIGHIA PUNICFOLIA, L) ...Malpighiaceae, Puerto Rico,
Shrubs, Yield, 6.0482

Volumetry
Dilatometry

STUDIES OF FUNDAMENTAL MECHANISMS IN THE DEPOSI-
TION OF CALCIUM SULFATE SCALE ...Brines, Electron,
Nucleation, Phase Relationship, Scale Formation, 3.0293

VOLUME CHANGES ON MIXING SOLUTIONS OF ELEC-
TROLYTES ...Binary Mixtures, Concentration, Electrolytes, Mix-
ing, 1.0086

Warning-systems
TEST AND LWALUATION OF FLASH FLOOD ALARM

SYSTEM ...Evaluation Other, Field Studies, Field Testing, Flash
Floods, Laboratory Analysis, 7.0110

Washington
FERN LAKE MINERAL METABOLISM PROGRAM ...Fertilizers -

aquatic, Hardness-minerals, Lakes, Mineral Content -water,
Productivity - Food Chain, 6.0624

SOME EFFECTS OF WATER IMPOUNDMENTS ON WATER-
FOWL POPULATIONS AND REPRODUCTION ON THE
SNAKE RIVER. WASHINGTON ...Other, Pre-impoundment
Sites, Reservoirs and Impoundments, Snake River, Water Utiliza-
tion - animal, ..6.0609

FACTORS AFFECTING THE MOVEMENTS OF WATER AND
ORGANISMS WITHIN A REGULATED MULTIPURPOSE
LAKE ...Bacterial Pollutant Sources, Boundary Layer Studies,
Currents -water, Lakes, Sediments, -.2.1114

METHODS OF ANALYSIS AND DETERMINATION OF EF-
FECTS OF ALTERNATIVE USES OF FORESTED LANDS ON
STREAMFLOW ...Alternative Planning, Forest Watersheds, Land
Use, Other, River Basins, ...4.0272

THE IMPACT OF FEDERAL WATER LEGISLATION AT THE
STATE AND LOCAL LEVEL ...Economic Impact, Finance,
Legislation, Local Government, State Government, 6.0608

VERIFICATION OF MODELS USED IN THE MANAGEMENT
AND CONTROL OF WATER QUALITY ...Disposal Wastes,
Management, Model Studies, Water Quality Control-general,
...5.1261

NITRATE REMOVAL FROM ACTIVATED SLUDGE SYSTEMS
...Activated, Denitrification, Pilot Plants, Process Design, Waste
Water Treatment-general, ...5.1257

EFFECTS OF FOREST COVER MANIPULATION ON WATER
YIELD AS STUDIED BY AN ELECTRIC ANALOG ...Analog
Computers, Development of Models, Forest Watersheds, Soils and
Fertilizer, Water Yield, 3.0484

RUNOFF GENERATION AS A FUNCTION OF PRECIPITATION
AND WATERSHED CHARACTERISTICS ...Amount, Hydro-
graphs, Runoff, Watersheds-general, ...2.1120

THE ANALYSIS OF THE WATER RIGHTS REGISTRATION
ACT AND ASSOCIATED LEGISLATION OF THE 1967
WASHINGTON SESSION LAWS Conflicts, Contracts-permits,
State Government, Water Rights-general, 6.0626

VARIED RECREATIONAL USES OF FOREST LANDS FOR
TIMBER PRODUCTION IN WESTERN WASHINGTON
...Forests, Frequency of Use, Land, Price & Value, Recreation
Areas and Parks, 6.0621

ESTUARINE ECOLOGY ...Aquatic Ecology, Contamination -

Water, Estuaries, Mathematical Ana *ysis, Water Quality-general,
...6.0620

THE PREDICTION OF WATER QUALITY ASPECTS OF THE
WENATCHEE RIVER ...Electric Power Plants, Heat Flow,
Recreation Sites, Streams, Thermal Pollution, ...5.1234

THE EFFECTS OF IRRIGATION AND FERTILIZATION UPON
A PONDEROSA PINE FOREST STAND ...Irrigation, Quality -
non-specific, Soil Fertility -non-specific, Soils and Fertilizer,
...2.1125

BROCCOLI CULTURAL INVESTIGATIONS IN WESTERN
WASHINGTON ...Aerial, Brassica -the Cabbage Group, Irriga-
tion, Irrigation-general, Space Competition, ...2.1126
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FACTORS AFFECTING WATER CONSERVATION FOR PLANT
GROWTH IN THE LOW RAINFALL AREA OF EASTERN
WASHINGTON ...Density, Moisture Content, Moisture Levels,
Rain, 3.0482

SOIL AND WATER RELATIONSHIPS OF VEGETABLE CROPS
Blossom Drop, Drought, Evaporation, Requirements for Water,
Soil-water-plant Relationships, 2,1116

ECOLOGICAL STUDIES OF CHUM AND COHO SALMON AT
BIG BEEF CREEK ...Aquatic Ecology, Chemical-general, Reser-
voirs and Impoundments, Salmon -coho,chinook,sockeye..,
Streams, 6.0629

CASCADES ATMOSPHERIC WATER RESOURCES PROGRAM
...Augmentation-general, Cascade Mountains, Clouds-precipita-
tion, Data Analysis - General, Formation, 2.1128

INFLUENCE OF INDUSTRIAL AND MUNICIPAL WASTES ON
ESTUARINE AND OFF SHORE WATER QUALITY .,.Domestic
Wastes-general, Estuaries, Industrial Wastes, Pollution - Effects of
5.1271

LOW-FLOW ANALYSES, WASHINGTON STREAMS ...Baseflow,
Discharge-general, Gaging, Hydrographs, Low Flow, ..2.1134

GROUND-WATER HYDROLOGY AND DEVELOPMENT IN
EAST-CENTRAL WASHINGTON Drawdown, Groundwater
Basins, Groundwater Mining, Subsurface Flow, Water Table Fluc-
tuation, ...2.1135

STATE OF WASHINGTON DEPARTMENT OF WATER
RESOURCES CASCADE ATMOSPHERIC WATER
RESOURCES PROGRAM Augmentation-general, Cascade -
Sierra Mountains, Clouds-precipitation, Nucleation Physics, Pat-
terns, ...2.0195

Waste Disposal -underground
EVALUATION OF EARTHY MATERIALS FOR USE IN DECON-

TAMINATION OF WATER ...Clay, Removal of Residues, Waste
Water .7reatment-general..5.0002

POLLUTION FROM ANIMAL FEEDLOTS ...Animal Wastes -
Feed Lots, Filtration, Rainfall Simulators, Runoff, Solid Waste,
4.0118

COMPARISON OF VARIOUS FORAGES FOR AGRICULTURAL
WASTE WATER DISPOSAL ...Infiltration, Organic Fertility -

other, Sprinkler Irrigation, Use of Impaired Water, 5.0494
DISPOSAL OF PAPER MILL EFFLUENT THROUGH IRRIGA-

TION OF BOTTOMLAND HARDWOOD UNDER LOUISIANA
CONDITIONS ...Disposal Wastes, Irrigation-general, Louisiana,
Pulp and Paper Wastes, Pulp, Paper , and Logging, ..,6.0250

EFFECTS OF IRRIGATION OF MUNCIPAL SEWAGE EF-
FLUENT ON SPOILS BANKS Irrigation, Mine Wastes, Sewage,
Spoil Banks, Strip Mines, 5.1045

NITRATES IN WATER SUPPLIES ...Animal Wastes - Feed Lots,
Nitrate, Nitrite, Nitrogen, Physical Properties-general, Pollutants -
Path of , Soil Sampling, ...5.0679

SPRAY DISPOSAL OF LIQUID COW MANURE ...Animal Waste
Removal-treatment, Animal Wastes - Feed Lots, Effluent-stan-
dards, Farm Wastes, Pump-other, ...5.0224

APPLICATION OF SEWAGE SLUDGE TO FIELD CROPS
...Disposal, Fertilizing, Planting & Cult, Methods of Application,
Organic Fertility -other, Sewage, Source of Fertilizer, 5.0363

ULTIMATE DISPOSAL OF SLUDGES BY SURFACE SPREAD-
ING ...Animal Wastes - Feed Low, Dewatering, Disposal, Trans-
port, ...5.0850

CHARACTERISTICS OF FARM ANIMAL MANURES AFFECT-
ING DESIGN OF DISPOSAL FACILITIES ,..Animal Waste
Removal-treatment, Farm Wastes, Physical Property Effects,
Waste Disposal-general, 3.0300

Waste Disposal-general
INDIVIDUAL WASTE DISPOSAL SYSTEMS Inspection, Septic

Tanks, 5.0218
WATER POLLUTION BY DAIRY FARM WASTES AS RE-

LATED TO METHOD OF WASTE DISPOSAL ...Alabama,
Animal Waste Removal-treatment, Bacterial Pollutant Sources,
Chemical Oxygen Demand, Farm Wastes, Management, Sewage
Lagoons, ...5.0011

U. S. S. R. LITERATURE ON WATER SUPPLY AND POLLU-
TION CONTROL ...Discharge-general, Russia, Sewage, Sewerage
Systems-general, Survey Studies, 5.0228

PHOSPHORUS REMOVAL AND DISPOSAL FROM MUNICIPAL
WASTEWATER ...Biological Treatment-other, Chemical Treat-
ment, Domestic Wastes-general, Phosphate, Phosphite, Waste
Treatment-economics, ...5.1172
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POULTRY MANURE PROPERTIES, HANDLING AND
DISPOSAL ,Animal Waste Removal-treatment, Poultry- Other,
Solid Waste, Waste Water Treatment-general, 5.0775

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Chickens, Sewage Lagoons, Swine, 5.0835

DESIGN OF FACILITIES FOR ANIMAL WASTE DISPOSAL
...Anaerobic, Animal Waste Removal-treatment, Farm Wastes,
Puerto Rico, .,.5.1049

SURFACE FACILITIES FOR DISPOSAL OF DESALTING PLANT
EFFLUENTS ...Desalination Wastes, Disposal Wastes, Seepage,
Waste Treatment-economics, 3.0112

CHARACTERISTICS OF FARM ANIMAL MANURES AFFECT-
ING DESIGN OF DISPOSAL FACILITIES ,.,Animal Waste
Removal-treatment, Farm Wastes, Physical Property Effects,
Waste Disposal -underground, 3.0300

FARM ANIMAL MANURE DISPOSAL LAGOONS ..,Animal
Waste Removal-treatment, Farm Wastes, Lagoon, Process Design,
Sewage Lagoons, .,5.0613

Waste Treatment-economics
WHITE WATER C. RIFICATION AND REUSE ,..Electrokinetic-

other, Flocculation, Natural Occurring, Pulp and Paper Wastes,
Water Reuse, ...5.0334

DEVELOPMENT OF A 50,000 GALLON PER DAY NELLEN
STACK ELECTRODIALYSIS MODULE ,,.Brackish Water, Cost
Analysis, Desalination, Electrodialysis, Membranes-other,
3.0150

A COST-EFFECTIVENESS STUDY OF PRETREATMENT
METHODS SUITABLE FOR INTEGRATION TO MEMBRANE
DESALTING PLANTS .,.Brackish Water, Desalination,
Economic Efficiency, Use of Impaired Water, Waste Water Pre-
treatment, ...5.0746

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS .,.Boron,
Desalination, Reverse Osmosis, Use of Impaired Water, Waste
Water Pre-treatment, 5.0093

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS ,..Material
Recovery Wastes, Pollutant-other, Recycle, Reverse Osmosis,
Waste Water Pre-treatment, ...3.0480

SEWAGE TREE TMENT, PILOT PLANT EVALUATION ...Ash -
coal, Coal, Coal-general, Industrial Wastes, Pilot Plant, ...5.0870

TEXTILE WASTE TREATMENT PRACTICE ...Loading, Textile
Wastes, Waste Water Treatment-general, Water Costs, ...5.0005

SURVEY OF WATER UTILIZATION AND WASTE CONTROL
IN THE PULP AND PAPER INDUSTRY Effluents-waste
Water, Pulp and Paper Wastes, Pulp, Paper , and Logging, Waste
Water Treatment-general, Water Utilization -general, 3.0376

CRITERIA FOR DETERMINING ECONOMIC PRIORITIES IN
AWARDING SEWAGE FACILITY CONSTRUCTION GRANTS
...Fiscal, Pennsylvania, Water Quality Control-general, Welfare
Economics, 6.0475

DESIGN REQUIREMENTS FOR MUNICIPAL DIATOMITE FIL-
TERS ...Bacteria, Clay Minerals-general, Coagulation, Diatomite,
Filtration, ,..8.0197

RAPID-FLOW COMBUSTIBLE FILTER FOR TREATMENT OF
COMBINED SEWER OVERFLOW ...Combined Sewer, Com-
bustible, Ohio, Rapid, Sewage Treatment Plant, ...5.0871

WASTEWATER TREATMENT PILOT PLANT INVESTIGATION,
MIXED CHROME TANNERY WASTEWATER ...Disposal, Dry-
ing-dewatering, Pollutant-other, Tannery Wastes, Waste Water
Pre-treatment, 5.0536

TREATMENT OF KRAFT MILL EFFLUENT BY FOAM
SEPARATION ...Biochemical Oxygen Demand, Foam, Pollutant-
other, Process Design, Pulp and Paper Wastes, ...5.0307

TREATMENT OF SELECTED INTERNAL KRAFT MILL
WASTES IN COOLING TOWERS ...Economic Efficiency, Pilot
Plant, Pulp and Paper Wastes, Recycle, Thermal Pollution,
5.0308

EFFICIENCY AND ECONOMY OF POLYMERIC SEWAGE
CLARIFICATION ...Industrial Processes-general, Polyelectrolytes,
Sewage - Domestic, ...5.0610

THE USE OF ORGANIC POLYELECTROLYTES FOR OPERA-
TIONAL IMPROVEMENT OF WASTE TREATMENT
PROCESSES ...Activated, Coagulation, Polyelectrolytes, ...5.0868

HIGH RATE TRICKLING FILTERS AND AERATION DEVICES
FOR THE ADVANCED BIOLOGICAL TREATMENT OF IN-
TEGRATED KRAFT PULP AND PAPER MILL EFFLUENTS
...Activated, Aeration, Biological Treatment-other, Pulp and
Paper Wastes, Trickling, 5.0840

2-501

,a14

Waste Treatment-economics

USE OF MODIFIED ACTIVATED SLUDGE TREAT TO
ACHIEVE NUTRIENT REMOVAL & TO PROVIDE CON-
SISTENT FEED TO TERTIARY TREATMENT SYSTEM _Ac-
tivated, Aeration, Pilot Plant, Pollutant-other, Tertiary Treatment,
5.0245

CONCENTRATION OF SUGAR BEET WASTES FOR
ECONOMIC TREATMENT WITH BIOLOGICAL SYSTEMS
,Aerobic, Anaerobic, Canning Wastes, Chemical Treatment,
Precipimion, ...5.0192

HUMBOLDT AVENUE POLLUTION ABATEMENT PROJECT
,..Combined Sewcr, Economic Efficiency, Runoff, Urban Environ-
ments, Wisconsin, ...4.0280

EVALUATION OF AN OXIDATION-DITCH WASTEWATER
TREATMENT PLANT IN SUBARCTIC ALASKA ..Chemical
Oxygen Demand, Dilution-other, Model Studies, Sub - Polar,
.5.0038

CHEMICAL SLUDGE DISPOSAL AND CHEMICAL RECOVERY
AT THE JOINT FWPCA DISTRICT OF COLUMBIA PILOT
PLANT Drying-dewatering, Filter-other, Material Recovery
Wastes, Sludge-other, Tertiary Treatment, ...5.0243

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
GRANULAR ACTIVATED CARBON .,.Activated Carbon,
Chemical Oxygen Demand, Flow Regulations, Organic Wastes,
Regeneration-other, 5.0133

DEMONSTRATION OF INDUSTRIAL WATER RENOVATION
PLANT AT ODESSA, TEXAS ..,Chemical Manufacturing
Wastes, Petroleum Chemistry, Process Design, Recycle, Water
Reuse, 5.1181

IMPROVE POLLUTION CONTROL BY REUSE OF PAPER
MACHINE PROCESS WATERS Effluent-standards, Material
Recovery Wastes, Pulp and Paper Wastes, Recycle, Water Reuse,
..,5.0807

TERTIARY ACTIVATED SLUDGE TREATMENT TO RECLAIM
WASTES FOR WATER SUPPLY FOR AGRICULTURAL AND
RECREATIONAL PURPOSES ...Activated, Denitrification,
Loading, Nutrients, Tertiary Treatment, 5.0077

AEROBIC SECONDARY TREATMENT OF POTATO
PROCESSING WASTES WITH MECHANICAL AERATION
.Aeration, Aerobic, Biological Treatment-other, Canning Wastes,

Process Design, Secondary Treatment, ...5.0329
INTEGRATED ACTIVATED SLUDGE-BIOLOGICAL FILTER

PROCESS ...Activated, Biological Treatment-other, Process
Design, Sewage, Trickling, .5.0161

PILOT -SCALE STUDY OF IMPROVED PHOSPHATE REMOVAL
BY MODIFIED ACTIVATED SLUDGE PROCESS ...Activated,
Algal Pollutant Sources, Bacteria, Disposal, Pilot Plant, ...5.0560

CANNERY WASTE TREATMENT BY THE KEHR ACTIVATED
SLUDGE PROCESS ...Activated, Aeration, Aerobic, Canning
Wastes, Sewage, 5.0157

SEPARATION OF SANITARY SEWAGE FROM COMBINED
SYSTEMS OF SEWERAGE ..Combined Sewer, Design-other,
Sewage, Storm Water, ..,5.0781

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Drying-dewatering, Filtration, Proems
Design, ...5.1016

A CONCEPTUAL STUDY OF THE DISTRICT OF C LUMBIA
BIOLOGICAL TREATMENT PILOT PLANT .,. Biological Treat-
ment-other Disposal, Drying-dewatering, Filtration, Process
Design, ..i.1007

BIOLOGICAL TREATMENT PILOT PLANT AND SLUDGE
DISPOSAL FACILITY ...Biological Treatment-other, Centrifuga-
tion, Disposal, Drying-dewatering, Filter-other, Thickening,
.,.5.1006

AN INVESTIGATION OF LIGHT-CATALYZED CHLORINE FOR
TREATMENT OF WASTE WATER ...Chlorine, Light-catalyzed,
Organics, Oxidation-general, Waste Water Treatment-general,
...5.0686

PHOSPHORUS REMOVAL BY ADDITION OF ALUMINUM TO
THE ACTIVATED SLUDGE PROCESS ...Activated, Aluminum,
Phosphate, Phosphite, ...5.0109

CONSTRUCTION OF MINE WATER TREATMENT PLANT AT
HOLLYWOOD, PENNSYLVANIA ...Acid Mine Wastes,
Disposal, Filtration, Microbial-bacterial, Neutralization, ...5.0994

A METHOD FOR ASSESSING THE EXTENT OF POLLUTION
FROM STORMWATER RUNOFF FROM AN URBAN AREA
...Combined Sewer, Construction-other, Runoff, Storm Water,
Urban Environments, Urban Research, ...5.0090

PHOSPHORUS REMOVAL AND DISPOSAL FROM MUNICIPAL
WASTEWATER ...Biological Treatment-other, Chemical Treat-
ment, Domestic Wastes-general, Phosphate, Phosphite, Waste
Disposal-general, 5.1172
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FABRICATION AND EVALUATION OF AN ULTRASONIC FIL-
TRATION SYSTEM FOR TREATING COMBINED SEWER
OVERFLOWS ...Biochemical Oxygen Dema;.d, Combined Sewer,
Filter-other, Overflow, Ultrasonics, -5.0105

HYDROLYSIS OF SLUDGE USING LOW PRESSURE STEAM
WITH SO2 AS A HYDROLYTIC ADJUNCT AND TO STUDY
THE UTILIZATION OF THE RESULTING HYDROLYSATE
-Chemical Treatment, Digestion, Feeds Or Feed Additives, Fer-
tilizers, Hydrolysis, Material Recovery Wastes, ...5.0782

AN ELECTROCHEMICAL METHOD FOR REMOVAL OF
PHOSPHATES FROM WASTEWATERS ...Electrochemistry-
other, Electrode, Phosphate, Phosphite, -5.0523

A STUDY OF r. PROCESS FOR PHOSPHATE REMOVAL FROM
WATER SUPPLIES USING LANTHANUM PRECIPITATION
...Lanthanum, Material Recovery Wastes, Phosphate, Phosphite,
Process Design, Waste Water Treatment-other, _5.0074

DEMONSTRATION OF A FULL SCALE WASTE TREATMENT
SYSTEM FOR A CANNERY ...Aeration, Biological Treatment-
general, Canning Wastes, _5.0922

A COLOR REMOVAL AND FIBROUS SLUDGE DISPOSAL
PROCESS FOR THE KRAFT PAPER INDUSTRY ...Color,
Disposal, Lime Treatment, Pulp and Paper Wastes, Regeneration-
other, -5.0455

LIME TREATMENT AND INPLANT REUSE OF AN AC-
TIVATED SLUDGE PLANT EFFLUENT IN THE CITRUS
PROCESSING INDUSTRY \ctivated, Canning Wastes, Drying-
dewatering, Lime Treatment, Plant Waste Removal, Treatment,
Storage. retention- facilities, ..,5,0274

RECONDITIONING AND REUSE OF FOOD PROCESSING
BRINES ...Brines, Canning Wastes, Filtration, Lagoon, Water
Reuse, -5.0234

FEASIBILITY OF THE PURIFICATION OF ACID MINE WATER
BY A PARTIAL FREEZING PROCESS .,.Acid Mine Wastes,
Freezing, Mining Activities, -5.0997

SULFIDE TREATMENT OF ACID MINE DRAINAGE ..,Acid
Mine Wastes, Mining Activities, Regeneration-other, Sludge-
general, Sulfide, ...5.100(s

DEMINERALIZATION OF WASTEWATER BY THE TRANS-
PORT-DEPLETION PROCESS ...Demineralization, Electrodialy-
sis, Process Design, Sewage Treatment Plant, Waste Water Pre-
treatment, -5.0015

SELECTIVE NITRATE AND PHOSPHATE REMOVAL
...Denitrification, Ion Exchange-other, Ion Selective, Nitrate,
Nitrite, Phosphate, Phosphite, Selective-removal, ...5.0532

STUDY OF UTILIZATION AND DISPOSAL OF LIME SLUDGES
CONTAINING PHOSPHATES ..Disposal, Lime Treatment,
Material Recovery Wastes, Phosphate, Phosphite, Waste Water
Treatment-general, ...5.0892

OXYGENATION OF AQUEOUS BODIES USING LIQUID OX-
YGEN ...Aeration, Diffusion-other, Oxygen, Solution, ...5.0685

EXPERIMENTS TO DETERMINE THE EFFECTIVENESS OF
PHOSPHATE REMOVAL BY MEANS OF THE MOVING BED
FILTER ...Filtration, Flocculation, Phosphate, Phosphite, ProceE,
Design, Solid Waste, -5.0723

STUDY FOR FLOW REDUCTING AND TREATMENT OF
WASTE WATER FROM HOUSEHOLDS .. Sewage - Domestic,
Survey Studies, Waste Water Treatment-general, Water Utiliza-
tion -domestic, -5.0205

DEVELOPMENT OF A MATHEMATICAL MODEL FOR

SEP,,AiRATION COAGULATION AND SEDIMENTATION
PROCESS USING ADDITION OF CHEMICALS .,.Coagulation,
Lime Treatment, Model Studies, Process Design, Sedimentation,
-5.0343

AMMONIA STRIPPING MATHEMATICAL MODEL FOR
WASTE WATER TREATMENT ...Aeration, Ammonia, Finance,
Mathen.atical Analysis, Model Studies, -5.0337

NEUTRALIZATION AND PRECOAT FILTRATION OF CON-
CENTRATION SLUDGES FROM MINE WATE ...Acid Mine
Wastes, Disposal, Filtration, Neutralization, Pennsylvania,
...5.1003

SUPPORT OF THE ADVANCED WASTE-TREATMENT PILOT
PLANT AT POMONA. CALIFORNIA ...Carbon, Denitrification,
Ion Exchange-other, Reverse Osmosis, Sand, -5.0110

WASTE TREATMENT .,.Activated, Biological, Solid Waste, Sur-
factants, Waste Water Treatment-general, -5.0731

HIGH-RATE, MULTIPLE MEDIUM FILTRATION FOR SECON-
DARY TREATMENT OF MUNICIPAL WASTE WATER
...Coagulation, Digestion, Effluent-standards, Filtration, Secondary
Treatment, ..5.1042

INVESTIGATIONS INTO TECHNIQUES FOR IMPROVING THE
AMOUNT AND EFFICIENCY OF OXYGEN INCORP RA-

TION INTO RAPID-RATE BIOLOGICAL WASTE TREAT-
MENT SYS ...Activated, Biological Treatment-other, Oxygen,
Plants-systems-other, Viscosity, -5.0169

EVALUATION OF AERATED LAGOONS AS A SEWAGE
TREATMENT FACILITY IN THE PRAIRIE PROVINCES ...Ac-
tivated, Aeration, Canada, Economic Efficiency, Sewage Lagoons,
-5.0173

CANNERY WASTE RESEARCH PROJECT ...Canning Wastes,
Dynamic Programming, in Plant Treatment Wastes, Process
Design, Systems Analysis, ..5.0099

TREA1MENT OF COAL MINE WATERS TO MEET CURRENT
COMMONWEALTH WATER DISCHARGE REQUIREMENTS
...Coal-general, Lagoon, Mining Activities, Pennsylvania, Waste
Water Treatment-general, _5.1038

MINIMUM WATER SANITARY SYSTEM ...Equipment, Flushing
Devices, Incineration, Polar, -3.0078

SURFACE FACILITIES FOR DISPOSAL OF DESALTING PLANT
EFFLUENTS ...Desalination Wastes, Disposal Wastes, Seepage,
Waste Disposal-general, -3.0112

NITRATE REMOVAL FROM THE AGRICULTURAL EF-
FLUENTS IN THE SAN LUIS DRAIN UTILIZING ION
EXCHANGE RESINS ...Chemical Treatment-other, Ion
Exchange-other, Nitrate, Nitrite, Resins, Runoff, -5.0182

CONTROL OF MINERAL CONSTITUENTS IN WASTE WATER
BY ELECTRODIALYSIS ...Activated Carbon, Electrodialysis,
Membranes-other, Organics, Solid Waste, -5.0845

POWDERED CARBON TREATMENT OF WASTEWATER ...Ac-
tivated, Chemical, Fluidized Bed, Microwave, Polyelectrolytes,
-5.0857

ELECTRODIALYSIS TREATMENT OF SECONDARY EF-
FLUENT ...Activated Carbon, Demineralization, Electrodialysis,
Pollutant-other, Recycle, -5.0896

DISSOLVED INORGANIC REMOVAL--SELECTIVE ION AND
ORGANIC REMOVAL BY ION EXCHANGE RESINS ...Ac-
tivated Carbon, Demineralization, Ion Exchange-other, Pollutant-
other, Regeneration-other, -5.0849

DISINFECTION OF RENOVATED WASTEWATER ...Chlorina-
tion, Disinfection, Effluent-standards, Ozonization, -5.0846

CHEMICAL AND ENGINEERING ASPECTS OF POTATO
PROCESSING WASTES TREATMENT ...Canning Wastes,
Dehydration, Drying-dewatering, Material Recovery Wastes, Plant
Waste Removal, Treatment, Potatoes, Waste Water Treatment-
general, -5.0979

REMOVAL OF SUSPENDED SOLIDS AND PHOSPHATE FROM
A SECONDARY EFFLUENT BY ALUM COAGULATION AND
DUAL MEDIA FILTRATION ...Electrodialysis, Filter-other, Ion
Exchange-other, Reverse Osmosis, Sedimentation, -5.0848

SU ARC AERAT LAG INVES BIOKIN REQUIR SEASON &

DIURN EFF ON NUT BAL. ...Aeration, Effluent-standards,
Lagoon, Process Design, Sub - Polar, _5.0027

Waste Water Treatment
Adsorption & Absorption

Activated Carbon
TERTIARY TREATMENT OF COMBINED STORM WATER,

SANITARY RELIEF DISCHARGE AND SEWAGE TREAT-
MENT PLANT EFFLUENT ...Combined Sewer, Filtration, Pilot
Plant, Process Design, Sedimentation, Storm Water, -5.0387

MODEL ADVANCED WASTE-TREATMENT PLANT ...Lime
Treatment, Material Recovery Wastes, Pilot Plant, Process
Design, Solid Waste, -5.0504

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
GRANULAR ACTIVATED CARBON ...Chemical Oxygen De-
mand, Flow Regulations? Organic Wastes, Regeneration-other,
Waste Treatment-economics, -5.0133

BIOLOGICAL REMOVAL OF THE NITRATEJION ON BEDS OF
ACTIVATED CARBON OR SAN ,..Denitrification, Microbial-
bacterial, Packed Bed, Regeneration-other, Sand, -5.0132

EFFECT OF SURFACE GROUPS ON ADSORPTION OF POLLU-
TANTS ...Adsorption, Area, Material Recovery Wastes, Organics,
-5.0987

WASTE TREATMENT FACILITIES FOR POLY VINYL
CHLORIDE MANUFACTURING PLANT ...Activated, Chemical
Manufacturing Wastes, Effluent-standards, Organic, Pond,

RECLAMATION OF LIOLOGICALLY, MECHANICALLY &
CHEMICALLY TREATED WASTEWATER FOR POTABLE
WATER SUPPLY USES (ABBREV) Electrodialy-
sis, Ion Exchange-other, Risk & Uncertainty, Waste Water Pre-
treatment, ...5.0159
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ADVANCED WASTEWATER TREATMENT USING POW-
DERED ACTIVATED CARBON IN RECIRCULATING SLUR-
RY CONTACTOR-CLARIFIERS ...Activated, Coagulation, Selec-
tive-removal, ...5.0042

ENGINEERING ANALYSIS OF WASTE TREATMENT
...Development of Models, Digital Computers, Electrodialysis, Op-
timization, Sewerage Systems-other, _5.0861

CONTROL OF MINERAL CONSTITUENTS IN WASTE WATER
BY ELECTRODIALYSIS ...Electrodialysis, Membranes-other, Or-
ganics, Solid Waste, Waste Treatment-economics, 5.0845

USE OF GRANULAR ACTIVATED CARBON IN TREATMENT
OF WASTE WATERS ...Carbon, Organics, Thermal, Ultraviolet,
...5.0856

ELECTRODIALYSIS TREATMENT OF SECONDARY EF-

FLUENT ...Demineralization, Electrodialysis, Pollutant-other,
Recycle, Waste Treatment - economics, ..5.0896

EUTROPHICATION - REMOVAL OF NUTRIENTS SHAGAWA
LAKE ...Coagulation, Eutrophication, Ion Exchange-other,
Nutrients, Sediments, Tertiary Treatment, Trickling, ...5.0594

DISSOLVED INORGANIC REMOVAL--SELECTIVE ION AND
ORGANIC REMOVAL BY ION EXCHANGE RESINS
...Demineralization, Ion Exchange-other, Pollutant-other,
Regeneration-other, Waste Treatment-economics, 5.0849

DISSOLVED REFRACTORY ORGANIC REMOVAL -- CARBON
AS AN ADSORBENT AND FILTER MEDIUM ,..Coagulation,
Filter-other, Loading, Organic-general, Organics, 5.0860

EXPLORATORY STUDIES ON SIMPLIFYING DISPOSAL OF
FOOD PROCESSING WASTES ...Canning Wastes, Electrodialy-
sis, Ion Exchange-other, Other, Regeneration-other, Reverse Os-
mosis, ...5.0057

Adsorption-absorption-general
STORM SEWER TREATMENT BY A SELF-CLEANING

STRAINER, FILTER CONCEPT ...Coagulation, Combined
Sewer, Filter-other, 5.1078

Adsorption-absorption-other
POLLUTION EFFECTS ON GROUND WATER RECHARGE IN

HAWAII ...Groundwater, Natural Recharge, Pollutants - Path of ,
Pollution - Effects of , Soil Environment, 5.0313

LUXURY METABOLIC STORAGE OF PHOSPHORUS IN THE
ACTIVATED SLUDGE FLOC ...Activated, Flocculation,
Nutrients, Phosphorus, Waste Water Treatment-general, ...5.1318

ADSORPTION FROM AQUEOUS SOLUTION ...Adsorption, Ad-
sorption-other, Organic Matter, Organics, 5.0558

SORPTION BEHAVIOR OF ORGANIC PYROPOLYMERS IN
AQUEOUS SOLUTION ...Organic, Organics, Porosity, ...5.0232

APPLICATIONS OF POWDERED MAGNETIC IRON OXIDE
FOR THE REMOVAL OF PATHOGENIC MICROORGANISMS
...Electric Field, Electrochemistry-other, Magnetic, Spinel Group,
Virus, 5.0400

USE OF COAL AS ADSORBENT FOR TREATING WASTE
WATER ...Anaerobic, Coal-general, Domestic, Material Recovery
Wastes, Secondary Treatment, ...5.1017

Artificial Recharge
DEEP WELL DISPOSAL OF DESALINATION BRINE WASTES

...Brackish Water, Desalination, Desalination Wastes, Economics-
general, Water Law-general, ...3.0296

SPREADING TREATED SEWACE FOR GROUNDWATER
RECHARGE ...Groundwater, Loading, Percolation, Pilot Plant,
Sewage, 3.0005

Biochemical Oxygen Demand
MICROBIOLOGY OF SEWAGE LAGOONS - EFFECTS OF IN-

DUSTRIAL WASTES ON COLIFORM AND OTHER ENTERIC
ORGANISMS ...Bacteria, Food Processing Industry, Industrial
Waste-other, Lagoon, Sewage Bacteria, Sewage Lagoons,
_5.0837

PRECIPITATION OF PHOSPH/ TES FROM WATER WITH FER-
ROUS SALTS ...Chemical Treatment, Iron, Phosphate, Phosphite,
Precipitation, Waste Water Treatment-general, 5.0882

BIOLOGICAL TREATMENT OF BEEF ANIMAL WASTES TO
REDUCE WATER POLLUTION ...Aeration, Anaerobic, Animal
Wastes - Feed Lots, Chemical Oxygen Demand, Chemical Treat-
ment, Farm Wastes, Livestock Equipment, ...5.0433

AN ATTEMPT TO DETECT HIGHLY DILUTED VIRUSES IN
WATERS BY FLOCCULATION ...Assay, Flocculation, Precipita-
tion & Sedimentation, Sewage, Viral Pollutant Sources, ...4.0139

COLOR REMOVAL FROM TEXTILE DYE WASTES BY
COAGULATION ...Coagulation, Color, Dye Wastes, Sulfur, Tex-
tile Wastes, ...5.0007

AUTOMATIC CONTROL OF A COMPLETELY MIXED AC-
TIVATED SLUDGE REACTOR Activated, Effluent-standards,
Reactors-other, Sewage Treatment Plant, ...5.0213

AUTOMATIC RECORDING OF SHORT TERM B.O.D. ,..Auto-
matic Systems, Effluent-standards, Sewage Testing, Technique
Development, 7.0039

TREATMENT OF KRAFT MILL EFFLUENT BY FOAM
SEPARATION ...Foam, Pollutant-other, Process Design, Pulp and
Paper Wastes, Waste Treatment-economics, 5.0307

DEMONSTRATING THE EFFECT 07 NUTRIENTS IN OXIDA-
TION POND RECEIVING STREAM ...Algae, Bacteria, Lagoon,
Nutrients, Pond, ...5.0920

REMOVAL OF BOD AND NUTRIENTS BY BIOLOGICAL
SLIMES ...Aeration, Biological Treatment-other, Denitrification,
Sedimentation, 5.0737

USE OF COAGULATION IN THE FLOTATION OF WASTE-
WATER ...Coagulation, Flotation, Industrial Wastes, Oil -

Technological Testing, Primary Treatment, 5.0338
FABRICATION AND EVALUATION OF AN ULTRASONIC Fll

TRATION SYSTEM FOR TREATING COMBINED SEWER
OVERFLOWS ...Combined Sewer, Filter-other, Overflow, Ul-
trasonics, Waste Treatment-economics, ...5.0105

EVALUATION AND DEMONSTRATION OF THE MASSIVE
LIME PROCESS FOR THE REMOVAL OF COLOR FROM
KRAFT PULP MILL WASTES ...Color, Lime Treatment, Pulp
and Paper Wastes, Pulp, Paper , and Logging, ...5.0783

INTEGRATED TREATMENT OF LIQUID WASTES FROM
FOOD CANNING OPERATIONS ...Canning Wastes, Floccula-
tion, Organics, Trickling, ...5.0235

SECONDARY EFFLUENT POLLSHING BY RAPID SEND FIL-
TRATION ...Activated, Chemical Oxygen Demand, Pilot Plant,
Sand, Solid Waste, 5.0362

EFFECTS OF OXYGEN DEMAND ON SURFACE REAERATION
RATES ...Aeration, Chemical Oxygen Demand, Energy, Ions and
Gases, Turbulent Flow, ...5.0369

(U) STABILIZATION POND OPERATION IN TROPICAL
AREAS (P) ...Algae, Bacteria, Loading, Pond, Tropic, ...5.0174

Bio7,ogical Treatment
Aerobic

CLOSED SYSTEMS FOR ANIMAL SEWAGE TREATMENT
...Digestion, Disinfection, Farm Wastes, Ion Exchange-other,
Safety, ...1.0060

EFFECT OF BORON IN BIOLOGICAL WASTE TREATMENT
...Activated, Boron, Industrial Wastes, Sewage - Domestic, Surfac-
tants, ...5.0223

MICROBIOLOGICAL CHARACTERIZATION OF ACTIVATED
SLUDGE IN A WASTEWATER TREATMENT PLANT CHEMI-
CALLY MODIFIED FOR PHOSPHORUS REMOVAL ...Ac-
tivated, Cell. env.(non-specific & Ot.), Chemical Treatment,
Phosphorus, Sewage Bacteria, ...5.1046

CATTLE FEED LOT WASTE WATER TREATMENT ...Anaero-
bic, Animal Wastes - Feed Lots, Effluent-standards, Lagoon,
Water Reuse, 5.0422

POLLUTION PREVENTION BY AERATION OF FRUIT
PROCESSING WASTES ...Activated, Aeration, Canning Wastes,
Drying-dewatering, Lagoon, Solid Waste, ...5.1272

AEROBIC TREATMENT OF PACKINGHOUSE WASTES ...Food
Processing Industry, Industrial Processes-other, Pilot Plant, Pilot
Plants, Waste Water Treatment-general, 5.0418

CONCENTRATION OF SUGAR BEET WASTES FOR
ECONOMIC TREATMENT WITH BIOLOGICAL SYSTEMS
...Anaerobic, Canning Wastes, Chemical Treatment, Precipitation,
Waste Treatment-economics, 5.0192

ANAEROBIC - AEROBIC SUGAR BEET WASTE TREATMENT
,..Algae, Anaerobic, Food Processing Industry, Industrial
Processes-other, Plant Waste Removal, Treatment, Taste and
Odor, ...5.0193

TREATMENT OF BEAN HOUSE WASTES FROM A VEGETA-
BLE TANNERY ...Anaerobic, Lime Treatment, Neutralization,
Tannery Wastes, Waste Water Treatment-general, 5.0864

SEWAGE PHOSPHORUS REMOVAL BY AN ACTIVATED
SLUDGE PLANT ...Activated, Digestive Tanks, Phosphorus,
Sewage Testing, ...5.1321

EAST CHICAGO TREATMENT LAGOON ...Anaerobic, Chlorina-
tion, Combined Sewer, Effluent-standards, Waste Water Treat-
ment-general, ...6.0215

COMPLETE TREATMENT OF TANNERY INDUSTRIAL WMTE
FOR CHROME TANNING, ALUM TANNING AND VEGETA-
BLE TANNING ...Anaerobic, Neutralization, Process Design,
Tannery Wastes, Waste Water Pre-treatment, 5.0436
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AEROBIC SECONDARY TREATMENT OF POTATO
PROCESSING WASTES WITH MECHANICAL AERATION
...Aeration, Biological Treatment-other, Canning Wastes, Process
Design, Secondary Treatment, Waste Treatment-economics,
,..5.0329

CANNERY WASTE TREATMENT BY THE KEHR ACTIVATED
SLUDGE PROCESS ...Activated, Aeration, Canning Wastes,
Sewage, Waste Treatment-economics, ...5.0157

AEROBIC BIOLOGICAL TREATMENT, SLUDGE DEWATER-
ING AND DISPOSAL AND EFFLUENT REUSE FOR A SIDE
LEATHER TANNERY ...Disposal, Drying-dcwatering, Filtration,
Lagoon; Tannery Wastes, -.5.0608

DEMONSTRATION OF A FACILITYFOR THE BIOLOGICAL
TREATMENT OF COMPL EX CHLOROPHENOLIC WASTE
...Alcohols, Organics, Pesticides, Pond, Removal of Residues,
...5.0055

AEROBIC SECONDARY TREATMENT OF PLYWOOD GLUE
WASTES .Activated, Aeration, Aldehydes, Lagoon, Process
Design, Secondary Treatment, ...5.0984

WASTE DISPOSAL IN RURAL AREAS ..Animal Waste Removal-
trcatmaet, Chemical Analysis (water), Effluents-waste Water,
Farm Wastes, Rural Areas, Septic Tanks, ...5.0219

AERATED LAGOONS & ANAEROBIC REACTORS - A FIELD &
LAB STUDY OF THEIR EFFICIENCIES & DESIGN PRINCI-
PLES IN SEWAGE TREATMENT ...Anaerobic, Canada, Process
Design, Scwagc Lagoons, ...5.0165

AEROBIC DISPOSAL OF ANIMAL WASTES WITH CONTINU-
OUS WATER REUSE ...Aerobic Bacteria, Animal Waste
Removal-treatment, Dilution-general, Sludge-other, Water Reuse,
_5.0294

REMOVAL OF STRONTIUM-90 FROM ORGANIC WASTES
,..Anaerobic, Cation, Disposal, Flocculation, Strontium, ...5.0082

LIVESTOCK WASTE MANAGEMENT AND SANITATION
...Animal Waste Removal-treatment, Computer Methods -other,
General Sanitation Methods, Manure, 5.0360

Algae
APPLICATION OF RADIOISOTOPO TECHNIQUES TO A CRITI-

CAL WATER RESOURCES PROBLEM AREA (NUTRITIONAL
POLLUTION) ...Nutrients, Phosphorus, Radioisotopes, 5.0919

ANAEROBIC - AEROBIC SUGAR BEET WASTE TREATMENT
.Aerobic, Anaerobic, Food Processing Industry, Industrial

Processes-other, Plant Waste Removal, Treatment, Taste and
Odor, ..5.0193

DEMONSTRATING THE EFFECT OF NUTRIENTS IN OXIDA-
TION POND RECEIVING STREAM ...Bacteria, Biochemical Ox-
ygen Demand, Lagoon, Nutrients, Pond, ...5.0920

KINETICS OF ALGAL SYSTEMS IN WASTE TREATMENT
...Biological, Model Studies, Nutrients, Pilot Plant, Proce. s
Design, 5.0069

EFFECT OF PHOSPHORUS REMOVAL PROCESSES ON
ALGAL GROWTH ...Algal Pollutant Sources, Biological Treat-
ment-other, Denitrification, Eutrophication, Nutrients, 5.0097

ALGAL BIOASSAY TO DETERMINE THE EXTENT OF
NUTRIENT REMOVAL BY AWT AT THE WASTE TREAT-
MENT PLANT AT ELY, MINNESOTA ...Bioassays, Denitrifica-
tion, Nutrients, Pilot Plant, Waste Water Treatment-general,
-.5.1304

USE OF PURE STRAINS OF ALGAE AND MIXED ALGAE-
PROTOZOA, AND ALGAE-BACTERIA CULTURES IN
SEWAGE TREATMENT ...Algal Culture, Microbial-bacterial,
Pilot Plant, Waste Water Treatment-general, ...5.0382

(U) STABILIZATION POND OPERATION IN TROPICAL
AREAS (P) -.Bacteria, Biochemical Oxygen Demand, Loading,
Pond, Tropic, ..5.0174

Anaerobic
SECONDARY TREATMENT OF HOG WASTE IN AN ANAERO-

BIC STABLIZATION POND ...Animal Wastes - Fecd Lots, North
Dakota, Secondary Treatment, Septic Tanks, Sewage Lagoons,
-.5.0830

IOLOGICAL TREATMENT OF BEEF ANIMAL WASTES TO
REDUCE WATER POLLUTION ...Aeration, Animal Wastes -
Feed Lots, Biochemical Oxygen Demand, Chemical Oxygen De-
mand, Chemical Treatment, Farm Wastes, Livestock Equipment,
5.0433

THE DECOMPOSITION OF PETTIOLEUM PRODUCTS IN OUR
NATURAL WATERS ...Aquatic Environments, Chemical,
Chemical Treatment-other, Industrial Wastes, Petroleum Industry,
...5.0623

(FSCT CATEGORY V D) MAGAGEMENT OF CATTLE
FEEDLOT WASTES ...Animal Waste Removal-treatment, Animal
Wastes - Feed Lots, Farm Wastes, Lagoon, Scwagc Lagoons,
...5.0412

ORGANIC DECOMPOSITION AT POISED O-R POTENTIAL
LEVELS ...Digestion, Electrodialysis, Membranes-other, Satu-
rated Hydrocarbons, ..5.0550

THE BIOCHEMISTRY OF ANAEROBIC DIGESTION ...Acids,
Anaerobic Bacteria, Biodegradation, Other, Respiration, ...5.0762

MICROBIAL INTERACTIONS IN WASTE TREATMENT
SYSTEMS ...Digestion, Filter-other, Ion Selective, Microbial-bac-
tcrial, Saturated Hydrocarbons, _5.0395

CATTLE FEED LOT WASTE WATER TREATMENT ...Aerobic,
Animal Wastes - Feed Lots, Effluent-standards, Lagoon, Water
Reuse, ...5.0422

CONCENTRATION OF SUGAR BEET WASTES FOR
ECONOMIC TREATMENT WITH BIOLOGICAL. SYSTEMS
...Aerobic, Canning Wastes, Chemical Treatment, Precipitation,
Waste Treatment-economics, -.5.0192

ANAEROBIC - AEROBIC SUGAR BEET WASTE TREATMENT
...Aerobic, Algae, Food Processing Industry, Industrial Processes-
other, Plant Waste Removal, Treatment, Taste and Odor,
-.5.0193

TREATMENT OF BEAN HOUSE WASTES FROM A VEGETA-
BLE TANNERY ...Aerobic, Lime Treatment, Neutralization,
Tannery Wastes, Waste Water Treatment-general, ...5.0864

EAST CHICAGO TREATMENT LAGOON -Aerobic, Chlorina-
tion, Combined Sewer, Effluent-standards, Waste Water Treat-
ment-general, -.6.0215

COMPLETE TREATMENT OF TANNERY INDUSTRIAL WASTE
FOR CHROME TANNING, ALUM TANNING AND VEGETA-
BLE TANNING ..Acrobic, Neutralization, Process Design, Tan-
nery Wastes, Waste Water Pre-treatment, 5.0436

BIOLOGICAL TREATMENT OF ACID MINE WATER ...Acid
Mine Wastes, Acidity, Iron, Mining Activities, Model Studies,
Process Design, ...5.0795

MICROBIOLOGY OF ANAEROBIC SLUDGE ...Biological,
Digestion, Fermentation, Microbial-bacterial, Saturated Hydrocar-
bons, ...5.0809

PROCESS TO REMOVE CARBONACEOUS, AND
PHOSPHORUS-MATERIALS FROM ANAEROBIC DIGESTER
SUPERNATANT AND RELATED PROCESS STREAMS
-.Coagulation, Denitrification, Limc Treatment, Organics,
Phosphate, Phosphite, ...5.0156

RESEARCH AND FIELD ENGINEERING STUDIES FOR OP-
TIMIZING LIPID BIOSTABILJZATION PROCESSES
Destratific.ation, Fats -non-specific, Microorganisms (non-
specific), Model Studies, Process Design, -.5.0684

ACCLIMATION OF HIGH RATE ANAEROBIC DIGESTION
...Acetate, Digestion, Fermentation, Methane Neteria (non-
spccif.), ...5.0366

AERATED LAGOONS & ANAEROBIC REACTORS - A FIELD &
LAB STUDY OF THEIR EFFICIENCIES & DESIGN PRINCI-
PLES IN SEWAGE TREATMENT ...Aerobic, Canada, Process
Design, Sewage Lagoons, ...5.0165

DESIGN OF FACILITIES FOR ANIMAL WASTE DISPOSAL
...Animal Waste Removal-treatment, Farm Wastes, Puerto Rico,
Waste Disposal-general, _5.1049

REMOVAL OF STRONTIUM-90 FRCM ORGANIC WASTES
...Aerobic, Cation, Disposal, Flocculation, Strontium, ...5.0082

USE OF COAL AS ADSORBENT FOR TREATING WASTE
WATER ...Athorption-absorption-other, Coal-general, Domestic,
Material Recovery Wastes, Secondary Treatment, 5.1017

PROCESS DEVELOPMENT FOR REMOVAL OF NUTRIENT
MATERIALS FROM WASTEWATERS ...Activated, Denitrifica-
tion, Loading, Nitration, Nutrients, Pollutant-other, 5.0841

Biological Treatment-general
EXCHANGE OF PHOSPHORUS SPECIES BETWEEN LIVING

AND NONLIVING SYSTEMS IN FRESH WATER ENVIRON-
MENTS ...Algae- General, Bioindicators, Nutrients, Waste Water
Treatment-general, ...5.0812

AN EVALUATION OF RECENT APPROACHES FOR THE
DESIGN OF BIOLOGICAL WASTES TREATMENT ...Data
Analysis - General, Pilot Plant, Process Design, Waste Water
Treatment-general, 5.0928

BIOLOGICAL PROPERTIES OF SEWAGE LAGOONS AT
TUSKEGEE, ALABAMA ...Bioindicators, Microbiological Analy-
sis, Microori anisms (non - specific), Pollution - Effects of , Sewage
Lagoons, -.5.0024

INDUSTRIAL REUSE OF PROCESS WATER ...Material Recovery
Wastes, Pond, Sewage Lagoons, Water Reuse, 5.0480

BIO-MASS DETERMINATION - A NEW TECHNIQUE FOR THE
CONTROL OF AERATION SEWAGE TREATMENT PROCESS
...Aeration, ...5.0231
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DEMONSTRATION OF A FULL SCALE WASTE TREATMENT

SYSTEM FOR A CANNERY ...Aeration, Canning Wastes, Waste
Treatment-economics, 5.0922

REMOVAL OF ORGANIC AND EUTROPHYING OLLUTANTS
BY COMBINED CHEMICAL AND BIOLOGICAL TREAT-
MENT ...Chemical Treatment, Denitrification, Eutrophication, In-
dustrial Waste-other, Organics, ...5.0399

Biological Treatment-other
HIGH RATE TRICKLING FILTERS AND AERATION DEVICES

FOR THE ADVANCED BIOLOGICAL TREATMENT OF IN-
TEGRATED KRAFT PULP AND PAPER MILL EFFLUENTS
...Activated, Aeration, Pulp and Paper Wastes, Trickling, Waste
Treatment-economics, 5.0840

A COMPLETE RECYCLE WASTE WATER TREATMENT
PLANT ...Activated, Coagulation, Sedimentation, Trickling,
Water Reuse, ...5.1165

OPTIMAL DESIGN OF WASTE TREATMENT SYSTEMS ...Ac-
tivated, Electrodialysis, Optimization, Oxidation-general, Process
Design, 8.0202

MICROBIOLOGY OF SLUDGE DNA ANALYSES AND N2
REMOVAL ...Activated, Denitrification, 5.0694

AEROBIC SECONDARY TREATMENT OF POTATO
PROCESSING WASTES WITH MECHANICAL AERATION
...Aeration, Aerobic, Canning Wastes, Process Design, Secondary
Treatment, Waste Treatment-economics, ...5.0329

IN -PLANT TREATMENT OF DILUTE WASTES OF THE PULP-
ING INDUSTRY ...Pulp and Paper Wastes, Pulp, Pulping & Com-
posite, Reverse Osmosis, Waste Water Pre-treatment, Water
Reuse, ...5.1288

INTEGRATED ACTIVATED SLUDGE-BIOLOGICAL FILTER
PROCESS ...Activated, Process Design, Sewage, Trickling, Waste
Treatment-economics, ...5.0161

OPERATION AND EVALUATION OF A DEMONSTRATION
ROTATING BIOLOGICAL CONTACTOR ...Aeration, Biologi-
cal, Combined Sewer, Microbial-bacterial, Wisconsin, ...5.1317

COMBINED INDUSTRIAL AND MUNICIPAL WASTE TREAT-
MENT ...Combined Sewer, Pilot Plant, Process Design, Pulp and
Paper Wastes, Waste Water Treatment-general, ...5.1289

REMOVAL OF BOD AND NUTRIENTS BY BIOLOGICAL
SLIMES ...Aeration, Biochemical Oxygen Demand, Denitrifica-
tion, Sedimentation, 5.0737

EFFECT OF PHOSPHORUS REMOVAL PROCESSES ON
ALGAL GROWTH ...Algae, Algal Pollutant Sources, Denitrifica-
tion, Eutrophication, Nutrients, ...5.0097

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Disposal, Drying-
dewatering, Filtration, Process Design, Waste Treatment-
economics, ...5.1016

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Disposal, Drying-
dewatering, Filtration, Process Design, Waste Treatment-
economics, 5.1007

BIOLOGICAL TREATMENT PILOT PLANT AND SLUDGE
DISPOSAL FACILITY ...Centrifugation, Disposal, Drying-de-
watering, Filter-other, Thickening, Waste Treatment-economics,
...5.1006

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Disposal, Drying-
dewatering, Filtration, Process Design, 5.0744

IDENTIFICATION OF LIMITING FACTORS IN THE BIOLOGI-
CAL TREATMENT OF SEWAGE ...Activated, Other, Pilot
Plant, Sewage Bacteria, 5.0230

PHOSPHORUS REMOVAL AND DISPOSAL FROM MUNICIPAL
WASTEWATER ...Chemical Treatment, Domestic Wastes-
general, Phosphate, Phosphite, Waste Disposal-general, Waste
Treatment-economics, 5.1172

BIOLOGICAL METHODS OF SLUDGE DEWATERING ...Ac-
tivated, Butyric Acid, Depolymerase, Drying-dewatering, Microor-
ganisms (non-specific), ...5.0089

INVESTIGATIONS INTO TECHNIQUES FOR IMPROVING THE
AMOUNT AND EFFICIENCY OF OXYGEN INCORPORA-
TION INTO RAPID-RATE BIOLOGICAL WASTE TREAT-
MENT SYS ...Activated, Oxygen, Plants-systems-other, Viscosity,
Waste Treatment-economics, 5.0169

NUTRIENT REMOVAL IN A WATER TREATMENT PLANT
...Coagulation, Denitrification, Flocculation, Nutrients, Potable
Water, Sand, 5.0355

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL--FLOCCU-
LATION BY ORGANIC POLYMERS ...Chemical Treatment,
Colloidal Phenomena, Filter-other, Organic, Separation-general,
5.0851

Fermentation
TREATMENT OF AQUEOUS AGRICULTURAL WASTES FOR

CLEAN WATER AND FOR MICROBIAL PROTEIN PRODUC-
TION Aeration, Agricultural Microbiology, Animal Waste
Removal-treatment, Microorganism Proteins, Plant Waste
Removal, Treatment, 5.0410

CONTROLLING FACTORS IN METHANE FERMENTATION
...Bacterial Culture, Cell. env.(non-specific & Ot.), Methane Bac-
teria (non-specif.), Respiration, Saturated Hydrocarbons,5.0754

MICROBIOLOGY OF ANAEROBIC SLUDGE ...Anaerobic,
Biological, Digestion, Microbial-bacterial, Saturated Hydrocar-
bons, 5.0809

ACCLIMATION OF HIGH RATE ANAEROBIC DIGESTION
...Acetate, Anaerobic, Digestion, Methane Bacteria (non-specif.),
...5.0366

Microbial-bacterial
APPLICABILITY OF ARDOX CATALYST TO OXIDATION IN

SPACE WASTE MANAGEMENT ..,Activated, Manned Satelite,
Other, Oxidation-other, Waste-disposal-recovery, 5.0240

MICROFLOTATION AND FLOCCULATION OF NATURAL
COLLOIDAL SYSTEMS ...Adsorption, Colloidal Phenomena,
Electrochemistry-other, Flocculation, Flotation, 5.0790

MICROBIAL DEGRADATION OF ORGANIC POLLUTANTS OF
INDUSTRIAL ORIGIN ...Chemical, Industrial Wastes, Organic
Matter, Sewage Bacteria, Toxic Substances -non-specific,
...5.0514

OXYGEN TRANSFER IN CONCENTRATED MICROBIAL
SYSTEMS ...Degradation, Mixed Culture, Model Studies, Oxygen,
Physico - Chem - Metab, _5.0801

ECOLOGY OF SPHAEROTILUS IN ACTIVATED SLUDGE ...Ac-
tivated, Cell. env.(non-specific & Ot.), Ecology, Identification,
Sphaerotilus, _5.0341

MICROBIAL INTERACTIONS IN WASTE TREATMENT
SYSTEMS ...Anaerobic, Digestion, Filter-other, Ion Selective,
Saturated Hydrocarbons, ...5.0395

MICROBIOLOGICAL REMOVAL OF IRON FROM MINE
DRAINAGE WATERS ...Acid Mine Wastes, Iron, Oxidation-
other, Reduction-other, Sulfur Bacteria, 5.0925

KINETICS OF BIOLOGICAL FILTERS ...Growth Rate, Microor-
ganisms (non-specific)., Organic Wastes, Pollutant-other, Trick-
ling, ...5.1103

BIOLOGICAL REMOVAL OF THE NITRATE ION ON BEDS OF
ACTIVATED CARBON OR SAN ...Activated Carbon, Denitrifi-
cation, Packed Bed, Regeneration-other, Sand, ...5.0132

OPERATION AND EVALUATION OF A DEMONSTRATION
ROTATING BIOLOGICAL CONTACTOR ...Aeration, Biologi-
cal, Biological Treatment-other, Combined Sewer, Wisconsin,
...5.1317

BIOLOGICAL EFFECTS OF HEAVY METAL POLLUTION
...Biological, Heavy Elements, Metals, Mining Industry, Pollution -
Effects of , ...5.0034

REMOVAL OF COLLOIDAL MATTER FROM WASTE WATER
...Organic Wastes, Pollutant-other, Rate of Reaction, Sediments,
Waste Water Treatment-general, ...5.0599

MICROBIOLOGY OF ANAEROBIC SLUDGE ...Anaerobic,
Biological, Digestion, Fermentation, Saturated Hydrocarbons,
5.0809

CONSTRUCTION OF MINE WATER TREATMENT PLANT AT
HOLLYWOOD, PENNSYLVANIA ...Acid Mine Wastes,
Disposal, Filtration, Neutralization, Waste Treatment-economics,
5.0994

USE OF PURE STRAINS OF ALGAE AND MIXED ALGAE-
PROTOZOA, AND ALGAE-BACTERIA CULTURES IN
SEWAGE TREATMENT ...Algae, Algal Culture, Piiot Plant,
Waste Water Treatment - general, ..5.0382

USE OF TOTAL CARBON ANALYZER TO DEFINE
MICROBIOLOGICAL PROCESSES ...Carbon, Quantitative
Chemistry, ...5.1176

LAGOONS FOR DAIRY FARMS ...Animal Waste Removal-treat-
ment, Diary Wastes, Process Design, Sewage Lagoons, ...5.1240

BACTERIOLOGICAL ANALYSIS OF THE FLOCS OF AC-
TIVATED SLUDGE OF DOMESTIC SEWAGE ...Activated, Bac-
terial Pollutant Sources, Disposal, Flocculation, Sewage, ...5.1311

REMOVAL OF NITROGEN COMPOUNDS FROM MUNICIPAL
WASTEWATER ...Aeration, Denitrification, Nitrogen, Urban En-
vironments, 5.0855

MICROBIOLOGICAL TREATMENT OF POTATO WASTES
...Additives, Agricultural Microbiology, Canning Wastes, Industri-
al Wastes, Material Recovery Wastes, Plant Waste Removal,
Treatment, Trace Analyses-other, ...5.0978
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Chemical Oxygen Demand
PHOTOSYNTHETIC REAERATION IN THE UPPER PASSAIC

RIVER ...Aeration, New Jersey, Photosynthesis, Self-purification,
Streams, ..5.0733

PROCESS CONTROL MODEL FOR OXYGEN REGENERATION
OF POLLUTED RIVERS ...Aeration, Automatic, Detectors and
Sensors, Model Studies, Oxygen, Streams, ...5.0727

BIOLOGICAL TREATMENT OF BEEF ANIMAL WASTES TO
REDUCE WATER POLLUTION ...Aeration, Anaerobic, Animal
Wastes - Feed Lots, Biochemical Oxygen Demand, Chemical
Treatment, Farm Wastes, Livestock Equipment, _5.0433

WATER POLLUTION BY DAIRY FARM WASTES AS RE-
LATED TO METHOD CF WASTE DISPOSAL ...Alabama,
Animal Waste Removal-treatment, Bacterial Pollutant Sources,
Farm Wastes, Management, Sewage Lagoons, Waste Disposal-
general, 5.0011

EVALUATION OF AN OXIDATION-DITCH WASTEWATER
TREATMENT PLANT IN SUBARCTIC ALASKA ...Dilution-
other, Model Studies, Sub - Polar, Waste Treatment-economics,
5.0038

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
GRANULAR ACTIVATED CARBON ...Activated Carbon, Flow
Regulations, Organic Wastes, Regeneration-other, Waste Treat-
ment-economics, ...5.0133

SECONDARY EFFLUENT POLLSHING BY RAPID SEND FIL-
TRATION ...Activated, Biochemical Oxygen Demand, Pilot Plant,
Sand, Solid Waste, ..5.0362

EFFECTS OF OXYGEN DEMAND ON SURFACE REAERATION
RATES ...Aeration, Biochemical Oxygen Demand, Energy, Ions
and Gases, Turbulent Flow, 5.0369

Chemical Treatment
PRECIPITATION OF PHOSPHATES FROM WATER WITH FER-

ROUS SALTS ...Biochemical Oxygen Demand, Iron, Phosphate,
Phosphite, Precipitation, Waste Water Treatment-general,
5.0882

BIOLOGICAL TREATMENT OF BEEF ANIMAL WASTES TO
REDUCE WATER POLLUTION ...Aeration, Anaerobic, Animal
Wastes - Feed Lots, Biochemical Oxygen Demand, Chemical Ox-
ygen Demand, Farm Wastes, Livestock Equipment, 5.0433

MR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ...Kinetics-other, Mass Transfer, Organic Wastes, Solu-
tion, Wet Oxidation, ...S.0215

DIFFUSIVITY OF OXYGEN AND SULFIDE SPECIES IN AQUE-
OUS SOLUTIONS ...Gas/liquid, Oxygen, Solution, Sulfide, Sur-
factants, ...1.0003

DEVELOPMENT OF A FROTH PROCESS FOR THE TREAT-
MENT OF SOUR WATER ...Demineralization, Foam, Material
Recovery Wastes, Precipitation, Sulfur, 5.0755

BIOLOGICAL TREATMENT OF SPENT VEGETABLE TANNINS
...Biological, Dyes and Coloring, Industrial Wastes, Tannery
Wastes, Waste Water Treatment-general, 5.1283

MICROBIOLOGICAL CHARACTERIZATION OF ACTIVATED
SLUDGE IN A WASTEWATER TREATMENT PLANT CHEMI-
CALLY MODIFIED FOR PHOSPHORUS REMOVAL ...Ac-
tivated, Aerobic, Cell env.(non-specific & 01), Phosphorus,
Sewage Bacteria, 5.1046

ANTELOPE VALLEY WASTE WATER RECLAMATION
FACILITY Effluent-standards, Filter-other, Viocculation, Pond,
Use of Impaired Water, 5.0108

CONCENTRATION OF SUGAR BEET WASTES FOR
ECONOMIC TREATMENT WITH BIOLOGICAL SYSTEMS
...Aerobic, Anaerobic, Canning Wastes, Precipitation, Waste
Treatment-economics, 5.0192

OPERATIONAL DEMONSTRATION OF OXIDATION DITCH
METHOD OF WASTE TREATMENT ...Lagoon, Oxidation-
other, Process Design, 5.0839

A DEMONSTRATION OF JOINT-MUNICIPAL-INDUSTRIAL
WASTE TREATMENT IN THE ONONDAGA LAKE
WATERSHED ...Combined Sewer, Industrial-ger :ral, Local
Government, Waste Water Treatment-general, Watersheds-
general, ...5.0792

TERTIARY TREATMENT RESEARCH AT THE JOINT FWPCA
DISTRICT OF COLUMBIA PILOT PLANT ...Chlorination,
Denitrification, Disinfectants, Filter-other, Lime Treatment, Terti-
ary Treatment, ..5.0242

PHOSPHORUS REMOVAL AND DISPOSAL FROM MUNICIPAL
WASTEWATER ...Biological Treatment-other, Domestic Wastes-
general, Phosphate, Phosphite, Waste Disposal-general, Waste
Treatment-economics, 5.14'72

HYDROLYSIS OF SLUDGE USING LOW PRESSURE STEAM
WITH SO2 AS A HYDROLYTIC ADJUNCT AND TO STUDY
THE UTILIZATION OF THE RESULTING HYDROLYSATE
...Digestion, Feeds Or Feed Additives, Fertilizers, Hydrolysis,
Material Recovery Wastes, Waste Treatment - economic.', ..5.0782

IMPROVEMENT OF TREATMENT OF FOOD INDUSTRY
WASTE ...Diary Wastes, Electrolytic, ...5.0777

OPTIMIZATION AND DEVELOPMENT OF IMPROVED CHEMI-
CAL TECHNIQUES FOR THE TREATMENT OF COAL MINE
DRAINAGE ...Acid Mine Wastes, Drainage, Mining Activities,
Optimization, Pilot Plant, Process Design, ...5.0999

REMOVAL OF ORGANIC AND EUTROPHYING POLLUTANTS
BY COMBINED CHEMICAL AND BIOLOGICAL TREAT-
MENT ...Biological Treatment-general, Denitrification, Eutrophi-
cation, industrial Waste-other, Organics, ...5.0399

PHOTOLYSIS MECHANISMS FOR POLLUTION ABATEMENT
...Organics, Oxidants, Photolysis, Pollution Abatement, Sunshine,
5.0335

SOLUBLE PHOSPHORUS REMOVAL IN THE ACTIVATED
SLUDGE PROCESS ..,Activated, Aeration, Aluminum, Digestion,
Filter-other, Phosphate, Phosphite, _5.1037

MR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ...Aeration, Continuous, Mass Transfer, Organics, Wet
Oxidation, 1.0023

LOW ENERGY MECHANICAL OXYGENATION OF WATER
...Aeration, Technique Development, Water, 5.0331

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Aluminum, Chemical Treatment-generai, Iron,
Phosphate, Phosphite, Reaction-general, 5.0738

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL--FLOCCU-
LATION BY ORGANIC POLYMERS ...Biological Treatment-
other, Colloidal Phenomena, Filter-other, Organic, Separation-
general, 5.0851

CHARACTERIZATION OF ORGANIC CONTAMINANTS IN
PAPER MILL EASTE EFFLUENTS ...Chemical Analysis, Chemi-
cal Identification, Distillation-other, Extraction, Organic, Pulp and
Paper Wastes, _5.0284

Linn Treatment
TREATMENT OF BEAN HOUSE WASTES FROM A VEGETA-

BLE TANNERY ...Aerobic, Anaerobic, Neutralization, Tannery
Wastes, Waste Water Treatment-general, 5.0864

MODEL ADVANCED WASTE-TREATMENT PLANT ...Activated
Carbon, Material Recovery Wastes, Pilot Plant, Process Design,
Solid Waste, 5.0504

TERTIARY TREATMENT RESEARCH AT THE JOINT FWPCA
DISTRICT OF COLUMBIA PILOT PLANT ...Chemical Treat-
ment, Chlorination, Denitrification, Disinfectants, Filter-other,
Tertiary Treatment, ...5.0242

PROCESS TO REMOVE CARBONACEOUS, AND
PHOSPHORUS-MATERIALS FROM ANAEROBIC DIGESTER
SUPERNATANT AND RELATED PROCESS STREAMS
Anaerobic, Coagulation, Denitrification, Organics, Phosphate,
Phosphite, 5.0156

A COLOR REMOVAL AND FIBROUS SLUDGE DISPOSAL
PROCESS FOR THE KRAFT PAPER INDUSTRY ...Color,
Disposal, Pulp and Paper Wastes, Regeneration-other, Waste
Treatment - economics, ..5.0455

TREATMENT OF ACID RINSE WATERS ...Aeration, Coagula-
tion, Icon, Metal Pickling Wastes, Treatment-other, Water Stan-
dards, 5.0899

LIME TREATMENT AND INPLANT REUSE OF AN AC-
'MATED SLUDGE PLANT EFFLUENT IN THE CITRUS
PROCESSING INDUSTRY ...Activated, Canning Wastes, Drying-
dewatering, Plant Waste Removal, Treatment, Storage-retention-
facilities, Waste Treatment-economics, 5.0274

EVALUATION AND DEMONSTRATION OF THE MASSIVE
LIME PROCESS FOR THE REMOVAL OF COLOR FROM
KRAFT PULP MILL WASTES ...Biochemical Oxygen Demand,
Color, Pulp and Paper Wastes, Pulp, Paper , and Logging,
5.0783

STUDY OF UTILIZATION AND DISPOSAL OF LIME SLUDGES
CONTAINING PHOSPHATES ...Disposal, Material Recovery
Wastes, Phosphate, Phosphite, Waste Treatment-economics,
Waste Water 1 reatment-general, 5.0892

DEVELOPMENT OF A MATHEMATICAL MODEL FOR
SEPARATION COAGULATION AND SEDIMENTATION
PROCESS USING ADDITION OF CHEMICALS ...Coagulation,
Model Studies, Process Design, Sedimentation, Waste Treatment-
economics, 5.0343
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SUBJECT INDEX Waite Water Treatment
STORM WATER TREATMENT FACILITIES .,.Chemical Treat-

ment-generali, Overflow, Phosphate, Phosphite, Sewage Treatment
Plant, Storm Water, 5.1164

CALCULATION OF CHEMICAL DOSAGES IN LIME-SODA
SOFTENI1'..j ,..Equilibrium-other, Hardness-minerals, 5.0376

LIME SLUDGE RECOVERY AND REUSE Demineralization,
Material Recovery Wastes, Phosphate, Phosphite, Silicate-general,
Treatment-other, 5.0858

Degradation
Biological

BIOLOGICAL AND CHEMICAL OXIDATION OF SELECTED
ORGANIC PESTICIDES ...Chemical Degradation, Chlorinated
Hydrocarbons, Chlorination, Degradation, Gas, Pesticides,
5.0010

BIOLOGICAL DEGRADATION OF WASTES UNDER
PSYCHROPHILIC ENVIRONMENTS ...Bacterial Pollutant.
Sources, Low Temp. - But Above 32f, Mixed Culture, Polar,
Water Bacteria, 5.0036

KINETIC STUDIES OF THE OXIDATIVE DEGRADATION OF
DETERGENT, AND RELATED CHEMICAL SPECIES IN
AQUEOUS SOLUTION ...Biodegradation, Chemical Degradation,
Kinetic-genera!, Physical Degradation, Surfactants, Waste Water
Treatment general, ...5.0495

DEVELOPMENT OF PULSATING ADSORPTION FILTER FOR
TERTIARY TREATMENT OF WASTE WATERS ...Adsorption-
other, Ash-coal, Pilot Plant, Sand, Tertiary Treatment, 5.0408

BIOLOGICAL TREATMENT OF SPENT VEGETABLE TANNINS
...Chemical Treatment, Dyes and Coloring, Industrial Wastes,
Tannery Wastes, Waste Water Treatment-general, ...5.1283

WASTE WATER ODOR REDUCTION MECHANISMS IN SOIL
FILTERS ,..Growth (non-specific & Ot.), Pollutant-other, Soil,
Sulfur Bacteria, Taste and Odor, ...5.1258

MACRO-FAUNA IN WASTE STABILIZATION LAGOONS
..,Bloodworms, Aquatic Midges, Habitat Studies, Lagoon, Organic
Matter, Sewage Lagoons, 5.0946

TRANSIENT LOADING EFFECTS IN THE ACTIVATED
SLUDGE PROCESS ...Activated, Loading, Sedimentation,
Sludge-general, 5.0065

ULTRAVIOLET ABSORPTION IN COASTAL WATERS ...Marine
Plants, Physical Parameters, Plant Prod. (non-specific), Sewage,
Shoreline - Coastline, ...5.0112

OPERATION AND EVALUATION CF A DEMONSTRATION
ROTATING BIOLOGICAL CONTACTOR ..,Aeration, Biological
Treatment-other, Combined Sewer, Microbial-bacterial, Wiscon-
sin, ...5.1317

BIOLOGICAL EFFECTS OF HEAVY METAL POLLUTION
-.Heavy Elements, Metals, Microbial-bacterial, Mining Industry,
Pollution - Effects of , ...5.0034

KINETICS OF ALGAL SYSTEMS IN WASTE TREATMENT ...Al-
gae, Model Studies, Nutrients, Pilot Plant, Process Design,
-.5.0069

MICROBIOLOGY OF ANAEROBIC SLUDGE ...Anaerobic,
Digestion, Fermentation, Microbial-bacterial, Saturated Hydrocar-
bons, 5.0809

MYCOLOGICAL PHENOMENA IN SEWAGE SPREADING
BASINS ...Activated, Domestic, ...5.0128

IMPROVED CAPABILITIES OF BIOLOGICAL SYSTEMS TO AS-
SIMILATE OIL ...Activated, Organics, Waste Water Pre-treat-
inent, 5.0780

WASTE TREATMENT ...Activated, Solid Waste, Surfactants,
Waste Treatment-economics, Waste Water Treatment-general,
-.5.0731

(U) BIODEGRADABILITY OF DETERGENT COMPOUNDS
...Activated, Biodegradation, Gas, Laundry Wastes, Sulfonates (r-
so3na), Surfactants, 5.0534

Chemical
MICROBIAL DEGRADATION OF ORGANIC POLLUTANTS OF

INDUSTRIAL ORIGIN ...Industrial Wastes, Microbial-bacterial,
Organic Matter, Sewage Bacteria, Toxic Substances -non-specific,
-.5.0514

THE DECOMPOSITION OF PETROLEUM PRODUCTS IN OUR
NATURAL WATERS .,.Anaerobic, Aquatic Environments,
Chemical Treatment-other, Industrial Wastes, Petroleum Industry,
,..5.0623

Degradation-other
AERATION OF LAGOONS IN RIGOROUS CLIMATE AREAS

...Aeration, Climate, Lagoon, Pollution Abatement, Pond, Water
Balance-budget, Wyoming, ...S.1323

14.

Denitrification
NITRATE REMOVAL FROM ACTIVATED SLUDGE SYSTEMS

...Activated, Pilot Plants, Process Design, Washington, Waste
Water Treatment-general, 5.1257

DYNAMICS OF THE NITROGEN CYCLE IN LAKES ...Lakes,
Nitrogen, Nitrogen Fixation, Respiration, ..5.0033

NITRIFICATION AND DENITRIFICATION OF WASTE WATER
...Activated, Diary Wastes, Sewage, Sewage - Domestic, Waste
Water Treatment-general, 5.0598

HOD, SOLIDS AND NUTRIENT REMOVAL FROM SECONDA-
RY EFFLUENT BY FOAM FRACTIONATION ...Foam, Nitrate,
Nitrite, Phosphate, Phosphite, Pilot Plant, 5.0155

TERTIARY SEWAGE TREATMENT FOR REUSE ...Aeration, Fil-
tration, Pollutant-other, Tertiary Treatment, Thickening, 5.0096
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RECOVERY & REUSE OF LIME AS A COAGULANT IN TERTI-
ARY TREAT & NITROGEN REMOVAL FROM TERTIARY
TREATED EFFLUENT ...Coagulation, Concentration, Disposal,
Material Recovery Wastes, Tertiary Treatment, 5.0160

MICROBIOLOGY OF SLUDGE - DNA ANALYSES AND N2
REMOVAL ...Activated, -.5.0694

TERTIARY TREATMENT RESEARCH AT THE JOINT FWPCA
DISTRICT OF COLUMBIA PILOT PLANT ...Chemical Treat-
ment, Chlorination, Disinfectants, Filter-other, Lime Treatment,
Tertiary Treatment, ...5.0242

BIOLOGICAL REMOVAL OF THE NITRATE ION ON BEDS OF
ACTIVATED CARBON OR SAN ...Activated Carbon, Microbial-
bacterial, Packed Bed, Regeneration-other, Sand, ...5.0132

TERTIARY ACTIVATED SLUDGE TREATMENT TO RECLAIM
WASTES FOR WATER SUPPLY FOR AGRICULTURAL AND
RECREATIONAL PURPOSES ...Activated, Loading, Nutrients,
Tertiary Treatment, Waste Treatment-economics, 5.0077

REMOVAL OF BOD AND NUTRIENTS BY BIOLOGICAL
SLIMES ...Aeration, Biochemical Oxygen Demand, Biological
Treatment-other, Sedimentation, -.5.0737

CHEMISTRY OF NITROGEN IN NATURAL WATERS ...Analysis
and Detection, Fixation, Lakes, Nitrogen, Radioisotopes, 5.0250

TERTIARY TREATMENT IN THE PURIFICATION OF WASTE
WATER ...Activated, Flocculation, Soil, Tertiary Treatment,
Trickling, 5.0113

EFFECT OF PHOSPHORUS REMOVAL PROCESSES ON
ALGAL GROWTH ...Algae, Algal Pollutant Sources, Biological
Treatment-other, Eutrophication, Nutrients, -.5.0097

DILUTE SOLUTION REACTIONS OF NITRATE ION AS AP-
PLIED TO WATER RECLAMATION ...Decomposition-general,
Nitrate, Nitrite, Reduction-general, Survey Studies, ..,5.0073

PROCESS TO REMOVE CARBONACEOUS, AND
PHOSPHORUS-MATERIALS FROM ANAEROBIC DIGESTER
SUPERNATANT AND RELATED PROCESS STREAMS
...Anaerobic, Coagulation, Lime Treatment, Organics, Phosphate,
Phosphite, ...5.0156

REMOVAL OF ORGANIC AND EUTROPHYING POLLUTANTS
BY COMBINED CHEMICAL AND BIOLOGICAL TRE'AT-
MENT ...Biological Treatment-general, Chemical Treatment,
Eutrophication, Industrial Waste-other, Organics, 5.0399

ALGAL BIOASSAY TO DETERMINE THE EXTENT OF
NUTRIENT REMOVAL BY AWT AT THE WASTE TREAT-
MENT PLANT AT ELY, MINNESOTA ...Algae, Bioassays,
Nutrients, Pilot Plant, Waste Water Treatment-general, 5.1304

SELECTIVE NITRATE AND PHOSPHATE REMOVAL ...Ion
Exchange-other, on Selective, Nitrate, Nitrite, Phosphate, Phos-
phite, Selective-removal, Waste Treatment-economics, 5.0532

SUPPORT OF THE ADVANCED WASTE-TREATMENT PILOT
PLANT AT POMONA, CALIFORNIA ...Carbon, Ion Exchange-
other, Reverse Osmosis, Sand, Waste Treatment-economics,
...5.0110

NUTRIENT REMOVAL FROM AGRICULTURAL WASTE
WATERS ...California. Eutrophication, Nutrients, Pilot Plants,
Salt Francisco Bay, Waste Water Treatment-general, _4.0032

NUTRIENT REMOVAL IN A WATER TREATMENT PLANT
...Biological Treatment-other, Coagulation, Flocculation,
Nutrients, Potable Water, Sand, 5.0355

REMOVAL OF NITROGEN COMPOUNDS FROM MUNICIPAL
WASTEWATER ...Aeration, Microbial-bacterial, Nitrogen, Urban
Environments, 5.0855

DISSOLVED INORGANIC REMOVAL BIOASSAY OF ALGAL
GROWTH POTENTIAL ...Bioindicators, Nitrogen, Phosphorus,
Waste Water Treatment-general, ...S.0852

PROCESS DEVELOPMENT FOR REMOVAL OF NUTRIENT
MATERIALS FROM WASTEWATERS ...Activated, Anaerobic,
Loading, Nitration, Nutrients, Pollutant-other, 5.0841
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Digestion
CLOSED SYSTEMS FOR

...Aerobic, Disinfection,
Safety, 1.0060

ORGANIC DECOMPOSITION AT POISED O-R POTENTIAL
LEVELS ...Anaerobic, Electrodialysis, Membranes-other, Satu-
rated Hydrocarbons, ...S.0550

Dilution - Self Purification
Dilution-general

AEROBIC DISPOSAL OF ANIMAL WASTES WITH CONTINU-
OUS WATER REUSE ...Aerobic, Aerobic Bacteria, Animal
Waste Removal-treatment, Sludge-other, Water Rcusc, 5.0294

Dilution-other
EVALUATION OF AN OXIDATION-DITCH WASTEWATER

TREATMENT PLANT IN SUBARCTIC ALASKA ...Chemical
Oxygen Demand, Model Studies, Sub - Polar, Waste Treatment-
economics, 5.0038

ESTUARINE DIFFUSION OF POLLUTANTS ...Estuaries, Oregon,
Pollutants - Path of , Salinity, Stratification, 5.0974

Irrigation
EFFECTS OF IRRIGATION OF MUNCIPAL SEWAGE EF-

FLUENT ON SPOILS BANKS ...Mine Wastes, Sewage, Spoil
Banks, Strip Mines, Waste Disposal -underground, 5.1045

Lagoon
MICROBIOLOGY OF SEWAGE LAGOONS - EFFECTS OF IN-

DUSTRIAL WASTES ON COLIFORM AND OTHER ENTERIC
ORGANISMS ...Bacteria, Biochemical Oxygen Demand, Food
Processing Industry, Industrial Waste-other, Sewage Bacteria,
Sewage Lagoons, 5.0837

DETERMINATION OF DEGRADED DYES AND AUXILIARY
CHEMICALS IN EFFLUENTS FROM TEXTILE DYEING
PROCESSES ...Chromatography-other, Dye Wastes, Spectrosco-
py-other, Textile Wastes, Waste Water Treatment-general,
...5.0297

USING SOIL FILTRATION TO REDUCE POLLUTION POTEN-
TIAL OF LAGOON EFFLUENT ENTERING GROUND
WATER SYSTEM ...Animal Wastes - Feed Lots, Filtration, In-
duced Infiltration, Soil, Soil Conditions, 5.0402

(FSCT CATEGORY V D) MAGAGEMENT OF CATTLE
FEEDLOT WASTES ...Anaerobic, Animal Waste Removal-treat-
ment, Animal Wastcs - Feed Lots, Farm Wastes, Sewage Lagoons,
_5.0412

MACRO-FAUNA IN WASTE STABILIZATION LAGOONS
...Biological, Bloodworms, Aquatic Midges, Habitat Studies, Or-
ganic Matter, Sewage Lagoons, ...5.0946

AERATION OF LAGOONS IN RIGOROUS CLIMATE AREAS
...Aeration, Climate, Degradation-other, Pollution Abatement,
Pond, Water Balance-budget, Wyoming, ...5.1325

CATTLE FEED LOT WASTE WATER TREATMENT ...Aerobic,
Anaerobic, Animal Wastes - Feed Lots, Effluent-standards, Water
Rcusc, ...5.0422

POLLUTION PREVENTION BY AERATION OF FRUIT
PROCESSING WASTES ...Activated, Aeration, Aerobic, Canning
Wastes, Drying-dewatcring, Solid Waste, 5.1272

DEMONSTRATING THE EFFECT OF NUTRIENTS IN OXIDA-
TION POND RECEIVING STREAM ...Algae, Bacteria,
Biochemical Oxygen Dcmand, Nutrients, Pond, 5.0920

OPERATIONAL DEMONSTRATION OF OXIDATION DITCH
METHOD OF WASTE TREATMENT ...Chemical Treatment,
Oxidation-other, Process Design, ...5.0839

AEROBIC BIOLOGICAL TREATMENT, SLUDGE DEWATER-
ING AND DISPOSAL AND EFFLUENT REUSE FOR A SIDE
LEATHER TANNERY ...Aerobic, Disposal, Drying-dewatering,
Filtration, Tannery Wastes, 5.0608

AEROBIC SECONDARY TREATMENT OF PLYWOOD GLUE
WASTES ...Activated, Aeration, Aerobic, Aldehydes, Process
Design, Secondary Treatment, 5.0984

RECONDITIONING AND REUSE OF FOOD PROCESSING
BRINES ...Brines, Canning Wastes, Filtration Waste Treatment-
economics, Watcr Reuse, 5.0234

ECONOMIC OPTIMIZATION OF SECONDARY TREATMENT
AND DETERMINATION OF LOAD TO CONTROL BIOLOGI-
CAL GROWTHS IN A STREAM ...Aeration, Capsule and Slime
Layer, Optimization, Pulp and Paper Wastes, Storage-retention-
facilities, ...5.1222

LAGOONS FOR DISPOSAL OF BARN YARD WASTES ...Animal
VVaste Removal-treatment, Animal Wastcs - Feed Lots, Climate,
Farm Wastes, Louisiana, Process Design, ..5.0452

ANIMAL SEWAGE TREATMENT
Farm Wastes, Ion Exchange-other,

ANTI-POLLUTION AND SEWAGE DISPOSAL FOR FLORIDA
COMMUNITIES ...Organics, Pollution Abatement, Sand, Sewage
- Domestic, Sub - Tropic, ...5.0255

THE ENGINEERING MANAGEMENT OF AGRICULTURAL
WASTES ...Activated, Animal Waste Removal-treatment, Diary
Wastes, Farm Wastes, Solid Waste, 5.0084

TREATMENT OF COAL- MINE WATERS TO MEET CURRENT
COMMONWEALTH WATER DISCHARGE REQUIREMENTS
...Coal-general, Mining Activities, Pennsylvania, Waste Treat-
ment- economics, Waste Water Treatment-general, 5.1038

DEVELOPMENT OF WASTE STABILIZATION LAGOONS FOR
APPLICATION IN ALASKA ...Alaska, Pilot Plant, Process
Design, Sewage Lagoons, Storage-retention-facilities, 5.0026

SUBARC AERAT LAG INVES BIOKIN REQUIR SEASON &
DIURN EH ON NUT BAL ...Aeration, Effluent-standards,
Process Design, Sub - Polar, Waste Treatment-economics,
_5.0027

FARM ANIMAL MANURE DISPOSAL LAGOONS Animal
Waste Removal-treatment, Farm Wastes, Process Design, Sewage
Lagoons, Wastc Disposal-general, .,.5.0613

Ocean
SALT WATER ENTRAINMENT FOR DILUTION IN SEWER

OUTFALLS ...Conduit Flow-other, Dispersion -water, Fluid Flow-
other, Fluid Mixing, Outlet, Sewers, Two-phase-other, ...5.1265

DEMONSTRATION OF THE LIMITATIONS AND EFFECTS OF
WASTE DISPOSAL ON AN OCEAN SHEI,F ,..Marine Plants,
Outlet, Pollution - Effects of , Pollution Effects, Sewers, 5.0248

AIRPHOTO ANALYSIS OF OCEAN OUTFALL DISPERSION
,..Diffusion, Longshorc Currents, Outlet, Photogrammetry, Pollu-
tion-general, 5.0941

COASTAL DIFFUSION OF POLLUTANTS ...Currents-other,
Model Studies, Oregon, Outlet, Pulp and Paper Wastes, 5.0973

Pond
GROUND WATER CONTAMINATION RESULTING FROM

WASTE DISPOSAL ...Disposal, Groundwater, Pollution Sources-
general, Solid Waste, South Dakota, ...5.1109

INDUSTRIAL REUSE OF PROCESS WATER ...Biological Treat-
ment-general, Material Recovery Wastes, Sewage Lagoons, Water
Reuse, ...5.0480

AERATION OF LAGOONS IN RIGOROUS CLIMATE AREAS
...Aeration, Climate, Degradation-other, Lagoon, Pollution Abate-
ment, Water Balance-budget, Wyoming, ...5.1325

ANTELOPE VALLEY WASTE WATER RECLAMATION
FACILITY ...Chemical Treatment, Effluent-standards, Filter-
other, Flocculation, U3C of Impaired Water, 5.0108

REMOVAL OF ORGANICS AND NUTRIENTS FROM CITRUS
PROCESSING PLANT WASTES ...Activated, Aeration, Citrus,
Food Processing Industry, Organics, Waste Water Treatment-
general, _5.0266

ALTERNATE TO STORM WATER SEPARATION ...Chlorination,
Combined Sewer, Storm Water, 4.0274

DEMONSTRATING THE EFFECT OF NUTRIENTS IN OXIDA-
TION POND RECEIVING STREAM ...Algae, Bacteria,
Biochemical Oxygen Demand, Lagoon, Nutrients, 5.0920

DEMONSTRATION OF A FACILITYFOR THE BIOLOGICAL
TREATMENT OF COMPL EX CHLOROPHENOLIC WASTE
...Aerobic, Alcohols, Organics, Pesticides, Removal of Residues,
...5.0055

WASTE TREATMENT FACILITIES FOR POLY VINYL
CHLORIDE MANUFACTURING PLANT ...Activated, Activated
Carbon, Chemical Manufacturing Wastes, Effluent-standards, Or-
ganic, ...5.0866

REUSE OF PLANT EFFLUENT AND COOLING WATER BLOW-
DOWN AS PROCESS WATER ...Activated, Aeration, Chemical
Manufacturing Wastes, Digestion, Water Reuse, 5.0814

COOK STREET STORM WATER OXIDATION POND
...Separated-sewers, Storage-retention-facilities, Storm Water,
Urban Environments, 5.0346

BIOLOGICAL ASPECTS OF TERTIARY PONDS ...Effluents-waste
Water, Phytoplankton, Protozoa -other, Sewage, Tertiary Treat-
ment, ...5.0352

RESEARCH AND REFERENCE TO SEWAGE EFFLUENT
PONDS ...Activated, Aeration, Loading, ...5.1297

(U) STABILIZATION POND OPERATION IN TROPICAL
AREAS (P) ...Algae, Bacteria, Biochemical Oxygen Demand,
Loading, Tropic, ...5.0174

Streams & Rivers
TREATMENT OF ALKALINE 'VASTES FROM POTATO

PROCESSING ...Activated, Canning Wastes, Concentration, Food
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Processing Industry, Plant Waste Removal, Treatment, Waste
Water Treatmenttgeneral, 5.0465

ILLINOIS RIVER STUDY ...Illinois River, Ions and Gases, Low
Flow, Self-purification, Waste Water Treatment-general, 5.0351

Disinfection
CLOSED SYSTEMS FOR ANIMAL SEWAGE TREATMENT

...Aerobic, Digestion, Farm Wastes, Ion Exchange-other, Safety,

...1.0060
DISINFECTION OF SEWAGE EFFLUENTS ...Bacteria, Bromine,

Chemical-general, Chlorination, Chlorine, Sewage, 5.0380
ROLE OF SOLIDS IN COMBINED SEWAGE POLLUTION

...Chemical Analysis, Combined Sewer, Screening, Solid Waste,
5.0091

A PROGRAM FOR DEMONSTRATING COMBINED SEWER
OVERFLOW CONTROL TECHNIQUE FOR WATER QUALI-
TY IMPROVEMENTS AND BEACH PROTECTION ...Chlorina-
tion, Combined Sewer, Lake Eric, Polyclectrolytes, Potable
Water, Shoreline - Coastline, ...5.0867

CHLORINATION AND HYPOCHLORINATION OF POLLUTED
STORM WATER PUMPAGE ...Bacteria, Chlorination,
Chlorites,hypochlorites, Storm Sewer Quantity-other, Water Pu-
rification Plants, ..5.0458

A STUDY OF THE EFFECT OF ULTRASONIC ENERGY ON
WASTE WATER ...Ammonia, Organics, Ultrasonics, 5.0104

CONTROL OF BIOLOGICAL GROWTHS IN RAPID SAND FIL-
TERS AS RELATED TO IRON REMOVAL ..,Iron, Nitrification,
Nitrogen Bacteria, Repression, Sand, ..5.0377

DISINFECTION OF RENOVATED WASTEWATER ...Chlorina-

tion, Effluent-standards, Ozonization, Waste Treatment-
economics, 5.0846

Drying-dew atering
DEWATERING AND DRYING OF SLUDGE ON POROUS

MEDIA ...Dewatcring, Sand, Sludge-other, ...5.1140

PEAT BOG WASTE STABILIZATION ...Characterization, Industri-
al Wastes, Minnesota, Pulp and Paper Wastes, Waste Water
Treatment-gr.--ral, ...5.0611

WASTEWATER TREATMENT PILOT PLANT INVESTIGATION,
MIXED CHROME TANNERY WASTEWATER ...Disposal, Pol-
lutant-other, Tannery Wastes, Waste Treatment-economics, Waste
Water Pre-treatment, 5,0536

POLLUTION PREVENTION BY AERATION OF FRUIT
PROCESSING WASTES ...Activated, Aeration, Aerobic, Canning
Wastes, Lagoon, Solid Waste, ...5.1272

PHOSPHATE REMOVAL BY BIOLOGICAL PROCESS ...Ac-
tivated, Phosphate, Phosphite, Process Design, 5.0582

CHEMICAL SLUDGE DISPOSAL AND CHEMICAL RECOVERY
AT THE JOINT FWPCA DISTRICT OF COLUMBIA PILOT
PLANT ...Filter-other, Material Recovery Wastes, Sludge-other,
Tertiary Treatment, Waste Treatment-economics, ...5.0243

SOURCE CONTROL OF WATER TREATMENT WASTE SOLIDS

...Disposal, Filtration, Sewage Lagoons, Sludge-general, Solid

Waste, 5.0508
A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA

BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Filtration, Process Design, Waste Treat-
ment-economics, 5.1016

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Filtration, Process Design, Waste Treat-
ment-economics, ...5.1007

BIOLOGICAL TREATMENT PILOT PLANT AND SLUDGE
DISPOSAL FACILITY ...Biological Treatment-other, Centrifuga-
tion, Disposal, Filter - other, Thickening, Waste Treatment-
economics, 5.1006

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Filtration, Process Design, 5.0744

BIOLOGICAL METHODS OF SLUDGE DEWATERING ...Ac-
tivated, Biological Treatment-other, Butyric Acid, Depolymerase,
Microorganisms (non-specific), ...5.0089

AEROBIC BIOLOGICAL TREATMENT, SLUDGE DEWATER-
ING AND DISPOSAL AND EFFLUENT REUSE FOR A SIDE
LEATHER TANNERY ...Aerobic, Disposal, Filtration, Lagoon,
Tannery Wastes, 5.0608

LIME TREATMENT AND +iPLANT REUSE OF AN AC-
TIVATED SLUDGE PLANT EFFLUENT IN THE CITRUS
PROCESSING INDUSTRY ...Activated, Canning Wastes, Lime

Treatment, Waste Removal, Treatment, Storage-retention-
facilities, Waste Treatment-economics, 5.0274

ELECTROOSMOTIC PUMPING FOR DEWATERING SEWAGE
SLUDGE ...Electrode, Fectroosmosis, Sludge-general, Treatment-
other, 5.0072

FARM ANIMAL WASTE DISPOSAL ...Aeration, Animal Waste
Removal-treatment, Electroosmosis, Farm Wastes, ..,5.0564

CHEMICAL AND ENGINEERING ASPECTS OF POTATO
PROCESSING WASTES TREATMENT ,..Canning Wastes,
Dehydration, Material Recovery Wastes, Plant Waste Removal,
'Treatment, Potatoes, Waste Treatment-economics, Waste Water
Treatment-general, _5.0979

Filters-filtration
Ash-coal

SEWAGE TREATMENT, PILOT PLANT EVALUATION ...Coal,
Coal-general, Industrial Wastes, Pilot Plant, Waste Treatment-
economics, 5.0870

DEVELOPMENT Of PULSATING ADSORPTION FILTER FOR
TERTIARY TREATMENT OF WASTE WATERS ...Adsorption-
other, Biological, Pilot Plant, Sand. Tertiary Treatment, 5.0408

PULVERIZED ANTHRACITE COAL AS A MEDIUM FOR
PRECOAT FILTERS ...Effluent-standards, Filtration, 5.1043

Carbon
TREATMENT NEEDED BY SEWAGE BEFORE INJECTION -

WELL RECHARGE ...Artificial Recharge, Injection-wells, Sand,
Sewage, Tertiary Treatment, Trickling, 5.0758

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
REVERSE OSMOSIS ...Fiber, Filament, Whisker, Glass, Mem-
branes-other, Pollutant-fouling, Reverse Osmosis, Waste Water
Prr,-treatment, 5.0131

SUPPORT OF THE ADVANCED WASTE-TREATMENT PILOT
PLANT AT POMONA, CALIFORNIA ...Denitrification, Ion

Exchange-other, Reverse Osmosis, Sand, Waste Treatment-
economics, 5.0110

WASTE TREATMENT FOR AN INDIVIDUAL HOME WITH
REUSE OF THE WATER ...Aeration, Filtration, Flushing
Devices, Recycle, Septic Tanks, 5.0391

USE OF GRANULAR ACTIVATED CARBON IN TREATMENT
OF WASTE WATERS ...Activated Carbon, Organics, Thermal,
Ultraviolet, ...5.0856

PLUTONIUM REMOVAL IN WATER TREATMENT ...Chlorina-
tion, Coagulation, Flocculation, Plutonium, Sand, ...5.1019

Combustible
RAPID-FLOW COMBUSTIBLE FILTER FOR TREATMENT OF

COMBINED SEWER OVERFLOW ...Combined Sewer, Ohio,
Rapid, Sewage Treatment Plant, Waste Treatment-economics,
_5.0871

'THE CONSTRUCTION OF THE STORM DETENTION AND
CHLORINATION STATION Chlorination, Effluent-standards,
Runoff, Storage-retention-facilities, Water Purification Plante,

5.0519
Filter-other

MICROBIAL INTERACTIONS IN WASTE TREATMENT
SYSTEMS ...Anaerobic, Digestion, Ion Selective, Microbial-bac-
terial, Saturated Hydrocarbons, 5.0395

FILTRATION OF KRAFT PULP LIQUOR THROUGH CHIPS
...Effluents-waste Water, Pulp, Paper , and Logging, Pulp, Pulping
& Composite, Waste Water Treatment-general, 5.0824

ANTELOPE VALLEY WASTE WATER RECLAMATION
FACILITY ...Chemical Treatment, Effluent-standards, Floccula-
tion, Pond, Use of Impaired Water, 5.0108

TUSCON WASTEWATER RECLAMATION PROJECT ...Biologi-
cal-general, Chemical-general, Fish -non-specific, Productivity
(agricultural), Stream Rehabilitation, Water Standards, 5.0043

TERTIARY TREATMENT RESEARCH AT THE JOINT FWPCA
DISTRICT OF COLUMBIA PILOT PLANT ...Chemical Treat-
ment, Chlorination, Denitrification, Disinfectants, Lime Treat-
ment, Tertiary Treatment,

SLUDGE DISPOSAL AND CHEMICAL RECOVERY
AT THE JOINT FWPCA DISTRICT OF COLUMBIA PILOT
PLANT Drying-dcwatering, Material Recovery Wastes, Sludge-
other, Tertiary Treatment, Waste Treatment-economics, 5.0243

SELF-ADJUSTING AND SELF- CLEANING FILTER FEASIBILI-
TY STUDY ...Chlorination, Combined Sewer, Filament Winding,
Pollutant-other, Pressure-other, 5.0227

RENOVATION OF WASTE EFFLUENT FOR RECREATION
AND POTABLE WATER SUPPLY USE ...Activated, Effluent-
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standards, Potable Water, Waste Water Treatment-general,

STORM SEWER TREATMENT BY A SELF-CLEANING
STRAINER, FILTER CONCEPT .Adsorption- absorption-
general, Coagulation, Combined Sewer, _5.1078

MULTILA'YER FILTRATION -Flocculation, Hydroxyl, Other,
Sand, Waste Water Treatment-general, -5.1187

BIOLOGICAL TREATMENT PILOT PLANT AND SLUDGE
DISPOSAL FACILITY ...Biological Treatment-other, Centrifuga-
tion, Disposal, Drying-dewatering, Thickening, Waste Treatment-
economics, _5.106

FABRICATION AND EVALUATION OF AN ULTRASONIC FIL-
TRATION SYSTEM FOR TREATING COMBINED SEWER
OVERFLOWS ...Biochemical Oxygen Demand, Combined Sewer,
Overflow, Ultrasonics, Waste Treatment-economics, -5.0105

TREATMENT OF WATER FROM SMALL RESERVOIRS FOR
DOMESTIC CONSUMPTION ...Coagulation, Streaming Poten-
tial, Water Utilization -domestic, -5.0397

SOLUBLE PHOSPHORUS REMOVAL IN THE ACTIVATED
SLUDGE PROCESS ...Activated, Aeration, Aluminum, Chemical
Treatment, Digestion, Phosphate, Phosphite, ...5.1037

FILTRATION OF AQUEOUS EFFLUENTS CARRYING EMUL-
SIFIED OILS ...Coo elation, Effluents-waste Water, Emulsion, Oil
- Technological Testing, -1.0008

VACUUM FILTRATION OF SEWAGE SLUDGE ...Filtration,
Sludge-other, Vacuum, -5.0175

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL-FLOCCU-
LATION BY ORGANIC POLYMERS ...Biological Treatment-
other, Chemical Treatment, Colloidal Phenomena, Organic,
Separation-gemral, ...5.0851

SUSPENDED AND COLLOIDAL SOLIDS REMOVAL -- SOLIDS
SEPARATION BY CHEMICAL TREATMENT AND FILTRA-
TION ...Coagulation, Colloidal Phenomena, Emulsion, Mem-
branes-other, Separation-general, ...5.0854

DISSOLVED REFRACTORY ORGANIC REMOVAL -- CARBON
AS AN ADSORBENT AND FILTER MEDIUM ...Activated Car-
bon, Coagulation, Loading, Organic-general, Organics, .,.5.0860

REMOVAL OF SUSPENDED SOLIDS AND PHOSPHATE FROM
A SECONDARY EFFLUENT BY ALUM COAGULATION AND
DUAL MEDIA FILTRATION ... Electrodialysis, Ion Exchange-
other, Reverse Osmosis, Sedimentation, Waste Treatment-
economics, ...5.0848

SIMILE STAGE LIME TREATMENT WASTEWATER ...Concen-
tration, Demineralization, Electrodialysis, Precipitation, Sedimen-
tation, -5.0897

Rapid
RAPID-FLOW COMBUSTIBLE FILTER FOR TREATMENT OF

COMBINED SEWER OVERFLOW ...Combined Sewer, Com-
bustible, Ohio, Sewage Treatment Plant, Waste Treatment-
economics, ...5.0871

TERTIARY TREATMENT BY FLOCCULATION AND RAPID
SAND FILTRATION ...Coagulation, Flocculation, Sand, Tertiary
Treatment, Trickling, -5.0891

Sand
RADIOTRACER STUDIES ON RAPID SAND FILTRATION ...Ion

Exchange-other, Other, Radioisotopes, Reactors-other, ...5.0295
DEVELOPMENT OF PULSATING ADSORPTION FILTER FOR

TERTIARY TREATMENT OF WASTE WATERS ...Adsorption-
other, Ash-coal, Biological, Pilot Plant, Tertiary Treatment,
-5.0408

THE EFFECTIVENESS OF CONTACT FILTER FOR THE
REMOVAL OF IRON FROM CROUND WATER ...Filtration,
Flocculation, Groundwater, Oxidation other, .,.2.0021

FACTORS INFLUENCING FREE-LIVING NEMATODES IN
WATER SUPPLIES ...Aquatic Ecology, Chemical Treatment-
general, Evaluation, Mode of Action -animal, Nematode -other,
-5.0368

SAND FILTRATION OF DISCRETE SUSPENSIONS ...Filtration,
Flow Characteristics -water, Suspension, Synthetic Hydrology-
general, -5.0549

FLOC STRENGTH AND FILTERABILITY OF PRE-1 REATED
WATER ...Coagulation, Filtration, Flocculation, Pilot Plant,
Waste Water Pre-treatment, -5.0061

DEWATERING AND DRYING OF SLUDGE ON POROUS
MEDIA ... Dewatering, Drying-de vatering, Sludge-other, -5.1140

TREATMENT NEEDED BY SEWAGE BEFORE INJECTION -
WELL RECHARGE ...Artificial Recharge, Carbon, Injection-
wells, Sewage, Tertiary Treatment, Trickling, -5.0758

TERTIARY TREATMENT BY FLOCCULATION AND RAPID
SAND FILTRATION ...Coagulation, Flocculation, Rapid, Tertiary
Treatment, Trickling, -5.0891

BIOLOGICAL REMOVAL OF THE NITRATE ION ON BEDS OF
ACTIVATED CARBON OR SAN ...Activated Carbon, Denitrifi-
cation, Microbial-bacterial, Packed Bed, Regeneration-other,
..,5.0132

MULTILAYER FILTRATION ...Filter-other, flocculation, Hydrox-
yl, Other, Waste Water Treatment-general, ...5.1187

A COMBINED SEWERAGE COLLECTION AND TREATMENT
FACILITY ...Aeration, Combined Sewer, Lakes, Storm Water,
-5.0581

SUPPORT OF THE ADVANCED WASTE-TREATMENT PILOT
PLANT AT POMONA, CALIFORNIA ...Carbon, Denitrification,
Ion Exchange-other, Reverse Osmosis, Waste Treatment-
economics, ...5.0110

SECONDARY EFFLUENT POLLSHING BY RAPID SEND FIL-
TRATION ...Activated, Biochemical Oxygen Demand, Chemical
Oxygen Demand, Pilot Plant, Solid Waste, ...5.0362

CONTROL OF BIOLOGICAL GROWTHS IN RAPID SAND FIL-
TERS AS RELATED TO IRON REMOVAL ...Disinfection, Iron,
Nitrification, Nitrogen Bacteria, Repression, -5.0377

ANTI- POLLUTION AND SEWAGE DISPOSAL FOR FLORIDA
COMMUNITIES ...Lagoon, Organics, Pollution Abatement,
Sewage - Domestic, Sub - Tropic, -5.0255

DIATOM REMOVAL BY FLOCCULATION ...Algae- Diatoms,
Algal Pollutant Sources, Flocculation, Plankton (non-specific),
-5.0353

NUTRIENT REMOVAL IN A WATER TREATMENT PLANT
...Biological Treatment-other, Coagulation, Denitrification, Floc-
culation, Nutrients, Potable Water, -10355

PLUiTONIUM REMOVAL IN WATER TREATMENT ...Carbon,
Chlorination, Coagulation, Flocculation, Plutonium, -5.1019

EMPIRICAL PREDICTION OF SAND FILTER PERFORMANCE
...Public Utilities, Public Works, Urban Environments, Waste
Water Treatment-general, -5.0403

Screening
DEMONSTRATION PROJECT OF A PROTOTYPE TREATMENT

PLANT DESIGNED TREAT WASTES FOUND AT A COM-
BINED SEWER OVERFLOW ...Combined Sewer, Flocculation,
Flotation, Process Design, -5.0923

EXPERIMENTAL CLOSED WATER SYSTEM TO ELIMINATE
WASTE WATER DISCHARGE FROM JOHNS MANVILLE
PLANT 03, DEFIANCE, OHIO -Alcohols, Industrial Processes-
other, Solubility, Waste Water Treatment-general, -5.0724

M1CROSTRAINING PILOT TESTS OF STORM WATER OVER-
FLOWS FROM COMBINED STORM AND SANITARY SEWER
SYSTEMS ...Chlorination, Combined Sewer, Ozonization, Pilot
Plants, -.5.1003

ROLE OF SOLIDS IN COMBINED SEWAGE POLLUTION
-Chemical Analysis, Combined Sewer, Disinfection, Solid Waste,
-5.0091

PRIMARY TREATMENT OF STORM WATER OVERFLOW
FROM COMBINED SEWERS BY HIGH RATE FINE MESH
SCREENS ...Combined Sewer, Filtration, Industrial Waste-other,
Primary Treatment, Storm Water, ...5.0931

Soil
USING SOIL FILTRATION TO REDUCE POLLUTION POTEN-

TIAL OF LAGOON EFFLUENT ENTERING GROUND
WATER SYSTEM ...Animal Wastes - Feed Lots, Filtration, In-
duced Infiltration, Lagoon, Soil Conditions, ...5.0402

WASTE WATER ODOR REDUCTION MECHANISMS IN SOIL
FILTERS ...Biological, Growth (non-specific & Ot.), Pollutant-
other, Sulfur Bacteria, Taste and Odor, -5.1258

TRANSPORT AND FATE OF POLLUTANTS IN SOIL ...Disposal,
Internal Water Movement, Pollutants - Path of , Porous Media -
Flow Through, Unsaturated Flow, ..,5.0517

TERTIARY TREATMENT IN THE PURIFICATION OF WASTE
WATER ...Activated, Denitrification, Flocculation, Tertiary
Treatment, Trickling, -5.0113

SUITABILITY FOR SEPTIC TANK DISPOSAL SYSTEMS AND
PRODUCTIVITY POTENTIALS OF PENNSYLVANIA SOILS
...Animal Wastes - Feed Lots, Percolation, Septic Tanks, Waste
Water Treatment-general, Water Table Fluctuation, -5.1039

Trickling
THE REMOVAL OF IMPURITIES IN TRICKLING FILTER EF-

FLUENTS ...Coagulation, Colloidal Phenomena, Other, Seconda-
ry Treatment, Tertiary Treatment, ..5.1106
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HIGH RATE TRICKLING FILTERS AND AERATION DEVICES
FOR THE ADVANCED BIOLOGICAL TREATMENT OF IN-
TEGRATED KRAFT PULP AND PAPER MILL EFFLUENTS
...Activated, Aeration, Biological Treatment-other, Pulp and
Paper Wastes, Waste Treatment-economics, -.5.0840

IMPROVEMENTS TO THE BOROUGH OF NEW PROVIDENCE
SEWAGE PUMPING STATION AND TREATMENT FACILI-
TIES ...Chlorination, Pilot Plant, Plastics - General, Polyclec-
trolytes, Pumping Stations, Sedimentation, 6.0353

TREATMENT NEEDED BY SEWAGE BEFORE INJECTION
WELL RECHARGE ...Artificial Recharge, Carbon, Injection-
wells, Sand, Sewage, Tertiary Treatment, 5.0758

TERTIARY TREATMENT BY FLOCCULATION AND RAPID
SAND FILTRATION ...Coagulation, Flocculation, Rapid, Sand,
Tertiary Treatment, ...5.0891

A COMPLETE RECYCLE WAST2 WATER TREATMENT
PLANT ...Activated, Biological Treatment-other, Coagulation,
Sedimentation, Water Reuse, ...5.1165

KINETICS OF BIOLOGICAL FILTERS ...Growth Rate, Microbial-
bacterial, Microorganisms (non-specific), Organic Wastes, Polln-
tant-other, 5.1103

INTEGRATED ACTIVATED SLUDGE-BIOLOGICAL FILTER
PROCESS ...Activated, Biological Treatment-other, Process
Design, Sewage, Waste Treatment-economics, 5.0161

TERTIARY TREATMENT IN THE PURIFICATION OF WASTE
WATER ...Activated, Denitrification, Flocculation, Soil, Tertiary
Treatment, 5.0113

INTEGRATED TREATMENT OF LIQUID WASTES FROM
FOOD CANNING OPERATIONS ...Biochemical Oxygen De-
mand, Canning Wastes, Flocculation, Organics, ...5.0235

EUTROPHICATION - REMOVAL OF NUTRIENTS - SHAGAWA
LAKE ...Activated Carbon, Coagulation, Eutrophication, Ion
Exchange-other, Nutrients, Sediments, Tertiary Treatment,
_5.0594

Mechanical Device Treatment
ORTHOKINETIC FLOCC'ULA'TION OF HETERODISPERSED

SYSTEMS ...Digestive Tanks, Flocculation, Precipitation, Turbu-
lent, -.5.0067

Plants - Systems
Digestive Tanks

ORTHOKINETIC FLOCCULATION OF HETERODISPERSED
SYSTEMS ...Flocculation, Mechanical Device Treatment,
Precipitation, Turbulent, -.5.0067

SEWAGE PHOSPHORUS REMOVAL BY AN ACTIVATED
SLUDGE PLANT ...Activated, Aerobic, Phosphorus, Sewage
Testing, ..5.1321

Injection-wells
WATER CONSERVATION BY WASTE WATER RECLAMA-

TION AND INJECTION OR RECHARGE ...Activated, Artificial
Recharge, Potable Water, Tertiary Treatment, Water Standards,
5.0779

TREATMENT NEEDED BY SEWAGE BEFORE INJECTION -
WELL RECHARGE ...Artificial Re 'harp, Carbon, Sand,
Sewage, Tertiary Treatment, Trickling, 5.0758

ADVANCED WASTE TREATMENT FOR WATER RECLAMA-
TION AND REUSE BY INJECTION ...Aquifers- general,
Recharge Pits - Wells, Secondary Treatment, Waste Water Treat-
ment-general, Water Reuse, 5.0778

ARTIFICIAL RECHARGE OF TREATED SEWAGE WATER AT
BAY PARK, N.Y. ...Artificial Recharge, -.4.0183

Plants - Systems-general
WATER REUSE RESEARCH ..,Effluents -waste Water, Sewage

Treatment Plant, Urban Environments, Waste Water Treatment-
general, Water Reuse, ...5.0176

DISPOSAL OF LIQUID WASTES ...Connecticut, Disposal Wastes,
.,.5.0206

Plants-systems-other
INVESTIGATIONS INTO TECHNIQUES FOR IMPROVING THE

AMOUNT AND EFFICIENCY OF OXYGEN INCORPORA-
TION INTO RAPID-RATE BIOLOGICAL WASTE TREAT-
MENT SYS ... Activated, Biological Treatment-other, Oxygen,
Viscosity, Waste Treatment-economics, 5.0169

Pollutant-fouling
TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY

REVERSE OSMOSIS ...Carbon, Fiber, Filament, Whisker, Glass,

Membranes-other, Reverse Osmosis, 'Waste Water Pre treatment,
.,.5.0131

Process Design
AN EVALUATION OF RECENT APPROACHES FOR THE

DESIGN OF BIOLOGICAL WASTES TREATMENT ...Biological
Treatment-general, Data Analysis - General, Pilot Plant, Waste
Water Treatment-general, _5,0928

OPTIMIZATION OF STEP AERATION WASTE TREATMENT
PROCESSES ..Aeration, Development of Models, Dynamic Pro-
gramming, Optimization, Systems Analysis, 5,0426

DESIGN OF WASTEWATER TREATMENT SYSTEMS TO
SATISFY EFFLUENT QUALITY REQUIREMENTS BASED ON
INTENDED USE Effluent-standards, Use of Impaired Water,
Waste Water Treatment-general, Water Quality Control-general,
Water Reuse, 5.0769

NITRATE REMOVAL FROM ACTIVATED SLUDGE SYSTEMS
...Activated, Denitrification, Pilot Plants, Washington, Waste
Water Treatment-general, 5.1257

STUDY OF COSTS OF TREATING TEXTILE WASTES IN MU-
NICIPAL AND INDUSTRIAL SEWAGE PLANTS ...Economics-
general, Industrial Wastes, South Carolina, Textile Industry,
Urban Environments, 6.0489

RELATIONSHIP OF ACTIVATED SLUDGE BULKING TO OR-
GANIC LOADING, OXYGEN AVAILABILITY, AND
HYDRAULIC CHARACTERISTICS OF THE AERATION
TANK ...Activated, Aeration, Model Studies, Organics, 5.0879

KINETICS AND MECHANISM IN ACTIVATED SLUDGE
PROCESSES ...Activated, Kinetics-other, 5.0927

FOAM SEPARATION FLOTATION OF COLLOID ORGANIC
SYSTEMS ...Chromium, Colloidal Phenomena, Flotation, Foam,
Iron, Pulp and Paper Wastes, Sulfate, Sulfite, Surfactants,
5.0445

DEMONSTRATION PROJECT OF A PROTOTYPE TREATMENT
PLANT DESIGNED TREAT WASTES FOUND AT A COM-
BINED SEWER OVERFLOW ...Combined Sewer, Flocculation,
Flotation, Screening, 5.0923

TREATMENT OF KRAFT MILL EFFLUENT BY FOAM
SEPARATION -Biochemical Oxygen Demand, Foam, Pollutant-
other, Pulp and Paper Wastes, Waste Treatment-economics,
5.0307

PHOSPHATE REMOVAL BY BIOLOGICAL PROCESS ...Ac-
tivated, Drying-dewatering, Phosphate, Phosphite, -.5.0582

OPERATIONAL DEMONSTRATION OF OXIDATION DITCH
METHOD OF WASTE TREATMENT ...Chemical Treatment,
Lagoon, Oxidation-other, ...5.0839

TERTIARY TREATMENT OF COMBINED STORM WATER,
SANITARY RELIEF DISCHARGE AND SEWAGE TREAT-
MENT PLANT EFFLUENT ...Activated Carbon, Combined
Sewer, Filtration, Pilot Plant, Sedimentation, Storm Water,
5.0387

MODEL ADVANCED WASTE-TREATMENT PLANT ...Activated
Carbon, Lime Treatment, Material Recovery Wastes, Pilot Plant,
Solid Waste, -.5.0504

OPTIMAL DESIGN OF WASTE TREATMENT SYSTEMS ...Ac-
tivated, Biological Treatment-other, Electrodialysis, Optimization,
Oxidation-general, ...8.0202

DEMONSTRATION OF INDUSTRIAL WATER RENOVATION
PLANT AT ODESSA, TEXAS ...Chemical Manufacturing
Wastes, Petroleum Chemistry, Recycle, Waste Treatment-
economics, Water Reuse, -.5.1181

AMMONIA REMOVAL FROM AGRICULTURAL RUNOFF BY
SELECTIVE ION EXCHANGE ...Ammonia, Ammonium, Ion
Exchange-other, Runoff, Waste Water Treatment-general, Zeolite,
...5.1247

COMPLETE TREATMENT OF TAW 'ERY INDUSTRIAL WASTE
FOR CHROME TANNING, ALUM TANNING AND VEGETA-
BLE TANNING ...Aerobic, Anaerobic, Neutralization, Tannery
Wastes, Waste Water Pre-treatment, -.5.0436

AEROBIC SECONDARY TREATMENT OF POTATO
PROCESSING WASTES WITH MECHANICAL AERATION
...Aeration, Aerobic, Biological Treatment-other, Canning Wastes,
Secondary Treatment, Waste Treatment-economics, 5.0329

INTEGRATED ACTIVATED SLUDGE-BIOLOGICAL FILTER
PROCESS ...Activated, Biological Treatment-other, Sewage,
Trickling, Waste Treatment-economics, 5.0161

COMBINED INDUSTRIAL AND MUNICIPAL WASTE TREAT-
MENT ...Biological Treatment-other, Combined Sewer, Pilot
Plant, Pulp and Paper Wastes, Waste Water Treatment-general,
5.1289

KINETICS OF ALGAL SYSTEMS IN WASTE TREATMENT ...Al-
gae, Biological, Model Studies, Nutrients, Pilot Plant, 5.0069
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REVERSE OSMOSIS TREATMENT OF WASTEWATERS ...Indus-
trial Wastes, Membranes-other, Organic Wastes, Polyelectrolytes,
Reverse Osmosis, 5.0516

BIOLOGICAL TREATMENT OF ACID MINE WATER Acid
Mine Waste", Acidity, Anaerobic, Iron, Mining Activities, Model
Studies, 5.095

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Drying-dewatering, Filtration, Waste Treat-
ment-economics, 5.1016

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Drying-dewatering, Filtration, Waste Treat-
ment-economics, 5.1007

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Drying-dewatering, Filtration, 5.0744

DISPOSAL OF WASTES FROM SWINE FEEDING FLOORS TO
MINIMIZE STREAM POLLUTION ...Animal Waste Removal-
treatment, Animal Wastes - Feed Lots, Farm Wastes, Manage-
ment, Streams, 5.0500

A STUDY OF A PROCESS FOR PHOSPHATE REMOVAL FROM
WATER SUPPLIES USING LANTHANUM PRECIPITATION
...Lanthanum, Material Recovery Wastes, Phosphate, Phosphite,
Waste Treatment-economics, Waste Water Treatment-other,
...5.0074

RENOVATION OF MUNICIPAL WASTEWATER BY REVERSE
OSMOSIS SYSTEMS ..Depolymerization, Methranes-other,
Model Studies, Reverse Osmosis, Urban Environments, ..5.0092

AEROBIC SECONDARY TREATMENT OF PLYWOOD GLUE
WASTES ...Activated, Aeration, Aerobic,' Aldehydes, Lagoon,
Secondary Treatment, 5.0984

TREATMENT OF WASTE WATER - WASTE OIL MIXTURE
...Coagulation, Disposal, Emulsion, Flocculation, Flotation,
5.0898

OPTIMIZATION AND DEVELOPMENT OF IMPROVED CHEMI-
CAL TECHNIQUES FOR THE TREATMENT OF COAL MINE
DRAINAGE ...Acid Mine Wastes, Chemical Treatment, Drainage,
Mining Activities, Optimization, Pilot Plant, ...5.0999

A STUDY OF THE REMOVAL OF CARBONACEOUS,
NITROGENOUS AND PHOSPHORUS MATERIALS FROM
CONCENTRATED PROCESS WASTE STREAMS ...Carbon,
Digestion, Nitrogen, Phosphorus, Streams, ...5.0060

DEMINERALIZATION OF WASTEWATER BY THE TRANS-
PORT-DEPLETION PROCESS ...Demineralization, Electrodialy-
sis, Sewage Treatment Plant, Waste Treatment-ewnomics, Waste
Water Pre-treatment, ...5.0015

DEVELOPMENT PROGRAM FOR TREATMENT OF WASTE-
WATER BY AERATION ...Aeration, Flushing Devices, Methods,
Pipe-other, 5.0076

MATHEMATICAL MODEL OF THE ELECTRODIALYSIS
PROCESS FOR ADVANCED WASTE TREATMENT ...Elec-
trodialysis, Mathematical Analysis, Waste Water Treatment-
general, 5.0531

RESEARCH AND FIELD ENGINEERING STUDIES FOR OP-
TIMIZING LIPID BIOSTABILIZATION PROCESSES ...Anaero-
bic, Destratification, Fats -non-specific, Microorganisms (non-
specific), Model Studies, ..5.0684

EXPERIMENTS TO DETERMINE THE EFFECTIVENESS OF
PHOSPHATE REMOVAL BY MEANS OF THE MOVING BED
FILTER ...Filtration, Flocculation, Phosphate, Phosphite, Solid
Waste, Waste Treatment-economics, 5.0723

STUDY AND EXPERIMENTS IN WASTE WATER RECLAMA-
TION BY A REVERSE OSMOSIS PROCESS Reverse Osmosis,
Water Purification Plants, ...5.0148

DEVELOPMENT OF A MATHEMATICAL MODEL FOR
SEPARATION COAGULATION AND SEDIMENTATION
PROCESS USING ADDITION OF CHEMICA',S ...Coagulation,
Lime Treatment, Model Studies, Sedimentm Waste Treat-
ment-economics, ...5.0343

ALUMINA COLUMNS FOR THE SELECTIVE REMOVAL OF
PHOSPHORUS FROM WASTEWATERS AND THE ULTI-
MATE DISPOSAL OF PHOSPHORUS AS CALCIUM
PHOSPHATE ...Aluminum, Material Recovery Wastes,
Phosphate, Phosphite, Regeneration-other, Selective-r-nroval,
...5.1243

OPTIMAL DESIGN OF SEWER AND DRAINAGE SYSTEMS
...Digital Computers, Open Channel, Sewerage Systems-other, Un-
steady. 5.0530

LAGOONS FOR DISPOSAL OF BARN YARD WASTES ...Animal
Waste Removal-treatment, Animal Wastes - Feed Lots, Climate,
Farm Wastes, Lagoon, Louisiana, ...5.0452

OCEANOGRAPHIC FACTORS IN THE FUNCTIONAL DESIGN
OF WASTE DISPOSAL SYSTEMS ...Jet Flow-other, Mixing,
Nuclear Power, Outlet, Sewers, 5.0115

STUDIES TO DEVELOP PROCESS DESIGNS FOR EFFLUENT
QUALITY CONTROL Effluent-standards, Effluents-waste
Water, Waste Water Treatment-general, Water Quality Control-
general, ...5.1175

MARKETS TO 1980 FOR WASTE WATER TREATMENT AND
RENOVATION FACILITIES ...Economic Impact, Forecasting-
prediction, Industrial Wastes, Marketing, Waste Water Treatment-
other, 5.0116

AERATED LAGOONS & ANAEROBIC REACTORS - A FIELD &
LAB STUDY OF THEIR EFFICIENCIES & DESIGN PRINCi-
PLES IN SEWAGE TREATMENT ...Aerobic, Anaerobic,
Canada, Sewage Lagoons, ...5.0165

CANNERY WASTE RESEARCH PROJECT ...Canning Wastes,
Dynamic Programming, in Plant Treatment Wastes, Systems Anal-
ysis, Waste Treatment-economics, 5.0099

LAGOONS FOR DAIRY FARMS Animal Waste Removal-treat-
ment, Diary Wastes, Microbial-bacterial, Sewage Lagoons,
5.1240

DEVELOPMENT OF WASTE STABILIZATION LAGOONS FOR
APPLICATION IN ALASKA ...Alaska, Lagoon, Pilot Plant,
Sewage Lagoons, Storage-retention-facilities, _5.0026

SUBARC AERAT LAG INVES BIOKIN REQUIR SEASON &
DIURN EFF ON NUT BAL ...Aeration, Effluent-standards,
Lagoon, Sub - Polar, Waste Treatment-economics, 5.0027

REMOVAL OF NUTRIENTS FROM ENRICHED FLOWS &
WASTE EFFLUENTS BY THE HYDROPONIC CULT OF
SUITABLE FORAGE PLANTS & GRASSES ...Grasses -non-
specific, Hydroponic, Management, Nutrients, Waste Water
Trzatment-general, ...5.0910

FARM ANIMAL MANURE DISPOSAL LAGOONS ...Animal
Waste Removal-treatment, Farm Wastes, Lagoon, Sewage
Lagoons, Waste Disposal-general, ...5.0613

Sewage Treatment Plant
RAPID-FLOW COMBUSTIBLE FILTER FOR TREATMENT OF

COMBINED SEWER OVERFLOW ...Combined Sewer, Com-
bustible, Ohio, Rapit,', Waste Treatment-economics, 5.0871

AUTOMATIC CONTROL OF A COMPLETELY MIXED AC-
TIVATED SLUDGE REACTOR ...Activated, Biochemical Ox-
ygen Demand, Effluent-standards, Reactors-other, ...5.0213

FULL SCALE RAW WASTE WATER FLOCCULATION ...Floccu-
lation, Pollutant Removal-general, Polyelectrolytes, Sedimenta-
tion, 5.0244

EVALUATION OF DISPERSED POLLIJTIONAL LOAD ...Com-
bined Sewer, Land Use, Pollutants-general, Pollution Sources-
general, Runoff, ...5.0921

PIPELINE TRANSPORT OF SLUDGE ...Disposal, Mass Transfer,
Mining Activities, Pump, West Virginia, ...5.0869

DEMINERALIZATION OF WASTEWATER BY 1HE TRANS-
PORT-DEPLETION PROCESS ...Demineralization, Electrodialy-
sis, Process Design, Waste Treatment-economics, Waste Water
Pre-treatment, ...5.0015

STORM WATER TREATMENT FACILITIES ...Chemical Treat-
ment-general, Lime Treatment, Overflow, Phosphate, Phosphite,
Storm Water, ...5.1164

WATER REUSE RESEARCH ...Effluents-waste Water, Plants -

Systems - general, Urban Environments, Waste Water Treatment-
general, Water Reuse, ...5.0176

A FEASIBILITY STUDY OF A LIVESTOCK WASTE DISPOSAL
INVOLVING REUSE OF WATER ...Animal Waste Removal-
treatment, Farm Wastes, Solid Waste, Waste Water Treatment-
general, Water Reuse, ...5.0836

UTILITIES IN PERMAFROST AREAS ...Codes and Standards,
Cold - Climates, Permafrost-frozen, Public Utilities, 2.0756

PHOSPHATE REMOVAL BY ACTIVATED SLUDGE PROCESS
APPLICATION - PLANT SCALE DEMONSTRATION ...Ac-
tivated, Location, Mechanisms, Phosphate, Phosphite, Pollutant-
other, 5.0911

Storage-retention-facilities
LAWRENCE AVENUE UNDERFLOW SYSTEM ...Combined

Sewer, Illinois, Inlet, Outlet, Pump, ..4.0091
A PILOT FACILITY TO DEMONSTRATE OFF-SHORE, UN-

DERWATER, TEMPORARY STORAGE OF STORM OVER-
FLOW FROM A COMBINED SEWER ...Combined Sewer,
P um ping Stations, Storage of Water, Storm Water, Tanks,
.,s.ds311
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DEMONSTRATION UNDERWATER FACILITY - STORM

OVERFLOW ...Combined Sewer, Elastomers Rubber, Polya-
mides, Pressure Ussel Materials, Storm Water, 5.0246

DUWAMISH RIVER-ELLIOTT' BAY STORM WATER CONTROL

SYSTEM ...Combined Sewer, Interceptor-station, Loading,

Valves, ...5.1254
THE CONSTRUCTION OF THE STORM DETENTION AND

CHLORINATION STATION ...Chlorination, Combustible, El-
fluent-standards, Runoff, Water Purification Plants, 5.0319

LIME TREATMENT AND INPLANT REUSE OF AN AC-
TIVATED SLUDGE PLANT EFFLUENT IN THE CITRUS
PROCESSING INDUSTRY .Activated, Canning Wastes, Drying-
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Waste Treatment-economics, ...5.0274

ECONOMIC OPTIMIZATION OF SECONDARY TREATMENT
AND DETERMINATION OF LOAD TO CONTROL BIOLOGI-
CAL GROWTHS IN A STREAM .Aeration, Capsule and Slime
Layer, Lagoon, Optimization, Pulp and Paper Wastes, ...5.1222

COMBINED SEWER STUDY FOR WASHINGTON, D.C. .Com-
bined Sewer, District of Columbia, Effluent-standards, Filtration,
Water Quality-general, 5.1005

COOK STREET STORM WATER OXIDATION POND ...Pond,
Separated-sewers, Storm Water, Urban Environments, ...5.0346

A STUDY OF THE KINETICS OF THE ACTIVATED SLUDGE
PROCESS ...Activated, Aeration, Flow Regulations, Kinetics-
other, Pump, 5.0862

DEVELOPMENT OF WASTE STABILIZATION LAGOONS FOR
APPLICATION IN ALASKA ...Alaska, Lagoon, Pilot Plant,

Process Design, Sewage Lagoons, ..5.0026

Pollutant Removal
Bacteria

THE ELECTROCHEMICAL BEHAVIOR OF METALS AND AL-
LOYS IN SEA WATER AND THE EFFECT OF BIOLOGICAL
SLIMES ON THEIR RATES OF CORROSION ...Biological,
Desalination, High, Metallic Alloys, Water, 3.0181

CHANGES IN THE PHYSICAL AND BIOLOGICAL CHARAC-
TERISTICS OF GROUND WATER RESERVOIRS AND AD-
JACENT SURFACE WATERS ...Bacterial Pollutant Sources,
Biological- general, Groundwater Movement, Physical-general,
Pollutants - Path of , ...1.0017

MICROBIOLOGY OF SEWAGE LAGOONS - EFFECTS OF IN-
DUSTRIAL WASTES ON COLIFORM AND OTHER ENTERIC
ORGANISMS Biochemical Oxygen Demand, Food Processing
Industry, Industrial Waste-other, Lagoon, Sewage Bacteria,
Sewage Lagoons, 5.0837

WATER QUALITY CONTROL WITH SYNTHETIC POLYMERIC
FLOCCULANTS Activated, Bacterial Pollutant Sources, Floc-
culation, Organic, Water Quality Control-general, 5.0221

PURIFICATION OF LOW QUALITY WATERS BY FOAM
SEPARATION ...Color, Continuous, Flotation, Foam, Turbidity,
5.0742

DESIGN REQUIREMENTS FOR MUNICIPAL DIATOMITE FIL-
TERS ...Clay Minerals-general, Coagulation, Diatomite, Filtration,
Waste Treatment-economics, ...8.0197

OXYGEN CONSUMPTION IN CONTINUOUS BIOLOGICAL
CULTURE ...Activated, Aeration, Flocculation, Nutrition,

...5.0424
DEMONSTRATING THE EFFECT OF NUTRIENTS IN OXIDA-

TION POND RECEIVING STREAM ...Algae, Biochemical Ox-
ygen Demand, Lagoon, Nutrients, Pond, 5.0920

PILOT -SCALE STUDY OF IMPROVED PH ;PHATE REMOVAL
BY MODIFIED ACTIVATED SLUDGE PROCESS ...Activated,
Algal Pollutant Sources, Disposal, Pilot Plant, Waste Treatment-
economics, . .5.0560

DISINFECTION OF SEWAGE EFFLUENTS ...Bromine, Chemical-
general, Chlorination, Chlorine, Disinfection, Sewage,, ...5.0380

CHLORINATION AND HYPOCHLORINAT1ON OF POLLUTED

STORM WATER PUMPAGE ...Chlorination,
Chlorites,hypochlorites, Disinfection, Storm Sewer Quantity-other,
Water Purification Plants, 5.0458

CHLORINATION OF WASTE WATER EFFLUENTS ...Activated,
Chlorination, Effluent-standards, Illinois, Sewage Bacteria,

...5.0367
(U) STABILIZATION POND OPERATION IN TROPICAL

AREAS (P) ...Algae, Biochemical Oxygen Demand, Loading,
Pond, Tropic, 5.0174

QUANTITATIVE DETECTION AND ENUMERATION OF POL-
LUTION INDICATOR BACTERIA OF WASTE WATERS AND
SEWAGE TREATMENT PLANT EFFLUENTS ...Bacterial Polka-

tant Sources, Bioindicators, Detection, Membrane, Sewage Test-
ing, 5.0853

Organics
CATALYTIC OXIDATION OF ORGANIC COMPOUNDS IN

WASTE WATERS ...Chemical Treatment-general, Electrochemis-
try-other, Electrolytic, Heterogeneous Catalysis, 5.0332

RELATIONSHIP OF ACTIVATED SLUDGE BULKING TO OR-

GANIC LOADING, OXYGEN AVAILABILITY, AND

HYDRAULIC CHARACTERISTICS OF THE AERATION
TANK ...Activated, Aeration, Model Studies, Process Design,
5.0879

ADSORPTION FROM AQUEOUS SOLUTION .Adsorption, Ad-

sorption-absorption-other, Adsorption-other, Oeganic Matter,

5.0558
USE OF FUNGI IMPERFECT! IN WASTE CONTRCL ...Canning

Wastes, Effluents-waste Water, Filtration, Food Processing Indus-
try, Fungal Pollutant Sources, Industrial Wastes, _5.0595

REMOVAL OF ORGANICS AND NUTRIENTS FROM CITRUS
PROCESSING PLANT WASTES ...Activated, Aeration, Citrus,
Food Processing Industry, Pond, Waste Water Treatment-general,
...5.0266

THE MOLECULAR NATURE OF ORGANIC WASTE REMOVAL
PATTERNS ...Activated, Analysis and Detection, Gas, Rate of
Reaction, Structural Effect-other, 5.1155

SORPTION BEHAVIOR OF ORGANIC PYROPOLYMERS IN

AQUEOUS SOLUTION ...Adsorption-absorption-other, Organic,
Porosity, 5.0232

EFFECT OF SURFACE GROUPS ON ADSORPTION OF POLLU-

TANTS ...Activated Carbon, Adsorption, Area, Material

Recovery Wastes, _5.0987
AN INVESTIGATION OF LIGHT-CATALYZED CHLORINE FOR

TREATMENT OF WASTE WATER ...Chlorine, Light-catalyzed,
Oxidation-general, Waste Treatment-economics, Waste Water
Treatment-general, ...5.0686

PROPOSAL TO DEVELOP A HIGH-PRESSURE-FOAM WASTE
WATER TREATMENT PROCESS ...Flocculation, Foam, High,
Waste Water Treatment-general, .5.0100

PROCESS TO REMOVE CARBONACEOUS, AND
PHOSPHORUS-MATERIALS FROM ANAEROBIC DIGESTER

SUPERNATANT AND RELATED PROCESS STREAMS
...Anaerobic, Coagulation, Denitrification, Lime Treatment,
Phosphate, Phosphite, ...5.0156

A STUDY OF THE EFFECT OF ULTRASONIC ENERGY ON
WASTE WATER ...Ammonia, Disinfection, Ultrasonics, _5.0104
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IMPROVED CAPABILITIES OF BIOLOGICAL SYSTEMS TO AS-

SIMILATE OIL ...Activated, Biological, Waste Water Pre-treat-
ment, 5.0780

DEMONSTRATION OF A FACILITYFOR THE BIOLOGICAL
TREATMENT OF COMPL EX CHLOROPHENOL1C WASTE
...Aerobic, Alcohols, Pesticides, Pond, Removal of Residues,
5.0055

REMOVAL OF ORGANIC AND EUTROPHYING POLLUTANTS
BY COMBINED CI iEMICAL AND BIOLOGICAL TKEAT-
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Denitrification, Eutrophication, Industrial Waste-other, 5.039!

PHOTOLYSIS MECHANISMS FOR POLLUTION ABATEMENT
...Chemical Treatment, Oxidants, Photolysis, Pollution Abate-
ment, Sunshine, 5.0335

INTEGRATED TREATMENT OF LIQUID WASTES FROM
FOOD CANNING OPERATIONS ...Biochemical Oxygen De-
mand, Canning Wastes, Flocculation, Trickling, 5.0230

AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ...Aeration, Chemical Treatment, Continuous, Mass
Transfer, Wet Oxidation, 1.0023

ANTI - POLLUTION AND SEWAGE DISPOSAL FOR FLORIDA
COMMUNITIES ...Lagoon, Pollution Abatement, Sand, Sewage -
Domestic, Sub - Tropic, 5.0255

CONTROL OF MINERAL CONSTITUENTS IN WASTE WATEP.

BY ELECTRODIAI,YS1S ...Activated Carbon, Electrodialysis,
Membranes-other, Solid Waste, Waste Treatment-economics,
_5.0845

USE OF GRANULAR ACTIVATED CARBON IN TREATMENT
OF WASTE WATERS ...Activated Carbon, Carbon, Thermal, Ul-
traviolet, .3.0856

DISSOLVED REFRACTORY ORGANIC REMOVAL -- CARBON

AS AN ADSORBENT AND FILTER MEDIUM ...Activated Car-
bon, Coagulation, Filter-other, Loading, Organic-general,
5.0860
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FULL SCALE RAW WASTE WATER FLOCCULATION ...Floccu-

lation, Polyelectrolytes, Sedimentation, Sewage Treatment Plant,
...5.0244

Pollutant-other
CONSTRUCTION AND OPERATION OF 7-GPM PILOT PLANT

FOR SILICA REMOVAL ...Adsorption-other, Evaporation, Hard-
ness, Pilot Plant, Silicon, ...3.0323

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS ...Material
Recovery Wastes, Recycle, Reverse Osmosis, Waste Treatment-
economics, Waste Water Pre-treatment, ...3.0480

WASTE WATER ODOR REDUCTION MECHANISMS IN SOIL
FILTERS ...Biological, Growth (non-specific & Ot.), Soil, Sulfur

acteria, Taste and Odor, ...5.1258
UNDERGRADUATE TRAINING FOR CAREERS IN WATER

SUPPLY AND POLLUTION CONTROL ...Education and Train-
ing, Pollutants-general, Water Quality Control-general, Water
Supply-general, 6.0312

WASTEWATER TREATMENT PILOT PLANT INVESTIGATION,
MIXED CHROME TANNERY WASTEWATER ...Disposal, Dry -
ing-dewate ring, Tannery Wastes, Waste Treatment-economics,
Waste Water Pre-treatment, 5.0536

TREATMENT OF KRAFT MILL EFFLUENT BY FOAM
SEPARATION ...Biochemical Oxygen Demand, Foam, Process
Design, Pulp and Paper Wastes, Waste Treatment-economics,
5.0307

TERTIARY SEWAGE TREATMEN'T FOR REUSE ...Aeration,
Denitrification, Filtration, Tertiary Treatment, Thickening,
5.0096

USE OF MODIFIED ACTIVATED SLUDGE TREAT TO
ACHIEVE NUTRIENT REMOVAL & TO PROVIDE CON-
SISTENT FEED TO TERTIARY TREATMENT SYSTEM ...Ac-
tivated, Aeration, Pilot Plant, Tertiary Treatment, Waste Treat-
ment-economics, 5.0245

KINETICS OF BIOLOGICAL FILTERS ...Growth Rate, Microbial-
bacterial, Microorganisms (non-specific), Organic Wastes, Trick-
ling, ...5.1103

SELF-ADJUSTING AND SELF-CLEANING FILTER FEASIBILI-
TY STUDY ...Chlorination, Combined Sewer, Filament Winding,
Filter-other, Pressure- other, 5.0227

REMOVAL OF COLLOIDAL MATTER FROM WASTE WATER
...Microbial-bacterial, Organic Wastes, Rate of Reaction, Sedi-
ments, Waste Water Treatment-general, 5.0599

BEHAVIOR OF TRACE ELEMENTS IN WATER RECLAMA-
TION TREATMENT PROCESSES ...Chemical Treatment-
general, Radioisotopes, Trace Elements, ...5.0177

ELECTRODIALYSIS TREATMENT OF SECONDARY EF-
FLUENT ...Activated Carbon, Demineralization, Electrodialysis,
Recycle, Waste Treatment-economics, 5.0896

DISSOLVED INORGANIC REMOVAL -- SELECTIVE ION AND
ORGANIC REMOVAL BY ION EXCHANGE RESINS ...Ac-
tivated Carbon, Demineralization, Ion Exchange-other, Regenera-
tion-other, Waste Treatment- economics, 5.0849

PROCESS DEVELOPMENT FOR REMOVAL OF NUTRIENT
MATERIALS FROM WASTEWATERS ...Activated, Anaerobic,
Denitrification, Loading, Nitration, Nutrients, 5.0841

PHOSPHATE REMOVAL BY ACTIVATED SLUDGE PROCESS
APPLICATION - PLANT SCALE DEMONSTRATION ...Ac-
tivated, Location, Mechanisms, Phosphate, Phosphite, Sewage
Treatment Plant, 5.0912

Virus
VIRUS REMOVAL BY CHEMICAL FLOCCULATION ...Alu-

minum, Coagulation, Complexing, Flocculation, Viral Pollutant
Sources, ...5.0364

EFFECTS OF CHEMICAL IONS ON VIRUS INACTIVATION
...Animal Viruses (non-specific), Concentration, Inactivation, Ion
Exchange-other, Ionic Effect, _5.0475

APPLICATIONS OF POWDERED MAGNETIC IRON OXIDE
FOR THE REMOVAL OF PATHOGENIC MICROORGANISMS
...Adsorption-absorption-other, Electric Field, Electrochemistry-
other, Magnetic, Spinel Group, 5.0400

QUANTITATIVE DETECTION OF SMALL AMOUNTS OF
VIRUSES IN LARGE VOLUMES OF WATER ...Analysis and
Detection, Concentration, Detectors and Sensors, Filtration,
Membranes-other, _5.0842

Picoperties
Color

TREATMENT OF DYEING BATH WASTE STREAMS BY
FOAMING AND FLOTATION TECHNIQU ...Complexing, Dye
Wastes, Flotation, Foam, Industrial Wastes, ...5.1212

COLOR REMOVAL FROM TEXTILE DYE WASTES BY
COAGULATION ...Biochemical Oxygen Demand, Coagulation,
Dye Wastes, Sulfur, Textile Wastes, 5.0007

PURIFICATION OF LOW QUALITY WATERS BY FOAM
SEPARATION ...Bacteria, Continuous, Flotation, Foam, Turbidi-
ty, 5.0742

A COLOR REMOVAL AND FIBROUS SLUDGE DISPOSAL
PROCESS FOR THE KRAFT PAPER INDUSTRY ...Disposal,
Lime Treatment, Pulp and Paper Wastes, Regeneration-other,
Waste Treatment-economics, 5.0455

EVALUATION AND DEMONSTRATION OF THE MASSIVE
LIME PROCESS FOR THE REMOVAL OF COLOR FROM
KRAFT PULP MILL WASTES ...Biochemical Oxygen Demand,
Lime Treatment, Pulp and Paper Wastes, Pulp, Paper , and
Logging, ...5.0783

Hardness
CONSTRUCTION AND OPERATION OF 7-GPM PILOT PLANT

FOR SILICA REMOVAL ...Adsorption-other, Evaporation, Pilot
Plant, Pollutant-other, Silicon, ...3.0323

Total Organic Carbon
ANALYTICAL INSTRUMENTATION FOR DETERMINING LOW

LEVELS OF TOTAL ORGANIC CARBON IN WATER
...Analyzing, Chemical Analysis, Organic-general, _5.0094

Turbidity
PURIFICATION OF LOW QUALITY WATERS BY FOAM

SEPARATION ...Bacteria, Color, Continuous, Flotation, Foam,
_5.0742

Radiation Treatment
RADIATION EFFECTS IN AQUATIC SYSTEMS ...Aquatic Ecolo-

gy, Chronic Radiation, Contamination - Water, Fish -non-specific,
Low Level Radiation, Radiation Effects-non-specific, Radioactivi-
ty-general, ...5.1248

Selective-removal
BASIC SALINOGEN ION EXCHANGE RESINS FOR SELECTIVE

NITRATE REMOVAL FROM POTABLE AND EFFLUENT
WATER Effluents-waste Water, Ion Exchange-other, Nitrate,
Nitrite, Organic, Potable Water, 5.0537

SELECTIVE NITRATE AND i=.10SPHATE REMOVAL
_Denitrification, Ion Exchange-other, Ion Selective, Nitrate,
Nitrite, Phosphate, Phosphite, Waste Treatment-economics,
_5.0532

ADVANCED WASTEWATER TREATMENT USING POW-
DERED ACTIVATED CARBON IN RECIRCULATING SLUR-
RY CONTACTOR-CLARIFIERS ...Activated, Activated Carbon,
Coagulation, ...5.0042

ALUMINA COLUMNS FOR THE SELECTIVE REMOVAL OF
PHOSPHORUS FROM WASTEWATERS AND THE ULTI-
MATE DISPOSAL OF PHOSPHORUS AS CALCIUM
PHOSPHATE ...Aluminum, Material Recovery Wastes,
Phosphate, Phosphite, Process Design, Regeneration-other,
...5.1243

Sewage Testing
AUTOMATIC RECORDING OF SHORT TERM B.O.D. ...Auto-

matic Systems, Biochemical Oxygen Demand, Effluent-standards,
Technique Development, 7.0039

SEWAGE PHOSPHORUS REMOVAL BY AN ACTIVATED
SLUDGE PLANT ...Activated, Aerobic, Digestive Tanks,
Phosphorus, ...5.1321

QUANTITATIVE DETECTION AND ENUMERATION OF POL-
LUTION INDICATOR BACTERIA OF WASTE WATERS AND
SEWAGE TREATMENT PLANT EFFLUENTS ,..Bacteria, Bac-
terial Pollutant Sources, Bioindicators, Detection, Membrane,
...5.9853

Sludge
Activated

APPLICABILITY OF ARDOX CATALYST TO OXIDATION IN
SPACE WASTE MANAGEMENT ...Manned Satelite, Microbial-
bacterial, Other, Oxidation-other, Waste-disposal-recovery,
_5.0240
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EFFECTS OF AUDIO VIBRATIONS ON AERATED BIOLOGI-

CAL SYSTEMS ...Aeration, Bubble, Sewage Bacteria, Sonic,

Waste Water Treatment-general, 5.0673
WATER QUALITY CONTROL WITH SYNTHETIC POLYMERIC

FLOCCULANTS ...Bacteria, Bacterial Pollutant Sources, Floccu-

lation, Organic, Water Quality Control-general, ...5.0221

EFFECT OF BORON IN BIOLOGICAL WASTE TREATMENT
...Aerobic, Boron, Industrial Wastes, Sewage - Domestic, Surfac-

tants, ...5.0223
MICROBIAL RELEASE OF SOLUBLE PHOSPHATE IN AN AC-

TIVATED SLUDGE ENVIRONMENT ...Cell. env.(non-specific
& Ot.), Microorganisms (non-specific), Oxygen, Phosphate, Phos-

phite, 5.1213
THE EFFECT OF DETERGENTS ON THE OXYGENATION OF

WATER ...Absorption-other, Isotherm, Oxygen, Surfactants,

...5.1207
OPERATIONAL STABILITY OF THE EXTENDED AERATION

PROCESS ...Aeration, 5.0926
LUXURY METABOLIC STORAGE OF PHOSPHORUS IN THE

ACTIVATED SLUDGE FLOC ...Adsorption - absorption- other,
Flocculation, Nutrients, Phosphorus, Waste Water Treatment-
general, ...5.1318

NITRATE REMOVAL FROM ACTIVATED SLUDGE SYSTEMS
...Denitrification, Pilot Plants, Process Design, Washington, Waste

Water Treatment-general, ...5.1257
RELATIONSHIP OF ACTIVATED SLUDGE BULKING TO OR-

GANIC LOADING, OXYGEN AVAILABILITY, AND

HYDRAULIC CHARACTERISTICS OF THE AERATION
TANK ...Aeration, Model Studies, Organics, Process Design,

_5.0879
MICROBIOLOGICAL CHARACTERIZATION OF ACTIVATED

SLUDGE IN A WASTEWATER TREATMENT PLANT CHEMI-

CALLY MODIFIED FOR PHOSPHORUS REMOVAL ...Aerobic,

Cell. env.(non-specific & Ot.), Chemical Treatment, Phosphorus,

Sewage Bacteria, 5.1046
KINETICS AND MECHANISM IN ACTIVATED SLUDGE

PROCESSES ...Kinetics-other, Process Design, _5.0927

TRANSIENT LOADING EFFECTS IN THE ACTIVATED
SLUDGE PROCESS ...Biological, Loading, Sedimentation,

Sludge-general, ...5.0065
ECOLOGY OF SPHAEROTILUS IN ACTIVATED SLUDGE

...Cell, env.(non-specific & Ot.), Ecology, Identification, Microbi-

al-bacterial, Sphaerotilus, 5.0341
OXYGEN CONSUMPTION IN CONTINUOUS BIOLOGICAL

CULTURE ...Aeration, Bacteria, Flocculation, Nutrition,

5.0424
MECHANISMS OF SLUDGE THICKENING ...Sludge-other,

Thickening, 5.0361
NITRIFICATION AND DENITRIFICATION OF WASTE WATER

...Denitrification, Diary Wastes, Sewage, Sewage - Domestic,
Waste Water Treatment-general, 5.0598

AUTOMATIC CONTROL OF A COMPLETELY MIXED AC-
TIVATED SLUDGE REACTOR ...Biochemical Oxygen Demand,

Effluent-standards, Reactors-other, Sewage Treatment Plant,

...5.0213
THE USE OF ORGANIC POLYELECTROLYTES FOR OPERA-

TIONAL IMPROVEMENT OF WASTE TREATMENT

PROCESSES ...Coagulation, Polyelectrolytes, Waste Treatment-
economics, ...5.0868

POLLUTION PREVENTION BY AERATION OF FRUIT

PROCESSING WASTES ...Aeration, Aerobic, Canning Wastes,
Drying-dewatering, Lagoon, Solid Waste, ...5.1272

TREATMENT OF ALKALINE WASTES FROM POTATO
PROCESSING ...Canning Wastes, Concentration, Food

Processing industry, Plant Waste Removal, Treatment, Streams &
Rivers, Waste Water Treatment-general, 5.0465

HIGH RATE TRICKLING FILTERS AND AERATION DEVICES

FOR THE ADVANCED BIOLOGICAL TREATMENT OF IN-

TEGRATED KRAFT PULP AND PAPER MILL EFFLUENTS
...Aeration, Biological Treatment-other, Pulp and Paper Wastes,
Trickling, Waste Treatment-economics, 5.0840

USE OF MODIFIED ACTIVATED SLUDGE TREAT TO
ACHIEVE NUTRIENT REMOVAL & TO PROI/IDE CON-

SISTENT FEED TO TERTIARY TREATMEN'. SYSTEM
...Aeration, Pilot Plant, Pollutant-other, Tertiary Treatment,

Waste Treatment-economics, -.5.0245
REMOVAL OF ORGANICS AND NUTRIENTS FROM CITRUS

PROCESSING PLANT WASTES ...Aeration, Citrus, Food

Processing Industry, Organics, Pond, Waste Water Treatment-
general, 5.0366

PHOSPHATE REMOVAL BY BIOLOGICAL PROCESS ...Drying-

dewatering, Phosphat Phosphite, Process Design, ...5.0582
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WATER CONSERVATION BY WASTE WATER RECLAMA-
TION AND INJECTION OR RECHARGE ...Artificial Recharge,
Injection-wells, Potable Water, Tertiary Treatment, Water Stan-

dards, 5.0779
SEWAGE PHOSPHORUS REMOVAL BY AN ACTIVATED

SLUDGE PLANT ...Aerobic, Digestive Tanks, Phosphorus,
Sewage Testing, ...5.1321

A COMPLETE RECYCLE WASTE WATER TREATMENT
PLANT ...Biological Treatment-other, Coagulation, Sedimenta-
tion, Trickling, Water Reuse, ...5.1165

OPTIMAL DESIGN OF WASTE TREATMENT SYSTEMS
...Biological Treatment-other, Electrodialysis, Optimization, Ox-
idation- general, Process Design, 8.0202

MICROBIOLOGY OF SLUDGE - DNA ANALYSES AND
REMOVAL ...Denitrification, -.5.0694

TERTIARY ACTIVATED SLUDGE TREATMENT TO RECLAIM
WASTES FOR WATER SUPPLY FOR AGRICULTURAL AND
RECREATIONAL PURPOSES ...Denitrification, Loading,

Nutrients, Tertiary Treatment, Waste Treatment-economics,
_5.0077

RENOVATION OF WASTE EFFLUENT FOR RECREATION
AND POTABLE WATER SUPPLY USE ...Effluent-standards,
Filter-other, Potable Water, Waste Water Treatment-general,
...5.0158

INTEGRATED ACTIVATED SLUDGE-BIOLOGICAL FILTER
PROCESS ...Biological Treatment-other, Process Design, Sewage,
Trickling, Waste Treatment-economics, -.5.0161

PILOT -SCALE STUDY OF IMPROVED PHOSPHATE REMOVAL
BY MODIFIED ACTIVATED SLUDGE PROCESS ...Algal Pollu-

tant Sources, Bacteria, Disposal, Pilot Plant, Waste Treatment-

economics, ...S.0560
CANNERY WASTE TREATMENT BY THE KEHR ACTIVATED

SLUDGE PROCESS ...Aeration, Aerobic, Canning Wastes,
Sewage, Waste Treatment-economics, -.5.0157

THE MOLECULAR NATURE OF ORGANIC WASTE REMOVAL
PATTERNS ...Analysis and Detection, Gas, Organics, Rate of
Reaction, Structural Effect-other, 5.1155

TERTIARY TREATMENT IN THE PURIFICATION OF WASTE

WATER ...Denitrification, Flocculation, Soil, Tertiary Treatment,
Trickling, ...5.01I3

ENZYMATIC TECHNIQUE FOR DETECTION OF SURPLUS
PHOSPHORUS UPTAKE BY ACTIVATED SLUDGE ...Biologi-
cal Techniques, Nutrients, Phosphorus, ...5.1149

MYCOLOGICAL PHENOMENA IN SEWAGE SPREADING
BASINS ...Biological, Domestic, 5.0128

UPTAKE AND RELEASE OF SOLUBLE ORTHOPHOSPHATE
BY ACTIVATED SLUDGE ...Aeration, Concentration, Effluents-
waste Water, Phosphate, Phosphite, 5.0365

PHOSPHORUS REMOVAL BY ADDITION OF ALUMINUM TO
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Phosphite, Waste Treatment-economics, ...5.0109

IDENTIFICATION OF LIMITING FACTORS IN THE BIOLOGI-
CAL TREATMENT OF SEWAGE ...Biological Treatment-other,
Other, Pilot Plant, Sewage Bacteria, 5.0230

PHOSPHORUS REMOVAL IN THE ACTIVATED SLUDGE
PLANT ...Aeration, Aluminum, Phosphate, Phosphite, Precipita-
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BIOLOGICAL METHODS OF SLUDGE DEWATERING ...Biologi-
cal Treatment-other, Butyric Acid, Depolymerase, Drying-de-

watering, Microorganisms (non-specific), 5.0089
IMPROVED CAPABILITIES OF BIOLOGICAL SYSTEMS TO AS-

SIMILATE OIL ...Biological, Organics, Waste Water Pre-treat-
ment, ...5.0780

WASTE TREATMENT FACILITIES FOR POLY VINYL

CHLORIDE MANUFACTURING PLANT ...Activated Carbon,
Chemical Manufacturing Wastes, Effluent-standards, Organic,
Pond, ...5.0866

AEROBIC SECONDARY TREATMENT OF PLYWOOD GLUE
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TIVATED SLUDGE PLANT EFFLUENT IN THE CITRUS
PROCESSING INDUSTRY ...Canning Wastes, Drying-dewatering,
Lime Treatment, Plant Waste Removal, Treatment, Storage-reten-
tion-facilities, Waste Treatment-economics, 5.0274

REUSE OF PLANT EFFLUENT AND COOLING WATER BLOW-
DOWN AS PROCESS WATER ...Aeration, Chemical Manufac-
turing Wastes, Digestion, Pond, Water Reuse, ...5.0814

ULTIMATE DISPOSAL OF PHOSPHATE FROM WASTEWATER
BY RECOVERY AS FERTILIZER ...Ammonia, Disposal, Fertil-
izers, Material Recovery Wastes, Nut-ions, Phosphate, Phosphite,
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RY CONTACTOR-CLARIFIERS ...Activated Carbon, Coagula-
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_5.0367

SECONDARY EFFLUENT POLLSHING BY RAPID SEND FIL-
TRATION ...Biochemical Oxygen Demand, Chemical Oxygen De-
mand, Pilot Plant, Sand, Solid Waste, ..,5.0362

THE ECOLOGY OF THE MICROBIAL POPULATION OF AC-
TIVATED SLUDGE ..,Degradation, Industrial Processes-other,
Mechanisms, Plant Succession, Toxic Substances -non-specific,
5.0168

INVESTIGATIONS INTO TECHNIQUES FOR IMPROVING THE
AMOUNT AND EFFICIENCY OF OXYGEN INCORPORA-
TION INTO RAPID-RATE BIOLOGICAL WASTE TREAT-
MENT SYS ...Biological Treatment-other, Oxygen, Plants-
systems-other, Viscosity, Waste Treatment-economics, _5.0169

EVALUATION OF AERATED LAGOONS AS A SEWAGE
TREATMENT FACILITY IN THE PRAIRIE PROVINCES
_Aeration, Canada, Economic Efficiency, Sewage Lagoons,
Waste Treatment-economies, 5.0173

THE ENGINEERING MANAGEMENT OF AGRICULTURAL
WASTES ...Animal Waste Removal-treatment, Diary Wastes,
Farm Wastes, Lagoon, Solid Waste, 5.0084

BACTERIOLOGICAL ANALYSIS OF THE FLOCS OF AC-
TIVATED SLUDGE OF DOMESTIC SEWAGE Bacterial Pollu-
tant Sources, Disposal, Flocculation, Microbial-bacterial, Sewage,
...5.1311

RESEARCH AND REFERENCE TO SEWAGE EFFLUENT
PONDS ...Aeration, Loading, Pond, ...5.1297

(U) BIODEGRADABILITY OF DE7 ERGENT COMPOUNDS
...Biodegradation, Biological, Gas, Laundry Wastes, Sulfonates (r-
so3na), Surfactants, ...5.0534

POWDERED CARBON TREATMENT OF WASTEWATER
...Chemical, Fluidized Bed, Microwave, Polyelectrolytes, Waste
Treatment-economics, ...5.0857

A STUDY OF THE KINETICS OF THE ACTIVATED SLUDGE
PROCESS ...Aeration, Flow Regulations, Kinetics-other, Pump,
Storage-retention-facilities, ...5.0862

PROCESS DEVELOPMENT FOR REMOVAL OF NUTRIENT
MATERIALS FROM WASTEWATERS ...Anaerobic, Denitrifica-
tion, Loading, Nitration, Nutrients, Pollutant-other, 5.0841

COMPLETE MIX ACTIVATED SLUDGE UNIT PROCESS
ADAPTION TO LOW TEMP ...Loading, Low, Pilot Plant,
Separation-other, Solid Waste, ...5.0028

PHOSPHATE REMOVAL BY ACTIVATED SLUDGE PROCESS
APPLICATION - PLANT SCALE DEMONSTRATION ...Loca-
tion, Mechanisms, Phosphate, Phosphite, Pollutant-other, Sewage
Treatment Plant, 5.0912

STUDY OF MICROBIOLOGICAL-BIOCHEMICAL PHOSPHATE
SORPTION MECHANISM BY ACTIVATED SLUDGE ...Ab-
sorption-other, Mechanisms, Other, Phosphate, Phosphite. Sewage
Bacteria, ...5.0907

ISOLATION OF VIRUS FROM SEWAGE & DRINKING WATER
.Chlorination, Enteroviruses of Humans, Hepatitis, N.s. , Inac-
tivation, Isolation, Potable, ...5.0569

Aeration
RELATIONSHIP OF ACTIVATED SLUDGE BULKING TO OR-

GANIC LOADING, OXYGEN AVAILABILITY, AND
HYDRAULIC CHARACTERISTICS OF THE AERATION
TANK ...Activated, Model Studies, Organics, Process Design,
5.0879

REUSE OF PLANT EFFLUENT AND COOLING WATER BLOW-
DOWN AS PROCESS WATER .,.Activated, Chemical Manufac-
turing Wastes, Digestion, Pond, Water Reuse, ...5.0814

RESEARCH AND REFERENCE TO SEWAGE EFFLUENT
PONDS ...Activated, Loading, Pond, ,..5.1297

REMOVAL OF NITROGEN COMPOUNDS FROM MUNICIPAL
WASTEWATER ...Denitrification, Microbial-bacterial, Nitrogen,
Urban Environments, ...5.0855

Digestion
STUDIES ON THE METHANOGENIC BACTERIA IN SLUDGE

...Acids, Culture Collections, Isolation From Nat. environ. ,

Methane Bacteria (nen-specif.), .5.0259
MICROBIAL INTERACTIONS IN WASTE TREATMENT

SYSTEMS ...Anaerobic, Filter-other, Ion Selective, Microbial-
bacterial, Saturated Hydrocarbons, 5.0395

DIGESTION OF SLUDGES WITH SODIUM CHLORIDE A.ND
SULFATE ..,Chloride, Disposal, Disposal Wastes, Sodium,
Sulfate, Sulfite, 5.0299

MICROBIOLCGY OF ANAEROBIC SLUDGE .,.Anaerobic,
Biological, Fermentation, Microbial-bacterial, Saturated
Hydrocarbons, .,5.0809

HEAT TRANSFER STUDIES ON SLUDGE SUSPENSION
...Disposal, Heat Transfer, Pipelines, Solid Waste, 5.0872,

HYDROLYSIS OF SLUDGE USING LOW PRESSURE STEAM
WITH SO2 AS A HYDROLYTIC ADJUNCT AND TO STUDY
THE UTILIZATION OF THE RESULTING HYDROLYSATE
...Chemical Treatment, Feeds Or Feed Additives, Fertilizers,
Hydrolysis, Material Recovery Wastes, Waste Treatment-
economics, ...5.0782

REUSE OF PLANT EFFLUENT AND COOLING WATER BLOW-
DOWN AS PROCESS WATER ...Activated, Aeration, Chemical
Manufacturing Wastes, Pond, Water Reuse, 5.0814

A STUDY OF THE REMOVAL OF CARBONACEOUS,
NITROGENOUS AND PHOSPHORUS MATERIALS FROM
CONCENTRATED PROCESS WASTE STREAMS ...Carbon,
Nitrogen, Phosphorus, Process Design, Streams, 5,0060

SOLUBLE PHOSPHORUS REMOVAL IN THE ACTIVATED
SLUDGE PROCESS ...Activated, Aeration, Aluminum, Chemical
Treatment, Filter-other, Phosphate, Phosphite, 5.1037

ACCLIMATION OF HIGH RATE ANAEROBIC DIGESTION
...Acetate, Anaerobic, Fermentation, Methane Bacteria (non-
specif.), ...5.0366

HIGH-RATE, MULTIPLE MEDIUM FILTRATION FOR SECON-
DARY TREATMENT OF MUNICIPAL WASTE WATER
_Coagulation, Effluent-standards, Filtration, Secondary Treat
ment, Waste Treatment-economics, 5.1042

Disposal
GROUND WATER CONTAMINATION RESULTING FROM

WASTE DISPOSAL .,.Groundwater, Pollution Sources-general,
Pond, Solid Waste, South Dakota, ...5.1109i

TRANSPORT AND FATE OF POLLUTANTS IN SOIL ...Internal
Water Movement, Pollutants - Path of , Porous Media - Flow
Through, Soil, Unsaturated Flow, 5.0517

WASTEWATER TREATMENT PILOT PLANT INVESTIGATION,
MIXED CHROME TANNERY WASTEWATER ...Drying-dc-
watering, Pollutant-other, Tannery Wastes, Waste Treatment-
economics, Waste Water Pre-treatment, 5.0536

RECOVERY & REUSE OF LIME AS A COAGULANT IN TERTI-
ARY TREAT & NITROGEN REMOVAL FROM TERTIARY
TREATED EFFLUENT ...Coagulation, Concentration, Denitrifi-
cation, Material Recovery Wastes, Tertiary Treatment, ...5.0160

PIPELINE TRANSPORT OF SLUDGE ...Mass Transfer, Mining
Activities, Pump, Sewage Treatment Plant, West Virginia,
...5.0869

SOURCE CONTROL OF WATER TREATMENT WASTE SOLIDS
...Drying-dewatering, Filtration, Sewage Lagoons, Sludge-general,
Solid Waste, ...5.0508

PILOT-SCALE STUDY OF IMPROVED PHOSPHATE REMOVAL
BY MODIFIED ACTIVATED SLUDGE PROCESS ...Activated,
Algal Pollutant Sources, Bacteria, Pilot Plant, Waste Treatment-
economics, 5.0560

DIGESTION OF SLUDGES WITH SODIUM CHLORIDE AND
SULFATE ...Chloride, Digestion, Disposal Wastes, Sodium,
Sulfate, Sulfite, 5.0299

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Drying-dewatering, Filtration, Process Design, Waste
Treatment-economics, ...5.1016

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Drying-dewatering, Filtration, Process Design, Waste
Treatment-economics, 5.1007
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SUBJECT INDEX Waste Water Treatment
BIOLOGICAL TREATMENT PILOT PLANT AND SLUDGE

DISPOSAL FACILITY ...Biological Treatment- other, Centrifuga-
tion, Drying-dewatering, Filter-other, Thickening, Waste 'Treat-
ment-economies, -.5.1006

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Drying - dewatering, Filtration, Process Design,
5.0744

CONSTRUCTION OF MINE WATER TREATMENT PLANT AT
HOLLYWOOD, PENNSYLVANIA ...Acid Minc Wastes, Filtra-
tion, Microbial-bacterial, Neutralization, Waste Treatment-
economies, 5.0994

HEAT TRANSFER STUDIES ON SLUDGE SUSPENSION
Digestion, Heat Transfer, Pipelines, Solid Waste, ...5.0872

AEROBIC BIOLOGICAL TREATMENT, SLUDGE DEWATER-
ING AND DISPOSAL AND EFFLUENT REUSE FOR A SIDE
LEATHER TANNERY ...Aerobic, Drying-dcwatering, Filtration,
Lagoon, Tannery Wastes, _5.0608

A COLOR REMOVAL AND FIBROUS SLUDGE DISPOSAL
PROCESS FOR THE KRAFT PAPER INDUSTRY ...Color, Lime
Treatment, Pulp and Paper Wastes, Regeneration-other, Waste
Treatment-economics, 5.0455

TREATMENT OF WASTE WATER - WASTE OIL MIXTURE
...Coagulation, Emulsion, Flocculation, Flotation, Process Design,
5.0898

A DEMONSTRATION PLANT EVALUATION OF FOUR
METHODS FOR PULP AND PAPER MILL SLUDGE UTILIZA-
TION AND DISPOSAL ...Disposal Wastes, Mulches - other, Pulp
and Paper Wastes, Pulp, Paocr , and Logging, Pulp, Pulping &
Composite, 5.0152

ULTIMATE DISPOSAL OF PHOSPHATE FROM WASTEWATER
BY RECOVERY AS FERTILIZER ...Activated, Ammonia, Fertil-
izers, Material Recovery Wastes, Nutrients, Phosphate, Phosphite,
.,.5.0342

STUDY OF UTILIZATION AND DISPOSAL OF LIME SLUDGES
CONTAINING PHOSPHATES ...Lime Treatment, Material
Recovery Wastes, Phosphate, Phosphite, Waste Treatment-
economics, Waste Water Treatment-general, 5.0892

DEVELOPMENT OF MATHEMATICAL MODEL OF SEWAGE
SLUDGE FLUIDIZED BED INCINERATORS ...Computers-
general, Fluidized Bed, Mathematical Analysis, Model Studies,
_5.0344

NEUTRALIZATION AND PRECOAT FILTRATION OF CON-
CENTRATION SLUDGES FROM MINE WATE ...Acid Mine
Wastes, Filtration, Neutralization, Pennsylvania, Waste Treat-
ment-economies, 5.1001

APPLICATION OF SEWAGE SLUDGE TO FIELD CROPS Far-
tilizing, Planting & Cult, Methods of Application, Organic Fertili-
ty -other, Sewage, Source of Fertilize;, Waste Disposal -un-
derground, ...5.0363

INVESTIGATION OF PERMEABILITY OF FINE GRAINED
GLACIAL SEDIMENTS IN RELATION TO WASTE DISPOSAL
IN ILLINOIS ...Deposits, Permeability, Recharge Pits - Wells, Till,
2.0409

SUBSURFACE WATER POLLUTION FROM SANITARY LAND-
FILLS IN CARBONATE ROCK TERRAIN ...Chemical Analysis
(water), Dolomite, Groundwater, Sanitary Landfills, Soil and
Rock Leaching, 5.1030

BACTERIOLOGICAL ANALYSIS OF THE FLOCS OF AC-
TIVATED SLUDGE OF DOMESTIC SEWAGE ...Activated, Bac-
terial Pollutant Sources, Flocculation, Microbial-bacterial,
Sewage, 5.1311

A STUDY OF LAND DISPOSAL OF SPENT SULFITE LIQUOR
AT BADGER PAPER MILLS, INC., PESHTIGO, WISCONSIN
...Aquifers-general, Limestone - General, Neutralization, Pollu-
tants - Path of , Pulp and Paper Wastes, ...5.1295

REMOVAL OF STRONTIUM-90 FROM ORGANIC WASTES
...Aerobic, Anaerobic, Cation, Flocculation, Strontium, ...5.0082

ULTIMATE DISPOSAL OF SLUDGES BY SURFACE SPREAD-
ING ..,Animal Wastes - Fccd Lots, Dewatering, Transport, Waste
Disposal -underground, 5.0850

Sludge-general
TRANSIENT LOADING EFFECTS IN THE ACTIVATED

SLUDGE PROCESS ...Activated, Biological, Loading, Sedimenta-
tion, ...5.0065

SOURCE CONTROL OF WATER TREATMENT WASTE SOLIDS
...Disposal, Drying-dcwatering, Filtration, Scwagc Lagoons, Solid
Waste, ...5.0508

SULFIDE TREATMENT OF ACID MINE DRAINAGE ..Acid
Mine Wastes, Mining Activities, Regeneration-other, Sulfide,
Waste Treatment- economics, 5.1004

APPLICATION OF HYPERFILTRATION WITH DYNAMI-
CALLY-FORMED MEMBRANES TO TREATMENT OF MU-
NICIPAL SEWAGE EFFLUENTS ...Filtration, Membranes-other,
Polyclectrolytes, Secondary Treatment, Tertiary Treatment,
5.1143

ELECTROOSMOTIC PUMPING FOR DEWATERING SEWAGE
SLUDGE Drying-dcwatering, Electrode, Electoosmosis, Treat-
ment-other, ...5.0072

Sludge-other
MECHANISMS OF SLUDGE THICKENING ...Activated, Thicken-

ing, 5.0361
PIPELINE FLOW OF SOLIDS-LIQUID SUSPENSIONS ...Flow,

Flow of Dispersed Solids, Pipes, Transition Sections, Viscosity,
_5.0799

DEWATERING AND DRYING OF SLUDGE ON POROUS
MEDIA ...Dewatering, Drying - dewatering, Sand, 5.1140

CHEMICAL SLUDGE DISPOSAL AND CHEMICAL RECOVERY
AT THE JOINT FWPCA DISTRICT OF COLUMBIA PILOT
PLANT Drying-dcwatering, Filter-other, Material Recovery
Wastes, Tertiary Treatment, Waste Treatment- economics,
5.0243

VACUUM FILTRATION OF SEWAGE SLUDGE ..,Filter-other,
Filtration, Vacuum, 5.0175

AEROBIC DISPOSAL OF ANIMAL WASTES WITH CONTINU-
OUS WATER REUSE Aerobic, Aerobic Bacteria, Animal
Waste Removal - treatment, Dilution-general, Water Reuse,
5.0294

Thickening
MECHANISMS OF SLUDGE THICKENING ...Activated, Sludge-

other, _54361
TERTIAR` SEWAGE TREATMENT FOR REUSE ...Aeration,

Denitrification, Filtration, Pollutant-other, Tertiary Treatment,
...5.0096

BIOLOGICAL TREATMENT PILOT PLANT AND SLUDGE
DISPOSAL FACILITY ...Biological Treatment-other, Centrifuga-
tion, Disposal, Drying-dcwatering, Filter-other, Waste Treatment-
economies..5.1006

A MATHEMATICAL MODEL FOR THE FINAL CLARIFIER OF
AN ACTIVATED SLUDGE PROCESS ...Activated, Computers-
general, Effluents-waste Water, Forecasting-prediction, Zeta
Potential, ...5.I322

Treatment-other
TREATMENT OF ACID RINSE WATERS ...Aeration, Coagula-

tion, Iron, Limc Trcatmcnt, Metal Pickling Wastes, Water Stan-
dards, 5.0899

IN-SITU PRECIPITATION OF SLUDGE RESULTING FROM
REACTION OF MINE WATER WITH LOW COST ADDITIVES
TO PREVENT MINE DRAINAGE POLLUTION ...Acid Mine
Wastes, Drainage, Mining Activities, Neutralization, Precipitation,
5.1000

ELECTROOSMOTIC PUMPING FOR DEWATERING SEWAGE
SLUDGE Drying-dcwatering, Electrode, Electroosmosis, Sludge-
general, ...5.0072

LIME SLUDGE RECOVERY AND REUSE ...Demineralization,
Limc Trcatmcnt, Material Recovery Wastes, Phosphate, Phos-
phite, Silicate-general, ...5.0858

Stage of Treatment
Primary Treatment

USE OF COAGULATION IN THE FLOTATION OF WASTE-
WATER ...Biochemical Oxygen Demand, Coagulation, Flotation,
Industrial Wastes, Oil - Technological Testing, ...5.0338

PRIMARY TREATMENT OF STORM WATER OVERFLOW
FROM COMBINED SEWERS BY HIGH RATE FINE MESH
SCREENS ...Combined Sewer, Filtration, Industrial Waste-other,
Screening, Storm Water, 5.0931

Secondary Treatment
SECONDARY TREATMENT OF HOG WASTE IN AN ANAERO-

BIC STABLIZATION POND ...Anaerobic, Animal Wastes - Feed
Lots, North Dakota, Septic Tanks, Sewage Lagoons, 5.0830

THE REMOVAL OF IMPURITIES IN TRICKLING FILTER EF-
FLUENTS ...Coagulation, Colloidal Phenomena, Other, Tertiary
Treatment, Trickling, 5.1106

ADVANCED WASTE TREATMENT FOR WATER RECLAMA-
TION AND REUSE BY INJECTION ...Aquifers-general, Injec-
tion-wells, Recharge Pits - Wells, Waste Water Treatment-general,
Water Reuse, 5.0778

AEROBIC SECONDARY TREATMENT OF POTATO
PROCESSING WASTES WITH MECHANICAL AERATION
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...Aeration, Aerobic, Biological Treatment-other, Canning Wastes,
Process Design, Waste Treatment-economics, 5.0329

NUTRIENT CONTROL PROJECT - DETROIT LAKES, MIN-
NESOTA _Eutrophication, Lakes, Nutrients, of Aquatic Plants,
Stream Rehabilitation, 5.0583

AEROBIC SECONDARY TREATMENT OF PLYWOOD GLUE
WASTES ...Activated, Aeration, Aerobic, Aldehydes, Lagoon,
Process Design, 5.0984

APPLICA1 ION OF HYPERFILTRATION WITH DYNAMI-
CALLY- FORMED MEMBRANES TO TREATMENT OF MU-
NICIPAL SEWAGE EFFLUENTS ...Filtration, Membranes-other,
Polyelectrolytes, Sludge-general, Tertiary Treatment, ...5.1143

HIGH-RATE, MULTIPLE MEDIUM FILTRATION FOR SECON-
DARY TREATMENT OF MUNICIPAL WASTE WATER
...Coagulation, Digestion, Effluent-standards, Filtration, Waste
Treatment-economics, 5.1042

USE OF COAL AS ADSORBENT FOR TREATING WASTE
WATER ...Adsorption-absorption-other, Anaerobic, Coal-general,
Domestic, Material Recovery Wastes, ...5.1017

Tertiary Treatment
FEASABILITY OF FISH PRODUCTION IN TERTIARY WASTE

TREATMENT PONDS ...Aquaculture & Fish-farming, Sewage
Lagoons, Waste Water Treatment - general, _5.0401

ELECTROPHORETIC CLARIFICATION OF WATER ...Bacterial
Pollutant Sources, Colloidal Phenomena, Desalination, Other,
Pesticides -non-specific, Waste Water Treatment-general,
...5.1157

DEVELOPMENT OF PULSATING ADSORPTION FILTER FOR
TERTIARY TREATMENT OF WASTE WATERS ...Adsorption-
other, Ash-coal, Biological, Pilot Plant, Sand, ...5.0408

THE REMOVAL OF IMPURITIES IN TRICKLING FILTER EF-
FLUENTS ...Coagulation, Colloidal Phenomena, Other, Seconda-
ry Treatment, Trickling, 5.1106

TERTIARY SEWAGE TREATMENT FOR REUSE ...Aeration,
Denitrification, Filtration, Pollutant-other, Thickening, 5.0096

RECOVERY & REUSE OF LIME AS A COAGULANT IN TERTI-
ARY TREAT & NITROGEN REMOVAL FROM TERTIARY
TREATED EFFLUENT ...Coagulation, Concentration, Denitrifi-
cation, Disposal, Material Recovery Wastes, 5.0160

USE OF MODIFIED ACTIVATED SLUDGE TREAT TO
ACHIEVE NUTRIENT REMOVAL & TO PROVIDE CON-
SISTENT FEED TO TERTIARY TREATMENT SYSTEM ...Ac-
tivated, Aeration, Pilot Plant, Pollutant-other, Waste Treatment-
economics, 5.0245

WATER CONSERVATION BY WASTE WATER RECLAMA-
TION AND INJECTION OR RECHARGE ...Activated, Artificial
Recharge, Injection-wells, Potable Water, Water Standards,
..S.0779

TREATMENT NEEDED BY SEWAGE BEFORE INJECTION -
WELL RECHARGE ...Artificial Recharge, Carbon, Injection-
wells, Sand, Sr ..:ge, Trickling, 5.0758

TERTIARY TRzATMENT BY FLOCCULATION AND RAPID
SAND FILTRATION ...Coagulation, Flocculation, Rapid, Sand,
Trickling, ...5.0891

TERTIARY TREATMENT RESEARCH AT THE JOINT FWPCA
DISTRICT OF COLUMBIA PILOT PLANT ...Chemical Treat-
ment, Chlorination, Denitrification, Disinfectants, Filter-other,
Lime Treatment, .5.0242

CHEMICAL SLUDGE DISPOSAL AND CHEMICAL RECOVERY
AT THE JOINT FWPCA DISTRICT OF COLUMBIA PILOT
PLANT ...Drying-dewatering, Filter-other, Material Recovery
Wastes, Sludge-other, Waste Treatment-economics, ...5.0243

TERTIARY ACTIVATED SLUDGE TREATMENT TO RECLAIM
WASTES FOR WATER SUPPLY FOR AGRICULTURAL AND
RECREATIONAL PURPOSES ...Activated, Denitrification,
Loading, Nutrients, Waste Treatment - economics, ..5.0077

TERTIARY TREATMENT IN THE PURIFICATION OF WASTE
WATER ...Activated, Denitrification, Flocculation, Soil, Trick-
ling, 5.0113

PARAMETRIC STUDY OF THE KINETICS OF PRECIPITATION
AND NATURE OF THE PRECIPITATE OBTAINED IN
PHOSPHATE REMOVAL USING IRON AND ALUMINUM
SALT ...Aluminum, Iron, Phosphate, Phosphite, Precipitation,
Solubility, ...5.0075

APPLICATION OF HYPERFILTRATION WITH DYNAMI-
CALLY-FORMED MEMBRANES TO TREATMENT OF MU-
NICIPAL SEWAGE EFFLUENTS ...Filtration, Membranes-other,
Polyelectrolytes, Secondary Treatment, Sludge-general, _5.1143

BIOLOGICAL ASPECTS OF TERTIARY PONDS ...Effluents-waste
Water, Phytoplankton, Pond, Protozoa -other, Sewage, 5.0352

EUTROPHICATION - REMOVAL OF NUTRIENTS - SHAGAWA
LAKE ...Activated Carbon, Coagulation, Eutrophication, Ion
Exchange-other, Nutrients, Sediments, Trickling, 5.0594

IDENTIFICATION OF NATURAL AND SYNTHETIC ORGANIC
COMPOUNDS IN RAW AND TREATED MUNICIPAL
WASTES ...Chromatography-other, Filtration, Organics-general,
Purfication-general, Separation-general, 5.0847

SORPTION KINETICS IN FLOW THROUGH GRANULAR PAR-
TICLES ...Adsorption-other, Groundwater, Ion Exchange-other,
Porous Media - Flow Through, Rate Determination, Water Quali-
ty Control-general, _5.1191

Waste
Composition

INORGANIC ADDITIONS RESULTING FROM WATER USE
Hardriess-minerals, Mineralization, Public Utilities, Water
Reuse, ..5.0350

Loading
TEXTILE WASTE TREATMENT PRACTICE Textile Wastes,

Waste Treatment-economics, Waste Water Treatment-general,
Water Costs, 5.0005

TRANSIENT LOADING EFFECTS IN THE ACTIVATED
SLUDGE PROCESS ..Activated, Biological, Sedimentation,
Sludge-general, 5.0065

SPREADING TREATED SEWAGE FOR GROUNDWATER
RECHARGE ...Artificial Recharge, Groundwater, Percolation,
Pilot Plant, Sewage, 3.0005

TERTIARY ACTIVATED SLUDGE TREATMENT TO RECLAIM
WASTES FOR WATER SUPPLY FOR AGRICULTURAL AND
RECREATIONAL PURPOSES ...Activated, Denitrification,
Nutrients, Tertiary Treatment, Waste Treatment-economics,
5.0077

DUWAMISH RIVER-ELLIOTT BAY STORM WATER CONTROL
SYSTEM ...Combined Sewer, Interceptor-station, Storage-reten-
tion-facilities, Valves, ...5.1254

RESEARCH AND REFERENCE TO SEWAGE EFFLUENT
PONDS Activated, Aeration, Pond, .5.1297

(U) STABILIZATION POND OPERATION IN TROPICAL
AREAS (P) ...Algae, Bacteria, Biochemical Oxygen Demand,
Pond, Tropic, ...5.0174

PROCESS DEVELOPMENT FOR REMOVAL OF NUTRIENT
MATERIALS FROM WASTEWATERS ...Activated, Anaerobic,
Denitrification, Nitration, Nutrients, Pollutant-other, 5.0841

DISSOLVED REFRACTORY ORGANIC REMOVAL -- CARBON
AS AN ADSORBENT AND FILTER MEDIUM ...Activated Car-
bon, Coagulation, Filter-other, Organic-general, Organics,
...5.0860

COMPLETE MIX ACTIVATED SLUDGE UNIT PROCESS
ADAPTION TO LOW TEMP ...Activated, Low, Pilot Plant,
Separation-other, Solid Waste, 5.0028

Overflow
FABRICATION AND EVALUATION OF AN ULTRASONIC FIL-

TRATION SYSTEM FOR TREATING COMBINED SEWER
OVERFLOWS ...Biochemical Oxygen Demand, Combined Sewer,
Filter-other, Ultrasonics, Waste Treatment-economics, 5.0105

TREATMENT OF COMBINED SEWER OVERFLOWS BY THE
DISSOLVED AIR FLOTATION PROCESS ...California,
Chlorination, Combined Sewer, Flotation, 5.0153

SPRING CREEK AUXILIARY WATER POLLUTION CONTROL
PROJECT ...Bays, Combined Sewer, Effluents-waste Water, New
York, 5.0759

STORM WATER TREATMENT FACILITIES ...Chemical Treat-
ment-general, Lime Treatment, Phosphate, Phosphite, Sewage
Treatment Plant, Storm Water, 5.1164

Transport
ULTIMATE DISPOSAL OF SLUDGES BY SURFACE SPREAD-

ING ...Animal Wastes - Feed Lots, Dewaiering, Disposal, Waste
Disposal -underground, ...5.0850

Waste Water Treatment -other
RESEARCH ON POROUS GLASS MEMBRANES FOR REVERSE

OSMOSIS ...Desalination, Fiber, Filament, Whisker, Glass, Mem-
branes-other, Porosity, Permeability, Reverse Osmosis, ...3.0068

PLAQUING AND FLUORESCENT ANTIBODY METHODS FOR
DETECTION AND IDENTIFICATION OF ENTEROVIRUSES
...Assay, Cell Cloning, Detection & Diagnosis, Enteroviruses of
Animals, Pollutants-general, ...5.0046
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WATER QUALITY MODELING AND PREDICTION ..,Dynamic,
Pollutants - Path of , Prediction Models, Quality Control,
-5.0432

ROTATIONAL STABILITY IN DILUTE POLYMER SOLUTIONS
...Polymer Type-other, Rheo logical-general, Solution, States of
Flow, -1.0028

MASS TRANSFER ANALYSIS IN REVERSE OSMOSIS OPERA-
TION ,.,Free Convection, Mass Transfer, Reverse Osmosis, Tur-
bulent, Water, -5.0797

A STUDY OF A PROCESS FOR PHOSPHATE REMOVAL FROM
WATER SUPPLIES USING LANTHANUM PRECIPITATION
_Lanthanum, Material Recovery Wastes, Phosphate, Phosphite,
Process Design, Waste Treatment-economics, -5.0074

THE ELECTRO-OXIDATION OF AMMONIA IN SEWAGE TO
NITROGEN .,.Ammonia, Electrode, Electrolytic, Waste Water
Treatment-general, ...5.0538

MEMBRANE MATERIALS FOR WASTE WATER RECLAMA-
TION BY REVERSE OSMOSIS ...Cellulose Acetate,
Demineralization, Reverse Osmosis, Terpolymers, _5.0149

MARKETS TO 1980 I-OR WASTE WATER TREATMENT AND
RENOVATION FACILITIES ...Economic Impact, Forecasting-
prediction, Industrial Wastes, Marketing, Process Design,
_5.0116

DEVELOP DESIGN DATA FOR LIGHT WEIGHT WATER PU-
RIFICATION UNIT ...Filtration, Mobile, Potable, Potable Water,
Technique Development, -8.0297

PARTICULATE-ORGANIC EFFECT - SENSORY QUALITY OF
WATER ...Adsorption-other, Coagulation, Colloidal Phenomena,
Organic Matter, Potable Water, Taste and Odor, ...5.1013

Water Treatment -- General
ALTERNATIVE ECONOMIC RESPONSES TO THE ACID MINE

DRAINAGE PROBLEM IN SOUTHEASTERN OHIO ...Acidity,
Alternative Planning, Benefit-cost Analysis, Drainage, Mining Ac-
tivities, -5.0887

INTERACTIONS OF SILICA WITH IRON AND ALUMINUM
...Aluminum, Analysis and Detection, Coagulation, Complexing,
Iron, ...5.0557

THE CHEMISTRY OF MAGANESE IN NATURAL WATERS
.,.Analysis and Detection, Chemical-general, Manganese, Oxida-
tion-other, Water Chemistry, -5.0129

EFFECTS OF SURFACTANTS ON FIBROUS BED COALESCING
..,Emulsion, Interface, Packed Bed, Solubility, Surfactants,
-5.0340

Water
MINIMUM WATER CONCENTRATION OF ENVIRONMENTAL

WATER CAPABLE OF SUPPORTING LIFE ...Environment, Ex-
traterrestrial, Fungi -non-specific, Lichenes, Moisture, -6.0430

EFFECTS OF POLAR ORGANIC SOLVENTS ON EN7XME AC-
TION ...Dipole and Dielectric, Enzymatic, Exobiolow, ..<inetics -
other, Temperature, .,.1.0063

SOLUTE PROPERTIES OF WATER ...Hydraticwl, Flydrogen,
Polarization, Solutions ...1.0098

THE RELATION BETWEEN THE STRUCTURE At-1) PROPER-
TIES OF LIQUID WATER -Infrared, Far, Raman, Ultraviolet,
...1.0102

STUDIES BEARING ON THE RELATION OF STRUCTURE TO
PROPERTIES IN LIQUID SOLUTIONS -Activity, Electrolytes,
Solution, ...1.0105

STRUCTURE IN SOLVENTS AND CONCENTRATED SOLU-
TIONS ...Hydrogen, Infrared, Ion Exchange-other, Nuclear Mag-
netic, Salt, ...1.0035

THE EFFECTS OF NONELECTROLYTES AND SELECTED
SALTS ON STRUCTURING IN WATER .,.Brines, Heat Capaci-
ty-other, Solubility, Thermal Relation.-other, -1.0104

SPECTROSCOPIC AND DIELECTRIC STUDIES OF NEW
HYDROGEN BONDED SPECIES ...Dielectric Properties, Gase-
ous, Hydrogen, Infrared, Far, Phase Relationship, ..1.0061

THE INVESTIGATION OF TRANSPORT PROCESSES IN AQUE-
OUS ELECTROLYTE SOLUTIONS ...Conductivity, Diffusion-
other, Electrolytes, Ionic, Solution, -1.0093

HETEROGENEOUS NUCLEATION AND CONDENSATION OF
VAPORS ...Argon, Liquid, Nucleation, Solution, 4 Ring System,

THE HEATS OF MIXING OF STRONG ELECTROLYTES ...Al-
kaline Earth-general, Electrolytes, Salt, Solution, -1.0029

A STUDY OF HYPERSONIC WAVES IN WATER AND IN
AQUEOUS SOLUTIONS ...Dissociation, Hypersonic Waves, Inor-
ganic, Relaxation, Ultrasonic, Ultrasonics, -1.0030
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VISCOSITY STUDIES OF AQUEOUS SOLUTIONS _Activation
Energy, Alcohols, Desalination, Mixed Solvents, Viscosity,
-1.0033

DISSOLVED GASES AND WATER CLUSTERING IN AQUEOUS
SOLUTION Chlorine, Dioxide, Ions and Gases, Salt, Solution,
Thermal Properties-other, -1.0052

INVESTIGATION OF ANOMALOUS WATER ...Condensation,
Density, Phy and Chem Properties, Vapor, Vapor Pressure,
Viscosity, -3.02E8

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
-Cost Analysis, Desalination, Electrodialysib, Marketing, Mem-
branes-other, ...3.0210

TRANSPORT AND DIELECTRIC PROPERTIES OF SALINE
SOLUTIONS ...Analysis and Detection, Compressibility--gas-liq,
Dielectric Properties, Extreme High Pressure K Bar, Trans-
ference, -1.0103

MOLECULAR BEAM INVESTIGATION OF THE WATER
MOLECULE ...Atomic & Molecular Beam, Bond Energy, Forces,
Cross Sections, Diffraction-other, -3.0223

PRESSURE AND TEMPERATURE DEPENDENCE OF VOLUME
VISCOSITY AND MICROSOPIC STRUCTURE IN WATER
AND SALINE SOLUTIONS ...Analysis and Detection, Inorganic,
Ultrasonic, Viscosity, -3.0161

AN EXPERIMENTAL STUDY OF THE STRUCTURE, THER-
MODYNAMICS, AND KINETIC BEHAVIOR OF WATER
...Formation, Free Energy, Mass, Temperature, -3.0305

SOLAR HEATING OF WATER TO VERY HIGH TEMPERA-
TURES ...Conductivity, Desalination, Mathematical Analysis,
Medium Temperature - 300-1000k, Sunshine, -3.0331

THE STRUCTURE AND PROPERTIES OF WATER SOLUTIONS
...Aqueos, Inorganic, Solubility, Thermodynamic Relation,
-1.0039

ISOTOPE EFFECT ON THE THERMODYNAMIC ACTIVITY OF
WATER ...Activity, Chemical-general, Deuterium, Solution,
Vapor Pressure, -1.0112

MASS TRANSFER ANALYSIS IN REVERSE OSMOSIS OPERA-
TION ...Free Convection, Mass Transfer, Reverse Osmosis, Tur-
bulent, Waste Water Treatment-other, ...5.0797

THE EFFECT OF WATER STRUCTURE ON BIOLOGICAL AC-
TIVITY ...Bacteria (non-specific), Corn, Molecular Interaction,
Water Movement, -1.0047

METHOD FOR QUANTITATIVE ANALYSIS OF PHENOLS IN
FUEL CELL PRODUCT WATER ...Alcohols, Fuel Cell-other,
Quinones, Steam Distillation, Ultraviolet, -1.0041

SCATTERING MEASUREMENTS ON ALKALI - WATER
SYSTEMS ...Alkali Metals - general, Atomic Collisions, Molecular
Collisions, Other, -1.0022

OXYGEN TRANSFER TO WATER DROPLETS ...Air-general,
Diffusion-other, Oxygen, -1.0038

MEASUREMENT OF WATER VAPOR FLUX ABOVE A LAKE
SURFACE BY MEANS OF OPTICAL TECHNIQUES ...Absorp-
tion Spectra, Humidity Instruments, Infrared, Infrared Radiation,
Optical Systems, -2.0811

LOW ENERGY MECHANICAL OXYGENATION OF WATER
...Aeration, Chemical Treatment, Technique Development,
-5.0331

INTERFACIAL WATER STRUCTURE AND PROPERTIES
...Hydration, Inorganic, Interface, Tension, Thermal Properties-
other, ...1.0044

THERMODYNAMICS OF WATER AND WATER SOLUTIONS
...Entropy, Solution, ..1.0043

HANDBOOK FOR CONCRETE AND CEMENT ...Aggregates, Ex-
tenders, Fillers, Cement, Concrete, Curing Agents, Handbooks,
Sealant Materials, ...8.0235

RADIOISOTOPE WATER FLOW MEASUREMENT IN HIGH-
HEAD TURBINES AND PUMPS ...Fluids, Open Channel Flow,
Radioisotopes, -8.0065

REGION 2 - WEED CONTROL ...Cement, Concrete, Engineering
Structures-general, Setting, Curing, ...8.0115

THE ROLE OF WATER IN ORGANIC REACTIONS -Deuterium,
Inorganic, Ketonic, Solvolyses, Structure - Activity, Transition
State, -1.0062

HYDROSTATIC HIGH PRESSURE EFFECTS ...Activity, Enthalpy,
Entropy, High, ...1.0126

Water - Alternative Uses
THE ECONOMICS AND ADMINISTRATION OF WATER

RESOURCES ...Administrative Structures, Alternative Planning,
Colorado, Water Costs, Watersheds-general, -6.0107



Water - Alternative Uses SUBJECT INDEX

ECONOMIC EFFECTS OF WATER ALLOCATION AMONG AL-
TERNATIVE INDUSTRIAL (NON-AGRICULTURAL) USES
,..Economic Impact, Industry, Mineral Processing Industry, Model
Studies, Water Allocation, ...6.0597

ON-FARM IRRIGATION WATER SUPPLIES AND COSTS IN
RELATION TO CROPPING SYSTEMS AND PRODUCTION
ADJUSTMENTS IN THE SACRAMENTO VALLEY ,..Califor-
nia, Economic Efficiency, Irrigation-general, Water Costs, Water
Quantity-general, ...6.0051

PROBLEMS AND OPPORTUNITIES OF WATER RESOURCE
UTILIZATION IN 'l' HE UPPER COLUMBIA AND MISSOURI
RIVER BASINS Columbia River, Economics-general, Missouri
River, Water Resources Development, Water Utilization -

domestic, .6.0328
OPTIMIZING SALVAGEABLE WATER RESOURCES IN A

SEMI-ARID INLAND BASIN .,,Natural Recharge, Optimization,
Runoff, Semi - Arid, Water Quality-general, Water Reuse,
3.0019

MAXIMIZING PRODUCTIVITY OF WATER USED FOR IR-
RIGATION OF AGRICULTURAL LANDS ...Irrigation-general,
Model Studies, Optimization, Water Allocation, 6.0610

PROGRAMMED SELECTION OF OPTIMUM USES OF A
SMALL WATER RESOURCE SUBJECTED TO COMPLEX
SIMULTANEOUS DEMAND STRESSES ...Computers-general,
Model Studies, Optimization, Water Demand, Water Supply-
general, _6.0281

ECONOMIC EFFICIENCY IN THE ALLOCATION OF IRRIGA-
TION WATER OVER TIME ...Aquifers-general, Economic Effi-
ciency, Irrigation-general, Water Allocation, Water Demand,
,6.0444

COMPLEMENTARY - COMPETITIVE ASPECTS OF WATER
STORAGE ...Benefit-cost Analysis, Computers-general, Model
Studies, Reservoirs and Impoundments, Storage of Water,
...5.0144

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, Water Allocation, Water Rights-general, Water Transfer,
Welfare Economics, 6.0012

USE OF GROUND WATER IN EXCESS OF RECHARGE ...Ad-
ministrative Structures, Agriculture Industry, Economic Efficien-
cy, Water Rights-general, Water Transfer, ...3.0310

RESOURCE CONSERVATION ...Land, Management, Other, Policy
Making, ..3.0036

DEVELOPMENT OF COST CRITERIA FOR WATER SUPPLY
...Model Studies, Reservoirs and Impoundments, Water Costs,
Water Supply-general, Water Transfer, Water Wells, 4.0098

THE EXTENT OF IRRIGATION DEVELOPMENT IN NORTH
DAKOTA AND ITS ECONOMIC IMPACT ...Economic Impact,
Impact, Irrigation-general, Model Studies, Production &
Processing, Water Resources Development, ...3.0380

ECONOMIC ANALYSIS OF ALTERNATIVE WATER USE
TECHNIQUES IN PRODUCTION OF COTTON, GRAIN
SORGHUM & RELATED CROPS - SOUTHERN HIGH PLAINS
OF TEXAS ...Conjunctive Use, Conservation-general, Economic
Efficiency, Irrigation-general, Water Costs, ...6.0571

METHODOLOGY FOR DETERMINING VALUATIONS OF
WATER FOR ALTERNATIVE USES ...Economic Efficiency,
Input - Output Analysis, Model Studies, Water Allocation, Water
Costs, 6.0592

ECONOMIC ANALYSIS OF WATER USE IN IRRIGATION IN
THE NORTHERN PLAINS ...Benefit -cost Analysis, Costs, Great
Plains Province, Irrigation-general, Production & Processing,
Rates Or Levels of Application, ...4.0077

ECONOMICS OF ALTERNATIVE ROUTINES FOR DELIVER-
ING IRRIGATION WATER ...Agriculture Industry, Economic Ef-
ficiency, Irrigation-general, Legal Review, Model Studies,
-.6.0101

Water Allocation
ECONOMIC EFFECTS OF WATER ALLOCATION AMONG AL-

TERNATIVE INDUSTRIAL (NON-AGRICULTURAL) USES
...Economic Impact, Industry, Mineral Processing Industry, Model
Studies, Water - Alternative Uses, .,.6.0597

INTEGRATION OF CONNECTICUT WATER RIGHTS LAWS
AND POLLUTION CONTROL LAWS ...Connecticut, Legal
Review, State Government, Water Quality Control-general, Water
Rights-general, ...6.0116

A LEGAL-ECONOMIC ANALYSIS OF ADMINISTRATIVE AND
MARKET PROCEDURES USED IN THE TRANS["'" OF
WATER RIGHTS ...Administrative Structures, Economic Effi-
ciency, Model Studies, Production - Supply, State Government,
Water Transfer, 2.0726
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WATER RESOURCES PLANNING STUDIES - ARKANSAS AND
OKLAHOMA Arkansas, Daily, Oklahoma, River Basins, Water
Quality-general, .6.0028

AN ANALYSIS OF THE ECONOMIC IMPLICATIONS OF THE
PERMIT SYSTEM OF WATER ALLOCATION ...Contracts-per-
mits, Economic Efficiency, Economic Impact, Iowa, Water Law-
general, ...6.0226

MODEL WATER USE ACT FOR THE STATE OF FLORIDA
WITH COMMENTS ...Administrative Structures, Legal Review,
Regional Areas, Riparian Rights, State Government, 6.0151

MAXIMIZING PRODUCTIVITY OF WATER USED FOR IR-
RIGATION OF AGRICULTURAL LANDS ...Irrigation-general,
Model Studies, Optimization, Water - Alternative Uses, ..6.0610

SYSTEMS APPROACH TO WATER RESOURCE MANAGE-
MENT ...Administrative Structures, Economics-general, Legal
Review, Model Studies, Social Aspects, Systems Analysis,
.6.0080

ALLOCATIVE IMPACTS OF FEDERAL AND STATE WATER
DEVELOPMENT LAW ...Conflicts, Economic Impact, Sacra-
mento River, Water Law-general, Water Resources Development,
-.6.0067

A COMPARATIVE STUDY OF THE USE TAX AS A MEANS OF
ALLOCATION OF WATER RESOURCES IN A CONJUNC-
TIVE USE SYSTEM -Benefit-cost Analysis, Conjunctive Use,
Fiscal, Groundwater, Welfare Economics, ...6.0056

SOIL TEMPERATURE AS A CRITERION FOR ALLOCATING
WATER SUPPLY FOR CROP USE ...Arid and Desert, Moisture
Content, Soil Environment, Soil Moisture -non-specific, Tempera-
ture, 2.0111

ECONOMIC EFFICIENCY IN THE ALLOCATION OF IRRIGA-
TION WATER OVER TIME ...Aquifers-general, Economic Effi-
ciency, Irrigation-general, Water - Alternative Uses, Water De-
mand, 6.0444

RELATIONSHIP OF PUMPING LIFT TO ECONOMIC USE OF
GROUND WATER FOR IRRIGATION .Groundwater, Irriga-
tion-other, Optimization, Pumping, Water Costs, -.6.0177

COMPUTER MODELS FOR WATER DISTRIBUTION SYSTEMS
.Algorithms, Development of Models, Laminar Flow, Model Stu-

dies, Water Transfer, ...8.0286
APPLICATION OF OPERATIONS RESEARCH TECHNIQUES

FOR ALLOCATION OF COLORADO RIVER WATERS IN
UTAH ...Colorado River, Operations Research, Optimization,
Utah, 6.0575

STATE WATER LAW ORIENTATION TOWARD SCIENTIFIC
AND TECHNOLOGICAL BASES FOR EFFECTIVE
PLANNING AND MANAGEMENT ...Conflicts, Nevada,
-.6.0341

THE ECONOMICS OF WATER SUPPLY AND QUALITY
...Benefit -cost Analysis, Delaware River, Flow Augmentation,
Model Studies, Pollution Abatement, Urban Environments,
-.6.0286

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, Water - Alternative Uses, Water Rights-general, Water
Transfer, Welfare Economics, -.6.0012

ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
STITUTIONS ...Administrative Structures, Economic Efficiency,
Price & Value, Water Demand, Water Transfer, 9.0002

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Administrative Structures, Agriculture Industry, Benefit-cost
Analysis, Water Law-general, Water Quality Control-general,
Water Resources Development, 6.0229

ECONOMIC PROBLEMS IN THE USE, ALLOCATION, REGU-
LATION AND PRICING OF WATER ...Conflicts, Minnesota,
Price & Value, Water Demand, Water Law-general, 6.0310

ECONOMICS OF WATER TRANSFER - APPRAISAL OF IN-
STITUTIONS ...Administrative Structures, Economic Efficiency,
Legal Review, Water Transfer, Welfare Economics, ..A.0176

THE ECONOMICS OF WATER TRANSFER ...Administrative
Structures, Economic Impact, Legal Review, Water Rights-
general, Water Transfer, ...6.0577

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, Legal Review, State-local Government, Water Transfer,
...4.0269

PROCEDURES FOR ESTIMATING CROP WATER REQUIRE-
MENTS FOR USE IN WATER ALLOCATIONS AND FOR IM-
PROVEMENT OF IRRIGATION EFFICIENCY ...Evapotrans-
piration, General Synoptic Observations, Irrigation-general,
Lysimeters, Requirements for Water, _3.0047
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WATER QUANTITY AND QUALITY REQUIREMENTS ON
WESTERN SALINE MARSHLANDS ...Habitat Studies, Swamps-
marshes, Utah, Water Fowl, N.s. , Water Quality-general,
...6.0582

NATURAL RESOURCE MANAGEMENT AND CONSERVATION
IN THE SOVIET UNION Conservation-general, Multiple-pur-
pose Projects, Russia, Survey Studies, Water Quality-general,
3.0485

ECONOMIC GROWTH AND OPTIMUM WATER RESOURCE
DEVELOPMENT ...Alternative Planning, Economies-general, Op-
timization, Water Demand, Water Resources Development,
6.0043

IRRIGATION IN RELATION TO CROPPING SYSTEMS .. Irriga-
tion-general, Model Studies, Water Costs, Water Sources -general,
Water Yield, -.6.0053

CALIFORNIA-ARIZONA ECONOMIC INTERDEPENDENCE
AND THE COLORADO RIVER CONFLICT WITH PARTICU-
LAR REFERENCE TO AGRICULTURE ...Agriculture, Agricul-
ture Industry, Colorado River, Economic Impact, Income, Input -
Output Analysis, -.6.0050

A STUDY OF THE SOCIAL MECHANISM OF RURAL-URBAN
WATER TRANSFERS WITH SPECIAL REFERENCE TO EX-
TERNAL EFFECTS ...Administrative Structures, Agriculture,
Base Studies, Economic Efficiency, Fiscal, Model Studies, Social
Aspects, Water Transfer, Welfare Economics, _6.0105

AQUIFER STUDIES IN MARYLAND - SEDIMENTARY ROCKS
IN THE COASTAL PLAIN -.Aquifers-general, Geologic Sec-
tions, Hydrology-general, Management, Specific Rock Unit, Sub-
surface, -.2.0561

WATER RIGHTS AND WATER LAW ...Alternative Planning,
Eminent Domain, Riparian Rights, Water Resources Develop-
ment, Water Utilization -general, -.6.0386

SIMULATION AS A MEANS OF STUDYING RESOURCE ALLO-
CATIONS -Alternative Planning, Economics-gcreral, Model Stu-
dies, River Basins, Simulation Theory, 6.0456

METHODOLOGY FOR DETERMINING VALUATIONS OF
WATER FOR ALTERNATIVE USES ...Economic Efficiency,
Input - Output Analysis, Model Studies, Water - Alternative Uses,
Water Costs, ...6.0592

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
SOUTH DAKOTA ...Economic Impact, Impact, Input - Output
Analysis, Irrigation-general, Management, Optimization, Produc-
tion & Processing, South Dakota, -.6.0136

ECONOMICS OF WATER MANAGEMENT ON THE TEXAS
HIGH PLAINS ...Aquifers-general, Economic Impact, Ground-
water, Production & Processing, Texas, Water Yield, Welfare
Economics, 6.0137

ECONOMICS OF WESTERN STREAM FLOW ACCRETIONS
...Benefit-cost Analysis, Irrigation-general, Missouri River, Water
Rights-general, Water,'I'ransfer, 6.0100

VALUE OF IRRIGATION WATER FOR THE PRODUCTION OF
SUGAR CANE ...Economic Feasibility, Irrigation, Irrigation-
general, Sugar Cane, Water Costs, 6.0174

Water Application Methods
HYDRAULIC OPERATING CHARACTERISTICS OF LOW

GRADIENT BORDER SYSTEMS PHASE II ...Border Irrigation,
Infiltration, Irrigation, Irrigation Engineering, .,.3.0139

WATER REQUIREMENTS FOR SALINITY CONTROL IN UN-
SATURATED SOILS ...Irrigation-general, Saline Properties, Satu-
rated-unsaturated, Soil and Rock Leaching, -.5.0751

EFFECTS OF WATER APPLICATION ON CROP PLANTS
...Evaporation, Growth Rate, Requirements for Water, Water
Balance-budget, 2.0652

HYDRAULICS OF SURFACE IRRIGATION ...Irrigation Engineer-
ing, Math Models, Model Studies, Surface Flow, Surface Irriga-
tion -general, 4.0252

SOIL MANAGEMENT INVESTIGATIONS ON IRRIGATED
LAND ...Irrigation, Management, Rotations, Soil Analysis, Soil
Comparison, Tillage, Cropping Systems, ..A.0114

SUBIRRIGATION ...Irrigation Engineering, Orifice, Subsurface Ir-
rigation, ...4.0121

A STUDY OF TECHNIQUES FOR INCREASING EFFICIENCY
OF IRRIGATION WATER APPLIED TO POTATOES ...Irriga-
tion, Moisture Tension, Potatoes, -.2.0798

THE ADAPTATION OF SPRINKLER IRRIGATION TO SOILS OF
LOW INTAKE RATE ...Absorption, Fixation, Exchange, Irriga-
tion, Moisture Content, Sprinkler Irrigation, 3.0402

WATER NEEDS FOR IRRIGATION IN OREGON ...Agricultural
Watersheds, Irrigation-general, Requirements for Water, Soil Con-
ditions, Water Demand, 6.0462
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DESIGN FACTORS IN SURFACE IRRIGATION Furrow Irriga-
tion, Infiltration, Irrigation Engineering, ...3.0477

EFFECT OF VARIOUS IRRIGATION TECHNIQUES ON SOIL
AERATION, SOIL STRUCTURE, AND CROP RESPONSE ...Ir-
rigation, Soil Aeration, Soil Structure, -.2.1070

WATER APPLICATION AND USE ON A RANGE WATER-
SPREADER ,..Irrigation, Irrigation Engineering, Management and
Fertility, Soil Environment, Surface Irrigation -general, -.4.0056

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE
...Evapotranspiration, Infiltration, Irrigation .general, Model Stu-
dies, Water Loss Control, -.8.0003

IRRIGATION REQUIREMENTS, PRACTICES AND METHODS
OF APPLICATION FOR EFFICIENT PRODUCTION OF
CROPS IN THE SOUTHEAST -.Irrigation, Soil-water-plant Rela-
tionships, -.3.0191

IRRIGATION PRACTICES, REQUIREMENTS AND DESIGN
CRITERIA FOR EFFICIENT USE OF WATER AND
SUSTAINED CROP PRODUCTION IN THE NORTHERN
PLAID' 9 ...Irrigation, Irrigation Engineering, -.3.0142

Water Balance-budget
HEAT BUDGET AND EVAPOTRANSPIRATION OF FRUIT

TREES ...Energy Budgets, Evapotranspiration, Temperature Or
Heat Budgets, 1 ranspiration and Evap, Trees, 2.0311

DETERMINATION OF EVAPOTRANSPIRATION FOR SHORT
INTERVALS ON A BENCHMARK BASIN ...Evapotranspiration,
Heat Budget, Israel, Karst Topography, Moisture Content,
...2.0493

HYDROLOGIC ANALYSIS OF LAKE SYSTEMS AND OF
GLACIERS ...Climate, Glaciology-general, Infrared Radiation,
Lakes, Snowpack, 6.0142

DOCTORAL DISSERTATION RESEARCH IN GEOGRAPHY
..,Data Analysis - General, General Synoptic Observations, Geog-
raphy-physical, Humidity, Ohio River, -.3.0392

EFFECTS OF PINYON-JUNIPER CONVERSION ON
WATERSHED VALUES IN UTAH ...Cover Crops, Forest
Watersheds, Juniperus, Moisture Budgets, Pines, -.2.1067

HYDROLOGY OF WATER YIELD PREDICTION ...Amount,
Forecasting-prediction, Forest Watersheds, Moisture Retention,
Water Yield, -.2.0892

PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION ...Evapotranspiration,
Meteorological Studies-general, Soil-water-plant Relationships,
Translocation, Water Yield, -.2.0951

AVAILABILITY, DISTRIBUTION, QUANTITY AND QUALITY
OF WATER RESOURCES IN CARBONATE KARST TERRAIN
_Available Water, Carbonate Aquifers, Groundwater, Karst
Topography, Runoff, Water Quality-general, 4.0155

WATER BALANCE IN SEWAGE STABILIZATION LAGOONS
Industrial Wastes, Organic Matter, Seepage, Sewage Lagoons,

Water Quality-general, 5.0833
THE GROUND-WATER FLOW SYSTEM IN THE DELMARVA

PENINSULA . ..Aquifers - general, Delaware, Flow Characteristics -
water, Groundwater, Model Studies, -.2.0254

WATER TRANSFER FROM SOIL TO THE ATMOSPHERE AS
RELATED TO CLIMATE AND SOLI, PROPERTIES ...Evapora-
tion, Humidity, Moisture Content. rnysical Climatology, Radia
tion-general, Water Trmisfer, -1.1046

AN ATMOSPHERIC ENt:P.GY BUDGET STUDY ...Great Basin,
Heat Exchange, Storms-general, 2.0738

ATMOSPHERIC WATER BALANCE AND THE FORECAST OF
ANNUAL RUNOFF FROM THE UPPER COLORADO RIVER
BASIN ...Colorado River, Evaporation, Forecasting-prediction,
Runoff, ...2.0222

HYDROLOGIC RELATIONSHIPS IN A CONIFEROUS FOREST
...Amount, Evapotranspiration, Forest Watersheds, Groundwater,
Storage of Water, ...2.0552

AERATION OF LAGOONS IN RIGOROUS CLIMATE AREAS
,..Aeration, Climate, Degradation-other, Lagoon, Pollution Abate-
ment, Pond, Wyoming, ...5.1325

WATER BALANCE AND ALKALINE EXCHANGE RELATION-
SHIPS AS INFLUENCED BY WATER MANAGEMENT PRAC-
TICES IN RICE ...Arkansas, Microclimate- general, Rice, Salt,
Water Depth, Water Levels, ...2.0071

SOIL-WATER-VEGETATION RELATIONS IN THE DOUGLAS
FIR ZONE ...Flow Characteristics -water, Forest Watersheds,
Moisture Content, Patterns, Runoff, Water Cycle, 3.0027

EFFECTS OF WATER APPLICATION ON CROP PLANTS
...Evaporation, Growth Rate, Requirements for Water, Water Ap-
plication Methods, 2.0652



Water Balance-budget SUBJECT INDEX

INFLUENCE OF ENERGY BUDGET ON AGRICULTURAL
PRODUCTION Energy Budgets, Evapotranspiration, Heat Flow,
Modified Water Use, Soil-water-plant Relationships, ..,2.0693

EFFECT OF METABOLIC ANTITRANSPIRANTS ON INTER-
NAL WATER BALANCE, GROWTH AND SURVIVAL OF
OUTPLANTED TREES Aiditranspirants, 2.1158

COMPUTER SIMULATION AND EVALUATION OF CLI-
MATOLOGICAL MODELS ,..Computers-general, Model Studies,
Patterns, Statistics - general, -.7.0044

EVALUATION OF CONSUMPTIVE WATER USE, SOIL-WATER
STORAGE, AND THE INTERRELATION OF THREE COM-
PONENTS OF THE WATER BUDGET ..,Agricultural
Watersheds, Climate, Consumptive Use, Evapotranspiration,
Groundwater, Moisture Retention, _4.0080

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB-HUMID CLIMATE ...Ap-
plied Climatology, Evapotranspiration, Irrigation-general, Model
Studies, Sub - Humid, 3.0384

THE IMPACT OF SUBURBAN DEVELOPMENT ON THE
WATER RESOURCES OF NEW JERSEY. ,.,Agricultural
Watersheds, Flow Characteristics -water, Gaging, Measurement,
Surburban Areas, Water Table Fluctuation, -.6.0352

THE ROLE OF VEGETATION AND SOIL IN WATERSHED
YIELD .,.Cover Crops, Dendroclimatology, Soil Properties -

General, Soil-water-plant Relationships, Water Yield, Watersheds-
general, ...4.0256

WATERSHED WATER BUDGET ,..Agricultural Watersheds,
Evapotranspiration, Mathematical Analysis, Moisture Content,
Runoff, ..2.1157

EVAPORATION FROM LAKES AND RESERVOIRS ...Evapora-
tion, Evapotranspiration, Heat Budget, Lakes, Reservoirs and Im-
poundments, .,.2.0187

HYDROLOGY OF PRAIRIE POTHOLES ...Management -other,
North Dakota, Potholes, Seepage, Water Fowl, N.s. , Water
Utilization -animal, 2.0170

GILA RIVER PHREATOPHYTE PROJECT ..,Arizona, Energy
Budgets, Evapotranspiration, Phreatophytes, Water Loss Control,
-.2.0042

QUANTITATIVE WATER-BUDGET ANALYSIS OF WESTERN
LONG ISLAND, NEW YORK ...Alternative Planning, Ground-
water Basins, Management, New York, Water Resources
Development, 2.0809

EVAPORATION LOSSES FROM LAKES IN INDIANA ...Evapora-
tion, Indiana, Lakes, Reservoirs and Impoundments, 2.0454

EFFECT OF IRRIGATION ON STREAMFLOW IN CENTRAL
SAND PLAINS OF WISCONSIN ...Drainage, Groundwater, Ir-
rigation-general, Morphology-general, Wisconsin, ..4.0279

BASIC INVESTIGATION OF HEAT AND MOISTURE
TRANSFER ACROSS THE AIR -WATER INTERFACE ...Boun-
dary Layer Studies, Evaporation, Heat Exchange, Interface, Water
Loss Control, 3.0124

HYDROLOGY OF HUNGRY HORSE RESERVOIR MONTANA
...Inflow, Low Flow, Montana, Reservoirs and Impoundments,
2.0124

FLOOD RUNOFF & WATER YIELD FROM GLACIATED
MOUNTAINS ...Floods, Forest Watersheds, Glacial Environment,
Heat Budget, Runoff, Water Yield, 3.0372

THE ENERGY BUDGET AT THE EARTHS SURFACE ...Energy
Budgets. Heat Exchange, Humidity, Moisture Content, Transpira-
tion and Evap, Wind Tunnels, 2.0808

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE IN THE
GREAT BASIN ..,Arid and Desert, Evapotranspiration, Great
Basin, Lysimeters, Sprinkler Irrigation, .3.0314

Water Chemistry
Natural

Analysis and Detection
GEOCHEMICAL STUDIES OF CONTINENTAL WATERS

...Authigenesis, Location, Pore Fluids, Radioisotopes, 1.0081
DISSOLVED ORGANIC PHOSPHORUS IN NATURAL WATERS

Organic - general, Precipitation, Radiochemical Techniques,ienovai..organc
s , Ltuatcjiydrocarons.

(U) DETERMINATION OF FREE BROMINE IN WATER (US 14)
...Amines, Bromine, Chlorine, Colorimetric, ...5.0372

STABLE CARBON AND OXYGEN ISOTOPE RATIO VARIA-
TIONS IN THE FLOW TO CARBON AND OXYGEN
THROUGH NORMAL AND POLLUTED AQUATIC SYSTEMS

.Carbon, Element Ratios, Organic-general, Oxygen, Pollutants -
Path of , Sewerage Systems-other, ...5.1183

THE EXTRACTION OF POTASSIUM FROM FRESH AND
SALINE WATERS BY CLAY MINERALS ...Adsorption Capaci-
ty, Clay Minerals-general, Extraction, Potassium, 2.0359

THE ANALYSIS OF AROMATIC CONSTITU3NTS IN WATER
USING FLUORESCENCE AND PHOSPHORESCENCE Chro-
matography-other, Extraction-other, Noncondensed Aromatics-
other, Spectroscopy-other, Taste and Odor, 5.0711

REAGENTS FOR DETERMINATIONS OF TRACE IMPURITIES
IN WATER ..,Cobalt, Inorganic, Nitrate, Nitrite, Nitroso Com-
pounds, Spectroscopy-general, 5.0330

BACTERIOLOGICAL AND ESTHETIC OF PLEASURE BOAT
WASTE DISCHARGE ON SMALL HARBORS ...Bacterial Pollu-
tant Sources, Beautification, Boat Discharges, Harbors, Marinas,
,5.1267

APPLICATION OF MODERN ELECTROANALYTICAL
TECHNIQUES TO THE ANALYSIS OF HEAVY METALS IN
WATER ...Chronopotentiometry, Heavy Elements, Mineraliza-
tion, Polarography, Trace Analyses-other, 1.0040

AL IOMATED POTENTIOMETRIC TECHNIQUES FOR THE
ON -SITE MONITROING OF ANION CONCENTRATIONS IN
WATER .,.Automatic Systems, Electrode, Nitrate, Nitrite, Poten-
tiometry, Technique Development, ...5.0676

THE ACTIVATION-CHROMATOGRAPHIC ELEMENTAL AND
STRUCTURAL ANALYSIS OF FRESH WATER SOURCES
...Activation Analysis, Chromatography-other, Fresh Water, Gam-
ma, Inorganic, Organic, 5.0252

INTERACTIONS OF SILICA WITH IRON AND ALUMINUM
...Aluminum, Coagulation, Complexing, Iron, Water Treatment --
General, 5.0557

THE CHEMISTRY OF MAGANESE IN NATURAL WATERS
Chemical-general, Manganese, Oxidation-other, Water Chemis-
try, Water Treatment -- General, 5.0129

CHEMISTRY OF NITROGEN IN NATURAL WATERS
Denitrification, Fixation, Lakes, Nitrogen, Radioisotopes,
_5.0250

THE MOLECULAR NATURE OF ORGANIC WASTE REMOVAL
PATTERNS ...Activated, Gas, Organics, Rate of Reaction, Struc-
tural Effect-other, ...5.1155

ELECTROANALYTICAL CHEMISTRY - STUDIES OF ADSORP-
TION AND REDOX PROCESSES AT ELECTRODES ...Am-
perometry, Electrolytes, Oxidation Reduction, Polarography, Sur-
factants, 5.0440

TRACE ELEMENT CHEMISTRY OF STREAMS OF THE
LOWER KANSAS RIVER BASIN ...Atomic Absorption, Chemi-
cal Analysis (water), Trace Analyses-other, Trace Element Analy-
sis, ...1.0055

RETENTION OF NUTRIENTS AND OTHER POLLUTANTS IN

SEWAGE BY SOILS ...Moisture Retention, Nutrients, Pollutants-
general, Sewage, Silt, ..,5.1312

ANALYTICAL METHODS - WATER CHEMISTRY .,.Chemical
Analysis (water), Chromatography-general, Emission, Other,
Photometric Techniques, 2.0196

QUANTITATIVE DETECTION OF SMALL AMOUNTS OF
VIRUSES IN LARGE VOLUMES OF WATER ...Concentration,
Detectors and Sensors, Filtration, Membranes - other, Virus,
5.0842

LEAD ISOTOPIC CHEMISTRY FOR POLLUTION RESEARCH
...Lead, Other, Pollutants - Path of , Radioisotopes, Transport,
...5.0150

Evaporation Control
SOLAR REFLECTANCE OF MONOLAYF,R-COVERED WATER

SURFACES AS RELATED TO EVAPORATION SUPPRESSION
...Evaporation, Monolayers, Organics-general, Refractometry,
Water Loss Control, 2.1110

Other
EFFECTS OF LIMNOLUGICAL FACTORS ON WATER TREAT-

MENT ...Iowa, Public Utilities, Reservoirs, Reservoirs and Im-
poundments, Water Quality-general, 5.0415

REMOVAL OF METAL IONS BY FLOTATION WITH SURFAC-
TANTS ...Cost Analysis, Demineralization, Flotation, Ions and
Gases, Surfactants, Temperature, 5.0692

OXYGENATION KINETICS OF REDIXED SULFUR SPECIES
...Order, Oxidation-general, Oxygen, 5.0496

COOLING TOWER TREATMENT ...Corrosion Prevention-other,
Scale Formation, Scaling, Encrusting, Water, Water Purification
Plants, 8.0175

MECHANISMS AND RATES OF HEAVY METAL SORPTIOI'
AND DESORPTION ...Adsorption-desorption, Concentration,
Mechanisms, Oxidation Reduction, Rate of Reaction, 2.0181
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SUBJECT INDEX

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
PETROCHEMICAL WASTES ...Groundwater, Mining Activities,
Petroleum Chemistry, Petroleum Industry, Pollution - Effects of ,
5.0908

INTERACTIONS OF PESTICIDES AND SEDIMENTED OILS
...Chemical Treatment-other, Chlorinated Hydrocarbons, Pesti-
cides, Pollutants - Path of , 5.0551

Other
RADIOTRACER STUDIES ON RAPID SAND FM RATION .,.Ion

Exchange-other, Radioisotopes, Reactors-other, Sand, 5.0295
CHEMICAL CHARACTERISTICS OF ORGANIC COLOR IN

WATER ...Chemical Analysis, Coagulation, Depolymerization,
Dyes and Coloring, Hydrolysis, ...5.1259

MULTILAYER FILTRATION ...Filter - other, Flocculation, Hydrox-
yl, Sand, Waste Water Treatment - general, ..5.1187

DECONTAMINATION OF WATER CONTAINING CBR AND
OTHER MATERIALS ...Biological Pollutants -general, Chemical-
general, Demineralization, Radioactivity-general, Reverse Osmo-
sis, ..5,1217

NITRATE DETERMINATION USING CHROMIUM (II) COM-
PLEXES ...Chromium, Complexes, Electroanalyses- other. Nitrate,
Nitrite, Reduction-other, 1.0121

Potable
RECOVERY OF METAL SALTS FROM CONCENTRATED

BRINES BY CHELATION CONTRACT NO. 14-01-0001-1692
Chelating Agents, Cost Analysis, Ion Exchange-other, Material
Recovery, Regeneration-other, ...5.0142

CONCEPTUAL DESIGN STUDY ON ELECTRODIALYSIS MEM-
BRANE ASSEMBLY MODULAR UNIT DESIGN ...Cost Analy-
sis, Desalination, Electrodialysis, Membranes other, Pilot Plant,
3.0228

CHEMICAL REMOVAL OF NITRATE FROM POTABLE
WATER SUPPLIES ...Ion Exchange-other. Nitrate, Nitrite, Pota-
ble Water, Reduction-other, ...5.0423

QUALITY IMPROVEMENT OF SWIMMING POOL WATERS -
KINETICS AND MECHANISMS OF THE CHLORINATION-
DEGRADATION OF UREA AND URIC ACID ...Chlorination,
Decomposition-general, Stcrilants, Titrimetry-other, Ultraviolet,
5.0832

DEVELOP DESIGN DATA FOR LIGHT WEIGHT WATER PU-
RIFICATION UNIT ...Filtration, Mobile, Potable Water,
Technique Development, Waste Water Treatment-other, 8.0297

COAGULANT DOSAGE TEST KIT Coagulation, Potable Water,
...5.1218

ISOLATION OF VIRUS FROM SEWAGE & DRINKING WATER
...Activated, Chlorination, Enteroviruses of Humans. Hepatitis,
N,s. Inactivation, Isolation, 5.0569

Recycle
RESEARCH ON LIFE SUPPORT POROUS MEMBRANES FOR

REVERSE OSMOSIS ...Membranes-other. Porosity, Potable
Water, Reverse Osmosis, Water Reuse, 3.0169

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS ...Material
Recovery Wastes, Pollutant-other, Reverse Osmosis, Waste Treat-
ment-economics, Waste Water Pre-treatment, 3.0480

TREATMENT OF LIQUID WASTE FROM FOOD PROCESSING
PLANTS ...Disposal Wastes, Food Processing Industry, Salting
Out, Waste Water Treatment-general, Water Reuse, 5.0497

WATER UTILIZATION AND WASTE CONTROL IN THE TEX-
TILE INDUSTRY ...Alternative Planning. Material Recovery
Wastes, Textile Wastes, Waste Water Pre-treatment, 3.0377

TREATMENT OF SELECTED INTERNAL KRAFT MILL
WASTES IN COOLING TOWERS ...Economic Efficiency, Pilot
Plant, Pulp and Paper Wastes, Thermal Pollution, Waste Treat-
ment-economics, 5.0308

DEMONSTRATION OF INDUSTRIAL WATER RENOVATION
PLANT AT ODESSA, TEXAS ...Chemical Manufacturing
Wastes, Petroleum Chemistry, Process Design, Waste Treatment-
economies, Water Reuse, 5.1181

IMPROVE POLLUTION CONTROL BY REUSE OF PAPER
MACHINE PROCESS WATERS ...Effluent- standards, Material
Recovery Wastes, Pulp and Paper Wastes, Waste Treatment-
economics, Water Reuse....5.0807

WASTE TREATMENT FOR AN INDIVIDUAL HOME WITH
REUSE OF THE WATER ...Aeration, Carbon, Filtration, Flush-
ing Devices, Septic Tanks, 5.001

Water Chemistry

ELECTRODIALYSIS TREATMENT OF SECONDARY EF-
FLUENT ...Activated Carbon, Demineralization, Electrodialysis,
Pollutant-other, Waste Treatment-economics, 5,0896

Salt
STRUCTURE IN SOLVENTS AND CONCENTRATED SOLU-

TIONS ...Hydrogen, Infrared, Ion Exchange-other, Nuclear Mag-
netic, Water, 1,0035

ION-SOLVENT INTERACTION _Assoc & Dissoe, Electrostatic,
Hydrogen, Mixed Solvents, Steric Effects, 1.0018

DETERMINATION OF OXYGEN IN SEA WATER ...Chemical
Analysis, Electroanalyses-other, Gases, Oxygen, _1.0009

THE HEATS OF MIXING OF STRONG ELECTROLYTES Al-
kaline Earth-general, Electrolytes, Solution, Water, 1.0029

Analysis and Detection
GEOCHEMICAL STUDIES OF CONTINENTAL WATERS

...Authigenesis, Location, Pore Fluids, Radioisotopes, ..1.0081
DEVELOPMENT OF A COULOMETRIC METHOD FOR THE

MEASUREMENT OF DISSOLVED OXYGEN IN SEA WATER
...Coulometry, Electrolytic, Gases, Oxygen, Technique Develop-
ment, _2.0914

PRECISION ANALYSIS WITH ION-SELECTIVE ELECTRODES
...Electrode, ...5.0765

REACTIONS AND TRANSPORT PHENOMENA AT SURFACES
...Brines, Electrode, Pitting, Separation-general, Transport,

TRANSPORT AND DIELECTRIC PROPERTIES OF SALINE
SOLUTIONS Compressibility--gas-liq, Dielectric Properties. Ex-
treme High Pressure - K Bar. Transference, Water, 1.0103

PRESSURE AND TEMPERATURE DEPENDENCE OF VOLUME
VISCOSITY AND MICROSOPIC STRUCTURE IN WATER
AND SALINE SOLUTIONS ...Inorganic, Ultrasonic, Viscosity,
Water, ...3.0161

THE EXTRACTION OF POTASSIUM FROM FRESH AND
SALINE WATERS BY CLAY MINERALS ...Adsorption Capaci-
ty, Clay Minerals-general, Extraction, Potassium, 2.0359

BACTERIOLOGICAL AND ESTHETIC OF PLEASURE BOAT
WASTE DISCHARGE ON SMALL HARBORS ...Bacterial Pollu-
tant Sources, Beautification, Boat Discharges, Harbors, Marinas,
...5.1267

MEASUREMENT OF THERMODYNAMIC PROPERTIES OF
SALINE SOLUTIONS ...Salinity, State Variables Pvt, Tempera-
ture, Thermal Properties-other, Vaporization, 1.0099

CHEMISTRY OF BRINE STRATIFICATION AND RELATED
EVAPORATION STUDIES ...Brines, Chemical-general, Evapora-
tion, Ions and Gases, Water Sampling, ..1.0119

MINERAL-WATER INTERACTION IN SALINE ENVIRON-
MENTS ...California, Evaporation, Interfacial, Solution. Solution
Chemistry, 2.1095

SOLUBILITIES OF SILICATES IN SALINE WATERS ...Brines,
Desalination. Scale Formation, Silicate, Solubility, ...4.0198

LEAD ISOTOPIC CHEMISTRY FOR POLLUTION RESEARCH
...Lead, Other, Pollutants - Path of , Radioisotopes, Transport,
...5.0150

Material Recovery
RECOVERY OF SALTS FROM SALINE WATERS VIA SOL-

VENT EXTRACTION ...Brines, Desalination, Distribution Coeffi-
cient, Extraction, Magnesium, 5.0162

FOAM FRACTIONATION ...Complexing, Extraction, Flotation,
Foam, Removal -- inorganics, 3.0389

RECOVERY OF METAL SALTS FROM CONCENTRATED
BRINES BY CHELATION CONTRACT NO. 14.01-0001-1692
...Chelating Agents, Cost Analysis, Ion Exchange-other, Potable,
Regeneration-other, 5.0142

OPTIMIZATION STUDY OF HIGH RECOVERY REVERSE OS-
MOSIS PLANTS Model Studies, Optimization, Other, Reverse
Osmosis, 3.0053

COMBINED DESALINATION AND POWER-GENERATION
BASED ON COAL ENERGY ...Coal-general, Cost Analysis,
Desalination, Flash Distillation, Reverse Osmosis, 3.0325

Other
HIGH POWERED FLOATING NUCLEAR POWER PLANT CON-

CEPTUAL STUDY ...Desalination, Marketing, Nuclear, Nuclear
Power, ...8.0296

STUDIES ON THE FREEZING PROCESS FOR DESALTING
SALINE WATERS ...Cost Analysis, Freezing, Porosity, Ther-
modynamic Relation, Washing, 3.0365
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Water Chemistry SUBJECT INDEX

MULTICOMPONENT MEMBRANE FOR REVERSE OSMOSIS

...Membranes-other, Natural Occurring, Reverse Osmosis,
-3.0386

RESEARCH ON HIGH - EFFICIENCY COMBINED EVAPORA-
TIVE AND CONDENSATIVE HEAT 'TRANSFER SYSTEM
...Condensation, Fluoro Plastics, Heat Transfer, Heat Transfer
Coefficients, Tension, Titanium, -3.0266

THERMODYNAMICS AND TRANSPORT PROPERTIES OF
MULTICOMPONENT INTERFACES ...Distillation-other, Extrac-
tion, Interface, Surfactants, Viscosity, -3.0483

STUDY OF THE HYDRODYNAMIC ASPECTS OF DESALINA-
TION BY REVERSE OSMOSIS ...Membranes-other, Polarization,
Reverse Osmosis, -3.0267

SEAWATER CORROSION CONTROL BY ENVIRONMENT
MODIFICATION ...Environment. General, Inhibitors, Low Alloy
Steels, Saline Conversion, Water, _3.0454

GEL SEPARATION PROCESSES FOR SALINE SOLUTIONS
...Crosslinked, Desalination, Gel Filtration, Ion Exchange-other,
-3.0066

DESIGN, CONSTRUCT AND EVALUATE A 1,000 GALLON
PER DAY REVERSE OSMOSIS UNIT OF RECTANGULAR
CONFIGURATION ...Cost Analysis, Desalination, Membranes-
other. Reverse Osmosis, -3.0028

THE DESIGN, CONSTRUCTION AND TESTING OF A 10,000
GPD TRANSPORT DEPLETION DESALINATION PILOT
PLANT ...Cost Analysis, Desalination, Ion Selective, Pilot Plant,
-3,0148

TRAINING, TECHNICAL SUPERVISION, AND ASSISTANCE
REGARDING THE OPERATION OF A SKID-MOUNTED MSF
UNIT ...Aeration, Distillation-other, Foam, Mobile, Pilot Plant,

.3.0491
REVERSE OSMOSIS PERMEATORS - DESIGN STUDY ...Cost

Analysis, Membranes-other, Pilot Plant, Reverse Osmosis,
_3.0367

WATER RESEARCH PROGRAM - SECTION IV, SEPARATIONS
PROCESS ...Additives, Chemical Effect-other, Interface, Mem-
branes-other, Permeability, Porosity, Reverse Osmosis, Separa-
tion-general, _3.0441

ANALYSIS OF DESALTING PLANTS AS A SOURCE OF SUP-
PLEMENTAL SAFE YIELD ...Desalination, Digital Computers,
Optimization Technique, Process Development-other, -10469

DESALINATION AND REDUCTION OF CONCENTRATION
POLARIZATION EFFECTS IN REVERSE OSMOSIS SYSTEMS
USING POROUS WALL SECTIONS ...Brines, Fluid Flow-other,
Membranes-other, Porosity, Reverse Osmosis, -3.0359

DESALINATION BY HIGH PRESSURE SOLIDIFICATION OF
WATER TO ICE ...Crystallization-other, Desalination, High Pres-
sure - 1.1000 Atm, -10360

REVERSE OSMOSIS PILTO PLANT INVESTIGATIONS ...Cost
Analysis, Desalination, Membranes,other, Pilot Plant, Reverse Os-

mosis, -3,0056
PROCESS AND CONFIGURATION DEVELOPMENT FOR TU-

BULAR REVERSE OSMOSIS UNITS ...Brackish Water,
Desalination, Pilot Plant, Reverse Osmosis, ...3.0057

DEVELOPMENT OF STORAGE TECHNIQUES FOR REVERSE
OSMOSIS MEMBRANES ...Cellulose Acetate, Microorganisms
(non-specific), Reverse Osmosis, Storage, -3.0058

PRELIMINARY EVALUATION OF HIGH RETENTION MEM-
BRANES ...Desalination, Membranes-other, Reverse Osmosis, Sea
Water-general, -3.0059

OPTIMIZATION STUDY OF HIGH RECOVERY REVERSE OS-
MOSIS PLANTS ...Material Recovery, Model Studies, Optimiza-
ti,m, Reverse Osmosis, -3.0053

AN EXPERIMENTAL INVESTIGATION OF CELLULOSE
ACETATE MEMBRANE REGENERATION ...Cellulose Acetate,
Fluid Flow-other, Regeneration-other, Surface-other, -3.0324

CONCEPTUAL DESIGN STUDY - REVERSE OSMOSIS MEM-
BRANE ASSEMBLY MODULAR UNIT ...Cost Analysis, Fluid
Flow-other, Membranes-other, Reverse Osmosis, -3.0345

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIALYSIS PROCESS ...Cost
Analysis, Desalination, Electrodialysis, Survey Studies, -3.0101

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIALYSIS PROCESS
...Brackish Water, Cost Analysis, Desalination, Electrodiaiysis,
Pilot Plant, -3.0270

IMPROVEMENT OF ECONOMICS OF ELECTRODIALYSIS
SYSTEMS BY SELECTIVE PRETREATMENT ...Brackish
Water, Cost Analysis, Desalination, Eiectrodialysis, !on Selective,
Waste Water Pre-treatment, -3.0407

PARAMETRIC ECONOMIC AND ENGINEERING STUDY OF
THR REVERSE OSMOSIS PROCESS ...Cost Analysis, Desalina-
tion, Membranes-other, Rate Determination, Reverse Osmosis,
Water Costs, _3.0073

CONTINUOUS COUNTERCURRENT EXCHANGE SYSTEM
FOR REMOVAL OF CALCIUM, MAGNESIUM AND DIS-
SOLVED OXYGEN FROM FEED WATER ...Desalination,
Evaporation, Ion Exchange-other, Precipitation, Regeneration-
other, _3.0437

IMPROVED ION EXCHANGE POLYMERS AND MEMBRANES
FOR ELECTRODIALYSIS OF SALINE WATER ...Copolymers,
Electrodialydis, Ion Exchange-other, Membranes-other, -3.0395

THE STRUCTURE OF THE ACTIVE LAYER OF THE AS-
SYMETRIC CELLULOSE ACETATE MEMBRANE - THE
SALT AND WATER PERMEABILITY OF A BIOLOGICAL
MEMBRANE _Cellulose Acetate, Natural Occuring, Porosity,
Rate Determination, -3.0353

CONTROLLED FREEZING DESALINATION ...Desalination,
Freezing, Heat Transfer, Mass Transfer, -3.0216

REVERSE OSMOSIS WATER PURIFICATION ...Cellulose
Acetate, Military Aspects, Mobile, Potable Water, Reverse Osmo-
sis, -3.0251

ION EXCHANGE UNIT, 3000 GPH ,,,Demineralization, Ion
Exchange-other, Mobile, Potable Water, Radioactivity-general,
_5.1215

SELECTION OF SITES FOR FIELD TESTING BRACKISH
WATER CONVERSION UNITS ...Brackish Water, Desalination,
-3.0123

PROGRAM FOR FIELD EVALUATION OF REVERSE OSMOSIS
PILOT PLANTS ON BRACKISH WATERS ...Brackish Water,
Cost Analysis, Membranes-other, Pilot Plant, Reverse Osmosis,
_3.0115

PROGRAM FOR ELECTRODIALYSIS RESEARCH AND
DEVELOPMENT ...Electrodialysis, Hig'n, Membranes-other,
.3.0116

Removal -- inorganics
DISSOLVED ORGANIC PHOSPHORUS IN NATURAL WATERS

...Analysis and Detection, Organic-general, Precipitation,
Radiochemical Techniques, Saturated Hydrocarbons, -1.0088

FOAM FRACTIONATION ...Complexing, Extraction, Flotation,
Foam, Material Recovery, -3.0389

BASIC STUDIES OF SCALE CONTROL ...Fluidized Bed,
Precipitation, Scale Formation, ...3.0284

RESEARCH ON NEW ION-ADSORPTION ELECTRODES FOR
DEMINERALIZATION OF SALINE WATER ...Desalination,
Electrochemistry-other, Electrode, Graft - Polymerization, Or-
ganic, Oxidation Reduction, ...3.0363

STUDIES ON THE HYDRATE PROCESS FOR DEMINERALIZ-
ING SEA WATER ...Brines, Crystal Growth, Demineralization,
Hydration, ...3.0366

ENGINEERING SERVICES - MM GALLON PER DAY
MULTISTAGE, MULTIFLASH DESALINATION PROCESS
...Desalination, Distilling Units, Flash Distillation, Fluid Flow-
other, Gaseous, -3.0064

LIME MAGNESIUM CARBONATE PROCESS - SEA WATER
SOFTENING PLANT ...Brines, Evaporation, High Temperature -
1000 -3000 , Precipitation , Waste Water Pre-treatment, -3.0105

STUDY OF REJECTION OF VARIOUS SOLUTES BY REVERSE
OSMOSIS MEMBRANES ...Cellulosics, Ion Selective, Removal- -
organics, Reverse Osmosis, Saline Conversion, ..3.0097

REMOVAL OF INORGANIC MATERIAL FROM SALINE
WATER BY PRECIPITATION PROCESSES ...Brines, Crystal
Growth, Demineralization, Nucleation, Precipitation, -5.0420

Removal -- organics
MARINE OIL-WATER SEPARATION SYSTEM SUBGROUP V

...Filtration, Petroleum Chemistry, Ship Wastes, -5.0269
FUNDAMENTAL STUDIES OF DESALINATION BY FREEZING

...Brines, Desalination, Freezing, Heat Transfer, -3.0281
STUDY OF REJECTION OF VARIOUS SOLUTES BY REVERSE

OSMOSIS MEMBRANES ...Cellulosics, Ion Selective, Removal- -
inorganics, Reverse Osmosis, Saline Conversion, ...3.0097

EFFECTS OF CRUDE OILS AND THEIR EMULSIONS TO
MARINE ORGANISMS -Chelating Agents, Emulsion, Oil,
Petroleum Chemistry, Poisons-other, -5.1082
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Water Cycle
FIELD EXPERIMENTS ON THE FLUX OF RADIONUCLIDES

THROUGH A SALT MARSH ECOSYSTEM, RENEWAL
...Chlorideae -other, Georgia, Model Studies, Productivity - Food
Chain, Swamps-marshes, -2.0345



SUBJECT INDEX Water Demand

HYDROLOGIC- MINERAL CYCLE INTERACTION IN SMALL
UNDISTRUBED AND MANMANIPULATED ECOSYSTEMS
...Chemical Reactions, Environment, Mineral Associations, New
Hampshire, Small Watersheds, 2.0745

BADGER WASH COOPERATIVE STUDY ..,Cover Crops, Ero-
sion-general, Forest Grazing, Runoff, Sediment Yield, 2.0176

WATER RESOURCE OPERATIONS STUDY .Conjunctive Use,
Operations Research, Planning, Weather Modification-general,
Wyoming, ...6.0652

THE PREDICTION OF UNSATURATED FLOW RATES FROM
PHYSICAL PROPERTIES OF THE POROUS MEDIUM
Permeability, Pollutants - Path of , Porous Media - Flew
Through, Unsaturated Flow, 2.0889

HYDROLOGIC ASPECTS OF WATER LAWS IN MINNESOTA
...Administrative Structures, Hydrology-general, Water Rights-
general, Water Transfer, 6.0306

simuLA roN OF THE HYDROLOGIC CYCLE ON SMALL
AGRICULTURAL WATERSHEDS BY DIGITAL TECHNIQUES
Agricultural Watersheds, Algorithms, Digital Computers, Other
Models, Virginia, 2.1109

WATER TRACING AND DATING IN HAWAII HYDROLOGIC
CYCLE ...Carbon-14, Groundwater Movement, Hawaii,
Radioisotopes, Surface Water, Tritium, 2.0375

GEOCHEMISTRY AND HYDROLOGY OF A SMALL BASIN IN
THE UPPER BUFFALO RIVER WATERSHED, TENNESSEE
...Hydrology-general, Small Watersheds, Tennessee, Water Pro -
perties - general, Weathering Products, 2.0999

SOIL-WATER-VEGETATION RELATIONS IN THE DOUGLAS
FIR ZONE ...Flow Characteristics -water, Forest Watersheds,
Moisture Content, Patterns, Runoff, Water Balance-budget,
3.0027

GROUND-WATER STUDIES - PILOT DRAINAGE BASIN
STUDY ...Carbonate Aquifers, Groundwater Basins, Groundwater
Movement, Land Use, Natural Recharge, Runoff, ...2.0418

ELECTRONIC ANALOG MODEL STUDIES OF RIVER BASINS
...Analog Computers, Groundwater, Management, Model Studies,
Precipitation-general, River Basins, Runoff, Water Resources
Development, ...2.1059

A COMPARATIVE STUDY OF TRACE ELEMENT CYCLES IN
SIX LAKES IN SOUTH CAROL! Chemical-general, Lakes,
Plankton (non-specific), South Carolina, Trace Element Analysis,
,..2.0944

TRACE ELEMENT CYCLES IN A SOUTHEASTERN RESER-
VOIR LAKE Adsorption Capacity, Radioactivity-general, Rate
of Deposition, Reservoirs, Reservoirs and Impoundments, Trace
Element Analysis, Trace Elements, 2.0945

INVESTIGATIONS IN ISOTOPIC HYDROLOGY ...Dispersion -
water, Georgia, Radioisotopes, Tritium, Water Movement-general,
1.0032

GEOMORPHIC ASPECTS (SISTERS AND WATTS BRANCHES,
MARYLAND) ...Energy-dynamics, Ephemeral, Groundwater
Movement, Patterns, Runoff, Sediment Transport- general,
...2.0283

FLOW LOSSES IN AN EPHEMERAL STREAM CHANNEL
...Conservation-general, Energy Loss -water, Ephemeral, Infiltra-
tion, Morphology-general, Open Channel Flow, 2.0178

ANALYTICAL MODEL OF THE LAND PHASE OF THE
HYDROLOGIC CYCLE ...Hydrology-general, Model Studies,
2.0117

HYDROLOGY OF SUBSURFACE WASTE DISPOSAL - NA-
TIONAL REACTOR TESTING STATION, IDAHO ...Geochemi-
cal Analysis, Groundwater Movement, Nuclear Power, Radioac-
tivity-general, Underground Waste Disposal, 5.0319

HYDROLOGIC EFFECTS OF SMALL RESERVOIR ON NEDER-
LO CREEK, WISCONSIN ..,Discharge-general, Hydrology-
general, Reservoirs and Impoundments, Runoff, Wisconsin,
...2.1148

FLOOD REDUCTION AND IMPROVEMENT IN TIMING OF
WATER YIELD IN THE OZARKOUACHITA UPLANDS .,.Ero-
sion- general, Floods, Infiltration, Land Use, Water Yield,
5.0054

EFFECT OF FOREST TYPES AND CONDITIONS ON WATER
MOVEMENT AND GROUND WATER RECHARGE ...Forest
Watersheds, Groundwater Movement, Infiltration, Land Use,
Natural Recharge, Runoff, 3,0301

Water Demand
FEEDBACK CONTROL OF CANAL CHECK GATES ,.,Canals,

Channel Regulation-other, Control Gate, Economic Efficiency,
4.0023
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UPDATING AND REPUBLICATION OF FACTORS INFLUENC-
ING THE RESTORATION AND DEVELOPMENT OF OGDEN
BAY REFUGE ...Mans Activities, Pubilications -other, Swamps-
marshes, Water Fowl, N.s. , Water Utilization -animal, 6.0594

WATER SUPPLY-DEMAND ...New York, Operations Research,
Planning, Projections and Estimations, Water Supply-general,
2,0795

A WATER SUPPLY-DEMAND ANALYSIS IN CLINTON COUN-
'T'Y, PENNSYLVANIA - A STUDY IN ECONOMIC HYDROLO-
GY ..,Available Water, Economic Impact, Model Studies, Water
Quality-general, Water Utilization -general, ...6.0477

VALUE OF WATER FOR IRRIGATION IN THE KANSAS RIVER
VALLEY ...Benefit -cost Analysis, Consumptive Use, Irrigation-
general, Projections and Estimations, Water Costs, ...6.0236

THE DEMAND AND PRICE STRUCTURES FOR WATER IN A
HUMID AREA ...Consumptive Use, Geoi,gia, Humid, Price &
Value, Water Costs, ..6.0161

INPUT-OUTPUT ANALYSIS OF WATER USE FOR NEBRASKA
INDUSTRIES - WATER RESOURCE PLANNING - WATER
DEMAND ...Industrial-general, Multip9e-purrose Projects,
Nebraska, ..6.0336

THE DEMAND FOR MUNICIPAL WATER IN CENTRAL
ARIZONA ...Consumption, Income, Other, Price & Value, Water
Costs, Water Sources -general, 6.0010

A CONTINUATION OF THE STUDY TO DETERMINE THE
COSTS OF WATER IN INDUSTRIAL USES ...Benefit-cost Anal-
ysis, Computers-general, Industrial-general, Model Studies, Water
Costs, 6.0468

MULTISTRUCTURAL DEMAND MODELS FOR WATER
REQUIREMENT FORECASTING ...Industrial-general, Model
Studies, Projections and Estimations, Social Aspects, _6.0442

DEVELOPMENT OF COMPUTER MODELS & METHODOLOGY
FOR FORECASTING & EVALUATING MUNICIPAL & IN-
DUSTRIAL WATER REQUIREMENTS ...Digital Computers,
Maryland, Model Studies, Projections and Estimations, Urban En-
vironments, 6.0252

APPLIED CRITERIA FOR MUNICIPAL WATER RATE STRUC-
TURES ...Economic Efficiency, Finance, Price & Value, Water
Costs, Welfare Economics, ...6.0149

FORECASTING WATER DEMAND - AN INTER- AND INTRA-
COMMUNITY STUDY ...Forecasting-prediction, Projections &
Forecasting, Trends,projections, Urban Environments, Water
Utilization -domestic, ...6.0633

PROGRAMMED SELECTION OF OPTIMUM USES OF A
SMALL WATER RESOURCE SUBJECTED TO COMPLEX
SIMULTANEOUS DEMAND STRESSES ,..Computers - general,
Model Studies, Optimization, Water - Alternative Uses, Water
Supply-general, 6.0281

IRRIGABLE ACREAGE IN NEW MEXICO AND PROJECTED
DEMANDS FOR IRRIGATION WATER ..Economics-general,
Irrigation, Irrigation-general, New Mexico, Water Costs, ...6.0360

ECONOMIC EFFICIENCY IN THE ALLOCATION OF IRRIGA-
TION WATER OVER TIME Aquifers-general, Economic Effi-
ciency, Irrigation-general, Water - Alternative Uses, Water Allo-
cation, ...6.0444

GROUNDWATER - SURFACE WATER INTEGRATION STUDY
IN THE GRAND PRAIRIE REGION OF ARKANSAS ...Arkan-
sas, Available Water, Conjunctive Use, Groundwater, Recharge -
general, ...4.0020

ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARE'S AGRI-BUSINESS INDUSTRY .,.Industrial
Wastes, 6.0121

THE ECOMONIC IMPLICATIONS OF THE INTERCONNEC-
TION OF URBAN WATER SYSTEMS ...Policy Making, Produc-
tion & Processing, Public-works, Risk & Uncertainty, Urban En-
vironments, Water Transfer, 6.0466

ECONOMICS OF WATER QUALITY FOR A REGIONAL
SYSTEM ,..Delaware River, Economic Efficiency, Estuaries,
Finance, Regional Arens, Water Quality-general, 6.0465

ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
STITUTIONS ...Administrative Structures, Economic Efficiency,
Price & Value, Water Allocation, Water Transfer, ...9.0002

ECONOMICS AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Conflicts, Illinois, Interstate, Legal Review, North Central,
...6.02I1

ECONOMIC PROBLEMS IN THE USE, ALLOCATION, REGU-
LATION AND PRICING OF WATER ...Conflicts, Minnesota,
Price & Value, Water Allocation, Water Law-general, 6.0310

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ,..Administrative Structures, Economic Effi-
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ciency, Water Law-general, Water Rights-general, Water
Transfer, ...4.0282

PROJECTING THE DEMAND FOR AND SUPPLY OF WATER
,..Model Studies, Projections and Estimations, Regional Areas,
River Basins, Water Quality Control-general, Water Supply-
general, 6.6357

DEMAND FOR WATER UNDER DYNAMIC CONDITIONS
...Colorado, Public Utilities, Social Aspects, Water Costs,
...6.0087

ECONOMIC GROWTH AND OPTIMUM WATER RESOURCE
DEVELOPMENT ...Alternative Planning, Economics-general, Op-
timization, Water Allocation, Water Resources Development,
_6.0043

EFFECTS OF ON -FARM IRRIGATION WATER SUPPLIES AND
COSTS ON CROPPING SYSTEMS AND PRODUCTION AD-
JUSTMENTS ...Agriculture, California, Irrigation-general,
Production & Processing, Water Costs, 6.0052

SUPPLY AND DEMAND FOR WATER ...Model Studies, Projec-
tions and Estimations, Water Costs, Water Supply-general, Water
Transfer, 6.0385

WATER NEEDS FOR IRRIGATION IN OREGON ...Agricultural
Watersheds, Irrigation-general, Requirements for Water, Soil Con-
ditions, Water Application Methods, 6.0462

ESTIMATION OF RECREATION WATER REQUIREMENTS -
ULTIMATE NEEDS STUDY (OREGON) ...Consumptive Use,
Oregon, Projected Demand, Recreation Sites, 6.0612

THE POTENTIAL DEMAND FOR WATER AND LAND IN
SELECTED AREAS OF UTAH ...Agriculture, Economic Impact,
Income, Industry, Utah, 6.0578

HYDROGEOLOGIC INVESTIGATION TECHNIQUES Leekage,
Projections and Estimations, Reservoirs and Impoundments,
Technique Development, Water Loss Control, 8.0058

DESIGN CRITERIA FOR LIVESTOCK FARMSTEAD WATER
SYSTEMS ...Automatic Data Aquisition, Design Criteria, Storage
of Water, Water Transfer, Water Utilization -animal, _6.0257

ECONOMIC INVENTORY OF AGRICULTURAL WATER USE
IN THE UNITED STATES ...Agriculture Industry, Economics-
general, Survey Studies, Water Resources Development, Water
Utilization -general, ...6.0600

CLIMATOLOGICAL FACTORS AFFECTING WATER USE IN
AGRICULTURE ...Climate-general, Consumptive Use, Irrig,::2ion-
general, Projections and Estimations, Requirements for Water,
...6.0599

ECONOMIC ANALYSIS OF AGRICULTURAL WATER
MANAGEMENT IN THE SOUTHEAST ...Agriculture, Benefit-
cost Analysis, Economic Impact, Impact, Irrigation-general,
...6.0169

IRRIGATION AND OTHER PRODUCTION RELATIONS IN
FLORIDA CITRUS ENTERPRISES Benefit-cost Analysis,
Citrus, Florida, Input - Output Analysis, Irrigation-general, Water
Costs, 6.0135

VALUE PRODUCTIVITY OF WATER IN AGRICULTURE
...Agriculture Industry, Economic Efficiency, Irrigation-general,
Minnesota, Technological Development, 6.0308

IRRIGATION TRENDS AND POTENTIALS IN THE NORTH
CENTRAL STATES ...Economic Efficiency, Irrigation-general,
Legal Review, North Central, Water Rights-general, ...6.0645

OPTIMUM PATTERNS OF DIVERSIFIED CROP PRODUCTION
ON THE MOLOKAI DIVERSION PROJECT ...Economic Feasi-
bility, Irrigation, Land Use, Water Costs, Yield, ...6.0173

Water Development
EVALUATION BY TEST DRILLING OF GEOPHYSICAL

PROSPECTING FOR GROUND WATER IN THE PIEDMONT
AREA, ALABAMA ...Chemical Analysis (water), Drilling and
Coring, Geophysical Analysis, Groundwater, Pumping, ..,2.0006

PRODUCTION OF HIGHLY PALATABLE WATER FROM AIR
FOR HOUSEHOLD, LIVESTOCK, AND INDUSTRIAL USE
...Absorption-other, Cost Analysis, Potable Water, Process
Development-other, Solar Still, ..3.0242

SCHUYLKILL RIVER SURVEY ...Floodproofing, Recreation Sites,
Streams, Survey Studies, Water Resources Development, ...2.0906

HYDROLOGIC EFFECT OF VEGETATION MODIFICATION

Movement, Velocity,i NrsiNitleri,gilddies,.3M0o0dged
Water Use, Water

WATER RESOURCES, COLUMBUS, INDIANA AREA ...Alterna-
tive Planning, Clastic Aquifers, Groundwater, Indiana, Model Stu -
dies, ..2.0456
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Water Harvesting
DEVELOPMENT OF ECONOMIC WATER HARVEST SYSTEMS

FOR INCREASING WATER SUPPL ...Arizona, Cover Crops,
Economic Efficiency, Erosion-general, Saline Soils, ...3.0012

WATER UTILIZATION ASPECTS OF WEATHER MODIFICA-
TION AS APPLIED TO KANSAS ..,Amount, Clouds-precipita-
tion, Development of Models, Kansas, Model Studies, ...2.0505

LAND SHAPING FOR WATER CONSERVATION ...Floods, Land
Use, Moisture Content, Natural Recharge, Production &
Processing, Runoff, ...3.0311

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN TENNESSEE ...Conservation & Management
Eng, Instrumentation-general, Runoff, Small Watersheds, Soil
Conditions, Water Yield, ...4.0225

LAND FORMING FOR IRRIGATION AND DRAINAGE IN SU-
GARCANE PRODUCTION UNDER PUERTO RICAN CONDI-
TIONS .,.Drainage, Irrigation, Irrigation-general, Puerto Rico,
Sugar Cane, ...3.0425

CONSERVATION AND UTILIZATION OF RAINFALL AND IR-
RIGATION WATER ...Conservation & Management Eng, Irriga-
tion, Runoff, Slopes, Tillage, Cropping Systems, ...3.0451

DRAINAGE REQUIREMENTS AND PRACTICES FOR CROP
PRODUCTION ...Drainage, Virginia, 4.0266

HYDROLOGY OF UPPER OLD TAMPA BAY, FLORIDA ...Bays,
Groundwater Movement, Hydrology-general, Lakes, Permeability,
Water Quality-general, ...2.0331

PRINCIPLES, FACILITIES, AND SYSTEMS FOR WATER HAR-
VEST ...Model Studies, Rainfall Simulators, Runoff, Stabilization-
other, Storage of Water, ...3.0006

FACILITIES AND SYSTEMS FOR WATER HARVEST IN THE
INTER-MOUNTAIN BASIN ...Durability, Deterioration, Film,
Mountains-alpine, Storage of Water, Water Loss Control,
...8.0292

Water Level Fluctuation
GEOLOGICAL STUDIES IN NORTHERN LAKE MICHIGAN

...Deposits-other, Lake Michigan, Lakes, Rocks - Bedrock, Sub-
mergcnt, ...2.0630

COLONIZATION RATES OF BENTHIC INVERTEBRATES IN
AN OHIO RESERVOIR ...Benthic Fauna, Intertidal Areas, Ohio,
Productivity - Food Chain, Reservoirs and Impoundments,
...6.0424

ANALYSIS OF VEGETATIVE CHANGES RESULTING FROM
WATER LEVEL CONTROL ...Biomes (non-specific), Mapping,
North Carolina, Swamps-marshes, ...4.0184

PLANKTON STUDIES ...Chemical-general, Lakes, Number, Plank-
ton (non-specific), 4.0125

BOTTOM FAUNA STUDIES ... Benthic Fauna, Bottom Sampling,
Depth,water Level, Fluctuation, Lakes, Number Or Density,
..,4.0126

WATER LOSS ...Amount, Depth, Meteorological Studies-general,
Requirements for Water, Water Loss-general, ...4.0228

DETERMINE ECOLOGICAL CHANGES RESULTING FROM IM-
POUNDMENT ...Cover Crops, Flooding, Freshwater Ecology,
Mapping, Plant Succession, Reservoirs and Impoundments,
...6.0355

AQUATIC VEGETATION STUDIES ...Lakes, Mapping, Submerged
Plants, ...4.0127

VEGETATIVE SUCCESSION IN NEWLY CONTROLLED
MARSHES ...Environmental Ecology, Growth Rate, Plant Succes-
sion, South Carolina, Swamps-marshes, ...4.0215

EVALUATION OF HABITAT AND REPRODUCTIVE FACTORS
WHICH INFLUENCE POPULATIONS OF NESTING WATER-
FOWL ...Habitat Studies, Mapping, Population Dynamics, Spawn
Or Nesting Sites, Water Fowl, N.s. , ...4.0108

CHEMICAL AND PHYSICAL ANALYSES OF WATER AND
SOILS ...Bottom Sampling, Chemical-general, Lakes, Physical-
general, Soil Chemical Properties, 2.0548

IMPOUNDMENT EFFECTS ON WATER QUALITY AS
REFLECTED IN PARASITISM OF RESERVOIR BASSES
...Copepods, Pathology, Pre-impoundment Sites, Reservoirs and
Impoundments, Water Quality-general, ...6.0024

FLUCTUATION OF RESERVOIR LEVELS AND THE RELATED
CAUSE OF LANDSLIDES (THE OHIO RIVER VALLEY)
...Force. Land and Rock Slides, Reservoirs and Impoundments,
Slopes, Soil Stability Analysis, ...8.0191

AN ECOLOGICAL STUDY OF LAKE ST. PETER, QUEBEC
.Black Duck, Canada, Depth,water Level, Fluctuation, Inter-

biotic Relat.(non-specif), Lakes, ...4.0050
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REHABILITATION, SCOTSBURN MARSH, NOVA SCOTIA,
CANADA ...Canada, Engineering Structures-general, Habitat Stu-
dies, Swampsamarshes, -.4.0053

MUSQUODOBOIT - METERING BASINS NOVA SCOTIA,
CANADA ...Aquatic Ecology, Canada, Mammals -other,
Mapping, Water Fowl, N.s. , Wetlands, ...4.0054

WATERFOWL HABITAT INVESTIGATIONS - OTTAWA RIVER
...Canada, Floods, Habitat Studies, Water Fowl, N.s. , ...4.0051

FISH POPULATION MANIPULATION AT RIDGE LAKE ...Con-
trol of Nuisance Species, Depth,water Level, Fluctuation, Illinois,
Lakes, Population Dynamics, -.6.0194

EFFECTS OF TUTTLE CREEK RESERVOIR ON GROUND
WATER LEVELS BELOW *NE DAM ...Observation Wells, Pro-
ject Post-evaluation, Pumping, Water Table Fluctuation, Water
Wells, 4.0117

SIPHON TYPE TRICKLE TUBE FOR FARM PONDS AND
RESERVOIRS ...Conduit, Design Criteria, Farm Pond, Reser-
voirs, Siphon, Technique Development, ...8.0203

THE MANAGEMENT OF SHALLOW-WATER IMPOUND..
MENTS FOR WATERFOWL ...Food Supply, Management,
Reservoirs and Impoundments, Salinity, Water Fowl, N.s. ,

-.6.0247
GREAT LAKES RESEARCH - WATER-LEVEL DISTURBANCES

...Lake Erie, Lake Michigan, Model Studies, Seiches, Tides,
-.2.0640

GREAT LAKES RESEARCH - HARBOR CURRENTS ...Currents -
water, Great Lakes-general, Harbors, Model Studies, Pressure-
density, Wind-general, ...2.0642

HYDRAULICS AND DYNAMICS OF ESTUARIES ...Erosion-
general, Estuaries, Flow Characteristics -water, Sedimentology-
general, Waves, -.2.0261

HYDRAULIC INSTRUMENTATION ...Instrumentation-general,
Model Studies, Technique Development, Turbulent Flow,
-.7.0063

LAKE HYDROLOGY STUDIES ...Evaporation, Florida, Inflow,
Lakes, Morphology-general, -.2.0328

BIOLOGICAL PRODUCTIVITY RELATED TO HYDROLOGIC
CONDITIONS ...Aquatic Ecology, Plant Prod. (non-specific),
Productivity - Food Chain, Swamps-marshes, Water Quality-
general, -.2.0317

INTENSIVE COOPERATIVE INVESTIGATIONS OF SELECTED
POTHOLES ON MISSOURI COTEAU IN DICKEY, WARD
AND STUTSMAN COUNTIES, NORTH DAKOTA ...Hydrology-
general, Natural Recharge, Potholes, Water Fowl, N.s. , Water
Loss-general, -.6.0419

Water Loss
Consumptive Use

STUDIES OF TRANSPIRATION LOSSES ...Evapotranspiration,
Phreatophytes, Subsurface Irrigation, Transpiration, ...2.0114

WATER REQUIREMENTS BY SUGARCANE UNDER IRRIGA-
TION ...Irrigation, Moisture Content -plants, Requirements for
Water, Sugar Cane, ...3.0424

QUANTITATIVE ANALYSIS OF WATER USE PATTERNS IN
PUERTO RICO ...Projections and Estimations, Public Utilities,
Puerto Rico, Water Utilization -general, -.6.0484

VALUE OF WATER FOR IRRIGATION IN THE KANSAS RIVER
VALLEY ...Benefit-cost Analysis, Irrigation-general, Projections
and Estimations, Water Costs, Water Demand, ...6.0236

USE OF WATER BY LOWLAND VEGATATION IN NEW JER-
SEY COASTAL PINE REGION ...Evapotranspiration, New Jer-
sey, Plant Water Use-other, Transpiration and Evap, Water Yield,
.2.0759

THE DEMAND AND PRICE STRUCTURES FOR WATER IN A
HUND AREA ...Georgia, Humid, Price & Value, Water Costs,
Water Demand, ...6.C161

EVAPOTRANSPIRATION BY SUGAR CANE ...Evapotranspira-
tion, Internal Water Movement, Lysirneters, Sprinkler Irrigation,
-.3.0198

STUDIES OF THE SOIL-MOISTURE-PLANT REGIME FOR THE
CONDITIONS OF WESTERN OKLAHOMA ...A nalog Compu-
ters, Climate-general, Evapotranspiration, Oklahoma, Soil-water-
plant Relationships, -.2.0880

WATER REQUIREMENTS OF CROPS UNDER IRRIGATION IN
LAJAS VALLEY, PUERTO RICO ...Evapotranspiration, Irriga-
tion, Puerto Rico, Sugareane, ...4.0210

BIOLOGY AND CONSUMPTIVE WATER USE OF PERENNIAL
RANGE PLANTS UNDER DESERT CONDITIONS ...Arid and
Desert, Flood Irrigation, Management and Fertility, Perennial,
Phenology, Soil-water-plant Relationships, -.3.0231

EVALUATION OF CONSUMPTIVE WATER USE, SOIL-WATER
STORAGE, AND THE INTERRELATION OF THREE COM-
PONENTS OF THE WATER BUDGET ...Agricultural
Watersheds, Climate, Evapotranspiration, Groundwater, Moisture
Retention, Water Balance- budget, ..4.0080

STATISTICAL ANALYSIS OF WATER CONSUMPTION ...Data
Analysis Applications, Illinois, Urban Environments, Water
Sources -general, Water Utilization -general, -.7.0037

ESTIMATION OF RECREATION WATER REQUIREMENTS -
ULTIMATE NEEDS STUDY (OREGON) ...Oregon, Projected
Demand, Recreation Sites, Water Demand, 6.0612

IRRIGATION STUDIES FOR THE HIGH PLAINS ...Irrigation-
general, Moisture Levels, Requirements for Water, Texas,
.2.1050

EFFECTS OF CULTURAL PRACTICES, SOIL MOISTURE
LEVELS, AND FERTILITY LEVELS ON CITRUS TREE
REACTION, AND ON SOIL PROPERTIES ...Citrus, Moisture
Levels, Requirements for Water, Soil Chemical Properties, Trees,
...2.1033

SOIL AND CLIMATE EFFECTS ON IRRIGATION WATER
REQUIREMENTS ...Evapotranspiration, Irrigation-general, Per-
colation, Requirements lot Water, ...2 ,1080

PARTIAL CUTTINGS OF FOREST PLANTATIONS, INCLUDING
EFFECT OF GROUND VEGETATION ON SUPPLY OF SOIL
MOISTURE ...Cover Crops, Forests, Moisture Competition, Soil
Environment, Soil-water-plant Relationships, -.2.1168

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...En-
gineering Structures-general, Irrigation Engineering, Irrigation-
general, Radiation-general, Systems Analysis, 6.0094

HERBICIDE EVALUATION FOR PHREATOPHYTE CONTROL
...Herbicides -non-specific, Modified Water Use, Range, Salt-
cedar, Tamarisk, Water Loss Control, ...3.0132

CONSUMPTIVE USE OF WATER BY SALT CEDARS ...Lysime-
ters, New Mexico, Other Water Conditions, Saltcedar, Tamarisk,
Water Table - Depth of , -.3.0113

WATER YIELD IMPROVEMENT IN THE BRUSHLANDS OF
THE SOUTHWEST ...Internal Water Movement, Soil-water-plant
Relationships, Southwest, Unsaturated Flow, Water Yield,
...3.0062

IRRIGATION PRACTICES AND FACTORS AFFECTING THE
WATER REQUIREMENT OF CROPS IN DIFFERENT LAND
RESOURCE AREAS OF THE NORTHEAST ...Evapotranspira-
tion, Irrigation-general, Northeast, Requirements for Water, Soil-
water-plant Relationships, -.3.0257

IRRIGATION AND EVAPOTRANSPIRATION OF WATER FOR
CROPS IN IMPERIAL VALLEY ...Evapotranspiration, Flow
Characteristics -water, Furrow Irrigation, Internal Water Move-
ment, Irrigation, -.3.0038

CLIMATOLOGICAL FACTORS AFFECTING WATER USE IN
AGRICULTURE ...Climate-general, Irrigation-general, Projec-
tions and Estimations, Requirements for Water, Water Demand,
...6.0599

Evaporation
COMPARISON OF EVAPORATION INSTRUMENTS ...Instrumen-

tation-general, Tanks, Techniques, ...2.0450
ESTUARIES AND SHORE STUDIES AND WATER SURFACE

INVESTIGATIONS ...Continental Shelf, Effluents-waste Water,
Infrared Radiation, Shoreline - Coastline, Thermal Pollution, Visi-
ble Light, ...6.0143

BEHAVIOR OF LIQUID SURFACES DURING EVAPORATION
AND CONDENSATION ...Rate of Reaction, ...1.0083

INTERFACIAL STRUCTURE AND TRANSPORT IN WATER
...Alcohols, Flow Characteristics -water, Surface-other, Viscosity,
Water Loss Control, -.3.0152

IRRIGATION EFFICIENCY ...Citrus, Florida, Sprinkler Irrigation,
Trees, Water Loss Control, -.3.0177

EVAPORATION FROM SOIL SURFACES AS AFFECTED BY
SALT, STRUCTURE AND TEXTURE ...Boundary Process
(moisture), Computers-general, Development of Models, Saline
Properties, Soil Morphology, Profiles, Water Movement-general,
_2.0216

ATMOSPHERIC WATER ...Cirques, Colorado River, Snowmelt,
Snowpack, Water Loss Control, ...2.0223

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ...Circulation -water, Heat Flow, Lakes, Mixing,
New York, .2.0779

THE HYDROLOGIC SIGNIFICANCE OF CHEMICALLY
DERIVED MEAN BASIN TEMPERATURES ...Air Temperature
Instruments, Aldose and Ketose, Forecasting-prediction, Heat
Measurement, Pennsylvania, 2.0924
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WATER TRANSFER FROM SOIL TO THE ATMOSPHERE AS
RELATED TO CLIMATE AND SOIL PROPERTIES ...Humidity,
Moisture Content, Physical Climatology, Radiation-general, Water
Balance-budget, Water Transfer, .,.2.1046

A WATER TRANSPORT IN THE SYSTEM, SOIL-PLANT-AT-
MOSPHERE ...Air - Water - Plant Relations, Root Absorption,
Soil-water-plant Relationships, Transpiration and Evap, ...2.0432

A STUDY OF THE MECHANISMS AND SUPPRESSION OF
EVAPORATION OF WATER FROM SOILS ...Soil Environment,
Soil Physical Properties, Water Loss Control, ..2.1039

THE MINERALOGY AND CHEMISTRY OF SOILS AND SEDI-
MENTS OF HIGH PLAINS PLAYAS ...Clay Minerals-general,
Mineralogy, Permeability, Playas, Soil Chemical Properties,
...3.0460

SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER
SURFACES AS RELATED TO EVAPORATION SUPPV,
...Evaporation Control, Monolayers, Organics-general, rofrac-
tometry, Water Loss Control, 2.1110

EVAPORATION OF WATER AS RELATED TO WIND BAR-
RIERS ...Heat Exchange, Modified Water Use, Moisture Tension,
Water Loss Control, Wind-general, ...3.0138

ATMOSPHERIC WATER BALANCE AND THE FORECAST OF
ANNUAL RUNOFF FROM THE UPPER COLORADO RIVER
BASIN ...Colorado River, Forecasting-prediction, Runoff, Water
Balance-budget, ..,2.0222

WATERSHED RESPONSE TO HYDROLOGIC INFLUENCES
Massachusetts, Prediction Models, Reservoirs and Impound-
ments, Stratification, 2.0608

AN EXPERIMENTAL STUDY OF EDDY DIFFUSION COEFFI-
CIENTS, EVAPOTRANSPIRATION AND WATER USE EFFI-
CIENCY ...Diffusion, Eddies, Evapotranspiration, Natural Varia-
tion of Water USE, Transpiration , Wind Or Air Movement,
,.,2.0437

INCREASING WATER SUPPLIES BY SUPPRESSION OF RESER-
VIOR EVAPORATION _Membranes-other, Monolayers, Or-
ganic, Reservoirs and Impoundments, Water Loss Control,
3.0397

EVAPORATION AND EVAPOTRANSPIRATION IN RELATION
TO SOIL PROPERTIES AND MOISTURE STRESS
_Evapotranspiration, Moisture Deficiency, Moisture Tension,
Physical Properties - other, Transpiration, 2.0957

A THREE-DIMENSIONAL APPROACH To THE EXCHANGE
OF HEAT AND WATER VAPOR BETWEEN A LARGE
WATER BODY AND THE ATMOSPHERE ...Boundary Layer
Studies, Diffusion, Electric Power Plants, Heat Exchange,
...2.0793

EFFECT OF SURFACE FILMS ON GASES DISSOLVED IN
WATER ...Gas/liquid, Ions and Gases, Solubility, Water Loss
Control, ...5.0056

THE DISPOSITION OF PESTICIDES IN THE SOIL ...Microbial
Degradation, Movement, Leaching, Soil and Rock Leaching, Soil
Environment, ...5.0004

EVALUATION OF CLIMATIC PATTERNS AFFECTING IDAHO
AGRICULTURE ...Agricultural Watersheds, Applied Climatolo-
gy, Data Analysis - General, Forecasting, Idaho, Meteorological
Averages, Patterns, ...2.0396

EFFECTS OF WATER APPLICATION ON CROP PLANTS
...Growth Rate, Requirements for Water, Water Application
Methods, Water Balance-budget, ...2.0652

SOIL-PLANT-WATER RELATIONSHIPS ...Drought, Growth Rate,
New Jersey, Soil-water-plant Relationships, Water Loss Control,
_2.0758

SOIL MOISTURE EVAPORATION AND ITS CONTROL _Al-
cohols, Antitranspirants, Organometallie, Soil Environment, Soil
Physical Properties, Tillage, Ci 1pping Systems, Water Loss Con-
trol, 2.0969

STATISTICAL ANALYSES OF THE VARIATIONS OF
PRECIPITATION-TEMPERATURE AND EVAPORATION IN
'TEXAS ...Data Analysis Applications, Patterns, Temperature,
Texas, ...2.1027

CLIMATIC PATTERNS IN WASHINGTON STATE ...Climate,
Data Analysis Applications, Data Networks, Forecasting, Patterns,
,..2.1122

EVAPORATION MECHANISMS ...Atmosphere Disturbance-
general, Boundary Process (moisture), Capillary Movement,
Epidermis, Transpiration, Transpiration and Evap, ...2.1164

CLIMATE RELATED TO PLANT RESPONSE IN THE
MATANUSKA VALLEY ...Alaska, Direction, General Synoptic
Observations, Sunshine, Transpiration and Evap, Velocity,
_2.0029

CROP, SOIL AND WATER USE EFFECTS OF LOW INTENSITY
SPRINKLER IRRIGATION ,..Irrigation, 3.0233
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SOIL WATER EVAPORATION AND MEANS OF MINIMIZING
IT ...Boundary Process (moisture), Heat Flow, Moisture Reten-
tion, Saturated-unsaturated, Soil Conditions, Soil Morphology,
Profiles, 2.0498

NEW-TYPE GLYCOL MONO ALKYL ETHERS FOR THE CON-
TROL OF WATER EVAPORATION, TO EXTEND THE USE
OF COTTONSEED OIL ...Acids, Agronomic, Condensation,
Water Loss Control, ...2.0451

STUDY OF THE HYDROLOGY FOR MODELS OF THE GREAT
LAKES ...Great Lakes-general, Management, Precipitation-
general, Runoff, Systems Analysis, 2.0435

TECHNIQUES OF MODELING THERMAL STRATIFICATION IN
LAKES ,..Heat Exchange, Lakes, Stratification, Temperature,
_10617

REGIONAL CORRELATIONS IN HYDROLOGIC VARIABLES
Annual, Correlation, Data Analysis - General, Patterns, Runoff,

.7.0097
IRRIGATION EFFICIENCY .Irrigation Engineering, Pollution

Behavior-general, Sprinkler Irrigation, Velocity, Wind 'funnels,
...3,0179

SURFACE WATER STORAGE AND SUPPLY ON FARMS IN
'THE COASTAL PLAINS ...Farm Pond, Leakage, Seepage,
Storage of Water, Surface Water, Water Loss Control, ...3.0196

HORTICULTURAL CROP RESPONSE TO IRRIGATION PRAC-
TICES ...Growth Rate, Hawaii, Irrigation, Moisture Tension,
2.0382

EVAPORATION RETARDATION, PONDS OR SMALL LAKES
,.,Farm Pond, Lakes, Monolayers, Water Loss Control, ...4.0100

SOIL AND CLIMATE FACTORS AFFECTING THE EFFICIENT
USE OF WATER BY CROPS ...Air - Water - Plant Relations,
Applied Climatology. Iowa, MC.,Pure Content, Moisture Levels,
Soil-water-plant Relationships, `, .0485

SOD AND STUBBLE MULCH PLANTING - VEGETATION CON-
TROL ...Management, Runoff, Soil Erosion -non-specific,
Southeast, Stubble Mulching, ...2.0827

USE OF RADAR FOR HYDROLOGICAL STUDIES ...Cloud
Physics, Groundwater Movement, Patterns, Radar, Structure-size,
...2.0776

CONTROL OF EVAPORATION AND TRANSPIRATION
THROUGH SOIL, PLANT AND AIR - WATER INTERFACE
MODIFICATIONS ...Anti-transpirants, Modified Water Use,
Transpiration, Transpiration and Evap, Water Loss Control,
...2.1040

THE EFFECT OF TILLAGE AND ORGANIC MULCHES UPON
SOIL MOISTURE MOVEMENT AND SOIL TEMPERATURES
IN THE LOWER RIO GRANDE ...High Temp. - 85f Or Above,
Modified Water Use, Mulches -other, Soil Environment, Tem-
perature, ...2.1056

RUNOFF PRODUCTION BY UNIT SOURCE AREA ...Forecast-
ing- prediction, Land Use, Moisture Content, Rain-general, Ru-
noff, ...2.1029

CHEMISTRY OF BRINE STRATIFICATION AND RELATED
EVAPORATION STUDIES ...Analysis and Detection, Brines,
Chemical-gelleral, Ions and Gases, Water Sampling, ...1.0119

EVAPORATION AND CLIMATIC STUDIES ...Climate, Climatic
Effects, Evapotranspiration, Snowmelt, Water Quality-general,
...2.1064

ORCHARD MANAGEMENT ...Irrigation, Mechanical Harvest,
Trees, ...2.1118

SOIL AND WATER RELATIONSHIPS OF VEGETABLE CROPS
...Blossom Drop, Drought, Requirements for Water, Soil-water-
plant Relationships, Washington, ..2.1116

WMO EVAPORATION PAN DATA .Air Temperature Instru-
ments, Atmosphere Radiation, Standards, Specifications, 2.1113

EVAPORATION ...Atmosphere Radiation, Forecasting-prediction,
Lakes, Radiation-general, Water Yield, 2.0603

GREAT LAKES RESEARCH LAKE EVAPORATION ...Great
Lakes-general, Heat Budget, Humidity, Precipitation-general,
Velocity, ...2.0637

EVAPORATION FROM LAKES AND RESERVOIRS
...Evapotranspiration, Heat Budget, Lakes, Reservoirs and Im-
poundments, Water Balance-budget, 2.0187

THERMAL AND BIOLOGICAL CHARACTERISTICS OF LAKES
...Algae- General, Indiana, Lakes, Stratification, Temperature,

HYDROLOGY AND GEOCHEMISTRY OF CLOSED BASIN
LAKES ...Basin Shape, Geochemical Analysis, Lakes,
Meteorological Extremes, Salt, Solution, ...2.1137

EVAPORATION LOSSES FROM LAKES IN INDIANA ...Indiana,
Lakes, Reservoirs and Impoundments, Water Balance-budget,
...2.0454



SUBJECT INDEX

LAKE HYDROLOGY STUDIES .Florida, Inflow, Lakes,
Morphology-general, Water Level Fluctuation, 2.0328

VERIFICATION OF MASS-TRANSFER AND PAN EVAPORA-
TION RELATIONSHIPS FOR LARGE LAKES AND RESER-
VOIRS (SALION SEA, CALIFORNIA) ...California, Conductivi-
ty, Forecasting-prediction, Lakes, Vapor Pressure, 2.0129

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR .,,Heat Budget, Humidity, Humidity Instrumerts,
Oklahoma, Reservoirs and Impoundments, Transmission Charac-
teristics, Velocity, Water Loss Control, 3.0114

A STUDY OF NATURAL EVAPORATION FROM FREE WATER
SURFACES ...Boundary Layer Studies, Oklahoma, Patterns,
Water Loss Control, Waves, 3.0129

SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER
SURFACES AS RELATED TO EVAPORATION SUPPRESSION
,,.Antitranspirants, Dyes and Coloring, Monolayers, Polymer-
other, Sunshine, ..3.0110

BASIC INVESTIGATION OF HEAT AND MOISTURE
TRANSFER ACROSS THE AIR -WATER INTERFACE ...Boun-
dary Layer Studies, Heat Exchange, Interface, Water Balaree-
budget, Water Loss Control, 3.0124

SOIL WATER MOVEMENT IN RELATION TO THE CONSER-
VATION OF WATER SUPPLIES ...Computers- general, Conser-
vation-general, Groundwater Movement, Infiltration, Internal
Water Movement, Water Loss Control, 2.0033

SUPPRESSION OF EVAPORATION FROM WATER SURFACES
...Energy, Storage of Water, Temperature, Velocity, Water Loss
Control, 2.0034

EVAPOTRANSPIRATION UNDER NATURAL CONDITIONS
.,.Moisture Budgets, Moisture Tension, Ponds, Semi - Arid,
2.0384

Evapotranspiration
HEAT BUDGET AND EVAPOTRANSPIRATION OF FRUIT

TREES ...Energy Budgets, Temperature Or Heat Budgets, Trans-
piration and Evap, Trees, Water Balance-budget, 2.0311

RATE OF EVAPOTRANSPIRATION ...Drought, Energy Budgets,
Missouri, Precipitation-general, Yield, _2.0692

EFFECTS OF WEATHER ON CROPS ...Available Water,
Meteorological Studies-general, Moisture Tension, Projections
and Estimations, Soil Moisture -non-specific, 2.0482

STUDY OF THE ENERGY BUDGET ON THE HAWAIIAN
ISLANDS ...Hawaii, Radiation Emission, Radiation-terrestrial,
Reflectance, 2.0370

DETERMINATION OF EVAPOTRANSPIRATION FOR SHORT
INTERVALS ON A BENCHMARK BASIN ,..Heat Budget, Israel,
Karst Topography, Moisture Content, Water Balance-budget,
...2.0493

MEASURING EVAPOTRANSPIRM ION AND PHOTOSYNTHES-
IS OVER SHORT PERIODS OF TIME IN THE FIELD ,,.Alfalfa,
Humidity, Lysimeters, Photosynthesis, Wind Or Air Movement,
2.0725

ESTIMATE OF ACTUAL DAILY EVAPOTRANSPIRATION AS
A FUNCTION OF SOIL WATERFLOW, PLANT CANOPY
AND POTENTIAL EVAPOTRANSPIRATION ...Groundwater
Movement, Internal Water Movement, Soil Environment,
...2.1163

STUDIES OF TRANSPIRATION LOSSES ...Consumptive Use,
Phreatophytcs, Subsurface Irrigation, Transpiration, 2.0114

SAN ISIDRO WASH STUDY FLOW LOSSES IN AN
EPHEMERAL STREAM CHANNEL ...Ephemeral, Gaging, Infil-
tration, Morphology-general, New Mexico, ...2.0177

ENERGY SOURCES FOR EVAPOTRANSPIRATION IN THE
PLAINS REGION ...Antitranspirants, Lysimeters, Nebraska,
Radiation-general, Water Loss Control, ...2.0721

PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION ...Meteorological Stu-
dies-general, Soil- water -plant Relationships, 'Translocation, Water
Balance-budget, Water Yield, ...2.0951

MICROMETEOROLOGICAL INVESTIGATIONS OF THE ENER-
GY BUDGET - EFFECT OF SUMMER WINDS ...Heat Budget,
Heat Flow, Micrometeorology, Semi - Arid, Wind-general,
...2.0516

USE OF WATER BY LOWLAND VEGATATION IN NEW JER-
SEY COASTAL PINE REGION ...Consumptive Use, New Jersey,
Plant Water Use-other, Transpiration and Evap, Water Yield,
...2.0759

EVAPOTRANSPIRATION BY SUGAR CANE ...Consurnptie Use,
Internal Water Movement, Lysimeters, Sprinkler Irrigation,
...3.0198
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CAPILLARY-DIFFUSION AND SELF- DIFFUSION OF LIQUID
WATER IN UNSATURATED SOIL Capillarity, Clay, Forecast-
ing- prediction, Moisture Content, Saturated-unsaturated, ...2.0525

EVAPOTRANSPIRATION AND ITS CHEMICAL REDUCTION
...Agricultural Watersheds, Antitranspirants, Kansas, Lysimeters,
Meteorology, 3.0244

THE INFLUENCE OF WETLANDS ON QUANTITY AND
QUALITY OF STREAM FLOV .Available Water, Hydrology-
general, Low Flow, Streams, Wetlands, 4.0170

AN EXPERIMENTAL STUDY OF EDDY DIFFUSION COEFFI-
CIENTS, EVAPOTRANSPIRATION AND WATER USE EFFI-
CIEN( Y ...Diffusion, Eddies, Evaporation, Natural Variation of
Water USE, Transpiration , Wind Or Air Movement, 2.0437

UNDERSTANDING AND IMPROVING THE SOIL-PLANT EN-
VIRONMENT FOR MORE EFFICIENT UTILIZATION OF
WATER ...Energy Budgets, Irrigation - general, Modified Water
Use, Requirements for Water, Soil-water-plant Relationships,
2.0968

HYDROLOGIC RELATIONSHIPS IN A CONIFEROUS FOREST
...Amount, Forest Watersheds, Groundwater, Storage of Water,
Water Balance-budget, _2.0552

EVAPORATION AND EVAPOTRANSPIRATION IN RELATION
TO SOIL PROPERTIES AND MOISTURE STRESS ...Evapora-
tion, Moisture Deficiency, Moisture Tension, Physical Properties -
other, Transpiration, 2.0957

PLANT POPULATION EFFECTS ON THE EFFICIENT USE OF
WATER ...Energy Budgets, Modified Water Use, Number,
Requirements for 'Water, Soil-water-plant Relationships, 3.0399

M1CROMETEOROLOGY OF SOYBEANS ...Environmental-disease
Relation, Furrow Irrigation, Irrigation, Micrometeorology,
Soybeans, 2.0070

DRYLAND SOIL MANAGEMENT ..,Colorado, Management Ef-
fects, Modified Water Use, Soil-water-plant Relationships, Tillage,
Cropping Systems, Wind Erosion, ...2.0208

ESTIMATING SOIL MOISTURE FROM METEOROLOGICAL
MEASUREMENTS .Cover Crops, General Synoptic Observa-
tions, Indiana, Moisture-other, Soil Types, ...2.0474

INFLUENCE OF ENERGY BUDGET ON AGRICULTURAL
PRODUCTION ...Energy Budgets, Heat Flow, Modified Water
Use, Soil-water-plant Relationships, Water Balance-budget,
2.0693

ENERGY AND WATER BALANCE ...Moisture Tension, Nuclear
Moisture Meters, Soil Moisture -non-specific, Soil-water-plant
Relationships, Soils and Fertilizer, .,2.0691

EVAPOTRANSPIRATION PATTERNS OF FOREST AND BRUSH
VEGETATION ON THE EAST SLOPE OF THE SIERRA
NEVADA ...Forest Watersheds, Moisture Levels, Mountains-al-
pine, Sierra Nevada, Slope - Direction of , ...4.0167

EVALUATION OF SOIL MOISTURE RECHARGE ...Drainage,
Moisture Content, Recharge -general, Water Table - Depth of ,
Water Table Fluctuation, 3.0344

DEVELOPMENT OF CRITERIA FOR ADEQUATE DRAINAGE
.,.Drainage, Moisture Levels, Soil-water-plant Relationships,
...4.0186

WEATHER INFORMATION FOR AGRICULTURE ...Climate-
general, Data Analysis - General, General Synoptic Observations,
Soil Physical Properties, 4.0190

IRRIGATION REQUIREMENTS OF FIELD AND HORTICUL-
TURAL CROPS ..,Irrigation, Irrigation Engineering, Moisture
Deficiency, Sprinkler Irrigation, Surface Irrigation -general,
2.0872

STUDIES OF THE SOIL-MOISTURE-PLANT REGIME FOR THE
CONDITIONS OF WESTERN OKLAHOMA ...Analog Compu-
ters, Climate-general, Consumptive Use Oklahoma, Soil-water-
plant Relationships, ...2.0880

EVAPOTRANSPIRATION LOSSES AS RELATED TO SITE AND
VEGETATION DIFFERENCES ..Cover Crops, Forest
Watersheds, Interception, Rhode island, Soil Environment,
2.0939

COMBINED INFLUENCE OF ATMOSPHERIC DESICCATION
AND SOIL WATER POTENTIAL ON THE IRRIGATION NEED
AND WATER POTENTIAL OF PLANTS ...Energy-general, Ir-
rigation-general, Moisture Tension, Osmotic and Turgor Pressure,
2.1078

THE RELATION OF ENVIRONMENT CONDITIONS TO THE
WATER POTENTIAL OF PLANT LEAVES ...Leaves, Soil-
water-plant Relationships, Translocation, Transpiration and Evap,

.2.1156
WATER REQUIREMENTS OF CROPS UNDER IRRIGATION IN

LAJAS VALLEY, PUERTO RICO ...Consumptive Use, Irrigation,
Puerto Rico, Sugarcane, ...4.0210



Water Loss SUBJECT INDEX
DIFFERENCE IN EFFECTS OF FOREST AND OTHER VEGETA-

TIVE COVERS ON WATER YIELD ...Cover Crops, Israel,
Moisture Tension, Precipitation -non-specific, Water Yield,
...3.0235

PROCEDURES FOR ESTIMATING CROP WATER REQUIRE-
MENTS FOR USE IN WATER ALLOCATIONS AND FOR IM.
PROVEMENT OF IRRIGATION EFFICIENCY ...General Synop-
tic Observations, Irrigation-general, Lysimeters, Requirements for
Water, Water Allocation, 3.0047

COMPUTER SIMULATION AND EVALUATION OF CLI-
MATOLOGICAL MODELS ...Computers- general, Model Studies,
Patters, Statistics-general, 7.0044

PREDICTIONS OF WATER REQUIREMENTS OF CROPS FROM
MICROCLIMATIC PARAMETERS ...Air - Water - Plant Rela-
tions, Energy Budgets, Microclimate-general, Miniature Or
Microenvironment, Requirements for Water, 4.0029

COOPERATIVE EVAPOTRANSPIRATION RESEARCH ..,Cli-
mate, Deserts, Heat Exchange, Radiation-general, 2.0136

EVAPOTRANSPIRATION AND SOIL MOISTURE DETERMINA-
TION AS GUIDES TO CITRUS IRRIGATION ...Citrus, Irriga-
tion, Moisture Content, Moisture Levels, ...2.0315

EVALUATION OF CONSUMPTIVE WATER USE, SOIL-WATER
STORAGE, AND THE INTERRELATION OF THREE COM-
PONENTS OF THE WATER BUDGET ...Agricultural
Watersheds, Climate, Consumptive Use, Groundwater, Moisture
Retention, Water Balance-budget, 4.0080

PILOT EVAPOTRANSPIRATION STUDY WITH LYSIMETERS
OF WATER USE BY SUGAR CANE, PINEAPPLE AND TROP-
ICAL TRUCK CROPS ...Lysimeters, Pineapple, Sugarcane, Trop-
ic, Yield, 2,0372

ROW CROP IRRIGATION IN NORTHWEST LOUISIANA - COT-
TON IRRIGATION .Cotton, Furrow Irrigation, Irrigation, Loui-
siana, 2.0533

ROW CROP IRRIGATION IN NORTHEAST LOUISIANA ...Corn,
Cotton, Furrow Irrigation, Irrigation, Louisiana, 2.0534

A PHYSICAL AND ECONOMIC ANALYSIS OF ALTERNATIVE
IRRIGATION METHODS IN A SUB-HUMID CLIMATE ...Ap-
plied Climatology, Irrigation-general, Model Studies, Sub - Hu-
mid, Water Balance-budget, 3.0384

WATER REQUIREMENT BY SUGARCANE UNDER IRRIGA-
TION ...Irrigation, Moisture Content -plants, Percolation,
Requirements for Water, Sugarcane, 2.0933

PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION Biophysics & Molec.
biology, Forest Watersheds, Southeast, Transpiration and Evap,
Water Yield, 2.0953

SOIL AND CLIMATE EFFECTS ON IRRIGATION WATER
REQUIREMENTS ...Consumptive Use, Irrigation-general, Per-
colation, Requirements for Water, ..2.1080

EVAPORATION AND CLIMATIC STUDIES ...Climate, Climatic
Effects, Evaporation, Snowmelt, Water Quality-general, 2.1064

WATERSHED WATER BUDGET ...Agricultural Watersheds,
Mathematical Analysis, Moisture Content, Runoff, Water
Balance-budget, 2.1157

IRRIGATION REQUIREMENTS FOR WYOMING ...Irrigation En-
gineering, Irrigation-general, Requirements for Water, Soil Types,
Wyoming, 3.0492

HIGH ALTITUDE EVAPOTRANSPIRATION FROM NATIVE
MEADOWS ...Energy Budgets, Harvest and Storage, Lysimeters,
Microclimate-general, Nuclear Moisture Meters, .,.3.0493

EVAPORATION . ROM LAKES AND RESERVOIRS ...Evapora-
tion, Heat Budget, Lakes, Reservoirs and Impoundments, Water
Balance-budget, 2.0187

EVAPOTRANSPIRATION THEORY AND MANAGEMENT
.Heat Flow, Instrumentation-general, Internal Water Movement,

Soil Environment, Thermal Properties-general, .4.0036
PHREATOPHYTE EVAPORATION RESEARCH ...Energy

Budgets, Groundwater, Phreatophytes, Saltcedar, Tamarisk,
...2.1052

GILA RIVER PHREATOPHYTE PROJECT ...Arizona, Energy
Budgets, Phreatophytes, Water Balance-budget, Water Loss Con-
trol, ...2.0042

INSTRUMENTATION FOR ENERGY BUDGET EVAPOTRANSP
STUDIES ...Energy Budgets, Soil-water-plant Relationships, Tem-
perature - Internal, Translocation, Xylem, ...7.0016

TIMBER AND WATERSHED RESOURCES DEVELOPMENT
RESEARCH IN HAWAII .,.Erosion - general, Legumes -
other..mesquite... , Rain, Soils and Fertilizer, Streams, ...2.0367

MANAGEMENT FOR IMPROVEMENT OF WATER YIELD IN
THE CONIFER ZONE OF CALIFORNIA ...Forest Watersheds,
Land Use, Precipitation-general, Radioisotopes, Snowmelt, Water
Yield, ...3.0032

WATER YIELD IMPROVEMENT FROM RIPARIAN AND
UPLAND AREA OF RIVER BASINS ...Management,
Phreatophytes, Riparian Plants, River Basins, Sediment Yield,
Southwest, .4.0006

QUANTITY, QUALITY, AND TIMING OF WATER YIELDS IN
THE SOUTHERN APPALACHIANS-PIEDMONT ...Appalachia,
Forest Watersheds, Heat Budget, Piedmont Province, Water
Yield, ..3.0374

HYDROLOGY AND MANAGEMENT OF WETLAND FORESTS
...Forests, Soils and Fertilizer, 3.0431

IMPROVEMENT OF WATER YIELDS BY MODIFICATION OF
RADIANT ENERGY OVER LAND SURFACES (ABBREV)
...Energy Budgets, Interception, Radiation-general, Snowmelt,
Water Yield, ...2.0235

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE _Infiltra-
tion, Irrigation-general, Model Studies, Water Application
Methods, Water Loss Control, _8.0003

IRRIGATION PRACTICES AND FACTORS AFFECTING THE
WATER REQUIREMENT OF CROPS IN DIFFERENT LAND
RESOURCE AREAS OF THE NORTHEAST ...Consumptive Use,
Irrigation-general, Northeast, Requirements for Water, Soil-water-
plant Relationships, 3.0257

IRRIGATION PRACTICES, REQUIREMENTS AND DESIGN
CRITERIA FOR EFFICIENT USE OF WATER AND
SUSTAINED CROP PRODUCTION IN THE NORTHERN
PLAINS _Irrigation, Irrigation Engineering, 3.0142

IRRIGATION WATER MANAGEMENT FOR EFFICIENT
WATER USE IN THE SOUTHERN PLAINS ...Irrigation, Irriga-
tion-general, Management, Soil - Crop Relationships, Tillage,
Cropping Systems, ..3.0444

IRRIGATION REQUIREMENTS, PRINCIPLES AND PRACTICES
FOR EFFICIENT USE OF WATER IN THE PACIFIC
NORTHWEST _Irrigation, Irrigation-general, Management,
Physical Property Effects, Southern, ...3.0203

SURFACE AND SPRINKLER IRRIGATION SYSTEM DESIGN
AND OPERATION FOR EFFICIENT WATER USE IN THE
PACIFIC NORTHWEST ...Irrigation, Model Studies, Sprinkler Ir-
rigation, Surface Irrigation -general, Technique Development,3.0204

CLIMATIC INFLUENCE ON WATER USE AND CROP PER-
FORMANCE IN THE CORN BELT REGION ...Climate, Corn
Belt, Energy Budgets, Heat Exchange, Humidity, Soil-water-plant
Relationships, 2.0439

MOISTURE CONSERVATION PRINCIPLES AND PRACTICES
IN THE PACIFIC NORTHWEST ...Air - Water - Plant Relations,
Climate-general, Management Effects, Modified Water Use, Soil-
water-plant Relationships, 4.0267

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
IN COASTAL REGIONS ...Climate, Energy-general, Lysimeters,
Moisture Tension, Soil Environment, 8.0012

IRRIGATION AND EVAPOTRANSPIRATION OF WATER FOR
CROPS IN IMPERIAL VALLEY ...Consumptive Use, Flow
Characteristics -water, Furrow Irrigation, Internal Water Move-
ment, Irrigation, _3.0038

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE IN THE
GREAT BASIN ...Arid and Desert, Great Basin, Lysimeters,
Sprinkler Irrigation, Water Balance-budget, 3.0314

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
FROM CROPPED FIELDS ...Conservation-general, Humidity,
Modified Water Use, Soil-water-plant Relationships, Transpira-
tion, ...2.0035

Groundwater Mining
OCCURRENCE AND CHARACTERISTICS OF FRACTURES IN

CRYSTALLINE ROCKS OF SOUTHEASTERN NEW
HAMPSHIRE AND THEIR RELATIONSHIP TO THE YIELD
OF DRIL ...Joints-fractures, Mapping, New Hampshire, Water
Wells, Water Yield, 2.0744

RECHARGE OF GROUND WATER IN RIVER VALLEYS OF
EASTERN AND CENTRAL KANSAS, AND THE HIGH
PLAINS ...Artificial Recharge, Augmentation-general, Great
Plains Province, Groundwater, Natural Recharge, Water Table
Fluctuation, ...4.0116

GROUND-WATER HYDROLOGY AND DEVELOPMENT IN
EAST-CENTRAL WASHINGTON ...Drawdown, Groundwater
Basins, Subsurface Flow, Washington, Water Table Fluctuation,
...2.1135

Interception
THICKNESS OF SOIL SOLUM AS A PARAMETER OF PLANT-

AVAILABLE WATER STORAGE CAPACITY IN SOILS UN-
DERLAIN BY CARBONATE ROCKS ...Cheri, Limestone -

2-530



SUBJECT INDEX Water Loss Control
General, Seismographs, Soil Environment, .Storage of Water,
-2.0699

SIMULATION MODEL FOR EVALUATION OF INTERCEPTION
FROM FOREST TREES ...Digital Computers, Environment,
Forests, Model Studies, Snow-general, -2,0390

FOREST COVER ...Cover Crops, Forest Watersheds, Forests, Mis-
souri, Soils and Fertilizer, -4,0156

EVAPOTRANSPIRATION LOSSES AS RELATED TO SITE AND
VEGETATION DIFFERENCES ...Cover Crops, Evapotranspira-
tion, Forest Watersheds, Rhode Island, Soil Environment,
-2.0939

SOIL MOISTURE DISTRIBUTION PATTERNS UNDER MIXED
OAK FOREST ...Canopy & Overstory, Moisture Content, Oaks,
Rhode Island, Soil Environment, -2.0940

A STUDY OF SNOW INTERCEPTED BY CONIFEROUS TREE
CROWNS AND ITS DISPOSITION UNDER THE CLIMATIC
CONDITIONS OF CENTRAL NEW YORK ...Coniferous Forests,
Conifers - non - specific, New York, Snow, Snow-other, -2.0787

INTERCEPTION AND WATER LOSSES FROM A FOREST
FLOOR-SHRUB LAYER ...Ecology and Morphology, Lysimeters,
New Jersey, Other Water Conditions, Water Loss Control,
-2.0770

IMPROVEMENT OF WATER YIELDS BY MODIFICATION OF
RADIANT ENERGY OVER LAND SURFACES (ABBREV)
...Energy Budgets, Evapotranspiration, Radiation-general, Snow-
melt, Water Yield, ...2.0235

DEVELOPMNT AND EVALUATION OF SURFACE AND SUB-
SURFACE DRAINAGE PRACTICES ...Drainage, Piezometers,
Seepage, Subsurface Flow, Surface Flow, -4.0132

Leekage
INVESTIGATION OF WATER LOSSES TO SINKHOLES IN THE

PAHASAPA LIMESTONE, AND THEIR RELATION TO RE-
SURGENT SPRINGS BLACK HILLS, SOUTH DAKOTA
...Groundwater, Karst Topography, South Dakota, Springs,
Tracers-general, -2.0979

EFFECTS OF BANK SEEPAGE ON FLOOD HYDROGRAPHS
...Floods, Hydrographs, Seepage, Storage of Water, Stream Banks,
-2.0504

DEVELOPING RESERVOIRS FOR SUPPLEMENTAL IRRIGA-
TION ...Linings-pavings, Loss, Reservoirs, Seepage, Water Loss
Control, ...3.0302

SURFACE WATER STORAGE AND SUPPLY ON FARMS IN
THE COASTAL PLAINS ...Evaporation, Farm Pond, Seepage,
Storage of Water, Surface Water, Water Loss Control, -3.0196

STORAGE AND CONVEYANCE OF IRRIGATION WATER
...Biological, Irrigation-general, Linings-pavings, Porosity, Permea-
bility, Stability, Weathering, -2.1071

TECHNIQUES FOR USE OF RADIOISOTOPES IN TRACING
RESERVOIR LEAKAGE ...Aquifers-general, Faults, Foundations-
general, Radioisotopes, Reservoirs and Impoundments, -7.0017

HYDROGEOLOGIC INVESTIGATION TECHNIQUES ...Projec-
tions and Estimations, Reservoirs and Impoundments, Technique
Development, Water Demand, Water Loss Control, -8.0058

Transpiration
STUDIES OF TRANSPIRATION LOSSES ...Consumptive Use,

Evapotranspiration, Phrcatophytes, Subsurface Irrigation,
-2.0114

REMOTE ELECTRO-MAGNETIC SENSORS FOR DETECTING
TRANSPIRATIONAL WATER USE BY PLANTS SUBJECTED
TO VARIOUS FOLIAR CHEMICAL TREATMENTS -An-
titranspirants, E M Radiation-general, Heat Flow, Moisture Ten-
sion, Remote Sensing, ..2.1069

INFLUENCE OF TRANSPIRATION SUPPRESSANTS, SPRIN-
KLER IRRIGATION & MOISTURE LEVELS ON TRANSPIRA-
TION & EVAPOTRANSPIRATION ...Antitranspirants,
Dendroclimatology, Microclimate- general, Moisture Levels, Sprin-
kler Irrigation, -3.0464

AN EXPERIMENTAL STUDY OF EDDY DIFFUSION COEFFI-
CIENTS, EVAPOTRANSPIRATION AND WATER USE EFFI-
CIENCY ...Diffusion, Eddies, Evaporation, Evapotranspiration,
Natural Variation of Water USE, Wind Or Air Movement,
-2.0437

EVAPORATION AND EVAPOTRANSPIRATION IN RELATION
TO SOIL PROPERTIES AND MOISTURE STRESS ...Cmapora-
tion, Evapotranspiration, Moisture Deficiency, Moisture Tension,
Physical Properties -other, -2.0957

CONSERVING SOIL MOISTURE BENEATH RED PINE BY
MEANS OF A FOLIAR SPRAY OF A STOMATA - CLOSING
CHEMICAL ...Liquids Or Sprays, Moisture Content, Pines, PMA
, Soil Environment, Soils and Fertilizer, -3.0151

ROLE OF LIGHT QUALITY, ETC, ON TRANSPIRATION OF
WATER LOSSES BY PLANTS ...Humidity, Low Temp. - But
Above 32f, Temperature, -2.1038

EVAPORATION MECHANISMS ...Atmosphere Disturbance-
general, Boundary Process (moisture), Capillary Movement,
Epidermis, Evaporation, Transpiration and Evap, -2,1164

MINERAL NUTRITION AND PLANT GENETIC VARIABILITY
...Growth Rate, Moisture Levels, Requirements for Water, Trans-
piration and Evap, Variation, -2.1171

EFFECT OF SOIL. MOISTURE AND POTASSIUM FERTILIZA-
'T'ION ON THE TRANSPIRATION RATE OF SOYBEANS
(GLYCINE MAX) ...Growth Rate, Moisture Levels, Potassium,
Soybean, Transpiration and Evap, .2.0404

SOIL-PLANT-ATMOSPHERE COMPONENTS IN IRRIGATION
STUDIES OF BLACK WALNUT TREES IN SOUTHERN IL-
LINOIS -Air - Water - Plant Relations, Irrigation-general,
Moisture Tension, Soil-water-plant Relationships, Walnuts -black
& English, -2.0401

THE EFFECTS OF PLANT TRANSPIRATION RETARDANTS
ON TRANSPIRATION, LEAF TEMPERATURE, STOMATAL
BEHAVIOUS AND OSMOTIC PRESSURE ...Anti-transpirants,
Modified Water Use, Osmotic and Turgor Pressure, Temperature
- Internal, Transpiration aid Evap, -2.0403

CONTROL OF EVAPORATION AND TRANSPIRATION
THROUGH SOIL, PLANT AND AIR - WATER INTERFACE
MODIFICATIONS ...Anti-transpirants, Evaporation, Modified
Water Use, Transpiration and Evap, Water Loss 2ontrol,
-2.1040

MICROCLIMATE ANALYSIS ...Boundary Layer Studies, Irriga-
tion, Irrigation-general, Microclimate-general, Texas, -2.1002

WATER SALVAGE STUDY ...Colorado, Modified Water Use,
Phreatophytes, Water Loss Control, -6.0096

SEDIMENTATION AND WATER SALVAGE STUDIES-SOIL
AND MOISTURE PROGRAM ...Channels, of Specific Weeds,
Phreatophytes, Scouring, Water Loss Control, -8.0028

FACTORS INFLUENCING PLANT TRANSPIRATION IN THE
SOUTH ...Humidity, Light Quality -non-specific, Light Quantity -
non- specific, Photosynthesis, Temperature -non-specific, -2.0684

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
FROM CROPPED FIELDS ...Conservation-general, Evapotrans-
piration, Humidity, Mooified Water Use, Soil-water-plant Rela-
tionships, -2.0035

Water Loss-general
WATER LOSS ...Amount, Depth, Meteorological Studies-general,

Requirements for Water. Water Level Fluctuation, _4.0228
HYDROLOGY OF SMALL AGRICULTURAL WATERSHEDS

...Hydrology-general, Missouri, Reservoirs and Impoundments,
Runoff, Small Watersheds, ...4.0151

DROUGHT FREQUENCY, INTENSITY & DURATION - ITS
CORRELATION TO STREAMFLOW AND ITS IMPACT UPON
SYNTHETIC HYDROLOGY -Climatography, Flow Charac-
teristics -water, Meteorological Extremes, Patterns, Synthetic
Hydrology-general, -2.0763

THE INFLUENCE OF GRAZING MANAGEMENT SYSTEMS ON
VEGETATION COMPOSITION AND LIVESTOCK REACTION
...Agricultural Watersheds, Conservation- general, Grazing,
Management and Fertility, -5.1160

HYDROLOGY OF LOWER COLORADO RIVER BASIN
...Colorado River, Groundwater, Groundwater Movement, Total
Volume, Water Quality-general, -2.0066

INTENSIVE COOPERATIVE INVESTIGATIONS OF SELECTED
POTHOLES ON MISSOURI COTEAU IN DICKEY, WARD
AND STUTSMAN COUNTIES, NORTH DAKOTA ...Hydrology-
general, Natural Recharge, Potholes, Water Fowl, N.s. , Water
Level Fluctuation, _6.0419

Water Loss-other
STUDY OF ROOT DISTRIBUTION AND DENSITY OF VEGETA-

BLE CROPS ...Absorption, Fixation, Exchange, Phosphorus, Root
Absorption, Soil Morphology, Profiles, Soil Types, ...2.0583

SOIL CONSERVATION AND FERTILITY OF RED CLAY AND
PRAIRIE SOILS OF WISCONS ...Clay, Conservation, -3.0490
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Water Loss Centro!
EXTREME RAINFALL FOR THE tviEKONG RIVER BASIN

...Dam sites, Floods, Management, Meteorological Extremes,
Southeast Asia, -2.0596

INTERFACIAL STRUCTURE AND TRANSPORT IN WATER
...Alcohols, Evaporation, Flow Characteristics -water, Surface-
other, Viscosity, -3.0152



Water Loss Control SUBJECT INDEX
ENERGY SOURCES FOR EVAPOTRANSPIRATION IN THE

PLAINS REGION .,.Antitranspirants, Evapotranspiration, Lysime-
ters, Nebraska, Radiation - general, ..2.0721

IRRIGATION EFFICIENCY .Citrus, Evaporation, Florida, Sprin-
kler Irrigation, Trees, ..3.0177

THE EFFECT OF IRRIGATION METHOD, AND MOISTURE
AND FERTILITY LEVELS UPON MAXIMIZING WATER USE
EFFICIENCY AND QUALITY COTTON FIBER PRODUCTION
,.,Cotton, burrow Irrigation, New Mexico, Rates Or Levels of Ap-
plication, Soil Fertility, Subsurface Irrigation, ..3.0337

ATMOSPHERIC WATER ...Cirques, Colorado River, Evaporation,
Snowmelt, Snowpack, .2.0223

ENGINEERING PHASES OF LAND SHAPING FOR SOIL AND
WATER CONSERVATION ...Available Water, Conservation &
Management Eng, Nebraska, Runoff, Soil Environment, .3.0312

A STUDY OF THE MECHANISMS AND SUPPRESSION OF
EVAPORATION OF WATER FROM SOILS ...Evaporation, Soil
Environment, Soil Physical Properties, .2.1039

SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER
SURFACES AS RELATED TO EVAPORATION SUPPRESSION
.,.Evaporation, Evaporation Control, Mono layers, Organics-
general, Refractometry, ...2.1110

ECONOMICS OF FLOOD CONTROL STRUCTURES IN THE
LOWER MINNESOTA RIVER WATERSHED DISTRICT
.,.Economics-general, Floodproofing, Floods, Minnesota, Water
Control Works-other, ...6.0305

EVAPORATION OF WATER AS RELATED TO WIND BAR-
RIERS ...Evaporation, Heat Exchange, Modified Water Use,
Moisture Tension, Wind-general, ...3.0138

INCREASING WATER SUPPLIES BY SUPPRESSION OF RESER-
VIOR EVAPORATION .,.Evaporation, Membranes-other,
Monolayers, Organic, Reservoirs and Impoundments, 3.0397

COMPUTER ANALYSIS OF WATERSHED CHARACTERISTICS
AFFECTING FLOOD HYDROLOGY ...Data Analysis - General,
Economic Efficiency, Floods, Research - Development, Small
Watersheds, ...2.0523

EFFECT OF SURFACE FILMS ON GASES DISSOLVED IN
WATER ...Evaporation, Gas/liquid, Ions and Gases, Solubility,5.0056

WATER CONTROL FOR FOREST PRODUCTION ...Available
Water, Cultural Control, Palms, Pines, Timber Stand Improve-ment, 3.0175

DEVELOPING RESERVOIRS FOR SUPPLEMENTAL IRRIGA-
TION ...Leekage, Linings-pavings, Loss, Reservoirs, Seepage,3.0302

ENGINEERING AND AGRONOMIC STUDIES ASSOCIATED
WITH LAND SHAPING, ETC. ...Conservation & Management
Eng, Erosion-general, Nebraska, Tillage, Cropping Systems,4.0163

SOIL-PLANT-WATER RELATIONSHIPS ...Drought, Evaporation,
Growth Rate, New Jersey, Soil-water-plant Relationships,2.0758

SOIL MOISTURE EVAPORATION AND ITS CONTROL ...Al-
cohols, Antitranspirants, Evaporation, Organometallic, Soil En-
vironment, Soil Physical Properties, Tillage, Cropping Systems,2.0969

MANIPULATION OF TREMBLING ASPEN AND GAMBEL OAK
FOR INCREASED WATER YIELD ,..Cutting Operations,
Nuclear Moisture Meters, Oaks, Poplars, Aspens, Cottonwoods,
Snowmelt, Water Yield, 4.0259

NEW-TYPE GLYCOL MONO ALKYL ETHERS FOR THE CON-
TROL OF WATER EVAPORATION, TO EXTEND THE USE
OF COTTONSEED OIL ...Acids, Agronomic, Condensation,
Evaporation, ...2.041

SURFACE WATER STORAGE AND SUPPLY ON FARMS IN
THE COASTAL PLAINS ...Evaporation, Farm Pond, Leekage,
Seepage, Storage of Water, Surface Water, ...3.0196

EVAPORATION RETARDATION, PONDS OR SMALL LAKES
...Evaporation, Farm Pond, Lakes, Monolayers, ...4.0100

IRRIGATION AND WATER CONSERVATION ...Irrigation, Irriga-
tion-general, Modified Water Use, 2.0835

CONTROL OF EVAPORATION AND TRANSPIRATION
THROUGH SOIL, PLANT AND AIR - WATER INTERFACE
MODIFICATIONS ...Anti-transpirants, Evaporation, Modified
Water Use, Transpiration, Transpiration and Evap, ...2.1040

GILA RIVER PHREATOPHYTE PROJECT ...Arizona, Energy
Budgets, Evapotranspiration, Phreatophytes, Water Balance-budget, 2.0042

INTERCEPTION AND WATER LOSSES FROM A FOREST
FLOOR SHRUB LAYER ...Ecology and Morphology, Intercep-
tion, Lysimeters, New Jersey, Other Water Conditions, ...2.0770
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HYDROLOGIC STUDIES OF SMALL RURAL TEXAS
WATERSHEDS ...Water Yield, -.2.1005

WATER SALVAGE STUDY .,.Colorado, Modified Water Use,
Phreatophytes, Transpiration, ...6.0096

HERBICIDE EVALUATION FOR PHREATOPHYTE CONTROL
...Consumptive Use, Herbicides -non-specific, Modified Water
Use, Range, Saltcedar, Tamarisk, ...3.0132

SEDIMENTATION AND WATER SALVAGE STUDIES-SOIL
AND MOISTURE PROGRAM Channels, of Specific Weeds,
Phreatophytes, Scouring, Transpiration, 8.0028

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR ...Evaporation, Heat Budget, Humidity, Humidity
Instruments, Oklahoma, Reservoirs and Impoundments, Transmis-
sion Characteristics, Velocity, .3.0114

A STUDY OF NATURAL EVAPORATION FROM FREE WATER
SURFACES ...Boundary Layer Studies, Evaporation, Oklahoma,
Patterns, Waves, ...3.0129

HYDROGEOLOGIC INVESTIGATION TECHNIQUES ...Leekage,
Projections and Estimations, Reservoirs and Impoundments,
Technique Development, Water Demand, 8.0058

BASIC INVESTIGATION OF HEAT AND MOISTURE
TRANSFER ACROSS THE AIR -WATER INTERFACE ...Boun-
dary Layer Studies, Evaporation, Heat Exchange, Interface, Water
Balance-budget, 3.0124

WATER YIELD IMPROVEMENT, AND SNOW AND
AVALANCHE PREDICTION AND PREVENTION, IN THE AL-
PINE REGIONS OF THE CENTRAL ROCKY MOUNTAINS
..,Alpine, Colorado, Snowslide-avalanche, Water Yield, 3,0146

REDUCTION OF FLOOD RUNOFF, SEDIMENTATION AND
STREAMFLOW IMPROVEMENT IN UNGLACIATED AREAS
...Erosion-general, Forest Watersheds, Mississippi River, Runoff,
Slope - Degree of , Stream Rehabilitation, _4.0275

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE SOUTHERN PLAINS ...Agricultural
Watersheds, Design Criteria, Design Flow-flood, Hydraulic Struc-tures, Models, 8.0277

SALVAGE AND USE OF WATER LOST TO PHREATOPHYTES
IN THE GREAT BASIN ...Energy Budgets, Great Basin, Manage-
ment, Moisture Levels, Phreatophytes, 3.0115

EVALUATION AND CONTROL OF SEEPAGE FROM WATER
STORAGE AND CONVEYANCE STRUCTURES ...Lining,
Models, Preventive Measures, Seepage, Storage of Water,8.0002

SOIL WATER MOVEMENT IN RELATION TO THE CONSER-
VATION OF WATER SUPPLIES ...Computers-general, Conser-
vation-general, Evaporation, Groundwater Movement, Infiltration,
Internal Water Movement, _2.0033

SUPPRESSION OF EVAPORATION FROM WATER SURFACES
...Energy, Evaporation, Storage of Water, Temperature, Velocity,
...2.0034

IRRIGATION SYSTEMS FOR EFFICIENT WATER USE
...Evapotranspiration, Infiltration, Irrigation-general, Model Stu-
dies, Water Application Methods, ...8.0003

IMPROVEMENT OF WATER SUPPLY SOURCES AND
STORAGE FACILITIES IN THE CORN BELT ...Corn Belt,
Permeability, Ponds, Reservoirs, Seepage, ...8.0274

CONTROL OF SEEPAGE FROM WATER CONVEYANCE AND
STORAGE STRUCTURES IN THE INTER-MOUNTAIN AREA
...Film, Linings-pavings, Seepage, Storage of Water, Water
Transfer, ...8.0291

CONTROL OF SEEPAGE FROM CNNALS AND STORAGE
PONDS IN NEVADA ...Bentonite, Canals, Linings-pavings,Seepage, 8.0263

FACILITIES AND SYSTEMS FOR WATER HARVEST IN THE
INTER - MOUNTAIN BASIN ..Durability, Deterioration, Film,
Mountains-alpine, Storage of Water, Water Harvesting, 8.0292

Water Motion Recorders
WAVE RECORDING AND ANALYSIS ...Lasers-masers, Pressure,

Radar, Sonar, Statistics-general, System bevelopment, Waves,
...2.0262

RUBBLE-MOUND PROTOTYPE STUDIES ...Breakwaters, Jetty,
Shoreline Structures, Wave Action, Waves, ...8.0156

CIRCULATION ON THE CONTINENTAL SHELF ...Atlantic
Ocean-north, Circulation General, Continental Shelf, Eastern,
...2.0624

Water Movement-general
FUNDAMENTAL STUDIES IN METASTABLE FLASHING

FLOW ...Desalination, Flash Distillation, Mass Transfer, _3.0458



SUBJECT INDEX Water Properties

EVAPORATION FROM SOIL SURFACES AS AFFECTED BY
SALT, STRUCTURE AND TEXTURE ,..Boundary Process
(moisture), Computers-general, Development of Models,
Evaporation, Saline Properties, Soil Morphology, Profiles,
_2.0216

CHARACTERISTICS OF THE SOIL MATRIX THAT AFFECT
WATER STORAGE AND MOVEMENT ...Clay, Quartz, Soil En-
vironment, Storage of Water, 2.0664

MATHEMATICAL MANAGEMENT MODEL UNCONFINED
AQUIFER ...Carbonate Aquifers, Groundwater, Management,
Mathematical Analysfi;, Model Studies, ..4.0246

ESTUARINE HYDROGRAPHY AND ITS ROLE IN TRANSPORT
OF NATURALLY PRODUCED FOODS AND POLLUTANTS
Effluents-waste Water, Estuaries, Georgia, Water Properties-
general, Water Quality - general, ..2.0352

PREDICTION OF WATER MOVEMENT IN UNSATURATED
SOILS ...Boundary Process (moisture), Electrical Properties, In-
ternal Water Movement, Other Models, Unsaturated Flow,
2.1076

GREAT LAKES RESEARCH - RIVER ICE JAMS ...Great Lakes-
general, Ice Jam, Streams, Survey Studies, ...2.0636

INVESTIGATIONS IN ISOTOPIC HYDROLOGY ...Dispersion -
water, Georgia, Radioisotopes, Tiitium, Water Cycle, ...1.0032

ION DISTRIBUTION AND WATER MOVEMENT IN SOILS ...In-
filtration, Internal Water Movement, Movement, Availability, Soil
Chemical Properties, Soil Environment, ..2.0188

Water Properties
Acidity

THE SPECIES DIVERSITY OF AQUATIC INSECTS AS RE-
LATED TO MINE ACID POLLUTION ...Contamination - Water,
Insects -non-specific, Mining Activities, Ph, Acidity -water,
...5.1033

SENSITIVITY OF SELECTED INF13CT SPECIES TO DEPRESSED
LEVELS OF PH ...Bioindicators, Caddis-flies, Mayflies, Mining
Industry, Ph, Acidity -water, Stone Flies, Plecoptera, ...5.1034

THE DISTRIBUTION OF FISH IN PENNSYLVANIA AS RE-
LATED TO MINE ACID DRAINAGE ...Contamination - Water,
Fish -non-specific, Mining Activities, Number Or Density,
Pennsylvania, 5.1026

THE BEHAVIOR OF SMALLMOU'I H BASS AS RELATED TO
ARTIFICIAL COVER ...Behavioral Ecology, Mining Industry,
Smallmouth Bass, Soil (wildlife) Cover, Water Movement, Cur-
rents 5.1024

NEUTRALIZATION OF ACID STRIP-MINE LAKES ...Lakes,
Mine Drainage Control, Mining Activities, Neutralization,
Stocking of Fish & Shellfish, 5.0626

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER 3 -
ECONOMIC EVALUATION Benefit-cost Analysis, Biological-
general, Chemical-general, Limestone - General, 5.1274

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER 1 -

LIMNOLOGICAL STUDY ...Aquatic Ecology, Biological-general,
Chemical-general, Limestone - General, Stream Rehabilitation,
_5.1275

BIOPOTENTIAL OF NATURAL WATERS ...Atomic Absorption,
Lakes, Phytoplankton, Primary Productivity, Visible, Wisconsin,
...7.0114

FISH ECOLOGY AND PHYSIOLOGY IN RELATION TO ACID
MINE DRAINAGE ...Aquatic Ecology, Fish -non-specific, Mine
Drainage Control, Pollution Effects of , Pollution Effects,
...5.1277

GEOCHEMICAL BEHAVIOR OF IRON AND MANGANESE IN
A RESERVOIR (LAKE LYNN, WEST VIRGINIA) FED BY
STREAMS CONTAINING ACID MINE DRAINAGE
...Geochemical Analysis, Iron, Manganese, Mine Drainage Con-
trol, West Virginia, ...2.1139

ACID MINE DRAINAGE MICROBIOLOGICAL STUDIES ...Bac-
terial Pollutant Sources, Identification, Mining Activities, Mining
Industry, Sewage, 5.1284

ALTERNATIVE ECONOMIC RESPONSES TO THE ACID MINE
DRAINAGE PROBLEM IN SOUTHEASTERN OHIO ...Alterna-
tive Planning, Benefit-cost Analysis, Drainage, Mining Activities,
Water Treatment -- General, _5.0887

CHEMICAL CHARACTERISTICS OF WATERS IN FLOODED
BITUMINOUS-COAL M1NESHAFTS ...Bituminous, Geochemical
Analysis, Mine Drainage Control, Mine Hydrology, Pyrite Group,
_5.1279

THE EVALUATION OF ENVIRONMENTAL ALTERATION BY
THERMAL LOADING AND ACID POLLUTION IN THE
COOLING RESERVOIR OF A STEAM-ELECTRIC STATION

..,Growth Rate, Mining Activities, Reservoirs and Impoundments,
Thermal Pollution, Warm Water, 5.0681

THE EFFECTS OF THERMAL LOADING AND WATER QUALI-
TY ON ESTUARINE PRIMARY PRODUCTION ...Estuaries,
Nutrients, Primary Productivity, Standing Crops, Thermal Pollu-
tion, ...6.0258

PHYSIOLOGICAL EFFECTS OF SUBLETHAL LEVELS OF
ACID WATER ON FISH Metabolic Efficiency, Mining Activi-
ties, Ph, Acidity -water, Water Quality-general, West Virginia,
5.1281

GROWTH OF THE BROWN BULLHEAD, ICTALURUS NEBU-
LOSUS (LESUEUR), IN WANE ACID POLLUTED WATER
.,.Bullheads, Contamination - Water, Growth Rate, Mining Activi-
ties, Ph, Acidity -water, Pollution Effects, ,,.5.1278

ACTORS AFFECTING THE STRUCTURE OF DIATOM COM-
MUNITIES Algae- Diatoms, Chemical Analysis (water), En-
vironment, Mineral Content -water, pH -water, .5.1008

RECOVERY FROM ACID POLLUTION IN FOUR STRIP -MINE
LAKES Iron, Lakes, Mining Industry, Self-purification, Stratifi-
cation, ...5.0669

BIOLOGICAL TREATMENT OF ACID MINE WATER ...Acid
Mine Wastes, Anaerobic, Iron, Mining Activities, Model Studies,
Process Design, .,.5.0795

APPLICATION OF BACTERIOPHAGES TO ELIMINATE MINE
ACIDS ...Bacterial Pollutant Sources, Bacteriophages (non-spec
& Ot), Isolation, Mining Industry, 5.0995

USE OF LATEX AS A SOIL SEALANT TO CONTROL ACID
MINE WASTE DRAINAGE Elastomer. Rubber, Lining,
Linings-pavings, Mine Drainage Control, Sealant Materials,
Seepage, ...5.0996

A PILOT-SCALE STUDY OF ACID MINE DRAINAGE ...Data
Acquisition-general, Mining Industry, Pollution Abatement,
Systems Analysis, ...5.0881

CATAWISSA CREEK MINE DRAINAGE POLLUTION ABATE-
MENT PROJECT ...Mine Hydrology, Mining Industry, Pennsyl-
vania, Pollution Abatement, ,5.0998

MICROBIOLOGICAL ASPECTS OF ACID MINE-DRAINAGE
Autotrophic, Indiana, Iron Bacteria, Mining Industry, Sulfur
Bacteria, 5.0385

A FIVE YEAR LIMNOLOGICAL STUDY OF A NEWLY
CREATED ACID MINE WATER IMPOUNDMENT ...Alkalinity,
Chemical Analysis (water), Chemical-general, Mining Activities,
Physical-general, 5.0895

COMPARATIVE STUDY OF PHYTOPLANKTON IN NEW AND
RECLAIMED ACID MINE DRAINAGE PONDS ...Mining Ac-
tivities, Nutrition Studies, Phytoplankton, Ponds, Waste Water
Treatment-general, ...6.0437

AQUATIC ECOSYSTEM ...Cladocera, Environment Resistance, Ph,
Acidity -water, Pollution - Effects of , Productivity - Food Chain,
_6.0084

ESTIMATING ACID MINE DRAINAGE POTENTIAL FROM
COAL BEDS BY USE OF THE SOXHLET EXTRACTOR ...Acid
Mine Wastes, Coal-general, Extraction, Iron, Sulfate, Sulfite,
_5.0993

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART I) ...Grou iwater Move-
ment, Iron Bacteria, Mine Drainage Control, Pyrite Group, Soil
and Rock Leaching, ...1.0107

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART 2) _Baseflow, Ground-
water Movement, Mine Drainage Control, Pyrite Group, Stratified
Flow, 5.1044

WILD RIVERS ECOLOGY STUDIES ...Fish -non-specific, Inver-
tebrates -non-specific, Population Dynamics, Rivers,
Wisconsin, 6.0638

WATER CONTROL - CONTROL TECHNIQUES FIELD TEST-
ING AND EVALUATION ...Chemical Analysis (water), Coal-
general, Mine Drainage Control, Mining Activities, Pollution
Abatement, 5.1018

Alkalinity
AN ECOLOGICAL STUDY OF AN ALKALINE STREAM WITH

HEAVY IRON DEPOSITS ORIGINATING FROM TREAT-
MENT OF MINE ACID WATER ...Lake Trout, Brook Trout,
Mineral Content -water, Mining Activities, Productivity - Food
Chain, Susquehanna River, Water Alkalinity, 5.1025

A FIVE YEAR LIMNOLOGICAL STUDY OF A NEWLY
CREATED ACID MINE WATER IMPOUNDMENT ...Acidity,
Chemical Analysis (water), Chemical-general, Mining Activities,
Physical-general, ...5.0895
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Water Properties SUBJECT INDEX

RESISTANCE OF CONCRETE TO SULPHATE WATERS ...Ce-
ment, Concrete, Chemicals, Dam, Canal, Irrigation, Sulfate,
Sulfite, .8.0298

EFFECT OF COPPER SULFATE ON AQUATIC WEEDS
...Canals, Copper, Copper Sulfate, Irrigation-general, of Aquatic
Plants, _3.0108

Biological-general
WATER QUALITY, STUDIES AND AERIAL MEASUREMENTS

,..Aircraft, Chemical general, Lasermnasers, Pollutants-general,
Remote Sensing-general, .,.6.0145

PHYSICAL & CHEMICAL PROPER'T'IES OF WATER & SOILS
OF MARSHES AS THESE PROPERTIES RELATE TO THE
SUCCESS OF WATERFOWL FOODS & COVER. ...Food
Supply, Soil (wildlife) Cover, Wetlands, 6.0371

TROUT STREAM - SURVEY OF STREAMS AND THEIR
WATERSHEDS ...Bottom Sampling, Erosion-general, Georgia,
Physical-general, Population Dynamics, 2.0361

DOCUMENT LOGGING DAMAGE ...Chemical-general, Fish -non-
specific, Forest Debris, Logging, Transport, Equipment, Physical-
general, Pollution - Effects of , Population Dynamics, 5.0145

STABILIZATION STUDY OF FALCON RESERVOIR ...Chemical-
general, Fish -non-specific, Physical-general, Population Dynam-
ics, Reservoirs and Impoundments, -.4.0229

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER 3 -
ECONOMIC EVALUATION ...Acidity, Benefit-cost Analysis,
Chemical-general, Limestone - General, 5,1274

LIMESTONE DRUM PRODUCTIVITY STUDY 3013 NUMBER I -

LIMNOLOGICAL STUDY ...Acidity, Aquatic Ecology, Chemi-
cal-general, Limestone - General, Stream Rehabilitation, 5.1275

CHANGES IN THE PHYSICAL AND BIOLOGICAL CHARAC-
TERISTICS OF GROUND WATER RESERVOIRS AND AD-
JACENT SURFACE WATERS ...Bacteria, Bacterial Pollutant
Sources, Groundwater Movement, Physical-general, Pollutants -
Path of , 1.0017

A STUDY OF THE BIOLOGICAL, CHEMICAL AND PHYSICAL
NATURE OF WATER QUALITY FACTORS UNDER UTAH
CONDITIONS ...Chemical-general, Model Studies, Mountains-al-
pine, Physical-general, Pollutants - Path of , 5,1195

LIMNOLOGY OF LAKE CHAMPLAIN ...Chemical-general, Physi-
cal-general, Phytoplankton, Pollution - Effects of , Sediments,
Zooplankton, 2.1088

A LIMNOLOGICAL STUDY OF SPIRITWOOD, NORTH
DAKOTA - WATER QUALITY AND SEASONAL CYCLES
.Chemical-general, Lakes, North Dakota, Physical-general,
Recreation Sites, 2.0833

CHEMICAL, PHYSICAL, AND BIOLOGICAL DYNAMICS OF
NORTHERN PRAIRIE LAKES ...Chemical-general, Lakes, Land
Use, Physical-general, Water Quality-general, ...5.1114

THE LIMNOBIOCHEMISTRY OF DEVILS LAKE, NORTH
AKOTA .Aquatic Ecology, Benthic Organisms (non-specif),
Lakes, North Dakota, Salinity, 6.0417

INVESTIGATION OF THE INFLUENCE OF VALENCE STATES
OF IRON AND MANGANESE UPON THE BIOTA OF THE
HYPOLIMNION ...Chemical-general, Electron Spin, Ions and
Gases, Model Studies, Reservoirs and Impoundments, 5.0298

THE KINETICS OF MICROBIOLOGICAL MODIFICATION OF
ORGANIC SUBSTANCES OCCURRING IN NATURAL
WATERS ...Active Transport, Cell. env.(non-specific & Ot.),
Microorganisms (non-specific), Organic-general, _1.0006

EFFECT OF CHLORINATION ON CILIATE PROTOZOA AND
THEIR ROLE AS A BARRIER TO STREAM POLLUTION
,..Chlorination, Illinois, Population Dynamics, Protozoa -other,
Streams, 5.0379

EXPERIMENTAL REVERSAL OF THE LAKE EUTROPHICA-
TION PROCESS ...Circulation -water, Eutrophication, Nutrients,
Temperature, Wisconsin, 5.1308

EFFECTS OF DOMESTIC POLLUTION ABATEMENT ON A
EUTROPHIC LAKE ...Chemical-general, Eutrophication, Physi-
cal-general, Pollution Abatement, Self-purification, 6.0220

RENOVATION OF A DYSTROPHIC LAKE INTO A EUTROPHIC
LAKE ...Aeration, Eutrophication, Lakes, Nutrients, Organic
Matter, 5.0761

TUSCON WASTEWATER RECLAMATION PROJECT ...Chemi-
cal-general, Filter-other, Fish -non-specific, Productivity (agricul-
tural), Stream Rehabilitation, Water Standards, 5.0043

LIMNOLOGICAL STUDIES OF LAKE CHAMPLAIN ..Chemical-
general, Lakes, Physical-general, Pollution Effects of Tempera-
ture, Vermont, 5.1203

EFFECT OF HEATED WATER DISCHARGE FROM IPALCO'S
PETERSBURG PLANT ON THE WATERS OF WHITE RIVER,
INDIANA ...Chemical-general, Electric Power Plants, Physical-
general, Pollution - Effects of , Thermal Pollution, White River,
...5.0383

LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ...Biologi-
cal, Chemical, Chemical-general, Deltas, Eutrophication, Lake
Erie, Meteorological Studies-general, Monitoring (long Term Stu-
dies), Physical-general, Sedimentology-general, 2.0783

INTERRELATIONSHIP OF FACTORS AFFECTING QUALITY
OF IMPOUNDED WATERS .,.Chemical Analysis (water),
Chemical-general, Lakes, Physical-general, Water Quality-general,
.2.0413

LIMNOLOGICAL STUDY OF PEORIA LAKE Chemical-generals
Illinois River, Turbidity, .5.0354

RESEARCH IN LIMNOLOGY - INTERRELATIONS OF
HYDROLOGY AND AQUATIC ECOLOGY ...Chemical-general,
Destratification, Hydrology-general, Organic Matter, Physical-
general, 2.0128

AUKE LAKE STUDIES Chemical-general, Gulf of Alaska, takes,
Physical-general, Spawn Or Nesting Sites, ...6.0006

PHYSIOLOGY AND BEHAVIOR ...Aquatic Ecology, Environmen-
tal Physiology, Productivity - Food Chain, 6.0290

MONITORING FISH STOCKS AND ENVIRONMENTAL CONDI-
TIONS ...Aquatic Ecology, Environmental Effects-geologic, Popu-
lation Dynamics, Water Properties-genera, _6.0635

PREDICTION OF ENVIRONMENT ...Columbia River, Environ-
mental Ecology, Low Temp. -but Above 32f, Physical - general,
Reservoirs and Impoundments, Salmon & Trout - Non-specific,
Snake River, Temperature, Thermal Pollution, 6.0617

Bubbles
ASYMMETRIC BUBBLE COLLAPSE STUDIES 6310 ...Cavity

Flow, Coaxial, Photography-general, Pressure Gradient, 1.0067
THE ORGANIC CONCENTRATION GRADIENT IN AN AERA-

TION COLUMN ...Aeration, Foam, Organic Matter, Surfactants,
Waste Water Treatment-general, 5.0734

EXPERIMENTAL STUDY OF MOTION OF CAVITATION BUB-
BLES ...Close Channel, Growth, Inception, Turbulent, .8.0270

ANALYSIS OF MIXING PHENOMENA ASSOCIATED WITH
THE RISE OF GASEOUS BUBBLES THRU A STRATIFIELD
LIQUID ...Destratification, Mixing, Model Studies, Salinity,
Stratification, ...1.0072

Chemical-general
WATER QUALITY, STUDIES AND AERIAL MEASUREMENTS

...Aircraft, Biological-general, Lasers-masers, Pollutants-general,
Remote Sensing-general, 6.0145

CHEMICAL STUDIES ON THE WATERS AND SOILS OF
LAKES AND WETLANDS, WITH SPECIAL REFERENCE TO
MINOR ELEMENTS ...Chemical, Lakes, Minnesota, Trace Ele-
ment Analysis, Wetlands, 2.0660

LIMNOLOGY OF ROSS ISLAND, ANTARCTICA ...Antarctica,
Benthic Organisms (non-specif), Lakes, Plankton (non-specific),
Pubilications -other, 2.0087

SHALES AS FILTERS IN NATURAL WATERS ...Dewatering, Fil-
tration, Fine-grained Clastics, Groundwater, Interstitial - Connate
Water, ...2.0079

STUDY OF RED SALMON IN THE NUSHAGAK DISTRICT
.Alaska, Physical-general, Salmon -coho,chinook,sockeye..,

Spawn Or Nesting Sites, _6.0622
EVALUATION OF METHODS DESIGNED TO PREVENT

WINTER-KILL ...Aeratir Circulation -water, Lakes, Mortality
Rates, North Dakota, /824

PLANKTON STUDIES t .." ," Number, Plankton (non-specific),
Water Level Fluctuatit ..A 025

DOCUMENT LOGGINC. AMAGE Biological-general, Fish -
non- specific, Forest Debris, Logging, Transport, Equipment,
Physical-general, Pollution - Effects of , Population Dynamics,
5.0145

PHYSICAL AND CHEMICAL CHANGES OF RECIRCULATED
HATCHERY WATER SUPPLIES ...Captive Rearing, Chemical
Measurements -water, Physical Measurements -water, Physical-
general, Water Reuse, ,,,5.0708

IMPACT OF WINTER DRAWDOWN ON A SLOW-GROWING
PANFISH POPULATION AND ASSOCIATED SPECIES
...Aquatic Ecology, Depth,water Level, Fluctuation, Drawdown,
Population Dynamics, 4.0276

EFFECTS OF CHANGES IN WATER QUALITY ON FRY AND
FINGERLINGS ...Aquatic Ecology, Basses -sea,white, White
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Perch, Environmental Ecology, Louisiana, Water Quality-general,
5,0454

MARSH HABITAT STUDY ...Centrarchidae -other, Florida,
Habitat Studies, Life History Studies, Swamps-marshes, ...6.0157

STABILIZATION STUDY OF FALCON RESERVOIR Biological-
general, Fish -non-specific, Physical-general, Population Dynam-
ics, Reservoirs and Impoundments, 4.0229

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER 3 -
ECONOMIC EVALUATION ...Acidity, Benefit-cost Analysis,
Biological-general, Limestone General, 5.1274

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER I -

LIMNOLOGICAL STUDY .Acidity, Aquatic Ecology, Biologi-
cal-general, Limestone - General, Stream Rehabilitation, 5.1275

LIMESTONE DRUM PRODUCTIVITY STUDY ...Aquatic Ecolo-
gy, Limestone - General, Ph, Acidity -water, Population Dynam-
ics, Productivity (agricultural), .,.5.1273

CHEMICAL AND PHYSICAL ANALYSES OF WATER AND
SOILS ...Bottom Sampling, Lakes, Physical-general, Soil Chemical
Properties, Water Level Fluctuation, ..,2.0548

PHYSICAL AND CHEMICAL PROPERTIES OF ALABAMA
WATERS LIKELY TO SUPPORT STRIPED BASS, ROCCUS
SAXATILIS ..,Aquatic Ecology, Basses -sea,white, White Perch,
Chemical Measurements -water, Physical Measurements -water,
Physical-general, ...6.0003

A STUDY OF THE BIOLOGICAL, CHEMICAL AND PHYSICAL
NATURE OF WATER QUALITY FACTORS UNDER UTAH
CONDITIONS ...Biological- general, Model Studies, Mountains-al-
pine, Physicai-general, Pollutants - Path of , ...5.1195

LIMNOLOGY OF LAKE CHAMPLAIN ...Biological-general, Physi-
cal-general, Phytoplankton, Pollution - Effects of , Sediments,
Zooplankton, _2.1088

GEOCHEMISTRY AND ORIGIN OF SULFO-SALINE GROUND
WATER, SALINE COUNTY, MISSOURI ...Atlases-maps,
Geochemical Analysis, Groundwater, Permeability, Salinity, Sul-
fide, ...4.0152

A LIMNOLOGICAL STUDY OF SPIRITWOOD, NORTH
DAKOTA - WATER QUALITY AND SEASONAL CYCLES
...Biological-general, Lakes, North Dakota, Physical-general,
Recreation Sites, 2.0833

PHOSPHORUS BUDGETS OF LAKES SIDNEY LANIER AND
HARTWELL ...Georgia, Nutrients, Phosphorus, Pollutants - Path
of , Reservoirs and Impoundments, 5.0293

PRIMARY PRODUCTIVITY OF MINNESOTA LAKES ...Lakes,
Plankton (non-specific), Primary Productivity, Trace Element
Analysis, Water Sampling, 5.0607

IDENTIFICATION OF IRRIGATION RETURN WATER IN THE
SUBSURFACE ...Hawaii, Irrigation-general, Physical-general,
Springs, Tritium, 5.0314

CHEMICAL, PHYSICAL, AND BIOLOGICAL DYNAMICS OF
NORTHERN PRAIRIE LAKES ...Biological-general, Lakes, Land
Use, Physical-general, Water Quality-general, ...5.1114

LIMNOLOGICAL INVESTIGATIONS OF TEXAS IMPOUND-
MENTS FOR WATER QUALITY MANAGEMENT PURPOSES
...Management, Nutrients, Reservoirs and Impoundments, Texas,
Water Quality Control-general, 5.1148

EUTROPHICATION OF SHELTERED BAYS IN A LARGE LAKE
...Bays, Currents -water, Eutrophication, Freshwater Ecology,
Utah, 5.1188

BROOD PRODUCTION AND POND PREFERENCE OF DIVING
DUCKS IN THE TURTLE MOUNTAINS OF NORTH DAKOTA
...Aquatic Plants (non-specific), Habitat Studies, Land Use, Water
Fowl, N.s. , Water Utilization -animal, 6.0410

RELATIONSHIPS BETWEEN PHOSPHATE AND OTHER
CHEMICALS AT THE WA'TERSUBSTRATE INTERFACE IN
WESTERN LAKE ERIE ...Aquatic Soils, Chemical, Phosphate,
Phosphite, Sediments, 5.0814

A STUDY OF BIOLOGICAL SYSTEMS IN THE SCIOTO RIVER
AS INDICES TO WATER QUALITY ...Bioindicators, Ohio,
Physical-general, Systems Analysis, Water Sampling, 5.0875

GEOCHEMICAL INVESTIGATION OF THE GROUNDWATER
SYSTEM IN THE LANSING, MICHIGAN, AREA ...Aquifers-
general, Groundwater, Ions and Gases, Michigan, Water Quality-
general, 1.0069

DYNAMICS OF CHEMICAL & PHYSICAL CHARACT OF
WATER, BOTTOM MUDS & AQUATIC LIFE IN A LARGE
IMPOUNDMENT ON A RIVER %PHASE II..Alabama, Aquatic
Soils, Physical-general, Pollution - Effects of , Pollution Effects,
Reservoirs and Impoundments, 5.0008

TEMPORAL, HORIZONTAL AND VERTICAL VARIABILITY
OF WATER CHEMISTRY IN THE UNSATURATED ZONE OF
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FINE-GRAINED SOILS ...Groundwater, Moisture-other, Satu-
rated-unsaturated, Water Quality-general, Water Sampling,
...2.0400

BEHAVIOR OF WATER IN AN SOUTHWEST IMPOUNDMENT -
LAKE THUNDERBIRD ...Climatography, Land Use, Physical-
general, Reservoirs and Impoundments, Water Quality-general,
_5.0918

AQUATIC ENVIRONMENT AND FOOD HABITS OF MAYFLIES
...Aquatic Ecology, Environmental Ecology, Mayflies, Nutrition
and Metabolism, Physical-general, 5.0323

INVESTIGATION OF THE INFLUENCE OF VALENCE STATES
OF IRON AND MANGANESE UPON THE BIOTA OF THE
HYPOLIMNION .Biological -general, Electron Spin, Ions and
Gases, Model Studies, Reservoirs and Impoundments, 5.0298

A LIMNOLOGICAL STUDY OF LAKE PONTCHARTRAIN,
LOUISIANA, IN THE SUMMER OF 1968 Currents -water,
Lakes, Louisiana, Physical-general, Water Sampling, 5.0457

THE EFFECT OF CLAY MINERALS ON THE CHEMICAL COM-
POSITION OF FRESH AND SALINE WATERS ...Adsorption-
other, Clay Minerals-general, Core Analysis, Exchange-other,
Groundwater, Interstitial - Connate Water, 2.0360

RECHARGE IN RIVER VALLEYS OF CENTRAL AND EAST-
ERN KANSAS - EFFECT OF TUTTLE CREEK RESERVOIR
ON GROUNDWATER LEVELS ...Aquifers-general, Geophysical
Analysis, Natural Recharge, Reservoirs and Impoundments, Water
Table Fluctuation, 2.0509

HYrROGEOCHEMICAL INVESTIGATION OF SELECTED
WATERSHEDS IN SOUTHWESTERN MONTANA ...Environ-
mental Effects-geologic, Hydrogeochemical Properties, Montana,
Rocks - Bedrock, Small Watersheds, 5.0698

CHEMICAL AND FLOW REGIMES OF GREAT BASIN SPRINGS
...Flow Characteristics -water, Great Basin, Groundwater Move-
ment, Springs, 2.0736

ISOTOPE EFFECT ON THE THERMODYNAMIC ACTIVITY OF
WATER ...Activity, Deuterium, Solution, Vapor Pressure, Water,
_1.0112

GEOCHEMISTRY OF AQUIFERS AS AFFECTED, OR POTEN-
TIALLY AFFECTED BY OFFTAKE OR ARTIFICIAL
RECHARGE ...Aquifers-general, Artificial Recharge, Discharge-
general, Geochemistry-general, Louisiana, ...2.0530

THE CHEMISTRY OF MAGANESE IN NATURAL WATERS
...Analysis and Detection, Manganese, Oxidation-other, Water
Chemistry, Water Treatment -- General, ...5.0129

INORGANIC- ORGANIC INTERACTIONS IN NATURAL
WATERS ...Algae- General, Color, Organic-general, Physical-
general, 5.0603

LIMNOLOGY OF THE JOHN REDMOND RESERVOIR ...Physi-
cal-general, Reservoirs and Impoundments, Streams, 5.0419

THE APPLICATION OF PROGRAMMED LEARNING
TECHNIQUES TO WATER CHEMISTRY ...Education and
Training, Water Chemistry, Water Quality Control-general,
9.0010

EFFECTS OF DOMESTIC POLLUTION ABATEMENT ON A
EUTROPHIC LAKE ...Biological-general, Eutrophication, Physi-
cal-general, Pollution Abatement, Self-purification, 6.0220

TUSCON WASTEWATER RECLAMATION PROJECT ...Biologi-
cal-general, Filter-other, Fish -non-specific, productivity (agricul-
tural), Stream Rehabilitation, Water Standards, ...5.0043

DISINFECTION OF SEWAGE EFFLUENTS ...Bacteria, Bromine,
Chlorination, Chlorine, Disinfection, Sewage, _5.0380

PHOSPHATE EXCHANGE WITH SEDIMENTS ...Eutrophication,
Phosphate, Phosphite, Pollution - Effects of , Pollution Abate-
ment, Water Quality Control-general, ...5.0525

EFFECTS OF CHEMICAL VARIATIONS IN AQUATIC EN-
VIRONMENTS ...Bioindicators, Fish -non-specific, Mans Activi-
ties, Water Environment -other, ...6.0103

STUDIES ON EFFECTS OF WATERSHED PRACTICES ON
STREAMS ...Discharge-general, Forest Watersheds, Organic
Matter, Periphyton, Physical-general, Primary Productivity,
...5.0948

MIXING PROCESSES IN SATURATED AND UNSATURATED
SOIL-WATER SYSTEMS IN RELATION TO POLLUTION ...In-
ternal Water Movement, Mixing, Pollutants - Path of , Saturated
Flow, Unsaturated Flow, _2.0086

DISTRIBUTION AND ECOLOGY OF AQUATIC INSECTS OF
IDAHO ...Aquatic Ecology, Bottom Sampling, Idaho, Insects -
non- specific, Physical- general, ...2.0393

LIMNOLOGICAL STUDIES OF LAKE CHAMPLAIN ...Biological-
general, Lakes, Physical-general, Pollution - Effects of , Tempera-
ture, Vermont, 53203
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AN EVALUATION OF THE REJUVENATION OF THE BUF-
FALO RIVER ...Flow Augmentation, New York, Sediments,
Streams, Turbidity, -4.0181

EFFECT OF HEATED WATER DISCHARGE FROM IPALCO'S
PETERSBURG PLANT ON THE WATERS OF WHITE RIVER,
INDIANA ...Biological-general, Electric Power Plants, Physical-
general, Pollution - Effects of , Thermal Pollution, White River,

.5.0383
A FIVE YEAR LIMNOLOGICAL STUDY OF A NEWLY

CREATED ACID MINE WATER IMPOUNDMENT ..,Acidity,
Alkalinity, Chemical Analysis (water), Mining Activities, Physical-
general, -5.0895

LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ,..Biologi-
cal, Biological-general, Chemical, Deltas, Eutrophication, Lakc
Eric, Meteorological Studies-general, Monitoring (long Term Stu-
dies), Physical-general, Sedimentology-general, .2.0783

SEASONAL VARIATIONS OF SOME LIMNOLOGICAL FAC-
TORS IN LITHE SODUS BAY, NEW YORK ...Bays, Eutrophi-
cation, Lake Ontario, New York, Productivity - Food Chain,
-3.0355

GEOTHERMAL RESOURCES OF IDAHO -Hot Springs, Idaho,
Survey Studies, Temperature, Water - Hot Water, -3.0206

INTERRELATIONSHIP OF FACTORS AFFECTING QUALITY
OF IMPOUNDED WATERS ...Biological-general, Chemical Anal-
ysis (water), Lakes, Physical-general, Water Quality-general,
-2.0413

LIMNOLOGICAL STUDY OF PEORIA LAKE .,.Biological-
general, Illinois River, Turbidity, ...5.0354

GEOLOGY AND GROUND WATER RESOURCES OF TRAILL
COUNTY ,..Aquifers - general, Drilling and coring, Groundwater,
Permeability, Surficial Geology, ...2.0837

GEOLOGY AND GROUND WATER RESOURCES OF WELLS
COUNTY .,.Aquifers - general, Drilling and Coring, Groundwater,
Permeability, Surficial Geology, -2.0838

GEOLOGY AND GROUND WATER RESOURCES OF GRAND
FORKS COUNTY ...Aquifers-general, Drilling and Coring,
Groundwater, Permeability, Surficial Geology, -2.0839

GEOLOGY AND GROUND WATER RESOURCES OF WIL-
LIAMS COUNTY ...Aquifers-general, Drilling and Coring,
Groundwater, Permeability, Surficial Geology, -2.0840

GEOLOGY AND GROUND WATER RESOURCES OF BURKE
COUNTY .,.Aquifers - general, Drilling and Coring, Groundwater,
Permeability, Surficial Geology, -2.0842

CHEMICAL CHARACTER OF GROUND AND SURFACE
WATERS IN RELATION TO SOIL WEATHERING
PROCESSES .,.Groundwater, Movement, Availability, Soil
Weathering, Surface Water, -2.0743

STRIP-MINING AND WATER QUALITY -Erosion-general, Min-
ing Activities, Rainfall Simulato is, Runoff, Spoil Banks, ..5.0889

HY DROGEOLOGY OF PUBLIC GROUND WATER SUPPLIES IN
PENNSYLVANIA ...Groundwater, Management, Pennsylvania,
Pollution Abatement, Water Yield, -2,0907

CHEMISTRY OF BRINE STRATIFICATION AND RELATED
EVAPORATION STUDIES ...Analysis and Detection, Brines,
Evaporation, Ions and Gates, Water Sampling, ...1.0119

ECOLOGICAL STUDIES OF CHUM AND COHO SALMON AT
BIG BEEF CREEK ...Aquatic Ecology, Reservoirs and Impound-
ments, Salmon -coho,chinook,sockeye, Streams, Washington,
_6.0629

WATER QUALITY MONITORING STUDIES ...Aquatic Ecology,
Dams, Land Use, Monitoring Systems, Survey Studies, Water
%)9ality-general, -6.0639

A COMPARATIVE STUDY OF TRACE ELEMENT CYCLES IN
SIX LAKES IN SOUTH CAROLI ...Lakes, Plankton (non-
specific), South Carolina, Trace Element Analysis, Water Cycle,
...2.0944

DECONTAMINATION OF WATER CONTAINING CBR AND
OTHER MATEILALS ...Biological Pollutants -general,
Demineralization, Other, Radioactivity-general, Reverse Osmosis,
,..5.1217

GREAT LAKES RESEARCH - CHARACTERISTICS OF LAKE
WATER -Currents -water, Great Lakes-general, Ocean
Meteorological Studies, Physical-general, Water Quality - general,
-2.0648

RESEARCH IN LIMNOLOGY - INTERRELATIONS OF
HYDROLOGY AND AQUATIC ECOLOGY ...Biological-general,
Destratification, Hydrology-general, Organic Matter, Physical-
general, -2.0128

MINERALOGIC CONTROLS ON CHEMISTRY OF GROUND
WATER ...Carbon-I4, Clay, Groundwater, Mineralogy, Reverse
Osmosis, -2.1094

SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTS IN
GROUND WATER ...Carbonates, Groundwater, Model Studies,
Sedimentary Petrogenesis, Solution Chemistry, Statistical,
-1.0120

MISSOURI SPRINGFLOW CHARACTERISTICS ...Aquifers-
general, Discharge-general, Physical Features-general, Springs,
Water Supply - general, -2.0701

SPRINGS OF UTAH ...Potential of Deposit, Springs, Utah, Varia-
tion in Time, Water Properties-general, -2.1081

.,'ATER AVAILABILITY OF MUSCATINE ISLAND, IOWA
-Aquifers-general, Available Water, Iowa, Prediction Models,
Water Resources Development, -2.0488

REMOTE SENSING OF ESTUARINE WATER AND VEGETA-
TION, MARYLAND ...Aerial, Bioindieators, Estuaries, Physical-
general, Remote Sensing -other, ..,2.0268

SALT-WATER ENCROACHMENT IN NORTH CAROLINA
ESTUARIES ...Estuaries, Flow Characteristics - water, Industrial-
general, Saline Water Intrusion, Water Sampling, -2.0826

CHEMISTRY OF SUBSURFACE OILFIELD BRINES ...Brines,
Fresh Water, Primary Recovery, ...2.0873

SUBSURFACES BRINES CONTAINING VALUABLE AND
STRATEGIC MINERALS _Brines Saline Waters, Geochemis-
try-general, Hardness-minerals, Potential of Deposit, . 7.0091

LIMNOLOGICAL INVESTIGATIONS OF PRAIRIE POTHOLES
...Habitat Studies, ,lorth Dakota, Potholes, Water Fowl, N.s. ,
-2.0850

CHEMICAL CHARACTERIZATION OF WATERS OF PRAIRIE
AND FOREST WETLANDS ,.,Habitat Studies, Wetlands,
-1.0092

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER INVER-
'TEBRATES ..,Age, Bioassay, Chemical Measurements -water,
Laboratory Animals, Water 'Temperature-non - specific, -5.0662

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE
UPPER CHESAPEAKE BAY ...Aquatic Soils, Chesapeake Bay,
Commercial Fishing, Environmental Effects-geologic, Physical-
general, .5.0506

AUKE LAKE STUDIES ...Biological-general, Gulf of Alaska, Lakes,
Physical-general, Spawn Or Nesting Sites, -6.0006

CHEMISTRY OF 'THE HYPOLIMNION OF LAKE ERIE -Ions
and Gases, Lake Eric, Overturn, Oxygen, Stratification, -2.0625

LAKE HURON CHEMICAL CONTROL ...Bioindicators, Ec-
toparasites, Flow Characteristics -water, Selectivity, -5.0578

EUTROPHICATION - EFFECT OF FLOW AUGMENTATION
...Chemical Analysis (water), Eutrophication, Flow Augmentation,
Physical-general, Pollution Abatement, ...5.0969

Color
CHARACTERIZATION AND REMOVAL OF REFRACTORY

COLOR COLLOIDS FROM HAWAIIAN SURFACE WATERS
Coagulation, Colloidal Phenomena, Hawaii, Polyelectrolytes,

Potable Water, Zeta Potential. -5.0310
PRACTICAL APPLICATION OF FOAM FRACTIONATION

TREATMENT OF LOW QUAITY WATER ...Cost Analysis,
Foam, Groundwater, Iron, Pilot Plant, -5.0037

INORGANIC-ORGANIC INTERACTIONS IN NATURAL
WATERS ...Algae- General, Chemical-general, Organic-general,
Physical - general, -5.0603

Depth
WATER LOSS ...Amount, Meteorological Studies-general, Require-

ments for Water, Water Level Fluctuation, Water Loss - general,
...4.0228

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...Ions and Gases, Nutrients, of Aquatic Plants, Range Or
Territorial Distr. , Submerged Plants, -2.0620

STUDY OF THE DISTRIBUTION OF FOUR ASSOCIATIONS OF
AQUATIC PLANTS IN THE VICINITY OF MONTREAL ...Am-
phibious Plants, Canada, Freshwater Ecology, Range Or Territori-
al Distr. , St. lawrencc River, -4.0047

DETROIT TEST CHUTE ...Channel Geometry, Flow of Gas in
Liquid, Flume Studies, Spillways, Velocity, -8.0281

Electrical
ADVANCE WARNING OF GROUND-WATER POLLUTION

HAZARDS, WITH SPECIAL REFERENCE TO AQUIFERS IN
GLACIAL OUTWASH ...Electromagnetic Probing, Groundwater,
Outwash Plains, Physical Parameters, Unconsolidated Aquifers,
...5.1235
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STREAMFLOW HYDROGRAPH SEPARATION ...Geophysical

Analysis, Groundwater, Hardness-minerals, Hydrographs, Runoff,
Surface Water, .2.0420

Energy
MAJOR FACTORS INFLUENCING PRODUCTION OF

PHYTOPLANKTON IN NEW YORK LAKES Lakes, New
York, Nutrients, Phytoplankton, .2.0796

EFFECTS OF OXYGEN DEMAND ON SURFACE REAERATION
RATES ,Aeration, Biochemical Oxygen Demand, Chemical Ox-
ygen Demand, Ions and Gases, Turbulent Flow, .5.0369

SUPPRESSION OF EVAPORATION FROM WATER SURFACES
...Evaporation, Storage of Water, Temperature, Velocity, Water
Loss Control, ..2.0034

Hardness-minerals
FERN LAKE MINERAL METABOLISM PROGRAM ,,,Fertilizers -

aquatic, Lakes, Mineral Content -water, Productivity - Foon
Chain, Washington, .,.6.0624

CHEMICAL CONTAMINANTS FOUND IN SURFACE AND SUB-
SURFACE WATER AS RELATED TO SOIL AND CLIMATIC
CONDITIONS ...Agricultural Chemicals-general, Pollutants - Path
of , Runoff, Soil and Rock Leaching, Soil Environment, .5.0476

INFLUENCE OF WATER QUALITY IN MAINTAINING WHITE-
NESS WHEN LAUNDERING WHITE FABRIC:: ...Cleansing
Agents, Color, Cotton, Laundering, Pollution - Effects of
Strength, Cohesion, 3.0382

A STUDY TO EVALUATE THE EFFECT OF SILT AND SILT
REMOVAL IN A NORTHERN PRAIRIE LAKE ...Domestic
Wastes-general, Eutrophication, Lakes, Silting, 5.1116

CALCULATION OF CHEMICAL DOSAGES IN LIME -SODA
SOFTENING ...Equilibrium - other, Lime Treatment, 5.0376

INORGANIC ADDITIONS RESULTING FROM WATER USE
...Composition, Mineralization, Public Utilities, Water Reuse,
5.0350

STREAMFLOW HYDROGRAPH SEPARATION ...Electrical,
Geophysical Analysis, Groundwater, Hydrographs, Runoff, Sur-
face Water, ..2.0420

LAKE MICHIGAN WATER QUALITY MODEL ...Discharge-
general, Lake Michigan, Management, Mathematical Analysis,
Water Quality-general, .6.0198

FABRICS AND WATER PROBLEMS ..,Laundering, Mineraliza-
tion, Wear, ...5.1112

RESERVOIR DESTRATIFICATION BY DIFFUSED AIR PUMP-
ING FOR WATER QUALITY IMPROVEMENT ...Aeration,
Destratification, Ions and Gases, Reservoirs and Impoundments,
Stratification, Temperature, 5.0309

SUBSURFACES BRINES CONTAINING VALUABLE AND
STRATEGIC MINERALS ...Brines - Saline Waters, Chemical-
general, Geochemistry-general, Potential of Deposit, ..7.0091

SELECTED FACTORS INFLUENCING TASTE OF DRINKING
WATER ..,Mineralization, Potable Water, Saliva, Studies, Or-
ganoleptic, Temperature Control, Water for Cooking Or Drink-
ing, 5.0085

CONSUMER ALTITUDES TOWARD MINERAL TASTE IN
DOMESTIC WATER .,.Attitudes & Attitude Change, California,
Potable Water, Taste and Odor, Water Standards, 6.0039

Heat Flow
THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF

LAKE GEORGE ,,,Circulation -water, Evaporation, Lakes, Mix-
ing, New York, 2.0779

DAILY HEAT BUDGETS IN ENVIRONMENTAL FLUIDS ...Heat
Budget, Illinois, Ohio, Temperature Or Heat Budgets, ..2.0405

THE PREDICTION OF WATER QUALITY ASPECTS OF THE
WENATCHEE RIVER ...Electric Power Plants, Recreation Sites,
Streams, Thermal Pollution, Washington, 5.1234

Ions and Gases
EFFECTS OF LIMNOLOGICAL FACTORS ON UPTAKE OF

CS137 BY FISH ...Cesium, Metabolism -animal, ...1.0068
DIFFUSION OF ENTRAPPED GASES IN POROUS MEDIA

...Aquifers-general, Cavitation-other, Compressibilitygas -liou Dif-
fusion, Groundwater, Porous Media - Flow Through, ...2.0209

SOLUBILITY OF NATURAL GASES IN CONNATE WATER
AND OF WATER IN NATURAL GASES .,.Brines, High Pressure
- 1-1000 Atm, Interstitial - Connate Water, Natural Gas, Solubili-
ty, Solution Chemistry, 1.0080
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DISSOLVED GASES AND WATER CLUSTERING IN AQUEOUS
SOLUTION ...Chlorine, Dioxide, Salt, Solution, Thermal Proper-
ties-other, Water, .1.0052

STRIP-MINING AND WATER QUALITY ...Mining Industry, Ohio,
Storm Water, Strip Mines, Water Quality- general, ,5.0888

STRONTIUM ISOTOPE COMPOSITION AND TRACE ELEMENT
CONCENTRATIONS IN LAKE HURON AND ITS PRINCIPAL
TRIBUTARIES ,Chemical, Lake Huron, Rocks - Bedrock,
Strontium, Trace Element Analysis, ...2.0854

NITRATE ACCUMULATION IN KANSAS GROUND WATER
Fertilizers, Groundwater, Kansas, Nitrate, Nitrite, Percolation,
.5.0434

GEOCHEMICAL INVESTIGATION OF THE GROUNDWATER
SYSTEM IN THE LANSING, MICHIGAN, AREA ...Aquifers-
general, Chemical-general, Groundwater, Michigan, Water Quail-
ty-general..1.0069

BIOLOGICAL FIXATION AND TRANSFORMATION OF
NITROGEN IN SMALL IMPOUNDMENTS ...Nitrogen, Nitrogen
Fixation, Radioisotopes, Reservoirs and Impoundments, _2.0881

INVESTIGATION OF THE INFLUENCE OF VALENCE STATES
OF IRON AND MANGANESE UPON THE BIOTA OF THE
HYPOLIMNION ..,Biological general, Chemical-general, Electron
Spin, Model Studies, Reservoirs and Impoundments, ...5.0298

PIGMENT INDICES OF ENVIRONMENTAL OXYGEN STRESS
Environmental Physiology, Hemoglobin, Oxygen, Respiratory Or
Blood, 5.0810

HYDRAULIC GEOMETRY OF STREAMS ...Flow Characteristics -
water, Hydraulics-general, Low Flow, Physiography-general, River
Basins, ..,2.0444

DEVICE FOR FIELD DETERMINATION OF HEAVY METALS
IN NATURAL WATERS ...Chemical Analysis (water), Electrode,
Heavy Elements, Metals, Polarography, .,.7.0032

DISTRIBUTION OF DISSOLVED IONS IN ALASKAN WATERS
.Alaska, General Transport Effects, Glaciers, Sediments, Suspen-
sion, Water, 2.0020

DISSOLVED OXYGEN DETERMINATION IN NATURAL AND
WASTE WATERS Chemical Analysis (water), Oxygen, Poten-
tiometry, Technique Development, Voltammetry, 5.0553

DISSOLVED OXYGEN REQUIREMENTS OF FRESHWATER
FISH ...Aquatic Ecology, Environmental Ecology, Fish -non-
specific, Gases, Dissolved -water, Oxygen, .5.0962

OXYGEN RELATIONSHIPS IN SMALL STREAMS ...Aeration,
Oxygen, Self-purification, Streams, ...5.0357

A STOCHASTIC MODEL FOR POLLUTION IN ESTUARIES
...Estuaries, Model Studies, Oxygen, Water Quality Control-
general, Water Quality-general, ...5.1211

REMOVAL OF METAL IONS BY FLOTATION WITH SURFAC-
TANTS ...Cost Analysis, Demineralization, Flotation, Other, Sur-
factants, Temperature, 5.0692

EFFECT OF SURFACE FILMS ON GASES DISSOLVED IN
WATER ...Evaporation, Gas/liquid, Solubility, Water Loss Con-
trol, 5.0056

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...Depth, Nutrients, of Aquatic Plants, Range Or Terri-
torial Distr. , Submerged Plants, 2.0620

DIFFUSION OF OXYGEN ACROSS THE MUD-WATER INTER-
FACE IN AQUATIC ENVIRONMENTS ...Aquatic Environments,
Diffusion-other, Electroanalyses-other, Oxygen, 2.0797

A STUDY OF THE QUALITY OF INDIANA SURFACE WATERS
...Indiana, Lake Michigan, Ohio River, Surface Water, Water
Quality-general, ...5.0389

EFFECTS OF OXYGEN DEMAND ON SURFACE REAERATION
RATES Aeration, Biochemical Oxygen DemanJ, Chemical Ox-
ygen Demand, Energy, Turbulent Flow, 5.0369

ILLINOIS RIVER STUDY ...Illinois River, Low now, Self-purifica-
tion, Streams & Rivers, Waste Water Treatment-general, 5.0351

THE INSECT ORDER PLECOPTERA AS A BIOLOGICAL
INDEX OF FRESH WATER QUALITY IN RHODE ISLAND
...Bioindicators, Contamination - Water, Rhode Island, Stone
Flies, Plecoptera, Streams, 5.1058

CHEMISTRY OF BRINE STRATIFICATION AND RELATED
EVAPORATION STUDIES ...Analysis and Detection, Brines,
Chemical-general, Evaporation, Water Sampling, ...1.0119

RESERVOIR DESTRATIFICATION BY DIFFUSED AIR PUMP-
ING FOR WATER QUALITY IMPROVEMENT ...Aeration,
Destratificatiqn, Hardness-minerals, Reservoirs and Impound-
ments, Stratification, Temperature, ...5.0309

QUALITY OF WATER AS AFFECTED BY STRATIFIED FLOW
(RESERVOIRS) ...Model Studies, Reservoirs and Impoundments,
Stratification, Stratified Flow, Turbidity, 5.0185
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PRODUCTIVITY OF ESTUARINE AND MARINE ECOSYSTEMS
(A COOPERATIVE AGREEMENT WITH THE ATOMIC
ENERGY COMMISSION) ...Estuaries, Plankton Sampling,
Productivity - Food Chain, Radioactivity, Radioactivity-general,
...2.0818

ENVIRONMENTAL CHANGES IN LAKE ERIE ...Aquatic Ecolo-
gy, Environmental Changes, Environmental Ecology, Lake Erie,
Nutrients, ...5.0540

CHEMISTRY OF THE HYPOLIMNION OF LAKE ERIE ...Chemi-
cal-general, Lake Erie, Overturn, Oxygen, Stratification, 2.0625

PHYSIOLOGIC AND METABOLIC RESPONSE AS INDICATORS
OF STRESS ...Environmental Physiology, Gases, Dissolved -water,
Metabolism -animal, Oxygen, Stress, _5.0592

Optical Properties
COMPARISON OF OPTICAL PROPERTIES WITH DIRECT

MEASUREMENTS OF CONCENTRATION AND SIZE DIS-
TRIBUTION OF SUSPENDED MATERIALS ...Chesapeake Bay,
Fluorometry, Light Scattering, Size, Turbidity, ...2.0559

THE ROLE OF TEMPERATURE AND ILLUMINATION IN THE
BIOLOGY OF OSCILLATORIA RUBESCENS ...Lakes, Ohio,
Temperature, Temporal Distribution, ...6.0435

THE EFFECTS OF LIGHT WAVE LENGTHS ON THE RATES
OF PHOTOSYNTHESIS AND ITS REALTION TO OXYGEN
LEVELS IN PONDS ...Autotrophic, Oxygen Content -water,
Ponds, Respiration, Water - Light Qual. & Quant. , ...6.0033

Organic-general
PATHWAYS OF TRACE ELEMENTS IN ARCTIC LAKE

ECOSYSTEMS ...Arctic, Gel Filtration, Lakes, Pollutants - Path
of , Trace Element Analysis, ...1.0004

DISSOLVED ORGANIC PHOSPHORUS IN NATURAL WATERS
...Analysis and Detection, Precipitation, Radiochemical
Techniques, Removal--inorganics, Saturated Hydrocarbons,
1.0088

STABLE CARBON AND OXYGEN ISOTOPE RATIO VARIA-
TIONS IN THE FLOW TO CARBON AND OXYGEN
THROUGH NORMAL AND POLLUTED AQUATIC SYSTEMS
...Analysis and Detection, Carbon, Element Ratios, Oxygen, Pollu-
tants - Path of , Sewerage Systems-other, ...5.I183

STRUCTURAL CHEMISTRY OF YELLOW ORGANIC MATTER
IN FRESH WATER ...Chemical Analysis (water),
Hydrogenolyses, Organic, Organic Content, Organic Matter,
5.1054

FACTORS RESTRICTING INFILTRATION RATES ON DECOM-
POSED GRANITIC SOILS Floods, Infiltration, lntrusives, Sand,
Sierra Nevada, -.2.0732

THE KINETICS OF MICROBIOLOGICAL MODIFICATION OF
ORGANIC SUBSTANCES OCCURRING IN NATURAL
WATERS ...Active Transport, Biological-general, Cell. env.(non-
specific & 01), Microorganisms (non-specific), ...I.0006

HYDROBIOLOGY OF THE MADISON RIVER AND ITS HEAD-
WATERS ...Aquatic Plants (non-specific), Montana, Photosynthe-
sis, Physiological Ecology, Respiration, 5.0697

THE MICRODISTRIBUTION OF STREAM BENTHOS ...Aquatic
Ecology, Benthic Fauna, Productivity - Food Chain, Streams, Ver-
tical Distribution, ...5.1020

INORGANIC-ORGANIC INTERACTIONS IN NATURAL
WATERS ...Algae- General, Chemical-general, Color, Physical-
general, ...5.0603

ENTERIC BACTERIAL DEGRADATION OF STREAM
DETRITUS ...Bacterial Pollutant Sources, Intestinal Bacteria,
Model Studies, Sanitation, Self-purification, 5.0291

ANALYTICAL INSTRUMENTATION FOR DETERMINING LOW
LEVELS OF TOTAL ORGANIC CARBON IN WATER
...Analyzing, Chemical Analysis, Total Organic Carbon, -.5.0094

STREAM REAERATION ...Aeration, Morphology-general, Oxygen,
Photosynthesis, Streams, -.5.0905

DISSOLVED REFRACTORY ORGANIC REMOVAL -- CARBON
AS AN ADSORBENT AND FILTER MEDIUM ...Activated Car-
bon, Coagulation, Filter-other, Loading, Organics, ...5.0860

INTERACTION OF ORGANIC MOLECULES IN WATER .,.Assoc
& Dissoc, Catalytic, Drug Chemistry, Enzymatic, 1.0058

PHYTOPLANKTON, SUSPENDED MATERIALS, AND TURBIDI-
TY ... Estuaries, Organics, Shoreline - Coastline, Turbidity,
6.0082

Physical-general
STUDY OF RED SALMON IN THE NUSHAGAK DISTRICT

...Alaska, Chemical-general, Salmon -coho,chinook,sockeye.
Spawn Or Nesting Sites, -.6.0622

2-538

ANALYSIS OF WATER CHEMISTRY ...Aeration, Bottom
Sampling, Chemical Analysis (water), Destratification, ...4.0035

TROUT STREAM - SURVEY OF STREAMS AND THEIR
WATERSHEDS ...Biological-general, Bottom Sampling, Erosion-
general, Georgia, Population Dynamics, ...2.0361

DOCUMENT LOGGING DAMAGE ...Biological-general, Chemi-
cal-general, Fish -non-specific, Forest Debris, Logging, Transport,
Equipment, Pollution - Effects of , Population Dynamics,
-.5.0145

STREAM IMPROVEMENT STUDY -Engineering Structures-
general, Population Dynamics, Project Post - evaluation, Salmon &
Trout - Non-specific, Streams, ...2.0962

PHYSICAL AND CHEMICAL CHANGES OF RECIRCULATED
HATCHERY WATER SUPPLIES ...Captive Rearing, Chemical
Measurements -water, Chemical-general, Physical Measurements -
water, Water Reuse, ...5.0708

WATERFOWL STUDY - EVALUATION OF PHYSICAL
CHANGES IN MARSH PONDS ON THE WISNER AND
BILOXI DEVELOPMENT ...Land Use, Management, Mississippi,
Survey Studies, Swamps-marshes, Water Fowl, N.s. , ...4.0128

STABILIZATION STUDY OF FALCON RESERVOIR ...Biological-
general, Chemical-gencral, Fish -non-specific, Population Dynam-
ics, Reservoirs and Impoundments, ...4.0229

CHEMICAL AND PHYSICAL ANALYSES OF WATER AND
SOILS ...Bottom Sampling, Chemical-general, Lakes, Soil Chemi-
cal Properties, Water Level Fluctuation, ...2.0548

PHYSICAL AND CHEMICAL PROPERTIES OF ALABAMA
WATERS LIKELY TO SUPPORT STRIPED BASS, ROCCUS
SAXATILIS ...Aquatic Ecology, Basses -sea,white, White Perch,
Chemical Measurements -water, Chemical-general, Physical Mea-
surements -water, 6.0003

ATCHAFALAYA RIVER - CALLIOU LAKE SYSTEM ...Lakes,
Louisiana, Number Or Density, Plankton (non-specific), Vertical
Distribution, _2.0545

CHANGES IN THE PHYSICAL AND BIOLOGICAL CHARAC-
TERISTICS OF GROUND WATER RESERVOIRS AND AD-
JACENT SURFACE WATERS ...Bacteria, Bacterial Pollutant
Sources, Biological-general, Groundwater Movement, Pollutants -
Path of , ...1.0017

A STUDY OF THE BIOLOGICAL, CHEMICAL AND PHYSICAL
NATURE OF WATER QUALITY FACTORS UNDER UTAH
CONDITIONS ...Biological-general, Chemical-general, Model Stu-
dies, Mountains-alpine, Pollutants - Path of , -.5.1195

LIMNOLOGY OF LAKE CHAMPLAIN Biological-general,
Chemical-general, Phytoplankton, Pollution - Effects of , Sedi-
meets, Zooplankton, ...2.1088

A LIMNOLOGICAL STUDY OF SPIRITWOOD, NORTH
DAKOTA - WATER QUALITY AND SEASONAL CYCLES
Biological-general, Chemical-general, Lakes, North Dakota,
Recreation Sites, -.2.0833

IDENTIFICATION OF IRRIGATION RETURN WATER IN THE
SUBSURFACE ...Chemical - general, Hawaii, Irrigation-general,
Springs, Tritium, ...5.0314

CHEMICAL, PHYSICAL, AND BIOLOGICAL DYNAMICS OF
NORTHERN PRAIRIE LAKES ...Biological-general, Chemical-
general, Lakes, Land Use, Water Quality-general, -.5.1114

A STUDY OF BIOLOGICAL SYSTEMS IN THE SCIOTO RIVER
AS INDICES TO WATER QUALITY ...Bioindicators, Chemical-
general, Ohio, Systems Analysis, Water Sampling, ...5.0875

DYNAMICS OF CHEMICAL & PHYSICAL CHARACT OF
WATER, BOTTOM MUDS & AQUATIC LIFE IN A LARGE
IMPOUNDMENT ON A RIVER %PHASE II-Alabama, Aquatic
Soils, Chemical-general, Pollution - Effects of , Pollution Effects,
Reservoirs and Impoundments, 5.0008

BEHAVIOR OF WATER IN AN SOUTHWEST IMPOUNDMENT -
LAKE THUNDERBIRD ...Chemical-general, Climatography,
Land Use, Reservoirs and Impoundments, Water Quality-general,
...5.0918

AQUATIC ENVIRONMENT AND FOOD HABITS OF MAYFLIES
...Aquatic Ecology, Chemical-general, Environmental Ecology,
Mayflies, Nutrition and Metabolism, ...5.0323

A LIMNOLOGICAL STUDY OF LAKE PONTCHARTRAIN,
LOUISIANA, IN THE SUMMER OF 1968 ...Chemical-general,
Currents -water, Lakes, Louisiana, Water Sampling, -.5.045'7

INORGANIC-ORGANIC INTERACTIONS IN NATURAL
WATERS ...Algae- General, Chemical-general, Color, Organic-
general, ...5.0603

LIMNOLOGY OF THE JOHN REDMOND RESERVOIR ...Chemi-
cal-general, Reservoirs and Impoundments, Streams, ...5.0419

EFFECTS OF DOMESTIC POLLUTION ABATEMENT ON A
EUTROPHIC LAKE ...Biological-general, Chemical-general,
Eutrophication, Pollution Abatement, Self-purification, .6.0220



SUBJECT INDEX

STUDIES ON EFFECTS OF WATERSHED PRACTICES ON
STREAMS ...Chemical-general, Discharge-general, Forest
Watersheds, Organic Matter, Periphyton, Primary Productivity,

.5.0948
DISTRIBUTION AND ECOLOGY OF AQUATIC INSECTS OF

IDAHO ...Aquatic Ecology, Bottom Sampling, Chemical-general,
Idaho, Insects -non-specific, 2.0393

AQUATIC WEEDS Aquatic Plants (non-specific), Herbicides -
non- specific, of Aquatic Plants, Plant Pollutants, Range Or Terri-
torial Distr. ..5.0735

LIMNOLOGICAL STUDIES OF LAKE CHAMPLAIN ...Biological-
general, Chemical-general, Lakes, Pollution - Effects of , Tem-
perature, Vermont, ...5.1203

EFFECT OF HEATED WATER DISCHARGE FROM IPALCO'S
PETERSBURG PLANT ON THE WATERS OF WHITE RIVER,
INDIANA ...Biological-general, Chemical-general, Electric Power
Plants, Pollution - Effects of , Thermal Pollution, White River,
...5.0383

FLORISTIC AND FAUNISTIC SURVEY Ils: THE CUYAHOGA
RIVER WATERSHED ...Aquatic Ecology, Freshwater Ecology,
Ohio, Pollution - Effects of , Survey Studies, 6.0436

A FIVE YEAR LIMNOLOGICAL STUDY OF A NEWLY
CREATED ACID MINE WATER IMPOUNDMENT ...Acidity,
Alkalinity, Chemical Analysis (water), Chemical-general, Mining
Activities, 5.0895

LAKE ERIE ENVIRONMENTAL STUDIES PROGRAM ...Biologi-
cal, Biological-general, Chemical, Chemical-general, Deltas,
Eutrophication, Lake Erie, Meteorological Studies-general, Moni-
wring (long Term Studies), Sedimentology-general, 2.0783

ORGANIC DEBRIS ON CONNECTICUT BEACHES AND
SHORES ...Catabolism and Degradation, Connecticut, Identifica-
tion, Organic Matter, Shoreline - Coastline, 5.0204

INTERRELATIONSHIP OF FACTORS AFFECTING QUALITY
OF IMPOUNDED WATERS ...Biological-general, Chemical Anal-
ysis (water), Chemical-general, Lakes, Water Quality-general,
2.0413

GREAT LAKES RESEARCH - CHARACTERISTICS OF LAKE
WATER ...Chemical-general, Currents -water, Great Lakes-
general, Ocean Meteorological Studies, Water Quality-general,
2.0648

RESEARCH IN LIMNOLOGY - INTERRELATIONS OF
HYDROLOGY AND AQUATIC ECOLOGY ...Biological-general,
Chemical-general, Destratification, Hydrology-general, Organic
Matter, ..2.0128

REMOTE SENSING OF ESTUARINE WATER AND VEGETA-
TION, MARYLAND ...Aerial, Bioindicators, Chemical-general,
Estuaries, Remote Sensing -other, ...2.0268

INFLUENCE OF 'ME PHYSICAL ENVIRONMENT ON DIS-
TRIBUTION OF YOUNG STAGES OF COASTAL GAME FISH
...Continental Shelf, Environmental Ecology, Fish -non-specific,
Maturity & Growth Stages, Range Or Territorial Distr. , 6.0346

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE
UPPER CHESAPEAKE BAY ...Aquatic Soils, Chemical-general,
Chesapeake Bay, Commercial Fishing, Environmental Effects-
geologic, ...5.0506

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
...Aquatic Ecology, Environmental Ecology, Estuaries, Mortality
Rates, Salmon -coho,chinook,sockeye.., 4.0002

AUKE LAKE STUDIES ...Biological-general, Chemical-general,
Gulf of Alaska, Lakes, Spawn Or Nesting Sites, ...6.0006

PREDICTION OF ENVIRONMENT ...Biological-general, Columbia
River, Environmental Ecology, Low Temp. -but Above 321,
Reservoirs and Impoundments, Salmon & Trout - Non-specific,
Snake River, Temperature, Thermal Pollution, 6.0617

EUTROPHICATION - EFFECT OF FLOW AUGMENTATION
...Chemical Analysis (water), Chemical-general, Eutrophication,
Flow Augmentation, Pollution Abatement, 5.0969

Salinity
AQUATIC COMMUNITIES ...Aquatic Ecology, Environmental

Ecology, Lakes, Productivity - Food Chain, Water Salinity,
6.0625

CLASSIFICATION OF DEEP SUBSURFACE WATERS BY
CHEMICAL COMPOSITION AND GEOLOGY ...Chemical Anal-
ysis (water), Geochemical Analysis, Groundwater, High Pressure
Research, Interstitial - Connate Water, 2.0883

THE EFFECTS OF SALINE IRRIGATION WATER ON SODIUM
ACTIVITIES AND PHYSICAL PROPERTIES OF LATOSOLIC
SOILS ...Hawaii, Irrigation, Irrigation-general, Saline and Alkaline
Soils, Soil Environment, ...3.0199

INFLUENCES OF SALINE WATER ON CONCRETE ...Cement,
Concrete, Composition Parameters-other, Construction Materials-
other, Desalination, Saline Water Systems, 3.0221
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SALINITY AND ION TRANSPORT MECHANISMS OF PLANT
CELL MEMBRANES ...Absorption (non-specific), Halophytic,
Ion T-ansport and Elect. pot. , Plasma Membrane, Salt, ..3.0044

POLYMERIC COATINGS FOR PROTECTION ON CONCRETE
EXPOSED TO AQUEOUS SALINE ENVIRONMENTS ...Adhe-
sion, Cement, Concrete, Depolymerization, Organic-general,
Plastics - General, Water, ..,3.0405

HELD EVALUATION OF THE SUL-BISUL ION EXCHANGE
PROCESS FOR DESALTING BRACKISH WATERS ...Brackish
Water, Desalination, Ion Exchange-other, Mobile, ..3.0214

HYDROGRAPHY OF THE PENOBSCOT RIVER ESTUARY
Dissolved Load, Environmental Changes, Estuaries, Maine, Pol-
lution Abatement, Temperature, 5.0467

BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE
SALT MARSH ENVIRONMENT -...Bacterial Pollutant Sources,
Identification, Laboratory, Marine Bacteria (non-specific),
Swamps-marshes, 1.0025

BIOCHEMICAL EFFECTS OF MICROORGANISMS UPON THE
SALT MARSH ENVIRONMENT --Aquatic Soils, Chemical,
Core Analysis, Microorganisms (non-specific), Swamps-marshes,
Tidewater Areas, ..1.0026

EFFECTS OF INCREASE IN SALTON SEA SALINITY ON THE
SURVIVAL OF ORANGEMOUTH CORVINA, SARGO, BAIR-
DIELLA, AND NEANTHES ...Bioindicators, Captive Rearing,
Fish -other, Pollution - Effects of , Salton, Water Salinity,
5.0146

GEOCHEMISTRY AND ORIGIN OF SULFO-SALINE GROUND
WATER, SALINE COUNTY, MISSOURI ...Atlases-maps, Chemi-
cal-general, Geochemical Analysis, Groundwater, Permeability,
Sulfide, ...4.0152

RELATION OF PASS OPENINGS ON PHYSICAL EXCHANGE
AND SALINITY IN ESTUARIES ...Estuaries, Mixing, Saline
Water Intrusion, Shoreline Structures, Texas, _2.1012

THE LIMNOBIOCHEMISTRY OF DEVILS LAKE, NORTH
DAKOTA ...Aquatic Ecology, Benthic Organisms (non-specif),
Biological-general, Lakes, North Dakota, ...6.0417

SALINITY ABOVE A WATER TABLE AS AFFECTED BY RAIN-
FALL AND IRRIGATION ...Groundwater Movement, Irrigation-
general, Moisture Tension, Permeability, Soil and Rock Leaching,
2.0970

FLOCCULATION OF COLLOIDS WITH POLYELECTROLYTES
IN AQUEOUS SALT SOLUTIONS ...Adsorption-general, Coagu-
lation, Colloidal Phenomena, Flocculation, Polyelectrolytes,
...5.1065

MEASUREMENT OF THERMODYNAMIC PROPERTIES OF
SALINE SOLUTIONS ...Analysis and Detection, State Variables -
Pvt, Temperature, Thermal Properties-other, Vaporization,
...1.0099

ELECTRONIC ANALOG SIMULATION OF THE SALINITY
FLOW SYSTEM WITHIN THE UPPER COLORADO RIVER
BASIN ...Analog Computers, Colorado River, Management,
...7.0105

QUALITY OF IRRIGATION RETURN FLOW ...Internal Water
Movement, Irrigation, Irrigation-general, Saline and Alkaline
Soils, Water Quality-general, ...5.1196

SPRINICLER IRkIGATION OF COTTON WITH HIGH SALT-
CONTENT WATER ...Cotton, Sprinkler Irrigation, 3.0011

SOILS AND NUTRIENT CULTURE EXPERIMENTS TO DETER-
MINE THE EFFECTS OF VARIABLE SALINITY CONDITIONS
ON CITRUS BEHAVIOR ...Citrus, Irrigation, Saline and Alkaline
Soils, Saline Soils, Trees, ...3.0086

SALINE WATERS AND LIVESTOCK PRODUCTION Ruminents
-non-specific, Swine, Water, Water Utilization -animal, _5.0831

WATER QUALITY IN RELATION TO PHYSICAL AND CHEMI-
CAL PROPERTIES OF SOILS AND WASTE WATERS
THEREFROM ...Percolation, Physical Properties-general, Soil
and Rock Leaching, Soil Chemical Properties, Water Quality-
general, ...5.0081

TIDAL, SALINITY AND SEDIMENTATION PROBLEMS IN
LAKE MARACAIBO CHANNEL, VENEZUELA ...Bed Load,
Erosion-general, Rate of Deposition, Tides, Venezuela, _2.0618

RELATIONSHIP BETWEEN IRRIGATION WATER COMPOSI-
TION AND SOIL PROPERTIES ...California, Clovers -red,al-
sike,ladino... , Irrigation-general, Movement, Availability, Saline
and Alkaline Soils, 3.0034

A SALT BALANCE INVESTIGATION ON THE SANTA ANA
RIVER BASIN ABOVE PRADO DA ...California, Forecasting-
prediction, Groundwater Basins, Systems Analysis, Water Quality
Control-general, ...5.0098

THE MANAGEMENT OF SHALLOW-WATER IMPOUND-
MENTS FOR WATERFOWL ...Food Supply, Management,
Reservoirs and Impoundments, Water Fowl, N.s. , Water Level
Fluctuation, ...6.0247



Water Properties SUBJECT INDEX

EXTENT OF BRACKISH WATER IN TIDAL RIVERS ...Brackish
Water, Maryland, Saline Water Intrusion, Tidal Streams, Tides,
...2.0562

PREDICTING SOLUTE MOVEMENT AND DISTRIBUTION IN
SOILS ...Hydrolysis, Infiltration, Soil and Rock Leaching, Soil En-
vironment, Subsurface Flow, 2.1043

ANALYSIS OF MIXING PHENOMENA ASSOCIATED WITH
THE RISE OF GASEOUS BUBBLES THRU A STRATIFIELD
LIQUID ...Bubbles, Destratification, Mixing, Model Studies,
Stratification, 1.0072

HYDROLOGY OF BURIED PENNSYLVANIAN CHANNEL
SANDSTONE, KENTUCKY ...Clastic Aquifers, Kentucky, Obser-
vation Wells, Pennsylvanian Period, Valley, Buried, ...2.0527

GROUND-WATER CONTAMINATION FROM HIGHWAY SALT-
ING IN MASSACHUSETTS ...Groundwater, Groundwater Move-
ment, Massachusetts, Salt, Snow and !cc Removal, 5.0521

FLOW AND SALINITY IN THE HUDSON ESTUARY, NEW
YORK ...Estuaries, Fresh Water, Inflow, Management, Tides,
...2.0781

IRRIGATION RETURN FLOW ...Irrigation-general, Nutrients, Pol-
lutants - Path of , Runoff, Water Quality-general, _5.0183

INFLUENCE OF SALINITY AND TEMPERATURE ON TOXICI-
TY OF SOME PESTICIDES TO BRINE SHRIMP ...Environmen-
tal Effects, Shrimps - Brine Or Fairy, Temperature, ...5.0663

ESTUARINE BIOLOGY--RESPONSE OF LARVAE TO TEM-
PERATURE AND SALINITY .. .Alewifc,menhaden,shad,herring,
Aquatic Ecology, Environmental Ecology, Estuaries, Tempera-
ture, 2.0817

TOLERANCE OF CITRUS TO SALINITY AND BORON IN THE
SOIL AND IRRIGATION WATER ...Boron, Citrus, Saline Soils,
3.0186

SURFACE AND SUBSURFACE IRRIGATION SYSTEMS FOR
COASTAL CALIFORNIA ...Agricultural Watersheds, Citrus,
Saline and Alkaline Soils, Subsurface Irrigation, Surface Irrigation
-general, ...3.0091

PRINCIPLES AND PRACTICES FOR SALINITY CONTROL IN
THE SOIL-WATER-PLANT SYSTEM ...Drainage, Irrigation, Soil
and Rock Leaching, Soil Environment, Soil-water-plant Relation-
ships, 3.0083

TOLERANCE AND PHYSIOLOGICAL REACTIONS OF PLANTS
TO SALINITY AND RELATED FACTORS ...Growth Rate,
Modified Water Use, Saline Soils, 4.0040

RELATION OF SALINITY TO STATE AND TRANSPORT OF
WATER AND IONS IN SOIL AND PLANTS ...Internal Water
Movement, Ion Transport and Elect, pot. , Natural Variation of
Water USE, Soil Environment, Soil-water-plant Relationships,
...3.0085

BACTERIAL DEPURATION OF WEST COAST SHELLFISH
...Clams, Oysters, Pilot Plants, Shellfish Depuration, Turbidity,
...5.1229

Stratification
LIMNOLOGY OF DESOTO BEND LAk'E, IOWA AND

NEBRASKA ...Benthic Organisms (non-specif), Iowa, Lakes,
Nebraska, Plankton (non-specific), 7.0040

PREDICTING AND PREVENTING FISH KILLS ...Chemical Anal-
ysis (water), Mortality Rates, Ponds, ..,5.0012

INTERNAL CURRENTS RESULTING FROM INTERMEDIATE
DENSITY INFLOWS INTO STRATIFIED RESERVOIRS ...In-
flow, Model Studies, Reservoirs and Impoundments, Stratified
Flow, Temperature, ...5.1264

A THREE DIMENSIONAL STUDY OF PARAMETERS RE-
LATED TO THE CURRENT DISTRIBUTION IN LAKE
ROOSEVELT ...Currents -water, Model Studies, Reservoirs and
Impoundments, Temperature, Water Quality-general, 5.1245

WATERSHED RESPONSE TO HYDROLOGIC INFLUENCES
.Evaporation, Massachusetts, Prediction Models, Reservoirs and

Impoundmtmts, 2.0608
SELECTIVE WITHDRAWAL AT LAKE LIVINGSTON ...Flow

Augmentation, Management, Reservoirs and Impoundments,
Water Properties- general, ...2.1009

RECOVERY FROM ACID POLLUTION IN FOUR STRIP-MINE
LAKES ...Acidity, Iron, Lakes, Mining Industry, Self-purification,
5.0669

THERMAL STRATIFICATION IN RESERVOIRS ...Forecasting-
prediction, Mathematical Analysis, Model Studies, Reservoirs and
Impoundments, Temperature, 2.0616

TECHNIQUES OF MODELING THERMAL STRATIFICATION IN
LAKES ...Evaporation, Heat Exchange, Lakes, Temperature,
2.0617

ANALYSIS OF MIXING PHENOMENA ASSOCIATED WITH
THE RISE OF GASEOUS BUBBLES THRU A STRATIFTW
LIQUID ...Bubbles, Destratification, Mixing, Model St Jics,
Salinity, ...1.0072

TEMPERATURE DISTRIBUTION IN THE VICINITY OF ASTE
HEAT DISCHARGES ...Electric Power Plants, IV ;ematical
Analysis, Mixing, Temperature, Thermal Pollution, ...5.1120

EVALUATION OF PHYSICAL AND ECONOMIC EFFECTS OF
IMPOUNDMENTS AND RELEASES ON UPSTREAM AND
DOWNSTREAM WATER QUALITY ...Benefit -cost Analysis,
Productivity - Food Chain, Reservoirs and Impoundments,
Storage of Water, Water Quality Control-general, 6.0128

RESERVOIR DESTRATIFICATION BY DIFFUSED AIR PUMP-
ING FOR WATER QUALITY IMPROVEMENT ...Aeration,
'Destratification, Hardness-minerals, Ions and Gases, Reservoirs
and Impoundments, Temperature, 5.0309

THERMAL AND BIOLOGICAL CHARACTERISTICS OF LAKES
...Algae- General, Evaporation, Indiana, Lakes, Temperature,
...2.0452

DISSIPATION AND DIFFUSION OF HEAT IN STREAMS AND
LAKES ...Temperature, Thermal Pollution, ...2.0303

HYDROLOGY OF CACHUMA RESERVOIR ...Aeration,
Destratification, Phytoplankton, Reservoirs and Impoundments,
5.0118

QUALITY OF WATER AS AFFECTED BY STRATIFIED FLOW
(RESERVOIRS) ...Ions and Gases, Model Studies, Reservoirs and
Impoundments, Stratified Flow, Turbidity, 5.0185

CHEMISTRY OF THE HYPOLIMNION OF LAKE ERIE ...Chemi-
cal-general, Ions and Gases, Lakc Eric, Overturn, Oxygen,

.2.0625
ESTUARINE DIFFUSION OF POLLUTANTS ...Dilution-other,

Estuaries, Oregon, Pollutants - Path of , Salinity, ...5.0974

Taste and Odor
EFFECTS OF CHEMICAL IMPURITIES IN WA 1ER DISINFEC-

TION BY HALOGENS ...Chemical and Spices, Chlorination,
Chlorine, Disinfectants, Water for Cooking Or Drinking, ...5.0512

THE ANALYSIS OF AROMATIC CONSTITUENTS IN WATER
USING FLUORESCENCE AND PHOSPHORESCENCE ...Analy-
sis and Detection, Chromatography- other, Extraction-other, Non-
condensed Aromatics-other, Spectroscopy-other, 5.0711

WASTE WATER ODOR REDUCTION MECHANISMS IN SOIL
FILTERS ...Biological, Growth (non-specific & Ot.), Pollutant-
other, Soil, Sulfur Bacteria, ...5.1258

A STUDY OF THE METABOLISM OF THE AQUATIC ACTINO-
MYCETES ...Actinomycetes -non-specific, Bacterial Pollutant
Sources, Respiration, ...5.1168

NATURALLY OCCURRING TASTES AND ODORS IN WATER
SUPPLIES ...Freezing, Gas, Mass, Nuclear Magnetic, Studies, Or-
ganoleptic, ...5.1169

ANAEROBIC - AEROBIC SUGAR BEET WASTE TREATMENT
...Aerobic, Algae, Anaerobic, Food Processing Industry, Industrial
Processes-other, Plant Waste Removal, Treatment, 5.0193

ORGANICS CAUSING TASTE OR ODOR IN THE MISSOURI
RIVER ...Gas, Infrared, Library, Missouri River, Organic Matter,
...5.0683

TASTES AND ODORS IN WATER SUPPLIES ...Algal Pollutant
Sources, Pollutants-general, Pollution-water, Studies, Organolep-
tic, Water for Cooking Or Drinking, ...5.0066

CONSUMER ATTITUDES TOWARD MINERAL TASTE IN
DOMESTIC WATER ...Attitudes & Attitude Change, California,
Hardness-minerals, Potable Water, Water Standards, 6.0039

A STUDY OF MICROORGANISMS INDUCING TASTES AND
ODORS IN WATER ...Actinomycetes -non-specific, Algae-
General, Gas, Mass, ...5.0212

PARTICULATE-ORGANIC EFFECT - SENSORY QUALITY OF
WATER ...Adsorption-other, Coagulation, Colloidal Phenomena,
Organic Matter, Potable Water, Waste Water Treatment-other,
5.1013

Temperature
CRATER LAKE VERTICAL TEMPERATURE PROFILES ...Elec-

tronics - Applied, Lakes, Oregon, Radioactive Fallout, Water
Sampling, ...2.0101

WINTER TEMPERATURE STRUCTURE OF THE GREAT
LAKES ...Circulation -water, Lake Michigan, Sea Ice, Ther-
modynamics, 2.0631

MCNARY ARTIFICIAL SPAWNING CHANNEL STUDIES
...Channels, Columbia River, Construction Land Use Effects, Sal-
mon -coho,chinook,sockeye.,, Spawn Or Nesting Sites, ...8.0302
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MIGRATORY RESPONSE OF it.DULT SALMONIDS TO WATER
TEMPERATURE ...Management -other, Migration, Salmon -

coho,chinook,sockeye.., Thermal Pollution, Warm Water,
...8.0300

GREAT LAKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS ,..Automatic Data Aquisition, Forecasting-
prediction, Geophysical Analysis, Great Lakes-general, 2.0647

PROPERTIES OF SEA WATER AND ITS CONCENTRATES AT
TEMPERATURES UP TO 400 DEGREES FAHRENHEIT
...Desalination, Enthalpy, Solution, 1.0014

AN EXPERIMENTAL STUDY OF THE STRUCTURE, THER-
MODYNAMICS, AND KINETIC BEHAVIOR OF WATER
...Formation, Free EAergy, Mass, Water, .,.3.0305

INVESTIGATION OF THE RELATIONSHIP OF THE AMER-
ICAN SMELT, OSMERUS MORDAX - MITCHILL, TO THE
WEWEANTIC RIVER ESTUARY, W ARENA M, MAS-
SACHUSETTS ...Aquatic Ecology, Environmental Ecology,
Estuaries, Smelts, Spawn Or Nesting Sites, 5.0510

EFFECTS OF WATER TEMPERATURE UPON RESPIRATORY
METABOLISM OF CUTTHROAT TROUT, SALMO CLARK(
Cutthroat Trout, Environmental Physiology, Respiration, Utah,
Water Temperature-non-specific, ...5.1I92

THE FEASIBILITY OF COLD WATER FISHES FOR LAKE
SHARPE, SOUTH DAKOTA ...Bottom Sampling, Fish -non-
specific, Low Temp. -but Above 321, Reservoirs and Impound-
ments, South Dakota, ...7.0041

EFFECT OF INCUBATION TEMPERATURE ON SURVIVAL OF
LARGEMOUTH BASS EMBRYOS ...Basic Embryology, Environ-
mental Physiology, Incubation, Largemouth Bass, Warm Water,
_6.0387

HYDROGRAPHY OF THE PENOBSCOT RIVER ESTUARY
...Dissolved Load, Environmental Changes, Estuaries, Maine, Pol-
lution Abatement, Salinity, 5.0467

WATERSHED EVALUATION ...Chemical Analysis (water), Popu-
leion Dynamics, Stream Rehabilitation, Streams, Watersheds-
general, 4.0226

STATEWIDE FISHERIES RESEARCH ...Bioindicators, Bluegills,
Bream, Environmental Effects, Pollution - Effects of , Rotenone,
_5.0817

STATEWIDE FISHERIES RESEARCH ...Basses - sea,white, White
, Perch, Environmental Physiology, Incubation, Low Temp. -but

Above 321, Maturity & Growth Stages, ...5.0818
EFFECTS OF SIMULTANEOUS VARIATION OF TEMPERA-

TURE AND DISSOLVED OXYGEN ON THE RESISTANCE OF
FISHES TO CONTROLLED POLLUTANTS ...Contamination -
Water, Gases, Dissolved -water, Oxygen, Pollution - Effects of ,
Water Temperature-non-specific, 5.0220

INVESTIGATION OF THE CIRCULATION OF LAKE SUPERIOR
...Circulation -water, Model Studies, Stratified Flow, Velocity -
water, ...2.1161

EFFECTS OF WATER DIVERSION ON BIOTA AND WATER
QUALITY IN THE STATE OF ARKANSAS ...Environmental
Ecology, Fish -non-specific, Population Dynamics, Reservoirs and
Impoundments, Water Quality-general, ...6.0030

PREDICTION MODELS FOR WATER QUALITY PARAMETERS
...Model Studies, Oxygen, Projections and Estimations, Social
Aspects, Systems Analysis, Water Standards, ...6.0164

INTERNAL CURRENTS RESULTING FROM INTERMEDIATE
DENSITY INFLOWS INTO STRATIFIED RESERVOIRS In-
flow, Model Studies, Reservoirs and Impoundments, Stratification,
Stratified Flow, ...5.1264

A THREE DIMENSIONAL STUDY OF PARAMETERS RE-
LATED TO THE CURRENT DISTRIBUTION IN LAKE
ROOSEVELT ...Currents -water, Model Studies, Reservoirs and
Impoundments, Stratification, Water Quality-general, ...5.I245

PREDICTING THE EFFECTS OF CHANGES IN IRRIGATION
WATER TEMPERATURE CAUSED BY WATER PROJECTS
...Heat Flow, irrigation, Low Temp. - But Above 321, ...5.0083

WATER TEMPERATURE AS A QUALITY FACTOR IN THE
USE OF STREAMS AND RESERVOI ..,Habitat Studies, Reser-
voirs and Impoundments, Streams, Thermal Pollution, Water
Fowl, N.s. , 5.0200

ANALYSIS OF THERMAL POLLUTION DISPERSION ...Aera-
tion, Dispersion -water, Effluents-waste Water, Stratified Flow,
Thermal Pollution, ...5.0726

THE ROLE OF LANGMUIR CIRCULATIONS IN MIXING OF
LAKE GEORGE ...Lakes, Mixed Modes, Mixing, New York,
Rotating Fluids, 2.0780

MEASUREMENT OF THERMODYNAMIC PROPERTIES OF
SALINE SOLUTIONS ...Analysis and Detection, Salinity, State
Variables - Pvt, Thermal Properties-other, Vaporization, 1.0099
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EXPERIMENTAL REVERSAL OF THE LAKE EUTROPHICA-
TION PROCESS ...Biological- general, Circulation -water,
Eutrophication, Nutrients, Wisconsin, .. 5.1308

REMOVAL OF METAL IONS BY FLOTATION WITH SURFAC-
TANTS ...Cost Analysis, Demineralization, Flotation, Ions and
Gases, Other, Surfactants, 5.0692

THERMAL STRATIFICATION IN RESERVOIRS ..Forecasting-
prediction, Mathematical Analysis, Model Studies, Reservoirs and
Impoundments, Stratification, 2.0616

PHOSPHORUS IN LAKE SEDIMENTS ...Aquatic Soils, Lakes,
Mineral Equilibria, Phosphorus, Soil Environment, 5.0210

CLAY -WATER -ION INTERACTIONS ...Adsorption Capacity,
Clay, Flow Characteristics -water, Moisture Tension, Soil Temp. -
non- specific, 2.0436

SPRING IRRIGATION OF ALFALFA ...Alfalfa, Irrigation, Rhizo-
sphere, 3.0313

LIMNOLOGICAL STUDIES OF LAKE CHAMPLAIN ...Biological-
general, Chemical-general, Lakes, Physical-general, Pollution - Ef-
fects of , Vermont, 5.1203

THE ROLE OF TEMPERATURE AND ILLUMINATION IN THE
BIOLOGY OF OSCILLATORIA RUBESCENS ...Lakes, Ohio,
Optical Properties, Temporal Distribution, ...6.0435

TECHNIQUES OF MODELING THERMAL STRATIFICATION IN
LAKES ...Evaporation, Heat Exchange, Lakes, Stratification,
2.0617

STUDY OF TEMPERATURE EFFECTS IN COOLING WATER
LAKE ...Aquatic Ecology, Lakes, Pollution - Effects of , Thermal
Pollution, Water Temperature- non - specific, ..6.0566

WATER AND SOIL TEMPERATURE IN RELATION TO PLANT
GROWTH ...Irrigation, Low Temp. - But Above 32f, Soil-water-
plant Relationships, Yield, 2.0089

GEOTHERMAL RESOURCES OF IDAHO ...Chemical-general,
Hot Springs, Idaho, Survey Studies, Water - Hot Water, 3.0206

WATER QUALITY CONTROL ...Flow Characteristics -water,
Forecasting-prediction, Management, Reservoirs and Impound-
ments, Water Quality Control-general, ...5.1123

TEMPERATURE DISTRIBUTION IN THE VICINITY OF WASTE
HEAT DISCHARGES ...Electric Power Plants, Mathematical
Analysis, Mixing, Stratification, Thermal Pollution, 5.1120

EFFECTS OF TEMPERATURE ON AQUATIC LIFE ...Aquatic
Ecology, Fish -non-specific, Model Studies, Productivity - Food
Chain, Warm Water, 5.1121

WATER TEMPERATURE EFFECTS ON BED FORMS ...Bedding
Planes, Morphology-general, Other Transport Effects, Streams,
...5.0625

COMMITTEE ON CHANNEL STABILIZATION ...Alluvial
Deposits, Bedding Planes, Channels, Design Criteria, Open Chan-
nel, Stabilization-other, Streams, 2.0686

RESERVOIR DESTRATIFICATION BY DIFFUSED AIR PUMP-
ING FOR WATER QUALITY IMPROVEMENT ...Aeration,
Destratification, Hardness-minerals, Ions and Gases, Reservoirs
and Impoundments, Stratification, ...5.0309

GREAT LAKES RESEARCH - MONITORING OF WATER
CHARACTERISTICS ...Automatic Data Aquisition, Forecasting-
prediction, Geophysical Analysis, Great Lakes-general, Instrumen-
tation-general, ...2.0649

THERMAL AND BIOLOGICAL CHARACTERISTICS OF LAKES
...Algae- General, Evaporation, Indiana, Lakes, Stratification,
2.0452

THERMAL CHARACTERISTICS OF AQUIFER SYSTEMS ...Car-
bonate Aquifers, Clastic Aquifers, Flow Characteristics -water,
Permeability, Subsurface Flow, ...2.1099

DISSIPATION AND DIFFUSION OF HEAT IN STREAMS AND
LAKES ...Stratification, Thermal Pollution, 2.0303

THERMAL GRADIENTS IN SOUTH CAROLINA ...Geothermal
Gradient, Groundwater Movement, Heat Flows, Permeability,
South Carolina, 2.0964

STREAMFLOW TEMPERATURE INVESTIGATION, TEXAS
...Flow Characteristics -water, Gaging, Streams, Texas, ...7.0099

TECHNIQUES AND INSTRUMENTATION ..Chemical Analysis
(water), Mobile, Physical Parameters, Technique Development,
Water Sampling, 5.0187

GENERAL HYDROGRAPHIC FEATURES OF OAHE RESER-
VOIR AND LAKE SHARPE ...Chemical Analysis (water),
Phytoplankton, South Dakota, Turbidity, Zooplankton, 6.0516

LIMNOLOGICAL FEATURES LAKE SHARPE IN RELATION TO
COLD-WATER FISHES ...Currents -water, Fish -non-specific,
Low Temp. -but Above 32f, Reservoirs and Impoundments, South
Dakota, ...6.0517
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VARIATIONS IN SPAWNING OF FISHES IN RELATION TO
TEMPERATURE ...Biological Rhythms, Fish -non-specific, Matu-
rity & Growth Stages, South Dakota, Water temperature-non-
specific, -6.0518

ENVIRONMENTAL FACTORS AND YOUNG NORTHERN PIKE
SURVIVAL IN RESERVOIRS ...Aquatic Ecology, Environmental
Physiology, Pikes, Pickeral, Muskellunge, Reservoirs and Im-
poundments, Stocking of Fish & Shellfish, _6.0510

ENVIRONMENTAL FACTORS AND YOUNG YELLOW PERCH
SURVIVAL IN RESERVOIRS ...Aquatic Ecology, Environmental
Physiology, Reservoirs and Impoundments, Stocking of Fish &
Shellfish, Yellow Perch, Darters, -6.0511

ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH
AND OTHER VERTEBRATES ...Fish -non-specific, Pesticides -
non- specific, Screening Potential Pesticides, Water Quality-
general, Wildlife, -5.0652

INFLUENCE OF SALINITY AND TEMPERATURE ON TOXICI-
TY OF SOME PESTICIDES TO BRINE SHRIMP ...Environmen-
tal Effects, Salinity, Shrimps - Brine Or Fairy, -5.0663

ESTUARINE BIOLOGY--RESPONSE OF LARVAE TO TEM-
PERATURE AND SALINITY ...Alewife,menhaden,shad,herring,
Aquatic Ecology, Environmental Ecology, Estuaries, Salinity,
-2.0817

THE EFFECTS OF ENVIRONMENTAL CONDITIONS ON THE
SPAWNING AND SURVIVAL OF FRY OF THE WALLEYE
...Environmental Effects-geologic, Eutrophication, Pollution - Ef-
fects of , Walleyes, _5.0900

PHYSICAL LIMNOLOGY OF THE GREAT LAKES ...Currents -
water, Environmental Ecology, Fish -non-specific, -5.0541

PREDICTION OF ENVIRONMENT ...Biological-general, Columbia
River, Environmental Ecology, Low Temp. -but Above 32f, Physi-
cal-general, Reservoirs and Impoundments, Salmon & Trout -
Non- specific, Snake River, Thermal Pollution, -6.0617

ECOLOGICAL ENGINEERING PROJECT ...Atmosphere Radia-
tion, Nutrients, Synthetic Hydrology-general, Tracers-general,
Velocity -water, -6.0159

EFFECTS OF TEMPERATURE ON MATURATION, EMB-
RYONIC DEVELOPMENT AND CONDITION OF FRY IN
YELLOW PERCH - LAKE HERRING, SMELT AND WAL-
LEYE ...Basic Embryology, Environmental P; ysiology, Maturity
& Growth Stages, Thermal Pollution, Wate... femperature-non-
specific, Yellow Perch, Darters, -5.0590

SUPPRESSION OF EVAPORATION FROM WATER SURFACES
...Energy, Evaporation, Storage of Water, Velocity, Water Loss
Control, -2.0034

Turbidity
MODEL RIVER SYSTEM STUDIES -Flume Studies, Mathemati-

cal Analysis, Model Studies, Radioactivity-general, Streams,
-2.1010

STUDY OF TURBIDITY - PRODUCTION FACTORS IN LAKE
KAMPESKA CODINGTON COUNTY, SOUTH DAKOTA
...Lakes, Primary Productivity, Productivity - Food Chain, South
Dakota, Water - Light Qual. & Quant. , Water Properties-general,
...2.0978

SUSPENDED SEDIMENTS IN THE UPPER CHESEPECKE BAY -
EVALUATION OF METHODS FOR SIZE ANALYSIS OF
SUSPENDED MATERIALS ...Chesapeake Bay, Laboratory,
Sampling, Size, Size Frequency Distribution, -2.0557

FIELD MEASUREMENTS OF THE TEMPORAL AND SPATIAL
VARIATIONS IN CONCENTRATION AND PARTICLE SIZE
DISTRIBUTION OF SUSPENDED MATERIALS IN THE
UPPER ...Chesapeake Bay, Distribution, Maryland, Mineralogy,
Size, ...2.0558

COMPARISON OF OPTICAL PROPERTIES WITH DIRECT
MEASUREMENTS OF CONCENTRATION AND SIZE DIS-
TRIBUTION OF SUSPENDED MATERIALS ...Chesapeake Bay,
Fluorometry, Light Scattering, Optical Properties, Size, -2.0559

THE RELATIONSHIP BETWEEN TURBIDITY CURRENTS AND
FISH MOVEMENTS IN GARRISON RESERVOIR ...Currents-
water, Nets, North Dakota, Reservoirs and Impoundments, Tur-
bidity & Suspended Matter, ...5.0829

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Aquifers-
general, Artificial Recharge, Filtration, Recharge Pits - Wells,
Technique Development, -4.0247

THE USE OF GRAVITY SHAFTS FOR GROUND WATER
RECHARGE, PHASE I OF A TWO PHASE STUDY ...Deposits,
Economic Efficiency, Recharge Pits - Wells, Unconsolidated
Aquifers, -4.0189

AN EVALUATION OF THE REJUVENATION OF THE BUF-
FALO RIVER ...Chemical - general, Flow Augmentation, New
York, Sediments, Streams, ...4.0181

LIMNOLOGICAL STUDY OF PEORIA LAKE ...Biological-
general, Chemical-general, Illinois River, -5.0354

RESEARCH IN SEDIMENT SAMPLING EQUIPMENT ...Bed
Load, Bottom Sampling, Instrumentation-general, Suspensimi, Ul-
trasonics, -7.0059

QUALITY OF WATER AS AFFECTED BY STRATIFIED FLOW
(RESERVOIRS) ...Ions and Gases, Model Studies, Reservoirs and
Impoundments, Stratification, Stratified Flow, -5.0185

STANDARDS AND CRITERIA ...Legal Review, Legislation, Water
Standards, -5.0188

GENERAL HYDROGRAPHIC FEATURES OF OAHE RESER-
VOIR AND LAKE SHARPE ...Chemical Analysis (water),
Phytoplankton, South Dakota, Temperature, Zooplankton,
-6.0516

EFFECTS OF TEMPERATURE AND SILT ON WHITE BASS
DEVELOPMENT IN THE LABORATORY ...Basic Embryology,
Basses -sea,white, White Perch, Laboratory, Turbidity &
Suspended Matter, Water Temperature-non-specific, -6.0509

PHYTOPLANKTON, SUSPENDED MATERIALS, AND TURBIDI-
TY ...Estuaries, Organic-general, Organics, Shoreline - Coastline,

BACTERIAL DEPURATION OF WEST COAST SHELLFISH
_Clams, Oysters, Pilot Plants, Salinity, Shellfish Depuration,
...5.1229

Water Properties - genera!
THE APPLICATION OF RADIOISOTOPES TO STUDIES OF

AQUATIC ECOSYSTEMS ...Aquatic Ecology, Benthic Organisms
(non-specif), Freshwater Ecology, Productivity - Food Chain,
Wisconsin, ...6.0643

A STUDY OF PRESSURE DIALYSIS AND COUPLING
PHENOMENA IN SYNTHETIC AND NATURAL MEM-
BRANES ...Biodegradation, Desalination, Membranes-other,
Mosaic, Reverse Osmosis, ...3.0273

STUDY OF TURBIDITY - PRODUCTION FACTORS IN LAKE
KAMPESKA CODINGTON COUNTY, SOUTH DAKOTA
...Lakes, Primary Productivity, Productivity - Food Chain, South
Dakota, Turbidity, Water - Light Qual. & Quant. , ...2.0978

EFFECTS OF WATER QUALITY ON HATCHING SUCCESS
...Basses -sea,white, White Perch, Captive Rearing, Hatchability,
Louisiana, Pollution - Effects of , -5.0453

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF JONES BAY ...Aquatic Ecology, Bays, Construction, En-
gineering Structures-general, Texas, ...6.0543

THE EFFECTS OF ENGINEERING PROJECTS ON THE ECOLO-
GY OF MOSES LAKE ...Aquatic Ecology, Construction, En-
gineering Structures-general, Lakes, Texas, ...6M544

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
- II HYDROLOGY ...Aquatic Ecology, Atlases-maps, Environ-
mental Ecology, Estuaries, Gulf of Mexico, -2.0670

COOPERATIVE GULF OF MEXICO INVENTORY AND STUDY
(AP2A. DESCRIPTION) ...Atlases-maps, Estuaries, Gulf of Mex-
ico, Industrial-general, Mississippi River, -7.0061

DETERMINATION OF THE STAGES OF EUTROPHICAT1ON OF
SOME OF NEW HAMPSHIRES LARGE LAKES PHASE 11
.Eutrophication, Lakes, New Hampshire, Phytoplankton, Primary

Productivity, Zooplankton, ...2.0746
DETERMINATION OF SAFE LEVELS OF POLLUTION IN

PUERTO RICO ...Bays, Contamination - Water, Meteorological
Studies-general, Pollution - Effects of , Puerto Rico, Recreation
Sites, -2.0937

EFFECT OF WATER QUALITY ON FIRST-YEAR MORTALITY
OF LARGEMOUTH BASS ...Aquatic Ecology, Environmental
Ecolog.y, Largemouth Bass, Mortality Rates, Pollution - Effects of
, -5.0772

A STUDY OF THE ECOLOGY OF THE NAVASOTA RIVER,
TEXAS ...Aquatic Ecology, Fish -non-specific, Pre-impoundment
Sites, Texas, Zooplankton, -6.0547

A CLASSIFICATION OF THE LAKES OF THE STATE OF
OREGON ...Data Acquisition-general, Lakes, Oregon, Survey Stu-
dies, -2.0891

THE ROLE OF AQUATIC VASCULAR PLANTS IN THE
EUTROPHICATION OF SELECTED LAKES IN WESTERN
MASSACHUSETTS ...Bioindicators, Eutrophication, Lake;:, Mas-
sachusetts, Nutrients, -.2.0609

PHYSICAL, CHEMICAL AND MICROBIOLOGICAL FACTORS
AFFECTING THE DISCHARGE OF WATER INTO DRAIN
TILE ...Drainage, Drainage Engineering, -2.0145
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SUBJECT INDEX Water Quality Control
GEOCHEMISTRY AND HYDROLOGY OF A SMALL BASIN IN

THE UPPER BUFFALO RIVER WATERSHED, TENNESSEE
...Hydrology-general, Small Watersheds, Tennessee, Water Cycle,
Weathering Products, -2,0999

CHANGES IN WATER QUALITY PARAMETERS OF RESER-
voirts DURING REGULATED FLOW CONDITIONS
...Eutrophication, Iron, Manganese, Tennessee, Water Quality-
general, _5.1129

WATER QUALITY CRITERIA TO PROTECT THE FISH POPU-
LATION DIRECTLY BELOW SEWAGE OUTFALLS ...Effluent-
standards, Fish -non-specific, Population Dynamics, Sewage,
Water Standards, ...5.0501

SELECTIVE WITHDRAWAL AT LAKE LIVINGSTON ...Flow
Augmentation, Managcmcnt, Reservoirs and Impoundments,
Stratification, -2.1009

RESERVOIR WATER QUALITY PREDICTION BASED ON LIM-
NOLOGICAL PARAMETERS ...Model Studies, Nutrients, Prima-
ry Productivity, Reservoirs and Impoundments, -5.1102

ESTUARINE HYDROGRAPHY AND ITS ROLE IN TRANSPORT
OF NA URALLY PRODUCED FOODS AND POLLUTANTS
...Effluents - waste Water, Estuaries, Georgia, Water Movemcnt-
gencral, Water Quality-gcneral, ...2.0352

ALGAE DEGRADATION IN WATERWAYS ...Algal Culture,
Algal Pollutant Sources, Cell Injury and Autolysis, Mixed Culture,

TO EVALUATE THE UTILITY OF EXISTING AUTOMATIC
CHEMICAL ANALYSIS EQUIPMENT FOR WATER QUALITY
SURVEILLANCE UNDER COMPUTER CONTROL ...Atomic
Absorption, Automatic Data Aquisition, Chemical Analysis
(water), Computers-general, Information Retrieval Methods, In-
formation Storage and File, System Development, ...7.0078

THE ECOLOGY OF SELECTED SUBMERSED AQUATIC
WEEDS ...Elodea, Waterweed, Thalassia, of Aquatic Plants,
Potamogeton, Ruppia, Zostera.., Submerged Plants, ...2.080S

OPTIMUM ESCAPEMENT STUDIES OF CHIGNIK SOCKEYE
SALMON ,..Alaska, Aquatic Ecology, General Synoptic Observa-
tions, Lakes, Salmon -coho,chinook,sockeye.., _6.0623

FARMINGTON RIVER SHAD STUDIES ...Alowife,men-
haden,shad,herring, Bottom Sampling, Migration, Plankton
Sampling, Water Sampling, -6.0117

A LIMNOLOGICAL INVENTORY OF IOWA LAKES AND
STREAMS ...Aquatic Ecology, Aquatic Plants (non-specific),
Iowa, Lakes, Streams, Survey Studies, -7.0042

LIMNOLOGY OF NEBRASKA ...Lakes, Life History Studies,
Nebraska, Phonology, Reservoirs and Impoundments, ...2,0720

POPULATION ECOLOGY OF FORAMINIFERA IN THE CHOP-
TANK RIVER ...Aquatic Ecology, Environmental Ecology,
Foraminifera, Maryland, Population Dynamics, -6.0126

GREAT LAKES RESEARCH - SPOIL DISPOSAL EFFECTS
...Dispersion - water, Great Lakes-general, Pollution - Effects of ,
Sedimentation, Sediments, Spoil Banks, -5.0561

EFFECTS OF HEATED WATER IN A TIDAL ESTUARY ...Bays,
Chesapeake Bay, Electric Power Plants, Pollution Effccts, Ther-
mal Pollution, Urban Environments, _4.0078

SPRINGS OF UTAH -Chemical-general, Potential of Deposit,
Springs, Utah, Variation in Time, -2.1081

REMOTE SENSING, EVERGLADES AREA, FLORIDA ,.,Compu-
ters-gcncral, Florida, Remote Areas, Swamps-marshes, Visible
Light, ...2.0329

LARGE IMPOUNDMENTS ...Arid and Desert, Eutrophication,
Nevada, Reservoirs and Impoundments, Water Quality-general,
-5.0184

ECOLOGICAL EFFECTS OF WEATHER MODIFICATION ...Cli-
mate-g,oneral, Management, Modification, Weather Modification-
)/crieral, -2.0168

PHYSIOLOGY AND BEHAVIOR OF LARVAE (PHYSIOECOLO-
GY OF SHELLFISH PROGRAM) ...Aquatic Ecology, Biological
Rhythms, Environmental Ecology, Environmental Physiology,
-6.0113

ECOLOGICAL FACTORS AFFECTING REPRODUCTION OF
SHELLFISH (PHYSIOECOLOGY OF SHELLFISH PROGRAM)
...Connecticut, Environmental Ecology, Oysters, Reproductive
System, Spawn Or Nesting Sites, -6.0114

SURVIVAL REQUIREMENTS OF JUVENILE AND ADULT
BLUE CRABS ...Biological Rhythms, Crabs, All, Environmental
Physiology, Laboratory, Osmoregulution, ...6.0401

LIFE HISTORY AND ABUNDANCE OF THE WALLEYE
icitqmstitcoryEcsotluosiye,s,Crzyeercsialptirliii4li, Environmental Ecology,

LIFE HISTORY AND ABUNDANCE OF THE YELLOW PERCH
.Aquatic Ecology, Environmental Ecology, Life History Studies,

Population Dynamics, Yellow Perch, Darters, -6.0439

MONITORING FISH STOCKS AND ENVIRONMENTAL CONDI-
TIONS ...Aquatic Ecology, Biological-general, Environmental Ef-
fects-geologic, Population Dynamics, -6.0635

BIOASSAY ...Animal Pollutant Sources, Evaluation, Lampreys,
Piscicides -non-specific, Streams, ...5.0580

PHYSICAL, CHEMICAL, AND BIOLOGICAL LIMNOLOGY OF
OAHE RESERVOIR ...Fish -non-specific, Physical Properties-
general, Population Dynamics, Reservoirs and Impoundments,
South Dakota, _6.0497

PINK SALMON INVESTIGATIONS - FRESHWATER ECOLOGY
,Alaska, Aquatic Ecology, Salmon - coho,chinook,sockeye,.,

Spawn Or Nesting Sites, Streams, -6.0005
ESTUARINE ECOSYSTEMS ...Aquatic Or Soil-aquatic Cycles,

Estuaries, Pesticides -non-specific, Pollution - Effects of , Pollu-
tion Effccts, -2.0324

Water Properties -other
VHF PROPAGATION THROUGH FRESH WATER AND

ACROSS THE AIR-WATER INTERFACE ...Fish -non-specific,
Microwave, Telemetry, Transmitters, Vcry High Frequency,
-1.0129

Water Purification Hants
A STUDY OF HYDRODYNAMIC ASPECTS OF REVERSE OS-

MOSIS (7cHYPERFILTRATION..Cost Analysis, Desalination,
Fluid Flow-other, Reverse Osmosis, Turbulent, -5.1144

THE CONSTRUCTION OF THE STORM DETENTION A, )
CHLORINATION STATION ...Chlorination, Combustible, Ef-
fluent-standards, Runoff, Storage-retention-facilities, -5.0519

CHLORINATION AND HYPOCHLORINATION OF POLLUTED
STORM WATER PUMPAGE ...Bacteria, Chlorination,
Chlorites,hypochlorites, Disinfection, Storm Scwcr Quantity-other,
-5.0458

CHARACTERIZATION OF THE ACTIVATED SLUDGE
PROCESS AT THE HYPERION TREATMENT PLANT ...Ac-
tivated, California, Mathematical Analysis, Model Studies, Waste
Water Treatment-general, -5.0107

STUDY AND EXPERIMENTS IN WASTE WATER RECLAMA-
TION BY A REVERSE OSMOSIS PROCESS ...Process Design,
Reverse Osmosis, -5.0148

COOLING TOWER TREATMENT ...Corrosion Prevention-other,
Other, Scale Formation, Scaling, Encrusting, Water, ...8.0175

Water Quality Control
Adsorption

MICROFLOTATION AND FLOCCULATION OF NATURAL
COLLOIDAL SYSTEMS ,..Colloidal Phenomena, Electrochemis-
try- other, Flocculation, Flotation, Microbial-bacterial, ,..5.0790

IMPROVEMENT OF QUALITY OF WATER RESOURCES BY A
THREE-FOLD ATTACK - ADSORPTION, SEDIMENTATION
AND MIXING ...Adsorption Capacity, Aquatic Ecology, Floccu-
lation, Pollution Abatement, Sedimentation, .,.5.0502

REMOVAL OF TRACE ORGANICS FROM WATER BY AD-
SORPTION ON COAL ..,Activated Carbon, Coal-general,
Isotherm, Organic, Waste Water Treatment- general, ..5.1209

ADSORPTION OF VIRUSES ON MINERAL SURFACES ...Ad-
sorption Capacity, Control of Viruses, Escherichia Coli, Mineralo-
gy, Viral Pollutant Sources, -5.0474

ADSORPTION FROM AQUEOUS SOLUTION ...Adsorption-ab-
sorption-other, Adsorption-other, Organic Matter, Organics,
-5.0558

EFFECT OF SURFACE GROUPS ON ADSORPTION OF POLLU-
TANTS ...Activated Carbon, Area, Material Recovery Wastes,
Organics, -5.0987

Aeration
FOAM SEPARATION FOR FIELD WATER TREATMENT

...Foam, Military Aspects, Potable Water, Sterilants, Surfactants,
-5.0444

TRAINING, TECHNICAL SUPERVISION, AND ASSISTANCE
REGARDING THE OPERATION OF A SKID-MOUNTED MSF
UNIT ...Distillation-other, Foam, Mobile, Other, Pilot Plant,
-3.0491

ANALYSIS OF WATER CHEMISTRY ...Bottom Sampling, Chemi-
cal Analysis (water), Destratification, Physical-general, ..,4.0035

EVALUATION OF METHODS DESIGNED TO PREVENT
WINTER-KILL ...Chemical-general, Circulation -water, Lakes,
Mortality Rates, North Dakota, -5.0828
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REOXYGENATION OF IOWA STREAMS .,.Iowa, Photosynthesis,
Self- purification, Streams, ...5.0417

OPTIMIZATION OF STEP AERATION WASTE TREATMENT
PROCESSES -Development of Models, Dynamic Programming,
Optimization, Process Design, Systems Analysis, -5.0426

EFFECTS OF AUDIO VIBRATIONS ON AERATED BIOLOGI-
CAL SYSTEMS ..Activated, Bubble, Sewage Bacteria, Sonic,
Waste Water Treatment-general, -5.0673

PHOTOSYNTHETIC REAERATION IN THE UPPER PASSAIC
RIVER ...Chemical Oxygen Demand, New Jersey, Photosynthesis,
Self-purification, Streams, -5.0733

THE ORGANIC CONCENTRATION GRADIENT IN AN AERA-
TION COLUMN ...Bubbles, Foam, Organic Matter, Surfactants,
Waste Water Treatment-general, -5.0734

PROCESS CONTROL MODEL FOR OXYGEN REGENERATION
OF POLLUTED RIVERS ,..Automatic, Chemical Oxygen De-
mand, Detectors and Sensors, Model Studies, Oxygen, Streams,
-5.0727

BIOLOGICAL TREATMENT OF BEE" ANIMAL WASTES TO
REDUCE WATER POLLUTION .,Anaerobic, Animal Wastes -
Feed Lots, Biochemical Oxygen Demand, Chemical Oxygen De-
mand, Chemical Treatment, Fars:. Wastes, Livestock Equipment,
-5.0433

ANALYSIS OF THERMAL POLLUTION DISPERSION ...Disper-
sion -water, Effluents-waste Water, Stratified Flow, Tcrinperature,
Thermal Pollution, -5.0726

OPERATIONAL STABILITY OF THE EXTENDED AERATION
PROCESS -Activated, ...5.0926

TREATMENT OF AQUEOUS AGRICULTURAL WASTES FOR
CLEAN WATER AND FOR MICROBIAL PROTEIN PRODUC-
TION ...Agricultural Microbiology, Animal Waste Removal-treat-
ment, Fermentation, Microorganism Proteins, Plant Waste
Removal, Treatment, -5.0410

HYDRODYNAMIC CHARACTERISTICS OF FLOW CONCEN-
TRATION GROINS ...Engineering Structures-general, Floods,
Flow Characteristics -water, Groin, Streams, -8.0268

OXYGEN CONSUMPTION IN CONTINUOUS BIOLOGICAL
CULTURE ...Activated, Bacteria, Flocculation, Nutrition,
-5.0424

OXYGEN RELATIONSHIPS IN SMALL STREAMS ...Ions and
Gases, Oxygen, Self-purification, Streams, -5.0357

TURBULENT DIFFUSION AND REAERATION IN NATURAL
RIVERS ...Flow of Gas in Liquid, Mixing, Model Studies,
Tracers-general, Turbulent Flow, ...5.1136

AERATION OF LAGOONS IN RIGOROUS CLIMATE AREAS
...Climate, Degradation-other, Lagoon, Pollution Abatement,
Pond, Water Balance-budget, Wyoming, -5.1325

OXYGEN REGENERATION OF POLLUTED RIVERS ...Delaware
River, Economic Efficiency, Instrumentation-general, Oxygen,
Pollution Abatement, Streams, -5.0740

TERTIARY SEWAGE TREATMENT FOR REUSE ...Denitrifica-
tion, Filtration, Pollutant-other, Tertiary Treatment, Thickening,
-5.0096

POLLUTION PREVENTiON BY AERATION OF FRUIT
PROCESSING WASTES ...Activated, Aerobic, Canning Wastes,
Drying-dewatering, Lagoon, Solid Waste, ...5.1272

HIGH RATE TRICKLING FILTERS AND AERATION DEVICES
FOR THE ADVANCED BIOLOGICAL TREATMENT OF IN-
TEGRATED KRAFT PULP AND PAPER MILL EFFLUENTS
...Activated, Biological Treatment-other, Pulp and Paper Wastes,
Trickling, Waste Treatment-economics, -5.0840

USE OF MODIFIED ACTIVATED SLUDGE TREAT TO
ACHIEVE NUTRIENT REMOVAL & TO PROVIDE CON-
SISTENT FEED TO TERTIARY TREATMENT SYSTEM _,..Ac-
tivated, Pilot Plant, Pollutant-other, Tertiary Treatment, Waste
Treatment-economics, -5.0245

REMOVAL OF ORGANICS AND NUTRIENTS FROM CITRUS
PROCESSING PLANT WASTES ...Activated, Citrus, Food
Processing Industry, Organics, Pond, Waste Water Treatment-
general, -5.0266

DEMONSTRATION OF THE CHANNEL AERATION PROCESS
IN TREATMENT OF SEWAGE -Applied Ecology, En-
teroviruses of Animals, Enteroviruses of Humans, Nutrients, Sal-
monella (non-specific & -5.0596

RENOVATION OF A DYSTROPHIC LAKE INTO A EUTROPHIC
LAKE ...Biological-general, Eutrophication, Lakes, Nutrients, Or-
ganic Matter, -5.0761

AEROBIC SECONDARY TREATMENT OF POTATO
PROCESSING WASTES WITH MECHANICAL AERATION
...Aerobic, Biological Treatment-other, Canning Wastes, Process
Design, Secondary Treatment, Waste Treatment-economics,
-5.0329
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CANNERY WASTE TREATMENT BY THE KEHR ACTIVATED
SLUDGE PROCESS .,.Activated, Aerobic, Canning Wastes,
Sewage, Waste Treatment-economics, -5.0157

OPERATION AND EVALUATION OF A DEMONSTRATION
ROTATING BIOLOGICAL CONTACTOR ...Biological, Biologi-
cal Treatment-other, Combined Sewer, Microbial-bacterial,
Wisconsin, -5.1317

REMOVAL OF BOD AND NUTRIENTS BY BIOLOGICAL
SLIMES -Blocher !Ica! Oxygen Demand, Biological Treatment-
other, Denitrificati_,n, Sedimentation, -5.0737

CHARACTERIZATION OF STREAM REAERATION CAPACITY
_Industrial Wastes, Pollution - Effects of , Tracers-other, Water
Costs, ..,5.0303

INDUCED AIR MIXING OF LARGE BODIES OF POLLUTED
WATER ...Injector, Mathematical Analysis, Mixing, Model Stu-
dies, Organic Matter, -5.0477

THE EFFECT OF GAS BUBBLE MOTION ON FLUID MIXING
IN AERATION PROCESS ...Bubble, Diffusion, Mass Transfer,
-5.0798

UPTAKE AND RELEASE OF SOLUBLE ORTHOPHOSPHATE
BY ACTIVATED SLUDGE ...Activated, Concentration, Ef-
fluents-waste Water, Phosphate, Phosphite, ..5.0365

PHOSPHORUS REMOVAL IN THE ACTIVATED SLUDGE
PLANT ...Activated, Aluminum, Phosphate, Phosphite, Precipita-
tion, Sewage - Domestic, -5.0788

FIELD EVALUATION OF REAERATING SURFACE WATERS
...Florida, Reservoirs and Impoundments, -5.0267

A COMBINED SEWERAGE COLLECTION AND TREATMENT
FACILITY ...Combined Sewer, Lakes, Sand, Storm Water,

BIO-MASS DETERMINATION - A NEW TECHNIQUE FOR THE
CONTROL OF AERATION SEWAGE TREATMENT PROCESS
...Biological Treatment-general, ...5.0231

DEMONSTRATION OF A FULL SCALE WASTE TREATMENT
SYSTEM FOR A CANNERY .Biological Treatment-general,
Canning Wastes, Waste Treatment-economics, -5.0922

AEROBIC SECONDARY TREATMENT OF PLYWOOD GLUE
WASTES ...Activated, Aerobic, Aldehydes, Lagoon, Process
Design, Secondary Treatment, -5.0984

TREATMENT OF ACID RINSE WATERS ...Coagulation, Iron,
Lime Treatment, Metal Pickling Wastes, Treatment-other, Water
Standards, -5.0899

ECONOMIC OPTIMIZATION OF SECONDARY TREATMENT
AND DETERMINATION OF LOAD TO CONTROL BIOLOGI-
CAL GROWTHS IN A STREAM ...Capsule and Slime Layer,
Lagoon, Optimization, Pulp and Paper Wastes, Storage-retention-
facilities, ...5.1222

DEVELOPMENT PROGRAM FOR TREATMENT OF WASTE-
WATER BY AERATION ...Flushing Devices, Methods, Pipe-
other, Process Design, -5.0076

OXYGENATION OF AQUEOUS BODIES USING LIQUID OX-
YGEN ...Diffusion-other, Oxygen, Solution, Waste Treatment-
economics, -5.0685

AMMONIA STRIPPING MATHEMATICAL MODEL FOR
WASTE WATER TREATMENT ...Ammonia, Finance, Maths,-
matical Analysis, Model Studies, Waste Treatment-economics,
-5.0337

FARM ANIMAL WASTE DISPOSAL -Animal Waste Removal-
treatment, Drying-dewatering, Electroosmosis, Farm Wastes,
-5.0564

SOLUBLE PHOSPHORUS REMOVAL IN THE ACTIVATED
SLUDGE PROCESS ...Activated, Aluminum, Chemical Treat-
ment, Digestion, Filter-other, Phosphate, Phosphite, ...5.1037

AIR OXIDATION OF ORGANIC COMPOUNDS IN AQUEOUS
SYSTEMS ..Chemical Treatment, Continuous, Mass Transfer,
Organics, Wet Oxidation, -1.0023

WASTE TREATMENT FOR AN INDIVIDUAL HOME WITH
REUSE OF THE WATER ...Carbon, Filtration, Flushing Devices,
Recycle, Septic Tanks, -5.0391

PRODUCTION AND DISPERSAL OF PATHOGENIC BACTERI-
AL AND VIRAL AEROSOLS BY AERATION OF CON-
TAMINATED WATERS ...Aerosols, Biological Organisms, Ef-
fluents-waste Water, Monitoring-general, Mycobacterium Tu-
bercul, Wind Tunnels, -5.0301

OXYGEN TRANSFER TO WATER DROPLETS ...Air-general,
Diffusion-other, Oxygen, Water, -1.0038

EFFECTS OF OXYGEN DEMAND ON SURFACE REAERATION
RATES ...Biochemical Oxygen Demand, Chemical Oxygen De-
mand, Energy, Ions and Gases, Turbulent Flow, -5.0369

TURBULENT MIXING IN SURFACE AERATION ...Diffuser,
Dyes, Mixing, Synthetic Hydrology-general, Turbulent Flow,
-5.1061
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LOW ENERGY MECHANICAL OXYGENATION OF WATER
...Chemical Treatment, Technique Development, Water, 5.0331

AERATED SEWAGE LAGOON INVESTIGATION - BOISSEVAIN
...Canada, Economic Efficiency, Sewage Lagoons, Technique
Development, 5.0170

EVALUATION OF AERATED LAGOONS AS A SEWAGE
TREATMENT FACILITY IN THE PRAIRIE PROVINCES ...Ac-
tivated, Canada, Economic Efficiency, Sewage Lagoons, Waste
Treatment-economics, 5.0173

DETERMINATION OF HOWELL-BUNGER VALVE AERATION
EFFICIENCY ...Nozzles, Reservoirs and Impoundments, V Wes,

...5.1141
RESERVOIR DESTRATIFICATION BY DIFFUSED AIR PUMP-

ING FOR WATER QUALITY IMPROVEMENT ...Destratifica-
tion, Hardness-minerals, Ions and Gases, Reservoirs and Impound-
ments, Stratification, Temperature, 5.0309

CHEMISTRY OF HYDROSOLIC METALS IN NATURAL
WATER ...Aluminum, Demineralization, Geochemical Analysis,
Iron, Manganese, Solution Chemistry, 5.0119

HYDROLOGY OF CACHUMA RESERVOIR ...Destratification,
Phytoplankton, Reservoirs and Impoundments, Stratification,
5.0118

REAERATION IN OPEN CHANNEL FLOW ...Degradation, Fresh-
water Ecology, Open Channel Flow, Oxygen, Oxygen Content -
water, ...2.0224

FLOW SURFACE PROTECTION ...Cavitation-other, Engineering
Structures-general, Hydraulics-general, 8.0038

STREAM REAERATION ...Morphology-general, Organic-general,
Oxygen, Photosynthesis, Streams, 5.0905

A STUDY OF THE KINETICS OF THE ACTIVATED SLUDGE
PROCESS ...Activated, Flow Regulations, Kinetics - other, Pump,
Storage-retention-facilities, ...5.0862

SUBARC AERAT LAG INVES BIOKIN REQUIR SEASON &
DIURN EFF ON NUT 13AL ..Effluent-standards, Lagocal,
Process Design, Sub - Polar, 'Waste Treatment-economics,
_5.0027

DYNAMICS OF RESERVOIR DESTRATIFICATION ...Destratifi-
cation, Diffuser, Oklahoma, Reservoirs and Impoundments, Rotat-
ing Fluids, ...5.0911

Chemical Treatment-general
DISINFECTION OF SMALL QUANTITIES OF DRINKING

WATER ...Chlorine, Iodine, Military Aspects, Potable Water,
Sterilants, ...5.0374

CHEMICAL TREA ;MENT OF NEBISH LAKE ...Aquatic Ecology,
Control of Nuisance Species, Data Analysis - General, Lakes,
Stocking of Fish & Shellfish, ...5.1293

CATALYTIC OXIDATION OF ORGANIC COMPOUNDS IN
WASTE WATERS ...Electrochemistry-other, Electrolytic,
Heterogeneous Catalysis, Organics, 5.0332

FACTORS INFLUENCING FREE-LIVING NEMATODES IN
WATER SUPPLIES ...Aquatic Ecology, Evaluation, Mode of Ac-
tion -animal, Ncmatoda -other, Sand, ...5.0368

STORM WATER TREATMENT FACILITIES ...Lime Treatment,
Overflow, Phosphate, Phosphite, Sewage Treatment Plant, Storm
Water, ...5.1164

BEHAVIOR OF TRACE ELEMENTS IN WATER RECLAMA-
TION TREATMENT PROCESSES ...Pollutant-other,
Radioisotoper, Trace Elements, 5.0177

DEVELOPMENT OF ANALYTICAL METHODS FOR PESTI-
CIDE CONTAMINANTS IN DOMESTIC, IRRIGATION, LAKE,
AND POND WATERS ...Chemical Analysis, Chemical Analysis
(water), Irrigation-general, Lakes, Pesticides -non-specific, Ponds,
5.0139

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Aluminum, Chemical Treatment, Iron, Phosphate,
Phosphite, Reaction-general, 5.0738

Chemical Treatment-other
THE DECOMPOSITION OF PETROLEUM PRODUCTS IN OUR

NATURAL WATERS ...Anaerobic, Aquatic Environments,
Chemical, Industrial Wastes, Petroleum Industry, ...5.0623

EFFECTIVENESS OF IODINE FOR DISINFECTION OF PUBLIC
WATER SUPPLIES & TO DETERMINE PHYSIOLOGICAL EF-
FECTS ON A HUMAN POPULATION (ABBREV) ...Iodine, Pol-
lution- water, Side Effects, "1.0249

HETEROGENEOUS OXIDATION OF POLLUTANTS IN WATER
Element Heterogeneous Catalysis, Organic Matter, Oxidants,
Regeneration-other, .5.0789

NITRATE REMOVAL FROM THE AGRICULTURAL EF-
FLUENTS IN THE SAN LUIS DRAIN UTILIZING ION
EXCHANGE RESINS ...Ion Exchange-other, NiUate, Nitric ,

Resins, Runoff, Waste Treatment-economics, 5.0182
INTERACTIONS OF PESTICIDES AND SEDIMENTED OILS

...Chlorinated Hydrocarbons, Other, Pesticides, Pollutants - Path
of , 5.0551

Chlorination
EFFECTS OF CHEMICAL IMPURITIES IN WATER DISINFEC-

TION BY HALOGENS ...Chemical and Spices, Chlorine, Disin-
fectants, Taste and Odor, Water for Cooking Or Drinking,
5.0512

BIOLOGICAL AND CHEMICAL OXIDATION OF SELECTED
ORGANIC PESTICIDES ...Biological, Chemical Degradation,
Chlorinated Hydrocarbons, Degradation, Gas, Pesticides, 5,0010
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EFFECT OF CHLORINATION ON CILIATE PROTOZOr. AND
THEIR ROLE AS A BARRIER TO STREAM POLLUTION
...Biological- general, Illinois, Population Dynamics, Protozoa -
other, Streams, 5.0379

ALTERNATE TO STORM WATER SEPARATION ...Combined
Sewer, Pond, Storm Water, ...4.0274

IMPROVEMENTS TO THE BOROUGH OF NEW PROVIDENCE
SEWAGE PUMPING STATION AND TREATMENT FACILI-
TIES ...Pilot Plant, Plastics - General, Polyelectrolytes, Pumping
Stations, Sedimentation, Trickling, 6.0353

EAST CHICAGO TREATMENT LAGOON ...Aerobic, Anaerobic,
Combined Sewer, Effluent-standards, Waste Water Treatment-
general, 6.0215

TERTIARY TREATMENT RESEARCH AT THE JOINT FWPCA
DISTRICT OF COLUMBIA PILOT PLANT ...Chemical Treat-
ment, Denitrification, Disinfectants, Filter-other, Lime Treatment,
Tertiary Treatment, 5.0242

SELF - ADJUSTING AND SELF-CLEANING FILTER FEASIBILI-
TY STUDY ...Combined Sewer, Filament Winding, Filter-other,
Pollutant-other, Pressure-other, 5.0227

MICROSTRAINING PILOT TESTS OF STORM WATER OVER-
FLOWS FROM COMBINED STORM AND SANITARY SEWER
SYSTEMS ...Combined Sewer, Ozonization, Pilot Plants, Screen-
ing, ...5.1003

DISINFECTION OF SEWAGE EFFLUENTS ...Bacteria, Bromine,
Chemical-general, Chlorine, Disinfection, Sewage, 5.0380

ROCK CREEK PARK CLARIFICATION PROJECT ...Coagulation,
District of Columbia, Polyelectrolytes, Sediments, Streams,
4.0044

TREATMENT OF COMBINED SEWER OVERFLOWS BY THE
DISSOLVED AIR FLOTATION PROCESS California, Com-
bined Sewer, Flotation, Overflow, ...9 9153

STORM WATER DEMONSTRATION PROJECT - CITY OF
SOMERSWORTH, NEW HAMPSHIRE ...Additives, Combined
Sewer, Polymer Type-other, Storm Water, ...5.0710

A PROGRAM FOR DEMONSTRATING COMBINED SEWER
OVERFLOW CONTROL TECHNIQUE FOR WATER QUALI-
TY IMPROVEMENTS AND BEACH PROTECTION ...Com-
bined Sewer, Disinfection, Lake Eric, Polyelectrolytes, Potable
Water, Shoreline - Coastline, ...5.0867

THE CONSTRUCTION OF THE STORM DETENTION AND
CHLORINATION STATION ...Combustible, Effluent-standards,
Runoff, Storage-retention-facilities, Water Purification Plants,
...5.0519

CHLORINATION AND HYPOCHLORINATION OF POLLUTED
STORM WATER PUMPAGE ...Bacteria, Chlorites,hypochlorites,
Disinfection, Storm Sewer Quantity-other, Water Purification
Plants, _5.0458

RECLAMATION OF BIOLOGICALLY, MECHANICALLY &
CHEMICALLY TREATED WASTEWATER FOR POTABLE
WATER SUPPLY USES (ABBREV) ...Activated Carbon, Elec-
trodialysis, Ion Exchange-other, Risk & Uncertainty, Waste Water
Pre-treatment, .,,5.0159

CHLORINAT1014 OF WASTE WATER EFFLUENTS ...Activated,
Bacteria, Effluent-standards, Illinois, Sewage Bacteria, ...5.0367

TREATMENT AND CONDITIONING OF WADING AND SWIM-
POOL WATERS ...Economic Efficiency, Filtration, Swimming
Pools, ..5.0172

THE FEASIBILITY OF REUSE OF CHLORINATED SEWAGE
EFFLUENT FOR FERTILIZATION AND IRRIGATION IN
IDAHO (ABBREV) ...Irrigation-general, Sewage, Stream Reha-
bilitation, Use of Impaired Water, Water Reuse, 5.0327

CW-BW WATER DECONTAMINATION SET ...Coagulation, Fil-
tration, Potable Water, 5.1214
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DISINFECTION OF RENOVATED WASTEWATER ...Disinfec.

tion, Effluent-standards, Ozonization, Waste Treatment.
economics, ..5.0846

PLUTONIUM REMOVAL IN WATER TREATMENT ...Carbon,
Coagulation, Flocculation, Plutonium, Sand, 5.1019

ISOLATION OF VIRUS FROM SEWAGE & DRINKING WATER
Activated, Enteroviruscs of Humans, Hepatitis, N.s, , Inactiva-

tion, Isolation, Potable, 5,0569

Degradation
ENZYMES FOR ANALYSIS AND PURIFICATION OF SALINE

WATER SYSTEMS ..Alcohols, Biodegradation, Bioindicators,
Fluorometry, Heavy Elements, Pesticides, ..5.0456

BIOLOGICAL AND CHEMICAL OXIDATION OF SELECTED
ORGANIC PESTICIDES ...Biological, Chemical Degradation,
Chlorinated Hydrocarbons, Chlorination, Gas, Pesticides,
5.0010

THE ECOLOGY OF STREAM BIOTA IN WASTE ASSIMILA.
TION ...Organic Matter, Periphyton, Self-purification, Streams,
Water Bacteria, ..5.0675

INSECTICIDE ADSORPTION BY LAKE SEDIMENTS AS A FAC-
TOR CONTROLLING INSECTICIDE ACCUMULATION IN
LAKES ...Adsorption Capacity, Deposits-other, Insecticides -non-
specific, Lakes, Wisconsin, ...5

BIOCHEMICAL OXIDATION OF HYDROCARBONS IN NATU-
RAL WATERS ...Bacteria (non-specific), Chcmostat, Hydrocar-
bons, Organic Matter, Seasonal, 1.0110

WATER QUALITY DEGRADATION BY SEPTIK TANK
DRAINAGE ...Drainage, Lakes, Nitrogen, Phosphorus, Septic
Tanks, ...5.0468

STUDIES ON AQUATIC MYXOBACTERIA ...Bacterial Pollutant
Sources, Bioindicators, Myxobactcria, Nutrition, Range Or Terri-
torial Distr. , Streams, 5.0952

OXYGEN TRANSFER IN CONCENTRATED MICROBIAL
SYSTEMS Microbial-bacterial, Mixed Culture, Model Studies,
Oxygen, Physico - Chem - Metab, 5.0801

INTERACTION OF HERBICIDES AND SOIL MICROORGAN-
ISMS Chlorinated Hydrocarbons, Microbial Degradation,
Removal Residues, Water Quality Control- other, ..5.0802

DEGRADATION OF SEWAGE AND SOIL MICROORGANISMS
...Catabolism and Degradation, E Coli, Micro-organism Enz,
Sewage, Soil Bacteria, ...5.0524

DEGRADATION - DEPLETION OF HERBICIDES IN IRRIGA-
TION WATER AND ACCUMULATION OF HERBICIDE
RESIDUES IN CROPS FROM TREATED WATER ...Aquatic Or
Soil-aquatic Cycles, Biodegradation, Persistance of Residues, Per-
sistence in Soils, ...5.1326

THE FINITE ELEMENT METHOD IN FLUID MECHANICS
Finite Differences, Fluid Dynamics, Groundwater Movement,
Non-autonomous, Saturated Flow, _5.0302

THE ECOLOGY OF THE MICROBIAL POPULATION OF AC-
TIVATED SLUDGE ,..Activated, Industrial Processes-other,
Mechanisms, Plant Succession, Toxic Substances -non-specific,
5.0168

REAERATION IN OPEN CHANNEL FLOW ...Aeration, Fresh-
water Ecology, Open Channel Flow, Oxygen, Oxygen Content -
water, 2.0224

DEGRADATION KINETICS OF VARIOUS ESTER FORMULA-
TIONS OF 2%2,4,5 TRICHLOROPHENOXYROPRIONIC ACID
%SILVEX -Aquatic Or Soil-aquatic Cycles, Biodegradation,
Chemical Degradation, Physical Degradation, Silvex, ...5.0285

RELATIONSHIP OF PESTICIDES IN SOIL, WATER AND
PLANTS Bioindicators, Food Chains, Animal And/or Man,
Pesticides, Soil-water-plant Relationships. ...5.0567

Demineralization
AN INTERFEROMETRIC INVESTIGATION OF TRANSPORT

PHENOMENA IN PARTIAL PRESSURE DISTILLATION
...Distilling Units, Evaporation, Films, Heat Transfer, Interface,
...3.0489

ELECTROSORPTION AND DESORPTION PROCESS FOR
DEMINERALIZATION ...Adsorption-other, Desalination, Elec-
trochemistry-other, Industrial Operation-other, Membranes-other,
5.0014

DEMINERALIZATION BY FORCED-FLOW ELECTRO-
DESALINATION ...Desalination, Electrodialysis, Fluid Flow-
other, Ion Selective, Porosity, Screening, 3.0003

STUDIES IN THE THERMOECONOMICS OF SEA AND
BRACKISH WATER DEMINERALIZATION ...Brackish Water,
Desalination, Optimization, Sea Water-general, ...3.0319

ELECTROCHEMICAL DEMINERALIZATION OF BRACKISH
WATER ...Desalination, Electrochemistry-other, Electrode, Ion
Exchange-other, Regeneration- other, ..3.0039

STUDIES ON THE HYDRATE PROCESS FOR DEMINERALIZ-
ING SEA WATER Brines, Crystal Growth, Hydration,
Removal--inorganics, 3.0366

IRON AND MANGANESE REMOVAL FROM SMALL GOUND
WATER SUPPLIES ...Filtration, Groundwater, Iron, Manganese,
Technique Development, ...5.1053

REMOVAL OF INORGANIC MATERIAL FROM SALINE
WATER BY PRECIPITATION PROCESSES ,..Brines, Crystal
Growth, Nucleation, Precipitation, Removal -- inorganics, ..5.0420

DEVELOPMENT OF A FROTH PROCESS FOR THE TREAT-
MENT OF SOUR WATER ...Chemical Treatment, Foam, Materi-
al Recovery Wastes, Precipitation, Sulfur, 5.0755

REMOVAL OF METAL IONS BY FLOTATION WITH SURFAC-
TANTS ...Cost Analysis, Flotation, Ions and Gases, Other, Surfac-
tants, Temperature, ..5.0692

MODIFICATIONS TO PUMPING STATION AT SHAGOWA
LAKE, FIELD SITE, ELY, MINNESOTA ...Chemical Analysis,
Equipment Purchase Operation, Minnesota, Pumping, ..5.0932

DEMINERALIZATION OF WASTEWATER BY THE TRANS-
PORT-DEPLETION PROCESS Electrodialysis, Process Design,
Sewage Treatment Plant, Waste Treatment-economics, Waste

Water Pre-treatment, ...5.0015
MEMBRANE MATERIALS FOR WASTE WATER RECLAMA-

TION BY REVERSE OSMOSIS ...Cellulose Acetate, Reverse Os-
mosis, TerpoIymers, Waste Water Treatment-other, ...5.0149

INVESTIGATIONS OF THE REMOVAL OF IRON FROM
GROUNDWATER SUPPLIES IN ILLINOIS ...Filtration, Ground-
water, Illinois, Iron, Precipitation, ...S.0375

DECONTAMINATION OF WATER CONTAINING CDR AND
OTHER MATERIALS ...Biological Pollutants -general, Chemical-
general, Other, Radioactivity-general, Reverse Osmosis, 5.1217

WATER SUPPLY TECHNOLOGY - WATER QUALITY
MANAGEMENT AND PROTECTION ...Drilling and Coring,
Groundwater, Reverse Osmosis, Water Reuse, ...5.1219

ION EXCHANGE UNIT, 3000 GPH ...Ion Exchange-other, Mobile,
Other, Potable Water, Radioactivity-general, 5.1215

CHEMISTRY OF HYDROSOLIC METALS IN NATURAL
WATER ...Aeration, Aluminum, Gcochemical Analysis, Iron,
Manganese, Solution Chemistry, 5.0119

LIME SLUDGE RECOVERY AND REUSE ..,Lime Treatment,
Material Recovery Wastes, Phosphate, Phosphite, Silicate-general,
Treatment-other, ...5.0858

ELECTRODIALYSIS TREATMENT OF SECONDARY EF-
FLUENT ...Activated Carbon, Electrodialysis, Pollutant-other,
Recycle, Waste Treatment-economics, 5.0896

DISSOLVED INORGANIC REMOVAL--SELECTIVE ION AND
ORGANIC REMOVAL BY ION EXCHANGE RESINS ...Ac-
tivated Carbon, Ion Exchange-other, Pollutant-other, Regenera-
tion-other, Waste Treatment-economics, 5.0849

SINGLE STAGE LIME TREATMENT WASTEWATER ...Concen-
tration, Electrodialysis, Filter-other, Precipitation, Sedimentation,
...5.0897

Desalination
HIGH POWERED FLOATING NUCLEAR POWER PLANT CON-

CEPTUAL STUDY ...Marketing, Nuclear, Nuclear Power, Other,
...8.0296

MULTICOMPONENT FIXED-BED ION EXCHANGE IN THE
TREATMENT OF SALINE WATER ...Ion Exchange-other,
Phase Relationship, Reaction-general, Regeneration-other,
...3.0082

FUNDAMENTAL STUDIES OF DESALINATION BY FREEZING
...Brines, Freezing, Hem Transfer, Removalorganics, -.3.0281

SOLIDIFICATION AND SEPARATION OF ICE FROM SALINE
WA'T'ER ...Convection, Freezing, Magnetic Field, Surface Energy,
3.0277

METALLIC CORROSION IN HALIDE ENVIRONMENTS
...Cathodic Protection, Electrode, Halogens-general, Water,
...3.0369

DIELECTRIC PROPERTIES OF HYDROGEN-BONDED LIQUIDS
...Alcohols, Dielectric Properties, Hydrogen, Isomerism, Thermal
Relation-other, ...1.0078

INTERMOLECULAR FORCES AND THE LIQUID STATE
...Atomic & Molecular Beam, Bond Energy, Forces, Hydrogen,
Inorganic, Liquid, ...1.6051

A MASS TRANSFER STUDY OF CURRENT REQUIREMENTS
FOR CATHODIC PROTECTION ...Cathodic Protection, Cavita.
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tion, Chemical Analysis, Fluid Flow-other, Heat Transfer, Oxygen,
.,.3.0033

OPTIMAL DESALINATION SYSTEMS ... Electrodialysis, Evapora-
tion, Optimization, Optimization Technique, Reverse Osmosis,
3.0241

STUDIES OF THE PHYSICAL CHEMISTRY OF ELECTROLYTE
SOLUTIONS ...Conductivity, Electrolytes, Mathematical Analysis,
Model Studies, Nuclear Magnetic, ..1.0085

OPTIMAL DESALINATION BY GEOMETRIC PROGRAMMING
AND MATHEMATICAL DECOMPOSITION ...Cost Analysis,
Decompositions, Mathematical Analysis, Optimal Statistics, Other
Programming, 3.0077

THE MEASUREMENT OF EVAPORATION AND CONDENSA-
TION COEFFICIENTS OF WATER UNDER EQUILIBRIUM
CONDITIONS ...Equilibrium - Chemical, Phase Relationship,
Tritium, Vaporization, 3.0403

THE TRANSPORT OF SALTS AND WATER ACROSS A CA-
TION EXCHANGER UNDER A GRADIENT OF HYDRO-
STATIC PRESSURE. ...Cation, Membranes-other, Streaming
Potential, Thermodynamic Non Equilibrium, ..3.0467

THE CONTROL OF SCALING ON HEAT TRANSFER SUR-
FACES BY DIRECT CONTACT WITH A FLUIDIZED BED OF
GRANULAR MATERIAL ...Distilling Units, Filtration, Fluidized
Bed, Heat-transflr-other, Scale Formation, ...3.0370

INORGANIC ION EXCHANGERS AND THE NUCLEATION OF
SCALE FORMING MATERIALS ...Calorimctry, Equiliorium
Chemical, Ion Exchange-other, Structural Effect-other, Zirconi-
um, ...3.0341

NEW SYNTHETIC MEMBRANES FOR REVERSE OSMOSIS
DESALINATION ...Copolymers, Membranes-other, Reverse Os-
mosis, Technique Development, ..,3.0468

INFLUENCES OF SALINE WATER ON CONCRETE Cement,
Concrete, Composition Parameters-other, Construction Materials-
other, Saline Water Systems, Salinity, 3.0221

SEPHTON FLASH TUBE (VORTEX TUBE) PROCESS ...Distilla-
tion-other, Distilling Units, Flexible, Vortex, 3.0081

DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-
PRESSION PROCESS FOR USE WITH BRACKISH WATERS
.Brackish Water, Freezing, Mobile, North Carolina, Pilot Plants,
...3.0487

DISPOSAL OF BRINE BY SOLAR EVAPORATION ...Evapora-
tion, Heat Transfer, Mass Transfer, Solar Still, Vapor Pressure,
_3.0333

DEVELOPMENT OF ADVANCED TRANSPORT DEPLETION
PROCESSES ,..Brackish Water, Electrodialysis, Ion Selective,
Pilot Plant, 3.0002

HIDDEN COSTS OF USING SUBSTANDARD QUALITY
WATER, AS EXPERIENCED BY WATER USERS IN
WEBSTER, SOUTH DAKOTA ...Brackish Water, Economic Im-
pact, Potable Water, South Dakota, Water Costs, ...6.0495

SEA WATER CORROSION TEST PROGRAM Inhibitors, Scale
Formation, Sea Water-general, Water, ...3.0455

A STUDY OF THE NUCLEATION AND GROWTH CHARAC-
TERISTICS OF SLURRIES OF ICE CRYSTALS ...Crystal
Growth, Fluid Dynamics, Freezing, Nucleation, Shear-flow,
...3.0356

TRANSFER OF SALT AND WATER ACROSS MEMBRANES OF
PLANT MITOCHONDRIA ...Active Transport, Bioenergetics,
Mitochondria! Membranes, Salt, Water Movement, ...3.0218

WATER TRANSPORT THROUGH HYPERFILTRATION MEM-
BRANES ...Cellulose Acetate, Radioisotopes, Rate Determina-
tion, Reverse Osmosis, 3.0239

RECOVERY OF SALTS FROM SALINE WATERS VIA SOL-
VENT EXTRACTION ...Brines, Distribution Coefficient, Extrac-
tion, Magnesium, Material Recovery, 5.0162

TRANSPORT PROPERTIES OF CONCENTRATED SALT SOLU-
TIONS ...Bond Type-general, Conductivity, Diffusion-other,
Kinetic-general, ...1.0087

FUNDAMENTAL STUDIES IN MFTASTABLE FLASHING
FLOW ...Flash Distillation, Mass Transfer, Water Movement-
general, 3.0458

RESEARCH ON PIEZODIALYSIS ...Dialysis, High, Mosaic,
...3.0291

CONTROL OF CONCENTRATION POLARIZATION IN
REVERSE OSMOSIS DESALINATION OF WATER ...Flow
Characteristics -water, Fluid Flow-other, Membranes-other,
Polarization, Reverse Osmosis, 3.0287

BOUNDARY LAYER FLOW PROBLEMS IN DESALINATION
BY REVERSE OSMOSIS ...Fluid Dynamics, Laminar, Porous
Media - Flow Through, 3.0100
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PHENOMENA IN SYNTHETIC AND NATURAL MEM-
BRANES ...Biodegradation, Membranes-other, Mosaic, Reverse
Osmosis, Water Properties- general, ..3.0273

CORROSION RESEARCH ...Cathodic Protection, Iron, Water,
...3.0167

DIFFUSION PHENOMENA IN ICE - RECRYSTALLIZATION
PHENOMENA IN ICE .Concentration, Crystal Growth, DUDA-
sion-other, Electrolytes, Rate of Reaction, ...S.0351

ELECTROSORPTION AND DESORPTION PROCESS FOR
DEMINERALIZATION ...Adsorption-other, Demineralization,
Electrochemistry - other, Industrial Operation-other, Membranes-other, 5.0014

WATER TRANSPORT ACROSS MEMBRANES BY ELECTRO-
OSMOSIS ...Electric Field, Electroosmosis, Membranes-other,
Transport, 5.1012

PROTECTIVE FILMS FORMED BY PLASMA ANODIZATION
Aluminum, Anodic, Brines, Iron, Passivation, _3.0263

STUDY OF METHODS TO RETARD COMPACTION OF CELLU-
LOSE ACETATE MEMBRANES IN REVERSE OSMOSIS
DESALINATION ...Cellulose Acetate, Membranes-other, Natural
Occurring, Reverse Osmosis, Solid State, 3.0149

SALINE WATER BY FREEZING - A PROGRAM OF IN-
VESTIGATION ...Evaporation, Freezing, Microscopy-other,
Nucleation, Washing, ...3.0343

PREPARATION AND CHARACTERIZATION OF MEMBRANES
FOR REVERSE OSMOSIS ...Membranes-other, Natural Occur-
ring, Reverse Osmosis, 3.0364

DEMINERALIZATION BY FORCED-FLOW ELECTRO-
DESALINATION ...Demineralization, Electrodialysis, Fluid Flow-
other, Ion Selective, Porosity, Screening, 3.0003

SYNTHESIS AND EVALUATION OF NEW POLYMER MEM-
BRANE CANDIDATES FOR APPLICATION IN REVERSE OS-
MOSIS ...Brackish Water, Brines, Membranes-other, Organic,
Reverse Osmosis, 3.0174

STUDY OF ORIENTED CELLULOSE MEMBRANES FOR
REVERSE OSMOSIS AND THE RELATIONSHIP BETWEEN
MORPHOLOGY AND SALT REJECTION ...Film, Membranes-
other, Orientation, Reverse Osmosis, Structure-materials-general,
...3.0248

EFFECT OF PH AND IONIC STRENGTH ON THE CRYSTAL-
LIZATION AND MORPHOLOGY OF POLYMER MEM-
BRANES AND FIBERS ...Concentration, Membranes-other,
Morphology-other, Natural Occurring, Reverse Osmosis, ...3.0188

STUDY OF MASS TRANSFER THROUGH MEMBRAMES ...Elec-
trodialysis, Lasers, Membranes-other, Polarization, Reverse Osmo-
sis, _3.0035

CORROSION AND MASS TRANSFER FROM CYLINDERS OF
METALS ROTATING IN SEAWk !ER AT HIGH TEMPERA-
TURES AND PRESSURES ...Aluminum, High, Water, _3.0247

STUDIES ON THE MOLECULAR STRUCTURE OF BIOLOGI-
CAL MEMBRANES ...Active Transport, Membranes-other,
Plasma Membrane, Purif and Isol, Structure, ...3.0388

MOSAIC MEMBRANES FOR DESALINATION ...Electrodialysis,
Mosaic, Reverse Osmosis, ...3.0373

SYNTHESIS OF MODIFIED LOEB MEMBRANES BY GRAFT-
ING ...Graft - Polymerization, Membranes-other, Monomer
Synthesis, Natural Occurring, Porosity, ...3.0340

THE PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
THE SURFACE MODIFICATION OF CELLULOSE AND RE-
LATED MATERIALS ...Membranes-other, Morphology-other,
Natural Occurring, Peverse Osmosis, 3.0211

ELLIPSOMETRIC STUDIES OF PASSIVATION, WITH SPECIAL
REFERENCE TO THE ESSENTIAL ANIONIC CONSTITUENTS
OF SALINE WATER ...Electrochemical-other, Halide, Passiva-
tion, Saline Conversion, Water, _3.0412

TRANSPORT PROPERTIES OF AQUEOUS ELECTROLYTE
SOLUTIONS - AN APPROACH FROM THE HIGH CONCEN-
TRATION LIMIT ...Concentration, Entropy, Glassy, Transport,
Viscosity, .,.L0049

A STUDY OF THE EFFECTS OF SURFACE POTENTIAL ON
SCALE FORMATION ,.,Crystal Growth, Electrochemistry-other,
Metals, Nucleation, Scale Formation, ...3.0080

NEW SELECTIVE MEMBRANES ...Calcium, Ion Selective, Natu-
ral Occurring, Reverse Osmosis, 5.0763

A STUDY OF THE STRESS - CORROSION SUSCEPTIBILITY OF
CUPRO-NICKEL AND TITANIUM UNDER DESALINATION
CONDITIONS ...Copper, Stress Corrosion, Temperature General,
Titanium, Water, ...3.0137
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DEVELOPMENT OF ULTRATHIN SKIN MEMBRANES - HEMA
POLYMERS ...Esters, Films, Membranes-other, Polymerization-
general, Reverse Osmosis, ...30278

MINERAL RECOVERY FROM CONCENTRATED BRINES
..,Brines, Chloride, Great Salt Lake, Magnesium, Potassium,
Regeneration-other, -5.1198

GEL SEPARATION PROCESSES FOR SALINE SOLUTIONS
-Crosslinkcd, Gel Filtration, Ion Exchange-other, Other,
_3.0066

DEVELOPMENT OF REVERSE OSMOSIS MEMBRANES
-Acids, Casting of Materials, Cellulose Acetate, Nitrogen,
Technique Development, -3.0050

A STUDY OF THE BENEFITS OF PLASTIC MATERIALS IN
DESALINATION PLANTS ...Distillation-other, Electrodialysis,
Freezing, Plastics - General, Reverse Osmosis, -3.0153

THE EFFECTS OF VELOCITY ON THE PASSIVATION OF AL-
LOYS IN BRACKISH WATER ...Brackish Water, Electrolytes,
Metallic Alloys, Passivation, Velocity -water, .3.0136

REVERSE OSMOSIS TUBULAR MODULE OPTIMIZATION
...Digital Computers, Membranes-other, Pilot Plant, Reverse Os-
mosis, .,.3.0070

PREPARATION AND PROPERTIES OF GRAFTED AND VEC-
TORED MEMBRANES FOR USE IN DESALINATION
...Copolymerization, Gel, Graft - Polymerization, Membranes-
other, Porosity, -3.0378

DEVELOPMENT OF IMPROVED CELLULOSE ACETATE
MEMBRANES FOR REVERSE OSMOSIS ...Cellulose Acetate,
Fiber, Filament, Whisker, Reverse Osmosis, -3.0264

DETERMINATION OF THE SURFACE AND COLLOIDAL CON-
DITIONS WHICH CAN LEAD TO HIGH SALT REJECTION
REVERSE OSMOSIS POLYMER MEMBRANES ..,Colloidal
Phenomena, Ion Selective, Polymer-other, Reverse Osmosis,
...3.0071

DEVELOPMENT OF A LOW-COST IRON-BASE ALLOY TO RE-
SIST CORROSION IN HOT SEA-WATER ...Alloy & Systems,
Orientation, Polarization, Saline Conversion, Water, _3.0418

A STUDY OF MEMBRANES FOR DESALINATION BY
REVERSE OSMOSIS ...Crosslinking, Membranes-other, Natural
Occurring, Reverse Osmosis, -3.0030

DESIGN AND CONSTRUCTION OF A REVERSE OSMOSIS
PILOT PLANT FOR THE DESALINATION OF SEA WATER
...Membranes - other, Nitrogen, Pilot Plant, Reverse Osmosis, Sea
Water-general, -3.0051

RESEARCH AND DEVELOPMENT OF NEW POLYMER
SYSTEMS FOR REVERSE OSMOSIS MEMBRANES
...Copolymers, Membranes-other, Organic, Reverse Osmosis,
-3.0031

DESIGN, CONSTRUCT AND EVALUATE A 1,000 GALLON
PER DAY REVERSE OSMOSIS UNIT OF RECTANGULAR
CONFIGURATION Cost Analysis, Membranes-other, Other,
Reverse Osmosis, -3..0028

DEVELOPMENT OF A 50,000 GALLON PER DAY NELLEN
STACK ELECTRODIALYSIS MODULE ...Brackish Water, Cost
Analysis, Electrodialysis, Membranes-other, Waste Treatment-
economics, -3.0150

DEVELOPMENT OF WATER PURIFICATION SYSTEMS BASED
ON REVERSE OSMOSIS ...Membranes-other, Natural Occurring,
Plastic Matrix, Reinforcing Materials, Reverse Osmosis, ...3.0147

THE DESIGN, CONSTRUCTION AND TESTING OF A 10,000
GPD TRANSPORT DEPLETION DESALINATION PILOT
PLANT ...Cost Analysis, Ion Selective, Other, Pilot Plant,
-3.0148

DEVELOPMENT AND TESTING OF LARGE, SPIRAL-WOUND,
MULTI-LEAF REVERSE OSMOSIS MODULES ...Economics-
general, Process Development-other, Reverse Osmosis, ..3.0095

AN EVAPORATIVE FREEZING PROCESS FOR DESALTING
WATER ...Batch, Evaporation, Freezing, Pilot Plant, _3.0163

DISTILLATION PLANT AND COMPONENT STUDIES ...Distilla-
tion-other, Distilling Units, Heat Transfer, Reverse Osmosis,
...3.0439

A STUDY OF HYDRODYNAMIC ASPECTS OF REVERSE OS-
MOSIS %HYPERFILTRATION..Cost Analysis, Fluid Flow-other,
Reverse Osmosis, Turbulent, Water Purification Plants, -5.1144

REVERSE OSMOSIS MEMBRANES CONTAINING GRAPHITIC
OXIDE ...Graphite, Membranes-other, Pilot Plant, Reverse Osmo-
sis, -3.0416

INVESTIGATION OF DESALINATION BY FREEZING ..Bond
Type-other, Free Energy, Freezing, Impurity, Interface, -3.0417

EVALUATION OF BRINE DESULFATING PROCESS AS AP-
PLIED TO FEEDWATER FOR DESALINATION PLANTS
.,.Cost Analysis, Economies-general, Pilot Plants, Sulfate, Sulfite,
...3.0409
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EVALUATION OF AN ELECTROCHEMICAL DESALINATION
PROCESS FOR BRACKISH WATER -Brackish Water, Elec-
trochemistry- other, ..3.0396

EVALUATION OF EXISTING AND UNCONVENTIONAL
MEANS FOR PUMPING AND ENERGY RECOVERY IN A
REVERSE OSMOSIS DESALINATION PLANT ...Benefit-cost
Analysis, Hydraulic, Power Cycle, Pump-other, Reverse Osmosis,
-3.0275

LIFE TEST OF NOVEL EVAPORATOR ,.,Distilling Units, Heat
Trans Coefficient, Pilot Plants, Sea Water- general, ..3.0368

SCALE CONTROL WITH GRAPHITE HEAT-TRANSFER TUBES
OF CONTROLLED PERMEABILITY TO STEAM .Distillation-
other, Distilling Units, Heat Exchangers, Heat Transfer, Scaling,
Encrusting, -3.0390

DEVELOPMENT OF PARYLENE COATING FOR DROPWISE
CONDENSATION OF WATER ON HEAT EXCHANGERS
...Condensation, Copper, Heat Exchangers, Organic-general,
Plastics-other, ...3.0322

ELECTROLYTIC REGENERATION OF ION EXCHANGE
RESINS ...Brackish Water, Ion Exchange-other, Pilot Plant,
Regeneration-other, -3.0327

A COST-EFFECTIVENESS STUDY OF PRETREATMENT
METHODS SUITABLE FOR INTEGRATION TO MEMBRANE
DESALTING PLANTS ...Brackish Water, Economic Efficiency,
Use of Impaired Water, Waste Treatment-economics, Waste
Water Pre-treatment, -5.0746

DEVELOPMENT OF NEAR NEUTRAL MEMBRANES FOR USE
IN TRANSPORT DEPLETION SYSTEM ...Electrodialysis, Ion
Selective, Natural Occurring, -3.0321

STUDIES IN THE THERMOECONOMICS OF SEA AND
BRACKISH WATER DEMINERALIZATION ...Brackish Water,
Demineralization, Optimization, Sea Water-general, -3.0319

THE ROLE OF BRITTLE SURFACE FILMS IN STRESS-CORRO-
SION CRACKING ,..Crack Initiation, Propagation, Iron, Magnesi-
um, Stress Corrosion, -3.0255

DESALINATION BY THE INVERSION ON THE ORDER OF
MELTING BY APPLIED PRESSURE ,..Crystallization, Freezing,
Heat Transfer, Pilot Plants, -3.0240

EVALUATION OF INORGANIC MEMBRANES FOR ELEC-
TRODIALYSIS OF BRACKISH WATERS ...Electrodialysis, Ion
Exchange-other, Membranes-other, Stability, Surfactants,
-3.0209

FREEZING POTENTIAL STUDY ...Electrolytes, Freezing,
Polarization, Relaxation, Solution, -3.0183

SEPARATION OF MAGNESIUM FROM CALCIUM IN THEIR
SALINE SOLUTIONS ...Calcium, Chclation, Ion Exchange-other,
Magnesium, Separation-general, -5.0687

THE DEVELOPMENT OF AN ANALYTICAL MODEL OF A
FLASH STAGE ...Flash Distillation, Mathematical Analysis,
Model Studies, -3.0156

A STUDY OF THE DISPOSAL OF THE EFFLUENT FROM A
LARGE DESALINATION PLANT ...Construction Sites, Copper,
Desalination Wastes, Effluents-waste Water, Handbooks, .3.029S

STRUCTURE OD SEMIPERMEABLE POLYMER FILMS AND
ITS EFFECT ON SALT REJECTION ...Additives, Filtration,
Membranes-other, Molecular Weight Distribution, Morphology-
other, -3.0414

VISCOSITY STUDIES OF AQUEOUS SOLUTIONS ...Activation
Energy, Alcohols, Mixed Solvents, Viscosity, Water, -1.0033

DIFFUSION AND FLOW IN INTERPHASE TRANSPORT .,.Con-
vection, Liquid/liquid, Membranes-other, Surfactants, -5.0378

ELECTROCHEMICAL DEMINERALIZATION OF BRACKISH
WATER ...Demineralization, Electrochemistry-other, Electrode,
Ion Exchange-other, Regeneration-other, -3.0039

THE ELECTROHYDRODYNAMICS OF ELECTRODIALYSIS
SYSTEMS -Electrodialysis, Fluid Dynamics, Ion Selective,
-3.0280

CHARACTERIZATIGN OF CELLULOSE ACETATE MEM-
BRANES AND ULTRATHIN FILMS FOR REVERSE OSMOSIS
...Electrical Properties, Film, Membranes, Membranes-other,
Natural Occurring, Reverse Osmosis, -3.0362

THE MECHANISM FOR FORMATION OF A SKINNED TYPE
MEMBRANE ...Evaporation, Interface, Light Scattering, Mem-
branes-other, Solvent-other, -3.0265

THE ELECTROCHEMICAL BEHAVIOR OF METALS AND AL-
LOYS IN SEA WATER AND THE EFFECT OF BIOLOGICAL
SLIMES ON THEIR RATES OF CORROSION ...Bacteria,
Biological, High, Metallic Alloys, Water, -3.0181

DEVELOPMENT OF LOW-COST, CORROSION-RESISTANT AL-
LOYS AND ON ELECTRO-CHEMICAL TECHNIQUES FOR
THEIR PROTECTION IN DESALINATION SYSTEMS



SUBJECT INDEX Water Quality Control
.Copper, Corrosion Prevention-other, Saline Conversion, Water,
Zinc, 3.0290

RESEARCH AND DEVELOPMENT OF ULTRATHIN FILM
MEMBRANES FOR REVERSE OSMOSIS DESALINATION
...Brackish Water, Cellulosies, Dimensions, Expansion, Mem-
branes-other, Reverse Osmosis, 3.0298

NUCLEATION AND GROWTH OF ICE CRYSTALS ...Brines,
Crystal Growth, Freezing, Hydration, Nucleation, 3.0041

THE PREPARATION OF ULTRA-THIN REVERSE OSMOSIS
MEMBRANES BY ELECTROSTATIC DEPOSITION ,..Electro-
static, Membranes-other, Natural Occurring, Reverse Osmosis,
.3.0162

CORRELATION OF ANOMALOUS ULTRASONIC REFLECTIVI-
TY WITH EARLY SCALE FORMATION ...Scale Formation, Ul-
trasonic, ..3.0306

A STUDY OF PRESCALING DEPOSITION ,..Copper,
Radioisotopes, Saline Conversion, Scaling, Encrusting, .,.1.0011

PROPERTIES OF SEA WATER AND ITS CONCENTRATES AT
TEMPERATURES UP TO 400 DEGREES FAHRENHEIT
Enthalpy, Solution, Temperature, .,.1.0014

RESEARCH ON NEW ION-ADSORPTION ELECTRODES FOR
DEMINERALIZATION OF SALINE WATER ...Electrochemis-
try-other, Electrode, Graft - Polymerization, Organic, Oxidation
Reduction, Removalinorganics, 3.0363

INSTALLATION OF INSTRUMENTATION FOR CLAIR ENGLE
PLANT .,.Analyzing, Computers-general, Flash Distillation, Gag-
ing, ..,3.0457

DEMONSTRATION OF ALUMINUM IN SEAWATER DESALT-
ING ...Aluminum, Flash Dist:lation, Oxygen Containing, Scale
Formation, Sulfate, Sulfite, .,.3.0481

JET-PUMP TOPPING-UNIT PILOT PLANT ..,Pilot Plants,
_3.0276

ENGINEERING FEASIBILITY STUDY OF THE HORIZONTAL
TUBE MULTIPLE EFFECT DISTILLATION PROCESS
...Distilling Units, Economic Efficiency, Heat Transfer, North
Carolina, Rate of Reaction, 3.0352

DESIGN AND ECONOMIC STUDY OF A GAS TURBINE
POWERED VAPOR COMPRESSION PLANT FOR EVAPORA-
TION OF SEAWATER ...Compressors, Evaporation, Gas, Heat
Recovery, Water Costs, ...3.0421

FIELD EVALUATION OF THE SUL-BISUL ION EXCHANGE
PROCESS FOR DESALTING BRACKISH WATERS ...Brackish
Water, Ion Exchange-other, Mobile, Salinity, _3.0214

DEEP WELL DISPOSAL OF DESALINATION BRINE WASTES
Artificial Recharge, Brackish Water, Desalination Wastes,
Economics-general, Water Law-general, 3.0296

DESIGN, CONSTRUCTION AND OPERATION OF A SKID-
MOUNTED ION EXCHANGE PILOT PLANT ...Cost Analysis,
Economics-general, Ion Exchange-other, Mobile, Pilot Plants,
..,3.0329

SIMULATION OF MULTISTAGE FLASH TEST MODULI (9-
STAGE SAN DIEGO PLANT) ...Development of Models, Digital
Computers, Flash Distillation, Hybrid Computers, Ordinary,
3.0328

IMPROVEMENTS IN DESALINATION BY THE FLASH
EVAPORATION PROCESS ...Additives, Evaporation, Fluidized
Bed, Ion Exchange-other, Scale Formation, 3.0408

CONTROLLED FLASH EVAPORATOR, ECONOMIC ANALYSIS
AND THE DESIGN OF A DEMONSTRATION PLANT ..,Cost
Analysis, Evaporation, Pilot Plant, 3.0326

APPLICATION OF THE HIGH TEMPERATURE WATER JET
COMPRESSOR TO THREE MAJOR DESALINATION
PROCESSES ...Compressors, Distilling Units, Water Costs,
...3.0346

DEVELOPMENT OF DIRECT CONTACT CONDENSATION
MULTISTAGE FLASH (DCC-MSF) DISTILLATION PROCESS
,..Brines, Condensation, Film, Flash Distillation, Heat Transfer,
Plastics - General, 3.0040

THE INFLUENCE OF HYDROXYL RATIO ON THE PER-
FORMANCE OF REVERSE OSMOSIS DESALINATION MEM-
BRANES ...Membrancs-other, Natural Occurring, Reverse Osmo-
sis, 3.0330

MODIFICATION OF PROTEIN FILMS FOR USE IN DESALINA-
TION ...Dialysis, Membranes-other, Natural Occurring,
Polyvinyls-other, Reverse Osmosis, _3.0269

ANALYSIS OF DESALTING PLANTS AS A SOURCE OF SUP-
PLEMENTAL SAFE YIELD ...Digital Computers, Optimization
Technique, Other, Process Development-other, 3.0469

ENGINEERING ECONOMICS OF WATER DESALTING IN
COMBINATION WITH NITROGEN FIXATION FOR
AGRICULTURAL CHEMICALS MANUFACTURE ...Ammonia,
Cost Analysis, Fixation, Nuclear, Statistical, _3.0347
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DESALINATION BY HIGH PRESSURE SOLIDIFICATION OF
WATER CO ICE ...Crystallization-other, High Pressure - 1-1000
Atm, Other, ..3.0360

PREPARE AN OPERATIONAL PLAN, CONCEPTUAL DESIGN
AND PLANS AND SPECIFICATIONS FOR A SEAWATER
CORROSION TEST FACILITY Construction-general, Manufac-
turing, Research Facilities, Test Methods, Water, 3.0297

PRODUCTION OF 90-10 COPPER NICKEL TUBING FOR
DESALTING ..,Copper, Equipment Purchase Operation, Pipe,
Tube, ,,,3.0158

IMPROVEMENT OF THE CORROSION RESISTANCE OF ALU-
MINUM BRASS FOR USE IN SEA WATER CONVERSION
PLANTS Copper, Films, High, Oxidizing Atmosphere, Water,
.3.0213

ENGINEERING SERVICES - 50-150 MM GALLON PER DAY
MULTISTAGE, MULTIFLASH DESALINATION PROCESS
...Distilling Units, Flash Distillation, Fluid Flow-other, Gaseous,
Removal--inorganics, 3.0064

A STUDY OF HEAT TRANSFER IN THE FLUTED VERTICAL
TUBE EVAPORATOR ...Distillation-other, Distilling Units, Heat
Transfer Coefficients, Heat- transfer - other, ..3.0456

PREPARATION OF REVERSE OSMOSIS MEMBRANES BY
SURFACE MODIFICATION OF CELLULOSE AND RELATED
MATERIALS ...Cellulosics, Film, Membranes-other, Morphology-
other, Reverse Osmosis, ...3.0212

CONCEPTUAL DESIGN STUDY FOR ELECTRODIALYSIS
...Cost Analysis, Electrodialysis, Marketing, Membranes-other,
Water, _3.0210

HYDROFORMING REVERSE OSMOSIS MEMBRANES AND A
DESALTING MODULE BASED ON THE HYDROFORMING
PROCESS ...Membranes-other, Natural Occurring, Regeneration-
other, Reverse Osmosis, _3.0268

EFFECT OF ELECTROCHEMICAL AND METALLURGICAL
FACTORS ON CORROSION OF METALSAND ALLOYS
...Brines, Pitting, Stainless Steels-other, 3.0283

OPERATION AND EVALUATION OF A 50,000 GALLONS PER
DAY REVERSE OSMOSIS PILOT PLANT ...Cost Analysis,
Economic Efficiency, Pilot Plants, Reverse Osmosis, 3.0061

REVERSE OSMOSIS PILTO PLANT INVESTIGATIONS ...Cost
Analysis, Membranes-other, Other, Pilot Plant, Reverse Osmosis,
...3.0056

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS ...Boron,
Reverse Osmosis, Use of Impaired Water, Waste Treatment-
economics, Waste Water Pre - treatment, ..5.0093

PROCESS AND CONFIGURATION DEVELOPMENT FOR TU-
BULAR REVERSE OSMOSIS UNITS ..,Brackish Water, Other,
Pilot Plant, Reverse Osmosis, 3.0057

PRELIMINARY EVALUATION OF HIGH RETENTION MEM-
BRANES ...Membranes-other, Other, Reverse Osmosis, Sea
Water-general, 3.0059

DEVELOPMENT OF A THIN-LIQUID FILM MEMBRANE
DEVICE FOR EFFICIENT DESALINATION BY REVERSE OS-
MOSIS .,.Cost Analysis, Membranes-other, Process Development-
other, Reverse Osmosis, 3.0155

CONCEPTUAL DESIGN STUDY ON REVERSE OSMOSIS MEM-
BRANE ASSEMBLY MODULAR UNIT ...Membranes-other,
Pilot Plant, Process Development-other, Reverse Osmosis,
...3.0215

MODIFIED ION-EXCHANGE MEMBRANES FOR WATER PU-
RIFICATION BY REVERSE OSMOSIS .Cellulose Acetate, High
Pressure - 1-1000 Atm, on Exchange-other, Reverse Osmosis,
...3.0289

TEST OPERATION OF A TUBULAR 4,300 GPD REVERSE OS-
MOSIS UNIT ON SEA WATER ...Membranes-other, Process
Development-other, Reverse Osmosis, Sea Water-general,
3.0098

BRACKISH WATER FIELD TEST EVALUATION OF MEM-
BRANE PROCESSES ...Brackish Water, Economic Efficiency,
Membranes-other, Pilot Plant, ..3.0072

TEST OPERATION OF A 2,500 GPD TWO-STAGE SEA WATER
REVERSE OSMOSIS PILOT PLANT ...Brines, Cost Analysis,
Membranes-other, Optimization, Pilot Plant, Reverse Osmosis,
3.0079

EVALUATION OF DESALINATION PROPERTIES OF CELLU-
LOSE ACETATE MEMBRANES IN FLAT, TUBULAR AND
SPIRAL WOUND CONFIGURATIONS ...Film, Membranes-
other, Natural Occurring, Saline Conversion, Stress, Strain,
3.0052

DEVELOPMENT OF NEW AND IMPROVED CELLULOSE
ESTER REVERSE OSMOSIS MEMBRANES ...Brines,
Homopolymers, Membranes-other, Natural Occurring, Reverse
Osmosis, ...3.0060
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DEVELOPMENT OF A WATER DESALINATION SYSTEM
BASED ON HOLLOW FINE FIBER MEMBRANES ...Cellu-
losics, Fiber, Filament, Whisker, Membranes-other, Pilot Plant,
Reverse Osmosis, ...3.0274

DESIGN AND CONSTRUCTION OF A LOW PRESSURE
HOUSEHOLD REVERSE OSMOSIS UNIT ...Brackish Water,
Cost Analysis, Mobile, Potable Water, Reverse Osmosis, -3.0320

CONSTRUCTION AND DEVELOPMENT OF SPIRAL DESIGN
ELECTRODIALYSIS MODULE _Electrodialysis, Membranes-
other, Pilot Plants, -3.0154

DEVELOPMENT OF HOLLOW FILAMENT TECHNOLOGY
FOR REVERSE OSMOSIS DESALINATION SYSTEMS ...Mem-
branes-other, Morphology-other, Reverse Osmosis, Technique
Development, -3.0165

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIALYSIS PROCESS ...Cost
Analysis, Electrodialysis, Other, Survey Studies, -3.0101

PARAMETRIC ECONOMIC AND ENGINEERING EVALUA-
TION STUDY OF THE ELECTRODIAL'.'SIS PROCESS
...Brackish WI, 1r, Cost Analysis, Electrodialysis, Other, Pilot
Plant, -3.0270

IMPROVEMENT OF ECONOMICS OF ELECTRODIALYSIS
SYSTEMS BY SELECTIVE PRETREATMENT ...Brackish
Water, Cost Analysis, Electrodialysis, Ion Selective, Other, Waste
Water Pre- treatment, _3.0407

PARAMETRIC ECONOMIC AND ENGINEERING STUDY OF
THR REVERSE OSMOSIS PROCESS ...Cost Analysis, Mem-
branes-other, Other, Rate Determination, Reverse Osmosis, Water
Costs, -3.0073

CONTINUOUS COUNTERCURRENT EXCHANGE SYSTEM
FOR REMOVAL OF CALCIUM, MAGNESIUM AND DIS-
SOLVED OXYGEN FROM FEED WATER ...Evaporation, Ion
Exchange-other, Other, Precipitation, Regeneration-other,
-3.0437

CONCEPTUAL DESIGN STUDY ON ELECTRODIALYSIS MEM-
BRANE ASSEMBLY MODULAR UNIT DESIGN ...Cost Analy-
sis, Electrodialysis, Membranes-other, Pilot Plant, Potable,
-3.0228

TRANSPORT PHENOMENA IN FUSED ORGANIC SALTS ...Dif-
fusion-other, Reverse Osmosis, Salt, Thermal Properties-other,
Viscwity, -3.0075

DEVELOPMENT OF THE VACUUM FREEZING VAPOR COM-
PRESSION PROCESS ...Evaporation, Freezing, High, Pilot Plant,
Potauie Water, ...10128

THE ECONOMICS OF A REGIONAL MUNICIPAL DESALTING
SYSTEM IN THE LOWER RIO GRANDE VALLEY OF TEXAS
...Economic Efficiency, Texas, Urban Environments, -3.0461

THE ELECTROSORB PROCESS FOR DESALTING WATER
...Adsorption-other, Carbon, Electrochemistry-other, Electrode,
-3.0102

THE THERMOSORB PROCESS FOR DESALTING WATER ...Ad-
sorption-other, Carbon, Cost Analysis, Ion Elchange-other, Ther-
mal Treatment, _3.0103

A METHOD FOR SYSTEM EVALUATION AND COST-EFFEC-
TIVENESS OF LARGE MULTISTAGE FLASH DESALTING
PLANTS ...Computers-general, Cost Analysis, Flash Distillation,
Research - Development, Systems Analysis, -3.0166

RESEARCH ON POROUS GLASS MEMBRANES FOR REVERSE
OSMOSIS ...Fiber, Filament, Whisker, Glass, Membranes-other,
Porosity, Permeability, Reverse Osmosis, Waste Water Treatment-
other, ...3.0068

APPLICATION OF IRON-ALUMINUM BASE ALLOYS TO
SALINE WATER CONVERSION ...Alloy & Systems, Cost Anal-
ysis, Pipe, Tube, Stainless Steels-other, Water, -3.0099

THE ELECTROSORB PROCESS FOR DESALTING WATER
...Adsorption-other, Carbon, Electrochemistry-other, Electrode,
-3.0104

DEVELOPMENT OF DESALINATION MEMBRANES
...Copolymers, Membranes-other, Organic, -3.0406

CONSTANT TOTAL PRESSURE EVAPORATION WITH HEART
REUSE BY A BULIT-IN ENGINE ...Additives, Boiling Point,
Condensation, Heat Recovery, Saturated Hydrocarbons, _3.0135

STUDIES OF MEMBRANE PHENOMENA - PREPARATION OF
NEW ELECTRODIALYSIS MEMBRANES ...Copolymers, Flee-
trodialysis, Membranes-other, Organic, -3.0351

PROBA 3LE EFFECTS ON MARINE ENVIRONMENTS OF
DISPERSING BRINE EFFLUENTS FROM LARGE DESALINA-
TION PLANTS IN THE GULF OF CALIFORNIA ...Atomic
Plants, Brines, Gulf of California, Marine Environments-general,
Pollution Effects of , ...3.0020

COMBINED DESALINATION AND POWER-GENERATION
BASED ON COAL ENERGY ...Coal-general, Cost Analysis,
Flash Distillation, Material Recovery, Reverse Osmosis, -3.0325

THE DETERMINATION OF THE ENGINEERING THERMO-
PHYSICAL PROPERTIES OF SOLUTIONS CONTAINING DIS-
SOLVED SOLIDS ...Calorimetry, Conductivity, Enthalpy,
Specific Heat, -1.0019

BRACKISH WATER PURIFICATION BY BIOLOGICAL FUEL
CELL POWERED ELECTRODIALYSIS ...Biological, Brackish
Water, Cellulose Acetate, Electrodialysis, Water Costs, _5.0704

SOLAR HEATING OF WATER TO VERY HIGH TEMPERA-
TURES ...Conductivity, Mathematical Analysis, Medium Tem-
perature - 300-1000k, Sunshine, Water, -3.0331

SMALL DESALINATION UNIT TO TEST SCALE REDUCTION
ADDITIVES ...Additives, Distillation-other, Economic Efficiency,
Scale Formation, ...3.0429

ELECTROPHORETIC CLARIFICATION OF WATER ...Bacterial
Pollutant Sources, Colloidal Phenomena, Other, Pesticides -non-
specific, Tertiary Treatment, Waste Water Treatment-general,
...5.1157

A COMPREHENSIVE ANALYSIS OF THE TULAROSA BASIN
SALINE WATER RESOURCES - THEIR AVAILABILITY AND
POTENTIAL ECONOMIC DEVELOPMENT ...Atomic Plants,
Brines, Electric Power Plants, Impact, New Mexico, ...7.0076

CONTROLLED FREEZING DESALINATION ...Freezing, Heat
Transfer, Mass Transfer, Other, -3.0216

A UNIFIED APPROACH TO WATER, FOOD AND POWER IN A
COASTAL DESERT COMMUNITY ...Arid and Desert, Deserts,
Diesel, Distilling Units, Electric Power Plants, Greenhouse, Use of
Impaired Water, ...3.0015

PRELIMINARY FEASIBILITY AND ECONOMICS OF DESALT-
ING BRACKISH WATERS IN CANDIATE AREAS OF WEST
TEXAS ...Cost Analysis, Electrodialysis, Flash Distillation, Freez-
ing, Reverse Osmosis, Water Costs, ...3.0443

OPTIMIZATION IN THE USE OF VARIABLE QUALITY
DESALTED WATER AND AN ARTIFICAL UNDERGROUND
RESERVOIR TO SUPPLY PEAK MUNICIPAL WATER DE-
MANDS ...Computers-general, Conjunctive Use, Optimization,
Other Computers, Urban Enviroxnents, Use of Impaired Water,
...3.0470

LIGHTWEIGHT WATER PURIFICATION UNIT ...Brackish
Water, Density, Distillation-other, Distilling Units, Mobile, Plastic
Matrix, Technique Development, Waste Water Treatment-
general, -3.0250

HYDRAULIC MODEL STUDIES OF A PUMP INLET
MANIFOLD ...Axial Flow, Critical, Distilling Units, Flash Distilla-
tion, High Pressure, Models, -3.0120

SELECTION OF SITES FOR FIELD TESTING BRACKISH
WATER CONVERSION UNITS ...Brackish Water, Other,
-3.0123

CONCRETE TEST VESSEL ...Cement, Concrete, Concrete-other,
Pressure Ussel Materials, Tanks, Water, ...8.0113

COMPARATIVE EVALUATION OF REVERSE OSMOSIS PILOT
PLANTS OF DIFFERENT DESIGN CONFIGURATIONS ...Cost
Analysis, Interface, Membranes-other, Polarization, Reverse Os-
mosis, -3.0117

SOLUBILITIES OF SILICATES IN SALINE WATERS ...Analysis
and Detection, Brines, Scale Formation, Silicate, Solubility,
-4.0198

VALUE OF DESALTED WATER FOR IRRIGATION ...Augmenta-
tion-general, Benefit-cost Analysis, Irrigation-general, Planning,
Use of Impaired Water, -3.0122

DESALINIZATION AND INTERREGIONAL STUDIES ...Atomic
Plants, Benefit-cost Analysis, Marketing, Radioactive Isotope,
Water Costs, -6.0099

VALUE OF DESALTED WATER FOR IRRIGATION -Brackish
Water, Electrodialysis, Irrigation-general, Saline Soils, Water
Costs, -3.0128

Destratification
ANALYSIS OF WATER CHEMISTRY ...Aeration, Bottom

Sampling, Chemical Analysis (water), Physical-general, ...4.0035
REDUCTION OF RIVER HEAT POLLUTION BY TURBULENCE

STIMULATION ...Electric Power Plants, Engineering Structures-
general, Roughnes=s, Stream Rehabilitatic Thermal Pollution,
Turbulent Flow, -5.0214

WATER QUALITY MANAGEMENT OF IMPOUNDMENTS
..Eutrophication, Management, North Carolina, Reservoirs and

Impoundments, Water Quality Control- general,
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RESEARCH AND FIELD ENGINEERING STUDIES FOR OP-
TIMIZING LIPID BIOSTABILIZATION PROCESSES ...Anaero-
bic, Fats -non-specific, Microorganisms (non-specific), Model Stu-
dies, Process Design, ..5.0684

ANALYSIS OF MIXING PHENOMENA ASSOCIATED WITH
THE RISE OF GASEOUS BUBBLES THRU A STRATIFIELD
LIQUID ...Bubbles, Mixing, Model Studies, Salinity, Stratification,
...1.0072

RESERVOIR DESTRATIFICATION BY DIFFUSED AIR PUMP-
ING FOR WATER QUALITY IMPROVEMENT ...Aeration,
Hardness- minerals, Ions and Gases, Reservoirs and Impound-
ments, Stratification, Temperature, _5.0309

RESEARCH IN LIMNOLOGY - INTERRELAT;ONS OF
HYDROLOGY AND AQUATIC ECOLOGY ...Biological-general,
Chemical-general, Hydrology-general, Organic Mager, Physical -
general, ...2.0128

HYDROLOGY OF CACHUMA RESERVOIR ...Aeration,
Phytoplank ton, Reservoirs and Impoundments, Stratification,
5.0118

SMALL IMPOUNDMENTS ...Computers-general, Flow Augmenta-
tion, Reservoirs and Impoundments, Water Quality-general,
...5.0189

EUTROPHICATION - PHYSICAL ECOLOGICAL CONTROL
...Environment, Eutrophication, of Aquatic Plants, Physical Con-
trol, Primary Productivity, ...5.0972

DYNAMICS OF RESERVOIR DESTRATIFICATION ...Aeration,
Diffuser, Oklahoma, Reservoirs and Impoundments, Rotating
Fluids, ...5.0911

Filtration
SHALES AS FILTERS N NATURAL WATERS ...Chemical-

general, Dewatcring, Fine-grained Clustics, Groundwater, Intersti-
tial - Connate Water, 2.0079

TOXAPHENE FILTRATION PUBLICATION ...Carbon, Pubilica-
tions -other, Removal of Residues, Toxaphene, _5.1146

PESTICIDE RESIDUE STUDY IN SPORT FISH WATERS
...Chemical Analysis (water), Monitoring Systems, Pesticides -
non- specific, Pollution - Effects of , ...5.1231

POLLUTION FROM ANIMAL FEEDLOTS ...Animal Wastes -
Feed Lots, Rainfall Simulators, Runoff, Solid Waste, Waste
Disposal -underground, 4.0118

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Aquifers-
general, Artificial Recharge, Recharge Pits - Wells, Technique
Development, Turbidity, ...4.0247

SEDIMENTATION AND IN-PLACE FILTRATION DURING
FLOW THROUGH EARTH FRACTURES ...Analog Computers,
Joints-fractures, Mathematical Analysis, Model Studies, Sedimen-
tology-general, ...4.0018

IRON AND MANGANESE REMOVAL FROM SMALL GOUND
WATER SUPPLIES ...Demineralization, Groundwater, Iron, Man-
ganese, Technique Development, 5.1053

GROUND WATER RECHARGE THROUGH PITS AND WELLS
...Aquifers - general, Artificial Recharge, Drainage, Glass, Recharge
Pits - Wells, ...2.0514

USING SOIL, FILTRATION TO REDUCE POLLUTION POTEN-
TIAL OF LAGOON EFFLUENT ENTERING GROUND
WATER SYSTEM .Animal Wastes - Feed Lots, Induced hifiltra-
don, Lagoon, Soil, Soil Conditions, ...5.0402

ULTRAVIOLET ABSORPTION AND ITS POSSIBLE RELATION
TO EUTROPHICATION IN LARGE NEW HAMPSHIRE LAKES
...Eutrophication, Lake:;, New Hampshire, Technique Develop-
ment, Ultraviolet, 5.0714

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Artificial
Recharge, Playas, Ponds, Texas, Water Wells, ...4.0243

THE EFFECTIVENESS OF CONTACT FILTER FOR THE
REMOVAL OF IRON FROM GROUND WATER ...Flocculation,
Groundwater, Oxidation-other, Sand, ...2.0021

SAND FILTRATION OF DISCRETE SUSPENSIONS ...Flow
Characteristics -water, Sand, Suspension, Synthetic Hydrology-
general, 5.0549

DESIGN REQUIREMENTS FOR MUNICIPAL DIATOMITE FIL-
TERS ...Bacteria, Clay Minerals-general, Coagulation, Diatomite,
Waste Treatment - economics, 8.0197

TERTIARY SEWAGE TREATMENT FOR REUSE ...Aeration,
Denitrification, Pollutant-other, Tertiary Treatment, Thickening,
5.6096

USE OF FUNGI IMPERFECTI IN WASTE CONTROL ...Canning
Wastes, Effluents-waste Water, Food Processing Industry, Fungal
Pollutant Sources, Industrial Wastes, Organics, 5.0595
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TERTIARY TREATMENT OF COMBINED STORM WATER,
SANITARY RELIEF DISCHARGE AND SEWAGE TREAT-
MENT PLANT EFFLUENT ...Activated Carbon, Combined
Sewer, Pilot Plant, Process Design, Sedimentation, Storm Water,
_5.0387

SOURCE CONTROL OF WATER TREATMENT WASTE SOLIDS
...Disposal, Drying-dcwatering, Sewage Lagoons, Sludge-general,
Solid Waste, ...5.0508

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Drying-dcwatering, Process Design, Waste
Treatment- economics, 5.1016

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-other, Disposal, Drying-dewatering, Process Design, Waste
Treatment-economics, ...5.1007

A CONCEPTUAL STUDY OF THE DISTRICT OF COLUMBIA
BIOLOGICAL TREATMENT PILOT PLANT ...Biological Treat-
ment-othcr, Disposal, Drying-dcwatering, Process Design,
_5.0744

CONSTRUCTION OF MINE WATER TREATMENT PLANT AT
HOLLYWOOD, PENNSYLVANIA ...Acid Mine Wastes,
Disposal, Microbial-bacterial, Neutralization, Waste Treatment-
economics, 5.0994

PRIMARY TREATMENT OF STORM WATER OVERFLOW
FROM COMBINED SEWERS BY HIGH RATE FINE MESH
SCREENS ...Combined Sewer, Industrial Waste-other, Primary
Treatment, Screening, Storm Water, .,5.0931

AEROBIC BIOLOGICAL TREATMENT, SI 1.IDGE DEWATER-
ING AND DISPOSAL AND EFFLUENT REUSE FOR A SIDE
LEATHER TANNERY ...Aerobic, Disposal, Drying-dcwatcring,
Lagoon, Tannery Wastes, ..5.0608

RECONDITIONING AND REUSE OF FOOD PROCESSING
BRINES ...Brines, Canning Wastes, Lagoon, Waste Treatment-
economics, Water Reuse, 5.0234

COMBINED SEWER STUDY FOR WASHINGTON, D.C.Com-
bined Sewer, District of Columbia, Effluent-standards, Storage-:e-
tention-facilities, Water Quality-general, 5.1005

APPLICATION OF HYPERFILTRATION WITH DYNAMI-
CALLY-FORMED MEMBRANES TO TREATMENT OF MU-
NICIPAL SEWAGE EFFLUENTS ...Membranes - other, Polyclec-
trolytes, Secondary Treatment, Sludge-general, Tertiary Treat-
ment, _5.1143

EXPERIMENTS TO DETERMINE THE EFFECTIVENESS OF
PHOSPHATE REMOVAL BY MEANS OF THE MOVING BED
FILTER ...Flocculation, Phosphate, Phosphite, Process Design,
Solid Waste, Waste Treatment-economies, 5.0723

NEUTRALIZATION AND PRECOAT FILTRATION OF CON-
CENTRATION SLUDGES FROM MINE WATE ...Acid Mine
Wastes, Disposal, Neutralization, Pennsylvania, Waste Treatment-
economics, ...5.1001

WASTE TREATMENT FOR AN INDIVIDUAL HOME WITH
REUSE OF THE WATER ...Aeration, Carbon, Flushing Devices,
Recycle, Septic Tanks, ...5.0391

INVESTIGATIONS OF THE REMOVAL OF IRON FROM
GROUNDWATER SUPPLIES IN ILLINOIS ...Demineralization,
Groundwater, Illinois, Iron, Precipitation, 5.0375

HIGH-RATE, MULTIPLE MEDIUM FILTRATION FOR SECON-
DARY TREATMENT OF MUNICIPAL WASTE WATER
Coagulation, Digestion, Effluent-standards, Secondary Treat-
ment, Waste Treatment- economics, .,.5.1042

PULVERIZED ANTHRACITE COAL AS A MEDIUM FOR
PRECOAT FILTERS ...Ash-coal, Effluent-standards, 5.1043

INTERACTION OF ANIMAL VIRUSES WITH CLAY MINERALS
...Adsorption Capacity, Animal Viruses (non-specific), Clay
Minerals-general, Viral Pollutant Sources, Waste Water Treat-
ment-general, 5.1051

VACUUM FILTRATION OF SEWAGE SLUDGE ...Filter-other,
Sludge-other, Vacuum, ...5.0175

TREATMENT AND CONDITIONING OF WADING AND SWIM-
POOL WATERS ...Chlorination, EconomL Efficiency, Swimming
Pools, ...5.0172

EFFECT OF REACTOR EFFLUENT ON QUALITY OF COLUM-
BIA RIVER WATER ..Atomic Plants, Columbia River, Digital
Computers, Pollution - Effects of , Radioactivity-general, 5.1246

CW-BW WATER DECONTAMINATION SET ...Chlorination,
Coagulation, Potable Water, ...5.1214

INDIVIDUAL WATER FILTRATION DEVICE ...Porous Media -
Flow Through, Pump-other, Sediments, Technique Development,
Waste Water Treatment-general, 3.0252



Water Quality Control SUBJECT INDEX

FILTER CRITERIA FOR DRAINS AND WATER WELLS
...Drainage, Filters, Infiltration, Linings-pavings, Water Wells,
8.0083

TRANSPORT MECHANISMS IN WATER FILTRATION
...Development of Models, Flow of Dispersed Solids, Model Stu-
dies, Ordinary, Transport, ...5.0811

Flow Augmentation
MANIPULATION OF RESERVOIR WATER FOR IMPROVED

QUALITY AND FISH POPULATION RESPONSE ...Environ-
mental Ecology, Eutrophication, Fish -non-specific, Freshwater
Ecology, Populatirm Dynamics, Reservoirs and Impoundments,
,..5.I294

THE IMPACT OF IMPOSING A WATER QUALITY STANDARD
ON A LIVE STREAM ...Low Flow, Multiple-purpose Projects,
Pr:intim Abatement, Reservoirs and Impoundments, Water Stan-
dards, 6.0494

THE OPTIMUM RELEASE POLICY FOR A MULTIPURPOSE
RESERVOIR USING STOCHASTIC HYDROLOGY ...Multiplc-
purpose Projects, Reservoirs and Impoundments, Stochastic
Models, Stochastic Processes, Synthetic Hydrology-general,
_6.0337

SELECTIVE WITHDRAWAL AT LAKE LIVINGSTON ...Manage-
ment, Reservoirs and Impoundments, Stratification, Water Pro-
perties-general, 2.1009

THE ECONOMICS OF WATER SUPPLY AND QUALITY
...Benefit-cost Analysis, Delaware River, Model Studies, Pollution
Abatement, Urban Environments, Water Allocation, 6.0286

MOVEMENT AND MIXING OF WATER INJECTED INTO
AQUIFERS ...Aquifers-general, Artificial Recharge, Dispersion -
water, Exchange Capacity, Fluid Mixing, Groundwater Move-
ment, Water Wells, 5.0527

A MODEL FOR QUANTIFYING FLOW AUGMENTATION
BENEFITS ...Flood Control, Model Studies, Other Methods,
River Basins, Systems Analysis, Water Distribution Systems,
...6.0I52

WATER RIGHTS RELATED TO WATER QUALITY STORAGE
...Alternative Planning, Conflicts, Reservoirs and Impoundments,
Riparian Rights, Storage of Water, 6.0606

SYSTEM ANALYSIS OF EUTROPHICATION CONTROL BY
FLUSHING _Eutrophication, Lakes, Systems Analysis, Water
Quality Control-general, ...5.1266

AN EVALUATION OF THE REJUVENATION OF THE BUF-
FALO RIVER Chemical-general, New York, Sediments,
Streams, Turbidity, 4.0181

SMALL IMPOUNDMENTS ...Computers- general, Destratification,
Reservoirs and Impoundments, Water Quality-general, ...5.0189

EUTROPHICATION - EFFECT OF FLOW AUGMENTATION
...Chemical Analysis (water), Chemical-general, Eutrophication,
Physical-general, Pollution Abatement, ...5.0969

Fluoridation
BIBLIOGRAPHY ON FLUORIDATION OF PUBLIC WATER

SUPPLIES ...Abstracts, Bibliography, Potable Water, 7.0088

Mine Drainage Control
NEUTRALIZATION OF ACID STRIP-MINE LAKES ...Acidity,

Lakes, Mining Activities, Neutralization, Stocking of Fish & Shell-
fish, ...5.0626

FISH ECOLOGY AND PHYSIOLOGY IN RELATION TO ACID
MINE DRAINAGE ...Acidity, Aquatic Ecology, Fish -non-
specific, Pollution - Effects of Pollution Effects, 5.1277

GEOCHEMICAL BEHAVIOR OF IRON AND MANGANESE IN
A RESERVOIR (LAKE LYNN, WEST VIRGINIA) FED BY
STREAMS CONTAINING ACID MINE DRAINAGE .,.Acidity,
Geochemical Analysis, Iron, Manganese, West Virginia, ...2.1139

EFFECTS OF HEATED WATER, ACID MINE DRAINAGE & AL-
KALINE ASH DRAINAGE ON WATER QUALITY & RESER-
Vail. COMMUNITY METABOLISM (ABBREV) .,.Mining Ac-
tivities, Pollution - Effects of , Pollution Effects, Reservoirs and
Impoundments, Thermal Pollution, 5.0668

CHEMICAL CHARACTERISTICS OF WATERS IN FLOODED
BITUMINOUS-COAL MINESHAFTS ...Acidity, Bituminous,
Geochemical Analysis, Mine Hydrology, Pyrite Group, ...5.1279

METABOLIC ROLE OF SULFATES AND SULFIDES PRODUC-
ING BACTERIA IN THE POLLUTION OF WATERS ...Au-
totrophic, Bacterial Pollutant Sources, Budgets -other, Respira-
tion, Sulfur Bacteria, ...5.0438

USE OF LATEX AS A SOIL SEALANT TO CONTROL ACID
MINE WASTE DRAINAGE ...Acidity, Elastomers Rubber, Lin-
ing, Linings-pavings, Sealant Materials, Seepage, ."5.0996

HYDROLOGY STUDY IN U. S. GYPSUM MINE, SHOALS, INDI-
ANA ...Artesian Flow, Carbonate Aquifers, Hydrated Acid and
Norm, Indiana, Mine Hydrology, ...5.0386

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART I) ...Acidity, Groundwater
Movement, Iron Bacteria, Pyrite Group, Soil and Rock Leaching,
...1.0107

FACTORS AFFECTING MINE DRAINAGE AND THE GROUND
WATER INTERACTIONS IN SELECTED AREAS OF
WESTERN PENNSYLVANIA (PART 2) ...Acidity, Baseflow,
Groundwater Movement, Pyrite Group, Stratified Flow, _5.1044

WATER CONTROL - CONTROL TECHNIQUES FIELD TEST-
ING AND EVALUATION ...Acidity, Chemical Analysis (water),
Coal-general, Mining Activities, Pollution Abatement, 5.1018

MINING-POLLUTION CONTROL TECHNOLOGY - OIL
PRODUCTION GROUND-WATER RECLAMATION BY
SELECTIVE PUMPING ...Brines, Groundwater, Petroleum Indus-
try, Pumping, Saline Water Intrusion, Secondary Recovery,
..,5.09I3

Neutralization
NEUTRALIZATION OF ACID STRIP-MINE LAKES ...Acidity,

Lakes, Mine Drainage Control, Mining Activities, Stocking of
Fish & Shellfish, 5.0626

NEUTRALIZATION AND PRECOAT FILTRATION OF CON-
CENTRATION SLUDGES FROM MINE WATE ...Acid Mine
Wastes, Disposal, Filtration, Pennsylvania, Waste Treatment.,
economics, 5.1001

Pollution Abatement
HYDROGRAPHY OF THE PENOBSCOT RIVER ESTUARY

...Dissolved Load, Environmental Changes, Estuaries, Maine,
Salinity, Temperature, ...5.0467

DETERMINATION, EVALUATION, AND ABATEMENT OF
COLOR IN TEXTILE PLANT EFFLUENTS ...Effluents-waste
Water, Textile Industry, Water Sampling, ...5.0296

IMPROVEMENT OF QUALITY OF WATER RESOURCES BY A
THREE-FOLD ATTACK - ADSORPTION, SEDIMENTATION
AND MIXING ...Adsorption, Adsorption Capacity, Aquatic
Ecology, Flocculation, Sedimentation, 5.0502

ALTERNATE METHODS OF MOSQUITO CONTROL TO
REDUCE CHEMICAL POLLUTION OF WATERS FOR
RECHARGE OF THE OGALALLA FORMATION ...Alternative
Planning, Aquifers-general, Chlorinated Hydrocarbons, Insecti-
cides -non-specific, Mosquitoes - non - specific, Playas, _5.1180

PUBLIC INVESTMENT CRITERIA FOR WATER-ORIENTED
RECREATION IN THE LAKE ERIE BASIN Alternative
Planning, Costs, Finance, Fiscal, Projected Demand, Recreation
Sites, ...6.0428

THE IMPACT OF IMPOSING A WATER QUALITY STANDARD
ON A LIVE STREAM ...Flow Augmentation, Low Flow, Multi-
ple-purpose projects, Reservoirs and Impoundments, Water Stan-
dards, 6.0494

CONSERVATION OF FRESH-WATER RESOURCES BY DEEP-
WELL DISPOSAL OF LIQUID WASTES ...Borehole Geophysics,
Core Analysis, Lithology, Permeability, Underground Waste
Disposal, ...5.0025

INTERACTIONS OF URBAN ACTIVITY AND THE
HYDROLOGICAL CYCLE ...Architecture and Design, Benefit-
cost Analysis, Land Use, Value, Land Planning, Recreation Sites,
Urban Environments, ..A.0135

LAW AFFECTING INSTITUTIONAL DESIGN FOR WATER
QUALITY MANAGEMENT ...Administrative Structures, Legal
Review, Riparian Rights, State Government, Water Quality Con-
trol-general, ...6.0642

THE ECONOMICS OF WATER SUPPLY AND QUALITY
Benefit-cost Analysis, Delaware River, Flow Augmentation,
Model Studies, Urban Environments, Water Allocation, 6.0286

AERATION OF LAGOONS IN RIGOROUS CLIMATE AREAS
...Aeration Climate, Degradation-other, Lagoon, Pond, Water
Balance-budget, Wyoming, 5.1325

OXYGEN REGENERATION OF POLLUTED RIVERS ...Aeration,
Delaware River, Economic Efficiency, Instrumentation-general,
Oxygen, Streams, ...5.0740

EFFECTS OF DOMESTIC POLLUTION ABATEMENT ON A
EUTROPHIC LAKE ...Biological-general, Chemical-general,
Eutrophication, Physical-general, Self-purification, 6.0220

DELAWARE ESTUARY AND BAY WATER QUALITY SAM-
PLING AND MATHEMATICAL MODELING PROJECT ...Data
Analysis - General, Delaware Bay, Mathematical Analysis, Model
Studies, Technique Development, ...5.0749
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SUBJECT INDEX Water Quality Control
PHOSPHATE EXCHANGE WITH SEDIMENTS ...Chemical -

general, Eutrophication, Phosphate, Phosphite, Pollution - Effects
of , Water Quality Control-general, 5.0525

FLUSHING OF SMALL SHALLOW LAKES ...Circulation -water,
Discharge-other, Lakes, Mixing, Self-purification, ...5.1242

THE SPREADING OF OIL FILMS .Forecasting-prediction, Ocean
Currents, Oil, Tides, Waves, .5.0787

AN ENGINEERING INVESTIGATION OF STORM AND COM-
BINED SEWER PROBLEMS ...Combined Sewer, Land Use, Non-
structural Alternative, Runoff, Storm Water, ...5.0229

SYSTEM STUDY, DESIGN, AND EVALUATION OF THE
LOCAL STORAGE, TREATMENT, AND REUSE OF STORM
WATER - DEPARTMENT OF INTERIOR ...Storage of Water,
Storm Water, Urban Environments, Water Quality Control-
general, Water Reuse, .,,5.0503

A PILOT-SCALE STUDY OF ACID MINE DRAINAGE ...Acidity,
Data Acquisition-general, Mining Industry, Systems Analysis,
...5.0881

CATAWISSA CREEK MINE DRAINAGE POLLUTION ABATE-
MENT PROJECT ..Acidity, Mine Hydrology, Mining Industry,
Pennsylvania, _5.0998

PHOTOLYSIS MECHANISMS FOR POLLUTION ABATEMENT
...Chemical Treatment, Organier, Oxidants, Photolysis, Sunshine,
...5,,0335

EVALUATION OF POLLUTION ABATEMENT PROCEDURES
IN THE MORAINE STATE PARK, BULTER COUNTY,
PENNSYLVANIA .Pennsylvania, Systems Analysis, Water
Quality-general, Water Quantity-general, 5.1002

ANTI-POLLUTION AND SEWAGE DISPOSAL FOR FLORIDA
COMMUNITIES ...Lagoon, Organics, Sand, Sewage - Domestic,
Sub - Tropic, .5.0255

STUDY SOCIAL VALUE OF RECREATIONAL FACILITIES
RESULTING FROM IMPROVED WATER QUALITY
...Frequency of Use, Projected Demand, Recreation Sites, Survey,
Types of Resources, 7.0092

STUDIES ON AQUATIC MYXOBACTERIA ...Applied Ecology,
Bacterial Pollutant Sources, Fresh Water, Myxobacteria, Range
Or Territorial Distr. , 5.0954

STUDY OF METHODS FOR CONTROLLING AQUATIC
GROWTH AT PYMATUNING RESERVOIR AND CONNEAUT
LAKE, PENNSYLVANIA ...Lakes, of Aquatic Plants, Pennsyl-
vania. Plant Pollutants, Reservoirs and Impoundments, 6.0470

HYDROGEOLOGY OF PUBLIC GROUND WATER SUPPLIES IN
PENNSYLVANIA ...Chemical-general, Groundwater, Manage-
ment, Pennsylvania, Water Yield, ...2.0907

IRON ORE FLOTATION ...Beneficiation, Flotation, Industrial
Processes-other, Mining Industry, Ores, Recovery, Scrap and
Wastes, ...5.0616

WATER CONTROL - CONTROL TECHNIQUES FIELD TEST-
ING AND EVALUATION ...Acidity, Chemical Analysis (water),
Coal-general, Mine Drainage Control, Mining Activities, ...5.1018

EUTROPHICATION - EFFECT OF FLOW AUGMENTATION
.,.Chemical Analysis (water), Chemical-general, Eutrophication,
Flow Augmentation, Physical-general, 5.0969

THE ECONOMIC ANALYSIS OF WATER POLLUTION BY
PESTICIDES AND OTHER AGRICULTURAL WASTES
...Agricultural Watersheds, Benefit-cost Analysis, Economic Im-
pact, Model Studies, Pesticides -non-specific, Pollution, 5.0238

Self-purification
COLUMBIA RIVER SEDIMENT STUDIES ,..Columbia River,

Geochemical Analysis, Radioactivity-general, Radiochemical
Techniques, Sediments, ...5.1249

SIMULATION MODELING OF THERMAL EFFECTS ON
SELECTED RIVER SYSTEMS ...Atomic Plants, Digital Compu-
ters, Forecasting - prediction, Model Studies, Thermal Pollution,
-.4.0270

REOXYGENATION OF IOWA STREAMS ... Aeration, Iowa,
Photosynthesis, Streams, ...5.0417

THE ECOLOGY OF STREAM BIOTA IN WASTE ASSIMILA-
TION ...Degradation, Olganie Matter, Periphyton, Streams, Water
Bacteria, ...5.0675

POLLUTION TAXES AND THE COSTS OF WATER QUALITY
MANAGEMENT ...Benefit-cost Analysis, Economic Efficiency,
Management, Water Costs, Water Quality Control-general,
6.0423

PHOTOSYNTHETIC REAERATION IN THE UPPER PASSAIC
RIVER ...Aeration, Chemical Oxygen Demand, New Jersey,
Photosynthesis, Streams, _5.0733

RECOVERY FROM ACID POLLUTION IN FOUR STRIP-MINE
LAKES ...Acidity, Iron, Lakes, Mining Industry, Stratification,
5.0669

OXYGEN RELATIONSHIPS IN SMALL STREAMS ...Aeration,
Ions and Gases, Oxygen, Streams, ...5.0357

EFFECTS OF DOMESTIC POLLUTION ABATEMENT ON A
EUTROPHIC LAKE ...iiiological-general, Chemical-general,
Eutrophication, Physical-general, Pollution Abatement, 6.0220

BACTERIAL ADSORPTION ON SOILS ...Bacterial Pollutant
Sources, Pollutants - Path of , Recharge -general, Soil Chemical
Properties, Temperature, .5,1190

FLUSHING OF SMALL SHALLOW LAKES ...Circulation -water,
Discharge-other, Lakes, Mixing, Pollution Abatement, ...5.1242

ENTERIC BACTERIAL DEGRADATION OF STREAM
DETRITUS ...Bacterial Pollutant Sources, Intestinal Bacteria,
Model Studies, Organic-general, Sanitation, 5.0291

WATER POLLUTION ...Bacterial Pollutant Sources, Cell.
env.(non-specific & 01.), Identification, Septic Tanks, Streams,
5.0730

STUDIES ON INORGANIC NUTRIENT ASSIMILATION RATES
IN ESTUARINE PONDS ...Estuaries, Mineral Content -water,
Nitrogen, Nutrients, Phosphorus, 5.0621

ILLINOIS RIVER STUDY ...Illinois River, Ions and Gases, Low
Flow, Streams & Rivers, Waste Water Treatment-general,
...5.0351

EFFECTS OF CHEMICAL AND BIOLOGICALLY MODIFIED
PULPING EFFLUENTS ON THE PRC,OUCTION OF FISH ...Ef-
fluents-wuste Water, Fish -non-specific, Industrial Wastes, Pulp,
Paper , and Logging, Tox & Allergenic Effects, Willamette River,
5.0936

WASTE DISPOSAL FROM FOOD PROCESSING PLANTS IN
SOUTH CAROLINA ...Disposal Wastes, Food Processing Indus-
try, Percolation, Soil Environment, 5.1104

STUDY OF ASSIMILATIVE CAPACITY OF ARCTIC AND SUB-
ARCTIC STREAMS ,..Environmental Prfects-geologic, Polar, Pol-
lution - Effects of , Streams, 5.0029

Stream Rehabilitation
DEPOPULATION OF EXPERIMENTALLY DECIMATED AREAS

BY STREAM FISHES ...Aquatic Ecology, Control of Nuisance
Species, Fish -non-specific, Louisiana, Population Dynamics,
Streams, 5.0460

SPORT FISHERY POTENTIAL IN RECLAIMED WASTEWATER
...Channel Catfish, Growth Rate, Other, Salmon & Trout - Non-
specific, Tilapia, Cichlids, ...5.0050

WATERSHED EVALUATION Chemical Analysis (water), Popu-
lation Dynamics, Streams, Temperature, Watersheds-general,
4,0226

STREAM RESTORATION AND CONTROLLED FLOWS ...Dams-
other, Lake Trout, Brook Trout, Logging, Transport, Equipment,
Maine, Salmon & Trout - Non-specific, ...4.0129

LIMESTONE DRUM PRODUCTIVITY STUDY JOB NUMBER I -
LIMNOLOGICAL STUDY ..Acidity, Aquatic Ecology, Biologi-
cal-general, Chemical-general, Limestone - General, ...5.1275

RESTORATION AND REHABILITATION OF EARTHQUAKE
DAMAGED PINK AND CHUM SALMON STUDIES IN
PRINCE WILLIAM SOUND ..Alaska, Aquatic Ecology, Data
Acquisition-general, Earthquakes, Flow Characteristic; -water,
Salmon -coho,chinook,sockeye. Spawn Or Nesting Sites, Tee-
tonics-general, ...2.0026

REDUCTION OF RIVER HEAT POLLUTION BY TURBULENCE
STIMULATION ...Destratification, Electric Power Plants, En-
gineering Structures-general, Roughness, Thermal Pollution, Tur-
bulent Flow, 5.0214

TUSCON WASTEWATER RECLAMATION PROJECT ...Biologi-
eal-general, Chemical-general, Filter-other, Fish -non-specific,
Productivity (agricultural), Water Standards, -.5.0043

NUTRIENT CONTROL PROJECT - DETROIT LAKES, MIN-
NESOTA ...Eutrophication, Lakes, Nutrients, of Aquatic Plants,
Secondary Treatment, 5.0553

THE FEASIBILITY OF REUSE OF CHLORINATED SEWAGE
EFFLUENT FOR FERTILIZATION AND IRRIGATION IN
IDAHO (ABBREV) ...Chlorination, Irrigation-general, Sewage,
Use f.)f Impaired Water, Water Reuse, 5.0327

COAL STRIP MINE WATERSHED STUDY ...Aquatic Ecology,
Coal-general, Mining Activities, Pollution - Effects of , Soil
Management -non-specific, Strip Mines, 2.0980

REDUCTION OF FLOOD RUNOFF, SEDIMENTATION AND
STREAMFLOW IMPROVEMENT IN UNGLACIATED AREAS
...Erosion-general, Forest Watersheds, Mississippi River, Runoff.
Slope - Degree of , Water Loss Control, ...4.0275
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Water Quality Control SUBJECT INDEX

Waste Water Pre-treatment
A COST-EFFECTIVENESS STUDY OF PRETREATMENT

METHODS SUITABLE FOR INTEGRATION TO MEMBRANE
DESALTING PLANTS ...Brackish Water, Desalination,
Economic Efficiency, Use of Impaired Water, Waste Treatment-
economics, ...5.0".46

LIME MAGNESIUM CARBONATE PROCESS - SEA WATER
SOFTENING PLANT ...Brines, Evaporation, High Temperature -
I 000-3000 , Precipitation , Removal -- inorganics, 3.0105

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS ...Boron,
Desalination, Reverse Osmosis, Use of Impaired Water, Waste
Treatment-economics, -.5.0093

DEVELOPMENT OF ECONOMICAL METHODS OF BORON
REMOVAL FROM IRRIGATION RETURN WATERS ...Material
Recovery Wastes, Pollutant-other, Recycle, Reverse Osmosis,
Waste Treatment-economics, 3.0480

IMPROVEMENT OF ECONOMICS OF ELECTRODIALYSIS
SYSTEMS BY SELECTIVE PRETREATMENT ...Brackish
Water, Cost Analysis, Desalination, Electrodialysis, Ion Selective,
Other, ...3.0407

WATER UTILIZATION AND WASTE CONTROL IN THE TEX-
TILE INDUSTRY ...Alternative Planning, Material Recovery
Wastes, Recycle, Textile Wastes, -.3.0377

FLOC STRENGTH AND FILTERABILITY OF PRE-TREATED
WATER ...Coagulation, Filtration, Flocculation, Pilot Plant, Sand,
5.0061

WASTEWATER TREATMENT PILOT PLANT INVESTIGATION,
MIXED CHROME TANNERY WASTEWATER .,.Disposal, Dry-
ing-dcwatering, Pollutant-other, Tannery Wastes, Waste Treat-
ment-economics, -.5.0536

TREATMENT OF MUNICIPAL SECONDARY EFFLUENT BY
REVERSE OSMOSIS ...Carbon, Fiber, Filament, Whisker, Glass,
Membranes-other, Pollutant-fouling, Reverse Osmosis, 5.0131

COMPLETE TREATMENT OF TANNERY INDUSTRIAL WASTE
FOR CHROME TANNING, ALUM TANNING AND VEGETA-
BLE TANNING ...Aerobic, Anaerobic, Neutralization, Process
Design, Tannery Wastes, ...5.0436

IN-PLANT TREATMENT OF DILUTE WASTES OF THE PULP-
ING INDUSTRY ...Biological Treatment-other, Pulp and Paper
Wastes, Pulp, Pulping & Composite, Reverse Osmosis, Water
Reuse, 5.1288

IMPROVED CAPABILITIES OF BIOLOGICAL SYSTEMS TO AS-
SIMILATE OIL .,.Activated, Biological, Organics, -.5.0780

RECLAMATION OF BIOLOGICALLY, MECHANICALLY &
CHEMICALLY TREATED WASTEWATER FOR POTABLE
WATER SUPPLY USES (ABBREV) ...Activated Carbon,
Chlorination, Electrodialysis, Ion Exchange-other, Risk & Uncer-
tainty, 5.0159

DEMINERALIZATION OF WASTEWATER BY THE TRANS-
PORT-DEPLETION PROCESS ...Demineralization, Electrodialy-
sis, Process Design, Sewage Treatment Plant, Waste Treatment-
economics, 5.0015

Waste Water Treatment-general
COALESCING MARINE OIL-WATER SEPARATOR ...Boat

Discharges, Fluid-device-other, Technique Development, Two-
phase-other, 5.0747

EVALUATION OF EARTHY MATERIALS FOR USE IN DECON-
TAMINATION OF WATER ...Clay, Removal of Residues,
_5.0002

EXCHANGE OF PHOSPHORUS SPECIES BETWEEN LIVING
AND NONLIVING SYSTEMS IN FRESH WATER ENVIRON-
MENTS ...Algae- General, Bioindicators, Biological Treatment-
general, Nutrients, 5.9812

FLUIDIZED EXCHANGE SYSTEMS FOR REMOVAL OF
NITROGEN AND PHOSPHOROUS FROM WASTEWATER
...Fluidized Bed, Ion Exchange-other, Nitrate, Nitrite, Nutrients,
Phosphate, Phosphite, ...5.0556

AN EVALUATION OF RECENT APPROACHES FOR THE
DESIGN OF BIOLOGICAL WASTES TREATMENT ...Biological
Treatment-general, Data Analysis - General, Pilot Plant, Process
Design, 5.0928

TREATMENT OF LIQUID WASTE FROM FOOD PROCESSING
PLANTS ...Disposal Wastes, Food Processing Industry, Recycle,
Salting Out, Water Reuse, 5.0497

FEASABILITY OF FISH PRODUCTION IN TERTIARY WASTE
TREATMENT PONDS ...Aquaculture & Fish-farming, Sewage
Lagoons, Tertiary Treatment, ...5.0401

ECONOMIC ANALYSIS OF ALTERNATIVE WATER POLLU-
TION CONTROL MEASURES ...Alternative Planning,
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Economics-general, Model Studies, Water Quality Control-
general, ...6.0231

PHOSPHATE UPTAKE, STORAGE, AND RELEASE BY
MICROORGANISMS IN WASTEWATER TREATMENT
Chemostat, Microorganisms (non-specific), Nutrition,
Phosphate, Phosphite, Storage, ..5.1282

REMOVAL OF TRACE ORGANICS FROM WATER BY AD-
SORPTION ON COAL ...Activated Carbon, Adsorption, Coal-
general, Isotherm, Organic, 5.1209

PRECIPITATION OF PHOSPHATES FROM WATER WITH FER-
ROUS SALTS ...Biochemical Oxygen Demand, Chemical Treat-
ment, Iron, Phosphate, Phosphite, Precipitation, -.5.0882

EFFECTS OF AUDIO VIBRATIONS ON AERATED BIOLOGI-
CAL SYSTEMS ...Activated, Aeration, Bubble, Sewage Bacteria,
Sonic, -.5.0673

THE ORGANIC CONCENTRATION GRADIENT IN AN AERA-
TION COLUMN ...Aeration, Bubbles, Foam, Organic Matter,
Surfactants, -.5.0734

TEXTILE WASTE TREATMENT PRACTICE ...Loading, Textile
Wastes, Waste Treatment-economics, Water Costs, 5.0005

KINETIC STUDIES OF THE OXIDATIVE DEGRADATION OF
DETERGENT, AND RELATED CHEMICAL SPECIES IN
AQUEOUS SOLUTION ...Biodegradation, Biological, Chemical
Degradation, Kinetic-general, Physical Degradation, Surfactants,
5.0495

MASS TRANSFER AND CHEMICAL REACTION IN TWO
PHASE FLOW ...Close Channel, Mass Transfer, Mathematical
Analysis, Model Studies, Phase Relatioiship, 5.0225

ELECTROPHORETIC CLARIFICATION OF WATER ...Bacterial
Pollutant Sources, Colloidal Pheno,nena, Desalination, Other,
Pesticides -non-specific, Tertiary Treatment, 5.1157

DESIGN OF WASTEWATER TREATMENT SYSTEMS TO
SATISFY EFFLUENT QUALITY REQUIREMENTS BASED ON
INTENDED USE ...Effluent- standards, Process Design, Use of
Impaired Water, Water Quality Control-general, Water Reuse,
5.0769

ROTATIONAL STABILITY OF DILUTE POLYMER SOLUTIONS
...Fluid Flow-other, Mass Transfer, Organic, Polymer Type-other,
Solution, Transport, 1.0027

GAMMA RADIATION OF TEXTILE WASTE WATER TO
REDUCE POLLUTION .,.Cobalt, Gamma, Industrial Wastes,
Other, Textile Wastes, ...5.1111116

DETERMINATION OF DEGRADED DYES AND AUXILIARY
CHEMICALS IN EFFLUENTS FROM TEXTILE DYEING
PROCESSES ...Chromatography-other, Dye Wastes, Lagoon,
Spectroscopy-other, Textile Wastes, 5.0297

A METHODOLOGY FOR PLANNING 0:TIMAL REGIONAL
WASTE MANAGEMENT SYSTEMS Effluents-waste Water,
Management, Model Studies, Optimization, Regional Areas,
.,.6.0280

FEASIBILITY OF TREATING AND RECYCLING USED FISH
HATCHERY WATER -Benefit-cost Analysis, Captive Rearing,
Productivity (agricultural), Water Reuse, 5.0753

WATER UTILIZATION AND WASTE CONTROL IN THE
POULTRY PROCESSING INDUSTRY ...Animal Waste Removal-
treatment, Economics-general, Food Processing Industry, Industri-
al Wastes, Potiltry - N S, Water Utilization -general, .,.5.0819

SURVEY OF WATER UTILIZATION AND WASTE CONTROL
IN THE PULP AND PAPER INDUSTRY .,.Effluents -waste
Water, Pulp and Paper Wastes, Pulp, Paper , and Logging, Waste
Treatment-economics, Water Utilization -gmeral, 3.0376

EFFECT OF AN ACID-WATER ENVIRONMENT UPON THE
SYNTHESIS OF GROWTH FACTORS BY BACTERIA
...Biosynthesis, Industrial Wastes, Ionic Effect, Mining Activities,
Water Bacteria, 5.1285

REMOVAL OF PHOSPHATE FROM WATER BY ALUMINUM
AND IRON ...Aluminum, Complexes, Iron, Mechanisms,
Phosphate, Phosphite, -.5.0732

LUXURY METABOLIC STORAGE OF PHOSPHORUS IN THE
ACTIVATED SLUDGE FLOC ...Activated, Adsorption-absorp-
tion-other, Flocculation, Nutrients, Phosphorus, 5.1318

NITRATE REMOVAL FROM ACTIVATED SLUDGE SYSTEMS
...Activated, Denitrification, Pilot Plants, Process Design,
Washington, 5.1257

BIOLOGICAL TREATMENT OF SPENT VEGETABLE TANNINS
...Biological, Chemical Treatment, Dyes and Coloring, Industrial
Wastes, Tannery Wastes, ...5.1283

ECONOMIC EVALUATION OF WATER QUALITY Benefit-cost
Analysis, Computers-general, Management, Model Studies,
Systems Analysis, ...6.0046



SUBJECT INDEX Water Quality Control
NITRIFICATION AND DENITRIPTCATION OF WASTE WATER

...Activated, Denitrification, Diary Wastes, Sewage, Sewage -
Domestic, ...5.0598

ADAPTATION BY MICROBIAL POPULATIONS ...Adaptation,
Biological Pollutants -general, Microorganisms (non-specific),
Plant Succession, ...5.0770

PEAT BOG WASTE STABILIZATION ...Characterization, Drying-
&watering, Industrial Wastes, Minnesota, Pulp and Paper Wastes,
5.0611

FILTRATION OF KRAFT PULP LIQUOR THROUGH CHIPS
...Effluents-waste Water, Filter-other, Pulp, Paper , and Logging,
Pulp, Pulping & Composite, 5.0824

EXPERIMENTAL CLOSED WATER SYSTEM TO ELIMINATE
WASTE WATER DISCHARGE FROM JOHNS MANVILLE
PLANT 03, DEFIANCE, OHIO ...Alcohols, Industrial Processes-
other, Screening, Solubility, 5.0724

TREATMENT OF ALKALINE WASTES FROM POTATO
PROCESSING ...Activated, Canning Wastes, Concentration, Food
Processing Industry, Plant Waste Removal, Treatment, Streams &
Rivers, 5.0465

AEROBIC TREATMENT OF PACKINGHOUSE WASTES ...Aero-
bic, Food Processing Industry, Industrial Processes-other, Pilot
Plant, Pilot Plants, 5.0418

REMOVAL OF ORGANICS AND NUTRIENTS FROM CITRUS
PROCESSING PLANT WASTES ...Activated, Aeration, Citrus,
Food Processing Industry, Organics, Pond, _5.0266

AIDS FOR WASTEWATER SYSTEM PERSONNEL SAFETY
AND ADVANCEMENT ..,Consultants, Advisory Services, Per-
sonnel., Safety, ...9.0006

TREATMENT OF BEAN HOUSE WASTES FROM A VEGETA-
BLE 'TANNERY ...Aerobic, Anaerobic, Lime 'Treatment,
Neutralization, Tannery Wastes, 5.0864

EAST CHICAGO TREATMENT LAGOON .Aerobic, Anaerobic,
Chlorination, Combined Sewer, Effluent-standards, ,..6.0215

A DEMONSTRATION OF JOINT-MUNICIPAL-INDUSTRIAL
WASTE TREATMENT IN THE ONONDAGA LAKE
WATERSHED ...Chemical Treatment, Combined Sewer, Industri-
al-general, Local Government, Watersheds-general, ..,5.0792

ADVANCED WASTE TREATMENT FOR WATER RECLAMA-
TION AND REUSE BY INJECTION ..,Aquifers- general, Injec-
tion-wells, Recharge Pits Wells, Secondary Treatment, Water
Reuse, 5.0778

AMMONIA REMOVAL FROM AGRICULTURAL RUNOFF BY
SELECTIVE ION EXCHANGE ...Ammonia, Ammonium, Ion
Exchange-other, Process Design, Runoff, Zeolite, ...5.1247

RENOVATION OF WASTE EFFLUENT FOR RECREATION
AND POTABLE WATER SUPPLY USE ...Activated, Effluent-
standards, Filter-other, Potable Water, 5.0158

REVERSE OSMOSIS TO REMOVE DISSOLVED SOLIDS FROM
RENOVATED WASTE WATER USED IN GROUND WATER
RECHARGE ...Artificial Recharge, Augmentation-general, Ef-
fluent-standards, Reverse Osmosis, Water Reuse, ..,5.0095

COMBINED INDUSTRIAL AND MUNICIPAL WASTE TREAT-
MENT .,.Biological Treatment-other, Combined Sewer, Pilot
Plant, Process Design, Pulp and Paper Wastes, _5.1289

REMOVAL OF COLLOIDAL MATTER FROM WASTE WATER
...Microbial-bacterial, Organic Wastes, Pollutant-other, Rate of
Reaction, Sediments, 5.0599

STEAM STRIPPING OF KRAFT PULP MILL EFFLUENT
STREAMS ..Effluent-standards, Effluents-waste Water, Material
Recovery Wastes, Organic Mutter, Pulp and Paper Wastes, Pulp,
Paper , and Logging, 5.1263

MULTILAYER FILTRATION ...Filter-other, Flocculation, Hydrox-
yl, Other, Sand, 5.1187

AN INVESTIGATION OF L1GHT-CATALYZED CHLORINE FOR
TREATMENT OF WASTE WATER ...Chlorine, Light-catalyzed,
Organics, Oxidation-general, Waste Treatment-economies,5.0686

PROPOSAL TO DEVELOP A HIGH- PRESSURE -FOAM WASTE
WATER TREATMENT PROCESS ...Flocculation, Foam, High,
Organics, ...5.0100

ALGAL BIOASSAY TO DETERMINE THE EXTENT OF
NUTRIENT REMOVAL BY AWT AT THE WASTE TREAT-
MENT PLANT AT ELY, MINNESOTA ...Algae, Bioassays,
Dcnitrification, Nutrients, Pilot Plant, ...5.1304

INVESTIGATION OF AMPHIPATHIC WATER-SOLUBLE
POLYMERS AS FLOCCULANTS AND FLOTATION ADS IN
DOMESTIC WASTEWATER TREATMENT ...Domestic Wastes-
general, Flocculation, Flotation, Polyelectrolytes, Sewage -
Domestic, ...5.0222
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MATHEMATICAL MODEL OF THE ELECTRODIALYSIS
PROCESS FOR ADVANCED WASTE TREATMENT Elec.
trodialysis, Mathematical Analysis, Process Design, 5.0531

STUDY OF UTILIZATION AND DISPOSAL OF LIME SLUDGES
CONTAINING PHOSPHATES ...Disposal, Lime Treatment,
Material Recovery Wastes, Phosphate, Phosphite, Waste Treat-
ment-economics, 5.0892

CHARACTERIZATION OF THE ACTIVATED SLUDGE
PROCESS AT THE HYPERION TREATMENT PLANT .Ac-
tivated, California, Mathematical Analysis, Model Studies, Water
Purification Plants, ...5.0107

THE ELECTRO-OXIDATION OF AMMONIA IN SEWAGE TO
NITROGEN ...Ammonia, Electrode, Electrolytic, Waste Water
Treatment-other, 5.0538

STUDY FOR FLOW REDUCT1NG AND TREATMENT OF
WASTE WATER FROM HOUSEHOLDS Sewage Domestic
Survey Studies, Waste Treatment-economies, Water Utilization
domestic, ...5.0205

OPERATION OF POTATO PROCESSING PLANTS TO REDUCE
WASTE AND STREAM POLLUTION ...Food Processing Indus-
try, in Plant Treatment Wastes, Industrial Wastes, Streams,
...5.0058

FARM ANIMAL WASTE DISPOSAL ...Animal Waste Removal-
treatment, Galliformes Fowl-other, Livestock -non-specific,
Sewage Lagoons, Swine, 5.0407

IDENTIFICATION AND REMOVAL OF PESTICIDES FROM
RURAL WATER SUPPLIES ...Pesticides -non-specific, Removal
of Residues, Residues in Potable Water, Rural Areas, Water
Utilization -domestic, ...5.0448

WASTE TREATMENT ...Activated, Biological, Solid Waste, Sur-
factants, Waste Treatment-economies, 5.0731

POULTRY MANURE PROPERTIES, HANDLING AND
DISPOSAL ...Animal Waste Removal-treatment, Poultry- Other,
Solid Waste, Waste Disposal-general, ...5.0775

CONSERVATION AND RENOVATION OF WASTE WATER
...Conservation-general, Effluents-waste Water, Natural Recharge,
Pollution - Effects of , Soil Properties - General, Surface Irriga-
tion -general, ...5.1035

REMOVAL OF SUSPENDED MATTER AND TURBIDITY FROM
WATER BY FLOCCULATION WITH POLYELECTROLYTE
COAGULANTS AND COAGULATION ACIDS Electrophore-
sis, Flocculation, Polyelectrolytes, Sediments, 4.0109

USE OF PURE STRAINS OF ALGAE AND MIXED ALGAE-
PROTOZOA, AND ALGAE- BACTERIA CULTURES IN
SEWAGE TREATMENT ...Algae, Algal Culture, Microbial-bac-
terial, Pilot Plant, 5.0382

COMPARATIVE STUDY OF PHYTOPLANKTON IN NEW AND
RECLAIMED ACID MINE DRAINAGE PONDS ...Acidity, Min-
ing Activities, Nutrition Studies, Phytoplankton, Ponds, 6.0437

INTERACTION OF ANIMAL VIRUSES WITH CLAY MINERALS
...Adsorption Capacity, Animal Viruses (non-specific), Clay
Minerals- general, Filtration, Viral Pollutant Sources, 5.1051

STUDIES TO DEVELOP PROCESS DESIGNS FOR EFFLUENT
QUALITY CONTROL ...Effluent-standards, Effluents-waste
Water, Process Design, Water Quality Control-general, ...5.1175

WATER REUSE RESEARCH ...Effluents-waste Water, Plants -
Systems - general, Sewage Treatment Plant, Urban Environments,
Water Reuse, 5.0176

WATER TREATMENT BY REVERSE OSMOSIS METHOD
...Fresh Water, Membranes-other, Pilot Plants, Reverse Osmosis,
...5.0164

NUTRIENT REMOVAL FROM AGRICULTURAL WASTE
WATERS ...California, Denitrification, Eutrophication, Nutrients,
Pilot Plants, San Francisco Bay, 4.0032

NEMATODES ASSOCIATED WITH SEWAGE TREATMENT
AND THEIR SIGNIFICANCE ...Animal Taxonomy, Contamina-
tion - Water, Nematoda -other, Sewage, Streams, ...5.0251

ILLINOIS RIVER STUDY ...Illinois River, Ions and Gases, Low
Flow, Self-purification, Streams & Rivers, 5.0351

APPLICATION OF OPTIMIZATION TECHNIQUES TO
PROBLEMS TO AGRICULTURE Computer', Animal
Waste Removal- c;catment, Digital Computers, Model Sa.dies, Op-
timization, Solid Waste, 5.0427

WATER QUALITY ASPECTS OF RECREATIONAL LAKES
...Lakes, Nitrogen, Phosphorus, Recreation Sites, Septic Tanks,
-.5.0469

A FEASIBILITY STUDY OF A LIVESTOCK WASTE DISPOSAL
INVOLVING REUSE OF WATER ...Animal Waste Removal-
treatment, Farm Wastes, Sewage Treatment Plant, Solid Waste,Water Reuse, 5.0836
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TREATMENT OF COAL MINE WATERS TO MEET CURRENT
COMMONWEALTH WATER DISCHARGE REQUIREMENTS
...Coal - general, Lagoon, Mining Activities, Pennsylvania, Waste
Treatment-economics, 5.1038

SUITABILITY FOR SFPTIC TANK DISPOSAL SYSTEMS AND
PRODUCTIVITY P01 ENTIALS OF PENNSYLVANIA SOILS
,..Animal Wastes - Feed Lots, Percolation, Septic Tanks, Soil,
Water Table Fluctuation, 5.1039

LIGHTWEIGHT WATER PURIFICATION UNIT ...Brackish
Water, Density, Desalination, Distillation-other, Distilling Units,
Mobile, Plastic Matrix, Technique Development, ..3,0250

INDIVIDUAL WATER FILTRATION DEVICE ...Filtration, Porous
Media - Flow Through, Pump-other, Sediments, Technique
Development, 3.0252

POLLUTANTS IN PRODUCT AND PROCESS WATERS FROM
OIL-SHALE RETORTING OPERATIONS AND METHODS
FOR THEIR REMOVAL ...Material Recovery Wastes, Mining In-
dustry, Oil Shale, Pollutants-general, Technique Development,
...5.1324

COMPUTERIZED DESIGN AND SYSTEMS ANALYSIS OF
WASTEWATER TREATMENT PLANTS ...Application,
Development of Models, Digital Computers, Forecasting-predic-
tion, Systems Analysis, 6.0421

DISSOLVED INORGANIC REMOVAL BIOASSAY OF ALGAL
GROWTH POTENTIAL ...Bioindicators, Denitrification,
Nitrogen, Phosphorus, ...5.0852

DEVELOPMENT OF AUTOMATED ANALYSES FOR THE SUP-
PORT OF ADVANCED WASTE TREATMENT RESEARCH
PROJECTS ...Automatic Data Aquisition, Chemical Analysis
(water), Instrumentation-general, 5.0863

CHEMICAL AND ENGINEERING ASPECTS OF POTATO
PROCESSING WASTES TREATMENT ...Canning Wastes,
Dehydration, Drying-dewatering, Material Recovery Wastes, Plant
Waste Removal, Treatment, Potatoes, Waste Treatment -
economics, ..5.0979

REMOVAL OF NUTRIENTS FROM ENRICHED FLOWS &
WASTE EFFLUENTS BY THE HYDROPONIC CULT OF
SUITABLE FORAGE PLANTS & GRASSES ...Grasses -non-
specific, Hydroponic, Management, Nutrients, Process Design,
...5.0910

POLLUTION IMPLICATIONS OF ANIMAL WASTE ...Animal
Waste Removal-treatment, Animal Wastes - Feed Lots, Farm
Wastes, Livestock Equipment, 5.0916

METHODS FOR WATER QUALITY IMPROVEMENT AND ITS
STORAGE UNDERGROUND .,.Computers- general, Dcnitrifica-
tion, Groundwater Basins, Management, Natural Recharge, Per-
colation, Underground Waste Disposal, 4.0005

EMPIRICAL PREDICTION OF SAND FILTER PERFORMANCE
.,.Public Utilities, Public Works, Sand, Urban Environments,
...5.0403

ORGANIC MATTER AND ITS ROLE IN WATER QUALITY
...Management, Organic Matter, Public Works, Reservoirs and
Impoundments, Urban Environments, ..5.0122

MICROBIOLOGY OF ESTUARINE AND SHELLFISH POLLU-
TION ...Woindicators, Clams, Estuaries, Oysters, Pollution Ef-
fects, Shellfish Depuration..5.0719

Water Quality Control-general
EFFECT OF PESTICIDE RESIDUES AND OTHER ORGAN°.

TOXICANTS ON THE QUALITY OF SURFACE AND
GROUNDWATER RESOURCES ...Carbamates -non-specific,
Groundwater, Movement, Leaching, Persistence in Soils, Removal
of Residues, ...5.0396

INTEGRATION OF CONNECTICUT WATER RIGHTS LAWS
AND POLLUTION CONTROL LAWS ...Connecticut, Legal
Review, State Government, Water Allocation, Water Rights-
general, 6.0116

INTERGOVERNMENTAL RELATIONSHIPS IN THE ADMINIS-
TRATION OF WATER RESOURCES ...Administrative Struc-
tures, Illinois, Water Law-general, Water Resources Development,
6.0210

THE USE OF TAXES, SUBSIDIES, AND REGULATIONS TO
CONTROL THE EFFLUENT OF THE TEXTILE INDUSTRY
...Economic Impact, Fiscal, South Carolina, Textile Industry,
...5.1105

PHASE II-STUDY OF A RIVER SYSTEM AS A CHEMICAL
REACTOR ...Ind.tstrial Wastes, Maine, Other 0.r. , Reactors-
other, Systems Analysis, ...5.0466

METHODOLOGY FOR INTEGRATING WATER QUALITY
MANAGEMENT WITH THE MANAGEMENT OF THE TOTAL
WATER RESOURCES IN MINNESOTA ...Data Acquisition-
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general, Management, Minnesota, Technique Development,
...5.0605

BOUNDARY EFFECTS ON JET FLOW PATTERNS RELATED
TO WATER QUALITY AND POLLUTION PROBLEMS ...Flow
Characteristics -water, Jet Flow-other, Reservoirs and Impound-
ments, Velocity, Velocity - water, ..8.0180

ECONOMIC ANALYSIS OF ALTERNATIVE WATER POLLU-
TION CONTROL MEASURES ...Alternative Planning,
Economies-general, Model Studies, Waste Water Treatment-
general, ,6,0231

THE DISTRIBUTION OF TRACE ELEMENTS IN IMPOUND-
MENTS ...Arkansas, Electric Power Plants, Reservoirs and Im-
poundments, Trace Elements, Water Sampling, .2.0068

LIMNOLOGICAL INVESTIGATIONS OF TEXAS IMPOUND-
MENTS FOR WATER QUALITY MANAGEMENT PURPOSES
...Chemical-general, Management, Nutrients, Reservoirs and Im-
poundments, Texas, 5.1148

POLLUTION TAXES AND THE COSTS OF WATER QUALITY
MANAGEMENT ...Benefit-cost Analysis, Economic Efficiency,
Management, Self-purification, Water Costs, ...6.0423

A SYSTEM APPROACH FOR INTEGRATING GROUNDWATER
AND SURFACE-WATER USE ...California, Conjunctive Use,
Groundwater, Systems Analysis, Water Utilization -general,
...6.0037

THE EFFECTIVENESS OF GOVERNMENTAL ACTION FOR
WATER POLLUTION CONTROL IN NEW JERSEY ...Adminis-
trative Structures, Local Government, New Jersey, Pollu
Sources-general, Survey Studies, ..6.0349

CONTROL OF BENTHIC DEPOSITS IN LAKES ...Benthonic-bot-
tom, Deposits-other, Eutrophication, Lakes, ...S.0513

THE ENGINEERING APPLICATIONS OF DISTRIBUTED AND
MULTIVARIABLE SYSTEM THEORY TO THE DYNAMICS
OF WATER POLLUTION CONTROL ...Optimization, Systems
Analysis, 5.0728

WATER QUALITY CONTROL WITH SYNTHETIC POLYMERIC
FLOCCULANTS ...Activated, Bacteria, Bacterial Pollutant
Sources, Flocculation, Organic, ...5.0221

DESIGN OF WASTEWATER TREATMENT SYSTEMS TO
SATISFY EFFLUENT QUALITY REQUIREMENTS BASED ON
INTENDED USE ...Effluent-standards, Process Design, Use of
Impaired Water, Waste Water Treatment-general, Water Reuse,
5.0769

WATER RESOURCES IN SOURDOUGH AND MIDDLE CREEK
WATERSHEDS - A COMPARATIVE STUDY OF QUALITY
AND HYDROLOGY .Conservation-general, Hydrology-general,
Land Use, Montana, Watersheds-general, 5.0695

ECONOMICS OF WATER QUALITY CONTROL IN THE UPPER
MISSISSIPPI RIVER (MINNESOTA) ...Minnesota, Mississippi
River, Model Studies, Optimization, Water Standards, _6.0311

CRITERIA FOR DETERMINING ECONOMIC PRIORITIES IN
AWARDING SEWAGE FACILITY CONSTRUCTION GRANTS
Fiscal, Pennsylvania, Waste Treatment-economics, Welfare
Economics, 6.0475

A SYSTEMS ANALYSIS OF THE WESTERN BASIN OF LAKE
ERIE ...Aquatic Ecology, Economic Impact, Great Lakes-general,
Pollution - Effects of , Systems Analysis, 6.0426

VERIFICATION OF MODELS USED IN THE MANAGEMENT
AND CONTROL OF WATER QUALITY ...Disposal Wastes,
Management, Model Studies, Washington, ...5.1261

SYSTEMATIC ANALYSIS OF MANAGEMENT EFFECTIVE-
NESS OF THE WATER QUALITY CONTROL BOARD
SYSTEM OF CALIFORNIA .California, Management, Model
Studies, Operations Research, State-local Government, ...6.0035

HYBRID COMPUTER SIMULATION OF GROUND-WATER
BASINS ...Development of Models, Groundwater, Groundwater
Basins, Hybrid Computers, Model Studies, 2.0106

A STUDY OF POTENTIAL INSTITUTIONAL ARRANGEMENTS
FOR WATER POLLUTION CONTROL IN THE HUDSON-
MOHAWK RIVER BASIN ... Administrative Structures, Govern-
ment -other, New York, River Basins, Systems Analysis, 6.0379

LAW AFFECTING INSTITUTIONAL DESIGN FOR WATER
QUALITY MANAGEMENT ...Administrative Structures, Legal
Review, Pollution Abatement, Riparian Rights, State Government,
-.6.0642

IMPROVING SURFACE WATER CONDITIONS THROUGH
CONTROL AND DISPOSAL OF AQUATIC VEGETATION
...Economic Efficiency, of Aquatic Plants, Plant Pollutants, Plant
Waste Removal, Treatment, 5.1298

WATER QUALITY MANAGEMENT OF IMPOUNDMENTS
...Destratification, Eutrophication, Management, North Carolina,
Reservoirs and Impoundments, ...5.0813



SUBJECT INDEX Water Quality Control
OPERATIONS RESEARCH IN WATER QUALITY MANAGE-

MENT ...Channel Regulation-other, Control and Protection, En-
gineering Structures-general, Management, Operations Research,
5.0526

BENTHONIC INVERTEBRATES AS AN INDEX OF WATER
QUALITY ...Benthic Fauna, Bioindicators, Gases, Dissolved -
water, Oxygen, 5.0601

DATA COLLECTION ECONOMICS FOR WATER POLLUTION
STUDIES ...Data Acquisition-general, Economic Efficiency,
Operations Research, 7,0055

UNDERGRADUATE TRAINING FOR CAREERS IN WATER
SUPPLY AND POLLUTION CONTROL ...Education and Train-
ing, Pollutant-other, Pollutants-general, Water Supply-general,
6,0312

THE APPLICATION OF PROGRAMMED LEARNING
TECHNIQUES TO WATER CHEMISTRY ...Chemical-general,
Education and Training, Water Chemistry, 9.0010

INTERSTATE REGIONAL PLANNING FOR WATER SUPPLY
AND WASTE DISPOSAL ...Delaware River, Disposal-general, In-
terstate, Plan ing, Water Distribution Systems, Water Supply-
general, _5.0748

SCHOOLS FOR CITIZENS ON WATER USE FOR TOMORROWS
LIVING ...Citizen's Participation, Education and Training, Hand-
books, Water Utilization -dbrieztic, 6,0124

A STOCHASTIC MODEL FOR POLLUTION IN ESTUARIES
...Estuaries, Ions and Gases, Model Studies, Oxygen, Water Quali-
ty-general, 5.1211

AQUATIC PLANT CHEMISTRY -ITS APPLICATION TO ECOLO-
GY ...Aquatic Plants (non-specific), Bacterial Pollutant Sources,
Bactericides -non-specific, Endogenous Cpds -plants, _5.0793

STATUS OF THERMAL POLLUTION AND RESEARCH NEEDS
...Bibliography, Hydraulics-general, Pollution - Effects of , Ther-
mal Pollution, 5.11139

PHOSPHATE EXCHANGE WITH SEDIMENTS ...Chemical-
general, Eutrophication, Phosphate, Phosphite, Pollution - Effects
of , Pollution Abatement, 5.0525

POLLUTION AS A RESULT OF FISH CULTURAL ACTIVITIES
_Algal Pollutant Sources, Biological Pollutants -general, Captive
Rearing, Management -other, Pollution - Effects of , ...5.1199

CENTER FOR RESEARCH AND TRAINING IN HYDRAULIC
AND HYDROLOGIC ASPECTS OF WATER POLLUTION
CONTROL ...Document & Literature Info, Hydraulics-general,
Training Grants, Fellowships, _5.1137

EUTROPHICATION OF NATURAL WATERS ...Data Acquisition-
general, Eutrophication, Forecasting-prediction, Lakes, Plant Sue-
cession, ...5.1314

SYSTEM ANALYSIS OF EUTROPHICATION CONTROL BY
FLUSHING ...Eutropaication, Flow Augmentation, Lakes,
Systems Analysis, 5,1266

STREAM QUALITY PRESERVATION THROUGH URBAN
LAND USE ...Land Use, Management, Pennsylvania, Urban En-
vironments, ...5.1010

SYSTEM STUDY, DESIGN, AND EVALUATION OF THE
LOCAL STORAGE, TREATMENT. AND REUSE OF STORM
WATER - DEPARTMENT OF INTERIOR ...Pollution Abate-
ment, Storage of Water, Storm Water, Urban Environments,
Water Reuse, 5.0503

ENGINEERING INVESTIGATION OF STORM WATL INFIL-
TRATION INTO SANITARY SEWERS OF THE EAST BAY
MUNICIPAL UTILITY DISTRICT ...Benefit-cost Analysis, Com-
bined Sewer, Infiltration, San Francisco Bay, Storm Water,
5.0123

INVESTIGATION FOR CONTROL OF WATER POLLUTION
FROM COMBINED SEWERS IN ROANOKE, VIRGINIA ...Al-
ternative Planning, Combined Sev.ser, Model Studies, Rain Fall In-
tensity, Runoff, Sanitary Sewage Quantity-other, Storm Water,
...5.1220

POLLUTION CONTROL OF BATHING BEACHES BY USE OF A
PNEUMATIC CURTAIN ...Close Channel, Jet Flow-other, Pneu-
matic-device, Shoreline - Coastline, Ventilated Cavities, 5.0784

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Administrative Structures, Agriculture Industry, Benefit-cost
Analysis, Water Allocation, Water Law-general, Water Resources
Development, ...6.0229

EFFECT OF POLLUTION ON THE QUALITY OF SURFACE
AND GROUND WATER RESOURCES ...Laboratory Analysis,
Pollution - Effects of , Soil Environment, Training Grants, Fellow-
ships, Water Reuse, 5.0703

STUDIES TO DEVELOP PROCESS DESIGNS FOR EFFLUENT
QUALITY CONTROL Effluent-standards, Effluents-waste

Water, Process Design, Waste Water Treatment-general, 53175

EFFICIENT SYSTEM OF WATER QUALITY MANAGEMENT
FOR THE MIAMI BASIN ...Alternative Planning, Economic Effi-
ciency, Management, Ohio, River Basins, 5.1015

PROJECTING THE DEMAND FOR AND SUPPLY OF WATER
...Model Studies, Projections and Estimations, Regional Areas,
River Basins, Water Demand, Water Supply-general, 6.0357

A SALT BALANCE INVESTIGATION ON THE SANTA ANA
RIVER BASIN ABOVE PRADO DA ...California, Forecasting-
prediction, Groundwater Basins, Salinity, Systems Analysis,5,0098

EFFECT OF PESTICIDE RESIDUES AND OTHER ORGAN°.
TOXICANTS ON THE QUALITY OF SURFACE AND
GROUND WATER RESOURCES ...Groundwater, Persistence in
Soils, Pesticides -non-specific, Pollution - Effects of , Surface
Water, ...5.0392

AN ECONOMIC EVALUATION OF WATER POLLUTION CON-
TROL, YAQUINA BAY, ORE ...Alternative Planning, Bays,
Benefit-cost Analysis, Model Studies, Oregon, Systems Analysis,
...6.0454

SEASONAL WATER USE BY FOREST VEGETATION ...Conser-
vation- general, Environment, Forest Watersheds, Seasonal, Trans-
piration and Evap, _2.0893

SOCIO- ECONOMIC STUDY OF NARRAGANSETT' BAY,
RHODE ISLAND ...Bays, Benefit-cost Analysis, Estuaries, Land
Use, Rhode Island, Social Aspects, 6.0485

DEVELOPMENT OF A WATER QUALITY CONTROL PRO-
GRAM FOR THE SAN JACINTO RIVER BASIN ...River Basins,
Texas, ...5,1177

STUDY OF THE APPLICABILITY OF EFFLUENT CHARGES
TO WATER QUALITY MANAGEMENT IN THE STATE OF
WISCONSIN ...Economic Impact, Effluents-waste Water, Survey
Studies, Water Costs, Wisconsin, ...5.1307

WATER QUALITY CONTROL ..,Flow Characteristics -water,
Forecasting-prediction, Management, Reservoirs and Impound-
ments, Temperature, 5.1123

NUTRITION OF WATER WEEDS ...Mineral Nutrition, of Aquatic
Plants, Reservoirs and Impoundments, 5.0023

EFFECTS OF IMPOUNDMENT ON WATER QUALITY ...Flow
Characteristics -water, Management, Reservoirs and Impound-
ments, Water Quality-general, Water Quantity-general, 5.1122

EVALUATION OF PHYSICAL AND ECONOMIC EFFECTS OF
IMPOUNDMENTS AND RELEASES ON UPSTREAM AND
DOWNSTREAM WATER QUALITY ...Benefit-cost Analysis,
Productivity - Food Chain, Reservoirs and Impoundments,
Storage of Water, Stratification, 6.0128

RESERVOIR WATER QUALITY INVESTIGATION ...Forecasting-
prediction, Operations Research, Planning, Reservoirs and Im-
poundments, Storage of Water, .. 5.0237

LOW-FLOW STUDIES OF IOWA STREAMS ..,Available Water,
Iowa, Low Flow, Water Law-general, Water Standards, 2.0489

EUTROPHICATION RESEARCH AMERICAN FALLS RESER-
VOIR STUDY ...Chemical Air.:ysis (water), Eutrophication,
Idaho, Nutrients, Reservoirs and ImpourAments, 5.0317

EFFECT OF IMPOUNDMENTS ON WATER QUALITY
...Oklahoma, Optimization, Pre-impoundment Sites, Reservoirs
and Impoundments, Water Sampling, _5.0904

EUTROPHICATION - PILOT OPERATIONS ...Economics-general,
Eutrophication, Pilot Plants, Systems Analysis, _5.0981

RESEARCH NEEDS PERTAINING TO PETROLEUM WASTE
WAT'AS ...Industrial Processes-other, Mining Activities, Petrole-
um Chemistry, Petroleum Industry, 5.0914

ECONOMICS OF IRRIGATION, DRAINAGE AND RELATED
PROBLEMS IN THE NORTHWEST ...Benefit-cost Analysis,
Drainage, Irrigation-general, Southern, Welfare Economics,
...6.0601

SORPTION KINETICS IN FLOW THROUGH GRANULAR PAR-
TICLES ...Adsorption-other, Groundwater, Ion Exchange-other,
Porous Media - Flow Through, Rate Determination, Tertiary
Treatment, 5.1191

Water Quality Control-other
INTERACTION OF HERBICIDES AND SOIL MICROORGAN-

ISMS ...Chlorinated Hydrocarbons, Degradation, Microbial
Degradation, Removal of Residues, 5.0802

Water Standards
APPRAISAL OF WATER MANAGEMENT INSTITUTIONS-SUR -

VEY OF OREGON WATER LAW ...Administrative Structures,
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Legal Review, Management, Water Rights-general, Water
Transfer, ...6.0455

PREDICTION MODELS FOR WATER QUALITY PARAMETERS
...Model Studies, Oxygen, Projections and Estimations, Social
Aspects, Systems Analysis, Temperature, 6.0164

AN ENGINEERING-ECONOMIC STUDY OF THE INDUSTRIAL
GROWTH POTENTIAL OF THE UPPER PASSAIC RIVER
BASIN ...Economic Impact, Industrial-general, River Basins, So-
ciul Aspects, Water Law-general, ...6.0347

THE IMPACT OF IMPOSING A WATER QUALITY STANDARD
ON A LIVE STREAM ...Flow Augmentation, Low Flow, Multi-
pie-purpose Projects, Pollution Abatement, Reservoirs and Im-
poundments, 6.0494

STREAM POLLUTION AND RECREATION ...Consumption, Pol-
lution - Effects of , Recreation Sites, Social Aspects, Welfare
Economics, ...6.0473

ECONOMICS OF WATER QUALITY CONTROL IN THE UPPER
MISSISSIPPI RIVER (MINNESOTA) ...Minnesota, Mississippi
River, Model Studies, Optimization, Water Quality Control-
general, ...6.031I

WATER QUALITY CRITERIA TO PROTECT THE FISH POPU-
LATION DIRECTLY BELOW SEWAGE OUTFALLS Effluent-
standards, Fish -non-specific, Population Dynamics, Sewage,
Water Properties-general, -.5.0501

CITIZENS WORKSHOPS ON CLEAN WATER FOR AMERICA
...Citizen's Participation, Meetings, State-local Government,
Water Quality-general, -.6.0191

WATER CONSERVATION BY WASTE WATER RECLAMA-
TION AND INJECTION OR RECHARGE ...Activated, Artificial
Recharge, Injection-wells, Potable Water, Tertiary Treatment,
...5.0779

TUSCON WASTEWATER RECLAMATION PROJECT ...Biologi-
cal-general, Chemical-general, Filter-other, Fish -non-specific,
Productivity (agricultural), Stream Rehabilitation, ...5.0043

SENSITIVITY OF BENTHIC MICROFLORA TO POLLUTION
GRADIENTS ...Benthic Flora, Bioindicators, Estuaries, Marine
Plants, Plant Prod. (non-specific), ...5.1059

TREATMENT OF ACID RINSE WATERS ...Aeration, Coagula-
tion, Iron, Lime Treatment, Metal Pickling Wastes, Treatment-
other, 5.0899

MANAGEMENT OF INDUSTRIAL WASTE DISCHARGES IN
COMPLEX ESTUARINE SYSTEMS ... Estuaries, industrial
Wastes, Management, Model Studies, Texas, -.5.1156

A COMPARISON OF TOTAL COLIFORM AND FECAL
COLIFORM COUNTS IN STREAM POLLUTION SURVEYS
...Bacterial Pollutant Sources, Bioindicators, Coliforms (non-
specific), Surface Water, Survey Studies, ..5.1296

LOW-FLOW STUDIES OF IOWA STREAMS ...Available Water,
Iowa, Low Flow, Water Law-general, Water Quality Control-
general, ...2.0489

STANDARDS AND CRITERIA ...Legal Review, Legislation, Tur-
bidity, .,.5.0188

MODEL FOR DETERMINING THE MOST UNFAVORABLE
CONDITIONS FOR AREA CLASSIFICATION ...Bays, Pollutants
- Path of , Pollutants-general, Rhode Island, Shellfish, N.s.
...5.1067

CONSUMER ATTITUDES TOWARD MINERAL TASTE IN
DOMESTIC WATER ...Attitudes & Attitude Change, California,
Hardness-minerals, Potable Water, Taste and Odor, ...6.0039

Water Quality-general
A STUDY OF THE ECONOMIC IMPACT OF DROUGHT ON

WATER SUPPLY SYSTEMS IN THE PASSAIC RIVER BASIN,
NEW JERSEY ...Economic Impact, Meteorological Extremes,
New Jersey, Public Utilities, River Basins, 2.0761

AMERICAN RIVER HYDROBIOLOGIC POTENTIAL STUDY
...Bioindicators, California, Lower Plants, Phytoplankton, Primary
Productivity, -.5.0143

EFFECT OF LIMNOLOGICAL CHANGES ON SURVIVAL OF
YOUNG FISH IN ONEIDA LAKE ...Fish -non-specific, Food
Supply, Lakes, New York, Urban Environments, ...6.0372

COMPILATION OF WATER QUALITY DATA ...Aquatic Ecology,
Basses -sca,white, White Perch, Data Acquisition-general, Data
Analysis - General, Lakes, -.5.0459

EFFECTS OF CHANGES IN WATER QUALITY ON FRY AND
FINGERLINGS ...Aquatic Ecology, Basses - sca,white, White
Perch, Chemical-general, Environmental Ecology, Louisiana,
5.0454

A WATER SUPPLY-DEMAND ANALYSIS IN CLINTON COUN-
TY, PENNSYLVANIA - A STUDY IN ECONOMIC HYDROLO-
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GY ...Available Water, Economic Impact, Model Studies, Water
Demand, Water Utilization -general, ...6.0477

STRIP-MINING AND WATER QUALITY Ions and Gases, Min-
ing Industry, Ohio, Storm Water, Strip Mines, ...5.0888

A STUDY OF THE OPEN WATER DISTRIBUTION AND
ABUNDANCE OF NET-PLANKTON AS AN INDEX OF
EUTROPHICATION IN LAKE SUPERIOR ...Automatic Data
Aquisition, Bioindicators, Lake Superior, Plankton Sampling,
Zooplankton, ...5.0600

AVAILABILITY, DISTRIBUTION, QUANTITY AND QUALITY
OF WATER RESOURCES IN CARBONATE KARST TERRAIN
...Available Water, Carbonate Aquifers, Groundwater, Karst
Topography, Runoff, Water Balance-budget, ...4.0155

WATER BALANCE IN SEWAGE STABILIZATION LAGOONS
Industrial Wastes, Organic Matter, Seepage, Sewage Lagoons,
Water Balance-budget, 5.0833

INVENTORY & EVALUATION OF THE GROUND-WATER
RESOURCES OF SUMMIT VALLEY & UPPER SILVER BOW
CREEK DRAINAGE AREA ...Groundwater, Montana, Survey
Studies, Tables, Compilations, Catalogs, Urban Environments,
...2.0711

UTILIZATION or THE STORAGE POTENTIAL OF RIVER
VALLEY AQUIFERS (ABBREV) ...Nebraska, Recharge -
general, River Basins, Storage of Water, Valley, Buried, ...4.0162

ENHANCEMENT OF RECREATIONAL USES OF ESTUARINE
WATERS THROUGH STUDY OF POTENTIAL CONTROL
METHODS FOR STINGING SEA NETTLES ...Biological Con-
trol, Chesapeake Bay, Estuaries, Jelly Fish, Recreation Sites,
...6.0256

WATER RESOURCES PLANNING STUDIES - ARKANSAS AND
OKLAHOMA ...Arkansas, Daily, Oklahoma, River Basins, Water
Allocation, _6.0028

A STUDY OF ALGAL POPULATIONS ASSOCIATED WITH DIF-
FERENT LEVELS OF WATER QUALITY IN NEW
HAMPSHIRE ...Algal Pollutant Sources, Bioindicators, Eutrophi-
cation, New Hampshire, Nutrition Studies, ...5.0712

OPTIMIZING SALVAGEABLE WATER RESOURCES IN A
SEMI-ARI: INLAND BASIN ...Natural Recharge, Optimization,
Runoff, Semi - Arid, Water - Alternative Uses, Water Reuse,
3.0019

MEASUREMENT OF COMMUNITY OPINION RELATING TO
PUBLIC WATER SUPPLIES ...Attitudes & Attitude Change,
Citizen's Participation, Mass Communication, Social Aspects,
Water Supply-general, Water Utilization -domestic, _6.0167

EFFECTS OF WATER DIVERSION ON BIOTA AND WATER
QUALITY IN THE STATE OF ARKANSAS ...Environmental
Ecology, Fish -non-specific, Population Dynamics, Reservoirs and
Impoundrawits, Temperature, 6.0030

DIGITAL SYSTEMS FOR ON-SITE DATA COLLECTION FOR
WATER QUALITY ANALYSIS ...Automatic Data Aquisition,
Data Networks, 'Digital Computers, Technique Development,
7.0005

IMPOUNDMENT EFFECTS ON WATER QUALITY AS
REFLECTED IN PARASITISM OF RESERVOIR BASSES
..Copepods, Pathology, Pre-impoundment Sites, Reservoirs and

Impoundments, Water Level Fluctuation, -.6.0024
VALUE OF THE GAME AND FISH RESOURCES IN RELATION

TO THE FUTURE UTILIZATION OF THE WATER OF THE
GREEN RIVER DRAINAGE IN WYOMING ...Economics-
general, Projections and Estimations, Survey Studies, Water
Utilization -general, -.6.0650

CHEMICAL, PHYSICAL, AND BIOLOGICAL DYNAMICS OF
NORTHERN PRAIRIE LAKES ...Biological-general, Chemical-
general, Lakes, Lard Use, Physical-general, _5.1114

APPLICATION OF SPECIALIZED OPTIM TECH IN WATER
QUANTITY & QUALITY MANAGEMENT WITH RESPECT
TO PLANNING FOR THE TRINITY RIVER BASIN ...Optimiza-
tion, Planning, River Basins, Texas, Water Quantity-general,
.4.0551

CHEMICAL CHARACTERISTICS OF PRECIPITATION
FALLING IN CHAMPLAIN VALLEY ...Chemical Analysis,
Rain-general, Snow-general, Storms-general, Vermont, -.2.1086

PRIMARY PRODUCTIVITY, AND STANDING CROPS IN RELA-
TION TO WATER QUALITY IN LAKE ASHTABULA RESER-
VOIR, NORTH DAKOTA ...North Dakota, Phytoplankton,
Productivity - Food Chain, Reservoirs and Impoundments,
7ooplankton, ...6.0414

INSTITUTIONAL DESIGN FOR WATER QUALITY MANAGE-
MENT - A CASE STUDY OF THE WISCONSIN RIVER BASIN
...Administrative Structums, Alternative Planning, Economics-
general, Regional Areas, Water Law-general, 5.1306



SUBJECT INDEX Water Quality-general
A THREE DIMENSIONAL STUDY OF PARAMETERS RE-

LATED TO THE CURRENT DISTRIBUTION IN LAKE
ROOSEVELT ...Currents -water, Model Studies, Reservoirs and
Impoundments, Stratification, Temperature, ..5.1245

HORIZONTAL DISPERSION IN SHALLOW ESTUARIES OF IR-
REGULAR SHAPE ...Circulation -water, Dispersion -water,
Estuaries, Gulf of Mexico, Model Studies, ...2.1013

SURFACE AND GROUND WATER POTENTIALITIES OF THE
MULLICA RIVER BASIN ...Aqueducts, Conjunctive Use,
Economic Impact, Systems Analysis, Water Transfer, 4,0172

A COMPENDIUM OF WATER LAW AND ECONOMICS IN
NEW HAMPSHIRE ,..Conjunctive Use, Economic Impact, New
Hampshire, Water Law-general, Water Rights-general, Water
Utilization -domestic, ...6.0283

GEOCHEMICAL INVESTIGATION OF THE GROUNDWATER
SYSTEM IN THE LANSING, MICHIGAN, AREA ...Aquifers-
general, Chemicalleneral, Groundwater, Ions and Gases,Michigan, 1.0069

WATER QUALITY REQUIREMENTS IN ALASKA CAMP-
GROUNDS WITH PROJECTIONS OF RECREATION DE-
MANDS AND BENEFIT/COST ANALYSIS FOR SITE SELEC-
TION ...Alaska, Benefit-cost Analysis, Recreation Sites, Types of
Resources, ...6.0007

VARIABILITY IN DIA TOM MORPHOLOGY AND WATER POL-
LUTION ...Algae- Diatoms, Algal Culture, Bioindicators, Environ-ment, Pollution Effects of , _5.0217

TEMPORAL, HORIZONTAL AND VERTICAL VARIABILITY
OF WATER CHEMISTRY IN THE UNSATURATED ZONE OF
FINE-GRAINED SOILS .,.Chemical-general, Groundwater,
Moisture-other, Saturated-unsaturated, Water Sampling, 2.0400

THE MANAGEMENT AND CONTROL OF WATER IN PUERTO
RICO ...Control and Protection, Data Analysis - General,
Management, Puerto Rico, Types of Resources, Water Supply-
general, ...6.0480

BEHAVIOR OF WATER IN AN SOUTHWEST IMPOUNDMENT -
LAKE THUNDERBIRD ...Chemical-general, Climatography,
Land Use, Physical-general, Reservoirs and Impoundments,...5.0918

A GROUNDWATER QUALITY SUMMARY FOR ALASKA
...Alaska, Atlases-maps, Document & Literature Info, Ground-
water, _7.0001

A PRELIMINARY RECONNAISSANCE OF AREAS TO BE IM-
POUNDED IN THE SALT RIVER BASIN OF KENTUCKY
...Environmental Effects-geologic, Kentucky, Morphology-general,
Pre-impoundment Sites, 6.0243

WATER QUALITY CRITERIA FOR SELECTED RECREATION
USES ...Illinois, Mathematical Analysis, Pollution-water, Recrea-
tion Sites, User Characteristics -other, 5.0381

QUALITY OF STORM WATER DRAINAGE FROM URBAN
LAND AREAS IN NORTH CAROLINA ...Land Use, North
Carolina, Runoff, Storm Water, Urban Environments, 5.0815

CHANGES IN WATER QUALITY PARAMETERS OF RESER-
VOIRS DURING REGULATED FLOW CONDITIONS
_Eutrophication, Iron, Manganese, Tennessee, Water Properties-general, 5.1129

SEASONAL AND DIURNAL ASPECTS OF ZOOPLANKTON
MICRODISTRIBUTION AND VERTICAL MIGRATION IN
RELATION TO WATER POLLUTION ...Environmental Ecology,
Fresh Water, Pollution Effects, Vertical Distribution, Zooplank-ton, ...5.1126

BIOLOGICAL PRODUCTIVITY OF THE COEUR D'ALENE
RIVER AS RELATED TO WATER QUALITY ...Data Analysis -General, Idaho, Primary Productivity, Productivity - Food Chain,Streams, 5.0326

EFFECTS OF LIMNOLOGICAL FACTORS ON WATER TREAT-
MENT _Iowa, Other, Public Utilities, Reservoirs, Reservoirs andImpoundments, 5.0415

STREAM POLLUTION IN THE NEW LEAD BELT OF
SOUTHEAST MISSOURI ...Lead, Mining Activities, Missouri,Pollution - Effects of , Streams, Zinc, 5.0693

EVALUATION OF NATURAL RIVER ENVIRONMENTS
...Productivity - Food Chain, Regimen, Streams, Succession, WildRivers, 6.0441

RESEARCH ON DATA AND ANALYTICAL SYSTEMS FOR
PREPARING NATIONAL WATER ASSESSMENTS ...Data &
Statistics Info Storage, Data Acquisition-general, Model Studies,
Statistics-general, Water Quantity-general, ...6.0397

A MODEL RELATING WATER QUALITY VEGETATIONAL
STRUCTURE AND URBANIZATION IN THE SAN JACINTO
RIVER BASIN ...Land Use, Model Studies, River Basins, Texas,Urban Environments, 4.0242
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PHYSIOLOGICAL EFFECTS OF SUBLETHAL LEVELS OF
ACID WATER ON FISH ,..Acidity, Metabolic Efficiency, Mining
Activities, Ph, Acidity -water, West Virginia, 53281

ECOLOGICAL STUDIES OF THE SURFACE WATERS OF THE
WHITEWATER CREEK WATERSHED, WALWORTH, ROCK,
AND JEFFERSON COUNTIES, WISCONSIN ...Bioindicators,Range Or Territorial Distr. , Watersheds-general, Wisconsin,5.1323

A COMPUTER PROGRAM FOR FORECASTING POLLUTION
AND DISSOLVED OXYGEN IN STREAMS ...Distributions,
Forecasting-prediction, Model Studies, Oxygen, StochasticModels, .,.5.1210

ESTUARINE HYDROGRAPHY AND ITS ROLE IN TRANSPORT
OF NATURALLY PRODUCED FOODS AND POLLUTANTS
Effluents-waste Water, Estuaries, Georgia, Water Movement-
general, Water Properties-general, _2.0352

ALGAL GROWTH AND DECOMPOSITION - EFFECTS ON
WATER QUALITY ...Algal Culture, Algal Pollutant Sources, Cell
Injury and Autolysis, Growth and Differentiation, Mineral Com-
position, Model Systems, _5.0443

A WATER QUALITY COMPUTER MODEL OF COOK INLET
(PHASE ONE - THE HYDRAULIC MODEL) ...Alaska, Compu-
ters-general, Estuaries, Hydraulics-general, Model Studies,7.0002

ECONOMICS OF WATER QUALITY FOR A REGIONAL
SYSTEM ...Delaware River, Economic Efficiency, Estuaries,
Finance, Regional Areas, Water Demand, _6.0465

EFFECTS OF RIVERS ON THE METABOLISM OF TEXAS
BAYS ...Bays, Nutrients, Pollutants-general, Primary Productivity,
Streams, Texas, ...5.1182

A CONTINUOUS MULTIPARAMETER WATER QUALITY
MONITOR ...Analyzing, Instrumental Services, Mobile, Recording
Systems, Transducers, ,,.7.0006

CITIZENS WORKSHOPS ON CLEAN WATER FOR AMERICA
...Citizen's Participation, Meetings, State-local Government,Water Standards, ..6.0191

WATER QUALITY TELEMETRY ...Automatic Data Aquisition,
Benefit-cost Analysis, Instrumental Services, Other Telemetry,
...5.1197

SEQUENTIAL USE WITHIN A HYDROLOGIC COMPLEX
...Hydrology-general, Management, Model Studies, Other Data
Analysis, Systems Analysis, ...5.1189

A STOCHASTIC MODEL FOR POLLUTION IN ESTUARIES
...Estuaries, Ions and Gases, Model Studies, Oxygen, Water Quali-
ty Control-general, _5.1211

PHYSICAL FACTORS AFFECTING OREGON COASTAL POL-LUTION ...Circulation General, Density, Pollution-general,Shoreline - Coastline, Tidewater Areas, 5.0951
WATER - QUALITY REGIMEN OF TAHOE-TRUCKEE SYSTEM

...California, Digital Computers, Lakes, Model Studies, Nevada,...5.0706

MATHEMATICAL MODELS OF HYDROLOGIC SYSTEMS
Economics-general, Hydraulic Structures, Model Studies, Open
Channel, Unsteady, Unsteady Flow, ...6.0382

COMBINED SEWER STUDY FOR WASHINGTON, D.C. ...Com-
bined Sewer, District of Columbia, Effluent-standards, Filtration,
Storage-retention-facilities, ...5.1005

QUALITY OF IRRIGATION RETURN FLOW ...Internal Water
Movement, Irrigation, Irrigation-general, Saline and AlkalineSoils, Salinity, ...5.1196

EVALUATION OF POLLUTION ABATEMENT PROCEDURES
IN THE MORAINE STATE PARK, BULTER COUNTY,
PENNSYLVANIA ...Pennsylvania, Pollution Abatement, Systems
Analysis, Water Quantity- general, ..5.1002

IMPURITIES OF IRRIGATION WATERS AFFECTING SOILPROPERTIES -Irrigation-general, Saline and Alkaline Soils,Saline Soils, Soil. Environment, Use of Impaired Water, ...3.0043
THE QUALITY OF ARIZONA WATERS WITH PARTICULAR

REFERENCE TO FLUORIDES ...Chemical Analysis (water),Fluoride, ...5.0049
MANAGEMENT OF SALINE WATER FOR CROP PRODUC-

TION ...Arizona, Brackish Water, Management, Saline and Al-
kaline Soils, Use of Impaired Water, ...3.0014

WATER QUALITY IN RELATION TO PHYSICAL AND CHEMI-CAL PROPERTIES OF SOILS AND WASTE WATERS
THEREFROM ...Percolation, Physical Properties-general, Salinity,Soil and Rock Leaching, Soil Chemical Properties, 5.0081

A STUDY OF THE QUALITY OF INDIANA SURFACE WATERS
...Indiana, Ions and Gases, Lake Michigan, Ohio River, SurfaceWater, ...5.0389



Water Quality-general SUBJECT INDEX

WATER POLLUTION STUDY OF THE WABASH RIVER ...Data
Acquisition-general, Indiana, Low Flow, Model Studies, Oxygen,
-5.0390

A STUDY OF GEORGIA RIVERS AND LAKES -Georgia, Lakes,
Streams, Travel Grants, ...5.0300

HYDROLOGY AND WATER QUALITY OF SURFACE MINING
FOR COAL PIKE COUNTY, INDIANA ...Coal-general,
Hydrology-general, Indiana, Strip Mines, -5.0384

WATER QUANTITY AND QUALITY REQUIREMENTS ON
WESTERN SALINE MARSHLANDS ...Habitat Studies, Swamps-
marshes, Utah, Water Allocation, Water Fowl, N.s. , -6.0582

ESTUARINE ECOLOGY ...Aquatic Ecology, Contamination -
Water, Estuaries, Mathematical Analysis, Washington, -6.0620

MEASUREMENT OF AIR AND WATER QUALITY ...Atmpopher-
ic Pollution-general, Pollutants-general, Techniques-other,
...5.1178

ECONOMICS OF WATER QUALITY IN A REGIONAL SYSTEM
...Alternative Planning, Benefit-cost Analysis, Delaware Bay,
Estuaries, Management, -5.1011

NATURAL RESOURCE MANAGEMENT AND CONSERVATION
IN THE SOVIET UNION ...Conservation-general, Multiple-pur-
pose Projects, Russia, Survey Studies, Water Allocation, -3,0485

IRRIGATION STUDIES WITH VEGETABLES -Aerial, California,
Irrigation-general, Root, Saline Soils, Soil-water-plant Relation-
ships, -2.0137

AN INVESTIGATION OF FACTORS INFLUENCING WATER
QUALITY IN SOUTH FORK, COEUR DALENE RIVER
...Idaho, Pollutants-general, Pollution Sources-general, Streams,
-5.0328

STUDIES OF CORROSION SPECIMENS ...Galvanized, Pipe, Tube,
Test Methods, Water, ...8.0177

INTERRELATIONSHIP OF FACTORS AFFECTING QUALITY
OF IMPOUNDED WATERS ...Biological-general, Chemical Anal-
ysis (water), Chemical-general, Lakes, Physical-general, _2.0413

LAKE MICHIGAN WATER QUALITY MODEL -Discharge-
general, Hardness-minerals, Lake Michigan, Management, Mathe-
matical Analysis, -6.0198

WATER QUALITY MODEL DERIVED FROM SYSTEM
ANALYSES ...Management, Model Studies, Optimization,
Systems Analysis, -6.0200

EFFECT OF URBANIZATION ON WATER QUALITY ...Kansas,
Pollution Sources-general, Runoff, Urban Environments, ...5.0425

WATER RESOURCES OF COPIAH COUNTY ...Aquifers-general,
Available Water, Chemical Analysis (water), Groundwater, Sur-
face Water, -4.0147

GEOLOGY AND GROUND WATER RESOURCES OF WARD
COUNTY ...Aquifers-general, Geology-general, Groundwater,
Hydrology-general, North Dakota, -2.0841

INFLUENCES OF WATER QUALITY AND OTHER ENVIRON-
MENTAL CHANGES ON FISH AND ASSOCIATED ORGAN-
ISMS IN INLAND WATERS ...Aquatic Ecology, Environmental
Ecology, Fish -non-specific, Mans Activities, Pollution - Effects of
, Social Aspects, ...5.0965

RELATIONSHIPS OF AQUATIC FLORA TO WATER QUALITY
AND POLLUTION -Freshwater Ecology, Plant Pollutants, Pollu-
tion - Effects of , Primary Productivity, Streams, ...5.0956

RESULTS OF APPLICATIONS OF KARMEX FOR CONTROL OF
PLANTS IN PONDS AND LAK -Aquatic Plants (non-specific),
Diuron, Evaluation, Lakes, of Aquatic Plants, ..6.0568

EVAPORATION AND CLIMATIC STUDIES ...Climate, Climatic
Effects, Evaporation, Evapotranspiration, Snowmelt, .2.1064

IMPACT OF LAGOONS AND SAND BLANKETS ON FISH,
AQUATIC LIFE AND WATER EQUALITY ...Aquatic Ecology,
Blankets, Lagoons, Lakes, Submergent, -6.0637

WATER QUALITY MONITORING STUDIES ...Aquatic Ecology,
Chemical-general, Dams, Land Use, Monitoring Systems, Survey
Studies, -6.0639

FOREST INFLUENCES STUDIES ...Erosion-general, Forest
Watersheds, Infiltration, Land Use, Runoff, Stabilization-general,
-2.0986

COAL STRIP MINE WATERSHED DEMONSTRATION- -
JACKSON COUNTY, ALABAMA ...Alabama, Aquatic Ecology,
Coal-general, Mining Industry, Pollution - Effects of , -5.1124

EFFECTS OF IMPOUNDMENT ON WATER QUALITY ...Flow
Characteristics -water, Management, Reservoirs and Impound-
ments, Water Quality Control-general, Water Quantity-general,
...5.1122

GREAT LAKES RESEARCH - CHARACTERISTICS OF LAKE
WATER ...Chemical - general, Currents "=water, Great Lakes-
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general, Ocean Meteorological Studies, Physical-general, -2.0648

HYDROLOGY OF LOWER COLORADO RIVER BASIN
...Colorado River, Groundwater, Groundwater Movement, Total
Volume, Water Loss-general, -2.0066

CHEMISTRY OF ATMOSPHERIC PRECIPITATION ...Chemical
Composition, Environmental Effects-geologic, Groundwater,
Preeipitation1;eneral, Streams, -2.0279

BASIC RESEARCH IN VEGETATION AND HYDROLOGY
...Flooding, Groundwater, Land Use, Low Flow, Mapping, Move-
ment, -2.1100

HYDROLOGY OF THE CRYSTALLINE ROCK SYSTEM IN
SOUTHEASTERN STATES ...Crystalline, Groundwater, Ground-
water Movement, Hydrology-general, Water Wells, Water Yield,
-2.0825

HYDROLOGIC PARAMETERS CONTROLLING RECREA-
TIONAL USE OF MINNESOTA RIVERS ...Minnesota,
Morphology-general, Projections and Estimations, Recreation
Sites, Wild Rivers, ...6.0307

HYDROLOGY OF RIVER-BASED RECREATION ...Glacial Fea-
tures-gencral, Michigan, Morphology-general, Recreation Sites,
Streams, -6.0304

BIOLOGICAL PRODUCTIVITY RELATED TO HYDROLOGIC
CONDITIONS ...Aquatic Ecology, Plant Prod. (non-specific),
Productivity - Food Chain, Swamps-marshes, Water Level Fluc-
tuation, -2.0317

WATER QUALITY AND NUTRIENTS, SACRAMENTO-SAN
JOAQUIN RIVER SYSTEM ...Environmental Ecology, Eutrophi-
cation, Fish -non-specific, Nutrients, Plankton (non-specific),
-2.0127

INFLUENCES OF WATER-SEEPAGE CHARACTERISTICS ON
THE COMPOSITION OF EXCHANGEABLE PORE-WATER
SOLUTES ...Clay Minerals-general, Exchange Capacity, Ground-
water, Moisture Content, Seepage, ..2.0126

HYDROLOGY OF COASTAL AREA IN THE VICINITY OF
RICEBORO, GEORGIA ...Artesian Flow, Dispersion -water,
Estuaries, Georgia, Saline Water Intrusion, -5.0305

WATER RESOURCES OF THE BOWLING GREEN AREA, KEN-
TUCKY ...Aquifers-general, Groundwater Movement, Industrial-
general, Kentucky, Streams, ..2.0528

QUALITY OF WATER OF THE TEXAS BAYS AND ESTUARIES
...Bays, Estuaries, Nutrients, Pollutants - Path of , Texas, -2,1003

WATER REOURCES OF SOUTHEASTERN WISCONSIN -
RACINE AND KENOSHA COUNTIES .,.Groundwater, Hydro-
graphs, Stratigraphy-general, Water Supply-general, Wisconsin,
...2.1151

WATER RESOURCES OF THE LOWER WISCONSIN RIVER
VALLEY, WISCONSIN ..,Available Water, Hydrology-general,
Projections and Estimations, Water Supply-general, Wisconsin,
...2.1149

HYDROLOGY OF A WETLAND AREA IN THE YELLOW
RIVER BASIN, WISCONSIN ...Aquifers-general, Flow Charac-
teristics -water, Wetlands, Wisconsin, -2.1150

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - MIL-
WAUKEE RIVER BASIN ...Discharge-general, River Basins,
Water Supply-general, 'Water Table Fluctuation, ...2.1152

WATER RESOURCES STUDY, DUVAL COUNTY, FLORIDA
...Carbonate Aquifers, Florida, Hydrology-general, Surface Water,
Total Volume, -2.0330

TIDAL DISCHARGE RESEARCH, NEW JERSEY ,..Data Acquisi-
tion-general, Discharge-general, Other Data Analysis, Sediments,
Tides, ...2.0769

HYDROLOGY OF UPPER OLD TAMPA BAY, FLORIDA ...Bays,
Groundwater Movement, Hydrology-general, Lakes, Permeability,
Water Harvesting, _2.0331

IRRIGABLE LAND SUITABILITY STUDY ...Analog Computers,
Irrigation-general, Percolation, Saline and Alkaline Soils, _6.0092

EFFECT OF RECLAMATION PROJECTS UPON THE QUALITY
OF WATER OF THE MISSOURI RIVER ABOVE SIOUX CITY,
IOWA ...Data Acquisition-general, Missouri River, River Basins,
-5.0191

GENERAL WATER QUALITY INVESTIGATIONS ...Control and
Protection, Meetings, Pollutants-general, State-local Government,
Technique Development, -5.0186

IRRIGATION RETURN FLOW ...Irrigation-gen,eral, Nutrients, Pol.
lutants - Path of , Runoff, Salinity, -5.0183

LARGE IMPOUNDMENTS ...Arid and Desert, Eutrophication,
Nevada, Reservoirs and Impoundments, Water Properties-general,



SUBJECT INDEX Water Quantity Studies
SMALL IMPOUNDMENTS Computers-general, Destratification,

Flow Augmentation, Reservoirs and Impoundments, ...5.0189
ACUTE TOXICITY OF PESTICIDES TO FRESHWATER FISH

AND OTHER VERTEBRATES ...Fish -non-specific, Pesticides -
non- specific, Screening Potential Pesticides, Temperature, Wil-
dlife, .5.0652

CHEMICAL CHARACTERISTICS OF 'ME GREAT LAKES
...Chemical Analysis (water), Great Lakes-general, Nutrients,
Productivity - Food Chain, 5.0542

RESEARCH ON THE MACROBENTHOS OF THE GREAT
LAKES ...Aquatic Ecology, Benthic Fauna, Earthworms, Food
Supply, Great Lakes-general, 6.029Z

GROWTH, CONDITION, AND SURVIVAL OF SHELLFISH
...Adaptation, Environmental Physiology, Maryland, Oysters,
Wate7 Salinity, 6.0269

THE CHARACTERISTICS AND POLLUTIONAL PROBLEMS OF
IRRIGATION RETURN FLOWS Effluents-waste Water,
Groundwater, Irrigation, Streams, Surface Water, ..5.0909

WATER QUALITY REQUIREMENTS FOR AQUATIC LIFE
...Contamination - Water, Fish -non-specific, Pollution - Effects of
, Toxins and Poisons -other, 5.0844

THE NORMAL ANATOMY AND HISTOLOGY OF SOME
MARINE INVERTEBRATES ...Clams, Histology and Cytology,
Invertebrate Anatomy, Pollution Effects, ...5.1095

EFFECTS OF LARGE SCALE FOREST FIRES ON WATER
QUALITY IN THE INT. AK ...Alaska, Fire Damage, Recovery,
Forest Watersheds, Soil Analysis, Soils and Fertilizer, 5.0030

SALINE AND SODIC SOILS AND IRRIGATION WATER QUALI-
TY PROBLEMS IN THE RIO GRANDE RIVER BASIN ...Irriga-
tion-general, Management, Saline and Alkaline Soils, Saline Soils,
Soil and Rock Leaching, Yield, 3.0466

WATER QUALITY, AND THE CHEMISTRY, MINERALOGY
AND BIOLOGY OF SALTAFFECTED SOILS ...Irrigation-
general, Mineralogy, Soil Conditions, Soil Environment, Water
Reuse, ..3.00E4

CONFERENCE ON SANITARY ENGINEERING EDUCATION
Air Pollution Control, Atmpophcric Pollution-general, Educa-
tion and Training, Management, Meetings, ...5.1152

COOPERATIVE STUDIES WITH FEDERAL AND STATE AGEN-
CIES ...Bioassays, Crustacca -non-specific, Mollusks -non-specific
& Other, Public Health Ecology, Survey Studies, 7.0111

GENERAL TECHNICAL ASSISTANCE ...Committee-support,
Crustacea -non-specific, Mollusks -non-specific & Other, Shellfish
Depuration, ...5.1075

Water Quantity Studies
Available Water

EFFECTS OF WEATHER ON CROPS ...Evapotranspiration,
Meteorological Studies-general, Moisture Tension, Projections
and Estimations, Soil Moisture -non-specific, 2.0482

A WATER SUPPLY-DEMAND ANALYSIS IN CLINTON COUN-
TY, PENNSYLVANIA - A STUDY IN ECONOMIC HYDROLO-
GY ...Economic Impact, Model Studies, Water Demand, Water
Quality-general, Water Utilization -general, 6.0477

AVAILABILITY, DISTRIBUTION, QUANTITY AND QUALITY
OF WATER RESOURCES IN CARBONATE KARST TERRAIN
...Carbonate Aquifers, Groundwater, Karst Topography, Runoff,
Water Balance-budget, Water Quality-general, 4.0155

ECONOMIC EVALUATION OF WATER - A DYNAMIC INTER-
REGIONAL IMPUT-OUTPUT PROGRAMMING MODEL OF
CALIFORNIA AND THE WESTERN STATES WATER
ECONOMY ...California, Economics-general, Other Models,
...6.0044

ENGINEERING PHASES OF LAND SHAPING FOR SOIL AND
WATER CONSERVATION ...Conservation & Management Eng,
Nebraska, Runoff, Soil Environment, Water Loss Control,
3.0312

THE DEVELOPMENT OF GEOCHEMICAL AND GEOPHYSI-
CAL TECHNIQUES AS AN AID TO DETERMINING AVAILA-
BILITY OF GROUND WATER IN LIMESTONE. TERRANES
Geochemical Analysis, Geophysical Analysis, Groundwater,
Karst Topography, Water Sources -general, 2.0009

THE INFLUENCE OF WETLANDS ON QUANTITY AND
QUALITY OF STREAM FLOW .,.Evapotranspiration, Ilydrolo-
gy-general, Low Flew, Streams, Wetlands, 4.0170

GROUNDWATER - SURFACE WATER INTEGRATION STUDY
IN THE GRAND PRAIRIE REGION OF ARKANSAS ,,.Arkan-
sas, Conjunctive Use. Groundwater, Recharge -general, Water
Demand, 4.0020

EFFECT OF WATER AVAILABILITY ON PHOTOSYNTHESIS
OF PLANTS .Corn, Drought, Irrigation-general, Moisture Con-
tent -plants, Photosynthesis, Soybean, 2.0426

A GENERALIZED, PROBABILISTIC APPROACH TO RE-
GIONAL WATER SUPPLY ASSESSMENT ...Confidence Inter-
vals, Model Studies, Patterns, Regional Areas, Runoff, 6.0059

THE EFFECT OF WATER RESOURCES ON ECONOMIC
GROWTH IN THE TENNESSEE VALE? ...Correlation,
Economic Impact, Location, Tennessee River, Water Resources
Development, ...6.0537

WATER CONTROL FOR FOREST PRODUCTION ...Cultural
Control, Palms, Pines, Timber Stand Improvement, Water Loss
Control, .3.0175

GROWTH AND DEVELOPMENT OF NATIVE HARDWOODS
AND PINE Growth, Pines, Soil Environment, Soil Types, Soils
and Fertilizer, 2.0430

ECONOMICS OF WATER SUPPLY-PORTALES VALLEY, NEW
MEXICO ...Alternative Planning, Economic Impact, Projections
and Estimations, Water Costs, Water Transfer, ..6.0363

THE RELOCATION OF INDUSTRY AND THE LOCATION OF
NEW INDUSTRY AS AFFECTED BY THE AVAILABILITY OF
WATER SITES Industrial-general, Mississippi River, ...4.0090

MOISTURE RETENTION, MOVEMENT, MEASUREMENT, AND
AVAILABILITY TO PLANTS IN FLORIDA SOILS ...Internal
Water Movement, Moisture Content, Moisture Retention, Natural
Variation of Water USE, Soil Tests, Soil-water-plant Relation-
ships, 2.0313

GROUND-WATER GEOLOGY OF OGLE COUNTY, ILLINOIS
...Aerial, Groundwater, Joints-fractures, Observation Wells, Un-
consolidated Aquifers, 7.0034

WATER RESOURCE DEVELOPMENT AND MANAGEMENT
MODEL Alternative Planning, Model Studies, State-local
Government, Systems Analysis, Water Resources Development,
...3.0201

EVALUATION OF MAGOTHY AQUIFER ANNAPOLIS AREA
.Atlases-maps, Clastic Aquifers, Maryland, Model Studies, Saline

Water Intrusion, ..2.0564
WATER RESOURCES OF COPIAH COUNTY ...Aquifers-general,

Chemical Analysis (water), Groundwater, Surface Water, Water
Quality-general, 4.0147

SOIL MOISTURE STORAGE AND UTILIZATION. Modified
Water Use, Moisture Levels, Soil Environment, Soil-water-plant
Relationships, Storage of Water, 2.1037

LOW-FLOW STUDIES OF IOWA STREAMS ...Iowa, Low Flow,
Water Law-general, Water Quality Control-general, Water Stan-
dards, .2.0489

WATER AVAILABILITY OF MUSCATINE ISLAM), IOWA
...Aquifers-general, Chemical-general, Iowa, Prediction Modeis,
Water Resources Development, 2.0488

HYDROGEOLOGY OF GLACIAL OUTWASH NEAR SIOUX
FALLS, SOUTH DAKOTA ...Analog Computers, Outwash Plains,
Prediction Models, Projections and Estimations, South Dakota,
...2.0975

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - FOX
RIVER BASIN ...Groundwater Movement, Mans Activities, Pro-
jections and Estimations, Surface Water, Wisconsin, ..A.0277

WATER RESOURCES OF THE LOWER WISCONSIN RIVER
VALLEY, WISCONSIN ...Hydrology-general, Projections and
Estimations, Water Quality-general, Water Supply-general,
Wisconsin, 2.1149

RESERVOIR AND RIVER OPERATION PROCEDURES
...Management, Model Studies, Optimization, Reservoirs and Im-
poundments, River Basins, ..6.0095

DEVELOPMENT OF WATER SUPPLIES FOR IRRIGATION IN
THE SOUTH ...Carbonate Aquifers, Clastic Aquifers, Irrigation
Engineering, Irrigation-general, Water Resources Development,
Water Sources -general, ...2.0332

Total Volume
GROUNDWATER SUPPLIES .Aquifers-general, Atlases-maps,

Groundwater, Natural Recharge, Water Table Fluctuation,
...2.0058

HYDROLOGY OF LOWER COLORADO RIVER BASIN
...Colorado River, Groundwater, Groundwater Movement, Water
Loss-general, Water Quality - general, ..2.0066

HYDROLOGY OF HUNGRY HORSE RESERVOIR, MONTANA
...Flow Characteristics -water, Forecasting-prediction, Hydrology-
general, Multiple-purpose Projects, Reservoirs and Impound-
ments, ...2.0705

2-561



Water Quantity Studies SUBJECT INDEX

FLUVIAL SEDIMENTATION IN STONY BROOK WATERSHED

...Gaging, Peak Flow, Runoff, Sedimentology- general, Small

Watersheds, .2,0766
WATER RESOURCES STUDY, DUVAL COUNTY, FLORIDA

.Carbonate Aquifers, Florida, Hydrology-general, Surface Water,
Water Quality-general, 2.0330

Variation in Time
RECESSION CHARACTERISTICS OF IOWA STREAMS ...Iowa,

Low Flow, Mathematical Analysis, Streams, ...5.0413

URBAN HYDROLOGIC RELATIONSHIPS ...Drainage, Forecast-
ing-prediction, Hydrographs, Runoff, Urban Environments,
.2.0554

SPRINGS OF UTAH .Chemical-general, Potential of Deposit,
Springs, Utah, Water Properties-general, ...2.1081

LOW FLOW CHARACTERISTICS OF TENNESSEE STREAMS
...Annual, Gaging, Low Flow, Tennessee, 2.0997

Water Quantity-general
RELATION OF BEDROCK FRACTURE SYSTEMS TO UN-

DERGROUND WATER IN STAFFORD SPRINGS, SOUTH
COVENTRY, SPRING HILL & WEPTFORD QUADS ...Ground-
water Movement, Joints-fractures, Local Structure, Rocks -

Bedrock, Subsurface Flow, .2.0243
ON-FARM IRRIGATION WATER SUPPLIES AND COSTS IN

RELATION TO CROPPING SYSTEMS AND PRODUCTION
ADJUSTMENTS IN THE SACRAMENTO VALLEY ...Califor-
nia, Economic Efficiency, Irrigation-general, Water - Alternative
Uses, Water Costs, 6,0051

APPLICATION OF SPECIALIZED OPTIM TECH IN WATER
QUANTITY & QUALITY MANAGEMENT WITH RESPECT
TO PLANNING FOR THE TRINITY RIVER BASIN ...Optimiza-
tion, Planning, River Basins, Texas, Water Quality-general,
6.0551

RESEARCH ON DATA AND ANALYTICAL SYSTEMS FOR
PREPARING NATIONAL WATER ASSESSMENTS ...Data &
Statistics Info Storage, Data Acquisition-general, Model Studies,
Statistics-general, Water Quality-general, _6.0397

EVALUATION OF POLLUTION ABATEMENT PROCEDURES
IN THE MORAINE STATE PARK, BULTER COUNTY,
PENNSYLVANIA ...Pennsylvania, Pollution Abatement, Systems
Analysis, Water Quality-general, 5.1002

EFFECTS OF IMPOUNDMENT ON WATER QUALITY ...Flow
Characteristics -water, Management, Reservoirs and Impound-
ments, Water Quality Control-general, Water Quality-general,
5.1122

GEOHYDROLOGY OF THE ANCHORAGE AREA, ALASKA
...Alaska, Groundwater, Surface Water, Urban Environments,
Water Resources Development, -.2.0011

WATER MEASUREMENT ...Discharge-general, Dyes and Color-
ing, Fluids, Measurement, Technique Development, 3.0128

ATMOSPHERIC WATER RESOURCES PROGRAM ...Augmenta-
tion- general, Clouds-precipitation, Modification, Reservoirs and
Impoundments, Technique Development, 3.0163

Water Yield
WATERSHED IMPROVEMENT--SOIL AND MOISTURE CON-

SERVATION PROGRAM ,..Gaging, Modified Water Use,
Moisture Content, Snowmelt, Watersheds-general, 8.0143

REYNOLDS CREEK WATERSHED STUDY ...Idaho, Management
and Fertility, Runoff, Sediment Yield, Watersheds-general,
2.0571

SAN LUIS WATERSHED STUDY .Conservation-general,
Management, New Mexico, Sediment Yield, Small Watersheds,
2.0234

EFFECTS OF WATERSHED MANIPULATION ON DEER AND
ELK USE ,..Cover Crops, Habitat Studies, Management, Popula-
tion Dynamics, Watersheds-general, ...4.0003

DEER FOODS ON WATERSHEDS TREATED FOR VICREASED
WATER YIELD ...Arizona, Deer Ns, Food Supply, Forages, N. s.
, 4.0004

CORRELATION OF SOIL SURFACE AND RAINFALL-RUNOFF-
MOISTURE RELATIONSHIPS ON AGRICULTURAL
WATERSHEDS ON COASTAL PLAINS SOILS (ABBREV)
...Antecedent Moisture, Recharge -general, Runoff, Small
Watersheds, Soil Environment,

RUNOFF STUDIES ON SMALL, WATERSHEDS ...Hydrographs,
Runoff, Small Watersheds, Subsurface Flow, Surface Water,
...2.1138

2-562

FACTORS AFFECTING WATER YIELD FROM SMALL
WATERSHEDS IN TENNESSEE .Correlation, Cover Crops,
General Synoptic Observations, Small Watersheds, Tennessee,
.4.0224

HYDROLOGY OF WATER YIELD PREDICTION .Amount,
Forecasting-prediction, Forest Watersheds, Moisture Retention,
Water Balance-budget, 2.0892

CHARACTERISTICS OF STREAM FLOW OF SMALL
WATERSHEDS IN PENNSYLVANIA AND INFLUENCING
FACTORS ...Climate, Flow Characteristics -water, Land Use,
Model Studies, Morphology-general, Small Watersheds, ...2.0929

CHARACTERISTICS OF MAJOR FOREST AND RANGE
WATERSHED TYPES IN IDAHO Erosion-general, Forest
Watersheds, Idaho, Land Use, Runoff, .6.0176

PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION .Evapotranspiration,
Meteorological Studies-general, Soil-water-plant Relationships,
Translocation, Water Balance-budget, .2.0951

USE OF WATER BY LOWLAND VEGATATION IN NEW JER-
SEY COASTAL PINE REGION ...Consumptive Use, Evapotrans-
piration, New Jersey, Plant Water Use - other, Transpiration and
Evap, .2.0759

OPTIMUM UTILIZATION AND MANAGEMENT OF WATER IN
FORMATIONS HYDROLOGICALLY-CONNECTED TO A
STRETCH OF THE CONNECTICUT RIVER ...AquiOrs-general,
Artificial Recharge, Baseflow, Connecticut River, Massachusetts,
.,.4.0134

EVALUATION OF GROUNDWATER RESOURCES, LIVER-
MORE VALLEY, CALIFORNIA ...Data Acquisition-general,
Groundwater Basins, Management, Model Studies, Subsurface
Flow, ...4.0025

MORPHOLOGY AND HYDROLOGY OF PLEISTOCENE
DEPOSITS, DELAWARE ...Geophysical Analysis, Groundwater
Movement, Morphology-general, Permeability, Quaternary Period,
Unconsolidated Aquifers, .2.0253

APPLICATION OF AERIAL PHOTOGRAPHS FOR THE IN-
VESTIGATION OF THE DISCHARGE PROPERTIES OF
DRAINAGE BASINS ...Aerial, Data Acquisition-general,
Discharge-general, Photogrammetry, River Basins, 2.0792

GLACIAL MELT WATER PREDICTION ...Energy, Forecasting-
prediction, Glaciers, Water, 2.0010

HYDROLOGIC CHARACTERIZATION OF FORESTED
WATERSHEDS IN ARIZONA .Dendrochronology, Forecasting-
prediction, Forest Watersheds, Management, Runoff, Snowpack,
_10051

METAMORPHOSIS OF SNOWPACK PROFILES AND CHANGES
IN WATER F DRAGE FOLLOWING STRIP CUTTING IN
PINE FOREST. IN MICHIGAN .,.Cutting Operations, Michigan,
Natural Recharge, Nuclear Moisture Meters, Snowmelt, .2.0655

OCCURRENCE AND CHARACTERISTICS OF FRACTURES IN
CRYSTALLINE ROCKS OF SOUTHEASTERN NEW
HAMPSHIRE AND THEIR RELATIONSHIP TO THE YIELD
OF DRIL ...Groundwater Mining, Joints-fractures, Mapping, New
Hampshire, Water Wells, .2.0744

EFFECTS OF FOREST COVER MANIPULATION ON WATER
YIELD AS STUDIED BY AN ELECTRIC ANALOG ...Analog
Computers, Development of Models, Forest Watersheds, Soils and
Fertilizer, Washington, ..3.0484

PARTIAL AREA CONTRIBUTION TO STREAM FLOW ...Digital
Computers, Flow Characteristics -water, Model Studies, Runoff,
Watersheds-general, ...2.0581

ANALOG MODELING TO DETERMINE FRESH WATER
AVAILABILITY ON THE OUTER BANKS OF NORTH
CAROLINA ...Analog Computers, Groundwater, Groundwater
Movement, Model Studies, North Carolina, 3.0375

WATER MOVEMENT CONTROL AND CULTURAL PRAC-
TICES IN COTTON PRODUCTION ...Conservation & Manage-
ment Eng, Cotton, Management, Soil Tillage Methods -other, Sub
- Humid, Tillage, Cropping Systems, ..,2.0003

MANIPULATION AND MANAGEMENT OF SECOND GROWTH
PONDEROSA PINE FOR OPTIMUM YIELDS OF WATER
AND/OR WOOD AND FORAGE ...Forest Watersheds, Other,
Relations - Forage - Timber, Soil-water-plant Relationships, Soils
and Fertilizer, 3.0021

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN GEORGIA ...Baseflow, Georgia, Runoff,
Small Watersheds, Statistics-general, ...4.0083

THE INTERRELATIONSHIP BETWEEN WATERSHED FAC-
TORS THAT AFFECT RUNOFF RATES AND VOLUME
YIELDS IN THE SOUTHERN COASTAL PLAINS ...Agricultural
Watersheds, Georgia, Hydrology-general, Morphology-general,
Runoff, ...3.0193
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COMPUTER SIMULATION OF EFFECTS OF LAND MANAGE-
MENT AND WEATHER MODIFICATION ON WATERSHED
ECOSYSTEMS ...Land Use, Multivariate Analysis, Plant
Ecosystems(non-specific), Simulation Theory, Weather Modifica-
tion-general, 6.0297

SMALL WATERSHED YIELDS ...Amount, Aquifers-general, Land
Use, Runoff, Small Watersheds, 4.0149

DISTRIBUTION, APPLICATION AND USE OF WATER ,..Furrow
Irrigation, Irrigation Engineering, Model Studies, Moisture Con-
tent, Soil- water -plant Relationships, 3.0304

WATER YIELDS FROM SHALLOW GROUND AQUIFERS
,Aquifers-general, Irrigation-general, Permeability, Recharge -
general, 4.0214

HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS ...Agricultural Watersheds, Cover Crops, General
Synoptic Observations, Groundwater, Management, Piedmont
Province, Soil-water-plant Relationships, ..2.0958

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN TENNESSEE ...Conservation & Management
Eng, Instrumentation-general, Runoff, Small Watersheds, Soil
Conditions, Water Harvesting, .A.0225

DEVELOPING COMPUTER PROGRAMS FOR SOLUTION OF
HYDROLOGIC PROBLEMS RELATED TO SMALL
WATERSHEDS ...Climate-general, Forecasting-prediction,
Hydrographs, Physiography - general, Small Watersheds, 7.0102

MANIPULATION OF TREMBLING ASPEN AND GAMBEL OAK
FOR INCREASED WATER YIELD ...Cutting Operations,
Nuclear Moisture Meters, Oaks, Poplars, Aspens, Cottonwoods,
Snowmelt, Water Loss Control, 4.0259

WATER YIELDS FROM SMALL WATERSHEDS ...Climate, Ru-
noff, Shape, Small Watersheds, Virginia, 4.0265

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS
...Amount, Applied Climatology, Aquifers-general, Runoff, Small
Watersheds, Soil Types-general, 4.0207

DIFFEREN(7E IN EFFECTS OF FOREST AND OTHER VEGETA-
TIVE COVERS ON WATER YIELD ...Cover Crops, Evapotrans-
piration, Israel, Moisture Tension, Precipitation -non-specific,
.3.0235

SEISMIC EVALUATION OF PERMEABILITY OF FRACTURE
ZONES IN ROCK ,..Aquifers-general, Joints-fractures, Permea-
bility, Southwest, Structure Location, Tunnels .,.3.0017

INFILTRATION CAPACITIES UNDER VARIOUS VEGETATION
TYPES AS INFLUENCED BY WATERSHED MANAGEMENT
PRACTICES ...Cover Crops, Environment, Infiltration, Manage-
ment, Watersl'uls-general, .4.0013

INCREASING CHAPARRAL WATERSHED YIELD THROUGH
IMPROVED USE OF PHENOXY-TYPE HERBICIDES ...En-
vironmental Effects, Herbicides -non-specific, Moisture Tension,
Temperature, Translocation, Watersheds-other, _3.0089

RESEARCH ON GEOHYDROLOGY OF THE EASTERN SLOPE
OF WEST MAUI ...Aquifers-general, Hawaii, Mountains-alpine,
Patterns, Projections and Estimations, Slopes, ...6.0170

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS ...At-
lascs -maps, Moisture Content, Patterns, Puerto Rico, Runoff,
,..4.0208

GEOLOGY AND HYDROLOGY OF THE PRESIDIO BOLSON,
TEXAS AND ADJACENT MEXICO ...Bolsons, Groundwater,
Hydrology-general, Local Stratigraphy, Sedimentary Basins,
...2.1011

GEOLOGY OF THE PALUXY AND BRAZOS VALLEYS IN
HOOD, SOMERVELL, AND ERATH COUNTIES, TEXAS
...Clastic Aquifers, Groundwater, Texas, Water 'rabic Fluctuation,
Water Utilization -general, 4.0235

GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-
SES ...Mathematical Analysis, Rain-general, Sequences - Series,
Small Watersheds, 2.0085

IRRIGATION IN RELATION TO CROPPING SYSTEMS Irriga-
tion-general, Model Studies, Water Allocation, Water Costs,
Water Sources -general, ...6.0053

SPECIFIC YIELD RESEARCH AND PERMEABILITY
RESEARCH Aquifers-general, California, Permeability, Storage
of Water, Velocity -water, 7.0013

STUDY OF IRRIGATION SYSTEM DESIGN CRITERIA FOR
HAWAIIAN VEGETABLE CROPS ...Economics-general, Hawaii,
Irrigation, Irrigation-general, Soil-water-plant Relationships,
2.0380

WATER SUPPLY FROM AGRICULTURAL WATERSHEDS AND
UTILIZATION IN IRRIGATION ...Agricultural Watersheds,
Forecasting-prediction, Irrigation - general, Moisture Content, Pat-
terns, Runoff, ,..4.0187

2-563

IMPROVING IRRIGATION WATER SUPPLY FORECASTS AND
THEIR USE ...Forecasting- prediction, Frost and Permafrost, Ir-
rigation- general, Moisture Content, Moisture Meters, Runoff,
3.0431

HYDROGEOLOGY OF PUBLIC GROUND WATER SUPPLIES IN
PENNSYLVANIA .Chemical- general, Groundwater, Manage-
mcnt, Pennsylvania, Pollution Abatement, .2.0907

PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION ...Biophysics & Molec.
biology, Evapotranspiration, Forest Watersheds, Southeast, Trans-
piration and Evap..2.0953

WATER YIELD AND GROUNDWATER MOVEMENT IN THE
EDWARDS PLATEAU AS AFFECTED BY GEOLOGY, CHAN-
NEL AND VALLEY MATERIALS, AND FLOOD STRUC-
TURES Engineering Structures-general, Groundwater Move-
ment, Karst Topography, Rain, Texas, Water Table Fluctuation,
2.1031

RUNOFF AND WATER YIELD AS AFFECTED BY CLIMATIC
AND WATERSHED CONDITIONS IN THE BLACKLANDS OF
TEXAS dlgricultural Watersheds, Amount, Floods, Runoff, Tex-
as, ..2.1021

THE ROLE OF VEGETATION AND SOIL IN WATERSHED
YIELD ...Cover Crops, Dendroclimatology, Soil Properties -
General, Soil-water-plant Relationships, Water Balance-budget,
Watersheds-general, 4.0256

MISCELLANEOUS FIELD RESEARCH IN CLIMATOLOGY
...Amount, Physical Climatology, Precipitation-general, Water
Resources Development, Weather Modification - general, 2.0606

PRECIPITATION ...Amount, Forecasting-prediction, Gages, Runoff,
Snowpack, ...2.0601

SNOW METAMORPHOSIS AND SNOWMELT ...Forecasting-pre-
diction, Snowmelt, Snowpack, Streams, Technique Development,
.2.0602

EVAPORATION Atmosphere Radiation, Evaporation, Forecast-
ing-prediction, Lakes, Radiation-general, 2.0603

WHITE HOLLOW WATERSHED RESEARCH ...Forest
Watersheds, Other, Seasonal, Sediment Yield, Tennessee,
...4.0221

HYDROLOGIC EFFECT OF VEGETATION MODIFICATION
...Hydrology - general, Model Studies, Modified Water Use, Water
Development, Water Movement, Velocity, 3.0009

PERMEABILITY DISTRIBUTION AND SEDIMENTATIONAL
FEATURES ...Big Horn, Clastic Aquifers, Permeability, Petrog-
raphy, Sedimentary Structures-other, ...2.0271

SPECIFIC YIELD INVESTIGATION Aquifers-general, California,
Groundwater Basins, Moisture Content, Projections and Estima-
tions, ...2.0182

HYDROLOGY OF THE CRYSTALLINE ROCK SYSTEM IN
SOUTHEASTERN STATES .Crystalline, Groundwater, Ground-
water Movement, Hydrology-general, Water Quality-general,
Water Wells, ...2.0825

SPRINGFIELD AREA INFILTRATION STUDY, OHIO ...Artificial
Recharge, Clastic Aquifers, Flow Characteristics -water, Induced
Infiltration, Ohio, 4.0196

VEGETATION MANIPULATION EFFECTS ON RUNOFF -
SYCAMORE CREEK, ARIZ ...Conservation-general, Cover
Crops, Runoff, Sediment Yield, Watersheds-general, 3.0008

FLOOD FLOWS AND SEDIMENT YIELD OF COLMA CREEK
BASIN, CALIFORNIA ...California, Construction, Floods, Projec-
tions and Estimations, Sediment Yield, Urban Environments,

4.0038
HYDROLOGIC STUDIES OF SMALL RURAL TEXAS

WATERSHEDS ...Water Loss Control, 2.1005
WATER RESOURCES OF BRANCH-BLACKSTONE RIVER

BASIN, RHODE ISLAND ...Gaging, Groundwater Basins,
Permeability, Rhode Island, Runoff, ...2.0614

WATER YIELD IMPROVEMENT, EROSION CONTROL, AND
SEDIMENT REDUCTION IN FORESTS ...Erosion-general,
Forest Watersheds, Land Use, Moisture Content, Radioisotopes,
Stabilization-other, ...3.0486

MANAGEMENT FOR IMPROVEMENT OF WATER YIEI n IN
THE CONIFER ZONE OF CALIFORNIA _Evapotransi
Forest Watersheds, Land Use, Precipitation ,...neral,
Radioisotopes, Snowmelt, ..3.0032

WATER YIELD IMPROVEMENT IN THE BRUSHLANDS OF
THE SOUTHWEST ...Consumptive Use, Internal Water Move-
ment, Soil-water-plant Relationships, Southwest, Unsaturated
How, 3.0962

STREAMFLOW REGULATION AND SEDIMENT CONTROL IN
NORTHERN ROCKY MOUNTAIN FORESTS ...Flow Charac-
teristics -water, Forest Watersheds, Infiltration, Peak Flow, Snow-
melt, 5.0321



Water Quantity Studies SUBJECT INDEX

WATER YIELD IMPROVEMENT, AND SNOW AND
AVALANCHE PREDICTION AND PREVENTION, IN THE AL-
PINE REGIONS OF THE CENTRAL ROCKY MOUNTAINS
..,Alpine, Colorado, Snowslide-avalanche, Water Loss Control,
3.0146

WATER YIELD IMPROVEMENT IN THE SNOWPACK TIMBER
ZONE, RUNOFF FROM RANGELANDS ...Erosion-general,
Gully Or Channel Erosion, Mountains-alpine, Radiation-general,
Snowrnelt, ...3.0143

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN RIVER BASINS ...Artemisia, Cover Crops, Erosion-
general, Forest Watersheds, Management, Soil-water-plant Re la-
tionships, 3.0495

MANAGEMENT OF STORM RUNOFF AND THE IMPE )VE-
MENT OF WATER YIELD ON FOREST LAND ...Forest
Watersheds, Infiltration, Runoff, Storm Water. Subsurface Flow,
2,0863

FLOOD RUNOFF & WATER YIELD FROM GLACIATED
MOUNTAINS ...Floods, Forest Watersheds, Glacial Environment,
;feat Budget, Runoff, Water Balance-budget, 3.0372

FLOOD RUNOFF REDUCTION AND WATER YIELD IM-
PROVEMENT ...Appalachian Highlands-other, Cutting Opera-
tions, Forest Watersheds, Management, Runoff, 5.1287

WATERSHED CORRELATION AND SYNTHESIS .,.Eastern, Flow
Characteristics -water. Forest Watersheds, Land Use, Manage-
ment, ...3.0420

EFFECTS OF DIFFERENT FOREST TYPES AND CONDITIONS
ON STREAM REGIMEN AND WATER YIELDS ...Climatic Ef-
fects, Environment, Flow Characteristics -water, Forest
Watersheds, Land Use. Radiation-general, ...5.0794

QUANTITY, QUALITY, AND TIMING OF WATER YIELDS IN
THE SOUTHERN APPALACHIANS - PIEDMONT
Evapotranspiration, Forest Watersheds, Heat Budget, Piedmont
Province, 3.0374

FLOOD REDUCTION AND IMPROVEMENT IN TIMING OF
WATER YIELD IN THE OZARKOUACHITA UPLANDS ...Ero-
sion-general, Floods, Infiltration, Land Use, Water Cycle,
.-5.0054

WATER YIELD IMPROVEMENT FROM SOIL TREATMENTS
AND PLANT-COVER ALTERATIONS (ABBREV) ...Cover
Crops, Precipitation -non-specific, Soil Management -other, Soil-
water-plant Relationships, Watersheds-general, ..,4.0249

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN THE BLACK HILLS ...Erosion-general, Flow Charac-
teristics -water, Forest Watersheds, Management, Sedimentology-
geaeral, Stabilization- other, ..3.0436

BOG AND SWAMP HYDROP 3Y ...Forest Watersheds, High Or-
ganic Soils, Management, ,:orth Central, Soils and Fertilizer,
...3.0294

IMPROVEMENT OF WATER YIELDS BY MODIFICATION OF
RADIANT ENERGY OVER LAND SURFACES (ABBREV)
...Energy Budgets, Evapotranspiration, Interception, Radiation-
general, Snowmelt, ...2.0235

WATER YIELD IN RELATION TO CLIMATIC & WATERSHED
CHARACTERISTICS OF LAND ...Agricultural Watersheds, Cli-
mate, Morphology-general, Patterns, Subsurface Flow, ...3.0419

STORM RUNOFF AND FLOOD FLOWS IN RELATION TO CLI-
MATIC AND WATERSHED CHARACTERISTICS ...Channels,
Hydrographs, Watersheds-general, ...4.0206

ANALYTICAL HYDROGRAPHY IN WATERSHED ENGINEER-
ING ...Agricultural Watersheds, Conservation & Management
Eng, Conservation-general, Hydrology-general, 4.0131

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
RUNOFF RATES AND VOLUME YIELDS ...Agricultural
Watersheds, Climate, Flow Characteristics -water, Geomorpholo-
gy-quantitative, Morphology-general, Storms-general, ...2.0333

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
...Agricultural Watersheds, Climate-general, Groundwater, Land
Use, Shape, ...3.0393

AQUIFER AND SUBSURFACE RELATIONSHIPS IN THE
HYDROLOGY OF UPSTREAM AGRICULTURAL
WATERSHEDS ...Aquifers-general, Baseflow, Forecasting-predic-
tion, Groundwater Movement, Natural Recharge, Streams,
Technique Development, ...3.0394

WATER YIELD AS RELATED TO CLIMATIC WATERSHED
CHARACTERISTICS IN THE NORTHERN PLAINS ...Agricul-
tural Watersheds, Climate, Groundwater Movement, Morphology-
general, Patterns, 3.0145

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
..Agricultural Watersheds, Conservation-general, Flow Charac-

teristics vater, Land Use, Physiography-general, 3.0462

2-564

RUNOFF AND SEDIMENT MOVEMENT ON UNIT SOURCE
WATERSHEDS OF THE PACIFIC INFLUENCE) BY CLI-
MATE, SOILS, VEGETATION AND TOPOGRAPHY Idaho,
Physiography-general, Runoff, Sediment Yield, Watersheds-
general, ...2.0387

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ...Channels, Floods, Forecasting-predic-
tion, Hydrographs, Idaho, Peak Flow, Storage of Water,
Watersheds-general, ...3.0202

CLIMATE, SOIL AND VEGETATION INFLUENCES ON
HYDROLOGY OF RANGELANDS IN THE SOUTHWEST
...Floods, Hydrology-general, Runoff, Sediment Yield, ..4.0007

ECONOMICS OF WATER MANAGEMENT ON THE TEXAS
HIGH PLAINS ...Aquifers-general, Economic Impact, Ground-
water, Production & Processing, Texas, Water Allocation, Wel-
fare Economics, ...6.0137

Water Resources General
HYDROLOGY PROGRAM ADMINISTRATION AND SUPPORT

...Aerial, Aircraft, E M Radiation-general, Hydrology-general,
Satellites, 6.0141

SUMMER RESEARCH AT THE UNIVERSITY OF OKLAHOMA
BIOLOGICAL STATION ..Oklahoma, Personnel, Research
Facilities, Training Grants, Fellowships, 9.0011

WATER RESOURCES OF NORTH CAROLINA - AN INVENTO-
RY OF INFORMATION AND DATA ...Atlases-maps, Indexes,
North Carolina, Tables, Compilations, Catalogs, ...7.0085

WATER RESOURCES SITUATION IN PUERTO RICO - A
BIBLIOGRAPHY OF PUBLISHED INFORMATION ...Bibliog-
raphy, Puerto Rico, Survey Studies, 7.0095

RELEVANCE OF SELECTED ECOLOGICAL FACTORS RE-
LATED TO WATER RESOURCES & SOCIAL ORGANIZA-
TION OF FISHEMEN VILLAGES IN PUERTO RICO (AB-
BREV) ...Commercial Fishing, Fish, N.s. , Puerto Rico, Social
Aspects, Social Structure, ...6.0479

AN INVESTIGATION OF MANPOWER RESOURCES FOR
WATER RESOURCES RESEARCH AND OTHER WATER-RE-
LATED ACTIVITIES ...Forecasting-prediction, Optimization,
Personnel, Requirement and Resources, 9.0008

GEOLOGY AND GROUND WATER RESOURCES OF
RENVIL LE COUNTY ...Aquifers-general, Geology-general,
Groundwater, North Dakota, Water Wells, ...2.0843

Water Resources Development
WATER !EXPLORATION AND MAPPING ...Geological Explora-

tion, Mapping, Remote Sensing-general, 6.0144
NORTH DAKOTA STATE COMPREHENSIVE OUTDOOR

RECREATION PLAN ...Land Use, North Dakota, Projected De-
mand, Recreation Sites, Social Aspects, 6.0409

CULTURAL, SOCIAL ORGANIZATIONAL, AND SOCIAL
PSYCHOLOGICAL FACTORS ASSOCIATED WITH
PROPOSED CHANGES IN WATER USE PATTERNS
...Planning, River Basins, Social Aspects, 6.0572

ECONOMICS OF GROUND WATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ...Alternative Planning,
Economic Impact, Economics, Groundwater Basins, Model Stu-
dies, 6.0108

OPTIMIZATION OF WATER RESOURCES DEVELOPMENTII
...Dynamic Programming, Optimization, Optimization Technique,
Systems Analysis, 6.0064

THE DEVELOPMENT OF WATER RESOURCES IN CALIFOR-
NIA IN RELATIONSHIP TO PLANS AND PROGRAMS FOR
WESTERN REGIONAL WATER DEVELOPMENT ...California,
Planning, Regional Areas, Social Aspects, Water Transfer,
...6.0063

INTERRELATIONS BETWEEN RIVER BASIN DEVELOPMENTS
AND DEVELOPMENT OF METROPOLITAN AREAS
...Planning, Redevelopment of Land, River Basins, Urban
Research, 6.0165

URBANIZATION AND ITS EFFECT ON WATER RESOURCES
...Demography, Industry and IniNstrialization, Land Use, Value,
Land Planning, River Basins, Urbanization, Water Utilization -
domestic, 6.0351

ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARES AGRI-BUSINESS INDUSTRY ...Agri Business,
Disposal Wastes, Food Processing Industry, Irrigation-general, Op-
timization, Projections and Estimations, 6.0120

PROBLEMS AND OPPORTUNITIES OF WATER RESOURCE
UTILIZATION IN THE UPI-17R COLUMBIA AND MISSOURI
RIVER BASINS ...Columbia River, Economics- general, Missouri



SUBJECT INDEX

River, Water - Alternative Uses, Water Utilization -domestic,
...6.0328

INTERGOVERNMENTAL RELATIONSHIPS IN THE ADMINIS-
TRATION OF WATER RESOURCES ...Administrative Struc-
tures, Illinois, Water Law-general, Water Quality Control-general,
6.0210

ECONOMIC IMPLICATIONS OF WATER POLICY IN ARIZONA
Arizona, Economic Efficiency, Economic Impact, Legal Review,
Model Studies, 6.0011

OPERATIONS RESEARCH STUDY OF WATER RESOURCES
DEVELOPMENT AND MANAGEMENT IN THE TUCSON
AREA ...Arizona, Management, Operations Research, Optimiza-
tion Technique, Research - Development, Simulation Theory,
6.0015

AN ECONOMIC ANALYSIS OF ORGANIZA`i IONS OF WATER
USERS Benefit-cost Analysis, 5.0405

INTRODUCTION OF RISK AND UNCERTAINTY CONCEPTS
TO OPTIMIZATION OF WATER RESOURCE SYSTEM
DESIGN .Application, Optimization, Optimization Technique,
Other Model Modif, Risk & Uncertainty, 6.0548

ADAPTING THE WATER RESOURCE PLANNING PROCESS
TO PROBLEMS AND NEEDS OF METROPOLITAN AREAS
Model Studies, Planning, Rivei Basins, Systems Analysis, Urban
Environments, 6.0402

DEVELOPEMNT AND IMPLEMENTATION OF A MANAGE-
MENT STRATEGY FOR WATER RESOURCES RESEARCH
...Management, Operations Research, Planning, Projections and
Estimations, Systems Analysis, 6.0112

INSTITUTIONAL. PATTERNS FOR EVOLVING REGIONAL
PROGRAMS FOR WATER RESOURCE MANAGEMENT ...Ad-
ministrative Structures, Conflicts, Planning, Regional Areas,
_6.0284

A STUDY OF THE INTERACTIONS PRESENT IN AQUEOUS
SALT SOLUTIONS BY NUCLEAR MAGNETIC RESONANCE
SPECTROSCOPY Conservation-general, Ionic, Nuclear Mag-
netic, Solution, Transition Metal-general, ...1.0074

INSTITUTIONAL FACTORS INFLUENCING WATER
DEVELOPMENT IN TEXAS ...Administrative Structures,
Economic Impact, Planning, Texas, Water Law-general, ...6.0562

ALLOCATIVE IMPACTS OF FEDERAL AND STATE WATER
DEVELOPMENT LAW ...Conflicts, Economic Impact, Sacra-
mento River, Water Allocation, Water Law - general, ..6.0067

HUMAN FACTORS INVOLVED IN THE DEVELOPMENT OF A
WATERSHED PROJECT IN YABUCOA, PUERTO RICO
...Economic Impact, Land, Puerto Rico, Social Aspects, 6.0481

A STUDY OF WATER RESOURCES RESEARCH NEEDS IN
MONTANA ...Montana, Operations Research, Projections and
Estimations, 6.0326

A COMPARATIVE ANALYSIS OF AMERICAN AND CANADI-
AN GOVERNMENTAL DEVELOPMENT OF REGIONAL
WATER POLICY IN THE COLUMBIA RIVER BASIN ...Ad-
ministrative Structures, Columbia River, Intergovernmental Rela-
tions, International, 6.0632

ECONOMIC AND ENGINEERING ASPECTS OF WATER IN
DELAWARE'S AGRI-BUSINESS INDUSTRY ...Industrial
Wastes, ...6.0121

POLITICAL PROCESSES IN THE PROMOTION OF WATER
RESOURCE DEVELOPMENT PROGRAMS ...Federvl Govern-
ment, Intergovernmental Relations, Management and Administra-
tion, Mississippi, State-local Government, ...6.0316

COMMUNITY INVOLVEMENT OF PARTICIPANTS IN
WATERSHED PLANNING ...Citizen's Participation, Mississippi,
Planning, Social Aspects, Watersheds-general, 6.0318

IMPROVED METHODS FOR ESTIMATING MANPOWER
NEEDS FOR WATER RESOURCES DEVELOPMENT ...Indi-
ana, Management, Personnel, Requirement and Resources,
...6.0218

SOCIOCULTURAL IMPACTS OF WATER RESOURCE
DEVELOPMENT IN THE SANTIAM ...Attitudes & Attitude
Change, Economic Impact, Oregon, Reservoirs and Impound-
ments, Social Aspects, ...6.0457

THE EFFECT OF WATER RESOURCES ON ECONOMIC
GROWTH IN THE TENNESSEE VALEY ...Available Water,
Correlation, Economic Impact, Location, Tennessee River,
6.0537

ECONOMIC CONSIDERATIONS IN RESOURCES UTILIZATION
CONFLICTS WITH PARTICULAR REGARD TO THE COOK
INLET BASIN ...Alaska, Benefit-cost Analysis, Conflicts,
Economic Efficiency, Economics-general, Risk & Uncertainty,
Survey Studies, ...6.0008
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CONSEF VATION AND DEVELOPMENT PLANNING FOR THE
ESTUARINE ZONE (A CASE STUDY IN THE -IOWN OF
SOUTHOLD, LONG ISLAND) ...Administrative Structures,
Estuaries, Long Island Sound, Planning, Systems Analysis,
_6.0388

A CASE STUDY OF WATER RESOURCES DEVELOPMENT -
AN ANALYSIS OF A PROPOSED PROJECT ON THE MIS-
SOURI RIVER ...Alternative Planning, Benefit-cost Analysis,
Economic Impact, Land Use, Missouri River, Social Aspects,
...6.0389

USE OF NEW ANALYTICAL METHODS FOR WATER
RESOURCES DEVELOPMENT ...Mathematical Analysis, Op-
timization, Optimization Technique, Planning, Reservoirs and im-
poundments, ...6.0545

LEGAL - ECONOMIC ASPECTS OF WATER USE IN ARKANSAS
...Administrative Structures, Arkansas, Economics-general, Water
Law-general, Water Utilization -general, 6.0025

ECONOMIC AND LEGAL FACTORS IN PROVIDING, USING
AND MANAGING WATER RESOURCES IN AGRICULTURE
...Administrative Structures, Agriculture Industry, Benefit-cost
Analysis, Water Allocation, Water Law-general, Water Quality
Control-general, .6.0229

ECONOMIC IMPACT OF WATER RESOURCE DEVELOPMENT
ON LAND USE ...Economic Impact, Land Use, Pennsylvania,
Reservoirs and Impoundments, Rural Areas, 6.0472

ECONOMIC ANALYSIS OF SMALL WATERSHED DEVELOP-
MENT IN TEXAS..Alternative Planning, Benefit-cost Analysis,
Economic Impact, Small Watersheds, Texas, ...4.0241

DEVELOPMENT OF METHODS FOR PLANNING AND TIMING
OF WATER RESOURCES INVESTMENTS ...Finance, Multiple-
purpose Projects, Operations Research, Planning, Risk & Uncer-
tainty, ...6.0065

HISTORY OF THE DEVELOPMENT OF THE WATER
RESOURCES OF THE COLORADO RIVER-PHASE ONE. THE
COLORADO RIVER COMPACT ...Colorado River, History,
...6.0066

WATER RESOURCES SYSTEM ANALYSIS ...Operations
Research, ...6.0204

SYSTEMS METHODOLOGY FOR WATER-RESOURCE
PLANNING IN A REGIONAL DEVELOPMENT CONTEXT
...Economics-general, Mathematical Analysis, Regional Areas, So-
cial Aspects, Systems Analysis, 6.0288

THE NANGARHAR CANAL PROJECT OF EASTERN
AFGHANISTAN Afghanistan, Canals, Electric Power Plants,
Hydrology-general, Irrigation-general, 4.0179

GEOLOGY OF THE CAVE CREEK SCHOOL, MONUMENT
HILL, AND YEAGER CREEK QUADRANGLES, GILLESPIE,
BLANCO, AND HAYS COUNTIES, TEXAS ...Atlases-maps,
Geologic Maps, Geology-general, Groundwater, Texas, 7.0101

POST CONSTRUCTION AUDITS OF THE ECONOMIC PER-
FORMANCE OF PUBLIC WATER RESOURCES INVEST-
MENT ...Benefit-cost Analysis, Fiscal, Other, Risk & Uncertainty,
...6.0230

PLANNING ALGORITHMS FOR REGIONAL WATER
RESOURCE SYSTEMS ...Algorithms, Digital Computers,
Economic Efficiency, Planning, Systems Analysis, 7.0012

WATER RESOURCES RESEARCH NEEDS & CORRE! 'ONDING
INSTITUTE CAPABILITIES ...Survey Studies, ...6.0068

RESEARCH AND TRAINING PROGRAM DEALING WITH THE
PROBLEMS AND POTENTIALITIES OF THE FOUR MAJOR
RESERVOIR PROJECTS CURRENTLY UNDER WAY IN
AFRICA ...Africa-other, Economic Impact, Reservoirs and Im-
poundments, Social Aspects, ...4.0076

INTERNATIONAL RIVER PLANNING IN AFRICA ...Africa-
other, International Affairs, Planning, River Basins, Streams,
...6.0188

THE ECONOMICS OF PUBLIC INVESTMENT IN RESOURCES
DEVELOPMENT ...Alternative Planning, Benefit-cost Analysis,
Land, Price & Value, ...6.0049

ECONOMIC GROWTH AND OPTIMUM WATER RESOURCE
DEVELOPMENT ...Alternative Planning, Economics-general, Op-
timization, Water Allocation, Water Demand, 6.0043

GROUND WATER RESOURCES ...Colorado, Groundwater,
Management, Model Studies, Technique Development, ...4.0067

ECONOMICS OF GROUNDWATER DEVELOPMENT IN THE
HIGH PLAINS OF COLORADO ...Administrative Structures, Al-
ternative Planning, Colorado, Economics-general, Groundwater,
2.0207

WATER RESOURCE DEVELOPMENT AND MANAGEMENT
MODEL ...Ahernative Planning, Available Water, Model Studies,
State-local Government, Systems Analysis, ...6.0201
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AGRICULTURAL AND INDUSTRIAL DEVELOPMENT IN
RELATION TO IOWAS ECONOMIC GROWTH ...Agriculture,
Base Studies, Economics-general, Income, Iowa, Model Studies,
Requirement and Resources, ...7.0043

ECONOMIC IMPACTS OF WATER RESOURCE DEVELOP-
MENT ,Economic Impact, Forecasting-prediction, Impact,
.6.0413

THE EXTENT OF IRRIGATION DEVELOPMENT IN NORTH
DAKOTA AND ITS ECONOMIC IMPACT .Economic Impact,
Impact, Irrigation-general. Model. Studies, Production &

Processing, Water - Alternative Uses, 3.0380
REGIONAL COMPREHENSIVE MULTI-PURPOSE WATER

RESOURCES PLANNING STUDIES ...Augmentation-general,
Multiple-purpose Projects, New York, Planning, Public Utilities,
,6.0370

WATER RIGHTS AND WATER LAW ...Alternative Planning,
Eminent Domain, Riparian Rights, Water Allocation, Water
Utilization -general, 6,0386

SCHUYLKILL RIVER SURVEY ...Floodproofing, Recreation Sites,
Streams, Survey Studies, Water Development, 2.0906

INSTITUTIONAL FACTORS AFFECTING WATER RESOURCE
DEVELOPMENT IN THE LOWER RIO GRANDE RIVER
BASIN ...Administrative Structures, Management, Rio Grande
River, 6.0563

ELECTRONIC ANALOG MODEL STUDIES OF RIVER BASINS
...Analog Computers, Groundwater, Management, Model Studies,
Precipitation-general, River Basins, Runoff, Water Cycle,
2.1059

THE HISTORY AND ECONOMICS OF RECLAMATION PRO-
JECTS IN UTAH ...Economic Impact, History, Impact, Social
Aspects, ..6.0573

THE ECONOMICS OF W "1TER RESOURCE DEVELOPMENT
...Administrative Structures, Economic Efficiency, Water Law-
general, Water Transfer, 6.0651

MISCELLANEOUS FIELD RESEARCH IN CLIMATOLOGY
.Amount, Physical Climatology, Precipitation-general, Water
Yield, Weather Modification - general, ..2.0606

GENERALIZED HYDROLOGIC DESIGN CRITERIA . ..Amount,
Hydrology-general, Reservoirs and Impoundments, Technique
Development, 6.0079

VALUE OF STREAMFLOW DATA ,..Benefit-cost Analysis, Data
Networks, Gaging, Open Channel Flow, Unsteady Flow, 6.0077

POTENTIAL APPLICATIONS OF NUCLEAR EXPLOSIVES IN
WATER RESOURCE DEVELOPMENT .Economics-general,
Hydrology-general, Nuclear Excavation, Nuclear Explosion,
Water Law-general, 3.0067

SYSTEMS STUDY - MARYLAND PROJECT ...Alternative
Planning, Hydrology-general, Management, Maryland, Planning,
_6.0603

QUANTITATIVE WATER-BUDGET ANALYSIS OF WESTERN
LONG ISLAND, NEW YORK ...Alternative FlInning, Ground-
water Basins, Management, New York, Water Balance-budget,
_2.0809

GEOHYDROLOGY OF THE ANCHORAGE AREA, ALASKA
Alaska, Groundwater, Surface Water, Urban Environments,
Water Quantity-general, 2.0011

WATER RESOURCES OF THE GREATER JUNEAU BOROUGH,
ALASKA ...Alaska, Observation Wells, Unconsolidated Aquifers,
Urban Environments, Water Table Fluctuation, ...2.0014

WATER AVAILABILITY OF MUSCATINE ISLAND, IOW A
.Aquifers-general, Available Water, Chemical-general, Iowa, Pre-

diction Models, -.2.0488
WATER RESOURCES OF THE KENAI PENINSULA BOROUGH

AREA, ALASKA ...Alaska, Aquifers-general, Gaging, Ground-
water Basins, Runoff, _2.0012

ECONOMIC ANALYSIS OF RESOURCE AREAS ...Economic Im-
pact, ...6.0093

FEASIBILITY OF USING ATMOSPHERIC WATER RESOURCES
IN THE NORTHEASTERN UNITED STATES ...Applied Cli-
matology, Benefit-cost Analysis. Clouds-precipitation, Connecticut
River, River Basins, 2.0161

ECONOMIC ANALYSIS OF RESOURCE AREAS Economies,
general, Federal Government, History, Social Aspects, 6.0098

EXPLOSIVE EXCAVATION IN THE DEVELOPMENT OF
WATER RESOURCES ...Earth & Rockfill Dams, Excavation,
Nuclear Power, Open Channel, Reservoirs, 8.0041

DEVELOPMENT OF WATER SUPPLIES FOR IRRIGATION IN
THE SOUTH .,.Available Water, Carbonate Aquifers, Clastic
Aquifers, Irrigation Engineering, Irrigation-general, Water Sources
-general, 2.0332

2-566

LEGAL ASPECTS OF WATER RIGHTS IN THE EAST
...Economics - general, Irrigation-general, Legal Review, Water
Rights-general, Water Utilization -domestic, 6.0133

ECONOMIC INVENTORY OF AGRICULTURAL WATER USE
IN THE UNITED STATES ...Agriculture Industry, Economics-
general, Survey Studies, Water Demand, Water Utilization -

general, 6.0600
ROLE OF WATER IN THE PATTERN OF REGIONAL

ECONOMIC DEVELOPMENT Economies-general, Income,
Location, New England Province, Regional Areas, 6.0602

Water Reuse
WHITE WATER CLARIFICATION AND REUSE ...Eleetrokinctic-

other, Flocculation, Natural Occurring, Pulp and Paper Wastes,
Waste Treatment-economics, 5.0334

RESEARCH ON LIFE SUPPORT POROUS MEMBRANES FOR
REVERSE OSMOSIS ...Membranes-other, Porosity, Potable
Water, Recycle, Reverse Osmosis, ...3.0169

PHYSICAL AND CHEMICAL CHANGES OF RECIRCULATED
HATCHERY WATER SUPPLIES ...Captive Rearing, Chemical
Measurements -water, Chemical-general, Physical Measurements -
water, Physical-general, ...5.0708

TREATMENT OF LIQUID WASTE FROM FOOD PROCESSING
PLANTS ...Disposal Wastes, Food Processing Industry, Recycle,
Salting Out, Waste Water Treatment-general, ...5.0497

OPTIMIZING SALVAGEABLE WATER RESOURCES IN A
SEMI-ARID INLAND BASIN ...Natural Recharge, Optimization,
Runoff, Semi - Arid, Water - Alternative Uses, Water Quality-
general, 3.0019

DESIGN OF WASTEWATER TREATMENT SYSTEMS TO
SATISFY EFFLUENT QUALITY REQUIREMENTS BASED ON
INTENDED USE ...Effluent-standards, Process Design, Use of
Impaired Water, Waste Water Treatment-general, Water Quality
Control-general, 5.0769

FEASIBILITY OF TREATING AND RECYCLING USED FISH
HATCHERY WATER Benefit-cost Analysis, Captive Rearing,
Productivity (agricultural), Waste Water Treatment-general,
5.0753

PUBLIC ATTITUDES TOWARD REUSE OF RECLAIMED
WATER ...Attitudes & Attitude Change, California, 6.0042

INDUSTRIAL REUSE OF PROCESS WATER ...Biological Treat-
ment-general, Material Recovery Wastes, Pond, Sewage Lagoons,
_5.0480

CATTLE FEED LOT WASTE WATER TREATMENT ...Aerobic,
Anaerobic, Animal Wastes - Feed Lots, Effluent-standards,
Lagoon, _5.0422

A COMPLETE RECYCLE WASTE WATER TREATMENT
PLANT ...Activated, Biological Treatment-other, Coagulation,
Sedimentation, Trickling, ...5.1165

ADVANCED WASTE TREATMENT FOR WATER RECLAMA-
TION AND REUSE BY INJECTION ...Aquifers-general, Injec-
tion- wells, Recharge Pits - Wells, Secondary Treatment, Waste
Water Treatment-general, ...5.0778

DEMONSTRATION OF INDUSTRIAL WATER RENOVATION
PLANT AT ODESSA, TEXAS ...Chemical Manufacturing
Wastes, Petroleum Chemistry, Process Design, Recycle, Waste
Treatment-economics, ...5.1181

IMPROVE POLLUTION CONTROL BY REUSE OF PAPER
MACHINE PROCESS WATERS Effluent-standards, Material
Recovery Wastes, Pulp and Paper Wastes, Recycle, Waste Treat-
ment-economies, 5.0807

IN-PLANT TREATMENT OF DILUTE WASTES OF THE PULP-
ING INDUSTRY ...Biological Treatment-other, Pulp and Paper
Wastes, Pulp, Pulping & Composite, Reverse Osmosis. Waste
Water Pre-treatment, 5.1288

REVERSE OSMOSIS TO REMOVE DISSOLVED Se'.IDS FROM
RENOVATED WASTE WATER USED IN GROUND WATER
RECHARGE ...Artificial Recharge, Augmentation-general, Ef-
fluent-standards, Reverse Osmosis, Waste Water Treatment-
general, 5.0095

SYSTEM STUDY, DESIGN, AND EVALUATION OF THE
LOCAL STORAGE, TREATMENT. AND REUSE OF STORM
WATER - DEPARTMENT OF INTERIOR ..,Pollution Abate-
ment, Storage of Water, Storm Water, Urban Environments,
Water Quality Control-general, 5.0503

RECONDITIONING AND REUSE OF FOOD PROCESSING
BRINES ..Brines, Canning Wastes, Filtration, Lagoon, Waste
Treatment- economics, ...5.0234

REUSE OF PLANT EFFLUENT AND COOLING WATER BLOW-
DOWN AS PROCESS WATER ...Activated, Aeration, Chemical
Manufacturing Wastes, Digestion, Pond, ...5.0814



SUBJECT INDEX

EFFECT OF POLLUTION ON THE QUALITY OF SURFACE
AND GROUND WATER RESOURCES ...Laboratory Analysis,
Pollution Effects of , Soil Environment, Training Grants, Fellow-
ships, Water Quality Control-general, -5.0703

WATER REUSE RESEARCH ,.,Effluents -waste Water, Plants -
Systems - general, Sewage Treatment Plant, Urban Environments,
Waste Water Treatment-general, -5.0176

AEROBIC DISPOSAL OF ANIMAL WASTES WITH CONTINU-
OUS WATER REUSE Aerobic, Aerobic Bacteria, Animal
Waste Removal-treatment, Dilution-general, Sludge other,
-5.0294

THE FEASIBILITY OF REUSE OF CHLORINATED SEWAGE
EFFLUENT FOR FERTILIZATION AND IRRIGATION IN
IDAHO (ABBREV) ...Chlorination, Irrigation-general, Sewage,
Stream Rehabilitation, Use of Impaired Water, -5.0327

INORGANIC ADDITIONS RESULTING FROM WATER USE
..Composition, Hardness-minerals, Mineralization, Public Utili-
ties, -5.0350

A FEASIBILITY STUDY OF A LIVESTOCK WASTE DISPOSAL
INVOLVING REUSE OF WATER -Animal 1.1aste Removal-
treatment, Farm Wastes, Sewage Treatment Plant, Solid Waste,
Waste Water Treatment-general, -5.0836

WATER SUPPLY TECHNOLOGY - WATER QUALITY
MANAGEMENT AND PROTECTION ..Demineralization,
Drilling and Coring, Groundwater, Reverse Osmosis, -5.1219

REUSE OF WASTE IRRIGATION WATER TO RECOVER ADDI-
TIONAL PETROLEUM BY WATERFLOODING
Analysis (water), D.t.a. , Irrigation-other, Petroleum Industry,
Secondary Recovery, Spectroscopy-general, ,,.5,0154

PULP AND PAPER WASTE CONTROL ANC TREATMENT
...Conservation-general, Disposal Wastes, in Plant Treatment
Wastes, Material Recovery Wastes, Pulp and Paper Wastes,
...5.1111P0

WATE'r. QUALITY, AND THE. CHEMISTRY, MINERALOGY
AND BIOLOGY OF SAL TAFFECTED SOILS -Irrigation-
general, Mineralogy, Soil Conditions, Soil Environment, Water
Quality-general, -3.0084

Water Sampling
CRATER LAKE VERTICAL TEMPERATURE PROFILES .,.Elec-

tronics Applied, Lakes, Oregon, Radioactive Fallout, Tempera-
tur, -2.0101

MOVEMENT OF RADIONUCLIDES IN THE COLUMBIA RIVER
ESTUARY ...Columbia River, Estuaries, Mathematical Analysis,
Pollutants - Path of , Radioactivity-general, -5.0986

A STUDY OF COLIFORM BACTERIA AND ESCHERICHIA
COLI ON POLLUTED AND UNPOLLUTED OYSTER BOT-
TOMS OF MISSISSIPPI ...Coliforms (non-specific), Identification,
Mississippi River, Sewage, Vertical Distribution, -5.0619

MONITORING THE EFFECTS OF LAND USE ON SALMON
PRODUCTION ...Alaska, Construction Land Use Effects, Land
Use, Logging, Transport, Equipment, Pulp, Paper , and Logging,
-5.0039

DETERMINATION, EVALUATION, AND ABATEMENT OF
COLOR IN TEXTILE PLANT EFFLUENTS Einuents-waste
Water, Pollution Abatement, Textile Industry, ...S.0296

PRIMARY PRODUCTIVITY OF MINNESOTA LAKES ...Chemi-
cal-general, Lakes, olankton (non-specific), Primary Productivity,
Trace Element Analysis, -5.0607

THE DISTRIBUTION OF TRACE ELEMENTS IN IMPOUND-
MENTS ...Arkansas, Electric Power Plants, Reservoirs and Im-
poundments, Trace Elements, Water Quality Control-general,
-2.0068

A STUDY OF BIOLOGICAL SYSTEMS IN THE SCIOTO RIVER
AS INDICES TO WATER QUALITY _Bioindicators, Chemical-
general, Ohio, Physical-general, Systems Analysis, -5.0875

TEMPORAL, HORIZONTAL AND VERTICAL VARIABILITY
OF WATER CHEMISTRY IN THE UNSATURATED ZONE OF
FINE-GRAINED SOILS ...Chemical-gcneral, Groundwater,
Moisture-other, Saturated-unsaturated, Water Quality-general,
-2.0400

A LIMNOLOGICAL STUDY OF LAKE PONTCHARTRAIN,
LOUISIANA, IN THE SUMMER OF 1968 -Chemical-general,
Currents -water, Lakes, Louisiana, Physical-general, -5.0457

ALGAE IN ILLINOIS WATERS ...Algae- General, Illinois, Plant
Taxonomy, -6.0184

FARMINGTON RIVER SHAD STUDIES ...Alewife,men-
haden,shad,herring, Bottom Sampling, Migration, Plankton
Sampling, 'Water Properties-general, ..,6.0117

INVESTIGATION AND CONTROL OF ALGAE BLOOMS AND
NUISANCE GROWTHS OF WATER WEEDS ...Eutrophication,
of Aquatic Plants, Phosphate, Phosphite, -6,0110
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Water Supply-general

CHEMICAL QUALITY OF BRINES ASSOCIATED WITH DEEP
SEDIMENTS BENEATH C' ':AT SALT LAKE ...Brines, Chemi-
cal Analysis (water), Great Suit Lake, Salt, Water Wells, -5.1200

CHEMISTRY OF BRINE STRATIFICATION AND RELATED
EVAPORATION STUDIES ...Analysis and Detection, Brines,
Chemical-general, Evaporation, Ions and Gases, -1.0119

HYDROLOGIC STUDY OF A SMALL ALASKAN WATERSHED
...Alaska, General, General Synoptic Observations, Hydrology-
general, Small Watersheds, -2.0749

SAL.WATER ENCROACHMENT IN NORTH CAROLINA
ESTUARIES ...Chemical-general, Estuaries, Flow Characteristics -
water, Industrial-general, Saline Water Intrudion, -2.0826

TECHNIQUES AND INSTRUMENTATION ..,Chemical Analysis
(water), Mobile, Physical Parameters, Technique Development,
Temperature, -5.0187

SAN PABLO BAY STUDY ...Bays, Benthic Fauna, Bottom
Sampling, Excavation, Spoil Banks, ...6.0038

ROUTINE SAMPLING AT SEVEN INDEX STATIONS ...Bottom
Sampling, Data Acquisition-general, Fish -non-soecific, Lake Erie,
Plankton Sampling, ...6.0458

MONITORING OF PESTICIDE LEVELS IN THE GREAT LAKES
.Great Lakes-general, Insecticides -non-specific, Monitoring

Systems, Pollutants-general, -5.0544
EFFECT OF IMPOUNDMENTS ON WATER QUALITY

...Oklahoma, Optimization, Pre-impouviment Sites, Reservoirs
and Impoundments, Water Quality Control-general, -5.0904

Water Sources -general
THE DEVELOPMENT OF GEOCHEMICAL AND GEOPHYSI-

CAL TECHNIQUES AS AN AID TO DETERMINING AVAILA-
BILITY OF GROUND WATER IN LIMESTONE TE,RRANES
.,.Available Water, Geochemical Analysis, Geophysical Analysis,
Groundwater, Karst Topography, -2.0909

THE DEMAND FOR MUNICIPAL WATER IN CENTRAL
ARIZONA ,..Consumption, Income, Other, Price & Value, Water
Costs, Water Demand, -6.0010

BENEFITS FROM INTEGRATED WATER MANAGEMENT IN
THE NEW YORK METROPOLITAN REGION ...Administrative
Structures, Management, Model Studies, New York, Urban En-
vironments, -6.0393

RESPONSE OF ALASKA'S ADAPTED CROPS TO SUPPLEMEN-
TAL WATER -Alaska, Benefit-cost Analysis, Irrigation, Irriga-
tion-general, Soil-water-plant Relationships, -2.0036

DOMESTIC WATER USE IN EAST AFRICA ...Kenya, Tanzania,
Uganda, Water Costs, Water Utilization -domestic, -4.0092

IRRIGATION IN RELATION TO CROPPING SYSTEMS ...Irriga-
tion-general, Motel Studies, Water Allocation, Water Costs,
Water Yield, -6.0053

STATISTICAL ANALYSIS OF WATER CONSUMPTION ...Con-
sumpti Use, Data Analysis Applications, Illinois, Urban En-
vironments, Water Utilization -general, -7.0037

BASIC HYDROLOGIC RESEARCH IN SELECTED AREAS IN
SOUTH DAKOTA ...Aircraft, Aquifers-general, Geophysical
Analysis, Reconnaissance, South Dakota, -2.0976

DEVELOPMENT OF WATER SUPPLIES FOR IRRIGATION IN
THE SOUTH ...Available Water, Carbonate Aquifers, Clastic
Aquifers, Irrigation Engineering, Irrigation-general, Water
Resources Development, -2.0332

LEGAL ASPECTS OF WATER RIGHTS IN THE WEST ...Legal
Review, Water Rights-general, Western, -6.0040

Water Supply-general
DOCTORAL DISSERTATION RESEARCH IN POLITICAL

SCIENCE ...Federal Government., Irrigation-general, Mexico, Pol-
icy Making, Power Structure, -3.0157

EFFECTS OF EARLY WATER ON WATERFOWL PRODUC-
TION ...Benefit-cost Analysis, Irrigation-general, Spawn Or Nest-
ing Sites, Water Fowl, N.s. , Water Utilization -animal, ...2.0214

WATER SUPPLY-DEMAND ..,New York, Operations Research,
Planning, Projections and Estimations, Water Demand, -2.0795

MEASUREMENT OF COMMUNITY OPINION RELATING TO
PUBLIC WATER SUPPLIES ..,Attitudes & Attitude Change,
Citizen's Participation, Mass Communication, Social Aspects,
Water Quality-general, Water Utilization -domestic, -6.0167

DECISION MAKING UNDER UNCERTAINTY - ECONOMIC
EVALUATION OF STREAMFLOW FORECASTS ...Benefit-cost
Analysis, Flow Characteristics -water, Forecasting-prediction,
Model Studies, Projections and Estimations, ...6.0296
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PROGPAMMED SELECTION OF OPTIMUM USES OF A
SMALL WATER RESOURCE SUBJECTED TO COMPLEX
SIMI LTANEOUS DEMAND STRESSES _Computers-general,
Model Studies, Optimization, Water - Alternative Uses, Water
Demand, .76.0281

THE MANAGEMENT AND CONTROL OF WATER IN PUERTO
RICO ...Control and Protection, Data Analysis - General,
Management, Puerto Rico, Types of Resources, Water Quality-
general, _6.0480

AN ECONOMIC ANALYSIS OF THE PUBLIC WATER SUPPLY
DISTRICT Economics-general, Management, Social Aspects,
State-local Government, 6,0322

RESEARCH AND ANALYSIS TO PLAN, DEVELOP, AND
MAN AGE A GROUND AND SURFACE W.',TER SUPPLY
.4.1anagement, Nevada, Price & Value, 6,0339

THE MUNICIPALITY AS A WATER POLICY DETERMINING
ENTIITY ...Politics, Social Aspects, State-local Government,
Urban Environments, 6.0061

UNDERGRADUATE TRAINING FOR CAREERS IN WATER
SUPPLY AND POLLUTION CONTROL ...Education and Train-
ing, Pollutant-other, Pollutants-general, Water Quality Control-
general, 6.0312

INTEREST ATE REGIONAL PLANNING FOR WATER SUPPLY
AND WASTE DISPOSAL ...Delaware River, Disposal-general, In-
terstete, Planning, Water Distribution Systems, Water Quality
Control-general, _5.0748

PROJECTING THE DEMAND FOR AND SUPPLY OF WATER
...Model Studies, Projections and Estimations, Regional Areas,
River I3asins, Water Demand, Water Quality Control-general,
6,0357

THE IMPACT OF THE NORTHEASTERN DROUGHT ON THE
PLANNING AND PROVISION OF MUNICIPAL WATER SUP-
PLIES ...Administrative Structures, Alternative Planning,
Economic Impact, Meteorological Extremes, Northeast, ...4.0136

REGIONAL UTILITIES STUDY-WATER SUPPLY, SEWERAGE,
DRAINAGE AND REFUSE DISPOSAL ...Connecticut, Mu-
nicipal-wasteother, Operations Research, Planning, Sewage,
5.0207

STREAMFLOW VARIABILITY _Drainage, Floodplains, Low
Flow, Peak Flow, Reservoirs and Impoundments, _2,0421

DEVELOPMENT OF COST CRITERIA FOR WATER SUPPLY
...Model Studies, Reservoirs and Impoundments, Water - Alterna-
tive Uses, Water Costs, Water Transfer, Water Wells, ...4M098

SUPPLY AND DEMAND FOR WATER ...Model Studies, Projec-
tions and Estimations, Water Costs, Water Demand, Water
Transfer, ...6.0385

PROBABILITIES OF SEQUENCES OF DRY DAYS IN TEXAS
Computers-general, Forecasting, Irrigation-general, Planning,
Tables, Compilations, Catalogs, ...311442

FARM ADJUSTMENT TO LIMITED IRRIGATION WATER
WITH REFERENCE TO CENTRAL UTAH PROJECT
...Economic Impact, Irrigation-general, Utah, 6.0589

STATE WATER PLAN INVESTIGATIONS ...Land Use, Manage-
ment, River Basins, Utah, Water Utilization -general, ...6.0579

STATE WATER PLANNING FOR WYOMING ...Data Analysis -
General, Planning, State-local Government, Wyoming, ...6.0653

HYDROLOGIC SIMULATION - MONTHLY AND ANNUAL
STREAMFLOW ...Annual, Correlation, Forecasting-prediction,
Regression Analysis, Research - Development, Simulation,
6.0074

HYDROGEOLOGY OF ARTESIAN SYSTEMS AND LIMESTONE
TERRANES ...Artesian Flow, Carbonate Aquifers, Classic
Aquifers, Coastal Plain, Southeast, 7..0287

MISSOURI SPRINGFLOW CHARACTERISTICS Aquifers-
general, Chemical-general, Discharge-general, Physical Features-
general, Springs, 2.0701

CITY OF JACKSON. WATER RESOURCES STUDY, MISSISSIPPI
...Control and Protect: Floods, Groundwater, Mississippi,
Urban En.ronments, 4.0148

WATER REOURCES OF SOUTHEASTERN WISCONSIN -
RACINE AND KENOSHA COUNTIES ...Groundwater, Hydro-
graphs, Stratigraphy-general, Water Quality-general, Wisconsin,
...2.1151

WATER RESOURCES OF THE LOWER WISCONSIN RIVER
VALLEY, WISCONSIN ...Available Water, Hydrology-general,
Projections and Estimations, Water Quality-general, Wisconsin,
...2.1149

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - MIL-
WAUKEE RIVER BASIN ...Discharge-general, River Basins,
Water Quality-general, Water Table Fluctuation, ...2.1152

2-568

MICROBIOLOGICAL INVESTIGATIONS ...Biological, Biological
Pollutants -general, Marine Fouling, Microorganisms (non-
specific), 3.0133

INVESTIGATION OF WATER SUPPLY PROBLEMS IN ARCTIC
AND SUB-ARCTIC AREAS retie, Groundwater, Potable
Water, Storage of Water, Surface Water, -.3.0004

Water Table Fluctuation
EXTREME HYDROLOGIC EVENTS & THEIR EFFECTS ON

NUCLEAR FACILITIES ,..Floods, Hydrology-general, Natural
Recharge, Radioactivity-general, Runoff, 2,0273

HYDROLOGIC ANALYSIS OF THE NORTH FORK OF ELK
CREEK ...Automatic Data Aquisition, Discharge-general, Mon-
tana, Observation Wells, 2.0714

FOREST SITE AMELIORATION iN THE COASTAL FLAT-
WOODS OF MISSISSIPPI - ECONOMIC AND BIOLOGICAL
CONSIDERATIONS ...Mississippi, Moisture Tension, Pines, Site
Index and Site Quality, Water Table - Depth of , 2.0687

FEASIBILITY STUDY OF ELECTRICAL GEOPHYSICAL
METHODS IN THE DETERMINATION OF SUBSURFACE
HYDROGEOLOG1C ENVIRONMENTS IN SOUTH CAROLINA
_Electric Logging, Electronics - Applied, Hydrologyleneral, In-
duction, Piedmont Province, Porosity-permeability, 2.0950

COMPUTER SIMULATION OF AQUIFERS OF COASTAL
PLAIN OF NORTH CAROLINA _Carbonate Aquifers, Compit-
ters-general, Mining Industry, North Carolina, Saline Water Intru-
sion, 2.0821

RECHARGE IN RIVER VALLEYS OF CENTRAL AND EAST-
ERN KANSAS - EFFECT OF TUTTLE CREEK RESERVOIR
ON GROUNDWATER LEVELS ...Aquifers-general, Chemical-
general, Geophysical Analysis, Natural Recharge, Reserve' and
Impoundments, ...2,0509

WATER TABLE CONTROL AND SIIBSURFACE IRRIGATION
IN MINERAL AND HIGH ORGANIC COASTAL PLAIN SOILS
Groundwater Movement, Management, North Carolina, Subsur-
face Irrigation, 2.0828

THE STORAGE COEFFICIENT AS A FUNCTION OF WATER
TABLE CELERITY ...Drainage, Mathematical Analysis, Permea-
bility, Storage of Water, Unsteady Flow, ...2.1121

DEEP SEEPAGE ON PIEDMONT WATERSHEDS _Percolation,
Physical Properties-general, Piedmont Province, Saturated Flow,
Seepage, Unsaturated Flow, ...2.0955

GROUND WATER RESERVOIR RESPONSE TO EARTH TIDES
.Aquifers-general, Earth Tides, Geophysical Analysis, Porosity,

Storage of Water, ..2.1108
REDUCTION OF GROUND WATER INFILTRATION INTO

SEWERS BY ZONE PUMPING lining, Pump, Pumping,
Sewerage Systems-general, Wateir Wells, 5.0320

MANAGEMENT OF FLATWOOD SOILS ..Depth, Sand, Tillage,
Cropping Systems, Water Table - Depth of 6.0153

MOVEMENT OF WATER AND GASES IN SOIL ...Density, Inter-
nal Water Movement, Mathematical Analysis, Physical Properties-
general, 2.0480

FIELD INVESTIGATIONS OF SUBSURFACE AND SURFACE
DRAINAGE ...Corn, Drainage, Soybean, 4.0103

STAND TREATMENT ...Cutting Operations, Floods, Regeneration
& Seed Production, Timber Stand Improvement, Water Table -
Depth of , 2.0697

SOIL DRAINAGE ...Amourz!, Drainage, New Jersey, Soil
Morphology, Profiles, 4.0171

PERFORMANCE OF DRAINAGE SYSTEMS ..Drainage Systems,
Drewdown, Hydraulic Gradient, Observation Wells, Permeability,
4.0174

EVALUATION OF SOIL MOISTURE RECHARGE ...Drainage,
Evapotranspiration, Moisture Content, Recharge -general, Water
Table - Depth of , ...3.0344

DEVELOPMENT OF CRITERIA FOR ADEQUATE DRAINAGE
...Drainage, Moisture Levels, Soil-water-plant Relationships,
4.0186

IRRIGATION WATER USE EVALUATION ...Border I.7igation,
Furrow Irrigation, Irrigation Engineering, Management, Runoff,
3.0383

THE DRAINAGE OF IRRIGATED LANDS ...Drainage, Irrigation-
general, Permeability, Steady, Subsurface Flow, 4.0251

SEASONAL VARIABLI "Y OF SOIL MOISTURE AND LEVELS
OF GROUNDWATER TABLE ON LOWLAND AREAS
...Moisture Levels, Poland, Seasonal, Soils and Fertilizer, Wet-
lands, 3.0422

GEOLOGY OF THE PALUXY AND BRAZOS VALLEYS IN
HOOD, SOMERVELL, AND ERATH COUNTIES, TEXAS



I

SUBJECT INDEX Water Transfer

..,Clastic Aquifers, Groundwater, Texas, Water Utilization
general, Water Yield, 4.0235

GROUNDWATER SUPPLIES ...Aquifers-general, Atlases-maps,
Groundwater, Natural Recharge, Total Volume, 2.0058

IMPROVEMENT OF IRRIGATION MANAGEMENT AND
SALINITY CONTROL IN THE IMPERIAL VALLEY.
...Drainage, Drainage Engineering, Management, Saline and Al-
kaline Soils, Sprinkler Irrigation, 3.0048

GENESIS AND MORPHOLOGY OF PYGMY FOREST-
BLACKLOCK SOIL ECOSYSTEM ...California, Douglas Fir,
Sequoia, Soil Ecology, Wave -built %mace, 6.0041

GROUND WATER TABLE FLUCTUATIONS ...Data Networks,
Observation Wells, Other Data Analysis, ...4.0062

WATER TABLE CONTROL IN ORGANIC SOILS ...Drainage,
Linings-pavings, Moisture Retention, Soil-water-plant Relation-
ships, Swamps-marshes, 4.0079

WATER CONTROL FOR FOREST PRODUCTION ...Drainage,
Forests, Irrigation- general, Moisture Content, Palms, .2.0314

WATER RELATIONS WITH CITRUS ON THE FLATWOODS
AND MARSHES OF THE EAST COAST ...Citrus, Drainage,
Saline Soils, Sprinkler Irrigation, Swamps-marshes, 2.0310

GROUND-WATER STUDIES - DEEP SANDSTONE AQUIFER IN
CHICAGO REGION .,.Clastic Aquifers, Groundwater Movement,
Permeability, Pumping, Sandstones, 2.0419

THEORE TICAL ANALYSIS OF REGIONAL GROUND-WATER
FLOW IN THE HAVANA AREA ...Groundwater Movement, Il-
linois, Mathematical Analysis, Model Studies, Subsurface Flow,
...2.0410

RECHARGE OF GROUND WATER IN RIVER VALLEYS OF
EMTERN AND CENTRAL KANSAS, AND THE HIGH
PLAINS ...Artificial Recharge, Augmentation-general, Great
Plains Province, Groundwater, Groundwater Mining, Natural
Recharge, 4.0116

EFFECTS OF TUTTLE CREEK RESERVOIR ON GROUND
WATER LEVELS BELOW THE DAM ...Observation Wells, Pro-
ject Post-evaluation, Pumping, Water Level Fluctuation, Water
Wells, 4.0117

THE IMPACT OF SUBURBAN DEVELOPMENT ON THE
WATER RESOURCES OF NEW JERSEY. ...Agricultural
Watersheds, Flow Characteristics -water, Gaging, Measurement,
Surburban Areas, Water Balance-budget, 6.0352

CHARACTERIZATION OF WATER TABLES IN OREGON
SOILS WITH REFERENCE TO TRAFFICABILITY ...Dynamic,
Moisture Content, Rain-general, Static Load-general, Trafficabili-
ty, 2.0887

SUITABILITY FOR SEPTIC TANK DISPOSAL SYSTEMS AND
PRODUCTIVITY POTENTIALS OF PENNSYLVANIA SOILS
...Animal Wastes - Feed Lots, Percolation, Septic Tanks, Soil,
Waste Water Treatment-general, ...5.1039

DRAINAGE OF SUGARCANE LANDS IN THE HUMID SEC-
TIONS OF PUERTO RICO ...Drainage, Humid, Puerto Rico,
Sugar Cane, Water Table - Depth of , Yield, 2.0936

CROP RESPONSE TO STATIC AND FLUCTUATING WATER
TABLES .Saline Soils, Soil Aeration, Soil-water-plant Relation-
ships, Texas, Water Table - Depth of , ...3.0446

WATER YIELD AND GROUNDWATER MG VEMENT IN THE
EDWARDS PLATEAU AS AFFECTED BY GEOLOGY, CHAN-
NEL AND VALLEY MATERIALS, AND FLOOD STRAJC-
TURES ...Engineering Structures-general, Groundwater Move-
ment, Karst Topography, Rain, Texas, Water Yield, ...2.1031

THE ECONOMICS OF IRRIGATED CROP PRODUCTION BY
LOW CAPACITY WELLS AND BY SPRINKLER SYSTEMS ON
TEXAS FARMS ...Economies-general, Irrigation - general,
Management, Optimization, Texas, 3.0452

MEASUREMENT OF RUNOFF AND SOIL LOSS DIFFERENCES
BETWEEN ESTABLISHED PLOTS ...Artesian Flow, Erosion..
general, Observation Wells, Runoff, Soil Environment, 2.1019

CHARACTERIZATION OF THE PHYSICAL PROPERTIES OF
THE SOILS OF VIRGINIA ...Moisture Content, Permeability,
Soil Environment, Soil Genesis, Underground Waste Disposal,
2.1106

GROUNDWATER RECHARGE ..Applied Climatology, Forecast-
ing-prediction, Groundwater, Natural Recharge, Observation
Wells, ...3.0430

STATISTICAL INFERENCE AND MODELS ...Aquifers-general,
Dendrochronology, Distributions, Statistical Models, stochastic
Processes, 7.0108

PERIODIC PLANT GROWTH PHENOMENA. AND HYDROLO-
GY ... Dendrochronology, Moisture Levels, Natural Variation of
Water USE, Precipitation -non-specific, Soil-water-plant Relation-
ships, 2.1098

2-569

MECHANICS OF GROUND-WATER FLOW ...Aquifers-general,
Artificial Recharge, Earthquakes, Groundwater Basins, Ground-
water Movement, 2.1093

HYDROLOGY OF UPPER BUFFALO RIVER BASIN ...Discharge-
general, Groundwater, River Basins, Surface Water, Tennessee,
_2.0996

GROUND-WATER HYDROLOGY AND DEVELOPMENT IN
EAST-CENTRAL WASHINGTON ,..Drawdown, Groundwater
Basins, Groundwater Mining, Subsurface Flow, Washington,
_2,1135

WATER RESOURCES OF THE GREATER JUNEAU BOROUGH,
ALASKA ...Alaska, Observation Wells, Unconolidated Aquifers,
Urban Environments, Water Resources Development, _2.0014

WA i RR RESOURCES APPRAISAL OF THE TUCSON BASIN,
ARIZONA ...Arizona, Groundwater Movement, River Basins,
Storage of Water, Surface Water, 2.0043

ELECTRICAL - ANALOG ANALYSIS OF HYDROLOGIC DATA,
ARVA VALLEY, ARIZ ...Analog Computers, Arizona, Ground-
,ater, Model Studies, Pumping, ...2.0044

SAN GORGONIO PASS GROUND-WATER STUDIES, CALIFOR-
NIA ...Artificial Recharge, California, Groundwater Basins,
Groundwater Movement, Storage of Water, 4.0037

GROUND WATER CONDITIONS OF THE CENTRAL BOSTON
AREA, MASSACHUSETTS ...Aquifers-general, Massachusetts,
Observation Wells, Structure Sites, Unconsolidated Deposits,
...2.0613

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - MIL-
WAUKEE RIVER BASIN ...Discharge-general, River Basins,
Water Quality-general, Water Supply-general, ...2.1152

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...Data
Acquisition-general, Irrigation-general, Moisture Content, Rio
Grande River, ...6.0538

GROUNDWATER ANALYSIS BY DIGITAL COMPUTER APPLI-
CATION DEVELOPMENT ...Aquifers-general, Digital Compu-
ters, Forecasting-prediction, ...4.0059

RELATION OF NITROGEN LEVEL, HIGH WATER TABLE
AND SOIL SALINITY TO GROWTH, YIELD AND FRUIT
QUALITY OF DATES ...Rates Or Levels of Application, Saline
Soils, Trees, Water Table - Depth of , ...3.0185

Water Transfer
APPRAISAL OF WATER MANAGEMENT INSTITUTIONS-SUR-

VEY OF OREGON WATER LAW ...Administrative Structures,
Legal Review, Management, Water Rights-general, Water Stan-
dards, _6.0455

THE DEVELOPMENT OF WATER RESOURCES IN CALIFOR-
NIA IN RELATIONSHIP TO PLANS AND PROGRAMS FOR
WESTERN REGIONAL WATER DEVELOPMENT ...California,
Planning, Regional Areas, Social Aspects, Water Resources
Development, 6.0063

A LEGAL-ECONOMIC ANALYSIS OF ADMINISTRATIVE AND
MARKET PROCEDURES USED IN THE TRANSFER OF
WATER RIGHTS ...Administrative Structures, Economic Effi-
ciency, Model Studies, Production - Supply, State Government,
Water Allocation, ...2.0726

WATER TRANSFER FROM SOIL TO THE ATMOSPHERE AS
RELATED TO CLIMATE AI' R ',OIL PROPERTIES ...Evapora-
tion, Humidity, Moisture C Physical Climatology, Radia-
tion-general, Water Balance-baciget, _2.1046

HYDROLOGIC ASPECTS OF WATER LAWS IN MINNESOTA
...Administrative Structures, Hydrology-getieral, Water Cycle,
Water Rights-general, ...6.0306

ANALYSIS OF SMALL WATER MANAGEMENT STRUCTURES
...Administrative Stru -tures, Hydraulic Structures, Management,
Water Control Works-general, Water Distribution Systems,
...4.0260

ECONOMIC CONSEQUENCES OF INTERBASIN WATER
TRANSFERS ...Benefit-cost Analysis, Economic Impact, Irriga-
tion-general, River Basins, ...6.0451

SURFACE AND GROUND WATER POTENTIALITIES OF THE
MULLICA RIVER BASIN ...Aqueducts, Conjunctive Use,
Economic Impact, Systems Analysis, Water Quality-general,
4.0172

COMPUTER MODELS FOR WATER DISTRIBUTION SYSTEMS
...Algorithms, Development of Models, Laminar Flow, Model Stu-
dies, Water Allocation, 8.0286

GEOHYDRAULICS AT THE UNCONFORMITY BETWEEN
BEDROCK AND ALLUVIAL AQUIFERS ...Flow Characteristics
-water, Groundwater Basins, Rocks - Bedrock, Unconformities,
Unconsolidated Aquifers, 2.0229



Water Transfer SUBJECT INDEX

SYSTEMS SIMULATION FOR MANAGEMENT OF A TOTAL,
WATER RESOURCE ...Conjunctive Use, Management, Optimiza-
tion, Planning, River Basins, ..A.0230

THE ECOMONIC IMPLICATIONS OF THE INTERCONNEC-
TION OF URBAN WATER SYSTEMS ...Policy Making, Produc-
tion & Processing, Public-works, Risk & Uncertainty, Urban En-
vironments, Water Demand, -6.0466

DIVERTING MISSISSIPPI RIVER WATER TO TEXAS - A
PRELIMINARY EVALUATION OF PLANS ...Control and Pro-
tection, Mississippi River, Streams, Texas, -8.0205

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS -Administrative Structures, Economic Effi-
ciency, Water - Alternative Uses, Water Allocation, Water Rights-
general, Welfare Economics, -6.0012

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Strictures, Systems Analy-
sis, Water Costs, Water Distribution Systems, Water Utilization -
general, -6.0055

ECONOMICS OF WATER TRANSFER AN APPRAISAL OF IN-
STITUTIONS -Administrative Structures, Economic Efficiency,
Price & Value, Water Allocation, Water Demand, -9.0002

ECONOMICS OF WATER TRANSFER - AN APPRAISAL OF IN-
STITUTIONS ...Administrative Structures, Economic Efficiency,
Idaho, Water Law-general, Water Rights - general, ..6.0178

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS -Administrative Structures, Economic Effi-
ciency, Economics-general, Water Rights-general, _6.0327

USE OF GROUND WATER IN EXCESS OF RECHARGE ...Ad-
ministrative Structures, Agriculture Industry, Economic Efficien-
cy, Water - Alternative Uses, Water Rights-general, -3.0310

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Alternative
Planning, Economic Efficiency, Legal Review, Model Studies,
Welfare Economics, ...4.0169

ECONOMICS OF WATER TRANSFER - APPRAISAL OE IN-
STITUTIONS ,..Administrative Structures, Economic Efficiency,
Legal Review, Water Allocation, Welfare Economics, -4.0176

ECONOMICS OF WATER SUPPLY-PORTALES VALLEY, NEW
MEXICO ...Alternative Planning, Available Water, Economic Im-
pact, Projections and Estimations, Water Costs, -6.0363

THE ECONOMICS OF WATER TRANSFER ...Administrative
Structures, Economic Impact, Legal Review, Water Allocation,
Water Rights-general, ...6.0577

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, Legal Review, State-local Government, Water Allocation,
_4.0269

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Economic Effi-
ciency, Water Demand, Water Law-general, Water Rights-
general, .,A.0282

MODEL STUDY OF CONTROL STRUCTURES FOR FOOTHILL
FEEDER TUNNELS ...Aqueducts, Control Gate, Urban Environ-
ments, Water Distribution Systems, -8.0217

INTER-BASIN DIVERSION OF WATER - A TEXAS CASE
STUDY ...Canada, Economic Impact, Fiscal, Price & Value,
Southern, ...4.0244

A STUDY OF THE SOCIAL MECHANISM OF RURAL-URBAN
WATER TRANSFERS WITH SPECIAL REFERENCE TO EX-
TERNAL EFFECTS ...Administrative Structures, Agriculture,
Base Studies, Economic Efficiency, Fiscal, Model Studies, Social
Aspects, Water Allocation, Welfare Economics, -6.0105

DEVELOPMENT OF COST CRITERIA FOR WATER SUPPLY
...Model Studies, Reservoirs and impoundments, Water - Alterna-
tive Uses, Water Costs, Water Supply-general, Water Wells,
-4.0098

SUPPLY AND DEMAND FOR WATER -Model Studies, Projec-
tions and Estimations, Water Costs, Water Demand, Water
Supply .general, -6.0385

INTERROW WATERSHEDS AS A MEANS OF INCREASING
RAINFALL EFFICIENCY ...Infiltration, Irrigation-general,
Modified Water Use, Plant Water Use-other, Texas, -3.0450

FARM CONVEYANCE AND WATER APPLICATION
...Elastomers Rubber, Irrigation Engineering, Irrigation-general,
Plastics - General, ...3.0473

A STUDY OF THE INTEGRATION OF THE WATER
RESOURCES OF THE BEAR, WEBER, AND JORDAN RIVERS
IN NORTHERN UTAH ...Analog Computers, Analog Computers
Math, Model Studies, Planning, Utah, -6.0587

THE ECONOMICS OF WATER RESOURCE DEVELOPMENT
...Administrative Structures, Economic Efficiency, Water Law-
general, Water Resources Development, -6.0651

2-570

HYDROLOGY OF ARKANSAS RIVER VALLEY, CANON CITY
TO STATE LINE ...Arkansas River, Flow Characteristics -water,
Groundwater, Hydrology-general, Irrigr on-general, Management,
-2.0202

CHANNEL CAPACITY IN STONY CREEK NEAR ORLAND,
CALIFORNIA ...California, Channels, Design Flow-flood, Peak
Flow, Reservoirs and Impoundmerns, -2.0122

INVESTIGATION EVALUATION AND DESIGN OF OPEN AND
CLOSED CONDUIT SYSTEMS AS IT RELATES CON-
VEYANCE AND DISTRIBUTION SYSTEMS .,.Conduit, Hydrau-
lic Equipment, Irrigation Engineering, Irrigation-general, Remote
Sensing -other, Water Distribution Systems, -8.0169

DESIGN CRITERIA FOR LIVESTOCK FARMSTEAD WATER
SYSTEMS ...Automatic Data Aquisition, Design Criteria, Storage
of Water, Water Demand, Water Utilization - animal, ..6.0257

FACILITIES, METHODS AND DESIGN CRITERIA TO PUMP,
CONVEY, CONTROL AND MEASURE WATER FOR
AGRICULTURAL PURPOSES IN THE NORTHERN PLAINS
...Irrigation-general, Lining, Pumping, Runoff, Storage of Water,
Water Distribution Systems, -3.0141

CONTROL OF SEEPAGE FROM WATER CONVEYANCE AND
STORAGE STRUCTURES IN THE INTER - MOUNTAIN AREA
...Film, Linings-pavings, Seepage, Storage of Water, Water Loss
Control, -8.0291

ECONOMICS OF WESTERN STREAMFLOW ACCRETIONS
...Benefit-cost Analysis, Irrigation-general, Missouri River, Water
Allocation, Water Rights- general, -6.0100

Water Utilization -animal
EFFECTS OF EARLY WATER ON WATERFOWL PRODUC-

TION ,..Benefit-cost Analysis, Irrigation-general, Spawn Or Nest-
ing Sites, Water Fowl, N.s. , Water Supply-general, .2.0214

EFFECTS OF RESTORATION AND MANAGEMENT OF THE
SAN SIMON MARSH ON ITS UTILIZATION BY MEXICAN
DUCKS .Food Supply, Management, Mexican Duck, Spawn Or
Nesting Sires, Swamps-marshes, _6.0364

IMPOR1 ANCE OF TYPE I WETLAND COMMUNITIES TO
WATERFOWL PRODUCTION ...Censusing, Land Use, Spawn
Or Nesting Sites, Water Fowl, N.s. , Wetlands, -4.0218

UPDATING AND REPUBLICATION OF FACTORS INFLUENC-
ING THE RESTORATION AND DEVELOPMENT OF OGDEN
BAY REFUGE ...Mans Activities, Pubilications -other, Swamps-
marshes, Water. Demand, Water Fowl, N.s. -.6.0594

SOME EFFECTS OF WATER IMPOUNDMENTS ON WATER-
FOWL POPULATIONS AND REPRODUCTION ON THE
SNAKE RIVER, WASHINGTON ...Other, Pre-impoundment
Sites, Reservoirs and Impoundments, Snake River, Washington,
-6.0609

BROOD PRODUCTION AND POND PREFERENCE OF DIVING
DUCKS IN THE TURTLE MOUNTAINS OF NORTH DAKOTA
...Aquatic Plants (non-specific), Chemical-general, Habitat Stu-
dies, Land Use, Water Fowl, N.s. , -6.0410

ECOLOGY OF SOME WADING BIRD POPULATIONS AF-
FECTED BY THE INVASION OF THE CATTLE EGRET INTO
ALABAMA ...Aquatic Ecology, Behavioral Ecology,
Ciconiiformes - Wading Birds, Mark, Tag Or Capture -other,
Migration, ...6.0001

EFFECT OF RANGE AND WATER ON MULE DEER POPULA-
TION ...New Mexico, Odocoileus, Population Dynamics, Range
Or Territorial Distr. , Relations - Forage - Timber, -3.0338

SALINE WATERS AND LIVESTOCK PRODUCTION ...Ruminants
-non-specific, Salinity, Swine, Water, -5.0831

AN EVALUATION OF SOME MARSH MANAGEMENT
TECHNIQUES ...Management, Potholes, Spawn Or Nesting Sites,
Swamps-marshes, Water Fowl, N.s. , -4.0107

HYDROLOGY OF PRAIRIE POTHOLES ...Management -other,
North Dakota, Potholes, Seepage, Water Balance-budget, Water
Fowl, N.s. , -2.0170

RELATIONSHIP BETWEEN MOURNING DOVE PRODUCTION
AND WATER DISTRIBUTION IN THE SONORAN DESERT
...Arizona, Deserts, Dove, Habitat Studies, Productivity (agricul-
tural), ...6.0262

DESIGN CRITERIA FOR LIVESTOCK FARMSTEAD WATER
SYSTEMS ...Automatic Data Aquisition, Design Criteria, Storage
of Water, Water Demand, Water Transfer, -6.0257

Water Utilization -domestic
URBANIZATION AND ITS EFFECT ON WATER RESOURCES

..Demography, Industry and Industrialization, Land Use, Value,
Land Planning, River Basins, Urbanization, Water Resources
Development, ...6.0351



SUBJECT INDEX Water Utilization -plant
PROBLEMS AND OPPORTUNITIES OF WATER RESOURCE

UTILIZATION IN THE UPPER COLUMBIA AND MISSOURI
RIVER BASINS ...Columbia River, Economics-general, Missouri
River, Water - Alternative Uses, Water Resources Development,
6.0328

THE ACCEPTABILITY OF MINERAL TASTE IN DOMESTIC
os'ATER California, Mineralization, Potable Water, Taste,
.5.0068

MEASUREMENT OF COMMUNITY OPINION RELATING TO
PUBLIC WATER SUPPLIES .,.Attitudes & Attitude Change,
Citizen's Participation, Mass Communication, Social Aspects,
Water Quality-general, Water Supply-general, 6.0167

PREDICTION MODEL FOR WATER USE BY POPULATION
STRUCTURE ...Florida, Forecasting-pred150 iction, Model Studies,
Other, Projections & Forecasting, _6.0

A HISTORY OF WATER UTILIZATION IN THE SOUTHWEST,
WITH PARTICULAR REFERENCE TO NEW MEXICO ...Ad-
ministrative Structures, Economics-general, History, New Mexico,
Water Law-general 2.0774

FORECASTING WA TER DEMAND - ANA INTER- AND INTRA-
COMMUNITY STUDY ...Forecasting-prediction, Projections &
Forecasting, Trends,projections, Urban Environments, Water De-
mand, ...6.0633

A COMPENDIUM OF WATER LAW AND ECONOMICS IN
NEW HAMPSHIRE ...Conjuncive Use, Economic Impact, New
Hampshire, Water Law-general, Water Quality-general, Water
Rights-general, ...6.0283

DEVELOPMENT OF A REFINED PREDICTIVE SYSTEM FOR
USE IN FORECASTING MUNICIPAL WATER NEEDS Digital
Computers, Forecasting-prediction, Testing of Models, Urban En-
vironments, ...6.0253

SCHOOLS FOR CITIZENS ON WATER USE FOR TOMORROWS
LIVING ...Citizen's Participation, Education and Training, Hand-
books, Water Quality Control-general, ...6.0124

EFFECTS OF WATER POLLUTION IN SAN FRANCISCO BAY
_Buys, Economic Impact, Pollution - Effects of , Recreation
Sites, San Francisco Bay, Social Aspects, Welfare Economics,5,0125

sTuvy FOR FLOW REDUCTING AND TREATMENT OF
WASTE WATER FROM HOUSEHOLDS ...Sewage - Domestic,
Survey Studies, Waste Treatment-economics, Waste Water Treat-
ment-general, 5.0205

TREATMENT OF WATER FROM SMALL RESERVOIRS FOR
DOMESTIC CONSUMPTION ...Coagulation, Filter-other,
Streaming Potential, ...5.0397

IDENTIFICATION AND REMOVAL OF PESTICIDES FROM
RURAL WATER SUPPLIES ...Pesticides -non-specific, Removal
of Residues, Residues in Potable Water, Rural Areas, Waste
Water Treatment-general, _5.0448

DOMESTIC WATER USE IN EAST AFRICA ...Kenya, Tanzania,
Uganda, Water Costs, Water Sources -general, ...4.0092

PESTICIDE POLLUTION OF FARMSTEAD WATER SUPPLIES
..Aquatic Or Soil-aquatic Cycles, Handling & Application, Pollu-

tants - Path of , Residues in Potable Water, ...5.0485
LEGAL ASPECTS OF WATER RIGHTS IN THE EAST

..Economics-general, Irrigation-general, Legal Review, Water
Resources Development, Water Rights-general, ...6.0133

Water Utilization -general
ECONOMIC SURVEY OF BEAVERHEAD COUNTY, MON-

TANA ...Economic Impact, Irrigation-general, Project Post-
evaluation, 6.0331

QUANTITATIVE ANALYSIS OF WATER USE PATTERNS IN
PUERTO RICO ...Consumptive Use, Projections and Estimations,
Public Utilities, Puerto Rico, 6.0484

A WATER SUPPLY-DEMAND ANALYSIS IN CLINTON COUN-
TY, PENNSYLVANIA - A STUDY IN ECONOMIC HYDROLO-
GY ...Available Water, Economic Impact, Model Studies, Water
Demand. Water Quality-general, 6.0477

WATER RIGHTS & WATER LAW & THE EFFECTS OF THESE
ON THE DEVELOPMENT et UTILIZATION OF THE WATER
RESOURCES OF NY STATE (ABBREV) ...Administrative
Structures, Law Enforcement, New York, Riparian Rights, State
Government, .,.6.0380

VALUE OF THE GAME AND FISH RESOURCES IN RELATION
TO THE FUTURE UTILIZATION OF THE. WA'' ER OF THE
GREEN RIVER DRAINAGE IN WYOMING ...Economics-
general, Projections and Estimations, Survey Studies, Water
Quality-general, 6.0650

A SYSTEM APPROACH FOR INTEGRATING GROUNDWATER
AND SURFACE-WATER USE ...California, Conjunctive Use,

Groundwater, Systems Analysis, Water Quality Control-general,
...6.0037

LEGAL ASPECTS OF WATER USE AND CONTROL IN SOUTH
CAROLINA ,..Control and Protection, Legislation, South
Carolina, Survey Studies, Water Law- general, ..6.0492

SOME LEGAL ASPECTS OF WATER RESOURCE USE WITH
RESPECT TO ECONOMIC DEVELOPMENT IN ALABAMA
...Economic impact, Legal Review, Social Aspects, State Govern-
ment, ...6.0004

LEGAL RESEARCH, WRITING AND DRAFTING TOWARD IM-
PROVING MONTANA WATER LAWS ...Conservation-general,
Legislation, Montana, State Government, ..6.0333

WATER UTILIZATION AND WASTE CONTROL IN THE
POULTRY PROCESSING INDUSTRY ...Animal Waste Removal-
treatment, Economics-general, Food Processing Industry, Industri-
al Wastes, Poultry - N S, Waste Water Treatment-general,
5.0819

SURVEY OF WATER UTILIZATION AND WASTE CONTROL
IN THE PULP AND PAPER INDUSTRY ...Effluents-waste
Water, Pulp and Paper Wastes, Pulp, Paper , and Logging, Waste
Treatment-economics, Waste Water Treatment-general, _3.0376

LEGAL-ECONOMIC ASPECTS OF WATER USE IN ARKANSAS
,..Administrative Structures, Arkansas, Economics-general, Water
Law-general, Water Resources Development, _6.0025

THE ECONOMICS OF WATER TRANSFER - AN APPRAISAL
OF INSTITUTIONS ...Administrative Structures, Systems Analy-
sis, Water Costs, Water Distribution Systems, Water Transfer,6.0055

GEOLOGY OF THE PALUXY AND BRAZOS VALLEYS IN
HOOD, SOMERVELL, AND ERATH COUNTIES, TEXAS
...Clastic Aquifers, Groundwater, Tem, Water Table Fluctuation,
Water Yield, ...4.0235

STATISTICAL ANALYSIS OF WATER CONSUMPTION ...Con-
sumptive Use, Data Analysis Applications, Illinois, Urban En-
vironments, Water Sources -general, _7.0037

CLIMATOLOGICAL MEASUREMENTS RELATED TO
AGRICULTURE ...Amount, Fog-haze-mist, Land Use, Physical
Climatology, Sunshine, Temperature, 2.0741

WATER RIGHTS AND WATER LAW ...Alternative Planning,
Eminent Domain, Riparian Rights, Water Allocation, Water
Resources Development, ...6.0386

STATE WATER PLAN INVESTIGATIONS ...Land Use, Manage-
ment, River Basins, Utah, Water Supply-general, ...6.0579

INDUSTRIAL WATER USE IN THE UNITED STATES
...Economics-general, Extractive Natural Resources, Industry,
Manufacturing, Multiple-purpose Projects, 5.0239

EXTENT OF BRACKISH WATER IN TIDAL RIVERS, MARY-
LAND ...Brackish Water, Runoff, Tides, _2.05199

USE OF WATER ON FEDERAL IRRIGATION PROJECTS .,.Ir-
rigation Engineering, Irrigation-general, Planning, _6.0175

ECONOMIC INVENTORY OF AGRICULTURAL WATER USE
IN THE UNITED STATES ...Agriculture Industry, Economics-
general, Survey Studies, Water Demand, Water Resources
Development, _6.0600

Water Utilization -plant
Differential Usage of Water

Modified Water Use
COOPERATIVE RESEARCH PROJECT IN WESTERN NORTH

CAROLINA ..Agricultural Watersheds, Agriculture Industry,
Cover Crops, Land Use, North Carolina, _2.0830

WATERSHED IMPROVEMENT- -SOIL AND MOISTURE CON-
SERVATION PROGRAM ...Gaging, Moisture Content, Snow-
melt, Water Yield, Watersheds-general, ...8.0143

EVAPORATION OF WATER AS RELATED TO WIND BAR-
RIERS ...Evaporation, Heat Exchange, Moisture Tension, Water
Loss Control, Wind-general, 3.0138

PLANT-WATER-USE EFFICIENCY WITH GROWTH REGULA-
TORS AND TRANSPIRATION SUPPRESSANTS ...Anti-trans-
pirants, Antitranspirants, Fruit-set, Growth Rate, Growth Regula-
tors, ...3.0160

UNDERSTANDING AND IMPROVING THE SOIL-PLANT EN-
VIRONMENT FOR MORE EFFICIENT UTILIZATION OF
WATER ...Energy Budgets, Evapotranspiration, Irrigation-general,
Requirements for Water, Soil-water-plant Relationships, 2.0968

PLANT POPULATION EFFECTS ON THE EFFICIENT USE OF
WATER ...Energy Budgets, Evapotranspiration, Number,
Requirements for Water, Soil-water-plant Relationships, ...3.0399

2-571



Water Utilization -plant SUBJECT INDEX

DRYLAND SOIL MANAGEMENT -Colorado, Evapotranspira-
tion, Management Effects, Soil-water-plant Relationships, Tillage,
Cropping Systems, Wind Erosion, ..2.0208

WATER ABSORPTION BY ASPARAGUS ...Mulches -other, Root
Absorption, Soil-water-plant Relationships, Tillage, Cropping
Systems, -.2.0252

INTERACTION OF TEMPERATURE WITH OTHER FACTORS
ON THE RESPONSE OF CANADA THISTLE TO HERBICIDES
...Herbicides -non-specific, Mineral Nutrition, Mode of Action -
plant, Soil Moisture -non-specific, Temperature Levels Or Ranges,
-.2.0395

THE USE OF WATER IN THE PRODUCTION OF HORTICUL-
TURE CROPS ...Drought, Moisture Meters, Quality -non-specific,
Soil-water-plant Relationships, -.2.0695

9NFLUENCE OF ENERGY BUDGET ON AGRICULTURAL
PRODUCTION ...Energy Budgets, Evapotranspiration, Heat Flow,
Soil-water-plant Relationships, Water Balance- budget, _2.0693

EFFECTS OF RANGE PLANT FOLLIAGE REMOVAL ON SOIL
MOISTURE REGIME -.Grazing, Management and Fertility,
Moisture Content, Seasonal, -.2.1063

FOLIAR PENETRATION OF CHEMICALS WHICH INCREASE
DROUGHT AND SALT TOLERANCE ...Drought Resistance,
Foliar Absorption, Growth Retardation of Plants, Saline Soils,
Surface Properties -other, _3.0049

THE EFFECTS OF PLANT TRANSPIRATION RETARDANTS
ON TRANSPIRATION, LEAF TEMPERATURE, STOMATAL
BEHAVIOUS AND OSMOTIC PRESSURE ..Anti-transpirants,
Osmotic and Turgor Pressure, Temperature - Internal, Transpira-
tion, Transpiration and Evap, -.2.0403

THE EFFECT OF SUBSOIL TREATMENT ON SOIL CONDI-
TIONS, CROP GROWTH, AND RUNOFF ...Runoff, Soil Condi-
tions, Stubble Mulching, ...3.0222

SOIL MANAGEMENT UNDER DRYLAND CONDITIONS ...Ero-
sion-general, Management, Soil Conditions, Storage of Water, Til-
lage, Cropping Systems, -.4.0113

IRRIGATION AND WATER CONSERVATION -.Irrigation, Irriga-
tion - general, Water Loss Control, -.2.0835

IRRIGATION FEASIBILITY ON THE DAYTON, AMITY, WOOD-
BURN, WILLAMETTE AND RELATED SOILS OF THE WIL-
LAMETTE VALLEY ...Benefit-cost Analysis, Irrigation-general,
Soil Environment, Tillage, Cropping Systems, Water Costs,
-.2.0888

SOIL MOISTURE STORAGE AND UTILIZATION. ...Available
Water, Moisture Levels, Soil Environment, Soil-water-plant Rela-
tionships, Storage of Water, -.2.1037

CONTROL OF EVAPORATION AND TRANSPIRATION
THROUGH SOIL, PLANT AND AIR - WATER INTERFACE
MODIFICATIONS ...Anti-transpirants, Evaporation, Transpira-
tion, Transpiration and Evap, Water Loss Control, ...2.1040

VARIABLE ROW SPACING AS A MEANS FOR REDUCING
COSTS AND CONSERVING WATER IN IRRIGATED COT-
TON PRODUCTION ...Cotton, Irrigation, Irrigation-general,
Space Competition, Water Costs, -.3.0443

THE EFFECT OF TILLAGE AND ORGANIC MULCHES UPON
SOIL MOISTURE MOVEMENT AND SOIL TEMPERATURES
IN THE LOWER RIO GRANDE ...Evaporation, High Temp. -
85f Or Above, Mulches -other, Soil Environment, Temperature,
-.2.1056

INVESTIGATION OF BLOSSOM-END ROT OF PEAR TO-
MATOES -.Antitranspirants, Blossom End Rot, Moisture Meters,
Tomatoes, Water-borne, 2.1044

INTERROW WATERSHEDS AS A MEANS OF INCREASING
RAINFALL EFFICIENCY -.Infiltration, Irrigation-general, Plant
Water Use-other, Texas, Water Transfer, -.3.0450

HYDROLOGIC EFFECT OF VEGETATION MODIFICATION
...Hydrology-general, Model Studies, Water Development, Water
Movement, Vciocity, Water Yield, -3.0009

WATER SALVAGE STUDY ...Colorado, Phreatophytes, Transpira-
tion, Water Loss Control, -.6.0096

HERBICIDE EVALUATION FOR PHREATOPHYTE CONTROL
...Consumptive Use, Herbicides -non-specific, Range, Saltcedar,
Tamarisk, Water Loss Control, -.3.0132

DIFFERENTIAL RESPONSE OF SORGHUMS TO DIFFERENCES
IN CULTURE AND ENVIRONMENT ...Drought, Growth Rate,
Milo and Grain Sorghum, Moisture Deficiency, Rates Or Levels
of Application, ...2.0578

MOISTURE CONSERVATION PRINCIPLES AND PRACTICES
IN THE PACIFIC NORTHWEST ...Air - Water - Plant Relations,
Climate-general, Evapotranspiration, Management Effects, Soil-
water-plant Relationships, _4.0267

WATER USE UNDER DRYLAND CONDITIONS IN COASTAL
VALLEYS OF CALIFORNIA ...Applied Climatology, California,
Moisture Content, Precipitation- general, Soil Environment,
-.3.0092

TOLERANCE AND PHYSIOLOGICAL REACTIONS OF PLANTS
TO SALINITY AND RELATED FACTORS ...Growth Rate,
Saline Soils, Salinity, ..4.0040

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
FROM CROPPED FIELDS ...Conservation-general, Evapotrans-
piration, Humidity, Soil-water-plant Relationships, Transpiration,
...2.0035

Natural Variation of Water USE
AN EXPERIMENTAL STUDY OF EDDY DIFFUSION COEFFI-

CIENTS, EVAPOTRANSPIRATION AND WATER USE EFFI-
CIENCY Diffusion , Eddies, Evaporation, Evapotranspiration,
Transpiration, Wind Or Air Movement, ...2.0437

WATER CONSERVATION THROUGH EFFICIENT USE BY
CROP PLANTS ...Conservation-general, Metabolic-biochemical
Genetics, Moisture Deficiency, Requirements for Water, Selection
& Breeding, -.2.0057

IRRIGATION INVESTIGATIONS WITH AGRONOMIC CROPS
...Cotton, Cultivation Methods, Ns, Irrigation, Moisture Levels,
Soybeans, ...2.0075

SOIL - PLANT - WATER RELATIONSHIPS Irrigation, Soil
Morphology, Profiles, Soil-water-plant Relationships, 2.0582

INTERRELATIONS BETWEEN THE SUPPLY, UPTAKE, AND
USE OF INORGANIC NUTRIENTS AND WATER ...Absorption
(non-specific), Mineral Nutrition, Soil Conditions, Soil-water-
plant Relationships, -.2.0143

MOISTURE RETENTION, MOVEMENT, MEASUREMENT, AND
AVAILABILITY TO PLANTS IN FLORIDA SOILS ...Available
Water, Internal Water Movement, Moisture Content, Moisture
Retention, Soil Tests, Soil-water-plant Relationships, -.2.0313

PERIODIC PLANT GROWTH PHENOMENA AND HYDROLO-
GY ...Dendrochronology, Moisture Levels, Precipitation -non-
specific, Soil-water-plant Relationships, Water Table Fluctuation,
...2.i098

RELATION OF SALINITY TO STATE AND TRANSPORT OF
WATER AND IONS IN SOIL AND PLANTS ...Internal Water
Movement, Ion Transport and Elect. pot. , Salinity, Soil Environ-
ment, Soil-water-plant Relationships, -.3.0085

Phreatophytes
STUDIES OF TRANSPIRATION LOSSES ...Consumptive Use,

Evapotranspiration, Subsurface Irrigation, Transpiration, _2.0114
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PHREATOPHYTE CONTROL - LAHONTAN AND HUMBOLDT
BASINS ...Phonology, Reservoirs and Impoundments, Root, Salt-
cedar, Tamarisk, Weed Control -other, _3.0317

CHEMICAL CONTROL OF CREOSOTEBUSH AND MESQUITE
...Evaluation, Legumes -other-mesquite... , Management Effects,
Range, Watersheds-general, Zygophyllaceae, -.4.0177

IMPROVEMENT AND MANAGEMENT OF THE COMMUNITY
PASTURES OF THE PERSHING COUNTY WATER CONSER-
VATION DISTRICT NEAR BATTLE MOUNTAIN, NEVADA
...Evaluation, in Forages and Pasture, Management, Nevada,
Storage of Water, ...3.0316

PHREATOPHYTE EVAPORATION RESEARCH ...Energy
Budgets, Evapotranspiration, Groundwater, Saitcedar, Tamarisk,
...2.I052

GILA RIVER PHREATOPHYTE PROJECT ...Arizona, Energy
Budgets, Evapotranspiration, Water Balance-budget, Water Loss
Control, ...2.0042

WATER SALVAGE STUDY ...Colorad ), Modified Water Use,
Transpiration, Water Loss Control, -.6.0096

SEDIMENTATION AND WATER SALVAGE STUDIES-SOIL
AND MOISTURE PROGRAM ...Channels, of Specific Weeds,
Scouring, Transpiration, Water Loss Control, -.8.0028

CONTROLLING UNDESIRABLE PHREATOPHYTES ...Environ-
mental Effects, Evaluation, Herbicides -non-specific, Integrated
Physical Control, ...3.0496

WATER YIELD IMPROVEMENT FROM RIPARIAN AND
UPLAND AREA OF RIVER BASINS ...Evapotranspiration,
Management, Riparian Plants, River Basins, Sediment Yield,
Southwest, -4.0006

SALVAGE AND USE OF WATER LOST TO PHREATOPHYTES
IN THE GREAT BASIN ..Energy Budgets, Great Basin, Manage-
ment, Moisture Levels, Water Loss Control, -.3.0315
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RAINFALL CHARACTERISTICS, DROUGHT INCIDENCE AND
THE DEVELOPMENT OF A RAINFALL DEFICIENCY INDEX
FOR THE AGRICULTURAL REGIONS OF PUERTO RICO
...Irrigation-general, Meteorological Extremes, Patterns, Puerto
Rico, Rain, -2.0932

THE PHYSIOLOGICAL BASIS OF THE TOLERANCE OF HOR-
TICULTURAL CROPS TO COLD, DROUGHT, AND WATER
...Cold Resistanc and Hardiness, -2.0500

DROUGHT RESISTANCE IN BARLEY VARIETIES ...Moisture
Deficiency, Photoperiod -non-specific, -2.0449

A STUDY OF THE PHYSIOLOGIC AND CULTURAL FACTORS
WHICH INFLUENCE PRODUCTION OF TREE FRUITS ...Her-
bicides and Other Chem, Irrigation, Irrigation-general,
...2.0074

IMPACTS OF DROUTH ON LOCAL ECONOMIES IN KANSAS
...Agriculture Industry, Economic Impact, History, Kansas,
-2.0517

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS IN THE
BLACKLANDS AND EDWARDS PLATEAU OF TEXAS
...Agricultural Watersheds, Amount, Gages, Runoff, Texas,
-2.1032

Flooding
DETERMINE ECOLOGICAL CHANGES RESULTING FROM IM-

POUNDMENT ...Cover Crops, Freshwater Ecology, Mapping,
Plant Succession, Reservoirs and Impoundments, Water Level
Fluctuation, -6.0355

THE PHYSICAL AND CHEMICAL PROPERTIES OF WATER
AND SOILS AS RELATED TO THE SUCCESSFUL GROWTH
OF WATERFOWL FOOD AND COVER PLANTS ...Food
Supply, Oxygen, Phytotoxic, Soil (wildlife) Cover, Soil Condi-
tions, Water Fowl, N.s. , -2.0799

BASIC RESEARCH IN VEGETATION AND HYDROLOGY
...Groundwater, Land Use, Low Flow, Mapping, Movement,
Water Quality-general, ...2.1100

Irrigation
THE EFFECTS OF SALINE IRRIGATION WATER ON SODIUM

ACTIVITIES AND PHYSICAL PROPERTIES OF LATOSOLIC
SOILS ,..Hawaii, Irrigation-general, Saline and Alkaline Soils,
Salinity, Soil Environment, -3.0199

RECLAMATION AND MANAGEMENT OF SOILS ON IRRIGA-
BLE LAND (MONTANA) ...Internal Water Movement, Manage-
ment, Saline and Alkaline Soils Saline Soils, Velocity -water,
...4.0159

WATER REQUIREMENTS BY SUGARCANE UNDER IRRIGA-
TION Consumptive Use, Moisture Content -plants, Require-
ments for Water, Sugar Cane, ...3.0424

IRRIGABLE ACREAGE IN NEW MEXICO AND PROJECTED
DEMANDS FOR IRRIGATION WATER .,.Economics - general,
Irrigation-general, New Mexico, Water Costs, Water Demand,
...6.0360

PREDICTING THE EFFECTS OF CHANGES IN IRRIGATION
WATER TEMPERATURE CAUSED BY WATER PROJECTS
...Heat Flow, Low Temp. - But Above 32f, Temperature. -5.0083

INFLUENCES OF MIST IRRIGATION ON MOISTURE STRESS,
GROWTH, YIELD, AND QUALITY OF POTATOES AND
OTHER VEGETABLE CROPS ...Drought, Mist Irrigation,
Moisture Tension, Potatoes, ...2.0668

SOYBEAN YIELD AND QUALITY AS AFFECTED BY C'
MATIC, CULTURAL AND SOIL FACTORS ....Alabama,
Drought, Moisture Tension, Soybeans, Yield, _3.0001

FACTORS AFFECTING THE QUALITY OF ARIZONA MELONS
...Cantalope, Muskmelon, Honeydew, Mineral Nutrition, Moisture
Levels, Nitrogen, Vines, -2.0031

LETTUCE PHYSIOLOGY ...Fertilizer Types -other, Growth,
Moisture Content, Moisture Levels, _2.0032

SPRINKLER IRRIGATION OF CITRUS UNDER
SOUTHWESTERN CONDITIONS ...Citrus, Flood Irrigation,
Southwest, Sprinkler Irrigation, Trees, -2.0052

FACTORS AFFECTING PRODUCTION OF PECANS IN
ARIZONA ...Irrigation-general, Mineral Nutrition, Moisture Con-
tent, Pecans, Hickory Nuts, Saline Properties, Saline Soils,
-2.0046

LEMON PRODUCTION IMPROVEMENT ...Arizona, Citrus, Fur-
row Irrigation, Sprinkler Irrigation, Trees, ...2.0067

IRRIGATION INVESTIGATIONS WITH AGRONOMIC CROPS
...Cotton, Cultivation Methods, Ns, Moisture Levels, Natural
Variation of Water USE, Soybeans , -2.0075

ENGINEERING PHASES OF IRRIGATION IN ARKANSAS ...Ar-
kansas, Irrigation Engineering, _2.0069

Plant Responses
Drainage

FIELD INVESTIGATIONS OF SUBSURFACE AND SURFACE
DRAINAGE ...Corn, Soybean, -4.0103

DRAINAGE OF AGRICULTURAL LANDS ...Agricultural
Watersheds, Drainage Engineering, Excessive Moisture, Ground-
water, Water Table - Depth of , -4.0153

DEVELOPMENT OF CRITERIA FOR ADEQUATE DRAINAGE
...Moisture Levels, Soil-water-plant Relationships, _4.0186

SURFACE AND SUBSURFACE DRAINAGE FOR SLOWLY
PERMEABLE SOILS ...Drainage Engineering, Envir. responses
(non-specific, Soil Moisture -non-specific, Soil-water-plant Rela-
tionships, -4.0192

SOIL, PLANT, AND METEOROLOGICAL FACTORS IN
DRAINAGE EVALUATION AND DESIG ...Applied Climatolo-
gy, Drainage Engineering, Soil Environment, Soil-water-plant
Relationships, ...4.02i3

SOIL-WATER-PLANT RELATION TO ARTIFICIAL DRAINAGE
...Moisture Content, Physical Properties-general, Soil Chemical
Properties, Soil-water-plant Relationships, -4.0264

WATER TABLE CONTROL IN ORGANIC SOILS ...Linings-
pavings, Moisture Retention, Soil-water-plant Relationships,
Swamps-marshes, Water Table Fluctuation, -4.0079

WATER RELATIONS WITH CITRUS ON THE FLATWOODS
AND MARSHES OF THE EAST COAST ...Citrus, Saline Soils,
Sprinkler Irrigation, Swamps-marshes, Water Table Fluctuation,
-2.0310

DRAINAGE OF STRATIFIED FOILS ...Drainage Engineering,
Drainage Systems, Soil-water-plant Relationships, ...5.0939

LAND FORMING FOR IRRIGATION AND DRAINAGE IN SU-
GARCANE PRODUCTION UNDER PUERTO RICAN CONDI-
TIONS ...Irrigation, Irrigation-general, Puerto Rico, Sugar Cane,
Water Harvesting, -3.0425

STUDIES ON VEGETABLE CULTURE ...Aerial, in Horticulture,
Irrigation, Irrigation-general, ...2.0949

DRAINAGE REQUIREMENTS AND PRACTICES FOR CROP
PRODUCTION ...Virginia, -4.0266

DRAINAGE REQUIREMENTS OF CROPS IN THE SOUTH
...Growth Rate, Southern, Water Table - Depth of , -3.0197

Drought
THE ECONOMIC EFFECTS OF DROUGHT ON AN AGRICUL-

TURAL ECONOMY ...Economic Impact, Great Plains Province,
Meteorological Extremes, Weather, -2.0510

RATE OF EVAPOTRANSPIRATION ...Energy Budgets,
Evapotranspiration, Missouri, Precipitation-general, Yield,
...2.0692

USE OF INFRARED AND OTHER RADIATION TECHNIQUES
TO EVALUATE DROUGHT IN IOWA AND ADJACENT
ArnAS ...Infrared Radiation, Iowa, Photography-other, Spectral
Reflectance, -2.0483

WATER USE EFFICIENCY OF FORAGE CROPS ...Breeding,
Drought Resistance, -2.0055

WATER-SOIL-PLANT RELATIONS ...Laboratory Analysis, Soil-
water-plant Relationships, -2.0088

WATER-SOIL-PLANT RELATIONS ...Root Absorption, Soil-
water-plant Relationships, -2.0211

EFFECTS OF SOIL MOISTURE STRESS ...Moisture Deficiency,
Moisture Tension, Physiology, Plant Chemistry, Pines, Soil En-
vironment, -2.0431

INJURY AND RESISTANCE IN PLANTS ...Corn, Moisture Defi-
ciency, Soybean, Translocation, -2.0487

CRITERIA FOR EVALUATION AND FUNCTIONAL DESIGN OF
IRRIGATION SYSTEMS ...Applied Climatology, Irrigation, Ir-
rigation-general, Moisture Levels, Moisture Tension, -2.0524

THE USE OF WATER IN THE PRODUCTION OF HORTICUL-
TURE CROPS ...Modified Water Use, Moisture Meters, Quality -
non- specific, Soil-water-plant Relationships, ...2.0695

WATER-SOIL-PLANT RELATIONS ...Growth Rate, Maturity &
Growth Stages, Osmotic and Turgor Pressure, Soil-water-plant
Relationships, Transpiration and Evap, _1.0075

DROUGHT INJURY AND RESISTANCE IN PLANTS ...Moisture
Deficiency, -2.0834

THE EFFICIENCY OF WATER USE UNDER VARYLING CON-
DITIONS OF PLANT WATER STRESS ...Moisture Deficiency,
Soil-water-plant Relationships, ..2.0836

IRRIGATION AND FERTILIZER ON UPLAND FOREST ...Ecolo-
gy and Morphology, Growth Rate, Irrigation, Measurement of
'Trees & Stands, Smooth Carolina, _6.0488
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PHYSIOLOGICAL FACTORS IN WATER NEEDS AND USE OF
CROPS ...Moisture Content, Moisture Levels, Plant Phys.(non-
sr?ecific & Ot), Soil - Crop Relationships, Soil-water-r!ant Rela-
tionships, 2.0072

MICROMETEOROLOGY OF SOYBEANS ...Environmental-disease
Relation, Evapotranspiration, Furrow Irrigation, Micrometeorolo-
gy, Soybeans, _2.0070

SOILS AND NUTRIENT CULTURE EXPERIMENTS TO DETER-
MINE THE EFFECTS OF VARIABLE SALINITY CONDITIONS
ON CITRUS BEHAVIOR ...Citrus, Saline and Alkaline Soils,
Saline Soils, Salinity, Trees, 3.0086

MOISTURE CONTROL AND ITS RELATION TO CULTURAL
PRACTICES POR CITRUS, TREE, AND VINE CROPS
...California, Moisture Tension, Soil-water-plant Relationships,
Trees, Vines, 2.0139

INFLUENCE OF IRRIGATION PRACTICES ...Soil Structure,
2.0210

RELATION OF PHYSICAL CONDITIONS OF SOILS AND
RESULTS OBTAINED FROM IRRIGATION ...Internal Water
Movement, Irrigation-general, Soil Conditions, Soil Morphology,
Profiles, Soil-water-plant Relationships, 2.0344

CRITERIA FOR EVALUATION AND FUNCTIONAL DESIGN OF
IRRIGATION SYSTEMS ...Applied Climatology, Drought, Irriga-
tion-general, Moisture Levels, Moisture Tension, 2.0524

SOIL - PLANT - WATER. RELATIONSHIPS ...Natural Variation of
Water USE, Soil Morphology, Profiles, Soil-water-plant Relation-
ships, ...2.0582

FERTILITY RUNOFF Erosion-general, Runoff, Tillage, Cropping
Systems, ...4.0154

EFFICIENT ESTABLISHMENT AND PRODUCTION OF
FORAGE CROPS ON IRRIGATED LANDS ...Management,
Saline and Alkaline Soils, Soil-water-plant Relationships, Space
Competition, Yield, ...2.0733

SPRING IRRIGATION OF ALFALFA ...Alfalfa, Rhizosphere, Tem-
perature, .3.0313

IRRIGATION REQUIREMENTS OF FIELD AND HORTICUL-
TURAL CROPS .Evapotranspiration, Irrigation Engineering,
Moisture Deficiency, Sprinkler Irrigation, Surface Irrigation -
general, ...2.0872

EFFECT OF WATER APPLICATIONS TO SOD AND MULCH
UPON QUALITY ATTRIBUTES OF APPLE FRUITS ...Apples,
Mulches -other, Quality -non-specific, Sprinkler Irrigation,
Storage Changes, Trees, 2.0853

IRRIGATION AND FERTILIZER ON UPLAND FOREST
...Drought, Ecology and Morphology, Growth Rate, Measurement
of Trees & Stands, South Carolina, ...6.0488
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Mulches -other, Root Absorption, Tillage, Cropping Systems,
2.0252

RELATION OF PHYSICAL CONDITIONS OF SOILS AND
RESULTS OBTAINED FROM IRRIGATION ...Internal Water
Movement, Irrigation, Irrigation-general, Soil Conditions, Soil
Morphology, Profiles, 2.0344

THE EFFECT OF VARYING SOIL MOISTURE REGIMES ON
THE YIELD AND LEAF NITROGEN COMPOSITION OF
CORN ...Corn, Fertility Competition - Soil, Management,
Nitrogen, Rates Or Levels of Application, ...2.0446

SOIL - PLANT - WATER RELATIONSHIPS ...Irrigation, Natural
Variation of Water USE, Soil Morphology, Profiles, ...2.0582

WATER REQUIREMENTS OF CROPS ...Climate-general, Irriga-
tion, Irrigation-general, Management, Moisture Content, Require-
ments for Water, ...2.0654

THE USE OF WATER IN THE PRODUCTION OF HORTICUL-
TURE CROPS ...Drought, Modified Water Use, Moisture Meters,
Quality -non-specific, ...2.0695

INFLUENCE OF ENERGY BUDGET ON AGRICULTURAL
PRODUCTION ...Energy Budgets, Evapotranspiration, Heat Flow,
Modified Water Use, Water Balance-budget, ...2.0693

DISTRIBUTION, APPLICATION AND USE OF WATER ...Furrow
Irrigation, Irrigation Engineering, Model Studies, Moisture Con-
tent, Water Yield, ...3.0304

ENERGY AND WATER BALANCE ...Evapotranspiration,
Moisture Tension, Nuclear Moisture Meters, Soil Moisture -non-
specific, Soils and Fertilizer, ...2.0691

EFFICIENT ESTABLISHMENT AND PRODUCTION OF
FORAGE CROPS ON IRRIGATED LANDS ...Irrigation,
Management, Saline and Alkaline Soils, Space Cf mpetition,
Yield, ...2.0733

WATER-SOIL-PLANT RELATIONS Drought, Growth Rate,
Maturity & Growth Stages, Osmotic and Turgor Pressure, Trans-
piration and Evap, 1.0075

SOIL- PLANT -WATER RELATIONSHIPS ...Drought, Evaporation,
Growth Rate, New Jersey, Water Loss Control, _2.0758

DEVELOPMENT OF CRITERIA FOR ADEQUATE DRAINAGE
...Drainage, Moisture Levels, 4.0186

THE EFFICIENCY OF WATER USE UNDER VARYLING CON-
DITIONS OF PLANT WATER STRESS ...Drought, Moisture
Deficiency, ...2.0836

2-577

SURFACE 1.ND SUBSURFACE DRAINAGE FOR SLOWLY
PERMEABLE SOILS ...Drainage, Drainage Engineering, Envir.
responses (non-specific, Soil Moisture -non-specific, 4.0192

STUDIES OF THE SOIL - MOISTURE -PLANT REGIME FOR THE
CONDITIONS OF WESTERN OKLAHOMA ,..Analog Compu-
ters, Climate-general, Consumptive Use, Evapotranspiration,
Oklahoma, .,.2.0880

WATER-SOIL PLANT RELATIONS Drought, Moisture Content,
Moistura, Tension, Transpiration and Evap, 2.0886

SOIL - PLANT WATER RELATIONSHIPS ...Moisture Tension,
Nuclear Moisture Meters, Soil Morphology, Profiles, Water
Movement, Velocity, 2.0923

HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS ...Agricultural Watersheds, Cover Crops, General
Synoptic Observations, Groundwater, Management, Piedmont
Province, Water Yield, 2.0958

CRITERIA FOR FUNCTIONAL ANALYSIS OF SOIL-PLANT-
WATER SYSTEMS ...Applied Ecology, Management, Quality -
non- specific, South Carolina, Yield, ...2.0952

SOIL, PLANT, AND METEOROLOGICAL FACTORS IN
DRAINAGE EVALUATION AND DESIG ...Applied Climatolo-
gy, Drainage, Drainage Engineering, Soil Environment, 4.0213

DRAINAGE OF PROPOSED IRRIGATED SOILS IN OAHE UNIT
...Drainage Engineering, Irrigation, ...4.0217

WATER-SOIL-PLANT RELATIONS Antitranspirants, Drought,
Osmotic and Turgor Pressure, Rhizosphere, Root Absorption,
...2.1077

SOIL -WATER -PLANT RELATION TO ARTIFICIAL DRAINAGE
.Drainage, Moisture Content, Physical Properties-general, Soil
Chemical Properties, ...4.0264

THE RELATION OF ENVIRONMENT CONDITIONS TO THE
WATER POTENTIAL OF PLANT LEAVES ...Evapotranspira-
tion, Leaves, Translocation, Transpiration and Evap, ...2.1156

RESPONSE OF ALASKA'S ADAPTED CROPS TO SUPPLEMEN-
TAL WATER ...Alaska, Benefit-cost Analysis, Irrigation, Irriga-
tion-general, Water Sources -general, 2.0030

DEVELOPMENT OF METHODS FOR MEASURING PARTIAL
VAPOR PRESSURE OF SOIL WATER Krypton, Moisture Ten-
sion, Osmotic Pressure, Soil Environment, Technique Develop-
ment, Vapor Pressure, 2.0495

SOIL STRUCTURE - TILLAGE INTERACTIONS ...Deformation
Mechanics, Other Water Conditions, Rheological, Soil Environ-
ment, Stability, ...2.0499

BIOLOGY AND CONSUMPTIVE WATER USE OF PERENNIAL
RANGE PLANTS UNDER DESERT CONDITIONS ...Arid and
Desert, Consumptive Use, Flood Irrigation, Management and Fer-
tility, Perennial, Phenology, 3.0231

SOIL-PLANT-ATMOSPHERE COMPONENTS IN IRRIGATION
STUDIES OF BLACK WALNUT TREES IN SOUTHERN IL-
LINOIS ...Air - Water - Plant Relations, Irrigation-general,
Moisture Tension, Transpiration, Walnuts -black & English,
...2.0401

NITROGEN TRANSFORMATIONS IN SOIL ...Agricultural
Watersheds, Fertilizers, Nitrate, Nitrite, Pollutants - Path of Ru-
noff, 5.0045

SOIL- MOISTURE -PLANT RELATIONS OF AVOCADO TREES
Irrigation-general, Lauraceae - Sassafras... Moisture Content,
Temperature, Trees, 2.0148

IRRIGATION STUDIES WITH VEGETABLES ...Aerial, California,
Irrigation-general, Root, Saline Soils, Water Quality-general,
2.0137

WATER AND SOIL TEMPERATURE IN RELATION TO PLANT
GROWTH ...Irrigation, Low Temp. - But Above 32f, Tempera-
ture, Yield, ...2.0089

MOISTURE CONTENT OF VARIOUSLY TREATED CHAPAR-
RAL SOILS IN RELATION TO SEEDLING ESTABLISHMENT
OF ADAPTED PERENNIAL GRASSES ...Adaptation, California,
Cover Crops, Grasses -non-specific, Moisture Tension, 2.0142

INTERRELATIONS BETWEEN THE SUPPLY, UPTAKE, AND
USE OF INORGANIC NUTRIENTS AND WATER ...Absorption
(non-specific), Mineral Nutrition, Natural Variation of Water
USE, Soil Conditions, 2.0143

MOISTURE RETENTION, MOVEMENT, MEASUREMENT, AND
AVAILABILITY TO PLANTS IN FLORIDA SOILS ...Available
Water, Internal Water Movement, Moisture Content, Moisture
Retention, Natural Variation of Water USE, Soil Tests, ...2.0313

WATER TABLE CONTROL IN ORGANIC SOILS ...Drainage,
Linings-pavings, Moisture Retention, Swamps-marshes, Water
Table Fluctuation, 4.0079

STUDY OF IRRIGATION SYSTEM DESIGN CRITERIA FOR
HAWAIIAN VEGETABLE CROPS ...Economics-general, Hawaii,
Irrigation, Irrigation-general, Water Yield, 2.0380



Water Utilization -plant SUBJECT INDEX
NORTHERN IDAHO ALFALFA PROBLEM Alfalfa, Idaho, In-

ternal Water Movement, Other Enviromental Conditions, Soil
Conditions, ...2.0397

IRRIGATION OF WINTER WHEAT IN SOUTHERN IDA 90 ...Ir.
rigation, Irrigation-general, Moisture Content, Moisture Levels,Wheat, ..3.0208

SOIL AND CLIMATE FACTORS AFFECTING THE EFFICIENT
USE OF WATER BY CROPS ...Air - Watet - Plant Relations,
Applied Climatology, Evaporation, Iowa, Moisture Content,Moisture Levels, .2.0485

DRAINAGE OF STRATIFIED FOILS ...Drainage, Drainage En-
gineering, Drainage Systems, 5.0939

THE WATER ECONOMY OF TURFGRASS Dew, Management,
Moist we Content, Soil Types, Species and Variety Evaluation,.2.0941

THE INVESTIGATION OF SOIL PROBLEMS IN RELATION TO
IRRIGATION DEVELOPMENT IN SUBHUMID AREAS ...Ir-rigation, Sub - Humid, ...2,0967

FEASIBILITY OF THE ESTABLISHMENT OF PERMANENT
SALINE-TYPE AGRICULTURE ON ALLUVIAL SOILS OF
THE PECOS RIVER VALLEY OF TEXAS ...Irrigation, Irriga-
tion-general, Saline and Alkaline Soils, Soil Chemical Properties,
Soil Conditions, Texas, ..3.0447

GROWTH AND YIELD OF COTTON AND TOMATOES UNDER
DIFFERENT MOISTURE LEVELS AND PLANT SPACING IN
THE LOWER RIO GRANDE VALLEY ...Activation Analysis, Ir-
rigation, Irrigation-general, Moisture Levels, Space Competition,.2.1026

SOIL MOISTURE STORAGE AND UTILIZATION. Available
Water, Modified Water Use, Moisture Levels, Soil Environment,Storage of Water, ..2.1037

CROP RESPONSE TO STATIC AND FLUCTUATING WATER
T4,BLES ...Saline Soils, Soil Aeration, Texas, Water Table -Depth of , Water Table Fluctuation, ...3.0446

THE ROLE OF VEGETATION AND SOIL IN WATERSHED
YIELD ,..Cover Crops, Dendroelimatology, Soil Properties -General, Water Balance-budga, Water Yield, Watersheds-general, 4.0256

SNOW COVER COMPACTION AND SOIL MOISTURE
,..Moisture Content, Snowmclt, Snowpack, 2.1065

SOIL AND WATER MANAGEMENT AS RELATED TO
FORAGE CROP PRODUCTION ...Fumigation, Irrigation, Lime,
Management, Tillage, Cropping Systems, ...2.1104

SOIL AND WATER RELATIONSHIPS OF VEGETABLE CROPS
...Blossom Drop, Drought, Evaporation, Requirements for Water,Washington, .2.1116

RELATION OF SILVICULTURAL CUTTINGS TO SOILS
...Cutting Operations, Soil Conditions, Soils and Fertilizer,...2.1167

PARTIAL CUTTINGS OF FOREST PLANTATIONS, INCLUDING
EFFECT OF GROUND VEGETATION ON SUPPLY OF SOIL
MOISTURE ...Consumptive Use, Cover Crops, Forests, Moisture
Competition, Soil Environment, 2.1168

PERIODIC PLANT GROWTH PHENOMENA AND HYDROLO-
GY ...Dendrochronoiosy, Moisture Levels, Natural Variation of
Water USE, Precipitation -non-specific, Water Table Fluctuation,
...2.1098

VEGETATION CHANGES IN SOUTHWESTERN NORTH AMER-ICA ...Arid and Desert, Climate, Deserts, Arid Lands, Other
Water Conditions, Southwest, _2.0045

INSTRUMENTATION FOR ENERGY BUDGET EVAPOTRANSP
STUDIES ...Energy. Budgets, Evapotranspiration, Temperature -
Internal, Translocation, Xylem, 7.0016

THE ROLE OF AQUATIC SOILS IN THE NUTRIENT DYNAM-
ICS OF AQUATIC ECOSYSTEMS ...Aquatic Plants (non-
specific), Floating Plants, Movement, Availability, 6.0158

WATER YIELD IMPROVEMENT IN THE BRUSHLANDS OFTHE SOUTHWEST ...Consumptive Use, Internal Water Move-
ment, Soutiv.vest, Unsaturated Flow, Water Yield, 3.0062

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN RIVER BASINS ...Artemisia, Cover Crops, Erosion-
general, Forest Watersheds, Management, Water Yield, ...3.049S

HYDROLOGY AND MANAGEMENT OF WETLAND FORESTS
...Forests, Sails and Fertilizer, ...3.0431

WATER YIELD IMPROVEMENT FROM SOIL TREATMENTS
AND PLANT-COVER ALTERATIONS (ABBREV) ...Cover
Crops, Precipitation -non-specific, Soil Management -other, Water
Yield, Watersheds-general, ...4.0249

IRRIGATION PRACTICES AND FACTORS AFFECTING THE
WATER REQUIREMENT OF CROPS IN DIFFERENT LAND
RESOURCE AREAS OF THE NORTHEAST ...Consumptive Use,
Evapotranspiration, Irrigation-general, Northeast, Requirementsfor Water, ...3.0257

2-578

IRRIGATION REQUIREMENTS, PRACTICES AND METHODSOF APPLICATION FOR EFFICIENT PRODUCTION OF
CROPS IN THE SOUTHEAST ...Irrigation, .3,0191

EFFECTS OF USING SALINE AND INDUSTRIAL WASTE
WATERS ON YIELD AND QUALITY OF PLANTS ...Brackish
Water, Industrial Wastes, Irrigation, Irrigation-general, Saline and
Alkaline Soils, Soil and Rock Leaching, 3.0258

THE EFFECT OF BRACKISH WATER ON PLANTS AND SOIL
IN THE SOUTH ...Brackish Water, Irrigation, Saline and AlkalineSoils, Southern, 3.0192

SOIL-MOISTURE-PLANT GROWTH RELATIONSHIPS,.,Moisture Content, Moisture Retention, Moisture Tension,
Radioisotopes, Root Absorption, Translocation, .2.0438

CLIMATIC INFLUENCE ON WATER USE AND CROP PER-
FORMANCE IN THE CORN BELT REGION ...Climate, Corn
Belt, Energy Budgets, Evapotranspiration, Heat Exchange, Hu-midity, 2.0439

UNDERSTANDING AND IMPROVING SOIL-PLANT-AT-
MOSPHERIC RELATIONSHIPS FOR MORE EFFICIENT
UTILIZATION OF WATER _Irrigation, Micrometcorology, RootAbsorption, .2.1057

SPECTRAL RECONNAISSANCE FOR DIAGNOSIS OF SOIL
AND WATER MANAGEMENT PROBLEMS ...Field, Manage-
ment, Reflectance, Remote Sensing, Soil Management -non-
specific, Spectral Reflectance, .3.0465

MOISTURE CONSERVATION PRINCIPLES AND PRACTICES
IN THE PACIFIC NORTHWEST ...Air - Water - Plant Relations,
Climate-general, Evapotranspiration, Management Effects,Modified Water Use, 4,0267

INFILTRATION AS INFLUENCED BY SOIL-VEGETATION
COMPLEXES ...Infiltration, Semi - Arid, ...2.0385

PRINCIPLES AND PRACTICES FOR SALINITY CONTROL IN
THE SOIL-WATER-PLANT SYSTEM .Drainage, Irrigation,
Salinity, Soil and Rock Leaching, Soil Environment, 3.0003

RELATION OF SALINITY TO STATE AND TRAilSPORT OF
WATER AND IONS IN SOIL AND PLANTS .. Internal Water
Movement, Ion Transport and Elect. pot. Natural Variation ofWater USE, Salinity , Soil Environment, 3.0085

MOVEMENT OF WATER AND AIR TO AND INTO PLANT
ROOTS IN SOILS OF THE GREAT BASIN ...Air - Water - PlantRelations, Root Absorption, Saline and Alkaline Soils, Soil
Amendments, Soil Analysis, ...2.0729

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
FROM CROPPED FIELDS ...Conservation-general, Evapotrans-
piration, Humidity, Modified Water Use, Transpiration, ...2.0035

RELATIONSHIP OF PESTICIDES IN SOIL, WATER AND
PLANTS .Bioindicators, Degradation, Food Chains, Animal
And/or Man, Pesticides, 5.0567

Water Wells
WELL DRAWDOWN IN UNCONFINED AQUIFERS UNDER

NON-STEADY CONDITIONS ...Aquifers-other, Drawdown, Flow
Characteristics -water, Seepage, Unsteady Flow, _2.0862

OPTIMIZATION OF WELLS AND RECHARGE FACILITIES INCONJUNCTIVE USE OF GROUNDWATER RESERVOIRS
...Conjunctive Use, Groundwater Basins, Optimization, Pumping,Recharge -general, 6.0054

OCCURRENCE AND CHARACTERISTICS OF FRACTURES IN
CRYSTALLINE ROCKS OF SOUTHEASTERN NEWHAMPSHIRE AND THEIR RELATIONSHIP TO THE YIELD
OF DR1L ...Groundwater Mining, Joints-fractures, Mapping, NewHampshire, Water Yield, 2.0744

DEVELOPMENT OF SYSTEMS FOR GROUND WATER
RECHARGE INTO THE OGALLALA FORMATION ...Artificial
Recharge, Filtration, Playas, Ponds, Texas, _4.0243

MOVEMENT AND MIXING OF WATER INJECTED INTO
AQUIFERS ...Aquifers-general, Artificial Recharge, D;spersion -water, Exchange Capacity, Flow Augmentation, Fluid Mixing,Groundwater Movement, 5.0527

REDUCTION OF GROUND WATER INFILTRATION INTOSEWERS BY ZONE PUMPING ...Lining, Pump, Pumping,
Sewerage Systems-general, Water Table F1P.ctuation, 5.0320

GROUND WATER, RESOURCES AND RECHARGE - RICE ...Ar-
kansas, Artificial Recharge, Groundwater, Irrigation-general, Pol-lution - Effects of , 6,0026

DRAINAGE DESIGN FOR IRRIGATION AGRICULTURE
...Aquifers-general, Artesian Flow, Conjunctive Use, Groundwater
Movement, Seepage, ...4.0165

SHALLOW WELLS AND IRRIGATION PITS FOR IRRIGATION
AND OTHER FARM WATER SUPPLY IN THE COASTAL
PLAINS ...Aquifers-general, Coastal Plain, Irrigation-general,Pumping, Terrain Analysis, 3.0194



SUBJECT INDEX Watersheds
DEVELOPMENT OF COST CRITERIA FOR WATER SUPPLY

...Model Studies, Reservoirs and Impoundments, Water - Alterna-
tive Uses, Water Costs, Water Supply-general, Water Transfer,
4.0098

EFFECTS OF TUTTLE CREEK RESERVOIR ON GROUND
WATER LEVELS BELOW THE DAM ...Observation Wells, Pro-
ject Post-evaluation, Pumping, Water Level Fluctuation, Water
Table Fluctuation, ...4.0117

GEOLOGY AND GROUND WATER RESOURCES OF
RENVILLE COUNTY ...Aquifers-general, Geology-general,
Groundwater, North Dakota, Water Resources - General,
...2.0843

HYDRAULICS OF WELLS ...Aquifers-other, Drawdown, Hydraulic
Engineering-other, Model Studies, Unsteady Flow, ..,7.0077

CHEMICAL QUALITY OF BRINES ASSOCIATED WITH DEEP
SEDIMENTS BENEATH GREAT SALT LAKE ...Brines, Chemi-
cal Analysis (water), Great Salt Lake, Salt, Water Sampling,
-.5.1200

HYDROLOGY OF THE CRYSTALLINE ROCK SYSTEM IN
SOUTHEASTERN STATES ...Crystalline, Groundwater, Ground-
water Movement, Hydrology-general, Water Quality-general,
Water Yield, 2.0825

FILTER CRITERIA FOR DRAINS AND WATER WELLS
...Drainage, Filters, Filtration, Infiltration, Linings-pavings,
8.0083

Watersheds
Agricultural Watersheds

COOPERATIVE RESEARCH PROJECT IN WESTERN NORTH
CAROLINA ..,Agriculture Industry, Cover Crops, Land Use,
Modified Water Use, North Carolina, ...2.0830

DESIGNING AND TESTING A WATER MONITORING SYSTEM
FOR PESTICIDES IN NORTH CAROLINA ...Chemical Identifi-
cation, DDT , Endrin, Monitoring Systeme, North Carolina,
Technique Development, ...7.0087

SIMULATION OF THE HYDROLOGIC CYCLE ON SMALL
AGRICULTURAL WATERSHEDS BY DIGITAL TECHNIQUES
...Algorithms, Digital Computers, Other Models, Virginia, Water
Cycle, 2,1109

EVAPOTRANSPIRATION AND ITS CHEMICAL REDUCTION
...Antitranspirants, Evapotranspiration, Kansas, Lysimeters,
Meteorology, ...3.0244

WATER CONTAMINATION BY FERTILIZER NITROGEN AND
PHOSPHORUS ...Fertilizers, Nitrogen, North Carolina,
Phosphorus, Runoff, Subsurface Flow, 5.0823

ROLE OF ANIMAL WASTES IN AGRICULTURAL LAND RU-
NOFF ...Animal Wastes - Feed Lots, Runoff, Small Watersheds,
...5.0822

THE INTERRELATIONSHIP BETWEEN WATERSHED FAC-
TORS THAT AFFECT RUNOFF RATES AND VOLUME
YIELDS IN THE SOUTHERN COASTAL PLAINS ...Georgia,
Hydrology-general, Morphology-general, Runoff, Water Yield,
3.0193

EVALUATION OF CLIMATIC PATTERNS AFFECTING IDAHO
AGRICULTURE ...Applied Climatology. Data Analysis - General,
Evaporation, Forecasting, Idaho, Meteorological Averages, Pat-
terns, ...2.0396

RUNOFF FROM SMALL AGRICULTURAL AREAS IN ILLINOIS
...Conservation, Conservation & Management Eng, Illinois, Ru-
noff, ...3.0220

RUNOFF OF SMALL WATERSHEDS ...Gaging, General Synoptic
Observations, Moisture Retention, Runoff, Soil Types-general,
...2.0531

THE MOVEMENT OF HERBICIDES OFF, INTO, AND
THROUGH SOILS ...Herbicides -non-specific, Movement,
Leaching, Persistance of Residues, Runoff, Soil Sampling,
...5.0487

SMALL AGRICULTURAL WATERSHED HYDROLOGY
...Floods, Gages, Patterns, Runoff, Sediment Yield, 4.0138

DRAINAGE OF AGRICULTURAL LANDS ...Drainage, Drainage
Engineering, Excessive Moisture, Groundwater, Water Table -
Depth of , ...4.0153

HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS ...Cover Crops, General Synoptic Observations,
Groundwater, Management, Piedmont Province, Soil-water-plant
Relationships, Water Yield, 2.0958

NITROGEN TRANSFORMATIONS IN SOIL ...Fertilizers, Nitrate,
Nitrite, Pollutants - Path of , Runoff, Soil-water-plant Relation-
ships, 5.0045

2-579

EVALUATION OF CONSUMPTIVE WATER USE, SOIL-WATER
STORAGE, AND THE INTERRELATION OF THREE COM-
PONENTS OF THE WATER BUDGET Climate, Consumptive
Use, Evapotranspiration, Groundwater, Moisture Retention,
Water Balance-budget, 4.0080

PREDICTING RUNOFF AND GROSS EROSION FROM FARM-
LAND AND DISTURBED AREAS ...Conservation, Conservation-
general, Erosion-general, Forecasting-prediction, Runoff, 3.0224

ECONOMICS OF SOIL CONSERVATION PRACTICES WITHIN
WATERSHEDS ...Conservation, Economics-general, Kansas, Til-
lage, Cropping Systems, ...3.0243

WATER SUPPLY FROM AGRICULTURAL WATERSHEDS AND
UTILIZATION IN IRRIGATION ...Forecasting-prediction, Irriga-
tion-general, Moisture Content, Patterns, Runoff, Water Yield,
...4.0187

THE IMPACT OF SUBURBAN DEVELOPMENT ON THE
WATER RESOURCES OF NEW JERSEY. ...Flow Characteristics
-water, Gaging, Measurement, Surburban Areas, Water Balance-
budget, Water Table fluctuation, ...6.0352

WATER NEEDS FOR IRRIGATION IN OREGON ...Irrigation-
general, Requirements for Water, Soil Conditions, Water Applica-
tion M ',hods, Water Demand, ...6.0462

THE INI:LUENCE OF GRAZING MANAGEMENT SYSTEMS ON
VEGETATION COMPOSITION AND LIVESTOCK REACTION
...Conservation-general, Grazing, Management and Fertility,
Water Loss-general, _5.1160

THE EFFECT OF BENCH LEVELING AND CONTRIBUTING
WATERSHED AREAS ON SOIL MOISTURE STORAGE AND
CROP YIELDS IN THE ROLLING PLAINS ...Clay, Conservation
& Management Eng, Soil Management -other, Water Costs,
Yield, ...3.0449

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS IN THE
BLACKLANDS AND EDWARDS PLATEAU OF TEXAS
...Amount, Drought, Gages, Runoff, Texas, 2.1032

DEVELOPING AGRICULTURAL LAND IN RECREATIONAL
USES UNDER PRIVATE OWNERSHIP OPPORTUNITIES IN A
TEXAS ECONOMIC AREA ...Lakes, Management, Recreation
Sites, Social Aspects, Texas, ...6.0557

RUNOFF AND WATER YIELD AS AFFECTED BY CLIMATIC
AND WATERSHED CONDITIONS IN THE BLACKLANDS OF
TEXAS ..,Amount, Floods, Runoff, Texas, Water Yield, ...2.1021

WATERSHED WATER BUDGET ...Evapotranspiration, Mathe-
matical Analysis, Moisture Content, Runoff, Water Balance-
budget, ...2.1157

MOLLUSK STUDIES ...Forest Watersheds, Mollusca - General Stu-
dies, Palcohydrology, Percolation, Strontium, 1.0114

PREDICTING NITRATE CONTENT OF AGRICULTURAL
DRAIN WATER ...Computers-general, Drainage, Model Studies-
general, Moisture Content, Nitrate, Nitrite, Nitrogen, 5.0181

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE SOUTHERN
BRANCH ...Climate, Location, Radioisotopes, Sediment Trans-
port-general, Sediment Yield, 2.0675

THE NATURE AND PROCESSES OF RESERVOIR SEDIMENTA-
TION IN THE SOUTHERN BRANCH AND AT THE USDA
SEDIMENTATION LABORATORY ...General Deposition,
Reservoirs and Impoundments, Sediment Yield, Silting, Southern,
...2.0676

DEVELOPMENT OF STRUCTURAL MEASURES FOR SEDI-
MENT CONTROL AND FOR STREAM CHANNEL STA-
BILIZATION IN THE SOUTHERN BRANCH ...Channel
Geometry, Engineering Structures-general, Open Channel, Sedi-
mentation, Shear-flow, Velocity, ...5.0622

SEDIMENT SOURCES AND YIELDS IN AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Corn Pelt, Forecast-
ing-prediction, Land Use, Sediment Yield, Streams, 2.0864

SEDIMENT PRODUCTION, YIELD, & DELIVERY RATIO IN
RELATION TO CLIMATIC, GEOLOGIC, & WATERSHED
CHARACTERISTICS OF THE NORTHERN PLAINS ...Climate,
Location, Radioisotopes, Sediment Transport-general, Sediment
Yield, ...2.0230

SEDIMENT PRODUCTION, MOVEMENT, AND DEPOSITION IN
WATERSHEDS IN THE SOUTHERN GREAT PLAINS
...General Deposition, Great Plains Province, Location, Sediment
Yield, Supply Rate, -.2.0882

THE RELATION OF RAIN, SNOW, AND FROZEN SOILS TO
THE HYDROLOGY OF AGRICULTURAL WATERSHEDS
...Northeast, Patterns, Permafrost-frozen, Topographic Influences,
...2.0919



Watersheds SUBJECT INDEX

WATER YIELD IN RELATION TO CLIMATIC & WATERSHED
CHARACTERISTICS OF LAND ...Climate, Morphology-general,
Patterns, Subsurface Flow, Water Yield, ...3.0419

ANALYTICAL HYDROGRAPHY IN WATERSHED ENGINEER-
ING ...Conservation & Management Eng, Conservation-general,
Hydrology-general, Water Yield, -4.0131

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
RUNOFF RATES AND VOLUME YIELDS ...Climate, Flow
Characteristics -water, Geomorphology-quantitative, Morphology-
general, Storms-general, Water Yield, -2.0333

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM AGRICULTURAL WATERSHEDS ...Amount, Gages,
Patterns, Runoff, Topographic Influences, .2.0334

RUNOFF PRODUCTION BY UNIT SOURCE AREA FOR
AGRICULTURAL WATERSHEDS IN THE SOUTH ..,Conserva-
tion, Land Use, Precipitation -non-specific, Runoff, Southern,
.,.2.0335

SUBSURFACE AND GROUND WATER ACCRETION, DEPLE-
TION, MOVEMENT AND CONTRIBUTION TO STREAM-
FLOW ...Aquifers-general, Baseflow, Groundwater Movement,
Mississippi, Natural Rerharge, .,.2M336

PRECIPITATION AND SNOW MELT CHARACTERISTICS IN-
FLUENCING RUNOFF FROM WATERSHEDS IN CORN BELT
-Corn Belt, Permafrost-frozen, Precipitation-general, Runoff,
Snowmelt, -2.0865

RUNOFF PRODUCTION BY UNIT SOURCE AREA AGRICUL-
TURAL WATERSHEDS IN CORN BELT STATES ...Corn Belt,
Forecasting-prediction, Runoff. -2.0866

RELATION OF CLIMATIC AND WATERSHED FACTORS TC
STORM RUNOFF IN CORN BELT STATES ..,Corn Belt, Pat-
terns, Physical Climatology, Runoff, Storms-general, -2.0867

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
-Climate-general, Groundwater, Land Use, Shape, Water Yield,
_3.0393

WATER YIELD AS RELATED TO CLIMATIC WATERSHED
CHARACTERISTICS IN THE NORTHERN PLAINS ,.,Climate,
Groundwater Movement, Morphology - general, Patterns, Water
Yield, -3.0145

PRECIPITATION CHARACTERISTICS INFLUENCING RUNOFF
FROM WATERSHEDS IN THE SOUTHERN PLAINS
...Amount, Great Plains Province, Patterns, Runoff, Topographic
Influences, ...2.1054

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
STORM RUNOFF IN THE SOUTHERN PLAINS ...Conserva-
tion-general, Flow Characteristics -water, Runoff, Storms-general,
-4.0248

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND CULTURAL FACTORS TO WATER YIELD
-Conservation-general, Flow Characteristics -water, Land Use,
Physiography-general, Water Yield, -3.0462

AQUIFER-STREAMFLOW INTERRELATIONSHIPS IN UP-
STREAM AGRICULTURAL WATERSHEDS OF THE PACIFIC
NORTHWEST ...Aquifers-general, Flow Characteristics -water,
Permeability, Recharge -general, Structure, Subsurface Flow,
-3.0201

PRECIPITATION CHARACTERISTICS INFLUENCING
HYDROLOGIC PERFORMANCE OF .4t1RICULTURAL
WATERSHEDS IN THE PACIFIC NORTHWEST ...Hydrology-
general, Patterns, Runoff, Sediment Yield, Snow-other, -2.0386

HYDRAULIC DESIGN OF STRUCTURES FOR WATER USE
AND CONTROL IN THE SOUTHERN PLAINS ...Design
Criteria, Design Flow-flood, Hydraulic Structures, Models, Water
Loss Control, ,,.8.0277

SOIL MOISTURE REGIMES OF AGRICULTURAL
WATERSHEDS IN CORN BELT STATES ...Corn Belt, Internal
Water Movement, Land Use, Moisture Levels, Recharge -general,
Soil Physical Properties, -2.0869

FACILITIES AND PROCEDURES FOR CONSERVATION
MANAGEMENT OF RUNOFF WATER FROM AGRICUL-
TURAL LANDS IN THE SOUTHERN PLAINS -Artificial
Recharge, Groundwater, Playas, Runoff, Storage of Water,
-4.0237

FACTORS INFLUENCING THE STABILITY AND REGIME OF
CHANNELS IN AGRICULTURAL WATERSHEDS ...Channels,
Climate, General Deposition, Land Use, Morphology-general,
...4.0072

GROUND WATER IN RELATION TO USE AND MANAGE-
MENT OF RANGELAND WATERSHEDS IN THE
SOUTHWEST ...Groundwater, Natural Recharge, Projections and
Estimations, Runoff, Southwest, -3.0007

SEDIMENT YIELD FROM RANGELAND WATERSHEDS IN
THE SOUTHWEST -Erosion, Land Use, Sediment Transport-
other, Sediment Yield, Supply Rate, -2.0041

SURFACE AND SUBSURFACE IRRIGATION SYSTEMS FOR
COASTAL CALIFORNIA ...Citrus, Saline and Alkaline Soils,
Salinity, Subsurface irrigation, Surface Irrigation -general,
-3.0091

STREAM FLOW REGIMES ON A SEMIARID RANGELAND
WATERSHED .,.Channels, Hydraulics-general, Hydrographs, Ru-
noff, Storms-general, ...4.0178

ECONOMICS OF WATER MANAGEMENT TECHNIQUES IN
NORTH DAKOTA -Economics-general, Great Plains Province,
Irrigation-general, Management, North Dakota, -4.0188

THE ECONOMIC ANALYSIS OF WATER POLLUTION BY
PESTICIDES AND OTHER AGRICULTURAL WASTES
.Benefit-cost Analysis, Economic Impact, Model Studies, Pesti-
cides -non-specific, Pollution, Pollution Abamment, -5.0238

Forest Watersheds
EFFECTS OF PINYON-JUNIPER CONVERSION ON

WATERSHED VALUES IN UTAH ...Cover Crops, Juniperus,
Moisture Budgets, Pines, Water Balance-budget, -2.1067

EFFECTS OF LOGGING ON SALMON POPULATIONS IN
COASTAL STREAMS ...Douglas Fir, Forest Debris, Logging,
Transport, Equipment, Population Dynamics, Salmon -coho,chin-
ook,sockeye.., -5.0947

SURFACE WATER MANAGEMENT ...Channels, Hydrographs,
Mountains-alpine, Seepage, Soil-water-plant Relationships,
-4.0060

HYDROLOGY OF WATER YIELD PREDICTION ...Amount,
Forecasting-prediction, Moisture Retention, Water Balance-
budget, Water Yield, ...2.6892

TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS -Baseflow, Floods,
Georgia, Hydraulic Structures, Runoff, Subsurface Flow, -2.0339
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CHARACTERISTICS OF MAJOR FOREST AND RANGE
WATERSHED TYPES IN IDAHO -Erosion-general, Idaho, Land
Use, Runoff, Water Yield, -6.0176

METHODS OF ANALYSIS AND DETERMINATION OF EF-
FECTS OF ALTERNATIVE USES OF FORESTED LANDS ON
STREAMFLOW ...Alternative Planning, Land Use, Other, River
Basins, Washington, ...4.0272

HYDROLOGIC CHARACTERIZATION OF FORESTED
WATERSHEDS IN ARIZONA ...Dendrochronology, Forecasting-
prediction, Management, Runoff, Snowpack, Water Yield,
_2.0051

EFFECTS OF FOREST COVER MANIPULATION ON WATER
YIELD AS STUDIED BY AN ELECTRIC ANALOG ...Analog
Computers, Development of Models, Soils and Fertilizer,
Washington, Water Yield, -3.0484

HYDROLOGIC RELATIONSHIPS IN A CONIFEROUS FOREST
...Amount, Evapotranspiration, Groundwater, Storage of Water,
Water Balance-budget, _2.0552

SEASONAL SHALLOW STORAGE AND DEEP SEEPAGE COM-
PONENTS FOR THE HYDROLOGIC BUDGET OF A SMALL
FORESTED OZARK WATERSHED -Amount, Groundwater
Movement, Missouri, Seistac Surveys, Storage of Water, ...2.0700

STUDIES ON EFFECTS OF WATERSHED PRACTICES ON
STREAMS -Chemical-general, Discharge-general, Organic
Matter, Periphyton, Physical-general, Primary Productivity,
-5.0948

MANIPULATION AND MANAGEMENT OF SECOND GROWTH
PONDEROSA PINE FOR OPTIMUM YIELDS OF WATER
AND/OR WOOD AND FORAGE ...Other, Relations - Forage -
Timber, Soil-water-plant Relationships, Soils and Fertilizer, Water
Yield, -3.0021

SNOW HYDROLOGY ...Arizona, Energy Budgets, Mathematical
Analysis, Snow, Snowmelt, -2.0064

SOIL-WATER-VEGETATION RELATIONS IN THE DOUGLAS
FIR ZONE ...Flow Characteristics -water, Moisture Content, eat-
terns, Runoff, Water Balance-budget, Water Cycle, -3.0027

EFFECTS OF FIRE ON HYDROLOGY AND EROSION .,.Erosion -
general, Fire Damage, Recovery, Hydrology-general, Middle
Rocky Mts, ...2.0226

AN EVALUATION OF THE INSECTICIDE SEVIN AS A
WATERSHED POLLUTANT ...Persistence of Residues, Pollution
- Effects of , Sevin, .,.5.1206

FOREST COVER ...Cover Crops, Forests, Interception, Missouri,
Soils and Fertilizer, -4.0156
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VEGETATION ON THE EAST SLOPE OF THE SIERRA
NEVADA ...Evapotranspiration, Moisture Levels, Mountains-al-
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INFLUENCE OF FOREST COVER AND TIMBER HARVESTING
METHODS ON STREAMFLOW ...Canopy & Overstory,
Logging, Transport, Equipment, Pennsylvania, Streams, 2,0930

EVAPOTRANSPIRATION LOSSES AS RELATED TO SITE AND
VEGETATION 1AFFERENCES ...Cover Crops, Evapotranspira-
tion, Interception, Rhode Island, Soil Environment, 2.0939

DEVELOPMENT OF MULTIPLE-USE PRODUCTION/OUTPUT
INFORMATION FOR OWNERS OF SMALL WOODLANDS IN
THE CENTRAL HARDWOOD REGION Control and Protec-
tion, Erosion-general, General Informatien Services, Input - Out-
put Analysis, Multiple-purpose Projects, 7,0027

COOPERATIVE WATERSHED IVIANAGEMENT IN
SNOWLANDS AND LOWER CONIFER ZONES OF CALIFuR-
NIA ...California, Coniferous Forests, Management, Moisture
Tension, Snowmelt, ...4.0022

TRACING STORM AND BASE FLOW TO VARIABLE SOURCE
AREAS ON FORESTED HEADWATERS Baseflow, Flow
Characteristics -water, Georgia, Physical Properties -other, Sedi-
ment Yield, .,.2.0341

WATERSHED VALUES AS AFFECTED BY FOREST MANAGE-
MENT ...Cover Crops, Erosion-general, Forests, Moisture Con-
tent, Runoff, Swamps-marshes, ,4.0I42

INTERRELATION OF MOISTURE REGIME & NUTRIENT
LEVELS OF SE ECTED MISSISSIPPI SOILS & THEIR RELA-
TION TO THE SI*IE INDEX OF LOBLOLLY PINE ...Mississip-
pi, Moisture Tensi.,,n, Pines, Site Index and Site Quality, Soils and
Fertilizer, 2.0683

SEASONAL WATER USE BY FOREST VEGETATION ...Conser-
vation-general, Environment, Seasonal, Transpiration and Evap,
Water Quality Control-general, 2.0893

PHYSICAL, METEOROLOGICAL, AND HYDROLOGIC
ASPECTS OF EVAPOTRANSPIRATION ...Biophysics & Molec,
biology, Evapotranspiration, Southeast, Transpiration and Evap,
Water Yield. 2.0953

UNDESIRABLE SHRUB AND TREE CONTROL ...Evaluation, in
Forests, of Trees and Shrubs, Relations - Forage - Timber, Utah,
3.0475

MOLLUSK STUDIES ...Agricultural Watersheds, Mollusca -

General Studies, Paleohydrology, Percolation, Strontium,
1.0114

FOREST INFLUENCES STUDIES ...Erosion-general, Infiltration,
Land Use, Runoff, Stabilization-general, Water Quality-general,
2.0986

NORTH FORK CITICO CREEK WATERSHED RESEARCH
...Construction, Hydrology-general, Land Use, Multiple-purpose
Projects, ..4.0220

WHITE HOLLOW WATERSHED RESEARCH ...Other, Seasonal,
Sediment Yield, Tennessee, Water Yield, 4.0221

PINE TREE BRANCH WATERSHED RESEARCH ...Cutting
Operations, Erosion-general, Land Use, Other, Sediment Yield,
Tennessee, 6.0536

BEECH RIVER WATERSHED PROJECT ...Design Flow-flood,
Land Use, Reservoirs and Impoundments, Sediment Yield, Ten-
nessee, 4.0222

SEDIMENTATION IN SMALL FORESTED DRAINAGE BASINS
...Logging, Transport, Equipment, Oregon, Runoff, Soil Erosion -
non- specific, 2.0901

SKYWATER--PARK RANGE FOREST HYDROLOGY ...Colorado,
Model Studies, Mountains-alpine, Topographic Influences,
Weather Modification - general, ..2.0172

EFFECTS OF LARGE SC, 'LE FOREST FIRES ON WATER
QUALITY IN THE INT. AK ...Alaska, Fire Damage, Recovery,
Soil Analysis, Soils and Fertilizer, Water Quality-general, ...5.0030

CONTROL OF EROSION AND SEDIMENTATION ASSOCIATED
BUILDING AND LOGGING ...Conservation, Erosion-general,
Logging, Transport, Equipment, Sediment Yield, Streams,
2.0027

WATER YIELD IMPROVEMENT, EROSION CONTROL, AND
SEDIMENT REDUCTION IN FORESTS ...Erosion-general, Land
Use, Moisture Content, Radioisotopes, Stabilization-other, Water
Yield, 3.0486

SOIL STABILIZATION AND RUNOFF REGULATION IN
CONIFER WATERSHEDS ...Channels, Erosion-general, Internal
Water Movement, Land Use, Runoff, Stabilization-other, .5.0967

MANAGEMENT FOR IMPROVEMENT OF WATER YIELD IN
THE CONIFER ZONE OF CALIFORNIA ...Evapotranspiration,

Land Use, Precipitation-general, Radioisotopes, Snowmelt, Water
Yield, 3.0032

HYDROLOGIC ANALYSIS METHODS ...Floods, Land Use,
Reservoirs and Impoundments, Sediment Yield, Snowmelt,
2.0077

STREAMFLOW REGULATION AND SEDIMENT CONTROL IN
NORTHERN ROCKY MOUNTAIN FORESTS Flow Charac-
teristics -water, Infiltration, Peak Flow, Snowmelt, Water Yield,
,5.0321

WATERSHED PROTECTION & REHABILITATION TO REDUCE
WATER RUNOFF ...Erosion-general, Floods, Infiltration, Land
Use, Runoff, ...4.0250

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN RIVER BASINS ...Artemisia, Cover Crops, Erosion-
general, Management, Soil-water-plant Relationships, Water
Yield, 3.0495

REDUCTION IN DAMAGES TO FORESTS BY IMPROVING
MINING AND REHABILITATION PROCEDURES Coal-
general, Conservation & Management Eng, Mining Industry, Site
Index and Site Quality, Soils and Fertilizer, 4.0120

MANAGEMENT OF STORM RUNOFF AND THE IMPROVE-
MENT OF WATER YIELD ON FOREST LAND ...Infiltration,
Runoff, Storm Water, Subsurface Flow, Water Yield, 2.0863

FLOOD RUNOFF & WATER YIELD FROM GLACIATED
MOUNTAINS ...Floods, Glacial Environment, Heat Budget, Ru-
noff, Water Balance-budget, Water Yield, 3.0372

FLOOD RUNOFF REDUCTION AND WATER YIELD IM-
PROVEMENT Appalachian Highlands-other, Cutting Opera-
tions, Management, Runoff, Water Yield, ...5.1287

WATERSHED CORRELATION AND SYNTHESIS ...Eastern, Flow
Characteristics -water, Land Use, Management, Water Yield,
3.0420

EFFECTS OF DIFFERENT FOREST TYPES AND CONDITIONS
ON STREAM REGIMEN AND WATER YIELDS ...Climatic Ef-
fects, Environment, Flow Characteristics -water, Land Use, Radia-
tion-general, Water Yield, 5.0794

QUANTITY, QUALITY, AND TIMING OF WATER YIELDS IN
THE SOUTHERN APPALACHIANS-PIEDMONT ...Appalachia,
Evapotranspiration, Heat Budget, Piedmont Province, Water
Yield, 3.0374

EFFECT OF FOREST TYPES AND CONDITIONS ON WATER
MOVEMENT AND GROUND WATER RECHARGE ...Ground-
water Movement, Infiltration, Land Use, Natural Recharge, Ru-
noff, Water Cycle, 3.0301

SILVICULTURE OF COASTAL PLAIN TIMBER TYPES ...En-
vironment, Pines, Taxodioideae, Timber Stand Improvement,
Wetlands, .A.0212

IMPROVEMENT OF WATER YIELDS AND SOIL STABILIZA-
TION IN THE BLACK HILLS ...Erosion-general, Flow Charac-
teristics -water, Management, Sedimentology-general, Stabiliza-
tion-other, Water Yield, 3.0436

EFFECTS OF VARIOUS FOREST TYPES AND STAND TREAT-
MENTS ON GROUNDWATER RECHARGE AND STREAM-
BANK EROSION IN AREAS OF DEEP GLACIAL DRIFT ...Ero-
sion Control, Erosion-general, Natural Recharge, Open Channel,
Stream Banks, ..5.0573

REDUCTION OF FLOOD RUNOFF, SEDIMENTATION AND
STREAMFLOW IMPROVEMENT IN UNGLACIATED AREAS

.Erosion - general, Mississippi River, Runoff, Slope - Degree of ,
Stream Rehabilitation, Water Loss Control, 4.0275

BOG AND SWAMP HYDROLOGY ...High Organic Soils, Manage-
ment, North Central, Soils and Fertilizer, Water Yield, 3.0294

Morphology
Area

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Aerial, Illinois, Mathematical Analysis, Slopes,
Small Watersueds, 6.0206

Morphology-general
PREDICTION OF THE MAGNITUDES AND FREQUENCIES OF

FLOODS IN MICHIGAN ...Drainage, Floods, Forecasting-predic-
tion, Michigan, Rain-general, 2.0635

SAN ISIDRO WASH STUDY FLOW LOSSES IN AN
EPHEMERAL STREAM CHANNEL ...Ephemeral, Evapotrans-
piration, Gaging, Infiltration, New Mexico, ..2.0177

CHARACTERISTICS OF STREAM FLOW OF SMALL
WATERSHEDS IN PENNSYLVANIA AND INFLUENCING
FACTORS ...Climate, Flow Characteristics -water, Land Use,
Model Studies, Small Watersheds, Water Yield, ...2.0929
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INFLUENCE OF GEOHYDROLOGY ON LANDSCAPE AND

SOIL FORMATION ...Hydrology-general, Physiography-general,
Soil Genesis, Weathering-general, 5,0409

A METHOD OF DETERMINING AND MAPPING THE
HYDROLOGIC RESPONSE OF UNGAGED WATERSHEDS IN
THE SOUTHEAST ...Atlases-maps, Hydrology-general, Land Use,
Small Watersheds, Southeast, ...7.0025

RAINWASH AND SOIL CREEP IN WESTERN NORTH DAKOTA
Creep, Environmental Effects-geologic, Erosion-general, North
Dakota, Slopes, ...2.0848

ANOMALOUS FLOOD RESPONSE IN REGIONS OF SIMILAR
GEOMORPHIC CHARACTERISTICS Computers-general,
Floods, Flow Characteristics -water, Pennsylvania, 2.0927

THE INTERRELATIONSHIP BETWEEN WATERSHED FAC-
TORS THAT AFFECT RUNOFF RATES AND VOLUME
YIELDS IN THE SOUTHERN COASTAL PLAINS ...Agricultural
Watersheds, Georgia, Hydrology-general, Runoff, Water Yield,
.3.0193

LONG TERM CHANNEL CHANGES ...Channels, rross-section,
Gaging, Soil Erosion -non-specific, ...2.0284

GEOMORPHIC STUDIES IN THE SIERRA NEVADA, CALIFOR-
NIA ...Glaciers, Regimen, Sediment Relationship, Sierra Nevada,
Streams, 2.0119

LAKE HYDROLOGY STUDIES ,..Evaporation, Florida, Inflow,
Lakes, Water Level Fluctuation, ...2.0328

FLOOD-FREQUENCY AND BASIN PARAMETER RELATION-
SHIPS IN SMALL DRAINAGE AREAS ...Amount, Discharge-
general, Floods, Peak Flow, Small Watersheds, 2.0280

EFFECT OF IRRIGATION ON STREAMFLOW !N CENTRAL
SAND PLAINS OF WISCONAIN ...Drainage, Gromdwater,
rigation-general, Water Balance-budget, Wisconsin, ...4.0279

WATER YIELD IN RELATION TO CLIMATIC & WATERSHED
CHARACTERISTICS OF LAND ...Agricultural Watersheds, Cli-
mate, Patterns, Subsurface Flow, Water Yield, ...3.0419

RELATION OF CLIMATIC AND WATERSHED FACTORS TO
RUNOFF RATES AND VOLUME YIELDS ...Agricultural
Watersheds, Climate, Flow Characteristics -water, Geomorpholo-
gy-quantitative, Storms - general, Water Yield, ..2.0333

WATER YIELD AS RELATED TO CLIMATIC WATERSHED
CHARACTERISTICS IN THE NORTHERN PLAINS ...Agricul-
tural Watersheds, Climate, Groundwater Movement, Pattcrns,
Water Yield, _3.0145

STORM RUNOFF AND FLOODS AS RELATED TO IN-
TEGRATED CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Climate, Floods, Land Use, Runoff, Storm Water,
...4.0071

LABORATORY CATCHMENT INVESTIGATIONS RELATING
TO HYDROLOGIC SYSTEMS ANALYSIS ...Gaging, Hydrology-
general, Model Studies, Systems Analysis, ...6.0574

Relief
A STUDY OF SUBSURFACE FLOW INTO MOUNTAIN

STREAMS AS RELATED TO TOPOGRAPHY AND PARTIAL
SOURCE AREAS ...Baseflow, Georgia, Japan, Mountains-alpine,
.,.2.0340

THE RELATION OF DRAINAGE NETWORKS AND BASIN
DEVELOPMENT TO ROCK TYPE AND CLIMATE .Climate,
Drainage Density-texture, River Basins, Rock Type, Slopes,
...2.0179

Shape
INFLOW HYDROGRAPH STUDY ...Floods, Hydrographs, Inflow,

Small Watersheds, Wyoming, 2.0302
STREAM VALLEY ASYMMETRY IN AN ARCTIC ENVIRON-

MENT-CONDITIONS GOVERNING GEOMORPHIC
PROCESSES 7360 Arctic, Environmental Effects-geologic,
Microclimate-general, Slopes, Valleys and Can ns, 2.0255

STOCHASTIC TREATMENT OF RIVER GEOMETRY ...Channel
Geometry, Meanders, Morphology-general, Open Channel,
Stochastic Processes, ...2.0443

WATER YIELDS FROM SMALL WATERSHEDS ...Climate, Ru-
noff, Small Watersheds, Vi;ginia, Water Yield, 4.0265

RELATION OF CLIMATIC AND WATERSHED PHYSIO-
GRAPHIC AND Cr ILTURAL FACTORS TO WATER YIELD
...Agricultural Watersheds, Climate-general, Groundwater, Land
Use, Water Yield, ...3.0393

Slopes
STREAM VALLEY ASYMMETRY IN AN ARCTIC ENVIRON-

MENT-CONDITIONS GOVERNING GEOMORPHIC
PROCESSES 7360 .Arctic, Environmental Effects-geologic,
Microclimate- general, Shape, Valleys and Canyons, ..,2.0255

SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT
IN A SMALL WATERSHED ...Energy-dynamics, Erosion, Sedi-
ment Traosport-general, Small Watersheds, 2.0567

INTERAGENCY FRAIL LANDS STUDY - MONTANA IV.
WATER e NJANTITY MANAGEMENT Conservation; Erosion-
general, Montana, Ituooff, Soil Erosion -non-specific. 4,0161

THE EFFECT OF A PERMEABLE BED ON SEDIMENT MO-
TION ..,Channels, Permeability, Sediment Transport-general,
Seepage, 10353

RAINWASH AND SOIL CREEP IN WEST!..,:.RN NORTH DAKOTA
.,.Creep, Environmental Effects-geologic, Erosion-general,
Morphology-general, North Dakota, 2.0848

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Aerial, Area, Illinois, Mathematical Analysis,
Small Watersheds, ..6.0206

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Drainage, Gravitational Movement -water, In-
ternal Water Movement, Moisture Content, Small Watersheds,
2.0434

DEVELOPMENT OF LAND USE EQUATIONS FOR THE SLOP-
ING SOILS OF INDIANA ...Development of Models, Erosion-
general, Indiana, Land Use, Tillage, Cropping Systems, 2.0464

RESEARCH ON GEOHYDROLOGY OF THE EASTERN SLOPE
OF WEST MAUI Aquifers-general, Hawaii, Mountains-alpine,
Patterns, Projections and Estimations, Water Yield, 6.0170

SEDIMENTATION IN LAKES AND RESERVOIRS ...Conserva-
tion- general, Land Use, Rate of Deposition, Reservoirs and Im-
poundments, Soil Types-other, ...2.0422

STUDY OF ENGINEERING PRACTICES OF IRRIGATION IN
K ANSAS ..irrigation Engineering, Irrigation-general, Kansas, Ter-
race-bench, Tillage, Cropping Systems, Yield, 8.0201

CONSERVATION AND UTILIZATION OF RAINFALL AND IR-
RIGATION WATER ...Conservation & Management Eng, Irriga-
tion, Runoff, Tillage, Cropping Systems, Water Harvesting,
...3.0451

THE RELATION OF DRAINAGE NETWORKS AND BASIN
DEVELOPMENT TO ROCK TYPE AND CLIMATE ...Climate,
Drainage Density texture, Relief, River Basins, Rock Type,
...2.0179

BASIC PRINCIPLES AND MECHANICS OF RAINFALL, RU-
NOFF, SOIL MOVEMENT AND LOSS IN THE CORN BELT
...Engineering Properties-general, Erosion-general, Runoff, Sedi-
ment Transport-general, Structure-size, Surface Flow, 2.0475

EVALUATION OF CLIMATIC, TOPOGRAPHIC, SOIL AND
CROP MANAGEMENT FACTORS IN RELATION TO WATER
MANAGEMENT AND EROSION CONTROL IN THE CORN
BELT ...Climate, Corn Belt, Erosion-general, Runoff, Wind Ero-
sion, ...2.0476

Small Watersheds
HYDROLOGICAL STUDY ...Discharge- general, Drainage, Gaging,

Peak Flow, Rhode Island, ..2.0943
STUDY OF RUNOFF FROM SMALL DRAINAGE AREAS

...Drainage, Runoff, ...2.0520
DRAINAGE AREA FLOW RESEARCH ...Discharge- general,

Drainage, Montana, 2.0270
INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL

WATERSHEDS IN OKLAHOMA ...Floods, Flow Characteristics
-water, Gaging, Oklahoma, Peak Flow, ...2.0278

INFLOW HYDROGRAPH STUDY ... Floods, Hydrographs, Inflow,
Shape, Wyoming, ...2.0302

FLOOD FREQUENCY SYNTHESIS FOR SMALL STREAMS IN
ALABAMA ...Alabama, Drainage, Forecasting-prediction, Gag-
ing, Peak Flow, Runoff, 3.0172

SMALL DRAINAGE AREA STUDY ...Arizona, Drainage, Floods,
Gaging, Peak Flow, 2.0289

RUNOFF STUDIES ON SMALL DRAINAGE AREAS ...Data
Acquisition-general, Discharge-general, Drainage, Peak Flow,
West Virginia, 2.0290

ANALYSIS OF RUN-OFF FROM SMALL DRAINAGE AREAS
...Design Flow-flood, Drainage, Floods, Massachusetts, Runoff,
...2.0612

FLOOD FREQUENCY FOR SMALL DRAINAGE AREAS
...Discharge-general, Drainage, Floods, Mississippi, 2.0291

HYDROLOGY STUDY ...Bridges & Culverts, Culvert, Engineering
Structures-general, Floods, Flow Characteristics -water, 2.0292

INVESTIGATION AND ANALYSIS OF FLOODS FROM SMALL
DRAINAGE AREAS IN OHIO Drainage Systems, Floods, Ohio,
...2.0275
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DRAINAGE AREAS IN SOUTH CAROLINA .Culvert, Design
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Rain-general, .2.0294
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Systems, Hydraulic Structures, 2.02417
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noff, .2.0240

INVESTIGATION OF WATER RESOURCES. FLOODS IN
SMALL STREAMS IN TENNESSEE Drainage, Floods, Tennes-
see, .2.0298

HYDROLOGIC STUDIES ...Data Acquisition-general, Floods, Vir-
ginia, ,2.0299

HYDROLOGIC-MINERAL cycr,E INTERACTION IN SMALL
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,Chemical Reactions, Environment, Mineral Associations, New
Hampshire, Water Cycle, ,2.0745

SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT
IN A SMALL WATERSHED .En !rgy-dynamics, Erosion, Sedi-
ment Transport-general, Slopes, 2.0S-67

SAN LUIS WATERSHED STUDY ...Conservation-general,
Management, New Mexico, Sediment Yield, Water Yield,
2.0234

CORRELATION OF SOIL SURFACE AND RAINFALL-RUNOFF-
MOISTURE RELATIONSHIPS ON AGRICULTURAL
WATERSHEDS ON COASTAL PLAINS SOILS (ABBREV)
.,.Antecedent Moisture, Recharge -general, Runoff, Soil Environ-
ment, Water Yield, ,2.0002

RUNOFF STUDIES ON SMALL WATERSHEDS ...Hydrographs,
Runoff, Subsurface Flow, Surface Watcr, Water Yield, 2.1138

FACTORS AFFECTING WATER YIELD FROM SMALL
WATERSHEDS IN TENNESSEE ,Correlation, Cover Crops,
General Synoptic Observations, Tennessee, Water Yield, 4.0224

CHARACTERISTICS OF STREAM FLOW OF SMALL
WATERSHEDS IN PENNSYLVANIA AND INFLUENCING
FACTORS .,.Climate, Flow Characteristics -water, Land Use,
Model Studies, Morphology-general, Water Yield, ..2.0929

FLOODS FROM SMALL WATERSHEDS ...Amount, Floods, Rural
Areas, Synthetic Hydrology-general, Systems Analysis, ...2.0231

HYDROLOGIC INVESTIGATION OF WATERSHEDS IN OHIO
Discharge-general, Hydrology-general, Oh; N. Simulation,
2.0861

GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-
SES ... Discharge - general, Forecasting-prediction, Hydrology-
general, Inflow, 2.0084

THE EFFECT OF URBANIZATION ON RUNOFF IN SMALL
WATERSHEDS ...Indiana, Land Use, Model Studies, Runoff,
Urban Environments, 2.0458

STUDY OF FACTORS AFFECTING THE CE NNEL PHASE OF
RUNOFF FROM SMALL WATERSHEDS BY MATHEMATI-
CAL MODELING Development of Models, Finite Differences,
Flow Characteristics -water, Runoff, Streams, .1.0665

HYDROLOGY OF SMALL DRAINAGE BASINS FOR DEVELOP-
ING HYDRAULIC DESIGN ...Amount, Flow Characteristics -
water, Hydrographs, Runoff, South Dakota, 2.0972

A METHOD OF DETERMINING AND MAPPING THE
HYDROLOGIC RESPONSE OF UNGAGED WATERSHEDS IN
THE SOUTHEAST ...Atlases -maps, Hydrology-general, Land Use,
Morphology-general, Southeast, .3.0025

EVALUATION OF HYDROLOGIC EFFECTS OF URBANIZA-
TION Hydrology-general, Land Use, Regression Analysis, Ru-
noff, Storm Water, Urban Environments, 4.0231

2-583

PARAMETERIZATION OF THE OBSERVED HYDROGRAPH AS
A MEANS OF UNDERSTANDING RUNOFF PHENOMENA
FROM SMALL WATERSHEDS ...Forecasting- prediction, Hydro-
graphs, Model Studies, Runoff, Vermont, 2.1085

INVESTIGATION OF A LINEAR MODEL TO DESCRIBE THE
HYDROLOGIC PHENOMENON OF DRAINAGE BASINS
...Amount, Hydrographs, Model Studies, Runoff, Testing of
Models, ,2.1041

PHASE TWO - EXPERIMENTAL INVESTIGATION OF SMALL
WATERSHED FLOODS ,Floods, Mathematical Analysis, Wide;
Studies, Rain-general, Runoff, _2.0233

HYDROGEOCHEMICAL INVESTIGATION OF SELECTED
WATERSHEDS IN SOUTHWESTERN MONTANA .Chemical-
general, Environmental Effects-geologic, Hydrogeochemical Pro-
perties, Montana, Rocks - Bedrock, .5.0698

GEOCHEMISTRY AND HYDROLOGY OF A SMALL BASIN IN
THE UPPER BUFFAV 0 RIVER WATERSHED, TENNESSEE
.Hydrology-general, ennessee, Water Cycle, Water Properties-
general, Weathering Products, .2.0999

EUTROPHIC EVALUATION OF A SMALL MULTI-LAND USE
WATERSHED .Eutrgphication, Nitrogen, Phosphorus, Urban
Environments, Wisconsin, ..5.1319

A HYDROMETEOROLOGICAL STUDY RELATED TO THE
DISTRIBUTION OF PRECIPITATION AND RUNOFF OVER
SMALL DRAINAGE BASINS - URBAN VERSUS RURAL
AREAS ...Amount, Patterns, Runoff, Texas, Urban Environments,
...2.1024

ASSEMBLY AND ANALYSIS OF HYDROLOGIC AND
GEOMORPHOLOGIC DATA FOR SMALL WATERSHEDS IN
INDIANA ...Data Analysis - General, Geomorphology-general,
Hydrographs, Indiana, Streams, ,2.0459

COMPUTER ANALYSIS OF WATERSHED CHARACTERISTICS
AFFECTING FLOOD HYDROLOGY .,.Data Analysis - Gt-radal,
Economic Efficiency, Floods, Research - Development, Water
Loss Control, .1.0523

ROLE OF ANIMAL WASTES IN AGRICULTURAL LAND RU-
NOFF ...Agricultural Watersheds, Animal Wastes - Feed Lots,
Runoff, _5.0822

MANAGEMENT ALTERNATIVES ON OZARK FOREST ...Ar-
kansas, Erosion-general, Policy - Business Methods, Sediment
Yield, Soils and Fertilizer, ..2.0073

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN GEORGIA ,.,Baseflow, Georgia, Runoff,
Statistics-general, Water Yield, 4.111183

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Aerial, Area, Illinois, Mathematical Analysis,
Slopes, .,.6.0206

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Drainage, Gravitational Movement -water, In-
ternal Water Movement, Moisture Content, Slopes, 2.0434

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Flow Characteristics -water, Gaging, Mathe-
matical Analysis, Model Studies, Topographic, ..4.0104

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS ...Cold - Climates, Mathematical Anal:: Model
Studies, Peak Flow, Runoff, 4.0143

SMALL WATERSHED YIELDS ...Amount, Aquifers-general, Land
Use, Runoff, Water 4.0149

HYDROLOGY OF SMALL AGRICULTURAL WATERSHEDS
_Hydrology- general, Missouri, Reservoirs and Impoundments,
Runoff, Water Loss - general, ..4.0151

BASE FLOW ANALYSIS OF SELECTED DRAINAGE BASINS.
...Baseflow, Mathematical Analysis, New Hampshire, Seasonal,
2.0742

HYDROLOGIC CHARACTERIZATION OF SMALL
WATERSHEDS Hydrology-gencral, Mathematical Analysis,
Model Studies, Runoffs Stochastic Models, ..A.0197

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS IN TENNESSEE ..,Conservation & Management
Eng, Instrumentation-general, Runoff, Soil Conditions, Water
Harvesting, Water Yield, ..4.0225

DEVELOPING COMPUTER PROGRAMS FOR SOLUTION OF
HYDROLOGIC PROBLEMS RELATED TO SMALL
WATERSHEDS Climate-general Forecasting-prediction,
Hydrographs, Physiography-general, Water Yield, _7.0102

ECONOMIC ANALYSIS OF SMALL WATERSHED DEVELOP-
MENT IN TEXAS. Alternative Planning, Benefit-cost
Economic Impact, Texas, Water Resources Development,
4.0241

DATA REDUCTION METHODS FOR STREAMFLOW FROM
SMALL, WILDLAND WATERSHEDS ...Computers - general,
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Data Analysis - General, Discharge-general, Gaging, Integration,
Quadrature, Utah, ...2.1068

WATER YIELDS FROM SMALL WATERSHEDS ...Climate, Ru-
noff, Shape, Virginia, Water Yieid, 4.0265

HYDROLOGY OF WATERSHEDS ON SHALE SOILS ...Fine-
grained Clastics, Hydrology-general, Moistur,; Content, Moisture
Tension, Runoff, Soil Properties - Other, 4.0273

FACTORS AFFECTING WATER YIELDS FROM SMALL
WATERSHEDS AND SHALLOW GROUND AQUIFERS
...Amount, Applied Climatology, Aquifers-general, Runoff, Soil
Types-general, Water Yield, ...4.0207

GENERALIZED ANALYSIS OF SMALL WATERSHED RESPON-
SES ...Mathematical Analysis, Rain-general, Sequences - Series,
Water Yield, ...2.0085

FLOODS FROM SMALL DRAINAGE AREAS ...California,
Floods, Gaging, Hydrographs, ...4.0039

MATHEMATICAL MODELING OF SMALL WATERSHED
FLOODS ...Floods, Mathematical Analysis, Model tudies, Rain-
general, Runoff, ...4.0073

EXPERIMENTAL INVESTIGATION OF SMALL WATERSHED
FLOODS ...Amount, Floods, Runoff, Synthetic Hydrology-
general, ...2.0232

PILOT-STUDY OF SMALL WATERSHED HYDROLOGY ...Data
Analysis - General, Floods, Instrumentation-general, Mathematical
Analysis, Rain-general, Runoff, 2.0379

NITRATE IN SURFACE WATERS IN ILLINOIS ...Fertilizers,
Nitrate, Nitrite, Soil Types-other, Surface Water, ...8.079

DRAINAGE CORRELATION RESEARCH PROJECT ...Climatog-
raphy, Drainage, Floods, Peak Flow, Precipitation-general,
2.0710

DETAILED CHARACTERIZATION OF SOILS AND VEGETA-
TION AT SELECTED SITES TO SERVE AS BASIS FOR FU-
TURE EVALUATION OF RADIOACTIVE CONTAMINATION
...Absorption, Fixation, Exchange, Radioactive Pollution -ns,
Radioactivity-general, Soil and Rock Leaching, Strontium,
5.0902

FLOOD PREDICTION METHODS FOR PENNSYLVANIA
HIGHWAY CROSSINGS ...Engineering Properties, Floods,
Forecasting-prediction, Highway Sites, Systems Analysis, ...2.0928

RUNOFF PRODUCTION FROM UNIT SOURCE WATERSHEDS
IN THE EDWARDS PLATEAU ...Amount, Forecasting-predic-
tion, Rczks - Bedrock, Runoff, Texas, 2.1028

RELATION OF CLIMATIC AND WATERSHED CHARAC-
TERISTICS TO STORM RUNOFF IN THE EDWARDS
PLATEAU ...Amount, Runoff, Storm Water, Storms-general, Tex-
as, 2.1030

SEDIMENT PRODUCTION YIELD AND DELIVERY RATE IN
RELATIONS TO CLIMATIC AND WATERSHED CHARAC-
TERISTICS ...Conservation, Laud Use, Sediment Yield, Texas,
...2.1018

FLOOD HYDROGRAPH SYNTHESIS - UNGAGED
WATERSHEDS ...Floods, Hydrographs, Tennessee, 2.0981

UPPER BEAR CREEK EXPERIMENTAL PROJECT ...Alabama,
Cover Crops, Discharge-general, Forecasting-prediction,
Technique Development,apment, 2.0987

FROZEN GROUND INVESTIGATIONS, BARROW, ALASKA
.Alaska, Frost and Permafrost, Hydrology-general, Ice Content,

Permafrost-frozen, Runoff, 2.0748
HYDROLOGIC STUDY OF A SMALL ALASKAN WATERSHED

...Alaska, General, General Synoptic Observations, Hydrology-
general, Water Sampling, ...2.0749

SOURCES, MOVEMENT, AND DISTRIBUTION OF SEDIMENT
IN A SMALL WATER SHED ...Floodplains, Reservoirs and Im-
poundments, Sediment Yield, Supply Rate, Transport Distance,
,..2.0568

FLUVIAL SEDIMENTATION IN STONY BROOK WATERSHED
...Gaging, Peak Flow, Runoff, Sedimentology-general, Total
Volume, ...2.0766

EFFECT OF CONSERVATION PRACTICES ON HYDROLOGY
AND SEDIMENTATION RATES ...Conservation, Land Use,
Pennsylvania, Rate of Deposition, _4.0204

FLOOD-FREQUENCY AND BASIN PARAMETER RELATION-
SHIPS IN SMALL DRAINAGE AREAS ...Amount, Discharge-
general, Floods, Morphology-general, Peak Flow, 2.0280

Watersheds-general
ANALYSIS OF DRAINAGE BASINS AND LANDSCAPES ...Land-

scape, River Basins, 2.0633

2-584

A STUDY OF THE HYDROLOGIC EFFECTS OF RAINFALL
AUGMENTATION ...Amount, Augmentation-general, Clouds-
precipitation, Digital Computers, Model Studies, 3.0076

WATERSHED IMPROVEMENT- -SOIL AND MOISTURE CON-
SERVATION PROGRAM ...Gaging, Modified Water Use,
Moisture Content, Snowmelt, Water Yield, 8.0143

REYNOLDS CREEK WATERSHED STUDY ...Idaho, Management
and Fertility, Runoff, Sediment Yield, Water Yield, ...2.0571

CHEMICAL CONTROL OF CREOSOTEBUSH AND MESQUITE
...Evaluation, Legumes -other..mesquite... , Management Effects,
Phreatophytes, Range, Zygophyllaceae, 4.0177

WATERSHED EVALUATION Chemical Analysis (water), Popu-
lation Dynamics, Stream Rehabilitation, Streams, Temperature,
...4.0226

EFFECTS OF WATERSHED MANIPULATION ON DEER AND
ELK USE ...Cover Crops, Habitat Studies, Management, Popula-
tion Dynamics, Water Yield, 4.0003

THE ECONOMICS AND ADMINISTRATION OF WATER
RESOURCES ...Administrative Structures, Altersative Planning,
Colorado, Water - Alternative Uses, Water Costs, 6.0107

REVIEW AND ANALYSIS OF PRECIPITATION AND RUNOFF
DATA FOR SELECTED WATERSHEDS IN MINNESOTA
...Floods, Hydrographs, Infiltration, Precipitation-general, Runoff,
4.0140

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS ...Digital Computers, Hydro-
graphs, Runoff, Sensitivity Problems, Testing of Models, ...2.0461

EFFECTS OF AREAL AND TIME DISWJBUTION OF RUNOFF
SUPPLY ON WATERSHED HYDROGRAPHS ...Hydrographs,
Mathematical Analysis, Model Studies, Other Model Modif, Ru-
noff, ...2.0666

SEDIMENTATION AND CONTAMINANT CRITERIA FOR
WATER RESOURCES PLANNING AND MANAGEMENT
...Dispersion -water, Management, Planning, Pollutants - Path of ,
Sediment Yield, Sedirnentology-general, 4.0066

THE DETERMINATION OF ZONES OF INTENSE CONTRIBU-
TION TO STREAM FLOW AS RELATED TO THE CONCEPT
OF PARTIAL AREA CONTRIBUTIONS ...Development of
Models, Digital Computers, Model Studies, Runoff, Synthetic
Hydrology-general, 2.0580

DEVELOPMENT AND EVALUATION OF HYDROLOGIC SIMU-
LATION MODELS ...Model Studies, Runoff, South Carolina,
Synthetic Hydrology-general, Technique Development, ...2.0954

WATER RESOURCES IN SOURDOUGH AND MIDDLE CREEK
WATERSHEDS - A COMPARATIVE STUDY OF QUALITY
AND HYDROLOGY ...Conservation-general, Hydrology-general,
Land Use, Montana, Water Quality Control-general, ...5.0695

RUNOFF GENERATION AS A FUNCTION OF PRECIPITATION
AND WATERSHED CHARACTERISTICS ...Amount, Hydro-
graphs, Runoff, Washington, ...2.1120

PARTIAL AREA CONTRIBUTION TO STREAM FLOW ...Digital
Computers, Flow Characteristics -water, Model Studies, Runoff,
Water Yield, ...2.0581

COMMUNITY INVOLVEMENT OF PARTICIPANTS IN
WATERSHED PLANNING ...Citizen's Participation, Mississippi,
Planning, Social Aspects, Water Resources Development,
-.6.03113

MICROBIOLOGICAL STUDIES IN AN OPEN AND A CLOSED
WATERSHED ...Bacterial Pollutant Sources, Coliforms (non-
specific), Montana, Recreation Sites, Streptococcus Fecalis,
...5.0696

ECOLOGICAL STUDIES OF THE SURFACE WATERS OF THE
WHITEWATER CREEK WATERSHED, WALWORTH, ROCK,
AND JEFFERSON COUNTIES, WISCONSIN ...Bioindicators,
Range Or Territorial Distr. , Water Quality-general, Wisconsin,
...5.1323

LIMNOLOGICAL EFFECTS OF ORGANIC WATERSHED
LITTER ...Flash Floods, Forest Debris, Lakes, Southwest,
...5.0048

MASSACHUSETTS PESTICIDE MONITORING STUDY ...Mas-
sachusetts, Mo-iitoring Systems, Pesticides -non-specific,
Sampling, 5.0539

A DEMONSTRATION OF JOINT-MUNICIPAL-INDUSTRIAL
WASTE TREATMENT IN THE ONONDAGA LAKE
WATERSHED ... Chemical Treatment, Combined Sewer, Industri-
al-general, Local Government, Waste Water Treatment-general,
...5.0792

PHYSICAL AND ECONOMIC ANALYSIS OF WATERSHEDS AS
RELATED TO SOIL AND WATER CONSERVATION ...Benefit-
cost Analysis, Conservation-general, Land, Land Use, Linear &
Non-linear Program, ...6.0222
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INFLTRATION CAPACITIES UNDER VARIOUS VEGETATION
TYPES AS INFLUENCED BY WATERSHED MANAGEMENT
PRACTICES ...Cover Crops, Environment, Infiltration, Manage-
ment, Water Yield, 4.0013

MATHEMATICAL SIMULATION OF HYDROLOGIC EVENTS
ON UNGAGED WATERSHEDS ...Hydrographs, Hydrology-
general, Mathema.;cal Analysis, Model Studies, Research
Development, Runoff, 2.0462

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION ...Clouds-precipita-
tion, Forecasting-prediction, Mathematical Analysis, Model Stu-
dies, Runoff, Valley and Ridge Province, _2.0922

SEDIMENT YIELD IN RELATION TO CLIMATIC AND
WATERSHED CHARACTERISTICS IN THE EDWARDS
PLATEAU ...Floods, Reservoirs and Impoundments, Runoff,
Sediment Yield, Texas, _2.1020

THE ROLE OF VEGETATION AND SOIL IN WATERSHED
YIELD ...Cover Crops, Dendroclimatology, Soil Properties
General, Soil-water-plant Relationships, Water Balance-budget,
Water Yield, ...4.0256

VEGETATION MANIPULATION EFFECTS ON RUNOFF -
SYCAMORE CREEK, ARIZ ...Conservation-general, Cover
Crops, Runoff, Sediment Yield, Water Yield, ...3.0008

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION ...Appalachian
Highlands-other, Clouds-precipitation, Flow Characteristics -
water, Model Studies, Modification, ...2.0184

WATERSHED REHABILITATION TO CONTROL EROSION
AND SEDIMENTATION IN THE SOUTHWEST ...Erosion-
general, General Deposition, Sediment Yield, Stabilization-
general, ...4.0175

WATER YIELD IMPROVEMENT FROM SOIL TREATMENTS
AND PLANT-COVER ALTERATIONS (ABBREV) ...Cover
Crops, Precipitation -non-specific, Soil Management -other, Soil-
water-plant Relationships, Water Yield, 4.0249

A THEORETICAL STUDY OF INFILTRATION INTO RANGE
AND FOREST SOILS ...Amount, Infiltration, Runoff, 2.1066

STORM RUNOFF AND FLOOD FLOWS IN RELATION TO CLI-
MATIC AND WATERSHED CHARACTERISTICS ...Channels,
Hydrographs. Water Yield, 4.0206

RUNOFF AND SEDIMENT MOVEMENT ON UNIT SOURCE
WATERSHEDS OF THE PACIFIC INFLUENCED BY CLI-
MATE, SOILS, VEGETATION AND TOPOGRAPHY ...Idaho,
Physiography-general, Runoff, Sediment Yield, Water Yield,
2.0387

WATER ACCUMULATION, FLOOD-WAVE MOVEMENT AND
WATER YIELD FROM COMPLEX WATERSHEDS OF THE
PACIFIC NORTHWEST ...Channels, Floods, Forecasting-predic-
tion, Hydrographs, Idaho, Peak Flow, Storage of Water, Water
Yield, 3.0202

PRECIPITATION PATTERNS ON UPSTREAM WATERSHEDS
IN CENTRAL AND SOUTHERN CALIFORNIA ...California,
Climatography, Patterns, Runoff, Sediment Yield, ,2.0103

Watersheds-other
COMPUTER SIMULATION OF 'THE HYDROLOGIC SYSTEM

OF A MOUNTAIN WATERSHED ..,Digital Computers, Ground-
water, Hydrology-general, Model Studies, Mountains-alpine, Sur-
face Water, ...2.0707

COMPUTER SIMULATION OF URBAN HYDROLOGIC
SYSTEMS ...Analog Computers, Hydrographs, Runoff, Texas,
Urban Environments, ...4.0258

INCREASING CHAPARRAL WATERSHED YIELD 'THROUGH
IMPROVED USE OF PHENOXY-TYPE HERBICIDES ...En-
vironmental Effects, Herbicides ,non-specific, Moisture Tension,
Temperature, Translocation, Water Yield, .3.0089

STUDIES OF SOCKEYE SALMON, ONCORHYNCHUS NERKA,
IN THE KVICHAK RIVER SYSTEM, ALASKA .Alaska, Com-
mercial Fishing, Productivity - Food Chain, Saimon -coho,chin-
ook,sockeye.., ...6.0627

DEVELOPMENT OF A MODEL RESOURCE ANALYSIS FOR
RANGE WATERSHEDS ...Mapping, Model Studies, Quality and
Utilization, Species and Species Evaluation, ...6.0460

GLACIOLOGICAL RESEARCH ...Advance, Regimen, Runoff,
Thickness - Area, _2.1136

Waves
LAKE ERIE DIKE ...Dike, Disposal-other, Lake Erie, Models,

Wave Action, 8.0219

WAVE FORCES ON SUBMERGED STRUCTURES ...Drag,
Hydraulic Structures, Lift, Shoreline Structures, Wave Action,
2.0629

EXPERIMENTAL STUDIES OF AIR AND WATER INTERFA-
CIAL INTERACTION ...Pollutants - Path of , Turbulence-
general, Wind Tunnels, Wind-water Interaction, 2.0246

GREAT LAKES RESEARCH LAKE WAVES ...Great Lakes-
general, ...2.0641

CORRELATION OF BEACH PROPERTIES AND INCIDENT
WAVES ...Beach, Development, Engineering Structures-general,
2.0260

HYDRAULICS AND DYNAMICS OF ESTUARIES ...Erosion-
general, Estuaries, Flow Characteristics -water, Sedimentology-
general, Water Level Fluctuation, .,.2.026I

DESIGN OF RUBBLE WAVE ABSORBERS ...Breakwaters,
Dissipators, Wave Action, _7.0066

NUMERICAL SIMULATION OF HYDRODYNAMIC
PHENOMENA BY DIGITAL COMPUTER ...Groundwater,
Model Studies, Open Channel Flow, Porous Media - Flow
Through, Subsurface Flow, 2.1096

A STUDY OF NATURAL EVAPORATION FROM FREE WATER
SURFACES ...Boundary Layer Studies, Evaporation, Oklahoma,
Patterns, Water Loss Control, ...3.0129

MECHANICS OF SEDIMENT ENTRAINMENT, TRANSPORTA-
TION AND DEPOSITION IN CHANNELS OF THE SOUTHERN
BRANCH AND AT THE USDA SEDIMENTATION
LABORATO ...Channels, Flume Studies, Sediment Transport-
general, Sedimentation, Velocity -water, ...2.0677

FLOOD WAVE MOVEMENT iN NATURAL EPHEMERAL
STREAM CHANNELS ...Channels, Ephemeral, Floods, Runoff,
Thunderstorms, ...4.0008

Wax, Paraffin
MECHANISM OF FROST HEAVING ...Frost Heaving, Hydrated

Acid and Norm, Liquid - Solid Interactions, Particle Surface, Per-
mafrost-frozen, Silicones, 2.0802

Weather - Physical Properties
Electricity

Charge on Droplets
EFFECT OF CHARGE UPON COLLISIONS IN WASHOUT

...Charged Particles, Collision Effects, Droplet Formation, Dust -
Particulate Matter, Washout, 2.0155

SCAVENGING STUDY OF SNOW AND ICE CRYSTALS
...Nucleation Physics, Structure, Structure-size, Washout,
2.0406

Field Properties
ELECTRIC FIELDS IN THE CONDENSATION AND

COALESCENCE OF WATER ...Formation, Ionization, Laborato-
ry Analysis, Nucleation Physics, 3.0299

Energy-radiation
Energy-general

COMBINED INFLUENCE OF ATMOSPHERIC DESICCATION
AND SOIL WATER POTENTIAL ON THE IRRIGATION NEED
AND WATER POTENTIAL OF PLANTS ...Evapotranspiration,
Irrigation-general, Moisture Tension, Osmotic and Turgor Pres-
sure, 2.1078

RESEARCH ON THE METEROGENEITY OF CLOUD STRUC-
TURE ...Cloud Physics, Cloud Structure, Convection, In-cloud,
2.1017

SNOW ACCUMULATION AND MELT ON STUDY AREAS
...Idaho, Mountains-alpine, Patterns, Photogrammetry, Snowmelt,
.2.0388

FACTORS GOVERNING EVAPOTRANSPIRATION OF WATER
IN COASTAL REGIONS ...Climate, Evapotranspiration, Lysime-
ters, Moisture Tension, Soil Environment, ...8.0012

Heat Budget
DETERMINATION OF EVAPOTRANSPIRATION FOR KIORT

INTERVALS ON A BENCHMARK BASIN ...Evapotranspiration,
Israel, Karst Topography, Moisture Content, Water Balance-
budget, ...2.0493

MICROMETEOROLOGICAL INVESTIGATIONS OF THE ENER-
GY BUDGET - EFFECT OF SUMMER WINDS ...Evapotrans-
piration, Heat now, Micrometeorology, Semi - Arid, Wind-
general, 2.0516

2-585
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DAILY HEAT BUDGETS IN ENVIRONMENTAL FLUIDS ...Heat
Flow, Illinois, Ohio, Temperature Cr Heat Budgets, 2,11405

GREAT LAKES RESEARCH - LAKE EVAPORATION ,..Evapora-
tion, Great Lakes-general, Humidity, Precipitation-general,
Velocity, 2,0637

EVAPORATION FROM LAKES AND RESERVOIRS .Evapora-
tion, Evapotranspiration, Lakes, Reservoirs and Impoundments,
Water Balance-budget, 2.0187

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR ...Evaporation, Humidity, Humidity Instruments,
Oklahoma, Reservoirs and Irr ioundments, Transmission Charac-
teristics, Velocity, Water Lose Control, 3.0114

FLOOD RUNOFF & WATER YIELD FROM GLACIATED
MOUNTAINS ...Floods, Forest Watersheds, Glacial Environment,
Runoff, Water Balance-budget, Water Yield, ...3.0372

QUANTITY, QUAL ITY, AND TIMING OF WATER YIELDS IN
THE SOUTHERN APPALACHIANS-PIEDMONT ...Appalachia,
Evapotranspiration, Forest Watersheds, Piedmont Province,
Water Yield, 3.0374

Heat Exchange
EVAPORATION OF WATER AS RELATED TO WIND BAR-

RIERS ...Evaporation, Modified Water Use, Moisture Tension,
Water Loss Control, Wind-general, 3.0138

AN ATMOSPHERIC ENERGY BUDGET STUDY ...Great Basin,
Storms-general, Water Balance - budget, 2.0738

A THREE-DIMENSIONAL APPROACH TO THE EXCHANGE
OF HEAT AND WATER VAPOR BETWEEN A LARGE
WATER BODY AND THE ATMOSPHERE ...Boundary Layer
Studies, Diffusion, Electric Power Plants, Evaporation, 2,0793

TECHNIQUES OF MODELING THERMAL STRATIFICATION IN
LAKES ...Evaporation, Lakes, Stratification, Temperature,
2.0617

NUMERICAL MODELING OF GENERAL CIRCULATION OF
EARTHS ATMOSPHERE ...Air Motion-general, Computers-
general, Humidity, Latent Heats, Weather Modification-general,
7.0014

COOPERATIVE EVAPOTRANSPIRATION RESEARCH ...Cli-
mate, Deserts, Evapotranspiration, Radiation-general, 2.0136

GENERAL CIRCULATION - NUMERICAL MODELING OF
PRECIPITATION ...Air Motion-general, Forecasting, Humidity,
Model Studies, Weather Modification-general, ...2.0265

BASIC INVESTIGATION OF HEAT AND MOISTURE
TRANSFER ACROSS THE AIR-WATER INTERFACE ...Boun-
dary Layer Studies, Evaporation, Interface, Water Balance-
budget, Water Loss Control, 3.0124

CLIMATIC INFLUENCE ON WATER USE AND CROP PER-
FORMANCE IN THE CORN BELT REGION ...Climate, Corn
Belt, Energy Budgets, Evapotranspiration, Humidity, Soil-water-
plant Relationships, 2.0439

THE ENERGY BUDGET AT THE EARTHS SURFACE ...Energy
Budgets, Humidity, Moisture Content, Transpiration and Evap,
Water Balance-budget, Wind Tunnels, 2.0808

Latent Heats
NUMERICAL MODELING OF GENERAL CIRCULATION OF

EARTHS ATMOSPHERE ...Air Motion-general, Computers-
general, Heat Exchange, Humidity, Weather Modification-general,
7.0014

CLOUD AND PRECIPITATION FORECAST MODEL ...Cloud
Cover, Condensation-general, Forecasting, Model Studies,
Weather Forecasting, 2.0267

Radiation-general
ENERGY SOURCES FOR EVAPOTRANSPIRATION IN THE

PLAINS REGION ...Antitranspirants, Evapotranspiration, Lysime-
ters, Nebraska, Water Loss Control, ...2.0721

WATER TRANSFER FROM SOIL TO THE ATMOSPHERE AS
RELATED TO CLIMATE AND SOIL PROPERTIES ...Evapora-
tion, Humidity, Moisture Content, Physical Climatology, Water
Balance-budget, Water Transfer, 2.1046

HETEROGENEOUS NUCLEATION OF ICE ...Grovth and
Preparation, Nucleation Physics, Photolysis, Temperature,
...2.0785

COOPERATIVE EVAPOTRANSPIRATION RESEARCH ...Cli-
mate, Deserts, Evapotranspiration, Heat Exchange, ...2.0136

EVAPORATION ...Atmosphere Radiation, Evaporation, Forecast-
ing-prediction, Lakes, Water Yield, 2.0603

USE OF WATER ON FEDERAL IRRIGATION PROJECTS ...Con-
sumptive Use, Engineering Structures-general, Irrigation Engineer-
ing, Irrigation-general, Systems Analysis, ...6.0094

WATER YIELD IMPROVEMENT IN THE SNOWPACK TIMBER
ZONE, RUNOFF FROM RANGELANDS ..Erosion-general,
Gully Or Channel Erosion, Mountains-alpine, Snowmelt, Water
Yield, ...3.0143

EFFECTS OF DIFFERENT FOREST TYPES AND CONDITIONS
ON STREAM REGIMEN AND WATER YIELDS ...Climatic Ef-
fects, Environment, Flow Characteristics -water, Forest
Watersheds, Land Use, Water Yield, _5.0794

IMPROVEMENT OF WATER YIELDS BY MODIFICATION OF
RADIANT ENERGY OVER LAND SURFACES (ABBREV)
Energy Budgets, Evapotranspiration, Interception, Snowmelt,
Water Yield, .2.0233

Radiation - terrestrial
STUDY OF THE ENERGY BUDGET ON THE HAWAIIAN

ISLANDS ...Evapotranspiration, Hawaii, Radiation Emission,
Reflectance, 2.0370

GREAT LAKES RESEARCH - ICE CHARACTERISTICS Aerial,
Lake Superior, Micrometeorology, Origin, Petrofabrics, Sea Ice,
...2.0644

Sunshine
SOLAR HEATING OF WATER TO VERY HIGH TEMPERA-

TURES ...Conductivity, Desalination, Mathematical Analysis,
Medium Temperature - 300.10013k, Water, ...3.0331

PHOTOLYSIS MECHANISMS FOR POLLUTION ABATEMENT
...Chemical Treatment, Organics, Oxidants, Photolysis, Pollution
Abatement, 5.0335

CLIMATE RELATED TO PLANT RESPONSE IN THE
MATANUSKA VALLEY ...Alaska, Direction, Evaporation,
General Synoptic Observations, Transpiration and Evap, Velocity,
_2.0029

CLIMATOLOGICAL MEASUREMENTS RELATED TO
AGRICULTURE ...Amount, Fog-haze-mist, Land Use, Physical
Climatology, Temperature, Water Utilization -general, 2.0741

SOLAR REFLECTANCE OF MONOLAYER-COVERED WATER
SURFACES AS RELATED TO EVAPORATION SUPPRESSION
...Antitranspirants, Dyes and Coloring, Evaporation, Monolayers,
Polymer-other, 3.0110

Temperature
ICE FORMATION BY CONTACT NUCLEATION ...Formation,

Growth and Preparation, Model Studies, Nucleation, Nucleation
Physics, 3.0339

CLIMATIC PATTERNS AND THEIR EFFECT ON CALIFORNIA
AGRICULTURE ...Agriculture, Applied Climatology, California,
Data Analysis - General, Phenology, Production & Processing,
Weather, ..1.0095

CLIMATE AND PHENOLOGICAL PATTERNS FOR AGRICUL-
TURE IN THE WESTERN REGION ...Nevada, Patterns,
...2.0730

ROLE OF LIGHT QUALITY, ETC, ON TRANSPIRATION OF
WATER LOSSES BY PLANTS ...Humidity, Low Temp. - But
Above 32f, Transpiration, _2.1038

STATISTICAL ANALYSES OF THE VARIATIONS OF
PRECIPITATION-TEMPERATURE AND EVAPORATION IN
TEXAS ...Data Analysis Applications, Evaporation, Patterns, Tex-
as, ...2.1027

DEVELOPMENT OF IMPROVED SNOW SURVEYING AND
STREAM-FLOW FORECASTING TECHNIQUES ...Amount, An-
tecedent Moisture, Flow Characteristics -water, Forecasting-pre-
diction, Moisture Content, 2.1072

CALCULATION OF TEMPERATURE AND PRECIPITATION
VALUES ...Air Temperature -non-specific, Distributions,
Forecasting, Patterns, Utah, ...2.1058

HETEROGENEOUS NUCLEATION OF ICE ...Growth and
Preparation, Nucleation Physics, Photolysis, Radiation-gene',d1,
_2.0785

AN EVALUATION OF THE SUGAR-INVERSION METHOD OF
MEASURING MEAN TEMPERATURE IN A CLIMATOLOGI-
CAL NETWORK ...Aldose and Ketose, Inversion, Microclimate-
genera!, Physical Climatology, 2.0925

SOIL-MOISTURE-PLANT RELATIONS OF AVOCADO TREES
..irrigation - general, Lauraceae - Sassafras... Moisture Content,

Soil-water-plant Relationships, Trees, _2.0148
CLIMATOLOGICAL MEASUREMENTS RELATED TO

AGRICULTURE ...Amount, Fog-haze-mist, Land Use, Physical
Climatology, Sunshine, Water Utilization -general, ...2.0741

SUBSYNOPTIC WEATHER SPECIFICATION ...Cloud Cover,
Data Analysis Applications, Dew, Micrometeorology, Model Stu-
dies, Weather Forecasting, ...2.0592

REMOTE SENSING OF WATER VAPOR ...Electronics - Applied,
Humidity, Optics, Radio, Turbulence-general, -.7.0015
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SUBJECT INDEX Weather Modification

Thermodynamics
NUMERICAL SIMULATION OF THE MACROPHYSICAL AND

MICROPHYSICAL PROCESSES OF MOIST CONVECTION
,.,Cloud Formation and Evolution, Clouds-precipitation, Convec-
tion, Formation, Modal Studies, ...2.0239

General Synoptic Observations
CONTINUATION OF GLACIOLOGICAL INVESTIGATIONS ON

THE CASEMENT GLACIER, ALASKA ...Alaska, Floor Proper-
ties, Rate, Rhcology Flowage, 2,0858

RESEARCH AND BASIC DATA ON THERMAL POLLUTION
...Diffusion, Dissipation, Eddies, Mixed Modes, Streams, Thermal
Pollution, ,4.0058

DOCTORAL DISSERTATION RESEARCH IN GEOGRAPHY
Data Analysis - General, Geography-physical, Humidity, Ohio

River, Water Balance-budget, 3.0392
FACTORS AFFECTING WATER YIELD FROM SMALL

WATERSHEDS IN TENNESSEE ,Correlation, Cover Crops,
Small Watersheds, Tennessee, Water Yield, 4.0224

CLIMATE OF THE NORTHEAST - ANALYSES & RELATION-
SHIP TO PLANT RESPONSE (NE-35 ...Aerial, Beans (garden),
Climate-general, Delaware, Envir. responses (non-specific,
2.0251

ESTIMATING SOIL MOISTURE FROM METEOROLOGICAL
MEASUREMENTS .Cover Crops, Evapotranspiration, Indiana,
Moisture-other, Soil Types, 2.0474

WEATHER INFORMATION FOR AGRICULTURE ...Applied Cli-
matology, Iowa, Moisture Content, Oats, Soil Environment,
...2.0484

RUNOFF OF SMALL WATERSHEDS ...Agricultural Watersheds,
Gaging, Moisture Retention, Runoff, Soil Types-general, ...2.0531

WEATHER iNiORMATION FOR AGRICULTURE ...Climate-
general, Data Analysis - General, Evapotranspiration, Soil Physi-
cal Properties, 4.0190

HYDROLOGY OF PIEDMONT AGRICULTURAL
WATERSHEDS ...Agricultural Watersheds, Cover Crops,
Groundwater, Management, Piedmont Province, Soil-water-plant
Relationships, Water Yield, ...2.0958

CLIMATE RELATED TO PLANT RESPONSE IN THE
MATANUSKA VALLEY ...Alaska, Direction, Evaporation,
Sunshine, Transpiration and Evap, Velocity, ..2.0029

PROCEDURES FOR ESTIMATING CROP WATER REQUIRE-
MENTS FOR USE IN WATER ALLOCATIONS AND FOR IM-
PROVEMENT OF IRRIGATION EFFICIENCY ,..Evapotrans-
piration, Irrigation-general, Lysimetcrs, Requirements for Water,
Water Allocation, 3.0047

LAKE EFFECT SNOW SITUATIONS, EASTERN LAKE ON-
TARIO AREA ...Atmospheric Pressure, Data Acquisition, Lakc
Ontario, Topographic Influences, 7.0084

OPTIMUM ESCAPEMENT STUDIES OF CHIGNIK SOCKEYE
SALMON ...Alaska, Aquatic Ecology, Lakes, Salmon -coho,chin-
ook,sockeye.., Water Properties-general, 6.0623

RADIOACTIVITY IN RAINFALL Illinois, Radioactivity, Rain-
general, 2.0415

RAINFALL EVALUATION STUDIES ...Data Analysis Applica-
tions, Gages, Modification, Patterns, Storms-general, 2.0416

WEATHER RECORDS ...Moisture Content, Temperature, 2.0942

NATIONWIDE PRECIPITATION - NMC FORECAST
TECHNIQUES ...Clouds-general, Computers-general, Forecasting,
Forecasting- prediction, Regression Analysis, 2.0589

AUTOMATIC VHF RADIO HYDROLOGIC DATA REPORTING
SYSTEM ..Automatic Data Aquisition, Data Transmission
Systems, Hydrology-general, Radio, Very High Frequency,
7,0096

HYDROLOGIC STUDY OF A SMALL ALASKAN WATERSHED
...Alaska, General, Hydrology-general, Small Watersheds, Water
Sampling, ...2.0749

Humidity
DOCTORAL DISSERTATION RESEARCH IN GEOGRAPHY

...Data Analysis - General, General Synoptic Observations, Geog-
raphy-physical, Ohio River, Water Balance-budget, ...:%0392

WATER TRANSFER FROM SOIL TO 'THE ATMOSPHERE AS
RELATED TO CLIMATE AND SOIL PROPERTIES ...Evapora-
tion, Moisture Content, Physical Climatology, Radiation-general,
Water Balance-budget, Water Transfer, 2.1046

ROLE OF LIGHT QUALITY, ETC, ON TRANSPIRATION OF
WATER LOSSES BY PLANTS ...Low Temp. - But Above 32f,
Temperature, Transpiration, ...2.1038

NUMERICAL MODELING OF GENERAL CIRCULATION OF
EARTHS ATMOSPHERE .Air Motion-general, Computers-
general, Heat Exchange, Latent Heats, Weather Modification-
general, ...7.0014

GENERAL CIRCULATION - NUMERICAL MODELING OF
PRECIPITATION .Air Motion-general, Forecasting, Heat
Exchange, Model Studies, Weather Mouification-general,
.2.0265

REMOTE SENSING OF WATER VAPOR ,.,Electronics - Applied,
Optics, Radio, Temperature, Turbulence-general, 7.0015

GREAT LAKES RESEARCH - LAKE EVAPORATION ...Evapora-
tion, Great Lakes-general, Heat Budget, Precipitation-general,
Velocity, .2,0637

RADIO METHODS FOR DETERMINING WATER VAPOR CON-
TENT OF AIR ...Evaporation, Heat Budget, Humidity Instru-
ments, Oklahoma, Reservoirs and Impoundments, Transmission
Characteristics, Velocity, Water Loss Control, 3.0114

DEVELOPMENT OF ATMOSPHERIC LASER RADAR Am-
plifiers, Lasers, Lasers and Masers, Radar, Ruby, ..,2.0194

CLIMATIC INFLUENCE ON WATER USE AND CROP PER-
FORMANCE IN THE CGRN BELT REGION ...Climate, Corn
Belt, Energy Budgets, Evapotranspiration, Heat Exchange, Soil-
water-plant Relationships, .2.0439

THE ENERGY BUDGET AT THE EARTHS SURFACE .Energy
Budgets, Heat Exchange, Moisture Content, Transpiration and
Evap, Water Balance-budget, Wind Tunnels, ...2.0808

Optics
REMOTE SENSING OF WATER VAPOR Electronics - Applied,

Humidity, Radio, Temperature, Turbulence-general, .,.7.0015

Pressure-density
TRCPICAL STORM RAINFALL AND HURRICANE WIND

FIELDS .Forecasting, Gulf of Mexico, Tropical Cyclones,
Velocity, ...2.0595

METEOROLOGICAL ANALYSIS OF PRECIPITATION EFFECTS
OF SWISS HAIL SUPPRESSION EXPERIMENTS ,..Clouds -
precipitation, Modification, Patterns, Weather Charts-maps,
2.0108

EFFECT OF EXTERNAL AIR PRESSURE ON LIQUID FLOW
THROUGH A POROUS MEDIUM ...Canals, Model Studies,
Permeability, Physical Properties -other, Seepage, 2.0392

GREAT LAKES RESEARCH - HARBOR CURRENTS .,.Currents -
water, Great Lakes-general, Harbors, Model Studies, Water Level
Fluctuation, Wind - general, 2.0642

Weather Modification
Clouds-precipitation

RAIN SCAVENGING STUDIES DATA ANALYSIS, SYNTHESIS
AND INTERPRETATION ..Dust - Particulate Matter, Precipita-
tion-general, Storms-general, Tracers, Washout, ...7.0057

ROCKY MOUNTAIN OROGRAPHIC CLOUD PRECIPITATION
AND MODIFICATION ...Cloud Structure, Colorado, Formation,
Patterns, Topographic Influences, 3.0140

A STUDY OF THE HYDROLOGIC EFFECTS OF RAINFALL
AUGMENTATION ,..Amount, Augmentation-general, Digital
Computers, Model Studies, Watersheds-general, 3.0076

NUMERICAL SIMULATION OF THE MACROPHYSICAL AND
MICROPHYSICAL PROCESSES OF MOIST CONVECTION
...Cloud Formation and Evolution, Convection, Formation, Model
Studies, Thermodynamics, ...2.0239

METEOROLOGICAL ANALYSIS OF PRECIPITATION EFFECTS
OF SWISS HAIL SUPPRESSION EXPERIMENTS ...Modifica-
tion, Patterns, Pressure-density, Weather Charts-maps, 2.0108

U TAH ATMOSPHERIC WATER RESOURCES (THE WASATCH
WEATHER MODIFICATION PROJECT) ...Automatic Stations,
Data Networks, Gages, Patterns, Utah, 2.1074

WATER UTILIZATION ASPECTS OF WEATHER MODIFICA-
TION AS APPLIED TO KANSAS ...Amount, Development of
Models, Ktmsas, Model Studies, Water Harvesting, 2.0505

WEATHER MODIFICATION IN NORTH DAKOTA ...Amount,
Hail, Modification, North Dakota, Weather, 2.0831

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION ...Forecasting-pre-
diction, Mathematical Analysis, Model Studies, Runoff, Valley
and Ridge Province, Watersheds-general, 2.0922

CASCADES ATMOSPHERIC WATER RESOURCES PROGRAM
Augmentation - general, Cascade Mountains, Data Analysis -
General, Formation, Washington, 2.1128
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SCALE OF PRECIPITATION Amount, Modification, Precipita-
tion Instruments, 2,0605

ATMOSPHERIC WATER RESOURCES PROGRAM Augmenta-
tion-general, Modification, Reservoirs and Impoundments,
Technique Development, Water Quantity-general, 2.0163

ATMOSPHERIC WATER RESOURCES RESEARCH IN THE
STATE OF NEW MEXICO ...Clouds-general, New Mexico,
Precipitation Instruments, Rio Grande, Storms-general, ,2.0175

PARK RANGE ATMOSPHERIC WATER RESOURCES PRO-
GRAM ...Colorado, Nucleation Physics, Orographie Effects, Pat-
terns, Technique Development, 2.0164

LARGE SCALE DYNAMIC EFFECTS OF CLOUD SEEDING
.Patterns, Statistics-general, 2.0171

A TEST OF CERTAIN EVALUATION DESIGNS FOR CLOUD-
SEEDING EXPERIMENTS .,,Forecasting, Mathematical Analysis,
Model Studies, Oklahoma, Weather Charts -maps, 2.0180

ARIZONA WEATHER MODIFICATION ENGINEERING
RESEARCH, ATMOSPHERIC WATER RESOURCES ...Arizona,
Cloud Formation and Evolution, Nucleation Physics, Other,
Storms - general, ..2.0186

EFFECT OF THE WARM CLOUD BASE UPON CLOUDSEED-
ING FROM THE GROUND Iodine, Nucleation, Nucleation
Physics, Silver, Vapor, 2.0156

CONVECTIVE CLOUD SYSTEMS, NORTHERN GREAT
PLAINS, ATMOSPHERIC WATER RESOURCES ,..Cloud Struc-
ture, Convection, Cumulus, Great Plains Province, Model Studies,
_2.0193

STATE OF WASHINGTON DEPARTMENT OF WATER
RESOURCES CASCADE ATMOSPHERIC WATER
RESOURCES PROGRAM Augmentation-general, Cascade -
Sierra Mountains, Nucleation Physics, Patterns, Washington,
,..2.0195

SKYWATER ..,Amount, Fronts, Montana, Storms-general, Topo-
graphic Influences, _2.0200

ATMOSPHERIC WATER RESOURCES RESEARCH ...Augmenta-
tion-general, California, Modification, Technique Develot ment,
2.0206

LEGAL IMPLICATIONS OF WEATHER MODIFICATION .,.Fog-
mist Dissipation, Legal Review, Legal Studies-general, Weather
Modification-general, 2.0169

EVALUATION OF PRECIPITATION MANAGEMENT PRO-
GRAMS BY RECIPITATION RATE MEASUREMENTS
..,Modification, Planning-support, 2.0199

FEASIBILITY OF USING ATMOSPHERIC WATER RESOURCES
IN THE NORTHEASTERN UNITED STATES ...Applied Cli-
matology, Benefit-cost Analysis, Connecticut River, River Basins,
Water Resources Development, _2.0161

INVESTIGATION OF THE FEASIBILITY OF WARM-CLOUD
MANAGEMENT ...Cloud Temperature, Model Studies, Modifica-
tion, Other, 2.0165

HYDROLOGIC BEHAVIOR OF SELECTED WATERSHEDS IN
THE NORTHERN APPALACHIAN REGION ...Appalachian
Highlands-other, Flow Characteristics -water, Model Studies,
Modification, Watersheds- general, 2.0184

Fog-mist Dissipation
LEGAL IMPLICATIONS OF WEATHER MODIFICATION

...Clouds-precipitation, Legal Review, Legal Studies-general,
Weather Modification-general, 2.0169

Nucleation Physics
SCAVENGING STUDY OF SNOW AND ICE CRYSTALS

...Charge on Droplets, Structure, Structure-size, Washout,
2.0406

ICE FORM/ TION BY CONTACT NUCLEATION ..,Formation,
Growth and Preparation, Model Studies, Nucleation, Tempera-
ture, ...3.0339

ELECTRIC FIELDS IN THE CONDENSATION AND
COALESCENCE OF WATER ...Field Properties, Formation,
Ionization, Laboratory Analysis, 3.0299

HETEROGENEOUS NUCLEATION OF ICE ...Growth and
Preparation, Photolysis, Radiation-general, Temperature, 2.0785

PRECIPITATION SCAVENGING ...Dispersion - Transporation,
Nuclear Explosions - Fallout, Rain - other. Snow - other, Washout,
...5.1252

PARK RANGE ATMOSPHERIC WATER RESOURCES PRO-
GRAM ...Clouds-precipitation, Colorado, Orographic Effects, Pat-
terns, Technique Development, 2.0164

ARIZONA WEATHER MODIFICATION ENGINEERING
RESEARCH, ATMOSPHERIC WATER RESOURCES ...Arizona,
Cloud Formation and Evolution, Clouds-precipitation, Other,
Storms-gem ral..2.0186

EFFECT OF THE WARM CLOUD BASE UPON CLOUDSEED-
ONG FROM THE GROUND ...Clouds-precipitation, Iodine,
Nucleation, Silver, Vapor, -.2.0156

STATE OF WASHINGTON DEPARTMENT OF WATER
RESOURCES CASCADE ATMOSPHERIC WATER
RESOURCES PROGRAM ...Augmentation-general, Cascade -
Sierra Mountains, Clouds-precipitation, Patterns, Washington,
2.0195

ENGINEERING DEVELOPMENT OF ICE NUCLEI DISPERSION
SYSTEMS ...Flow of Dispersed Solids, Technique Development,
...2.0197

ATMOSPHERIC WATER RESOURCES RESEARCH UNIVERSI-
TY OF WYOMING ...Cloud Formation and Evolution, Cloud
Physics, Orographic Effects, Snowpack, Wyoming, ...2.0162

PRODUCTION AND DETECTION OF ARTIFICIAL ICE NUCLEI
..,Cloud Physics, Formation, Model Studies, Modification,
Precipitation Instruments, 2.0173

RESEARCH IN ATMOSPHERIC SCIF.NCES AS RELATED TO
INCREASING WATER SUPPLY ...Modification, Montana,
Snowmelt, Topographic Influences, _2.0904

Weather Modification-general
RAINFALL EVALUATION STUDIES ...Data Analysis - General,

Gages, Modification, 2atterns, Sampling-general, _3.0219
WATER RESOURCE OPERATIONS STUDY ...Conjunctive Use,

Operations Research, Planning, Water Cycle, Wyoming, 6,0652
COMPUTER SIMULATION OF EFFECTS OF LAND MANAGE-

MENT AND WEATHER MODIFICATION ON WATERSHED
ECOSYSTEMS ...Land Use, Multivariate Analysis, Plant
Ecosysterns(non- specific), Simulation Theory, Water Yield,

.6.0297
NUMERICAL MODELING OF GENERAL CIRCULATION OF

EARTHS ATMOSPHERE ...Air Motion-general, Computers-
general, Heat Exchenge, Humidity, Latent Heats, 7.0014

DENSE RAINGAGE NETWORK PROJECTS ...Climatography,
Data Networks, Gages, Modification, Storms-general, ...2.0424

GENERAL CIRCULATION - NUMERICAL MODELING OF
PRECIPITATION ...Air Motion-general, Forecasting, Heat
Exchange, Humidity, Model Studies, 2.0265

MISCELLANEOUS FIELD RESEARCH IN CLIMATOLOGY
...Amount, Physical Climatology, Precipitation-general, Water
Resources Development, Water Yield, 1.0606

SKYWATER--PARK RANGE FOREST HYDROLOGY ...Colorado,
Forest Watersheds, Model Studies, Mountains-alpine, Topo-
graphic Influences, -.2.0172

MATHEMATICAL METHODS OF EVALUATION OF RESULTS
OF ATMOSPHERIC WATER RESOURCES PROGRAMS ...Er-
ror Analysis, Intermontane Plateaus-other, Mountains-alpine,
Physiography-general, Reliability Theory, ...2.0189

EXPERIMENTAL DESIGN & STATISTICAL EVALUATION OF
WEATHER, MODIFICATION EXPERIMENTS .,.Computers-
general, Data Malysio - General, Data Analysis Applications,
Statistics-general, Technique Development, ...2.0198

LEGAL IMPLICATIONS OF WEATHER MODIFICATION
...Clouds - precipitation, Fog-mist Dissipation, Legal Review, Legal
Studies-general, 2.0169

ECOLOG1CAL EFFECTS OF WEATHER MODIFICATION ...Cli-
mate-general, Management, Modification, Water Properties-
general, 2.0168

Weather Modification other
A COHERENT-AREA STUDY OF SOUTHERN LAKE

MICHIGAN ...Bioindicators, Chemical Identification, Eutrophica-
tion, Lake Michigan, Sedimentology-general, -.5.0547

AIRFLOW AND DIFFUSION PARAMETERS IN CONNECTION
WITH ATMOSPHERIC WATER RESOURCES PROGRAM
...Diffusion, Model Studies, Orographic Effects, Topographic In-
fluences, Wind Tunnels, -.2.0167

Weather Parameters Instruments
Aircraft

RESEARCH ON CHARACTERISTICS OF CONVECTIVE
CLOUDS IN TEXAS ...Cloud Physics, Cumulus, Data Analysis -
General, Model Studies, Texas, 2.1023
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SUBJECT INDEX Wetlands

Automatic Stations
UTAH ATMOSPHERIC WATER RESOURCES (THE WASATCH

WEATHER MODIFICATION PROJECT) ...Clouds-precipitation,
Data Networks, Gages, Patterns, Utan, 2.11074

EFFECT OF THE CLIMATE AND MICROCLIMATE ON
AGRICULTURE IN SOUTH DAKOTA ...Applied Climatology,
Digital Computers, Microclimate-general, South Dakota,
Statistics-general, ...2.0973

WEATHER RADAR - PRECIPITATION RELATIONSHIP ...Com-
puters-general, Forecasting, Patterns, Radar, -.2.0876

IMPROVE PRECIPITATION MEASURING EQUIPMENT PRES-
SURE TRANSDUCER ANALYSIS ...Gages, Instrumental Ser-
vices, Transducers, -.2.0590

MOUNTAIN RESEARCH ...General, Mountains - alpine, ..2.0753
PROJECT SKYWATER - NEW MEXICO ...Gages, Instrumental

Services, New Mexico, Other Telemetry, Snow-general,
Technique Development, 2,0203

PROJECT SKYWATER - COLORADO - STEAMBOAT SPRINGS
...Colorado, Gages, Instrumental Services, Other Telemetry,
Snow-general, _2.0204

Lasers
DEVELOPMENT OF ATMOSPHERIC LASER RADAR ...Am-

plifiers, Humidity, Lasers and Masers, Radar, Ruby, ...2.0194

Radar
(U) INSTABILITY PATTERNS IN THE TROPICS ...Tropic,

Weather Forecasting, 2.0320
HYDROMETEOROLOGICAL ANALYSIS OF SEVERE RAIN-

STORMS ...Illinois, Meteorological Extremes, Patterns, Storms-
general, Weather Charts-maps, 2.0414

CLIMATOLOGY OF HAIL ...Applied Climatology, Modification,
Patterns, Storms-general, -.4.0097

USE OF RADAR FOR HYDROLOGICAL STUDIES ...Cloud
Physics, Evaporation, Groundwater Movement, Patterns, Struc-
ture-size, 2.0776

WEATHER RADAR - PRECIPITATION RELATIONSHIP ...Auto-
matic Stations, Computers-general, Forecasting, Patterns,
_2.0876

DEVELOPMENT OF ATMOSPHERIC LASER RADAR ...Am-
plifiers, Humidity, Lasers, Lasers and Masers, Ruby, -.2.0194

Towers
GREAT LAKES RESEARCH - ENERGY TRANSFER AT THE

AIR-WATER INTERFACE ...Data Analysis - General, Heat and
Radiation Transfer, Heat-transfer-other, Lake Michigan, Mass
Transfer, Wind-water Interaction, 2.0639

Weathering - Geologic

Features
STUDIES OF SAPROLITE AND ITS RELATION TO THE

MIGRATION AND OCCURRENCE OF GROUNDWATER IN
CRYSTALLINE ROCKS ...Chemical Sediments, Infiltration,
Microstructure, Permeability, Texture, 2.0350

Processes
PHYSIOGRAPHIC STUDY OF PART OF THE HENRY MOU-

TAINS REGION, UTAH ...Erosion, Henry Mountains, Physical
Features-general, Physiography-general, Utah, -.2.0563

PH YLLOSILICATE WEATHERING IN UNCONSOLIDATED
MATERIAL OF WISCONSIN AGE IN A HUMID TEMPERA-
TURE ENVIRONMENT ...Glacial, Infiltration, Other, Soil Gene-
sis, Soil Morphology, Profiles, ...2.0801

MATHEMATICAL GEOMORPHOLOGY ...Erosion, Features,
Geomorphology-quantitative, Model Studies, Terrain Analysis,
...2.0425

Weathering-general
INFLUENCE OF GEOHYDROLOGY ON LANDSCAPE AND

SOIL FORMATION ...Hydrology-general, Morphology-general,
Physiography-general, Soil Genesis, 5.0409

West Virginia
RUNOFF STUDIES ON SMALL DRAINAGE AREAS ...Data

Acquisition-general, Discharge-general, Drainage, Peak Flow,
Small Watersheds, ...2.0290
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GEOCHEMICAL BEHAVIOR OF IRON AND MANGANESE IN
A RESERVOIR (LAKE LYNN, WEST VIRGINIA) FED BY
STREAMS CONTAINING ACID MINE DRAINAGE ...Acidity,
Geochemical Analysis, Iron, Manganese, Mine Drainage Control,
2.1139

INFLUENCE OF TOPOGRAPHIC FEATURES ON RAINFALL IN
WEST VIRGINIA ...Forecasting, Mathematical Analysis, Patterns,
Topographic Influences, Weather Charts-maps, 2.1140

PRECIPITATION INTENSITY-FREQUENCY RELATIONSHIPS
FOR WEST VIRGINIA ...Amount, Digital Computers, Patterns,
...2.1141

PHYSIOLOGICAL EFFECTS OF SUBLETHAL LEVELS OF
ACID WATER ON FISH ...Acidity, Metabolic Efficiency, Mining
Activities, Ph, Acidity -water, Water Quality-general, 5.1281

PIPELINE TRANSPORT OF SLUDGE ...Disposal, Mass Transfer,
Mining Activities, Pump, Sewage Treatment Plant, ...5.0869

AN INTEGRATED RECREATION AND NATURAL AREA
PRESERVATION PLAN FOR OHIO AND MARSHALL COUN-
TIES, WEST VIRGINIA .,.Camping, Fishing, Hunting, Invento-
ries, Planning, Recreation Sites, ...6.0634

Wetlands
CHEMICAL STUDIES ON THE WATERS AND SOILS OF

LAKES AND WETLANDS, WITH SPECIAL REFERENCE TO
MINOR ELEMENTS ...Chemical, Chemical-general, Lakes, Min-
nesota, Trace Element Analysis, 2.0660

EVALUATION OF FIVE METHODS FOR SAMPLING DESERT
AND WETLAND VEGETATION ...Arid and Desert, Colorado,
Deserts, Plant Ecology (non-specific), Utah, -.3.0471

PHYSICAL & CHEMICAL PROPERTIES OF WATER & SOILS
OF MARSHES AS THESE PROPERTIES RELATE TO THE
SUCCESS OF WATERFOWL FOODS & COVER. ...Biological-
general, Fcud Supply, Soil (wildlife) Cover, -.6.0371

IMPORTANCE OF TYPE I WETLAND COMMUNITIES TO
WATERFOWL PRODUCTION ...Censusing, Land Use, Spawn
Or Nesting Sites, Water Fowl, N.s. , Water Utilization -animal,
..A.0218

THE EFFECT OF LIVESTOCK UTILIZATION ON WATERFOWL
HABITAT AND PRODUCTION ...Cattle, Habitat Studies, Utah,
Vasc. plant & Vert. -other, Water Fowl, N.s. , -.6.0595

A PRELIMINARY STUDY OF THE ECOLOGY, PRESENT AND
ALTERNATIVE FUTURE LAND USE PATTERNS IN THE
DISMAL SWAMP AREA OF NORTH CAROLINA ...Agricul-
tural Land Use Effects, Economic Impact, Game Reserves &
Preserves, Land Use, North Carolina, ...6.0404

THE INFLUENCE OF WETLANDS ON QUANTITY AND
QUALITY OF STREAM FLOW ...Available Water, Evapotrans-
piration, Hydrology-general, Low Flow, Streams, 4.0170

ENHANCEMENT OF ECOLOGIC AND AESTHETIC VALUES
OF WETLANDS ASSOCIATED WITH INTERSTATE
HIGHWAYS ...Administrative Structures, Beautification, In-
terstate, New England Province, Water Law-general, ...6.0282

DEVELOPMENT OF A MATHEMATICAL MODEL FOR THE
SIMUI,ATION OF FLAT-LAND WATERSHED HYDRAULICS
...Development of Models, Hydraulics-general, Mathematical
Analysis, Model Studies, Technique Development, -.4.0102

SEASONAL VARIABLITY OF SOIL MOISTURE AND LEVELS
OF GROUNDWATER TABLE ON LOWLAND AREAS
...Moisture Levels, Poland, Seasonal, Soils and Fertilizer, Water
Table Fluctuation, ...3.0422

MARSH EVALUATION AND ACQUISITION - MARITIMES
...Habitat Studies, Management, Management -other, 4.0052

MARSH EVALUATION AND ACQUISITION, QUEBEC
...Canada, Habitat Studies, ...4.0049

WETLANDS EVALUATION AND DEVELOPMENT -
MARITIMES ...Canada, Habitat Studies, Species Evaluation,
...6.0085

MARSH EVALUATION AND ACQUISTION - ONTARIO
.,.Canada, Habitat Studies, Management, Management -other,
Water Fowl, N.s. , 4.0046

LITERATURE REVIEW ON FLOODED GREEN TIMBER AREAS
...Canada, Management, Site Index and site Quality, Survey Stu-
dies, Water Fowl, N.s. , -.4.0045

DRAINAGE STUDIES OF NEW YORK SOILS ...Drainage, Land,
Land Use, Production & Processing, -.4.0182

WETLANDS ECOLOGY LITERATURE REVIEW ...Bibliography,
Planning, Wisconsin, 7.0113

HYDROLOGY OF A WETLAND AREA IN THE YELLOW
RIVER BASIN, WISCONSIN ...Aquifers-general, Flow Charac-
teristics -water, Water Quality-general, Wisconsin, ...2.1150
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WATERFOWL MANAGEMENT THROUGH WATER-LEVEL
CONTROL ,,,Depth,water Level, Fluctuation, Drawdown,
Management, Management -other, Water Fowl, N,s, 4,0133

FIELD TECHNIQUES FOR CHEMICAL ANALYSIS OF WET-
LAND CRITERIA .,,Chemical Analysis (water), Chromatog-
raphy-other, Calorimetric, Translation Grants, .1.0091

CHEMICAL CHARACTERIZATION OF WATERS OF PRAIRIE
AND FOREST WETLANDS ,.,Chemical - general, Habitat Studies,
,,,1.0092

DISTRIBUTION AND D'INSITY OF BREEDING WATERFOWL
POPULATIONS AS RELATED TO QUANTITY AND QUALI-
TY OF WETLAND HABITAT IN NORTH DAKOTA ...Geog-
raphy-physical, North Dakota, Number Or Density, Spawn Or
Nesting Sites, Water Fowl, N.s. , 6.0420

HYDROLOGY AND MANAGEMENT OF WETLAND FORESTS
...Forests, Soils and Fertilizer, ..,3.0431

SILVICULTURE OF COASTAL PLAIN TIMBER TYPES .,.En-
vironment, Forest Watersheds, Pines, Taxodioideac, Timber Stand
Improvement, ..A.0212

White River
EFFECT OF HEATED WATER DISCHARGE FROM IPALCO'S

PETERSBURG PLANT ON THE WATERS OF WHITE RIVER,
INDIANA ,Biological-general, Chemical-general, Electric Power
Plants, Physical-general, Pollution - Effects of , Thermal Pollu-
tion, ..5.0383

Whole Body Culture & Rearing
REARING AND SENSITIVITY STUDIES OF VARIOUS LIFE

STAGES OF MARINE MACROINVERTEBRATES ,..Bioindica-
tors, Crabs, All, Shrimps - Common, 5.1079

Wild Rivers
EVALUATION OF NATURAL RIVER ENVIRONMENTS

...Productivity - Food Chain. Regimen, Streams, Succession,
Water Quality-general, ...6.0441

DEVELOPMENT OF METHODS FOR VALUING WILD RIVERS
..,Benefit-cost Analysis, Economics-general, River Basins,

6.0083
WILD RIVERS ECOLOGY STUDIES ...Acidity, Fish -non-specific,

Invertebrates -non-specific, Population Dynamics, Wisconsin,
_6.0638

HYDROLOGIC PARAMETERS CONTROLLING RECREA-
TIONAL USE OF MINNESOTA RIVERS ...Minnesota,
Morphology-general, Projections and Estimations, Recreation
Sites, Water Quality-general, 6.0307

SCENIC RIVERS STUDY ...Federal Government, Intergovern Rela-
tions, Recreation Sites, 3.01.70

Willamette River
EFFECTS OF CHEMICAL AND BIOLOGICALLY MODIFIED

PULPING EFFLUENTS ON THE PRODUCTION OF FISH ...Ef-
fluents-waste Water, Fish -non-specific, industrial Wastes, Pulp,
Paper , and Logging, Self-purification, Tox & Allergenic Effects,
5.0936

Wisconsin
THE APPLICATION OF RADIOISOTOPES TO STUDIES OF

AQUATIC ECOSYSTEMS -Aquatic Ecology, Benthic Organisms
(non-speeif), Freshwater Ecology, Productivity - Food Chain,
Water Properties-general, 6.0643

BIOPOTENTIAL OF NATURAL WATERS ...Acidity, Atomic Ab-
sorption, Lakes, Phytoplankton, Primary Productivity, Visible,
...7.0114

INSECTICIDE ADSORPTION BY LAKE SEDIMENTS AS A FAC-
TOR CONTROLLING INSECTICIDE ACCUMULATION IN
LAKES ...Adsorption Capacity, Degradation, Deposits-other, In-
secticides -non-specific, Lakes, ..,5.1300

EUTROPHIC EVALUATION OF A SMALL MULTI-LAND USE
WATERSHED Eutrophication, Nitrogen, Phosphorus, Small
Watersheds, Urban Environments, 5.1319

NUTRITIONAL ECOLOGY AND COMMUNITY STRUCTURE
OF THE PHYTOPLANKTON OF GREEN BAY ...Bays, Mineral
Composition, Nutrition Studies, Physiological Ecology,
Phytoplankton, 5.1290

SHALLOW GROUND-WATER FLOW SYSTEMS IN RELAThJN
TO INDUSTRIAL AND MUNICIPAL WATER SUPPLY AND
WASTE DISPOSAL REQUIREMENTS ...Disposal Wastes,
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Gioundwati - Movement, Industrial Wastes, Sanitary Landfills,
5.1316

EXPERIMENTAL REVERSAL OF THE LAKE EUTROPHICA-
TION PROCESS .Biological-general, Circulation -water,
Eutrophication, Nutrients, Temperature, .5.1308

SEDIMENTARY FACIES IN LAKE BUTTE DES MORTS,
WISCONSIN Eutrophication, General, Lakes, Organic, Size,
...2.1169

ECOLOGICAL STUDIES OF THE SURFACE WATERS OF THE
WHITEWATER CREEK WATERSHED, WALWORTH, ROCK,
AND JEFFERSON COUNTIES, WISCONSIN ,,.Bioindicators,
Range Or Territorial Distr, Water Quality-general, Watersheds-
general, 5,1323

HUMBOLDT AVENUE POLLUTION ABATEMENT PROJECT
,Combined Sewer, Economic Efficiency, Runoff, Urban Environ-
ments, Waste Treatment-economics, 4.0280

OPERATION AND EVALUATION OF A DEMONSTRATION
ROTATING BIOLOGICAL CONTACTOR Aeration, Biologi-
cal, Biological Treatment-other, Combined Sewer, Microbial -bac-
terial, ...5.1317

EFFECT OF PESTICIDES ON WILDLIFE,(SONGBIRDS, HER-
RING GULLS AND FISH) ...DDT , Pollution Effects, Wildlife,
Wildlife -non-specific, 5.1309
IOLOGICAL FACTORS IN THE MANAGEMENT OF LAKE
FLIES ...Lakes, Midges, Piscieides -non-specific, Pollution - Ef-
fects of , Predation, Predators and Parasite, ..6.0644

SURVEY OF DDT AND DIELDRIN RESIDUES IN FISHES IN
WISCONSIN WATERS .,.DDT , Dieldrin, Survey Studies, Wil-
dlife, ...5.1291

MILWAUKEE RIVER WATERSHED LAKE VEGETATION SUR-
VEY ...Aquatic Plants (non-specific), Lakes, Mapping, Range Or
Territorial Distr. , Survey Studies, 2.1144

WETLANDS ECOLOGY LITERATURE REVIEW Bibliography,
Planning, Wetlands, ..7.0113

WILD RIVERS ECOLOGY STUDIES ...Acidity, Fish -non-specific,
Invertebrates - non - specific, Population Dynamics, Wild Rivers,
_6.0638

DDT RESIDUE ACCUMULATION IN WISCONSIN FISH AND
THE EFFECT ON REPRODUCTION ...DDT , Maturity &
Growth Stages, Reproduction Studies (general), Walleyes, Wil-
dlife, ...5.1292

SIMULATION MODEL FOR THE STUDY OF THE HYDROLO-
GY OF THE WISCONSIN RIVER ...Flow Characteristics -water,
Hydrology-general, Reservoirs and Impoundments, River Basins,
Simulation, ...2.1155

STUDY OF THE APPLICABILITY OF EFFLUENT CHARGES
TO WATER QUALITY MANAGEMENT IN THE STATE OF
WISCONSIN ...Economic Impact, Effluents-waste Water, Survey
Studies, Water Costs, Water Quality Control-general, 5.1307

FLOOD PLAIN DELINEATION - DRD - USGS, COOPERATIVE
STUDY ...Floodplains, Floodproofing, 6.0641

ASIC RESEARCH IN GEOMORPHOLOGY AND HYDROLOGY
...Control Factors-general, Discharge-general, Eastern, Meanders,
Outwash Plains, ...2.0272

WATER RESOURCES OF CENTRAL WISCONSIN, A WATER-
POOR AREA ...Artificial Recharge, Augmentation-general,
Deposits, Geophysical Analysis, Valley, Buried, ...2.1146

WATER RESOURCES OF SOUTHEASTERN WISCONSIN - FOX
RIVER BASIN ...Available Water, Groundwater Movement, Mans
Activities, Projections and Estimations, Surface Water, ...4.0277

WATER REOURCES OF SOUTHEASTERN WISCONSIN -

RACINE AND KENOSHA COUNTIES ...Groundwater, Hydro-
graphs, Stratigraphy - general, Water Quality-general, Water
Supply-general, ..,2.1151

WATER RESOURCES OF THE LOWER WISCONSIN RIVER
VALLEY, WISCONSIN ...Available Water, Hydrology-general,
Projections and Estimations, Water Quality-general, Water
Supply-general, ...2,1149

EFFECT OF IRRIGATION ON STREAMFLOW IN CENTRAL
SAND PLAINS OF WISCONSIN ...Drainage, Groundwater, Ir-
rigation-general, Morphology-general, Water Balance-budget,
_4.0279

HYDROLOGY OF A WETLAND AREA IN THE YELLOW
RIVER BASIN, WISCONSIN ...Aquifers-general, Flow Charac-
teristics -water, Water Quality-general, Wetlands, 2.1150

LOW-FLOW STUDY - WISCONSIN ...Baseflow, Data Acquisition-
general, Flow Characteristics -water, Low Flow, ...2.1147

HYDROLOGIC EFFECTS OF SMALL RESERVOIR ON NEDER-
LO CREEK, WISCONSIN ...Discharge-general, Hydrology-
general, Reservoirs and Impoundments, Runoff, Water Cycle,
2.1148



SUBJECT INDEX

FLOOD INUNDATION STUDY, WISCONSIN ...Channels, Design
Flow-flood, Floodproofing, Floods, Mapping, ...4.0278

EUTROPHICATION - BIOLOGICAL CONTROL USING
GRAZERS -Biocontrol, Eutrophication, of Aquatic Plants, Sur-
vey Studies, ..5.097I

Wyoming
INFLOW HYDROGRAPH STUDY ...Floods, Hydrographs, Inflow,

Shape, Small Watersheds, -2.0302
ARID LAND ECOLOGY AND ENVIRONMENT STUDIES IV.

WATER QUANTITY MANAGEMENT ...Arid and Desert, Big
Horn, Deserts, Deserts, Arid Lands, Moisture Content, ..A.028I

DETERMINATION OF THE MAGNITUDE AND AGE COMPOSI-
TION OF THE HARVEST, HABITAT PREFERENCES AND
FOOD HABITS ...Aquatic Ecology, Cutthroat Trout, Number Or
Density, Snake River, -6.0649

WATER RESOURCE OPERATIONS STUDY ...Conjunctive Use,
Operations Research, Planning, Water Cycle, Weather Modifica-
tion-general, -6.0652

AERATION OF LAGOONS IN RIGOROUS CLIMATE AREAS
...Aeration, Climate, Degradation-other, Lagoon, ollution Abate-
ment, Pond, Water Balance-budget, -5.1325

MICROCLIMATIC FACTORS FOR FOUR PLANT COMMUNI-
TIES ON ELK MOUNTAIN ...Artemisia, Elevational Levels, Al-
titude, Energy Budgets, Mapping, Range, -2.1170

IRRIGATION REQUIREMENTS FOR WYOMING ...Evapotrans-
piration, Irrigation Engineering, Irrigation-general, Requirements
for Water, Soil Types, -3.0492

STATE WATER PLANNING FOR WYOMING ...Data Analysis -
General, Planning, State-local Government, Water Supply-general,
-6.0653

ATMOSPHERIC WATER RESOURCES RESEARCH UNIVERSI-
TY OF WYOMING ...Cloud Formation and Evolution, Cloud
Physics, Nucleation Physics, Orographic Effects, Snowpack,
-2.0162

METHOXYCHLOR-CA USED EFFECTS ON CUTTHROAT
TROUT PHYSIOLOGY CHRONIC TOXICITY OF INSECTI-
CIDES TO COLD-WATER FISH ...Cutthroat Trout, Methox-
ychlor, Mode of Action -animal, Wildlife, -5.0666

Yugoslavia
HYDROLOGIC FORECASTING AND EFFECTS OF FLOODS ON

MEANDERING ALLUVIAL RIVERS WITH LARGE FLOOD-
PLAINS ,..Floodplains, Floods, Forecasting- prediction, Meanders,
M AO Studies, -4.0283

Zinc
EFFECT OF SURFACTANT MICELLES ON METAL ION

REMOVAL BY FLOTATION FROM METALLURGICAL
WASTEWATER ...Copper, Foam, Metal Pickling Wastes,
Micelle, Surfactants, Ultrasonics, -5.0691

Zirconium
INORGANIC ION EXCHANGERS AND THE NUCLEATION OF

SCALE FGRMING MATERIALS ...Calorimetry, Desalination,
Equilibrium - Chemical, Ion Exchange-other, Structural Effect-
other, -3.0341

Zoogeography

Nearctic
CYTOTAXONOMY AND RELATED STUDIES OF HOLARCTIC

MIDGES ...Animal Taxonomy, Arctic, Bloodworms, Aquatic
Midges, Collections, Museum, -5.0756

Zooplankton
BIOLOGY AND CHEMISTRY OF MARINE PLANKTON POPU-

LATIONS ...Buoys, Chlorophyll, Food Chains, Nutrients,
Phytoplankton, Vertical Distribution, -6.0289

THE BIOLOGY AND CHEMISTRY OF TRACE ELEMENTS IN
MARINE AND ESTUARINE WATERS ...Chesapeake Bay,
Estuaries, Phytoplankton, Productivity - Food Chain, Trace Ele-
ment Analysis, -2.0556

ZOOPLANKTON NUTRITION IN LARGE RESERVOIRS ...Nutri-
tion - Invertebrate, Population Dynamics, Productivity - Food
Chain, Reservoirs and Impoundments, Water Bacteria, -2.0515
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Zooplankton

COMPETITION, PREDATION, AND BODY SIZE IN LAKE
ZOOPLANKTON ...Aquatic Ecology, Competition, Lakes, Preda-
tion, Size, -6.0115

FACTORS AFFECTING PRIMARY AND SECONDARY
PRODUCTION IN TEMPERATE LAKES ...Lakes, Minnesota,
Productivity - Food Chain, Regression Analysis, Temperate,
,..2.0157

ZOOPLANKTON STANDING CROPS IN A SOUTH DAKOTA
PRAIRIE LAKE ...Animal Pollutant Sources, Aquatic Ecology,
Lakes, Population Dynamics, South Dakota, -5.1110

FACTORS AFFECTING ZOOPLANKTON PRODUCTION IN
FOUR ARIZONA LAKES ...Environmental Ecology, Lakes,
Productivity - Food Chain, Trace Element Analysis, Water Bac-
teria, ...5.0047

FOOD HABITS OF LARGEMOUTH BASS LARVAE ...Aquatic
Ecology, Behavior -animal, Food Supply, Largemouth Bass,
Ponds, -7.0082

WALLEYE FRY - ZOOPLANKTON RELATIONSHIPS IN
SOUTHEASTERN WISCONSIN LAKES ...Aquatic Ecology,
Food Supply, Lakes, Plankton Sampling, Walleyes, -6.0640

DETERMINATION OF THE STAGES OF EUTROPHICATION OF
SOME OF NEW HAMPSHIRES LARGE LAKES PHASE II
-Eutrophication, Lakes, New Hampshire, Phytoplankton, Primary
Productivity, Water Properties-general, -2.0746

EFFECT OF POLLUTING AGENTS ON SURVIVAL OF INDICA-
TOR ORGANISMS -Bioindicators, Intestinal Bacteria, Pollution-
water, Salmonella (non-specific & Ot), Shigella (non-specific &
Ot.), -5.1132

LIMNOLOGY OF LAKE CHAMPLAIN ...Biological-general,
Chemical-general, Physical-general, Phytoplankton, Pollution - Ef-
fects of , Sediments, -2.1088

A STUDY OF THE OPEN WATER DISTRIBUTION AND
ABUNDANCE OF NET-PLANKTON AS AN INDEX OF
EUTROPHICATION IN LAKE SUPERIOR ...Automatic Data
Aquisition, Bioindicators, Lake Superior, Plankton Sampling,
Water Quality-general, ...5.0600

NATURAL WATER SYSTEMS IN WESTERN MONTANA
...Freshwater Ecology, Lakes, Montana, Phytoplankton, Streams,
-2.0719

TRACE ELEMENT CHEMISTRY OF A SMALL POND IN RELA-
TION TO PRODUCTIVITY ...Environmental Ecology,
Geochemical Analysis, Ponds, Population Dynamics, Trace Ele-
ment Analysis, ...6.0232

A STUDY OF THE ECOLOGY OF THE NAVASOTA RIVER,
TEXAS -Aquatic Ecology? Fish -non-specific, Pre-impoundment
Sites, Texas, Water Properties-general, -6.0547

PRIMARY PRODUCTIVITY, AND STANDING CROPS IN RELA-
TION TO WATER QUALITY IN LAKE ASHTABULA RESER-
VOIR, NORTH DAKOTA -North Dakota, Phytoplankton,
Productivity - Food Chain, Reservoirs and Impoundments, Water
Quality-general, -6.0414

COMPARATIVE PRODUC'TIVITIES OF SMALL BODIES OF
WATER IN DESERT AND MONTANE AREAS OF
SOUTHERN NEW MEXICO ...New Mexico, Phytoplankton,
Plant Prod. (non-specific), Ponds, Productivity - Food Chain,
-3.0336

SEASONAL AND DIURNAL ASPECTS OF ZOOPLANKTON
MICRODISTRIBUTION ANL) VERTICAL MIGRATION IN
RELATION TO WATER POLLUTION ...Environmental Ecology,
Fresh Water, Pollution Effects, Vertical Distribution, Water
Quality-general, -5.1126

EFFECTS OF ZOOPLANKTON ON PHOTOSYNTHESIS BY
ALGAE IN LAKES ...Algae- General, Interbiotic Relat.(non-
specif), Lakes, Migration, Photosynthesis, -2.1103

LOMNOLOGICAL INVESTIGATION OF ONEIDA LAKE ...Food
Chains, Lakes, New York, Phytoplankton, Primary Productivity,
-5.0773

THE ALGAE AND ZOOPLANKTON OF PROTECTED AND EX-
PLOITED LENTIC HABITATS IN NORTHEASTERN OHIO
...Algae- General, Aquatic Ecology, Freshwater Ecology, Habitat
Studies, Ohio, -6.0431

ANTIBIOTIC EFFECTS OF ROOTED AQUATICS ON
ZOOPLANKTON SPECIES ...Antibiotics, Aquatic Plants (non-
specific), Environmental Physiology, Physiological Ecology,
-2.0159

GENERAL HYDROGRAPHIC FEATURES OF OAHE RESER-
VOIR AND LAKE SHARPE ...Chemical Analysis (water),
Phytoplankton, South Dakota, Temperature, Turbidity, -6.0516

PLANKTON POPULATIONS IN LEWIS AND CLARK LAKE
AND LAKE FRANCIS CASE ...Phytoplankton, Plankton
Sampling, Reservoirs and Impoundments, ...6.0526



Fr-

Zooptankton SUBJECT INDEX

USE OF MARINE PLANKTONIC ORGANISMS FOR EVALUAT-
ING THE QUALITY OF MARINE AND ESTUARINE WATERS
...Bioassays, Estuaries, Phytoplankton, Pollution - Effects of, Pol-
lution Effects, 5.1093

DEVELOPMENT OF CULTURE METHODS FOR ECOLOGI-
CALLY IMPORTANT MARINE ZOOPLANKTON SPECIES
...Aquatic Ecology, Copepods, Environmental Physiology, Inver-
tebrate Cultures, .,.5,1096

DETERMINATION OF SELECTED ENVIRONMENTAL
REQUIREMENTS OF IMPORTANT SPECIES OF MARINE
ZOOPLANKTON ...Copepods, Oxygen, Water Salinity, Water
Temperature-non-specific,...5.1097

EFFECTS OF PETROLEUM AND PETROLEUM WASTES UPON
IMPORTANT SPECIES OF ESTUARINE PHYTOPLANKTON
AND ZOOPLANKTON Contamination - Water, Contamination,
Pollution-water,Estuaries, Oil, Petroleum, Phytoplankton,
..,5.1086
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Armstrong, N.E. -5.0759
Arnason, G. -2.0239*
Arneman, A.F. -2.0662*
Arner, D.H. -6.0315*
Arnett, E.M. -1.0104*
Arnold, B.L. -4.0146*
Aron, G. -6.0054
Aronovici, V.S. -2.0729, 3.0314, 3.0315,

4.0164
Arora, M.L. -8.0197
Arrington, L.J. -6.0573*
Arrow, K.J. -2.0130*
Arrowsmith, P. -8.0296
Arrowsmith, P.D. -8.0296*
Arscott, T.G. -2.0870*
Arthur, J.W. -5.0589
Arthur, R.M. -7.0039*
Arya, L.M. -2.0664
Ashby, W.C. -2.0401*
Ashcroft, G.L. -2.1058*, 7.0103
Asmussen, L.E. -2.0336
Aspinwall, D.E. -6.0622
Atchison, T.A. -4,0246
Atkinson, G. -1,0059*
Atlas, H.S. -5.0535
Atwell, B.H. -5.0457
Aubert, E.J. -2.0161*
Auclair, R.P. -4.0129*
Auer, A.R. -2.0162
Aufenkamp, D.D. -5,0934*
Ackerman, R. -5.0381
Aurand, D.V. -1.0024
Austin, J.H. -5.0357*, 5.0358*, 5.0369
Austin, L.H. -4.0260, 4.0261, 7.0107
Austin, W.G. -8.0021*
Averitt, W.K. -3.0247
Avriei, M. -3.0077
Axley, J.H. -5,0494*
Ayers, J.C. -5.0547*
Babb, A. -2.0097, 8.0009, 8.0011
Babb, A.F. -7.0010
Rabb, M.C. -5.0375
Babcock, R.E. -4.0018*
Bachann, R.W. -6.0224
Radler, A.A. -5.0240*
Bachmann, R.W. -5.0401*, 6.0221*, 6.0223,

7.0040*, 7.0041*, 7.0042*
Back, W. -1.0120, 5.0241
Backstrom, T.E. -8.0022*, 8.0023*, 8.0024*,

8.0025*, 8.0062
Badenhuizen, T.A. -6.0387
Badger, D.D. -6,0443*
Baer, E. -1.0094
Baerg, W. -3.0070*
Baez, A.V. -3.0424, 4.0210
Baghott, K. -3.0042
Bagley, E.S. -6.0233*
Bagley, J.M. -2.1059*, 2.1060*, 2.1069,

6.0579
Bagot, A. -5.0153
Bahr, L.M. -2.1103
Bailey, G.W. -5.0277*, 5.0282, 8.0162



Bailey, J.W, -2.0114*
Bailey, M.M. -6.0635*, 6.0636
Baird, C.D. -3.0177
Baird, R.W. -2.0875, 2.0882, 2.1018*,

2.1019*, 2.1020*, 2.1021*, 2.1054,
3.0445*, 3.0462*, 4.0248 *, 5.0435

Bajwa, R. -6.0599*
Baker, C.T. -5.1166
Baker, D.G. -4.0141*
Baker, B.A. -5.1013*
Baker, R.B. - 5.0122
Macke, G.D. -5.0171*
Balchen, E.H. -5.0170*
Bakiauf, R.J. -6.0546*
Baldwin, R. -6,0226
Ball, R.C. -5.0563*, 5.0566, 5.0567, 6.0300*
Ballard, D.B. -3.0167
Ballinger, OLE. -4.0185*
Bollweg, J.A. -6.0605
Baltensperger, A.A. -6.0362, 6.0366
Baltzer, R.A. -2.1091*
Bamberg, R.M. -6,0539*
Bandy, W.J. .5.0838*
Bane, J.D. -5.0227*
Banerji, S.K. .5.0223*

D.C. .8.0224*
Banner, A.H. -5.0315*
Bannister, A.W. .4.0274
Bane, K. -5,1256
Baptist, J.P. -5.0803*
Barada, M.F. -5.0480
Baranski, M..6.0634
Barduhn, A.J..3.0365*, 3.0366*
Bark, L.D. -2.0506*, 3.0244
Barker, G.R..8.0125
Barker, J. -5.0898*, 5.0899*
Barkley, P.W. -2.0207*
Barley, J.W..6.0094
Barlow, J.P. ..2.0796*
Barlowe, 11..6.0302
Barnard, J.R. -6.0231*
Barnekow, B.G. -5.0688
Barnes, A.H. -8.0142*
Barnes, 1. -2.0115*
Barnes, J.C. -8,0214
Barnes, V.E. -7.0100*, 7,0101*
Barnes, W.C. -2.0949*
Barnett, A.P. -2.0333, 2.0335, 2.0337, 5.0275,

5.0276
Barnhart, C.S. .3.0250*, 3.0251*
Barnhart, B.A. -5.0288*
Barnhisel, R.I. -2.0525, 2.0526, 5.0447
Barnwell, W.W. -2.0011*
Barr, II.T. -10532
Barr, L. -2.0017
Barr, M. -2.0726
Barraclough, J. -5.0318*
Barraclough, J.T. -5.0319*
Barrett, B.B. - 2.0542
Barrett, R. -3.0341
Barron, J.C. -5.1146*
Barron, N.A..6.0207, 6.0208
Barrows, H.L. -5.0483
Barry, M.M. -5.1095
Barsdate, R.J. -1.0004*
Barth, E.F. -5.0841*
Bartlett, %D. -5.1023*
Bartlett, R.J. - 4.0264*
Bartley, C.H. -5.0718, 5.0719
Bartley, T.R. .3.0106*, 3,0107*, 3.0108*,

3.0109*
Bartoo, R.A..6.0471*
Bartsch, A.F. -5.0969*, 5.0970*, 5.0971*,

5.0972*
Bassett, D.L..4.0268*
Bassett, J.A. -5.0536*
Bassilakis, C. -3.0421
Bastian, D.F. .8.0228
Batchelder, A.R. -4.0132
Bateman, B.A. .6.0245*
Bates, C.C. .6.0270*
Bates, C.C. -8.0026*
Bates, D.W. -4.0271*
Bates, J. -1.0118
Bates, M..2,0759
Bethke, W.L. -2.1128, 6,0548
Sottisen, EJ..5.0229
Bauer, A. -6.0415
Bauer, H. -5.0596*

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Bauer, H.H. -5,0439*, 5.0440*
Baughman, G.L. -6.0159
Baum, R.H. -5.0793
Baumann, D.D. .6.0186
Baumann, E.R. -8.0197
Baumgardner, M.F. - 2.0457*
Baumgartner, D.J. .5.0973*, 5.0974*, 5.0975*
Baxter, G.T..6.0650*
Baxter, K. -5.1185, 5.1186
Bay, R.R. -3.0294*
Bean, B,R. -3.0114, 7.0015
Bean, C.P. -3.0362*
Bear, J. -4.0110*
Beard, J.T. -2.1110*, 3.0110*
Beard, L.R. -2.0151*, 6.0073*, 6.0074*,

6.0075*, 6.0076*, 6.0077*, 6.0079,
9.0001

Beard, W.E. -5.0202
Beaman, RJ. -1.0057*
Beasley, M.L. -3.0463
Beasley, R.P. -2.0702, 4.0150*, 4,0151*
Beason, F. -4,0119
Beasley, J.C. -2.0107
Beattie, B. .6.0451
Beatty, M.T. -6.0647
Beaty, E.R. -3,0190*
Beaver, R.E. -5.0576
Beavers, G.S. -2.0661
Beavers, J. .2.0532
Beazley, R.I. -7.0027*
Bechir, M.H. -6.0445
Beck, H.V. .2.0509*, 4.0116 *, 4.0117*
Beck, K.C. .2.0359, 2.0360
Beck, L.A. -4.0032*
Beck, W.J. -7,0111*, 7.0112*
Becker, D.A. - 6.0024*
Becker, R.C. -5.1226
Beckett, F.E. -5.0463, 6.0250
Beckley, R.W. -5.0932*
Beckman, L.G. -6.0498*, 6,0499*, 6,0519,

6.0521, 6.0522
Beckman, W.A. -2.1154*
Beckmann, R.B. -5.0495*, 5.0502
Beene!, P.A. .2.0688, 2.0690
Beer, B.B..2.0971
Beer, C.E. -3.0226*, 4.0103, 4.0105, 5.0402*,

6.0222*
Beermann, P. -5.0043*
Beers, G. -5.0153
Beetem, W.A. -2.0174, 3.0134
Behan, M. -2.0712*
Behlke, C.E. -7.0001*, 7.0002
Behn, V.C. -5.0768*
Behnke, J. 4.0033
Behnke, R.J. -5.0194*, 6.0102*
Behrens, N.C. -3.0453*, 3.0455
Beichley, G.L. -3,0120, 8.0114, 8.0127
Beightler, C.S. -6.0545*
Beiteishees, C.D. -3.0115, 3.0116
Belcher, D.J. -2.0792*
Belfort, G. -5.0121
Bellck, F. .5.0155*
Bell, E.A. .2.1146*
Bell, G.R. .5.0723*
Bell, J.M. -5.0389*, 5.0390*
Bell, M.C. .6.0618, 6.0619*, 8.0310*
Bell, N. -2.0402
Bella, D.A. - 5.0935 *, 5.0941
Bellamy, J.E. -2.0162*
Bellet, E.M. -5.0137
Heliport, B.P. -2.0163*, 8.0027*
Belsky, M.M. -6.0265
Belt, G.H. .2.0390*, 6.0176*
Bemis, W.P. -3.0010*
Bendavid, S. -2.0795
Bender, M.E. -5.0548*
Bendinelli, R.A. .8.0225*
Bening, B.G. -2.0102
Benjamin, R.S. -5.0871
Bennaim, A. -1.0085
Bennet, S. -5.0242, 5.0243
Bennett, E.R. -5.0175*, 5.0176
Bennett, G.D. .4.0183*
Bennett, G.W..6.0194*, 6.0195, 6.0196
Bennett, H.D. -5.1276*
Bennett, H.F. -4,0137*
Bennett, J. '6,0105
Bennett, J.D. -5.1128
Bennett, L.H. -3.0167
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Bennett, P.J. -5.1237
Bennett, R. .2.0056
Bennett, R.R. -2.1092*
Benoit, G.H..4.0132
Benoit, R..5.0204*
Benoit, R.J. -6,0110*
Benson, A. -2.0158, 5.1277*, 5.1278*, 5.1281
Benson, B. .5.0700.
Benson, C.S. -2.0018*
Bannon, N. -7.0041
Bentley, P.A. -2,0609
Bentley, W.W. .8.0308
Benton, E.J. -8.0086
Bentsen, L.C. -5.0973
Bentwood, R.W. -6.0035
Benville, P. -5,0062
Benz, L.C. -3.0142, 3.0385, 4.0064
Berg, D. -3.0416*
Berg, D.W. -2,0264, 8,0148, 8.0156
Berg, E.L. -5.0897
Berg, G. -5.0842*, 5.0843*
Berg, J.C. -3.0483*

BeBergrgel,.1310. -161.50280

Bergersen, E.P. -5.0047
Bergin, F.T. -5.0519
Bergstrom, R.E. -2.0409*, 6.0193
Berman, D. -5,0842, 5.0843
Berndt, A.F. -1.0073
Berndt, H.W. -3.0486*
Bernhardt, R.W. .2,0813*, 2.0814*
Bernstein, L. -2.0497, 3.0229, 4.0040
Beroza, M. -5.0482*
Berries, A..6,0481
Berry, E..5.0555
Berry, F.A. -2.0079*
Berry, C.C. -3.0414
Berry, R. -7.0008
Beetle, F.A. -(.0090
Bertram, G.E. -8,0016*
Bertrand, A.L..5.0449*
Bertsvh, W.L. .8.0014*
Berwick, V. -2.0269*
Besett, T..8.0197
Betz, J.M. -5.0107
Beug, M. -1.0126
Ileum, C.O. -4.0031
Beuscher, J.H..6.0647
iltuthe, M. .6.0190
Bevan, D.E..6,0620*
Bevans, R.S. -3.0324
Beyer, J.L. -6.0348*
Bhagat, S.K. -5.1237
Bianchi, W.C. .4.0033
Bienvenue, L.L. -3.0040
Biesinger, K. -5.0591
Bigelow, W.C. -3.0293
Biggar, J.W. .2.0086*, 5.0078*, 5.0079*,

5.0180*
Biggs, R.B. -6.0258
Bigler, A.B. -6.0125*
Biguria, G. -5.0726
Bikerman, J.J. -3.0389*
Bilello, M.A. .2.0747*
Bilir, P. -5.0378
Billaud, V.A. -5.0033*
Billings, G.K. .2.0530*
Billington, M. -5.0037
Bingham, D.A. -6.0011
Bingham, F.T. .3.0086*, 3.0087*, 4.0041*
Biniek, J. -5.1204*
Binning, R.C, -3.0395
Binzburg, B. -2,0497*
Birchfield, G.E. -2,0407*
Birkhead, P.K. -2.0950
Birkholz, NJ. .1.0005*
Birkner, F.B. 5.0496*
Bischoff, A. -4.0042, 5.0147
Bishop, A.A. .4.0251*, 4.0252*, 4.0253*,

4.0254*
Bishop, D.F. -5.0242*, 5,0243*
Bishop, E.F. -5.0174
Bishop, H.K. -3.0069
Bishop, J.W. -2.1103*
Bissell, L.M. -2.0904, 7.0071
Biswas, A.B. -2.0451*
Bitten, J.F. -5.0334
Bizzell, O.M. -7.0071
Bjerknes, J. -2,0104*



El Wm, T.C. -5.0324
Black, A.P. -5,0249*
Black, A.R. - 5.1296
Black, H. -5,0559
Black, R. .3.0344
Blackburn, R.D. -5,0247*, 8.0210
Blackburn, W. - 2.0740
Blaes, V. -10268
Blahm, T.H. -2.1131
Blaisdell, F.W. -8.0216
Blake, G.R. -2.0663*, 2.0664*, 5.0612*
Blake, B.C. -3.0259
Blanco, R.E. .5,1142*
Blank, D. -2.0459
Blank, M. -3,0348*
Blankennagel, R.K. -3.0134
Blankenship, L.H. .6,0262*
Blasco, R.J. -5.1090
Blay, F. -6,0479*
Blecharczyk, S.S. .5,1078*
Blinco, P.N. -5.1022
Blivins, R.L. - 2.0855
Bloch, R. .3,0265*, 3.0268
Block, M. -3.0287
Blodgett, J.C. -2,0116*
Blom, B. -3.0360
Blood, D.M. - 6.0650
Bloodgood, D.E. -5,0391*, 5,0395
Bloom, P.A. -3.0478
Bloomsburg, G -2.0391*, 2,0392*,
Masser, R.O. - 5,0936*
Bloyd, R,M. -4,0037*
Blue, F.L. -8.0283
Blum, J.L..5.1323
Bobalek, E.G. -5,0466*
Bober, E.S. -3,0416
Bobka, R.J. .1.0082*
Bock, P. -2.0240*, 5.0207*
Bockris, J.O. -1.0101*, 3,0412*
Bodaine, L..5,0986
Bee, R. -1.0059
Been, D.E. -5,0095*
Boersma, L. .2,0885*, 2,0886*, 2.0887*,

2.0888*
Boersma, L.L. -2,0889*, 2,0890*, 3.0400*,

3.0402
Began, R.H. -5.1266
Boggs, H.L. -8.0089
Bohannon, J.R. .7,0086*
Bohlmann, E.G. -3,0438*
Bohrer, C.W. -5.0233*
Boles, D.B. -3.0209*, 3,0210*
Boland, J. -3.0253, 6.0253
Boland, J.J. -5.0503
Bolding, M.E. -5.1164
Bollay, E. -2,0164*, 2.0195
Bollich, C.N. - 2.0570
Bollman, F.H. -4.0024
Bolsenga, S.J. -2,0636*
Bolter, E.A. -5.0689*
Bond, C.E. -5.0937*, 5.0938*, 6.0449*,

6.0450*
Bond, H.W..5.1050*
Bondurant, D.C. -2.0686, 8.0198
Bondurant, J.A. -3.0204
Bone, J. -5.0945
Bonell, J.A. -6.0337
Boner, F. -2.0270*
Bonham, H.F. - 2.0734
Boni, A.L. -5,1100
Bonn, E.W. .6,0540*
Bonnar, J.R. -3.0158*
Bony, M.A. -2.0015
Boom, A.A. -3,0330
Borchardt, J.A. -5,0549*, 5.0550*
Borland, W.M. .6.0089*, 8.0028*
Bornstein, J. -4.0132
Bossy, N.G. -2,0304*, 8.0159*
Botz, M.K. -2.0711*, 7.0074
Bouck, G.R. -5.0976*
Bouldin, D.R. .2,0797*, 6.0371
Bourgoignie, J. -2.0706
Bourns, C.T. -4.0165*
Bourodimos, E.L. -8.0268*
Bourque, P.M. -4.0129
Boussu, M.F. -6.0032
Bouwer, H. .4.0005, 4.0110, 8.0002
Bower, C.A. .3.0083*, 3,0084 *, 3.0085*,

4.0040*

2.0399
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Bowerman, F.R..5.0089*
Bowers, C.E. -2,0659*, 4,0140*, 5,0597*
Bowers, G.E. -6.0080
Bowers, R.C. -20046*
Bowie, A.J. -2.0333, 2.0675, 2.0678
Bowie, J.E. -4.0157*
Bowman, C.C. -3,0307*, 4,0159*
Bowman, E. -6.0293
Bowman, F.D. -8.0271
Bowman, M.C. -5.0482
Bowman, T.E. .2.0257*
Box, J.E. -2,0495
Boyd, C.E. -6.0158*
Boyd, D.W. -6,0325*
Boyd, E.J. -8.0015*
Boyd, J.H. -6.0423*, 6,0426
Boyd, K. -5.0938
Boyd, M.B. .8.0244
Boyer, D.L. -2.0249*
Boyer, J.S..2.0241*, 2,0426*
Boyer, P. -5.0237
Boyer, R.L. -6.0016*
Boyle, W.C. -5,1297*, 5.1312, 5.1313
Boyle, W.H. .2,0535*
Bradford, G.R. - 1,0013*
Bradford, J..3.0226
Bradley, C.C. -6,0326*
Bradley, E.B. -5,0441*
Bradley, W.C. .2.0782
Bradley, W.E..2.0445
Braenn, B.A. -5.0577*, 5.0578
Brain, J. -5.0518
Brakensiek, D.L. -4.0131
Bramer, H.C..4.0203. 4,0205*, 6.0468*
Brand, H.J. -2.0531*
Brander, R.B..6.0282.
Brandon, C.A. ,5.1144
Brandon, J.R. .8.0029*
Brandstetter, A. -2.0084, 7.9009
Branson, F.A..4.0056*
Branton, C.I. -2,0029*, 2,0030*
Brashear, D.A. -5.1069
Brashier, C.IC. -5,1116*
Brater, E.F..2.0629'r
Bratley, D.A. .6,0637*
Brand, H.J. -4.0121*, 8.0203*, 8.0204*
Braunhelm, S.T..3.0053*
Bredehoeft, J. -2,0271*
Brees, G. .6.0434
Breese, W.P. -5.0940, 5.0958
Brehmer, M.L. -2,1112*
Breitman, B.S. -3.0346*
Breland, E.D. -5.0403
Brenes, EJ..3.0426*
Brengle, K.G..2.0208*
Brenner, B.C. -5.0841
Brenner, T.E. -5,0788*
Bresler, S.A. -3,0347*
Brewer, R. - 5.0239
Brewer, R.F. .3.0088*
Brezonik, P.L. .5.0250*
Brian, P.L. -3.0281
11vice, R.M. -5,0594

E.M. -6.0647
Brkkek , C.E. -5.0420*
Bricker N.S. -20706*
Bridge, R.R. .1.0128*, 3.0487*
Bridges, D.W. -5,0720*, 5.0721*, 6.0344*
Bridges, H. -8.019'7
Brill, G.D. -3.0257
Brinkhurst, R.O. -5.0167*
Brinser, A..6.0296*
Britt, N.W. -5.0874*, 6.0424
Britten, J.S. -3.0348
Broadwater, T. -1.0103
Brock, V.E..5.0311
Brockman, C.F. -6.0621*
Brockman, G.F. -3.0003
Brockway, C.E. .3,0207*
Brodine, V. .7.0070
Broecker, W.S. -1.0081*
Bromley, L.A. .1,0014*
Brook, M. -2.0776*
Brooks, G. 4.9035
Brooks, G.I. .8.0088
Brooks, J.L. -6.0115*
Brooks, K.A. -3.0149
Brooks, R.H. -5.0939*
Brooks, T.W. -3.0174*
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Broom, J.G. -2.0542*, 2,0543*, 2.0544*,
2.0545*, 2.0546*, 2,0547*

Brosz, D.D. -3.0433*
Broughton, 111.0. -804330*
Browder, G. - 6.0332
Brown, C.E. .3,0266*
Brown, C.F. -3.0267
Brown, D.A. -5.0051*, 5,0052*
Brown, D.L. -5,0538*
Brown, D.S. -2.0096
Brown, F.D. - 1.0111
Brown, G.L. -8.0031*, 8,0032*
Brown, J..2.0748*
Brown, J.D. -8.0032
Brown, J.H. -2,0939*, 2,0940*
Brown, J.R. -5.0679
Brown, K.J. - 2.0171
Brown, L.A. -8.0134
Brown, L.F. .2.1006*, 7.0100
Brown, L.R. -5.0623*
Brown, P.M. -2,0824*
Brown, R. -5.1044
Brown, R.E. -6.0078
Brown, B.F. -6.0307*
Brown, R.N. -2,1104*
Brown, R.J. -8.0039
Brown, R.M. -5.1166
Brown, R.R. -5.0222*
Brown, R.T. -4.0121, 8.0204
Brown, T.E. -7.0100
Brown, W.G..6.0451*
Brown, W.L..5.0418*
Bruce, C. -5,0465*
Bruce, H.E. .2.0015*
Bruce, R.R. .3.0197*
Bruce, W.N. .5.0359*
Bruck, H..4.0135
BrucK, S.D. -5.0232*
Bruhn, H.D..1;.1298*
Bruins, J. -7,0E15
Bruk, S. -4,0283*
Drummer, S.B. -1.0064*
Brungs, W.A. -5,0844*
Bruner, C.A. -5.0845*, 5.0896*, 5,0897*
Bronson, W, -5.123 i
Brisk, V. .3.0412
Brust, S. -5.0026, 5.0027, :1.0028
Brusven, M.A. - 2,0393 *, 5.0323*
Brutsaert, W. -2.0793*
Bruvold, W.II. -5.0068, 6.0039, 6.0042
Bryan, B.B. 2,0069*, 3.0024*, 3.0025
Bryan, E.H..5.0815*
Bryant, H.E..4.0014*, 4.0017, 6.0019
Bryce, G. -5.0178
Brynildson, C.M. -3.0488*
Bubenzer, G.D..3.0217, 6.0206
Buchele, W.F. -2.0479
suchheim, J.F. -8.0028
Buckingham, P.A. .3.0064
Buckingham, R.A. -5.1118
Buckner, E.R. -2.0989*
Hue, C.D..2.0623
Buehler, B.J. .2,0981*, 2.0982*, 2.0983*,

4.0222
'Nen, M.F. -2.0759*
Buettner, L.J. -6.0094
Buff, F.P. -1.0084*
Bugliarello, G. -5.1014*
Buhle, M.B. -7.0033*
Buhier, D.R. -5.1248
Buie, B.F. -2.0326
Bukovac, M.J. -5.0567
Bull, C. -2,0838
Bull, R.J. -5.1074
Huller, 0..20510*, 2.0511*
Buller, OR - 2.0517
Bumpus, D.F..2.0624*
Bunch, R.L. .5.0846*
Bunn, J.M. .5.0448
Bunting, D.L, -5.1126*, 5.1127*
Bur, G. -1.0030
Buras, N. -4,0110
Duran, B.G. -5.0080*
Burbank, N.C. -5.0310*, 5.0311, 5.0313
Burch, P,H.-6.0349*
Burchill, W.E..5.0371
Burchinal4.C. -2.1138*, 2.1140, 2,1141
Burck, W. -6.0447*
Burden, R.P. -5.0526



Burt Ige, R.J. -6.0238*
Burford, J.B. -2.0919, 3.0419, 4.0206
Burgess, F.J. -5,0940*, 5.0941*, 5,0958
Burgner, R.L. -6,0620, 6.0622*, 6.0623*
Burgy, R.H. -2.0105*, 4,0036
Burke, G.W. -9.0006*
Burley, C.L. 6.0038
Burlingame, A.L. -5.0066
Burman, R.D. -3.0492*, 3,0493*
Burnett, E. -2.1022*, 2.1057
Burnett, G.E. -8.0027
Burnett, J.R. -6.0080*
Burnham, T.W. -5.1298
Burnison, B.K. -5.0952
Burns, C.W. -6.0115
Burns, D. -8.0197
Burns, J. -6,0308*
Burns, J.W. -5.0145*
Burrell, D.C. -2.0019
Burris, M.J. -4,0160*
Burris, R.H. -5,1299*
Burt, E.O. -4,0080
Burt, O.R. -6.0320*
Burt, W.V. -6,0452*
Burton, L.H. -8.0033*
Burton, L.R. -8.0097
Burttschell, RAH.. -5.0847*
Burwell, J.T. -3.0324
Burwell, R.E. -2.0476
Busby, C.E. -6.0083
Busby, M.W. -2.0781*
Busch, C.D. -2.0047*, 3,0011*
Busch, L.A. -8.0271
Bush, A.F. -5,0113*
Bush, P.O. -3.0072
Bushnell, V.C. -5,0317*
Buss, I.O. -6.0609*
Bustany, S.N. -3.0343
Butchbaker, A.F. -2 0831*
Butcher, J.W. -5.0567
Butcher, W.R. -6.0610*
Butcher, W.S. -5,0706, 6.0337*, 6.0340
Butler, B.T. -6.0159
Butler, J.N. -1.0065*
Butler, J.O. -3.0174
Butler, P.A. -5.0268*, 5.0269*
Butler, R. -5.1026, 5.1027, 7.0094
Butler, B.G. .;.0830*
Butler, R.L. -5.1024*, 5.1025*
Button, D.K. -1.0006*, 5.0034*
Butz, G. -2.1123
Buyalski, C.P. -4.0023
Buzas, M.A. -6.0126*
Byers, G.L. -2.0741*, 4.0170*
Byers, H.R. -2.0165*, 2.1023*
Cabelli, V.J. -5.1067*, 5.1068*, 5.1069*,

5.1070*
Cadman, T.W. 7.0047*
Cadotte, J.E. -3.0298
Cadwell, D.E. -8,0138
Caffey, J.E. -7.0097*
Cabal, DJ -7,0109
Cahill, J.M. -2.0037
Cairns, E.J. -5.0001*
Cairns, J. - 5.0421 *
Calabresa, T.A. -5.1295*
Calabrese, A. -6.0113, 6,0114
Calaway, W.T. -5.0251*
Calcerada, P. -6,0479
Caldwell, J.M. -2,0688, 2.0690
Caless, T. -2.0611*
Callaway, R.J. -5,0974
Callihan, R.H. -6,0453*
Callister, L. -6.0476
Calvert, D.V. -2.0310*
Cameron, A.N. -5.0305*
Campbell, H.J. -6.0461
Campbell, I.R. -7.0088*
Campbell, J.A. -2.0229, 2.0673*
Campbell, R. -5.1073, 5.1076
Campbell, R.B. -8.0032
Campbell, B.S. -5.0668*, 5,0669*, 5.u681
Campbell, T.H. -2.1 132*
Campisi, P.J. -6.0189*
Canamare, J.G. -3.0155
Cannell, G.H, -2.0137*
Cannon, L. -7.0072
Cantina, T.R. -2.0028*
Cantor, P.A. -3,0054*

'ONDICATES PRINCIPAL INV EsTicAToR
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Canzonier, W.J. -5.0729
Capie!, M. -2,0932*, 4,0211*
Capitano, P.J. -3,0322
Caplan, S.R. -3.0273*
Caraway, R. -5.0819
Caraway, W.H. -5,0154
Carey, A. -6.0452
Carey, G.W. -6.0393
Cargo, D.C. -6.0256*
Carignan, L.G. -5,0166*
Carlander, K.D. -6.0221, 6.0223*, 6.0224*
Carlozzi, C.A. -6.0281*, 6,0282*
Carlson, C.A. -5,0772, 7,0079*, 7,0080*
Carlson, B.A. -5,1257*, 5.1258*
Carlson, E.J. -2.0166*, 8.0034*, 8.0035*
Carlson, B.F. -7,0002*
Carlson, R.V. 5.0952
Cariston, C.W. -2.0272*
Carlton, S.S. -5.0870
Carmean, W.H. -4,0089*
Carmichael, A. -6,0329
Carmody, T. -8.0004
Carolus, R.L. -2,0652*
Carpelan, L.H. -2.0138*
Carpenter, A.B. -4,0152*
Carpenter, G.E. -2.0156
Carpenter, J.H. -2,0556
Carpenter, L.P. -3.0072*
Carpenter, P.N. -5.0471
Carr, J. -5,0544
Carr, J.F. -2.0625, 2.0626*, 2.0627*, 2.0628*,

5.0540*, 5.0541*, 5.0542*, 5.0545,
6,0292, 6.0294, 6.0438

Carr, J.T. -2.1002*, 3.0442*, 3.0443
Carreker, J.R. -2.0332*, 2.0337*, 3,0191*,

3.0192*, 4.0081*, 5,0275*, 5.0276*
Carrigan, H. -2.0273*
Carroll, B.R. -2,0675
Carroll, M. -3.0015
Carry, C. -5.0109*
Carry, C.L. -5.0131, 5.0132, 5.0133
Carson, W.M. -2.0391
Carson, W.N. -3.0363
Carstens, M.R. -2,0347*, 2.0348*, 8.0163*
Carswell, L.D. -2.0767*
Carter, C.E. -4.0081, 5.0276
Carter, D.B. -2.0401
Carter, D.L. -3.0205, 3.0237
Carter, H.O. -6.0043, 6.0050*
Carter, J. -2.0302
Carter, J.D. -3.0317
Carter, P. -5.1193
Carter, R.C. -5,0061
Carter, R.L. -2.0364
Carter, R.W. -2.0301
Cartwright, K. -2.0409, 4.0095*
Caruccio, F.T. -1,0107, 5.1044
Carver, R.E. -4.0082*
Casagrande, A. -8,0211*
Case, E.L. -8,0056
Case, L. -6.0190
Casetti, E. -6,0426
Casey, 0. -5.0317
Casgrave, M.F. -5,0519
Caskey, A.L. -5.0330*
Caskey, J.A. .5.1207*
Cassel, J.F. -6.0410*
Cassell, E.A. -5.0790*
Casselman, T.W. -4.0079
Castagno, J.L. -1,0096, 2,0873, 2,0874, 4.0198
Castel, E.N. -6.0454*
Castenholz, R.W. -2.0898*
Castle, E.N. -6.0451, 6.0457
Castro, W.E. -1.0111*
Cathay, J.R. -5.0227
Catts, E.P. -6.0119*
Cave, C.C. -1.0015*
Caviness, C.E. -2.0070*
Cawley, W.A. -5.0869
Cazier, M.A. -2.0038
Cermak, J.E. -2.0167*, 3,0138*
Cerwick, J. -8.0197
Chadwick, D.C. -2.1059, 2.1064, 2.1074,

2.1075, 4.0258, 6.0585, 6.0587, 7,0103*,
7,0104*, 7,0105

Chadwick, G.G. -5,0961
Chahal, K.S. -5.0024*
Chakraharli, S.K. -5.036!
Chakrahorti, P, -3.0223
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Chamberlain, C.E. -5,1018
Chamberlain, N.V. -5.1199
Chambers, C.W. -5.0846
Chambers, J.S. -8.0302*
Champlin, J.B. -2.0349
Champlin, J.R. -6.0160*
Champlin, R.L. -5.1325*
Chandler, D.C. -5,0547
Chandlery L. -5,0392*, 5.0396
Chandler, R.E. -4.0045*, 4.0046
Chang, F. -2.0965*
Chang, F.M. -2.0966*
Chang, J. -2.0370*
Chang, L.P. -5.1056
Chang, P.W. -5.1051*, 5,1052*
Chang, S.L. -5,0843
Changnon, S.A. -2.0412*, 4.007*
Chao, B.T. -3,0216*, 5.0371
Chapman, C.R. -2,1047*, 2.1048, 8,0290
Chapman, D.W. -5,0324
Chapman, H. -6.0210
Chapman, H.C. -2.0576
Chapman, H.D. -2.0144, 3.0086
Chapman, W. -6.0182
Characklis, W.G. -5,0479
Chatters, R.M. -5.1233*
Chaturvedi, L.N. -2.0794
Chaudhary, V.P. -4.0173
Chaudhuri, M. -5.0364
Chave, K.E. -5.0311
Chen, C.L. -5.0129
Chen, J.L. -3.0216
Chen, J.W. -2,0402*, 5.0331
Cheney, P.B. -5.0208*
Cheney, W.R. -6.0324*
Chong, C. -3.0135*
Chang, C.Y. -3.0240, 3.0241, 5.0426
Chang, J. -2.0108
Chang, K.L. -5.0687*, 5.0688
Chermack, E.E. -2.0811*
Cherry, R.N. -2.0327*
Chery, D. -4.0009
Chery, D.L. -6.0574*
Chesmess, J.L. -8.0204
Chesters, G. -5.1300*
Chew, K.C. -5,0631
Chew, W.W. -2.0550
Childers, W.F. -6,0194, 6.0195*, 6.0196*
Chin, H. -2.0108
Chinoy, J.J. -2.0449*
Chipman, G. -7.0115
Chittenden, M.E. -5.0739
Chiu, C.L. -2,0915,
Chiu, M.H. -3.0247
Choate, R.E. -3.0175, 3.0177, 3.0178, 3.0179
Chokran, W.11. -3,0270
Choppin, G.R. -1.0035*
Chow, F. -5.0614
Chow, T.J. -5.0150*
Chow, V.T. -2.0427*, 2.0428*, 6,0202*,

6,0203*, 6,0204*
Christensen, B. -5.0608*
Christensen, G.M. -5.0585*
Christian, C.D. -5,0442*
Christian, J.T. -8.0212
Christian, S.D. -1.0098*
Christiansen, J.E. -6.0582
Christiansen, L.M. -8.0093
Christianson, A.G. -5,0983
Christman, B.F. -5.1258, 5.1259*
Christmas, J.Y. -2.0670*, 2.0671*, 2.0672*,

7.0060*, 7.0061*
Christodoulou, A.P. -3,0270
Chryst, W. -6,0132
Chu, C.S. -2,0992
Chu, S.T. -2,0972
Chu, V. -8.0226
Chu, Y.H. -5,0413
Chun, K.R. -3,0081.
Chung, C. -8.0269
Chung, R.A. -5.0024
Church, B.D. -5.0595*
Church, P.E. -2.0195
Church, R.L. -6.0338*
Churchill, M.A. -5.1118*, 5,1119*, 5.1120*,

5,1121*, 5.1122*
Cicchetti, C. -6.0350
Clahorn, B.J. -4,0246
Clahorn, H.V. -5.0482



Clark, C.D. -6.0455*
Clark, D. -8.0054, 8.0279
Clark, F.E. -5.0202
Clark, I.G. -2.0774*
Clark, J. -6.0345*, 6.0346
Clark, R.A. -2.1024*, 2.1041
Clark, R.E. -6.0011
Clark, R.I. -6.0651*
Clark, S.E. -5.0026*, 5.0027*, 5.0028*
Clark, W.E. -4.0216*
Clark, W.J. -6.0547*
Clark, W.S. -6.0252*
Clarke, F.E. -2.0274*
Clarke, L.D. -2.0737
Clarke, R.M. -5.1186
Class, J.F. -8.0030, 8.0071
Claussen, W.F. -1.0044*
Clayton, J.T. -1.0060*
Clayton, L. -2.0832*, 2.0848*
Cleary, S.D. -2.0894
Cleasby, J.L. -5.0403*, 8.0197
Cleaveland, G.W. -8.0036*, 8.0055, 8.0056,

8.0121, 8,0122
Clesceri, L.S. -5.0801
Clesceri, N.L. -2.0816*
Cleveland, J.G. -5.0229*
Cline, M.G. -2.0801
Opp, J.C. -3.0098*
Close, E. -6.0077
Clothier, W.D. -5.0975
Cluff, C.B. -3.0012*
Clutter, R. -5.0311
Clyde, C. -3.0469*, 6.0574
Clyde, C.C. -2.1061*, '2.1062*, 3.0470,

6.0575*
Cobb, C. -4.0083*
Cobble, M.H. -3.0331*
Cochrane, D.R. -8.0162
Cocks, F. -3.0290
Cocks, G.G. -3,0343
Coffman, W.P. -5.1020
Cohen, D. -2.0497
Cohen, J.B. -3.0004*
Cohen, J.M. -5.0849, 5.0851, 5.0852, 5.0854,

5.0860
Cohen, M.E. -3.0264
Cohen, M.W. -8.0016
Cohn, M.M. -5.0781
Colby, P. -6.0290
Cole, C.F. -2.0607*, 5.0509*, 5.0510*,

5.0511*, 6.0282
Cole, G.A. -2.0038
Cole, G.L. -6.0120, 6.0121
Cole, R.A. -5.1029
Cole, R.C. -6.0094
Coleman, D. -8.0124
Coleman, L. -6,0452
Coleman, N.L. -2.0677
Coleman, W. -6.0138
Coles, J.S. -5.1008
Colgate, D. -8.0037*, 8.0038*, 8.0042
Colutvaux, P.A. -2.08:52*
Collazo, G. -6.0481
Collier, J.W. -2.1025*
Collins, A.G. -1.0096*, 1.0097*, 2,0873*,

2.0874*, 4,0198*, 7.0091*
Collins, G.F. -5.0206
Collins, J. -2.0887
Collins, N.E. -5.0224*
Collins, R.P. -5.0211*, 5.0212*
Colombo, A.F. -5.0616
Colonel!, J.M. -2.0608
Cotten, S. -1.0117, 3.0366
Coltbarp, G.B. -2.1063*, 2.1069, 3.0476,

4.0255*
Colwell, R.R. -2.0586*
Conner, G.H. -2.0919, 3.0419, 4.0206
Comes, R.D. -5.1232
Comita, G.W. -2.0833*
Commoner, B. -7.0070
Compton, K.G. -3.0181*
Compton, W.A. -3.0099
Condry, P.J. -4.0015
Conklin, H.E. -2.0795
Conn, L.C. -2,0994*
Connell, C.H. -5.1172*
Conner, E.B. -2.0688, 2.0690
Connors, J.J. -5.0122*
Conover, W.J. -7.0108

INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Conrad, J. -5.0239
Constantin, G.K. -2.0082
Constantin, J.A. -6.0442
Converse, J.C. -5.0360
Convery, J.J. -5.0848*
Conway, C. -1.0030
Coogan, C.H. -3.0156
Cook, E.F. -9.0003*
Cook, J.A. -2.0096
Cook, M.W. -1.0014
Cook, N.R. -6.0443
Cook, P.W. -2.1084*
Cook, T.M. -5.0495
Cook, W.B. -5.0846
Cook, W.L. -6,0395*
Cooke, C.D. -5.0893*, 5.0894*, 6.0431*
Cooley, A.M. -5.0833
Cooley, K. -2,0034, 3.0006
Cooley, M.E. -2.1097
Cooley, R. -2.0918
Cooper, A.J. -2.0984*, 2.0985*
Cooper, A.W. -2.0007*, 6.0404*
Cooper, B.N. -2.1108
Cooper, C.F. -2.0168*, 4.0267, 6.0296,

6.0297*
Cooper, E. -5.1026*, 5.1027*, 5.1028*,

7.0093*, 7.0094*
Cooper, E.L. -5.1021, 5.1029*
Cooper, H.H. -2.1093*
Cooper, W.C. -3.0184*, 3.0185*, 3.0186*
Cooper, W.W. -3.0274
Copeland, B.J. -5.1182*
Copen, M.D, -8.0089, 8.0090, 8.0091, 8.0092,

8.0093, 8.0094, 8.0096
Copp, H.D. -5,1234*, 5.1235
Corbeau, A.B. -6.0442
Corbett, D.M. -5.0384
Corbett, R.G. -2.1139*, 5.1279*
Corder°, I.A. -6.0480*
Cordon, T.C. -5 0992
Cords, H.P. -3.0316*, 3.0317
Corey, A.T. -2.0209*
Corey, G.L. -2.0394*, 4.0088*, 6.0177*
Corey, J.C. -2.0948
Corless, J.T. -1.0109*
Corley, J.P. -5.1245, 6.0613
Corneliussen, R.D. -3.0298
Cornet, I. -3.0033*
Correll, D.S. -5.1184*
Correll, H.B. -5,1184
Corwin, N. -6.0289
Cory, R.L. -4.0078*
Cosper, A.L. -6.0072
Costa, R. -5.0761
Costain, J.K. -2.1108
Costello, T.J. -6.0565*
Cote, R. -5.0207
Cottam, G. -5.1298, 5.1301*
Cotton, J.E. -2.0613*
Coughlin, R.E. -5.1010*
Coughlin, R.W. -3.0403*, 3.0404*, 5.0987*
Coulman, G.A. -6.0301*
Coulson, J. -8.0029
Coulson, K.L. -2.0096
Counselman, F.B. -5.1145
Coutant, C.C. -6.0613
Coutts, H.J. -5.0026, 5.0027, 5.0028
Coverdell, D.E. -3.0309
Covert, R.P. -6.0493*
Covey, P.A. -2.0101
Covington, E.R. -5.0014
Cowan, W.C. -8.0020
Cowley, W.R. -2.1056, 3.0464
Cox, A.L. -2.0532*
Cox, D.C. -2,0369, 2.0371*, 2.0378, 5.0311*,

6.0170*
Cox, G.S. -2.0691*
Cox, H. -7.0089
Cox, L. -2.0571
Cox, L.M. -2.0384*, 2.0385*, 2.0387, 2.0388
Cox, M.B. -2.0875, 5.0435
Cox, R. -6,0537
Cox, R.B. -10352*
Cox, R.G. -8.0226*
Crabtree, J.E. -6.0541*
Craft, T.F. -5.0295
Craig, G. -2.0302
Craine, L.E. -6.0298
Cram, S.P. -5.0252*
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Cramer, F.K. -8,0312*
Crantpton, W.E. -5.0724*
Crandall, P.C. -2,1116*
Crane, D.A. -6.0078*
Crawford, C.C. -8.0039*, 8.0096
Crawford, H.R. -5.1185*, 5.1186*
Crawford, N.H. -3.0376
Crawshaw, S.J. -5.0056
Creely, R.S. -6.0108
Crestin, D. -2.0607
Crestin. D.S. -5.0510
Cristofano, E.A. -6.0089
Crits, G.J. -3.0407
Crockett, S.P. -4.0146
Cromwell, C.F. -3.0304*, 4.0153*
Crosby, G.W. -2.0713*
Crosby, J.W. -2.1117*, 5.1235*
Cross, B.P. -3.0097
Cross, R.H. -2.0618
Cross, W.P. -2.0275*
Cross, W.R. -5,0700
Crossley, R. -3.0016
Crosswhite, W.M. -5.0819*
Crouch, W.W. -6.0060*, 6.0061*
Crow, F.R. -3.0397*
Crowder, 9. -5.0458
Crowell, T.E. -2.0585, 5.0816*
Cruea, D.D. -5.0627*
Crum, W.B. -5.1008
Csallany, S. -7.0037*
Culbertson, J.K. -2.0771*
Culbertson, J.O. -3.0256*
Culler, R.C. -2.0042*
Culver, D.W. -6.0161
Culver, R.N. -6.0460
Cummings, R.E. -5.1324
Cummins, J.M. -5.0018
Cummins, K.W. -5.1020*
Cunnings, T.R. -2.0963*
Curran, H.M. -3.0163*
Curry, R.B. -2.0871*, 2.0872*, 4.0197*
Curry, R.L. -8.0236, 8.0237
Curtice, S. -1.0117
Curtis, L. -5.0867
Cushing, C.E. -2,1127*, 6.0613
Cvancara, A.M. -6.0416*
Cywin, A. -5.0246
Czapik, A. -5.0379
Czikk, A.M. -3.0368*
Dachn, W.W. -8.0137
Dague, R.R. -5.0412*, 8.0202
Dahlin, W.Q. -8.0218
Dahling, D.R. -5.0842
Dahm, P.A. -5.0404*
Dai, Y. -7.0065
Dai, Y.B. -8.0232
Daiber, F.C. -1.0024*, 1.0025*, 1.0026*,

2.0250*, 6.0118*
Dale, J.A. -7.0096
Dale, R.F. -2.0485
Dallas, R.L. -2.0549*
Damann, K.E. -5.0761*
Dambach, C.A. -5.0875
Damon, P.E. -2.0048*
Dana, M.T. -5.1252
Daniel, J.F. -2.0453*
Daniels, W.J. -3.0369
Danielson, R.E. -2.0210*, 2.0211*, 4.0060*,

4.0061*
Dannhauser, W. -1,0078*
Dantowitz, P. -3.9165
Darge, R. -6,0359*, 6.0362
Darrow, R.A. -5.0577
Das, P. -2.0165
Datner, P.P. -3.0059
Daum, C.R. -7.0016*
Davenport, C.L. -3,01 11 *
Davenport, D.C. -3.0045
Davenport, J.E. -5,1198
Davey, E.W. -5.1090
David, E. -5.1306
Davidhazy, A. -1.0083
Davidson, S. -5.0726, 5.0727*, 5.0728*
Davidson, D.D. -7.0066, 8.0230, 8.0232
Davidson, D.W. -6.0648
Davidson, E.S. -2.0043*
Davidson, J.A. -5.0564*
Davidson, J.M. -2.0878*, 3.0399
Davidson, J.R. -5.0311, 6.01711*



Davidson, P. -6.0350*, 7.0092*
Davies, D.S. -3.0155*
Davis, A.B. -2.0688, 2,0690
Davis, A.C. -6.0405*
Davis, A.M. -2.0073
Davis, C.I. -2.0197
Davis, C.M. -3.0161*
Davis, D. -8.0009
Davis, D.W. -3,0323*
Davis, E.M. -5.1148, 5.1151
Davis, F.J. -8.0137
Davis, G. -4,0120*
Davis, G.E. -5,0942*, 5.0961, 5.0963
Davis, H.C. -6.0044, 6.0045, 6.0083, 6.0113*,

6.0114*
Davis, H.J. -3.0330
Davis, J. -6.0336
Davis, J.C. -1.0036*, 5.0162
Davis, J.R. -5.0405*
Davis, J.T. -5.0459*
Davis, K.W. -7.0048*, 7.0049*, 7,0110*
Davis, P. -5.1306, 6.0130*
Davis, P.N. -6.0642*
Davis, R.R. -2.0555*
Davis, R.J. -2.0169*
Davis, R.W. -2.0527*
Davis, S. -3.0091
D avis, S.L. -2.0555
Davis, T.A. -3.0003
Davis, W.B. -5,1155*
Davis, W.J. -4.0130*
Davis, W.S. -6.0244
D awdy, D. -6.0077
Dawdy, D.R. -2.0117*
Dawes, J.H. -4.0098*
Dawson, G.R. -6.0361, 6.0366
Dawson, J.E. -6.0371
Day, D.L. -5.0360*
Day, H.J. -5.1015, 6.0467*
Day, H.L. -2.0383*
Day, M.E. -8.0040*, 8.0041*
Day, P.R. .2.0080*
Day, W.C. -2.3102
Day, W.J. -5.0814*
Dean, D. -5.0478*
Dean, L.A. -5.0483*, 5.0484*
Dean, P.B. -6.0085*
Dean, R.B. -5.0850, 5.0856, 5.0858
Dean, R.G. -5.0253*, 5.0254*, 8.0160*
Deanin, R.D. -3.0149*
Deb, K.K. -1.0036
Debano, L.F. -3.0062*
Deben, W.A. -5.0975
Deboer, D.W. -4.0102, 6.0228
Debraal, P. -6.0130
Debyle, N.V. -4.0249*
Decker, W.L. -2.0691, 2.0692*, 2.0693*,

2.0694*
Decook, K.J. -10019
Decoursey, D.C. -3.0462, 4.0248
Dedecker, F. -5.0581
Dedrick, A.R. -8.0291, 8.0292
Deers, R.C. -2.0519, 2.0520
Deevey, E.S. -2.0555
Defilippi, J.A. -5.1005*
Defilippi, R.P. -3.0274
Degman, E.S. -2.1118*
Degn, A. -6.0604*
Degurse, P.E. -5.1291, 5.1292
Dehaven, C,G. -3.0056
Deklotz, E.J. -8.0262
Dekorosy, F. -3.0227*
Delapp, J.A. -80088
Delarue, R.E. -5,0116*
Delleur, J.W. -2.0458*, 2.0459*, 8.0187*,

8.0188*, 8.0194
Wiwi& L.F. -8.0199
Delrio, F. - 6.0481 *
Deluise, F.J. -5.2053*
Delvalle, L.A. -2.0937
Demaria, F. -3.0154
Dempster, G.R. -4.0232*
Dence, C.W. -5.0760*
Dendy, F.E. -2.0333, 2.0336, 2.0676
Denis, D.R. -3,0061
Denn, M.M. -1.0027*, 1.0028*
Dennis, D.C. -4.0046*
Denny, C.B. -5.0233
Depree, D.O. -5.0142*

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Derecki, J.A. -2,0637*, 2.0638*
Dericco, E.J. -2.0114
Desal, S.C. -3.0390
Desalvo, J. -6.0190
Desaussure, V.A. -1,0014
Desjnrdins, C.R. -6,0078
Desorbo, W. -3.0362
Desvoigne, D.M. -5.1251
Dettloff, C.A. -5.0087
Devay, L. -7.0067
Devine, J.M. -5.0800

R.M. -2.0620*
Devries, R.N. -3.0470*
Dewiest, R.J. -2.0765*
Dewitt, J.W. -5.0309
Dexter, R.B. 037, 8.0042*
Deyoannes, A.M. -5.0611*
Diamond, A.E. -1.0014
Diamond, S. -3.0221
Diaper, E.W. -5.1003*
Dick, R. -5.0175
Dick, R.B. -8.0179
Dick, R.I. -5.0361*, 5,0362*, 5.0363*
Dickas, A.B. -6.0648*
Dickason, C. -6.0600*
Dickerson, W.H. -2.1138, 2.1140*, 2.1141*,

2.1142*, 4.0273*
Dickey, P.A. -2,0883*
Dickson, P.F. -3.0117
Dicostanzo, C.J. -2.0016*
Diefenderfer, A.J. -1.0100*
Diener, R.A. -8.0290
Dietrich, W.H. -6.0080
Dikeon, J.T. -8.0043*
Dikeou, J.T. -8,0044*, 8.0045*, 8.0046*
Dillard, G.E. -6.0487*
Dils, R.E. -8.0143*
Dindal, D.L. -5.0876
Dingle, A.N. -7.0057*
Dingman, S.L. -2.0749*
Dinius, R.H. -1.0001*, 1.0002*, 1.0003*,

5.0006
Dinneen, G.U. -5.1324
Dinsmore, D.T. -5.0469
Dinusson, W.E. -5.0831*
Directo, L.S. -4.0162
Dirmeyer, R.D. -8.0144*
Diseker, E.G. -2.0675
Distefano, G.P. -3.0328
Ditsworth, G.R. -5.0973, 5.0974
Ditwiler, C. -4.0269*
Dixon, J.B. -5.0002*
Dixon, J.K. -5.0221*
Dixon, N. -5.1189
Dixon, P.S. -5.0097
Dobbins, W.E. -5.0737
Dobbs, R. -3.0326
Dobbs, R.A. -5.0849*
Dobyns, H.F. -6,0239*
Doctor, P. -3.0321
Dodd, JD. -5.0406*
Dodd, J.S. -8.0032
Dodge, E.R. -2.0710, 7.0073
Dodge, R.A. -8.0127, 8.0128
Doering, E.J. -3.0141, 3.0142, 4.0064
Doheny, E.J. -2.0912*
Dolan, F.X. -3.0073
Dolbear, F.T. -5.1015*
Doich, W.L. -3.0221*
Dollar, A.M. -5.1270
Domenico, P.A. -6.0339*
Donaldson, J.R. -2.0891*, 6.0628
Donaldson, L.R. -6.0624*
Dondero, N.C. -5.0770*
Ooneen, L.D. -3.0043*, 4.0027*, 5.0078,

5.0081*
Donnan, W.W. -2.0135, 2.0136
Donnelly, C.A. -8.0216
Donnelly, F.J. -3.0064*
Donoha, C.W. -2.0853*
Donohue, D.A. -2.0917*, 2.0918*
Donworth, C.C. -5.1254*
Doody, E. -5.1134*
Dorfman, R. -5.1011, 6.0286*
Dornbush, J.N. -5.1109, 6.0494*
Dorsi, W. -3.0467
Dort, W. -2.0503*
Dasher, R.A. -6.0545
Doshi, M.R. -3,0359
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Doss, B.D. -3.0191
Doty, C.W. -2.0476, 3.0225
Doty, M.S. -6.0172*
Doudoroff, P. -5.0940, 5.0961, 5.0963
Dougai, A.L. -5.1186
Douglas, A.S. - 3.0096
Douglas, J.E. -3.0374*
Douma, J.H. -2.0686*, 2.0688, 2.0690
Dowd. R.E. - 6.0035, 6.0037
Downer, R.N. -2.1085*
Downes, J.D. -2,0652
Downey, G.T. -6.0426
Downey, J. -1.0035
Doxtrader, K.G. -4.0061
Drabick, L.W. -6.0405
Drabior C.J. -6.0205*, 6.0207, 6.0208
Dracut), J.A. -2.0106, 6.0059*, 6.0062*
Dragoun, F.J. -2.0230, 3.0145, 4.0071
Drake, C.H. -5.1235, 5.1236*
Drake, C.L. -5.0433
Drake, T.L. -2.0950*
Draper, G.E. -3.0012, 5.0049
Drazeta, R. -4.0283
Drechsel, P.D. -3.0264
Dregne, H.E. -5.0751*, 5.0752*, 6.0366
Dresneck, R. -5,0743*
Drissel, J. -4.0178, 5.0757
Drnevich, V.P. -7.0045*
Drosthansen, W. -1.0033*, 3.0182*, 3.0183*
Droze, W.H. -4.0227*
Drushella, R.D. -5.1317
Deane, D. -I.( ,;1*
Duane, D.B. 1153, 8.0154, 8,0155
Dube, M.A. -5.1221*
Duce, R.A. -2.0375
Ducey, F.D. -5,0091, 6.0037
Duekstein, L. -6.0015, 7.0004
Duckworth, M. -8.0047*
Dudley, D.L. -6.0400
Dudley, R.G. -5.0771
Dudrow, W. -6.0424*
Duffer, W.R. -5.0904*, 5.0905*, 5.0906,

5.0910, 5.0911
Duffle, J.A. -3.0489
Dufour, A.P. -5.1069, 5.1070
Dugan, P.R. -5.0877, 6.0427
Duguay, W.L. -5.1038
Duke, H.R. -4.0062*, 4.0064
Duke, L.M. -7.0063
Duke., T.W. -5.0805, 5.0806
Dukler, A.E. -3.0456, 3.0458*, 3.0459
Dulin, J.J. -6.0080
Mien, F.A. -8.0017*
Duncan, C. -2,0142
Duncan, D.P. -4.0142*
Duncan, J.M. -8.0006
Duncan, R. -8.0306
Duncan, T.O. -4.0015*, 6.0017*, 6.0018*
Dunford, E.G. -2.1090*, 5.1205*, 5.1206*
Dunklin, E.W. -3.0480*
Dunlap, W.J. -5.0906*, 5.0907*
Dunn, D.E. -2.0707*
Dunn, J.E. -6,0021
Dunst, t.C. -5.1294
Dunstan, G.H. -5.1235, 5.1237
Dupuie, H.H. -6.0247
Durand, J.B. -4.0172
Durfor, C.N. -4.0183
Durham, L. -5.0333*
Durkin, J.T. -8.0304
Duryes, F. -5.0943
Dusi, J.L. -6.0001*
Dutt, G.R. -3.0012, 3.0013*, 3.0014, 4.0010*,

5.0044*, 5.0045*, 5.0181*
Duumala, H. -2.0308
Dvoracek, M.J. -4.0243*, 4.0247
Dvorak, V.I. -2.0230, 4.0072
Dworsky, L.B. -6.0379*, 6.0380
Dyer, E. -5.1056
Dylla, A. -3.0314, 3.0315, 4.0164
Dynes, R.R. -6.0425*
Eagen, R.F. -5.0485*
Eagle, R. -6.0452
Eagleman, J.R. -7.0044*
Eagleson, P.S. -2.0615*, 6.0287*, 1.0056*
Eagleton, L.C. -3.0413*
Early, A. -2.0800
Earnest, R. -5.0062*
Earnest, R.D. -5.0628*



Eastin, J.D. -2.0578, 2.0722
Eaton, F.M. -5.0136*
Eaton, G.P. -2.0276*
Eaton, J.G. -5.0844
Eaton, M.F. -6.0009
Eayrs, W. -2.1 112
Ebel, R.A. -3.0439
Ebel, W.J. -6.0614*, 8.0304*
Ebert, C.H. -4.0179*
Eby, C.J. -3.0165
Eby, H.J. -3.0300, 5.0499, 5.0613
Echelberger, W.F. -5.0398
Eck, T.D. -1.0100
Eckern, P.C. -2.0370
Eckert, R.E. -2.0740, 4.0166*
Eckert, T.H. -7.0080
Eckhardt, W.L. -6.0321
Eckhoff, D.W. -5.0759, 6.0035
Eddleman, L.E. -2.0716
Eddy, J.E. -7.0021*
Edgington, H.C. -3.0055*
Edinger, J.E. -5.1137
Edmondson, W.T. -6.0625*
Edsall, T.A. -6.0290*
Edwards, C.P. -2.0164
Edwards, A.M. -5.0703*
Edwards, H.W. -2.0197
Edwards, M.B. -3.0457
Edwards, W.M. -2.0864
Egeberg, L.E. -2.0101*
Eggleston, K.O. -6.0587
Ehlig, C. -3.0037
Ehrenreich, J.H. - 3.0012, 4.0011*, 4.0012*
Ehrler, W. -2.0035
Ehrler, W.L. -2.0033
Ehrman, L. -9.0004
Eibling, J.A. -3.0391*
Eicher, G.J. -8.0279
Eichert, B.B. -9.0001*
Fichholz, G.G. -2.0349*, 5.0295*
Eidman, V.R. -6.0444*
Eidsness, F.A. -5.0266*
Eier, D. -5.0327
Eiffer, G.K. -7.0100
Eilts, L.E. -8.0121
Einstein, H.A. - 2.0081 *
Eipper, A.W. -5.0771*, 5.0772*, 6.0387

7.0081*, 7.0082*
Eisenlohr, W.S. -2.0170*, 6.0419*
Eiseman, F.M. -6.0649*, 6.0650
Eisler, R. -5.1082*, 5.1083*, 5.1084*
Eissenberg, D.M. -3.0439
Eken, P.C. -2.0372*, 3,0198*
Eklund, C.D. -2.0980
Elata, C. -2.0584, 3.0265
Elberts, T. -5.1317
Elder, R.A. -5.1123*, 5.1141*, 7.0096*,

8.0287*
Elfert, R.J. -8.0048*, 8.0049*, 8.0086
Elford, C.R. -2.0096
Elkins, C.B. -3.0197, 4.0081, 5.0276
Eller, L. -5.0022, 5.0646
Ellertsen, B.W. -2.0986*
Ellington, R.C. -3.0147
Elliott, L.C. -3.0456*
Elliott, L.F. -5.1232
Elliott, R.D. - 2,0171 *
Ellis, D.W. -5.0711*, 5.0713
Ellis, G. -6.0537
Ellis, H. -6.0025*, 6.0131*, 6,0132*
Ellis, H.H. -6.0133*
Ellis, R. -7.0094
Ellis, R.H. -6.0112
Ellis, R.I. -6.0179*
Ellis, R.J. -7.0030
Ellis, W. -6.0362
Ellis, W.H. -6.0083, 6.0366
Ellison, A.H. -3.0269
Ellsperman, I M. -3.0112*, 8.0050*, 8.0051*,

8.0085
Elrod, J. -6.0500*, 6.0501*, 6.0502*, 6.0503*
Elsayed, Y.M. -3.0319
Elterich, J.G. -6.0120, 6.0121
Elvander, R.C. -2.0587*
Elwakil, M.M. -3.0489*
Elwell, R.F. -5.0146*
Emmett, W.W. -2.0284
Emrich, G. -5.1009
Emrich, G.H. -2.0907*, 5.0993*, 5.1030*

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Eng, G. -4.0091
Engel, R. -3.0355*
Engelbert, E.A. -6.0063'
Engelbrecht, R.S, -5.0357, 5.0364*, 5.0365*,

5.0366*, 5.0367*
Eager, 1. -2.0240
Enger, P.F. -7.0019
England, C.B. -4.0131
Engle, C.F. -2.1143*
Engle, S. -7.0115
Englebrecht, R.S. -5.0368*
Engler, K. -6.0026*
English, J. -5.0856
English, J.L. -3,0439
English, J.N. -5.0132, 5.0133
English, T.S. -5.1260*, 6.0620
Engmnn, E.T. -2.0919*, 3.0419*, 4.0206*
Ennis, C.E. -3.0409*
Ensign, J.C. -5.1302*
Enteen, N. -2.0918
Epp, A.W. -6.0336*
Eppinger, W.H. -5.0096*
Epstein, A.C. -3.0329
Epstein, E. -3.0044*, 3.0257, 5.0476, 5.0489
Epstein, S. -2.0134
Erb, R.A. -3.0322, 3.0411*
Ercegovich, C.D. -5.1031*, 5.1032*
Ercole, J.A. -5.0040*
Erdmann, R.C. -6.0059
Ericksen, T.H. -2.1115*, 5.1223*, 5.1224*,

7.0111
E.r.kson, C. -2.0977*
Erickson, C.J. -3.0385
Erickson, G.K. -6.0008
Erickson, L,C. -2.0395*
Erickson, L.E. -3.0:41, 5.0432, 6.0234, 8.0202
Erickson, S.J. -f,.1085*, 5.1086, 5.1087,

5.1093
Erie, L. -8.0003
Erie, L.J. -2.0035
Ernest, L.A. -5..1321*
Eschner, A.R. -2.0787*
Esmaili, H. -6.0037
Esmiol, E.E. -8.0071, 8.0137
Espey, W.H. -4.0231*
Esterbrook, C. -3.0129
Estes, R.D. -8.0168
Estridge, R. -5.0307*
Estridge, R.B. -5.0308*
Estrin, J. -3.0356*
Esvelt, L. -5.1272*
Euston, S.R. -3.0171
Evans, B. -8.0052*
Evans, D.D. -2.0049*, 2.0050*
Evans, D.F. -1.0093*
Evans, 1.0. -5.0850*
Evans, L.G, -3.0478
Evans, N.A. -1.0017, 2.0212*, 2.0213*,

3.0139*, 4.0063*
Evans, R. -3.0319
Evans, R.L. -2.0413*, 4.0099*, 5.0350*,

5.0351*, 5.0352*, 5.0353*, 5.0354*,
5.0355*, 6.0198*, 6,0199 *, 6.0200*

Evans, S. -3.0039*
Evans, T.S. -6.0080
Evenari, M. - 3.0231 *
Evenson, D.E. -5.0098, 5.0099
Evenson, P.D. -2.0967
Everhart, W.H. -5.0464*, 6.0103*
Everson, D.O. -2.0396*
Evilia, R.F. -1.0100
Ewing, B.B. -5.0361
Ewing, E.E. -2.0798*
Ewoldsen, E.I. -3.0081
Eye, J.D. -5.0864*
Eyring, H. -2.1083
Eyskine, A. -2.0277*
Ezrin, M. -3.0149
Fabos, J.F. -6.0282
Fabry, J.W. -8.0021
Fabuss, B.M. -3.0284*, 3.0285*, 3.0286,

3.0288*
Fahey, J. -5.0393*
Fahimian, E.J. -3.0275*
Fahnestock, R.K. -2.0782*
Fair, G.M, -5.0781
Fairbanks, G.E. -4.0119
Fairchild, E. -5.0701
Falk, L.H. -6,0246
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Falkner, C. -5.1306
Falkson, L.M. -2.0795, 6.0383
Falvey, H.T. -8.0099
Fan, L. -5.0432, 6.0234
Fan, L.T. -3.0240, 3.0241*, 5.0426*
Fan, P.F. -5.0311
Fang, S.C. -5.0943*, 5.0945
Farley, C.A. -6.0264*, 6.0266
Farnham, W.H. -6.0380*
Farragut, P.R. -6.0254*
Farris, M.T. -6.0010*
Farrow, J.C. -5.0006
Farvolden, R.N. -5.0347
Fast, A.W. -4.0035*
Faulkner, L.R. -5.1232*
Faure, G. -2.0854*
Faust, S.D. -5.0741, 6.0351
Fauth, D.A. -3.0481*
Fanlanger, D.D. -5.0409
Faylor, P.C. -2.0256
Feeney, J.L. -6.0035
FeJa, F. -5.0867
Felbeck, G.T. -5.1054*
Feldman, C.L. -3.0292*
Feng, T.H. -5.0512*, 5.0513*, 5.0516
Fenimore, J.W. -5.1099
Fenn, J.B. -3.0152*
Fenton, R.L. -2.1117
Fenwick, G.B. -2.0686
Fenzl, R.N. -3.0217*, 6.0206*
Ferguson. B.C. -6.0159
Ferguson, D.E. -5.0624*
Ferguson, H. -4.0159
Ferguson, J.A. -2.0071*, 4.0020
Ferguson, R.D. - 3,0173
Fernandez, R. -3.0366
Ferrel, C.M. -6.0070*
Feteris, P.J. -2.0445
Feucrstein, D.L. -5.0090*, 5.0091*, 5.0092*,

5.0093
Ffolliott, P.F. -2.0051
Fidler, R.E. -4.0195*
Field, J.H. -5.1017*
Field, N.D. -3.0406*
Field, W.O. -7.0083*
Fieldhouse, D.J. -2.0251*, 2.0252*, 3.0160*
Fields, P.E. -8.0311*
Fiering, M. -4.0135
Fiering, M.B. -5.0526
Fife, R. -3.0113*, 8.0053*
Fikes, M. -5.0886
Fillenberg, R.R. -8.0036, 8.0054*, 8.0055*,

8.0056*, 8.0121, 8.0122
Fine, J.C. -2.1002
Fine, L.O. -2.0967*, 2.0974, 3.0434
Fingerman, M. -5.0462
Fink, G. -5.0945
Fink, J. -5.0345*
Finkel, H.J. -3.0230*
Finkelstein, A. -3.0354
Finkner, M.D. -3.0332*
Finucane, J.H. -6.0154*
Fiore, M.E. -3.0004
Fisch, H.B. -2.0903
Fischer, H.B. -2.0118*, 5.0063*
Fischer, J.H. -5.0192*
Fischer, L.K. -2.0726, 3.0310*
Fischer, W.C. -5.0594
Fish, W.V. -5.0273
Fishback, A.A. -2.0278*
Fisher, B.S. -3.0269*
Fisher, D.A. -1.0019*, 3.0156*
Fisher, D.W. -2.0279*
Fisher, G.T. -5.1135*
Fisher, H.W. -5.1055*
Fisher, J. -9.0004*
Fisher, J.H. -5.0193*
Fisher, L.H. -1.0012
Fisher, N.B. -5.0415
Fisher, P.R. -2.0102
Fisher, W.L. -2.1007*, 2.1008*
Fisser, H.G. -4.0281*
Fitzgerald, G.P. -5.1303*, 5.1304*
Fitzgerald, J. -9.0004
Fitzsimmons, D.W. -4.0088
Flack, J.E. -5.0176*, 6,0087*, 6.0107
Flaherty, W.J. -3.0028*
Flanders, A.F. -8.0214*
Flannery, R,L. -2.0760*



Flash, E.S. .6,0381*
Flata, C. -3,0268
F:ecter, H.C. -2,0172
Fleetwood, C.W. -5.0832*
Flege, R.K. -5.0296*, 5.0297*
Flemer, D.A. -6.0258
Fleming, R.W. -2.0102
Fletcher, B..8,0243
Fletcher, H.C. -2.0172*
Fletcher, J.E. .2,1064*, 2.1065 *, 2,1066*,

2,1074, 7,0103
Fletcher, P.W. -2.0930
Fletcher, R..5,0576
Flora, C.J. -2,1114
Florey, Q.L. -3.0114*, 3,0130
Florscbutz, 0..4.0184*, 6,0403*
Flowers, L.C. .3.0416
Fluke, G.A. -3.0053, 3.0056 *, 3.0057*
Focht, T.H. -6,0116
Fochtman, E.G. .5.0334*, 5.0335, 5.0337
Foley, C.L. -3,0167
Folks, N..3,0471*
Folks, B.J. -6,0542*
Ford, H.W. -2.0316*
Ford, W.T. -4,0246
Fordham, J. -6,0340
Force, E. -5.0126
Forte, E.G. -5,0443*
Foreman, J.W. - 5.1002
Forest, H.S. - 6.0378k
Foret, J.A. -6.0248
Forgoes, C. .3.0228*
Fornes, -2.0815
Forney, J.L. .5.0772
Forrest, .2,0560*
Forsberg, C.R. -5,0165*
Forste, R.H. - 6.0283*
Forster, W. -6.0452
Forsythe, J.F. -5.0838
Fort, D. -5.0281
Fort, W.G. -3.0439
Foss, P.O. -6.0104, 6,0107
Fossum, G.O. -5.0833*
Fossum, J.H. -3.0480
Foster, E.A. -6.0415
Foster, E.M. -5.1305*
Foster, G.R. .2.0475, 2.0476
Foster, M.I..6.0533*
Fosterpegg, R.W. 3.0421
Fouss, J.L. -4.0191
Fowler, C.B. -6,0072
Fox, I.K. -2.1155*, 5.1306*, 5.1307*, 6.0279
Fox, K.A. -6.0225*
Fox, R.L. -2.0373*
Fox, T.G. -3.0414*
Foxton, P. -6.0289
Foxworthy, J.E. -5.0111*
Fran, L.T. .5.0427*
Franco, J.J. -5.0625*
Frandsen, A.D. -2.0102
Frank, H.S. -1 0102*, 1,0105*
Frank, N.R. -5.0518
Franke, O.L. -2.0809*
Frankel, L. -2.0244*
Frankel, M.L. -6.0080
Frankenstein, G.E. -8.0264*
Frtnkstein, G. -8.0265*
Franzlni, J.B. -5.0124*
Fraschina, K. -5.0153
Frasier, G.W. -2.0035, 8.0002
Frea, J.I. -5.0877, 6,0427
Frear, D.E. .5.1032
Fredd, L.C. -8,0278*
Frederick, R.H. -7.0052
Fredrich, A.J. -2,0151, 6.0075, 6.0079*
Free, G.R. -5.0489
Freed, V.H. -5,0944*, 5.0945*
Freeman, W.E. -6.0479
Freese, P.V..5,0244*, 5.0245*
Freier, C.D. -3.0299*
Fremling, C.R. -5.0618*
Freund, R.J. -6.0548*
Frey, C.R. -2.0238
Frey, J.C. -6.0472*
Frey, P.J. -5.0029*, 5.0030
Fried, J.J. -2.0429
Friedland, A.O. -5.0153
Friedlander, H.Z. -3.0367
Friedlander, M. -7.0070

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Friedman, H. -1.0085*
Friedman, 1. -5,0241
Friedman, R.S. -6.0298
Friesen, H.N..5,0706
Frissell, S.S. .6,0309*
Fristoe, C.W. - 6.0149
Fritton, D. -2.0485
Fritton, A.D. - 2.0479
Fritts, H.C. -2.0051*
Fromm, P.O. -5.0565*
Frommer, D.W. .5,0616
Frost, A.J. -3,0401
Frost, K.R. .2.0052*
Froy, S.E. -2.0452
Fruh, E.G. -2,1009*, 5,1148*, 5,1149*
Fry, R.G. -5.0098
Fuchs, R.J. -5,0311
Fucik, J.E. -2,1033
Fuentes, V.C. -2,0664
Fukuta, N. -2.0173*
Fuighum, R.S. - 5.0830
Fuller, G.C..5,1050
Fuller, M.S. - 5.0289*
Fuller, W.H. -3.0012, 3.0014*, 5.0049
Fulton, L.A. 6.0617, 8.0309
Fuiwider, C.W. -8.0266*
Funderburk, tI.H. .5,0003*
Fungaroli, A.A. -2,0913, 5,1009*
Funke, B.R. .5.0834*
Fuoss, R.M. .1.0018*
Fuquay, LI-2.01.9f
Furlow, C.R. -7.0062*
Furman, T.D. .5.0255*
Furr, J.R..3.0185
Furukawa, D.H. .3.0115*, 3.0116*, 3.0117*
Gable, W.R. -6.0298*
Gaffey, W.R. - 6.0039
Gages, D. -3.0027
Gahler, A.R. .5.0982
Gainer, J.L. -2.1110, 3.0110
Gaines, J.L. -5.0019
Gainey, R.J. -5.1214*, 5.1215*, 8.0297*
Gakstatter, J. -5.0281
Gallagher, J. -5.0761
Galle, K. -1.0055, 1.0056
Gallep, G. -7.0115
Gallup, D.N. -2,0746
Gamble, H.B. -6.0473*, 6.0477
GammonI.R. -5.0388*
Ganapati, S.V. -5.0382*
Gangopadhyaya, M. -2,0450*
Garber, M.S. .2.0174
Garber, W.F. -5.0107
Gardner, B.D. -6.0576*, 6.0577*, 6.0578*,

6.0592, 6.0593
Gardner, G. -5.1092
Gardner, J.L. -4.0007
Gardner, W.H. -1.0123*, 2,1119*, 3.0482
Gardner, W.I. -8.0057*, 8.0058*
Gardner, W.R. .2.1156*, 2.1157*
Garland, C.F. -5.0042*
Garner, L.E. -2.1008
Garner, W. -5.0684*, 5.0685*
Garnsey, M. -6.0087
Garnsey, R. -1.0059
Garoian, G. -6.0180*
Garrett, D.E. .5.0100*
Garrison, A.W. -5.0278*, 5.0279*, 5.0280 *,

5.0283, 5.0284
Garrison, C.B. -6.0537*
Garrison, C.L. -6.0104*, 6.0106
Garrison, R.L. -6.0461
Garton, J.E. - 2.0879, 3.0398*, 3.0399
Gasaway, C.R. -6.0504*, 6.0505*, 6.0506*
Gates, G.L. .5.0154*
Gates, W. -5.0153
Gatslick, H.B. -6.0281
Gaudy, A.F. -5.0926*, 5.0927*, 6.0445*
Gaufin, A.R. -5.0699*
Gaukler, T.A. -2.0155, 2.0156
Gauley, J.R. -8.0299*, 8.0300*, 8.0301*
Gausman, H.W. -3.0465
Gayer, H.K. -6.0112*
Gaylord, A.M. .3.0099
Gaylord, W.E. -5.0576*, 5.0578
Gburek, WJ..2.0919, 3.0419, 4,0206
Gearheart, LA. -5.0053*, 6.0027*
Gebert, W.A. -2.1147*
Geckler, J. -5.0844
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Gee, H. -5.0069
Geier, F.H. -8.0059*
Geier, R.G. -5.1253*
Geiger, R.D. .3,0491*

W.T. - 5.0609
Geiringer, P.L. -3,03,16
Geiblum, G.P. - 3.0409
Gelhar, L.W. -5,0529
Genshaw, M.A. -3,0412
Gentile, J.H. -5,1085, 5,1086*, 5,1087*,

5.1093
Georgbraw, G.P. -5,0141
George, J.L. - 6,0474*
George, T.A. -3.0401
Georg!, C.E. .5.0704
Gerard, C.J. 2,1026*, 2,1055*, 2,1056*,

3.0464*
Gerber, J. -2,0311*
Gerencser, V.F..5.1280*
Gerlach, A.C. .6.0139*
Gerlach, F.L. -7.0075*
Gerold, M. -4,0271
Gerson, L.L. -3,0157*
Gess, 3. -5,0766
Gessel, S.P. .3.0484*, 4.0272*, 6,0624
Gessler, J. -2.0220, 8.0145
Gettel, R.W. -8.0109
Gevecker, V.A. -2.0702*, 4.0155
Geyer, J.C. -5.0479*, 5.0781
Geymayer, H.G. -8,0227*
Ghani, M.A. -4.0202*
Glow, V.T. .2.0429*
Giam, C.S. -5,1155
Gianotti, F.B. .5.1128
Gibbs, A.E. -6.0095
Gibbs, C. -5,1254
Gibbs, H.J. -8.0060*, 8.0061*
Giddens, J.E. - 5,0290*
Gifford, G.F..2,1067*
Gifford, R.O. -2,0730*, 4.0167*
Giglio, R. -6.0280
Gilbert, D.E. - 2.0096
Gilbert, F.W. -3.0156, 3.0159*
Gilchrist, C.F. -2.0585
Gill, H.E. .2.0768*
Gill, R.L. -6.0032
Gill, W.N. -3.0357*, 3.0358*, 3.0359*
Gill, W.R. .2.0001*
Gillespie, P. -5.0953
Gillett, J. -5.0945
Gillette, J. -5.0565
Gilliam, J.W. -5.0823
Gilman, G.D. -8.0266
Gilmore, A.R. -2.0430*, 2.0431*
Gilroy, E.J. -7.0108*
Ginzburg, B.Z. -3.0232*
Ginzburg, M.W. -3.0232
Gish, A.J. .5.0440
Gish, W.B. -8.0036, 8.0054, 8.0054, 8.0055,

8.0056, 8.0122, 8.0124, 8.0126
Gisin, H.B. -3.0371
Gitlow, B..3.0147*, 3.0148
Gitterman, H. .3.0326*
Gittleson, S.M. -6,0240*
Giudice, J.J. -6.0033
Gladwell, J.S. -2,1120*
Glaeys, R. -5.0945
Glahn, H.R. -2,0588*
Close!, J.A. -3.0349*
Glass, L.J. -4.0239*, 7.0102*
Glassett, J.M. -5,1198*
Glaze, W.H. -5,1169
Glenn, J.L. .2.0903
Glenn, R.A. -5.0999, 5.1004*
Glover, F.A. -2.0214*
Glover, J.E. -5.0625, 7.0063*
Glover, J.R. -8.0198
Glover, L. -2.0974
Gloyna, E.F. -2.1010*, 5.1150*, 5.1151*
Glueck, A.R. -3.0328*
Gnaedinger, R.H. -5.0543*
Godbee, H. -5.1142
Goddard, F. -6.0149
Goebel, J.B. -5.1245
Goering, J.J. - 5,0035*
Goetsch, H.A. -4.0280*
Gokhale, N.R. -3.0339*
Gold, A. -6.0190
Goldberg, S.D. -3.0233*



Golden, F.W. -3.0082
Golden, H. -2,0280*
Goldman, C.R. -2.0087*
Goldman, M. -5.0082*
Goldschmidt, V.W. -2.0460*, 2.0472, 8.0188
Goldstein, D.J. -3.0274
Goldstein, S. -6.0265*
Goldthwait, R.P. -2.0858
Golueke, C.C. -5.0066, 5.0069
Coley, A.R. -6.0072*, 8.0009*
Gonthier, J.B, -2.0614*
Gonzales, E.E. -8.0088
Gooch, E.L. -1.0025, 1.0026
Gooch, J. -5.0014
Good, J.M. -2.0364
Good, R.E. -8.0063
Grmdell, B.C. -2.02a5*
Goodin, J.R. -3,008*
Goddis, J.R. -2.0142
Goodman, A.S. -7.0055*
Goodrich, D.R. -3.0153*
Goodrich, F.C. -5.0791*
Goodson, J.L. -7.0100
Goodwin, L. -6.0449
Goodyear, H.V. -2.0595, 2.0596
Gordan, R..5.0027
Gordon, G. -1.0052*
Gordon, R. -5.0026, 5.0028
Goren, S.L. -1.0008*, 5.0064*
Gorham, E. -2.0660*
Goss, D.W. -5.0930
Gosselin, C,M. -3.0306
Gesutt, R.G. - 5.0363
Gotaos, H.B. -5.1152
Gouda, V.K. -3.0361
Gould, W.L. -4,0177
Goulderi, C.E. -2.0911*, 5.1008
Goulding, R.L. -5.0946*
Gow A.J. -2.0754
Cowing, H. -6.0303*
Goyette, E. 6.0371
Graber, F.M. -3.0097
Grable, A.R. -3.0385*
Grace, J.L. -8.0242, 8.0243, 8.0245, 8.0246
Gradwohl, J. -2.0726
Graft, W.H. -5.0988*
Graham, E.R. -5.0670*
Graham, J.R. -8.0062*, 8.0063*
Gralkoski, J.T. -6.0291*
Grano, C.V. -3.0456
Granstrom, M.L. -4.0172*
Grant, C. -3.0266
Grant, F.B. -5.0629*, 5.0630*, 5.0631*,

5.0632*, 5.0633*, 5.0634*
Grant, L.O. -2.0167, 2.0223, 3.0140*
Grant, W.J. -5.0489
Grass, L. -3.0038, 4.0026
Gratteau, J.C. -5.0358
Graves, G.W. -5.0114*
Graves, Q.B. -5.0928*, 6.0445
Graves, W.A. .2.0197
Gravey, M.D. -6.0626
Gray, D.A. -6.0094
Grecsek, J.J. -1.0059
Green, C.L. -3.0306
Greed, D.W. -2.0506, 4.0115*
Green, E.J. -2.0914*
Green, E.O. -8.0088
Green, J.A. -3.0254*
Green, J.H. -2.1148*
Green, R.E. -2.0374*, 5.0312*, 5.0616
Green, R.L. -5.0494
Greenberg, A.E. -6.0039
Greenberg, M.L. -3.0115
Greenberg, N. -3.0253*, 6.0253*
Greene, F.T. -3.0305*
Greene, M.I. -3.0153
Greene, N.D. -3.0369*
Greenkorn, R.A. -5.0394*, 8.0189*, 8.0190*
Greenwood, M.R. -6.0032, 6.0293
Gregg, D.O. -5.0306*
Gregor, H.P. -3.0350*, 3.0351*
Greichus, Y.A. -5.1111*, 5.1114
Gresho, P. -1.0048
Gressingh, L.E. -5.0093*
Greyson, J. -1.0010*, 5.0072*
Cries, J. -2.0169
Cries, J.P. -2.0979*
Griess, J.C. -3.0438

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Grieves, R.B. -5.0444*, 5.0445*
Griffith, J.S. -5.0324*
Griffith, W.L. -5.1144
Griffiths, J.F. -2.1027*
Griggs, S. -5.0242, 5.0243
Grigoropoulos, S.C. -4.0155
Grimes, D.W. -2.0091
Grimm, A. -5.0090
Grimsley, J.O. -8.0064*
Grinstead, R.R. -5.0162*, 5.0182*
Grissinger, E.H. -2.0675, 2.0678
Groat, C.C. -2.1011*
Groff, S.L. -7.0074*
Groh, J.E. -3.0015
Groot, J.J. -2.0253*
Grossenbach, R. -11162
Grossman, G. -3.0280
Grout, H.P. -6.0090*
Grove, D.B. -2.0174*
Grover, B.L. -4.0256*
Grover, J.H. -7.0041
Groves, A.B. -6.0615*
Groves, R.D. -3.0478
Grubb, H.W. -4.0244*, 6.0571*
Grubbs, D.M. -5.0025*
Grunt, W.N. -5.0535
Grzenda, A.R. -5.0281*
Guenzl, W.D. -5.0202
Guerra, C. -3.0118*
Guertin, P. -5.0710*
Guggenheim, S. -2.0706
Guilbault, G.G. 4.0456*
Guilbe, A. -6.0484
Gunaji, N.N. -2.0175*
Gunaratnam, D. -8.0213
Gunderloy, F.C. - 5.0073 *
Gunderson, K.R. -5.0311
Gunner, H.B. ,,5.0514*
Gunning, G.E. -5.0460*
Gunsolus, R.T. -10884, 6.0447, 8.0279,

8.0280
Gunter, G. -5.0619*
Gunther, F.A. -5.0137*, 5.0138*, 5.0139*
Gunther, L. -6.0588
Gupta, M.K. -5.0368, 8.0185, 8.0186
Gupta, P.R. -5.1262
Gupta, V. -5.0706, 6.0340
Gupta, V.L. -2.0739
Gurham, F.S. -6.0215
Gurnham, C.F. -5.0338*
Gurnham, F. -5.0387*
Cuter, G.A. -3.0068*, 3.0069*, 5.0121*
Guthrie, R.K. -5.1167*, 5.1168
Guthrie, T. -6.0452
Guyer, G. -5.0572
Guyer, G.E. -5.0566*, 5.0567*
Guyon, J.C. -5.0671*, 5.0672*
Gwin, R.E. -2.0512*
Gwinn, V.E. -5.0450*
Gwinn, W.R. -8.0276, 8.0277
Gwynn, A.P. -6.0254
Haag, F.G. -6.0374*
Haan, C.T. -2.0521*
Haas, H.J. -3.0141
Haas, J.E. -6.0425
Haws, R.H. -2.0686
Haas, W. -7.0008
Hackbarth, D. -5.1295
Hackett, J.E. -6.0192*, 7.0034*
Hadad, S. -4.0180
Hadermann, A.F. -3.0162
Hadjitheodorou, C. -2.0934*
Hadley, R.F. -2.0176*, 2.0177*, 2.0178*,

2.0179*
Haefner, P.A. -5.0467*
Hallen, J.M. -3.0225
Halley, W.L. -6.0408
Hagan, R.M. -2.0088*, 2.0089*, 2.0099,

3.0045*, 5.0083*, 6.0065
Hagen, H. -4.0042, 5.0147
Hagen, H.K. -5.0200
Haghera, J. -5.0902*
Hagin, J. -1.0053*
Hagstrom, R.G. -5.1135
Hahi, D.C. -2.1003*
Haigh, T.I. -3.0411
Haik, R.A. -6.0306
Hake, H.R. -3.0141*, 3.0142*, 4.0064*,

5.0195*
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Hale, J.G. -5.0586
Hales, D.C. -5 1028, 5.1033*, 5.1034*, 7.0093
Hales, J.L. -3.0174
Hall, D.J. -5.C773*
Hall, F.R. -2.0742*, 2.0743*, 3.0177, 4.0170
Hall, J.C. -6.0032*
Hall, J.D. -5.0947*, 5.0948*
Hall, J.V..8.0148*
Hall, M.W. -5.0365, 5.0468*, 5.0469*
Hall, R.C. -3.0242*
Hall, W.A. . 6.0064 *, 6.0065*
Hall, W.L. -3.0363
Hallock, R.J. -5.0050
Halter, A.N. -6.0456*
Haltiwanger, S.O. -2.1112
Halton, D.B. -6.0373
Hamblet, F.E. -5.0016, 5.0019
Hambric, R.N. -5.1179*, 6.0567*, 6.0568*,

6.0569*
Hamel, G.S. -5.0535
Hamelink, J.L. -5.0575
Hamer, E.A. -3.0324*
Hamilton, D.R. -10417*
Hamilton, L.J. -2.1149*, 2.1150*
Hamilton, L.S. -6.0384, 6.0388*, 6.0389*,

6,0390*
Hamilton, S.A. -3.0306
Hammer, A.N. -3.0099
Hammitt, F.G. -1.0067*
Hammon, G.A. -6.0406*
Hammond, K.A. -6.0608*
Hammond. L.C. -2.0312*, 2.0313*, 5.0256
Hammond, R.P. -3.0439*
Hammons, J.B. -8.0117
Hamon, W.R. -2.0384, 2.0385, 2.0386*,

2.0387*, 2.0571*, 3.0201*, 3,0202 *,
7.0106

Han, I.G. -2.0784, 5.0767*
Hancock, A.P. -5.1145*
Handley, R.B. -3.0168*
Hanes, F.P. -7.0064*
Hanke, S. -6.0087
Hanks, J.W. -6.0597
Hanks, R.J. -2.0498
Hann, R.W. -5.1156*
Hanna, G.P. -6.0426*
Hanna, W.J. -8.0056, 8.0121
Hannah, H.W. -6.0210
Hannah, S.A. -5.0851*
Hannapel, R.J. -2.0053*
Hanratty, T.J. -1.0045*
Hansen, D.F. -6.0197*
Hansen, D.J. -2.0323*
Hansen, E.L. -5.0360
Hansen, H.H. -2.0561*
Hansen, H.L. -8.0090
Hansen, R.E. -2.0488*
Hansen, R.L. -4.0057*, 7.0017*, 8.0065*,

8.0066*
Hansen, W.R. -7.0022*
Hanshaw, B.B. -2.1094*, 5.0241*
Hanson, C. -2.0971
Hanson, C.H. -10572*
Hanson, C.L. -2.0230, 3.0145, 4.0071
Hanson, E.G. -2.0775*, 3.0337
Hanson, I. -6.0134*
Hanson, J.B. -3.0218*
Hanson, LH. -5.0580
Hanson, M.L. -4.0176*, 6.0360*
Hantush, M.S. -6.0366, 7.0077*
Harbaugh, J.W. -2.0131*
Harbaugh, T.E. -2.0703*
Harbeck, G.E. -4.0058*
Harder, J. -7.0008
Harder, J.A. -4.0023*
Harder, R.W. -2.0397*
Harding, R.B. -3.0086
Hardt, F. -5.0801
Hardy, E.E. -3.0395
Hargis, W.J. -6.0607*
Haring, R.C. -6.0007
Harkins, R.D. -5.0904, 5.0905
Harkness, S.H. -3.0353
Hari, N.E. -6.0226*
Harieman, D.R. -2.0616*, 2.0617*, 5.0527*,

5.0528*, 5.0529*
C.C. -5.0904, 5.0905, 5.0906, 5.0910,

3.0911
HarOine, O.L. -6.0597



Harman, A.R. -6.0120, 6.0121
Harmeson, R.H. .6.0201*
Harmon, J.A. .5.0059, 6.0035*
Harmon, S.A. -2.0338*
Harr, M.E. -8.0191*
Harrawood, P. -5.1137
Harries, H. - 4.0054
Harrington, L. .5.1185, 5.1186
Marriott, P. -3.0343
Harris, D.D..2.0901*
Harris, D.C. -2.0684
Harris, D.O..5.0446*, 6,0244
Harris, E.F. .5.0855, 5.0857
Harris, G..5.0597
Harris, J.O. -5.0428*
Harris, J.W. -2.0688, 2.0690
Harris, L. -2.0727*
Harris, M.S. -7.0011
Harris, R.F. -2.1153
Harris, W.S. .4.0019*, 4.0020

W.W. -4.0111*
Harrison, F.L. -5.0101*, 5.0102*
Harrison, W.L. -7.0058*, 8.0088
Harrold, L.L. -2.0864*, 2.0865*, 2.0866*,

2.0867 *, 2.0868*, 3.0393*, 3.0394*
Hart, E.D. -8.0228*
Hart, G.E. .2.1068*
Hart, H.E. -2.0721
Hart, P. -3.0453
Hart, S.A. -5.0084*
Hart, W.H. -3.0042
Harter, F. -3.0148*
Harter, F.C. -3.0147
Harter, R.D. -5.0210*
Hartman, C..7.0001
Hartman, L.M. -6.0105*, 6.0108
Hartman, M.A. -2.0875*, 2.0882, 2.1054,

3.0462, 4.0248
Hartman, R.T..6.0469*
Hartung, R. -5.0551*
Hartwell, J.H. -2.0317
Harvey, J.V. -5.0128
Harvie, S. -3.0341
Hashagen, K.A. -2.0149, 6.0071
Hashimi, S. -8.0004
Haskell, E.E. -4.0033
Haskin, H.H. -5.0729*
Hasler, A.D. -5.1298, 5.1308*, 6.0643*
Hassler, T. -6.0507*, 6.0508*, 6,0509*,

6.0510*, 6.0511*, 6.0512*, 6.0522,
6.0523

Hastings, C. -2.0361*
Hastings, M.M. -6.0094
Hatch, G.E. -8.0149
Hatch, L.M. -2.0383
Hatch, L.P. -3.0370*
Hatch, R.W. -5.0470*
Hatcher, J.T. -3.0083
Hathaway, E.S. -2.0577
Hattrup, A. -3.0125
Haugen, A.D. -6.0227*
Haugseth, L.A. -3.0117
Haupert, J.J. -4.0180*
Haupt, H.F. -5.0321*
Hauser, V. -5.0917
Hauser, V.L. -4.0237*, 4.0238*
Haushild, W.L. - 2.0902*
Havelka, V.D. -2.1025
Haveman, R.H. -6.0230*
Haven, D. -5.0505
Havens, A.V. -2.0761*, 2.0762*, 2.0763*,

4.0173
Havens, J.H. -2.0519*, 2.0520*
Haverland, M.L. -8.0067*
Hawke, J.G. -5.0056*
Hawkes, C.L. -7.0093
Hawkins, R.H. -2.0946
Hawks, P.H. -2.0676
Haws, F.W. -2.1069*, 6.0579*, 6.0587
Haworne, H.A. -2.0107
Hawthorne, P.E. -6.0080
Hawthorne, P.L. -8.0204
Hayes, D.W. -5.1098
hives, G.H. -2.0281*
Hayes, J.W. -5.0274*
Mayne, D.W. -5.0821
Haynes, C.D..5.0025
Haynes, E. -2.0017
Haynes, R. -2.0746

INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Hays, R.M. -3,0353*
Hazen, R. - 5.0781
Hazen, T.E. - 5.0407 *
Heady, E.O. -6.0091*
Heald, W.R. -5.0484
Heaney, J.P. -8.0303
Heard, W.R. .6.0005*
Hearle, E.F. -6.0279
Hebard, J.F. -2.0017
Hebaus, G.G..8.0276, 8.0277
Heck, W.J. -8.0262
Hedden, D. -2.0361
Hedges, T.R. .6.0051*, 6.0052*, 6.0053*
Hedman, E.R. -5.0118*
Hedrick, L.R. -5.0339*
Heermann, D.F. -2.0215*, 3.0139
Heffernan, W.P. 5.1067, 5.1069
Heflebower, R. -6.0190

J.R. -3.0150
Hegg, B.A. -5.0403
Hegre, C.S. -5.1088*, 5.1089*, 5.1090*
Hehn, E.R. -4.0159
Heib, R. .5.0827*, 5.0829
Heidari, M. .2.0409, 7.0035
Heide!, S.C. -2.0562*, 2.0569*
Heideman, K.E. -6.0554
Heldinger, R. -6.0181
Heidsman, H.W. -3.0029, 3.0058
Heigold, P.C. -2.0410*, 7.0035*
Heilman, M.D. -3.0466
Hein, E.A. -8.0016
Heindl, L./ -9.0005*
Heinemann, H.G. -2.0864, 2.0865, 2.0866,

2.0867, 2.0868, 2.0869, 3.0393, 3.0394,
8.0274

Heinle, D.R. - 5.0498
Heiple, L.R. -6.0028*
Heise, J.J. -5.0298*
Heit, A.H..3.0321*
Helfgott, C. .3.0330
Hellickson, M. -2.1138
Helm, W.T. -5.1188*
Helmers, A.E. -2.0027*
Helrich, K. -5.0741
Hem, J.D. -5.0119*
Hempel, J.L. -5.1173
Hemper, W. -4.0060
Hemphill, L. -5.0673*
Hemseri, 0. -5.0246
Hemstad, C.A. -2.0835
Henderson, D. -1.0016*
Henderson, D.C. - 6.0360, 6.0361*
Henderson, D.W. -2.0090*, 2.0091*
Henderson, H.F. -6.0398
Hendrick, J.G. -2.0002* 2.0003*, 6.0002*
Hendrick, R.L. -2.0919, 3.0419, 4.0206
Hendricks, C.W. -5.0291*
Hendricks, D.W. -5.1189* 5.1190*, 5.1191*
Hendrickson, G.E. -6.0304i*
Heneberry, W. .6.0135*
Henley, J.E. -2.0686
Hennessey, T.L. -5.0582*
Hennigan, J.J. - 5.0792*
Henry, H.R. .2.0008*
Henson, B. .2.0812
Henson, E.B. -2.1086*, 2.1088
Hensz, R.A. -2.1033
Herbel, C.H. -4.0177
Herdendorf, C.E. -8.0275*
Hermanson, H.P. -5.0140*
Herinsmeler, L.F. -4.0191
Hernandez, J. -6.0362
Hernandez, J.R. -4.0121
Hernandez, J.W. -6.0366
Herrmann, D.F. -4.0063
Hershfield, D.M. -4.0131
Hertsgaard, A..6.0411*
Hertsgaard, T.A. -6.0412*, 6.0413*
Hesselberg, R.J. -5.0628, 5.0635*, 5.0636*
Hester, R.E. .1.0118*
Hetling, L.J. -5.0758*
Heukelekian, H. -5.0730*, 5.0731*, 5.0737
Hewitt, W.P. -1.0119*, 2.1082*, 5.1200*,

5.1201*, 8.0293*, 8.0294*
Hewlett, J.D. -2.0339*, 2.0340*, 2.0341*,

2.0346, 7.0025
Hibbard, A.D. -10695*
Hibbard, D.S. -3.0158
Hickey, J.J. -5.1309*
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Hickey, K. .8.0068*
Hickey, M.E. -8.0069*, 8.0070*
Hickman, C.C. -3.0352
Hickman, K. -1.0083*
Hickman, K.E. -3.0275
Hickok, R.B. -2.0040*, 2.0041*, 2.0103*,

3.0007*, 3.0063*, 4.0007*, 4.0008*,
4.0009*, 4.0178*, 5.0103*, 5.0757*

Hicks, J.R. .2.0757
Hidaka, F.T. -2.1134*
Hiemstra, L.A. -2.0184, 2.0920*, 2.0921,

2.0922
Higer, A.L. -2.0317, 2.0318
Higgins, D.T. -2.1121*
Higgins, G.R. -2.0608*
Higgins, 1.R. -3.0437*
Ingham, J.R..6.0497*
Hight, C. -6.0090
Hight, R. 1.0073
Higley, W.S. -3.0031, 3.0054
Higuchi, T. -1.0058*
Hilden, D.A. -5.0586*
Higer, E.A. -2.1041, 3.0446*, 5.1157*
Hilgeman, R.H. -2.0039*
Hill, C. -5.0565
Hill, D. -5.1194
Hill, D.W. .5.0282*, 6.0104, 6.0106*, 6.0107
Hill, J.W. .3.0439, 8.0030
Hill, W.F. .5.0016*, 5,0017*, 5.00184'
Hill, W.H. -6.0463
Hine!, D. -2.0498*, 2,0499 *, 3.0238*
Hiller, J. -5.0786
Hillman, J.J..3.0211*, 3.0212*
Hilsenhoff, W. -5.1294, 6.0638
Hilsenhoff, W.L. -6.0644*
Hiltbold, A.E. -5.0004*
Hiltibran, R.C. -5.0348*, 5.0349*
Hiltunen, J. .2.0626, 5.0540
Hiltunen, J.K. .6.0292*
Himes, F.L. -5.0902
Hindln, E. -5.1237*
Hines, N.W. .6.0228
Hines, T.C. -6.0245
Hines, W.W. -6.0164*
Hinesly, T.D. -5.0363
Hinote, H. -6.0534*
Hinshaw, R.N. -5.1199*
Hinton, W. -5.0105
Hintzman, F. -5.0700
Hinze, W.J. -4.0137
Hipp, B.W. -3.0464
Hiroshi, S. -5.1310*
Hirota, J. -5.1256
Hirth, L.J. -5.0005*, 5.0006
Hise, E.C. -3.0439
Hlser, H.W. .2.0320*
Hiser, L.L. -5.1174*, 5.1175*, 5.1176*,

5.1177*
Hiskey, H. -6.0576
Hiskey, H,H. -6.0585
Hissong, DE. .5.1072
Hissong, N.E. -5.1074
Hjalmarson, H.W. -3.0008*
Hjelmfelt, A.T. -5.0674*
Hoadley, A.W. -5.0587*, 5.0588*
Hobble, J.E. -5.0820, 6.0407*
Hobbs, P.V. -2.0195
Hobgood, C.C. -3.0249, 6.0250
Hobson, G. -5.0317
Hoch, I.J. -6.0043
Hock, K. -6.0013
Hodes, W. -3.0324
Hodgdon, R.B. -3.0289*, 3.0363
Hodge, D.D. -8.0009
Hodges, C.N. -3.0015*
Hodges, J.W. -5.0576
Hodgson, A. -3.0079
Hodgson, J.M. -3.0308*
Hoernschemeyer, D.L. -3.0030
Hoff, J.C. -5.1225*, 5.1226*, 5.1227*, 7.0111
Hoffman, A.S. -3.0278*
Hoffman, C. -3.0078*
Hoffman, C.E. -6.0030
Hoffman, C.R. -5.0134*
Hoffman, D.A. -5.0183*, 5.0184*, 5.0187,

5.0189
Hoffman, G. .3.0085
Hoffman, J.G. -8.0071*
Hoffman. T.C. -5.0039*



Hoffmeyer, C.K. -8.0273*
Hoffpauer, C.M. -4.0128
Hofstetter, A.M. -5.1134
Hogan, J. -5.0646
Hogan, J.W. -5.0637*, 5,0638*, 5,0639*,

5.0640*, 5.0664
Hogg, N.C. -6,0173*, 6.0174*
Hogg, T.C. -6.0457*
Hohenemser, K.H. -7.0070
Holje, H.C. -6.0327k.
Holland, F.R. -2.0980
Holland, J.B. -1.0097
Holland, M.E. -2.0231, 2.0233
Holland, R.T. -4.0031
Holland, W.Y. -8.0081
Holley, E.R. -5.0369*
Holloway, N.D. ,0443*
Holmen, H. -3,0381*, 8.0272*
Holmes, JJ. -5.0014
Holmes, R.R. -1.0061*
Holmes, H.S. -2,0102
Holmes, R.W. -6.0082*
Holmes, W.A. -3.0285
Holmgren, A.H. -6.0588
Holowaychuck, N. -2.0855*
Holston, J.T. -5.0486*
Holt, T. -5.0440
Hoitan, H.N. -2,0573*, 4.0131*
Holtman, D.F. -2.0990*
Holtzer, G. -5.0851
Nom, L.W. -5.0143*
Homsy, G. -1,0046
Homyk, A. -2.0701*
Honkala, R.A. -2.0856*
Honstead, J.F. -5.1244*, 5.1246
Hood, D.W. -2.0019*
Hoogland, R.J. -8.0290*
Hoopes, D.T. -2.0017, 6,0006
Hoopes, J.A. -2.1159, 2,1161, 2.1166
Hoopingarner, R. -5.0567
Hoover, M.D. -2.0172, 3.0143*
Hoover, W.E. -5.1006*
Hopfenberg, N.B. -3.0378
Hopkins, G. -5.0458
Hopkins, T.L. -5.0429*, 5.0430
Horn, D. -5.0503
Horn, J.A. -5.0908*
Horowitz, C. -3.0340*
Horrall, R. -7.0115
Horst, T.W. -5,1252
Horton, D.B. -5.0820*, 5.0821 *
Horton, H.F. -6.0458*
Horton, J.S. -4.0006*
Horton, J.W. -6.0648
Horton, M. .2.0970
Horton, M.L. -2.0968*, 2.0969*
Horvath, J. -6.0324
Hoskin, C.M. -2.0020*
Hoskyn, J.P. -3.0025*, 4.0020*
Noss, D.E. -5.0803
Houck, J. -2.0361
Hough, J.L. -2.0630*
Houghton, D. -7.0014
Houser, A. -4.0014, 4.0015, 4.0016*, 4.0017*,

6.0019*, 6.0022
Housley, J,G. -2.0639*, 2.0640*, 2,0641*,

2.0642*
Houston, B.J. -8.0229*
Houston, C.W. -1,0110*
Hovin, A. -2.0574*
Hovind, E.J. -2.0171
Howard, A.K. -8.0072*
Howard, R.E. -3.0167
Howard, R.G. -3.0042, 3.0093*, 3.0094,

3.0317*
Howard, T. -8.0010
Howards, I. -6.0284*
Howe, A.B. -2,0607
Howe, E.D. -3.0082, 5.0135*
Howe, J. -2.0169
Howe, J.W. -5.0413*
Howe; O.W. -3.0141, 3.0142, 4,0063, 4.0064
Howell, J.H. -5.0580*
Howell, W.E. -2.0180*
Howells, DA. ..5.0822*
Howes, M.A. -3.0213*
Howlett, J.R. -5.0436*
Hoy, J.B. -6.0255
Hrutfiord, B.F. -5.1262, 5.1263

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Hsiao, N.Y. -3.0269
Hsiao, T.C. -10092*
Hsu, E.Y. -2.0132
Hsu, P.N. -5,0732*
Hu, A. -3.0396
Hu, C.V. -3.0489
Huang, J. .5.0690*
Huang, J.H. .2.1111
Huang, Y.H. -2.0522*
Hubbel, D. -5.0986*
Hubbell, D.W. -2,0903*
Hubbell, P.M. -5.0145
Huber, A.L. -2.1060
Huber, L. -5.1189
Huck, R.W. -2.0750*
Huckabay, H.K. -2,0550*
Huddleston, E.W. -5.1180*
Huddleston, R.L. -5.0925
Hudson, J.H. -6.0565
Hudson, J.L. -1,0046*
Hudson, P.L. -6.0513*, 6.0514*, 6.0515*
Hudson, R.Y. -2.0133*, 7.0065*, 7.0066,

8.0230*, 8.0231*, 8.0232
Huff, F.A. -2,0199, 2,0414*, 10415*,

2.0416*, 2.0445, 3.0219*
Huffaker, R.C. -2.0092
Huffman, E. -3,0002
Hufsehmidt, M.M. -6,0402*
Huggins, D. -7.0040
Huggins, L.F. -2.0461*, 2.0462*, 5.0396,

8.0192*
Huggins, T.G. -5.0401
Hughes, B.C. -2.0102*
Hughes, G.H. -2.0328*
Hughes, G.M. -5.0347*
Hughes, J.S. -5,0453*, 5.0454*
Hughes, T.A. -6.0140*
Hughes, W.F. .3.0452
Huizengo, H.A. -8.0113
Hulbert, A.L. -3.0119*
Hulbert, L.C. -2.0513*
Hulburt, E.M. -6.0289
Hull, F.C. -10418
Hull, J. -2.0652
Hulsey, A.H. -4.0015
Hulk, E.E. -6.0394*
Humphreys, A.S. -3.0204
Humphreys, C.P. -4.0148*
Humphreys, G.B. -3.0164
Humphreys, H.W. -5.0356*, 5.0373
Hundley, N. -6.0066*
Hankins, N.D. -8.0054, 8.0126
Hunt, A.S. -2.1087*
Hunt, C.B. -2.0563*
Hunt, E.G. -4.0042*, 5,0147*
Hunt, R. -3.0488
Hunter, J. -5.0727
Hunter, J.V. -5.0733*
Huntley, B.E. -5.0016, 5.0017, 5.0019*
Huntoon, P. -2.0054*
Hurst, V.J. -2.0350*
Hussey, K.M. -2.0481
Huston, M.T. -8.0285
Hutcheson, T.B. -5,1208*
Hutchins, W. -6.0040*
Hutchinson, D.C. -5.0652, 5.0656
Hutchinson, F.E. -5.0469, 5.0471 *
Hutchinson, R.D. -2.1151*, 2.1152*, 4,0277*
Hutton, 11.F.-6.0122*
Huval, C.J. -8.0226
Hwang, C. -2.0664
Hwang, C.L. -3.0241
Hyatt, M.L. -7.0105
Hyde, H.C. -8.0009
Hyer, P.V. -6.0607
Hyra, R.B. -6.0078
Ibsen, C.A. -6.0605*
Idso, S. -2.0033, 2.0034
Idyll, C.F. -5.0265
Ihm, W. -5.0702
Wirna, I. -5.0366
Ikawa, M. -5.0717
Rani, A. -3.0234*
Ilnicki, R.D. -5.0741
Imevbore, A. -6.0398*
Imlay, M.J. -5.0589*
Ineman, F. -6.0432, 6.0433
Inglis, J.M. -6.0549*
Ingols, R.S. -5.0296, 5.0299*, 5,0300*, 5.0303
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Ingram, H. -6.0356*
Inman, D.L. -5.0151*
Innis, G.S. -4.0246
Intorre, B. -5.0745*
Ippen, A.T. -2.0618*
Irgens, R.L. -5.0694*
Irwin, J.R. -3.0391
Irwin, W.H. -5.0852*, 8.0057, 8.0058,

8,0073*, 8.0074*
Isaacs, W.E. -2.0686
Isard, W. -5.1011*, 6.0465*
Ishibashi, N. -3.0035
Israelsen, -2.1074
Israelsen, E.K. -2.1075, 4,0258, 6,0586,

6.0587, 7.0105, 7.0106
Israelson, C.E. -7,0104
Ives, K.J. -5.1187*
Ivins, V.S. -3.0073*
Jaakkola, T. -2.0308
Jabara, M.A. -8.0139
Jachowski, R.A. -8.0156, 8.0157
Jackim, E. -5.1091*, 5.1092*
Jackson, D.R. -2.0928
Jackson, F.W. -6.0650
Jackson, C.C. -6.0482*
Jackson, M.D. -7,0087
Jackson, R.A. -8.0230, 8.0231
Jackson, R.D. -2,0033, 2,0034, 2.0035
Jaco, B.D. -6.0535*
Jacob, C.E. -6.0362*, 7,0076
Jacobs, C.E. -6.0366
Jacobs, H.S. -2.0516
Jacoby, H.D. -6,0286
Jaenicke, H.W. -2.0016
Jager, D. -4.0168*
Jaglan, P. -5.0137
Jain, S.M. -3.0277
Jakubowski, W. -5.1227, 5.1228*
James, G.A. -6.0399*
James, J.R. -5.0838
James, L.D. -2.0523*, 6,0241*
James, W.P. -5.0941
Jameson, D.L. -4,0242*
Jamison, V.C. -2.0866, 2,0869, 3.0393, 3.0394
Janda, R.J. -2.01 19 *, 2.0120*
Janecek, C.M. -3,0382*
Janes, B.E. -2,0245*
Janosi, Z.J. -8.0215*
Jansma, J.D. -6,0475*, 6.0477
Janz, G.J. 1.0087*
Janzow, E.F. -3.0216
Jarzynski, J. -3.0161
Jasionowski, W.A. -5.0343*
Jaske, R.T. -4.0270*, 5.1245*, 5.1246*,

8,0303*
Jeffrey, G.A..1.0106*
Jeffries, H.P. -5.1056*
Jeffries, R.B. -6.0095, 6.0096, 8.0028
Jellinek, D.H. -3.0360*
Jellinek, H.H. -3.0361*
Jelus, M. -5.0849
Jeng, V. -8.0255
Jenke, A.L. -5.1145
Jenkins, C.R. - 5,1281
Jenkins, D.I. -5.0065*, 5.0066*
Jenkins, J.H. -5.0288
Jenkins, R.M. -6.0020*, 6.0021 *
Jenne, E.A. -2.0181*
Jenny, H. -6.0041*
Jensen, A.Il. -5.0360
Jensen, B.C. -6.0575
Jensen, H.J. -5.1232
Jensen, M.C. -2,1122*, 2.1123*
Jensen, M.E. -2.0389*, 3.0203*, 3,0204*,

3.0205*, 4.0087*
Jensen, M.L. -2,1083*
Jensen, R.D. -2.0679*, 2.0680*
Jensen, W.I. -5.1194
Jenson, B.T. -6.0035
Jeppson, R.W. -2.1060, 7.0107
Jeris, J.S. -5,0762*
Jewell, V.H. -5.0838
Jewell, W. -5.0126
Joanen, T. -6.0247*
Job, G.H. -3,0439
Jodon, N.E. -2.0570
Johannes, R.E. -10342*
Johanson, L.N. -5.1263
John, J.A. - 5.0502



Johns, H. -8.0075*, 8.0076*, 8.0087
Johnsen, R.C. -8.0308
Johnson, -2.0815
Johnson, A.I. -2 0182*, 2.0183*
Johnson, A.M. -3.0102*, 3.0103*, 3.0104*
Johnson, B.T. -5.0641*, 5,0642 *, 5.0643*,

5.0644*, 5.0645*
Johnson, C. -2.0571, 2.1073
Johr C.C. -2.0351*
Johr ,on, C.W, -2.0387, 3.0201, 3.0202
Johnson, D. -6.0182
Johnson, D.D. -5.0196*
Johnson, D.R. -3,0293
Johnson, F. -5,0455*
Johnson, G.E. -5.1017
Johnson, G.H. -8.0077*
Johnson, H. -2.0485
Johnson, H.P. -3.0226, 4,0102*, 4.0103*,

4.0104*, 4,0105*, 6.0222, 6.0228*
Johnson, I. -7,0013
Johnson, J.D. -5.0606, 5,0808*
Johnson, J.H. -8,0305*
Johnson, J.O. -7.0020
Johnson, J.W. -5.0115*
Johnson, K. -3.0213
Johnson, L. -2.0325
Johnson, L.C. -2,0389, 4,0087
Johnson, M.C. -6.0331*
Johnson, M.L. -2,0919, 3.0419, 4,0206
Johnson, P.R. -7.0001
Johnson, R.B. -2.0229, 6.0543*, 6,0544*
Johnson, R.E. -5,1166
Johnson, R.F. -5.0296
Johnson, R.L. -5,0408*
Johnson, R.W. -6.0626*
Johnson, S.L. -4,0233*
Johnson, W. -6.0076, 9.0001
Johnson, W.C. -2.1057
Johnson, W.K. -5,0598*
Johnsson, K.O. -3,0439
Johnston, J.D. -2,0102
Johnston, K.H. -2.0585
Johnston, T.H. -2.0570
Johnstone, D.B. -5.1202*
Joiner, T.J. -2.0005, 2.0009
Jolly, W.C. -2.0168
Joncich, M.J. -1.0043*
Jones, A.R. ,,6.0316*
Jones, B.A. -3.0217, 3.0220*, 6.0205, 6,0206,

6.0207*, 6,0208*
Jones, B.F. -2.1095*
Jones, B.G. -5.0370*, 5.0371*
Jones, B.R. -5.0590*
Jones, B.V. -8.0078*, 8.0079*
Jones, C.W. -8,0035, 8,0050, 8,0080*,

8.0081*, 8.0082*, 8,0083*, 8.0084*,
8.0085*, 8.0094

Jones, D. -6.0013
Jones, D.D. -5.0360
Jones, D.M. -2.0435
Jones, E.B. -2,0184*, 2,0921*, 2,0922*
Jones, E.E. -6.0257*
Jones, G.W. -2.0107
Jones, J.A. -2.0783*
Jones, J.B. -7,0090*
Jones, J.E. -5.1216*
Jones, J.N. -3.0257, 5.0489
Jones, J.S. -8.0295
Jones, L.S. -2,0343*
Jones, N.B. -5.1195
Jones, P.H. -2.0536*, 5,0168*, 6,0086*
Jones, S.H. -2.0012*
Jones, S.L. -5.1137
Jones, W.W. -2.0139*
Joost, R. -5.1317
Jordan, G.L. -4,0011, 4,0012
Jordan, P. -7,0071*
Jorgensen, A.W. -6.0035
Joseph, D.D. -2.0661*
Jovanovic, S. -4.0283
Judd, H. -2.1073
Judisio, J.F. -5,0006*
Judkhcs, J.M. -5.0007*
Judy, M.H. -6,0400*
June, F.C. -6,0498, 6.0499, 6,0501, 6.0502,

6,0503, 6.0516*, 6.0517*, 6.0518*,
6.0519*, 6,0520*, 6,0521*, 6.0522*,
6.0523 *

Jurado, A. -2,0318

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Jurinak, J. -5.1190
Kabatapendias, A. -2.0931*
Kadah, M.T. -3.0037
Kadoum, A.M. -5.0430
Kafoglis, M. -6.0149
Kahan, A. -2,0904*
Kahan, A.M. -2.0163
Kollin, C.A. -6.0078
Kaiser, C.J. -5.0396
Kaiser, E.J. -2.0823
Kalinski, A.J. -6,0283
Kalousek, G.L. -8.0086*
Kalter, R.J. -6.0391*
Kalvinskas, J.J. -4.0031*
Kamel, A.M. -7.0066*, 8,0232*
Kamien, M.I. -5.1015, 6,0467
Kaminsky, F. -6.0280
Kamphake, L.J. -5.0863
Kane, J.W. -2,1002
Kane, S.C. -3.0281
Kaneshige, H.M. -5,0839*
Kangos, J.D. -5,0208
Kanipe, J.F. -8.0061
Kantrud, H.A. -6,0419, 6,0420
Kaplan, A. - 5.0534
Kaplar, C.W. -2,0751*, 2.0752*
Karabelas, A.J. -1.0045
Karbassy, A. -8,0010
Kardos, L.T. -2,0923*, 5.1035*, 5,1045
Karger, B.L. -5.0520*
Karnes, W. -6,0303
Karplus, W.J. -2,0106*
Karr, M.H. -6.0612*
Kartchner, A. -5,1189, 5,1197
Kasahara, A. -7,0014*
Kashdan, L. -4.0031
Kassander, A.R. -3,0015
Katchalsky, A. -3,0232
Kates, R.W. -4,0136*
Kaftan, A.A. -2.0072*
Katz, E.L. -5,1074
Katz, W.J. -5.1322*
Katzer, M.F. -4,0044
Katzman, R. -3,0354*
Katzor, K. -3.0073
Kaufman, C.M. -2,0314*, 3,0175*
Kaufman, W.J. -5,0067*, 5,1152*
Kaup, E. -3.0326
Kauranen, P. - 2.0308
Kawatski, J.A. -5,1117
Kay, R.L. -1.0103*
Kaynor, E. -6.0284
Kays, D.D. -3,0105*
Kazmnnn, R.G. -8,0205*
Kearney, P.C. -5.0487*
Keckler, W.G. -7.0012*
Kedem, O. -3.0239*
Keeley, J.W. -2.0877*, 5,0913
Keen, R.D. -3.0040*
Keenum, C. -3,0253, 6.0253
Keig, N.G. -6.0149*
Keilin, B. -3,0029*, 3.0287*
Keiss, R.E. -6.0103
Keith, L.H. -5.0278, 5.0279, 5.0280, 5,0283*,

5,0284*
Keith, W.M. -6.0209*
Keller, J. -2,1066, 2,1070*
Keller, R.F. -2.0479
Keller, W. -3,0472*
Keller, W.D. -5.0679
Keller, W.R. -1.0014
Kelley, E.M. -5,0746
Kelly, J.E. -2,0990
Kelv, K.J. -3,0147, 3.0148
Kelly, R.A. -5.0810
Keinhofer, G.J. -6.0165*
Kelso, M.M. -6.0011*, 6.0012*, 6,0013*
Kempe, L. -2.0627
Kemper, W.D. -2.0216*, 2.0217*, 4,0061
Kempinger, J.J. -5,1293*
Kempton, J.P. -2.0409, 4.0096*
Kennedy, A.L. -4,0224
Kennedy, B.A. - 2.0255
Kennedy, H. -5.0646*, 5,0647*
Kennedy, H.D. -5,0638, 5.0648*
Kennedy, J.F. -5,0414, 8,0198
Kennedy, J.V. -1,0105
Kennedy, R.W. -3.0116
Kennedy, V.C. -2.0282*
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Kennedy, V.S. -5.0498
Kenner, B.A. -5.0853*
Kenty, J.D. -8,0273
Kerns, Q.E. -6.0627, 6.0628
Kerns, W. -6,0475
Kerr, H. -6.0380
Kerr, J.P. .5.0292*
Kerr, T.W. .5.1057*, 5.1058*
Kerrigan, J.E. -5.1306
Kerwin, J.A. -2.0585
Kessler, B. -2.0500*
Kesting, R.E. -3.0071*
Ketchum, 0,H..6.02$9*
Kethley, T.W. -5,0301
Keulegan, G.H. -1.0071*, 7.0065
Kcusch, P. -3.0345
Kevern, N. -5,0567
Kevern, N.R. -1,0068*, 2.0653 *, 6.0302
Keyes, C. -2,0175
Keyes, C.G. -3,0333*
Keys, W.S. -7.0018*
Khairinar, A.D. -5.1190
Khasawneh, F.E. -4,0124
Kidder, E.H. -4,0138*
Kienholz, E.W. -5.0197*
Kiersch, G.A. -2.0794*
Kiewit, J.L. -8,0087*, 8.0131
Kilambi, R.V. -6.0029*, 6,0030*
Kilborne, R.S. -6,0370
Kilipinski, M.C. -2.0317*, 2.0318*
Kim, S.M. -1,0113
Kim, W. -2.0021*, 5,0061
Kimbler, O.K. -4,0122*
Kimbrough, E.A. -3,0302*, 4.0149
Kimmel, W. -5,1034
Kinbacher, E.J. -2.0722*
Kincaid, C.M. -5,0488*
Kindig, R.C. -5.0385
Kindley, L. -3,0169*
Kindsvater, C.E. -6.0166*
King, D.A. -6.0014*
King, D.L. .3.0120*, 5.0185*, 5.0675*,

8.0037, 8.0114
King, E.L. -5,0580
King, N.J. -2,0185*
King, P.H. -5,1209*
King, R. -5.0301*, 5.0650
King, R.W. -5,0090
King, W.E. -7,0076
Kinney, L.C. -5,0335*
Kinney, P.J. -2.0019
Kintner, R.C. -5.0340*
Kirby, H. -6.0449
Kirkconnell, R.W. -5,0335, 5.0337
Kirkham, D. -2.0478*, 2,0479*, 2.0480 *,

2.0485, 2.0486, 4.0103
Kirkland, E.V. -3,0395*
Kirkpatrick, G. -5,0246
Kirkwood, J.B. -2.0017*
Kirsch, E.J. -5,0395*
Kirtley, D.W. -3,0187*
Kirwan, A.D. -5.0785
Kish, A.J. -2,0951
Kisiel, C.C. -6,0015*, 7.0004*
Kittrick, J.A. -1.0124*, 5,1238*
Kiahr, S. (s706
Klawitto, R. A. -3.0431*

,.0396, 5,0918*
Klei, k" 4* ')213*
Klein 0248*
Klein. -14 -.),0082
Klein, 1. -8.0074
Klein, L.D. -8,0118, 8,0119
Klein, W.H. -2.0589*
Kleinart, S.J. -7,0113*
Kicinecke, D.C. -4.0043
Kleinert, S.J. -2,1144*, 2.1145 *, 5,1291*,

5,1292*, 6.0637
Kleinman, J. -5,0867
Kleist, E.H. -2,0102
Klingeman, P.C. -2,0892
Klingman, C.C. -2.0827*
Klodt, D.T. .3.0136*, 3.0137
Klute, A. -2.0432*, 2.0433 *, 2.0434*
Knapp, S.E. -5,0945
Kneale, J.S. -5,0746*
Kneebone, W.R. -2,0055*
Knetsch, J.L. -6,0123*



Knisel, W.G. -2.0875, 2.0882, 2,1028*,
2.1029*, 2,1030*, 2,1031*, 2.1032*,
2,1054*, 3.0462, 4.0248

Knittel, M.D. -5.0977*
Knoll, F.J. -3.0410
Knowles, D.B. -2.0009
Knowlton, C.J. -5.0022*
Knowlton, D. -2.0162
Knox, C.E. -2.0943*
Knox, E.G, -6.0463
Knutson, A.L. -5,0068*, 6,0042*
Knutson, H. -5,0430*
Knutzen, T.K. -5,0111
Koch, R. -6.0291
Koehler, F.E. -3,0482*
Koelliker, J.K. -5,0402
Kohl, A.L. -3.0040
Kohl. F.V. -2.0590*, 2,0591*, 7,0050*,

7,0051*
Kohl, R.A. -3.0203, 3.0204
Kohl, R.E. -3.0266
Kohler, W.H. -8,0088*
Kohlhaas, C.A. -5.0123
Kohnke, H. -2.0463*, 3,0222*, 6,0216*
Kohout, F.A. -2.0319*
Kolega, J.J. -5.0218
Kolipinski, M.C. -2.0329*
Kollar, K.L. -5,0239*
Ko,odziej, B.J. -5.0877, 6.0427
Koloseus, H.J. -3.0144*
Konizeski, R. -2,0714*
Konizeski, R.L. -2,0715*
Koo, R.C. -2.0310, 2.0315*
Koonce, J. -7.01 14*
Kopfier, F.C. -5.0017, 5.0020*, 5.0021
Kopperdahl, F.R. -5.0145
Korn, L. -6.0464*, 8,0279*, 8.0280*
Kornegay, B.H..5,1103
Korosi, A. -3,0286*
Koski, K.V. -6.0629
Kountz, R.R. -5,1036*, 5,1037*
Koutsky, J. -1.0094
Kown, B.T. -5.0734*
Kozlowski, T.L. -2,1158*
Kraft, C.F. -2.1114 d
Kramer, A. -5.0497*
Kramer, H. -3.0467
Kramer, J.R. -2,0121*, 5.0552*
Kramer, L.A. -2.0865, 3.0393, 3.0394
Kramer, M.A. -8.0091, 8.0092
Kramer, R.H. -5.1192*
Kramer, R.W. -8.0137
Kraus, E.B. -2,0321*
Kraus, K. -5.1 143*
Kraus, K.A. -1.0115
Kraus, M.P. -5.0226
Krauss, M. .3.0250, 3.0251, 3.0252
Krausz, N.G. -6.0210*, 6.0211*
Krcma, R.F. -8.0306
Krebs, M. - 3.0290
Krell, A. -5,0828*
Kreis, D.R. -5.0911
Krelssl, J.F. -5,0854*
Kremen, S.S. -3.0095
Krenkel, P.A. -5.1136*, 5,1137*, 5.1138*,

5.1139, 5.1140
Krickovic, S. -5.1018
Krishna, J. -8.0184
Krishnamurthy, S. -3.0386
Krishnan, K. 1.0118
Kriz, G.J. -2.0828*, 3.0375*, 4.0186*
Kroth, E.M. -4.0154*
Krous, E.L. -3.0128
Kruger, J. -3.0167*
Krumbiegel, E.R. -5.1320
Krumholz, L.A. -2.0529*, 6.0242*, 6.0243*,

6.0244*
Krupp, W.E. -3.0040
Kruse, E.G. -3,0141, 3.0142, 4.0064
Krutchkoff, R.G. -5,1210*, 5.1211*
Kugler, J.T. -2.0892*, 2.0893*, 5.0948
Ku, Y. -1.0063*
Kubat, D. -6.0150*
Kubik, H. -6.0074, 6.0075, 6.0077
Kucha, M. -5.0869
Kuenzler, E.J. -1.0088*, 5.0812
Kuhlman, A.R. -3.0145, 4.0071
Kukainis, I.P. -7.0088

*INDICATES PRINCIPAL. INVESTIGATOR

INVESTIGATOR INDEX

Kulesza, N.C. -2.0655
Kullberg, R.G. -10656*
Kumal, M. -2.0757
Kundu, P.S. -8.0192
Kung, G. -5.0553
Kunishi, W.M. -5,0484
Kunkle, S.H. -2,0919, 3.0419, 4.0206
Kunze, G.W. -5.1157
Kupiec, A. -5.1030
Kuprionis, J. -3.0249*
Kuroda, R. -2.0352
Kurtz, E.F. -3.0276*
Kyle, T.H. -2,1049*
Labadie, J.W. -6.0059
Labak, L.J. -3,0215
Lacey, R.E. -3.0003, 5.0014*
Lackey, A. -6.0600
Lackey, E.W. -7.0024
Lackey, J.B. -7,0024*
Lacy, W.C. -3,0016*, 3,0017*, 3.0018*
Lacy, W.J. -5,0535*
Login, B. -5.0437*
Lai, C. -10903, 2.1096*
Lai, D. -5.0527
Laird, W.M. -2.0837*, 2,0838*, 2,0839*,

2.0840*, 2.0841*, 2.0842*, 2.0843*,
2,0844*, 2.0845*, 2.0846*, 2,0847*

Lakshminarayan, N. -5,1012*
Lalonde, R.T. -5,0793*
Lamar, W.L. -5,0120*
Lamarche, V.C. - 2.0051
Lambe, T.W. -8.0212*
Lambert, J.L. -5.0431*
Lambert, J.R. -10951*, 2.0952*, 2,0953*,

2.0955, 2.0961, 5.1104*
Lambert, R.G. -2.0529
Lambert, T.W. -2.0528*
Lambie, J.A. -5.0108*
Lammi, J.O. -6.0408
Lomoreaux, P.E. -10009*
Lamoureux, J. -4,0047*
Lamoureux, J.P. -4,0049
Lampman, G.M. -2.1114
Laney, L.E. 4,0722*
Landis, N. -3.0343
Landon, R.A. -5.0347
Lane, C.E. -5.0261*
Lane, K.S. -8.0262*
Lane, R.W. -8.0175*, 8.0176*, 8.0177*,

8.0178*
Lang, E.W. .3,0002*, 3,0003*, 5.0015*
Lang, M. -5.0759*
Langdale, G.W. -3.0192, 4.0081
Langdon, O.G. -4,0212*
Langley, W.D. -5,1155, 5.1158*
Langway, C.C. 10753*, 2.0754*
Lansford, R.R. -6.0362, 6.0366
Lantz, K.E. -2.0548*, 4.0125*, 4.0126*,

4.0127*
Lantz, P.L. -3.0440
Laperle, M. -4.0048*, 4.0049*
Lappin, W.N. -8.0173
Lague, F.L. -3.0455
Lara, J.M. -6.0089
Larimore, R.W. -2.0411*, 4.0094*, 5.0357
Laroche, G. -5.1091, 5.1092
Larsen, D.W. 1.0073*, 1,0074*
Larsen, L. -6.0452
Larson, C.L. -2.0665*, 2.0666*, 4.0143*,

8.0220*
Larson, F.C. -5.1128*, 5,1129*
Larson, G.H. -4,0118*
Larson, K.D. -5.0610*
Larson, K.L. -2,0834*
Larson, R.E. -3.0300*, 5.0485, 5.0613*
Larson, T.E. -5.0357, 5.0372*, 5,0373 *,

5.0380, 8.0179*
Larson, T.J. -3.0095*, 5.0148*
Larson, W.C. -5.0583*
Larson, W.E. -3.0226
Lame, F.L. -3.0247
Lassey, W.R. -6.0329
Lasswell, S.S. -5,0931*
Lathwell, D.J. -2.0799*
Lathwell, J.D. -6.0371*
Latini, R. -3.0365
Latortue, G.R. .6.0483
Lattmann, L.H. -2.0927

3-13

Lau, L.S. -2,0375*, 2.0378, 2.0381, 5.0311,
5.0313*

Laudon, T.S. -2.1169
Loner, T.E. -6.0321*
Lauff, G.H. -5.0574
Laurence, C.C. -7.0079
Laurila, H.L. -5.0838
Lauritzen, C.W. -2.1071*, 3.0473*, 8.0291,

8.0292
Laursen, E.M. 4,0004*, 8,0005*
Laushey, L.M. -2.0851
Lave, L. -6.0190
Lavender, D.P. -2.0894*
Law, A,.G. -10951, 2.0954
Law, J.P. -5.0909*, 5.0910*
Lawless, G.P. -10063
Lawless, P. -10103, 8.0012
Lawrence, A.W. -5,0769*
Lawrence, J.M. -5.0003, 5.0008*, 5,0009*
Lawrence, R.W. -3,0054, 3.0058*
Lawrence, W.M. -6.0370
Lawson, G. -4.0084
Lay, J.W. -6.0249*
Layer, H. -3.0167
Layton, R.G. -2.0784*, 2.0785*
Leach, J.M. -6.0035
Leach, L.E. -5.0904, 5,0911*, 5.0913
Leadley, S.M. -6.0476*
Leaf, A.L. -2,0788*, 2,0815*
Leaf, C.F. -2.0172
Leahu, Q. -6,0215*
Learner, R.W. -3.0465, 4.0238
Lechowich, R.V. -5.0568*
Leckie, J.O. -5.0525
Lecifac, N. -5.0710
Lee, E.S. .5,0432*, 6.0234*
Lee, F.N. -2.0537*
Lee, G.B. -5.1300
Lee, C.F. -5.1303
Lee, I.M. -6,0043*
Lee, K.L. -8,0013*
Lee, K.W. .2.0122*
Lee, L.A. ,,3.0330*
Lee, R..2.0924*, 2.0925*, 4.0085*
Lee, T.M. -6.0641*
Leeling, N. -5.0567
Leeper, P.W. -6.0550*
Legault, R.A. -3.0454*
Legrand, H.E..2.0825*
Legros, P.G. -3.0296
Lehmkuhl, G. -1.0046
Lehner, P.N. -6.0580*
Leibowitz, A. -3,0253, 6.0253
Leiffers, HJ..5.0576
Leigh, G.M. -5,0010*
Leigh, J.H. -3.0276
Leigon, W.D. -3.0121*
Le!ninger, "...N. -3.0256
Leinroth, J,P. -3,0343
Leipzig, A.D. -5.0107*
Leitenberg, M. -7.0070
Leitz, F.B. -3.0291
Lembke, W.D. -2.0970*, 2.0974, 3,0434*,

4.0217*
Lemke, A.E. -5.0591*
Lemon, E.R. 2,0808*
Lemon, R.A. -5.1220
Lenau, C.W. -2.0696*
Lendo, A.C. -2.0769*
Lent, R.I. -3.0149
Lentz, H. 1.0103
Lenz, A.T. -6.0647
Lenz, R.W. -5.0516
Leonard, R.E. -5.0794*
Leonard, R.L. -6.0116*
Leone, D.E. -5.0204
Leopold, L.B. -2.0283*, 2.0284*
Leppanen, O.E. -2.0036*
Leroux, E.F. -2.0976*
Leroy, J.H. -2.0944, 2.0945
Leslie, D.D. -8.0016
Lesser, A. -6.0347
Letey, J. -2,0140*, 2.0141*
Lettau, H.II. -2.1166
Leung, S. -2.0754
Leve, G.W. -2.0330*
Leveen, L.S. -2.0013*, 2.0285*
Levesque, R.C. -3.0272



Levi, D.R. -6.0321
Levin, C.V. -5,0230*, 5,0231*
Levin, M.A. -5.1070
Levine, B,S. -5,0228*
Levine, G, - 2.0795, 2,0800*
Levy, R.C. -5,0153*
Lewallen, M.J. -5,0485
Lewis, A.T. -8,0089*, 8,0090*, 8,0091*,

8,0092*, 8.0093*, 8,0094*, 8.0095*,
8,0096*

Lewis, D.C. -10105
Lewis, C.C. -5,0325*
Lewis, J.E. -3.0039, 9,0008*
Lewis, J.K. -2,0971*
Lewis, P.W. -8,0050
Lewis, R.F. -5.0841
Lewis, S.A. -2.0060
Lewis, W.M. -5.0331*, 6,0181*, 6,0182*
Leyden, R.F. -2,1033*
Li, H.W. -5.0194, 6,0102
Liao, H.K. -2,0441
Libby, T. -2,0041
Lichtenhek, R.M. -2,0817*
Lieberman, A. -2,0406*
Liggett, J.A. -6,0382*
Lightfoot, E.N. -5,1313
Ligon, J.T. -2,0524*, 2,0954*, 2,0955*,

2.0961, 4,0213*
Likens, G. -2,0745*
Liljedahl, J.B. -5.0396
Lillard, J.H. -4,0265*, 4,0266*
Limpert, F.A. -10124
Lin, C.H. -5.0378
Lin, J.D. -2,0246*
Lind, J.E. -3,0075*
Lind, O.T. -5.0668
Lindall, W.N. -2.0325
Lindberg, R.I. -3.0481
Lindbioom, C.T. -5.0873*
Lindeborg, K.H. -6.0177, 6,0178*
Linder, J. -2.0175
Linder, R.L. -4.0218*
Lindner, C.P. -2.0686
Lindner, M.J. -6.0565
Lindorf, M.R. -5.0098
Lindsay, C. -5,1230*
Lindsten, D.C. -5,1217*
Linfield, W.M. -1,0041
Linn, J. -4.0042
Linsley, R.K. -3,0076*, 5,0125*, 6,0069*
Linstedt, K.D. -5,0177*
Linton, T.L. -2,0352*
Lipper, R. -4.0118
Lipper, R.I. -5,0433*
Lipscomb, E.B. -10686
Lipscomb, R.G. -2,0452*
Lipsig, J. -5,0789*
Lisack, J.P. -9.0007
Liscom, K.L. -8.0305
Liston, J. 4.1270
Litkowski, K.C. -6.0279
Litovitz, T.A. -1.0030*
Litsky, W. -5.0515k
Little, E.W. -5.0275
Little, J.A. -6.0158
Little, J.B. -5.0518
Littman, F.E. -3.0068
Littman, -5.1320
Litz, L.N. -1 0367
Liu, C. -3.0418
Liu, H. -7,0069*
Liu, K. -8.0213
Liu, O.C. -5.1052, 5.1060, 5.1068, 5.1069,

5,1071*
Liu, S. -3.0341
Lively, L.D. -5.0907, 5.0908, 5.0909, 5.0912*
Livermore, D.F. -5,1298
Livingston, R.B. -2.0609*
Livingston, R.J. -5.0261
Liana, J. -1.0046
Liompart, A. -3,0149
Llorens, A.A. -3,0427*
Lloyd, L.W. -8.0055, 8.0056
Lobacz, E.F. -2,0755*
Locker, L.D. -3,0263
Lockett, J.B. 4.0688, 2.0690
Lockwood, J. -5.0567
Loeb, P. -6.0350
Loeb, W.E. -3.0322*

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Loeffel, R.E. -6.0448
Loehr, R.C. -5,0422*
Loewe, F. -2.0858
Lofting, E.M. -6,0044, 6.0045, 6,0046, 6.0083
Logan, M. -8,0097*, 8,0098*
Logan, M.H. -8.0074
Lombard, P.B. -2.0899*
Long, A. -2,0048, 2,0056*, 5.0236
Long, A.K. -6.0094
Long, C.W. -8,0306*
Long, D.A. -5,1037
Long, R.B. -6,0363*
Long, W.A. -8,0113
Long, W.E. -2,0010*
Longenecker, D.E. -3,0447*, 3.0448*
LoP,gering, L.L. -2.0019
Longley, K.E. -5.0174*
Longwill, S.M. -10037
Lonsdale, E.M. -1,0129*
Lonsdale, H.K. -3.0096*, 3,0097*, 5.0149*
Loo, D. -4.0031
Loomer, C.W. -6.0647
Loper, G.M. -10572
Lopez, M.E. -2,0180
Lord, R.S. -4,0039, 7,0013
Lorenz, 0. -10096
Losche, C.K. -2.0401
Lotspeich, F.B. -5,0030*
Lott, P.F. -5.0688*
Loucks, D.P. -6,0383*
Loudon, T.L. -2,1170*
Lourence, F.J. -3.0047, 4.0029
Love., R.M. -10096
Love, R.W. -8.0305
Lovelace, B.C. -8.0027
Lovell, B.B. -6,0463
Lovell, C.W. -8.0191
Lovell, H.L. -5,0994, 5,1038*
Lovett, R.A. -1,0084
Low, J.B. -3.0471, 4.0257, 5,1193*, 5,1194,

6.0580, 6,0581*, 6,0582*, 6,0583*,
6,0584, 6.0588

Low, P. -6.0217*
Low, P.F. -1,0050*
Lowe, D. -6.0299*
Lowe, J.Y. -5,0270*
Lowry, D.A. -2,0592*
Lowry, W.P. -4,0199*
Lu, C.H. -3.0284, 3.0285
Lu, S. -10358
Lww, R.L. -6.0238
Ludovici, P.P. -5,0046*
Ludwig, H.F. 4.0059*, 5.0060*, 5.0061*,

5.0759, 6,0035
Luebs, R.E. -3,0090*, 3.0092
Lull, H.W. -3,0420*
Lunardini, V.J. -8.0270*
Lund, L.O. -5,1112*
Lund, W.A. -4,0075*, 6.0111*
Lundquist, M.C. -4.0119*
Luner, P. -3.0364*
Lunin, J. -3,0257*, 3.0258*, 4,0132*, 5.0489*
Lunsford, J.V. -2.0175
Lunt, O.R. -10107*
Lanz, G.R. -5.1101*
Luthin, J.N. -3.0046*, 8.0010*
Lutin, P.A. -5.0508
[Afton, R.J. -8.0224
Lutz, A. -10927
Lutz, J.F. -2,0829*, 5.0823*
Luzier, J.E. -2,1135*
Lykins, B.W. -5.0863
Lyle, A.S. -3.0440
Lyles, L. -5.0435
Lynch, J. -5.1045
Lynn, S. -1.0009*
Lynn, W.R. -6.0383
Lyon, G. -6.0259
Lytle, W.F. -2.0972*, 2,0973*
Mao, J.R. -1.0083
Macagno, E.O. -5.0414*
Macaulay, H.H. -5,1105*
Macconnell, W.P. -6.0285*
Maccready, P. -10186*
Macdonald, F.W. -5.0461*, 5.0462*
Macdonald, R.W. -5.0469
Macek, K.J. -5.0649*, 5.0650*, 5.0651*,

5.0652*, 5,0653*, 5.0654*, 5.0655*,
5.0656*
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Machis, A. -5,0504*
Machmeier, R.E. -2,0666
Macinko, G. -6.0608
Macintyre, W.G. -6,0607
Maciver, B.N. -7.0067*, 8.0006, 8,0211,

8.0233*
Mack, F.K. -2,0564*
Mach, H.J. -2,0895*
Mack, L. -6.0013
Mack, W.N. -4,0139*, 5.0569*
Mackenzie, A.J. - 3.0037, 3.0038, 4.0026
Maeksam, W. -4,0065*
Macmillan, A.R. -6,0183*, 8.0171*
Macon, J. -5.0819
Maconochie, G. -3.0468
Madan, -1,0101
Madden, E.B. - 2.0686
Maddox, D.M. -8.0210
Madsen, N. -3,0429*
Madsen, R.H. -5.0191
Madsen, W.R. -5.0087, 6.0072
Mady, 0. -1.0083
Mae, D.L. - 2.0973
Magnuson, J. -7.0115*
Mah, R.A. -5.0809*
Maier, W.J. -5,0599*
Main, R.B. -8.0094
Mainzer, L.C. -6.0282
Makar, M.K. -3.0082
Makemson, J. -5.1241
Maki, T.E. -6.0408*
Maki, W.R. -7,0043*
Makrides, A.C. -3,0290*
Malaney, G.W. -5.1137
Maletic, J. -3,0122*
Maktic, J.T. -3.0128, 6.0092*
Malhotra, G.P. -5.0207
Malhotra, S.K. -5,1318*
Mallonec, T.O. -5,1181*
Mallory, C.W. -5,0503*
Maim, N.R. 6,0358*
Maio, B.A. -5.1013
Malone, J.W. -2.0550
Maloney, F.E. - 6.0151 *
Maloney, T.E. -5.1085, 5.1086, 5.1087,

5.1093*
Malouf, C. -6,0332*
Malueg, K.W. -5.0969, 5.0970, 5.0972
Manahan, S.E. -5.0676*
Money, K.H. -5,0553*, 9,0010*
Mandelkern, L. -3,0188*

E.F. -6.0427
Maneval, D.R. -4,0203*, 5,0994*, 5,0995*,

5,0996*, 5,0997*, 5,0998*, 5,0999*,
5,1000*, 5,1001*, 5,1002*

Mangelson, K. -2.1073
Manges, H.L. -2,0514*
Manheim, F.T. -10623
Manjikian, S. -3.0050*, 3,0051*, 3.0052*
Manke, E.J. -5.0392
Mann, J.A. -10331*
Mannering, J.V. -2,0464*
Manning, J.H. -2,0557*, 2.0558*, 2.0559*,

6.0251*
Mansell, R.S. -5,0256*
Manson, J. -10405*
Manson, P.W. -2,0667*, 4.0144*, 8.0221*
Manzo, D.J. -5.0431
Mar, B.W. -5,1261*
Marangozis, J. -10247*
Marani, A. -3,0236*
Marantz, L.B. -10103
Marcus, B.D. -3.0080*
Marcus, M. -6,0351*
Marganian, V.M. -5.0522
Margolis, G. -3.0281
Margolis, J. -6,0093*
Margosiak, S.A. -3.0149
Marienfeld, C.J. -5,0677*
Marine, I.W. -5.1108*
Marion, -2,0815
Marion, P.T. -3,0449*
Marks, M. -3.0029, 3.0057
Marled, W.E. -2.0218*, 3.0138
Marlette, R.R. -4,0162*
Marquette, W.M. -8.0306
Marschner, B.W. -10197
Marshall, C.E. -5.0678*



Marshall, E.W. -2.0643*, 2,0644*, 2,0645*,
2.0646*

Marshall, J.S. -2,0944*, 2,0945*
Marshall, L.S. -5.0849
Marshall, N. -5,1059*
Marshall, R. -2.0164

A.E. -5.1159*
Mar" n, C.D. -4.0031

11, C.S. -2.0353*
.dartin, D. -5.1289*
Martin, D.B. -6.0513, 6,0524*, 6,0525*,

6.0526, 6.0527
Martin, F.W. -6.0364*
Martin, H.M. -8,0099*
Martin, J.B. -5,0023*
Martin, J.P. -2,0145
Martin, L.A. -8.0215
Martin, P.E. -2,0089
Martin, W.E. -6,0013
Martinelli, M. -3,0146*
Marullo, N.P. -3.0432*
Marwitz, J.D. .2.0162
Marzolf, G.R. -2.0515*, 5.0428
Masch, F.D. -2.1009, 2.1012*, 2.1013*,

5.1153*
Mashni, C.I. -5,0847
Masin, C.B. -3.0115, 3.0117
Mason, -2,1114
Mason, J.G. -1.0121*
Mason, J.W. -6.0638*, 6.0639*
Mason, W.H. -5.0416
Masse, A.N. .5.0131*, 5.0132*, 5.0133,

5.0855*, 5.0856*, 5.0857*
Massee, T.W. -4.0087, 4,0267
Massengale, M.A. -2.0037*
Massey, D. .6,0645*
Massey, H.F. -5.0447*
Masterton, W.L. .1.0020*
Mateiski, R.P. -5.1039*
Mather, B. -8.0234*, 8.0235*
Mather, J.R. -2.0254
Mather, K. -8,0236*, 8,0237*, 8.0249
Mathews, A.L. -8.0238*
Mathiak, H.A. 2.1145, 7.0113
Mathielsoe, A.C. -5,0712*
Mathisen, D.A. - 6,0627*
Mathisen, O.A. -6.0628*
Mathur, D. -7.0082
Matijevic, E. -5,0790
Matlock, R.S. -3.0399
Matlock, W.G. -2.0058*, 3,0019*
Matson, A. -6.0136
Matson, 4.J..6.0495*
Matsuda, K. .2.0059*
Matta, G.A. -3.0352
Mattes, R.W. -2.0102
Mattison, D. -3.0349
Mattson, V. -5.0591
Matz, R. -3.0267, 3.0268
Manger, R.L. -2.1083
Maurer, E.W. -5,0992
Mawson, J.C. -6.0281
Maxey, G.B..6.0337, 6.0340*, 6.0341
Maxwell, G. .3.0355
Maxwell, J.C. -2.0702, 2.0704*, 4.0155*
Maxwell, N.P. -2,1034*
Maxwell, W.H. -8.0180*
May, D.S. -5.0978*, 5.1237
Mayer, J. -5.0019, 5.0020, 5.0021*
Mayer, P. -3.0189*
Mayer, P.G. 1.0038*, 2.0354*, 2.0355*,

5,0302*, 8.0164*, 8.0165*, 8.0166*,
8.0167*

Mayhew, C. -6.0183
Mayko, R.W. -6.0463
Mayo, U. -3,0340
Mays, D.A. -4,0219*
Mazurak, A.P..2,0723*
Mazurkiewicz, M.A. -5.0478
Mazza, F. -3.0369
Meaker, J.B. -2.0688, 2.0690
Mcallister, R.F. -5.0248*
McAndrew, D.W. -2.0203, 2.0204
Mcbride, R.P. -2.0660
Mccafferty, P.M. -8,0100*
Mccain, J.F. -4.0001*
Mccallum, G.E. -6.0035
Mccallum, M.E. -1,0017, 5.0199

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Mccann, J.A. -3,0271*, 7.0054*
Mccann, J.T. .6,0353*
Mccarraher, D.B. -2,0720*
Mccarthy, J.L. -5.1262*, 5,1263*
Mccartney, R. .2.0585
Mccarty, P.L. .5,0126*
Mccaskey, T.A. -5.0011*
Mccauley, J. -6,0452
Mcclain, E.P..8.0214
Mccloud, D.E. -3,0176*
Mcclure, G.W. -5.0802
Mcclurkin, D.C. -2,0674*
Mccomas, M.R. .2.0409, 6,0192, 7.0036*
Mcconaghy, J.A. .2,0014*
Mcconnell, C.H. .2.0906*, 2,0926*, 6,0470*,

8.0170*, 8.0283*
Mcconnell, R.J. -2.1131, 8.0309
Mcconnell, W.J. -2,0060*, 3,0019, 5.0047*,

5.0048*
Mcconnen, R.J. - 6.0328*
Mccool, D.K. - 8,0276, 8.0277
Mccormack, D.J. -5,0728
Mccormick, J.A. -3,0313*
Mccormick, J.H. -5.0590
Mccoy, E. .5,1313
Mccoy, E.E. -8.0239*, 8.0240*, 8,0241*
Mccoy, L. . .5,1311*
Mccoy, R.W. -5,0252
Mccracken, R.E. -2,0830
Mccracken, R.J. -2.0828
Mccreery, R.A. -2.0344*
Mcerossin, J.M. -6,0468
Mccrystle, W.J. .8.0027
Mcculley, R.D. -4.0022
Mccully, W.G. -2.1035*
Mcdattlels, L.L. -10442
Mcdonald, C.C. -2,0066*
Mcdonald, D.B. -5.0415*, 5.0416*, 5.0417
Mcdonald, H.R. -3,0123*, 4,0059*, 6,0094 *,

6,0095*, 6,0096 *, 8.0028
Mcdonald, J.E. -8,0227
Mcdonald, R.L. .2.0156
Mcdonnell, A.J. .5.1040*, 5.1041*
Mcdonough, L.M. -5.0482
Mcdowell, L.L. -2.0675, 2.0678
Mcentee, H.E. -5,0581*
Mcerlean, A.J. -6.0258
Mcfarland, W.N. -2.0796
Mcgauhey, P.H. -5.0088*, 6.0044*, 6,0045*,

6.0046*
Mcgavin, R.E. -3.0114, 7.0015*
Mcghee, W. -6.0179
Mcgie, A.M. -6.0448
Mcgilvrcy, F.B. -4,0133
Mcginnis, L.D. -7.0035
Mcginnis, P. -8.0179
Mcgowen, J.H. -7.0100
Mcgregor, W.H. -2.0951, 2.0956*, 6.0488*
Mcguinness, J.L. -2.0865, 2.0869
Mcguire, C.B. 6.0047*
Mchenry, J.R. -2.0675, 2.0676
Mciihenny, W.F. - 3,0295 *, 3.0296
Mcilhenny, W.F. .3.0296*, 3,0455
McIntire, C.D. -5.0949*, 5.0961, 5.0963
Mcintyre, D. .3.0386*
Mcjunkin, F.E..7.0085*
Mckee, H.C. .5.1178*, 6.0566*
Mckee, J.E. -5.0128*
Mckee, J.W. -2.1169*
Mckee, M.L. -7.0105
Mckell, C.M. 2,0142*
Mckersie, J.R. 5.1296
Mckitn, J.M. - 5,0592*
Mckinney, R.D..3.0243*, 6.0235*
Mckinstry, R.M..5.0577
Mckisson, R.L. -8.0086, 8.0101*
Mcknight, D. -5.1194*
Mcknight, J.F. -2.1014*
Mclain, D.R. -2.0015
Mclaughlia, R.T..5.0530*, 6.0288*
Mcielion, W.M. -5.1106*
Mcleod, P.C. -7.0006
Mcleskey, N.M. -6.0316
Mcmartin, W. -4.0188*
Mcmaster, A. -8.0269
Mcmaster, G. -3.0208*
Mcmichael, T.J. -5.0041*
Mcmillan, A.D. .2.0514
Mcmillan, J. -7.0043
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Mcmillan, W.D. -6,0083
Mcmillan, W.G. -2,0944, 2,0945
Memillion, L.G..5,0913*, 5.0917
Mcmullan, R.K..1,0106
Mcnabb, C.D. -5,0617*, 6.0312*
Mcnabb, C.G. -6,0322*
Mcnair, E.C. -2.0689
Waal!, W.I. .6.0368*
Mcneal, B.L. -3.0083, 3,0084
Mcnease, 1. -6.0247
Mcneely, J. -6,0339
Mcneil, W.J. 4.0002*
Meneish, J.D..5.0472*
Mcnichols, R.J. -6.0551
Mcnulty, J.K. .2.0325, 6,0155*
Mcpherson, M.B..5,0781*, 6.0392*
Mcquay, D.L..-.0507, 6.0267, 6,0269
Mcquivey, P.S..2,0236*
Mcrae, W.A. -3,0291*
Mcrobbie, H.W. -3.0367*
111ctoy, C.P..5,0035, 5,0035
Mcwhorter, IC..2.0681*, 8.0222*
Mead, A.R. .3.0020*
Meade, F.M. -2.0073*
Meade, R.H..2,0623*
Meany, JE -1,0126
Meares, P. -3.0467*
Mech, S.J..3.0203
Mecom, J. -5.0179
Mederski, HJ..2.0857*
Mee, T.R..3,0124*
Meehan, W.R. .6.0009*
Meek, B.D. -3.0037
Megahan, W.F. .5.0316*
Megard, R.O..5,0607
Mehr, E...5.0785*
Mehrle, P..5.0657*
Meichtry, T. -5.0111
Meier, M.F..2,1136*
Meier, W.L. .4,0230*, 6.0551*, 6,0552*
Meiman, J. -4.0060
Meinecke, E.A. .3.0387*
Meiners, A.F. .5.0686*
Meicher, N.B. -5.0616*
Melhorn, W.N. -2,0465*
Melmed, A.J. 3.0167
Melshieimer, E.S. -8.0242
Melton, B.A..6,0365*
Melton, M.A. .2.0255*
Melton, R.E. .2.0930
Menendez, R. -5,1273*, 5.1274*, 5.1275*
Mengelbcrg, N.D. -3.0255
Menzel, R.G..5.0484
Menzies, J.D. -4.0267*
Menzies, R.J. -5.0272*
Mercer, B.W. -5.1243, 5.1247*
Mercer, W. -5,0234*
Mercer, W.A. -5.0235*
Meredith, D.D. -2,0435*, 6.0202, 6,0204
Merewitz, L..6.0081*
Merna, J.W. - 5,0575*
Merri, K. B. -5.0144*
Merriam, L.C. -6.0309
Merrill, L.B. -5,1160*
Merritt, C.A..5.0417
Merten, U. -3.0096
Messer, N.D. -6.0279*
Metcalf, L.R..8.0281*, 8,0282*
Metcalf, R.L. .5.0141*
Metcalf, T.G. -5.0713*, 5.0718, 5.0719
Metcalfe, T.B. -3.0247
Metzner, P. -6.0360
Meyer, C.F. -4.0043*
Meyer, C.W...5.0405
Meyer, G.S. .6,0210
Meyer, L.D. -2,0457, 2.0475, 3.0225
Meyer, R.L. .6.0031*
Meyers, J.S. -2,0124, 2.0187*
Meyers, S.P. -5.0262*
Miceli, J. .1.0095
Michael, N. -3,0416
Michelsen, D.L. -5.1212*
Michener, D.W. -4.0087
Michimoto, R. -8.0279
Mick, R.L. .5.0609*
Mickelson, R.N. -3.0141, 5.0195
Middaugh, P.R. -5.1113*
Middkton, J.E. -2.1123, 5.1232
Middleton, J.R. -2.0162



Miele, R. -5.0131
Miesmer, J.J. -5.0016, 5.0019
Miettinen, J.K. -2.0308*, 2.0309*
Mifflin, M.D. -2.0736
Mighell, J.L. -6.0615
Mihursky, J.A. -5.0498*, 6.0258*
Mikkelsen, D.S. -2.0093*
Mileradev, M. -4.0283
Miles, J.D. -2.0363
Miles, R.D. - 8.0191
Milford, M.H. -2,0801*
Millar, H.C. -2,1074
Millemann, R.E. -5,0950*
Miller, A. -2.0154*
Miller, A.J. -2.0091
Miller, C.L. -2.0706
Miller, C.S. -3.0320
Miller, C.W. -5.0271*, 5.0533*
Miller, D.E. -3.0203, 4.0267
Miller, D.L. -6.0090
Miller, D.M. -6,0620
Miller, E. -4.0135*
Miller, E.F. -3.0443
Miller, F. -6.0323*
Miller, H.C. -4.0152
Miller, J.F. -7.0052
Miller, K. -5.0176
Miller, L. -3.0051, 3,0052
Miller, L.T. - 5.1052, 5,1060*
Miller, M. -1.0052
Miller, M.R. -5.0698*
Miller, N.A. -2.0403*
Miller, R. -6.0337
Miller, R.D. -2.0802*
Miller, R.F. -2.0188*
Miller, R.G. -5.0576
Miller, R.J. -1.0047*, 2.0436*,

4:0028*
Miller, S.F. -6.0456
Miller, W.A. -2.0348
Miller, W.E. -5.0982
Miller, W.F. -2.0682*, 2.0683*
Miller, W.L. -6.0218*
Miller, W.R. -4.0183
Millero, F.J. -3.0183
Milligan, C.H. -2.1072*
Milligan, J.H. -6.0575
Milligan, J.M. -6.0586
Milligan, W.O. -3,0463*
Milliken, J.G. -6.0097*
Millington, R.J. -2,0437*
Mills, H.H. -6.0611
Mills, W. -1.0086
Mills, W.C. -2.0334, 4.0080
Milne, T.A. -3.0305
Minch, V.A. -5,0840*
Minckley, W.L. -2.0038*
Miner, J.R. -5.0402
Minken, J. -3.0407
Minning, C.P. -3.0035
Mintz, M. -3.0154*
Misra, B.M. -3.0273
Misra, S.S. -3.0440
Misterek, D.L. -8.0102*
Mitchell, J.K. -3.0220, 8.0007
Mitchell, L. -5.0700
Mitchell, L.J. -8.0103*
N4itchell, R. -5.0524*
Mitchell, R.C. -4.0031
Mitchell, R.E. - 6.0037*
Mitchell, R.S. -2,1105*
Mobasheri, F. -6.0059
Moberly, R. -5.0311
Mock, C.R. -2.1048
Modell, M..3.0278
Modianes, R. -5.0458
Modlin, R. -2.1144
Moe, D.L. -2,0974
Moe, P.C. -5.0392
Moebs, N.N. -5.1018*
Moen, T. -6.0497
Mohanka, S.S. -5.1187
Mohlenbrock, R.11. -6.0184*
Mokady, R.S. :7.0494*
Moldenhauer, -2.0475, 2.0476,

3.0226
Momot, W.T. -5.0875
Monan, G.E. -8.0305
Mondardt, C.L. -2.0532

*INDICATES PRINCIPAL INVES FIGATOR

INVESTIGATOR INDEX

Money, J. - 3.0437
Monke, E.J. -2,0457, 2,0461, 2.0468, 5,0396*,

5.0397*
Monkmeyer, P.L. -2.1 159*
Monroe, R. -5.0567
Montanari, F.W. -6.0370*
Montgomery, A.B. -8.0168*
Montgomery, B.E. -5.0396
Monzeglio, C.K. -3.0051
Moodie, C.D. -2.1124*, 5.1239*
Moody, D.W. -2.0908*
Moody, H.L. -3.0173*
Moody, J.E. -2.1106*
Moody, W.T. -4.0059
Moon, D.H. -5,0658
Moore, C.V. - 6.0052
Moore, C.W. -6,0094
Moore, D. -2,1048, 4.0257*
Moore, F.D. -4.0055*
Moore, H.B. -5.0263*
Moore, J.N. -3.0259
Moore, W.L. -2.1015*
Moosburner, 0. -2.0044*
Mora, P. -1.0046
Morals, D.I. -6,0021
Moran, T.I. -1.0021*, 1.0022*
Mordy, W.A. - 2.0731 *
Moreau, D.H. -6.0152
Morelseytoux, H.J. -2,0189*, 2.0219*
Morgan, A.I. -5.0057*
Morgan, D.L. -3.0047, 7.0009
Morgan, E.B. -8.0031
Morgan, G. -2.0164
Morgan, J.J. -5.0129*
Morgan, N. -2.1059
Morgan, N.W. -6.0586

3.0218, Morgan, P.E. -8.0197*
Morisawa, M. -6.0441*
Morita, R.Y. -5.0953, 6.0459*
Morman, R. -5.0578
Morman, R.H. -5.0576
Morrill, R. -2.0281
Morris, D.E. -3.0443
Morris, H.M. -8.0295*
Morris, J.C. -5.0524
Morris, J.W. -8.0104*
Morris, L. -6,0334*, 6.0335*
Morris, M. -5.0859
Morris, R.J. -2.0732*, 5.0706
Morris, R.O. -5.0945
Morrison, G. -5.1079*
Morrison, J.H. -6.0432*, 6,0433*
Morrison, S.M. -1.0017*, 5.0199
Morrison, W.R. -8.0105*, 8.0106*
Morriss, R,H. -5.0462
Morrow, D.R. -8.0269
Morrow, J.E. -2.0022*
Morse, S.A. -6.0209
Morse, W.L. -5.0983
Mortland, M.M. -5.0567
Moseley, F.N. -5.1182
Moser, E.R. -3.0078, 5.0134
Moses, L. -6.0190*
Mosher, M.M. -2.1125*
Moshy, R.J, -5.0784*
Motts, W.S. -4.0134*
Motz, D.J. -6.0468
Moulder, E.A. -2.0190*
Mountjoy, D.B. -8.0088
Moyer, H.E. -5.0160*
Muehlbeier, J. -2.0726
Mueller, C.R. -1.0051*, 3.0223*
Mueller, E.W. -5.0026, 5.0027, 5.0028,

5.0029, 5.0030, 5.0031*
Mueller, H.F. -5.0380
Mukhergee, S.K. -6.0046
Mulawka, S.T. -5.1074
Mulbarger, M.C. -5.0858*
Muihern, T.D. -5.0493
Mulkey, J.R. -3.0450*
Mulla, M.S. -5.0138, 5.0141
Mullens, R.C. -5.1164
Mulligan, H.F. -2.0803*, 6.0371
Mumma, R.O. -1.0108

3.0225, Mumme, K.I. -5.0466
Muncy, R.J. -6.0221, 6.0223, 6.0224, 7.0040
Mundorff, J.C. -2,1081*
Munno, F.J. -7.0047
Munro, W.T. -4.0050*, 4.0051*
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Murawski, W.S. -6.0354*
Murie, M. -6,0441
Murphree, C.E. -2.0333, 2.0675
Murphy, A.M. -3,0262
Murphy, J. -5.0103
Murphy, L.S. -2.0518, 4,0118, 5.0434*
Murphy, R.S. -5,0036*, 5.0037*, 5.0038*,

6.0007*
Murphy, S.D. -5,0518
Murphy, T.E. -8.0242*,

8.0245*, 8.0246*
Murry, R.E. -4.0128*
Musick, J.T. -3.0444*
Mussalli, Y. -8.0163
Mutchler, C.K. -2.0475
Myers, D. -5.0420
Myers, G. -6.0303
Myers, J.M. -3.0177*, 3.01
Myers, L.E. -2.0033*,

3.0006*, 3.0231,
8.0002*, 8.0003*

Myers, L.H. -5.0914*
Myers, V.I. -3.0465*
Myhre, D.L. -2.0684*
Myrick, R.M. -2.0042, 3.0009*
Nacci, V.A. -8.0284*
Nachman, J.F. -3.0099
Nagel, J. -6.0584
Nagle, J.S. -4.0235*
Nair, J.H. -5.0800*
Nakamura, M. -5.0700*
Nakatani, R.E. -5.1248*, 6.0613*
Nakayama, F.S. -2.0035, 8.0002
Nalbone, R. -3.0326
Namken, L.N. -2.1057, 3.0444
Nancollas, G.H. -3.0341*
Narayana, V.V. -4.0258
Nargarajon, P. -6.0237
Nason, C.K. -2.0180
Natarajan, K.V. -5.0032
Nathan, B. -6.0352*
Nathan, K. -4.0173*, 4.0174*
Naudascher, E. -7.0068
Navon, U. -3.0152
Neal, J.K. -5.0191
Neal, V.T. -5.0951*
Nebeker, A.V. -5.0593*
Nebiker, J.H. -5.0508
Nece, R.E. -5.1264*, 5.1265*,
Neel, J.K. -6.0417*
Neff, C.H. -8.0177
Neff, D.J. -4.0003*, 4.0004*
Neff, E.L. -4.0161
Nehal, S.M. -5.0838
Neiburger, M. -2.0108*
Neiland, B.J. -2.0023*
Neild, R.E. -10724*
Neilson, F.M. -2.0347
Nelsen, J. -5.1249
Nelson, A.R. -8.0182
Nelson, D.J. -1.0114*, 2.1000*
Nelson, D.M. -6.0236
Nelson, F. -6.0445
Nelson, L.M. -5.0266
Nelson, N.F. -6.0594*
Nelson, R.E. -2.0367*
Nelson, R.Y. -5.0919
Nelson, W.L. -3.0482
Nendrick, J.D. -3,0217
Nesbitt, J.B. -5.1037, 5.1042*, 5.1043*
Netsch, N.F. -6,0022*
Neuhokl, J.M. -5.1195*, 6.0580
Neuman, W.B. -5.0144
Neumann, G. -2.0810*
Newel, D. -8.0265
Newcomb, R.C. -2.0905*
Newkirk, H.D. -3.0114
Newiling, B.E. -6.0351
Newman, J. -1.0009, 3.0102
Newman, IS. -2.1036*, 2.1050*, 3.0451*
Newman, R.C. -5.0984*
Newsom, L.D. -5.0451*
Newton, O.H. -2.1051*
Ng, Y.C. -1.0012
Nichols, C. -2.0361
Nichols, J.M. -2.0697*
Nichols, J.T. -2.0977
Nichols, M.M. -6.0607
Nichols, W.H. -5.0871

8,0243*, 8.0244*,

78*, 3.0179*
2.0034*, 2,0035*,
3.0238, 4.0005*,

5.1266



Nicholson, H.P. -8.0162*
Nickerson, R.L. -3.0309*
Nicks, A.D. -2.1054
Nickum, J.G. -5.1114*
Nielsen, D.R. -2.0086, 2.0094*
Nielsen, J. -5.1249*
Nielson, D.R. -5.0180
Nielson, L.J. -5.0979*
Nieman, R. -4,0040
Nieswand, G.H. -4.0172, 4.0173
Niggol, K. -4.0271, 6.0615
Nightingale, H. -4.0033
Nimlos, T.J. -2.0714, 2.0716*
Nippe, W. -1.0095
Niven, D.W. -2.0979
Nix, J.F. -2.0068*
Nixon, P. -2.0103, 2.0136, 3.0091*, 4.0033*,

8.0012*
Nixon, P.R. -3.0314*, 8.0263*, 8.0291*,

8.0292*
Noakes, J.E. -1.0113*
Nobe, K. -3.0065*, 6.0324
None, K.C. -6.0098*, 6.0107*
Noble, R.L. -6.0372*
Noble, V.E. -2.0631*, 2.0632*
Noehre, A.W. -4.0093*
Noon, K.F. -5.0495
Norcross, J.J. -6.0607
Nordin, C.F. -2.0237*
Norgren, J.A. -6.0463
Normandeau, D.A. -5.0708*, 5.0714*
Norris, S.E. -4.0196*
Norstadt, F.A. -2.0238*
North, R.M. -6.0161*
North, W.J. -5.0130*
Norton, W.R. -6.0083
Novakovic, M.M. -3.0458
Novick, J. -6,0183
Novotny, A.J. -6.0616*
Novotny, J.F. -6.0526*, 6.0527*
Nowack, R.F. -2.0954
Nudi, F.A. -6.0038*
Nueller, E. -2.0423
Nugent, R.H. -6.0140
Nunez, L,A. -2.0935*
Nunge, R.J. -3.0358
Nussbaumer, W.H. -2.0986
Nylund, R.E. -2.0668*
Oakes, B.D. -3.0454
Oakley, A. -2.0884*, 6.0447
Oborn, E.T. -5.0658*
Obrien, J. -7.0014
Obrien, J.E. -7.0078*
Obrien, R.N. -3.0035
Obrien, W.J. -5.0423*, 5.0424*, 5.0425*
Obryan, D. -2,1097*, 6.0603*
Oconnor, J.T. -5.0177, 5.0374*, 5.0375*,

5.0376*, 5.0377*, 5,0381
Odlaug, T.O. -5.0600
Odonnell, A.J. -3.0101*
Odum, E.P. -2.0345
Odum, H.T. -2.0820*, 5.0810*
Oertli, J.J. -2.0143*
Ofarrell, T.B. -5.0242, 5.0243
Ogata, A..2.0368*
Ogden, E.C. -5.0793
Ogden, P.R. -3,0012
Oglesby, R.T. -5.1258, 5.1266*
Ogrady, V.J. -3.0413
Oguri, M. -5.0112
Ohaire, R. -3.0018
Ohara, J.J. -5.0901*
Ohmura, Y. -3.0188
Ohrenschall, J. -6.0339
Ohrenschall, J.C. -6.0341*
Ohshika, H. 5.0315
Oldenkamp, H.A. -5,0156*
Oldham, J. -2.0733*
Okary, J. - 3.0015
Okary, J.W. -2,0()61*
Oligher, R.C. -8.0312
Olive, J.H. -5,0875*
Oloughlin, E,M. -5.0414, 8.0198*
Olsen, J.C. -6.0628
Olsen, S. -6.0624
Olsen, S.R. -5.0202
Olson, C.F. -5.0586
Olson, H. -8.0123
Olson, H.M. -2.0835*, 8.0271*

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Olson, P.R. -6.0624
Olson, 'T.A. -5.0600*, 5.0601*
Olson, T.C. -2.0440
Olson, W.H. -5.1211
Omelia, C.R. -5.0811*
Ominde, S. -3.0246*
Oneill, D. -3.0136
Oneill, H.J. 1.0041*
Oneill, PS. -3,0368
Ongerth, H.J. -5.0066, 6.0039*
Opferkuch, R.E. -5.0892*
Orava, R.N. -3.0137*
Ore, F.L. -8.0107*
Orlob, G.T. -5.0098*, 5.0099*, 5.0163*,

6.0083*
Ormand, W.L. -3.0327
Ornstein, H.L. -3,0156
Orofino, T.A. -3.0165*
Orr, D. -4.0029
Orr, H.K. -3.0436*
Orr, L.P. -6.0436
Orshorn, J.F. -1.0125, 5.1242
Orton, R.B. -3.0442
Osborn, E.F. -2.0926
Osborn, H.B. -2.0040, 4.0007
Osborn, J.E. -6.0137
Osborn, 0. -3.0297*, 3.0453, 3.0454, 3.0455
Oseid, D. -5.0614
Oshaughnessy, J.C. -5.1037
Osmond, J.K. -2.0326*
Oster, J. -3.0085
Osterhoudt, F. -7.0076
Osthoff, R.C. -3.0363
Ostlund, G.H. -5.0264*
Ostrowski, S. -3.0422*
Oswald, W.J. -5.0069*
Ott, J.E. -8.0016
Ott, M.J. -5.0101
Otto, H.E. -3.0137
Otto, N.E. -2.0191*, 3.0106, 3.0107, 3.0125*,

3.0126*, 3.0127*
Otto, R.J. -8.0215
Otton, E.G. -2.0561
Ottoson, H. -6.0336
Otts, L.E. -5.0502
Oulman, C.S. -8.0197
Overfield, J. -5.1185, 5.1186
Overstreet, R. -3.0034
Overton, D. -2.1073*
Overton, D.E. -4.0131
Oweberg, T.G. -2.0155*, 2.0156*
Owen, J.B. -6.0417
Owen, R.R. -8.0108*
Owens, E.L. -5.0936
Owens, F.R. -6,0468
Owens, G.I. -8.0298*
Ozburn, E.E. -5.0303
Ozburn, G.W. -6.0084*
Ozmina, D. -5.1273
Pabst, A. -5.0597
Pace, P.J. -5.1320*
Pacha, R.E. -5.0952*, 5.0953*, 5.0954*
Packer, P.E. -4.0250*
Padfield, H. -6.0011
Padilla, G.M. -1.0089*
Page, B.W. -3.0082
Page, T. -5.0894
Pailthrop, R.E. -5.0931
Paine, R.T. -2.1133*
Painter, L.I. -3.0494*
Pair, C.H. -3.0204
Pakalnins, R.F. -5.0164*
Pallas, J.E. -2.0501, 2.0684
Palmer, W. -5.0157*
Palmer, W.C. -2.0593*
Pancake, V.R. -6.0584*
Pancharatnam, S. -3.0082
Pangborn, J.B. -3.0366
Pangborn, R.M. -5.0085*
Panke, D. -1.0106
Papathakis, G. -6.0072
Papendick, R.I. -2.0389, 4.0087
Parham, S.A. -2.0364
Parizek, R. -5,1030
Parizek, R.R. -1.0107*, 5.1044*, 7.0034
Park, D.L. -8.0308
Parker, B.W. -5,0989*
Parker, D. -3.0321
Parker, D.S. -5.0065, 5.00U9
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Parker, F.L. -5.1137. 5.1139*, 5.1140
Parker, P.L. -5.1182, 5.1183*
Parkhurst, J.D. -5.0110*, 5.0131, 5.0132,

5.0133*
Parkinson, H. -10122
Parkinson, H.L. -3.0128*
Parks, W.L. -2.0991*
Parks, W.S. -2.0995*
Parmele, L.H. -2.0919, 3.0419, 4.0206
Parr, W. -6.0623
Parr, W.R. -6.0366
Parrish, W.C..1.0125*
Parry, W.T. -3.0460
Parsley, R.T. -5.1128
Parsons, D.A. -2.0333, 2.0334, 2.0335,

2.0675*, 2.0676*, 2.0677*, 2.0678*,
5.0622*

Parsons, J.A. -3.0439
Parsons, W.A. .5.1211
Partheniades, E. -5.0764*
Partridge, J. -3.0494
Pascale, A.S. -3.0352
Passy, U. -10077
Pasternak, B. -6.0375*
Pate, M.J. -1.0065
Patel, K.G. -3.0215
Patric, J.H. -5.1287*
Patrick, R. -5.1008*
Patrick, W.H. -4.0123*, 4.0124*
Patten, B.C. -2.1001*
Patten, E.P. -2.0037*
Patterson, C.C. -2.0134
Patterson, C.M. -2.0946*, 2.0947*, 2.0948*,

3.0430*, 5.1098*, 5.1099*, 5.1100*
Patterson, D.R. -6.0553*
Patterson, M.E. -6.0611
Paul, R. -6.0452
Pauley, G.B. -5.1248
Paulhus, J.L. -2.0594*, 2.0595*, 2.0596*,

2.0597*, 2.0598*, 7.0052*
Paulik, G.J. -6.0620, 8.0306
Paulsell, L.K. -4.0156*
Paulsen, G.M. -3.0244
Paulson, A.S. -6.0537
Paulson, D. -2.0404
Paulson, R.W. -2.0909*, 2.0910*
Paulson, W.L. -5.0412, 5.0417*
Pavelis, G.A. -4.0077*, 6.0136*, 6.0137*,

6.0601*
Payne, J.N. -2.0538*
Payne, W.R. -5.0277, 5.0282
Pazwash, H. -8.0180
Pearcy, W. -6.0452
Pearson, G.A. -3.0258
Pearson, J.E. -6.0554*
Pechenick, W. -3.0409, 3,0410
Peck, R.B. -8.0170
Pecora, R. -6.0435
Pecsok, R.L. -3.0066*
Peden, G.T. -6.0317*
Peebles, F.N. -5.1 130*
Peele, T.C. -2,0951, 2M957*, 5.1104
Pegg, W.J. -5,1277, 5.1281*
Peguegnat, W.E. -3.0295
Pelton, D.J. -5.0208
Pemberton, E.L. -6.0089, 8.0028
Pendleton, J.D. -2.1107*
Penfuld, J.W. -6.0191*
Penie%, W. -5.0105
Penn, R.J. -6.0646*
Pennrii, W. -5.1047*
Pennak, R.W. -2,0158*, 2.0159*, 5.0178*,

5.0179*, 6.0088*
Pepper, L. -8.0247*, 8.0248*, 8.0249*
Perez, A. -6.0482
Perezescolar, R. -2.0936*
Perkins, F.E. -8.0213*
Perkins, P. -4.0042, 5.0147
Perkins, R. -5.0105
Perlmutter, A. -5.0786*
Pero, M.A. -8.0193
Perrin, R.E. -5.0229
Perry, B. -2.0132
Perry, J.M. -4.0031
Perry, M. -5.1077*
Perry, V.G. -5.0251
Perry, W.J. -2,0996*, 2.0997*
Pesch, G.G. -5.1056
Pessa00, N. -3.0418*



Peterka, J.J. -6.0414*
Peterle, T.J. -5.0876*
Peters, D.B. -2.0432, 2,0437, 2.0438*,

2.0439*, 2.0440*, 2.0866
Peters, D.L. -5.0346
Peters, J.C. -4.0069
Petersen, R.K. -2.0728*
Peterson, A.E. -2.1160*, 3.0490*
Peterson, C.H. -2.0004*
Peterson, D.E. - 4:0270
Peterson, D.H. -2,0123*
Peterson, D.N. -2.0858*
Peterson, H.B. -3.0474*, 4.0254, 4.0262,

51196*
Peterson, J.W. -3.0410*
Peterson, M.L. -7.0070*
Peterson, N.K. -5.0715*
Peterson, R.P. -5.0583
Peterson, S. -5.0829*
Peterson, W.K. -5.1256
Petri, L. -3.0281
Petrinovic, M. -3.0349
Pettyjohn, W. -2.0859*
Petzny, W.J. -5.0378
Pew, W.D. -2.0031*, 2.0032*
Peynado, A. -3.0186
Peyton, H.R. -2.0024*
Pezkr, J. -3.0319
Pfannkuch, II. -7.0028*
Pfeffer, F.M. -5,0915*
Pfeffer, J.T. -5.0366
Pfeffer, P. -6.0179
Pfister, R.M. -5.0877*, 6.0427*
Phares, D. -5.1273
Phillips, H.S. -8.0096, 8.0109*
Phillips, J.F. -2.0688, 2.0690
Phillips, O.M. -2.0584
Phillips, R.A. -4.0010
Phillips, R.E. -2.0521, 2.0525*, 2.0526*,

5.0052
Phinney, D.E. -6.0623
Phinney, E.H. -2,1128
Phinney, H.K. -5.0948, 5.0955*, 5.0956*,

5.0961, 5.0963
Phipps, R.L. -2.1098*
Pick, A.R. -5.0173*
Pickering, G.A. -8.0245, 8.0246
Pickering, Q. -5.0844
Pickering, R.I. -5.0890*
Pickett, E.B. -7.0068*
Pickett, E.E. -4.0152
Piehkr, G.R. -7.0054
Pierce, J.S. -8.0110*, 8.0111*
Pierce, R.S. -3.0372*
Pierotti, R.A. -1.0039*
Plest, R.F. -2.0864
Pikarsky, M. -4.0091*
Pikher, K.S. -5.0957*
Pik, R. -3.0129*
Pillai, J.K. -5.0368
Pillsbury, A.F. -4.0036
Pine, W.H. -6.0236*
Pinkava, D.V. -2.0038
Pinsak, A.P. -2.0647*, 2.0648*, 2.0649*,

5.0561*
Piper, A.M. -3.0067*
Piper, H.W. -2.0579*
Pipes, W.O. -5.0341*
Piskin, K. -6.0193*
Pitkin, W.A. -7.0029*
Pitts, C.W. -5.0430
Place, G.A. -4.0021*
Plane, R.A. -1.0079*
Plate, E.J. -2.0220*, 3.0138
Matt, A. -5,1250*
Platt, R. -2.0096
Plummer, J.C. -6.0373
Pocker, Y. -1.0126*
Pogge, E.C. -2.0504*
Poland, J.F. -2.0152*, 2.0153*
Polatty, J.M. -8.0250*, 8.0251*
Polkowski, L.B. -5.1297, 5.1312*
Pollack, E. -1.0021, 1.0022
Pollock, S.J. -5.0521*
Polta, R.C. -1.0070
Pomeroy, L.R. -2.0345*
Poon, C.P. .5.1061*
Pope, J.D. -8.0162
Popolisky, J.R. -5.0683*
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Pore, N.A. -2.0599*
Porter, C.C. -5.1164
Porter, J.W. -3,0101
Porter, L.C. -8.0112*
Porter, L.K. -5.0202
Porter, W.L. -5.0990*
Porterfield, G. -4.0038*
Posey, C.J. -2.0247*, 8,0147*
Posey, F.A. -3.0440*, 3.0441*
Posey, F.H. -5,0309*
Posner, M. -3.0358
Post, F. -5.1195
Post, F.J. -5.1190
Post, G. -6.0103
Poston, H.J. -6.0581
Potash, M. -2.1088*, 5.1203*
Potter, G.M. -3.0478
Potter, W.J. -8.0023, 8.0025
Poulos, S.J. -8.0211
Poulton, C.E. -6.0460*
Pound, C.E. -5.0123
Pounders, C.J. -4.0031
Pourian, S. -5.0129
Powell, C.J. -5.0458*, 6.0159
Powell, J.D. -7.0098
Power, A.J. -8.0141
Powers, W.L. -2,0516, 3.0244*, 3.0245*
Prager, J.C. -5.1094*, 5 1096, 5.1097
Prakasam, T.B. -5.0770
Prakash, S. -8.0184*, 8.0185*, 8.0186*
Pramer, D. -5.0741
Prasad, T. -2.0428, 2.0429
Prashar, P. -3.0435*
Pratt, G.L. -5.0835*, 5.0836*
Pratt, P.F. -2.0144*, 2.0145
Prausnitz, J.M. -5.6070*
Preble, D. -7.0089
Preckel, R.F. -3.0264
Preece, S.J. -2.0717*
Prehn, W.L. -3.0461*
Preiser, H.S. -3.0267
Prell, A.E. -4.0090*, 7.0030*
Prengle, H.W. -1.0117*
Prensner, D.S. -5.0378
Presnell M.W. -5.0016, 5.0017, 5.0019
Pressley., T. -5.0242, 5.0243
Pressman, M. -5.1218*, 5.1219, 5.1219
Preul, H.C. -2.0851*
Pribadi, K. -1.0103
Price, K. -8.0168
Price, R. -2.0221*
Price, T.J. -5.0804*
Prickett, T.A. -2.0417*, 7.0038*
Priebsting, E.L. -6.0611*
Priesing, C.P. -5.0907, 5.0908, 5.0909, 5.0912,

5.0914, 5.0915, 5.0916
Priester, L.E. -5.1107
Prill, R.C. -2.0502*
Primrose, R.A. -2.0698*
Pringle, B.H. -5.1068, 5.1072*, 5.1073*,

5.1074*
Prins, R. -5.1107
Pritchard, D.W. -2.0559
Pritchett, W.L. -3,0175
Prober, R. -3.0327*
Probstein, R.F. -3.0279*, 3.0280*
Proctor, C.V. -7.0100
Proffitt, M.A. -5.0383
Prophet, C.W. -5.0419*
Pruitt, W.O. -3.0047*, 4.0029*, 7.0009
Prych, E.A. -2.0903
Pryde, P.R. -3.0485*
Pugh, E.N. -3.0254, 3.0255*
Pugh, J.R. -8.0307*
Pugh, R.G. -5.0923*
Pulfrey, R.R. -2.0365*, 2.0366*
Pullen, E.J. -2.1048
Puipaa, H. -2.0443
Pumpelly, J.W. -7.0023*
Purpura, J.A. -8.0160, 8.0161*
Putnam, H.D. -5.0255, 5.0257*, 5.0258*
Putnam, R.F. -5.0142
Pyatt, E.E. -6.0152*
Pycha, R.L. -6.0636*
Pyke, C.B. -2.0104
Qashu, H.K. -2.0050
Quarantelli, E.L. -6.0425
Quase, H. -5.0246
Quimpo, R.G. -2.0915
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Quinn, D.J. -5.0101, 5.0102
Quinn, J.A. -5.0378*
Quisumbing, E. -2.0668
Rabe, F.W. -2.0398*, 5.0326*
Rachlin, J..5.0786
Radiloff, H. -5.0759
Radke, J.K. -2.0439
Ragan, R.M. -2,0580*, 2.0581*
Ragotzkie, R.A. -2.1161*
Raguse, C.A. -5.0086*
Rahola, T. -2.0309
Rahrer, J.F. -6.0635, 6.0636
Raible, R.W. -7.0005, 7.0006
Raichlen, F. -2.0133
Rainwater, F. -2,0881
Raleigh, G.J. -2.0804*
Raleigh, R.F. -6.0617
Ramaley, R.M. -5,0385*
Ramanathan, M. -5.0927
Ramgolam, R.B. -6.0479, 6.0480, 6.0483*,

7.0095
Ramig, R.E. -4.0087, 4.0267
Ramirez, C.T. -3.0424, 4.0210
Ramirezvelez, J. -6.0483
Ramseur, J.H. -5.1220
Ramsey, R.H. -2.0958*, 4.0214*
Rattail% G. -2.0443
Randall, C.H. -6.0492*
Randall, C.W. -5.1213*
Randall, J.E. -5.0315
Randles, C.I. -5.0877, 6.0427
Randolph, U.A. -2.1053*
Rao, A.R. -2.0427
Raphael, D.L. -2.0184, 2.0922, 6.0477*
Raridon, R.J. -1.0115*
Rasaiah, J. -1.0085
Rasaiah, J.C. -1.0105
Rasmussen, J.J. -6.0597
Rasmussen, J.L. -2.0222*
Rasmussen, J.R. -2.0223*
Rasmussen, W.W. -3.0203, 3.0205
Rasooljavaheri, A. -5.0361
Rathmann, F.H. -5.0832
Ratz, M. -5.1270
Raup, P.M. -6.0310*
Rausch, D.L. -2.0868
Raven, P.N. -5.0236
Ravikovitch, S. -3,0237*
Rawitz, E. -2.0919, 3.0238, 3.0419, 4.0206
Rawlins, S.L. -3.0085
Rawls, C. -5.0505
Rawls, C.K. -6.0263
Rawson, J. -7.0099*
Rawstron, R.R. -2.0149*, 6.0071*
Ray, B.R. -2.0195
Ray, M.E. -5.0477
Ray, S.M. -5,1161*, 5.1171*
Raymond, H.L. -8.0308*
Rayner, F.A. -4.0246
Rayner, H.J. -6.0461*
Rayner, J.N. -3.0392*
Rayner, M.D. -5.0315
Raynes, B. -5.0869*
Raynes, B.C. -5.0870*, 5.0871*
Rea, H.E. -5.1162*
Rebhan, M. -4.0109*
Rechard, P. -5.1325
Rechard, P.A. -6.0652*, 6.0653*
Rechnitz, G.A. -5.0765*
Recht, H.L. -1.0011*, 5.0074*, 5.0075*
Rector, R.L. -2.0264, 8.0148, 8.0155, 8.0156
Redd, B.L. -5.1278
Redfield, R.C. -8.0074
Redman, R. -3.0148
:Redmond, M.C. -8.0062, 8.0113*
Ree, W.O. -2.0882*, 3.0462, 4.0248, 5.0930*,

8.0276*, 8.0277*
Reed, C.H. -5.0736
Reed, J. -8.0029, 8.0134
Reed, J.C. -2.0256
Reed, J.K. -2.0959*, 5.1107*
Reed, J.R. -2.1000
Reed, R.J. -3.0272*, 6.0281, 6.0282
Reed, S.C. -2.0756*
Reedy, W.W. -6.0099*
Reejhsinghani, N.S. -3,0365
Flees, D.M. 4.0263*, 6.0596*
Reese, R.A. -5.1038
Reeve, R.C. -4.0191*, 8.0274*



Reginato, R.J. -2.0034, 8,0003
Reich, B.M. -2.0927*, 2.0928*
Reichert, S.G. - 1.0947, 3,0430
Reid, G.W. -3.0396*, 5.0229,

5.0920*, 5.0921*, 6.0442*
Reid, J.R. -2.0849*
Reid, L.C. -3.0004
Reid, R.S. -5.0931
Reidy, B.C. -5.0782*
Reigle, N.J. -6.0293*
Reilich, II.G. 1.0041
Reilly, J.D. -5.1003
Reilly, J.R. -6.04 I 8*
Reimer, C.W, -5.1008
Reimers, P.E. 6.0448*
Reimold, R.J. -1.0024
Refiners, W.A. -2.0770
Reinert, R. -5.0544*, 5.0545*, 5.0546*
Reis, R. -6.0116
Reiss, F.J. -6.0213
Rektorik, R.J. -3.0466, 4.0238
Relyea, R.P. -5.1005
Rembolt, A.L. -2.0102
Remenyik, C.J. -2.0992*
Remsou, I. -2.0913*
Remus, G. -5.0559*, 5.0560*
Renard, K. -2.0041
Renard, K.G. -3.0007, 4.0008
Renfro, W. -6.0452
Renn, C.E. -5.0479, 5.0480*
Rennie, T. -6.0088
Renoll, E.S. -2.0003
Repke, D. -3.0388
Replogle, J.A. -3.0006, 8.0003
Resnick, S.D. -3.0012, 3.0019
Reuszer, H.W. -5.0396
Reuther, J.H. -2.0360
Reuther, W. -2.0096
Reynolds, C.W. -2.0582*, 2.0583*
Reynolds, G.W. -2.1074*
Reynolds, J. -6.0294*
Reynolds, J.T. -5.0515
Reynolds, T.D. -5.1157
Rhea, M.B. -6.003e*
Rhea, O. -2.0164
Rhoades, E.D. -2.0875, 5.0435
Rhoades, J.D. -3.0083, 3.0084
Rhodehamel, E.C. -2,0770*
Rhodes, J.A. -8.0149*
Rhodes, R. -6.0434*, 6.0435*, 6.0437
Rhodes, R.G. -6.0436*
Rhone, T.J. -8.0099, 8.0114*
Rhutasel, L.J. -5.0367
Ricca, V.T. -2.0861
Rice, C.E. -2.0879*
Rice, L. -3.0455*
Rice, P.A. -5.0795*
Rice, R.C. -8.0002, 8.0003
Rice, R.M. -4.0034*
Rice, T.R. -5.0805*
Rich, L.G. -5.1152
Rich, P.A. -2.1037*
Richards, H.S. -2.0114
Richards, J.D. -8.0115*
Richards, N.L. -5.1069, 5.1070
Richards, S. -6.0576
Richards, S.J. -2.0145*, 2.0146*, 2.0147

2.0148*
Richardson, E.B. -8,0144
Richey, E. -4.0271
Rick, A.J. -5.0270
Ricketts, C.I. -2.017.5
Rickly, S. -7.0089
Rickman, R. -3.0315
Rkkman, R.W. -2.0729
Riddles, M.J. -5.0841
Ridgeway, M.E. -6.0185*
Ridky, J. -2.0396
Rkcken, F.F. -2.0485
Riedel, J.T. -2.0596, 2.0598
Riehl, H. -2.0222, 2.0223
Riemer, D.N. -2.0764*, 5.0735*
Ries, K.M. -5.0342*
Ries, S.K. -5.0567
Riffle, H.C. -8.0116*
Riggleman, B.M. -3,0264*
Riggs, C.D. -9.0011*
Rikkers, R. -6.0280
Riley, C.V. -5.0895*, 6.0437*
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Riley, J. -3.0015
Riley,
Riley, "-2.0061J.P. -2.1059, 2,1075*, 4.0258*,

5.0919*, 6,0585*, 6.0586*, 6.0587*, 7.0105*,
7.0106*

Riley, R.L. -3.0096
Riseh, G. -6.0064
Rissanen, K. -2.0309
Ritter, D.L. -3.0281
Rivers, R. -3,0340
Roback, S.S. -5,1008
Robb, D.C. - 5.0094
Robbins, J.W. -2,0533*, 2.0534*
Roberts, E.R. -3.0059*
Roberts, J. -5.1240*
Roberts, N.K. -6.0585, 6.0592
Roberts, R.M. -5.0093, 5.0094*
Roberts, W.J. -2.0401, 4.0100*
Robertson, A.C. -2.0399*
Robertson, C. -2.0164
Robertson, J.H. -3.0318*
Robertson, J.M. -8.0181*, 8.0182*
Robertson, W.B. -2.0318
Robertson, W.K. -6.0153*
Robinove, C. -6.0141*, 6.0142*, 6.0143*,

6.0144*
Robinson, A.R. -3.0203, 3.0204
Robinson, B.P. -2.0174, 3.0134
Robinson, D.L. -4.01 13*
Robinson, E.L. -5.0852
Robinson, E.S. -2.1 108*
Robinson, F. -3.0046
Robinson, F.E, -3.0048*
Robinson, T.S. -2.0529
Robinson, T.W. - 2.0114
Robohm, R.A. -6.0291
Rockwood, D. -5.0237*
Rod, R. -5.0104*
Rod, R.L. -5.0105*
Roderick, G.L. -8.0285*
Rodgers, C.A. -5.0659*, 5.0660*, 5.0661 *
Rodney, D.R. -2.0067*
Rodriguez, R. -8.0297
Roeder, T.S. -5.0026, 5.0027, 5.0029, 5.0031
Roelofs, E.W. -5.0570*
Roemish, W.R. -8.0122
Roesler, J.F. - 5.0862, 6.0421
Roff, P.A. -5.1020
Rogers, A.N. -3.0408
Rogers, C.N. -3.0376*
Rogers, H.T. -3.0001
Rogers, M. -5.0534*
Rogers, T,H. -3.0193*
Rogers, W.B. -6.0555*
Rogerson, r.L. -5.0054*
Rogowski, A. - 1,0116
Rohiich, G.A. -5.1152, 5.1303, 5.1311,

5.1313*, 5.1314*
Rohling, R.A. -5.0705*
Rohrer, K.R. -5.0838
Rollins, F.R. -3.0306*
Rollins, G.H. -5.001 1
Rollins, J.W. -5.1128
Rollins, M.B. -8.0263
Rom, R. -2,0074*
Romanoff, E. -6.0465

*, Romanoff, M. -8.0223
Rombeeger, S.A. -1.0069*
Romero, R.V. -4,0207*
Romney, E.M. -2.0107
Rompel, J. -7.0072
Ronald, B.P. -1.0126
Rondy, D.D. -6.0108*
Ronhovde, A.G. -2.0256*
Rooney, J. -6,0186*
Rorabaugh, M.I. -2.0124*, 2.0705*
Rorholm, N. -6.0485*
Rorstrom, E.G. -3.0421
Rosa, J.M. -2.0386, 3.0202
Rose, A. -5.0997
Rose, C.L. -8.0054, 8.0054, 8.0126
Rose, G.D. -6.0496*
Rose, J. -5.0744*
Rose, S.H. -3.0389
Rose, V.C..5.1062*
Rose, W.D. -2.0441*
Rosen, H. -3.0252*
Rosen, R. -4.0135
Rosenan, N. -2.0492*
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Rosenbaum, J.B. -3.0478*
Rosenberg, N.J. -2.0721*, 2.0725*
Rosenberger, L. -5.1043
Rosenberry, P. -4.0106*
Rosenblatt, J. -6.0252
Rosenfield, A. -6.0266*
Rosenfield, L. -6.0264
Rosenkrantz, W.A. -5.0246
Rosenthal, A.J. -3.0330
Rosenzweig, D. -2.0493*
Roshore, E.C. -8.0252*, 8.0253*
Ross, I.J. -3.0179
Ross, S.H. -3.0206*
Roth, R.A. -5.0867*
Roth, W.H. -8.0117*
Rothacher, J.S. -5.0961*
Rottiers, D.V. -5.0577
Rambo!, R.K. -6.0648
Rouher, 0. -3.0365
Rouse, G.C. -8.0096
Rouse, T.O. -3.0363*
roux, R.G. -1.0023
Rowe, A.M. -1.0099*
Rowe, D.R. -5.0462
Rowe, P.B. -3.0021*
Rowman, W.B. -5.0700
Roys, P.S. -2.0026*
Rozelle, L.T. -3.0298*
Rubenstein, S. -8.0062, 8.01 I8*, 8.0119*
Rubin, A.J. -5.0878*
Rubin, J. -2.0125*, 2.0126*
Rubin, M. -5.0241
Rueger, M.E. -5.0601
Ruf, R.H. -1.0075*
Ruff, J.F. -8.0145
Ruff, W.R. -3.0167
Rugen, P.C. -5.0577
Ruhe, R.V. -5.0409*
Ruhlman, J. -5.0713
Rukavina, K.R. -5.0594
Rumer, R.R. -5.0766*
Runge, E.C. -2.0442*
Rankles, J.A. -2.1038*
Rankles, J.R. -2.1039*, 2.1040 *, 2.1046,

3.0442, 3.0446, 3.0464, 6.0558
Runnels, R.C. -2.1024
Rupert, J.P. -1.0105
Rupp, R.S. -5.0464
Rushman, C.C. -4.0274*
Russell, E.J. -6.0250
Russell, J. -5.0246
Russell, T.W. -5.0225*
Ruth, R. -7.0053*
Rutherford, H.A. -3.0377*
Ruzecki, E.P. -6.0607
Ryder, R.A. -5.0200
Sable, W.D. -5.1323
Sachs, L. -3.0232
Sachs, R.M. -3.0049*
Sack, W.A. -5,1282*, 5.1283*
Sadek, S. -5.0523*
Sadler, F. -3.0321
Safferman, R.S. -5.0859*
Sager, P.E. -5.1290*
Sager, R.A. -1.0072*, 2.0687, 2.0689
Sailer, R.I. -5.0490*, 6,0034
Saines, M. -4.0134
Saintamant, P. -4.0032
Saliman, R.S. -8.0120*
Salkovitz, E.I. -3.0415
Salo, E.O. -6.0620, 6.0629*
Saloman, C.H. -6,0156
Sakai', C.A. -1.0037*
Saltanpour, P.N. -2.0228
Saltonstall, C.W. -3.0030*, 3.0031*, 3.0060*
Saluji, P.P. -1.0101
Salyer, I.O. -3.0395
Somme', E.S. -2.0192*
Sample, E.C. -4.0124
Samson, D. -6.0329
Samstad, L.E. -6.0305*
Samuels, G. -2.0938*, 3.0428*
Samworth, R.B. -5.1120, 5.1122
Sanclemente, C.L. -5,0567
Sanders, D.C. -2.0668
Sanders, H. -5.0662*, 5.0663*, 5.0664*,

5.0665*, 6.0319*
Sanders, H.O. -5.0638, 5.0639, 5.0640
Sanders, W.M. -6.0159*



Sandoval, F.M. -3.0385
Sandoval, L. -2.0200
Sandoval, M.W. -5.0687
Sandretto, D. -5.0123
Sanger, G.A. -5.1256
Sanger, J. -2.0660
Saul, R.L. -1.0048*
Sank:, R.L. -5.0695*
Santos, J.F. -5.1271*
Santry, I.W. -5.1185, 5.1186
Sao, A. -5,0943
Sappington, C. -5.0328
Saric, M. -2.1171*
Sarks, W.B. -5.1315*
Sarofim, A.F. -3.0281
Sartz, R.S. -4.0275*
Sasamori, T. -7.0014
Sasman, R. -2.0419
Saner, J.J. -5.0716*, 5.0717
Saucier, K.L. -8.0258, 8.0260
Saucier, D.W. -4.0218
Sauer, J.A. -8.0269*
Sauer, V.B. -2.0539*, 2.0540*
Saunders, D.L. -3.0066
Saunders, E. -5.0537*
Saunders, R.J. -6,0633*
Savage, R.P. -8.0153
Saveson, I.L. -3,0197, 4,0081, 5.0276
Saville, T -2,0258*, 2.0259*, 2.0260*,

2.0261*, 2.0262*, 2.0263*, 2.0688,
2.0690, 8.0150*, 8.0151*, 8.0153

Sawyer, P.J. -2.0746*, 5.0717*
Saxton, K. -2.0865
Saxton, K.E. -2.0867, 2.0869*, 3.0393, 3.0394
Saxton, R.E. -2.0869
Sayano, R. -3.0080
Saylor, J.H. -2.0650*, 2.0651*
Sayre, W.W. -2.0224*
Sayward, J.M. -8,0267*
Scaife, C.W. -1.0118
Scalf, M.R. -5.0916*, 5.0917*
Scarola, J.F. -6.0616
Schaake, J.C. -6.0152
Schaefer, H.F. -4.0044*
Schaefer, V.J. -2.0778*
Schaeffer, O.S. -3.0030
Schafer, J.P. -5.0867
Schaffer, R.B. -5.0579
Schamach, S. -6.0090
Schaumburg, F.D. -5.0958*
Schechter, M.S. -5.0491*
Scheffer, S.L. -3.0443
Scheidegger, A.E. -2.0425*, 2.0443*
Scheiman, D. -9.0004
Schelkr, W.A. -5.0704*
Scherfig, J.W. -5.0097*
Scheuer, P.J. -5.0315
Schkhman, D. -5.0996
Schkht, R.J. -2.0417, 2.0418*, 2,0419*,

2.0420*
Schick, A.P. -2.0496
Schiebe, F.R. -5,0604
Schkfer, J. -7.0011*
Schimpff, W. -5.0553
Schindler, A. -3.0373
Schindler, D.W. -2.0157*
Schleif, F.R. -8.0121*, 8.0122*, 8,0123*,

8.0124*, 8.0125*, 8.0126*
Schkusener, R.A. -2.0193*
Schmedemann, I.W. -6.0556*, 6.0557*, 6.0562
Schmer, F.A. -2.1041*, 6.0558*
Schmid, L.A. -5.0433
Schmid, R.W. -2.0907
Schmidt, B.L. -2.0860*
Schmidt, C.H. -2.0575*, 2.0576*, 2.0577*,

5,0492*, 6.0148*, 6.0255*, 6.0596
Schmidt, H.W. -3.0297
Schmidt, K.A. -3.0214*
Schmidt, O.H. -5.0493*
Schmitt, R.P. -5.1219*
Schmitz, W.R. -5.1308
Schmudde, T.H. -7.0031*
Schmulbach, J.C. -2.0978*, 5.1117*
Schnetman, R.W. -5,0762
Schneider, A.D. -3.0444
Schneider, G.R. -3.0041*
Schneider, R. -2.1099*
Schnelk, K.B. -5.1137, 5.1140*
Schoen, L.J. -2.0713

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Schoepfer, G.J. -5.0598
Schofield, C.L. -2.0806, 2.0807
Schomaker, C.E. -2.0552*
Schoof, R.R. -3,0462, 4.0248
Schorle, B.J. -3.0293
Schotland, R.M. -2.0194*
Schreiber, H.A. -4.0007
Schrieber, C.F. -3.0297, 3.0454, 3.0455
Schriever, F.M...6.0279
Schroeder, E.E..4.0234*
Schroeder, H.A. -5.0959*
Schroeder, M.C. -4.0240*
Schroepfer, G.J. -1.0070*
Schroer, F.W. -5.0834
Schubel, J.R. - 2.0559
Schubert, J. -5.1019
Schubert, K.L. -6,0626
Schuert, E.A. - 2.0101
Schuettpelz, D.H. -5.1296*
Schuldt, M.D. -5.0594
Schults, D.W. -5,0969, 5.0970, 5,0972
Schultz, E.A. -2.0688, 2.0690
Schultz, H.B. -2.0095*, 2.0096*
Schultz, H.S. -3.0406
Schultz, J.D. -2.1069, 4.0259*
Schultz, L.P. -6.0127*, 6.0256
Schultz, M. -5,0217
Schultz, R.J. -5.0941
Schulz, R.K. -3.0034*
Schumm, S.A. -5.0199
Schuster, H.H. -5.0479
Schuster, J.C. -4.0057, 7.0019*, 8,0065,

8.0127 *, 8.0128*
Schutz, W.A. -4.0282*, 6.0651
Schwab, G.O. -4.0192*, 4.0193*, 4.0197
Schwartz, G.M. -2.0667, 4.0144
Schwartz, H. -5.0246
Schwartz, W.A. -5.0860*
Schwartzherg, H.G. -5.0787*
Schwartzendrub, D. -10466*
Schwarz, F.K. -2.0594, 2.0596
Schwerdtfeger, W.J. -3,0167, 8,0223
Schwiesow, W.F. -5.0499*, 5,0500*
Schwing, J.E. - 5.0363
Schwob, H.H. -2.0489*, 2.0490*, 2.0491*
Scott, B.C. -2,1128
Scott, D.C. -5.0293*, 6.0162*
Scott, D.H. -3.0259*
Scott, J.T. -2.0779*, 2.0780*
Scott, R.H. -5.0980*
Scott, R.M. -6.0624
Scott, V.H. -6.0054*
Scottron, V.E. -5.0214*
Scrivner, C.L. -2.0699*, 5.0679
Scrivner, L.R. -8.0092, 8.0094, 8.0095
Scrivner, M.W. -8.0129*, 8.0130*, 8.0136
Seabloom, R.W. -5.1267*
Seaburn, G.E. -2.0809
Seagraves, J. -5.0819
Seaman, W.R. -6.0103
Searles, L. -5,0577
Seba, D.B. -5.0261
Sebesta, S.J. -5.0579
Seckler, D. -9.0002*
Sedriks, A.J. -3.0255
See, H. -5.0405
Seed, H.B. -8.0006*, 8.0007*
Seelinger, J.H. -5.0209*, 5.0336*, 5.0747*
Segovia, G. -3.0070, 3.0071
Seidenstat, P. -6.0466*
Seidensticker, R.G. -3.0417
Seigworth, K.J. -5.1124*
Sekerka, R.F. -3.0417
Selander, C.E. -8.0062, 8.0131*, 8.0132*,

8.0133*
Selby, D.L. -3.0401
Self, G.D. -6.0551
Selim, M. -2.0479
Sellmann, P.V. -2.0748
Semonin, R.G. -2.0445
Senatore, S.J. -3.0421
Sendlein, L.V. -2.0481*
Seneca, J.J. -6,0350
Sener, I. -6.0336
Senn, T.L. -5.1104
Sephton, H.H. -3.0081*
Seraichekas, H.R. -5.1069, 5.1071
Serchuk, F.M. -5.0511
Serivner, L.R. -8.0089
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Setser, W.G. -5.1186
Settergren, C.D. -2.0700*
Sew, F.W. -5.0519
Sewell, J.I. -4.0223*, 4.0224, 5.1131*,

8.0288*
Seyb, L.P. -5.0594*, 5.0981*, 5.0982*
Seymore, A.H. -5.1268*
Shachori, -2.0493
Shachori, A.Y. -3.0235*
Shaeffer, S. -2.0096
Shallot, A.K. - 5.0440
Shamim, M. -1.0042
Shane, M.S. -5.0226*
Shane, R.M. -6.0467
Shanholtz, V.O. -23109*
Shanks, F.W. -8.0172*, 8.0173*
Shanley, R.A. -6,0284
Shannon, E.H. -5.0817*, 5.0818*
Shapher, C.D. -2.0828
Shapiro, J. -5,0602*, 5,0603*
Shapiro, M.A. -5.1019
Shapiro, P.L. -6.0067*
Sharma, M.L. -6.0376*
Sharp, J.V. -2.0734*, 2.0735*, 2.0736*,

Shar5p,0 1470.P6.-2,0134*
Sharp, W.L. -9.0001
Sharpies, A. -3.0468*
Shaw, A. -4.0129
Shaw, C.G. -5.1232
Shaw, R.A. -3.0359
Shaw, R.H. -2.0482*,

2.0485*, 2.0487
Shaw, R.J. -2.0058
Shaw, W.N. -5.0506*,

6.0268*, 6.0269*
Shea, E.P. -3.0306
Shea, T. -5.0153
Shea, T.G. -6.0035
Shear, J.A. -2.0339
Shearer, M.N. .6.0462*
Shearer, R.E. -5.0995
Shearman,10. -4.0278*, 6.0641
Sheets, T.J. -7.0087*
Sheffield, C.W. -5.0267*
Shelef, G. -5.0069
Shell, E.W. -6,0003*
Shelton, C.H. -4.0224*, 4.0225*
Shelton, E. -5,0784
Shen, H.W. -2.0225*, 4.0060, 4.0066*, 8,0145
Shenton, L.R. -2.0345
Shepardson, E.S. -5.0774*
Shepherd, J.L. -2.0364
Sheridan, R.P. -5.0701*
Sherwani, J.K. -2.0821*, 2.0822*
Sherwood, T.K. -3.0281*
Sherwood, W.C. -2.1111*
Shetler, S.C. -5.0236*
Shibiya, R.T. -5.0863
Shih, C.S. -5.1005
Shimazaki, T.T. -3.0040
Shindala, A. -2.0685*
Shipley, H. -3.0005*
Shipley, J.L. -6.0559*
Shirazi, M. -3.0264
Shirazi, M.A. -5.0227
Shirer, H.W. -5.0421
Shjeflo, J.B. -2.0170, 6.0419
Shmueli, E. -2.0501*
Shobe, W.R. -5.0406
Shoemaker, W.E. -6.0355*
Shohami, E. -3.0234
Shope, W.G...4.0204*
Shorey, W.K. -5.0473*
Short, W.L. -5.0516
Short, Z. -6.0624
Showalter, A.K. -2.0600*, 2.0601*, 2.0602*,

2.0603 *
Shows, T.N. -4.0147*
Shrader, W.D. -3.0226, 4.0105, 6.0222
Shumate, K. -5.0880
Shumate, K.S. -5.0879*, 5.0881, 6.0426
Shumway, D.L. -5.0962
Shumway, S.E. -2.0195*
Shuster, C.N. -5.1068, 5.1069, 5.1070,

5.1075*
Shwartz, J. -3.0279
Siapno, W.D. -4,0031
Siddiqui, M.M. -2.0189

2.0483*, 2.0484*,

5.0507*, 6.0267*,



Siddoway, F.H. -3.0141, 4.0161*, 5.0195
Sidwell, A.E. -5.0055*
Siefert, R.E, -6.0528*
Siemer, E.G. -2,0238
Sigafoos, R.S. -2.1100*
Sigler, W.F. -5.1188, 6.0588
Signor, D.C. -4.0237
Silberman, E. -5.0597, 5.0604*, 8.0219*
Silberman, R.J. -3.0457*
Silver, L.T. -2.0134
Silver, S.A. 5.0246*
Silverman, A. -2.0718*
Silverman, H,P. -3.0080
Silverstrim, N. -5.1025

J,K. -3.0130*, 5.1168*, 5.1169*
Slivey, W.D. -2.0127*
Simonson, G.H. -2.0887
Simins, H.J. -5.0778*
Simmons, G.B. -6.0281
Simmons, G.M. -2.0529, 6,0242, 6.0243
Simmons, H.B. -2.0687*, 2.0689
Simmons, J.A. -3.0479
Simmons, M.L. -5.0167
Simms, H.J. -5.0779*
Simonett, D.S. -8.0199*
Simons, D.B. -2.0225, 4.0060, 4,0066,

8.0145*, 8.0146*
Simons, W.D. -2.0124
Simonsen, R.N. -5.0780*
Simonson, G.H. -6.0463*
Simpson, C.L. -2.1128*
Simpson, E.S. -3.0022, 4.0010
Simpson, F. -6.0445
Simpson, G. -5.0867
Simpson, J. -6.0090
Simpson, T.A. -2.0008
Simpson, W.W. -3.0478
Sims, C.W. -8.0308
Sincock, J.L. -2.0585*
Singer, P. -3.0292
Singh, B. -2..0441
Singh, K.P. -2.0421*
Siple, G.E. -2.0964*
Sirohi, R.S. -3.0412
Sisson, D.V. -6.0580
Skaperdas, G.T. -3.0325*
Skau, C.M. -2.0732, 4.0168
Skauen, D.M. -5.1059
Skelton, J.F. -7.0098
Skibitzke, H.E. -7.0003*
Skidmore, E.L. -2.0516*, 3.0244
Skinner, J.V. -7.0059*
Skoch, E.J. -5.0874
Skodje, M.T. -4.0189*
Skogerboe, G.V. -2.1061, 2.1062, 4.0260*,

4.0261*, 6.0579, 7,0107*
Skogley, E.O. -2.0708*
Skold, M.D. -2.0517*
Skolnick, L.P. -3.0263*
Skotland, C.B. -5.1232
Skougstad, -6.0145*
Skougstad, M.W. -10196*
Skrinde, R.T. -5.0516*
Slack, K.V. -2.0128*
Slanetz, L.W. -5.0718*, 1.0719*
Slater, J.V. -6.0048*
Slatick, E. -6.0618
Slott, R.M. -2.0020
Slaughter, G.M. -10356*, 2.0357*, 2.0358*
Slebir, E.J. -8.0047, 8.0134*
Sloan, C.E. -2.0170
Sloss, D.A. -7.0058
Smagorinsky, J. -2.0265*
Small, E.B. -5.0379*
Smart, R.T. -8.0254
Smayda, T. -5.1063*
Smayda, T.J. -5.1064*
Smeltzer, C.E. -3.0099*
Smerdon, E.T. -2.1041, 2.:042*, 6.0558
Smith, A.D. .4.0052*
Smith, A.R. -5.0866*
Smith, B. -4.0173
Smith, B.R. -5.0578*
Smith, C.A. -3.0181
Smith, C.N. -2.0576
Smith, D.D. -3.0230, 3.0233, 4.0109
Smith, D.R. -4.0074*
Smith, E.E. -5.0880*, 5.0881*
Smith, E.M. -8.0280

*INDICATES PRINCIPAL INVESTIGATOR

INVESTIGATOR INDEX

Smith, F. -2.0571
Smith, F.E. -2.0633*
Smith, F.M. -2,0385, 2.0387, 2.0388*
Smith, G. -6.0638
Smith, G.C. -3.0293
Smith, G.E. -5.0679*, 5.0680*
Smith, G.L. -2.0206, 2.0231, 2.0233
Smith, G.V. -5.0332*
Smith, H. -,2.0686
Smith, N.G. -3.0297
Smith, H.V. -5.0049*
Smith, J.D. -5.0531*, 5.0532*
Smith, J.K. -3.0248
Smith, J.L. -1.0007*, 3.0032*, 4.0022
Smith, J.R. - 3.0305, 8.0307
Smith, K.A. -3.0281
Smith, L.L. -5.0614*, 5.0615*, 5,1173*
Smith, L.S. -5.1269*
Smith, N.G. -2.0307*
Smith, N.O. -1.0080*
Smith, P.H. -5.0259*
Smith, R. -5.0861*, 5.0862*, 6.0421*
Smith, 1/1.A. -2.1103
Smith, R.C. -6.0120*, 6.0121*
Smith, R.E. -5.0294*
Smith, R.I. -2.0190
Smith, R.L. -2.0505*
Smith, R.M. -2.0607, 5.04'35, 5.0509
Smith, R.N. -3.0154
Smith, S.G. -5.1323*
Smith, W. -5.0123, 6.0345
Smith, W.C. -8.0174*
Smith, W.E. -5.0593
Smith, W.O. -2.0286*
Smoker, W.A. -6.0006*
Smoot, G.F. -7.0109*
Snapp, W.R. -5.1220
Snell, A.W. -2,0951, 5.1104
Snell, H. -1,0010
Snow, C.D. -5.0985*
Snow, H. -4.0276*
Snow, R.H. -5.0337*
Snyder, G.R. -2.1131*, 6.0617*, 8.0309*
Snyder, J.H. -6.0055*
Sobel, A.T. - 5.0775*
Sohns, H.W. -5.1324
Sokoloski, A. -6.0602*
Solberg, E. -6.0138*
Solberg, R.A. -2.0719*
Soldat, J.K. -5.1244
Sollo, F.W. -5.0357, 5.0372, 5.0373, 5.0380*,

8.0179
Solomons, C. -1.0101
Solon, J.M. -5.0800
Solymosy, S.L. -6.0248
Son, J.S. -1.0045
Sonin, A.A. -3.0280
Sonnen, M.B. -6.0083
Sonnichsen, J.C. -8.0303
Sopper, W.E. -2.0184, 2.0922, 2.0929*,

2.0930*, 5.1045*
Sorenson, 0. -6.0237*
Spangkr, M.B. -6.0125
Spangkr, P.J. -5.0236
Spannagel, T.G. -5.0203*
Sparks, A.K. -6.0630*, 6.0631*
Sparrow, G.N. -2.0363*
Spath, P.C. -10830*, 2.0987*, 2.0988*,

4,0220*, 4.0221*, 4,0222*, 5.1124,
6.0536*

Spatz, D.D. -3.0320
Spaulding, I.A..6.0486*
Spearman, E.L. -4.0031
Speece, R.E. -5.0753*, 5.0754*
Speights, D.E. -6.0560*
Speir, W.H. .0080*
Spencer, D. -6.0289
Spencer, D.W. -4.0158*
Spencer, W.F. -2.0729*, 3.0037*, 3.0092*,

3.0315*
Spendiff, W.B. -5.0229
Spkher, R.G. -5.0099
Spkgler, K.S. -3.0035*
Spkwak, I. -3.0439
Sp:rmet, A.H. -6.0347*
Spiro, T.G. -1.0077*
Spitzer, E.C. -3.0407*
Spivak, M.A. -3.0322
Spoijaric, N. -2.0253
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S, mer, R.G. -2.0864, 2.0865, 2.0866, 2.0867,
2.0869, 3.0393

Spoor, W.A. -5.0865*
Spraberry, J.A. -2.0675
Sprague, G.F. -2.0578*, 3.0260*
Sproul, O.J. -5.0469, 5.0474*, 5.0475*
Spurgeon, W.I. -3.0303*
Spurlin, H.M. -3.0264
Spurlock, J.M. -3.0479*
Srinivasan, K. -5,0765
Stock, V.T. -5.1007*
Stackpole, J.D. -2.0266*, 2.0267*
Stage, J. -5.0236
Stake, A.M. -3.0211, 3.0212
Staley, J.T. -5.0571*
Staky, T. -5.0718
Stall, J.B. -2.0422*, 2.0444*
Stalling, D.L. -5.0659, 5.0660
Stamberg, J. -3.0351
Standiford, F.C. -3,0421
Stanfill, G. -2.0501
Stanley, B.L. -3.0457
Stannett, V.T. -3.0378*
Stansell, JR. - 2.0363, 2.0364*
Stark, N.M. -2.0737*
Starkenberg, C.U. -8.0036, 8.0122
Starrett, W.C. -2.0408*
Staub, R. -5.1134
Stauher, M.S. -6.0320
Stauffer, T.A. -5.1038
Stead, F.W. -3.0067
Stearns, R.G. -2.0999*
Stearns, W.R. -2.1008
Steckel, J.E. -5.0736*
Steele, N.W. -5.0227
Steele, R.L. -2.0197*, 5.1094
Steele, R.W. -2.0714
Steenis, J.H. -5.0505*, 6.0263*
Steensen, D.J. -6.0408
Steever, E.Z. -5.0729
Stefan, H. -5.0604
Steffens, G.L. -3.0261*
Steffensen, S.W. -5.0781
Stegman, E.C. -3.0383*, 3,0384*, 4.0189,

6.0415*, 8.0271
Steigman, J. -5.0763*
Steiner, L. -5.1009
Steiner, W.E. -2.0135*, 2.0136*, 4.0022*,

4.0036*, 4.0039*, 7.0013*
Steinhardt, E. -3.0238
Stenburg, R.L. -5.0848
Stenson, G. -2.0160*
Stephan, C.E. -5.0844
Stephen, W.P. -5.0945
Stephens, G.C. -6.0058*
Stephens, J.C. -2.0333*, 2.0334*, 2.0335*,

2.0336*, 3.0189
Stephenson, D. -5.1295
Stephenson, D.. -5.13 1 6*
Stephenson, G. -2.0571
Stephenson, G.R. -2.0387, 3.0201, 3.0202
Stephenson, M.E. -6,0302*
Stepp, J.M. -6.0489*, 6.0490*. 6.0491*
Sterling, M. -6,0588*
Stern, D.H. -5.0457*
Sternberg, Y.M. -5.0386*
Stevens, A.A. -5.0018
Stevens, P.R. -2.1004*
Stevenson, R. -2.0485
Stewart, B.A. -5.0202
Stewart, C.E. -6.0589*
Stewart, D. -3.0262*
Stewart, E.H. -2.0678, 3.0191, 3.0192, 4.0079,

4.0080, 4.0081
Stewart, C.F. -5.0078
Stewart, G.H. -1.0127*
Stewart, G.L. -1.0032*
Stewart, G.W. -2.0744*
Stewart, K.W. -5.1170*
Stewart, R. -2.0779, 2.0780
Stewart, R.A. -4.0070
Stewart, R.E. -6.0419, 6.0420*
Stey, G.C. 1.0105
Stickney, R. -5.0669
Stidd, C.K. -2.0738*, 2.0739*
Stiff, M.L. -6.0248
Still, C.C. -5.0741
Stinson, P.J. -2.0198*
Stinson, T.B. -2.0512



Stirton, A.J. -5.0991*, 5.0992*
Stitt, L.L. -5.0707*
Stober, W.J. -6.0246*
Stockton, C.W. -2.0051
Stoermer, E.F. -5,0554*
Stokes, A.W. -6.0580
Stokes, C.M. -6.0002
Stokes, J.L. -5.1241
Stoizy, L.H. -3.0086, 4.0041
Rommel, H.M. -2.0619*
Stone, A.W. -6.0333*
Stone, E.L. -2.0805*
Stone, J.F. -2.0880*, 3.0399*
Stone, R..6.0346*
Storey, D.M. -5,0320*
Storey, E.H. -5,0381*, 6.0212*
Stotts, V. -5.0505
Stotts, V.D. -6.0263
Stout, G. -2.0423*
Stout, G.E. -2.0199*, 2.0424*, 2.0435,

2.0445*, 4.0097
Royer, R.L. -5.0158*, 5.0159*
Strathmann, H. -3.0287
Straty, R.R. -2.0016
Straub, C.F. -5.0605*, 5.0606*
Waugh, R. -3.0004
Straup, D. -6.0449
Strausser, H. -4.0271
Strawn, K. -6.0547
Streebin, L.E. -3,0396, 5.0922*
Street, D.R. -6.0004*
Street, J. -6.0580
Street, R.L. -2.0132*
Streeter, V.L. -2.0634*
Strelkoff, T. -10097*
Strelkoff, T.S. -2.0098*, 8.0011*
Strickland, J.M. -5.1220*
Strickler, J.L. -8.0281, 8.0282
StriMer, W.D. -2.0226*, 5.0199
Wingfield, V.T. -2.0287*
Strodtbeek, F.L. -6.0187
Stroehlein, J.L. -3.0012
Strohm, W.E. -8.0254*, 8,0255*
Stromberg, K. -3.0352
Strong, A.L. -5.1010
Strotz, R. -6.0190
Strube'', G.C. -3.0158
Struchtemeyer, R.A. -2.0553*, 5.0476*
Stuart, D. -3.0315
Stuart, D.G. -5.0696
Stubbs, J.M. -4.0226*
Stucker, J. -6.0190
Stuckey, I.H. -2.0941*
Stucky, H.R. -3.0334*, 6.0362, 6.0363,

6.0366*, 7.0076*
Stuehr, J. -1.0095
Stuiver, M. .2.0242*, 8.0160
Stults, H. -6,0013
Stumm, A.J. -5.0824*
Stumm, W. -5.0525*
Sturgeon, E.E. -3.0027*
Sturrock, A.M. -2.0129*
Sturrock, P.E. -1,0040*
Stutzenbaker, C.D. -4.0228*
Su, J.T. -5.1128
Subcasky, W.J. -3.0071
Sublette, J.E. -5.0756*
Sublette, M.S. -5.0756
Suddath, J.C. -5.1144
Sudds, R.N. -6,0396*
Sugden, L.G. -6.0583
Suggitt, F.W. -6.0561*
Sugiyama, H. -2.1 162*
Sullivan, C.V. -2.0722
Sullivan, D.L. -5.0161*
Sullivan, L.J. -5.0576
Summerfelt, R.C. -5.0924*
Summers, W.K. -6.0362, 6.0366, 7.0076
Sumner, J.S. -2.0062*
Sumner, R. -5.1273
Sumner, R.E. -5.1274, 5.1275
Sun, R.J. -2.0288*
Sunada, D.K. -1.0017, 2.0227*, 2.0229,

4.0067*
Sundstrom, D.W. -1.0023*, 5.0215*
Super, A. -2.0709*
Super, A.B. -2.0200*
Susag, R.H. 1.0070
Sussman, D.L. -5.1065*
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Sutherland, D.F. -8.0306
Sutherland, D.J. -5.0741
Sutherland, R.A. -1.0125
Suitor, R. -7.0043
Svanks, K. -5.0880, 5.0882*
Swain, C.G. -1.0062*
Swain, D. -4.0032
Swain, D.G. -5.0143
Swallow, W. -6.0387
Swan, F.R. -6.0634*
tlwanson, E.R. -6.0213*
Swanson, G.A. -2.0850*
Swanson, H.S. -6.0545
Swanson, N.P. -5.0195
Swanson, W.M. -5.0329*
Swarner, L.R. -6.0094
Swab aendruber, D. -2.0467*, 2.0468*,

2.0469*, 2,0470*, 2.0471*
Swedberg, D. -5.0666*
Swedberg, D.V. -6.0529
Sweeney, R.A. -4.0181*
Sweet, C. -3.0388
Swenson, F.A. -2.0201*
Swenson, R.J. -4.0114*
Swietochowski, B. -3,0423*
Swindale, L.D. -3.0199
Swingle, H.S. -5.0012*
Sykes, J.E. -2.0325*
Sykes, R.B. -7.0084*
Sylvester, R.O. -5.1261
Tabb, D.C. -5,0265*
Taber, R.D. -2.0714
Tabler, R.D. -2.0221, 3.0495*
Tackett, D.L. -6.0033*
Taft, C.E. -5.0883*
Tagatz, M.E. -6.0401*
Taiganides, E.P. -2.0861*
Takahashi, T. -1.0081
Takatalo, S. -2.0309
Tamblyn, T.A. -4.0032
Tamplin, A.R. -1.0012*
Tamura, T. -1.0116*
Tanada, T. -5.0484
Tanji, K.K. -4.0027
Tanner, CB. -2.1163*, 2.1164*
Tanner, D.W. -3.0414
Tarassov, V. -5.0728
Tarbox, G.S. -8.0093
Tarrant, R.F. -5.0968*
Taschenberg, E.F. -2.0789*

J.C. -5.0971
Tatarian, S.M. -5.0153
Tate, C.H. -2.0454*, 2.0455*
Taub, F.B. -5.1270*
Taylor, A.W. -5.0484
Taylor, D.C. -5.0781, 6.0392
Taylor, D.L. -6.0584
Taylor, D.P. -5.0368
Taylor, D.W. -2.0038
Taylor, G.C. -5.0238*
Taylor, G.S. -2.0862*, 4.0194*
Taylor, H. -3.0290
Taylor, H.P. -2.0134
Taylor, J.J. -2.0718
Taylor, J.L. -6.0156*, 6.0465
Taylor, K.R. -2.0565*
Taylor, L.T. -3.0346
Taylor, O.C. -5.0136
Taylor, O.J. -2.0202*
Taylor, P.R. -2.0114, 3.0317
Taylor, S.A. -2.1076*, 2.1077*, 2.1078*,

6.0590*
Taylor, W. -5.0281
Taylor, W.R. -2.0556*
Teasley, J.I. -5.0285*, 8.0162
Tedrow, A.C. -6.0373*
Teerink, J.R. -5.0087*
Tefertiller, K.R. -6.0135
Templeton, W.L. -5.1248, 5.1251*
Teneyck, G.R. -2.0514, 8.0201 *
Tenney, M.W. -5.0398*, 5.0399*, 6.0220*
Terstriep, M.1.4 - 4.0101 *
Tervooren, H. - 8.0282
Tervooren, H.P. -8.0281
Terzis, A. -6.0437
Testerman, M.K. -7.0005*, 7.0006*
Teter, G.A. -4.0057, 7.0017, 8.0066
Thackston, E.L. -5.1137
Thakur, T. -2.0443
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Thames, JL. -2.0051
Thatcher, L.L. -7,0020*
Theeuwes, F. -1.0057
Thelen, E. -3.0411
Therrien, C.D. - 5.1021
Thiruvengadam, A. -3.0267
Thom, H.C. -2.0604*, 2.0605*
Thomas, A,W. -2.0332, 2.0337, 3.0194*.

3.0195*, 3.0196*
Thomas, B. -6.0463
Thomas, D.G. -5.1144*
Thomas, F.H. -4.0079*, 6.0183, 7,0031
Thomas, G.W. -2.1043*, 5.1163*
Thomas, H. -2.0244
Thomas, N.A. -5.0517*, 5,0526*, 6.0286
Thomas, J.F. -5.0066
Thomas, J.H. -2,0063*
Thomas, J.R. 1.0465, 3.0466
Thomas, J.W. 1.0130*
Thomas, K.L. -3.0081
Thompson, A.R. -1.0110, 3.0429
Thompson, C. -4.0112*
Thompson, C.S. -6.0618, 8.0299, 8.0300,

8.0301
Thompson, D.R. -2.0873, 2.0874, 4.0198
Thompson, E.M. -5.0885
Thompson, G.S. -6.0597*
Thompson, J.R. -2.0171
Thompson, L. -2,0075*
Thompson, M. -6.0452
Thompson, W.O. -2.0523
Thomson, G. -3.0468
nomson, W.C. -6.0094
Thornton, E.B. -5.0254
Thornton, J.F. -3.0191, 3.0197, 4.0081
Thorp, J.M. -2.1128
Thorpe, R.G. -3.0343
Thorud, D.B. -2.0051, 2.0064*
Thorup, R.T. -5.0475
Thresher, R.W. -2.0197
Thruston, A.D. -5.0286*
Thurber, D.L. -1.0081
Thurlow, D.I. -3.0001*
Thurtell, G.W. -2.1165*
Thysell, J.R. -2.0570
Tibby, R.B. -5.0111, 5.0112*
Tichenor, B.A. -5.0983*
Tidball, R.A. -3.0408*
Tiedemann, D.A. -8.0135*
Tiefferberg, M.B. -3.0371
Tien, C. -5.0796*, 5.0797*, 5.0798*
Tiffany, J.B. -2.0686, 2.0688*, 2.0689*,

2.0690*
Tihen, S.S. -5.1324*
Tilp, P.J. -8.0136*
Tilstra, J.R. -5.0969, 5.0970, 5.0972
Tilton, R.C. -5.0216*
Timblin, L.O. -7.0017, 8.0073
Timmins, R.S. -3.0274*
Timmons, F.L. -3.0496*, 5.1326*, 5.1327*,

5.1328*, 5.1329*, 5.1330*, 8.0210*
Timmons, J.F. -5.0238, 6.0222, 6,0229*
Tinker, J.R. -2.0848
Tinney, E.R. -5.1242*
Tinney, R.E. -8.0306
Tinsley, I.J. -5.0945
Tischer, R.G. -5.0623
Tittmann, F.R. -3.0322
Titus, F.B. -7.0076
Tkach, J.G. -3.0170, 3.0171
Tobiasson, W. -8.0265
Tobiasson, W.N. -2.0756
Tocher, S.K. -6.0591*
Todd, D.K. -4.0043, 5.0071*
Todd, H.E. -3.0147
Todorovic, P. .2.0189, 2.0219
Toebes, G.H. -2.0472*, 2.0473*, 8.0187,

8.0193*, 8.0194*, 8.0195*, 8.0196*
Toetz, D.W. - 2.0881 *
Toksoz, S. -2.0486*
Tomlan, P. -1.0046
Tompkins, D.R. -2.1126*
Tompkins, W.A. -5.0539*
Tong, C. -2.1159
Tuon, T. -6.0169*
Torblaa, R.L. -5.0577
Torgeson, D.C. -5.0802*
Torpey, W.N. -5.0737*
Tossey, D.F. -5.0891*



Tosteson, D.C. -3,0371*
Toth, S.J. -5.0741
Tonkin, C.J. -5.1243, 5.1247, 6.0612
Tourin, M.H. -2.0812*
Tovey, R. -3.0314, 4.0164
Tower, B.A. -5.0452*
Townsend, F.M. -3.0396
Tracey, R.J. -7.0052
Trachtenberg, I. -5.1166*
Tracy, H.J. -2.0362*
Trahan, C.C. -8.0256*
Trahey, N.M. 1.0011
Trainor, F.R. -5.02176
Tramutt, P.R. -5.0186*, 5.0187*, 5.0188*,

5.0189*
Tranquilli, J.A. -6.0195, 6.0196
Trautman, M.B. -5.0875
Travis, J.M. -4.0229*
Trent, W.L. -2.1048*
Tribbey, B.A. -2.0100*
Taus, M. -3.0319*, 3.0320*
Triplett, G.B. -5,0884*
Tripp, E.J. -2.0190
Trock, W.L, -4.0241*, 6.0558, 6.0562*,

6.0563*
Troemper, P. -5,0346*
Tromble, J.M. -4.0007
Trout, H.E. -3.0415*
Truett, B.J. -3.0270*
Tryon, C.A. - 6.0470
Tsai, C. -5.0501*
Tsao, G.T. -5.0410*
Tschantz, B.A. -2.0993*
Tsengfan, L. -8.0202*
Tsivoglou, E.C. -5.0303*
Tsukamoto, V. -10340
Tsukimoto, W. -10080
Tubb, R.A. -5.0885*, 5.0886*, 6.0424
Tucker, J.H. -5.1080, 5.1081, 5.1095*
Tucker, L.S. -5.0781, 6.0392
Tucker, R.A. -2.1113*
Tucker, R.L. -7.0098*
Tucker, W.E. -5.0025
Tueller, P.T. -2.0740*
TuMy, B.L. -5.0076*
Tulin, M.P. -10584*, 3.0265, 3.0267*,

3.0268*
Tugs, A.J. -5.0335
Tung, T.H. -6.0465
Turcotte, J.G. -5.1066*
Tureck, H.J. -6.0329*
Turian, R.M. -5.0799*
Turkey, H.B. -5.0776*
Turner, J.G. -3.0115
Turner, P.M. -10131*, 3.0132*, 3.0133*
Turner, R.M. -2.0042, 2.0045*
Turner, S.E. -5.0198
Turner, W.V. -5.0725*
Turner, W.W. -5,0466
Tussing, A.R. -6.0008*
Tuthill, D.F. -6.0259*
Tuwiner, S. -5.0777*
Tuwiner, S.B. -3.0345*
Twedt, R.M. -5.0562*
Twichell, T. -2.1005*
Twigg, B.A. -5.0497
Tybout, R.A. -5.0887*, 6.0426, 6.0428*
Tye, R.V. -8 0250, 8.0257*
Tyner, E.H. -2.0446*
Tynes, W.O. -8.0251, 8.0257, 8.0258*,

8.0259*, 8.0260*, 8.0261*
Uehara, G. -2.0376*, 3.0199*
Uhler, F.M. -4.0133*
Ublig, H.H. -3.0282*, 3.0283*
Ukkh, M. -7.0043
Underhill, A.H. -3.0170*, 3.0171*
Unknown, -2.0025*, 2.0109*, 2.0150*,

2.0289*, 2.0290*, 2.0291*, 2.0292*,
2.0293*, 2.0294*, 2.0295*, 10296*,
2.0297*, 2.0298*, 2.0299*, 2.0305*,
2.0541*, 2.0551*, 2.0606*, 2.0612*,
2.0635*, 2.0772*, 2.0960*, 11044*,
3.0172*, 5,0260*, 5.0304*, 5.0738*,
5.0872*, 6.0128*, 6.0129*, 6.0146*,
6.0163*, 6.0175*, 6.0214*, 6.0219*,
6.0271*, 6.0272*, 6.0273*, 6.0274*,
6.0275*, 6.0276*, 6.0277*, 640278*,
6.0314*, 6.0538*, 6.0564*, 6.0595*,
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6.0640*, 8.0001*, 8.0008*, 8.0152*,
S.0158*, 8.0169*, 8.0206*, 8.0207*,
8.0289*

Unz, R.F. -5.1046*
Upson, J.E. -2.0300*
Urban, J.B. -2.0866, 3.0394
Urban, Z. -5.0135
Urdahl, W. -10435
Urie, D.H. -2.0655, 5.0573*
Wu, K. -2.0099*, 4.0030*
Ursic, S.J. -3.0301*
Win, E. -3.0479
Ushara, G. -2.0374, 3.0200*
Ushijima, T.M. -4.0086*
Uttormark, P.D. -5.1294
Uyeda, H.K. -8.0075
Uzdavini, G.C. -5.1048*
Vaadia, V. -3.0229*
Vaaler, L.E. -3.0390*
Vagadori, L.A. -5.0153
Vaigneur, H.O. 4.0149*

R.G. -5.0362
Vanatta, R.E. -7.0032*
Vandegrift, A.E. -3.0305
Vandenburgh, A.S. -2.1137*
Vanderhoim, D. -5.0402
Vanderlip, R.L. -2.0518*
Vanderschalle, H. -5.0555*
Vandertulip, J.J. -4.0230
Vanderwalker, J. -4.0271
Vanderwalker, J.G. -6.0615
Vandewatering, W.P. - 2.0584
Vandoren, C.S. -6.0426
Vandyke, B. -3.0388
Vanepps, G.A. -3.0475*
Vangundy, -5.1028
Vanhoek, C. -3.0150, 5.0209
Vanhook, W.A. -1.0112*
Vanhyickama, T.E. -2,1052*
Vanhyning, JAL -6.0448
Vanmeter, H.D. -6.0439*
Vanmeter, W.P. - 2.07'6
Vanoettinger, S. -4.0029
Vanrest, D.J. -5.1049*
Vanvig, A. -6,0651
Vanzo, A.V. -8,0088
Varcoc, F.T. -5.0252
Varrin, R.D. -10250
VasconceNs, G.J. -5.1229*, 7.0111, 7.0112
Vastola, F.J. -1.0108*
Vaux, W.G. -4.0002
Vavra, J.P. -2.0401, 2.0404*
Vazquez, A.S. -10937*, 6.0484*, 7.0095*
Vazquez, R. -10933*, 3.0424*, 4.0208*,

4.0209*
Vazquez, R.R. 4.0210*
Veal, D.L. -2.0162
Veith, D. -5.0616
Venable, R.L. -5.0691*, 5.0692*
Vannes, J.W. -5.0837*, 6.0417
Venolla, A.W. -3.0102, 3.0103, 3.0104
Verber, J.L. -5.1067, 5.1076*
Verduin, J. -2.0405*
Vermeulen, T. -3.0082*
Verts, BJ..5.0960*
Vesper, W.H. -8.0148
Vick, N.G. -10322*
Viessman, W. -2.0554*, 5.0469
Viets, E.G. -5.0202*
Viktto, J. -10621*
Viikmonte, J.R. -2.1166*
Villiers, R.V. -5.0855, 5.0856, 5.0896
Vimmerstedt, J.P -2.0855, 5.0888*, 5.0889*,

5.0903*
Vincent, A.L. -3.0030
Vincent, R.E. -4.0068*, 4.0069*, 4.0070*,

5.0198*
Vinsonhakr, R. -4.0271
Visocky, A. -2.0420
Vittum, M.T. -10790*, 2.0791*
Vituccio, T. -1.0103
Vives, H.Q. -7.0095
Vlasin, R.D. -2.0669*
Vogel, J. -5.0376
Vogek, L.E. -6.0023*
Volk, D.J. -6.0260*
Volz, C.D. -8.0305
Vole, C.J. -3.0105
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Vonberg, R.L. -3.0343
Vopelak, E.L. -6.0370
Voyer, R.A. -5.0220
Vreeken, W.J. -5.0409
Vyverberg, J.C. -2.0206
Wachter, G. -5.0807*
Wadge, J.C. -8.0088
Waelti, J.J. -6.0311*
Waggoner, P.E. -3.0151*
Wagle, R.F. -10065*
Wagner, C. -5.1026
Wagner, G.H. -5.0679
Wagner, J. -3.0004
Wagner, W.P. -2.1089*
Wainright, R.13. -3.0153
Wakefield, R.C. -2.0942*
Walbridge, C. -5.0591
Walburg, C.H. -6.0504, 6.0505, 6.0506,

6.0529*, 6.0530*, 6.0531*
Walden, C.C. -5.0169*
Waldo, G.F. -3.0259
Waldron, L.J. -2.0082*
Walker, D.D. .3.0142
Walker, F. -3.0388
Walker, F.C. -8.0137*
Walker, G.M. -6.0298
Walker, H. -2.1045*
Walker, J.G. -2.0228*
Walker, P.N. -5.0481*
Walker, W.R. -6.0606*
Wall, W.J. -5.0522*
Wallace, A. -2.0110*, 2.0111*, 2.0112*
Wallace, D.C. -2.1115, 7.0111
Wallace, G.B. -8.0090
Wallace, J.R. -5.0303
Wallace, R.A. -5.0135
Waller, D.H. -5.0781
Waltman, H. -5.0205*
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2.0945, 2.0946, 2.0947, 2.0948, 3.0430, 5.1098, 5.1099, 5.1100,
U.S. Atomic Energy Commission ...Oak Ridge, Tennessee, 1.0114,

1.0115, 1.0116, 2.1000, 2.1001, 3,0438, 3.0439, 3.0440, 3.0441,
5.1142, 5,1143, 5.1144.

U.S. Dept. of Agriculture ...Auburn, Alabama, 2.0007.
U.S. Dept. of Agriculture ...Juneau, Alaska, 2.0027.
U.S. Dept of Agriculture ...Phoenix, Arizona, 2.0033, 2.0034, 2.0035,

3.0006, 4,0005, 8.0002, 8.0003.
U.S. Dept. of Agriculture ...Tucson, Arizona, 2.0040, 2.0041, 3.0007,

4.0007, 4.0008, 4,0009.
U.S. Dept. of Agriculture ...Harrison, Arkansas, 5.0054.
U.S. Dept. of Agriculture ...Albany, California, 2.0076, 5.0057, 5.0058,

6.0034.
U,S, Dept. of Agriculture ...Berkeley, California, 1.0007, 2.0077, 2.0078,

3.0032, 4.0022, 6.0040.
U.S. Dept. of Agriculture ...Brawley, California, 3.0037, 3.0038, 4.0026.
U.S. Dept. of Agriculture ...Fresno, California, 4.0033.
U.S. Dept. of Agriculture ...Glendora, California, 3.0062, 4.0034.
U.S. Dept. of Agriculture ...Lompoc, California, 2.0103, 3,0063, 5.0103,

8.0012.
U.S. Dept. of Agriculture ...Riverside, California, 2.0135, 2,0136, 3.0083,

3.0084, 3.0085, 4.0040.
U.S. Dept. of Agriculture ...Fort Collins, Colorado, 2.0234, 2,0235,

3.0146, 4.0074, 5.0202.
U.S. Dept. of Agriculture ...Grand Junction, Colorado, 2.0238.
U.S. Dept. of Agriculture ... Washington, District of Columbia, 4.0077,

5.0238, 6.0130, 6.0131, 6.0132, 6.0133, 6.0134, 6.0135, 6.0136,
6.0137, 6.0138.

U.S. Dept. of Agriculture ...Gainesville, Florida, 6.0148.
U.S. Dept. of Agriculture ...Orlando, Florida, 3.0184, 3.0185, 3.0186.
U.S. Dept. of Agriculture ...Athens, Georgia, 2.0332, 2.0333, 2.0334,

2.0335, 2.0336, 3.0189, 4.0081, 5.0275, 5.0276.
U.S. Dept. of Agriculture ...Atlanta, Georgia, 6.0169.
U.S. Dept. of Agriculture ...Watkinsville, Georgia, 3.0197.
U.S. Dept. of Agriculture ...Honolulu, Hawaii, 2.0367.
U.S. Dept. of Agriculture ...Boise, Idaho, 2.0384, 2.0385, 2.0386,

2.0387, 2.0388, 3.0201, 3.0202, 5 0316.
U.S. Dept. of Agriculture ...Kimberly, Idaho, 2.0389, 3.0203, 3.0204,

3.0205, 4.0087.
U.S. Dept. of Agriculture ...Moscow, Idaho, 5.0321.
U.S. Dept. of Agriculture ...Beltsville, Maryland, 2.0570, 2.0571, 2.0572,

2.0573, 2.0574, 2.0575, 2.0576, 2.0577, 2.0578, 3.0256, 3.0257,
3.0258, 3.0259, 3.0260, 3.0261, 3.0262, 4.0131, 4.0132, 5.0482,
5.0483, 5.0484, 5.0485, 5.0486, 5.0487, 5.0488, 5.0489, 5.0490,
5.0491, 5.0492, 5.0493, 6.0255, 8.0210.

U.S. Dept. of Agriculture ...East Lansing, Michigan, 5.0573.
U.S. Dept. of Agriculture ...Grand Rapids, Michigan, 3.0294.
U.S. Dept. of Agriculture ...Minneapolis, Minnesota, 8.0216.
U.S. Dept. of Agriculture ...Oxford, Mississippi, 2.0674, 2.0675, 2.0676,

2.0677, 2.0678, 3.0301, 5.0622.
U.S. Dept. of Agriculture ...Sidney, Montana, 4.0161.
U.S. Dept. of Agriculture ...Reno, Nevada, 2.0729, 3.0314, 3.0315,

4.0164, 8.0263.
U.S. Dept. of Agriculture ...Alburquerque, New Mexico, 4.0175.
U.S. Dept. of Agriculture ...Santa Rosa, New Mexico, 4.0178, 5.0757.
U.S. Dept. of Agriculture ...Ithaca, New York, 2.0808.
U.S. Dept. of Agriculture ...Asheville, North Carolina, 6.0399.
U.S. Dept. of Agriculture ...Durham, North Carolina, 3.0372.
U.S. Dept. of Agriculture ...Franklin, North Carolina, 3.0374.
U.S. Dept. of Agriculture ...Mandan, North Dakota, 3.0385.
U.S. Dept. of Agriculture ...Columbus, Ohio, 2.0863.
U.S. Dept. of Agriculture ...Coshocton, Ohio, 2.0864, 2.0865, 2.0866,

2.0867, 2.0868, 2.0869, 3.0393, 3.0394.
U.S. Dept. of Agriculture ...Chickosha, Oklahoma, 2,0875.
U.S. Dept. of Agriculture ...Stillwater, Oklahoma, 2,0882, 5.0930,

8.0276, 8.0277.
U.S. Dept. of Agricuiture ...Corvallis, Oregon, 5,0967, 5.0968.
U.S. Dept. of Agriculture ...Chesnut Hill - Philadelphia, Pennsylvania,

5.0990, 5.0991, 5.0992.
U.S. Dept. of Agriculture ...Upper Darby, Pennsylvania, 3.0420.
U.S. Dept. of Agriculture ...Charleston, South Carolina, 3.0431, 4.0212.
U.S. Dept. of Agriculture ...Bushland, Texas, 3.0444, 4.0237, 4.0238.
U.S, Dept. of Agriculture ...Temple, Texas, 2.1054, 3.0462, 4.0248.
U.S. Dept. of Agriculture ...Weslaco, Texas, 2.1057, 3.0465, 3.0466.
U.S. Dept. of Agriculture ...Logan, Utah, 4.0249, 4.0250.
U.S. Dept. of Agriculture ...Arlington, Virginia, 2.1090, 5.1204, 5.1205,

5.1206, 6.0599, 6.0600, 6,0601, 6.0602.
U.S. Dept. of Agriculture ...Prosser, Washington, 4.0267.
U.S. Dept. of Agriculture ...Wenatchee, Washington, 3,0486.
U.S. Dept. of Agriculture ...Parsons, West Virginia, 5.1287.
U.S. Dept. of Agriculture ...La Crosse, Wisconsin, 4.0275.
U.S. Dept. of Commerce ...Boulder, Colorado, 7.0015.
U.S. Dept. of Commerce ...Washington, District of Columbia, 2.0265,

2,0266, 2.0267, 3.0167, 5.0239.
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U.S. Dept. of Commerce ...Silver Spring, Maryland, 2,0587, 2.0588,
2.0589, 2.0590, 2.0591, 2,0392, 2.0593, 2.0594, 2.0595, 2.0596,
2.0597, 2.0598, 2.0599, 2.0600, 2.0601, 2.0602, 2.0603, 2.0604,
2.0605, 2,0606, 7.0048, 7.0049, 7.0050, 7.0051, 7.0052, 7.0053.

U.S. Dept. of Commerce ...Norma.,, Oklahoma, 2.0876.
U.S. Dept. of Commerce ...Sterling, Virginia, 2.1113, 7.0110.
U.S. Dept. of Filth. Ed. & Wel,,..Dauphin Island, Alabama, 5.0016,

5.0017, 5.0018, 5.0019, 5.0020, 5.0021,
U.S. Dept. of H1th. Ed. & W el....College, Alaska, 3.0004.
U.S. Dept, of Hlth. Ed. & W el....Narraganset, Rhode Island, 5.1067.
U.S. Dept. of H1th. Ed. & Wel....Narragansett, Rhode Island, 5.1068,

5.1069, 5.1070, 5.1071, 5,1072, 5.1073, 5.1074, 5.1075, 5.1076.
U.S. Dept. of 1lth. Ed. & Wel....Gig Harbor, Washington, 2.11i 5,

5.1223, 5.1224, 5.1225, 5.1226, 5.1227, 5.1228, 5.1229, 7.0111,
7.0112.

U.S. Dept. of Interior ...Marion, Alabama, 5.0022.
U.S. Dept. of Interior ...Tuscaloosa, Alabama, 4.0001.
U.S. Dept. of Interior ...Anchorage Alaska, 2.0011, 2.0012, 2.0013,

2.0014.
U.S. Dept. of Interior ...Auke Bay, Alaska, 2.0015, 2.0016, 2.0017,

4.0002, 6.0005, 6.0006.
U.S. Dept. of Interior ...CoUege. Alaska, 5.0026, 5.0027, 5.0028, 5.0029,

5.0030, 5.0031.
U.S. Dept. of Interior ...Juneau, Alaska, 2.0028.
U.S. Dept. of Interior ...Phoenix, A rizora, 2.0036, 2.0037, 7.0003.
U.S. Dept. of Interior ...Tucson, Arizona, 2.0042, 2.0043, 2.0044,

2.0045, 3,0008, 3.0009,
U.S. Dept. of Interior ...Yuma, Arizona, 2.0066.
U.S. Dept. of Interior ...Fayetteville, Arkansas, 4.0014, 4.0015, 4.0016,

4.0017, 6.0016, 6.0017, 6.0018, 6.0019, 6.0020, 6.0021, 6.0022,
6.0023.

U.S. Dept. of Interior ...Kelso, Arkansas, 6.0032.
U.S. Dept. of Interior ...Stuttgart, Arkansas, 6.0033.
U.S. Dept. of Interior ...Belvedere - Tiburon, California, 5.0062, 6.0038.
U.S. Dept. of Interior ...Menlo Park, California, 2.0114, 2.0115, 2.0116,

2.0117, 2.0118, 2.0119, 2.0120, 2.0121, 2.0122, 2.0123, 2.0124,
2.0125, 2.0126, 2.0127, 2.0128, 2.0129, 3.0067, 4.0037, 4.0038,
4.0039, 5.0118, 5.0119, 5.0120, 7.0013.

U.S. Dept. of Interior ...Sacramento, California, 2.0152, 2.0153.
U.S. Dept. of Interior ...San Francisco, California, 5.0154.
U.S. Dept. of Interior ...Denver, Colorado, 2.0161, 2.0162, 2.0163,

2.0164, 2.0165, 2,0166, 2.0161, 2.0168, 2.0169, 2.0170, 2.0171,
2.0172, 2.0173, 2,0174, 2.0175, 2.0176, 2.0177, 2.0178, 2.0179,
2.0180, 2.0181, 2.0182, 2.0183, 2.0184, 2.0185, 2.0186, 2.0187,
2.0188, 2.0189, 2.0190, 2.0191, 2.0192, 2.0193, 2.0194, 2,0195,
2.0196, 2.0197, 2.0198, 2.0199, 2.0200, 2.0201, 2.0202, 2.0203,
2,0204, 2.0205, 2.0206, 3.0106, 3.0107, 3.0108, 3.0109, 3.0110,
3.0111, 3.0112, 3.0113, 3.0114, 3.0115, 3.0116, 3.0117, 3.0118,
3.0119, 3.0120, 3.0121, 3.0122, 3.0123, 3.0124, 3.0125, 3.0126,
3.0127, 3.0128, 3.0129, 3.0130, 3.0131, 3.0132, 3.0133, 3.0134,
4.0056, 4.0057, 4.0058, 4.0059, 5.0180, 5.0181, 5.0182, 5.0183,
5.0184, 5.0185, 5.0186, 5.0187, 5.0188, 5.0189, 5.0190, 5.0191,
6.0089, 6.0090, 6.0091, 6.0092, 6.0093, 6.0094, 6.0095, 6.0096,
6.0097, 6.0098, 6.0099, 7.0016, 7.0017, 7.0018, 7.0019, 7.0020,
8.0018, 8.0019, 8.0020, 8.0021, 8.0022, 8.0023, 8.0024, 8.0025,
8.0026, 8.0027, 8.0028, 8.0029, 8.0030, 8.0031, 8.0032, 8.0033,
8.0034, 8.0035, 8.0036, 8.0037, 8.0038, 8.0039, 8.0040, 8.0041,
8.0042, 8.0043, 8.0044, 8.0045, 8.0046, 8.0047, 8.0048, 8.0049,
8.0050, 8.0051, 8.0052, 8.0053, 8.0054, 8.0055, 8.0056, 8.0057,
8.0058, 8.0059, 8.0060, 8.0061, 8.0062, 8.0063, 8.0064, 8.0065,
8.0066, 8.0067, 8.0068, 8.0069, 8.0070, 8.0071, 8.0072, 8.0073,
8.0074, 8.0075, 8.0076, 8.0077, 8.0078, 8.0079, 8.0080, 8.0081,
8.0082, 8.0083, 8.0084, 8.0085, 8.0086, 8.0087, 8.0088, 8.0089,
8.0090, 8.0091, 8.0092, 8.0093, 8.0094, 8.0095, 8.0096, 8.0097,
8.0098, 8.0099, 8.0100, 8.0101, 8.0102, 8.0103, 8.0104, 8.0105,
8.0106, 8.0107, 8.0108, 8,0109, 8.0110, 8.0111, 8.0112, 8.0113,
8.0114, 8.0115, 8.0116, 8.0117, 8.0118, 8.0119, 8.0120, 8.0121,
8.0122, 8.0123, 8.0124, 8.0125, 8.0126, 8.0127, 8.0128, 8.0129,
8.0130, 8.0131, 3.0132, 8.0133, 8.0134, 8.0135, 8.0136, 8.0137,
8.0138, 8.0139, 8.0140, 8.0141.

U.S. Dept. of Interior ...Fort Collins, Colorado, 2.0236, 2.0237.
U.S. Dept. of Interior ...Milford, Connecticut, 6.0113, 6.0114.
U.S. Dept. of Interior ...Washington, District of Columbia, 1.0032,

2.0268, 2.0269, 1.0270, 2.0271, 2.0272, 2.0273, 2.0274, 2.0275,
2.0276, 2.0277, 2.0278, 2.0279, 2.0280, 2.0281, 2.0282, 2.0283,
2.0284, 2.0285, 2.0286, 2.0287, 2.0288, 2.0289, 2.0290, 2.0291,
2.0292, 2.0293, 2.0294, 2.0295, 2.0296, 2.0297, 2.0298, 2.0299,
2.0300, 2.0301, 2.0302, 2.0303, 3.0168, 3.0169, 3.0170, 3.0171,
3.0172, 4.0078, 5.0240, 5.0241, 6.0139, 6.0140, 6.0141, 6,0142,
6.0143, 6.0144, 6.0145, 6.0146, 6.0147, 7.0021, 7.0022, 7.0023,
8.0158.

U.S. Dept. of Interior ...Miami, Florida, 2.0317, 2.0318, 2.0319.
U.S. Dept. of Interior ...Panama City, Florida, 2.0322.
U.S. Dept. of Interior ...Sabine Island - Gulf Breeze, Florida, 1.0034,

2.0323, 2.0324, 5.0268, 5.0269, 5,0270, 5.0271.
U.S. Dept. of Interior ...Saint Petersburg - St. Pt. Bc, Florida, 2.0325,

6.0154, 6.0155, 6.0156.
U.S. Dept. of Interior ...Tallahassee, Florida, 2.0327, 2.0328, 2.0329,

2.0330, 2.0331.
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U.S. Dept. of interior ..,Athens, Georgia, 5.0277, 5.0278, 5,0279,
5,0280, 5.021, 5.0282, 5.0283, 5,0284, 5.0285, 5.0286, 6.0158,
6.0159, 8.0162.

U.S. Dept. of Interior ...Atlanta, Georgia, 2.0362, 5.0305, 5.0306,
8.0168.

U.S. Dept. of Interior ...Honolulu, Hawaii, 2.0368, 4.0085, 4.0086.
U.S. Dept. of 1aterior ...Boise, Idatv, 5.0317, 6.0175, 8.0169.
U.S. Dept. of Interior ...Idaho Falls, Idaho, 5.0318, 5.0319.
U.S. Dept. of Interior ...Oak Park, Illinois, 4.0093.

, Dept. of Interior ...Urbana, Illinois, 2.0425.
U.S. Dept. of Interior ...Fort Wayne, Indiana, 2.0452.
U.S. Dept. of Interior ...Indianapolis, Indiana, 2.0453, 2.0454, 2.0455,

2.0456.
U.S. Dept. of Interior .,,Iowa City, Iowa, 2,0488, 2.0489, 2,0490,

2.0491.
U.S. Dept. of Interior ...Lawrence, Kansas, 2,0502.
U.S. Dept. of Interior ...Louisville, K mucky, 2.0527, 2.0528.
U.S. Dept. of Interior -Ram Rouge, Louisiana, 2.0535, 2.0536, 2.0537,

2.0538, 2.0539, 2.0540, 2.0541, 8.0207.
U.S. Dept. of Interior ...Baltimore, Maryland, 2.0568.
U.S. Dept. of Interior ...Baltimore - Towson, Maryland, 2.0569, 4.0130.
U.S. Dept. of Interior ...Laurel, Maryland, 2.0585, 4.0133, 5.0505,

6.0262, 6.0263.
U.S. Dept. of Interior ...Oxford, Maryland, 2.0586, 5.0506, 5.0507,

6.0264, 6.0265, 6.0266, 6.0267, 6.0268, 6.0269.
U.S. Dept. of Interior ...Boston, Massachusetts, 2.0613, 2.0614, 5.0521.
U.S. Dept. of Interior ...Woods Hole, Massachusetts, 2.0623.
U.S. Dept. of Interior ...Ann Arbor, Michigan, 2.0625, 2.0626, 2.0627,

2.0628, 5.0540, 5.0541, 5.0542, 5.0541 5.0544, 5.0545, 5.0546,
6.0290, 6.0291, 6.0292, 6.0293, 6.0294, v.0295.

U.S. Dept, of Interior ...Lansing, Michigan, 6.0304.
U.S. Dept. of Interior ...Lundington, Michigan, 5.0576.
U.S. Dept. of Interior ...Marquette, Michigan, 5.0577, 5.031,8.
U.S. Dept. of Interior ...Millersburg, Michigan, 5.0580.
U.S. Dept. of Interior ...Duluth, Minnesota, 5.0584, 5.0585, 5.0586,

5.0587, 5.0588, 5.0589, 5.0590, 5.0591, 5.0592, 5.0593.
U.S. Dept. of Interior ...Ely, Minnesota, 5.0594.
U.S. Dept. of Interior ...Minneapolis, Minnesota, 7.0059,
U.S. Dept. of Interior ...Saint Paul, Minnesota, 6.0307.
U.S. Dept. of Interior ...Saint Paul - Twin City Airpor, Minnesota,

5.0616.
U.S. Dept. of Interior ...Jackson, Mississippi, 4.0148.
U.S. Dept. of Interior ...Columbia, Missouri, 5.0627, 5.0628, 5.0629,

5.0630, 5.0631, 5.0632, 5.0633, 5.0634, 5.0635, 5.0636, 5.0637,
5.0638, 5.0639, 5.0640, 5.0641, 5.0642, 5.0643, 5.0644, 5.0645,
5.0646, 5.0647, 5.0648, 5.0649, 5.0650, 5.0651, 5.0652, 5.0653,
5.0654, 5.0655, 5.0656, 5.0657, 5.0658, 5.0659, 5.0660, 5.0661,
5.0662, 5.0663, 5.0664, 5.0665, 5.0666, 5.0667, 6.0319.

U.S. Dept. of Interior ...Rolla, Missouri, 2.0701, 4.0157, 4.0158.
U.S. Dept. of Interior ...Saint Louis, Missouri, 2.0705.
U.S. Dept. of Interior ...Highlands, New Jersey, 5.0720, 5.0721, 6.0344,

6.0345, 6.0346.
U.S. Dept. of Interior ...Trenton, New Jersey, 2.0766, 2.0767, 2.0768,

2.0769, 2.0770.
U.S. Dept. of Interior ...Albuquerque, New Mexico, 2.0771, 2.0772.
U.S. Dept. of Interior ...Albany, New York, 2.0781.
U.S. Dept. of Interior ...Mineola, New York, 2.0809, 4.0183.
U.S. Dept. of Interior ...Beaufort, North Carolina, 2.0817, 2.0818,

2.0819, 5.0803, 5.0804, 5.0805, 5.0806, 6.0400, 6.0401.
U.S. Dept. of Interior ...Raleigh, North Carolina, 2.0824, 2.0825, 2.0826,

U.S. Dept. of Interior ,..Jamestown, North Dakota, 1.0091, 1.0092,
2.0850, 6.0419, 6.0420.

U.S. Dept. of Interior ...Cincinnati, Ohio, 5.0841, 5.08 5.0843,
5.0844, 5.0845, 5.0846, 5.0847, 5.0848, 5.0849, 5.vri50, 5.0851,
5.0852, 5.0853, 5.0854, 5.0855, 5.0856, 5.0857, 5.0858, 5.0859,
5.0860, 5.0861, 5.0862, 5.0863, 6.0421.

U.S. Dept. of Interior ...Columbus, Ohio, 4.0195, 4.0196, 5.0890,
7.0089.

U.S. Dept. of Interior ...Lebanon, Ohio, 5.0896, 5.0897.
U.S. Dept. of Interior ...Sandusky, Ohio, 5.0900, 6.0438, 6.0439, 6.0440.

U.S. Dept. of Interior ...Ada, Oklahoma, 5.0904, 5.0905, 5,0906, 5.0907,
5.0908, 5.0909, 5.0010, 5.0911, 5.0912, 5.0913, 5.0914, 5.0915,
5.0916, 5.0917.

U.S. Dept. of Interior ...Bartlesville, Oklahoma, 1.0096, 1.0097, 2.0873,
2.0874, 4.0198, 7.0091.

U.S. Dept. of Interior ...Corvallis, Oregon, 5.0969, 5.0970, 5.0971,
5.0972, 5.0973, 5.0974, 5.0975, 5.0976, 5.0977, 5.0978, 5.0979,
5.0980, 5.0981, 5.0982, 5.0983.

U.S. Dept. of Interior ...Portland, Oregon, 2.0901, 2.0902, 2.0903,
2.0904, 2.0905, 5.0986.

U.S. Dept. of Interior ...Harrisburg, Pennsylvania, 2.0908, 2.0909,
2.0910, 4.0204.

U.S. Dept. of Interior ...Pittsburgh, Pennsylvania, 5.1017, 5.1018.
U.S. Dept. of Interior ...Providence, Rhode Island, 2.0943.
U.S. Dept. of Interior ...Wakefield - Kingston, Rhode Island, 5.1079,

5.1080, 5.1081.
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U.S, Dept. of Interior ...West Kingston, hhode Island, 5.1082, 5.1083,
5.1084, 5.1085, 5,1086, 5.1087, 5.1088, 5.1089, 5.1090, 5.1091,
5.1092, 5.1093, 5.1094, 5.1095, 5.1096, 5.1097.

U.S. Dept. of Interior Columbia, South Carolina, 2.0963, 2.0964,
4.0216, 5.1108.

U.S. Dept, of Interior .,.Huron, South Dakota, 2.0975, 2.0976.
U.S. Dept. of Interior ...Mobridge, South Dakota, 6.0497.
U.S. Dept. of Interior ...Yankton, South Dakota, 6.0498, 6.0499. 6.0500,

6.0501, 6.0502, 6.0503, 6.0504, 6.0505, 6.0506, 6.050', 6.0508,
6.0509, 6.0510, 6.0511, 6.0512, 6,0513, 6.0514, 6.0515, 6.0516,
6.0517, 6.0518, 6.0519, 6,0,20, 6.0521, 6,0522, 6.0523, 6.0524,
6.0525, 6.0526, 6.0527, 6.0528, 6.0529, 6.0530, 6.0531.

U.S. Dept. of Interior ...Nashville, Tennessee, 2.0994, 2.0995, 2.0996,
2.0997, 2.0998.

U.S. Dept. of Interior ...Amarillo, Texas, 6.0538.
U.S. Dept. of Interior ...Austin, Texas, 2.1003, 2.1004, 2.1005, 4.0232,

4.0233, 4.0234, 7.0099.
U.S. Dept. of Interior ...Fort Crockett - Galveston, Texas, 2.1047, 2,1048,

6.0565, 8.0290,
U.S. Dept. of Interior ...Lubbock, Texas, 2.1052.
U.S. Dept. of Interior ...Salt Lake City, Utah, 2.1081, 3.0478.
U.S. Dept. of Interior ...Arlington, Virginia, 1.0120, 2.1091, 2.1092,

2.1093, 2.1094, 2.1095, 2.1096, 2.1097, 2.1098, 2.1099, 2,1100,
2.1101, 2.1102, 6.0603, 7.0108, 7.0109.

U.S. Dept. of Interior ...Coulee Dam, Washington, 8.0298.
U.S. Dept. of Interior North Bonneville, Washington, 8.0299, 8.0300,

8.0301.
U.S. Dept, of Interior ...Seattle, Washington, 2.1131, 4.0271, 6.0614,

6.0615, 6.0616, f-.0617, 6.0618, 8.0304, 8.0305, 8.0306, 8.0307,
8.0308, 8.0309.

U.S. Dept. of Interior ...Tacoma, Washington, 2.1134, 2.1135, 2,1136,
2,1137, 5.4271.

U.S. Dept. of Interior ...Ashland, Wisconsin, 6.0635, 6.0636,
U.S. Dept. of Interior ...Madison, Wisconsin, 2.1146, 2.1147, 2.1148,

2.1149, 2.1150, 2.3151, 2.1152, 4.0277, 4.0278, 4.0279.
U.S. Dept. of Interior ...Laramie, Wyoming, 5.1324.
U.S. Dept. of State ...Washington, District of Columbia, 9.0005.
U.S. Dept. of Transportation ...Washington, District of Columbia, 2.0304,

2.0305, 2.0306, 8.0159.
U.S. District of Columbia ...Washington, District of Columbia, 2.0307,

5.0242, 5.0243, 5.0244, 5.0245.
U.S. Navy ...Hunters Point - San Francisco, California, 2.0101.
U.S. Navy ...Port Hueneme - Point Mugu, California, 3.0078, 3.0079,

5.0134.
U.S. Navy ...Suitland, Maryland, 6.0270, 6.0271, 6.0272, 6.0273,

6.0274, 6.0275, 6.0276, 6.0277, 6.0278.
U.S. Tennessee Valley Auth. ...Muscle Shoals, Alabama, 5.0023.
U.S. Tennessee Valley Auth. ...Knoxville, Tennessee, 2.0980, 2.0981,

2.0982, 2.0983, 2.0984, 2.0985, 2.0986, 2.0987, 2.0988, 4.0219,
4.0220, 4.0221, 4.0222, 5.1118, 5.1119, 5.1120, 5.1121, 5.1122,
5.1123, 5.1124, 6.0533, 6.0534, 6,0535, 6,0536, 7.0096, 8.0287.

U.S. Tennessee Valley Auth. ...North, Tennessee, 5.1141.
Underwater Storage Inc. ...Washington, District of Columbia, 5.0246.
Union Carbide Corporation ...Bound Brook, New Jersey, 3.0322.
Union Carbide Corporation ...Tarrytown, New York, 3.0367.
Union Carbide Corporation ...Tonawanda, New York, 3.0368.
Union Carbide Corporation ...Cleveland - Parma, Ohio, 3.0390.
Union College & University ...Albany, New York, 6.0374.
United Aircraft Corporation ...Hartford - E. & W. Hartford, Connecticut,

3.0147, 3.0148.
Univ. College ...Nairobi, Kenya, 3.0246.
Univ. College ...London, United Kingdom, 5.1187,
Univ. De Sherbrooke ...Sherbrooke - Quebec, Canada, 5.0166,
Univ. Desalting Corporation ...New York, New York, 3.0352.
Univ. of Aberdeen ...Aberdeen - Old Alberdeen, United Kingdom, 3.0467.
Univ. of Akron ...Akron, Ohio, 3.0386, 3.0387.
Univ. of Alabama ...University, Alabama, 2.0008, 2.0009, 5.0025.
Univ. of Alaska ...College, Alaska, 1.0004, 1.0005, 1.0006, 2.0018,

2.0019, 2.0020, 2.0021, 2.0022, 2.0023, 2.0024, 5.0032, 5.0033,
5.0034, 5.0035, 5.0036, 5.0037, 5.0038, 6.0007, 6.0008, 7.0001,
7.0002.

Univ. of Alaska ...Palmer, Alaska, 2.0029, 2.00
Univ. of Arizona ...Mesa, Arizona, 2.0031, 2.00
Univ. of Arizona ...Tempe, Arizona, 2.0039.
Univ. of Arizona ...Tucson, Arizona, 2.0046,

2.0050, 2.0051, 2.0052, 2.0053, 2.0054,
2.0058, 2.0059, 2.0060, 2.0061, 2.0062,
3.0010, 3.0011, 3.0012, 3.0013, 3.0014,
3.0018, 3.0019, 3.0020, 3.0021, 3.0022,
4.0012, 4.0013, 5.0044, 5.0045, 5.0046,
5.0050, 6.0011, 6.0012, 6.0013, 6.0014,
8.0005.

Univ. of Arizona Yuma, Arizona, 2.0067.
Univ. of Arkansas ..,Fayettevine, Arkansas,

2.0072, 2.0073, 2.0074, 2.0075, 3,0024,
4.0019, 4.0020, 4.0021, 5.0051, 5.0052,
6.0026, 6.0027, 6.0028, 6.0029, 6.0030, 6.

Univ. of Arkansas ...Little Rock, Arkansas, 7.00

30.
32.

2.0047, 2.0048, 2.0049,
2.0055, 2.0056, 2.0057,
2.0063, 2.0064, 2.0065,
3.0015, 3.0016, 3.0017,
3.0023, 4.0010, 4.0011,
5.0047, 5.0048, 5.0049,
6.0015, 7.0004, 8.0004,

2.0069, 2.0070, 2.0071,
3.0025, 3.0026, 4.0018,
5.0053, 6.0024, 6.0025,

0031.
05, 7.0006.
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Univ. of Baroda ...Baroda, India, 5.0382.
Univ. of British Columbia ...Vancouver - British Columbia, Canada,

5.0169.
Univ. of California ...Berkeley, California, 1.0008, 1.0009, 2,0079,

2.0080, 2.0081, 2.0082, 2.0083, 3,0033, 3.0034, 3.0035, 3.0036,
4.0023, 4.0024, 4.0025, 5.0063, 5,0064, 5.0065, 5.0066, 5.0067,
5.0068, 5.0069, 5.0070, 5.0071, 6.0041, 6.0042, 6.0043, 6.0044,
6.0045, 6.0046, 6.0047, 6.0048, 6.0049, 7.0007, 7.0008, 8.0006,
8.0007, 8.0008.

Univ. of California ...Davis, California, 2,0084, 2.0085, 2.0086, 2.0087,
2,0088, 2.0089, 2.0090, 2.0091, 2,0092, 2.0093, 2.0094, 2.0095,
2.0096, 2.0097, 2.0098, 2.0099, 3,0042, 3.0043, 3.0044, 3.0045,
3,0046, 3.0047, 3.0048, 3,0049, 4.0027, 4.0028, 4.0029, 4.0030,
5.0078, 5.0079, 5.0080, 5.0081, 5.0082, 5.0083, 5.0084, 5.0085,
5.0086, 5.0087, 6.0050, 6.0051, 6.0052, 6.0053, 6.0054, 6.0055,
6.0056, 7,0009, 7,0010, 8.0009, 8.0010, 8.0011.

Univ. of California ..,Irvine, California, 5.0097, 6.0058.
Univ. of California ...Livermore, California, 1.0012, 5.0101, 5.0102.
Univ. of California ...Los Angeles - U.C.L.A., California, 7.0104, 2.0105,

2.0106, 2.0107, 2.0108, 2.0109, 2.0110, 2.0111. 2.0112, 2.0113,
3.0065, 3.0066, 4.0036, 5.0113, 5.0114, 5.0115, 6.0060, 6.0061,
6.0062, 6.0063, 6.0064, 6.0065, 6.0066, 6.0067, 8.0013.

Univ. of California ...Richmond, California, 3.0081, 3.0082, 5.0135.
Univ. of California ...Riverside, California, 1.0013, 2.0137, 2.0138,

2.0139, 2.0140, 2.0141, 2.0142, 2.0143, 2.0144, 2.0145, 2.0146,
2.0147, 2.0148, 3.0086, 3.008'/, 3.0088, 3.0089, 3.0090, 3.0091,
3.0092, 4.0041, 5.0136, 5.0137, 5.0138, 5.0139, 5.0140, 5.0141.

Univ. of California ...San Diego - La Jolla, California, 1.0014, 3,0100,
5.0150, 5.0151.

Univ. of California ...Santa Barbara, California, 6.0082.
Univ. of Chicago Margo, Illinois, 4.0092, 6.01(17, 6.0188.
Univ. of Cincinnati ...Cincinnati, Ohio, 2.0851, 'J.0864, 5.0865, 6.0422,

7,0088.
Univ. of Colorado ...Boulder, Colorado, 2.0158, 2.0159, 5.0175, 5.0176,

5.0177, 5.0178, 5.0179, 6.0087, 6.0088.
Univ. of Connecticut ...Storrs, Connecticut, 1.0019, 1.0020, 1.0021,

1.0022, 1.0023, 2,0243, 2.0244, 2.0245, 2.0246, 2.0247, 2.0248,
3.0156, 3.0157, 5.0211, 5.0212, 5.0213, 5.0214, 5.0215, 5.0216,
5.0217, 5.0218, 5.0219, 5.0220, 6.0116, 6.0117, 8.0147.

Univ. of Connecticut ...Torrington, Connecticut, 5.0221.
Univ. of Delaware ...Newark, Delaware, 1.0027, 1.0028, 1.0029, 2.0249,

2.0250, 2.0251, 2.0252, 2.0253, 2.0254, 3.0160, 5.0223, 5.0224,
5.0225, 5.0226, 6.0119, 6.0120, 6.0121.

Univ. of Denver ...Denver, Colorado, 3.0135, 3.0136, 3.0137.
Univ. of Detroit ,..Detroit, Michigan, 5.0562, 7.0058.
Univ. of Florida Belle Glade, Florida, 4.0079, 5.0247.
Univ. of Florida ...Gainesville, Florida, 2.0310, 2.0311, 2.0312, 2.0313,

2.0314, 2.0315, 3.0175, 3.0176, 3.0177, 3.0178, 3.0179, 3.0180,
4.0080, 5.0249, 5.0250, 5.0251, 5.0252, 5.0253, 5.0254, 5.0255,
5,0256, 5.0257, 5.0258, 5,0259, 6.0149, 6,0150, 6.0151, 6.0152,
6.0153, 8.0160, 8.0161.

Univ. of Florida ...Lake Alfred, Florida, 2.0316.
Univ. of Georgia ...Athens, Georgia, 1.0037, 2.0337, 2,0338, 2.0339,

2.0340, 2.0341, 2.0342, 2.0343, 2.0344, 2.0345, 2.0346, 3.0190,
3.0191, 3.0192, 3.0193, 4,0082, 4.0083, 5.0287, 5.0288, 5.0289,
5.0290, 5.0291, 5.0292, 5.0293, 5.0294, 6.0160, 6.0161, 6.0162,
6.0163, 7.0025.

Univ. of Georgia ...Tifton, Georgia, 2.0363, 2.0364, 3.0195, 3.0196.
Univ. of Ghana ...Accra, Ghana, 4.0084.
Univ. of Hawaii ...Honolulu, Hawaii, 2.0369, 2.0370, 2.0371, 2.0372,

2.0373, 2.0374, 2.0375, 2.0376, 2.0377, 2.0378, 2.0379, 2.0380,
2.0381, 3.0198, 3.0199, 3.0200, 5.0310, 5.0311, 5.0312, 5.0313,
5.0314, 6.0170, 6.0171, 6.0172, 6.0173, 6.0174.

Univ. of Hawaii ...Kaneohe, Hawaii, 5.0315.
Univ. of Hawaii ...Waiakoa - Maui, Hawaii, 2.0382.
Univ. of Houston ...Houston, Texas, 1.0117, 3.0458, 3.0459, 4.0242.
Univ. of Idaho ...Moscow, Idaho, 2.0390, 2.0391, 2.0392, 2.0393,

2.0394, 2.0395, 2.0396, 2.0397, 2.0398, 2.0399, 2.0400, 3.0207,
3.0208, 4.0088, 5.0322, 5.0323, 5.0324, 5.0325, 5.0326, 5.0327,
5.0328, 6.0176, 6.0177, 6.0178, 7.0026.

Univ. of Ife ...Ife, Nigeria, 6.0398.
Univ. of Illinois ...Urbana, Illinois, 1.0045, 1.0046, 1.0047, 1.0048,

2.0426, 2.0427, 2.0428, 2.0429, 2.0430, 2.0431, 2.0432, 2.0433,
2.0434, 2.0435, 2.0436, 2.0437, 2.0438, 2.0439, 2.0440, 2.0441,
2.0442, 2.0443, 2.044, 2.0445, 2.0446, 2.0447, 2.0448, 3.0216,
3.0217, 3.0218, 3.0219, 3.0220, 5.0357, 5.0358, 5.0359, 5.0360,
5.0361, 5.0362, 5.0363, 5.0364, 5.0365, 5.0366, 5.0367, 5.0368,
5.0369, 5.0370, 5.0371, 5.0372, 5.0373, 5.0374, 5.0375, 5.0376,
5.0377, 5.0378, 5.0379, 5.0380, 5.0381, 6.0202, 6.0203, 6.0204,
6.0205, 6.0206, 6.0207, 6.0208, 6.0209, 6.0210, 6.0211, 6.0212,
6.0213, 6.0214, 8.0180, 8.0181, 8.0182, 8.0183.

Univ. of Iowa ...Iowa City, Iowa, 1.0052. 5.0412, 5.0413, 5.0414,
5.0415, 5.0416, 5.0417, 6.0231, 8.0198.

Univ. of Kansas ...Lawrence, Kansas, 1.0055, 1.0056, 1.0057, 1.0058,
2.0503, 2.0504, 2.0505, 2.0506, 2.0507, 4.0115, 5.0420, 5.0421,
5.0422, 5.0423, 5.0424, 5.0425, 6.0232, 7.0044, 8,0199, 8.0200.

Univ. of Kentucky ...Lexington, Kentucky, 2.0521, 2.0522, 2.0523,
2.0524, 2.0525, 2.0526, 5.0438, 5.0439, 5.0440, 5.0441, 5.0442,
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5,0443, 5,0444, 5,0445, 5,0446, 5,0447, 5,0448, 6,0238, 6.0239,
6,0240, 6.0241, 7,0045,

Univ, of Louisville ...Louisville, Kentucky, 2.0529, 6.0242, 6,0243,
6.0244.

Univ, of Maine ...Orono, Maine, 2,0552, 2.0553, 2,0554, 5.0466, 5.0467,
5.0468, 5.0469, 5.0470, 5.0471, 5.0472, 5.0473, 5,0474, 5.0475,
5,0476, 5.0477.

Univ. of Maine ...Walpole, Maine, 5,0478.
Univ, of Maryland ...College Park, Maryland, 1,0059, 2.0579, 2.0580,

2.0581, 2.0582, 2.0583, 3.0263, 5,0494, 5.0495, 5.0496, 5,0497,
5.0498, 5.0499, 5.0500, 5.0501, 5.0502, 6.0256, 6,0257, 6.0258,
6.0259, 6.0260, 7.0047.

Univ. of Massachusetts Amherst, Massachusetts, 1.0060, 1.0061,
2,0607, 2.0608, 2.0609, 2.0610, 3.0271, 3.0272, 4,0134, 5,0508,
5,0509, 5.0510, 5.0511, 5.0512, 5.0513, 5.0514, 5.0515, 5.0516,
6.0280, 6.0281, 6.0282, 6.0283, 6,0284, 6.0285, 7.0054.

Univ. of Massachusetts ...East Wareham, Massachusetts, 2.0620, 5.0533,
Univ. of Miami ...Miami - Coral Gables, Florida, 1.0033, 2.0320, 2.0321,

3.0181, 3.0182, 3,0183, 5.07.01, 5,0262, 5.0263, 5.0264, 5.0265,
Univ. of Michigan ...Ann Arbor, ItVehigan, 1.0067, 2.0629, 2,0630,

2.0631, 2.0632, 2.0633, 2.0634, 2.0635, 3.0293, 5,0547, 5.0548,
5.0549, 5.0550, 5.0551, 5.0552, 5.0553, 5.0554, 5.0555, 5.0556,
5,0557, 5,0558, 6.0296, 6,0297, 6.0298, 6.0299, 7.0057, 9,0010.

Univ, of Minnesota ...Minneapolis, Minnesota, 1.0070, 2.0657, 2.0658,
2.0659, 2.0660, 2.0661, 3.0299, 4.0140, 5.0597, 5.0598, 5.0599,
5,0600, 5.0601, 5.0602, 5.0603, 5.0604, 5.0605, 5.0606, 5.0607,
6.0306, 8.0217, 8.0218, 8.0219.

Univ. of Minnesota ...Saint Paul, Minnesota, 2.0662, 2.0663, 2.0664,
2,0665, 2.0666, 2.0667, 2.0668, 2.0669, 3.0300, 4.0141, 4.0142,
4,0143, 4.0144, 4.0145, 5.0612, 5.0613, 5.0614, 5.0615, 6.0308,
6.0309, 6.0310, 6.0311, 8.0220, 8.0221.

Univ. of Missouri ...Columbia, Missouri, 1.0073, 2.0691, 2.0692, 2.0693,
2,0694, 2,0695, 2.0696, 2.0697, 2.0698, 2.0699, 2.0700, 3.0304,
4.0150, 4.0151, 4.0152, 4.0153, 4.0154, 4.0155, 4.0156, 5.0668,
5.0669, 5.0670, 3.0671, 5.0672, 5,0673, 5.0674, 5,0675, 5.0676,
5.0677, 5.0678, 5.0679, 5.0680, 5,0681, 6,0320, 6.0321, 6,0322,
6.0323, 7.0069.

Univ. of Missouri Kansas City, Missouri, 5,0687, 5.0688,
Univ. of Missouri ...Rolla, Missouri, 2.0702, 2,0703, 2.0704, 5.0689,

5.0690, 5.0691, 5.0692, 5.0693.
Univ. of Missouri ...Saint Louis, Missouri, 1.0074.
Univ. of Montana ...Missoula, Montana, 2,0712, 2.0713, 2.0714, 2.0715,

2.0716, 2.0717, 2.0718, 2.0719, 5.0699, 5.0700, 5.0701, 6.0331,
6.0332, 6.0333, 7.0075.

Univ. of Nebraska ...Lincoln, Nebraska, 2.0722, 2.0723, 2.0724, 2,0725,
2.0726, 3.0310, 3.0311, 3.0312, 4.0162, 4.0163, 5.0703, 5.0704,
6.0336.

Univ. of Nebraska ...Mitchell, Nebraska, 2.0727.
Univ. of Nevada ...Fallon, Nevada, 3.0313.
Univ. of Nevada ...Logandale, Nevada, 2.0728.
Univ. of Nevada ...Reno, Nevada, 1.0075, 2.0730, 2.0731, 2.0732,

2.0733, 2.0734, 2.0735, 2.0736, 2.0737, 2.0738, 2.0739, 2.0740,
3,0316, 3.0317, 3.0318, 4.0165, 4.0166, 4.0167, 4.0168, 4.0169,
5.0706, 5.0707, 6.0337, 6.0338, 6.0339, 6.0340, 6.0341, 6.0342.

Univ. of New Hampshire ...Durham, New Hampshire, 2.0741, 2.0742,
2.0743, 2.0744, 4.0170, 5.0711, 5.0712, 5.0713, 5.0714, 5.0715,
5.0716, 5.0717, 5.0718, 5.0719, 6.0343.

Univ. of New Mexico ...Albuquerque, New Mexico, 6.0356, 6.0357.
Univ. of North Carolina ...Chapel Hill, North Carolina, 1.0088, 2.0820,

2.0821, 2.0822, 2.0823, 5.0808, 5,0809, 5.0810, 5.0811, 5.0812,
5.0813, 6.0402, 7.0085.

Univ. of North Carolina ...Greensboro, North Carolina, 1.0090.
Univ. of North Carolina ...Raleigh, North Carolina, 2.0827, 2.0828,

2.0829, 2.0830, 3.03';5, 3.0376. 3.0377, 3.0378, 4.0185, 4,0186,
4.0187, 5.0819, 5.0820, 5.0821, 5.0822, 5.0823, 5.0824, 5.0825,
5.0826, 6.0404, 6.0405, 6,0400, 6.0407, 6.0408, 7.0086, 7.0087.

Univ. of North Dakota ...Grand Forks, North Dakota, 2.0848, 2.0849,
5.0837, 6.0416, 6.0417, 6.0418.

Univ. of Notre Dame ...Notre Dame, Indiana, 5.0399, 6,0220.
Univ. of Oklahoma ...Norman, Oklahoma, 1.0098, 2,0877, 3.0396,

5.0918, 5.0919, 5.0920, 5.0921, 5.0922, 6.0442, 9.0011.
Univ. of Oregon ...Eugene, Oregon, 2.0898.
Univ. of Pennsylvania ...Philadelphia, Pennsylvania, 1.0101, 3.0412,

3.0413, 5.1010, 5.1011, 5.1012, 7.0092.
Univ. of Pittsburgh ...Pittsburgh, Pennsylvania, 1.0104, 1.0105, 1.0106,

2.0915, 3.0415, 5.1019, 5.1020, 6.0469, 6.0470,
Univ. of Puerto Rico ...Gurabo, Puerto Rico, 2.0932.
Univ. of Puerto Rico ...Lajas, Puerto Rico, 2.0933, 3.0424, 4.0207,

4.0208, 4.0209, 4.0210.
Univ. of Puerto Rico ...Mayaguez, Puerto Rico, 2.0934, 2.0935, 2.0936,

2.0937, 5.1047, 5.1048, 5.1049, 6.0478, 6.0479, 6.0480, 6.0481,
6.0482, 6,0483, 6.0484, 7.0095.

Univ. of Puerto Rico ...San Juan - Rio Piedras, Puerto Rico, 2.0938,
3.0425, 3.0426, 3.0427, 3.0428, 4.0211,

Univ. of Rhode Island ...Kingston, Rhode Island, 1,0109, 1.0110, 2.0939,
2.0940, 2.0941, 2.0942, 3.0429, 5.1050, 5.1051, 5.1052, 5,1053,
5.1054, 5.1055, 5.1056, 5.1057, 5.1058, 5.1059, 5.1060, 5.1061,
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5,1062, 5.1063, 5.1064, 5.1065, 5.1066, 6,0485, 6,0486, 8.0284,
8,0285.

Univ, of Rochester ...Rochester, New York, 1,0084.
Univ. of Roorkee ... Roorkee - Uttar Pradesh, India, 8.0185, 8.0186.
Univ, of Saskatchewan ...Saskatoon - Saskatchewan, Canada, 5.0165,

6,0086.
Univ, of South Carolina ...Columbia, South Carolina, 6.0492.
Univ. of South Dakota ...Vermillion, South Dakota, 5.1117.
Univ, of South Florida ...Tampa, Florida, 1,0036.
Univ. of Southern California ...Los Angeles, California, 5.0111, 5.0112.
Univ, of Southern Mississippi ...Hattiesburg, Mississippi, 6.0313,
Univ. of Southwestern La. ...Lafayette, Louisiana, 3.0247, 6,0248.
Univ. of Sydney ...Sydney, Australia, 5.0056.
Univ. of Tennessee ...Knoxville, Tennessee, 1,0112, 2.0989, 2.0990,

2.0991, 2,0992, 2.0993, 4.0223, 4.0224, 4.0225, 5.1125, 5.1126,
5.1127, 5.1128, 5.1129, 5,1130, 5.1131, 5,1132, 5.1133, 6.0537,
8.0288.

Univ. of Texas ...Arlington, Texas, 4.0227, 7,0097, 7.0098.
Univ, of Texas ...Austin, Texas, 2.1006, 2.1007, 2.1008, 2.1009, 2.1010,

2.1011, 2.1012, 2.1013, 2.1014, 2.1015, 4,0235, 5.1148, 1149,
5.1150, 5.1151, 5.1152, 5.1153, 6.0545, 7.0100, 7.0101, 8.02 9.

Univ. of Texas ...Galveston, Texas, 5.1172, 5.1173.
Univ. of Texas ...Port Aransas, Texas, 5.1182, 5.1183.
Univ. of Toronto ...Toronto - Ontario, Canada, 5.0167, 5.0168.
Univ, of Tulsa ...Tulsa, Oklahoma, 2.0883.
Univ. of Utah ...Salt Lake City, Utah, 1.0119, 2.1082, 2.1083, 4.0263,

5.1200, 5.1201, 6.0596, 6.0597, 8.0293, 8.0294,
Univ. of Vermont ...Burlington, Vermont, 2.1084, 2,1085, 2.1086,

2.1087, 2.1088, 2.1089, 4.0264, 5.1202, 5.1203.
Univ, of Virginia ...Charlottesville, Virginia, 2.1110.
Univ. of Washington ...Seattle, Washington, 1.0126, 2.11Z2, 2.1133,

3.0483, 3.0484, 3.0485, 4.0272, 5.1255, 5.1256, 5.1257, 5.1258,
5.1259, 5.1260, 5.1261, 5.1262, 5,1263, 5.1264, 5.1265, 5.1266,
5.1267, 5.1268, 5.1269, 5.1270, 6.0619, 6,0620, 6.0621, 6.0622,
6.0623, 6.0624, 6.0625, 6.0626, 6.0627, 6.0628, 6.0629, 6.0630,
6.0631, 6.0632, 8,0310, 8.0311,

Univ. of Waterloo ...Waterloo - Ontario, Canada, 1.0016, 8.0017.
Univ. of Wisconsin ...Green Bay, Wisconsin, 5.1290.
Univ. of Wisconsin ...Madison, Wisconsin, 2.1153, 2.1154, 2.1155,

2.1156, 2.1157, 2.1158, 2,1159, 2.1160, 2.1161, 2.1162, 2.1163,
2.1164, 2.1165, 2.1166, 2.1167, 2.1168, 3.0489, 3.0490, 5,1297,
5.1298, 5.1299, 5.1300, 5.1301, 5.1302, 5.1303, 5.1304, 5.1305,
5.1306, 5.1307, 5.1308, 5.1309, 5.1310, 5.1311, 5.1312, 5.1313,
5.1314, 5.1315, 5,1316, 6.0642, 6.0643, 6.0644, 6.0645, 6.0646,
6.0647.

Univ, of Wyoming ...Laramie, Wyoming, 1.0129, 1,0130, 2.1170, 3.0492,
3.0493, 3.0494, 3.0495, 3.0496, 4.0281, 4.0282, 5.1325, 5.1326,
5.1327, 5.1328, 5.1329, 5.1330, 6.0650, 6,0651, 6.0652, 6.0653.

Univ. of York ...York, United Kingdom, 1.0118.
Univ. Water Corporation ...Del Mar, California; 3,0050, 3.0051, 3,0052,
Utah State University ...Logan, Utah, 2,1058, 2.1059, 2.1060, 2.1061,

2.1062, 2.1063, 2.1064, 2.1065, 2.1066, 2.1067, 2.1068, 2.1069,
2.1070, 2.1071, 2.1072, 2.1073, 2.1074, 2.1075, 2.1076, 2.1077,
2.1078, 2.1u79, 2.1080, 3.0469, 3.0470, 3.0471, 3.0472, 3.0473,
3.0474, 3.0475, 3.0476, 3.0477, 4.0251, 4.0252, 4.0253, 4.0254,
4.0255, 4.0256, 4.0257, 4.0258, 4.0259, 4.0260, 4.0261, 4.0262,
5.1188, 5.1189, 5.1190, 5.1191, 5.1192, 5.1193, 5.1194, 5.1195,
5.1196, 5.1197, 6.0572, 6.0573, 6.0574, 6.0575, 6,0576, 6.0577,
e .0578, 6.0579, 6.0580, 6.0581, 6.0582, 6.0583, 6.0584, 6.0585,
6.0586, 6.0587, 6.0588, 6.0589, 6.0590, 6.0591, 6.0592, 6.0593,
7.0103, 7.0104, 7.0105, 7.0106, 7.0107, 8.0291, 8.0292.

Vahlsing Incorporated ...Easton, Maine, 5.0465.
Vanderbilt University ...Nashville, Tennessee, 2.0999, 5.1135, 5.1136,

5.1137, 5.1138, 5.1139, 5.1140.
Virginia Council of Hwy. Inv. ...Charlottesville, Virginia, 2.1111.
Virginir Inst. of Marine Sci. ...Gloucester, Virginia, 2.1112.
Virginia Inst. of Marine Sci. ...Gloucester Point, Virginia, 6.0607.
Virginia Polytechnic Institute ...Blacksburg, Virginia, 1.0121, 1.0122,

2.1103, 2.1104, 2.1105, 2.1106, 2.1107, 2.1108, 2.1109, 4.0265,
4.0266, 5.1207, 5.1208, 5.1209, 5.1210, 5.1211, 5.1212, 5.1213,
6.0604, 6.0605, 6.0606, 8.0295.

Volcani Inst. of Agr;c Res. ...Rehovot, Israel, 2.0498, 2.0499, 2,0500,
2.0501, 3.0238.

Volco Brass & Copper Company ...Kenilworth, New Jersey, 5.0722.
W.R. Grace & Company ...Lake Geneva, Illinois, 5.0342.
Washington State University ...Prosser, Washington, 5.1232.
Washington State University ...Pullman, Washington, 1.0123, 1.0124,

1.0125, 2.1116, 2.1117, 2.1118, 2.1119, 2.1120, 2.1121, 2.1122,
2.1123, 2,1124, 2.1125, 2.1126, 3.0482, 4.0268, 4.0269, 5.1233,
5.1234, 5.1235, 5.1236, 5.1237, 5.1238, 5.1239, 4.1240, 5.1241,
5.1242, 6,0609, 6.0610, 6.0611,

Washington Subut( ban San, Comm.Hyattsville, Maryland, 5.0504.
Washington University ...Saint Louis, Missouri, 2.0706,
Wawa Pollution Control Fed. Washington, District of Columbia,

9.0006.
Water Renovation Plant ...Odessa, Texas, 5.1181.
Water Resources Engineers Inc....Walnut Creek, California, 5.0163,

6.0083.
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Wcizmann Institute of Science ...Rehovoth, Israel, 3.0239.
West Cen. Tex. Mun. Water Dr.Abilene, Texas, 5.1145.
West Liberty State College ...West Liberty, West Virginia, 6.0634.
West Va. University ...Morgantown, West Virginia, 2.1138, 2,1139,

2.1140, 2.1141, 2.1142, 2.1143, 4.0273, 5.1276, 5.1277, 5.1278,
5.1279, 5.1280, 5.128., 5.1282, 5.1283, 5.1284, 5.1285, 5.1286,
6.0633,

Western Company ...Richardson, Texas, 5.1185, 5.1186
Western Washington State Co H.Bellingham, Washington, 2,1114,

5.1221.
Westinghouse Electric Corp. ...Orange, California, 3.0073.
Westinghouse Electric Corp. .,.Pittsburgh, Pennsylvania, 3.0416, 3,0417,

3.0418.

Winona State College .,.Winona, Minnesota, 5.0618.
Winter Garden Cit. Prod. Coop. Winter Garden, Florida, 5.0274,
Wisc. State University ...Oshkosh, Wisconsin, 2.1169.
Wisc. State University ...Superior, Wisconsin, 6.0648.
Wisc. State University Whitewater, Wisconsin, 5,1323,
Woods Hole Oceanographic Inst....Woods Hole, Massachusetts, 1.0066,

2.0624, 6.0289,
Worcester Polytechnic Inst. .., Worcester, Massachusetts, 3.0292.
Yale University ...New Haven, Connecticut, 1.0018, 2.0242, 3.0152,

6.0115.
Yeshiva University ...New York, New York, 3,0353, 3.0354.
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A.G. Lawrence Leather Company

5.0536.
Alabama State Government

2.0003, 2.0004, 2.0005, 2.0006, 2.0008, 2.0009, 3.0001, 3.0172,
4.0001, 5.0004 5.0009, 5.0012, 5.0025, 6.0002, 6,0003, 8.0001.

Alaska Methodist lUniversity
2.0010.

Alaska Packers Association
6.0623.

Alaska State Government
2.0011, 2.0012, 2.0013, 2.0014, 2.0025, 2.0026, 2.0029, 2.0030,
2.0269, 2.0285, 5.0039, 6.0009.

Allied Chemical Corporation
4.0181.

Amer. Assn. for The Advancement of Sci.
2.0403.

Amer. Assoc. of State Highway Officials
2.0240, 2.0657.

Amer. Chemical Satiety
1,0045, 1.0046, 1.012,7, 8.0017, 8.0190.

Amer. Fisheries Society
6.0122.

Amer, Petroleum Institute
5.0780.

Amer. Society of Civil Engineers
5.0781, 8.0182.

Arizona State Government
2.0031, 2.0032, 2.0039, 2.0043, 2.0044, 2.0046, 2.0047, 2.0048,
2.0049, 2.0050, 2.0052, 2.0053, 2.0055, 2.0056, 2.0057, 2,0058,
2.0059, 2.0067, 2.0289, 3.0008, 3.0011, 3.0013, 3,0021, 4.0003,
4.0004, 4.0013, 5.0040, 5.0041, 5.0044, 5.0045, 5.0047, 6.0012,
6.0014.

Arizona State University
6.0010.

Arkansas State Government
2.0069, 2.0070, 2,001!, 2.0072, 2.0073, 2.0074, 2.0075, 3.0024,
3.0026, 4.0019, 4.0021, 5.0052, 6.0025, 6.0026.

Armco Steel Corporation
5.0898, 5.0899.

Ashland College
5.0875.

Association of Pacific Fisheries
6.0627.

Auburn University
1.0001, 1.0002, 1.0003, 2.0002, 2.0005, 2.0006, 2.0008, 2.0009,
5.0001, 5.0002, 5.0005, 5.0006, 5.0007, 5.0008, 5.0010, 5.0011,
5.0013, 5.0024, 6.0001, 6.0004.

Ayrshire Collieries Corporation
5.0384.

B.F. Goodrich Chemical Company
5.0866.

Badger Paper Mills, Inc.
5.1295.

Battelle Memorial Institute
5.0160,

Beet Sugar Development Foundation
5.0192, 5.0193.

Bethlehem Steel Corporation
8.0219.

Bituminous Coat Research, Inc.
5.1004.

Boston City Government Massachusetts
5.0519.

Boxboard Research Development Assn.
5.0334.

Caldwell Lace Leather Company
5.0436.

California State Government
1.0013, 2.0080, 2.0082, 2.0085, 2.0086,
2.0091, 2.0093, 2.0094, 2.0095, 2.0098,
2.0116, 2.0122, 2.0127, 2.0135, 2.0136,

2.0088, 2,0089, 2.0090,
2.0099, 2.0105, 2.0109,
2.0137, 2.0139, 2.0141,
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2.0142, 2.0143, 2.0144, 2.0146, 2.0147,
3.0036, 3.0043, 3.0048, 3.0086, 3.0087,
4.0028, 4.0029, 4.0030, 4.0032, 4.0035,
4.0039, 4.0042, 5.0079, 5.0084, 5.0086,
5.0118, 5.0138, 5.0139, 5.0140, 5.0141,
5.0151, 6.0041, 6.0043, 6.0049, 6.0050,
6.0071, 6.0072, 6.0770, 7.0008, 7.0010,
8.0011, 8.0217.

Canadian Government
1.0015, 4.0045, 4.0046, 4.0047, 4.0048, 4.0049, 4.0050, 4,0051,
4.0052, 4.0053, 4.0054, 4.0257, 5.0164, 5.0165, 5,0166, 5.0168,
5.0169, 5.0170, 5.0171, 5.0172, 5.0173, 6.0084, 6.0085, 6.0086,
6.0583.

Central Washington State College
6.0608.

Champion Papers, Inc.
5.0807.

Chelan County Government Washington
5.1234.

Chicago City Government Illinois
4.0091, 5.0363, 8.0218.

Chino City Government California
5.0077.

Chippewa Falls City Government Wisconsin
4.0274.

Christain Brothers College
5.1134.

Clemson University
1.0111, 2.0950, 2.0951, 2.0954, 2.0955, 2.0957, 2.0961, 5.1102,
5.1105, 5.1106, 5.1107, 6.0489, 8.0286.

Cleveland City Government Ohio
5.0867, 5.0868.

Colorado State Government
2.0202, 2.0207, 2.0208, 2.0210, 2.0211,
2.0217, 2.0218, 2.0228, 2.0232, 3.0144,
4.0063, 4.0065, 4.0067, 4.0073, 5.0196,
6.0324, 8.0142, 8.0144, 8.0146, 9.0002.

Colorado State University
1.0017, 2.0216, 2.0219, 2.0222, 2.0223, 2.0229, 2.0231, 2.0233,
3.0138, 3.0139, 4.0061, 4.0066, 4.0067, 4.0068, 4.0069, 4.0070,
5.0194, 5.0198, 5.0199, 5.0200, 6.0102, 6.0104, 6.0106, 6.0107,
0.0108.

Columbia City Government Maryland
6.0253.

Columbuo City Government Ohio
5.0873.

Connecticut State Government
2.0241, 4.0075, 5.0204, 5.0206, 5.0207, 5.0219, 6.0110, 6.0111,
6.0117.

Continental Can Company, inc.
5.0455.

Continental Oil Company
5.0925.

Cornell University
2.0792, 2.0793, 2.0794, 2.0795, 2.0803, 2.0807, 5.0768, 5.0769,
5.0771, 5.0772, 6.0379, 6.0380, 6.0381, 6.0384, 6.0387, 6.0388,
6.0389, 6.0391, 7.0079, 7.0080, 7.0081, 7.0082.

Crown Zellerbach Corporation
5.0152, 5.1222.

Dallas City Government Texas
5.1164, 5.1165.

Dayton City Government Ohio
5.0891.

Delaware River Basin Commission
5.0748, 5.0749.

Delaware State Government
1.0024, 1.0025, 1.0026, 2.0251, 2.0252, 2.0295, 5.0224, 6.0118,
6.0119.

Denver City Government Colorado
5.0176.

2.0148, 2.0149, 2.0150,
3.0088, 3.0090, 4.0022,
4.0036, 4.0037, 4.0038,
5.0087, 5.0098, 5.0099,
5.0145, 5.0146, 5.0147,
6.0052, 6.0053, 6.0055,
7.0013, 8.0008, 8.0009,

2.0212, 2.0213, 2.0215,
4.0055, 4.0061, 4.0062,
5.0197, 5.0201, 6.0105,
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Detroit City Government Michigan
5.0559, 5.0560.

District of Columbia Government
2.0307, 5.0242, 5.0243, 5.0244, 5.0245.

Duke University
5.0815.

East Chicago City Government Indiana
5.0387, 6.0215.

Enos Coal Corporation
5.0384.

Fiber Industries, Inc.
5.0814.

Florida Atlantic University
5.0248.

Florida State Government
2.0310, 2.0313, 2.0314, 2.0315, 2,0316, 2.0328, 2.0330, 2.0331,
3.0173, 3.0178, 3.0179, 3.0187, 4.0079, 4.0080, 5.0247, 5,0251,
5.0273, 6.0153, 6.0157, 8.0160, 8.0161.

Florida State University
2.0326.

Frostburg State Teachers College
6.0261,

General Beadle State College
5.1116.

General Electric Company
1.0041.

Georgia Institute of Technology
1.0038, 1.0039, 1.0040, 2.0348, 2.0349, 2.0353, 2,0354, 2,0355,
2.0356, 2.0357, 2.0358, 2.0359, 2.0360, 5.0007, 5.0295, 5.0296,
5.0298, 5.0300, 5.0301, 5.0302, 6.0164, 6.0165, 6.0167, 6.0168,
8.0163, 8.0164, 8.0165, 8.0166.

Georgia Kraft Company
5.0307, 5.0308.

Georgia State Government
2.0297, 2.0338, 2.0341, 2.0343, 2.0344, 2.0361, 2.0363, 2.0364,
3.0190, 3.0194, 3.0195, 3.0196, 4.0083, 5,0287, 5,0288, 5,0290,
5.0294, 5.0304, 5.0305, 5.0306, 6.0160, 8.0167.

Grand Valley Water Purification Project
5.0203.

Green Bay City Government Wisconsin
5.1289,

Harza Engineering Company
8.0217, 8.0218.

Hastings College
2.0720.

Hawaii State Government
2.0372, 2.0373, 2.0374, 2.0376, 2.0377, 2.0379, 2.0380, 2.0382,
3.0200, 4.0085, 4.0086, 5.0312.

Hefline City Government Alabama
2.0006.

Bernet City Government California
5.0095.

Houston City Government Texas
5.1177.

Idaho State Government
2.0383, 2.0392, 2.0393, 2.0394, 2.0395, 2.0396, 2.0397, 3.0206,
3.0208, 4.0088, 5.0322, 5.0325, 5.0327, 5.0328, 6.0177, 6.0178,
7.0026.

Illinois State Government
1.0043, 1.0044, 1.0047, 2.0408, 2.0409, 2.0410, 2.0411, 2.0412,
2,0413, 2.0414, 2.0415, 2.0416, 2.0417, 2.0418, 2.0419, 2.0420,
2.0421, 2.0422, 2.0424, 2.0430, 2.0433, 2.0434, 2.0436, 2.0446,
4.0093, 4.0094, 4.0095, 4.0096, 4.0097, 4.0098, 4.0099, 4.0100,
4.0101, 5.0347, 5.0348, 5.0349, 5.0350, 5.0351, 5.0352, 5.0353,
5.0354, 5.0355, 5.0356, 5.0359, 6.0181, 6.0182, 6,0192, 6.0193,
6.0194, 6.0195, 6.0196, 6.0197, 6.0198, 6.0199, 6.0200, 6,0201,
6.0205, 6.0211, 6.0214, 7.0033, 7,0034, 7.0035, 7.0036, 7.0037,
7.0038, 8.0174, 8.0175, 8.0176, 8.0177, 8.0178, 8.0179.

Indiana State Government
1.0050, 2.0453, 2.0454, 2.0455, 2.0456, 2.0457, 2.0462, 2.0464,
2.0466, 2.0470, 2.0471, 2.0474, 3.0222, 3.0224, 5.0392, 5.0393,
5.0397, 6.0216, 6.0219.

Indiana University
5.0383, 5.0384, 5.0385, 5.0386.

Indiana University Foundation
5.0385.

Indianapolis Power Light Company
5.0383.

Individual Support
7.0084.

Instituto Nacional De Canalizaciones
2.0618.

International Paper Company
5.0783.

Iowa State Government
2.0480, 2.0484, 2.0485, 2.0487, 2.04847, 2.0489, 2.0490, 2,0491,
3.0226, 4.0103, 4.0104, 4.0105, 4.0107, 4.0108, 5.0404, 5.0407,
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5,0411, 6.0221, 6.0222, 6.0223, 6.0224, 6.0225, 6.0229, 7.0040,
7.0042, 7.0043.

Iowa State University
2.0478, 2.0479, 2.0481, 2.0483, 2.0486, 4.0102, 4.0107, 5.0401,
5.0402, 5.0405, 5.0408, 5.0409, 5.0410, 6.0221, 6,0223, 6.0224,
6.0226, 6.0227, 6.0228, 7.0040, 7.0041.

Irvine City Government California
5.0096.

Izaak Walton League of America, Inc.
6.0191.

J. K. Simplot Company
1.0125.

Jacksonville City Government Arkansas
5,0055.

John Morrell Company
5.0418.

Johns Hopkins University
5,0480.

Johns Manville Products Corporation
5.0375, 5.0724.

Kansas City Government Missouri
5.0683.

Kansas State'Government
1.0055, 1.0056, 2.0502, 2.0508, 2.0511, 2,0512, 2.0513, 2.0517,
3,0242, 3.0243, 3.0245, 4.0111, 4.0112, 4.0113, 4.0114, 4.0116,
4.0117, 4.0119, 5.0425, 5,0427, 5.0429, 6,0233, 6,0235, 6.0237,
8,0201.

Kansas State University
2.0509, 2.0511, 2.0514, 2.0516, 2.0518, 3.0244, 4.0110, 5.0423,
5.0426, 5.0428, 5.0430, 5.0432, 5.0433, 5.0434, 6.0234, 6.0236.

Kent State University
5,0893, 5.0894, 5,0895, 6.0431, 6.0432, 6,0433, 6.0434, 6.0435,
6.0436, 6.0437.

Kentucky State Government
2.0519, 2.0520, 2.0524, 2.0526, 2.0527, 2.0528, 5,0437, 5.0447,
5.0448,

Kettering Family Foundation
5.0175, 5.0177.

Klamath Plywood Corporation
5.0984.

Lake Livingston 4county Development Assn.
6.0561.

Lake Tahoe Area Council
5.0088.

League of Women Voters Education Fund
6,0124.

Littleton City Government Colorado
2.0160.

Los Angeles County Government California
5,0108, 5.0109, 5.0131, 5.0132, 5.0133.

Louisiana Polytechnic Institute
5.0463, 6.0250.

Louisiana State Government
2.0531., 2.0532, 2.0533, 2.0534, 2.0535, 2.0537, 2.0539, 2.0540,
2.0541, 2.0542, 2.0543, 2.0544, 2.0545, 2.0546, 2.0547, 2.0548,
2,0550, 2.0551, 4.0121, 4.0125, 4.0126, 4.0127, 4.0128, 5.0449,
5.0451, 5.0452, 5.0453, 5.0454, 5.0459, 6.0245, 6.024'7, 6.0249,
8,0203, 8.0204, 8.0206, 8.0207.

Louisiana State University
2.0530, 4.0122, 4.0122, 5.0450, 5.0457, 6.0246, 8.0205, 9,0008.

Maine State Government
2.0281, 2.0553, 4.0129, 5.0469.

Marquette University
5.1318, 5.1,319.

Maryland State Government
2,0557, 2.0558, 2.0559, 2.0560, 2.0561, 2,0562, 2,0564, 2.0565,
2.0566, 2,0569, 2.0579, 2.0582, 2.0583, 4.0130, 5.0481, 6.0251,
5,0259, 7.0046,

Massachusetts Institute of Technology
2.0615, 2.0616, 2.0617, 2.0618, 5.0528, 5.0529, 5.0530, 6.0288,
7.0056.

Massachusetts State Government
2.0612, 2.0613, 2.0620, 3.0271, 3.0272, 5.0510, 5.0511, 5.0521,
5.0533, 5.0539, 6.0285, 7.0054.

Mead Corporation
5.0840.

Medina Electric Cooperative, Inc.
2.1002.

Meridian City Government Idaho
5.0320.

Metal Finishers Foundation
5.0725.

Michigan State Government
2.0635, 2.0652, 2.0654, 4.0138, 5.0563, 5.0564, 5.0566, 5.0570,
5.0575, 6.0300, 6.0303, 6.0304,

Michigan State University
1.0069, 2,0653, 2.0655, 2.0656, 4.0137, 4.0139, 5.0571, 5.0572,
6.0301, 6.0302.
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Milwaukee City Government Wisconsin
4.0280, 5.1321.

Minneapolis City Government Minnesota
5.0595, 5.0597, 5.0609.

Minnesota State Government
2.0662, 2.0669, 4.0142, 4.0143, 4.0145, 5.0596, 5.0611, 5.0615,
6.0307, 6.0310, 8.0220, 8.0221.

Minute Maid Company
5.0266.

Mississippi State Government
2.0291, 2.0670, 2.0671, 2.0672, 2.0673, 2.0680, 2.0681, 2.0683,
3 0302, 3.0303, 4.0146, 4.0147, 4.0148, 4.0149, 5.0619, 6.0314,
7.0060, 7.0061, 8.0158.

Mississippi State University
2.0679, 2.0682, 2.0685, 5.0623, 6.0315, 6.0316, 6.0317, 6.0318,
8.0222.

Missouri State Government
2.0693, 2.0694, 2.0695, 2.0697, 2.0701, 2.0704, 3.0304, 4.0150,
4.0151, 4.0152, 4.0153, 4.0154, 4.0156, 4.0157, 5.0626, 5.0668,
5.0670, 5.0678, 5.0680, 5.0682, 6.0320, 6.0323.

Montana College of Mineral Science Tech.
2.0711, 5.0698, 7.0074.

Montana State Government
2.02702.0708, 2.0710, 3.0307, 4.0069, 6.0327, 6.0330.

Montana State University
2.0707, 2.0709, 5.0695, 5.0696, 6.0325, 6.0326, 6,0328, 6.0333,
7.0072, 7.0073,

Mount Clemens City Government Michigan
5.0581.

Nassau County Government New York
2.0809, 4.0183, 5.0778, 5.0719.

National AMC. of Corrosion Engineers
8.0177.

National Canners Association Research Fdn.
5.0234, 5.0235.

National Center for Atmospheric Research
7.0014.

National Coal Policy Conference Inc.
5.0208.

National Pollution Control Foundation
5.0784.

Natl. Council On Marine Res. Engin. Dev.
6.0125.

Nebraska State Government
2.0720, 2.0723, 2.0724, 2.0727, 3.0310, 3.0311, 4,0163, 5.0702,
5.0703, 6.0334, 6.0335, 7.0040.

Nevada State Government
1.0075, 2.0728, 2.0730, 2.0733, 3.0313, 3.0316, 3.0318, 4.0165,
4.0169, 5.0707, 6.0342.

New Hampshire State Government
2.0741, 2.0742, 2.0743, 5.0708, 5.0709, 5.0715, 5.0717.

New Jersey State Government
2.0758, 2.0760, 2.0762, 2.0763, 2,0764, 2.0766, 2.0767, 2.0768,
2.0769, 2 0770, 4.0171, 4.0174, 5.0730, 5.0731, 5.0735, 5.0736,
5.0738, 6.0352, 6.0354, 6.0355.

New Mexico State Government
2.0772, 2.0775, 2.0776, 3.0332, 3.0334, 3.0338, 4.0176, 5.0752,
6.0358, 6.0361, 6.0363, 6.0365, 6.0367, 6.0368, 6.0369, 7.0077.

New Mexico State University
2.0773, 2.0774, 3.0331, 3.0336, 3.0337, 5.0750, 5.0753, 5.0755,
6.0356, 6.0359, 6.0360, 6.0366, 7.0076.

New Orleans City Government Louisiana
5.0458.
Providence City Government N. J.
6.0353.
York City Government New York
5.0759, 6.0394.
York State Government
2.0777, 2.0781, 2.0786, 2.0787,
2.0796, 2.0797, 2.0798, 2.0799,
2.0813, 2.0814, 3.0344, 4,0182,
5.0775, 6.0370, 6.0371, 6.0372,

New

New

New
2.0788, 2.0789, 2.0790, 2.0791,
2.0800, 2.0801, 2.0804, 2.0805,
5.0758, 5.0771, 5.0773, 5.0774,
6.0385, 6.0386, 6.0387, 6.0390,

7.0078, 7.0079, 7.0080, 7.0081, 7.0082.
No Formal Support Reported

2.0351, 5.1251, 6.0184.
North Carolina State Government

2.0822, 2.0823, 2.0826, 2.0827, 2.0829,
4.0186, 4.0187, 5.0816, 5.0817, 5.0818,
6.0405, 6.0406.

North Carolina State University
2.0828, 3.0375, 3.0376, 3.0377,
6.0086, 6.0404, 6.0405, 6.0406, 6

North Dakota State Government
2.0277, 2.0831, 2.0834, 2,0835,
2.0840, 2.0841, 2.0842, 2.0843,
3.0379, 3.0380, 3.0381, 3.0383,
5.0828, 5,0829, 5.0831, 5.0835,
8.0272.

3.0375, 4.0184, 4.0185,
5.0826, 6.0086, 6.0403,

5.0819, 5.0820, 5.0823, 5.0824,
.0407, 6.0408, 7.0087.

2.0836, 2.0837, 2.0838, 2.0839,
2.0844, 2.0845, 2.0846, 2,0847,
3.0384, 4.0189, 4.0190, 5.0827,
5,0836, 6.0409, 6.0411, 6.0413,
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North Dakota State University
2.0832, 2.0833, 3.0382, 4.0189, 5.0830, 5.0832, 5.0833, 5.0834,
6.0410, 6.0412, 6.0414, 6.0415.

North Texas State University
5.1167.

Odessa City Government Texas
5.1181.

Ohio Reclamation Association
5.0895.

Ohio State Government
2.0275, 2.0853, 2.08552.0857, 2.0860, 2.0370, 2.0871, 2.0872,
4.0192, 4.0193, 4.0194, 4.0195, 4.0196, 4.0197, 5.0884, 5.0889,
5.0902, 5.0903, 6.0429, 6.0431, 6.0436, 7.0090, 8.0275.

Ohio State University
2.0854, 2.0859, 2.0861, 2.0862, 5.0874, 5.0875, 5.0877, 5.0878,
5.0879, 5.0882, 5.0883, 5.0885, 5.0886, 5.0887, 5.08811, 6.0423,
6.0424, 6.0425, 6.0426, 6.0427, 6.0428.

Ohio University
5.0920.

Oklahoma State Government
2.0278, 2.0877, 2.0878, 2.0880, 5.0924, 6.0443.

Oklahoma State University
1.0099, 2.0879, 2.0881, 3.0397, 3.0398, 3.0399, 5.0926, 5.0928,
5.0929, 6.0444, 6.0445, 6.0446.

Onondaga County Government New York
5.0792.

Orange County Government Florida
5.0267.

Oregon State Government
2.0293, 2.0884, 2.0885, 2.0886, 2.0887, 2.0888, 2.0890, 2.0893,
2.0894, 2.0895, 2.0896, 2.0897, 2.0899, 2.0901, 3.0400, 3.0401,
3.0402, 4.0199, 4.0200, 5.0936, 5.0937, 5.0938, 5.0939, 5.0942,
5.0943, 5.0944, 5.0950, 5.0954, 5.0956, 5.0959, 5.0960, 5.0964,
5.0965, 5.0966, 6.0447, 6.0448, 6.0449, 6.0450, 6.0453, 6.0454,
6.0456, 6.0457, 6.0458, 6.0460, 6.0461, 6.0462, 6.0463, 6.0612,
8.0280.

Oregon State University
2.0889, 2.0891, 2.0892, 3.0400, 5.0942, 5.0961, 6.0455, 6.0457.

Ouachita Baptist University
2.0068.

Peabody Coal Company
5.0384.

Pennsylvania State Government
1.0107, 2.0906, 2.0907, 2.0922, 2.0923, 2.0926, 2.0928, 4.0203,
4.0204, 5.0993, 5.0994, 5.0995, 5.0996, 5.0997, 5.0998, 5,0999,
5.1000, 5.1001, 5.1002, 5.1023, 5.1030, 5.1030, 5.1031, 5,1032,
5.1035, 5.1038, 5.1039, 5,1044, 6.0470, 6.0471, 6.0472, 8,0170,
8,0283.

Pennsylvania State University
1.0108, 2.0918, 2.0920, 2.0921, 2.0924, 2,0925, 2.0927, 2.0929,
5.1024, 5.1025, 5.1026, 5.1027, 5.1028, 5.1029, 5.1033, 5.1034,
5.1036, 5.1040, 5.1041, 5.1042, 5.1043, 5.1046, 5.1046, 6.0473,
6.0475, 6.0476, 6.0477, 7.0093, 7.0094,

Phoenix City Government Arizona
3.0005.

Pima County Government Arizona
2.0058.

Portland General Electric Company
8.0279, 8.0303.

Puerto Rico Government
2.0932, 2.0933, 2.0936, 2.0938, 3.0425, 3.0426, 3.0427, 3.0428,
4.0207, 4.0208, 4.0209, 4.0210, 4.0211, 5.1047, 5.1049, 6.0482.

Pulp Manufacturers Research League, Inc.
5,1288.

Purdue University
2.0458, 2.0459, 2.0460, 2.0461, 2.0463, 2.0465, 2.0467, 2.0468,
2,0469, 2.0473, 5.0389, 5.0390, 5.0391, 5.0396, 6.0218, 8.0187,
8.0188, 8.0191, 8.0192, 8.0193, 8.0194, 8.0195, 8.0196, 9.0007.

R.T. French Company
5.0329.

Rai Research Corporation
5.0777.

Resources for The Future Incorporated
2.0130, 4.0136, 4.0244, 5.1011, 5.1015, 6,0087, 6.0187, 6.0230,
6.0357, 7.0092.

Rhode Island State Government
2.0614, 2.0941, 2.0942, 2.0943, 5.1058, 5.1077, 6.0485, 6.0486.

Rockefeller Foundation
3.0015, 3.0246, 4.0076, 4.0084, 4.0092, 5,0621, 6.0013, b.0188,
6.0398.

Rose Polytechnic Institute
7.0039.

Rutgers The State University
2.0759, 4.0172, 4.0173, 5.0726, 5.0727, 5.0728, 5.0732, 5.0733,
5.0734, 5.0739, 5.0740, 5.0742, 6.0348, 6.0349, 6.0351, 8.0268.

S.B. Foot Tanning Company
5.0608.
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Saint Louis City Government Missouri
4.0158.

Saint Marys College
5.0617, 6.0312.

Saint Paul City Government Minnesota
5.0597, 5.0609.

San Buenaventura City Government Calif.
5.0161.

San Francisco City Government California
5.0153.

San Francisco County Government Calif.
5.0153.

San Jose City Government California
5.0155,

Sandia Corporation
4.0240.

Santa Clara City Government California
5.0157.

Santee County Government California
5.0W.

Scientific Industrial Research Council
8.0184, 8.01E5, 8,0186.

Seattle City Government Washington
5.1254, 5.1271.

Shelbyville city Government Illinois
5.0345.

Siena College
5.1134.

Smithsonian Institution
2.0257, 5.0236, 6.0126, 6.0127.

Snokist Growers
5.1272,

Soap Detergent Association
5.0788, 5.1037.

Social Science Research Council
3,0485,

South Carolina State Government
2.0301, 2.0949, 2.0950, 2.0952, 2.0953, 2.0954,
2.0958, 2.0959, 2.0960, 2.0961, 2.0962, 2.0963,
4.0214, 4.0215, 5.1101, 5.1102, 5.1104, 5.1106,
6.0490, 6.0491, 6,0492, 8.0286.

South Dakota School of Mines Technology
2.0979.

South Dakota State Government
2.0294, 2.0965, 2.0967, 2.0969, 2.0970, 2.0971,
2.0976, 2.0977, 2.0978, 3.0435, 4.0217, 4.0218,
5,1112, 5.1115, 6.0494.

South Dakota State University
2.0966, 2.0968, 2.0970, 2.0971, 2.0972, 3,0433,
5.1110, 5.1113, 5.1114, 6.0493, 6.0494, 6.0496.

South Lake Tahoe City Government Calif,
5.0160.

South St. Paul City Government Minnesota
5.0610.

Southern Illinois University
2.0401. 2.0402, 2.0404, 2.0405, 4.0090, 5.0330,
6.0179, 6,0180, 6.0181, 6.0182, 6.0185, 6.0186,
7.0028, 7.0029, 7.0030, 7.0031, 7.0032.

Southern Regional Education Board
6.0634.

Southwest Research Institute
5.1174, 5.1175, 5.1176, 5.1178, 6.0566.

Springfield City Government Illinois
5.0346.

Stanford Research Institute
5.0116, 5.0117, 6,0068, 7.0012,

Stanford University
6.0069.

State University of New York
1.0082, 2.0779, 2.0780, 2.0782, 2.0783, 2.0784,
2.0812, 3.0355, 4.0179, 4.0180, 5.0761, 5.0767,
6.0377, 6.0378, 6.0395, 6.0396, 7.0084, 8.0270.

Stevens Institute of Technology
6.0347.

Suffolk County Government New York
2.0809.

Tennessee State Government
2.0298, 2.0989, 2.0991, 2.0994, 2.0995, 2.0996,
4.0223, 4.0225, 4.0226, 5.1125, 5.1131.

Texas A. M. University Research Fdn.
5.1156.

Texas A. M. University System
2.1017, 2.1023, 2.1024, 2.1039, 2.1041, 2.1046,
5.1158, 6.0546, 6.0547, 6.0551, 6.0552, 6.0554,
6.0562.

2.0955,
2.0964,
5.1107,

2.0973,
5.1110,

3.0434,

5,0331,
6.0189,

2.0785,
5.0789,

2.0997,

3.0464,
6.0558,

2.0957,
4.0213,
6.0487,

2.0975,
5.1111,

5.1109,

5,0332,
7,0027,

2.0811,
6,0376,

2.0998,

5.1157,
6.0561,

Texas State Government
2,0296, 2.1002, 2.100..:, 2.1005, 2,1016, 2.1018, 2.1019, 2.1020,
2.1021, 2.1022, 2.1025, 2.1026, 2,1027, 2.1028, 2,1029, 2,1030,
2.1031, 2.1032, 2.1033, 2.1034, 2,1035, 2.1036, 2.1037, 2.1038,
2.1040, 2,1042, 2.1043, 2.1044, 2.1045, 2,1049, 2.1050, 2.1051,
2.1053, 2.1055, 2.1056, 3.0442, 3.0443, 3,0445, 3.0446, 3.0447,
3.0448, 3.0449, 3.0450, 3.0451, 3,0452, 4,0228, 4,0229, 4.0230,
4.0232, 4.0233, 4.0234, 4,0236, 4.0239, 4,0241, 4.0246, 5.1145,
5.1146, 5.1147, 5.1154, 5.1160, 5.1162, 5.1163, 5.1177, 5,1179,
6.0539, 6.0540, 6.0541, 6.0542, 6.0543, 6.0544, 6.0549, 6,0550,
6.0553, 6.0555, 6.0556, 6.0557, 6.0559, 6.0560, 6.0563, 6.0564,
6.0567, 6.0568, 6.0569, 6.0570, 6.0571, 7.0099, 7.0102, 8.0289.

Texas Technological College
3.0460, 4.0243, 4.0245, 4.0246, 4.0247, 5.1180.

Thiokol Chemical Corporation
2.1065.

Trenton City Government Michigan
5.0582.

Tucson City Government Arizona
2.0058, 5.0043, 5.0050.

Tulane University
5.0461.

Tuskegee Institute
5.0024.

U.S. Atomic Energy Commission
1.0004, 1.0007, 1.0012, 1,0031, 1.0068, 1.0081, 1.0088, 1.0113,
1,0114, 1.0116, 1.0123, 2,0019, 2.0101, 2.0107, 2,0134, 2.0155,
2.0242, 2.0273, 2.0288, 2,0308, 2.0345, 2.0406, 2.0415, 2.0445,
2,0529, 2,0556, 2.0858, 2.0944, 2.0945, 2.0946, 2.0947, 2.0948,
2.1000, 2.1001, 2.1010, 2,1083, 2.1127, 2.1129, 2.1130, 3.0430,
4.0057, 4.0058, 4,0270, 5,0082, 5,0101, 5.0102, 5.0318, 5.0383,
5,0574, 5.0776, 5.0805, 5,0876, 5.0986, 5.1098, 5.1099, 5.1100,
5.1142, 5.1233, 5.1244, 5,1246, 5.1248, 5.1249, 5.1250, 5.1252,
5,1253, 5,1268, 6,0048, 6,0289, 6.0452, 6.0469, 6.0613, 6.0624,
6.0625, 6.0643, 7.0057, 7.0071.

U.S. Dept. of Agriculture
1.0013, 1.0047, 1.0053, 1.0054, 1,0075, 2.0001, 2.0003, 2.0007,
2.0027, 2.0029, 2.0030, 2.0031, 2.0032, 2.0033, 2.0034, 2,0035,
2,0039, 2.0040, 2,0041, 2.0046, 2.0047, 2,0049, 2.0052, 2.0053,
2.0055, 2.0057, 2.0059, 2.0064, 2.0067, 2.0069, 2.0070, 2,0071,
2.0072, 2.0073, 2.0075, 2.0076, 2.0077, 2.0078, 2.0080, 2.0086,
2.0088, 2,0090, 2,0094, 2,0095, 2.0098, 2.0103, 2.0105, 2.0135,
2.0136, 2.0139, 2.0144, 2.0146, 2.0147, 2,0208, 2.0210, 2.0211,
2.0212, 2,0215, 2.0217, 2,0226, 2.0230, 2.0234, 2.0235, 2.0238,
2.0241, 2.0251, 2.0252, 2,0312, 2.0332, 2.0333, 2.0334, 2.0335,
2,0336, 2.0337, 2.0338, 2,0343, 2.0344, 2.0367, 2.0376, 2.0377,
2.0384, 2,0385, 2.0386, 2.0387, 2,0388, 2,0389, 2,0392, 2,0393,
2,0394, 2.0395, 2.0396, 2.0430, 2.0431, 2.0433, 2.0434, 2.0436,
2.0438, 2.0439, 2.0440, 2,0446, 2.0449, 2.0451, 2.0457, 2.0464,
2,0470, 2.0474, 2.0475, 2,0476, 2.0477, 2.0480, 2.0484, 2.0487,
2.0494, 2,0495, 2.0497, 2.0498, 2.0499, 2.0500, 2.0501, 2,0508,
2.0513, 2.0524, 2.0526, 2.0531, 2.0553, 2.0570, 2.0571, 2.0572,
2.0573, 2.0574, 2.0575, 2,0576, 2.0577, 2.0578, 2.0582, 2.0583,
2.0620, 2.0652, 2.0654, 2.0674, 2.0675, 2.0676, 2.0677, 2.0678,
10680, 2.0684, 2.0691, 2,0693, 2,0694, 2.0695, 2.0697, 2.0708,
2.0722, 2.0723, 2.0724, 2.0728, 2.0729, 2.0730, 2.0733, 2,0742,
2,0758, 2,0762, 2,0764, 2,0790, 2.0791, 2.0796, 2,0797, 2.0800,
2,0801, 2,0805, 2.0808, 2.0829, 2.0831, 2,0834, 2.0836, 2.0853,
2,0857, 2.0860, 2.0863, 2,0864, 2.0865, 2.0866, 2.0867, 2.0868,
2,0869, 2.0871, 2.0872, 2.0875, 2.0878, 2.0880, 2.0882, 2.0885,
2.0886, 2.0896, 2.0916, 2,0919, 2.0923, 2.0930, 2.0931, 2.0932,
2.0939, 2,0952, 2.0956, 2.0958, 2.0969, 2.0989, 2.0991, 2.1005,
2,1016, 2,1027 2.1038, 2.1054, 2.1057, 2.1058, 2.1059, 2.1063,
2.1066, 2.1068, 2.1072, 2.1073, 2.1075, 2.1076, 2.1077, 2.1078,
2.1090, 2.1119, 2.1122, 2.1142, 2.1143, 2.1156, 2.1158, 2.1164,
2.1165, 2.1171, 3.0001, 3,0006, 3.0007, 3.0011, 3.0013, 3.0021,
3.0026, 3,0027, 3.0032, 3.0037, 3.0038, 3.0043, 3.0062, 3.0063,
3.0083, 3.0084, 3.0085, 3.0086, 3.0091, 3.0092, 3.0141, 3.0142,
3.0143, 3.0145, 3.0146, 3,0151, 3.0175, 3.0176, 3.0178, 3.0184,
3.0185, 3.0186, 3.0189, 3,0191, 3.0192, 3.0193, 3.0197, 3,0201,
3.0202, 3.0203, 3.0204, 3.0205, 3.0217, 3.0220, 3.0225, 3,0229,
3.0230, 3.0231, 3.0233, 3.0235, 3.0236, 3.0237, 3.0238, 3.0245,
3.0249, 3,0256, 3.0257, 3.0258, 3.0259, 3.0260. 3.0261, 3.0262,
3,0294, 3.0300, 3.0301, 3.0302, 3.0304, 3.0307, 3.0310, 3.0311,
3.0313, 3.0314, 3.0315, 3.0318, 3.0332, 3.0338, 3.0344, 3.0372,
3.0374, 3,0379, 3.0381, 3,0383, 3.0385, 3.0393, 3,0394, 3.0419,
3.0420, 3.0422, 3.0423, 3.0426, 3.0431, 3,0436, 3.0444, 3.0462,
3.0465, 3.0466, 3,0472, 3.0486, 3.0490, 3.0495, 3.0496, 4.0005,
4.0006, 4,0007, 4.0008, 4.0009, 4.0019, 4.0021, 4.0026, 4.0033,
4 0034, 4.0040, 4.0064, 4.0071, 4.0072, 4.0074, 4.0077, 4.0081,
4.0083, 4.0087, 4.0088, 4.0089, 4.0103, 4.0104, 4.0106, 4.0109,
4.0110, 4.0120, 4.0131, 4.0132, 4.0138, 4.0143, 4.0145, 4.0149,
4.0150, 4.0151, 4.0153, 4.0154, 4.0156, 4,0160, 4.0161, 4.0163,
4.0164, 4.0165, 4,0167, 4.0169, 4.0171, 4.0174, 4.0175, 4.0176,
4.0178, 4.0186, 4.0188, 4.0190, 4.0191, 4.0192, 4.0193, 4.0194,
4.0197, 4.0199, 4.0200, 4.0201, 4.0202, 4.0206, 4.0207, 4.0210,
4.0212, 4.0213, 4.0214, 4.0217, 4.0223, 4.0225, 4.0236, 4.0237,
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4.0238, 4.0239, 4,0241, 4.0248, 4.0249, 4.0250, 4,0251, 4,0252, U.S. Dept. of Interior ktonnvi. Pwr. Adm.
4,0253, 4.0259, 4,0264, 4.0265, 4.0267, 4,0268, 4.0269, 4.0273, 2.0124, 2.0904, 2.0904, 7.0011, 7,0071.

4,0275, 4,0282, 5,0004, 5.0009, 5.0044, 5.0054, 5.0057, 5.0058, U.S. Dept. of Interior Hu. Comm. Fish.
5.0079, 5.0086, 5,0087, 5.0103, 5.0140, 5.0195, 5.0196, 5.0202, 1.0034, 2.0015, 2.0016, 2,0017, 2.0026, 2.0323, 2.0324, 2.0325,

5.0210, 5.0219, 5.0224, 5.0238, 5.0275, 5.0276, 5.0287, 5.0288, 2,0542, 2.0543, 2.0544, 2.0545, 2.0546, 2.0547, 2.055'7, 2.0558,

5,0290, 5.0312, 5.0316, 5,0321, 5.0322, 5.0325, 5.0359, 5,0382, 2,0559, 2.0586, 2.0625, 2.0626, 2.0627, 2.0628, 2.0670, 2.0671,

5.0393, 5.0397, 5.0404, 5.0407, 5.0429, 5.0435, 5,0447, 5.0448, 2.0662, 2.0817, 2.0818, 2.0819, 2.1047, 2,1048, 2.1131, 4.0002,

5,0451, 5.0452, 5,0482, 5.0483, 5.0484, 5.0485, 5,0486, 5,0487, 4.0075, 4.0271, 5.0039, 5,0268, 5.0269, 5.0270, 5.0271, 5.0506,

5,0488, 5.0489, 5.0490, 5,0491, 5,0492, 5.0493, 5.0533, 5,0563, 5.0507, 5,0540, 5.0541, 5.0542, 5.0543, 5.0544, 5.0545, 5.0546,

5.0564, 5.0566, 5,0570, 5.0573, 5.0613, 5.0622, 5.0670, 5,0678, 5.0576, 5.0577, 5.0578, 5.0580, 5.0619, 5.0803, 5.0804, 5.0806,

5,0680, 5.0703, 5,0707, 5.0715, 5.0730, 5.0731, 5.0735, 5.0736, 5.0827, 5.0829, 5,0900, 5.0924, 5.0947, 5,0985, 5.1101, 5.1230,

5,0752, 5.0757, 5.0773, 5.0774, 5.0775, 5.0794, 5,086, 5.0831, 6,0003, 6.0005, 6.0006, 6.0009, 6,0032, 6.0111, 6.0113, 6.0114,

5.0835, 5.0884, 5,0930, 5.0960, 5.0964, 5.0967, 5 0968, 5.0990, 6.0154, 6.0155, 6.0156, 6.0249, 6.0251, 6.0264, 6.0265, 6.0266,

5.0991, 5.0992, 5.1022, 5,1023, 5.1031, 5.1032, 5.1035, 5.1115, 6.0267, 6,0268, 6,0269, 6.0290, 6.0291, 6.0292, 6.0293, 6.0294,

5.1125, 5.1162, 5,1163, 5.1202, 5.1203, 5.1204, 5.1205, 5.1206, 6,0295, 6.0400, 6.0401, 6.0424, 6.0438, 6.0439, 6.0440, 6,0464,

5,1208, 5.1239, 5.1286, 5.1287, 5,1305, 5.1326, 5.1327, 5.1328, 6.0497, 6,0543, 6.0544, 6.0565, 6.0614, 6,0615, 6.0616, 6,0517,

5.1329, 5.1330, 6.0002, 6.0012, 6.0014, 6.0025, 6,0026, 6.0034, 6.0618, 6.0619, 6.0622, 6.0623, 6.0627, 6.0628, 6.0630, 6.0635,

6.0036, 6.0040, 6.0055, 6.0100, 6.0101, 6.0130, 6.0131, 6.0132, 6.0636, 7.0060, 7.0061, 8.0280, 8.0290, 8.0304, 8.0305, 8.0306,

6,0133, 6,0134, 6.0135, 6.0136, 6.0137, 6.0138, 6.0148, 6.0153, 8.0307, 8.0308, 8.0309,

6.0169, 6,0173, 6,0174, 6,0178, 6.0206, 6.0211, 6.0216, 6,0222, U.S. Dept. of Interior Bu. Land Mgmt.
6.0229, 6.0233, 6.0237, 6.0255, 6.0257, 6.0285, 6,0297, 6.C300, 2.0176, 2.0177, 2,0221, 2,0234, 2.0571, 2.0740, 2.1067, 4.0011,

6.0308, 6.0309, 6.0310, 6.0323, 6.0327, 6,0342, 6.0363, 6,0390, 4,0012, 4.0160, 4.0161, 4.0166, 4.0168, 4.0177, 4.0255, 4.0281,

6.0399, 6.0429, 6.0443, 6.0449, 6.0471, 6.0472, 6.0474, 6.0487, 5.0030, 6.0364.

6.0488, 6.0490, 6.0532, 6.0549, 6.0556, 6.0574, 6,0577, 6,0590, U.S. Dept. of Interior Om Outdoor Rec.

6.0596, 6.0599, 6.0600, 6.0601, 6.0602, 6.0621, 6.0645, 6.0646, 2.0160, 3.0168, 3.0170, 3.0171, 6,0160, 6.0324, 6,0350.

7.0102, 7,0106, 8.0002, 8,0003, 8,0012, 8,0167, 8.0196, 8,0216, U.S. Dept. of Interior Du. Reclamation
8.0263, 8.0274, 8,0276, 8.0277, 8.0291, 8.0292, 9.0002. 2,0043, 2.0108, 2.0114, 2.0156, 2.0161, 2.0162, 2.0163, 2.0164,

U.S. Dept. of Commerce Bus, Def. Scrv.
2,0165, 2,0166, 2.0167, 2.0168, 2,0169, 2.0171, 2.0172, 2.0173,

5.0239.
2,0175, 2,0176, 2,0180, 2.0184, 2.0186, 2.0189, 2,0190, 2.0191,

U.S. Dept. of Commerce E.S.S,A.
2.0193, 2,0194. 2.0195, 2.0197, 2,0198, 2.0199, 2.0200, 2.0203,

2.0205, 2.0265, 2.0266, 2.0267, 2.0311, 2.0321, 2,0370, 2,0450, 2.0204, 2.0205, 2.0206, 2.0731, 2.0922, 2,0974, 2,1074, 3.0042,

2,0482, 2.0492, 2.0493, 2.0496, 2.0510, 2.0511, 2.0587, 2.0588, 3.0093, 3,0094, 3,0106, 3,0107, 3.0108, 3.0109, 3.0110, 3.0111,

2.0589, 2,0590, 2,0591, 2,0592, 2,0593, 2.0594, 2,0595, 2.0596, 3,0113, 3.0114, 3.0118, 3,0119, 3.0121, 3,0124, 3.0125, 3.0126,

2.0597, 2,0598, 2.0599, 2.0600, 2,0601, 2,0602, 2.0603, 2,0604, 3.0127, 3,0128, 3.0129, 3.0130, 3.0131, 3.0132, 3.0133, 3.0308,

2.0605, 2.0606, 2.0611, 2.0692, 2.0725, 2.0761, 2.0876, 2.0925, 3,0317, 3,0335, 3.0494, 4,0023, 4.0032, 4.0059, 4.0159, 5.0045,

2.1113, 2.1163, 4.0283, 7.0015, 7.0048, 7.0049, 7.0050, 7.0051, 5,0087, 5.0143, 5,0180, 5,0181, 5.0182, 5.0183 , 5.0184, 5.0185,

7.0052, 7,0053, 7.0084, 7.0110, 8.0214. 5.0186, 5.0187, 5.0188, 5.0189, 5.0191, 5.0317, 6.0089, 6,0090,

U.S. Dept. of Commerce Econ. Dev. Adm. 6,0091, 6.0092, 6.0093, 6.0094, 6,0095, 6.0096, 6.0097, 6,0098,

2.0256,
6.0099, 6.0175, 6.0331, 6.0538, 7.0017, 7.0019, 7.0026, 8.0007,

U.S. Dept, of Commerce Maritime Admin. 8.0018, 8.0019, 8.0020, 8.0021, 8.0022, 8.0023, 8.0024, 8.0025,

5.0209, 5.0336, 5.0747, 6.0183, 8.0171. 8.0026, 8.0027, 8.0028, 8 0029, 8.0030, 8.0031, 8.0032, 8,0033,

U.S. Dept. of Defense Army 8.0034, 8,0035, 8.0036, 8.0037, 8.0038, 8.0039, 8.0040, 8,0041,

1.0067, 1.0071, 1.0072, 1.0076, 2.0102, 2.0133, 2.0151, 2.0255, 8.0042, 8.0043, 8.0044, 8,0045, 8,0046, 8.0047, 8.0048, 8.0049,

2.0258, 2.0259, 2.0260, 2.0261, 2.0262, 2.0263, 2.0264, 2.0320, 8.0050, 8,0051, 8.0052, 8,0053, 8.0054, 8.0055, 8.0056. 8.0057,

2,0347, 2.0365, 2.0366, 2.0423, 2,0549, 2.0595, 2.0596, 2,0597, 8.0058, 8.0059, 8.0060, 8.0061, 8.0063, 8.0064, 8.0065, 8.0066,

2,0621, 2.0636, 2.0637, 2.0638, 2.0639, 2,0640, 2.0641, 2.0642, 8.0067, 8.0068, 8,0069, 8.0070, 8.0071, 8.0072, 8.0073, 8.0074,

2.0643, 2.0644, 2.0645, 2.0646, 2.0647, 2.0648, 2,0649, 2,0650, 8.0075, 8,0076, 8,0077, 8,0078, 8.0079, 8.0080, 8.0081, 8.0082,

2.0651, 2.0686, 2.0687, 2.0688, 2.0689, 2.0690, 2,0747, 2,0748, 8.0083, 8.0084, 8.0085, 8.0087, 8.0088, 8.0089, 8.0090, 8.0091,

2,0749, 2.0750, 2.0751, 2.0752, 2.0753, 2.0754, 2.0755, 2.0756, 8,0092, 8.0093, 8.0094, 8.0095, 8.0096, 8.0097, 8.0098, 8.0099,

2,0757, 2.0769, 2.0802, 2.0900, 3.0250, 3.0251, 3.0252, 5.009, 8.0100, 8,0101, 8.0102, 8.0103, 8,0104, 8.0105, 8.0106, 8.0107,

5.0174, 5.0237, 5.0241, 5.0309, 5.0372, 5.0374, 5.0444, 5.0512, 8,0108, 8.0109, 8,0110, 8.0111, 8.0112, 8.0114, 8.0115, 8.0116,

5.0534, 5,0535, 5.0561, 5.0625, 5.0808, 5.1214, 5.1215, 5,1216, 8.0117, 8.0 i 18, 8.0119, 8.0120, 8.0121, 8.0122, 8.0123, 8,0124,

5.1217, 5.1218, 5.1219, 6.0073, 6,0074, 6.0075, 6.0076, 6.0077, 8.0125, 8.0126, 8,0127, 8.0128, 8.0129, 8.0130, 8.0131, 8.0132,

6.0078, 6.0079, 6.0128, 6.0129, 6.0190, 6.0248, 7,0058, 7,0062, 8.0133, 8,0134, 8.0135, 8.0136, 8.0137, 8.0138, 8.0139, 8.0140,

7.0063, 7.0064, 7.0065, 7.0066, 7.0067, 7.0068, 8.0006, 8,0014, 8.0141, 8.0143, 8.0169, 8,0271, 8.0298.

8.0015, 8.0016, 8.0148, 8.0149, 8.0150, 8.0151, 8.0152, 8.0153, U.S. Dept. of Interior Hu. Sport Fish.

8.0154, 8.0155, 8.0156, 8.0157, 8.0162, 8.0168, 8.0172, 8.0173, 1,0024, 1.0025, 1.0026, 1.0091, 1.0092, 2,0060, 2.0149, 2.0176,

8.0208, 8.0209, 8.0210, 8.0211, 8.0212, 8.0215, 8.0223, 8.0224, 2.0214, 2.0322, 2.0361, 2.0408, 2.0548, 2.0585, 2.0850, 2.0962,

8.0225, 8,0226, 8.0227, 8.0228, 8.0229, 8.0230, 8.0231, 8.0232, 2.097E, 3.0271, 3.0272, 3.0471, 3.0488, 4,0003, 4,0004. 4.0014,

8.0233, 8.0234, 8.0235, 8.0236, 8.0237, 8.0238, 8.0239, 8.0240, 4.0015, 4.0016, 4,0017, 4.0035, 4.0042, 4.0068, 4.0069, 4.0070,

8.0241, 8.0242, 8.0243, 8.0244, 8,0245, 8.0246, 8,0247, 8.0248, 4.0094, 4.0108, 4.0125, 4.0126, 4.0127, 4,0128, 4.0129, 4.0133,

8.0249, 8.0250, 8.0251, 8.0252, 8.0253, 8.0254, 8,0255, 8.0256, 4.0184, 4.0215, 4.0218, 4.0226, 4.0228, 4.0229, 4.0276, 5.0012,

8.0257, 8.0258, 8.0259, 8.0260, 8,0261, 8.0262, 8.0264, 8.0265, 5.0022, 5.0040, 5.0041, 5.0047, 5.0050, 5.0002, 5,0145, 5.0146,

8.0266, 8.0267, 8,0273, 8.0278, 8.0280, 8.0281, 8.0282, 8,0296, 5,0147, 5.0194, 5.0198, 5.0201, 5.0292, 5.0304, 5.0324, 5.0411,

8.0297, 8.0299, 8.0300, 8.0301, 8.0302, 8.0310, 8.0311, 8.0312, 5.0437, 5.0453, 5.0454, 5,0459, 5.0467, 5.0470, 5.0472, 5.0473,

9,0001.
5.0505, 5.0509, 5.0510, 5.0511, 5.0575, 5.0626, 5.0627, 5.0628,

U.S. Dept. of Defensc Navy
5.0629, 5.0630, 5.0631, 5.0632, 5.0633, 5.0634, 5.0635, 5.0636,

3.0078, 5.0134,
5.0637, 5,0638, 5.0639, 5.0640, 5.0641, 5.0642, 5.0643, 5.0644,

U.S. Dept. of 111th. Ed. Wel. F.D.A. 5.0645, 5.0646, 5.0647, 5.0648, 5.0649, 5.0650, 5.0651, 5.0652,

5.0957, 5.1310.
5.0653, 5.0654, 5.0655, 5.0656, 5.0657, 5.0658, 5.0659. 5.0660,

U.S. Dept. of Hlth. Ed. Wel. P.H.S. 5.0661, 5.0662, 5.0663, 5.0664, 5.0665, 5.0666, 5.0667, 5.0702,

1.0058, 1.0062, 1.0066, 1.0070, 1,0077, 1,0089, 1.0121, 1.0126, 5.0708, 5.0709, 5.0720, 5.0721, 5.0771, 5.0816, 5.0817, 5.0818,

2.0024, 2.0309, 2.0624, 2.0990, 2.1115, 2.1162, 3,0004, 4.0263, 5.0828, 5.0885, 5.0886, 5.1024, 5.1025, 5.1026, 5.1027, 5.1028,

5.0016, 5.0017, 5,0018, 5.0019, 5.0020, 5.0021, 5.0032, 5.0066, 5.1029, 5.1033, 5.1034, 5.1077, 5,1110, 5,1146, 5,1147, 5,1192,

5.0085, 5.0122, 5.0127, 5.0150, 5,0212, 5,0226, 5,0233, 5,0262, 5.1231, 5,1273, 5.1274, 5.1275, 5.1293, 6.0016, 6.0017, 6.0018,

5.0289, 5.0315, 5.0339, 5.0347, 5.0360, 5.0398, 5.0403, 5.0462, 6.0019, 6.0020, 6.0021, 6.0022, 6.0023, 6.0027, 6.0029, 6,0033,

5.0518, 5.0522, 5.0551, 5.0567, 5,0568, 5.0569, 5.0624, 5.0677, 6.0038, 6.0070, 6.0071, 6,0102, 6.0118, 6.0157, 6.0221, 6.0223,

5.0716, 5.0719, 5.0729, 5.0741, 5.0786, 5.0E00, 5.0811, 5.0825, 6.0224, 6.0262, 6.0263, 6.0303, 6.0314, 6.0319, 6.0330, 6.0334,

5.0933, 5.0945, 5.1009, 5.1013, 5.1019, 5.1052, 5,1067, 5.1068, 6.0335, 6.0344, 6.0345, 6.0346, 6.0354, 6.0355, 6.0368, 6.0371,

5.1069, 5.1070, 5.1071, 5.1072, 5,1073, 5.1074, 5.1075, 5.1076, 6.0372, 6,0387, 6.0403, 6.0419, 6.0420, 6.0424, 6.0498, 6.0499,

5.1152, 5.1161, 5.1171, 5.1191, 5.1223, 5.1224, 5.1225, 5.1226, 6.0500, 6.0501, 6.0502, 6.0503, 6.0504, 6.0505, 6.0506, 6.0507,

5.1227, 5.1228, 5.1229, 5,1320, 6.0039, 6.0058, 6,0082, 6.0172, 6.0508, 6.0509, 6.0510, 6.051 1, 6.0512, 6.0513, 6.0514, 6.0515,

6.0631, 7.0070, 7.0088, 7.0111, 7.0112. 6.0516, 6,0517, 6.0518, 6.0519, 6.0520, 6.0521, 6.0522, 6.0523,

U.S. Dept. of Housing Urban Development
6.0524, 6.0525 , 6.0526, 6.0527, 6.0528, 6.0529, 6.0530, 6.0531,

6.0254, 6.0409, 6.0409. 6.0539, 6.0540, 6.0541, 6.0542, 6.0570, 6.0580, 6.0588, 6.0594,

U.S. Dept. of Interior Alaska Power Adm.juneau Alaska 0.0595, 6.0598, 6.0640, 6,0649, 7.0040, 7.0041, 7.0054, 7.0079,

2.0028.
7.0080, 7,0081, 7.0082, 7.0093, 7.0094, 7.0114, 7.0115, 8.0280.
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U.S. Dept. of Interior Bureau of Mines 2.0767, 2,0768, 2.0769, 2.0770, 2.0771, 2.0781, 2.0809, 2.0824,

1.0096, 1.0097, 2.0873, 2.0874, 3.0478, 5.0154, 5.0616, 5.1017, 2.0825, 2.0826, 2.0837, 2,0838, 2.0839, 2.0840, 2.0841, 2.0842,

5.1018, 5.1324, 7.0091. 2.0843, 2.0844, 2.0845, 2.0846, 2.0847, 2.0901, 2.0902, 2.0903,

U.S. Dept. of Interior F. Water Pol. Ctl 2.0905, 2.0908, 2.0909, 2.0910, 2.0963, 2.0964, 2.0975, 2.0976,

1.0005, 2.0616, 2.0632, 2.0769, 3.0005, 4.0032, 4.0044, 4.0069, 2.0994, 2.0995, 2.09962,0997, 2.0998, 2.1003, 2.1004, 2.1005,

4.0091, 4.0203, 4.0205, 4.0274, 4.0280, 5.0003, 5.0015, 5.0026, 2.1052, 2.1081, 2.1091, 2.1092, 2.1093, 2.1094, 2.1095, 2.1096,

5.0027, 5.0028, 5.0029, 5.0030, 5.0031, 5.0033, 5.0034, 5.0035, 2.1097, 2.1098, 2.1099, 2.1100, 2.1101, 2,1102, 2,1134, 2.1135,

5.0038, 5.0042, 5.0043, 5.0048, 5.0050, 5.0055, 5,0056, 5.0060, 2.1136, 2.1137, 2.1146, 2.1147, 2.1148, 2.1149, 2.1150, 2.1151,

5.0061, 5.0064, 5.0065, 5.0067, 5.0069, 5.0072, 5.0073, 5.0074, 2,1152, 3.0008, 3.0009, 3.0067, 3,0134, 4.0001, 4.0037, 4.0038,

5.0075, 5.0076, 5.0077, 5,0078, 5.0088, 5.0089, 5.0090, 5.0091, 4.0039, 4.0056, 4.0078, 4.0085, 4.0086, 4.0093, 4.0130, 4.0148,

5.0092, 5.0094, 5.0095, 5.0096, 5,0097, 5.0100, 5.0104, 5.0105, 4.0157, 4.0158, 4.0183, 4.0195, 4.0196, 4.0204, 4.0216, 4.0232,

5.0106, 5.0107, 5.0108, 5.0109, 5.0110, 5.0111, 5.0112, 5.0113, 4.0233, 4.0234, 4,0277, 4.0278, 4.0279, 5.0118, 5.0119, 5.0120,

5.0114, 5.0123, 5.0124, 5.0125, 5.0126, 5.0128, 5.0129, 5.0130, 5.0190, 5.0305, 5.0306, 5.0319, 5.0481, 5.0521, 5,0890, 5.1108,

5.0131, 5.0132, 5.0133, 5.0144, 5.0148, 5.0149, 5.0152, 5,0153, 5.1271, 6.0304, 6.0307, 6.0603, 6.0641, 7.0003, 7,0013, 7.0016,

5.0155, 5.0156, 5.0157, 5.0158, 5.0159, 5.0160, 5.0161, 5.0163, 7,0018, '1.0020, 7.0021, 7.0022, 7.0023, 7.0046, 7.0059, 7.0089,

5.0167, 5.0192, 5.0193, 5.0203, 5.0205, 5.0213, 5.0222, 5.0227, 7.0099, 7.0108, 7.0109.

5.0228, 5.0229, 5.0230, 5.0231, 5.0232, 5.0234, 5.0235, 5.0242, U.S. Dept. of Interior 0, Water Res. Rch

5.0243, 5.0244, 5.0245, 5,0246, 5.0248, 5.0249, 5.0250, 5.0254, 1.0001, 1.0002, 1.0003 1.0006, 1.0017, 1.0019, 1.0020, 1.0021,

5.0257, 5.0258, 5.0259, 5.0260, 5.0261, 5.0263, 5.0265, 5.0266, 1.0027, 1.0028, 1.0037, 1.0039, 1.0040, 1.0060, 1.0069, 1.0073,

5.0267, 5.0272, 5.0274, 5.0277, 5.0278, 5.0279, 5.0280, 5.0281, 1.0074, 1.0099, 1.0108, 1.0110, 1.0111, 1.0112, 1.0122, 2.0002,

5.0282, 5.0283, 5.0284, 5.0285, 5.0286, 5.0291, 5.0299, 5.0303, 2.0005, 2.0006, 2.0008, 2.0009, 2.0010, 2.0018, 2.00020, 2.0021,

5.0307, 5.0308, 5.0311, 5.0320, 5.0329, r.0333, 5.0335, 5.0337, 2.0022, 2.0051, 2.0061, 2.0062, 2.0068, 2.0083, 2.0084, 2.0092,

5.0338, 5.0340, 5.0341, 5.0342, 5.0343, 5.0344, 5.0345, 5.0346, 2.0097, 2.0104, 2.0106, 2.0111, 2.0140, 2.0145, 2.0216, 2.0219,

5.0357, 5.0358, 5.0361, 5.0365, 5,0368, 5,0373, 5.0380, 5.0387, 2.0222, 2.0223, 2.0229, 2.0231, 2.0233, 2.0243, 2.0244, 2.0246,

5,0388, 5.0394, 5 0395, 5.0399, 5.0400, 5.0406, 5.0414, 5.0418, 2.0247, 2.0248, 2.0250, 2.0253, 2.0254, 2.0326, 2.0339, 2.0340,

5.0419, 5.0422, 5.0424, 5.0431, 5.0436, 5.0445, 5.0455, 5.0458, 2,0346, 2.0349, 2.0350, 2.0352, 2.0353, 2.0359, 2.0360, 2.0369,

5.0461, 5.0464, 5.0465, 5.0475, 5.0477, 5.0479, 5.0480, 5.0496, 2.037: , 2.0375, 2,0378, 2.0381, 2.0390, 2.0391, 2.0398, 2.0399,

5.0500, 5.0503, 5.0504, 5.0508, 5.0509, 5.0516, 5.0517, 5.0519, 2.0400, 2.0411, 2.0426, 2.0432, 2.0437, 2.0444, 2.0447, 2.0448,

5.0520, 5.0523, 5.0524, 5.0525, 5.0526, 5.0527, 5.0528, 5.0529, 2.0458, 2.0459, 2.0461, 2.0463, 2.0465, 2.0467, 2.0468, 2.0469,

5.0530, 5.0531, 5,0532, 5.0536, 5.0537, 5.0538, 5.0539, 5.0547, 2.0473, 2.0478, 2.0479, 2.0481, 2.0483, 2.0486, 2.0503, 2.0504,

5.0549, 5.0550, 5.0552, 5.0553, 5.0554, 5.0555, 5.0557, 5.0558, 2.0505, 2.0506, 2.0507, 2.0509, 2.0514, 2.0516, 2.0518, 2.0521,

5.0559, 5.0560, 5.0562, 5.0565, 5.0579, 5.0581, 5.0582, 5.0583, 2.0522, 2.0523, 2.0525, 2.0530, 2.0552, 2.0554, 2.0580, 2.0581,

5.0584, 5.0585, 5.0586, 5.0587, 5.0588, 5.0589, 5.0590; 5.0591, 2.0584, 2.0607, 2.0608, 2.0609, 2.0610, 2.0653, 2.0655, 2.0656,

5,0592, 5.0593, 5.0594, 5.0595, 5.0596, 5.0598, 5.0599, 5.0601, 2.0659, 2.0663, 2.0664, 2.0665, 2.0666, 2.0667, 2.0668, 2.0679,

5.0603, 5.0604, 5.0608, 5.0609, 5.0610, 5.0611, 5.0614, 5.0618, 2.0682, 2.0685, 2.0696, 2.0699, 2.0700, 2.0702, 2.0703, 2.0704,

5.0620, 5.0669, 5.0679, 5.0682, 5.0683, 5.0684, 5.0685, 5.0686, 2.0707, 2.0709, 2.0711, 2.0712, 2.0713, 2.0714, 2.0715, 2.0716,

5.0692, 5.0694, 5,0697, 5.0699, 5.0700, 5.0705, 5.0706, 5.0710, 2.0717, 2.0718, 2.0719, 2.0721, 2.0722, 2.0726, 2.0732, 2.0734,

5.0718, 5.0722, 5,0723, 5.0724, 5.0725, 5.0737, 5.0740, 5.0744, 2.0735, 2.0736, 2.0737, 2.0738, 2.0739, 2.0744, 2.0746, 2.0759,
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3.0239, 3.0240, 3.0241, 3.0247, 3.0248, 3.0254, 1.0019, 1.0020, 1,0021, 1.0022, 1.0023, 2.0243, 2,0244, 2.0246,
3.0264, 3.0265, 3.0266, 3.0267, 3.0268, 3.0269, 2.0247, 2.0248, 5.0211, 5.0213, 5.0214, 5.0215, 5.0216, 5.0217,
3.0274, 3.0275, 3.0276, 3.0277, 3.0278, 3.0279, 5.0218, 5.0220, 5.0221, 6.0116, 8.0147.
3.0282, 3.0283, 3.0284, 3.0285, 3.0286, 3.0287, University of Delaware
3.0290, 3.0291, 3.0292, 3.0293, 3.0295, 3.0296, 1.0027, 1.0028, 2.0250, 2.0253, 2.0254, 3.0160, 5.0223, 5.0225,
3.0305, 3.0306, 3.0309, 3.0319, 3.0320, 3.0321, 6.0120, 6.0121.
3.0324, 3.0326, 3.0327, 3.0328. 3.0329, 3.0330, University of Florida

3.0341, 3.0342, 3.0343, 3.0345, 3.0346, 3.0347, 3.0177, 3.0180, 5.0249, 5.0252, 5.0253, 5.0255, 5.0256, 5.0258,
3.0350, 3.0351, 3.0352, 3.0353, 3.0354, 3.0356, 6.0150, 6.0151.
3.0359, 3.0360, 3.0361, 3.0362, 3.0363, 3.0364, University of Georgia
3.0367, 3.0368, 3.0369, 3.0370, 3.0371, 3.0373, 1.0037, 2.0339, 2.0340, 2.0346, 2.0350, 2.0352, 4.0082, 5.0293,
3.0387, 3.0388 3.0389, 3,0390, 3.0391, 3.0395, 6.0161, 6.0162, 6.0163, 7.0025.
3.0404, 3.0405, 3.0406, 3.0407, 3.0408, 3.0409, University of Hawaii
3.0412, 3.0413, 3.0414, 3.0415, 3.0416, 3.0417, 2.0369, 2.0371, 2.0375, 2.0378, 2,0381, 3.0198, 5.0310, 5.0311,
3.0432, 3.0437, 3.0438, 3.0439, 3.0440, 3.0441, 5.0313, 5.0314, 6.0170, 6.0171.
3.0454, 3.0455, 3.0456, 3.0457, 3.0458, 3.0459, University of Houston
3.0467, 3.0468, 3.0469, 3.0479, 3.04S0, 3.0481, 4.0242.
3.0489, 3.0491, 4.0032, 4.0198, 5.0014, 5.0093, University of Idaho
5.0142, 5.0162, 5.0378, 5.0456, 5.0687, 5.0746, 2.0390, 2.0391, 2.0398, 2.0399, 2.0400, 3.0207, 5.0323, 5: -24,
5.0790, 5.1012, 5.1144, 5.1166, 5.1198, 6.0495, 5.0326, 6.0176, 6.0177.

8.0269. University of Illinois
Public Rds. 1.0043, 1,0048, 2.0409, 2.0426, 2.0427, 2.0428, 2.0429, 2.0432,

2.0109, 2.0150, 2.0240, 2.0269, 2.0270, 2.0275, 2.0435, 2.0437, 2.0441, 2.0442, 2.0444, 2.0447, 2.0448, 3.0216,
2.0281, 2.0285, 2.0289, 2.0290, 2.0291, 2.0292, 3.0217, 3.0220, 5.0347, 5.0358, 5.0362, 5.0364, 5.0365, 5.0366,
2.0295, 2.0296, 2.0297, 2.0298, 2.0299, 2.0301, 5.0367, 5.0369, 5.0370, 5.0371, 5.0375, 5.0376, 5.0377, 5.0379,
2.0305, 2.0306, 2.0307, 2.0383, 2.0519, 2.0520, 5.0381, 6.0202, 6.0203, 6.0204, 6.0205, 6.0206, 6.0207, 6.0208,
2.0550, 2.0551, 2.0560, 2.0579, 2.0612, 2.0635, 6.0209, 6.0210, 6.0212, 6.0213, 8.0179, 8.0180, 8.0181, 8.0183. ,

2.0772, 2.0777, 2.0877, 2.0943, 2.0965, 2.1111, University of Iowa
8.0001, 8.0008, 8.0142, 8.0145, 8.0158, 8.0159, 5.0412, 5.0413, 5.0415, 5.0416, 5.0417, 6.0231, 8.0198.

8.0295. University of Kansas
2.0503, 2.0504, 2.0505, 7.0506, 2.0507, 4.0115, 5.0420, 5.0421,
5.0422, 5.0425, 6.0232, 7.0044, 8.0200.
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University of Kentucky
2.0521, 2.0522, 2.0523, 2.0525, 5.0438, 5.0439, 5.0440,
5.0442, 5.0443, 5.0446, 6.0238, 6.0239, 6.0240, 6.0241.

University of Louisville
6.0242, 6.0243, 6.0244.

University of Maine
2.0552, 2.0554, 5.0466, 5.0467, 5.0470, 5.0471, 5.0472,
5.0474, 5.0476, 5.0478, 5.0968.

University of Maryland
2.0580, 2.0581, 5.9494, 5.0495, 5.0497, 5.0498, 5.0499,
5.0502, 6.0256, 6.0258, 6.0260, 7,0047.

University of Massachusetts
1.0060, 2.0607, 2,0608, 2.0608, 2,0609, 2.0610, 3.0271,
4.0134,, 5.0509, 5.0513, 5.0514, 5.0515, 6.0280, 6.0280,
6.0282, 6.0284.

University of Michigan
5.0548, 5.0556, 9.0010.

.Jniversity of Minnesota
2.0659, 2.0662, 2.0664, 2.0665, 2.0666, 2.0667, 2.0668,
4.0141, 4.0144, 5.0600, 5.0602, 5.0605, 5.0606, 5.0607,
6.0306, 6.0309, 6.0311.

University of Missouri
1.0073, 1.0074, 2.0696, 2.0699, 2.0700, 2.0702, 2.0703,
4.0152, 4.0155, 5.0668, 5.0671, 5.0672, 5.0673, 5.0674,
5.0676, 5.0681, 5.0688, 5.0689, 5.0690, 5.0691, 5.0693,
6.0321, 6,0322, 7.0069.

University of Montana
2.0712, 2.0713, 2.0714, 2.0715, 2.'3716, 2.0717, 2.0718,
5.0701, 6.0332, 7.0075.

University of Nebraska
2.0721, 2.0722, 2.07n, 3.0312, 4.0162, 5.0704, 6.0336.

University of Nevada
2.0732, 2.0774, 2.0735, 2.0736, 2.0737, 2.0738, 2,0739,
6.0338, 6.0339, 6.0341.

University of New Hampshire
2.0744, 2.0746, 4.0170, 5.071'4, 5.0712, 5.0713, 5.0714,
6 0283, 6.0343.

University of New Mexico
6.0356.

University of North Carolina
2.0821, 2.0822, 2.0823, 5.08',0, 5.0812, 5.0813, 7.0085.

University of North Dakota
2.0848, 5.0837, 6.0416, 6.0417, 6.0418.

University of Notre Dame
5.0.499, 6.0220.

University of Oklahoma
5.0918, 5.0919.

University of Oklahoma Research Institute
5.0920, 5,0922.

University of Puerto Rico
2.0934, 2.0935, 2.0937, 3.0424, 4.0208, 4.0209, 4.0211,
6.0478, 6.0479, 6.0481, 6.0481, 6.0483, 6 0484, 7.0095.

University of Rhode Island
1.0109, 1.0110, 2.0940, 3.0429, 0.1050, 5.1051, 5.1053,
5.1055, 5.1057, 5.100, 5,1061, 5.1062, 5.1064, 5.1065,
8.0284, 8.0285.

University of Richmond
2.1103.

University of South Carolina
6.0492.

University of South Dakota
5.1117.

University of Southall Mississippi
6.0313.

University of Southwestern Louisiana
6.0248.

University of Tennessee
1.0112, 2.0992, 2.0993, 4.0224, 5.1126, 5.1128, 5.1129,
5.1132, 5.1133, 6.0537, 8.0288.

University of Texas
2.1006, 2.1007, 2.1008, 2.1009, 2.1011, 2.1012, 2.1014,
4.0227, 4.0235, 5.1148, 5.1150, 5.1172, 7.0097, 7,0098,
7.0101.

University of Utah
6.0597.

5.0441,

5.0473,

5.0501,

3.0272,
6.0281,

4.0140,
5.0612,

2.0704,
5.0675,
6.0320,

2.0719,

6.0337,

5.0717,

5.1048,

5.1054,
5.1066,

5.1130,

2.1015,
7.0100,

University of Vermont
2.1084, 2.1085, 2.1086, 2.1087, 2.1088, 2.1089.

University of Virginia
2.1110.

University of Washington
2.1132, 3.0484, 4.0272, 5.1255, 5.1257, 5.1261, 5.1264, 5.1267,
6.0620, 6.0623, 6.0626, 6.0627, 6.0629, 6.0630, 6.0632.

University of Wisconsin
2.1153, 2.1159, 2.1161, 2.1166, 2.1168, 5.1290, 5.1298, 5.1299;
5.1300, 5.1301, 5.1308, 5.1316, 6.0642, 6.0647.

University of Wyoming
1.0129, 1.0130, 5.1325, 6.0650, 6.0652.

Utah State Government
1.0119, 2.1058, 2.1059, 2.1060, 2,1062, 2.1064, 2.1065, 2.10,70,
2.1071, 2.1072, 2.1073, 2.1076, '2.1077, 2,1080, 2.1081, 2,1082 ,
3,0470, 3 0473, 3.0474, 3.0475, 3.0476, 3.0477, 4.0251, 4.0252,
4.0253, 4.0254, 4.0256, 4.0262, 5.1200, 5.1201, 6.0573, 6.0577,
6.0578, 6.0579, 6.0582, 6.0584, 6.0587, 6.0589, 6.0590, 6.0591,
6.0592, 6.0594, 6.0595, 7.0104, 7.0105, 8.0293, 8.0294.

Utah State University
2.1060, 2.1062, 2.1064, 2.1069, 2.1073, 3.0470, 3.0471, 4.0257,
4.0258, 4.0260, 4.0261, 5.1188, 5.1189, 5.1190, 5.1192, 5.1193,
5.1194, 5.1195, 5.1197, 6.0572, 6.0575, 6.0576, 6.0580, 6.0581,
6.0582, 6.0583, 6.0585, 6.0.586, 6.0588, 6.0593, 7.0103, 7.0107.

Vahlsing, Inc.
5.0465.

Vanderbilt University
2.0999, 5.1136.

Vermont State Government
2.0292, 4.0264, 5.1202, 5.1203, 6.0598.

Virginia Institute of Marine Science
2.1112.

Virginia Polytechnic Institute
1.0122, 2.1103, 2.1105, 2.1108, 2.1109, 5.1207, 5.1209, 5.1210,
5.1212, 5.1213, 6.0605.

Virginia State Government
2.0299, 2.1104, 2.1106, 2.1107, 2.1111, 4.0265, 4.0266, 5.1208,
6.0604, 8.0295.

Volco Brass and Copper Company
5.0722.

Wailuku Sugar Company
6.0170.

Washington State Government
1.0124, 2.1116, 2.1118, 2.1119, 2.1122, 2.1123, 2.1124, 2.1125,
2.1126, 2.1128, 2.1134, 2.1135, 3.0482, 4.0268, 4.069, 5.1231,
5.1239, 5.1240, 6.0611, 6.0629.

Washington State University
1.0125, 2.1117, 2.1120, 2.1121, 5.1232, 5.1235, 5.1236, 6.0609,
6.0610.

Washington Suburban Sanitary Commission
5.0504.

Water Pollution Control Federation
9.0006.

West Virginia State Government
2.0290, 2.1142, 2.1143, 4.0273, 5.1273, 5.1274, 5.1275, 5.1286.

West Virginia University
2.1138, 2.1139, 2.1140, 2.1141, 5.1276, 5.1277, 5.1278, 5.1279,
5.1281, 5.1282, 5.1283, 5.1284, 5.1285.

Western Washington State College
2.1114.

Winter Garden Citrus Products Cooperative
5.0274.

Wisconsin State Government
2.1144, 2.1145, 2.1146, 2.1147, 2.1148, 2.1149, 2.1150, 2.1151,
2.1152, 2.1155, 2.1156, 2.1157, 2.1160, 2.1164, 2,1165, 2.1167,
2.1168, 3.0488, 3.0490, 4.0276, 4.0277, 4.0278, 4.0279, 5.1291,
5.1292, 5.1293, 5.1294, 5.1295, 5.1296, 5.1297, 5.1305, 5.1307,
5.1309, 5.1311, 5.1312, 5.1315, 6.0637, 6.0638, 6.0639, 6.0640,
6.0641, 6.0644, 6.0646, 7.0113, 7.0114, 7.0115.

Wisconsin State University
2.1169, 5.1323, 6.0648.

Wyoming State Government
2.0302 2.1170, 3.0492, 3.0493, 4.0282, 5.1326, 6.0649, 6.0651,
6.0653, 8.0145.
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DEFINITIONS OF WATER
RESOURCES RESEARCH

These definitions, developed by the Committee on Water Resources Research
of the Federal Council for Science and Technology, February 1966, were used
in the preparation of Volume 4 of the Water Resources Research Catalog.

I. Nature of Water
Properties of Water; Aqueous Solutions.

IL Water Cale
General Studies; Precipitations; Snow, Ice and
Frost; Evaporation and Transpiration; Streamflow;
Groundwater; Water in Soils; Lakes; Water and
Plants; Erosion and Sedimentation; Chemical proc-
esses; Estuarine Problems.

III. Water Supply Augmentation and Conservation
Saline Water Conversion; Water Yield Improvement;
Use of Water of Impaired Quality; Conservation in
Domestic Use; Conservation in Industry; Conser-
vation in Agriculture.

IV. Water Quantity Management and Control
Control of Water on the Land;-7-Ciiiaawater Man-
agement; Effects of Man's Related Activities on
water; Watershed Protection.

V. Water Quality Management and Protection
Identification of Pollutants; Sources and Fate of
Pollution; Effects of Pollution; Waste Treatment
Processes; Ultimate Disposal of Wastes; Water
Treatment; Water Quality Control.

VI. Water Resources Planning
Techniques of Planning; Evaluation Process; Cost
Allocation, Cost Sharing, Pricing and Repayment;
Water Demand; Water Law; Institutional Problems;
Non-structural iiiternatives; Ecologic Impact of
Water Development.

VII. Resource Data
Network Design; Instrumentation; Data Acquisition;
Evaluation, Processing and Publication.

VIII. Engineering Works
Design; Materials; Construction and Operation.

IX. Manpower, Grants and Facilities
Education-extramural; Education-In House;
Research Facilities; Grants, Contracts and
Research Act Allotments.
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